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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, 81001
(213) 798-0953
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IT'S THE FLEXURE
THAT GIVES THE MUSCLE TO
THE UNMATCHED RELIABILITY OF
TALLY LINE PRINTERS.

Flexure technology —special steel couplings that
support and move the print carriage. The print hammer
fingers of the patented Tally print comb are also
flexures.

Designed for unlimited life, a flexure has no wear
points nor lubrication requirements. Adjustments are
never necessary.

TALLY
PRINTERS
WORLDWIDE

OEM SALES OFFICES
Boston (617) 272-8070 San Antonio (512) 733-8153
New York (516) 694-8444 Washington, D.C. (703) 471-1145
Chicago (312) 885-3678 BUSINESS SYSTEMS SALES
Los Angeles (213) 378-0805  Orinda, CA (415) 254-8350
Miami (305) 665-5751

Philadelphia (215) 628-9998

San Jose (408) 247-0897

Seattle (206) 251-6730

Thus the stage is set for a highly reliable printing
technique based on low stress parts moving at low
speed over short-distances. For example, print hammer
movement—there’'s a hammer for each character
position—is limited to the distance of a single character.
Tally has eliminated clutches, belts, timing variables,
cam shafts, pivots and sliding wear surfaces. There
are no preventive maintenance requirements. No duty
cycle limitations.

And this is only the beginning of the benefits you
get from the Tally T-2000 printer. 125 or 200 lines per
minute. Superb print quality. Quiet operation. Low
cost of ownership. Contact your nearest Tally sales
representative for more facts.

Tally Corporation, 8301 S. 180th St.,

Kent, WA 98031. Phone (206) 251-5500.
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Closing the series on data communications
testing, column discusses analog carrier
channel parameters and how they are re-
shaped for efficient data transmission

DIGITAL TECHNOLOGY REVIEW

Advances in component technology have
been marked by increased density and con-
current reductions in power requirements.
The relationship between these two param-
eters aids in making design tradeoffs

DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Microcomputer control system provides slide
drive positioning accuracy of 1 uin
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MICRO DATA STACK/COMPUTERS,
ELEMENTS, AND SYSTEMS

Exposition on hardware and software inter-
facing of LED displays covers latching for
7-segment displays and multiplexing for
multidigit displays

AROUND THE IC LOOP

A quarter-megabit magnetic bubble memory
system employs block replication architecture
with onchip loop redundancy map and ad-
dress synchronization pattern
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Minicomputer tape subsystem provides tri-
density recording, three speeds, and other
“‘big system’ features
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by Richard E. Birney

Evolved through an iterative development process, architecture of
Series/1 processors exploits technological advances to meet present

and anticipated system applications

DESIGNING A MICROPROCESSOR DRIVEN
MULTIPURPOSE PERIPHERAL CONTROLLER 83

by Richard F. Binder

A microprocessor based approach to a multiported controller design
permits flexible handling of simultaneously active devices of the same

or differing types

LOGICAL ENVIRONMENT COMPARISON TESTING
HANDLES COMPLEX LS| DEVICES 95

by Abraham Bluestone

Evaluation criteria for LS| device testing systems are provided and
principal test techniques are listed and described. An economical
test system, based on an updated version of comparison testing,
meets these criteria

NUMBER SORTING ALGORITHM SAVES PROCESSING TIME 104
by Martin Newman

Random number entries are rapidly arranged into desired sequential
tabulation for easy data analysis by means of optimized software

program

CONFERENCES

SOCIETY FOR INFORMATION DISPLAY

INTERNATIONAL SYMPOSIUM 62

Accenting global progress in information display, SID 79 technical
sessions will reveal developments including diode laser optical disc
recording, and liquid crystal oscilloscope and matrix displays



Okidata Sells
Printers That Sell
Transaction Systems

Transaction processing typically involves a variety of
documents, a station where the transaction takes place
and a data base at some remote location. The Okidata
CP210 Document/Passbook Printer sells transaction
systems, combining unique forms handling flexibility with
capabilities for data retrieval, data validation,
documentation and verification.

The CP210 will print forms of varying size, thickness and
format, one right after the other, without requiring
operator adjustment. Car rental forms, contracts, even
passbooks are dropped in and automatically positioned
for each line of print. And, the entire transaction is
recorded and verified on an integral journal printer.

The CP210 packs a 96 column, 110 cps bidirectional
print mechanism, controls for two operators, self test
circuitry that doesn't require a central computer and an
RS232 interface with switch selectable speeds from 150
to 9600 bps—all in a unit smaller than an office
typewriter.

The CP210 Document/Passbook Printer—field proven in
thousands of installations worldwide.

OKIDATA

Okidata Corporation

111 Gaither Drive

Mount Laurel, New Jersey 08054
Telephone: 609-235-2600

&
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SEE US AT

NOW AVAILABLE WITH THE INDUSTRY’S
MOST EXTENSIVE LINE OF CONTROLLERS

Now Dataram’s popular BULK CORE is available with interfaces Find out today how BULK CORE can help
that bring all the proven features of this high-capacity, high- you get more out of your minicomputer.
reliability, low-cost memory system to your minicomputer. Contact Dataram at 609-799-0071 or send in

Use BULK CORE as peripheral storage or main memory. In either the coupon below.

7” or 15%” chassis. With storage capacities up to two megabytes in et i et s e sl gty
one chassis. And with dual-port capability available for DEC and § I'd like to learn more about BULK CORE i
Data General disk emulators. 1 for my minicomputer. i
And in addition to offering high-capacity storage, BULK CORE has : [ Please send information. i
the added advamages of non-volatility and hlgh rehablllty 1 [ Please have a salesman contact me. [ ]
And all available with interfaces to these popular minicomputers (and 1 :
there are more coming!): B Name 1
EC T
LSI-11® RE-11 fixed-head disk emulator ke g :
PDP®@-]11 RF-11 single-port, fixed-head disk emulator i Congtty i
PDP-11 RF-11 dual-port, fixed-head disk emulator | [
PDP-11/70 main memory B Audice 1
Data General ! i 1
Novadisc® (4019 compatible) single-port emulator 1 ciy State Zip (]
Novadisc (4019 compatible) dual-port emulator 1 ]
AOS (6063/6065 compatible) fixed-head disk emulator B O Please send me information about Dataram’s |
Interdata £ ADD-ON/ADD-IN memory for minicomputers. J
Moving-head disk emulator 1 d
& B B N N N B N B B B B & & B _N B _N N ]
M{E)g}]lglr{gfimputer Systems r 1 NmBlsedis regd Sl St M it
N\ DATARAM
{ CORPORATION

PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512
TEL:609-799-0071 TWX:510-685-2542

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

CONFERENCES

MAY 8-10—Society for Information Display
Internat’l Sym, Chicago Marriott Hotel, Chi-
cago, Ill. INFORMATION: Lewis Winner, 301
Almeria Ave, PO Box 343788, Coral Gables,
FL 33134. Tel: (305) 446-8193

MAY 11-13—West Coast Computer Faire,
Civic Auditorium and Brooks Hall, San Fran-
cisco, Calif. INFORMATION: Computer
Faire, 333 Swett Rd, Woodside, CA 94062
Tel: (415) 851-7075

MAY 17—Trends and Applications: Advances
in Systems Techno'ogy Sym, National Bureau
of Standards, Gaithersburg, Md. INFORMA-
TION: Trends and Applications, PO Box
639, Silver Spring, MD 20901. Tel: (301)
439-7007

MAY  18-20—Mid-Atlantic Personal and
Business Computer Show, National Guard
Armory, Washington, DC. INFORMATION:
Mid-Atlantic Expositions, Inc, PO Box 3315,
Annapolis, MD 21403. Tel: (301) 263-8044

MAY  23-25—Custom Integrated Circuits
Conf, Americana Hotel, Rochester, NY. IN-
FORMATION: Dr Andras |. Lakatos, Xerox,
Webster Research Ctr, 800 Phillips Rd, Bldg
114, Webster, NY 14580. Tel: (716) 422-
4354

MAY 30-JUNE 1—APL79, Rochester, NY.
INFORMATION: Fletcher McTaggart, |. P.
Sharp Associates, Suite 1150, 183 Main St
E, Rochester, NY 14604

JUNE 4-6—Machine Tool Forum, Pittsburgh
Hilton, Pittsburgh, Pa. INFORMATION: J.
Vincent Hanratty, Westinghouse Electric
Corp, Westinghouse Bldg, Gateway Ctr,
Pittsburgh, PA 15222, Tel: (412) 255-3693

JUNE 4-7—National Computer Conf, New
York Coliseum, Hilton Hotel, and Sheraton
Centre New York, NY. INFORMATION:
Marjorie Greimel, American Federation of
Information Processing Societies, 210 Sum-
mit Ave, Montvale, NJ 07645. Tel: (201)
391-9810

JUNE 10-14—Internat’l Conf on Communi-
cations, Sheraton Hotel, Boston, Mass. IN-
FORMATION: James J. Lanigan, Director,
Public Affairs, GTE Sylvania Inc, 100 First
Ave, Waltham, MA 02154. Tel: (617) 890-
9200

JUNE 13-15—Computer Applications in In-
dustry, Alpes Congres, Grenoble, France. IN-
FORMATION: The Secretary, Computers in
Industry, PO Box 354, CH-8053 Zurich,
Switzerland

JUNE 17-20—Joint Automatic Control Conf,
Hilton Hotel, Denver, Colo. INFORMATION:
Prof T. F. Edgar, Program Chm, 1979 JACC,
Dept of Chemical Engineering, U of Texas,
Austin, TX 78712, Tel: (512) 471-3080

JUNE 20-22—Internat’l Sym on Fault-Tol-
erant Computing, Concourse Hotel, Madison,
Wis. INFORMATION: Prof Charles R. Kime,
Dept of Electrical and Computer Engineering,
U of Wisconsin, Madison, WI 53706. Tel:
(608) 262-0206

JUNE 21—Information Systems—Effective-
ness for the User Sym, National Bureau of
Standards, Gaithersburg, Md. INFORMA-
TION: Angela Turvey, 4910 Butternut Dr,
Rockville, MD 20853. Tel: (301) 427-8105

JUNE 25-27—Design Automation Conf, Town
and Country Hotel, San Diego, Calif. IN-
FORMATION: Robert J. Smith, 111, Electrical
Engineering Dept, U of Texas, PO Box 7728,
Austin, TX 78712, Tel: (512) 471-4540

JUNE 25-28—Joint Conf of the CIPS and
DMAC, Quebec, Canada. INFORMATION:
Conference 1979, Département d’Informa-
tique, Faculté des Sciences et de Génie, Uni-
versité Laval, Quebec, Quebec, GIK 7P4,
Canada

JUNE 25-29—Internat’l Sym on Information
Theory; Grigano, Italy. INFORMATION: Prof
M. Pursley, Dept of Electrical Engineering,
U of lllinois, Urbana, IL 61801

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

JULY 17-19—Internat’l Sym on Circuits and
Systems, Tokyo, Japan. INFORMATION:
Kazuo Horiuchi, Dept of Electrical and Comm
Engineering, Waseda U, Shinjuku, Tokyo
160, Japan

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

JULY 30-AUG 3—Computer and Peripheral
Equipment Exhibition, Internat’| Marketing
Ctr, Singapore. INFORMATION: Todd W.
Burns, U.S. Dept of Commerce, Office of
Internat’l Marketing, South Asia-Rm 4126,
Washington, DC 20230

AUG 29-31—IFAC Sym on Computer-Aided
Design of Control Systems, Zurich, Switzer-
land. INFORMATION: CAD/IFAC, Institut
fir Automatik und Industrielle Elektronik,
ETH-Zentrum, CH-8092 Zurich, Switzerland

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

SEPT 25-29—Relcomex ‘79—Reliability and
Exploitation of Computer Systems, Ksiaz
Castle near Wroclaw, Poland. INFORMA-
TION: Mr |. Jozwiak, Institute of Engineer-
ing Cybernetics of Wroclaw Technical U,
Janiszewskiego st 11/17, 50-372 Wroclaw,
Poland

SEMINARS

MAY 11-12—Microprocessor Sem, U of Pitts-
burgh, Pittsburgh, Pa. INFORMATION: Vin-
cent J. Giardina, IEEE Mgr of Continuing
Education, 445 Hoes Lane, Piscataway, NJ
08854. Tel: (201) 981-0060, X174

JUNE 11-15 and 18-22—Chorafas Sem on
Distributed Information Systems, Radisson-
Chicago Hotel, Chicago, Ill; and Brecken-
ridge Pavilion Hotel, St Louis, Mo. INFOR-
MATION: Richard A. Laubhan, Project Com-
munications Inc, 333 E Ontario, Suite 2603B,
Chicago, IL 60611. Tel: (312) 266-2113

JUNE 27-29—Computers in Manufacturing,
Chicago, Ill. INFORMATION: AIIE Seminars,
PO Box 3727, Santa Monica, CA 90403. Tel:
(213) 450-0500

SHORT COURSES

MAY 14-16—Software Design for Data Com-
munication Systems, George Washington U,
Washington, DC. INFORMATION: Director,
Continuing Engineering Education, George
Washington  University, Washington, DC
20052, Tel: (202) 676-6106

JUNE  4-6—Microprocessor  Programming,
Rapid City, SD. INFORMATION: Vincent J.
Giardina, |EEE Mgr of Continuing Education,
445 Hoes Lane, Piscataway, NJ 08854. Tel:
(201) 981-0060, X174

JUNE 19-21—Using Interactive Graphics for
PC Artwork Generation and Design, New
York, NY. INFORMATION: Omnimation,
2076 Elberon St, San Pedro, CA 90732. Tel:
(213) 833-9637

JULY 9-20—Computing Systems Reliability,
U of California, Santa Cruz, Calif. INFOR-
MATION: Institute in Computer Science,
U of California Extension, Santa Cruz, CA
95064

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

The DEC® RX02 — Compatible
Flexible Disk System with 30 day delivery.

Our new DSD 440 records data in both
DEC double density and IBM 3740 single density
formats. It is 100% software, hardware and
media compatible with DEC LSI-11, LSI-11/2,
PDP-11 and PDP-8 computers including those
equipped with extended memory. The DSD 440
can be set to emulate either the RXO1 for
downward compatibility or the RXOZ2 for in-
creased storage capacity and throughput.

Hardware Bootstrap

A 512-word hardware bootstrap is built into
the interfaces for the PDP-11, LSI-11 and
LSI-11/2 systems. In addition to bootstrapping
both single and double density configurations, it
also performs diagnostics on the CPU memory,
and the disk interface and controller.

“Hyperdiagnostics”

Microprogrammed self-diagnostics are built
into the drive and controller unit. User-selectable,
stand-alone “Hyperdiagnostics” simplify main-
tenance and alignment procedures.

The DSD 440 data storage capabilities
include write protection, power loss data protec-
tion, single track and complete diskette format-
ting. Diskettes can be formatted using sequential
or user-selected sector interleaving. Special sector
interleaving schemes can be implemented during
formatting to improve system throughput.

Megabyte System

This powerful megabuyte flexible disk system
is packaged in a low profile 5/4-inch chassis.

The DSD 440 is being shipped in quantity
now. Delivery is 30 days.

To find out more about it, contact Data
Systems Design today. A data sheet and price list
will be forwarded to you immediately.

3130 Coronado Drive, Santa Clara. CA 95051
(408) 249-9353 TWX: 910-338-0249
® Registered trademark of Digital Equipment Corporation
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How Litronix’
opens a new world

Rockwell
AIM 65

Microcomputer

Now designers have a communications
peripheral perfectly matched in size and
cost to the world of microcomputers.
Litronix invented the Intelligent Display™*

to give microcomputers a new way of “talking”
to users in words, numbers or even sentences.
And not surprisingly, these displays are already

Part Foatires Character Hug;lwlal V%‘;'\za' Viewing | Character | Character

Number Height Spacing | Spacing Angle Positions | Segments
Standard

pL1ats | Senerdl | ggqe | o5pr | 12000 [ x25° | 4 16
Purpose
Dispiay
Compact
Display

DL-1414 | For Hand 12" 175" 800" +50 4 16
Held
Equipment
Premium

DL-2416 [ OOV | qg0r | 250" | go0" | +50¢ 4 17
New Rugged
Package

“Intelligent Display is a trademark of Litronix, Inc.

Norand® .
Sprint 100
Order entry terminal

beginning to create a new class of microcomputer-
based products.

The Intelligent Display is an alphanumeric LED
readout that incorporates ASCII decoder, multi-
plexer, memory and LED driver in a built-in CMOS
IC. It interfaces simply and directly to any
microprocessor bus, much like a RAM. Power is
from a single +5V supply, and operating current
is low enough for any battery powered device.

Litronix puts intelligent communications
in the palm of your hand or anywhere panel
space is limited. Three versions of the Intelligent
Display are already available to fit a wide
variety of applications. The smallest lets you fit
20 characters side by side in a space of only

3.5 inches.

Litronix’ Intelligent Displays are already being
used in the portable terminal, the low cost
microcomputer and electronic translator above.
They’re also ideally suited for applications
like control panel readouts. Handheld computer

COMPUTER DESIGN/APRIL 1979




lntelllgent Display"
of microcomputer
applications.

Lexicon
LK-3000

Electronic translator

terminals. “Smart” games and appliances. our inexpensive, prewired Evaluation Kit. To get

Educational products, and more. data sheets and a copy of our applications note
Use

Intelligent

Displays

in any

product that calls for alphanumerics. They'll on Intelligent Displays, or for a demonstration,

reduce component count and cut costs drama- phone or write Litronix, Inc., 19000 Homestead

tically. Since everything is encapsulated in a single Road, Cupertino, CA 95014. Telephone

package, design and production costs are (408) 257-7910.

_ minimal. And because no display
interface PC board is needed,

component costs are | i t ro n i x

typically reduced by
25%. Typical OEM AN AFFILIATE OF SIEMENS

volume pricing per
digit will range from
: $2 to $5 per digit,
depending on displaympe. For easy bread-
boarding with Intelligent Displays, ask about
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COMMUNICATION CHANNEL

DATA COMMUNICATIONS TESTING OVERVIEW—

ANALOG TESTING

Jeffrey R. Duerr

Hewlett-Packard Company, Delcon Division
Mountain View, California

That portion of the data communications system most
out of control of the user is the carrier channel. AT&T,
the largest carrier, is composed of 23 operating telephone
companies across the u.s., servicing 83% of the country’s
subscribers. General Telephone, the next largest carrier,
has about 8% of that service market. The remaining 9% is
split among approximately 1550 independent telephone
companies.

Standards and practices as defined by Ar&T typically
predominate in delineating the characteristics of these
communications networks. A complete description of the
properties of the analog channel as they affect data trans-
mission is contained in the three Bell System Technical
Reference publications listed in the bibliography. These
documents are a basic guide to understanding the mea-
surement requirements of the analog channel.

Carrier Facilities

There are three options when renting a voice channel from
the carrier—dial-up, leased, or digital lines. While digital
lines are coming into more widespread use since their
inception in 1974, at the present time the first two cate-
gories are much more prevalent.

Dial-up lines, most commonly used for standard voice
communication, are comparatively inexpensive, and, in a
high percentage of applications, are quite suitable for
basic data transmission. If such a line is unsuitable for
proper data transfer because of noise or distortion, the
user has the option to hang up and redial. The sub-
scriber should be aware that he has no control over the
routing of this dial-up network, and can expect widely
varying transmission delays and characteristics from call
to call.

Although full-duplex operation can be achieved on one
dial-up line by frequency division multiplexing modems
over short distances, transmission over longer distances is
limited to half duplex. In this transmission mode the

10

user will experience a delay in switching directions be-
cause circuit components in the channel take several
hundred milliseconds to turn around. Also, the customer
may find that the average 15 to 20 s time required to
dial and obtain a line might be more than he can tolerate
in an inquiry-response application.

Leased lines, though more expensive, provide the user
a readily available, consistent communications path, and
afford him more control over the characteristics of his
channel. To further improve these lines for data trans-
mission, the carrier will supply various types of condi-
tioning to place more exacting requirements on channel
amplitude, delay, and noise characteristics. Therefore,
it would seem normal to believe that there is no need
for analog test equipment to evaluate a dedicated link,
since the carrier guarantees specific performance appro-
priate to a requested type of conditioning.

This may be true for a simple system, but as a com-
puter communication center becomes more complex, time
spent in discussing channel problems with the carrier
becomes extremely costly. A better strategy is to be able
to evaluate line deficiencies with procedures and equip-
ment that are acceptable to the telephone company. Also,
basic analog testing of the channel can do much to
solve the finger-pointing dilemma.

Channel Parameters and Conditioning

When a carrier offers a service to the user, it must have
previously filed with the Federal Communications Com-
mission (Fcc) a tariff describing the service, the rates
for that service, and detailed characteristics of the chan-
nel to be used. There are 11 parameters affecting data
communications on an analog channel (see “Analog Chan-
nel Parameters”). In the basic channel, none of these
parameters is controlled by tariff, although all except
phase hits, gain hits, and dropouts are controlled to in-
ternal ATa&T specifications.

(Continued on p 12)



? N Even though the Centronics 700
e series is a continually expanding

. printer family — currently 9 models and arange
of print speeds from 60 to 180 cps — there’s

much more to it than just breadth of line. For example, there’s a choice of
6 different types of forms handling capability; choice of uni- and bi-
directional operation; and choice of 80 and 132-column formats. Why so
much choice? It comes from the simple, highly flexible modular 700 series
design that delivers superior reliability, exceptional parts commonality —
and competitive prices.

And like all Centronics printers, the 700 series is fully supported by the
largest worldwide service organization of any printer company. For com-
plete 700 series information write or call today. Centronics Data Computer
Corp., Hudson, NH 03051, Tel. (603) 883-0111.

LENTROMES 701

Does its broad line

CENTRONICS PRINTERS
Simply Better
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Attenuation distortion is the variation in signal attenu-
ation at different frequencies—the frequency roll-off curve
of the network. Because the line was originally designed
to transmit voice in the 300- to 3000-Hz band, severe
attenuation above 2000 Hz was not critical. However,
high speed data transmission has important frequency
components at the higher frequencies, and this roll-off
becomes a significant factor.

Envelope delay distortion is the rate of change with
respect to frequency of the phase difference between
transmission and reception; signal delay through the
channel varies with frequency. This does not affect voice
reception because the human ear is virtually insensitive
to it. For this reason phase distortion was not tightly
controlled in original telephone system design, but when
using the voice channel for data transmission, envelope
delay becomes an important parameter. The higher fre-
quencies required for high speed data transmission sys-
tems necessitate more compatible delays across the fre-
quency band. :

Available in three levels, “C” conditioning is tariffed
to give varying degrees of control in the specifications
for attenuation and envelope delay distortion. The level
of conditioning required depends on the bit rate trans-
mitted, and is often defined by the modem manufacturer.
Sophisticated modems having automatic equalization per-
form a function similar to “C” conditioning, and generally
do not need it. In fact, such conditioning can prove to
be detrimental to overall performance in these cases.
“C” conditioning can change a normally smooth delay
characteristic to a curve with steep slopes and ripple.
This newer, more distorted curve will make automatic
equalizer compensation more difficult.

For 9600-bit/s operation “D” conditioning has been
tariffed. This specifies limits on signal-to-noise (s/N)
ratio and on harmonic distortion. “D” conditioning allows
higher s/~ ratio and less harmonic distortion, which,
although unpleasant to the human ear, is of little handicap
to the modem. Harmonic distortion generates unwanted
harmonics as a result of nonlinear operations combining
two or more desired signals.

Although it is fairly easy to measure, nonlinear dis-
tortion measurement is a more accurate indication of
this parameter. Nonlinear distortion affects reproduction
of higher frequency signal components at the receive end
and thus degrades fidelity of the received signal. Unlike
delay distortion, the effect of nonlinear distortion is irre-
versible and cannot be compensated for at the receiver.
Compensation must occur at the transmitter by reducing

12
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P/AR transmit signal frequency spectrum (a) and re-
sultant envelope (b). Signal is complex combination
of harmonics, well defined in frequency and amplitude

the number of distinct levels transmitted which, in turn,
limits the allowable bit rate. “D” conditioning controls
these parameters so that 9600-bit/s transmission is more
readily obtainable on voice grade lines. It is offered to
the customer in two levels and can be used with or
without “C” conditioning.

Specifications for impulse noise, frequency shift, phase
shift, and echo are not defined by tariff, but are con-
trolled to internal AT&T specifications. These are pub-
lished in the aT&T literature, Bsp 41004, pp 13-15.

Phase hits, gain hits, and dropouts are not controlled by
practice or tariff. If the user can demonstrate that his data
communications are degraded by a significant number
of these disturbances, the carrier company can reroute
and reconfigure the communications paths. However, for
credibility, the measurements made to back up such com-
plaints should be made with equipment and to standards
acceptable to the carrier. The inability to properly define
line troubles is very often an obstacle to clearing them up.

Testing the Analog Channel

First level of testing on the channel can be done by
simply evaluating its frequency response. Using simple
equipment, the basic analog channel can be tested for
continuity, signal loss at various frequencies, and noise
over the bandwidth. More sophisticated equipment such
as the Hewlett-Packard transmission impairment mea-
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surement system (TiMs) series will make all of the mea-
surements described. This equipment is widely used
among operating companies and therefore provides a
credible standard for defining line disturbances. Attach-
ment of the equipment to the channel is done by con-
necting to the two or four wires of the local subscriber
loop at the analog side of the modem. Tims testing can
be accomplished in looparound using one measurement
set on a full-duplex system, or, using two instruments,
one can test in one direction on a half-duplex system or
in both directions individually on a full-duplex system.
With some TiMs sets, another configuration called master-
slave operation allows remote testing and feedback of
results to a central station.

To define an overall figure of merit for a channel path
that will describe its suitability to data transmission, AT&T
has developed the peak-to-average ratio (p/AR) measure-
ment. This technique was designed to give an overall
indication of envelope delay and nonlinear distortion,
and return loss. A pulse train representative of a data
modulated voiceband signal is transmitted. The spectrum
and envelope of this signal is shown in the Figure. At
the receive end, the P/AR of the signal is measured.
As the signal traverses the transmission medium, »/AR
will deteriorate because of channel impairments. A per-
fect channel would result in a 100 »/ar reading of the
received signal. Readings of 50 or higher generally indi-
cate that 2400-bit/s or slower data rates are acceptable.
P/AR is also useful as a monitor of data channel param-
eters. If the p/AR value changes by more than four points
from an initial reading, it is likely that the channel
parameters have changed significantly.

Cost Tradeoffs

How much should be invested in test equipment for a
data communications channel? Basic analog level and
frequency testing can be accomplished for $1000 to
$2000. Test equipment that will handle all the tests
described here can be purchased for $7000 to $9000.

Bit error rate (BER) testing is available in an instru-
ment selling for less than $1000. Equipment that can
perform all the digital tests described (Computer Design,
Mar 1979, pp 12-18) will range from $2500 to $5000 per
instrument.

Protocol test equipment (Computer Design, Feb 1979,
pp 10-20) starts at about $3500 and ranges to over
$15,000. The upper end of the range includes program-
mability in the basic instrument. At the lower end, there
is monitoring capability only. As the price goes up, ca-
pability increases to include both monitor and simulation
modes, plus storage cassettes to record longer periods
of channel operation.

Other levels of expense involved in data communica-
tion testing center around facilities and personnel. For
a simple point-to-point uncomplicated system, a data
communications specialist may not be needed. As the
network grows in sophistication, it will become necessary
to add a resident technician and eventually a data com-
munications staff.

In determining the actual cost of a system, the major
factor should be the costs involved in the event of a
system failure. Where downtime of several hours or days
results in no serious loss of revenue, only a small invest-
ment in equipment is needed. However, many systems,
such as airline reservation, bank charge card, and the
like, start incurring heavy losses for each second of out-
age. Here a considerable investment in a data communi-
cations service facility, with a full range of test instru-

ments, and redundant communications equipment and
channels, becomes profitable.

The Future

In the area of test equipment, more measurement capa-
bility for the dollar can be expected. Instruments will
become programmable, be more interactive, and provide
more prompting to the operator, allowing sophisticated
tests on a complex network to be performed by less
experienced personnel. While there is little pressure to
combine digital, analog, and protocol testing in one in-
strument, it is reasonable to expect that programmable
versions of these instruments might be combined in ser-
vice and control centers for more efficient testing and
system operation.

Overall, there is a dynamic growth in the need to
move data quickly and accurately from point to point.
Capabilities offered by public and private carriers, as
well as by equipment manufacturers, are expanding to
meet this challenge. Technical advances continue to offer
new techniques and opportunities to meet communica-
tions needs. It is important that the expertise and fa-
cilities required to take advantage of these opportunities
be maintained.

Bibliography

Bell System Technical References. Pub 41004: Data Communi-
cations Using Voiceband Private Line Channels. Pub 41008:
Analog Parameters Affecting Voiceband Data Transmission—
Description of Parameter. Pub 41009: Transmission Param-
eters Affecting Voiceband Data Transmission—Measuring
Techniques. Order from: AT&T, Supervisor Information Dis-
tribution Center, 195 Broadway, Rm 208, New York, NY
10007. Price, $1.50 each.

FOR AUTOMATIC INSERTION

Switch to KEMET T322 preusnon
molded axial leaded capacitors. The
excellent lead concentricity of the
1322 molded part is far superior to
epoxy back-filled parts, and elimi-
nates high-speed automatic insertion

problems. The high-quality T322 Biliaie . e
gives you same size, same function, el
with more CV values. 0.1 to 68.0F =55°C to-+125°C temperature
range, 2to 50 volts. For more information, write: Electronics Division,
Union Carbide Corporation, P.0. Box 5928, Greenville, SC 29606.
Phone: (803) 963-6300. Or see your local KEMET Representative.

KEMET OFFERS YOU MORE.

ELECTRONICS DIVISION
COMPONENTS DEPARTMENT
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Speech Processor Provides Simultaneous Transmission
of Voice and Data on Same Channel

SWITCHBOARD

2400 BIT/S
DIGITAL
SPEECH

7200 BIT/S
DATA

SWITCHBOARD
|

2400 BIT/S

7200 BIT/S
DATA

E-Systems LPC-24 speech
processor converts audio
input from telephones to
2400-bit/s digital speech
for transmission simulta-
neously with computer data.
Linear predictive coding
techniques are enhanced
by microprocessor control

Simultaneous transmission of digi-
tized speech and data over the same
channel is implemented by the rpc-
24 speech processor through use of
linear predictive coding (rec). Tele-
phone speech, presented to the net-
work in a 2400-bit/s synchronized
serial data stream, is multiplexed
with computer data over a common
circuit.

In operation (see block diagram),
audio input from a conventional tele-
phone, received through a switch-
board, is sampled and analyzed in
the speech processor by vpc tech-
niques. The resultant output is a
synchronous, 2400-bit/s data stream
that can be manipulated in the same
manner as any other data and is
compatible with an grs-232 or MiL-
sTD-188 interface. This bit stream is

fed via a modem into the satellite
or telephone line circuit to a com-
parable modem at a remote location.
There the 2400-bit/s stream is re-
converted to audio form by another
speech processor.

Depending on particular system
implementation, digital voice can be
applied in 2400-bit/s increments.
For example, 9600-bit/s data are
transmitted during non-overlapping
working hours. Then the data are
idled for the overlapping period to
allow voice transmission. Applica-
tion of digital voice in 2400-bit/s
increments allows the data network
to handle up to 7200-bit/s data and
a single channel of digital voice
simultaneously without idling data
transmission equipment and person-
nel.

Speech quality remains constant,
with a claimed high level of speaker
recognition and intelligibility. A
microprocessor-controlled voice op-
erated gain automatically adjusts in-
put audio. Advanced Micro Devices
2900 series microprocessors also per-
form the rec techniques and are
used in troubleshooting to isolate
faults to pc card level.

Physical characteristics of the
speech processor—made by E-Systems
Inc, po Box 226118, Dallas, 1x
75266—include: size, 7 x 17 or 19 x
18” (17.8 x 43.2 or 48.3 x 45.7 cm);
weight, 36 Ib (16 kg); and power,
100 W, 115/230 Vac + 10%, 47 to
63 Hz. Operating temperature range:
is 0 to 100 °F ambient (—18 to 38
°C); and storage temperature range
is —40 to 160 °F (—40 to 71 °C).
Circle 400 on Inquiry Card

Network Processors
Provide Ascending Levels
of Processing Functions

A 5-member family of single and
multiple data communications pro-
cessors for networks of varying com-
plexities has been introduced by
Raytheon Data Systems Co, 1415
Boston-Providence Tpk, Norwood, MA
02062. Major features of the Raynet™
processors—depending on  model—

14

include line concentration, network
control, virtual terminal support,
and node-to-node communication.

Through line concentration, costs
are lowered by reducing the number
of lines required between operator
terminals and host mainframe com-
puters. Terminals installed “down-
line” communicate with these pro-
cessors via low to medium speed lines,
and messages are then transmitted
from the processors to the mainframe
over higher speed lines.

Network control can be maintained
by using the processors to turn in-
dividual communications lines or
communications controllers on and
off. In addition, the processors can
provide error counts and other net-
work management statistics.

Instead of being dedicated to a
single host under a single discipline,
terminals now can transmit messages
to as many as eight host mainframe
computers under a variety of com-
munications line disciplines. This
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The Paper Tiger sets a new stan-
dard for low-cost impact printers.
More capability. More versatility.
For just $995.

You get a full upper and lower
case 96-character set. Eight
software-selectable character
sizes. Plain paper, multiple copies.
Forms length control. Parallel and

serial interfaces. Multiple line buffer.

Tractor feed. Automatic re-inking.
80 and 132 columns.

It's all standard with the Paper
Tiger.
Unbeatable capability.

The Paper Tiger prints just about
any paper form you need. From
address labels to multicopy in-
voices and legal-size reports.

Adjust the tractor width from
1-3/4to 9-1/2 inches. Choose from 8
switch-selectable forms lengths.
Print 6 or 8 lines per inch.
Unmatched versatility.

Want graphics? Add the Paper
Tiger's software-selectable full dot
plotting graphics. Print illustrations,

- block letters, charts, graphs, and
more.

Need a bigger butfer? The Paper
Tiger teatures an optional 2K-byte
memory that holds a full 24-by-80

here.

Printer Integral Lear- Texas
Data Tally Seigle: Instruments | Centronics
Feature 440 1200 300 810 779-2
zggg;’gﬁféﬁfggg YES |OPTION| YES |OPTION| NO
A b g YES NO NO |OPTION| NO
Throughput, lines per minute
@ 10 char./line 275 100 Data not 440 130
@ 132 char./line 42 40 |available 64 21
Momorimmea || ves | wo | o | w0 | wo
CRT screen buffer OPTION NO |OPTION| NO NO
Footprint (Wx D = sq. ft.) 1.37 3.45 3.18 3.58 2.44
Weight (1bs.) 20 64 50 55 45
Forms length control YES OPTION YES OPTION NO
Full dot plotting graphics OPTION NO NO NO NO
Unit Price 5995 $2500 | S1995 $1895 | $1350
Comparison data from manufacturers’' current literature.
CRT screen. Find out why this Paper Tiger just
And there’s more. set a new standard for low-cost im-

The Paper Tiger is small, light-
weight, and compact. That's be-
cause it's designed especially to
work in small computer systems.

And it's built rugged and simple.
For high reliability and easy main-
tenance. Just like the thousands of
IDS printers already in the field.

See for yourself.
Check the comparison chart,

pact printers.

For more information, write or
call. We'll send you our free
brochure. Integral Data Systems,
14 Tech Circle, Natick, MA 01760.
(617) 237-7610.
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No one portable

everyone’s needs.
So webuilt 21.

Everyone’s needs are different. Some want the same versatility in the
field they get from a bench model in the lab. Others are more concerned about
weight. Some require basic performance models at an economical price. Tektronix
offers a selection of 21 portable scopes — 15 real-time and 6 storage models — to
satisfy just about everyone.

Take your pick. You can’t beat our 400 Series when it comes to high performance.
Choose from 9 models ranging in bandwidth from 50 MHz to 350 MHz. All under 26
pounds (11.8 kg). Five with an optional DMM and delta time read out.

If you’re looking for a battery-powered model that fits into a briefcase or toolbox,
there’s our 200 Series. Bandwidths to 5 MHz. Weights less than 3.7 pounds (1.7 kg).

In between, there’s the compact 300 Series, with bandwidths to 35 MHz. Each scope
weighs less than 11 pounds (5.0 kg). And finally, we offer the low cost T900 Series,
priced from just $795.00%

Our worldwide service team goes where you go. We’re with you all the way,
with more than 500 service personnel at 46 Tektronix centers in the US.A. and
hundreds of Tektronix-supported service engineers in over 50 other countries to
calibrate and maintain your Tektronix scope.

So let us show you the model that’s right for you. Simply contact your Tektronix
Sales Engineer. He’ll arrange for a demonstration of our portable or laboratory
oscilloscopes. And for our latest portable oscilloscopes brochure, write: Tektronix,
Inc., PO. Box 500, Beaverton, OR 97077. In Europe: Tektronix Limited,
PO. Box 36, St. Peter Port, Guernsey, Channel Islands.




Storage Models

Nonstorage Models

ns/dlv

20 ns/div

20 ns/div
e o S R T (T T R e e _____20ns/div______Lowest ONIX Portable 795
Time Interval Readout DM44  Optional, factory-installed, direct numerical readout of time intervals and DMM functions for the 464, 465, 466, 475 and 475A 445

*U.S. sales prices are F.0.B. Beaverton, OR. For price and availablity outside the United States, please contact the nearest Tektronix Field Office, Distributor or Represen-
tative. Prices are subject to change without notice.
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For those millitary systems people
who have been waiting for
a‘'go-anywhere’ twintothe

Data General ECLIPSE Computer System

Here itis: ROLM's MSE
Mil-Spec ECLIPSE Computer System

FORTRAN 5 in any envnronment For more information write  In Europe Meuhlstrasse 19 D- 6450 Hanau Germany
or call ROLM Corporation, 4900 Old Ironsides Drive, Santa 6181 15011, TWX 4-184-170.

That'sWhy We're #1in MlI-szc Computer Systems

ECLIPSE and INFOS are registered trademarks of
Data General Corporation

M113A1 Armored Personnel Carrier courtesy FMC Corp.

MIL-SPEC
Computers

See our Computer and Telecommunications Products at AFCEA, Washington D.C., June 19-21, Cotillion Room, Booths 421-425.
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“virtual terminal”
automatic protocol
“host transparency”
col networks.

The largest configurations provide
node-to-node communication to per-
mit one processor to communicate
with another. This is said to simplify
design and lower operating costs on
large data communications networks.

Raynet-I is a single application
PARs or bisync discipline concentra-
tor and network manager for reduc-
ing communications lines and re-
lieving host overhead for a single
host; -II, also a single discipline
unit, can be used with multiple hosts;
while -III combines the features of
-I and -II to allow mixed protocol
terminals to connect to multiple
hosts for multiple applications. -IV
adds over 1M bytes of local disc stor-
age for store/forward message
switching so that messages can be
sent from any terminal attached to
one processor to other terminals or
other processors. -V processors can
communicate with up to four other
like processors at up to 50k bytes/s
and provide internode data switching
for geographically distributed main-
frames and virtual terminals. Sys-
tems are upward compatible.

All configurations can include re-
dundant processors complete with
memory, appropriate peripheral de-
vices, and operator consoles, for fail
safe operation in highly critical
applications. Communications disci-
plines currently supported include
PARS/TPARS for airline passenger
reservations applications, bisync (bi-
nary synchronous protocol), spLc
(synchronous data link control) pro-
tocol, and Univac U-100 protocol.
The processors can be configured with
an upward-expandable range of disc
storage drives, magnetic tape drives,
and other peripherals including crt
display /keyboard operator consoles
and report printers. cos (communica-
tions operating system) software is
standard on all configurations.

Circle 401 on Inquiry Card

support provides
conversion for
in mixed proto-

Processor Developments
Increase Speed
Three to Four Times

A 16-bit minicomputer—the 1600-02
model 1 processor—announced by
Harris Corp’s Data Communications
Div, po Box 400010, Dallas, Tx
75240 expands memory of the older

-00 processor to 192k bytes and in-
creases speed by three to four times,
depending on application. From 1.2M
to 1.4M instructions/s can be exe-
cuted.

The processor is built around a
chassis of 20 slots, 8 of which are
reserved for processor and memory.
Extra slots and larger power supply,
60 or 120 A, enable future expan-
sion. Depending on configuration, the
processor is capable of supporting
up to two 1200-card/min readers;
four 1200-line/min printers; two
disc controllers each with a max-
imum of four cartridge or Winchest-

er-type disc drives; one mag tape
controller with up to four 9-track,
1600-bit/in (630/cm) tape drives;
one 200-card/min punch; and as
many as four concurrent communica-
tions channels. Data communications
capabilities range up to 9600 bits/s
for asynchronous lines and 56k bits/s
for synchronous lines.

Existing company software for
both 1600 remote batch and dis-
tributed data processing systems is
compatible. For remote batch sys-
tems, the processor will support the
memory-resident communications op-
erating system (cos) and a complete

LA.: Tulsa, Adv

503) 362-0717 PENN.: Pittsburgh, M s
: Dallas, Advance Technical Sls. (214) 361-8584;
vance Technical Slﬂ (713) 469-6668; Solid State Electr. (713) 772-8483 UTAH

g% onh Co. (215) 356-8550
Electr 21 52-2601; Houston,

PLS Assoc. (801) 466-8729 WASH.:
282 2511 w .: Milwaukee, Coomb:

s Assoc. (414) 671 1945 EUROPE: Hanex, L.A., CA (213) 556-3807 CA! D
Duncan Instr., Weston Ontario (416) 742-4448; Winnipeg, Manitoba, Cam Gard Supply Ltd. (204) 786-8481

15)

70 OHIO: Cleveland Martow Assoc (216) 991-6500;
Technical Sls. (918) 743-3517 ORE.: Portland Jas.

831- 6113
lid State

e, Jas. J. Backer (206) 285-1300; Radar Elec. Co.

" CoPOUWEr-one..

D.C. POWER SUPPLIES

Power One Drive « Camarillo, CA 93010

* Phone: 805/484-2806 « TWX: 910-336-1297

SEE OUR COMPLETE PRODUCT LISTING IN EEM & GOLDBOOK
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selection of emulation programs
which communicate with mainframes
manufactured by 1M, Univac, Honey-
well, Control Data, Burroughs, Itel,
and Amdahl. For distributed data
processing systems, the processor
supports the disc-resident extended
communications operating  system

(Ecos); REGAL (remote general ap-
plication language), an interactive
programming language; cosoL for

local batch operations; key entry
processing (xeEp), a keystation man-
agement system; and FORMAT/10
and rFormMaT/41 for keypunch re-
placement with key-to-disc.

Increased power enables more key-
stations to be configured, which then
allows traditional key-to-disc data
entry functions to be executed con-
current with the more sophisticated
source document entry method of

ClQ Series

9"and 12"
CRT
DISPLAY
MONITORS
witha

Horizontal

Rate of
15. 72 KH=z

Compatible with
TVi20 or TV9O
Priced Below the
Competition
Built-in Quality,

Performance,

Dependability

The low- cost CiQ-9 and CSQ-12 CRT
Display Morﬁ&ors\mh a horizontal rate of

nt manu-

facturers with sharp, highly reiable image
presentation.

Separate honzontal drive, vertical drive,
and video signal inputs mean elimination of
composite sync and video signal process-
ing and simple output circuitry.

The completely new design of the com-
pactintegrated PCB utilizes the latest semi-
conductor and other components, providing
a dependable performance level never
before possible.

Delivered with P4 phosphor as standard.
Available options are P31 and P39 phos-
phors, sturdy zinc chromate plated chassis
and a power supply module which is com-
patible with practically any power supply
standard in the world.

FEATURES

¢ Uniform High Resolution
* Integrated PC Board

* Dependable Construction
7« Squareness of Picture

<333 C. ITOH ELECTRONICS, INC.

5301 Beethoven Street Los Angeles, Calif. 90066

Chassis Version Telephone: (213) 390-7778 Telex: (WU) 65-2451
? 280 Park Avenue, New York, NY 10017
Telephone: (212) 682-0420 Telex (WU) 12-5059
20 CIRCLE 15 ON INQUIRY CARD

capturing and processing data at the
source. Larger memory and greater
speed allows for larger and more
flexible configurations of remote
batch systems. Higher throughput
volumes are achieved by increased
line speeds, improved capabilities of
peripherals, and the new peripherals
supported in a remote batch environ-
ment. In addition, a greater number
of concurrent communications jobs
are possible.

Circle 402 on Inquiry Card

Fourth Earth Station Added
To ARPA Network

A contract for the installation and
operation of a 5-m earth station at
Point Sur, California has been
awarded by the Defense Communica-
tions Agency to American Satellite
Corp (asc), 20301 Century Blvd,
Germantown, mp 20767. The station
will be used by the Advanced Re-
search Projects Agency (amrpa) for
transmission and reception of high
speed data. This installation will be
the fourth land-based high speed
data earth station placed in opera-
tion by asc for Arpa since 1975. In
1976 asc also implemented a 4.5-m
station aboard a research ship sta-
tioned in the Pacific for high speed
data communications to the mainland.

Asc also provides nationwide wide-
band data service in the 3M-bit/s
range to the Air Force Meteorolog-
ical Satellite program as well as
data communications services to NAsA
in support of the space shuttle pro-
gram, and a wideband secure voice
link between California and Hawaii.
Circle 403 on Inquiry Card

X.25 Support Expands
Network Interface

Support of the X.25 international
standard packet switching protocol
by ptss Inc, 10 Allen St, Hanover,
~H 03755 will allow users of that
company’s systems to connect to any
Telenet node. In addition, through a
standard X.25 interface, users will
be able to access the acs network
planned by AT&r as well as Data-
pak in Canada and Transpac in
France. O
Circle 404 on Inquiry Card
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Jim Springer is building what will be the
largest industrial data acquisition system in
the world. This system will be used for
development and testing by one of the world’s
largest producers of diesel engines.

To implement the system, Jim chose
MODCOMP’s Classic® Computers, the MAX IV
operating and communications system, and
the MAXNET IV network extension.
“Network software capability is the key.”

“The MAXNET IV network extension
integrates all 120 computers in the system.
This provides us with the performance
characteristics of a stand-alone system,
and the economic advantages of network
resource sharing.

“In a real-time environment, that'’s
essential.”

“MODCOMP gives us the high speed
and performance we need — at a cost we
can afford.”

“The MAX IV operating system is ideal for
this type of real-time multi-programming. And
with the Classic’s extremely fast floating-point
processor, we have more than enough speed.

“This is essentially the same system we
specified for testing NASA’s Space Shuttle.
Ordinarily, that kind of superior quality and
reliability would be out of reach for industry.

“BEFORE WE COULD BUILD THE WORLD'S LARGEST
INDUSTRIAL DATA ACQUISITION SYSTEM,
WE NEEDED NETWORK AND

SYSTEMS CAPABILITIES WE
COULD DEPEND ON.”

“ONLY MODCOMP HAD THEM.”

Jim Springer, Director of Data Systems,
AVCO Electronics, Huntsville, Ala.

But because of their experience with the NASA
system, only MODCOMP could meet the
assigned high performance levels at a cost
industry can afford.”

“MODCOMP'’s tougher on their equipment
than we are.”

“Our customer was concerned about
equipment reliability in their plant. And with
good reason. The temperature can get as high
as 120 degrees. But we've seen the Classic
perform in worse places. MODCOMP’s
‘hot room’ test facility, for instance. That's
132 degrees.”

“Obviously we have a lot of faith in
MODCOMP.”

“We're just in the first phase of this system.
But we have to know that, say, 3 years frem
now, the hardware will be available and that
the software can be implemented or
interchanged as needed.

“We recommend MODCOMP because we
have a lot of faith in them. In their company,
their equipment and their service.

“We know they can deliver. It's as simple
as that.”

At MODCOMP, we specialize in building real
time computer systems and the network
software capability to make them work.

Easily. Reliably. Affordably. And with the
kind of performance you'd expect to find in the
world’s largest industrial data acquisition
system.

If that’s what you're looking for from a
computer system supplier, do what Jim
Springer did. Call MODCOMP.

~-MODCOMP

Dedicated to your success
Modular Computer Systems, Inc.
1650 McNab Road, Ft. Lauderdale, FL 33309
(305) 974-1380

Sales offices: Atlanta, GA ® Boston, MA ® Chicago, IL ® Cincinnati, OH @ Dallas, TX ® Denver, CO ® Detroit, MI ®
Hartford, CT ® Houston, TX ® Los Angeles, CA @ Clark, NJ ® Orlando, FL ® Pittsburgh, PA ® San Jose, CA ® Washington, DC
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DIGITAL TECHNOLOGY REVIEW

TECHNOLOGY AND ECONOMICS:
IC POWER DISSIPATION VS PRICE

Montgomery Phister, Jr

Systems Consulting
Santa Monica, California

As component technology has evolved, system power
requirements have changed markedly. Early small scale
integrated circuits required about one-third the power of
discrete silicon circuits, and medium- and large-scale in-
tegrated circuits continue to display increasing reductions
in power requirements per gate.

This reduction occurs because circuits internal to the
device require little power, and device power require-
ments tend to be proportional to the number of internal
circuits that are connected to output pins rather than to
the total number of circuits. The relationship that exists
between device cost and power requirements on one hand
and circuit complexity on the other can be useful to the
designer is evaluating design tradeoffs.

Gate/Flip-Flop Relationships

Fig 1 shows the distribution of gates and flip-flops over
a sample of 38 medium-scale integrated (ms1) circuits.”
The average circuit (from this 38-circuit sample) con-
tained about 2.7 flip-flops and 22 gates. The solid line,
having the equation g = 24.4 — f, best represents the
flip-flop/gate relationship for this sample.

Forty-two small-scale integrated (ss1) circuits were
analyzed in a similar way, with the result shown in the
lower left corner of the figure. The average circuit in this
sample contained 3.5 gates and almost 0.3 flip-flops, and
can be represented by the solid line g = 4 — 2f.
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If an average system designed using these elements
has 17 gates for every flip-flop, system characteristics lie
on the dotted line in Fig 1. Such systems clearly must
have a preponderance of gate-only circuits—circuits con-
taining flip-flops fall far above the “average” line.

Power and Price/Gate Relationships

Fig 2 shows price vs number of gates for the sample of
standard circuits (solid lines), and for a smaller sample
of low power Schottky circuits (dotted line). The equa-
tions were derived from least-squares fits to mid-1978
prices. The deviation of actual prices from the equations is
large—it averages 41¢, for example, for the “standard msr”
sample.

*The sample from which the equations used to generate Figs
1 to 3 were derived includes the following 74xx and 74xxx
parts: Standard ssi—7400-11, -13, -14, -16, -17, -20, -23, -25,
-26, -27, -30, -32, -37, -38, -40, -50, -51, -53, -54, -60, -70, -72,
-73, -74, -76, -86, -107, -109, -125, -126, and -132; Standard
Ms1—7441-42, -45, -46, -48, -75, -83, -85, -90, -91, -95, -96,
-147, -148, -150, -151A, -153, -154, -155, -157, -160A, -164,
-165, -166, -173, -174, -175, -180, -181, -182, -190, -191, -194,
-195, -196, -198, -199, and -251; Low Power Schottky ssr—
7400-02, -03, -04, -05, -08, -10, -13, -14, -20, -26, -27, -30,
-32, -40, -51, .-73, -74, -76, -86, -107, and -132; and Low
Power Schottky ms—7475-83, -90, -95, -96, -151, -153, -157,
-164, -181, -190, -191, -194, and -195.
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The NEC Snaplock.

A rugged little extra that
makes printers more reliable.

Raise the cover of most printers and you'll find Every cable and wire connection also has its own
retainers that keep circuit boards secure rugged snaplock. Another 10 cable holddowns
in theirconnectors. NEC printers prevent cable strain and wire chafing.
have board retainers too. % B\ What's so good about all these

But they also have more than two | locks and holddowns? Reliability.
dozen other locks and holddowns— [ They keep out the gremlins that
far more than competitive printers. {! cause printers to fail. NEC designs

Snaplocks, for example. NEC % printers with the industry’s high-
Spinwriter™ and Trimliner™ printers < . est MTBF. And it takes a lot of
have at least 16. Six to secure servo snaplocks to help us reach that
and stepping motors, head assembly goal.
and control panel cables. Ten more to fasten Attention to the smallest detail. It tells
the driver board, voltage regulator, paper-out a lot about NEC's motivation.
switch and operator panel power switch cables. 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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8086 System Success.

Intel delivers EPROMs, RAMs and peripherals you need
to start building on the Architecture of the Future.

Intel’s powerful microprocessor,
the 16-bit 8086, gives designers the
architectural foundation to create
a new generation of microcom-
puter solutions. The success of
these system designs, though,
depends on the performance and
availability of compatible
support components.

We understood this interdepen-
dence when, seven years ago, we
invented the first microcomputer.
At each step since then, our
achievements in data memory,
program memory and peripherals
have anticipated the demands
of higher performance micropro-
cessors. Today's 8086 designs can
take advantage of our full comple-
ment of compatible components
to start building the systems of
the future without delay.

Our EPROM s exist to
support microprocessors

Key to practical micro-
computer design is the EPROM.
We invented these erasable and
reprogrammable memories to
make system prototyping faster and
simpler. Now that the 8086 has ex-
tended the use of microprocessors
to more complex data processing,
the program flexibility of EPROMs
is more important than ever.

. Two Intel® EPROMs, the 2716
16K and 2732 32K, are ideal de-
vices for 8086 systems. Both were
designed with high speed, 5-volt
microprocessors in mind. And
they're the only EPROMs that give
designers two independent control

power, use our 2141. It’s the 4K x 1
bit, high performance HMOS
RAM that has speed versions to
120ns, operating current as low

as 40 mA active and standby
current of 5 mA.

Building on 16-bit architecture
To get started quickly with
8086 designs, you can take advan-

tage of the family of 28 interface
and control components we’ve de-
veloped for Intel industry standard
microprocessors. They include
intelligent peripheral interfaces for
keyboard display, communications
devices and general purpose 1/O
peripherals. Intel controllers give
you programmable command

over floppy disks, SDLC/HDLC

lines to eliminate the possibility
of bus contention in multiplexed
and multiprocessor systems.

A RAM for every purpose

Intel delivers a variety of com-
ponents to meet the data memory
requirements of 8086 systems.
Whether you're working in shared
or multiple memory environments,
Intel’s family of 5-volt static RAMs
gives you a full range of speed
and power solutions.

Intel’s 2142 (1K x 4), for
example, is an ideal RAM for high
performance systems. Because
it has the same two-line control
as our 2716 and 2732 EPROMs,
the 2142 also simplifies design in
high throughput, multiprocessor

systems. With protocol and CRTs.

announced Start today

second sources, The surest path to system

the 2142 is the success with the 8086 is to specify
new 20-pin Intel EPROMs, RAMs and

peripherals. They're

all here now. For

detailed information

on any of the above

products, contact

your local distributor.

Or write Intel Cor-

o poration, Literature
Dept 3065 Bowers Avenue,

Santa Clara, CA 95051.

™ ® ®

intal delivers.
Europe: Intel International, Brussels, Belgium. Japan:

Intel Japan, Tokyo. United States and Canadian distributors:

Soookailien, Cramar, Herbon Avst Tirss Mty

Components, Pioneer, Sheridan, Wyle/Elmar, Wyle/Liberty,
L.A.Varah and Zentronics.

industry stan-
dard. Inan
18-pin format,
Intel delivers
the industry
standard 2114, with access times to
200 ns and the proven performance
of the most popular 4K RAM ever.
For even higher speed and lower

See us at ELECTRO ’79, New York City, April 24-26.

CIRCLE 18 FOR INFORMATION 25



THE BEST WAY TO SOLVE
COMPUTER GRAPHICS
HARDCOPY PROBLEMS TODAY.

toughest proble
And we’re also working right now to satisfy
your needs for the future.

Whichever model you choose, you can
count on reliability, clear and crisp graphics,
high contrast and high resolution. Most models
are also UL 478 listed. And even at our high
plotting speeds, hardcopy is dry thanks to our
exclusive, patented closed loop toning system.

We also make it easy for you in other ways.

well as support of popular computers such
as |IBM 360/370, PDP-11, HP-2100 and Dat
General NOVA/ECLIPSE series.

Let us tell you more about our patented
designs, exclusive techniques and competitive
features that can help solve your problems.
For immediate help, call the toll-free number
below. Or write Gould Inc., Instruments Division,
3631 Perkins Avenue, Cleveland, Ohio 44114.

Call toll free for brochure: (800) 325-6400,
ext. 77. In Missouri (800) 342-6600.
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“Typical” power dissipation vs number of gates is plotted
in Fig 3 for the same samples. Once again the least-
squares equations are shown, and the deviations are again
large—51 mW for the “standard ms1r” sample.

Trading Off Costs and Power Savings

Suppose a module will contain 45 ssr circuits with 9 flip-
flops, and 45 wms1 circuits with 60 flip-flops. Further, sup-
pose that the module averages 17 gates for each flip-flop.
To estimate the cost of the sst components, using stan-
dard circuits, use the appropriate equation from Fig 2.

17x9 2 30 =
5x (177 +11x 1222 + 56 x 2] = o07¢ = s0.07
In a similar way, cost and power dissipation of the other

circuits can be estimated with the following results:

Standard Circuits Schottky Circuits
Cost  Power (W) Cost Power (W)

45 SSI Circuits $ 9.97 3.04 $16.52 0.66
45 MSI Circuits  35.40 861 61.50 245

Totals  $45.37 11.65 $78.02 3.11

Note that it costs ($16.52 — 9.97)/(3.04 — 0.66 W)
= $2.75/W to reduce power using sst Schottky devices,
and ($61.50 — 35.40)/(8.61 — 2.45 W) = $4.24/W to
reduce power using msr Schottky devices.

Therefore, it appears that the cheapest way to achieve
a 20% reduction in module power requirements is to re-
place all ss1 components with Schottky devices. However,
in any specific application, the designer will need to ex-
amine the relative costs and power savings of both Ms1 and
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POWER IN mW

—— STANDARD [17% sz“ P 73:':':; 2 Fig 3 Power dissipations in standard and
S = lon POWER| % 19 + 86 low power Schottky ICs. SSI Schottky cir-
AN AN N ‘cuits require only about 21% of the power
T of standard SSI circuits. MSI Schottky de-

vices do not provide as much savings—
they require 25 to 45% of the power of
standard MSI circuits

foo L 90 00w [/50 60
'COMPLEXITY (NUMBER OF GATES, o)

ss1 1cs, since the incremental cost per watt saved varies

widely from one part to another. Furthermore, the de- The Author solicits comments on the material pre-
signer must consider development, inventory, and other sented here, data supporting or contradicting his ap-
hidden costs, in addition to purchase cost, in making a proach, and suggestions for topics to be explored in
choice, if the Schottky circuits chosen are not qualified future articles.—Ed.

part numbers at his company.

ONCE OEMS GET THEIR HANDS ON OUR
QUIET LITTLE PRINTERS
THEY MAKE ALL KINDS OF NOISE.

“I need a
compact, lightweight
printer to build into my

system. CDI's 03, weighing in
at4lbs., isit.”

“My system requires a super
quiet, compact printer package
for CRT hardcopy output.
CDI's Miniterm 1201 won. Plus it
looks good on a desk.”

“Reliability is what " | look for.
CDI's all solid state circuitry and
the fact that it has logged over
1,000,000 hours of use sold me.”

AT
“The 1201 also has 96 - Lttt o
character upper/lower
interchangeable and user
selected fonts and standard
interfaces.”

“The Q3 “also offers upper/

lower case, dual fonts
(APL available) and
80 columns.”

Want to know ““what all the talk
is about? Write for details.
Computer Devices, Inc.,

25 North Avenue, Burlington, MA
01803. Telex: 94-9398. Or
telephone 617-273-1550, or
toll free: 800-225-1230.

“Speeds in excess of 50 cps
are important. CDI's printers,
with complete microprocessor
control, have it.”

We travel in the best companies. BEVICES ne
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32-Bit Minicomputer Vies With

Competitors In Price/Performance

Model 3220, a full 32-bit micropro-
grammed minicomputer, priced like a
16-bit machine, is claimed to out-
perform minicomputers in its price
range and to be far lower priced
than comparable machines. In this
first member of the 3200 series, Per-
kin-Elmer Corp, Computer Systems
Div, 2 Crescent Pl, Oceanport, Ny
07757 has provided full 32-bit archi-
tecture, 8M-byte direct memory ac-
cess bandwidth, four external priority
interrupt levels, and memory expan-
sion to 4M bytes of Mos memory.

Directly addressing up to 4M bytes
of physical memory, the processor
uses 256k-byte M0s memory modules
made up of 16k ram chips. Memory
has a 500-ns access cycle time and
provides a 20M-byte/s bandwidth in
quad-word write mode. Battery back-
up maintains data for 5 min at 1M
byte; extended backup holds 1M
byte for 80 min. Eight sets of 16
32-bit wide registers each have four
levels of external interrupts. Each
interrupt level has an associated
register set used during interrupt
handling on that level.

The standard instruction set is im-
plemented in 2k words of fixed
control store (rom). The set has
been expanded to include a subset
of commercial instructions and single
and double precision transfer instruc-
tions for mixed mode floating point
operations.

Directly addressing 4M-bytes
memory, Perkin Elmer’s micro-
programmed 3220 minicom-
puter has full 32-bit architec-
ture. 1/0 paths include EMDA
bus with 8M-byte/s and multi-
plexer bus with 400k-byte/s
throughput

Error correction performed on full
32-bit words corrects all single bit
errors and detects all double and
most multiple bit errors. A loader
storage unit with watchdog timer
loads the automatic boot load pro-
gram, implemented in  2k-byte
p/RoM, into memory. The boot load
program checks out memory and cer-
tain processor functions before load-
ing the operating system.

~An optional cache uses . lk bytes
of bipolar memory to provide im-
proved memory cycle time in some
applications. With an 80% cache hit
ratio, memory access time of 340 ns
can be achieved. The direct mapped,
write through cache is organized in
64 blocks, each 16 bytes long. Both
memory and cache are updated on
a memory write if the location written
is stored in cache.

Implemented with a multiplexer
bus and an extended direct memory
access bus, the processor’s 1/0 sys-
tem supports up to 1023 devices.
Slow and medium speed devices con-
nect to the multiplexer bus, while
high speed devices attach through
the pma bus. Throughout on the
multiplexer bus is 400k bytes/s;
the EpMa has an 8M-byte/s through-
put rate.

For floating point operations, the
optional floating point processor
makes 46 instructions available. This
option contains eight 32-bit single
precision registers and eight 64-bit
double precision recisters. Available
to implement special mathematical
or scientific algorithms, an optional
2k words of writable control store
can also be used to code FORTRAN
or COBOL RTL routines and special
functions in microcode.

All software available for previous
32-bit models 7/32 and 8/32 pro-
cessors operates on the 3220. This
includes rea'time multitasking os/32
operating system as well as cosor,
FORTRAN VII, ITC transaction moni-
tor, BASIC, ITAM, and HASP.

A 256k-byte model 3220, includ-
ing cabinet and power, cache, float-
ing point processor, writable control
store, and console, has a price of
$46,100. With 512k bytes the price
jumps to $55,600, and with 1M bytes
to $71,600.

See at NCC Booth 2027
Circle 170 on Inquiry Card

Computer Sys'l'ém Altered
To Improve Reliability,
Add Compactness

A redesigned HP 3000 Series Imx
couples improvements in compact-
ness and reliability with a reduced
price. In the system Hewlett-Packard
Co, 1507 Page Mill Rd, Palo Alto, ca
94304 has incorporated low cost pow-
er components and a redesigned sys-
tem bay to cut costs while increasing
system uptime. Performance of previ-
ous models is retained.

The system is fully compatible with
all software written for previous
Series 1 and 1 and for Series 33
machines. This compatibility allows
the machine to use MPE-11 operating
system, languages, IMAGE DBMS, utili-
ties, and MrG/3000 manufacturing
application software.

Prices for svstems now begin at
$105,000, a $10,000 drop from for-
mer prices. This includes 256k bytes
of 16k raMm error correcting memory,
50M-bytes disc storage, 1600-bit/in
magnetic tape drive, 16 terminal
ports, CRT console, and MPE operat-
ing system. This system expands to
2M bytes of memory, 960M-bytes
disc storage, 8 tape drives, and 64
terminal ports.

Circle 171 on Inquiry Card

Key to Disc Systems Meet
Needs for Productivity
and Data Validation

Data entry Systems 3100 and 3200
combine software editing features
and operator productivity aids with
large storage capacities to meet user
demands for data validation capabil-
ity that does not degrade system
throughput. Introduced by Inforex,
21 North Ave, Burlington, ma 01803,
the 3100 is aimed at batch editing;
the 3200 offloads validation chores
from mainframe computers.

System 3100 provides 40k-bytes
main memory and 2.5M-bytes disc
storage. In addition to expanded pro-
gram level capacity, it offers the
ability to validate entries through
comparison with user generated
tables. The ability to generate data
from tables through customer de-
fined codes reduces key stroke re-
quirements.

A logical upgrade, the 3200 runs
3100 programs with no modification.
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It contains 64k-bytes main memory
and from 10M- to 40M-bytes disc
storage capacity. Provided are cosoL
compiler, arithmetic capabilities, and
ability to move and edit data con-
tinually. All are available as fore-
ground or background tasks.

Both systems support 16 operator
stations and various peripheral de-
vices as well as communications
options. A typical 3100 with 40k-
byte processor, 2.5M-byte disc, tape
drive, and eight operator stations
sells for $49,240. A 3200 with 64k-
byte processor, 10M-byte disc, 45-
in/s tape drive, 600 line/min
printer, communications interface,
and eight operator stations has a tag
of $89,630.

Circle 172 on Inquiry Card

Video Terminal
Cuts Cost While
Expanding Features

Model 1410 video display terminal
supplies the advanced features neces-
sary for efficient data entry and in-
quiry at low cost. Among the attri-
butes of the terminal, available from
Hazeltine Corp, Computer Terminal
Equipment, Greenlawn, Ny 11740,
are improved visual performance and
a separate numeric keypad to speed
entry and reduce errors.

Priced at $580 /unit in 1000 quanti-
ties, the terminal uses an advanced
microprocessor to attain reduced
parts count, and increased depend-
ability. Another asset is that the
cooling fan has been eliminated
through the achievement of signifi-
cantly cooler operating temperatures.
All electronics are contained on a
single pc card, eliminating all inter-
connections except input power and
monitor connections.

The unit accommodates all 128
asci codes, displaying 64 characters
on a 12” (30.5-cm) diagonal screen.
It operates with a standard E1a rs-232
interface and provides eight switch-
selectable transmission rates up to
9600 baud.

Characters are formulated using a
Tv raster scan technique with a 5 x 7
dot matrix character window. Spac-
ing of two dots between characters
and three lines between rows pro-
duces a legible, well-defined char-

30

acter. Screen capacity is 1920 char-
acters, displayed 80/line on 24
lines. Characters are refreshed at a
60-frame /s rate, noninterlaced.

Circle 184 on Inquiry Card

Minicomputer System
Processes and Tabulates
Research Survey Data

A turnkey minicomputer system de-
signed to process questionnaire data
and perform tabulation functions for
market research surveys, TABMASTER™
consists of cpu with disc storage,
magnetic tape drive, character print-
er, video display terminal, and soft-
ware. Developed by Mnemonics, Inc,
280 Connecticut Ave, Norwalk, cT
06854, the system incorporates MAR-
keETAB™, a survey tabulation system
written in FORTRAN.

This system software features three
processing phases: clean, tilt, and
tabulation formatting. It provides
multilevel  parenthetical  nesting;
weighting; filtering; automatic stub
alignment; indentation, underscoring,
netting, and sorting; and statistical
calculations.

System hardware provides a basic
64k-bytes memory capacity on cpu
which handles 10M- to 1600M-byte
disc storage subsystems. The video
display terminal has a 1920-char-
acter display and detached 64-char-
acter keyboard with 11 program-
mable function keys. The printer
produces hard copy at 30 or 60
char/s. The tape unit stores 6M
bytes/tape, operating at 800 bits/in,
75 in/s.

Circle 185 on Inquiry Card

Disc Storage Subsystem
Offers Plug Compatibility
With Massbus Controller

Disc storage subsystems msc-05 and
-06 are plug compatible replacements
for pEc =®rP-04/05/06 disc drives
used on DEcsystem-10 and -20, ppp-11
and -11/70, and vax-11/780 sys-
tems. Designed by Microcomputer
Systems Corp, 432 Lakeside, Sunny-
vale, ca 94086 to avoid the complex
engineering implementation of the

DEC units, the subsystems can be
added to an installation without
changes to the operating system.

Architecture of the subsystem cen-
tralizes data transfer management
functions, rather than wusing both
disc drive control and disc storage
control unit circuitry. While both
systems perform the same functions,
the use of microprocessor control
logic provides more efficient execution
of functions. As changes are made
to the operating system to achieve
higher throughput, the disc system
will accommodate the changes.

Plug compatibility of the systems
with the MassBus controllers allows
them to be added to an installation
without changes to the existing op-
erating system, After the addition
disc packs can be interchanged free-
ly between the added drives and re-
04/05/06 units. The subsystems
remain compatible when the operat-
ing system is upgraded.

All operating system and device
level diagnostics are supported with
the systems, facilitating maintenance.
In addition, extensive inline and off-
line subsystem diagnostics have been
implemented to test microprocessor
control logic as well as drive func-
tion. Inline diagnostics may be exe-
cuted on any attached drive while
the others continue normal opera-
tions. A front panel diagnostic dis-
play on each drive in the subsystem,
allows monitoring of registers in the
drive register set.

A dual port option to the subsys-
tem permits access by two computers
simultaneously. Subsystem operation
in dual port mode is functionally
transparent to both computers re-
gardless of the number of disc drives
attached. The subsystem dual port
option supports MASSBUS reservation,
request, and interrupt protocols for
all drives in the subsystem. More
than one subsystem can be attached
to the same MassBus, providing the
potential for dual data paths to mul-
tiple drives in a dual port system.
Circle 173 on Inquiry Card

12-MHz Dual Trace Scope
Offers 15-mV Sensitivity
In Compact Portable Case

A practical 3” (7.6-cm), 12-MHz
oscilloscone, the series 1020 single
and double trace scopes provide
15-mV sensitivity, TTL/cMOs operat-
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WANT TO SEE YOUR NOVA
RUNNING FULL SPEED?

~ ..PUTITON TRACK ™=
'WITH OUR CONTROLLER!

Wlth the revolutionary new Model N6010 Nova g speed, low cost and reliability, we haven’t left. off the im-

_ Compatible Disc Controller from Quentin Research, your portant features: overlap seek, compatﬂnl:ty with RDOS ;
Nova can for the first time perform at its full potential ~_IRIS, and BLIS/COBOL operating systems, and the - -
(handling information at the maximum disc speed of 9.67 capability to interface up to four CDC or other storage X,

. MHz or 1.2 MBytes per second) and match more expen- - module disc drives with any Nova or Echpse computer. .
sive computers stride for stride. T ~ Call us for more information, or make a date to visit -

- - By eliminating the “bells and whistles” you probably - our modern new Research Center and watch the N6010 -
won’t need and don’t want to pay. for, Quentin’s crack e zip around the track. Find eut how we’re putting tomor- f
team of Advanced Technology Specialists has s 2 row’s technology into today S compuiers '

created the fastest, most efficient control-

: “ler om the market . . . at a price you can af- QUENTIN RESEARCH INC A

~_ford, even on-a shoestring budget, And 610 Hawaii St. * S
7 they’ve made it so reliable that we’re able El Segundo California 90245 e
- tosellit wnh_the mdustry sonly “po. (213) 322_2912 ' 3 R ot
“strings™ Lifetime Guarantee. - A
But in des.gmng the N6010for CIRCLE 21 ON momn chu

QUENTIN R

Research, Inc.
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VERTICAL CHANNELS

50 °C swing

FROM
VERTICAL
WK

FROM
TRIGGER

Dual vertical deflection amplifier section of Ballantine’s
miniscope has no appreciable dc drift with time, after
a short warmup, and over full voltage range. Tempera-
ture drift is only 0.1 division zero shift for full 0 to

Sweep and trigger circuits in series 1020 are all drift-
free digital beyond analog threshold input of trigger
binary until sweep generating op amp ramp generator
is reached. Unblanking during sweep interval and blank-
ing at all other times lowers power drain, improves avail-
able display brightness, and prevents flyback ghosts

T0
SWEEP
CIRCUIT

BLANK
TRIGGER

ing efficiency, and shock and vibra-
tion resistant crr, along with rugged
construction which allows its use in
any environment. Measuring 8 x 7.375
x 3.25" (20 x 18.7 x 825 cm) and
weighing 5 b (2.25 kg), the unit
operates on 12 Vdc at 1 A obtained
from battery pack or with plug-in
converter from an ac power line.
Sweep rates range from 100 ns to
100 ms/div in 12 calibrated steps
plus a continuously variable X10
magnifier. Use of standard TrL and
cMmos circuits allows low quiescent
current drain and low dissipation in
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operation. The high light output crt
has a 1-kV accelerating potential
to minimize dissipation in the high
voltage power supply and crRT con-
trol circuits. As a result the unit
requires less than 10 W with a
nominal temperature rise of only
7 °C, thereby eliminating the need
for a cooling fan.

Short length of the crr provides
high immunity to shock and vibra-
tion. Its P31 phosphor screen is
shaped to a radius that assures con-
stant sharp focus and an integral
black graticule minimizes parallax

effects. Screen area is 8 x 10 divi-
sions (1 div = 5 mm).

In order to provide all these func-
tions within the package constraints,
designers at Ballantine Laboratories
Inc, po Box 97, Boonton, Ny 07005
first minimized internal dissipation
by using a high efficiency, high fre-
quency PwMm switching regulated
power supply fed either by battery
dc or by dc from an external line
pluggable transformer rectifier mod-
ule. To prevent conducted emi from
entering the instrument, the filter for
the transformer rectifier is located in
a shielded compartment at the rear
of the scope, providing broadband
line attenuation for the battery cable
circuit.

Selection of a short curved face
mono-accelerator crT met the size
constraints and provided vibration
and shock resistance, and a sharp
round spot that stays in focus because
of the uniformity of the glass face.
To obtain a bright trace a 1-kV
total accelerating supply is used
with a much higher beam current
that is concentrated into a small
controlled spot. Screening the grati-
cule directly onto the crT’s face
virtually eliminates graticule-paral-
lax errors or distractions.

In operation there is no beam
searching. If there is nothing to trig-
ger on an automatic bright line
sweep trigger allows positioning of
the traces. To add speed and simpli-
fy use an extra section on the sweep
rate selector switch makes the transi-
tion from chopped to alternate mode
automatic. Logical crossover from
chopped to alternate is at 1 ms/div.
Trigger sensitivity is 0.25 div, dc to
5 MHz and 0.5 div, 5 to 10 MHz
internal; and 100 mV rms, dc to
o MHz and 150 mV rms, 5 to 10
MHz external. The unit can syn-
chronize on a glitch that is equiva-
lent to a 20-MHz, 2-mV signal, as
easily as it can on the leading edge
of a 2-MHz clock. Accuracy is *=3%.

The unit is capable of operating
from 0 to 50 °C; in transit or stor-
age it survives —55 to 75 °C ranges.
While not explosion proof by uL
standards it is dust and dirt proof
in use and will operate dependably
at altitudes to 10,000 ft (3 km)
without corona or arcing. The dur-
able case can withstand rough han-
dling, and yet is light enough to be
hung from a neck strap. Since no
ac voltage enters the unit it can be
safely operated from this position.
Circle 174 on Inquiry Card
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CAN STORE

WHO CAN MEET YOULRL CLEATEST
NEEDS IN D SUBMINIATULRES?

ITT CANNON CAN?



THE CANNON D SUBMINIATURE
CONNECTOR STOLE KEEDPS GROWINE.

CANNON connector shipments in the '
millions. Broad product line is key. H

Flash. The ITT Cannon Electric store keeps
expanding. In size and product selection.

And it's no puzzle to figure out why. Key facts
in the news give you the story.

Cannon D Subminiature store thrives for
over 60 years. ® Millions of connectors and
contacts in service worldwide. e Industries
served. Military. Automotive. Electronic. Aero-
space. Industrial. Commercial. ® High quality.
High reliability. Meeting the toughest design
criteria.

And now the results from page two. Satis-
fied customers and repeat business for D Sub-
miniature connectors. How can we say that?
Again the facts. ; - Tl

ITT Cannon receives numerous customer o BARAN
awards for excellence. ® D Subminiatures SV -
meet tough job challenges where space and - R
weight are concerns. e All D Subminiature AnnRRAnnanno:
connector types except 2D are fully inter-
mateable. ® Each connector can handle up to
50 contacts in standard and twice the density
in Double D arrangements. e Available for
coaxial, power, high voltage, filter and printed
circuit and Wire-Wrap contacts.

These are just the headlines of the Cannon
D Subminiature Story. Get the details by
writing Cannon. We'll tell you where to write
later in this report.

But now, for additional facts, tune into the
rest of the ITT Cannon Story. Beginning with
the product line summary. An availability
report. And a technical support feature. You'll
see why when it comes to D Subminiature
connectors. . ITT Cannon’s got it!

| SERIES
oy




INSULATORS |

Black glass-reinforced thermoplastic, Non-removable insulation displace!
UL rated 94V-O (flame-retardant) termination. e e

Monobloc, glass-filled nylon, dark green  Crimp snap-in rear r‘e!ea@o;

Cohmsslon glass \ 0 Eyeletorsolderpot.

- Diallylphthalate

ENVIRONMENTAL Diallylphthalate

" Solderand printed circuit, |

"~  Solder non-removableandcﬁmpgﬁaé;ihhﬁ' -
release. SOl S

From sea to shining sea. That saysitall
about Cannon availability.

And now the story behind the headlines.
ITT Cannon worldwide capability is supported
by more than 200 distributors. To meet your
interconnect requirements fast. When and
where you need connectors.

In the United States look to your CAPS™
distributors. Cannon Authorized Plug Special-
ists. They keep a large off-the-shelf inventory
of connectors. And operate local assembly
centers for your special connectors. All meet-
ing Cannon's strict quality control standards.

It all adds up to fast and easy access to the
Cannon storehouse of interconnect products.
In quantity. And at competitive prices.

ITT Cannon technical support helps
lower total installed cost.

A major part of the ITT Cannon growth
story is wrapped up in this simple statement:

Cannondoesn't leave you alone. You get
expert technical help from design to installa-
tion. The service that's necessary to meet
changing requirements and produce cost-
effective interconnects.

That goes for termination tooling too. While
design people specify connectors, production
specialists work up handling systems. . . putting
together the best tooling group for your
product. What customer tooling does Cannon
provide? Name your job. You get everything
from simple hand tools to semi-automatic and
fully automatic strip-and-crimp machines.
Capable of terminating up to 2400 contacts
per hour.

These are just some of the reasons why
when it comes to D Subminiature connectors
...ITT Cannon’s got it! But the story doesn't
end here. For interesting reports on other
Cannon rectangular connectors, stick with us.
We'll also tell you how to get all the fact-filled
reports you need on D Subminiature
connectors.

The next report, rack and panel connectors
...just turn the page.




PACK AND PANKL
CONNECTOLS.

DPK racks up performance in tough
environments.

..High performance. MIL-C-83733 qualified.
..Environment resistant. Temperature ranges
—-65°C to 200°C.

..Sturdy die-cast aluminum alloy construction
with nickel finish.

..Insulators made of glass reinforced, thermo
set plastic.

.Available in two shell sizes with a variety of
mounting configurations.

..13 contact arrangements accommodate 18
to 185 signal contacts. Shielded, coaxial, and
filter versions also available.

..Dependable Little Caesar® rear release
contact retention system.

DPX helps you gang up on space
limitations.

..Your choice of non-environmental or
environmental versions.

..Both meet or exceed MIL-C-81659,
Revision B.

..Operating temperature ranges from -65°C
to 200°C.

..Available in single, 2, 3 and 4 gang configu-
rations.

..12 contact arrangements accommodate
sizes of 12, 16, 20 and 22 contacts.

..Coaxial, high power and filter versions avail-
able.

..Dependable Little Caesar” rear release
contact retention system.

CEl THE FULL
ITT CANNON
\Y (D B)4

For more information on the full range of
products available from the Cannon D Sub-
miniature Store, write: Marketing 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 |eddin9 edge of interconnect technology.

cannon I'TT

©1979 International Telephone and Telegraph Corporation

Printed in U.S.A,
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Modular Terminals Offer
Flexibility Through
Virtual Machine Design

BMT™ series modular electronic ter-

minals are described as being “based
on a virtual machine design that
leads to lower overall cost and pro-
vides maximum flexibility.” The dis-
play based mt 200, printer based
300, and user programmable display
based 600 terminal systems intro-
duced by Burroughs Corp, Detroit,
M1 48232 consist of separately pack-
aged display screens, keyboards,
printers, magnetic card readers, and
memory subsystems which combine
in a variety of ways to meet specific
requirements.

Each terminal is built around a
microprocessor that can be pro-
grammed to drive all terminals in
the family. This virtual machine
technique eliminates the need for
separate controllers and provides cost
savings as well as long range pro-
tection from equipment obsolescence
by allowing future elements to be
added to the terminals without soft-
ware revisions or equipment replace-
ment.

The microprocessor supplies pro-
cessing intelligence for displays,
printers, keyboards, and for applica-
tion programs, data storage, and
peripheral control. It enables termi-
nals to operate online to a host or
as independent units for offline ap-
plications. Terminals provide a
choice of standard data communica-
tions protocols, with data transfer
rates from 600 to 9600 bits/s.

Another element common to all
terminals is an 1/0 subsystem that
acts as interface between the micro-
processor and memory and periph-
eral components. This subsystem con-
tains its own single chip micropro-
cessor and controller.

Preprogrammed display based mMT
200 terminals offer a choice of 5,
9, or 12" (12.7, 22.9, or 30.5-cm)
crt display screens. Each screen has
capacity of 15 lines, each up to 40
char long, and features a 96-char
Ascrr set. The system can be equipped
with alpha, numeric, or alphanu-
meric keyboard.

M1 300 units are based on a 90-
char Dbidirectional matrix printer
that offers either 4.5 or 8.5” (11.4
or 21.6-cm) wide printing format,
accepts variab'e width documents
for single line validation, and prints
a continuous form journal. Buffered

for sustained operation, the unit can
print reverse images (white against
black) for emphasis. A numeric key-
board with 40-char Self-Scan® dis-
play is included.

Versatile standalone systems, MT
600 user programmable display based
terminals provide 12” (30.5-cm) dis-
play with capacity for 28 lines of
80 char each and alphanumeric key-
board. Up to 96k bytes of memory
is included, and basic arithmetic
functions (add, subtract, multiply,
divide) plus positive and negative
sign values are supplied. The unit
offers a microprocessor controlled
diskette subsystem that can store up
to 160k bytes of data or control
instructions.

In an interactive data entry appli-
cation, the host computer causes a
blank form to be displayed on the
600’s cmrT screen. Data entered
through the keyboard are positioned
automatically on the screen where
they can be verified by the operator
prior to transmission to the computer
or printer. The unit can also perform
forms creation and forms completion
programs offline, or can function on-
line as a conventional data entry
station.

Circle 175 on Inquiry Card

Processors Capitalize On
LSI/Packaging Technology
To Raise Speed, Drop Price

Two 4300 series processors announced
by M Corp, Data Processing Div,
1133 Westchester Ave, White Plains,
Ny 10604 offer increased memory
capacity and improved internal per-
formance over comparable inter-
mediate size processors currently in
use. While maintaining compatibility
with System/370, the 4341 offers
2M characters of main memory and
up to 3.2 times the instruction execu-
tion speed of a 1M-char model 138.
A 4331 with 0.5M-char memory offers
four times the execution rate of a
model 115 with 64k char at a lower
price.

Advanced st and packaging tech-
nologies used in the processors re-
duce size and power dissipation.
Dense packaging of memory chips
and logic chips contributes to reli-
ability and size reduction as well as
significantly reducing power, cooling,
and space requirements. Power and

cooling requirements for the 4331
are said to be 70% less than those
of a model 138, allowing the ma-
chine to operate in an office environ-
ment. The 4341 reduces requirements
by about 50% compared to the
model 138.

A multichip carrier that holds up
to nine Ls1 logic chips (see Computer
Design, Jan 1979, pp 170-172) is
credited with space savings in the
logic package. The module’s multi-
layer ceramic structure and large
number of 1/0 pins permit it to ac-
commodate a large number of logic
circuits. Fabricated from up to 23
ceramic layers in which up to 10 m
of wiring are deposited during the
manufacturing process, to intercon-
nect logic circuits and distribute elec-
trical power, the modules measure
either 35 or 50 mm square. The
smaller one has 196 1/0 connecting
pins; the larger has 361 pins.

Improved pc technology, including
closer tolerances for circuit wiring
and a greater number of internal
planes for cards and boards, also
plays a part in reducing size of the
logic package. Wiring line width is
held within a tolerance of =+0.001"
(0.025 mm) to permit precise fabri-
cation of wiring lines. Wiring pat-
terns are formed on thin epoxy
glass sheets using both a subtractive
etch process and an electroless cop-
per plating process for signal planes.
These sheets are lacquered together
to form cards and boards. The process
allows use of 8 planes in cards and
16 in boards, significantly increasing
wiring flexibility. Logic modules are
soldered onto the cards, with module
pins connecting to wiring on various
planes.

Processor memory uses previously
announced 64k-bit chips. These chips
contain redundant bits to enhance
productivity and integrate timing
and addressing functions. Two 8-bit
high speed buffers on the chip are
capable of a 100-ns data rate. This
data rate coupled with ability to
read 72 chips at one time results in
increased memory access speeds.

Density at the module level has
been doubled over that of the 8100
and System/38 by stacking two 2.5-
cm square ceramic substrates, each
holding four 64k-bit chips. Using
this module allows more than 0.5M
bytes of memory to be obtained on
a single 12.4 x 19-cm card.

Each processor is available in two
models: the 4331 has 0.5M or 1M

39



DIGITAL TECHNOLOGY REVIEW

characters of main storage; the 4341
has either 2M or 4M. Both use the
3278 model A display console for
operation and maintenance. The 4331
can operate as a standalone unit,
linked to other 4300s, or attached to
a central System/370. An inte-
grated communications controller
eliminates the need for a separate
communications controller.

Announced for use on the 4331
processors were 3310 direct access
storage providing up to 64.5M char.
3370 direct access storage for both
processors offers storage for 571M
char with a data transfer rate of
1.859M char/s. Two separate data
paths into the 4341 are provided by
the 3880 storage control. Central to
this unit is an wust bipolar micro-

Now an acousto-optic modulator that can
be mounted directly onto the laser!

How did we do it? By building the Bragg
angle adjustment into the modulator head

and providing a threaded
adapter that permits
mounting to a Coherent
Radiation Model 80 He-
Ne, or other laser with
compatible threads. No
more mounts or angle ad-
justments, we supply the
entire system!

We didn't skimp on
specifications when we
designed this one either.
When used with a
Coherent Radiation
Model 80 He-Ne, the
modulation is 70% @
3.5MHz and 50% @
4.75MHz. These band-
widths can be increased
by using a laser with

smaller beam diameter, or employing beam
forming optics. Extinction ratio is conser-
vatively specified at 1000:1. The static
transmission is 96% and the diffraction

efficiency is 85%, yield-
ing a dynamic transmis-
sion of 80%.

The Coherent Radia-
tion Model 80 He-Ne
laser which features an
encapsulated, her-
metically sealed head, is
available with 2, 4 or 6mw
power output, or with a
polarized output.

You get all that, plus the
built-in Bragg angle ad-
justment in an acousto-
optic modulator head that
is only 2" diameter and
31/4"'long.

There’s a Coherent
answer for every laser
need.

COHERENT ASS0CIATES

A Subsidiary of Coherent

14 Finance Dr., Commerce Park, Danbury, CT 06810

Tel. (203) 792-2850 Telex 969-651
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controller chip that can execute 5M
instructions/s and has 94 1/0 sig-
nal lines, and built-in error detection.
Prices for a 4331 with 0.5M and
IM char of main memory are $65,000
and $72,500, respectively. A 4341
with 2M- or 4M-character memory is
priced at $245,000 or $275,000. De-
liveries are scheduled for second
and fourth quarter of this year,
respectively.
Circle 176 on Inquiry Card

Interactive Design System
Offers Graphic
Networking Capabilities

A small graphics system, the Dual
Processor System introduced by Ger-
ber Scientific Instrument Co, 83 Ger-
ber Rd, South Windsor, ct 06074
provides production capabilities of
interactive design systems, and pro-
gramming, security and communica-
tion features of data management
systems to users in computer aided
design and manufacturing areas. The
system, designed to insure produc-
tivity at low cost, provides the ad-
vantages of the company’s graphic
networking architecture in a smaller
system. Among these are cap/cam
capabilities, tutorial user interaction,
queued plotting and communications,
multiple levels of data file security,
automated archiving and backup,
distributed process performance and
availability, and graphic network
expandability.

System hardware includes two HP
2113 E series computers with 64k of
core memory. The two computers
work in parallel to improve through-
put. The two processors share a
single high performance disc that
provides 50M bytes of storage and
a 25-ms average seek time. Featuring
a fail safe head retraction system
that retracts heads in event of a
power failure, the disc is driven by
a microprocessor based controller
which handles access to the disc from
both the pms and s computers.

Each system supports up to four
graphic workstations and peripheral
devices including drafting systems,
remote communications options, pro-
gramming terminals, printers, and
magnetic tape units. Systems expand
to 2M bytes of main memory and
800M bytes of disc storage.

Circle 177 on Inquiry Card
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Grinnell has your display...

389 ALARM

from low cost imaging and graphics
to full color image processing

Our modular, solid state systems
can meet your computer display
requirement, easily and econom-
ically.

And, they're intelligent. Every
system has a complete alphanu-
merics and graphics package, and
a powerful instruction set that sim-
plifies programming—no need for
complex macro-instructions and

high order programming languages.

There's also a choice of standard
resolutions: 256 x 256, 256 x 512,
512 x 512 (30 Hz or 60 Hz refresh)
and 1024 x 1024. Plus plug com-
patible interfaces for most minis.

Options include overlays, func-
tion memories, pseudo-color tables,
zoom and pan, independent cur-
sors with trackball and joystick
controls, split-screen, image tog-
gling, and real time digitizers that
grab and store images and sum
consecutive frames.

Grinnell displays are already
used for tomography, ERTS imag-
ing, process control, image pro-
cessing, animation and much more.
All systems drive standard TV
monitors.

So before you choose a display
system, let our experts show you
how to maximize performance and
minimize cost. For details, and/or
a quote, call or write.

GRINNELL SYSTEMS

2159 Bering Drive, San Jose, California 95131 (408) 263-9920
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“Its As Different
From Other Systems
As The Steam Shovel
[s From The Shovel”’

Mark Leuvi

General Manager, Microcomputer Systems

Starplex
Development
System

CONTINUE

“Right now, what's holding back new
developments in microprocessing are the
existing development systems.

The Starplex System is going to change
all that.

And as of this moment, if you're in the
business of designing or programming
8080/8085 based products, this is the tool
that can make your life infinitely less tedious.

So sophisticated is the Starplex System,
it can virtually take you by the hand and
walk you through its own operation.

Where other systems require scores of
individually typed instructions, the Starplex
System can do the same job at one stroke
of akey.

Where other systems offer
you blood, sweat, and repetition,
the Starplex System offers
HELP, PAUSE, EDIT, DEBUG,
CONTINUE. To name a few of the unique
functions on our keypad.

Where other systems leave you fumbling

SIMPLE KEYSTROKE
CONTROLS

SYSTEM OPERATING
MODES

CRT-ORIENTED EDITOR

HIGH LEVEL LANGUAGES

TOTAL PRICE

[Exclusive ot PROM Programmer and ISE]

COMPUTER DESIGN/APRIL 1979



through thick manuals looking for escape
clauses, the Starplex System guides you
through your work path with a series of
menus, prompts, lights, and audible signals.
And while some systems can communi-
cate only in assembly, ours is fluent in
BASIC and FORTRAN. Languages
which can be loaded — as usual — with one
keystroke.
Now others may have claimed their
systems were “easy” before. But we've got
the software to prove it. Which is why we

do not hesitate to publish here a comparison
chart which will show at a glance where
things really stand.

The Starplex System is designed to be
used with current and future National micro-
processors, as well as BLC/SBC Series/80
microcomputers.

It's fully expandable, with four chassis
slots allowing the addition of standard
Series/80 boards. Plus a programming
station which accepts optional personality
boards for 2708 and 2716 PROMs.

[ntegrated into the Starplex package
are five microprocessors, 64K bytes of
memory, dual 256K byte floppy discs, a 1920
character CRT, a 50 CPS printer, and stan-

dard ASCII keyboard in addition to the
special function keypads.

All the software you'll need is included
in the package. A powerful operating sys-
tem, macro assemblers, editor, debugger,
and other key software modules.

We also offer the In-System Emulator
(ISE), an extremely valuable option for hard-
ware development. It works through an easily
understood command interface. ISE uses its
own memory for memory mapping — a time-
saving feature which also allows true real-
time debugging.

Because Starplex ISE
incorporates symbolic
debugging, you can debug
code in the same assembly
mnemonics in which it
was written. And it’s the
only system emulator
capable of debugging two
microprocessors simul-
taneously in a multi-
processor system.

By any standard of
comparison, the Starplex
Development System
represents a colossal leap-
frog over the field in every
category, save one: Price.
And so, while others ask
in excess of $20,000 for the
privilege of unnecessary toil, our price is
just $13,800. On the theory that not only
is less more, but more should cost less.

We would jump at the chance to tell you
the whole story in detail. Write or call me
for a complete brochure on the Starplex
Development System. Address your request
to Mark Levi, General Manager, Microcom-
puter Systems, National Semiconductor
Corporation, Drawer 28, 2900 Semiconduc-
tor Drive, Santa Clara, California 95051.

Or dial these toll-free numbers: 800-
538-1866; 800-672-1811 in California.

In Europe, write National Semi-
conductor GmbH, Industriestrasse 10, 8080
Fuerstenfeldbruck, West Germany.”

Computer Products Group

# National Semiconductor Corporation
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will amaze you.

raphics magic you never had before.

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

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

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

Two WHIZZARD families. It's your choice.

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

viewports. And easy interfacing to any 1 o-bit or
32-bit computer. Or, the WHIZZARD 5000 for
the lowest-cost. high-performance graphics
possible. Every 5000 system includes its own
NOVA/ECLIPSE computer
Plus, TEKTRONIX"* users
‘ "* compatibility with our

s aro o o ~. ¢ i~a
oftware. It's the easy, economica

~ ~ 1
can get complete
Emut

ol

L

ade from storage tube graphics
For the whole WHIZZARD story, write
Pat Burke, MEGATEK, 3931 Sorrento Val

TWX: 910-337-1270. (European office: 14, rue
de I'Ancien Port, 1201 Geneva, Switzerland.
Phone: (022) 32.97.20. Telex: 23343.)

The Visible Difference

MEGATEK

CORPORATION
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“TEKTRONIX® and 4014™ are registered trademarks of Tektronix, Inc., use of which in no way constitutes endorsement.
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Single Board, 64-Channel
Analog I/O Systems Plug
Into Unibus Backplane

Channel capacity of 64 analog in-
puts and choice of high or low level
signal capability with 12-bit A-p con-
version are standard performance
features of pr 171X series analog
1/0 systems.  Mounted on standard
hex-height boards, the single card
systems plug directly into a hex spc
slot in the Unibus backplane of
DEC’s PDP-11 minicomputers and are
powered from the computer’s 5-V
supply.

Additional features offered on
these single card systems by Data
Translation Inc, 4 Strathmore Rd,
Natick, ma 01760 are logic con-
trolled 3-axis point plotting capabil-
ity, signal inputs down to 10 mV
full scale either isolated to +=250-V
common mode or nonisolated, and
direct program compatibility with

pEc models. Optional are full board
pma interface for both input and out-
put channels, programmable gain
amplifier to extend dynamic range,
and 100-kHz throughput.

pr 1711 is a realtime analog 1/0
system designed for high level ap-
plications. Its input section accepts
full scale unipolar inputs of 0 to 5
and 0 to 10 V as well as bipolar
inputs of =5 and =10 V. The on-
card 12-bit A-p converter is jumper
connectable for corresponding data
outputs that are binary coded for
unipolar inputs and either offset bi-
nary or 2’s complement for bipolar.
Throughput is 35 kHz with 100 kHz
optionally available. For point p.ot-
ting under program control, the out-
put section contains two D-A convert-
ers and Z-axis pulse output.

Channel capacities are 16 single
ended or 8 differential inputs, 32
single ended or 16 differential, or
64 single ended or 32 differential.
A 14-bit A-p converter is available

as is a programmable gain amplifier
option for gains of 1, 2, 4, and 8.

An input system only, the ot 1712
is identical except that it has no
point plotting converters or related
output section circuitry. The bt 1715
is a low level 1/0 system that ac-
cepts full scale inputs from 10 mV
to 10 V; in other respects it is iden-
tical to the 1711.

Another low level 1/0 system, the
1719 has an isolated analog input
section that withstands and rejects
common mode voltages, to =250 V.
This unit uses a reliable and ex-
pandable reed relay flying capacitor
technique that provides 126-dB com-
mon mode and 90-dB normal mode
rejection at 60 Hz. Available with
four differential input channels and
an optional programmable gain
amplifier with digitally set gains of
1, 10, 100, and 500, the device can
take up to 20 samples/s in random
channel select mode or 40 samples/s
in sequential mode.
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DT 1711 series analog |I/0O systems provide 16- to 64-channel, 12-bit data acquisition with optional point plotting
capability. Single board systems from Data Translation plug directly into Unibus backplane of PDP-11 minicomputers

A DDMA CONTROL
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Software Packages Allow
Graphics Hardcopy
From Minicomputers

Software packages offer plotting
capability for various printer/plot-
ters on Data General, pEc, and
Sperry Univac computers. Written in
FORTRAN, the packages are designed
to run under the minicomputers’ op-
erating systems to provide graphic
hardcopy on Versatec, Printronix,
and Gould printer/plotters.

To give Sperry-Univac® users the
speed and reliability of electrostatic
-plotting, Versatec, 2805 Bowers Ave,
Santa Clara, ca 95051, has integrated
Versaplot version 07 plotting soft-
ware subroutines for use on 1100
computers under the EXEc-8 operat-
ing system. The package consists of
FORTRAN and assembly language
source code and a batch job stream
to compile and assemble the source
and build libraries.

Level E rorTrAN-v callable sub-
routines are compatible with basic
pen plotter routines and commercial
software packages. Enhancements
include programmed grid overlay,
area shading, and solid or dashed
curved line generation.

Provided on 9-track, 800- or 1600-
bit/in tape, the package allows
user adjustable plotting windows,
automatic stripping of plots wider
than plotter paper width, and mul-
tiple line widths, Complete with
graphics programming manuals and
operating manual, price is $5,500.
Circle 179 on Inquiry Card

A device driver and support for
pLoT 5000 software under Data Gen-
eral's advanced operating system
allow Eclipse wusers to generate
graphic hardcopy on Gould series
5000 printer/plotters. Available
from Gould Inc, Instruments Div,
3631 Perkins Ave, Cleveland, on
44114, the package includes user
oriented features such as ERASE,
multiple and fractional weight lines,
and a plot monitor program (PLT).
PLT features allow wusers to set
global and local program switches
at run time, enter number of copies
to be produced, produce trace mes-
sages as the monitor executes, and
direct error or trace messages to

files.
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Both a graphic and alphanumeric
handler, the aos driver allows sus-
pension of spooling output from disc
files, providing direct output of buffers
from main memory. In alphanumeric
mode the driver allows the printer/
plotter to simulate a standard line
printer.

Circle 180 on Inquiry Card

Written in machine independent
FORTRAN, a software plotting pack-
age for Printronix printers is avail-
able in versions that run under Data
General’s rpos and DEC’s RT-11 with-
out modification. Replacing the stan-
dard subroutines in an existing plot-
ter program, the package developed
by Rhintek, Inc, po Box 220, Co-
lumbia, Mp 21045 produces an output
plot with 60 x 72 points/in resolu-
tion.

The package includes all source
code on a 9-track, 800-bit/in mag-
netic tape in Rpos pump, RT-11, or
card image format. Cost is $950.
Circle 181 on Inquiry Card

Project Control Software
Combines Interactivity
With Resource Calculations

READINET combines interactive com-
puting techniques with classical
PERT/CPM time, cost, and resource
calculations to provide a conversa-
tional project control system suit-
able for the construction industry
and large manufacturers. All inter-
action is through a crT terminal
with printed reports and analyses
available on command.

Developed by Educational Data
Systems, 1682 Langley Ave, Irvine,
ca 92714, the system can process pro-
jects with any number of activities
and events. Up to 16 different re-
source types can be associated with
each activity. Each resource type
may have its own unit cost, and each
activity may be assigned a nonre-
source linked cost to cover factors
such as materials and rentals.

Weeks of 5, 6, or 7 days may be
selected and an unlimited number of
holidays may be specified at run time,
providing the flexibility to experi-
ment with the effects of changing
work weeks. Multiple starts and
finishes are allowed, and scheduled
dates may be assigned to any event.

Critical situations may be represented
by allowing ending events to float.

Progress is reported as a per-
centage completed of each activity;
when an activity is completed, the
completion date is printed. Up to
nine tabular reports are included in
the reporting menu, as well as ad
hoc reports, bar charts, and resource
allocation/finance reports. Reports
can be printed out directly or can
be displayed on the crr screen.

Using one optional module allows
‘time card data and real costs to be
reported. An optional interrogator
module permits use of the crr to
investigate the status of any activity
or event in detail. With it the net-
work can be searched for activities
or events that satisfy a complex
selection criterion based on descrip-
tors connected with .AND. and .OR.
operators.

The system is written in Business
BasIiC under the 1ris operating system
and uses random access file struc-
tures. It can automatically create or
delete files, and allows multiple
projects to be processed simultane-
ously from different online terminals.
Provided on diskette, cassette, or
paper tape, the system consists of
23 programs. Price for a basic pack-
age is $2900.

Circle 182 on Inquiry Card

Sort Utility Designed
to Run Under PDP-11
Operating Systems

Running on Digital Equipment Corp’s
ppP-11 minicomputers, the spEED-
sorT/11 sort utility can be invoked
as a user command or called from
a FORTRAN program. Written by Pen-
nington Systems Inc, 65 S Main St,
Bldg A, Pennington, Ny 08534, the
system runs under rsx-11D, rsx-11M,
and 1As operating systems and can
sort fixed or variable records and
spanned or unspanned blocks.

The utility accepts two levels of
command files, including partial com-
mand. A high speed second order
“verify” mode permits users to spec-
ify sort keys and reports whether
records in the file are already in
order. Sort keys may be integer (16-
or 32-bit signed), floating (32 or
64 bit), character (8-bit unsigned),
or word (16-bit unsigned). ]
Circle 183 on Inquiry-Card
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Tractor

R Feed |
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EPSON MODEL 3110 WITH 80 COLUMN FORMAT

AS PART OF YOUR SMALL BUSINESS
AND PERSONAL COMPUTER SYSTEMS

Now available for both tractor feed and friction feed type applications, the Epson Model
3110 Dot Matrix Printer Mechanism features a 100 million character head, with excep-
tionally clear printing.

S ———

O e

Long life of the head with ruby-jeweled support comes from the mechanism’s precise
alignment and pin movement . . . using techniques developed by Shinshu Seiki Co.,
Ltd., Epson’s parent in Japan.

The Model 3110 prints 80 columns at 150 characters per second,
with a 5 x 7 dot matrix character.

Tailored for the small-business and personal computer mar-
kets, the Model 3110 is attractively priced for OEM’s
large- or small-lot orders, and is stocked for

prompt delivery.

Write for complete information and OEM prices. Friction Feed Type
) — -

EPSON AMERICA., INC.

23844 Hawthorne Blvd., Torrance, CA 90505
Telephone (213) 378-2220 - TWX 910 344-7390 t
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Microcomputer Control System Maintains

Slide Drive Positioning Accuracy

W. E. Barkman

Union Carbide Corporation
Oak Ridge, Tennessee

Closed-loop control of machine tool slides is routinely
provided by manufacturers of numerical control sys-
tems. However, these systems—whether hard- or soft-
wired—do not always provide the flexibility and initial
low cost often required in the early stages of a de-
velopment effort. Fortunately, single-board computers
do meet these requirements and can be used success-
fully in early prototype development situations.

At the Oak Ridge Y-12 Plant* development of linear
motor slide drives is accomplished with a test bed such
as shown in Fig 1. A transistor amplifier driven motor
and a 1000-lb (454-kg) air-bearing slide are mounted
on a steel-topped concrete table that is isolated from
building structural vibrations by a pneumatic isolation
system. Slide position information is provided to the
control system via up/down pulses from a Hewlett-
Packard laser interferometer.

Control System Configuration

Input signals required for the servo system consist of
position following-error and rate information. Tradi-
tionally, the following-error is formulated within the
numerical control (Nc) as a digital word, while the
rate signal is obtained from a tachometer that is
attached to the drive lead screw of the machine. Un-
fortunately, the rate signal is not as easily accessible
in this instance because there are no rotating parts
in the linear motor slide drive system.

An Intel sBc 80/10 single-board computer was
chosen to provide the position following-error data
required for closed-loop operation. Rate information
was obtained by coupling the up/down pulse output
lines from the laser display to individual frequency-to-
voltage (F-v) converters and summing the outputs from
the F-v converters with an operational amplifier. This
rate signal could also have been generated using
the microcomputer but with an associated penalty in
the execution time of the control loop software. Also,
a hardwired circuit could have been used in place of
the microcomputer but at the loss of needed flexibility
in the early stages of development.

Additional microcomputer hardware used to close
the position loop consists of an Intel System 80 chassis,
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sBC 104 combination memory and input/output (1/0)
board, and sBc 310 high speed math unit and an Augat
wirewrap interface board. On the interface board are
16-bit up/down counters and buffers for the system
command and feedback signals, a 16-bit digital-to-
analog converter (DAC) that drives the servo amplifier,
and the F-v converters. The 16-bit command and feed-
back data are coupled to the 1/0 card via 50-pin
flat cables from the wirewrap board, while the up/
down command and feedback signals, following-error
signal, and rate signal are passed through an auxiliary
plug added to the card cage frame. These signals are
coupled to the System 80 chassis via BNC connections
mounted on the rear panel.

The control loop software begins operation by issuing
a strobe signal to the interface board (Fig 2) that
causes the current contents of the feedback and com-
mand counters to be latched into the buffer registers.
(A hardwired logic circuit on the interface board
ensures that a data transfer is not attempted while
input pulses are present.) The software then reads
the contents of the input buffers and converts these
counts into a common base using the fixed point multi-
plication capabilities of the math unit. This step is
necessary since the value of the feedback pulses is
frequently a fraction of the value of the command
pulses.

After the input data are properly scaled, the com-
mand and feedback words are subtracted to form a
new increment of following-error. This increment is
then added to the previous following-error value and
the result is output to the pAc. Software operates in
a continuous loop, updating the following-error once
every cycle.

The computer code was configured to obtain the
minimum cycle time for updating the system following-
error (thereby avoiding abrupt changes and minimizing
interface capacity requirements). Therefore, assembly
language programming was required, with attention
given to utilizing the fastest instruction sequence, while

*QOperated for the Department of Energy by Union Carbide Corp,
Nuclear Div under Contract W-7405 eng 26.
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FPS Expands the Scientific Universe
of PDP-11 Appl1cat1ons :

200 x INCRE AoE
IN HIhOU(:HPUI +
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IMAGE PROCESSING

: FPS MAKES GREAT COMPUTERS BETTER

The FPS AP-120B Array Processor ' : :

A greut contribution to technology, the
DEC PDP-11* but it can’t give you the
computational power required for many
scientific applications. That's why FPS
developed the AP-120B Array Processor.

The AP-120B Array Processor gives
economical minicomputer systems the
extraordinary computational power of
large scientific computers. For example,
an AP-120B has been used in a PDP-11/34
system to reconstruct and analyze com-
plex digital images. Without the AP-
120B, the task would take more than two
hours. With the AP-120B, it takes less
than thirty seconds that's a 240X
improvement!

A PDP-11/70 and AP-120B would offer

evengreater data handling capabilities.
The FPS architecture is no secret. Inter-
nally synchronous operation and seven
parallel data paths provide unequalled
cost/performance, reliability, and pro-
grammability. Programmable /O units
also enable exceptional features, such
as direct control of disc storage and real
time data flow.

Controlled by simple subroutine calls
from a FORTRAN program in the PDP-11,
or other host computer, FPS Array Pro-
cessors can be programmed by selecting
routines from the extensive FPS Math
Library. by writing new routines
in the relatively simple AP Assembly
Language, or through use of the AP
FORTRAN Compiler.

.

Hundreds of FPS Array Processors are in
use today by people who want to retain
the hands-on control and atfordability of
a minicomputer system, but require the
exceptional throughput of a large main-
frame for their application.

Find out how this new power in comput-
ing (typically under $50K complete) can
benefit your application. For more
information and an FPS Array Processor
brochure, use the reader response
number or coupon below. For immediate
consultation, contact Floating Point
Systems directly.

*DEC and PDP.11 are registered trademark
Equipment Corporation.

of Digital

The Age of Array Processing Is Here...and FPS Is The Array Processor Company.

Floatmg Point Systems Inc.

e Worldwide: Boston, Chicago, Dallas

Denver, Detroit
os Angeles, New York, Orlando, Ottowa, Pl

iernational oltices: (

Tokyo (Hakuto Co

CALL TOLL FREE 800-547-9677 T

P.O. Box 23489, Portland, OR 97223 I

TLX: 360470 FLOATPOINT PTL I

In Europe & UK: Floating Point Systems, SA Ltd.

7 Rue du Marche. 1204 Geneve, Switzerland |

022-280453, TLX: 28870 FPSE CH ,
|
|
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My Computer System is
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IMAGINE

Zilog rockets

out in front again
to launch a

new generation.

For the first time, the architectural
sophistication and data processing
capabilities of large, main-frame
computers has been captured in the
cost-effective, easy to use format

of the microprocessor. Now you can
have the freedom to create entirely
new, innovative systems, unhindered
by the primitive architectures of
previous microprocessors.

A revolution

in sophistication.

The Z8000 has been designed from

the ground up with options

to fit your application needs

exactly. For the full 8 MB
addressing capability,

choose the 48 Pin DIP

s !th

Flexibility soars
to new heights.

version. Its companion
device, the Memory
Management Unit,
opens the way to dy-
namic relocation, mem-
ory protection and
multi-tasking applications.

STATUS .
set supports 7 different CONTRB(;jLS/@ ?:%[T):E?JSS/
data types from bits to 32 bit 5
words, has 8 addressing modes and W\
418 usable opcode combinations. comn%lu i o )
The general register architecture STE%SN-
helps avoid the well-known bottle- INTERRUPTS iy
necks inherent in dedicated register MULTL |
designs.When this architecture is cou"r"ggu?/
The Z8000 allows you to directly combined with the powerful instruc- -
address up to 8 MB of memory. All 16  tion set, the Z8000 system throughput I B
registers are a full 16 bits wide and is an explosive 50% greater than any - - = VRE-SET
are completely general purpose.The other 16 bit microprocessor available e GND s SUBSTRATE
powerful, problem-solving instruction  today. DECOUPLING

CAPACITOR




For smaller, less memory-
intensive applications, select the 40
Pin version of the Z8000. It's soft-
ware compatible with the 48 Pin
Z8000 but addressing is limited to
64KB in each of its six address
spaces. It comes in a standard 40
Pin package.

Wait ’till you meet
the family.

We're starting off this new micro-
processor era with a bang, but it's just
the beginning. Soon to come are the
Memory Management Unit, peripheral
interfaces, FIFO buffer elements,
universal peripheral controller and
memories for any application you
might have.

And, all the new |/O chips,
memories and, of course, the compan-
ion Z8, take advantage of the flex-
ible Z-BUS architecture to maximize
performance, ease of interconnection
and minimize PC board area.

Zilog delivers
on the
next generation
of microprocessors.
Again!
With the introduction of the Z8000,
microprocessor technology explodes
.to new heights. Bursting with a rich
and sophisticated architecture, the

Z8000 not only opens the way to
revolutionizing your next generation

PERFORMANCE/PRICE
RATIO

Z8000

8080
L4

T N% e e Tl P e

TIME
of products, it has the built-in

growth potential to carry your product
development efforts out to totally
new and unexplored horizons.

Imagine

the possibilities,
then light

your own fuse!

Sound exciting? It is. Get your own
fireworks blazing by placing your
order today with your nearest Zilog
distributor.

In the meanwhile, give your
engineering staff a headstart on the
fireworks by ordering the Z8000

INTRODUCING ZILOG’S Z8000.

literature package; in the U.S. order
directly from Zilog, elsewhere
from your Zilog distributor.

Zhog

10460 Bubb Road, Cupertino, CA 95014
(408) 446-4666 TWX 910-338-7621
EASTERN REGION: (617) 667-2179
MIDWESTERN REGION: (312) 885-8080
SO.WESTERN REGION: (714) 549-2891
NO.WESTERN REGION: (408) 446-4666
EUROPE (ENGLAND): (0628) 36131/2/3
WEST GERMANY: (08106) 4035

JAPAN: 03-476-3010

An affiliate of
E)f(ON ENTERPRISES INC.

/
L EUS i
‘ SECRO

BC)O"\'\S
Zilog
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When you need color graphics,
Ramtek has it all.

Color. A surprisingly powerful way to
add information, manage it, increase
the efficiency of its use. However
you plan to use it, there is only one
company with the breadth of line, the
technological mastery, to give you
the choices you need without com-
promise—or needless costs.

It's Ramtek. For color graphics. For
imaging. Ramtek has what you need:
The Ramtek 3000 Eight models let
P L TR i you explore the

possibilities of
| color graphics
| the moment you
plug in your
application soft-
ware. Stand
alone image pro-
cessing and graphics. Fully integrated
and ready to go. Desk configuration.

The Ramtek 9000 Series Display
Controller. Four models. Total
modularity. Buy just what you need;
add to it at any time.The
high-performance family.

Our Experience Shows

A5-8400 & Newport Beach, CA
101) 8560050 « Matropolitan M Y

REGIONAL
Cleveland, OK

OFFICES . Sunnyvale, CA (408) 7
(216) 4644063 » Washington, (.0

The industry standard in imaging and
graphics raster scan color.

The Ramtek 9050 Series Display

~9 Controller. Four
models. The most
popular elements
of the 9000
Series are here
packaged for
economy. All

are software compatible with the

9000, have expandable memory and

interactive capabilities.

The Ramtek Colorgraphics Com-

A

o \ puter Terminals.
[ : | Three models
| T let you choose
| e between econ-
a8 omy, optimum
& . price-perform-

—— - ance, or maxi-
mum resolutlon performance. Easy

714) G79-5061 » Dallas, TX
(201) 2382000 » Boston

(214) 422.2200
MA(BI7IRBE 7720

to program. Easy to use. Easy to
interface. Interfaces to the Xerox
6500 Color Graphic Printer for color
hard copy output. These are the price,
industry and performance leaders in
raster scan color graphics terminals.
The Ramtek Monitor Family.

Nine models. Up to 1024 line address-
ability on the screen in color or black
and white. CRT sizes 13" or 19"
Cabinet or rack mounted versions.

Ramtek Large Screen Projection.
Interface Ramtek’s or your own large
screen projection unit easily, quickly.

And there's more to come. From
Ramtek, the world's largest indepen-
dent manufacturer of raster scan
color graphics and imaging equipment.
Direct sales in the U.S. and Canada.
Distributors worldwide plus a world-
wide network of customer service
and depot repair stations.

.For more information, write:
Ramtek, 585 N. Mary Ave .,
Sunnyvale, CA 940886,

* Humeville AL (2085) 8377000

Weasal Germany (06111 7 71070
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SERVO -
_ AMPLIFIER

Fig 1 Early test bed con-
figuration. Intellec 8 micro-
computer was subsequently
replaced by SBC 80/10
single-board microcomputer
system

MOTOR STATOR
POWER SUPPLY

attempting to maintain some degree of modularity.
For instance, the hardware math unit was chosen not
only for its speed in performing fixed-point multiplica-
tion (typically 15 us) but also for the parallel pro-
cessing capability. This enabled the software to
initialize the arithmetic operation and then continue
with other tasks such as 1/0 servicing and sign adjust-
ment until the math operation was completed. (A math

unit status-checking sequence was also added in antici-
pation of the eventual use of a faster processor.)
Following completion of data scaling, the following-
error was formed by subtracting the position command
word from the feedback word. However, this was not
done with the math unit because of the time required
to convert back and forth from fixed-point to floating-
point (fixed-point subtraction is not available with the
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Fig 3 Positioning test results demon-
strating following-error ripple at 0.1-,
0.2-, and 0.5-in/min (0.25-, 0.5-, and
1.27-cm/min) feed rates. Processor con-
tinually executes control loop software
and updates following-error every 500

horizontal scale 50 ms/div, and feed-
back resolution 0.1 win (2.54 nm)]

sBC 310) and because parallel processing was not
reasonable at this point in the software. Instead, 24-bit
subtraction was accomplished by using the “double
add stack pointer” instruction (which generates a
carry) and an “add register to accumulator with carry”
instruction, for a nominal subtraction time of 14 pus.

Nominal execution time of the software is 500 pus.
This means that the number of counts being processed
each cycle with a 0.1-uin (2.54-nm) feedback resolu-
tion and a maximum feed rate of 0.5 in (1.27 cm)/
min is relatively small. However, the input counter/
buffers must be sized to accept sudden excursions due
to external disturbances, or sudden changes in feed
rates. For this reason, a 16-bit up/down counter was
used to accumulate the position feedback pulses. An
8-bit counter would have been sufficient for the com-
mand pulses but the 16-bit counter provides extra
capability for future use. A 12-bit command counter
would also have been adequate but would have re-
quired extra software data manipulation.

A 16-bit pAc was chosen initially in hopes of being
able to accommodate large values of following-error.
Unfortunately, as the size of the DAC increased, the
amplitude of the least significant bit also decreased
so that the full range of the pAc was not really usable.
An amplifier was added to the DAC output to attempt
to extend the usable range (this results in amplifier
saturation at a fraction of the pac full scale output
but it does provide a cushion against data loss).

While this provided the necessary signal amplitude
to ensure good sensitivity, it also resulted in a distinct
nonlinearity. A preferable solution was to program
the microcomputer to provide a software gain break
so that an 8X increase in gain occurred at following-
error values below 1.6 win (40.6 nm). This extremely
low gain-break setting was possible only because of the
very high gain servo loop [system following-error for
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normal operating conditions is less than 1 pin (25.4
nm) |. This technique permitted a ‘tighter” position
loop for normal operating conditions but avoided ampli-
fier saturation for large amplitude disturbances. Never-
theless, it was determined that a 12-bit pAc would
be adequate since a minimum drive signal of approxi-
mately 0.04 V was required to accurately control the
motor. Higher resolution DAcs could be used with an
accompanying change in the gain-break factor but also
with a “sharper” nonlinearity at the gain-break point.

Other limiting factors influencing system perfor-
mance are the bandwidths of the F-v converters and the
laser interferometer. As system resolutions are ex-
tended, the feed rates at which the F-v converters
saturate and the laser loses data are lowered. This can
be alleviated to a certain extent by increasing the
bandwidths of the F-v converters (at the expense of
degraded low speed performance), but the laser band-
width is not readily increased.

Test Results

In its present configuration the drive system utilizes
lag compensation and filtered velocity feedback to pro-
vide stability and high position-loop gain. The system
positioning accuracy is demonstrated by monitoring the
position following-error ripple as displayed in Fig 3.
Variations in this position following-error signal for
a constant velocity command (as determined by a
constant “rate” of position command input pulses)
are a direct measure of the system “positioning un-
certainty.” Of course a dc signal component is required
at all times to maintain the desired position versus
time relationship, ie, constant velocity. As demon-
strated by the figure, the variations in the DAC generated
following-error signal (which define the positioning
uncertainty) are less than 1 win (25.4 nm) at feed
rates between 0 and 0.5 in (1.27 cm)/min.
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m Battery supported calendar clock m Complete wp

m Fits all computers via standard computer system
RS-232 or 20mA loop serial m Optional ten digit [ U
interface display s 4

®m No user modification to operating ® Price $575 (single qty.)
system required

® Dual independently selectable For more information on this
Baud rates timely product, contact:

m Automatically provides time Digital Pathways Inc.
when requested by computer 4151 Middlefield Road

m Automatic time restoration after Palo Alto, CA. 94306
power failure Phone: (415) 493-5544

DIGITAL PATHWAYS
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DC&AS BRIEFS

Modular CNC Enables OEM to

Customize System Configurations

Low cost and microprocessor based, the series 7100 com-
puter numerical control is available for 2- and 3-axis
lathe and mill applications, with or without spindle
or table control. Programmable interface capability
and adjustable parameters enable customizing by the
OEM to machine applications. Major components—op-
erator control panel, controller, and power supply—
are supplied by Allen-Bradley, 747 Alpha Dr, Highland
Heights, on 44143 in a freestanding cabinet or can
be configured by the oEM. One Rrs-408 and two Rs-232
ports permit interface with peripherals.

Predesigned firmware options can be added either
at the factory or in the field. The executive or control
program is on a self-contained, nonvolatile P/rROM
module, program storage and editing requirements are
handled by ram with battery backup, and nonvolatile
EAROM is used for adjustable machine tool parameters
and optional programmable interface.

Built-in diagnostic capabilities include provision for
operator messages, 1/0 status indicators, test points,
power turn-on sequence, system diagnostics, and pro-
grammable interface search-monitor. System diagnos-

tics are on a separate, pluggable module.
Circle 150 on Inquiry Card

Capabilities of Low Level Automation
Microcomputer Systems Extended

Now with extended range and functions, 210 micro-
computer systems are available on either single- (100
x 160 mm, version E) or double-height (233 x 160 mm,
version D) Europa format pc boards with the same
range of functions. A full set of boards includes single-
card computers, memory expansion modules, 1/0 for
device connection or computer linking, and digital and
analog process interface modules. Both versions have
a 9k-byte memory on the board. Version E now also
has a memory module for up to 16k bytes and a com-
bined digital 1/0 module.

Based on the saB 8085 microprocessor, the E version
cPU can be supplied with up to 9k bytes of RAM and
ROM. The combined digital 1/0 module for signals
up to 24 V has eight isolating channels. It is possible
to make up miniaturized controllers with only two
Europa cards and a power supply of only 5 V. Main
memory can be extended to 64 bytes.

Memory of version D has been doubled to 9k bytes.
A pocket-calculator sized test panel is mow available
for simple hardware and software tests and is par-
ticularly suitable for putting a system into operation
onsite.
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Floppy disc drives are connected to the 1/0 modules
if they are to be used in a data collection system.
Either standard diskettes or minidiskettes may be used.
Programs can now be generated on the 210 system
itself with STEM program package either on a 3914
typewriter or, for greater convenience, on a 3974
alphanumeric display unit.

Both microcomputer systems, intended for lower
levels of automation, are produced by Siemens AG,
Postfach 103, D-8000 Munich 1, Federal Republic of

" Germany. They are not marketed in the uU.s.

Circle 151 on Inquiry Card

Program Loader Can Be Used
With Either of Two Controllers

A single program loader introduced by Struthers-Dunn,
Inc, Pitman, NJ 08071 can be used to load two differ-
ent models of controllers made by that company. The
Director 1001/3001 program loader is suitable for use
with the 1001 controller, which handles from 8 to 32
1/0s, or the 3001, which has a capacity of up to 128.
It can be used alone, as during initial program con-
struction; linked by cable te controller units, as during
debugging or monitoring; or in programming of a
light erasable RoM chip, which is subsequently detached
from the programmer and plugged into a controller.
RAM serves as design memory. Circuitry is displayed
on a CRT by depressing numeral and symbol keys. A
“clear” key allows incorrect contacts, coils, or lines
to be erased, while a “delete page” key removes entire
pages of a program, and specific elements or sections
can be checked with a “search” key.
Circle 152 on Inquiry Card

General Purpose Analog Signal Scanner
Meets IEEE-488 and RS-232 Requirements

Intended to complement a controller either by itself
or in conjunction with an 8502A digital multimeter
in precision data acquisition systems that are com-
patible with either 1EEE 488-1975 or EIA Rs-232-B/C
standards, the 2204A scanner may be connected directly
to as many as 100 channels through 10 scanner circuit
cards. The microprocessor based instrument, made by
John Fluke Mfg Co, Inc, Po Box 43210, Mountlake
Terrace, wa 98043, uses two types of plug-in circuit
cards: one, for general purpose applications, has 2-pole
dry reed switches; the other, for very low level signals,
has 3-pole switches. Input connector cards are avail-
able for either ordinary input or thermocouple signals.
Optional extender chassis increase capacity up to 1000
input channels. Maximum sequential scanning rates are
125 channels/s when used in a system or up to 5
channels/s in automatic mode. Thirty-two selectable
scanning rates are available in automatic mode.

Circle 153 on Inquiry Card
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The largest selling color-graphics terminal in the world.

The Intecolor 8001G is helping Bailey Controls. EMC Controls, Dow Chemical
ACCO Bristol, and PPG Industries improve process control systems through
color. Because color communicates better. Throughout major industries the
world over, ISC units operate 24 hours a day. seven days a week, improving and
refining control systems

Check the ad\anced features of the Intecolor 8001G: expanded hardware
and software graphics; 48 lines by 80 characters with two different character
heights; 8 foreground LOIOI\ plus 8 background colors for greater d@fIHIIIOD
character and line insert and delete; page roll-up; 64 standard ISA characte
plotting capability on a 160 by 192 matrix; expanded keyboard with cursor and
color controls: and 19" display (high resolution and 25" tubes available at
slightly extra cost)

It'sjust *$1,500 (cash-with-order), and is backed by a 6-month warranty
Guaranteed delivery of your Intecolor 8001G evaluation unit within 30 days or

b your money back. The same price goes for orders of 100 units or more. The

Intecolor 8001G. It'll improve your system and put you ahead of your competition

without outspending them. Call your
ISC representative for a demonstration ﬂ 5@@
Color Communicates Better. 0)

Unretouched photograph of screen “*U.S. Domestic price

ISC SA ES REPRESENTATIVES AL:205/883-8660, AK: (GA 449-5961, AZ: 602/956 3 Z. 5961, CA: Los Ange\»s 213/937-5450 or 213 476 1241, Goleta
& rvine 714/557-4460, Mountain View 415/9 300, San Dleqn £ (Wh

309, DE: (PA) 215 ()88 325, DC: (MD) 301/65 : Ft laude,rddle
g 941-9319, ID wLIT 801 0

04
-8660
7530, NJ: (White Plains, NY)914/¢ 7 wHul«_umb NY)716/65
83, ND: (MN)612/822-211 1F: 45 Ddy(unﬁ13 434 %
892-2953, RI: (MA)617/87 98- MN 12 82 -57€ 2 769 H(Jui(un only
€ 7969, VT: (MA) 6 6 WI: (IL) 312/564-5440, WY: (C
EXPORT SALES: (MA) €
368, ITALY: Roma 805/647 or 872-4¢ : Poeldijk 017 ona 204-20 WEDEN: vallingby
4481, WEST GERMANY: Munic 8 L lelbo 77 . 808-1444, Chermside 59-6436, Wellington, NZ
Auckland, NZ 814-9384, CANADA: Data d. (Distributor) Dorval 514 4 tt a6 K 0 787-1208, Vancouver 604/684-8625, CENTRA
SOUTH AMERICA, MEXICO, CARIBBEAN: (GA) 404/394-9603, FAR EAST: (C 3/382-1107 : Tokyo 402- swb IRAN: Tehran 891148, SAUDI ARABIA: Jeddah 2

Intelligent Systems Corp. [0 5965 Peachtree Corners East ] Norcross, GA 30071 [ Telephone 404-449-5961C1TW
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The SA4000 Fixed Disk Drive.
The SA4000 Series of rigid disk
drives are the newest line of low cost
mass storage products from Shugart.

Our floppy disk drives have been the
industry standard for years, and now
§ ourfixed disk drives are setting new
standards of their own. Like the
lowest cost per megabyte in their
capacity range so you can have up-to-
date Winchester storage at a price that won't
bite into your system profits. That means real
dollars and cents savings to help keep your
system competitive. SA4000 drives are avail-
able in capacity ranges that are just right for most
systems too—14.5 and 29 megabytes (unfor-
matted). And when you design our drives into your system, you can be
sure you've got a system architecture that's compatible with IBM S/32, S/34
and System 1 fixed/floppy architecture.

- Thehead
mcostpe

Winchester Technology and Two Configurations.
Shugart fixed disk drives use industry-proven
Winchester head and media technology to
preserve your data in its own safe, sealed environ-
ment. The model SA4004, with 14.5 megabyte
capacity, utilizes one disk and four heads. The
SA4008, 29 mbyte version, has two disks and
eight heads. Eight optional fixed heads are
available to give you an additional 144 kbytes
(unformatted) of head-per-track storage for
. applications such as indexed files or table
look-up. The SA4000 Series offers an easy
upgrade too. Keep your floppys for |70 and
system back-up. Add our rigid disk drives for
the additional capacity and throughput
you need to upgrade your operating
systems and mass storage.




When You Think Actuators, Think Fasflex |I™
Shugart’s new, proprietary Fasflex [I'”is another
result of Shugart's headstrong commitment
to R&D. This open loop band actuator is virtually ‘
wear-proof, and it doesn't require any adjust-

ments in the field. Heat dissipation? With Fasflex || PIVOT POINT
it's extremely low—only 200 watts is typical.
But the Fasflex Il acutator is only one of the ben-
efits you get with the SA4000 series. The drives
weigh a mere 35 pounds —that's about half
the weight of comparable units. Trrwley‘ref

compact. They use only 5.25 inches o
panel space, they can be easily mounted in a ) METAL BAND CAPSTAN
19-inch RETMA rack. The drives are rugged,
yet easy to maintain. The PCB and spindle drive motor are open and accessible

on the underside of the drive. No preventive maintenance is required.

of itsclass
megabyte.

And If You're Looking at the Bottom Line. SA4000 drives are easy to integrate into

your system. The drives utilize a simplified interface which can be easily designed into your
system. In addition, you can use the same power supply for i ‘
both the SA4000 drives and floppy drives, since they

have the same voltage requirements. Want to get on-line
quick? Our new SA4600 controller handles up to four
SA4000 drives with an option to control up to four single or
double density floppy disk drives. Bottom line? Lower
overall system cost. So now’s the time to design a classy
system with the head of its class —the compact, reliable,
low cost SA4000. Shugart Associates, Headquarters:

435 Oakmead Parkway, Sunnyvale, California 94086
(408) 733-0100; West Coast Sales/Service: (408)
252-6860; Midwest Sales/Service: (612) 574-9750; East
Coast Sales/Service: (617) 893-0560; Europe Sales/
Service: Paris (1) 686-00-85; Munich (089) 17-60-06.

JA.Shugart

The Headstrong Company
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

I/O System Interfaces Computer
To Measurement and Control Signals

The series 500 measurement and control 1/0 system,
announced by Neff Instrument Corp, 1088 E Hamilton
Rd, Duarte, ca 91010, interfaces various types of 1/0
signals to a controlling computer using a single 1/0
assembly and only one of the computer’s 1/0 ports.
It accepts contact closures, voltage levels, and fre-
quency inputs, as well as low level transducer signals
via one of the analog systems. Outputs include contact
closures, voltage levels, analog voltages or currents,
and pulses for driving stepper motors.

Plug-in function cards configure the system for speci-
fic types of 1/0 signals. A serial controller permits
operation of up to eight remote systems located up to
20,000 ft (6 km) from the computer to provide full
distributed 1/0 capability. Expansion is possible at
both local and remote sites.

Computer 1/0 circuits include a 4k RAM in which
the computer stores scan lists and instructions required
to control the peripheral devices. Data are transferred
to computer memory on one DMA channel.

Circle 154 on Inquiry Card

Adaptable CNC Eliminates Inflexibility
Problems of Some More Costly Systems

By eliminating problems of size, complexity, and in-
flexibility found in some other computer numerical
controls, the 8138 Taskmaster becomes a cost-effective
system. It is readily adaptable to fast, precise position
control applications and can be used to direct a range
of machine operations from linear interpolation in two
or three axes to circular interpolation in two axes.

Summit/Dana, Po Box 1906, Bozeman, Mt 59715
claims that modular design of this cNc makes it
immune to obsolescence. Expansion can be accom-
plished by a simple substitution of circuit boards.

A standard system offers a 250-command memory
and operator selectab'e resolution from 0.0001 to
0.001” (0.0025 to 0.025 mm), and 4-A/phase motor
drivers. It operates in ambient temperatures as high as
5072400,

Options provide 999-command memory, axis informa-
tion display, backlash compensation, programmable
canned cycles, absolute programming, step and repeat
functions, automatic tool offsets, autocycles, linear and
circular digitizing in the jog mode, 6-axis control,
8-A/phase motor drivers, and 1/0 interfacing for
remote programming and external program storage in
EIA or ASCII code. O
Circle 155 on Inquiry Card

%5 DAY %
*™ DELIVERY %

Microcomputer Analog
1/0 Systems

Y

For:

DEC LSI-11 & LSI-11/2 (rorTrRAN SUBROUTINES AVAILABLE for RT-11)
DEC PDP-11 UNIBUS

INTEL SBC-80 Series & NATIONAL BLC-80 Series
ZILOG MCB Series (2-80)

MOSTEK/PROLOG STD BUS

COMPUTER AUTOMATION LSI 2, 3, & 4 Series

Precise Analog 1/0 for any micro.
Data Translation manufactures the largest
array of analog I/0 modules and systems in the

industry.

Standard interfaces for every major micro-
computer.

From isolated inputs to extremely high-speed
inputs. Designed to meet your most stringent
data acquisition needs in a wide range of
measurement and control applications.

Highly reliable systems in only
5 days.

Our goal is to ship the most reliable analog I/0
systems available anywhere. That's why we go
to such great lengths to ensure the
highest reliability.

Delivery? We doubt that you'll find any
company faster than Data Translation.

We assure five-day delivery. When you order
on Monday, we deliver by the next Monday.
No excuses. No delays.

SEND for Full Technical Data or Call us.
GSA Contract No. GS-00S-64219

DATA TRANSLATION

T el I RO S A T S T, || 1 L2
4 Strathmore Rd., Natick MA 01760
(617) 655-5300 Telex 948474
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Global progress in information display will be ac-
cented at SID 79. The symposium, to be held at the
Chicago Marriott Hotel from May 8-10, will consist of
13 technical program sessions. Speakers from the U.S.,
Japan, Hungary, Germany, The Netherlands, and Eng-
land will reveal recent developments in such topical
areas as projection, graphic, fluorescent, and thermal
displays and recording; garnet display components;
diode laser optical disc recording; and liquid crystal,
oscilloscope, and matrix displays.

Opening ceremonies, with welcoming remarks to be
given by general chairman J. B. Flannery, Xerox Corp,
and program chairman P. M. Heyman, RCA Labora-
tories, and SID Honors and Awards presentation will
be preceded by the annual SID business meeting,
conducted by B. J. Lechner, SID President. Highlight-
ing this opening Ruth Davis, Deputy Under Secretary
of Defense for Research and Advanced Technology,
in her keynote address, will discuss the government’s
increasing need for display developments as witnessed
by the unsatisfied needs of military users. In two
invited addresses H. W. Tanka, of Tanka, Walder and
Ritger, will speak on research and development policy
and economic growth in Japan and J. A. Rajchman of
Jan Rajchman, Inc, will discuss displays in the next
decade, examining the expanded potential attributable
to LSI developments and exploring possible routes
open for future developments.

Two parallel discussion panel sessions are sched-
uled for Tuesday evening. The panelists will demon-
strate and assess hardware and software technology
trends in home displays and appraise design options
in display electronics. Cameras and recorders will not
be permitted in the session halls.

Held on Monday, May 7 and Friday, May 11, the
annual tutorial seminars will be co-hosted by the
University of lllinois Electrical Engineering Depart-
ment. Eight lectures, two each morning and two each
afternoon, will focus on technology developments in-
cluding phosphors for high contrast CRTs, advances
in electron optics that are leading to improvements in
spot quality and color, and liquid crystal display optics.
Each group of two seminars will be followed by a
short, audience/speaker interactive discussion. Ad-
vance registration for the seminars is required. Fees
are $110 for both days or $70 for one day.

In the evenings, following the formal talks, attendees
will have an opportunity to meet face-to-face with
speakers. Tuesday evening, the exhibitors will host
a social hour in the exhibit area. Wednesday evening,
the Lake Forest College campus will be the scene for
a cocktail hour, buffet dinner, and lecture on hol-
ography. There is an additional $18 fee for the Lake
Forest College evening.

A copy of the SID Digest of Technical Papers, which
features 800- to 1000-word illustrated condensations
of all contributed papers, is included in the Symposium
fee of $45 for members and $60 for nonmembers. For
more information, contact Lewis Winner, 301 Almeria
Ave, PO Box 343788, Coral Gables, FL 33134.

Details of the advance program that follow reflect
information available at press time.
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Society for
Information
Display
International
Symposium

May 8-10
Chicago Marriott Hotel

TECHNICAL PROGRAM EXCERPTS

Tuesday Afternoon
3:40-5 pm

Session 6 Ballroom 1

Display Systems

Chairman: T. P. Sosnowski, Bell Laboratories

“Relationship between Display Parameters and crt System Cost,”
W. R. Elliott, Boeing Aerospace

An explicit expression identifies the cost of the usually specified
display system performance requirements., One factor to be
assessed is the contribution of deflection power to the cost of
vector CRTSs.

“Distributed TIntelligence in a Graphics Display System,” J.
Hatvany and P. Verebely, Computer and Automation Institute
of the Hungarian Academy of Sciences, Hungary

An interactive vector-type graphic display family is based on a
modular architecture. Graphic functions are distributed between

microprocessors by an internal communication system with in-
tensive use of multiprocessing methods.

Session 7 Ballroom 11

Nonimpact Printing

Chairman: L. G. Bigegs, Tektronix, Inc

“High Speed Thermal Recording,” K. Saito, et al, Oki Electric
Industry Co, Ltd, Japan

A high speed thermal recorder with the ability to record lines
in less than 10 ms uses parallel drivers to heat the head ele-
ments instead of multiplexing them.

“Analytical Design Method of Ink Jet Printing,” R. Takano,
NTT Yokosuka Elec Comm Labs, Japan

Conditions for realizing high speed reliable ink jet printing,
analyzed in terms of the ink droplet forming mechanisms,

2.5 pm
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Audiotronics Model DC-946 Data Display

S17.€C

This popular Audiotronics data display is one of
our 48 standard models. We have sold thousands
of them to giants in the industry. Maybe it's perfect
for your requirements. If not, talk to us about your
specifications. We're dedicated to innovative
product design, quality production standards and
complete customer satisfaction. Whatever you
need, we have the experience and talent to
design it, or improve it. Contact us today.

Model DC-946 features:
® modular construction
® 5" cathode ray tube (12.7 cm)
® solid state
e DC operation—12V dc inputs
® choice of signal inputs:
TTL (standard)
Composite video (plug-in module)
e standard 15,750 KHz horizontal scan
frequency

® 650 lines resolution

AUDIOTRONICS
VIDEO DISPLAY DIVISION

530 FIFTH AVENUE NW. NEW BRIGHTON, MN. 55112 - (612) 633-3131
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mosaic dot size, «nd beam deflection characteristics, will be
discussed.

“Printing Speed of an Electrophotographic Laser Beam Printer
Using Overcoated Photoreceptors,” A. C. Wu, Sycor Inc

From experimental results for various settings of ac and dc
corona devices in a laser beam nonimpact printer using an
overcoated photoreceptor the optimum printing speed of printer
can be determined.

“Stylus Writable Electrophoretic Display Device,” A. ‘Chiang,
et al, Xerox Research Center

An electrical stylus writable electrophoretic (swep) device
produces multipixel, large information content images without
requiring a threshold medium or integrated switching elements.

Tuesday Evening

Evening Panel | 8 pm Ballroom |

Home Displays—Not for TV Only

Moderator: C. N. Judice, Bell Laboratories

Panelists: P. Hughes, National Semiconductor Corp; L. Schwartz,
Bell Laboratories; R. Clark, Communications Studies and Plan-
ning Co, England; T. Shipchandler, Texas Instruments, Inc; D.
Pinsky, Interstate Electronics Corp

Application of hardware and software technology towards intro-
ducing new computer based services into the home will be
assessed. To emphasize reality rather than speculation, displays
of the future will be demonstrated.

Evening Panel 2 8 pm Ballroom Il
Requirements for Display Electronics

Moderator: E. R. Strandt, Delco Electronics

Panelists: D. Bell, Signetics Corp; P. A. Curran, Texas Instru-
ments; B. Dellande, Motorola Semiconductor Products Corp;
T. Leeder, Fairchild Optoelectronics Div; D. Nerge, National
Semiconductor Corp; G. R. Seaton, Dionics, Inc; and P. Emerald,
Sprague Electric Corp

The design engineer generally has several options in selecting a
given display technology for a specific application; each re-
quires different driver and data processing facilities. The com-
plexity of the associated electronics limits the designer’s options.
The panel will discuss aspects of these and how to meet design
and cost objectives.

Wednesday Morning

9-11:45 am
Flat Panel Technology

Chairman: L. E. Tannas, Jr, Hycom, Inc

“A Vertical Self-Shift Plasma Display Panel,” S. Sato, et al,
Fujitsu Laboratories, Ltd, Japan

Session 8 Ballroom |

Operating principle and panel characteristics of ac plasma display
facilitates editing and tabulation, while retaining driving cir-
cuitry simplicity inherent to the self-shift technique.

“A 240-Character Vacuum Fluorescent Display and its Driving
Ability,” K. Kasano, et al, Ise Electronics Corp, Japan
Microprocessor driven 240-character display with =200-fL. bright-
ness includes multilayer substrate of Al-thin-film conductors and
a glass thick-film insulator.

“Thin Film Transistor Switching of Thin-Film Electroluminescent
Display Elements,” S. K. Kun, et al, Westinghouse Electric Corp
Low voltage TFEL compatible with TF1s will be discussed, citing
operating characteristics, and applicability to high contrast, high
brightness displays.

“Multi-Mode LED Display Program,” K. T. Burnette and W.
Melnick, Bunker-Ramo Corp

Progress will be reported on the development of a modular flat
panel LED flight display. A 4 x 3” (10 x 8-cm) concept demon-
strator display, assembled from 1 x 3” (2.54 x 8-cm) modules
of green GaP, 64 element/in (25/cm), 0.25” (6.35 mm) square
monolithic LED arrays will also be covered.
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“Metal-Elastomer Display Connectors,” L. S. Buchoff, Hulltronics
A connector technology makes it possible to economically design
a large number of closely spaced contacts (2 mils w x 4 mil
centers). Metal paths bonded to an elastomer base are the.
contact pads and interconnections.

9-10:40 am

Session 9 Ballroom 11

CRT Technology

Chairman: C. Infante, Tektronix, Inc

“crt for Displaying Nanosecond Transients,” B. Janko, Tektronix
An 8 x 10-cm microchannel plate electron multiplier is an
integral part of crRT for oscillographic display of fast transient
signals. Viewing and photographic recording of transient signals
with writing speed in excess of 3 x 10 cm/s has been
demonstrated.

“Log Taper Magnetic Deflection,” C. Sawyer, Display Com-
ponents, Inc

In high speed computer driven crr displays, deflection power,
and therefore efficiency, are at a premium. Yoke-glass bulb
interface and development of an optimal geometry will be
analyzed.

“Non-Glare Concave Surface crr,” E. Miyazaki, Matsushita Re-
search Institute, Japan

By using a concave faceplate with an appropriate radius of
curvature, reflections can be made inconspicuous.

Session 10 10:55-11:45 am
Transmission Displays

Chairman: I. F. Chang, 18M Research Center

Ballroom 1l

“Transmissive Electrochromic Display with a Porous Crystalline
WO.: Counter Electrode,” K. Matsuhiro and Y. Masuda, Asahi
Glass Co, Ltd, Japan

A transmissive electrochromic display, uses an electron beam
deposited and heat treated WO; film as counter electrode which
is porous, crystalline, and has little optical absorption and ex-
cellent reversibility in charge injection and liberation.

“Thin-Film Iron Garnet Display Components,” B. Hill and K. P.
Schmidt, Philips Research Laboratories Germany

Linear and 2-dimensional electronically controlled passive display
components using Faraday-rotation in magneto-optic memory films
will be discussed. A film, integrated into a 35-mm format display
wafer, has been imaged using a slide projector.

Wednesday Afternoon

Session || 2-5 pm Ballroom 1-11

High Density Information Storage

Chairman: J. L. Simonds, Eastman Kodak Co
“Solid-State Storage for Display,” H. Chang, 18M Research Center

Bubbles and ccp are high density, low power, low cost storage
devices that are suitable for terminals and displays. Character-
istics of presently available modules and projections for cost
and performance improvements in the coming decade will be
reviewed. 'Magnetic disc and optical disc storage technologies will
also be assessed.

“Diode Laser Optical Disc Recorder,” K. Bulthuis, Philips
Research Laboratories, The Netherlands

A high density recording and retrieval system using a gallium
aluminum arsenide diode laser writes information on a pre-
grooved double sided 12” (30.5-cm) disc which allows readout
of any address in a mean-time of 250 ms, thereby providing
virtually instant access to 5 x 10° bits.

“High Performance Optical Disc Recording Structures,” R. A.
Bartolini and A. E. Bell, rRca Laboratories

Many high density optical recording systems require storage
media capable of high recording sensitivity and high playback
sNR. Thin-film antireflection recording structures provide the re-
quired performance for an optical video disc system. The design
and optimization of these structures are suitable for use in con-
junction with a wide variety of optical recording media.
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Biomation's K100-D-~- no other
logic analyzer even comes close.

No wonder the K100-D is our fastest
selling new logic analyzer ever.

It gives you 16 channels, 1024 word
memory, clock rates up to 100 MHz,
signal timing resolution to 10ns-plus a
buill-in display and keyboard control.

Biomation's K100-D puts it all right at your fingertips —
more performance and features than any logic analyzerever.
[t starts with the micro-
s & DProcessor-controlled key-
' board and interactive video
' display. To give you fast,
precise control, the display
B servesasacomprehensive
wwe Control status menu, with
all selectable parameters
in reverse video. There's
a single, labelled key
| for each function, corre-
sponding directly to status display choices. So guesswork
is eliminated
For example, in the data domain, you can direct the
display to read in hexadecimal, octal, binary or ASCI],
or any combination, by selecting one of four control buttons.
There's also a unique "sequence” key that enables you
to rearrange the order in which channels are displayed, to
aid in data decoding, to simplify side-by-side comparison
of timing:signals and to enable you to cancel any channels
you're not interested in seeing. A separate key controls
horizontal expansion
That gives you anidea of the K100-D's display versatility
Here's a picture of its astounding capture capability

GOULD ** biomation

By providing timing
analysis of signals as fast
as 100 MHz, you can
capture logic signals with
resolution to 10ns. And
the 100 MHz clock rate
protects against obsoles-
cence as the speed of your
systems gets faster and
faster. The K100-D also has
a latch mode that can
capture glitches as narrow as 5ns

With the 32-channel input adapter, the K100-D is ideal
for exploring the new world of 16-bit microprocessors
To give you unprecedented analysis capability, there's a
built-in Auto Stop capability you can use to detect, record
and display any match (or mismatch) between incoming
data and previously recorded data held in a reference mem-
ory. Or using Search Mode
you can key in a specific
word and the K100-D will
find it in memory

To get the full impact of
the K100-D, you really
do need to have it at your
fingertips. That's why
we would like to arrange
a demonstration. Call us
at (408) 988-6800. Or, for
more information, write: Gould Inc., Biomation Division,
4600 Old Ironsides Drive, Santa Clara, CA 95050.

= GOULD
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The Future Has Arrived.

Intel delivers the 8086. Powerful. Practical.

We have seen the Future
and it is called 8086.
Even better, it’s here

today. Our new 16-bit

microcomputer is an
architectural triumph, introducing
designers to a new world of system
expansion capability, high-level
language programming and
dramatically increased system
thruput.

Why we call it “The Future”

To deliver the Future, we
designed the 8086 with a totally
new architecture, super-efficient
for implementing high-level,
block-structured languages such
as Pascal and PL/M-86.

The 8086 addresses up to a
full megabyte of system memory
with new addressing modes and
efficient register utilization that
totally support such minicomputer-
like capabilities as relocatable and
re-entrant code and instruction
look ahead.

And the 8086’s powerful new
instruction set includes both 8-bit
and 16-bit multiply and divide in
hardware, with efficient byte
string operations and improved
bit manipulation.

We're committed to delivering
the industry’s highest performance,
today and into the future. The
8086’s architecture maximizes sys-
tem thruput today by delivering
ten times the processing power
of its 8-bit predecessors. Planned
expansion promises another order
of magnitude increase in perfor-
mance through the addition of

[/O processors, special instruction
set extension processors, memory
management and distributed
intelligence configurations.
System components for ex-
panded multiprocessor applications
are available right now, supporting
the Multibus™ architecture in
timing, control and drive levels.
They include 8288 Bus Control-
ler, 8282/8283 Octal Latches and
8286/8287 Octal Transceivers.

Get a jump on the future.

8086 is the most successful
new microcomputer ever. The list
of major market leaders who have
evaluated 16-bit machines and
chosen the 8086 is staggering.

One reason for the 8086’
success is our commitment to your
success. We've made the 8086 the
industry’s best-supported micro-
computer. The cpu, interrupt
controller and six additional
support circuits are on distributors
shelves, with more on the way.
You can take advantage of the 28
existing Intel®peripheral interfaces.
Our 2716 (16K) and 2732 (32K)
EPROMS provide programming

And the Architecture of the Future. Here today.

flexibility and unique features for
8086 users, including protection
against bus contention.

And we complete your system
with a variety of off-the-shelf +5
volt MOS RAMs.

You can begin hardware/
software development today, using
the Intellec® Microcomputer
Development system with ICE-86™
in-circuit emulation, PL/M-86 and
ASM-86 for assembly language
programming and 8080/8085
software conversion.

SDK-86, a complete system
design kit including all essential
components, makes it easy to
begin prototyping without delay.

For an additional head start,
iSBC 86/12™single board computer
brings the power of the 8086 to
the Multibus with a fully assem-
bled and tested 16-bit system.

The Future belongs to you.

Get to market first and
capture a piece of the future for
your product. You can order
the complete 8086 family from
your distributor. Or, for more
information, contact your local
Intel sales office or write:

Intel Corporation, Literature
Dept., 3065 Bowers Avenue,
Santa Clara, CA 95051.

Europe: Intel International, Brussels, Belgium. Japan:

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

Components, Pioneer, Sheridan, Wyle/Elmar, Wyle/Liberty,
L.A.Varah and Zentronics.

See us at ELECTRO ’79, New York City, April 24-26.
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The Cook-able Coputer

a ruggedized version of

Introducing

e
ik

Intel’s iSBC* 80/10A Single Board Computer

From Cryogenics to Hades

Our ruggedized SECS 80/10A likes it hot — or cold.

It shrugs off shock, vibration, moisture. And thrives on dust,
dirt and grime.

Meets MIL-E-5400, 16400, 4158 — and more. This makes
our SECS 80/10A perfect for military systems and tough
industrial applications — petroleum, steel, oceanography,
communications.

In fact, anywhere a rugged microcomputer is needed.
Functional counterpart of Intel iSBC 80/10A

Exclusively licensed by Intel, our SECS (Severe Environ-
ment Computer System) is a functional counterpart of the

standard iSBC 80/10A board. Even uses the same
development system software.

*Trademark of Intel Corporation

EMRIM sesco

Severe Environment Systems Company
A Subsidiary of Electronic Memories & Magnetics Corporation

20630 Plummer Street « PO. Box 668 + Chatsworth California 91311
Telephone: (213) 998-9090 - Telex: 69-1404
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The difference is in the packaging

Our SECS 80/10A, which uses rugged Intel 883B chips,
is mounted on a 9" by 6" shock and vibration resistant, full
ATR compatible board. Conduction cooled, it operates from
—55°C to +85°C. Add our numerous support modules and you
end up with a versatile severe environment microcomputer
system at a fraction of the development cost.

Other SESCO products

We also have a complete line of MIL SPEC core and
semiconductor memories. New products include
D-DAS, a digital data acquisition system
for the 1553 bus, and SETS, a com-
pact digital tape recorder with
23 megabit capacity.

When you're faced with
a tough environment,
“buy SESCO...it works!"

SECS 80/10A
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“Replication of Optical Discs,” D. G. Howe, et al, Eastman

Kodak Co

Full bandwidth Ntsc video signals, laser recorded in thin metal
films evaporated on glass or plastic substrates, have been photo-
graphically replicated. The replicas of submicron spots in 2-u
layers using positive density images are tolerant to poor optical
contact during replication and essentially immune to handling or
cleaning damage.

Thursday Morning

Session |3 9 am to 12 noon

Liquid Crystal Displays

Chairman: A. R. Kmetz, Bell Laboratories

“General Theory of Matrix Addressing Liquid Crystal Displays,”
M. G. Clark, Royal Signals and Radar Establishment, England
Analysis of matrix addressing of an rms responding display
covers both binary and multilevel addressing waveforms. The
method in the multilevel case can be extended to grey scale
displays.

“Addressing Methods for Non-Multiplexed Liquid Crystal Oscil-
loscope Displays,” I. A. Shanks and P. A. Holland, Royal Signals
and Radar Establishment, England

Addressing method directly drives x-Y matrix Lcps to display
single-valued functions such as oscilloscope waveforms.
“Storage-Type Liquid Crystal Matrix Display,” C. Tani et al,
Nippon Electric Co, Ltd, Japan; and O. Kogure, ntT Ibaraki
Elec Comm Lab, Japan

Switching of the relaxation transient of the nematic-cholesteric
phase change between a wide angle scattering and a clear
quiescent state will be reported. The approach has made it
possible to produce low power storage type matrix LCDs up to
306 x 574.

“512-Character Display of Reflective Twisted Nematic Liquid
Crystal by Two-Frequency Addressing,” M. Hosokawa, et al,
Suwa Seikosha Co, Ltd, Japan

Two-frequency addressing of a 56-line twisted nematic display
using an improved material which affords a reflective high con-
trast and wide viewable angle characters will be reported.
“Properties of a Display Device using Depolarization in Twisted
Nematic Liquid Crystal Layer,” T. Uchida, et al, Tohoku Uni-
versity, Japan.

Twisted nematic layer device with depolarization provides a wide
angle for viewing and has high contrast, sharp threshold, and
fast response and recovery.

“An 80-Character Alphanumeric Liquid Crystal Display System
for Computer Terminals,” K. Odawara, et al, Hitachi Ltd

A l-row, 80-character 5 x 7 dot matrix alphanumeric liquid
crystal display system with twisted nematic mode uses a cMOs
controller and cmos 40-stage drivers.

“Reflective and [Positive Mode Color Lcp using Cholesteric-Nematic
Phase Change Type Guest-Host Effect,” T. Ueno, et al, Nippon
Electric Co, Ltd, Japan.

A cholesteric dye display with dark characters on an electrically
driven light background will be described.

Chicago Ballroom D

SEMINAR DISCUSSION EXCERPTS
Monday Morning

Moderator: H. Gene Slottow, University of Illinois

Session | 8:30-10 am Chicago Ballrooms F/G
Nonscattering Liquid Crystal Display Optics

Dwight W. Berreman, Bell Laboratories

Liquid crystal thickness, optical anisotropy, elastic constants and
surface anchoring affect the speed and viewing angle, contrast,
gray scale, and multiplexibility of nonscattering liquid crystal

displays. These effects and adjustability of parameters will be
discussed.

Session 2 10:30 am-12 noon
Advances in Printing

Keith S. Pennington, 1BM Research Center

Chicago Ballroom F/G&

The data processing and office products markets have an in-
creasing need for printing products with improved reliability,
cost/performance, and overall functional capabilities. This lecture
will review the major trends and functional requirements in
these areas of printing, citing the current state-of-the-art and
nonimpact printing technologies.

Monday Afternoon

Moderator: I. Chang, 1BM Research Center

Session 3 1:30-3 pm Chicago Ballrooms F/G
Electron Optics in CRTs
Robert G. E. Hutter, Polytechnic Institute of New York

Recent developments in the design of electron guns and de-
flection yokes leading to better spot quality and improved color
displays will be described. Examples will illustrate the utilization
of the computer in solving design problems

3:15-4:45 pm Chicago Ballrooms F/G

New Phosphor Developments for High Contrast
CRT Displays

Robert A. Buchanan, and T. Brant Maple, Lockheed Research
Laboratory

Session 4

New thin film materials are making it possible to produce cRT
displays with ever-increasing contrast. In this address, the
properties of presently available luminescent films will be pre-
sented, along with background and analytic material.

Friday Morning
Moderator: Walter Goede, Northrop Electronics Div

Session 5 8:30-10 am Chicago Ballrooms F/G

Plato IV System Architecture: A Case Study of
the Organization of Software and Hardware in
Interactive Computer Systems

Robert K. Rader, Software Group, University of Illinois

The Plato 1v system was designed to run thousands of interactive
graphics terminals for use in an educational setting. Design and
implementation of this system will be discussed and concepts
demonstrated, stressing the integration of software and hardware
elements into the system, and the software structures that deter-
mine the interactive characteristics of the system.

Session 6 10:30_am-12 noon Chicago Ballrooms F/G

The Use of Synthetic Speech in Interactive
Computer Systems

Bruce A. Sherwood, University of Illinois

This lecture will demonstrate the ease with which synthetic
speech output can be added to interactive programs, citing its
application to computer based education. Techniques of com-
pressed digitized speech and recorded audio will also be
demonstrated.

Friday Afternoon

Moderator: Aris Silzars, Tektronix, Inc
1:30-3 pm Chicago Ballrooms F/G

Intelligent Terminals

F. H. Dill, 1Bsm Research Center

Inclusion of microprocessors in CRT terminals is an attribute
commonly called intelligence. The talk will attempt to classify
present terminals by function and capability, look at future pos-
sibilities based on developments in microprocessors, memory and
storage, and discuss some of the problems associated with ter-
minals intelligence. O

Session 7
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We heard you and...

HERE IT IS!
A SMART
APL

TELERAY

And...Mail-in
Super Service

Direct-mail servicing, from your
operating station to our Service Dept. with no
middleman. No-tools, snap-in modules replace in 60
seconds, and reusable mailers get your modules back
and forih to you without expensive service calls. Call us
toll-free for any service helpyouneed . . . and, so . . .

TELERAY

DIVISION OF

(X-) RESEARCH INC

4064 MINNEAPOLIS MINNESOTA USA 55424
PHONE (612) 941-3300

... High-Resolution

APL overstrikes

Five years of listening to thousands of
APL users told us to give you the new
Teleray Model 11. Its true overstrike,
programmable wide-character display
and “instant character replay” give you
the most versatile APL/ASCII terminal yet

available . . . and

And...
32 Programmable

Functions

Call up forms and function sequences,
answerbacks, in any combination, plus more
programmable features than ever before . . . and

SEE MODEL 11 AT INTERFACE'79

Call for immediate info!
TELERAY Sales Offices:

(201) 652-7055
(201) 944-1600
(203) 623-5352
(205) 881-9298
(206) 641-6444
(212) 947-0379
(213) 328-9770
(214) 661-0300
(216) 585-8421
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(301) 589-2802
(303) 279-7796
(305) 421-4989
(305) 645-3444
(312) 655-0040
(313) 354-6421
(404) 955-0293
(405) 528-6071
(408) 744-1930

(412) 243-8421
(416) 622-6752
(503) 292-3505
(512) 451-5174
(512) 828-0937
(513) 223-8421
(518) 587-2313
(602) 968-5962
(612) 535-5330

(613) 225-0411
(617) 459-2578
(713) 780-2511
(714) 273-4771
(714) 552-7850
(716) 381-4120
(801) 969-4034
(808) 523-1326
(919) 883-9125
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PROCESSOR ARCHITECTURE
ANTICIPATES FUTURE
PERFORMANCE REQUIREMENTS

!

De51gn of Series/1 processors and their relatlonshlp to instruction
set, interrupt structures, and I/O interfacing are prlmarv
determlnants of system performance and have a major influence

on the machines’ life cycle

Richard E. Birney

IBM Corporation, General Systems Division, Boca Raton, Florida

A imed toward realtime, sensor based, and distributed
data processing applications, design of 1BM Series/1
computer logic evolved from a planned iterative de-
velopment process. A base architecture—established
from design goals and performance specifications—was
benchmarked against similar competitive and existing
corporation computers. Benchmarking included both
kernel analysis and engineering investigations of such
design criteria as execution times, code and storage
efficiencies, coding productivities, and system costs.
Many iterations were implemented during the design
evolution, and final decisions were based upon detailed
information produced by hardware and software bench-
marks. Simultaneously affecting the iterative process
was an important set of distinctive factors that empha-
sized near- and long-term tyend characteristics in the
prevailing and expected growth of small computer
systems with regard to technology, architecture, soft-
ware, and integrity.

Basically, modular Series/1 computers provide 16-
bit general purpose architectures with direct storage
‘addressing to 64k bytes, and expansion to 16M bytes.
These architectures offer a choice of central processor
designs, proven bipolar large-scale integrated (Ls1)
logic, and metal-oxide semiconductor field-effect transis-
tor (Mos FET) n-channel memory. A versatile instruc-
tion set handles basic bit, byte, word, double word,

and four word (floating point) operands. Instruction
length is variable from one to three 16-bit words,
depending upon any one of 11 addressing modes. Also
incorporated are indirect addressing, with either pre-
or post-indexing, and several additional complex ad-
dressing formats. Input/output (1/0) interfacing al-
lows direct program control, preemptive priority inter-
rupt, and cycle stealing. Comprehensive error check-
ing and reporting are accomplished cooperatively be-
tween 1/0 devices and the processor chanpel.

Central Processors

In implementing the two central processors—the 4953
and the more powerful 4955—a 16-bit architecture
was chosen to provide high performance systems at
low cost (Table 1). Comparisons made between similar
program development library functions in 32-bit and
16-bit architectures generally revealed a greater than
20%, and occasionally as high as 40%, savings in
the amount of storage required to code equivalent func-
tions with a 16-bit architecture. In  addition the 16-bit
width reduces product cost by using fewer pins and
smaller cards for equivalent functions. Main storage
savings plus reduced package constraints are directly
reflected in the cost to perform a function.
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Bl

CONTROL

1/0 CHANNEL

170 CHANNEL
CONTINUED

Fig 1 Singlte bus processor de-
sign. Storage for up to 64k bytes
resides on I/0 interface. Selec-

tion of I/O devices is available
along with repower capability to
extend channel to additional 1/0
devices

Direct main storage addressability of 64k bytes is
sufficient for a large segment of small computer ap-
plications; however, for larger tasks, this storage ad-
dress limitation becomes a severe system restriction.
To overcome the addressing constraint and yet retain
the storage efficiency of the 16-bit architecture, an
address translator is used to extend the main storage
addressability of the 4955 to 16M bytes. The address
translator supports eight simultaneously mapped address

72

spaces and is designed to simplify communication be-
tween address spaces, in contrast to more common
address extension mechanisms. During execution of a
particular instruction, three address spaces may be
accessed. For example, the translator allows execution
of a storage-to-storage move with the instruction fetched
from one address space, the source operand from an-
other, and the destination operand stored in a third
location.
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The 4953 processor design trades off cost and
performance features. Single bus architecture (Fig 1)
allows low complexity in processor design by eliminat-
ing special interfaces to main storage. Since either
storage or 1/0 fits easily onto the single bus, the
system can be configured for any storage size without
the cost penalty of unused card slots in the processor
module. The disadvantage of this bus concept is that
1/0 activity impacts the central processor unit’s (CPU’s)
ability to access storage, resulting in contention between
1/0 and cPU; subsequently, lower performance occurs
within the processor when the channel is cycle stealing
at full bandwidth.

Operating with approximately three times the internal
performance of the 4953 cru, the 4955 processor uses
a separate storage bus to minimize contention between
cpU and cycle-stealing 1/0 for main storage cycles
(Fig 2). The cpu is designed so that the maximum
1/0 data rate of 1.6M bytes/s consumes approximately
one-half of the 3.0M-byte/s storage bus bandwidth;
the remaining storage bandwidth is reserved for cpU

cycles. This design implies that channel loads have
little effect on cPu performance and that no “lockout”
of the processor from main memory occurs because of
1/0 activity. Although storage may not reside on the
1/0 bus of the 4955, the same 1/0 adapters may exist
on either cru.

System and Level Registers

Within the processor architecture, two categories of
registers exist: system registers and level registers.
System registers contain system wide information used
by the operating systems and appear singularly within
the processor. Level registers are used by a task in
process at a particular priority level and are replicated
for each interrupt level. This structure provides gen-
eral purpose registers for ease of programming while
replicating these registers on priority levels for fast
interrupt response.

System registers can be accessed by a program only
when the cPU is operating in privileged state (in other

ADDRESS

DATA

CONTROL

e R e |

| 0 CHANNEL

Fig 2 Separate storage bus

1/0 CHANNEL

CONTINUED processor design. Using ad-

dress translator, storage for

~ lie TIMERS,

~ DIGITAL INPUT/

| DIGITAL OUTPUT.

 SENSOR 1/0, DIRECT
PROGRAM | ROL

up to 256k bytes is available.
. 1 Fourteen 1/0 attachments
CYCLESTEAL may be fitted prior to re-
e powering channel interface
ATTACHMENT USER-
b - SUPPLIED l
 ATTACHMENT
B e
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PROCESSOR
STATUS

FUNCTION

WORD BIT
9

1

2

SPECIFICATION CHECK

INVALID STORAGE ADDRESS

PRIVILEGE VIOLATION

PROTECT CHECK

INVALID FUNCTION

FLOATING-POINT EXCEPTION

STACK EXCEPTION

NOT USED

STORAGE PARITY CHECK

NOT USED

CPU CONTROL CHECK

1/0 CHECK

SEQUENCE INDICATOR
AUTO-INITIAL PROGRAM LOAD

TRANSLATOR ENABLE

POWER/THERMAL (P/T) WARNING

Fig 3 Processor status word register. Register
records errors and exception status. Type of
error generates corresponding interrupt, allowing
system software to hand|e fault condition

CLASS
INTERRUPT
GENERATED

PROGRAM CHECK
INTERRUPT

SOFT EXCEPTION
TRAP INTERRUPT

MACHINE CHECK
INTERRUPT

STATE CONDITION
(NO INTERRUPT
GENERATED)

P/T WARNING
INTERRUPT

words, by the operating systems). The most important
system register is the Processor Status Word (psw).
This 16-bit register (see Fig 3) records errors and
exception conditions in the processor that must be
handled by the operating system.

Extensive error checking is evidenced within the
processors by noting the bit conditions reported in the
psw. The program check interrupt lists errors detected
in software. The soft exception trap interrupt lists
exceptions where no error has occurred but where
software intervention is required; for example, a stack
overflow requires that more storage be allocated to
the stack. Machine checks are hardware errors detected
by internal circuits, Remaining bits indicate state con-
ditions and power/thermal interrupt within the
processor.

Level registers are replicated on each priority level
and are also called Level Status Blocks (1sB). The
LsB (Fig 4) contains the execution time essence of a
task and is available to the program in execution. Regis-
ters within the LsB and their functions are

Instruction Address Register—Contains address of next
instruction to be executed.

Address Key Register—Contains key used for address
translation and storage protection.

Level Status Register—(Lsr) Contains data relative to
status of a task. Results of arithmetic or logical opera-
tions are set within bits O to 5 in this register and
are used when branching based upon certain condi-
tions. Bits 8 to 11 of the LsrR indicate whether the
task is in supervisory state, being traced, presently in
execution, or has all interrupts masked. Remaining
bits are reserved for future expansion.

MAIN STORAGE

EFFECTIVE ADDRESS (SET LEVEL BLOCK,
COPY LEVEL BLOCK) OR LEVEL STATUS

( BLOCK POINTER (CLASS INTERRUPT)

SET LEVEL BLOCK

OPERATING LEVEL
REGISTER STACKS

Fig 4 Level status blocks. Set of 16-bit registers
replicated on each priority interrupt level contains
execution time environment of particular program,
including address of instruction in execution, ad-
dressing keys used by program, status information,
and general purpose registers. Level status block
is capable of being loaded and stored from main
storage with set level block (SELB) and copy level
block (CPLB) instructions
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General Purpose Registers—(GPRO to GPR7) used for
data, addresses, or indexes.

Instructions are provided to allow the entire LsB
to be loaded or saved in main storage, thereby providing
for ease of task dispatching and preempt/resume
operations.

Instruction Set

The instruction set is powerful in function, as indi-
cated by 211 instructions and 11 different addressing
modes. Table 2 summarizes the major functions pro-
vided within the instruction set, dividing the functions
into four categories. This level of function has not
been typically available in low cost computers. High
function, frequency of instruction usage, structured pro-
gramming aids, and program reentrancy were driving
forces in the design of the instruction set by system
architects.

An example of the high function available exists
in MOVE and COMPARE instructions. One version of these
instructions moves a contiguous field of bytes from
one location to another in main storage; these fields
may extend from 1 to 64k bytes. Other instructions
working with fields of bytes are: (a) COMPARE—con-
trasts one byte field to another, (b) FILL—replicates
a general purpose register into a byte field, and (c)
scAN—searches a byte field for a particular value.

An example of a structured software design con-
sideration is found in the provision of an addressing
mode to accommodate the structuring of data (Fig 5).
One technique used in structuring data is to create a
directory that contains the addresses pointing to various
data buffers. If the address of the directory is placed
into a register, this particular address mode provides
direct access to the data item in the particular data
buffer. This technique is used in operating systems to

REGISTE

+ DISPLACEMENT1 = 4

(DISPLACEMENT IN DIRECTORY)

DIRECTORY

+DISPLACEMENT2 = 3

(DISPLACEMENT IN BUFFER)

DATA BUFFER 2

Fig 5 Data directory addressing mode. (DISP2+
(DISP1+REG)*) instruction is used to access data
organized within directories. Register (REG)
parameter specifies register containing address
of data directory in main storage. Displacement 1
(DISP1) specifies which data set within directory
is accessed. Asterisk (*) indicates that data buffer
address is obtained from directory, and Displace-
ment 2 (DISP2) is added to it to obtain particular
data element within data buffer defined by directory
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access data in subsidiary control blocks connected to
a master control block or directory. A base register
is set pointing to the master control block, while the
master control block contains an address pointing to
a task control block. Having built the proper structure,
desired data within the selected task control block
can be accessed and operated upon using a single
instruction.

To support reentrancy within programs and program
conventions, such as reverse Polish notation, last-in
first-out (LIFO) stacking mechanisms are required.
Stacks may be used either for data items (bytes, words,
or double words) or for subroutine linkages. As stacks
are accessed by a program, checking is performed to
ascertain that the size of the stack does not grow to
exceed the allocated storage. In Series/1, instructions
provide for ease of use in implementing subroutine
calls and in placing data on stacks. For subroutine
calls, the Store Multiple (sTM) instruction saves regis-
ters onto a stack while its reciprocal, Load Multiple
and Branch (LMB) instruction, restores the registers
and provides a return branch to the calling routine
(Fig 6). After execution of an STM instruction the
stack appears as shown in Fig 7; the stack control
block is in storage, and the registers are saved in the
main storage location defined by the stack control block.
A work area also allocated within the stack provides
a storage area for temporary variables when the sub-
routine may be shared among multiple tasks. The
stack control block defines the stack boundaries and
is used to check limits on each access to the stack.
Since this control block resides in storage, multiple
stacks can be defined.

I/O Devices

Distributed processing, realtime control, communica-
tions network control, data entry, and business data
processing are examples of the spectrum of applica-
tions addressable by Series/1, mandating a large and
diverse menu of 1/0 device handling capabilities. These
needs require that the 1/0 structure minimize the
number of CPU cycles necessary to operate an 1/0
device; otherwise, system configuration would involve
complex formulas to determine which 1/0 devices
would preclude others. To achieve these goals, an
asynchronous interface was developed that provides a
microprocessor to perform channel control within each
1/0 attachment, thereby significantly reducing central
processor involvement with a particular device. The
type of microprocessor used is chosen by the designer
of the device attachment to optimize cost/performance
of that particular device. Up to 256 1/0 devices may
be attached, including hard files, display stations,
diskette files, communication adapters, printers, tapes,
sensor controls, S/370-channel attachments, and other
devices designed for specific applications.
Two types of 1/0 are defined for this interface:

Direct Program Control (pPc)—1/0 operation is per-
formed inline to the instruction stream, allowing inti-
mate control of the device by software.
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Y / STORE MULTIPLE
BRANCH AND LINK

SUBROUTINET, 7

BRANCH AND LINK

SUBROUTINE2, 7

l \ LOAD MULTIPLE

AND BRANCH

LOAD MULTIPLE
AND BRANCH

/

LEVEL EXIT

Fig 6 LIFO stacking. Subroutine calls and returns
are natural last-in first-out (LIFO) stacking function.
Instructions are defined to simplify this function by
providing stack operations. Branch and link (BAL)
instruction causes branch to subroutine (SUB) while
saving return address in register 7. Upon entry to sub-
routine, store multiple (STM) instruction saves all
registers, including return address, in stack. Load
multiple and branch (LMB) instruction restores reg-
isters that were saved in stack upon entry to sub-
routine and uses return address to branch back to
calling program. Level exit (LEX) instruction returns
control to processor when task has finished execution

Cycle Steal 1/0—1/0 operation is performed by the
device parallel to the processor. Burst mode data trans-
fers are also provided, allowing the channel to be
dedicated to a particular device for the duration of a
particular 1/0 operation. This capability is provided
for critical devices that must be guaranteed a certain
instantaneous data rate. Cycle 1/0 without burst mode
is the predominant method of 1/0 control.

Those 1/0 commands where the 1/0 instruction and
control blocks reside in main storage are represented
in Fig 8. This diagram shows a DPC operation with
data (whether read or write) in the storage location
defined by the generated address plus two. Note the
reentrancy consideration in the 1/0 instruction. No
device specific information is located within the instruc-
tion; it is all contained in a control block pointed
to by the OPERATE 10 command. This technique allows
common code sequences to be easily shared among
multiple devices.

Also illustrated in Fig 8 is the format for a cycle
stealing 1/0 operation. After transferring the immedi-
ate device control block to the device, the processor
proceeds with execution of the next instruction. Mean-
while, the 1/0 device cycle-steals a Device Control
Block (pcB) from main storage. The DCB contains all
information needed by a device to perform an 1/0
operation. Upon completion of this channel command,
the device determines whether another command exists;
if true, the device will cycle-steal the new DpcB and
continue data transfer. If the command sequence is
complete, a device end-interrupt will signal the proces-
sor, and the device will quiesce, awaiting a new com-
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HIGH STORAGE

“/TEA
STACK
CONTROL
BLOCK . . . .
Fig 7 LIFO stack in main storage following
STM instruction. Stack control block defines
. boundaries of stack, specifying upper and
lower storage boundaries and address de-
fining current top of data within stack. Within
stack, registers (including return address in
R7) are saved, work area is defined for use
of temporary variables by subroutine, N field
defines size of work area, and L field specifies
number of last register saved in stack oper-
ation. RL is register defined by L field and
contains DWA pointer to work area within
stack
LOW STORAGE
1/0 INSTRUCTION
CYCLE STEAL OPERATION
IMMEDIATE DEVICE DIRECTEROARAN
R ENTeOL BLETE CONTROL OPERATION
IN LINE
EXECUTION
e PROCESSOR
e DEVICE
® STORAGE
® CHANNEL
N o e e s Bl R a s e e e s e
CHAIN BIT
DEVICE CONTROL BLOCK PROGRAM CONTROLLED
:,JLVJTEESXETW Fig 8 1/0 control. 1/0 operations
DEVICE CONTROL BLOCK TYPE are controlled by single 1/0 in-
SUPPRESS EXCEPTION BIT struction, which points to storage
CYCLE STEAL ADDRESS KEY i 5
COMMAND location that contains 2-word con-

trol block called immediate device
control block (IDCB). For direct
program control of device, second
word of IDCB contains data trans-
ferred to or from device. For cycle
stealing operation, second word of
IDCB contains address of device
control block (DCB). DCB is fetched
from main storage by device and
is used to control I/O operations

CYCLE STEAL
EXECUTION

® DEVICE executing in parallel to execution
s gmmﬁei of instructions by CPU. DCB speci-

fies type of operation, where data
are located in main storage, where
status should be reported, and
whether additional commands are
to be executed prior to interrupting
CPU

DEVICE CONTROL BLOCK




mand. Microprocessors within the 1/0 device attach-
ments fetch and interpret DcBs, freeing the main pro-
cessor for program execution. Autonomous control of
the interface by each 1/0 device minimizes the chan-
nel time for each operation and allows, within the
device, parallel preparation of data and address for
subsequent cycle steal operations.

Interrupt Mechanism

To provide the fast reaction required in realtime ap-
plications, three types of interrupt processing are

offered.

Class Interrupts—Qccur upon special conditions de-
tected by the cpru itself.

Programmed Interrupts—Caused by an overt action
of a program to change its execution priority.

1/0 Interrupts—Caused at request of 1/0 devices or
other external stimuli.

Class interrupts are used primarily to report on in-
ternal checking by the cpu. Machine check interrupts
occur when the hardware malfunctions, eg, a parity
or 1/0 sequence problem. Program check interrupts
occur when an improper instruction is attempting to
execute; for example, when an invalid storage address,
protection exception, or an invalid instruction is de-
tected. Other class interrupts are power/thermal warn-
ing, supervisor call soft exception trap, and trace and
console interrupt. When a class interrupt occurs, a
complete snapshot of the status of the registers of the
active priority level is automatically copied into a
preallocated storage location. A<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>