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Whether you use a development
systemn or a computer for
microprocessor-based system design,

you need this Logic State Analyzer
to speed debugging.

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

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

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

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

NOW AVAILABLE

6800| 280 | F8 (6502|8085 1802 | fimes
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These microprocessor ‘‘Personality Modules”, priced at
$1250* each, let you adapt the 1611A for today’s key micro-
processors. Watch for more to become available early in 1978.
* Domestic U.S.A. price only.

087168

HEWLETT @ PACKARD

1507 Page Mill Road, Palo Alto, California 94304

For assistance call: Washington (301) 948-68370, Chicago (312)
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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The One and Only

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

simplified tape loading — to name just a few.

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

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

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

the more than 3000 owners of Model 9300.

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

It's the same story with operating features. Model 9300

offers crystal controlled timing, read threshold KENNEDY CO.
scanning, read-after-write shortened skew gate, 540 W. WOODBURY RD., ALTADENA, CALIF. 91001
(213) 798-0953

front-accessible test panel, quick-release hubs and
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KENNEDY- QUALITY-=-COUNT ON IT
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MODESTY ASIDE, THE TALLY T-2000
IS THE MOST RELIABLE
(AND LOWEST COST OF OWNERSHIP)
LINE PRINTER YOU CANBUY.

Tally’s long term reliability is unmatched in the printer Tally's “up-time” performance means extremely
industry. Extended usage does not affect performance. low operating costs. Couple this with our low pur-
Even after years of operation. Field tests prove it! chase price and it adds up that the Tally T-2000
And this steadfast reliability is from a 200 line per offers the lowest cost of ownership available.
minute printer that doesn'’t require lubrication or The reason for this superior reliability is the
adjustments of any kind. No preventive maintenance proven and patented print comb mechanism. Based
is ever needed; there are no duty cycle limitations. on the simple design premise of moving light masses
over short distances, it's impervious to wear or mal-
CIRCLE 3 ON INQUIRY CARD function. As a bonus, it delivers page after page of
outstanding print quality.
Call Tally today. Tally Corporation, 8301 S. 180th St. Kent, WA
T q L LY’ 98031. Phone (206) 251-5500.

LEREREn
OEM SALES OFFICES BUSINESS SYSTEMS SALES bl ) b4
Boston (617) 272-8070 Orinda, CA (415) 254-8350
New York (516) 694-8444
Chicago (312) 325-9788
Los Angeles (213) 378-0805
Miami (305) 665-5751
San Jose (408) 247-0897
Washington, D.C. (703) 471-1145
San Antonio (512) 733-8153
Seattle (206) 251-6730
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Implications of Third Report and Order of
FCC Docket 19528, concerning registration
of PBX and key systems are explored. Bal-
ance of department covers items pertinent to
digital communications, and highlights new
family of transaction control systems

DIGITAL TECHNOLOGY REVIEW

Based on bus-central, functionally distributed
architecture, system uses a time-sliced syn-
chronous technique to achieve mainframe
power and /370 compatibility. Other state-
of-the-art technologies are examined as they
apply to available equipment

DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Two data acquisition systems under com-
puter control that add greater accuracy and
sophistication to testing and monitoring of
Navy rebuilt diesel engines and Army auto-
motive lubricating oils also provide better
results faster and cheaper than by previous
manually controlled methods

TECH BRIEF

MICRO DATA STACK/
PROCESSOR AND ELEMENTS

Consideration of the 8085, an expanded
version of the 8080, provides pertinent data
on signals, interrupts, instructions, periph-
erals, and 1/0. Following the column, micro-
processors, and associated components—
both hardware and software—are covered

MICRO DATA STACK/
COMPUTERS AND SYSTEMS

Design of Altair Timesharing BASIC maxi-
mizing CPU capabilities to produce an ef-
ficient multiuser system with slower through-
put is treated in the article. Additional dis-
cussions deal with microcomputers and sys-
tems design and applications

AROUND THE IC LOOP

Demand for custom ICs, either LSI or MSI,
has increased in spite of earlier prediction
that their use would be greatly reduced by
the introduction of microprocessors. A dis-
cussion of their applicability in low volume
designs is followed by descriptions of re-
cently announced IC devices

PRODUCT FEATURE

High isolation, microcomputer compatible

interface systems gather and digitize low ~

level analog signals under adverse environ-
mental conditions

LITERATURE

GUIDE TO PRODUCT
INFORMATION

ADVERTISERS’ INDEX

Reader Service Cards

pages 193-196

by Shlomo Waser

Power dissipation, pin count, and cost limitations of existing high
speed arithmetic elements result from semiconductor and bipolar
process technologies which offer advantages and disadvantages.
Forthcoming trends promise major increases in chip size, density,
and speed

SERIAL COMMUNICATION PROTOCOL SIMPLIFIES

DATA TRANSMISSION AND VERIFICATION 77

by John G. Fletcher

A serial communications link protocol is implemented by two simple
and nearly independent sub-protocols that enable full-duplex transmis-
sion of required message data, as well as of control and status
information, in a complex computer network

PROVIDING SOFTWARE FLEXIBILITY FOR

OPTICAL PROCESSOR NOISE ANALYSIS 89

by Richard G. Lyons

A microprocessor based signal processor executes optical system
noise analyses with short, simple programs that are readily modified
for application adaptability in a laboratory environment

ECONOMICS OF DESIGNING WITH RASTER SCAN DISPLAYS 98
by Ronald L. Chisenhall
A basic understanding of standard video display parameters promotes

efficient terminal design as raster scan CRTs continue to be a cost-
effective means of visual information display for data applications

INK-JET PRINTER MECHANISM USES

NONSTATIC VACUUM TECHNIQUE 104

by Joachim Heinzl and Giinter Rosenstock

Hardcopy output on a serial printer terminal is achieved by using a
fast, quiet, and reliable ink-jet mechanism, in which multiple nozzles
squirt single, uncharged, ink droplets that strike untreated paper to
form highly readable, smearproof, and indelible alphanumerical char-
acters

CIRCULATION: 67,078
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The New
Slimline Series
From Okidata

OKIDATA

Line Printers That
Sell Minisystems

The Okidata Slimline Series, a new family of
microprocessor-controlled, 132 column line printers.
A wide range of speeds, options and plug-compatible
interfaces, all supported with common spares.

Common spares but uncommon price, performance
and reliability. OEM prices that create new mini-
system opportunities, print quality that helps sell the
businessman and Okidata reliability and maintain-
ability—unmatched in the industry. A 500,000,000
character head warranty and stored program machine
history that replaces customer installation records.

The Slimline, available in 300, 250, 160 and 125 LPM
models. Twelve program-selectable fonts, 5 x 7,

7 x 7 and 9 x 7 characters, and graphics capability.
The Slimline, backed by a worldwide sales and
service organization.

OKIDAIA

Okidata Corporation

111 Gaither Drive

Mount Laurel, New Jersey 08054
Telephone: 609-235-2600
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Three OEM drives trom Control Data

with proven technology and reliability.

All three drives share a compatible interface. All
have 35 ms. average access time, the same 2.5 MHz
transfer rate and are daisy chainable from the same
controller. They are among the most popular
products in our line of OEM rotating memory.

Choose our Fixed Media Disk Drive for its

6000 MTBEF reliability

The Model 9414 uses a non-removable 5440-type
media disk,to store up to 12 Mbytes. Configured
as stand-alone memory or with one of our low-cost
flexible disk drives for backup, you get superior
reliability.

Or our Cartridge Disk Drive that uses
fixed/removable media

The Model 9427-H uses a removable disk cartridge
and a single fixed disk to provide 12 Mbytes of
storage capacity. One of the reasons for its wide
acceptance (over 25,000 installed) is our flexible
switch-controlled interface and four different
connector options. This interface flexibility means
our customers—and yours—can “plug and play”
without costly hardware or software conversion.

Or a Voice Coil Drive for large-capacity storage
The Model 9747 gives you up to 60 Mbytes of
storage using a CDC® 9873 or IBM 2316 disk pack.
It’s one of our most popular drives because of its
proven reliability and exceptionally low cost...
more than 30,000 delivered.

And all drives are ready for shipment
Control Data manufactures heads, media and

actuators for these drives, so you don’t have to
worry about delivery delays.

Put quality behind your nameplate. Call us at
612/853-3399 or if in Europe, contact one of our
European representatives. Or return coupon to:

D. C. Steiner, General Manager, OEM Product Sales
Control Data Corporation

P.O. Box 0

Minneapolis, MN 55440

Please send information on your

O 9414 Fixed Media Disk Drive
[0 9427-H Cartridge Disk Drive

O 9747 Voice Coil Drive

CD-78

O Entire OEM Product Line

711 [ X e e TS
Company.——— e Plioile
City _ State Zip

@ 5 CONTROL DATA
CORPORATION

|
|
|
|
l
|
|
I
|
| Address Seee———
|
|
|
|
|
|
|
|
|
|
I
! More than a computer company
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Design Engineers— Telephony

Important
“in-at-the-early-stage"”
opportunities in
electronic key systems.

Stromberg-Carlson offers:

1. involvement in a new large-scale D&D program
2. immediate high-level phone briefing

3. a chance to enjoy Florida living at its very best

Stromberg-Carlson — the largest independent telephone equipment
manufacturer in the U.S. — has launched a major D&D program in
electronic key systems. The program will be the basis for a whole new
generation of repertory dial telephones, feature telephones, executive
telephones, and advanced POS terminals.

Your role in this state-of-the-art program is so important that a member
of our Technical Management will call you for a detailed briefing,
if you are qualified.

We will answer your questions, tell you about our new Orlando
Facilities, and describe what may be the most attractive
professional and living environment a design engineer

could ask for. Send detailed resume and salary history X
(be sure to include your home telephone number) to:

Mr. George P. Smith, Vice President of Research

& Engineering, Stromberg-Carlson Corp., Engineering
Development Center, P.O. Box 7000, Longwood, )
Florida 32750. AL
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RECENT EDITORIAL
APPOINTMENTS—

6 CIRCLE 6 ON INQUIRY CARD

Computer Design has recently added
two editors to its staff, one as a West
Coast Editor based in Arcadia, Calif,
and the other as an Associate Editor
at the Littleton, Mass offices. Each
has a varied and extensive back-
ground in magazine and/or book
publishing.

‘ Michael Chester
West Coast Editor
Mike Chester is the author of 25 published
books, mostly on scientific topics, and has
written many articles for publication in
technical journals. He has a BA degree in
physics from the University of California,
Berkeley and has completed part of the
requirements for an MA degree in biophysics
at the University of California, Los Angeles.
He has been a freelance author and inde-
pendent consultant for a number of years.

James W. Hughes
Associate Editor

Jim Hughes has been a staff member and
developer of several technical magazines
including Microwave Journal and Solid
State Design. He founded the Journal of
the Association for the Advancement of
Medical Instrumentation and was Publisher
and Editor of Frequency Technology, Com-
puter Component News, and Data Product
News. Most recently he was Managing
Editor of Telecommunications magazine.

CORRECTION

The headline for the TRw Ls1 Prod-
ucts Div item on p 248 of the May
issue should have read “70-ns
Multiplier/Accumulator Can Be
Communications Filter.” Also, the
company address should have been
“po Box 1125, Redondo Beach, ca
90278.
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Tl’le Age Of the 8086

has arrived.

Intel introduces
the 16-bit evolution of our

8080 and 8085.



@mﬁuﬁer peripheral
OS memory.

A p
tandard 8086
And it delivers
o a full megabyte of memory
6-bit signed or unsigned




MCS-86 is here today.

era In microcomputers.

For easy expansion, add our 8288 Bus Controller, which generates Multibus™ timing signals.
And, using our 8286/8287 Octal Transceivers, MCS-86 interfaces with larger, buffered systems.

Get started with software now using our Intellec’ development system

and PL/M 86, an expanded version of our popular
PL/M high level language. And, with the ASM
86 assembler, you can write assembly
language programs for your MCS-86
designs and translate your existing
8080 and 8085 software to run on
8086. Both PL/M 86 and ASM 86
operate under ISIS-II, Intellec’s
advanced operating system.

MCS-86 components are available
today. Order your MCS-86 Prototype Kit
from your local Intel distributor. The kit
includes all the essential components

to begin your evaluation of this new
era in microcomputers. Or, for more
information, contact your local
Intel sales office or write:
Intel Corporation,
3065 Bowers Avenue,
Santa Clara, Cali-
fornia 95051.

intéi®deliver&

Ehsil ) g

N ENE T
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U.S., Canadian distributors: Almac/Stroum, Component

~wfaN m’w

Speciaities, Cramer, Hamilton/Avnet, Harvey, Industrial Compo-
nents, Pioneer, Sheridan, Wyle/Elmar, Wyle/Liberty, L.A.Varah,
Zentronics. Europe: intel International, Rue du Moulin a Papier,

51-Boite 1, B-1160, Brussels, Belgium. Telex 24814.
Japan: Intel Japan, K.K., Flower Hill-Shinmachi East Bidg. 1-23-9, Shlnmachi

Setagaya-ku, Tokyo 154. Telex 781-28426.

Circle No. 7 for more information



| cALENDAR

CONFERENCES

AUG 20-25—Sym for Innovation in Measure-
ment Science, Hobart/Smith College, Geneva,
NY. INFORMATION: Peter Vestal, Instru-
ment Society of America, 400 Stanwix St,
Pittsburgh, PA 15222, Tel: (412) 281-3171

AUG 21-31—17th USITA Data Communica-
tions Conf, Scheman Continuing Education
Bldg, lowa State U, Ames, lowa. INFOR-
MATION: Paul Bond, Conf Director, Engi-
neering Ext, 110 Marston Hall, lowa State
U, Ames, |A 50011

AUG 22-25—Internat’l Conf on Parallel
Processing, Shanty Creek Lodge, Bellaire,
Mich. INFORMATION: Dr Charles S. Elliott,
College of Engineering, Wayne State U, De-
troit, M1 48202, Tel: (313) 577-3812

SEPT 4-8—Searcc 78, South East Asia Re-
gional Computer Conf, Philippine Internat’l
Conv Ctr, Manila, Philippines. INFORMA-
TION: Searcc 78, Philippine Computer So-
ciety, MCC PO Box 950, Makati, Metro-
Manila, Philippines

SEPT 5-8—COMPCON Fall ‘78, Capital Hil-
ton, Washington, DC. INFORMATION:
COMPCON Fall, PO Box 639, Silver Spring,
MD 20961. Tel: (301) 439-7007

SEPT 6—Invitational Computer Conf, New-
ton, Mass. INFORMATION: B. J. Johnson &
Associates, 2503 Eastbluff Dr, Suite 203,
Newport Beach, CA 92660. Tel: (714) 644-
6037

SEPT 6-8—FOC ‘78, Fiber Optic and Com-
munications Expo, Hyatt Regency-O'Hare,
Chicago, Ill. INFORMATION: Information
Gatekeepers, Inc, 167 Corey Rd, Suite 212,
Brookline, MA 02146. Tel: (617) 739-2022

SEPT 6-8—Internat’l Optical Computing
Conf, Imperial College, London, England.
INFORMATION: S. Horvitz, Box 274, Water-
ford, CT 06385. Tel: (203) 442-0771

SEPT 12-14—Western Electronic Show and
Convention (WESCON), Los Angeles Conv
Ctr, Los Angeles, Calif. INFORMATION:
W. C. Weber, Jr, 999 N Sepulveda Blvd, EI
Segundo, CA 90245. Tel: (213) 772-2965

SEPT 15-17—Personal and Business Small
Computer Show, New York Coliseum, New
York, NY. INFORMATION: Personal Com-
puting Expo Inc, 78 E 56th St, New York,
NY 10022

SEPT 19-21—Computer Aided Design and
Computer Aided Manufacturing Conf (CAD/
CAM V1), Hyatt House, Los Angeles Inter-
nat’l Airport, Los Angeles, Calif. INFORMA-

10

TION: Computer and Automated Systems
Assoc of the Society of Manufacturing En-
gineers, 20501 Ford Rd, PO Box 930, Dear-
born, MI 48128. Tel: (313) 271-1500, X403

SEPT 19-22—Conf on Microprocessors in
Automation and Communications, U of Kent
at Canterbury, England. INFORMATION:
Conf Secretariat, Institution of Electronic and
Radio Engineers, 99 Gower St, London WCIE
6AZ, England

SEPT 20-22—Telecomputer Application Group
Conf, Washington, DC. INFORMATION: Hol-
lis J. Sobers, Allied Chemical Corp, PO Box
1039R  Morristown, NJ 07960. Tel: (201)
455-5123

SEPT 21-23—Interactive Techniques in Com-
puter Aided Design, Palazzo dei Congressi,
Bologna, Italy. INFORMATION: Dr Betram
Herzog, Computer Ctr, U of Colorado,
Boulder, CO 80303. Tel: (303) 492-6501

SEPT 26-28—Automatic Test Equipment
Conf and Expo (ATEX), Hynes Auditorium,
Boston, Mass. INFORMATION: Bill Hickey,
Golden Gate Enterprises, 1307 S Mary Ave,
Suite 210, Sunnyvale, CA 94086

SEPT 26-29—Internat’l Conf on Computer
Communication (ICCC-78), Kyoto Internat’l
Conf Hall, Kyoto, Japan. INFORMATION:
ICCC-78 Executive Committee, c/o Internat’l
Affairs Bureau NTT, 1-6, Uchisaiwai-cho,
1-chome, Chiyoda-Ku, Tokyo 100, Japan

SEPT 29-OCT I1—Internat’l Microcomputer
Expo, Dallas Convention Ctr, Dallas, Tex.
INFORMATION: Beverly Tanner, Expo Di-
rector, 413 Carillon Tower, 13601 Preston
Rd, Dallas, TX 75240. Tel: (214) 271-9311

OCT 6-11—Japan Electronics Show, Tokyo
Internat’l Trade Ctr, Tokyo, Japan. INFOR-
MATION: Japan Electronics Show Assoc, No.
24 Mori Bldg, 11 F, 3-23-5, Nishi-Shinbashi,
Minato-ku, Tokyo 105, Japan

OCT 10-12—Conf of the European Cooper-
ation in Informatics (ECI), Venice, ltaly.
INFORMATION: Prof Dr Peter Lockemann,
Institut fir Informatik |1, Universitdt Karls-
ruhe, Postfach 6380, D-7500 Karlsruhe 1,
Germany

OCT 16-19—ISA/78, Instrument Society of
America’s Internat’l Instrumentation-Auto-
mation Conf and Exhibit, Philadelphia Civic
Ctr, Philadelphia, Pa. INFORMATION: ISA/
78, Philadelphia, Information Request, 400
Stanwix St, Pittsburgh, PA 15222

OCT 17-19—EUROMICRO 78, Sym on Mi-
croprocessing and Microprogramming, Munich,
Germany. INFORMATION: Dr Helmut Berndt,
Siemens AG, Div WS PZ1, Postfach 70 00
78, D-8000 Miinchen 70, West Germany

OCT 18-20—Canadian Conf on Communica-
tions and Power, Queen Elizabeth Hotel,
Montreal, Canada. INFORMATION: Jean
Jacques Archambault, Chm-Technical Pro-
gram Committee, CP/PO 757, Succ C, Mon-
treal, Quebec H2L 4L6, Canada

OCT 25-27—Sym on Computer Arithmetic,
Miramar Hotel, Santa Monica, Calif. IN-
FORMATION: Prof Milos D. Ercegovac,
Computer Science Dept, U of Calif, Los
Angeles, CA 90024. Tel: (213) 825-2660

NOV 7-9—Mini/Micro Conf and Expo, Astro-
hall, Houston, Tex. INFORMATION: Robert
D. Rankin, Managing Director, Mini/Micro
Conf and Expo, 5528 E La Palma Ave, Suite
1, Anaheim, CA 92807

NOV 20-22—BIAS Internat’l Conf: Automa-
tion and Microcomputer, Milan Fair Ground,
Milan, Italy. INFORMATION: Federazione
delle Associazioni Scientifiche e Techniche,
Piazzale Roldolfo Morandi, 2, 20121 Milan,
Italy

DEC 18-20—Internat’l Computer Sym (ICS),
Academia Sinica; Nankang, Taipei, Republic
of China. INFORMATION: K. S. Fu, School
of Electrical Engineering, Purdue U, W La-
fayette, IN 47907. Tel: (317) 494-8825

SEMINARS

AUG 21-23—Computer Networks, Conti-
nental Plaza, Chicago, Ill. INFORMATION:
Technology Transfer Inc, PO Box 49765, Los
Angeles, CA 90049. Tel: (213) 476-1331

SHORT COURSES

AUG 7-11—Electronic Counter Measures and
Electronic Counter Counter Measures (ECM
and ECCM) for Digital Communications,
Howard Johnson’s Motor Lodge, Redwood
City, Calif. INFORMATION: Continuing En-
gineering Education Program, George Wash-
ington U, Washington, DC 20052. Tel. (202)
676-6106

AUG 7-18—Computer Graphics, Massachu-
setts Institute of Technology, Cambridge,
Mass. INFORMATION: Director of the Sum-
mer Session, Rm E19-356, MIT, Cambridge,
MA 02139. Tel: (617) 253-5960

AUG 22-24—Microcomputer Interfacing
Course, Philadelphia Hilton Hotel, Philadel-
phia, Pa. INFORMATION: Dr C. Titus,
Course Director, Tychon, Inc, PO Box 242,
Blacksburg, VA 24060. Tel: (703) 951-9030
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Head andshoulders
below the competition

DEC RXO01
1012"

$4300

Bootstrap $320 extra

DSD 110

5Ya"

$3195

Bootstrap included

Data Systems’ new, floppy disk system offers
performance and storage equal to DEC®’s RXO01,
but uses half the space and costs 25% less.

Save money, save rack space All this is possible because the To find out more about the

and increase your system’s re- interface, formatting and con- low-cost, low-profile DSD 110,

liability by selecting the DSD 110 troller circuitry, and hardware contact Data Systems today. A

for use with any DEC LSI-11 or bootstrap have been combined data sheet and price list will be

LSI-11/2. on a single dual-wide card. This forwarded to you immediately.
card, which is available sepa-

The DSD 110 provides 512K rately, eliminates the need for ® Haglstared tradsmark of Digital

Equipment Corporation

bytes of fully DEC-compatible DEC’s REV-11 card.
storage in a 5%4" cabinet. While
the DSD 110 saves you rack
space, it also uses one less Data Systems Design, Inc.
Q-bus slot than DEC’s RX01. 3130 Coronado Drive,
: Santa Clara, CA 95051
(408) 249-9353
TWX 910-338-0249

Data Systems has combined
interface, formatter, con-
troller, and hardware
bootstrap on this single
dual-wide card. Available
separately in OEM quantities.
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COMMUNICATION CHANNEL

CERTIFICATION UPDATE

John E. Buckley

Telecommunications Management Corporation
Cornwells Heights, Pennsylvania

On April 13, 1978 the rcc (Federal Communications
Commission) issued the finalization of certification stan-
dards and procedures referred to in the December 1977
Communication Channel, “Certification 1977.” With the
release of its Third Report and Order in Docket 19528,
the Fcc attempts to complete implementation of the pBx
(Private Branch Exchange) and Key Telephone Equip-
ment System Registration Program. Encompassed also
within the scope of this Order is the application of com-
puterized telephone systems, which actually are digital
computer systems with oM (time division multiplex)
switching rather than the traditional electromechanically
switched systems. The Report and Order adopts regula-
tions governing cabling associated with telephone system
installations, means for the connection of these systems to
the telephone network, and “grandfathering” standards for
existing installed telephone systems. These equipment
registration standards are intended to eliminate present
requirements for utility telephone company-provided pro-
tective devices. However, the rules do not abolish pro-
tective devices entirely; rather, they specify the require-
ments that must be met as alternatives to connecting
arrangements provided by the telephone company.

The Report and Order, effective June 1, 1978, does
not fundamentally change the equipment registration
standards previously adopted by the Fcc. In general, the
technical specifications have established boundaries for
each separate technical condition such as hazardous volt-
age and signal power. When registered communications
equipment and systems are installed in compliance with
Fcc standards with respect to both installation cabling
and to the actual means of connection, connecting ar-
rangements are, generally, not required. Compliance with
the Fcc standards is a matter of considerable complexity
and, depending upon the type of installation involved,
may itself require use of some form of protective device.
The new rules address two areas: installation cabling (re-
ferred to as Premises wiring), and actual connection to
the public telephone switched network.

Premises Wiring

Premises wiring is defined as wiring which connects the
communications system components to one another. It
also includes telephone network interface equipment lo-
cated at the customer’s site. The rcc has defined three
separate classes of premises wiring: fully protected, pro-
tected and “other.”

Fully protected wiring is cabling not greater than 25 ft
(7.6 m) in length, registered as a component of and
supplied to the user with the registered terminal equip-
ment. Fully protected wiring must be preconnected to the

equipment. It may be designed for connection by the
installer or user if the registration application demonstrates
that no harm will result from such connection. Premises
wiring is also fully protected if it is electrically behind
registered or grandfathered equipment. This assures that
electrical contact between the cabling and commercial
power wiring, including ground, will not result in either
hazardous voltages or excessive longitudinal imbalance at
the telephone network interface. Under the rules, fully
protected wiring must be used to connect common equip-
ment to the network interface equipment unless the tele-
phone company is unable to locate the interface to within
25 ft (7.6 m) of the common equipment.

Protected premises wiring is that which is electrically be-
hind registered or grandfathered equipment systems, com-
ponents, or circuitry, which assures that electrical contact
between the cabling and the commercial power wiring
will not result in hazardous voltages at the telephone
network interface. Principal difference between fully pro-
tected wiring and protected wiring is that with the
former, the equipment provides design assurances against
both hazardous voltage and longitudinal imbalance at the
point of network connection, while the latter provides
design assurances only against hazardous voltage. Use of
the 25-ft (7.6-m) cabling to connect with the network
does not render an installation fully protected where the
premises wiring that connects system components is itself
merely protected rather than fully protected.

Other premises wiring does not fall into either of the
above categories. To maintain dc continuity, a trans-
former may not be interposed between unprotected wiring
and the network interface. Obviously, transformer coupling
used in the equipment design which has adequate balance
and voltage breakdown ratings would render the wiring
fully protected under the above definition. Other
premises wiring and protected premises wiring may be
used to connect separately housed equipments to each
other but may not be used to connect to the network
except where the utility telephone company is unable to
locate the network interface within 25 ft (7.6 m) of the
equipment.

Classification of premises wiring is the single most im-
portant determinant of what type of protective circuitry
and/or testing and inspection requirements, if any, must
be met prior to connection of the communications system
to the telephone network. Assuming that requirements
of the rules are otherwise met, where fully protected
wiring is involved no further protective circuitry or test-
ing procedures are necessary. The only requirement is a
simple notice to the telephone company that a fully
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The Incredible
8K Cache

This is the ultimate version, the 8K
cache with everything. You have never
seen one like it before, and you may
_never see another. D931gned for the

: 11/34, 11/35 and 11/40, it has
byte and address parity,
upper/lower limit switches,
on-line/off-line manual switch
control, activity indicator lights,
8K bytes of memory (4K
words) providing a capacity
four times that of competitive
units and an interconnect
board design which
consumes no extra space
in the computer.

That’s why there is always
room in your computer for this
incredible cache. You should put
one there, especially if you are the
kind of guy who likes to optimize his
system for top performance. Our 8K super-
charger lets you tailor performance to match
your application and to establish hit-ratio
optimization. It indicates hit rate and parity error
immediately and, if errors are detected, shuts off
automatically without ever interfering with system
operation. It is, in fact, the only intelligent buffer memory
turned out by an independent manufacturer.

There are two models available, Cache/434" and Cache/440" Both are
priced competitively and are available off-the-shelf as usual. Write for
details. We’ll also include information on our other buffer memories as well
as add-in memories, quad interface boards, bus
repeaters and LSI adaptors. When you see what we
send you'll know why we co;a::ider ourselves the leader
among manufacturers of D .C* enhancements. Able
Computer Technology, Incorporated. 1751 Langley Avenue,
Irvine, California 92714. (714) 947¢-7030. TWX 910-595-1729.

Able, the cox iputer experts

*DEC is a registered trademark of Digital Equipment Corporation.
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protected system is being installed. Changes and re-
arrangements may be made without the use of protective
circuitry. As a practical matter, at the present time
compliance with this standard will be possible only in
the case of fully electronic pBx systems which use a 25-
ft (7.6-m) cord for connection to the network.

In the case of protected premises wiring and unpro-
tected premises wiring, the regulations establish a series
of requirements in addition to the notice which must be
met before the system can be lawfully connected to the
network.

Network Connection

The means of connection of the communications system to
the telephone network must also conform to the rules
established by the rcc. The regulations apply to all key,
cBx, and PBx installations, even when fully protected
wiring is involved. For the vast majority of such installa-
tions, the Fcc rules require the use of fully connectorized
interfaces. Typically, the interface consists of a multi-
line plug with corresponding jack installed by the tele-
phone company. Recognizing, however, that this fully
connectorized approach can limit and increase the dif-
ficulty of rearrangements, the regulations permit cross-
connect adapters to be used. Punch-down terminal strips
and field-installable connectors are not ordinarily per-
mitted under the rcc rules.

One limited circumstance in which field installable
connectors (but not punch-down terminal strips) may
be used is where the telephone company is unable to
locate the interface within 25 ft (7.6 m) of the equip-
ment. In this case the Fcc states that field-installable
connectors, other than the punch-down blocks, may be
used.

Although these provisions concerning standard means
of connection are stated to be mandatory, there is an
important exception. Rules provide that the “telephone
company and installation supervisor may mutually agree
to use electrical connections alternative to those specified.”
The rcc has stated that it has no wish to limit flexibility
at the time of installation, and this provision has been
specifically added to permit such mutually agreeable
flexibility in the means of connection, including punch-
down strips.

Grandfathered Installations

Single most difficult aspect of the Third Report and
Order relates to the grandfather standards that have been
established for key, cBx, and pBx telephone systems.
Purpose of the grandfathering provisions is to take into
account existing installations which may not comply with
the new rules, and to provide a transitional period during
which manufacturers can reconfigure their designs in
order to make equipment conform to the new technical
standards.

All terminal equipment (other than cBx, pBx, and key)
of a type directly connected to the telephone network as
of October 17, 1977 may be connected and remain con-
nected for life without registration unless subsequently
modified. The Fcc has established a list of the types of
equipment which meet this test.

In the case of key, cBx, and pBX equipment, the grand-
fathering rules are more complicated. They do not,
necessarily, permit direct connection of such systems even
though systems of the identical type may previously have
been directly connected to the telephone network. The
different rules are based upon the ¥cc’s belief that the
bulk of these customer-provided telephone systems have
been installed behind utility telephone company-provided
connecting arrangements and therefore some method of
continued protection is required.
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The first category of grandfathered key, cBx, and pBX
systems are those which have already been installed.
Under the rcc rules, the entire system is grandfathered
for life unless modifications are made. Note that grand-
fathering encompasses the entire system. Thus, if a sys-
tem was directly connected to the network, it is grand-
fathered; but if the system was installed using a connect-
ing arrangement, the combination of equipment and con-
necting arrangement is grandfathered and the connecting
arrangement cannot be removed except as provided in the
rules. In other words, even if the equipment is of a type
which was directly connected to the network, the carrier-
provided connecting arrangement cannot automatically be
removed. It is possible, although unlikely, that some
customers will be content to continue using the carrier-
provided connecting device.

The second category of grandfathered equipment in-
volves key, cBx, and pBx systems where the customer
desires to remove the carrier-provided connecting device,
or where modifications or additions are to be made to the
system. Additions to grandfathered systems connected to
the network on June 1, 1978 may be made up to July 1,
1979 without registration of the additional equipment.
The new equipment added must be of a type directly
connected to the telephone network as of October 17,
1977 and any wiring added must conform to the new
rules governing premises wiring.

There are two methods by which utility telephone
company-provided connecting arrangements on grand-
fathered systems may be removed. First, any existing
system which is connected to the telephone network
through a telephone company connecting arrangement
may replace the arrangement with a device owned by the
customer. However, the rules governing premises wiring
must be satisfied. If the telephone company-provided
device is replaced with a device which guards against
both hazardous voltage and longitudinal imbalance, the
rules governing fully protected wiring would apply; how-
ever, if the existing device is replaced with a device
which guards only against hazardous voltage, the change
would require compliance with the rules applicable to
installation of protected wiring.

The second method by which a carrier-provided con-
necting device can be removed requires that an affidavit
be obtained from the person who originally supervised the
installation of the existing premises wiring; if that affidavit
shows compliance with the documentation requirements
of the new rules, the existing utility telephone company-
provided hardware protection may be removed. If new
wiring is required to restore compatibility of the system
with the network, the rules governing installation of
premises wiring must be satisfied. This would occur in
cases where the existing connecting arrangements typically
perform an interface function as well as a protective
function.

The final category of “grandfathered” equipment in-
volves new installations during the period between June
1, 1978 and July 1, 1979. In this category, specific equip-
ment types connected directly to the telephone network
as of October 17, 1977 and therefore appearing on the
Fcc “grandfather list” may be installed even though they
are not registered. However, premises wiring associated
with the installation of such grandfathered equipment
must comply with the new rules governing premises wir-
ing. Thus, in terms of the installation of new systems
prior to July 1, 1979, there is no practical difference be-
tween registered equipment and grandfathered equipment.
In both cases the premises wiring standards must be
met. After July 1, 1979, the equipment must be registered
and the premises wiring and means of connection stan-
dards must be satisfied.
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Racal-Milgo’s new modems
make sure you get
every millisecond’s worth
from your data channels.
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The MPS 9601 series includes 6 models of synchronous modems that deliver full 9600
bit-per-second data transmission in both point-to-point and multipoint networks. The
modems offer unique cost saving advantages such as FASTRAN™ ultra-fast 30 millisecond
response time and DYNAPORT ™ automatic channel allocation as well as multiport
operation and modem sharing. Models are available with CCITT/V.29 modulation.
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- — Racal-Miigo MPS 7201

The MPS 7201 modem series provides synchronous 7200 bps data communication over
unconditioned lines in point-to-point or multipoint networks. Four models offer a selection
of high efficiency features that include up to three independent ports, FASTRAN ultra-
fast response time, diagnostics and DYNAPORT automatic channel allocation.
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The MPS 4801 series offers optimum 4800 bps data communication over unconditioned
lines in point-to-point or multipoint networks. Modems in this series are available with either
a single 4800 bps data port, or with two 2400 bps ports. Cost-saving options, including
DYNAPORT and FASTRAN, are available in this series.

The exceptional advantages offered in this new series of microprocessor-based modems
are fully described in our 12-page brochure. We'll gladly rush you a copy.

i1 — the new name for [ICJ RACAL

Racal-Milgo Information Systems, Inc.
8600 N.W. 41st Street Miami, Florida 33166 Telephone (305) 592-8600 TWX: 810-848-6588 LT
© 1978 In Europe: Racal-Milgo Limited, Reading, Berks, England IDCMA
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New Developments from SYSTEMS...

The SEL 32/30
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Until now, you've either
had to forego 16-bit pricing
to get 32-bit performance, or
you've had to give up 32-bit
performance just to keep the
budget in line.

No longer. Now you can in-
vest in a full-blown 32-bit com-
puter and pay no more than
you would for a 16-bit com-
puter. And not have to worry
about insufficient power for
future needs.

The SEL 32/30 is the small-
est of the SYSTEMS hierarchy

of 32-bit computers. But don'’t
let its small size fool you. This
MAXIBOX is big in performance
and throughput, ideally suited
for scientific or process con-
trol applications such as telem-
etry, simulation, industrial or
laboratory automation. And it
costs you no more than a 16-
bit computer.

The SEL 32/30 is value-en-
gineered for the OEM. 1t is a
single chassis, fully integrated
system that is upward compatible
with the entire SEL family of
32-bit computers. So even if you
start with a minimal investment,

it will continue to pay off as
your customers’ applications
expand.

If power and performance
are what you need, and budget
is a definite consideration, talk
to us. We’'ll make sure that
when you invest in a SEL 32/30
MAXIBOX, more dollars will
flow to your bottom line.

Call us. We're easy to talk to.
(305) 587-2900
6901 West Sunrise Boulevard
Ft. Lauderdale, Florida 33313.

MOS MAXIBOX.

CIRCLE 11 ON INQUIRY CARD
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EOMMUNICATIDN CHANNEL

Analysis System Automates Diagnosis of
Circuit Faults in Data Communications Networks

“Analysis” network management sys-
tem automatically tracks performance
of data communications networks in
real time and provides specific infor-
mation on circuit problems in con-
versational English. System gathers
and stores data on the condition of
as many as 144 lines, modems, and
terminals in point-to-point and multi-
drop networks, displays data in plain
English, and provides control over
modems throughout the network. It
additionally gathers management re-
ports on network, line, and modem
availability.

Key to the system is the mp-48
4800-bit/s programmable modem,
which uses dual microprocessors
rather than hardwired logic or wLs1
circuits, according to Paradyne Corp,
8550 Ulmerton Rd, Largo, rL 33541.
One of the microprocessors handles
such functions as equalization, scram-
bling, encoding and filtering; the other
provides dynamic information on
transmission impairments, and con-
trols the modem processor during
diagnostics.

A 110-baud noninterfering diag-
nostic channel, monitored by a mini-
computer based central site diagnostic
processor, links MP-48 master and
slave modems. Major system compo-
nents are the central site control unit,
one or more MP-48 master modems,
and up to several hundred slave
modems throughout the network.

The cpu is a 16-bit microprocessor
with 667-ns memory, 16 general pur-
pose registers with context switch ca-
pability, and workspace capability for
fast interrupt handling. Hardware in-
struction set offers easy Dbit/byte
manipulation, and includes floating
point arithmetic with hardware mul-
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Analysis CCB network manage-
ment system control center.
Operator can view complete
status of any network drop, can
determine levels of line noise,
loss and/or phase jitter, mea-
sure modem voltage to within
0.01 V, measure line hit errors,
and determine modem receive
levels, phase jitter, and S/N
ratio within 1.0 dB

tiply/divide. Main memory is expand-
able from 24k to 64k bytes in 8k-
byte increments. Up to four diskette
drives can be supported for direct ac-
cess storage; a floating head disc
capable of storing from IM to 3M
records will be available.

rs-232-C asynchronous interface is
provided for 110-baud rates; basic
Analysis system handles up to 17 lines
expandable to 39. Transmission is in
8-bit asci. System software comprises
Anst standard FORTRAN 1v supple-
mented by caLrs to assembly lan-
guage subroutines. Available software
includes an executive, and a series of
independent modules, such as Auto-
scan, which in turn call out second-
ary modules.

Information on such performance
parameters as noise, loss, phase jitter,
amplitude, and phase delay distor-
tion is gathered from every drop on
the network, is assembled and ana-
lyzed for exception and alarm states,
and is displayed in conversational
English on crT screen or LED readout.

System comes in two versions: cca,
priced from $3500, and ccs, with
large crr based control monitoring
station, from $36,600. Availability is
90 days Aro.

Circle 400 on Inquiry Card

Message Communication
Terminal Line Is Expanded

A number of enhancements to its
model 43 family, and a 5-level model
42 terminal were recently announced
by Teletype Corp, 5555 Touhy Ave,
Skokie, . 60076. Model 43 8-level

message terminals, configured in Re-

ceive/Only (ro), Keyboard Send/
Receive (xsr), and Automatic Send-
Receive (Asr), are capable of inter-
active and batch communications.
Buffered 43 terminals are now offered
for point-to-point and multipoint com-
munications, providing 20k chars of
storage for sending, receiving, and
editing.

Terminals can automatically send
and receive online via the buffer at
10 to 180 chars/s, while messages
are being simultaneously edited and
prepared for future transmission. Buf-
fered Asr units include paper tape
facilities. For editing, any text can
be located by string searching, re-
trieved, and changed by character de-
letion and insertion.

Model 42 shares design elements of
the 43 but has a 5-level code con-
figuration for compatibility with the
ccrrt #2 standard.

Circle 401 on Inquiry Card

Fiber Optic Link
Provides TTL Compatible
Duplex Data Transmission

Two transmitter/receiver modules and
a preterminated duplex cable, 30 m
in length, are combined in a fully
assembled and tested fiber optic data
link from 3M Co, Dept Ep8-26, Box
33600, St Paul, mx 55133. The link
uses duplex cable with two discrete
low loss plastic clad silica fibers of

Link interconnection to PC board. Re-
quired signals are brought to a stan-

dard 3M PCB header. Transceiver
module measures 0.375” x 1.25” x 2.5”
(0.95 x 3.175 x 6.35 cm) and can be
used in a card cage without modifica-
tion. Preterminated, mechanically polar-
ized duplex cable connector assembly
incorporates internal strain relief for
protection of the fiber optics
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For more pictures, just open your
Advanced Micro Devices’ Schottky and
Low-Power Schottky Data Book. Or ask
and we'll send you a beautiful wall chart,
suitable for framing.

Advanced
Micro Devices

¢\

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

Transceiver package. Modules have infrared emitting GaAs LED light source
and PIN photodiode light detector. 10-contact socket on 0.100” (0.25 cm)
centers mates with standard PCB header. Link requires microprocessor-type
power source with =7 to 15 V and 5 V

0.008” (0.30-mm) core diameter in
a pvc-jacketed flat cable configura-
tion for simultaneous transmission and
reception of data.

Typical cable attenuation is 30
dB/km; connector attenuation is 1
dB/mated pair. The TTL compatible
link has a data rate of 10M bits/s
using biphase coded line format with
synchronous or asynchronous trans-
mission. Error rate is 10—1° at 10
MHz over a 90-m cable. An external
resistor presets data quality threshold

to customer requirements. Optical sig-
nals are continuously monitored; if
signal quality falls below the chosen
threshold, the receiver ceases to de-
code data.

Information security, electrical iso-
lation, and a high degree of immunity
to electromagnetic interference are
provided. Special cable lengths to fit
individual needs can be ordered.
Price for complete data link is $695;
delivery is 8 weeks ARro.

Circle 402 on Inquiry Card

Online Transaction Control
Systems Offer Flexibility
in Data Communications

A family of online modular transac-
tion control systems, including data
communications -control processors,
keyboards, displays, printers, and spe-
cial purpose devices, has been intro-
duced by Burroughs Corp, Burroughs
Place, Detroit, M1 48232. Systems may
be intermixed to fit a variety of re-
quirements in financial institutions,
government offices, school systems,
hospitals, sales offices, plants, and
warehouses.

™0 500 series system modules for
input and display feature choice of
5 or 9”7 (127 or 22.8-cm) CRT
screens; each can display 60Q char
in upper and lower case. Numeric
or alphanumeric keyboard, personal
identification number (pn) keyboard,
and mag card reader are modular op-
tions. PINs or security codes can be
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accepted without being shown on the
screen. Dual buffers allow operator
entry of new data while the screen
is displaying information received
from the central computer system.
Particular items can be highlighted
on the screen by reverse video fea-
ture. Microprocessor based design in-
cludes integral automatic confidence
testing and fault diagnostics.

Ap 100 series auxiliary printers,
designed for various financial and
commercial applications, operate at 90
char/s, can print single or dual forms,
or can be equipped with pin feed for
continuous forms printing. Split platen
allows independent spacing of dual
forms. Printer will accept journals,
receipts, multiple-page passbooks,
checks, and ledger cards. Two sepa-
rate forms may be inserted and posted
simultaneously and a continuous car-
bon copy journal record of all trans-
actions may be posted at the same
time. Passbook reading feature auto-
matically aligns passbook before print-

ing and ensures that correct passbook
has been inserted.

AP 300 is a compact, multipurpose,
microprocessor controlled printer sta-
tion with 90-char/s, bidirectional ma-
trix print mechanism. Printing is in
any of four formats, from condensed
to expanded, on a char-to-char or
block basis. Emphasis is provided by
double-width char, switching from
one font to another, underscoring,
and by reverse images (white on
black background blocks).

In addition, data can be right or
left justified. Up to 132 char used in
repetitive printing, such as headings,
prefixes, or suffixes, can be stored.
Control code triggers printing, without
need to retransmit data repeatedly
from central computer. Dual receive
buffers operate in flip-flop mode; as
one is being loaded from the line,
the other is unloading to the printer,
ensuring continuous full-speed printer
operation.

pc 128/129 systems and communi-
cations processors allow the devices
to be used in conjunction with com-
pany’s tv 1800 teller terminals, TT
100 and 600 transaction terminals,
and Tp 730 and 830 input and dis-
play terminals. The independent pro-
cessors communicate with a central
computer at line speeds up to 9600
bits/s. Both offer up to 64k bytes of
user program memory. For secondary
storage, the pc 128 has separate mag
tape cassette stations, while the pc
129 has a 1M-byte capacity mini disc
which can be used for data or pro-
gram storage.

A financial terminal system pro-
gram software product will be offered,
designed to optimize performance in
financial teller window operations.
For other applications, new modules
and processors can be incorporated
into any online system operating with
Burroughs standard data communica-
tions software.

Circle 403 on Inquiry Card

Datapac Service Supports
3270-Type Terminals

A Datapac service, designed to sup-
port 1BM 3270 compatible crr ter-
minals, has been announced by Trans-
Canada Telephone System’s Computer
Communications Group, 160 Elgin St,
Ottawa, Ontario K1G 3J4, Canada.
Datapac is an operational Canada-
wide packet switched network pro-
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T1990 USERS: PLUG
INTO THE REAL WORLD.

SUBSYSTEMS.

Data acquisition made easy. Com-
plete functional, mechanical and
electrical compatibility with the
Texas Instruments’ TM990 family
of powerful, 16-bit single board
microcomputers. Functions are
pre-wired to eliminate time-
consuming set-up procedures.
All you have to do is connect
your analog signals and start
collecting data.

. Six different boards com-
prise the RTI-1240 Series —Com-
pination Analog Input/Output
boards (RTI-1241) with a choice of
either resistor or software Pro-
grammable Gain Amplifier; Input
only boards (RTI-1240) with either
resistor or software PGA; and Out-
put only boards (RTI-1242)with
either four or eight Analog outputs
plus eight digital logic drivers.

MEMORY MAPPED
1/0 SIMPLIFIES
PROGRAMMING.

Memory-mapping makes a/d
conversions as simple as reading
data from a single memory loca-
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tion; the result — reduced system
software, enhanced throughput,
and faster setup.

COST EFFECTIVE
SOLUTIONS FOR DATA
AQUISITION PROBLEMS.

The Texas Instruments’ TM990/
100M 16-bit single board micro-
computer coupled with the
RTI-1240 Series Analog I/0 Sub-
systems offer a complete, cost
effective solution to demanding
data acquisition requirements.
Convenient setup, 12-bit accu-

ANALOG
DEVICES
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racy, and simplified program-
ming all add up to superior
performance in the real world at
a price you can live with. For
example, an RTI-1240 -R analog
input subsystem with 16 chan-
nels sells for $445, complete and
ready to use.

Call or write Analog Devices,Inc.
P.O. Box 280, Norwood, MA 02062.
Telephone: (617) 329-4700.

ANALOG
DEVICES

WAYOUT IN FRONT.

AUTHORIZED ANALOG DEVICES DISTRIBUTORS FOR 1/0 SUBSYSTEMS.

Almac/Stroum
Portland, OR
(503) 292-3534
Seattle, WA
(206) 763-2300

Arrow Electronics

Hamden, CT
(203) 248-3801

Ft. Lauderdale, FL

(305) 776-7790
Palm Beach, FL
(305) 725-1480

Doraville, CA
(404) 455-4054
Woburn, MA
(617) 933-8130
Baltimore, MD
(301) 247-5200
Ann Arbor, Mi
(313) 971-8220

Bloomington, MN

(612) 888-5522
Kernersville, NC
(919) 996-2039

Manchester, NH Kettering, OH Canoga Park, CA
(603) 668-6968 (513) 253-9176 (213) 999-5001
Moorestown, NJ  Oak Creek, Wl El Monte, CA
(609) 235-1900 (414) 764-6600 I(2’[3) 6%6/3\-0141
Saddlebrook, NJ Harrison rvine,

(201) 797-5800 Equipment (714) 556-6400
Farmingdale, NY Houston, TX San Diego, CA
(516;( ?94-6800 (713) 652-4700 ‘S7Jr‘]1:§3§‘-36%5/\0
Fishkill, NY ’
©14)8967530  maetatng 408) 732-1100
Cleveland, OH Tempe, AZ

(216) 464-2000

(602) 968-6181

CIRCLE 14 ON INQUIRY CARD

Technico Arlington Hts, IL
Columbia, MD (312) 640-2964
(301) 461-2200 Waltham, MA
Roanoke, VA (617) 890-0510,
(703) 563-4975 Clark, NJ

TISCO (201) 382-6400
El Segundo, CA Dallas, TX

(213) 973-2571 (214) 238-6821
San Francisco, CA  Houston, TX

(415) 392-5700
Sunnyvale, CA
(408) 732-5555

(713) 776-6711
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Motorola MC6800

earns listingon QPL

It's the QPL-listed micro-
processor with a fully-compatible
hi-rel component family. The
MC6800 recently earned JAN
approval for listing in the QPL,

Part 1. Concurrently, DESC
completed certification of Motorola’s
Austin, Texas factory for all its MOS
integrated circuits. QPL listing for
additional M6800 Family components
is being pursued at this time.

Now the MC6800 can be used for
defense systems with greater
confidence than ever, and with less
delay and red tape.

M6800 Family

hi-rel series
expanding to 38.

M6800 Family hi-rel series
components numbered 28 at the
end of the first quarter, '78, with
additions through the third quarter
raising the projected total to 38. A
hi-rel version of the MC3870 single-
chip microcomputer also is due for
availability in the third quarter. All
M6800 hi-rel series parts are
processed to MIL-Standard-883.

MIL-processed M6800 Family
parts include the MC6802-6846
two-chip system, a variety of 1/0
functions, programmable timer, data
link controller, MODEM, IEEE 488
bus interface, and plenty of
memories: 1K and 4K Static RAMs,
4K and 16K Dynamic RAMs,
EPROM, and 1K, 8K, 16K, and
32K ROMs.

Motorola Hi-Rel
Microcomputer
Components

MC6800BQCS*

Microprocessor Available

MC6800CQCS* Microprocessor Available
MC6802BQCS Microprocessor with RAM and Clock Available
MC6846BQCS MC6802 Combo with ROM, |/O, Timer Available
MC6802CQCS Microprocessor with RAM and Clock Available
MC6846CQCS MC6802 Combo with ROM, 1/0, Timer Available
MCM6810BJCS Byte-organized RAM Available
MCM6810CJCS Byte-organized RAM Available
MC6821BQCS Peripheral Interface Adapter Available
MC6821CQCS Peripheral Interface Adapter Available
MCM6830BJCS 1K ROM 3rd Qtr '78
MCM6830CJCS 1K ROM 3rd Qtr '78

Programmable Timer

Programmable Timer

Asynch Comm Interface Adapte
Asynch Comm Interface Adapter
Synchronous Serial D =
Synehmnousw Data Ad

Our MOS high-reliability story is explained in a
brochure covering wafer fabrication, assembly,
testing, reliability, and how to order our hi-rel MOS
products. For your copy, please circle the reader
service number or write to Motorola Semiconductor
Group, P.O. Box 20912, Phoenix, AZ 85036.

@ MOTOROLA

Semiconductor Group

CIRCLE 15 ON INQUIRY CARD 25



| COVMMUNICATION CHANNEI._]

viding high speed data transmission.
The service, called Datapac 3303,
will enable 1M 3270 terminals and
emulators such as ccc’s vucom 2 ter-
minals operating under binary syn-
chronous line protocol to communi-
cate with host computers over the
network. 1M 3270 terminals and
equivalents are widely used in finan-
cial and transportation industries, as
well as in government, with approx-
imately 10k units installed throughout
Canada.

Datapac 3303 will be a Nim (Net-
work Interface Machine) based ser-
vice using Northern Telecom srL-10
line processors. These will poll the ter-
minal controllers on an online basis
over multipoint facilities using stan-

dard 3270 Bsc line protocol. At the
other end, host computers will access
the network via Datapac 3000 (sNAP)
service. In addition, a pmeEp (Data-
pac Modified Emulation Program)
software package will be available
for host support.

Rates for the service will be an-
nounced later this summer. Commer-
cial service is expected by the end
of 1978.

TYMNET-Datapac
Connection Tariff
Is Approved

The Canadian Radio-Television and
Telecommunications Commission
(crrc) has approved the tariff for
interconnecting Canada’s Datapac net-
work with TymNET, the Us. public

packet network. TYMNET has been op-
erationally connected to Datapac for
two months via the X.25 interface
protocol.

Datapac is providing dial access
for 110- to 300-baud asynchronous
half-duplex ascu terminals, and ad-
ditionally offers 1200-baud service
using dedicated access ports.

Currently Tymnet, Inc, 10261 Bubb
Rd, Cupertino, ca 95014 provides ac-
cess to the 170 host computers on
TYMNET from 57 Canadian cities.
Conversely, access to host computers
in Canada is available through Tym-
NET from 85 cities in the United
States. TYMNET nodes allow dial-up
access at speeds from 110 to 1200
baud. 2000- to 4800-baud synchro-
nous speeds can also be used. Access
charges from the 15 largest Canadian
cities to TYMNET hosts range from $4
to $6/hour.

Fully Redundant Message
Switching System Provides
High Reliability

scAMs-Dx is a fully redundant, com-
puterized, store and forward message
switching system designed for use in
communications networks where high

reliability is a requirement. The sys-
tem adds several features to the basic
scams switch introduced earlier this
year by C & W Incotel, Ltd, One
Penn Plaza, New York, ny 10001.
The system allows backup discs to
operate with the primary system to
provide duplicates of the transactions
being carried out, as well as a dual

record of the in-transit messages. Cen-
tral processors in the configuration
are Digital Equipment ppp-11/34s.
Either fixed or moving head discs are
available. Other options are mag tape,
line printers, and a variety of line
interfaces. All systems include hard-
ware, software, installation, training,
and documentation.

ALARMS -REPORTS-
AND LOG PRINTER

16 LINES

and telex

SUPERVISOR POSITION

SUPERVISOR POSITION

Equipment configuration for SCAMS-DX system. Program discs handle in-transit storage, program
storage, and ledger; journal discs take care of journal and retrieval storage,
tem will accommodate up to 16 asynchronous circuits operating at different speeds or codes, and
assigned in any combination of circuit types—full duplex, half duplex (83B polling system), simplex,

overflow storage. Sys-
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WHO DOES THIS
PRINTER THINK
T'S KIDDING?

If the M-200
wants to go around acting
like a line printer, we're not
about to stop it. And, like all products from The Printer

And that’s exactly how it does Company, it’s a dependable workhorse. Made
behave, cranking out an effortless T"E M_zoo even more so by its optional self-diagnostic

200 lines per minute, average system.
throughput. mmlx PRI"“R If something needs attention, the system

But the truth s, the M-200is a tells you if you can tend to it yourself. Or if you can'’t,
serial printer. Which should certainly be obvious you know what to tell the serviceman. That can
from the extremely reasonable purchase price of save him a trip, saving you down time and money.

year’s use out of the head.)
Any operator can change the
head easily.

about $2000. (In OEM quantities.) And that’s the ;
And so, if the M-200 delivers performance that inside story of the
can fool you, blame it on its design features. M-200. Acting like

Like our revolutionary 14-wire, dual-column something it’s not?
print head, for instance. The design combines the =~ Maybe. But since its
flexibility of a single head with the speed and longlife ~ delusions are all in your
of multiple heads. (You can expect more than a favor, why complain?

THE PRINTER COMPANY __

Call or write for your nearest Sales Office or Distributor. 6219 DeSoto Ave., Woodland Hills, Ca. 91365. Tel: (213) 887-8451
Telex: 67-4734 ¢ Darmstaedter Landstrasse 199, Frankfurt, W. Germany. Tel: 681-034, Telex: 841-416344.
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DIGITAL TECHNOLOGY REVIEW

370 Compatible System Based on
Bus-Central Multiprocessor Architecture

System/400 offers a low cost hard-
ware solution to a chronic software
problem—the lack of versatile software
for the small computer user—by com-
bining low cost minicomputer ar-
chitecture with mainframe power and
full compatibility with 1M System/
370 software and 1/0. Providing users
with up to 16M bytes of memory,
the microprocessor based system, de-
veloped by National Semiconductor
Corp, Computer Products Group,
2900 Semiconductor Dr, Santa Clara,
ca 95051, runs pos/vs and vm/370
and uses advanced LsI components
to ensure maximum performance and
low cost.

Bus-central  functionally  distrib-
uted multiprocessor architecture is
used to provide flexibility, expanda-
bility, and economy. A time-sliced
synchronous technique enables the

system to achieve the necessary per-
formance level and to maintain /370
compatibility. Functional units attach
to the central logic bus capable of
data rates to 20M bytes/s, and con-
duct all communications across it.

Attaching to the central logic bus
are three types of processors and main
memory. All processors are fully
microprogrammed and feature large
capacity writable control storage
based on high speed static MOs RAMsS.
Main memory is composed of 256k-
byte memory storage modules, each
containing independent error check-
ing and correction logic (Ecc), and
storage protection.

Emulation of the entire model-in-
dependent System/370 instruction set
is performed by the instruction pro-
cessing unit (1pu), a 32-bit micro-
computer based on the IDM2901A.

A microprogram that executes 1BM
instructions as on an 1BM machine
is loaded into its writable control
storage.

1/o functions are accomplished
through use of input/output proces-
sors (1ops) that attach to the central
logic bus. Like the 1pu, these are
32-bit wide microcomputers, com-
pletely controlled by microprogram-
ming. Each 10op controls an 8-bit
asynchronous frontend 1/0 bus with
maximum data rate of 1.5M bytes/s
to which a number of channel and
device interfaces can be attached.
Microprograms in 10P writable con-
trol storage emulate various channel
command words that are used to
control peripherals on System/370.

A service processor (svp) provides
system console, control, and diagnos-
tic functions. This processor, based on

DIAGNOSTIC <

COMMUNICATIONS
ADAPTER

FRONT END 1/0 BUS

A bus-central multiprocessor system in which all functions communicate through the central
logic bus, National Semiconductor’s System/400 uses bit-slice microprocessor design to achieve
low cost plus IBM System/370 compatibility

PERIPHERALS
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KEEPS QUIET.
WORKS HARD.
FOR VERY LITTLE.

Our T-80 Receive
Only printer is a quiet,
unassuming sort.
Doesn’t take up much
room on the desk. —
Doesn’t make a racket while it’s
doing its work.

And it doesn’t require a lot of
money before it'll go to work. In fact, the T-80 runs
less than $900 in OEM quantities. And it continues
to save you money with its low cost of ownership.

On top of all this, the T-80 prints fast. 80 CPS
fast. Which is nearly three times faster than most
other thermal printers.

All these qualities — low price, impressive
speed, high quality, and quiet operation — have
combined to make the T-80 an absolute natural for
applications that demand silence. Hospitals. Open
office situations. Testing and instrumentation.

THE PRINTER COMPANY

Call or write for your nearest Sales Office or Distributor. 6219 DeSoto Ave., Woodland Hills, Ca. 91365. Tel: (213) 887-8451

e 1'.30 ik

THERMAL PRINTER

And the T-80 is the
logical supplement to
your CRT if you want
occasional hard copy
printouts.

Now, you don’t
have to buy a T-80 RO to get T-80
performance. The basic T-80
mechanism, with the same unique
operator-replaceable print head and driver
electronics, is available as a module: the T-80 M.

So, it’s up to you. Buy the complete T-80 RO,
ready-to-run. Or just take the T-80 M mechanism
and design your own prlnter around it.

Either way, you '
save money, and the
'T-80 goes quickly and
quietly about its
business.

Telex: 67-4734 » Darmstaedter Landstrasse 199, Frankfurt, W. Germany. Tel: 681-034, Telex: 841-416344.
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| DIGITAL TECHNOLOGY REVIEW |

the Series/80 microcomputer system,
emulates /370 console functions, sup-
porting a diskette drive that is used
to store microprograms for all pro-
cessors in the system, a console CRT
and keyboard, a diagnostic commun-
ications adapter, and an optional con-
sole printer.

Memory storage modules (Mswms)
are built using 16k dynamic Mos
RAMs, and provide a full 256k bytes
of memory on a single pc board.
Each MsMm contains internal single-
bit error correction and double-bit
error detection as well as /370 com-
patible storage protection capability.
Improved system performance is
achieved through the independent
operation of each module, which
permits separate operations to occur
in each module attached to the cen-
tral logic bus.

A typically configured machine will
provide throughput similar to that of
the System/370, model 145. Instruc-
tion execution is performed at ap-
proximately 1.5 times the speed of
the 138; however, independent 10Ps
in the system do not degrade instruc-
tion execution rates as do 138 channels
and 1/0 adapters. As a result, total
system performance is not adversely
affected in 1/0 intensive applications.

Modular architecture provides ver-
satility in configuration—from a basic
unit with 256k bytes of memory
and a single 10p shared between all
devices, the system can expand in-
crementally to 16M bytes of memory
and 12 1ops. These increases can be
performed in the field.

Various frontend adapters attached
to the 1ops offer alternative ways to
attach peripheral devices; each 1op
can interface to peripherals either
through use of standard M channel
protocol or through integrated periph-
eral adapters. With 1M standard
channel-to-control wunit interface
adapter, the system emulates /370
1/0 channels and can interface with
standard 1BM or pcm peripheral and
control unit. For economy, attach-
ment of minicomputer peripherals is
accommodated through various inte-
grated peripheral adapters. Imple-
mented with device-specific frontend
adapters and 10P microprograms,
these attachments eliminate the need
for channel interface and device con-
troller. Microprograms in 10P writ-
able control storage emulate both 1BM
channel and device controller for the
equivalent 1BM device.

30

Interactive Transaction
Processing System Eases
Program Development

TRAX™, a comprehensive minicom-
puter based system for interactive
transaction processing, runs on PDP-
11/34, -11/60, and -11/70 computers
and uses vr62 video display applica-
tion terminals. Designed by Digital
Equipment Corp’s Distributed Data
Processing Group, Maynard, wma
01754, the software incorporates ad-
vanced development tools and data
protection features. It provides a com-
plete basis for customer implementa-
tion of a transaction processing ap-
plication without system level pro-
gramming, and is claimed to reduce
development time for applications
programs by more than 50%. Built-in
communications options enable sev-
eral systems to exchange data and
process inquiries; systems can also
communicate with mainframe systems.

vr62 display terminal possesses
screen formatting and error detec-
tion capabilities to ease operation
and allow early correction of most
keying errors. Data are transmitted
through point-to-point or multidrop
lines in block mode to reduce pro-
cessor overhead. Up to 16 terminals
can be simultaneously active on a
PDP-11/34 TRAX system; up to 64
terminals on an -11/70 TRAX system.
An integral microprocessor performs
instant error checks, relieving the
system of responsibility for data vali-
dation. Users are guided through
transactions with menu selection and
function keys that avoid use of con-
ventional computer commands. Re-
verse video, automatic cursor posi-
tioning, and left and right justifica-
tion simplify data entry progression.

The software includes extensive file
organization and record access ser-
vices, restart/recovery, data protec-
tion, and forms handling capability.
Applications programs are written in
small structured modules using either
coBOL or BAsIC-Plus-2 languages; ter-
minal screens are easily formatted
using English-like AtL forms lan-
guage. Programs are both created
and tested interactively.

Small application program modules
execute rapidly and require much
less memory than large programs.
Data management software can be
resident and is shared by all users for
fast execution while software cach-

ing of applications programs reduces
disc accesses in addition to increasing
throughput.

Automatic restart/recovery avoids
system reloading or reentry of trans-
actions after power failures or hard-
ware or software malfunctions. Disc
files are protected during media or
equipment failure through the use of
“journaling”—automatic duplication of
data files up to the last completed
transaction on a backup storage de-
vice such as another disc or mag-
netic tape.

A staging feature delays update
of records until transactions are com-
plete, so that partial transactions
aborted by either terminal user or
system malfunction do not alter stored
records. Record locking capability pre-
vents simultaneous attempts to up-
date records, but does not limit user
access by locking large data blocks
or the entire data file.

A typical ppp-11/34 TRAX system
configured with eight terminals, up
to 256k bytes of memory, 56M bytes
of disc storage, and a 9-track tape
drive, will sell for $131,840. A ppp-
11/70 TrAX system with 20 terminals,
384k bytes of memory, 134M bytes
of disc storage, and 9-track tape unit
has a price of $211,420.

Circle 170 on Inquiry Card

Microprocessor-Controlled
Ink Jet Printer Terminal
Achieves 270-Char/s Speed

A high speed version of the silent
ink-jet PT 80 printer terminal (see
Computer Design, Aug 1977, pp 34,
36) is bidirectional in operation and
microprocessor controlled. Developed
by Siemens Corp, 186 Wood Ave S,
Iselin, NJ 08830, the printer operates

Ink-jet printing head in Siemen’s PT-80i
printer terminal achieves speeds of 270-
char/s under microprocessor control
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~thinks your logic analyzer
should be as versatile

“So ours let you sample with speed.
With resolution. i
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Sperry Univac minis are doing

In Portland, Oregon, Sperry Univac
minis help the Police Bureau come to the
rescue hundreds of times a day.

Because Boeing Computer Services has
computerized all of Portland’s emergency
services with Sperry Univac Series 77 minis.

Now when a citizen reports a crime,
our minis verify the address. Examine the
surrounding area for similar calls, haz-
ards, and temporary situations (such as
streets under repair). And suggest which
units should respond to the call.

This futuristic system coordinates dis-
patchers and officers and keeps them con-

stantly updated. Much of the paperwork
required of field officers is eliminated. And
the data base it generates is used for uni-
form crime reporting and resource allocation.
Boeing Computer Services has found
that our minis are cost effective and can han-
dle the job efficiently and with real-time speed.
The Sperry Univac minis used in Port-
land are just part of our complete family of
minis. One and all of them are supported
by our powerful software.
If you have a system application, we
undoubtedly have a mini that's just right
for it. Whether it be business data process-




alarming things in Portland.

ing, scientific, instrument control, or data
communications.

For more information, write to us at
Sperry Univac Mini-Computer Operations,
2722 Michelson Drive, Irvine, California
92713. Or call (714) 833-2400.

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

Wed like to hear from you. Even if your
system application isn't as arresting as the
one in Portland.

CIRCLE 20 ON INQUIRY CARD
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at 270 char/s using microprocessor
control to take advantage of the ink-
jet printhead’s inherent capability.
In operation, the printing head
moves bidirectionally and in relation
to the text to be printed on the fol-
lowing line. The shortest path of
movement for the printing head across
a given line is the result. The print-
ing head, which includes the 12 ink-
jet elements, is capable of printing
127 characters in a 12 x 9 dot matrix
from either one of two character gen-
erators and is free to choose character
elements for printing logos or sym-
bols. Italics (left or right) is optional;
continuous underline is standard.
The 8085 microprocessor used for
control provides, in addition to the
standard parallel interface, an ex-
tended system information bus inter-
face. This allows for external connec-
tion of network selectors, data sets,
and additional storage devices, such
as floppy discs.
Circle 171 on Inquiry Card

Microfilm Equipment
Incorporates uProcessor
For Online Operation

Computer output microfilm products
introduced by DatagraphiX, Inc, ro
Box 82449, San Diego, ca 92138 in-
clude a microfiche recorder, reader/
printer, and a duplicator. Disc sys-
tems providing 10M bytes of storage
for Mini Autocom Recorders were
also announced.

Designed to provide intelligent on-
line operation, the On-Line Auto-
coM™ 11 uses a 32k-byte microcom-
puter system and interfaces directly
with M System/360, /370, or 303X
computers. The internal microcomput-
er enables the system to perform its
own data reformatting, allowing data
to be processed into fully titled and
indexed microfiche at up to 12k
lines/min. A fully integrated 3740
compatible diskette drive, remote and
local power control, and choice of
operating mode further extend its ver-
satility.

Model 1500 pr microfiche printer/
reader uses integral dual lenses to
allow convenient switching between
two different magnifications. The unit
provides a three-quarter size image of
coMm-generated or source document
microfiche data pages on an 8.6 x 12”
(21.8 x 30.5-cm) screen, and is avail-
able with 24X, 42X, 48X, or 72X

34

magnification. Its microfiche platen
rotates 90 deg to accommodate comiic
or cine frame orientations. The roll-
fed printer delivers copies on elec-
trostatic paper in approximately 10 s.
Microprocessor  controlled Data-
MASTER duplicators produce up to
1500 fiche/h, communicating produc-
tion routines directly to the operator
through a message display panel and
providing a power-guard memory sys-
tem for storing job setup instructions.
Model 100 copies from cut fiche mas-
ters; 200 works from both roll film and
cut fiche masters. Models 150 and 250
are equipped with a collating carousel
for high speed collation.
Circle 172 on Inquiry Card

Scientific Calculators
Add User-Oriented
Features At Lower Cost

Three scientific handheld calculators
offer large veEp displays with auto-
matically inserted commas, temporary
display of the 10-digit mantissa, and
a diagnostic error code system. In-
troduced by the Corvallis Div of
Hewlett-Packard Co, 1507 Page Mill
Rd, Palo Alto, ca 94304, the =up-
31E, -32E, and -33E replace many
of the company’s present low end
calculator line.

LED displays on the calculators are
designed to allow easier and more
accurate reading. For further ease of
use, each calculator automatically in-
serts commas in displayed numbers
as they are needed. A mantissa func-
tion on the keyboard allows the user
to temporarily see the 10 significant
digits of precision carried internally,
then returns to the original display
format. A “low” battery indicator
light on the display warns the op-
erator that the batteries are low in
time to recharge. A diagnostic error
code system informs the operator of
mistakes through a code number.

Priced at $60, the wup-31E per-
forms standard arithmetic, logarith-
mic, and trigonometric functions, and
provides fixed and scientific display
modes, and rectangular/polar, degree/
radian, inch/millimeter, Farenheit/
Centigrade, and pound-mass/kilogram
conversion keys. It has the re~ logic
system with 4-register stack and four
addressable storage registers. The Hp-
32E, at $80, incorporates all features
and functions of the -31E with an
added engineering display mode, hy-

perbolic functions and their inverses,
and collection of statistical functions,
including linear regression, correlation
coefficient, x and y estimates, normal
and inverse normal distribution, and
factorial. There are 15 addressable
storage registers. Hp-33E, a $100
calculator, has all features of the
-32E, except hyperbolics, metrics, and
certain statistical functions, and of-
fers 49 lines of fully merged keystroke
memory. Of particular interest is the
calculator’s capacity for three levels
of subroutines.

Circle 173 on Inquiry Card

Intelligent Matrix
Control Allows Rapid
System Reconfiguration

IMC 317 is a microprocessor based
intelligent matrix control for 3916
computer channel matrices that is
capable of instantaneously rearrang-
ing connections between a computer
and its peripherals as emergencies
arise or as tasks change. Developed
by T-Bar Inc, 141 Danbury Rd, Wil-
ton, ct 06897 to overcome the in-
creasingly difficult problem of timely
response to the demands of operat-
ing a complex multiprocessor system,
the control is the first of a series
of facilitating equipment which
should develop into an automatic
data management system.

Basic purpose of the control, ap-
plied to the company’s 3916 matrix
switch, is to provide a simple method
of changing or interchanging the
computer-to-peripheral connections of
two or more computerized applica-
tion systems to restore critical service
or to rearrange an application con-
figuration to meet changes in tasks
or load demands. A command to
interchange the system, applied
manually or automatically, causes the
control to analyze the channel/pe-
ripheral connections to determine
which matrix crosspoints are involved
in the interchange. It then inter-
changes the appropriate connections
and changes the system records to
properly identify and display the sys-
tem’s new status. Average time re-
quired to complete the transfer of
as many as 40 peripherals is esti-
mated at under 3.5 s; operator re-
sponse time without the control could
be as much as 30 min.

Consisting of a microprocessor with
dual diskettes for normal control and
inquiry operations, the control in-
cludes a complete spare micro with
dual diskettes and switchover equip-
ment. Provision is made for a cus-
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From a single CPU board

pridaatrineasd

Rt RLLLLE
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to a half million word su computer

That'’s the selection you get from ROLM’'s AN/UYK-19 Rolm completes the package with full nomen-

family. It's the most complete line of Mil-Spec com- clature and an integrated line of both military and

puters in the industry. And every piece is backed by commercial peripherals.

extensive, updated, upward compatible software. In just seven years we've been able to put together
Delivery? 30 days or less because they're all a family plan that lowers your programing costs, re-

standard products in continuous production. Plus duces hardware costs, cuts out your risk and gives you

they follow a modular concept for interchangeability, quicker reaction time.

compatibility and upgrading.

_That'sWhy We're #1in
Mil-Spec Computer Systems

MIL-SPEC
Computers

4900 Old lronsides Drive, Santa Clara, CA 95050. (408) 988-2900. TWX 910-338-7350.
In Europe: 645 Hanau, Muehlstrasse 19, Germany, 06181 15011, TWX 418-4170.
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tomer-owned video terminal and 55-
line/min printer to be connected. Ab-
breviated Ascir control commands
may be initiated from the terminal’s
keyboard, a second computer, or via
telephone lines from a remote con-
trol point. Master control commands
allow the operator to change or in-
terchange the connection of any or
all peripheral devices from one com-
puter system to another, manually or
by program.

To supplement the switching com-
mands, interrogation commands per-
mit rapid identification of all periph-
erals attached to each cpu or at-
tached to an application system. The
matrix control responds to these com-
mands with information that is dis-
played on the crr as a matrix pre-
sentation of each matrix switch in
the system. With this capability, the
computer manager can request that
a device classification be listed, and
then assign available peripherals, as
shown in the listing, without affect-
ing performance of the remainder
of the system,

The control matrix interfaces not
only with 3915/6 peripheral matrix
switches but with peripheral switches
serving most mainframe and mini-
computer hardware. As more func-
tions are programmed onto simple
memory devices, more routine con-
trol and instructions to overcome
failure can be automatically con-
trolled, until the equipment will have
the ability to make decisions by in-
terrogating its own stored data. Pre-
sent equipment with future additions
will make it possible to automatically
manage not only the computer facil-
ity, but also the data communications
system which transmits the data.
Circle 174 on Inquiry Card

Communications-Oriented
Computer Systems Offer
Supermini Performance

Five 3200 series, 32-bit virtual mem-
ory systems offer processing speed and
power of the 1BM System/370, 138 in
a minicomputer package. The com-
munications oriented machines, de-
signed by National css, Inc, 542
Westport Ave, Norwalk, ct 06851, are
field upgradeable, compatible with
each other, and equipped with their
own performance monitors.
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Systems provide three simultaneous
operating modes: online interactive,
remote job entry, and batch. Up to
32 users can be concurrently online
to a single-cpu system. Using mul-
tiple network facilities, the system can
be concurrently in communication
with an inhouse/370, the company’s
timesharing system, and another 3200.
Connection may be made via the
company’s communication network,
independent communications, or a
customer’s private network.

Basic structure of the system in-
cludes a cpu, main storage, and on-
line 1/0 devices. The cpu operates on
32-bit words using dynamic address
translation. It contains 16 general
purpose registers, 16 control registers,
and 4 floating point registers. Built
using high speed Schottky TTL Ccir-
cuitry, it provides a 275-us microcycle
time.

Main storage is formed of up to
2M bytes of Mos memory elements.
Error checking and correction and
storage protection are provided. An
8k x 80-bit roM serves as the control
storage.

As many as 256 devices are sup-
ported simultaneously by the single
byte-multiplexer channel in byte
mode; in burst mode the channel ac-
commodates 1 high speed device.
Three selector channels provide 1.3M-
byte/s throughput.

The /370 compatible computers
run under the vps operating system
which manages cpu, storage, and 1/0
devices to make these resources avail-
able to many users at the same time.
vps consists of a virtual control pro-
gram, which controls machine re-
sources creating a virtual machine,
and virtual user environment, which
serves as the conversational interface
that makes the machine suitable for
direct problem solving. Operating sys-
tem provides networking capabilities
that include spooling, high and low
speed terminal support, intermachine
communications, and packet-switched
software. The system supports coBoL,
assembler, pL/1, BASIC, FORTRAN, and
APL languages.

Circle 175 on Inquiry Card

Small Business Computer
Family Expansion Provides
Interactive COBOL

Additions to the Commercial Systems
line announced by Data General

Corp, Route 9, Westboro, ma 01581,
the ¢s/20 and cs/60 provide stand-
alone computing capability for small
and large business firms. Both are
compatible with program logic and
file handling with other members of
the cs/40 family.

cs/20, a single-station unit, can
function either as a standalone busi-
ness computer, or as an intelligent
data entry system. Programming
flexibility and efficiency are provided
through interactive implementation of
ANsI (American National Standards
Institute) 74 coBoL with screen han-
dling extensions.

Design features include micro-
NovA™ processor with 64k-byte main
memory, mounted within the display
housing; a 1920-char u/lc display
unit, in a case which tilts or swivels
for operator convenience; and an in-
dependently movable keyboard. The
system is configured in a work table
in which are located the power sup-
plies, as well as up to four 315k-byte
diskette drives. To round out the
system there is a choice of 60- or
180-char/s, or a 240- or 300-line/min
printer, and a standard communica-
tions interface.

cs/60 system series includes 3
models, based on an ECLIPSER pro-
cessor, ranging from C-3, a 64k-byte
machine capable of supporting 4 ac-
tive terminals and from 30M to 80M
bytes of cartridge disc memory, to
C-6, with up to 256k bytes main
memory, 12 active displays, 760M
bytes of disc pack or cartridge ca-
pacity, 2 simultaneous char or line
printers, and HAsP 11 workstation sup-
port in addition to rJE80 communi-
cation capability.

Circle 176 on Inquiry Card

Portable uProcessor Based
Terminals Allow
Remote Data Entry

Handheld data entry terminals pro-
vide operator prompts, internal micro-
processors for programmability, and
communication with a central pro-
cessor for timely portable data collec-
tion. Varying in features, the three
units should find extensive applica-
tions in ordering and inventory con-
trol, as well as in material and process
management.

Programmable Data System

Totally programmable, the handheld
101 Portable Data System developed
by Norand Corp, Cedar Rapids, 1a
52406 can provide a 2-way link with
central computers. Unlike other order-
entry terminals that only collect and
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Spread the word.
Siliconix announces CODEC.

Siliconix introduces the ultimate
man/machine interface:
CODEC. Our DF331 coder is a
high-speed serial output

A/D converter — a complete
subsystem-on-a-chip. Its
counterpart, the DF332
decoder, converts high- |
speed digital bit streams s
into analog signals. Both
devices operate logarithmic-
ally, giving our CODEC a wide
dynamic range: 12-bit resolution
(=1 bit) for low-level signals,
and 8-bit accuracy for high-level
signals.

Designing with Siliconix’
CODECs a cost-effective solution
to the problem of vocal interface
with computers. Siliconix CODEC

minimizes external component re-
quirements and system costs:
serial output and sample-and-hold
circuitry are all on-board. And
CODEC:s will have many applica-
tions in telecommunications

ifications and are
compatible with
the u255 law
for companding.
A key
CODEC specification:
signal to distortion is 28dB
(Pin=—45dBmO) max.

Our CODEC set continues the
Siliconix tradition of providing
products that link the analog world
to digital systems. We've been
manufacturing monolithic analog-

I

becausethey meetall D3 spec-

to-digital converters for five years.
And we're currently supplying
the instrumentation industry with
the latest in technological ad-
vances, such as our LD120/L.D121
series 4% digit A/D converters,
high-speed analog switches, and
logic compatible VMOS tran-
sistors. Exxperience and expertise
make Siliconix the logical

source for CODECs. Spread the
word. For details, call or

write Siliconix, 2201 Laurelwood
Road, Santa Clara, CA 95054;
(408) 988-8000.

2§ Siliconix

The Siliconix connection:
Innovative products linking the analog world to digital systems.

CIRCLE 22 ON INQUIRY CARD
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Portable data terminals incorporate microprocessors to provide direct data entry
to a central computer. With a 53-key alphanumeric keyboard and 16-char LED
display Motorola’s RDX 1000 (left) provides virtually all capabilities of fixed point
CRT terminals; Norand’s fully programmable device (center) has an easy-to-use
20-key keyboard and alphanumeric display. The MSI/88 (right) with segmented
memory and programmable accumulator provides a 16-char LED display and
optional bar code wand scanning capability

send information, the unit also re-
ceives it. Data are stored in solid-state
memory that can range in capacity
from 16k to 64k characters.

The microprocessor based unit pro-
vides 2k x 8 P/ROM program storage.
Programs can be customized to match
needs of the user, avoiding the need
to alter business procedures to comply
with system capabilities.

Data are entered via a 20-key
keyboard and can be reviewed on the
12-char alphanumeric display. The
display also provides operator prompts
which guide the operator through the
program sequences, making training
requirements minimal. Operating from
removable, rechargeable NiCad bat-
teries, the unit links to a central com-
puter via any telephone.

Circle 177 on Inquiry Card

Segmented Memory Terminal

In addition to a segmented memory
that makes it the equivalent of sev-
eral terminals in one, the /188 from
mst Data Corp, 340 Lischer Ave,
Costa Mesa, ca 92626 has a program-
mable accumulator and memory ca-
pacity ranging from 24k to 48k char-
acters. Other features are a 16-digit
LED display, bar code wand scanning
capability for universal product code
and the company’s code, and battery-
powered operation.

The unit’s memory can be divided
into as many as nine separate parts
of varying sizes. Each segment can be
treated independently of the others,
thus the terminal can handle different
problems or departments without data
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loss or damage. Data transmission,
editing, erasure, or searching can be
accomplished on a segment basis by
means of a selection or page key.

Incorporation of a programmable
accumulator provides audit control of
entered data. This accumulator is use-
ful in such applications as accounts
receivable, collection of inventory
data, or in compiling departmental
financial totals. Up to nine accumula-
tors, one per memory page, with 10-
digits plus sign each, are program se-
lectable to accumulate only specific
quantities entered.

Communication of 8-bit Ascu data
code occurs at data rates of 110, 200,
300, 600, 1200, and 1350 baud; 1050
baud is optional. Interfaces are avail-

Wireless 2-way RDX 1000 terminals
from Motorola are environmentally pro-
tected to allow use in industrial or
outdoor environments. A 2-W transmit-
ter and receiver permits 2-way com-
munication with central computer

able for acoustic transmission over the
voice-switched network, for wmbpaA
transmission, or via modem.

Circle 178 on Inquiry Card

Wireless Data Terminal

A portable 2-way system that is com-
patible with the M 3270 Informa-
tion Display System, the mrpx 1000
Portable Data Terminal System con-
sists of Rpx 1000 terminals, duplex fm
radio base station, and rpx 1100 con-
trol unit. Terminals require no phone
lines, interconnect cabling, or external
power source.

Developed by Motorola Inc, Com-
munications Div, 1301 Algonquin Rd,
Schaumberg, . 60196, the terminal
is a microprocessor based unit with
built-in memory that has a 53-key
alphanumeric keyboard, 480-char dis-
play buffer, and a 16-char LED display
that provides operator prompts. De-
signed for rugged industrial use, the
terminals are environmentally pro-
tected (to E1a 316 spec) and can be
used indoors or out.

A 2-W fm transmitter and receiver
allows 2-way wireless communication
to the central computer system. This
is achieved via two lines: an fm radio
link that allows 1200-bit/s transmis-
sion between the portable terminals
and a continuous duty, duplex fm ra-
dio base station operating in the vnr
band; and a land line link between
the rox 1100 control unit and 1BM
system that operates at up to 9600
bits/s. Interfaced directly to the base
station, a control unit supports up to
32 portable terminals.

Circle 179 on Inquiry Card

Materials With
Orthorhombic Asymmetry
Increase Bubble Speed

The speed at which magnetic bubbles
can be moved is an important feature
when these bubbles are to be used
in memory elements for computers.
Materials in which the bubble speed
is 30 to 100 times faster than in pre-
viously known materials have been
developed by researchers at Philips
Research Laboratories in Eindhoven,
The Netherlands.

Bubbles- may be present in thin
anisotropic layers of a magnetic ma-
terial in which the preferred direc-
tion of magnetization is at right angles
to the plane of the layer. If such a

COMPUTER DESIGN/JULY 1978



New DIRECTROL Multiplexer.
Signaling new directions
for industrial control.

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

il 2 -

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

- - {81

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

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

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

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

Why not set a new course for your

4-MODULE
TERMINAL STATION

industrial control requirements? =
Write Milwaukee, Wisconsin 53201 =
for descriptive brochure. s
= l§elf-Mosnitor‘ing
ower Supply
g
CUTLER-HAMMER T PUGT s
Quick-Access Protected .
Insulated Wireway Field Terminals
Bestby Design
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Speed, v, at which magnetic
bubbles can be moved in thin
layers of magnetic material plot-
ted as a function of the strength,
H., of the rotary magnetic field
applied to move the bubbles.
Curve 111 has been measured
for bubbles in conventional
layers having uniaxial symmetry;
curve 110 shows increase in
speed obtained in materials with
orthorhombic asymmetry

layer is in the preferred direction of
magnetization in a magnetic field H,
then with certain values of H,, mag-
netic bubbles will occur in the layer
in the form of cylindrical regions in
which the direction of magnetization
is opposite to that of H, and to the
direction of magnetization in the re-
mainder of the layer.

By applying a rotary magnetic field
H, in the plane of the layer it is pos-
sible to move the bubbles along a
pattern of Permalloy strips arranged
on the layer. The speed at which these
bubbles can move is very important
because it determines the maximum
frequency of the rotary field and,
therefore, the maximum clock fre-
quency at which bubble memories can
be operated.

An earlier investigation at the Phil-
ips Laboratories (see Computer De-
sign, Feb 1975, p 50) revealed that
the speed of the bubbles can be in-
creased considerably by applying a
field strength component parallel to
the layer, in addition to the external
perpendicular field H,. With the usual
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bubble transport method it is impos-
sible, when using the rotary field, for
this extra field to be applied by exter-
nal means (eg, coils). W. T. Stacy and
D. J. Breed, research workers at the
Philips Laboratories, have found, how-
ever, that it is possible to obtain this
field component parallel to the layer
by making use of a layer with “ortho-
rhombic” anisotropy. In this case there
is not only a strong magnetic pre-
ferred direction at right angles to the
layer, but also some anisotropy in the
plane of the layer; the magnetic prop-
erties are now clearly different in
three directions at right angles to one
another. Such anisotropy is obtained
by a suitable orientation of the sub-
strate and a composition of the layer
such that there is a slight difference
in lattice constant between layer and
substrate (“misfit”).

Investigations have shown that
magnetic layers of manganese, euro-
pium, and lutecium containing iron
garnet deposited on the (110) face of
a single-crystal substrate of the non-
magnetic gadolinium-gallium-garnet

IS
something
missing?

Has someone taken the copy of
the adjoining 8-page AMP insert
on .100 ¢ packaging? It shows
how the broad array of AMP
connectors and headers can be
used with many kinds of cable
including discrete, ribbon, woven
and coaxial. And there is informa-
tion on AMP termination equip-
ment. It's something you won't
want to miss. To get more copies
plus additional information, use
the appropriate reader service
numbers, as listed below, on the
reader service card and mail.
AMP Incorporated, Harrisburg,
PA 17105.

#121  One copy of the AMP
.100 ¢ packaging insert.

#122 Headers

#123 AMP Latch Connectors

#124 Flat Cable Connectors

#125 Coaxial Ribbon Cable/
Connectors

#126 AMPMODU Connectors
#127 AMP Termination
Equipment

AMP and AMPMODU are trademarks of
AMP Incorporated.

J00 ¢ PACKAGING from AMP

AMP has a better way.

ANMP

INCORPORATED
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have the desired orthorhombic aniso-
tropy. Bubble speeds of up to 500
m/s have been measured in these
layers. Conventional layers, with uni-
axial symmetry obtained using approx-
imately the same material combination
as (111) orientation (see graph),
reveal bubble speeds of only 5 m/s.
The graph shows the considerable
gain in speed that can be obtained by
appying orthorhombic anisotropy in
the layer.

Circle 180 on Inquiry Card

Flat Electronic Cable
System Offers Improved
Reliability

The Jet Flecs (Flat Electronic Cable
System) is made up of several cable
connector series, a variety of flat
cable configurations, and an array of
application tooling devices. Compat-
ible with discrete wires as well as
with flat cable, the system, developed
by Molex Inc, 222 Wellington Ct,
Lisle, . 60532, claims to offer sig-
nificant improvements in wiring inter-
connection reliability and cost savings.

System connector series JF KK .156
and .100 feature insulation displace-
ment termination and are designed
to satisfy connection requirements for
high voltage, power distribution, and
individual pairs of wires. Designed
for use with either JF .156 flat cables
or with 18-, 20-, 22-, or 24-gauge
discrete wires, the JF KK .156 con-
nector has a 3-point Trifurcon con-
tact and is rated at 5 A. Connector
sizes range from 2 through 16 cir-
cuits, in 94V-2 nylon with integrally
molded strain relief tabs.

JF KK .100 system is designed for
use with JF .100 flat cable or with
18-, 20-, 22-, and 24-gauge discrete
wires. Contact is achieved through a
180-deg horizontally opposed 2-point
configuration. Available in sizes 2
through 20, connectors are molded
of 94V-2 nylon with integral wire
strain reliefs, and are rated for 1 A.

Tooling for the system consists of
a series of individual modules with
the capability of completely prepar-
ing connector/cable assemblies. Either
semiautomatic or manual, operator
controlled modules have individual
functions that include notching, shear-
ing, and mass terminating flat cable to
connector bodies, and testing the
finished assembly for integrity of cir-
cuit continuation.

Bench-mounted, operator-con-
trolled connector/cable as-
sembly tooling supports Molex’
Jet FLECS .100 and .156 sys-
tems, providing rapid assembly
of prenotched cable to pre-
assembled connectors

Circle 181 on Inquiry Card O

“How would you like
eight RK0Ss...
for the price of one?”

i o C. E. Parrish

- 3 7. 7 ’
R iz

President

2}

e . i, T

That's what you get with the new Computer Labs’
M5104 Disk Memory System. It has 20 MBytes of
storage capacity in one-eighth the volume and
one-eighth the power required of the DEC
equivalent. It seeks data significantly faster than
an RKO5 and has a transfer rate 40% faster than
DEC’s. And the removable platter is totally

media compatible with the decpack.

From the Hardware/Software/Media-Compatible Company

COMPUTER LABS <=

COMPUTER LABS, INCORPORATED ¢ 505 EDWARDIA DRIVE
GREENSBORO, N.C. 27409 e TWX 510-922-7954 « (919) 292-6427
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Microcomputer Interfacing
and Analog Signal Conditioning Courses

August 21 through September 2, 1978

Donaldson Brown Center for Continuing Education,

Virginia Polytechnic Institute & State University

Blacksburg, Virginia

Presented by:
The Departments of Chemistry and Chemical Engineering
and the Extension Division of
Virginia Polytechnic Institute and State University

COURSE OBJECTIVES. The objective of these programs is
to provide an intensive educational experience for the scientist,
engineer, manager, or technician in the areas of microcomputer
data acquisition, instrumentation, and measurement systems
ranging from the analog sensor through the analog data chan-
nels to the microcomputer. The courses provide a combined
Continuing education units

lecture/laboratory experience.

(CEUs) are provided for each course.

COURSES AND DATES. Basic Electronics for Measure-
22, and 23, 1978.
This workshop will enable you to understand and wuse the

ments and Instrumentation. August 21,
basic AC and DC electronic laws as they apply to instruments
and analytical measurement techniques. You will be introduced
to signal conditioning using the versatile and popular oper-
ational amplifier in a variety of measurement and control con-

figurations.

INSTRUMENTATION SIGNAL CONDITIONING
TECHNIQUES. August 24, 25, and 26, 1978. This work-
shop will enable you to implement many signal conditioning
and processing schemes found in analog instruments. Included
is analog preprocessing of data for input into data acquisi-

tion and process control systems.

DIGITAL ELECTRONICS AND MICROCOMPUT-
ER INTERFACE BASICS. August 28, 29, and 30, 1978.
This workshop will enable you to use the digital circuits nec-
essary for microcomputer interfacing and digital measurement

techniques, and includes an introduction to microcomputer 1/0.

interfacing schemes as well as develop the driver software

routines for interface circuits and data handling.

INSTRUCTORS: Dr. Peter R. Rony, Mr. David G. Larsen,
Mr. Howard M. Berlin, Dr. Paul E. Field, and Dr. Chris Skaar.

TEXTBOOKS: Texts will be selected from the popular
Bugbook© series and Blacksburg Continuing Education Series©

written by the course instructors and their colleagues.

COSTS:

handouts, and lunches included.

$195 for each three-day course, with textbooks,

FOR ADDITIONAL INFORMATION: Contact Dr.
Linda Leffel at the above address or call at (703)951-5241,

structors, David G. Larsen (703) 951-6478, Dr. Peter R. Rony 5 '_é
(703) 951-6370 or Dr. Paul E. Field, (703) 951-5376. 7 B,

Questions should be addressed directly to the course in-

COURSE REGISTRATION

Mail to: Adult Registrar
Donaldson Brown Center for Continuing Education
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061 Phone: (702)951-5182

PLEASE PRINT OR TYPE

Course/Courses Title

Name: Phone
Social Security No:
MICROCOMPUTER, INSTRUMENT, AND ANA- Firii
LOG CONVERTER INTERFACING AND PRO- Reldvana:
GRAMMING. August 31, September 1 and 2, 1978. This . ’
workshop will enable you to understand much of today’s micro- City:
computer jargon and implement analog converter and instrument State: ZIP
50 CIRCLE 26 ON INQUIRY CARD COMPUTER DESIGN/JULY 1978



"WITH THE MODCOMP CLASSIC,
WE DON'T HAVE TOTRADE

PERFORMANCE TO G

Bill Greene, Staff Engineer

Process Computer Systems Group
Chemicals & Plastics Division Engineering
Union Carbide Corporation

Bill Greene is a staff en-
gineer for the Process Compu-
ter Systems Group which is
responsible for designing,
building, testing and installing
process control computer sys-
tems in the company’s man-
ufacturing plants.

Because of their experience, we gave them our new
Classic 7860 super mini to test. Their experience
with it was summed up in three words. “We love it.”

“It’s a reliable machine. And
reliability is the name of the game.”

“We'll trade performance for reliability anytime,”
said Bill. “But with the Classic, we don't have to.

“The Classic hardware is very solid. Especially for a
new product. “The performance characteristics of
the Classic are impressive, too. With its extremely
fast floating point processor, the Classic can run
through a program more than 3.7 times as fast as a
MODCOMP IL."

“A working computer with software
that doesn’t work is useless.”

“We've been running the MAX III operating system
for five years and the MAXNET III network extension
for the past two years. They've performed well under
very demanding conditions. In fact, over the past
year, we've had more than 99.5% uptime on more
than 30 installed MAX III systems.

“However, we're installing larger process computer
networks now with more and more satellites. So we
need increased host computer hardware and
software capabilities.

“Our tests with MODCOMP’s enhanced MAX IV

- I RELIABILITY

operating system in the Classic have been very en-
couraging.

“MAX IV and the new MAXNET IV will help us re-
lieve bottlenecks so that we can add more links and
do more work with the computer. We also expect
that File Manager, which can create a new file any-
where on a disc, will be a useful tool.”

“We install 15-20 systems a year, so
ease of implementation is important.”

“Even though the Classic is a powerful and sophis-
ticated machine, it should be an easy system for our
project teams to implement. MODCOMP provides
plenty of documentation and they've always been
very helpful in working with us to get our systems
up and running.

“In fact, we think so highly of MODCOMP and the
Classic, we've already ordered two MODCOMP Clas-
sic 7860's to be used as host computers in large proc-
ess control distributed networks.”

It takes a tough computer
to satisfy a tough customer.

At MODCOMP, we specialize in building real-time
computers. They work in chemical plants. In petro-
leum refineries. In steel foundries. In jet propulsion
labs. In electric power plants. In some of the harsh-
est industrial environments you can imagine. Never-
theless, independent surveys have rated MODCOMP
computers the most reliable systems on the market.

If you want reliability, but you don’t want to trade
performance to get it, do what Union Carbide did.
Buy a MODCOMP Classic.

]
s =
n .

Dedicated to your success

Modular Computer Systems, Inc.
1650 W. McNab Road Ft. Lauderdale, FL 33309
(305) 974-1380
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You think of Remex as the world leader in
punched paper tape peripherals. Surveys show it.
And our products and service prove it.

For nearly 20 years, we've offered the broadest
selection of tape transports, readers, reader/spoolers,
punches, perforators, combination units, computer
interfaces, and communications gear — over 400
models in all.

Including a new family of handsome desk-top
punched tape systems complete with a built-in
RS232C serial interface.

Over 100,000 Remex punched tape peripherals

are still operating in the field —some for over 15 years

But paper isn't the only place where Remex
looks good. We are, in fact, a leading manufacturer of
quality media handling equipment, not just punched
tape alone. Products like advanced flexible disk
drives and systems you can benefit from today
not just on paper.

Paper isn't the only

B B

Our built-in formatter disk. It's like a $50,000
rebate for small OEMs.

Instead of spending the $50,000 or so needed to
develop a good tlexible disk controller/tormatter, you
can simply use ours— built right into the drive itselt

You save design dollars, time —and the space
required by a separate tormatter board. And you
have the quality and good nationwide service support
Remex is known for.

Remex’ reputation cast in solid aluminum.

Think about it. Nearly twenty years of electro
mechanical sales and service, That's why the Remex
drive mechanism is capable of 30,000 hours of
normal use. Here's how we do it

We use thick, solid castings instead of fabricatexd
sheet metal. When you're talking about the densitios
on diskettes today, you're talking tolerances too close
tor bended metal.

We also use a V-groove lead screw with baall




bearing groove contact. The head is always pertectly
centered on each track, because the wear is down-
ward instead of side to side. No slop.

Something special for PDP-11° and LSI-11” users.

A completely optimized flexible disk system
dedicated to improving throughput and capacity.

With our new Remex-11 flexible disk system you
get a complete hardware/software package. And a
choice of operation modes:

You can operate DEC's way within the constraints
of RT-11®

Or you can enhance the performance of RT-11
by switching, literally, to a 16 sector-per-track format.
You gain an instant 25 percent increase in capacity
and a 19 percent increase in throughput.

Or, in special applications, you can take full
advantage of Remex hardware such as transterring
multiple sectors of up to 65K words with just two
commands. Or formatting diskettes with just one.

" Registered trademark of Digital Equipment Corp

We've even designed the Remex-11 so you can
communicate with both DEC and I[BM 3740
prepared diskettes — without losing RT-11 compati-
bility. The system supports up to four disk drives.

In short, Remex can provide you with future
capability now at no extra charge.

Specifications and other information you need
regarding drives, systems, and punched tape prod-
ucts are yours for the asking. Write or call: Ex-Cell-O
Corporation, Remex Division, 1733 East Alton Street,
P.O. Box C19533, Irvine, CA 92713.

Phone 714/557-6860. TWX: (910) 595-1715.

Ex-Cell-O Corporation
EMEX DIVISION
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Computers Overcome Tedium of Manual
Monitoring in Data Acquisition and Control

Manual control of critical testing and monitoring pro-
cedures is gradually giving way to the digital computer.
As more and more parameters are added to tests, the
human element becomes inadequate. However, through
utilization of the capabilities of present-day minicom-
puters, test engineers are not only able to meet all
past requirements faster, cheaper, and better, they also
can add much greater sophistication to testing proce-
dures.

Two such test/monitor systems have been designed
and implemented by engineers at Southwest Research
Institute (swrr), an independent research organization
based in San Antonio, Texas. One of these systems,
built for the U.S. Navy and installed at the Navy Ship-
yard in Long Beach, Calif, independently tests four re-
built diesel engines at the same time. It not only saves
costs in time and personnel, it also prevents engine
failure during test. The second system automates tests of
lubricating oils under exacting Army-specified test con-
ditions. Components contained in both systems were man-
ufactured by Hewlett-Packard, 1501 Page Mill Rd, Palo
Alto, ca 94304.

Testing Operation of Navy Diesel Engines

Installation of the diesel engine analyzer (DEA) at the
Long Beach Naval Shipyard permits twice as many
engines to be tested with half as many people. In

Fig 1 Control console at Long Beach Naval Shipyard diesel
engine analyzer facility. Four diesel engines of different
types can be tested and evaluated simultaneously. Windows
in room allow viewing of cells adjacent to operator’s panels
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addition, it prevents catastrophic failure of engines while
under test. (During a 2-year period before the computer-
ized system was installed, 10 engines were seriously dam-
aged during the manually supervised test periods. A few
actually exploded.)

Automated testing and evaluation can be performed
on 16 different types of engines. Four engines, all of
different types, can be tested simultaneously in separate
cells, each equipped with sensor sets for acquiring tem-
perature, pressure, flow rate, wear, and performance data.
Individual operator control panels are grouped at a
central test console (Fig 1). Data from the sensors are
recorded, stored, processed by an HP 9600E monitoring
and control system. The DEA monitors up to 160 test
points/s (40 for each engine under test), controls
engine speed as well as dynamometer loading in pro-
grammed sequences, and triggers alarms and shuts
down an engine if out-of-tolerance conditions are rec-
ognized. During testing, the computer performs realtime
data analyses, calculates horsepower outputs under var-
ious operating conditions, and performs efficiency cal-
culations.

Components of the monitoring and control system
(Fig 2) include an Hp 2100A minicomputer, HP 2313
analog-to-digital converter, HP 6940 multiprogrammer
and HP 6941A extender subsystem for control of en-
gines and dynamometers, two HP 2752A teletypewriters,
HP 2640A crr keyboard/display terminal, Hp 2895A
paper tape punch, HP 2748A paper tape reader, and HP
7901A cartridge disc subsystem. The 16-bit general pur-
pose minicomputer has a 24k-word core memory and
980-ns cycle time. Its operating system, Hewlett-Pack-
ard’s realtime executive, permits multiprogramming fore-
ground-background operation and simultaneous-task use.
The disc subsystem has an online capacity of 2.5M
bytes (8-bit).

Software developed by swRI consists primarily of four
identical test/profile routines, one for each cell. These
routines tie together and coordinate all program activ-
ities for a given test cell. All programs (Fig 3) are
modular to simplify system checkout and future modi-
fications.

Test points are scanned every second and readings
from each point are updated. Data for every 5 min of a
test, for the end of each test, and those read just before
an emergency stop are stored on the system’s disc
memory. A “shutdown” file can be read back from disc
after an emergency stop to where the out-of-tolerance

COMPUTER DESIGN/JjuLy 1978
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There isn‘t a process control system in
the industry that our Intecolor 8001G
can’t improve, because color com-
municates better.

Bailey Meter, Taylor Instruments, Dow
Chemical, International Paper, ACCO Bristol,
PPG Industries come from a long list of in-
dustry leaders who have integrated our
Intecolor 8001 color data terminal into their
systems—sophisticated systems that de-
mand critical control. Now we can bring
you the Intecolor 8001G, the same precision
terminal with a special color graphics pack-
age as a standard feature, at considerable
savings over the separate option cost. Look
at some of the advanced Intecolor 8001G

features: * Expanded hardware and soft-
ware graphics * 48 lines by 80 characters
with two different character heights * Eight
foreground colors, plus eight background
colors for additional definition * Character
and line insert and delete « Page roll-up * 64
Standard Instrument Society of America
characters * Plotting capability on a 160 by
192 matrix * Expanded keyboard with cursor
and color controls * 19" display.

A 25" unit with the same standard fea-
tures is available at slightly extra cost.

We guarantee delivery of your Intecolor
8001G evaluation unit for $1,925* (cash-
with-order) within 30 days or your money
back. The same $1,925 price goes for orders
of 100 units or more. All Intecolor units are
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covered by §

jump on your compet

spending your compe

9888 toll-free for a demonstraﬂb

Intelligent Systems Corp.,

5965 Peachtree Corners East
Norcross, Georgia 30071
Telephone 800-241-9888 TWX 810-766-1581

Color communicates better.
*U.S. domestic price




Design your

smart product
fast.

Start your microprocessor-

based product with
HP’s 2649A.

It's an 8080 MPU, CRT, dis-
play subsystem, power supply and
15-slot backplane, all in a good-
looking case.

You choose the RAM, PROM, ROM,
serial or parallel 1/O, dual cartridge tape drives
or keyboard you need for your product.

Then take advantage of our standard firm-
ware, including utility subroutines for data display
manipulation, keyboard «®  switch translation,
data transfer and communcations
7 protocol. It’s

software
you
don’t
have to

write and debug.

,,,,,

Study our ™%
documentation™

understand the 2649A.

Our 2649A hardware and

firmware documentation was writ-

ten by engineers who know the 2649A inside and
out. Because they designed it.

For easy reference, its 1,800 pages are or-
ganized in two volumes like an encyclopedia. So,
for example, if you need the pin assignments for
our keyboard interface module, it’s easy to look
up. And you’ll find the details in the words of the
engineer who designed it.

The more you know about our
product, the less time you’ll spend
on yours.




Development Terminal.

In mnemonics, not ones and zeroes.

And because the 13290B s a 2649A, your
program runs in your product’s environment, which

is a big help if timing or execution speeds
are important.

[t’s probably the only development
tool you’ll need.

Get hands-on

experience at our
2649A workshop.

Monday morning well ask you

about your product. Then welll spend five days
showing you how to use the 2649A, 13290B and
documentation to make it.

Of course, in just five days you probably
won't be able to design your product completely.
But by Friday night you’ll have a good head start.

HEWLETT ' ﬁ' PACKARD

42804HPT8
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Write, assemble and debug
your software on the 13290B

The 13290B has a source pro-
gram editor so you can quickly write
8080 assembly language programs. A resi-
dent assembler to convert source programs into 8080
object code. 64K bytes of RAM as a test bed for your
software. And a friendly, interactive debug program
that lets you watch your program run step by step,

Send us this coupon.

WE'll tell you more about
how HP’s 2649A OEM Support
Program will help you design your
smart product fast.

Name Title

Company
Address
City/State/Zip -

Phone

My smart product is

Mail to: Hewlett-Packard, Attn: Ed Hayes, Marketing Manager,
Data Terminals Division, Dept. 1226,
19400 Homestead Road, Cupertino CA 95014.



DIGITAL CONTROL AND
AUTOMATION SYSTEMS

SENSOR Ees pst
W
INPUTS SUBSYSTEM
- PAPER TAPE
- READER
Soreuts
. — Fig 2 Diesel engine analyzer simplified
A ~ PAPER TAPE block diagram. HP 2100A minicomputer is
COMPUTER e controller for other components of system.
CONTROL Ty Sensors attached to engines under test are
OUTPUTS % o
monitored via A-D converter subsystem and
multiprogrammer subsystem. Test results are
shown on readout devices either as displays

REVOLUTIONS
PER MIN
INPUTS

or hard copy

condition occurred. If the condition detected is not an
immediate emergency but indicates that an emergency
condition could build up, the engine is automatically
slowed to idle speed and run for 5 min to cool it gradu-
ally before it is shut down.

Prior to start of testing, each engine is usually com-
pletely overhauled (the engine is steam cleaned and

disassembled; each part is chemically cleaned, in-
spected, and reground or replaced if noticeably worn:
and the engine reassembled). Then the engine is placed
in a test cell and connected to a dynamometer. This
action is fully independent of the other three cells and
does not interfere with or concern conditions in those
cells.

Fig 3 Interrelationships of major software pro-
grams for diesel engine analyzer system. Pro-
grams contain all list performance instructions.
Operating system is Hewlett-Packard’s realtime
executive. ldentical test/profile routines tie to-
gether and coordinate all program activities for
each engine cell. All programs are modular and
table driven
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NOW SHIPPING.
THE MOST RELIABLE
AND VERSATILE
53 CPS CHARACTER PRINTERS
EVERBUILT.

It takes experience as well as a technological know-how
to deliver character printers better than today’s best —and
NEC Information Systems has both. We gained experience
building and shipping more than 10,000 printers that use the
technologies in our new Spinwriter family. We're now
shipping Spinwriters throughout the country.

We're ready with reliability that’s more than a promise.
Our Mean-Time-Between-Failure rate of better than 2,000
hours is based on experience with printers in use.

We’re ready with print quality equal to typewriters —at
speeds to 55 characters-per-second. Our unique “thimble”
print element holds more characters, lasts longer and costs
less than “daisy wheels”

We're ready with printers that fit your applications. The
Spinwriter 5500 Series includes microprocessor-controlled
receive-only and keyboard send/receive models, and basic
mechanisms for those wishing to add their own power supply
and housings. You may choose from RS 232-C, current loop
and 8080 bus line interfaces, as well as Diablo- and Cent-
ronics-compatible interfaces. Custom interfaces
are also available. Choose from six data rates
from 110 to 1200 baud for half- or full-duplex
communications. Spinwriter housings are die-
cast aluminum for noise reduction, durability
and appearance. They fit into any environment.

We're ready with service, through one of the largest,
most competent organizations serving the computer in-
dustry. And we're delivering right now. Our experience
tells us you can't afford to wait, and you don’t have to.
Spinwriters are available in OEM quantities in 60 days
or less.

Tell me more about the Spinwriter family.
[J Please have a sales representative call
[ Please send literature

Name:
Title:
Company:
Street.:
City: State: Zip:
Telephone:

To find out more about the experience and
the technology that make Spinwriters the best
character printers in the industry, fill out the
coupon, or call NEC Information Systems,
Five Militia Drive, Lexington, Mass. 02173
(617) 862-3120.

NEC

NEC Information Systems, Inc.

Eastern Office: NEC Information Systems, Inc., Richard Gilbert, 5 Militia Drive, Lexington, Massachusetts 02173 (617) 862-3420.
Central Office: NEC Information Systems, Inc., Steve Kadash, 3400 South Dixie Drive, Suite 105, Dayton, Ohio 45459 (513) 294-6254.
West Coast Office: NEC Information Systems, Inc., Marty Rubin, 8939 S. Sepulveda Blvd., Suite 330, Los Angeles, California 90045 (213) 670-7346.
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Intel announces seven
Now you can really

Hold the power, hold the clock, order the speed you need.

Our 2141 family includes seven new low power, fully static 4K RAMs
that give the designer the choice. Now you can get the

speed/power product you want without the design com-

plications of clocked RAMs. That’s just what you need -
to simplify design of main, buffer, cache and control store s
memory systems, and speed your product to market. |nte|

HMOS, our new memory technology, is the key. Its o
active speed/power product is just one fourth that of
previous processes. So while maintaining the highest
performance in its class, the 2141 operates with as
little as 40 mA. And automatic -
power down on deselection cuts ~ « ="
standby power to 5 mA. In larger ’
systems, where most devices are
deselected at any given time, the
combined power savings can
reach 90% or more over other
fully static 4K x 1 RAMs. That
cuts cooling and power supply
costs dramatically.

Faster, easier design is what
Intel's HMOS is all about.
Automatic power down is ac-
complished without a clock so
the 2141 can be designed into
either synchronous or asynchronous
systems with equal ease. And the cycle
times equal access times. That means higher data
rates, as fast as 8.3 MHz for the fastest version.
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new fully static 4K RAMs.

have 1t your way.

For even greater speed, the seven 4096 x 1 BIT HMOS STATIC RAMs
2141 parts are directly pin and function DEVICE  "Tineinn” Cumentima) Caront o
compatible with our three super fast 2147 2142 420 = 70 |
HMOS parts. So you can have it your way
from 55ns to 250ns using the 2141/2147

. . . : : 2141L-3 150 40 5
series, with a virtually identical 214114 200 40 5
2141L-5 250 40 5

speed/power product.

Both the 2141 and 2147 follow the
industry standard 4096 x 1 bit, 18-pin , =
pinout, and can replace conventional 4K static RAMs in both clocked and

, unclocked systems. Both 2141 and 2147 are directly
TTL compatible in all respects: inputs, output and
operation from a single +5V supply. And both parts
deliver the inherent reliability of HMOS. They’ve
already achieved the same dependability as the 2102A.

For a copy of our HMOS reliability report and
data sheets, write Intel, Literature Dept., 3065 Bowers
Avenue, Santa Clara, CA 95051.

The 2141 is in production and available now.

You can order directly from your distributor, or from
your local Intel sales office. Just ask for the new
4K static RAM with everything on it.

intal delivers.

Europe: Intel International, Rue du Moulin a Papier, 51-Boite 1, B-1160, Brussels, Belgium. Telex 24814.
Japan: Intel Japan, K.K., Flower Hill-Shinmachi East Bidg. 1-23-9, Shinmachi, Setagaya-ku, Tokyo 154.
Telex 781-28426.

US and Canadian distributors: Almac/Stroum, Component Specialties, Cramer, Hamilton/Avnet, Harvey,
Industrial Components, Pioneer, Sheridan, Wyle/Elmar, Wyle/Liberty, or L.A. Varah, Zentronics.

CIRCLE 31 ON INQUIRY CARD 61



DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Each cell includes a transducer cabinet and patch
panel. Transducers are attached to the engine under
test according to the predetermined procedure for that
particular engine. All arrangements simulate at-sea con-
ditions as closely as possible.

Sensors are available to monitor engine speed; tem-
peratures of cooling water in and out, lubricating oil,
ambient air, fuel, exhaust, air manifold, dynamometer
water, and dynamometer bearings; load torque; fuel
use; smoke density; pressures of lubricating oil, water
pump, turbocharger, exhaust manifold, crankcase, and
dynamometer water; and oil line debris. When relevant
transducers are attached, the system operator notifies
the computer, via a teletypewriter, that the engine is
ready for the test and enters engine type and identifica-
tion data.

The appropriate program for the engine being tested
is loaded into the minicomputer from disc memory. This
program contains all test procedure instructions and
tolerances set for each test point for each phase of the
test. Adjustments to these parameters can also be made
during the test. Then, before the computer system begins
monitoring, it carries out a self-check to determine
whether or not calibration is complete and all trans-
ducers are attached properly to the engine under test.
(Calibration of transducers is performed every 200
hours of engine testing.)

Under control of the minicomputer, the engine is
started and run through the break-in and performance-
checking profiles for that engine type. A low idle speed
is attained and progressively increased through several
phases of levels of load and speed for run-in and system
shakedown. Maximum power and torque are tested and
governor dynamic performance and stability tests are
performed. Engine load is governed by the computer
system by controlling the dynamometer.

Next, the engine is returned to a low speed idle and
shut down. If no parameter limits are approached or
exceeded, the computer operator receives no outputs
from the teletypewriter until the test is over—unless
specific information is requested. Tests usually run 8
to 28 hours. Output from the tests can be obtained on
the keyboard/display, on the teletypewriters, or on
paper tape.

Key parameters and test data are displayed and up-
dated every second on the keyboard/display terminal
for all four test cells. The cRT screen is divided into
four columns, with each column devoted to one of the
test cells. Data displayed in tabular form include cell
number, engine type, engine serial number, total test
time, test time remaining, test status, and values of all
key engine parameters being monitored and controlled.

In an emergency, such as a loss of lubricating oil
pressure, the computer activates electrical solenoids to
cut off fuel and thereby shut down the engine. When
this occurs, an alarm is sounded and a red light appears
in the engine test cell. A summary of the problem de-
tected is printed out on the typewriter and the CRT test
status display is updated. As a backup to the fuel cutoff

62

system, provision is also made for the manual injection
of carbon dioxide into the engine air inlet.

If diagnostics are required during the engine test,
the engine is automatically brought to a no-load idle
condition, and a message typed on the operator’s tele-
typewriter requests that an engine specialist be called
to assist in the diagnosis. The test status displayed
on the CRT is updated accordingly and summarizes the
problem, directing the specialist’s activities according
to preprogrammed diagnostics corresponding to the
parameter or combination of parameters that are out of
limits.

If the test is completed successfully, the engine is
brought to an orderly stop and the operator is notified.
A punched paper tape is marked and appropriately
filed by the system operator.

In addition to the added protection for engines under
test, including detection of contaminants in the engine,
the computer-controlled engine analysis system reduces
the number of trained personnel required at the test
station and is far more dependable than manually-
controlled monitoring and shakedown. Previously only
the hearing and vision of operators could detect unusual
conditions that might predict a catastrophic failure.

The overall result has been reduced cost and improved
efficiency. Eventually, also, testing time may be reduced.
More data can now be collected in less time than before
and those data can be compared to engine performance
prediction curves based on data collected from previous
tests.

Testing of Automotive Lubricating Oils

At swRI’s San Antonio Laboratory test engineers monitor
data from 800 sensors on 50 diesel engines to test lubri-
cating oils and other automotive products (Fig 4). The
system, which runs continuously for 20 days during a
test, is controlled by an HP 2100A minicomputer with
24k words of core memory. It collects and logs vast
amounts of data on temperatures, pressures, speeds, and
other parameters and prints out both memory plots
and tabulations in real time. In addition, it alerts oper-

Fig 4 Part of SwRI test stand area. Up to 50 diesel en-
gines, monitored and controlled’by HP 2100A minicomputer,
test lubricating oils and other automotive products to Army-
specified conditions
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More power to you.
I-'mmMosteksAlnml'

floppy-disk system.

Hardware. The AID-80F offers versatile
hardware for microcomputer applications
or for Z80 software program development
and debug.

OEM-80. This board provides Z80 power
plus 16K bytes of on-board RAM.

RAM-80. This memory and /0O expansion
board includes 16K bytes of RAM (expand-
able to 64K bytes) and four eight-bit 1/0
ports.

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

AIM-80. This optional board allows real-
time in-circuit emulation with extensive

- debug, trace and diagnostic capabilities.
~ Software. Sophisticated AID-80F software
makes development fast and easy. Simple

1215 W. Crosby Road, Carroliton, Texas

commands and comprehensive error
messages save time, and programs can be
reassembled in minutes, not hours.

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

The AID-80F is just $5995, and each
board is available separately. Foran
information packet, contact your sales
representative or write Mostek Corporation:

75006; (214) 242-0444. Mostek GmbH Weet

Germany: Telephone
o711y 701008 INYO)

© 1978 Mostek Corporation
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

== e g INTROL ;
ey ~ UNIT :
ANALOG CROSSBAR ' SCANNER | ’
INPUTS SCANNERS [ EXPANDER |
|
2o DIGITAL MINI=
—l ] VOLTMETER COMPUTER

FUEL
SCALES

Fig 5 Simplified block diagram
of system for testing lubricating
oils. Crossbar scanners inter-
face to engines to process up
to 800 analog inputs on pres-
sures, temperatures, engine
speed, load, and fuel consump-
tion rate

TELETYPEWRITER

ators if any of the parameters exceeds specified range
limits. An alarm message is printed on a teletypewriter
and displayed throughout the laboratory via a closed
circuit television system, alerting the operator where
manual adjustments must be made. Alarm test specifica-
tions are set closer than the actual test specifications
so that an alarm message will occur before the value
actually goes out of limits.

The data acquisition system includes a 2.5M-word
HP 7900A disc subsystem, HP 2748A tape reader, three
ur 2640A keyboard/display terminals, and an HP 2754B
teletypewriter. It makes full use of the realtime executive
multiprogramming capabilities of the Hewlett-Packard
software operating system. This allows simultaneous
performance of tasks such as test administration, compu-
tation, plotting outputs, data retrieval, and debugging
of other programs by multiple users. The system util-
izes 10 core-resident programs, leaving foreground and
background disc areas to perform less time-critical tasks.
All data acquisition programs are written in assembly
language.

The data acquisition system contains capacity for
800 separate analog channels, allowing 16 sequential
channels to each engine. Channels are assigned to take
readings of cooling water-out and water-in temperatures;
oil, intake air, and exhaust temperatures; intake and
exhaust pressures; oil and jet pressures; and humidity.

During the test, readings of each of these parameters
are made at 6-min intervals. At any given time separate
groups of engines can undergo varied or similar tests
with different requirements. The computer calls from
memory the appropriate program for each test.

Readings are added to a running hourly total accu-
mulated in disc memory. At the end of each hour’s
run time, an average is taken and the data are logged
on disc memory. High and low readings are also stored
and all readings are constantly compared to specifica-
tion tolerances in memory.
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Sensors, such as thermocouple and pressure trans-
ducers, convey electrical signals in analog form from
the engines under test to four Hp 2911A electronic scan-
ners (Fig 5). These signals are converted to digital form
by an HP 2402A digital voltmeter. An HP 2911B scan-
ner control unit performs control and input channel
selection for the four scanners, and an HP 8159A scan-
ner expander allows the single scanner control unit to
handle all four crossbar scanners.

Fuel rates are determined by a gravimetric method.
Each engine is assigned an input line on an event sense
card in an HP 6940A multiprogrammer. Using the
card’s interrupt capability, the computer can detect a
start time and a stop time and determine the time re-
quired for the engine to burn a set amount of fuel.

A second HP 2100A minicomputer, with 32k-word
memory, provides backup data storage and added input/
output lines to the engine laboratory system, and is used
for software development. This system also contains two
HP 7970B magnetic tape units, HP 7900A moving head
disc with 2.5M-word capacity, HP 2716B card reader,
HP 2895A tape punch, HP 2748A tape reader, HP 2752
teletypewriter, HP 2610 line printer, and Calcomp 565
high speed plotter.

The software development system is used to further
process collected data and for development of new soft-
ware application programs. Plots, tabulations, and other
outputs are produced on this system’s plotter and high
speed printer. A disc memory unit stores data and pro-
gramming for transfer to the data acquisition system
when required.

According to swri, this laboratory can gather 10
times more data with greater accuracy than possible
manually. Whereas the latter method required many
slow, manual steps—which were subject to human error
and interpretation—the computer-controlled method
monitors, logs, calculates, and plots automatically. |
Circle 160 on Inquiry Card
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FreelLSI-11

Buy Dataram’s exciting new

BULK CORE MINI

with as little as 256KB of memory,

and you'll get an LSI-11 with the

power of a mini(...and the LSI-11 is free!)

Introducing the BULK CORE MINI, simply the most
innovative idea in anyone’s memory. From Dataram
Corporation, the people who pioneered BULK CORE for
disk emulation. And are now combining BULK CORE with
DEC®s LSI-11 in a new BULK CORE MINI — BCM-1. Buy

’ F"’ FL r‘" R - , our BULK CORE MINI with as little as 256KB of memory,
8 [— r el and we give you the LSI-11 at no charge!
s 5 In addition to one megabyte of BULK CORE, the BCM-1
E g g g o - has ten DEC quadslotsavailable toaccommodate the LSI-11,
ool ol @ 8 ’ % main memory, and peripheral controllers.
THEHEEHIEN 3 The BULK CORE in the BCM-1 emulates fixed-head disk
CHRHXIX| © 0 via the BULK CORE controller, and is completely trans-
ollollollo 5 g parent to the LSI-11. Offering access times thousands of
SHSHSRHS EF T times faster than FHD systems, and, because it’s all
miyymymplmije| a electronic, with much more reliability.
3 I. o 1.0 megabyte BULK CORE MINI
BCM-1 chassis (includes power, blowers,
SRS and BULK CORE controller) $ 3,200
- (4) 256KB BULK CORE modules ($4,800 ea.) 19,200
(1) 32K x 16 semiconductor main memory 1,800
DEC LSI-11 microcomputer (no charge) --
$24,200
.5 megabyte BULK CORE MINI
BCM-1 chassis (includes power, blowers,
and BULK CORE controller) $ 3,200
(2) 256KB BULK CORE modules ($4,800 ea.) 9,600
(1) 32K x 16 semiconductor main memory 1,800
DEC LSI-11 microcomputer (no charge) -
$14,600

Dataram manufactures the core and semiconductor ADD-INs for the
LSI-11, which can be used with the BCM-1.

Get the power of a minicomputer with an LSI-11, and use
it for process control, disk-swapping applications, multi-
terminal, or multi-programming installations. Or a wide
range of other applications.

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

. | ‘ . s e r ‘ PRINCETON-HIGHTSTOWN ROAD
o B LI | DATARA M [N
[\ ﬂ TEL:609-799-0071 TWX:510-685-2542
France: YREL, 33-9502224 e Italy: Mactronics Italia, 35 36 041 e Spain: Aupoca, 34-1-4575312 e Sweden: M. Stenhardt AB, (08) 739 00 50 ¢
Switzerland: ADCOMP AG, 01/730 48 48 ¢ United Kingdom/Ireland: Sintrom Ellinor Ltd. 44-734-85464 » West Germany/Austria: O.E.M.-Elektronik GmbH 49-711-798047/48

Australia/New Zealand: Anderson Digital Equipment, 61-3-5432077 e India: Industrial Electronic Instruments, 79281 e Israel: Integrated Systems Ltd., 921513 ¢
Japan: Matsushita Electric Trading Co., Ltd., 81-3-4354552 » Taiwan/Republic of China: Syscom Computer Engineering Co., 02-7026284/85.
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Perfect harmony from

8K to 64K with this
Motorola ROM quartet.
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Industry-standard pinouts — 24-pin package
Upward compatible — easy memory expansion
EPROM compatible e TTL and DTL compatible
All fully static — 10% +5 V single supply operation
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MCM68A364 {— MCM68A332 | {MCM68A316E
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or call it compatibility if you like.

Four mask-programmable ROMs singing from the Why not join the chorus. Compose your next read-
same sheet of music: plug-in compatibility is the only storage with Motorola EPROMs and ROMs.
name of that tune. The 8K, 16K, and 32K parts are Contact your Motorola sales office or authorized
available in volume now. The MCM68A364 64K ROM Motorola distributor.
will be available soon. For data sheets on Motorola’s industry-standard

Use these industry standard pinout ROMs with the pinout ROM quartet, write to Motorola Semiconductor
confidence that comes from knowing they’re from Products Inc., P.O. Box 20912, Phoenix, AZ 85036,
Motorola, the industry’s leading ROM supplier. or circle the reader service number.

They're likely to be a little less expensive, too, than
ROMSs you might obtain elsewhere.
The same applies to Motorola’s full line of MOS

memories, including EPROMs like the pin-compatible T
MCM2708L and MCM68708L, and our other 24-pin Mo OROLA
binary ROMs: the 8K MCM68A30A and 250 ns

MCM68B30A, and the 16K MCM68A316A. SemicondUCtor GrOUD
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STATE-OF-THE-ART IN HIGH SPEED
ARITHMETIC INTEGRATED CIRCUITS

Use of bipolar technology to construct arithmetic ICs has resulted in
devices with increased switching speed and gate density

and low power dissipation. Future technological advances should
have an even greater impact through larger chip diameters

and sharper pattern fabrication

Shlomo Waser

Monolithic Memories, Incorporated, Sunnyvale, California

C urrent integrated circuit technology provides a full
spectrum of arithmetic devices, varying in speed and
capabilities. These devices can be divided into three
groups according to their speed. In the first, or slowest,
group are calculator chips that operate at greater than
1 ms; in the second, or medium speed group (1 us and
slower), n-channel metal-oxide semiconductor micro-
processors; and in the third, or fastest group (1 us or
better), bipolar data slices and bipolar discrete units
(adders, multipliers, etc). The third group of high
speed arithmetic integrated circuits, under discussion
here, are significant building blocks in constructing
“number crunching” systems for use in weather model-
ing, nuclear physics computations, and realtime digital
signal processing tasks such as speech and image pro-
cessing, computerized tomography, and air traffic mon-
itors.

Technology Background

To understand the difficulties encountered in fabricating
high speed arithmetic integrated circuits (1cs), it is nec-
essary to review semiconductor technology in general,
with particular attention to bipolar technology. In this
respect, consider the three factors that limit how much
parallel arithmetic can be put into one chip: maximum
allowed power dissipation, pin count, and cost.

Maximum Allowed Power Dissipation

In high speed technologies (mostly bipolar), maximum
number of gates is a direct function of the chip’s max-
imum allowed power dissipation. This, in turn, depends
on maximum allowed junction temperature of the
silicon die, ambient temperature, and ability of the 1C
package to dissipate heat (thermal resistance). This
relationship is defined as

Tjnnct ton — Tambient

01a

Max power dissipation =

For military specifications, Tympient = 125 °C, a
typical package at still air has a thermal resistance (6;,)
of 40 °C/W, and the maximum allowed junction tem-
perature is 175 °C [for transistor-transistor logic (TTL)].
These values give 1.25-W maximum power dissipation,
which is typical of most large-scale integrated (Lsi) de-
vices on the market today. However, effective thermal
resistance between the 1c package and the ambient envi-
ronment can be reduced to 15 °C/W by attaching the
package to a heat sink and cooling it by forced air.!
If 1c operation is limited to the commercial temperature
range (maximum 70 °C), maximum power dissipation
is about 7 W. While this latter dissipation value seems
feasible, available 1cs (with this characteristic) are un-
desirable, because they will usually be interfaced and
surrounded by 1cs that dissipate less than 1 W. Thus, a
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local hot spot is generated that is difficult to cool effi-
ciently and reliably.

The maximum number of gates that can be integrated
into one chip is equal to the maximum allowed power
dissipation divided by the power dissipation of each gate.
For example, one of the most popular and successful
technologies today is low power Schottky TTL (Ls/TTL)
which dissipates 2 mW /gate; this Ls1 chip type contains
about 600 gates.

In a given technology, power dissipation of each gate
is roughly proportional to its physical size, which in
turn is determined by number of active elements and
resolution of the lithography used to define the geom-
etries of the transistors. For random-access memories
(RAMs) the progress from lk to 16k bits was mostly
due to reducing the 3-transistor cell to a 1-transistor
cell and cutting the line width of the fabrication pattern
from 10 to 5 pm. Introduction of the 64k rAaM will
probably require an improvement over present photo-
lithography techniques, with electron beam lithography
the most likely process.

Pin Count

Number of available pins in the 1c package is a severe
limitation for high speed arithmetic on wide words.
Multiplying 16-bit operands requires a package with at
least 66 pins. The state-of-the-art is 64 pins, and no
major breakthrough is in sight?. Even custom 1cs do
not exceed this limit by much, although the Amdhal
computer uses a custom 84-pin flat-pack package. Pin
count limitations have led to the data “slice” concept;
ie, partitioning the desired system into identical parts
that have common control and interconnection mech-
anisms (carry, etc). The pin limitation can also be cir-
cumvented by time-multiplexing the information via
common pins; however this reduces the overall speed.

Cost

If power dissipation is not a limiting factor, as with
metal-oxide semiconductor (Mo0s) and integrated-injec-
tion logic (1L) technologies, cost will limit the die size.
Noyce® points out that if yield is a function of random
defects, cost increases exponentially with die size. For
example, if a given chip size yields 10% good die, a chip
twice as large will yield 1%. The cost for twice the func-
tion will be 20 times as great. Other major cost elements
are testing and assembly, which are approximately fixed
per chip. Consequently, as the number (N) of functions
per chip increases, the assembly cost decreases propor-
tionally to 1/N. Minimum cost per function will be at the
crossover point between silicon chip cost and assembly
and test cost. Progress in 1cs can be viewed as a fixed
cost (about $10) for increased complexity (three orders
of magnitude in the last 15 years).2

Characterizing Technologies

To simplify comparisons among the various technologies,
the “natural” gate implementation is analyzed. Natural
gate is a realization of a Boolean operator that requires
a minimum number of transistors while giving maximum
speed. For TTL, this gate is a NAND; for EcL, it is a NOR.
Unfortunately, no known technology has the exclusive-or
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as its natural gate. Unless otherwise stated, the word
gate will be used instead of natural gate.

Two main characteristics of a gate are power and
speed. A common figure of merit is the speed-power
product, where speed is in nanoseconds (ns), power is
in milliwatts (mW), and product is in picojoules (pJ).
A third characteristic is the gate’s fan-in. In most bi-
polar technologies, fan-in is four. In the TrTL family,
NAND gates with one, two, three, or four inputs have
the same speed and the same power, whereas larger
fan-in NAND gates have larger speed-power products.
Limited fan-in is a severe limitation in arithmetic op-
erations on wide words requiring carry-lookahead (cra).

Bipolar Technologies

All fast 1c technologies are bipolar; the two most
commonly used today for high speed arithmetic hard-
ware are ECL and Schottky-TTL. Integrated-injection
logic (11L) is a relatively new technology that will be-
come important for very large-scale integration (above

1000 gates/chip).

Emitter-Coupled Logic

ECL is the fastest, commercially available technology;
gate delay is 1 to 2 ns, and speed-power product is 50
pJ. Although introduced about 10 years ago, the tech-
nology 1is still limited to applications that require
very high speed, such as top of the line mainframe
computers (1BM 370/168, Amdhal 470, pEcsystem 10)
and some signal processing equipment because of design
difficulties. Interconnections become, in effect, trans-
mission lines that require proper termination and
matching. Also, reliable EcL designs need to use multi-
layer printed circuit (Pc) boards, which are expensive.
Since ECL devices normally are powered from a —5.2-
V supply, they are incompatible with the popular TTL
family. Another severe shortcoming of the EcL devices
is their excessive power dissipation of 25 to 60 mW/
gate, which requires forced air cooling. Nevertheless,
if maximum speed is needed, EcL is the best choice.
The internal circuit of ECL is a current-switching mech-
anism, which implies a constant current drain of the
power supply. By contrast, the TTL logic family, using
voltage threshold, causes large current spikes on the
power supply during switching from one state to another.

ECL technology is implemented by various families.
The fastest (1 ns) is MECL 111 from Motorola,* Fairchild,
and Signetics. The 10,000 family has the largest selec-
tion of EcCL LsI devices, and it is the only EcL family

with arithmetic units. A typical gate operates at 2 ns and
25 mW.

Transistor-Transistor Logic

TTL technology was introduced in 1964 by Texas Instru-
ments (11).% It has been the most popular logic family
for more than a decade. The original family had a 10-ns
gate at 10-mW dissipation, and devices of this family are
still the least expensive 1cs. However, two subfamilies are
making inroads. One is the Schottky-TTL (s/TTL) with a
3-ns gate at 20 mW, matching the speed-power product
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of EcL. The second subfamily, low power Schottky (Ls/
TTL), retains the speed of original TTL but decreases the
power dissipation to 2 mW. Popularity of TTL technology
has led to the largest selection of different 1cs. Most small-
scale integrated (ss1) and medium-scale integrated (msr)
devices are triplicated in three subfamilies (TTL, S/TTL,
LS/TTL) ; however, most LsI devices are implemented only
by Ls/TTL. TTL ICs operate from a 5-V power supply. No
critical problems have envolved in Pc board layout as in
ECL, and power dissipation typically does not require any
special cooling. As noted previously, precautions need
to be taken in decoupling the power supply lines, due to
current spikes that are present while switching from one
state to another.

Integrated-Injection Logic

IIL is a relatively new technology® (1975) that has not
matured like EcL and TTL; thus, conflicting reports exist
about its potential characteristics. Nevertheless, a gate
with Ls/TTL speed of 10 ns and power dissipation of
0.1 mW is reported.” It is likely that by 1980, most high
density monolithic arithmetic processors will be imple-
mented in 1L, replacing Ls/TTL completely for such ap-
plications. In fact, the photochemical process used in
fabricating Ls/TTL can be modified to handle 1L, making
it even more attractive than a completely new technology.

Most digital 111 devices are powered from a 5-V power
supply to retain TTL compatibility. However, IIL tech-
nology needs only 1 V to operate, since it requires
only current sourcing, and no voltage thresholds are
used. Thus, for applications where TTL compatibility
is not required, further power reduction is possible
at no sacrifice in speed.

Table 1 summarizes the characteristics of the de-
scribed technologies. A characterization of the implemen-

tation of an exclusive-OorR gate is included for each
technology because this Boolean operator is the major
element in implementing digital arithmetic.

Arithmetic Elements

Arithmetic Logic Unit

Arithmetic logic units (ALUs)*® are capable of add, sub-
tract, shift, and logic operations (AND, OR, ex-or). The
most popular ALU device is the 74S181 implemented in
s/TTL technology (or 74181), which is used in minicom-
puters such as the pEc ppp-11 and the Data General NovA.
This device performs addition using a carry-lookahead
algorithm across four bits at a time. When operating
on wider words, a companion device (74S182) provides
a full carry-lookahead across any number of bits. Each
carry-lookhead unit (74S182) receives the generate
and propagate terms from a group of four 74S18ls.
In general, the number of levels of carry-lookahead is
login; eg, adding 64 bits with full carry-lookahead
takes 15 ns in ECL and 28 ns in S/TTL.

The 745181 (and the 10181) are combinatorial de-
vices, and accumulation of results requires an additional
register (accumulator). The 74S281 is an ALU with an
accumulator on one chip, which still uses the 745182
for carry-lookahead. Adding and storing 64-bit operands
take 42 ns.

Texas Instruments has introduced two additional
-81 devices. The 74S381 is similar to the 74S181—some
functions of the 74S181 were removed to enable it to
be packaged in a 20-pin, 0.3”” (7.6-mm) package instead
of the 24-pin, 0.6” (15.2-mm) package used to house
the 74S181. The second device, the 745481, will be
discussed in the section dealing with processor elements.

69




Table 2 lists the speed and power of commonly used
ALUs. As can be expected, power is approximately pro-
portional to the gate count of the device. The first three
devices listed in the table are basic ALU elements. 745181
is implemented in s/TTL; the 10181 in EcL. 745182
and 10179 serve as support chips for the ALU, and pro-
vide carry-lookahead when several ALUs are cascaded.
The 74S281 contains an on-chip accumulator, but is
slower than the combinatorial ALus. Table 3 extends
the chip comparison into the system level. When
several ALUs are cascaded, the carry-lookahead units
provide faster addition and subtraction, at the expense
of increased power dissipation. s/TTL addition of 64
bits takes only 28 ns, but results in 11-W power dissipa-
tion. Addition of only 4 bits does not require carry-
lookahead, addition of 16 bits requires only 1 carry-
lookahead, but addition of 64 bits uses 5 carry-look-
ahead units.

Multipliers

In describing the ALU adder 1cs it is clear that the
most common addition algorithm is the carry-lookahead,
and the most common configuration is four bits per
Ic. In contrast, multipliers use a variety of algorithms
and configurations.

Parallel multiplication algorithms can be divided into
two types: those that generate partial products and

those that add the partial products. In generating
partial products. The n bits of the ith partial product
method is to use AND gates. If the multiplier (Y) and
the multiplicand (X) each have n bits, there are n
partial products. The n bits of the ith partial product
are generated by ANDing Y; with each of the n bits of
the multiplicand X. However, in 2’s complement rep-
resentation, a correction is required since the most
significant bit (MsB) has, effectively, a negative weight.

Booth’s algorithm? is a method of recoding the multi-
plier so that the sign bit (MsB) is treated in the same
way as the rest of the bits. A modified Booth’s algorithm,
suggested by MacSorley,!° serves as a means of halving
the number of partial products while keeping the elegance
(sign bit treated as any bit) of the original algorithm
for 2’s complement numbers. The reduced number of
partial products increases multiplication speed and de-
creases gate count. The motivation behind Booth’s al-
gorithm is to skip over a string of 1s and Os, rather than
form a partial product for each bit. Skipping a string
of Os is clear. Skipping over a string of 1ls involves
computing a string of 1s by subtracting the weight of
the rightmost 1 from the modulus of the string. For ex-
ample, the binary string 1111 is 2¢ — 2° = 15, and the
binary string 11100 is 2° — 22 = 28.

In the actual hardware implementation, Booth’s al-
gorithm requires that the operand (multiplier) be di-
vided into N/2 groups or substrings, each of which has




three bits. Assume that the multiplier has the binary
pattern 0111. A O digit is added to the right, and the
resultant number (01110) is divided into two 3-bit
groups. All possible permutations of these substrings
are computed from the chart to determine the partial
products.

28 2 2%,
Yh.x YI Yl—l

0 0 O Addzero (no strings)
Add multiplicand (end of string)
Add multiplicand (a string)
Add twice the multiplicand (end of string)
Subtract twice the multiplicand (beginning of string)
Subtract the multiplicand (—2X + X)
Subtract the multiplicand (beginning of string)
Subtract zero (center of string)

The first group is 110, which requires subtracting the
multiplicand; the second group (011) requires adding
twice the multiplicand. Since the second group is shifted
twice, its relative weight is four times that of the first
group. Thus, “adding twice” for the second group means
“adding eight times.” Combining the two groups, the
result is “add seven times the multiplicand.” This method
requires only six easy operations: =0, =X, =2X.

Every two contiguous groups have one bit in common
as follows.

Y: Yo Yo Yo Yo Yo Y3 Yo Yo
A
B

D

This padded 8-bit multiplier is divided into four groups,
each made up of three bits. Each of the groups is oper-
ated upon by encoding the previous definitions. How-
ever, each group has a different weight. Group A has a
weight of 1, group B a weight of 4, and so on. Note
that bit —1 is always 0.

Thus the modified Booth’s algorithm is a multiplier
encoding scheme that involves a constant shift of two
bits at a time while examining three multiplier bits,
resulting in N/2 partial products rather than the N
partials involved without encoding. This algorithm can
be extended by shifting three bits at a time while ex-
amining four bits at each subgroup. However, in encod-
ing some permutations of a 4-bit string, such as 0110,
the partial product is three times the multiplicand. Since
generating a multiplication of three is not as trivial as
the shifting used in generating a multiplication of two,
none of the semiconductor multipliers use more than
three bits for encoding.

The second type of multiplication algorithm deals
with adding the partial products. All parallel algorithms
use the carry-save adder; this adder is identical to a




binary full adder. The only difference is in the inter-
connections of carries; instead of waiting for the carry
to ripple, the carry is added at a later stage. Postpone-
ment of the addition of carries can be extended to all
adder stages except the last. Carries from the last stage
essentially form an n-bit operand to be added to the
n-bit sum, and this operation can be done by carry-
lookahead adders. Another side benefit of postponing
addition of the carries to a later stage is the availability
of a third input in each adder in the first stage; thus, the
first three partial products can be added by the first
stage, reducing the number of adder stages by one. This
scheme is a minor modification of the Wallace Tree.ll

Table 4 summarizes available 1¢ multipliers and the
algorithms that they use. For example, the TRW multi-
pliers!? use AND gates to generate partial products which
are added by carry-save-adders, however (unlike the
Wallace Tree), they let the carries ripple through the
last adder stage.

The MM1 8 x 8 multiplier’ (67558) generates partial
products by using the modified Booth’s algorithm. These
partial products are then added in a Wallace Tree config-

72

uration. Texas Instruments extends the AND gate concept
and provides a RoM (74S274) to generate a 4 x 4 segment
of the partial products. They also provide a 7-bit Wallace
Tree slice (74S275) for use in adding the partial prod-
ucts. This bit-slice can be used with other multipliers to

‘provide an expanded multiplication. AMp 25S05'* and

the Motorola 10183 provide an onchip solution to the
expansion problem by implementing X times Y plus K
instead of just X times Y.

Some multipliers in Table 4 are semiparallel. The AMD
251S14 generates and accumulates one partial product
at each clock pulse; this product is made up of one
multiplier bit and the full width of the multiplicand. Thus,
for 8 x 8 multiplication, eight clock pulses are required.
The mM1 67516 is similar except that it shifts two bits
at a time and the multiplicand is 16-bits wide. Thus,
16 x 16 multiplication is performed in eight cycles.

Table 5 compares performance of the various chips
in performing 8 x 8 and 16 x 16 multiplication, and
can be used to make the engineering tradeoff in system
design of multiplication. If maximum speed is needed,
say for 8 x 8 multiplication, then using eight packages
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Fig 1 Detailed AM2901 microprocessor block diagram. Main element of 2901 is ALU, which performs eight operations

according to three instruction lines. Source and destination of operands and results are determined by remaining six in-
struction lines. Register file, in upper left corner, is 16 x 4 dual-port RAM, which is used as 16 registers or accumulators
for ALU. External input and output data buses are also used as source and destination, respectively

of the EcL 10183 is the best choice; however, if the
associated power dissipation of 6.4 W is excessive, the
single chip MM1 67558 is best. While it multiplies some-
what slower than the EcL device, its power dissipation
is only 1 W.

Bit-Slice Processor Elements

The first arithmetic 1c was a binary adder, which was
integrated later to the combinatorial ALu (74181). The
next evolution of integration (after the ALU) received
many different names, such as bit-slice microprocessor,
RALU (ALU with registers), and data slice. The former
is the most popular description. Architecture of the bit-
slice is made typically from the classic ALU, but with
multiple accumulators (registers) and control over ALU
sources and destination. Fig 1 shows the architecture of
the AMD-2901,15 which is probably the most commonly
used bit-slice processor element. Other such elements
are Motorola Mot 10800, mm1 6701, Intel 3000, TI
745481, and 11 sBp 400. All have four bits per Ic,
except the Intel 3000 which is only two bits wide.

To determine the speed of these devices, the register
to register operation (R, + Rz — Rg)* is examined.
The 2901A, a faster version of the 2901, performs such
an operation in 90 ns. To compare this speed with that
of the 74181 type ALU, it is necessary to add registers
to the 74181, as shown in Fig 2.

Expanding the bit slices to handle more than four
bits is similar to expanding the 74181 ALus. In fact,
most bit-slice vendors recommend using the same carry-
lookahead unit (74S182). To get a more realistic picture
of the actual throughput of these devices, it is neces-
sary to assume some overall system of architecture. Fig
3 shows the architecture for a 16-bit system. It is as-
sumed to be microprogrammable with a pipelined micro-
instruction register; ie, maximum speed is achieved
when no branch decisions are made. Fig 3 also contains
a comparison of 16-bit throughput for various building
blocks. In computing the addition time of the ALUs

*Ra + Rs > Rs means adding the contents of register A to the
contents of register B and storing the sum into register B. All of
this is accomplished in one cycle.
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Fig 2 MSI emulation of bit-
slice processor element. (a)
To compare simple ALU with
bit-slice processor element,
two registers are added to
ALU. (b) Time to perform
four bits (Ra + Re~Ra) is tab-
ulated for various building
blocks

(74S181 and 10181), the configuration assumed is
similar to that of Fig 2, with the addition of a multiplexer
(to select one of several sources) and a microinstruction
register. From Fig 3(b) it can be seen that the speed
of the arithmetic processor elements is about half that
of the older ALus. This ratio applies to both TTL and
ECL technologies. Slower speed of these elements is prob-
ably the main reason that many recent minicomputers
still use the older ALUS.

Monolithic Arithmetic Processors

The MM1 67516 (mentioned in the discussion on
multipliers) continues the trend toward greater integra-
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tion per chip. In addition to multiplication, the device
performs division using a nonrestoring algorithm; thus,
for 16-bit division, 20 clock pulses are needed. At
100 ns/clock, 2 us are required to perform a division
of a double-length dividend by a single-length divisor,
resulting in a single-length quotient and remainder. The
device contains four registers, two of which are used
as accumulators, making it easy to perform (under
microprogram control) a variety of operations, including
sum of products, multiplication by constant, and division
by constant.

Development of this device was originally motivated
by speech processing requirements, where 16-bit multipli-
cations performed in 1 ps are used to implement digital
filter equations. Later, it was realized that most of the
data paths and registers needed for division already
existed; this allowed division capability to be incorpo-
rated into the chip with a small increase in hardware
and expansion of the microprogram.

Future Trends

To provide perspective on currently available arithmetic
1cs, the limitations imposed by bipolar technology were
analyzed. Now to understand the future of arithmetic 1cs,
bipolar technologies must be examined in terms of
potential density and speed.

Two major density improvements are in sight. The
first is an increase of the wafer diameter from 3 to 4
in (7.6 to 10.1 cm). This increase, which has been
implemented by some companies, doubles the chip size
while maintaining the same cost (up to a limit, the
cost of processing a wafer is almost independent of its
diameter). The second, more revolutionary, improvement
is a new method of drawing the patterns needed for the
fabrication of integrated circuits. Resolution currently
obtained with optical lithography is lines approximately
2 to 5 pm wide. Further resolution in optical tech-
niques is limited by diffraction effects that occur between
the mask and the wafer. The new method—electron-beam
lithography—provides up to 20 times the resolution of
optical lithography.®

With these improvements, Texas Instruments expects
to achieve a chip size of 140,000 sq mils.'” With 1L
technology, this chip size will contain about 10,000
gates. At this high level of integration, many arithmetic
1cs will probably give way to a single-chip high speed
microprocessor that performs addition, multiplication,
and division all at the same speed. Thus, one direction
in the future will be further integration of multichip
systems into a single chip while maintaining the same
system speed.

A second possible future trend will be to retain the
same level of integration but to employ higher speed
technology. A new bipolar process—elevated electrode
integrated circuit (EEIC)!®—is reported to have 250-ps
delay/gate at 2-mW power dissipation. With such a
technology (still under research and development), it
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will be possible to construct an ALU that is functionally
similar to the 745181, but with an order of magnitude
speed improvement, ie, 1 ns. A 16-bit computer made
with this ALU and carry-lookahead units could perform
register to register addition in 7 ns, if a sufficient variety
of devices in the new family exist to build such a com-
puter.

The future directions outlined are merely interpolations
of the progress to date. As with the microprocessor revo-
lution, it is possible that a completely new direction in
computer arithmetic will emerge from the continuing
advancements in 1c technology.
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distributor or repre- CALL us ON IT.
sentative today. Use -
the direct line at the (415) 493 3‘00
bottom of this ad to call our Optoelectronics
Division. Fairchild Camera & Instrument

Corp., 464 Ellis St., Mountain View, CA 94042.
Tel: (415) 493-3100. TWX: 910-373-1227.

76 CIRCLE 35 ON INQUIRY CARD COMPUTER DESIGN/JULY 1978



SERIAL COMMUNICATION PROTOCOL
SIMPLIFIES DATA TRANSMISSION
AND VERIFICATION®

A simple, easily-implemented protocol has been designed to detect and
correct noise-induced errors in a bit-serial link, and to hold trans-
missions at a rate acceptable to the receiver

John G. Fletcher
University of California, Livermore, California

Lawrence Livermore Laboratory,

When first developed in the mid-1960s, the Octopus
computer network! comprised a few very large computers
linked by custom-built high speed bit-parallel interfaces.
As expansion occurred, numerous widely dispersed mini-
computers were added. The economics of the growing
system dictated the use of low cost bit-serial hardware
devices on longer, relatively low bandwidth links. How-
ever, the simplicity of the serial link hardware was
offset by the need for more complex software or firm-
ware. As an example of the problems: control and status
information were no longer neatly segregated from data
into different parts of the interface; they were intermixed
into a single stream of bits that had to be unambiguously
sorted out by the receiver. Also, the hardware reported
noise-induced transmission errors only to the receiver,
which then had to request retransmission.

A serial communication link protocol was needed to
sort out and handle these problems. However, after ex-
amining problems and solutions in the late 1960s, the
suggested standard protocol at that time? was deemed
excessively complex—and it did not permit movement
of data, simultaneously in both directions, on a link.
Therefore, to answer system requirements, a simple serial
communication link, the Octopus protocol, was designed.

At present, nearly all computing resources at Lawrence
Livermore Laboratory are tied together by the Octopus
computer network. It provides a common shared data
base, and permits maximum interaction with, and avail-
ability of, all resources at each interactive terminal.

Link Protocols

Flexibility and generality of data communication activity
within a computer network are enhanced if a hierarchy
of modular and somewhat independent communication
protocols, rather than one that is all-encompassing, are
used. Proceeding down the protocol hierarchy involves
moving from higher-level rules and formats concerned
with the meaning and disposition of messages, toward
lower-level conventions concerned with the mechanics of
transmission.

The Octopus protocol is designed for a full-duplex
serial link, which connects two nodes so that two inde-
pendent transmissions, one in each direction, can occur
simultaneously, even though each transmission may con-
sist only of a single serial stream of bytes. A link with
different characteristics, such as one that can carry only
one transmission at a time, or one with separate parallel
paths for data, control, and status, would require a dif-
ferent link protocol.

Generally, a single message that moves from its origin-
ating node through several intermediates to its destination
(Fig 1) may be subjected to a different link protocol on
each link used. The same message is also subjected to
a single, higher-level, end-to-end protocol that is inde-

*This work was performed under the auspices of the U.S. Depart-
ment of Energy by the Lawrence Livermore Laboratory, under
Contract No. W-7405-Eng-48
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Fig 1 Serial communication net-
work. Packet originating in upper
left node, destined for lower right
node, passes over three links and
through two intermediate nodes
to follow shortest route

pendent of the kinds of links used. Such a protocol
typically operates by generating, interpreting, altering,
and discarding headings that contain information re-
garding routing, sequencing, assurance of delivery, flow
control, and logical blocking. Headings, included with
each message in addition to the text, must be conveyed
without change from the origin to the destination.

The end-to-end protocol interacts with the link proto-
cols by using packets, each consisting of a heading and
some text. Whether the text is a single complete message,
part of a message, or several messages is determined by
the higher-level protocols and does not concern the link
protocols, which do not interpret the packet content. As
determined by the end to end protocol, a packet gen-
erated by or arriving at a node is placed onto a queue
of packets associated with the link over which it is to
be output. Packets in this output queue are transmitted
one by one over the link in accordance with the link
protocol; a packet is retransmitted whenever a trans-
mission error occurs. When a packet is correctly input
by the node at the other end of the link, it is examined
according to the end-to-end protocol to determine its
disposition. In a typical node, the only aspects of a
packet that are of interest to the link protocols are the
locations and lengths of the chain of data buffers (or
the single data buffer) where the packet is stored.

The Octopus link protocol consists of two nearly in-
dependent sub-protocols: block and byte. Block protocol
is the higher level of the two and concerns matters that
require action only at packet boundaries, namely, re-
covery from error and determination of readiness to input
or output. This protocol would typically be implemented
in software or perhaps in firmware. Simplicity is the
outstanding advantage of this protocol. As compared
to alternatives it requires less programming, working
storage, and running time, which makes it ideal for use
in small computers, or where programming effort must
be minimized. However, simplicity leads to certain limi-
tations, such as the fact that each packet must be

78

acknowledged before the next is output, which may lower
throughput to some extent.

The byte protocol provides synchronism maintenance,
identification of packet boundaries, and error detection,
all functions that require the examination of each 8-bit
byte as it is sent or received. Byte rather than bit
orientation represents a slight reduction in generality but
results in considerable flexibility. The protocol can be
used on asynchronous serial links using standard, simple,
byte-oriented interfaces. Also, on synchronous serial
links, the hardware only need search for synchronizing
bytes at the start of each transmission; there is no need,
as with some protocols,® for special hardware that in-
serts and deletes bits within a byte of data. Essentially
the entire protocol can be implemented in software or
firmware, although it can also be fully implemented in
hardware to increase throughput or to reduce processor
program load.

Block Protocol

To transmit a packet over a serial link without error
when both ends are ready, control and status information
about the packet must be sent in both directions over
the link. A major effort in designing the block protocol,
which manages control and status information, was de-
voted to minimizing the quantity of information in order
to achieve the greatest simplicity. The effort succeeded
because the information was compressed to a single 8-bit
control byte per transmission. As explained later, this
permits good meshing with the byte protocol, which pro-
vides a natural place for the byte in a transmission se-
quence. The control byte in each transmission is gen-
erated, interpreted, and discarded according to the block
protocol. Specifically, the block protocol views each
transmission over the link as being a data packet ac-
companied by a control byte, or only a control byte.

For each packet there is an outputter node at the
end of the link that originally had the packet, and an
inputter node at the other end that finally gets the
packet. These terms must be distinguished from “sender”
and “receiver”, which are used in the conventional way
to distinguish the two ends of a single transmission, for
a control byte sent in one direction may contain informa-
tion about a packet output in the other direction. Because
the link is full duplex for output and input as well as
for sending and receiving, two packets may be trans-
mitted independently and simultaneously in opposite di-
rections over the link. Therefore the algorithms used by
the nodes at the two ends of the link can be identical;
there is no need, as there is with some protocols,®> for
a slight asymmetry to resolve a conflict between ends
that try to transmit over the link simultaneously.

The block protocol is centered around the content of
the control byte (Fig 2). This byte always contains a
current record of the status of the sender with regard
to both input and output. The protocol is such that failure
to receive a control byte may result in a need to retrans-
mit a packet, but it cannot lead to permanent confusion.
Three of the eight bits in the byte are input status (bits
6, 5, and 4), three are output status (bits 2, 1, and 0),
and two provide redundancy (bits 7 and 3); bits are
numbered starting with 0 on the right.

Bit 6, the input phase bit, and bit 2, the output phase
bit, indicate node phases. At any given time, a node is
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Input-phase bit indicates the phase of the
input packet.

Input-acceptance bit is set if
and only if the input packet
was accepted and forwarded
for further processing.

Input-permit bit is set
if and only if the
sender is ready to
input another packet.

FParity m is chosen so that an odd number of bits are set in the control byte.

Input bits refer to
the packet
most recently
input by the
sender of the
control byte.

Control bit is always set.

Output-phase bit indicates the phase
of the output packet.

Output-state bits indicate the output state of
the sender:

Output bits refer to
the packet most
recently output

by the sender of )
the control 1g (done), the output packet is not as yet

byte acknowledged (accepted or rejected).

control byte.

2g (idle), the output packet is acknowledged,
and no additional packets await output.

output packet await output.

Og (busy), the output packet accompanies the

3g (ready), packets in addition to the acknowledged

Fig 2 Control byte format. This
byte is included in every trans-
mission. Phase is modulo-2
counter (counting 0, 1,0, 1,...)
of transmitted packets

in one of two phases (0 or 1) associated with output and
also in one of two phases (0 or 1) associated with input.
In each case, the phases alternate as successive packets
are transmitted. Change in a node’s output phase occurs
whenever it sends a packet, while the input phase is
always made to conform to the output phase most re-
cently received (without error) from the other node. A
phase is essentially a modulo-2 packet counter (counting
0,1,0,1,...) used to prevent confusion about which
packet’s status is being indicated.

The eight bits of a control byte are explained from
high to low order.

Bit 7—parity bit—is selected so that the total number
of bits set in the control byte is odd, providing re-
dundancy for this highly critical byte in addition to the
error-detection facilities of the byte protocol.

Bit 6—input-phase bit—indicates the input phase of the
sender.

Bit 5—input-acceptance bit—is set if, and only if, the
packet input by the sender during its current input phase
was accepted, that is, was received without error and
forwarded for further processing according to higher-
level protocols. A packet is received with error if it is
part of an erroneous transmission (defined in discussion
of bit 3) or is accompanied by an improper output state
(defined in discussion of bits 1 and 0).

Bit 4—input-permit bit—is set if, and only if, the sender
is prepared to input a new packet (during its next input
phase).

Bit 3—control bit—is always set to prevent a possible
ambiguity in the byte protocol, and constitutes the only
specific adaptation of block to byte protocol. A transmis-
sion is judged to be erroneous and its contents ignored
if the byte protocol detects an error, the parity of the
control byte is even, or the control bit is clear.

Bit 2—output-phase bit—indicates the output phase of
the sender.

Bits 1 and O—the output-state bits—indicate the state
of the sender with regard to output.

If the output-state bits are equal to Oy (the two bits
are represented as a single octal digit), indicating the
busy state, the control byte accompanies a packet. The
receiver should accept a packet only if it is in a non-
erroneous transmission with a control byte that shows a
change in the sender’s output phase from its previous
value, which has been remembered as the receiver’s
input phase, and shows an output state of Og. The ac-
ceptance or rejection of the packet is indicated by the
input-acceptance bit (bit 5) in a control byte that shows
the proper input phase, sent from inputter to outputter.
Because the contents of an erroneous transmission are
ignored and the output phase shown in its control byte
is not examined, acceptance or rejection is decided upon
receiving the first non-erroneous transmission that shows
a new output phase, which is the transmission that causes
a change of the receiver’s input phase. An indicated out-
put state of Og causes acceptance; any other output state
causes rejection. The decision of acceptance or rejection
is then not altered until the phase changes again.
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If the output-state bits are equal to lg, indicating the
done state, the sender has not, during the current output
phase, received an acknowledgement (indication of ac-
ceptance or rejection) of a packet; that is, he has not
received (without error) a control byte showing an input
phase equal to its own output phase. This state differs
from the Og state in that no packet is included in the
transmission. During each output phase, an outputter
normally sends a packet once, in a transmission showing
the Oy state, and then shows the 1g state in subsequent
transmissions (if any) sent before receiving an acknowl-
edgment. However, the outputter could repeat the packet
and show the Og state in subsequent transmissions; any
duplicate packets would be ignored by the inputter, since
they would not be associated with a change of output
phase. If a packet is rejected during one output phase,
it can be output again during the next phase, and the
process is repeated until the packet is accepted or a
decision is made to give up because outputting has taken
too much time.

If the output-state bits are equal to 2g, indicating the
idle state, the sender has received an acknowledgment
of the packet output during its current output phase but
has no further output waiting to be sent; that is, the
output queue is empty.

If the output-state bits are equal to 3g, indicating the
ready state, the sender has a packet ready to be output
during its next output phase and is waiting for input
permission from the receiver. Permission is indicated
by the input-permit bit (bit 4) in a control byte, which
shows the proper phase, sent from the inputter to the
outputter. Always permitting input, except in rare cir-
cumstances of failure or overload, is most efficient,
because the transmission of a packet is followed by only
one additional transmission (in the opposite direction),
containing the acknowledgment, and the acknowledgment
could be included with a packet going in that opposite
direction. If input permission is given only after re-
ceiving an indication of output state 3g, two more trans-
missions (one in each direction) precede the output
of every packet. During each output phase, the output
state should always change in sequence from 0g (busy)
to 1g (done) to 23 (idle) to 33 (ready). However, the
protocol permits some of these states to be skipped,
but never all.

The records that must be kept by a node to carry
out the block protocol are summarized in Fig 3. In
addition to the six bits (bits 6, 5, 4, 2, 1, and 0) of its
output and input status included in every control byte
that it sends, a node must keep three more single bits
of information on which to base its decisions: the send-
permit, send-request, and output-permit bits. The send-
permit bit, if set, indicates that the situation has changed
since the last transmission and that the need for a new
transmission should be examined. This bit is cleared
whenever a transmission is sent, and is set whenever a
transmission is received or when a new packet appears
at the head of the output queue. The send-request bit,
if set, indicates that the node at the other end of the
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link would like to receive a control byte. This bit is
cleared and set along with the send-permit bit, except
that the send-request bit is cleared whenever a non-
erroneous transmission is received that indicates an out-
put state of 25. Provided that sending is not already in
progress, a node should send a transmission whenever
the send-permit bit is set and at least one of the following
is true: the send-request bit is set, or the node’s own
output state is not 2g. The output-permit bit determines,
in part, whether a transmission should include a packet.
This bit, if set, indicates that the received input-permit
was set during the current phase and, therefore, that the
next packet in the output queue may be output.

A node should also operate an output and an input
timer. The output timer is used to ensure that each
packet in the output queue is transmitted and accepted
within a reasonable time, the length of which is deter-
mined by considering the transmission rate of the link,
the reaction time of the nodes, and the possibility of an
error that would require a retransmission. The input
timer is used to ensure that input buffers do not remain
indefinitely allocated for a packet that may never arrive;
the need for this timer depends on the details of the
implementation. Records kept by a node also include the

nput phase

| Input acceptance

Input permit .bits included in transmitted control bytes.

| Output phase

J Output state

_| Send permit bit indicates that a transmission may be sent,
if needed.

Send request bit indicates that a transmission needs to be
sent, even if the output state is a 2g (idle).

Output permit ﬂiridicates that a packet may be output.

| Input packet is a list of the locations and lengths of
the buffers holding a packet (if any) being input.

Input timer times how long the input packet has been
allocated.

| Output packet is a list of the locations and lengtns
of the buffers holding a packet (if any) being

output. This packet is the head of the output
queue and should have associated with it a
pointer to the rest of the queue.

| Output timer times how long the output packet has
been at the head of the queue.

Fig 3 Records for block protocol. Records are main-
tained by each end of link in accordance with prin-
ciples of protocol. Each square represents one bit
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locations and lengths of the buffers that hold the input
and output packets.

On the basis of the outlined data communication prin-
ciples, a suitable algorithm for the block protocol has
been constructed (Panel A).

Byte Protocol

The major decision in designing this byte protocol was
how the end of a transmission should be indicated. There
were two basic choices: either to precede each trans-
mission with a byte count,* or to mark the end of the
transmission with a flag byte.* The latter scheme was
selected, primarily because transmission errors inevitably
occur and some will affect the mechanism for detecting
the end of transmission. If, in the unselected scheme,
the receiver should misinterpret the byte count, even if
it knows on the basis of redundancy checks that it misin-
terprets, it would have great difficulty in locating the
beginning of the next transmission. The recovery mechan-
ism must ultimately rely that there is a maximum length
transmitted packet. While collecting and discarding the
maximum number of implied bytes, the receiver may
overlook many valid transmissions and cause unnecessary
delay. In the scheme chosen, on the other hand, if a

receiver does not recognize a flag byte and runs past the
end of a transmission, it will be stopped by the flag byte
at the end of the next transmission.

The byte protocol uses three special bytes: the syn
(synchronous idle, 026g) byte that begins every trans-
mission to provide byte-frame synchronization on a syn-
chronous link; the sou (start of heading, 00ls) data-
flag byte that marks the start of a packet; and the DLE
(data link escape, 0203) control-flag byte that marks the
end of a packet. The bit patterns of these bytes were
chosen to be compatible with the Ascii character set,?
but their important features are that each has odd-parity,
and that bit 3 is clear, assuring compatibility with the
block protocol.

A transmission is made up of the following sequence
of bytes (Fig 4): a few synchronizing bytes (three or
more SYNs on a synchronous channel, perhaps none on
an asynchronous channel); the data flag (som); the
bytes of a data packet (if any) ; the control flag (DLE) ;
the control byte (any byte except DLE or SYN) ; and two
check bytes that comprise a 16-bit redundancy check
over all the bytes in the transmission starting with the
soH data flag. If there is no packet in the transmission,
the son data flag and the DLE control flag are adjacent.

Padding between transmissions (may be absent), usually all bits set

Synchronizing bytes, zero or more, at least three on a
synchronous channel.

Data bytes (may be absent), the bytes of the packet (if any)
included in the transmission, except that:

a) A DLE byte in the packet is replaced by the two
bytes DLE-DLE.

b) The two bytes DLE-SYN may be interpolated before any
byte of the packet or after the entire packet.

Data f_lﬂbyte, marks beginning of the data bytes

Control flag byte, marks the end of the data bytes

Control byte, any byte except DLE or SYN (determined by 1

Fig 4 Byte protocol se-
quence. Each transmission
consists of indicated (left to
right) sequence of bytes.
Data and control bytes are
supplied by the block pro-
tocol, while others are gen-
erated by byte-protocol send-
er and discarded by receiver

block protocol)

Check bytes, a two-byte redundancy check over all bytes beginning

with the SOH data-flag byte (a cyclic polynomial check if
implemented in hardware)

—
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PANEL A.
Block Protocol Algorithm

This algorithm is expressed in a colloquial dialect of
ALGOL. Words that direct the flow of control through
the algorithm are in boldface, and their scope is in-
dicated solely by how they are indented. That is, al-
ternative actions are indented further than the then
and else that label them, and the then and else are
equally indented beyond the if that chooses between
them. Logical combinations of conditions following an
if are made with and, or, and not. Comments begin
with comment and are enclosed in brackets. Except for
a terminal statement that goes to the beginning of the
algorithm, the use of go to constructions has been
avoided at some reduction in efficiency so that the
algorithms will perhaps be easier to understand.

Comment: The block protocol algorithm is initiated at
this point by an input or output timer or a Receiver
or Sender byte protocol interrupt condition. An in-
terrupt condition persists until its cause is removed
or it is disabled.

if interrupt by input timer
then
abort Receiver [comment: This soon causes a Re-
ceiver byte protocol error since Receiver in-
terrupt is always enabled.]
stop input timer [comment: A stopped timer does
not interrupt.]
if interrupt by Receiver byte protocol
then
if not chaining point
then [comment: Normal end of transmission,
byte protocol error, or no action.]
send permit < 1 [comment: Permit sending.]
send request « 1 [comment: Tentatively re-
quire sending.]
if byte protocol error or no action
then [comment: No-action interrupt is a
spurious condition.]
reinitialize Receiver [comment: Clear ef-
fects of error.]
else [comment: Normal end of transmis-
sion.]
if received control bit (control byte bit
3) = 1 and parity of received control
byte = odd
then [comment: Transmission is not er-
roneous.]
if received input phase (control byte
bit 6) = own output phase
then [comment: Treat received in-
put bits, which refer to own
output.]
output permit <« received input
permit (control byte bit 4)
if own output state = 15 (done)
then [comment: Acknowledge-
ment just received has
been awaited.]

own output state « 25 (idle)
if received input acceptance
(control byte bit 5) = 1
then [comment: Output
packet has been ac-
cepted.]
discard output packet
[comment: Next
packet (if any)
moves up in out-
put queue.]
initialize value of out-
put timer.
if received output phase (control byte
bit 2) &= own input phase
then [comment: Treat received
data packet.]
own input phase <« received
output phase (control byte
bit 2)
own input permit « 1 [com-
ment: This bit is always set
because this algorithm as-
sumes that buffers will be
available when needed for
further input. Alternatively,
the bit could be cleared at
this point if no more input
buffers will be available and
then set at a later time when
they become available.]
if received output state (control
byte bits 1, 0) = 0s (busy)
then [comment: Data packet
is accepted.]
own input acceptance « 1
make input packet available
to higher level proto-
cols for further pro-
cessing [comment:
Those protocols will ig-
nore a packet that is
too short (perhaps even
of length zero) to con-
tain a complete head-
ing.]
else [comment: Data packet
is rejected.]
own input acceptance « 0
if received output state (control byte
bits 1, 0) = 25 (idle)
then send request < 0 [comment:
Sending not required.]
discard input packet (if any)
stop and initialize value of input timer [com-
ment: Prepare for timing next input
packet.]
indicate to Receiver that it should interrupt
for chaining at next data byte
enable sender byte protocol interrupt [com-
ment: If Sender is inactive, this causes
a no-action interrupt; otherwise it has
no effect.]
else [comment: Chaining point.]
start input timer [comment: This has no effect
if timer is already running.]



if buffer is available from free buffer pool
then

allocate additional buffer for input packet

indicate buffer address and byte count to

Receiver

indicate to Receiver that data is to be
transferred [comment: Data transfer
is assumed to be disabled at time of
interrupt.]

if maximum number of buffers have been
allocated for input packet

then indicate to Receiver that there is
no further chaining.

[comment: Chaining is assumed
to remain enabled at time of
chaining interrupt.]

else indicate to Receiver that there is no
further chaining
[comment: Since data transfer is dis-
abled, Receiver will immediately
interrupt with a data-buffer over-
flow error.]
indicate to Receiver that it should proceed
if interrupt by output timer
then
abort Sender
enable Sender byte protocol interrupt
stop output timer [comment: A stopped timer does
not interrupt.]
if interrupt by Sender byte protocol
then
if not chaining point
then [comment: Normal end of transmission,
byte protocol error, or no action.]
if byte protocol error or both no action and
output timer timed out
then [comment: Algorithm gives up on out-
put.]
dispose of entire output queue, including
output packet, according to higher
level protocols
send permit « 1
send request « 1 [comment: Force a
new transmission.]
if own output state = 0s (busy)
then [comment: A packet has just been
output.]
own output state <« 15 (done)
if own output state = 15 (done) and output
queue = empty
then [comment: This situation may result
when output queue is discarded after
error or time out.]
own output state < 2 (idle)
if own output state = 2 (idle)
then
if output queue = empty
then [comment: No output packet.]
stop and initialize value of output
timer [comment: Prepare for
timing next packet added to out-
put queue.]
else [comment: Packet waiting to be
output.]
own output state « 3; (ready)
send permit « 1
if output queue # empty

then start output timer [comment: This has
no effect if time is already running.]
if send permit = 0 or both send request = 0
and own output state = 2; (idle)
then [comment: No transmission need be
made.]
disable Sender byte protocol interrupt
[comment: When Sender proceeds
at the end of the algorithm, no fur-
ther byte protocol action will take
place until the interrupt is reenabled,
at which time a no-action interrupt
occurs. Higher level routines should
enable the Sender interrupt after a
packet is added to the output
queue.]
else [comment: Transmission is to be
made.]
initialize Sender to transmit
if own output state = 3; (ready) and out-
put permit = 1
then [comment: Packet is to be out-
put.]
own output state < 0s (busy)
own output phase « — own output
phase
if output queue = empty
then [comment: This situation may
result when output queue is
discarded after error or time-
out.]
own output state = 1 (done)
else [comment: Packet exists.]
indicate that next output buffer
should be first buffer of out-
put packet
indicate to Sender that chaining
should take place
[comment: Prepare for the
possibility of a multiple-
buffer packet.]
output permit < 0
send request « 0
send permit « 0
indicate to sender the contents of the
control byte to be sent, composing
it out of own output state, own out-
put phase, 1 as a control bit, own
input permit, own input acceptance,
own input phase, and an odd parity
bit
if own output state = 0, (busy)
then [comment: Output state is always busy
while chaining.]
indicate next output buffer address and byte
count to Sender
if buffer is not empty (byte count # 0)
then indicate to Sender that data is to be
transferred [comment: Data transfer is
assumed to be disabled at time of
interrupt.]
if buffer is last buffer of packet
then indicate to Sender that there is no
further chaining [comment: Chaining
is assumed to remain enabled at time
of chaining interrupt.]
indicate to Sender that it should proceed
wait for interrupt
go to beginning of block protocol algorithm
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Fig 5 SCULL architecture. Block protocol soft-
ware communicates with interfaces through send-
er and receiver registers. Coders interact with only
few bits in registers and interact with each other
only in maintenance mode. Sender data packets
placed in memory by software, and control bytes
from control-byte register are fetched by interface
and passed through queue to coder, which inserts
additional bytes required by byte protocol and
sends information over channel. Coder for re-
ceiver receives information from channel and
passes data packets and control bytes through
queue to interface after discarding additional
bytes used by byte protocol; interface places data
packets into memory and control bytes into con-
trol-byte register, from which they are fetched by
software

If a DLE occurs as a byte of the packet, it is transmitted
as two successive DLE bytes (the data-repeat sequence),
thus providing full transparency; that is, a packet can
contain any sequence of bytes, including DLE bytes, with-
out confusing the protocol. Also, within a packet, the 2-
byte sequence DLE-SYN (the data-pause sequence) may be
interpolated at any point by the sender to provide a
delay; the receiver discards such sequences. The byte
following the DLE control flag and preceding the two
check bytes is used by the block protocol as the control
byte. Because bit 3 of a control byte is always set, it
can never be a DLE or a SYN; also, since a control byte,
like DLE and sYN, has odd parity, a single bit failure in
a control byte is always detected as an error. Therefore,
there is no ambiguity in interpreting the byte following
a DLE, even if there is a single-bit error that escapes the
16-bit redundancy check.

Note that two special bytes would have been sufficient
for a viable protocol, although three are used to better
conform to Ascil convention. The sYN byte could have
been used in place of DLE, with DLE-DLE becoming SYN-
sYN and DLE-SYN becoming syN-soH. The control byte
would still have two forbidden forms, but these would be
soH and SYN, rather than DLE and syn. It might appear
that a more conventional and equally effective scheme
for using only two kinds of special bytes would be to
simply use DLE in place of soH. This scheme is deficient
in the case where an end of transmission is missed by
the receiver, causing it to run on into the next transmis-
sion. The end of that next transmission would also be
missed if it included no packet. because the two DLE
bytes that would mark the start and end of a packet
would be consecutive and, therefore, would be interpreted
as a single DLE within a packet.

CONTROL BYTE REGISTER (read/write by software):

Ll ie

o

Fig 6 Three of four pro-
grammable registers used in

Contains control byte being sent or received; received control byte i

DATA ADDRESS REGISTER (read/write by software):

s placed in thi

hardware implementation of
byte protocol. Each commu-
nication unit uses two sets
of four registers, one for

el e o

LT

o [a]2]e

, ‘,

sender and one for receiver.
Arrangement shown is used

Contains memory address of data byte next to be fetched from or stored in

incremented after byte is fetched or stored.

DATA BYTE COUNT REGISTER (read/write by software):

to memory;

with DEC PDP-11 and is
also applicable, with minor
changes, to any 16-bit-word

slulale|lulonle|ls|7]|s

computer. Remarks under

3|2 | 1|0 each register refer to inter-

Contains (twos-complement) negative of number of bytes remaining in current data buffer;

incremented as byte is fetched or stored.

pretations and actions by
hardware
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Hardware Implementation

The block and byte protocols described have been used
successfully in the Octopus computer network since the
early 1970s. The block protocol has been implemented in
software, while the byte protocol has been implemented
both in software and hardware. Software implementa-
tion uses standard one-byte-at-a-time asynchronous tele-
typewriter interfaces; the check bytes are generated
using an arithmetic checksum, which is efficient for
conventional processors. Hardware implementation (Fig
5) is called the Serial Communication Unit for Long
Links (scuLL)—a direct-memory-access device that exe-
cutes the byte protocol. It interfaces to software that
executes the block protocol through eight programmable
registers—four for the sender and four for the receiver

—as shown in Figs 6 and 7. Except for a maintenance
mode, in which the receiver receives from its own
sender, the sender and receiver are entirely independent,
each consisting of two major parts: a coder and an
interface. These parts communicate primarily by means
of a first in first out (FIFO) queue, through which a
sequence of packet data and control bytes pass. The
queue is particularly important for a receiver because
it can hold information that arrives on the channel while
the software is taking action at a chaining point (the
boundary between successive data buffers of a packet),
or at the end of a transmission.

A coder is responsible for generating or interpreting
the synchronization bytes (syn), data-flag byte (soH),
data repeat (DLE-DLE) and data pause (DLE-SYN) se-
quences, control-flag byte (DLE), and two cyclic-poly-

Left byte, status (read only by software, except cleared by setting bit 0):

= 38' transmission that includes data is complete
28' transmission that includes no data is complete
= 1g, chaining point between data buffers

= 08' error or no action

unused (= Og)

"

set only when bits 15-14 are clear

- 78' processor memory failure

= 6g, data buffer overflow (receiver only)

= bg, software-initiated abort

= 48, internal queue overflow (receiver only)

= 3g, redundancy check incorrect (receiver only)
= 2g, loss of synchronization (receiver only)

= T1g, channel hardware failure

= 0g, no error

Right byte, command (read/write by software):

Send/receive enable (cleared by any error or
by completion of sending)

Interrupt enable (if set and bit O is clear,
interrupt is attempted)

Data address extension (incremented by carry from
data address register)

Maintenance mode enable (if set: for sender, inhibits delivering

Chaining enable (if set, end of current data buffer is treated as
a chaining point)

cleared by completion of transmission, chaining point, or error)

bytes to channel; for receiver, causes receiving from own sender) ,
Data enable (if set, data may be fetched from or stored into memory buffer;
cleared by data byte count register incrementing to zero)

Proceed (if set, memory accesses and register modification by interface may occur;

Fig 7 Command / Status
Register format. This fourth
programmable register s
used in hardware implemen-
tation of byte protocol to
convey various types of in-
formation between software
and hardware. Remarks refer
to interpretations and actions
by hardware
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nomial-check bytes. The sender coder properly inter-
sperses these bytes among the sequence of data and
control bytes obtained from the queue and sends the
resulting sequence over the channel. The receiver coder
discards such bytes from those received over the channel
and places only the data and control bytes into the
queue. An additional (ninth) bit, associated with each
byte in the queue, is used to indicate whether the byte
is data or control. The only software-accessible bits af-
fecting coder action are the send/receive-enable bit (bit
7 of the command/status register shown in Fig 7),
which must be set for the coder to operate, and the
maintenance mode bit (bit 3 of the command/status
register), which controls the connections among the
two coders and the channel.

An interface is responsible for transferring data-
packet bytes and control bytes between the queue and
the memory or control byte register, incrementing the
data address and data byte count registers as data are
fetched from or stored into memory, managing most
of the bits in the command/status register, and inter-
rupting the processor whenever software intervention is
required. The comments in Figs 6 and 7 provide a good
overview of interface operation and of the programmer’s
view of the scuLL device.

SCULL is designed to be as independent as possible of
the type of processor to which it is attached. Only the
register layouts and the connections to the memory and
1/0 facilities of the processor need be changed when
going from one processor to another; such changes
will not affect the coders or the queues. The device is
constructed with standard components, including uni-
versal receiver/transmitter and FIro chips. High speed
(hundreds of kilobits per second) is achieved because
the implementation is entirely hardware. However, its
logic is built around the concept of a finite state ma-
chine with transition rules that could be readily tran-
scribed into a firmware (or software) algorithm.*

Conclusion
In the years since the Octopus link protocol was im-
plemented, other more complex protocols have become
commercially available.>»* These protocols usually offer
greater generality, such as suitability for multipoint links.
Most allow several packets to be sent before any are
acknowledged, significantly increasing throughput on
very long links, such as satellite links, that exhibit
significant transmission delay. At least one of these
protocols, associated with the international network
interface standard x.25% will be implemented on some
Octopus links.

However, the Octopus protocol remains unique in
combining these features: simplicity of implementation;
suitability for use with standard, inexpensive, byte-

*Interested readers may obtain a copy of Mr. Fletcher’s algorithm
for the byte protocol by requesting it in writing from the Editor,
Computer Design Magazine.
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oriented, asynchronous 1/0 hardware; ready recovery
when an error prevents properly recognizing the end of
a transmission; and availability of a hardware implemen-
tation (ScULL) capable of throughput approaching 1M
bits/s. Therefore, the protocol continues to be used
within the Octopus network and on links between Octo-
pus and remote micro- and minicomputers that do not
provide the x.25 standard interface. Also, the Octopus
block protocol is used to supplement the firmware pro-
tocols of a commercially-obtained, 50M-bits/s, multi-
point trunk system that is being incorporated into
Octopus. Finally, the protocol has been used as a vehicle
for teaching the principles of serial-link communication.
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16K RAMs. Need 10K? 20K? 50K? Name your
quantity. We've got them in stock.

Industry standard MCM4116

The industry standard 16K RAM is in high-volume
production at Motorola. It's easy to get our MCM4116
in quantities large or small, and they are priced
to sell. Name your quantity.

MPD416 and 2117

Looking for an alternate source for the «PD4167?
Motorola has it in stock, ready to ship. We'll get you
off the hook and running strong. Remember, too, that
the MCM4116 is pin-compatible with the 2116 and
2117 16K RAMs and can be substituted in most
systems. Call today, and name your quantity.

As a special extra service we're also offering the
Motorola 16K RAM Hot Line. Use it now. Or call your
Motorola sales office or authorized Motoroladistributor.

Motorola 16K RAM Prices

___Type ~ Speed Price (100-999)
MCM4116L-15 150 ns $24.85
MCM4116L-20 200 ns 21.50
MCM4116L-25 250 ns 19.30
MCM4116L-30 300 ns 18.40
#PDA416L 300 ns 17.90
4 PD416L-1 250 ns 18.80

Need 16 K RAMs? Motorola says

name your

For immediate price
and delivery informa-
tion, or the solutions
to any 16K RAM
problems you may
have, call the Motorola
16K RAM Hot Line.

Motorola
16KRAM
Hot Line
(602) 244- 4322

@ MOTOROLA

Semiconductor Group
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IT'SNO COINCIDENCE THAT
THE MOST RELIABLE
3O0CPSTELEPRINTERISALSO

Lift the cover on the Teletype* model 43 teleprinter and you'll
be surprised at how little there is inside. Just five pluggable major components.

Now if it’s this simple on the inside, imagine how reliably it’ll
perform on-line.

Because the less there is, the less there is that can go wrong.
In fact, there’s so little that can go wrong that the recommended preventative
maintenance schedule is only twice a year.

: Naturally, there are other features about the model 43 that are
impressive. The first is the $800 OEM price. And that includes a TTL interface.
It’s also available with EIA/current loop interfaces in both dual port—so you
can add another device —and single port versions. Then there’s the high
degree of legibility from the 9-wire impact printhead —with a service life that
averages 300 million characters; low operating and maintenance costs; and
built-in test capabilities.

The model 43 will also impress your customers. It's compact,
attractive, and quiet. Plus it helps save paper and duplicating costs by printing
132 characters per line on 12” wide by 82" long fanfold paper. Plus an
80-column friction feed version is also available.

The way we see it, a printer has to be simple in order to be
ref:ga_ble. And the way you see it, a printer has to be reliable in order to be
etficient.

No wonder we're getting a reputation as the OEM printer people.

THE OEM PRINTER PEOPLE

*Teletype is a trademark and service mark of the Teletype Corporation.
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PROVIDING SOFTWARE FLEXIBILITY
FOR OPTICAL PROCESSOR

NOISE ANALYSIS

Hardware/software design advantages and characteristics of an
8080A-based general-purpose laboratory signal processor offer
flexibility, reliability, low cost, and simplified programming that are
relevant to applications involving the extraction and analysis of
analog signals contaminated by noise within optical processing systems

Richard G. Lyons

Department of Defense, W ashington, DC

Microprocessor-based signal processors have intrinsic
properties that contribute to their utility in research,
development, and commercial environments.!?3 The
8080A under discussion is particularly well-suited for
application in a laboratory environment by its wide im-
plementation, hardware/software support, and well-known
architecture.*® Flexibility is the primary advantage
from both the hardware and software standpoint. Hard-
ware modifications are simplified because the common
bus structure of microprocessors permits convenient ad-
dition or removal of peripheral input/output devices
that provide both analog and digital data sources and
sinks. Since the development of laboratory signal pro-
cessing algorithms is a dynamic and heuristic process,
the most valuable property of a microprocessor is the
ease with which its application program can be changed.
This software flexibility, along with the stability and
accuracy provided by hardware digital processing, nor-
mally make microprocessor-based laboratory signal pro-
cessors more feasible than nonprogrammable analog
signal processors.

Because most laboratory signal processing algorithms
are small (<300 lines of code) and can reside in pro-
grammable read-only memories (P/ROMs) once ma-
chine code is fixed, operating system software with
associated mass storage devices or teleprinter terminal
is not required by the laboratory signal processor, re-

sulting in a simple, portable, reliable, and reprogram-
mable instrument.

Memory and input/output (1/0) devices tend to be
the most expensive items in small digital processing
systems. Since the laboratory general-purpose signal
processor does not require large amounts of semicon-
ductor read/write random-access memory (RAM) or
sophisticated 1/0 devices, its cost is typically less than
$1000, including analog to digital (A-pD) and digital to
analog (D-A) converters.

Hardware/Software Considerations

To understand the suitability of using microprocessors
in laboratory signal processing instruments, some per-
tinent hardware/software characteristics must be con-
sidered. For example, hand assembly of long machine
language programs is tedious and error prone. Since
machine language code for some microprocessors re-
quires absolute addressing for branching instructions,
the resultant program is difficult to relocate manually
when correcting errors or adding program features. A
16-bit microcomputer requires complex instruction sets
and addressing modes so that cross-assemblers, cross-
simulators, or complete resident development system pro-
grams are recommended, including a resident assembler,
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editor, relocating assembler, linking loader, and realtime
debugger.

The average metal-oxide semiconductor (M0s) single-
chip microprocessor has single-instruction execution
times that range from 2 to 10 us, which is three to ten
times slower than bit-slice machines or standard mini-
computers. For 8-bit single-chip microprocessors, the
result is longer algorithm execution times due to in-
herent semiconductor technology, limited word length,
and limited addressing modes.

However, even without the use of a cross-assembler
or a resident assembler, program development using
mnemonic language can be simple and straightforward
for short application programs when using an 8-bit mi-
croprocessor. Faster program development results as
the designer/programmer becomes familiar with the
microprocessor’s instruction set for efficient hand coding
techniques. A resident read-only memory (ROM) moni-
tor is not needed with proper hardware design and use
of software system diagnostics.

Several software techniques can be used to aid pro-
gram development and debugging. One valuable tech-
nique is to insert no operation (NOP) instructions
liberally throughout the original program to establish
open memory locations. Thus, program errors can be
corrected by adding diagnostic instructions without
having to relocate addresses when conditional branching
instructions are used. An extension of the NoP technique
that can be helpful is the use of program patches. This
involves leaving open a block of memory (patch area)
that can be branched to, if a more extensive series of
instructions is added, when fixing errors or adding pro-
gram features. This technique eliminates the need to
recalculate addresses that have been previously assembled.
When the program in the patch area has been executed,
a jump instruction can send the central processor unit
(cpu) back to the proper location in the main program.

During the debugging process, a halt (HLT) instruc-
tion can be used to allow manual examination of mem-
ory. When the cPU executes an HLT instruction, it enters a
wait state that allows the operator to manually examine
RAM. Program execution can be continued by manually
activating an interrupt pushswitch. If the contents of

registers internal to the cPu are to be checked, a short
routine that loads their contents into memory must be
executed before the HLT instruction is executed. When
the application program has been checked out, these
software debugging aids can be skipped by the cpu or
replaced with Nops. If memory space is at a premium,
the software diagnostic instructions can be removed and
the debugged application program can be reassembled,
recoded, and rechecked manually to conserve memory
space.

Signal Processor Instrument

To accommodate the described hardware/software re-
quirements, a complete general-purpose 8-bit signal pro-
cessor instrument design has been evolved, based on the
8080A single-chip microprocessor (Fig 1). Initial pro-
gram development for this processor is accomplished by
manually keying octal instructions into RAM using the
input keyboard. Static RAM is implemented for data
storage because of the small program required, thus
eliminating the refresh circuitry needed for dynamic
RAM. After the final application program is completed,
it can be loaded into nonvolatile erasable programmable
read-only memory (EPROM), which will retain the pro-
gram during power turn-off. After power turn-on, the
operator manually loads a jump instruction into the first
location of RAM, causing the program counter (Pc) of
the cPU to jump to the first memory location of the
EPROM. Data and address bus states are displayed at all
times on front panel numeric light-emitting diode (LED)
indicators in octal format.

The direct memory access (DMA) controller permits
convenient program loading, memory examination, single-
step operation, and input of blocks of data via the A-D
converter. With the cPuU in HOLD mode and the address
bus driven by a 16-bit address register, whose initial
value is set by front panel thumbwheel switches, a pro-
gram instruction is loaded by typing in the proper 3-
digit octal number at the input keyboard. When the
third digit is keyed in, the instruction code is auto-
matically loaded into RAM and is displayed on separate

Fig 1 Simplified block dia-

gram of general-purpose sig-
nal processor. Application
programs are developed and
debugged in RAM. Final pro-
gram is then loaded into
EPROM for easy access after

power-up. A signal to HOLD
input requests that the 8080A
enter HOLD state. DBIN (data

input strobe) output signal
from CPU indicates that
8080A is ready for input data
from 8-bit data bus
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Fig 2 Simplified diagram
of program load circuitry
in DMA controller. Three
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numeric indicators, allowing the operator to double check
the instruction machine code. The address register is
incremented automatically so that the next program in-
struction can be keyed in.

A simplified diagram of the program load circuitry of
the pMA controller is shown in Fig 2. If the programmer
happens to load the wrong first or second octal digit,
the keyboard clear (cLR) pushswitch can be activated
to clear controller registers R1, R2, and R3. This allows
the proper octal word to be loaded before the address
register is incremented. Signals from the keyboard are
used to clock the four controller flip-flops, which elimin-
ate the need for contact-bounce elimination circuitry.
While the cpu is in HOLD mode, the contents of the RAM
location defined by the address register is displayed by
the data display indicators. The address register can be
incremented by a pushswitch on the front panel when
consecutive memory locations are to be examined.

The pDMA controller also contains circuitry that permits
single-stepping through a program, mandatory for debug-
ging purposes. Although the pMA controller can be de-
signed to allow single machine cycle execution or single
instruction execution during single-stepping, a single
machine cycle is used because the cPU operation can be
monitored in more detail during the execution of more
complex instructions; eg, XCHG (exchange registers D,E
with H,L), XxTHL (exchange registers H,L with top of
stack), and sPHL (transfer register H,L to stack pointer).
The pMA controller also permits blocks of data to be
loaded automatically from the A-D converter. Using DMA
capabilities of the 8080A allows input data to be loaded
at a speed that is limited only by that of RaM. This
eliminates the need for using the 8080A INPUT instruc-

tion, which inputs one data word every 5 ps in this
configuration. The pMA controller can be redesigned to
handle data and addresses in a hexadecimal format
rather than in octal, although this will not reduce the
integrated circuit (1¢c) package count significantly. Typi-
cally the general-purpose laboratory signal processor in
Fig 1 first loads a block of data into RAM via the A-D
converter,® processes this data and outputs them through
the D-A converter, then accepts a new block of data, and
repeats the process.

Signal Processing Applications

A useful application for a microprocessor-based signal
processor is processing digitized output signals from
photodetectors in optical processing systems. In these
systems, signals of interest normally are contained in
the intensity of light or laser beams (Fig 3). A common
device used to detect light intensity is a linear array of
photodetectors. These photodetectors—usually silicon
photodiodes—absorb photons for a specified period of
time (integration period) and output an analog voltage
that is proportional to the total number of photons ab-
sorbed. Thus, output of the entire photodetector array
is a serial stream of analog pulses. Each analog pulse is
the output of a particular detector during one scan of
the array. The desired signals contained in the intensity
of the light are now contained in the photodetector out-
puts. Normally, these output signals are contaminated
with a fluctuating, as well as a fixed, pattern noise. In
this particular optical application, the laboratory signal
processor must digitize (A-D) and store the photodetector
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OPTICAL PROCESSING DEVICE

O
INPUT SIGNAL TO
BE PROCESSED

O
PHOTODETECTOR
OUTPUT SIGNAL TO
A-D CONVERTER

POSITION ALONG

ARRAY

MODULATED LIGHT INTENSITY

POSITION ALONG
ARRAY

LINEAR PHOTODETECTOR
ARRAY

Fig 3 Simplified optical processing sys-
tem. Optical processing device is typically
a bulk wave acousto-optic defraction cell
or a surface acoustic wave light modulator.
Modulated light, whose intensity carries
the desired signal, is detected by an array
of discrete phototransistors, photodiodes,
or a linear light imaging charge-coupled
device. Output from the photodetector
array is a serial stream of analog pulses
whose amplitude is proportional to the in-
tensity of the light imaged on the array.
A 256-element photodetector array outputs
256 analog pulses during each scan

array output values in RAM, and extract the average value
of each photodetector output from the noise. When the
average value for each photodetector has been computed
and stored in data memory, the entire block of average
values are output via the D-A converter for display on an
oscilloscope or an X-Y recorder.

Uncorrelated Noise Reduction

Through Signal Averaging

The first type of fluctuating photodetector noise to be
minimized is the inevitable thermal noise that arises in
all semiconductor devices. This noise contributes to

random fluctuations about the average value of each
array photodetector output. Referred to as uncorrelated,
the noise on one detector is unrelated with the fluctuating
noise on any other detector. In some optical processing
systems, it is necessary to detect changes in the average
output signal that are smaller than the fluctuations about
the average. A straightforward method to maintain the
average while minimizing the fluctuations is through
signal averaging. Statistical considerations of signal
averaging are well known; from the Central Limit
Theorem,” it can be shown that when n samples from
the same distribution are averaged, then

P(x)

Fig 4 Input (dashed) and output
(solid) probability distributions of
AVERAGER OUTPUT signal averager that averages 16
DISTRIBUTION g/ )2 input values. Egs (1) and (2) show
Plag) =_4 —— that average of the two distribu-
viwe, ¢ i tions are equal to a; while standard
deviation of the output (s.) is equal
AVERAGER INPUT to o:/4. If probability distribution
DISTRIBUTION ={x=a:)2 function of input signals is normal,
5 Plagd =_1__ T-’z_ say P(xi), then distribution function
. yI7e, ; of output signals from signal aver-
T ager will be P(xo0). Areas under

+=3—F P epea oy both curves are equal to unity
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g = asVn 1)
and

a0 — ai (2)
where

o, = Standard deviation of signal averager output

o1 = Standard deviation of input samples

a. = Average value of signal averager output

a; Average value of input samples

Values ¢, and o; can also represent the rms noise levels
of the output and input, respectively, of the signal
averager. Note from Eqs 1 and 2 that the average of the
output values from a signal averager is equal to the
input average, while the variations about the output
average (o,) is less than the variations about the input
average (o;). The result of signal averaging is that the
desired signal (a,) is preserved, while the undesired
signal (o,) decreases. Fig 4 shows the input and output
distributions of a signal averager with n = 16.

Implementation of signal averaging is simplified with
the general-purpose laboratory signal processor. An array
of 16-bit (two 8-bit bytes) locations is established and
initialized to 0 as data accumulators in memory. One data
accumulator must be reserved for each detector in the
photodetector array. An equal number of 8-bit locations
(input block) is reserved in memory, which will contain
the input values obtained via the A-D converter each time
the photodetector array is scanned. After each array
scan, the content of each location in the input block is
added to the content of its corresponding data accumu-
lator. A register must be established and initialized to
count the number of sums taken in the averaging
algorithm. This counter register can be one of the 8-bit
registers internal to the cpu (B, C, D, E, H, or L) or a
memory location, assuming that not more than 255 sums
are taken. This counter register is initialized at the
beginning of the program, decremented by 1, and
checked for 0 each time the data accumulators are
updated. When the register content reaches 0, the sum-
ming operation is completed. The cPU must then divide
the content of each data accumulator by the number of
sums taken to arrive at the final average.

In signal averaging, the cPU spends most of its execu-
tion time moving a 16-bit value from memory to its
ALU, adding an 8-bit word, and storing the resultant 16-
bit word back into its original memory location. Although
the addressing modes of the 8080A appear limited,
relative to minicomputers or 16-bit microprocessors, it
has four sets of instructions that can be used to reference
16-bit values at memory locations defined by the content
of register pairs internal to the cpu. They are as follows:

CPU Register
Pair Containing
Memory Address

Memory Reference
Instruction

STAX and LDAX

Addressing Mode

Internal Register Register Pairs

Pair Indirect B,Cand D, E

MOVrM and MOVMr  Internal Register Register Pair
Pair Indirect H; 1L,

XTHL Stack Pointer Indirect  Stack Pointer
PUSH and POP Stack Pointer Indirect  Stack Pointer

The algorithm to perform the divide operation on the
contents of the data accumulators is straightforward.

If the number of sums taken is a power of two (2"),
then the contents of the data accumulators need only be
shifted to the right n places to obtain the proper quotient.
If the sum of 256 additions are contained in the data ac-
cumulators, then the average is contained in the most
significant eight bits of each data accumulator location,
and no shifting operation need be performed. Maximum
error in this division technique is less than the least
significant bit of the quotient. In 8080A Assembly Listing
to Perform Signal Averaging on 64 Scans of a 128-Ele-
ment Photodetector Array, all numbers are given in octal
notation. First elements of input data block, data ac-
cumulator, and array of quotients are in memory loca-
tions 100, 300, and 1000, respectively. Input data block is
loaded into memory during execution of halt (HLT) in-
struction.

Note that the signal averaging technique will minimize
the effect of thermal noise from a photodetector only if
the standard deviation of the detector noise is greater
than the rms of the quantizing noise from the A-D con-
verter. If the least significant bit of the A-D converter
represents a voltage level of K volts, then rms of its
quantizing noise is K/\/12.% Therefore, signal averaging
will minimize any random analog noise if the standard
deviation of the noise signal is equal to or greater than
K volts.

Correlated Detector
Noise Cancellation

In optical processing systems, there is a noise type that
is correlated among all photodetector outputs because
it causes output signals of all photodetectors to either
increase or decrease simultaneously. Sources of this noise
are fluctuations in the intensity of the light or laser
source and in the photodetector array power supply. A
simple method used to minimize this noise is to establish
a reference photodetector that monitors only the unmodu-
lated laser intensity. The input signal to the optical
processing device can be limited in bandwidth so that
the first photodetector of the array receives only un-
modulated laser light. This photodetector can be con-
sidered the reference detector because large changes in
its output will be due only to laser light or array power
supply fluctuations.

After each scan of the array, the value from the
reference detector is compared to the reference value of
the previous scan. With no correlated noise present be-
tween array scans, the present reference value will be
equal to the previous reference value. If correlated noise
is present between scans, the reference signals will not
be equal, and the present values in the input block of
data must be modified to eliminate the effect of the cor-
related noise. This modification is easily implemented
in the signal processor either before or after any signal
averaging by using the flowchart of Fig 5.

Differential Cancellation
of Unwanted Signals

In some optical processing systems, it is not the actual
outputs of the photodetector array that are of interest,
but rather the change in outputs from one scan to the
next. This situation exists when there is a fixed pattern
on the photodetector outputs, given a uniform light or
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8080A Assembly Listing to Perform

Signal Averaging

on 64 Scans of

128-Element Photodetector Array

SuUB A
MOV DA
MVI A,100
STA 6
START: HLT
MVI A,200
STA 7
LXI SP,300
LXI B,100
SUM: POP H

LDAX B
MOV EA
DAD D
PUSH H
INX B
INX SP
INX SP
LDA 7
DCR A
JNZ SUM
LDA 6
DCR A
JNZ START
LDA SP,300
DCR H,1000
JNZ A,200
LXI 7

DIV: LXI B,6
MVO A
STA D

MO: MOV AD

f RAR
MOV DA
MOV AE
RAR
JNC AA
CMC

AA: MOV E,A
DCR B
JNZ MO
MOV M,A
INX H
LDA i
DCR A
JNZ DIV
HLT

laser illumination, or when there are undesired con-
tinually present signals on the outputs. Deviations from
this fixed pattern noise must be detected by the signal
Processor.

A process of differential cancellation can be performed
by the signal processor by storing, in an array of memory
locations, digitized values from a scan of unwanted fixed
pattern signals. This reference array now contains a
block of values to compare with subsequent scans. De-
sired signals are then the differences between an input
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clear A

clear D

number of sums to be taken
sum counter in location 6

wait for new input block

number of detectors

detector counter in location 7
location of 1st data accumulator
location of 1st word of input block
load data accumulator into CPU
load input data word into CPU

16-bit add to data accumulator
store updated data accumulator
increment input data pointer
increment data accumulator pointer

check detector counter
decrement detector counter

if A = 0, continue summing
check sum counter
decrement sum counter

if A # 0, jump to START
location of 1st data accumulator
location of the 1st quotient
number of quotients

quotient counter in location 7
sets divisor equal to 2°

; clear carry

load data accumulator into CPU

rotate 8 MSBs right

rotate 8 LSBs right
check state of carry bit
clear carry bit

if B # 0, continue divide routine
store quotient

increment quotient location pointer
check quotient counter

if A = 0, continue divide routine

signal averaging routine completed

scan and the reference scan. Memory reference instruc-
tions STAX, LDAX, and MoV of the 8080A cpPuU are sufficient
to conveniently manipulate data arrays in performing the
differential cancellation scheme.

Calculation of Statistical Yariance
Using Integer Arithmetic

In some optical processing systems, it is necessary to
measure the fluctuating component of a single photo-
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SUBTRACT [R-Rp| ADD |R-Rp|
FROM EACH ELEMENT TO EACH ELEMENT
OF INPUT BLOCK OF INPUT BLOCK
R
 Rp:R
T
| STORE Rp

Fig 5 Functional flowchart for correlated detector
noise cancellation algorithm. A single detector of a
photodetector array can be used to obtain reference
detector signal (R) during scan. R, is reference de-
tector signal from previous scan. Addition and sub-
traction operations are easily implemented because
8080A CPU uses 2's complement arithmetic

MULTIPLICAND IN E
MULTIPLIER IN A

'

H,L=0
D=0
B=8

1

LEFT SHIFT H,L

1

ROTATE A LEFT

NO

YES

HL =HL +*DE

¥

DECREMENT B

NO

YES

Fig 6 Functional flowchart of add-
and-shift multiplication algorithm for
8080A CPU. 16-bit left shift is per-
formed by adding H,L register pair
to itself (DADH) instruction. Complete
16-bit product, contained in H,L reg-
ister pair, can be obtained in less than
230 us if 2.0-MHz clock is used with
8080A

detector output quantitatively. This requires the calcula-
tion of the statistical variance (s2) of n output signals,
where

f=13 -0 3)
and

-l

= —2 (u) (4)

In Eq 3, x; is the ith output sample and X is the average

of n output samples. For an 8-bit microcomputer, it is
convenient to let n = 256 in Eqs 3 and 4. This allows
division by n = 256 in both equations to be realized by
truncating the 16-bit sums to their most significant eight
bits. After receiving 256 detector samples, the microcom-
puter can use the signal averaging technique to calculate
X in Eq 4. Then, X is used in Eq 3. The standard multipli-
cation technique of add-and-shift (Fig 6) can be used to
perform the squaring operation in Eq 3.

Care must be taken during the calculation of s2 in Eq

3 when truncation is used to effect division. With n =
256, Eq 3 can be rewritten in the form:
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§

= (B H G )Y T e (s — )0

R N R 1

256

+ (X250 — X)*

256 256 Bt 256

(5)

(6)

Fig 7 Functional flowchart for statistical vari-
ance (s*) calculation using 256 samples from
single photodetector element. Average output
value of detector (X) is obtained using de-
scribed signal averaging algorithm. Use of 256
samples to calculate variance eliminates need
to perform division in Eq 5 because variance is
contained in most significant 8-bits of accumu-
lator registers
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Egs 5 and 6 are mathematically equivalent, but Eq 6
cannot be used explicitly for small signals because the
squared terms may be less than eight bits. If the squared
terms are divided by 256 by truncating the least signifi-
cant eight bits, the resultant variance will either be too
low or 0. Therefore, Eq 5 must be used to calculate the
variance, as shown in Fig 7.

Summary

Assuming that the optical signals to be processed can
be digitized and stored in memory, a general-purpose
microprocessor-based laboratory signal processor is ca-
pable of implementing several processing algorithms on
input data. Using proper hardware design, a low cost,
flexible, and reliable laboratory signal processor can be
implemented with the 8080A microprocessor. Even with-
out the use of a cross-assembler or a resident assembler,
program development can be simple and straightforward
for short application programs. The limited word length,
speed, and addressing modes of 8-bit microprocessors
do, however, limit their use in implementing complex
algorithms. Although the applications presented in this
article concern noise reduction and signal analysis tech-
niques used on light sensing devices, the general-purpose
laboratory signal processor is not limited to these uses.
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TECH NOTE |

Economics of Designing with
Raster Scan Displays

Unfamiliarity with video display technology by digital designers

can lead to expensive and unnecessary specification complications
for CRT terminals. Examination of common problem areas for raster
scan display sizes and uses can result in cost-effective design guidelines

Ronald L. Chisenhall

Ball Electronics Display Division, St Paul, Minnesota

Raster scan was the favored meth-
od of alphanumeric display in the
1960s because of standard television
parts and technology rather than
such complex techniques as random
point plot or character stroke tracing
for the lowest cost/character dis-
played. However, television-type dis-
plays suffered shortcomings in pic-
ture quality, such as limitations in
corner focus, geometric distortion,
and video bandwidth, which were
accepted as part of the price/per-
formance tradeoff.

Since then, data displays using
higher quality cathode-ray tubes
(crts) and deflection yokes have
improved performance levels of raster
displays. Also, the development of
improved electron guns enhanced
brightness and resolution, and ad-
vanced deflection components and
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circuitry helped to optimize alphanu-
meric presentation.

Raster scan data displays are more
expensive than television receivers
because of higher requirements for
resolution, focus, distortion, and
reliability. Yet these displays are less
expensive than any alternative high
performance type because of design
efficiencies in the resonant deflection
and high voltage system, and cRT.

Presently, the rapid proliferation
of applications for low cost data dis-
plays has revolved around the micro-
processor for practical and affordable
electronic data processing. This
economical trend invokes renewed
pressure for further cost reduction.
By being aware of potential prob-
lems and pitfalls in designing raster
scan displays, the designer can alle-
viate this pressure.

Design Problems

Basically, circuit design problems
presented by raster scan displays
resist low voltage or digital design
solutions. The analog nature of the
display signals, the high voltage and
current levels involved, and the de-
pendence on resonance for econom-
ical energy transformation preclude
the flexibility that a digital design
could provide. In the raster display,
most performance parameters are in-
terrelated via the resonant horizon-
tal drive and high voltage supply
networks.

Horizontal drive circuit, deflection
coil, width coil, linearity circuit, and
high voltage flyback transformer
form a resonant circuit that produces
a controlled curvilinear ramp for
deflection, and utilizes the ramp
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decay for generation of several
critical supply voltages. The supply
voltages, in turn, affect the CRT op-
erating characteristics with which
the ramp must interact. Almost any
deviation from a nominal design will
affect several interrelated parameters.
For example, design modifications to
the anode voltage (typically in the
10- to 14-kV range) would have
major effects on picture size, spot
focus, and brightness.

A simple design change could effect
increased sensitivities to variances in
component values, input signals, or
environmental conditions. To prevent
unwanted side effects, the designer
must carefully follow through each
proposed variation with adjustments
to other circuit values. Circuit layout
considerations, such as dissipation,
cross-coupling, and stray reactances,
also compound the design problem.
Frequently after a special design im-
plementation, an unexpected per-
formance or reliability anomaly will
surface in the field, resulting in sig-
nificant service costs. Thus, the re-
sonant curve and its rapidly chang-
ing slopes offer a special set of traps
for raster scan display designers.
Deviations from proven designs
should be made only after all stan-
dard alternatives have proven in-
feasible.

Custom Display Costs

Design factors impacting the cost of
crT displays are unique and do not
affect other elements in a data
terminal system. High energy content
in CcRT production, expensive raw
materials, and skilled calibration
labor prevent radical cost reductions
of the kind attained in other areas of
electronics. Pending Department of
Health, Education, and Welfare
(pHEW)  Radiation Performance
Standards related to x-ray specifica-
tions, as well as Underwriter’s Lab-
oratory (UL 478) safety require-
ments, have increased the cost of
data display monitors. Design im-
provements and changes must be in
accordance with these regulations.
Despite these restrictions, the overall
cost increases for most raster scan
displays have remained near the
inflation baseline, while performance
and reliability have been improved
substantially over the past several
years.

In some applications, nonstandard
designs are necessary to satisfy spe-

cial requirements. Conversely, many
specialized design changes merely
add costs with little increase in per-
formance value. The designer must
screen each proposed design change
and carefully measure the expected
performance value vyield. For ex-
ample, nonstandard active video area
dimensions may be of no consequence
if appropriate blanking intervals are
specified. However, changes to stan-
dard size or blanking specifications,
without a corresponding change in
the other, can be costly. This situa-
tion could also adversely affect other
performance parameters, such as
linearity. A related problem would
also result from special design re-
quirements for video size adjustment
range, especially in the horizontal
axis.

When design parameters are spe-
cified tighter than the standard offer-
ing, costs will almost certainly in-
crease, due to higher precision parts
and increased calibration and inspec-
tion labor. In many applications
other design tradeoffs need to be
recognized. For example, further im-
provements in geometric distortion
of the video field edges would require
an expensive deflection yoke and
lengthy calibration time, and could
degrade corner focus. Improvements
made on video area size, centering,
and linearity tolerances are charac-
teristically costly. Tight size and cen-
tering requirements frequently orig-
inate from improper coordination
of the location and dimensions of the
bezel opening with standard display
tolerances.

Selecting the interfacing connector
system continually presents design
problems. Usually designers have

evaluated and selected preferred con-
nector types, and tend to reject
different monitor connectors. Ob-
viously, special connectors entail
higher design, documentation, and
part costs. For some applications,
the designer may specify that a dis-
play monitor operate properly when
powered from a system dc supply
having fair regulation and/or no level
adjustment. Assuming that the volt-
age swing is acceptable with regard
to monitor dissipation and voltage
ratings, the designer expects consider-
able performance variation. Display
monitor operation is highly depen-
dent on stable voltages, and careful
factory calibration at nominal voltage
will not be evident if the monitor is
later installed with an off nominal
power supply.

Display Sizes and Uses

An adequate understanding of the
ramifications of CRT parameters is
mandatory if the optimum display is
to be designed for a given applica-
tion. The Table, which includes dis-
play area and information capacity,
itemizes pertinent CRT characteristics
that are representative of industry
values. For maximum economy, dis-
play designers should attempt to
accommodate these values. cRT dis-
play applications have segregated
into several categories. Small moni-
tors, such as 5 and 9”7 (12.7 and 22.9-
cm) diagonal CRT sizes, are used for
portable and mobile applications,
instrumentation  systems, desktop
computers, and point-of-sale (Pos)
terminals. The 127 (30.5-cm) diag-
onal crRT has been the most popular
size for standard data terminal dis-
plays.



Currently, several factors are com-
bining to increase the popularity of
15”7 (38.1-cm) displays. Increased
information densities, such as more
complex character dot structures, or
more characters per page, have dic-
tated this larger screen size for
proper readability. In many full-
featured terminals, keyboard width
remains the limiting factor in the
overall size reduction taking place
as logic, memory, and power supply
modules shrink in size. More space
has therefore become available inside
the cabinet to utilize the 15”
(38.1-cm) display. Larger displays,
such as 19, 23, and 25” (48.3, 58.4,
and 63.5-cm) sizes, are used in
applications requiring increased view-
ing distances, such as process con-
trol, airport systems, and data ter-
minal slave monitors.

Screen capacity for the compact
5” (12.7-cm) display is normally
16 rows of 32 characters, and the
9” (22.9-cm) size accommodates 20
rows of 64 characters. These capac-
ities are primarily established by
character size and readability at nor-
mal viewing distances. A 12" (30.5-
cm) display with 24 rows of 80
characters has been the de facto
industry standard page format. For
utility applications, a character of
5 x 7 dots in a 7 x 10 matrix domi-
nates. When clearer character defini-
tion is required for more complex
character sets and special symbols,
a 7 x 9 character is used. This
format requires a wider video band-
width and higher horizontal line
frequency. For these applications,
the 15” (38.1-cm) size applies. Ap-
plications for high performance 15”
(38.1-cm) displays require 5k to 6k
characters displayed in an area of
approximately 8.5 x 117 (21.6 x
279 cm). Word processing and
raster graphics applications will
continue to place the highest demands
on raster scan display technology.

For high volume low cost terminal
applications, designers search for
further cost reduction. For example,
a recent implementation offers utility
displays that are completed and
aligned, but do not include a frame
or chassis. Provision for mounting
the interconnected display subassem-
blies are designed into the terminal
structure. Certain design situations
benefit in reduced overall costs by
this approach, but subassembly loca-
tion and orientation must still be
coordinated.
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Design Guidelines

Many display parameters are spec-
ified in terms of operating ranges,
and the achievable tolerance at a
specific nominal is not always ap-
parent. For instance, video size and
centering can cause undue costs if
small design tolerances are arbitrarily
specified. In general, the design
guideline for specifying the height
and width of the active video area
is to apply a tolerance of not less
than =3% of full scale, where full
scale is the height or width, respec-
tively, of the maximum usable dis-
play area. Centering tolerances
should be not less than #+=2% of
full scale. Both size and centering
are measured at the centerlines of
the active video rectangle.

On-axis incremental linearity is
properly specified by requiring char-
acter height and width to be within
10% of that for any adjacent char-
acter, and within 20% of that for
any character on the screen. Dis-
tortion, which is a “catch-all”’ term
for several off-axis positional errors,
results in the video perimeter edges
appearing nonrectangular, such as
curved edges, trapezoidal effects, non-
orthogonality, and crT/yoke an-
omalies. The perimeter of a full field
of characters should approach an
ideal rectangle within #+=1.5% of
maximum usable height.

These examples illustrate design
specifications that are directly de-
pendent upon calibration labor and
component cost. Display designers
can design monitors that exceed
these performance levels, but the
incremental costs follow a sharply
rising curve. Display package size,
power dissipation, and reliability are
also affected by tighter design spec-
ifications.

Summary

Operating characteristics of raster
scan displays offer some degree of
latitude in design choices of nominal
parameter values. However, early
evaluation by the display designer
is advisable to determine the effects
on standard hardware design. The
best cost value is usually realized
when standard display specifications
are planned into the early terminal
design. Skill and experience accum-
ulated by industry designers have
evolved standard displays that rep-
resent the best price/performance
ratio. O
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“Intel announces
the first MOS PDP-11 memory
with full parity capability;
control status register
and more--
all on a single board”

Introducing in-5034, our new single-board add-in Best of all, the in-5034 is available now. For additional
MOS memory. It's the latest addition to our growing  information, contact your local sales office or use
family of add-in, add-on memory systems for the the coupon.

PDP-11 computer. The high-density, low-cost in-5034 ) .

is totally hardware and software compatible with |nte|®dellvers.

PDP 11/04s and 11/34s.

Because we've included everything you need on
a single hex-height card, the need for a DEC parity
controller module is eliminated, and memory

throughput is increased. Better performance, on-board
spares and Intel MOS reliability. That's what the
in-5034 is all about.

Intel Memory Systems
1302 N. Mathilda Avenue, Sunnyvale, California 94086

Have an Intel representative call me at ( ) X
Send me information on the in-5034 memory for PDP 11/04s and 11/34s.

Send me information on other memory systems for the PDP-

————

Intel is the world's largest supplier of MOS memory. Name/Title
So when you order add-in memory from us, Company Mail Station
you'e assured of proven performance. Every in-5034 | aAgdress Phone
is thoroughly tested at both component and board . .
City/State/Z
level, and backed by a full one-year R

warranty. N T i N s -

PDP is a registered trademark of Digital Equipment Corp.

Two extra pretested
MOS memory devices provide
on-board spares. :

Intel low-power MOS memory

components reduce operating

power to only 20 watts (12 watts

in standby).

On-board control status
register and parity circuits
eliminate need for separate
parity controller module.

Parity generation and checking
circuits insure data integrity.

32K, 48K or 64K x 18-bit

MOS memory on a single board.
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The little GCR subsystem smart enough
to save your end-users time and money.

And the book to save you trouble.

The machine in the picture is one of the
most intelligent and most sophisticated data
storage units ever developed for minicomputers:
The Pertec FT6250, with a recording density of
6250 bpi.

The man in the picture is holding the most
comprehensive, authoritative application note
in the business. It's a complete “road map” for
the GCR interface designer.

Both machine and manual were created by
one of the world’s leading independent manufac-
turers of minicomputer peripherals. Pertec.

There’s nothing else quite like them
anywhere.

We realize these are extraordinary claims.
And we make them with confidence, for some
excellent reasons.

Self-diagnosis in 3 different modes.

For unsurpassed data reliability, we built a
very fast, very powerful, 8085 microprocessor
right into our GCR formatter.

It provides three separate troubleshooting
systems. And no comparable formatter has it.

First, in the idle mode, a constant alert
system continuously polices both the formatter
and tape drive for errors.

Second, with the built-in keyboard, the
service technician can execute diagnostic
programs without tying up the computer...and
find precise trouble spots spelled out on the LED
readout.

Third, with our exclusive Smart-Bus™
interface, the operator can run full diagnostic
routines directly from the computer itself. The
formatter logs all errors, so the operator can
check the memory system’s integrity at any
time. .. without calling in a service engineer.

All this easy self-diagnosis means
exceptionally low cost of operation.

Yet the FT6250 costs about the same as other
storage units without these features.

Smart-Bus™” An interface so
sophisticated, it's simple.

You may not have heard much about
interface requirements from other
manufacturers of GCR systems. They don'’t like
to talk about them. Because frankly, the
requirements can be very complex.

But we don’t mind talking about interface.

Because ours is far simpler than anybody’s.
It’s a bus design that allows the parallel transfer
of entire 16-bit words directly.

The whole interface has only 28 lines.
(Compare that with other GCR interfaces.)

And, as we said before, it enables your
computer to interrogate the formatter for
errors.

No wonder we call it the Smart-Bus.

Pertec’s Application Manual:
Important Reference Book.

As one of the leading independent peripheral
suppliers we know what minicomputer OEMs
are looking for.

That’s why systems designers historically
have turned to Pertec application notes for the
last word on design adaptations.

Our newest manual explains precisely and
concisely what GCR is and how to interface.

It’s recommended reading for every OEM
that wants to offer its customers big computer
performance at mini-size and price.

Limited edition, first-printing copies of the
notes are available only through your Pertec
sales representative.

We'd like to give you a copy. So when your
first FT6250’s are delivered, you'll be all set to
tie in to the biggest little memory subsystem in
the business.

Just write, on your company letterhead, to
Pertec, 21111 Erwin Street, Woodland Hills, CA
91367. Or call the Pertec regional sales office
nearest you: Western area (213) 996-1333.
Midwestern area (313) 668-7980. Eastern area
(603) 883-2100. England (Reading) 582115.

PERTEC

COMPUTER

CORPORATION
PERTEC DIVISION

© Copyright 1978, Pertec Computer Corporation
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TECH NOTE

Ink-Jet Printer Mechanism Uses
Non-Static Vacuum Technique

A nonimpact serial printer terminal combines an ink-jet vacuum principle,
an unusual ink chemistry, and a dense array of ejection nozzles to project
an electrically contrelled stream of uncharged droplets, without the need
for field deflectors, onto plain paper, resulting in a fine dot matrix image
with instant character recognition

Joachim Heinzl and Gunter Rosenstock

Siemens AG, Munich, West Germany

An ink-jet printer mechanism pro-
vides minimal noise, high speed, and
sharp resolution by combining the
high quality of type printing with
the type variety of dot matrix print-
ing to produce alphanumeric char-
acters on ordinary fanfold paper that
are instantly legible, smudgeproof,
and nonerasable. Incorporating the
vacuum ink-jet principle, the printer
mechanism attains a printing speed
of 300 char/s. The only noise sources
are the carriage traveling with the
printer mechanism across the paper,
and the paper transport facility.
Weighing 200 g, the printer mecha-
nism holds sufficient ink for 5M char-
acters, and operates from —15 to
55 °C. To overcome one usual limita-
tion of ink-jet printing—the inability
to produce immediate multiple copies
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—this modular mechanism is inter-
changeable with a duplicate-page
producing standard needle printing
mechanism. The Siemens PT80i serial
printer terminal possesses unique ink
composition properties.

Ink Characteristics

To satisfy severe jet-printing require-
ments, the ink possesses a defined
surface tension and viscosity to en-
sure proper functioning of the print-
head; produces a black, high contrast
character on plain paper that is in-
delible and lightfast; does not dry
in the jet-nozzle orifices, yet is in-
stantly smearproof on the paper; and
prevents dye deposits from accumu-
lating in the printhead and blocking
the nozzles, even if the printhead is

not used for extended time periods.
A wetting, hygroscopic antifreeze
solvent enables the ink to be stored
at low temperatures, while conser-
vation additives prohibit fungus
growth. Once deposited on untreated
paper, the ink penetrates quickly into
the fibers, becomes absorbed by capil-
lary action, and establishes an un-
washable imprint. For optical rec-
ognition, the ink provides a print
contrast signal (Pcs) of 0.39 accord-
ing to optical character recognition
(ocr) standards in infrared light,
although it does not contain any pig-
ments. In visible light, the contrast
according to OCR standards is 0.6 to
0.7 pcs. An ink-jet nozzle can eject
up to 2500 droplets/s. For each drop-
let, 10% watt-sec (Ws) are applied
to the drive transducer; of which,
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10® Ws are carried by the flying
droplet in the form of kinetic and
surface energy. An ink droplet mea-
sures 0.1 mm in diameter and pro-
duces a black spot that is 0.3 mm in
diameter on the paper.

Comparable data for the substi-
tute needle printhead are: one needle
strikes the paper through an ink rib-
bon, up to 700 times/s; for each
stroke, the drive solenoid consumes
2 x 102 Ws; and kinetic energy of
the needle on impact is 103 Ws. In
needle printing, the color in the ink
ribbon has to be squeezed out before
it is impregnated into the paper.

Ink-Jet Printing Techniques

The three common ink-jet printing
techniques—high pressure, low pres-
sure, and vacuum—differ according
to the type of pressure used to sup-
ply ink to the jet nozzles.

In the high pressure technique,
ink is ejected as a stream from a
narrow nozzle, which breaks up into
discrete droplets that are deflected
by electrostatic or magnetic means.
Ultrasonic excitation produces reg-
ular constrictions in the fluid jet and,
thus, achieves uniform breakup into
droplets. However, it is not possible
to release the droplets individually.
Printers operating on this principle
are the Siemens SICOGRAPH terminal
and the IBM 46/40 printer.

In the low pressure technique, the
ink wets the tip of a narrow nozzle
and forms a convex meniscus. Drop-
lets are pulled off this meniscus by
an electric field, and are deflected
electrostatically to form characters.
However, droplet formation cannot
be kept stable over long periods of
time. The Teletype® Inktronic printer
and the Casio 300 printer are rep-
resentative of this technique.

A vacuum is maintained in the
nozzle, except at the instant that a
droplet is ejected, in the vacuum
technique. Ink that gets onto the face
of the nozzle is pulled back by the
vacuum; thus, the nozzle is selfclean-
ing. Upon demand, ink entering into
the nozzle is formed into a concave
meniscus at the orifice. A droplet is
ejected by means of a shock wave
that causes a momentary increase in
pressure in the nozzle. This shock
wave is generated by an electric field
momentarily applied to a piezoelec-
tric transducer. The ink forms itself
into a droplet, breaks away from the

nozzle trailing a long tail, and flies
off as a tiny spherical entity.

Since the droplets can be released
individually under electrical control
and every droplet impacts the paper,
there is no need to catch or deflect the
droplets. Moreover, because the vac-
uum technique leaves the face of each
nozzle unwetted, a large number of
nozzles can be arranged in a dense
array. The PT80i ink-jet printer
mechanism is designed around the
vacuum technique.

Printer Mechanics

The printhead (Fig 1) contains 12
nozzle orifices arranged in two off-
set columns of six each. Distance to
the paper is about 1 mm. Twelve
jet channels radiate outward in two
planes from the orifices. The drop-
let flight direction is not dependent
upon the angle of inclination of the
jet channel; instead droplets fly on
parallel paths from the nozzle array
plate to the paper, in about 400 ps.
The nozzle array plate is heated to a
constant temperature by means of
current through a small resistor. Con-
sequently, ink droplets are always
formed with constant viscosity and
surface tension regardless of the am-
bient temperature. Jet channels are
concentrically enclosed by piezocer-
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Fig 1 Structure of ink-jet printer
mechanism. Ink is distributed
from reservoir through manifold
and constricted supply channels
to 12 nozzles by vacuum system.
Droplets are triggered by means
of electrical pulses to piezo-
transducers. Transducers cause
momentary decrease in nozzle

Bv1zn

pressure, resulting in shock
waves that eject droplets in
parallel paths onto untreated
paper

amic transducer tubes. Silver films
on the tubes’ inner and outer surfaces
serve as electrodes for applying the
electric control field.

The nozzle channels are supplied
with ink from the manifold. Narrow
channels provide a choke effect that
protects the nozzles against pressure
shocks from the ink reservoir.

The manifold is connected to the
ink supply by means of a filter,
which traps any dirt particles. The
replaceable ink bottle holds the ink
in a flexible plastic skin. Inserted
in the base of the bottle is a molded
rubber plug that establishes the link
to the printing system. When the ink
bottle is installed, the plug is pierced
by a hollow needle. The ink bladder,
located below the level of the nozzle
orifices, creates a static vacuum in
the nozzles. When the ink bottle is
changed, the printhead remains filled
since capillary forces in the nozzles
prevent a reverse ink flow.

The ink supply is monitored by
means of resistance measurements
between electrodes in the base of the
ink bottle. In the PT801, for example,
a flashing lamp indicates that the ink
bottle is nearly empty and permits
timely replacement. If this signal
indication is overlooked, the printer
terminal switches off automatically
when the bottle is empty.

The protector plate is actuated by
a small dc motor, and is guided
between the printhead and paper
platen whenever the printer terminal
is switched off or the cover lid is
raised. Any ink that emerges from
the nozzles at this time is diverted
into a slanted duct underneath the
printhead, channeled back to the ink
bottle, and absorbed by a swab.

Printer Electronics

In the PT80i, the analog section of
the printer control electronics is
mounted on a printed circuit (pPc)
board connected to the printer mech-
anism via a ribbon cable. For ink-
jet printing, the printer electronics
circuits include two character gen-
erators; power amplifiers for two
stepping motors—one operates the
line feed, the other the carriage; 12
final amplifiers for the piezoelectric
transducers; monitoring circuit for
the ink supply; heater circuit for the
nozzle array plate; and motor con-
trol circuit for moving the protector
plate.
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BASIC 9 x 9
DOT MATRIX
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INK-JET NOZZLE
ARRANGEMENT

acters

UPPER CASE LETTER

LOWER CASE LETTER

Fig 2 Serial matrix printout. Single printhead moves horizontally across paper, depositing inked
upper-case, lower-case, and large capital letters, numbers, and symbols in 12 x 9 dot matrix array.
Twelve ink-jet nozzles are arranged in two offset columns of six each to obtain highly legible char-

3 x 9 DOT MATRIX
FOR DESCENDERS

LARGER CAPITAL LETTER

Alphanumeric characters are
formed by a dot matrix array of 12
rows x 9 columns (Fig 2). In this
array, the top 9 x 9 dot matrix is
utilized for printing upper- and lower-
case letters, numbers, and symbols,
the bottom 3 x 9 matrix for de-
scenders of lower-case letters. Larger
capital letters are available by im-
plementing the entire 12 x 9 format.

For printing, regular character
fonts are stored in character gen-
erator 1, with a different font in
character generator 2. Each generator
is a 28-pin, 10k-byte, plug-in, read-
only memory (ROM) or program-
mable read-only memory (p/rRoMm).
Ascil-coded bit patterns are stored
in each generator, 12 x 9 bits for
each character. Matrix column 1 is
addressed directly with a 12-bit pat-
tern of the desired character; then,
the printhead is moved horizontally
by the carriage to the second column
position. Triggering of each 12-bit
pattern for the remaining eight ma-
trix columns of the character is ac-
complished by column addressing
signals.

The 12 ink-jet nozzles are arranged
on the front guide of the printhead
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in two offset columns of six each,
and the ink droplets that form a
single vertical line on the paper are
ejected on a trigger-delay basis, ini-
tially, the odd-numbered nozzles, fol-
lowed by the even-numbered nozzles.
Consequently, the offset ink droplets
overlap and merge to form unbroken
lines and crisp character printouts.
Each droplet is ejected from a noz-
zle under control of an associated
piezoelectric transducer. In turn,
these transducers are activated by a
series of electronic signals that are
transistor-switched and transformer-
coupled. The electrical signals cause
the piezoelectric transducers to ex-
pand and contract, thereby creating
the shock wave that forces the drop-
let to fly off the nozzle.

Summary

An ink-jet printer mechanism based
on implementation of the vacuum
technique comprises 12 nozzles, and
prints characters composed from
single dots like a needle printer but
faster, quieter, and wear-free, since
there are no moving parts in the
printhead. Character imprint quality

is attained with a simple, rugged,
and reliable printer mechanism that
can be refilled with ink easily, is self-
cleaning, and ejects ink over a short
distance, without deflection and with-
out ink recycling, with every droplet
striking the paper.
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More cost efficiency. . .

Introducing

Series 111 soLD STATE KEYBOARDS

Now: Ferrite Core Reliability At Lower Prices

More cost efficiency
you can put your
fingeron...

Just imagine, a solid state keyboard
at a price you can afford that de-
livers MTBF’s in excess of 40,000
hours, is unaffected by contami-
nants, has excellent resistance to
static discharge and EMI, plus high
speed operation without “misses.”
Well the keyboard professionals
have done it again—the Series III
keyboard.

That’s right, the SERIES III will
provide cost efficiencies you can
put your finger on. It's designed to
increase operator productivity and
performance under demanding

operational and environmental
conditions. This means cost effi-
ciency for you—reduced down-
time, lower repair cost, fewer ser-
vice calls, satisfied customers, and
lower prices. That's total value!

It's in the unique
SS3 ferrite core
keyswitch

We've built our reputation on fer-
rite core switching technology. And
once again, we’ve advanced our
technology through the unique SS3
keyswitch.

Like its proven and successful
predecessor, the SS3 keyswitch is
mechanically simple and contact-

less. The SS3 is designed with
fewer parts, lower profile and ex-
ceptional feel while maintaining
excellent resistance to environmen-
tal factors. This combined with a
100 million cycle life test rating
offers unsurpassed cost efficiency.

You have our word on
quality — Cortron

All Cortron® Series III Solid State
Keyboards are 100% inspected and
tested to insure your specifications
are met. We're so sure of our relia-
bility that we have extended our
warranty to 2 full years. Let us con-
vince you.

We’ve touched on a few of the
many cost efficiency benefits that
Cortron Series III Solid State
Keyboards offer you and your cus-
tomers. There’s much more we can
talk about. For full cost efficiency
details and our Cortron Series III
Solid State Keyboard brochure,
write or call Cortron, A Division of
[llinois Tool Works Inc., 6601 West
Irving Park Road, Chicago, Illinois
60634. Phone (312) 282-4040. TWX:
910-221-0275. Toll free line: 800-
621-2605.

CORTRON

A DIVISION OF ILLINOIS TOOL WORKS INC

THE KEYBOARD PROFESSIONALS
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Whose whose in LSI-11 memories?

Strand Century, Inc.
Los Angeles, California

The company:

The leading manufacturer
of memory light control
systems for theatrical
productions and TV
shows.

Notable application:
Lighting controls for the
Broadway hit “Annie.”
(Photo 1, courtesy Martha
Swope.)

Whose CPU:
Digital Equipment
Corporation LSI-11

Whose memory
Monolithic Systems
Corporation MSC 4601
Dual Height

Whose decision:
David Cunningham,
Director Research and
Development

Comment

‘We've been buying both
quad and dual height
memories from
Monolithic Systems for
several years, The
outstanding cooperation
of their people and

their on-time deliveries
were major factors in
selecting them.”

American Sign &
Indicator Corporation
Spokane, Washington

The company:

The world's largest
supplier of computer
directed lighted signs,
scoreboards and color
displays.

Notable application:
Mark 400 Spectacolor
Display on Times Square
(Photo 2, courtesy
American Sign &
Indicator Corporation.)

Whose CPU:
Digital Equipment
Corporation LSI-11

THE Bib
N\ HPPLE
ALIVE

Whose memory:
Monolithic Systems
Corporation MSC 4601
Dual Height

Whose decision
David Cole, Director of
Materials

Comment:

‘Our displays have used
Monolithic Systems’
LSI-11 memories
exclusively since 1976.
Cost and delivery were
the primary reasons for
changing vendors and
Monolithic's new dual
height version has kept
us convinced we made
the right choice.”

EG & G Princeton
Applied Research
Corporation

Princeton, New Jersey

The company

The leading manufacturer
of signal recovery

instrumentation and
pioneer in multichannel
electro-optical detection
technigues.

Notable application:
The OMA-2 Optical
Multichannel Analyzer
(Photo 3) permits
real-time spectral
analysis from below 200
nanometers to nearly 2.0
micrometers. RAM
memory is used for
storage of the scan
format.

Whose CPU:;
Digital Equipment
Corporation LSI-11

Whose memory:
Monoalithic Systems
Corporation MSC 4501
Quad Board

Whose decision:
John Zipper, Project
Manager

Comment

‘We've standardized on
Monolithic Systems'
LSI-11 gquad memories for
two reasons. . .price and
they work.”

Your company

Whether your LSI-11
based system is a leader
in the industry or heading
in that direction, head in
our direction for LSI-11
compatible memories.
For price, delivery and
reliability.

DEC compatible
memories. ..
from the first.

&Q

NMonolithic
/g/t@(ﬂf COMO

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

©) 1978, Monohthic Systems ( Q1 poration
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1. (Right) A scene from “Annie."
Presented by Mike Nichols
Winner of 7 Tony Awards 1977
including Best Musical. Best
Musical Award 1976-77, N.Y.
Drama Cnitics' Circle. Produced
by lrwin Meyer, Stephen R.
Friedman and Lewis Allen

2. (Left top) World's largest
computer controlled
Spectacolor display at the
nation's number one sign
location, Times Square in New
York City. Eighty-two hundred
lamps enable the extraordinary
system to perform cartoon

like animation in up to 17
different colors

3. (Left bottorn) Just as the
human eye detects the
variations in the visible light
spectrum, the OMA-2 provides
a real-time readout of
wavelengths and intensities

of this spectrum. Suitable
detectors allow OMA-2 to
into the ultraviolet and infrared
regions as weill,
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ADVANCED

TENICAL EDUCATION

. o 41 — Four dys
Digital Signal Processing

NEW YORK
Aug. 1-4

CHICAGO
Aug. 15-18

SAN DIEGO
Sept. 26-29

| WASHINGTON D.C.

Oct. 10-13

Fr ds
| Computer Graphics

l| State of the Art Techniques and Applications

NEW YORK
Aug. 8-11

HOUSTON
Sept. 12-15

WASHINGTON D.C.

Oct. 10-13

FREE
BROCHURES

AND ENROLLMENT FORM

¥
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CALL NOW
(213) 450-2060

INTEGRATED GOVIPUTER SYSTEVS INC.
1978 FALL SCHEDULE

Course 440 — Four days

Fiber Optic Communication |
Systems

CHICAGO
Aug. 22-25
HOUSTON
Sept. 19-22

SAN DIEGO
Oct. 3-6

Course 350 — Four days

Distributed Processing and
Computer Networks

CHICAGO

Aug. 8-11

NEW YORK

Aug. 22-25
WASHINGTON D.C.
Sept. 26-29

SAN DIEGO
Oct. 17-20

Integrated Computer Systems, Inc.
3304 Pico Blvd., P.O. Box 5339
Santa Monica, CA 90405 USA
TWX: 910-343-6965
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You tell us what your data collection

o\

EPIC DATA's Model 1647 data collection terminals and
Model 1648 system control units (SCUs), let you configure
exactly the data collection system you need. These “build-
ing blocks,” based on microprocessor architecture and
modularity, provide you with simple, practical and flexible
terminals or systems for virtually any combination of re-
quirements you may have.

Slmple. Building blocks can be combined to enable
collection of information from a wide variety of pre-pre-
pared and variable data with resulting improved efficiency
and reduced errors. No computer knowledge is required for
operation. Terminals can be programmed to: provide
customized input, output and processing of data; prompt
the user through entry steps and validating of data; and
enable off-line or on-line operation.

EPIC DATA terminals are rugged, compact and lightweight.
They can be wall-mounted or placed on a desk and are
easily exchanged during maintenance.

raC'[Ica| . Environmental tests conducted in confor-
mity with MIL-STD-810 plus in-depth, on-site testing assure
reliable operation over a broad spectrum of hostile, indus-
trial environments. Simple design and rigorous testing
have resulted in an impressive MTBF.

ﬂeX|b|e EPIC DATA terminals can optically read
punched badges and 80-column ANSI cards. User-defined
keys are available for inputting variable data. Key entry
data or time of day is displayed and LEDs are available for
prompting.

Terminals can be configured to scan bar codes and mag-
netic stripes or accommodate other peripherals through
RS232 ports. Display options include additional numeric
displays, up to 15 LEDs for prompting and a 32-character
alpha/numeric display. Serial asynchronous or syn-
chronous communications ports with either RS232 or line
driver I/0 and a low speed modem may be added. Parallel
communications ports are also available. Both PROM and
RAM memories are expandable.

U. S. Sales Offices: 3415 Hickory Trail, Downer

Representatives: ARIZONA BFA Corporatic
Systems Marketing Corp. (312) 593-622
SETTSJ & J Associates (617) 729-5770+ IV
* NEW YORK Ossmann Instruments (315 4!
ciates (206) 453-9082 = UNITED KINGDOM =

requirements are.

_We’ve added more

®e

data collection
building blocks
to satisfy them.

Newest Building Block: More to Come in Next Few Months

A self-contained cassette tape recorder providing up to
2.88 megabits of storage for transaction logging or store-
and-forward applications is now available. The modular
reel-drive tape recorder, like the rest of the building blocks,
features high reliability and ease of maintenance. There is
no pinch-roller or capstan to wear tape; only the head
touches the tape.

SCUS Model 1648 SCUs can be configured to poll up

to 100 terminals, assemble transactions, format data, ap-

ﬁ?ng tm;\e and date, and store or forward collected data to
e host.

Tell us what your data collection requirements are. We'll
supply the parts. Contact your EPIC DATA representative

today or write: .
epic data

7280 River Road, Richmond, B.C. V6X 1X5 Canada
Phone (604) 273-9146/Telex 04-355701

arove, IL 60515, (312) 968-8620 * 1724 South Heather Hill Rd., Hacienda Heights, CA 91745, (213) 965-2886

(12)994-5400 « CALIFORNIA Moxon Electronics (714) 635-7600 * FLORIDA COL-INS-CO (305) 423-7615 « ILLINOIS
\NEAS/MISSOURI Digital Systems Sales (816) 765-3337 « MARYLAND TE Corporation (301) 340-0303 * MASSACHU-
N/OHIO WKM Associates, Inc. (313) 588-2300, (216) 267-0445 « NEW YORK Cane Technical Sales (914) 698-4411
56 « PENNSYLVANIA WKM Associates (412) 892-2953 « TEXAS DMA (713) 780-2511« WASHINGTON DPM Asso-
1trom Ellinor Ltd. Reading (0734) 85464
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TECH BRIEF

Voltage-Offset Reduction in Data Transmitters

An inductor and a pair of diodes improve the pulse-to-pulse efficiency of
a transformer-coupled data transmitter

In transformer-coupled data trans-
mitters, where complementary data
pulses alternately drive a pair of
identical output transistors, currents
flowing through both legs of the pri-
mary winding must be of identical
amplitude and duration. If the mir-
ror-image primary currents are not
equal, the resulting asymmetric out-
put, Vout, will contain an offset volt-
age, V,. This offset may falsely
trigger on a receiver connected to the
output, if the level detection threshold

voltage of the receiver is comparable
with the V,. Such asymmetry may
be caused by input pulse imbalance
(amplitude of duration) or by differ-
ences in the conductance of the out-
put transistors.

A current source which consists
of an indicator and two silicon diodes
may be used to reduce output volt-
age offset and to make the circuit less
sensitive to conductance differences
in the output transistors. As illus-
trated, the supply current i; and ip

. [ i
4

is 15 V peak

i
1
@ L
Ve T
ki
Bt
DATA = CR2
INPUTS &
-—
i
Q2 2

Voltage-offset reduction inductor and diodes
are common components with inductance
of 250 wuH and forward voltage drop of
0.6 V, respectively. At pulse repetition rate
ot 1 MHz, choke reactance is 1.5 KQ; Vout

flows through inductor L;. The re-
actance of L, at the data pulse repe-
tition rate (1 MHz in the prototype)
is higher than the reflected load im-
pedance; the current flowing through
L; changes very little from pulse to
pulse. The inductor, therefore, acts
as a low power-loss source that drives
the output transistors with a current
sufficient to saturate Q; and Qo, thus
retaining high power efficiency.

Diodes (cR; and CRs) limit the
voltage drop across the inductor to
approximately =1 V during current
buildup at the start of transmission
and during gaps between pulses. After
the direct current builds up, the ac
voltage drop across L; becomes small
(=0.3 V), and remains low as the
inductor regulates current during
successive pulses.

Note

This work was done by C. Earle
Theall of The Singer Co for Johnson
Space Center. For further informa-
tion, write to: John T. Wheeler, John-
son Space Center, Code AT3, Hous-
ton, TX 77058. (Msc-14933).
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This document was prepared under the
sponsorship of the National Aeronautics
and Space Administration. Neither the
United States Government nor any person
acting on behalf of the United States
Government assumes any liability resulting
from the use of the information contained
in this document, or warrants that such
use will be free from privately owned
rights.
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Iftheyd had -
Maxell Floppys in 1776
would we have fireworks

Fact is, nobody knows for sure virtually anything else on the leaves a very smooth coating

when the Declaration of Independ- market. surface.

ence was finally and completely No wonder our single and double If your data is too important to lose,

signed. But it sure wasn't on the density disks are approved by the ~ declare your independence from

Fourth of July. leading OEM drive manufacturer. less-than-adequate disks, cassettes
We make them to the highest ISO  and tapes. Get Maxell.

Too bad the Founding Fathers and |BM diskette specifications. And have nothing to lose.

didn't have Maxell double sided/ From computer grade, super-fine Dealer inquiries invited. Contact
double density floppys. Our disks magneticmaterials. Allputtogether Maxell Corporation of America,
hold more data, more accurately, with an extraordinary binder that 60 Oxford Drive, Moonachie, NJ
for a longer period of time, than improves particle dispersion and 07074 (201) 440-8020.

LR
Floppy disks—digital cassettes

When the data is too important to lose.
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MICRO DATA STACK

PROCESSORS AND ELEMENTS

INTERFACING FUNDAMENTALS:

THE 8085 PROCESSOR

David G. Larsen and Peter R. Rony

Virginia Polytechnic Institute and State University

Christopher Titus and Jonathan A. Titus
Tychon, Inc

COncentrating upon the 8080 central processing unit,
past columns have contained interfacing and software

examples developed for those computer systems. The

8085 processor is now available from Intel Corp with
all of the capabilities of the 8080, plus a few additional
worthwhile features.

One of the main aspects of the 8085 is that it is
software compatible with 8080 machine codes. Thus, 303
is a jump (ymp) instruction in both systems. The 8085
has two additional instructions, however, that will be
discussed later. Basic 8080 systems generally include a
clock generator and status latch circuit for external con-
trol of the central processing unit (cpu). The 8085 chip
now incorporates these functions. A simple resistance-
capacitance network or crystal may be used directly with
the 8085 to generate clock pulses needed by the system.
The amount of external logic that is required is further

reduced since many of the necessary external device
control signals are generated in the 8085 chip.

There is a price to pay for this, though. The 8085
uses one set of eight lines to transmit both data and
address information. In some systems, it may be necessary
to latch the address bits (A7 to A0O) so that they are
readily available for use in the system. An Address Latch
Enable signal (ALE) is output by the 8085 to control
such a latch circuit. This type of bus multiplexing also
was done in the 8008, an early general purpose 8-bit
microprocessor chip.

A family of 8085 compatible devices makes small com-
puter systems rather easy to design. These chips include
the 8155 read/write memory and the 8355/8755 read-only
memory devices. Since they require both the address and
data information that is multiplexed on a single 8-line
bus, they are set up to demultiplex the necessary data



LATCHED
LOW ADDRESS
BUS

Fig 1 Use of latch to demultiplex

ADDRESS anD  8085’s low address bits
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We have.So our
microprocessor system
offers real time trace.

To spot problems
as they happen.




10/M
WR

FROM 8085

— [0/M

> WR

)TD‘

24

8085 system
TO 8085 FAMILY ICS

TO 8080-TYPE 1I/0
AND
MEMORY DEVICES

Fig 2 Gating required to generate
8080 compatible control signals in

internally. The ALE signal is distributed to all of the 8085
compatible devices to control these internal functions. A
latch circuit that will demultiplex the address and data
is shown in Fig 1.

The 8085 provides the high address bits (A15 to A8)
on eight output pins. Equivalent to the A15 to A8 lines in
an 8080 based computer, these signals have no other
purpose and are not multiplexed. Other 8085 inputs and
outputs (1/0s) such as iINTR (interrupt), INTA (interrupt
acknowledge), mreset, HoLD, HLDA (hold acknowledge),
and READY operate as they do in 8080 systems. Two
added outputs from an 8085 are cLock ouT, a TTL com-
patible clock signal of one-half the system clock frequency,
and RESET ouUT, a signal that may be used to reset other
system components. The latter is derived from the reset
input to the 8085.

Three control signals—10/™M, ®Rp, and WR—manage the
flow of data to and from the cpu and memories or 1/0
devices. 10/M is used to indicate the type of device with
which the cpu is attempting to communicate: logic 1
denotes 1/0 devices; logic 0, memories. ®Rb and WR signals
coordinate the reading and writing of data, respectively.
The 8085 compatible memory and 1/0 devices directly
use these three signals. In other systems, these signals
may have to be used to generate MR, Mmw, IN, and ouUT
signals that have been discussed and used in previous
columns (see Computer Design, May 1976, pp 196, 198,
199, and June 1976, pp 114, 116). Fig 2 illustrates the
necessary gating.

While most 8080 based systems implement interrupts
with an interrupt instruction port and restart instructions,
the 8085 has four onchip interrupts (see Table 1).
Overall priority from highest to lowest is TrRaP, ®rsT 7.5,
RsT 6.5, BT 5.5, and INT, which is the normal 8080-like
interrupt input. These interrupts have their vector ad-
dresses placed within the address space 000 000 to
000 100, as is the case with the usual 8080 interrupts.
Some of these addresses are placed between the 8080
vector addresses, leaving only four bytes of storage space
between interrupt vector addresses. Most programmers
use jump instructions to point to areas of memory that
allow for longer interrupt service programs. These inter-
rupts act in the same manner as normal 8080-like inter-
rupts, so a stack is still a necessity. If these interrupt
inputs are not to be used, they should be grounded.

118

A single input and a single output pin on the 8085
chip can be controlled directly by software. Of course,
the 256 addressable 1/0 port capability is still maintained.
The two single 1/0 connections may be used for a single
sense input and a single control output, or for serial
1/0 to a terminal or teletypewriter, with the actual seriali-
zation being done in software.

Two new, l-byte instructions are implemented in the
8085 for management of interrupts and two 1/0 lines—
Serial Input Data (sip) and Serial Output Data (sop).
These two instructions are Set Interrupt Mask (smm =
060) and Read Interrupt Mask (rmm = 040). The A
register is used as the source or destination of the data
bytes for each operation (Table 2).

These instructions are powerful, since they allow the
user to select certain devices for interrupts, to check
interrupts, and to control an input and an output line.
These instructions do not affect other 8080-type operations,
except that the A register or accumulator is used. Due
to these functions, a small microcomputer based control-
ler can be configured with a few integrated circuits.
Future columns will describe how this can be done and
how 8085 compatible chips can be used.

This article is based, with permission, on a column
appearing in American Laboratory magazine. i

Note: ““Designing With Microcomputers,” a 3-day course
offered by Tychon, Inc in Blacksburg, Va from Sept 11
to 13, will cover the design of 8085 systems. Each
participant will design and wire an 8085 based com-
puter system that he may keep. Other interfacing and
software courses also are being offered at this time.
Contact Christopher Titus, Tychon, Inc, Blacksburg,
VA 24060, tel: (703) 951-9030 for information.
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The 2114.
t’s old hat to us

and all the speed you need for
microprocessor applications.

Most 2114s are new products with new
product problems. Not ours. The SEMI
2114 is a member of the Royal Family
of Static RAMs. It is, in fact,
a new pin-out of an 18-pin,
5V, 1Kx4 static RAM that we've ™%
been delivering in production quan-
tities for a year and a half.

If you'd like complete informa-
tion on the SEMI 2114, or any other
members of the Royal Family of static
RAMS, see your local EMM/SEMI

distributor, or contact us directly.

The SEMI 2114 features low power
(only 300 mw), TTL compatible I/0,

L ‘Memory at Work

EfMsemiine.
A subsidiary of Electronic Memories & Magnetics Corp., 3883 N. 28th Ave., Phoenix, Arizona 85107 (602) 263-0202

ALABAMA: Gentry Associates, Huntsvilie 205/534-9771 ¢ ARIZONA: EMM, Phoenix 602/263-0202 * CALIFORNIA: EMM, Hawthorne
213/644-9881; EMM, Los Alamitos 213/598-8705; EMM, Burlingame 415/692-4251; Varigon, El Segundo 213/322-1120 » FLORIDA: Gentry
Assoc,, Orlando 305/894-4401 « GEORGIA: Gentry Assoc., Atlanta 404/455-1206 ¢ ILLINOIS: EMM, Des Plaines 312/297-7090 * MASSA-
CHUSETTS: EMM, Lexington 617/861-9650 » MINNESOTA: EMM, Hopkins 612/933-7115 « NEW JERSEY: EMM, Cherry Hill 608/779-7911
« NEW YORK: EMM, Melville 516/423-5800 » TEXAS: EMM, Dallas 214/231-2539; Young Sales, Dallas 214/341-2900 » WASHINGTON:
The Thorson Co., Bellvue 206/455-9180 « CANADA: Cantec, Ottawa 613/255-0363 )
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Savings in both board space and de-
sign/development time are obtained
from two converters having 12-bit
resolution. With the single hermetic
DIPS, microprocessor users have a
complete interfaced p-a or A-p func-
tion, so that it is no longer necessary
to buy multichannel 1/0 boards or to
design and build interface circuitry.
Both the Mn3500 p-a and MN5500
A-D converters have been designed by
Micro Networks Corp, 324 Clark St,
Worcester, ma 01606 with universal
microprocessor interfacing logic. Ei-
ther easily interfaces to 8-bit micro-
processors to add analog input or out-
put capability. They provide internal
circuitry for chip select, read/write,
and address decoding, as well as
“active low” acknowledge outputs. In
addition, the pac is double buffered
to insure smooth transitions between
analog output values and to eliminate
unwanted intermediate states. The
Apc also provides 3-state outputs.
In normal operation, the devices
are connected to the microprocessor’s
address, control, and data buses and
are each treated as two successive

12-Bit D-A and A-D Converters Add Analog Input memory mapped or 1/0 locations.
and Output Capability to Microprocessor Based Systems Writing to these two locations will

MICRO DATA STACK

PROCESSORS AND ELEMENTS
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= 2 | }
15 9 13 /’/
051 / \
bt \
MEMORY MAP g 84 %
Hex. | D | De| Ds] D] D5 Dz] D] Do [ /
Address e
8000 Starts A/D ic1, 2 7415175 = X
wiite) | x | x| x| x| x| x| x| x [Converter Ic3 74500
o g e IC4 74LS02
8001 1 1 17| MSB| Bit | Bit | Bit [Digitized Data
(Read) [sarus| 2| 3| 4 [MSBBjte :gg ;:tgg;
8000 Bu | Bit| Bit| Bit| Bit| Bit| Bit [LSB|Digitized Data -
(Read) | 5 | 6] 7| 8| o | 10f 1 LSB Byte
8002 PGA Gain
write) [sm| x| x| x| x| As| A | Ao [s/H Command
8003 Multiplexed S/H—

(Write) X X X X | As| Az | Ai| Ac [Channel Address

Combining low cost, complete functions, and small DIL packaging, Micro Networks’ MN5500 microprocessor interfaced,
12-bit A-D converter provides analog input capability for 16-channel data acquisition system. Either 8- or 16-channel sys-
tems can be configured using the MN7130 S/H amplifier. With the MN2020 programmable gain amplifier, full-scale ana-
log input ranges from =20 mV to =10 V and autoranging capability under processor control are provided. Comparable
MN3500 DAC supplies analog output capability for configuring multichannel data distribution systems
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You can use our complete
NRZI Magnetic Tape System with your
PDP-Il or Nova for under $5250

Or,you can pay 20-100% more to other
independent peripheral suppliers

like Pertec Wangco, Kennedy...

and even to DEC and Data General.

Then try to justify it.

Unless your firm likes giving money away, Digi-Data is the only
recommendation that makes sense.

And whether you need compatibility with PDP-11 or NOVA, Eclipse
or even HP21MX, it’s not just our price advantage that gives
you the edge.

m |t's the product reliability that results
from our ultra-simplistic design.
Thousands of field installations have
verified that reliability.

m |t's the confidence that our 16-year
record of corporate stability assures.

B |t's our 30-day ARO delivery for
most standard configurations.

® |t's our long-term
record of responsible
service.

B And it's the perform-
ance, serviceability and
economy realized by us-
ing common designs for
the many different
configura-

tions avail- o
able in our
Minidek,

Mididek and
Maxidek tape
transport models.

And after all what really
counts is the overall value that
Digi-Data provides. Whether you
need stand-alone tape drives, formatted
systems or minicomputer mag tape systems,
Digi-Data is First in Value. Call or write today
for details.

DIGI-DATA
CORPORATION

8580 Dorsey Run Road, Jessup, MD 20794
‘ (301) 498-0200

BN ... First In Value

*Single quantity price.
Substantial volume discounts available.
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MICRO DATA STACK

PROCESSORS AND ELEMENTS

load and latch the digital data into
the internal pac, and changes the
analog output voltage.

With the apc, writing to the first
location initiates a conversion. The
digitized data are available both
directly and as two 8-bit bytes ad-
dressable by a microprocessor. When
conversion is complete, the converter
generates a status output that is avail-
able on the data bus for software
interrupt or as a logic signal for hard-
ware interrupt. The microprocessor
then reads the two locations assigned
to the apc, retrieving the mss and
LsB data.

The converters offer =% LsB maxi-
mum linearity error over the full oper-
ating temperature range, as well as
five user selectable input and output
voltage ranges, two unipolar and three
bipolar.

In addition, the 3500, priced at
$90/100, has a 3-us settling time and
1125-mW power consumption. The
5500, with a price of $129/100,
guarantees no missing codes over the
full operating temperature range; it
features a 25-us max conversion time
and 1040-mW power consumption.
Circle 420 on Inquiry Card

Higher Operating Temps
Adapt Microprocessors
To Control Equipment

S6800 microprocessors have been
adapted to meet the needs of manu-
facturers designing microprocessor
controlled systems for operation over
an extended temperature range. The
industrial and military temperatures
announced by American Microsystems
Inc, 3800 Homestead Rd, Santa Clara,
ca 95051 are between —40 to 85 °C
and —55 to 125 °C, respectively.
The ceramic packaged units sell for
$35.30 (industrial) and $68.40 (mil-
itary) in quantities of 100.

Circle 421 on Inquiry Card

Hardware Compatible
LSI-11 Bus Interface
Decodes GPIB Commands

Ls1-11 measurement and test systems
are easily implemented with the hard-
ware compatible cpiB11V-1 interface

122

FLOPPY
DISC

LSI-11 DEVICE A DEVICE B
CENTRAL MEMORY ABLE TO ABLE 10
PROCESSOR TALK ONIY | |LISTEN ONLY
I I N GPIBIIV-1 I I
CONTROLLER
< LSI-11 BUS A Cracken < GPIB >
I I LISTENER
MASS CONSOLE DEVICE C DEVICE D
STORAGE DEVICE &?f A"?D T‘:‘L‘f A‘SD
INTERFACE INTERFACE o an ALK an

National Instruments’ interface plugs into double height slot and is hardware
compatible with any DEC LSI-11 system. Up to 14 devices may be inter-
connected on the bus and may function as talkers, listeners, or controllers.
Controller sends interface messages to talkers and listeners

to the 1EEE Std 488-1975 bus (also
referred to as cpmB or Hp-1B). It
provides the necessary hardware for
decoding GpPiB commands in order to
implement talker, listener, and con-
troller functions, both in single and
multiple controller environments.

The interface, produced by Na-
tional Instruments, po Box 9922,
Austin, Tx 78766, connects to the 16
signal lines of the bus. Standard bus
cables with piggy-back connectors
interconnect up to 14 instruments
or devices to the Lsi-11 bus of such
systems as the rLs1-11/2, ppp-11/03,
and ppp-11V03.

Software support includes drivers,
utilities, diagnostics, and an inter-
active control program. Utility and
driver programs are available as
Macro source files that may be as-

sembled as FORTRAN, BASIC, or MACRO
callable subroutines. The driver pro-
gram can be used in a standalone
environment or as a device handler
under the =rr-11 operating system.
The utility program performs most
common sequences of bus functions,
and includes a device table of specific
information on each interfaced device
so that they may be referenced by
logical unit number rather than by
cpiB addressing details.

cpiB functions are performed inter-
actively and at a low level through
the interactive control program, to
facilitate debugging and instrument
checkout. The $695 interface includes
a 4-m cable with a cpiB connector on
the outboard end.

Circle 422 on Inquiry Card

Added Modules Expand
Debugging Capabilities
of Logic State Analyzer

Three personality modules for the
model 1611A logic state analyzer ex-
tend design and debugging capabil-
ities to 1802A (option Al8), 6502A
(option A65), and 8085 (option A85)
microprocessor based systems. The
user configures the analyzer (see
Computer Design, Sept 1976, p 120)

for a specific system by selecting the
desired module and installing it in
about 15 min.

Hewlett-Packard Co, 1501 Page
Mill Rd, Palo Alto, ca 94304 offers
the modules in kit form with two pc
boards, a replacement section of front
panel, and a dedicated microprocessor
probe for $1250 each. Kits are also
available for the 6800, 8080, F8,
and Z80 microprocessors.

Circle 423 on Inquiry Card
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FOR RENT.. NOW...

DISPLAY

INSERY |

Rental Electronics, Inc.

Tell me more about the new Hewlett-
Packard 1640A immediately! Call me at

Send me a copy of your free illustrated
Rental Catalog.

[ might be interested in buying—on a
money-back-guaranteed basis—some of
your late-model, well-maintained
"previously owned"” equipment. Please
send me your Equipment Sales Catalog.
I have a pressing need right now for the
following:

Please phone me immediately at

TLE

STATE_______ZIP

PHONE NUMBER
EXTENSION

Complete this coupon and return it today
to REI, 19347 Londelius St.,
Northridge, CA 91324.

. GSA #GS-04S-21963 Neg



MICRO DATA STACK

PROCESSORS AND ELEMENTS

Development Systems
Operate With 6802 and
8085 Microprocessors

Plug-in modules for the 6802 and
8085 have been introduced as the
fourth and fifth microprocessors sup-
ported by the development system
line of Futuredata Computer Corp,
11205 S La Cienega Blvd, Los
Angeles, ca 90045, which currently
handles the 8080, 6800, and Z80
microprocessors, described in the Feb
1978 issue of Computer Design,
p 156. Both disc and tape based Mi-
crosystems give hardware and soft-
ware development capabilities. They
include the cpu with up to a 64k
memory, 960-char crt, ascu key-
board, and operating system software.
Containing the same features as
well as optional accessories and soft-
ware as the previous systems, Micro-
system/31 has the Microdisk/3 dual
8” (20-cm) double-density floppy
and 16k memory; /32 has Micro-
disk/4 double-sided floppy and 16k
memory. The /15 has 32k ram and
the company’s Quickrun™, a cores-
ident assembly and interactive debug-
ging system.
Circle 424 on Inquiry Card

Video Display Generator
Interfaces 6800 Family
To Color or B/W TV

The Mc6847 video display generator
(vpc) produces four alphanumeric
and eight graphic display modes as
a means of interfacing the company’s
M6800 microprocessor family (or sim-
ilar products) to either a color or
black and white television receiver,
for graphics uses in such areas as
video games, displays, education, and
communications. It reads data from
memory and produces a full compos-
ite video signal that permits the dis-
plays to be generated.

Four analog outputs are used to
transfer luminance and color infor-
mation to an NTsc color TV receiver
via the compatible mc1372 rRF modu-
lator or into Y, $A, ¢B, Tv video in-
puts. The composite video may be
modulated to channel 3 or 4. The up
modulated signal may be applied to
a color TV’s antenna.

Eight TTL compatible inputs con-
trol the vpG’s operating mode. All
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Video display generator from Motorola Semiconductor may be used in typical
TV game application. Interfacing with the M6800 family of microprocessors,
unit reads memory and produces composite video signal to generate four
alphanumeric and eight graphic display modes

alphanumeric modes have a selected
video inverse, and display 32 char/
line x 16 lines. Two modes offer 8-
color 64 x 32 or 4-color 64 x 48
density graphics. An internal roM
generates 64 ascu display characters
in a standard 5 x 7 box; a 512-word
display memory is required. Two
compatible semigraphic modes are

offered.

Eight full graphic modes require
1k to 6k bytes of memory. Densities
of 64 x 64, 128 x 64, 128 x 96,
128 x 192, or 256 x 192 are available.
Either 2- or 4-color data structures are
allowed. Depending on the color set
select pin, these modes include an
outside color border in one of two
colors for the 2-color sets, or one of
two sets of four colors in the 4-color
mode.

Motorola Semiconductor Products,
Inc, 3501 Ed Bluestein Blvd, Austin,
TX 78721 has included an internal
multiplexer in the vpc to allow the
use of either the internal rom or ex-
ternal character generator; this gener-
ator extends the internal character
set for limited graphic shapes. A mask
programmable internal character gen-
erator RoM may be special ordered.

The 13 TTL compatible address
lines scan the display memory; 8 TTL
compatible data lines input data from
RAM to be processed by the vpc.
Power input requirements are 5 V for
Ve and 0 V for V. (normally
ground). The 40-pin plastic or ceram-
ic pips are available in either an
interlace or noninterlace mode, with
an operating temperature range of
0 to 70 °C.

Circle 425 on Inquiry Card

Card Supports 6800
Design/Debug, and
Expands Fault Diagnosis

A plug-in microprocessor personality
card for the MicroSystem Analyzer
(Computer Design, Dec 1977, p 124)
has been announced by Millennium
Systems, Inc, 19020 Pruneridge Ave,
Cupertino, ca 95014; inexpensive
hardware/software integration and
fault diagnosis of products employing

the Motorola 6800 microprocessor
may be handled in both production
test and field service applications.
Swapping personality cards adapts the
analyzer to different microprocessors.
The upgraded fault diagnostic fea-
ture provides pulse, interval, and fre-
quency measurement as well as tran-
sition and pulse counting to analyze
the clock, clock driver, and logic cir-
cuits. The EM-6800 personality card
is priced at $895.
Circle 426 on Inquiry Card
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INTRODUCING

THE BENDIX
PORTABLE MODULE TESTER

Now automatic, on-the-
spot module testing is on
the way.

Here's a new way to test
anything from a printed
circuit board to a complex
logic system. And you can
do it on the job.

Our new portable unit
weighs just 30 pounds and has no moving parts.
Yet it does everything that stationary digital
cabinet-type units can. It eliminates downtime
while modules are tested away from the job site.
Does away with trial-and-error testing and un-
warranted returns, too.

You can take it on board planes or ships, to
hospitals, to labs, to computers or communica-
tions equipment, and to sophisticated quality-

control operations in mass production plants.

Highly trained operators are not needed. Pro-
gramming procedures are so easy to pick up.
And an interactive display system makes
operation easier still. Test systems are stored on
solid-state cards, providing reusable data
memory.

The Basic Bendix unit is capable of testing
cards to 64 pins and has the capacity to ex-
pand to 256. Additional options are available
including:

e Fault Isolation Testing
e Digital Voltmeter/Frequency Counter
e Teletype Interface and Advanced Software Aids.

For more information, contact: Bendix Cor-
poration, Test Systems Division, Teterboro, N.J.
07608. Or call (201) 288-2000,
extension 1789.

Bendix

CIRCLE 49 ON INQUIRY CARD

9070 MODULE TESTER

SYSTEM CONTROL TEST STATUS

CYCLE/NO
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|SOFTWARE]|

Software Program for
PDP-8 Simulates 6800
Microprocessor Functions

Alternative binary paper tape ver-
sions of the Motorola M6800 micro-
processor simulator have been de-
veloped for ppp-8 systems with either
MIKBUG or MINIBUG debugging aids.
The Mechanical Engineering Dept at
The University of Manchester In-
stitute of Science and Technology,
po Box 88, Manchester M60 1QD,
England has produced the program
for pop-8 users who wish to develop
microprocessor equipment, consider its
possible applications, or demonstrate
and teach its programming techniques
without first investing in special pur-
pose hardware,

The ppp-8 should have at least
an 8k-word memory and paper tape
input so that the microprocessor pro-
gram under test can be generated
on paper tape by cross assemblers.
All computer memory above field 0
may be used to simulate ram and
RrRoM. Register and memory contents
may be displayed or modified; pro-
grams execute continuously or in trace
mode. Up to four breakpoints facili-
tate program testing and timing in
conjunction with the cycle cou<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>