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UNIVERSAL §

MODEMS

Unlversal makes modems any way you want them — as
OEM cards, rack-mountable units or free-standing pack-
ages. In a word, we combine the latest in modem tech-
nology with the ultimate in personalized service and
personalized applications engineering.

For example, using CMOS technology, we’ve put a
whole 201 modem on a single card in less than 50 square
inches.’Of course we also offer many choices of 103s
and 202s.

Our custom design capability offers you the perform-
ance options you need, as well as complete compatibility
with your mechanical layout. Besides cards, rack-
mounted or free-standing units, Universal also provides
multi-channel packages, with modems in any frequency
mix up to 2400 bps.

In addition to our products, we’re awfully proud of our
customer service. Check us out: Call us on the tele-
phone. You’'ll like what you hear.

LEl universal data systems

2611 Leeman Ferry Road + Huntsville, Alabama 35805 - Telephone (205) 533-4500 - TWX 810 - 726-2100
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The First Family in Cartridge Systems.
An Official Portrait.

Being the first has become a habit with the Kennedy
Company — a habit we can’t kick. For instance, our
Model 330 was the first to utilize 3M's new one-quarter
inch cartridge. We designed it to be fully bi-directional
at 25 ips normal speed, with a data transfer rate of
40,000 bits/second at 1600 bpi recording density, and
includes features such as CRC generation and
checking, error detection and gap generation.

Then, we added our OEM Model 331. All the same
features, with the exception of a lower price and no
formatting electronics.

Still not satisfied, we designed the first Digital
Cartridge Recording System, System 4000. It consists
of our Models 4344, 4345 and 4346 and utilizes our
proven Model 330 recorder. Models 4344 (one
recorder) and 4345 (two recorders) include the 4300
Series Formatter, which formats the 3M cartridge with

1600 bpi phase encoded data in the ANSI compatible
format and utilizes simplified 1/0 commands such as
“Write One Block," “Read One Block' etc. Model 4346,
with two recorders, provides for system expansion.

In addition, System 4000, coupled with our computer
controllers allows direct interface to most popular
mini-computers and features compatibility with
1/2" tape software.

Is being first important? We think so. Our decks were

“designed for the emerging mini-computer data

storage field. Being first means more experience,
better service, stocked parts and accessories — in
other words, all the requirements to stay first.

KENNEDY CO.

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

KENNEDY - QUALITY - COUNT ON IT
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First came Remex flexible disk drives.

Now,
the whole, compact,

IBM-compatible, |
data-packin’ system

The new Remex RFS7400 flexible disk system
offers all of the high-speed, high-capacity
attributes inherent in this technique, plus many
outstanding performance advantages unique
to the Remex design.
Naturally, the Remex systems are IBM 3740
compatible. We test each system to prove it.
They read diskettes prepared in a 3740 system,
or write and initialize diskettes that can be read
on a 3740 system. The RFS7400 also offers a L
unique write enable option that gives foolproof
-operation without modification on any
standard IBM compatible media. .
Among the many other features, the RFS7400’s
fail-safe drive design offers Tracks “00" and |
‘76" sensing to prevent machine damage and
loss of data at both ends of the media.
It offers approximately 50% longer life
than competitive drives. And average
random access time is more than

30% faster.

The system includes formatter elec-

tronics, with up to four separate drives,

and power supply. Diagnostic soft-

ware, 1/0 drivers and computer

compatible interface controllers are

available as options for PDP-11 and

NOVA minicomputers. Like all other

Remex computer interface packages,

we guarantee system compatibility.

The Remex flexible disk system offers:

e Multiple drive read-write/seek
operation

¢ File Unsafe

e Write protect

e High data reliability (Read Error Rate:
1 x 10? bits Read/Error, nominal;
1 x 10 bits Read/Hard Error, nominal

e Storage capacity: 246 x 103 bytes per
diskette

® Transfer rate: 31.25 x 102 bytes (8-bit) per
second

e Available for 115 VRMS, 60Hz, 230 VRMS,
50Hz.

¢ DMA and Programmed 1I/0O interface
controller (option)

ASK FOR AN EVALUATION UNIT: Write i

Remex, Ex-Cell-O Corporation, 1733 Alton St., Bt &

P.O. Box 11926, Santa Ana, Cal. 92711. Or call: o

BOSTON: (617) 784-8380 - NEW YORK: (212) 947-0379

ORLANDO: (305) 894-4401 - CHICAGO: (312) 359-1310

DALLAS: (214) 661-0300 - PHOENIX: (602) 946-4215

LOS ANGELES: (714) 557-6860 (Orange County)

We work with you

R EMEX

v q Peripheral

;,)_q@—g Products
Ex-Cell-O Corporation
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Varying from our
usual policy of
choosing a front cov-
er that portrays the
theme of the lead
article in each issue,
our cover this month
depicts the tie-in be-
tween the U.S. Bi- 61
centennial and the
town ‘“where it all
began,”” Concord,
Massachusetts. We
at Computer Design
are honored to be
based in this his-
toric town, which, in

il addition to its
unique background, is surrounded by one of
the major concentrations of the computer in- 73
dustry. Although we realize that those of our
readers who visit Concord during this Bicen-
tennial year will have many historical sites to
see, we extend an open invitation to visit our
offices while you are in the area.

FEATURES

DESIGNING MINICOMPUTER MEMORY SYSTEMS
WITH 4-KILOBIT n-MOS MEMORIES

by Dick Brunner

Design of a minicomputer system around a 4-kilobit n-channel MOS memory
also incorporates some recently announced semiconductor memory inter-
face components which reduce package count and enhance system per-
formance

CYCLIC SEQUENCE GENERATOR
INCREASES SECURITY OF ALARM SYSTEMS

by Ramesh Krishnaiyer and John C. Donovan

The pseudorandom code-comparison concept of security transmission lines
as presented here represents an improvement over the state-of-the-art in
line security

81 SIGNAL NAMES HELP SYSTEM UNDERSTANDING

DEPARTMENTS by Ware Myers
6 CALENDAR Easy-to-understand mnemonics, derived using this technique for naming
signals and system functions, contribute to effective troubieshooting, and
11 COMMUNICATION speed up test equipment design, test programming, and interface design
CHANNEL
Ly | hmaLDaY 95 SIMPLIFYING PROCESSOR MAINTENANCE

WITH A CAREFULLY DESIGNED MAINTENANCE PANEL
by George Gillow

This hardware aid can greatly assist the maintenance engineer in locating
failures that could previously be found only with manual techniques

30 NEWS BRIEFS
38 DEVELOPMENTS

50 DIGITAL CONTROL AND
AUTOMATION SYSTEMS

RN SHICY 100 DIGITAL SYNTHESIZERS PRODUCE

114 PRODUCTS WIDE FREQUENCY RANGE FROM SINGLE SOURCE
129 LITERATURE by John D. Fogarty

Calculations necessary to produce a wide range of frequencies are given
130 ﬁ“lll:Icl))FEw'll'AOﬂ%lLODUCT here for a direct digital synthesizer that is based on a ROM and a phase

accumulator, and derives its output frequencies from a single digital clock

132 ADVERTISERS’ INDEX

106 PATTERN ANALYZER SYNCHRONIZES SCOPE
Reader Service and IN PRESENCE OF JITTERY SIGNAL

Subscription Cards

pages 133-136

CIRCULATION
OVER 55,000

Copyright 1975, Computer
Design Publishing Corp.

112

by Ralph Reiser

Use of pattern-triggering in a digital system virtually eliminates the effects
of speed variations and permits stable displays for electrical analysis

FUNCTION GENERATOR FEATURES
VARIABLE RISE/FALL, TRUE PULSE OUTPUT

Selectable pulse rise and fall times and regeneration of low-level input
signals at any random rate and width add versatility and convenience to
this pulse/function generator



Start Getting Your
Moneys$worth
Out of Power Modules

Now, you can really start getting your
moneysworth out of power modules with
Abbott’s new LOW COST series.
Designed to give you 100,000 hours of
trouble-free operation (that’s 11% years),
these reliable units meet the needs of
OEM engineers. Their purchase price is
about $7 per year of service. The model
LC series feature:

® 47-420 Hz Input Frequency

If analyzing the many similar power
supplies on the market is confusing; if
you are concerned about the long-term
reliability of those units, then decide on
an Abbott gower supply for your system.
Your best buy in OEM power modules
is ABBOTT.

Abbott also manufactures 3,000 other
models of power supplies with output
voltages from 5 to 740 VDC and with

® (0.1% Regulation output currents from 2 milliamps to 20
® 1 50°C. Ambient Operation amps. They are all listed with prices in
® Single and Dual Outputs the new Abbott Catalog with various
® 1 Day Stock Delivery inputs:
These units provide more quality per 60 A= to DC
dollar compared to similar items on the 400 - to DC
market. See table below for prices on 28 VDC to DC
some of our LC models. Many other L.C 28 VDC to 400
models are listed in our catalog. 12-38 VDC to 60 -+
5V@ 5V@ 12V @ 15V @ 28V @ +12V @ +15V @
6 Amps 10 Amps 10 Amps 4 Amps 1 Amp 1.2 Amps 4 Amps
LC5Té6 LC5T10 LC12T10 LC15T4 LC28T1 LLC12T1.2 LLC15T4
$62 $73 $99 $62 $87 $119.00

STAFF

Publisher and
Editorial Director
Robert Brotherston

Associate Publisher
Anthony Saltalamacchia

Editor
John A. Camuso

Managing Editor
Sydney F. Shapiro

Technical Editor
Wallace B. Riley

Associate Editor
Sidney Davis

Editorial Advisory Board
Jack B. Dennis
Gordon S. Mitchell
Brian W. Pollard
Ralph J. Preiss
ex Rice

Contributing Editors
Richard Ahrons
A. S. Buchman

H. S. Miiller
Harold H. Seward

Copy Editors
Peggy Killmon
Pauline Tobin

Art Director
James Flora

Business Manager
Elaine T. Stone

Advertising Production
Linda G. Clark

Technical Illustrator
Charles Manchester

Production Manager
Judy Lober

Circulation Manager
Alma Brotherston

Vice President-Sales
Lindsay H. Caldwell

Marketing Manager
Geoffrey Knight, Jr.

Assistant Marketing Manager
Megan Kern

Editorial & Executive Offices
221 Baker Ave.,
Concord, MA 01742
Tel. (617) 369-6660

Editorial manuscripts should be ad-
dressed to Editor, Computer Design,
221 Baker Ave, Concord, MA 01742. For
details on the preparation and submis-
sion of manuscripts, request a copy of
the ‘“‘Computer Design Author’s Guide.”

Please see your 1975-76 EEM (ELECTRONIC ENGINEER'S MASTER Catalog)
or your 1975-76 GOLD BOOK for complete information on Abbott Modules.

Send for our new 60 page FREE catalog.

abbott KIEYTICICYS

INDUSTRIAL PRODUCTS DIVISION

general offices

5176 W. Jefferson Blvd./Los Angeles 90016
(213) 930-1040 Telex: 69-1398

eastern office

1224 Anderson Ave./Fort Lee, N.J. 07024
(201) 224-6900 Telex: 13-5332

4 CIRCLE 4 ON INQUIRY CARD

Computer Design is published monthly.
Copyright 1975 by Computer Design
Publishing Corporation. Controlled cir-
culation postage paid at Pontiac, Il
No material may be reprinted without
permission. Postmaster: CHANGE OF
ADDRESS—FORM 3579 to be sent to
Computer Design, Circulation Dept., P.O.
Box A, Winchester, MA 01890. Sub-
scription rate to nonqualified subscribers
is $18.00 per year; $1.80 per issue.
Foreign subscription rate is $30.00 per
year; $3.00 per copy. Microfilm copies of
Computer Design are available and may
be purchased from University Microfiims,
a Xerox Company, 300 N. Zeeb Rd., Ann
Arbor, Mi 48106.

COMPUTER DESIGN/JULY 1975



Want to simplify
control system
design?

Try the
MP12 Microcomputer.

DESIGNED FOR CONTROL — If you’re designing
control elements into a process or industrial con-
trol system, consider the MP12 Microcomputer. It’s
a highly versatile, powerful system that makes the
job easier than ever before. Fully operational CPU.
Easy-to-use standard interface cards. Plus a com-
plete basic software package.

LOW COST — The MP12 is ideally priced for dedi-
cated control applications. The CPU, with 4K mem-
ory, control panel, DMA channel, interrupt facility,
power-fail/auto-restart, and basic software, is $990
in quantities of 100. Peripheral interface cards are
as low as $161. Compare price/performance with
any other microcomputer or minicomputer on the
market. There’s no comparison.

EASY INTERFACING — Inter-
facing to peripheral equipment
and process control devices is a
snap with the MP12 Microcom-
puter. Standard interface cards
allow you to interface directly
to the CPU or wire wrap your
own custom interface electron-
ics. Cuts engineering time and
money drastically.

REAL-TIME SOFTWARE — The RTX12 Real-Time
Operating System, together with a full set of basic
software, provides the foundation for writing, de-
bugging, and running control-oriented application
programs. Nothing is more important than software
— and nothing simplifies the job like the MP12
with RTX12.

Specify the MP12 Microcomputer for your control
system. You won’t find a simpler solution.

EE FABRI=TEK nc

COMPUTER SYSTEMS

5901 South County Road 18 « Minneapolis, MN 55436 « (612) 935-8811 HOME OF MP12
Boston Dallas Hawthorne, Ca. San Jose Hong Kong
SALES (617)969-5077 (214)661-3155 (213)973-0484 (408)246-8391 K-331383
OFFICES IN: Chicago Denver New Jersey Minneapolis United Kingdom
(312)437-4116 (303)753-0631 (201)222-6250 (612)935-8811 Maidenhead 37321-4
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LCALENDAR_]

CONFERENCES

Aug 12-14—Sym on Simulation of Com-
puter Systems, Nat’l Bureau of Standards,
Boulder, Colo. Information: Donald
Deutsch, Technology Bldg, Rm A265,
NBS, Washington, DC 20234

Aug 19-22—Sagamore Computer Conf
on Parallel Processing, Sagamore, NY.
Information: Prof T. Feng, Conf Chrmn,
Syracuse U, Dept of Elec & Comp Eng,
Link Hall, Syracuse, NY 13210. Tel:
(315) 423-4445

Aug 24-30—IFAC/75: 6th Triennial
World Congress of the Internat’]l Feder-
ation of Automatic Control, Boston/Cam-
bridge, Mass. Information: IFAC/Sec-
retariat, 400 Stanwix St, Pittsburgh, PA
15222. Tel: (412) 281-3171

Sept 1-5—2nd World Conf on Com-
puters in Education, Marseilles, France.
Information: Amer Federation of Infor-
mation Processing Societies (AFIPS), 210
Summit Ave, Montvale, NJ 07645. Tel:
(201) 391-9810

Sept 3-5—Computer Hardware Descrip-
tion Languages & Their Applications,
City U of New York. Information: Prof
Stephen Y. H. Su, Workshop Chrmn,
Dept of EE, The City Colleg~, City U
of New York, New York, NY 10031. Tel:
(212) 690-5392

Sept 9-11—COMPCON 75 Fall: IEEE
Computer Soc Conf, Mayflower Hotel,
Washington, DC. Information: Gen’l
Chrmn, Dr Richard E. Merwin, Army
BMD Prog Office, 1300 Wilson Blvd,
Arlington, VA 22209. Tel: (202) 694-
5282

Sept 11-12—Nat’l Bureau of Stds 1st
Nat'l Conf on Software Engineering (im-
mediately following COMPCON), May-
flower Hotel, Washington, DC. Informa-
tion: Software Engineering, PO Box 639,
Silver Spring, MD 20901

Sept 16-19—WESCON: Western Elec-
tronic Show & Conv, Brooks Hall/Civic
Audit, San Francisco. Information: Don
Larson, WESCON Gen’l Mgr, 3600 Wil-
shire Blvd, Los Angeles, CA 90010. Tel:
(213) 381-2871

Sept 17-19—ASME Design Automation
Conf, Statler-Hilton Hotel, Washington,
DC. Information: Paul Drummond,
Meetings Dept, Amer Soc of Mechani-
cal Engineers, 345 E 47th St, New York,
NY 10017. Tel: (212) 752-6800

6

Sept 22-23—SIGMICRO/IEEE Comp
Soc 8th Annual Workshop on Micropro-
gramming (Micro 8), Palmer House, Chi-
cago. Information: Conf Chrmn, Wil-
liam Lidinsky, Argonne Natl Labs,
Applied Math Div, 9700 S Cass Ave,
Argonne, IL 60439. Tel: (312) 739-7711,
X4302

Sept 23-25—2nd EUROCOMP (Euro-
pean Computer Conf), Heathrow Hotel,
London (England) Airport. Information:
Online, Brunel U, Uxbridge, Middlesex,
England

Sept 23-25—IEEE Cybernetics & Society
Internat’l Conf, Hyatt Regency Hotel,
San Francisco. Information: L. S. Coles,
Artificial Intelligence Ctr, Menlo Park,
CA 94025

Sept 29-Oct 2—IEEE Canadian Reg
Internat’l Electrical/Electronics Conf &
Exhibition, Automotive Bldg, Exposition
Park, Toronto. Information: T. W.
Purdy, 237 Parkview Ave, Willowdale,
Ont, Canada

Oct 1-3—3rd Internat’]l Industrial Elec-
tronics Congress, Torino, Italy. Infor-
ma‘ion: Chrmn Exec Comm, Dr Ing.
Giovanni Villa, Corso Massimo d’Azeglio
15, 10126, Torino, Italy

Oct 5-8—Electronic & Aerospdce Sys-
tems Conv (EASCON), Twin Bridges
Marriott Hotel, Washington, DC. Infor-
mation: IEEE, 345 E 47th St, New
York, NY 10017. Tel: (212) 752-6800

Oct 6-9—ISA-75: Instrument Society of
America Conf & Exhibit, Mecca Hall,
Milwaukee, Wis. Information: ISA, 400
Stanwix St, Pittsburgh, PA 15222. Tel:
(412) 281-3171

Oct 7-8—9th Annual Instrumentation &
Computer Fair, Sheraton Inn/Washing-
ton-Northeast, Washington, DC. Infor-
mation: Robert Harar, Exec Dir, Instru-
mentation Fair, Inc, 5012 Herzel P,
Beltsville, MD 20705. Tel: (301) 937-
7177

Oct 7-9—IEEE Computer Soc 4th Data
Communications Sym, Hotel Le Con-
corde, Quebec City, Quebec, Canada.
Information: Dr Tom B. Grandy, Bell-
Northern Research, PO Box 3511, Sta-
tion C, Ottawa, Ont, Canada K1Y 4H7

Oct 7-9—IEEE Internat’] Sym on Elec-
tromagnetic Compatibility, El Tropicano
Motor Hotel, San Antonio. Information:
EMC, PO Drawer 28510, San Antonio,
TX 72284

Oct 13-14—Information Processing As-
soc of Israel (IPA) 10th Nat’l Data Pro-
cessing Conf, Binyanei, Ha’ooma, Je-
rusalem. Information: NDPC, c/o Kenes
Ltd, PO Box 16271, Tel Aviv, Israel

Oct 13-15—16th Annual Sym on Foun-
dations of Computer Science, Berkeley,
Calif. Information: Sheldon B. Akers,
General Electric Co, Bldg 3, Rm 223,
Electronics Park, Syracuse, NY 13210.
Tel: (315) 456-3067

Oct 14-16—IEEE Internatl Conf on
Advanced Signal Processing Technology,
Lausanne. Information: Secretariat “Jour-
neés d’Electronique,” Ch. de Bellerive
16, 1007 Lausanne, Switzerland

Oct 22-23—8th Annual Connector Sym,
Cherry Hill, NJ. Information: Electronic
Connector Study Group, Inc, PO Box
3104, Philadelphia, PA 19150

SEMINARS

Aug 11-13—Hybrid Microelectronics In-
stitute, U of Pittsburgh. Information:
Minor C. Hawk, Asst Dean, 231 Bene-
dum Eng Hall, School of Eng, U of
Pittsburgh, Pittsburgh, PA 15261. Tel:
(412) 624-5253

Aug 12-14—Structured Programming;
Aug 19—Computerized Conferencing;
Aug 20-21—Computer Simulation Pro-
gramming; New Jersey Institute of Tech-
nology. Information: Remus Klimaski,
Div of Cont Ed, NJIT, 323 High St,
Newark, NJ 07102. Tel: (201) 645-5235

SHORT COURSES

July 28-Aug 1—Modern Digital Com-
munications; Aug 25-29—Digital Inte-
grated Circuits; Sept 8-9—Minicomputer
Programming/Interfacing Techniques;
Sept 10-12—Engineering Applications of
Minicomputers, George Washington U.
Information: Director, Cont Eng Ed,
George Washington U, Washington, DC
20052. Tel: (202) 676-6106

Sept 22-26—Applications of Digital
Computers to Process Control, Purdue
U. Information: Div of Conferences/
Continuation Services, Stewart Citr,
Purdue U, West Lafayette, IN 47907.
Tel: (317) 749-2062

Sept 22-26—Total Software Manage-
ment; Programming Language Imple-
mentation; Oct 27-31—Writing Techni-
cal Communications; Dec 8-12—Digital
Computer Solution of Partial Differential
Equations, U of California-Los Angeles.
Information: Dept of Eng, Short
Courses, UCLA Ext, PO Box 24902,
Los Angeles, CA 90024. Tel. (213) 825-
1295
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We make the OEM cartridge tape

They're tough on competition and modestly
priced. To the engineering excellence of the 3M data
cartridge, we added a precision drive, based on high-speed
reel-to-reel tape drive technology.

In the current models 2021 and 2022, you
can quickly discover the long-needed replacement for
paper tape, cassettes, or whatever you've tried for input
programs.

You can also discover low-cost intermediate

storage for minicomputers, as well as a reliable maintenance-

free peripheral for remote data collection, communications
terminals, and POS systems.

Performance features include: 30-ips read or
write, 90-ips search and rewind, read-after-write check,
250 to 1600 bpi, phase or bi-phase encoding on 1, 2, or

MODEL 2022

4 tracks, and totai pacxty of 2 "mﬂi; »’ bits.

is basedé a
dual-gap rea

‘cards, and a lon

Disco standard for iow-—speeci tape
drive price/ perfo ance, It all star
Phone 215/337-1910, or write:
Mohawk Data Sciences Corp., OEM Marketmg,
781 Third Avenue,

King of Prussxa, Pa, 19406

Mohawk Duiu Sclemes
~ Quality OEM Products
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HP invites you to step inside your 16-bit parallel
circuits for an overall view —and a detailed view —of
logic-circuit operation. How? Just connect our new
1600A Logic State Analyzer to an operating circuit,
and view actual logic states on the CRT —at clock
rates to 20 MHz. Select the data you want to observe
with pinpoint accuracy. And choose from two display
methods for viewing the data words.

What does this mean to you? It means a better way
to see hardware and software in action...a faster way
to spot problems and find solutions. For example:

In the mapping mode, the 1600A can display all
possible combinations of its 16 data-channel inputs —
over 65,000 in all. Each input combination or “word”
appears as a discrete point whose location on screen
identifies its address. Spot intensity shows relative
frequency of occurrence, and the vectors show the
sequential state locations.

This mode converts parallel data into a pattern that
your eye can easily scan to quickly spot changing
conditions or unusual events. You can even expand
the view to zoom in on data of interest. And, with a

curser, locate the address of any spot. You can then
use the address as a trigger point for a detailed look
with the tabular display, or to trigger your scope for
electrical analysis.

In store and compare mode, the 1600A triggers
on any preset word up to 16 bits wide. The analyzer
then displays the trigger word and 15 sequential
words before, after, or surrounding the trigger word,
so you can easily analyze logic states in detail. You
can store one table of data and compare it with an
active data display . ..have the analyzer compare
the two tables and give you a display of logic
differences on a bit-by-bit basis for easy comparison
...or you can set the instrument to automatically halt
when all the data in one table isn’t identical to data
in the second —freeing you from the tedious task of
waiting and watching for infrequent sequences.

And that’s just the beginning. The 1600A gives you
qualifier inputs to help locate the specific data you .
want on a busy bus. It gives you a sequential trigger
by providing a trigger arm that inhibits the word
trigger until an arming signal is received. You can

COMPUTER DESIGN/JuLy 1975




delay the display up to 99,999 clock pulses from the
trigger point, which lets you look virtually anywhere
in your program flow.

The 1600A, priced at $4,000%, gives you new
insight to operating logic circuits. With 16-bit word
size, parallel operation, and 20 MHz speed, it’s the
ideal instrument for designers of minicomputers,
peripherals, microcomputers, and microprocessor-
based systems.

If 16-bit words aren’t enough, our new 16008,
priced at $6,800%, displays words up to 32 bits wide.
This powerful syster includes both the 1600A and
our new 1607A Logic State Analyzers. Hook it up to

your 16-bit machine, and in single clock you can look

at both the data and address simultaneously. In dual
clock, you can view two independent active tables
of 16 bits each —synchronized together through the
bus triggering capabilities.

When you have all the details, you’ll see how these
new logic-state analyzers put you inside your logic
programs for a better overall picture...and for a clear
detailed look. And you’ll see how they can save you

hours in design,

debugging and troubleshooting. For

the complete story, just contact your local HP field
engineer. Or, write for our new 8-page data sheet on
Logic State Analyzers.

For low-cost logic state analysis and electrical
measurements too, add HP’s new 1607A to your
present scope and have a complete digital system
...see the next page for details.

Domestic USA price only

HEWLETT @7 PACKARD

Sales and service from 172 offices in 65 countries
1501 Page Mill Road, Palo Alto, California 94304

For technical information, circle 7 on Inquiry Card.
For immediate applications assistance, circle 8 on Inquiry Card.
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Introducing a powerful new team to speed logic
analysis - HP’s 1607A and your present scope.

You already have half of a complete digital-analysis system
...the scope you’ve been using for level and timing measure-
ments. The other half is HP’s new 1607A Logic State
Analyzer. Simply make four BNC connections, and you
have a combination logic analyzer and oscilloscope —a
complete analysis system for the digital designer.

Data domain or time domain. In the data domain, the
system shows you a display of logic states in operational
circuits so you can pinpoint a program problem. Then, in
the time domain, the 1607A triggers your scope at the point
where the problem occurs so you can analyze the electrical
characteristics of the waveform using the conventional
scope input. Now you can really pin down those hardware/
software compatibility problems.

Parallel words to 16 bits. The 1607A triggers on any pre-
set word up to 16 bits wide....and at clock speeds to 20 MHz.
In the data domain, it displays —on your scope’s CRT —15
sequential words before, after, or surrounding the trigger
word. You see the bits as 0’s or I’s for easy analysis of your
circuits or programs—while they’re operating full speed.

Qualifier inputs help locate data. If you're looking for
specific data on a busy bus, the 1607A’s qualifier inputs let
you selectively extract data of interest. In addition, a trigger
arm gives you a sequential trigger by inhibiting the word
trigger until an arming signal is received. You can delay the
display up to 99,999 clock pulses from the trigger point,
which lets you look virtually anywhere in your program flow.

With the 1607A, and your scope, you can select the data
you want to observe with pinpoint accuracy ...then observe
either logic states or electrical parameters.

Drives a scope or display. The 1607A, priced at just
$2,750%, drives nearly all modern scopes. You can even
combine the logic state analyzer with a large-screen CRT
display for easy viewing at a distance, such as a classroom
situation.

Put this team to work in program analysis of micro-
processor based systems...for microprogram analysis in
minicomputers ...or in situations where flow diagrams are
the best way to describe your design. You'll find that its
detailed view will result in faster design and debugging.
And easier troubleshooting.

There’s more to learn about this new logic-state analyzer
...and how it gives you a better way to see hardware and
software in action for faster solutions to your digital-design
problems. Get all the details by contacting your local HP
field sales engineer. Or by writing for the 8-page data sheet

on HP’s new Logic State Analyzers.
*Domestic U.S.A. price only.

—_— 085/5

HEWLETT @7 PACKARD

Sales and service from 172 offices in 65 countries
1501 Page Mill Road, Palo Alto, California 94304

For technical information, circle 9 on Inquiry Card
10 For immediate applications assistance, circle 10 on Inquiry Card.



COMMUNICATION CHANNEL

by John E. Buckley

Telecommunications Management Corp

Cornwells Heights, Pa.

Unbundled

Communications Services

Data communications customers of
both equipment and services are
often unsure as to exactly what the
cost components are which comprise
a stated price or fee. Questioning
whether users of a particular de-
vice are actually receiving all the
services whose costs are included in
its price is legitimate; vendors have
been known to use revenue from
more profitable, less competitive
products or services to subsidize
those that are less profitable and
more competitive.

Not long ago, data processing
news headlines reported a series of
developments that resulted in a num-
ber of manufacturers redefining their
pricing structures. Under both direct
and indirect government encourage-
ment, some of the major computer
manufacturers—particularly IBM—
separated equipment, software, and
technical support costs into indi-
vidual pricing elements, while others,
such as Univac, decided to retain
the traditional single pricing con-
cept. The former group is referred
to as “unbundled”; the latter,
“bundled” suppliers.

Many arguments eloquently de-
fend the properness of each posi-
tion. Typically, the more sophisti-
cated, self-reliant user is attracted

to the unbundled structure; in this
environment he can pick and choose
the services he requires to comple-
ment his own data processing staff.
In the opposite position is usually
the user without an extensive in-
ternal support organization and who
therefore feels that greater value
is realized through the bundled ap-
proach.

Such considerations are also resi-
dent with data communications users
as they view the various common
carriers. Traditionally, these regu-
lated vendors provide communica-
tions services and equipment neces-
sary for the user to accomplish a
desired exchange of information with
remote locations. Prices they charge
are defined in approved tariffs and are
based on the costs of providing such
equipment and services. In addition,
among the numerous items provided
by the various telephone companies,
a considerable amount of cross-
subsidization takes place.

Last month, “Communication
Channel” analyzed recent significant
changes in rates for switched com-
munications services (DDD [direct
distance diall and WATS [wide
area telephone service]). Not only
were the rate amounts redefined,
but actual rate structure and align-

ments were modified—with the major
burden of the resulting increase ap-
pearing to fall on the business-day
data communications user. To be
able to identify the individual cost
components actually applied to
justify these new business-day rates
would be interesting. Based on past
experience, chances are that several
relate only indirectly to the ser-
vices provided.

Recently, communications common
carriers—including AT&T—warned
that customer-owned communications
equipment such as modems, tele-
phones, PBXs (private branch ex-
changes), and the like, will signi-
ficantly impact the basic telephone
service customer. Reason: part of
the revenue from this equipment is
used to subsidize or support net-
work services. If this revenue is lost
to competition by users purchasing
their own data sets, costs of sub-
sidized network services, such as
DDD, must then increase. A study
conducted by the New York Public
Service Commission’s Communica-
tions Div indicated that by the end
of 1973, New York Telephone Co
had lost 27.7% of its data set cus-
tomers and, because of interconnec-
tion, was required to increase by
over $5.3 million its revenues from

11



Two reasons why Micro

1. MicroPac BASIC.
A microcomputer control system you configure
from inexpensive standard modules. Available in i
quantity, 30 day delivery. '
DI, DO, TTY, TTL, A/D, D/A, communica- '
tions modules, all exist now. All are factory tested
~ and field proven.
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Pacleads the micro pack

PCS conducts a

training course. answering
questions and giving
hands-on experience with
MicroPac 80/A.

Customer support staff
(our “answer men”).

Complete software.
including macro assembler.
editor. debug. trace and
utilities.

Documentation for every

__ PROM
programmer.

- 2. All you need to get it on line,

¥ | “ﬁ suddenly, the whole business
. BWW of industrial control has changed.

IN AUSTRALIA: Jacoby. Mitchell Ltd. (02 630 7400) AUSTRIA: Unitechnik (0222 9510 433) BENELUX: Geveke Elektronica en Automatie bv (020-802 802)
o CANADA: Cantech Controls Ltd. Calgary (403 252-8151) Edmonton (403 425-9810) Vancouver (604 736-2851) Toronto (416 438-6907) Montreal

(514 636-8364) Halifax (902 429-9103) Samia (519 862-191) DENMARK Erik Fermer A S (01 3116 07) ENGLAND: Computing Techniques Ltd. (040 381
3171) FINLAND: Erik Ferner OY (90 88 06 34) FRANCE Aeromaritime Electronique (533-67-00) GERMANY Neumueller Messtechnik GmbH (089 5991-1)
ISRAEL: Information Systems. Ltd. (Tel: 410 565) NORWAY Erik Ferner A S (02 54 43 26) SPAIN: Neotecnica S.AE. (248 96 02) SWEDEN Erik Ferner AB
(08 80 25 40) SWITZERLAND: Lacoray SA (0156 56 70)

CIRCLE 11 ON INQUIRY CARD
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switched services. The study pro-
jected that with the growth of in-
terconnection continuing, the loss in
subsidizing revenue to the switched
services would amount to $181 mil-
lion. It concluded that all New York
Telephone switched service subscrib-
ers “will probably experience sig-
nificant increases in the cost of basic
service as a result of interconnec-
tion.” Ircnically, the report acknowl-
edged that while interconnection
“does provide a choice of alterna-
tives,” . . . for “the majority of
telephone subscribers there is at
present no cost advantage . . . be-
cause of the expense of interfacing
with the telephone system.”

In the context of interconnection
impacting traditional revenue/cost
cross-subsidization, AT&T had asked
the Federal Communications Com-
mission that, under FCC Tariff 263
(Long-Distance Message Telecom-
munication), certain, smaller inter-
connecting telephone companies be
exempt from having to allow the
use of customer-owned equipment
such as data sets. The Mebane (NC)
Home Telephone Co, identified as
the subject telephone company in

this test filing, stated that its eco-
nomic survival would be seriously
jeopardized if it had to permit use
of customer-owned communications
equipment—due to the loss in sub-
sidizing revenue.

These cases illustrate potential
problems that have developed dur-
ing periods of bundled operation.
While the studies allude to the root
cause being interconnection, one
must question if interconnection is
not merely the unfortunate catalyst
that has created visibility into this
impossibly intertwined revenue/cost
allocation environment.

Elimination of the catalyst is hard-
ly the solution to this problem. A par-
allel situation might be a system pric-
ing scheme whereby half the central
processing unit (CPU) revenue sub-
sidizes peripheral costs, half the
peripheral revenue subsidizes soft-
ware costs, half the software reve-
nue subsidizes CPU costs, and so on.
Vendor arguments to prohibit cus-
tomer-provided software might con-
tain the same points we are encoun-
tering with interconnection.

Data communications users also
find sometimes that the level of

NOBODY WANTS
A CLUTTERBUG

We had your end-user in mind when we engineered our compact,
self-contained, no fuss, no muss, 50/60 cps, electro-mechanical punches.

With conveniences that show at the installation. Like bi-directional feed.
An over-sized chad box that can contain chad from up to 1000 feet of punched

tape without emptying. A drawer which hol
a standard 82" tape supply reel. An out of
tape/tape tension switch. Side mounted
take-up reel Operation‘‘cool’ at 100°F. Long
life Extremely low operator intervention., ;

We had you in mind when we built
over 60 models. The 500 Series are
paper tape models. The 400 Series
include edge card capabilities as well.

Once you sell them (as part of your system
installation or terminal) they'll stay sold
and require less maintenance than any other
punch on the market. In that way, they won't be

cluttering up your shelves, either.

You can "bug’ any of our field representatives

for prices and delivery information.

OEM PRODUCTS DIVISION

ds

Model 518
Paper Tape Punch Station

SWEDA INTERNATIONAL

Litton 34 Maple Avenue, Pine Brook, N.J. 07058/(201) 575-8100

IN U.K. —LBS, 27 Goswell Road, E.C. 1, London

IN FRANCE —SWEDA INTERNATIONAL/OEM, 9/15 Avenue Paul Doumer, 92504 Rueil-Malmaison
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technical system support provided
by a common carrier can vary sig-
nificantly, depending on the amount
of their monthly bill. Support can
range from an occasional customer-
initiated conversation with a tele-
phone company data communications
expert to on-site staffing of tele-
phone company engineers. These con.
sultation services—from cursory ad-
vice to complete network studies and
recommendations—mean expenses to
the telephone company, and are com-
pensated for by a universal cost
element in the tariff rates. As user
requirements for expanded system
evaluation increase, the telephone
companies, stimulated by intercon-
nection, are attempting to provide
more comprehensive analysis ser-
vices, some of which can become so
extensive that they begin to approach
the scope of facility management
activities.

Communications common carriers
are essentially bundled, and factor
into their rate justifications all of
their operating costs, whether uni-
versally or selectively available.
That the rate paid for a long-dis-
tance call in the eastern U. S. is
being used in part to pay for a
leased-line network study for a
California-based company is quite
possible. The equitability of this type
of arrangement will be the subject
of many future debates and rulings,
and today’s data communications us-
ers will be expected to contribute
their views and recommendations to
the resolution of this developing
controversy. The traditional com-
munications common carriers tend to
isolate interconnection as the cause of
the recent rate increases and sug-
gest that for this reason even more
significant economic penalties will
be experienced in the future.

As with the data processing in-
dustry a few years ago, the require-
ment to unbundle equipment and
services and for direct cost and reve-
nue allocation may be imposed on
the telecommunications industry.
All of its users—particularly data
communications—must directly and
intelligently participate in the re-
sulting decision. Only then can a
compatible environment for its future
growth be insured. O

Opinions expressed are not necessarily
those of Computer Design.
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Contact
the Chairmen of “The Board”
for Multilayer dividends.

We pioneered the design and production of “Blue Chip” quality complex

multilayer PC boards. They’re quality inspected every step from raw material

to final delivery. Used in computers, peripherals and other electronics. Our

reliability, worldwide service and fast delivery will satisfy you. In multilayer,

as well as conventional 2-sided, flexible and rigid flex. Get
your share of “Blue Chip” quality boards from prototype

to high volume production. Contact us. We'll send you
our “‘Blue Chip” Multilayer Bulletin.

-Jicean

CHAIRMEN OF "THE BOARD"

PROSPR, W8
<& o,
R A

DICEON ELECTRONICS, INC.

18522 Von Karmen, Irvine, California 92664
An Applied Magnetics Company

Please send me your “Blue Chip” Muitilayer Bulletin.

Company Phone

Address
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How tobuyam

Which comes first—the hardware or the software? You need both, of course,
to create new products with microcomputers. The tougher question is: How do
you assure product profitability? That gets you into questions of hardware avail-
ability, software support, design assistance and confidence
in your supplier When an electronics publication re-
cently asked readers -

to rank their micro-
computer buying
- criteriq, it came as
no surprise to Intel that
availability, software sup-
pplier reputation topped the list.
Intel can supply you today with five general-
purpose CPUs, supported by numerous peripher-
al, I/O and memory components, software packages
and development manuals, and the industry's largest
library of users apphcatlons programs. Our five micro-
computers span a 1000:1 performance range and in-
clude the lowest cost, highest performance and most
popular designs available today. Their applications are

PO

INTEL MICROCOMPUTER SYSTEM FAMILIES equaﬂy bI‘Oﬁd

MICROCOMPUTER SYSTEM | MCS™4 | Mcs™40| Mcs™8 | Mcs™80|  Series 3000 from electromc games
CENTRAL PROCESSOR 4004 4040 8008 8080 | 3001, 3002, 3003 to hlgh speed control-

= B e e R | ond Wi

Instruction Cycle 10.84S 10.84S 12.5u8 2uS 10%ns €rs an processors S
SUPPORT COMPONENTS want to make sure that

RAMS (including CMOS) 4 4 5 5 8 / ,idr* :

PROS 3 3 3 ‘ 7 our customers don't

*Peripheral intrfaces 6 6 6 6 8 begin designing with - 3
et : : - ] g pieces of the hardware/software %
Total Component Choices 23 23 22 23 33 1 T minim 1
e puzzie Il’llSSlI’lg. O minimize %
Sofware Packages : development and assembly )
ki R 5 A J cost, each CPU is backed up by

%A'“tiét 1 } E i more than a score of performance- *
U o | v | v | v | v | matched system components—
Intellec® Development System Yes Yes Yes Yes In development advanced programmable I/O

* Five additional 1/0 and peripheral devices will be available in 2nd half of 1975.
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subsystems, peripheral interfaces, clock gen-
erators, priority interrupt and other control
units, and the broadest selection of erasable
and bipolar PROMs, compatible metal mask
ROMs, CMOS and NMOS RAMs.

Moreover, Intel software packages include
resident monitors, assemblers and text editors
available on Intellec® microcomputer develop-
ment systems. Assemblers, simulators and compilers
s are also available as cross products on
N magnetlc tape or on leading time share
. networks. With these aids programs can
/ be written and debugged in a fraction

of the time required a few years ago.

/ You may need design assistance
before the meter starts running in the research and
development lab. Intel has the industry’s most experienced
microcomputer field applications engineer-
ing group. If your staff needs help to get

— started, we have regional training centers,
workshops, seminars and on-site training

vy courses available.

1,0 POMILES

With Intel, there's no shell game about
hardware or software delivery, no guessing
whether the supplier can handle all your
production commitments. Intel has been
mgz™ delivering microcomputers in volume since 1971. Our ;
“#5% reputation speaks for itself. We've already delivered

. more general-purpose microcomputers than the

_rest of the industry combined. A
If you have tough questions about which microcomputer

* will make your new products most profitable, call or write Intel for

> our solutions. Intel Corporation, 3065 Bowers Avenue, Santa Clara, California

~ 95051 (408) 246-7501.

008

4

|nte| Microcomputers. First from the beginning.
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DIGITAL TECHNOLOGY REVIEW

Mass Storage System
Moves Data Directly from
Cartridge to Computer

Capable of storing 16 billion charac-
ters of online data, the CDC 38500
Mass Storage System is claimed to
store and transfer data with the speed
and convenience of disc methods at
the cost of magnetic tape. Under con-
trol of from one to four IBM System/
370 computers, the system can trans-
fer data directly to the computers or
by way of intermediate disc devices.

Introduced by Control Data Corp,
Minneapolis, MN 55440, the system
consists basically of a mass storage
facility (MSF) and a disc storage sub-
system (CDC 38302/3330X or equiv-
alent). Storing 2000 data cartridges
in a 10-ft long bank of cells, the
MSF includes a selector mechanism,
which automatically locates the nec-
essary cartridge; and from two to
four automatic read/write stations,
which are mechanically coupled to
the cartridge storage unit.

The desired cartridge is selected
from the storage magazine by an X-Y
selector and is moved to the front
of the read/write station. Each read/
write station contains two vacuum
columns, a single tape drive capstan,
and two sets of read/write heads. The
cartridge is opened automatically and
the magnetic tape is unwound and
drawn into a vacuum column. Tape
movement can be continuous or in-
cremental. The single capstan motor
provides fast start/stop operation,

with an 806-kilobyte/s data rate.
Tape is moved in alternate directions
while the heads read or write. After
processing, the station rewinds the
tape and transports the cartridge

18

back to its position in the file maga-
zine.

Direct facility-to-computer data
transfer is accomplished using Virtual
Data Set Access Method (vpam) soft-
ware which interacts with the /370
operating system through normal user
calls. Its user-sequential capability
allows the computer to directly access
data sets stored in the cartridges with-
out first staging data to the disc. Data
are then processed in sequential
operating mode, identical to that used
in tape processing. The user-direct-
transfer method allows specific blocks
to be requested from within a desig-
nated data set. vDAM accesses the
necessary cartridge, locates the block,
and transfers it directly to the com-
puter without intermediate staging to
disc.

In addition to direct data transfer
capabilities, vDaM also performs mass
storage facility operating functions to
stage and archive data using normal
OS/MVT, MFT, or VS1 and VS2
operating system procedures. When a
data set within the MSF is needed
for a job, vpaMm determines data set
size and requests the appropriate disc
space from the operating system.
When disc space is available, the
system selects the cartridge, moves
it to the read/write station, and reads
data from mass storage to disc. Since
the job is carried through its initia-
tion function simultaneously with
staging operations, job processing is
not impeded.

A basic 38500 system includes a
2000-cartridge capacity file unit with
two read/write stations, disc storage
controller, control adapter unit, and
vDAM software; purchase price is
$326,335. Increased capacity can be

Each Control Data mass storage file
uses programmed, automatic selector
mechanism to pick and move data
cartridges to information transfer
points, completing a 1-way trip in
approximately 2 to 3 s

Each cartridge contains ap-
proximately 100” of 2.7”
wide magnetic tape which
is never detached from the
protective housing. To read
or write data on tape, the

cartridge is automatically
opened and tape is un-
wound into two vacuum |
columns. The two read/

write heads cover 18 tracks |
in one position, moving [
eight times to fully cover |
the 144 tracks |

attained by adding individual file
units, read/write stations, mass storage
adapters, and control units. First
customer shipments of the system are
scheduled for fourth quarter 1976.
Circle 150 on Inquiry Card

Virtual Memory Computers
Packaged for OEM and
Time-Sharing Users

Ranging from a basic OEM building
block for dedicated computing func-
tions to a large configuration pack-
aged for systems users who require
substantial amounts of memory, vir-
tual memory computer systems, in-
troduced by Harris Corp’s Computer
Systems Div, 1200 Gateway Dr, Fort
Lauderdale, FL 33309, provide num-
erous internal options and perfor-
mance-enhanced peripherals to pro-
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Hewlett-Packard Introduces:

DISCU/15 for OEMs.
Fast.Tough. And Smart.

A new conceptindisc drives
especially for OEMs.

DISCU/15 combines 15 megabytes of usable
disc capacity with a micro-processor based
Storage Control Unit (SCU). This makes
possible a moving head disc that is super-fast
andgigged enough to replace fixed-head
discs and drums.

And it's smart. The SCU takes the load off
your processor to make the entire system
faster. Plus it's designed for easy inter-

facing, something OEMs have been
waiting for. ﬁ

Tough. For starters,
arigid, precision-milled 40 Ib.
casting really stands up. An integrated spindle
and DC Motor eliminates belts and pulleys.
And it's designed for use on the open manu-
facturing floor. A separate blower keeps con-
taminants out even during cartridge change.
The only cartridge disc using track following
technology for outstanding reliability. The
result: DISCU/15 guarantees interchange-
ability within the most severe environmental
specs available in commercial discs. Easy
service too. Even major sub-assemblies are
modular for easy replacement. The only
eqmpment you need for
, major servicing (in-
cluding head alignment)
is a compact Disc
Service Unit.

Fast. ack to track in only 5 msec. Ran-
dom average is 25 msec. The only 3600 RPM
cartridge drive. Transfer
rate is 937 kilobytes.
More capacity in a car-
tridge: 10 megabytes of
removeable storage and
5 megabytes on the fixed
disc.

Upto8

drives per

Storage Con-
trol Unit give you
ample capacity when
you need it.

CIRCLE 15 ON INQUIRY CARD

Smart. The SCU is smart enough to be
called a minicomputer. Here's what it gives you:
multi-CPU capability. Error correction forupto
32 bits per sector. Track switching transparent
to processor.
Rotational Posi-
tion Sensing.
Command
Retry. Plus,
a high level
interface for qmck mtegratnon That means you
save time, money and headaches. For all the
details, call your nearby HP field sales office.

HPDiscs.
They work for a living.

HEWLETT ﬁw PACKARD

Sales and service from 172 offices in 65 countries.
1501 Page Mill Road, Palo Alto, California 94304

22539
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vide high performance cost-competi-
tively. Both Series 100 and 200 units
operate under the Virtual Core Mem-
ory (VULCAN) operating system,
which can concurrently support multi-
level batch processing, interactive
terminal time-sharing, and real-time
operation. :

S110 and -120 are entry-level sys-
tems based on the series 100 proces-
sor, which uses single-word address-
ing, and has a multi-access bus
structure and buffered I/0 channels.
Cycle time is 750 ns. Memories are
planar core arrays with 96 or 144
kilobytes capacity, expandable in 48-
kilobyte increments to 192 kilobytes.

The -110, a base system, consists
of CPU plus 96 kilobytes memory,
tape unit, 10.8-megabyte cartridge
disc, multiplexer, and console video
terminal. Options include multiter-
minal capability, asynchronous line in-
terface wunits, scientific arithmetic
units, and ability to add a 40/80-
megabyte disc system. The S120 with
144 kilobytes of memory adds a low
speed printer and high speed card
reader to the basic -110, and pro-
vides asynchronous/synchronous com-
munications line interfaces, and the
ability to add on magnetic tape units,
run remote job entry software, and
add an 860-kilobyte, fixed-head swap-
ping disc as options.

Series 200 CPUs provide asyn-
chronous operation with a 425-ns
minimum cycle time. Standard mem-
ories range from 192 to 576 kilo-
bytes capacity and are expandable
in 48K increments to from 384 to
768 kilobytes. Internal options in-
c'ude a scientific arithmetic unit, a
hardware floating-point processor for
high speed execution of double-pre-
cision, floating-point arithmetic.

The S210 provides 192 kilobytes
of interleaved memory and all equip-
ment of the -120, replacing the 10.8-
megabyte disc unit with a 40-mega-
byte disc and adding an 860-kilobyte
fixed-head swapping disc. Single or
multiport semiconductor memories are
offered as options as are multiported
core memory and I/O processor chan-
nels in place of chain-block con-
troller channels. Providing effective
foreground/background operation, the
larger -220 multiprocessing system
adds a high speed line printer, high
speed card reader, and 1.7-megabyte
fixed-head disc to the -210 configura-
tion.

A large-scale multiprocessing sys-
tem, the S230 is oriented to multi-

20

terminal time-sharing applications.
Equipment includes two tape units
and multiplexer. Standard hardware
on the 5240, largest system in the
series, includes two 80-megabyte mov-
ing-head discs, 2.1-megabyte fixed-
head disc, two tape units, two multi-
plexers, high speed printer, card
reader, and console video terminal.
Memory is expandable to 768 kilo-
bvtes. Like the -230, it functions as
host processor and time-sharing sys-
tem.

Circle 151 on Inquiry Card

Microcomputer Kit
Contains Essentials for
System Conceptualization

Smoothing the transition from tradi-
tional design techniques to those of
a microcomputer-based approach, a
design package containing micro-
computer devices plus all documenta-
tion necessary to conceptualize a
functional system is being offered in
kit form by Motorola Semiconductor
Products Inc, PO Box 20912, Phoenix,
AZ 85036. The kit contains an
MC6800 microprocessor unit (MPU),
along with 1K RAM, 8K ROM,
peripheral and communications inter-
face adapters, and extensive hardware,
programming, and applications docu-
mentation.

All devices in the package are
TTL compatible, require only a
single 5-V supply for operation, and
use a single-bus organization that
allows memory and I/O elements to
share the same address space. (For
details, see Computer Design, Jan
1975, p 30.) Separate pins are avail-
able for all MPU and bus control
functions; no multiplexing or de-
coding is required for operation.

The peripheral interface adapter
(PIA) provides a means for connect-
ing the MPU to various peripherals,
with data passing between PIA and
device over an 8-bit bidirectional bus.
The asynchronous communications in-
terface adapter (ACIA) performs
serial/parallel data conversion. At
the serialized data interface, it is
linked to peripheral or modem by
three control lines.

RAMs and ROM operate statically
and have 3-state outputs. The -L7
version of the mask-programmable
ROM that is included in the pack-
age is the firmware equivalent of

MIKBUG™ and MiINIBUG™ software
aids. This firmware enables users to
interface MPU devices to asynchron-
ous, serial data communications units
using PIA or ACIA.

Also provided in the package are
a System Reference and Data Sheet
Manual, defining device characteris-
tics and system architecture; Pro-
gramming Manual, detailing specific
MPU machine operations and the
source language in which programs
are normally written, and giving ex-
amples of such programs; and de-
scriptions of software aids, including
cross-assembler and simulator pro-
grams. Techniques associated w'th
data transfer, assigning priorities to
service requests, and I/O manage-
ment are delineated in the Applica-
tions Manual, which also details
methods for incorporating the micro-
processor in peripherals such as
point-of-sale and data communica-
tions terminals, and considerations
and examples of interfacing the de-
vices to keyboards, displays, tape
cassettes, floppy discs, and various
memories. System development pro-
cedures and design techniques such
as hardware/software tradeoffs are
noted.

The kit will be available for a
limited time at $300 in quantities
of from one to four.

Circle 152 on Inquiry Card

Solid-State Sensors
Provide High Speed
No-Touch Switching

Interfacing directly with industrial
logic circuits used in program-con-
trolled systems, solid-state sensing
devices operate at increased speeds,
provide high reliability, and allow
“no-touch” sensing at lower installed
system costs. Based on Hall-effect
and eddy-current-killed oscillators
(ECKOs), the switches, introduced
by Micro Switch, a div of Honey-
well, Inc, 11 W Spring St, Freeport,
IL 61032, include self-contained in-
dustrial proximity switches and posi-
tioning limit switches.

Two no-touch sensor families, FY
and 50FY series, sense all-metal and
ferrous-magnetic materials, respec-
tively. All-metals-sensing FY switches
are radio-frequency inductive devices
operating on the eddy-current prin-
ciple, whereby eddy currents pro-
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00,000 bytes
pﬂs . 32Kvl\7¥rd
computer:

The new

Hewlett-Packard

MX/65

DISComputer.

» The powerful 21MX-M/20 minicomputer
and the ultra fast 12962A Disc Subsystem. Now
available as a plug-together team.

* No one gives you ,more for your money at
32K — or anywhere between 8K and 256K.

* Rugged, reliable. Engineering evaluation

proves 4K RAM based 21MX minicomputer
series is already 50% more reliable than our

previous “core” type computers. The MX/65
package delivers rugged performance in

almost every environment, permitting stable
operation under extremes of temperature,
motion and humidity.

« Average access time for the 12962A Disc
Subsystem is a fast 25 msec. Transfer rate is
937 kilobytes per second.

AVERAGE
ACCESS TIME

|

no EAU or Floating Point

PRODUCT 32K WORDS WITH TRANSFER RATE | QTY 50 PRICE
HEWLETT-PACKARD 15 Mbyte disc storage
MX/65 Parity, EAU, and 25 msec 937K bytes $17,655*
DISComputer Floating Point standard
HEWLETT-PACKARD 5 Mbyte disc storage
MX/55 Parity, EAU, and 30 msec 312K bytes $15,015*
DISComputer Floating Point standard
5 Mbyte disc storage
PDP 11/35 Parity standard, no EAU 50 msec 180K bytes $21,945*
or Floating Point
5 Mbyte disc storage
NOVA 830 Parity (not available) 70 msec 195K bytes $20,904*

225308

*Domestic USA OEM prices quantity 50.

CIRCLE 16 ON INQUIRY CARD

*

« 15,000,000 byte disc storage capacity is
expandable to 120,000,000 bytes.

« Because Hewlett-Packard makes its own disc
drive, the MX/65 offers you a double bonus:
The whole package is discountable. And,
because it's a package, your integration costs
are reduced.

 Optional new RTE-IIl operating system gives
you multi-lingual, real-time, operating capability.

« Compare, then call or write for full

specifications plus your free copy of our latest
“Engineering Evaluation Report.”

HP DISComputers.
They work for a living.

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries.
1501 Page Mill Road, Palo Alto, California 94304
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Hall-effect sensors incorporated in Micro Switch’s 50FY series proximity switches
allow entire unit to be self-contained in 1”-long package. Sensor§ o'perate at
25,000 cycles/s, are oiltight, and interface directly with logic level circuitry

duced when any metal surface en-
ters the switching field cause a
change in switch output.

Self-contained sensors in the series
range from % to 37 in diameter;
sensing distances increase with size
and range from 0.118 to 1.26”. The
sensors operate in slide-by or head-
on mode. All except the 3” model
are available with shielding, which,
in general, cuts the sensing range
in ha'f, but allows the units to be
mounted flush with a metal surface.
Many of the devices are available
with an LED indicator to signal when
actuation and release occur.

Operating temperature range is
—30 to 85°C. Input voltages range
from 85 to 30 V and output is
either 20 or 170 mA.

S50FY Hall-effect proximity devices
sense only ferrous metals, operating
in head-on or slide-by mode. The
magnet-actuated integrated circuit
chip used in the sensors allows
1% x 17 size and provides high reli-
ability and quick response. The 50FY
functions at 25,000 operations/s in
the —40 to 85°C temperature range.

The sensors accept a 7- to 16-Vdc
supply voltage and provide either cur-
rent-sinking or sourcing outputs that
range from 20 to 200 mA.

Functioning at speeds up to 100,-
000 times/s, the solid-state AV vane
sensor, a Hall-effect device, can be
used as shaft-position encoding sensor,
limit switch, or cam-operated pro-
gramming switch. The sensor is ac-
tuated by passage of a ferrous vane
through a gap between magnet and
Hall sensor. The vane prevents mag-
netic flux from reaching the inte-
grated circuit chip, causing a digital
output. When the space between the
vane’s ferrous blades appears in the
switch gap, the output returns to
zero. Both linear and rotary vanes
operate equally well.

The vane sensor interfaces direct-
ly with most electronic circuitry,
providing a 20-mA output to elimi-
nate need for an amplifier in most
applications. There is no minimum
speed of operation; and both sinking
and sourcing outputs are available.

Circle 153 on Inquiry Card

Intelligent Video Terminal
Base for Cost-Effective
Data Exchange System

To provide cost-effective processing
in applications involving high vol-
ume, user-interactive transactions,
the DXS™ Data Exchange System
uses model 960B minicomputers for
transaction processing and disc file
management, terminal communica-
tions, and optional host interface. In-
troduced by the Digital Systems Div
of Texas Instruments Inc, 12203

22

Southwest Freeway, Houston, TX
77001, the system features a 914A
video terminal which enables stand-
alone transaction processing or com-
munication to 360/370 host systems.

The 914A incorporates a micro-
processor with 8 kilobytes of memory
for intelligent data entry and in-
quiry response to DXS or host 360/
370 data files with full 3270/2260
emulation. The 1920-char screen pro-
vides programmable field formats,
protected and nonprotected fields,
and a range of field-editing func-

tions, which minimize data entry er-
rors and reduce data to be trans-
mitted.

Two basic configurations are avail-
able: the -20 with up to four 2.2-
megabyte cartridge disc storage units,
and the -40 with up to four 100-mega-
byte disc drives. Each system sup-
ports up to 64 terminals on a com-
bination of up to 11 local/remote
communication lines at 1200- to 9600-
baud speeds. System expansion capa-
bilities include support for up to 256
terminals on up to 44 local/remote
lines.

System software includes TINDX, an
indexed-access disc file management
method, which enables virtually any
disc record to be searched and lo-
cated using no more than two disc
accesses. Efficient utilities build, sort,
and update files through programs
written in high level transaction
statements. Dxs/st, the high level
transaction programming language,
allows relatively untrained program-
mers to write DXS teleprocessing
applications programs using transac-
tion statements similar to cosoL.

Peripherals supporting the system
include 300- and 600-line/min. print-
ers, KSR console teleprinters, 800-
and 1600-bit/in., 9-track tape drives,
card readers, and disc drive units.
System prices range from $66,000 to
$250,000.

Circle 154 on Inquiry Card

Hand-Held Calculators
Provide Special Functions
at Lower Prices

Using straightforward algebraic log-
ic, the FX-15, a pocket-sized scien-
tific calculator, allows direct keying
of angles in degrees, minutes, and
seconds, while the CP-801C Pocket-
Mini, comparable in size to a ciga-
rette pack, features automatic con-
stant for addition, subtraction, multi-
plication, and division, and offers a
special percent key for calculating
discounts. Developed by Casio, Inc,
Consumer Products Div, One World
Trade Center, New York, NY 10048,
the units derive performance from
technological advances and offer low-
er prices gained from refined pro-
duction methods.

For student, scientist, or engineer,
the FX-15 performs sexagesimal con-
version; sine, cosine, and tangent;
common and natural logarithms; ex-
ponents; square roots; reciprocals;
raising to a power; squaring; and
calculations involving pi. It incor-
porates a 4-key memory for storage
of intermediate results. The unit dis-
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The

qualitycolor displa
that won't put you
inthered.

You're looking at a display generated by the ADDS
MRD 460. The rack-mountable color display system
that makes it easier for the process control industry
o get the picture-
wo ways: First, the
high quality of the
system itself. Stan-
dard features in-
clude: eight vibrant
- colors for both char-
'acters and back-
grounds. 24 lines
with 80 characters
per line to drive a
e standard TV mon-
itor. Patented graphics, blinking, protected formatting
and a parallel interface. And with the serial interface
and keyboard options, the 460 can be used as a
Teletype® compatible terminal. Secondly, consider
cost. ADDS quality doesn’t come cheap. But the
MRD 460 is priced at only $3800. All things consid-
ered, that’s very high qual- e e 40
ity at a very low cost. But
then again, that’s ADDS. g
Applied Digital Data Sys-
tems, 100 Marcus Blvd., Hauppauge, New York 11787
(516) 231-5400.
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Developing this new pushbutton was
a little like coming up with a Ferrari that gets 32 mpg,
holds 12 people and costs less than a Pinto.




Until now, there have been some
good-looking lighted pushbuttons and
indicators.

And there have been others with
varied electrical capabilities. But there's
never been a line that gave you
harmonious panel design, electrical
flexibility, and low cost. All at the same
time. Until now.

Introducing the MICRO SWITCH
Advanced Manual Line—AML.

The most sophisticated line ot
pushbuttons
and indicators
ever designed.
And you can
see a few of
the reasons why right here. The AML
button height, bezel size and visual com-
patability of the square and rectangular
sizes "harmonizes” your panel. To give
you a panel with a clean, good-looking
geometric face. And a panel with
increased etficiency, because it doesn't

ELECTRONIC
CONTROL

SOLID
STATE

| .~distract. The low-profile square and

/

£
/

rectangular buttons are
available in five colors:
white, red, yellow, green,
and blue. Display
capabilities include split
screen, hidden color, and a unique three
segment lens cap indi-
cator. [llumination can
be transmitted or pro-
jected. But what you
can't see here is what
helps to make these the most advanced
line of lighted pushbuttons and indica-
tors available: their extreme electrical
flexibility.

Solid state operates at 5V or 6-16V
with a built-in regulator, sink (TTL) and
source (CMOS).

Electronic control is capable of
handling low energy circuits and has a
maximum rating of 3 amps, 120 VAC,

POWER

with single or double pole double
throw.

And power control, DPST, with a
rating of 10 amps at 120 VAC.

The AML has snap-in mounting
from the front of panel and can also
be subpanel mounted. There's a choice
of individual or strip mounting.

All devices are the same
shallow depth behind the panel to
provide a unique single level
termination system. The result is ease of
wiring and neat appearance.
Thereare 5 types
of terminals
available: solder,
quick-connect,
wire-wrap, push-
on or p.c. board
mount.
Relamping is

e

T e

y——

accomplished from the
front of the panel. And it's
done without a tool. With

a choice of lamps including
a T-13 wedge base lamp,
neon and LED. To provide international
acceptance, every AML device has been
designed to comply with essential

IEC, CEE?24, UL and CSA standards.

For more information on the
AML, call your nearest MICRO
SWITCH Branch Office. Or write for
our literature.

What you'll see is a line of lighted
pushbuttons and indicators that give
you a completely harmonious panel
design in the front.

And the utmost in electrical
flexibility behind the panel.

All products shown on this page
are actual size.

MICRO SWITCH

FREEPORT.ILLINOIS 61032
A DIVISION OF HONEYWELL

Reader Service Card 18 for data; 19 for salesman call

MICRO SWITCH products are available worldwide through Honeywell Intemational.
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plays results in scientific notation,
with exponents up to plus/minus 40
digits, on a bright green, 8-digit
readout. Forty-three hours of contin-
uous use are provided by four pen-
light alkaline batteries; an ac
adapter is optional. The FX-15 will
retail for $64.95; the Pocket-Mini,
for $19.95, including batteries and
carrying case.

Circle 155 on Inquiry Card

Plug-In Module Makes
gital Panel Meters
ASCII Compatible

n

Although BCD data outputs on dig-
ital panel instruments have per-
mitted them to be interfaced to print-
ers and computers, they have been
limited in use because of the ex-
penses of multi-conductor cabling,
distance restrictions, and costs as-
sociated with switching data from
more than one meter into a single
system. Overcoming these limitations,
the ASCII Bustle, a plug-in module
developed by Nationwide Electronic
Systems, Inc, 1536 Brandy Pkwy,
Streamwood, IL 60103, makes any of
the company’s Slimline digital panel
instruments compatible in ‘serial
ascr, for direct transfer of data from
the meter to printer, CRT, or com-
puter.

The Bustle interfaces to any de-
vice that operates in serial ascu
through a single pair of wires or
two separate pairs, looped from one
bustle to the next, and from there
to the terminal. Up to 100 panel

instruments can be connected via a
single pair of wires. Bustles can be
located up to two miles from the ter-
minal without requiring line con-
ditioning when using current-loop
interface; using a modem or special-
ly amplified line virtually eliminates
any distance restrictions. Any instru-
ment can be interrogated manually
from a keyboard or automatically
from a computer by transmitting its
unique ID number as set using built-
in rotary switches.

The device can be triggered to
send its identification number and
meter reading and an optional pro-
grammed message. One method uses
a single trigger input on each unit;
another, uses two switches on each
unit to set a 2-digit ID number. The
device monitors the ascu line, and
when it receives a number sign (#)
followed immediately by its ID num-
ber, it automatically sends data.

Models having programmed mes-
sage capability can be programmed
to self-scan, by having each unit send
a number sign plus the 2-digit ID
number of the next unit in line as
the last three digits of the program-
med message. In this way, the system
can be programmed to scan all units
and stop, or to continuously scan the
loop.

Input/output is 10- or 11-bit ascu
(field-selectable) at from 110 to
9600 baud. DTL/TTL, 20-mA, 60-
mA, and EIA RS-232-C interfaces are
available. Dimensions of the unit are
45 x 3.5 x 0.875”; power require-
ments are 5 Vdc at 500 mA, and
*+12 Vdc at 20 mA. Prices range
from $195 to $265.

Circle 156 on Inquiry Card

Plugging on the back of any of Nationwide Electronics’ Slimline digital panel instru-
ments, the ASCII Bustle provides for ASCll-compatible transfer of data to printer,
CRT, or computer

26

Key-to-Disc System Ups
Capability 10% With
Fore/Background Editing

Significantly reducing data-verification
operations and eliminating the com-
plicated programming necessary to
perform editing functions, the System
3300, a large capacity data entry sys-
tem, consists of a CPU with built-in
editing microprocessors, 10-megabyte
disc storage umit, 7- and 9-track
magnetic tape drives, and up to 16
operator stations. The system is
claimed to reduce the use of central
processors by 80% in editing data re-
ceived from data entry devices and to
eliminate 50% of the keystrokes nor-
mally required to create data entry
records from source documents.

Developed by Inforex, Inc, 21
North Ave, Burlington, MA 01803,
the system incorporates a foreground/
background editing feature that per-
mits operators to edit data as they
are keyed, or to key on a non-stop
basis for later automatic editing. In
foreground mode, the system inter-
rupts operators as errors are detected,
enabling them to insert correct infor-
mation from the source documents. In
background mode, operators enter
data continuously without regard to
error conditions. The system then
automatically performs the editing
function after the batch has been
completed, automatically flagging all
error conditions.

Automatic data insertion features
further reduce keystroking and error
rates. In a typical application, as much
as 75% of the actual data needed for
computer processing and production
of final totaled invoices is stored in or
computed by the system. 255 tables
provide regularly used information,
allowing the operator to enter brief
kev information and obtain all related
information automatically. These data
are then inserted in appropriate fields
within the record.

Use of the “parameter rule” tech-
nique allows data entry personnel to
define and create applications pro-
grams. Up to 750 different format and
reformat sets, each with 15 levels of
control, can be stored for instant re-
call, eliminating substantial setup time
on new jobs. O
Circle 157 on Inquiry Card

The article on Mostek’s electronic check-
book (Computer Design, June 1975, p
22) erroneously states that ‘‘standby
current must be held under 100 A to
prevent reduction in battery life . . .”
This should read ‘“must be held under
100 wA . . .” We regret the error.

COMPUTER DESIGN/JULY 1975
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THERMAL PRINTER
AND POWER SOURCE

NOW, TOGETHER

Now you can offer your
customers a ‘receive only’
Thermal Printer that contains
its own power source. No extra
box. No extra cable. Just one
handsome cabinet

With the new EM-T33 (parallel)

or the EM-T44 (serial) unit from
NCR you can provide distinct

advantages over other terminals.

Quiet . . . almost completely
electronic, the only sound

FROM NCR.

comes from the movement of
paper and a non-impact
printing head

Fast .. Up to 30 characters per
second is the printing speed —2
to 3 times faster than terminals
with conventional impact
printers.

Accurate . . . Hard copies of
every message means no
slips of memory; no mistakes
in transcribing which are
possible with some units.

Compact. . . One single, light,
easy-to-carry unit contains both

the thermal printer and the
power source in a single
attractive cabinet.

Here's a way for you to increase
the benefits you offer in the
communications system you
sell . . . and increase your sales
and profits by doing so.

For more information on this
and other components for your
communication systems, please
contact us today.

Data Entry Division

Director of OEM Marketing, Babcock Hall
Terrace Hill, Ithaca, N.Y. 14850 607-273-5310
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Presenting the OEM branch of Digital. .

It's a complete family of choose the system that exactly fits  (Digital Equipment Corporation
computer tools. And it's growing your needs. Also you can hook Users’ Society) and instantly put ~ «
every day. up any of 60 different periph- at your disposal a whole library

Nine CPU’s — from our erals including your choice of comprised of thousands of appli-
smallest, the LSI-11, to our biggest 4 different disc drives, 5 terminals, cations software packages. «
and newest, the PDP-11/70— 3 tape systems, 6 line printers — .
with virtually every meaningful ~ among a host of others. wi
price/performance choice avail- What's more, you canjoina

ablein between. Chooseoneof  special family called DECUS
them, and a whole world of possi- afl :
bilities opens up.

Proven operating systems
offer real time, time-sharing, and
batch capabilities,
SO you can

| 8 ST YO 0 O
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And then you can start to ready tolend a hand when and When an OEM chooses a

» plan your future. Your nextnew  where you need it. And that computer company, he makes a
, product, your next PDP-11 or means everything from operator ~ big decision with importantlong-
7 PDP-8 computer. And to help training programs that get you term consequences. The OEM
» you along the way, our family quickly up to speed, to the new branch of Dlgltal ves you a com-
_ includes 2400 field service experts OEM Referral Program thathelps puter family you'll never outgrow.
T € ‘ you market your product. To find out more, call or write

Digital Equipment Corporation,
Maynard, Massachusetts 01754.
it (617) 897-5111. European head-
e quarters: 81 route de I’Aire,
1211 Geneva 26. Tel: 42 79 50.
Digital Equipment of Canada, Ltd.
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NEWS BRIEFS

A PROGRAMMED LEARNING
COURSE ON MICROCOMPUTERS,
based on concepts, uses, design cri-
teria, and implementation of micro-
processor-based systems, includes six
comprehensive volumes on technol-
ogy, an applications handbook, and a
variety of programming pads and sim-
plified design aids. Priced at $124.50,
the course provides over 1700 self-
tests, hundreds of illustrations, and de-
tails on four commercially available
microcomputers (Intel 4004, 4040,
8008, and 8080). Iasis, Inc, 770 Welch
Rd, Suite 154, Palo Alto, CA 94304
will deliver the course to U. S. and
non-U. S. customers within 15 days
and six weeks ARO, respectively. Pay
by check or money order in U. S.
dollars; orders returned within 15 days
will be fully refunded.

A MAINTENANCE PROGRAM FOR
OEM CUSTOMERS of Decision Data
Computer Corp, Horsham, Pa is en-
abling them to obtain field engineer-
ing service—throughout the U. S. and
Canada—on data processing equip-
ment purchased from the company
and resold or leased by the OEM to
end-users. Available on a contract
basis covering both technical service
and parts, the program is intended to
offer the systems manufacturer a low
cost method of implementing card
input/output and data entry on new
systems as well as service on existing
installations.

According to the company, OEM
systems marketing potential in North
America is frequently limited by a
lack of trained field engineers and the
high cost of stocking spare parts.
“With the industry’s growing need for
increased-capability data entry equip-
ment plus 96- and 80-col card pe-
ripherals, the availability of complete
field engineering and parts support
can make a significant difference to

systems suppliers that compete with
IBM.”

EXPERIMENTAL TELEX RATE
REDUCTIONS for overseas service,
filed with the Federal Communica-
tions Commission by TRT Telecom-
munications Corp, Washington, DC,
went into effect for six months, be-
ginning May 1. A decrease of 22% on
calls from the U. S. to the United
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Kingdom and the Federal Republic of
Germany applies to nights and week-
ends.

According to the company, some
40,000 organizations in the U. S.
presently utilize Telex for over-
seas communications, having spent
more than $136 million in 1974. The
TRT filing is the first submitted by a
U. S. international communications
carrier for “off peak” traffic hours and
the first since 1970 for a reduction in
rates to Europe.

AN UPDATED POWER SUPPLY
STUDY revising projected market
sizes and growth rates from conclu-
sions released in 1973 has been pub-
lished, with forecasts through 1980
for both captive and noncaptive seg-
ments of eight major power supply
markets. One significant finding is
that, due to the availability of new
technology such as components for
use in switching power supplies, 1974
noncaptive supplier sales exceeded its
anticipated amount by $60 million,
and is expected to reach $200 mil-
lion by 1980.

By that year, the total U. S. power
supply market is predicted to reach
$3.753 Dbillion—almost double the
1974 figure, with data processing the
largest single segment. Ac/dc con-
stant voltage supplies will remain the
largest selling type, although ac/dc
uninterruptible power supplies will
exhibit the fastest growth rate.

The updated study is priced at
$6000. For information, write on com-
pany letterhead to Darling & Also-
brook, 1801 Ave of the Stars, #1101,
Los Angeles, CA 90067.

7-/9-CHANNEL DIGITAL MAG-
NETIC TAPE HEADS can now be
refurbished through a service an-
nounced by Saki Magnetics, Inc to be
performed at its Santa Monica, Calif
plant. Through re-contouring to re-
move tape wear patterns, and re-
working tape guides and cleaners, the
heads are re-manufactured to meet
original specifications, then re-set for
correct tape wrap and minimum skew.

The service also includes repair of
broken wires in the assembly as well
as within the head itself. If repairs
are not feasible, the entire head stack
can be replaced with an equivalent
Saki assembly.

A TELEGRAPH/DIGITAL DATA
TRANSMISSION SYSTEM launched
in 1973 by Philips Telecommunica-
tion Systems, Hilversum, The Nether-
lands has evidently served as a model
to two CCITT (Comite Consultatif
Internationale) study groups. Signifi-
cance of recommendations recently
made by them is said to be due to the
acceptance of the 3TR 1500, which
is compatible on an international level
with existing analog frequency-divi-
sion multiplexer (FDM) networks and
pulse-code modulation (PCM) circuits.
According to Philips, although the
recommendations do not extend be-
yond transparent telegraph channels
of up to 300 baud, they represent a
breakthrough of digital transmission
into presently available analog net-
works, and provide promising oppor-
tunities for long-haul PCM routes.

A COMPUTER PROGRAM MAIN-
TENANCE TOOL designed to re-
peatedly save hours and even days
of programmer time is now being of-
fered to individual programmers with
a double-money-back guarantee.
Claimed to be the most powerful sys-
tem available to help create and modi-
fy IBM 360 and 370 computer pro-
grams, the DOS-sequential Text Main-
tenance System (TXTM) consists of
several phases which must be cata-
loged in the core image library. It
requires 45K words of memory, is
self-relocatable, and operates with
2311, 2314, 3330, or 3340 discs.

TXTM rents for $150/year/pro-
grammer. He pays $25 for the first
month; if, after meeting the follow-
ing criteria he rejects it, he receives
$50 once the program is returned. He
must have placed at least 2000 source
statements on a master file, updated
that file at least five times, and used
some TXTM features. To order the
one-month trial, send $25 to Joseph
Sider and Associates, 15713 Varden
St, Encino, CA 91316.

RECENT PRICE CHANGES include
a 50% reduction on memory options
for models 21, 31, 31/10, 31/53, and
E31 programmable calculators from
Tektronix, Inc, Beaverton, Ore .

Monroe, The Calculator Company,
Orange, NJ has cut its Beta 326/392
microcomputer from $1395 to $895

(Continued on p 32)



~ SAVETIME

.ways Belden
- can helpyou get
- more profit from
. everyminute.

- The right cable saves callback head-

aches. Belden’s broad-line capability can
i help you meet toughest environmental con-
o ditions and application needs.

The handier cable is to use the faster your
job gets done. Less foot cost! Ask about
our new UNREEL™ packaging concept. A
unique cabile dispensing system that elimi-
nates snarls, backlash and tangle problems.
Pulls easily yet stops instantly when pulling
stops. Eliminates reel disposal headaches.

The faster cable is to obtain, the less job-
site delays you'll have. There’s a Belden
v electronic cable Distributor always close at
‘hand. We back his inventory with a big one
of our own. This one source of supply saves
o ordering time, and money.

- .. BeELDEN
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Quick problem solving capabilities save
time, too. Belden's electronic cable Refer-
ence Guide contains more standard items
than any other. Wire, cable and cord an-
swers that make selection easier.

We have cable specialists, and engineer-
ing help available you can call upon for any
unusual problems that have to be solved.

And “hot-line” service for problem solving,
too.Call 317-966-6681 for engineering assist-
ance on any cable problem that needs im-
mediate attention. You'll get the type of
response you need to help protect your
bottom line profitability.

Whatever your need in wire, cable cord,
let Belden help you save valuable time:
Write: Belden Corporation, Electronic Divi-
sion, PO. Box 1327 Richmond, Ind. 47374,

...new ideas for moving electrical energy

81-5




NEWS BRIEFS

. According to Science Acces-
sories, Corp, Southport, Conn, its
Graf/Pen sonic digitizer has been
raised from $2400 to $2700, while
interfaces have been reduced (eg, with
the DEC PDP-11 from $1500 to $450,
and with a paper-tape punch, from
$1025 to $600) . . . DIP relays from
Struthers-Dunn, Inc, Pitman, NJ
have been dropped in price by
95%; in 500-piece lots, they are avail-
able for $1 each . . . Computer Trans-
ceiver Systems, Inc, Paramus, NJ has
announced reductions of up to 20%
on its Execuport line of portable com-
puter terminals.

OEM COMPUTER PRICES, due to
the lower cost of metal-oxide semicon-
ductor random-access memories (MOS
RAMs), have been sharply lowered—
into the microcomputer range—by
Computer Automation, Inc, Irvine,
Calif. The Naked Milli"™—a millicom-
puter mounted on a 7 x 15-in. half-
board—is now available for $395/$489
for a processor with 256/1000 words
of 16-bit RAM, in 100-piece quanti-
ties. Previously, its lowest price was
$519 (512-word memory). Additional
memory modules are also being pro-
duced: 4K- and 8K-word prices (100-
quantity) are $616 and $914, respec-
tively.

RECENT DEVELOPMENTS IN
OPTICAL/DIGITAL SYSTEMS were
examined at the 1975 International
Optical Computing Conference held
this spring in Washington, DC. Spon-
sored by the JEEE Computer Society
and the Naval Underwater Systems
Center, the Conference emphasized
optical computing systems and the
joint role of optical and digital proces-
sing. Consensus of a panel discussion
on optical vs digital computing was
that techniques of each are suited to
their own specialized tasks; the state-
of-the-art favors digital methods for
general-purpose computations, while
optical methods have their place in
special processors performing such
applications as pattern recognition.
Panelists and audience agreed that at
the present stage of technology, they
prefer the hybrid optical/digital ap-
proach.

32

PEOPLE

DR MORTON M. ASTRAHAN of In-
ternational Business Machines Corp’s
San Jose (Calif) Research Laboratory,
for his key role in the formation and
growth of the American Federation of
Information Pro-
cessing Societies,
Inc, was presented
the AFIPS Distin-
* guished Service
Award at the Na-
tional Computer
Conference in Ana-
heim, Calif. Dr
Astrahan helped establish the first per-
manent National Joint Computer Con-
ference Committee (1953) and, since
1969, has served on the JCC Com-
mittee (now the National Computer
Conference Committee). He was or-
ganizer and initial chairman (1952-53)
of the Institute of Radio Engineers
Professional Group on E'ectronic
Computers (presently the IEEE Com-
puter Society).

With a PhD degree in Electrical
Engineering from Northwestern Uni-
versity, Dr Astrahan is a member of
the IBM Quarter Century Club. In
addition to playing a major role in
development of the IBM 701 and the
SAGE Air Defense System, he car-
ried out projects involving an asso-
ciative memory built around a rotating
drum and development of the concept
for program interrupt, allowing input/
output operations and processing to
occur simultaneously.

Roger Salava has been appointed
chief engineer of Compugraphic Corp,
Wilmington, Mass . . . Thomas J. Con-
nors has become president of Mirco,
Inc, Phoenix, Ariz . . . The Institute
of Electrical and Electronics En-
gineers (IEEE) has honored, for
distinguished service to its Solid
State Circuits Council, Murlan 8.
Corrington of RCA Corp, Camden,
NJ . .. ITT Cannon Electric, Santa
Ana, Calif has elected James H.
Anderson president, and has named
Robert J. Trivison vice president/
director of operations and Harvey S.
Left general manager-micro products.

At ADL Systems, Inc, sub of Arthur
D. Little, Inc, Burlington, Mass, W.

William Acker is now exec vice
president and board member . . . T.
David McFarland has been appointed
acting exec director of the Data
Processing Management Association
(DPMA), Park Ridge, Ill; Dr Willis H.
Ware, The Rand Corp, Santa Monica,
Calif and Dr Donald L. Bitzer, Uni-
versity of Illinois, Urbana have been
selected as co-recipients of the
DPMA’s 1975 Man-of-the-Year award.

New director-OEM marketing for
Diablo Systems, Inc, Hayward,
Calif is Charles W. Ryle; Mark L.
Siegel has become vice president-
Memory Products Div . . . Richard S.
Rager, Jr has rejoined Gould, Inc,
Newton, Mass as manager of software-
Graphic Systems Div . . . Matt Faletti
is now manager-application engineer-
ing at Ampex Corp, Computer
Products Div, Redwood City, Calif
.+ . Election of Theodore W. Ziehe
as a vice president-information sys-
tems has been revealed by MRI Sys-
tems Corp, Austin, Tex.

Rockwell International Corp has
named Don A. Mitchell president of
its Microelectronics Group, Anaheim,
Calif . . . Dr William Weksel has
been elected president and board
chairman of Information Displays,
Inc, Mount Kisco, NY . . . At Siemens
Corp, Components Group, Scottsdale,
Ariz, the new post of director-research
/development has been filled by
Wolfgang Kayser Computer
Automation, Inc, Irvine, Calif has
appointed David Stein director of
marketing.

At Burroughs Corp, Detroit, Mich,
Eugene L. Merlino, Jr has become
director of manufacturing-peripheral
products group . . . Neal B. Dowling
is now marketing manager-thick film
circuit products at Centralab Elec-
tronics Div, Globe-Union Inc, Mil-
waukee, Wis . . . Election of Daniel
J. Dooley to vice president/director of
engineering for Precision Monolithics,
Inc, Santa Clara, Calif has been dis-
closed . . . Harold R. Buchanan has
joined Interdata, Inc, Oceanport, NJ
as data communications product line
manager.

Promoted by Rapidata, Inc, Fair-
field, NJ were Glenn F. Schafer,
manager-programming services, Curt
Huff, assistant vice president/opera-
tions manager, and Clark D. Karcher,
vice president-marketing; the com-
pany has also selected Ray W. Harri-
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Benchmark: standard against which
other microprocessing approaches
must be measured.

Family: total of the compatible, synergistic
device and support pieces comprising

rocessor Progrd

Mﬁéoé Microp

ication
M6800 Microprocessor Applicati
S s Design gvaluation Kit
r SY 5

M6800 Microcomputé

M6800: benchmark family
for microcomputer systems.



Everything for your system: ‘
All in the M6800 Family |

M6800 concept:
Optimum
system design

No question, the MC6800 microprocessor is
head of the family. It is outstanding even as a stand
alone part, as demonstrated by the high marks it
scores on nearly everybody's benchmark studies.
But, from the beginning at Motorola, the end system

was our main concern, so

the MC6800 is a

high performance
MPU at the head
of a modular LSI device

series, totally bus compatible and fully compatible
with each other.

The concept encourages systems of minimum
parts, yet allows plenty of design flexibility. And, /0
is super simple with the intelligent programmable
logic interface units which make the M6800 Family
unique. Finally, for those who require it, the entire
series of M6800 LSI devices is already second sourced.

Several MPU clocks are offered by Motorola
Inc., Component Products Dept., 2553 N. Edgington,
Franklin Pk.. IL 60131. MC6870A is a minimum sys-
tem version, MC6870B has added

features, and the MC6871A is for m MOTOROLA M6800

maximum complexity systems.

Motorola’s popular MEK6800D-1 introductory
special design evaluation kit continues for a limited
time. Contact your authorized Motorola distributor -
or Motorola sales office.

M6800 support:
Speeds the design
job, makes it easier

Hardware design tools .

MEC6800 Evaluation Module. Here's a complete
board, all the M6800 LSI devices plugged in so you
can evaluate the parts in a basic minimum system. *
Even connect it to a peripheral and run programs. _

4

M68SDT EXORciser
The systems
development tool,
built with M6800 LSI
devices and

pre-engineered

m— with modular options #

for emulation of users’ microcomputer ,
system applications. Hardware design and

development costs are drastically reduced. *

Debugs both system hardware |
and system software.

Software choices

Commercial timesharing.

M6800 software is presently

available on two commercial time-
sharing services — G.E. and ~
United Computing Service.
Others will be added as justified
by demand. :



. EXORciser package. A resident software package
is available for the EXORciser system development
> tool.

* Host Computer Cross Assembler and Simulators.
. Three excellent packages are
available here in either
cards or tapes.

B a. Standard

> package. The type normally

supplied by vendors. We send the software; customer

sets it up. No frills.

-~ b. Extended Capability package. Includes M6800
Programming Manual. Customer still sets it up.

c. Deluxe package. Complete capability.

» Motorola does the set up on the customer’s premises.

-+ We wrote the book
~ M6800 Programming Manual. Probably the most
vitally utilitarian of our growing M6800 document
library.

* M6800 Applications

» Manual. It was here that

EESNSSS Motorola really
wrote the book; and, it’s on
its way to being the basic microprocessor textbook
~ for the industry.

"Low speed

digital MODEM:
“New freedom for
terminal designers

N The MC6860 Low-Speed Digital MODEM is
« one of the communications fea-

v

»

-

It's also freedom from MODEM slavery for
terminal designers who could be building small,
simple, inexpensive MODEMs into their own
equipment.

The MC6860 is a Full Duplex Answer and Origi-
nate MODEM with Auto Answer and Auto Discon-
nect capability. It is Bell compatible and can operate
on a single +5V supply. The new 100-999 price is
$24.00. Look for additional Motorola MODEM capa-
bilities: the new
MC14412 CMOS
MODEM and a
2400 bps
MODEM

scheduled
to join the mix
in future months.

A new Application Note, AN747, shows how
easy it is to build a space-saving MODEM right into
your terminal. It even gives filter design guidelines.

M6800:
It’s a big family

The M6800 was designed from the very beginning
to employ the synergistic effect of all these family
functions working
together. Yet, with
all this, there’s more.

MPU education.
Motorola’s three day
M6800 Microprocessor
Course is presented
monthly in Phoenix
and on a
continuous

schedule across the rest

of the nation. No bit of fluff, the course

is a complete education in designing with micro-

processors, including coverage of hardware and soft-

ware as well. Hundreds of companies have elected

to have their people trained in this course already;
and, its popularity is still climb-

tures which makes the M6800 (§) MOTOROLA M6800 ing. Call Ron Bishop (602)

Family unique.

962-2345, for information.



Memories, Interface,
External Logic and
more. Here, Motorola’s
capability as a broad line supplier contributes. A
varied and growing assortment of ROMs and RAMs
add options to the basic family memories. There’s
plenty of logic beyond the MPU-based portion of
the system, CMOS for instance, and Motorola’s
McMOS fits in with parts like the new MC14411 Bit-
Rate Generator. Bipolar Linear lines supply MPU
and memory interface parts. And, out of Motorola’s
immense background in silicon discrete devices
comes the new MPU clock buffer, the MPQ6842.

Nothing like
the M6800 Family

By now it should be clear that there’s nothing
like the M6800 Family for designing microprocessor-
based systems; and, nothing like Motorola’s syner-
gistic total package approach to the whole job.

following technical information:

] Please send me a copy of your colorful new M6800 Family brochure.
| understand it covers the subject matter of

this ad in greater detail, plus important related materials.
[J M6800 Applications Manual (my $25.00 check or money order is enclosed)

M6800:
A growing family still

N-Channel Si Gate Memories
Third Quarter, '75

MCM6811 IK x1 Static RAM, 16-pin
MCM6814 4K x 1 Dynamic RAM, 16-pin
MCMO6815A 4K x 1 Dynamic RAM, 22-pin
Fourth Quarter, '75

MCM6812A 256 x 4 Static RAM, 16-pin
MCM6834 16K Static ROM, 24-pin

Bus Peripherals —Logic
First Quarter, 76

MC6862 2400 bps MODEM modulator

MC6852 Synchronous Serial Data Adapter

Second Quarter, 76

MC6863 2400 bps MODEM demodulator

MC6840 Programmable Timer module
Two Phase Clocks

July 75

MC6870A

MC6870B

MC6871A

Clip our coupon and send it to Motorola Semi-
conductor Products Inc., P.O. Box 20912, Phoenix,
AZ 85036. Or, take direct action and contact an
authorized Motorola distributor or local Motorola
sales office.

“Trademark of Motorola Inc.

MOTOROLA M6800

Benchmark family for microcomputer systems.

I'm very interested in more information on your M6800 Family. Please send me the

'M6800 Programming Manual (my $10.00 check or money order is enclosed)
Systems Reference and Data Sheets

aring.brochure

[JU.C.S. Timesharing br
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NEWS BRIEFS

son, Jr as manager-remote access sys-
tems . . . New product marketing
managers at Advanced Micro Devices
are Stuart Harris, bipolar and Steven
Thompson, linear . . . Thomas O.
Harbison has been named president/
chief operating officer of Genesis One
Computer Corp, sub of Management
Assistance Inc (MAI), New York City.

Elected vice president of Inforex,
Inc, Burlington, Mass was Joseph R.
Leonardi, who will also serve as act-
ing director of engineering . . . Vice
president-market  development for
Varian Data Machines, sub of Varian
Associates, Irvine, Calif is now Law-
rence A. Lotito . . . The newly created
position of manager-product market-
ing at Harris Corp, Computer Systems
Div, Fort Lauderdale, Fla has been
filled by Robert E. Kunkle.

The appointment of James J.
Burns as exec vice president has been
announced by Burr-Brown Research
Corp, Tucson, Ariz . . . GTE Infor-
mation Systems Inc, a sub of General
Telephone & Electronics Corp, Stam-
ford, Conn has named N. H. Hawkins
vice president/general manager-Data
Communications Div . . . Dr Sidney
Fernbach, Computation Dept head,
Lawrence Livermore (Calif) Lab-
oratory will serve as general chairman
of COMPCON Spring 76, the 12th
TIEEE Computer Society International
Conference, Feb 24-26.

ORGANIZATIONS

Honeywell, Minneapolis, Minn has
announced that negotiations are con-
tinuing with respect to a possible
merger of the general-purpose com-
puter business of its French affiliate,
Compagnie Honeywell Bull, with
French-owned Compagnie Interna-
tional pour I'Informatique (CII) . . .
Mohawk Data Sciences Corp plans to
relocate its exec headquarters from
Utica, NY to Morristown, NJ; remain-
ing operations occupying the current
headquarters building will be con-
solidated in company-owned facilities
in Herkimer, NY.

Cutler-Hammer, Inc, Milwaukee,
Wis has become majority owner of
Macrodata Corp, Woodland Hills,
Calif . . . Information Terminals

Corp, Sunnyvale, Calif and 3M Co,
St. Paul, Minn have signed a nonex-
clusive licensing agreement granting
ITC rights to manufacture the Scotch
brand Y-in. magnetic tape cartridge
.« . Broomall Industries, Inc, Broo-
mall, Pa has acquired the graphic
plotter line of Electronic Associates,
Inc, West Long Branch, NJ . . .
Weather Science, Inc, Norman, Okla
has merged with and changed its
name to Metrodata, Inc (also of Nor-
man).

Sorbus Inc, King of Prussia, Pa, sub
of Management Assistance Inc (MAI),
has opened a western-region market-
ing office at 2070 Business Center Dr,
Irvine, CA 92264; the firm has also
been selected by Cincinnati Milacron
Co, Cincinnati, Ohio to maintain its
CIP/2000 series minicomputers and
related peripherals . . . To service the
central U. S. and Canada, Digital
Development Corp (San Diego, Calif)
has opened an office at 1649 Marie
Lane, Glenview, IL 60025.

Pinlites, a div of Refac Technologi-
cal Corp, Fairfield, NJ is now a
wholly owned sub of the corporation
and has been renamed Refac Elec-
tronics Corp; operations of Wild
Rover Corp, also owned by Refac
Technological, have been combined
with Refac Electronics . . . According
to Control Data Corp, Minneapolis,
Minn, first shipments of cyBer 175
computer systems—largest and most
powerful in the 170 series—are
scheduled for this month . . . Courier
Terminal Systems, Inc, Phoenix, Ariz
has sold its 15,000th unit.

Reorganization of its integrated
circuit operations in Wilmington,
Mass; Rochester, NY; and Santa
Clara, Calif into the Microcircuits
Group has been announced by
Analog Devices, Norwood, Mass . . .
Fairchild Camera & Instrument Corp,
Mountain View, Calif has received,
from the Dept of Commerce, the
President’s “E” Award for Excellence
in Exporting . . . Boeing Computer
Services, Inc, Dover, NJ] has an-
nounced formation of BCS-Manufac-
turing Services.

Digital Equipment Corp, Maynard,
Mass has delivered its first PDP-11/70
medium-scale computer system—to
Bell Telephone Laboratories, Whip-
pany, NJ; DEC’s Components Group,
Marlborough, Mass has delivered its
first prototype LSI-11 microcomputer
—to General Radio Co, West Concord,
Mass ... Semi Processes International,
Santa Clara, Calif has unveiled a
mobile wafer fabrication facility,
available for sale in the form of a 10
x 45-ft trailer. O

Permanent
Magnet
D.C. Motors

that solve design problems

Tape Drive Motors

Choose from five models of
permanent magnet motors.
1/125-1/2hp, 18-172 o0z.in.
oftorque at 2000 rpm.

Blower Motors

Optional lead positions. Single
ordouble end shafts. Ball
bearings for lower friction.
Ventilated or enclosed end
frames.

Caselengthsfrom 2.92"-4.86"
Lesscurrentdraw and heat
build-up with ceramic
permanent magnets.

12-120voltD.C.

Learn more about how our
motors can help you solve
design problems. Send for our
FREE product portfolio.

201 S. Delaney Road
Owosso, Michigan 48867
(517) 725-5151

MANUFACTURERS OF WEMOTORS

CIRCLE 23 ON INQUIRY CARD
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DEVELOPMENTS

Electron-Beam-Accessed
Memory Has Potential
for Cache Systems

A technology demonstration proto-
type memory system with 1.2-mega-
bit capacity, undergoing field evalua-
tion by Control Data Corp on a Star
1B computer, combines metal-oxide
semiconductor (MOS) and electron-
beam-access technologies. The sys-
tem, made by Micro-Bit Corp of Lex-
ington, Mass, is configured of nine
parallel channels (tubes) of 128
kilobits each. Access to any page takes
16 uS.

- Information on the electron-beam-
accessed memory (EBAM) is stored
in a pattern of charges in the oxide
layer of an MOS (Fig. 1). Exposure
of a small area of the oxide to a
penetrating electron beam under
positive gate bias depletes the un-
derlying regions of the semiconductor
and drives the surface of the p-type
substrate into inversion. This results
in the storage of a positive charge,
corresponding to a “l;” absence of a
charge represents a “0.” The charge
can be removed, returning the spot
to a “0” state by exposing it to the
electron beam under negative gate
bias.

Reading of stored information is
accomplished with the same beam
as used for writing. When electrrns
penetrate the silicon to form a “1”
they generate electron-hole pairs by
direct excitation of electrons from
the valence to the conduction band.
The silicon becomes depleted of
charge carriers and a high electric
field is developed. If the electron
beam enters a charged area during
readout, the electron-hole pairs are
separated by the field and register
as current across the read resistor
(shown in Fig. 1). Since no deple-
tion region was generated for a “0,”
no electron-hole separation occurs
and there is no readout signal.

Rather than attenuation which oc-
curs in most memory media, the
electronic processes occurring in the
MOS target provide local amplifica-
tion during both read and write. Dur-
ing write, about 10 times more charge
is stored than is deposited by the
electron beam; during read, the sig-
nal current is 100 to 300 times
greater than the beam current. No
noise is added to the fundamental
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shot noise which is present in the
electron beam,

Current  development involves
EBAM tubes using single-channel op-
tics. An actual memory tube of this
type, storing 4.2 megabits, is shown
in Fig. 2(a) and is illustrated sche-

matically in Fig. 2(b). The maximum
number of bits that can be stored
and retrieved by this type of optics
is limited principally by deflection
electronics accuracy and stability and
by deflector aberrations. Size of the
MOS target is approximately 1 cm?2,

POSITIVE
GATE BIAS

Fig. 1 Basic principle of electron-team-accessed memory. An electron beam
under positive gate bias drives the surface of the MOS substrate into inver-
sion, causing storage of a positive charge (a ‘“1”). Energy of the beam (10
kV) and thickness of gate and oxide permit the beam to penetrate several
thousand angstroms into the silicon. By exposing this spot to an electron
beam under negative bias, the positive charge is removed. Absence of charge
is read as a “0"”. The same beam is used for reading as for writing

CONDENSOR
WRITE ['0" DEFLECTOR LENS

e / ELECTRON
5 " g
= LENS ELECTRODES

Fig. 2 An actual EBAM tube using single-channel optics (a) can store 4.2
megabits. Tube is shown schematically in (b). Deflection electronics accuracy
limitations and deflector aberrations limit the storage capacity. The 30-nA
beam is focused into a 2.5-um spot on the memory target
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YOU’VE JUST BEEN TOLD
THE MICRO COMPUTER
YOU SPECIFIED

HAS BEEN DISCONTINUED.

While other OEM suppliers computer whose

are discontinuing their micro flexibility and func-
computer models because tional modularity
of the unavailability of LSI make it ideally suited
CPU chips, Microdata is de- for dedicated volume
livering the MICRO-ONE. applications.

Smart system designers Because the MICRO-
will use the Microdata ONE is microprogram-

mable, that software
you’ve already written
can be saved. We'll em-
ulate the discontinued
micro computer.

If your requirements are
for volume quantities of
micro computers that can be
delivered, write or call:

computer-on-a-board to
open up new market
areas while lowering
component and assem-
bly costs and increas-
ing profit margins and
reliability.

The MICRO-ONE is a
high-speed microprogrammed micro

Microdata

17481 RED HILL AVENUE - IRVINE, CALIFORNIA 92705
TELEPHONE 714/540-6730 — TWX 910-595-1764

MICRODATA SALES OFFICES: Boston, 617/862-1862; New York, 201/224-9550; Detroit, 313/649-1650; Chicago, 312/948-9440; Dallas, 214/239-8186; Los Angeles, 714/540-6730; San Francisco, 415/786-1155
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Introducing the
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Never again

will any of our customers have to
design an 1/0 interface.

The editorial.

There’s a lot more to
computerizing than computers.

There, we've said it again.
No doubt we'll keep on saying
it, because besides being a not-
always-so-obvious fact, it says
everything there is to say about
Computer Automation. Who
we are and what we do.

So now that we've said it
again, we're going to prove it again.

The news.

A bigger-than-life cost
breakthrough in I/O interface.

A whole new idea
about how to get in and out
of the machine.

The death of the black
box interface.

It means our customers
will never design and build
another input/output inter-
face. All of a sudden
they can't afford to.

Never? Well, let’s
put it this way— possibly
there are some applica-
tions our Distributed
[/0 System can't handle.
Its just that, from an
OEM standpoint, we
can't imagine what they
might be. Talking with
dolphins, maybe.

The details.

You start out with
an I/0 Distributor. Just
one. That's the half-card
in the foreground of the
facing page.

Then you
custom -
assemble

-TE9LS-EL
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up to eight interfaces (or four
in a smaller version) by adding
special purpose “Intelligent
Cables’ There’s a cable for
general purpose parallel I/0,
another for card readers, line
printers, paper tape, commu-
nications, and so on.

The intriguing part is
that there are basically only two
cables: one for parallel interfaces
and one for serial interfaces.
What makes each unique is the
PicoProcessor™ molded into

each cable. Each
., of these tiny com-
. puters is micro-
programmed
to perform a
particular inter-
face function.

And'it
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works like a charm. A Distrib-
uted I/0 System can handle any
combination of input or output,
serial or parallel peripherals, all
transferring data directly to or
from memory at the same time.
Even custom user devices, with
special microprogramming.

The bottom line.

There are two things an
OEM has to really worry about:
beating the competition to mar-
ket and making a decent profit
on the project. Time and money.

The Distributed I/O
System saves you both.

Time, because you never
have to lift a finger ever again
to design an 1/O interface. Not
for our NAKED MILLI™ or our
NAKED MINI® or our MEGA-
BYTER™ They're all compatible
with our Distributed 1/O System.

And money,

because there’s no

~way you can design
and build interfaces
or less then we'll sell
em to you.

Here’s the proof.
he cost for an I[/O
Distributor and four

out to less than $200 per
nterface for quantity orders.
' And as you add more inter-
faces, the cost drops even fur-
her. The only thing you have
to design is a purchase order.
There’s a lot more to
computerizing than computers,

but starting now, there’s a lot

less effort involved.

ComputerAutomation
Naked MinieDivision
18651 Von Karman, Irvine, CA 92664
(714) 833-8830

CIRCLE 25 ON INQUIRY CARD

NAKED MINI is a registered trademark of Computer Automation, Inc.



DEVELOPMENTS

A 30-nA beam is focused into a 2.5-
pm spot.

The cathode is operated at —10
kV with the deflector and target at
ground. Full deflection requires +=180
V from the center position of the
beam. Total power dissipation is
about 15 W, with 5 W for the
cathode heater and 10 W dissipated
in a beam-limiting aperature; target
power dissipation is 10—* W. Life ex-
pectancy of the dispenser-type cath-
ode is said to be at least three years.

Deflection-related limitations are
expected to be partially overcome by
using two stages of deflection (Fig.
3). Coarse deflectors first select a
particular channel in an array of
lenses, and fine deflectors provide the
second stage. However, this does in-
troduce problems in making accurate
lens and deflector arrays.

Memory storage in EBAM is non-
volatile under loss of power or when
no accesses are being made. How-
ever, when memory accesses are be-

ELECTRON
SOURCE

COARSE
DEFLECTOR

LENS AND
DEFLECTOR
ARRAY

MEMORY
TARGET

Fig. 3 By using two
stages of deflection, limi-
tations inherent to single
deflection can be over-
come. Accuracy required
in fabricating the lens and
deflector array adds other
problems. However, it is
expected that these can
be overcome
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ing made, the stored information will
be slowly disturbed by repetitive ac-
cesses to adjacent storage locations.
This will require that the memory
be refreshed by algorithm at a rate
of less than 10% of the memory
activity.

The first EBAM product, essentially
the same as the prototype delivered
to Control Data but using a much
thinner electron beam and providing
higher bit density, will be introduced
in mid-1976. It will contain 18 paral-
lel single-channel data tubes, each
with 4.2-megabit capacity (a total
system capacity of 75.6 megabits).
Data organization will be block-ad-
dressable, with selectable block size
between 8 and 512 bits/channel (16
to 1024 bytes for the 18-channel sys-
tem). Access to a block will take 5
to 10 us; system throughput will be
36 megabits/s read, 9 megabits/s
write. Model 8500, to be introduced
in 1977, will also be an 18-tube sys-
tem but will develop 33.6 megabits/
tube for a total system capacity of
600 megabits. Access time will be 2
to 5 ps, and throughput rates will
be 100 and 50 megabits/s read and
write, respectively. The company
foresees extensions of the technology
leading to development of billion-
bit tubes.

For further details, see “Bridging the
Memory Access Gap,” by Dennis E.
Speliotis, in the Proceedings of the 1975
National Computer Conference, pp 501-
508.

Network Processors
Streamline Memory Usage
at Low Cost

An approach to storage management
for multiple processors, developed at
Network Systems Corp, St. Paul,
Minn, is said to enable much more
efficient utilization of large storage
systems at cost savings of 75% or
more. The approach uses a special-
purpose processor and other equip-
ment to monitor the transfer of data
to and from a large array of memory
devices shared by all processors in a
computer network or common to a
multiprocessor system.

Functionally, the special-purpose
processor, called a network control
unit, is a hardware version of the
network control software most con-
ventional computers require to inter-
face with a network. Perhaps it can
be best described in terms of what it
is not. For example, it is not a so-
called “front-end” processor such as
those used in networks to preprocess
input data and monitor communica-
tion lines, and thus to relieve the

large central processor of these chores.
Rather, it is a sort of “back-end”
processor to supervise movement of
data in and out of the central memory
—what company president James E.
Thornton calls a “super input/output
processor.” This task, in some present-
day systems, inefficiently occupies
most of the time of a general-purpose
processor that costs several million
dollars, makes growth difficult, and
is a bottleneck to the flow of data.

Movement of data is becoming
more and more important every day.
For one thing, as a user’s needs in-
crease, he tends to expand his system.
However, economic realities often
make installation of a second machine
more practical than replacing his
present one with a larger machine;
later, when more expansion becomes
necessary, still more machines of
equivalent capability are more
economical than the replacement of
one of them with a large machine,
which would create an unbalanced
system.

Furthering this growth is a develop-
ing demand for systems that store
online data more or less permanently.
Such online data have previously been
present in only a few highly special-
ized applications—notably airline res-
ervation systems and bank stock trans-
fer files. In other systems, data came
in from a remote terminal, remained
only long enough to be processed by
a permanently resident program, and
were sent back to the same or a differ-
ent terminal.

Now, with the advent of applica-
tions such as point-of-sale and elec-
tronic funds transfer systems, online
data promise to be in much wider
use. They will generate much heavier
traffic and place a large burden on the
management of the storage medium;
Thornton predicts an eventual market
of $100 million within five years, for
just the control units—in addition to
the adapters and other equipment that
will be needed. Use of online data
will also call for much larger storage
capacities; already the production of
disc storage units has been growing at
40% per year, and in some large in-
stallations the space between proces-
sors is practically paved with disc
drives—several hundred drives in a
single installation is not unusual. To
back up these systems, mass storage
systems are being developed.

The network control unit is de-
signed to address these problems. A
typical system contains two of the
units, providing dual redundancy and,
consequently, improved reliability for
those systems that must remain on the
air continuously. Speed is achieved,
curiously, by serial transmission of
data over a single cable, using con-
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What’s new in printers? AskCentronics.

just because you need

a faster printer doesn’t

the family.

mean you have to leave

Our speeds are way up. But our prices aren't.

And when you select products from the Centronics
family, you get the extra advantages of proven
reliability, printer compatibility, and
commonality of parts.

Our new Model 104 printer delivers 200 lines
per minute. Which is more full 132-column lines
per minute for the money than any other printer
in our family.

The low price includes a quiet, fully-enclosed
design. Clean, consistent high quality printing.

A choice of over 20 foreign language character sets.
Special character sets. Boldface characters on com-

 mand. Automatic on-off motor control. Exclusive

off-line self-test switch. LSI electronics. Optional
upper/lower case printing. And much, much more.
All this—plus the best warranty in the business.

For reliability proven in tens of thousands of instal-
lations, and for optimum price/performance, look
to Centronics. You'll find the biggest selection of
printers anywhere. With a broad range of computer
interfaces and communications adapters. Plus
features and options available nowhere else.

High-volume production assures prompt delivery.
Service and parts always available through a net-
work of field service offices. Call our nearest office
for full information. Centronics Data Computer
Corp., Hudson, New Hampshire 03051.

Tel: (603) 883-0111.

Eastern Region: Burlington, Mass., (617) 272-8545
Central Region: Kettering, Ohio, (513) 294-0070
Western Region: Santa Ana, Calif., (714) 979-6650
Centronics Data Computer (Canada) Ltd.:
Mississauga, Ont. (416) 625-0770

Centronics of Puerto Rico, Inc.: Dorado, P.R.,
(809) 796-1881

Centronics International Corp.: Brussels, Belgium
02-762-3572

CENTRONICS

CENTRONICS /the largest and fastest-growing family of medium-speed printers
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MEET OUR
YOUNG GIANT.

MAX 1. HE KEEPS GROWING STRONGER.

. We delivered our first MAX Ill operating system in Task execution can be changed by the operator, or
1971. It was the birth of a new state of the art in by other tasks, interrupts and timers. Unlike most
systems, new compilations are not needed to change

minicomputer software. ;
Since then, while other companies have been task execution parameters.

! laboring to produce their first real-time When it comes to programming, you can use the
multiprogramming software, ours has just been language best suited to the job. FORTRAN. Macro
getting better. assembler. Or a mixture of both. With individual task

Today’'s MAX lIl, in combination with our protection to give you fullest security for all your

MODCOMP Il hardware, is just about unbeatable for ~Programs. : |
demanding real-time operations. Heavy software is only one side of'the coin,

Unbeatable in performance. Unbeatable in price. however. Because none of it does a thing for you
Hundreds of MODCOMP |1/ MAX Il systems without the MODCOMP |l hardware to make it all

have already proved themselves. Working in every happen.

conceivable kind of industrial and scientific With up to 64K words of directly addressable

measurement and control application. memory, MODCOMP Il gives you a lot more clout

Consider a few highlights. than most minicomputers that only let you address

In MAX 1ll, 256 execution priority levels 32K 16-bit words at a time.
give you more flexibility than you're ever Four simultaneous access paths to memory allow

likely to need. For everything from non-cycle stealing 1/0. Or may be used for .
highest priority foreground to multiprocessor configurations. Wlt_h all four ports in

deferrable background tasks operation, memory bandwidth is five megawords a
] - second.

Fifteen general purpose registers and overlapped
memory enable MODCOMP Il to consistently
outperform machines that offer only a handful of
registers, with a cache memory that is supposed to
solve all your problems. But often doesn't.

MODCOMP 11/ MAX Ill is fully upward
compatible with all other MODCOMP computers,
including the 32-bit MODCOMP IV. So you can add
on at any time as your needs grow. Even expand into
a multiprocessor network system, without
reprogramming.

But, like we said. These are merely highlights.

For detailed specs, and benchmark data that
shows how MODCOMP I/ MAX Il stacks up against
the best anyone else has to offer, write us.

After all, we're very proud of our young giant.
He's already conquered a good part of the world. He's
out to beat the rest.

Modular Computer Systems, 1650 West McNab Road,
Ft. Lauderdale, FL 33309. Phone (305) 974-1380
European Headquarters: 103 Mytchett Road
Mytchett, Surrey, England. Phone (0252) 514251

MODGOMP*

SOLVING PROBLEMS WITH COMPUTERS.

MODCOMP SALES OFFICES: ALBUQUERQUE, NM/ATLANTA, GA/BOSTON MA /CHICAGO, IL/CINCINNATI, OH/DALLAS, TX/DENVER, CO/DETROIT. MI/HOUSTON, TX HUNTSVILLE
AL/INDIANAPOLIS, IN/KANSAS CITY, KS/LOS ANGELES. CA/MINNEAPOLIS MN/MONTREAL CN/NEW YORK, NY./ORLANDO, FL/PHILADELPHIA, PA/ROCHESTER, NY/SAN JOSE
CA/SEATTLE, WA/TORONTO, CN/WASHINGTON, DC  INTERNATIONAL OFFICES OR REPRESENTATIVES IN ENGLAND /FRANCE/ BELGIUM/WEST GERMANY /NORWAY / JAPAN
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DEVELOPMENTS

_) ADAPTERS

NETWORK

[] ADAPTERS

-—-© € U O-L1
. ; TERMINALS PRINTERS CARD J
- DISCS,DRUMS MACHINES  MODEMS
ARRAYS .
“ J 4

STORAGE DEVICES ACCESS DEVICES

Data transfer manager. When a computer network or multiprocessor
communicates with its common storage through a’single serial cable
monitored by a network control unit—a special-purpose computer—per-
formance is enhanced and cost reduced by as much as a factor of 5.
Prospective growth of online data storage calls for this kind of storage

management

ventional high frequency communica-
tion techniques. Adapters perform
parallel-to-serial conversion and the
reverse, and modulate and demodu-
late the serial waveform at the inter-
faces between processor, storage unit,
and cable. These techniques permit
the cable to be up to 1000 feet long,
not the 75 feet of conventional paral-
lel cables; and the cable has a simple
connector on each end. (A similar
approach has been used elsewhere,
notably by Collins Radio Co—now
part of Rockwell International Corp—
on its C-System, developed several
years ago.) Over this cable data are
transmitted at 800 megabits/s—ex-
ceeding even with serial transmission
the performance of conventional
parallel transmission. The system de-
signed around the network control
unit costs about $800,000, and, ac-
cording to the manufacturer, surpasses
the performance of an IBM 370/168,
which sells for about $4 million.

Internally the network control unit
consists of several printed circuit
cards that control bus interconnec-
tions, a series of local processors, up
to 131,000 bytes of memory made
with  100-ns semiconductor tech-
nology, and switches to permit option-
al configurations to be set up. First
installations are planned for the sum-
mer of 1976.

High Density 16K CCD
Has Applications in Fast
Solid-State Memories

Comparable in size to high density
4-kilobit RAMs, a 16-kilobit, 2-level,
polysilicon-gate, n-channel charge-
coupled-device (CCD) developed by
Bell-Northern Research Ltd (BNR),
Ottawa, Ontario, Canada is claimed
to be considerably smaller than
other CCD memory chips of equal
capacity. Applications for the 137- x
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167-mil device, called the CC16M1,
are expected in fast-access solid-state
memories that will be competitive
with today’s head-per-track rotating
disc systems. It is said to also be
a possible lower cost, higher density
replacement part for existing shift
registers.

The device requires only two ex-
ternal clocks, each driving 60 pF
at one-half the data rate. Organiza-
tion is quad 4K, with each 4K block
functioning as a single shift register
at a 1- to 10-MHz data rate. Op-

A quad 4K configuration is
used in the Bell-Northern
Research Ltd 16K CCD
serial shift register. Spe-
cially designed sense am-
plifiers—one at the output
of each 2K array—detect
extremely small amounts of
charge at high speed, per-
mitting small chip size and
high data rate

erating power dissipation at the 10-
MHz data rate is <20 «W/bit; stand-
by or idle power is 4 uW/bit. In-
puts and outputs are TTL compatible.

Each 4K section uses two levels
of multiplexing to reduce the rate
at which the bulk of the data on
chip are shifted. The incoming data
stream is split between two equiva-
lent 2K arrays, and then data within
each array are further multiplexed
by a serial-parallel-serial structure.
By reducing the total number of
transfers for each data-bit, power
dissipation is reduced and internal
noise margins are widened.

Packaging is 16-pin DIL with 14
active pins to permit use with stan-
dard TTL on a PC board with com-
mon busing of ground and 5-V power
lines. Timing and voltage levels for
inputs and outputs allow serial
coupling between 4K sections if de-
sired.

In the near future, BNR, the re-
search and development house of
Bell Canada and Northern Electric,
will announce a second version having
on-chip recirculation with write/re-
circulation and chip-select inputs.
Other possibilities include serially
organized 16K x 1-bit and byte-or-
ganized 2K x 8-bit configurations. [J
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Data General announces
. the one thing that may have kept you
- from communicating with us.

For years, Data General has been the
company people have cometo for basic
communications networks. Because
we've always made our computers,
peripherals and software completely
compatible with each other.

Now you can cometo Data General
if you want to build big, complex
networks.

Because now we have the com-
munications controller boardyousee
here. The DCU/50 (Data Control Unit).

The DCUis designedto work in
terminal, switcher, concentrator and
front end systems. Ittakes care of line
control and all the character processing.
Which leaves the computer freeto

support communications message

| processing.

The DCU is programmable and

driven by our real-time operating

“systems. So you can define your
_own protocols.
2% Or you can use our
8 Data General teletypewriter
and BISYNC protocols. And

you can mix your protocols andline

” types any way you want.

Together with our highdensity 16,
8,and 2 line synchronous and asyn-
chronous multiplexers, the DCU gives
you direct memory access for ex-
tremely high throughput, with minimal
systems overhead.

And when youneed more speed
and morelines, you won't have to throw
out anything. You canadd onto what
youalready have.

For example, you can start off in-
terfacing our multiplexers directly to
the computer. Andlater on, plugin
the DCU.

Which means no matter how big or
small you want your network toend up,
you can start off communicating with

Data General.

DataGeneral

Data General, Route 9, Southboro, Mass. 01772 (617) 485-9100. Data General (Canada) Ltd., Ontario,
Data General Europe, 15 Rue Le Sueur, Paris 75116, France. Data General Australia, Melboune (03) 82-1 361/Sydney (02) 908-1366.
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Nobodyhas an easier to
apply line of no-strip,
no-solder, round-
conductor

flat-cable
connectors

than AMP.

Quick, easy terminating. The new AMP
shuttle-tool is designed for reliable and re-
peatable production. Loading is easy. The
operator simply pulls out the shuttle to load
the cable and housing, and then pushes the
shuttle in, to terminate. Alignment is auto-
matic and positive. Pneumatic tooling is
also available.




AMP Latch connectors terminate 10 through 60
leads on multi-conductor flat cable. Simultaneously.
They mate with two rows of .025 posts on .100-
inch centers. Our 14- and 16-position AMP Latch
connectors mate with standard DIP sockets. There’s
also a family of edge connectors in the line.

Fail-safe. Dual camming and latching ears on the
unique AMP Latch folding contacts provide a
four-point electrical contact and mechanical grip
for each conductor—not just two points—to
provide true redundancy. You can inspect the
termination itself before the cover is applied.

After termination, inspection ports in the connector
cover allow visual checkout of each fork-type
contact for proper locking and latching. The
latching of individual contacts prevents bowing or
parting of the covers. The connectors can also be
probed under electrical load via the inspection
ports. To insure integrity, the cover also locks

to both ends of the connector housing with
auxiliary latches.

Connects three ways. With AMP Latch, you can
interconnect to pc board spring sockets, directly

to the board itself, or to DIP sockets—anywhere
you want to interface on high-density, .100-inch
patterns.

Ask your AMP representative for an in-plant
demonstration. Or write for AMP Latch connector
literature. AMP Incorporated, Harrisburg, Pa. 17105.

AMRP is a trademark of AMP Incorporated.

AMP

INCORPORATED
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Turbine-Generator Power Systems Operate Under Direct Digital Control

Power generation capacity at one of Pennsylvania
Light & Power Co’s stations will soon be drastically
increased by two turbine-generator systems that will
be direct-digitally controlled. The two units, each
with 800-MW capability, will bring the Martins Creek
facility to a capacity of over 1900 MW.

Design philosophy development for the two addi-
tional units began in 1970, at a time when federal,
state, and local environmental standards were not yet
fully defined. Intensive investigation of labor condi-
tions, equipment availability, and costs of acceptable
type fuel resulted in the decision that the primary
fuel should be oil and that the system be able to
burn either crude or residual.

Currently the system is in startup operation status.
Commercial operation will begin after thorough shake-
down testing of both power generation and control
equipment.

Control System

Direct digital control of the two units is maintained
on the turbine and boiler; non-DDC activities include

data acquisition, monitoring, storage and retrieval, op-
erator guidance for startup and shutdown, and com-
munications with the power control center via a data
link. DDC loops involve turbine, combustion, feed-
water, furnace pressure, superheat and reheat tem-
peratures, burner load programming, and eight second-
ary functions. The non-DDC functions are scanning of
plant inputs, alarming, logging, real-time data process-
ing, storing historical data, and displaying information.

Central processor for the system is a Xerox Corp
Sigma 3 computer, backed by 64 thousand words of
core and 2 million words of auxiliary disc memory.
An external input/output processor (EIOP) shares core
memory with the CPU through a dual port arrange-
ment such that I/O processing can proceed without
interruption (Fig. 1).

Peripherals functioning with the CPU 1/0 for each
unit consist of five trend recorders (four for the op-
erators, one for the engineer), three operator’s com-
munications panels, two utility line printers, and a
formal logging line printer. In addition, two peripherals
are shared by the CPU I/0s of both units: engineer’s

Ry
SAKWORD LI EXTERNAL 1/0 PROCESSOR (EIOP) ]
MEMORY
TREND ALARM UTILITY | | [OPERATOR'S| | [ENGINEER
CRT CRT ﬁ CRT
PAPER TAPE
TTY , O IMAGN TIC| [2000K-WORD
Foy e Thre <] (RO
OPERATOR'S
ANAL RECORDERS
INPUTS
144DDC
[;OPERATOR'S
PANELS
oA
IN
[, UTILITY
PRINTERS
cpu
i 10
PUTS
QUTRITS PRINTER
ENGINEER'S
NAlos RECORDES
QUTPUTS
11 00C
ENGINEER'S SHARED WITH
PANEL SECOND SYSTEM
POWER
CONTROL
DATA LINK ENGINEER'S
LINE PRINTER
BUFFER

Fig. 1 Computer system for DDC
of boiler and turbine, CPU 1/0 and
EIOP share the main memory
through a dual port arrangement
that permits 1/0 processing without
interruption. Eight primary—such
as turbine, combustion, and super-
heat—and eight secondary—in-
cluding lubricating oil and cooling
water temperatures—DDC loops
communicate with the computer
via the CPU 1/0. In addition, the
computer maintains non-DDC func-
tions such as data acquisition,
monitoring, and operator guidance
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For a demonstration, circle 30 on Inquiry Card.
For more information, circle 31 on Inquiry Card.




DIGITAL CONTROL AND
AUTOMATION SYSTEMS

communications panel and engineer’s utility line print-
er. The EIOP for each unit, in addition to the disc
memory, ties to five CRTs (one of which can be
shared with the other unit), programmer’s teletype-
writer, high speed paper-tape reader and punch, and
800-bit/in., 9-track magnetic tape unit for historical
data storage and retrieval. The CRTs display alarm
messages, guide the operator, and permit operator/
engineer communication with the system.

Combustion control for sliding pressure operation
of turbine and boiler is closed loop, as shown in Fig.
2. Target load setter and desired rate of change can
be adjusted by either operator or computer. On com-
puter control, the target load setter is set to meet
power control center generation requirements trans-
mitted over the data link to the computer. The rate
of change limit is operator set, but can be reduced
by the computer if an excessive rate of change occurs
in boiler or turbine temperatures.

Throttle pressure setpoint is developed by the com-
puter from analog values of generation setpoint, ac-

POWER CONTROL
CENTER GENERATION
REQUIREMENT

BOILER
LIMITS
TURBINE

LIMITS

DESIRED
FIRING RATE
DEMAND

AUXILIARY
IN SERVICE

Fig. 2 Combustion control system. Setpoints are de-
veloped by the computer from analog measurements
made at the turbine. These setpoints together with
feedforward demand signals set up demand signals.
Limit and runback actions are provided to balance in-
puts if one is unable to respond
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tual generation, frequency bias, and turbine valve
position provided by the turbine governor. Turbine
valve response to generation requirements is transient,
but the valves are reset to a nominal 95% open position
over the load range by manipulation of the pressure
setpoint.

The pressure controller develops firing rate demand
from the pressure setpoint and a feedforward demand
signal (computed by multiplying steam flow by the
ratio of pressure setpoint to actual throttle pressure) .
Limit and runback actions balance boiler inputs if one
input is limited or unable to respond.

Conventional constant pressure mode of operation
can also be maintained if desired. In addition, a base
input mode of control can be used in which the firing
rate is set by the operator (no automatic control of
generation or throttle pressure).

Combustion is maintained by control of fuel and
air. Fuel flow control consists of high and low range
oil flow control valves with corresponding flow meters
on each furnace half. At the point of transfer, the
two flow measurements are identical, assuring a smooth
transfer between meters. Air flow and furnace pres-
sure are controlled by adjusting fan blade pitch.

Feedwater flow control is made up of high and low
range valves and meters for the pumps. Both single-
and 3-element drum level control, with automatic
transfer between the two at a proper load level, are
provided.

Four valves are regulated by the superheat con-
trol system. Each valve is controlled in a cascade
arrangement such that a controller operating from
final outlet temperature establishes the setpoint for a
desuperheater outlet temperature controller which regu-
lates the desuperheating valves. Reheat is controlled
by tilting burners in each furnace half, supplemented
by gas recirculation.

Burner load is controlled by computer signals that
start or stop elevation of burners to keep fuel oil
pressure within limits. Starting the first elevation in
service or taking the last out of service can be ac-
complished only by the operator.

Secondary loop control functions include tempera-
tures of generator stator coolant, main turbine and
boiler feedback lubricating oils, air heater cold end,
and closed cycle cooling water. Redundant transmit-
ters are provided for critical variables. If two trans-
mitters measuring the same variable show an excessive
difference, the computer uses a designated “umpire”
to determine the correct input value.

Software

Four basic software modules—controller, software out-
put, end element, and participating—are used for con-
trol (Fig. 3). Each module is made up of a common
program and an individual data stack to customize the
module for a particular application.

Information such as identification, controlled vari-
able name and value, setpoint, constraints, tuning
parameters, address and value of feedforward signal,
output values, and other required operational data are
contained in the data stacks. Required data on loop
status are continuously fed to the stacks by a computer
input scanning and data processing routine.

(Continued on p 54)
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NEW!
APL/ASCII

The Elite 1520A
Video Terminal.

New from Datamedia.

Conversational. The Elite 1520A speaks your application language,
and is ideal for interactive programming, data entry, information retrieval
and simply anyplace the need for data communication is important.

Expandable. The Elite 1520A offers the standard 64-character ASCII
set displaying 1920 alphanumeric characters in a 24-line/80-character
format, and is optionally expandable to a 128-character set, including upper
and lower case. And now, APL/ASCII switch-selectable capability.

Separable. This newest video terminal from Datamedia is a stand-alone
unit, with the display and keyboard separated for greater applications
flexibility.

Compatible. It's plug-compatible with Teletypewriter* Models 33
and 35, either via a standard RS232C or an optional 20/60mA current loop
interface. Data rates from 50 to 9,600 bps may be accommodated.

Economical. No matter which performance yardstick or competitive
unit you stack it up against, the Elite 1520A’s $1555 price ($1655 with upper
and lower case option) in quantities of 1 to 9 (20% lower in quantities

of 100) is tough to beat.

Reliable. our practical design approach is the answer, and our list of
users worldwide of other proven Elite video terminals can tell you what
reliability is all about in a CRT. Or we can tell you.

Available. The Elite 1520A is not one of those announced-today,
promised-tomorrow, delivered-someday products. It's here. It’s available.

Phenomenal.

Datamedia
Corporation

7300 N. Crescent Boulevard
Pennsauken, New Jersey 08110
TEL: 609-665-2382

TWX: 710-892-1693

138 Duvall Lane
Gaithersburg, Md. 20762
301/948/1670

5456 McConnell Avenue
Suite 150

Los Angeles, Calif. 90066
213/397/3556

* Teletypewriter is a registered trade name of Teletype Corporation, Skokie, llinois
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

SOFTWARE
-1 OUTPUT L—aTO OTHER
[~ TLMODULE | MODULES
1
|
|

SOFTWARE

POSITION

MANUAL POSITION

HARDWIRED
INTERLOCKS

Fig. 3 Typical DDC loop. Hard-
ware elements are shown below
dash line and software modules
are above. Each of the four soft-
ware modules is made up of a
common program and an indi-
vidual data stack that customizes
D that module to a particular ap-
RIECTIVE plication. Data stacks contain
pertinent data such as con-
straints, tuning parameters, and
value of feedforward signal re-
quired for operation of the loop

A typical program for combustion control (illus-
trated in Fig. 2) consists of controller modules for
throttle pressure, flue gas oxygen, fuel flow, and air
flow. These are coordinated by calculations which de-
velop setpoints and feedforward signals for the con-
trollers. Data calculated by the programs are passed
to the data stack of the associated controller.

Determination of flow setpoints for fuel and air
flows proceed serially from a calculation of pressure
setpoint and feedforward demand that is passed to the
pressure controller which then produces a desired firing
rate demand. This demand is the setpoint for the fuel
flow controller and, after correction by the O, con-
troller output, the setpoint for the air flow controller.

Summary

A major advantage of DDC over analog systems is
the potential for improved operator/engineer communi-
cation with the control system. The Martins Creek
installation uses CRT displays to input setpoint changes
and calibration and tuning adjustments as well as for
troubleshooting. Displays are provided for controller,
software, and end-element module data stacks.

Circle 160 on Inquiry Card

Ilustrations and much of the information in this article are ex-
tracted, by permission, from “DDC Comes of Age at Martins
Creek,” by J. H. Daniels and F. T. Sandt, published in the 1974
Proceedings of the Seventeenth International ISA Power Instru-
mentation Symposium. © Instrument Society of America 1974.

DC&AS BRIEFS

DCC Measuring Machine

Double the productivity of previous automated coor-
dinate measuring machines is claimed for a direct
computer-controlled (DCC) unit developed by The
Bendix Corp’s Automation and Measurement Div in
Dayton, Ohio. Latest model in the company’s Cordax
family, the DCC machine uses a measurement drive
and computer system to provide fully automatic inspec-
tion in three dimensions as well as model tracing,
NC tape generation, and mathematical analysis.

In use, the operator simply mounts the part to be
measured on the machine and presses a button. A
servo drive system moves the gage probe through three

54

axes of motion (X-Y-Z) at a speed of 5 in./s. Probe
movement can be either continuous for such items as
on-the-fly measurement of contours, or intermittent for
discrete measurements of hole and edge locations,
diameters, or other geometrical relationships.

Measurements, to 0.0001”” in each axis, are read
out on a programmable digital display which also
shows computed values of program variables. All data
are recorded in hard copy on a high speed printer.
A  hand-held programmable control box enables
complete remote system operation at the measuring
site rather than forcing the operator to go to the com-
puter in the display cabinet each time a control change
is required.
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Save
Money

on 32K NMOS memory for NOVA 1200 & D16

Sure you can buy your mini- of any kind needed. And you Get all the details on our money
computer memory from the can have error checking and saving minicomputer add-in
minicomputer company. Lots of correction as an option —some- memories from your local EMM
people do. And they pay a thing not even the minicomputer office today. Or write us at
premium for the privilege. companies can offer you. the address below.

But if you want to save money

on memory, buy it from the
memory company ... EMM.
You’ll not only save money —
you’ll get the latest developments
in memory technology — even
before the minicomputer
companies get them.

Take this 32K NMOS memory for
example. You can plug it right
in to your NOVA 1200 or D-116
minicomputers; no modifications

E m m ELECTRONIC
MEMORIES
COMMERCIAL MEMORY PRODUCTS

A Division of Electronic Memories & Magnetics Corp.
12621 Chadron Ave., Hawthorne, Calif. 90250

EMM OFFICES: WESTERN REGION, Regional Office, San Francisco (408) 247-9711, Los Angeles Area (213) 644-9881, Orange County Area (714) 639-5811,
Minneapolis Area (612) 941-2404, Phoenix Area (602) 968-2492, Dallas Area (214) 231-7207, EASTERN REGION, Regional Office, Boston (617) 861-9650, Chicago
Area (312) 297-7090, Washington, D.C. Area (703) 941-2100, New York Area (516) 423-5800, Akron Area (216) 867-5435, INTERNATIONAL OFFICES, European
Headquarters, Beigium (031) 76.69.75, United Kingdom (01) 751-1213, West Germany (089) 714.30.40.

REPRESENTATIVES: Gentry Associates; Orlando (305) 894-4401, Huntsville (205) 534-9771, Burlington, N.C. (919) 227-3639. In Canada: Megatronix, Ltd.;
Toronto (416) 742-8015, Montreal (514) 488-0404, Ottawa (613) 729-4004, Burnaby (604) 526-3312. In Japan, Nissho Electronics (03) 542-2351,
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How to go faster

than M

New

TTL Macrologic.

Fairchild’s latest 9400
Series Macrologic is a new
kind of high-speed, low-cost
approach to computer and
peripheral system design.

Macrologic.The
ractical mid-point
tween SSI/MSland

microprocessors.

We're introducing this fam-
ily with seven new advanced
Schottky TTL devices that
offer some very distinct
advantages.

Typical Macrologic com-
plexity ranges from 150 to 250
gates per device.

Typical gate delays are
just 4ns per on-chip gate, and
6ns per output buffer.

And the circuits are pack-
aged in standard 14 and 18-pin
packages—as well as in a slim
new standardized 24-pin unit.

Macrologic vs. SSI/MSI.

Compared with conven-
tional SSI/MSI design, for
example, Macrologic devices
represent a significantly higher
level of integration—up to
250 gates per device..

So fewer parts are
required.

Less power is required.

Design is simpler.

Reliability is greater.
And the system cost is less.
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Macrologic vs.
MOS microprocessors.

Compared with micro-
processors such as Fairchild’s
own two-chip F8, Macrologic
is more complementary than
competitive.

Where economy is the
critical consideration, the
fully-integrated new F8 affords
the most practical solution.

But where speed, perform-
ance and architectural flexi-
bility are required, Macrologic
is the answer.

Most important, Macro-
logic elements can be used
with any bit length, instruction
set or organization—without
performance penalties, loss of
flexibility or the need for
custom development.

TTL Memory

Check these Fairchild
memories which may be used
with Macrologic:

DEVICES AVAILABILITY
TTL ROMs

93406 256 X 4 NOW
93431/93441 512X 4 NOW
93432/93442 512X 8 NOW
93454/93464 1024 X 8 3rd Q
TTL PROMs

94316/93426 256 NOW

X4
93417/93427 256 X 4 3rd Q
93436/93446 512X 4 NOW
93438/93448 512X 8 NOW

TTL RAMs

93410/A 256 X 1 NOW
93411/93421 256 X 1 NOW
93L420/93L421 256 X 1 NOW
93412/93422 256 X 4 3rd Q
93415/93425 1024 X 1 NOW
93L415/93L425 1024 X 1 NOW

MICroprocessors
and easier than SSI/MSI

DEDICATED SUBSYSTEMS

PRESET  SELECT POLYNOMIAL
DATA CWE
INPUT CHECK WORD
—  oUuTPUT
CLOCK

RESET ERROR

8 SELECTABLE POLYNOMIALS
(CRC 16, 12, CCITT, LRC 8.etc})
PRESET AND CLEAR INPUTS
AUTOMATIC RIGHT JUSTIFICATION
\ GUARANTEED 12 MHz DATA RATE

The 9401 Cyclic Redundancy Check Generator/
Checker is an advanced tool for implementing the
most widely used error-detection scheme in serial
digital data handling systems. A 3-bit control input
selects eight different generator polynomials,
including CRC-16 and CRC-CCITT, as well as their
reciprocals (reverse polynomials). Separate Clear
and Preset inputs are provided

PARALLEL IN

SERIAL IN | OPALLELIN

HANDSHAKE RANDSHAKE
HANDSHAKE Jeusaied 1 stack |- RANDSHA
"""""""" SERIAL
out

20MHz DATA RATE

TOTALLY ASYNCHRONOUS AND INDEPENDENT
INPUTS AND QUTPUTS

EXPANDABLE IN BOTH DIMENSIONS WITHOUT

EXTRA LOGIC AND WITHOUT LOSING ANY
FEATURES

The 9403 FIFO Buffer Memory is a high-speed
expandable fall-through type with totally independ-
ent and asynchronous inputs and outputs. Orga-
nized as a 4-bit wide by 16-word deep '‘bubble
stack,”’ it has four bits parallel and bit-serial data
inputs and outputs. Complete ‘“handshake'' control
signals are provided for unambiguous operation

in asynchronous systems. It is intended for disk
and high-speed communications applications with
data rates of up to 20 MHz.
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FUNCTIONAL BUILDING BLOCKS

-t
+ 5
= _ADDRESS
> - ‘é}
2
Jf T
'Fu:.’t, EMPTY [ TA A .
o | OAIA  ADDEESS BLS 16-WORDS BY 4-BIT RAM W
, pusH oan  EDGE-TRIGGERED OUTPUT REGISTER
4 INSTR&IGT&QNS 8 R _ OUTPUT REGISTER RETAINS OLD DATA
LOAD (BRA .
» L tFéTcﬁl . WHILE NEW DATA IS WRITTEN INTO RAM
The 9404 Data Path Switch (DPS) is a very fast The 9406 16-word by 4-bit ‘‘Push Down-Pop Up”’ The 9410 64-bit Read/Write Memory is a register-
_ combinatorial array for closing data path loops Program Stack stores program counter and return oriented high-speed device organized as 16 words
™ around arithmetic logic networks (like the 9405 addresses for nested subroutines in programmable by four bits. An edge-triggered 4-bit output register
ALRS). A 5-bit instruction word selects one of the digital systems. It executes four instructions — allows new input data to be written while previous
5 32 instructions operating on two sets of 4-bit data Return, Branch, Call, and Fetch as specified by a data is held. Three-state outputs are provided for
inputs. Four linkage lines are available for expan- 2-bit instruction. The 9406 may be expanded to any maximum versatility. The 9410 operates at a
sion in 4-bit increments. The delay is less than word length without additional logic and operates 10 MHz Microinstruction rate.
K 30ns over 16 bits. Samples available August. at a 10 MHz Microinstruction rate over 16 bits.
L4
. Information here.
4 Most devices are avail-
able for sampling immediately.
A . .
. For more detailed infor-
- 8 mation on Macrologic devices,
g write or call your Fairchild
° L
2 Sales Office, Distributor or
< Representative today.
. KR TRt Semiconductor Components
i Group, Fairchild Camera
e o .
DATABUS  ADDRESS BUS (X-BUS) & Instrument Corp_,
» ' : 464 Ellis St., Mountain View,
The 9405 Arithmetic Logic Register Stack contains The 9407 Data Access Register (DAR) performs CA 94042. Tel: (415) 962-3333.
" a 4-bit arithmetic logic unit (ALU), an 8-word by memory address arithmetic for RAM resident stack
4-bit RAM, an edge-triggered output register, and applications. It contains three 4-bit registers — TWX: 910_379_6435
associated control logic. The ALU implements eight program counter, stack pointer and operand b o
° different arithmetic or logic functions where one of address — a 4-bit adder, a 3-state address output
the two 4-bit operands is supplied from the input buffer and a separate output register with 3-state
data bus and the other is supplied from one of the buffers. The DAR performs 16 instructions, and
> eight registers selected by the Address inputs. The operates at a 10 MHz Microinstruction rate.
result ol the operation is loaded back into the same Samples available August.
< register and is also loaded into the edge-triggered
output register and becomes available on the
3-state output data bus. The 9405 operates at a
10 MHz microinstruction rate over 16 bits.
&
No.] for logic and
P I Ioglt and memory.
o
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Practical Automation Doing

With Digital Printers?

+, AAL22456789

Everything
New!

When we designed our new miniature Matri-Dot
Series of alphanumeric digital printers, we
dedicated them to you and your customers.
Matri- Dot printers represent a significant
breakthrough in design, performance, and price.

Built like a Practical Automation
Printer means . ..

1. Smallest Size ... only 3%2"W x 3"H x 9D
. Lowest Price ... $140 in 100 unit quantity

Full Alphanumerics . .. a complete
63 character set
Ribbonless Printing . . . unique inked
platen lasts for 75,000 lines
. Standard Interfaces . . . RS232C and others

18 Columns . . . 110 character per second
print rate

Six sound reasons to take the next important
step . . . ask for a demonstration and become
convinced!

PRACTICAL
AUTOMATION,
INC.

Trap Falls Road s Shelton, Connecticut 06484
Tel: (203) 929-5381
CIRCLE 35 ON INQUIRY CARD

DC&AS BRIEFS

Digital Watch IC Tester

A computerized tester used by American Microsystems,
Inc of Santa Clara, Calif to check electronic watch
ICs reduces test time by a factor of 18. More than
180 tests involving about 5400 measurements are exe-
cuted in 4 s; the same tests performed manually
would require about 72 s.

Originally developed by Watkins-Johnson, Palo
Alto, Calif to test military reconnaissance system com-
ponents, the automatic digital assembly test equipment
(ADATE) is built around a 620L minicomputer made by
Varian Data Machines, also of Palo Alto. Testing is
performed twice on each IC—once just after it is
bonded to the circuit board and again when other
circuit components have been added. The tester can
be programmed to accommodate each of seven different
watch types.

The first check determines if the oscillating circuit
containing the quartz crystal can perform within an
allowable frequency range near 32 kHz. Then the
tester determines if the decoding circuits which con-
vert the raw frequency into minutes, hours, and seconds
are operating and whether the drivers which link the
decoders to the digital display are functioning. The
tester also measures the current drawn to light the
liquid crystal or light-emitting diode displays to be
certain it is within limits, and will not prematurely
run the battery down.

Wire Bonder Control System

Increased productivity and improved uniformity of semi-
conductor packaging plus lower cost are claimed to
result from combining the L101 automated wire bonder
control system, made by General Automation, Inc,
Anaheim, Calif, with commercially available bonders.
The system can provide as much as a 270% increase
in throughput over manual ultrasonic ball bonding
methods, producing more than 2500 wires/hr at a cost
of 0.7 to 0.8 cent/wire, compared to 700 to 900 wires/hr
at 1 to 1.3 cents/wire possible on manual machines
(using typical labor rates for Mexico and the U.S.).

Resolution of 0.000125 in. with positioning repeat-
ability of 0.000062 in. are attained. Cycle rates exclud-
ing bonding time are 10,000 points/hr; burst rates
including bonding time are about 3500 wires/hr. Long-
term average production rates, including operator setup
and parts insertion, removal, and replacement, are
about 2500 wires/hr. The system electronically corrects
for both die and substrate placement inaccuracies,
accommodating X- and Y-axis translation errors up to
*1 in. and rotational errors on any center point up
to =89 deg.

To set up and program or to change an existing rou-
tine, the operator steps through the correct positions
for the bonding head by moving the X-Y table with
a joystick. To check his work he allows the unit to
step through the bonding cycle automatically. De-
pressing a button then initiates continuous operation. [J
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The price match

to the

MiCroprocessor.

A NEW PAPER TAPE PERFORATOR/READER COMBINATION!

The lower cost of processing with mi-
cros and minis means paper tape still
makes dollars and sense.

The micro cost perf/reader combo

Punch ... read ... duplicate . . .
complete /O capability in one pack-
age. A plug-in interface to your proces-
sor. Integral tape supply and take-up.
Designed for fan-fold or roll tape.
Everything fits within a compact
104" x 19" panel. Completely emulates
other perforator/reader combos.
Only $1360

$1360 in quantity of one. Healthy

OEM discounts! A little price tag, but
big performance.

The tape perforator operates
asynchronously up to 30 characters
per second. The tape reader photoelec-
trically reads up to 150 characters per
second asynchronously and at 300
characters per second slew.

Tape handling is designed for
optimum performance and operator
accessibility. The punch and reader are

TALLY

has something new

CIRCLE 36 ON INQUIRY CARD

easy to load and unload. Fan-fold orroll
tape. The chad box, controls, every-
thing is conveniently out front. The unit
can be rack or cabinet mounted.

The dollar difference
With the processor swing to low-
cost data management, Tally has the
product with the matching price tag.
There’s just about a thousand dollar bill
difference before the next alternative.
We invite your inquiry.
Tally Corporation, 8301 S. 180th St,,
Kent, Washington 98031.
Phone (206) 251-6771.
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LINES PER MINUTE
AT 300 LPM PRICES.

TALLY HAS IT!

The Tally MOdel 4400 is probably OEM priced under the 300 line per minute printer you now
buy. And in the bargam, you get Tally’s renowned reliability. Here’s a big new line printer that stays
free of downtime without preventative maintenance, without adjustment of any kind.

The Model 4400 has all the data processing functions your user needs for efficient print runs.
132 columns. Handles 6 part forms up to 19 inches wide. A choice of a2, 8 or 12 channel VFU. 20
inches per second slew. 6 or 8 lines per inch, switch selectable. Low acoustic noise level. And it has
Tally’s new innovative single reel snap-in ribbon cartridge.

There’s more. Plug-in interfaces aplenty. Easy to service. A full year warranty on the print
mechanism. And of course, Tally’s recognized high fidelity print quality and “straight lines all the
time” registration. Talk to Tally today. Tally Corporation, 8301 So. 180th Street, Kent,
Washington 98031. Phone (206) 251-5645.

has something new




F % 4ir¢ & 7 "V q

%

*

F & > 4 @

L

Operation and features of a 4-kilobit semiconductor memory are
related to how it can be used in the design of a mainframe memory
system for a typical minicomputer. The system contains 16,384
words, each 16 bits long, with the associated electronic circuits that
control the memory and interface it with the computer

Designing Minicomputer
Memory Systems
with 4-Kilobit n-MOS Memories

Dick Brunner

Motorola, Incorporated
Semiconductor Products Division
Phoenix, Arizona

With the advent of advanced design techniques and
the perfecting of n-channel semiconductor processes,
an entire new breed of metal-oxide semiconductor
(MOS) memories has emerged—notably, a series of
4096-word-x-1-bit dynamic memories that overcome
many disadvantages of earlier devices. For example,
Motorola’s MCM6605 requires only one clock pulse
that has no critical overlaps with other signals, while
all its inputs and outputs are compatible with transis-
tor-transistor logic (TTL), and its access time is only
210 ns. High density, low power, and high speed make
it suitable for mainframe memory applications.

The memory’s 4096 storage cells are divided into
four equal quadrants (Fig. 1). The chip also contains
input address latches, row and column decoders, and
controls for data input and output. Three internal
clock signals—g¢1, ¢2, and $3—control reading from or
writing into the storage cells; they are controlled by
the incoming signals, chip enable (CE) and read/write
(R/W).

The ¢1 clock is on whenever CE is low (standby
condition). This phase precharges the memory’s dy-
namic circuitry in preparation for the start of a memory
cycle. When CE rises (at the beginning of every cycle),
it turns off the ¢l precharge and turns on the ¢2
clock. While ¢2 is on, several things happen. First, it
latches the input addresses into buffers that drive the

column decoders. The decoders use the five least sig-
nificant address bits to select two columns of 64 stor-
age cells—one on each side of the chip—and to trans-
fer the 128 stored bits onto individual, precharged
bit sense lines. Meanwhile, the row decoders use the
remaining seven address bits to select one of the 128
bit sense lines. The selected bit, together with a data
control cell, drive an exclusive-NOR, which in turn
drives an output buffer and latch. With this done, the
¢2 clock turns off.

If the R/W line is high, writing is inhibited; the
cycle is terminated as CE falls, allowing ¢l to pre-
charge the memory before the next cycle begins. If
the R/W line is low, when ¢2 goes off, the ¢3 clock
turns on. This clock pulse returns the data on 127 bit
sense lines to the storage array. However, the 128th
line, selected by the row decoder, has been overridden
by an input bit, which replaces the bit stored pre-
viously in the addressed cell. The write cycle is termi-
nated at the end of ¢3; CE returns to its low, or stand-
by, state.

The ¢2-to-$3 sequence of bringing data from the stor-
age cells onto bit sense lines and then putting those
data back into the cells inverts the stored data, polarity
of which is kept track of by a row of data control
cells added to the array. These cells, identical to the

" storage cells and driven by the same column decoders
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that drive the storage cells, are inverted during each
write cycle. By passing both input and output data
through an exclusive-NOR gate with the control cell
tied to the addressed column, the relative polarity of
data in that column is maintained.

As described, the write cycle refreshes 127 cells in
two selected columns while it writes new data into
one cell. Normal write and read cycles both execute
with the chip select (CS) line low (part of the address-
ing process at the memory system level), permitting
data to pass to or from the chip. However, if the CS
signal is high, a write cycle merely refreshes all 128
cells. One such refresh cycle on each of the 32 com-
binations of the five least significant address bits re-
freshes the entire memory; each address combination
must be used at least once every 2 ms.

When memory power is first turned on, the data
control cells may not reach a valid logic level until
after completion of several refresh cycles. This causes
no difficulty, however, since the memory system does
not normally write data immediately. For testing, a
200-ns pulse applied to one pin presets the cells; this
preset pin should be permanently grounded in most
systems.

Memory System

A memory system for a typical minicomputer using
4-kilobit chips can be divided into four sections (Fig.
2) : memory-central processing unit (CPU) interface, re-
fresh control, memory timing control, and the memory
array itself. An interface with a bus-oriented mini-
computer includes addressing logic, line drivers and
receivers, and a memory data register, and requires
38 bus lines—18 address, 16 data, and four control. Two
control signals specify whether a data transfer is to
be a full-word read, full-word write, or a write into
one of the two bytes of a 16-bit word (Table 1);
the other two synchronize the beginning and end of
read and write cycles.

The 18 address lines (Fig. 3), on which the low
level is a binary 1 and the high is 0, point to one
of 262,144 8-bit bytes; but since the computer and
memory are organized around 16-bit words, the least
significant address bit, Ay, indicates one of the two
bytes (bits 0 through 7 or 8 through 15) in a single
word. The next 12 bits, Ay; through A;s, are connected
in parallel to all of the 4-kilobit memory integrated
circuits (ICs) to select one of 4096 words of 16 bits
each. One printed circuit (PC) board carries 64 of these
ICs, which are addressed in four blocks, each with
16 ICs or 4096 words. Physically, the ICs are arranged
in four rows and 16 columns, divided into two groups
of eight columns, each with its own R/W control signal.
This partitioning scheme permits both byte and word
transfer; one row of 16 ICs stores the two bytes of
each word in a block of 4096 words. Address bits Az
and Ay, select one of the four blocks.

Thus one board’s capacity is 16,384 words. With
address bits A5, A, and Ay;, which point to one of
eight of these 16K memory boards, capacity expands to
131,072 words. These last three address bits are de-
coded in a jumper box on each board so that the board
responds to only one of the eight combinations of these
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Chip Details

A typical dynamic random-access memory, such as
the Motorola MCM6605 (photo), stores 4096 individu-
ally accessible bits. This device is fabricated in the
n-channel silicon-gate process, and stores data in
standard 3-transistor cells in order to keep its internal
sense amplifiers simple. Besides fast access time and
low power dissipation, the chip has TTL-compatible
inputs with latching on the address inputs, and 3-
state output with chip-select control to permit easy
memory expansion. It requires one high-voltage clock
and has no critical timing or signal overlaps. Although,
like all dynamic memories, it requires refreshing every
2 ms, its columns are refreshed two at a time so that
only 32 refresh cycles are required.

bits. Its response, properly gated, is a signal called
memory board enable (MBE).

In any bus-oriented computer, the interface between
the bus and memory or any other device requires re-
ceiver and driver circuits that match transmission-line
characteristics of the bus lines. Important features of
receiver circuits include high input impedance, to mini-
mize loading of the line; high noise immunity; and
differential inputs to receivers, to provide either true
or complementary signals. Commercial receivers meeting
these criteria are available with either a 3-state or
open-collector output; a single package typically con-
tains four circuits.

When a differential receiver is used with a single-
ended signal, one input must be connected to a refer-
ence voltage, which, for noise immunity, should be
halfway between the minimum high and maximum low
voltages specified for that signal. A suitable reference
voltage generator (Fig. 4) produces a constant 1.95
V—optimum reference for this system’s minimum high
of 2.5 V and maximum low of 1.4 V—regardless of
line receiver current drain.
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ENABLE o 290 .0 o ¢
R/W

BIT SENSE LINES
(32)
BIT SENSE LINES

PRESET o

DATA IN o
CHIP

SELECT

READ/WRITE An

o DATA

out

Fig. 1 Storage array. The four
quadrants of this 4-kilobit mem-
ory are separated by decoders
for row and column lines. Col-
umn lines are common to quad-
rants on both sides of column
decoder; row decoder picks out
one of 128 bits. Every write or
refresh cycle inverts the state
of all bits in a column; data con-
trol cells at bottom of array keep
track of which state is which

Only the 16 data lines, which have bidirectional
transfer, require special drivers. Data transmission on
this data bus requires open-collector drivers with out-
puts that remain high when not transmitting data, but
that also are capable of sinking 50 mA while the out-

CPU
BUS

ADDRESS

Fig. 2 Memory system. Collection of 4-
kilobit memory chips, such as that in Fig. 1,
requires other circuits to be used in a com-
puter. They may be classified into interface,
timing control, and refresh control




Au}s&ecn OF 4 RQWS

(CHIP SELECT)

ALL LINES TO ALL CHIPS

SELECT ONE_OF
BITS ON EACH C:l??pb

SELECT 1
A00 F 7 ByTES

Fig. 3 Board layout. An 18-bit address locates any one of up to 262,144 8-bit bytes.
Of the 18, the three most significant bits select one of up to eight boards, and the
next two indicate one of four rows of chips on that board. The next 12 address bits
locate individual storage cells on a chip, and are common to all the chips on the
board. Finally, the least significant bit identifies which of the two bytes in the word
addressed by the other 17 bits is the desired one. Photo is one of the eight boards
in a system; besides the 64 memory chips, it also carries control circuits and ad-
dress decoders

put voltage in the low state is less than 0.8 V.
(Ideally, this voltage would be O, but no circuit is

Fig. 4 Reference generator absolutely ideal, and the voltage tends to rise when

A voltage halfway between the the driver is carrying a heavy current.)
specified 1 and 0 levels is a The memory data register—the last section of the
comparison level for single- interface—retains data on the bus after the CPU has

Z:g:? f;%:ia‘::rsf_ee%?g célifcf)zre termix.lated the CE signal but before the system read
tracks variations in the tran- cycle is complete.

sistor's base-emitter voltage
that occur as the temperature

changes, keeping the output Ho
gl Memory Timing Control

xd

27K

CAAA G ——A

The memory control section oversees interaction be-
tween the CPU and memory system during read and
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MEMORY CS \ /

MEMORY CE (CLOCK)

F:Z'IOM MIqu\

Fig. 5(a) Read cycle timing.
Cycle begins with MSYN, 150 ns

after placement of the address
on the bus; MSYN turns on chip

MEMORY CE (CLOCK)

330 ns MIN

MEMORY ADDRESS X VALID ADDRESS / select (CS) and chip enable
(CE). After a 330-ns interval,

MEMORY (R/'W) 7 . \X////7///7/;  during which data are placed

21 <«———————»{ TYPICAL SYSTEM ACCESS=300ns on the bus, SSYN turns on; the

DATA OUT (BUS) N[/ VALID DATA / processor responds by turning
off MSYN

SSYN \ /

TIME (ns) -200 0 2?o 4c|>o aolo 10?0
I

CPU ADDRESS,

DATA AND 777K XTI

CONTROL

MSYN \ /

MEMORY CS M\ e Fig. 5(b) Write cycle tim-

ing. This is identical to the
read cycle, except for data

transfer direction, and quick-

er response to SSYN by the

MEMORY ADDRESS \ VALID ADDRESS / processor, which now is not
required to intersperse a

MEMORY (R/W) T 77777/ /[, strobe between leading edge
of SSYN and trailing edge of
MSYN

SSYN \ /

write cycles. At the start of a read cycle [Fig. 5(a)],
the CPU sends out the desired address, together with
a 0 level on the control line, C;, which tells the
memory system that the ensuing operation is a read
cycle. After waiting 150 ns to allow address deskew-
ing and decoding, the CPU signals the start of the cycle
with a master synchronization (MSYN) signal. When
the signal arrives at the memory timing control circuits,
address, CS, and CE signals are sent to the array. CE
lasts for 330 ns; as the ¢2 clock on the memory chip,
this is 120 ns longer than necessary, but the memory
timing controls are simpler if the same duration is
used for a read cycle as for a write (in which the full
330 ns is required). At the end of that interval, the
memory controller generates a slave synchronization
(SSYN) signal to indicate that data read from the
memories have been placed on the bus. When it re-
ceives SSYN, the CPU strobes the data into its own
register and turns off MSYN, which ends the read cycle.

In a write cycle [Fig. 5(b)], data and address are
placed on the bus, together with control signals (C;
set to 1 indicates a write cycle, while C, indicates a
full-word or 1-byte write; if the latter exists, Ao
indicates which byte). As in the read cycle, a 150-ns

delay is followed by MSYN, causing the control board
to forward the address, data, CS, and CE to the memory
array. At the end of the 330-ns CE pulse, the memory
controller sends SSYN to the CPU, signaling that the
data have been stored. The CPU immediately termi-
nates the write cycle by releasing MSYN.

These sequences show that the timing of both read
and write cycles is very simple, requiring no critical
overlapping of signals; consequently, the memory con-
trol section (Fig. 6) is equally simple. At the start
of any cycle, control lines Cy and C; force the R/W
lines to all chips into the proper state, as the address
arrives on the bus. Later, the MBE signal from the
memory-CPU interface circuitry turns on, gated by the
MSYN line following the address decoding delay. Two
1-of-4 demultiplexers decode address bits A;3 and Ajs.
One demultiplexer, gated by MBE, generates a CS
signal to one block of 16 memory chips. If the memory
board contains fewer than the maximum number of
ICs (as it might in a system combining semiconductor
and core memory, for example), a jumper box trans-
mits a CS only to the populated part of the board,
and prevents an SSYN signal from being generated
if a nonexistent word is mistakenly addressed.
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DRIVER
ADDRESS

MEMORY
CHIP ENABLE

R/W(Dg-D7)

R/W (DB-Dls)

SSYN

REFRESH ENABLE
DELAY

5V

MEMORY
DATA
STROBE

originating at the first demultiplexer

|(120 ns)” REFRESH DISABLE
DELAY

Fig. 6 Memory controls. These are the basic control logic gates for all memory cycles. Two de-
multiplexers decode the address bits that define which memory block is to be read; one is gated
by a signal that acknowledges a board selection, preventing activation of a block on unselected
boards. The other does not require gating at its input, because its output is gated by a signal

SV

In a read cycle, any one of the four CS signals en-
ables the data bus drivers with a signal called trans-
mit, and triggers a one-shot, which generates the CE
signal, 330 ns in duration. To conserve power, CE is
gated by the CE clock address lines (outputs of the
demultiplexer mentioned previously), so that only one
row of memories receives a clock pulse.

On the trailing edge of the CE pulse, when reading,
data are strobed into the memory data register and
a J-K flip-flop is turned on; this generates the SSYN
line to the CPU, which registers the data and responds
to SSYN by turning off MSYN. In a write cycle, the
CPU turns off MSYN immediately upon receipt of SSYN.
Either way, the fall of MSYN in the memory controller
turns off MBE, which then resets the flip-flop, termi-
nating SSYN.

As shown in Fig. 6, the complementary output of
the flip-flop that generates SSYN is called refresh en-
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able delay. This signal, sent to the refresh control
logic, delays the start of a refresh cycle if one is re-
quested during a CPU cycle. The delay insures the
minimum interval between successive CE signals,

In the refresh cycle, a refresh request (generated
periodically) enables the refresh address and disables
the MBE signal. The latter, in turn, disab'es the CS
signal to the memory array and the SSYN signal to
the CPU. However, the refresh request itself generates
the 330-ns CE pulse, which is sent to the entire array
—not gated to particular blocks of ICs, as is the case
with read and write cycles. Its trailing edge triggers
a 120-ns one-shot, called refresh disable delay (RDD),
which prevents a CPU cycle from being requested
during a refresh cycle, and again to insure the minimum
interval between successive CEs.

Refresh request also prevents the five address bits,
Aq: through Ag;, from reaching the memory chips, sub-
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0.022 uF

16kHz

OSCILLATOR

Fig. 7 Refresh controls.

One refresh cycle is taken
every 62.5 us, controlled by

the 16-kHz clock, so that
every column in the mem-

memory  Ory is refreshed at least
ADDRESS ~ once every 2 ms. A refresh

address is substituted for
the CPU address in every
refresh cycle, by the multi-

plexing arrangement shown

stituting for them five other bits that specify which
column is being refreshed.

Refresh Address and
Control

The third section of the system—refresh control—
insures that data are retained, by refreshing the whole
memory once every 2 ms, as noted earlier. This can
be accomplished by having a write cycle performed on
each of the 32 column addresses at least once during
the 2-ms interval. Although refresh could be performed
by a burst of 32-column refreshes at the end of 2 ms
of normal operation, it could seriously interfere with
some CPU functions. A better approach is to steal one
column refresh cycle after about 70 normal read and
write cycles, or once every 62.5 ps, refreshing a dif-
ferent column each time.

The 62.5-us refresh interval is the period of oscilla-
tion of a 16:kHz clock, set to this frequency with an
external capacitor, fixed resistor, and variable resistor
(Fig. 7). On each positive transition of the clock sig-
nal, a logic 1 propagates through the two flip-flops,
the second of which generates the refresh request—
provided, of course, that no memory cycle is in process.
If MBE is on, the first flip-flop stores the clock’s transi-
tion until the cycle ends, at which time the second
flip-flop is set and a refresh request is made. The re-
quest sets a 0, or write, level on the R/W lines to all
memory ICs, and switches the refresh column address

onto the five lines, Ao through Ags replacing the
external address from the CPU. This address gating
requires five 2-input multiplexers, available packaged
as a quad and a single unit, as shown in Fig. 7. The
refresh address is generated with a 5-bit counter
assembled from a quad unit and one-half a dual unit
and incremented by the negative transitions of the 16-
kHz clock. The refresh cycle terminates at the trailing
edge of the RDD pulse, which turns off the refresh
request flip-flop.

Although the address inputs of a particular com-
ponent may have an input capacitance of no more
than 5 pF, their total parallel input capacitance in
the array can exceed 300 pF. Such a high load can-
not be switched quickly by standard TTL gates (due
to insufficient current drive); thus a high speed buffer
to provide the current is required in the address lines.
This fast switching can cause considerable overshoot,
however, which calls for a 10-Q series damping re-
sistor to be inserted in the buffer’s output. The output
voltage of the buffer in the high state is likely to
be higher, even when heavily loaded, than that of
loaded standard TTL gates, thus meeting the memory’s
high-state input voltage minimum.

A quad clock driver (Fig. 8) is necessary for memory
CE input, which must drive 16 chips in the system.
Internal logic in the clock driver selects one of the
four outputs, for a normal memory cycle, or all four
at once, for a refresh cycle. The circuit also has three
enable inputs, with which memory expansion to 65,536
words on one PC board is possible.
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System Performance

In a determination of the system’s performance under
computer program control, access time, measured from

CHANNEL SELECT 1
CLOCK 1

CHANNEL SELECT 2—
CLOCK 2

CHANNEL SELECT 3
CLOCK 3

CHANNEL SELECT 4—
REFRESH ———4

CLOCK 4

ENABLE 1
ENABLE 2
ENABLE 3

Fig. 8 Current driver for 16 chips. Normal logic
block does not produce enough current to switch
so many loads quickly, because of their capaci-
tance; this special circuit provides that current

0

100

Ipp(mA) 50

04

30
Igg (mA)
o.-% v

Fig. 9 Power-line transients. Dynamic mem-
ories in active mode generate large spikes in
their power lines. This calls for adding ca-
pacitive bypasses to the lines to prevent
obliteration of stored data by such spikes
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the rise of MSYN to the rise of SSYN (data arrival
on the bus), was 305 ns; cycle times, from the rise
of MSYN to the fall of SSYN, were 830 ns for read,
730 ns for write. The read cycle is longer because of
cable delay on the bus and because the rise of SSYN
and fall of MSYN at the CPU must be separated by
a register strobe. If the SSYN latch were clocked
with a one-shot having a pulse output narrower than
that of the CE one-shot, it would shorten the write
cycle time (some of which is spent waiting for the
CPU to acknowledge SSYN), because the SSYN would
be sent to the CPU earlier.

Although dynamic memories have essentially zero
power dissipation when in standby mode (CE is logic
0), Vpp and Vg power lines show considerable dy-
namic current transients when the memory is active
(Fig. 9). To insure that this noise does not exceed
0.35 V on the Vpp line, one low-inductance, 0.01-uF
capacitor for every two memory chips is required be-
tween the Vpp line and ground. To maintain a 20-ns
rise time for CE, these bypass capacitors should be
separated by no more than 1.2 in. A similar capacitor
for every four memory devices is required on the Vggp
line, and one for every eight memory chips on the
Voo line (which supplies current only to the output
buffer).

Total system power dissipation (Table 2) was
measured while running worst-case noise-test patterns.
However, certain data transfers—primarily direct mem-
ory access by an I/O device—greatly increase Vpp
power, because they require many active cycles in
sustained rapid succession (as opposed to pauses be-
tween memory cycles that are characteristic of CPU
operation). Maximum active Vpp power dissipation for
this system in direct memory access operation is 4.46
W-—over four times the normal active dissipation. Even
with this worst-case figure, however, power per bit is
extremely favorable compared to that of other memory
systems exhibiting comparable performance. In standby
mode with refresh, average dc power figures taken
from Table 1 show 23.4 W /bit typical for this system.

Summary

The complete design of a minicomputer memory system
around a 4-kilobit n-channel MOS memory has been
examined. Some recently announced semiconductor mem-
ory interface components, incorporated in the design,
reduce package count and enhance system performance.
Because of the high density, high speed, and low power
of these ICs, they should be rapidly and widely ac-
cepted for other mainframe memory system applications.

Dick Brunner is a senior computer ap-
plications engineer at Motorola’s Semi-
conductor Products Div, with responsi-
bility for design and application of
memory systems employing semicon-
ductor memories. He holds a BSEE
degree from the University of Colorado
and an MSEE degree from Arizona
State University.
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GRS New 1 /94-D WAds VEOSIUINLU 10U lCol VUaluos
with both digital and analog circuitry

GR’s new 1792-D was DESIGNED to test boards
with both digital and analog circuitry

GR’s new 1792-D was DESIGNED totest boards
with both digital and analog circuitry

GR’s new 1792-D was DESIGNED to test boards
with both dlgltal and analog cnrcu:try -

. ... weare t ’ 'ng to make an lmportant pomt Most'hy rid-
. board testers have been designed with afterthought — not
forethought. Either they were digital testers with analog capa-
bility added as an afterthought or vice versa. Such tag-along
design doesn’t result in an efficient and cost-effective test
- system. The 1792-D, on the other hand, was conceived with , o
the idea of designing the most efficient and cost- eff?ctwe syse . o
tem for testing and troubleshooting hybrid circuits (contain- . : *
ing both anaic?g and digital). And when you include the new @General Radlo
CAPS VIl Software Package, the 1792-D provides you with 56 RAkEe AVENUE CONCLAT. mASSacKUSETTS 0ives
computer-aided test generation and powerful diagnostics. . . , NEW YORK (N.Y.) 212 9642722, (N..) 201 791-8990
a hardware/software combination that is hard to beat. _ CHICASS S04 233.0800 + WASHINGTOR, 0. & 301 948707
. ATLANTA 404 394.5380 » DALLAS 214 234-3357
For the complete story, request a copy of our new brochure iyt e
describing GR’s 1792-D Digital/Analog Test System. GR COMPANIES » Grason-Stadier « Time,Data
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' Ampex Disk Drives from 40 to 200 megabytes

. give you easy growth with common interface

>

>

»

For the first time, you don'’t have to stay
small just because you started small.
Ampex has a new family of OEM disk
drives available in every popular storage
capacity.

When we say family, we mean just
that. We've designed our interface so that
all it takes to upgrade your system is a
quick and easy change. Disconnect the
unit you've outgrown and move in the
new module; as soon as you plug into
our interface, you're back on line.

Ampex disk drives in this new family
include the following standard products:

Wirite or call your local Ampex field sales office:

DM-940

A single-density, compact module with
a capacity of 40 megabytes. This low-
cost drive uses standard, 5-high remov-
able packs, and can be used as a stand-
alone console or mounted in a 19"’ rack.
Average access time is 30 milliseconds,
data organization is 411 cylinders per
disk pack, each track holds 20,165
bytes, and there are 2055 data tracks
per disk. Start time is 22 seconds; stop
time is 90 seconds (15 seconds with
optional dynamic braking). Data transfer
rate at 3600 rpm is 1.209 megabytes
per second. Optional 2400 rpm is
available.

DM-980

A double-density version of the DM-940,
with twice the capacity. That means 80
megabytes of modular storage organ-
ized into 815 cylinders, 4075 data
tracks. Cylinder capacity is 100,800
bytes/50,400 words.

Available options for both the DM-940
and DM-980 include DC power supply,
NRZ to MFM Data Encoding, VFO/Data
Separator, Sector Counter, Daisy
Chain Interface, Cable Retract Pack-
age, Drawer Slide Assembly, Dual Port
Accessory Module, and any number of
custom-designed, special interfaces.

DM-9100

The next step up in this flexible family
offers 100 megabytes of capacity in a
stand-alone, twenty-surface disk pack
(IBM 3336 or equivalent). A linear DC
motor (voice coil) is combined with
highly reliable on-track servoing tech-
niques. Data organization is 404 cylin-
ders plus 7 alternates, 19 data tracks
and one servo positioning track per
cylinder. There are 7676 tracks per
pack, each with a capacity of 13,030
bytes. Cylinder capacity is 247,570 bytes.
Data transfer rate is 806,000 bytes

(or 6.45 megabits) per second.

DM-9200

A double-density version of the DM-9100
with double the capacity, this drive gives
you 200 megabytes of storage. Use an
IBM 3336 Model 11 (or equivalent) disk
pack for a full 808 cylinders plus 7 al-
ternates. Each track has a capacity of
13,030 bytes, and there are 15,352
tracks per pack.

Options available for both the
DM-9100 and DM-9200 include special
interfaces, Dual Port Accessory Module,
Daisy Chain Interface, VFO/Data Sep-
arator, NRZ to MFM Data Encoding,
Sector Counter, and Diagnostic Logic
with LED indicators.

For all models in this family, pack
sector count can be any standard incre-
ment from 4 to 128. Once you select
the count for one model, the specifica-
tion holds for all other members of the
family.

Field Upgrading

Once you have a DM-940 installed in
your system, you can convert it to
double-density capacity and operate it as
a DM-980 with a simple field upgrade.
Similarly, the DM-9100 can be field-
upgraded to a double-density DM-9200.

No matter which of these four new
Ampex disk drives you have in your sys-
tem, you can employ a single, family-
compatible interface. Plug the Ampex
disk model of your choice in or out of
your system without worrying about
new control electronics.

Detailed technical information is avail-
able for all four of these family-related
disk storage products, and will be sent
without charge or obligation in response
to your inquiry.

Ampex Corporation

Data Products Division

401 Broadway

Redwood City, California 94063

ALABAMA, Huntsville (205) 837-3702; CALIFORNIA, Glendale (213) 240-5000, Sunnyvale (408) 733-2900; FLORIDA, Cocoa Beach (305) 783-1811; ILLINOIS, Elk

Grove (312) 593-6000; MARYLAND, Bethesda (301) 530-8800; MASSACHUSETTS,Waltham (617) 890-2040; NEW JERSEY, Hackensack (201) 489-7400; NEW MEXICO,

Albuquerque (505) 266-8749; OHIO, Dayton (513) 254-6101; PENNSYLVANIA, Abington (215) 887-7650; TEXAS, Dallas (214) 637-5100, Houston (713) 774-8714

CIRCLE 39 ON INQUIRY CARD

71



OEM buyers:

Control Data

for increased cartridge disk
drive capacity.

We have it.

9427 H CDD

12 MB capacity standard,

6 MB or 3 MB optional
200 or 100 TPI

Average access 3b ms

Data Rate: 312 K bytes/sec.

B e

9747 DSU with Cartridge

Disk Drive interface

60 MB capacity

Industry standard 11 high pack
Average access 35 mc

Data Rate: 312 K bytes/sec.

21 OEM offices, in 11 countries,
specializing in service to the mini OEM.

Call (612) 830-5624 or return coupon.

Bruce Bergman, Product Sales Manager
| Control Data Corporation, Dept. CD-75
| 7801 Computer Ave. So., Minneapolis, MN 55435

| Please send information on your Cartridge Disk Drives.

| NAME TITLE

S (=S Sy S S g a—

F

H:OMPANY ADDRESS _
| cITY CONTRO |
X L DATA

| @E CORPORATION |
! STATE ZIP PHONE The Total Services Company l
[ NI TN i e i A L0 A S e R S R e L ). T L _
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Pseudorandom binary sequences in an alarm system can themselves
disclose an attempt to compromise the system, without making

the disclosure evident to the intruder. Furthermore, one sequence
can protect many separate areas and their interconnecting lines,
while still permitting authorized access and means of testing

Cyclic Sequence Generator
Increases Security of Alarm Systems

Ramesh Krishnaiyer and John C. Donovan

Johnson Controls, Incorporated
Milwaukee, Wisconsin

The line of communication between an area protected
by an alarm system and its central monitoring area
is the most accessible and most vulnerable link in the
system. It thus becomes the most difficult part of the
whole security system to protect from compromise—
that is, from logical intrusion as opposed to physical
intrusion, and probably preceding physical intrusion.

Best protection would be an arbitrary signal, un-
known to potential attackers, issued from the pro-
tected area at frequent intervals. This signal is com-
pared with one identically generated at the central
monitoring area; any detected dissimilarity activates
an alarm.

An ideal line security system of this type would
have two identical, truly random signal generators in
the monitoring and secured areas, and would compare
their outputs in the central monitoring area. However,
this ideal system has a fallacy: two truly random gen-
erators cannot be identical.

Digital cyclic sequences that contain all possible
combinations of some basic number of binary digits
have certain well-defined properties. Since these prop-
erties are similar to those of random sequences in many
respects, the sequences are called “pseudorandom.”
They can be generated by connecting various logic
circuits to certain stages of a shift register. Identical
pseudorandom sequence generators can be placed in
the protected area and at the central monitoring area,
yielding a basic single-zone line security system. These
two generators’ pseudorandom binary sequences are
compared in the monitoring area; failure to agree
results in an alarm (Fig. 1).

To prevent an intruder from knowing that he has
been detected, the generator cannot simply be turned
off when an intrusion is detected. If the intruder or an
accomplice is monitoring the line, this would warn him
that he has been detected. To prevent this, the alarm
code should be indistinguishable from the pseudoran-
dom security code.

The complementer serves this purpose in the system.
It is activated by a signal from a physical intrusion
detector, and inverts the generator’s output. It also
distinguishes between physical intrusion and attacks
on the line.

Such paired identical generators are not limited to
line security applications. They may also be used in
time-division multiplexed supervisory systems or in
spread communication systems. In critical decoding or
error detecting applications, synchronized redundancy
may be necessary.

Simpler alarm systems offer inadequate security. For
example, a 2-conductor line that carries direct current
to ring a distant bell can easily be cut or broken to
prevent transmission of any signal. Closed dc-loop cir-
cuits that are sensitive to changes of 40% or more of
line current provide reasonable security against simple
direct assault on the line, but can be compromised
without detection by more sophisticated attack. Newer
alarm systems, based on the principle of a balanced-
bridge circuit, place matched impedance modules in
the protected and the monitoring areas. These im-
pedances are usually complex and nonlinear, and
are driven by elaborate waveforms that make unde-
tected interference very difficult. Other systems using
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Fig. 1 Single-zone line security system. Outputs of
two identical pseudorandom sequence generators are
compared at monitoring area. If they are different,
either the protected area or the communication line
has been tampered with. Complementer assures that
a signal is on the line even under intrusion, so that
attacker won't know that he has been detected

interrogation circuits and signal conversion or super-
imposing ac pulses on a dc circuit complicate the
attacker’s problem, but are still defeatable. When
tone signals are superimposed on the standard line
circuits and multiplexing techniques are associated
with an interrogation/response system, expert elec-
tronic knowledge and specific information about in-
dividual circuits are required to compromise the sys-
tem. Thus, the problem of attacking the lines becomes
more difficult for the intruder.

Nevertheless, there is no theoretical reason why
these systems cannot be overcome. In fact, as a prac-
tical matter, no security system is completely invulner-
able to compromise. Ultimate success or failure of an
attack depends on the skill and strength of the at-
tacker in proportion to the ingenuity and versatility
of the defense.

Shift Register as Sequence Generator

A shift register with feedback generates a digital
pseudorandom sequence of binary 0’s and 1’s. If feed-
back logic consists entirely of modulo-2 adders, output
is a linear function of the inputs.! One of the binary
digits, usually in the last stage, is added modulo 2
to the digits in one or more other stages, and this
sum serves as the input to the next stage. If a shift
register is connected with a feedback loop in this
manner, output from any stage is a function of the
initial state of the bits in the register and of the feed-
back connections. This output forms a pseudorandom
digital sequence—“pseudo” because the sequence even-
tually repeats after a number of bit shifts that de-
pends on the length of the shift register and the feed-
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back connections. Certain sets of feedback paths pro-
duce the longest pseudorandom strings for the number
of stages in the register; these “maximal length se-
quences” for a shift register with n stages consist of
28 — 1 digits, among which every permutation of n
0’s and 1’s, except the all-0’s sequence, is found.?

Conversely, feedback connections of an n-stage pseudo-
random sequence generator can be uniquely deter-
mined from 2n — 1 digits of its output sequence. Of
these, n digits are an initial condition, and n — 1
additional digits uniquely specify which outputs are
fed back. From these digits, feedback connections are
found by solving n — 1 simultaneous equations. This
provides a means of compromising security systems
based on such sequences. However, for large values
of n, solution of these simultaneous equations becomes
extremely cumbersome, even when aided by a computer.

Nonlinearly generated sequences do not exhibit the
regularity of their linear counterparts. They can be
generated in a multitude of ways, but the generator
cannot be reconstructed from a few elements of its
sequences, as can a linear generator. This property
makes a nonlinear generator extremely attractive as
a code generator in a security system.

In general, the pulse rate at which a code genera-
tor is driven is much less than the rates with which
electronic engineers usually work. Intervals of tens
or even hundreds of milliseconds between pulses, with
widths measured in milliseconds, are quite adequate.
Therefore, neither circuit switching speed nor noise
need be a consideration in designing the system. A
slow bit rate also means that a particular pseudo-
random sequence continues for a long real time be-
fore it repeats itself. This makes the sequence more
difficult for a would-be attacker to determine—his
first step in compromising the system.

However, there is a minimum speed limit, imposed
by the need to keep the lines occupied. When the
lines are busy transmitting signals, they cannot be
cut into between pulses. Thus, the attacker has no
means of substituting a recording of a spurious signal,
to permit undetected physical intrusion or other mischief.

Multiplexed Security System

A multiplexed security system is a natural, cost-saving
extension of multiple point-to-point systems. This sys-
tem places identical code generators in several pro-
tected areas (Fig. 2). Each code generator produces
an identical pseudorandom sequence (Fig. 3). All gen-
erators are multiplexed by a circuit that returns the
first bit from generator 1 to the central monitor, then
returns the second bit from generator 2, the third bit
from generator 3, and so on up to the nth bit from
generator n. Then the cycle repeats, returning the
(n 4+ 1)th bit from generator 1 to the monitor. Sig-
nificantly, the code received by the monitor is identical
to that produced by any individual remote code gen-
erator and by the reference code generator in the cen-
tral monitoring area.

Thus, comparing the multiplexed code received from
remote equipment with the reference code generated
in the central monitoring area simultaneously protects
the branch lines to the multiplexer as well as the
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main trunk cable from the multiplexer to the central
monitoring area. In a sense, security of each branch
line is checked once in the same time interval during
which the security of the main trunk line is checked
n times.

Heart of the multiplexer (Fig. 4) is a simple ring
counter or, equivalently, a shift register fed back on
itself, driven by the same clock as the pseudorandom
sequence generator. A single 1-bit circulates through
the counter’s n stages, whose outputs are connected to
n 2-input AND gates. These gates steer the data lines
from the n zones through an OR gate to the main
trunk line. As the gating 1-bit progresses through the
ring counter, each line from the remote code genera-
tors is connected in turn to the central monitoring
facility.

Similarly, at the central monitor, a ring counter
containing a single 1 drives AND gates, which in turn
drive the indicating lights (Fig. 5). The second input
to each AND gate is the output of the code comparator
circuit. An exclusive OR logic gate, the comparator
produces a logical 1 output only when the two codes
from the reference and the trunk cable are different.
This output is steered by ring counter and AND gates
to the appropriate alarm indication. In practice, power
line drivers are required, and latch circuits with
manual reset prolong an alarm indication until it has
been acknowledged.

Several improvements can be made to enhance per-
formance of basic multiplexed systems. For example,
a latching circuit or time delay could hold an alarm
condition on at the source long enough for at least
two cycles of complemented codes to be transmitted.
This eliminates the possibility that an alarm might be
missed between scans.

Also, several successive code bits could be returned
from each zone generator before progressing to the
next zone. This would tend to confirm the existence of
an intrusion at a zone and reduce momentary false
alarms. For example, if four successive bits in the
pseudorandom code sequence were returned from each
zone, an alarm would be indicated only if a majority
of the bits were in disagreement. Exactly how many
bits could be ignored as noise without reducing the
system’s effectiveness remains to be determined.

Authorized Access and Alarm Test

To permit access by authorized personnel to a secured
area, an access/secure control unit outside the se-
cured area is necessary. This unit has a locked access/
secure switch; in the ‘“access” position, when matched
by a similar switch at the monitoring facility, it over-
rides the alarm indication. To relay the status of the
remote access/secure switch to the monitoring area, the
multiplexing approach described earlier can be used.
Instead of monitoring four separate zones with a time-
interleaving scheme, a single zone is monitored in a
4-point scan cycle that is looked upon as four time
intervals. In three of these intervals, a bit from the
pseudorandom sequence is returned to the monitoring
area. In the fourth time slot, the status of the access/
secure switch is returned as a 1 or a 0, and is com-
pared with the status of the corresponding switch at

ZONE
IDENTIFIER
(DEMULTIPLEXER

CODE TRANSMISSION [ CODE
COMPLEMENTER | LINE | COMPARATOR

CENTRAL
CODE
GENERATOR

Fig. 2 Multiplexed security system. Identical code
generators in several protected areas produce bit
streams that are compared at monitoring area as in
single-zone system. Individual protected areas are
checked less often than main transmission line

CENTRAL CODE GENERATOR 111001 01------- [ g TR
REMOTE GENERATOR 1 @1100101------- o 1@ o
REMOTE GENERATOR 2 1@100101------- o011 @
REMOTE GENERATOR 3 11001 01------- o011 0
REMOTE GENERATOR 4 111@®0101------- 011 0
REMOTE GENERATOR 5 1110@101---;---0 1 1 0

L]

L]

L]
REMOTE GENERATOR n-1 111001 0
REMOTE GENERATOR n 111001 0
TIME PERIOD 12345678 nl nndl ae2

Fig. 3 Interleaving of multiplexed code. All genera-
tors produce identical bit streams, but only one of n
bits from any particular generator goes to central
area. Nevertheless, central monitor receives the same
sequence it would receive from a single protected
zone

the monitoring area. The code generator should be
clocked during all four time intervals, and its output
inhibited during switch-status transmission. This serves
to compound the problem of the system attacker, since
he now has only three-fourths of the sequence to work
with.
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FROM ZONE 1

FROM ZONE 2

FROM ZONE 3

FROM ZONE n

LINE

Fig. 4 Multiplexer. Ring counter is syn-
chronized with code generator, admitting
successive bits from different protected
areas to trunk iine. Shift register contain-
ing a single 1-bit may be used in place of
counter

The number of time intervals in a cycle can be
expanded simply by employing longer ring counters;
this is analogous to adding zones to the multiplexing
system. By expanding the number of time intervals,
other types of data can be brought back for display—
for example, the transfer to standby power.

As described thus far, the multiplexed system still
suffers from a major omission: a shortage of signal
channels. For example, a single system clock at the
central monitoring point is necessary to maintain sys-
tem synchronization. This requires information to be
transmitted over the main trunk line in a half-duplex
mode—that is, in both directions on the line, but not
at the same time. Clock pulses sent from the central
area are interrogation pulses; individual zones respond
to them with the next bit in the code sequence.

With this synchronization scheme, however, inter-
ruption of only one sync pulse will cause the system
to indicate a virtually continual alarm. This vulner-
ability also implies a need for some resetting capability,
so that all parts of the system start from the same
state at the same time. One possibility for a reset pulse
would be a pair of pulses in the same interval as a
single clock pulse.

To test the alarm system, an intrusion simulator
must be activated in the secured area. In the high-
security point-to-point system, this function can be met
by extending the concept of single and double pulses
for clock or reset to four types of signals. One pulse
is taken as a clock pulse; two pulses are interpreted
as a remote test command; and three equally spaced
pulses in the regular clock interval signal a restart
operation; while four pulses compose a reload signal.

Suppose the reset command resets all generators to
the same starting word—for example, a word of all
I’s. Since the generators are identical, they all produce
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the same bit sequence. This constitutes a vulnerable
point in the basic concept. An attacker could, for
example, create a synchronization problem, causing the
system to be reset. He could then record the pseudo-
random sequence for whatever length of time access
to the protected area was needed. After desynchroniz-
ing the system again, he could cut the alarm lines
and connect his recorded sequence to the lines in
response to the reset -signal, thus gaining undetected
access to the protected area.

This example, of course, assumes the most rudimen-
tary implementation of the concept; further, it neg-
lects the degree of security that the presence of a
remote test capability adds to the system. However,
it does show the vulnerability that arises from using
an inadequate resetting method.

A more sophisticated system would have two code
‘generators of the same size in both the monitoring
and the protected areas. One, the working generator,
produces the actual sequence which assures the line’s
security. The other, called a reset generator, also pro-
duces a sequence, but in response to a restart signal
provides only a new starting word to the working gen-
erators. When the reset generators are reloaded, it
need not be with all 1’s, but rather with a sequence
of 1’s and O’s arbitrarily selected with toggle switches
or read from punched cards. The only restriction is
that the generator not be loaded with all 0°s. A dif-
ferent randomly chosen sequence could be reloaded
with every restart. If reset and working generators
have different feedback connections, or if the feed-
back connections are made readily changeable, the work-
ing generator’s sequence will skip around greatly.

Although these reset capabilities are not necessarily
optimum, they do illustrate the capability and flexi-
bility of some concepts that may be incorporated into
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TRUNK CABLE FROM

REMOTE ZONES

Fig. 5 Alarm indication. Code com-
parator is an exclusive OR, which has
an output whenever the signals from
the trunk line and the pseudorandom
sequence generator are different. Ring
counter synchronized with generator
identifies source of errant pulse, and
RING causes alarm light to turn on, indicating
COUNTER place of intrusion

a high security, point-to-point system. Others which
could be incorporated into the system include blanking
or skipping an occasional bit in the pseudorandom
sequence to complicate the decoding process, periodical-
ly complementing a code bit or inserting an arbitrary
1 or 0 bit, or switching between two working generators,
all done periodically or pseudorandomly as dictated
by a third generator.

Defeat Techniques

No security system is inviolable. Given the time and
intelligence to accumulate the necessary knowledge
and skill, an attacker can always devise a method
of compromising any security system. Thus, the means
by which an intruder may attempt to overcome a sys-
tem must be considered.

One approach to compromising the line security con-
cept has already been described—to record a portion
of the sequence, create a synchronization problem, and
play back the recorded sequence in response to the
reset command. This approach is foiled by resetting
the system to a new starting point after a synchroniza-
tion problem.

Another approach assumes that the attacker has a
code generator identical to that in the secured area.
He must identify which of the possible sequences is
being generated. In essence, he must decode the se-
quence.? Randomly selecting one of several different
maximum-length feedback connections wired on the
card is one way to thwart an attempt to trace the
generator’s connections. Another method is to restart the
main generator with a new set of codes from an
auxiliary generator as often and as arbitrarily as pos-

sible.

This leads to nonlinear generators and nonlinear
operations on linear sequences, as suggested previously.
Using nonlinear shift-register generators will virtually
eliminate any vulnerability to sequence decoding such
systems may have.

In conclusion, it can be stated that the pseudorandom
code-comparison concept of securing transmission lines
does represent an improvement over the state-of-the-
art in line security.
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INTRODUCING THE WORLD'S FIRST

MEGA

THE INTERDATA 8/32-UNMATCHED LEVELS OF
PERFORMANCE IN A MINICOMPUTER SYSTEM.

MEGAMINI ARCHITECTURE: AN ABUNDANCE look-ahead stacks, multiple register sets, interleaved

OF SHEER POWER. 32-bit memory, and fast floating-point hardware.
Interdata’s new 8/32 Megamini has What our 8/32 Megamini means to you is an
performance characteristics found only on large unequalled combination of power, flexibility, and
scale computers. Like direct addressing to one reliability in a compact package. All at a price
million bytes. Full 32-bit hardware with that’s fully competitive.

performance enhancers such as dual instruction MEGAMINI SOFTWARE: POWERFUL, FLEXIBLE,

EASY-TO-USE.

Today’s hardware must be designed to ease your
software effort. You shouldn’t have to spend a lot
of expensive programming time trying to figure out
how to get around minicomputer hardware
limitations. With the 8/32 Megamini you don’t —
because there are none.

For example. The direct addressing capability of
the 8/32 Megamini allows you to build programs
and data arrays in any size up to the amount of
memory you have — no more 64K limits.

It also means we can give you versatile and
powerful software to help lower the cost of building
your system. Software with a multi-tasking
operating system, OS/32MT, with unique multi-user

The 8/32 MEGAMINI — with a full Megabyte. Multi-Wire Technology — a key to MEGAMINI performance.
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Interdata and Megamini are trademarks of Interdata, Inc.

COMPARE: THE INTERDATA 8/32 MEGAMINI VS. THE-LESS-THAN-MEGAMINI COMPETITION.

INTERDATA XEROX

8/32
WORD LENGTH 32 bits
INSTRUCTION TIMES
(Register to Memory)
Integer Add 1.25
Multiply 3.54
Divide 5.8
Floating Point Add 23
Multiply 3.0
Divide 5.35
HARDWARE I/O Yes
MAX. DMA RATE/SECOND 6MB
DIRECT ADDRESSING RANGE IMB
GENERAL PURPOSE REGISTERS 2 stacks
16 each*
PRICING (Basic Configuration)
CPU + 128KB Memory $51,900
CPU + 1048KB Memory $179,400

*(6 Additional Stacks Optional)

IBM DEC DG
550 370/158 11/70 Eclipse
32 bits 32 bits 16 bits 16 bits
1.8 9 1.8 2.5
6.2 2.0 39 8.8
14.4 99 8.3 11.2
6.1 2.4 8.25 5.5
9.1 2.3 11.25 7.2
23.3 8.9 12.25 7.9
Yes Yes No No
4MB 6.7MB 4MB 2MB
1MB 16MB 64KB 64KB
4 stacks 1 stack 2 stacks 1 stack
16 each 16 each 8 each 4 each
$128,700 N/A $54,600 $32,500
$478,700 $1,905,700 $163,800 N/A

All prices shown are U.S. list only.

program development capabilities. Software that
has an optimizing macro assembler, MACRO CAL.
And software with a sophisticated
telecommunications access package, ITAM, that
allows you to treat remote communications
terminals and computers as if they were simply
local devices.

Now, with all of this available, you can concentrate
your efforts on the real problem at hand — your
application.

THE MEGAMINI: NOT JUST A COMPUTER —
BUT A SYSTEM.

The Interdata 8/32 Megamini gives you a full range
of peripherals, software and advanced features to
choose from in tailoring your system: 166MB disc
systems, fast line printers, 1600 BPI tapes and
graphic CRT’s. Plus software modules like
FORTRAN, BASIC, EDIT, AIDS and many more.

FOR MORE MEGADATA, CLIP AND MAIL.

Interdata, Inc., Oceanport, N.J. 07757
[ All that power sounds marvelous. Send me more
information on the Interdata 8/32 Megamini.

(J You may have hit on the solution to my
megaproblem. Have a representative call me.

Name Title

Company
Address

City
Telephone

@
TN EEIRIDATITTA

Subsidiary of Perkin-Elmer
Oceanport, N.J. 07757. (201) 229-4040

State Zip

CD 7/75
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ear what our

competitionis
saying about

 the SEL 32

1inni?
minic
@
Nothing.::
the SEL 32

gives you more “bang for the buck” than any other
minicomputer. And that’s not idle gossip.

k ;

LN

¥

h

N

Can you blame

Remember Data General’s claim that other compa-
nies didn’t run benchmarks against the Eclipse? We
did ... including their famous Whetstone benchmark.
The results? The SEL 32 ran significantly faster. s

As for Interdata, they compare prices and specs of their
8/32 against the Xerox 550, IBM 370/158, DEC 11/70
and Eclipse. Why was the SEL 32 omitted? Truth is, the
SEL 32 has better specs and lower prices than any of 5
them. For example, the SEL 32 has a throughput rate of
26.67-million bytes per second compared to 6-million

bytes per second for Interdata’s 8/32. As for price, an 8/32 §
with 128K bytes of memory will cost you $51,900. An
SEL 32 with the same memory and floating point will cost b

you only $43,900.

Since our competition isn’t going to tell you anything about the >
SEL 32, call us or use the coupon. Our lips aren’t sealed. Systems
Engineering Laboratories, 6901 West Sunrise Boulevard, Fort -

Lauderdale, Florida 33313. (305) 587-2900. In Europe, 85 bis,
Avenue Albert ler, 92 Rueil-Malmaison, France. Telephone
967-83-17. B

CIRCLE 42 ON INQUIRY CARD !

Send more detailed info on the SEL 32.

Name

Company
Address _

City State_  Zip

Phone ___ Title
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W ell-chosen signal names and convenient mnemonics are invaluable
in helping testers, programmers, and servicemen understand a digital
system. Here is an orderly technique for devising mnemonics that
are clear and consistent—and really do help in remembering

Signal Names
Help System Understanding

Ware Myers

Xerox Corporation
Inglewood, California

There is no substitute for a thorough understanding
of a digital system—at least by most people engaged
in its design, test, and repair. To promote this under-
standing, there is no substitute for the intelligent nam-
ing of signals and derivation of mnemonics.

Self-contained verification programs can pinpoint
many failures and relieve the user or field engineer
of much of the necessity for detailed troubleshooting
based on system understanding, as can diagnostic pro-
grams directed from an external computer. However,
someone still has to locate faults that escape the veri-
fication or diagnostic program, and someone has to
repair the trouble.

No automatic program has yet been written that
can completely cover every possible malfunction in
a complex computer-based digital system. Even at the
printed circuit (PC) board level, automatic production
testing is seldom completely diagnostic, if only be-
cause modules are pinlimited and cannot bring out
every significant signal.

Both in test and in the field, some troubleshooting
by people is inescapable. To hunt trouble effective-
ly, the people need some understanding of data sig-
nal movements and control signal flow.

System Growth

In small first-generation logic systems, a human mem-
ory could remember most signal flow patterns. In fact,
except in the early computers, signals were not named
and mnemonics were unknown. The engineer worked

directly from pin and wire numbers and schematics,
not logic diagrams; he had no memory aids.

Today’s large-scale integration has greatly expanded
system size, increasing by an order of magnitude the
logic that can fit on a single PC board, and multiplying
the load on the memories of individuals who must
understand the system.

Intelligently named signals are a great help to these
individuals. Carefully named system functions lead
to meaningful signal names, and form the basis for
easy-to-understand mnemonics—short abbreviations that
assist memory. This efficient nomenclature enables users
to take hold of the system much more rapidly than with
less well-organized signal terminology. In this way,
well-designed mnemonics contribute significantly to ef-
fective troubleshooting. They also take less time to
write, especially repeatedly, and occupy less space on
the logic diagrams than fully spelled-out names.

Moreover, these same easy-to-use mnemonics help
development personnel, and speed up test-equipment
design, test programming, and design of interfaces to
related equipment. Good terminology makes technical
manuals much easier to understand.

Signal Characteristics

Various approaches have been employed to create sig-
nal names and mnemonics; the predominant scheme
has been to name the signal after what it does, for
example, RESET. Less common is paraphrasing the logic
operation embodied in the signal; for example, AO0 +
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A08 indicates the output of an OR gate that is driven
by two bits from a register—perhaps sign bits of two
bytes. At other times, a signal has been named for
its electrical or locational source. These approaches,
although useful, do not incorporate as much valuable
information as they might.

Ten characteristics of a signal are useful to per-
sons who need to understand the logic:

(1) The signal’s relationship to a major function at
the block diagram level

(2) Its function—that is, what the signal does; eg,
data, control, addressing

(3) Its type—such as clock, flip-flop output, or power
supply level

(4) Its state—that is, true or false, for the active
condition

(5) Its source—either a page of the set of logic draw-
ings or a PC board location

(6) Its destination—again either a page or a location
(7) Its actual or possible loading

(8) Its timing or synchronizing relationship to other
signals

(9) The stage delays it incorporates relative to a zero
time—such as a basic clock

(10) Its current-carrying limitations

Obviously, a very long and complex mnemonie would
be required to embody all of this information. Such a
mnemonic would be self-defeating, for mnemonics
should be easy to remember and interpret. Fortunately,
some of these 10 characteristics can be made avail-
able on other documentation. For example, signal
sources, destinations, and loading can be included in
computer-prepared wire lists, while drawing-page sources
and destinations can be added to the logic diagrams.
That leaves a reasonable amount of information to
be carried by the relatively brief mnemonic, having
no more than six parts, and often less.

A OPERAND BUS

B _OPERAND BUS

CONTROL REGISTER (FOR CURRENT INSTRUCTION)

FUNCTION BUS

organized mnemonics system can be based

Framework for mnemonics. A simple computer system has these components upon which a well-
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Mnemonics

The six parts of a mnemonic are state, b'ock-diagram
relationship, function, data-bus line identification, sig-
nal type, and stage delay.

State

The mnemonic’s initial letter signifies the state of the
signal. If this letter is N, for “not,” the signal at that
point is logically false, negated, or inverted. If this
N is omitted, the signal is in the logically true form.
Because N is used in this way to indicate negation,
it should not be used as the first letter of a mnemonic
itself to mean, perhaps, “pext” or “numeric.”

Which level is logically true and which false, of
course, depends on whether the system uses the posi-
tive- or negative-logic signal-level convention. However,
in a system that generally uses positive logic (where
the higher of two voltage levels represents the true
logic state), it is sometimes convenient electrically
to report action in some types of lines (such as inter-
face lines between different units) by making the line
false; ie, an interrupt would be signaled by pulling
the interrupt line to ground. In this case, the mnemonic
assigned to the interrupt line should be preceded by N.

Both the signal name and its mnemonic should corre-
spond to the signal’s true state. For example, a true
(binary 1) output of a memory cell should be assigned
a mnemonic in the true form, as MMO1L. On the other
hand, if the cell’s output has arithmetic or logical
significance in the system when it is false (binary 0),
its assigned mnemonic should then be NMMOo1L. Of
course, the signal itself in true form could be either
1 or 0, depending on the content of the memory cell—
as it could also be in false form.

When preceded by N the mnemonic should repre-
sent the exact logical inversion of the signal repre-
sented by the same mnemonic without the N. If a sig-
nal’s inversion also gates another term to the original
signal, the new output should be assigned a different
mnemonic.

Signal names that embody an inherent negative, such
as DISABLE or INHIBIT, sometimes require mental somer-
saults, and are therefore naturally difficult to de-
cipher. If possible, such signal names should be made
inherently true; eg, ENABLE can be substituted for
NDISABLE, and NENABLE for DISABLE.

Block Diagram

Following the negation letter, the first few characters
(no specific limit need be set) of the mnemonic indi-
cate the signal’s relationship to system or unit block
diagram. For instance, MM might generally identify
a signal as part of a main memory. This assumes, of
course, that a block diagram of the entire system was
prepared before detailed logic was designed. Major
system functions can usually be identified by a com-
bination of two or three letters. Related signal names
and mnemonics can be derived from the names of
principal elements.

TABLE 1
Mnemonics
Mnemonic
"A0OT to A15T
ABYOL to ABY3L
ALOOG to AL15G
CROOF to CR31F
FOOT to F15T
" GR2000F to GR2015F
ESOL, FS1L, FS2L, . . -

~ Subsystem function
A Operand Bus
A Byte .

~ Arithmetic Logic Unit

Control Register
~ Function Bus

General Register 2

~ Function Select

If a large system involves a number of designers,
signal or function names of all their block diagrams
should be coordinated. For example, if several parts
of the system have memories, they can’t all be “main
memories,” even if that name describes their functions.
They can be called by various synonyms, however,
such as “general memory,” for which GM would be
a mnemonic.

A sample block diagram (Figure) represents the
arithmetic logic unit (ALU) and several related ele-
ments of a 16-bit computer, and shows how mnemonics
can be related to system diagrams.

From the two operand buses, two words or portions
thereof are presented to respective ALU inputs, whose
outputs are similarly routed to the function bus. These
routings are specified by certain bits of the current
instruction, which is held in the control register. In
the ALU, which is a combinational logic network,
one of 16 operations is performed on these inputs, as
specified by four select inputs. These operatioﬁs are
arithmetic or logical, as specified by the mode bit, and
may or may not utilize an input carry, both controlled
by appropriate bits of the current instructions. At the
end of the operation, the contents of the function bus
are clocked into one of several general registers not
shown in the diagram. From this register, the result
is returned to the operand buses for further processing.

Major subsystem functions can be represented by
abbreviations, such as those in Table 1. Using mnemonics
such as these, a user with only a cursory grasp of
the system, and with only a minimum load on his
own memory, can at least generally locate the signal
in the system and more often than not have some idea
of what it is doing.

Function

The next few characters, following the block diagram
characters, indicate the signal’s function—what the
signal does, such as data or control. For example, CS
might represent chip select. Several signals are usually
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related to a major block, and are distinguished from
each other by means of these function mnemonics,

Parallel Lines

Data normally involves a number of parallel lines,
buffer outputs, and register outputs, usually grouped
into buses. Each line in a bus can be identified by a
1- or 2.digit number, following the block and function
characters. Ten or fewer can be labeled with 0 through
9, while 16 lines can be identified either by a single
hexadecimal character, 0 through 9 and A through F,
or by two digits, 00 through 15.

When numbering, the most significant line is subject
to a conflict of conventions. In ordinary arithmetic
notation, a number is read from left to right, so that
the digit on the left is the most significant one. Its
corresponding line is usually numbered 0. On the other
hand, in hardware, a counter, for example, is made
from a series of flip-flops drawn with the signal flow
from left to right, representing a carry propagation.
This makes the flip-flop on the left the least significant
one. Nevertheless, it is usually labeled 0, or some-
times 1.

Somewhere in the system, between hardware counters
and arithmetic buses, line numbering must change
from one convention to the other. To minimize mis-
understanding, appropriate lines should be labeled
MSB or LSB on logic diagrams or logic equation list-
ings, particularly at the point of changeover from one
convention to the other.

Signal Type

The mnemonic’s next-to-last character, which is its last
alphabetic character, signifies the signal’s type or class.
(A number of examples are listed in Table 2.) This
letter helps the user observe the signal with an oscillo-
scope or other instrument. For this purpose, frequency,
period, pulse width, voltage levels, clock relation.
ships, and type of output need to be known so that the
observation can be rapidly set up and results intelligently
interpreted.

For example, to put a signal on the oscilloscope,
the signal’s time scale must be known. Frequently,
this time scale is related to a clock. Using the clock
or clock-related signal for synchronizing may show
the unknown signal in time relationship to other
DPertinent signals,

Digital signals use clocks in two ways. In one of
these, an oscillator generates the maximum-frequency
signal, which is counted down to lower frequencies
for slower purposes. If the basic clock period is, for
example, 200 ns, the mnemonic might be S200NSC,
meaning “System 200 Nanosecond Clock.” Clocks de-
rived from the basic clock might then be termed
S400NSC, S1.6USC, S6.4USC, and so on. Alternatively,
if the basic clock period is taken as unity, it would
be labeled S01C. Then the derived clocks with longer
periods would be labeled S02C, S08C, and S32C.
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The second kind of clock establishes a period long
enough to execute all phases of a single instruction,
dividing this period into clocked phases during each of
which one major step of a single instruction is carried
out. These phases might be labeled SPIC, SP2C, . . .,
SPnC, meaning System Phase 1 Clock, and so on.

The suffix P signifies a pulse with either a specified
period, a specified pulse width, or both. The output
of a one-shot, for example, may be either a positive
or a negative pulse of defined width, specified in the
mnemonic, SIOONSP.

Suffixes such as L, for “level” and G for “gate” per-
mit mnemonics for similar but not identical signals to
use the same beginning and middle characters. In gen-
eral, these suffixes suggest a signal that changes be.-
tween true and false, in a less regular pattern than
a clock or a pulse.

Outputs of switches (S) and relays (K) in digital
systems are usually at standard logic levels. However,
they differ from gate outputs in that they operate more
slowly, and they may bounce from one level to the
other for several milliseconds before settling at the
ultimate state.

Although a flip-flop output exhibits the same logic
levels as an output from combinational gating, it
should be distinguished from other outputs by a suffix
letter, alerting the user to the fact that he is dealing
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with a bistable element, or a 1-bit storage element.
As many types of flip-flops, clocked and unclocked,
may be distinguished by suffix letters as seem helpful.
As a minimum, the letter F can identify a clocked
flip-flop, which changes state on the leading or trailing
edge of the clock, and R can identify an unclocked set-
reset flip-flop.

In current technology, at least four types of bus
lines are common:

(1) Standard TTL or DTL logic levels, with normal
capability to drive a few similar circuits; the suffix
B, for bus, identifies these levels

(2) Standard TTL or DTL logic levels, with capability
to drive many circuits; the suffix D, for driver, identi-
fies these levels

(3) Open-collector outputs, identified by the suffix O,
for open—usually one of several connected to a single
line, with a single pull-up resistor. If one of the out-
puts connected to the line is low, the line itself 1is
low; but if all the outputs are high, the line remains
high—the wired-or function in negative logic

(4) Three-state outputs, identified by the suffix T, have
two active states compatible with TTL or DTL cir-
cuits, and a third state that presents a very high im-
pedance to the line. Many 3-state outputs can be con-
nected to one bus; when in the high-impedance state,
they do not significantly load the one output that can
be active at any one time. Like the open collector, this
circuit provides the negative wired-OR

Some examples of mnemonics for individual bus lines
are AOOB, for line 00 on bus A; B02D, for driven
line 02 on bus B; DI15T, for data line 15 on a 3-state
bus; F370, for function 37 on an open-collector bus;
and I05B for input 05 on bus B. The last three of
these illustrate how assigning meanings to the initial
letters provides more information about the bus than
merely labeling them in alphabetic order.

Analog inputs from external world to digital sys-
tem can be labeled with the suffix A, as a flag to the
user. This reminds him that these signals may not be
observable on the same voltage scale as the standard
logic levels and that synchronizing to them may also
be difficult.

Voltage

A mnemonic terminating in V indicates a power sup-
ply level, including ground; for example, P05V means
+5 V, M15V means —15 V, and GOOV means ground
or 0 V. An initial character P may stand for either
plus or positive, but M signifies a minus voltage,
because the use of N for negative is proscribed.

Several parallel printed-circuit lines may be neces-
sary for power levels and for ground returns, and
sometimes for widely used logic signals, such as clocks.
Each separate but parallel line must be identified
by a unique mnemonic, capable of being recognized
by automatic wirewrap machines. This identification
is accomplished with a hyphen followed by a suffix
number added to the mnemonic.

Stage Delay

A non-hyphenated number, following the signal letter,
indicates the number of stage delays from the basic
signal. These delays, arising in buffers and inverters
following a timed element, do not change the logical
meaning of the signal, but could be of troubleshoot-
ing interest. However, if only the original signal and its
first inversion are present, the suffix numbers are re-
dundant; basic mnemonics, such as MOOL and NMOOL,
are clear enough by themselves.

Not all signals have or need names or mnemonics. In
general, a signal should be given a mnemonic if any-
one other than the original designer—test-equipment
designer, test programmer, interface designer, manual
writer, or service engineer—is likely to refer to it.
In particular, inputs and outputs of flip-flops and one-
shots, whether discrete or integrated, should be labeled,
because they often appear on timing diagrams.

On the other hand, two general classes of signals
that need not be named are unused inputs or outputs,
and signals for which the mnemonic is obvious. Ex-
amples of the latter are the output of an inverter,
when the input is labeled, or the false output of a
flip-flop, when the true output is named. Omitting these
obvious mnemonics saves drawing space and drafting
time.

Common Sense

No set of rules can avoid the necessity for the de-
signer to exercise good judgement or for the user to
take thought in interpreting the significance of signal
names. The art of choosing mnemonics cannot be con-
signed to a computer program.

The vast number of components, connections, and
detailed functions in the average digital system do not
easily arrange themselves into an overall block dia-
gram which conveys meaning to the human mind. Much
subsidiary information necessarily has to be omitted.
General functions broadly representing these details
have to be built up and then related to each other
in ways that make sense to the block-diagram user.

Similarly, meaningful mnemonics are not necessarily
evident from the block diagram. The whole task of
naming signals is difficult, but the more meaningfully
it is done, the more quickly users can understand
the system and solve problems.

Ware Myers is an engineer/writer in
the systems engineering group of the
Data Systems Div of Xerox. He has
earned a BS degree from Case Institute
of Technology and an MS degree from
the University of Southern California.
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What makes a CalCom
tape drive better?

1. CalComp costs less. loading and feature soft tape-handling.

2. CalComp has sales and service (Only 5 rotating elements in the tape path.)
offices in over thirty countries around For a complete analysis of our ability
the world. to supply your tape drive needs, call your

3. CalComp drives are compatible nearest CalComp office or contact:
with IBM 360730, 360/40, 360/50 computers California Computer Products, Inc.,
and above. They're plug compatible with CD-M7-75, 2411 West La Palma Avenue,
all IBM Systems 370 tape drives. Anaheim, California 92801. Telephone

4. All CalComp tape drives are self- (714) 821-2011.
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three outstanding events in one professional week

TWO PRE-CONFERENCE TUTORIALS
COMPCON 75 FALL

FIRST NATIONAL CONFERENCE ON SOFTWARE
IMPLEMENTATION

i

toanés
Ssessae

All at the Mayflower Hotel in Washington, D.C. . . .combination rates available.

September 911 fall

mecon

Eleventh Annual IEEE Computer Society Conference

Mayflower Hotel, Washington D.C.
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9:00, MONDAY, SEPTEMBER 8, 1975 .

Rather than the customary single tutorial offered the day .
2 before the conference proper, two full-day sessions running in
gzgf.ofREag/aTdoggm:;tfrlgclf.hOItz parallel are scheduled. Both are subjects closely related to the
School of Eng/Applied Sci. main conference theme of “Making Computers Easier to Use,”
The George Washington University as well as being directly relevant to the First International *
Conference on Software Engineering which immediately _
follows Compcon 75 Fall.

T g e PROTECTION OF,
. | = INFORMATION IN. |
Mr. David C. Hartmann ' . COMPUTER SYSTEMS-

L et Drs. David D. Clark and David D. Redell *
of MITs Project MAC

)Y
¢

Dr. Richard E. Merwin
US Army BMD Program Office

A

Mr. Gregory B. Lloyd

Naval Research Laboratory

| : STRUCTURED °
oo e L e PROGRAMMING.

Dr. Victor R. Basili *

Mr. Alan Mink : University of Maryland at College Park "
U.S. Naval Ship Engineering Center Mr. Terry Baker
IBM Federal Systems Center +
Y
Mr. Peter Fodor
Control Data Corporation -
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*  PROTECTION OF INFORMATION
" IN COMPUTER SYSTEMS

- COURSE OUTLINE:

@ Basic principles of information protection, including
_ considerations surrounding the study of protection and
technical underpinnings.
W Separation of addressing and protection, the capability
system, the access-control list system, protecting various
types of objects, and protected objects and subsystems.

® The state of the art, current research directions, and
. concluding remarks.

TNSTRUCTORS:

David Clark

A research associate, Dr. Clark has been
with the Computer Systems Research
Division of Project MAC for the past
seven years. During this period he has
contributed to the design of many parts
of the Multics operating system, a
system with advanced features for
protection of information. Dr. Clark received his BS from
Swarthmore College in 1966 and his MS and PhD from

MIT in 1968 and 1973.

David Redell

Dr. Redell, also affiliated with Project
MAC, joined the faculty of the Depart-
ment of Electrical Engineering and
Computer Science at MIT in 1974. His
current research interests include oper-
ating systems, protection, machine
architecture, and system programming
languages. Dr. Redell received his BA, MA, and PhD degrees
from the University of California at Berkeley.

-
3
T
. REGISTRATION FOR
~ TUTORIALS AND
p CONFERENCES ON
LAST PAGE
‘— SR e ]

STRUCTURED PROGRAMMING

COURSE OUTLINE:

@ |ntroduction to the major ideas of structured programming,
their theoretical and practical foundations.

® Development of a major application program system,
together with the quality and productivity results
experienced.

® Detailed presentation of the development of a single pro-
gram, stressing the top-down evolutionary character of the
process.

® Concluding summary, the advantages and disadvantages of
SP ideas as observed through their installation use by a
large programming organization.

INSTRUCTORS:

Victor Basili

Dr. Basili has been on the computer
science faculty at the University of
Maryland at College Park since 1970; his
major interests are the design, modeling,
and implementation of programming
languages. His major language develop-
ment efforts have been the graph algorith-
mic language GRAAL and the SIMPL family of programming
languages and compilers.

Dr. Basili received a BS degree in mathematics from
Fordham College in 1961, an MS degree in mathematics from
Syracuse University in 1963, and a PhD in computer science
from the University of Texas at Austin in 1970.

T N e e e T O

Terry Baker
Mr.Baker, manager of the NSDG Develop-
ment in the Federal Systems Center, is
responsible for the development of a soft-
ware system for newspaper production
for a consortium of eight major news-
papers. With IBM since 1956, he has held
. numerous positions; most recently he was

manager of the Development Tools Department, responsible for
the guidelines, tools, and support necessary for the introduction
of programming support libraries, structured programming,
top-down programming, and chief programmer teams at the
center.

Baker received his BS in mathematics from Yale University
and his MS in applied mathematics from Harvard University.

BOTH TUTORIALS START
9:00 AM, MONDAY, SEPTEMBER 8, 1975

#
f
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TUESDAY Sseptember 9, 1975

9:30 SESSION 1: KEYNOTE SESSION
Opening Ceremony
Richard E. Merwin, COMPCON 75 FALL General Chairman
Lynn Hopewell, COMPCON 75 FALL Program Chairman
Stephen S. Yau, President, IEEE Computer Society
Keynote Address
The Hon. Barry Goldwater Jr., U.S. House of Representatives

TUESDAY MORNING (Parallel Sessions)

11:00 SESSION 2: HARDWARE

Chairman: Joseph Wylen, Burroughs Corporation

“A RATIONALE FOR RANDOM TESTING COMBINATIONAL
DIGITAL CIRCUITS,” John J. Shedletsky, Stanford University

“DESIGN OF FAIL-SAFE SYNCHRONOUS SEQUENTIAL CIRCUITS
BY EXPLICIT STATE TRAPPING,” Alan M. Usas, Stanford
University

“ARITHMETIC ERROR CORRECTIONS IN BCD SYSTEM,"”
C. K. Liuand T. L. Wang, Bell Telephone Laboratories

11:00 SESSION 3: INNOVATIVE APPROACHES TO SYSTEMS
AND HARDWARE

Chairman: Jack Lynch, Burroughs Corporation

“DISTRIBUTED PROCESSOR DESIGN FOR AVIONIC APPLICATION,"”
Michael Moore, Air Force Avionics Lab, Wright-Patterson A.F.B.

“A HARDWARE INDEPENDENT RESOURCE SHARING MECHANISM,"”
George Cowan, Burroughs Corporation

1980 ARCHITECTURE FOR LARGE SCIENTIFIC PROBLEMS,"”
Joseph Wirsching, Consultant

A MODULAR APPROACH TO THE DESIGN FOR A SYSTEMS
CENTRAL PROCESSING CENTER: PROS & CONS,"”
Daniel Schutzer, Defense Communications Agency

11:00 SESSION 4: PRIVACY AND SECURITY

Chairman: Michael Munter, General Services Administration
“HEW IMPLEMENTATION OF THE PRIVACY ACT OF 1974,"”
Lee Wouters, Department of Health, Education, & Welfare
“HOW TO IMPLEMENT SYSTEMS WHICH COMPLY WITH THE
PRIVACY ACT OF 1974,” Robert Goldberg, Harvard University
“TECHNICAL PRINCIPLES OF COMPUTER SECURITY,"
G. Popek, U.C.L.A.

TUESDAY AFTERNOON (Parallel Sessions)

2:00 SESSION 5: MICROPROGRAMMING

Chairman: Gary L. Kratz, IBM

“A MICROPROGRAMMED ENVIRONMENT FOR A SOFTWARE
DEVELOPMENT SYSTEM,"” Charles W. Flink 11, Naval Surface
Weapons Center/Dahlgren Laboratory

“MPL-85: A HIGH-LEVEL MICROPROGRAMMING LANGUAGE
COMPILER,” Carol J. Lane and M. R. Ito, University of
British Columbia

"EMULATING THE DATA GENERAL NOVA OF THE PDP-11/40:
A CASE STUDY," P. Drongowski, S. Fuller and Tom Dopirak,
Carnegie-Mellon University

2:00 SESSION 6: ARE BIG MACHINES NECESSARY?

Chairman: Mario J. Gonzalez, Jr., Northwestern University

“CENTRALIZED OR DECENTRALIZED COMPUTING —
OR MAYBE SOME OF BOTH?" R. L. Ashenhurst,
University of Chicago

“ARE MINICOMPUTERS SUITABLE FOR LARGE SCALE
SCIENTIFIC COMPUTATIONS?" Harry F. Schaefer,
University of California, Berkeley

“WHY NOT A MINI IN EVERY CUPBOARD?"’
David P. Jasper, Control Data Corporation

2:00 SESSION 7: OPERATING SYSTEMS

Chairman: Dr. John Benoit, The MITRE Corporation

“CONSTRUCTION OF PRIMITIVES FOR A MULTIPROCESS
ENVIRONMENT,” C. R. Hollander, Stanford University

“DYNAMIC SCHEDULING OF TASKS REQUIRING MULTIPLE
PROCESSORS,"”” A. Thomasian and A. Avizienis, U.C.L.A.

“A COMPARISON OF MEMORY ALLOCATION STRATEGIES FOR
PARALLEL PROCESSING SYSTEMS,” C. V. Rammamoorthy,

University of California, Berkeley, and David Pessel, University of
Rochester

4:00 SESSION 8: MEMORIES

Chairman: Harry D. Frankel, Immigration & Naturalization Service,
Department of Justice N
“MAGNETIC BUBBLE MEMORY INTERFACING,” J. Egil Juliussen

"“ASSOCIATIVE-SEARCH BUBBLE DEVICES FOR CONTENT

ADDRESSABLE MEMORIES,” S. Y. Lee and H. Chang K
“SYMBOL STRING PATTERN RECOGNITION BY MAGNETIC
BUBBLE DEVICES,” K. Takahashi and H. Kohara @
“THE DESIGN OF FAULT-TOLERANT COMPUTER MOS
MEMORIES,” Len Levine and Ware Myers, XEROX Corp. f"
4:00 SESSION 9: STANDARDS P
Chairman: Gerald Schutz, Department of Transportation
“INTERNATIONAL DATA COMMUNICATION STANDARDS,”
John L. Wheeler, XEROX Corporation
“OVERVIEW OF INFORMATION PROCESSING STANDARDS,"” :
Vico E. Henriques, CBEMA »
“DATA LINK CONTROL PROCEDURE STANDARDS,"”
David E. Carlson, Bell Telephone Laboratories '
4:00 SESSION 10: STRUCTURED PROGRAMMING: AN
EVALUATION s
Chairman: Victor R. Basili, University of Maryland
“SOFTWARE DEVELOPMENT PROCESS REVISIONS,” e
Robert McHenry, IBM
“A CASE STUDY IN STRUCTURED PROGRAMMING: &
REDESIGN OF A PAYROLL SYSTEM,”
Edward Yourdon, Yourdon Inc. »
“PROGRAMMING MEASUREMENT IN A TIME OF CHANGE,"
J. W. Patterson, IBM 5

WEDNESDAY september 10, 1975 *

WEDNESDAY MORNING (Parallel Sessions)

9:00 SESSION 11: COMPUTER NETWORK SOFTWARE P

Chairman: Nathan Teichholtz, DEC

“COMPUTER NETWORKS CAN BE FRIENDLY,"”
Shane Dickey, Hewlett Packard Data Systems

“A USER-ORIENTED MINICOMPUTER NETWORK," &
William J. Lennon, Northwestern University

“DISTRIBUTED COMPUTING: A MODULAR APPROACH TO
COMPLEX SYSTEMS,” Nathan Teichholtz, DEC X

9:00 SESSION 12: MEDICAL APPLICATIONS

Chairman: Themas L. Lewis, National Institutes of Health

“AN INTRODUCTION TO THE PROCESSING OF CARDIAC LEFT P
VENTRICULAR FUNCTION DATA,"” H. Cowvey, S.G. Boughner,
R.W. Johnstone and E.D. Wigle, Toronto General Hospital

“THE FOLLOW-UP OF CARDIAC PACEMAKER PATIENTSWITH A
MINICOMPUTER SYSTEM: TWO YEARS EXPERIENCE,”
B.S. Goldman, E.J. Noble, S.G. Boughner and E.D. Wigle, "
Toronto General Hospital

“COMPUTING IN A DEPARTMENT OF PSYCHIATRY: THE “
3x109 MICROSECOND HOUR,"” G.F.D. Heseltine, P. Stenn, and
D. Evans, University Hospital, London, Ontario >

“DATA MANAGEMENT IN A HOSPITAL ENVIRONMENT.
A MINICOMPUTER SYSTEM,” R. Cheng, C. Scase, J. Gruer and Y
M. Bennett, University Hospital, London, Ontario

9:00 SESSION 13: MICROPROCESSORS | -
Chairman: Jonathan A. Titus, TYCHON, Inc. )
“MICROCOMPUTERS — HOW TO PUT THEM TO WORK," o

David G. Larsen and Peter R. Rony, Virginia Polytechnic
Institute and State University

“AN INTEGRATED HARDWARE-SOFTWARE MICROPROCESSOR
DEVELOPMENT SYSTEM,"” D. R. Deuel and J. W. Gault,

North Carolina State University v
“OPERATING SYSTEM SOFTWARE INTERFACES FOR A )
MICROPROCESSOR,"" Alex Sidline, Honeywell >

11:00 SESSION 14: COMPUTER NETWORK: A USER’S VIEWPOINT

Chairman: Gene Raichelson, The MITRE Corporation
“RESOURCE MARKET FOR USER COHERENT KNOWLEDGE," -
Douglas Englebart, Stanford Research Institute
“COLLABORATION SUPPORT,"” -
J. Eagle and J. Iseli, The MITRE Corporation
“INTELLIGENT TERMINAL AND NETWORKS,"

A
Robert Anderson, Rand Corporation

s [
5
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11:00 SESSION 15: COMPUTER AIDED INSTRUCTION
Chairman: Charles M. Goldstein, Lister Hill National Center for
Biomedical Communications, Department of HEW

WAKING COMPUTERS EASIER TO USE THROUGH
3 DISTRIBUTED MINI/MICRO PROCESSORS: PILOT,”
L3 John Starkweather, UC Medical School, San Francisco
“SPECIALIZED TERMINAL AND NETWORK: PLATO,”
r Thomas Chen, University of lllinois
“GRAPHICS AND SPECIALIZED USER COMMANDS: TICCITT,”
C. Victor Bunderson, Brigham Young Unversity
“ANALYSIS OF VERBAL COMMUNICATION IN A CAI
ENVIRONMENT,” Jane B. Hirsch and Martin Hamburg,
Cornell University College of Medicine

200 SESSION 16: MICROPROCESSORS Il

Chairman: Jerry Ogdin, Microcomputer Technique, Inc.

“) SOFTWARE DEVELOPMENT INSTRUMENT,” Doug Cozlay and
Alan Hastings, Isyx Corporation

“HARDWARE AIDS-SOFTWARE OVERTONES,” Jim Moon and

} Larry Gray, E.S.L. Inc.

““MDS: AN ADVANCED DEVELOPMENT TOOL,” William Broderick,
INTEL Corp.

WEDNESDAY AFTERNOON (Parallel Sessions)

5%
12:00 SESSION 17: COMMUNICATIONS
‘Chairman: Robert F. Decker, Systems Research and Development Service
“THE STRUCTURE OF SPECIAL COMPUTER IN SWITCHING
PACKETS,” J. Cabanel, J. P. Lagasse and Phillipe Puech,
. Université Paul Sabatier
“ARAMIS — A PROCESSING NETWORK WITH USER DATA BASES
=" INTERACTIVE SYSTEMS,” J. P. Lagasse, G. Artaud, and
J. Cabanel, Université Paul Sabatier
o PACKET SWITCHING NETWORK FOR MINICOMPUTERS,"”
David M. McKeown, Jr. and F. H. Orthner, George Washington
b University Medical Center
A MICROPROCESSOR CONTROLLED DATA SWITCH,”
Robert C. Chen, Peter G. Jessel and R. Patterson, The Moore
School of Electrical Engineering

2:00 SESSION 18: GRAPHICS

Chairman: Ira W. Cotton, National Bureau of Standards

“GOMPUTER GENERATED PICTURES OF GRAPHS,"”
R. B. McGuire, University of Regina

“GALMA’S GPL tm LANGUAGE: A PROGRAMMING LANGUAGE
FOR CUSTOM TURNKEY GRAPHICS SYSTEMS,"”
Carl Smith, CALMA

“ATS-6 CONTROL CENTER REAL-TIME GRAPHICS DISPLAYS,"”
R. desJardins and J. Hahn, NASA/Goddard Space Flight Center

-~
2:00 SESSION 19: DATA BASE
C@airman: Thomas C. Lowe, National Bureau of Standards
“A CLOSED SYSTEM OF REPRESENTATION FOR RELATION-
» ALLY-ORGANIZED DATA AND ITS DESCRIPTORS,”
Clifford R. Hollander, Stanford University
“AN EFFICIENT IMPLEMENTATION OF CODD’S RELATIONAL
MODEL DATA BASE,” Leon E. Winslow, Wright State Univ.
“A BENCHMARK TEST APPROACH FOR GENERALIZED DATA
BASE SOFTWARE,"” Elizabeth Fong, National Bureau of Standards

4300 SESSION 20: APPLICATION AUTOMATION
' Chairman: N. J. Denil, IBM
“SOFTWARE ORGANIZATION FOR A MULTI-PURPOSE DESIGN
AUTOMATION SYSTEM,” Robert J. Smith Il and Mathew N.
| Matelan, Lawrence Livermore Laboratory, University of California
“AN AUTOMATIC PROGRAM DESIGN AND GENERATION
SYSTEM FOR MINI COMPUTER BASED DATA
®  COMMUNICATION SYSTEMS APDG,” N. Sugiura,
T. Hayashi and M. Yasuoka, OKI Electric Industry Co., Ltd.
“FHE AUTOMATIC TRANSFORMATION OF A SPECIFIC
NATURAL LANGUAGE IN A FORMALIZED METALANGUAGE,"”
Ba E. Vaccari, Institute de FISICA

4:00 SESSION 21: HARDWARE DEVELOPMENT TOOLS
¢ Chairman: John A. Darringer, 1BM
“AN ARCHITECTURAL DEVELOPMENT TOOL FOR THE IBM
= SYSTEM/INTERMEDIATE LANGUAGE MACHINE (S/ILM),”
Tony Carpino, IBM

“STRUCTURED CONTROL OPERATORS IMPLEMENT ON THE
IBM SYSTEM/INTERMEDIATE LANGUAGE MACHINE
(S/1LM),” J. P. Dorocak, |IBM

“A QUASI PARALLEL HARDWARE LANGUAGE EMULATED BY
AN HOST HIGH LEVEL LANGUAGE,” Gerard L. M. Noguez,
Universite PARIS

THURSDAY september 11, 1975

THURSDAY MORNING (Parallel Sessions)

9:00 SESSION 22: PATTERN RECOGNITION

Chairman: Laveen Kanal, University of Maryland

“MAKING COMPUTERS EASIER TO USE IN BIOMEDICINE,"”
Judith Prewitt, NIH

“INTERACTIVE PATTERN ANALYSIS,”
Laveen Kanal, University of Maryland

“USING COMPUTERS IN REMOTE SENSING,”
Michael Hord, Earth Satellite Corporation

“AUTOMATION OF INVESTMENT ANALYSIS — A NEW
HORIZON FOR APPLICATIONS OF ARTIFICIAL
INTELLIGENCE,"” Jerry Felsen, University of Southwestern
Louisiana

9:00 SESSION 23: PERFORMANCE MEASUREMENT

Chairman: Philip J. Kiviat, Federal Computer Performance
Evaluation & Simulation Center
“PRACTICAL CONSIDERATIONS FOR COMPUTER SYSTEM
MODELING,"”" Jeffrey Buzen, Harvard University
“MEASUREMENT ORIENTED DESIGN OF COMPUTER SYSTEMS,"”
Dinesh Kumar, Fed. Computer Performance Eval. & Simulation Ctr.
“A MODEL FOR WORKLOAD CHARACTERIZATION,"”
A. K. Agrawala and J. M. Mohr, University of Maryland
“EXPERIMENTAL EVALUATION OF A MULTIPROGRAMMED
COMPUTER SYSTEM,” Y. V. Reddy, West Virginia University

9:00 SESSION 24: GENERAL SYSTEMS

Chairman: Gilbert Held, U. S. Postal Service

“OBFUSCATION — FREE INTERFACE AMONG THE SMALLBOAT
SKIPPER, THE SAILBOAT AND THE ON-BOARD
MINICOMPUTER," K. Flose, Consultant

“ENGINE CONSTRUCTION: THE MICROPROGRAMMED
DESTRUCTIONOF HIGHER-LEVEL LANGUAGES,"
Michael J. Viehman, TETRA Tech., Inc.

11:00 SESSION 25: VOICE RESPONSE
Chairman: Donald A. Biggar, Systems Development Corporation
“AUTOMATIC SPEECH UNDERSTANDING SYSTEMS,"”

H. B. Ritea, System Development Corporation
“AUTOMATIC SPEECH RECOGNITION EXPERIMENTS,"”

G. M. White, XEROX Palo Alto Research Center
“RECOGNITION OF CONTINUOUS SPEECH,”

J. K. Baker, L. R. Bahl and F. Jellineck, IBM

11:00 SESSION 26: SOFTWARE TECHNOLOGY FORECAST:
1975-1985
Chairman: Paul Willis, TELEDYNE — Geotech Laboratories
“SOFTWARE AREAS NEEDING FORECASTS,"”
Paul Willis, TELEDYNE — Geotech Laboratories
“FUTURE OF HIGH LEVEL LANGUAGES,”
H. Maisel and A. Tucker, Georgetown University
“FORECAST OF SOFTWARE RELIABILITY 1975-85,"
Barry DeRose and Ch. W. Hamby, Automation Industries, Inc.
“EFFECT OF HARDWARE ON SYSTEM SOFTWARE; 1975-1985,"
Patrick J. Martin, U.S. Department of Agriculture

11:00 SESSION 27: (PANEL) DISTRIBUTED ARCHITECTURE:
WHERE ARE WE GOING?

Chairman: David Farber, University of California at Irvine
Panelists: TO BE ANNOUNCED

REGISTRATION INFORMATION ON LAST PAGE

/
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THURSDAY September 11, 1975
THURSDAY MORNING

8:30 — 9:30: REGISTRATION

9:30 — 10:30: OPENING SESSION
Chairman: Harlan Mills, IBM

Keynote Speaker:
Frederick P. Brooks, Jr., University of North Carolina

11:00 — 12:00: CONCEPTS
Chairman: M. Marcotty, General Motor Research Laboratories
“A TOP-DOWN VIEW OF SOFTWARE ENGINEERING,"

A. |. Wasserman, Univeristy of California, San Francisco
“SOFTWARE TOOLS,"”

B. Kernighan and P. J. Plauger, Bell Telephone Laboratories,
Murray Hill, New Jersey

THURSDAY AFTERNOON

1:30 — 3:00: TOOLS
Chairman: B. Liskov, MIT

“THE COLUMBUS APPROACH,"”
Jan Witt, Siemens Ag., Munich, Germany

“SOFTWARE MONITORS AIDING SYSTEMATIC TESTING
AND THEIR OPTIONAL PLACEMENT,"”
C. V. Ramamoorthy, University of California, Berkeley,
K. H. Kim, University of Southern California

“STRUCT PROGRAMMING ANALYSIS SYSTEM,”
J. E. Stockenberg and Andries van Dam, Brown University

3:30 — 5:00: DEVELOPMENT PROCESS CONTROL
Chairman: Donald J. Reifer, Aerospace Corporation

“THE SOURCE CODE CONTROL SYSTEM,"”
Mare J. Rochkind, Bell Telephone Laboratories,
“PREDICTING PROGRAMMING GROUP PRODUCTIVITY —
A COMMUNICATION MODEL,"”
R. F. Scott and D. B. Simmons, University of Texas
“AN EXPERIMENTAL PROGRAM TESTING FACILITY,”
Richard E. Fairley, Texas A&M University
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FIRST NATIONAL CONFERENCE ON

SOFTWARE
ENGINEERING

Sponsored by

@ IEEE COMPUTER SOCIETY

and

NATIONAL BUREAU OF STANDARDS

Chairman: Harlan Mills, IBM
Vice-Chairman: Dennis Fife, National Bureau of Standards
Program Chairman: Tom Steel, Equitable Life Assurance Society

SEPTEMBER 11 and 12, following COMPCON FALL ‘75

at the Mayflower Hotel, Washington, D.C.

FRIDAY September 12, 1975

FRIDAY MORNING

9:00 — 10:00: EXPERIENCE
Chairman: Robert C. McHenry, IBM

“ITERATIVE ENHANCEMENT: A PRACTICAL TECHNIQUE
FOR SOFTWARE DEVELOPMENT,” Victor R. Basili and
Albert J. Turner, University of Maryland

“PROGRAM DESIGN BY A MULTIDISCIPLINARY TEAM,"
Susan Voigt, NASA, Langley Research Center

"“APPLIED SOFTWARE ENGINEERING: A REAL-TIME
SIMULATOR CASE HISTORY,” S. R. McCammon, RCA
Missile and Surface Radar Division

10:30 — 12:00: METHODOLOGY
Chairman: John Gosden, Equitable Life Insursace Co.

"“STRUCTURED PROGRAMMING AND FORMAL
SPECIFICATION,” R. Noonan, University of Maryland

"“SOFTWARE PERFORMANCE MODELING USING COMPU-
TATION STRUCTURE,"” Howard A. Shool and Taylor L.
Booth, University of Connecticut

“TOP-DOWN, BOTTOM-UP AND STRUCTURED
PROGRAMMING,"” C. L. McClure, lllinois Institute of
Technology

FRIDAY AFTERNOON

1:30 — 3:00: SUMMARY PANEL
Chairman: Raymond Yeh, University of Texas

Panelists: M. Marcotty, General Motors Research Laboratories

B. Liskov, MIT
Donald J. Reifer, Aerospace Corporation
J. Gosden, Equitable Life Insurance Co.

| FIRST NATIONAL CONFERENCE ON

#F SOFTWARE
2® ENGINEERING
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Complete and return this form (with your check made payable to COMPCON 75 FALL) to:

COMPCON 75 FALL
P.O. Box 639 ADVANCE LATE

2 y REGISTRATION REGISTRATION
Silver Spring, Maryland 20901 (prior to August 29,1975)| (after August 29, 1975)
(please check appropriate boxes) member |non-member] member |non-member

TUTORIAL ONLY $ 50 $ 65 $ 60 $ 75
COMPCON ONLY 50 65 60 75
SOFTWARE ENGRG. ONLY 20 25 25 30
TUTORIAL + COMPCON 100 115 110 125
COMPCON + SOFTWARE ENGRG. 65 80 75 90
TUTORIAL + COMPCON + 115 130 125 140
SOFTWARE ENGRG. CONFERENCE

STUDENT DISCOUNT available for COMPCON ONLY (Fee: $25). To receive a discount, students
must be IEEE Student Members and must register at the door.

NOTE: Requests for refunds must be received in writing no later than September 1, 1975.

® TUTORIAL registration fee includes luncheon and bound text.

® COMPCON registration fee includes one copy of the Digest of Papers, and provides you with
2 complimentary drink tickets for each of the COMPCON hosted parties, Tuesday and
Wednesday nights.

® SOFTWARE ENGINEERING registration fee includes one copy of the conference proceedings.

LATE REGISTRATIONS will be accepted at the Mayflower Hotel beginning Sunday evening,
September 7, 1975.

|EEE or IEEE COMPUTER SOCIETY Membership Number

NAME

REGISTER BEFORE
AUGUST 29, 1975 e Ll
AND SAVE $3$ ADDRESS

CITY/STATE/ZIP

CD

-_-_-_-_-_-_._-_-_-_..-_-_-_-§:%-_-_-_._.‘

Complete and mail this reservation form to:

Mayflower Hotel
1129 Connecticut Ave. NW
Washington, D.C. 90036

Attn: Reservation Manager

In order to confirm your room reservation, The Mayflower Hotel must receive this coupon at least
two (2) weeks prior to your arrival date. Rooms will be held until 6 p.m. on day of arrival unless
accompanied by deposit to cover first night’s rental.

PLEASE CHECK ACCOMODATIONS DESIRED (Circle price range):

STANDARD MEDIUM DELUXE
[J SINGLE (1 person) $26 to $32 $33 to $38 $42
MAYFLOWER [J DOUBLE & TWIN $39 to $42 $43 to $48 $50
HOTEL [J SUITES (Parlor & 1 Bedroom) %65 $75 to $85 $90 to $105
O Piease reserve. . ... room(s) Arrival date . ........ AM [0 pm O
of the type and rate checked. Departure date. ... ... AM [0 pm O
NAME
ADDRESS

CITY/STATE/ZIP

COMPANY NAME
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If you can’t attend COMPCON 75 Fall but would like the digest of papers shipped directly to you, simply fill out and return 4:

the order form below with your check or money order payable to the IEEE Computer Society.

Mail to: |EEE Computer Society
5855 Naples Plaza, Suite 301
Long Beach, CA 90803

P e e e @ o e e e e m—— - — i —  — i — i — —  —  —  —  — . —  — — - — i — - — - —  ——  —  — ]

I 'am unable to attend COMPCON 75 Fall. Please ship me the digest of papers and/or tutorial indicated below (check
appropriate box or boxes):

CEIES
*
member price non-member price
Ll it b 2l st e aie s S T T A

Digest of papers from COMPCON 75 Fall: ““How to Make Computers $15.00 O $20.00 [J
Easier to Use"”
COMPCON 75 Fall Tutorial: “Protection of Information in $9.00 O $12.00 0
Computer Systems’’ o
COMPCON 75 Fall Tutorial: “Structured Programming’’ $9.00 O $12.00 O
Digest of papers from COMPCON 75 Spring: “Computer Technology $15.00 O $20.00 O
to Reach the People”’
Proceedings on the First National Conference on $6.00 O $8.00 O .
Software Engineering =

A
Digest of papers from COMPCON 74 Fall: “Micros and Minis — $15.00 O $20.00 OJ
Application and Design”’ :
COMPCON 74 Fall Tutorial: ““Minicomputer Realtime $15.00 O $15.00 I
Executives”
Digest of papers from COMPCON 74 Spring: ‘“Computer Peripherals — $15.00 O $20.00 O
Benefactors or Bottleneck?”’
Digest of Papers from COMPCON 73 Spring: ‘“Computing Networks $15.00 O $20.00 J

from Minis through Maxis — Are They for Real?”’

SPECIAL PACKAGE PRICE DISCOUNT: 10% OFF
ANY ORDER OF THREE OR MORE BOOKS

MY PAYMENTOF____________|SENCLOSED. [J

ADD $2.00 BILLING CHARGE AND INVOICE ME, [] (CHECK ONE)
Name Computer Society or IEEE Member No.

Address ] »

City State Zip )




TECH NOTE

Simplifying Processor Maintenance
with a Carefully Designed
Maintenance Panel

George Gillow

The National Cash Register Company

Data Processing Division
San Diego, California

A maintenance panel enabling the service engineer to observe and manipulate
data patterns in a system and to have manual control of microdiagnostic rou-
tines can greatly speed up failure detection and reduce overall repair time

The ideal computer maintenance
scheme involves a machine that can
completely diagnose itself and iso-
late all failures; a cathode-ray tube
(CRT) display or printout would
identify the exact hardware needing
replacement. Diagnostic program-
ming has come a long way toward
allowing a machine to diagnose its
own failures. Since many computers
—from small minicomputers to large
scientific machines—are micropro-
grammed, microdiagnostic routines
provide an efficient way to exercise
a large portion of the hardware and
isolate faults to the card, chip, or
even gate level.

However, even microdiagnostic
techniques cannot as yet locate all
failures. Well thought-out hardware
aids—particularly a straightforward
maintenance panel and associated

logic—can greatly assist the main-
tenance engineer in locating fail-
ures that could previously be found
only with manual techniques.

Microdiagnostics Fault Location

Fig. 1 depicts a portion of a simpli-
fied microprogrammed central pro-
cessing unit (CPU), Microinstruc-
tions are stored in a microinstruction
memory, or read-only memory
(ROM), which is addressed by a
ROM address register (ROMAR).
The microinstruction is read out of
the ROM into an instruction register
(IR), outputs of which form control
lines, literals, and local storage ad-
dresses.

A typical microdiagnostic program
(see Table) for checking an arith-
metic logic unit would first load

the local store with a number of
predetermined data patterns, one of
which is gated into the adder. Result
of the addition is tested against the
predetermined sum. If the sum is
incorrect, the HALT instruction stops
the machine, at which time the engi-
neer can determine the problem
area by knowing which portion of
the routine has failed. The ability of
the microdiagnostic routine to per-
form many additions with a number
of data patterns provides for thor-
ough testing of all logic, and en-
ables isolation to the card or even
chip level.

Manual Fault Location

Although in many cases the micro-
diagnostic routines described can iso-
late all failures, some occur that
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cannot be easily isolated—by any
type of programmed diagnostics:

e Failures in control storage (ROM),
ROMAR, or IR prohibit execution
of any microdiagnostics

e Failures of clocks and clock-gen-
erating hardware, since this hard-
ware area is not directly controlled
by microinstructions (this applies to
any area not directly controlled by
microinstructions)

e Some failures of gates that drive
buses. Several gates on various
printed circuit cards may be wire-
ored together. If one gate is stuck
at 1, for example, determining by
diagnostics which gate in the series
is faulty may be impossible; even
card isolation is difficult

e Failures occurring in hardware,
such as control store load paths,
that must be operational before any
microdiagnostics can be loaded; this
is known as “hardcore”

These faults require manual isola-
tion by the engineer; a simple, well
designed maintenance panel can
greatly decrease the amount of time
required for performing this task.
For example, assume that the ma-
chine in Fig. 1 has 8-bit data paths
and a 16-bit microinstruction word.
On one possible maintenance panel
(Fig. 2), the rotating select switches
(SsELA and SELB) can be set to dis-
play the bit patterns of each regis-
ter, bus, and other important data
paths or control lines. For paths
having more that eight bits, switch
A can select the least significant
bits; switch B, the most significant.

Panels may contain more than
two display arrays, but in general,
the engineer does not need to ob-
serve more than two (or perhaps
three) at a time. He may display
data in the A array and an address
in the B array, or display both in-
puts to the execution unit or one
input and the resulting sum. Select
switches may be expanded from
those in Fig. 2 to include additional
functions. Also, the number of dis-
play lamps may exceed 8 (16, 24,
32, or more).

Data can be manually loaded in-
to any register or local storage. To
load a register, it is selected by a
select switch. The data pattern is
placed on the address/data switches,
and the corresponding ENTER switch
pressed. For entering data into local
storage, the address is placed on
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the B switches, data on the A
switches; load button A is pressed.

The panel is also equipped with
status indicators for interrupts, par-
ity errors, trap modes, and so on.

When the test switch is placed
in CS (control storage) position, pre-
defined patterns of data (set on the
address/data switches) are entered
into each location of control stor-
age and then read out. Error-detec-
tion hardware checks the data for
parity and compares them with the
address/data switches. By placing
the test switch in MONITOR position,

a meter checks the frequency of
occurrence of an event by selecting
data to be monitored and entering
the event (data pattern) in the data
switches. The NORMAL position is
for normal running.

Loop and Halt Functions

LooP and HALT switches operate in
concurrence with Loop and HALT
microinstructions, as illustrated in
the previous example. When a HALT
instruction is executed, the CPU clock
stops if (and only if) the HALT
switch is on and a specified condi-

DATA
ADDRESS
OR
LITERAL

CONTROLS

ROM ADDRESS

Fig. 1
is addressed by the address register, ROMAR. Microinstructions are read
out of the ROM and stored in the instruction register (IR). Outputs of the
IR form control lines (or are decoded to form control lines) and local storage
addresses. Data to the arithmetic and logic unit come from the local storage
and the accumulator with results placed in the accumulator via the Out bus

Microinstructions are stored in a ROM of this simplified CPU. ROM
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New socket cards for

Instantly available, these two new In addition, both cards provide a
cards are your answer to second- good ground plane for high-speed
source problems. They enable you to operation. They include a ceramic
change 1Cs and wiring for new pin monolithic bypass capacitor at every
patterns with great ease. | socket, and provision for bypassing
They are designed specifically for other voltages that may be required
microprocessor applications, includ- for chips. Power can be connected to
ing controllers, random access mem- various pins on LSI chips by means of
ories, and erasable programmable solder tabs. And each card includes
memories. As such they are the new- 22 built-in test points.
est in our line of 3D socket cards: These cards are complemented by
3D2017 Four 40-pin sockets, six 24- our line of Card-Pak card files, and

pin sockets, five 18-pin sock- ‘ our automated wiring service.

ets, five 16-pin sockets, and We're ready for you right now.

four 14-pin sockets. $124.70. And so is our nationwide distributor,
3D2018 Two 40-pin sockets, eight G. S. Marshall. So call either of us

22-pin sockets, four 18-pin today. Or, tear out this page and keep

sockets, six 16-pin sockets, it handy until you are ready for us.

and eight 14-pin sockets.

EECO

FOR PACKAGING

1441 East Chestnut Avenue, Santa Ana, California 92701
Phone 714/835-6000
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Here they are at last—high-speed ~ They both have interrupt logic Features of the $6850 ACIA

communications interfacesona - and they’re both double buffered. g hidirectional data bus for communication

single chip. This lets the MPU operate withMPU. )
Our new $2350 Universal much more efficiently, because ~ False start bit deletion. ez g9
Synchronous Receiver/Trans- it’s not a slave to its family. Peripheral/modem control functions.
mitter and S6850 Asynchronous ~ These two chips are the latest ~ Double buffered receiver and transmitter.
Communications Interface additions to our growing list of ~ Oneortwostopbitoperation.
Adapter make it easy to link your communications circuits. It now i (;,ra?i:);t e i
word-oriented controller or includes the S1757 UART Parity, overrun and framing error checking.
microprocessor with a serial (CMOS compatible), the SI883  Programmable control register.
transmission line. Theyre both ~ UART, the $9544 CRC and Optional = 1, ~ 16, and = 64 clock modes.
N-Channel, use single 5-volt the S6860 Modem. ' Up to 800,000 bps transmission.
power supplies, nee.d oL, So make communicating
and are bus compatible. Features of the a lot easier. Talk to your
And theyTe fast. The USRT $2350 USRT nearest AMI sales office.
transmits and receives at a rate T T ey 6800 Or call our distributor.
Of 500 KHZ. Tl’_le A_CIA at Internal sync detection. - AMI’ 380() HomCStC’dd
800 KHz (making it the fastest T Road, Santa Clara, CA
Asynchronous R/T going). ot e ihéult oy M PU 9/5031. Phone
Both circuits will fit right into 5 iented outputs. ) (408) 246-0330.
most synchronous or asynchro- 58t characters. °_o
nous communications Systems.  Odd/even or no parity. lt y
But theyre especially valuable as  Error status flags. g tandard
part of a system using the AMI  Single power supply (+5v). | S

®

S6800 microprocessor family. Input/output TTL compatible. at

AMERICAN MICROSYSTEMS. INC
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- Here’s

°@®

SALES OFFICES

Manhattan Beach CA e (213) 379-2452
Mountain View CA e (415) 969-0610
Altamonte Springs FL  (305) 830-8889
Elk Grove Village IL @ (312) 437-6496
Norwood MA e (617) 762-0726

Livonia M| e (313) 478-9339
Minneapolis MN e (612) 546-3354
Monsey NY o (914) 352-5333

Ambler PA e (215) 643-0217

Richardson TX e (214) 231-5721

DISTRIBUTORS

ALTA ELECTRONICS: SYMBOLS'

\ Utah—Salt Lake City (801) 486-7227 @ e g
. PUSH BUTTON ROTATING
SWITCH SWITCH

ARROW ELECTRONICS:
Minnesota— Bloomington

(612) 888-5522 Fig. 2 Maintenance panel allows the service engineer to

observe data patterns on all buses, registers, memory
locations, and control lines by selecting the appropriate
area with the select switches. Data can be loaded into
registers and memories with the LOAD A and LOAD B
buttons and the (local storage) ADDRESS/DATA switches.
The test switch allows for monitoring of particular events
and for testing the control storage hardware, Loop and
Halt switches are used with special diagnostic micro-
instructions to control the microdiagnostic routines, and
the Single-Step switch enables manual stepping of the

INTERMARK ELECTRONICS:
Washington—Seattle (206) 767-3160

SCHWEBER ELECTRONICS:

California—Costa Mesa (213) 924-5594
and (714) 556-3880

- Connecticut— Danbury (203) 792-3500

Florida—Hollywood (305) 927-0511

Georgia—Atlanta (404) 449-9170

Ilinois— Elk Grove Village
(312) 593-2740
lowa—Cedar Rapids (319) 393-0100
Maryland—Rockville (301) 881-3300
Massachusetts—Waltham
(617) 890-8484
Michigan—Troy (313) 583-9242
Minnesota—Edina (612) 941-5280
New Jersey—Somerset (201) 469-6008
New York—Rochester (716) 461-4000
Westbury (516) 334-7474
Ohio—Beachwood (216) 464-2970
Texas—Austin (512) 837-2890
Dallas (214) 661-5010
Houston (713) 784-3600

STERLING ELECTRONICS:
Arizona—Phoenix (602) 258-4531
Louisiana— Metairie (504) 887-7610
Massachusetts—Watertown
(617) 926-9720
New Jersey— Perth Amboy
(201) 442-8000
New Mexico—Albuquerque
(505) 345-6601
Texas—Dallas (214) 357-9131
Houston (713) 627-9800
Virginia—Richmond "Meridian”
(804) 335-6521

R.V.WEATHERFORD CO.:
Arizona—Phoenix (602) 272-7144
California—Anaheim (714) 547-0891
Glendale (213) 849-3451
Palo Alto (415) 493-5373
Pomona (714) 623-1261
San Diego (714) 278-7400
Colorado— Englewood
(303) 761-5432
New Mexico—Albuquerque
(505) 842-0868
Texas— Dallas (214) 243-1571
Houston (713) 688-7406
Washington—Seattle (206) 243-6340

CIRCLE 45 ON INQUIRY CARD

system clock

tion (as shown) is met. The LooP
switch acts as an unconditional
branch back to a predetermined loca-
tion in the program when (and only
when) the switch is on.

A diagnostic program is initiated
by the engineer when the HALT
switch has been turned on and the
LoopP switch turned off. If an error
occurs, the program will halt. The
engineer can display various regis-
ters to locate the incorrect data
pattern. He then turns the HALT
switch off and the LooP on and runs
the program again. Only those in-
structions involving an error are exe-
cuted, allowing the problem areas
to be probed with an oscilloscope.

Another important switch is single
step/run  (ss/RUN). In RUN posi-
tion, the machine executes normally;
in ss, it executes one clock at a time
(when the ss crock button is
pressed).

Conclusion

This maintenance panel could be
expanded to accommodate testing of
main memory, input/output, and so
on. Data paths displayed could also
be made larger. Additional cost of
the switches, display lamps, and
associated logic will in most cases
enable more rapid repair times, re-
sulting in lower factory debug and
field repair costs.
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TECH NOTE

Digital Synthesizers Produce Wide
Frequency Range from Single Source

John D. Fogarty

Professional Engineer

Columbia, Maryland

Fine resolution, transientless frequencies can be achieved by using direct
digital synthesizers, which create waveforms by stepwise outputting samples
of the waveform stored in @ ROM. One example of the required calculations
is presented here, along with a discussion of error sources inherent in the

digital design

A frequency synthesizer differs from
a tunable signal generator in that
it derives all of its output frequen-
cies from a single frequency source.
A direct digital synthesizer does
this by performing arithmetic opera-
tions at a rate determined by this
frequency standard, ie, its digital
“clock.” Direct synthesis inherently
provides fine resolution, transient-
less frequency changing with ampli-
tude and phase continuity, “instant”
phase-jumping for reference lock,
and known spectral content.

Basic Concept

Direct digital synthesis of a sine-
wave frequency is based on the
definition of frequency as a rate of
change of phase, ie, rate of rotation
of a generating phasor.

— d¢
ol ™
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Here dt is the digital logic clocking
period and d¢ is the phase-step size
number input to the synthesizer.
This input number is, therefore, di-
rectly proportional to the frequency
output.

Minimum frequency increment or
“channel subdivision” is governed by
the least-significant bit (LSB) posi-
tion choice in the phase accumula-
tor and by the logic clocking rate.
Absolute maximum frequency is
limited to one-half of the logic clock-
ing rate by the fundamental Nyquist
critericn for reconstruction of
sampled analog signals. In prac-
tice, the maximum generated fre-
quency should be kept to about one-
quarter of the clocking rate in order
to minimize the filtering require-
ment on the output waveform. Fre-
quency conversion and doubling tech-
niques may, of course, be applied to
the baseband output in order to get

higher desired frequencies than can
be obtained directly.

Implementation

Components of a digital frequency
synthesizer are shown in block dia-
gram form in Fig. 1. Central ele-
ment is the sine/cosine read-only
memory (ROM) which is addressed
by the phase-count number bein

continuously built up in the “ove

flowing” phase accumulator. Tk

phase accumulator consists of a

adder and an output register. Phase
step size number (d¢) is added int.
this accumulator at every clock in-
terval (dt).

ROM addressing is walked up
(sine) and then down (cosine) by
the bits increasing in the phase ac-
cumulator; the address count (and
hence direction) is flipped over by
a complementer (bit inverter) un-
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INPUT FREQUENCY SETTING
N P SR U W S
S

(OPEN)

QUADRANT
UP/ DOWN
ADDRESSING

MINIMUM FREQUENCY

MSB

ANALOG OUT

180°

Fig. 1 Direct digital syn-
thesizer. Interconnection
of major b'ocks show up/
down ROM quadrant ad-
dressing, and positive/
negative half-sinewave
control by the MSBs of
the overflowing phase ac-
cumulator

der control of the next-most signifi-
cant bit (quadrant signum) after
the address bits. Unipolar binary
values of the half-sinewave output
by the ROM are themselves com-
plemented, under control of the ac-
cumulator bit following the quad-
rant bit, to form the negative-half-
sinewave as required. These binary
numbers go to the bipolar digital-
to-analog converter (DAC) which
produces the sampled-and-held ana-
log waveform. Low-pass filtering
(LPF) is all that is needed to com-
slete the synthesis.

Fig. 2 shows this build-up in the
phase accumulator with accompany-
ing up/down ROM addressing, num-
ber values output by ROM, and bi-
polar DAC result. Up/down and
positive/negative areas of the phase
accumulation show the quadrant and
halfwave bit-control regions. Al-
though smooth lines are illustrated,
they should actually be drawn as
very coarse staircases, because of

the large phase steps required near
the maximum working frequencies.

The phase accumulator need nev-
er be cleared unless it is necessary
to “instantly” synchronize the phases
of two synthesizers by resetting to
the same (zero) point for both wave-
form outputs. Rather, the accumu-
lator keeps on increasing in incre-
ments of the phase-step input num-
ber. The “carry-out” bit is ignored
as the accumulator overflows and
the count “folds back” around zero
and builds up again. Slope of the
build-up is a function of the phase-
step size.

Referring back to Fig. 1, ROM
addressing is limited and the ac-
cumulator’s LSBs go nowhere. Thus,
it may take many clock times to
count up a small phase-step to the
point where it steps the ROM ad-
dressing one more notch in generat-
ing a low frequency. Alternatively,
if only a narrow band of frequen-
cies is to be covered, one or more

large phase steps may be hardwired
into the accumulator as the bottom
of the band while the phase-step
register holds only the range to be
spanned.

If a 90-deg quadrature output is
also required from this synthesizer,
a second DAC/LPF can be added
to the digital output via a multi-
plexer (MUX), and a 2f clock can
be used to toggle the MUX and the
quadrant/polarity controls between
the two DACs for each step of the
phase clock. Latches are required for
each DAC input.

Frequency Determination

Phase-step/accumulator sizing can
best be illustrated by an example.
To design a synthesizer that will
provide a 1.7- to 1.8-MHz output
band with 1.25-kHz channel steps,
we first compute the minimum clock
frequency. From Nyquist’s criterion
for the upper frequency limit, we
know that this clock must operate
at a rate in excess of 2 x 1.8 MHz,
or >3.6 MHz. Next, using the mini-
mum frequency step size of 1250
Hz as the LSB value for the phase
accumulator, we can size this ac-
cumulator as the binary count
needed to divide this 3.6-MHz clock
down to 1250 Hz: 3.6 MHz = 1250
Hz = 2880. Since the next higher
power of 2 is 212 = 4096, a 12-stage
accumulator is needed and the clock
should be 1250 Hz x 4096 = 5,-
120,000. Our Nyquist limit is now
2.56 MHz. Theoretically, this is all
right, although it is a little tight
for the low-pass filter needed; ie,
the folded clock lower-sideband of
1.8 MHz will fall at 5.12 — 1.8 =
3.32 MHz. Since TTL logic should
operate at 10.24 MHz, that might be
a better choice; however, 12-bit ac-
cumulators are efficient to build, so
we will pursue the 5.12-MHz ex-
ample.

Because we are operating in a
limited band, we can hardwire some
phase accumulator input bits and
reduce our phase-step register size.
Manipulation of binary numbers re-
veals that hardwiring bits 21 and
28 gives a low limit of (1024 +
256) x 1250 Hz = 1.6 MHz. Add-
ing in bits 2% and 25 yields (1024 +
256 + 64 + 32) x 1250 Hz = 1.8
MHz. Therefore, we can use a 6-bit
phase-step register to achieve the
desired range. Setting bits 2¢ and
2% starts us off at 1.7 MHz, while
setting in all bits brings us up te
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PHASE ACCUMULATOR
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360° | L
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\
ROM ADDRESS

ROM OUTPUT

VARV ARV

|l|
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—

i

DAC OUTPUT

bipolar DAC output polarity

Fig. 2 Digital synthesizer operation. As the count builds
up and overflows in the phase accumuiator register, the
two MSBs control the ROM-addressing direction and the

1,838,750 Hz as a top operating
limit, nicely bracketing the desired
range.

A similar analysis can be used in
a synthesizer design for other fre-
quency steps and ranges.

Error Sources

A number of inherent error sources
detract from the purity of the sine-
wave synthesized by this digital con-
struction. Ignoring obvious external
errors from clock accuracy and stabil-
ity, internal errors derive from
phase resolution, arithmetic jitter,
and analog filtering.

Phase resolution is a function of
the number of phase-change steps
inherent in the chosen ROM. The
DM8598 AA, a 16-pin DIP with 5-
bit addressing and 8-bit output reso-
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lution from National Semiconductor
Corp, breaks the quadrant into 2° =
32 slices or 128 steps for the com-
plete 360-deg sinewave. This means
that the phase-positional accuracy of
any one sample may be off by *1.4
deg. Actual phase-step size, of
course, may be many multiples of
this for the higher frequencies gen-
erated. The sinewave function ROM
performs a “filtering” action on the
sidebands produced by limiting the
energy in any one ‘“‘misstep’—the
fundamental frequency output is a
property of digital counting only.
This =14 LSB in five bits of address-
ing drops the sideband amplitude to
%64 or —36 dB. If better spurious
frequency suppression is required,
more steps must be used in the ROM.

“Arithmetic jitter” is another way
of viewing ROM-addressing resolu-

tion. The phase accumulator is
stepped by adding in another phase-
step word at every clock. Accumu-
lated addressing as seen by the
ROM’s LSB will contain an inherent
“pulse position modulation” of a
magnitude equal to this LSB. This
explains the occurrence of different
spurious sidebands for different fre-
quency settings (their amplitude is
set by the step size as described
above). If the frequency generated
happens to be a power-of-2 sub-
multiple of the clock, there will be
no missteps in phase and hence no
spurious sidebands.

A second arithmetic error that is
built into this particular design
proves to be inconsequential. The
DAC wuses 2’s complement binary
input numbers, yet the signum in-
verter, which produces the negative
half of the sinewave, actually out-
puts 1’s complement binary num-
bers. This is done because simple
bit-inverter logic is easier to imple-
ment than a true 2’s complementer,
and the 1-bit error in eight bits of
output accuracy represents a —54-
dB spurious frequency, which is not
serious enough to correct. The fact
that this is second-harmonic error
energy does not really help, since
this second harmonic appears on
all frequency replications of the
sampled spectrum and is amply
folded back into the region of in-
terest as an “aliased” frequency.

The last error source (or clean-up)
consists of output DAC and low-pass
filter. A fundamental principle of
sampling is replication of the sampled
spectrum around all multiples of
the sampling frequency. If a fre-
quency can be represented by sample
amplitudes, it will actually be pres-
ent. The function of the low-pass
filter is to remove all of these
spectral components above the Ny-
quist limit (fs/2). The closer the
output is to approximate one-half of
the clock rate, the more stringen:
the filtering cut-off requiremen:
Therefore, the highest operatin
clock frequency is the most desi
able from the filtering viewpoint.

Samples output by the DAC ar
“boxcarred” by the ROM step hold.
ing. This tends to decay the higher
harmonics by the sinc-function spec-
trum of the boxcar. In addition, the
finite response time of the DAC
rounds off the “staircase” waveform
generated and constitutes part of the
low-pass filtering action. 0
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Look who just tied the knot.

The 54C/74C and the 4000 series.

Actually, it's no great surprise. The features such as higher guaranteed noise
54C/74C and the 4000 series logic families  margin. Greater output drive. And higher
have always been electrically compatible speed of specific CMOS functions.
and now many of the functions are even When you're ready to tie the CMOS
pin-compatible, so you can marry them in knot in your system, Harris can help you
your very own system without worrying perform the ceremony. Harris CMOS
about a family feud. You'll find mixing devices are fully compatible with others in
these two CMOS series beneficial to you the industry and will perform in your present
in many ways. First, you'll have more system without modification. And you can
available functions to choose from. Soyour  getimmediate delivery of both logic families
chances of finding the right one are better. from your Harris Distributor.

This will minimize the number of CMOS For more information on how we can
devices you need to implement the logic. make the CMOS marriage work for you,
And second, you can take advantage of the  call our CMOS Application Hot Line at
best personality traits of each series to 800-327-8934. Your systems will live happily
optimize your system's performance. Key ever after.
DEVICE OUTPUT SINK CURRENT | MINIMUM Ve gagsrgc'}g%stg?gffer
e (Ve = 04V single level gate
4002A OL 2oL 0.40ma functions s for all
Vout CMOS logic families.
on0oL=0%9 | ozoma e
VA —oay ) which is the basis of
4001A OL 0L = 0.30 ma ! i CMOS inter-family
All 54C/74C | (VoL=04V) 0.36ma Vss | Moo¥ss) vpp s
Ves| Vi
40718 IpnMVoL = 04V) 040 ma Volts

This illustrates some of the variations in output drive current

specified in the 4000 series, and how the 54C/74C fits within
HARRIS
e W Wyl

w SEMICONDUCTOR

A DIVISION OF HARRIS CORPORATION
P.O. Box 883, Melbourne, Florida 32901 (305) 727-5430

WHERE TO BUY THEM: OEM SALES OFFICES: ARIZONA: Scottsdale, (602) 946-3556 CALIFORNIA: Long Beach, (213) 426-7687; Palo Alto,
(415) 964-6443 FLORIDA: Melbourne, (305) 727-5826 ILLINOIS: Hinsdale, (312) 325-4242 MASSACHUSETTS: Wellesley Hills, (617) 237-5430 MINNESOTA:
Minneapolis, (612) 835-2505 NEW YORK: Endwell, (607) 754-5464; Melville, L.1., (516) 249-4500 OHIO: Dayton, (513) 226-0636 PENNSYLVANIA: Wayne,

(215) 687-6680 TEXAS: Richardson, (214) 231-9031

SALES REPRESENTATIVES: CALIFORNIA: San Diego, (714) 565-9444 COLORADO: Denver, (303) 771-4920 FLORIDA: Oviedo, (305) 365-3283 KANSAS: Olathe,
(918) 782-1177 MARYLAND: Randalistown, (301) 922-1248 MICHIGAN: Bloomfield Hills, (313) 642-0203 MISSOURI: Hazelwood, (314) 731-5200 NEW YORK:
Albrany, (518) 489-7408 or 4777 NORTH CAROLINA: Raleigh, (919) 828-0575 OREGON: Beaverton, (503) 643-1644 TENNESSEE: Shelbyville, (615) 684-4544
UTAH: Salt Lake City, (801) 268-3533 VIRGINIA: Falls Church, (703) 534-1673; Troutville, (703) 345-3283; Virginia Beach, (804) 481-7200 WASHINGTON:

Bellevue, (206) 454-0300.
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Microcomputer

A new six-volume programmed
learning course from lasis tells *
you EVERYTHING about what
microcomputers are and how
you can design and implement a
microprocessor-based system.

Since the transistor was invented,

no single electronics innovation has

made such an impact as the micro-
computer. Powered by tiny semiconductor
chips containing computing elements with
the same powers and functions previously
found only in large scale digital computers,
these dedicated microcomputer systems are
now being applied to literally thousands of
applications. Microcomputers are automating
assembly lines, providing the heart of sophis-
ticated electronic games, making ‘“‘intelligent”
computer peripherals even smarter, and are going

so far as streamlining the operations of the fastest

food chains. This revolution is occuring because micro-
computers are very inexpensive—costing as little as $30

in production volume—easy to implement into a system, and
significantly reduce the time and cost of product development. But
there has been one serious drawback to this exploding industry:

Training materials and courses in the basics of microcomputer
technology have been virtually non-existent, and the various
published manuals and texts have been undecipherable to those
not already intimately familiar with ultra-sophisticated logic design.

Once a designer has the heng of it, microcomputer design is a snap.

But without the fundamentals—never before available in such a

readable, understandable and simplified format—microcomputer design
has been unbelievably difficult. The comprehensive, step-by-step six- f
volume Programmed Learning Course on Microcomputers from lasis 'asgiz:;‘;sjmthmetic
makes the unbelievably difficult almost ridiculously simple. The authors of . Microcomputer Architectul
these texts have been involved on a professional level in the micro- The 4-Bit Microcomputer
computer industry since it became an industry. Their direct, first-hand The 8-Bit Microcomputer
experience in the whys, hows, wherefores and potentials of microcomputers

OAwN s

Assemblers and Prototypin
Systems

8-Bit Assemblers and
Compilers

o

Finally, you can get a comprehensive training course on microcomputers that puts
all the hard-to-get information at your fingertips in an easy-to-read, easy-to-understand 1
and even easier-to-implement manner. You can get it here...now. ui N S I N B B
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designisa snap.

0
90 SYSTEM e
8060 PROGR, ditge TR Tme

have made this six-volume collection the most valuable and
y meaningful series ever published on microcomputer
» design. The books combine the most effective methods of
programmed instruction with the entire gamut of essential
information vital to the designer of a micro-based system. ="
- You begin with the ABC’s of microcomputers and go
2 through a virtual post-doctoral course...and the
unique, self-testing programmed learning lasis course
v enables you to understand and absorb every bit of the
o information every step of the way through the six volumes.

The lasis course gives you more than 700 pages of detailed Speciiie deieils dre previded on four of the ingus

illustrated microcomputer information—including more Cotry's mQSt versatile microcomputers—the 4004, 4040,

than 1,700 self-tests you use to evaluate your progress— 8008 and 8080 from Intel Corporation—but the basic

plus programming and design aids that make the design of design information will apply to any and all micro-
practical systems very, very easy for you. : ; ;

processors. The six volumes you receive with the

course are: 1) BINARY ARITHMETIC; 2) MICROCOMPUTER ARCHITECTURE; 3) THE

4-BIT MICROCOMPUTER; 4) THE 8-BIT MICROCOMPUTER; 5) ASSEMBLERS AND

PROTOTYPING SYSTEMS; and 6) 8-BIT ASSEMBLERS AND COM-

PILERS. Plus, this detailed course provides you with two programming

pads and two simplified design aids so you may quickly and easily

develop both 4-bitand 8-bit microcomputer systems. Use the coupon

below to order your course from lasis, Inc., 770 Welch Road, Suite 154,

Palo Alto, California 94304.

iasis inc.

Special introductory price on this remarkable new course is just
:: $99.50...and if it isn’t everything we say it is or even more,
-~~~ .. return it within 15 days for a full refund!

Order before 8/31/75, and you’ll save a full $25 on the Programmed Learning Course
on Microcomputers! In addition, all introductory orders will include a bonus seventh
volume, the Microcomputer Applications Handbook!

(After Aug. 31,1975, price for the complete lasis course will be $124.50, plus $2.50 for postage and handling.)

B

Here's my check or money order (no cash, please). RUSH my You can use your BankAmericard or Master Charge, too!

6-volume Programmed Learning Course on Microcomputers, "
including the bonus Applications Handbook and programming 0O CHARGE MY ORDER TO THE CREDIT CARD NO. BELOW:

aids, to the address below. HURRY! BankAmericard No.
O Send one complete course for $99.50 in U. S. funds. My Master Charge No. — :
payment is attached. (California residents, please add For Master Charge, add 4-digit number imme-
$5.97 State sales tax.) diately above your name on the card. It is
. . . . ) 'S MY SIGNATU
O Send me information by return mail on quantity discounts. HERES =G Ak (Sign here if credit card charge)

ALLOW 15 DAYS FOR DELIVERY IN THE U. S. AND 6 WEEKS Credit card expiration date

FOR DELIVERY OUTSIDE THE UNITED STATES. NAME
.‘ ADDRESS
Mail tOday to: |aSlS, ORGANIZATION MAILSTOP
-. 770 Welch Road, Suite 154-CD
Palo Alto, California 94304. CITY/STATELZIF
iasis inc.
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Pattern Analyzer Synchronizes Scope
in Presence of Jittery Signal

Ralph Reiser

Hewlett-Packard Company
Colorado Springs, Colorado

For stability, an oscilloscope display of disc waveforms must be synchronized
with a reference point more closely linked to the data than any sector pulse,
especially when multiple records are being read by the computer. A patiern
analyzer can eliminate potential jitter display problems by recognizing a
unique record address that is phase-locked with the data, and triggering the

oscilloscope when the address is found

Fig. 1 Timing variations. Three traces in each of these scope photos show,
respectively, data signals, clock signals, and analog head output. Two upper
photos show data read from outer track of disc, with larger amplitude than inner-
track data in lower photos. Randomly mixed 1’s and 0’s (left) compared with
strings of consecutive 1’s and 0’s (right) show effect of pulse crowding
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Although an oscilloscope with a time-
delayed sweep is capable of making
many measurements, it may be un-
satisfactory in instances that re-
quire occurrence of a trigger signal
at a specific point in time. However,
such a signal is easily recognized by
a pattern analyzer—a general-pur-
pose instrument that recognizes many
possible combinations of digital sig-
nals. When used in conjunction with
an oscilloscope, it permits unusual
digital measurements to be made—
without having to depend on a tech-
nician’s innovational ability or build
special-purpose synchronizing de-
vices.

A pattern analyzer generates a
trigger signal from any serial or
parallel digital pattern it is pro-
grammed to recognize. In the Hew-
lett-Packard 1620A, for example,
patterns of up to 16 bits can be
selected for recognition and the
trigger output signal may be de-
layed up to 999,999 clock intervals
from the recognition point. Parallel
operation may be either synchronous

COMPUTER DESIGN/JuLy 1975
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or asynchronous. In serial operation,
a separate qualifier line enables bit
patterns to be monitored at a spe-
cific point in time (by the leading
edge of a sample pulse) or during
time intervals (duration of the
sample pulse). Edge-qualified mode
can be selected for either positive-
or negative-going transitions; it also
permits use of serial frame delay,
which selects the time (up to 99
clock intervals) when the analyzer
looks for word recognition from the
qualifier starting edge.

Triggering Example

A disc storage unit offers an ex-
ample of a triggering problem that
a pattern analyzer can solve with
ease. A system may store over
100,000 bits on a single track, with
many millions of bits on each record-
ing surface. Small speed variations
of the rotating disc, pulse crowding
(time displacement arising from cer-
tain patterns of data), and an inde-
terminate inter-record gap contribute
to a fluctuating data transfer rate,
which results in a jittering oscillo-
scope display that is difficult to in-
terpret.

Also, disc-reading errors some-
times show up as low-quality analog
signals from the disc. Such a signal
may be due to a nonuniform coat-
ing of magnetic oxide, varying head-
to-magnetic-medium spacing, or poor
head-to-track alignment. In addi-
tion, analog output signals from the
inner tracks of the disc are lower
in amplitude than are signals from
the outer tracks. These variables
necessitate synchronizing with the
data rate in the phase-locked area
rather than with an absolute refer-
ence.

With all the possible variations
in data timing, some of which are
illustrated in Fig. 1, it becomes a
challenge to locate one particular
bit, and even more so to display
this bit stably for electrical analy-
sis. With a wideband oscilloscope
triggered by an instrument capable
of detecting a particular digital pat-
tern, the task is easily met.

Synchronization
Without Jitter

In disc systems where the sector
pulses, which define the start of each
new record, are synchronous with
the data, synchronization is easy.
However, in systems where the

—01 r DATA CELL 400ns
SEPARATED
CLOCK

ZERO
SEPARATED /
DATA

]

data and clock pulses

TRACK
FORMAT

Fig. 2 Track format. Sequence of clock pulses (top) de-
fines data cell boundaries; data, represented by presence
or absence of pulses, are timed to fit nearly in center of
data cells. Hence, 2-frequency series represents combined

LSB Lse

CYLINDER ADDRESS

HEAD
ADDRESS

Fig. 3 Real address. A 16-bit word
(top), divided into segments to show
the various parts of a record address
on a disc, appears in a scope trace
(right) superimposed on a clock se-
quence. For example, the single data
pulse rising above the clock pulse
at the left-hand side of the trace
represents the first 1 in the 16-bit
address; it is followed by a series of
four clock pulses during which the
data level is low, representing the
next four 0’s in the address

LSB

p S
SECTOR +1 PROTTECY
Bl

ADDRESS

fr— S R e e
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pulses are otherwise synchronized
or when more than one sector on
a track is active, synchronizing the
oscilloscope from sector pulses may
produce a jittering display or a dis-
play of the wrong data.

Although the synchronization meth-
od described here can be used with
sector pulses, it was applied in par-
ticular to a disc system having a
combined data clock, phase-locked
loop. The moving-head disc unit ro-
tates at 2400 rpm and mixes data
with a series of 2.5-MHz clock pulses
in such a way that a 1-bit causes
occurrence of a pulse between two
clock pulses, and a 0-bit leaves an

oren space between two clock pulses
(Figs. 2 and 3). These are combined
into a record in the format shown
in Fig. 4; successive records, to-
gether with the related control sig-
nals, are illustrated in Fig. 5.
Combined data and clock pulses
read from the disc are divided into
separate pulse trains. Because varia-
tions in disc drive speed cause the
instantaneous data transfer rate to
fluctuate, it is necessary to synchro-
nize with the data rate when reading
out information rather than with an
absolute mechanical reference. This
synchronization starts during the
preamble at the beginning of each
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Fig. 4 Record format.
Data are recorded in this
format on a typical mag-
netic disc unit. Indeter-
minate length of inter-

Nth

SECTOR Nrth RECORD

PULSE

1. PREAMBLE APPROX 192 ZEROS PHASE-LOCK LOOP

2. SYNC WORD 1 BIT PLUS 15 ZEROS PHASE-LOCK LOOP

3. ADDRESS WORD 16 BITS CYLINDER, HEAD,
RECORD ADDRESS

4. INFORMATION FIELD 2048 BITS 128 x 16-BIT WORDS

5. CYCLIC CHECKWORD 16 BITS

6. POSTAMBLE 32 ZEROS

7. INTER-RECORD GAP INDETERMINATE LENGTH

record and preamble
present ambiguities that
preclude synchronizing a
display to the sector pulse

-— RECNORD
SECTOR
PULSES |

DISC
FORMAT

QUALIFIER

o ‘
2048 18| 7~192| 16 2008 1| ?
32 16

~192| 16 2048 18| ?
2 16 0

SYNC1
DETECTOR

——1 31 |e— SERIAL FRAME
PATTERN DELAY
COMPARISON

il R 4 R

ADDRESS IN
TRIGGER
SWITCHES

PATTERN
TRIGGER
our

E&51

Ssculoscors
SPLAY ¢

SWEEP SPEED

that point

* DISPLAY TIME DEPENDS UPON OSCILLOSCOPE

Fig. 5 System format. Pattern analyzer responds to
this storage format by qualifying itself on the first
synchronizing 1-bit. Serial
sync word and the address word into a shift register
for comparison with a desired address, specified
manually by trigger word switches. Equal comparison
generates a pattern trigger out, which in turn triggers
the oscilloscope sweep to display disc contents at

frame delay puts the

record, when the phase-locked loop
synchronizes the clock with data
from the disc. The address word is
read after synchronization is com-
plete; it is unique in the system
because it identifies one of many
thousands of records.
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Sync-Triggering
Requirements

An instrument that generates a re-
liable and stable synchronizing pulse
on this unique address requires three
sync-triggering features: first, it must

look only at the address portion
of each record; second, it must com-
pare each record address pattern to
the desired record address, selected
by the measurement technician; and
third, when the desired address is
found, it must generate a ‘‘pattern
trigger out” (PTO) pulse to start
the oscilloscope sweep.

In the pattern analyzer, the data,
having been separated from the
clock pulses, are sent through a
16-bit shift register. In each record
the first 1-bit comes at the beginning
of the sync word; its arrival turns
on the sync 1 detector signal on
the disc interface board. Using the
rise of this signal as a positive edge
qualifier for the pattern analyzer
and counting off a serial frame de-
lay of 31 puts the sync word and
the address word in the shift regis-
ter at the moment a logic pattern
comparison is made.

If and when this pattern matches
that of the analyzer’s trigger-word
switches, the pattern analyzer gen-
erates the PTO pulse. This triggers
the oscilloscope, which then displays
waveforms of the record specified
by the trigger-word switches. A
similar “delayed trigger out” (DTO)
pulse can trigger the oscilloscope
up to 999,999 clock periods after
the pattern has been recognized.

Without changing any disc test
connections, the oscilloscope can be
synchronized to any record in the
system by setting the analyzer trig-
ger word switches to the record
address of interest. Meanwhile, dig-
ital delay, combined with pattern
triggering, permits other areas on
the disc to be examined without hav-
ing to define additional trigger
points. Delay also allows a trigger
point to be selected in one record
while the sweep begins at a loca-
tion near a troublesome point in
another, where a trigger point may
not be available. The delayed trig-
ger can also easily obtain the end-
of-word pulse or an inter-record gap
of indeterminate length.

Conclusion

Digital pattern-triggering can vir-
tually eliminate the effects of speed
variations and stabilize a display
for analysis. It works for data trans-
fer in either direction, or for any
number of active records, and can
pick any one sector out of more
than 19,000 on a typical disc stor-
age unit. i}
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Now there’s a Standard core memory
module designed specifically for Data
General Series 2/2 and 2/10. Designa-
ted our Pincomm Model #16KN16MM,
it is a form, fit and function replace-
ment for the core supplied by the man-
ufacturer. It contains 16,384 16-bit
words, and it meets or exceeds all
original CPU parameters.

SAVE UP TO 40% on off-the-shelf
delivery. Contact Standard now for an
immediate quotation.

STANDARD/ 7 MEMORIES

I N C OR P ORATE D

AN APPLIED MAGNETICS COMPANY
2801 E. Oakland Park Blvd., Ft. Lauderdale, Florida 33306
TWX 510-955-9828 Telephone (305) 566-7611
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APPLICATION BRIEF

An Asynchronous Time-Division
Multiplexing System

C. T. Pardoe and R. L. Appel

Applied Physics Laboratory
The Johns Hopkins University
Silver Spring, Maryland

Where synchronization between multiple original data sources is difficult to
achieve, the multiplexing/demultiplexing system described provides a cost-
effective technique for combining asynchronous serial data systems info a

single bit stream

By combining the asynchronous data
bit streams from a plurality of inde-
pendent input data sources and out-
putting the data as a single, higher
rate bit stream, a highly efficient com-
munications system can be achieved.
Such a system can relieve the in-

creasingly acute overcrowding of the
frequency spectrum, and permit more
effective allocation of remote units or
terminals in time-shared systems.
The multiplexing/demultiplexing
system stores the data input signal
from each input source temporarily

APOLLO, ERTS,

SKYLAB, ETC.

Asynchronous time-division multiplexing system can be used to combine
digital data transmitted by a spacecraft on several RF downlinks into a single
high bit-rate signal for transmission to a mission control center (MCC) or a
central data processing facility (CDPF)
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until a block of data comprising a
predetermined number of bits be-
comes available for a particular input
source. This initial storage is ac-
complished by using an independent
clock signal for each input from a
standard bit synchronizer. After
storage of a block of input data, a
“label” bit pattern, unique to each
source, is appended. In this way, the
data sources are multiplexed as
blocks of information rather than
bit-by bit (or character-by character),
and the distinctive label permits
proper demultiplexing at the recep-
tion point. The multiplexing system
also has the capability of switching to
an operating condition wherein use-
ful overhead data (eg. coding check
bits or low priority data) are output
when no input channel has sufficient
source data to be processed.

Since data are shifted into the
multiplexer by their own clock sig-
nals, data rate variations have no
effect on system operation. In fact,
even burst telemetry can easily be
accommodated. The system permits
up to three pulse-code modulated
(PCM) bit streams to be multiplexed
and can also be 1sed for any non-
return-to-zero (NRZ) coded data,
with maximum output rate of 953
kilobits/s and maximum single input
channel bit rate of 461 kilobits/s.
(These limitations are imposed by
selecting an internal clocking rate at
1 megabit/s, and may be increased
if desired.) A relatively short (~100
bits) data block length is utilized in
the system.

A number of attractive commercial
applications for the time-division
multiplexing system exist. For exam-
ple, the multiplexer could be utilized
in a time-shared urban communica-
tions system comprising a central
communications office, diverse field
stations or terminals (eg, police, fire,
utilities, transportation facilities),
and a central data base. Other pos-
sible applications are in a system for
transmitting computer input/output
information between central data pro-
cessing facility and remote terminals,
and in an air traffic control system
for establishing communications be-
tween a group of aircraft and a cen-
tral receiver/processing station via a
single communications link (eg, relay
satellite) . O
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ONLY ALL OF THE ABOVE
AN OFFER ALL OF THE BELOW:

General Automation’s new family
of low-cost, expandable remote batch
terminals offer more capabilities than
any competitive systems produced by
any terminal or minicomputer
manufacturer anywhere.

Here’s what we mean by
capabilities:

Talk to any computer.

Our software emulator packages
make our terminals multi-lingual.
They can talk to IBM 360/370 HASP
or 2780 work stations. They’ll also
emulate a Control Data User Terminal.
Ora UNIVAC 1004 system.

Data spooling included.

Our disk-based emulator packages
have data spooling. Which saves you
transmission time. Which saves you
money.

More operating systems.

Most RBTs have one or two
operating systems. Ours have three.

Including Free Standing (FSOS), Disk-
Based (DBOS) and Real Time (RTOS)
operating systems.

Name your configuration.

We can provide any hardware
configuration, including any kind of
peripheral equipment you could ask
for. Our RBT family consists of three
basic communications systems (base
prices range from $19,500 to $30,000):

RBT-1 is an intelligent batch
communications terminal used for
entering, transmitting and receiving
data between a remote location and a
central computer.

RBT-2 combines communications
terminal capabilities with a batch-
oriented satellite data processing
system.

RBT-3 is a complete communica-
tions system plus multi-programring-
oriented stand-alone data processing
system offering concurrent batch and
real-time operations.

Communicate with an expert.

General Automation didn't get
into the communications business
yesterday. We are already the major
supplier of minicomputer systems for
front end processors, distributed data
systems, Telex message switching
systems and PABX control systems for
the world’s largest international com-
munications companies. We're also the
number one solver of tough commun-
ications problems in more than a dozen
different industries.

We provide virtually everything
you need to build or expand a data
communications system. We can show
you the best ways to get the most out
of your communications dollar.

Give us a call at (714) 778-4800.
Or write to one of the addresses below.

COMMUNICATIONS SYSTEMS BY
GENERAL AUTOMATION

HOME OFFICE: 1055 South East Street, P.O. Box 4883, Anaheim, California 92803. Telephone (714) 778-4800.
EUROPE: General Automation, S.A., 24 rue du Sergent Bauchat, 75012 Paris, France. Telephone (1) 346/7973. CANADA: G.A. Computer Ltd., Ontario.

CIRCLE 24 ON INQUIRY CARD
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PRODUCT
FEATURE

INTERSTATE 20MH: PULSE/FUNCTION GENERATOR-F72
= B PREQUENCY A TIER

Function Generator Features
Variable Rise/Fall,
True Pulse Output

Reported to be the only function gen-
erator currently available with vari-
able rise/fall “true” pulse output,
the model F72 pulse/function gener-
ator, introduced by Interstate Elec-
tronics Corp, also features a pulse
amplifier mode output. Like other
models in the series 70 line, this in-
strument provides high-quality pulses
from 20 xHz to 20 MHz in 10-decade
ranges with constant width setability
and separately adjustable rise/fall
slopes.

Pulse rise and fall times are select-
able from 15 ns to 1 s (with aberra-
tions <5%), and adjustments are
separately variable within any range
up to 100:1 with respect to each
other. Constant pulse width can be
established from 30 ns to 1 s in four
ranges. An advantage of the 1-s pulse
width offered by the F72 over the
10-ms pulse width offered by the
other models in the series is that it
can be used rather conveniently with
clip-on logic testers where the lights
blink across the case. The eye can
follow 1-s time periods, whereas it
cannot observe 10-ms variations.

All waveforms may be inverted
via a front panel switch without af-
fecting the offset setting. Variable
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rise/fall trapezoids, 100:1 ramps,
and other waveform patterns can be
generated for testing magnetic mem-
ories, measuring amplifier slew rates,
and performing IC tests.

In the pulse amplifier mode, low-
level input signals of any random
rate and width are regenerated as
clean, fast rise/fall pulses with any
desired amplitude or offset. With
this special capability, any kind of
signal can be input that is at least 1
V pk-pk, and the squaring circuit
will square the waveshape and make
it into a variable rise that will fall
with variable offset or unipolar + or
— with full attenuator range. In es-
sence, this is a power amplifier for
the input signal.

Other capabilities of the instru-
ment include sine, square, and tri-
angle outputs with variable sym-
metry control to 1 MHz, simultaneous
hi/low outputs, constant duty cycle
pulses, dc level waveforms, instant
complementary pulses, 1000:1 VCF,
and external synchronization. Vari-
able symmetry mode allows 5 to 95%
time symmetry adjustment of the
square waveform (as well as sine
and triangle for function generator
applications), while maintaining se-

lected duty cycle independent of fre-
quency changes. With the simul-
taneous output arrangement, the aux-
iliary “low” output is 30 dB less
than primary (hi) amplitude which
is determined by the output level pot
with a continuous vernier range of
30 dB. Total attenuation is 60 dB,
and both ports can be used simul-
taneously. The instrument is a 50-Q
source and can be connected directly
to ECL and other logic circuits with-
out requiring a terminating resistor
interface. Since peak voltage is 30
V open circuit, the back-terminated
high output can drive MOS circuitry.
Trigger and gate modes feature ad-
justable trigger level and slope con-
trols for oscilloscope-style triggering.

Other Specifications

Dial accuracy varies from 1 to 3%
of full scale =1 or 2% of setting,
depending on range chosen. Time
symmetry is <1% to 20 Hz; <0.5%,
20 Hz to 100 kHz; and <2%, 100
kHz to 2 MHz.

Offset controls provide unipolar
positive, unipolar negative, or bi-
polar waveforms with variable offset
to =15 V into an open circuit. Com-
bined signal plus offset must lie in
the region between 4+ and — 15 V
open circuit, =7.5 V into 50 Q. Max
output of bipolar waveforms is 30 V
pk-pk into open circuit or high im-
pedance loads, 15 V pk-pk into 50-Q
loads.

The F72 is offered in both a bench-
top model (114” W x 15” D x 6”
H) and a rack model (fits in 514"
rack space; 123, behind the panel;
2%4” in front of panel). Weight is
16.5 1b. It operates on ac power only,
50 to 400 Hz, 50 W max. A slide
switch on the rear of the unit allows
selection of four operating voltage

ranges: 90 to 110 V, 104 to 126 V,
180 to 220 V, or 208 to 252 V.

Price and Delivery

Model F72 pulse/function generator
is priced at $895 in single units. De-
livery is 60 days ARO. Interstate
Electronics Corp, 707 E Vermont
Ave, PO Box 3117, Anaheim, CA
92803. Tel: (714)722-2811.

For additional information circle
199 on inquiry card.
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- Gettinghard-nosed about

software.

Minicomputer system software is coming of age.
A report from Ball Computer Products, Inc.,
for concerned OEMs, worried systems houses

Software that really works.

What the Nova world needs now is
software that works. Really.

What the Nova world has, right
now, is just that. Ball Computer
Products Minicomputer System
Software (BCP/MSS).

Software that works on small
small systems and large small
systems. g

Software that works 4
and saves you
money by reducing {
your hardware
requirements.

Software that works
even after hardware
malfunctions (we
call it graceful degradation).

Imagine that: software that works.
Really.

Four years new: the BCP Disk
Operating System.

Here’s one you should get to know.
A DOS that’s been working for over
4 years, yet is new because it's
been evolving constantly for that
entire 4 years—the Ball Disk
Operating System.

It requires less hard-
ware than other
Nova disk systems,
so it saves you
bread. Lots of bread
It works as well for
floppy systems

as for fixed disk systems.

It supports FORTRAN IV with
random access, and operates in
as little as 16K of core.

And it's been doing it for 4 years.

The ayes have it.

No more waiting around while the
votes are being counted in the
Wisconsin State Legislature.

and victimized end-users.

Not since they installed a unique
BCP minicomputer-based vote
tabulating system in both houses.

Each legislator simply indicates his
vote .
right at
his seat,
and the
disk-
based
Nova
system
—featuring the Ball OMR 6500
mark reader—announces the re-
sults. BCP custom-designed the
software to make the system work.

Regardless of the debate, the new
voting system is never at issue.

A user in every port.

BCP’sTime-Shared Basic is
another friend when you're in need.

It supports as many as 64 users,
simply by adding multiplexors and
their associated connector panels.
And additional disk space, for both
program and data storage, can be
addedsimply by adding the specific
peripherals or peripheral systems.

A friend, indeed.

The ticker isn’t late anymore.

Not since the Pacific
Coast Stock Ex-
change installed a
BCP Nova-based
minicomputer
system to keep
up with stock- .
clearing trans- Lo

actions between brokers.

Special software developed by
Ball Computer Products included a
multi-tasking monitor with a guar-
anteed 71-usec interrupt response
time.

Profits we can't guarantee. But at
least brokers can now bank their
certificates much earlier.

CIRCLE 48 ON INQUIRY CARD

Goodies we got.

Yes, Va., we've got editors. And
compilers. And assemblers. And
linkers. And debuggers. In fact, we
offer the most powerful real-time
debugger for Nova systems you
can get.

No, Va., you don't have to
go anywhere else for \‘
%

software after you
come to Ball

Computer Products.
Exceptforthe @&
bugs. ... @

Name.

Company.

Address.

City.

State/Zip.

Phone

Send me more information on
minicomputer software that really works.

[ Minicomputer system software. My
application is

[ Ball Disk Operating System.

[] Ball Time-Shared Basic.

[J Ball Fast Sort.

[J Ball FORTRAN.

[ Ball editors, compilers, assemblers,
linkers and debuggers.

/4
7>~ Ball Computer
Products, Inc.
SUBSIDIARY OF BALL CORPORATION
5601 College Avenue, Oakland, California
94618. (415) 654-8626.

New York - Atlanta - Chicago -
Los Angeles - San Francisco - Boston
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PRODUCTS

16-Kilobit Static ROM Has 550-ns Access Time

The EA4600 monolithic, n-channel ROM—with a guaranteed
worst-case access time of 550 ns—is claimed to be the fastest
16K ROM on the market. Completely static in operation, it can
be operated in clocked or unclocked mode. Its 3-state TTL-com-
patible outputs can be OR-wired. Outputs appear and remain
in steady-state condition until a new address is read. Or-
ganization is 2048 addresses with eight output lines; the 2048-
word x 8-bit organization can be converted to 4096 x 4. TTL
compatibility features include ability to operate on a single
5-V power supply. Full address decoding is performed on chip.
Programming is accomplished by use of one custom mask during
device fabrication. Device size enables usage in high density,
fixed memory applications. Power dissipation is as low as
0.03 mW/bit (1.25 W total hermetic, 24-pin DIP; 0.8 W in
molded configuration). Ambient op temp range is 0 to 70°C for
commercial version, —55 to 125°C for the military. Electronic
Arrays, Inc, 550 E Middlefield Rd, Mountain View, CA 94043.
Circle 200 on Inquiry Card

Long-Range Laser Data System
Is Low Cost Alternative to Microwave

Capable of transmitting information on 120, 4800-baud channels
simultaneously, model 741 long-range GaAs laser data com-
municator system provides data error rates as low as 107°. An
IR-coherent laser beam, operated at 9000 A, transfers data over
line-of-sight distances up to 15 miles at rates to 1.544 megabits/s.
This secure method of data or voice communication provides a
license-free alternative to microwave in multichannel telephone
(24 channels PCM) or high speed computer data transmission.
Transmitter and receiver are packaged separately and each unit
is supplied with alignment base and telescope; alignment re-
quires about 15 min. Operation can be simplex, duplex, or
repeater. Extended range or communication over and around
obstacles such as buildings or mountains can be attained by
patching the digital output of the receiver to the subsequent
transmitter to form a repeater station. The transmitter triggers
on the leading edge of the input pulse, and for every pulse into
the transmitter, a pulse is produced at the receiver output.
Virtually all types of digital data inputs can be accepted. Optical
beam width is 2.5 mR. American Laser Systems, Inc, 106
James Fowler Rd, Goleta, CA 93017.

Circle 201 on Inquiry Card

8080-Compatible Microprocessor Includes
Multibyte Interrupt Instruction Capability

A full 78 instructions for the wCOM-8 provides flexibility for
use in control systems, computer peripherals, or communication
systems. The device is TTL compatible; complemented by a
line of RAMs, ROMs, and I/O circuits; and supported by an
effective documentation package. Although the n-channel, Si-gate,
8-bit microprocessor is software compatible with the Intel 8080,
it also features BCD subtraction as well as addition, and 2-us
register-to-register transfer. Multibyte interrupt instruction capa-
bility permits any address in memory to be used as a starting lo-
cation for an interrupt processing program; a separate location
can be assigned for every interrupt operation. A designer’s
evaluation kit, including complete documentation package and
program card, eases programming. A single PC card in the kit
holds CPU, six 8-bit latch drivers, 1 kilobyte of RAM, 1 kilo-
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