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Here’s the fastest GIEE)
graphic peripheral available today...
and it programs like a plotter.

A

With the HP 1350A Graphics Translator and
one or more HP electrostatic CRT displays,
there’s no faster way of seeing your system’s
output. You can get a quick reading - then plot
if hard copy is needed.

Because it's HP-IB* compatible, the 1350A
is easy to add to your system. It lets you present
different information simultaneously on up to
four CRT displays.

And, it makes writing a program for a CRT
display as easy as programming a plotter. An
optional binary cassette tape for the HP 9825
Desktop Computer simplifies programming and
lets you use the same routines on both CRT’s
and plotters.

The 1350A lets you update the display se-
lectively. For example, in an application such as

sequential testing, you can view multiple data
plots (A) on a CRT and update only a portion
of the display for rapid comparative measure-
ments. It also provides convenient operator
interaction. You can display program listings (B),
normal and expanded displays, or a cursor

and its coordinates.

Ideal for use with HP Data Acquisition and
Network Analysis Systems, the 1350A Graphics
Translator, priced at $3,450**, is a useful tool
anywhere a fast, high-resolution graphic presen-
tation of information is needed. Write for
Application Note 271-1, or call your local HP
field engineer for complete details.

*HP's implementation of IEEE Standard 488-1975
**Domestic U.S.A. price only

HEWLETT@PACKARD
/

1507 Page Mill Road, Palo Alto, California 94304

For assistance call: Washington (301) 948-8370, Chicago (312)
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282 088/12
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Models 9100/9300 Vacuum Column Tape Transports. ..
Proven. Period.

Kennedy's vacuum column digital tape transports weren't Models 9100/9300 offer more features, more performance,

designed yesterday to grab a piece of a growing market. In fact, and most important, more time-in-the-field than any competitive

they virtually founded the vacuum column market. They were units.

the first to have such features as a capacitive tape-location Why do we think so? Simple. Our figures show that we are

detector for improved tape life: air bearings and hardcoated about 3000 satisfied users ahead at this point.

read-after-write heads to reduce tape wear and improve data

integrity KENNEDY CO.
Model 9100 (75 ips) and 9300 (125 ips) offer crystal controlled 540 W. WOODBURY RD., ALTADENA, CALIF. 91001

timing, read-after-write shortened skew gate, front-accessible : ot

test panel, quick release hubs and simplified tape loading. »

Data densities are 200/556 cpi or 556/8000n 7-track units
and 800 cpi, 1600 cpi or 800/1600 cpion 9 Lrack transports The
formatis NRZ1/PE.

| & F
4 KENNEDY MODEL 8100
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THE TALLY PRINTER TERMINAL

Control 42 functions
via the keyboard or the program

The Tally T-1612 Printer Terminal is designed for
the user. It's loaded with functions and features.

In addition to 42 programmable functions, which are
available through the keyboard or through the user
program, you get features like outstanding print
quality, optimized bi-directional printing at 160 cps
for bonus throughput, quiet operation for office use,
lots of forms control conveniences, table top or
pedestal mount and outstanding reliability that

translates into low cost of ownership. And plenty more.

TALLY"
PRINTERS
WORLDWIDE

San Jose (408) 247-0897
Seattle (206) 251-6730
San Antonio (512) 733-8153

OEM SALES OFFICES
Boston (617) 272-8070
New York (516) 694-8444
Chicago (312) 885-3678
Los Angeles (213) 378-0805
Miami (305) 665-5751
Philadelphia (215) 628-9998

BUSINESS SYSTEMS SALES
Orinda, CA (415) 254-8350

CIRCLE 3 ON INQUIRY CARD

Washington, D.C. (703) 471-1145

Unique features include six selectable type fonts in
upper and lower case, LED column/line indicator,
non-destructive memory providing pre-selected
configuration on power up and 1k buffer standard
(up to 4k optionally).

The Tally T-1612 is also available as a Receive Only
printer. Both versions sustain a full 1200 Baud
transmission rate. Or you can select 300, 600, 2400,
4800 or 9600 Baud operation.

Tally Corporation, 8301 S. 180th St. Kent, WA 98031.
Phone (206) 251-5500.
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COMMUNICATION CHANNEL

Rewrite of 1934 Communications Act has
been introduced in the Congress. Column
examines major features of H.R. 13015 and
their potential impact on the communica-
tions industry

DIGITAL TECHNOLOGY REVIEW

Based on a 256k-bit bubble domain memory
device, family of modules and subassemblies
is accompanied by a microcomputer develop-
ment system which allows users to start
application development

DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Software and hardware aspects of data ac-
quisition and control are being influenced
greatly by the ever present microcomputer

MICRO DATA STACK/
PROCESSORS AND ELEMENTS

Treatise explores comparison factors and
benchmarks involved in the choice of as-
sembly language or BASIC for optimum
programming of microcomputers

MICRO DATA STACK/
COMPUTERS AND SYSTEMS

Adoption of the flexible IEEE bus as a
standard for microcomputer /O systems
would result in significant savings in time
and cost

AROUND THE IC LOOP

Speech synthesis logic incorporated on a
single VLSI chip, when joined with a micro-
computer and read-only memory, promises
development of small, portable, inexpensive
talking machines

PRODUCT FEATURE

By incorporating fan cooling, dual output
switcher gains both high power density and
capability to be mounted in any plane

LITERATURE

GUIDE TO PRODUCT
INFORMATION
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BREAKPOINT DESIGN

FOR DEBUGGING MICROPROCESSOR SOFTWARE 99

by T. P. Hughes and D. H. Sawin Il

Software breakpoints, useful tools for developing microprocessor
applications with debug monitors, are sufficiently powerful to debug
and test sophisticated realtime software. Developing the optimum
breakpoint design requires a thorough knowledge of the micro-
processor’s architecture

SIMPLE HARDWARE APPROACH

TO ERROR DETECTION AND CORRECTION 109

by Richard C. Montgomery

A simplified approach to the operation of single- and double-error
correction codes does not require use of mathematical matrices or
polynomial algebra. Specific hardware for data and checksum bit
encoding and decoding is developed for both error cases

MULTIPLE PROCESSOR MINICOMPUTER SYSTEMS—

PART 2: IMPLEMENTATION 121

by Burt H. Liebowitz

Design concepts of colocated multiple processor systems, examined in
Part 1, are put to work in formulating real-world packet switch network

APPLYING MAGNETIC CIRCUIT BREAKERS

IN DIGITAL CIRCUITS 132

by Donald S. Tall

Circuit breakers are available in many configurations to provide the
protection necessary for a wide range of computer-related applications

INFORMATION PRESERVING CODES

COMPRESS BINARY PICTORIAL DATA 134

by Usko Moilanen

Data compression experiments performed using variable length binary
codes on redundant binary pictorial data have achieved a 76%
reduction in necessary storage capacity while maintaining basic in-
formation identity

DIGITAL INPUT UNITS ISOLATE MICROCOMPUTER

FROM INDUSTRIAL LEVEL VOLTAGES 142

by C. R. Teeple

Microcomputers can be interfaced safely to process control inputs
by optical isolation from the inherent high voltages and widely varying
conditions of such applications

CONFERENCES

MIDCON/78 80

Program sessions, exhibits, and a seminar on the schedule for this
year's ‘Midcon provide a look at memory techniques, electro-optics,
microprocessors, and telecommunications
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80 Megabytes—Plus!

Alma Brotherston
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Complete in 7 Inches g
Assistant Marketing Manager
Seven 3300 Series models, from 13 to 80 megabytes, fit Megan/Kem
in just 7 inches of rack space, complete with power supply Research Associate

nd the finest air filtration system in the industry. IR s

Business Manager
The 3300 combines moving head storage with over two David €. Ciommo
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Ny The best
rlbbon cartridges start
withthe bestdesigns.

And the best designs come from experience. That's A
what Data Packaging offers you: Fourteen years &
of experience in designing and manufacturing b 8 P
cartridges for all kinds of requirements. & “

Impact printers demand a lot fromi a ribbon cartrldge.
Reliability, smooth operation, high character yield—and
not just in the prototype but in volume production.
We have the design experience and the manufacturifg
~ capabllltles to meet all of your requirements without
compromise. \
Tellus what your requirements are. Call ourcar-_~
o tridge design team headed by Hubbard Yonkers at 617-868-6200.
""" — Or, if you prefer, send us the coupon and we’'ll call you.

: 4 O] callme at
: e (Tel. NoJ)
; : Name, Title
h\\' Company = > /
: : P Address 4 >

y N

() Data Packagin

205 Br‘o?way Gambridge,






THE PARTS

THAT SET US APART

Look at us part by part.
There has never been a vacuum
column transport like Cipher
Data Product’s 900X —the first
vacuum column tape drive with
complete microprocessor con-
trol—available in 75 ips or 125 ips.

Forget all the old problems
with vacuum column tape
drives—the heat, the noise, the
inefficient tape control, the
belts, hoses, relays, solenoids,
cooling fans, incandescents,
energy drain, oversize and high
cost—because the Cipher Data
Products 900X drives don't have
any of them. The 900X Series is
a completely new design con-
cept in digital tape technology.
Part 1--The Z-80 Microprocessor

The intelligence of the Z-80
microprocessor brings major
performance enhancements to
the 900X while increasing relia-
bility through reduction in both
the complexity and number
of components. For the first time,
total control of tape is a reality
in a vacuum column tape drive.
There is no snap, whip or
loose tape during critical load
and unload. There is no possi-
bility of tape damage in the
event of power failure in any
mode. And, because exact tape
position is sensed and con-

trolled by the microprocessor,
maximum possible speed is
maintained throughout the
rewind operation.

Built-in diagnostics and
service aids, unique to the
Series 900X drives, are made
possible by Z-80 intelligence.
Decision making logic in ROM
is automatically tested during
power up and, if not successful,
the drive shuts down with fault
indications clearly given on the
front panel. Possible damage
to tape or machine is avoided
and, since fault areas are read-
ily identified, repair and main-
tenance time are minimized.

Part II --Dual Density Databoard
With the 900X Series, Cipher
Data Products introduces a
state-of-the-art databoard on
only one card that handles
dual density, NRZ or PE only

and is 100% industry compatible.

To the user, this multi-function
board significantly reduces
spares cost.

Most important, in
comparison with competitive
units, this new databoard
provides increased reliability —
with a 40% reduction in total
parts count, improved PE reso-
lutions, low noise generation
and pickup, a 50% lower power
consumption, and the elimina-
tion of troublesome write de-
skew alignments. In addition,
self test through special diag-
nostic and alignment modes
can be accomplished without
the use of external equipment.
Part 1II1—-The Beltless Direct Drive

Compare Cipher Data
Product’s 3400 rpm direct drive

motor to the belt driven 10,000
rpm motors in most competi-
tive drives. The 900X drive oper-
ates on only 300 watts (nominal)
of power in large part due both
to the use of the direct drive
motor and to a highly efficient,
low power, multistage cen-
trifugal pump, contrasted to the
multiple pumps required by
other drives. Only one blower on
the 900X means quiet, whisper-
like operation and no hose
connections to cause mainte-
nance problems. And, the
Cipher drive can be operated
on either 50 Hz or 60 Hz without
frustrating belt change.

Now look at all the other
parts—like the switched linear
servo system, optical file pro-
tect, LED light sources, hard
chromed face read/write head,
sapphire tape cleaner and
modulated tape sensor system.
The Series 900X vacuum col-
umn tape drive is far ahead of
the market in design while still
fully compatible with today’s
industry standards.

Do your part. Call for full
information and OEM quantity
price competitive quotes.
Cipher Data Products, Inc., 5630
Kearny Mesa Road, San Diego,
California 92111. (714) 279-6550.

Cipher

Datall Products
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The EMRIsdead...
Long live Motorola

The SPST electromechanical relay (EMR) is
dead —killed by contact arcing, mechanical wearout
and incompatibility with modern circuitry.

We know —and you know —where multiple-
pole, higher current contactor applications are
required, it’ll still be around.

But for the bulk of logic level designs where you
need the advantages of solid-state reliability,
convenience, versatility, standard packages, mul-
tiple sourcing and low cost...solid-state relays
are the only way to go!

Now Motorola presents a new, broad line of SSRs
and I/0 modules vastly superior to the century-old
EMR and affording significant advances even over
similar contemporaries. Advances that spell quality
throughout.

°
For Power Designs
=
;’ == -;imvd-__‘
i = 1
E‘ Ji —40°to +80°C
§ I 10 2 I 310 I
Positive control
over temperature

We guarantee the control
points of the output switch
over the full spec’'d temp
range. You can count on it
from 3-32 V over a —40° to
+80°C range. And the high-
est voltage doesn't shorten
life of the optical isolator.
Our design goal is reliable
operation for 10 years.

Tum-On

Zero voitage
switching

Closures can occur only near
the zero-crossing point of
line voltage, minimizing noise
generation which could inter-
fere with other electronics.
The electrical environment
therefore remains clean.

Reverse polarity
protection

Additional features like
reverse polarity protection
obviate damage from error

in installation and subse-
quent equipment malfunction.

¢ Like better input characteristics for optimized

opto coupler life. The more current, the shorter the
coupler’s life expectancy. Our SSRs limit coupler
current and hold it to a minimum. The resultis a
longer-lasting SSR with constant performance
over time.

¢ Like use of the finest, in-house manufactured
semiconductors from the world’s technology-in-
volume producer. Nobody can beat that kind of QC.
* Like extended design goals with design perform-
ance verified by Mil-type testing. Quality and care

in manufacture mean a better product from us now
and a better one for you down the road.

* Like complete, void-free, vibration-resistant potting
that's withstood millions of hours of under-the-hood
environments.

Shock & vibration-
resistance

Completely potted units
have shown ability to with-
stand MIL-spec type test-
ing for accelerated impact,
vibration, salt spray, thermal
cycling life, etc. We make
‘em rugged for rugged
environments.

Transient
immunity

Motorola SSR components
are 100% overrated for high
voltage conditions. Each is
internally protected

against high line, random
noise, spikes and condi-
tions typically found in harsh

industrial environments.

High peak surge

ratings

1000% single cycle surge
ratings protect against cur-

rent abuse. Conservatively-

rated components and
thermal design contribute
to longer service life.

COMPUTER DESIGN /NOVEMBER 1978



solid-state relays!

* Like compatibility with microprocessors, integrated
circuits and other solid-state relay control circuits.

¢ Like standardized packaging and footprints avail-
able from multiple industry sources.

* Like technical field assistance from our nationwide
applications engineers and reps and stocking from
authorized distributors.

That's why our relays and modules are so good.
And that's why they’ll last a long time.

For more information on any of these new Motorola
solid-state units, contact Motorola Subsystem
Products, P.O. Box 20912, Phoenix, AZ 85036
(602) 244-3103. Viva Motorola Solid-State Relays!

For PC
Boards

Fit-anywhere, go-anywhere horizontal- or vertical-mounted
convenience and economy are yours with the P/MP-series
2 & 3A,120:& 240 V relays.

Measuring only %" thick, P-series offers the lowest profile
solid-state unit of its kind for card rack mounting on %"
centers. No wire terminations. No mechanical skills. You
treat system loads like any other electrical signal and avoid
connector-wire, board-mounting problems and associated
labor costs.

In a costly electronic control system, it's easy to invest two-
thirds to three-fourths of total cost in just interface and wiring.
We've now solved that and given you the convenience and
versatility to revolutionize your I/0O control system.

Because each Motorola /O module contains signal
conditioning, isolation, logic interface, power handling and
status indication drive in one compact, compatible package
that interfaces with all 5 V logic families and standard MPU
I/0 requirements. At a fraction of the cost of other systems.

The color-codable board's standard, too ... with or without
the modules. You can interface the entire system with stan-

Output| Line Peak
Type Current| Voltage | Surge®
Switch Mounting A Vv A
M120D0O5A | Chassis 5 120 50
M120D10A Chassis 10 120 100
M240DO05A Chassis 5 240 50
M240D10A Chassis 10 240 100
P120D2* PC Board 2 120 20
P120D3* PC Board 3 120 55
P240D2* PC Board 2 240 20
P240D3* PC Board 3 240 55
IAC5 (ACin) | PC Board — 195-130 —
IDC5 (bCin) | PC Board - 10-32 -
OACS5(AC out)) PC Board 3 12-140 55
ODC5(DC out) PC Board 3 60 5t

t1-second.

vertical-mounted MP-series package
for high density areas.

1,500 V photo isolation, zero-voltage turn on, built-in
snubber network, 100% testing at rated load, |/C compati-
bility and a —40° to +100°C operating range are standard.
The family’'s also available in a compact,

dard minis like PDP-11, Supernova and Motorola and Intel
micros...install them in standard NEMA enclosures...and
remove or replace modules without disturbing field wiring.
The package is rapidly becoming the industry standard,
too...and that makes it comfortable.
Motorola I/O Modules. Easy. Quick. Reliable.

“Available in vertical-mount package; add “M" prefix to type number. #Single-Cycle.

@ MOTOROLA INC.
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CONFERENCES

DEC 4-6—Conf of the Assoc for Computing
Machinery, Sheraton-Park Hotel, Washing-
ton, DC. INFORMATION: Dr Richard Aus-
ting, Dept of Computer Science, U of Mary-
land, College Park, MD 20742. Tel: (301)
454-2004

DEC 4-6—Internat’l Electron Devices Meet-
ing, Washington Hilton Hotel, Washington,
DC. INFORMATION: Susan Henman, Cour-
tesy Assoc, 1629 K St NW, Washington,
DC 20006. Tel: (202) 296-8100

DEC 5-7—Design Engineering Conf/West,
Convention Ctr, Anaheim, Calif. INFORMA-
TION: Clapp G Poliak, Inc, 245 Park Ave,
New York, NY 10017

DEC 12-14—Midcon, Dallas Convention Ctr
and Dallas Hyctt Regency, Dallas, Tex. IN-
FORMATION: William C. Weber, Jr, General
Mgr, Electronic Conventions, Inc, 999 N
Sepulveda Blvd, El Segundo, CA 90245. Tel:
(213) 772-2965

DEC 13—Computer Networking Sym, Nat’'l
Bureau of Standards, Gaithersburg, Md. IN-
FORMATION: Computer Networking, PO
Box 639, Silver Spring, MD 20901. Tel: (301)
439-7007

- JAN 16, FEB 8—Invitational Computer Conf,
Orange County, Calif; Ft Lauderdale, Fla.
INFORMATION: B. J. Johnson & Associates,
2503 Eastbluff Dr, Suite 203, Newport Beach,
CA 92660. Tel: (714) 644-6037

JAN 22-26—Computers and Peripheral Trade
Show, London, England. INFORMATION:
E. Belden, US. Dept of Commerce, Bureau
Export Div, Washington, DC 20230

JAN 24-27—Internat’l Microcomputers/Mini-
computers/Microprocessors (IMMM), Harumi
Exhibition Ctr, Tokyo, Japan. INFORMA-
TION: Industrial and Scientific Conf Man-
agement, Inc, 222 W Adams St, Chicago, IL
60606. Tel: (312) 263-4866

JAN 30-FEB 1—Communication Networks,
Sheraton-Park Hotel, Washington, DC. IN-
FORMATION: Ed Halsted, The Conference
Co, 60 Austin St, Newton, MA 02160. Tel:
(617) 964-4550

FEB 6-8—Sym on Modeling and Performance
Evaluation of Computer Systems, Technische
Universitat Wien, Austria. INFORMATION:
Dr A. Butrimenko, Internat’| Institute for
Applied Systems Analysis, A-2361 Laxenburg,
Austria

10

FEB 12-16—Computers and Peripheral Equip-
ment Exhibition, US. Trade Ctr, Sao Paulo,
Brazil. INFORMATION: Industry and Trade
Administration, Rm 4039, U.S. Dept of Com-
merce, Washington, DC 20230. Tel: (202)
377-5421

FEB 14-16—European Conf on Parallel and
Distributed Processing, Toulouse, France. IN-
FORMATION: C. Girault, Institut de Pro-
grammation, 4 Place Jussieu, 75230 Paris
Cedex 05, France

FEB 14-16—IEEE Internat’l Solid State Cir-
cuits Conf (ISSCC), Philadelphia, Pa. IN-
FORMATION: Lewis Winner, 301 Almeria
Ave, PO Box 343788, Coral Gables, FL 33134.
Tel: (305) 446-8193

FEB 26-MAR 1—COMPCON Spring, San
Francisco, Calif. INFORMATION: COMPCON
Spring 79, PO Box 639, Silver Spring, MD
20901, Tel: (301) 439-7007

FEB 26-MAR 2—INTELCOM, Dallas Conven-
tion Ctr, Dallas, Tex. INFORMATION: M.
Raftery, Mgr of Promotion, Horizon House
Internat’l, 610 Washington St, Dedham, MA
02026. Tel: (617) 326-8220

FEB 27-MAR 2—NEPCON WEST, Ancheim
Convention Ctr, Anaheim, Calif. INFORMA-
TION: Industrial and Scientific Conf Man-
agement, Inc, 222 W Adams St, Chicago, IL
60606. Tel: (312) 263-4866

FEB 28-MAR 2—Internat’l Computer Expo,
Tokyo Internat’| Trade Ctr, Tokyo, Japan.
INFORMATION: Golden Gate Enterprises,
Inc, 1307 S Mary Ave, Suite 210, Sunnyvale,
CA 94087. Tel: (408) 735-1122

MAR 4-8—Business Systems Exhibition, U.S.
Trade Ctr, Tehran, Iran. INFORMATION:
Susan Blackman, Project Mgr, Commerce
Action Group for the Near East (CAGNE),
Rm 60158, Washington, DC 20230. Tel:
(202) 377-2952

MAR 6-8—Optical Fiber Communication,
Shoreham Americana Hotel, Washington, DC.
INFORMATION: Optical Society of America,
2000 L St, NW, Suite 620, Washington, DC
20036. Tel: (202) 293-1420

MAR 19-21—IECI Conf and Exhibit on In-
dustrial and Control Applications of Micro-
processors, Philadelphia, Pa. INFORMATION:
S. J. Vahaviolos, Physical Acoustics Corp, PO
Box 3135, Princeton, NJ 08540. Tel: (609)
799-8266

SEMINARS

DEC 4-5—Microcomputers: Operating Prin-
ciples, Hardware, and Software, and DEC 6-
8—Microcomputer Hardware and System De-
sign; DEC 4-8—PASCAL Programming for
Mini and Microcomputers, and DEC 7-9—
Bit-Slice Microcomputer and Digital System
Design; and JAN 11-13—Software Enginezr-
ing for Mini/Microcomputer Systems, Dallas,
Tex; Woburn, Mass; and Los Angeles, Calif,
INFORMATION: Prof Donald D. French, In-
stitute for Advanced Professional Studies,
One Gateway Ctr, Newton, MA 02158. Tel:
(617) 964-1412

DEC 18-20—Software Testing and Test Doc-
umentation Workshop, Bahia Mar Hotel,
Ft Lauderdale, Fla. INFORMATION: Dr Ed-
ward F. Miller Jr, Software Research Asso-
ciates, PO Box 2432, San Francisco, CA
94126

JAN 10-11, MAR 27-28—Professional Cal-
culator Seminar, Ambassador Motor Hotel,
Minneapolis, Minn. INFORMATION: Nor-
tronics Education Div, 8101 Tenth Ave N,
Minneapolis, MN 55427. Tel: (612) 545-
0401, X295

JAN 23-25—ATE Seminar/Exhibit, Los An-
geles Marriott Hotel, Los Angeles, Calif.
INFORMATION: ATE Seminar/Exhibit, Cir-
cuits Manufacturing Magazine, 1050 Com-
monwealth Ave, Boston, MA 02215. Tel:
(617) 232-5470

SHORT COURSES

DEC 4-8, DEC 11-15, JAN 15-19, JAN 22-
26, and JAN 29-FEB 2—Microprocessor/
Computer Short Courses, Washington, DC;
Atlanta, Ga; Los Angeles, Calif; Denver,
Colo; and Dallas, Tex. INFORMATION: Kim
D. Sanson, Program Mgr, Integrated Com-
puter Systems, Inc, 3304 Pico Blvd, PO Box
5339, Santa Monica, CA 90405. Tel: (213)
450-2060

DEC 11-15—Modern Digital Communications;
JAN 8-12—Structured Programming and
Software Engineering; JAN 22-23—Mini-
computer Technology; and JAN 24-26—De-
sign and Selection of Minicomputers, George
Washington U, Washington, DC. INFORMA-
TION: Martha Augustin, Continuing Engi-
neering Education, George Washington U,
Washington, DC 20052. Tel: (202) 676-6106

Announcements intended for pub-
lication in this department of
Computer Design must be re-
ceived at least two months prior
to the date of the event. To en-
sure proper timely coverage of
major events, material preferably
should be received six months in
advance.
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Head and shoulders
below the competition

DEC RXO01
102"

$4300

Bootstrap $320 extra

DSD 110

5"

$3195

Bootstrap included

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

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

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

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

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

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

The DSD 110 provides 512K rately, eliminates the need for ® Registered trademark of Digital

Equipment Corporation

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

Data Systems has combined
interface, formatter, con-
troller, and hardware
bootstrap on this single
dual-wide card. Available
separately in OEM quantities.
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MEET THE MONOBOARD:.
THE WORLD'S MOST
POWERFUL SINGLE BOARD

- COMPUTER.

AMC’s Monoboard, the AMC95/4000,
is the new boss of microcomputer boards.
It performs complex math at twice the
speed of any other board. And it can pro-
cess data at clock rates of 2MHz or more.

The Monoboard really has what it
takes to be a leader. It performs both
tloating-point and fixed-point math
operations in the blink of an LED. It
can do 16- and 32-bit two’s comple-
ment arithmetic (add, subtract, multiply
and divide), 32-bit floating-point opera-
tions, plus transcendental and data-
manipulation functions.

But those aren’t the only reasons the
Monoboard is taking over. It also has
four independent DMA channels, 4K
bytes of RAM, space for up to 12K bytes
of ROM/E-PROM, a serial 1/0 port,
and 48 programmable 1/0 lines.

And the Monoboard has the same
physical configuration as the SBC-80
card family. So anyone now using
SBC-80’s can pack more power in
their systems by simply plugging in the
Monoboard.

If you want power, and lots of it, get
the Chairman of the Board on your side.
Get the Monoboard from AMC.

Advanced
Micro Computers

o

An Affiliate of Siemens
3340 Scott Blvd., Santa Clara, CA 95051. (408) 988-7777
Distributed nationally by Advanced Micro Devices.
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COMMUNICATION CHANNEL

COMMUNICATIONS ACT of 1978

John E. Buckley

Telecommunications Management Corporation
Cornwells Heights, Pennsylvania

The year 1978 has been marked by a new attempt to
replace the original Communications Act of 1934. It was
under that legislation of over 40 years ago that the Fed-
eral Communications Commission (rcc) was formed, and
the concept of franchised communications monopolies,
ie, AT&T, was defined and implemented. Much of the con-
fusion and turmoil characterizing today’s evolving world
of telecommunications regulation is the result of continu-
ing attempts to interpret and apply the provisions of that
1934 statute to the demands and needs of the telecom-
munications community of 1978. It is universally agreed
that there is a necessity to rewrite that Communications
Act to be reflective of today’s requirements, and sup-
portive of communications developments in the foresee-
able future.

During 1976 a Bell System sponsored legislation en-
titled the Consumer Communications Act of 1976 was in-
troduced to the United States Congress. It was blatantly
structured to prohibit competition in all aspects of com-
munications services and equipment while at the same
time granting antitrust immunity to AT&T. During an elec-
tion year it was obvious that some legislators would auto-
matically add their endorsements because of the vote-
stimulating title of the proposed Act. It was only after a
major information campaign by independent communica-
tions equipment manufacturers and by the specialized
communications common carriers that the v.s. Congress
acted to defeat that effort.

In June of 1978, Congressmen Van Deerlin and Frey
introduced a rewrite of the 1934 Communications Act.
This effort was not initiated by any special interest group.
It was a genuine attempt to realign a generally outmoded
legislative Act in order to meet all legitimate needs of the
participants in today’s communications environment.

This proposed Communications Act of 1978 would re-
place the present rcc with a new Communication Regu-
latory Commission. One of the primary tasks of this body

14

would be to define and establish the guidelines under
which services would be classified as either competitive
or non-competitive. Its jurisdiction would be only over
interstate telecommunications services. This classification
authority would permit the allocation of competitive and
monopoly markets.

As the new Act is presently drafted, the Commission
is apparently provided a broad and loosely defined author-
ity to define and classify. Many competitive communica-
tions organizations have expressed concern that, under
the draft provisions, the new Commission could broaden
the existence of regulation rather than encourage a grow-
ing competitive environment.

The Act specifies the objectives or guidelines for the
new Commission. As with the Communications Act of
1934, the promotion and support of a nationwide tele-
communication service at affordable rates is cited as a
major goal. The Act also declares that the Commission
is to place maximum “feasible” reliance on competitive
marketplace forces. As such, it is guided to rely on the
ensuing competition to bring the desired efficiencies, in-
novations, and economies to the consumer. These same
competitive factors are to be expected to determine the
variety, quality, and cost of telecommunications services.
The new Commission is also instructed to establish and
encourage full and fair competitive conditions, and to
prevent practices that would allow or cause the limitation
or exclusion of competition in the provision of telecom-
munications services. The only reference to the use of
regulation in these guidelines is in cases where competi-
tive marketplace forces are deficient.

The tone of the Act appears pro-competition and ad-
vocates minimal application of regulation on almost an
exception basis. There appear to be concerns however,
that certain oversights and omissions will encourage even
greater confusion and restrictions than presently exist
under the original Communications Act of 1934.

(Continued on p 19)



How you

Z80 power for
Mosteks MD Series lets you control
system functions and cost.

Design Z80 : system designed to
systems fast and mmwm h)a(mdle any I?ADX
economically with | MDX g MDX . card in any card slot.
Mostek's MD Module Price*  Module Price* This reduces hard-
Series of OEM cPU1 $171.00 SIO $171.00 ware design time
microcomputer 8K DRAM 180.00 PIO 164.00 |ettlng you concen-
boards. Choose 16K DRAM 223.00 EPROM/UART 148.00 trate on application
either MD stand- AN M08 MD-SBC1 5800 software.
alone boards or *100 lot quantities ' The MD stand-
expandable MDX alone microcom-

boards—both on compact 4.5" x 6.5"
cards.

The MDX boards are modularized by
function. This reduces system cost since
you buy only the functional modules you
need. And you can use any combination
of MDX cards because all MDX cards are
STD BUS compatible
- The STD BUS is a unique second-

‘ therboard mmrcc nec:t

puter boards are also Z80-based. The
MD-SBC1 features 8K x 8 EPROM; 2K x 8
RAM; two 8-bit input ports; three 8-bit
output ports; two interrupt inputs; and
single +5 Volt power supply.

For more information, call or write
Mostek, 1215 W. Crosby Rd., Carrollton,
TX 75006; phone 214/242-0444. In
Europe, contact Mostek Brussels phone

< danpaeEn
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Single-chip microcomputer 280 Direct Memory Access




-\\\Q\'\\:\\\\\\m{\\\%ﬁm\

CEEC R,

OUR MODEL 43 TELEPRINTER FAMILY

IS THE BEGINNING OF A NEW LEGEND.

When we introduced it just a year ago,
the basic idea behind the Teletype* model 43
proved so sound and flexible that today it's grown
into a comprehensive terminal family with exten-
sive capabilities for message communications.

Model 43’s come 1n a variety of configu-
rations with either 80 column friction-feed or 132
column pin-feed printers. Some units are designed
for use on the switched network, others for point-
to-point private-line systems. (There’s also a new

eneration of 5-level buffered teleprinters for
‘elex applications.)

The basic model 43 series operates
on-line at 10 or 30 cps in either the half- or
full-duplex mode and prints multiple copies using
the 96 character ASCh code set. A wide choice
of interfaces, including EIA RS232C and DC 20-
60ma, are available for easy system integration.

With the automatic send-receive con-
figuration, messages can be prepared off-line via
the paper tape punch, edited, combined with

a master tape, then sent at maximum terminal
speed —automatically and unattended —when line
rates are lowest.

Buffered 43's operate on-line at speeds
ranging from 10 to 180 cps and provide up to
20,000 characters of storage for sending, receiving
and editing. These terminals send and receive
automatically via the buffer while messages are
simultaneously being prepared for future trans-
mission. They also include full forms control,
the automatic answer capability and answer
back.

Just like its predecessor, the legendary
model 33, our model 43 family is designed for
extreme reliability. The reason is simple:
simplicity. Our model 43’s use only five major
pluggable components (six, counting the paper
tape module on the ASR), along with extensive
use of LSI circuitry.

So when you think of our model 43 family,

think of it as the beginning of a new legend.

THE TELETYPE MODEL 43 FAMILY.

Feletype Corporation, H5565 Touhy Avenue, Dept. 3185, Skokie, 11 60076. Tel. (312) 982-2000.
Teletype is a trademark and service mark of the Teletype Corporation.
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First of these concerns is that many of the basic legal
precedents that have been achieved during the years
since the Carterfone decision will be abandoned. There
is no provision in the proposed legislation that assures that
the principles of these past decisions, as adopted by the
rFcc or decreed by the courts, will continue to be recog-
nized as being valid. There is a provision that all orders,
rules, regulations, and grants of the present ¥cc that are
not contrary to the proposed law would remain in effect
until modified or repealed by the new Commission. The
concern of this minimal assurance is that many settled
principles could all be reopened to challenge, debate and
redecision by the Commission.

A second concern is that the proposed legislation does
not define clearly which telecommunications services or
facilities are interstate and intrastate. The Act does state
that the Commission has no authority “with respect to any
intrastate telecommunications facility, or the provision of
any service through the use of such facility.” Without an
interstate/intrastate definition, the above excerpt from the
language of the proposed Act is subject to wide inter-
pretation. The Act totally fails to address or resolve the
question of predominate jurisdiction if a telecommunica-
tions facility is used for both interstate and intrastate tele-
communications services. After many long judicial actions,
such as in the North Carolina Utilities Commission vs Fcc
Decision of 1977, this jurisdictional question was finally
resolved. The proposed legislation inadvertently reopens
the question in an atmosphere of what appears to be more
stringent language prohibiting the exercise of federal
authority. While there are emphatic definitions of com-
petitive standards, the Commission and any judicial de-
cisions may be precluded if the telecommunications fa-
cilities or services are defined as under exclusive state
authority. It is an expressed concern that customer-pro-
vided telecommunications equipment is not defined as
interstate or intrastate within the language of the new
bill. If it is interstate it may be classified as competitive
or regulated by the Commission. If it is intrastate, each
one of the 50 state public utilities commissions or equiva-
lent agencies will decree the future viability of customer-
owned telecommunications equipment within that state.

A third weakness identified in the proposed legislation
is the absence of any provision for the enforcement of
antitrust laws. Current decisions of the v.s. Supreme Court
indicate a probability that the competitive standards con-
tained in the Act may be accepted as substitutes for the
antitrust laws. As such, the communications common car-
riers will be provided with implied immunity from lia-
bility under the antitrust laws. It may be properly sug-
gested that the provisions of the bill attempt to preempt
the antitrust laws with the proposed regulation.

Specifically, at&r would be released from the con-
straints of its 1956 Consent Decree. It would permit
communications common carriers to establish separate
companies to provide telecommunications services and
equipment incidental to telecommunications. AT&T and its
operating companies would be free to enter into the com-
puter and data processing equipment and service in-
dustries. These events would result in new organizations
that would be easily capable of overshadowing presently
established entities in those industries. The actual lan-
guage of the bill with respect to this capability states that
“notwithstanding any other provision of law, or any ju-
dicial determination or decree, any carrier can hold shares
in, or acquire separate companies to engage in activities,
provide services, or offer products which are in telecom-
munications or incidental to telecommunications.”

It is expected that the separate corporation concept will
automatically prevent cross-subsidization even though
other provisions provide clear opportunities for predatory

pricing. The Act appears to substitute the new Commis-
sion’s authority for the Sherman and Clayton Acts as well
as for federal government antitrust action as the determi-
nant whether an activity, service or product constitutes
telecommunications or is incidental to telecommunications.

It seems, therefore, that the proposed legislation is an
attempt to respond to the growing competitive trend in
the various telecommunications service and product in-
dustries. At present these emerging marketplaces are be-
ing constrained by traditional regulation provisions and
requirements. The proposed Communications Act of 1978,
however, appears to represent a swing to the other ex-
treme of the regulation spectrum. If all participants could
be expected to respond in an objective manner, with the
common good as the accepted goal, such broad and al-
most trusting provisions would be feasible. In view of the
realities, and of recent history in this arena, however, a
more definitive and hence restrictive legislative posture
is warranted. Existing giants in this telecommunications
industry must be restrained and channeled through de-
creasing regulation until the many embryonic entities have
been established as viable competitive factors in this
marketplace.

During August and September 1978, the House of Rep-
resentatives’ Subcommittee on Communications held a
series of hearings on the Communications Act of 1978
(m.Rr. 13015). A new draft of the legislation should be
expected during the fourth quarter of calendar 1978. It
is important that all members of the telecommunications
industry take an active and visible role in the shaping of
this legislation. It will determine the nature of the tele-
communications industry in this country for the rest of
this century and well into the next.

Buzzzz.
(Write for new catalog.)

Solid state electronic MICRO-BUZZER from
CITIZEN: High reliability, competitively
priced with immediate delivery.

A complete range: SMB 1.5, 6, 12, 24, VDC

RMB 3, 6, 12, 24, VDC
IMB (intermittent) 6, 12, VDC

CITIZEN AMERICA 'Name

CORPORATION
&0 - 22nd St. Company
ta Monica,
CA 90404 Address
Toll F
l: cu'l:..( ?g?’ggfg‘éi}‘ Clty State
TWX: (910) 343-6450 Zip B
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Experimental Integrated Optical Device
Promises Variety of Applications

Many signal processing applications in
future lightwave communications and
data processing systems may be served
by an integrated optical device re-
cently devised by scientists at Bell
Laboratories, Murray Hill, ny 07974.
Its properties suggest use as a logic
element in optical memories, a pulse
shaper and limiter, an optical switch,
a differential amplifier, and an “op-
tical triode.” It operates over a broad
band of wavelengths at very low
optical power, requiring only 1 pJ of
light energy for the switching func-
tion.

Nonlinearity is produced in the
device, an optical waveguide version
of a nonlinear Fabry-Perot resonator,
by using the output of a photodetec-
tor, which samples the transmitted
light, to drive an electro-optic lithium
niobate (LiNb) element in the res-
onator. The unit’s versatility is due to
several properties: it accepts elec-
trical or optical inputs; its nonlinearity
may be modified using a nonlinear
circuit; it can accept multiple inputs
for optical logic operations such as
AND or OR gates; and it enables multi-
level operation, allowing more com-
plex optical logic functions and A-p
conversion of optical signals. It is ex-
expected that in the near future the
electro-optic element can be driven
with as little as 0.1 V, easily obtain-
able from a photovoltaic device with-
out the need for amplification or for
bias voltage.

Several modes of operation are
possible with the device. The reson-
ator can be tuned to produce an “S”
shaped transmission characteristic, or
one exhibiting optical hysteresis. De-
pending on the resonator tuning and
the amount of feedback, the device
can then be made to function as an
optical memory element, complex
logic element, optical limiter or opti-
cal triode.

For complex multilevel logic oper-
ations, or A-pD conversion of optical
signals, high gain is required in the
feedback loop. In this configuration,
as many as 15 equally spaced levels
of transmission are possible.

With less feedback and with the
resonator tuned for transmission char-
acterized by optical hysteresis, the
device can function as a memory ele-
ment. In this mode, switching between
the two stable states—high transmis-
sion or low transmission—is accom-
plished either by an input light beam,
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or by applying an electrical pulse
directly to the modulator electrodes.

After switching to the high trans-
mission state, the output power re-

mains almost constant over a wide
range of input powers. In this mode,
the device functions as an optical
limiter. Output power rises steeply

ELECTRO-OPTIC
CRYSTAL

MIRROR

AMPLIFIER

FABRY - PEROT
RESONATOR

DETECTOR

BEAM
7 SPLITTER

Basic operation of experimental optical device. Incoming light
is reflected back and forth between mirrors forming Fabry-
Perot resonator. Beam splitter sends part of transmitted light
to detector, whose output creates electric field between elec-
trodes on electro-optic crystal. This field, varying with light
intensity, modulates crystal’s refractive index, producing non-
linear transmission characteristics

BIAS
VOLTAGE
MICROSCOPE

OBJECTIVE

AVALANCHE
PHOTODETECTOR

S LOAD
$ RESISTOR

ends of substrate material

Bmm ’

CLEAVED ENDS WITH OPTICAL MIRRORS

TITANIUM-DIFFUSED
WAVEGUIDE

Integrated version. Device is fabricated using standard IC processing
techniques. Titanium ions are diffused into electro-optic substrate of
lithium niobate material to form 4-um wide optical waveguide. Fabry-
Perot resonator is formed with dielectric mirrors expoxied onto cleaved
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Double Density Floppies
for your LSI-11/2

CRDS continues its spectacular performance in
the field of Peripheral Controller Design. Design-
ing control/interface electronics onto a single
Dual Height Card and with:

e Single and Double-Density Operation

e Complete Instruction Set
Compatibility with RX02

e |ntegral Bootstrap Loader

e Built-In Self Diagnostic, Formatter

e Dual Height Controller for LSI-11 or
LSI-11/2 Backplane

e 5%” Low Profile Chassis

e Dual Shugart Drives

e 512K Bytes Per Drive

e Front Panel Write Protect Switches
e Photocell Write Protect

e Complete Instruction Manual

FD-211 Dual Floppy System

The FD-211 Dual Floppy System is the perfect plug replacement
for your RX02...in half the space...and at up to 30% savings.

MF-211 Dual Floppy/LSI-11/2 System

Our MF-211 Dual Floppy/LSI-11/2 System, using
the CRDS Double-Density Controller is func- . Check These Features:
tionally identical to the DEC PDP-11V03-L,
however using only 10%."” rack space. The
MF-211 is the perfect low-cost answer to your
PDP-11V03-L requirement.

Single and Double-Density Operation
Complete RX02 Instruction Set Compatibility
Over One Megabyte Storage Per System
Functionally identical to the DEC PDP-11V03-L
102" Rack Mountable Enclosure

Available with DEC Software and Interface
Cards

30K Addressable Memory

Considerable Dollar Savings

For more information on our FD-211 and/or MF-211 Double-Density Floppy Disk Systems, just get in touch.
Our Data Sheet and Pricing will be on its way.

Charles River Data Systems, Inc., m
4 Tech Circle, Natick, Massachusetts 01760 Tel. 617 655-1800 I I

CIRCLE 14 ON INQUIRY CARD




[CDMMUNICATION CHANNEL ]

to a maximum point and then levels
out, with little increase in output
power as the input power is increased.
Output power varies less than 4% for a
15:1 variation in input power.

As an optical triode, the resonator
is tuned to produce the “S” type trans-
mission characteristic, and optical
power transmitted through the wave-
guide changes rapidly as a function
of incident light. This means that a
small additional light signal at the
detector produces a large change in
transmitted light power. In an experi-
ment with a low level control light
beam, a sevenfold gain was measured.

Researchers at the laboratories are
looking to longer wavelength light to
eliminate unwanted refractive index
changes due to photorefractive effects
in the LiNb. They expect the fully
integrated version to operate with a
response time of several ns, and to
switch with only a few picojoules of
optical energy.

Nationwide Network
Service Available for
1200-Bit/s Data Terminals

Nationwide packet network data com-
munications service for terminals op-
erating at 1200 bits/s is being pro-
vided by Telenet Communications
Corp, 8330 Old Courthouse Rd,
Vienna, va 22180. The expanded
public dial-in facilities support the
new Bell 212 and Vadic 3400 full-
duplex modems, and is available local-
ly in selected major cities, as well as
nationally through a central waTs
number.

Cities in which public 1200-bit/s
service is available include Atlanta,
Boston, Chicago, Dallas, Detroit,
Honolulu, Houston, Los Angeles,
Newark, New York, Philadelphia, San

I

Francisco, and Washington. Accord-
ing to the company, expansion of the
service is due to a survey among the
more than 225 organizations using the
network for computer communica-
tions. Results showed a growing pref-
erence for the 1200-bit/s rate because
of higher throughput and lower costs
compared with lower speed terminals,
both for data processing and com-
munications.

Laboratory Lasers/LEDs
Show High Performance
As Optical Transmitters

In the laboratories of Siemens Ag,
Postfach 103, D-8000 Munich 1,
Federal Republic of Germany, both
semiconductor lasers and light-emit-
ting diodes (LEDs) have been devel-
oped for use as optical transmitters
over optical fiber transmission lines. In
this application adequate optical
power, long service life, and only
slight variation of optical parameters
are essential properties.

The researchers have found that
semiconductor lasers have two basic
advantages: they launch a larger opti-
cal power into the fiber, and can be
modulated with higher frequencies.
This only holds true, however, if the
lasers are designed as optical semi-
conductor resonators, so that only the
fundamental mode is excited. Stripe-
geometry lasers with narrow stripe
width fulfill this requirement. At
stripe widths of 6 um, the research
laboratory devices provide cw optical
output powers of 6 mW.

With LEDs, an optical power of 4
mW at diode current of 100 mA has
thus far been achieved. Emission
wavelengths of between 800 and 900
nm can be realized by selection of a
suitable crystal composition.

The stripe-geometry lasers are
GaAs/GaAlAs double heterostructure
laser diodes with stripe widths be-
tween 6 and 13 pm. They have alu-

Planned
planar-hood info.

See page 81
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mina anti-reflection coatings that per-
mit a high mirror load of 1-mW op-
tical output power per 1-um stripe
width.

On selected samples, threshold cur-
rent rose by only 3% in the course of
1000 h at 80 °C amb temp. Extrapo-
lation of these data shows that at
room temp, such diodes should ex-
pect a service life of 100,000 h. This
calculation is based on an activating
energy of 0.7 eV and a 10% max per-
mitted threshold current rise. How
much the other operating parameters
will change over such a period re-
mains to be seen.

In early experimental applications
a laboratory pcM transmission system
showed a pulse amplitude variation of
only +=3% at a transmission rate of
560M bits/s, and at the Heinrich Herz
Institute for Telecommunications in
Berlin, the diodes displayed good
modulation performance at 1.2G
bits/s.

Circle 400 on Inquiry Card

Modules Offer Interactive
Communications for
Distributed Systems

3270 display station emulator, intelli-
gent 3270 network interface, and 3270
batch utilities package, allow users of
System 21 family of distributed data
processing systems choice between de-
signing applications for interactive in-
quiry into a remote host system, batch
transmission to the host, or a combina-
tion of local processing with interac-
tive inquiry against local or remote
files. With the new capabilities, asyn-
chronous communications are enabled
on all three series 21 models, while
the 21/40 or 21/50 can also emulate
terminals in the 1BMm 3270 family, ac-
cording to Mohawk Data Sciences
Corp, 1599 Littleton Rd, Parsippany,
Ny 07054.

Basic asynchronous emulator, avail-
able first quarter 1979, allows operator
stations to function as nonintelligent
conversational terminals, transmitting
data to or receiving data from a main-
frame char at a time or in batch mode
via diskette or disc. An enhanced ver-
sion of the emulator, (initial delivery
third quarter 1979) adds data format-
ting, operator prompting, and variety
of crr display functions, supported by
MOBOL (Mohawk Business-Oriented
Language) routines. MOBOL programs
can interact with host processor pro-
grams for direct data input and infor-
mation retrieval. Batch utilities pack-
age, also available in third quarter
1979, allows system users to transmit
data to host via 3270 protocol with
minimum operator intervention. [J
Circle 401 on Inquiry Card
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Concerto in A Flat Mini.

Victor Borge demands the world’s

finest piano for his concert work.
And when he performs at the
computer keyboard, he naturally
expects the best. The quality mini
recording media. That's why he
specifies Verbatim.

At Information Terminals Corp. the
whole message is quality. Our
Verbatim brand diskettes, cartridges
and cassettes capture your data
and play it back bit for bit, byte for
byte, verbatim.

Quality mini media is all we make.
When you want to be sure your data
will play, specify Verbatim.
Information Terminals Corp.,

323 Soquel Way, Sunnyvale, [T
CA 94086 ;
(408) 245-4400. TWX: 910-339-9381.
For the name of your nearest
Verbatim distributor, call toll free:

(1) 800-821-7700, Ext.515. (In
Missouri call: 800-892-7655,Ext. 515)
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In Europe:

Information Terminals S.A.
Case Postale 296

1215 Geneve 15
Switzerland

Telephone: 41 (22) 34-90-55
Telex: 22647 ITGE CH

In the Far East:

ITC —Far East

404 Roppongi Skyheights
3-2-21 Roppongi, Minatoku
Tokyo, Japan

Telephone: (03) 583-1981
Telex: J 47879

yecil
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Evertryto
find a once-a-week glitch
among half a million
operations per second?



We have.So our
microprocessor system
offers real time trace.

To spot problems
as they happen.




Introducing the New
Billings Microsystem.

FEATURES

MEMORY — 64K bytes RAM standard

DISK — Dual mini Floppy (160 bytes, built-in)
SCREEN — Twenty-five lines, 80 characters each
PROTECTED Fields — Two-thirds intensity
GRAPHICS — A 32-key line drawing set
MICROPROCESSOR — Z-80

Billings Computer Corporation

$3995

Including micro printer and software
(Extended Basic, Fortran and Cobol)
Limited Time Offer

SPECIFICATIONS
CLOCK — 4 MHz
POWER — 115 volts at 60 Hz
CABINET — Molded structural foam
CURSOR — Variable size and blink rate
PORTS — Two serial RS-232 (110 to 9600 baud)
| Eight-bit parallel pnnter pon
KEY BOARD T— 94 keys (uppef and lower case) i ‘
il IR R0k b X  fu e

Billings Mlcrosyﬂem

P.O. Box 555 Provo, Utah 84601
(801) 375-0000 Order Form
9 12!
Dealer Inquiries Welcome Soraen - Bereen
3pecla| |ntr°ductory Offer [0 CPU with 64K RAM, terminal,

coupon in placing your order for one or more Billings
Microsystem computers. Software includes Extended
Basic, Fortran and Cobol.

Name

Title Phone ( )
Firm Dept.
Address

Authorized Signature

|
|
|
I
I
I
|
| Software included at no extra charge if you use this
|
I
I
|
|
|
|
|
|

dual mini Floppy disk drives
(160K bytes), micro printer
CPU with 64K RAM and terminal
CPU with 64K RAM, terminal,
dual mini Floppy disk drives (160 K) J$3545 [ $3645
Standard Printer, $1195
Payment Included O ShipC.O.D.
Please send additional information
on the new Billings Microsystem.
Please send information on the

Billings family of mini computer systems.
[0 Please send dealer information.

[J$3995 [ $4095
[J$2995 00 $3095

il o R

O

I
:
|
|
|
I
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Bubble Domain Memory Devices

and Subsystems Based on 256k-Bit Chip

RBM256, a mass-produced binary or-
ganized device capable of storing
256k bits of data, is the basis of
bubble memory devices and subsys-
tems introduced by Rockwell Inter-
national, Electronic Devices Div, 3310
Miraloma Ave, Anaheim, ca 92803.
RLM658, a linear module, contains
four RBM256 devices, thus forming a
1IM-bit system on a board. Program-
mable control module rcM650 con-
trols from 1 to 16 of the linear mod-
ules and enables storage capacities of
from 128k to 2M bytes. Also avail-
able is a development system made
up of two linear modules, a program-
mable control module, and a System
65.

Composed of 282 loops, each con-
taining 1025 bubble positions, the
RBM256 operates with a 260-bit data
block, thus using only 260 of the avail-
able 282 loops. Binary data are stored
in 256 loops and the remaining four
hold system housekeeping bits. In a
typical application where eight
rBM256 devices are used in parallel,
extra bits may be used to provide a
16-bit block address header and a
16-bit crcc word suffix. The device
transfers data at 150 kHz, taking less

COIL ENABLE Y
COIL DRIVER (4)

STROBE
CLAMP >
READ/WRITE 4

DATA IN/OUT

GENERATE
TRANSFER IN
TRANSFER OUT:
REPLICATE CUT
REPLICATE STRETCH

PROM ENABLE >
AROM CLOCK -
FROM DATA

BOARD ENABLE

Linear bubble memory module from Rockwell packages storage devices
with sense channels, coil drivers, and operator logic needed for support.
Chip mapping P/ROM retains good/bad loop maps, used by system con-
troller to skew and deskew block data streams

INTERRUPT
DMA
READY
RW

CLOCK
RESET

ADDRESS [
BUS

DATA LOAD
COIL DR. (4)
STROBE
CLAMP

Controller module supports
up to 16 of Rockwell’s linear
bubble memory modules,
forming cost-effective sub-
system. Circuits to left of
fgg’l‘L b dashed line provide System
pet 65 compatibility, those on
% BOARD ENABLE . .
—» HROM ENABLE right service bubble mem-
—% FROM CLOCK ory devices

™ BOARD
ADDRESS
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Wheo do you think of
for high-performance 16K RAMs?

Take your pick: our uPD416 standard
family offers a whole range of performance
choices—extending to 120 ns access
time and 320 ns cycle time. In either

plastic or ceramic packages.
Every characteristic of our
uPDA416 family meets or exceeds
industry standards, which means our
parts are suitable for any application
you can
2 A, And P/N |'RAC| 'RC |TpD1 | IDD2
we've been uPD416-5|120ns|320ns | 35mA [1.5mA
shipping in volume wPD416-3]150ns [375ns | 35mA |1.5mA

since August, 1977, |xPD416-2|200ns [375ns | 35mA |1.5mA
SO you know we wPD416-11250ns [430ns [35mA [1.5mA

can deliver parts uPD416 1300ns |510ns |35mA [1.5mA
when you need
them.
Of course, 16K RAMs are just part of our story.
We also have a broad selection of other
memory components, led by our industry standard

t4 = 0°Cto +70°C

0 100 ns 200ns 300ns

[

164

«PD416 Family
A
©PD411 Family

Y

wPD410 Family

wmPD2102AL, «PD2111AL, ;LPD2;101AL Series |
0 100ns 200ns 300ns

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

DISTRIBUTORS: Almo Electronics Corp., Philadelphia, PA, Baltimore, MD. Bell Industries, Bellevue, WA. Century Electronics, Albuquerque, NM; Wheatridge, CO; Salt
Lake City, UT. Norman Davis Electronics, South Euclid, OH. Diplomat/Westland, Inc., Sunnyvale, CA. Diplomat/Southland, Inc., Clearwater, FL. Diplomat/Lakeland,
Inc., Elk Grove Village, IL. Diplomat/IPC of Mass., Chicopee Falls, MA. Diplomat, Holliston, MA. Diplomat/Northland, Inc., Farmington, MI. Diplomat/Electro-Com
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4K Dynamic RAM (uPD411), with access time
down to 135 ns, and our highly successful high-speed
4K Static RAM (uPD410), with access times

down to 70 ns. Plus CMOS RAMs, Bipolar PROMs,
1K and 4K Static RAMs, and mask programmable
ROMs up to 64K bits.

At NEC, we’ve built a reputation for advanced
technology and volume delivery. We're also known
for remarkable product reliability —thanks to
experienced designers and meticulous manufac-
turing techniques, backed by 100% burn-in and
testing with MIL-STD-883 methods. The result
is an overall rejection rate of under 0.5%.

What'’s more, we offer thorough customer
support, including documentation, testing, and
special selection. And our engineers
are always available to help with
specific applications problems.

Our new product catalog
will give you a better idea of
just how much we can do for
you, not only in memories
but also in 8-bit and 4-bit
processors and peripherals.

To get your free copy,
clip your business card or
letterhead stationery to this page and send to:

NEC Microcomputers, Inc., 173 Worcester Street,
Wellesley, MA 02181.

If you haven’t thought of
NEC before, you will N EC
Next time.

= NEC Microcomputers, Inc.

Corp., Minneapolis, MN. Diplomat/St. Louis, Inc., St. Louis, MO. Diplomat/IPC Corp., Totowa, NJ; Mt. Laurel, NJ. Diplomat Electronics Corp., Woodbury,
NY. Diplomat/Alta-Land, Inc., Salt Lake City, UT. Future Electronics Corp., Montreal, Quebec; Rexdale, Ontario; Ottawa, Ontario. Hughes-Peters, Inc., Cincinnati, OH; Co-
lumbus, OH. Intermark Electronics, Sunnyvale, CA; Santa Ana, CA; San Diego, CA. Kent Electronics, Houston, TX. G.S. Marshall, Sunnyvale, CA; Irvine, CA; El Monte,
CA; San Diego, CA; Phoenix, AZ. Milgray Electronics, Inc., Freeport, NY; Orange, CT. Reptron Electronics, Inc., Livonia, MI. Resco/Raleigh, Raleigh, NC. Semiconduc-
tor Specialists, Inc., Chicago, IL; Burlington, MA; Farmington, MI; Minneapolis, MN; Hazelwood, MO; Pittsburgh, PA; Dallas, TX; Milwaukee, WI. Sterling Electronics,
Phoenix, AZ; Sun Valley, CA; San Diego, CA; Baton Rouge, LA; Waltham, MA; Albuguerque, NM; Dallas, TX; Houston, TX; Seattle, WA. Summit Distributors, Inc., Buf-
falo, NY. Summit Elec. of Roch., Inc., Rochester, NY. Technico, Inc., Columbia, MD; Roanoke, VA. Western Microtechnology Sales, Sunnyvale, CA.

REGIONAL SALES OFFICES: Western Region, NEC Microcomputers, Orange, CA (714) 633-2980. Eastern Region, NEC Microcomputers, Melville, NY

CD-2-1
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than 4 ms to access the first bit of a
block. Throughput is preserved during
read operations with the device’s rep-
licate/read block architecture in which
bubbles read at the detectors are ac-
tually duplicates of the loop-resident
bubbles.

Packaged in an 18-pin, molded
plastic prp, the RBM256 occupies only
1.2 x 1.2” (3.05 x 3.05 cm). It con-
sumes 820 mW of power, and offers
—10 to 70 °C case temperature op-
eration.

A prepackaged linear module that
provides 1M bits of storage using
four parallel ”BM256 devices, the
RLMB58 operates at 100k bytes/s and,
when used in conjunction with an ap-
propriate controller, is compatible
with the company’s System 65 and
many 6800 microcomputer develop-
ment systems. The RLM658 is de-
signed to be used in combinations of
two to 16 modules in a bvte oriented
system environment, providing from
256k to 2M bytes of storage.

To implement a bubble memory
subsystem based on linear bubble
memory modules, controller circuitry
is required. The RrcmB650 comple-
ments the 1M-byte RLM658 linear
module in System 65 applications,
providing byte-parallel operation in
256-byte blocks. It is totally software
compatible with System 65 and the

6502 microprocessor, and can control
from 1 to 16 rLM658 modules.

The rcMmB50 bubble memory con-
troller and the rRLMB58 linear module
are designed to form a cost-effective
subsystem. The ®rcM650 controller
supports up to 16 RLMB58 modules,
allowing system capacity to be ex-
panded up to 2M bytes.

A 256k-byte bubble memory sub-
system option (one RcM650 controller
and two RLM658 linear storage mod-
ules) installed in a System 65 micro-
computer development system, allows
users to begin developing applications
for the bubble memory devices. A
powerful microcomputer development
system based on the R6502 cru, it
comes standard with two minifloppy
disc drives and 16k bytes of static
BaM (both totally user-dedicated),
plus rRoMm-resident debug, monitor,
symbolic text editor, and 2-pass as-
sembler programs. It includes vacant
slots for adding additional memory
and 1/0 modules; an auxiliary card
cage permits expansion to the full
2M-byte bubble memory subsystem
capability.

Low quantity price for the 256k-bit
device is $500 each; linear module is
priced at $2500; and programmable
control module at $1000. Develop-
ment system cost is $11,400. Delivery
is said to be 60 to 90 days.

Circle 180 on Inquiry Card

Logic Analyzer Solves
Problems of High Speed
Logic Circuit Probing

Matching high performance timing
mode analysis with a comprehensive
set of display and decoding capabil-
ities for data domain analysis, the
K100-D is claimed to set a standard
for troubleshooting at the digital de-
sign level. Integrated in the 100-MHz,
16-input channel logic analyzer de-
veloped by the Biomation Div of
Gould Ine, 4600 Old Ironsides Dr,
Santa Clara, ca 95050 are a micro-
processor (mMc6800) controlled sub-
system, crr display, and full user
oriented keyboard for specifying com-
plicated triggering and recording se-
quences.

Access to the control subsystem is
via the front panel keyboard and four
front panel switches. Input is via
probe sets that feature two 10-input
connections at the instrument, and
custom hybrid circuits for each ac-
tive probe. Designed with a limited

30

Biomation’s K100-D logic analyzer pro-
vides access to its microprocessor
based control subsystem through front
panel keyboard and four front panel
switches. Menu displayed on integral
CRT eases user comprehension of unit’s
functional capabilities

number of functions per key and a
related display menu that speeds the
user’s comprehension of its function
capabilities, the kevboard permits the
user to move rapidly into full utiliza-
tion of the unit’s performance char-
acteristics.

The unit’s memory is 16 bits wide
by 1024 words long, and data clock-

ing into memory can be achieved at
rates up to 100 MHz (giving 10-ns
time resolution) by way of the inter-
nal clock. When an external qualified
clock is used, information is clocked
at up to 50 MHz. These clock rates
make the instrument adequate not
only for TTL and EcL circuits, but
also provide better timing resolution
for measuring critical operating pa-
rameters of current and future micro-
processors. In addition, with the ap-
propriate accessory, the analyzer can
synchronously record from 32 chan-
nels without compromising basic per-
formance. The full 16-charnel, 100-
MHz capability can be used by merely
interchanging the 32-channel adapter
with the high performance probes.
To reduce the difficulties encount-
ered with reflections and ringing,
changing input capacitance, and cross-
talk when attempting to get input sig-
nals down to 10 ns, probes for use
on the K100-D combine features of
active pod and individual probes
rather than using active probe pods
on a multiconductor cable. This ap-
proach processes signals close to the
user’s circuitry to preserve the sig-
nals’ information content. The probe’s
hybrid circuit provides buffering for a
1-MQ input impedance, and threshold
detection right at the probe tip. The
probe assembly is made up of groups
of 10 probes each, all terminated in a
common conductor. Plugging in two
10-probe connectors joins 20 probes
to. the instrument. With individual
active probes it adds ability to probe
physically distant circuit points.
High performance is augmented by
a versatile control subsystem that al-
lows the designer to easily set and ac-
cess all recording and display param-
eters. To initiate a recording sequence,
the status display is consulted on the
CRT screen. Access to a particular field
is gained by pressing the correspond-
ing key, then entering the desired
parameter. Various decisions can be
made about clocking, delay sequence,
logic polarity, 2-level trigger, thres-
hold, input mode, arm mode, and
trigger. Because there are buttons on
each parameter field, parameters can
be selected in any sequence desired.
All recording sequences can be
monitored, and information analyzed,
by way of a comprehensive set of dis-
play prompters. There are four sepa-
rate display modes for data domain,
and a timing domain display. All 16
channels of data can be viewed si-
multaneously. Data domain outputs
can be presented in binary, hexadeci-
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SURPRISE!

The Data Link of the future
is available from HP today.

HP’s new Fiber Optic System guarantees error free (P. <<10~’) data transmission from DC to 10Mb/s NRZ over
distances up to 100 metres. This system is immune to electromagnetic interference, radiates no external signal and provides

TTL compatible, our system includes a PC board mountable transmitter and receiver which operate from a single 5V power

total electrical isolation between terminals.
HEWLETT lﬁ__ﬁ_, PACKARD

supply. Our low loss, single fiber connector/cable assemblies are available

in five standard lengths from 10 to 100 metres.

Applications include large computer installations, distributed
processing, power plants, process controls and remote instrumentation.
Prices start at $570 for the HFBR-0010, 10 Metre System.
For more information or immediate off-the-shelf delivery, call any franchised

HP distributor. In the U.S. contact Hall-Mark, Hamilton/Avnet,
Pioneer Standard, Schweber, Wilshire or the Wyle Distribution Group 1507 Page Mill Road, Paic Alto, California 94304
(Liberty/Elmar). In Canada, call Hamilton/Avnet or Zentronics, Ltd. R ———
255-9800, Atlarita (404’ 958-1500C, Los Angeles (213) °77-1282
31
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Three events in sequence are required to complete record-
ing using K100-D logic analyzer. Arm initiates storage of
data into memory; trigger controls what is stored. However,
enable must be detected before trigger can be recognized.
23-word offset simplifies set up by reconciling difference
between 1000 decimal and 1000 binary (1024)
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mal, or octal forni, as well as a spe-
cial mode. In special mode, informa-
tion display can be split to view, for
example, 8-bit data bytes in hexa-
decimal, plus 8 bits in hexadecimal.
Other combinations include one which
decodes information in binary and
asci code. Sequence comparison ca-

pability allows users to compare 1
word, or up to 1024 words between
the two memories.

The X100-D is available on a 90-
day aro schedule. Price is $8800 in-
cluding two probe sets.

Circle 181 on Inquiry Card

Disc Storage System
Doubles Capacity
of 3350 Units

An enhanced Winchester technology
disc storage subsystem provides 1.27G
bytes of data storage capacity in each
2-spindle cabinet. To effectively dou-
ble the storage capacity of competi-
tive units, Control Data Corp, Box O,
Minneapolis, MN 55440 increased the
number of data surfaces and record-
ing heads in each sealed data module
by one-third and packed a greater
number of data tracks on each sur-
face, increasing track density on each
data surface to 662 tracks/in. This in-
creased density also improves per-
formance by reducing average access
time for 317.5M bytes to 19 ms.
The fixed media device replaces
two 1BM 3350 units in storage capac-
ity using a two logical volume/spindle
concept. It is totally functionally com-
patible with that unit and completely
transparent to all software operating
systems that support the 3350. Disc

32

units are connected to the 38302 uni-
versal storage controller which also
operates 1M compatible 100M- and
200M-byte drives. Use of the con-
troller allows drives of various capac-
ities to be intermixed in each string
for configuration flexibility. The unit
also attaches to an 1BM storage con-
trol unit.

The 33502 incorporates the field
proven dynamic dual access option to
provide an additional level of redun-
dancy as well as improved through-
put that results from minimized con-
tention and maximum data availabil-
ity. Dual access is accomplished by
allowing a second unit to access each
disc drive. With dual access, data can
be written or read simultaneously
from two different spindles in the
same drive string, through a second
storage control unit. In large config-
urations dual access can be combined
with string switch. String switch al-
lows a second storage control unit to
gain access to a string of drives, while
still limiting data transfer to a single
spindle at a time.

Available in six different models,
some representative prices for the
33502 are $59,600 for model A2 that
includes two drives and data modules,
and control adapter unit. With 3.4M
bytes of optional fixed head storage
(model A2F) price is $72,350. Mod-
els B2 and B2F attach to A2 units
and are priced at $50,256 and
$63,000, respectively. C2 and C2F
include a backup control adapter
unit and are priced the same as A2
models.

Circle 182 on Inquiry Card

Data Acquisition Unit
Offers Continuous Input
Without Bandwidth Limits

A data acquisition peripheral for the
pop-11 series computer, the mip-3/a
(micro input processor/analog) is an
intelligent analog-to-digital converter.
It consists of ‘a Unibus™ interface,
data acquisition subsystem, expand-
able buffer memory, and a sophisti-
cated input processor, and features 16
to 64 single ended channels that can
handle 12 bits at 100-kHz through-
put rates.

The unit, designed by Computer
Design and Applications Inc, 377 El-
liot St, Newton, ma 02164, addresses
two problems associated with current-
ly available a-p systems: that of con-
tinuous data acquisition and the limit-
ing effect of bus bandwidth. In a pro-
grammed 1/0 A-D system, the host
processor spends much of its time
servicing the A-p unit, thereby limit-
ing the bandwidth available for pro-
cessing and acquisition. A DMA A-D
solves the main acquisition problem
but still requires fast cpu response
whenever a buffer is filled, placing
a severe bandwidth limitation on the
system. '

The micro input processor resolves
this problem by assuming that data
are double buffered and by issuing
two sets of control parameters, mak-
ing the second buffer’s parameters
available as soon as the first buffer is
filled. By so doing, the host response
time becomes the time spent filling
an entire buffer rather than a single
sample interval. The problem of bus
bandwidth is resolved by placing a
dual port memory in the unit.

The data acquisition subsystem is a
packaged module which includes an
input multiplexer, sample/hold am-
plifier, and 12-bit high speed A-p con-
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Everything an OEM
will ever need indisk drives.

Ball Computer’s BD series of disk drives sets new standards for reliability, accessibility
and maintainability for the OEM. The BD series, which includes storage module

units of 50 megabyte (BD-50) and 80 megabyte (BD-80) capacities, satisfies the
OEM requirement for large capacity disk files to interface with small and medium
size computers in applications where trouble free performance is critical. Available
in either rack mount or console mount configurations, the BD series combines,
proven drive technology with features that insure superior reliability and

maintainability.

Easy Maintenance

The BD series of disk drives is designed to
speed preventive maintenance, simplify
trouble-shooting and repair in the field.
The drives incorporate a removable
3330-type short stack disk pack. Deck
plate, logic and power chassis are
hinged and can be “butterflied” out from
the top and sides for instant servicing,
cleaning and adjustments. The drives are
fully modular using separate chassis for
actuator and motor control mechanisms,
power supply and logic. All electronic
circuitry is on plug-in boards, aranged in
functional groupings and provided with
built-in test points. All critical parts,
including voice coils and heads, are
standard assemblies available from
multiple sources, and field proven in
thousands of installations.

High Data Reliability

To provide the highest possible data
reliability, protective features are
incorporated in all critical areas. All
moving parts in the actuator and disk
pack well are sealed in a “"clean room”
environment. This environment extends
from the disk pack shroud along the entire
length of the cariage and ways.
Protecting both the disk pack shroud
and actuator prevents possible
contamination of the disk surfaces during
periods when the heads are retracted
and power is shut down. This eliminates,
most of the reasons for loss of data;

dust and dirt accumulation on precision
mechanisms and the disk surfaces.
Moreover, the use of a constant voltage
power supply reduces premature
component failures and susceptibility

to recording errors resulting from
line-power variations.

Self-Diagnostic

When a BD disk drive
repaired, it tells you v
the operator in locati
system when it is in ne
series disk drives feat
diode (LED) displays
to isolate the failure r
interface, read, write
When the system det:
internal latches moni
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cover and pressing
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\e release buttons
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Highly Reliable

For increased reliability, the industry’s first
triple cooling system in a compact
design has been incorporated into each
BD Series unit. One fan cools the logic
chassis to eliminate hot spofts in the
circuitry that cause premature
component failures. Another fan cools
the power supply and servo drivers. The
third circulates cool, clean air through
the absolute filter to the disk pack shroud
and all moving parts. As a result, Ball’s
unique cooling system design greatly
reduces device failures.

...And More

The list of features from Ball is almost
endless. For example, the absolute air
filter can be easily accessed by raising
the deck plate to the maintenance
position. The filter is mounted in a frame
and can be liffted out by merely
loosening a single locking bolt—a
simple five minute operation.

Additional features include:

e ¢ frack following servo system with
no external reference required;

e field upgrade capability from 50 to
80 megabytes;

e interface compatibility with the
CalComp Trident TD-50/80, CDC
9760/62, or Ampex 940/980; and

e static discharge immunity up to 4
kilovolts,

Other disk drives may have some of the
features you need, but only the Ball BD
series has all of them.
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MIP-3/A, intelligent data acquisition peripheral, provides con-
tinuous data acquisition without bandwidth penalty. Developed
by Computer Design and Applications, unit's 16 to 64 single-
ended channels can handle 12-bit input at 100-kHz rates

verter. Maximum throughput rate is
100 kHz.

Buffer memory is implemented with
high speed static mos rRam. It is dual
port memory which may be accessed
by a Unibus master and is also ac-
cessible by the Apc in conjunction
with the input processor. Any size
window of any port of memory may
be placed anywhere on the Unibus
by setting appropriate switches. Basic
memory size is 4096 16-bit words;
this is expandable to a maximum of
65,536 words with the addition of
MIp-3/ME memory expander cards.
When not in use for A-p acquisition,
the memory behaves as normal system
memory and may be used for running
operating systems, program develop-
ment, or FORTRAN programs.

Input processor controls the data
acquisition subsystem and provides
memory addresses for writing A-p data
into the buffer. It may also request
interrupts from the host cpu. A mi-
croprogrammed device, the input pro-
cessor is controlled by a set of reg-
isters located in the 1/0 page of the
ppp-11 address space.

The ppp-11 system communicates
with the -3/A by reading and writing
either the buffer memory for data or
the device register block for control
information. The -3/A communicates
with the -11 processor by initiating
interrupts. Since the -3/A is a micro-
programmed machine, the format of
the prB and actual operation of the
machine are a function of the micro-
program contained in onboard ®/
roms. A standard unit is configured
as a multichannel double buffered
data acquisition system.

While the -3/a has 16 channels
standard, it expands to 64 single-
ended or 32 differential channels with
addition of an Mip/AE channel ex-
pander which mounts on the -3/a.
Memory expansion units Mip-3/ME
cards each contain an additional 16k
x 16 bits of Mos memory. Up to four
can be added to the -3/a.

The -3/ occupies one hex spc slot
in a pop-11 system unit. The necessary
—5-V power is supplied by the host.
An onboard dc-dc converter provides
voltages for the analog circuits.

Circle 183 on Inquiry Card

CCD-Based Disc
Replacement Stores
11.2M to 45M Bytes

Faster, better performing, and less ex-
pensive than fixed head systems, the
4305 solid-state disc is based on a
65k-bit, ccp device, and ranges from
11.2M to 45M bytes in capacity. In
developing the unit, Storage Tech-
nology Corp, 2270 S 88th St, Louis-
ville, co 80027 designed in plug com-
patibility with large 1BM systems and
provided the ability to emulate the
2305 fixed head disc subsystems.

Device access time is 0.7 ms; max
access is 1.4 ms. Transfer rate is se-
lectable at 1M or 1.5M bytes/s. Vari-
able transfer rate allows the device to
be shared between multiple cpus hav-
ing different channel speeds. Optional
features include dual ports, 2-chan-
nel switch, and 3M-byte transfer rates.

Storage modules consist of 12M
bytes of cco memory packaged on
12 pc boards and organized as 72
rows and 24 columns. Each ccp is
organized as 16 serial shift registers
(loops), each containing 4096 bits.

During a single clock cycle one bit
can be read out or written into each
of the 16 loops. All loops are con-
tinuously and synchronously recircu-
lating. A bit cycles through a loop in
1.4 ms; providing an average access
time of 0.7 ms.

To read data, one loop from each
of the 72 devices in a column is se-
lected and one bit is read, obtaining
64 data bits, and 8 parity bits. Each
of the 16 loops is read in sequence.
When each loop within the ccps in
that column has been read, reading
shifts to another column.

Physically the unit consists of two
frames; the control unit and the stor-
age unit. Control unit can contain
two storage control units, dc power
supply, floppy disc reader for micro-
code, and microprocessor; the storage
frame holds up to four memory ar-
rays, each with its own dc power sup-
ply and operator panel, main ac
power supply, and blower. This pack-
aging offers performance and avail-
ability through duplexing. Concur-
rent access to any two ccp modules
is provided. The controller interfaces
to the channel, interprets channel
commands, translates to physical log-
ical address, and transfers data to
the cpu.

Specifically designed to be used for
paging, primarily in large configura-
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Device paging performance tests made to compare Storage Tech-

nology’s CCD based solid-state disc to comparable disc subsystems

found 1.5M-byte/s 4304 to be almost three times faster than 3350;

and 3M-byte/s 4305 to be that much faster than 2305-2. Tests were
- made transferring 12 4k pages/request

tions running Mvs and MV operating
systems, the memory provides the
performance necessary to achieve in-
creased throughput. Dual port capa-
bility provides availability and re-
liability. If one controller is lost, the
array can be accessed through the
other path. With two paths, the sub-
system has twice the data transfer
capability.

The unit’s electronic, modular struc-
ture serves to ease field service as
well as facilitate upgrades. Diagnos-
tic capability built into the system
verifies the operation of error-correc-
tion circuits and memory function.
A read/write floppy disc is built into
the unit to allow engineering changes
to be made easily in the field.

Circle 184 on Inquiry Card

System 370 Compatible
Processors Benefit
From Microcode

Basic design philosophy behind the
M 370 compatible processors de-
veloped by Cambridge Memories, Inc,
360 Second Ave, Waltham, ma 02154
is to minimize hardware circuits and
maximize the use of micro code. From
this are derived time savings in de-
bugging and redesigning circuits, and
greater flexibility particularly an
ability to react to 1BM software
changes.

Spanning the range from System
370/115 through 370/135, the models
1, 2, and 3 are claimed to offer 10
to 15% higher performance than equiv-
alent 1BM systems and have peripheral
and software capability of the 370/
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138. Based on the design of the
Omega 480-1 manufactured by 1pL
Systems, Inc for Control Data Corp,
the processors are planned to be ap-
proximately the same size as compar-
able 1BM units and to support 1BM or
compatible peripherals available on
small and medium scale /370 systems.

Hardware within the processors in-
corporates ECL and current generation
TTL circuits. Multilayer printed circuit
techniques reduce mechanical connec-
tions and enhance reliability.

The amount of dedicated hardware
is further reduced by overlapped in-
struction processing and use of shared
circuits operating at high speeds. The
basic machine is a microprogram con-
trolled processor with an architecture
highly dependent on writable control
storage.

The cpus are available with byte
multiplexer, burst mode selector, and
block multiplexer channels. All BMm
and 1BM compatible peripherals ex-
cept those requiring direct control or
external signal features are supported.
Noncompatible devices can be sup-
ported if their controllers attach to a
standard 1M channel.

pos/vs, vs-1, vs-2, and vMm oper-
ating systems require only a minor
change to the ErRep module respons-
ible for etching and recording system
error layout data. In addition, all user
written application programs will run
on the processors.

Initial deliveries are planned for
first quarter 1979; volume shipments
should begin in mid-year. Prices are
expected to be approximately 20%
lower than 1BM prices.

Circle 185 on Inquiry Card

Intelligent 1/O System
Functions as Remote
Sensory Center

10s2000 uses a preprogrammed on-
board microprocessor to handle all
forms of analog and digital input and
output, acting as a remote sensory
center for industrial control and mea-
surement systems. Incorporated in the
design of the intelligent 1/0 system
by Burr-Brown Research Corp, Inter-
national Airport Industrial Pk, Tucson,
Az 85734 are calibration adjustments,
signal conditioning and linearization
functions, independent rRoms for ap-
plication programs, and self-checking
diagnostic programs.

Remotely located, the unit handles
all forms of 1/0, collecting and condi-
tioning sensor inputs, sending them to
the cpu already digitized and prepro-
cessed. In a closed loop installation,
the system responds to cpu commands
and generates contact closure outputs
to turn on lights and motors, and
generates analog output voltages and
currents to modulate valves, estab-
lish setpoints, and perform similar
functions.

Major functions include an A-p con-
verter card that performs automatic
zero, automatic ranging, system cali-
bration, and base line offset. 1/0 cards
have onboard p/RoM instructions
tailored for linearization and units
conversion.

Up to 15 1/0 systems can be con-
nected to one serial asynchronous
communications line. In a standalone
configuration, an H-p 9845 or 9825
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LJI’ unitmé Twist 'N' Flat™

When it comes to flat,
we've been around.

We make more different kinds of planar For the name and number of
cables for more different kinds of inter- our nearest distributor or rep, write
connect systems than anyone on the planet Spectra-Strip, an Eltra Company,
Earth. And, in this world of planar-come- 7100 Lampson Avenue, Garden Grove,
lately’s, Spectra-Strip has been around CA 92642. Orcall (714) 892-3361 today.

since the cable world turned flat.

For all your interconnect needs from
planar cables to IDC connectors to _—
complete custom assemblies, just check I e e R O B
us out. We’ll take total responsibility - :

for solving your interconnect problems, ’ -
and you won’t need to call anyone else. When you're down to the wire
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New Developments from SYSTEMS...

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

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

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

MOS MAXIBOX.

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

The SEL 32/30 is value-en-
gineered for the OEM. It is a
single chassis, fully integrated
system that is upward compatible

with the entire SEL family of

32-bit computers. So even if you
start with a minimal investment,

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

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

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

CIRCLE 22 ON INQUIRY CARD

ENGINEERING LABORATORIES
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THE 74 MEGABYTE DISK DRIVE
OEMS HAVE BEEN WAITING FOR

Introducing EMM'’s Model 312 disk drive. The one
you've been waiting for. Up to 74 megabytes in a single
top loading disk drive. Featuring removable and fixed
disks allowing its own backup. Now you have a smart
alternative to all-fixed Winchester technology and all-
removable storage module type drives. With design fea-
tures and a price an OEM can appreciate. Like design
simplicity for easy maintenance, and improved reliability.
Storage flexibility. A down-to-earth price per megabyte.
Cartridge drive interface. High performance. Zero
warm-up. And, delivery you can count on. Take a look
at how our new 312 disk drive can make a difference

for you.

Proven Reliability — With thousands of disk drives
operating day-in and day-out, we have an outstanding
track record for reliability. Our new 312 features such
innovations as a dual servo track-following system to
eliminate temperature related problems. One dedicated
servo surface for the fixed disk and one for the removable
cartridge. Superior design features give an
MTRBEF of 4500 hours.

Interface—Our drive
is easy to interface with
your system. It has a mod-
ified cartridge drive inter-
face. L

Storage Flexibility —
You have the choice of one
removable cartridge, and
one, two or three fixed disks:
25-74 megabytes that are field
upgradable. Daisy chain four
drives and you get an incredible

296 megabytes on a single system. So you can keep pace
with your customer’s expanding storage needs.

Maintenance Simplicity —Our new 312 disk drive is
easy to service with snap-on front panel and covers for
easy access. A pop-out filter that can be replaced without
tools in less than 5 minutes. A flip-out card cage and
power supply that is easily removed without tools. No
mechanical adjustments and only one head alignment
required. Only five adjustments in the electronics. Built
in servo track writing capability allows easy replacement
or addition of fixed disks in the field.

High Performance —Qur 312 delivers the best of
3330 technology. Track densities of 370 tpi and recording
density of 4545 bpi.

Zero Warm-up—Put a cold cartridge on a hot 312
drive and it’s immediately usable. This helps your cus-
tomer achieve higher system efficiency.

Down-to-Earth Price— You get about 7 times more
capacity than a 10 megabyte drive at only 1.5 times

the price. It drops your cost per megabyte right down-
to-earth.
The OEM Designed Drive—The 312 is
designed for OEMs. With select OEM
options. And, the 312 is backed
by the type of technical support
you've come to expect from
EMM. It’s what you've
been waiting for.
To see how our new
312 disk drive can make
a difference for you,
contact your nearest

EMM sales office.

EMM.
The difference in
disk drive memory

2

g’

E mm PERIPHERAL PRODUCTS

A Division of Electronic Memories & Magnetics Corporation
1015 Timothy Drive, San Jose, CA 95133
(408) 298-7080
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intelligent terminal serves as control-
ler. All functions are contained on
card modules that plug in to a pas-
sive card cage. The system is parti-
tioned into five card groups: com-
munications, microcomputer, power
supply, A-D converter, and 1/0 cards.

Memory for specific functions is con-
tained on the function card; adding
cards adds memory as the system
grows.

Full capacity of the largest en-
closure is 256 digital points or 128
analog channels in any combination.
Up to three card files can be clustered
to operate from a single processor,
communication, and A-p card set. This
card set has capacity for 48 1/0 card
slots (768 digital points or 384 ana-
log channels) or a combination.

When inputting digital data, chan-
nel scan speeds greater than 1000

H.: Seattie, Jas. J (206
\SS0C 6 MEURM Hanex, L
omam ms; 742-4448 -

Salem, Jas. J. Backer (503)

Backer (503)
361-8584; Solid State Electr. (214) 352.2601; Houston,

785-5436 UTAH: Salt Lake City, PLS Assoc. (801)
r Elec. Co. (206) 282-2511 WIS.: Milwaukee,

CA (213) 556-3807 CANADA: Duncan Instr. Weston,

S POUer-0ne..

D.C. POWER SUPPLIES

Power One Drive « Camanllo, CA 93010 * Phone: 805/484-2806 » TWX: 910-336-1297
SEE OUR COMPLETE PRODUCT LISTING IN EEM & GOLDBOOK
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points/s are possible. Analog chan-
nel scan speeds range from more than
10 to more than 100 channels/s.
Throughput error is 0.02% rs in the
+10-V range; 0.05% Fs in the *=10-
mV range over operating tempera-
ture.

Circle 186 on Inquiry Card

Memory Analyzer Display
Visually Identifies
Cell Address and Contents

Immediate visual identification of ad-
dress and data within a memory de-
vice under test are obtained using the
memory analyzer display unit intro-
duced by the Xincom Div of Fair-
child Camera and Instrument Corp,
20450 Plummer St, Chatsworth, ca
91311. Designed to assist in charac-
terizing semiconductor memories up
to 64k, the portable standalone unit
interfaces to any Xincom 1 tester
equipped with dynamic error logging
unit (DELU), providing a matrix dis-
play of test results on a crT within
200 ns after test completion.

The unit obtains test results by in-
terrogating the dynamic error logging
unit and storing the received data. A
video image of DELU memory is dis-
played constantly as a matrix of vari-
able intensity dots on a screen. The
screen is arranged in a matrix of
256 x 256 dot locations, each depict-
ing an addressed data bit within
memory. A bright dot represents a 1;
a dim dot indicates a 0; and the ab-
sence of dots denotes a communica-
tion error. Dot formats are selected
from 1k, 4k, 16k, or 64k memory
sizes; ie, a 16k matrix will measure
128 x 128 dots; 4k memories show
64 x 64 dots.

A movable cursor within the matrix
marks the desired memory cell. The
cursor is controlled by a front panel
joystick, a proportional speed vector
control with a 15% center dead zone.
For close observation of bit cells,
sector zoom is provided. This allows
a minimum 1k sector with a 32 x 32
dot matrix to be magnified to full
screen matrix size.

Operational tests and maintenance
diagnostics are provided by a self-
test subsystem built into the unit.
Tests include all 1s, all Os, all errors,
alternating 1s and Os, and a cross-
hatch pattern for display symmetry
check and adjustment. Patterns may
be displayed even when a test is in
progress.

Circle 187 on Inquiry Card
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Put the Documation Difference
Behind Your Nameplate

andards in quahty and performance Take a look at o rad-
vanced electro-mechanical technology and manufacturing,
band printing system, modular hammer bank and heavy duty
cycles. Then combine that with our quiet acoustics, powered
forms stacker, selection of operator-changeable character
sets, printout clarity and standard OEM interfaces. We think
you'll see why more and more computer sites are turning to
Documation to solve their printing requirements. With Docu-
mation behind your nameplate, you'll like the difference. For
more information on Documation OEM products call (305)
725-5500 or write: P.O. Box 1240, Melbourne, FL 32901.

DOCUMATION

INCORPORATED
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Data Entry Software
Offers Performance
Oriented Features

Source data entry software permits
minimally trained personnel to de-
velop and execute data entry tasks
on distributed processing systems. De-
signed to provide data conversion and
editing capabilities on pTs/1200™
MARK-1 and MARK-II systems, used for
3270 type interactive tasks, remote
batch processing, local processing,
and report printing functions in a data
communications network, the pack-
age introduced by Raytheon Data Sys-
tems Co, 1415 Boston-Providence
Tpk, Norwood, ma 02062 provides
seven major capabilities to increase
performance in data entry, validation,
and editing functions.

To make use of the package, op-
erators establish dialog through key-
boards with the software routine lo-
cated in system controller. The dialog
permits formats to be established,
modified, or recalled for use in tasks.
A menu of 20 aids accessible during
conversion and entry assure a high
level of accuracy while maintaining
a high rate of entry.

Automatic cursor positioning, for
example, allows the system to move
the cursor only to those fields within
a record that require data. A table
lookup feature calls data from tables
of prestored information and inserts
it automatically into specific fields, re-
ducing keystrokes and assuring higher
data transcription accuracy. Reason-
ableness tests, including range check-
ing, user-definable field comparisons,
and validity testing, are used to fur-
ther ensure accuracy.

Productivity enhancement features
encompass alpha only, numeric only,
mixed entry, must enter, must com-

DELTA DASH GETS YOUR
SMALL PACKAGE THERE
IN A BIGHURRY.

Delta handles more over-the-
counter shipments of 50 lbs. or
less than any other certificated
airline. And DASH (Delta Airlines
Special Handling) serves 86 U.S.
cities plus San Juan. Any package
up to 90 inches, width +length +
height, and up to 50 pounds is
acceptable. DASH packages accepted
at airport ticket counters up to 30
minutes before flight time, up to 60
minutes at cargo terminals.

Rate between any two of Delta’s
domestic cities is $30. ($25 between

Dallas/Ft.Worth and Los Angeles
or San Diego or San Francisco).
Pick-up and delivery available at
extra charge. Call 800-638-7333, toll
free. (In Baltimore, call 269-6393).

You can also ship via DASH
between Delta cities in the U.S. and
Montreal, Nassau, Bermuda, Freeport
and London, England. For details,
call Delta’s cargo office. TADE LTA

airline run by professionals

DELTA IS READY WHEN YOU ARE °
e

plete, right/left justify, character file,
check digit generate, check digit
check, and branch instructions. Sys-
tem arithmetics include add, subtract,
multiply, and divide, and ability to
perform line by line and record by
record computation and cross footing.
Specialized subroutines can be pro-
grammed in MAcroL. Data entry ca-
pability runs concurrently with inter-
active and batch jobs on large systems
or with a single batch application on
smaller systems. On large systems it
operates concurrently with combina-
tions of inquiry/response, interactive
or batch transmissions, remote batch
processing, and local printing.
Circle 188 on Inquiry Card

Enhanced BASIC
Reduces Training Time,
Eases Problem Solution

BASICPLUS contains enhancements to
ease both the learning process and
problem solution. The language, avail-
able from Datapoint Corp, Data Pro-
cessing Div, 9725 Datapoint Dr, San
Antonio, Tx 78284, provides for larger
size names, more efficient use of
memory, and full interchangeability
between its record files and those
created with other languages.

The language handles complex pro-
gramming details automatically, allow-
ing novices to print answers without
specifying the exact form, or do arith-
metic on all entries in several columns
with simple instructions. Advanced
features provide string manipulation
instructions and complex mathemati-
cal routines.

Enhancements include acceptance
of 78-char variable names, and mul-
tiple statements per line. Chaining
and keyboard-controlled execution of
programs, automatic configuration of
printers, and disc input and output
in standard file format are all sup-
ported.

Upward compatible with the com-
pany’s previous versions of Basic, the
language includes many features of
the proposed Ansr standard Basic, in-
cluding numeric functions, relational
operators, logical constants, and
matrix operations with determinants
and transformations. To execute it re-
quires 48k bytes of memory. O
Circle 189 on Inquiry Card
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Grinnell has your display...

from low cost imaging and graphics
to full color image processing

Our modular, solid state systems

can meet your computer display
requirement, easily and econom-
ically.

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

high order programming languages.

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

Options include overlays, func-

tion memories, pseudo-color tables,

zoom and pan, independent cur-
sors with trackball and joystick
controls, split-screen, image tog-
gling, and real time digitizers that
grab and store images and sum
consecutive frames.

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

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

GRININELL SYSTEMS

2986 Scott Boulevard, Santa Clara, California 95050 (408) 988-2100
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Sperry Univac minis are doing

In Portland, Oregon, Sperry Univac stantly updated. Much of the paperwork
minis help the Police Bureau come to the required of field officers is eliminated. And
rescue hundreds of times a day. the data base it generates is used for uni-

Because Boeing Computer Services has form crime reporting and resource allocation.
computerized all of Portland’'s emergency Boeing Computer Services has found
services with Sperry Univac Series 77 minis. that our minis are cost effective and can han-

Now when a citizen reports a crime, dle the job efficiently and with real-time speed.
our minis verify the address. Examine the The Sperry Univac minis used in Port-
surrounding area for similar calls, haz- land are just part of our complete family of
ards, and temporary situations (such as minis. One and all of them are supported
streets under repair). And suggest which by our powerful software.
units should respond to the call. If you have a system application, we

This futuristic system coordinates dis- undoubtedly have a mini that's just right
patchers and officers and keeps them con- for it. Whether it be business data process-




alarming things in Portland.

ing, scientific, instrument control, or data
communications.

For more information, write to us at
Sperry Univac Mini-Computer Operations,
2722 Michelson Drive, Irvine, California
92713. Or call (714) 833-2400, Ext. 536.

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

We'd like to hear from you. Even if your
system application isn’t as arresting as the

one in Portland. : ] ] poe V UNIVAC

spennv UNIVAC IS A DIVISION OF
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Introducing SPARK-16: The MICROFLAME
family hus given birthto a microcomputer.

Fairchild recently introduced 9440  program), FIRE-EDIT, FIRE-
MICROFLAME™ CPU —the

world's first 16-bit bipolar micro-

processor that executes an

instruction set with mini-

computer performance.
Now we're infro-

ducing the SPARK-16™

microcomputer designed

to demonstrate the

capabilities of the 9440

MICROFLAME CPU or

to be used as a stand-

alone microcomputer

for applications

requiring 4 K words

of RAM (expandable

to 8 K words soon,

and more later)

and 2 K words of ROM.

Maijor applications for the
9440 MICROFLAME CPU and

-

DIAGNOSTICS, FIRE-SYMBUG,

BABY BASIC, FIRE-BASIC, FIRE-
MACRO (a stand-alone macro-

SPARK-16

assembler) and FIRE-RLOAD
(stand-alone linking loader). These
are fully supported and documented.

A

™

V

SPARK-16 board include OEM
data processing in a variety of
computing control and instru-
mentation environments; tele-
communications PBX swifching
installations; distributed intelli-
gence, distributed multiprocessing
andfront-end (terminal) processing.

Where there’s flame there’s fire.

Fairchild is also introducing

its FIRE™ (Fairchild Integrated
Realtime Executive) software

package. Available now for use
with the 9440 MICROFLAME CPU
or the SPARK-16 microcomputer
are FIRE-LOAD (bootstrap and
binary loader), FIREBUG (inter-

active entry and debugging

MIERCPROCESSOLR

Execution is on the well-known Data

General NOVA™1200 instruction set.

NOVA is a trademark of Data General Corporation.

Hot new technology.

The new microprocessor is
based on an advanced form of I2L
technology known as I3L™ process
(Fairchild's Isoplanar Integrated
Injection Logic). It provides the
combined advantages of bipolar
high speed and MOS packing
density and power dissipation.

In addition to the I3L circuitry on
the 9440 chip, there is conventional
TTL circuitry which allows TTL
interface with other logic, PROMs
and RAMs.We have 8,10 and 12
MHz parts available in quantity.

CIRCLE 28 ON INQUIRY CARD

The 100-piece price is as low as
$100.00 per unit.

A spark of genius.

The SPARK-16 pc board is loaded
with features including the 16-bit
9440 MICROFLAME CPU,4 K words
of RAM, (expandable soon),2 K words
of Autoload PROM, memory control
with DMA capability, inferface logic
for a Teletype or RS232C, 100-pin
connector with 9440 Bus, connector
for TTY/RS232C, control switches
(Autoload, Continue, Halt and Reset)
anddisplay. BABY BASICand FIREBUG
areavailablein PROMs. The SPARK-16
board requiresonly asingle 5V, 4.0A
powersupplyanda TTY or CRT termi-
nal. The single board price is $995.00.

Only the beginning.

More sophisticated FIRE software,
board level hardware and LS| support
circuits are on the way. Before year-
end the software will include an infer-
active disk operating system (for hard
and floppy disks) and shortly there-
after a FORTRAN 77 and PASCAL.
New LSl circuits will include a 16K
TTL dynamic RAM; a memory control
with control, refresh and DMA
capabilities;and an /O bus controller.

For 9440 parts and SPARK-16
boards, contact your Fairchild
representative or sales office. For a
MICROFLAME brochure and data
sheets, call or write Fairchild Camera
and Instrument Corporation,
MICROFLAME, PO. Box 880A,
Mountain View, California 94042.
Tel:(415)962-4626. TWX:910-379-6435.

FAIRCHILD
o ARG T R S v

Callusonit.
(415) 962-4626
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Digital Control at WESCON

Nearly every technical conference today includes
sessions or papers on digital electronics—and, in turn,
nearly every electronics conference includes sessions
on data acquisition and/or control. The 1978 Western
Electronic Show and Convention (WEScoN) was no
exception.

The first session on the professional program was
“Industrial Control Systems Using Mini/Microcom-
puters.” Paper subjects included developing computer
control algorithms, acquiring data on high tempera-
ture operation, designing a computer numerical control
system, and developing a realtime language interpreter.
Although the range of subject matter is wide, each is
more or less typical of the presentations given at con-
ferences of this type.

Development of Feedback Control Algorithm

Key objective in controlling the effects of external
disturbances in a computer control system is to restore
all disturbed outputs to balanced states in the mini-
mum number of sampling times—to control disturb-
ances in a “deadbeat” manner. Even though the dis-
turbance may still exist in the feedback loop there will
be no change or ripple in the output. That balance
must be retained in spite of changes in either setpoints
or loads. :

The computer must be assumed to be an integral
part of the feedback control system. System responses
are sampled by the computer at predetermined intervals
and findings are compared to stored prescribed values.
Any deviation from set behavior patterns results in
corrective action initiated by the computer’s control
algorithm.

Such algorithms generally are designed from both
process and desired performance specifications. They
deal with control of setpoint changes as well as dis-
turbances that enter control loops.

A paper presented concerns development and im-
plementatlon of control algorithms that result in
deadbeat response to either reference or noise inputs.!
One objective was to design algorithms for control
loops (Fig 1) that would offset both setpoint and load
changes. Such algorithms would “drive a system from
an arbitrary initial state to a desired final state in
the minimum number of sampling times and in such
a way that after the output matches the input for the
first time, the two signals are equal everywhere, not
just at the sampling instants.” In addition, ‘‘the re-
stored system output will not change, or vipple o ovs

even though the disturbance may still be present in
the loop.”

52

In a typical system, N + 1 sampling times would
be needed to offset a load disturbance (to ‘‘deadbeat”
its effect and restore the signal). For example, in a
first-order system, “the controller becomes aware of
the noise one sampling time after the noise enters
the control loop. It takes the controller an additional
sampling time to prescribe the appropriate action in
the manipulation to offset the disturbance. For a
second-order system, the noise is also detected in the
second sampling interval, and it takes two sampling
times to offset it, that is, a total of three sampling times
since the noise entered the loop.”

Although, for a setpoint change, the point in time
that a disturbance enters the loop can be controlled,

DIGITAL_COMPUTER
r PROCESS

|

‘r\

PROCESS

e E TS

Fig 1 Control loops for deadbeat re-
sponse." Loop for setpoint changes (a)
and that for load changes (b) are super-
imposed to provide loop for both types
of changes (a) that works with or with-
out external disturbances. D(z) and Di(z)
are transfer functions for setpoint and
load controllers, respectively. HG(z) rep-
resents pulse transfer function or mathe-
matical model of controlled system
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IF YOU DON'T SEE IT HERE,

M1000/M2000 series 5-inch and 9-inch
display modules. These highly reliable
displays testify to the effectiveness of
measured rather than calculated MTBF.
Samples of every complete Motorola
CRT display module are life-tested for
a minimum of 10,000 hours at 55°C.
Customers report some of our displays
logging more than 40,000 hours and still
going strong.

M3500 series 12-inch display modules
in chassis or kit form (shown). Cost sav-
ing, plus no metal boundaries to inhibit
your own layout.

MD3000 series 12-inch display modules.
Between the MD3000 and M3500 series,
you can have your 12-inch display in
any of several ways: chassis or kit, sepa-
rate sync TTL level, composite video or
direct drive inputs, choice of standard
EIA phosphors, choice of scan fre-
quencies, with or without anti-reflective
faceplate.

MD4000 series 15-inch display mod-
ules. Up to 3,440 upper and lower
case characters in a 7 x 9 dot matrix.
Every line is sharp . . . even in the
corners. StepScan}® 22 MHz band-
width and customer adjustable dy-
namic focus are standard in the
MD3000 and MD4000 series. If looks
on the screen are important—and
when aren’t they?—a Motorola dis-
play is what you want.

The M4408 15-inch module displays a full page horizon-
tally (132 x 46) or vertically (96 x 66, shown). High char-
acter density and low cost, too—raster scan technique
with standard TTL logic interface gives you economy
twice: once in purchase price and again in design costs.
A technology leader.

BENEFIT FROM EXPERIENCE . . . OURS

@ MOTOROLA INC.

ASK!

There’s more. We make more than
65 different CRT display module
variations. So the chances are

that we already manufacture a CRT
display module that fits your
application.

But if we don’t—and if your volume
justifies it—we have the know-how
and experience to design and
build for you.

That's just one more area in which
experience—our experience—
can benefit you.

Call the sales office in your area:

Sunnyvale, California (408) 744-1277

Tustin, California (714) 838-5621

Carol Stream, lllinois (312) 690-1400

Dallas, Texas (214) 233-2006

Salem, New Hampshire (603) 898-5921

Shrewsbury, New Jersey (201) 544-9541

Baltimore, Maryland (301) 821-0062
Overseas, ask for International Sales

Manager, Carol Stream, lllinois
(312) 690-1400.

Data Products 455 e North Ave., Carol Stream, lllinois 60187
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that is not true for load changes since they are influ-
enced by outside factors. However, resultant effects
on overall performance of the loop are not considered
important.

This approach is general and can be expanded to
cover multiple input/output systems. In the example
discussed here, a system was simulated on an analog
computer and controlled by a digital minicomputer
with 11-bit plus sign Dp-A and 10-bit plus sign A-D
converters.

Acquisition of Temperature Data
on Turbine Blades

Although turbine engine performance improves as in-
let temperatures rise, the higher temperatures often
require better blade cooling techniques. Since tempera-
tures to be measured are high and access to the moving
blades is difficult, a method was devised to make
the measurements by use of infrared pyrometers and
fiber optics.> This method involves a complete IR
pyrometer system that can gather hundreds of very

accurate temperature measurements from high speed
rotating blades.

Access to the blades is achieved via a 1.5" (0.46-m)
borescope and a coherent bundle of optical fibers.
As the turbine blades rotate, individual fibers carry
radiant energy along a radius of the blades.

IR emissions from the turbine blades are focused
selectively by a microscope assembly, fiber by fiber,
onto detectors. Each detector and associated amplifier
produced a voltage proportional to the energy emitted
by the selected position on the blade.

Voltages are digitized at rates of up to 2 MHz and
then stored. Once 200 successive data points have been
developed, a recorder transmits a block of data to
a computer system.

Fig 2 is a block diagram of the hardwired logic
package used to relieve the computer of the more
time-critical functions. This package accepts basic com-
mands from the control computer and executes the
desired functions. The logic package also provides digi-
tized data to the computer through an 8-bit data bus,

OUTPUT ENABLE

SAMPLE TYPE

IN
POSITION

PROBE ROW
DATA INPUTS

ENGINE SYNC

link was implemented by minicomputer

Fig 2 Hardwired logic unit for measurement of turbine blade temperature.? Many logic operaiions necessary for
high speed acquisition operations are too demanding for conventional microprocessor control.

FLAG

Communications
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Now Zilo
ouble-auty.

Infroducing the world’s first
dual-channel data

communications device. It works with
(almost) anyone’s microprocessor.

The Z80 Serial Input/Output:
Here at last is a general-
purpose device that can
efficiently solve data communi-
cations problems for just
about any microprocessor on
the market.

The Z80-SI0 is the world’s
first dual-channel, multi-
protocol, serial communica-
tions interface circuit. It
supports all serial datacommu-
nications techniques with a

single, N-channel (+5V)
40-pin device.

What else would you expect
from the company that's
pledged to stay a generation
ahead in microcomputers?

Check out the Z80-S10
today. It's on your Zilog distrib-
utor’s shelves right now in
prototype or production quan-
tities. Make double sure your
next design delivers all the
performance youre looking for.

DATA BUS

CONTROL BUS

d

RESET

CE
INTERRUPT
CONTROL

CHANNELS: Two independent, full-duplex with modem controls.
DATA RATES: 0-550k bits/second (Z80-S10); 0-880k bits/second (Z80A-SIO).
OPERATING Asynchronous; bisynchronous (with CRC generation and
MODES: checking); SDLC/HDLC (with CRC generation and checking).
COMPATBLE | z8o/zsoA | 8080A | 8085A | 6800 | 6500 | 9900

We want you to know more

about Microcomputer Peripherals Zilog
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10460 Bubb Road, Cupertino,

California 95014.

(408) 446-4666 » TWX 910-338-7621
EASTERN REGION: (617) 667-2179
OHIO REGION: (614) 457-0820
MIDWESTERN REGION: (312) 885-8080
SO.WESTERN REGION: (714) 549-2891
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EUROPE (ENGLAND): (0628) 36131/2/3
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HELD-UP BY THEIR COMPUTERS.

These days, mean-time-to- A good mini doesn’t have to cost and expense of a complete operat-
a

market is everything. small fortune. ing system.
So whether you decide to build 2 Whichever system you choose,

your own computer—or buy one— though, you'll be miles ahead of
an awful lot hinges on how fast that the game. Because "'off-the-shelf"”’
computer finds its way onto your beats 'over-the-budget’’ every time.

production line. consmo
; S r the
It's got to arrive intact, on-budget
g g NAKED MINI 4 Family.

and on-time. Every time. Or else.

Because to stay really competitive, . - - A lot of minis

you can't afford a single hold-up. H,ard to believe? without a lot of hold-ups.

No matter what the cause. Itds tr.ue..dAn unquljestlonzk:l)bly Our NAKED MINI 4 Family was
good mini doesn’t have to be designed with one basic purpose in

A lot of OEMs who try to unquestionably expensive. Not mind. To help you get to market fast-
make it all themselves when you buy from Computer- st '
don’t make it. : er—with the best possible product.

Automation. : But you get plenty of built-in

[ #  Infact, while we've consistently  flexibility, too. Thanks to three

raised the overall performance compatible models—the 4/10, 4/30
levels of our NAKED MINI® compu-  gnd 4/90. From 4K to 64K words
ters, we've never raised our prices.  4f memory. Powerful software.

Not once in ten years. And more.
And that means squabbling over We also deliver a host of time-
price increases is a hold-up saving solutions when it comes to
ComputerAutomation customers chassis, power supplies, inter-
Unfortunate. But have never experienced. Evgr. faces and even peripherals.
— It also means that $645 still buys It all adds up to a lot fewer
The tremendous you a lot of computer power—our hold-ups. In terms of reliability,
investment requir- NAKED MH\_H 4/10, for exgmple. price, delivery and selection.
ed—in design time, Not to mentlop an appreciably But then, at Computer-
prototyping, tool- faster mean-time-to-market. Automation, we never forget that
ing and even Good software doesn’t have to people—and markets— are waiting.
quality control— tie-up an entire staff.
makes it almost

Nothing can tie-up vast amounts
of manpower and money faster
than developing and implementing
new software.

That's why, at Computer-
Automation, we've taken the bull
by the horns and created OS4 —

a brand-new operating system
that lets you take full advantage
of our NM-4 family’s powerful
architecture.

In a development environment,
0S4 gives you all the tools you
need to create your own
applications programs and the

impossible to build your own
computer on a successful schedule.

But then, why should you?

In almost every case, there's
no faster way to get the computer
power you need than to buy it.

And that's where Computer-
Automation® comes in.

When you buy from us, you
know precisely what you're getting.
And, just as important, when.

What's more, you're buying from
the OEM computer company. A
computer company with over a

decadg of S ldet‘i“’e“trc‘)g multi-terminal editor allows your ComputerAutomation
rugge %rg e Sa L; 1085 development time to be reduced. Naked Mini,Division
some of the most successful OEMs For a production—oriented 18651 Von Karman, Irvine, California 92713

in the business. Telephone: (714) 833-8830. TWX: 910-595-1767

environment, there's also a special
0S4 subsystem, RTX/IOS, that
gives you the capability to create
real-time applications programs —
but without the added overhead
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We pioneered interactive graphic
terminals. We've installed more high
performance units than anybody

else. So we know better than anybody
else what it takes to get a system
running smoothly. And we won't
leave your side before it is.

Name your application. CAD/CAM,
Simulation, Command and
Control, Data Analysis, Education,
Publishing. Whatever you need
computer graphics for. We'll help
you design the system and set it
in motion.

The first step is to call (213)
346-3410. Ask for “The Shotgun”
Hell take it from there.
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CONTROL DC MOTOR

PULSE GENERATORY

CONTROL N DC MOTOR

CONTROL
DATA

CONTROL

PULSE GENERATOR\i

CONTROL
DATA

CONTROL

DATA

. PULSE GENERATOR
DATA _\‘

CONTROL

DATA
CONTROL
TIMING

DATA
STROBES
SETS

pata |
: INPUTS
DATA
INTERRUPTS

DATA | DATA
STROBES STROBES
OUTPUTS

Fig 3 Block diagram of CNC hardware.® Microprocessor-based system offers advantages of program-
mable controller with power and flexibility of general purpose minicomputer yet eliminates most of disad-
vantages
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THE BEST WAY
TO KEEP AHEAD OF THE TIMES.

ECLIPSE /250 COMPUTER.

With faster processing times, our new ECLIPSE S/250 is the
most powerful scientific minicomputer you can buy. For example,
its floating point processor can perform double precision ADDs
in 600 nanoseconds and double precision SINEs in 25. 3 micro-
seconds. And its integral array processor does 1024 point com-
plex floating point FFT's in less than 10 milliseconds. Data is
transferred at rates up to 10 megabytes/second through a high
speed burst multiplexer channel. Plus, programmable data con-
trol units handle I/O interrupt service to offload activities from

a main processor. And you can execute time-critical, compute-
bound routines in 1/2 to 1/10 the time required for software execu-
tion because of the S/250’s Writeable Control Store.

When you buy an ECLIPSE S/250 computer from Data
General, you don’t have to go to another vendor to complete
your system. We make the broadest, most cost effective family
of peripherals in the industry. That not only makes putting a sys-
tem together easier, it assures you that you will end up with the
greatest system efficiency.

The new Data General ECLIPSE S/250. It’s an idea whose
time has come. Send the coupon for our brochure or call

617-366-8911.
¢ DataGeneral

We make computers that make sense.
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Name Title Company Tel. No.

Address City State Zip S/250

Data General Corporation, Westboro, MA 01581, (617) 366-8911. Data General (Canada) Ltd., Ontario. Data General Europe, 61 rue de Courcelles, Paris, France, 766.51.78.
Data General Australia, (03) 89-0633. Data General Ltda., Sao Paulo, Brazil 543-0138. Data General Middle East, Atnens, Greece, 952-0557. ©) Data General Corporation, 1978. CD-1178
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and supplies operation-complete information through
two flag bits.

Positioning of the optical fibers is initiated by load-
ing a 13-bit fiber address on the probe row data inputs,
setting the probe data enable input, and pulsing the
new data read line. This loads the fiber address into
the probe address register and initiates the operation
of the probe positioner. Positioning will continue until
the in-position signal goes true.

Sample type selection (light or dark) begins with
the loading of a 2-bit sample code onto sTO and sTl.
The sample type enable line is held true, and a
new data ready is pulsed. This sequence loads the
sample register that is used by the sample control
logic in the subsequent sampling operation.

The next trigger signal from the phototransistor
assembly initiates operation of the transient recorder,
the recorder buffer is filled from the digitized detector
‘output, and a completion flag is set. A flag to the
computer indicates that the buffer has been filled.

Microcomputer hardware for this system consisted
of an 1msa1r 1-8080, made up of an Intel 8080 micro-
processor, 8k of P/rom, 8k of RAM, two asynchronous
Rs-232 ports, and 32 bits of TTL-level digital 1/0.
The console was a Teletype ASrR-33 terminal.

The 8k p/RoM stored 1MsAr Basic 1.4 and the 8k
RAM stored program and data. One port was dedicated
to the console device, while the other transmited serial
data to a remote Interdata 7/32 computer. The
parallel ports were dedicated as necessary to interface
with the hardwired logic unit.

A general purpose version of BAsiC was configured
into the system. To support assembler routines, an
additional 4k of rAM was added, along with another
1k bytes of p/RoM. Since the input data are supplied
as 8-bit integers, it was possible to perform all averag-
ing in fixed point. This greatly increased the speed
of the system.

Design of a CNC System

Because programmable controllers lack range and
power for complex tasks and general purpose mini-
computers are generally relatively difficult to inter-
face and program, a microprocessor-based system was
developed to provide computer numeric control for a
dc servo.? System 1v cNC is based on an 1M6100 single-
chip, 12-bit microprocessor that recognizes the ppP-8
instruction set. CMOS circuits operate successfully in
noisy, high temperature environments and dissipate
little power.

A typical cNc unit (Fig 3) consists of central process-
ing unit (cpu), extended option control (Eoc), random-
access memory (RAM), parallel data interface (ppI),
data input keyboard (pik), data output display (pop),
paper tape reader (PTR), cable extender module (cEm),
and computer power supply (cps). cpu, Eoc, and RAM
are on a single module that plugs into the computer
data bus (cpB). Pp1 and CEM also plug into the cDB.
Up to nine additional modules, including RAM, serial
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data interface (spI), master drive interface (MmbI),
expander drive interface (EDI), and pulse generator
interface (PGI) units can be plugged into the cDB.
Keyboard, display, and reader communicate with the
cpU through a parallel data bus (PDB) controlled by
the pPp1 module. Up to 21 additional input and output
modules can be plugged into the parallel bus in
reserved areas called data input station (p1s) and
data output station (pos). The external data bus
(EDB) is used to expand the parallel data 1/0 capacity
as well as provide for remote operation of parallel
data devices.

The microprocessor has six 12-bit registers, an
arithmetic and logic unit (ALU), and associated gating,
timing, and control circuits on a 40-pin dual-inline
package that plugs into a large module with 4k or
8k words of RAM. Main software elements include
RTS-11 realtime operating system, application program,
and diagnostic programs. The RTs-11 package consists
of standard software modules used in various systems
to simplify the programming effort. The application
program is unique for each system and is used to
tailor the standard software and hardware products
to a specified set of requirements, while a diagnostic
program includes online as well as offline procedures
used to locate hardware malfunctions.

Development of a Realtime Language Interpreter

A version of Basic designed specifically for data
acquisition and control application has been developed
for the MicroPac 80/A and the 1-8080 microcomputers.*
Such high level languages as FORTRAN, although in
general applicable to process control, have peripheral
requirements that are too costly for microcomputer
systems. However, Basic offers a high level language
that is economical for use with microcomputers.

To speed up development of a realtime BASIC inter-
preter, an attempt was made to use an existing BASIC
interpreter as the basis of the realtime version to be
developed. A variety of BASIC interpreters are avail-
able for use on 8080-based microcomputer systems.
The MicroPac utilizes a ROM monitor occupying the
low 2k of memory. This configuration ruled out the
use of several interpreters which utilize restarts as
abbreviated calls to frequently used routines. Other
interpreters were protected by copyright. The version
of the interpreter selected as a nucleus for this project
was the Lawrence Livermore Laboratories BAsic, which
was developed by the University of Idaho.

The resultant realtime interpreter has been adapted
to several 8080-based microcomputer systems. Because
it is independent of low memory, it avoids potential
conflicts with operating systems (such as cp/m) that
may be required. In addition, the format and imple-
mentation of the process 1/0 instructions lend them-
selves to easy modification for use with byte oriented
1/0 structures. For example, both the por and DIN
verbs operate on two 8-bit bytes in the MicroPac
version of the interpreter.

(Continued on p 66)



Most refresh graphic systems are
flabby. With lots of features you don't
need. Without a few you do.

The MEGATEK 7000 is built lean.
You get fast graphics throughput. A high
resolution, real-time, interactive display.
Complete system modularity. An

_unmatched refresh graphics system.

L At a price that makes sense.

| . A built-in 32-bit microcomputer

 with a 64K byte, 32-bit wide refresh
memory, expandable to 128K. Lets you
process graphics data fast. And, saves
you host computer time. Add
MEGATEK's advanced vector
generator and you get unbeatable
graphics throughput.

Vectors and characters are

. ' displayed instantly. With precision end

point matching. And constant intensity.
12-bit resolution is standard. Vector
quality that outclasses every other
refresh system.

' Easy-to-use real-time interactive
graphics. Outstanding display

e

dashed lines. Absolute and relative
jump. All standard. And, hardware clip,
rotate, scale, and zoom are available
as well,

Plus, the MEGATEK 7000 is easy to
look at. 16 levels of image intensity. 8
programmable character sizes. The
screen is clear and readable, even in a
brightly lit room. And, with selective
erase, you don't have to blank the
screen to change a vector or symbol.

Add a universal computer interface
that connects to any host computer.
Field-proven software that cuts system
development cost. A full line of
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dynamics. Hardware translation, blink,

peripherals and accessories. Even
color, if you need it. And, you have the
most powerful refresh graphics terminal
for your dollar on the market today.

But, don't take our word. Prove
it to yourself. Call or write for a
demonstration. And remember, the
MEGATEK 7000 is backed by a national
service network with fast, hot-line
access.

For full details, write or call Peter
J. Shaw, MEGATEK, 3931 Sorrento
Valley Blvd., San Diego, CA 92121.
(714) 455-5590. TWX: 910-337-1270.
(European office: 14, rue de I'Ancien
Port. 1201 Geneva, Switzerland. Phone:
(022) 32.97.20 Telex; 23343.)

TheVisibIe Difference
MEGATEK
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UNRETOUCHED

Arrows indicate scars and abrasions Arrows indicate contact surface still
made by rough edge of lead frame. smooth, clean, free from abrasions.

Lead frame in place in
RN “side-wipe” contact.




expose’junk’socket
probiems

Secret of RN high reliability
‘side-wipe’DIP sockets
revealed by microphotos

Here’s microscopic proof that high reliability
Robinson-Nugent “side-wipe” DIP sockets
make 100% greater contact than any edge-
bearing socket on the market. This advance
design provides constant low contact resist-
ance, long term dependability— trouble-free
IC interconnects. Yet RN high reliability DIP
sockets cost no more than ordinary sockets!

v - "
Get the high reliability that eliminates trouble.
RN “side-wipe” DIP sockets make contact with the
wide, flat sides of your IC leads. You get 100% greater \

surface contact for positive, trouble-free electrical
connection.

WRITE TODAY for latest R-N “Short Form™ Catalog
of R-N production DIP sockets. Contains full specs,
dimensions and material data. Get yours now.

ROLINS ON
NUGENT ING.

800 East Eighth Street, New Albany, Indiana 47150 « Phone: (812) 945-0211 —TWX: 810-540-4082
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Realtime BAsic for use on the 1-8080 microcomputer
series runs under the IMDOS operating system. Notable
changes include the origin for the various program
modules, the device dependent 1/0 section, and the
structure (syntax) of the process 1/0 commands.

References

1. G. A. Perdikaris, “Computer Control for Deadbeat Response,”
WESCON/78 paper 1/1

2. R. Trauth et al, “Turbine Blade Temperature Acquisition
Using an Infrared Pyrometer and Microcomputer,” wescon /78
paper 1/2

3. G. A. Perdikaris et al, “A Microprocessor-based System for
de Servo Control,” wescon/78 paper 1/3

4. D. A. Border et al, “An Adaptation of Basic for Realtime
Microprocessor Applications,” WEscON/78 paper 1/4

Color Display Terminal Serves As
Display for War Games Analysis

Simulation of an air strike, including determination of
its probability of success, is a prime technique in the
analysis of electronic countermeasure (EcM) warfare
tactics. Walter V. Sterling Co of Orange, Calif has de-
veloped the Electronic Warfare Tactics Analysis Pro-
gram (EWTAP) as one of many war games tools. The

intricate system can be used by personnel who have no
computer training and in remote areas that are acces-
sible to the computer only over telephone lines.

The program is executed in sequential steps as
prompted by the computer, but the user executes the pro-
gram in his own timeframe. Therefore, the program is
flexible, yet still protects against user input errors.

If an air strike commander wants to analyze the
probability of success of a planned engagement, he sets
up warfare scenarios on the terminal with a digitizer
to simulate a tactical engagement between strike aircraft
and an air defense system. A successful mission calls
for the air strike force to destroy the target and return
safely. The user can vary the specific defensive and of-
fensive inputs and determine the relative effectiveness
of each variation.

First, the user sets up an air defense system con-
figuration on a graphics terminal by choosing stored,
modified, or new defense scenarios. (For example, a
defense system using antiaircraft guns and missiles and
radar systems could be deployed.) Next, an offensive air
strike force armed, for example, with bombs, air-to-
surface antiradiation missiles, self protection radar jam-
ming, and metallic chaff is set up. This plan also includes
flight profiles for each element, using stored, modified,

Now!
A1000
Iine

color
monitor.

Call Bill Theisner at (408) 735-8400 Ext. 336
for the full specifications—or to place an order.

ramtek

Our Experience Shows

585 North Mary Avenue, Sunnyvale, CA 94086.
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It's a one-source book for the best of every-IC-thing. A
68-page new catalog covering CAMBION's broad line
of integrated circuit packaging and handling devices.
It's packed with a wide range of IC sockets, panels,
build-it-yourself socket cards, IC card files, drawers
and trays.

This new, FREE catalog makes it easy for you to
locate what you need from the largest and broadest
lines of IC packaging products anywhere—CAMBION.
Plenty of drawings and photos—and an inventory to
back them up. Write for it today: Cambridge Thermi-
onic Corporation, 445 Concord Avenue, Cambridge,
Massachusetts 02138. Or telephone: 617-491-5400.

FREE!

New and expanded

CAMBION'IC
accessories catalog

CIRCLE 118 ON INQUIRY CARD



5
q
<
q
0

CORPORATION




MAGSTRIPE.
Cd Readers

BY

AMERICAN
\ MAGNETICS

[Proven, World-Wide Performance

Field proven, economical means for collecting data from
magnetic stripe cards or badges.

Standard models read ANSI X 4.16 - 1976, any combination of
tracks 1, 2, or 3 (75 and 210 BPI); special models available for any
track density up to 400 BPI.

Self-contained spatial decoding electronics provide TTL
(data and strobe) outputs. Card velocity range 3 to 120 inches/
second; completely acceleration independent. Less than one
error per 108 bits.

UNIQUE MAGSTRIPE™ HEADS

INDEPENDENTLY-SUSPENDED, GIMBAL-MOUNTED

Reliability in reading warped and soiled cards is achieved by
means of a patented read head assembly — each head individ-
ually suspended on parallelogram springs in a gimbal mount.
Low contact force guarantees lowest head and card wear.

Rugged construction permits outside installation and
exposure to the elements. Virtually maintenance free.

Many major system manufacturers, after extensive testing,
have chosen our readers which out-perform all others in read-
ing “real world” cards. Our MAGSTRIPE™ Readers are used
world-wide in a variety of applications including:

e Airline Ticketing Terminals e Computer Access Devices
e Bank Terminals ¢ Fare Collection Systems

e Building Access Systems e |dentification & Badges

e Bulk Fuel Dispensing Terminals e POS Terminals

e Data Input for CRT Terminals e Self-Service Gas Stations

For more information and
% technical data, contact:

Glen Magnuson

g V.P.-Sales
* * 2424 Carson St., Torrance, Calif. 90501
(% &
0 (213) 775-8651, TWX 910-349- 6956
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or new scenarios. A ground plane map display of the
defense and offense as it is input is also provided.

Once the user has selected both offense and defense
scenarios, he inititates simulated tactical engagement on
the display unit to determine optimum flight profiles
that will provide maximum protection to the attack air-
craft, effectiveness of radar jamming and flight profiles
of jamming aircraft, primary and secondary targets for
the missile aircraft as a function of time along the
attack and escape routes, results of radar jamming to
support the attack aircraft during penetration of air de-
fenses, and results of chaff use. All profiles are displayed
on the terminal in terms of the probability of abort,
which is the likelihood that an aircraft will suffer dam-
age from enemy action to the extent that it cannot
complete its assigned mission.

If a user attempts a tactic that would be physically
impossible, the program detects the error and notifies
the user. For example, if the user tries to overextend his
offensive capabilities by employing one missile aircraft
against two different defending radars, and the aircraft
could not launch a missile against both sites within the
timeframe specified (based on the aircraft’s maximum
airspeed), the program displays a warning such as “ex-
cessive airspeed required.” The user must then change
his offensive scenario.

Set up, follow through, and results of the procedure
are displayed on a model 6200A Colorgraphics terminal
manufactured by Ramiek Corp, 585 N Mary, Sunny-
vale, cA 94086. Data are presented in color, and curves
of graphic displays are automatically shaded for im-
proved readability. Use of this portable terminal and
a digitizer allows an air strike commander full inter-
action with the program for both simulation and analysis.
Although not designed to meet military specifications,
the terminal has been operated in rugged environments
without any problems.

The system can be used also to train pilots by giving
them a chance to develop their own tactics and test the
effectiveness of those tactics on the computer. As new
ECM equipment are developed and improved, each can
be tested on the program. Research and development
teams also use it to postulate the performance capabil-
ities of air defense systems.

The high resolution terminal provides a flicker-free
picture with sharp character and edge definition be-
cause the display is refreshed at twice the rate of a
home TV set. Graphics resolution is 512 elements by 256
lines. An independent, high speed alphanumeric refresh
display offers a visible matrix of 25 rows by 80 char-
acters.

A microprocessor in the terminal is backed up by
as much as 28k bytes of p/RoM and 16k bytes of RAM,
plus 48k bytes of RAM for refresh. Manufacturer fur-
nished software provides high level graphics functions
(vectors, conics, plots, bar charts). Asci test-strings
can be easily transmitted via communication link from
the host computer. Further control software can be de-
veloped also by the user.

Circle 405 on Inquiry Card
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HIS IS THE ONLY DECENT
LOW COST 165 CPS MATRIX PRINTER
YOU CAN GET IN VOLUME RIGHT NOW.

Other people make them, of course. But you can't
get them in volume. Unless you're willing to wait a very long
time. And in this business a printer you can't get is about as
useful as all those wonderful products that haven't been
invented yet.
Even if you did have a wide variety to choose from,
you'd probably choose our Matrix printer anyway. Micro-
processor control makes it efficient, fast and reliable. And
it's programmable from your computer or optional keyboard.
Bidirectional printing and paper feed gives you true
graphics capabilities. Special character sets, including foreign
language alphabets, provide incredible flexibility. And when
you add the optional keyboard, it becomes a remote
communications terminal.
Matrix is compatible with all industry standard RS-232-C
or parallel interfaces, $0 you can plug it in just about anywhere.
If you need a good matrix printer in volume
and you can't wait forever, contact one of our local SALES OFFICES

sales offices or the Director of OEM Sales, ggisctggofsg 1/28/222122%80
Microdata Corporation, 17481 Red Hill Avenue, o
P.O. Box 19501, Irvine, CA 92713. Telephone: oS A s
714/540-6730. TWX: 910-595-1764. Washington, DC 703/620-3995
Microdata ClEV [Proclucts
A significant difference.
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FOR RENT

Intel's amazing new generation

Intellec” Series II

Microcomputer Development Systems

.. . everything you'll ever need to
develop a microcomputer-based product.

b




Rental Electronics, Inc.

I want to know more about the Intellec Series II now!

Tell me more about: [J Model 230 [0 Model 220 [0 Model 210
Callmenat - e
O Send me a copy of your free illustrated Rental Catalog.
O I might be interested in buying—on a money-back guarantee —some of
your late-model, well-maintained “previously owned" equipment. Send me
your just-published Equipment Sales Catalog.
O Also, I have a pressing need right now for the following:

Please phone me immediately at
NEMEL. - s s BT
COMPANY
ADDRESS
CITY . el e SSTATE::
PHONENUMBER____ = EXTENSION

Complete this coupon and return it today to
REI, 19347 Londelius St., Northridge, CA 91324. GSA #GS-045-21963 Neg




I AM GULTOMS HEW
MODEL AF-28 THERMAL
PRINTER. . . .CAFRELE
OF PRIMTIMG UF TD
28 COLUMHS OF UFPFER
CASE ASCII CODE

RABCDEFGHI JELMHOPRRS
TUUMRYZE 3 ~_ ! "#E%E"
¢+, — . /B1 23456789 ;

NP-7/7M P . ANPOOM
10 million character lines MTBF. 10 miliion

the quietness of non-impact t!
of solid state switching.

You get these advantages, 1) only one mnvmﬁpaft-—tm L
drive, 2) independence from ink supplies and ribbon
mﬁcgﬁn“ylsma. 3) high character quality and 4) extremely high
relial . .

Compare the advantages of Gulton’s fixed head printing tech-

ermal printing and the reliability

Guiton's fixed head printers give you printouts like these wiifh? o

nique to the drawbacks of other printing methods: tgg‘ﬁe&g

created by the hammer and drum technigue, the 1 oility
the movln% head wire matrix technique With lts routine solenoid

failure, or the electrosensitive technique with its RFI and con- ;

tamination problems.
Complete Printers/Mechanisms

® AP.20/AP-20M alphanumeric
rlntler :.{t:\ ggc US‘YBt?W;
apping dots for exceptional
character definition . . . 20
columns of 5 x 7 characters
at up to 2.5 lines/sec.

B NP-7/NP-7M has seven col-
umns of exceptional char- K
acter quality 7 segment num- £
bers atup to 4 lines/sec. |

M ANP-9/ANP-9M is same as
NP-7INP-7M, but has two ad-
ditional dot matrix col-
umns, upto 2.5

W GAP-101M Is for sir
ous analog, al n c
(10 columns 7 x 9 or 14 col-
umns 5x7) and %ﬁd pattern
printing. Up to 30 overlap-
ping dot lines/sec. for excep-

X '-;}r.:.E.r,_li;::; t--j_g'.ur_qn” tE {=D7
GAP-101M Graphics. P-20/20M Printout.
100 million dot line MTBF. :mma‘i‘m character lines MTBF-
—
E ¥ TN 81649435 ¢ +el
= et s [t o
Jb--93.74 ks g dE g &
[y o e s BT % |
35+8353 @e54922 10 F4
& =
341054 [fou3 10 €3
z =
33--567204 B432.00738 A2
3 |
3 e 3219987 WU

tional Qfﬂ?hhﬁf and char- | NP-7 Numeric Printer
acter definition.

Write or call now for detalled catalogs.

Gulton Industries Inc.. East Greenwich, 2
~ 401-884-6800 » TWX 710-38 ‘5130 .
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

DC&AS BRIEFS

Microcomputer Allows Direct Drive
of Vacuum Fluorescent Displays

A single-chip microcomputer that is particularly suited
for use as a controller in process and industrial con-
trols, the S2000A allows 26-V direct drive of vacuum
fluorescent displays and provides access to all registers
and memory for debug and test. Introduced by American
Microsystems Inc, 3800 Homestead Rd, Santa Clara, ca
95051, the microcomputer includes 1k bytes of Rom and
256 bits of RAM, as well as 7-segment display decoders,
onchip. It provides for eight inputs and eight bidirec-
tional 3-state lines.

Instruction execution cycle time is 4.5 ps. Of 51 1-
byte instructions, 49 are executable in a single cycle.
Chip architecture provides a 3-level subroutine stack.
All registers, as well as RoMm and RAM, are accessible
for debug and test.

Software and hardware support includes a develop-
ment center with two floppy disc subsystems, crT ter-
minal, and printer, with full capability for text editing,
macro assembly, simulation, realtime debugging, and
P/ROM programming. Other support available includes
an EPROM emulator, a software controlled logic analyzer,

and field and factory application engineering support.
Circle 406 on Inquiry Card

CNC Systems Handle
Multi-Axis Machine Tools

Two low price computer numerical control systems for
machine tools have been introduced by the Bendix Corp
Industrial Group, Southfield, m1 48076. System 5M can
be supplied as either a standalone controller or three
or more separate modules for incorporating into the cus-
tomer’s enclosure. This system can handle nearly any
task on standard type N¢ machine tools having up to
four axes of control and is designed for machine tools
selling in the under $100,000 market. Standard features
include universal displays, diagnostics, industrial micro-
processor, programmable interface, tool compensations,
software travel limits, and interface interrogation from
the Mp1I (manual data input) keyboard. Standard soft-
ware is provided with the unit’s softwired programmable
interface. Optional features include a crr display, part
program edit, helical interpolation, lead screw error
compensation, macro programs, and special customer-
prepared canned cycles. Greater memory and interface
capacity can be added.

System 5A complements the 5M by extending cnc to
four axes of control and more. It features a floppy disc
memory module plus an advanced editor, tool nose

radius compensation, and industrial microprocessor.
Circle 407 on Inquiry Card
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.
illion keyboard- Our unique “Golden Touch” capacitive
| 1250,000,0004MCBF per keyswitch. That's at least double anybody else’s rating.
eatures make the “Golden Touch” exceptionally resistant to moisture, dust and
le guarantee a 1% AQL and give a two-year warranty. Every “Golden Touch”
ned precisely to your specifications...because we sell only to volume OEM
u name whatever options, circuitry, configuration
ant. All this at competition-beating prices.

i

vof a.éon.m and Company
Parkway « Pasadena, California 91105
19-3110 - TWX 910-588-3794
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designed to deliver ten times d;e

peripherals, software, development

afull megabyte of memory,

bit signed or unsigned

hardware. It gives you
tions and improved bit




MCS-86 is here today.

era In microcomputers.

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

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

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

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

Hlainl

i
L)
=|iwl-0] o
&
<

ils U.S., Canadian distributors: Almac/Stroum, Com,

> Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial Compo-
nents, Ploneer, Sheridan, Wyle/Elmar, Wyle/Liberty, L.A.Varah,
Zentronics. Europe: Intel International, Rue du Moulin a Pdpier,

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

Setagaya-ku, Tokyo 154. Telex 781-28426.
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Computer Hierarchy Handles Data Acquisition
In Multiple Factory Complex

A data acquisition software package for its series 300
process computer system has been developed by Siemens
\AG, Postfach 103, D-8000, Munich 1, Federal Republic
of Germany. The Seda 300 enables acquisition of data
on processing operations in several production areas
on a hierarchical network. (This system is not marketed
in the U.s.)

In conjunction with a major metal-working company,
a distributed processing network is being developed
using both 330 and 4004/151 computer systems. Seven
plants with all different production programs and all
widely scattered throughout the Federal Republic will
be controlled from a single computer center.

Online acquisition of production data will be main-
tained in real time at the individual factories by 330 com-
puters using visual display units and terminals. Two
4004/151 computers at the highest level of the hierarchy
will be in constant contact with the smaller computers
and will process all data.

Circle 408 on Inquiry Card

Industrial Emission Monitor Separates and
Collects Respirable and Nonrespirable Particles

When federal and state environmental monitoring
agencies finally establish particulate emission regulations
for industrial firms, a microprocessor-based system in-
troduced by Beckman Instruments, Inc, Process Instru-
ments Div, 2500 Harbor Blvd, Fullerton, ca 92634 will
be available to determine if those regulations are being
met. The Samplair™ automated dichotomous particulate
sampling system separates fine and coarse ambient aero-
sol particles and then collects each for study. (Particles
of less than 2.5 um can enter the lungs of humans; they
are considered to be small. Those between 2.5 and 15
pm normally would be ejected by coughing and sneez-
ing and are considered to be large.)

The system can be programmed to change sample
filters automatically up to 36 times at predetermined
intervals of minutes, hours, or days, or whenever the
filters reach overflow conditions. Dichotomous sampling
—simultaneous separation and collection of fine and
coarse atmospheric particles—is done with an impactor
operating at a total sample flow rate of approximately
16.7 liters/min (15.2 gt dry measure), or 1 m®/h. About
90% of the flow goes through the impactor’s fine par-
ticle channel; the rest goes through the coarse.

Filter insertion and retraction times, filter overload,
and filter rupture are recorded automatically on the
system’s printer. If power fails, a built-in battery will
maintain the timekeeping function for 30 min. The
system is housed in a tamper- and weatherproof case that
permits operation at temperatures from —40 to 50 °C
(—40 to 122 °F) in 0 to 100% relative humidity,

and at wind velocities of up to 20 km (12.5 mi) /h.
Circle 409 on Inquiry Card
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Traffic Control System Matches
Microprocessor Capabilities

Features of microprocessor systems are said to be
equaled by a solid-state traffic control system that re-
sponds to traffic on a cycle to cycle basis. The stand-
alone TRAC (traffic responsive arterial coordination) sys-
tem can be used with most existing control equipment.
Plug-in printed circuit assemblies use cMo0s 1cs and LED
indicators. No program generation is necessary on this
system designed by Tesco, 530 N Henry St, Alexandria,
va 22314.

A master controller coordinates a group of secondary
controllers at arterial intersections. Only travel time in
seconds is set at the secondaries; the onsite master
handles cycle length, offsets, direction, and average flows.

Traffic entering the system is compared by the master
to that in the system at a given time, and cycle and
speed are automatically modified to alleviate congestion.
A multiconductor cable or a pair of wires connect the
secondaries to the master. The master receives data
from detectors at each end of the system, determines
automatically which lanes have heavier traffic and by
how much, and assigns each vehicle an appropriate head-
way. The number of vehicles and their headways then
establish how many vehicles may enter each artery. The
quantity can be increased in 1-s intervals up to 240 on
a cycle by cycle basis without noticeably affecting the
constant system speed. Interval timing on any standard

solid state controller ranges up to 99 in l-s increments.
Circle 410 on Inquiry Card

High Level Language Interpreter Reduces
Programming Time for Process Control Systems

A BasiC interpreter designed specifically for 8080 com-
patible microcomputer systems for process control, au-
tomatic testing, and data acquisition is said to reduce
programming time by up to 90%. XyBAsiC is a high
level language announced by Mark Williams Co, 1430
W Wrightwood Ave, Chicago, 1. 60614 for use with
systems based on 8080, Z80, 8086, and 8085 micropro-
cessors and reportedly provides control, use of read-only
memory, and capability for customizing input/output
features. The 7k-byte interpreter with built-in editor
allows programs to be entered directly into memory. As
little as 5 s are needed for loading into a microcom-
puter or development system.

Control features include software interrupt capability
that allows the system to monitor external devices and
execute a program at the same time. It checks auto-
matically to see if the specified condition is met before
executing each program statement. In addition, a delay
command builds realtime delay into the program with-
out adding a realtime clock. Other control features in-
clude commands to examine and modify any location in
the computer’s memory, to input or output at the ma-
chine level, and to look at any individual bit on any
port. A number of bit manipulation commands are in-
cluded, and a run-time/compiler package produces stand-
alone systems that execute without special operator start-
up commands. This package compresses the code, allows
programs to run anywhere in memory, and increases
execution speed. O
Circle 411 on Inquiry Card
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OurWildest Card Yet

A programmable 16-line multiplexer that
beats everything in its class

PDP-11 users, we have another winner for you.
This time it’'s DMAX/16", our new
programmable multiplexer for con-
- e necting your PDP-11 to 16
- % asynchronous serial communi-
cations lines. DMAX/16
makes the most of the 11’s

| y b S, ] -4 : DMA capabilities to estab-

“ . . N cividin R SR ¥ By oS S _) lish computer overhead at a
=R o ] o My y ; i S level far below that of compet-
Ay Ui b s : i S W itive units like the DJ11 and
' fO : 7 DZ11. It also offers software
compatibility with the DH11...
in one-fourth the space!

Now, for the first time, you
don’t need an expansion
box or special back
planes. DMAX/16
consists of two hex
boards which in-

stall easily into
standard SPC slots
units and connect to the
current loop or EIA/RS-
232 panel by separate flat-
ribbon cable. As many as 16
can be placed on a single
PDP-11 for a total of up to 256
lines. A DMUX/16" option allows
modem control for 16 channels.

DMAX/16 provides complete pro-

gram control of the lines, each of which
operates with several individually
programmable parameters, such as char-
acter length and number of stop bits. Parity
generation and detection are odd, even or none.

The operating mode is half duplex or full duplex.

Fifteen software programmable baud rates: 0 to 9600 baud —
plus 19,200 baud — and an external baud rate. Breaks may be
generated or detected on each line and the unit can echo received
characters without software intervention.

Play the wild card now. You'll get top performance and a competitive
price advantage of at least $1000 along with delivery from stock as usual.
Write for details and find out why we

consider ourselves the leader among
manufacturers of DEC enhancements.
Able Computer Technology, Incorporated,
1751 Langley Avenue, Irvine, California 92714.
(714) 979-7030. TWX 910-595-1729

Able, the computer experts

HEC. DI, DZ11, DH11 and PDP-11 are registered trademarks
of Digital Equipment Corporation.
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“Any minicomputer
memory can make a
mistake. The trick is to
make a system that
corrects mistakes. And
that's what makes ours
so remarkable

Bill LeDuc
Product Manager

NS

Add-In Memory

“Of all the places I've seen, National
Semiconductor has really got things
figured. As a second source for mini-
computer memory, we can take what's
good about a product, design in some
useful new wrinkles and make it
even better.

Take Data General's Nova 3
memory. Basically, it's a fine system.
But it won't correct soft errors. So we
created a system that will — the NS
D/3 add-in memory, with optional
ECC capability that corrects any
single-bit soft error. And identifies
any double-bit error. A customer can
now get ten times the mean time

between failure that he can with Data
General's system.

We also hit on a way to make the
NS D/3 four times denser than Data
General's memory. So it uses less
power. And space in the chassis is
freed up so smaller system packaging
is possible.

Control from silicon to systems.

You can'’t test reliability into a product.
By test time, reliability either is or

isn't there. What testing does is help us
screen out the marginal components
before our boards wind up in some-
body'’s system.
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So we test. From components to
the finished product — from silicon
to systems. We run final systems
through three characterization tests
at three stages — over seventy-two
hours. We even retest components
from our own Components Division.
[ don't take anything for granted.

We're actually one of the few out-
fits in memory on both a components
and systems level. This gives us a
better understanding of the total
product — especially in custom sys-
tems, where an intimate knowledge
is a huge benefit in building memory
to customer Specs.

I'd say National now makes over
90% of the components in a typical
finished memory system. Which is
why our systems check out so suc-
cessfully first time through a test.

With this kind of control we can
and do offer a full one year warranty
on our NS D/3. Sure, we provide
error correction circuitry. But we try
like crazy to make sure a customer
doesn’t need it.

Planned non-obsolescence.

Our customers have enough to do
without worrying about memory
systems. So we worry for them.

We have a whole group of people
who do nothing but create and inno-
vate with state-of-the-art technology.
They're the reason our card level
products now range from 4K to
128K and up.

National’s committed to the
memory business. When you deal
with us, you don't just get memory
chips, you get your own engineering
department, your own support
people. We even have a quality assur-
ance group that answers directly to
top management. That’s unusual.

Our people are good. They're
creative, open and they live and
breathe memory systems. And we're
looking for more of them all the time.

If you'd like to know about what
we can do for you, write me personally:
Bill LeDuc, Product Manager, Memory
Systems, National Semiconductor
Corporation, Drawer 15, 2900 Semi-
conductor Drive, Santa Clara, Cali-
fornia 95051. Or call 800-538-1866 —
800-672-1811 in California’’

Computer Products Group
# National Semiconductor Corporation
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Midcon 75

Electronic Show and Convention
Dallas Convention Center/December 12-14

Pasquale Pistorio
Keynote Speaker

Dr John L. Fike
Program Chairman

Professional Program Excerpts

Tuesday Morning

Session | 10 am-12:30 pm

Single-Chip Microcomputers—
Distributed and Multiprocessing Techniques

Organizer/Chairman: Jim Vittera, Mostek Corp

Now that first generation 8-bit single chip microcomputers have
been available for over a year, it is appropriate to explore their
future. This session attempts to determine the architectural evolu-
tion of these original devices and to investigate the implemen-
tation of large computer concepts such as multiprocessing and
distributed processing as they apply to single chip microcomputers.

“Multi-Microcomputer and Distributed Architecture Systems with
the M6801 Single-Chip Microcomputer,” Mike Wiles and Fuad
Musa, Motorola Inc

“A Distributed Processing Application Using Single-Chip Micro-
computers,” Don Phillips, Tntel Corp

“Using the T™™s 9940 in a Multiple Processor Environment,”
John D. Bryant, Texas Instruments

“Distributed Processing Using 3870 Single-Chip Microcomputers,”
Bob Burckle, Mostek Corp

Session 2 10 am-12:30 pm
Minicomputer Software Productivity
Organizer/Chairman: Andrew A. Allison, Intersil Inc

Advances in semiconductor technology during the last 8 yrs have
drastically reduced the cost of computer components. Improve-
ments in software productivity, however, have been modest. In
addition, the extensive use of read-only memory within micro-
computers adds to the high cost of software maintenance. An
experienced user, two manufacturers, and an independent soft-
ware vendor address the problem.

“Learning to Live with the Microprocessor,” Burt Masnick, Hazel-
tine Corp
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Custom color coded jumper

Well clone your
umper cables.

Call it cloning. Planned planar-hood.

Or simply smart thinking. Just give us
your jumper cable specs and we’ll repro-
duce as many jumper cable duplicates
as you need.

Fully tested, ready-to-install planar
jumper assemblies that save you time,
money and labor pains because we take
total responsibility for them.

For all your interconnect needs from
jumpers to planar cables and IDC con-
nectors to complete custom assemblies,

©SPECTRA-STRIP 1978

just check us out. You won’t need to call
anyone else.

For the name and number of
our nearest distributor or rep, write
Spectra-Strip, an Eltra Company,
7100 Lampson Avenue, Garden Grove,
CA 92642. Orcall (714) 892-3361 today.

" When you're down to the wire
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“Only one DIPsocket
gives you all the best

features. And more.
New DIPLOMATE—

for continuous, long-term
reliability.
New Diplomate sockets help you
get the most from your designs in
many other ways:

e Higher densities. Low profile

The new low profile Diplomate

combines the best engineering features
with AMP’s own exclusive contact
design innovations. Here are some of
its outstanding advantages:

1. Metal-to-metal-to-metal contacts
with dual side-wiping action ensure
low contact resistance and excellent
electrical reliability.

Unique closed bottom design
prevents solder wicking and flux
contamination for complete
contact protection.

3. Exclusive tapered lead-in ramps in

(o)

packages are stackable end-to-end
for more circuits in less space.

e Built-in reliability. Meets Computer

Industry and EIA RS415
specifications as well as U.L. 1410
flame retardant specifications.

e Full variety of sizes. Complete

family of sizes available ranging
from 8 to 40 positions.

e Complete technical support. Solid

engineering aid is yours for the
asking from AMP. And it’s
available worldwide.

large target area make IC insertion There are more reasons why new

faster and easier. Diplomate Diplomate is the better way,

pc board insertion is also easy including its competitive prices.

and compatible with virtually any For more information, just call

automatic insertion equipment. Customer Service at (717) 564-0100.
4. Anti-overstress contact design Or write AMP Incorporated,

preserves contact spring integrity Harrisburg, PA 17105.
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ANMP

INCORPORATED
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AMP has a better way...
Diplomate

Large target
area

Metal-to-metal-
to-metal contacts

Anti-overstress
contacts

Closed bottom
design

AMP is a trademark of AMP Incorporated
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Their Computer,
Your Gain!

Still putting up with yeaf-long delivery waits

for tape decks from your minicomputer
vendor? Digi-Data’s compatible magnetic
tape systems are yours in one fourth the
time...and for halfthe price. Whetheryour
minicomputer is the DEC PDP-11, the Data
General Nova or Eclipse, or the HP 2100/21
MX, you have a practical alternative .. .and
with extra choices in the bargain!

You can get the tape deck alone, or with
formatter and computer interface. Specify
7-in., 8%-in. or 10%-in. reel size. Get different
speeds, plus either NRZ or phase-encoded
formats and total playback/record inter-
changeability with any other ANSI-compati-
ble computertape. Getall these advantages,
along with the reliability and ease of main-
tenance of Digi-Data’s complete minicom-
puter tape system, proven in thousands of
installations. Now add our 2:1 price edge
and 60-90 day delivery, and it's no wonder
Digi-Data tops them all.

For a full product catalog and details on
ordering single units or quantities, call or
write today.

DIGI-DATA
CORPORATION

8580 Dorsey Run Road, Jessup, MD 20794
(301) 498-0200

_® ... First in Value!
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“High Level Language Productivity/Maintainability Benefits,”
Stephen M. Hicks, Forth Inc
“Standard Software Components,” Joseph P. Harakal, Intel Corp

“A cpu Architectural Approach to Software Productivity,” R.
Gary Daniels and Gary Summers, Motorola 1cp

Session 3 10 am-12:30 pm

Technology Advances in Solid State Memory
and Their Products

Organizer /Chairman: Sam Young, Mostek Corp

Although integrated circuit memories have been targeted at dis-
placing core in mainframe applications, cost and product break-
throughs during the past several years have opened new markets.
This session will discuss the major technologies, their products,
and applications available today and in the near future.

“The Impact of vMos on Semiconductor Memories,” Chris Peter-
son, AMI

“Applications of Bipolar Isoplanar Memories,” Bruce Threewitt,
Fairchild Camera and Instrument

“The Evolution of Mmos Technology,” Sam Young, Mostek Corp

“cco—A Lab Circuit or a Production Part,” Milt Gosney, Mostek
Corp

“An Update on Bubble Memory,” Bill Mavity, Rockwell Interna-
tional

Tuesday Afternoon

Session 7 2-4:30 pm
Microprocessor Architectural Trends

Organizer/Chairman: Michael Smolin, National Semiconductor
Corp

Papers address new trends in advanced 16-bit microprocessor
characteristics—architecture and its ramifications in language, 1/0
structure, and peripheral utilization. Presentations will be fol-
lowed by a panel discussion and questions from the audience.

“Advanced Microprocessor Trends,” Michael Smolin, National
Semiconductor Corp

“The Architecture of Peripheral Intercommunications,” Art
Gruszynski, American Microsystems Inc

“Distributed Processing with 16-Bit Microprocessors,” Dane Elliott
and Bert Hill, Intel Corp

“The 16-Bit One-Chip Computer,” Tom Miller, Texas Instru-
ments

“Z8000—A New Generation 16-Bit Microprocessor,” Ken Mec-
Kenzie, Zilog Inc

Session 8 2-4:30 pm
What's Happening to Personal Computers?

Organizer/Chairman: Narpat Bhandari, Signetics Corp

The explosive growth of computers for personal use has just
begun. What seems to have started for a hobby market now be-
comes a major consumer product. To update current and future
trends in personal computing, several currently available com-
puters such as Apple-11, Commodore pET, Radio Shack TRs-80,
and Videobrain will be described with users in mind and the
personal computer of 1980 will be discussed.

“The Consumer Microcomputer—Appliance of the 80s,” Phil
Roybal, Apple Computer Inc
“Timeshare at Home,” David H. Chung, Umtech Inc

“The Personal Computer: Lab and Office Now; Kitchen Table
Later,” Charles I. Peddle, Commodore Business Machines

(Paper title to be announced), John Roach, Radio Shack
(Paper title to be announced), L. Hazan, Signetics

“A Personal Computing Survey,” Carl T. Helmers, Byte Publi-
cations

Session 9 2-4:30 pm
Bubble and CCD Memory Applications

Organizer/Chairman: J. Egil Juliussen, Texas Instruments
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“AUGAT PANELS CUTOUR
DEVELOPMENT TIME FROM
YEARS TO MONTHS.”

Bob Spencer, General Manager Exsysco,
Large Computer Division of National Semiconductor

The dynamics of the computer
industry demands that manufac-
turers capitalize on opportunities
during the limited lifespan of the
“current” technology. That’s why
initial development time is crucial.
One sure way to cut that time is
with Augat Wire-Wrap* panels.
Bob Spencer explains: “Multi-layer
boards meant a lead time of

ayear or more to design and pro-
totype with another six months to
get info production. With Augat
boards, we reduced this cycle fo
a few months and started produc-
tion the day we approved the
prototype. Augat also gave us a
flexibility fo make circuit changes
during the development cycle
without causing delays.”

Time isn’t the only consideration—
cost is also critical. “The expense
to design and develop dozens of
different, large multi-layer boards
can easily run info the hundreds of

thousands of dollars, not fo men-
tion staffing and equipment. The
Augat approach drastically re-
duced these costs allowing us to
concentrate our resources on other
critical design elements.”
Packaging density is also vital in
evaluating interconnection alter-
natives. “The multi-layer approach,

with boards of typically 475 IC’s,

would have required 15
layers o achieve the
same density that Augat
gave us.”

National
builds the
Advanced

R —

Systems™ 4 and 5 com-

puters for ITEL. These systems

must offer high reliability. “As the
temperature inside a computer
goes up, the reliability goes down.
Augat boards reduce the temper-
ature problem because Wire-Wrap
pins are excellent radiators.”

The benefits also carry into the
field. “Thanks o Augat boards,
service engineers can make any
required changes using simple
tools. And because the boards are
designed with sockets, we make
repairs or upgrade systems quickly

CIRCLE 48 ON INQUIRY CARD

by pulling the old chips and plug-
ging in new ones. We also elimi-
nated the cost and logistics of
stocking hundreds of different,
completed PC boards. Now we
simply stock IC’s.”
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How would Bob Spencer rate the
performance of Augat Wire-Wrap
panels? “Excellent! Our system uses
high speed ECL throughout. Augat’s
patented logic panel, combined

» with unique automatic wiring from

Augat’s Datatex subsidiary, per-
forms with no noise or transmission
problems.”

Throughout the computer

L industry, you'll find Augat boards
¢ at work in all kinds of logic appli-
" cations delivering high speed per-

formance and system flexibility at
dramatic cost and time savings.
For further information, call Len
Doucet at 617-222-2202. Or write
Augat, Inc., 33 Perry Avenue,
Attleboro, Massachusetts 02703.

AUGAT

Augat interconnection products,
Isotronics microcircuit packaging,
and Alco subminiature switches.
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We’d like to show you around the MSC 8001

Z80/MULTIBUS Single Board Computer

Take the MULTIBUS.™
The MSC 8001 is fully
hardware and software
compatible with the
industry standard SBC 80™
MULTIBUS. Use with
any of the wide variety
of SBC 80 compatible
components to shorten
product development
cycles. No need to spend
extra time and money
onbasic software develop-
ment, either. The 8080’s
software will work just fine.

SeetheZ80™ perform.
Our star attraction is
the Z80 CPU, with its
expanded instruction set
and high speed program
execution. The built in
eight levels of priority
interrupt are at your
disposal and more! The
Z80 has a non-maskable
interrupt you can use
to implement power-fail
recognition or to assist
in debugging.

MULTIBUS and SBC 80 are trademarks
of Intel Corporation. Z80 is a trademark of
Zilog, Inc

©1977, Monolithic Systems Corp

Remembering the way.
Our memory. gives you
up to 8K RAM and
up to 16K ROM on board!
The need for costly
additional memory has
now been eliminated
in many applications.

Mix and match.

You can install identical
or completely different
8 bit EPROMs, ROMs or
PROMs. Now store
commonly used sub-
routines in ROMs in one
or two sockets, and
your own applications
programs in EPROMs

in the others. Using 4K
elements you can have
up to 16K bytes.

Got a transfer? During
Direct Memory Access
transfers, the MULTIBUS
can access all of our
on-board memory. Use
the RAM for intermediate
storage for a high speed
video display or floppy
disk controller.

Along the serial way.
Programmable serial
I/O interfacing for
asynchronous and
synchronous terminal
devices is provided
by the MSC 8001.
Whether you require TTL,
or optically isolated
20mA current loop, it's all
on the board. With us
you won't need any
external converters to
handle your Teletype. ®

Parallel ins and outs.
Two programmable
ports offer 48 lines of
parallel 1/0. Inverted and
upright signals can
be generated and sensed.
All of our 1/O lines are
buffered inbound and
outbound for safety and
reliability.
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Powering up. The
MSC 8001 will operate on
a single +5 VDC power
source in most system
applications.

Going further. Our
complete 16 page,
full color tour guide to
the MSC 8001 Single
Board Computer is
available by contacting
Monolithic Systems Corp.,
14 Inverness Drive East,
Englewood, CO 80110.
303/770-7400.

Telex: 45-4498
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14 Inverness Drive East
Englewood, CO 80110
303/770-7400
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Bubble and ccp memory products are beginning te appear. This
session presents overview of today’s CCD and bubble memory
status and discusses typical applications—from portable terminals
to floppy disc and fixed-head disc replacements.

“Bubble and CCD Memory Status,” J. Egil Juliussen and Dave
Rosendahl, Texas Instruments

“Bubble Memories as a Floppy Disc Replacement,” Richard

Clewett, Data Systems Design Inc

“Charge-Coupled Memory Devices in 1BM Compatible Peripherals,”
Tim Trueblood, Storage Technology Corp

“Application of Bubble Memories to Portable Terminals,” J.
Steven Flannigan, Texas Instruments
Session 10

Machinery and Process Control Systems
Organizer /Chairman: George W. Zobrist, The University of Toledo

2-4:30 pm

Presenting various industrial applications where the mini/micro-
computer was successfully used as the controlling element, papers
given reflect important industrial applications and the trend of
using mini/microcomputers and microprocessors as the controller.

“Simulation for Digital Process Control Using csmp,” George
Perdikaris, University of Wisconsin-Parkside

“Microprocessor Revitalizes Automatic Drill Press,” Ron Becker,
Sacramento State College

“A Table Driven Acquisition and Control System for Minicom-
puter Application,” Gary C. Border, Digital Automation Associates

“Software Architecture of a RealTime Process Control Computer,”
George Perdikaris, University of Wisconsin-Parkside

Wednesday Morning

Session 13 10 am-12:30 pm
Designing with OEM Microcomputer Boards

Organizer/Chairman: Jerry Winfield, Mostek Corp

OEM microcomputer boards have become increasing popular over
the past few years and are predicted to reach $68 million in sales
in 1978. This session examines the advantages of using OEM
microcomputers and how an engineer would go about designing
an OEM microcomputer into his system. Types of development
aids available and how they can be utilized to develop software
and debug system hardware will also be covered.

“Evolution of Single Board Computers,” Les Soltesz, Intel Corp
(Paper title to be announced), Bill Crawford, Motorola Inc

“The Engineering Design Application to Apply oEM Microcom-
puter Boards,” Matt Biewer, Pro-Log Corp

(Paper title to be announced), Jim Vittera, Mostek Corp

Session 14 10 am-12:30 pm

Innovations in Microprocessor
Software Development

Organizer/Chairman: Dennis J. Frailey, Texas Instruments

Focusing on innovative approaches to microprocessor software
development, session discusses novel ways of supporting high level
languages in a limited resource environment and new approaches
to software development aimed at the naive user who doesn’t want
to learn programming.

“A Portable Cobol Compiler for Microprocessors,” Keith Clark,
Computer Analysts and Programmers Ltd

“Program Development for Ordered Processes,” Richard A. Martin
and Joseph H. Binkley, Indiana University

“The 11 Microprocessor Pascal System,” Larry Kroeker, George
Ligler, Wendell Merritt, and Larry Spry, Texas Instruments

(Paper title to be announced), Dennis J. Frailey and R. Morrow,
Texas Instruments

Session 16 10 am-12:30 pm
Speech Recognition Synthesis

Organizer/Chairman: George R. Doddington, Texas Instruments

Revolutions in computer technology are bringing us closer to
speech communications with computers. State-of-the-art capabil-

The Big Business Language

MicroCobol is more than a language . . .

it's a total business data processing capa-
bility for mini and microprocessor users. It
gives programmers structured programming
capabilities and interactive symbolic debug-
ging facilities. And much more . . . like complete
screen formatting, and multiple-terminal
utilization.

MicroCobol is completely PORTABLE,
providing the ability to run programs on an
expanding range of processors (8080/85,
6800, and Z80 architectures, DEC PDP-11
and IBM Series/1). And programs can be

switched back and forth between different
machines. ... . WITHOUT REPROGRAM-
MING, OR EVEN RECOMPILING.
MicroCobol saves time. Lead time. Devel-
opmenttime. Learning time. There’s only one set
of techniques to follow, one set of manuals to
understand. You also save on program mainte-
nance costs, conversion and hardware costs.
MicroCobol is complete and ready for
you. It's backed by the CAP-CPP Group'’s
more than 16 years experience in computers
and 2,000 man-years of COBOL experi-
ence. Call or write for more information.

1101 State Road, Bldg. O 299 California Ave

Princeton, NJ 08540 Palo Alto, CA 94306

@A@D@E}E} c:: Te; (609) 924- 27’00 ~ Tel: 415') 32;51379.
is ready for your small machines.NOW!

Visit us in Booth 307 at Mini-Micro, Houston.
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Beat the odds on early-life failures with PEP.
And get the tightest AQL’s in the industry.

From the quality leader. Texas Instruments.

Lower your total system cost. De-
crease field service. Decrease in-
coming test costs.

PEP, the Product Enhancement
Program from Texas Instruments,
provides off-the-shelf IC’s with en-
hanced quality and higher reliabil-
ity. With PEP you:

e Reduce or eliminate incoming IC
inspection
e Improve yields through assembly

e Reduce field returns and service

PEP 3 and 4 provide 100% burn-
in to accelerate the integrated cir-
cuit through early operational life,
when IC failure rates are the high-
est, to the period where the failure
rate typically reaches less than
0.0005% per 1000 hrs...a typical IC
MTBF of 23 years for a system
containing 1000 PEP ICs.

PEP processing is offered on

GUARANTEED AQL %
TEST CONDITION BIPOLAR LOGIC BIPOLAR MEMORY LINEAR
PEP1, PEP3| PEP4 | PEP 1, PEP3 | PEP4 | PEP 1, PEP 3 PEP 4

Continuity 100°C 0.015 0.015 0.015 0.015] 0.015 0.015
Functional 0°C to 70°C 0.0 0.10 0.25 0.25 | 0.10 0.10
DC Parametric 0°C to 70°C 0.65 0.65 [ 0.25 (Note1)]| 0.25 (Note1)
AC Parametric 25°C (Note 2) 0.65 0.65 1.00 1.00 | 1.00 1.00
Fine Leak 1x 10 ®Leak Rate NA 0.65 NA 0.65 NA 0.65
Gross Leak Step C-1 NA 0.40 NA 0.40 NA 0.40
Mechanical Defects | Critical 0.10 0.10 0.10 0.10 [ 0.10 0.10

(Note 3) Major 1.00 1.00 1.00 1.00 | 1.00 1.00

Notes:

(1) For linear devices, a 0.25% AQL at 25°C and a 0.65% AQL at 70°C apply.

(2) Sampled and guaranteed.

(3) Critical mechanical defects are those which affect device functionally. Major defects include problems not affecting functionality.

© 1978 Texas Instruments Incorporated

TEXAS INSTRUMENTS

INCORPORATED
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Linear, Bipolar Memory and Bi-

polar Microprocessor, as well as all

TTL families including Low Power

Schottky (74LS), Schottky (74S),

and Standard TTL (74)...in either

plastic or ceramic DIP.
The new PEP now offers in all

popular TTL families:

©100% high temperature func-
tional, continuity, and para-
metric testing

e Industry’s tightest AQL (0.1%
AQL cumulative for parametric,
functional, and continuity)

® 2% burn-in PDA on PEP 3 (Plas-
tic) and PEP 4 (Ceramic)

For the complete story on updated

PEP processing, and a copy of the

new PEP brochure, contact your

local TI field sales office or

authorized TI distributor. Or,

write Texas Instru- o

ments Incorporated, ﬁ

P.0. Box 225012, M/S

308, Dallas, Texas 75265.

87504
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Graphics. Without
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You just lost your last excuse for sticking with
alphanumerics. Because with HPs new 2647A Intelligent
Graphics Terminal, you get graphics without digging
into your CPU’s software.

A picture’s worth a thousand numbers.
On an alphanumeric terminal, your data’s just a
screen full of numbers. But with the 2647A you
can plot tabular data as a bar graph, ora __
pie chart, or a linear or loga- o
rithmic line graph. Quickly, &
with just a few keystrokes.
Now you canreally see
your data, not just look at it.
What'’s more, with the 3§
2647A you can zoom in and
out. Pan right, left, up, down.
Selectively erase. Shade importan
areas to make them stand out. Use a
rubber-band line to make a quick sketch.
Without any help from your pro-
gramming department.

e

It's more than smart.

The 2647A’s the smart way to get
graphics from tabular data without software.

But what if your CPU’s output isn’t tab-
ular? Or if youd like to plot derived data, say
a three-month moving average from monthly
sales figures? Or if you need more than a bar
graph, pie chart or line graph?

The 2647A’s not just smart, it’s intelligent.

You can program it to reformat data from your
CPU, or to compute more data, in easy-to-write BASIC.
And you can program it in AGL, our high-level graphics
language extension of BASIC. Its powerful commands,
such as FRAME, AXES, LABEL, LOCATE and PLOT,
put sophisticated graphics at your fingertips.

Either way, your program runs on the 2647A without

HEWLETT h

 PACKARD
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phics software.

any help from your CPU.
Hard copy’s easy.

How do you get graphics into your briefcase?

The 2647A makes graphics as portable as alpha-
numerics. It interfaces easily with our 9872A Four-Color
Plotter (which can even make overhead transparencies),
and with our 7245A Thermal Plotter-Printer. All you

need is an interface card, a cable and the peripheral itself.
And to keep costs down, more than one 2647A
can share the same hard copy peripheral.

You still get alphanumerics.
You don’t have to give up alphanumerics to get
graphics. Because the 2647A’s also a programmable
alphanumeric terminal for interactive use on-line
_or by itself.
; With independent alphanumeric and
graphics memories. Eight soft keys you can
define to do several steps with a
single keystroke. A bright,
easy-to-use, high resolu-
tion display. And built-in
dual cartridge tape drives
for 220K bytes of mass
storage.

Best of all, the 2647A
with full memory and data
communications interface
costs only $8300%

Which makes it easy to
get the picture.

*U.S domestic list price

[J Send me more information about graphics without
graphics software.
[0 Show me graphics without graphics software.

Name Title

Company.

Address

City/State/Zip.

Phone

Mail to Hewlett-Packard, Attn: Ed Hayes,
Marketing Manager, Data Terminals Division, Dept. 1227,
19400 Homestead Road, Cupertino CA 95014.



ities and limitations of speech synthesis technology are explored
and future applications are forecast in this session. Tradeoffs
among the basic parameters of data rate, quality, cost, and flexi-
bility will be discussed.

“Speech Synthesis Technology Overview,” Ron Schaefer, Georgia
Tech

“Industrial Voice Response Systems,” Mark Medress, Sperry
Univac

“Low Cost Speech Synthesis,” Richard Wiggings, Texas Instru-
ments

“Phoneme-based Speech Synthesis,” Richard T. Gagnon, R. T.
Gagnon Associates

“Speech Synthesis from Text,” Jonathan Allen, mIT

Session 17 10 am-12:30 pm

Telecommunication Networks
Organizer/Chairman: Roshan Lal Sharma, Rockwell International

This session deals with the design and analysis of telecommunica-
tions systems and networks employing digital switching and trans-
mission techniques. Modeling techniques and analytical and sim-
ulation design aids will be emphasized.

“Design Considerations for a General-Purpose Switched Digital
Network,” R. Pederson, Arthur A. Collins Associates

“Queuing and Time-of-Day Routing in Multipoint Switched Voice
Networks,” James Jewett, Vanderbilt University

“Simulation of Voice Telecommunication Networks,” A. Kumar
and P. Lindsley 1, Compucon Inc

“Design of Multicenter Telecommunication Networks,” Paul De
Sousa, Rockwell International

Wednesday Afternoon

Session 19 2-4:30 pm

Interfacing Microprocessors to the Outside World
Organizer/Chairman: Rob Walker, Intel Corp

As the cost of microprocessors and memory continues to decline,
the interface between microprocessors and the outside world be-
comes increasingly important. Microprocessors with on-chip A-p
converters, microprocessor peripherals, buses, and multiprocessing
will be covered.

“Microcomputer with Onboard A-p Converter,” Jeff Miller, Intel
Corp

“Microprocessor Peripherals,” Art Hamilton, National Semicon-
ductor Corp

“Microcomputer Bus Structures,” Carol Ogdin, Software Tech-
nique Inc

“Interconnective Microcomputers,” Joe Barthmaier, Intel Corp

Session 20 2-4:30 pm

Microprocessor Software/Firmware Project
Management—From Design to Field Maintenance

Organizer/Chairman: Bill Lowery, Tektronix, Inc

This session discusses and shares knowledge accumulated to date
on problems and solutions encountered in microprocessor-based
systems designs. Though still evolving, many new management
techniques have already been formulated for dealing with the
rather formidable obstacles that lie in the path of successful
microprocessor software project completion.

(Paper title to be announced), Doug Bingham, Tektronix Inc

“Management Tools for Efficient Software Development,” Michael
Rooney, Boston System Office

“The Benefits of Software Engineering Methodology in Systems
Software Project Management,” Hugo Fray and/or John Fluke

Jr, John Fluke Mifg Co

“Managing Hardware/Software Design,” James Beetem, Hewlett-
Packard, General Systems Div

LSI-11 FROM ANDROMED

THE BROADEST LINE OF LSI-11' PRODUCTS
FROM ANY SINGLE SOURCE

From SYSTEMS to SOFTWARE, from CARDS to CABLES, ANDROMEDA offers the broadest range of
LSI-11 ™ components that can be purchased from any single supplier.
In addition to the items we manufacture internally, we also distribute the best products of other

LSI-11™ equipment manufacturers including DEC™.

If you need any LSI-11™ product, from a 10mbyte cartridge disk based system to a DLV11 cable fast
and inexpensively, call ANDROMEDA, 213/ 781-6000. Andromeda Systems, Inc. 14701 Arminta

Street #], Panorama City, California 91402.

LSI-11 and DEC are frademarks of the Digital Equipment Corp.
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1 neanmlmer“‘ pnnters are workhorses Designed for very

- heavy 30-40% duty cycles. 3000-hour MTBF. Innovations
- that eliminate many common printer failures. Five years

- ofin-use development. Result: a new standard in pnnter

~ performance.

A line printer must fit all its intended appllcatlons
Standard #2. NEC's Trimliner family comes initially in two
models— 300 and 600 LPM. 48- to 128-character fonts. The
five most popular interfaces. Result: use it anywhere.

A line printer must enhance your system. Standard # 3.
NEC'’s Trimliner printers offer more operator ease-of-use
features as standard equipment. 6 or 8 LPI. Electronic verti-
cal format control. Up to 136 characters per line. Forms
length switch. Automatic band alignment. Single or double

sions. Re ul L NE

A line printer must be gt
Trimliner printers opera
and at 65 dBA in pedestal an
than OSHA standards. Resu :
line printer.-

NEC's Trimliner line printers jo
NEC Spinwriter family of character
industry’s newest, trimmest, most
printing devices.

Send us your business card
and we'll send you the details.

NEC Information

Eastern Office: 5 Militia Drive, Lexington, MA. 02173, (617) 862-3120
Central Office: 3400 South Dixie Drive, Dayton, OH. 45439, (513) 294-6254
West Coast Office: 8939 S. Sepulveda Blvd., Los Angeles, CA. 90045, (213) 670-7346
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communicates..,

Cost effective communications
capability has been a primary M6800
consideration from the start.

When the M6800 Family’s design
concept was finalized, one of the
features that raised it above the ordi-
nary new microprocessors of the day,
that made it unique, was its orientation
toward data communications.

The MC6850 Asynchronous Com-
munications Interface Adapter and the
MC6852 Synchronous Serial Data
Adapter were part of the original
M6800 Family. A MODEM, the MC6860,

was the first addition to the basic
family. Later, the MC6862 2400 bps
MODULATOR was added.

Data communications is now, more
than ever, one of the special provinces
of the M6800 Family. Powerful new
family LSI functions keep expanding
its capabilities. Functions like the
Advanced Data Link Controller,
MC6854, which is available now, and
the MC6851 Universal Communica-
tions Interface Adapter scheduled for
availability in the first half of 1979.

Advanced Data Link Controller
implements all major bit-oriented
protocols - on chip.

The MC6854 ADLC is Motorola’s
new 28-pin MPU/data communica-
tions link dedicated to doing its bit-
sync job better than any 40-pin general
purpose device can, and doing it less
expensively.

It's available off-the-shelf now for
$16.95 (plastic) in 100-up quantities.
Because the MC6854 maximizes effec-
tiveness of its specific function,
software overhead and associated
costs are minimized.

In addition to SDLC, the bit-
oriented protocol implemented by
most devices, the MC6854 also
handles ADCCP and HDLC on chip,
without any sacrifice of its complete
MODEM controls (RTS, DCD, CTS,
DTR), DMA capability, or loopback
self-test. The ADLC implements NRZ
and NRZI, and also provides complete
on-chip loop control. Quad buffers,
instead of the usual pair, allow two-
byte transfers.

Three speed variations, 1 MHz, 1.5
MHz, and 2.0 MHz, are now available,
and the 1.0 MHz MC6854 is offered in
your choice of 0 to +70, —40 to +385,
or —55 to +125 degrees C.

We have a reference sheet for all
of our M6800 Family communications
data sheets and wide range of

MC6854 —ADLC

s

CoNTROL || CONTROL | RW—y
REGISTER

. n #3 o |

P SELECT

RECEIVE

1 1 1

-

E il

CONTROL
REGISTER

FLAG/ABORT
L‘ch GENERATOR o

TRANSMITTER || | ZERO Td

J\
-l/ INSERTION
L d

#1

Vss PIN 1 IR0

#1
t
3 'mo_l_L_J: LOOP ON-LINE CONTROL/DTR
RTS
RESET

TDSR
Vee PIN 14 RDSR

applications notes. For a copy of the
MC6854 data sheet,and the reference
sheet with request reply card, write

to Motorola Semiconductor Group,
P.O. Box 20912, Phoenix, AZ 85036,
or circle the reader service number.

@ MOTOROLA

Semiconductor Group
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Session 23

Electronic/Digital Telephone Switching
Organizer/Chairman: Narindra N. Lakhanpal, Rockwell/Collins

Applications oriented session presents both problems and oppor-
tunities that are emerging as the interest in electronic switching
continues to grow in the marketplace.

2-4:30 pm

“Application of Microcomputers to Telecommunications,” J. Gor-
don Pearce, Stromberg Carlson

“Network Synthesis of Tactical Military Switching System,” Yau-
Wu Tang, The Mitre Corp

“Control Parameters for Switching Systems,” W. V. Tyrlick, Mar-
tin Marietta Corp

“Digital Voice Conferencing,” D. C. Nicholas, Rockwell/Collins

“Concerns Regarding Digital Evolution,” Phillip B. Harris, Bell
Northern Research Inc

Thursday Morning

Session 25 10 am-12:30 pm

Testing New Generation LS| Devices
Organizer/Chairman: Dave Huffman, Mostek Corp

High density, high performance MOs/LsI memories now appear-
ing on the market are aimed at a very cost-sensitive portion of
the applications spectrum, while others are aimed at high per-
formance applications. These memories present unique test prob-

lems to the semiconductor manufacturer, test equipment manu-
facturer, and the user.

“Design and Testing of New Generation Lst Memories,” Dennis
Segers, Mostek Corp

(Paper title to be announced) , Garry Gillette, Teradyne

(Paper title and speaker to be announced)

Panelist: Norm Hartdegen, Mostek Corp

When nobody’s got
just what you need in
Bubble Memories

PERMAG’S
Got It! *

In stock. Off-the-shelf. 24-hour
delivery. Grinding to your prints.
Engineering assistance. Fabricating
facilities. In addition, PERMAG has
exotic, exclusive hard-to-get items.
Complete facilities for measuring,
testing, and producing special
materials. 8 modern plants stocked,
staffed, and equipped to meet your
every requirement.

Write for new catalog.

IN THE MAGNETIC FIELD
PERMAG IS NO. 1.

YOUR NO. 1 SOURCE
FOR ALL MAGNETIC MATERIALS

Consult your Yellow Pages
for address and

telephone number

of Permag near you.

ALL ACROSS THE COUNTRY

'S
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Session 26

Computer Applications in Medicine

10 am-12:30 pm

Organizer/Chairman: A. R. Potvin, University of Texas

Micro- and minicomputer technology is finding widespread appli-
cation in the medical environment. In this session, medical re-
searchers review current applications in neurology, neurosurgery,
radiology, psychiatry, and internal medicine.

“Radionuclide Cardiology Using Dedicated Minicomputers,”
Ernest M. Stokely, Southwestern Medical School
“Use of Microprocessors for Medical Monitoring in Sleep Re-
search,” Stephen A. Underwood, University of Texas at Arlington
“Automation of a Comprehensive Neurofunction Laboratory,”
A. R. Potvin, University of Texas at Arlington

“An Overview of Computerized Tomography,” El Olson, EM.L
Medical Inc

Session 29 10 am-12:30 pm

LSl Technology in Telecommunications Systems
Organizer/Chairman: Joe Jarrett, Mostek Corp

Exploring the increasing use of LsI in telecommunications sys-
tems from both a technology and applications viewpoint, session
presents solution to several unique problems inherent in these
systems. Both custom and standard product Ls1 in several dif-
ferent process technologies will be investigated.

“Application of vrs1 in Stored Program Télecommunications Sys-
tem,” John Tinney, Danray Inc

“cmos Technology for Single-Chip Implementation of a Per-Line
Codec,” Kul Ohri, Mostek Corp

“Lst DTMF Receivers,” Mod Hammad, Mitel Inc

“Lst Channel Bank Applications,” Toney Warren, Collins Radio
Group, Rockwell International

Thursday Afternoon

Session 31 2-4:30 pm

Debugging Microprocessors in Real Time
Organizer/Chairman: Erin Greene, Tektronix, Inc

How do you debug microprocessor devices you can’t stop or
interfere with? Each member of the session panel will expound
on the realtime issue, including realtime tracing, how the real-
time instrument is made, how it works, and what it offers over
and above slow traces.

“General-Purpose Logic Analyzer and Accessories Solve Micro-
processor Problems in both Hardware and Software,” Ed Jack-
litch, Biomation Division, Gould Inc

“The Logic Analyzer: A Key Element in the Design, Production
and Service of Digital Systems,” John Marshall, Hewlett-Packard
Co

“Debugging Realtime Systems Requires Powerful Tools,” Bob
Francis, Tektronix Inc

“Complexities of Capturing and Analyzing Logic Data in a Real-
time Environment,” Barry Price and Bruce Barlow, Texas Instru-
ments

Session 32

Microprocessors Improve Test Instrument
Performance

Organizer/Chairman: Frank J. Burge, Regis McKenna, Inc

2-4:30 pm

Microprocessor based instruments are now providing test capa-
bilities not previously available. This session describes some of
these instruments and their applications, and also addresses the
need for software standardization.

“Instrument Standardization,” John Fluke, Jr, John Fluke Manu-
facturing Co
(Paper title to be announced), Dick Kinnard, Tektronix, Inc

“Hewlett-Packard’s Synthesizer/Function Generator,” Doug Garde,
Hewlett-Packard Co

“Production Test of Digital Products,” Roy Tottingham, Gould
Inc/Biomation Div
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A military computer system isn't complete without a full
line of peripherals...anymore than a commercial sys-
tem is. That's why ROLM provides peripheral devices
in every major category.

ROLM'’s family of Mil-Spec peripherals has a
tougher role to fill than their commercial cousins. They
have to be rugged...reliable...proven...documented...
fully integrated and meets a long list of Mil-Specs.

ROLM Tape Transports not only meet crucial Mil-
Specs, they've established long term data reliability
plus unit MTBF in excess of 4000 hours.

Our compact Printer, which is as solid as a heavy-
weight, weighs less than 65 pounds and provides a
64-character ASCI| subset at speeds up to 400 lines
per minute.

For random access storage the ROLM Flexible
Disk Drive provides over three million bits of memory
on interchangeable floppy disk media.

The ROLM Magnetic Tape Cartridge recorder of-
fers the advantage of cartridge operation with reel-to-
reel performance.

These are just a few examples of ROLM'’s line of
Mil-Spec peripherals. We offer commercial devices
too. And they're all supported by compact interfaces,
like our new 3364 single-board magnetic tape control-
ler, and by system and diagnostic software to enable
you to easily and effectively operate each peripheral.

Peripheral selection. Full system support.

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

MIL-SPEC
Computers

4900 Old lronsides Drive, Santa Clara, CA 95050.
(408) 988-2900. TWX 910-338-7350.

In Europe: Muehistrasse 19 D-6450, Hanau, Germany, 06181 15011,
TWX 4-184-170.

ROLM backs up its processors

wit MiI-Sp¢§ peripherals




New DIRECTROL Multiplexer.
Signaling new directions
for industrial control.

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

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

{7k {e} {8k

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

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

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

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

Why not set a new course for your
industrial control requirements?
Write Milwaukee, Wisconsin 53201
for descriptive brochure.

4-MODULE
TERMINAL STATION

Y S O A A A AT

Self-Monitoring
Power Supply

uSMNERRERNAR

CUTLER-HAMMER TN iies
Quick-Access Protected
Insulated Wireway Field Terminals

Bestby Design
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BREAKPOINT DESIGN

FOR DEBUGGING

MICROPROCESSOR SOFTWARE

Software techniques for implementing breakpoints to assist in
microprocessor program checkout within the framework of a
debug monitor demonstrate the attributes and limitations of
interrupting program operation to allow designers to examine
and modify data or code before returning to program execution

T. P. Hughes
D. H. Sawin llI

Consultant, South Orange, New Jersey
Foxboro Company, Foxboro, Massachusetts

A useful method for controlling the execution of
code under test is a software ‘“breakpoint,” a specific
point in a program that requests interruption to grant
the designer the opportunity to check, correct, or
modify the program before continuing execution. A
breakpoint returns control of the system to the debug
monitor when a specified program location is addressed
on an instruction fetch cycle of the central processing
unit. With the debug monitor in control, the designer
can check that the program has produced the expected
results by displaying data stored in memory or central
processing unit registers, or by obtaining the desired
sequence at an input/output port (eg, a character
output to a cathode-ray tube or printer terminal).
Breakpoint capability may be implemented by front
panel controls, by other specially-designed hardware,
or by software alone; the latter is commonly done
with teleprinter or cathode-ray tube (crRT) based
monitors, where no front panel or additional hardware
is utilized. Frequently, the documentation supplied with
available monitors is incomplete with respect to the
exact design of the breakpoint, especially its interaction

with the rest of the monitor and the designer’s appli-
cation program.

Debug Monitor Operation

To fully comprehend the significance of breakpoints
it is helpful to summarize the operation of a debug
monitor, since both are intimately interwoven. As a
standard software item utilized in the development of
microprocessor systems, a debug monitor permits the
designer to search out and correct errors in software
routines. The debug monitor itself is an interactive
software program that resides mostly in programmable
read-only memory (P/RoM) but also requires a small
amount of random-access memory (RAM), or other
read/write (R/W) memory, to operate. Capability
and ease of use of a monitor are related directly to
its memory size. A primitive monitor might occupy
256 bytes of P/RoM and provide rudimentary debug-
ging capabilities; larger versions occupy lk to 3k bytes
and provide powerful debugging tools. A monitor
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should at least provide for loading memory with an
application program to test,for displaying and modify-
ing the contents of memory and central processing unit
(cpU) registers, and for executing and testing programs
in a controlled manner.

When a new application program is debugged, the
monitor and application program share the same pro-
cessor in an orderly manner, but they occupy separate
areas of memory space. The design of a debug monitor
involves trading off two directly opposing objectives.
First, the monitor should maintain some control to
reliably assist in checking out the application pro-
gram. Second, the application program should run in
as natural a state as possible, in complete control
of system resources, as if the monitor were not present.
An acceptable monitor design achieves a balance be-
tween these objectives.

If special hardware is not used, the monitor must
start at location 0 in 8080A memory space, since this
is where the processor begins execution at power-up/
reset. (While the breakpoint principles discussed apply
to the 8080A microprocessor, they can be extended
to other microprocessors of various architectures.) Fig 1
illustrates the two segments of memory space that
monitors use. One segment is read-only memory (ROM)
containing the actual monitor program, and the second
is R/W memory containing the monitor’s data base
and stack.

Application program workspace is most often all
R/W memory during debugging phases, even though
most application programs will finally have separate
program and data segments, just as the monitor does.
The designer loads new or untested programs into the
application program workspace, either directly in ma-
chine language using a display/alter memory com-
mand or indirectly through an auxiliary storage
medium such as paper tape. The tape contains a ma-
chine language program that has been produced by an
assembler or compiler and is in a format compatible
with a load paper tape routine invoked with a monitor
command.

Many microprocessors, the 8080A included, utilize
special memory locations which are forced by the
hardware to begin execution in response to an external
interrupt. These special locations are called interrupt
traps (see Fig 2). Contained in the monitor program
segment, these locations are programmed with jumps
to the lowest locations in the application program
workspace to facilitate and standardize the debugging
of realtime programs. An execution time penalty of
one jump instruction is associated with this procedure.
This delay of one instruction time normally is not
important to application program performance. For
example, in Fig 2, the three locations 0008;5 to 000A+
are programmed with a jump to 2008, thus indirectly
vectoring the interrupt for trap 0008, into the appli-
cation program workspace. Similar jumps are pro-
grammed for other interrupt locations, while a power-
up/reset vectors the processor into the monitor. This
use of the reset trap can be avoided by special purpose
hardware, which allows the application program to use
it after some initialization. Experience has shown that
the reset trap is almost never used in a system for
runtime interrupt handling; thus, this theoretical short-
coming is rarely a practical problem.
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2000,

APPLICATION APPLICATION PROGRAM

PROGRAM CODE SEGMENT
WORKSPACE
3coo, B
APPLICATION PROGRAM
DATA SEGMENT
3FD0y
MONITOR DATA
SEGMENT
3FFF

Fig 1 Memory map for debug monitor and
application program. Monitor consists of two
memory segments, one in P/ROM containing
monitor program, and second much smaller
segment in RAM containing monitor variable
tables and monitor stack area. Remaining
memory space is available for application pro-
gram. In this example, fixed 8k-byte block of
RAM is used (2000 to 3FFF.), almost all of
which is available as workspace. Last 48 bytes
(3FDO to 3FFF.e) are reserved for monitor data
segment. Application program being debugged
consists of 7k bytes of code (2000 to 3BFFis)
and slightly less than 1k bytes of R/W memory
(3C00 to 3FCFi)

Assume that the system being designed can accommo-
date the monitor and monitor input/output (1/0)
port, which usually is a simple serial interface to a
terminal device. The terminal device then replaces
the traditional computer front panel. When the
application software (running in the application work-
space R/W memory) is completely debugged under
monitor control, the monitor portion is removed from
the system by eliminating the monitor P/ROMs; it is
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replaced by the application software, which has been
relocated in memory to location 0000, and is now in
RoM. Fig 3 illustrates the new memory map with the
monitor removed. Interrupt traps are now properly
located in the memory image, and the level of in-
direction (Fig 2) caused by the interjection of the
monitor into the system is removed. When power is
applied now, the relocated application software (often
referred to as operational firmware) receives control
and hopefully runs the system correctly. If not, the
designer can retreat to the monitor configuration and
attempt to resolve the problem.

When power is applied to the system with the
monitor present, a start-up message is normally de-
livered to the command terminal followed by a
prompt character (typically a question mark or period).
The command terminal is ready to accept a command.
A monitor command usually consists of a single
letter, which identifies the command type, followed by
any command operands. The entire line of input is
usually ended with a carriage return. Basic operating
sequence of the monitor is shown in Fig 4. Type 1
commands consist of utility functions, such as display/
alter memory and load paper tape, and do not involve
execution of the application program. Type 2 com-
mands involve execution of the application program;
return from their operation to the monitor may be via
a reset or breakpoint.

The monitor’s command processing state is its active
state. Commands are processed one at a time as they
are entered by the designer. Since a monitor usually
operates with all interrupts disabled, it is completely
in charge of the system. This may not be the case if
direct memory access (DMA) transfers are possible,
but this complication is beyond the scope of the article.
Interrupts are enabled before the monitor passes con-
trol of the processor to the application program. This
allows realtime programs to operate properly.

When the designer enters an execute command, the
monitor enters its passive state and restores the CPU
registers to their application program values, enables
interrupts, and jumps to the specified start address.
Fig 5 illustrates the monitor’s data base, showing the

MONITOR ENTRY

PROMPT

COMMAND ENTRY

COMMAND DECODE

BRANCH TO INDIVIDUAL
COMMANDS

RESET

RETURN FROM TYPE
2 COMMANDS

RETURN FROM TYPE
1 COMMANDS

[ L e

Fig 4 Monitor operation. Upon start-up, prompt
is issued to designer, signifying that system is ready
for command entry. Command is entered by de-
signer and subsequently decoded by monitor. Once
command-directed monitor action has been com-
pleted, monitor issues another prompt character
and process starts anew

tables in which it stores the application program
information. Once the application program has control
of the system, the monitor remains in its passive state
until a breakpoint is encountered or until the system
is reset.

While the application program is running, the moni-
tor’s data tables are vulnerable to bugs in this
program. However, if the monitor is designed defensive-
ly, only a few bytes of the monitor tables are critically

Fig 3 Memory map with de-
bug monitor removed and
operational firmware in con-
trol. Operational firmware re-
ceives complete system con-
trol on power-up/reset. This
application program, which
occupied locations 2000 to
3BFF.s during debugging, has
been reassembled with origin
of 0, and resultant code placed
in P/ROM. Code segment now
occupies memory space 0 to
1BFF. Application program
data segment has also been
relocated in reassembly and
now occupies locations 2000
to 23FFues

00004

1004,

20004

23FF)4

Fig 5 Monitor data segment.
Monitor R/W memory is usually
divided into three divisions shown:
first for monitor stack when moni-
tor is active, second for storing
application program CPU register
contents when monitor is acti-
vated through breakpoint, and
third for breakpoint information
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important. The monitor code itself is programmed into
P/ROM and cannot be overwritten by an application
program.

As an example of monitor operation, consider the
display/alter register command that most monitors
possess. Present register contents are stored in the
monitor register table. When the designer changes a
register value with the display/alter register com-
mand, the monitor simply overwrites old data in the
table with new data. Later, when the designer enters
an execute command, the monitor loads the cPU regis-
ters with the values stored in the monitor table before
executing (ie, jumping to) the application program.
Similarly, when the application program returns to the
monitor via a breakpoint, the monitor stores the cPU
registers into the RAM table before it uses them. Thus,
the monitor maintains the application program state
of the cpu by saving and restoring all registers on
every entry to and exit from the monitor, respectively.

Where the Breakpoint Fits In

Breakpoints are incorporated in a ‘debug monitor to
return control of the system to the breakpoint routine,
which can then “freeze’” the state of the application
program by disabling interrupts and saving the con-
tents of the cpu registers. It should save the registers
as reliably as possible, even if the application pro-
gram has gone awry. Similarly, the mechanism by
which the software breakpoint is implemented should
have only minimal impact on application program capa-
bilities.

Monitors generally use one of eight 8080A restart
instructions (BST O to RST 7) to implement the soft-
ware breakpoint. The rsT N instruction is a 1-byte sub-
routine CALL to location 8 *N and results in a CALL to
one of the interrupt trap locations (046, 816, 1016, . -
30,6, 3815). For example, the Intellec® 8 mop 80
monitor uses RST 1, while the Intel MDS monitor uses
RST 0. Since the RST N instruction is reserved for moni-
tor use, the designer cannot debug a realtime program
that uses interrupt level N.

When the designer requests a breakpoint to be set,
the breakpoint routine in the monitor saves the present
content of the breakpoint location in the breakpoint
buffer (one byte), along with the address of the
location (two bytes). Then, the restart instruction is
stored by overwriting the breakpoint location. When
this location is executed, an effective 1-byte CALL to the
breakpoint routine in the monitor occurs, and the
breakpoint routine receives control. If the breakpoint
location is not executed, the designer must toggle the
8080A RESET line to obtain control. On reset, most
monitors (including the two Intel monitors) do not
restore any breakpoints that have been set because
they initialize the monitor breakpoint table in RAM
just as they do on power-up. Thus, the designer is
left with one or more RST N instructions in the pro-
gram and must restore these locations with the display/
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alter memory command before continuing, unless of
course the program is reloaded.

Breakpoints may also be implemented with CALL or
JMP instructions. However, since these 8080A instruc-
tions are three bytes long, difficulties are introduced
that do not occur with 1-byte restart instructions. For
example, if a designer requests a breakpoint at loca-
tion J, the monitor sets it by writing the 3-byte in-
struction (either CALL or JMP) into locations J, J+1,
and J+2. Under these conditions, any reference to
location J+1 or J+2 will not produce the expected
results and may, in fact, introduce errors into the
application program, as illustrated in the following
8080A code. If the designer should execute a cALL
to suBl (Subroutine 1) before the breakpoint at J is
encountered, incorrect code will be executed (the in-
structions shown in suBl have no particular meaning
other than to illustrate this point).

i RET

J+1 suBl: inx H
J+2 INR A
RET

Consequently, restart instructions are almost always
used to implement software breakpoints for the 8080A.
Regardless of the breakpoint instruction chosen, two
limitations are inherent in the software breakpoint
approach. First, breakpoints may be set only in rR/W
memory. An attempt to set a breakpoint in P/ROM
will be unsuccessful. No harm will come of the attempt,
however, either when the breakpoint is set or cleared,
except that the designer will be wasting the capability.
A hardware implementation uses the address lines of
the cpu, which are compared to a breakpoint register
set by the designer (eg, through front panel switches).
When a match occurs during an opcode fetch cycle
of the cpu, the breakpoint is activated. The type of
memory at the breakpoint address is irrelevant.

The second software limitation is that breakpoints
must be set at the first byte of an instruction. Setting
a breakpoint at the second or third byte of a multi-
byte instruction not only will cause the breakpoint
to be missed, but also will probably cause erroneous
code to be executed. This can be a significant problem
with variable-length instruction processors, such as the
8080A.

This latter limitation also applies to the hardware
breakpoint. However, memory is not overwritten in

®Intellec 8 is a registered trademark of Intel Corp, Santa Clara,
Calif.
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the hardware implementation, so there is no possibility
of executing incorrect code. The worst that can happen
is that the breakpoint condition will not occur.

Breakpoint Implementation Using RST 0

Based upon the previous background information, the
design approach chosen implements the breakpoint
with the RST O instruction of the 8080A. This tech-
nique gives the designer almost full use of the inter-
rupt capability of the 8080A, as the remaining seven
restart instructions (RST 1 to RST 7) may be used by
the application program for hardware generated inter-
rupts. Experience reveals that most 8080A systems
only use the level O interrupt for system initialization;
therefore, application program capabilities are only
minimally affected by this decision.

The designer supplies the breakpoint address as an
optional operand in the monitor execute command.
The allowed forms of this command are described
below, where G designates the execute command,
X and Y represent hexadecimal memory addresses, and
<CR> represents a carriage return, signaling the end
of the command string to the monitor. Square brackets
delimit the optional breakpoint part of the command
string; they are not entered by the designer.

GX [,Y] <CR> Execute program starting at location X [with

an optional breakpoint set at location Y]

G [LY] <CR>

Execute program starting at current program
counter [with an optional breakpoint set at
location Y]

The syntax of this command is similar to the ¢o com-
mand in the Intellec 8 Mmop 80 monitor.

The G command jumps to the designer program
with all interrupts enabled. It is convenient to use
a second command P (perform designer program)
whose syntax and operation are identical to the G
command except that the monitor jumps to the designer
program with all interrupts disabled. Ideally, the
monitor should also be able to jump to the designer
program with the interrupt enable flip-flop set to the
same state as it was on the last entry to the monitor.
This is impossible with the 8080A (unless external
logic is used), as there is no instruction to read the
interrupt enable flip-flop in the cpu. This capability
has been incorporated into the 8085 processor with
the introduction of the read interrupt mask instruction
(rRIM).

The optional breakpoint at Y remains set until the
monitor becomes active again (ie, until the breakpoint
is executed or until the RESET line is toggled). Then,
after disabling interrupts and saving registers, the
monitor restores the original contents of the break-
point location. Because the breakpoint is in effect only
when the application program is running, it is re-
ferred to as a “‘runtime” breakpoint.

Permanent breakpoints have also been implemented,
and they are set and cleared by additional monitor

commands. Their advantages over runtime breakpoints
are that the designer only has to set them once and
they remain in effect until cleared. This avoids enter-
ing a breakpoint address each time a G or P command
is given. However, permanent breakpoints do introduce
reliability problems that do not occur with runtime
breakpoints. Problems arise when the monitor is active,
and the designer inadvertently overwrites the perma-
nent breakpoints by performing other monitor com-
mands, such as load paper tape or display/alter
memory. The chosen design, and most permanent break-
point designs, make no attempt to protect these loca-
tions, depending instead on the skill of the designer.
Protecting them against all monitor commands that
write into memory would necessitate substantial soft-
ware overhead. No immediate problem arises if a break-
point is overwritten, except possibly that no breakpoint
will occur. However, when the designer later clears the
overwritten breakpoint, errors are probable because
the monitor will restore the breakpoint location to the
value the monitor had originally saved in the monitor
RAM table.

Protection against this situation may be built into
the clear breakpoint monitor routine. If the monitor
clears a breakpoint and finds that the breakpoint
location no longer contains an RST O instruction, then it
does not restore the location to its original value. In
addition, the monitor outputs a special character (¢*?)
to the command terminal to inform the designer.

The chosen design provides one runtime breakpoint
and three permanent breakpoints. Both Intel monitors
provide for two runtime breakpoints, whereas some
other monitor designs provide for a single permanent
breakpoint. As already mentioned, the main advantage
of the permanent breakpoints is that they do not need
to be entered each time a G or P command is given.
The main advantage of runtime breakpoints is that
they allow the designer to continue execution from
the point at which a runtime breakpoint occurs; enter-
ing a G or P command without a start address after
a runtime breakpoint is encountered acts as a continue
command. It is not possible to continue execution when
a permanent breakpoint is encountered without first
clearing it with the clear breakpoint command. If it
is not cleared, the continue command will cause the
restart instruction to be executed again, and control
will pass back immediately to the monitor breakpoint
routine.

Format of the breakpoint table in monitor RAM is
shown in Fig 6. The first three bytes are reserved
for the single runtime breakpoint and the remaining
nine bytes for the three permanent breakpoints. Con-
ventionally, a breakpoint address of O indicates that
no breakpoint is set; thus, the monitor does not ac-
cept such an address. This is not a limitation because
location 0 is in monitor P/ROM, where a breakpoint
will not work anyway.

When the designer enters a permanent breakpoint
command consisting of the letter B followed by one
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to three addresses, the addresses are stored as they
are entered into the first available permanent break-
point entry, and the byte at the breakpoint address
is stored in the third byte of the entry. If three perma-
nent breakpoirits are already set, no further permanent
ones can be accommodated, and an attempt to set a
fourth results in termination of the command with the
error character (‘?’) output to the command terminal.

To ensure proper restoration of the permanent loca-
tions, more than one permanent breakpoint cannot be
allowed at the same location. Otherwise, by certain
sequences of setting and clearing permanent break-
points, it is possible to restore a breakpoint location
incorrectly. The monitor will not accept a permanent
breakpoint request if the address already appears in
the breakpoint table.

Breakpoint Protessing

A software flowchart (Fig 7) shows monitor processing
on power-up, reset, or when a breakpoint is encountered.
'When the system is powered up, no start-ip message
is output since the monitor cannot distinguish a power-
up entry from a reset or breakpoint entry. The reset
or breakpoint message is output to the command
terminal, but both are meaningless since the designer
has not loaded memory with a program to test.

Since memory presumably powers up in a random
pattern, the three addresses in the permanent break-
point table contain random addresses. The designer
should zero the permanent breakpoint addresses be-
fore loading a program; this avoids the possibility of
overwriting the program by clearing the permanent
breakpoints at a later time. This can be done by enter-
ing the single command c<cr>, which clears all
permanent breakpoints. The table can also be zeroed
using the display/alter memory command or a fill
memory command, provided the designer knows its
location. It is not necessary to clear the runtime break-
point since this is always done automatically by the
monitor.

Requiring the designer to clear permanent break-
points at power-up is inconvenient and a possible
source of error. This is compensated for by the useful-
ness of the permanent breakpoints and their trans-
parency to future resets, which require the designer
to manually restore any existing breakpoints in other
monitors.

Note in Fig 7 that if the runtime breakpoint location
no longer contains an RsT 0 instruction, a special char-
acter ‘*> is output and the breakpoint location is not
restored. Thus, if the designer has overwritten the
breakpoint address in the monitor table, the monitor
is prevented from inserting the saved byte into an
incorrect address. The other error possibility is that
the designer has overwritten the restart instruction in
the program. In either case, the designer is informed
of a problem by the appearance of the special char-
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RUNTIME
BREAKPOINT

1st PERMANENT
BREAKPOINT

2nd PERMANENT
BREAKPOINT

3rd PERMANENT
BREAKPOINT

L= LOWER BYTE OF ADDRESS
H=HIGHER BYTE OF ADDRESS

Fig 6 Monitor breakpoint
table. Table consists of
three bytes for each pos-
sible breakpoint. First three
bytes are reserved for
single runtime breakpoint.
Remaining nine bytes are
for three permanent break-
points. First two bytes of
each entry contain address
of breakpoint. Third byte
contains normal content of
breakpoint location, which
is saved before RST 0 in-
struction is stored. Address
of 0 indicates that no break-
point is set in this entry;
monitor does not permit de-
signer to set breakpoint at
location 0

acter. The end result is that the monitor is less likely
to compound errors if the application program has
bugs. A similar situation can arise when the designer
clears a permanent breakpoint with the C command.
A similar check is made, and the special character
is again output to indicate an error condition.

The four bytes containing the saved contehts of the
breakpoint locations are also vulnerable. The monitor
provides virtually no protection if these locations are
overwritten by the application program. Assuming the
breakpoint address is not destroyed and the breakpoint
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Fig 7 Monitor software flow-
chart. Monitor processing be-
gins on power-up, reset, or
when breakpoint location (A1
through A4) is executed. Moni-
tor assumés that designer exe-
cuted breakpoint location or
toggled RESET line

location still contains an RST O instruction, the monitor
will obediently insert the incorrect byte into the ap-
plication program when any breakpoint occurs or when
the system is reset in the case of the runtime break-
point, or when a breakpoint is cleared with the C
command in the case of permanent breakpoints.

In Fig 7, the basic assumption of the breakpoint
processing routine is that the application program has
just executed a breakpoint location or that the designer
has manually reset the system. If the program exe-
cutes a breakpoint location containing an RST 0 instruc-

tion, the processor pushes the addreds of the next
instruction onto the application program stack and
effectively jumps to location 0. The stack is a block
of R/W memory set aside by the application program
for temporary last in, first out storage of data and
for subroutine linkage. The current location in the stack
is determined by the comntent of a 16-bit cPU register—
the stack pointer (sp)—which can be loaded and modi-
fied by several 8080A instructions.

The breakpoint processing routine outlined in Fig 7
receives control and eventually pops the program
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counter (Pc) of the application program from the stack.
If pc-1 equals a breakpoint address, the breakpoint
routine concludes that the designer has executed a
breakpoint location. If not, it assumes that the system
has been reset.

If the application program sp is not pointing to
R/W memory when the restart instruction is executed
(because of some error in the program or because the
designer forgot to initialize the sp before entering the
execute command), then the breakpoint routine will
pop a meaningless Pc, and will assume a reset has
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occurred. The monitor cannot protect itself from this
occurrence because the use of the restart instruction
for breakpoint implementation assumes that the sp
points to R/W memory.

The processing required to freeze the system and
save the cPU registers when the breakpoint routine
is entered is contained in the first process box of Fig
7; the 8080A code that accomplishes this processing
is shown in the Program Listing. The designer’s stack
is not used as temporary scratchpad in saving the
registers. Both Intel monitors save the cPU registers
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by pushing them, at least temporarily, onto the de-
signer’s stack. Therefore, neither monitor can be certain
of correctly saving the registers because the designer’s
SP may be set improperly. The present design can
guarantee saving all the registers correctly (except
the pc, which must be retrieved from the stack), even
if the designer’s sp does not point to R/W memory.

In the Listing, the entire set of application }rogram
registers is saved in the monitor registe table without
utilizing the application program stack. HL register
pair is saved first, followed by Pc, which is popped
from the stack. sp is saved next and, since the DAD sp
instruction clears the carry fiag (cy) in this program,
a branch to ENTRI is necessary if cY is set. sP is then
reloaded, and the remaining registers are saved. Once
this occurs, sP is properly positioned at the beginning
of the monitor stack area, as shown in Fig 5.

Similar considerations are used in implementing the
G and P commands. The Intel monitors implement
the G command by executing a group of instructions
set up in the monitor R/W data segment, which re-
stores the application program register values to the
cpU, and jumps to the selected start address. However,
these instructions are set up in the monitor data seg-
ment only at power-up/res:t and may be overwritten
by an errant program without the designer realizing
it. In the present design, the registers are restored by
instructions in the code segment that cannot be over-
written. A jump instruction is set up in the monitor
data segment each time a G or P command is entered.
This guarantees that the designer’s registe. values
will be restored properly to the cpu and that the
designer will at least reach the desired start address
in the program under test. For the G command, in-
structions to enable interrupts and jump to the speci-
fied address are set up in  4-byte buffer i the monitor
data segment, and are the last instructions executed
by the monitor before the application program takes
over.

EI ; Enable interrupts
JMP X ; Jump to address X

where X is the specified start address. The P command
sets up the same jump instruction but prefaces it with
a disable interrupts (pI) instruction instead of an
enable interrupts (EI) instruction.

If the monitor 1/0 port(s) use programmable chips
(such as the 8251 universal synchronous/asynchronous
receiver/transmitter for the command terminal inter-
face), it is desirable to initialize aid program them
immediately after saving the applicat’ n program cprU
registers. (Ideally, none of the 1/0 ports should be
shared by the application program.) Initializing the
chips on every monitor entry will guarantee that the
port(s) will operate correctly even if the application
program has inadvertently reprogrammed them by
executing erroneous code.

The idea of reinitializing the monitor 1/0 port(s)
on every entry illustrates an important point in design-
ing debug software; namely, always assume that errors

exist in the program. Allow the monitor to refresh
its proper state as frequently as possible to assure
reliable operation despite the potentially unfriendly
intrusion of an untested program.

Summary

This software breakpoint design approach serves the
8080A microprocessor operating within the structure
of a debug monitor. Breakpoints are implemented with
the RST O instruction, allowing the seven remaining
interrupt levels to be used by the program under test.
The design is therefore well suited to debugging and
testing complex interrupt driven, realtime software.
Shortcomings and reliability problems associated with
the interaction between the software under test and
breakpoint processing are discussed, as are suggestions
of mechanisms for minimizing errors and notifying the
designer of problems.

Although the present design is directed to the 8080A,
the general problems encountered are common to many
microprocessors. The design adopted in other cases
depends heavily on the architecture of the particular
microprocessor. From the designer’s point of view, the
most important objectives to be achieved in a break-
point design are reliability and minimal use of the
Processor resources.
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SIMPLE HARDWARE APPROACH
TO ERROR DETECTION

AND CORRECTION

For reliable data transmission/reception, decimal checksum and
modulus arithmetic techniques are derived that pinpoint location of
single- and double-error bits. Simple hardware circuits have been
designed to correct such errors automatically, at low cost and at

low complexity in system integration

Richard C. Montgomery Honeywell, Inc, Denver, Colorado*

Single- and double-error correction codes can be
developed for reliable data communication through a
simplified approach that relies on hardware rather
than on mathematical terms. A number of texts'? have
presented the fundamental properties of digital error
detection and correction codes in mathematical terms,
but little material has been provided dealing with
specific hardware implementation.

To establish a background for a discussion of a
simple method for developing and implementing such
codes in hardw re, assume that a transmitter (T) emits
groups of 15 binary bits (Fig 1). Assume also that if
the bits are used to imply a number, position 1 is the
least significant bit (LsB), position 15 the most signif-
icant bit (MsB), weighting is as indicated, and the bits
are transmitted serially with bit 15 first. Of these bits,
some are data taken from a random source, and some
are error-control that are inserted as desired.

A receiver (R), which receives the 15-bit groups,
has the task of detecting errors that might have oc-
curred while transferring the groups from transmitter
to receiver. If all 15 bits are derived from a random
data source, there is no method for determining whether
an error has occurred. Therefore, it must be ascer-

*Mr Montgomery is currently employed at EMR Telemetry, Sara-
sota, Florida.

tained how many error-control bits to insert and how
to use them.

A simple method is to utilize bit 1 as a parity bit.
Thus, bit 1 is adjusted so that the total number of 1s
in the 15-bit group is odd, resulting in 14 data bits
in bit positions 2 through 15, and an odd parity bit
in position 1. At the receiver, the 15 bits are examined
(either serially, one at a time, or in parallel, all at
once) to gain information about possible errors. If no
errors occur in transmission, there will be an odd
number of 1s in the 15-bit sequence. If an odd number
of errors occur (1, 3, 5, ..., 15), the number of 1s in
the received sequence will be even. If an even number

Lss MsB
sits [ [2]3]a]5]e]7]8]s]o]ti]iz]i3]ia]i5]
© Q0833 2 3 WEIGHTING
- Q¥ o -

Fig 1 Format of assumed data stream for serial data
transmission. MSB is transmitted first, followed by re-
maining bits
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of errors occur, the received sequence will contain an
odd number of 1s, the same as if no errors occur.

In any case, although this parity method can detect
errors, it cannot correct them. The parity bit may show
that one of the 15 bits is in error, but it is of no
help in identifying that bit. Therefore, to implement
codes capable of correcting errors, the first goal is to
correct a single-error bit. Simply stated, when the

LSB MSB

1 2345 6 7[s]s 0]z afis]

0,0 008 001008 1 ¢ aa i

Fig 2 Typical serial data format. Bits 15
(MSB), 11, and 8 are logic 1; remaining
bits are logic 0

15-bit block has been processed by the receiver, there
should be a pointer, made up of several bits, that
directly picks out which bit, ii any, is in error.

Decimal Checksum

To examine this method, analyze the following pos-
sible solution. Ci uitry could be added to the trans-
mitter to determinc the number of each bit transmitted
(in 1 through 15 notation) and, if a particular bit is
a 1 (oN or activated), add the position number of
that bit to a checksum (called R(X)r). For example,
in Fig 2, 1s are located in bit positions 15, 11, and 8.
Thus, the checksum is R(X)p = 15 + 11 + 8 = 34.

If sufficient space exists in the 15-bit sequence, this
checksum c¢.n be transmitted along with the data (ie,
some bits are data and some are checksum). When
this sequence is received, a second checksum, R(X) g,
is computed and compared to the checksum transmitted.
If the message is received with no errors, R(X)g =

15 + 11 + 8 = 34, and |R(X)z — R(X)g| = |34 —

| 2 34 56 7:8 9101 1213

34| = 0 (no errors). Suppose, however, that a single
WEIGHTING — ¥ @2 o
TRANSMITTED MESSASE: L2 3|4|5 3 7|.a|9 1011 1 131415 A
RECEIVED MESsAge | 2 3 4 5 6 7|a|9 1011 1213 1415
LsSB : MsB
CHECKSUM iU DATA Fig 3 Simple decimal checksum. In this

technique, some errors may not be iso-
lated. If message sequence A is trans-

RECEIVER CANNOT DETERMINE
WHICH OF THESE TWO
INTERPRETATIONS IS CORRECT

12 3[a]s s 7jTL9 1011 12 13

415 C  mitted, and an error causes sequence
B to be received, receiver cannot deter-
mine whether bit 8 was added (C) or
bit 4 '+ as deleted (D)

14 15 D

CHECKSUM : DATA
|24 8
A | 2 345 67 89 101112131415

B |||2|3|4|5|e 7 8 9 10 11 12 13 14 |5

||2 3|455]e[7 8 9 10 11 1213 14 15

D ||2|3 4 5 6 7|a|9 |o|||||z 13 1415
B

LS MSB

o

Fig 4 Modulo-16 arithmetic. When this
method is used for checksum generation,
only four positions are required for check-
sum; A, B, and C show checksum which
would result from certain data bit patterns.
D shows that modulo-16 sum of 15 + 11 +
8 = 2, as discussed in text
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error occurs and causes a 1 to appear in bit position
13. In this case R(X)g = [15 + 13 + 11] + 8 =
47, and |R(X)r — R(X)gr| = |34 — 47| = 13, indicat-
ing that bit 13, as received, is incorrect. Similarly, if
a single error occurs and causes bit 8 to be a 0,
R(X)g = 15 + 11 = 26, and [R(X)r — R(X)g| =
|34 — 26| = 8, indicating that bit 8, as received, is
incorrect.

While this method could be implemented, it has
two disadvantages. First, the checksum expressed as
a binary number can be large, thus unnecessarily
occupying many of the 15 bits being used. Second, if
single errors occur in the checksum, they may be
interpreted incorrectly (Fig 3).

Modulus Ari: hmetic

To correct the first disadvantage (too many bits for
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the checksum), consider the following example. Posi-
tion numbers of bits 1 through 15 require only four
binary bits for definition, that is, 0001 through 1111.
Thus, when the transmitter adds up the checksum,
made up of four bits, it could discard the portion of
any sum that results in a number larger than 15, ie,
number 16. Using this technique, the example of Fig
2 yields

(15 +11) =26 > 26 — 16 = 10;
(10 +8) =18->18 —16 =2.

Thus, the transmitted checksum is R(X), = 2 = 0010.
This method of adding is called modulo-16 addition.

Continuing with the same data (Fig 2), suppose an
error occurs and causes a 1 to appear in bit position
13. The receiver computes its checksum as

(15 + 13) =28~ 28 — 16 = 12;
(12+11) =23>23—16= 7;
(7+8) =15;or «R(X)r =15.

As before, [R(X)r — R(X)g| = |2 — 15| = 13, pointing
to the error at bit position 13. Testing shows that this
approach is valid, so that 15-bit sequences (Fig 4) can
be used to correct single data errors, using 11 data
bits and 4 checksum bits.

Modulo-2 Arithmetic

While modulo-16 addition is not particularly difficult
to implement in hardware, a simpler arithmetic, called
modulo-2, works equally well. The truth table for
modulo-2 arithmetic, along with a modulo-2 adder,
is shown in Fig 5. Returning to the data sequence of
Fig 2, modulo-2 arithmetic provides

15=1111

+11=1011
0100 Modulo-2

+8=1000
R(X)r=1100 Modulo-2

If an error occurs and causes bit position 8 to be a 0,

I=1111 R(X)r =
+11=1011 —“R(X)r =0
RX)s=0100 Modulo-2 1000=28

Position Renumbering

The second disadvantage concerns errors that occur
in the checksum. In the sequence shown in Fig 3, if
the 1 in bit position 4 is erased, the receiver cannot
determine whether the error is in bit position 4 or in
bit position 8. The problem is that there are bit posi-
tions in the data sequence that can change the check-
sum by only one bit when they are added or deleted,
as follows:

Checksum
Weighting Checksum Bits
1234
1 1000
4 V194 Error Positions (1)
4 0010
8 0001

This situation is not a problem with checksum bit
positions 1 or 2 because they point to themselves.
The problem occurs when an error appears in bit
position 3, giving |[R(X)r — R(X)g| = 4, or an error
in bit position 4 gives [R(X)r — R(X)g| = 8.

This problem can be solved by renumbering the bit
positions. In Fig 1, the bits are numbered 1 to 15 in
sequence from left to right. Consider the numbering
scheme shown in A of Fig 6, called bit location num-
bers. A shows that if an error occurs in bit location
4, the checksum changes by 4. The remaining data-bit
positions can be numbered as desired, as long as 1, 2,
4, and 8 are not used. B shows the chosen numbering
method. Other numbering methods would also work.?*

Checksum Generation

Having overcome both disadvantages, hardware imple-
mentation is considered. In Fig 7, assume that the

Fig 5 Modulo-2 arithmetic. One reason why
modulo-2 arithmetic is more convenient is
because addition and subtraction look the
same. Modulo-2 addition or subtraction is
equivalent of exclusive-OR of two signals,
as shown in truth table and gate
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CHECKSUM -

Fig 6 Renumbering bit positions. Scheme resolves
ambiguities of Fig 2, and provides workable error
detection and correction code. Bits have been re-
numbered so that location numbers of checksum
bits correspond to their binary weights, as in A.
Data locations can be numbered as desired, as

WEIGHTING 1 2 4 8° DATA
g 248
g | 24 8i3 61211 5107 1415139
LSB : MSB

long as 1, 2, 4, and 8 are not used

DATA IN DATA OUuT

P N

CLOCK
(CLK)

TRANSMITTER (T) = 1/2 7474,0R 1/4 74I175,0R |1/6 74174, ETC

S| S2 S3 S4 S5 S6 S7 S8 S9 SIOSI|

MSB LSB

DATA |9 Ii3 1514 7 105 1l 126 3
0 0 0O 000 0900
FINE ————®&

©0—» CHECKSUM

Fig 7 Transmitter checksum hardware cir-
cuit. This circuit generates checksum cor-
responding to bit location numpers of Fig 6.
If T1 to T4 are initially 0, and a bit is shifted
in at S1, followed by Os at S2 to S11, the
content of T1 to T4 will be 1001., or 9, the
location number of the MSB

four transmitter flip-flops (T1 to T4) are initially set
to 0, and that the data sequence contains a 1 in the
MsB, followed by ten 0s. In this case, the following
sequence occurs: ‘

(msB) Ty Ts Ta Ty (LsB) Decimal
Clock Data 0000 No.
S1 1 00 1 1 3
S2 0 0110 6
S3 0 1-d:-0 0 12
S4 0 Teueeda X 11
S5 0 0101 5
S6 0 1 610 10
S7 0 01 1 1 7
S8 0 Lo 61,0 14
S9 0 1 17 ) CAEH [ | 15
S10 0 Ead 00 1 13
S11 0 100 1 9

Treating this transmitter sequence as 4-bit binary
numbers (with Ty = 1sB and Ty = MsB), the same
bit location numbers evolve as used for the data posi-
tions of B in Fig 6, that is, 3, 6, 12, 11, 5, 10, 7,
14, 15, 13, and 9. Furthermore, if a 0 appears in the
data MsB, a 1 in the next bit (MsB-1), and then nine
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0s, the sequence ends at 13 (S10). Similarly, correct
results occur if a 1 appears in any single data-bit
position.

Now, consider the transmitter data sequence that
occurs with 1s in the two MSB positions (9 and 13)
and Os in the remaining positions, as follows:

(msB) Ty Ts T T: (LsB) Decimal
Clock Data 0000 No.
S1 1 040 -1 1 3
S2 1 0101 5
S3 0 1010 10
S4 0 IR [ [ | T
S5 0 Jasde 150 14
S6 0 i B L S 15
S7 0 EN L 13
S8 0 1. 0.0 1 9
S9 0 070401 1
S10 0 0" 0.1 0 2
S11 0 0.1 0 0 4

Thus, the content of T; through T4 corresponds to the
checksum expected if the bit location numbers of the
two MsBs are added (modulo-2)
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1101 = 13 (mss-1 Location)
+1001 = 9 (msB Location)

0100 = 4 (Modulo-2) = S11
Furthermore, if the two ls in the transmitter data
sequence had occurred one clock time later, the final
result (S10) would have corresponded to the proper
modulo-2 sum.
15 =1111 (msB-2 Location)
13 =110 1 (msB-1 Location)

2=0010 = S10 (Modulo-2)

Thus, the hardware of Fig 7 not only counts in the
sequence desired, but also performs correct modulo-2
addition. For any 11-bit data sequence, the hardware
of Fig 7 generates the proper checksum required for
error detection and correction at the receiver.

Single-Error Detection

The checksum can be used by the receiver to detect
and/or correct errors with the receiver circuit shown
in Fig 8. It is almost identical to the circuit used at
the transmitter, the difference being that the data are
applied at the least significant position. Also, the re-
ceiver handles a 15-bit sequence, consisting of 11 data
bits and 4 checksum bits.

Operation of the receiver can be examined by assum-
ing that a message, consisting of the MsB data bit
and its proper checksum, is transmitted correctly. The
selected transmitted message then appears on an oscillo-
scope as

MsB LsB!

S| Sii:sli2 SI5

IIIOOOOOOOOOOII'O OIII

\ —Tq T3 T2 T
DATA CHECKSUM

The sequence in the receiver register (R; to Ry),
initially assumed to be zero, would be

Checksum

(msB) R Rs R: R: (LsB) Decimal

Clock % 0000 No.
S1 1 0001 1
S2 0 0010 2
S3 0 0100 4
S4 0 1000 8
S5 0 0011 3
S6 0 0110 6
S7 0 1100 12
S8 0 1¢0-1-1 11
S9 0 0101 5
S10 0 1 010 10
S11 (1] 0111 7
S12 1 1 111 15
S13 0 1101 13
S14 0 1001 9
S15 1 00 0O 0

At clock pulse S15, the receiver register contains
decimal number zero (0000:). Thus, the receiver

register has calculated the checksum of the 11 data
bits, and subtracted from it the four transmitted check-
sum bits. The zero at S15 indicates that no error
occurred in the transmitted sequence. )

Suppose that the same sequence is transmitted, but
that an error (El) occurs, causing the following
sequence to he received:

Checksum
(msB) Rs Rs Rz Ry (LsB) Decimal
Clock Data 0 0 0O No.
S1 1 00 01 1
S2 0 0010 2
S3 0 0100 4
S4 El 1001 9
S5 0 0001 1
S6 0 0010 2
S7 0 0100 4
S8 0 1 000 8
S9 0 0011 3
S10 0 0110 6
S11 0 1100 12
S12 1 1 010 10
S13 0 0111 7
S14 0 L 4 I A 15
S15 i | 13 1 0 14

At clock pulse S15, the receiver register contains 1110,
which is 144y. Referring to Fig 8, 14 is the location
number of the bit that occurs at S4. Checking confirms
that if any single error occurs in any properly encoded
sequence, the receiver register contains the appropriate
error-location number at S15 (using the notation of
Fig 8). Thus, the following is true at S15:

a. No errors: R: through R; = 0000,

b. 1 error: R. through Ry = bit location number in Fig 8
notation,
c. 2 errors: R through R: # 0000, never 0,

d. 3 to 15 errors: Ry through R: = Not 0

3 ; L or 94% of the time

=0 (1/2* or 6% of the time).
Finally, if R; through Ry are used for error detection
only, they will detect all single and double errors,

and approximately 94% of all multiple (3 to 15)
errors.

Single-Error Correction

If the msB of the data is in error, Ry through R;
(Fig 8) produce 10015 or 9y at S15. Also, if the bit
after the MsB is in error, Ry through R; are equal
to 1101, or 13;0. Then, if the receiver register is right-
shifted once, with a zero input (0000), 1101, becomes
1001,. This behavior is consistent, and provides the basis
for Fig 9.

The circuit of Fig 9 operates as follows. Incoming
data are entered into a 15-bit shift register (A). Gate
(B) is provided so that 15 bits of the received sequence
can be shifted into (C), followed by 0Os. During the
time that the received sequence is being processed by
(C), the checksum is formed as previously discussed
(Fig 8 and examples). When the last bit of the trans-
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DATA

IN DATA OUuT

CLOCK
(CLK)

SI0  Si2 Si4
S| S2 S3 S4 S5 S6 S7 S8 S9 St SI3 SIS

LOCATION
NUMBER

9 B4 T I05 I1 12 6 3.8 4 2 |

360 1 9 18 1 0

RECEIVER (R) = R|, Ry, Ry, Rq, = 1/2 7474, 1/4 74175, 1/6 74174, ETC.

ORISR 117 1AL UGN R R ARG (40 ] 0 § SO

Fig 8 Receiver circuit for single error de-
tection. Circuit processes data produced by
transmitter of Fig 7, and produces |R(X)r —
R(X)r| error-location pointer. Fifteen bits,
made up of 11 data bits followed by 4
checksum bits, are shifted into the register,
resulting in 0 if no error occurred, or an
error location number

DATA . - —
MSB LSBT, T T T
TIME —————»

mitted checksum is in (C), the mMsB of the received
sequence is at the output of (A). If the data are
error-free, Ry through R; are 0y, (0000:), and no
correction occurs. If any single bit (X) is in error,
Ry through R; are 1001, or 9;p when (X) arrives at
the output of (A); then, (D) and (E) cause (X) to
be corrected. In a real system, it is best to disable (D)
during the time that data are being entered into (C),
because the pattern 1001, might legitimately occur
during computation.

The circuitry of Fig 9 is usually the simplest method
of correcting single errors. Even if the data stream
is continuous (so that one 15-bit block is being pro-
cessed while the previous 15-bit block is being cor-
rected), it is only necessary to duplicate (C) and to
provide correct gating signals.

Other Checksum Generators

As previously described, B in Fig 6 is not the only
numbering sequence that will work. Published lists
exist that can be translated into the required feedback
connections, with registers similar to Figs 7 and 8, to
generate other sequences.® These lists commonly use the
following notation: Fig 7 would be referred to as X*
+ X + 1; that is, X* (the output of T%) is added
(modulo-2) to X (the input of Ty;) and 1 (the data
input of T;).

In Peterson’s notation,®* X* 4+ X + 1 could also be
written as 23g, representing (010) (011) = 0X® +1X*
+ 0X3 4+ 0X2 + 1X + 1 = X* + X + 1. One register
connection, which will generate a workable sequence, is

the reciprocal of X* + X + 1, which is

DATA IN Y——

GATE

R T

LSBT T3 T2 Ty

GATE I

[>—> CORRECTED DATA

(E)

DI

Fig 9 Single-error correction
circuit. Circuit processes data
produced by transmitter of Fig
7 and uses error-location pointer
to correct an error. Fifteen bits
of data are shifted simultaneous-
ly into A and C; the checksum
[R(X)r — R(X)r| is computed in
C. If a single error occurs, the
erroneous bit will appear at
output of A at the same time that
R:R:R:R: = 1001. Gate D detects
the 1001, and causes E to in-
vert (correct) erroneous bit

CORRECTED DATA

FESLERIRERARNDRER

MSB

LSB R4R3R2 R
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X X X % N

Gt +TSlTE X=X +X+],

or in Peterson’s notation 31s. Of these two choices, 235
or 3lg, only one would be listed by Peterson.

Double-Error Correcting
Checksums

Referring to Fig 6, single-error correction works be-
cause the checksum is able to point to 0 for no
errors, or to 1 of 15 specific, single-bit errors. A
double-error correcting checksum must still be able
to point to O if no errors occur, and to the 15
possible single-bit errors. Also, a double-error correct-
ing checksum must be able to point out 14 errors
that involve the MsB and 1 other bit, 13 errors that
involve the next MsB and another bit, etc. In total,
it must be able to locate 15 + 14 + 13 + 12 + 11
+104+94+8+7+6+5+4+4+3+2+4+1-=
120 single or double errors plus the error-free condi-
tion. The smallest integer N for which 2¥ — 1 is
greater than 120 is N = 7. Although it is possible to
construct sequences of seven checksum bits and eight data
bits with some double-error correcting capability, it
is not attempted here because no such sequence corrects
all double errors. This article explores, instead, the pos-
sibility of constructing a sequence of eight checksum

This requires that (a) the checksum associated with
any one of the 15 single-error locations points to that
location, and (b) the modulo-2 sum of any two single-
error checksums points to a unique pair (and not to
any single-error position). In the single-error correct-
ing example, the checksums are arranged so that
changing any single data bit causes at least two check-
sum bits to change. In fact, the numbering is changed
to that of B in Fig 6 to accomplish this. This property
is referred to as “minimum distance,” and the coding
used has a minimum distance of 3; that is, 1 (data
bit) plus at least 2 (checksum bits) equals at least
3 (minimum distance). A double-error correcting
checksum requires a minimum distance of 5. That is,
changing one data bit must cause at least four check-
sum bits to change.

The particular checksum generator chosen is (in
Peterson’s notation®*) 721g, or X8 + X7 + X6 + X*
+ 1 (Fig 10). This generator is the modulo-2 pro-
duct of generators 233 (X* + X + 1) and 37g
(X* + X2 + X2 + X 4+ 1). This generator meets
the requirements, stated in proper terms, because the
polynomial (X% 4+ X7 4+ X® 4+ X* + 1) has four
consecutive roots, guaranteeing a minimum distance
of five units.”

If a 1 followed by six Os of data is shifted into this
register, the resulting states are

bits and seven data bits with double-error correction Checksum
capability. In previous examples, when the receiver com- (msB) Tu Tr To Ts Ty Ts T> Ti (LsB) Decimal
pleted its calculations, the checksum register contained Data 00 00O0UOU OO No.
the location, in format B qf Fig .6, .of the erroneous b.it 9 1 11010001 209
(or 0 for no error). Since similar construction is
used for double-error correction, the checksum ends up il L M LES
with 11 0 =t 9 e 1 % 0 230
12 0 9,00 1. 1 1 @ 1 29
a. 0 for no errors, 13 0 00111010 58
b. bit location of the error for 1 error, or 4 0 o di 11 6 10 O 116
c. modulo-2 sum of the locations of two errors. 15 0 ¥ 11901000 232
DATA IN DATA OUT

O CHECKSUM

out
Fig 10 Double-error transmitter circuit.
This generates 15-bit sequences with an
8-bit double-error correcting checksum.
The checksum corresponds to the poly-
nomial X* + X" + X®* + X* + 1, which is
product of X* + X + 1 and X* + X* + X*
+ X + 1. If seven data bits are shifted in,
the resulting state of T1 to T8 will be the
eight checksum bits
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D‘};A — DATA OUT

Fig 11 Double-error receiver pointer cir-
cuit. Register processes data produced by
transmitter of Fig 10, and provides error-
location pointer capable of correcting double
errors. 15-bit sequence, consisting of 7 data
bits followed by 8 checksum bits, is shifted
in; result can point to any combination of
one or two errors

In the notation of Fig 6, the location numbers of the
sequence generated by Fig 10 are

T|=—CHECKSUM—=Tg | 55 +—DATA—ycp

209
115
230

@ 0|
|l |||V ] Ol o= |9
=™ 0| = N[B|=|q

No two location numbers are the same, thereby ensur-
ing that single errors can be corrected. Note that the
modulo-2 sum of any two location numbers does not
equal the sum of any other pair of location numbers
or any single location number, thus ensuring double-
error correction.

One-Step Lookup

The checksum generator used at the receiver is shown
in Fig 11. Observe its similarity to Fig 8 and Fig 10.
If seven bits of data followed by eight bits of checksum
(generated by Fig 10) are shifted through Fig 11, the
result is

a. 0 if no errors occur,

b. 1 of the 15-bit location numbers if a single error
occurs,

c. 1 of the 105 pair pointers if a double error occurs, or
d. 1 of the 135 (256 - 121) pointers to uncorrectable (?)
multiple errors, but not 0 unless five or more errors
occur.
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The correction circuitry is shown in Fig 12. When the
15th bit of the received sequence has been shifted
into (A) and (D), R; through Ry contain the 8-bit
checksum. This checksum is used to address p/roMm(B).
The output of (B) (ie, data D; to Dg at address R;
through Rg) is routed to decoders (Cl) and (C2).
Decoder (Cl) points to one of the erroneous bits in
(D), if there are any. Decoder (C2) points to the
other erroneous bit in (D), if there is another. Thus,
the data are corrected immediately.

The only difficult aspect of Fig 12 is the program-
ming of the P/RoM. This may be done as follows:

e. If Rg through R; = 00000000, then Dg through
D; = no error

f. If one of the single errors is indicated by Rg
through R;, then Dy through D; = 0 and Dy through
D; point to the error. For example, if Rg through
R; = 11101000, D, through D; = 0000 and Dg
through D; = 1111, indicating a single error at bit
position 15 (the mMsB).

g. If Rg through R; indicates an error pair, Dy
through Dy points to one error, and Dg through Dj
points to the second error. For example if Rg through
R; = 10100101, Dy through D; = 1001 and Dg
through D; =1110, indicating two errors at bit posi-
tions 9 and 14.

Since it is not usually necessary to correct errors in
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DELAY AND CORRECTION CIRCUIT

BIT I BIT IS

CORRECTED
DATA

Fig 12 Double-error receiver correcting
circuit. This processes data from Fig 10,
and uses a P/ROM to translate checksum
into bit location of up to two errors. Both
errors can be corrected immediately. A
15-bit sequence, 7 data bits and 8 check-
sum bits, is shifted simultaneously into D
and A. Checksum is used to address
P/ROM B, whose outputs point to zero,
one, or two errors associated with the
checksum. One error is corrected via C1,
the other via C2, when enabled by the
GATE signal

the checksum bits, it may be necessary only to program
85 of the p/ROM locations:

h. 1 place for no errors,

i. 7 places for single-data errors,

j. 21 places for double-data errors, and

k. 56 places for one data and one checksum error.

The remaining P/ROM locations must point to some
harmless place, such as the no-error location. The
bulk of the double-error correcting receiver circuit
could be constructed from the following:

l. four 8504s (presettable polynomial generator) for
(D) delay and correction,

m. five 7404s (hex inverter) and two 74154s (4-line to
16-line decoder/demultiplexer) for (Cl) and (C2)
decoders,

n. one 748471 (p/rom) for (B) or 82S114 (»/roM),
and

o. two 74175s (quad, D-Type, flip-flop) and one 7486
(quad, 2-input, Exclusive-or) for (A) or two 8504s
(presettable polynomial generator).

Programming of the P/rRoM can be hand-calculated
or done on a computer.

The construction shown in Fig 12 is reasonably cost
effective for 15-bit sequences. A similar construction
could be extended to longer sequences, for example,

a 21-bit data with a 10-bit checksum sequence, etc.
A similar construction also works for triple (or higher)
error-correcting codes. In either case, there is a
practical limit because of the size of the required
P/ROM.

Two-Step Lookup

Consider a different construction that requires less
P/ROM, but more circuitry. As previously mentioned,
the checksum generator of Figs 10 and 11 is the
modulo-2 product of two smaller generators. The
receiver version of these generators is shown in Fig
13. It can be verified that any error-free sequence
encoded per Fig 10 results in R;; through Ry =
0000, and Rs; through Rey = 0000, if received error-free.

If a single error occurs, the content of Rj;-Ri,
after the 15 bits are shifted in, will be the same error
location numbers that were generated by Fig 8. This
same single error will generate an error location num-
ber in R.;-Roy, different from that in Ri;-Rys. A table
can be generated which shows the error checksum in
R;;-R;s and Rs;-Ruy, for each of the 15 possible error
locations. If, for example, the MsB is in error, Rj;-Ryy =
1001 and RQI-R;H == J111.

If a double error occurs, the content of Ry;-Ris and
Ro1-Roy, after the 15 bits have been shifted in, will

be the modulo-2 sums of the error location numbers
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DATA

Fig 13 Double-error receiver pointer cir-
cuit. Data produced by transmitter of Fig
10 can be processed through pair of re-
ceiver registers which generate two error
SDATA pointers. If 7 data bits, followed by 8

out checksum bits generated by Fig 10, are

ST

then two error location pointers will re-
sult. These two pointers (R11 to R14 and
R21 to R24) provide sufficient information
to correct any combination of one or two
errors

I shifted into R11 to R14 and R21 to R24,

of the two individual errors. If, for example, the
MsB and the MsB-1 are in error,

Ru-Rie = 1001 Ra-Ros = 1111
+1011 +0001

0010 1110

The key point is that no combination of one or two
errors other than MsB and MsB-1 will cause Ri1-Ryy =
0010 and Rs;-Rsy = 1110 simultaneously.

Error correction can be done as follows: A 15-bit se-
quence, 7 data bits followed by 8 checksum bits, is
shifted into a 15-bit delay register and simultaneously
into R;;-Ry4 and Rei-Rag. Ryi-Rys are used to address a
P/ROM, whose outputs D;-D; are the values expected
in Rs;-Roy if an error occurred in the MsB and another
bit. If D;-Dy = Ru;-Roy, the MsB is corrected as it
leaves the delay register. If D{-Dy = Rs1-Ray, Ri1-Rig
and Ro;-Roy are shifted (with O input) and the check
for D;-Dy = Ry -Roy is repeated.

It can be verified that the following will occur

No Error: R11-R14 = 0000 R21-R24 = 0000

One error: D;-Dy = Ry;-Rsy once during 15 shifts,
correcting the single error as it leaves the
delay register.

Two errors: D;-Dy = Ry;-Rsy twice during 15 shifts,
correcting each of the two errors as they
leave the delay register.

Summary

Presenting single- and double-error correction codes
as a form of arithmetic, rather than algebra, may
simplify the use and understanding of these codes.
The checksum methods discussed allow analysis of
both random and burst-error correction codes. The
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most important consideration is that the receiver check-
sum generator used must produce a unique checksum
associated only with the error to be corrected. As the
cost of memory elements decreases, the 1- and 2-step
multiple-error correction decoders described become
increasingly effective when compared to traditional
methods. The hardware techniques described can be
used with a wide variety of error correction block
lengths, and are applicable to single-, double-, and
multiple-error correction procedures.
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Looking For Price/Performance Balance
In Data Acquisition Systems?

Weigh These Facts:

Internal
Model Nonlinearity [ Throughput| Amp | Price (100’s)
SDM856JG | £0.024% 38kHz No $ 99.00
SDM856KG | +0.012% 27kHz No $125.00
SDM857JG | £0.024% 38kHz Yes $125.00
SDMB857KG| +0.012% 27kHz Yes $138.00

...and include all the functions you need in a powerful 12-bit, 16-
channel data acquisition system - including 3-state digital
outputs that interface quickly to 4-, 8- or 16-bit data buses.

CIRCLE 60 ON INQUIRY CARD

12 BIT A/D
CONVERTER

An integral, low drift differential amplifier with gains
programmable from 2 to 500 handles transducer inputs down to
+10mV FS! And you have total design flexibility because all
input/output connections to internal functions are available at
the pins.

This hybrid measures only 2.2" x 1.7" x0.22". Its exclusive 80-pin
quad-in-line design lets you run circuit traces under the single
ceramic substrate, without insulation, to save up to 2 square
inches of board space.

Learn much more - call, write Burr-Brown, Box 11400, Tucson,
Arizona 85734. Phone: (602) 746-1111.

BURR-BROWN

Putting Technology
To Work For You

srenTeEnnAM oNCTAN AHICAGO | ONDON. LOS ANGELES, NEW YORK, PARIS, SAN FRANCISCO, STUTTGART, TOKYO, TUCSON, ZURICH



6500 performance, one-chip price.
That’s Rockwell Micropower.

The fastest selling microproces- R6500/1 PROJECTION
sor is now a one-chip microcom- | 7
puter — Rockwell R6500/1. 6
The low-cost solution for high | 5
speed controllers, instrumentation |4, \ .
and much more, the R6500/1 has |g B
6502 CPU, 2K-byte ROM, 64-byte |3 e
RAM, 16-bit programmable, 4-mode | 2
counter/timer, and 32 bidirectional |
ports. It operates on single 5V power.
Proof is its performance. 6500 in- [ 1978 1979 1980 1981 1982

struction power—13 addressing modes. 1us minimum instruction execution
at 2 MHz. Benchmark it against any available one-chipper at any clock rate.
R6500/1 is totally upward/downward compatible with the entire 6500 family.

It's fully supported with disk based SYSTEM 65 and high level PL/65 language.
And Rockwell provides Emulator device for PROM prototyping.

R6500 on one chip—that's Rockwell Micropower!

For more information, contact Department 727- A2, Microelectronic Devices,
Rockwell International; P.O. Box 3669; Anaheim, CA 92803, or phone (714) 632-3729.

’i‘ Rockwell International

..where science gets down to business
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MULTIPLE PROCESSOR
MINICOMPUTER SYSTEMS—

PART 2: IMPLEMENTATION

Cost-effective MPS design can be assured through application of
systematic design methodology that allows alternative architectures

to be compared

Burt H. Liebowitz

International Computing Company, Bethesda, Maryland

Part 1 of this 2-part article, published in October, pro-
vided a comprehensive overview of distributed pro-
cessing design concepts by comparing mainframes
and multiple processor systems as to advantages and
disadvantages, cost-effectiveness, and technical as-
pects, and presented a systematic approach to the
resolution of issues essential to successful design of
such systems. Emphasizing these basic principles, Part
2 concludes the discussion by applying the MPS de-
sign guidelines to resolve realtime computational sys-
tem situations.

The process of designing a multiple processor sys-
tem encompasses successive major tasks. The first in-
volves the development of a detailed functional
requirements specification (Table 1). After this specifi-
cation is available, a conventional engineering approach
is applied to develop a uniprocessor design in terms
of a standard computer. For example, a computer X
times as powerful as the standard computer with Y
words of main memory and a certain file structure will
satisfy system requirements. This model provides a
starting point for the distributed system design. Then,
several architectures using X or more standard com-
puters are developed and compared. Finally, the most
promising architecture is selected and refined against
the requirements. In a multisite structure, the archi-
tecture is evaluated against several traffic models, repre-
senting the range of site characteristics.

Standard Computer

The standard computer represents an available and
thoroughly understood computer that is a priori deter-
mined to be a viable candidate for the multiple proces-
sor system (Mps) design solution. For example, in a
recent effort, the Varian L-100, a 16-bit minicomputer
with a 1l-us memory cycle time, was selected as the
standard computer. A specially developed algorithm
then allowed other computers to be compared with the




L-100. Although the algorithm provided only an ap-
proximate comparison, it proved invaluable in achieving
first cut designs.

If the standard computer is chosen appropriately,
the system solution will require a computer with sig-
nificantly more power for the most demanding traffic
case. If the standard is powerful enough to handle
the most demanding case, a computer with less power
should be chosen as the processor, or a uniprocessor
solution should be considered.

Traffic Model

Next, a traffic model that relates the realtime process-
ing requirements by major functions to the computing
capabilities of the standard computer is developed.
Each realtime function is analyzed to determine milli-
seconds of computing time per call. These estimates
are based on sample programs written for key algorithms
or analysis of existing similar systems.

The functions identified depend on the application.
A typical breakout is among communications, applica-
tions, and file handling. Applications represent the
major transactions of the system. In a banking system,
this might be savings inquiries, deposits, withdrawals,
etc. In the system example described here, the functions
are all communications oriented: terminal processing,
host processing, and trunk line processing.

After all major functions have been identified and
calibrated, the rates at which the functions will be
exercised must be quantified. If the system operates
in a multisite environment, the rates for at least a
representative range of sites must be identified.

Processor Model

A processor model is developed by analyzing the
following functions.

Central Processor Utilization—Percentage of a standard
computer required to process this function under peak
load. This value does not include operating system
overhead.

Online Memory Utilization—Online memory is mea-
sured in 8-bit bytes; it has three components: program
size, table size, and buffer size (for storage of data
in process).

File Utilization—Amount of time per second that the
function uses an online file during peak load. This
value is the product of accesses per function call,
function calls per second, and service time per access.

Interfunction Communications—This function measures
the amount of data in bits and number of messages
sent per second to all other functions.

Central processor unit (CPU) utilization per function
can be calculated by several methods. One approach
is to write or flowchart a test program and, from
that, estimate the number of instructions executed per
call in terms of the standard computer. This estimate
is multiplied by the number of times the function is
executed per second and is divided by the instruction
processing rate per second of the standard computer.
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For example, assume that a function executes 10
times/s and requires 5000 instructions/call. If the
standard computer processes 350,000 instructions/s,
cpu utilization is (10) (5000) /(350,000) = 0.143.

A second approach is to measure cPU utilization per
call by executing a similar function on an existing
processor (which may differ from the standard). Extrap-
olation is then performed to account for differences
in the actual function and the actual processor. Both
activities are presently more of an art than a science.
Processor comparisons can be made by use of elaborate
benchmarks or by hand calculations of the compara-
tive running times of simple, but representative, pro-
grams. Functional comparison is usually made em-
pirically, based on knowledge and experience.

Program size per function for online memory utiliza-
tion can be estimated by comparing existing or similar
programs or by roughly flowcharting the function.
Separate estimates should be made for core- and disc-
resident codes. Size of supporting tables can be esti-
mated by comparison with previous efforts. Number
of supporting buffers depends upon buffer size, message
size, message arrival rate, and the average time a
message is resident in the system.!?

Data base accesses for file utilization are determined
by estimating how many data records are required
per function call, and what types of operations are
necessary. For example, a read or write operation is
one access; an update consists of two—one read and
one write; and create record may take several accesses.
In addition a factor must be calculated to account
for indexing accesses; ie, those accesses required to
find the desired record.

Service time for each access is the sum of the average
seek time, rotational delay, and data transfer time.
To be conservative, assume that all accesses require
a new seek (for moving head systems). Overall disc
utilization per function is given by the product of the
number of accesses for the function and the average
service time for each access.

Estimates of interfunction communications provide a
basis for assessing the impact of placing different
functions in different processors. The number of mes-
sages sent and received can create a significant inter-
rupt load. The total bit rate of information sent and
received determines what type of interprocessor com-
munications network (ICN) is required.

First-Cut Centralized Design

CPU requirements for the centralized computer model
follow directly from the previous analysis. For ex-
ample, if the total realtime load is 5.7 s of cpu
time/s of real time, a computer having at least six
times the processing power of the standard is required,
exclusive of background loads or executive overhead.

The next analysis involves memory size. Program
size, table size, and buffer requirements must be
totaled for each function. This process results in sepa-
rate estimates for total main memory requirements
and disc resident storage.

The final analysis results in a design for the data
base files. These files must be sized and organized,
and access methods must be determined. Realtime
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factors relating to response time must be considered
to ensure that the required access rates can be handled.
Queuing theory calculations are then applied to ensure
that the resulting first-cut design can support the sys-
tem’s response time requirements.

First-Cut Distributed Design

Centralized analysis provides a starting point for the
distributed system design. Since power of the central
computer is now known, it is possible to make a first
estimate of how many standard processors are required
in the Mps approach. The next step is to validate
whether the class of computer represented by the
standard computer is the proper choice for the Mps
processor. The standard computer may prove either
too powerful or not powerful enough. In either case,
another standard that is more suitable to system op-
eration should be selected and examined.

A major task of the distributed design process is
assignment of functions to processors. To minimize
cost, the goal is to create a balanced load between
processors, and to balance memory size between proces-
sors. After a reasonable assignment of functions is
made, interprocessor data flow must be analyzed. This
flow creates two potential overhead problems: message
interrupts in the processors and contention for the
interprocessor communications network (ICN).

Loading on the 1cN must be determined so that design
criteria can be developed. Bandwidth of the I1CN must
be adequate to absorb peaks and to minimize trans-
mission delays. Also, the 1cN must contain redundancy
to allow the system to function despite a single-point
failure. 1cN overhead may make it necessary to reassess
the number of processors required for the job, reassign
functions to reduce the load, or add processors to regain
computing power that is lost because of communica-
tions overhead.

After functions have been reassigned, memory size
for each processor can be estimated. Memory mapping
must be explored to provide sufficient main memory
size. If mapping is needed, system processing capability
may degrade by as much as 5% to 20%, requiring
additional processors to compensate for this loss of
performance.

The next task is to determine how to handle the
data base; ie, whether to have a single processor
support file requests or to distribute that function over
several processors.

Deciding how many spare processors are necessary
to provide the redundancy necessary to satisfy avail-
ability requirements is the final task. This determina-
tion can be made with the aid of relatively simple
reliability equations,® and consideration of the practical
problems of error detection, fault isolation, and switch-
over. All of these tasks should be performed for each
candidate architecture that is judged promising for the
system application.

Analysis and Selection
of a Detailed Design

Candidate architectures must be analyzed with respect
to the following factors: cost-effectiveness, availability,

reliability, response time, special hardware, develop-
ment risks, software availability, modularity, and ex-
pandability. Several alternative methods exist for these
determinations. One approach is to set acceptable levels
in each performance category; the selected architec-
ture meets all performance levels at the lowest cost.
Another approach is to assign weights to each per-
formance factor, as well as a weight for cost; the
selected architecture is the one that aggregates the
highest value.

A significant result of this analysis phase is de-
velopment of the evaluation criteria. This task is diffi-
cult because it involves a combination of subjective
and quantitative factors. However, extensive analytic
tools, such as computer simulations, are not needed.
Field experience has confirmed that simple reliability
theory, queuing theory, and basic computing knowl-
edge are sufficient to analyze MPs designs at this
stage. ' .

Finally, the selected architecture is subjected to a
detailed design review to detect flaws. If suspect, more
detailed analysis studies are performed to validate
the chosen design. This task may result in redistribution
of functions to processors or change in the number of
processors used. If changes are major, one or more of
the other candidate architectures should be re-evaluated.

System Design Example

The mps design methodology is illustrated using the
configuration of a store and forward packet switch as

SQURCE
HOST

SWITCHING

DESTINATION
DATA FLOW FOR HOST
ONE PACKET

Fig 1 Packet switching network. This network
type provides high speed, low delay mechanism
for transmitting messages between host processors.
Packets comprising message are transmitted inde-
pendently across network, with successive packets
taking different paths. Data enter network over
host line. Messages may be in any code or format,
with switches converting data to conform to network
protocols
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a system example.? The example is simplified for the
purpose of clarity. Primarily, a packet switch transmits
messages from an entry point to a destination point
in a network (Fig 1). Each message is broken into
subunits called packets, and each packet is transmitted
independently through the network. Nodes (or switches)
reassemble the packets in correct order to ensure
proper delivery to their destination. Messages can be
originated by terminal or host computers. Each switch
processes data on three types of lines: trunk lines that
interconnect switches, host lines that connect hosts to
switches, and terminal lines that connect terminals to
switches.

Detailed process flow for a particular switch (Fig 2)
may be hard to define; trunk, host, and terminal re-
quirements may be known only in the aggregate. How-
ever, field experience has shown that aggregate flow
suffices for further analysis.? In Fig 2, N, H, and T
represent the total full-duplex trunk, host, and terminal
traffic flows, respectively, at a switch. For this example,
assume that functional requirements of the system are
those given in Table 2, and that traffic rates for the
largest and smallest switches are as listed in Table 3.
Assume that stated availability for a switch is 0.995;
ie, the switch must be operational for 995 out of every
1000 h, and that the switch is to operate 7 days/wk,
24 h/day.

Basic System Requirements

Sizing information is provided for the packet switch
in terms of an unidentified standard computer with a
1- to 2-ps instruction time.? Since the L-100 is in this
class, it is assumed to be the standard computer for
this example. For a packet size of 1000 bits and an
average message size of 8000 bits,* this standard com-
puter can support 475k-bit/s full-duplex trunk traffic,
160k-bit/s full-duplex host traffic, or 26k-bit/s full-
duplex terminal traffic. Using these numbers, core size
estimates based on field experience and established
traffic rates (Table 3) yield the packet switch process-
ing model defined in Table 4.

cru utilization is calculated in three parts—trunk,
host, and terminal prccessing. Consider trunk process-
ing. From Table 3, if all trunk lines are transmitting
data at full capacity, total full-duplex bandwidth is
1400k bits/s. Since the standard processor will process
475k bits/s of full-duplex traffic, a processor almost
three times as powerful as the standard is needed to
handle the load (1400/475 = 2.95). If a distributed
system is implemented, at least three standard processors
are required to handle the trunk load.

Similarly, host and terminal processing capabilities
are determined to be 250/160 = 1.50 and 240/26 =
9.23, respectively. Because there are no external files
in this packet switch, the processing model does not
reflect disc accesses.

This system design assumes a 10% overhead for
common (executive) processing. Table 4 indicates that
a single processor with 15.05 times the power of the
standard and 351.4k bytes of main memory can handle
the processing load generated by all lines transmitting
data at 100% capacity at a large switch. Data for
the smallest switch (node) indicate that a processor 2.64
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TERMINAL

TERMINAL

TRUNK TRUNK

HOST HOST
()

TRUNK

TERMINAL HOST
(b)

Fig 2 Switch data flow. Switch (a) sup-
ports variety of individual data flows. Data
arriving on trunk may flow to another
trunk (N.), to local host (N.), or to local
terminal (Ns). Similar 3-way split exists for
locally generated terminal traffic (T, Ts,
and T;), and locally generated host traffic
(Hs, Hy, and H;). In aggregate flow model
(b) trunk flow (N) is associated with data
arriving on one trunk line and exiting on
another; associated processing is primarily
involved with packet routing. Host flow
(H) is associated with processing of pack-
ets to and from hosts, and terminal flow
(T) with processing packets to and from
terminals

times as powerful as the standard with main memory
of 146k bytes can support full line load input.

These results indicate a potential problem with a
uniprocessor approach. The selected processor must
possess a wide dynamic range that reasonably fits at
both ends of the large to small switching spectrum,
demanding a maximum processing capability of ap-

*Details that justify these numbers are omitted for simplicity.
Readers who are interested in packet switching applications
should consult Ref 2.
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proximately 6 x 10° instructions/s.** This analysis

implies a single centralized processor in the UNIVAC
1100 category. In addition, because of reliability, two
processors are needed at each site.

Distributed System
Approaches

Two MPs approaches depicted in Fig 3 are explored:
dedicated function and traffic sharing. In the former,
subsets of functions are allotted to particular processors,
which are dedicated to these functions. In the latter,
each processor handles all functions, but system
traffic is divided between processors. Each approach is
analyzed for both a large and a small switch.

TABLE 2
Packet Switch System Functions

Trunk (N) Processing—Receive packet on trunk line;
determine its destination; ie, host, terminal, or trunk
line; and ship packet to destination

Host (H) Processing—Receive input data from host; for-
mat in packet; and transmit to trunk processing; or
receive host data from trunk processing; format for
transmission to host; and transmit to host

Terminal (T) Processing—Receive characters from ter-
minal, format into host protocol, perform host process-
ing, and transmit to trunk processors; or receive data
from trunk processing, perform host processing, for-
mat for terminal, and transmit to terminal

Common Functions—Executive, input/output, and sup-
port functions, common to all functions, include error
checking and routing table updates

TABLE 3
Packet Switch Traffic Rates
. Rate No. of Total Traffic
~ Type  (kilobits/s)  Lines (kilobits/s)
Largest Switch . '
- Temk W), 56 25 ~ 1400*
Host (H) as .. 08 240
Terminal (T) 4.8 50 240
: 1880
~ Smallest Switch
Trunk (N) 56 10 560
Host (H) 9.6 5 48
~ Terminal (T) 4.8 5 24
632

*For full-duplex traffic, 1400 means 1400k bits/s into processor
and 1400k bits/s out of processor. All traffic rates in this example
are full duplex.

Dedicated Function
Approach/Large Switch

A number of processors are dedicated to trunk process-
ing, others to host processing, and still others to termi-
nal processing. These processors are connected to the
appropriate communication lines and to each other;
spares are included for reliability. Data arriving on
a trunk, host, or terminal line are routed by trunk,
terminal, or host processor, respectively, for output
to a destination. Each processor has sufficient routing
information to control these data transfers. If a processor
fails, it is replaced by a spare processor (sp in Fig
3). One processor can be designated as the control
processor and supplied with a local file containing a
copy of all programs.

TRUNK
LINES

SPARE
PROCESSOR

&

TRUNK
PROCESSOR

HOST
LINE

HOST HOST
COMPUTER PROCESSOR TERMINAL
PROCESSOR

TERMINAL
LINES

PROCESSOR
(CAPABLE OF SUPPORTING ALL LINES)

HOST LINE

(b)

Fig 3 MPS distributed architectures. In dedicated
function MPS (a), all processors are dedicated to
specific functions; none is capable of supporting
all functions. Processors communicate with each
other via interprocessor communications network
(ICN). Spare processor (SP) backs up failed proces-
sor. In traffic sharing MPS (b), each processor can
support all functions for portion of traffic. Subset
of trunk, host, and terminal lines is attached to
each processor

**The standard processor is (apable of 10° machine cycles/s.
Assuming 2.5 cycles/instruction, the processor can support 400k
instructions/s. The required processor must be 15 times as power-
ful; hence, it must be capable of processing 6 x 10° instructions/s.
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Trunk Processing

How many trunk processors are required to support
the throughput of the large switch is determined by

(BP) x (HF) x (EO) x (MF) +1/0

NP = MU (1)
where

NP = Number of processors required

BP = Basic processing required for the function as

determined from Table 4 (for trunk processing,
BP = 2.95)

HF = “Hopping” factor which accommodates the fact
that each packet originating on a trunk line could
appear in two processors: one serving its input line,
the other serving its output line. In a system with
many processors, this factor approaches 2.0

E0 = Executive overhead; for a packet switch with a
tightly written executive, this number is assumed to be
1.1, ie, 10% overhead

MF = Mapping factor which accounts for memory
cycles lost if a memory map is used. In this example,
a factor of 1.1 is used if main memory requirements
for a processor exceed 64k bytes. If not, a factor of
1.0 is used

1/0 = 1/0 load factor which accounts for loss of
memory cycles due to 1/0 transfers, including cycle
stealing and interrupt processing

MU = Memory utilization factor to accommodate maxi-
mum allowable cpu utilization under full load. In
this system example, 0.9 is used; ie, CPU must be
less than 90% utilized at full line utilization.
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All equation factors are known except for 1/0. In this
system example, 1/0 is caused entirely by packet
transfers. Each packet that enters or leaves a processor
creates one interrupt and causes cycle stealing. Assum-
ing that 100 cycles are used by the interrupt, that
each packet is 1000 bits in length, and that one memory
cycle is lost for each 16-bit word, 63 cycles are lost
due to direct memory accesses, for a total of 163
cycles. To be conservative, this number is rounded up
to 200 cycles/packet transfer. Since the standard
computer provides 10® cycles/s, each packet transfer
requires 0.0002 standard processors.

Based on known factors Eq (1) can be reduced to

p— (BP) (2) (L) (MF) + (MF) + PS (0.0002)
0.9

N (2)

where

ps = Number of packets per second in and out of
the trunk processors calculated from trunk traffic data
(Table 3). Total input trunk rate is 1400k bits/s,
which represents 1400 packets/s entering the system.
Each packet enters one processor via a communications
line, exits that processor on the ICN, enters another
trunk processor, and exits that processor via a com-
munications line. Therefore, ps is four times the packet
entry rate, giving a total of 5600 packets/s.

To determine MF in Eq (1), memory size (Ms)
requirements for each trunk processor must be calcu-
lated using the following equation:

HF (FT + FB)

MS=CP + CT + FP + NP

(3)

where
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MS = Memory size of processor in kilobytes

cp = Size of common program in kilobytes
¢T = Size of common tables in kilobytes

FP = Size of functional program in kilobytes
FB = Size of buffers for function in kilobytes
FT = Size of tables for function in kilobytes
NP = Number of functional processors

HF = Hopping factor

Eq (3) reduces the buffer and table storage per proces-
sor by a factor NP to account for the distribution of
load across NP processors. All factors except NP can be
obtained from Table 4. To find NP, calculate Eq (2)
assuming that MF = 1; ie, no memory mapping re-
quired. This gives

(2.95) (2) (1.1) (1) + 5600 (0.0002)

0.9 = 8.46 (4)

NP =

Therefore, nine trunk processors are required, excluding
the potential for memory mapping, and memory re-
quirements can be determined from Eq (3).

2(2.8 + 28)

MS=40+2+8+ .

= 56.8k bytes

To ensure a margin for growth, 10% spare memory
capacity is provided for host processing and for all
subsequent memory calculations. 56.8 (1.1) = 62.48k
bytes. Memory is assigned in 32k-byte increments;
therefore, a 64k-byte processor is adequate. Since
MF = 1, the previous calculation of NP is correct.
Consequently, nine 64k-byte processors will support
trunk processing.

Host Processing

The number and memory size of host processors are
determined in a similar manner. Eq (1) is used as
the basis for calculating the number of host processors
with some modifications. It is assumed that each host
packet will be processed only once by a host processor,
ie, there will be no host to host traffic within a switch.
Therefore, HF = 1.0 for host processing. From Table 4,
BP is 1.50.

Each packet creates two interrupts: one when it
enters the host processor and one when it leaves. Each
interrupt takes 200 cycles of cPU time as is the case
for trunk processing. Therefore, each packet transfer
utilizes 0.0002 standard processors. The number of
packets in and out is twice the full-duplex traffic
rate divided by the packet size (1000 bits). Full-duplex
host traffic is 240k bits/s (Table 3). Therefore,

2(0.0002) (2) (240 x 10%)
1000

Inspection of Table 4 shows that the combination of
host and common programs sizes exclusive of buffers
and tables requires 64k bytes. Hence, processors great-
er than 64k bytes will be required, and, an MF of
1.1 is used. Substituting all factors into Eq (1) gives

(1.5) (1) (1.1) (11) + 0.192
0.9

revealing the need for three host processors.

1/0 = = 0.192 (5)

NP = =223 (6)

Memory size can be calculated from Eq (3), using
the factors given in Table 4 for common and host
processing, resulting in

(14.6 + 64)

MS=40+2+24 + 3

= 92.2k bytes (7)

To provide room for growth, a 128k-byte host pro-
cessor is recommended since processor sizes are allo-
cated in terms of 32k-byte increments.

Terminal Processing

Eq (1) is also used to determine the number of terminal
processors. From Table 4, Bp = 9.23. aFr = 1.0
because a terminal packet is processed by only one
terminal processor. The 1/0 factor is calculated in a
manner similar to that described for host processing.
Each packet in and out of a terminal processor creates
two packet transfers, each utilizing 0.0002 standard
processors. Since the full-duplex terminal load is 240k
bits/s (Table 3) and each packet is 1000 bits, 1/0 =
0.192, as shown in Eq (5).

Processors with memories greater than 64k bytes
will be required, since program size alone is equal to
70k bytes (Table 4). Therefore, MF = 1.1. Substi-
tuting all factors into Eq (1) gives

_ (9.23) (1) (1.1) (1.1) +0.192

N
J 0.9

= 12.6 (8)

Therefore, 13 terminal processors are required.

Size of each processor’s memory is calculated by
substituting the values of Table 4 into Eq (3), with
NP = 13. This gives

(15 + 123)

MS =40 +2 + 30 +
2+ 30 5

= 82.6k bytes (9)

Recommended terminal processor size is 96k bytes,
allowing space for expansion purposes.

ICN Processing

Next ICN requirements are determined. In the worst
case, all trunk, terminal, and host traffic will be trans-
mitted through the 1cn (Fig 4). Aggregate rate is
1880k bits/s, representing a rate of 118k 16-bit
words/s. Required bandwidth is given by

BW = ﬂgﬂi?}“ (10)
where

AR = Aggregate ICN rate in words/s

OH = ICN overhead

ML = Maximum loading on link

Assuming 50% overhead (ie, oH = 1.5) and ML =
0.5, then

BW = LI8K) A5 354k words/s

0.5

Factor ML is kept at 0.5 to prevent excessive waiting
time for a processor that needs access to the 1cN. The
ICN can be developed by several methods (see “Mul-
tiple Processor Minicomputer Systems—Part 1: Design
Concepts,” Computer Design, Oct 1978, pp 87-95).
Because of high bandwidth and point-to-point com-
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1400K  1400K
BITS/s  BITS/s

240K 240K 240K 240K
BITS/s BITS/s BITS/s BITS/s

Fig 4 Worst case ICN load for large
switch. Traffic flow model assumes
that all trunk, terminal, and host lines
are fully loaded. Incoming trunk packet
data flow (1400k bits/s) is split three
ways: 240k for local host processing,
240k for local terminal processing,
and 920k bits/s for output on trunk
lines. All data are assumed to be
transmitted on the ICN. Total ICN data
load is 920k + 240k + 240k + 240k
+ 240k = 1880k bits/s. To this value
must be added overhead traffic neces-
sary to ensure reliable traffic flow. If
each packet is 1000 bits long, terminal
processing generates 4 x 240 = 960
packets/s, host processing generates
4 x 240 = 960 packets/s, and trunk
processing generates 4 x 1400 = 5600
packets/s; a total of 7520 packets/s.
Each transfer creates 200-cycle/s
processing load; therefore total load
is 1.504 x 10° cycles, equivalent to
processing power of 1.5 standard
computers
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munications requirements, a shared bus approach seems
effective. Such buses can be built economically to
handle 10% 16-bit word/s rates, easily satisfying the
above requirements.

Final Processing
Design/Large Switch

For reliability, dual buses are used for data transfer
in the completed system design (Fig 5). Twenty-five
operational processors are required, ranging in size
from 64k to 128k bytes. Note that communication lines
cannot be evenly distributed between processors.
Trunk processors can handle either two or three lines,
but processors that support three lines will be more
heavily loaded. These processors must be analyzed
to determine if the 0.9 cPU loading constraint is vio-
lated. In this case, the 3-line trunk processor will be
loaded at 0.92%; this is close enough to the stated
goal of 0.9 cpu utilization. Similar investigations of
host and terminal processors indicate that their cPU
loadings are satisfactory. With this large number of
processors, spares must be provided to ensure that the
overall system availability goal of 0.995 is achieved.
If each processor is assumed to have an availability
of 099 (a reasonable number for a minicomputer),
then the number of spares can be calculated.? If one
spare is used, then N — 1 out of N processors must
work, as follows:

a=a¥+ Na™ (1 — a) (12)
where

a = System availability

N = Total number of processors including spares

a; = Availability of one processor

Substituting N = 26 and a; = 0.99 into the equation
gives a = 0.978. This value does not meet the stated
availability goal of 0.99. If two spares are used, then:

— N-2 — 2
% o B = NN=1) a1 —a) (13)

2

When N = 27, Eq (13) gives a = 9.998, which
exceeds the availability requirement. Hence, two spares
are used; each is configured with 128k bytes of mem-
ory so that it can take over any function. One spare
is configured with discs to store programs for all
system processors and to keep backup records of system
status and routing tables. This spare processor is con-
trolled from a console by a system operator, who can

*This loading is derived from the fact that the processor is
handling 3/25 of the total trunk load (3 of 25 lines). A previous
calculation showed Np = 8.46 at 90% loading for trunk processors.
Therefore, full load would be 8.46 (0.9) = 7.614. Dividing across
nine processors gives 0.846 loading/processor on a uniform basis.
Uniform loading implies 25/9 = 2.78 lines/processor. Hence,
3-line processors would have a loading of 0.846 (3/2.78) = 0.92.
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16-BIT
BUS

16-8IT
BUS
64K-BYTE TRUNK PROCESSOR
®, 270 3 TRUNK LINES/
PROCESSOR

2 TO 3 TRUNK LINES/
PROCESSOR

128K-BYTE SPARE

HOST LINES
(8 TO 9/PROCESSOR)

OPERATOR'S
CONTROL

Fig 5 Large switch dedicated func-
tion architecture. Network uses 25
operational processors, plus two
spares. Total memory requirement
including spare is 2464k bytes. Dual
buses are used, requiring 54 bus
interfaces. No processor is more
than 92% loaded under full input.

CONSOLE

128K-BYTE
SPARE WITH
RECOVERY TE,

CAPABILITY

HOST LINES
(8 TO 9/PROCESSOR)

96K-BYTE TERMINAL PROCESSOR

TERMINAL LINES
3 TO 4 /PROCESSOR

TERMINAL LINES
3 TO 4 /PROCESSOR

Number of lines is divided as evenly
as possible within functionally equiv-
alent processors. Spare processor
SP2 is equipped with control con-
sole and discs, and monitors status
of all other processors. If failure is
detected, SP2 will load spare proces-
sor SP1 with failed ptocessor’s pro-
gram, reinitialize system to incorpor-
ate new proces$or, and isolate
failed processor. Switching mechan-
ism is required to attach failed
processor’s lines to spare

command a reconfiguration. A faulty module can be
detected by other processors by means of error-check
messages. Faulty responses can be transmitted to the
spare control processor for printout on the system
console.

Traffic Sharing Approach/Large Switch

An alternative distributed approach to the design of
the large switch is to divide the processing load by
traffic [Fig 3(b)]. Each processor performs all func-
tions for a subset of the traffic. The total number
of processors can be calculated from Eq (1), by adding
all contributions from host, trunk, and terminal pro-
cessing. In a traffic sharing approach, all processors
will handle greater than 64k bytes because each
processor will contain a copy of the total program;
therefore, the mapping factor is 1.1. 1/0 processing

can be assumed to be the same as in the dedicated
function approach because all packets will be assumed
to be moved between two processors. Solving Eq (1)
for each function and summing across all functions
yields

NP (total) = NP (trunk) + NP (host) + NP (terminal)
= 918 + 223 + 12.6 = 24.01 (14)

NP (host) and NP (terminal) are the same as they
are for the dedicated function approach. NP (trunk) is
larger because of the mapping factor. Note that 24
processors are required for the traffic sharing approach.
Memory (M) requirements in kilobytes can be calcu-
lated from

(B + T — CT - Bir-+ Ttr)

M=P+CT + NP (15)

where
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128K-BYTE
TRAFFIC PROCESSOR

\ ~1 TRUNK LINE

~+1 HOST LINE
A2 TERMINAL LINES

DUAL 16-BIT
BUSES

128K-BYTE
SPARE PROCESSORS

DISCS

128K-BYTE

OPERATOR'S
SPARE
PROCESSORS ONTROL

Fig 6 Traffic sharing architecture for large switch.
Approach uses 24 operational processors, plus two
spares. Total memory requirement including spares
is 3328k bytes. Dual buses are used, requiring 52
bus interfaces. Spares are utilized similarly to those
in dedicated function approach. Each processor sup-
ports three to five lines, for trunks, hosts, and termin-
als. Lines are assigned to evenly distribute load on
each processor

P = Total program size

¢t = Common table size

B = Total buffer size

T = Total table size

Btr = Trunk buffer size

Ttr = Trunk table size

NP = Number of processors

Trunk tables and buffers are included twice in Eq

(15) to account for trunk packet hopping; ie, each
trunk packet is processed in two processors. Substitut-
ing parameters from Table 4 into Eq (15) gives

(215) + 344 — 2 + 28 + 2.8)
24

= 116k bytes
(16)

M=102+2+

Thus, recommended processor memory size is 128k
bytes.

For reliability, two spare processors are included,
yielding a total of 26 processors for the traffic sharing
approach. ICN requirements are similar to those for
the dedicated function approach. Therefore, two 108-
word/s shared buses are used to obtain the system
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configuration shown in Fig 6. Lines cannot be uniformly
distributed between the processors; some processors
will support four lines, a few will support five. Assign-
ment of lines will have to distribute the load evenly
to ensure that no processor is excessively loaded.

Small Switch Design

With regard to designing small switches,® both the
dedicated function approach and the traffic sharing
approach are modular in a cost-effective manner. By
utilizing data from Table 4 and the same equations
described for the large switch design, the number of
processors required for the dedicated function approach
to designing a small switch is four trunk at 64k bytes
each, one host at 96k bytes, and two terminal at 96k
bytes each. One spare processor at 96k bytes is ade-
quate for system availability. The same 1cN specified
for the large switch can be used for the small switch.

*Interested readers may obtain detailed design data for the
small switch by writing to: Editor, Computer Design magazine,
11 Goldsmith St, Littleton, ma 01460.
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For the traffic sharing approach to small switch
design, a total of six processors is required at 128k
bytes each. One spare processor at 128k bytes is needed
for system availability.

System Comparisons

Table 5 compares hardware costs of the MPs approaches
discussed to a centralized mainframe approach using
a backup machine. All approaches are comparable in
performance and reliability. However, Mps approaches
are less costly than the centralized approach, and
are more expandable if increased requirements have
to be integrated at a later date. MPs cost advantages
are even greater for the low end switch. The modularity
of Mps also proves attractive, compared to the cen-
tralized approach. The large switch processes 1880k
bits/s of data, the small switch 632k bits/s (Table
3) ; the ratio between these two loads is 2.97. Hardware
cost of the large dedicated function switch is 3.6 times
that of the small switch; cost of hardware for the
large traffic sharing switch is 3.7 times that of the
small switch (Table 5). From this first-level com-
parison, both MPs approaches are concluded to be
superior to the mainframe.

The next level of analysis is to determine which
of the two MPs architectures should be chosen. If
hardware cost is the main criterion, then the dedicated
function MPs approach is more economical. However,
other factors may influence the decision, including
software cost, development time, development risk,
previous experience, maintenance, and expandability.
For this discussion, assuming that hardware cost is
the dominant design decision factor, the dedicated func-
tion MPs approach is selected as the candidate system
architecture.

Summary

A systematic approach to MPs design is essential to
ensure a cost-effective solution. A design methodology
is described that allows alternative MPs architectures
to be compared with each other and with a centralized
mainframe approach. In this methodology, a level of
performance is specified. Alternate systems are de-
signed, and then all systems are compared for cost.
The system example, although simplified, provides a
basis for understanding the elements of the method-
ology. However, extensive refinement of the process
is still required to custom fit a particular application.

The system also illustrates the potential advantages
of an MPS over a centralized approach in a demand-
ing real-time application; two of the most important
advantages are cost-effectiveness and modularity. Many
mps applications fulfill the basic characteristics of a
packet switch—high reliability, expandability, high
throughput, and fast response time—and should in-
crease significantly in other data processing areas as
the decreasing cost of computing creates a viable

climate.
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APPLICATION NDTEﬁI

Applying Magnetic Circuit Breakers
in Digital Circuits

Adequate dc current protection for the complete spectrum of electronic
applications can be supplied by magnetic circuit breakers, provided
the breakers are properly specified and applied

Donald S. Tall

Airpax Electronics, Cambridge, Maryland

Most electronic equipment can-
not distinguish between normal loads
and overloads; they simply draw cur-
rent to meet load demand. However,
when properly specified and applied,
magnetic circuit protectors provide
low cost automatic protection for
such equipment, including computers
and related peripherals. That these
magnetic protectors also double as
integral on/off switches provides
added benefits of power switching
and circuit control in a single device.

The most versatile and reliable
breaker responds primarily to cur-
rent (electromagnetic) rather than
to a secondary effect, such as heat.
A magnetic breaker is, in effect, an
electromagnetic coil and armature
device that opens a set of contacts
quickly to protect the circuit when-
ever current exceeds a predetermined
value. This occurs because the cur-
rent in the coil generates sufficient
magnetic flux to attract the armature.
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Circuit Protector Types

Magnetic circuit protectors offer a
multiplicity of configurations, includ-
ing series, shunt, and relay trip, with
a wide choice of time delays and
electrical ratings. Multipole protec-
tors, auxiliary alarm switches, and
dual coil versions are typical varia-
tions of the main protector concept.

The universally applied series trip
configuration (Fig 1) has its sensing
coil and contacts in series with the
load being protected to provide con-
ventional overcurrent protection.
With protectors that double as on/off
switches, handle positions convenient-
ly indicate circuit status. Adding an
auxiliary switch (Fig 2), operated by

Fig 1 Series trip configu-
ration. Circuit protector com-
bines on/off and pilot lamp
to provide overcurrent pro-
tection

[oxd]

COMPUTER DESIGN/NOVEMBER 1978



How do you see
fiber optics?

Fiber optics is getting so much
publicity from its use in telephone
communications that you may see that
as its only important application.

It’s not.

Optical communication cables are
being used in computers, process
instruments and control applications.
They weigh less and take less space.
They eliminate electrical and electronic
interference as well as ground loops.
They can be more economical. And
every day, they're making the old stand-
ard interconnect systems obsolete,
one by one.

So when you spend time and
money on an interconnect system,
you should consider fiber optics. And
that’s where we can help you.

We can help you make the right
choices for your system. Choices in line
attenuation, mechanical strength,
environmental isolation, light coupling
efficiency. Choices in every element
you need.

Ours is the broadest line of optical
communication cables in the industry.
We've been working with fiber optics
for 20 years. And engineers have
already put more than 2,000,000;000
feet of our fiber optic products in use.
Since we make our cables from raw
materials to finished product, we can
fill your needs exactly. And at the
least expense.

Galileo Park, Sturbridge, MMUWWS
Progress made

CIRCLE 62 ON INQUIRY CARD

As a matter of fact, we can fill your
needs more quickly, because all of our
standard cables, including Galileo’s
highly versatile Galite® 3000, are in
stock. We even stock complete lines of
connectors and electronic components
for you.

. 10¢ e

Galileotora

giveyoua




an internal mechanism, provides trip
indication at a remote location.
Shunt trip configurations (Fig 3)
are applied primarily for control of
multiple loads. Basically, a third con-

Eile nection is brought out from the in-

ternal coil contact junction to a third
terminal, often referred to as a cali-
brating tap. This permits use of a
shunt across the trip coil that, if
made adjustable (Fig 4), can be
used to accurately calibrate the trip
= ————— 1 level.

+ On relay trip types, coil contact
I leads are brought out to separate
|

I

Fig 2 Remote location
series trip type. Auxiliary

contacts permit remote indi-

cation of protector operation

v2

pairs of terminals (Fig 5). This con-

figuration permits the overload sens-
ing coil to be placed in a circuit that
is electrically isolated from the trip
contacts. The coil may be actuated
by process control or monitoring
sensors such as pressure, flow, tem-
perature, and speed. Other typical
applications include crowbar, inter-
lock, and emergency/rapid shutdown
circuitry (Figs 3 and 6). A trip can
be accomplished by either voltage or
current.

Two or more basic protectors may
be combined in a multipole -assembly
with the actuating handles linked and
the trip mechanisms internally cou-
pled (Fig 7). A fault in any pro-
tected circuit opens all poles simul-

E Fig 3 Shunt trip configu-
ration. This circuit breaker
acts as on-off switch and ex-
ternally controls automatic
shutdown device

r
|
|
|
|
|
[5]

Fig 4 Adjustable shunt trip
el circuit breaker. This configu-
ration can be closely trip ad-
justed by varying R; that re-
4 E sistor can be programmed to

L0aD] provide changes in trip point,
as required, by sequencing
changes in load

Fig 5 Relay trip type. With
actuating coil and contacts

o ey

I
|
I
T

Loani| internally isolated, protector

senses overcurrent condition
in load 2 and opens circuit
to load 1. Both circuits could

taneously. These protectors are ap-
plied in 2-wire or multiphase circuits,
or in related but electrically isolated
circuits. A mix of delays, ratings, and
configurations is possible, providing

be opened, if desired, by
= using one series and one
joan 2] relay type in dual combina-

i an almost limitless number of com-
binations. The handle connecting rod
may be removed in some devices to

permit independent on/off switching

L R

I 1{ while maintaining the common trip

| | capability.

| [toas) Fig 6 Remote shunt trip cir- Combining two electrically inde-

L cuit breaker. This type acts pendent coils in one common mag-
as on-off switch for load with

netic circuit provides contact open-
ing when either an overcurrent or a
trip voltage is applied to the respec-
tive coils (Fig 8). The current trip
coil has standard specifications, while
the auxiliary coil provides a control
function to permit contact opening

Fig 7 Multipole protector. from a remote interlock or other
Combination series and .
transducer function.

LTS |
| /\/ shunt type protector in ot . i
T:l'; f© multipole combination s Auxiliary switches, voltage trip
OFF 5 0
i, ST | e d used with additional
Lo

provision for remote turn-off
capability. It is used where
remote shutdown may be
necessary in emergency situ-
ations

=

o—-—{
REMOTE !
SWITCH :

=
|

; ! cir- versions, voltage protectors, and
a0 cuitry to provide both over- switch-only protectors are additional
types available. One form of auxil-

current and overvoltage

|
protection. Auxiliary switch 2 . Al e
s contacts provide operation iary sw1tf:h enables remote .mdlcatlon
+ | of external on-off lamps to of electrical overloads (Figs 5 and

indicate protector condition 9). It operates one lamp to indicate

circuit “safe,” and another lamp (not
shown) to indicate circuit “unsafe.”
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$9995*

A Great Little Price
for a Practical Computer Solution
to your Real World Problems:

SuperPac
Development
P R System il...

® Unlike hardware-oriented development
systems, emphasizes program and system
development.

® Supports all software development and
acts as the central processor for PCS present
AND future products.

B Supports all the hardware AND software
necessary for system design, hardware/software
integration, and system verification.

M Is distinguished by its ONE FULL YEAR
warranty and customer option to extend up to
two additional years (as are all PCS products).

M Is protected from obsolescence through
future options for hardware enhancements
which accommodate future industrial micro-

CALL PCS 313/429-497#"
processor developments. (TWX:810-223-8153), ; &\\
and ask for SuperPac é. / &
Standard Software: Basic, Fortran IV, 8080A and Z80A ab- Development System II. &S

that supports all industry standard EPROMs, hardware
fixed and floating point capability, CRT terminal, desk
mounted hardware, and peripheral interfaces.

* Response has been so strong, PCS has extended the 3800B
Special Introductory offer of $9995 (includes a one week
training class) to December 31, 1978. For this offer, a
110 cps line printer is optionally available at $2400, or use
your own Centronics-type printer, or ask us about other

solute macro and relocatable assemblers, linking loader, R —————

debug, editor, cross reference generator, 3800B and floppy

operating systems, drivers for TTY, CRT, EPROM Pro- n ﬁ
grammer, line printer, floppy disk, high speed paper tape

reader, and up/down loader. mce
Standard Hardware: 32K bytes of RAM, Dual Floppy Disk manufacturer
Subsystem (IBM 3740 compatible), EPROM Programmer of industrial //

microcomputer ¢ .
&

. available printers. : P 099
*  **Offer valid only when purchased with 3800B. /’ ©
Deliveries to begin January 1, 1979. -9
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“There’s a whole new approach
to final test of digital products

It’s our new DTO-1”

‘“Just look at DTO-I's capabillities.
It records your test sequence

on tape. Then plays it back to
guide your technicians. DTO-1
handles digital circuitry like a
logic analyzer, troubleshoots
analog circuitry like an
oscilloscope and automates
go/no-go testing. There’s
nothing like DTO-1 for
improved productlon

test efficiency.”

AN




“Here are five ways
Biomation can
cut your test costs’’

Like having a design engineer test

every product. DTO-! is the fast, easy way

for engineering to develop thorough test procedures
for new digital

products. Step through
your test sequence

once and DTO-1 records
reference logic

traces for the entire
program on a tape
cartridge. So you can
quickly produce test
programs for each
design change and every
new product And DTO-! is virtually self-
programming, with no software development needed.

Finally, automated
comparison testing.

The time-consuming,
error-prone monotony
of total product
checkout is ended by
DTO-1. Technicians
just follow the estab-
lished test sequence and
DTO-1's powerful
microprocessor auto-
matically compares loglc traces with the
recorded reference traces. Pass-Fail lights on
DTO-1's probe guide technicians through
complete testing of product functions. You get
improved quality control. It's quick and
it's foolproof.

Speeds and
simplifies trouble-
shooting, too.

. When a fault is detected,
the probe's red light
alerts the technician to
check DTO-I1's built-

in scope. There he has
the diagnostic capa-
bility to pinpoint both
digital and analog
faults. Like a logic analyzer, DTO-1 displays time
domain logic traces, comparing the test trace

with the reference trace and highlighting any disagree-

ment. Analog waveforms can be simultaneously
displayed with logic traces, on the same time base.

That makes it easy for the troubleshooter to
determine if the malfunction is digital or analog. Result:
Quick, positive fault isolation.

Technicians
love DTO-1.
Finding, training and
keeping test technicians
is a growing, costly
problem. DTO-1 is the
answer. It practically
trains technicians for
you, using your
recorded test programs
L & to control the test
sequence. It automatlcally ahgns itself to the frequency
of the system under test, is self-calibrating
and includes built-in diagnostics. DTO-1 frees your
technicians from the repetitious routine of
product test, and lets them concentrate on finding
and fixing malfunctions.

DTO-1: A cost
effective solution.

At $8950* you can
build your entire test and
service capability
around DTO-1. It'sa cost
effective instrument
atthe end of your assem-
bly line. And you can
afford to put one in the
development lab

for before and after testing of design changes. Supply
your repair depots and field service force with
DTO-1s. Then by sending the latest tape you can
provide them with test routines for new products

and design changes.

The coupon below will get you a demonstration, or a
reprint of an eight-page article on the DTO.

See why we say that there's nothing like DTO-1 for
improving production test efficiency.

*U.S. price only.

489504

R TR A e S S i
| Gould Inc., Biomation Division |
| 4600 Old Ironsides Dr;, Santa Clara, CA 95050 |
= (408) 988-6800 :
| I'm in a hurry. Call me at |
I ext. to arrange a demonstration. :
| Send me the reprint and complete product data. |
| |
| Name Title - l
I Company. |
: Address Mail Stop___________ l
| City. State Zip |

_________________________ o

GOULD == biomation
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The easy-to-use, BASIC, scientific
and engineering computer you buy on

a calculator budget.

MINC does everything a desk-top calcu-
lator does and a lot more.
For about the same price you'd pay for
a minimal desk-top calculator, you can
buy MINC, the easy-to-use, complete
computer system. MINC comes with
ready-to-run graphic, scientific and
laboratory programs. This Digital
system has its own graphics terminal, built-in 1EEE
interface, one million character dual floppies, and three
serial-line interfaces —all in a cart that you can wheel from job to job.
Plug MINCin, turnit on, and you can plot charts, solve complex
engineering and statistical pmblcms control instruments and
acquire data. It’s all BASIC to MINC.




And, if you want to go beyond
BASIC, you can. You can add
FORTRAN and other high-level
languages. You can add specialized
input/output modules.

More system. More functionality.
But, not more money.

For more information or a MINC demonstration, contact your
local Digital Sales Office or Jack Kay, MINC Product Manager,
Laboratory Data Products Group, Digital Equipment Corporation,
Marlborough, Massachusetts 01752. Telephone (617) 481-9511,

Ext. 6969. European headquarters: 12, av. des
Morgines, 1213 Petit-Lancy/Geneva. Tel: 93 33 11. Eﬂ@ﬂngn
In Canada: Digital Equipment of Canada, Ltd.
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L A

I OVERCURRLNT _]
(o

Fig 8 Dual coil protector.
Contacts open when cur-

VOLTAGE
coiL

REMOTE CONTROL
SENSOR

l————«L——J»

rent exceeds 125% or
more, or when voltage is
applied to voltage coil by
remote control sensor.
Process control sensor can
be in one or many loca-
tions. Voltage coil can also
be used as emergency
pushbutton for power re-
moval from one or more
remote locations.

LOAD

Fig 9 Remote overload indi-
cators. For type-RS auxiliary
alarm switch, lamp indicates |
only for electrical trip of main |

o)

contacts. For -RE or -RO type |
auxiliary switch, lamp indi-
cates circuit condition regard-
less of how main contacts are
opened (manual or electrical

trip)

Most protectors can be supplied
for voltage trip applications, some-
times called “dump circuits” or
“panic trip circuits.”’ Basically, these
protectors open main power contacts
with low power inputs from one or
more sources.

Undervoltage protectors prohibit
contact closure in the absence of dc
voltage. These devices will also trip
open in the event that voltage drops
below 40% of rated voltage. By
combining an undervoltage function
with an overcurrent function, it is
possible to protect equipment from
both malfunctions. A bridge arrange-
ment is required for ac operation.
Such protectors may also be used as
on/off power switches. When no over-
current protection is needed, the coil
mechanism is deleted, providing a
low cost single-pole or multipole
power switch.

132h

Time Delay Types

A time delayed operation for circuit
protectors is necessary for many
industrial applications to assure un-
interrupted but safe operation. The
delay should be long enough to allow
nonharmful transients of current to
pass without nuisance tripping, yet
be fast enough to open the circuit
to protect the system, when necessary.
When specifying delay, all operating
conditions must be evaluated because
changes in application could shift
protection emphasis.

Instantaneous—trips in milliseconds,

usually under 100, with most at
approximately 15. Such delays are
used for sensitive circuits where low
overloads of short duration could be
harmful, such as solid-state or passive
circuitry where inrush currents or
transient spikes are present and can-

not be tolerated. Applications vary.
Where the lesser of two voltage drops
makes the difference, such as in low
voltage logic circuits, protectors with
approximately zero delay have signif-
icantly lower terminal-to-terminal re-
sistance than others. This results in
reduced voltage drop across the cir-
cuit protector.

Fast—trips in seconds, usually 1 to
10. They are used for most dc and
electronic applications where tempo-
rary overloads of over 200% cannot
be tolerated for more than a few
seconds.

Slow—trips in 10 to 100 s. These de-
lays allow turn-on transients to pass
without tripping for most large trans-
former coupled loads, where over-
loads of several seconds in duration
can be tolerated without damage.

Very Slow—trips in 100 s or more.
Such delays are mostly used in motor
starting applications to protect
wiring. A limited overload usually
will not cause damage.

Summary

When choosing a magnetic circuit
breaker, all parameters of the partic-
ular application must be known and
evaluated. Factors such as electrical
ratings, environment, shock, vibra-
tion, moisture resistance, endurance,
insulation resistance, and dielectric
strength must be considered.
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Performunc% Reliability,

and Nowa 3

0 Megabyte

Disk Subsystem at

Substantial
Savings!

Users of DEC® and Data General minicompu-
ters can now take advantage of higher transfer
speeds offered by advanced CDC Storage
Module Drives and get up to 50% more disk .
capacity!

All they need is the Xylogics 300 Megabyte
Disk Subsystem. It's only one member of a fam-
ily of disk subsystems that range from 2.5 mega-
bytes to 1.2 billion bytes. The reliable, thoroughly
proven Xylogics disk controller matches the mini-
computer performance to the CDC Storage Mod-
ule Drives. You get more capacity, faster response
times, and best of all, you can save as much as
50% of present costs!

A look at our specs will show you how you
can make your computer-based system pay off
better with the Xylogics 300 Megabyte Disk
Subsystem. Call or write. Today!

Xylogics 300 Megabyte Disk Subsystem
features include:

e Operates with RT11, RSX11M, RSTS/E
and RDOS

e Transfer rates up to 1.2 mb per second
e Dual Port Disk Drive Capability
e Multiple Computer Access
e Mass Direct Data Transfer
e ROM Bootstrap Loader
e External Chassis
e Word Transfer to 64k Block Length
e ECC Error Detection and Correction
¢ Rotational Position Sensing
e Direct Memory Access Throttle Control
e Implied Seek
....... and more!

®DEC is a registered trademark of Digital Equipment
Corporation.

50% .
more capacity

50%
faster transfer rate

50%

Xylogics, Inc., 42 Third Avenue, Burlington, Massachusetts 01803 (617) 272-8140

We did it with . . . . innovation/imagination/integrity
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TECH NOTE

Information Preserving Codes
Compress Binary Pictorial Data

Data compression equations and methods, derived through analysis
of redundancy and variable-length coding based on frequency

of message occurrence, can significantly reduce storage requirements
for binary pictorial data without content distortion

Usko Moilanen

University of Oulu, Oulu, Finland

High speed data acquisition sys-
tems accumulate large amounts
of binary data easily and rapidly;
however, when such data must be
transmitted, stored, or processed,
problems arise. For example, binary
pictorial data collected for charac-
ter recognition purposes consist of
binary pictures 1024 bits wide and
224 bits high (see Figure), resulting
in a l4k-word disc file size, given
that a word is 16 bits. Applying data
compression techniques to these data
can substantially reduce the requisite
channel or data storage capacity
while sustaining the information con-
tent and purpose.

Information Theory
and Data Compression

Data compression methods are usu-
ally divided into two categories: re-

134

versible and irreversible; the former
is also known as information pre-
serving transformations or exact
coding.! Since the method described
enables a binary picture to be repro-
duced without distortion, it is desig-
nated as reversible. Data compres-
sion theory and applications are not
discussed in detail since they have
been well-documented.!2:3:456 Qnly
those basic concepts of information
theory that are useful for data com-
pression” are covered.

Assume a set of messages: A =
{ay, as, ..., a,}. If the @ priori prob-
abilities of these messages are ps,
P2, - - . 5 Dn, respectively, the entropy
(H) of this source is defined by

n
H(A) == 2 pilogp (1)

i=

Assume that base-two logarithms

are used. If these messages are en-
coded using a variable length binary
code,®® C = {e¢y, C3, . . . , Cu}, Which
maps every a;, i = 1,..., n to ¢,
= 1,...,n.LetL= {ll,lz,...,Ln}
be a set of numbers in which [; gives
the length of the code word c;. The
average word length of the code is
now given by

= n
= .E pily (2)

Then, coding efficiency (E) is de-
fined by

n

—_—" —2 pilog ps
s _i=1
= pily
i=1

According to Shannon’s first the-
orem!® (noiseless coding theorem),
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WHEN IT COMES TO PUTTING ITALL ON DISPLAY,
THE ORION-60 STANDS ALONE.

Adisplay terminal that won’t stand alone
can't be as versatile or as adaptable as
the Orion-60, the modular plasma dis-
play system that stands by itself or
interfaces with existing hardware to

let you create your own programs.

To begin with, the gion—GO isan
easy touch: besides offering full alpha-
numeric, floppy disc and rear-projection
capabilities, it lets you create displays
and enter data simply by touching the

screen with your finger.

That means you can project a slide
onto the screen coordinates and plot
your own course over it. You can pro-
gram your own character sets. You can
generate vectors of any length to ab-
solute screen coordinates. In short, you'll
have a flexible terminal that will keep
up with your needs today —and grow
with your operations tomorrow.

Of course, since Magnavox was a

Magnawvox

DISPLAY SYSTEMS
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leader in the development of plasma
terminals, you can be sure your Orion-60
will have a bright, high-contrast display
free from jitter and distortion.

There’s a lot more you should know
about the ways this remarkable terminal
can help you get more out of graphic
displays. For a demonstration, call or
write Tyler Hunt at Magnavox Display
Systems, 2131 S. Coliseum Blvd., Ft
Wayne, IN 46803, (219) 482-4411.




Intecolor 8001 Color Data Terminal—$995*

For arelatively young company
we've got a phenomenal success
story.

Intelligent Systems Corporation
is a privately held company and
has doubled its sales each year
for the last three years. We have
accomplished this solely by use of
our retained earnings which have
averaged an extraordinary 85%
return on equity for the last
two years.

ISC was founded in 1973,

Color Graphics 8001G — $1,925*

shortly after development of the
microprocessor opened up the
industry to a whole new range of
possibilities. One of those possi-
bilities, low-cost color data
terminals, was the main thrust of
our endeavor. With a combination
of sound research and develop-
ment and aggressive marketing,
we were able to introduce an in-
telligent data terminal with the
extra advantages of color at a price
any company could afford.

Intecolor 8032 Microcomputer System —
$3,495* with dual built-in mini disk drive
(Display of ISC financial data shows how
you can present yours in graphic form.)

And because of even more ad-
vanced technology, coupled with
growing sales, we've also been
able to bring sophisticated color
graphics down to the price levels
of black and white.

Having pioneered the develop-
ment of low-cost color graphics
for the process control industry,
new emphasis is being placed on
the use of color graphics for busi-
ness applications. Instead of drab
black and white alpha-numerics,

*Prices for the 8001 and 8001G are based on orders of one evaluation unit, cash-with-order, guaranteed 30-day delivery or your money back.
Prices for the 8032, 8051 and 8070 are 100 unit prices, net 20 days.

ISC SALES REPRESENTATIVES: AL (also MS): Huntsville 205/883-8660, AZ (also NV): Phoenix 602/956-5300, CA: Los Angeles 213/476-1241 or
213/937-5450, Goleta 805/964-8751, Mountain View 415/964-9300, San Diego 714/292-8525, Irvine 714/557-4460, CO (also WY): Denver
303/759-0809, FL: Ft. Lauderdale 305/776-4800, Melbourne 305/723-0766, Orlando 305/425-5505, Valparaiso 904/678-7932, GA: Atlanta 404/455-1035,
IL (N.)(also IN, WI):Northbrook 312/564-5440, K8 (also W. MO, NB): Shawnee Mission 913/362-2366, LA: Mandeville 504/626-9701, MD
(also DC, VA): Bethesda 301/656-3061, MA (also ME, NH, RI, VT): Framingham 617/879-7530, MI: Madison Heights 313/588-2300, MN
(also 8D, ND): Minneapolis 612/822-2119, MO (E.)(also 8. IL, IA): St. Louis 314/821-3742, NM: Albuquerque 505/265-5655, NY (also CT, NJ):
Holcomb 716/657-6291, White Plains 914/949-6476, NC: Durham 919/682-2383, OH (also KY): Cleveland 216/267-0445, Dayton 513/434-7500,

OK: Oklahoma City 405/528-8071, OR: Portland 503/620-5800, PA (E.)(also DE): Wayne 215/688-7325, PA (W.)(also WV): Pittsburgh 412/892-2953,



Unretouched photographs
of screens

Intecolor 8051 Microcomputer System with
mini-disk drive—$3,150* (Shown with
special ARABIC/FARSI configuration.
Optionally available at extra cost.)

ISC’s units can produce colorful
charts and bargraphs that give
meaning and vitality to statistical
analysis.

Today, ISC is the world’s largest
supplier of color terminals and
not only markets 8-color data entry
terminals, but also compact desk
top computers with a color graphic
display and a wide range of low-
priced peripherals for full-fledged
small business systems. We also
have a variety of options available

5965 Peachtree Corners East

Series | Business System/8070— $4,900*
with dual 8" floppy disk drive and 110 cps
matrix printer.

so that you can expand your
system as your needs expand. In
addition, we know you'll find ISC'’s
Customer Service Department a
reliable source of satisfaction. Our
staff of specialists will work closely
with you to help resolve any prob-
lem areas. You'll come to depend
on the quality of their service.
Take a look at our full product
line and think about how you can
put color to work to improve your
applications. Because now you

TRy =

Norcross, Georgia 30071

Appropriate manuals are provided with all
equipment. Others are optionally available.

have a choice. A phenomenal
choice. Contact your local ISC
sales representative today for
ademonstration.

Color Communicates Better

Intelligent Systems Corp.,

Telephone: 404/449-5961 TWX:810/766-1581

8C: Columbia 803/798-3297, TN: Knoxville 615/588-2417, TX (also AR): Austin 512/451-5174, Dallas 214/661-0300, Houston 713/780-2511,

San Antonio 512/828-0937, UT: Salt Lake City 801/973-7969, WA (also ID, MT): Bellevue 206/455-9180, EUROPEAN EXPORT SALES:
Techexport, Inc., Cambridge, MA 617/661-9424, ENGLAND: Techex, Ltd., Bournemouth 0202-293-115, FRANCE: Peritec, Rueil 749-40-37,
SWITZERLAND: Intertest, AG, Bern 031-224481, WEST GERMANY: Kontron Elektronik, GmbH, Eching b. Miinchen 08165-771, AUSTRALIA: Anderson
Digital Equip., Mt. Waverly, Victoria, Melbourne 543-2077, CANADA: Cantec Rep., Inc., Ottawa, Ont. 613/255-0363, Pointe Claire, P.Q. 514/694-4049,
Toronto, Ont. 416/675-2460, CANADA: Datamex, Ltd. (Distributor), Dorval, Que. 514/636-9774, Ottawa, Ont. 613/244-1391, Toronto, Ont.
416/787-1208, Vancouver, B.C. 804/684-8625, CENTRAL & SOUTH AMERICA, MEXICO, CARIBBEAN: American Business Systems,

Atlanta 404/394-9603, FAR EAST: Computers International, Los Angeles, CA 213/382-1107
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How To Give Your

I m

ADVANCED OPTOELECTRONIC PRODUCTS

! | o

Displays a Lot More Character:

Put more LED alphanumerics in
less space with Monsanto's new
MAN2815. Save panel space with
the “More Character Display” from
Monsanto. Advanced engineering gives
you more character density (character/
inch of panel space) than competitive
displays. Monsanto's unique lens and
font design takes advantage of human
engineering experience. More pleasant
viewing with a height/width ratio that
is optimized, not squatty and square.

MAN2815 gives you wider viewing
angles with less distortion. Our
new lens design lets you view the
characters from several angles. Where
other displays distort at off-axis viewing
angles, the MAN2815 shows you the
real message . . . clearly, brightly,
undistorted. Less chance of error. More
convenience.

Displays can be precisely aligned
from character to character with
MAN2815. The MAN2815 is precision
manufactured to allow end-to-end
stacking for any number of units. And
you can maintain the alignment of the
characters from module to module so a
full line of words looks even and
professional.

Reliability is high . . . the power
requirement is a cool low. An

average current of 0.5 mA is more than
adequate for viewing in ambient condi-

138

Left: More characters— MAN2815 (top) and competitive unit character density in same panel space.
Right: Less distortion—MAN2815 (top) and competitive unit when viewed 25° off of normal.

tions of 100 ft.-candles of illumination.
That's only 60 mW, yet the MAN2815 is
rated for 1200 mW. And competitive
units can't match the MAN2815 for
operating temperature range (0-85°C.).
Not only do you get power savings . . .
but cooler, longer, and more reliable
operation.

MDNSF!NTD}'_F_

150 MIN

Send now for the MAN2815
Design Kit— limited time offer.
Now you can order Monsanto's More
Character Design Kit: sample, complete
data, applications design information,
everything you need to evaluate this
new display in your prototype. Compare
it to other units. You'll get “more
character” in your equipment.

Send $44.00 (check or money order,
please) to: Monsanto Commercial
Products Co., Electronics Division, 3400
Hillview Avenue, Palo Alto, CA 94304.
Telephone (415) 493-3300.

FIRST IN LED MATERIAL AND TECHNOLOGY

Monsanto
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H(A) <1 < H(A) + 1, implying
that E < 1.

Employing Huffman’s coding meth-
od!! for any source, an optimal code
can be constructed that has the fol-
lowing properties?: Its average word
length is less than, or equal to, that
of any other code for the same
source; and it is instantaneously
decodable, which implies that the
code fulfils the “prefix condition,”
ie, no code word is a prefix of any
other code word.

The useful concept of redundancy
is defined by

_H(A)
Hl‘l‘llx

where Hp.x is the maximum entropy
that can be conveyed by the symbols
used. In this case, Hyax = log n.

If I, is the average number of bits
per source symbol before compres-
sion, and [, is the average number of
bits after data compression, the bit-
compression ratio (p) can be de-
fined by

R=1 (4)

p=§': (5)

Source Deicripﬂon
Let M, and M, be these sets of mes-

sages:

Mo = {mo,i|mo,1 = 0,

i=1,...,1024} (6)
M, = {m1,||m1,| = il,
i=1,...,1024} (@)

In these sets; 0! denotes a string of
i zeroes and 1' denotes a string of
i ones. A line 1024 bits long in the
original picture files consists of mes-
sages that belong to either M, or Mj,
in such a manner that no two suc-
cessive messages belong to the same

set (My or My).

Experimental Results

The frequencies of the messages
given in Egs (6) and (7) have been
computed from 10 picture files. De-
note these frequencies as f(my;),
i = 1, o sy 1024 and f(mm),
i=1,...,1024. Of these frequen-
,t:ies, f(m()‘l) S f(mo,sl) ‘and
f(my;) ... f(m;23) appeared more
times than the other frequencies.

Let My’ = {mo,1, mo,z, - - - , Mo,31,
mo .’ | be a set of messages. Then, the
following estimates can be made for
the a priori probabilities of the mes-
ages in My’:

— f(mo,1) e
p(mo,1) = 1024 ,i=1,...,31(8)

= £(mo,3)

J=

1024
) 232 f(mo,1)
’ F—3 1=
P(Mo.u ) 1024 (9)
2 f(mo,)
i=1
A code Cy is constructed for this
source by Huffman’s method: Cy’ =
{co,15 Co,2; - - « » Co,31, Co,re |- In the
same manner, the following estimates
of the a priori probabilities are used
for the other set of messages.
M, = ‘{ml,l, my o, ..., My 23, ml,'re'}'
Therefore,
o f(m:.s) _—
p(my,1) =022 ,i=1,...,23(10)
= f(myy)
i=1

1024
2 f(my,1)

i=

p(my,re’) = Toza (11)
. > f(myy)

J=

In Table 1 a variable-length code
C,’ is also constructed for this source
by Huffman’s method: C;’ = {cy,1,
C1,2, « » « 5 C1,23, cl,..e' }'.

In order to code any singular mes-
sage contained in mg.’ or my..’, a
string of 10 bits should be added to
code words ¢’ or cir’ to show
which original message is concerned.
In this manner, the following codes
are obtained:

NS Co,mu} (12)
9 01,1024} (13)

Exact performance data of codes
Co and C; are given in Table 2. The
values were computed using the files

Co = ’{Co,l, Co,2y
G, = {01.1, CL8 o o v




AW WWRNRN
s s W WwNeN
& B WWWNN
AL W WW NN
aBhWWWNN
A WWWNN
BAWWWRNN

VIO —~MMNMN O BAWWWNN
T T 0 — M MNMW A W WWw NN
VIO —~MMNN AL WWWON
D CmWMNMNN B A WWWNN

© T O — MmN S bW WWw NN
OHDPNMMNKEN 5B WWWNN
O =P NMMNMN &8 wWwWwNN

O Q®OMN MM
oogommm
O Q®OmMN®MN
O Q®OMMNMN
O = > oMM KN
O =P NMMNN
D e m WM NN

N - @ W MN NN S A W WwweN

& h WWWwRN

D - oW NN

B LY Y RS IR
aH W WWNN
BEWWWRNN
S EWWWNN
Eh WWWNN
BE WWWNN
bE WWWNN
A WWWNON
&b WwwNeN
s b WWwwNN
A A WWWNN
Bb WWWNN
BEh WWWNN

CZMOMMM BAWWWNRN
c;mo;umm A WwwmN
C ZITMOoOMMM &5 wWwwWwwWwNN

VXA N NN
VR A S MMM
VXA OB MM N
wox N B MNN
“ O LM NM
“ O LM NN
- O LMNMNMN
- mO LM NN
C MO MMM
< ZmM NN NN
< ZTM NMNMNMN
< ZTMNMNMN
< Z M N MMM

Binary pictures. Two copies of or-
iginal picture files are shown as dis-
played on a CRT terminal. Each is
sized with 1024 x 224 bits. Original
alphanumeric characters were gen-
erated within 7-mm squares. Each
displayed copy contains 32 x 7 char-
acters and the size of each char-
acter matrix is 32 x 32 bits

obtained from calculating the fre-
quencies of messages M, and Mj.
In counting the listed entropies, the
probability estimates for source sym-
bols My and M; have been counted
using Egs (8) and (10) for i = 1,
..., 1024,

Method Evaluation

To compress picture files (such as
those in the Figure), a bit is added
at the beginning of each row to in-
dicate whether the first message of
that row belongs to set M, or M;.
The messages of each row are then
coded using codes C, and C;. This
method results in a bit-compression
ratio of 4.363 for the 10 picture files
used when counting the frequencies
of messages My, and M;. This ratio
implies that the total size of the orig-
inal picture files is 4.363 times
greater than that of the compressed
picture files. Data compression has
also been tested on 24 picture files,
giving an average bit-compression
ratio of 4.149. The inverse values

of these two compression ratios are
0.229 and 0.241, respectively, reveal-
ing that 77.1% and 75.9% of the
original file sizes have been removed
by the described data compression
method.

The behavior of the data compres-
sion method among different files has
also been tested. Table 3 gives test
results for the 10 picture files that
were used while learning the statis-
tics of the data. In this table, entropy
symbols Hy and H; have these mean-
ings:

1024

Ho = — .21 p(mo,1) log p(mo,)  (14)
1=
1024

Hi=— = p(m) log p(my)  (15)

1:

Estimates for the probabilities have
been counted for the respective files.
Bit numbers [, and I; give the aver-
age code word lengths when using
codes Cy and C;, and ratios p and
1/p show the final performance of the
coding method when applied to the
respective picture files.

Data compression tests have been
made for 24 other picture files. In
the best case, 83.0% of redundancy
was removed and, in the worst case,
69.7%. The described data compres-
sion method—easily implemented by
computer programming—substantial—
ly reduces the data redundancy of
binary pictorial information. Overall
results indicate that an average sav-
ing of about 76.2% in storage ca-
pacity is achieved.
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Mr Inside/
: Outside

-both with
600LPMspeed.

Data Printer Corp now offers two
different 600 LPM line printers to
meet the most demanding and the
most remote needs.
Our ChainTrain® 1 260 is a heavy-
hitter designed for
continuous use on a
variety of projectsin
the main computer
room. Its heavy
duty, durable de-
sign allows it to
stand up to con-
stantuse, and it’s
loaded with elec-
tronic hardware
which enables the
operator to quickly ¥ 95

It's a band-type printer, which
although able to stand up to heavy
duty requirements, is specifically
designed for use on smaller sub-
computers or for remote applications
such as use on a shipping/receiving
dock to expedite inventory control. It

B has a paper skip speed of 15 ips.

Thinking of them in football terms,

» '::‘ our ChainTrain
1260 is the bruis-
N B ing fullback bang-

bang-banging

up the middle,

and our Band Line

3600is the
nimble-footed

_ _meaezc00® halfback skirting

change paper forms —
payroll toreportretrieval !
to invoices. Itis available |
with paper skip speeds
of 20 or 40 ips.

Our new Band Line
3600 is more compact
and available at a much
more compact price.

gmmmm DATA PRINTER CORP
WL 99 Middlesex Street, Malden, MA 02148

¢ Tel:(617)321-2400 TWX:710-348-0794
egional Sales Offices: Clifton, NJ, Costa Mesa, CA

V

l Yes, I'm interested in your printers.

[0 Send me more information.

0 Have yourrepresentative contact me.

| Name Title

1 theflank for big
yardage.
Mr. Inside/Mr. Out-

| Company.

| Address

never had it so good.

| City/State/zip

|
|
| side, Knute Rockne
|
|
|

Telephone.

Let us know which

Mail to: Nick Siedun
Data Printer Corp

| 99 Middlesex St.

I Malden, MA 02148 CD
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S~ one fits bestinto
’your game-plan.
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APPLICATION NOTE

Digital Input Units
Isolate Microcomputers
From Industrial Level Voltages

Interfacing microcomputers to comparatively high voltage input signals
present in industrial process control applications can be accommodated

via optical isolation. Digital input units containing opto-isolators

protect the microcomputer from standard as well as overvoltage conditions

C.R. Teeple

Burr-Brown Research Corporation, Tucson, Arizona

A Ithough the current abundance
of inexpensive microcomputers has
made the computer control and
monitoring of many industrial pro-
cess functions economically feasible,
most popular microcomputers do not
interface readily with some of the
control systems. For example, large
industrial process monitoring relays
and switches generate widely vary-
ing high voltage pulses that must
be conditioned before interfacing to
low voltage microcomputers; on/off
states of large 24-Vdc or 110-Vac
relays must somehow interface with
the 5-V metal-oxide semiconductor
or transistor-transistor logic level dig-
ital transitions of the microcom-
puter. In addition analog-to-digital
and digital-to-analog conversion inter-
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faces must be provided for system
inputs and outputs.

As one solution to this problem,
at least for Micromodule™ and
sBC™-80 microcomputers, direct com-
patibility can be attained through
use of digital input units (DIUS).
Opto-isolators in the pIUs protect the
microcomputers from damaging volt-
age transients, surges, and malfunc-
tions that occur in harsh industrial
environments. In addition, optical
isolation tolerates widely varying
inputs and prevents the occurrence
of ground loops.

Opto-Isolation

Opto-isolators consist of a light
source optically coupled to a light

sensor. They transmit data while
maintaining a high degree of elec-
trical isolation between input and
output. Isolators made up of incan-
descent or neon light sources coupled
with cadmium or lead salt photo-
resistor sensors have been in service
for many years. However, most
present devices use a gallium arse-
nide infrared light-emitting diode
(LED) as the light source and a silicon
phototransistor as the sensor (Fig 1).
These devices inherently possess re-
liability, low cost, relatively high
switching speed.

T™Micromodule is a registered trademark
of Motorola, Inc. sBc-80 is a registered
trademark of Intel Corp.

COMPUTER DESIGN/NOVEMBER 1978



MOTOROLA
MICROMODULE USERS:

INTERFACE TO THE REAL WORLD.

Real world interfacing for data
acquisition made easy. Complete
functional, electrical and mechani-
cal compatibility with the Motorola
EXORciser Development Systems

and Micromodule single board com-

puters. Functions are pre-wired. All
microcomputer bus connections
are made by simply plugging the
RTIF230 Series board into the card
cage. All you have to do is connect
your analog signals and start col-
lecting data. Here are the choices:

s RTI-1230 Input System-Up
to 32 Analog Inputs, High Per-
formance 12 bit A/D.

= RTI-1231 Combination Sys-
tem-Up to 32 Analog Inputs
and two 12 bit DAC outputs.

a Choice of Resistor or Software
programmabile Gain Instru-
mentation Amplifiers.

= RTI-1232 Output Systems~
Four 12 bit analog outputs,
plus optional 4-20 mA current
loop drivers -4 digital logic
drivers.

= Optional high speed 8 bit A/D.

MEMORY MAPPED
1/0 SIMPLIFIES
PROGRAMMING.

Memory Mapping makes A/D con-
versions as simple as reading data

from a single memory location; the
result-reduced system software,
enganced throughput, and faster
Setup.

COST EFFECTIVE
SOLUTIONS FOR DATA
ACQUISITION PROBLEMS.

-
—r
he

o

- m’l 2 35" RTT. ——
ST
board microcomputer coupled with
any of the RTI-1230 Series Analog I/0
Subsystems offers a complete,
cost effective solution to demand-
ing data acquisition requirements.
Convenient setup, 12-bit accuracy,
and simplified programming all add
up to superior performance in the
real world at a price you can live
with. For example, the RTI-1230-R

ANg L
o)

12 gy
ADc

The Motorola Micromodule single

Analog Input Subsystem with a 12-
bit A/D and Resistor Programmable
Gain Amplifier sells for $399 com-
plete and ready to plug-in.

Our growing family of analog
I/0 subsystems for all popular
microcomputers-Motorola, Texas
Instruments, Intel, Pro-Log-are
designed to provide maximum con-
venience and versatility with the
least uncertainty and frustration.

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

i

Ha
Tor
Mag, £

IA/g
Res,
oS

PRO,

Mag 4, -

ANALOG
DEVICES

WAYOUT IN FRONT

Analog Devices, Inc., Box 280, Norwood, MA 02062; East Coast: (617).329-4700; Midwest: (312) 894-3300; West Coast: (213) 595-1783; Texas: (214) 231-5094; Belgium: 031/37 48 03; Denmark:
(02) 845800; England: 01/94 10 46 6; France: 686-7760; Germany: 089/53 03 19; Japan: 03/26 36 82 6; Netherlands: 076/879 251; Switzerland: 022/319704; and representatives around the world.
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Motorola announces
microcomputer yet:

sasily

Th Non-Multiplexed Mode
user- mplemented Minimal system configuration.
modesonone . T
powerful
microcomputer
ch|p pORT1 PORT2

® 81/0 51/0

LINES LINES
SCI

16-BIT TIMER

CS w
§
=
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the most flexible

the unique MC6801.

Now you can field-select a variety of
system-on-silicon operating modes
from one single-chip, powerful
microcomputer: Motorola’'s MC6801.

Each of its various modes are
user-selectable, easily, right in your
own facility, offering an un-
paralleled, state-of-the-art optimum
in design convenience.

The versatile MC6801 is an eight-
bit microcomputer—with 16-bit
instructions, an internal data bus,
and on-board ROM, RAM, timer,
clock, 1/0 and serial communications
interface—and it's 100% bus-
compatible, op- and source-code
compatible, software-compatible
and upward expandable with all
M6800 micros, memories,
peripherals, special purpose devices
and development and support
hardware and software.

And it's a powerful one-chipper.
The CPU has 10 enhanced 16-bit
instructions, one of which is an 8 x 8
hardware multiply with 16-bit result
in 10 usecs (1 MHz clock) and 64K
external addressability.

The MC6801 replaces many multi-
chip and board-level systems with a
single 5 V chip that’s faster, more
powerful and reliable, easier to test
and lower in system cost. All of
which gets you to market faster,
more aggressively.

For serial communications in
distributed processing, the 1/0 port
can be used with the SCI in a slow-
speed system or with parallel data
I/0 in higher-speed systems. It has
full or half duplex capability, both
with mark/space (NRZ) and bi-phase
(FM) options; an on-board bit rate
generator with four user-selectable
baud rates; and three-wire
transmission (clock, receiver and
transmitter lines).

MC6801.

® Available now (samples)

® Three field-select modes

® Serial communications interface
@ Ten 16-bit instructions

The single-chip,
muitimode
microcomputer:

® EPROM (MC68701) for prototyping (Q4 '78)

® 8 x 8 Hardware multiply

® Up to 64K addressability

@ Full EXORciser* family support
©® 100% 6800 Upward compatibility

cLock

MC6800 ]T
],u.mu:n:sssscml

MC6801 X2
—1 MC6850
SERIAL X1-1/2
/0
X1/3

*Trademark of Motorola Inc.

The MC6801
microcomputer
is available now,
in limited sample
quantities.
Production
quantities will be
available in December. Same for a
no-ROM version of the '6801, the
MC6803. An EPROM version—the
MC68701—will also be out in the
fourth quarter, while the MC6801E—
which is the '6801 wired for external
clock operation—will bow first
quarter '79.

The versatile MC6801 is backed by

not only one of the highest VLSI
production capabilities in the world
but also Motorola’s vast commitment
to continued expansion of the
M6800 Family and full retention
of software compatibility with all
existing and planned parts. And
thus users' systems of tomorrow.
Whether to gain the economy

CIRCLE 68 ON INQUIRY CARD

of a one-part buy for a variety of
applications, or to win 100%
compatible, expandable flexibility
for your mid- to high-end applica-
tions of tomorrow, the MC6801 rates
your very serious examination. For a
data sheet and a complete overview
brochure on this third-generation,
first-of-its-kind-on-the-market
microcomputer, write Motorola
Semiconductor Products Inc.,

P.O. Box 20912,
Phoenix, AZ 85036,
or circle the reader
service number.

MOTOROLA

Semiconductor Group
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more
rctro-optical

It's ten years since HEI produced the industry's first
optical switch, and our capabilities have grown with the
years. Take a look at a few of our latest electro-optical
solutions.

1. Hand-fed Card Reader — reads both punches and
marks with no adjustment. Thirteen channel square-
wave output with strobe. Can be custom configured,
and carries lowest price on the market. Circle 69

2. Incremental Encoder — low cost encoder includes
disk and sensors. Provides square-wave output and
broad temperature capability. Built to last.  Circle 70

3. Compact Light Pen — extra slim stainless-steel
case, integral hybrid circuitry. Can be ordered with
specified field of view and sensitivity. Needs only 5VDC.
One of several in our light pen family. Circle 71

4. Custom Optical Switch — contains light source(s)
and sensor(s) plus hybrid control circuit. Square-wave
output. Customer specifies size and gap spacing.

gf"ﬂfy%ﬁd Circuit — HEI specializes in high-density
thick film circuits. We are competitive at any quantity
level or circuit complexity. Experienced supplier to
demanding customers for a decade. Need design help?
Ask us. Circle 73

olutions!

6. Multi-Channel Reader — economical 2 to 14 chan-
nel optical reader widely used for high-speed printer

control. TTL outputs with up to ten fanouts per channel.
Circle 74

This is just a sample of HEI products. We also supply
a variety of optical switches, arrays, shaft encoder
devices. If you can't find just what you need, HEI will
build it at the right price. Got problems? HEI has
electro-optical solutions!

he Oploelectronic: Speciafists

@I , -
& : ‘ II"IG.

Jonathan Industrial Center ® Chaska, MN 55318 « 612/448-3510




Because they have no external
optical characteristics, opto-isolators
are considered as electrical devices;
their major characteristics are effi-
cient transfer of information from
input to output, switching time, and
electrical isolation from input to
output. Transfer efficiency depends
upon the combination of operating
temperature and input (forward)
current. Switching time is a function
of the phototransistor base storage
time and the output circuit time
constant. Electrical isolation com-
prises insulation resistances above
10 Q, input-to-output capacitance
of less than 0.5 pF, and typical
breakdown voltages on the order of
several kilovolts.

Isolated Inputs

Optically isolating the source of the
digital input from the microcomput-
er system rejects voltage transients
at the pru. For instance, a 500-V
common mode surge on a TTL-type
input of the microcomputer would
immediately short across the input
logic to the system 5-V supply and,
most likely, destroy a majority of
the system logic. With optical isola-
tion, this surge would not reach
the system bus, and might not even
be noticed. As shown in Fig 2, dif-
ferent common mode voltages affect
the operation of a digital input sys-
tem; for example, cmv, through
CMV.3 are the common mode voltages
from earth ground to each input

Fig 1
isolator. Key performance param-
eters include current transfer ratio
(CTR), which is current gain in
percent; operating speed, which
reflects how rapidly output can
be switched; and isolation volt-

LED-phototransistor opto-

age, which indicates dielectric
strength between input and output

MICROCOMPUTER
GROUND

VSN = EXTERNALLY SUPPLIED WETTING VOLTAGE

CMVN = COMMON-MODE VOLTAGE TO EARTH GROUND

CMVx -COMMON-MODE VOLTAGE BETWEEN EARTH
AND MICROCOMPUTER GROUND

Fig 2 Common mode volt-
ages. Different common mode
voltages are possible from each
input to earth ground. Isolated
input channels ignore differ-
ences in common mode volt-
ages, ie, differences in ground
potentials and accidental over-
voltages while breaking ground
loops

pair of 24 data input channels
(CHy to CHag).

Each data input channel will op-
erate properly (ie, each external
switch contact closure will be de-
tected) up to the maximum common
mode voltage rating (600 Vdec).
Different common mode voltages
between channels must be less than
300 Vdc. Because the 24 data input
channels of the pIu are typically
arranged in three groups of eight
(channels 0 to 7, 8 to 15, and
16 to 23), acceptable common mode
voltage from channel to channel
between groups is 600 Vdc. Thus,
if the common mode voltage of some
groups of channels varies widely,
the inputs may be segregated to the
three groups to accommodate the
variations.

If the pru supplies wetting cur-
rent for external switch closures
from its three onboard power sup-
plies, it cannot withstand common
mode voltages between channels
within a group. (Wetting current is
the current forced through the con-
tact closures of a switch to detect
whether they are open or closed.)
However, the isolation of this DIU
is 600 Vdc between groups of eight
channels since the three onboard
power supplies are separately iso-
lated. Isolation from one pru board
to another is 600 Vdc.

Isolation prevents ground loop
currents from flowing between re-
mote grounds (at a contact closure
for instance) and the local micro-
computer ground. Voltage poten-
tials between these two grounds can
cause current to flow through the
application sensing circuitry. This

current could generate enough noise
and interference to make the detec-
tion of open and closed contacts
extremely difficult. Optical isolation
interrupts the current flow path,
resulting in clean, noise free input
signals.

Differentially applied input volt-
age to each data channel circuit is
shown in Fig 2 as Vy, where N =
0 to 23. The pIU input circuitry can
handle a wide range of differential
voltages, such as 17 to 84 Vdc and
34 to 168 Vac. Therefore, even
differentially connecting input chan-
nels directly to line voltages (120
Vac) will not harm the microcom-
puter system or the input circuitry.

Digital Inputs

One type of pIU interfaces to “dry”
contact closure inputs using an on-
board power supply to supply wetting
current, while a second DIU type
interfaces to “wet” voltage inputs
or contact closures using an external
voltage source to supply wetting
current. Fig 3 depicts the equivalent
input circuitry of one data channel
for dry contact closure sensing.

An ideal relay has zero imped-
ance (Rerosgp) between its con-
tacts when closed and infinite im-
pedance (Ropgx) between its con-
tacts when opened. In practice, a
relay circuit has impedance when
closed due to wire, contact, and
termination resistances. This type of
pIU is designed to detect a closure
with Reposep resistances as high as
6 kQ. Similarly, when the contacts
of an actual relay are open, the
resistance detected at the input
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Now. A static
that won'’t give you
upgrade.
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Maxi-ROM " family
static when you

Welcome to the complete fully
static Maxi-ROM family from National.
16K, 32K and 64K. Each completely pin
compatible as specified by the JEDEC
24-pin standard.

We've made each one pin compatible
so there won't be any problems when
you update and change from 8K to 16K.
Or 32K to 64K. There€’s no reason to
redesign. You can take what you're currently
doing as far as it goes.

Speed? Our access time is 450 ns—
the same as required by most ROM appli-
cations. What's more, all ROM’s in our
Maxi-ROM family use a single +5V sup-
ply. They also use a streamlined NMO
ROM process. And since they're fully
static, they require no clock so you can
save money and precious space.

If you want big static ROM’s but
don’t want static, check out National’'s com-
plete Maxi-ROM family. Just send in
the coupon below for all the information.

National Semiconductor Corporation
2900 Semiconductor Drive
Santa Clara, CA 95051

|

|

t

|

|

|

Gentlemen: Send me the full story on your Maxi- :
ROM family. |
|

|

Name :
Title [
Company Name I
Address "
|

|

City State Zip
S S Ll SO Py s s . L |

2 National Semiconductor
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10
MICROCOMPUTER
BUS

(){V}

Fig 3 Dry contact closure
interface. Input circuit com-
prises onboard wetting cur-
rent supply for dry contact
closure sense, input protec-
tion (pull-up) resistor, recti-
fier diode, and optical iso-
lator for microcomputer inter-
facing. External “ideal” relay
contact closure is shown
with equivalent open and
closed resistances (Rorex
and Rcrosen respectively) to

,%CS ODE | cHo demonstrate actual relay
Vi P10 3 contact closure
PULL-UP OPTICAL 'CLOSED
RESISTOR 5O LATOR Ropen
RELAY
“pig __CONTACT/|
CHO

circuitry is less than infinite. This
may be due to wiring layout, printed
circuit board traces, collected con-
taminants, or humidity. This pIU type
will detect open relay contacts with
Ropey resistances as low as 80 kQ.
The onboard *12-Vdc voltage source
provides wetting current for the
external relay contacts being sensed.
This isolated voltage is generated
by the p1u from the microcomputer
12-Vdc supply. The rectifier diode
protects the onboard circuitry if an
accidental ac voltage is applied
across the inputs; up to 168 Vac
or 84 Vdc can be applied across
the input channel without damage.
This p1u can be modified by chang-
ing jumpers to operate on any
selected data channels with either
wet or dry contact closures.

The circuit shown in Fig 4 is
basically the same as that described
for Fig 3 except that this p1u does
not have an onboard voltage source
to supply wetting current for the
relay contacts. Permissible limits for
RCLOSED and Ropen vary in direct
proportion with external voltage

source Vg. For instance, with Vg =
24 Vde, Ropexy = 80 kQ minimum
and RCLOSED =16 k0 maximum;
with Vs =" 60 VdC, ROPEN =
235 kQ minimum and RCLOSED =
58 kQ maximum. At any Vg be-
tween 24 and 84 Vdc, there is a
proportionally wide range of accept-
able resistances. This type of bIU
also accepts direct voltage inputs.
An input of 4 V or less will be
detected as a logic 0, and an input
of 17 V or more will be detected
as a logic 1.

In microcomputer systems, these
digital inputs are read as memory
locations. Since each digital input is
one memory bit, eight inputs con-
stitute one byte of memory, and any
read instruction may be used. When
an input is read, a logic O represents
an open contact or a low voltage,
and a logic 1 represents a closed
contact or a high voltage. Since
each memory read instruction inputs
the status of eight data channels,
a double-byte read instruction, such
as LDX (load index register), would
be used to read the status of 16

Vs IS EXTERNALLY SUPPLIED

MICROCOMPUTYEOR 15k0,172w | CHO
BUS

Rlp

PULL-UP

RESISTOR +
OPTICAL

o RECTIFIER

i DIODE

Fig 4 Wet contact closure
interface. Input circuit han-
dles either voltage inputs
or “wet” contact closures.
External source of wetting
current is shown in series
with relay circuit, rectifier
diode, protection (pull-up)
resistor, and optical isolator
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channels. The remaining address
lines are used to select the pIU itself.
The address block occupied by each
DIU is wire jumper selectable and
can be located anywhere in memory.
For example, a typical read instruc-
tion that inputs the status of eight
channels is LpA $90Fc, or load (LD)
the accumulator (A) with the status
of data channels 0 to 7 [90Fc is
the location of channels 0 to 7 in
hexadecimal ($) code].

Then, a variety of simple opera-
tions can be done to determine
further actions. For instance, if only
one input channel is of importance
for a particular operation, the ac-
cumulator may be ANped with
00000010 to easily determine the
status of the input channel in the
second position (X;) as

[ XXoX:XXoXaX:X, ~ Accumulator
AND: contents
loooooo1o
000000X0  Result

The result in the accumulator may
then be tested to act on the status
of channel X;, as

LpA  $90rc Load status of channels
0 to 7 into accumulator
AND  §02 AND accumulator with
0214 (00000010-)
JMP ROP If X, is a logical 1
(closed contact), jump
program to ROP subroutine
A $90rp If X, is a logical 0

(open contact), continue
program by loading status
of data channels 8 to 15
into accumulator
ROP is a subroutine that takes the
necessary action when X; is a closed
contact. For instance, X; = 1 may
mean that the flow of coolant has
dropped below a preset limit. Con-
sequently the Rop subroutine would
stop the process being cooled and
sound an alarm.

Each word read from the bIU
represents the present status of each
channel as the read operation oc-
curs. An input delay time (due to
the response time of the opto-isola-
tor LED) is required to allow a
change of state of any input to be
detected. The input delay time
needed to detect the change of an
input from open to closed (logic 0
to 1) is typically 25 us; the time
required to detect the change of an
input from closed to open (logic 1
to 0) is typically 100 us. Also, the
input delay time of the pIU acts as
an input noise filter to eliminate
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Our new line of 80-column, dot-matrix line printers

- the Anadex DP-8000 Series - combines high
performance and operating convenience with a price that's
causing OEM’s to take a closer look.

Looking for Performance?

All models feature a precision engineered, continuous
duty printer mechanism that can print the complete

96 ASCII character set, bi-directionally, at 84 LPM actual
throughout. And three lines of internal FIFO buffer storage
(optionally, 2K character FIFO buffer for CRT dump, etc.)
allow faster external system operation.

A 9 x 7 character font provides virtually half-dot resolution
for superior print quality.
For flexible interfacing, the
DP-8000 is available with three
standard interfaces: EIA-RS232C,

Printer with selectable BAUD rates up
Price/ Performance

to 9600 BAUD; Current Loop; or Parallel-
Bit, Serial Character.

Precise positioning of single or
multiple-part paper is ensured by
sprocket-feed paper advance, user-
programmable Top of Form Control,
and up to 8 Vertical Tabs.

Looking for Convenience?

For operating ease, the DP-8000 Series
accepts paper through the rear or

bottom of the unit, provides programmable
Skip Over Perforation control, and Out

of Paper indication and signal.

Looking for Low Cost?

The best news is the price. A complete
DP-8000, including case, is priced under
$600 in OEM quantities.

Once you've examined the specifica-
tions and seen the printer in operation,
we think you'll agree, *Printer Price/
Performance never looked better.”

For complete details, contact DP-8000 Marketing Dept.;
never oo e Anadex, Inc.; 9825 DeSotc Ave.; Chatsworth, CA 91311;

better.

Phone (213) 998-8010; TWX 910-494-2761.

/Annaclex
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Flicker-free
and
ultrahigh
resolution
color TV
displays...

You can have your choice with
the Model 374.

1024 x 512 pixel graphics
displayed at a non-flicker,
60-Hz refresh rate. Ideal for the
display of computer graphics.

or
1024 x 1024 ultrahigh resolution
pixel graphics displayed at a
30-Hz rate using 2:1 interlace.
Video bandwidth in excess of
30 MHz assures that resolution
is not electronically limited.

Write or call Dick Holmes for a
Model 374 descriptive brochure.

[SPL]

Electronic Image Systems
Division of Systems Research Laboratories, Inc.
2800 Indian Ripple Road e Dayton, Ohio 45440
Phone 513/426-6000  TWX 810/450-8621
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DIGITAL

MICROCOMPUTER

DIGITAL
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CHO TEMPERATURE — l
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- (81)
CHI BOILER
TEMPERATURE
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| (8O

—ofier |

(DOUV)

Fig 5 Temperature controller subsystem. DIU con-
tinuously feeds process status of temperature limit
switches to microcomputer for control action. When
boiler temperature drops below low limit, heater is
activated; when boiler temperature rises above high
limit, heater is de-activated. Both actions are triggered
by microcomputer working through digital output unit

high frequency noise from the input
circuitry because noise pulses of
less duration than the delay times
will not pass through.

When the coil of a relay changes
state, its contacts do not immedi-
ately make a change due to switch-
ing time, which is measured in
hundreds of microseconds or milli-
seconds. The contacts also bounce
from one state to the other during
the transition. In most industrial
applications, contact bounce can be
disregarded. However, debouncing
circuitry can be added to some
DIUs to filter the input circuitry re-
sponse to input changes. For in-
stance, a debouncing time of 10 ms
can be implemented. This means
that an input change of state must
hold beyond 10 ms before the pru
recognizes it is a legitimate change;
thus, contract bounce is ignored. For
the pius, debouncing typically is not
needed. If the inputs are read during
the bounce time of a contact change
of state from open to closed (de-
bouncing circuit not included), the
data can read either open or closed.
If the data reads open, the result
is the same as if debouncing were
in the circuit because the change has
not been detected yet. If the data
reads closed, the new reading is
correct. The time between readings
should be longer than the bounce
time so that successive readings do
not read a peak and then a valley.
This limitation on time between read-
ings is not a greater restraint than
the delay that would be imposed by
a debouncing circuit. If the actual
bounce of the contacts is shorter
than the debouncing time that would

have been imposed, the nondebounc-
ing method is actually faster.

Basic Temperature
Controller Application

Fig 5 shows a simplified tempera-
ture controller subsystem using a
microcomputer with isolated digi-
tal inputs and reed relay outputs.
Contact closure inputs are obtained
from two temperature limit switches.
Switch Bl closes when the tempera-
ture rises above a high limit, while
switch BO closes when the tempera-
ture drops below a low limit. Appli-
cation process monitoring status
and resulting control action are

Input Process Control
B‘Bf, Status Action
00 Temp No change
in range
10 Temp Turn off heater
too high
01 Temp Turn on heater
too low
14 ! Controller Indicate
malfunction controller
malfunction
Summary

By electrically isolating microcom-
puters from the high voltage pulses
inherent to industrial applications,
digital input units enable micro-
computers to interface with process
control and monitoring system com-
ponents. Opto-isolators protect the
5-V microcomputers from the 24-
Vdc or 110-Vac common mode volt-
ages, ground potential differences,
and accidental overvoltages while
breaking ground loops. As a result,
many available microcomputers can
now be used in relatively inexpen-
sive process control systems. O
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_ TEKTRONIX
thinks your logic analyzer

should be as versatile
as you are
So ours let you connect probes fast.

S L The Harmonica Connector:
. = fast, convenient probe
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MODEL 70

The new standard for the CRT terminal
industry from the first independent
commercial CRT manufacturer.

e Microprocessor controlled
e 80 characters X 25 lines
e Upper/Lower case

e Eight function keys

e Tilt/Swivel screen

AND MUCH MORE

Stabz'lit}/‘
= —— “Age
Beauty~ M

TEC, Incorporated

2727 N. FAIRVIEW AVENUE e TUCSON, ARIZONA USA 85705 e (602) 792-2230 e TWX 910-952-1377
AN EQUAL OPPORTUNITY EMPLOYER M/F, COMMITTED TO AFFIRMATIVE ACTION — A TEC INCORPORATED CORPORATE POLICY
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EXPLORE

THE WORLD OF
DATA COMMUNICATIONS
AT INTELCOM 79

INTEL /D)
2COM/ Y/

INTERNATIONAL
TELECOMMUNICATION
EXPOSITION

DALLAS, TEXAS
FEBRUARY 26-MARCH 2 1979

INTELCOM 79, an international telecommunications exposition, will be held at
the Dallas Convention Center in Dallas, Texas, from February 26-March 2, 1979.
For you, the Data Communications specialist, INTELCOM 79 will be an excit-

ing, informative event. At the Exposition you will explore the latest innovations
in your field while you gain new perspectives on the telecommunications indus-

try as a whole.

DATA COMMUNICATIONS, A MAJOR ELEMENT OF INTELCOM 79,

FEATURING:

® One of the largest international tele-
communications exhibitions!

® Two Executive Forums presented by
top-level government, industrial, and
financial figures!

® Two-day “Telecommunications Mini-
University’ courses taught by leading
Data Communications professionals!

The following short courses will provide an
in-depth look at the variety of activities that
make up the world of Data Communications.

Computer Communications Concepts — /nstruc-

tor, Carlos Laredo of Bell Canada International
Intelligent Terminals in Distributed Systems —
Instructor, Arnold S. Kashar of Technogenics
Group, Inc.

Planning and Design of Cost Effective Informa-
tion Networks for the Multinational User — /n-
structor, Dixon Doll of DMW Telecommunica-
tions Corp.

Electronic Mail: Present Application/Future
Trends — /nstructor, Howard Anderson of The
Yankee Group

Distributed Processing and Data Communica-
tions — /nstructor, Daniel R. McGlynn of
McGlynn Associates

® Technical Sessions on the newest de-
velopments in Data Communications!

Sessions will feature papers on topics you need

to know about. Session topics and chairmen

include:

Data Networks — Dixon Doll, DMW Telecom-

munications Corp.

Distributed Processing — Dale Kutnick, The

Yankee Group )

Electronic Funds Transfer — Harvey Hershko-

witz, Chase Manhattan Bank

Electronic Mail — Howard Anderson, The Yan-

kee Group

Needs of the Developing World: Latin America,

Africa, the Middle East, Asia — Alan Kamman,

Arthur D. Little, Inc.

Economics of Telecommunications — Nelson

Hanover, Economics and Technology, Inc.

Regulations and Policies — John O’Neill, Hori-

zon House

® And much more!

For more information about INTELCOM 79,
call our toll-free number: 800 225-9977

(in Mass. call 617 326-8220). Or write to:
Horizon House International, 610 Washington
Street, Dedham, Mass. 02026

(TWX 710 348 0481).

In Europe, contact: Horizon House/Microsol,
25 Victoria Street, London, SW1H OEX,
England (Telex: 885 744).
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The only
40 column printer
with NCR reliability.

It's field proven and available in quantity now.

Compare this low cost, 40-column printer with others available. You’ll get these extra values.

e Field proven in NCR products ® Prints up to 120 lines per minute  For delivery information, prices,
; ; ; ; literature, please contact us at
e Produced in quantity with NCR e Completely flexible — you é ity .
; ; NCR Engineering and Manufacturing,

quality control control' the elect.romcs OEM Marketing, P.O. Box 627,
e Works as printer and/or e Attractive quantity pricing lthaca, New York 14850

plotter because of unique single (607) 273-6066.

wire design

e Multiple copy capability ! :: —

® Disposable ribbon cassette is
_operator changeable

N CR

Engineering and Manufacturing — Ithaca
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FREE! SPEED READING
DECITEK’s free SPEED READING COURSE
UR E gives full details on new Model 262D9 desktop
@® punched tape reader. (The model that reads

300 cps and recognizes XON and XOFF ASCII characters as well.)
Please rush details. | understand this brush-up course on the latest in tape readers does
not obligate me in any way.
I Name Position
Firm
I Street
I City

All you do is set the switch
on the back of this Smart Box and it
recognizes ASCII characters XON and
XOFE Simple? Brilliant.

This switch also enables your
Decitek 262D9 punched tape reader to
interface with the outside world of tele-
types, CRT terminals, modems, etc. You
select it, the Smart Box does it without
internal programming by jumpers.

Then, using the second mode
selector on the rear panel, you can pro-
gram transmission rate (from 110 to 9600
baud), word length, parity and number
of stop bits.

There’s a lot more to this intelligent
box. Dual-sprocket drive, 25,000 hour
light source with fiber optics and stepper
motor drive —that’s a lot of tape reader.
Add-on fan-fold boxes and 19” wing
adapters provide installation versatility
if you need it.

There’s not another on
the market that gives you the

flexibility and “plug-in”” simplicity N

of this new 262D9.

That’s a fact. Another fact that
will interest you is the reasonable cost
of this improved Smart Box. So, do the
smart thing. Mail the coupon for the FREE
Speed Reading Course. Or, if you're in a
hurry, call (617) 366-8334. Get the facts
over the phone.

When reading matters

IDIBCIITEHIK

A Division of Jamesbury Corp.
129 Flanders Road, Westboro, Massachusetts 01581
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MICRO DATA STACK

PROCESSORS AND ELEMENTS

INTERFACING FUNDAMENTALS:
ASSEMBLY LANGUAGE OR BASIC,

WHICH WAY TO GO?

David G. Larsen and Peter R. Rony"
Virginia Polytechnic Institute and State University

Christopher Titus and Jonathan A. Titus
Tychon, Inc

As the application of microcomputers continues to grow,
more and more users are wondering what the best lan-
guage is for programming a microcomputer. Currently,
the only two languages that have widespread support are
assembly language and Basic".

The choice of one language or the other involves a
number of associated advantages and disadvantages that
must be considered. The two languages should be com-
pared on the basis of cost of programming, memory re-
quirements, machine independence of programs, program
relocatability, user’s libraries, logical operations, use of
nonstandard peripherals, and speed of execution. These
factors are not in order of importance; in fact, there are
probably items of interest that have been omitted. For
a particular microcomputer application, the user may be
interested in only one of the items, such as memory (stor-
age) requirements. Other users may feel that all of the
items are important and therefore must be considered.

Cost of Programming

Programming a microcomputer in any language includes
the cost of preparing flowcharts, entering the program
into the microcomputer (using the assembly language
editor or Basic interpreter), debugging the program, and
producing the user’s manuals, program lis<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>