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32-BIT MINICOMPUTER ACHIEVES FULL 16-BIT COMPATIBILITY
LOGIC ANALYZERS CONQUER LSI COMPLEXITY
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Freedom of Expression.

Only Megatek gives you all three, the
excitement of dynamic raster color. ..
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Powerful, real-time dynamics enable
you to scan the display then zoom in
for added detail.

COTTON 42.9%
ACRYLICS  9.1%
POLYAMIDE 11.b%
POLYESTER 21.9%
wooL 11.5%
CELLULOSE 8.2

It all adds up to the capabilities you
need to put your ideas into pictures.

Express yourself with a Whizzard
computer graphics system and take
advantage of our technological inno-
vations. You get system flexibility.
Easy to use, ever-expanding software
support. Installation, training and
service world-wide. And an inside

track on the future.
We're earning our reputation

..the precision of 4096 x 4096
high resolution calligraphic Whizzard
systems. ..

A large virtual display gives you the
full picture, with the added informa-
tion of up to 16 colors at a time.

And you get freedom of choice,
too, with intelligent interactive
peripherals and modular design for
easy expansion.

in computer graphics. Count on us.
For advanced hardware compatible
software. And added value.

Find out more about how
Megatek can give you freedom
of expression. Write for up-to-
the-minute details on our
complete line of computer graph-
ics products.

IVEG

MEGATEK )
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..and user-oriented software to make
it easy to implement your application.

Rotations mean you can view models
from any angle and segment the dis-
play into multi-viewports.

The Megatek Whizzard. It"WIH set
you free.

Megatek Corporation, 3931 Sorrento
Valley Blvd., San Diego, CA 92121.
714/455-5590. TWX 910-337-1270
Megatek International/Europe, 11
Woudstraat, 4031 JA Ingen, The
Netherlands, Telephone: 31 3443-
2800, Telex: -70619




~-Model 6450
High Density

Cartridge

“Tape System

These are only a fraction of the features that make Model ——
6450 the most advanced V4" tape cartridge available. All

these features, combined with Kennedy experience and

reliability guarantee it.

Low cost, flexible and reliable backup—that's Kennedy's.
Model 640 Cartridge Tape Drive and Model 650 Embedded
Formatter—combined in one compact package—Model
6450. Model 6450 is loaded with features, such as:

* Low power consumption—the s stem reg i
and +24 volts for a total col
« Serpentine recording head—eliminates

i oo e N NG

 KENNEDY

rewinds between tracks during.backup-proe
* 6400 BPI recording density—yields up to 17 Mbytes of
unformatted data capacity on a 450 ft. cartridge.

Subsidiary. Magnetics & Electronics Inc

1600 Shamrock Ave., Monrovia, CA. 91016
(213) 357-8831 TWX 910-585-3249

A A

Infrared tape position detection—virtually i i
ambient light,-a major factor in tape position sensing
errors.

* Online self test—The 6450 system performs online self
test before your backup operation begins.

KENNEDY INTERNATIONAL
Koningin Elisabethplein, 8
B-2700 Sint-Niklaas

Belgium

Tel: (031) 771962

Telex: 71870 Ken Co

f'WW“**“Mcm 2 ON INQUIRY CARD




It Pays To Have
. The New Mannesmann Tally T-3000.

New features from
the leader in
matrix line printers.

New capabilities. Expanded versatility.
The Tally 300 line per minute printer
takes advantage of the inherent flexibility
of matrix line printing to give you more
value. Now you can beat the band with
host defined downstream font selection
and change character styles midstream.
No lost time, downtime, or messing
around to change fonts. Plus, you can
now print double high characters for
highlighting text. Or, for those occasions
when extra special print quality is called
for, anew multi-pass model makes a
double pass to enhance character
appearance.

And now you can move the printer
from the computer room and locate
it where the information is used. A
new Asynchronous Communications
Adapter gives you 300 line per minute
on-line remote printing.

Plus, look at the standard features of
every T-3000. Quiet operation. Easy,
front access, straight path paper loading.
Areeltoreel, prethreaded ribbon system
for quick and clean ribbon changing. A
time saving diagnostic status display
that reduces service calls. Ittells if a fault
condition is operator correctable. If a
service callis needed, it tells the
service man what's wrong.

Dependable and durable, the T-3000
never requires preventive maintenance.
Never needs adjustment. Character
formation and line registration never
waver. The T-3000. High reliability.
Patented flexure technology.

There's more to tell so contact your
nearest Mannesmann Tally Sales outlet.

Mannesmann Tally, 8301 South 180th
Street, Kent, WA 98031. Phone
(206) 251-5524.

Printers for the long run.

ARy

TALLY
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The fourth and final part of this series details
modifications and new functions added to an ex-
isting executive program to make it applicable to a
military distributed processing system

TECHNOLOGY REVIEW

High performance and increased availability are at-
tained through use of paired processors and dense
logic circuit packaging within the 3081 processor
complex

DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Turnkey, multiple-computer combat simulation
system that displays aircraft movements, weapon
trajectories, and resultant hits and misses increases
safety and effectiveness of aircrew training and pro-
vides significant cost reduction

TECH BRIEFS
MICRO DATA STACK/COMPUTERS,
ELEMENTS, AND SYSTEMS

Assembly language for the 8086 microcomputer
presents the programmer with various addressing
modes and index registers that can result in pro-
grams that are shorter and more efficient

AROUND THE IC LOOP

Error detection and correction methods, neces-
sitated by increasing concern for soft errors in large
RAMs, can increase system reliability by 60%
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FEATURES

32-BIT MINICOMPUTER ACHIEVES FULL
16-BIT COMPATIBILITY 16 1%

by Steve Wallach and Chuck Holland

A top-down, goal driven design method leads to a minicomputer architec-
ture that mixes 16- and 32-bit instructions without enforcing two different
modes of operation

LOGIC ANALYZERS CONQUER LSI COMPLEXITY 125

by Gary Brock

Logic analyzers simplify LS| troubleshooting by splitting diagnostic tasks
into two general categories, then performing different data collection, for-
matting, and display operations for the two different classes of
troubleshooting

THE CHANGING POWER SUPPLY SCENE 130
by Jeffrey D. Shepard '
The transition from linear to switching regulation affects both manufac-

turers and consumers of power supplies as a mature technology is sup-
planted by an emerging counterpart

MICROPROCESSOR CONTROLLED DIGITAL
PULSE WIDTH MODULATORS 138

by Vassilios J. Georgiou

Two different design techniques show how microprocessor control of a
digital pulse width modulator allows a variety of applications in data com-
munications, D-A conversion, and interfacing electromechanical devices

CONFERENCES

INTERNATIONAL SOLID STATE CIRCUITS CONFERENCE 94
Emphasizing the significant increase in bits per chip, the conference will
cover ULSI and VLSI, memories and related techniques, analog devices, and
advanced circuits

IEEE COMPUTER SOCIETY INTERNATIONAL CONFERENCE 102
““VLSIin the laboratory, the office, the factory, the home’’ will be the theme
of this 22nd IEEE Computer Society conference. Preconference tutorials
and the Professional Program will consider architecture, technology, ap-
plications, and software
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DEC-COMPATIBLE

(OITTROLLERS

Now, from the company that delivers
the industry’s widest range of
DEC-compatible memory products, a
family of peripheral controllers that’s
second to none. From comparatively
simple cartridge disk controllers to
complex 300MB storage module drive
(SMD) controllers.

An impressive array of state-of-the-art
controllers, all built around high-speed
bipolar microprocessors. All software
compatible with the host LSI-11® or

DATARAM

CONTROLLER |

MINI
COMPATIBILITY

Magnetic Tape Controller
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o
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PDP®-]1 minicomputer...and all
available now.

And Dataram’s controllers are
designed to save you money, and a lot
more. Like space — our controllers
typically occupy half the space required
for the comparable controller from
DEC. Doing it with a level of
performance that makes any member
of this family worth looking at.

Look at the chart of our current family
of peripheral controllers, growing every

Cartridge Disk
Controller

C33 S03/A
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S03/B

day. If you don’t see the controller you
need, we're probably working on it
right now. Call us and discuss your
requirements.

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

DATARAM
CORPORATION

Princeton Road
Cranbury, New Jersey 08512
Tel: 609-799-0071 TWX: 510-685-2542

SMD Controller

S03/C  S33/A  S33/B

SSS/C

mmmm
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Announcing two new arithmetic PALs that replace
ALUs and bit slices,use less space and power.

The PAL16A4 and
PAL16X4 are in
production now and in
stock at your Monolithic Memories’
distributor. They are the latest
two members of the 20-pin
Programmable Array Logic
(PAL) family.

Both new PALs feature
exclusive-OR gates and gated
feedback which allow you to perform complex
arithmetic functions such as addition, subtrac-
tion and counting. And both allow you to save
up to 75% in parts count over old-style random
logic.

New capabilities in the same 20-pin
SKINNYDIP™.

PAL16X4 is an AND/NOR/Exclusive-OR
array with four programmable I/O pins, four
registers each with internal feedback and a
three-state output. It’s suitable for use as a
programmable counter or a between-limits
comparator.

The PAL16A4
provides the same
capabilities as the
PAL16X4, with the addition
of a parallel-carry and an on-board

accumulator which allow

it to perform as an ALU

accumulator.

Use them in controllers for

floppy-disk systems, for hard-

disk systems or for CRTs . .. wherever space

and power must be conserved. Their low power

dissipation and 20-pin SKINNYDIP packaging
make them the board designer’s dream.

Ask for complete details.

Contact your nearest Monolithic Memories
franchised distributor or sales representative
for full technical data on the entire 15-device
20-pin PAL family.

Monolithic Memories, Inc., 1165 E Arques
Ave., Sunnyvale, CA 94086.

PAL and SKINNYDIP are trademarks of Monolithic Memories, Inc

HOTLINE!
For express product information, call toll-free:
(800) 528-6050 Ext131. In Arizona: (800) 352-0458 Ext 131

Monolithic

Memories
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Compare our data and time domain logic anal
with the industrys leading data-domain-only unit.

yzer

For complete analysis, the K100-D outperforms H-P's 1610B!

Before you settle for the Hewlett-
Packard 1610B data domain ana-
lyzer, compare it with the general
purpose Biomation K100-D, our
fastest-selling logic analyzer ever.

Compare depth of information.

A data domain (software) analyzer
—even a unit as sophisticated as
the H-P 1610B—simply does not
give you all the information you
need for debugging your main-
frame, mini- and microprocessor-
based systems. During the critical
system-integration stage of a
development cycle, a problem that
looks like a software failure may
turn out to be a not-too-obvious
hardware malfunction.The
K100-D’s data/timing capability lets
you analyze software/hardware
relationships and find the problem,
wherever it originates. You can
display up to 16 channels of critical
timing information about race con-
ditions and phase relationships
between signals.

So vital is this timing information
to complete problem analysis that
industry trends indicate logic ana-
lyzers of the future will have both
data and timing analysis capabil-
ities—like the K100-D has today!

Hewlett-Packard 1610B
A sophisticated data-domain-only
logic analyzer

Compare data domain range.

The high-speed K100-D gives you
data domain capability to 70 MHz
—as compared with the 1610B’s 10
MHz rate—for use with faster
multiplexed microprocessors, com-
puters, and ECL bit-slice proces-
sors. At 12 to 70 MHz, the K100-D
gives you 16 channels of data dis-
play, with 1024 words of memory.

Operating at 0 to 10 MHz, both
units give you 32 channels of data
domain information. But the
K100-D’s memory is 8 times as
deep as the 1610B's—512 words
versus 64. The 1610B’s 7 levels of
triggering exceed the needs of
most users, and those who do
need this capability can generally
get it from their development
system. With the K100-D, you don’t
sacrifice vital timing information
for data domain capabilities you
don’t need.

The final analysis.

To help you evaluate your needs
before you buy, we've prepared a
point-by-point competitive com-
parison of the Biomation K100-D
and the H-P 1610B. (Incidentally, it
also shows how the K100-D beats
H-P’s general purpose 1615A

Biomation K100-D
The industry’s finest data/timing

logic analyzer

hands down.) To get your free
copy, just use the reader service
number or write Gould Inc.,
Instrument Division, 4600 Old
Ironsides Drive, Santa Clara, CA
95050. For faster response, call
408-988-6800.




TIMING A X20  CLOCK 1@ nSEC  DELAY 500 CLOCKS
1

GOULD % biomaiion , | K00D DGITAL LOGIC ANALYZER
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A Schlumberger Company
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We just reduced your bus




Introducing
the fastest
single-chip
IEEE-488
bus in the
business.

Fairchild's 961.5488 is
the firstand only Gen-
eral Purpose Interface
Bus that performs all the
functions of Talker,
Listener and Talker/
Listener on a single low-
power Schottky chip.
And it's microprocessor
' independent.

No one can touch
the 961.S488 for speed,
either. It operates at the
full bus specifications of
1 MHz data rate—four
times faster than its
closest competition.

It drives the bus
directly.

The 96.S488 con-
tains all the termination
resistorsand 48 mA
drivers for the manage-
ment, bus handshake
and parallel Poll required
for the bus. It implements

all IEEE-488 functions
internally and features
simple system
handshake for ease of
interface.

A bus load of
features.

The 961.5488
requires only a single
5V power supply. It has:

Separate Talk and
Listen address capability.

Secondary address
capability.

Talk onlyand Listen
only capabllity.

Source handshake
delay programmable
for low or high-speed
data drivers.

Serial Polland par-
allel Poll capability.

- Adevice Trigger and
Device Clear outputs.

The capability to
implement Remote/
Local function.

And all bus I/0O signals
comply with IEEE-488
input threshold, termin-
ationand output specs.

We'll route you
an evaluation
kit today.

The 96LS488E is

available to you now.
You can begin to design
with it immediately by
contacting your local
Fairchild Semiconduc-
tor distributor for an
evaluation kit. This kit
includes:

Two 96L.S488E's.

A complete data
sheet describing the
functionsand para-
meters of the 961.S488.

An application guide
showing information
on hookup with various
microprocessor-based
systems.

The names of our
96L.S488 applications
specialists you can call
to answer any additional
questions.

There'sno longer
any need to spend extra
time designing an inter-
face logic. Our bus gets
you there much faster.
And much easier, too.

For more information
call or write 96.S488
Bus at Fairchild Semi-
conductor Products
Group, P.O. Box 880A,
Mountain View,
California 94042 Tel:
(415) 962-3716.

TWX: 910-379-6435.

Fairchild Camera and Instrument Corporation

interfacing problems.
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CONFERENCES

FEB 2-4 —Microprocessor-Based Energy
Management Systems, U of Wisconsin-
Madison, Madison, Wis. INFORMATION:
Robert P. Madding, Dept of Engineering, U
of Wisconsin Extension, 432 N Lake St,
Madison, WI 53706. Tel: 608/263-7920

FEB 3-5—Aerospace and Electronic
Systems Winter Conv, Sheraton Universal
Hotel, North Hollywood, Calif. INFORMA-
TION: William H. Minshull, Bldg A 107,
Hughes Aircraft Corp, Culver City, CA
90230. Tel: 213/391-0711

FEB 3 AND FEB 5—Invitational Computer
Conf, Pier 66 Hotel, Ft Lauderdale, Fla,
and Radisson Inn Atlanta, Atlanta, Ga. IN-
FORMATION: B. J. Johnson & Assoc,
2503 Eastbluff Dr, Suite 203, Newport
Beach, CA 92660. Tel: 714/644-6037

FEB 9-12 —Internat’l Symposium on Infor-
mation Theory, Santa Monica, Calif. IN-
FORMATION: Prof Izhak Rubin or Kung
Yao, System Science Dept, 4531 Boelter
Hall, U of Southern California, Los
Angeles, CA 90024. Tel: 231/825-2240

FEB 18-20 —Internat’l Solid State Circuits
Conf, Hyatt Hotel, New York, NY. INFOR-
MATION: Lewis Winner, 301 Almeria Ave,
Coral ' Gables, FL 33134. Tel;
305/446-8193

FEB 23-26 —Compcon Spring ‘81, Jack
Tar Hotel, San Francisco, Calif. INFORMA-
TION: Harry Hayman, PO Box 639, Silver
Spring, MD 20901. Tel: 301/589-3386

MAR 9-12—Software Engineering Inter-
nat’l Conf, San Diego, Calif. INFORMA-
TION: Harry Hayman, PO Box 639, Silver
Spring, MD 20901. Tel: 301/589-3386

MAR 12—California Computer Shows,
Inn-at-the-Park, Anaheim, Calif. INFOR-
MATION: Norm De Nardi, 95 Main St, Los
Altos, CA 94022. Tel: 415/941-8440

MAR 16-18 —Industrial and Control Ap-
plications of Microprocessors, IECI ‘81,
Sheraton Hotel, Philadelphia, Pa. INFOR-
MATION: H. Troy Nagle, Dept of Electrical
Engineering, Auburn U, Auburn, AL 36830

MAR 23-25-—0ffice Automation Conf,
Albert Thomas Convention Ctr, Houston,
Tex. INFORMATION: Kate Frye, Office
‘Automation Conf, PO Box 9659, Ar-
lington, VA 22209, Tel: 703/558-3617

MAR 23-26 —Internat’l Conf on Digital
Communications, Congress Bldg,
Internat’l Fair of Genoa, Genoa, Italy. IN-
FORMATION: Manager, Rome Branch of
Administrative Office, 5th ICDSC,
Telespazio SPA, Corso D’Italia 43, 00198
Rome, Italy

12

MAR 24-26—-FOC ‘81 EAST, Internat’l
Fiber Optics and Communications Expo,
Hyatt Regency, Cambridge, Mass. INFOR-
MATION: Ellen M. Bond, Information
Gatekeepers, Inc, 167 Corey Rd,
Brookline, MA 02146. Tel:
617/739-2022

MAR 24-27 —Printemps Informatique,
Palais des Congres, Paris, France. INFOR-
MATION: Kallman Assocs, 30 Journal Sq,
Jersey City, NJ 07306. Tel:
201/653-3304

MAR 30-APR 1—IEEE Internat’l Conf on
Acoustics, Speech, and Signal Processing,
Sheraton-Atlanta Hotel, Atlanta, Ga, IN-
FORMATION: Ronald W. Schafer, Dept of
Electrical Engineering, Georgia Inst of
Tech;: ‘Aitlanta;,  GIAT 130332, Tel:
404/894-2917

APR 3-5—West Coast Computer Faire,
Civic Auditorium, San Francisco, Calif. IN-
FORMATION: Computer Faire, 333 Swett
Rd, Woodside, CA 94062. Tel:
415/851-7075

APR 7-9 —Electro, Coliseum and Sheraton
Ctr, New York, NY. INFORMATION: Dale
Litherland, Electronic Conventions Inc,
999 N Sepulveda Blvd, El Segundo, CA
90245. Tel: 213/772-2965

APR 27-29—-100C ‘81 (Integrated Optics
and Optical Fiber Communication), Hyatt
Regency, San Francisco, Calif. INFORMA-
TION: Barbara Hicks, Optical Society of
America, 1816 Jefferson Place, NW,
Washington, DC 20036. Tel:
202/223-8130

APR 27-MAY 1—Society for Information
Display Internat’l Symposium, Grand Hyatt
Hotel, New York, NY. INFORMATION:
Lewis Winner, 301 Almeria Ave, PO Box
343788, Coral Gables, FL 33134. Tel:
305/446-8193

APR 28-30—Internat’l Telecommunica-
tions Forum, Concorde Lafayette Hotel,
Paris, France. INFORMATION: Dusty
Rhodes, Arthur D. Little Decision
Resources, Acorn Park, Cambridge, MA
02140. Tel: 617/267-3456

MAY 4-7 -NCC (National Computer
Conf), McCormick Place, Chicago, . IN-
FORMATION: Gerard Chiffriller, 1815 N
Lynn St, Suite 800, Arlington, VA 22209.
Tel: 703/558-3600

MAY 19-21—INTELEC ‘81 (Internat’l
Telecommunications Energy Conf), Royal
Lancaster Hotel, London, England. INFOR-
MATION: INTELEC ‘81 Secretariat, The
Inst of Electrical Engineers, Savoy PI, Lon-
don WC2R OBL, England

SEMINARS

MAR 19-20 AND MAY 7-8 —Data Com-
munications, Worcester Polytechnic Inst,
Worcester, Mass. INFORMATION: Ginny
Bazarian, Office of Continuing Education,
Worcester Polytechnic Inst, Worcester,
MA 01609. Tel: 617/753-1411

SHORT COURSES

MAR 2-4, 4-6, 5-6, 9-12, and 16-17—
Microprocessor Application Design, Ad-
vanced Micro Devices, Inc, Customer
Education Ctr, Sunnyvale, Calif. INFOR-
MATION: Advanced Micro Devices, Inc,
Customer Education Ctr, 490-A Lakeside
Dr, Sunnyvale, CA 94086. Tel:
408/732-2400

MAR 23-24 —Digital Electronics for
Automation and Instrumentation; MAR
25-28 —TRS-80 Radio Shack Microcom-
puter Interfacing and Programming for
Scientific Instrumentation; AND MAR
25-28 —Motorola Single Chip Interfacing
and Programming Using the 6801, 6809,
and 6800, Virginia Polytechnic Inst and
State U, Blacksburg, Va. INFORMATION:
Dr Linda Leffel, CEC, Virginia Tech,
Blacksburg, VA 24061. Tel:
703/961-5241

MAR 24-25—Custom Integrated Circuits
and Integrated Circuits for Telecom-
munications, San Francisco Hilton, San
Francisco, Calif. INFORMATION: Continu-
ing Education in Engineering, U of Califor-
nia Extension, 2223 Fulton St, Berkeley,
CA 94720. Tel: 415/642-3112

APR 6-10—Tutorial Week-East,

Orlando Marriott Inn, Orlando, Fla. INFOR-
MATION: Tutorial Week-East, PO Box
639, Silver Spring, MD 20901. Tel:
301/439-7007

Announcements intended for pub-
lication in this department of Com-
puter Design must be received at
least two months prior to the date of
the event. To ensure proper timely
coverage of major events, material
preferably should be received six
months in advance.
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THE DSD 440.
TOTAL DEC RX02
COMPATIBILITY,

AND MORE.

The DSD 440 is the only alternative to the DEC RX02 that’s
100% software, hardware and media compatible with
LSI-11, PDP®-11 and PDP-8 computers, including those
with extended memory. It can be configured as an
RX02 for DEC double density or IBM 3740 single
density recording, or as an RX01 for backward oper-
ating system compatibility.

MORE

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

FASTER

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

FOR LESS

The DSD 440 is the RX02 compat-
ible flexible disk system that combines
high performance and advanced fea- EASTERN REGION SALES
tures with fast delivery...at alower price. L Data gy_sterr’lls Desjgc?'l\lﬁnﬁozoze
H i i organ Drive, Norwood,

For further information, call or write Data 5. (5177769.7620 TWX: 710-336-0120
Systems Design today. A data sheet and e A f S
price list will be forwarded to you Data Systéms Besign. In.

immediately. 2560 Mission College Blvd., Suite 108
SantaClara, CA95051 Tel:(408)727-3163

® Trademark of Digital Equipment Corporation

CORPORATE HEADQUARTERS: Data Systems Design, 3130 Coronado Drive, Santa Clara, CA 95051
Tel: (408) 727-9353 TWX: 910-338-0249
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COMMUNICATION CHANNEL

A Distributed Processing System
For Military Applications—
Part 4: The Software

Ralph Mauriello

Litton Data Systems
8000 Woodley Ave, Van Nuys., CA 91409

The first three articles of this series described, respec-
tively, the system overview,' the high speed serial interele-
ment bus that connects the system nodes,? and the design
approach used for the computers?® in the distributed pro-
cessing system developed by Litton Industries for military
applications. This fourth and final article in the series
discusses the executive software design that was created
for the system.

The first three requirements listed in the Panel. "Dps Ex-
ecutive Software Requirements.” are derived directly
from the system design as described in the system over-
view.' while the last two are imposed in order to attain
the goal of software development cost reduction. System
initialization requirements include (a) local bootload. to
load a node that has bootload media within it: (b) system
bootload. to load the entire system from a single button
activation: and (c) remote bootload. to load. via the serial
interelement bus (SIB). a that not have
bootload media.

Executive support of the monitoring and control func-
tions includes SIB initiation and control. periodic status re-
quests responses. and the transmission of such various
protocol messages as Acknowledge and Wilco. Software
is also required to control system reconfiguration in the
event of node or data bus failures.

node does

The executive developed for the distributed processing
system (DPS) had to support existing UYK-20 user pro-
grams in order to ensure minimum development costs for
new software systems and permit applicability of existing
user programs to a new system. Also. the executive must
support development of new user programs that are
designed for applications using DPS hardware. Since it is
desirable that the new user programs serve more than
one system application. the executive must provide the

necessary support to permit user programs to request
resources or permit calls to other user programs without
knowledge of the location of the called resource or of the
other user program. Combination of these last two re-
quirements minimizes software development costs
because it permits the use of many existing software
modules and ensures that the development of new
modules is applicable to more than one system.

DPS Executive Functions

The Panel. “DPs Executive Functions.” summarizes func-
tions resulting from the design of the software system that
satisfy the requirements described above. Although the
functions in this list resemble those of any executive pro-
gram. the first four functions are quite different from what
they would be in a centralized system. The input/output
(I 0) and memory allocation functions are implemented
in a fairly conventional manner.

While the conceptual design of the functions is de-
scribed. not all of the features are fully implemented. The
limiting factor in the implementation of the software is the
hardware demonstration system (see Fig 1) that was built
for software development. This system contains three
nodes. each of which contains a single element. and only
one of which contains a dual central processing unit
(CPU). A more generalized configuration than that of the
demonstration system is shown in a system that has not
only elements. but nodes with multiple elements called
clusters. (See Fig 2.) In a multibus system. the buses in-
terface with each other at the clusters: eg. a 3-element
cluster may be used to interconnect three SIBs. as shown
in Fig 3.

With reference to Figs 2 and 3. the following definitions
apply: the SIB interconnects the nodes: a node may con-
sist of one or more elements. a multi-element node is
called a cluster. and a single-element node is called an
element: and an element may have one or more CPUs.
Hardware development of a cluster and a dual-loop
system is currently under way and verification of the soft-
ware design of these capabilities awaits completion of the
hardware.

Design Approach

Since the first emulator developed for DPS was a UYK-20.,
it was decided to take SDEX 20. existing executive for the
UYK-20. and use it as the basis for the DPS executive
design. Many extensions to its capabilities were added to
support DPS. Significant weaknesses of SDEX 20 for this
application are that the program was designed to support
a single-processor system and that each of the nine dif-
ferent task types requires its own separate scheduling list
and list maintenance routines. Modifications and/or new
features were added to SDEX/20 to make it applicable to

a DPS. (continued on page 19)
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For high-speed and

nothing comes close
to our FASTregisters
and multiplexers.

You've already
heard about the
exceptional
performances
of Fairchild's
FAST latches,
flip-flops and
counters. Now,
here are a few FAST
facts on some of our
other fine devices that
you canuse to upgrade
your logic systems.

REGISTERS

74F194 4-Bit Universal
Shift Register

Shift

Frequency . . 150 MHz typ
Clock-to-Output

ec. ... 33mA typ
The 74F194 is 50% faster
than Schottky and requires
65% less power. It's cur-
rently available in a plastic
or ceramic package. And
we have three octal shift
registers planned for the
near future: the 74F299,
74F322 and 74F323.

low-power requirements,

MULTIPLEXERS

Data-to-Output Delay

74F153

Dual 4-input. . .
74F253

Dual 4-input with 3-state
outputs . ... 44 nstyp
74157

Quad 2-input. . .
74F257

Quad 2-input with 3-state
ORI .. .. . 4.0nstyp
74F158

Quad input with inverted
oulils . ... ... 29nstyp

.50nstyp

4.5nstyp

Select-to-Output Delay
74F352/353

inverted versions of the
74F153/2583. .6.3 ns typ

Our multiplexers are
30% faster than
Schottky and require
70% less power.

Our total FASToffering.
There is a total of 30 FAST
parts available now in
production quantities, with
additional functions
coming soon. So you can
upgrade your standard
Schottky system or design
a new system today, with
Fairchild's high-speed, low-
power, improved-density
devices.

across the board.
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Make a thorough
examination.

To check our parts out
further, order our evaluation
kit that contains 14 different
74F Series devices. A total
of 72 parts. Contact your
nearest Fairchild sales office
or distributor for our kit or
information about our
product delivery dates. Or
call or write FAST, Fairchild
Semiconductor Products
Group, P.O. Box 880A,
Mountain View, CA 94042.
Tel: (415) 962-FAST. TWX:
910-379-6435.

FAST Evaluation Kit
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Stockholm. Tel: 8-449255 Telex: 17

child Japan Corporatio H nmn 11 21 Shibuya
Shibuya-Ku. Tokyo 150. Tel: 03 400 8351 T lex
2424173 (TFCTYO J) Hong Kong: Fairchild Sem-
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Kowloon. Tel: 3-440233 h‘ln\ HX73531
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Channels in One Logic Analyzer

Our LAM 4850 is the only logic analyzer that won't force
you to buy, borrow or add-on to expand your analyzing capa-
bility to 96 channels. The power is already there. The flexi-
bility is there. With a new channel expansion probe, the
world’s first 48-channel logic analyzer can be easily extended
to an unrivaled 96 channels.

Plus multi-level clocking flexibility.

With three individual memory blocks of 16 channels by 1000
bits, the LAM 4850 allows simultaneous sampling with up to
three separate clocks. This gives you a bus demultiplexing
capability to independently monitor addresses and data. You
can also disassemble program execution of a microprocessor
into mnemonic code with this high performance instrument.

Plus sequential trigger power

The LAM 4850 has a 4 level nested recognition capability
easily programmed through a separate menu. This feature
simplifies debugging a faulty piece of software among several
nested routines. And the LAM 4850 has the unique Dolch

trigger trace monitor that gives you a real time read out of
the completed routines.

Plus many other features:

e 1000 bits of recording and reference memory per channel

* Clock rate to 50 MHz

* With 96 channels—500 bits of recording and reference
memory and 10 MHz clock rate

» Separate menus to set trace, trigger and compare

parameters

5 ns glich catching

Binary, hex, octal, ASCII, and timing display

Programmability via GPIB and RS-232 interfaces

Disassemblers and personality probes for all popular

Microprocessors

« o 0o 0

Plus sales and service nationwide.

For more information, contact your nearest representative or
our manufacturing facility. Dolch Logic Instruments, Inc.,
2180 Bering Drive, San Jose, CA 95131. (800) 538-7506.
Inside Calif.: (408) 946-6044. TWX 910 338 3023.

1

LOGIC INSTRUMENTS

REPRESENTATIVES: Austria 02236/866310, Belgium 022192451-53, Denmark 02804200, Finland 08090520311, France 069302580, Germany 08931901-1, Great Britain 0734694944, Greece 0218219470, Holland 040533725,

Israel 03453151, Italy 024158746, Norway 02356110, Spain 052213199, Sweden 08879490, Switzerland 013632188, East Europe-U.K. 093252121, Singapore 0637944, South Africa 01227739
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Initialization

The initialization function of SDEX 20 was replaced vir-
tually in its entirety because of a completely new set of
system startup requirements. System bootload and
remote bootload are entirely new. Local bootload is com
plicated by the multiple-CPU configuration that the UYK 20
hardware or software design does not permit.

Designed to permit initialization from any node that has
bootload media. the system begins its initialization pro-
cess by activating the system bootload function from the
front panel of the selected element. Activation of such a
node causes that node to assume the SIB controller func-
tion. In the demonstration system of Fig 1. the display
element was chosen because the display is useful for
system monitoring and control.

Activation of the system bootload button initiates a
startup firmware routine in each of the processors within
the display element. These execute a microdiagnostic
and elect a master CPU to control the bootload function.
The lowest numbered processor to pass its microdiag-
nostic test is elected master CPU. and the remaining pro-
cessors become slaves. As in the SIB design. the master
CPU function is reassignable to one of the other CPUs
should the master fail. Firmware within the elected
master then performs the bootload function and initiates
tape read, computes checksums for each record to en-

sure correct data entry, and finally turns over control of
the master CPU to software. This portion of the initializa-
tion function examines the element configuration table to
determine the expected configuration of this element.
Since the element configuration table of the demonstra-
tion system indicates that a second CPU is resident in this
element, the next function is to start up the slave CPU.
The master CPU reserves a space for the dedicated
memory of the slave CPU, places the starting address of
slave CPU dedicated memory into a prespecified word in
local memory (word 2). and then sets a “startup com-
mand” bit in local memory for the slave CPU. The soft-
ware in the master CPU then goes into a wait loop until a
“CPU up” bit is posted by the software executing in the
slave CPU. After execution of its microdiagnostic (initiated
by pushing the button) the slave CPU enters a loop which
continually tests the startup command bit. Upon sensing
the presence of the startup command bit. posted by the
master CPU, the slave CPU transfers the starting address of
its dedicated memory into its dedicated memory pointer
register. All references to a CPU's dedicated memory are
offset by the address value in the dedicated memory
pointer register. This permits each CPU to have private
dedicated memory for executive functions. As im-
plemented. all CPUs execute the same code (single-copy

(continued on page 20)
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reentrant) and have private control files. Firmware then
passes control to software at an address contained in a
prespecified location of the dedicated memory area of the
slave CPU. Software now executing in the slave CPU posts
the “CPU up” bit to inform the master CPU that software is
up and running in the slave CPU. The display element of
Fig 1 is now initiated and assumes the SIB controller func-
tion. When there is more than one slave processor in the
element, the remaining slave processors are initiated by
the master CPU in a similar manner.

The next function of the initialization software is
bootload and initialization of the general purpose and
mass memory downloop elements. Performed by the SIB
controller software module within the executive, this
function starts up the bus and, after ensuring enough
delay for synchronization of all downloop nodes, broad-
casts a remote master reset message to all of the
downloop elements. The SIB interface hardware at each
of the downloop elements detects the remote master
reset message and resets the entire element. In the
general case, the reset function, whether executed by a
button activation on the front panel or the reception of a
remote master reset message over the SIB, will cause all
CPUs in an element to execute the microdiagnostic and
then elect the master CPU of the element. In the
demonstration system, the election of a master CPU is
performed, and the CPU in each downloop element is the
master. The firmware bootload routine in the master CPU
of the downloop element then composes a status
message for transmission back to the SIB controller, and
prepares to receive the bootload record from the SIB.
Functions described above are performed by all
downloop elements. The status message contains infor-
mation regarding the configuration of the downloop
element.

Reception of the status messages by the SIB controller
node permits it to compare the received configuration
messages with the expected configuration of the system

as defined by the element configuration tables (one for
each element in the system). Assuming all nodes are
operable and in the expected configuration, the SIB con-
troller software now extracts the appropriate bootload
records for the first downloop element and transmits
them via the SIB to the local memory of the downloop
element. Reception of the bootload records and error
checking are performed by firmware in the master CPU of
the downloop element. Any record received with an er-
ror in it is discarded. The response message indicates the
action taken, thereby causing the SIB controller to
retransmit the previous record. After completion of the
bootload function, the firmware transfers control of the
master CPU to software. The initialization software, exe-
cuting in the master CPU, then determines if other CPUs
within the element need to be initialized, performing the
required function(s) if necessary. Finally, a message is
transmitted to the bus controller node to indicate that
software is initialized within the downloop element.
Upon receipt of this message, the bus controller per-
forms the initialization function for the next downloop
element. The process is repeated until all elements are
loaded and the system is initialized. In the general case,
the downloop nodes may contain clusters as shown in
Fig 2. In each of the clusters shown, there is an element
not tied directly to the SIB. In these cases, initialization
software provides the capability to bootload and initialize
such an element through the use of the common memory
via the memory management system. The software
modules that the element requires to be loaded are
placed in common memory by software running in the
element tied to the SIB. The firmware of the master CPU
within the element to be loaded recognizes lack of an SIB
connection and lack of bootload media and, therefore,
goes by default to the common memory to extract the ini-
tialization routines. Control is then turned over to
software.
(continued on page 27)
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'Hewlett-Packard
announces another

small breakthrough.




The two-board,
1/2 megabyte
microcomputer.

Our HP 1000 L-Series now offers state-of-
the-art 64K RAMs . They're the reason we've been
able to put 512 kilobytes of memory on just one
634" x 11" board.

With the CPU on the other board, the
[-Series opens a whole new dimension in micro-
computers. Because with so much memory in so

little space, you have more system flexibility than _

ever before. In fact, you’ll be able to adapt
the L-Series for just about any size
job—and any kind of application.
Including communications, data />
‘management and process
control.

1/0 traffic to separate processors located on each
interface board. This means each I/O processor has
its own direct memory channel —and direct access
to the entire main memory. So you get exceptional
I/0 performance and greatly increased throughput.

Choose your configuration.

The HP 1000 L-Series comes in a wide range
of board, box and system pack-
ages. Which means you’ll be able
to choose the configuration that’s
best for your application. Devel-
opment units are available at

$13,250* for the CPU and a full

Big software

1/2 megabyte of memory.
If a two-board, 1/2 megabyte

for small hardware.
You may have to remind

|/ microcomputer sounds like what you've
[/ been looking for, come in for a hands-on

yourself that the L-Series is “only”
a microcomputer. With powerful software features
like our multi-programming, multi-user RTE oper-
ating system and language support that includes
Assembler, FORTRAN 4X, BASIC and PASCAL,
there’s almost no limit to the high performance
products you can build. Especially if you take
advantage of our proven data base management
system and networking software—also upwardly
compatible throughout the entire HP 1000 line.

Multiple I/O processors, too.

The L-Series is designed with an innovative
distributed intelligence architecture that assigns

22

* demonstration. Just call the nearest HP
sales office listed in the White e
Pages. Or write for more informa- © ‘
tion, and a copy of our new OEM
catalog, to Hewlett-Packard, Attn:
Joe Schoendorf, Dept. 1286,
11000 Wolfe Rd., Cupertino, CA

K

*Price 1s U.S. list.
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One board, one bus, one way
environment for the ‘80s.

With Motorola MC68000 VERSAmodules, a
single board offers all the functional versatility of
competitive 16-bit systems at a fraction of the cost.

With VERSAmodules and the powerful VERSAbus™

interconnect, there’s maximum utility, expand-
ability, reliability and maintainability for a

wide range of industrial, communication, lab auto-
mation and general business applications in one
optimized system.

With the complete VERSAmodule family of circuit
boards, system software, packaging and accessories
the microcomputer system engineer can apply the
power and versatility of the MC68000 MPU at a
high level of system integration.

With VERSAmodules, you're into the ‘80s and
beyond.

Most Powerful Microcomputer

The VERSAmodule Monoboard Microcomputer
flagships the VERSAmodule family. Combining
an MC68000 MPU, full VERSAbus interface,
multiprocessor capability, substantial ROM/RAM,
serial and parallel I/O and timer/counter functions,
it’s easily the most powerful single-board micro-
computer yet offered. For designs requiring up to

128K bytes of ROM and RAM, plus two
high-speed serial channels (up to 19.2K baud)

and 40 lines of parallel I/O, this single board meets
all system needs. Competitive approaches require
two to four boards for the same capability, and,
inevitably, more cost.

Total Software Environment

Many 16-bit applications, particularly in higher-
performance, control-oriented areas, require a
realtime, multitasking environment for efficient
operation. By combining the ready-made RMS68K™
multitasking system software package with your
VERSAmodule-based system, you can save the man-
months of effort necessary to develop a system
capable of managing resources efficiently in real
time. Time and money saved can be used to apply
your expertise to development of application
programs.
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to a total, 16-bit system
VERSAmodules.

New Generation Bus.

Supporting a mixture of 8- to 32-bit MPU archi-
tectures with high-speed transfer rates, VERSAbus
offers a flexible, economical system bus ideal for
industrial automation, communications or general
business applications. VERSAbus is incorporated
in the VERSAmodule chassis/card cage backplanes
and willingly accomodates multiple processors.
Designed-in ease-of-use for tomorrow’s upgraded
systems saves money by obviating major hardware
and software redesign.

Inherent Reliability/
Maintainability.

VERSAmodule products support an unmatched
level of system integrity. This includes reliability
of the MC68000 with its advanced architectural
features such as exception-processing and
interrupt handling. These allow for graceful
handling of common system problems such as bus
error, illegal instruction, divide-by-zero, privilege

violation, spurious interrupt, etc. This “soft-failure”

capability alerts operating personnel and, in many
cases, allows recovery before critical failure.

Reliability of VERSAbus-based systems is
enhanced through power-fail detect and self-test
features. AC-fail and power-down indication allow
saving critical data in non-volatile memory through
power outages. Self-test minimizes down-time by
allowing manually-initiated self-test, when a
problem is suspected, with failed boards indicated
by on-board fault indication lights.

Versatile Development Support.

Unparalleled ease and efficiency in software
development for VERSAmodules is yours through
EXORmacs™ — a third generation 16/32-bit
development system with state-of-the-art hardware
architecture, advanced operating software and
self-test capability. Pascal, FORTRAN and structured
macro assembler allow choice of the language best
suited to needs. A versatile, CRT-oriented text
editor speeds up program preparation and modifi-
cation. And a flexible linkage editor permits mod-
ular, top-down system development.

Again, less design time, lower cost and an earlier
product operation date for a better bottom-line
result.

Send for a new VERSAmodule
brochure. Motorola
Semiconductor Products, Inc.,
P.O. Box 20912,

Phoenix, AZ 85036 or call
(602) 244-5714.

Take a big step into the

'80s with Motorola
VERSAmodules.

Innovative systems
through silicon.

MOTOROLA INC.

TO: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, AZ 85036. l
73CD1/81
Please send me information on VERSAmodules.
Name |
Title 1
Company +
]
i
|
|
4

Address
City
State ZIP

N ..
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After you compare” features and performance...then look at ¢
price. With the Digi-Data Model 2516 KSR printer terminal, ¢
you get more value at 16 to 30% lower cost.**

For that Receive Only application, our 2511 RO provides similar
advantages. And once your Series 2510 is installed, you have the  ®
reliability of fewer components with no cooling fan required... P
and the serviceability of a single board controller.

After you compare, we know you'll be convinced...
the Digi-Data 2516 is “FIRST IN VALUE".

DIGI-DATA
CORPORATION E 3
8580 Dorsey Run Road, Jessup, MD 20794

« (301) 498-0200 -

w...First In Value

*Specifications and pricing obtained from vendor literature for comparably equipped units.
**Substantial OEM quantity discounts available.

Frinmting Terminal
VALUE COMFARISON
DIGI—-DATA TXI Tally HF
2516 220 | ke B 2635 E
. SFPEED 150—-200 1S5S0 160 180
d [Characters/sec]
Y Width 21.9" 26 .0° 25.5" 25.2"
SIZE Depth 18.5" iz s PRE AT o B 27 0" 23.0"
Height = = 8.2" 8.5S" 8.5
WEIXIGHT (1lbs] ec I L O &9 S6
Maximum
EAUDRATE 19200 92600 2600 2600

EXTENDED
BEUFFER Yes No Yes No
CAFABRILITY

DIGI—DATA CORFORATION
«awFirst in Value?




In a multibus system, the buses are tied together in
clusters (Fig 3). Assuming bus 1 contains the node at
which the system bootload function was initialized, ele-
ment A will be bootloaded as described previously. Once
bootloaded, its initialization software determines, by in-
vestigating its configuration table, that two other elements
are part of this cluster and must be initialized. The other
two elements in the cluster are initialized via common
memory, and each of these elements in turn becomes the
SIB controller for its respective SIB (element B for SIB 2
and element C for SIB 3). These elements provide the SIB
controller functions which initialize their respective SIBs
and bootload all their downloop nodes. Forwarding of
the required programs from the bootload media at the SIB
controller of SIB 1 to element A, into common memory of
the cluster, and from there to the appropriate SIB for
bootloading of its downloop elements follows.

A key feature of the initialization software is control and
selection of which CPU (in a multi-CPU element) will
handle the various 1/0 devices that are tied to the ele-
ment. Since all 1/0 interface cards are tied to the intra-
element bus (IEB), as are all CPUs, any of them can handle
any of the 1/0 devices. Control is implemented by the
AMD 2914 chip, which provides maskable interrupts. A
new instruction was defined to permit control of this fail-
safe feature.

Interrupt Processing and Task Scheduling

In the DPS interrupt processing and task scheduling func-
tions, all but one of the currently defined tasks in the
SDEX /20 executive have been retained. The message task
type of SDEX/20 has been replaced in the DPS implemen-
tation by a function entitled “standard message task.”
The DPS standard message task contains the SDEX/20
message task as a subset to provide compatibility with ex-
isting user programs.

The message handling function developed while im-
plementing the standard message task is probably the
most important function developed for the DPS software.
It provides the major mechanism for communication be-
tween applications programs. Messages are addressed by
program module number without knowledge of the
physical location of the program module. Software
module X can send a message to software module Y in
any processor within the system.

The task scheduling function of both source and
destination processors, in cooperation with the inter-
processor communication functions described below,
automatically routes the message to module Y. When
module X wishes to send a message to module Y it uses a
module number to address the message. Module Y may
be assigned to the same CPU as that to which module X is
assigned, to another CPU within the same element, to a
CPU within a different element within the same cluster, to
a CPU that is somewhere downloop, or to a CPU in a dif-
ferent SIB. The local copy of the executive contains tables
that indicate which of the various processors in the con-
figuration contains module Y. If module Y is not assigned

SIB 1
TR TR
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nfl
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Fig 3 Three-element cluster interconnecting three SIBs.
Buses interface with each other at clusters in multiple-bus
system

to the requesting CPU, an appropriate message is com-
posed and sent to the executive of the CPU that does con-
trol module Y.

In a multiple-loop system, all modules that are not con-
tained within the loop are labeled as external to the loop
by the module number routing table, and these messages
are routed to the bus exit node. In Fig 3, for example, the
cluster shows three elements, each of which operates as
the bus exit node for its respective SIB. If the original re-
quest for module Y was made in SIB 1, element A ex-
tracts the message from the SIB, moves it into common
memory, and, assuming that the message was for a node
in SIB 2, alerts element B. The software module routing
table in the bus exit node of SIB 1 need not know in which
node of SIB 2 module Y resides—only that module Y is
assigned to SIB 2. Element B of the cluster will have in its
software module routing table the address of the SIB 2
node that does contain module Y. The multiple-loop ap-
proach is merely an extension of that which has already
been implemented in the single-loop system.

The importance of this single modification, standard
message task function, to the SDEX/20 executive cannot
be overemphasized. The capability of user programs to
call resources and/or pass messages to other user pro-
grams without knowing the physical location of the recipi-
ent of the call or message greatly reduces software
development costs for all future systems. This feature also
permits the partitioning of existing single-processor
systems: user programs call for the executive, and the ex-
ecutive assigns the task to the same CPU. Standard
message task function permits partitioning of such func-
tions into physically distributed processors without modi-
fying existing user programs. This is mandatory if move-

(continued on page 28)
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ment from existing centralized systems to distributed pro-
cessing systems is to proceed in an evolutionary, rather
than revolutionary, manner.

Interprocessor Communications

The DPS design requires four interprocessor communica-
tion methods: intra-element, interelement/intracluster,
intra-SIB, and inter-SIB. Intra-element communication ex-
ists between two processors within the same element. In-
terelement/intracluster communication takes place be-
tween two processors in different elements of the same
cluster. Intra-SIB communication is between two pro-
cessors of two different nodes (elements or clusters) that
are connected to the same SIB. Finally, for multiple-bus
configurations, inter-SIB communications provide
message exchange between two processors that reside in
different elements and in different SIBs. The first two
modes listed above have already been implemented; the
remaining two await development of cluster and dual-SIB
configuration. Hardware and firmware design have ad-
vanced such that extensions of existing software design
will permit implementation of these added capabilities.
Intra-element and interelement communication uses
software to construct the messages, and firmware and

Compact
Cogﬁ]ng

- PoWer

Buehler miniature brushless DC fans meet OEM product
cooling requirements for optimum performance and compact
design (2.443" sqg. x 1.791" deep). Model 69.11.2 is a natural
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power supplies, communications equipment, optical systems
and other high packing density products. Long service life.
Quiet operation. Permits temperature regulated air flow.
Available off-the-shelf. Get all the facts on these cool little
performers from Buehler Products. Complete specifications
available on request.

FHP permanent magnet DC motors

Miniature brushless DC fans

Miniature gear motors %
BUEHLER PRODUCTS INC., P.O. BOX A, HIGHWAY 70 EAST,  \GCLl(E]
KINSTON, NORTH CAROLINA 28501, (919) 522-3101

hardware to interpret two new instructions: intra-element
interrupt and interelement interrupt. Intra-element inter-
rupt is performed by firmware that activates the intra-
element interrupt line of the IEB. With the exception of
the initiating CPU, all CPUs within the element are inter-
rupted, and a 6-step™1.44-us firmware routine examines
a prespecified location in its dedicated memory to deter-
mine whether the interrupt is for its CPU. If it is, the inter-
rupt handler is called; if not, control is returned to soft-
ware without software awareness of the interrupt.

Interelement interrupt causes firmware in the source
CPU to send a special code to the memory management
unit indicating an interelement interrupt and specifying
the element number within the cluster to be interrupted.
The memory management card connected to the initi-
ating element passes the signal via the common memory
bus to the memory management card that interfaces with
the destination element. The receiving memory manage-
ment card activates the interelement interrupt line. Firm-
ware in all CPUs within the element then examines a
prespecified location in common memory to determine
whether its software should be interrupted. Intra-SIB and
inter-SIB processor communications are implemented by
executive software use of the standard message task
described earlier.

SiB Interface

Three major functions provided by the SIB hiandling por-
tion of the DPS executive are SIB protocol, SIB I/0 han-
dling, and SIB controller function. The first two of these
functions are replicated in every element connected to

“the SIB. The SIB controller function need to reside only in

those nodes that are required to perform that function. If
the currently assigned SIB controller fails, one of the other
nodes containing SIB controller software automatically
becomes the new SIB controller.

SIB protocol functions include examining the header of
every received message and generating Acknowledge
messages and other required responses. The received
messages are then routed to the task scheduling function
of the executive by the SIB protocol module. This portion
of SIB executive software is also responsible for maintain-
ing a table of messages that are to be transmitted to other
elements via the bus, as well as retransmitting messages
for which no acknowledgment was received. Finally, the
SIB protocol software processes the configuration table
update messages that are received from the bus con-
troller, ensuring that all elements within the system have
an updated status of the entire configuration.

170 handling functions of the bus interface software are
fairly conventional. They include registering tasks for all
I/0 interrupts received from the SIB, analyzing the status
words associated with these interrupts, and sending com-
mands to the bus interface hardware to cause messages
to be received and transmitted. Additional functions con-
sist of maintaining the buffers of the received messages
and generating the checksum word for transmitted
messages.

The only unconventional feature of this portion of the
software is transmission of messages to the SIB interface

(continued on page 30)
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The
Idea:

'To take the DEC" VT'100" terminal and turmitinto a

sophisticated, yet economical graphics terminal.
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hardware for reconfiguration in the event of failures in ad-
jacent nodes or in either of the incoming links. Detection
circuitry in the bus interface hardware notifies this soft-
ware module whenever signal or signal synchronization is
lost. The software module responds to that input, pro-
vides the software controlled reconfiguration, and per-
mits continued operation in spite of such a failure.
System control functions reside within the SIB con-
troller software modules, which need only to reside in
those elements that contain the capability to operate as
the SIB controller. However, this software may be active
in only one node in any one bus at a given time. The
functions of this software include initializing the bus,
determining the initial status of all of the downloop
elements, loading the software modules into the
downloop elements, and issuing initialization orders to
each of the downloop elements. Once the system has
been initialized, the bus controller function periodically in-
terrogates the status of all elements on that SIB, updates
copies of the system tables that reside in the downloop
elements, and reacts to various bus failures. For example,

DPS Executive Functions

Initialization

Interrupt processing and task scheduling
Bus interface

1’0 handling

Memory allocation

DPs Executive Software Requirements

Support system initialization

Support monitoring and control

Support reconfiguration

Permit use of existing uYK-20 user programs

Permit user programs to call for resources or ex-
change data without knowledge of the location of the
called resource or other user program

the bus controller function not only issues the initial go-
ahead flag, which permits downloop elements to
transmit, but also continues to monitor that flag to ensure
that it is maintained within the loop. After appropriate
timeouts, absence of the go-ahead flag will cause the bus
controller to reissue the go-ahead in order to reestablish
bus communication. Failure of the go-ahead to return in-
dicates that there is a failure somewhere within the loop
and that a reconfiguration has probably occurred.

1/0 Handling

All DPS 1/0 devices are connected to an element via an
1/0 interface circuit card. Software 1/0 handlers are pro-
vided to deal with each of the peripherals. The 1/0
handlers implemented for the demonstration system (Fig
1) are tape, display, and SIB. With one exception, 1/0
handler functions are standard: registering tasks to
handle 1/0 interrupts, analyzing device status words, and
commanding the device. This added 1/0 handling func-
tion in the DPS permits communications with other soft-
ware modules to perform various functions, also allowing
applications programs to communicate with devices not
in their element. A program may format and output data
to a display in another element.

Memory Allocation

Two types of memory, local and common, are defined.
As currently implemented, all local memory is accessible
by all CPUs. However, hardware capability allows a mix-
ture of shared and private memory for each CPU in a
multi-CPU element. Consistent with UYK-20 and AYK-14
architecture, memory is divided into pages of 1024 words
each. To maximize memory use, pages have been sub-
divided by the DPS memory allocation module into blocks
of four words each. Any number of blocks may be as-
signed. Each page has eight blocks of header information
and 248 blocks for storage.

Summary

Software developed for the DPS provides three new func-
tions: complete system initialization by pushing one but-
ton, reconfiguration in the event of node or SIB failure to
permit continued operation, and the ability of any user
program to call any other without knowledge of the called
program location. With the hardware development of the
dual-SIB system, these functions will be extended to the
full capability required by the system.
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MAKING MINIS OUT OF MICROS.

Here’s the system builder’s
solution for successful computers
and applications. Push in the CCS
component. Push in the operating
software. And push on with your ap-
plication. CCS systems and compo-
nents are designed to go together
quickly, and to keep running reli-
ably, with a proven return rate of
less than 1%.

And you get performance. The
systems deliver hardware vectored
interrupts and interleaved DMA data
transfers with rates as high as two
megabytes per second, plus “virtual
like”” bank select memory of up to
512K bytes. This 8-bit system pro-
vides single user, multiuser, and
multitasking capability with ample
speed to prevent operator waiting or
loss of incoming real-time data.

The systems are available with
CP/M or MP/M operating systems.
For real-time or multiuser applica-
tions, the CCS OASIS real-time
multitasking operating system sup-
ports re-entrant programs and
relocatable code modules, with
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facilities for task-to-task communi-
cation, file protection, time-of-day
bookkeeping, spooling, task overlay,
dynamic memory management,
ISAM file structures and device-
independent I/O. CCS OASIS in-
cludes debug, text editing, linkage,
and file sort utilities; the system
supports a host of existing lan-
guages, applications, and utilities
from a range of vendors.

Powerful computer systems you
can configure to your demanding
requirements quickly, and with con-
fidence. Choose from a variety of
systems. Expand with CCS board-
level modules for memory, disk con-
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plus subsystems for floppy and hard
disk storage.

If you sell, install, or use com-
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- OUR MICROCOMPUTER TALKS
T0 YOUR WORLD.

When you need a powerful process-
ing system that talks to your world...
you need a COMMANDER COM-
PUTER. Four standard RS-232C ports
handle serial data to 19,200 baud, al-
lowing you to add low speed peripher-
als or even communicate with remote
devices over a phone line. But if you
need higher speed or more flexibility,
use COMMANDER's parallel I/Ounder
program control. And, if that's not effi-
cient enough, select the optional DMA
port to process parallel data on a cycle-
steal basis direct to memory. COM-

MANDER's optional IEEE/488 con-
troller gives you direct interface to the
world of instrumentation and a host of
compatible devices readily available.
The optional Real Time Interface mod-
ule gives you individual bit |/O to input
status lines and digital sensor signals
...0r to output alarms and commands.
And you can use up to four indepen-
dent programmable real time clocks for
precise time interval control without
wasted processor time. Inquiries for
custom features are welcome.

BUT THAT'S NOT ALL...Select the

COMMANDER configuration to fit
your system need. The models 500
and 900 have an integral CRT and key-
board while the models MX and FX
{not pictured) can be married to a sim-
ple terminal for operator interface.
Add the optional arithmetic unit for
high speed fixed point or floating point
processing. And. if your application re-
quires graphics. optional memory is
added to provide 512x256 video
graphics capability.

All COMMANDER models will exe-
cute high