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Introducing
the Whizzard 3355.
Now you can break the
speed limit without
paying the price.

Whizzard 3355. Meet the Whizzard
3355, the newest computer graphics system
from Megatek. Up to 400 thousand vec-
tors per second. The fastest high speed per-
formance of any system in its price range,
thanks to our Graphics Engine™ Upward
compatibility with every Whizzard. And
a high resolution color raster display with
2D real-time dynamic transformations.
Now you can have the speed you want,

and pay a lot less for it in the bargain.

he Whizzard 3355 is a full-function com-
puter graphics system that cost-effectively
supports B‘lour graphics aEplications. Espe-
cially in the areas of mechanical or elec-
tronic CAD, simulation, or command and
control. And its RS232C interface, with its
own 16-hit processor and up to 500 Kbyte
dedicated local RAM, offloads the host
computer and allows serial communications.

he Whizzard 3355’s standard features
include a 19” 10242 60 Hz non-interlaced -
monitor, 16 simultaneously displayable colors X v
out of a possible 4096, complex 2D graphics R
transformations (rotate, translate, contin-
uous scale, and clip), and proprietary local
processor with serial interface. You also
get VI-100™ emulation, an ergonomic key-
board, and a host of available options. Then
there’s graphics software. Megatek’s WAND"
TEMPLAT%* and a wide variety of third party

A

application packages, too.

The Whizzard 3355. High speed perfor-
mance, and true cost-effectiveness.

That's Megateknology.

mER VIEGATEK

HEE CORPORATION
a [ faiseiallon

Making History out of State-of-the-Art

See us at AUTOFACT
Booth #1001 Nov. 15-17, 1983

Megateknology.

World Headquarters + 9605 Scranton Road + San Diego, California 92121 « 619/455-5590 « TWX: 910-337-1270
European Headquarters + 34, avenue du Tribunal-Fédéral « CH-1005 Lausanne, Switzerland  Telephone: 41/21/20 70 55 - Telex: 25 037 mega ch

VT-100 is a trademark of Digital Equipment Corporation
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Kennedy products have always provided innovative new

features. And these features have always provided added

benefits and convenience for the user. For instance, our

Model 6455 offers these features and benefits:

Feature: Start/Stop Operation

Benefit: Drive can emulate a 2" tape drive by providing
the ability to perform selective file back-ups,
file-restructuring, journaling and software
updates.
The drive is effectively a 2" Tape Drive in a
smaller package.

Feature: Hard Read Error Spec. of 1 in 10" bits.

Benefit: Best data reliability of any tape cartridge drive.
Gives the user confidence in the integrity of the
back-up medium.

e 3

Feature: On-board Diagnostics

Benefit: Drive can be tested off-line with no test
§ equipment required. Use of S.A. also lowers the
4 MTTR.

Feature:
Benefit:

Feature:
Benefit:
Feature:
Benefit:

L Model 6455 Cartridge Tape System

3 Loaded with Features —
Loaded with Benefits.

Cartridge Jam Protection

Protects the cartridge from damage if cartridge
jams. This is accomplished by sensing a current
surge and then disabling the motor, thus
insuring that the cartridge will not be damaged.
High Density Recording

Storage capacity of 23 MB on a single cartridge.
Optional industry standard 2" tape interface.
Operates with existing tape couplers and software.
The drive operates as though it were a 72"

tape drive without having to modify existing
hardware or software.

By now you can see what we’re driving at. Model 6455
is full of unique features and benefits for you. For the
complete story, write or call us today.

KENNEDY

An Allegheny International Company
1600 Shamrock Ave., Monrovia, CA. 91016
213) 357-8831 TELEX 472-0116 KENNEDY
: TWX 910-585-3249
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MTI180L (132 columns)

FROM $698

Suggested U.S. retail price for the
MT160 (80 columns)

In the computerized business of the eighties, more
decisions will hinge on getting the right information in the right hands at the right moment. How
well you do that will ultimately depend on the performance and durability of your printer.
s MARTER In the Tally MT160/180 series, a powerful 16-bit microprocessor master-
’ minds document flow. That means saving valuable seconds when seeking
FAST ER' the shortest possible print path. And printing at top speed all day long.

srRONGER Some machines claim 160 cps but can’t hold that speed because they’re
e not engineered or built like a Tally.

You can quickly run down the extensive menu of print styles and word processing enhancements,

making selections at a touch. On L models, switch from draft mode to letter quality just as easily and
get results the Creative Computing magazine calls “superb.”

All 160/180 models have adjustable tractors and friction feed paper handling. And both parallel
and serial interface ports are built in. So you’re ready to print right out of the box.

The spreadsheet you see above was produced in
a scant 22 seconds. In an age when every moment

counts, that’s desktop performance at its best. M AN N E s M AN N

For more information and the name of your T LLY
nearest dealer, call toll free: 800-447-4700.* A
*In Illinois: 800-322-4400 In Canada: 416-661-9783
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CALIFORNIA

"P anul INSTITUTE OF
MAR & 1884
Realtime system integrates process control and plant in?rmation
Parallel processing has brought about compl

e inttéa%&h%ﬂ%&&y and
information management in a control system announced at the October
Instrument Society of America (ISA) conference in Houston. The TDC 3000,
introduced by Honeywell’s Process Management Systems Div of Phoenix,
Ariz, functions in real time through a local control network (LCN). Data
Hiways link microprocessor-based multiloop controllers, application
modules, and computing modules to the 5-Mbit/s LCN via gateways that
buffer and translate data. Other gateways link the system to plant
computers and instrumentation subsystems.

Three levels of control are maintained: the hardware oriented single
function process level, the unit control and optimization level, and the
plant-wide strategy level. All levels interface through a universal station
that provides a single window to all information. Plant data acquisition
and control functions for both continuous and batch processes are
integrated. Information access is provided at the station via keyboard and
CRT or through an optional touch screen. When an alarm light flashes on
the display, the operator merely touches that alarm on the screen. Detailed
information to assist the operator’s next action then appears.

1/0 system converts Rainbow to data recognition systems

Although not yet officially announced by Data Translation (Marlboro,
Mass), the Digital Equipment Corp booth at ISA contained a DT311 1/0
subsystem attached to a Rainbow 100 personal computer to form a
complete data acquisition and control system. A microprocessor interface
to the Rainbow controls all analog and digital 1/0 operations and self-test
functions. The subsystem, part of the manufacturer’s PCDAX family, can
be programmed under CP/M or MS-DOS.

The other PCs still in evidence at ISA

Programmable controllers, which were known as PCs long before the now
better known personal computers were even available, are still a major part
of the plant and factory control picture. Both types of PCs could be seen at
various ISA booths but it was apparent that the new PC was not likely to
eliminate the longer established PC in the near future.

True 32-bit micro debuts

Claimed to be the first commercially available 32-bit microprocessor, the
NS32032 was introduced last month by National Semiconductor of Santa
Clara, Calif. The chip, a member of the company’s NS16000 family, features
true 32-bit internal and external architecture and supports high level
languages. Unlike its competitors, the IC’s internal and external buses both
for addresses and data as well as the ALU and registers are all 32 bits wide.
This configuration effectively speeds up computational operations, in some
cases halving the time that data circulates among memory, ALU, and
registers. The company anticipates that, because of the chip’s features,
many current mainframe and minicomputer OEM companies will find it
easy to transport their 32-bit high level software onto 32032-based systems. A
6-MHz version of the chip is available immediately for $220 in high volume
quantities. A 12-MHz chip will be available in the first quarter of 1984.
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UPFRONT

Word processor types as if it writes

A handheld word processor that uses only five keys to type a letter as one
*+« . would write the letter by hand has been imported from England by

Microwriter Ltd of New York. The unit contains an 8-Mbyte nonvolatile
memory and can be attached directly to printers. It is programmed, when
attached to a video screen via an RS-232 serial interface, to send out ASCII
code according to the sequence of the activated five keys. The company
claims that a typical user can learn the appropriate sequence of keys for the
entire alphabet including punctuation marks and numerals in about an
hour. Unit price is $499.

English is not English-like
Themis, a friendly query program, uses artificial intelligence concepts to
allow users of VAX-11 machines to pose commands in English. This frees
the users from learning another set of English-like instructions, which is a
common chore for most query programs. The software can understand up
to 900 common English words and can be expanded by the user for a
specific application. The package runs in 1.5 to 2 Mbytes of main memory
and requires either VAX-11 Datatrieve or the Oracle relational database
management system. Themis will be available from Frey Associates of
Ambherst, NH in the first quarter of 1984 at a price of $24,500. A similar
program for running on IBM machines will soon follow.

Netting relational data bases

Ingres owners can now expand their reach by using Ingres/Net, a software
package that allows distributed access to remote data bases on any VAX
computer that is part of a DECNET network. Thus functions can now be
distributed with applications running on the user’s local system while the
Ingres database management systems can run remotely. According to the
company, Relational Technology Inc of Berkeley, Calif, this configuration
decreases communication costs and improves response times for interactive
applications. With Ingres interfaces such as queries, graphics, reports, and
applications-by-form, the user can display, update, or retrieve data stored
on any VAX in the network. Network access is transparent to the user.
Ingres/Net will also be available on 68000-based systems that support Ingres
in the Unix environment.

Matrix printer prints quality letters

A letter-quality multimode matrix printer will be introduced at the Comdex
Fall show later this month in Las Vegas. Designers have incorporated key
features in today’s office printer in a dot-matrix unit such that the output
is distinctly letter quality. Letter mode runs at 45 char/s while ‘‘draft”’
mode prints at 250 char/s; a third mode yields a 16 x 72 matrix at a rate of
100 char/s. Multiple fonts are available. The multi-color graphics resolution
is 240 x 720 dots/in. Advanced Matrix Technology, Inc (Newbury Park,
Calif) plans to have full production capabilities by the first quarter of 1984.
Initial OEM price will be $2995.
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Gtart with an
LSI-11

Dataram’s W23 starts
with the LSI-11/23 ;
(soon the LSI-11/73) [/O mapping accommodates
1.0 MB minimum... 18-bit peripherals (e.g. RX02)
up to 4.0 MB! and 22-bit peripherals,
while supporting 4.0 MB of memo

27 dual-slot backplane

RMO02-compatible
80 MB or 160 MB
Fujitsu Winchester

W23’s RM02-compatible controller
can support external
CDC 9762 SMD drive
for removable media capability
or backup, in addition to
controlling the integral Winchester

$16,940 system price*

Supports RSX-11M,
RSX-11M-PLUS,

RSTS, and ...and end up with a
r- powerful minicomputer!-

Dataram’s W23 minicomputer system gives you more
than an LSI-11. By packaging an LSI-11/23 (or
LSI-11/73) in a compact 104" chassis with 160 MB
Winchester capacity, 27 dual slots, and a hefty 50 A
power supply. And then going a step further with I/O
mapping that allows up to 4.0 MB of memory while
supporting both 18-bit and 22-bit controllers.

Cipher Microstreamer with controller
available for less than $5300

For more information, forward this coupon to us or,
even better, call us today at (609) 799-0071.

Name
Company
Address

Citys State  Zip ~ Phone
Return to
Dataram Corporation, Princeton Road, Cranbury, NJ 08512

*$16,940 system price is single-quantity domestic price for W23 with LSI 11/23
1.0 MB, 80 MB Winchester, and 1/O mapping

DEC, LSI-11, RSTS, and RSX are trademarks of Digital Equipment Corporation
UNIX is a trademark of Bell Laboratories Ty rrrrr ety
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O Send information. O Contact me immediately. |
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DATARAM

Dataram Corporation O Princeton Road O Cranbury, New Jersey 08512 [0 (609) 799-0071 O TWX: 510-685-2542
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Software: Artificial intelligence systems make their mark y
Data communications: Workstation analyzes and simulates LANs

Microprocessors/microcomputers: DEC counterattacks with advanced
Q-bus boards

Memory systems: Hardware disk cache boosts online performance
Interface: Processors divorced from peripherals with separate 1/0 bus
Peripherals: Color graphics system accesses images at 20M bytes/s

Computers: Message-based 0OS balances tasks in 64-bit multiple
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Integrated circuits: CMOS leads to true computer portability &
by Tony Moroyan—Denser and faster CMOS VLSI encourages designers to
build high performance portable systems.

Software: Occam architecture eases system design—Part 1

by Pete Wilson—Software development is simplified by constructing a
language-—Occam—suitable for the description of multiple processor
systems.

Data communications: Data highway provides database management
by Kirk D. Houser—With the industrial environment, a high
performance network prevents degradation of distributed control
processing.

Test & measurement: Develop VLSI test software quickly

by Lance Lawson—With complete test hardware devoted to each pin of a
VLSI device under test, users can write test programs in Pascal for a
multi-user environment.

Development systems: CAE unifies logic and gate array design

by John Wright—Standalone computer aided engineering systems prevent
logic errors and force correct layout. Results are lower equipment cost,
reduced feedback time, and computing power for designers.



Vol 22, No 13
Nov 1983

Special report on

minicomputers
163

Caught in the throes of change,
minicomputers are taking on new
technology and adopting new
architectures in preparation for the
future. These moves, necessary to fend
off the sallies being made by both
micros and mainframes, are both
evolutionary and revolutionary. With
performance levels boosted by both
technology and innovation, today’s
systems continue to hold the price line.
Newcomers entering the market bring
with them nontraditional concepts.
This influx of new blood virtually
guarantees that minicomputers will
fend off threats from 32-bit micros as
they arrive on the scene.

This month’s cover was created
and designed by Mark Lindquist
and Alan Green on the Digital
Effects Video Palette III and D-48
high resolution camera system.

System components

271 Measurement and control system employs powerful Basic
272 New generation, 32K x 8 DRAMs provide wide operating margins
272 Multi-user development system runs Unix version
273 High performance workstation offers processor options
273 Rigid disk controller for IBM PC supports SMD interface
274 Superminicomputer uses 100K ECL for high speed
274 Modular PcU improves broadband LAN performance
276 Memory systems 307 Test & measurement
278 Development systems 308 Interface
283 Data conversion 311 Integrated circuits
284 Peripherals 314 Interconnection & packaging
286 Data communications 315 Software
293 Control & automation 316 Computers
299 Power sources & protection 316 Microprocessors/
Page 272 300 System elements Microcomputers
Departments
3 Up front 323 Designer’s bookcase

11 Editorial 324 System showcase

17 Editorial rebuttal 326 Advertisers’ index

25 Letters to the editor 331 Reader inquiry card
318 [Literature 331 Change of address card
321 Calendar

Designers’ preference survey*
297

*Appearing in Domestic issues only

Development systems, test &
measurement
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TE MICROCOMPUTER
DEVELOPMENT SYSTEMS

For the 68000 design team manager
whose job depends on the deadline.




FLEXIBLE SOLUTIONS
FOR A FUTURE OF CHANGE

Tektronix announces 68000, 68008
and 68010 support.

The only productive choice for
16-bit design.

You've got deadlines to
meet, and you can't afford to
waste your engineers’ time with
desk-top development tools. So
Tek brings you the power you
need to get your project done,
whether your team is designing
with the 68000, 68008, 68010, or
all three. Your design team will
work faster, from software and
hardware development through
debugging and integration.

Tek LANDS saves time with
Pascal and C design support.

The LANDS language-
directed development system
helps you finish your project on
schedule. With the language-
directed editor, you quickly track
down syntax errors before
compiling. Our microcomputer-
optimized Pascal and C
compilers with The Integration
Control System* let you write

end;™
UAR™

current : state;™

PROCEDURE waitiseconds : integer); EXTERN;™

Save time with Tek tools:
Code in Pascal orC Debug in Assembly

Coding using Debug in
LANDS tools Pascal orC

even device dependent code
without assembly language. And
then, you debug on your
hardware entirely in Pascal or C.
Whether stand-alone or

on your VAX", you get the
same tools.

Make sure your team’s
computing power is matched to
the job at hand. Choose our
8560/40 stand-alone develop-
ment systems with their own
multiprocessing computer. Or
select the 8540 integration unit
and Tek’s software, and turn your
VAX into a powerful microcom-
puter design system, with all the

capabilities of our proven tool set.

Either way, you can count
on Tek’s superior emulation to

(¥ waits for "seconds" seconds and returns *)~

FUNCTION pedestrian : boolean; EXTERN;™

(¥ returns true if a pedesirian pushed the crosswalk button X)

PROCEDURE maple(newcolor 3 color); EXTERN;™

(x changes Maple Street light to "newcolor" - i

PROCEDURE crosswalk(newmessage : message) ; EXTERN;™
(X changes crosswalk signal to "neumessage" ¥)*

BEGIN (X  trafficlight **“
current.light := green;™
maple(current.light) ;~
crosswalk (dontwalk) ;~
WHILE true DO *~
BEGIN™

WHILE NOT pedestrian DO (X nothing *) ;¥

current.light 1= yellow;™

current.time 1= yellowlength;™

maple (current.light) ;~
waitlcurrent.time) ;~
writeln;™

Farsing complete, no errors detected.

get your products to market
faster. Full speed, completely
transparent emulation of the
68000, 68008, and 68010 lets
you concentrate on your design,

not on the limitations of
outmoded tools. And support
for a wide variety of other
chips with the addition of the
appropriate emulator and
software guarantees the return
on your investment.

Call 1-800-547-6711 for
technical details.

Call us for your new bro-
chure and for data sheets on any
of our emulators. Or contact your
local Tektronix Sales office.

For further information, contact:

U.S.A., Asia, Australia, Central & South America,
Japan Tektronix, Inc., P.O. Box 1700, Beaverton, OR 97075.
For additional literature, or the address and phone number
of the Tektronix Sales Office nearest you, contact: Phone:
800/547-1512, Oregon only 800/452-1877,

TWX: 910-467-8708, TLX: 15-1754, Cable: TEKTRONIX
Europe, Africa, Middle East Tektronix Europe B.V. Euro-
pean Headquarters, Postbox 827, 1180 AV Amstelveen, The
Netherlands, Phone: (20) 471146, Telex: 18312-18328
Canada, Tektronix Canada Inc., P.O. Box 6500, Barrie,
Ontario L4M 4V3, Phone: 705/737-2700

*Patent Applied For

™VAX is a registered trademark of Digital Equipment
Corporation.

Language Directed Editor reduces compile time by detecting and correcting syntax errors.

Copyright © 1983, Tektronix, Inc. All rights reserved. MIA-074

Tektronix

Circle 5 for Literature COMMITTED TO EXCELLENCE

Circle 6 for Sales Contact




- Great ideas, plus hard work, business sense ane

commitment to customer satisfaction. That’s what it

LS with busimess shows
help VARs create their

_takes to be a Value Added Remarketer for IBM.

P TBMto work for your customers ‘

- 'To begin with. IBM wants qualified VAR to
the broadest choice of systems and software: the [
Personal Computer, Displaywriter, Datamas

its new enhancements.

_ity. Equally important. all have access to IBM
nationwide service. '

5

That means VARs who work with IBM have more 5

to offer their customers. But that’s only part of what
IBM can offer to its VARs.

Put IBM to work for you.

IBM also provides VARs with tools to assist them
in marketing to their customers and prospects.

- €S-9000. 4300 systems, System/36 and Series/1 with

These products carry IBM’s reputation for qual-
i

e s

th special needs to-

‘Remarketer Program: Great
business ability are what’s re-

- Company__

Addres

Gty :

Phone




EDITORIAL

DEMOCRATIZING THE IEEE

What I have to say this month is more of a personal statement
than an editorial. As a long-standing and long-suffering member
of the Institute of Electrical and Electronics Engineers, I believe
control of that organization should be returned to its member-
ship. To further the goal of making the IEEE a participatory
democracy, I hope to cast a write-in vote for Irwin Feerst, chair-
person of the Committee of Concerned EEs, as president-elect.

I say that I ‘‘hope’’ to cast my vote because, unlike most IEEE
members, I have not yet received a ballot form. One of the many
ways in which the IEEE subverts the democratic process is to mail
ballot forms via third-class mail instead of first-class mail. The
postal service does not forward third-class mail, therefore, those
engineers like me who relocated to pursue new job opportunities
are automatically disenfranchised. However, the IEEE is careful to send bills for
membership dues via first-class mail. So, the message from the IEEE seems to be ‘“We
want your money but don’t bother to vote.”’

Such petty harassment, however, is not a new experience for IEEE members. What does
seem new is the organization’s recent heavy-handed suppression of possible dissent within
its ranks. In moves reminiscent of Richard Nixon’s famed ‘‘Saturday Night Massacre,”’
the IEEE fired Malcolm Drummond, head of its Pension Task Force, and precipitated the
resignation of David Lewis, head of its Manpower Task Force. Both men seemed guilty
of nothing more than doing their jobs: Drummond dared to write a letter to the president
of RCA asking why retirement benefits of two RCA engineers had apparently been
arbitrarily reduced. Lewis had testified at hearings of a Congressional subcommittee on
immigration and had dared to recommend a return-home requirement for foreign
engineering students after their graduation from U.S. colleges.

Drummond acted at the direct request of two IEEE members. If he had failed to act, he
would have neglected an obligation of his position. As it turned out, however, he need
not have bothered because his superior within the IEEE—Edward J. Doyle, vice president
for Professional Activities—subsequently apologized to RCA and fired Drummond. Lewis
also fell victim to the treachery of Doyle. In the July 1983 issue of The Institute, an 1EEE
publication, Doyle coauthored an article with Lewis in which they supported legislation
requiring alien engineering students to return home upon graduation. After the article
was published, and long after Lewis had gone out on a limb before the House
Subcommittee on Immigration, Doyle reversed himself and voted with the rest of the
U.S. Activities Board of the IEEE to permit many exceptions to the original policy.

The list of ways in which the IEEE has resisted participatory democracy seems endless.
There have been a succession of proposed constitutional amendments to do such things as
increase the number of signatures required on a nominating petition, move up the dates
by which petitions must be filed, and delay by a year the date on which a new president-
elect assumes office. Also, overseas members have long held proportionately greater
representation than U.S. members, thus violating the basic principle of ‘‘one person,
one vote.”’

All things considered, I have the feeling that the corporate and academic hierarchy
controlling the IEEE no longer gives a damn about the individual members or the unpaid
volunteers who help run the organization. Though I disagree with Irwin Feerst on some
issues, I think he really cares about American working engineers—who constitute the
bulk of the membership of the IEEE—and he has steadfastly represented their interests for
many years. Finally, I would add that it seems fitting for such an Orwellian organization
as the IEEE to be celebrating its centennial in 1984.

—n

Michael Elphick
Editor in Chief
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while CARTOS executes
a large number of real-tim
tasks. So your program-

CARTOS

ee—)
dataCASE/S

efficiently, quickly. And

more cost-effectively than

any other system available.
Here's why:

Fast task switching time.
CARTOS cuts response
time dramatically with the

fastest context switching
time around —150 usec.
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tape. Use any media you

want in any combination
100se up to ¥ giga-
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reaHtime system

{56
(2

O I want to discuss my application. Please have
a sales representative call me.

O TI'm interested in more information. Please
send the latest brochure describing CARTOS,
dataCASE/5 and other real-time offerings.

NAME
COMPANY
ADDRESS
CITY

PHONE



TAKE THE GUESSWORK
OUT OF TAPE DRIVE
CALIBRATION-
FOR LESS THAN $1000

R

Accurate digital calibrations—instantly.
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Pericomp’s PCM-4 Tape Drive Calibration Meter* eliminates the
need to interpret fluctuating oscilloscope readings to align and adjust
tape drives. It provides instant calibrations of static skew, tracking,
velocity and amplitude. And they’'re microprocessor-based, digital
calibrations. So instead of trying to read a moving line, you immedi-
ately know exactly how far the calibration is from industry standard
tolerances. .. exactly what kind of adjustment is required. ..and
exactly when you have achieved the desired position.

That's speed and accuracy you could never achieve with an
oscilloscope.

Specifically designed to save you time
and money.

Publisher, Gene Pritchard

The PCM-4 is the industry’s first microprocessor-based device
for tape drive calibration. It's designed and manufactured by Peri-
comp Corporation, an authority in magnetic media. And it's priced at
under $1000.

So take the guesswork out of your tape drive calibrations. Contact
Pericomp, 14 Huron Drive, Natick, Massachusetts 01760, Telephone
(617) 655-7660. And start saving time and money, today.

*Patent Pending #450,539
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¥ The Authority in Magnetic Media
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Pericomp Corporation, 14 Huron Drive, Natick, Massachusetts 017760 USA
Tel. (617) 655-7660/237-4052
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Multifunction 16-bit

personal debugger

Three instruments in one—

fiming analyzer, state analyzer, and real-time emulator

New YEW Model 3502 Personal Debug-
ger is actually three instruments in
one—a timing analyzer, a state ana-
lyzer, and an emulator. Extensive and
flexible built-in capabilities ease and
speed-up testing, analysis, and total
debugging of system based on the
68000 or 8086 processor families.

o o
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*YOKOGAWA
CORPORATION

Major Capabilities

State analysis

e Symbolic debugging eDisassembly dis-
play eMulti-tracing eMulti-triggering

Timing analysis

oEXT 8 channels e Sampling clock...max.
100ns eGlitch detection...min. 15ns

Real-time emulation

e|nternal 28K bytes RAM eAssembly
function of single-line program

e Active tracing

Standard Accessories
e Minifloppy disk drive ®RS-232C inter-
face eVideo/hard copy ports

e m e e e ——— e
1
|

Microprocessor Compatibility:
: Motorola 68000, Intel 8086, or equivalent

e e i o o5 e e ot Pt R (P

OF AMERICA
2 Dart Road, Shenandoah, Georgia 30265

Phone: 404-253-7000 TWX: 810-766-4760
See us at WESCON booths 637-639




See us at Booth 508, Main Hall

©) COMDEN/ Fall '83

November 28—December 2, 1983
Las Vegas Convention Center,
Las Vegas, Nevada

Don't gamble on futures!

The patent on our unique
ball bearing head carriage is
the only thing still pending
with our ECHO 500 series
5%” flexible disk drive. This
new system approach from
Hi-Tech Peripherals achieves
precise positioning accuracy
and quiet stepping.

Exercise your options and
take delivery now on any of
six high performance

EHO
ECHO—THE LAST WORD IN FLOPPIES

CIRCLE 11

96 and 48 tpi drives with up
to 1.6 megabyte capacity.

Priced from $95.00 in OEM
quantities.

For more information contact:

Hi-Tech Peripherals Corp.
15192 Triton Lane
Huntington Beach, CA 92649
714 891-0027 TLX 4722123

—
~»

HIFTECH PERIPHERALS



EDITORIAL REBUTTAL
ACADEMIA AND THE SHARK—PART II

This magazine, in its Sept 1983 editorial ‘‘Academia and the
Shark,’’ criticized the universities in general, and me in parti-
cular, for exaggerating the threat to the U.S. of the Japanese
Fifth-Generation Computer Project. Even though the cart came
before the horse, I welcome this opportunity to familiarize the
editor and readers of Computer Design with my views on this
important topic.

Many of us believe that the information revolution will affect
our world more profoundly than the industrial revolution.
Looking back, we find at the world’s economic and geopolitical
helm the countries that led that older revolution. Looking
ahead, we can expect the same fate for the nations that will con-
trol the information revolution. Japan recognizes this historical
inevitability. Drawing on its superior electronic base and its technologically oriented
population, and motivated by its lack of natural resources, Japan has declared its intent to
achieve world supremacy in information technology within a decade. Its lead vehicle is the
Fifth-Generation Computer Project, a $1 billion government-industry effort to harness
1000-processor machines and artificial intelligence techniques into systems that understand
human speech and images, translate spoken languages, and provide expert services.

This effort deserves our most serious attention for the following reasons. First, it deviates
from the Japanese tradition of incrementally improving the cost-performance of existing
goods, and strives instead to leapfrog the products and strategies of U.S. computer companies.
Second, unlike our own corporate orientation, it focuses on potentially the most ‘‘cerebral’’
part of the information revolution. Finally, it will develop, within the leading Japanese
companies, numerous experts in artificial intelligence, multiprocessor architectures and their
applications. As a result, Japan may produce novel variations in ordinary products, like
speech-driven TV sets, even if their loftier project goals are never met. An unprepared U.S.,
awakening to such surprises 5 or 10 years from now, will not be able to recover gracefully
because it will need several years to build comparable knowledge within its own companies.

To compete with Japan in this new arena, we must strengthen our long-term orientation.
One proven method is to increase government funding of basic research. The current
Department of Defense initiative, which has yet to be approved by Congress, is a good start
toward that end. Meanwhile, we can hear the familiar criticism that such programs need more
specificity—a carry-over of our short-term bias that kills the flexibility needed for successful
long-term research. The Microelectronic and Computer Technology Research Corporation is
another good start, but it must prove its resilience against the short-term pressures of its
corporate owners. Beyond these steps, more could, and should, be done to link longer-term
thinking with the profit motive. For example, substantive tax credits could be given to
companies pursuing longer-term research, and long-term financial instruments could be used to
spread the associated costs and gains among willing investors. Our companies could also learn
from the Japanese to carefully watch rather than ignore academia’s long-term dreams and
results. There are also things that we must not do. We must not, for example, restrict access to
basic research, since the benefits of reduced information leakage would be overshadowed by
our inability to share ideas and to utilize the brainpower of foreign scholars.

One reaction to such proposals is that competition between the U.S. and Japan is a
provincial and less desirable alternative to international cooperation. Yet, we are starved for
examples of technological progress without competition, so that in the long run the global
welfare may be better served by competitive national tribalism.

The editorial suggests another reaction: that academics use the Japanese threat in order to
increase their research budgets. Motivation notwithstanding, the fact is that industry will be the
principal beneficiary of the programs under way by at least a 70 to 30 ratio. Finally, the
editorial’s principal contention—that the actual damage caused by sharks is considerably
smaller than the accompanying Hollywood hoopla—offers little comfort to a swimmer
devoured. Complacency is no substitute for vision.

s

Michael L. Dertouzos
Professor and Director
MIT Laboratory for Computer Science
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NOIFS. NO

“It you average all “And test at room
our outgoing shipments. temperature only.”

© 1983 Advanced Micro Devices, Inc.




Some chip makers spend
“But don’t include more time making exceptions
speed tests. than they do making parts.
Their guarantees run on and

on and on.

Ours is short and sweet,
and it comes with every device
AMD makes.

Next time you have to fill
a tall order, look for the short
guarantee.

The International Standard
of Quality guarantees a 0.1% AQL
on all electrical parameters over
the entire operating r

g

Advanced Micro Devices .\

901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088
(408) 749-5000, outside California, call toll free (800) 538-8450, ext. 5000.
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Those risky

4

new S

How much are you willing to
bet on the new technologies that
promise more and more mega-
bytes in a 5%" drive?

Your quality?

Your reliability?

Your reputation?

You could end up betting them
all, and losing, because many
of the new technologies are still
unproven and could result in
serious damage to your customer’s
data base.

As the pioneer of high capac-
ity 514" drives, we know that with
leadership goes responsibility.

So we spend the time it takes to
develop and test exhaustively.
Then only after we’re convinced
that the technology is reliable
will we offer it to our customers.

The result of this philosophy
is a remarkable plug-and-play relia-
bility record for our complete line
of 12, 19, 26 and 40-megabyte
drives. And it’s reliability like this
that has made us the leader in
volume shipments of large-capac-
ity 514" Winchester disk drives.

Of course,
the time is
coming when
the industry
will demand
a 60 or 80
or even a 160-
megabyte 514" disk drive, and you
can expect Computer Memories to
deliver it. Without delivering arisk.

The capacity leader.

Computer
*

FUY Memories
v Incorporated
9216 Eton Avenue, Chatsworth, CA 91311 (213) 709-6445/
Ft. Worth, TX, (817) 332-7859/ Costa Mesa, CA, (714)
241-9260 / Springfield, MA, (413) 783-2386 /In Europe:
Bray-onThames, Berks, UK, 06283-4281 Telex 847591.
For small quantities, call Schweber Electronics,

(800) 645-3040.

drives.
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ADM 11

Conversational

Have you noticed that the
more high technology we put into
the workplace, the more human
touches the workers put in?
There’s a real need to soften the
interface between people and
high technology.

That’s why we designed our
new High Touch™ terminals to
work together with biology, not
just with technology.

Our new generation of High
Touch terminals brings an ele-
gant new touch to our American

ADM 12

PRESENTING LEAR SIEGLER’S
AMERICAN DREAM MACHINES:
THREE NEW HIGH TOUCH TERMINALS.

Editing

ADM 24E

Host programmable

Dream Machine (ADM™) tradi-
tion. The family features three
new ergonomic terminals designed
to meet the needs of OEMs and
end users alike: The ADM 11,
ADM 12 and ADM 24E.

There is more to ergonomics
than simply tacking on a few fad-
dish features as an afterthought.
That’s why we put our thinking in
up front. And came up with a
whole new way for termi-
nals to relate to humans.

No aspect of termi-
nal design escaped our
deepest consideration. Or recon-
sideration. Dozens of little touches
add up to the convenience and com-
fort of High Touch. For example,
we put the power “on/off” switch
and contrast control knob in front
where theyre easy to reach.

The monitor not only tilts
and swivels, it stops positively in
almost any position.

The clean, crisp display fea-
tures a large character matrix on
an easy-to-read green or amber
non-glare screen—made even
easier to read by the hooded bezel.
Screens are available in 12” or
147 sizes.

Our uncluttered keyboard,
with its logical separations
between key groupings, improves
your efficiency. The low-profile,
DIN-standard keyboard is not
only tapered, its angle of tilt is
easily adjusted for maximum
operator comfort.

The Selectric® layout with
its sculptured keys makes data *
entry easy and efficient. And we
placed the control and escape
keys close to the alphanumeric
keys, where people just naturally
expect to find them.

The ADM 11 is a High
Touch conversational terminal
that accepts data continuously at
19.2 kilobauds. It features sepa-
rate cursor control keys logically
arranged in a cross for ease of
use. Four modes are provided for
the printer interface: page print,

Distributor Sales & Service: Boston (617) 456-8228 * Chicago (312) 279-7710 » Houston (713) 780-9440 * Los Angeles (714) 774-1010, Ext. 219 * Philadelphia (215) 245-4080 ¢ San Francisco (415) 828-694
* England (04867) 80666 * From the states of CT, DE, MA, MD, NJ, NY, RI, VA and WV (800) 523-5253. OEM Sales: Chicago (312) 279-5250 * Houston (713) 780-2585 * Los Angeles (714) 774-1010, Ext. 582
* New York (516) 549-6941 * San Francisco (415) 828-6941 * England (04867) 80666. Selectric® is a trademark of IBM. ADM,™ High Touch™ and Express Depot™ are trademarks of Lear Siegler, Inc.



ADM 11 ADM12 ADM24E
Programmable Function Keys 4 (Shiftable 16 (Shiftable 16 (Shiftable
to 8) to 32) to 32)
Non-Volatile Function Keys Optional Standard Standard
Function Key Legends on From Host From Host Standard
25th Line Non-Volatile
No. of Pages of Display Memory 1 2 2or4d
Display Memory 24 lines by (2) 24x80 or User-Definable
Configurations 80 characters (1) 48x80 or up to 96x80
. (Plus 25th message/status line) (1) 24x158
Scrolling Standard Smooth, Jump Smooth or Jump
Scrolling or Horizontal  Scroll
Scrolling
Split Screen Split Screen
Transmission Mode Conversation Conversation  Conversation
Mode or Block Mode or Block Mode
Editing Limited Full Editing & Full Editing &
Protected Fields Protected Fields
Visual Attributes: 3 Embedded 5 Embedded or 6 Embedded or

Reduced Intensity, Blink

Blank and Reverse Video.
* Underline also on

ADM 12 and ADM 24E

1 Non-Embedded Non-Embedded, Non-Embedded,

plus Full Screen plus Full Screen
Reverse Video Reverse Video
and Highlight

OEM Flexibility Modifiable

Set-Up

Characteristics

Modifiable
Set-Up
Characteristics
& Personality

Modifiable Set-Up
Characteristics.
Add to Program
in ROM or
Down-Line Load
in RAM (56K
ROM or RAM.
Plus up to 22K
Display Avail-
able) Room for
add’l Logic
Boards.

line print, transparent print, and
display and print. There are four
programmable function keys
(shiftable to eight). And two lev-
els of setup mode to reduce errors
while still giving the operator
maximum flexibility.

For a High Touch terminal
with editing and more, choose the
ADM 12. It features five non-
embedded attributes. Embedded
mode can also be selected for
existing applications. And 16 pro-
grammable non-volatile function
keys (shiftable to 32). The display
memory can be configured as two
24 x 80 character pages, or one 48 x
80 page, or one 24 x 158 page. The
terminal runs in either conversa-
tional or block mode.

Or choose our top-of-the-line
ADM 24E which features a
moveable 24-line window you can
use to look at 48 (or 96) lines of
memory. The ADM 24E also
offers plenty of additional space
for OEMSs, with up to 56K ROM
or RAM available for add-on pro-
grams. Plusup to 22k display RAM.

When it comes to terminal
technology, wee the historic
leader with the largest installed

more computer-based systems
than any other.

When you buy Lear Siegler,
youre buying proven quality and
reliability, bacﬁed by the broadest

network of full service centers
anywhere. That means you can
get walk-in Express Depot™

service, on-site service and
extended warranty service in
3,000 cities nationwide.

Lear Siegler High Touch
terminals are made in America—
designed, engineered, manufac-
tured and shipped from Anaheim,
California to provide you with the
best local support.

And that’s just one more rea-
son they’re called the American

base. Our terminals are used in Dream Machines.
it Programmable Keys color-coded Separate
sezqgér?c:etg ?::;‘L’ie function keys. by function. numeric keypad.

Spacious,

operator error.
uncluttered layout.

Separate cursor control
keys arranged in a cross.

No keys next to

Control and escape keys space bar.

close to alphanumeric keys.

Dividers
separate keys.

Selectric® layout
with L-shaped return key,
sculptured keys.

®

ADM 11 keyboard.

LEAR SIEGLER, INC.
DATA PRODUCTS DIVISION

901 East Ball Road, Anaheim, CA 92805 - 714-774-1010
See Us At COMDEX Booth #3072

EVERYBODY MAKES TERMINALS. ONLY WE MAKE LEAR SIEGLERS.

Lall Lear Siegler at 800/532-7373 for an authorized distributor near you: Advanced Technology * Continental Resources * The Datastore * Data Systems Marketing ¢ David Jamaison Carlyle, Inc.
¢ Gentry Associates * Hall-Mark Electronics * M/A-COM Alanthus, Inc. * Marva Data Services * M.T.1. * National Computer Communications * Pioneer (Standard, Harvey, Gaithersburg) * 2M Corp.
* Wyle Electronics ® Kierulff Electronics ® Inland Associates ® Digital Source, Inc.
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%" The NPC-764:
More Evolutionary than
Revolutionary.

[n the mid-1970’s, instrument
manufacturers viewed the advent of
the microprocessor as an opportunity
to replace hardware functions with
software. Until recently, however,
the external appearance and basic
functionality of these instruments
remained unaffected by the internal
microprocessor. As far as the user was
concerned, knobs still had to be
rotated, switches set, and LED or simi
lar displays interpreted.

The NPC-764 was the first
instrument to give the user direct
access to its internal microcomputer.
This was made possible by replacing all
knobs, switches, and readouts with
an ASCII keyboard, a CRT, and an
integral floppy disk. Since its intro-
duction, the NPC-764’s feature set
and accessories have been greatly
expanded. Today, because it is a
proven, highly-reliable instrument,
the NPC-764 is the standard by which
similar analysis systems are measured.

It's understandable that other
test equipment manufacturers have
been reluctant to change from the old
“knobs and switches™ approach to
instrumentation design that has pre-
vailed ever since the first experiments
with electricity. Perhaps they felt that
there was a certain risk that their cus-
tomers would not be ready to use
an ASCII keyboard to control an
instrument.

But NPC’s designers realized
that this traditional approach was pre-
venting engineers from effectively
performing today’s complex analysis
tasks. They also realized that engi-
neers are comfortable with a com-
puter controlling or supporting test
functions.

For a complete set of Designer Notes, call
(800)-NICOLET, (415) 490-8300 (Calif.);
In Canada: (416) 625-8302. TWX: 910-381-
7030, Nicolet Paratronics Corporation, 201
Fourier Avenue, Fremont, CA 94539.

= Nicolet

Leading The Way In Analysis Technology
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Other 16-bit options

In the article ‘‘Options Abound in 16-bit
Operating Systems,”’ (Aug 1983, p 113),
there was no mention of the participa-
tion of Zilog Systems, along with the
three firms, in a joint development
effort with Western Electric, to produce
versions of the Unix system V operating
system compatible with leading 16-bit
MiCroprocessors.

The planned 78000 version of system V
demonstrates Zilog Systems’ continuing
commitment to Unix, which began in
1979 when Zilog became the first micro-
processor manufacturer to acquire a
source-code license for a Unix system.
Furthermore, the new operating system
will also run on our system 8000 family of
“supermicro’’ computers, which has used
a licensed Unix system since its intro-
duction in 1981, making it the leading
commercially installed microcomputer
running Unix or its derivatives.

Joan Marzullo

Zilog

1315 Dell Ave
Campbell, CA 95008

Pick system and its “Basic” language
In regard to the short review of the Pick
operating system in Chris Brown’s article
on 16-bit operating software (Aug 1983),
I have found the Pick system to be an ex-
cellent application development environ-
ment, and feel that there needs to be
more media awareness of this system.

Mr Brown accurately pointed out two
of the system’s biggest problems, lack of
visibility, and lack of communication
support. I feel, however, that his discus-
sion of the data management capabilities
and language support has instilled some
misconceptions in readers’ minds.

Mr Brown missed the major thrust of
what the Pick system is—ie, a system for
data management and application devel-
opment in which writing a program to
do a task is viewed as the last resort. This

is in sharp contrast to the Unix environ-
ment where the objective is to write pro-
grams to do anything and everything.

As far as the Pick (Basic) programming
language is concerned, it appears in ret-
rospect that the use of the word ‘‘Basic”’
to describe it was ill conceived. Although
it is true that the general syntax is similar
to Basic, that is where the similarity
ends. The Pick programming language,
which I will call “D,”” is a compiled
language that supports the high level
programming constructs expected of a
language today. These include

Multi-line IF-THEN-ELSE

LOOP stmt UNTIL/WHILE exp DO stmt
REPEAT

BEGIN CASE CASE exp [CASE exp] . . .
END CASE

The ‘D’ language also provides sepa-
rate compilation of external subroutines,
extensive character string manipulation
and formatting facilities, and special
constructs to operate on the variable
length dynamic string arrays used in the
relational file structure of the system.

Toby L. Kraft

Kraft Enterprises, Inc
7822 Convoy Ct

San Diego, CA 92111

Technological boycott of Soviets

In response to the Soviets’ shooting
down an unarmed commercial Korean
airline (KAL Flight 007) on Sept 1, 1983,
the Independent Computer Consultants
Association is taking action to restrict
future delivery of high technology to the
Soviets.

These capabilities have recently been
used to stalk and murder 269 innocent
citizens of the free world. The Soviets
are continuing to insist that they have
the right to utilize any power they
possess in any manner they see fit, with-
out regard to international law.

In light of this situation, we are asking
all high technology professionals in the
free world to join with us in a total boy-
cott of the Soviet Union. We plan to halt
all shipments of computers, computer
parts and components, software, tech-
nical support, manuals and publications
to the USSR and its satellites.

We request that all high technology
professionals in the free world look into
their own hearts and, considering their
own personal values, decide whether
they should be party to the delivery of
any more technological capabilities to
the Soviets.

This boycott will last two years, or
until the Soviets demonstrate a change in
policy which indicates a developing
sense of responsibility.

Tom Scott

Independent Computer Consultants
Association

909 Mulberry Lane

Bellaire, TX 77401

Engineers and exploitation

Finally, some editor has dared to point
out that the emperor was indeed wearing
no clothes. Whereas almost the entire
world applauded the magical ““125%
solution’” and salary freezes instituted
by some companies, your perceptive edi-
torial in the Aug 1983 issue correctly
pointed out the very short-sighted nature
of these quick fixes. There is little ques-
tion that, if the opportunity presents
itself, the exploited engineers will seek
employment elsewhere.

Why then, did these companies elect
to use these tactics? After all, it is these
same employers who are moaning about
an ‘‘engineering shortage.”” Surely, if
this shortage were real, the employers
would understand the great risk they run
by reducing salaries while, at the same
time, insisting on a longer workweek.

To me, the answer is clear. There is
not now, nor has there ever been, a
shortage of engineers. The companies
who adopted these tactics are well aware
of this (despite their public pronounce-
ments to the contrary) and understand
that there are very few places for their
exploited engineers to go. One hopes,
however, there is a great shortage of
engineers who will long tolerate a com-
pany that reduces their wages and/or
lengthens their workweek.

Irwin Feerst
Committee of Concerned EES
PO Box 19
Massapequa Park, NY 11762

NTIS correction

In the Sept 1983 article, ““Ada Compilers
—Validated and Available at Last, p 73,
the NTIS order number for Ada/Ed was
incorrect. The correct order number is
AD-A128 707/7.
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DO YOU HAVE

THE DRIVE
TO SUCCEED?




You do?

Good. So do we.

Shugart's 3.5" microfloppy drive. The
SA300 by name.

And, considering where the personal/
home/portable computer market is
headed (betterfastercheapersmallerwith-
morestorage), it's not a moment too soon.

[t's also quite an achievement. One that
allows you to engineer a
wealth of advantages into
smaller, more competitive
systems.

Take the most obvious
advantage, for instance.

Size. With the SA300 you
can make your personal
and home systems less impos-
ing, more, well, personal.
Our microfloppy takes up
75% less room than a stan-
dard sized Minifloppy™

And it weighs just a tad over a
pound. So your portable system can be
more, you guessed it, portable, even
with two drives in it.

Yet the SA300 still delivers 500 Kbytes
in the single-sided version (1 Mbyte in
the double-sided version) and uses less
power, worst case, than an 8-watt
night-light.

It's also so quiet, you can't hear it
running unless you put your ear right
down on top of it.

The 35" Micro-Cartridge provides
maximum media protection.

And with an MTBF of over 10,000

power-on hours, it should run for quite

some time.

Then, of course, there's the not-so-
small matter of the industry standard
3.5" microfloppy diskette.

Which offers a few important advan-
tages of its own.

Like Minifloppy compatibility.

A track density that allows
room for a generous upgrade
path to more capacity.

And a hard shell plastic
media cartridge for protection
against the rigors of pocket
and purse, with an automatic
head access shutter as a last
line of defense against little
computer users who eat a lot
of peanut butter and jelly.

Want to learn more?

We'll do a private Micro-
floppy Workshop right in your office.
And you'll have the chance to talk with
media manufacturers and our own
applications engineers about your plans
for a big design win.

Call your local Shugart Sales Office to
set it up. But do it soon.

You'd be amazed at what you can do
with a little drive.

Shugart

Right from the start.

See us at Comdex Booth #3319

Milpitas, CA (408) 263-2600; Costa Mesa, CA (714) 979-1935, Thousand Oaks, CA (805) 496-5388, Minneapolis, MN (612) 574-9750, Richardson, TX
(214) 234-3568, Framingham, MA (617) 879-1700, Saddle Brook, NJ (201) 368-8445, Atlanta, GA (404) 955-8968, Toronto, ONT (416) 475-2655;
Paris, France (1) 687-31-41, Munich, West Germany (089) 78-60-21, London, UK. (44) 4862-24527 Hamilton /Avnet, authorized distributor
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Six things you can do
with your obsolete floppies.

Floppies were fine in their day; a floppy. But it gives you so In fact, anything you can do
But they just don't make sense  much more. with a floppy, you can do even bet-
with the professional desktop Like an average access time  ter with a DMA 360. That's why
computers of today. of 98 milliseconds. A transfer we call it the floppy replacement.
What's the answer? The DMA rate of 625 kilobytes per second. For more information on

360 removable 5%"Winchester.  And an error rate that's on par what you can do with your obso-
It's exactly the same size as a 5%" with the most reliable conven-  lete floppies, write DMA Sys-
half-height floppy drive — but tional Winchester disk drives. tems, 601 Pine Avenue, Goleta,
that's where the similarity stops. There's no way youd CA 93117 Or call us at (805)
The DMA 360 gives you hard- get that kind of performance 683-3811, Telex 658341.
disk reliability. Floppies don't. from a floppy!
The DMA 360 protects your

data in a totally sealed cartridge. : .
Floppies don't. Introducing the floppy replacement:

The DMA 360 packs 75 DMA Systems’new half-height
megabytes on a single ANSI- removable 5%
standard cartridge. Floppies don't.
It takes up to 25 floppy disks Winchester.
to achieve an equal capacity.

The DMA 360 even has a
lower cost-per-megabyte than

See us at COMDEX Booth #166

DMA

SYS TEVIES

The Removable Winchester Company.
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NS32032
The First True
32-Bit Microprocessor:

to Become Reality.




The first commercially available
microprocessor to feature:

1. Full 32-bit architecture

2. Full 32-bit internal implementation
3. Full 32-bit data bus to memory

—

24 National Semiconductor Corporation
MICROCOMPUTER SYSTEMS DIVISION
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NOW—AN ALTERNATIVE TO 41/2" TAPE DRIVES
AT A LOWER COST IN ASMALLER SPACE.
4

HIGH CAPACITY. 70 MB formatted
capacity on a 600’ carfridge.

A 5 ‘ ; | on a 450’ cartridge.
FULL-FUNCTION I8 &

70 s

1/4” CARTRIDGE
TAPE DRIVE.

FULL 4/2" FUNCTIONALITY supports
1/2" tape commands, including
multiple BACKSPACE and REVERSE/
FILE/MARK/SEARCH. For efficient
file management as well as
image disk back-up/restore.

THE SYSTEM SOLUTION:
Low-cost tape back-up for
UNIX, PICK, XENIX and other
multi-user based systems.

FULL MEDIA INTERCHANGE. Tape
interchange guaranteed over full
environmental range. Pre-formatted
or selected media not required.

CARTRIDGE CHECK FEATURE detects »*
potentially degraded cartridges
before data are recorded on them.

{ (S 5 E - A AR IS SR | (O - L ‘

The model 9219X Sentinel lets you perform file and image-oriented disk ¥
backup/restore on multi-user systems, and permits use of standard tape -

software utilities. It's a cost-effective replacement for 1/2" tapes in today’s
smaller multi-user systems. For more information contact your Arrow

or Kierulff distributor or local Control Data OEM Sales Representative.

Or write: OEM Product Sales, HQW08X, Control Data

Corporation, PO. Box 0, Minneapolis, MN 55440.

(G CONTROL DATA

Information Hot Line 1/800/621-1776
In lllinois 1/800/572-6724
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Artificial intelligence systems make their mark

Computers of a higher order than the
current generation of number manip-
ulators are about to be unleashed on
the engineering community. The
machines are an outgrowth of the sci-
entific community which has been,
for the last 25 years, trying to learn
how man thinks and how to duplicate
the thinking process in a machine. A
special breed of scientists has even
proclaimed the term artificial intelli-
gence as the goal of their pursuits.
Comprising this group are not only
bright computer scientists, but also
specialists in such disciplines as lin-
guistics, mathematics, psychology,
and philosophy. While scientists in
these respective disciplines have sep-
arately strived to understand and
replicate man’s thinking process for
the past quarter century, recent
maturation of commonly held con-
cepts about human intelligence and
the relatively cheap computing power
available with today’s technology
have finally borne fruit to actual arti-
ficially intelligent systems.
Typically referred to as ‘‘expert’’
systems, these machines purport to
possess knowledge about a subject
such as the building blocks for
designing VLSI circuits, and to dis-
play this knowledge in a symbolic
form. The expert system then arrives
at a solution by making judgment
calls that are based both on an oper-
ator’s input and on the machine’s
embedded knowledge base. Unlike
today’s computers that use long and
cumbersome sequential line instruc-
tions to manipulate data, expert
systems use symbolic procedures to
yield a fast and intelligent solution
based on IF...THEN rules. In terms of
current programming environments,
this means that instead of writing
lines of code that describe all possi-
ble characteristics about an abstract
object and subsequently writing more
code to describe the various possible
results, the programmer can make up
lists of the properties associated with
the object. The bank of lists is
referred to as the knowledge base.
Processing the knowledge base is
accomplished via a control engine.

An expert system specific to train locomotive repair is embedded in CATS-1.
Users type-in responses to questions concerning the malfunction displayed on
the CRT. At any time, users can call up detailed drawings of the locomotive’s
various components. The system identifies the cause of the malfunction and also
demonstrates repair procedures from a videodisk on a separate monitor.

The knowledge base and the control
engine make up the expert system—
a close approximation of human
intelligence. But a machine’s intelli-
gence is derived from inference only;
the engine infers certain results based
on known assumptions using a tree
parsing routine based on the IF...
THEN rules to reach conclusions.
The artificial intelligence (AI) lan-
guage that comes closest to describ-
ing the lists and procedures has
predominantly been the List Process-
ing Language (Lisp). Developed in
the late 1950s, it has only recently
borne fruit in practical commercial
applications. Modern Lisp is a highly
interactive language that incorporates
powerful editing and debugging
tools. It allows a programmer to
address many types of large and com-
plex problems more efficiently, and
even some problems that are imprac-

tical to solve using conventional com-
puter languages.

Recently, a number of companies
formed by scientists who were origi-
nally doing work in theoretical Al
have announced products that have
Lisp as the core of their knowledge-
based systems. Among these are
Symbolics, Inc (Cambridge, Mass),
LISP Machine Inc (Culver City,
Calif), Xerox, Special Information
Systems (Pasadena, Calif), General
Electric Co (Schenectady, NY), Infer-
ence Corp (Culver City, Calif), Tek-
nowledge (Palo Alto, Calif), and
Intelligentics (Palo Alto, Calif). In
addition to these companies, many
large firms have internal programs in
Al research that have resulted in
expert systems for internal use. Dig-
ital Equipment Corp (Maynard,
Mass) for example, has developed a

(continued on page 34)

COMPUTER DESIGN/November 1983 33



32 Dedicated Channels

THE
BRIGHT
WAY
TO
MULTIPLEX

Multiplexing is more efficient
with Optelecom’s Model 5100
Fiber Optic Multiplexer.

The 5100 eliminates time-
consuming port contention
by allowing full time division
multiplexing of up to 32 data
channels. You also reap all
the benefits of fiber optic
technology including:

e Savings on cable install-
ation time and space
Immunity to electrical
interference
Security (fiber optic cables
do not radiate)

Expansion capability
Lower bit error rates (no
crosstalk)

Only $210 per port

What Are You Waiting For?

While you're waiting for data
to trickle through a conven-
tional multiplexer, make the
bright choice—call Optelecom
today!

. . °

b
The Optical Communications Company

15940 Luanne Drive
Gaithersburg, MD 20877

(301) 948-4232
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(continued from page 33)

number of expert systems that help
configure and customize orders for
a particular DEC computer system.
The company expects to offer some
kind of expert system on the market
in the future. Schlumberger/Fairchild
Mountain View, Calif has also built
an expert system for internal use to
analyze oil well logs-and mineral
exploration. Both the DEC and
Schlumberger systems are Lisp based
(see special edition on Office Systems
Design, Fall 1983, p 37).

Direct programming in Lisp

As might be expected, describing
lists and procedures can be a time-
consuming chore for the programmer
if done in the machine’s assembly
language. LISP Machine’s Lambda
computer has made that chore easier
by having the programmer utilize the
machine’s microcompiler and virtual
memory to microprogram directly in
Lisp. The Lambda is built around a
32-bit Nubus architecture with a
37.5M-byte/s transfer rate that was
developed at Massachusetts Institute
of Technology’s computer science
laboratory. This architecture allows
use of a variety of processors, mem-
ory, 170 devices, and other devices
since the system diagnostic unit senses
what kind of devices are installed and
then conforms system operation
accordingly. The machine’s 4-board
Lisp processor has a 24-bit virtual
address space and a 4K cache.

Basic system software includes
10,000 compiled functions and over
30,000 symbols representing an initial
core image of about 4 million words.
Approximately 200 microcoded func-
tions reside in 10K of user-writable
control memory for output to a high
resolution display (800 x 1024 pixels)
that is refreshed at 60 times/s. A win-
dow capability is also built in to
maintain an editing and execution
environment side by side. The opera-
tor can choose from any of the stan-
dard features available within the
window system or add new ones. The
editing function is performed using
the Zmacs editor. Zmacs accepts over
400 commands in addition to allow-
ing users to construct their own. As
an example of how easy it is to use
this editor, if users choose the

APROPOS command, they have at
their disposal all commands for those
containing relevant key words. Thus,
APROPOS FONT will generate all
appropriate commands containing
the work font for the user.

The Lambda also features a 16 x
16 matrix multiplier, a 256K x 32-bit
error-correcting physical memory, a
470M-byte Winchester disk drive
with a storage module drive con-
troller capable of handling four
drives, display, keyboard, and a
3-button mouse, all for $72,000.

LISP Machine Inc was founded,
among other entrepreneurs, by the
principals of Inference Corp to allow
Inference to obtain Lisp machines for
its Al development projects. One of
Inference’s products is a symbolic
manipulation program (SMP), a pro-
ductivity enhancing tool used to
manipulate algebraic and other sym-
bolic mathematical expressions. SMP
can perform mathematics symboli-
cally at different levels, from high
school algebra to advanced theoreti-
cal physics. The manipulation of
mathematical formulations is done
automatically and interactively. SMP
can differentiate and integrate most
mathematical expressions, solve
linear and nonlinear equations, and
perform matrix and tensor algebra.
Mathematical expressions can be
evaluated numerically, or they can be
expressed graphically in two or three
dimensions.

This particular program has not
been written in Lisp, but rather in the
C programming language. It is there-
by ready for sale to the C-based end
user and can be used on a variety of
different computers. Currently, SMP
runs on the VAX computer both
under the Unix and VMS operating
systems. Inference offers the
program at a cost of $36,000 for per-
manent license on VAX-11/780 instal-
lations.

Inference sells inference engines—
not complete expert systems. Its latest
product is an inference engine called
the advanced reasoning tool (ART).
Coupled to any of a number of
knowledge bases, ART becomes the
engine that infers conclusions in the
expert system. The system is basically

(continued on page 36)
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The Worlds Most Elegant Microprocessor
~ Family will turn“Cartwheels”onyour
VAXAL.

More and more programmers and systems designers are coming
} to the conclusion that the NS16000™ microprocessor family will
be the foundation for the next generation of high-performance,
low-cost computers. Why? Because it features a totally new, totally
practical, highly symmetrical architecture; high-level language
and modular-software support; a powerful instruction set; and
the implementation of Demand Paged Virtual Memory.
If you're among those considering applications for the NS16000
. microprocessor family, here’s something else you should know:
your VAX™-11 can be turned into a complete and ideal devel-
opment system for less than $18,000 —a minimal front-end
investment, considering the possibilities.
Naturally, you’ll need a cross-software development package.
We offer two.
The NSX-16™ cross-software development package allows
» rapid, easy compiling or assembly of NS16000 programs on your
VAX-11, using the VMS™ Operating System (version 3.0 or
later). This package includes a Pascal compiler, and, among other
utilities, an assembler, linker, librarian, and powerful symbolic
debugger. ($6,000.00)
The NSXC-16™ cross-software development package allows
equally rapid, easy compiling or assembly of NS16000 programs

on your VAX-11, but using the o

Berkeley 4.1 bsd UNIX™ Oper-
ating System. It includes a C
compiler, and, among its utilities,
an assembler, linker, librarian,
and powerful symbolic debugger.
($6,000.00) A Pascal compiler
is available as an option. (An

additional $4,000.00)

Once your programs are com-
piled, you’ll want to down-
load them to our DB16000
evaluation board for execu-
tion and debugging.

&

The DB16000 is a complete microcomputer system comprising
the NS16032 CPU, the NS16201 Timing Control Unit, sockets
for our Memory Management Unit, Floating Point Unit, and
Interrupt Control Unit, 128K bytes of on-board RAM, a wide
range of both standard and optional [/O interface devices, and a
monitor program in PROM. To facilitate the development of
efficient software, either of our cross-software packages com-
municates with the monitor program (via a serial link), allowing
you to down-load, execute, and debug your programs in the
DB16000’s native environment.

Finally, for seamless integration of your software and
NS16000-based hardware application, you’ll want our
ISE/16, a powerful in-system emulator.

Our easy-to-work-with ISE/16™ allows real-time emulation of
the NS16000 chips, for testing and debugging hardware and
software in your own hardware environment. This [SE—which
includes the NS16032 CPU, the NS16082 MMU, and the NS16201
TCU, and 30K bytes of mapping RAM —plugs directly into your
target system, requiring no target-system modification. ($9,450.00)
Today, the NS16000 family—and it alone —can enable
you to put large-computer-like products on the market at
microprocessor prices: from elegant personal and business

computers to graphic work-
stations to industrial control
systems.

) This elegance, we believe, will
. breed success—which might
make you want to turn one or
two cartwheels yourself.

Please call the National Sales
Representative nearest you
for more information and the
answers to your questions. Ask
to meet with one of our Field
Applications Engineers, too. Or
circle the number below.

VAX and VMS are trademarks of Digital Equipment
Corporation

UNIX is a trademark of Bell Laboratories.
NS16000, NSX-16, NSXC-16, and ISE/16 are

trademarks of National Semiconductor Corporation

Here’s all you need.
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(continued from page 34)

generic and can perform reasoning
tasks that are needed for any number
of applications. The company is ac-
tively pursuing joint venture partners
to develop expert systems in software
engineering, applied sciences, manu-
facturing, and the financial industry.

A very specific expert system has
been developed by General Electric’s
Research and Development Labs.
CATS-1 is a locomotive trouble-
shooting system whose knowledge
base is embedded with the expertise
of the company’s top locomotive
field service engineer. In operation,
the user asks questions concerning
the malfunction displayed onscreen
(see Figure). The user can also call
detailed drawings of various compo-
nents at any time during the question
and answer session. The expert sys-
tem reaches conclusions about the
malfunction by searching deeper into
the layers of the locomotive’s mech-
anism. Repair procedures for that
malfunction are also displayed on-
screen. The CATS-1 program evolved
from the more basic GEN-X develop-
ment efforts at GE. This project is an
effort to develop a generic expert
system that could streamline the
development of specific expert sys-
tems such as CATS-1.

A similar course of action is being
followed by Teknowledge Inc. The
company is pursuing knowledge engi-
neering—the engineering discipline
that formalizes knowledge in expert
systems. The company designs and
supports commercial knowledge-
based expert systems for industrial
clients. Founded in 1981 by computer
scientists from MIT, Stanford Univer-
sity, and the Rand Corp, the company
will introduce its first commercial
product early in 1984. It will be the
first in a series of tools that will
enable organizations to implement
their own practical, large size, knowl-
edge-based systems. Teknowledge’s
System 1 will be an integrated pack-
age of software and services for the
development of such systems. It is
intended for developing consultation
systems that solve problems requiring
complex symbolic inference or judg-
ment. Applications include diagnosis,
recommendation, classification, and
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global planning. An underlying rule-
based structure is integrated with an
Algol-like language for controlling
the consultation. Using Algol will
augment the need for proficiency in
a symbolic programming language,
says Teknowledge.

Bell's ACE repairs cables

A completely different approach to
expert systems has been demon-
strated by Bell Labs. Its automated
cable expertise (ACE) is an expert
system for troubleshooting telephone
cable faults. ACE uses a conventional
data management system for its
knowledge base. The primary sources
of knowledge are the users’ database
system and primers on maintenance
analysis strategies. Thus, ACE differs
from other expert systems in two
ways: it manipulates a massive
amount of data, in addition to its
problem-solving rules. Also, rather
than being a computerized consultant
that is called upon on an as needed
basis, Bell Lab scientists claim that
ACE is a self-motivating analysis
system with ongoing responsibility.
The expert system digests hundreds
of telephone cable maintenance
reports daily from data provided by
a data management and report gen-
eration system. ACE uses this
knowledge to provide ‘‘bottom line’’
information and recommendations

DATARCOMMUNICATIONS:

concerning trouble spots to telephone
engineers. Prior to ACE, telephone
workers were at a loss to keep up with
the online reporting system since
interpretation and decisions were still
left to them.

Now, ACE provides not only
reports, but also suggests the proper
procedure to immediately resolve the
problem. In determining the proper
decision, the system itself poses as the
user and queries the data base. The
expert system therefore not only
answers the questions, but also poses
them. ACE is Lisp-based and runs on
the VAX-11/780. Support routines for
ACE include interfaces written in
Unix. The system is initiated nightly
to study transactions, and reports
them on an interface terminal’s elec-
tronic message board. A typical pro-
duction rule by which ACE lives
might be translated into English in
this way: IF a range of pairs within
a cable have generated a large num-
ber of customer reports, AND IF a
majority of work on those pairs was
done in the terminal block, THEN
look for a common address for those
repairs. A total of 100 production
and 50 related condition and action
functions are contained in ACE’s
knowledge base to make up the set of
related rules that collectively do the
analysis.

—Nic Mokhoff, Senior Editor

Workstation analyzes and simulates LANS

Controlling and debugging an
Ethernet network is a demanding
task. With several stations on the
net, each passing traffic at 10M bps
and fighting for access, identifying
problems can be extremely difficult.
Testing a network under load re-
quires the ability to generate real
messages, not just bit streams.

The Nutcracker, a local area net-
work (LAN) analyzer/simulator
from Excelan addresses just these
problems. The unit is a standalone
Multibus-based workstation, whose
8086 CPU controls multiple state
machines to monitor every packet

passed on the net. Pattern recogni-
tion software allows inspection of
both valid and aborted packets,
monitoring of individual stations or
groups of stations, transmission of
any number of data packets at any
rate required, and generation of sta-

tistics and reports on net activity.
Hardware debugging, from the
chip level to complete net stations, is
an obvious application. With a
known good node, marginal or faulty
node identification becomes much
easier. Software algorithms that
implement the higher levels of the
(continued on page 38)



Ethernet

and other local area networks

AUSCOM introduces the proven solution for connecting your IBM
mainframes to Local Area Networks. Using the 8911 Programmable 1BM
Channel Interface, AUSCOM can connect your network directly to the
channel and, through software, provide the necessary drivers to
incorporate the LAN protocol of your choice. You select the LAN;
AUSCOM will make the connection to your IBM!

the “IBM to Anything” people
2007 Kramer Lane ® Austin, Texas 78758 ® 512/836-8080
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Workstation analyzes LANS

(continued from page 36)

Excelan’s Nutcracker is a standalone workstation for controlling and monitoring
Ethernets. With its combination of high speed TTL hardware and object-oriented
software a net manager can monitor and control traffic, as well as identify

problems.

International Standards Organiza-
tion protocol have not been stan-
dardized, and the Nutcracker will
allow them to be debugged and opti-
mized in a realistic environment.
Full characterization of a large
system before it is installed will
make performance guarantees pos-
sible, and allow the prospective pur-
chaser to make rational decisions
about combinations and types of
nodes necessary for a given applica-
tion. The unit will also help meet
government requirements for per-
formance documentation, and speed
the acceptance of LAN technology
by giving purchasers confidence that
a system will perform as advertised.
Nutcracker hardware is contained
in a desk-sized unit, with a 12” CRT
screen, detachable keyboard, a
20M-byte Winchester disk, and a
600K-byte floppy. Internally, an
8086 CPU card and 896K bytes of
parity-checked RAM contain the
system software, while several high
speed TTL state machines handle the
signal processing tasks involved in
monitoring traffic in real time.
Object-oriented multiprocessing
software provides a menu-driven
user interface for controlling the
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system, as well as the ability to gen-
erate ‘‘canned’’ programs—standard
routines for repetitive tests. The
system is thus easy to use on two
levels: inexperienced users can walk
through the menus to exercise the
system functions, while experienced
users can move quickly to needed
functions.

Software subsystems

The Acceptor uses the hardware
state machines to capture both good
and bad packets from the bus in real
time. This way, even partial packets
that have been part of a collision
between two stations trying to send
traffic at the same time can be
examined. The Acceptor contains
““filter’” routines that examine
packet headers (address and routing
information), and can select packets
to be examined on the basis of any
bit pattern, up to 128 bytes long.

The Tracer selects packets cap-
tured by the Acceptor, and prepares
them for further processing. It acts
as a trigger, initiating storage or
further processing the selected
packets.

The Injector is a traffic generator.
It builds packets with any required

header structure, in effect mimicking
any possible Ethernet transmitter.
Both good and bad packets can be
constructed—packets with cyclic
redundancy check errors, alignment
errors, etc, are useful for testing the
response of the net. The packets can
then be injected onto the Ethernet
cable, either politely—using the
CSMA/CD protocol to avoid colli-
sions—or impolitely, deliberately
causing collisions to test how sta-
tions on the net react. In addition, it
can embed time-stamps in the trans-
mitted packets, so that performance
measurements of traffic to and from
nodes can be made.

The Statistician collects and pro-
cesses data about the packet traffic
observed on the net. It maintains
counts of how many packets are
transmitted, and their lengths, mea-
sures interpacket spacing (which
indicates how large message buffers
need to be), plots frequency distri-
butions, and prepares graphs, tables
and histograms for human analysis.
Statistician reports can be used to
characterize the entire net, or fine-
tune the performance of a particular
node or node set.

The Nutcracker is priced at
$49,500. Shipment of evaluation
units to selected sites began in
September, and delivery of produc-
tion models is expected this month.
Excelan, Inc, 2030 Fortune Dr, San
Jose, CA 95131.

—Sam Bassett, Field Editor
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Share your knowledge
Other system designers face
the same problems you’ve
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help them by writing a
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free copy of our Author’s
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THERE ARE AT LEAST EIGHT
- MORE TERMINALS HIDING IN YOUR VAX.

All you need is one Able VMZ/32 asynchronous terminal gives you modem control on all sixteen lines. This lets you easily
controller to find 8 more lines in your DEC VAX-11/730, /750 or ~ manage the terminals, including those remotely located. Plus, you
/780, for a total of 16. With an additional VMZ/32 you can dis- can easily vary the speed on each line from a 50 to a 19.2K baud
cover 16 more lines. rate, including split baud capability.

The VMZ/32 board plugs into the same space as the standard Here’s a dependability clue: an MTBF of over 100,000 hours.
DEC DMF32 board it replaces, providing 16 lines instead of 8. With-  To back it up, the VMZ/32 comes with a one-year warranty from
out patches to the VMS. And with complete VMS compatibility. Able that can be extended if you like. Ask your Able representa-

Immediately you'll unleash a minimum 13% increase in process- tive for full details.
ing speed. You'll instantly realize a 50% reduction in costs per line, If you do unearth a problem, Able Support Service is as close
obtain a 50% space savings in the backplane and see a surprising  as the phone.
reduction in power consumption. You can also uncover extra performance hidden in your printer

The VMZ/32 also reveals hidden performance within with Able’s VMZ/LP. The VMZ/LP provides a dramatic
your CPU by increasing its availability (idle time) up reductionin CPU overhead and is LP11 cable compatible.
to 500%. So, to discover the full potential hiding in your VAX,

To handle this newly acquired power, the VMZ/32 [COMPUTER LS got a simple solution: just plug in the VMZ/32.

The communications specialists.
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1732 Reynolds Avenue, Irvine, California 92714. Call toll free: 800-332-2253. In the Irvine area: (714) 979-7030. Or, TWX: 910-595-1729

DEC, VAX, DMF32 and VMS are trademarks of Digital Equipment Corporation.
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Floating Point Systems
array processor to break

The FPS-5000 Series from Typical performqncel/e_xcmples of ge_ophysiclc_zl, r;)egiccl imaging and
. . signal/image processing applications.

Floatlng Point S.yStems Application Example i AP-1208B FPS-5410 5420 5430
NOW’ a new fam‘l}’ of . 1. Demodulation/Signal 13.8 msec. 6.5msec. N/A N/A

products from Floating Point Analysis

Systems brings increased com- 2. Tomography Preprocessing 60 sec. 25sec. 16 sec. 12 sec.

puting power and unmatched 3. Multispectral Image Classification 49 sec. 25 sec. 13.3 sec. 10.5 sec.

price/performance to the (512x 512 pixels 8 Bands, 4 classes)

signal/image processing world. 4. 2DFFT 34sec. 14sec. 7 sec. 5sec.
With 3 to 6 times the speed (512x 512 complex)

and 4 times the memory capacity 5. Matrix Multiply 439 msec. 177 msec. 96 msec. 71 msec.

of previous FPS products, the (100x 100)

Based upon specifications subject to change.

FPS-5000 Series provides comput-
ing for applications that exceed

their present system’s capability. ~ FPS-5000 Series sets a new stan- Arithmetic Coprocessors. Data
The FPS-5000 Series offers fast,  dard for cost-effective computing, flow is simultaneously managed
accurate, flexible computing for breaking the $2,000 per MFLOP* ) y
the most demanding real-time, barrier—the first time this has FPS-5000 Series Architecture
user-interactive, and production-  been achieved in any floating- <—-disk. display. .
oriented applications. point computing system. iﬂggé“ el
Four basic prOdUCt groups *Based on U.S. Domestic Prices

make up the new FPS-5000 Series: St :
the 5100, 5200, 5300 and 5400. Distributed processing
Peak performances range from 26  architecture

million floating-point operations The FPS-5000 Series is
per second (MFLOP), to 62 a distributed processing
MFLOP. Data memory of 0.5M to system that maximizes

IM words is available along with  throughput by allocating

%2

program memory to 32K words. the computational load to
By combining a distributed a set of high-performance, A
architecture concept with the independent, floating-

latest VLSI technology, the point processing elements called




introduces the first

the $2,000/M

by a combination of
independent /0 Pro-
cessors and the central
Control Processor.

Each Arithmetic
Coprocessor, with
synchronous architec-
ture to allow simple
application debugging,
functions as a self-
contained unit.

The new Multiple
Array Processor
Execution Language
(MAXL), based upon
FORTRAN 77, allows the user to
construct an integrated system
environment which can be tuned
to application requirements.

Increased performance can be
achieved by adding Arithmetic
Coprocessors as a field-install-
able upgrade as the user’s
requirements evolve.

Compatibility

The FPS-5000 Series maintains
software compatibility with pre-
vious FPS 38-bit processors and is
supported on a range of host
computers. Thus, the extensive
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software support developed for
FPS-100 and AP-120B products is
maintained and users are able to
move existing applications onto
the FPS-5000 Series with minimal
effort.

Quality and Reliability

The FPS-5000 Series was
designed and built with the same
quality standards inherent in all of
the previous Floating Point
Systems products—standards
that have earned those products a
reputation for unprecedented
reliability and one of the best

LOP barrier.

meantime between failure (MTBF)
rates in the industry.

The Series is backed by the
same outstanding worldwide
support services that distinguish
Floating Point Systems from other
manufacturers.

For more information about
how the FPS-5000 can be used in
your specific application, call (800)
547-1445 or your local sales office.

The world leader in array processors.

FLOATING POINT
. SYSTEMS, INC.

PO. Box 23489
Portland, OR 97223

503) 641-3151

LX: 360470 FLOATPOIN BEAV

FPS Sales and Service Worldwide.

U.S.: CA Laguna Hills, Los Angeles, Mountain View.

CO Lakewood. CT Simsbury. FL Winter Park. GA Atlanta.
IL Schaumburg. LA New Orleans. MD Rockville.

MA Dedham. NJ Red Bank. NM Corrales. PA Philadelphia.
TX Grand Prairie, Houston. WA Bellevue.

INTERNATIONAL: Canada, Calgary, Montreal, Ottawa;
England, Bracknell, Berkshire; France, Rungis; Japan,
Tokyo; Netherlands, Gouda; West Germany, Haar.

DISTRIBUTORS: Australia and New Zealand, Milsons
Point — N.SW. Melbourne-Victoria (Techway Pty, Ltd);
Austria, Vienna (Othmar Lackner, Elekironische
Bauelemente Und Geraate). Denmark, Valby (BLT
Agenturer A/S); Finland, Helsinki (OY Emmett AB);
India, Bombay (Hinditron Computers PVT, Ltd); Israel,
Tel Aviv (Eastronics, Ltd); Korea, Seoul (World Business
Machine, Inc); Singapore, Hong Kong, Brunei,
Indonesia, and Malaysia (Scientek Engineering Co));
Southern Africa, Johannesburg (Anker Data Systems);
Sweden and Norway, Vaxholm (fre Konsulter AB);
Taiwan, Taipei (Scientek Corporation).

©Floating Point Systems, Inc. 1983







INTRODUCING THE
BEST THING NEXT TO
THE TOWER.

Introducing Tower™ Annex.

It’s a mass storage add-on that
transforms the original Tower into
the even more powerful Tower Com-
plex. With up to 228MB. Plus
streaming tape.

Now Tower
1632 by itself has
always beenafor-
midable rival for
the minicom-
puter. With as
much as 2MB of
ECC memory.
Plenty of mass
storage. Indus-
try standard
flexibility.

Our operating
system derived
from UNIX* for
maximum por-
tability. And full communications
capability for both peer level and
host networking

So if you're a minicomputer
OEM, the Tower Complex may

hasre i :

OEM Marketing Division

NCR Corporation, World Headquarters, OEM Marketing Division, Dayton, OH 45479. Nationwide (800) 222-1235. In Ohio (513) 445-2380. In Canada (800) 268-3966.
*UNIX is a trademark of Bell Laboratories.



WE'RE A BRAND

NEW COMPANY

WITH A BRAND
NEW PRODUCT.

WAITCH EVERYONE
DUMP ON US.

And read with us. And design with
us. And depend on us.

Introducing the Tandon Tape Drive
Company.

We're the newest of Tandon’s
advanced micro peripherals companies.

Like all Tandon companies,
we concentrate all our energies on a

single related product line. And like them,

we're dedicated to becoming the world's
leading producer of what we make best.
That's a pretty brash goal for a com-

pany that just built its very first tape drive.

But we have the product to back it up.

INTRODUCING THE
TANDON TM951 TAPE DRIVE.

What's the world's biggest producer

of micro peripheral disk drives doing in
the tape drive business’

Building a half-inch tape drive with a
capacity of 50 megabytes and an OEM
price that's pure Tandon.

Everything about our streaming tape
drive is pure Tandon. That's because we
have the highest degree of vertical inte-
gration of any manufacturer in the busi-
ness. Which means we can better control
our costs and quality.

TO BUILD A DRIVE THIS GOOD, WE
HAD TO USE OUR HEADS.
Tandon got its start as a head manu-
facturer. Our floppy heads quickly
became the industry standard.
Those are the very same heads
we use on our new tape drive.
Our philosophy throughout
has been to use evolutionary,
rather than revolutionary, tape and
floppy disk technology in our new drive.
To lower costs and minimize risk for stor-
ing your back-up data.

That approach has
paid offnotonlyinalow
price but also in high g
data reliability and
performance.
With a soft




error rate of | x |0” and an MTBF of 8000
power-on hours.
FEATURES EVERYONE WILL WANT
TO DUMP ON.

Our low cost and high reliability will
help us become number one in disk back-
up. So will our drive’s great features.

The TM95I is the same size as a stan-
dard 5Y4" floppy drive. It records on half-
inch tape on twenty tracks, arranged in a
serpentine pattern, using standard MFM
format. And dual heads allow instant data
verification while writing.

We not only make the drives, we
also make the cartridges. From a unique
Tandon design, using a video-style, self-
threading, single reel for high perfor-
mance and reliability.

DISK BACK-UP THAT KEEPS
COSTS DOWN.

Providing the most advanced tech-

nology at the lowest possible price has
made all Tandon companies leaders in
their fields.

That's exactly how we intend to suc-
ceed in ours.

Five years ago our floppy company
was a newcomer in a highly competitive
market. Today it's the world's leading sup-
plier of 5/4" drives.

That success story gives us a lot to
live up to. Which is just what we've set
out to do.

For full information on the newest
tape drive from the newest tape drive
company, call us. It's your chance to dump
on us before everyone else does.

[
aANQoONn
THE MOST SUCCESSFUL DRIVE
COMPANIES YOU EVER HEARD OF.

: Gt : irporation. 20320 Prairie, Chatsworth, CA 91311, (213) 993-6644, TWX: 910-494-1721, Telex: 194794. Regional Sales Offices: Boston (617) 938-1916 « New York (201)
3 22 » Atlanta (404) 934-0620 « Chicago (312) 530-7401 = Dallas (214) 423-6260 « Irvine (714) 675-2928 « Santa Clara (408) 727-4545 » Frankfurt West Germany 6107-2091,
Telex 411547 « London, England (0734) 664-676 Telex: 8484l1.




LET METHEUS OEM GRAPHICS
PUT YOU A GENERATION AHEAD

First we brought you the €400 Display Controller,
with 1024 x 768 resolution, 8-bit planes and one million
pixels/second vector drawing speed. This innovation
introduced state-of-the-art color graphics performance
from a single circuit board, providing OEMs with the
ultimate in reliability, flexibility and price.

Now, Metheus has moved even further ahead with the
0500, first of a new generation of color graphic display
controllers.

()500: New standards in resolution, refresh and
ergonomics. Still on a single board.

The 2500 Display Controller sets a new standard in
graphics display ergonomics, bringing you brighter,
crisper images and truly flicker-free displays. It has the
highest resolution available, 1280 x 1024 at 60Hz
non-interlaced refresh, the rate needed to drive the
latest 100MHz monitors.

500’s bit-slice processor supports drawing speeds
ranging from 1.5 million to 120 million pixels per
second.

And, once again, Metheus’ advanced graphics
technology is neatly packaged on a single board for
exceptional reliability and efficiency. On-board
signature analysis circuitry and extensive self-testing

capability ensure consistent, dependable operation and
fast diagnosis of any malfunction.

A Writeable Control Store (WCS) feature allows
OEMs to customize the controller’s instruction set for a
wide range of specialized customer applications.

The 500 is software compatible with 2400. And,
both are supported by Metheus” Axia™ Graphics
Package, built around the ACM SIGGRAPH CORE and
designed to speed and simplify your application
software development.

Let Metheus put you a generation ahead of your
competitors.

Both the (2400 and (2500 are available as display
controller or integrated graphics subsystem
incorporating a high resolution monitor. And both are
available for immediate delivery in quantity.

If color graphics are a part of your product’s future,
you owe it to yourself and your customers to talk to
Metheus today.

Metheus Corporation, PO. Box 1049,
Hillsboro, OR 97123, (503) 640-8000

e
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Software puts Unix micros on the network

Distributed processing—the ability to
access data and programs on non-
local machines—has been on wish
lists for 25 years or more. Microcom-
puter systems have grown in power,
and experience with distributed pro-
cessing has accumulated to the point
where commercial software for
microprocessors has begun to
appear.

Two examples have recently been
announced, both of which implement
a distributed Unix. One of these,
Excelan’s (San Jose, Calif) Transmis-
sion Control Protocol/Internet Pro-
tocol (TCP/IP) package, implements
the Advanced Research Projects
Agency network (ARPANET) pro-
tocols. The other, Altos Computer’s
(San Jose, Calif) Altos-Net II, pro-
vides both Ethernet and proprietary
interfaces. Users of ARPANET have
had this ability for several years, as
have researchers in selected academic
settings. These implementations have
typically involved mainframes and
large minicomputers, together with
specialized communications hardware.

Both the individual user and the
manager who must justify the pur-
chase of computer equipment derive
great benefits from distributed pro-
cessing. Unlike some situations,
though, the benefits are complemen-
tary, and not antagonistic. The user’s
machine, in effect, expands and
becomes more powerful. Specialized
database searches, for example, can
be offloaded to a mini or mainframe
whose hardware and software are op-
timized for that work; heavy number
crunching can be offloaded to an ar-
ray processor; printing, plotting, and
typesetting can become remote and
automatic.

Distributed processing lets the
manager buy only as much equip-
ment as is needed for a given applica-
tion, and still keep users happy.
Multi-user microcomputers are cheap
when compared to the hardware and
software costs of hanging several
more terminals on an IBM mainframe
or a VAX. The microcomputers pro-
vide quick response time, and a rea-
sonable amount of local storage.
Offloading the user interface to a
micro speeds up the mainframe too,
since communication overhead in-

volved in handling terminals disap-
pears. Important corporate files can
be kept (and controlled) in one place,
and not spread in pieces over a large
number of machines.

System integration likewise be-
comes easier—microcomputer oper-

ating systems are simple compared
with IBM’s OS 360/370, or VMS for the
VAX. Each system piece can handle a
few functions well, instead of trying
to oversee the entire system per-
formance. Hardware modularity is

(continued on page 49)

IEEE-488
USERS!

Instrumentation,

data

logging,

H-P, Tektronix, or whatever your
application, the cost effective TDX
GPIB interfaced tape system is

your solution.

Compatible with ANSI and IBM

1/2 inch formats

NRZI, PE, or Dual Density

Automatic error control

Dual Buffered recording

Programmable and

grammable modes

nonpro-

Suitable for hostile environ-

ments

For complete details call or write

TDX PERIPHERALS

Division of

(171~ 47

Telebyte Technology, Inc.
148 New York Avenue
Halesite, NY 11743
(516)423-3232
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The New
FUJITSU
BAND PRINTER

o
When You Know How They're Built,
erles You'll Choose Fujitsu.

That's because the entire Fujitsu Band Printer Series
is built to perform, built to fit and built to last. You'll get
crisp, high-quality printing when and where you need it.

POWER DIMENSIONS
MTBF CONSUMPTION NOISE (IN)
MODEL L (HRS) (VA) H WD

High reliability is also built into the Fujitsu printer
design. You'll find 6000 hours of Mean Time Before
Failure (MTBF) and exceptionally high parts common-
ality. Service requirements are infrequent and, if
needed, are simple to perform.
Fujitsu's band printers are surprisingly compact.
They're designed to fit into the smallest space, and at
55 decibels, they're peacefully quiet.
The Fujitsu Band Printer Series is available in seetﬁsN?)t.ﬂSG
speeds ranging from 300 LPM to 1200 LPM in the B

M3040, M3041, M3042 and M3043 models. Each @@m@@%

printer sets a new standard in price/performance. For Fc“ ,83
more information, contact Fujitsu at 3075 Oakmead Novarmber 28 Decarmber 2. 1983
Village Drive, Santa Clara, CA 95051, or give us a call Las Vegas Convention Center,
at (408) 988-8100. Las Vegas, Nevada
(oAb
FUJITSU
R
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Unix micros

(continued from page 47)

an obvious and attractive complement
to modular programming. In both
cases, the object is to break up large
systems into chunks which are small
enough for one person to under-
stand, and fix.

Unix on the Ethernet

Excelan’s TCP/IP package for
Ethernet systems uses their Exos/101
frontend processor (see Computer
Design, Apr 5, 1983, p 34), now
called the Excelan/101. The 2-part
package implements the ARPANET
protocols for transferring data and
programs between machines.

The first part of the package, writ-
ten in machine language, resides in
the Excelan/101, consists of 40K bytes
of code and 20K bytes of buffers, and
acts as the software driver for the
hardware Ethernet interface on the
board. The TCP/IP interface is in-
dependent of the host operating
system—all that is necessary is to

load a buffer with the data to be
transmitted and some statistics, then
signal the Excelan/101 to begin
transmission. Similarly, on receipt of
data, the package interrupts the host
and passes a pointer to the buffer
where the incoming data reside.

A Unix system networking kit that
runs on the host computer is the se-
cond part of the package. It is written
in C, with system calls for the
Berkeley 4.2 version of Unix. It also
includes a small software driver to
talk to the TCP/IP interface, which
must be resident in the host at all
times, and five transient network ap-
plication packages.

The first is an ARPANET protocol
formatter, which handles all the
details of assembling data packets for
transmission and attaching headers
and error correcting codes as required
by the TCP/IP protocol. Second is a
Berkeley remote copy utility, which is
a fast routine for copying files be-

tween systems. The third transient
network application package is the
Berkeley remote shell utility, which
lets a user ‘‘see’’ what files and pro-
grams are available on other
machines in the net, as well as access
or run them. Next is the Berkeley
remote login that lets one system
operate as a virtual terminal on other
systems. Finally, there is the Berkeley
Email utility that establishes ‘‘mail-
boxes’’ and handles electronic mail
and conferencing.

The TCP/IP package is compatible
with all Berkeley 4.2 Unix, as well as
Xenix from Microsoft (Bellevue,
Wash), and ports of Unix to the 68000
by Unisoft (Berkeley, Calif). It is sup-
plied on either 9-track, 1600-bpi
magnetic tape or 8” single-sided,
single-density floppy disks.

A production license costs $10,000,
with a per-copy resale royalty varying
from $500 for 1 to 50 copies to $75

(continued on page 50)

SMC's Stand-Alone boards stand out in the crowd. Our
HAWK | Video Terminal Board provides all the circuitry
to build a 'SMART"' CRT Terminal, featuring enhanced
video attributes and screen editing capabilities. Our
ARCNET-LINK Board connects any computer with an
RS-232 port to a high-performance ARCNET® |ocal
area network. For complete details, contact Standard
Microsystems Corporation, 35 Marcus Boulevard,
Hauppauge, NY 11788 (516) 273-3100.

STANDARD MICROSYSTEMS.
THE ONE TO WATCH.

ARCNET® is a registered trademark of the Datapoint Corporation

SMC's ARCNET-PC board provides a simplified interface
between the IBM® Personal Computer (PC) bus and an
ARCNET® token passing local area network. It connects
up to 255 computers and permits them to share disk files
and printer resources, as well as send electronic mail to
any system on the network. It does all this at a high per-
formance 2.5 Megabit data rate, yet at a low cost due to
the use of SMC's VLS| local area network chip set. For
complete details, contact Standard Microsystems Corpo-
ration, 35 Marcus Boulevard, Hauppauge, NY

11788 (516) 273-3100.#_—

STANDARD MICROSYSTEMS.
THE ONE TO WATCH.

IBM® is a trademark of the International Business Machine Corporation
ARCNET® is a registered trademark of the Datapoint Corporation
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WHY YOU
SHOULD
MAKE A
CORPORATE
CONTRIBU-
TIONTO
THE AD
COUNCIL

The Advertising Council is the biggest
advertiser in the world. Last year, with
the cooperation of all media, the Coun-
cil placed almost six hundred million
dollars of public service advertising.
Yet its total operating expense budget
was only $1,147,000 which makes its
advertising programs one of America’s
greatest bargains . . . for every $1 cash
outlay the Council is generating over
$600 of advertising.

U.S. business and associated groups
contributed the dollars the Ad Council
needs to create and manage this
remarkable program. Advertisers, ad-
vertising agencies, and the media
contributed the space and time.

Your company can play a role. If you
believe in supporting public service
efforts to help meet the challenges
which face our nation today, then your
company can do as many hundreds of
others—large and small—have done.
You can make a tax-deductible con-
tribution to the Advertising Council.

At the very least you can, quite easily,
find out more about how the Council
works and what it does. Simply write to:
Robert P. Keim, President, The Adver-
tising Council, Inc., 825 Third Avenue,
New York, New York 10022.

A Public Service of This Magazine
DUNCH & The Advertising Council.

The cost of preparation of this advertisement
was paid for by the American Business Press,
the association of specialized business publi-
cations. This space was donated by this
magazine.
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Unix micros

(continued from page 49)

for quantities over 1000. Included are
the source code for the Unix utilities,
as well as reproduction rights for
them and the TCP/IP software. Source
code for the TCP/IP interface costs an

| additional $20,000.

A development license costs $2000
(applicable towards purchase of the
production license), includes source
code, and the right to make three
copies of the package for testing pur-
poses. Additional copies can be made
for $1000 each, not applicable to the
price of the production license.

Xenix on Altos-Net

Altos-Net 11 software provides
distributed processing, both via an
Ethernet interface, and via the Altos
proprietary twisted-pair network
scheme. The software provides
essentially the same capabilities as the
Excelan scheme, but structures the in-
terface differently.

A new directory is introduced at
the top level of the tree-structured

Xenix file system. Called the “@”’
(pronounced ‘‘at’’) directory, it con-
tains the root directories for all
machines on the network. The nor-
mal way to invoke programs in a
single-machine Unix system is to
enter a file specification: {Directory
Name}/{Subdirectory Name}/.../
{Program Name}. To invoke a pro-
gram under the Altos-Net II system,
the user would enter: @/{Machine
Name}/{Directory Name}/. . .etc.

Protocol drivers that invoke hard-
ware drivers within the host operating
system handle the transfer of com-
mand strings and data files. As such,
it is transparent to the user or applica-
tion programs written for the system.

Altos-Net 11 software is currently
available and costs $495 per CPU,
with multiple-CPU discounts also
available. Upgrades for the com-
pany’s previous networking release,
Altos-Net 1, are $100.

—Sam Bassett, Field Editor

MIEROBRUEESSURS MICROEONRUERS

DEC counterattacks with advanced Q- bus boards

Nontraditional suppliers offering
advanced systems based on sophisti-
cated 68000/Multibus/Unix or other
combinations, make LSI-11/Q-bus
products seem outclassed and out-
dated. A range of advanced products
now on the way from Digital Equip-
ment Corp should change that
impression. The first of these, billed
as a ‘‘new generation of Q-bus
products,”’ includes a board-level
microcomputer with PDP-11/70 per-
formance and a high speed peripheral
processor to offload the Q-bus, an
upgraded Falcon single-board com-
puter, and an extension of Micro-
power/Pascal that runs under VMS or
RSX-11 operating systems in a multi-
user environment. To up the ante
further, DEC now offers a 1-year
return-to-factory warranty on CPU
board-level products—an industry
first that smaller competitors may
have a hard time duplicating.

For computation intensive applica-
tions, the most important of these

B

LLULL LU

The LsI-11/73, using the J-11 processor
chip, puts the power of a PDP-11/70
minicomputer on a single board.

Q-bus products is the 11/70 on a
board, the LSI-11/73. This is the first
product built around the 20-MHz
J-11 microprocessor introduced a year
ago as a joint development of DEC
and Harris Semiconductor. Built on
the same dual-height size module as
an -11/23, but with four times the
power, it finally gives DEC something
to counter the inroads of McC68000-
based microcomputers. The 7J-11
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microprocessor engine for the -11/73,
like the 68000, uses 32-bit internal and
16-bit external data paths. But it has
onboard floating point hardware
while users are still waiting for
Motorola’s floating point copro-
cessor. The J-11 also has onchip a
4-level pipelined architecture, cache
support, and memory management
implemented in VLSI CMOS.

The LsI-11/73 is a powerful
microcomputer with memory ad-
dresses extended to 22 bits (4M
bytes), 46 FP-11 single- and double-
precision hardware floating point
instructions, PDP-11/70 system regis-
ters, 8K-byte cache, and Q-bus inter-
face. All PDP-11 operating systems
can be run on the LSI-11/73 and, for
the first time, Unix is sold and sup-
ported by DEC.

Like other microprocessor buses,

BUS (16/22 LINES)

=

The KXT 11-C peripheral processor is an intelligent communications controller
which offloads the Q-bus, freeing the cPU for other functions.

the Q-bus can get overwhelmed by
10 intensive applications. To in-
crease throughput in such cases, the
KXT 11-C peripheral processor was

developed. This single-board com-
puter is based on the T-11 micropro-
cessor and functions as an intelligent
controller. With synchronous and

asynchronous interfaces, parallel
interface and a 2-channel DMA con-
troller, the KXT 11-C is optimized to

(continued on page 52)

SMC's $100 controller boards present new opportunities
in system design. Our QS105100 board provides 4 inde-
pendent serial I/O channels for simultaneous use of a
variety of peripherals. The FDCS100 board controls up to
4 floppy disk drives for removable mass storage capabil-
ity. The VRAMS100 board adds advanced video display
capabilities, including smooth scrolling and double-
height, double-width data rows. Our ARCNET®-5100
board links up and controls a network of up to 255

computers. For complete details, contact Standard
Microsystems Corporation, 35 Marcus Boulevard,

Hauppauge, NY 11788 (516) 273-3100. E

=
STANDARD MICROSYSTEMS.
THE ONE TO WATCH.

ARCNET® is a registered trademark of the Datapoint Corporation

Whatever your needs are in a controller board, SMC can
meet them. We have the capability to modify our stand-
ard board products to your own unique specifications.
Since we use the latest VLSI technology, we can usually
do it faster, more reliably and at a lower cost than any-
one else. In fact, in the last year, we've designed custom
boards for the airline, banking and medical instrumenta-
tion industries. Now let us show what we can do for you.
For complete details, contact Standard Microsystems
Corporation, 35 Marcus Boulevard, Hauppauge, NY
11788 (516) 273-3100.

e

STANDARD MICROSYSTEMS.
THE ONE TO WATCH.
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Q-bus boards advance

(continued from page 51)

handle communications processing
from a wide variety of DMA devices.
This frees the arbiter CPU to perform
other functions. In very 170 intensive
applications, as much as an 80% gain
in throughput can be achieved by
using the KXT 11-C.

Up to 14 of the units can be added
to the same Q-bus configuration.
Only minor application software
changes are needed. RT-11, RSX-11M,
and Micropower/Pascal have utilities
and drivers to support the board.
Along with the new processor boards,

upgrades to existing products make
them more useful to OEMs. The T-11
based Falcon-Plus single-board
computer is such an upgrade. The
original Falcon had limited memory
and did not support RT-11. The
Falcon-Plus can support up to 48K
bytes of RAM so that RAM-based as
well as the ROM-based applications
of the original Falcon are sup-
ported. Price remains the same for
the new board even though it has
more memory and is now built with
gate arrays.

Micropower/Pascal (Computer
Design, April 5, 1983, p 119) has also
been extended. As a combined oper-
ating system and high level language,
Micropower/Pascal can develop
dedicated applications that are imple-
mented under RSX-11M, RSX-11M Plus,
and VMS. This software was previ-
ously available only on RT-11 based
systems. Digital Equipment Corp,
OEM Group, 77 Reed Rd, Hudson,
MA 01749.

—John Bond, Senior Editor
Circle 241

Advanced microprocessors spark next generation PCs

As speed becomes an issue in the
microcomputer field, advanced
microprocessors are stealing the
limelight from their still young
competitors. Taking over are Intel’s
80186 and 80286. The Intel 8088, while
supplying more speed and a larger ad-
dress space than the 6502 and Z80, is
being pushed aside because of its 8-bit
data bus, as is the 8086 with its 16-bit
data bus. Pipelining and onchip
memory management combine with
two to five times better throughput
and reduced parts count to give the
newer parts the edge.

While no major manufacturer has
publicly committed to either chip,
both Intel’s OEM Systems Div and
Wyse Technology have introduced
systems using them. Manufacturers
of add-on boards for the IBM PC, such
as AST Research (Irvine, Calif) are
hinting that they will soon have pro-
ducts on the market, probably intro-
ducing them at the Comdex show in
Las Vegas this month. There has been
much speculation that the next
generation of PC products from 1BM
(Boca Raton, Fla) will use one or the
other chip, but confirmation will
have to wait until the units are actually
introduced.

Aimed at system integrators

The recently introduced 286/310 and
286/380 systems from Intel address the
technical and OEM market. Spokes-
men are adament that they are not in
the retail or end-user market, but

COMPUTER DESIGN/November 1983

The wy-1000 is a microcomputer
module that utilizes an 80186 16-bit
microprocessor. The system includes a
WY-1000 microcomputer, WY-50
alphanumeric terminal with 14"
132-column display, two 5% " floppies,
and three RS-232-C ports.

rather are aiming their products at
system integrators.

Both systems are based on the
Multibus, and include the cpPu, a
Winchester drive, a floppy disk drive,
two RS-232 serial ports, and a

Packaged for OEMs and system
integrators, the Intel 286/310 is
configured around an 80286 CPU,
includes industry standard 5% "
Winchester and floppy disks, and
provides four free Multibus slots for
additional functions.

Centronics-compatible parallel port.
The 286/310 has four free slots, a
10M-byte 5% "” Winchester, and a
320K-byte floppy. The 286/380 has
eleven free slots, a 35M-byte Win-
chester, and a 1M-byte floppy.

Two operating systems are offered:
Intel’s proprietary iRMX 286R realtime
operating system with an assembler,
Fortran, C, Basic, Cobol, Pascal,
and PL/M; and Microsoft’s (Bellevue,
Wash) Xenix 286 implementation of
Unix, with Cobol and C.

The 286/310 will be available in
December, and will cost $9900 with
512K bytes of ECC RAM. Either Xenix
286 or iRMX 286R is an additional
$2000. The 286/380 will be available
this month, and is priced at $29,860.
OEM discounts are available for
volume purchases.

Moving up from terminals
Previously known for their line of
monochrome and color terminals,
Wyse Technology is introducing a
desktop computer sized to fit snugly
under a low cost smart terminal (the
WY-50) that they are introducing con-
currently. The WY-1000 is a single-
board computer with an 8-MHz Intel
80186 CPU, 128K of onboard RAM
(with sockets for an additional 128K),
and the ability to use an optional
512K memory card. The unit includes
as standard two 5% ” IBM PC type
floppy disks, with an option to
replace one floppy with a 5% "
(continued on page 54)



Lundy computer graphics maintenance
always generates a very reassuring picture
for you and your company.

The Lundy service network offers you 4 types of service, over
40 service locations, 6 maintenance depots, over 130 service personnel, plus a special backup
service team consisting of over 30 trouble shooters.

Lundy computer graphics terminals,
workstations and rack-mounted genera-
tors have earned a well-deserved reputa-
tion for reliability. But if a problem does
arise, you want service—and you want it
now. Lundy delivers.

Service tailored
to your requirements.

Lundy offers you a choice of four
types of service:

1. Network Service. We assign
highly trained personnel from over 40
service locations nationwide. Available
service options include: on-call, on-site
or time and material.

2. Backup Service. To guarantee that
even the most difficult problem finds its
solution, we maintain a special trouble
shooting team. Sixteen engineers and 15
technical specialists are available to help
our customers anywhere.

3. Customized Service. If your par-
ticular operation calls for special service
requirements, we sit down with your

Lundy offers over 130 servicemen.

people to discuss and analyze your
precise needs. Then we plan a program
that meets those needs.

4. Depot Service. This service covers
instances when it is impractical to repair
equipment on site. Equipment is
shipped to one of the nearest 6 mainte-
nance depots for immediate attention.

Whichever type of service is best for
you, you can count on our trained and
experienced servicemen. And their
training is constantly updated by a series
of Training Refresh Seminars held at
regular intervals at our service centers.

We'll help you
see more in graphics.
When you take a close look at our
graphics terminals, service, support,
software, systems capability, enhance-
ments—and our company—you'll un-
derstand why Lundy can help you see
more in graphics now and in the
long term.
For more information, write
Lundy Electronics & Systems, Inc.,
Glen Head, New York 11545,
or call: (516) 671-9000.

®

LUNDY

The Lundy service map was generated on a Lundy T5688 raster terminal. Both Lundy products and Lundy service set industry standards.
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Advanced microprocessor
(continued from page 52)

Winchester. Processing speed on the
company’s demonstration unit is
noticeably faster than that of a PC.
An intriguing hardware option is a
graphics board which communicates
via unused lines in the RS-232 interface
with either the wy-50 or the wWy-300
graphics terminal to overlay graphics
on the alphanumeric display. The
horizontal and vertical synch signals,
as well as the bit rate clock, are cap-
tured from the terminal, and the
graphics display (800 x 338 pixels in

MENORY STSTENS

monochrome, and 800 x 286 in color)
is then transmitted to the terminal for
display. Sixteen colors can be
displayed simultaneously, and the
Digital Research Inc (Pacific Grove,
Calif) GSX graphics package provides
software support.

The unit is offered with either
Digital Research’s Concurrent
CP/M-86, or Microsoft’s MS-DOS. A
wide range of languages and pro-
gramming tools are available for each
operating system.

The complete system—terminal,
computer module with two floppies,
and 128K of RAM—will be available
late this month through OEMs and
distributors at a list price of $2495.
Intel Corp, Integrated Systems
Operation, 5200 NE Elam Young
Pkwy, Hillsboro, OR 97123. Wyse
Technology, 3040 N First St, San
Jose, CA 95134.

—Sam Bassett, Field Editor

Hardware disk cache boosts online performance

A movement toward disk system
cache memory, becoming more ap-
parent in the minicomputer arena,
promises to raise performance in 1/0-
intensive applications. Supermini
manufacturer Gould/SEL (Fort Lau-
derdale, Fla), the first minicomputer
manufacturer to endorse the tech-
nique, puts a hardware-based disk

cache system on its Concept/32 series
to triple performance.

Disk caching technology was devel-
oped first for mainframes. The pio-
neer was Amperif (Chatsworth,
Calif) who developed their first sys-
tem over two years ago to be plug and
program-compatible with Sperry
Corp (Blue Bell, Pa) mainframe disk

DRIVE
OPTION

CACHE DISK ACCELERATOR SUBSYSTEM

1 oprions

'

MEMORY
MODULE
(16)

The cache disk accelerator subsystem can boost performance by as much as
300% in disk 170 intensive applications. Built around bit slices, internal cache
manager and disk controller manage the control unit, handling transfers to and

from the CPU on request.
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systems. Using a custom built bit-slice
processor (2901) and 2M to 18M bytes
of memory, the Amperif system
shows as much as a 400% improve-
ment in disk 170 turnaround time.
The 1BM 3880 Model 11 followed more
recently, but that system only takes
paged data sets from disk. A full disk
cache system, the 3880 model 13 is
now available from 1BM. Sperry has
also introduced such a system and
Control Data (Minneapolis, Minn) is
reported to have a disk cache under
development.

For medium performance mini-
computer systems, Qualex Technol-
ogy Inc (Westlake Village, Calif) will
start shipping cache disk drives for
HP 3000 systems by the beginning of
the year. With a 68000 as a controller
and 0.5M to 4M bytes of 64K dy-
namic RAM cache, the HP system gets
two to four times the usual through-
put controlling a Fujitsu Eagle 474M-
byte disk.

As a contrasting approach to the
evolution of a cache disk system,
realtime computer systems have used
context switching or swapping be-
tween disk and main memory for a
long time—since 1969 for Gould.
This software approach to disk
caching is starting to appear on
medium performance machines. In
May, Hewlett-Packard announced a
software-based disk cache for the
HP 3000 family of computers.
Masscomp (Littleton, Mass), a

(continued on page 56)
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All the best ideas of the 80's integrated into the

Ironics development system/workstation.

Better News

PERFORMANCE

e 68000/68010 12.5 Mhz, no wait states

e Proprietary MMU accelerator boosts
throughput

e 256K (1Mb) dual-port RAM

RELIABILITY

e DIN 41612 pin and socket connectors

e Single board SYSTEM FOUNDATION MODULE
minimizes interconnects

* Rugged steel card cages and enclosures

EXPANDABILITY

e International standard VMEbus interface

® 512K (2Mb) RAM w/32 bit transfers

e VMEgraf ™ high resolution color graphics

e VMEcrt color character display w/down-
loadable character set

e Intelligent SI0; Industrial PIO ® GPIB, A/D/A

*UNIX is a trademark of Bell Laboratories
**CP/M68K is a trademark of Digital Research
***VIRX is a trademark of Hunter and Ready

SOFTWARE SUPPORT

* IMON68 Debug Monitor

e UNIX" with Berkeley Enhancements

e CP/M68K"" @ VRIX""" Real Time Executive

e High Level Languages: C, FORTRAN, PASCAL,
BASIC, COBOL

The Best News!

Ironics development stations are the quickest and
least expensive pathway to your end product.
They are also the most economical way to get the
edge on your competition. lronics boards,
systems, software, and accessories are

available now!

For all your VMEbus needs...Isn't it IRONICS
D
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§

117 Eastern Heights Drive
PO Box 356

Ithaca, NY 14850

Phone (607) 277-4060
Telex 705742
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Hardware disk cache

(continued from page 54)
manufacturer of high performance
68000/ Unix-based microcomputer
uses an approach similar to HP, and
is eyeing hardware disk cache as a
future enhancement.

The trend will accelerate as proces-
sors become faster and throughput is
increasingly limited by disk access
times. Pitted against the mechanical
and aerodynamic limits of flying
heads and rotating disks, designers
are developing schemes to solve the
problem. The traditional solution has
been to interpose a cache memory
between mass storage and main mem-
ory. This is typically 4K to 16K bytes
of high speed bipolar or, more re-
cently, NMOS static RAM. The “‘hit
rate,”’ or probability of finding the
sought after information in the cache,
is determined by how iterative the
program is and the size of the cache.

Disk caches are much larger and
are managed by an internal processor
instead of the cpu. Consequently,
entire large programs can be moved
into the cache and accessed as if

they were on the disk itself. Gould’s
hardware cache approach used on a
32/8780 computer, already one of the
fastest superminis available, can
triple its performance in disk 1/0
intensive applications.

The cache disk accelerator subsys-
tem contains two 16-bit microengines
—a cache manager and a disk con-
troller. Each is built around four 2901
4-bit slice processors. The system
contains 2M to 16M bytes of high
speed static RAM for disk cache
memory and one to eight disk drives
of up to 675M bytes each.

During read operations on the
Gould system, large programs and
data files can be kept in the cache for
computer access. This can reduce
average access time from the 30 ms
of a moving head disk to only 1 ms.
During write operations, the CPU
transfers large blocks of data to the
cache and forgets about it. The con-
troller actually writes the data to disk.
Along with increased speed, relia-
bility is improved by this process.

Announcing JAN FAST™ 14 Fairchild Advanced
Schottky TTL devices approved to JAN 38510
54F00, 54F02, 54F04, 54F08, 54F10, 54F 11,
54F20, 54F32, 54F64, 54F86 and 54F139 (avail-
able in dual in-line packages or flat pack); and

54F240, 54F241 and 54F244 (available in dual
in-line packages only).

See your nearest sales office or distributor
or contact the Product Marketing Dept.,
Fairchild Digital

Products Division,
333 Western Avenue,
South Portland, Maine 04106.

e
FAIRCHILD
e 2 ]

A Schlumberger Company

FAST is a trademark of Fairchild Camera and Instrument Corporation for Digital Products. Fairchild Camera and Instrument Corporation
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Data are less fragmented on the disk
because of cache buffering. Thus,
there are fewer head movements and
a consequently lower MTBF for the
mechanism.

To optimize transfer rates between
disk and cache, read/write requests
are delivered according to the relative
position of the heads. The cache has
two modes of operation. The first of
these, static mode, treats the cache
memory as a high speed disk for very
fast access. The second dynamic
mode uses the cache as a high speed
buffer between cPU and disks. This
is similar to, but larger than, a con-
ventional cache.

Data reliability can be improved by
mirror writing/shadow reading. When
this technique is used, the host com-
puter treats two physical disks as a
single logical unit and writes data on
both. Reading on one or the other is
done according to their respective
angular positions, to shorten access
time.

Unlike the Gould brute-force high
performance hardware approach to
disk caching, the Hewlett-Packard
method of software disk caching may
be more appropriate for less expen-
sive systems. As implemented in the
HP 3000 computers, it allows the use
of high density, low cost/M-byte
disks without performance penalty.
Management of cached disk domains
is integrated into the operating system
kernel. Disk regions are prefetched
and cached in main memory and data
are moved between cached disk
images and process data areas at
memory speeds. The amount of main
memory available for cache varies
from 0.25M to 2M bytes or more
depending on the space available in
memory. The memory manager takes
precedence over the disk cache. By
taking advantage of main memory
access speeds, transaction throughput
is improved by 30% to 70%.

—John Bond, Senior Editor

SYSTEM TECHNOLOGY
(continued on page 64)

December Preview—
1983 system components
roundup.




Fill in your IBM micro/mainframe
communications picture.

AST Research, the leader in IBM PC
enhancement products, brightens your
micro/mainframe communications pic-
ture with a full palette of economical,
integrated hardware/software master-
pieces. With AST Products, you can
emulate IBM terminals or create
PCbased Local Area Networks.

AST improves your office
operating cost picture.

AST communications products give your
IBM PC the flexibility to act as a terminal
for your host system or as a stand-alone
computer for smaller tasks. Your PC won't
bog down the mainframe with unneces-
sary small jobs and local computing on
the PC eliminates phone line charges too.
Get the power of a mainframe when you
need it and personal computer conveni-
ence right at your fingertips.

Applications solutions
that are strokes of genius.

AST keeps pace with your ever-changing
applications requirements with reliable,
high quality, cost effective communica-
tions products. AST products provide
support for Bisync and SNA/SDLC gom-
munications protocols as well as net-
working multiple PC’s for sharing
resources.

Choose AST producis
— by the numbers.

These AST communications packages
are currently available:

1. AST-SNA™ emulates a 3274/3276
controller and 3278 or 3279 display
terminal using SDLC protocol.

2. AST-BSC™ emulates 2770 batch
RJE and remote 3270 display terminals
using 3270 Bisync protocol.

3. AST-PCOX™allows your PC to connect
to an IBM 3274/3276 cluster con-
troller via coax cable and emulates
a 3278 or 3279 display terminal.

4. AST-3780™ emulates 2770, 2780,

3741, and 3780 RJE workstations using
Bisync protocol.

5. AST-5251™ emulates a 5251 Model 12
remote workstation connected to an
IBM System 34, 36 or 38.

6. PCnet™ is the first Local Area Network
designed specifically for the IBM PC
or XTand the PC-DOS L1 or 2.0
operating system.

7. CC-232™ is a user-programmable
dual-port card capable of commu-
nicating in Async, Bisyne, SDLC, or
HDLC protocols.

Discover how well AST can fill in your
micro/mainframe communications
picture. For descriptive
data sheets, write or
call: AST Research
Inc., 2121 Alton Ave.,
Irvine, CA 92714,
(714) 863-1333.
TWX: 295370ASTRUR

RESEARCH INC.

Number One Add-Ons
For IBM PC.

IBM isa yegmered mdemnrk of International Busme\s M.srhmes
id B

lnc AST3780is a pmduct?ewlopea by AST nmmn Inc., and
Wilmot Systems, Inct AST-5251 is a product developed by AST
Research, Inc., and Software Systems, Inc., of Jefferson City, MO.
PCOX is a product deseloped by CXI Inc.
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means high-performance
with 35ns access times

When you're looking for top memory performance in your
system, look to today's leading supplier of high-speed static

RAMs...INMOS. Because INMOS gives you a choice of

speeds, organizations, power dissipation and packaging. Which means
you can optimize your designs, without compromising on cost or performance.

High speed. The INMOS family of fast static
RAMs deliver access times of 35, 45, and 55ns.

- Perfect for high-performance tasks such as
buffer memories, graphics, and main-store
‘memory. And they give you a low-cost alterna-
tive to expensive 35ns ECL parts. Choose our
by-1 organization for deep memory. Or the
by-4, which also offers versions with 30 and
40ns chip-select access times, for writeable
control store and cache memory. Most versions
are available in plastic DIPs, ceramic DIPs, and
chip carriers.

Low power. For high performance combined
with low power, INMOS offers plastic packaged
SRAMs with 70 and 100ns chip-enable access
times in by-1 and by-4 organizations. Both have
maximum power dissipation of 495 mW active,
83 mW standby. The by-4 organization is also a
better alternative to 2Kx8 SRAMs in many
high-speed applications. Best of all, they're both
low cost. Here's your answer for fast systems
that are power critical and price conscious.

. 141 8 s =y

Military versions. When you need fast RAMs
you can trust in hostile environments, INMOS
can supply 55 and 70ns parts with specs guar-
anteed over the full military temperature range
of -55°C to 125°C. These parts, available in side-
brazed ceramic DIPs, chip carriers, and flat-paks,
conform to MIL-STD 883B processing, including
screening to class B Method 5004 and quality
conformance to Method 5005.

Check the chart. With all these choices, its
easy to see why INMOS is the leading high-speed
RAM supplier. Look for the part you need, then
call an INMOS distributor for complete details.

Power (mW)
Organization  Speed (ns) Active Standby Part No.
16Kx 1 35 660 110 IMS1400-35
45 660 110 IMS1400-45
55 660 110 IMS1400-55
70 495 83 IMS1400-70L
100 495 83 IMS1400-10L
4K x4 45 605 165 IMS1420-45
55 605 165 IMS1420-55
70 495 83 IMS1420-70L
495 83

100

INMOS Distributors:

IMS1420-10L

Anthem Electronics, Arrow Electronics,
Future Electronics, Lionex Corp., RAE

Mo

P.0. Box 16000 e Colorado Springs, Colorado 80935 (303) 630-4000
TWX 910/920-4904 * Burlington, Mass. (617) 273-5150 e

San Jose, Calif. (408) 298-1786 ® Torrance, Calif. (213) 530-7764 o
Minneapolis, Minn (612) 831-5626  Baltimore, MD (301) 997-2947 «
Whitefriars ® Lewins Mead e Bristol BS1 2NP * England

Phone Bristol 0272 290 861 ® TLX: 444723

inmos. and IMS are trademarks of INMOS' Group of Companies.
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If you're manufacturing a
product with an ergonomically
designed keyboard, you need
one of these three

Stackpole advantages! .




N

Actually, there are a lot more advan-
tages to Stackpole keyboards. Start
with the confidence you can have in
the keyboard because it was made by
Stackpole. We had built our reputation
for high quality components long
before the age of the computer.

But as a manufacturer of prod-
ucts with keyboards, knowing that the
quality of the keyboard is critical to the
quality of your product, you should
know about these three Stackpole
advantages.

The KS-200E-
Mechanical Technology

In the KS-200E, Stackpole has com-
bined the newer discipline of human
engineering with its tradition of engi-
neering components to work well and
' last longer. The result - a full-travel,
ergonomically designed, highly reliable
keyboard that projects quality where
~ the fingers meet the machine. The
- KS-200E meets the most recent DIN
requirements.
The built-in reliability of the

| KS-200E begins with the sturdy mono-

=

L

rpmBEpREDnEne §
rpEEnBEDDEBBn B E
N

lithic housing that assures keycap
alignment and reduces cost by reducing
inventory. Then there are the patented
twin bifurcated contacts; that’s four
points of contact that assure reliable
operation over the KS-200E’s rated life
of fifty million cycles.

And - unlike many keyboards -
the KS-200E is field repairable. In a
matter of minutes.

The KS-200E is available just as
you need it--as discrete switches or
arrays assembled with or without key-
caps, or assembled and soldered to
a PC board with or without electronic
encoding to fit your specifications.

So that we can be an important part of
your solution without creating any
problems.

The KS-500F
Membrane Keyboard

The KS-500E shows just how good a
membrane keyboard can be. Full travel.
Ergonomically designed to the latest
DIN requirements. Engineered into a
monolithic housing that eliminates
keyswitch alignment problems. It has a
lot in common with its cousin - the
KS-200E.

And because the screened cir-
cuit traces and contacts are laminated
between two pieces of polyester, the
KS-500E is protected against spills and

other environmental contaminants.

~
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The metal backplate gives built-in
EMI/RFI protection.

If your design calls for a mem-
brane keyboard - one that works well
from the first touch and will continue
to work well over its rated life of
20,000,000 cycles —ask about the
KS-500E. It’s available in a wide selec-
tion of two-shot keycaps, a variety of
colors and finishes and in either low
profile or ultra-low profile.

Stackpole
Development Services

We know that in your business, one
size — or style or array — does not fit all.
That's the reason we put a very expe-
rienced staff of applications engineers
at your disposal.

Along with the experience, the
talent and the proven ability to meet
manufacturers’ specifications and engi-
neers’ hopes, our development services
bring you Stackpole’s testing facilities,
our custom manufacturing capabilities -
and the same thing you get with every
Stackpole keyboard - Stackpole quality.

So if the KS-200E or the
KS-500E looks like just the keyboard
for your product, call us. And if they
don’t fit, call us anyway. We can build

'you one - either domestically or at our

Far East facility.
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DON'T COMPROMI

SAAAAANAAANANAAAAAAANANANINANANN ACALAAAA

S i

glonal Sales Offices:

ort Beach, California, (714) 851-9964;
Jose, California, (408) 286-7580;
podiand Hills, California, (213) 884-2699;
Petersburg, Florida, (813) 577-1199;
 Schaumburg, Illinois, (312) 397-3727;
Hopkinton, Massachusetts, (617) 435-6961;
b Dallas, Texas, (214) 783-6711,

I Authorized US. Distributors: Arrow Electronics,
Pioneer Electronics and Wyle Laboratories

European Sales Office:
Gassnerstrasse 5, 8000 Munich 19, West Germany, 49 89 177017, TELEX 524275 SEAG D

©1983 Seagate Technology
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SE ON HALF-HIGHS
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, Introducing the fastest 5" 12MB
 half-high Winchester, the Seagate ST212,
the rugged drive that manufacturers of
~ portable and desktop computers have
been waiting for. Now you can geta
- 65msec average access time drive that

can withstand a 40G shock.

Don’t compromise performance. Scagate’s
new ST212 is more than 15% faster than its nearest
competitor. We also made it durable, reliable and
manufacturable in volume, using improved oxide coated
media and low-mass minislider heads.

Don’t compromise compatibility. Only
Seagate’s new ST212 single platter, four head design is
completely hardware and software compatible with our
ST412, the number one standard height drive. And for
even greater systems performance, Seagate now offers its
ST9000, a low-cost SCSI-based controller.

Don’t compromise your Winchester standards. Only Seagate ships the
widest range of 5%" Winchesters in volume, and at prices OEMs can count on. In
1983, Seagate will ship more than 400,000
Winchester disc drives, all backed with a full

 one year warranty and our industry-leading
“105% Guarantee” program.

Don’t compromise. Call Seagate
today. We're shipping ST212 drives in
volume!

AAAAAAAAAAAAAAAANANANANANANANNINNINN NN

“Turning the tide in disc technology”
Seagate

920 Disc Drive, Scotts Valley, CA 95066, (408) 438-6550, TELEX 176455SEAGATESCVL

See us at COMDEX Booth No. 4324 CIRCLE 39
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Processors divorced from peripherals with separate 1/0 bus

Device independence dominates the
philosophy behind the Small Com-
puter System Interface (SCSI). Moving
peripherals from the system back-
plane to a separate 1/0 bus isolates
host processors and operating
systems from changes in disk drives,
tape drives, and printers.

The proposed ANSI X3T9.2 standard
expands the original emphasis of the
Shugart Associates System Interface
(sAsi) on floppy and rigid disk drives
to include other serial 1/0 devices.
Under either scheme, hardware host
adapters translate the unique message
protocol of a specific system bus
(Multibus, Versabus, or S100) to a
common protocol understood by all
scsI devices. In addition, software
commands are issued for such generic
devices as disks, tapes, and printers.
Specific device information (eg, sector
addresses) is omitted.

Peripheral controllers assume re-
sponsibility for physically addressing
devices. Host processors merely spe-
cify the first block address and the
number of data blocks to be trans-
ferred. Up to 64K bytes of data can
be transferred with a single host
command.

Task execution and 1/0 processing
can occur simultaneously because
host adapters can be disconnected
from the 170 bus once the host pro-
cessor issues an 170 command. This
frees the host processor to execute
other tasks. Controllers also discon-
nect from the 1/0 bus after receiving
the command from the host adapter.
This bus remains free for other 1/0
operations until data needs to be
transferred between the controller
and host adapter.

Design considerations

Flexibility does, nevertheless, come
with a price. System designers must
choose the level of intelligence needed
in host adapters and controllers.
Also, existing host peripheral drivers
and 1/0 supervisors must be rewritten
to take advantage of the high level
command sets available in SCSI.

The intelligence of the host adapter
still remains the determining factor
for functionality of the SCSI. A simple
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The scsi bus can be described as a peer-to-peer architecture. Host adapters and
controllers can assume either the role of request initiators or targets to perform
operations. Up to eight host adapters and eight controllers can be attached in this

manner.

adapter composed of discrete logic
continues to place the brunt of 170
supervision on the host processor.
This provides an easy way to add con-
trollers and peripherals into existing
systems. System software remains
largely unchanged since the 1/0 bus
acts as an extention of the system
backplane.

However, system overhead is not
reduced with this implementation.
About 50% of system bus capacity is
usually dedicated to servicing 1/0
operations, according to the product
line manager with Shugart Associates
(Sunnyvale, Calif). Minicomputers
are notorious for bogging down in
multitasking environments because
their operating systems cannot speed
through data to the processor.
Adaptec (Milpitas, Calif) has ap-
proached this problem by moving 1/0
processing from the host operating
system to the host adapter. This ef-
fectively frees 50% of the system bus
for task execution. The host oper-
ating system still retains its super-
visory functions, such as event
scheduling and interrupt handling.

Through the use of intelligent host
adapters, peripherals and controllers

can transfer data at 1.5M bytes/s
along the 170 bus. Adequate buffering
on the host adapter and controller
compensates for different transfer
rates between the 1/0 and system
buses.

Moving physical sector addressing,
formatting, error correction, and
other device-specific operations to in-
telligent controllers further simplifies
host operating systems. However,
users must rewrite the device drivers
that link application programs with
necessary 1/0 services. In the past,
they have contained commands
geared to a specific controller/pe-
ripheral combination.

Outlooks for scsi use

As host adapters and controllers
become more intelligent, so too will
the peripherals. Rigid disk drives
from several vendors now include
SCsI controllers, with tape and floppy
disk drives soon to follow. Intelligent
modems and network controllers are
likewise under development for use
on the 170 bus.

Integrating a SCSI controller on the
drive becomes more viable as key
functions (eg, data separation,

(continued on page 67)



Optically it’s
tough to tell
the difference.

Belden can help you make

the best fiber optic cable choice.

When you only compare optical atten-
uation and bandwidth performance
fiber optic cables may seem the same.
But how they stand up under physical
stress and environmental strain in your
application is the real proof.

Since Belden developed the first
CATV fiber optic cable to be installed
in Manhattan, we've helped develop
cables that have been pulled through
crowded ducts beneath Houston, bur-
ied beneath Alaskan tundra to hook-
up satellite antennas, deployed for
radar links in the Sahara, and installed
on transmission towers rising 1500
feet above California hills.

Belden® cable designs use fibers
with core diameters from 50 to 300
microns. Cable jackets and strength
members are designed to your spe-
© 1983 Belden

cific requirements: direct burial, field
deployable, aerial, all-dielectric, ple-
num or duct. But what's best for you?

Here’s how we can help you decide.
We have a three-part seminar on fiber
optics you won't want to miss. And
one's coming to your area. Each semi-
nar covers:

1. An Introduction to Fiber Optics

2. Fiber Optic Components and Link

Analysis

3. Fiber Optic Cable Construction

Contact your regional Belden office
listed for the place and date of the
seminar nearest you, or call:

1-800-BELDEN-1 direct.

If you're looking for technical help
right now, contact your Belden distrib-
utor and ask for our Fiber Optic cata-
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log, Compatible Components Listing,
and the Optical System Design Guide.
For even quicker assistance, call
1-800-323-0864, and talk to a Belden
fiber optic cable specialist.

Belden, Fiber Optics, 2000 S. Batavia
Avenue, Geneva, IL 60134

Regional Offices:
Belden West—Irvine, CA 714-833-7700
Belden Central—Richmond, IN
317-983-5200
Belden East—Framingham, MA
617-872-7846

AI BELDEN

FO-2-2C

COOPER

INDUSTRIES




AT OTARI, THE DRIVE IS TO EXCEL

Otari has excelled in the design and
manufacture of magnetic tape handling
equipment for over twenty years.

Now Otari redefines excellence in another
magnetic medium with the introduction of
extraordinarily reliable, high performance
5" Winchester disk drives.

Otari's new series of drives, with capaci-
ties of 5, 10, 15, and 20 MB (formatted),
feature a fast 77 msec average access
time, microprocessor controlled servo
positioning, low power consumption, and
low weight.

© 1983 OTARI ELECTRIC CO., LTD.

Both full and half height drives are built
at Otari's sophisticated production facilities
in Japan, where the commitment to quality
control is absolute. Every phase of
production, from base plate machining and
Class 100 clean room assembly to burn-in
and final testing, is accomplished under
one roof.

Standing behind the excellent specs are
the Otari name and Otari resources:
Resources that ensure a steady supply of
the drives you need, when you need them.
The name that sets the stardard for reliabil-
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ity and quality in small Winchester drives.

Call or write for full details about Otari’s
excellent new line of full and half height
5%" disk drives.

Otari Electric Co. Ltd. 4-29-18 Minami-
Ogikubo, Suginami-ku, Tokyo 167. Phone:
(03) 333-9631, Fax: (03) 331-5802,

Telex: J26604

Otari Singapore Pte., Ltd. Golden Mile
Complex, 5001 Beach Rd. #03-50,
Singapore 0719 Phone: 294-5370, Telex:
RS36935 OTARI




SYSTEM TECHNOLOGY/
INIERENGE

Independent processors
(continued from page 64)

serialing/deserializing, and format-
ting) are implemented in silicon.
Chip sets are already available from
Adaptec, Intel Corp (Sunnyvale,
Calif), National Semiconductor
(Santa Clara, Calif), and Shugart
Associates. NCR Corp also shows an
interest in marketing chips sets.

Current embedded SCSI controllers
require a separate board apart from
that used for the drive electronics,
despite the high level of integration.
A device level interface such as ST506
or a SMD is also needed to translate
ScsI system level commands to the
control signals that are directly exe-
cuted by the drive. Disk drive vendors
using this scheme include Cynthia
Peripheral (Palo Alto, Calif), Fujitsu
America Inc (Sunnyvale, Calif),
Iomega (Salt Lake City, Utah), and
Shugart.

Tape drive manufacturers view
embedded ScCSI controllers as a
ready means to back up rigid disk
drives. The interface proposal con-
tains a COPY command that enables
streaming operations without host
intervention. Also, the interface has
gained industry acceptance in its
present SASI implementation. Ques-
tions still surround the only competi-
tive tape interface, QIC-02, proposed
for quarter-inch cartridge drives (see
Computer Design, July, 1983 p 48).
Tape drive vendors publicly sup-
porting ScsI include Archive Corp
(Costa Mesa, Calif) and Memtech
Corp (Salem, NH).

Serial 170 communications will also
play a part in future SCSI implementa-
tions.
troller/modem is under development
by Adaptive Energy and Data
Systems (Pomona, Calif). The auto-
dial/answer modem will spool mes-
sages on a disk drive in much the
same manner that printer spoolers are
currently implemented. Interrupts
are used to inform the host or modem
that messages are in the queue. Net-
work communications can be handled
in a similar manner.

—Joseph Aseo, Field Editor

SYSTEM TECHNOLOGY
(continued on page 74)

A combination printer con- |

Rent a funlversal

You ‘can rent Hewlett Packard s 64000 Logic
Development System . . . including logic state
armalysis plus timing‘analysis ., . off-the-shelf
throughout North America! You can develop -
products based on virtually any 8-bit or 16-
bit microprocessor in existence. Quickly. '
Inexpensively. Renta) periods as short as 30
days. Or as long as you want. Call now.

GSA Contract #GS-045-23560.

GENSTAR

Rental Electronics, Inc.
(800)227-8409

In California (213) 887-4000 « (415) 968-8845 « (714) 879-0561

s i o S e s e il e S e ik ﬂ

O It sounds great. Tell me more! Call
meat___

O I'm particulary interested in the
following equipment:

0O Send me your new Rental Catalog.
O I'd like a copy of your “like new”

equipment for sale catalog, too. — e
LR
ORGANIZATION FL T Al S . R, b
ADDRESS e S NAINSIFOR e
G /STATE/ZIPR Lt on v voaiay  pocumpe "W e IR o Ao g
TEEERRGONE SRS 3 Aige . e el e
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|

Please complete coupon and mail to: Genstar Rental Electromcs Inc., 6307
De Soto Avenue, Suite J, Woodland Hills, CA 91367 CDG1183

© Genstar Rental Electronics, Inc. 1982
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WAKE UP YOUR SLEEPING GIANT.

INTRODUCING THE FIRST MULTI-USER uP DEVELOPMENT SYSTEM TO BRING
ALLTHE POWER OF VAX TO EVERY DESIGN TEAM MEMBER. EMUNET-2.

Up till now, the giant of engineering applications was
always caught napping when it came to microproces-
sor development.

Enter EMUNET-2.

It’s the first system to harness all of VAX’s 32-bit
power, all of VAX’s development tools, all of VAX’s
information management capabilities, and all of VAX’s
mass storage and peripheral facilities, all for micropro-
cessor development.

Better still, EMUNET delivers VAX’s awesome
power right to the workstation of every hardware and
software engineer on your development team. Even if
that means 60 individual designers.

h 4 h 4

| A A A
N e L i N s Y

EMUNET-2 supports as many as 60 hardware and software designers.

It’s all made possible by our unique multi-drop,
1-Mbaud coaxial cable that links VAX"to every emula-
tion workstation. At that speed, your designers won't
waste time waiting to download their programs.

What's more, our cable is 5000 feet long and flexi-
ble. So you can configure EMUNET any way and any-
where you want.

THE WORLD'S BEST MULTI-USER

uP DEVELOPMENT SYSTEM.
EMUNET- is a giant of a system. It combines the pro-
cessing power of VAX with features no other develop-
ment system can come close to duplicating. Such as
high-speed, no-wait-state emulation. Eight 78-channel
real-time breakpoints. Full-speed, 32-bit maps and
offsets. And a 511 x 72-bit real-time trace with full
disassembly.

And EMUNET is no dummy. Every intelligent emu-
lation workstation can offload your VAX and work
independently from the host. Virtual disk software
makes all disk operations transparent to VAX.

Of course, our system is equipped with all the
cross assemblers, linkers, sym%o ic debuggers, and
other software tools you need to emulate today’s most
popular 8- and 16-bit processors. Including the 68010,
68000, 8086, 8088, and more. And you can run the
software on your VAX or any local workstation.

By the way, if you're not ready for our VAX-based
system, you can start with our compatible EMUNET-1
with a PDP-11” host, or even a stand-alone ECL-3211.
Then, as your application grows,work up to EMUNET-2
and VAX. All your hardware and software are trans-
portable from system to system.

ENGINEERS LOVE EMUNET.

No other system combines
the power of VAX with
the independence of intel-
ligent workstations the
way EMUNET does. Which
is why it’s a favorite of so
many hardware and soft-
ware engineers. Of course,
theﬁ also like workin%1

with the sophisticate
development tools of the
world’s most advanced development system, the Emu-
logic ECL-3211.

And, if you manage any kind of development
project, you'll find our system offers unequaled coordi-
nation and control of the entire project.

Emulogic’s EMUNET-2. Isn'’t it about time you woke
up your VAX?

For more information, write Emulogic, Inc.,

3 Technology Way, Norwood, MA 02062. Or call
800-435-5001.

VAX and PDP-11 are registered trademarks of Digital Equipment Corporation
EMUNET is a trademark and Emulogic is a registered trademark of Emulogic, Inc.

EMULOGIC

MICROPROCESSOR
DEVELOPMENT SYSTEMS

BE SURE TO VISIT US AT < ;i > Wescon/s3

EuroEean Distributors: Austria: Walter Rekirsch, (43 222) 235555; Denmark: Instrutek, (45 5) 611100; France: YREL, (33 3) 9568142; Netherlands: Software Sciences, (31 20) 461331;

Sweden: A
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tiv Elektronik AB, (46 8) 7390045; Switzerland: Instrumatic AG, (41 1) 7241410; United Kingdom: MSS, (44 494) 41661, West Germany: Instrumatic Electronic GmbH, (49 89) 852063



Idealogic.Write

Now you can design your own programmable logic circuits with
programming tools that are forever current.

Introducing The IdealLogic Exchange; Monolithic Memories’ new
CAD software service that lets you move from Boolean equations to
working prototypes in minutes.

It’s backed by a staft of experts who are constantly improving the
software. Everytime they do, you’ll be the first to know.

The IdealLogic Exchange includes a PALASM" assembler and
simulato, PLEASM* assembler, Operations Manual, Exchange
membership and an applications library that includes real user designs
from the PAL® handbook.

Both PALLASM and PLEASM let you breadboard your PAL or
PLE" designs quickly, easily and accurately.

And both are available on tape or disk, for use with a range of
computers.

More good news. Use our software with one of the computers listed
below and a PROM programmer to create your own logic development
workstation.

The Ideal_ogic Exchange. From the same people who designed the
world’s first PAL and bring you Ideal.ogic, the design solution of the 80s.

Now the best way to write your own ticket.

(Please make your selection from the chart.)

Mail to: The IdeaLogic Exchange, Monolithic Memories
2175 Mission College Boulevard Mail Stop (08-26)
Santa Clara, CA 95050
Or call: C. B. Lee at (408) 970-9700 ext. 8130 CD11/83

_ SOFTWARE AVAILABILITY

System Media PALASM PALASM PLEASM
-~ Assembler Simulator Assembler
IBM®* MAINFRAMES  9-track NOW NOW NOW
sl v Lo B L . . A 5 M ) i
DEC®/VAX-11* VMS 9-track NOW NOW NOW

PO G e L o BPE B et RN A SRR T e
DECE PDP—!IE’ N 8" ﬂOP,PL 1t 7712/83 b 712/83 o led
INTELLEC® DEV. 8" floppy NOW NOW 3/84
TR N e e e e PR e
IBM"PC__ S5W’foppy NOW  NOW /84
T L Midlogpy RS 00 84 T 4
RADIO SHACK*® 8" floppy 10/83 12/83 3/84
TRS-80" (CP/M*) 5 e O NS L
e :
! Sign me up. |
| O Enclosed is a $200 check for each package. [0 Please send more ‘
! Make check payable to Monolithic Memories. information. |
; Name Title i
! |
| Company Phone :
E Address i
| City State Zip |
| Computer Operating System Media }
i . . |
; Computer Operating System Media }‘
| |
i |
| |
1 |
i |
! |
i |

*CP/M version operates with other systems, including Altos, Heath, Kaypro, Osborne and more.

®PAL (Programmable Array Logic) is a registered trademark and *PALASM, PLEASM, PLE,
Ideal.ogic and The Ideal.ogic Exchange are trademarks of Monolithic Memories, Inc.

*DEC, VAX and PDP-11 are registered trademarks of Digital Equipment Corporation, *CP/ M
is a registered trademark of Digital Research, Inc., *Intellec is a registered trademark of

Intel Corp., *IBM is a registered trademark of International Business Machines Corp., *Apple
is a registered trademark of Apple Computers and *Radio Shack and TRS-80 are registered
trademarks of Radio Shack. ©1983 Monolithic Memories, Inc.
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DATA GENERAL
INTRODUCES THE

DESKTOP
GENERATION.




Whatever your requirements, the DESKTOP GENERATION "offers the solution—whether it's for you
or your customers. It's the only family of desktops to open up the worlds of technical and industrial
automation, data processing, information management and personal automation.

With a range of capability, power and functionality that far exceeds that of the most popular
personal computers, the IBM PC family.

THE WIDEST RANGE OF COMPATIBILITY
For example, take operating systems.
The DESKTOP GENERATION's dual architecture (based on a Data General microECLIPSE™
processor and an 8086) permits it to run 5 operating systems. And it can run two
concurrently.

It accepts both popular micro-based operating systems (CP/M-86, MS-DOS) as
well as three of Data General’s widely-used operating systems (AOS, RDOS,
MP/AQOS).

And, as a technical/scientific workstation, the DESKTOP GENERATION is
powerful enough to run software packages for almost any application you or your
customers might have in mind. Including those for mechanical and electrical engineering,
architectural drafting and analysis, real time control, project
management, or anything else.

Moreover, the DESKTOP GENERATION is compatible with
everything in the Data General line: from the NOVA, to the
microNOVA?® to the ECLIPSE®and entire 32-bit MV family.

The leading personal computer vendor has no other products |
which are compatible with its PC. Period.

THE BEST COLOR GRAPHICS

Or, take graphics resolution. :
The DESKTOP GENERATION has eight times the resolution of the leading personal computer:
640 x 240 versus 160 x 100. With a palette of 4096 colors versus a limit of only 16.

THE WIDEST RANGE OF MEMORY AND PERIPHERALS
The DESKTOP GENERATION has three times the memory expansion (up to 2 MB) versus 640 KB on
their PC.
It offers more disc (30 MB maximum disc storage). Plus a 15 MB cartridge tape for fast backup
which that other PC doesn’t have. And Data General has a greater choice of peripherals and
options, including mouse, tablet, ten-color plotter, monochrome printer, graphical kernal system

(GKS) software, and IEEE-488 interface.

WIDEST RANGE OF GROWTH OPTIONS

In summary, the DESKTOP GENERATION offers you a full product line.
With snap-on modules and user installable features. The ability to grow
your stand-alone system into a full network with a range of
- communications products. And the ability to take your single-user
workstation and turn it into a multi-terminal system.

BEST PRICE

Best of all, you get this for a price that's comparable to that of the most
popular personal computers.

And, as a bonus, you get a support system that includes a choice of 16
service plans. Plus the only online software update service available for desktop systems.
CALL NOW

To get more information on the DESKTOP GENERATION family, call this toll-free number:
1-800-554-4343, Operator 10.

Or send us this coupon today:

DESKTOP GENERATION is a trademark of Data General Corporation.
CP/M-86 and MS—DOS are registered trademarks of Digital Research Inc. and Microsoft Corp. , respectively. Copyright 1983 © Data General Corporation, Westboro, MA.
T ® N & N B N BN B N N B N N BN N B _§N_ _§N _§N _§N __§N _§//.|

\Data General, M.S. F134, 4400 Computer Drive, Westboro, MA 01580.
\I'm an [JOEM [JEnd User

I'm interested in:
[ Industrial automation [ System software [[] Application software
\ [0 Small business systems [] Graphics [ ] Other

Name Title

Company. Telephone

\Address
\C ity State Zip

NS ¢y Data (General
. N\ CIRCLE 45 g a eneratlon ahead
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Color graphics system accesses images at 20M bytes/s

Graphics designers can manipulate
individual pixels with the CD1100 color
subsystem from Symbolics Inc
(Chatsworth, Calif). Multiple ad-
dressing modes give direct access to
any pixel or blocks of pixels
anywhere within the 1280 x 1024 pixel
display memory. Furthermore, de-
signers can define any pattern of
pixels as a primitive to create more
complex images.

The company’s 3600 computer (see
Computer Design, May 1983, p 280)
handles all graphics processing. The
plug-in color graphics board set puts
image memory into the physical ad-
dress space of the main processor.
The board’s 2M-pixel memory gives
users a choice in the resolution of
each pixel (8/16/24/32 bits). A color
map that outputs a maximum of 10
bits for each of the primary col-
ors—red, green, and blue—offers
potential for 1G colors.

Integrating the display memory
with main memory avoids many limi-
tations found in dedicated graphic
workstations. Such systems typically
are tied to the main processor via a
high speed serial link. When main
memory is separate from display
memory, graphic information must
be compressed into display lists for
transmission across the link. Once
transmitted, the display must be
translated into pixel and color infor-
mation by a separate graphics
processor.

Rather than being limited to the
transfer rate of the serial link (usually
running at 19.2k bps, the Symbolics
processor can update the image
memory at the 20M-byte/s data rate
of the system bus. The image memory
bus is dual-ported so that the video
controller refreshes the screen on a
separate color bus.

Placing image memory on the
system bus eases the implementation
of the multiple color address modes.
Each of the three modes (pixel, plane,
and fill) represents a different logical
color mapping of the physical image
memory. Designers select the desired
mode by specifying an address con-
tained in the computer’s virtual ad-
dress space.
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Addressing modes for the color
memory map are best viewed in terms
of a 3D block of cells: (a) pixel mode
causes a single 32-bit deep pixel to be
changed; (b) packed mode has a single
32-bit word to update four pixels
simultaneously; (c) fill mode uses the
color parameter register to hold a
desired color value, while the plane
register designates specific bits to be
altered.

Pixel mode is useful for such appli-
cations as image processing where the
pixel is the important addressable
unit. A single 32-bit word can map
eight levels of each of the three
primary colors with an 8-bit back-
ground shade also included (see
Figure). Packed mode becomes
useful if color memory is only 8 bits
deep. A single 32-bit word can then
color four adjacent pixels in one

memory operation. Fill mode is
applicable when patterns (eg, stip-
ples, half-tones, or characters) must
be written quickly. A color parameter
register uses a 32-bit word to color 32
adjacent pixels. Another 32-bit word
stored in the plane register determines
which pixels will contain the pattern.
Each 600-ns memory write operation
can fill 1024 bits/s.

Software overlays can be created
when the fill address mode is used in
conjunction with “‘rasterop.’”’ This
technique allows a rectangular pixel
pattern (raster) to be modified by a
preselected command (op). Up to 16
Boolean operations are microcoded
to manipulate patterns anywhere
within both main and display
memories. Graphic primitives such as
triangles and circle splines are
manipulated with rasterop. Users can
also create their own graphic
primitives.

The fill addressing mode provides
the means to place four such
primitives on top of one another.
This is done by placing one primitive
at each of three color levels and back-
ground. These primitives can be hid-
den or displayed by placing different
values in the plane register.

An elementary computer anima-
tion scheme running at 30 frames/s
takes advantage of these overlays.
The rectangular arrays can be stored
and then redisplayed at different
display memory locations via the fill
addressing mode. More elaborate
animation involving complex 3-D
images with hidden surfaces takes
considerably longer. To complete
complex animation schemes, exten-
sive numerical computations are
needed to accurately move the
object as a whole.

Applications such as computer
aided design, image processing, and
animation benefit from tools such as
the ZMACS display editor and Zetalisp
interpreter, which can manipulate
both text and graphics. However,
separate graphics and programming
languages are needed to develop such
applications in conventional host/

workstation environments.
(continued on page 76)



The Newest Innovation in Controller
Technology From the Oldest Name in
Multifunction Controllers.

Introducing the World’s First LSI-11 Emulating Multifunction Disk/Tape Controller.

Say hello to SPECTRA 25, the cornerstone of our new family Spectra Logic first introduced the multifunction concept back
of high-performance disk/tape controllers designed for use in 1979. And we've been quietly revolutionizing the market
with DEC's LSI-Il computer. ever since with families of controllers that provide the high-

This revolutionary Q-Bus compatible single quad board performance, proven reliability, and added value you need to
lets you interface any combination of two SMD disks and four stay competitive.
formatted '2-inch tape drives. By using extended commands We also offer the industry's most comprehensive one
to program the onboard E?PROM, you can easily select drive year warranty, responsive nationwide service, and ongoing ‘
mixing, mapping, and many other features-all without technical support.
removing the controller from the system. SPECTRA 25 is the latest innovation in controller tech-

The SPECTRA 25 emulates DEC's RM02/5 and RM80 nology from the company with peripheral vision. Spectra |
disk subsystems, and DEC's TSII tape subsystem. It also pro- Logic. For further information, including complete technical |
vides complete emulation for operation with DEC's RT-I1, specifications, call or write us today.

RSX-1IM, RSX-1IM-PLUS and RSTS/E operating

Spectra Logic Corporation
1227 Innsbruck Drive, Sunnyvale, CA 94089
(408) 744-0930 TWX 910-339-9566
TELEX 172524 SPL SUVL

systems.

To further enhance system performance,
Spectra Logic offers SPECTRA STREAM™
software, a streaming tape backup utility
that can back up an entire 80MB drive in
only seven minutes.

International Sales Office:
Belgium (32) (2) 5134892

Please see us at COMDEX Booth No. 3174

SPECRRA LOCIC

SPECTRA STREAM is a trademark of Spectra Logic Corporation. © 1983 Spectra Logic Corporation
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Color graphics system
(continued from page 74)

The CD1100 color display system
comes standard with a video con-
troller, video paddle card, and one
1280 x 1024 x 8-bit color memory
board. With this configuration, the
color map operates in the pseudo-
color mode to simultaneously display

COMPUIERS

256 colors. More memory boards in-
crease pixel depth in 8-bit increments.

The video controller contains a
programmable signal format to ac-
commodate any display resolution.
In addition, the controller also has
hardware-assisted pan and zoom that

can move and zoom to any line or
pixel. The video paddle card contains
the required connectors and hard-
ware interfaces. Single-unit price for
the display system is $30,000. Sym-
bolics Inc, 9600 De Soto Ave,
Chatsworth, CA 91311.  Circle 242

Message-based 0s balances tasks in 64-bit multiple cPu system

A 64-bit multiple processor com-
puter system can execute 4M to 40M
Whetstone instructions/s. Config-
ured with up to 10 processors, the
system handles physical memory
capacities up to 192M bytes. The
Elxsi system 6400 bases its tightly
coupled multiple CPU architecture

around a 64-bit wide system bus and a
message-based operating system called
EMBOS. System configurations can ac-
commodate various combinations of
up to 32 modules (CPU, memory
system, or I/0 processor) on the bus.
Scheduling and load balancing among
the CPUs is handled by EMBOS.

Gigabus is a 25-ns, 64-bit (110 bits
total) bus that transfers up to 320M
bytes of data and addresses/s. It
provides error checks via full inter-
nal parity. Hardware modules at-
tached to the Gigabus communicate
via information packets (messages)
under control of EMBOS.

jitsu: World-Cla
Components

Flat-Cable

Connectors

I

FUJITSU

IR

PC-Board-

Type Relays | Custom

Hybrid IC’s

Bubble Memory
Cassettes and Cards

World-Class Components
Part of Tomorrow’s
Technology

Component Division Fujitsu America, Inc.
918 Sherwood Drive, Lake Bluff, IL 60044
(312) 295-2610 Telex: 206196 TWX: 910-651-2259
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System modules connect to the
bus through controllers which are
differentiated for their given func-
tion by microcode. Thus, a CPU con-
sisting of three cards need occupy
only one slot on the Gigabus; a single
memory controller can accom-
modate from 4M to 32M bytes. Up
to 16 controllers can be attached to
the bus in one cabinet and two
cabinets can be connected together
for a total of 32 bus slots.

One bus slot is occupied by the
68000-based service processor. The
microprocessor handles system start-
up and bootstrap functions. In addi-
tion, the service processor performs
system diagnostics to locate and aid
in the repair of malfunctions, as well
as error logging and environmental
monitoring. It also provides ter-
minal and communication facilities
for local and remote diagnostics.

FF{RFOMINHCE T o 4 e ol
| cee o1 b Jum“ o n HEMQRY
wmemml CPU SYSTEM SISTEM
. ]|
¢ GIGAT& 1 l >
~ SERVICE ) 10
PROCESSOR PROCESSOR | *°*|  PROCESSOR

A typical system configuration for the Elxsi system 6400. Systems expand from 1
to 10 cpus and handles from one to eight memory modules. As many as six 1/0
processors may be configured. All modules connect via microprogrammed
controllers to the Gigabus. All communication between hardware modules, as
between processes, takes place via messages.

lookaside buffer, and an optional
performance accelerator. Making

structions per second (MIPS). Each
CPU has 64-bit wide data paths and

The CPU consists of an arithmetic
logic unit, a cache/translation

extensive use of ECL gate array logic,
a single CPU can execute 4 million in-

16 sets of 64-bit general purpose
(continued on page 78)

~ cost efﬂciency of Thick film
with the high accuracy of

Thin film into one IC. The re-
. sult redefines state of the art
in hybrid circuitry.

By bringing together the best
of both technologies, T2 is
ideally suited for applications
such as electronic switching sys-
tems. Computers. Office automa-
tion. Data communications systems. A to D
or D to A converters. And with its two-sided
mounting design, T is the perfect component
for low profile package construction.

ISR

FUJITSU

HRHITI
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World-Class Components
Part of Tomorrow’s
Technology

developing breakthrough, problem-solving

For years, Fujitsu has been on the I

Offering companies, worldwide, uncompro
quality and reliability—the result of

insistence on controlling, in house

aspect of the de
manufacturing process

So no matter how

complex your design
problem, no matter what
the application, Fujitsu

can customize a solution
with a technical wizardry
unmatched in the industry.
And deliver—with the
highest level of service and
absolutely competitive prices.

Call or write for more information on T2 —The
new state of the art in custom hybrid IC technology.

Component Division Fujitsu America, Inc.
918 Sherwood Drive, Lake Bluff, IL 60044
(312) 295-2610 Telex: 206196 TWX 910-651-2259
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Message-based 0S
(continued from page 77)

registers. To reduce the number of
bus accesses, each CPU also has 16K
bytes of 100-ns 2-way set-associative
cache memory. For virtual memory,
there are 16 sets of 2-way set-asscocia-
tive translation lookaside buffer and
32 bits of address space.

A third card, the performance ac-
celerator, can be added to the CPU to
manipulate variable length data in
either integer or floating point format.
Floating point operations on 32-,
64-, or 80-bit data in four rounding
modes are supported. The perfor-
mance accelerator communicates
directly with the CPU and can per-
form a 64-bit register-to-register add
in 200 ns.

From 4M to 192M bytes of main
memory attach to the Gigabus via
microprogrammed memory con-
trollers. The CcPus’ 32-bit address
space provides up to 4G bytes of vir-
tual space per user process. ECC sup-
plies single- and double-bit error
detection and single-bit error correc-
tion with detection of most multiple-
bit errors. Cycle time is 400 ns.

Dedicated 1/0 processors, which
likewise connect to the bus via
microprogrammed controllers, can
provide two 8M-byte/s channels, or
sub-buses. Each sub-bus has 16
ports and connects to dual-ported
1/0 device controllers. These include
disk controllers, tape/line printer
controllers, and a communication
multiplexer.

The disk controller supports one
to eight drives in any mix of 300M or
675M bytes per drive. It is powered
by a 2900 bit-slice processor which
performs physical to logical address
translations. The communication
multiplexer can supply 32 full-duplex
asynchronous lines at 110 to 19.2K
baud, or synchronous support for
SDLC, HDLC, ADCCP, and bisync pro-
tocols.

System software

Parallelism of the hardware archi-
tecture is complemented by the
message-based EMBOS operating
system. EMBOS distributes processing
tasks among all CPUs currently at-
tached to the system, adjusting sched-
uling to match processing demands.
An operating system kernel resides
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on each CPU and interacts via
messages with all other system
resources, such as the 170 drivers,
memory manager and file system.

EMBOS is structurally a network of |

timing and location-independent
processes. No process shares access
to tables in memory, nor are there
any shared semaphores or memory
locks. Message management is con-
trolled by the message system
microcode, which ensures that
messages get to their target process
even if that process changes CPUs.
Since system processes are distri-
buted across all available resources,

throughput is maximized and can be |

enhanced incrementally by adding
resources. For instance, throughput

is doubled from 4 to 8 MIPS simply |

by adding a second cpu. Up to 10
CPUs can be placed on the system for
an aggregate speed of 40 MIPS.
Along with EMBOS, which has a
Unix-like user interface, the Elxsi
system 6400 provides such high level
languages as Pascal, C, Fortran 77,
and Cobol-44, as well as the INGRES
database management system. Due
to the large, 4G bytes of virtual
memory which each user process can
have on top of the 192M-byte main
memory, it is possible to implement
a ‘“‘“mapped files’’ concept. Mapped
files automatically map the data
base into the user’s virtual process
space. An extra step of address
translation is thus eliminated for
data accesses and increased
throughput. Elxsi, 2334 Lundy
Place, San Jose, CA 95131.
Circle 243
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Get your own

If you’re reading someone
else’s copy of Computer
Design, why not get your
own? To receive a
subscription application
form, circle 504 on the
Reader Inquiry Card.

What is “The Alps Advantage”, and why
is it important to you, our customers?

Essentially, The Alps Advantage
encompasses a whole series of customer
benefits, brought together to help givey
a competitive edge in your marketplace.
Welcome ..;:..”

engineers, it mea

To The avast array of electro-

mechanical componen
Al s and system products —
p particularly noteworthy
Advantage ;..

g innovative
technology, state-of-the-art performance,
high degree of miniaturization, built-in
quality and long-life reliability. It also
means a never-ending flow of new
product introductions and helpful
application engineering assistance fron~
our Technical Product Managers.

For purchasing and production
people, The Alps Advantage takes on
other meanings — competitive pricing,
automated manufacturing facilities and
on-time deliveries. Equally important,
it means a special kind of philosophy
based on a spirit of teamwork and
cooperative customer relations.

The Alps Advantage is everything
you need to improve your products and
enhance your competitive position —
and everything you'd expect from a
world-class supplier. Since its founding
in 1948, Alps Electric Co., Ltd. has
experienced steady, stable growth — to
a level of world-wide sales now up to
$1-billion per year!

We look forward to the opportunity
of putting The Alps Advantage to work

for you — to get started, please contact
the Alps Sales Rep nearest you:

AL  Huntsville (Jack Harvey & Assocs.) ... (205)536-44"
AL PROSX(BIION) o u oo pnons s e (602) 266-21¢
CA  San Diego (Harvey King, Inc.). ... ... (619) 566-52¢
CA Santa Clara (Nova-Tronix,Inc.). ... ... (408) 727-95:
CA  Woodland Hills (Relcom,Inc.). . ... ... (213)340-91¢
CO Englewood (NelliganCo.)........... (303) 761-21z
CT  Yalesville (Technology Sales, Inc.). . . .. (203) 269-88¢

FL  Clearwater (Jack Harvey & Assocs.) .. (813) 725-49(
FL  Ft.Lauderdale (Jack Harvey &Assocs.). (305)763-19.
GA  Norcross (Jack Harvey & Assocs.) . ... (404)449-46¢
IL  Arlington Heights (Micro Sales,Inc.).. (312)956-10¢
IN  Indianapolis (Jack Harvey & Assocs.). . (317) 872-15:

IN  Kokomo (Jack Harvey & Assocs.). . . . . (317) 453-42¢
KS  Kansas City (BC Electronic Sales, Inc.). (913)342-121
KS  Wichita (BC Electronic Sales.Inc.) .... (316)942-98¢
MD Timonium (Allen Assocs.) .......... (301)252-41:
MA  Waltham (Technology Sales,Inc.). . .. . (617)647-57C
Ml Oak Park (A.Blumenberg Assocs..Inc.) (313)968-32:
MN Minneapolis (PS.I.) ................ (612)944-85¢
MO  St. Louis (BC Electronic Sales,Inc.) ... (314)291-11C
NC  Greensboro (Wallace Electronic Sales) (919) 996-27«
NJ  Boonton (PAFAsSOCS.) . ............ (201) 335-0¢*
NY  Smithtown (PAF Assocs.)........... (516) 360-09«
NY Albany (Reagan/Compar). .......... (518) 489-47"
NY Endwell (Reagan/Compar).......... (607) 723-87¢
NY Fairport (Reagan/Compar) ......... (716)271-22:
NY New Hartford (Reagan/Compary). .. .. (315) 732-37.
OH  Rocky River (Norman Case Assocs.) .. (216)333-04(
OK  Tulsa (Norcom,Inc.) ............... (918)832-77<
OR Aloha (Venture Electronics)......... (503) 642-90¢
PA  Willow Grove (Harry Nash Assocs.) ... (215)657-221
TN Johnson City (Jack Harvey & Assocs.) . (615)928-78¢
TX Dallas (Norcom,Inc.)............... (214)386-48¢
TX  Austin (Norcom,Inc.) .............. (512)451-27¢
TX  Houston (Norcom,Inc.) ............ (713)933-60z
VA Lynchburg (Burgin-Kreh Assocs..Inc.) (804)239-262
WA  Bellevue (Venture Electronics) ... ... (206) 454-45¢
WI  Milwaukee (Micro Sales, Inc.). . ...... (414) 782-117

CANADA: St. Laurent (Vitel Electronics) .. (514)331-73¢
CANADA: Mississauga (Vitel Electronics) . (416)676-97:
CANADA: Kanata (Vitel Electronics). . . . . . (613)592-00¢




Keyboards for modern product
design. When you bring your key-
board requirement to Alps, you'll find
yourself in good company, alongside
.many of the most prestigious OEM
industry names in the world. From
single key switches to complete key-
board units including matrix and
encoder circuits, you'll discover the
quality, reliability and customer

tant parts of The Alps Advantage.
together with everything you need
to sharpen the competitive edge of
your products:

Full-travel keyboard units. Standard
or customized designs, mechanical or
conductive rubber contacts, soft-
push or tactile feedback with “snap™
or “click"” feeling.

L§

service that have become such impor-

KFL low profile keyboard. Meets the
latest world-wide standards of ergo-
nomic design, including European DIN
requirements for reduced keyboard
height. The KFL is only 15.2mm from
PC board to keytop.

Mem-Tact panel keyboards. Ultra-
low profile units, custom-designed to
your requirements for arrangement,
feeling, component mounting, dust
and water-proof construction, etc.
Two basic styles: sheet type enclosed
and keytop type.

Wide choice of keytops. Sloped,
stepped or stepped-sculptured. 10
standard colors. Double-shot molded
legends. An almost infinite variety of
combinations!

The Alps Advantage in keyboards:

Custom design and application
assistance. Our Engineering Product
Managers are highly skilled, experi-
enced keyboard specialists. You are
invited to consult with them during
your earliest design planning. They
can probably help you save time,
effort and money. Write or call today.
and let the world’s largest keyboard
supplier put The Alps Advantage to
work for you.

AP

ALPS ELECTRIC (USA), INC.

100 N. Centre Ave., Rockville Centre, NY 11570
Phone 516-766-3636 - Telex (WU)14-4508

A complete choice of standard and customized
- keyboard units, including our new
_ full-travel low profile Series KFL,
| the 15-millimeter

eagn)

b A






In the data storage business, some things
change faster than others. And some things
change faster than they should. When it
comes to capacity, performance, reliability,
and cost efficiency, the rule is clear: “the
faster the better.” But when it comes to
changing the physical dimensions of drives,
“not so fast” makes better sense. After all,
as an OEM, you’re looking for as much
system continuity as possible.

IOMEGA’s Alpha 10 And Beta 5:
True To Form—And Reform.

What IOMEGA’s disk drives—the 10
Mbyte Alpha 10 and 5 Mbyte Beta 5—share
in common with many others on the market
is form factor. The Alpha 10 matches the
dimensions of all standard 8-inch drives. And
the Beta 5 does the same for standard 5%’s.

What the Alpha 10 and Beta 5 do not
share with anyone else is a new technology
that allows us to ofter mass storage capacity
on a flexible medium, utilizing the popular
cartridge format. We call it our reform factor.
Because, with 10 and 5 Mbytes for starters,
what we’ve done, quite literally, is re-form
the previous notions about how much data
could be put on a flexible disk.

See us at Comdex Las Vegas Convention Center, Booth #4760

More Than More Storage.

IOMEGA’s design features—such as non-
contact head-to-disk interface, high-linear
bit densities, and enclosed servo control of
the head positioning—result not only in more
flexible disk capacity, but in more perfor-
mance, reliability, versatility, and economy
as well.

And it results in more ways to use that
storage, too. [OMEGA’s greater reliability
makes the Alpha 10 and Beta 5 perfect for
primary mass storage. And their flexible,
low-cost cartridge design makes them natu-
rals for back-up and archival storage as well.

More capacity. More performance. More
reliability. More versatility. More economy.
And no more waiting. Because IOMEGA
is delivering both the Alpha 10 and Beta 5 in
OEM quantities right now.

(Call today for more information.

-
[ ™
[-M=CGA
=
IOMEGA Corporation, 4646 South 1500 West
Ogden, Utah 84403 (801) 399-2171
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is we can deliver the first hundred
reasons on time.

For more reasons, call SPI at (408)
945-1500. Or write us at 1971

N. Capitol Avenue, San Jose, CA
95132. TWX: 910-338-0025.
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Our UNIX Super
UPI Cover




Microsystem Helps
TheWorld.

~ a price you can easily live with: quantity
 ten at $11,662 per system.

We're Dual Systems.

And our 83/20 16-bit super microsystem is a real success story for United
Press International.

By appointing our 83/20 as the computer base to their Newspaper Computing
System, the people at UPI now enjoy networking journalism on an even larger
scale. They transmit stories. They transmit graphics. They transmit photos. And
they do it instantly.

Because they know late-breaking news can't be late.

However, UPl isn't alone in its decision to use Dual Systems. On the contrary.
Boeing, Sony, Ford, and General Electric are also some of the names you'll find
on our blue-chip client roster.

Perhaps the reasons for such a stellar following are the 83/20’s minicomputer
capability and microcomputer price. And it's backed with a one-year warranty.

And that it's powered by the outstanding Motorola MC68000 which delivers
approximately one million instructions per second running at 10MHz.

And that our 83/20 includes full UNIX* System III with Berkeley enhance-
ments like C-shell and Visual Editor.

And that it provides Source Code Control and language options, including
BASIC, COBOL, PASCAL, FORTRAN 77, and ASSEMBLER.

Then again, our 83/20’s success may be due to the strict conformance of the
IEEE696/5100 bus architecture.

Of course, some customers have told us they particularly like the 83/20 for its
incredible application versatility. Like graphics. And automatic typesetting. And
robotics. And digital plotters. In fact, name an application and the chances are
very good you'll find our 83/20 can handle it.

Our track record is also rather impressive — we've been delivering 68000-based
systems with full UNIX capability longer than anyone else — that adds up to a
68000, multi-user, UNIX-based super microsystem with proven reliability.

Whatever the reason for our 83/20's
remarkable market acceptance, you'll
like it because it does all of the above at

- So, while it helps UPI, Sony, Ford

d General Electric, the good news is
can help you.

rther information, please write

our Marketing Department

the complete scoop.

orporation
in Pablo Avenue




It’s just not fair
to claim that TEMPLATE is the
best graphics software available.
Our competitions already
discouraged.

And we like competition. We really do. It’s just that it’s difficult, if not
impossible, to find graphics software as efficient and functional as
TEMPLATE. Try as you might. TEMPLATE is the hands-down winner. With
true device-independence and intelligence, total graphics functionality
for CAD, scientific analysis, seismic work, process control, molecular model-
ling, and a host of other applications.

In almost any environment, whether it's batch or
interactive, 2D or 3D, TEMPLATE wins. Benchmark
tests prove it. TEMPLATE, besides being a true 3D
graphics package for 32-bit or larger computers, features
powerful commands that provide matchless produc-
tivity TEMPLATE makes optimal use of available com-
puter resources, giving you fast, efficient computer
graphics program execution. And it supports over 125
graphics devices, from dumb termi-
nals to sophisticated systems.

We also provide on-site installation and training,
continuous updates, a regular flow of new device
drivers, and ongoing documentation. What’s more,
we back you up with a telephone hotline so
TEMPLATE software specialists can provide help
if you need it.

But let’s be fair. If you're look-
ing for graphics software, call our competitors first. Find
out what they have to say about theirs. Then call us,
and find out why TEMPLATE really has no competition.

And why th ti-
tion har; b\geg soedics%rglﬁ)r%éed od. b MEGATEK
BEE CORPORATION

for so long.
... A UNITED TELECOM COMPANY
Making History out of State-of-the-Art

World Headquarters + 9605 Scranton Road -+ San Diego, California 92121 » 619/455-5590 + TWX: 910-337-1270
European Headquarters « 34, avenue du Tribunal-Fédéral « CH-1005 Lausanne, Switzerland « Telephone: 41/21/20 70 55 - Telex: 25 037 mega ch
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Commercial GaAs digital ics run at 2 GHz

Digital integrated circuits using
gallium arsenide technology will
soon be released as commercial pro-
ducts by Harris Microwave Semi-
conductor. The first products will be
small scale integration (SSI) parts us-
ing a 1-micron process on 2" (5-cm)
wafers. They will include a 4-bit
universal shift register and a divide
by 2/4/8 divider. Clock speeds will
initially be 1.5 to 2 GHz.

These initial parts are primarily
intended for signal processing appli-
cations which push the digital front
closer to the raw signal, taking over
functions that were formerly per-
formed by analog devices. Harris’
interest in digital GaAs ICs,
however, appears to be long term
and is turning toward the computer
arena.

A joint contract is currently
underway between Harris and Cray
Research (Mendota Heights, Minn)
for exploration of memory and gate
array technology. The goal of this
joint venture is to develop a 64- x
1-bit RAM chip. Since memory
technology generally drives gate array
technology, first developments from
this project are expected to be GaAs
memory chips. To achieve emitter-
coupled logic (ECL) compatibility
among the chips, the reference voltage
to a given value is set depending on
whether the device is operating in a
GaAs environment or interfacing
10 ECL,

The soon to be released 1.5-GHz
shift register utilizes a serial or
parallel 170, shift right or left, and
has a setup time of less than 350 ps.
The chip is approximately 80 mils
per side and is housed in a flatpack.
Numerous ground pins are inter-
spersed among the signal pins to
reduce crosstalk at high clock speeds.
Power dissipation for the shift regis-
ter is currently about 1.5W.

In addition to the divider and shift
register, Harris plans to introduce
various SSI logic elements, such as
flipflops, NAND, NOR, and XOR
gates, and buffers, within the next
six to nine months. Clock rates for

these parts are anticipated to be in
the 3- to 4-GHz range.

Harris is revamping all aspects of
the technology—from designing and
building its own large capacity
crystal grower to creating its own
test equipment—and foresees the

technology evolving along a learning |

curve that will significantly reduce
power dissipation and increase
speed. Current power dissipation is
approximately 40 mW per gate, and
0.5mW per gate is considered feas-
ible. Although low power is not a
primary objective at this time, it will
become a significant concern as
circuit complexity increases. Among
the current advantages are the wide
operating temperature range, -55 to
100 °C and a substantially greater
hardness to radiation than silicon.
In addition to the ICs to be released,
Harris considers currently feasible a

gate count complexity up to 200, and |

a typical power dissipation of 15- to
25-mW gates. Custom IC engi-
neering and device fabrication is
available now, and Harris is presently
moving to 3" (8-cm) wafers. Four dif-
ferent devices are already fabricated
on a wafer and the larger size will un-
doubtedly increase yield and reduce
costs. Harris Microwave Semicon-
ductor, 1530 McCarthy Blvd,
Milpitas, CA 95035.

Circle 244

It pays to communicate
You can further your career
by writing technical articles
about the advanced work
you’re doing. Also, we pay
an honorarium for all
manuscripts that we
publish. For a free copy of
our Author’s Guide, circle
503 on the Reader Inquiry
Card.

PACKAGED

Power
Products
E2Group

Stevens-Arnold Inc.

7 ELKINS ST - SOUTH BOSTON + MA 02127
(617) 268-1170 - TLX: 95-1465 - TWX 710-399-0855
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The world’s fastest 16K
are available now




MOS static RAMs
from Motorola.

MOS system memory speeds
close in on logic.

Now you can use Motorola’s
MCM2167H and MCM2016H to bring
your MOS cache and very high-speed
buffer memories closer tologic speeds.

At 35 ns, the MCM2167H is the fast-
est 16K MOS static RAM in the world,
and our MCM2016H is a match for
any 2K x 8 at 45 ns.

We're ramping up production quan-
tities to these and slightly less exotic
speeds, and these fast static RAMs offer
much more than world class speeds.

HMOS II process adds reliability.
The silicon-gate HMOS II process
used in their fabrication contributes

substantially to high performance
and reliability. We've developed tech-
niques for elimination of soft errors
and for increasing density. Develop-
ment and years of volume production
of our leadership 64K RAM have given
us the experience in advanced tech-
nologies that enhances the ease of
manufacture, producibility and per-
formance of the new generation
MCM2167H and MCM2016H statics.
Innovative design concepts permit
fully static RAMSs, giving the power
savings usually associated with
clocked memories. Space efficient
packaging options are standard, too.

State-of-the-art packages save
board space.

The industry is accustomed to stan-
dard 24- and 20-pin packaging, and
we've made no exception here. The
MCM2167H is available in the 20-pin,
300-mil dual in-line, but you can also
get it in a super space-efficient Lead-
less Chip Carrier. A 24-pin, 600-mil
package is the familiar standard for
the 2K x 8, but our MCM2016H is also
available in a skinny, 300-mil space
saver. Substantial board space is con-
served with both of these state-of-the-
art packages.

Absolutely no clocks or timing
strobes.

As stated, these are fully static
memories. No clocks or timing strobes
are used. Power down is controlled by

the Chip Enable, with the RAM in the
low-power standby mode as long as
Chip Enable stays high. Standby power
dissipation for both the MCM2167H
and MCM2016H is 20mA, and in the
active mode it's 120 mA for each.

You're probably, as most designers
are, always looking for better per-
formance and reliability. Justifiably.
Motorola satisfies this quest for supe-
riority. If speed is what you're after
in a reliable, space-saving 16K static
RAM, you'll find more of what you're
looking for at Motorola and Motorola’s
authorized distributors.

And for the times your requirements
also include ultra low-power statics,
we call your attention to our 4K and

16K CMOS fully static RAMs. They're
on the fast side, too.

Motorola's fast static RAMs can give
your systems the competitive edge.

Get more complete technical
information by sending the coupon or
writing to Motorola Semiconductor
Products Inc., P.O. Box 20912,
Phoenix, Az 85036. For fast, direct
assistance, contact your Motorola
sales office or authorized distributor.

Motorola Fast Static RAMs
ACCESS OPERATING | STANDBY
TIME CURRENT
ORGANIZATION | (MAX) PART NO. PACKAGE TYPE (MAX) (MAX) |TECHNOLOGY

354555 | MCM2167HL | 300 Mil Ceramic DIP 120 mA 20 mA HMOS
16Kx 1 35,45,55 MCM2167HZ | Leadless Chip Carrier 120 mA 20 mA HMOS
354555 | MCM2167HP | 300 Mil Plastic DIP 120 mA 20 mA HMOS
455570 | MCM2016HY | 300 Mil Ceramic DIP 120 mA 20 mA HMOS
2Kx8 455570 | MCM2016HL | 600 Mil Ceramic DIP 120 mA 20 mA HMOS
455570 | MCM2016HP | 600 Mil Plastic DIP 120 mA 20 mA HMOS
2Kx8 120,150,200/ MCM6116P | 600 Mil Plastic DIP 55mA | 2000uA CMOS
120,150,200 MCM61L16P | 600 Mil Plastic DIP 55 mA 100 uA CMOS
4Kx1 55,70 MCM6147P | 300 Mil Plastic DIP 35mA 800 uA CMOS
55.70 MCMS61LA7P | 300 Mil Plastic DIP 35 mA 100 uA CMOS

@ MOTOROLA INC.

i A O MCM2167H
/; g 157c0110083

il Name

TO: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, AZ 85036.

: Please send me more information on Static Rams

B 0 MCM2016H COCMOS

i Title

¥ Company.

Address
|

! Call Me. Phone:

L-----------------




There’s noend to it.

Stop searching. Nobody offers you a greater
potful of planar intercannect solutions than
Amphenol.

Our expertise in the design, development
and production of Spectra-Strip” planar
cable, IDC connectors and complete inter-
connect systems, makes it easy for us to
make planar assembly easy for you.

You can get the quality products and service
you need. Fast. We make more varieties of
planar cable for special applications than
anyone else. Anywhere. Of course, we've got
a wide range of IDC connectors to match.

©1983 Allied Corp

From computers, to communications equip-
ment, to instrumentation, Spectra-Strip
cable and connectors are your cost-effective,
no-hassle interconnection solution.

Get our quote on complete assemblies.
We can give you a uniguely engineered
planar system that will lower your total
installed cost.

In planar products, there’s no end to what
we can do for you. And we're easy to find
today. For more information, technical and
application data, and prices...



Call the Amphenol planar quote line 1-800-227-0203

Amphenol Products
An @I.UED Company

Amphenol Products Division world headquarters: Oak Brook, IL 60521
CIRCLE 55




If you’re in EDP, telecommunications
or any other industry that uses ROMs, you’ll
serve your interests best by discovering the
ROM s of Toshiba.

Our quality is highest. Our prices are
competitive. Our deliveries are prompt. And
our depth is truly profound.

From the masterful 256K down to the
32K, Toshiba has the ROMs when you have
the need.

Consider our lineup of mainstream parts:
M, A 32K x 8 available right now in
e the standard 28 pin package. It
boasts an access time of 150 ns and a standby
mode that cuts current to 10 mA maximum.

FROM THE 256K ON DOWN, TOSHIBA MAKES ROMs
OF QUALITY IN NUMBERS TO FIT ALL NEEDS.

.

Izax. 16K x 8s, they’re yoursina 28
® pin package, pin compatible with |
27128-type EPROMs. Offering an access
time of 200 ns maximum. The 128K features
an operatin% current of 80 mA maximum,
and a standby current of 20 mA. :
6 4K, These 8K x 8s are available in

e ecither a 24 pin package or a 28
pin version compatible with 2764-type
EPROMs.
32“. 4K x 8, the 32K is pin compatible

e with 2732-type EPROMs.

Just to cover every base, we even

make a specialized line of ROMs, an 80K, a
40K, and bank selectable 64K and 128K

AREA SALES OFFICES: WESTERN AREA, Toshiba America, Inc., (714) 752-0373; CENTRAL AREA, Toshiba America, Inc., (612) 831-2566; EASTERN AREA, Toshiba America, Inc., (617) 742-2040;
NORTHWESTERN AREA, Toshiba America, Inc., (408) 720-8570; REPRESENTATIVE OFFICES: ALABAMA, Glen White Associates, (205) 883-7938; ARIZONA, Semper Fi Sales Company, (602) 991-4601;
ARKANSAS, Technology Sales Company, (214) 380-0200; CALIFORNIA (Northern), Elrepco, Inc., (415) 962-0660; CALIFORNIA (Southern), Bager Electronics, Inc., (714) 957-3367; COLORADO,
Duffy Associates, (303) 595-4244; CONNECTICUT, Datcom, Inc., (203& 288-7005; DELAWARE, Vantage Sales, (609) 663-6660; FLORIDA, Donato & Associates, (305) 522-2200, (305) 352-0727,

(813) 785-3327; GEORGIA, Glen White Associates, (404) 441-1447: 1D,
J.R. Sales Engineering, (319) 393-2232; KANSAS, R.R. Burton & Associates, (816) 763-5385; KENTUCKY, Leslie M. DeVoe Company, (317) 842-3245; LOUISIANA, Technology Sales Company, (214) 380-0200;
MARYLAND, Glen White Associates, (301) 252-6360; MASSACHUSETTS, Datcom, Inc., (617) 891-4600; MICHIGAN, R.C. Nordstrom & Company, (313) 559-7373; MINNESOTA, Quantum Sales, Inc

HO, Components West, (206) 885-5880; ILLINOIS, L-TEC, (312) 593-7200; INDIANA, Leslie M. DeVoe Company, (317) 842-3245; I0WA,



g o SN roi0s NSk PRORRNNARLE ROM
- versions. And the depth of our ROM Pawar Ditalndiiin
Commltment also lnCIUdes 32K and 64K Clplcily’ Part No, Organization Alt;:)s(s (Tnisn)le Acl:'i':ex' (Sn::n)dby
4')(24/ 28 pln CMOS ROMs and a future star, 16K Bit | TMM334P* 2K x 8 450 80 =
the 256K CMOS ROM. ; KB | TMM2IIP | K8 350 00 18
Any way you look at it, Toshiba offers g o e B % R v
» everything you want if you’re iooking for GKBR | TMMINSP: | 8Kx3 200 0e 28
it | TMM2366P 8K x8 200 100 25
ROMs: high-quality, quantities to serve and S4KBit | TMM23esP | BKx8 200 "
down-to-carth priccs. BmE e IR B
t *k P o/ 1o
2 Toshiba really doesn’t serve you 256K Bit | TMM23256P* | 32K x8 150 % 10
ROMs on a silver platter. But it sure does T T aa0S MASK PROGRAMMABLE ROM
seem that way. 3K Bit | TCS333p* K x8 40 7 1
32K Bit | TC5334pP* 4K x 8 450 7 20
32K Bit | TC5335P* 4K x 8 450 7 20
+ Preliminary: These are target specifications and are subject to 64K Bit+ TC5364P** 8K x8 250 2 20
change without notice, *24 pin package. **28 pin package. 64K Bit+ TC5365P** 8K x 8 250 9 20
64K Bit+ | TC5366P* 8K x 8 250 7 20
256K Bit+ | TC53257P** 32K x 8 200 40 20

A WORLD STANDARD IN MOS.
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Monolithic Systems Corporation has provided reliable In 1983 MSC will continue to lead the market with
DEC compatible memory products for over 12 years. In products for Q-BUS* and VAX* machines. These products
fact. MSC patented the first semiconductor memory will be very formidable contenders for years to come. As
product in 1974! The success of Monolithic Systems has always, Monolithic Systems will be on the leading edge of
been attributed to products that perform better than any memory technology and innovation with products to last
other in the business, products that have the modularity the life of your machine.
to grow with the systems that they're installed in and For further information on Monalithic Systems
products that offer the best price in the market. These Corporation and how we may support your computer
claims are supported by a one-year warranty which needs, call Toll Free 1-800-525-7661. f
underscores MSC's superior quality in design and
manufacturing.
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*DEC, Q-BUS, VAX and LS| are registered trademarks of Digital Equipment Corporation

CIRCLE 57




SYSTEM DESIBN / 17210070 GBI

CMOS LEADS T0
- TRUE COMPUTER
PORTABILITY

Denser and faster cMOS VLSI encourages designers to build
high performance portable systems.

by Tony Moroyan

The first generation of ‘‘portable’” computers can
be more properly characterized as transportable.
These N-channel metal oxide semiconductor-based
systems require hefty power supplies and close
proximity to a power outlet. But advances in very
large scale integration complementary metal oxide
semiconductor technology are paving the way to
lightweight battery-operated computers that can be
carried and used anywhere.

In fact, due to the greater research and develop-
ment emphasis the major semiconductor manufac-
turers are placing on complementary metal oxide
semiconductor (CMOS), CMOS could very well
become the preeminent very large scale integration
(vLSI) technology of the 1980s. CMOS has inherent
advantages over the various technologies. These in-
clude much greater noise immunity, a wide power
supply voltage range, a broad operating tempera-
ture range, and the ability to power down in the
static state. These CMOS features are critically

Tony Moroyan is marketing manager at National
Semiconductor Corp, 2900 Semiconductor Dr, Santa
Clara, CA 95051, where he is responsible for cMOS
microprocessors. He holds a BA in mathematics and
an MS in electrical engineering and computer science
Jrom the University of California, Berkeley.

important to the small-system designer who wants
to develop a portable computer system. The por-
table computer system’s operating environment is
much more rugged than the office environment,
and the system must be able to tolerate a wider
range of conditions.

A high performance CM0S processor

For the small-system designer intent on developing
a portable computer, the NSC800 CMOS processor
incorporates many of the best features of current
N-channel MOS (NMOS) devices and provides them
in a low powered, easily interfaced package. In-
ternally, it has the identical complement of reg-
isters and instruction set as the z80. Externally, it
presents a multiplexed data and address bus like
the 8085 processor (Fig 1). It dissipates only 5% of
the NMOS device power in its performance class and
yet can operate at speeds up.to 4 MHz (higher
speed and lower power versions of NSC800 are
already in design). It is available in a standard
40-pin dual inline package and in special high den-
sity surface-mounted packages such as leadless
chip carriers for military applications and plastic-
leaded chip carriers for commercial ones.

The NSC800 is fabricated with a P2CMOS process,
one of National’s microCMOS processes. This is a
silicon gate technology (P2CMOS) with two levels of
polysilicon and one level of metal for interconnection
to provide greater density (Fig 2). Future products
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Fig 1 The Nscs00 8-bit microprocessor is fabricated using P2cMOs and combines the low power consumption
of cMos with the technology’s high performance. It has the z80 instruction set and register file, but uses an

8085-type multiplexed bus.

will incorporate two levels of metal (M2CMOS,
another national microCMOS process) for further
density improvements. As densities improve, there
is a corresponding increase in speed as interconnect
resistance is lowered and passive capacitances are
reduced. Silicon geometries in CMOS are still larger

PAD  POLY Il METAL PASSIVATION GATE OXIDE  PAD

[ ]

Fig 2 The p2cMos process uses silicon gates and two
polysilicon levels for interconnects. Short channel lengths
and thin gate oxide layers provide high transconductance
in the transistors.
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than those in NMOS, but are closely tracking their
reductions. The NSC800, originally fabricated using
S5-micron gate widths, is now designed using a
3-micron width. Devices such as the NS16000 16-bit
processor will incorporate less than 2-micron gate
widths in their CMOS versions to further improve
density and speed.

Z80-based development software, operating
system software such as CP/M languages, and
application programs will run without modifica-
tion and speed penalty on a NSC800 system. This is a
major advantage for the small-system builder, who
can plug into a large existing software base.

With the z80 architecture, the programmer has
158 instruction types (identical to z80) with 10 ad-
dressing modes, 22 programmable registers, 256
directly addressable input/output (1/0) locations,
and a 64K-byte memory address space. In addition,
the multiplexed bus frees up pins that permit extra
functions not found on the z80. These include three
additional interrupt lines for faster interrupt
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" FOR THE PRICE OF ONE BOARD!

The SGS Advanced Modules now offers you single-
board virtual memory capability previously avail-
able only on large mainframes. In fact, our new
SAM-Z8003EVM is a complete |IEEE 796-Multibus
microcomputer designed to help you evaluate and
develop the 16-bit Z8003 VMPU, 28015 PMMU and
other Z8000™ family devices. Just connect it to a
standard terminal or a host computer through an
RS-232C port. You're ready to design!

Multibus™ and SAM-BUS™ Architecture allows
total flexibility and expandability to the other SAM’s.
Top-performance on-board features in-
clude: Z8003 Virtual Memory Processor
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agement Unit (PMMU); 28016 DTC (op-
tional); Z8030 SCC; 28036 CIO; 4K bytes
static RAM; CMOS clock and calendar
chip.

SAM and SAM-BUS are trademarks of
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Built-in hardware and software debugging aids in-
clude cycle and instruction single-step. A resident
monitor program allows interface and control of all
programmable devices on the board.

If you want mainframe virtual memory capability
and all the power of the new Z8003 CPU, at a virtual-
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be configured using only three
chips: the Nsc800 cpu, the NSC810
RAM-1/0-timer, and the NSC830 ROM-
1/0. These provide 128 bytes of
RAM, 2K bytes of ROM, 42 1/0 lines,
two 16-bit timers, and five interrupt
levels.

TIMER 0 IN
TIMER 0 OUT

response times, two special status lines for de-
coding processor states, an onboard clock gen-
erator, and a power-save feature. This last feature
further reduces power consumption but can also be
used to single-step through a program for debugging.

Using a multiplexed bus

The multiplexed bus consists of 16 address bits
and 8 data bits. The upper 8 bits of the address bus
are present on the A8 to Al15 lines. The lower 8 ad-
dress bits are time multiplexed on the 8-bit data bus
ADO to AD7. Systems can be configured that use the
multiplexed bus, or the buses can be divided into
separate 16-bit address and 8-bit data buses. All
NSc800 family components, such as the NSC810 ran-
dom access memory (RAM)-1/0-timer, the NSC830
‘read only memory (ROM)-1/0, the NSC831 intelligent
1/0, and the NSC858 universal asynchronous
receiver/transmitter (UART) have a multiplexed bus
structure and thus can interface directly with the
NSC800. The address latch enable (ALE) control
strobe of the central processing unit (CPU) is used
to control bus demultiplex timing.

The advantages of using a multiplexed bus are
that it frees up extra pins on the CPU which can be
used for other functions and that one third less bus
lines are required to interconnect devices. Both of
these result in a lower system part count and reduced
circuit board complexity. The 8085-type peripherals
and many memory devices support this kind of
multiplexed bus.

In systems using components that cannot inter-
face directly to a multiplexed bus, the address/data
bus must be demultiplexed and divided into
separate buses. The 24-pin MMS82PC12 is an 8-bit 170
port that can be used to implement latches, gate
buffers, or multiplexers. It includes an 8-bit latch
with tri-state buffers that have chip selects and con-
trol logic. Controlled by the bus acknowledge
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(BACK) and ALE pins of the CPU, it provides the
low order address bus on separate lines than the
low order data bus. A larger system requires bus
buffering to drive external components. This can
be accomplished with the MM82PC08, an 8-bit
bidirectional transceiver.

Using only the NSC800, the NSC810, and the
NSC830, a minimum system can be configured
(Fig 3). This system would contain 2K bytes of
ROM, 128 bytes of RAM, two 16-bit programmable
counter/timers, 42 170 lines, and five interrupt levels.
For larger systems, the address lines must be decoded
to prevent address overlapping. The MM74HC138 3- to
8-line decoder serves this purpose. As shown in Fig 4,
it can be used to decode a 1K x 8 memory array com-
posed of 1K x 4 static RAMs (NMC6514s). These
memory components (and the 4K x 1 NMC6504) are
designed to be compatible and do not require any
demultiplexing logic.

As CMOS technology has advanced, NSC800 sup-
port chips, such as the 858 programmable UART
with speeds up to 1M bps, the MM74HC942 modem,
the MM58167A realtime clock, the ADC0802/44
analog to digital converter, and the DAC0830/32
digital to analog converter have been developed.
Furthermore, hundreds of general support chips
have been devised (eg, the MM74HCXX series), often
pin-for-pin replacements of the common
transistor-transistor logic (TTL) ‘‘glue’ circuits,
such as the 74XX family of digital logic.

With their performance characteristics, these de-
vices are replacing bipolar TTL chips in many appli-
cations. National Semiconductor, Motorola, Texas
Instruments, and most other major semiconductor
companies in the mainstream logic business are ag-
gressively second-sourcing these devices. In addi-
tion, CMOS gate arrays are reaching densities of
10,000 gates/chip, and many companies are using
gate array technology for integrating system sup-
port logic. They are also implementing special
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hardware functions in a cost-effective, space-
saving way.

The multiplexed bus frees up processor signal
lines, some of which have been used to provide
three more interrupts as compared with the z80.
The standard nonmaskable interrupt (NMI) and the
multimode interrupt (INT) are compatible with the
780, and in mode 0, the 8080. The NMI is used as the
highest priority interrupt line and is useful in situa-
tions, such as power-fail conditions, where the pro-
cessor must be alerted for smooth power-down
operations. It is also an edge-sensitive input line
that causes a direct restart to the memory location
0066 hex.

The INT input has three modes: 0, 1, and 2. Mode 0
corresponds to the 8080 interrupt handling method.
An interrupting peripheral places a restart instruc-
tion on the data bus. The processor then executes
the instruction, usually a call to a subroutine. Mode 1
provides an automatic restart location (0038 hex) so
that in small systems, the peripheral does not have
to strobe the restart instruction onto the data bus.
With mode 2 interrupts, the processor reads a

vector from the interrupting device, which is used
with the contents of the I register to create a
pointer to the table entry’s address containing the
interrupt handler routing address. This interrupt is
maskable on or off and is controlled by system in-
terrupt enable flipflops internal to the NSC800 CPU.
These are software settable as in the Z80.

The remaining three interrupt lines, restart A
(RST A), restart B (RST B), and restart C (RST C), pro-
vide three different but fixed restart addresses.
These are similar to the 8085 interrupts and are also
maskable under program control.

Two other extra pins in conjunction with the in-
put/output or memory read (I10/M) line are used
for providing the processor’s status during each
machine cycle—memory read, memory write, 170
read or write, opcode fetch, or bus idle. This infor-
mation can also be used during hardware develop-
ment to aid system debugging.

In many applications, power consumption is so
critical that it is helpful to put the NSC800 itself into
a standby mode where possible. A single power-save
input pin suspends CPU operation and reduces power

AD(O to 7)

AD(O0 to 7) AD(0 to 7)

AD(D to 3)

AD(0 to 3)

AD(0 to 3)

————

r——————-

e L I e I D eI

Fig 4 To expand a system beyond the minimal RAM, address decoding logic is required. This is easily
accomplished with cmos parts like the Mm74HC138. This 4K-byte memory array shown uses the 138 to generate
chip select signals, which in conjunction with the ALE signal, selects the appropriate memory device.
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consumption by 50%. The NSC800 can be held in the
power-save mode indefinitely. Internal registers are
saved during this time and the processor can resume
operation without interruption. This feature does not
stop the clock operation, however, so some power is
still consumed. With additional circuitry, even the
clock can be suspended for maximum power reduc-
tion. Future versions of the NSC800 will have this
feature built in for super-low power dissipation.

The power-save line can also be used to create a
single-step function where the single-step switch
controls the power-save line. In this case, the pro-
cessor executes one instruction, suspends opera-
tion, and waits for the closure of the switch.
Another extra pin permits an onchip clock genera-
tor that reduces system component count and cost.
In place of an external clock generator chip, the
NSC800 requires only a crystal oscillator circuit to
produce the system clock. Another advantage over
the 780 is that the NSC800 has an extra bit in the
refresh register, which is used to automatically
refresh dynamic RAMs that may be in the system.
This extra bit means that the 64K-RAM chips can
now be refreshed without any extra logic.

cMoS in industrial applications

Along with portable computers, the NSC800 family
is finding its way into a wide array of board-level
products. Industrial applications tend to be low
power, and require good noise immunity. Thus, it
was natural that designers would use the NSC800 in
boards designed for rugged environments. Estab-
lished bus standards like the STD bus are being
challenged and complemented by new CMOS spe-
cific bus structures like the C-44 and the CMOS
industrial microcomputer bus (CIMBUS). Designers
have managed to supply NSC800 products that meet
a number of applications within these bus con-
ventions.

For example, using CMOS components over-
comes the problems inherent in using the STD bus
for industrial microprocessor control applications.
Although the smaller size of the STD boards (as
compared with the Multibus) is important, elec-
trical noise, wide temperature fluctuations, and
power outages in industrial sites cause havoc with
an NMOS-based system and require a battery backup
system.

CMOS-based systems can overcome each of these
problems, but they must be compatible with the ex-
isting bus signal lines and be entirely of CMOS to
obtain the full benefit of the CMOS temperature
range, noise immunity, and low power consump-
tion. One company achieving these goals is
Baradine Products Ltd of North Vancouver, BC
Canada. Its STD-NSC800 board is fully compatible
with STD bus timing requirements, uses byte-wide
memory components in standard 28-pin configura-
tions suitable for either RAM or ROM, and uses the
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NMC27C16 CMOS erasable programmable ROM
(EPROM) for flexibility and adaptability in the field.
Bus timing logic was used on the board to adapt the
NSC800 to operate with 780 peripherals. The on-
board logic simulates the required z80 timing. Such
boards are helping to expand microcomputer con-
trol use into rugged industrial environments.

To hasten that movement, National Semi-
conductor introduced a board line featuring CMOS
microcomputer components in 1982—the CIMBUS.
These 3.9”x 6.2" (100- x 160-mm) boards are based
on the Eurocard standard widely used in Europe.
They are also particularly suited for use in harsh
environments since they feature pin-and-socket
interconnection, which is much more reliable than
standard finger edge-plated card connectors.

The boards are specified for —40 to 85 °C
operation, and also have a battery backup option.
CIMBUS, the system interconnect bus, was designed
specifically for control-oriented, run-forever appli-
cations. The 64-pin bus includes 8 data lines, 16
address lines, 8 interrupt lines, 5 timing lines, 5
handshake lines, and 10 control lines with 12 power
lines. It was designed to take full advantage of the
special NSC800 features. In addition, these boards
provide true battery backup and battery operation
logic, a system-level fail-safe timer, and an alarm
relay driver output.

A distributed 1/0 bus is the isolated interface to
discrete 1/0 devices such as relays, hex keypads,
and display/indicators. It simplifies remote 1/0
handling and eliminates the wiring problems asso-
ciated with many control applications. The CIM-802
board features a NSC800, 2K or 4K bytes of PROM,
2K bytes of static RAM, two 16-bit counter/timers,
16 1/0 lines, support for 8 vectored interrupts, a
system level watchdog timer, and 8-ms and 0.5-s
timers (Fig 5). The watchdog timer can revive a
system that has become inactive due to a CPU
failure or program hang-up.

Handheld terminals and portable computers

While portable terminals and computers do not
need to withstand the shocks encountered in many
industrial applications, CMOS noise immunity and
low power offer many benefits. Hundreds of com-
panies are designing CMOS and the NSC800 into por-
table products of all types. These include handheld
terminals, medical instrumentation, videogames,
teletext and videotex terminals, telecommunication
devices, and military terminals, battlefield com-
puters, and sensing equipment.

One of the more recent introductions was the X-07
handheld computer from Canon (Tokyo, Japan).
It boasts a dual-CPU structure with a NSC800 as
the main processor, and a custom 8-bit CPU used
to control an ASCII keyboard, realtime clock, and
the 4-line x 20-character liquid crystal display
(LcD). The main unit is merely 8” wide, 6" deep,
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Fig 5 The cim-802 cpu board offers
the Nscso00, 2K x 8 static RAM, 2K or
4K x 8 ROM/EPROM sockets,
watchdog timers, and 16 parallel 1/0
lines. Special circuits are included
for battery-powered RAM, power-fail
indicator, and fail-safe timer.

and 1” high (20.3 x 15.2 x 2.5 cm) and weighs 1.06
Ib (0.48kg). But in this package it offers the power
of the NSC800 CPU, 20K-ROM Basic and monitor,
8K bytes of RAM that is expandable to 24K bytes, a
typewriter-style ASCII keyboard, a Centronics-
compatible parallel interface, an RS-232-C serial in-
terface, audio-cassette recorder interface, a
realtime clock, a miniature speaker, and a system-
bus connector for expansion. It is battery operated
and has an ac adapter. In addition, it offers a
MicroSoft-compatible Basic for high level pro-
gramming.

The X-07 also features a wide range of accessory
computing products such as a miniprinter, a
graphics printer, credit card-sized memory expan-
sion modules, an RS-232-C serial communication
adapter, a video monitor adapter, and an opto-
coupler. Through wireless communications, this
optocoupler allows the X-07 to transmit or receive
programs and messages from other X-07s or
peripheral units. Using infrared light beams, it can
also be used at distances up to 30’ at rates up to
2400 baud.

Another Japanese company, Sanyo Electric
(Osaka, Japan), is also marketing a handheld unit
small enough to fit in the palm of a hand. The
Sanyo HHC includes the NSC800, 16K of ROM, and
4K of RAM. The 64-key keyboard and 27-character
display provide basic computer power for in-the-
field data collection. An interface unit lets the HHC
be connected to four peripherals including a
300-baud modem with acoustic coupler, a small
dot-matrix printer, an audio-cassette drive, and an
ac power source. In addition to providing substan-
tial computing power in a handheld package, the
HHC can be used as an online terminal when con-
nected to timeshare services.

The LEX-31 personal communication computer
from Lexicon Corp (Fort Lauderdale, Fla), fea-
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tures 16K bytes of RAM and 12K bytes of ROM. A
40-character light emitting diode display and full
ASCII keyboard permit portable operation. With its
built-in modem, the LEX-31 can be used to dial-up
timeshare computers in order to access data bases.
The 16K of RAM can be divided into 20 local
memory files for holding multiple pages of infor-
mation. A sophisticated word processing editor
allows manipulation of display and internal data.
Weighing less than 2 1b (0.9 kg), the LEX-31
operates from rechargeable or replaceable bat-
teries, or 115-Vac power with an adapter. It is a
mere 10.5”x 5.25"x 1.75" (26.6 x 13.33 x 4.44 cm)
in size.

Of all the portable computers introduced this
year, probably the one closest to meeting the needs
of the serious computer user is the Athena 1 from
Athena Computer and Electronic Systems (San
Juan Capistrano, Calif). The Athena I is a 15-1b
(6.8-kg) unit that includes a standard, fully pro-
grammable ASCII keyboard and a 4-line x
80-character LCD. More importantly, it offers a
substantial amount of main memory organized
into a solid state disk and dual-NSC800 processors,
one for 170 functions and one central processor.

The system has a 128K- to 1M-byte main memory
capacity and supports the CP/M 2.2 operating system,
which is installed in system ROM. While the price of a
fully leaded Athena I is higher than the first genera-
tion of transportable computers (such as the
Osborne), it offers a 3 to 10 times performance im-
provement due to the solid state disk’s fast
response time. The basic unit has no moving parts
and is designed to withstand rugged environments.

Bundled software includes CP/M, JRT Pascal, a
spreadsheet program, and a general purpose text
editor. The 4-line x 80-character display is handled
as a window onto a larger full-sized screen and the
user is able to scroll to any desired location. The




combination of Z80 compatibility and the CP/M
operating system makes available a wealth of stan-
dard business application programs for the system.

In the office, the Athena I can be used as a
desktop computer with attached full-screen ter-
minal, modem, plotter, or printer. Accessories in-
clude a double-density 5% ” floppy drive, and an ac
power adapter/battery charger. A proprietary net-
working link permits up to 15 Athena I systems to
link together in a local area network. A 30M-byte
hard disk subsystem is available to allow networked
units to share common data files.

Athena I’s power becomes apparent when you
leave the office, however. The batteries can operate
the system for up to three hours and will retain the
mass memory for up to six hours in the field. Of
course, the ac adapter can be used as well as the
12-V power cable for operation from an automo-
bile cigarette lighter receptacle.

Internally, the system is comprised of three mod-
ules. The first is a NSC800 processor board with a
4-MHz NSC800. The second is a communication
module with another NSC800 and dedicated
communication buffer space, LCD interface, two
RS-232 serial ports, a parallel 1/0 port, and a floppy
disk interface. The third module is the expandable
dynamic RAM card with a 1M-byte maximum
memory size. The computer is designed in a very

modular fashion and even the memory expansion is
achieved through easily handled and carried
modules. There is also a spare circuit board slot for
future expansion.

While only a small percentage of the present
Athena design is CMOS, the company expects it to be
almost entirely CMOS within a few months. The
major circuit exceptions will be the dynamic RAM
chips and the mass storage device controllers. What
is driving the development of such powerful por-
table computers is the availability of standard CMOS
processors and support circuits, in addition to the
industry commitment to produce more powerful
CMOS processors in the future. As CMOS technology
continues to be refined and scaling approaches the
sub-2-micron level, even more powerful processors
such as the NS16C032 and NS32132 (full 32-bit CPU) will
become available in CMOS, as well as denser
memories that will make even more impressive
systems possible.
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Well, IBM claims yet another first.

By offering the p-System™ on their Displaywriter
and PC, it becomes the only operating system they
market for both. They obviously know a good thing
when they see it. :

But then so did Apple? Commodore, Corvus,” TI,
Digital, HE Osborne]* Philips, Sagef Zenith, NEC, and
Olivetti, for that matter.

And as a microcomputer manufacturer, you can
see why. Applications sell hardware. But in the 16-bit
marketplace, there just aren’t enough applications
available. Or are there?

Right now, there are hundreds of high-quality
p-System applications. Like general business applica-
tions. Vertical applications for medicine, law, and real
estate. And integrated professional productivity tools
such as spreadsheets and word processing. The list
goes on.

With the p-System, these applications can be
running on your machine, too. Sooner than you thought
possible.

And, with the p-System you can offer your cus-
tomers the most complete set of microcomputer
software development tools anywhere. Including com-
pilers for UCSD Pascal FORTRAN-77, and BASIC,

a screen editor, 10 macro assemblers, a print spooler,
graphics utilities, and a host of others.

The p-System, the Universal Operating System,"
makes it possible with real portability across all 8
and 16-bit micros. We can make it possible for you, too.
Inexpensively. After all, IBM is offering it on the PC
for just $50.

So check into acquiring the world’s only Universal
Operating System yourself.

IBM did. And how often do they make a bad move?

SOFlecH

MICROSYSTEemsS
Finally, once is enough.

SofTech Microsystems + 16885 West Bernardo Drive + San Diego, CA. 92127 - (619) 451-1230

IBM is a registered trademark of International Business Machines Corporation. Apple is a registered trademark of Apple Computer, Inc. UCSD Pascal is a trademark of the Regents of the University of California

Universal Operating System and p-System are trademarks of SofTech Microsystems, Inc. Osborne is a trademark of Osborne Computer Corporation,
Sage is a registered trademark of Sage Computer Technology. Corvus is a trademark of Corvus Systems, Inc

CIRCLE 63



SYSTEM DESIGN,/ =07 110/E

OCCAM ARCHITECTURE
EASES SYSTEM DESIGN

—PART |

Software development is simplified by constructing a
language—Occam—suitable for the description of multiple

processor systems.

by Pete Wilson

In the first of a series, this article introduces Occam
as a language-based approach to system design and
implementation. Occam’s suitability for construc-
ting complex systems will be demonstrated by
walking through the language’s design steps.

Language-based architectures help simplify com-
plex multiprocessor system software. The Occam
language, a recent and well-publicized example,
was designed to promote such simplicity. It was
named after William of Occam’s famous postulate—
Occam’s Razor. This postulate states that the simp-
lest solution explaining all observable phenomena
is the right one. Although it does not claim such
universal applicability, Occam does simplify com-
plex system design.

With the proliferation of computer systems in all
facets of society, multiprocessor use has also
increased. Add-on processors for personal com-
puters, distributed systems connected by networks,
and tightly-coupled systems involving tens of pro-

Pete Wilson is microcomputer applications manager
at Inmos Corp, PO Box 16000, Colorado Springs,
CO 80935. He holds a BS in physics and mathematics
Jfrom Sheffield University, England.

cessors and array processors are all reasons why the
number of systems built with several computers is
increasing. In addition, many such systems include
intelligent subsystems, where a local processor acts
as a dedicated controller for some system resource.

The number of multiprocessor systems is expected
to increase even more. New system architectures
such as the fifth-generation projects being pursued
in Japan, Europe, and America will necessarily rely
on highly concurrent hardware. Very large scale
integration (VLSI) technology will also make
microprocessor-based signal processing, image
processing, and true array processors economically
attractive.

Structuring the language

There are many possible topologies (network,
bused, starred, tree, array, etc) and interconnec-
tion technologies (shared store, multiple buses,
local area networks, point-to-point connections,
and vector arrangements) for multiprocessor
systems. Because their experience is limited to the
design of the relatively simple sequential system
software, the advent of concurrency may seem like
a mixed blessing to system designers. With hun-
dreds of millions of instructions per second of
computational power available, how should the
processors be connected and programmed?
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There is hope, however, since characteristics
common to all these systems allow a coherent engi-
neering discipline to bear on the problems of
design, implementation, and use. Such commonality
allows the construction of formal system descrip-
tion tools to define and describe all such systems.
Thus, computer aided tools for description, simu-
lation, and construction can be built.

The situation becomes tractable if the search for
the design rules is limited to methods for designing
connected computer collections. Systems are formed
by connecting computers using their input/output
(170) facilities. This approach is a building block
style, with computers as the building blocks. It
matches VLSI technology’s capabilities since it is
now straightforward to put a complete computer
on a chip.

Formalizing this model of system design is the
next step. Here, choice of primitives is crucial. The
wrong choice can lead to a formalism that is not
useful because it embodies either too many
assumptions, which limits its applicability, or it is
too distant from the real world.

Because the primitives must reflect the informal
model’s components, one should be able to recog-
nize a computer, with memory and 1/0, in the
structure. In a system, however, different memory,
1/0 capabilities, and various computer connections
must be representable. Consequently, the model
has three primitive objects: computers, memory,
and 1/0.

Variables represent the contents of a computer’s
memory. A number of channels represent the 1/0.
Computers can be connected by running a channel
from one to the other, making arbitrarily large
systems of any describable topology. The computer
itself is represented by a process.

To use the resources in the model, variables must
be manipulated and values must be communicated
through channels. Normal arithmetic and logical
operations are appropriate for manipulating vari-
ables. Choosing 1/0 operations, however, is more
difficult. Communication primitives should be
simple and direct, allowing whatever choice of
buffering, high level request/acknowledge, error
recovery, routing, or flow control the application
calls for.

Choosing a simple, unbuffered synchronized 1/0
operation fulfills the requirements. In general, two
separate computers will be unsynchronized. Some
handshake is necessary for them to communicate.
The model chosen is a handshaken data transfer of
a value down a channel. One process (computer)
outputs, the other inputs. The computer that acts
first halts operations until the other one acts. The
value is then copied from the outputting process to
the inputting process, and both continue.
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To describe the behavior of computer collec-
tions, it is necessary to identify some computers
and define how they work together. Limiting these
operational modes keeps things simple. Three
major modes are sufficient: the computers all act
together; they act one after the other; or just one of
them is chosen to act. In addition, convenience dic-
tates some method of requiring computers to act
repetitively and conditionally. Putting these
methods together and choosing a simple syntax
establishes the desired formalism. ‘

For example, a fixed-length pipeline of machines
could describe a collection of computers working
together to do a Newton-Raphson (NR) square
root. Each machine will accept input, do a step to
provide a better approximation to the root, and
then output that value to the next element in the
pipeline. The behavior of one computer in the
pipeline illustrates this. It has an input channel in,
an output channel out, and some memory containing
variables x and estimate. It must first input values
from in to x and estimate, then perform some com-
putation, output the new value of estimate to out,
then be ready to accept the next numbers.

The operation of input, computation, and out-
put can be written as follows:

SEQ
in fix
in ? estimate
estimate := (estimate +(x/estimate))/2

out ! x

out ! estimate

The key word, SEQ, in the syntax chosen introduces
a collection of processes and describes how they are
to execute sequentially. Indentation shows the extent
of the collection—everything at the same level of
indentation belongs to the same collection. The
collection ends when the indentation level goes
back out again. The text means that this is a collec-
tion of processes which will act in the order they
are written: input from channel in and put the
result in variable x; input again, putting the result
in estimate; compute a new value for estimate; out-
put x to the channel ouz; and output the new value
of estimate.
The text can be simplified to:

SEQ
in ? x, estimate -input x then estimate

out ! x, (estimate+(x/estimate))/2-output x then new estimate

Because the computer is supposed to repeat this,
the user can specify the following:
WHILE TRUE

SEQ

in ? x, estimate

~input x then estimate

out! x, (estimate+(x/estimate))/2-output x then new estimate







In describing the complete pipeline behavior, each
cell does the same things, but the channels differ.
Describing a cell by a shorthand parameterized
notation is convenient, because multiple copies of
the same cell with appropriate parameters can be
called up. The syntax for this is straightforward.

PROC nrstep (in, out)=
WHILE TRUE
SEQ

in ? x, estimate -input x then estimate

out ! x, (estimate+(x/estimate))/2-output x then new est.

Now the complete collection can be described (for
a 5-deep pipeline), as shown below.

PAR
nrstep (in, 1ink0)
nrstep (linkO, linkl)
nrstep (linkl, link2)
nrstep (link2, 1ink3)

The complete description of the NR approximater is
as follows:

PROC nrstep(CHAN in,out)=
VAR x:
WHILE TRUE
SEQ
in ? x, estimate —input x then est.

out ! x, (estimate+(x/estimate))/2-output x then new est.

CHAN link 5 :

PAR i= [0 FOR 4]

nrstep (link [i], link [i+1])

nrstep (link3, out)

This reads as a collection of processes (computers)
acting in parallel. While channels linkO, linkl,
link2 and link3 are specified explicitly, it would be
convenient to describe structured collections of
channels and processors parameterically. (While
explicit specification here is relatively easy, describing
a 1024-point fast Fourier transform machine would
be tedious.)

The common notion of a variable which is an
array can be extended simply to both channels and
processes. For simplicity, this article looks at
1-dimensional arrays (vectors). The vector of chan-
nels in the preceding example has a name (link) and
a size (4). Individual channels can be accessed as
link[0], link[1], etc. Before using such a collection,
it needs to be introduced with a declaration.

CHAN link 4 :

(In the earlier examples, we should also have
declared the individual channels and variables.)

A collection of processes may act concurrently,
in sequence, or selectively. In building vectors of
processes, these capabilities must be maintained.
To describe a parallel vector of processes, one can
write the following:

Value pairs, representing numbers and first approxi-
mations to their square roots—eg, x/2 as an
approximation to sqr (x), are fed into channel
link[0] with results coming out of link [5].

Using these elements, any collection of connected
computers can be described. Explicit declarations
enumerating the connections allow irregular top-
ologies to be defined. Using computer and channel
vectors quickly describes structured collections
(eg, arrays or trees). The constructors (PAR, SEQ,
etc) and their vector variants (the replicators) can
be nested to any depth, since a collection of com-
puters (processes) behaves exactly like a computer.
A 2-dimensional array of computers is defined:

PAR i= [0 FOR xsize]
PAR j= [0 FOR ysize]

0 FOR size
link [i+1] )

PAR i =

nrstep(link [i] ,

This has exactly the same meaning as writing out:

PAR
nrstep(link [0] , link [1] )

nrstep(link [size-1] , link [sizel)
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These descriptions are not just paper exercises. It
is easy to write a translator to convert the descrip-
tions into a form executable on any real computer;
then the descriptions can be run providing a simu-
lation of the system. To execute such a description
on a computer, a method is needed to multiplex it
between the processes in the description, and to
implement the communication. This may be achieved
using a kernel containing a round-robin scheduler
for the multiplexing, and short code sequences to
provide message passing. Typically, the complete
kernel will need less than 100 instructions. The
translator then arranges for the invocation of the
kernel facilities when needed.

This formalism is not limited to just describing
systems constructed from collections of computers.
It is also appropriate for describing generalized
hardware subsystems where various components
operate together and communicate. For example, a
processor design can be constructed with the pipe-
lined activity of instruction prefetch, decode, and
execution units clearly laid out. Executing this
description yields an efficient design simulation.
Large and complex systems with mixed components
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can also be described, including human beings and
Sensors.

Using the formalism, it is possible to describe
not only the gross behavior of the collection of
computers, but also the behavior of the programs
they are executing. This opens up the possibility of
designing a complete system inside one framework.
In addition, the boundaries between operations to
be implemented by special hardware (eg, a special
purpose processor) or by software can be shifted
towards the end of a design. Those parts of the
system to be implemented in hardware are given a
formal specification by their Occam description.
To implement the software part of the system, the
appropriate portions of the Occam description
merely need compiling into executable code.

When the language was limited to describing a
system’s behavior, it was possible to ignore mapping
details—in particular, which physical intercom-
puter links were which channels, and which collec-
tions of processes were to be multiplexed onto
which real computer. When used as an implemen-
tation language as well as a definition language,
these facets must be addressed. Priority scheduling—
for interrupt handling and user set priorities—must
be considered. Thus, the constructors are extended
to encompass priority and placement, and a new
key word is introduced to map physical links to
logical channels.

Various compilers currently exist for Occam, tar-
geting simple language evaluation, serious system
simulation, and real multiprocessor implemen-
tation needs. For evaluation purposes, a simple
compiler-editor that runs on the UCSD p-System,
generating p-Code, is available for many machines
(eg, the IBM PC and the VAX). For design simula-
tion, a VAX-based system generating VAX native
code is available. And for multiprocessor imple-
mentations, the VAX software with a cross compiler
for the 8086 (soon for the 68000 and the Inmos
Transputer) family microprocessors is available; or
a workstation-based product with the same facili-
ties exists.

Occam in simulation: a processor description

Occam’s use in the design of a new 16-bit micro-
processor illustrates its functionality as a design
and simulation tool. The microprocessor is not
complex, with just an accumulator and a workspace
register. The instruction set is simply encoded—all
instructions are one word long, with a I1-byte
opcode followed by a 1-byte operand. The machine
does arithmetic between the accumulator and a
value specified by the operand, either a literal or a
memory location whose offset from the workspace
register is specified. Other instructions provide
indirection and relative branches.

To increase performance, the processor is pipe-
lined. An instruction prefetch buffer is followed by
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an instruction decoder (which will fetch operands
from memory as necessary), an execution unit, and
an operand write unit. The prefetch, decoder, and
operand write units contend for use of the memory
subsystem. When a jump occurs in a real machine,
the pipeline must be flushed in a sanitary fashion;
when operand reads are done, an interlock with
operand writing is required. For simplicity, only
parts of the design are shown here. From the top
level of the processor as a collection of connected
units, the Occam description of the machine can be
written as shown below.

CHAN mem.fetch,

-path from memory to fetch, for instructions
fetch.mem, -fetch to memory, for addresses
decode. fetch -path from prefetch buffer to decoder

mem.decode, -path from memory to decoder, for data fetch

decode.mem, -decoder to memory, for addresses
execute.decode,-path from decoder to execution
write.execute, -path from execution to write
write.meml -path from write to memory for data write
write.mem2 —-data read address
mem.write: -memory to write for data
PAR

fetch

decode

execute

write

memory

The decoder inputs single instructions and looks at
the opcode. If it is an operation giving input to the
execution unit (eg, load variable, load literal, add
literal) the decoder creates two message words—a
modified opcode in one word, followed by the value.
For write operations, two values are again sent: the
first unmodified opcode; the second unmodified
operand.

PROC decode=
VAR instruction
opcode,
operand:
WHILE TRUE
SEQ
fetch.decode ? instruction - get instruction from fetcher
PAR -break it into components
opcode:=instruction» 8 —-this can be done in parallel
operand:=instruction/\255
IF -then decode opcode
opcode 127 -if not a load instruction
decode.execute ! opcode, operand
opcode = add.literal -typical literal operation

decode.execute ! add,operand -send "add" opcode and opnd

opcode = add.variable - typical of
SEQ workspace instructions
PAR - send opcode in parallel
SEQ with value from workspace

decode.mem ! W+operand -get value from workspace
mem.decode ? operand
decode.execute ! add -..send opcode in parallel

decode.execute ! operand —then send value
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The execution unit is clear-cut—it always expects
two input values from the decoder. The value is
ready to use for input operations, but not for write
operations (the write unit will use it).

PROC execute=
VAR accumulator,
opcode,
operand:
WHILE TRUE
SEQ
decode.execute ? opcode, operand
—-get opcode and operand from decoder
IF
opcode> 127 -pass writes through to write unit
execute.write ! opcode, operand, accumulator
opcode = add —deal with others
accumulator:=accumulator+operand

opcode = load

accumulator:=operand

Occam as a system description language

An example of the type of complex structure,
describable by Occam is an action information
organization (AIO) system used for naval com-
mand, control, and communications. An AIO
system captures data from warship sensors, collates
and processes the results to form a picture of the
situation, and constantly updates this for its users.
It consists of a heterogeneous set of components—
radar and sonar systems, computers, software,
radio links, screens and keyboards, and people.
Some elements can migrate from software to hard-
ware as technology changes. As functional require-
ments increase in flexibility, some may move from
dedicated hardware to software. A single descrip-
tion of the whole system can ease this movement.

In a typical AIO system, surveillance radar out-
puts are digitized and fed through a pattern recog-
nition box that searches the return for target-like
patterns. Output is fed to a correlator, which
attempts to match any detections with predicted
positions of targets already known to the system.
When the correlator finds a return it cannot corre-
late, it will create a new target and inform the oper-
ator. The operator can then ignore the action,
confident that the system knows what it is doing;
cancel it; add further information such as priority;
or guess as to whether the target is friendly or not.
The database system stores all information.

Occam allows the actions of the hardware, soft-
ware, and human components of the system to be
described. From the top level description of the
radar system, the corresponding Occam descrip-
tion follows simply.
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CHAN

...list of all inter unit links

PAR
radar —-scans

digitizer -digitizes radar returns

detector -looks for signals in digitized returns
correlator  -compares detections with predictions

human -gets told infor to which (s)he may respond
database -holds all information

As far as the other components of the system are
concerned, human behavior is considered part of
the ordinary process. Thus, information is output
to the user (presumably using a screen or other
comprehensible method), where it will be processed
using (hidden) algorithms. The system does not
care what these algorithms are: the results of the
processing, reflected in the messages the user
chooses to send to the system are what affect it.

As functional requirements increase in
flexibility, some may move from
dedicated hardware to software. A
whole system description eases this.

This is an example of the behavior of a process
being specified only in terms of the messages sent
or received by it. The internal workings are hidden,
and may be changed without altering the specifica-
tion of the system containing the process. In a real
AIO system, there may well be some procedural
rules that a user must obey before acting, but these
will not be discussed here; if such rules do exist,
then the ‘‘human’’ process may be expanded to
deal with them.

Human involvement can be shown in the Occam
description as shown in the example.

PROC human=
VAR new.target.ident,
result:
WHILE TRUE
SEQ
dbase.human ? new.target.ident
think.about (new.target.ident, result)
IF
result=cancel
human.dbase ! cancel, new.target.ident

result=moreinfo

human.dbase ! update, new. target,ident, moreinfo:

For an accurate picture, the item moreinfo needs
some expansion. The process think.about repre-
sents the hidden operations the operator uses to
contemplate received information and to conclude
what, if anything, to do about it.




Occam’s Razor claims the simplest
solution explaining all observable
phenomena is the right one.

The database process is connected to all infor-
mation generating or needing processes. It receives
the message from the correlator instruction to
create the new track, and informs the user of the
event. Because it wants to maintain database integ-
rity, it will only accept one request at a time from
all connected processes.

PROC database=
VAR request:

SEQ
initialize
ALT
correlator.dbase ? request
IF
request = newtrack-—message from the correlator
SEQ
PAR

correlator.dbase ? trackinfo [0 FOR record.size]
dbase.human ! newtrack.number

write (trackinfo, newtrack.number)

human.dbase ? request--message from the human
IF
request = cancel
SEQ
human.dbase ? track.number
cancel (track.number)
request = update
SEQ

While describing Occam’s design and looking at
some programming examples is instructive, it
leaves many questions unanswered. Part II and
Part 111 will address the problems of designing for
concurrency and establishing Occam channels in
hardware.

Please rate the value of this article to you by
circling the appropriate number in the “Editorial
Score Box’’ on the Inquiry Card.
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The most powerful product
the M68000 Family just




development system for
the most

became

Motorola’'s HDS-400™ Hardware/
Software Development Station now
allows real-time emulation of three
M68000 Family microprocessors, and
operates under four host/operating
system configurations. Many more

+users can now apply the demonstrated
development efficiencies of the high-
performance HDS-400 to a broader
range of products.

Four host/operating system
configurations.

The HDS-400 Control Station
introduced last year operates with
Motorola’s EXORmacs® host over an
RS-422 serial link. It's joined now by
the new M68BKHDS400A Control
Station with an RS-232C serial link
for interface to either Motorola’s
VME/10™ or a DEC VAX™ host. Both
the EXORmacs and VME/ 10 hosts
operate under the VERSAdos™
operating system. The VAX host can
operate under either VMS™ or UNIX™.

Choose your host: EXORmacs for
multi-user support; VME/ 10 for
integrated host/terminal operation;
VAX, with either VMS or UNIX to let
you utilize your current system. With
any of these hosts or operating
systems, the HDS-400 provides a
complete development system for the
M68000 Family of microprocessors.

Three emulator modules.
Three interchangeable emulator
modules are now available to operate
with any of the four HDS-400/host/
operating system configurations. In

saddition to the 16-bit MC68000
Emulator, modules for real-time
emulation of the 8-bit MC68008 and
the 16-bit Virtual-Memory MC68010
are also available. It's the only
development system that supports all
three — the perfect match of a high-
performance development system
with the M68000 Family of high-
performance microprocessors.

You choose the HDS-400 Develop-
ment Station with complete confi-
dence that you have full compatibility
for your growth path throughout the
M68000 Family, including upgrade
to the 32-bit MC68020 in 1984. If

ryou're already designing with the
M68000 Family, the HDS-400 is the
ideal complement: compatibility and
growth path are powerful reasons to
choose the M68000 Family for future
product development.

Optional BSA enhances
functionality.

Each HDS-400 emulator supports
up to 16 target program breakpoints,
within four address ranges, in either
RAM or ROM. Optional incorporation
of the Real-Time Bus State Analyzer
(BSA) significantly enhances system
functionality. The BSA provides

additional complex event breakpoints
which can be specified by up to seven
events from 79 qualifier lines. It also
adds a sequential trigger mode, a
window trigger mode, and perfor-
mance histograms — powerful
debugging and monitoring utilities.
Compatibility plus flexibility.

You can do hardware development
and software debugging on the same
HDS-400 Development Station. The
system helps simplify and shorten
your product development cycle, and
reduce your development costs. It
helps you put a better product on the
market faster.

Whether you're designing with the

flexible.

MC68000, the MC68008, the
MC68010 or all three, the HDS-400
is the perfect complement. That’s
compatibility.

Now you can support this power-
ful development station from either
of two Motorola hosts or from your
VAX host with either of two operating
systems. That's flexibility.

It's all available now, from Motorola.

Get complete information.
Check out the full set of HDS-400
features, capabilities and specifica-
tions. Send the coupon or write to
Motorola Semiconductor Products,
Inc., P.O. Box 20912, Phoenix,
AZ 85036 for data. You can call our
Product Marketing Department for
information at (602) 829-3501. For
local assistance, call your Motorola
Semiconductor sales office, author-
ized distributor or systems
representative.

HDS-400. VERSAdos. and VME/ 10 are trademarks of Motorola Inc
EXORmacs is a registered (rademark of Motorola Inc. DEC. VAX. and
VMS are trademarks of Digital Equipment Corp. UNIX Is a trademark of
Bell Laboratories.
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DATA HIGHWAY
PROVIDES DATABASE
MANAGEMENT

With the industrial environment, a high performance network
prevents degradation of distributed control processing.

by Kirk D. Houser

The communication medium is the heart of a distri-
buted process control system. Not only must it
update information every second, but it must be
instantly available for use by operators in moni-
toring plant status, changing tuning parameters, and
performing manual control. Previous radial and
linear networks did not address these requirements
and allowed cathode ray tube display station updates
and control loop processing to degrade under worst-
case plant conditions. A truly effective data highway
must provide these features while also addressing
system redundancy and reliability.

The key to providing an effective system is trans-
parency between the distributed microcomputers
(drops) and the data highway. Each drop must con-
centrate on its assigned task and remain indepen-
dent of other system events. To achieve this level of
isolation, the data highway must provide the
system’s database management. This allows drops
to obtain information regardless of origin, thus
greatly reducing system software complexity.

One method previously used for moving informa-
tion from one drop to another was to send multiple-
directed messages containing the information to

Kirk D. Houser is a senior engineer at Westinghouse
Industry Electronics Division, 200 Beta Dr,
Pittsburgh, PA 15238. He is in charge of WDPF data
highway hardware and fiber optic and programmable
controller data highways. He holds a BSEE from
Lehigh University.
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each drop. Because noise or hardware malfunction
could cause message loss, each receiving drop had to
acknowledge the receipt of a message so that it
could be re-sent if necessary.

A better alternative to directed messages is the
broadcast technique. In this method, each drop
broadcasts all pertinent information over the serial
communication link. All other drops listen to all
information being sent and retain only the informa-
tion that they need. Thus, every drop functions
either as a broadcaster or a listener at any time. A
major added benefit is that a drop does not need to
know where its transmitted messages go or where its
received messages originate.

Data highway communication

The data highway uses a subset of the high level
data link control (HDLC) protocol. Only the basic
format is used, and the definition of the address and
control fields and various network arrangements are
different. The serial transmission block has seven
components: the preamble, the opening flag, the
address field, the control field, data (0 to 63 words),
the cyclic redundancy check (CRC) word, and the
closing flag. Data are transmitted at a 2M-bps serial
rate. Biphase Manchester encoding provides a self-
clocked waveform free of dc components. Fig 1(a)
outlines the standard frame format.

The preamble has a mark of approximately 2.4 us
followed by 8 biphase zeros. This enables the drop’s
transmitter, and properly synchronizes the phase-
lock loop in each receiver. Opening and closing flags
use a special synchronizing character, ('7E 'H), to
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define the beginning and end of the HDLC frame.
Zero insertion and deletion prevent this unique pat-
tern from recurring in the remainder of the message.
The address field specifies the index into the current
bus allocation list of the next drop to transmit. The
control field determines the current message mode,
the next frame’s message mode, whether a recovery
is needed because the previous handoff was
unanswered, or if an abnormally long inactive
period was detected on the data highway.

The data highway uses two different modes of
operation: the time division multiplexed (TDM)
mode and the democratic mode. These modes are
repeated every 100 ms on the highway, and support
periodic and nonperiodic data, respectively (Fig 2).
During the TDM portion of the 100-ms cycle, each
drop transmits its periodic information. The origi-
nating drop may designate specific information for
transmission at regular intervals of either 100 ms or
1 s. The 1-s period is adequate in data acquisition
applications, while the 100-ms period is often
required for interlocks between distribution control
loops.

For information that a drop does not originate
but needs to receive, there are table entries directing
the data highway processor to receive the transmitted
information and update the local copy of the ele-
ment’s attributes in shared memory. The data high-
way processor also notifies the drop’s microcomputer
(the functional processor) if any elements being
received fail to be updated during a period approxi-
mately equal to three times the expected transmis-
sion interval.

| MODE
(PERIODIC DATA)

i i
» 100 ms

Fig 2 With the data highway, two modes of operation, TDM
and democratic, are used. These are repeated every 100 ms.
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Value and status readings are transmitted at regu-
lar, user-selected intervals in either analog or digital
form. Other attributes, such as English description,
point name, or limits, are not transmitted on a peri-
odic basis, but only on specific requests from the
local functional processor, or any other drop, during
the democratic mode.

Digital elements include 2 bytes for the system
identification number (ID) and 2 bytes for the
status and single-bit value. Analog elements are
similar except that the value is stored separately in
the 4-byte field in floating point format. Fig 1(b)
shows a typical arrangement of three analog ele-
ments and one digital element in the message data
field. Depending on its interest in the system IDs
[Fig 1(c) and 1(d)], an individual drop may choose
to receive any, or all, or none, of these elements.

A data highway TDM message may contain up to
31 digital or 15 analog elements, or any intermediate
combination. The Westinghouse distributed pro-
cessing family (WDPF) system supports more than
16,000 different system IDs at transmission rates of
over 10,000 elements per second. At this level of
loading, over 50% spare capacity is reserved for the
democratic mode.

Every 100 ms, the data highway enters the TDM
mode. In order to synchronize all drops to the iden-
tical 100-ms period, three drops are designated as
timekeepers. When a drop broadcasts the transfer to
the TDM mode, all drops take a ‘‘snapshot’’ of their
internal clock timers. The three timekeepers, which
are the first three drops in the TDM bus allocation
list, transmit the contents of their timer snapshot.
Once drops have received the snapshot information,
all drops vote and adjust their timers if necessary.
This allows the system-wide realtime clock to be
maintained in all drops with a resolution of 1 ms
and an accuracy of + 125 us. The timekeepers also
restart the data highway if any drop fails to properly
pass the token to the next transmitting drop.

During the democratic portion of the 100-ms cycle,
nlany drops can transmit any nonperiodic messages
that have been requested. The number of drops that



The Only Way
You Can Get Q-BUS* Compatibility
And Interface Flexibility
With ANY or ALL These
514" Winchester Drives
is With
These Two Controllers

N R ——

ST506/412
AMPEX FUTITSU MINISCRIBE SEAGATE
ATASI IMI MPI (Micro Peripherals) SHUGART
ATHENAEUM MAXTOR NEC SYQUEST
CcDC MEMOREX NISSEI SANGYO TANDON
CMI MICROPOLIS PRIAM TOKYO ELECTRIC
COGITO MICROSCIENCE QUANTUM TULIN
DISCTRON (RMS)  INTERNATIONAL RODIME VERTEX

THE ONLY WAY!

You can't get it with DEC. Or any other independent controller manufacturer.

That's because these controllers feature DILOG's exclusive Universal Formatting™ That means
you can mix or match any two compatible drives (ST506/412), regardless of heads, parameters,
capacity, etc. This powerful feature offers you real flexibility in drive selection now...and expansion
in the future. It's simple as unplugging one drive and plugging in another.

Model DQ615 Model DQ614
® RK06/07 compatible ¢ RLO1/02 compatible
* Formatted drive capabilities 222.4 MB * Formatted drive capacities 41.6 MB
e Maximum 8 logical units—two physical ® Maximum 4 logical units—two physical

They both have enhanced 32-bit ECC, 22-bit addressing and RT-11, RSX-11, RSTS and
TSX-Plus.

DILOG Universal Formatting™ is also offered for the largest SMD 1/O drives. And for your back
up there are controllers for 2" tape, 14" cassette and 54" and 8” floppy drives.

Contact your nearest sales office, distributor or DILOG directly for complete data on the way to
unmatched Q-BUS compeatibility and drive flexibility... THE ONLY WAY!

DISTRIBUTED LOGIC CORPORATION
12800 Garden Grove Blvd. B Garden Grove, CA 92643 M (714) 534-8950 M TLX 681399
64-A White Street Bl Red Bank, NJ 07701 B (201) 530-0044
12 Temple Square B Aylesbury, Buckinghamshire, England HP 20 2QL M 44 (0296) 84101 I TLX 837038

*Trademark of Digital Equipment Corp.

CIRCLE 68




may transmit during a given cycle is limited only by
the time remaining until the next TDM period.

Messages sent during the democratic mode are
either one-shot broadcasts, messages to originator,
or general messages. One-shot broadcasts send all
element attributes to everyone receiving the element.
The local functional processor, or any other drop,
can request these messages.

The message to originator is received only by the
drop originating the specified element. This message
is used to change one or more of the element’s attri-
butes, to request a one-shot broadcast, or to send
general messages to the originator.

General messages support such functions as down-
loading of programs, operator messages, or cathode
ray tube (CRT) diagrams, and are handled by com-
munication first in, first outs (FIFOs) organized as
circular buffers in shared memory. There are eight
input FIFOs and one output FIFO. Each FIFO sup-
ports variable-length entries as received from the
data highway or the local functional processor. The
data highway processor may also provide an alarm
FIFO that includes single-word entries containing the
system ID of any point (not currently monitored)
found in alarm. A status-change FIFO can also be
provided to save the system IDs as well as the status
of any monitored element whose status has changed
in specified bit positions.

Fault tolerance

To minimize the possibility of any single failure
causing a system-wide problem, fault detection is
incorporated in each drop. If a failure is detected,
the drop may isolate itself from the data highway
and provide fault status to the functional processor.
Significant logic is used to detect transmitter fail-
ures, since a failed transmitter could cause a system-
wide bus failure. The fault detection logic ensures
that the transmitter is driving only the coaxial high-
way when the data highway processor enables the
transmission. It also monitors the transmission time
to detect and inhibit messages that exceed the maxi-
mum length. Other diagnostics check that a drop
receives transmissions every 100 ms, that the trans-
ceiver does not detect more than three consecutive
CRC errors from its own transmissions, and that the
functional processor is still active.

The drop microcomputer (functional processor)
incorporates a 16-bit 8086 microprocessor and an
8087 numeric processor. Depending on the type and
function of a particular data highway drop, these
may be used to implement control strategies, per-
form data acquisition, or display CRT graphic
diagrams.

As a high speed bit-slice processor, the data high-
way processor is responsible for message handling,
data highway protocol and arbitration, time synchro-
nization, fault and error detection, and self-test.
The data highway processor broadcasts information
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Fig 3 A typical drop on the data highway contains two
processors: functional and data highway.

that the functional processor generates, when it has
access to the data highway. This database manager
examines all received information and selects only
the elements that its functional processor needs.
Thus, it extracts the information pertinent to its
drop, while adding other information to the system-
wide data base.

Shared memory is the communication link be-
tween the data highway processor and a drop’s
functional processor. It stores the data base that
becomes the interface between the two processors,
thus maintaining each processor’s independence and
transparency to the rest of the system.

The functional processor places broadcast infor-
mation into and takes all desired information out of
shared memory. In this manner, the functional pro-
cessor does not need to initiate communication with
the rest of the system and treats all information as
local to itself.

The data highway uses two different
modes of operation: the TDM and the
democratic.

Via the data highway, the communication module
transmits and receives data messages under the con-
trol of the data highway processor. The processor
establishes messages in blocks for transmission.
Received messages are deserialized and placed in a
buffer for the processor to examine. The communi-
cation module performs HDLC message generation
and reception. It also provides timers to ensure that
the data highway token has been properly passed to
the next transmitting drop. Fig 3 outlines the hard-
ware structure of a typical drop containing a func-
tional processor, the interface to process input/
output (170), and the data highway controller.

Media applications

The WDPF data highway can use either coaxial or
fiber optic cable for data transmission and recep-
tion. Standard applications use a coaxial cable
driven by a transceiver at each drop. This trans-
ceiver is passive and does not amplify or repeat
signals that originate from other drops. The coaxial
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cable may be up to 6 km in length with Parameter I1I
412 series cable. Up to 254 separate drops can be
configured with bit error rates better than 10~7.

A relay controlled by the data highway processor
isolates each transceiver from the coaxial cable. The
relay is energized only if the drop successfully passes
its startup self-test diagnostics and is capable of
receiving its own transmissions. In this way, trans-
ceiver electronic failures can be detected, and the
drop can be isolated from the coaxial cable without
affecting the remainder of the system.

Using either coaxial or fiber optic
cable, the data highway can easily be
configured with redundant highways.

A fiber optic cable may be provided for systems
that require high levels of noise immunity, or electri-
cal isolation, or are situated in locations susceptible
to lightning. While the coaxial cable is a linear net-
work, with the cable routed as needed by the par-
ticular application, the fiber optic cable is organized
in a star configuration [Fig 4(a)]. Each drop is con-
nected to a central transmissive star coupler that
allows light originating at any drop to passively
propagate to every other drop in the system. Thus,
the fiber optic highway is functionally equivalent to
the linear coaxial highway, with no detectable dif-
ference in performance.

Fiber optic highways operate much the same as
coaxial highways. The transceivers and the star are
passive, and do not repeat signals that originate at
any one drop. Thus, the light originating at the light
emitting diode (LED) of the transmitting drop travels
passively to every receiving drop. System reliability
is high because there are no active components other

than the drop transceivers. Since each drop monitors
its own transmissions, failures in a transmitter can
be detected and eliminated without distrupting the
data highway. Moreover, should a fiber optic cable
be broken, only one drop is affected; the remainder
of the network operates without interruption.

The LED in each transmitter launches 100 uW of
optical power at 850 nm into a 100/140 um semi-
graded fiber optic cable. This light propagates up to
2000’ to a 64 x 64 port transmissive star [Fig 4(b)].
The star coupler divides the light about equally
among the 64 output ports and distributes it to every
drop in the system via the return path of the duplex
fiber optic cables. The P-channel intrinsic N-channel
diode and the receiver amplifier in each drop are
capable of detecting 30 nW of optical power at a bit
error rate better than 109,

Redundant operation

Using either coaxial or fiber optic cable, the data
highway can easily be configured with redundant
highways. Redundancy is transparent to the system
with no loss of network performance. The redun-
dant coaxial configuration uses a second communi-
cation module, a second coaxial transceiver, and a
second coaxial cable. In addition, the redundant
fiber optic configuration uses a second communica-
tion module, a second fiber optic transceiver, a
second duplex fiber optic cable, and a second trans-
missive star.

Redundancy improves data highway reliability as
well as the effective bit error rate because both high-
ways operate concurrently. The data highway pro-
cessor transmits every message on both highways via
the dual communication modules. However, it only
receives the first ‘“‘good’’ message from either com-
munication module and ignores any messages
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Fig 4 Where a fiber optic data highway is used in lieu of coaxial cable, a star configuration is used instead of a

linear network.
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received with a bad CRC. This method avoids the
inherent problem of determining which highway a
drop should use and promptly diagnoses failures on
either highway should they occur.

The WDPF data highway architecture lets all drops
have transparent access to any other drop’s process
point values without communication overhead. In-
stant transparent access to the most current global
process data base permits control loops in one drop
to execute, using process values generated elsewhere
in the system. This allows distribution of the func-
tions that would traditionally reside in a central pro-
cessor. Parallel processing permits each drop to
concentrate on its assigned function, regardless of

what else is occurring in the system. Thus, drops
performing diverse functions such as CRT graphic
updates, control loop processing, data acquisition,
alarm reporting, historical data collection, or log
printing (Fig 5) all respond as quickly during plant
upsets as they do under normal steady-state
conditions.
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All color graphics shown

were photographed
directly from the screen
and are unretouched. -

1.)Instant communication
Jfor faster response.

High speed graphic displays and color coding instantly
show operating personnel the real-time status of the
process under control, and permit them to interact
with it more quickly, more efficiently. Key operating
parameters can be displayed; process diagnostics
easily interpreted; emergency conditions identified and
corrected; and real-time production statistics obtained.

©Copyright 1983 Industrial Data Terminals Corp. All rights reserved

The IDT 2200 is a tough industrial-grade color
graphics terminal. It provides a more effective man-
machine interface at vital process points where
human judgment forms an essential control function.

To improve productivity, IDT terminals incorporate
four key characteristics:

R
i =

2.) A terminal for
the factory, not the office.

The IDT 2200 terminal includes self-diagnostics for easy
troubleshooting and maintenance. It is packaged in a
rugged cabinet with versions available to meet seismic
vibration standards.

Each major compo-
nent is “burnt-in,”
and the entire
system sub-
jected to high
temperature

and vibration
testing. The termi-
nal’s bubble memory -
is non-volatile, alterable, solid-state, and ensures data
integrity in the harshest environment. An optional
programmable entry panel, sealed against coffee spills
and other contaminants, allows functions to be
programmed and key legends changed to match any
plant process.




3.) Adaptability to suit
your needs.

Scalable character fonts and numerous application

packages are among the features available in the IDT 4.) Sim’:éltﬁed programming

2200. Application packages include strip chart . °

recording for process monitoring, and dynamic bar for rap graphlcs

graphs for providing real-time production statistics.

Other application packages, expansion modules, and developmerlt'

options such as touch screen and programmable entry

nanels are easily retrofitted to any IDT 2200, from the The IDT 2200 terminal utilizes a unique “subpicture”
earliest to the latest model. approach for graphics construction, enabling the user to

create and store separate graphic images within the
terminal itself. Storing these subpictures in the terminal
greatly reduces host programming time, host workload,
and host-to-terminal communication time.
CLASSICMATE II,™ an optional hardware and soft-
ware package compatible with leading programmable
controllers, allows plant personnel—non-programmers—
to build dramatic color graphics. With CLASSICMATE 1I,
displays can be created, and linked to a PC, in just a
few hours. Through the displays and the IDT 2200
keyboard, process variables can be changed and
monitored without adjustments to individual PC's.

IDT supplies a complete line of color graphics systems
and auxiliary interface equipment to serve your process
control needs.

Rugged. Reliable. Performance-proven.

Industrial Data Terminals Corp.

173 Heatherdown Drive, Westerville, Ohio 43081 (614) 882-3282
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certified

1

The design solution: Wincheste

Save your customers time, designers are finding it the is small enoughtofitina
space, and money with 4" perfect choice for backing up coat pocket—and rugged
data cartridges. Winchester drives. 45 mega- enough to be transported that
When 3M invented the 14" bytes of data can be transferred  way, too.

data cartridge, they designed from disk to tape in under New rules of standardization.
it to be fast, dependable, nine minutes—with no time Industry standards are now
small in size, and big in lost for media changes. One  being formulated which will
capacity —upto 67 megabytes cartridge does itall! twould  improve interchangeability of
today, with more in store take a stack of 38 eight-inch 4" recorded data cartridges
for the future. No wonder floppies* to hold the same across most major manufac-

more and more systems amount of data. The cartridge turers’' 4" drive systems.
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The logical choice.

The % "data cartridge is the
logical choice for designers
specifying back-up systems
for Winchester drives. It's
small, reliable, easy to handle
and transport, and has a

very low cost per megabyte.

ack-up that eliminates stack-up.

This means concerns about
compatibility are diminishing.

These high capacity car-
tridges are useful for archival

storage and program loading,

too. So don't wait, give your
customers the future. Put
this innovative technology to
work in the next computer
system you design. Data
cartridge drives are available
from over 30 manufacturers
throughout the world.

For more information:

For more information on
how 3M " data cartridges
can save your customers
time, space, and money, write
to Chris Binner, National
Sales Manager— OEM
Market, Data Recording
Products Division, Building
223-5N, 3M Center, St. Paul,
MN 55144

*Double sided/double density 1024 format 8" diskettes.

3M hearsyou...
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SOME THINGS
~ ' WOULD BE BETTER
LEFT TO MEMORY.

Just think how many products
could be replaced, redesigned, or other-
wise improved, if only you had the
memories to do the job.

Memories you could use in entirely

new ways. To open up new applications.

And bring old ones back to life.

Those memories are here. Right
now. For military or commercial applica-
tions. From the people whove pioneered
memory technology from the start.

Intel.

For example, you've no doubt
heard the term “software in silicon” Well,
Intel has an EPROM that can be used
as a software carrier. At 256K, its twice
as dense as any EPROM on the market.
So it holds a word processing program,
an entire operating system, or a game
that could blow the doors off the arcade.

Weve had similar breakthroughs in
bubble memory. Our 1 and 4 megabit
bubbles let you put working storage

» capabilities in places that would shake

4

a disk system to bits. Places like an
earthquake monitoring system. Or the
portable system in a commuters
briefcase.

Whats all this whiz bang technol-
ogy going to cost you? A lot less than
you imagine.

Our 64K iRAMs, for instance,
cost less than static RAMs. So they're
perfect for smaller systems.

And our electrically alterable, non-
volatile E2PROMs can be recalibrated
automatically. In-system. So things like
robots, medlcal instruments, and naviga-
tional equipment can change with the
wind.

For manufacturing, our inteligent
Programming™ Method cuts EPROM
programming time by a factor of 6. So
you save money there, too.

As well as later on, thanks to Intels
Reliability Monitoring Program. This
program provides you with vital statis-
tics on each part we make. No one
else does that. And our reliability level,
as a result of the program, helps you
lower your repair costs, reduce mainte-
nance and build a product thats more
valuable, longer.

Get a copy of our full line product
guide for more details. Call (800)
538-1876. In California, (800) 672-1833.
Or write Intel, Lit. Dept.: Z-12,3065
Bowers Avenue, Santa Clara, CA 95051.

You and your products will be a
lot better off.

§ “delivers
n solutions

See us at WESCON Booth #3216

See us at Mini Micro Booth #5632

©1983 Intel Corporation




Why wait 6 months
for LS?
We deliver in half -
the time.

If you're los-
ing market share
because of the lengthy
lead times it takes to get LS,
you need to talk to CDI now. We

have the CMOS gate array for your application.

Not only will we deliver semicustom proto-
types in eight weeks, we'll ship volume orders in less &
than half the lead time of LS.

And most important, when you pick CDI as your
semicustom partner, that’s exactly what you get—a
partner. One who provides the responsive guidance and
all-out service necessary to fully support your long-term
design goals.

Our near-perfect success rate in developing cus-
tomer designs keep more than 90% of our ‘partners’
coming back.

CDI was first to make gate array technology
practical—and we now license our patents
throughout the industry, even to our
competitors!

We're fast, we're good, and we prove it
daily in close work with emerging growth com-
panies and numerous Fortune 500 giants.

You don’t need a 6-month wait. You just
need CDI. Cull[lohn Stahl now at 408/945-
5000 for complete information. Or write
California Devices, Inc., 2201 Qume
Drive, San Jose, CA 95131.

California Devices, Inc.
2201 Qume Drive, Sar California 95131
(408) 945-5000
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DEVELOP VLSI TEST
SOFTWARE QUICKLY

With complete test hardware devoted to each pin of a VLSI
device under test, users can write test programs in Pascal for

a multi-user environment.

by Lance Lawson

Today’s very large scale integration testers use a
single-user software development environment in
which test engineers must write programs that often
exceed 25,000 lines of code. Without adequate
software tools, they must do object-level patching
and debugging, as well as manually analyzing test
results. As a result, programs for very large scale
integration devices can take more than a year to
develop. Because program development and pro-
duction tests cannot run concurrently, program
development often monopolizes expensive tester.
hardware. Thus, test program development is in-
cluded in the critical path for getting a very large
scale integration device to market in an industry
where a device’s expected lifetime is only a few
years.

The complexity of testing very large scale inte-
gration (VLSI) devices has made test program devel-
opment the number one testing cost. Traditionally,
the automatic test equipment business has taken an
“‘instrumentation’’ approach to tester design; test
systems have been bundles of instruments lashed
together for a special purpose. Emphasizing spe-
cialized hardware has fostered a belief that special-
ized software was also necessary. Indeed, it has

Lance Lawson is a software product marketing
manager at Megatest Corp, 1090 Ridder Park Dr,
San Jose, CA 95131, where he is responsible for
MegaOne software. Mr Lawson holds a BS in math
and a BA in German from Stanford University, and
an MS in computer science from the University of
Alabama in Huntsville.

forced the test engineer to write programs in terms
of the specific, register-level characteristics of that
hardware. Nevertheless, the ideal atmosphere for
developing test software should be the same as the
ideal software development environment for less
specialized systems—that is, it should provide gen-
eral purpose tools for software development and
debugging.

Recognizing these problems, the Megatest
MegaOne VLSI tester uses a radically different de-
sign approach. It provides independent test hard-
ware for every tester pin, and treats the tester itself
as a computer system. Without degrading the
system’s production test performance, this allows
the test system to provide sufficient hardware
resources to support the software. This includes a
general purpose operating system, high level pro-
gramming languages, utilities, program develop-
ment tools, and project management tools.

Tester-per-pin versus shared resources

In the past, hardware design limitations have
kept tester software behind the times. For example,
testers from prior generations use a shared-
resource design scheme. The tester must use a com-
plex switching matrix to connect the limited testing
resources (including timing generators, wave for-
matters, and direct current setups) to a much larger
number of pins. Moreover, test engineers must
configure the tester for each device test. Then, to
test a device properly, they have to manually
manage low level tester resources by working with
what is nearly assembly language.

In contrast, the tester-per-pin approach puts a
full complement of tester hardware resources on
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PROGRAM
UTILITIES
UNIX
OPERATING SYSTEM

Fig 1 The MegaOne has five software levels organized as a
multi-user computer system. The tester hardware is viewed
as yet another system resource.

each pin of a device under test (DUT). This provides
the speed and accuracy for testing present and
future logic and microprocessor devices. In addi-
tion, the complete set of test hardware dedicated to
each pin relieves test engineers of the need to
manually reallocate test resources. Therefore,

almost all test programs can be independent of test

hardware. Test engineers can program in terms of
the test functions rather than the tester configura-
tion. This leaves test engineers with only two
hardware-specific concerns: the tester’s basic per-
formance and the physical connection between the
DUT and the tester. The system computer takes care
of the rest.

The computer approach to test system design
looks at tester hardware as just another system

resource. Hardware becomes transparent to users
who access hardware resources through tester-
independent software. Fig 1 shows the tester’s soft-
ware structure. Its five support levels range from
the operating system to the project management
tools. Each level reflects the tester-independent
approach that the tester’s architecture allows.

At the heart of the MegaOne tester software
system is Bell Labs’ Unix operating system, which
runs version 4.2 BSD (Berkeley Software Distribu-
tion). Unix was designed primarily as a timesharing
system and does not address test engineering’s
strict realtime requirements. Therefore, Megatest
enhanced Unix to meet those needs by adding
system calls to the Unix signal handling processor.
The way the system handles these signals ensures
that each test head gets service from the central
processing unit (CPU) in a guaranteed maximum
amount of time. Because it has high priority, the
test-head interrupt is always serviced before user
routines.

A compiled/interpreted Pascal

To keep hardware user transparent and increase
testing productivity, the MegaOne uses American
National Standards Institute (ANSI) Pascal with
Berkeley extensions as the test programming lan-
guage. Berkeley extensions are useful for test
engineering because they allow separate source
files. This leads to structured programming, easier
sharing of debugged files and test patterns, and
shorter compile times for individual modules (Fig 2).
Thus the debugging, finetuning, and maintenance
of large test programs become easier and faster to
do. For example, once a test program is debugged

begin
ACTableSet ( actable );
end;

lotcount := 0;
test := WaferSort;
while RunTest do
begin
testcount := 0;

writeln('@Done@"')

end. (* 8243.p *)

Emacs: 8243.p (Normal)
-> Breakpoint at line 31
*%* Emacs: shell (shell)

for actable := BasicFunctionAC to QAACAC do

while GetNextDut do Fig 2 In the Pascal test
begin & programming language, the
if test = WaferSort programmer puts the cursor at line
X then WaferSortTest; : 3
; > ; 31 and enters a breakpoint during a
if test = Production ; : 5 z
then ProductionTest; debugging session. At this point,
if test = QA when the program runs, the user can
then QATest; call a file or insert a Pascal line.
end
end;

--77%-= >

==ROp== >
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Tester-per-pin hardware
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Traditional shared-resource architecture is based on
the observation that the same currents, voltages, and
timings are present on various pin groupings during
testing. To make the shared-resource architecture
work, testers bundle a limited number of timing
generators together. The pulses are routed to the
common pin groupings on the DUT via a complex
switching matrix. More and more often, the complex-
ity and size of parts cause test programs to exceed
tester resources. To write tests, test engineers have
to reallocate resources.

The MegaOne implements tester-per-pin architec-
ture in a VLS tester (see the Figure). Drivers, com-
parators, programmable current loads, and parametric
test units are resources available on each pin. Para-
metric measurement units and DUT power supplies
are also in the test head. This system’s modularity
and speed make it feasible to put up to three test
heads on the MegaOne, thereby effectively tripling
tester productivity.

Timing generators and test vector memory (TvMm)
are also available on a per-pin basis in the tester main-
frame. To ensure enough memory to accommodate
the largest test for the next several years, the TvM is
1M vectors deep. All of this is under the command of
a high speed controller. The emitter-coupled logic
(EcL) controller sequences vectors at 40 MHz, does
the current and voltage setups in less than 5 ms, per-

forms parallel parametric tests in 5 ms, and does
timing and level searches in 1 ms.

System environmental monitors check all system
currents, voltages, air flow, and temperature. They
also provide automatic shutdown for each card cage
to protect the system from damage if a problem is
detected.

MegaOne’s 68010-based computer controls tester
hardware. The computer has direct memory access
to all tester hardware through 48M bytes of address
space. It also has up to 16M bytes of error correction
code memory, Ethernet connection, disks with capacity
up to 1.8G bytes, a high speed tape drive, bit-
mapped graphics terminals, and a modem for remote
diagnostics. This single processor implementation
accommodates up to 16 users. The MegaOne com-
puter can be configured with up to four processors to
handle three test heads and 48 users.

Because the test programming language can be
high level, the MegaOne can offer a standard pro-
gramming language: Pascal, Berkeley version 2.0.
However, this choice is not hardwired into the tester.
MegaOne can accommodate the preferred pro-
gramming language of engineers.

The operating system is also hardware indepen-
dent. Moreover, the choice of Unix reflects the con-
cern for putting mainstream, powerful programming
tools at the hands of MegaOne users.
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Testing VLSI logic chips

Although the production of vLs! integrated circuits is
precise, it is not perfect. Thorough testing is required
to weed out defective components and to grade
others by key parameters, such as speed and power
consumption.

Electrical testing is performed at various stages in
semiconductor manufacturing and is often repeated
by original equipment manufacturer (OEM) customers
to ensure consistent quality levels. Electrical testing
focuses particularly on two areas. The first is func-
tionality. A functional test verifies that all transistor
and interconnecting circuits are intact and operating
properly. This is done by providing a series of stimuli
on each DUT input pin while simultaneously moni-
toring DUT output pins to verify that it is providing the
appropriate response. Each set of input stimuli and
output responses is called a test vector. On today’s
vLsl devices, each vector can be 100 or more bits
wide (corresponding to 1 bit per device pin), and as
many as 500,000 bits deep to fully test the device.

Verifying all data sheet electrical specifications is
the other focus of electrical testing. This includes
both dc voltages and currents, as well as ac timing
specifications. Testing is done by forcing a current or
voltage on a pin or set of pins. Then the tester
measures the current or voltage at another pin or set
of pins.

Three major software components control testing.
The test program contains information on DUT config-
uration, test setups, test floor operations, test flow,
and test functions. Test engineers also specify infor-
mation about currents, voltages, and timings for the
DUT in the test program. The vector file contains vec-
tor information specific to the part being tested. And
finally, the operating system brings the first two
components together with the tester hardware. Inevi-
tably, the operating system controls the environment
under which the test engineers and tester operate.

and running, test engineers must compare program
performance to the DUT. This often requires many
small changes throughout the program. Separate
source files can make finetuning easier because
recompiling is faster.

Reducing debugging time can substantially in-
crease testing productivity. Therefore, Megatest
developed an Interactive Pascal (IP) whose syntax
is identical to regular Pascal in a single-user
environment. While interpreted versions of Pascal
and Pascal debuggers are not new, the MegaOne
combines compiled and interpreted Pascal in a way
that allows test engineers to check changes as they
occur. IP promotes source-level interaction and
substantially reduces debugging time by elimi-
nating the need to recompile an entire program to
test small changes—changes that are required to
match the device’s real performance.

Users do not have to predict analysis steps and
compile them into the test program. Instead, they
can interactively insert standard Pascal calls into
the compiled program and immediately execute IP,
which runs an unchanged part of a test program in
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compiled mode. Then users can input program
changes and immediately run the new version to see
if the changes were desirable. IP uses interpretive
mode only for lines that have been added or changed.
In addition, IP ensures that source and object files
remain consistent.

If users are satisfied with the changes, they can
save programs at the source level and recompile the
entire test program. However, if users decide they
do not like the changes, the editor will also have
saved the original source. Although IP is somewhat
slower than regular Pascal, tests run at normal
speed because test program vectors always run in
compiled mode.

Vector files and incremental compiling

In the standard vector file implementation, test
engineers work with information at the tester’s
level, in which the DUT needs to see vectors in
binary, straight-line form. The Pascal-like vector
programming language (VPL) frees test engineers
from working at the binary level and allows logical
pin groupings. A logical collection of pins (eg, a
data or address bus) is not always consecutive in a
physical device. After engineers define pin groupings,
VPL automatically maintains the groupings.
Certain pin groupings are naturally thought of in
certain number bases, such as binary, octal, and
hexadecimal. The MegaOne allows users to define
bases for each grouping, anywhere from base 2 to
base 36 (Fig 3).

Traditionally, test engineers have maintained
vector files by ‘“‘twiddling bits’’ at the object level.
That is, to avoid tedious recompilation in updating
vector files, they change a bit here and there. This
approach is undesirable for several reasons: such
interaction is time consuming, mistakes are easy to
make, and changes usually go unrecorded. A fre-
quent result is that the source and object codes no
longer match.

The solution is to make source-level interaction
more attractive than object-level interaction by
means of an incremental compiler for VPL files.
The tester’s user interface provides programming
tools that decide which lines of a vector file need to
be changed. Then, the VPL compiler (VPLC) com-
piles only changed lines and inserts them into the
object file. This automates what test engineers have
already been doing by hand. The VPLC saves com-
piler time, ensures accuracy, and guarantees that
object and source files are the same.

Test program utilities and tools

A large part of test-device characterization tasks
are common to many programs that test engineers
write. To enhance productivity for repetitive tasks,
the MegaOne’s utilities library provides a standard
Pascal interface. Utilities include schmoos, binarv
searches, and data logging.
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If you really want to make
things move, it’s time to unplug
your old favorite, the Z80'
CPU and slip in Zilog's fast Z80B
device. Pin-for-pin compat-
ible with the standard Z80 chip,
the Z80B family offers you

a straightforward way to upgrade
your product performance
without committing to a major
redesign effort. It's the natural
choice for your next generation
of 8-bit products. It's your only
choice for those throughput-
critical applications that up to
now have required parts-heavy
minicomputer solutions.

The Z80B CPU has the same
158 instruction set and the
sophisticated registers and inter-
rupts that you're used to work-
ing with—it just runs them all

Z80B is a registered trademark of Zilog, Inc

- Trade up to Zilogk Z80B family.
At 6 MHZ it's the fastest move
. you can make.

&

50 percent faster than the Z80A
processor. This higher level

of performance is made possible
by Zilog's unique NMOS fab-
rication techniques.

Zilog's NMOS technology
also makes possible a feature-
packed family of 6 MHz support
chips. Multiple functions
have been designed into each
member of this growing family
to help keep your parts count
to an absolute minimum.

For fast answers on how
the Z80B family can fit into
your advanced product design
plans, call Zilog TOLL FREE
800-272-6560. Or mail the
coupon to: Zilog, Inc., Com-
ponents Tech. Publications,
1315 Dell Avenue, MS A1-4,
Campbell, CA 95008.

Z . 1
Pioneering the Microworld.
An affiliate ofEXON Corporation



ENABLE DB,lB; REM* EOBS8
SET F

LSET NA
ENABLE DB, MA;

ENABLE DB,MB;
SET F

SET F

geti3 ;1,0 U5, 3y Wy 2 Ty 000

get(d, 1,00 [T 35 45 2, 1y 0, 01

geEA3 ;3,50 [7e 3 452, 0% 0y 015
(* FFFF2 (T1) *)

(*=0007" *)
(%0008 *)
(%0008 *)

(* E6FF *)
geEd351,0) [y 3% 4y 25 £, 2, 213 (20008 %)
gotldyl.0) [T, 3; 4, 25 £ 1; 11; (* 60QC %)
get{351,0) 17, 3y 4, 25 £4 1 115 (*. 000D £)

(* FFFF4 (Tl) *)
mktg 5% factor 8086 8086 vpl

** Emacs: shell (shell)

0110000010 1110000010 0100000111 1000001011 ;
0111111111 1111110000 0001100011 1101111110;

0110000011 1110000010 0100011111 1100001011; REM 0009;

ENABLE DA,MB; REM FFFF2 (1) 5
SET P 0111331131 1100100010 0100000111 1100111111; REN 000A;
ENABLE DB,IMB; REM E6FF

0110011011 1111110010 0100100111 1000001011; REM 000B;
o’ S

S Lot

REN 0007;

Fig 3 Three blue screens show the
binary vector input files, the vrPL
output vector file, and the

| command the user typed to do the
translation. The first line
highlighted in green shows a test
vector in its binary form. The
second line in green shows the same
vector grouped and defined as
hexadecimal numbers.

Test engineers use schmoos to characterize
devices and determine trouble spots. Basically, a
schmoo is an X-Y plot of parameters, such as timing
versus voltage. rrom the hardware standpoint, it
involves repetitions of the same test program, con-
tinually modifying hardware settings. Clearly, soft-
ware utilities simplify the test engineer’s task. From
a software standpoint, the schmoo utility provides
unlimited tracking parameters; results that can be
sent to a file, as well as to the printer or a video dis-
play; and inputs that can be saved and recalled inter-
actively (the interactive syntax is identical to that
used in Pascal programs).

With the binary search utility, users can search
for any time (including cycle period or any input or
output edge), voltage, or current. Similar to the
schmoo, users can do binary searches interactively
from a Pascal program. They can then store the
search parameter and recall it later. The data-
logging utility allows test engineers to store test
data in a data base. By using online or offline tools
to analyze these data, they can then determine infor-
mation (including a part’s pass/fail rates).

In a good computer system, a tester should also
provide users with some programming help and a
user interface. To tie the basic language capabilities
together, the MegaOne uses an editor called Emacs.
This version of Emacs is more than a display editor;
it also gives test engineers tools to generate, com-
pile, link, and run programs. Emacs also offers ex-
tensive online help and documentation. Although
Emacs serves as the primary user interface, the
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tester offers a menu-based interface for users who
do not need all of Emacs’s facilities.

A computer aided test program generation
(CATPG) facility helps users develop test programs
quickly. Because basic test program structure is
similar for all test programs, CATPG can be an
invaluable aid for initial program generation. The
CATPG menu interface takes the user through a
logical description of the DUT. Then, CATPG gener-
ates the program’s structure and format. This
eliminates much of the repetitive work involved
with writing a test program. By guaranteeing a syn-
tactically correct Pascal program from the start, it
also reduces the possibility of error. When users
have answered the CATPG questions, the tester can
generate up to 90% of the test program’s final code.

To help users track program revisions, the tester
uses the Unix revision control system (RCS). RCS
allows users to store and retrieve multiple revisions
of a program without using extensive disk space.
RCS also provides release and configuration control
to help users identify a program module’s purpose
and release state.

Because it acts as a computer system, the tester
can also provide project management support for
the large amount of data the test process generates.
Data are frequently collected on all devices
tested—up to 500,000 devices per month on the
MegaOne. Tools included on the MegaOne are a
spreadsheet calculator, the Unify database manage-
ment system, the Ethernet network, and electronic
mail. The project manager can use these tools to get



MODERN DIGITAL
TROUBLESHOOTNG

Facts for managers and technicians are in our 130-page guide to
Digital Troubleshooting. For a copy, mail your check for $5 to
Data I/O, 10525 Willows Road NE, C-46, Redmond, WA 98052.
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If you want to cut troubleshooting
costs, start by cutting here.

If you test or service microprocessor-based products, there’s a good
chance troubleshooting has turned into a troublemaker.

It takes too long. Ties up too many boards. And keeps your most skilled
people away from more important business. In a word, it's expensive.

But there is an answer. The Data I/O Digital Troubleshooting System.

It solves the problems of signature analysis, thanks to two big differences:
You don't need the usual documentation or highly trained technicians.

Instead, the Data I/O Signature Verifier automatically compares the
signatures on a known good board to those on the unit under test. And it tells
you 99.997% of the time when you’ve found a faulty signature.

You can even test products without designed-in signature verification
with the system’s Stimulus Control Unit.

So, if you'd like to start cutting costs, grab a pair of scissors. And get the
facts about digital troubleshooting from the people who wrote the book on it.

Automatic, error-
free comparison

of signatures and
transition counts.

Updated signa-
tures for testing
revised products
can be recorded
with the push of
a button.

T . : Plug-in PROM
conTROL DATA T i module stores

= signatures from

a known good
board. No sig-
nature documen-
tation needed.

Lights on probe
and audible tone,
signals “‘found”

signatures for
“heads down” The operation
testing. of the entire

data bus can
be verified by
measuring a

Real time stimulus single signature

is provided to
external circuitry
for testing beyond |
the kernel.

Al start, stop

and clock signals
can be provided
for products
designed with-

i out signature

[ verification.

Overlay mode lets
you write your
own custom test
routines.

Data I/0 Corporation, 10525 Willows Road N.E., C-46, Redmond, Washington 98052. For immediate action, contact us
directly, CALL TOLL FREE: 800-426-1045. In Washington, Alaska and Hawaii, call 206-881-6445. Europe: Vondelstraat
50-52, 1054 GE, Amsterdam, The Netherlands, Tel: (20) 186855. Germany GmbH: Bahnhofstrasse 3, D-6453 Seligenstadt,
West Germany, Tel: (6182) 3088. Japan: Ginza Orient Building 6-F, 8-9-13, Ginza Chuo-Ku, Tokyo 104, Japan, Tel: (03) 574-0211
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TestSet ( ShortsVectors, acvectors);
opensvectors := 'Opens.vpl';
TestSet ( OpensVectors, opensvectors);
basicfunctionvectors := 'Basic.vpl';
TestSet ( BasicFunctionVectors. basicfunctionvectors);
leakagevectors := 'Leakage.vpl';

X TestSet ( LeakageVectors, leakagevectors);
vilvihvectors := 'Basic.vpl';
TestSet( VilVihVectors, vilvihvectors);
volvohvectors := 'Basic.vpl';
TestSet ( VolVohVectors, volvohvectors);
iccvectors := 'Basic,vpl';
TestSet ( IccVectors, iccvectors);
stressvectors := 'Basic.vpl';

TestSet ( StressVectors, stressvectors); Fig 4 Users can simultaneously
acvectors := 'Basic.vpl'; display multiple windows of
TestSet ( ACVectors, acvectors);

information. In the upper window
ACTab : z ’
end; AkasLpas the compiler has flagged an error.
In the bottom window, the user is
consulting the online manual to

TEST (M) UNIX Programmer's Manual TEST (M) identify the syntax problem.

NAME
Test - Functions that perform and control execution of vpl,
input leakage, and user defined tests.

SYNOPSIS
procedure TestSet ( test:TestName ; var vplfile:String );

procedure TestGet ( test:TestName ; var vplfile:String );
function Test ( test:TestName ):Result;

o e

SOFTWARE OVERVIEW

PROGRAM DEVELOPMENT DEVICE DEBUG PRODUCTION INFORMATION MANAGEMENT
PROGRAM PROGRAM DUT  CHARAC- PRODUCTION TESTER DATA SUPPORT
GENERATION DEBUG DEBUG TERIZATION TEST MAINTENANCE ANALYSIS

Fig 5 Pictured is the MegaOne
software cycle, from development
through debugging and
maintenance.

EMACS

s ONLINE DOCUMENTATION/HELP E
LANGUAGE 3 VPL =
SUPPORT a = .
-t
oo PASCAL e
S T e e S PG ST T UNICSHELL
SYSTEM ;
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information about yield, worker productivity, and
machine uptime—all on line. These additional tools
will not degrade actual test productivity.

A session on the tester

In a typical work session, users work with multiple
windows on the screen. In Fig 4, the test engineer is
writing a test program for an input/output ex-
pander. Here, the windows are the test program

source file and a software manual page. During |

program development, the test engineer can con-
sult the online documentation to answer any ques-
tions or use the shell window to issue commands to
the Unix operating system.

Next, the test engineer compiles the completed
test program, which is an automatic procedure. A
combination of Unix and Emacs features allows
the test engineer to start the compile with a single
keystroke. Because finding compile errors in a pro-
gram with multiple source files can be difficult, the
editor uses a window to display each source file
where an error was found. Then, it steps the pro-
grammer through the error listing and puts the cur-
sor at the line where the compile error was found.
This allows programmers to correct most compile
errors on line without consulting a hardcopy ver-
sion of the test program.

The next steps in program development involve
debugging the program for runtime errors and fine-
tuning the program for the DUT. Again, the tester
provides software tools, leaving the production tests
unaffected by program development. Software tools
include IP and tester simulator software.

Finally, the test engineer recompiles the changed
and finetuned program. Then, the user stores the
source and object files in the archival system to
make them available to others. The final step may
involve sending mail to announce the program
completion. Fig S gives an overview of the software
development and debug cycle.

The MegaOne tester’s design approach provides
specialized hardware to meet the needs of VLSI
testing and a general purpose software develop-
ment environment. The result is a test system that
doubles tester productivity. Future improvements
to this system will provide better source-level in-
teraction with the VPL, terminals with improved
hardware support for windowing, and an interface
to computer automated engineering chip design
systems.

Please rate the value of this article to you by
circling the appropriate number in the “‘Editorial
Score Box’’ on the Inquiry Card.

High 710

Average 711 Low 712

LITHIUM BATTERY

HOLDERS 2 STYLES

COIN HOLDER

CYLINDER

BH906 *

Fits all coin type
cells up to 23mm x 3.2mm

%efmc
Memory
Y

Protection typo-cells siyis 2/3A

(Dustcover available)

was Never Easier.

Now you can permanently solder MPD'’s new coin or horizontal
battery holder right on your PC board. Standard 3 volt lithium
cells for reliable memory back-up systems clip right in...

e Sturdy, high-temp UL94V-0 Valox® material ® Stainless steel
nickel plated contacts ® Easy insertion and removal of batteries
e Efficient, economical ® Custom battery holders available on

request *Patent Pending

For all the details, call or write today.

) l mory Protection Devices Inc.
320 Broad H

ollow Road, Farmingdale, NY 11735 e 516-454-0340
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K- SERIES ,uP BASED CLOCK/TIMER

¢ Transmits Date and Time independently
to five data systems
* Up to five outputs can be intermixed in
one clock:
e Serial ASCIl RS232, RS422, RS423
and 20 ma. current loop
e Byte Serial (4, 8 or 16 bit) BCD
at TTL levels
e Parallel BCD at TTL levels
» Separate baud rates and formats on
each output
* Remote time setting
e Internal 4 day battery backup

CHRONO-LOG
CORPORATION

2 West Park Rd. « Havertown, PA 19083

Phone: (215) 853-1130 ¢ Telex: 831579
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IF YOUR
COMPUTER
15 SO SMART,
WHY CAN'T
[T USE
THE PHONE?




FROM MODEM CHIP SETS THROUGH STANDARD AND
CUSTOMIZED MODEM CARDS, ROCKWELL INTERNATIONAL
HELPS GIVE MICROS THE POWER TO COMMUNICATE.

In the highly competitive world of microcomputers and terminals, built-in telecommunications can give you a
sales and profit edge.

But until now, 1200 and 2400 bps card modems haven't been reliable enough, small enough or inexpensive
enough to meet your product needs for the 80's. The third generation of Rockwell’s VLSI integral modems has
changed all that.

First off, our VLSI capabilities mean that we can support you at any level your business considerations
require: from VLSI chip sets through custom cards that we design according to your specific shape, connector and
software interface requirements.

Then there's reliability. Based on our customers’ experience with over half a million Rockwell integral
modems already in use, we've documented an MTBF of 200,000 hours—nearly 23 years between service calls.

As for performance, you get virtually error-free transmission over unconditioned or dial-up phone lines
because Rockwell integral modems offer auto-adaptive equalization.

Rockwell R1212 and R2424 integral modems are compatible with Bell 103, 212, and CCITT V.22 standards;
the R2424 is also compatible with V.22 bis. And our smart auto-call unit can dial using tones or pulses.

The standard Rockwell full-duplex R1212 and R2424 are each configuredona3.9"” x 6.3"

(100mm x 160mm) Eurocard, so they're easy to design into your system. And since higher speeds are the wave
of the future, you can upgrade your
system from the 1200 bps R1212 to
the plug-compatible R2424 (the
world'’s first full-duplex 2400

bps integral dial modem) with-

out changing your design. And
they interface to any industry
standard microprocessor bus
and/oran RS232 port.

Even if your computer can't
use the phone, we know you
can. Use it to call the Semi-
conductor Products Division,
Rockwell International at
(800) 854-8099. In California,
call (800)422-4230. Or write us
atP.O. Box C, MS 501-300,
Newport Beach, CA 92660.

SEMICONDUCTOR
PRODUCTS DIVISION

' ’l‘ Rockwell International

..where science gets downto business
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How FutureNet’s DASH-1"Revolutionizes
Schematic Design and Documentation!

Efficient Schematic Designs

Poor Max Kramer is a slave to time.
At 8:18 PM. he's still tied to his drafting
table laboring over his schematics
and documentation. On the other
hand, George Kramer has mastered
time. He creates perfect schematics
on his IBM-PC in a fraction of the time
it takes Max to do it the old way. Then,
his system automatically prints accu-
rate Net Lists, Lists of Materials and
other essential documents. As a de-
signer, George is up to 5 times more
efficient than Max and, at 4:51 PM.
he's ready for a night on the town with
his best girl.

The Secret: FutureNet's DASH-1
Schematic Designer

DASH-1 is an amazing add-on
package that converts any IBM-PC
into an ultra-modern schematic de-
signer. At the heart of the system is an
expandable Parts Library which has
FutureNet and DASH-1 are trademarks of

FutureNet Corporation. IBM is a registered
trademark of the IBM Corporation.

FutureNet Corporation

hundreds of TTL, microprocessor, Design Check Reports can be printed
memory/support chips, and discrete at will. No more frustrating error-prone
component symbols — complete with  manual documentation that exhausts
pinouts and pin functions. With a key-  yourtime — and your patience as well.
stroke you can display these symbols

onscreen and, using the mouse, move DASH-1Talks to Other Systems

and interconnect them to complete DASH-1 can interface with other
your schematic in about one-fourththe ~ computers or CAD systems too, trans-
time previously required. Incredible, ferring all of your schematic data in a
but true! flash. Direct connection to VAX's or
PDP-11's is especially easy.

The $5980.00 Miracle

DASH-1is the modern cost-effective
way to create schematics and docu-
mentation. Best of all, a complete
add-on package for your IBM-PC is
only $5980. Turn-key systems are also
available, including the IBM-PC or the
new |IBM-XT with 10 Mb Winchester
hard disk and printer, at prices starting
and key docu- at $12,960. So don't live in the past.
ments such Step up to the FutureNet DASH-1,
as Net Lists, Lists of Materials, and and become far more efficient.

FutureNet-—_——

Good-bye Documentation Errors

Not only is the design
process accelerated
but DASH-1 also
insures accurate
support docu-
mentation. That's
because design
data is captured
automatically

» 21018 Osborne Street » Canoga Park, CA 91304 USA « TWX: 910-494-2681

(213) 700-0691

Productivity of the Future... today.
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SYSTEM DESIGN,/ (1/:1/:1007)

CAE UNIFIES

LOGIC AND GATE
ARRAY DESIGN

Standalone computer aided engineering systems prevent logic

errors and force correct layout.

Results are lower equipment

cost, reduced feedback time, and computing power for
designers.

by John Wright

Until recently, system designers seemed to be cre-
ating equipment that improved productivity for
everyone except themselves. Instead of automating
their own work process, they have been stuck with
pencil-and-eraser methods in the most crucial step—
the frontend design.

To increase designer productivity, a new genera-
tion of computer aided design (CAD) equipment was
created. While previous equipment was capable only
of computer aided artwork, the computer aided engi-
neering (CAE) system tackles the entire task of
logical design, engineering, and physical layout.

A CAE system provides a single data base that
carries a design from its earliest functional descrip-
tion to a finished and verified product. It gives design
teams an electronic mail system, access to the latest
revised design, file sharing, and networking to create
the best mix of local and remote computation.

John Wright is technical support group manager at
Daisy Systems Corp, 139 Kifer Ct, Sunnyvale, CA
94086. Mr Wright holds a BSEE from San Jose State
University.

For example, the Logician, a CAE system from
Daisy Systems Corp, was used to design Seeq Tech-
nology Corp’s Ethernet chip. It is currently being
used for complex design tasks, including several
32-bit microcomputer projects.

Built around Intel’s 8086 family of processors and
coprocessors, and driven by over 1.5 million lines
of field-tested code, this CAE system is a standalone
portable engineering workstation. It uses a Multibus
architecture, a Unix-like file system, Ethernet, and
phone line (RS-232-C) serial communications, and up
to 1.5M bytes of random access memory (RAM).
Mass storage from 10M to 80M bytes is supplied with
each workstation, with more storage available
through Ethernet. Daisy’s next generation of work-
stations will center around the iAPX 286.

File sharing between workstations is also allowed
by the system’s database management software.
Using Ethernet, the workstations can interface with
any equipment that uses the Xerox XNS protocols.
The designer interacts with the system through a key-
board, a data tablet, and a 17" or 19” color or mono-
chrome display with 800- x 1024-pixel resolution.

Another CAE system, the Gatemaster, has all of
the capabilities of the Logician, as well as additional
hardware and software that handle the physical
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implementation of the gate array. While presenting
new design methodologies, both the Logician and
Gatemaster preserve the designer’s existing tools.
This includes the ability to generate drawings at any
point and to interface to any proprietary software
that the designer has developed.

Incremental compilation is key

Probably the most important features of CAE sys-
tems are their ability to make incremental compila-
tions of the design file, to automatically generate the
input files for utility programs, and to process them
locally. Previously, designers had to complete the
schematic and net list for their designs, as well as
code the designs for a simulation program before
seeing any feedback on their logic. Moreover, the
design was often taken through the layout and fab-
rication stages before errors were found.

As a result, days and sometimes weeks went by
before the designer could receive feedback. When
it came back, there were many errors to be corrected
and it was often hard to tell which step had caused
an error (see Fig 1). Designers would have to make
the corrections they hoped would make the design
perfect, then totally recompile the design and wait
again for the lengthy feedback process. Typically,
designers may have to go through this process five
or six times to achieve a verified design.

Incremental compilation makes propagating
changes through the design process easier and faster.
Only changes need to be recompiled, rather than the
entire design. As changes in the higher levels of the
hierarchy affect the more detailed lower levels, those
portions of the design must also be recompiled.

When incremental compilation is combined with
the Logician’s ability to link different hierarchical
design levels, the designer can save a lot of time. This
linkage allows the CAE system design methodology
to conform to the human mind’s nonlinear flow. The
designer can ‘‘flesh out’’ a particular portion of the

design with detail. Then the Logician links that por-
tion with others that are still in the functional block
stage, presenting the design as a single entity to the
simulation programs. Later, the designer can ‘‘flesh
out’’ another section, have that increment compiled,
have the coding for the simulation programs gener-
ated automatically, and get quick feedback on that
part of the design effort.

These mixed-mode simulations are particularly
useful when a designer needs to look ahead to see
whether an entire architectural approach is feasible.
A typical question to be answered would be, “‘If this
architecture cannot support a 100-ns machine cycle,
then we must discard the whole approach. How can
we know before we sink all this design time into it?”’
Instead of detailing the whole design only to find
that the approach is wrong, the Logician allows the
designer to simulate a few critical portions of the
design, both in logic and timing, while the rest of
the design is still in the functional block.

The Logician as personal computer

As Fig 2 shows, this incremental compilation and
editing method breaks the logic design process into
several steps, each of which can give quick turn-
around in pointing out errors. When compared to
Fig 1, which shows the pencil-and-eraser method
loading into a timeshared mainframe environment,
it becomes clear that error feedback time can be
reduced from days to minutes.

The CAE system becomes the designer’s own pro-
fessional computer, and makes the design process
faster and more interactive. Any designer who has
waited for batched output from a timeshared central
processing facility knows that it is much better to have
one-tenth the computation power readily available
at all times than it is to be one of 10 users timesharing
a mainframe. With a 10-MHz 8086 processor exe-
cuting 0.8 million instructions per second, the
system’s computational power is considerable. On

PENCIL AND PAPER

REQUIREMENT SPECIFICATION

MARKET BUSINESS
STuDY PLAN

CONCEPT —»] DESIGN STAGE

LOGIC/CIRCUIT

ARCHITECTURE DESIGN

b2

|
FUNCTIONAL/GATE LEVEL L — — — — — — — —]

t

SIMULATION

TYPICAL CAD SYSTEM

TEST EQUIPMENT

PRODUCTION STAGE

TEST
SPECS

L3
E

TEST
PATTERN

TESTER
INTERFACE

}

Fig 1 Without an integrated design system, circuit and chip design are broken into several sections: hand
design, artwork preparation, and testing. Feedback to the designer can be very slow, sometimes coming only

after fabrication.
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. Add Intelligent Analog &

Discrete 1/0 To Your System:

Only $35 Per Point!

|

NEMA enclosures,
sxplosion proof
and rack mount avallable

120VAC Power Supply Std.
220V, 24V UPS and dual supply optional _

RS-232-C, RS-422, 20mA Current Loop
communications options - dual port Inputs.
Transient protection optional

Watch dog timer

MICRO CONTROL SYSTEM 100

Screw Terminations

|EEE surge-withstand
protection optional
on all terminations

40r 91/0 slots:

Direct Inputs for
Thermocouples
RTD's
4-20mA, +10V
Pulse
Discrete (TTL to 220VAC)

Outputs for
Analog

4-20mA, +10V
Discrete (TTL to 220VAC)

CPU card with 24K PROM,
4K RAM communications port
and 24 TTL-1/0 points

CONTROL ROOM

MCs

—

e
ASCII SERIAL
INTERFACE MCS

/

1
I
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SENSORS AND ACTUATORS

Modular, field expandable MCS Series provide direct sensor
interface for RTD'’s and thermocouples and include cold junction
compensation and linearization. Isolated pulse inputs and volt-
age, currentand discrete inputs and outputs are available. Analog
inputs are autoranged and autozeroed. Both input and output
can be scaled 0 to 100%.

Communications: ASCII serial interface with dual ports. RS-232-C
standard; RS-422 and 20mA current loop are interface options.
Full control for Bell 202 modems is available. All systems may be

BURR-BROWN®

multi-dropped with up to 255 systems on a single line. Proprietary
local clustering technique lets several MCS Series systems be
controlled by a single modem at a remote site.

Screwdriver compatible barrier terminations for all 1/0’s offer
optional IEEE surge-withstand protection. All systems are offered
in NEMA 4, NEMA 12 and rack mount configurations.

Call-write for detailed descriptive brochure and specifications.

Data Acquisition and Control Systems Division,
3631 E. 44th Street, Tucson, AZ 85713. (602) 747-0711

Putting Technology To Work For You

ALABAMA, (205) 663-2831 - ARIZONA, (602) 267-1171- CALIFORNIA, (408) 496-6611 - COLORADO, (303) 771-1530 - FLORIDA, (800) 432-6288 - GEORGIA, (800) 327-0853 ILLINOIS, (312)
579-9300 - INDIANA, (317) 257-7231 - LOUISIANA, (504) 887-8550 - MASSACHUSETTS, (617) 339-5522 - MICHIGAN, (313) 362-1220 - MINNESOTA, (612) 835-2044 - MISSISSIPPI, (800)
327-0853 - MISSOURI, (314) 647-8100 - NEW JERSEY, (201) 785-4450 - NEW YORK, Albany, (518) 869-3355; Butfalo, (716) 874-4900; Rochester, (716) 323-1250; Syracuse, (315) 455-2469
-NORTH CAROLINA, (800) 327-0853 OHIO, Northern, (216) 247-3295; Southern, (513) 772-5544 - OREGON, Medford, (503) 772-3187; Portland, (503) 283-2555 PENNSYLVANIA, (412)
366-6664 -SOUTH CAROLINA, (800) 327-0853 - TEXAS, (713) 491-2000; Beaumont Area, (713) 842-5950 - UTAH, (801) 566-9251 - WASHINGTON, Richland, (509) 943-6664; Seattle, (206)
762-6050 WISCONSIN, (414) 352-5777 - CANADA: (403) 458-4669; (416) 625-0600; (514) 774-5829; (604) 434-2611; (613) 725-0288
Other areas: Burr-Brown, 3631 E. 44th Street, TUCSON, ARIZONA 85713 USA - Tel: (602) 747-0711 - TWX: 910-952-1115 - Telex: 66-6491 - Cable: BBRCORP
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LOGICIAN WORKSTATION
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Fig 2 By compiling the design as a single entity at an early stage and offering local processing, the CAE

workstation can break the error feedback process down into a

series of short automated loops, thereby

encouraging a fault-free logic design process and a correct by construction layout methodology.

certain specialized functions, such as logic simula-
tion, its power is comparable to a mainframe.

Past and present design methods

Circuit design begins with the project manager’s
decision on the initial architecture. The design is then
partitioned and the blocks are given to the team lead-
ers. Each team leader must make both bottom-up
and top-down design decisions about the block.
These decisions may include what technologies and
architecture to use, and whether or not to implement
portions as gate arrays. Tentative schematics can be
drawn for parts of the design, with the intention of
discarding them later. Other large parts of the design
are left as functional descriptions, with specifications
of how particular functions should interface with
other major functions.

The difference between the old methodology and
the new is immediately clear. With the old way, each
designer is still working with paper at this stage. With
the CAE system, each designer enters notes and
block diagrams directly into the design data base.

Even communicating ideas within the design team
does not require a meeting. It can be done using the
system’s electronic mail system. Information such
as a functional block diagram can be entered through
the Logician’s graphics editor, which has linkage to
schematic representations that are the expansion of
any functional block. Using the electronic mail
system’s word processing function, comments and
explanations can then be entered.

At this early stage, the CAE system shows definite
advantages. With the paper-and-eraser method,
notations propagate around the design team, but it
is very hard to keep track of the latest version. This
is simple with a CAE system, because all of the
designers feed into and retrieve information from
a common design data base. The database manage-
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ment system (DBMS) keeps careful track of which
new ideas go with which revision level, and it ensures
that the designer is always working with the latest
revision.

The actual disk memory that holds the design data
base may be physically resident in one system, or
it may be distributed over the entire network. How-
ever it is allocated, the design can be addressed as
a single entity by any design team member. The proj-
ect manager can control the ability to read and/or
write into the design files. In effect, the DBMS works
as a clearinghouse for the team’s ideas and the asso-
ciated documentation. With the resident word pro-
cessing software, creating documentation for the
design becomes an integral step, not an afterthought.
Therefore, the postdesign documentation process
becomes one of expanding on and clarifying the de-
signer’s notes.

Schematic entry becomes easy

After giving the functional block some thought,
the designer begins to define the logic. In the past,
this has meant drawing and erasing the schematics
on a number of drafting sheets. It has also involved
shuffling drawings and paperwork on the designer’s
desk. With the CAE system, the shuffling is done
electronically. The system only takes a few seconds
to redraw each page from memory, as needed.

Entering schematics can be done in three ways:
the various components can be entered from a menu
on the data tablet, they can be copied from an exist-
ing drawing, or they can be entered using the 28 user-
programmable soft keys on the Logician keyboard.
With some or all of the components in place on the
schematic, the designer then graphically enters the
connection between components by placing the cur-
sor on the table over the point to be connected. Any
change in the direction of the wire’s path is similarly
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The UDS shipping crew has directed a lot of boards!
Modem boards for a multitude of OEM customers are on
their daily agenda.

Upstream from our chairmen of the boards is a highly
automated, high-volume modem manufacturing facility,
and a staff of industry leaders in OEM modem design and
economical board layout.

UDS modem boards are available in 103, 201, 202, 208
and 212A Bell-compatible versions, as well as a 9600 bps
modem that’s operable over either dial-up or dedicated
lines. All our dial-up versions are FCC certified for direct
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of the boards!

In low-cost standard configurations or space-saving
custom layouts, UDS OEM modems set the highest stan-
dards for reliability and cost effectiveness. Prove it to
yourself with your next modem buy. Contact Universal
Data Systems, 5000 Bradford Drive, Huntsville, AL 35805.
Telephone 205/837-8100; TWX 810-726-2100.

Universal Data Systems
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indicated. All components and signals are automat-
ically named by the system.

According to comparisons run by Mitel Corp, the
result of this computer aided method of schematic
entry is that schematics are created five times faster
than they were manually. This alone represents a
significant time savings for the designer, along with
automatic extraction of net lists from the design
data base.

At this point in the process, the designer using the
pencil-and-eraser method must manually extract the
connectivity of the design. Code that expresses the
design in the format required by a logic simulation
program must then be written. This process is tedi-
ous, repetitive, and extremely exacting—the very
thing that should be done by a computer.

In creating a net list, the designer can overlook
a connection and ruin the simulation. Syntax errors
in coding the input file for the simulation run are
also very common, and require further revision
cycles. A CAE system creates the net list automati-
cally, along with the simulation input file and a
number of other functions.

Modeling unlocks engineer's tool box

Once the schematic is entered into the design data
base, a number of utility programs can give the
designer quick feedback on some of the more com-
mon errors in logic design. At the same time, the
design information is automatically prepared as
input files to various simulation routines. The de-
signer can invoke these utility programs through
1-button soft-key implem