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What could possibly make the Kennedy '." tape
hybrid streamer even better? How about...
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Model 9600/9650

Tri-density with 3200 BPI at 100/50 ips
* Low cost storage up to 110 Mb

* High speed streaming

* 50 ips true start/stop Kennedy has long been in the forefront of computer
» 800/1600/3200 BPI tape peripherals; providing the highest quality

* Interfaces: industry standard, SCSI %"and %" start/stop and streaming tape drives.

« Standard 8.75" height That's one reason we can proudly state

* Front load

- Power ki selt AINSHOStcE Kennedy — twenty-four years of leadership.

« Service diagnostics
* Resident tester and exerciser

* Rack mount or cabinet ' KENNEDY

* 50 MS reposition time in same direction at 100 ips An Allegheny International Company
» 200 MS reposition time in opposite direction at 100 ips 1600 Shamrock Ave.. Monrovia. CA 91016
* 12 MS ramp time at 100 ips (818) 357-8831 + Telex: 4720116 KENNEDY

KENNEDY +* QUALITY COUNT ON IT
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RISCs and parallel processors drive
multiprocessing innovations

Multiprocessing and distributed processing
come to life as novel computer architectures
hike performance and lower cost.

Integrated Circuits
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Advances in CMOS and ECL process
technology yield powerhouse ICs
Microprocessors, digital signal processors and
programmable logic devices have all gained
from progress in CMOS and ECL technology.
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Design and Development Tools

105 Price and performance improvements
drive design tool market
Competitive pressures and technological
advances have combined to make CAE/CAD
systems, development systems, and test and
measurement tools more accessible to the
average system designer.

Peripherals, Graphics and Imaging

127 Graphics developments geared toward
speed and capacity
Advances in graphics technology provide far-
reaching cost/performance improvements.
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Computers and Data Communications

66 Expandable parallel processor serves
supermini to low-end supermicro
market. . . Family of data acquisition and
control boards serves VMEbus. . .Two mid-
range processors improve performance using
innovative VLSI CMOS architecture. . . Apollo
expands DN570/580 workstations with turbo
package ...Communications controller
supplies high-speed connection.

Integrated Circuits

94 68000 family is expanded with second
generation 32-bit MPU. . .New process
generates fast 16- X 16-bit multiplier-
accumulators. . . D-A converter chip offers
3-D graphics for PC applications. . . 32-bit
chip set offers 30-MHz performance for
multiuser systems. . .80386 logic support
implemented in seven-chip set.

Design and Development Tools

116 Desktop workstations challenge
minicomputers. . . PC-based workstations
tackle IC and printed circuit board
layout. . . Analog circuit simulator targets
system-level designs. . .Tool set completes
CAE software environment. . .Software
tool gives expert know-how to novice
designers. . . Logic analyzer provides unique
measurement capabilities.

Peripherals, Graphics and Imaging

138 520-Mbyte disk drive cuts response
time. . . 32-bit graphics processor features
on-chip display control. . .Tektronix extends
41000 line while lowering prices. . . Software
and boards deliver high-speed image
processing to IBM PC AT. . . Low-cost
VMEDbus board overlays graphics on live
images.
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There’s a ditference
between making news

and making drives.




While others are announcing high-capacity SCSI drives, Maxtor
is shipping them.

That should come as no surprise. Because our new SCSI drives
are based on the same proven technology as the tens of thousands of
ST506/412 and ESDI drives we've already shipped.

They're called the XT-3000™ Series. The difference is they feature
an embedded SCSI controller with an extensive command set.

And the fact that they come with capacities up to 380 megabytes
really isn't news at all.

Once you consider the source.

Maxtor Corporation, 150 River Oaks Parkway, San Jose, CA 95134,
(408) 942-1700. TELEX 171074.

Regional Sales Offices: Austin (512) 345-2742, Boston (617) 872-8556,
Orange County (714) 859-3100, San Jose (408) 435-7884.

Mador
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spend weeks looking
tools, plus months

trying to make them work together, .

and still not have a system that was
truly integrated. That’s why Applied
Microsystems has developed the
CIDS method.

CIDS stands for Customer Inte-
grated Development Systems and
-concept is simple. You choose
our hardware and software tools.
plied Microsystems makes sure
ey work together seamlessly.

An overview of Customer Inte-
grated Development Systems.

Whether you're working on
3-bit, 16-bit or even a 32-bit
design, we let you tailor the emu-
and debug tools you need.
ing from symbolic and
e debuggers to assem-
cross-compilers and utilities.
"he chart gives you some idea of
‘the power and convenience of the
CIDS method, but it can only hint
at the control and visibility you

Validate™ links emulation with
source-level debugging.

tweaks and a few mc

i

:

etween a few more
e weeks.

HOSTS OPERATING TARGETS LANGUAGES TOOLS
VAX ... VMS.. 8048 family - C : Assemblers
MicroVAX ULTRIX 8080, 8085,  Ppascal Linkers
UNIX-oriented  UNIX ggfgéf‘fés FORTRAN Locaters
* Apollo MS-DOS 68HCI1 Assembler Symbolic
*Sun : debuggers
“IEMAF g Source-level
MS-DOS 68000/8/10 debuggers
workstations Evviullat
R -PC and 68020 mulators
. .PCXT 780, MK3880/4
- PCAT and Z8001/2/3
NSC-800
A stand-alone or host-control system of fully integrated debug tools
built on high performance emulation.

only speaks assembler, your tools
are worthless. Or if your function
is in assembler and ==
your debugger only
speaks C, it’s the
same dead end.

The power of the
Validate environ-
ment is that it works
equally in high level languages and
in assembler. You don't sacrifice any
power or comfort.

Real-time emulation for the
68020 and 80286.

Applied Microsystems lets you
emulate high performance targets
at top speed. Up to 16.6 MHz for
the 68020. And 12.5 MHz for our
new 80286 with full function
implementation. Free access to the
virtual protect mode makes trans-
parent emulation possible using
logical or physical addresses.

Call toll-free and ask for
the proof.

Discover why the CIDS method
is the fastest, easiest way to start
and finish a design project. For
technical and application details

call 1-800-426-3925. In Wash-
ington state call (206) 882-2000.
Or write Applied Microsystems
Corporation, PO. Box 97002,
Redmond, WA 98073-9702.
In Europe: Applied Micmsyster;ls, érooke House,

Market Square, Aylesbury, Buckinghamshire, HP20 1SN,
England. Tel: 44 (0296) 34822.

i

Applied
Microsystems
Corporation
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WHO WE ARE.

We're RTCS, Real-Time
Computer Science Corporation.
Giving it all we've got so that you
can get the most from what you
have. It's our philosophy. And by
constantly extending our lead,
we can extend your capabilities.
Like the capabilities of IBM and
compatible personal computers
to complete more sophisticated
and complex tasks.

We have no compeiiion

so we have to fop ourselves.
Introducing RTX/286.

We got good by specializing.
For example, our specialized
configurations of Intel’s IRMX86
and iRMX286 to run on IBM PC’s
and compatibles. By the way,
Intel’s IRMX86 was chosen
because of its maturity. Since its
introduction in 1980 it has be-
come the de facto standard for
real-time multitasking operating
systems. iIRMX is supported by
an active and aggressive interna-
tional users group.

RTX286 AND
WHAT WE'RE DOING NOW.

It took hard work to make
the IBM AT work harder. By con-
figuring RTX286 in, you're able to
get more out, like minicomputer
power. 16MB addressability.
Protected memory. Plus the
same real-time multitasking
capability of other RTCS oper-
ating systems.

Moving farther ahead, we'll

Intel is a trademark of Intel Corp. iRMX is a trademark of Intel Corp. Vectra
is a trademark of Hewlett-Packard. XTRA is a trademark of ITT. Compagq is
a trademark of Compaq Corp. IBM and IBM PC are trademarks of IBM Corp,

soon be adding support for
some “almost compatibles” like
the HP Vectra, the ITT XTRA
and many more. Compaq’s 286

WHAT WE'VE DONE.

1982 RTCS/UDI runs Intel MDS
software on IBM PC

1983 PCIRTX real-time
mudtitasking 0S for IBM PC

1984 PC|RTX real-time
multitasking OS for IBM XT

1985 ATIRTX real-time
multitasking OS for IBM AT
PC|RTX-C configurable OS for
IBM XT
AT/ RTX-C configurable OS for
IBM AT

1986 RTX286 real-time
multitasking OS for IBM AT
RTX286-C configurable OS for
IBM AT

1987 RTX386 real-time
multitasking OS for future
IBM developments
RTX386-C configurable OS. for
Sfuture IBM developments

Portable, Portable II and 286
Deskpro as well as Sperry IT
and Honeywell PC are already

CIRCLE NO. 5§

supported.

Nearing the finish line is
Open Net local area network for
RTX and a new, powerful RTX
debugger. As for RTX386, we're
making great strides forward.

WHO WE'LL BE.

We've been the leader, and
we'll continue to be. Our real-
time multitasking operating
systems for IBM and compatible
personal computers can give you
the lead, too. Call RTCS today,
(805) 987-9781 or write 1390
Flynn Road, Camarillo, CA 93010.
Telex: 467897 RTCS CI. Who
knows, it may put you so far
ahead, there won't be a
competitor in sight.

Getting the most from what you have.



UP FRONT

150-MFlops GaAs minisupercomputer planned

Vitesse (Camarillo, CA) plans to apply its enhancement/depletion
mode LSI technology to produce the first GaAs minisupercomputer.
The initial product, which has been out for about two years, will use
ECL technology and deliver 150 MFlops. Product marketing manager
Tom Duggan expects the computer to deliver 20 times the performance
of a VAX 8600 at the same cost. The GaAs version, due out between
1988 and 1989, should attain twice the performance advantage of the
ECL version.—K. M.

Modeling effort may clarify design exchange standards

Two standard-setting committees are developing a reference-modeling
technology to clarify the confusion among the different design
interchange standards that, in some cases, compete. The committees
will compare and evaluate the Electronic Design Interchange Format,
the VHSIC Hardware Description Language and the Initial Graphics
and Exchange Specification, and form a vehicle to communicate
among these evolving standards. This clarification of the standards is
a joint effort by the IEEE Computer Society’s Design Automation
Standards Subcommittee and the IGES Electrical Application
Committee.—R.G.

VMEDbus tracer to cover 32 bits

Small startup VMetro A/S (Oslo, Norway) will display a tracer board
at Buscon West (Anaheim, CA) next month that will accommodate 32
bits. The board is completely passive, providing all the features of a
logic state analyzer configured specifically for the VMEbus. Without
signals driven on the bus by the board, the module saves up to 30
hrs/engineer-year in debugging system configurations based on
VMEDbus, according to the company. Both software and hardware
errors can be traced. The module contains its own 68008 processor
and accommodates 1 kbit of real-time trace for data, address and
control signals on the bus.—N. M.

MAP 3.0 demo delayed to assure full functionality

The demonstration of MAP Version 3.0 scheduled for the November
1987 Autofact conference has been postponed until the second quarter
of 1988. ‘‘Even though the 3.0 specification will be ready, the lack of
quality testing procedures to assure operational devices will delay the
presentation,’’ says Tony Durham, a member of the General Motors
staff at the GM Tech Center (Warren, MI) and MAP committee
coordinator of the 3.0 demo. The MAP/TOP Users Group and the
Corporation for Open Interface (COS) steering committee will
determine where and when the official 3.0 demo will take place.
Individual companies, however, may show some 3.0 functionality at
Autofact ’87.—S.F.S.

(continued on page 10)
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UP FRO NT (continued from page 9)

First 25-MHz single-board computer with zero wait state

Force Computers (Los Gatos, CA) will introduce the first zero-wait-
state, 25-MHz single-board computer this month. The SBC uses 1
Mbyte of 25-ns static RAM and is targeted at real-time industrial and
imbedded applications. According to Wayne Fischer, director of
marketing, the board uses static RAM instead of cache memory
because real-time applications can’t withstand the worst-case
performance penalty of repeated cache misses.—K. M.

U.S. industry must adopt CIM or join third-rate economy

Financial analysts at the Design and Manufacturing Automation
Conference (Detroit, MI), organized by Prudential-Bache Securities
(New York, NY), were told that the American industry could be saved
only by further development of computer-integrated manufacturing
and that nothing less than a total reorganization of business methods
must be adopted. ‘‘If we fail to address key integration issues, we can
anticipate the continuing loss of manufacturing capacity to overseas
competitors, and we can expect to see the U.S. deteriorate into a
second- or even third-rate manufacturing economy,’’” warned George
F. Meister, senior vice-president and general manager of McDonnell
Douglas Manufacturing Industry Systems (St. Louis, MO). —S.F.S.

ASIC size and speed boosted by 1.5-micron technology

Soaring gate counts and sub-nanosecond gate delays are the result of a
move by LSI Logic (Milpitas, CA) into 1.5-micron CMOS technology.
LSI Logic’s structured cells, a mixture of standard cells and
customized megacells, have gone from a maximum of 12,000 to 60,000
gates and offer up to 36 kbits of RAM and 512 kbits of ROM. The
company’s structured arrays, a mixture of gate arrays and megacells,
can now provide up to 38,000 gates. With gate speeds improved from
1.4 ns to 650 ps, these new ASICs provide clock rates approaching 100
MHz, putting them in the same league as ECL technology.—R.G.

TI issues a challenge on graphics benchmarks

Graphics technology is now feeling the need for a way to benchmark
performance. A proposed set of benchmarks from Texas Instruments
(Dallas, TX) will compare graphics chips for desktop CAD and office
systems. A set of six benchmarks covers simple text that emulates the
IBM Color Graphics Adapter format and many other capabilities. TI
is generating a document along with an MS-DOS floppy disk
containing display list and font data that will be available to graphics
chip manufacturers.—7.R. W.

Sub 2-ns GaAs static RAMs expected

Ford Microelectronics (Colorado Springs, CO) and Vitesse (Camarillo,
CA) plan to introduce the industry’s fastest static RAMs in 1987. Ford
expects to have a sub 2-ns, 1-kbit ECL compatible SRAM and Vitesse
plans to introduce a 2- to 3-ns, 4-kbit device. Both will be about twice
as fast as the fastest equivalent ECL parts.—K.M.
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SCSI, the Small Computer Systems Interface, is far more

powerful than the name implies.

To prove it, we asked an independent consultant to compare the throughput
of our SCSI to SMD controller (with our MULTIBUS® host adapter) to one of the fastest
MULTIBUS SMD controllers around. So he ran a series of UNIX" benchmarks doing
random reads and writes.

The outcome? With two drives connected, we beat them. With four drives and
more than a gigabyte on line, we hung them out to dry.

How did we do it? Adaptec’s multithreading, that's how. It let us execute tasks
on each drive at the same time. Of course features like Random Reads and Wites (UNIX)
1:1 Interleave and Disconnect/Reconnect didn't hurt.

What's more, our SCSI controllers bring the same
kind of performance to ST506, ESDI or even 15MHz
ESMD drives. So now, whatever your application, you can
get a faster controller with the added flexibility of SCSI, . ; :
for a lot less money. VL aetnioeey 0

For complete benchmark results and more about our line of high-performance
SCSI controllers, call us at 408-432-8600, ext.400. Or write Adaptec, Marketing
Department (TH), 580 Cottonwood Drive, Milpitas, California 95035-7403.

And start thinking big.

] 500

Adaptec ACB-5580A

< 400

Brand X

Throughput (KBytes/second)

adaptec

MULTIBUS is a regstered trademark of Intel Corp. UNIX is a trademark of AT&T Bell Laboratories, Inc
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At last, the ordinary
microprocessor
can take its rightful
place in history.
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INMOS, Transputer, !% and IMS are frademarks of the INMOS Group of Companies.



Ithad to happen—the conventional microprocessor
has had its day. Relegated to the ranks of yesterday’s
devices by the new transputer family from INMOS. It's
history in the making.

The IMS T414 transputer is a fast, easy-to-use VLS|
component, integrating a 32-bit processor, four inter-
transputer communication links, 2K bytes Static RAM,
32-bit memory interface and DRAM controller. All on a
single CMOS chip—offering execution rates up to
10 MIPs.

While transputers excel in single-processor
systems, their real power can be unleashed by
connecting any number of transputers together via
the high-speed serial links. Multi-transputer systems
can deliver the performance you need today, and can
be easily expanded in the future as your processing
requirements increase.

And there’s more. Programming multiprocessor
systems has never been easier. The Transputer
Development System (TDS) supports C, Fortran, Pascal
and OCCAM, providing a complete software
development environment, and is available for a
number of popular hosts. Software developed on the
TDS can be executed on one or more transputers,
enabling cost-performance tradeoffs to be made.

INMOS transputers are available now and have
already found their way into companies who are
evaluating, prototyping and manufacturing transputer-
based systems. Applications include supercomputers,
DSP, graphics, robotics, Al, distributed control systems,
PC's, engineering workstations and many others.

Write or phone for more information on the
transputer family and start making history yourself.

[ R FRODUCTS S
IMS T414 32 bit Transputer—2Kbyte  —4 links
IMS 1212 16 bit Transputer—2Kbyte —4 links
IMS M212 16 bit Disc Processor—1Kbyte—2 links &
[ C W _ DEVELOPMENTTOOLS B T O
IMS D701-2 IBM PC—Transputer Development System

IMS D600 VAX/VMS—Transputer Development System
(e Pk 0 T ENALUATION BOARDS: .
IMS B002-2 Double Eurocard + IMS T414 + 2Mbyte DRAM + 2 x RS232
IMS BOO3-1 Double Eurocard + 4 x IMS T414 + 4 x 256Kbyte DRAM
IMS B004-2 | IBM PC Format + IMS T414 + 2Mbyte DRAM 1
IMS B006-2 Double Eurocard + 9 x IMS T212 + 128Kbyte SRAM
IMS BOO7-1 Double Eurocard + IMS T414 + 0.5Mbyte DRAM + 0.5Mbyte VideoRAM
HIGH PERFORMANCE VLSI MEMORIES

16K CMOS SRAM, 25-45ns, 64K CMOS SRAM, 35-70ns L
256K CMOS DRAM, 60-100ns

THE TRANSPUTER

PARALLEL PROCESSING. UNPARALLELED POTENTIAL.

DNMoS

INMQOS, P.O. Box 16000, Colorado Springs, CO 80935, Tel. (303) 630-4000;
Bristol, England, Tel. 454-616616; Paris, France, Tel. (14) 687-2201;
Munich, Germany, Tel. (089) 319-1028; Tokyo, Japan, Tel. 03-505-2840.
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THERE ARE
CHEAPER WAYS
TO MOVE DATA

THAN WITH
INTELS 588.

Now you can cut the cost It's the most integrated
ofaPCIAN dramatically with  networking solution in the
our new 82588 IAN controller.  1-2 Mbps range.



And it’s optimized to run
with standard phone wiring,
Which means that low-

cost PC LANs can finally get
off the ground. And that’s
exciting. Especially when
you consider that 10 million
PCs out there could use an
inexpensive way to connect.
That’s a great reason to
start designing now
with the 82588, It’s
the LAN controller

that reduces cost by _——

cutting your board space in
half. Saving you the bucks
and bother of installing
extra chips.

We put timing recovery,
data encoding/decoding,
collision detection and trans-
mit clock generation all on
a single chip.To lower your
component count.

Which adds up to even
more savings in areas like
assembly;testing and reliability:

And we made sure that
the 82588 suppotts emerging
LAN standards like StarLAN.

It also supports the IBM*PC
Network. Plus many other
specialized baseband and
broadband LANs.

And because it snaps
together with Intel's world
standard 186 and 188 micro-
processors, you eliminate
TTL glue and save even more
money.While speeding
R up your design.
gl' Tohelp yourlAN

" products take off, we're
offering an easy-to-use
design kit. Included are two
82588s plus all the essential
hardware, software and
documentation needed to
tie two PCs together. And all
for just $65.

For information on how
to get your Kkit, call Intel
toll-free at (800) 548-4725
and ask for Lit. Dept. W-334.

Then see how high your
profits can soar.

mtel

©1986 In Corpo
IBM is a registered
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EDITORIAL

Is this any way
to do business?

will consist of a Buyer’s Guide of single-board computers
and a directory of vendors of VMEbus, Multibus I and II,
Q-bus and STD Bus board-level products. As part of the effort to gather the mountains
of information needed for the Buyer’s Guide and directory, we first assembled a list of
manufacturers. We then obtained the name of the director of marketing communications
or the director of marketing to whom we would send a questionnaire, mailed the question-
naire, and followed up with phone calls if we didn’t receive a completed questionnaire
after a couple of weeks. We didn’t foresee any major problems. After all, we were
offering a free listing in Computer Design. With business the way it is today, who
wouldn’t jump at the opportunity to get some free exposure? Were we in for a surprise.

Our troubles started when we tried to obtain the name of the appropriate person to
whom we should send the questionnaire. The person answering the telephone often didn’t
know who the director of marketing was or refused to give out a name. In a couple of
cases, we got routed through the personnel department. And a few times, the female edi-
tor making the calls was treated to a variety of condescending comments including
““honey’’ and ‘‘sweetheart.’’ Despite these hurdles, we got most of the names we needed.

The cover letter we sent along with the questionnaire clearly detailed the editorial nature
of the questionnaire and the value of the listing to our readers. You would think that the
responses would come flooding in. Again, were we in for a surprise.

With the questionnaires only trickling in, we started the follow-up calls. The responses
here were even more amazing than the responses to our initial phone contacts. Some
didn’t even bother to read the first paragraph of the cover letter. Some didn’t know, or
couldn’t remember, if they had received the questionnaire. Some didn’t ‘‘see that there
was anything in it’’ for them. And some just didn’t ‘‘care to participate.’’ _

But there were some bright spots. And they demonstrate what running a good business
is all about. Quite a few individuals jumped at the opportunity to get a free listing for their
companies. They took great pains to get our questionnaire to the right person and to com-
plete it accurately and carefully and to send backup materials. One in particular stood out.

A distributor had inadvertently been included in the mailing, but he completed the ques-
tionnaire for all of the manufacturers he represented. One of those manufacturers was the
one who didn’t ‘‘see that there was anything in it’’ for his company.

With the electronics/computer industry facing hard times, we all tend to look for ex-
planations in the tax laws, trade restrictions, foreign competition or unproductive
workers. But maybe we’re having a hard time surviving in a tough competitive world
because there are just too many who’ve forgotten how to do business.

John C. Miklosz
Executive Editor

A major portion of the Feb. 15, 1987 issue of Computer Design
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HOW FAR DOES YOUR
DRIVE SUPPLIER GO
TO GIVE YOU AN EDGE?

S

NEC keeps going for more.
NEC offers you one other important thing you
need in a disk drive supplier. A solid future. Our
experience in disk drive technology goes all the
way back to 1959. And during the past 27 years
we've added a stream of innovations in both design
and manufacturing. So, we have the resources, the
talent and the commitment to keep giving you
an edge.

If your disk drive supplier doesn’t go this far,
isn’t it time you called NEC. Call 1-800-343-4418
(in MA 617-264-8635). Or send us the coupon.

9” Drives: 800 MB,
or 520 MB sized for
today’s smaller superminis.

NEC goes all the way to 800 MB.

NEC continues to expand the edges of disk drive
technology farther and farther. So your computer
systems can be more competitive.

Again we've edged out every other Winchester
drive maker. One of our 9” Winchesters now has a
capacity of 800 MB. Our other 9” Winchester has = -
520 MB. Our newest 8” has a capacity of 337 MB. —_—— Ty — — — — — — — —

We make you faster on your feet.

Capacity is not the only edge our large drives
offer. They’re also fast. Our 800 MB drive has a

I NECS8”
Winchesters

have twice the

*  industry standard
MTBF.

[J Please send me more information on NEC disk drives.
[0 Please have a salesperson call.
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|
I
5 l Name
2.4 MB/sec data transfer rate and a 15 ms. seek time. | -
And our 9” Winchesters use a special design | Ve
that supports the spindle at both ends resulting in | Company
greater read/write accuracy. | Address
NEC drives are still going, after others fail. : iy .
Take our 8” Winchester. It has the longest MTBF i ip
in the industry. 24,000 POH. Which makes it two et )
to three times as reliable as anybody else’s. |
Our 9” drives are also outstanding. With 20,000 WL e
POH. And the MTTR of our large drives is less | s lsmmbie0
than one hour. ' o
© 1986 NEC Corp | c&cc""""“"'“"c"'“'““"'°"‘°"‘ NEC Information Systems, Inc.
|
|



THE 68905/906:
MEMORY MANAGEMENT THAT
UNLOCKS THE POWER.

First there was the 68000 microprocessor series, which Product migration is a breeze with BMAC. By

gave you astounding speed. adding more cache or local memory, you can upgrade
Unfortunately, there were also limitations in performance without changing your system architecture.

memory access, which slowed it down. When you're ready for multi-processing, BMAC can make
But now there’s the 68905/906 BMAC —the Basic  the most of up to 10 processors.

Memory Access Controller, by Signetics. Connect the Find out more about the 68905/906 BMAC.

68905 to your 68010, and the 68906 to your 68020,and  Samples are available, and we’ll be glad to have one of
you’ll get back the speed those memory access limitations our salesmen bring one to you. Just send in the coupon

took away. or call the 800 number, and we'll fill you in on all
BMAC is the single most powerful 68000 peripheral the details.
ever devised. It can make your system 30 to 40% faster. With BMAC, the 68000 series is all it can be. Whlch

_And it’s flexible enough is all anyone needs.

“iimens  One standard, ()

organization—

pages, segments, or S
segments with pages.




BMAC & PMMU: A COMPARISON CarTge o oGSl RO e A :

BMAC PMMU | [J Please have a salesman swing by with a BMAC sample pack.
FEATURES BY SIGNETICS | BY MOTOROLA ] [0 Save yourselves the trip for now. Just send me some product info. I'm
primarily interested in:
RSN 0 VA DACHE CON TR b Y 0] 68905 for the 68010 01 68906 for the 68020
AVAILABLE FOR 16-BIT 68010 AS ik e Application
WELL AS 32-BIT 68020 :

VIRTUAL MEMORY: PAGES,

SEGMENTS, PAGED SEGMENTs | ALLTHREE | PAGES ONLY

I
I
I
I
I
Name |
|
I
I
I
I

Position
MEMORY MANAGEMENT: CACHE,
LOCAL, MAIN MEMORY ML THAEE ONLY Company
REGION SUPPORT FOR Address
SHARING LIBRARIES e wa
City State Zip
NONE ON ON EVERY
WE ATED CACHEHITS |  ACCESS Phone

|
I
|
|
o |
MAIN MEMORY I
I
|
I
I

: . Send coupon to: Signetics Corporation, 811 E. Arques Ave., PO. Box 3409, I
AVAILABILITY Now t | Sunnyvale, CA 94088-3409, Attn: Publication Services, M/S 27¢p 156 55|




. GET OUR LATEST 1987 CMOS
PRODUCTS .C/iTA.LOG NOW!

You'll find a wide variety of
. electronic products using
CMOS technology to help you
design with, add to or
upgrade products for
business and industry.
e 0 o
IBM*PC BUS PRODUCTS
STATIC RAM BOARDS ¢ SMART COMMUNICATION BOARDS
MULTIBUS* PRODUCTS
SBX EXPANSION BOARDS
CMOS STATIC RAM BOARDS
Q-BUS* PRODUCTS VME BUS PRODUCTS
C-MOS STATIC RAM BOARDS C-MOS STATIC RAM BOARDS
PC COMPATIBLE XT-AT COMPUTERS FOR BUSINESS
AND INDUSTRY
CMOS PROCESS CONTROLLERS
COMPLETE INDUSTRIAL AND COMMERCIAL
CONTROLLERS

—11-800-443-CMOS | ———————

Diversified Technology
5500 OAKBROOK PKWY + SUITE 210 » NORCROSS, GA 30093

*IBM is a trademark of IBM; MULTIBUS is a trademark of Intel; Q-BUS is a trademark of Digital Equipment Corp.
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CPU BOARDS
STATIC RAM BOARDS
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Handbook

Join today’s smart designers! The compleat Handbook of
Personal Computer Instrumentation for Data Acquisition, Test,
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e An applications section e System configuration guides
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Netscope is Telebyte’s high-per-
formance, low-price portable data-
line monitor for SDLC and X.25
environments which also monitors,
emulates and BERT tests ASYNC,
SYNC and ISOCHRONOUS proto-
cols using ASCIl and EBCDIC codes.

Netscope is the only data line mon-
itor for under $2000 which offers:

e user-programmed emulation and
testing using state diagrams;
e split-screen full duplex, time-correlated display of

terminal/modem traffic for SDLC and X.25;

* soft QWERTY and hex keyboards;
* 0-to-56K baud monitor with 19.2K baud emulate
and test data rates;

P44
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netscope 1 .
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¢ non-volatile memory for config-
uration, messages and test;
* 16 line by 64 character display

on 5" CRT;
 easy field upgrades of operating

system through chip replacement;

and
¢ optional light pen for faster
instruction input.

Netscope’s versatility allows you to
position it between DCE and DTE de-
vices or in a T connection in field applications. RS-170,
printer and storage ports are available as options.

No other data line monitor offers as much in features
and performance as the Telebyte Netscope for so
little money. And it only weighs 12 pounds.

¢t
ey

For more information call toll-free:
= —B = T
ccleBYwe
TECHNOLOGY, INC.
Telebyte Technology, Inc. ® 270 E. Pulaski Road * Greenlawn, NY 11740  (516) 423-3232

1-800-835-3298
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Qur line of electro optic
components is backed by
years of experience in fiber
optics. We've designed and
manufactured hundreds of

reliable fiber optic products,

reprﬁscntmg many sigmfi-
cant advancements.

n mmun

Weve ComeL
Electro

And with Siecor, you not
only getall that expertise, you
get everything you need for

fiber optic data trans‘mis‘%ion.

[ncluding the 200 MBaud
data link with cxullmt sen-
sitivity and wide dynamic
range. Clock recovery mod-

ules with B precision SAW
filters. Reliable couplers and
WDMss that feature low loss
and mode independence. And
compact fiber optic switches
which pass stringent tests

for vibration, shock and tem-
perature while maintaining
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superior repeatability at the clcctro optic components
high switching rates. you've been waiting for.
With Siecor, youve gotthe  Call or write us. Siecor
tools you need to expand the Corporation, Electro-Optic [ i !
existing boundaries of com- Products, Post Office Box ~ Lefttoright: 200 MBaud transmitcer fiber

optic switch, WDM, T-coupler with pigtail

puter systems design. So get 13625 ResearchTriangle Park,
with a company thats come North Carolina 27709- 3625 SlE OR
avery long way to bringyou Telephone 919/549 6571.
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LETTERS

The debate goes on

Your July editorial, ‘“Must We Shut Up
or Quit?,” fails to address the crucial
issue in the ‘‘Star Wars’’ ethical debates
or in any other Luddite argument. The
historical fact is that every estimation of
the real impact of any idea or invention
has been wrong. The critics and the sup-
porters simply lack real information and
invariably project their wishes and fears
into their prediction of future harm or
benefit. Therefore, it is a waste of time
and energy to debate any idea or inven-
tion that can’t be put to immediate tests
to determine the real side effects. I
believe that small-scale testing of bad
ideas would prevent the allocation of
resources in undesirable projects. Put-
ting each idea to a test would prevent
managers or other decision makers from
killing ideas for political or personal
reasons.

The initial focus of the SDI program
was on death rays and super rockets. A
more mature examination of the tasks in
SDI acknowledges that sensing and
timely action is important but is totally
dependent on knowing when to act and
how to respond to incremental threats.

I believe that many of the operational
problems would be resolved in SDI if
research were focused on a top-level
control facility that would predict the
next move of all actors in each region by
analysis and reevaluation of past pat-
terns. It is more useful to predict a
launch than to be ready for any launch
at any time from any place. The pattern-
recognition ability of some existing com-
puters is adequate to form a knowledge
sieve of behavior patterns for each ac-
tor. This approach would allow low-
level information gathered under un-

| ek CE
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certain conditions to be evaluated and
assigned a probability weight.

It is correct and proper to discuss
ethical values when there is factual evi-
dence about the effects and costs of pro-
jects. However, idle speculation and
endless debate are the signs of a mob
mentality. Who will benefit by this
diversion of time and energy?

Dannie Davis
Scientist

Asteroid Mining
Elmore, Alabama

A question of origin

In ‘“Hypercube Architecture Leads the
Way for Commercial Supercomputers in
Scientific Applications’’ (May 1, pp 28-
30), Nicolas Mokhoff stated that ‘“This
architecture, known as the hypercube or
binary n-cube, was conceived at the
California Institute of Technology sev-
eral years ago.”’ This is incorrect.

The first reference in computer sci-
ence literature to the binary n-cube as an
interconnection network for multiple
computing elements was in the paper
““Programming and Design Considera-
tions of a Highly Parallel Computer,”’
by J.S. Squire and S.M. Palais, which
appeared in the AFIPS Conference Pro-
ceedings, Vol 23, 1963 Spring Joint
Computer Conference. The next ref-
erence was in the paper, ‘‘A Large Scale,
Homogeneous, Fully Distributed
Parallel Machine, I,”” by Herbert Sul-
livan and me, published in the Pro-
ceedings of the 4th Annual Symposium
on Computer Architecture, March 1977.

The latter paper gives an extensive
analysis of various interconnection

24  COMPUTER DESIGN/December 1986

schemes. We concluded that the
Boolean or binary n-cube network has
advantageous behavior over many per-
formance parameters, such as full ac-
cess, delay time, mean queue length for
packets, number of connections and so
forth. In fact, Charles Seitz of Caltech,
who is quoted in the article, not only
referenced our paper in ‘“The Cosmic
Cube,”” Communications of the ACM,
January 1985, but stated that Caltech’s
hardware ideas were very much in-
fluenced by our paper and that Caltech
even calls the Cosmic Cube a ‘‘homo-
geneous machine’’ from our usage of
the term.

Since 1977, however, we have learned
that a clever interconnection scheme
itself is not sufficient to achieve high
speed with multiple computing ele-
ments. We are not using an n-cube net-
work in our current development of the
Chopp supercomputer because it does
better simulation results than the latest
Cray machines on the Lawrence Liver-
more Laboratory benchmark programs.

T.R. Bashkow

Professor, Dept of Computer Science
Columbia University

New York, NY

Setting the record straight

Thank you for your Up Front report
about Siemens’ launch of Multibus II
boards as first European manufacturer
(May 1, p 9). It contains two mistakes,
however.

The last sentence ‘‘Siemens now sells
Multibus II boards as well as VMEbus
boards to the European market’’ is in-
correct. Siemens sells neither Multibus I
nor VMEbus boards, but sells the AMS-
bus, which is a European variation of
Multibus 1.

R. Gopfert

Marketing Microcomputer Systems
Siemens AG

Munich, Germany

The information included in that Up
Front item was based on an English
translation of a statement released in
Germany by Siemens. We contacted
Siemens public relations representatives
in New Jersey for verification of the
statements. They provided additional in-
formation after contacting personnel in
their European facilities. We regret that
the wording of the item conveys an in-
correct meaning.—Ed.



When you specify Princeton Graphic Systems Monitors, formance. For the second year in a row, our HX-12 high

you can be confident you've made the right choice. The resolution RGB color monitor has been voted the best
industry recognizes Princeton as a name that stands for in the world.*

outstanding product performance, value, and support. Customer Sensitivity—Our expert industrial sales
Product Performance—Princeton high resolution team can provide you with a full line of quality, depend-
monitors earn their reputation for dependability. Strict able monitors to meet all your system requirements. And
quality manufacturing standards and superb engineer- stand behind you with strong customer support.

ing combine to produce a superior performance moni- For more details and information, please call Princeton’s
tor. A Princeton monitor adds a quality image to your Industrial Sales Department—800-221-1490 ext. 723
system. (609-683-1660 in NJ only). Telex: 821402PGSPRIN.
Value —Proven market acceptance has made Princeton Princeton Graphic Systems, 601 Ewing Street, Bldg. A,
a leader in the monitor industry. You can expect Princeton  Princeton, NJ 08540.

Graphic Systems to deliver value in both price and per- *PC World Magazine “World Class PC Contest" for 1984 and 1985

HX-12 HX-9/9E SR-12

f PRINCETON

GRAPHIC SYSTEMS

AN INTELLIGENT SYSTEMS COMPANY
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This flat conductor
cabling system from

AMP Jets you flex
your imagination, too.



Flexible flat cable offers today’s
designers an attractive alternative
to discrete wire —higher-density
packaging and uniform conductor-
to-conductor relationships. And, of
course, it’s flexible. To the tune

of tens of millions of cycles.

Now, picture this. Our flex flat
cable harnesses come complete
and ready to install, and they
intermate with a wide variety of

Pressed for space?.100" center
cable is just.013" thick, max,
rated to 3A/conductor; .050"
center cable is .011" thick, rated
to 1.5A/conductor.

Flat conductors dissipate heat
more efficiently. Ideal idea for
connecting things in motion, from
print heads to robotics.

standard headers on .050" or
100" centers. And our cable and
components are designed for high-
productivity machine termination
in your plant. Either way offers
big savings for you.

Whether you need harnesses
or components, we have ideas that

AMP is a trademark of AMP Incorporated

will free your design imagination.
Without putting a big bend in your
real-life budget.

Call (717) 780-4400 and ask for
the FCC Information Desk. AMP

Incorporated, Harrisburg, PA
17105-3608.

AN Interconnecting ideas

||

AMP Trio-Mate connectors
for flat flex cable .004" to
.015" thick. Staggered
contacts reduce insertion

force, wiping action assures

|.0%0 ’l positions.

reliable contact. Horizontal
and vertical styles, 2-22




More reasc

Plessey your A

More indeed. Imagine designing, lay-
ing out and routing the most complex
circuit you can think of. Right on silicon.

Imagine doing so in the simplest of
languages. Being able to compile large
cells like RAM and ROM just the way you
want them. And uniting state-of-the-art
ASIC technology with the accessible power
of CAE and CAD.

There’s no need to imagine it. It’s
here. It's PLESSEY MEGACELL™ A com-
pletely new semicustom design system
that lets you move toward full custom while

holding down development costs and still
enjoying the swiftest of design turnarounds.

Plessey MEGACELL already allows
you to achieve designs to 25,000+ gates
with full custom chip size and packing
density. Clock rates of 100 MHz. And
complete control of the silicon compiling
process, on your own workstation, in
your own facility.

But that’s just the beginning.

Our new 200,000 square foot sub-
micron plant is coming on stream, offering
one of the finest CMOS fabrication capa-



SIC company.

bilities in the world. Allowing us to provide
you with I-micron design capabilities for
achieving designs of 100,000 gates or more
with MEGACELL.

Just around the corner is a I-micron
CMOS MEGACELL with up to 100,000
gates. 90 percent of which will be usable!

So, if you're looking for more reasons
to make us your ASIC company, count
in the future. And contact the one company
that will be leading it. Call 1-800-321-0871
or 714-951-5212. Or write to Plessey Semi-
conductors, 9 Parker, Irvine, CA 92718.

Outside the U.S. call SWINDON
(0793) 36251. Or write to Plessey
Semiconductors Limited, Cheney Manor,
Swindon, Wiltshire, United Kingdom
SN2 2QW. In Brussels, Belgium (02)
7339730; Les Ulis, France (6) 4462345;
Munich, Germany (089) 23620; and Milan,
Italy (02) 390044/5.

& PLESSEY

ASIC from thought tofinish.

Plessey and the Plessey symbol are trademarks of the Plessey Company plc.

FOR FREE ON-LINE INFORMATION, dial 1-800-3457335 with any 80-column ASCII terminal or PC and a 300 or 1200 baud
modem (EVEN or IGNORE parity, 7data bits, 1 stop bit). At “Enter Response Code?’ Type GR8ASICS. In Conn. Dial (203) 852-9201.
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Integrated MMU and data cache
supports 30-MHz zero-wait-state accesses

With 32-bit microprocessor speeds
approaching 30 MHz, system
designers are finding it increasingly
difficult to design cost-effective
memory subsystems that can keep
pace. To obtain zero-wait-state per-
formance at 20 MHz, designers must
use the fastest, most expensive dy-
namic RAM (60 ns) available. At 25
MHz, designers must turn to static
RAM cache memory. And at 30
MHz, even caches can’t keep up.
To provide designers with cost-
effective memory subsystems for 30-
MHz performance, AT&T (Holm-
del, NJ) has combined a memory
management unit (MMU) and a 4-
kbyte, two-way set-associative,
physical data cache on the same
chip. Known as the WE32201, the
MMU/cache supports the 32-bit
WE32200 microprocessor with
zero-wait-state cache accesses at
speeds as high as 30 MHz. (AT&T
plans to provide a 30-MHz version
of the 32200, along with a 30-MHz
coprocessor, a 32-bit DMA con-
troller, and a DRAM controller
within the next year.) The data cache
offers an 85 percent hit rate, and by
ganging four MMUs, a designer can
increase the hit rate to as much as 95
percent. Also on-chip is a fully asso-
ciative, 64-entry descriptor cache
that provides a 99.8 percent hit rate.
Though no vendor is currently
shipping production microproces-
sors that are faster than 20 MHz,
system designers are already grap-
pling with the problem of designing
cost-effective memory subsystems.
Although 60-ns DRAM can provide
zero-wait-state operation at 20
MHz, it makes the memory boards
expensive. ‘‘To keep their costs
down,’’ explains Tom Powell, prod-
uct marketing manager at Synergy
(Encinitas, CA), ‘‘system vendors
are using slower memory and adding
a. wait state. With 100-ns memory,

Ken Marrin
Senior Editor

for example, a processor can run at
20 MHz with one wait state. The
wait state degrades performance by
about 13 percent, but cuts memory
costs by 75 percent—60-ns DRAM
costs about $2,100/Mbyte, versus
$570/Mbyte for 100-ns DRAM.”’

To cache or not to cache

A cache can be used instead of wait
states to reduce memory cost. But at
only 20 MHz, there’s not much im-
provement in overall memory access
speed. ‘“The cache runs at zero wait

states for hits,”’ explains Powell,
‘‘but on misses, the hit/miss calcula-
tion costs an extra wait state. The
improvement the cache offers de-
pends on the code that’s being ex-
ecuted, but generally speaking, the
improvement isn’t significant.”’

At 20 MHz, the cache doesn’t
provide much improvement in cost
either. Typically, a cache reduces
system cost because relatively slow
main memory can be used. Instead
of using one-wait-state main mem-
ory, for example, the designer might

CONTROL LINES

DATA BUS

ADDRESS
BUS

PAGE
—

DESCRIPTOR
CACHE

Incorporating a 4-kbyte, two-way set-associative physical data cache with
an 85 percent hit rate, AT&T’s WE32201 MMU supports zero-wait-state
cache accesses at speeds as high as 30 MHz. The MMU also includes a
fully associative, 64-entry descriptor cache, which provides a 99.8 percent
hit rate. Four MMUs can be ganged together for a fourfold increase in
the size of the data and descriptor caches.
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be able to reduce cost and maintain
the same performance by using
two-wait-state memory and a small
zero-wait-state cache. At 20 MHz,
however, two-wait-state memory
costs about the same as one-wait-
state memory, so using a cache pro-
vides no cost savings.

But the picture changes at 25
MHz. To run at zero wait state, a
processor would require 30- to 35-ns
DRAM, which doesn’t exist. Even at
one wait state, the system must have
60-ns memory. Using a fast CMOS
SRAM cache lets the designer use
considerably less expensive two-
wait-state DRAM. The SRAM cache
is expensive, but because the two-
wait-state main memory is less ex-
pensive than the one-wait-state main
memory, the total cost of the cache-
based system will be less.

At 30 MHz, the problem becomes
much more severe, and even a cache
becomes impractical. ‘“The cache ac-
cess window becomes so small that
even the fastest ECL SRAM may not
be fast enough,’’ says Arlon Martin,
AT&T product marketing manager.
““If the system uses a physical cache
and virtual memory management,
the virtual-to-physical address trans-
lation that must occur before the
cache can be accessed closes the win-
dow almost entirely.”’

One way to avoid the address
translation overhead is to use a vir-
tual cache. In a virtual cache, which
stores virtual addresses, the pro-
cessor accesses the cache directly,
without requiring an address transla-
tion. Virtual caches suffer from data
integrity problems in multiple-mas-
ter systems, however. Because each
master may access the same data us-
ing different virtual addresses, mul-
tiple inconsistent versions of the
same data may be created. With a
DMA controller, which works in a
physical address space, the processor
cannot monitor the DMA control-
ler’s data movements, making it pos-
sible for the data stored in the cache
to disagree with the corresponding
data stored in main memory.

AT&T has eliminated the need to
use a virtual cache, or even to design
a separate cache, by integrating a
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cache with the MMU. Because the
cache is included with the MMU, the
delay associated with accessing an
external cache is eliminated. The
faster access time lets AT&T provide
a 4-kbyte, two-way set-associative
physical cache that supports zero-
wait-state accesses at 30 MHz. ‘““The
hit rate is about 85 to 90 percent,”’
claims Martin, ‘‘and is equivalent to
an 8-kbyte direct-mapped cache.”

If a larger cache is needed, up to
four MMUSs can be ganged with vir-
tually no glue logic. The MMUs can
store user data, user instructions,
kernel data, or kernel instructions.
In addition to a fourfold increase in
the data cache size, the ganged
MMUs quadruple the size of the
MMU’s descriptor cache.

Other cache strategies
The only other vendors to provide a
cache solution are Motorola (Aus-
tin, TX) with its 68030, and Fair-
child (Santa Clara, CA) with its
Clipper. The 68030 incorporates a
256-byte data cache and a 256-byte
instruction cache, along with an
MMU. Because the data cache is
small, its hit rate is only 60 percent
(72 percent when the processor is
used in the burst mode). ‘“The data
cache provides another benefit,”’
emphasizes Dean Mosley, product
marketing manager for Motorola,
““by reducing bus bandwidth util-
ization from 60 percent [for
68020/68851 MMU combinations]
to 50 percent. If users need a larger
data cache, they can bypass the
68030’s internal cache and imple-
ment their own. The instruction
cache hit rate is about 82 percent for
both the 68020 and 68030.”’

Like AT&T, Fairchild also offers
a combined MMU/cache solution.
Clipper uses two 4-kbyte caches: one
that stores data, and another that
stores instructions. Each uses an
MMU and feeds its processor via a
separate bus. According to Clipper’s
product manager, Gary Baum, the
two-way set-associative data cache
provides a 90 percent hit rate, while
the instruction cache provides a 96
percent hit rate.

Unlike the AT&T MMU/cache,

however, Clipper’s cache looks more
like a hierarchical cache, providing
zero-wait-state accesses only within
16-byte lines. When the processor
accesses the cache, an entire 16-byte
line is loaded into a high-speed buf-
fer. The initial cache access requires
120 ns, but as long as the processor
accesses data within that 16-byte
line, it can do so at 30 ns, or zero
wait states. AT&T’s MMU/data
cache, by contrast, runs at zero wait
states for accesses anywhere within
the cache.

Expanded MMU capability

Along with a data cache, AT&T’s
32201 will provide one of the most
powerful MMUs on the market, par-
ticularly in multiuser applications.
Most notable is a 64-entry, fully as-
sociative descriptor cache, which
provides a 99.8 percent hit rate.
High hit rates are even more critical
in descriptor caches than in data or
instruction caches, as further pro-
cessing can’t continue until multiple
descriptors are fetched from main
memory and loaded into the cache.
If the MMU includes hardware miss
processing (the MMU, not the CPU,
fetches the descriptors), the delay
may only be 10 to 30 clock cycles. If
the MMU relies on software miss
processing, however, a trap to the
operating system will be required,
delaying further processing for sev-
eral hundred clock cycles.

Like the WE32201, Motorola’s
68851 MMU (which supports the
68020) also provides a 64-entry fully
associative cache and hardware miss
processing. And Fairchild has the
largest descriptor caches of all, pro-
viding 128 entries for both instruc-
tions and data. As a two-way set-
associative cache, it provides a 98 to
99 percent hit rate.

The 68030’s MMU, which is in-
cluded on-chip, takes a step back
from the 68851. The cache is still
fully associative, but it contains only
22 descriptors. For small numbers of
users and small programs, where re-
ducing the number of descriptors
doesn’t have a major impact on the
68030’s hit rate, Mosley claims a
98.9 percent hit rate. (HI]
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Microprogram sequencers depart from classic architectures

For those applications where speed
is the name of the game, single-
chip microprocessors rarely make
the grade, and in those cases usually
a building block approach must be
taken. The heart of a building block
system is a sequencer that generates
control signals via addresses to the
microprogram memory for the var-
ious blocks or components that
make up the system. Innovative se-
quencers have recently come to the
forefront to control the new build-
ing block families that are also
emerging.

Analog Devices (Norwood, MA)
and Weitek (Sunnyvale, CA) have
made significant architectural de-
partures from the classic 2910 se-
quencer developed by Advanced
Micro Devices (Sunnyvale, CA).
These sequencers incorporate an on-
chip interrupt capability, larger and
more flexible stacks and pipelining
of address, data and instruction
buses. In addition, the new part
from Weitek features 32-bit output
address, data and instruction buses
along with a large pin count.

A one-chip solution
Distinguishing the new generation
of sequencers from the old, David
Fair, strategic marketing specialist
at Analog Devices, says, ‘“What I
see Analog Devices and Weitek do-
ing for the first time is really giving
you a one-chip solution to the task
of microprogram sequencing. That
is the point of departure.’” The two
most salient points of that depar-
ture, according to Fair, are interrupt
capability and stack extension.
One perceived shortcoming of the
2910 is the shallowness of its stack—
it’s only nine words deep, which
limits the nesting of subroutines.
AMD has increased the depth of the
stack in subsequent parts. Conse-
quently, Analog Devices and Weitek
have increased the depth of the
stack in their new parts. And Ana-
log Devices has increased the flexi-

Steven L. Martin
Contributing Editor
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bility of the stack as well.

The new sequencer from Analog
Devices—the ADSP-1401—has an
internal RAM that serves as the
stack. This RAM is 64 words
deep % 16 bits wide, and any of the

64 words in the RAM may be output
onto the address port. There are
four distinct sources of access to the
RAM: the subroutine stack pointer,
the global and local register stack
pointers, and data port bits 0

DATA
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The ADSP-1401 microprogram sequencer from Analog Devices is a 16-bit
address generator that features a 64-word-deep stack that can be
partitioned by the user into a subroutine, a local and a global stack
pointer. It features interrupt capability and transparent I/0 latches that
operate in a complementary fashion so that fetched addresses, even in a
branch situation, are always correct.

TRANSPARENT
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ENABLE

(ADDRESSES TO
MICROPROCESSOR
PIN) MEMORY)
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through 5 for indirect addressing.
The subroutine stack and the
register stack are implemented on
the RAM. The subroutine stack is
accessed via the subroutine stack
pointer (SSP), while the register
stack is accessed via two pointers,
the global stack pointer (GSP) and

the local stack point.. (LSP). The
subroutine stack is used for storing
return addresses, counters and sta-
tus bits for return purposes. The
register stack is available as an addi-
tional convenience. The GSP is used
for addressing of common registers
between different routines, while

the LSP is used for local purposes.
The subroutine stack and the reg-
ister stack are separated by a stack
limit register (SLR), which is pre-
loaded by the user. This lets the user
divide the RAM between the two
types of stacks. The SLR then warns
the user of an impending overflow.

32 INTERNAL
. STATUS
SIGNALS
CORRENTY v v v o4
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REGISTER PIPELINE POINT
REGISTER STACK REGISTER ‘
32x32
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REGISTER REGISTER STACK COMPARE
N A *
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, ¥
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The WTL7136 from Weitek is a 32-bit address generator (sequencer) that can be used with main memory as well as
microcode control stores. It also features four external and seven internal interrupts as well as a split pipeline.
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in 100%.
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And now, it's our policy in VME.
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The WTL7136 sequencer from
Weitek contains a traditional stack
whose depth has been increased to
33 words. At 32 bits, however, its
width is greater than any traditional
stack. The sequencer has a single
subroutine stack pointer, which is
adequate for most applications, ac-
cording to Leon Torban, Weitek’s
product marketing manager for in-
teger products.

Analog Devices’ Fair compares
his company’s stack with those of
Weitek and other companies: ‘“The
word is out that you need more than
what the 2910 had to offer. Sixty-
four words for a stack is a lot.
That’s important because it means
that you can do some very sophisti-
cated sequencing without having to
page the stack.”” Commenting on
the added features of the ADSP-
1401 stack, Fair says, ‘‘Other com-
panies give you a traditional stack
with a single point of access—
pushes and pops. What is helpful is
a frame pointer that lets you point
at some position on the stack, or
save specific things in a separate
place without pushing or popping.”’

The local and global register
stacks are also valuable, Fair says.
‘““The global stack pointer lets you
save the addresses of several rou-
tines that could be used in many
subroutines, and is accessible to any
subroutine. The local stack pointer
is used within a particular subrou-
tine. We’ve let users set what we call
a stack limit register, and at their
discretion, they can divide the RAM
in any way they choose.”’

Interrupt capabilities

Both the Analog Devices and
Weitek parts feature extensive inter-
rupt capabilities, which is another
major point of departure from the
old generation of sequencers. The
WTL7136 generates interrupts for
four external, user-defined condi-
tions and seven internal conditions.
Interrupts may be individually
masked or group masked, a char-
acteristic shared with the part
from Analog Devices. Masking or
unmasking is easily done via the sta-
tus register in both devices. Because

40 COMPUTER DESIGN/December 1986

Weitek intends to tightly couple its
sequencer with other members of its
family, the external interrupts are
targeted at specific functions.

By contrast, Analog Devices’ in-
terrupts are general. The ADSP-
1401 offers eight external interrupts
but only two internal ones. The ex-
ternal interrupts may be used for
any purpose, but since only four ex-
ternal interrupt lines are available,
they must be multiplexed in two
groups of four onto the sequencer.
Interrupts IR8-5 are latched on the
first half cycle (HI), and interrupts
IR4-1 are latched on the second half
of the cycle (LO). An external mul-
tiplexer is required if a user wants to
use eight external interrupts.

The ADSP-1401 provides only
two interrupts for internal exception
conditions—one for the stack limit
register and overflow and one for
stack overflow. It contains an on-
chip interrupt vector file, whereas
the Weitek WTL7136 services inter-
rupts by determining an interrupt
vector address from an interrupt
base address and an offset.

‘““The unique thing about the in-
terrupts is that the whole file is on
the chip itself,”” Fair says. ‘“When
the interrupt condition occurs, that
address is immediately available to
access microcode memory. The 7136
has an interrupt vector, but it’s a
pointer to an interrupt table in
memory, which adds another cycle
to interrupt servicing.”’

Both Analog Devices’ and Weitek’s
parts are pipelined, but differences
between the two are worth noting.
Pipelining usually means a process
involving data flow and timing of
that data through a register that lets
setup occur for a new operation
while the current operation ex-
ecutes. Both of these parts use a
split pipeline, with registers at the
input and registers at the output.
Processing occurs between these
registers, so that what goes in is not
what comes out. The input is data
from the microcode memory; the
output is an address to the micro-
code memory. For Analog Devices,
the input registers are for the input
data bus and instruction port, for

Weitek, they are for the 32-bit mi-
crocode bus, an input bus that con-
tains the 32-bit instruction word. In
both cases, this allows the fetching
of an instruction and its setup at the
inputs to the device while an instruc-
tion is currently executing.

Areas of difference
In Analog Devices’ look-ahead
pipeline register the sequencer has
transparent latches on the registers
that let data flow through on the ac-
tive part of the cycle and be
latched on the inactive part of the
cycle. For the instruction and the
data port, the latches are active
(transparent) low; for the address
output port the latches are active
(transparent) high. An instruction
comes in and is processed during the
low part of a cycle, while the out-
puts are latched. At the beginning of
the new cycle (clock high), the out-
put register becomes transparent,
and the newly computed address
comes out valid and is latched dur-
ing the second half of the cycle.
Then, during the second half of the
cycle, with the address output valid
and latched, the next instruction
flows in and computes. This next in-
struction is computed on the basis
of microcode that is fed back to the
sequencer, based upon the previous
address. Because the new address is
computed after the old address has
been used to access microcode
memory, and returns the next real
instruction to the sequencer, an ad-
dress never has to be cancelled.
The operation of Weitek’s pipe-
line differs significantly. An instruc-
tion (code) comes in on the high or
first part of the cycle, and the new
address is computed during the first
cycle. But the address does not come
out until the next cycle. Before this
address is output, however, the new
instruction begins to compute. Since
it does this before the previous ad-
dress is output and before code is
returned from the microcode mem-
ory, it may be computing the
wrong address if branching is in-
volved. It assumes that any opera-
tion is sequential. So a neutral-
ization instruction is required to
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cancel the instruction being pro-
cessed when a branch is detected.

When branching occurs, the can-
celling of a newly generated address
costs a cycle. This is not a problem
for applications that are largely se-
quential. For applications that in-
volve much decision making and
branching, however, this may prove
costly.

‘‘Any time you do a branch, you
waste the instruction immediately
following the branch’ says Fair.
‘“When the branch address comes
out of the part, it’s already working
on the next instruction in the next
sequential structure. So Weitek
needs procedures like stall, abort
and neutralize.”’

Adding convenience
A convenience feature of the
WTL7136 is the Breakpoint/Watch-
point register, which makes debug-
ging easier. Either a data address or
a code address can be loaded, which
then halts execution (via an inter-
rupt) when an attempt is made to ac-
cess data at the data address or
execute code at the code address.

The Op bus is a unique feature of
the WTL7136. The Op bus is a five-
bit output bus for the control of ex-
ternal devices. It indicates the type
of operation that is currently taking
place in the sequencer. For example,
says Torban, ‘if you wanted to con-
trol a cache memory controller
based on what instruction is being
executed in the sequencer, the se-
quencer puts out a code that your
external hardware decodes and per-
forms the required function.”’

Both parts feature traps, which
are mainly used for system calls, es-
pecially in the case of cache memory
misses where system servicing is re-
quired. The trap is essentially an in-
terrupt for that purpose. Analog
Devices invokes a trap via a dedi-
cated pin (TTR). When TTR is de-
tected by the ADSP-1401, the high-
est level of interrupt occurs, and the
system can then download to the
cache or do whatever else may be
necessary.

Weitek, on the other hand, imple-
ments traps in software. Three soft-

42 COMPUTER DESIGN/December 1986

ware trap instructions have slightly
different effects. One system trap
simply interrupts the processor. One
system trap with backup interrupts
the processor and backs up one cy-
cle, and another system trap pushes
the contents of the WTL7137 inte-
ger processor register onto the
stack.

Although Weitek has three trap
instructions, Analog Devices has a
related instruction that Weitek does
not have—a write-control-store in-
struction used for downloading
memory to the cache when a cache
miss occurs. This feature provides
sequential addressing during micro-
code downloads to a RAM-based
microcode store and is a significant
convenience.

Bus size is another major point of
difference. The ADSP-1401 has 16-
bit data and output address buses
and a 7-bit instruction bus. As a
result of the 16-bit address bus, ad-
dressing of microcode memory is
limited to 64 kbytes, which is usual-
ly considered sufficient. The
WTL7136, on the other hand, has
three 32-bit buses: the output code
address bus, the data address bus,
and the code bus. These buses con-
tribute to a hefty pin count of 144
pins. By contrast, the ADSP-1401 is
a 48-pin device.

More address space
Because of the large address bus, the
WTL7136 addresses up to 4 Gbytes
of memory. Why is there so much
address space in systems that have
traditionally gotten by on much
less? ‘‘With microprogrammable
devices, it’s very difficult to pro-
gram more than 16 kbytes of micro-
code words, not to mention 64
kbytes,”” Weitek’s Torban says.
‘““We chose to provide 32 bits of
code address space, and that gives
you 4 Gwords. Obviously, we didn’t
think that anybody was going to
write microcode of that depth. We
did it because we intended the fami-
ly to work with main memory sys-
tems.”’

This, perhaps more than anything
else, differentiates the two parts.
While the Analog Devices part is a

high-performance, full-feature de-
vice with a 70-ns cycle time (com-
pared with the 80- and 100-ns cycle
times for the Weitek part), the
Weitek device must be evaluated
from Weitek’s perception of how it
will be used.

Weitek anticipates that the se-
quencer will be used primarily with
other Weitek components; there-
fore, the system is tightly coupled.
Torban points out that in micropro-
grammed systems of the past, the
main emphasis has been on flexibili-
ty for the designer. But program-
ming these devices has been dif-
ficult.

“Weitek has decided to take a
more integrated approach to the
hardware,’’ says Torban. ‘‘Integra-
tion requires partial freezing of the
hardware. What we have retained is
the performance.”’

Weitek is trying to make things
easier for the designer, and a major
component of its strategy is the Ac-
cel software development tools for
the new sequencer and its related
hardware family members, the
WTL7137 integer processor and the
WTL313/332 floating-point pro-
cessor. The Accel software includes
compilers for Pascal, Fortran and C
to allow rapid software develop-
ment with large main-memory pro-
grams. Key to Weitek’s thinking is
the idea that noncritical code can be
compiled from high-level sources,
while critical code can be hand-
coded for performance.

Commenting on the approach
chosen by Weitek, Fair says,
‘“Weitek seems to have in mind a
RISC-type architecture that at-
tempts to do away with the distinc-
tion between microcode memory
and program memory.”’ Stating that
16 bits is fine for a microprogram
control store but not enough for a
RISC-type processor, Fair says that
it seems as if Weitek is trying to
cover several bases. ““If 1 were a de-
signer building a microcoded machine,
and if everything else were equal, I’d
go with the small part that did the
job—a 48-pin DIP or 52-pin PLCC.
Why do I need 32-bit ports?’’ The an-
swer, says Weitek, is Accel.
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A Barely two years after
s Weaminss introduction of the first
MULTIBUS* Il board, this
advanced bus architecture
woerus: 1S enjoying support unequalled
by any multiprocessor

10 e bus ever.
Already, more than 75
manufacturers—including all these—are delivering or
developing MULTIBUS II products.

CPU, Memory, I/0, Peripheral and Graphics boards.
Plus packaging products and software. Everything you need
to build advanced 16/32-bit multiprocessor systems now.

And the list grows almost daily:

What it means to you is MULTIBUS Ilis no longer the
advanced bus of tomorrow. It’s the advanced bus of today.

For your free copy of the new MULTIBUS II Product
Directory detailing 125 products, send your business card
to: MMG, P.O. Box 6208, Aloha, OR 97007.

There’s noneed to wait any longer.

MULTIBUS Ilis here.

VMEbus

VENDORS+
2
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ICE makers grapple with 32-bit microprocessors

With the introduction of two
in-circuit emulators for the In-
tel 80386 and the announcement of
two 20-MHz emulation systems for
the Motorola 68020, emulation for
32-bit microprocessors took a big
step forward at the end of 1986. But
emulator manufacturers face diffi-
cult challenges and painful trade-
offs as they develop tools for
increasingly fast and complex pro-
Cessors.

The ICE-386 system from Intel
(Hillsboro, OR) and the Mice-32/
80386 emulator from New Micro
(Gardena, CA) both provide real-
time emulation at 16 MHz for the
80386. Meanwhile, Hewlett-Packard
(Colorado Springs, CO) has brought
out a 20-MHz 68020 emulator for its
HP 64000 development system, and
Atron (Saratoga, CA) has announc-
ed a PC-hosted 20-MHz 68020
emulator for less than $10,000. With
the 68020 now available at 25 MHz,
however, emulator vendors are still
playing catch-up to the chip’s ex-
panding capabilities.

At 20 MHz, an emulator has just
50 ns to read, write and access
overlay memory. While high-speed
memories and new cabling schemes
have pushed emulation up to 20
MHz, it’s unclear whether 25 MHz
can be achieved without rethinking
the design of emulators or com-
promising performance. Such fea-
tures as an on-chip memory manage-
ment unit (MMU), cache and pre-
fetch queueing also pose severe
challenges for emulation, and make
it difficult for the user to determine
what’s going on inside the chip.

Independent emulator manufac-
turers such as Zax, Sophia, Arium
and Microcosm all plan to support
32-bit microprocessors, but have
delayed their plans until 1987. While
Sophia (Santa Clara, CA) has close
ties to Japanese chip makers, the
other manufacturers will probably
start with Intel or Motorola micro-
processors. National Semiconductor

Richard Goering
Senior Editor
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(Santa Clara, CA) sells an emulator
for its 32032 processor, and AT&T
Technologies (Berkeley Heights, NJ)
provides emulation for its WE 32100
processor. Nobody has even tried to
emulate the 33-MHz Clipper from
Fairchild (Mountain View, CA).

Hitting the speed limit

Until last month, the 68020 was the
only 32-bit processor supported with
emulation. While Tektronix, New
Micro and Applied Microsystems
support the 68020 at 16.6 MHz, HP,
Atron and Motorola (Phoenix, AZ)
now provide 20-MHz emulation. All
these companies have turned to
faster components and have found
ways to save a few nanoseconds by
shortening cables. The HP 64416
A/B emulator, for example, puts
emulation memory in the micro-
processor pod itself and uses 25-ns
static RAMs for overlay memory.
But product marketing engineer Jim
Ting concedes more must be done to
get HP emulators up to 25 MHz.

To reach speeds as high as 25 MHz
it will be necessary to turn to unbuf-
fered emulation, according to
Richard Jensen, vice-president at
Applied Microsystems (Redmond,
WA). That means the emulator
won’t provide switching circuits to
protect itself against power surges or
inconsistencies in the target. ‘“The
tool will become more vulnerable at
higher speeds,”” says Jensen. But
Motorola staff engineer Jay Hart-
vigsen predicts his company will be
able to emulate at 25 MHz by provi-
ding still faster parts for its HDS-300
emulator.

The MultiV 68020 emulator from
Tektronix (Beaverton, OR), the ES-
1800 emulator from Applied Micro-
systems and the Mice-32/68020
emulator from New Micro insert
wait states at 16.6 MHz when emula-
tor memory is used. Opting for less
expensive memories, these emula-
tors run in real time at 16.6 MHz
only in the target memory. Atron’s
68020 Probe/3 emulator uses 40-ns
SRAMs, but inserts one wait state at
20 MHz when running out of emula-

tor memory. By using 25-ns SRAMs,
HP and Motorola can operate out of
emulator memory in real time at any
speed.

All 68020 emulators are subject to
the extremely tight timing relation-
ships presented by the micropro-
cessor itself. At 16.6 MHz, a user-
generated signal named DSACK
must be returned from the negative-
going edge of the address strobe
within 25 ns. Since the emulator it-
self will eat up much of this time in
signal transmission, wait states will
be inserted unless the user returns
DSACK without delay. Real-time
emulation without wait states is thus
prototype-dependent and may not
be possible in practice.

Looking inside the chip

The new 80386 emulators from Intel
and New Micro support real-time
emulation up to 16 MHz, the max-
imum rated speed of the 80386. Like
most 68020 emulators, these emula-
tors insert wait states at 16 MHz
when emulation memory is used.
“To get full-speed emulation with
no wait states, you need static
RAMs,”” says Gordon Reid, mar-
keting manager for Intel Develop-
ment Systems (Hillsboro, OR). ‘“We
use dynamic RAMs, and we look to
the user’s target to provide no-wait-
state emulation.”

Both the 80286 and the 80386 sup-
port a real-address mode and a pro-
tected virtual-address mode. Reid
says that protected mode cannot be
emulated without a bond-out chip, a
proprietary version of the micro-
processor with key signal lines
brought out to external pins. Intel
uses bond-out chips in its own
emulators but doesn’t make them
available to outside suppliers. Ap-
plied Microsystems emulates the
protected mode of the 80286, but
Jensen declines to say how. HP
emulates the protected mode of the
80286 by using its own custom bond-
out replacements.

New Micro emulates the protected
mode of the 80286 by interrogating
the instruction descriptor table base
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The PC-hosted Mice 32/80386 emulator from New Micro provides real-

time emulation of the 80386 up to 16 MHz. New Micro plans to emulate
the protected virtual-address mode of the 80386 by interrogating internal
registers in software.

register in software, and plans to use
the same technique in a later release
for the 80386 emulator. The descrip-
tor table allows the emulator to trace
the sequence of instructions through
the microprocessor. But Intel’s Reid
believes this trace won’t be fully ac-
curate without a bond-out chip.
“You might have a fair idea of
what’s going on inside the chip, but
when you get to a critical decision
point, you’re not quite sure what
happened,’’ says Reid.

The 80286 and 80386 also have an
on-chip MMU, which means that an
emulator looking at a micropro-
cessor’s address lines can’t deter-
mine which address in real memory
is being accessed. This isn’t normally
a problem for symbolic software
debugging, because users set break-
points on symbols rather than on ad-
dresses. But if users need to know a
physical address, most 80286 emula-
tors require that they figure it out by
hand. It’s possible to determine phy-
sical addressing without bond-out
chips, and New Micro provides phy-
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sical addressing by accessing the in-
struction descriptor table.

The 68020 doesn’t have an on-chip
MMU, but its on-chip cache causes a
similar problem. When the cache is
in operation, the address bus is quiet
and the user doesn’t know what’s
going on inside the chip. Motorola
provides an instruction that disables
the cache, and 68020 emulator ven-
dors suggest that the cache be dis-
abled for most debugging modes.
“‘Ideally, you’d like to be able to
emulate the cache, to set breakpoints
and throw it up on the screen,’’ says
Dave Blakemore, vice-president of
Arium (Anaheim, CA).

Microprocessors such as the
80286, 80386 and 68020 use prefetch
queueing, which means the pro-
cessor fetches instructions that
might not be executed. This makes it
difficult to determine program con-
trol from the emulator’s trace dis-
play. To make debugging easier,
HP’s 80286 emulator dequeues the
executed-instruction flow in real
time. Intel uses its bond-out chips to

look at the end of the execution
stream after the fetch has taken
place.

Emulating other chips

Independent emulator manufac-
turers pursue the 68020 and 80386
because they’re perceived to be
mass-market chips. For emulation
support for National Semiconductor
or AT&T 32-bit microprocessors,
users must turn to the chip makers
themselves. National’s ISE32 in-
circuit emulator can emulate not
only the 32032 CPU, but also the
32082 MMU and 32201 timing con-
trol unit. Although the 32032 can
run at 15 MHz, ISE32 supports real-
time emulation up to 10 MHz only.

AT&T Technologies provides an
emulator for its 32100 chip set, in-
cluding the CPU and MMU. While
the emulator runs up to 14 MHz with
no wait states, the 32100 now goes
up to 18 MHz. Instead of pushing
emulation to that speed, AT&T
plans to release a ‘‘footprint moni-
tor’’ to handle faster versions of the
32100. This tool can observe the
CPU but can’t control program ex-
ecution. ‘‘It’s less intrusive into the
target system than an emulator,”’
says AT&T hardware designer Bob
Rango.

The Fairchild Clipper is beyond
today’s emulation technology not
only because of its 33-MHz speed,
but also because it uses a modified
Harvard architecture with separate
buses for data and instructions.
Emulator vendors would thus have
to emulate two buses and keep them
synchronized. ‘“‘We’ve found a de-
creasing demand for emulation and
an increase in the demand for per-
formance tuning tools,”’ says Gary
Baum, strategic marketing manager
for the Clipper. (H]

Coming January 1
Watch for
Geoff Kates’
technology focus report
on large standard cells.




'BUILD IN THE DRIVE
WITH BUILT-IN SUCCESS

Your state of the art product merits
components built to meet today’s
advanced needs. And that includes
the compact, high density capacity of
a Panasonic® 3.5" flexible disk drive.

Panasonic gives you the opportunity
to provide the sophisticated products
your customers are looking for. Our
JU-394 3.5" drive actually offers
more information storage than 5.25"
and 8" units: 2.0MB. Our JU-386
drive has a capacity of 1.6/1.0MB.
And since both our 3.5" drives them-
selves are more compact, they con-
sume less power and weigh less than
the bulkier 5.25" and 8" drives. Which

leaves more space and power for the
other capabilities you want to add to
your PC.

The JU-386 and JU-394 are easy to
integrate into your system, too.
Because they're plug-compatible
with 5.25" drives. And perhaps most
importantly, Panasonic helps make
integration easy for you. Our in-
house team of engineering and cus-
tomer service professionals are ready
to answer your technical questions
and provide service when you need it.
To help make sure that your system
runs smoothly and fits your most
complex applications.

So if you are driven to succeed, builc
in the disk drives built to do just that
The Panasonic JU-386 and JU-394.
Part of Panasonic’s full line of 3.5”
and 5.25" disk drives.

For more information, contact Pana-
sonic Industrial Company, Memory
Systems Division, 1731 Technology
Drive, Suite 650, San Jose, CA95110,
(408) 294-5888. Or call any Hamilton-
Avnet location at 1-800-228-7886.

Panasonic
Industrial Company

CIRCLE NO. 24




Cadnetix
the standard C

Finally, full-function CAE for your
standard IBM PC.

For a long time, full-function CAE and a standard
IBM PC couldn’'t be mentioned together in the same
breath. The Cadnetix PC System has changed all that.

Finally, an experienced CAE vendor has outfitted an
unmodified IBM PC/AT™ or XT™ with the same excellent
hierarchical schematic capture tools included on our
high-end workstations. We've given you immediate access
to real CAE component and semicustom libraries via
Ethernet™ And, we've made your PC a “window on the
network]” linking it to powerful Cadnetix engines for
simulation, physical modeling and physical layout. All this
without expensive alterations or add-on hardware.
The Cadnetix PC System is a complete CAE resource
that hasn’t been converted into a high-cost hybrid.

The super-computer power of Cadnetix
Engines, directly available to your PC’s.

You'll develop designs on the PC, then compile and
analyze them on high-performance engines tailored for
accelerated compilation, simulation, physical modeling
and database management. And Cadnetix has integrated all
of these functions into a single network resource featur-
ing both a RISC processor and a bit-slice processor to
accelerate various applications tasks.

Our Analysis Engine is a versatile processing node
offering you the choice of configurations you need for
your design analysis environment. With up to 280 Mb of
disk, mass storage for database management is essen-
tially unlimited. Options include:
¢  Bit-Slice Engine with Simulation: This bit-slice
application-specific accelerator speeds through
logic simulations at 200,000 evaluations per
second — 200 times faster than typical work-
stations. Worst-case analysis tools are standard.
GP Engine: A general purpose engine providing
accelerated compilation and SPICE. Based on
a RISC architecture chip set, it has an effective
operating rate of 10 million instructions per
second. In addition, a compiler and debugger
tool set allow you to accelerate ‘C’ programs
which you develop.

e  Physical Modeling Engine: This engine simulates

With Cadnetix, your IBM PC becomes much
more than a normal entry-level CAE workstation. For
fast analysis of your largest designs, Cadnetix gives you
direct access from your PC to our full line of CAE Engines.
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introduces

VLSI chips at vector rates of up to 16 MHz and
accommodates devices with up to 364 inputs and
384 outputs. Vector storage of 512K x 91 bits
provides for longer simulations and simultaneous
analysis of up to 30 devices.

Powerful Cadnetix engines complement PC capabili-
ties, achieving top efficiency in compute-intensive design
tasks while supporting lowest-cost per engineer for
routine access.

Now your PC has the capability of an
entire design network.

The Cadnetix PC System is not just another PC
software package. It is your window to complete, sup-
ported solutions for electronic systems design.

The NFS® protocol, a powerful networking stan-
dard, provides immediate and transparent remote
file access to our full range of design tools: PC’s for
engineering design, high-performance workstations

AE workstation.

CAMETTX Corporation Uersion C.c

for advanced design tasks, high-capacity file servers
for mass storage, engines for applications demanding
peak power.

Cadnetix protects your investment with the most
comprehensive set of data access standards available. With
UNIX™and EDIE your data is always accessible. And with
remote login capability, you can access any UNIX node
on your network through the UNIX window on your PC.

Cadnetix has established the standard for ease of

use with its industry-leading object-oriented user inter-
face. Cadnetix has brought this interface to the IBM PC,
giving you the shortest possible learning curve and
eliminating a significant hidden cost of other systems.

Find out about the Cadnetix PC System. Discover
the unlimited design potential of your PC.

CADNETIX
Solutions for system design.

Cadnetix Corporation, 5757 Central Ave.,
Boulder, CO 80301 (303) 444-8075

IBM PC/AT and IBM PC/XT are trademarks of IBM Corporation. Ethernet is a trademark of Xerox Corporation.
NFS is a registered trademark of Sun Microsystems, Inc. UNIX is a trademark of AT&T Bell Laboratories, Inc
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These intelligent
devices will lead
you to an
intelligent decision.

Automate with Gould.

Controllers. Computers. Communi-
cations. Motion. Vision. Gould’s
capabilities are as comprehensive
as its product line.

Here's the company that knows auto-
mation from the factory floor up. Gould
has consistently introduced pace-
setting industrial automation technol-
ogy: the first programmable controller,

Map Gateway

the first 32-bit supermini and the first
real cell controller. Today Gould offers
the most comprehensive line of com-
patible manufacturing control and
information management products
available anywhere.

Whether you're an OEM or an end
user, you'll find that Gould's approach
is flexible. You can turn to Gould to
provide the tools for a dedicated, appli-
cations-specific control system or a
proposal for a full-scale turnkey system.

Gould Automation Products:
the most complete tool set for
integrated manufacturing.




Gould's fully integrated product line is
making computer integrated manufac-
turing a reality. Gould products
adhere to widely accepted industry
standards: MAP communication pro-
tocols, VME bus specifications and
UNIX™* operating system guidelines.
That's why a partnership with Gould is
your insurance against obsolescence.

No other industrial automation system
supplier is more at home in the factory
than Gould. The Gould Automation

team includes an international network
of product support and customer serv-
ice professionals. It's a network that
has been in place for years. And those
highly-skilled people are accessible
24 hours a day.

The decision to automate your process
is an intelligent one. And so is the de-
cision to team up with Gould for con-
trol products, complete control systems,
counsel, service and support. To learn
more about the Gould partnership

approach to automation, write to
Gould Inc., Industrial Automation
Systems, PO. Box 3083, Andover, MA
01810. Or call 1-800-243-8160 to locate
the Gould Sales Office nearest you.
*UNIX is a registered trademark of AT&T

=2 GOULD
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: Gould provides complete
families of real time and UNIX-based
32-bit supermini computers.

i Cell Controller

Integrated
- Automation
~ Controller

Industrial
crocomputer




ntil now, you expected to get
l ' what you paid for. Bruning’s
new ZETADRAF 900 E-size,
single sheet plotter gives you more.

How? We've designed and engi-
neered a totally new E-size plotter
to the point where it outperforms
every other plotter of its type.

And at the same time, we reduced
the price!

The drawing quality is superb.
And, when you consider 6 g’s accel-
eration, 45 ips chart speed and
8-pen color capability, it's unmatched.

Of course our faster plot speed
means your output is higher than
ever. ZETADRAF 900 could cut the
plot time for your most dense design
in half.

ZETADRAF 900 supports all
major CAD software packages and

is compatible with most computers.
Interfaces include RS232, IEEE-488,
GML and HPGL.

No prior plotter experience
is required, even for liquid ink.
ZETADRAF 900 has two levels
of operation—novice and advanced.
But everyone appreciates features
such as the angled, LCD control
panel and the ability of the plotter
to store even complex user-designed
configurations.

Sorry CalComp and HP. We just
didn’t realize when we started out
that we could produce so much plot-
ter for so little money. But we did.
Get all the facts about ZETADRAF
900 or our other ZETA drafting
plotters by calling (415) 372-PLOT
or write:

Bruning Computer Graphics

777 Arnold Drive A diision of
Martinez, CA 94533 m
TWX 910-481-5951 intenational
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We just raised the
performance level
for single sheet,
E-size plotters.

We also lowered
the price!




TECHNOLOGY/PRODUCT TRENDS '86/'87

COMPUTERS AND DATA COMMUNICATIONS

RISCs and parallel
processors drive
multiprocessing innovations

Multiprocessing and
distributed processing
come to life as novel
computer architectures
hike performance and
lower cost.

Nicolas Mokhoff
Senior Editor

parallel processing to reduced-instruction-set computers

(RISC) continued unabated this past year. Because of the
possibilities offered by VLSI chips, more computer manufacturers
took the plunge into innovative designs. Computers, from main-
frames to fully functional boards, have brought the concepts of
multiprocessing and distributed processing to life.

In terms of computer architecture, 1986 was the year of RISC.
Besides the much heralded entry of IBM’s RT PC, Hewlett-
Packard and startup MIPS Computer Systems introduced RISC
products. MIPS Computer (Sunnyvale, CA) made a splash in the
early part of the year by announcing that it would supply, on an
OEM basis, high-performance system building blocks based on its
proprietary RISC architecture. Nearly 20 computer manufac-
turers, system integrators and government system suppliers are
already designing products based on MIPS Computer technology.
According to the company, the RISC products bridge the gap be-
tween superminicomputer performance and microprocessor cost
by achieving performance levels two to five times that of tradi-
tional 32-bit microprocessors—and at competitive prices.

MIPS Computer’s R2000 series of products offer sustained per-
formance of 3, 5, 8 and 10 Mips and are an outgrowth of the Stan-
ford RISC research project, called the Microprocessor without
Interlocking Pipeline Stages—MIPS. The project combined IBM’s
study of optimizing compilers with Berkeley’s development of a
VLSI RISC chip. The R2000 products include component Kkits,
CPU boards, a development system, a memory option, optimizing
compilers for C, Pascal and Fortran and two versions of the Umips
operating system (a Unix derivative). The R2065 component kit in-
cludes a 12.5- or 16.7-MHz CPU chip capable of 8 or 10 Mips,

The onslaught of novel computer architectures ranging from
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respectively, a MIPS Computer floating-point ac-
celerator chip, a write buffer consisting of four gate
array chips and a binary copy of the Umips op-
erating system, utilities and C compiler. The MIPS
Computer CPU boards feature the basic building
blocks contained in the component kits, preconfig-
ured and manufactured with either a standard
VMEDbus or Multibus II.

Hewlett-Packard (Palo Alto, CA) made the deci-
sion several years ago to base its next generation of
computers on RISC technology. Its Spectrum fami-
ly of RISC-based minicomputers, introduced this
year, maintain compatibility with the company’s
installed base of complex-instruction-set computers
(CISC), which are members of the HP 3000 family.
According to HP, many current applications could
be easily moved to the new Series 930 and 950 com-
puters because the new systems run the existing HP
3000 object code without modification, recompila-
tion or data conversion.

Pyramid Technology (Mountain View, CA) was
one of the first to implement RISC as a means of
enhancing the multiuser, multitasking performance

High-performance system building blocks
incorporating RISC principles include component
kits, CPU boards, and development systems for
design and software engineers. The products are
intended to establish a new price/performance
standard for systems in the 3- to 10-Mips
performance range.
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of Unix. Introduced by Pyramid in the last year, the
Workcenter acts as a communications gateway to
corporate data centers, and as a departmental hub
interconnecting workstations and PCs. Recently
the company introduced its Series 9000—two Unix-
based 32-bit superminicomputer platforms for mul-
tiuser, multitasking applications, such as data base
systems, networking and software development.
Pyramid has also started offering its machines
domestically on an OEM basis.

nother early producer of RISC-type machines,

Ridge Computers (Santa Clara, CA), unveiled
its 3200 Model 90 system for computationally in-
tensive scientific and engineering applications. The
machine is the high end of the company’s line with
computational performance rivaling that of DEC’s
VAX 8600. It processes single-precision calcula-
tions at 4.3 MWhetstones/s and runs double-pre-
cision calculations at 2.4 MWhetstones/s. It fea-
tures a microprocessor-based service processor that
manages all remote diagnostics. The 3200 has a
peak 1/0 transfer rate of 18.3 Mbytes/s in burst
mode with a typical rate of 10.7 Mbytes/s. Con-
figured for maximum performance, the system has
a 600-Mbyte hard disk, 16 Mbytes of main memory
and 16 RS-232 ports, expandable to 32.

The past year was also marked by a few entries in
the minisupercomputer market. There are three ar-
chitectural approaches to scientific and engineering
computing: vector, parallel and RISC. Vector ar-
chitectures, such as in the SCS-40 from Scientific
Computer Systems (San Diego, CA), offer high
performance by using single-machine instructions
that operate on multiple data elements, or vectors.
When introduced early this year, Scientific claimed
that the machine delivers 25 percent the perfor-
mance of the Cray X-MP/1 supercomputer for
about 10 percent of the cost. An entry-level system
costing $595,000 executes up to 44 MFlops. Scalar
performance is equally impressive at 18 Mips.

Parallel processing technology also made a ma-
jor attempt to move into the mainstream of com-
puter architecture during the past year with
products differentiated by price/performance
trade-offs. The hypercube was one of the more in-
novative parallel processing architectures intro-
duced last year because its power grows in propor-
tion to the number of processors that are connected
in the array. Use of the most powerful mass-
produced microprocessor chips may facilitate the
construction of hypercube computers many times
more powerful—but less costly—than today’s
fastest supercomputers.

Intel Scientific, Ncube and Floating Point



Systems, (all Beaverton, OR), introduced hyper-
cube machines (see ‘‘Hypercube architecture leads
the way for commercial supercomputers in scien-
tific applications’’ Computer Design, May 1, 1986,
p 28). Meanwhile, Ametek (Arcadia, CA) has been
working on its next-generation hypercube ma-
chine—the Mark III. Its supernodes will consist of
MC68020-based boards, each of which will rival or
exceed the performance of a typical superminicom-
puter. According to Ametek, a concurrent com-
puter assembled from 32 supernodes would have
the performance of the fastest current supercom-
puters at less than one-twentieth the cost.

learly, the most significant parallel processing

architecture introduced in 1986 was that in the
Connection Machine, a 64,000-node parallel pro-
cessor implementing data-level parallelism. Individ-
ual processors assigned to individual elements of
data attack the entire problem at once, allowing
operations on all data elements to proceed in
parallel. If there are fewer than 64,000 data ele-
ments in the problem, the system assigns a complete
processor to each one. If there are more than
64,000, the system operates in virtual processor
mode on data sets with as many as a million ele-
ments. The Machine’s developer, Thinking Ma-
chines (Cambridge, MA), claims that the power of
64,000 processors operating in parallel yields per-
formance above 1,000 Mips in a wide range of ap-
plications areas. By contrast, the biggest con-
ventional large-scale machines operate at less than
40 Mips.

Key to the success of parallel processors is the
ability to add more processors without substantial-
ly increasing the time devoted to interprocessor
communications. Ideally, total system power
should approach or equal the sum of the power of
each individual processor. For most applications,
this is posssible only with an internal network that
eliminates bottlenecks that impair performance.
BBN Advanced Computers (Cambridge, MA),
believes its Butterfly machine comes closest to
bottleneck-free operation. In fact, BBN’s 256-
processor version, made commercially available
this year, has achieved a computational speed of
more than 230 times that of a single component
processor using a variety of standard bench-
marks.

BBN attributes its success to an internal com-
munications method different from that of the
hypercube or the bus. In the hypercube design, each
node connects to several immediate neighbors and
supports systems with a large number of pro-
cessors. This method, however, can be inefficient if

Ncube/seven is a desk-height parallel processor that
can support up to 16 users on a maximum of 128
processing nodes. Its hypercube architecture is
distributed among boards that house 64 processing
nodes each. When two boards are inserted, the wiring
in the backplane creates an order-7 hypercube.

communications with nonadjacent nodes is desired.
The number of processors that can be added to bus
architectures is limited. BBN applies its packet-
switched networking techniques to interprocessor
communications. This interconnection method di-
rectly connects multiple processors without requir-
ing numerous point-to-point connections.

entral to the Butterfly computer’s communica-

tions method is a proprietary switch containing
custom VLSI switch chips. The switch uses packet
addresses to route data to and from processor
nodes. Since processors are relieved from the
responsibility of routing, interruptions and delays
are eliminated. Using both local and shared
memory, the Butterfly doesn’t use messages to
retrieve data. Instead, it directly references memory
located anywhere in the system.

Another form of parallel processing that made
an appearance in 1986 was dataflow parallel pro-
cessing computing. The LDF 100 dataflow machine
from Loral Instrumentation (San Diego, CA)

COMPUTER DESIGN/December 1986 57



Chan Russell

Vice-president of product development
BBN Advanced Computers

The need for parallel processing

Continuous-process industries, such as the
oil, chemical, power and paper industries,
could use complex simulation and modeling for
planning and designing a new plant, developing
control algorithms, training operators with a real-
time model, monitoring the plant’s operation and
detecting and repairing problems. For tasks as
diverse as general-circulation weather model-
ing, resolution of numerous algebraic and par-
tial differential equations in the design of bridges
or three-dimensional modeling of oil fields, par-
allel processing offers more computing power
than conventional computers at a better price/per-
formance ratio. With such complex environments,
simulation provides a more economical and, in
some cases, a more realistic model than is possi-
ble with physical experimentation. Both complex
simulation and modeling make significant de-
mands on computer systems—demands that par-
allel processing is uniquely qualified to satisfy.

The greatest of these requirements is the ability
to manage complexity in real time. Matrices used
to construct real-life models of a system can con-
tain hundreds of thousands of elements. A mini-
computer able to quickly solve a 100-x 100-
element matrix is at a loss when the matrix’s
dimensions are 1,000,000 x 1,000,000. For exam-
ple, today’s most powerful minicomputers can
only effectively simulate circuits with a hundred or
so transistors. The ability to accurately detect er-
rors in circuits containing hundreds to thousands
of transistors prior to chip fabrication is possible
through parallel processing, and it offers great
ecomonic benefit. Similarly, simulating a single
combustion cycle in an automobile engine today
takes up to 80 hours on a conventional mainframe.
Increasing the simulation speed by 1,000 percent
through parallel processing has obvious positive
consequences.

Clearly, the ability to solve complex tasks quick-
ly is essential. Although parallel processing has
the potential for effectively solving such problems,
this potential is only realized if the commercial
parallel processor has general-purpose features
that adapt well to these applications. Parallel pro-
cessors with a large number of homogeneous pro-
cessors and a fast interconnection network are
particularly effective for complex simulations.
Each component of the simulation can be mapped
to a processor that interacts with individual com-

ponents. Because the simulations will increase in
complexity over time, it is also important that the
parallel processor be incrementally expandable.
Finally, in order to meet real-time requirements,
parallel processors must have fast /0 to match
their high processing capabilities.

Image processing is also an important applica-
tions area for parallel processing. High-level vision
is critical to robotics and manufacturing as well as
being a key element in inspection, automated
assembly, welding and sorting operations. Parallel
processing permits the reconstruction of 3-D sur-
faces from visual inputs for the inspection of multi-
dimensional parts, the recognition of partially
obscured parts or the analysis of complex images of
a moving scene.

mages of a scene are recorded by several

cameras and stored in a parallel processor as a
collection of pixels. The digitized image is then
processed to gain information about a scene. A
scene with a 3-D object typically only registers as
a 2-D image on a conventional computer. Informa-
tion is therefore lost and the image analysis is in-
accurate. The ability to produce a multidimension-
al image, simultaneously accounting for numerous
variables such as shading, texture, movement and
obstruction, is an inherently parallel task. Parallel
processing provides the computing power needed
for high-level vision, greatly improving image an-
alysis accuracy. This additional processing power
offers great economic benefit in manufacturing,
where today’s mechanical systems—expensive to
maintain and relatively slow in operation—could
be replaced by fast, efficient optical systems
powered by parallel processors.

Shared-memory parallel processors are espe-
cially useful in high-level vision applications. In a
shared-memory, tightly coupled parallel pro-
cessor, all processors have equal access to all
memories within the system, as opposed to loose-
ly coupled, private-memory parallel processors
where processors can’t read one another’s
memories and must pass messages across com-
munications links. High-level vision is well suited
to a shared-memory architecture because it is
most efficient when a single, shared view of an im-
age can be analyzed from several perspectives—
rather than having a duplicate of this information
for each processor.
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epitomizes this technique. The LDF 100 fills the
void between the fastest generation of supermini-
computers, typified by the 4-Mips VAX 8600 and
low-end supercomputers that have speeds of ap-
proximately 60 Mips. Offering configurations be-
tween 5 and 256 Mips, the LDF 100 is data-driven,
as opposed to the usual instruction-driven ma-
chines. Processors wait until they receive the data
instead of continually processing instructions.

Dataflow architectures are categorized by their
granularity—the amount of processing occurring at
any processor—and by their static or dynamic
capability. Granularity is referred to as either
small- or large-grain. The granularity of the Loral
dataflow machine is medium- to large-grain with a
static distribution of functions. Functions can be
individually programmed in C, Fortran and Ada,
with the description of the dataflow graph written
in Loral’s Datagraph Language.

nother entry in the parallel arena this year was

the Balance 21000 from Sequent Computer
Systems (Beaverton, OR). This latest entry in the
Balance family of computers can be configured
with up to 30 32-bit processors, compared to the
previous Balance 8000, which accommodated two
to 12 processors. The 21000 enlarges the simul-
taneous user base to 256. Balance computers incor-
porate an innovative parallel computing archi-
tecture that supports traditional sequential applica-
tions and parallel applications at the same time.
Parallel programming, which allows appropriately
structured applications for improved performance,
is supported by shared memory and fast syn-
chronization between hardware and Sequent’s
high-level language software libraries.

In another category of computer technology—
array processors—the trend is toward more embed-
ded functionally and smaller-size systems. By in-
corporating CMOS VLSI chips, Star Technologies
(McLean, VA) was able to squeeze 50 MFlops into
its ST-50—a 19- X 26-in. package. Star’s first prod-
uct, the ST-100, included multiprocessor architec-
ture combined with emitter-coupled logic chips that
yielded 100-MFlops operation. This year’s addition
to Star’s stable is a compact version of the ST-100
adapted from its architecture using high-density
CMOS technology. These CMOS logic chips incor-
porate at least five times more gates per chip, en-
abling Star to physically reduce the size of the ST-50
to approximately 3 ft3. Consuming less power and
costing less than ECL versions, the CMOS-based
machine can nevertheless achieve 50 to 60 percent
of the computational speed of the ST-100. Prin-
cipal applications of the ST-50 are in medical imag-

A compact CMOS-based array processor operates at
50 MFlops in compute-intensive applications such as
siesmic data processing, modeling and simulation and
medical imaging. The ST-50 from Star Technologies
uses multiple processors for I/0, storage movement,
arithmetic operations and control.

ing, nondestructive testing systems and digital sig-
nal processing systems.

In the commercial computer market, a signifi-
cant introduction was an internal bus for a new
VAX line of machines—the 8200, 8300 and 8800
from Digital Equipment Corp (Maynard, MA). DEC
decided to incorporate a 32-bit bus called BI-bus that
can transfer data at 13.3 Mbytes/s. After its introduc-
tion, 13 vendors announced their support for the new
synchronous bus. Events occur on the BI-bus at fixed
200-ns intervals, with all address, arbitration and
data transmission time-multiplexed over its 32 data
lines. The physical address space is 1 Gbyte. The
bus is supposedly an interface only for DEC’s high-
end computers and not intended to be competitive
with either Multibus II or VMEDbus third-party
boards.

hile the board market for 32-bit systems ex-

perienced healthy growth during 1986, a dis-
cernible trend is that of more specialty boards for
both the Multibus and VMEDbus. The special niches
that have recently sprung up include analog I/0,
disk controllers, communications and high-perfor-
mance boards. According to Xylogics (Burlington,
MA), the peripheral controller is the secret ingre-
dient behind high-level computer system perfor-
mance. Unlike many other board-level products
that play a nominal role in supermicrocomputer,
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workstation, parallel and multiprocessing com-
puters, the peripheral controller is critical because
the more quickly data is transferred, the more bus
bandwidth is available to handle demanding real-
time applications.

After scoring success with disk controllers, Xylo-
gics introduced its first communications controller
this past year. The 780 board is the first VMEbus
communications controller to feature a full 32-bit,
instead of a 16-bit, data path. The controller can
support 16 full-duplex asynchronous ports at 9.6
kbits/s or eight ports at 19.2 kbits/s on a single
board, improving throughput 70 percent over other
VMEbus communications controllers.

Xylogics contends that several factors contrib-
uted to the need for a product like the 780. These in-
clude the increased use of local area networks
(LANSs) to interconnect a variety of computers, the
use of personal computers to emulate dumb termi-
nals and the broadening implementation of Unix mul-
tiuser computers for commercial applications. The
result has been a reduction in the need for syn-
chronous communications between computers and
an increasing number of asynchronous lines and
trafficon Unix machines.

he WE321SB from AT&T Information Sys-

tems (Holmdel, NJ) is one of the most recent ex-
amples of an open-system single-board computer.
With the Unix V/VME operating system, the board
provides an OEM with the fundamental hardware
and software tools to produce a system product that
can exploit the existing hardware of the VMEbus as
well as existing Unix applications packages. The
processor board executes programs out of on-
board local memory in a 5-cycle zero wait state at 18
MHz. Using Berkeley benchmarks, the processor
board provides performance equivalent to 3 VAX-

11/780 Mips on the average. The single-precision
Whetstone benchmark executes at 1.2 MWhet-
stones/s.

Future enhancements to the WE321SB include
real-time and 4-Mbyte local memory versions. The
WE32200 processor chip set, a planned third
generation of 32-bit chips, is projected to double
the performance of the current WE32100 chip set.
An upgrade to Unix Release 3.1 with remote file
sharing and the Streams mechanism will also be in-
cluded in the upgrade.

Development boards from IC vendors that offer
data communications chips were also on the agenda
for 1986. With the IEEE standards for LAN inter-
faces 802.3, 802.4 and 802.5 reaching the final ac-
ceptance stage, IC vendors are confident enough to
offer LAN chips on a large-volume basis. Many of
these same vendors are including evaluation boards
and kits with the chips. The kits and evaluation
boards help designers alleviate system-level inter-
face problems. National Semiconductor (Santa
Clara, CA) offered a three-chip set that can be used
in any of the three 802.3-based LANs—Ethernet,
Cheapernet, and StarLAN—and includes an eval-
uation board. The DP839EB board contains the
three-chip set that includes the DP8390 network in-
terface controller, the DP8391 serial network inter-
face and the DP8392 coaxial transceiver interface.
Plugged into an IBM PC or equivalent, it gives the
system designer a complete diagnostic environment
for evaluating the chips.

A similar arrangement has been provided this
year by Advanced Micro Devices (Sunnyvale, CA).
Hardware and software support for AMD’s
Am7990 three-chip set comes in the form of three
evaluation boards: the Multibus Ethernet/Cheap-
ernet, the Am7990 stand-alone and the IBM PC
Ethernet/Cheapernet board package. The IBM

Evaluating LAN chips can
become more efficient when
boards that house the chips are
used. The evaluation board and
accompanying software for
National Semiconductor’s
Ethernet/Cheapernet/StarLAN
chip set lets system designers
evaluate a LAN interface with
an IBM PC.
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Fred Molinari, President

Presenting DataTranslation’s half-size IBM boards.
Low1n cost, high on performance.

Introducing the amazing Data Translation half-size
analog and digital I/O cards for IBM personal computers.

Now low cost solutions are available to the scientific,
industrial, and engineering communities who use IBM PC,
XT, AT or compatibles. Our half-size cards give you just
what you need, with no wasted board, and no wasted cost.

You pay just for what you need. But low cost is just the
half of it.

As the chart below shows, all our half-size boards are
big performers that support analog inputs, analog outputs,

and digital I/O.

Each measures five inches in length and plugs easily
into any I/O expansion slot. Sample BASIC programs are
included for functional testing and user programming.
Use them as is, or modify them for specific applications.

Use our half size boards for data logging, process con-
trol, energy management, chromatography, signal analy-
sis or laboratory automation. All on your IBM PC.

We've cut the cost of I/O boards down to size. The next
step is up to you. Call Data Translation today. C all
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In a mother- and daughter-
board combination, an on-board
80186 is used as a node
processor for the three-chip
LAN combination on the
daughter board. The stand-alone
80186-based board speeds
applications programs running
on the IBM PC and supplies 16-
bit bus memory for the three-
chip interface set.

board consists of a mother board actually devel-
oped by Orchid Technology (Fremont, CA), under
its label of PCTurbo-186. A daughter card from
AMD integrates the three chips and connects them
to the 80186 microprocessor via a 50-pin connector.

Texas Instruments (Dallas, TX), came up with its
own network adapter subsystem that lets designers
evaluate the company’s TMS380 five-chip set for
802.5-based token-ring LANs. TI also offers the
designer a TMS380 application-specific IC tool kit.
The kit lets designers reduce the adapter subsystem
housed on a full-length board to a half-length board.

TI is so bullish about its token-ring chips that it
predicts that the next generation of professional
workstations will all sport the token-ring network-
ing interface. The company’s bases its confidence
on the fact that the IEEE 802.5 standard allows in-
dividual packets to contain over 2.5 times as many
bytes as 802.3 collision-based protocols, improving
the token-ring’s capacity for handling large file
transfers. The guaranteed access of token-passing
protocols, coupled with a larger packet size, yields
a 95 percent utilization of the token-ring data rate.
This represents a significant advantage over col-
lision-detection protocols. By comparison, col-
lision-based technologies begin losing performance
when 30 percent of the maximum number of users
are hooked into the network. At best, they deliver
less than 60 percent of the bus data rate, says TI.

The third LAN standard, the 802.4 bus-oriented,
token-passing interface, received a large boost in
1986 from continuing interest in the Manufacturing
Automation Protocol. Specified and promoted by
General Motors to tie together computers from var-
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ious vendors on the factory floor, MAP will eventu-
ally encompass all seven layers of the Open Systems
Interconnect (OSI) protocols.

So far, chips and boards and some modules
adhering to the standard have appeared. For ex-
ample, Industrial Networking (Santa Clara, CA)
introduced a MAP interface and host-resident net-
working software program for connecting IBM PC
XTsand PC ATs to a MAP LAN system. The two-
board interface includes an 80186-based controller
board and a 10-Mbit/s token-bus modem board.
The MP-500, when equipped with Industrial Net-
working software downloaded over the network,
implements the entire seven-layer communications
architecture specified by MAP 2.1.

Vendors that have designed products to the 2.1
version of MAP may get stung, however. Version
3.0, to be completed early next year, will affect the
Applications Layer of the OSI protocols. Although
products designed to Version 3.0 will be compatible
with products designed for Versions 2.1 and 2.2,
the opposite will not be true. Very few designs have
been aired that incorporate the Applications-Layer
requirements. Developing these products for the
factory environment should be a boon for third-party
vendors. (H)

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 popular OEM bus in the
world now comes equipped with the
most powerful 32-bit microprocessor.

Intel’s 80386.

We're talking a full line of boards that
give you true 32-bit processing power.

To make all of this happen, we

designed a locally accessible 32-bit
data pdth that lets our 16 MHz 80386
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execute at absolute maximum speed.
Then we added up to 16 MBytes
of memory. And a 64 KByte zero wait
state write-through cache for highest
performance. Combined with the latest
surface mount technology:
The result is a whole fdmll\ of
super-fast 386-based MULT IBUS'I CPU
boards and snap-on memory modules
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For further information, call Intel at
(800) 548-4725. Ask for Lit. Dept.W335.
And see how MULTIBUS I and the

80386 really add up.

In

that give you from 1 to 16 MBytes of
Memory.

SO now you can triple performance
on your existing system. Or build new

ones. And exploit the full capabilities
of the 80386 microprocessor, while
leveraging your MULTIBUS I investment
in existing real time, multi-user and
proprietary operating systems.
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Expandablé parallel processor serves
supermini to low-end supermicro market

A 12-processor computer using a
parallel processing architecture of-
fers 12 times the performance of a
VAX 8600 and performs at up to 72
Mips. Elxsi’s computer systems fill
the gap between large minicom-
puters and supercomputers that tra-
ditional mainframe vendors don’t
serve.

The expanded version of Elxsi’s
System 6400 offers complex prob-
lem-solving skills requiring fast, in-

teractive processing. It can operate
in time-sharing, real-time or batch-
processing environments, and by in-
corporating one to 12 CPUs, it
provides between 6 and 72 Mips. Its
ability to perform equally well in
both parallel processing and multi-
processing modes offers a high
degree of flexibility.

Main memory for the system is ex-
pandable to 192 Mbytes. It features
up to 4 Gbytes of virtual addressing

space per process. A synchronous
64-bit-wide channel system bus, call-
ed the Gigabus, provides a system
bandwidth of 320 Mbytes/s.

Using a tightly coupled multi-
processor architecture and advanced
semiconductor technology, the Sys-
tem 6400’s power comes in a com-
pact package. The system packs a
single 6-Mips CPU on three circuit
boards using ECL and LSI pro-
prietary gate arrays.

This message-based architecture
permits the addition of CPUs with-
out modification to user software or
the operating system. The design of
the Gigabus ensures expandability to
accommodate new technologies and
prevent system obsolescence.

Three multiuser, multiprocess op-
erating systems—Embos, Unix BSD
4.3 and Unix System V.2—run on
the system concurrently. A variety of
programming languages are sup-
ported, including Fortran, C,
Pascal, Cobol and Mainsail.

Housed in two 32-Xx59-in. cab-
inets, a fully configured 12-CPU sys-
tem is priced at approximately $3
million.

Elxsi, 2334 Lundy P1, San Jose,
CA 95131. Circle 100

Stand-alone vector processors deliver high-speed

array processing and offer extensive expansion

Two budget vector processors, the
Maxim/32 and Maxim/64, offer
scientific researchers high levels of
multiprocessing power and multi-
functionality in stand-alone pack-
ages. They combine the VMS-based
MicroVAX II with the MAP (Mod-
ern Array Processors) 32- and 64-bit
array processors supported by MAP
Fortran cross compilers from CSPI.

Both vector processors are easily
expandable to accommodate both
single-user and multiuser environ-
ments. Their flexible architecture
supports expandable memory and
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disk storage devices. A single-stream
compiler automatically compiles
Fortran source code programs for
high-speed execution in the array-
processing module.

The Maxim/32 is based on CSPI’s
Mini-MAP family. It couples a Mi-
croVAX II general-purpose mod-
ule with an array-processing mod-
ule that computers with 32-bit single-
precision accuracy. The basic con-
figuration offers a 5-Mbyte physical
CPU memory and an internal 1
Mbyte of data memory. A 71-Mbyte
high-performance disk and a 91-

options

Mbyte cartridge tape for program
backup provide additional storage.
Development software and the For-
tran compiler is included. Up to four
array processor modules can be com-
bined for multitasking environ-
ments.

The Maxim/64 computes with
64-bit double-precision accuracy. Its
basic configuration consists of a 5-
Mbyte memory for the 32-bit CPU
and a 16-Mbyte internal data mem-
ory for the 64-bit array processor.
Disk and cartridge tape storage are
the same as for the Maxim/32.
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This amazing piece of monolithic CMOS technology
is bound to make a Brooktree convert out of you.

How many angels can
dance on the head of a
pin? How many DACs
can we pack into a mono-
lithic 1C?

We didn't design the
new Btl10 just to show off,
we designed it for a vari-
ety of instrumentation and
test applications. How-
ever, with eight 8-bit DACs
on a single piece of CMOS
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Both systems provide extensive ex-
pansion options for CPU and array
processor memory. CPU memory
expands to 9 Mbytes on both units.
The Maxim/32 array processor data
memory can be extended up to 12
Mbytes and the Maxim/64 up to 64
Mbytes. Disk capacities for both
units range up to 1 Gbyte. A scientif-
ic software subroutine library and
extensive networking capabilities are
also available.

Prices for the systems start at
$65,000 for the Maxim/32 and at
$165,000 for the Maxim/64.

CSPI, 40 Linnell Circle, Billerica,
MA 01821. Circle 101

Unix-based CAE RISC architectures and
software products link PCs and supercomputers

The C1260 superminicomputer
boasts an execution rate of 0.88
MFlops and supports up to 128
users. Using two software prod-
ucts—PC-Interface and the Net-
work File System developed by
Locus Computing and Sun Micro-
systems, respectively—users of the
C1260, C1230 and the lower level
C1200 can share data with both PCs
and supercomputers. PC-Interface
enables Celerity’s Unix-based
systems to communicate with IBM
PCs, while the Network File System
exchanges files in a distributed en-
vironment between different ven-
dors’ equipment.

Celerity’s RISC-based architec-
ture is geared to CAE and scien-
tific-modeling applications and all
of the models feature a proprietary
32-bit Accel processor unit and
floating-point coprocessor. With
more than 150 commands, as com-
pared to the 30 to 35 found in some
RISC-based systems, the computer
can maintain the enhanced execution
speeds of a reduced instruction set
without limiting the processor to too
few commands and thus sacrificing
function. A three-stage pipeline ar-
chitecture with delayed jumps pro-
vides a basic system time as low as
100 ns. Unlike other RISC machines,
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it also supports floating-point in-
structions.

The heart of the Accel processor
unit is NCR’s 32000 CPC chip, part
of the five-chip set developed by
Celerity’s founders while at NCR.
This microcodable processor chip
has been compiled in native code for
optimum performance as a number-

crunching engine for compute-in-
tensive design and research pro-
jects. The architecture and the 24
Mbytes of physical memory support
large applications programs. The
movement of data and instructions
through four or more separate and
autonomous 32-bit data paths
speeds computation.
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All Celerity models support 1/0-
intensive applications, such as those
requiring frequent access to a large
data base. The C1230 has 23 I/0
slots on two 1/0 buses and can sup-
port 64 simultaneous on-line users,
with up to 4,096 Unix processes.

Interfaces include Centronics
parallel, IEEE 488 and DR-11/W
for use with high-performance
graphics stations, laser printers and
electrostatic plotters.

In addition, 4260 and 4230 disk

drives allow system configuration
with as much as 44 Gbytes of on-line
disk storage.

The Accel floating-point extended
arithmetic unit, a 64-bit coprocessor
that handles mathematically com-
plex portions of programs to speed
execution, supports all floating-
point operations. The model C1260
system features two independent Ac-
cel processors and two floating-
point processors.

Celerity uses a native and com-

plete implementation of Unix 4.2
BSD for all of its systems.

Functional system configurations
for these superminicomputer design
systems are priced at $75,000 for the
C1230 and $110,000 for the dual-
processing C1260. The PC-Interface
(initial 32-user license) and the Net-
work File System are priced at
$2,500 per installation.

Celerity Computing, 9692 Via Ex-
celencia, San Diego, CA 92126

Circle 102

Family of data acquisition and control boards serves VMEbus

Entering the VMEDbus arena for the
first time, Datel has introduced a
complete line of compatible analog
and digital 1/0 boards. The DMVE
line is intended to provide complete
data-acquisition solutions for VME-
bus-based systems through standard
and semicustom board-level prod-
ucts that cover a wide range of func-
tions and include industrial-grade
A-D, D-A, digital I/0 and analog
multiplexer boards with software
support.

Two of the A-D models, desig-
nated the DVME-611 and DVME-
612, support 32 single-ended or 16
differential analog inputs. Both
boards feature an expansion connec-
tor providing up to 256 channels us-
ing the DVME-64x series of multi-
plexer boards. Product-line versa-
tility is increased using Functional
Data Acquisition Cells. These re-
placeable cells provide four versions
of each model with A-D resolution
and conversion rate pairs of 12 bits/
20 ps, 12 bits/4 us, 14 bits/35 us and
16 bits/400 ms.

To generate interrupts at the end
of conversion and at the end of
scans, A-D conversions are pro-
grammable in single-channel, single-
channel continuous, sequential and
externally triggered sequential
modes. With the 4-us conversion rate
A-D version, the DVME-611/612
can reach throughput rates of of
greater than 160 kHz.

Besides its versatility, the DVME
family offers high-voltage isolation.

Representative of this capability is
the DVME-602. Serving industrial
applications demanding isolated in-
puts for dc or slowly varying signals,
this board provides 1,000-V peak
isolation as well as signal condition-
ing of thermocouples and low- or
high-level signals. Isolated analog
input signals are converted to 12-bit
plus sign data at conversion rates of
30 samples/s. On-board electronics
provide thermocouple linearization
of J-, K-, T-, S-, B-, E- and R-type
thermocouples, watchdog timer and
local cold junction compensation.

On the D-A side, the DVME-624
is a fully isolated, four-channel D-A
converter board with 12 bits of res-
olution. Each channel output can be

configured as 0 to 5 V, 0 to 10 V,
+2.5V, £5V,or £10V dcand can
support a 4- to 20-mA current-loop
option. Channel-to-channel and
channel-to-bus isolation is guar-
anteed up to 300 vrms. The four ver-
sions of the board provide settling
times of either 6 us or 30 us.

For eight-channel operation, the
DVME-628 also provides 12-bit
resolution and a 6-us settling time. It
can be configured for the same five
voltage outputs as the DVME-624.

In digital 1/0, the DVME-660
features 48 software programmable
TTL-level channels to VMEbus
systems and is plug-compatible to
Opto-22 and Gordos I/0 modules.

Three multiplexer boards com-
plete the Datel family. The DVME-
641 is a high-level analog multiplexer
board with 32 single-ended or 16 dif-
ferential input channels. It features
an on-board dc-to-dc converter that
provides +15 V dc from the VME-
bus +5-V dc power supply. An
eight-channel analog multiplexer
board, the DVME-643 delivers 1,000-
V peak, isolation and signal condi-
tioning for thermocouple, low- or
high-level signals. The third mul-
tiplexer board, the DVME-645, con-
sists of 16 single-ended or eight
differential analog input channels,
with input data acquired simulta-
neously by 10 sample-hold ampli-
fiers.

Prices range from $695 to $1,595.

Datel, 11 Cabot Blvd, Mansfield,
MA 02048. Circle 103
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Disk controller pushes VMEbus throughput close to speed limit

Cheetah, a high-performance stor-
age module device (SMD) disk con-
troller from Interphase increases
all existing VMEDbus throughput by a
factor of three. Interphase director
of marketing Tom Kent says that
Cheetah boosts DMA throughput to
30 Mbytes/s, while present VMEbus
controllers have been limited to be-
tween 5 and 10 Mbytes/s.

This drastic rise in throughput
capability approaches the theoretical
VMEDbus bandwidth of 40 Mbytes
and results from development of the
proprietary Buspacket interface, a
VMEDbus architecture used for the
first time on Cheetah. Buspacket
decouples bus activity from other
on-board controller activity through
the use of high-speed, 256-word, bus
first-in, first-out (FIFO) buffers and
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an asynchronous state machine that
connects to the VME address bus
and controls VMEDbus signaling.

Additionally, Cheetah uses a 128-
kbyte pool of dynamically allocated
RAM buffers instead of the 16-kbyte
buffer used in the company’s earlier
model controllers. This expanded
buffer permits multiple data track
storage and improved use of the
company'’s intelligent caching capa-
bility.

The interface preformats packets
of data in the FIFOs before the bus
is accessed. These 15-ns FIFOs, lo-
cated between the RAM buffer and
VME data bus, are emptied at 30
Mbytes/s once the bus is accessed
and released for other activities.
A Busmaster interface for CPU data
and a Busslave interface for buffer
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data connect to the VME data bus.

Multitasking virtual buffer ar-
chitecture, controlled by a 68000
microprocessor, provides zero la-
tency read/write operation. It per-
mits simultaneous data movement
between Cheetah and the bus and be-
tween Cheetah and system periph-
erals. The microprocessor also man-
ages the pool of data buffers by al-
locating and deallocating those buf-
fers for various system processes.
This eliminates both read overruns
and write underruns.

Unlike traditional controllers,
Cheetah begins reading data as soon
as the head lands on the track. It
then immediately transfers all sec-
tors of interest regardless of their
order on the disk. The controller
thereby never needs more than one
disk revolution to transfer an entire
data track.

Even after requested sectors of the
disk are read and transferred, the
controller continues to read and
cache sectors. Then, if the host later
requests that data, the controller can
transfer the data from cache without
accessing the disk and without block
interleaving by the operating system.

Technically designated the V/
SMD 4200, Cheetah operates with
many system variables and pro-
grammable system parameters.
These incude burst rates and multi-
ple interrupt vectors as well as all
variable bus configurations. Price
for the single VME double-height
V/SMD controller is $2,350.

Interphase, 2925 Merrell Rd, Dal-
las, TX 75229. Circle 104

RISC architecture cuts overhead and boosts throughput

Serving both business and technical
applications, two reduced-instruc-
tion-set computers (RISC) mark the
beginning of a new line from
Hewlett-Packard. Called the HP
3000 Series 930 and 950, the com-
puters are fully compatible with
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earlier HP 3000 models, yet offer
system throughput up to three times
greater.

The source of this performance
enhancement is the company’s HP
Precision Architecture, based upon
a RISC design. Implementing com-

puter instructions directly in the
hardware, HP Precision Architec-
ture eliminates the system overhead
associated with the microcoded in-
structions of conventional com-
puters. The architecture can be im-
plemented in a number of technol-



ogies (initially TTL and NMOS-III)
and supports VLSI design.

The first unit in the line, the Series
930, is a 4.5-Mips processor that
supports up to 24 Mbytes of main
memory. An optional floating-point
coprocessor extends system perfor-
mance for computation-intensive
operations. Housed in a compact,
two-bay cabinet, the unit requires
minimal power and cooling.

For higher performance opera-
tion, the Series 950 is designed
around a 6.7-Mips VLSI processor.
It supports 64 Mbytes of main mem-
ory and delivers approximately three
times the throughput of the older
Series 68. The company has achieved
this performance level by integrating
a 1-micron NMOS-III process into a
dense VLSI technology developed
for processor designs. The entire
processor is contained on a single
chip.

Both systems employ HP Ad-
vancenet, the company’s networking
architecture that is compatible with
IBM systems and the International
Standards Organization’s Open

Systems Interconnection standards.
A basic Series 930 system with 16
Mbytes of memory, two I/0O chan-
nels, LAN channel, dual-access data
base, system dictionary and oper-
ating software sells for $225,000.

The Series 950, available in 1987,
will cost between $300,000 and
$350,000.

Hewlett-Packard, 1820 Embarca-
dero Rd, Palo Alto, CA 94303.

Circle 105

Expandable supermicro family serves wide range of applications

Bringing an easily expandable design
to Unix-based, 32-bit computer
systems, the MCX family of super-
microcomputers serves applications
ranging from CAD to aerospace pro-
jects to scientific labs. The computer
family includes four models based
on the 16.7-MHz MC68020 pro-
cessor with multiprocessing options.

The line is built around the Harris
Supermicrocomputer Unix (HX-
/UX), which is based on both AT&T
System V and Berkeley 4.2 BSD ver-
sions. The line incorporates an en-
hanced Multibus I1/0 system, which
doubles the traditional Multibus I/0O
bandwidth to up to 6 Mbytes/s. By
separating the memory bus from
Multibus communications through a
hardware adapter specially designed
for DMA transfers, I/0O doesn’t in-
hibit CPU activity.

The microcomputers include 32
Mbytes of main memory, 256

Mbytes of physical address space
and 4 Gbytes of virtual address
space. An 8-kbyte cache memory is
added along with three separate
buses for memory, I/0O and real-time

data acquisition, and an integrated
MC68881 floating-point copro-
cessor. For extensive arithmetic
calculations, an optional custom-
designed floating-point accelerator
boosts each processor’s performance
to 3.6 Mips.

The MCX-3 Model 40 is an entry-
level unit that supports 12 users
and offers four expansion slots. The
MCX-3 Model 60 can operate as a
multiprocessor with two processors
and has 12 expansion slots. For more
computational-intensive operations,
the MCX-5 Model 60 can be config-
ured with two processors and a range
of peripherals. The top of the line,
the MCX-5 Model 70, supports up to
64 users and accommodates up to
four processors. Prices range from
$18,700 to $73,000.

Harris, Computer Systems Div,
2101 W Cypress Creek Rd, Ft
Lauderdale, FL 33309.  Circle 106
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Two mid-range processors improve
performance using innovative VLS| CMOS architecture

Designated Models 3620 and 3650,
two mid-range systems comple-
ment the entry-level 3610AE. To-
gether, they replace all but the high-
end Symbolics Model 3675. The
3620 offers a 20 percent increase in
processing power over the older
3640 while occupying one-quarter the
space.

Measuring just 17.5 X 8.5 x 25 in.,
this entry-level software develop-
ment system contains a processor,
I/0 controllers, a 190-Mbyte disk
and 4 Mbytes of main memory. An
Ethernet interface, expansion slots
for three additional memory boards
and a monochrome console with
keyboard and mouse are also in-
cluded. Options include 16 Mbytes
of main memory, an additional 190-
Mbyte disk, floating-point accelera-
tor and varied peripherals.

The second mid-range unit, the
3650, adds a 40 percent perfor-
mance punch to the capability of the
older 3670. Standard equipment in-
cludes a 368-Mbyte disk, an
Ethernet interface and up to 32
Mbytes of main memory as well as a
second 368-Mbyte disk. For color
graphics applications, the computer
offers an optional high-resolution

|

color console with keyboard and
mouse and 8- and 24-bit color capa-

bilities with CAD buffer and frame
grabber graphics systems.

Both the 3620 and 3650 use an in-
novative 36-bit tagged architecture
that, unlike the 32-bit design com-
monly seen, uses an extra 4 bits to
provide information about the data
to be processed. This architecture
optimizes performance in Lisp ap-
plications by providing run-time
data typing, dynamic storage alloca-
tion, dynamic linking, multitasking
in a single address space and object-
oriented programming.

The systems also come stocked
with the company’s Geneva soft-
ware environment that provides
common Lisp language plus exten-
sion, utilities and additional compo-
nents required for large-scale soft-
ware development projects. Users
are able to write programs that are
extensions of the environment itself,
while easing the reallocation of ac-
tivities such as editing, debugging
and evaluating Lisp forms.

Price with console for a basic
3620 is $49,900; a standard-
configuration 3650 is $65,900.

Symbolics, 4 New England Tech
Ctr, 555 Virginia Rd, Concord, MA
01742. Circle 107

Supermini borrows RISC design to boost performance

In what purports to be third-
generation reduced-instruction-set
computer (RISC) technology, Ridge
Computers offers the 3200 Model 90
system performing at levels equiva-
lent to or better than VAX 8600
superminicomputer for one-tenth to
one-fifth the cost. Anchoring the
high end of the company’s product
line, the Model 90 offers this strong
computational performance while
incorporating additional reliability
features such as a microprocessor-
based service processor to manage
all remote diagnostics. With remote
diagnostics, every service function
can be provided off-site.
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To enhance reliability, the front
panel of the 3200 displays all system
activity as well as a complete set of
service diagnostics without depend-
ing on I/0 circuitry or disks—the
major cause of failure. A resident
microdiagnostic self-test embedded
as part of the power-on sequence
protects against failures that fre-
quently occur when a system is turn-
ed on or off. An additional feature,
the system boot software that
resides in an on-board erasable pro-
grammable read-only memory, fur-
ther reduces reliance on 1/0 or disk.

The 3200 can support more than
100 users of workstations from Sun

Microsystems, Digital Equipment
Corp and Apollo Computer as well
as more than 100 users of IBM PC
ATs and RT PCs and users of Apple
Maclntoshes running on the Apple-
talk network. Primarily slated as
a server in engineering and scientif-
ic work groups, this computer pro-
cesses single-precision calculations
at 4.3 MWhetstones/s. Integer ap-
plications, such as compilation, run
in excess of 5 million instructions/s.
System I/O transfer rate reaches
18.3 Mbytes/s in burst mode. With
128 Mbytes of main memory, I/0
speeds of up to 2.4 Mbytes/s per
disk can be achieved using the



embedded SMD 1/0 interface pro-
tocol.

Applications software compatible
with Ridge’s other systems is
available on the 3200. This includes
packages for mechanical and elec-

trical engineering such as Swanson
Analysis Systems’ Ansys program
and MacNeal-Schwendler’s MSC/
Nastran for finite-element analysis.

A basic system with 4 Mbytes of
main memory, a 78-Mbyte hard

disk, eight RS-232 ports and Y-in.
tape cartridge backup, is priced at
$36,650.

Ridge Computers, 2451 Mission
College Blvd, Santa Clara, CA
95054. Circle 108

Apollo expands DN570/580 workstations with turbo package

The mid-range DN570 Turbo work-
station for computational-intensive
two-dimensional graphics applica-
tions and the high-end DNS580
Turbo workstation for real-time
three-dimensional graphics applica-
tions extend the performance of the
Apollo DN5xxx series of color
graphics workstations. For existing
DN570/580 workstation users, an
add-on Turbo package is offered.

The new Turbo workstations in-
corporate an optimized 68020 32-bit
microprocessor with 16 kbytes of
physical cache memory and a 68881
floating-point coprocessor. In addi-
tion, the workstations support up to
16 Mbytes of error-checking and
correcting memory and 2 Gbytes of
virtual address space for each con-
current process.

A high-performance floating-
point accelerator option comple-
menting the 68881-based system im-
proves performance by two to six
times over the standard 68881
floating-point coprocessor, accord-
ing to the company.

The Turbo workstations outper-
form conventional workstations be-
cause of their ability to transform
and clip 2-D vectors by 50 percent to
150,000 vectors/s and 3-D vectors by
30 percent to 130,000 vectors/s.
Overall, the higher performance
Turbo workstations run graphics-
intensive applications up to 2.2 times
faster than the original DN570/580
workstations. Apollo boldly claims
the Turbo workstations are eight
times faster than DEC’s VA Xstation
11/GPX workstation and 2.2 to three
times faster than the 2-D and 3-D
performance of Sun’s 3/200 work-
station series.

The Turbo 580 has a high-res-
olution display with a 19-in., 60-Hz

noninterlaced 1,024- x 800-pixel,
bit-mapped color monitor. Its draw-
ing processor delivers 150,000 2-D
transformed and clipped vectors/s
and eight planes of display memory.
The Turbo 570 features either a 15-
in. nonglare or a 19-in. flicker-free
display, both at 60 Hz noninter-
laced, 1,024- x 800-pixel bit-mapped.
Its drawing capability is 40,000 2-D
transformed and clipped vectors/s
and eight planes of display memory.

A floating-point accelerator op-
tion uses the Weitek 1164/1165
floating-point chip set in a heavily
microcoded environment. This hikes
performance to 2,200 single-pre-
cision Whetstones and over 1,800
double-precision Whetstones. For
applications that include vector
arithmetic, such as finite-element
analysis and modeling, its instruc-
tion set includes vector mode in-

structions resulting in close to a
sevenfold gain in performance.

The Turbo 570/580 workstations
are compatible with other DN5xxx
workstations and run more than 700
applications software packages cur-
rently available on Apollo’s Domain
system product family.

Both workstations are available
with 8, 12 or 16 Mbytes of main
memory. Price range from $43,900
for the DN570 Turbo with 8 Mybtes
of main memory to $66,900 for the
DN580 Turbo with 16 Mbytes of
main memory. The Turbo perfor-
mance package is available with 8,
12 and 16 Mbytes of main memory at
prices starting at $12,500. The
floating-point accelerator option is
priced at $5,900.

Apollo Computer, 330 Billerica
Rd, Chelmsford, MA 01824.

Circle 109
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Supermini computer packs power onto single board

The Eclipse MV /7800 is built around
a six-chip set. Using VLSI technol-
ogy, it manages to pack its CPU,
floating-point processor, remote di-
agnostics processor, time-of-day
clock, 2 to 4 Mbytes of error-check-
ing memory, writable control store,
and support for data channel and
burst multiplexer channel buses onto
a single 15- X 15-in. board.

The chip set consists of four
NMOS circuits, a CMOS gate array
and an ECL gate array. Its standard
floating-point unit speeds single-
and double-precision arithmetic
operations to a rate of 1,067 single-
precision Whetstones and 756
double-precision kWhetstones.

If needed, the system can accom-
modate up to 14 Mbytes of main
memory. With 14 I/0 slots, it sup-
ports up to 9.4 Gbytes of disk stor-
age and up to 128 peripherals.

Compatible with the rest of Data
General’s 32-bit line and its 16-bit
models, the MV/7800 offers three
different operating systems—the
Advanced Operating System/Vir-
tual Storage (AOS/VS) for time-

sharing applications, AOS/Dis-
tributed Virtual Storage (AOS/
DVS) for distributed systems and
DG/US for Unix environments.

A 2-Mbyte rack-mount Eclipse

MV/7800 model with power supply,
16-slot chassis and AOS/VS is priced
at $19,050.

Data General, 4400 Computer Dr,
Westboro, MA 01580. Circle 110

Multibus Il microcomputer offers 32-bit DMA at

Designed for both real-time environ-
ments and sophisticated applications
demanding interprocessor com-
munications and broad memory ex-
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pansion, a multiprocessing engine
from Heurikon serves high-speed
Multibus II applications.

The HK68/M220 delivers its per-

high speed

formance through a 25-MHz 68020
MPU coupled with 4-Mbyte on-
board dynamic RAM with parity,
256-kbyte EPROM and 128-byte
nonvolatile RAM for user functions.
Two RS-232 serial ports and an
ANSI-compatible SCSI handle com-
muncations.

Other features include a 16-bit
iSBX connector, iLBX II memory-
expansion bus, on-card 4-channel
DMA with 32-bit data path clocked
at CPU speed and three 16-bit
counter/timers. An optional 68851
paged memory-management unit
aids Unix operation, and an optional
on-board 68881 floating-point
coprocessor improves performance
in research applications.

The board’s 32-bit data path, 32-
bit addressing and full message pass-
ing provide complete compatibility



Princeton
Graphic Systems wins
World Class competition
three years running.

Sharp resolution, full compatibility, and rug- displays. Our color and monochrome monitors

ged reliability. That's what you get in every outperform the competition every time. That’s

Princeton Graphic Systems monitor. That’s why, for the third year in a row, our HX-12 high

why Princeton Graphic Systems is number resolution color monitor has been voted best

one in the minds of more and more personal in the world.*
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Only Princeton Graphic Systems offers a monitors, pick the company that's number

complete family of quality personal computer  one. Princeton Graphic Systems.
*PC WORLD Magazine's 1986 World Class Survey.
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with a broad range of peripheral
boards for varied applications.
Operating system support in-
cludes Unisoft’s Uniplus+, Unix
V.2 compatibility, Hunter &

Ready’s VRTX Real-Time Executive
and Microware’s OS-9.

Heurikon also offers a Unix-to-
VRTX development system called
Link/X for real-time development

and test. A 4-Mbyte board with a
12.5-MHz processor is priced at
$4,195.

Heurikon, 3201 Latham Dr,
Madison, WI 53713. Circle 111

LAN controller converts PC to industrial workstation

The MAPware Series 1200 con-
forms to the requirements of all
seven layers of the Manufacturing
Automation Protocol (MAP) Ver-
sion 2.1 specification. And when
MAP 3.0 becomes effective, the
board will also support that version.

The board lets an IBM PC, PC XT,
PC AT or ruggedized PC enter a
MAP network and either exchange
information or control a small work-
cell. Up to eight simultaneous
connections can be maintained. The
controller can call any of eight nodes
with eight different types of equip-
ment, put that node on hold and
make a connection somewhere else.

Hardware for the Series 1200 is
based on the Intel 80186 running at
10 MHz. The board contains 512
kbytes of dynamic RAM and 64
kbytes (upgradable to 256 kbytes) of
‘“‘boot’” PROM. Configuration pa-
rameters are stored in 2 kbytes of
nonvolatile RAM. A Motorola
MC68824 token-bus controller chip

executes the MAP media access con-
trol function.

Because this board functions with
an external modem rather than an
internal card, only one slot in the PC
case is now needed to maintain the
MAP function instead of one slot
for the controller and one for the
modem. The Series 1200 can be con-
nected to either of two external
MAP modems at a distance of up to
16 ft from the PC via standard 37
conductor cable. The modem can be
table-top or wall-mounted. One of
the modems, a 10-Mbit/s broadband
modem, adheres to the IEEE 802.4
standard and operates over a mid-
split CATYV cable.

Both frequency agility and mo-
dem transmit power levels are soft-
ware-adjustable. Frequency agility
enables the board to set to any of
three broadband channels. Ad-
dressable power levels are particular-
ly valuable in a factory application.
If a signal isn’t strong enough or if

LTI

the environment is exceptionally
noisy, the power can be raised.

The controller board can be
software-configured as a full MAP
node, executing MAP Layers 1
through 7. In particular, applica-
tions developers can interface to the
Common Application Service Ele-
ment at Layer 7, to Session at Layer
5, to Transport at Layer 4 and to
Data Link at Layer 2. The software
is maintained on a 5%-in. disk and
downloaded from the PC executing
PC-DOS 3.1 or above. All or part of
the software can be used at any of
the layers.

The PC bus interface provides 8-
bit DMA or program-controlled
data transfers. It includes one 8-bit
I/0 port control register and one 8-
bit port status register. The I/0 port
base address is set by six straps. A
37-pin differential modem interface
is IEEE 802.4-compliant for data
circuit-terminating equipment and
data terminal equipment.

The Series 1200 board sells for
$2,695. Deliveries will begin in the
first quarter of 1987.

Concord Communications, 397
Williams St, Marlboro, MA
01752. Circle 112

GOMPUTER DESIGN reprints

Reprints of any article or advertise-
ment appearing in Computer Design
may be ordered directly from June
Bozarth, CSR Reprints, PennWell
Publishing Co., P.O. Box 1260 Tulsa,
Oklahoma 74101, 1-800-331-4463
or 918-835- 3161 Ext. 379. Mini-
mum order: 100 black and white
copies, 500 four-color copies.
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Communications controller supplies high-speed connection

The Xylogics 780 controller, a 16-
port asynchronous 1/0, serial I/0
processor, handles 16 ports trans-
mitting data simultaneously at 9.6
kbits/s or eight ports transmitting
simultaneously at 19.2 kbits/s. The
controller doubles the number of
ports available on a single board,
while providing the highest possible
transfer speed. On-board intelli-
gence off-loads character-oriented
processing from the host.

To achieve these functions within
the space constraints of a standard
160- x 233-mm VMEboard, Xylogics
merged proprietary chips from
its disk/tape controller products for
the VMEDbus with standard off-the-
shelf components. Use of custom
large-scale integration makes room
for a powerful iAPX-186 processor
and 512 kbytes of RAM within the
VMEDboard.

High performance is obtained by
combining the 186 microprocessor
with the DMAS82258, a 32-channel
DMA controller from Intel. This
controller off-loads the on-board
processor from data input work
coming from the 16 ports, leaving it
free to handle some of the work
previously done in the Unix driver.
Because the DMA chip manages the
relatively involved translations re-
quired by the Unix generic TTY pro-
tocol, the system CPU is free to
concentrate on the application.

Working under the XyCE realtime
multitasking executive, the 10-MHz
iAPX-186 controls all board activity
and moves data quickly. The Intel
DMA chip takes each character from
a staging buffer, performs the
necessary conversions and returns
the data to another part of memory.
Xylogics’ DMA chip picks the con-
verted data out of memory and puts
it onto the VMEDbus at transfer data
rates of 10 Mbytes/s.

Communications between the
host and controller are accomplished
by asynchronously passing message
packets via a message pipe (a set of
separate input and output buffers).
This mechanism supports efficient
transfer of either single characters or
character blocks. Since messages are

placed and taken from message
queues asynchronously, the host is
not required to spin on any hardware
bits as part of the host-to-controller
communications protocol.

The 780 1/0 processor is designed
on a single dual-height VME Euro-

card that contains drivers and
receivers from the RS-232C port.
Connection to the host is via two
60-pin ribbon cables. Board price in
single quantities is $2,495.
Xylogics, 144 Middlesex Tpk,
Burlington, MA 01803.  Circle 113

Bubble-cassette memory systems from Bubbl-tec’

Now that computers are down on
the factory floor, up in airplanes
and out in the field, you need
solid-state mass storage, like
Bubbl-tec® magnetic-bubble
memory systems. Unlike disks,
they stand up to the dirt,
dust, temperature extremes, |
shock and vibration that

plague real-world computing.

ss storage
that wc_)rks

Up to 2 Mbytes in popular 5 1/4”
format. Uses non-volatile, plug-in

i
4 BUBBL-PAC® cassettes.

Bubbl-tec systems provide battery-free, non-volatile mass storage from 128
Kbytes to 32 Mbytes, with extremely fast access to every data block. Many of
these systems plug directly into your microcomputer bus — no extra chassis
or power supply.

Since 1979, we’ve been shipping systems for every popular micro bus. In
fact, we have more systems in the field than any other bubble-system sup-
plier. Systems are now available for QI MULTIT¥ STD, VERSAT™™ VME™ and
IBM® PC buses.

Send today for your free catalog. Our mass storage solutions have a solid

) 3ubbltec

Division of PC/M Inc

BUBBL-TEC INTERNATIONAL DISTRIBUTORS:

France: Sacasa (1) 46.30.68.39 ¢ lItaly: Telcom 02-404-7648 «
Japan: Marubun Corp. 03-6399857 « Netherlands: Diode B.V.
030-884214 * Norway: HCA Melbye 02-106050 * Sweden: TH
Elektronik AB 08-362970 ¢ Switzerland: Micro-System-Technik,
AG 01-4920355 * U.K.: Amplicon, Ltd. 0273-608331 * West
Germany: Scantec GmbH 089-859-8021

Bubbl-tec and BUBBL-PAC are registered TMs of PC/M, Inc. MULTI-
bus is a registered TM of Intel Corp. VERSAbus and VMEbus are
Motorola, Inc. TMs. Q-Bus is a Digital Equipment Corp. TM. IBM is
aregistered TM of International Business Machines.

CIRCLE NO. 31

6805 Sierra Court

Dublin, California 94568
Telephone: 415/829-8700
TWX/Telex: 910-389/6890
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Our comprehensive line of data storage
products outshines all the competition, thanks
to two of Fujitsu’s best ideas. Quality that

is uncompromising. And reliability that

is absolute.

Every Fujitsu disk and tape drive is built to
the highest standard in the data storage industry.
Ours.

That means you get high-performance
without being in the dark about whether or
not they'll keep performing,

Reliability is designed into every Fujitsu drive
and built into every component. And we have
the superior reliability ratings to prove it. In
addition, Fujitsu's advanced, highly automated
production and exhaustive quality control pro-
cedures assure that every product we deliver
lives up to our reputation.

You won't find another manufacturer with
a family of data storage products as strong as ours.
Or as complete.

You can be sure Fujitsu America will have the
storage devi u need. From our high-quality
flexible disk drives to our famous large capacity
“Eagles.” Including a complete family of SCSI
disk and tape drives. Superior 8-inch Winchesters
that set new performance standards for the
industry. Plus cost-effective streaming and car-
tridge tape drives.

And, at Fujitsu America, our customers are
our first priority. Our fast-growing U.S. operation
is proof of that. We've opened a major new
manufacturing plant in Hillsboro, Oregon, dedi-
cated to meeting your data storage requirements
now, and in the future. We also provide you with
full service and technical support — including
training and a complete domestic repair center.

Call the company that’s qualified and
committed to meeting your long-term data storage
requirements, at (408) 946-8777. Or write Fujitsu
America, Inc., Storage Products Division,

3055 Orchard Drive, San Jose, CA 95134-2017.

Data storage products from Fujitsu America.
They shed new light on the meaning of quality,
reliability and performance.

WE'RE DEVELOPING TECHNOLOGY FOR YOU.

R e e

FUJITSU

P
FUJITSU AMERICA
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Send us this ad and we'lll show you how to get 50% more capacity
out of your drives. Not to mention 50% faster data transfer rates. All
it takes is an Adaptec controller. And the IBM-licensed 2,7 RLL encod-
ing technology it uses.

Adaptec’s 2,7 RLL controllers are available for SCSI-based minis
and micros (including the Macintosh”), plus IBM"PCs and compat-
ibles. Our controllers also work with more than 30 of today’s most
popular drives. With plenty more on the way. (Just ask your drive
manufacturer.)

All this from the company that designed the microcomputer
industry’s first 2,7 RLL controller and has shipped over half a million
2,7 RLL boards and chip sets in the past two years.

So for more information, attach your business card to this ad and
mail to Adaptec, Marketing Department (TH), 580 Cottonwood Drive,
Milpitas, CA 95035. Or call 408/432-8600, ext.400.

And you're half way there.

adaptec

© 1986, Adaptec, Inc. Macintosh is a trademark of McIntosh Laboratory, Inc [BM is a registered trademark of International Business Machines Corp
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TECHNOLOGY/PRODUCT TRENDS '86/'87

INTEGRATED CIRCUITS

Advances in CMOS and
ECL process technology
yield powerhouse ICs

Microprocessors,
digital signal
processors and
programmable logic
devices have all
gained from progress
in CMOS and ECL
technology.

Ken Marrin
Senior Editor

semiconductor vendors from the dynamic RAM business and

by advances in both CMOS and ECL technology. Japanese
competition has forced U.S. semiconductor vendors to refocus
their memory efforts on the static RAM area. Advances in CMOS
technology have led to the emergence of a robust digital signal pro-
cessing (DSP) industry, and CMOS has also surpassed TTL and
Schottky technologies in several key IC areas.

Advances in CMOS have also allowed vendors of 32-bit micro-
processors to break the 20- and even 30-MHz speed barrier, greatly
expanding the demand for support ICs. Vendors of semicustom,
memory, logic and programmable logic devices are all scrambling
to develop CMOS components that can keep up with the higher
performance microprocessors.

While CMOS process technology is surpassing bipolar and
Schottky technology, improvements in emitter-coupled logic
technology are raining on the GaAs parade. Although GaAs
technology is still winning hands-down in the laboratory, GaAs
process technology is still immature and lags behind silicon tech-
nology by about eight years. GaAs should enjoy some success at the
SSI/MSI level in emerging industries such as fiberoptics and ISDN,
but commercial GaAs LSI viability may be as much as five to 10
years away.

Probably the most dramatic occurrence in the IC industry in
1986 has been the virtual elimination of U.S. vendors from the
DRAM market. For the most part, U.S. vendors simply can’t com-
pete in commodity markets. DRAM prices are currently protected
and artificially inflated in the United States. But in Japan, where
the real price is set, the 256-kbit DRAMSs are commodity items, and
the price of 1-Mbit DRAMs is less than half of their U.S. price.

The IC industry was reshaped in 1986 by the departure of U.S.

COMPUTER DESIGN/December 1986 81



In January, Motorola (Austin, TX) was still
reporting that it would maintain a high-end DRAM
effort to drive the process technology for other
product lines. Not long thereafter, though, low
profitability forced Motorola to abandon that ef-
fort. Texas Instruments (Houston, TX) still plans
to market a 1-Mbit DRAM, but its introduction has
been delayed until 1987. Because of the delay, TI
doesn’t expect its 1-Mbit DRAM to be a big money-
maker. Like Motorola, TI plans to use its 1-Mbit
process to drive the process technology for other
product lines. But since TI moved its manufactur-
ing to Japan, the company doesn’t legitimately
qualify as a U.S. 1-Mbit DRAM supplier.

ajor technological issues in the DRAM market

have also been resolved in 1986. At the start of
the year, vendors were still split on whether NMOS
or CMOS technology would dominate and whether
planar or trench capacitors would be used.

By mid-1986, however, both issues had been
resolved. Although all vendors agreed that CMOS
would be the technology of choice for 4-Mbit
DRAMSs, some initially thought that NMOS
DRAMS would be cheaper to produce at the 1-Mbit
level because of their smaller die size. But CMOS
operating margins have proven to be better than
NMOS margins, according to Mark Ellsbury, prod-
uct marketing manager at Toshiba (Tustin, CA).
‘‘Because its margins are better, CMOS is cheaper
to produce in spite of its larger die size,”’ says
Ellsbury. For that reason, Toshiba, which at first
marketed both an NMOS and a CMOS 1-Mbit
DRAM, has discontinued its NMOS line. Virtually
every other NMOS producer has done the same.

The advantage of CMOS in the long run is lower
power, a wider range of operating modes and a
lower soft error rate. ‘‘In the active mode,”’ ex-
plains Ellsbury, ‘““NMOS and CMOS draw com-
parable power. When in standby, however, because
CMOS uses transistors rather than polysilicon
resistors as loads, CMOS draws five times less
power. Because NMOS has such high standby
power consumption, page mode is impractical to
implement.”” CMOS also gives a greater immunity
to alpha particles. Where NMOS designs typically
spec 1,000 failures per 109 hours, Toshiba’s CMOS
DRAMs spec 10 failures per 109 hours.

The other major unresolved issue at the begin-
ning of 1986 was whether planar or trench capaci-
tors would be used. Vendors agreed that the trench
design, because it supports a smaller die size, would
dominate the 4-Mbit market because it supports a
smaller die size. But several vendors were con-
cerned that the trench technology would be difficult
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to bring to market in time. Their concerns proved
to be valid, and vendors such as TI and NEC that
used the trench design had to delay their introduc-
tion. Because DRAMs using planar capacitors were
introduced first, the planar designs will dominate at
the 1-Mbit levels. Trench designs will probably win
out at the 1-Mbit level, where the higher density
makes the smaller die size more critical.

nother major development in the IC industry in

1986 was the advance of CMOS technology at
the expense of bipolar TTL and Advanced Schottky
technology. No longer a technology that sacrifices
speed for low power and high integration, CMOS
has displaced bipolar technology in some areas and
is about to displace it in others.

Because of its low power and high density,
CMOS has been displacing bipolar technologies in
new processor designs for some time, but in 1986
CMOS surpassed even TTL/Schottky logic in both
speed and power. According to Ralph Cognac,
product marketing manager for Integrated Device
Technology (Santa Clara, CA), IDT’s CMOS
FCTA family is 40 percent faster and uses one-
fourth the power of the Fast Advanced Schottky
line from Fairchild (Puyallup, WA), and is three
times faster than Fairchild’s CMOS Fact line. TI’s
ACL (Advanced CMOS Logic) family, due out in
early 1987, will offer comparable speed.

CMOS is even overcoming its traditional drive
limitations. One of the primary drawbacks to
CMOS logic was its inability to drive long metal line
and multiple loads. IDT’s FCTA family, however,
will be able to supply up to 64 mA, comparable to
that supplied by bipolar logic.

Despite the superior performance of CMOS, the
majority of designs are still using Fast parts.
““That’s because IDT’s CMOS family’s part selec-
tion can’t yet match Schottky’s,”’ says Cognac.
While Fast sports over 100 SSI and MSI functions,
IDT’s FCTA line supplies only 40. Bob Liggett,
Motorola’s logic product marketing manager,
agrees with Cognac. ‘‘Although CMOS is the tech-
nology of the future, parts selection is just as im-
portant as performance, and CMOS has a way to
go in that area.”

Fueling the demand for the bulk of the new IC
markets in 1986 was the emergence of 20- to 30-
MHz CMOS microprocessors, and vendors of
CMOS products are scrambling to keep pace with
the rapidly escalating speeds of microprocessors.

The highest performance production 32-bit
microprocessor announced in 1986 was Motorola’s
25-MHz 68020. The Clipper from Fairchild (Palo
Alto, CA)is faster at 33 MHz, but strictly speaking,
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it qualifies as a board-level processor. AT&T
(Holmdel, NJ) will be in production in 1987 with a
30-MHz chip set. National Semiconductor (Santa
Clara, CA) will follow in late 1987 with a 30-MHz
family of its own, and Motorola will follow soon
thereafter with the 68030 (production October
1987), which will outperform the 68020 by two to
three times for the same clock speed.

Motorola, with its 68030, and AT&T, with its
WE 32200, will each try to capitalize at the chip
level on some of the innovation that Fairchild has
implemented with Clipper at the board level. The
68030 will be the first conventional chip-level mi-
croprocessor to implement a Harvard-style ar-
chitecture. AT&T’s WE 32200 will feature the first
memory-management unit (MMU) to also include a
4-kbyte, two-way set-associative data cache and a
64-entry fully associative descriptor cache. Both
products are software-compatible with their
previous generation parts.

he architectural standard for microproces-

sor-based systems was set last year by Fairchild
with its board-level Clipper, which offers high
performance by using a modified Harvard-style ar-
chitecture. In a von Neumann architecture (such as
that used by the 68020 and 80386), instructions (op
codes) and data (operands) are stored serially in the
same address space. Thus, if the combined op code
and operand fields consume more than 32 bits of
data, the microprocessor makes multiple serial
fetches to execute an instruction.

Harvard architectures avoid this bottleneck by
storing instructions and data in separate address
spaces and providing separate buses for each ad-
dress space, each of which feeds the execution unit
in parallel. Some Harvard architectures, such as
those used in DSP applications, may even support
two separate data spaces. By supporting separate
data and instruction spaces, a Harvard architecture

supports simultaneous data and instruction fetches.

Clipper provides a mix between a Harvard and a
von Neumann architecture. Program data and in-
structions are stored in the same main memory
space, but once they’re fetched from main memory,
instructions are stored in Clipper’s 4-kbyte instruc-
tion cache, and data is stored in the 4-kbyte data
cache. Because each cache has a separate path to
the CPU, as long as a hit occurs in each cache, data
and instructions can be fetched simultaneously.
““The two-way set-associative data cache provides a
90 percent hit rate, while the instruction cache pro-
vides a 96 percent hit rate,’’ says Gary Baum, Fair-
child’s Clipper product manager.

The 68030 uses a similar architecture, providing
two 256-byte caches and a common MMU. To pro-
grams, the 68030 looks like a von Neumann pro-
cessor, providing a single 32-bit nonmultiplexed
bus with access to a single, external, virtual or phys-
ical address space. Internally, however, the 68030
uses three separate nonmultiplexed buses and two
caches. One cache stores data, while the other
stores instructions. A separate bus connects each
cache with the execution unit, and a third bus con-
nects the off-chip data/instruction space with the
execution unit and instruction pipe. As a result, the
68030 can theoretically fetch two operands and an
instruction simultaneously.

Because the data cache is small, its hit rate is only
60 percent (72 percent when the processor is used in
the burst mode). But the data cache provides an ad-
ditional benefit, reducing bus bandwidth utilization
from 60 percent (for 68020/68851 MMU combina-
tions) to 50 percent, according to Dean Mosley,
Motorola product marketing manager. ‘‘If you
need a larger data cache, you can bypass the
68030’s internal cache and implement your own,”’
says Mosley. ‘“The instruction cache hit rate is
about 82 percent for both the 68020 and 68030.”’

AT&T’s WE 32200 chip set is also a take-off on
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Fairchild’s Clipper, combining a data cache with an
MMU. In addition to the microprocessor and the
MMU/cache, the AT&T chip set will include a 3.3-
MWhetstone/s floating-point unit and the indus-
try’s only 32-bit DMA controller. The most
significant part is the MMU/data cache, which sup-
ports zero-wait-state physical data cache accesses at
30 MHz. The data cache offers an 85 percent hit
rate, and the MMU provides a 99.8 percent hit rate.
To obtain higher hit rates in both the MMU and
data cache, users can gang up to four 32201s.

The 32201 solves one of the most significant
problems that system designers will face in the next
few years—that of implementing a cost-effective
memory subsystem. Current microprocessors sup-
port no cache, forcing designers to either accept
wait states, use expensive main memory, Or use ex-
pensive caches. To obtain zero-wait-state perfor-
mance at 20 MHz, designers must use the fastest,
most expensive DRAM (60 ns) available. At 25
MHz, designers must turn to external SRAM cache
memory, and at 30 MHz, external caches can’t keep
up at all.

External caches can’t keep pace because bus pro-
tocol consumes so much of the access window. If
the processor uses a three-clock bus cycle, over two-
thirds of the three clock cycles are required to drive
the bus, leaving less than one clock cycle to access
the cache. If the processor is running at 20 MHz,
the designer will have to use the fastest CMOS
SRAM. At 30 MHz, the window may be too small
for even an ECL SRAM to keep up. ‘‘By keeping
the cache on-board the MMU, AT&T is able to hide
the MMU translation time and implement cache
memory that’s fast enough to be accessed at 30
MHz,” explains Arlon Martin, AT&T product
marketing manager.

The newest vendor in the 32-bit microprocessor
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market is Hitachi (San Jose, CA), which is working
with Fujitsu (San Jose, CA) to produce a complete
chip set. A 20-MHz version will be available for
sampling in late 1987, and a 24-MHz version will be
released in 1988. In addition to a microprocessor
that includes an on-chip MMU, thirty-two 32-bit
registers, and a data and instruction cache, the chip
set features a 32-bit DMA controller, a 4- to 5-
MWhetstone/s coprocessor and a graphics proces-
sor. The graphics controller will provide 10 times
the performance of Hitachi’s ACRTC graphics
controller and display processor (30 ns/pixel draw-
ing vs. 400 to 600 ns/pixel drawing).

The H32 microprocessor will be optimized to run
the Tron (The Real Time Operating Nucleus) oper-
ating system, which is a full-featured, real-time
system that rivals Unix in functionality, says Jim
Fleurry, Hitachi product marketing manager. The
processor will also run Unix.

The Hitachi/Fujitsu chip set will provide the
most comprehensive solution of any chip set. Un-
less Hitachi is prepared to back its part with better
support than Japanese vendors typically provide,
however, its chip set won’t make much headway in
the United States. Like NEC’s V Series micropro-
cessors, Hitachi’s parts, with the exception of the
graphics processor, will probably be used primarily
inside the company and in Japan.

Improvements in high-end microprocessor speed
have had a significant impact in the programmable
logic device market, where vendors have increased
their speed significantly to keep pace. PLDs pro-
vide the decoder, arbitration, timing control and in-
terface logic necessary to integrate microprocessors
into real systems. Presently, there is a gap between
the fastest CMOS PLDs and the fastest CMOS mi-
croprocessors and logic. CMOS PLDs aren’t yet
fast enough to replace either CMOS logic or to keep




up with high-speed rhicroprocessors.

‘““Even at 12 MHz, systems require 15-ns PLDs,”’
says Art Swift, product planning manager for pro-
grammable products at Fairchild. ‘‘At 20 MHz,
systems demand 10-j1s PLDs, requiring the fastest
Schottky parts, and at 30 MHz, systems require 7
ns, currently available only from ECL PLDs.”
Fairchild (Portland, ME) plans to introduce 7-ns
Schottky PLDs within 12 to 18 months, Swift says.
Meanwhile, CMOS PLDs are still laboring at 25 ns.

he same dilemma exists in ECL systems. The

fastest available ECL PLDs are presently 6 ns,
adequate for low-end ECL applications, but 10K
ECL logic offers 1-ns delays and 100K ECL logic
offers 750- to 900-ps delays. To match ECL logic,
PLD speeds will have to drop to the 3- to 4-ns re-
gion. Monolithic Memories Inc (Santa Clara, CA),
TI and Fairchild all plan to address the high-end
market with 3- to 4-ns ECL PALs within the year.

While CMOS seems destined to replace TTL and
Schottky technologies in the logic market, it will
have a tougher time in the PLD arena. Bipolar TTL
and Advanced Schottky PALs are maintaining a 50
percent speed advantage over the best CMOS, and
bipolar speeds are continuing to fall. ‘‘By the first
half of 1987,”’ says Bob Bailey, TI’s product mar-
keting manager, ‘“‘“TTL PALs will reach 10 ns.”’

““By the time CMOS gets to 10 ns,”’ says Steve
Grossman, product marketing manager for Ad-
vanced Micro Devices (Sunnyvale, CA), ‘““TTL
PALs will be well down the learning curve, and ven-
dors will be able to offer half-power versions that
provide the same speed, equivalent power con-
sumption, and lower cost.” And bipolar TTL
PLDs, says Bailey, will continue to cost half that of
CMOS PLDs at the same speed.

One of the most significant trends in the PLD
market in 1986 has been an increase in PLD func-
tionality. Having squeezed the highest speed possi-
ble out of their devices, vendors are applying their
process technology to extending their device’s gate
equivalence. Some vendors, such as Altera, Cy-
press and Xilinx, are even looking at the low-end
gate array market.

PLD vendors face the problem of extending the
device’s usable density within the constraints of a
rigid AND/OR array that inherently limits flexibili-
ty in many applications. Improvements in process
technology let vendors pack more product terms
(gate equivalents) on a chip, but the rigidity of the
architecture often limits how many of those prod-
uct terms a user can access.

Although the programmable AND/fixed OR ar-
chitecture used by PLDs works well in decoder and

control applications, in many applications it lacks
the flexibility needed to efficiently implement ran-
dom logic. As the density of the AND and OR ar-
rays is increased, the range of functions that can
take advantage of that added density decreases. In
random logic applications, a PLD’s usable gate
equivalence may be only a fraction of its theoretical
gate equivalence.

To extend the capacity of output cells, vendors
are using silicon rather than increasing the array
size. Features such as programmable output polari-
ty, registered outputs, buried registers, product
sharing, register preload, synchronous reset and
asynchronous preset extend a PLD’s usable gate
equivalence without increasing the array size.

Vendors are also experimenting with different
PLD architectures. One of the most popular ar-
chitectures is actually a variation on the field
programmable logic array (FPLA) architecture
from Signetics (Sunnyvale, CA), which features
both programmable AND arrays and program-
mable OR arrays. Programmability in the OR array
allows product terms (outputs from the AND ar-
ray) to be shared among outputs.
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Until recently, FPLA architectures have been un-
popular because the additional programmable ar-
ray incurred a performance penalty and made them
difficult to understand. However, software tools
like Cupl from Data I/0 (Redmond, WA) and Abel
from the Assisted Technology Division of PCAD
(Los Gatos, CA) have made FPLAs as easy to use
as PAL-like devices, and improvements in process
technology have made their speed competitive.

A compromise between the PAL-like architec-
ture and the FPLA architecture is a product steer-
ing architecture, which uses a programmable AND
and a fixed OR array. Rather than fixing the
number of product terms that are available to each
output, however, it allows outputs to access pro-
duct terms from a common pool.

In spite of the fundamental limitations that the
rigid AND/OR architecture imposes on PLDs,
several vendors are targeting the low-end gate array
market. Altera produces a 2,100-gate equivalent ar-
ray, MMI and Xilinx (San Jose, CA) have teamed
to produce a RAM-based, 1,800-gate equivalent ar-
ray, and Cypress plans to introduce a 1,200-gate
equivalent PLD within the year.

According to David Laws, vice-president of
marketing for Altera Semiconductor (Santa Clara,
CA), PLD vendors will win designs from low-end
gate arrays not only because of their shorter time to
market, but also because of their lower cost. ‘‘Ven-
dors deemphasize their lower-performance/lower
density gate arrays, driving up their cost per gate
relative to their higher density arrays.”’

Altera (second-sourced by Intel) and Xilinx
(second-sourced by MMI) have taken different ap-
proaches in attacking the low-end gate array mar-
ket. Altera takes a more conventional approach
with its EP1800. Each EP1800 is divided into four
quadrants, each of which contains 12 macrocells.
Each macrocell, in turn, contains a logic array,
selectable register element, and a tri-state I/0O buf-
fer. CMOS EPROMs are used to configure logic
functions within the device.

Xilinx has taken a more radical approach, em-
ploying RAM-based cells that let users change their
function on the fly. According to Joel Rosenburg,
MMTI’s strategic marketing manager for logic cell
arrays, Xilinx has taken more of a gate array ap-
proach. The array consists of 64 configurable PAL-
like building blocks, surrounded by 64 configurable
I/0 blocks. Twelve-thousand bits of RAM are dis-
tributed throughout the array in order to provide
reconfigurability.

Using RAM gives the Xilinx array more flexibil-
ity than a PLD, but when power is removed, the
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device loses its function. Consequently, the func-
tion must be booted during power-up. ‘‘A better
approach would be to use EEPROM cells in place
of RAM,”’ says Steve Grossman, AMD’s product
manager. ‘‘EEPROM memory allows the device to
be reconfigured on the fly, but maintain its func-
tion on power down.”’

Another market that’s being driven by high-
speed microprocessors is the SRAM market. As
microprocessor word widths and speeds increase,
so does the demand for the high-speed cache, con-
trol stores and buffers needed to support them.
DSP microprocessors, floating-point processors,
bit-slice processors and custom processors will all
be heavy users of cache. Randy Chapman, Hitachi
product marketing manager, expects most 32-bit
microprocessor-based systems to use a minimum of
4 kwords of cache and 64 kwords. Bit-slice systems
will use SRAM for their control stores. Dane Elliot,
Cypress applications manager, expects bit-slice
control stores to range from 2k to 32k words deep
and from 30 to 150 bits wide.

The result of an increased focus on the SRAM
market has been a rapid reduction in SRAM access
times. CMOS SRAM access times for 64-kbit de-
vices have dipped to 25 ns, and Performance Semi-
conductor (Sunnyvale, CA) claims to be close on a
20-ns, 64-kbit part. IDT plans to be first in pro-
duction with a high-speed 256-kbit SRAM and ex-
pects to have 25-ns parts out in January. Inmos
(Colorado Springs, CO) also expects to announce a
256-kbit, 25-ns part by the end of the year. ECL mem-
ories are maintaining their speed advantage at S to
10 ns, but they offer limited density of between 0.5
and 4 kbits. Hitachi plans to release a 10-ns, 16-kbit
part in 1987.

Because of the stiff competition and the fast rate
at which the technology is evolving, price ero-
sion is becoming a serious problem in the SRAM
market, just as it did in the DRAM market. The
result is that slower SRAMs are becoming com-
modities faster than many vendors had expected.
Vendors can demand a premium if they offer the
highest speed product, but products only margin-
ally slower (5 to 10 ns), fall off dramatically in
price. For example, Vitelic’s (San Jose, CA)
8k x 9-bit parts cost $11 for the 35-ns speed grade,
but drop to $7.50 for the 45-ns version, $6.50 for
the 55-ns version, and $6 for the 70-ns version.
Another way that vendors are carving a niche for
themselves is through application-specific RAMs.
Several startups have indicated that their initial
product offerings serve merely to establish their
credibility in the market. Once they’ve established



credibility with a customer, they work with that
customer to identify and develop application-spe-
cific parts. The most common application-specific
parts include dual-port RAMs for multiprocessor
and synchronization applications, X9 configura-
tions for parity, cache-tag RAMs with fast reset for
cache applications, and output enable and separate
I/0 to relieve bus contention.

owhere in the IC industry has the evolution of

CMOS process technology had more of an ef-
fect in 1986 than in the DSP industry. Hardware
signal processing solutions have been available for
some time, but they consisted mainly of expensive
and difficult-to-configure bit-slice building blocks.
High integration and speed has let several vendors
implement building block systems on a single chip,
though, and inexpensive DSP is now at hand.

In the last year, a dozen DSP microprocessors
have been introduced, along with a bevy of bit-slice
processors, floating-point processors and applica-
tion-specific processors. Competition will be stiff,
but the availability of easy-to-use inexpensive hard-
ware is opening a wide range of applications.

The mainstay of DSP hardware is its ability to
perform addition and multiplication in a single
clock cycle. This capability is essential in processing
analog signals in the digital domain, as the algo-
rithms for doing so (Fast Fourier transforms and
various filter algorithms) consist primarily of a re-
petitive sequence of multiplication and addition
operations.

System designers are finding that they can apply
this fast math capability to applications other than
the processing of analog signals, however. Graph-
ics algorithms, image-processing algorithms, and
control algorithms all rely heavily on math opera-
tions. In such applications, DSP processors can
outperform conventional microprocessors and
their math coprocessors by 10 times.

The performance of DSP microprocessors has
improved dramatically within the last year. While
systems configured from discrete building blocks
such as sequencers, multipliers and register files
once enjoyed a greater than 10 times performance
advantage over DSP microprocessors, that advan-
tage has now been cut to two to three times. Micro-
processors such as Motorola’s DSP 56000 (not
yet available), AT&T’s DSP16, Analog Devices’
ADSP 2100, and TI’s TMS 320C25 can execute
core DSP algorithms such as 1,024-pt FFTs in 5 to
7 ms, and specialized processors such as Zoran’s
VSP can execute the algorithm in 2 to 3 ms. The
fastest building block solutions execute the algo-
rithm in 1 ms, but many are much slower.

Building block processors give greater flexibility
than microprocessors. Designers can design custom
instruction sets and architectures that directly suit
their application. However, they’re also much
harder to use, requiring the designer to program in
microcode. Tools such as metassemblers and meta-
simulators remove some of the programming bur-
den, but DSP microprocessors provide assemblers
and even compilers. Datacube (Peabody, MA) has
designed a C compiler for the ADSP 2100, Sky
Computer (Lowell, MA) has designed a C compiler
for the TMS 32010, and most of the major micro-
processor vendors have internal compiler efforts.

Even with the improvements that DSP micro-
processors have made, however, high cost may
still limit their penetration. Though the range of ap-
plications is expanding rapidly, the bulk of the ap-
plications are still in low-end telecom applications,
where low cost is critical. ‘“These applications will
demand $5 to $20 parts, and will not be open to the
new crop of $100-plus processors,’’ says John Scar-
isbrick, TI product marketing manager. ‘‘The new
processors will find some applications in high-end
applications such as image processing and graphics,
but until they move down the learning curve, they
will find high-volume applications scarce.’”” The
next high-volume market, predicts Scarisbrick, will
be in the consumer, control, and automotive
markets, where DSP microprocessors will replace
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Although production GaAs hasn’t yet fullfilled its
potential, as larger production wafers become
available, GaAs will eventually offer the highest
speed and lowest power of any logic family on the
market. That benefit should extend to LSI parts as
well within the next five to 10 years.
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conventional 8- and 16-bit microprocessors. Again,
though, low cost will be the dominant issue.

Another high-interest market for DSP vendors is
the high-end floating-point market. Scientific com-
puting, workstation, array processing, image pro-
cessing, and high-end signal processing applica-
tions all benefit from floating point’s higher ac-
curacy and dynamic range.

Newcomers to the floating-point market in 1987
will be TI and Bipolar Integrated Technology
(Beaverton, OR), which should surpass the perfor-
mance of existing vendors. TI’s 1-micron CMOS
parts will include a 40-ns, 32-bit integer registered
ALU (74AS8832), a 20-ns, 16-bit expandable se-
quencer (74AS8835), a 15-ns, 64-word-deep three-
port register file (74AS8834), a 50-ns 32 X 32 integer
multiplier (74ACT8836), and a 70-ns floating-
point, double-precision multiplier (74ACT8837).

The most impressive of the TI parts will be a
floating-point multiplier, which will provide 70-ns,
double-precision multiplication without requiring
pipelining. BIT expects to achieve even higher per-
formance with its floating-point multipliers, which
they will fabricate with their high-performance
bipolar technology.

hile floating-point speed has doubled during

the past year, probably the most significant
event has been the introduction of C, Pascal and
Fortran compilers from Weitek (Sunnyvale, CA)
for its floating-point building blocks. For the first
time, building block designers don’t have to pro-
gram in microcode. Weitek’s compiler has rekin-
dled the controversy over whether high-end DSP
applications will be willing to tolerate a compiler’s
inefficiency to gain ease of programming.

‘““Most compilers are 20 to 30 percent efficient
when compared with hand-crafted microcode,”’
says Julie Cates, Weitek product marketing man-
ager. ‘‘However, by performing optimizations such
as decomposing programs and storing data and in-
structions in separate address spaces, Weitek’s
compilers obtain 40 percent efficiency. By taking
advantage of a parallelizing scheduler, which
minimizes memory fetches by combining instruc-
tions into 64-bit words, efficiency can be increased
to 80 to 90 percent.”’” To obtain even greater effi-
ciency, users can code their speed-critical loops in
microcode or assembler and link them in with their
high-level programs.

Providing higher performance than either build-
ing blocks or DSP microprocessors are application-
specific chips. By exploiting the inherent parallel-
ism of particular algorithms, and combining multi-
ple arithmetic units on a single chip, application-
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specific chips can surpass building block per-
formance by 10 times.

By combining eight multipler/accumulators on
the same chip, for example, Zoran’s FIR (finite im-
pulse response) filter chip is able to process 512-
X 512-pixel images in real time.

““The highest performance solution of all,”’ ex-
plains Pat Narendra, director of DSP products at
Honeywell (Colorado Springs, CA) ‘exloits semi-
custom and full custom technology. By using a cus-
tom approach, designers can put as many arith-
metic units as they like on a chip, and configure the
architecture precisely to handle a particular
algorithm. Custom chips, as well as algorithm-
specific chips, will give DSP microprocessors and
building blocks a run for their money.”’

While CMOS technology made great strides in
1986, bipolar ECL technology didn’t stand still. As
CMOS exerts more pressure from the low end, ven-
dors of minicomputers, superminicomputers and
even workstations are turning to ECL technology
to keep pace. Some ECL vendors have responded
by supplying densities as high as 10,000 gates and
loaded gate delays in the 250-ps region.

The most significant ECL gate array introduc-
tions in 1986 came from Motorola (Phoenix, AZ),
with its MCA 10000 and BIT, with its CGA70E1H.
While the MCA 10000 set new performance and
density standards, the BIT array had the best
speed/power performance of any array. Offering
CMOS-like power dissipation at near-ECL speeds,
the BIT process represents the state of the art today
in bipolar process technology. Fujitsu and Fair-
child are also revamping their processes, and plan
to increase their speed/power by four and eight
times, respectively, within a year.

In addition to keeping a step ahead of CMOS, ECL
advances are delaying the commercial emergence
of GaAs. GaAs SSI/MSI logic is two to three times
faster, but GaAs LSI performance is poor. In the
laboratory, GaAs ICs are demonstrating an advan-
tage of five times the performance and 10 times the
power savings over ECL technologies, but GaAs
production technology still lags behind silicon
technology by about eight years. Three-inch GaAs
wafers are only now becoming commercially
viable, with 4-in. wafers still two years away.
According to Tom Reeder, product marketing
manager for Triquent (Beaverton, OR), GaAs LSI
loaded gate delays are approximately 500 ps (for
fanouts of 4 and metal loads of 3 mm), with power
consumption at about 1 mW per gate. While the
power consumption is about two times better than
the best ECL gate arrays, the speed is comparable
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at best. Motorola’s MCA 10000, which specs loaded
gate delays at 250 ps, is about twice as fast.

The problem is that GaAs performance falls off
dramatically under heavy loading. While unloaded
GaAs delays may be well under 100 ps, long metal
lines can increase the delays to as much as 1 ns. Like
CMOS gates, GaAs gates are inherently drive-
limited because they use FETs. GaAs transistors
have about four times the drive of CMOS, but
because their drive is proportional to the difference
between the gate-to-source and threshold voltage,
and bipolar drive is an exponential function of col-
lector current, GaAs transistors have much lower
drive than bipolar transistors.

CMOS gate arrays compensate for their lack of
drive at the system level with their higher density.
Because CMOS arrays are so dense, gates within the
array drive fewer loads and drive smaller amounts
of metal on average. Consequently, even though
CMOS transistors can’t match bipolar transistors
in drive because they don’t require as much drive,

the performance doesn’t degrade appreciably in
gate array applications.

The low power of GaAs will ultimately give it the
same high density as CMOS. Because GaAs process
technology is so far behind, however, its density is
currently limited to a few thousand gates. Conse-
quently, GaAs gates have to drive the same number
of loads and the same amount of metal as ECL
gates. This causes GaAs gate array performance to
degrade dramatically. ‘‘By using high-drive buffers
at cell outputs,’’ explains Reeder, ‘‘gate delays can
be kept to under 500 ps. However, in the long run,
larger GaAs wafers will have to become available
before GaAs can compete seriously with ECL at the
LST level.*’

While GaAs LSI still has a way to go, several ven-
dors are demonstrating that commercial GaAs LSI
is feasible. Probably the most significant GaAs
product introduction this year was the GaAs ver-
sion of AMD’s ECL 2901 bit-slice processor from
Vitesse (Camarillo, CA). Vitesse’s 2901 offers
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about two to three times the performance of
AMD’s 2901 at one-tenth the power. Users should
bear in mind that the AMD part uses 2-year-old
ECL technology, and that an equivalent part
fabricated with today’s best ECL would be as fast
as Vitesse’s part. However, the Vitesse part does
demonstrate the production viability of GaAs.

GaAs vendors are also moving into the gate array
and memory markets. Triquent has an internal
6000-gate custom capability, and Vitesse plans an
8,000 to 10,000 gate array within the next two
years. Ford Microelectronics (Colorado Springs,
CO) has introduced a smaller array, and Honeywell
has introduced some lower performance gate arrays
that are targeted at the military market. In the
memory market, Vitesse is producing a 2.5- to 3-ns
SRAM, which should be faster than even the best
ECL SRAMs. Ford will have an under-2-ns, 1-kbit
SRAM by mid-1987.

While GaAs won’t pose a serious threat to ECL
for a few years, CMOS will begin to win designs
from low-end and even medium-performance ECL
gate arrays. ECL will maintain its cell-level speed
advantage. However, with CMOS loaded gate de-
lays dipping below 1 ns, and usable densities reach-

ing 50,000, CMOS may soon be able to challenge
ECL performance at the system level. Much of the
performance in high-speed systems is lost in inter-
chip delays and in CMOS implementations.
Because they require fewer chips, they have fewer
interchip delays.

Presently, high-end computer vendors are using
ECL gate arrays or discrete ECL logic to implement
critical data paths such as CPUs. But several ven-
dors, including Cydrome, LSI Logic and VLSI Tech-
nology, are seriously beginning to evaluate CMOS
gate arrays. Bob Rau, president of Cydrome (San
Jose, CA), claims that CMOS becomes competitive
at 500-ps loaded gate delays and 50,000 usable gates.
Both VLSI Technology (San Jose, CA) and LSI Logic
(Milpitas, CA) are closing in on ECL speeds, claim-
ing 50,000 usable gates with sub-700-ps loaded gate
delays. (H)
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68000 family is expanded with second generation 32-bit MPU

Retaining 100 percent software code
compatibility with the entire 68000
family, the MC68030 from Motor-
ola is based on the 68020 core. This
second generation 32-bit MPU of-
fers twice the performance of its pre-
decessor and several additional en-
hanced features.

Departing from the traditional
von Neumann architecture used in
most 32-bit microprocessors, the
MC68030 employs a modified Har-
vard architecture to attain this in-
creased performance while main-
taining backward compatibility. The
architecture uses three internal, non-
multiplexed buses and independent
on-chip data and instruction caches
to let the CPU, caches, paged mem-
ory management unit and bus con-

troller operate in parallel. This
enhanced internal parallelism pro-
vides the processor with an internal
bus bandwidth of greater than 80
Mbytes/s. With the ability to simul-
taneously access from the instruc-
tion cache, data cache and external
memory, the MC68030 can attack a
microprocessor’s major perfor-
mance bottleneck—data flow to the
CPU—and significantly improve
performance. To keep bus access
time low, a burst fillable cache mode
permits high-speed data fills at both
the data and instruction caches.
Unlike the 68020, which uses an
external management unit, the 68030
makes additional gains in perfor-
mance by incorporating the mem-
ory-management function on-chip.
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Besides reducing system size and
cost, in some cases this implementa-
tion reduces the virtual-to-physical
address translation time to zero by
performing translation for the next
address during the current bus cycle.
The resulting reduced translation
time lets designers use physical data
caches with slower, denser and less
expensive static RAM.

The chip also supports the flexible
coprocessor interface first intro-
duced in the MC68020 and adds ad-
ditional pins to support burst mode,
synchronous mode, dual cache sup-
port and emulation. A dynamically
configurable bus interface supports
both a synchronous bus interface
(with at least two clock accesses), al-
lowing maximum access time to a
cache subsystem, and an asynchro-
nous interface (as on the 68020) for
slower memories, peripherals and
other subsystems. The interface sup-
ports synchronous or asynchronous
accesses on a cycle-by-cycle basis as
determined by the memory sub-
system requested. Compatibility is
maintained by supporting the exist-
ing aynchronous dynamic bus sizing
feature which allows interfaces to 8-,
16-, or 32-bit devices.

General samples will be available
in July 1987.

Motorola, PO Box 3600, Austin,
TX 78764. Circle 114

Single-chip interface available for Multibus Il

To further improve processor use
and data transfer efficiency in
systems based upon the Multibus II
architecture, two companies, Intel
and VLSI Technology, have jointly
introduced the Message Passing
Coprocessor (MPC). MPC is a sin-
gle-chip bus interface component
that implements the message-passing
protocol, thus relieving the main
CPU from communications tasks.
MPC communicates with other
boards across Multibus II Parallel
System Bus (iPSB) by requesting in-
formation (requester mode) or by re-

94  COMPUTER DESIGN/December 1986

sponding to requests in the system.
In requester mode, MPC performs
all arbitration functions, transmits
message packets, monitors and
reports error during data transfers
and generates parity. As a replier, it
receives message packets, checks
parity and supports access to inter-
connect space from both on- and
off-board requesters.

The device is processor-indepen-
dent and maximizes bus use by trans-
ferring all data at maximum band-
width and speed of the bus. In the
Multibus II environment, it’s com-

patible with the 186/286/386 and
68000 families of processors. It sup-
ports the coexistence of dual-port
and message-passing architectures.
The coprocessor offers three inter-
faces: one to the on-board CPU, one
to the Parallel System Bus and one to
interconnect space for identifying,
configuring and diagnosing boards
in the system. Because message-
passing schemes don’t use shared
memory, full memory protection is
supported. With individual CPUs
managing only their memory and
operating systems in a local environ-



ment that’s invisible to other system
boards, multiple operating systems
can function in a single system.
Besides enhancing throughput,
the device has other economic ad-
vantages. It reduces the amount of
board space required to implement
the bus interface, freeing space for
a designer to add additional func-
tionality. As a VLSI device, it pro-

vides cost, manufacturing and reli-
ability advantages over discrete
interfaces. And MPC manages the
bus interconnect activity through
interconnect space and geographic
addressing, significantly reducing
system design time and cost by al-
lowing configuration in software
and eliminating the use of jumpers.

Using a 2-micron, double-metal

CMOS process, this 70,000 tran-
sistor device comes packaged in a
149-pin grid array. Price is $200.
Intel, 5200 NE Elam Young
Pkwy, Hillsboro, OR 97123.
Circle 115
VLSI Technology, Application
Specific Logic Products, 10220 S
51st St, Phoenix, AZ 85044.
Circle 116

Family of numeric processors eases software development

Filling the gap between compiler-
supported arithmetic processors and
microcoded bit-slice design, the Ac-
cel family of numeric processors can
process up to 25 Mflops. These
highly integrated CMOS devices
from Weitek combine bit-slice per-
formance with the ease of micro-
processor development systems.
Capable of a sustained perfor-
mance of 5 Mips and 5 Mflops, with
peak rates hitting as high as 12.5
Mips and 25 Mflops, the Accel 8000,
8032, and 8064 speed throughput by
paralleling hardware, pipelining and
widening data paths. Separate code
and data memories permit code and
data access every clock cycle. The
processors also boast an on-chip
register file and stack to minimize
the number of off-chip fetches.
Combining an Integer Processing
Unit and a Program Sequencing
Unit, the 32-bit Accel 8000 processor
targets two-dimensional graphics,
logic simulation and general-pur-
pose computing. The 8032 adds a
32-bit floating-point unit to address
digital signal processing and three-
dimensional graphics applications as
well. A third member of the family,
the 8064, is identical to the 8032 but
replaces the 32-bit unit with a 64-bit
double-precision FPU. It serves
high-speed double-precision float-
ing-point math processing for ap-
plications such as CAE- and CAD-
related three-dimensional graphics,
or Fortran and C acceleration.
Software includes C, Fortran and
Pascal optimizing compilers. To
reduce the number of instruction cy-
cles, these compilers eliminate re-

CODE ADDRESS BUS (32 BITS)

CODE BUS (32 BITS)

READY

Y

DATA
MEMORY

dundant load/store operations,
constant folding, and induction vari-
ables. The code is then loaded into a
parallelizing instruction scheduler
where it is examined and fitted to the
execution patterns of the hardware.

Run on an IBM PC AT/Xenix or
VAX/Unix host, the Accel develop-
ment system consists of two boards,
a software monitor, and a debugger.

The 8000 and 8032 processing
units and the Fortran and C compil-
ers should be available in volume in
January. The 8064 and Pascal com-
piler are due out during the second
quarter of 1987. In quantities, the
8000, 8032 and 8064 cost $600,
$1,000 and $1,500, respectively.

Weitek, 1060 E Arques Ave, Sun-
nyvale, CA 94086. Circle 117
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New process generates fast 16- x 16-bit multiplier-accumulators

Using a new bipolar VLSI manufac-
turing process, Bipolar Integrated
Technology has introduced an ECL
16- X 16-bit multiplier-accumulator
that delivers a typical multiply-ac-
cumulate time of 11 ns. Typical
power dissipation for the B3011 is

5.5 W. The company has developed
a TTL version (B2011) of the multi-
plier-accumulator that’s also
clocked at 11 ns, but with only 4.5 W
power dissipation.

For complex number and double
precision computations, both chips
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provide 40-bit accumulation with
dual input registers and 40-bit out-
put. Packaging is a 132-pin grid ar-
ray. Both units offer parallel loading
of full accumulator from input ports
and add or subtract the input value
from the accumulator. A choice of
registered or transparent inputs is
available. They also feature single,
double or triple clock operation and
separate negative sign, overflow and
zero status flags.

The bipolar VLSI technique used
in these products is capable of 200-
MHz input clock rates, according to
the company. It improves power de-
lay over traditional ECL processes
by a factor of five and achieves den-
sities comparable to 1.5 micron
CMOS.

Minimum mask feature size is 2
microns and typical gate propaga-
tion delay is 300 ps. Individual gate
power dissipation is 0.3 mW. The
chips have two metal layers with a
metal pitch of 4 microns (2-micron
line width and 2-micron spacing) on
both layers. Overall transistor area is
14 microns2.

Prototypes are available now, and
production quantities will be avail-
able in early 1987. The B3011 sells
for $340, and the TTL B2011 is
priced at $265.

Bipolar Integrated Technology,
1050 NW Compton Dr, Beaverton,
OR 97006. Circle 118

Pair of DSP chips tailored to image processing

A 16- x 12-bit complex number mul-
tiplier serves applications ranging
from high-speed radar or sonar pro-
cessing systems to digital filtering,
Fast Fourier Transforms, graphics
image processing and instrumenta-
tion. This single chip operates at 10
MHz and replaces four multipliers
and two adders.

The first of a family of 2-micron
CMOS digital signal processing de-
vices, the PDSP16112 chip was de-
signed using the Megacell semicus-
tom technique from Plessey Semi-
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conductors. It uses a fully pipelined
architecture and yields one 16- X 12-
bit complex multiply every 100 ns. In
addition to offering complete TTL
compatibility, the chip features a test
control pin that permits execution of
a self-test at 1 million vectors/0.1s.
It’s composed of a three-row X six-
column array of full adders and
combines four real/imaginary parts
of the products in two pipeline 16-bit
adders. Available in an 84-pin grid
array, the PDSP16112 chip is priced
at $283 in 1,000-piece quantities.

A second chip developed using the
Megacell process is the first 2-micron
CMOS digital single-chip processor
designed for image edge detection
that measures the presence, size and
direction of edges within a video
frame. Called the PDSP16401, it op-
erates at 20 MHz and performs 22
(13-bit) additions and three compari-
sons in 50 ns. The device features
four independent 3 x 3 filters and an
on-chip threshold detector. Power
consumption is less than 500 mW
across a —40°C to + 85°C range.



As a dedicated single-chip signal
processor, the PDSP16401 can re-
place a complete logic board in ap-
plications such as robotics and
machine vision. It detects edges by
performing a concurrent convolu-
tion of a frame consisting of three
adjacent pixels in each of three input
lines with four 3 X 3 masks. The chip
sells for $320 in an 88-pin grid array
and $296 in an 88-pin leadless chip
carrier.

Plessey Semiconductors, 3 What-
ney, Irvine, CA 92718. Circle 119
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Cell library uses EEPROMs to speed VLSI circuit design

Improving system integration while
reducing cost, Sierra Semiconductor
has introduced the first standard-
cell library with electrically erasable
memory cells that let users calibrate
and tailor systems without manual
adjustments. The library includes a
range of analog and digital cells and
a full set of computer-aided design
tools. Using this product, a system
designer can easily design a VLSI
chip to replace all conventional lin-
ear integrated circuits and digital in-
tegrated circuits and to adjust
components on an existing printed
circuit board assembly.

Called the Triple Technology Li-
brary, it’s based on a 2-micron
CMOS technology that allows ex-
tensive analog, digital and memory-
function integration in a single
VLSI circuit without loss of perfor-
mance or reliability. The EEPROMs
ease integration by providing on-
chip, nonvolatile storage of calibra-
tion parameters and access codes or
other tailoring data. They also pro-
vide low-cost, nonvolatile on-chip
replacements for potentiometers,
switches and jumper wires, as well
as offering other means of cali-
brating, adjusting and program-
ming system functions. By elimina-
ting the manual adjustments, opera-
tions such as system test, calibration
and maintenance can be automated.

These advances in integration are
accomplished using a rugged single-
bit EEPROM cell. The EEPROM

circuitry is embedded in digital flip-
flop and latch cells, which make the
details of the EEPROM operation
completely transparent to the circuit
designer. The cells are programmed

The Real Wa
Runs on
Real
Time.

Modern intelligent
systems require real
time response and high
efficiency. That's why
0§-9/68000 has been the
designer's choice in thousands of
the most demanding real-life applications.

on the chip using a high-voltage
interface cell and the optional
EEPROM 5- to 18-V power supply
generation cell.

Registers and other simple circuits

0S-9 is very compact, highly adaptable, and fully ROMable. It's C source code compat
ible with Unix, and it's supported by a wide range of outstanding software tools, including
graphics and networking options.

Many leading suppliers of 68000 and 68020 based systems offer ready-to-run OS-9 pack-
ages for their products. Or you can use a Microware PortPak to install OS-9 on your own
custom hardware.

When microseconds count, you can count on OS-9.

0S8-9/68000"— The Emerging Standard.

- % Microware Systems Corporation
W 1866 N.W. 114th Street » Des Moines, lowa 50322
Phone 515-224-1929 = Telex 910-520-2535
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are used wherever an adjustment or
tailoring operation is required on-
chip. In potentiometer applications,
for example, the cells are used with
conventional on-chip analog adjust-
ment devices.

The library’s analog cells range
from crystal oscillators, with fre-
quencies of up to 25 MHz, to super

cells, such as A-D converters and
analog multiplexers. On the digital
side, a complete range of logic cir-
cuits, functionally equivalent to
standard TTL SSI/MSI circuits, is
included. They operate at rates up
to 80 MHz. A companion compiler
library offers ROM, RAM, pro-
grammable logic array and 2901

data path cells of any size.

A CAD system, with tools for
schematic entry, circuit simulation
and verification, circuit layout, in-
terconnection routing and test pro-
gramming, supports VLSI design.

Sierra Semiconductor, 2075 N
Capitol Ave, San Jose, CA 95132.

Circle 120

D-A converter chip offers 3-D graphics for PC

The Bt453 is a 40-MHz, TTL-com-
patible, monolithic CMOS IC de-
signed for producing high-resolution
three-dimensional color graphics for
personal computer applications. The
Bt453 combines three 8-bit video D-
A converters with color palettes,
overlay registers, a multiplexer, a
latch and other elements on a single
chip.

A dual-ported 256-color X 24-bit
palette RAM combines with the
company’s exclusive Sidecar RAM,
which is a three-color X 24-bit over-
lay palette, to provide 259 simulta-
neous colors from a palette of 16.8
million colors. The overlay palette
stores colors used for cursors,
menus, blinking and other opera-
tional functions.

A separate bus interface provides
direct access for an external micro-
processor controller to internal con-
trol registers and color and overlay
palettes. Control signal inputs spe-
cify whether the MPU is accessing
the address register, color palette
RAM or overlay registers.

The address register’s upper eight
bits increment following reading or
writing of blue color information
and specify which color palette is ac-
cessed. The two least significant bits
specify RGB data.

The RGB data specifies which
palette entry will provide color
information. Overlay inputs may be
controlled by pixel timing or by ex-
ternal character, cursor or grid gen-
eration logic.
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applications

Red and green values, of eight
bits each, are temporarily stored in
registers when writing to the pal-
ettes. They combine with the eight
bits from the blue value during the
blue value write cycle, so that all 24
bits are written to the palettes at one
time. During the period in which the
microprocessor is writing or reading
RGB data, pixel- and overlay-select
inputs to the latch are forced to a
reference black level.

The latch serves as a digital buffer
to synchronize pixel timing. At the
beginning of a clock cycle, eight bits
of pixel select information and two
bits of overlay select information
are latched into the Bt453. The
selected 24 bits of color informa-
tion, eight bits for each color, are
input to the three video D-A con-
verters on every clock cycle.

Sync and blank control inputs are
sampled at the beginning of each
clock cycle and are pipelined to
maintain synchronization with the
pixel and overlay select data. Each
video D-A converter converts the
digital information to analog signals
for the color guns of the CRT moni-
tor. The varying output current
from each video D-A converter gen-
erates a corresponding RS-343-A
compatible red, green or blue video
signal as a voltage that drives a
doubly-terminated 75-Q coax direct-
ly. A typical output load is 37.5Q. No
external buffering to the CRT is
necessary. A separate current output
provides a composite sync signal for
horizontal and vertical synchroniza-
tion. Typically, only the green video
signal contains sync information.

The video D-A converters have a



segmented architecture that elimi-
nates the need for precision compo-
nent ratios. Monotonicity and low
glitch result from the use of iden-
tical current sources.

The Bt453 is available as a 40-pin
CERDIP in sample quantities for
$58 each.

Brooktree, 9950 Barnes Canyon
Rd, San Diego, CA 92121 Circle 121

Monolithic programmable timing chip
controls digital system performance

Replacing counters, analog delay
lines and resistor/capacitor net-
works, the Am 2971 Programmable
Event Generator (PEG) from Ad-
vanced Micro Devices is the first
monolithic digital timing circuit to
allow high-precision system timing.
Offering timing control applications
for a broad range of digital systems,
this chip can reach a resolution as
low as 10 ns between events.

Key to the PEG chip’s perfor-
mance is a new architecture that
incorporates a 10- to 100-MHz mul-
tiplying phase-locked-loop crystal
oscillator for improved timing ac-
curacy. It can be clocked from an ex-
isting external system clock or from
an on-board crystal oscillator. The
chip’s 12 programmable registered
output waveforms define 12 inde-
pendent timing signals. Operators

mable start addresses to calibrate the
timing sequence and to program all
stop functions.

Since every digital system requires
timing control, the device can serve
many applications. A typical use is
as a digital substitute for analog
delay lines when generating accurate
clock signals demanded by address-
multiplexed dynamic RAMs. Its pro-
grammability and large number of
outputs let it replace several delay
lines simultaneously. Other applica-
tions include bus timing or periph-
eral control in such areas as disk
drive control or timing control for
bit-mapped graphics.

Available in a 24-pin ceramic DIP,
the chip is priced at $17.75 each in
100-unit quantities.

Advanced Micro Devices, 901
Thompson Pl, PO Box 3453, Sun-
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4MB, 8MB or 16MB

in one VMEbus slot.
Chrislin has produced a
product that surpasses the
performance characteristics
that were once regarded as
the standard on the VMEbus.

The CI-VMEmory is capable
of handling a full 76 MEGA-
BYTES ON ONE CARD (also
available with 4MB or 8MB).
The memory supports 32

or 24 bit addressing. The
CI-VMEmory has an unprece-
dented average access time
as low as 180ns on reads and
60ns on writes. The 4MB or
8MB are easily field upgrade-
able to 16MB.

CALL TODAY FOR
MORE DETAILS
(818) 991-2254

Over a decade
of leadership.

e\ Chrislin
L, Industries

31352 Via Colinas
Westlake Village, CA 91362
Phone: (818) 991-2254
TWX 910-494-1253
(CHRISLIN WKVG)
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Static RAM uses CMOS to break speed barrier

A 16k x4-bit static RAM uses
CMOS technology to achieve an ac-
cess time of 20 ns over the commer-
cial temperature range. Initially
intended for a broad range of appli-
cations supporting industry-stan-
dard 16- and 32-bit processors, this
device is also fast enough to function
as a cache memory for mini, super-
mini and mid-range general-
purpose computers or high-perfor-
mance scientific workstations.

The first memory product from
Performance Semiconductor, the
P4C188 integrates over 400,000
transistors on-chip. All parts are
completely CMOS and are designed
with six-transistor cells, providing
better electrical margins and single-
event upset protection than conven-
tional four-transistor cells.

The static RAM attains higher
performance levels yet retains its
small size through a proprietary
technique called Pace. The CMOS
memory needs no clocks or refresh-
ing, and all inputs are TTL-compati-
ble. Power consumption is a low 550
mW active and 193 mW standby.

Performance Semiconductor, 610
E Weddell Dr, Sunnyvale, CA
94089. Circle 123
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32-bit chip set offers 30-MHz performance for multiuser systems

Claiming to be the first chip set to
offer system-level performance in
the 20- to 30-MHz range, the WE
32200 chip family is a third genera-
tion 32-bit product optimized for
Unix systems. The chips are im-
plemented in the same I1-micron
CMOS technology used by AT&T in
its 1-Mbit DRAM.

The set includes three chips: the
WE 32200 microprocessor, the WE
32201 Integrated Memory Manage-
ment and Data Cache (MMU/
cache) and the WE 32206 Math Ac-
celeration Unit (MAU). All three
are offered in speeds from 20 to 30
MHz.

The CPU chip offers a 256-byte
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instruction cache, direct support for
C, Pascal, Fortran and Cobol, and
hardware support for process
switching. Unlike its predecessors,
the WE 32206 uses arbitrary byte
alignment for data and instructions,
new addressing modes to support
array access, and additional kernel
and user registers.

The MMU/cache features a 4-
kbyte on-chip integrated data cache
that accelerates performance by
supporting zero-wait-state virtual
accesses at speeds up to 30 MHz.
Four MMU/caches may be linked to
provide up to 16 kbytes of cache
memory. The chip also eliminates
the overhead caused by process

switching by handling that function
transparently in hardware. As a
result, software overhead, and the
extra clock cycle it can consume, is
eliminated.

With a performance of 3.5
MWhetstones/s at 30 MHz, the WE
32206 MAU significantly reduces
CPU overhead and improves system
performance in math-intensive
operations.

All the chips in the set are proto-
col, footprint and upward code-
compatible with the 32-bit chips in
the WE 32100 chip set.

AT&T Technology Systems, 555
Union Blvd, Dept KB, Allentown,
PA 18103. Circle 155




PAL device broadens functional capabilities

A 20-pin programmable array logic
device from Advanced Micro De-
vices—called the AmPALI8P8—
simplifies device programming and
makes it easier to optimize logic
functions. The unit features pro-
grammable output polarity so that
designers can select active high or
active low on each of the eight out-
puts, which allows the handling of
both outputs on the same device. In
addition to the eight output pins,
the device offers a total of 18 input
pins—two more than other 20-pin
PAL devices—which extend its func-
tional capabilities.

Each of the chip’s inputs is con-
nected to a programmable AND ar-
ray containing 72 logical product
terms. Using eight product terms
and one three-state control term for

each output, the AmPALI8P8 can
be programmed with complex logic
equations, providing extra logic
power and design flexibility.

High-speed versions of the device
boast an input-to-output propaga-
tion delay of 15 ns. To obtain this
speed, the chip takes advantage of
the company’s Imox oxide-isolation
process. With the Imox process,
density increases while internal
capacitance decreases. The PALs
are fabricated with a platinum-
silicide fuse technique that gives a
controllable melt rate and large
non-conductive gaps that increase
reliability.

Each fuse of the PAL is pro-
grammed with a simple sequence of
voltages that are applied to the out-
put being programmed. To address

the fuse array, TTL and Vypy levels
are set on eight input pins (five se-
lect the input line number and three
select the product term number).
Vcc is maintained at a normal level
throughout programming and veri-
fication cycles.

After programming has been
completed, the array can be reveri-
fied at Vo and Vecy. Reverifica-
tion is accomplished by reading all
eight outputs in parallel, instead of
one at a time. The verification cycle
for array fuses checks that the cor-
rect array fuses have been blown
and can be sensed by the outputs.

In quantities, the chip sells for
$3.55 each for the 25-ns version.

80386 logic support implemented in seven-chip

When Chips and Technologies in-
troduced its 80286 chip set last year,
vendors found it offered a simpli-
fied method to create IBM PC AT-
compatible products. The company
is now entering the 32-bit arena with
a seven-chip set for the 80386. When
used in conjunction with the com-
pany’s recently unveiled Integrated
Peripherals Chip (IPC), users can
configure an 80386-based system
board with only 40 components plus
memory devices. The board pro-
duced is one-half the size, consumes
one-third the power and delivers
more than twice the performance of
an 8-MHz 80286 AT.

The seven-chip set manages both
address and data functions for the
80386, as well as memory and bus
control. It combines one bus con-
troller chip (82C301), a page/
interleave memory controller chip
(82C302), two address buffer chips
(82A303 and 82A304), two data
buffer chips (both designated
82A305), and one miscellaneous
control logic chip (82A306). The
standard architecture of the set sup-
ports a local CPU bus, a 32-bit

memory bus and AT buses. AT-bus
compatibility is provided by an in-
dependent clock that compensates
for the built-in timing assumptions
inherent in many add-on boards. It
achieves the full 16-MHz, zero-wait-
state operation of the 80386 and
supports from 1 to 16 Mbytes of
memory.

As a completely AT-compatible
solution, the CS 8230 chip set runs
the billions of dollars of applica-
tions software that can run on the
AT, XT and PC. This software
compatibility, combined with the
processing power of the 80386,
direct the chip set toward the com-
pute-intensive CAD/CAE, indus-
trial automation and transaction
processing applications traditionally
associated with 32-bit microproces-
sors. ‘““CAD/CAE applications de-
mand the horsepower of 32-bit,
80386-based machines,’’ claims com-
pany president Gordon Campbell.
“With the CS 8230 chip set, users
have a cost-effective solution for a
system with that power, yet the sys-
tem is completely compatible with the
IBM PC AT.”

Advanced Micro Devices, 901
Thompson PIl, Sunnyvale, CA
94088. Circle 124
set

Supporting the set is a develop-
ment kit, the DK 8230, to assist
users in their design efforts. The kit
offers a development board, data
sheet, user’s guide and data book
for the chip set.

The CS 8230 AT/386 seven-chip
set sells for $196.40 in quantities of
100, while the development kit is
$2,995.

Chips and Technologies, 521 Cot-
tonwood Dr, Milpitas, CA 95035.

Circle 125

Coming January 1

Watch for
the System Design article
on digital control
of linear circuits
by John Nemec
of Signetics
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Space and power efficiency.

RS-232-C IC combines 3 drivers and 3 receivers
in a single CMOS chip. Try the MC145406, free.

Motorola’s new MC145406 silicon-gate
CMOS Driver/Receiver IC for the first
time combines 3 drivers and 3 receivers
on a small single chip to meet the electri-
cal specs of EIA RS-232-C and CCITT V.28.

Anyone designing communications
equipment where low power and space
savings are important, such as digital
telephones, portable computers or line-
powered modems, will discover nothing
can do the job better.

Free MC145406 samples.

We want everyone to know just how
outstanding the MC145406 is, so we've
arranged for you to have two evaluation
samples without charge. To receive your
samples, simply attach your business card
to the completed coupon from this ad
when you send it in. We’ll send you the
parts, the data sheet and our Telecomm
Data book, absolutely free. Offer expires
March 30, 1987 and requests must be
postmarked by April 1, 1987.

Low power: 15 mW CMOS
vs. 706 mW bipolar.

It’s the low-power CMOS technology
of the MC145406 that requires a maximum
of only 15 mW compared to the 706 mW
required by a common bipolar pair pre-
viously used to accomplish the same job.

There’s no comparable choice for new
low-power designs, and you reduce
package requirements at the same time.

Space-saving package alternative.

Original availability of the MC145406
was in the traditional 16-pin dual in-line
package, and that’s the package the free
samples are in.

Now, for even greater space savings,
this low-power CMOS IC is also available
in the 16-pin SOIC package.

Drivers.

MC145406 drivers offer true TTL input
compatibility, a slew-rate-limited (30 Vjus
max.) output circuit that requires no

external capacitors and a 300 ohm power-
off source impedance.

Receivers.

The on-chip receivers can handle up
to the EIA-required 15 volts, while pre-
senting impedance over a
( 3-to-7 kilohm range.

They will level-shift
voltages between -15 and
+15 volts down to TTL
logic levels from 0 to +5
volts: also from TTL levels
to voltage levels propor-
tioned to the high- voltage
supplies applied to the
device. Input switchpoint
hysteresis gives the
receivers a significant
assist in reception of noisy
signals.

No better DCE
interface device.

This incomparable driver/receiver
provides all the necessary level-shifting
between the TTL logic levels of your
product and the high voltage levels
of RS-232-C equipment. It’s finding new
applications from PABX to remote tele-
banking and from key systems to multi-
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To: Motorola Semiconductor Products, Inc. PO. Box 20912, Phoenix, AZ 85036

[ Please send me free samples of the MC145406. (Offer expires March 30, 1987)
[ Please send me information only on the MC145406.

plexers, limited-distance modems and
computer networks.

And, regardless of the application, the
MC145406 has the same latch-up protec-
tion of over 100 mA. Testing also displays
exceptional reliability in temperature/
humidity performance.

One-on-one design-in help.

Get an engineer-to-engineer update
on designing in Motorola’s broad range
of telecomm products. Call toll-free any

1-800-521-627/4

weekday from 8:00 a.m. to 4:30 p.m.,, MST,
from anywhere in the U.S. or Canada.
If the phone call can’t meet your needs,
we'll have our local applications specialist
contact you. For the free samples offer,
attach your business card to the
completed coupon

e

and send it to

Motorola Semi-

conductor Prod- (f)n our
ucts, Inc,, PO. Box . .
20912, Phoenix, eSIZN-1N
AZ 85036, team.

@ MOTOROLA

306CD120086

Title

Company

Address

City

State Zip

Call me ( )
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Youd think someone
would put a LAN analyzer
like the Nutcracker into a PC.

The someone is Excelan.

We took all the features of our
Nutcracker, the most powerful
Ethernet network analyzer there
is, added even more new features,
and put them all onto a single
plug-in board. Our new creation
is called the LANalyzer EX 5000E.
It comes with complete system
software that runs on MS-DOS.
And it slips right into your IBM
PC, XT, AT, or compatible.

The LANalyzer VLSI compo-
nents and high performance soft-
ware help you monitor, analyze,
and troubleshoot your Ethernet
network as nothing else can. And
its extensive graphic displays
make it easy to use, too.

Here’s some of what the
LANalyzer EX 5000E lets you do.

® Capture Ethernet packets at a

sustained rate of 1000 packets
per second.

® Define your own trigger and

capture criteria.

® Display network utilization and

traffic distribution graphically.

® Timestamp packets with 10

microsecond resolution.

m Store captured data for later

analysis.

® [ocate data fast with powerful

search functions.

® Transmit user defined packets

using a variety of parameters.

EXXCELAN

2180 Fortune Drive, San Jose, CA 95131
(408) 434-2300 TELEX 176610

Someone has.

The EX 5000E functions inde-
pendently of any vendor’s
Ethernet hardware or software.
And it’s compatible with Ethernet
V1.0, V2.0 and IEEE 802.3.

You can get the LANalyzer
EX 5000E in a ready-to-go
COMPAQ PORTABLE 286. Or you
can get it as a kit. Both come with
an Excelan transceiver and cable.

In either form, the EX 5000E is
the most powerful, versatile, cost-
effective tool there is for handling
an unsurpassed range of LAN ana-
lyzer applications — everything
from development to mainte-
nance, even in complex multiven-
dor environments.

Find out how you can add the
power of a Nutcracker to your PC.
Call us at 408-434-2271. We'll tell
you all about our LANalyzer series.

Nutcracker and LANalyzer are trademarks of Excelan, Inc. IBM PC, XT and AT are trademarks of IBM. MS-DOS is a
trademark of Microsoft, Incorporated. COMPAQ PORTABLE 286 is a trademark of COMPAQ Computer Corporation. Copyright © Excelan, Inc., 1986. All Rights Reserved.
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TECHNOLOGY/PRODUCT TRENDS '86/'87

DESIGN AND DEVELOPMENT TOOLS

Price and performance
improvements drive
design tool market

[

Competitive pressures
and technological
advances have
combined to make
CAE/CAD systems,
development systems,
and test and
measurement tools
more accessible to the
average system
designer.

[

Richard Goering
Senior Editor

good year. Sharp price drops in computing platforms and
innovations in technology have made many tools more af-
fordable and powerful. As the electronic CAE/CAD industry
becomes more mature, there have been fewer premature product
announcements and unsubstantiated claims than in previous years.

It hasn’t been such a good year for vendors, however, particular-
ly in the beleaguered CAE/CAD sector. As the industry goes from
an exponential growth rate to something approaching normality,
too many companies are fighting for an increasingly selective
group of customers. And CAE tools are still used mostly for
application-specific ICs, while many board- and system-level
designers remain skeptical. Growth has also been disappointing for
vendors of microprocessor development systems and test instru-
mentation.

Few technological breakthroughs have emerged in CAE/CAD
software, microprocessor development tools or test instrumenta-
tion. In fact, the biggest news in CAE/CAD didn’t come directly
from CAE/CAD vendors, but concerned such items as price drops
in 32-bit workstations, add-on capabilities for the IBM PC and de-
velopments in acceleration, parallel processing and networking.

Although design tools are becoming less expensive, the integra-
tion of tools is a largely unsolved problem that will continue to
plague users and vendors in 1987. Design tool vendors are continu-
ing their move to industry-standard computing platforms and op-
erating systems. But many development labs are still hobbled by
proprietary data formats, incompatible operating systems and
platforms that can’t be networked. Standardization efforts such as
the Electronic Design Interchange Format are making progress,
but implementation is very slow.

] For users and prospective buyers of design tools, 1986 has been a
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The Apollo DN3000 allows
Mentor Graphics to offer a
turnkey workstation with
schematic capture, logic
simulation and timing ver-
ification for $34,000. Both
hardware and software provide
more functionality than the
$100,000 workstations of a few
years ago.

The falling cost of 32-bit workstations has made
electronic CAE/CAD affordable for thousands of
system designers. That trend was underscored early
this year when Apollo (Chelmsford, MA) announc-
ed the Apollo DN3000, a 68020-based workstation
in the $10,000 to $25,000 price range. This desktop
workstation boasts a 1.2-to 1.5-Mips performance,
and enhancements introduced this fall provide up
to 8 Mbytes of memory, up to 348 Mbytes of disk
storage and a 19-in., 1,024- x 800-pixel color dis-
play. Used exclusively by the current CAE industry
leader Mentor Graphics (Beaverton, OR), Apollo
also serves as a platform for Tektronix CAE
Systems, Analog Design Tools, Calma and Aida.

he recent enhancements from Apollo are part

of its ongoing struggle with Sun Microsystems
(Mountain View, CA), which introduced a 68020-
based 2-Mips workstation this summer. Priced
competitively with the Apollo DN3000, the Sun
3/100 provides 4 Mbytes of memory and can sup-
port from 71 to 142 Mbytes of disk storage. It’s
equipped with a 15-in., 1,152-X900-pixel color
monitor. Both the Apollo and Sun workstations
can serve as diskless nodes on a network. Sun is
strong in electronic CAD, where it has agreements
with Computervision, Applicon and Telesis, and
Sun is making a concerted effort in electronic CAE.

IBM made a considerable splash in February
with its RISC-based RT PC, a 32-bit workstation
that falls into the $10,000 to $25,000 range.
Although IBM sells Silvar-Lisco’s (Menlo Park,
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CA) schematic capture system on the RT, few
CAE/CAD vendors have embraced this platform.
The RT has been widely criticized for its lack of net-
working and graphics capabilities. Despite IBM’s
claim of a 2-Mips performance, the RT runs ap-
proximately twice as fast as the IBM PC AT,
generally a 0.3- or 0.4-Mips machine. It now ap-
pears that IBM will be more successful in
CAE/CAD with an 80386-based workstation, ex-
pected by many observers early next year.

Digital Equipment Corp (Maynard, MA) retains
a huge installed base in the engineering community,
and both Valid Logic (San Jose, CA) and Daisy
Systems (Mountain View, CA) are pinning their
hopes on DEC. Valid this year ported many of its
CAE tools to the monochrome VAXstation II and
the color VAXstation II/GPX under the VMS
operating system. A VAXstation II/GPX with 5
Mbytes of RAM, a 71-Mbyte disk and a 19-in.,
1,024- x 864-pixel display costs around $26,000.
Daisy’s delay in porting its software to the
MicroVAX is widely cited as one reason for that
company’s financial setback in 1986.

Intergraph (Huntsville, AL) broke a dollar-per-
Mip record this year with its Interpro 32C, a 5-Mips
workstation based on Fairchild’s 33-MHz Clipper
microprocessor. With 6 Mbytes of memory, up to
an 80-Mbyte disk and a 15-in., 1,184- x 884-pixel
color monitor, this workstation carries a base price
of just $25,000. Intergraph will run its own
CAE/CAD software on the machine. Sun Micro-
systems’ 3/200 series workstations, with prices



Lutz Henckels
President
HHB Systems

During 1984 and early 1985, the CAE industry
achieved enormous growth. In the last 18
months, however, the industry’s performance has
fallen significantly. This downturn is reflected in
the tumbling of share prices over the last year by
a factor of two, or even three, of the publicly trad-
ed CAE companies. What will it take to get the
CAE industry moving again? The answer requires
a look at the initial success of the CAE industry.

Early success was based primarily on pene-
trating the IC design market with tools focused on
application-specific IC design. These tools in-
clude schematic capture, simulation and layout
capabilities. However, as reported by the Tech-
nology Research Group (Boston, MA), this market
is now well saturated. By the end of 1986, 39,000
engineering workstations will have been sold, with
most of them used for IC design applications and less
than 13,000 ASIC designs performed per year. The
conclusionisthatany growth will have tocome from CAE
tools that address printed circuit board and system
design applications—a market roughly three to four
times larger than that for IC applications.

The question remains as to why the CAE indus-
try is stalled, given that all major CAE vendors are
now offering printed circuit board CAE tools.
There are two answers to this question. First, the
CAE industry has in the past promised more than
it could deliver, a factor that has made CAE users
more cautious about purchasing new tools. This is
particularly true for printed circuit board applica-
tions, most of which could benefit greatly from
CAE tools but which currently do not absolutely
require them. Because of this, only prov-
en technologies are finding their way into printed
circuit board applications: namely, schematic cap-
ture and printed circuit board layout tools. Design
analysis tools, such as behavioral and logic
simulators, and test programming tools, such as
fault simulators and automated test generators
are still being used only by early adopters of the
new technology. Large discretionary purchases
of these CAE tools are being postponed sub-
ject to the evaluations and results achieved by

CAE must address PCB market to grow

the early adopters.

The second reason—and the one most respon-
sible for the slow printed circuit board/CAE mar-
ket expansion—is that CAE tools for printed cir-
cuit board design and test are still largely inade-
quate. From this perspective, the cautious buying
patterns exhibited in printed circuit board market
are warranted. Perhaps the best way to under-
stand the nature of the problem confronting the
printed circuit board market is to analyze a typical
printed circuit board design situation.

Consider the design of a complex system con-
sisting of five boards. The user first needs a good
behavioral simulation capability to perform a top-
down design of the circuit. The designer may start
with a behavioral model for the system, then de-
velop five models for each of the boards. The final
stage might involve building six to 10 behavioral
models for each section of each board. The design
team then provides the details of the design by
substituting the behavioral models with actual cir-
cuits of structural models. This might involve
several ASIC chips, microprocessors, VLSI sup-
port chips, ROMs, RAMs and other logic. After
verifying such a complex design, the user may fur-
ther want to develop a test program with high fault
coverage for functional testing.

Given the above requirements, the closest and
best design analysis capabilities to date exist
among companies specializing in simulation
technology. These companies provide both de-
sign and test simulation tools for complex printed
circuit board requirements, including hardware
chip modeling and compute engines/accelerators.
The solutions provided by most other CAE ven-
dors are inadequate for printed circuit board
design/test applications.

Additional growth of the CAE industry will have
to be spurred by the printed circuit board market.
Until real working solutions for printed applica-
tions are clearly available and deliverable, pur-
chases of CAE tools for printed circuit board
applications will continue to be light and the CAE
industry will remain stalled.

starting at $33,900, boast a 4-Mips performance
with a 25-MHz 68020-based CPU.

While 32-bit workstations have declined in price,
the power of the IBM PC has been growing. One
reason is the prevalence of the AT, which is now
available with an 8-MHz 80286 processor and a 30-

Mbyte hard disk. A more important reason is the
growing use of coprocessor boards that bring 32-bit
power to the PC. But even with coprocessors, PCs
lag behind 32-bit workstations in networking and
graphics capabilities.

Futurenet (Canoga Park, CA) sells the Cadat
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Thirty two-bit coprocessor boards from Opus
Systems add power to a variety of IBM PC-based
CAE/CAD systems. At an OEM price of around
$3,000, these 32016- or 32032-based boards run Unix
System V and provide 2 to 4 Mbytes of RAM.

logic and fault simulator from HHB Systems
(Mahwah, NJ) on a plain AT or on an AT with a
Unix coprocessor board. Users can select a 32016-
or 32032-based board from Opus Systems (Cuper-
tino, CA). In a recent Futurenet benchmark, the
32032-based coprocessor ran a 5,000-gate sim-
ulation slightly faster than a VAX-11/750 and three
times faster than the plain AT. While 5,000 gates is
pushing memory capacity for an unassisted AT,
Futurenet claims that a 4-Mbyte 32032-based co-
processor can handle a simulation of 30,000 gates.

Coprocessors have shown up in a variety of ap-
plications this year. Analog Design Tools (Menlo
Park, CA) and Valid Logic now run their respective
versions of the Spice circuit simulator on the Opus
board. Factron EDA (Scotts Valley, CA) runs full-
custom IC layout on an AT using the 32032-based
Opus system. Lattice Logic (Santa Clara, CA) runs
its Chipsmith silicon compiler on a 32032-based
coprocessor board from Definicon (Westlake Vil-
lage, CA). While Opus runs Unix System V, Defini-
con provides a virtual memory capability for
MS-DOS by supplying a virtual DOS interface to
the 32032.

Ithough Hewlett-Packard (Palo Alto, CA) and

Valid Logic run all their PC-based applications
on coprocessor boards, Mentor Graphics avoids
them entirely. While offering schematic capture
under DOS, Mentor representatives argue that a
fully-loaded PC with a coprocessor board, graphics
and networking can exceed the cost of a low-end 32-
bit workstation. Daisy also avoids coprocessors,
but ports its own version of Unix directly to the AT
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processor and adds 3.25 Mbytes of RAM and a
high-resolution monitor. This fall, Daisy ported its
printed circuit board layout, gate array layout and
custom IC layout packages to its PC-based Per-
sonal Logician workstations.

PC-based suppliers such as Personal CAD (San
Jose, CA) and Viewlogic (Marlboro, MA) have
decided to avoid coprocessor boards and stick with
MS-DOS. Arguing that coprocessors defeat the
purpose of the PC, these companies are waiting for
Microsoft (Bellevue, WA) to release its long-
awaited virtual-memory DOS. This development
will remove the current memory limitation of 640
kbytes, the primary restriction for CAE/CAD tools
on the PC. Meanwhile, Viewlogic runs its tools in
the VAX/VMS environment and recently an-
nounced support for DEC’s new VAXmate per-
sonal computer.

One problem with PCs is the lack of networking
capabilities comparable to those of Apollo or DEC.
While Apollo or DEC workstations can access files
without copying them, PCs must copy files to local
memory first. The PC/Network File System from
Sun Microsystems now offers an alternative by pro-
viding transparent file access under DOS to any
platform that uses NFS. Using PC/NFS over
Ethernet, a Cadnetix (Boulder, CO) user can sit at
a PC and open a Unix window into the Cadnetix
Analysis Engine, which provides simulation and
printed circuit board routing acceleration as well as
hardware modeling.

ntil this year, the low end in electronic CAE

was defined by PC-based schematic capture
packages costing $5,000 or more. Now, schematic
capture packages from OrCAD (Hillsboro, OR)
and Omation (Richardson, TX) sell for $495 and
claim most of the capabilities of the $5,000 systems.
Both companies provide mouse-driven packages
with pop-up windows and menus, and OrCAD sup-
ports color. Capabilities such as design rule check-
ing, net-list generation, printer/plotter output and
interfaces to printed circuit board CAD systems are
also included.

These new introductions prompted Aptos Sys-
tems (Scotts Valley, CA) to offer a $1,000 sche-
matic capture package for the PC. Since Aptos also
supports logic simulation and both printed circuit
board and IC CAD, this low-cost schematic capture
is part of a comprehensive CAE/CAD system.
Altera (Santa Clara, CA) has introduced a $975
schematic capture package on the PC for its
erasable programmable logic devices.

Low-end packages aren’t restricted to schematic
capture. Visionics (Santa Clara, CA) sells its EE



Designer package with schematic capture, gate-
level logic simulation and interactive printed circuit
board layout for just $975. An $895 artwork editor
from Wintek (Lafayette, IN) can be used to lay out
printed circuit boards, but this product provides no
connection with schematic capture or simulation.
Such tools may appeal to some board-level de-
signers who hadn’t considered CAE.

While the new low-end suppliers have found a
market niche, they haven’t posed a serious threat to
the $5,000 schematic capture products from such
companies as Futurenet and Personal CAD. One
reason is that $500 schematic capture packages lack
extensive library support and connections to in-
dustry-standard simulation tools. Another reason
is that companies such as OrCAD and Omation are
mail-order businesses, while Futurenet and Per-
sonal CAD offer extensive service and support as
part of their product. Even so, the new low end will
put more price pressure on the market and will
make life difficult for vendors who want $10,000 or
more for a basic schematic capture program.

he low-end market has been strengthened in

simulation acceleration, where several new sup-
pliers and new introductions have heated up com-
petition. As 1986 began, the third-party accel-
eration market was held almost exclusively by
Zycad (St. Paul, MN) and Silicon Solutions (Menlo
Park, CA). While Zycad dominated the high end,
the Silicon Solutions Mach 100 engine provided
simulation at 250,000 events/s at a base price of
$25,000. Now that machine is receiving competi-
tion from several simulation products in the
$25,000 to $100,000 range.

One new entry is the Ikos 800 accelerator from
Ikos (Sunnyvale, CA), which provides speeds rang-
ing from 500,000 to 2 million events/s for a base
price of $40,000. This PC-hosted accelerator can
run in unit-delay mode at 10 times that speed. Ikos
also offers a stimulus-processing accelerator that
can generate and store up to 10 million I/0 events
in local memory. Aida (Santa Clara, CA) offers a
Cosimulator Processor for $85,000 that handles up
to 1 million gates at 5 million events/s. Part of
Aida’s Apollo-based CAE system, this accelerator
runs Aida’s compiled-code simulator.

A selection of accelerators ranging from $49,000
to $295,000 was introduced this summer by Xcat
(Hopkins, MN). With capacities from 32,000 to
256,000 gates, these accelerators provide up to 2
million events/s. Xcat this fall introduced its MXT-
25, a logic and fault simulator that handles 16,000
modeling elements at 2 million events/s. Equating
this performance to 1,000 Mips, Xcat claims a price

of $39 per Mip with a base price of $39,000 for the
machine.

In response to competition at the low end, Zycad
brought out a family of low-cost logic and fault
simulation accelerators this fall. Zycad’s Magnum
line offers performance from 25 to 100 Mips at
prices ranging from $38,000 to $115,000. These
machines are fully compatible with Zycad’s high-
end accelerators and support interfaces to a variety
of CAE workstation and simulation vendors. By
specifying speed in Mips, Zycad hopes to avoid
confusion over events/s as opposed to evalua-
tions/s, two different measurements of simulation
speed.

Special-purpose accelerators aren’t the only op-
tion for boosting simulation and other computa-
tionally intensive tasks. The Dataserver, for exam-
ple, from Teradyne (Boston, MA) is a parallel-
processing system based on the Balance 2100 from
Sequent (Portland, OR). With Teradyne proprie-
tary accelerator boards, Dataserver runs Tera-
dyne’s Lasar logic and fault simulator 10 to 15
times faster than a VAX-11/780. That’s much
slower than a dedicated accelerator, but the Se-

The Xcat MXT-25 runs logic and fault simulation at
2 million events/s, equivalent to 1,000 Mips,

and is priced at $39,000. Xcat is one of several new
companies to join the accelerator market in 1986.
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Design Systems Group
Hewlett-Packard

f you assign two talented engineers to a design

project, and each speaks a different language,
the job will probably get done—but it will cost
more, take longer, and be of inferior quality than
the same task undertaken by two similarly
talented engineers speaking the same language.

Modern companies trying to realize the full
potential of linking CAD, CAE and CAM face a
challenge just as vexing as the one above. Solu-
tions currently in the marketplace are difficult to
link to new products, and new products from dif-
ferent vendors speak in markedly different di-
alects and languages. AT&T’s Unix operating
system provides an opportunity to break down the
barriers to efficient and effective communication
and to link dissimilar products and applications.

Design engineers generally don’t care what
operating system they use. Well-crafted applica-
tions software should make the operating system
essentially invisible. The people who do care are
those who develop, and more importantly, link
these solutions. Theoretically, any two operating
systems should be able to accommodate one
another. In practice, however, it’'s more like the en-
gineers speaking two different languages—it
takes too long, costs too much, and results in
poorer quality.

Serving user needs across multiple disciplines
becomes much easier when a single operating
system is used. Common user interfaces can be
adopted to shorten the learning curve with new
software. A common operating system greatly
simplifies implementation of industry standards
in networking, data base management and other
crucial areas to help get fully automated
CAE/CAD/CAM solutions to users sooner, and at a
lower cost.

But why a Unix operating system rather than
some other? Unix operating systems stress back-
ward compatibility with other computers already
installed to protect the investment of users. This
allows vendors that have adopted it to com-
municate with a growing installed base in the in-

William G. Parzybok, Jr.
Group Vice President and General Manager

Common operating systems will unite design tools

dustry. The flexibility of these systems allows
users to add improvements into an existing
system without giving up their hardware or soft-
ware investments. In addition, because Unix
operating systems are used by an increasing
number of vendors as well as by colleges and
universities, the rate of innovation for products
using it will continue to be rapid.

Unlike Unix operating systems, proprietary op-
erating systems lock users into a more limited set
of hardware and software choices. New solutions
will often not be available as soon, if at all. A com-
mitment to Unix is a commitment to the com-
petitive marketplace.

Most leading computer vendors have intro-
duced some form of Unix on at least one of their
computers. As it becomes more of a de facto stan-
dard, however, vendors must either provide Unix
operating systems across the breadth of their prod-
uct line, or provide only partial and nonintegrated
solutions. That would present a serious com-
petitive disadvantage.

Are all Unix operating systems alike? No, they
are not. In order to meet the standard, all im-
plementations should use the full System V Inter-
face Definition Issue 1. This definition is sup-
ported by the IEEE P1003 Standards Committee,
which is working on a single Unix operating
system standard for use worldwide. In some
cases, like HP-UX, the operating system is in fact
a superset, meeting all requirements of the Inter-
face Definition while adding specialized features
for those users who are able to take advantage of
them.

Today, the two engineers still speak different
languages through much of their design task. But
the picture is steadily improving. In some areas,
they can now communicate effectively. And with
further development and adoption of an industry-
wide Unix operating system standard, we may
soon clear away one of the biggest obstacles
blocking our path to the development of the fac-
tory of the future.

quent system also accelerates other Unix-based
tasks.

A combination of general- and special-purpose
acceleration appears in the Cadnetix Analysis En-
gine. Based on the R2000 series chip set from Mips
Computer Systems (Sunnyvale, CA), the CDX-760
GP is a general-purpose accelerator in the Analysis
Engine that lets users run net-list compilation or the
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Spice circuit simulator. The Analysis Engine also
includes dedicated bit-slice accelerators for simula-
tion and printed circuit board routing. As an inte-
grated processing node, it includes 40 Mbytes of
disk storage and a 68020 processor.

By providing more computing horsepower at a
lower cost, simulation and acceleration vendors are
making logic and fault simulation more practical



for system designers. Since most simulation prod-
ucts are still used on the chip level, opening the
simulation market for board-level applications is
one of the greatest challenges for the CAE industry.
To that end, virtually every CAE vendor now pro-
vides hardware modeling, a tool that allows de-
signers to use physical chips in place of complex,
hard-to-obtain software models.

But software modeling has become a more viable
alternative with the behavioral models now
available from Quadtree (Bridgewater, NJ) and
Logic Automation (Beaverton, OR). These models
include debugging features that help identify timing
errors and cost from $300 to $2,000 each, much less
than the cost of hardware modeling. Logic Auto-
mation supports the Intel 80386 and Motorola
68000, 68010 and 68020 microprocessors. Quadtree
recently announced what it calls the first full-
function 68000 and 68010 models, which include a
full instruction set implementation and pin-level
timing.

nalog system-level simulation took a step for-

ward this year with the introduction of the Saber
simulator from Analogy (Beaverton, OR). This
simulator runs faster than the Spice circuit simula-
tor and shows a linear increase in CPU time as cir-
cuit complexity grows. Moreover, Saber can sim-
ulate anything that can be mathematically model-
ed, including behavioral components of electronic
systems. Working toward mixed analog-digital
simulation, Sierra Semiconductor (San Jose, CA)
extended the VTIsim simulator from VLSI Techno-
logy (San Jose, CA) to handle behavioral analog
models of Sierra’s ASIC products.

The link between simulation and production test
was strengthened with the Test Development Series
from Test System Strategies (Beaverton, OR), a
software package that takes tester limitations into
account. The TDS package provides modules for a
variety of simulators and testers. Trying to make
test generation more feasible, Zycad and HHB
Systems this fall introduced automatic test genera-
tion programs that can handle sequential logic.

Prototype test systems that compare simulation
results to actual response became more abundant in
1986 as several new suppliers joined the market.
The ASIC prototype test market is still dominated
by the Logic Master from Integrated Measurement
Systems (Beaverton, OR), which was recently ex-
panded to handle dc parametrics. But IMS now has
competition from the Delta VLSI verification
system from Tektronix (Beaverton, OR), the Topaz
system from Hilevel (Irvine, CA) and the STM 5100
from Cadic (Beaverton, OR). And Tektronix pro-

vides an ASIC verification software package for its
new DAS 9200 logic analyzer.

While CAE tools focus on designing and verify-
ing hardware, they generally don’t help with the
massive amounts of software that goes into today’s
computer-based systems. Nor can they simulate or
test actual software running in a system. One possi-
ble exception is Valid Logic’s Realmodel, a
500,000-event/s accelerator that comes with a hard-
ware modeling system. Realmodel has enough
horsepower to run 100,000 assembly-level instruc-
tions in a single simulation.

Hewlett-Packard ported its 64000 software de-
velopment system to the HP 9000 series 300 work-
station this year, the same platform that runs HP’s
CAE/CAD tools. HP and Tektronix both provide
links between their microprocessor development
systems and logic simulators. But logic simulation
is much too slow for most software designers, and
relatively little connection between software and
hardware development exists in most design en-
vironments. The HP and Tektronix interfaces are
used mostly to initialize RAM and ROM modules in
logic simulation.

Light Pens Ahead
of the Competition

T,

Yes, there can be a bar
code reader in your cus-
tomer’s future, with Caere’s

new EASY-SCANNER™400 Series. Introducing the incredibly versatile
lightweight scanner that's designed to fit your product’s requirements
as well as your budget.

This keyboard wedge with a light pen fits easily between your
keyboard and terminal and inputs data 20 times faster than the quickest
human hands. Plus it can autodiscriminate between several of the
most popular bar codes.

Whether your application is manufacturing, healthcare or retail, the
low-cost Caere EASY-SCANNER™ 400 Series is the one. It can be used
with your IBM PC’s and PC compatibles, ASCII and IBM terminals
and point-of-sale systems.

Call Caere at 408-395-7000 and see how the Caere EASY-SCANNER™
400 Series can put you light pens ahead of your competition. _

Volume discounts available to resellers

Caere” Corporation

100 Cooper Court \O\N\
Los Gatos, CA 95030 7@\‘

408-395-7000 L <0
TWX# 910-597-5391 L
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Hewlett-Packard ported its 64000 software de-
velopment system to the HP 9000 series 300 work-
station this year, the same platform that runs HP’s
CAE/CAD tools. HP and Tektronix both provide
links between their microprocessor development
systems and logic simulators. But logic simulation
is much too slow for most software designers, and
relatively little connection between software and
hardware development exists in most design en-
vironments. The HP and Tektronix interfaces are
used mostly to initialize RAM and ROM modules in
logic simulation.

To cope with software-intensive projects, pro-
duction-quality compilers and source-level debug-
gers are becoming prerequisites in microprocessor
development environments. Thanks to third-party
agreements, vendors of PC-based emulators such
as Zax (Irvine, CA) and Applied Microsystems
(Redmond, WA) now offer such support. Struc-
tured analysis and design tools from suppliers such
as Cadre (Providence, RI) and Tektronix help
designers graphically plan software projects. Per-
formance analysis tools such as the Softanalyst
from Northwest Instruments (Beaverton, OR) and
iPAT from Intel (Hillsboro, OR) are pointing the
way to a new generation of software testing tools.

Driven by price/performance pressure, several
products that offer some of the features of in-
circuit emulation at a lower cost have become
available. The Tektronix Software Executor, for
example, allows software debugging with a target

The Arium Echo is a self-contained, 68000-based
development system that provides compilers, source-
level debuggers and in-circuit emulation for less than
$10,000. The Echo runs under Regulus, a Unix-
compatible operating system.

112 COMPUTER DESIGN/December 1986

microprocessor but isn’t hooked up to the target
system. Intel’s Targetscope doesn’t provide hard-
ware breakpoints or logic analysis, but costs less
than half of that company’s I2ICE emulator.
Price/performance is also a motivation for the
Echo, a 68000-based development system that pro-
vides compilers, source-level debuggers and emula-
tors for less than $10,000 from Arium (Irvine, CA).

Basic laboratory instruments such as logic ana-
lyzers and oscilloscopes are sometimes lost in the
limelight of CAE, but are no less important to the
system designer. Price/performance was critical in
the tough instrumentation market of the past year.
The Tektronix DAS 9200 hit a new high in logic
analyzer performance, supplying up to 540 chan-
nels at 20 MHz, 432 channels at 200 MHz or 160
channels at 2 GHz. But the DAS 9200 isn’t
cheap—a high-end system can cost over $100,000.

The new T-100 from Outlook (Campbell, CA)
supports eight 2-GHz channels and provides up to
250-MHz pattern generation. At prices ranging
from $27,500 to $39,000, this PC-hosted analyzer
offers up to 100-ps timing resolution and provides
several measurement capabilities. These capabil-
ities allow the T-100 to sample within a clock cycle
at precisely known locations and to monitor setup
and hold violations on every channel. Gould Design
and Test Systems (Santa Clara, CA) sells a $5,000
module that provides a 150-ps resolution by taking
multiple recordings.

Low-cost logic analyzers from companies such as
Arium and Breeze (Broomfield, CO) are offering
expanded capabilities and have become major
shareholders in the logic analyzer market. Going
one step further, new analyzers in the $5,000 to
$10,000 range from suppliers such as Philips Test
and Measurement (Mahwah, NJ) and Panasonic
(Seacaucus, NJ) can offer a considerable amount of
power. The Philips PM3570, for example, provides
up to 32 channels at 100 MHz, 16 channels at 200
MHz or 8 channels at 400 MHz.

wo powerful digitizing oscilloscopes appeared

in November. The HP 54111D oscilloscope
boasts a 1-Gsample/s digitizing rate and has a 500-
MHz repetitive bandwidth and an 8-kbyte deep
memory. Signalling the importance of digital
scopes, HP closed out its analog scope line in 1986.
The Tektronix 11400 series includes a 500-MHz and
1-GHz oscilloscope with a 10-ps horizontal resolu-
tion. These menu-driven oscilloscopes use a touch
screen for command entry.

The affordability and power of today’s design
tools make it even more important to provide an in-
tegrated development environment. Buyers want to



The Tektronix DAS 9200 can
provide up to 540 channels and
speeds up to 2 GHz. This
modular system includes a color
terminal, ASCII keyboard, hard
disk drive and multitasking
operating system.

pick and choose the best tools, but the tools must
communicate with each other. The move to stan-
dard computing platforms by most vendors of
CAE, CAD and microprocessor development sys-
tems should help. While proprietary hardware can
still be purchased from such suppliers as Daisy,
Valid and Computervision, most automated design
tools now run on workstations from IBM, DEC,
Apollo or Sun.

But standard computing platforms aren’t the en-
tire story. Apollo’s Domain network, for example,
is a relatively closed system that makes communica-
tions with other vendors’ workstations difficult.
Taking a different approach, Sun licenses its Net-
work File System protocols to other workstation
vendors, including DEC and HP. A standardized
operating system is also important. While most
CAE/CAD and workstation vendors now offer
some version of Unix, VMS still has a large in-
stalled base, and suppliers such as Valid and
Viewlogic are staying with VMS.

To facilitate the exchange of data among
CAE/CAD tools, many users are hoping for con-
tinued progress with the Electronic Design Inter-
change Format. Initiated by semiconductor and CAE
vendors, EDIF provides a neutral interchange format
for the transmission of design data. EDIF this year
was expanded to include printed circuit board data,
and the EDIF committee is working toward stan-
dardization with the Electronics Institute of
America. But few EDIF implementations have ap-
peared in the marketplace.

The integration of CAE/CAD with micropro-
cessor development systems, mechanical CAD/
CAM and test and measurement equipment is an
even broader goal than communications among
CAE/CAD tools themselves. Yet that’s the goal
that HP has articulated in announcing its
CAE/CAD strategy. By adopting schematic cap-
ture, simulation and printed circuit board layout
tools from third-party vendors, HP has shown
itself to be an integrator rather than an originator
of design tools. HP representatives believe integra-
tion can be achieved through a common operating
system and a data base management system.

Most design tool vendors will end up with mul-
tivendor systems, and that’s where integration and
data base management are the biggest problems. To
help manage data produced by different vendors’
tools, Sherpa (San Jose, CA) provides a VAX/
VMS-based system that serves as a central re-
pository for files and provides such features as ac-
cess control and status checking. The communica-
tions problem is addressed by DA Systems
(Campbell, CA), which offers a neutral interchange
format for CAE systems, CAD tools, manufactur-
ing equipment and automatic test equipment. CGD

Please rate the value of this article to you by
circling the appropriate number in the “‘Editorial
Score Box’’ on the Inquiry Card.

Low 269

High 267 Average 268

COMPUTER DESIGN/December 1986 113



A PERSONAL
- INORKSTATION
IS THIS FAST,
PEOPLE BUY

THEM ATA
REGORD PAGE.

DOMAIN is a registered trademark of Apollo Computer Inc., Series 3000 and Personal Workstation are trademarks of Apollo Computer Inc., DEC is aregistered
trademark of Digital Equipment Corporation, IBM and IBM PC ATare registered trademarks of International Business Machine Lorporalmn UNIX is a trademark of
AT&T Bell Laboratories, Inc., ETHERNET is aregistered trademark of Xerox Corporation, Lotus and 1-2-3 are trademarks of Lotus Development Corp., MultiMate
is a trademark of MultiMate Intemational Corp., Microsoft Word is a trademark of Microsoft Corp.




Since we introduced
Personal Workstations
thusiasts have bought |
the DN3000 not only f
most popular desktop

As any alert obser
has sent our competite
DN3000’s power and ¢
it especially satisfying
rush their first system
introduced a number o
ongoing commitment
workstations.

t performing, but the
ing workstation ever.
conclude, this record
ibling to duplicate the
ency. A fact that makes
that before they can
door, Apollo will have
ements that signal our
ship in technical

ea larger 19" color dis-
nance, disk options of
; | main memory of up to
8 MB. Additional inter s with a serial/parallel
expansion option. And, expect from the one
computer company that s been committed to

networking, new capabilities to interconnect with

apollo

industry standard ETHER
Combine these technical
PC coprocessor that lets you
ware; including Lotus 1-2-3,
Word,” as well as directly ac

Consider further that ev
virtual memory engine that inc
68020, a 68881 floating point ¢
graphics, and a balanced sys
maximum application throughy
something else. Assurance
mance that will ever be faste;
workstations is the rate at w
on their desks. ‘

For more information,
Or write Apollo, 330 Billes
01824, MS 42.1In Canada call (416) 297-0700.

CIRCLE NO. 41



Desktop workstations challenge minicomputers

Claiming performance levels in the
same league as the VAX 8600, a new
workstation from Sun Microsystems
delivers 4-Mips performance and
twice the graphics resolution of com-
parable systems. A low-cost color
system featuring a 2-Mips perfor-
mance rate complements this addi-

tion to Sun’s workstation line.
Sun’s high-end 3/200 series work-
stations handle compute-intensive
tasks with a 25-MHz MC68020-
based CPU. By pairing the CPU
with a 20-MHz MC68881 floating-
point coprocessor, 64 kbytes of vir-
tual address memory cache and a

Low-cost 32-bit graphics workstations
deliver 5-Mips instruction execution

Intergraph’s 32C family of graphics
workstations operate at a 30-ns in-
struction cycle time, delivering five
times the performance of a DEC
VAX-11/780. Instruction execution
averages S Mips. Built around the
32-bit Clipper microprocessor from
Fairchild, these systems are designed
for scientific and professional com-
puting applications running in a
Unix environment.

For production environments, the
Interact 32C features dual screens,
an ergonomic design and a built-in
digitizing tablet. In contrast, the In-
terpro 32C comes in a compact desk-
top configuration for office en-
vironments. Both workstations of-
fer 1,184-x 884-pixel resolution on
60-Hz, noninterlaced monitors that
can simultaneously display 32 active
colors from a palette of 4,096.

Main memory on both systems is 6
Mbytes, with an 80-Mbyte hard disk
drive and a 1.2-Mbyte floppy disk
drive. Additional features include
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the basic Unix System V operating
system, DEC VTI100/220 terminal
emulation, and screen management
software. Options include compilers
for C, Pascal and Fortran.

The Clipper microprocessor pro-
vides a full 32-bit internal and exter-
nal architecture. It actually contains
three chips: a CPU with on-chip
floating-point execution unit, and
two combination cache/memory-
management chips (one for instruc-
tions and one for data). A dual-bus
architecture, with one bus dedicated
to instructions and the other to data,
links the two cache chips to the
CPU.

Network connection components
and software permit operation in a
network environment.

The Interact 32C is priced starting
at $40,000, while the Interpro 32C
begins at $25,000.

Intergraph, One Madison Indus-
trial Park, Huntsville, AL 35807.
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64-bit processor-to-memory bus, the
workstation achieves a 4-Mips, 125-
kflops performance level. Basic
memory is 8 Mbytes with error
checking and correction, but it can
be expanded to 32 Mbytes.

Doubling the resolution of exist-
ing Sun workstations, a 19-in., two
million-pixel monochrome monitor,
arranged in 1,600 columns X 1,280
rows, rounds out the system. A 19-
in., 1,152- X 900-pixel color or gray-
scale monitor is optional.

The 3/200 can be configured in
two ways: in stand-alone mode with
280 Mbytes to 1.1 Gbytes of local
storage, or without a disk subsystem
as a network node that shares file
and printer resources via Ethernet.
Price for a diskless monochrome
version starts at $33,900. When fit-
ted with a 280-Mbyte disk and back-
up tape drive, the price is $51,500.

Sun’s second introduction, the
3/110LC, uses newer technologies
such as 1-Mbit dynamic RAM and
high-speed video RAMs to mount a
color workstation on a single board.
Built around a 16.67-MHz MC68020
CPU and a 16.67-MHz MC68881
floating-point coprocessor, the
workstation has a capability of 2
Mips. Standard features include a
10-plane color or monochrome
frame buffer, 4 Mbytes of memory,
an Ethernet interface, two RS-423
ports and the VMEDbus interface.

Accompanying this workstation is
a standard 15-in. color monitor de-
livering 1,152- % 900-pixel resolu-
tion. A 19-in. color or gray-scale
monitor with the same resolution is
available as an option.

Similar to the 3/200, this low-end
system operates in either stand-alone
mode or as a diskless network node.
Local storage is configurable from
71 to 142 Mbytes with backup from
an optional 60-Mbyte, Y-in. tape
cartridge. Without a disk, the
3/110LC’s price starts at $15,900.
The same system with a 71-Mbyte
disk and backup tape drive costs
$21,900.

Sun Microsystems, 2550 Garcia
Ave, Mountain View, CA 94043.
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For 16 years, the “OEM Only” ICCs have brought OEM man-
ufacturers to where the volume buyers live and work. And
only the ICCs cover 17major OEM territories throughout the
U.S. and Europe — time and cost efficiently.

In one day, regional design engineers/system integrators
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drives, printers, terminals, controllers, etc. And the ICCs
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and peripheral OEM manufacturer, call us today to reserve
space. If you are a volume buyer, call your local OEM sup-
plier, or our offices, for an ICC invitation.

In the U.S., contact B.J. Johnson & Associates, Inc., 3151
Airway Avenue #C-2, Costa Mesa, CA 92626, Phone (714)
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PC-based workstations

Although IBM PC-based worksta-
tions can handle a variety of CAE
tasks, few have ventured into IC or
printed circuit board layout. Now, a
trio of PC-based workstations
handles both design and layout: the
Personal Gatemaster for gate arrays,
the Personal Chipmaster for custom
ICs and the Personal Boardmaster
for printed circuit boards.

These turnkey packages run on the
Personal Logician, an IBM PC AT-
compatible computer that runs the

tackle IC and printed circuit board layout

DNIX operating system from Daisy
Systems. This proprietary operating
system is based on Berkeley Unix
Version 4.2. The Personal Logician
includes 3.25 Mbytes of RAM, up to
140 Mbytes of memory on hard disk
and a Daisy graphics controller. Dis-
play options available include a 17-
in., 1,024- x 826-pixel monochrome
display and a 19-in., 1,024-x 823-
pixel color display.

The Personal Gatemaster offers
the same tools as Daisy’s accelerated

Megagatemaster, including sche-
matic entry, pre- and post-layout
simulation, timing and test analysis
and gate array placement and
routing. Included with the Personal
Gatemaster is the new Autolayout
interface, which automates the com-
plete layout procedure from place-
ment through routing. Designers can
execute a layout run by simply typ-
ing a Run command.

The Personal Chipmaster offers
the same functionality as Daisy’s
high-end Chipmaster workstation,
bringing full-custom IC layout to a
desktop workstation. The Personal
Boardmaster provides the same fea-
tures as Boardmaster, Daisy’s high-
end printed circuit board design
station. Tools include schematic
capture, printed circuit board layout
and verification, and computer-
aided manufacturing output.

Complete hardware and software
prices range from $40,000 to $55,000
for all three workstations.

Daisy Systems, 700 Middlefield
Rd, Mountain View, CA 94039
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System accelerates logic and fault simulation in software

Using parallel processing tech-
niques, the Dataserver simulation
server from Teradyne accelerates
the company’s popular Lasar Ver-
sion 6 simulations. The company
claims the system provides 10 to 15
times the performance of a DEC
VAX-11/780. Every simulation avail-
able in Lasar can be accelerated, in-
cluding good-circuit logic simulation,
worst-case timing analysis and con-
current fault simulation. Dataserver
also supports any mix of structural,
behavioral and hardware models in
simulation.

In contrast to hardware accelera-
tors, which encode simulation algo-
rithms on custom ICs, Dataserver
operates in software and thereby
permits relatively simplified modi-
fication and upgrade of Lasar algo-
rithms. In addition, instead of
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limiting itself to simulation activ-
ities, the system includes general-
purpose, Unix-based processors to
run non-simulation tasks.

Dataserver combines Sequent
Computer System’s Balance 21000
parallel computer system with hard-
ware optimized for simulation oper-
ations. Custom software enables
any Lasar simulation job to be ex-
ecuted in parallel.

A base system features two gen-
eral-purpose and four optimized
simulation processors, 16 Mbytes of
main memory, a 330-Mbyte storage
disk, tape drive, and 16 terminal
ports. It can be operated as a stand-
alone host or networked using an
Ethernet interface.

The system is easily expanded to
accommodate more optimized pro-
cessors for heavier simulation loads,

more memory for simulations of
larger circuits, or more general-pur-
pose processors for larger non-
simulation loads. Maximum disk
capacity per cabinet is 2.4 Gbytes.
Depending upon configuration,
prices can range from $300,000 to
$700,000.

Teradyne, 321 Harrison Ave,
Boston, MA 02118. Circle 129
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Schematic package sets price/performance standard for PC-based CAD

Creating a new price/performance
standard for PC-based CAD, Or-
CAD/SDT is a complete schematic
capture program selling for $495.
The package is developed to run on
the IBM PC and compatibles. Or-
CAD/SDT supports most popular
graphics boards and printers. Menu-
driven operation simplifies the
placement of wires, text and graph-
ics symbols. Users select parts by en-
tering the part name from the key-
board or by choosing the part from a
pop-up directory where, once it’s
selected, the part may be easily
moved or rotated for placement on
the worksheet.

For the repetitive tasks involved in
schematic capture, OrCAD/SDT
stores over 100 commands and ex-
ecutes them with a single keystroke.
Worksheets may be partitioned into
manageable parts and then hierar-
chically organized for easy recall.
The system supports worksheets in
media sizes from A to E.

A component library with more
than 1,200 parts offers all parts used
in industry. Devices from TTL and
CMOS families, microprocessors,
peripherals, memories, and discrete
components as well as newly intro-
duced parts are included. A text edi-
tor and Symbol Description Lan-

guage permit simple creation of new
symbols or custom libraries.

The OrCAD/SDT system also
features real-time rubberbanding of
wires and buses, multilevel intelli-
gent zoom, auto panning of work-
sheet at screen boundary, string
searching, and on-line part brows-
ing. The package provides utility
programs for schematic output, net
listing of signal and part connec-
tions, design checking for uncon-
nected pins and signal-line conflicts,
and a parts list for the design.

OrCAD Systems, 23315 W
Baseline Rd, Hillsboro, OR 97123.
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Simulation engine tailored to small- and medium-size designs

Engineers working on small designs
usually cannot justify the cost of a
high-end and very expensive logic (or
fault) simulation accelerator, yet
there is a need for the product.
Zycad is trying to meet that need
with a low-cost, base model simula-
tion engine specifically intended for
designs in the 10,000- to 64,000-gate
range. Called Magnum, the engine is
available in four different models of-
fering performance at speeds rang-
ing between 25 and 100 Mips for
prices dipping as low as $38,000. All
four systems interface to a range of
CAE systems.

All products in the line are fully
compatible with other Zycad prod-
uct families, ensuring a complete
upward migration path. At the entry
level, the Model 40 provides a capac-
ity for 16,000 modeling elements at a
speed greater than 25 Mips for
$38,000. Models 60, 80, and 120
feature capacities of 32,000, 48,000
and 64,000 modeling elements,
respectively, at increasing perfor-
mance increments of 25 Mips each.
At the top-of-the-line, the Model 120
provides 64,000-gate capacity at
greater than 100-Mips performance
for $115,000.

The Magnum family is composed
of small units, designed for an office

environment and capable of fitting
either on top of or beside a desk or
workstation. None of the units de-
mand special cooling or power en-
vironments. Among the products’
features are an optimized, event-
driven algorithm, 12-state simula-
tion, delay modeling, accurate

timing, unidirectional and wired
gate functions, user-definable truth
tables, and selectable reporting.

For users with needs beyond basic
logic simulation, options for bidirec-
tional switch-level simulation, the
Eventlink data exchange package and
use of Zilos front-end software are
available. Magnum products will
offer behavioral and physical model-
ing options in early 1987.

Zycad, 3500 Zycad Dr, St. Paul,
MN 55109. Circle 131

COMPUTER DESIGN/December 1986 119



Motorola M68000

Floating point coprocessor
has it all.

The MC68881 Floating Point Coproc-
essor serves M68000 Family and non-
Motorola processors with a blend of
complete conformance to the IEEE binary
floating point standard (754), the four basic
arithmetic functions, plus over 40 tran-
scendental and non-transcendental func-
tions including root values, trig functions,
logs, exponentials and hyperbolics.

All functions are worked to 80 bits of
precision in hardware, and it can break
the million Whetstone performance mark.

Versatile answers for the
need to communicate data.

The MC68661 is a universal synchro-
nous/asynchronous communications
controller for M68000 and most other 8-
and 16-bit MPUs. Receiver and transmitter
are double-buffered for efficient full- and
half-duplex operation. No system clock
is used.

It can simultaneously convert parallel
data from the MPU data bus to transmit-
serial data and receive-serial data to
parallel characters for MPU input.

The MC68652 is a single-channel serial
data device that recognizes byte-control
and bit-oriented protocols. It can operate
at 2 Mbit/sec.

Memory management support

for virtual memory environments.

Memory management for M68000
Family processors is performed by the
MC68851 Paged Memory Management
Unit and MC68451 MMU.

The MC68851 supports a demand-paged
virtual memory environment with the
high-performance 32-bit MC68020 MPU.

On-chip address translation minimizes
translation delays and maximizes system
performance.

The MC68451 provides address trans-
lation, write protection and task access
protection for MC68010-based systems.

DMA moves and manipulates
data on multiple channels.

Three DMA Controllers of varied func-
tionality serve the M68000 Family.

The MC68450 performs high-speed
data movement and sophisticated data
manipulation in complex systems. It's pin
compatible with the MC68440 and "442.

The MC68440 moves blocks of data
quickly and efficiently on two independ-
ent DMA channels. Channel switching
and set up is also very fast.

The MC68442, with extra addressing for
32-bit MPUg, is an expanded version of
the '68440.

General Purpose 1/O interface supreme, with DUART,
Multifunction Peripheral and Interface/Timer circuits.

The MC68681 DUART has two inde-
pendent full-duplex synchronous receiver/
transmitter channels for direct M68000
MPU bus interface.

Receiver data registers are quadruple
buffered, and transmitter data registers
are double buffered to assure minimum
MPU intervention. Power for complex
data communications is from multi-
function 6-bit input and 8-bit output ports,
a 16-bit programmable counter/timer,
interrupt handling ability and a one-
megabyte/sec. maximum transfer rate.

Our MC2681 is otherwise identical,
but is without the M68000 bus interface.
The MC68901 multifunction circuit
serves microcomputer requirements,
via M68000 bus interface, with a single-
channel UART for data communications.
It has an 8-source interrupt controller, four
8-bit timers and eight parallel I/O lines.
The MC68230 is a programmable inter-
face/timer with versatile double-buffered,
unidirectional or bidirectional, parallel
interfaces and an M68000 system timer.
It also has the full M68000 bus interface.
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$98 kit demonstrates the performance and

versatility of the M68000 Family.

We put together the MC68000KIT and
gave it the irresistibly low price of only
$98 to make it easy and inexpensive for
you to experience the performance and
flexibility of the M68000 Family.

It has just what you need to create
three basic M68000-based systems.

You get: Three MPUs » MC68000, the
general-purpose standard for perform-
ance-intensive applications ¢ MC68010
high-performance virtual memory MPU
* MC68008, a cost effective 8-bit MPU
with the 32-bit architecture of the '68000.

Six peripherals * for DMA control, the
MC68440 provides two independent
DMA channels * the MC68230 handles

Chips for MAP Commhnications.

Motorola’s MC68824 is the only single-
chip implementation of the IEEE 802.4
Media Access Control sublayer of the ISO
Data Link Layer specified by MAP, the
GM Manufacturing Automation Protocol.

It supports serial data rates of 1, 5 and
10 Mbps, and relieves the host processor
of frame-formatting and token-manage-
ment functions.

The MC68184 Broadband Interface
Controller completely implements the
digital functions necessary for an IEEE
802.4 broadband modem as specified
in MAP.

system timing and parallel 1/O require-
ments * the MC68681, MC68661 and
MC68652 are varied universal protocol
circuits for communications designs * the
jack-of-all-trades MC68901.

The kit also contains the documenta-
tion you'll want for converting the nine
high-performance M68000 Family devices
into superior basic systems of your own
design.

The MC68000KIT is available only
from authorized Motorola distributors,
so contact the distributor of your choice
and take advantage of this outstanding
$98 value today.

Special literature packs supply
product and application facts.

M68000 Family product literature has
been assembled into three special assort-
ments including brochures, technical
summaries and data sheets, benchmark
reports, application notes, technical
articles, etc.

The M68KPAK is an M68000 Family
overview, from chips and software
to board- and system-level products.

The M32BITPAK focuses on our 32-bit
products featuring the MC68020, with
material specific to the subject.

The M6BKCOMPAK is oriented to
communications, including MAP, X.25,
Bisynch, Asynch, etc.

X.25 Protocol Controller.

Motorola’s MC68605 implements level 2
of the 1984 CCITT X.25 Recommendation
Link Access Procedure Balanced LAPB.

It independently supports full-duplex
point-to-point serial communications
up to 10 Mbps generating link level com-
mands and responses. In transparent
operation (monitor mode), frames are user-
generated with the MC68605 providing
HDLC framing and CRC checking/
generation.

One-on-one design-in help.
Get an engineer-to-engineer update on
designing in Motorola’s M68000 Family.

Call toll-free any weekday, 8:00 a.m. to

4:30 p.m, MST. If ;
Were

your needs, we'll
have a local appli- ur
cations engineer N-1n
(::)hﬂOTt"mDLA
™o Motorola Semiconductor Products nc.

the call can’t cover
Jyl
Sl
contact you. t-e m

| P.O. Box 20912, Phoenix, AZ 85036
Please send me the following information on the
I M68000 Family.
| A O Floating Point Coprocessor
B O Memory Management
| ¢ O DMA Contrl
I D O Kit Brochure. Kits available from authorized
Motorola distributors only. Contact yours.
I E 0X25Protocol Control
I F O Communications Peripherals
G O General Purpose 1/0
| H O Manufacturing Automation Protocol (MAP)
] Literature packs (one only) [0 M68KPAK
| OM32BITPAK 0 M68KCOMPAK
|

Name

| Tite

l Company
| Address
I i Sate
I Call me ( )

Zip

303CD120186

B i S
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Analog circuit simulator targets system-level designs

Analog circuit simulation is so slow
and difficult to use that it’s typically
restricted to small pieces of elec-
tronic designs. A new simulator an-
nounced by Analogy challenges the
slow speed, CPU time and modeling
problems that have plagued users of
analog circuit simulation. Called
Saber, this product can simulate
anything that can be mathematically
modeled, including mechanical com-
ponents such as sensors, actuators,
and motors.

Without sacrificing accuracy, the
company claims Saber runs many
times faster than Spice, the popular
circuit simulation program from the

University of California at Berkeley,
and shows only a linear increase in
CPU time as circuit complexity
grows. Unlike Spice models, Saber
models aren’t bound into the simula-
tor and aren’t restricted to low-level
models of electronic components. A
Saber model, for example, could in-
clude a behavioral view of an elec-
tronic component or a set of
equations that describe a motor.
Saber is an interactive simulator
that allows users to set breakpoints
and stop and restart simulation. A
postprocessor provides a graphical
user interface and displays wave-
forms on the host computer CRT.

The simulator is written in a modu-
lar format so that it will link easily to
schematic capture packages or to
graphics postprocessors from CAE
vendors. Schematic capture is the
preferred way of getting a net list in-
to a simulator.

Saber is designed so that it can be
easily accelerated. Saber now runs
on IBM mainframes and in DEC
VAX/VMS, VAX/Unix, Apollo
and Sun environments. The cost
ranges from $9,000 to $65,000, de-
pending on the host selected.

Analogy, 8605 SW Creekside PI,
Suite D, Beaverton, OR 97005.

Circle 132

Debugging program unites schematics, layout and verification

Verifying IC layouts against sche-
matics is a time-consuming, error-
prone process that usually requires a
lengthy search through a textual list-
ing. A debug program from Mentor
Graphics simplifies the verification
process by providing a single
graphics environment that unifies
the output of the schematic editor,
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layout editor and layout verification
system. By introducing Remedi,
Mentor Graphics has taken one of
the first steps toward integrating the
logical design environment with
physical IC layout.

Remedi lets users select portions
of the layout and see the correspon-
ding sections of the schematic for

cross-referencing. Users can also se-
lect a portion of the schematic and
view related sections of the layout
and the error listing, or they can
select errors from the listing and dis-
play corresponding sections of the
schematic and layout. By alleviating
the need to shuffle through sche-
matic pages, error listings and
layout plots, the program greatly
shortens debugging time.

As a visual aid, the program can
emphasize the corresponding area
of a layout when a schematic net or
transistor is selected. If a logic gate
or functional block is selected from
the schematic, for example, the cor-
responding layout transistors and
nets are highlighted. Remedi opens
the door for back annotation of IC
designs by letting users view the ex-
tracted parasitics and transistors
from the layout. These can be
viewed as a function of their
parameters.

Remedi is primarily geared to the
Chipgraph custom IC environment
and the Dracula layout verification
system from Ecad. Remedi is avail-
able for approximately $15,000.

Mentor Graphics, 8500 SW
Creekside Rd, Beaverton, OR
97005. Circle 133



Software shortens design-to-test process

Moving test considerations to an
earlier stage in the design process
when modifications are easier and
less expensive, a software package
from Test Systems Strategies ties the
simulation data files of CAE systems
and test programs to produce test-
compatible diagnostics. The test
programs generated will run on any
targeted tester.

Test Development Series (TDS)
software introduces a systems ap-
proach to the design-to-test problem
by linking the functional verification
data provided by CAE workstations
with the functional and format re-
quirements of ATE systems. A TDS
system contains three modules. Each
module supports specific software
tools and test equipment in the user’s
environment.

The first module, Converter, is a
first-step conversion program that
facilitates translation from CAE-
specific waveform files to the TDS
standard format. Different Con-
verter modules support a variety of
major CAE simulation data for-

IDEA

TEST AND DESIGN REWORK
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FINAL
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mats. These modules can be added
to the TDS software whenever data
from a new CAE environment must
be addressed.

Test Resource Allocation Mana-
ger analyzes simulation waveform
data to determine compatibility with
test equipment. The program creates
a report that indicates to the design
engineer which areas in the simula-
tion test requirement will not match
the selected tester characteristics.
Suggested corrections are also pro-
vided. This analysis tells engineers
whether their design can be tested
successfully on the available tester

during the design process.

P-Bridge rounds out the TDS ser-
ies. This software module generates
functional test programs for the
ATE hardware specified using wave-
form files from the CAE simulator.
The programs that are created in-
clude statements to generate a real-
time stimulus and to verify the
response of the device under test. As
a result, a programming task that
usually takes weeks can be com-
pleted in hours.

Test Systems Strategies, 8285 SW
Nimbus Ave, Beaverton, OR 97005.
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Tool set completes CAE

Providing the missing piece to its in-
tegrated tool set for software devel-
opment, Tektronix has created
Structured Design (SD) Tools. This
set of graphics-oriented software de-
velopment tools automates the
overall design of a software system.
By combining these tools with the
company’s existing Structured
Analysis (SA) Tools, users can con-
figure a complete package of auto-
mated software development tools
covering every phase from require-
ments analysis to software/hard-
ware integration and testing.

SD Tools encourages design cre-
ativity by allowing rapid changes
within the software structure with-
out requiring tedious drafting revi-
sions. By offering a systematic
graphics method to diagram the
overall design of a software system,

software environment

the package graphically partitions
software modules in a hierarchical
structure that displays their com-
munications interfaces and control-
ling relationships. Functions such as
transforming and drawing dia-
grams, organizing documents and
making copies are automated.

The data source for SD Tools is
SA Tools. Transformation tools,
built into the SD Tools process,
automatically convert data-flow di-
agrams created with SA Tools to a
structure chart. A special-purpose
interactive graphics editor lets de-
signers create and modify structure
charts on-line. Using this editor,
designers can create, label, move
and delete each type of symbol in
the structure chart.

The SD Toolkit includes software
tools, installations, an interface to

the Tektronix Colorkey+, on-line
documentation, a keyboard overlay,
a user’s manual, and a reference
book. The system runs on VAX and
MicroVAX computers running
under VMS and Unix/Ultrix oper-
ating systems. SA Tools will soon be
available on Apollo Domain and
IBM PC-DOS and can be used in an
integrated environment with VAX
computers and workstations.
Tektronix, PO Box 500, Beaver-
ton, OR 97077. Circle 135

Coming January 1
Watch for Bill Suydam’s
Special Report on
computer-aided
software engineering
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SCSI option enhances interactive potential of emulator family

Users of Applied Microsystems’ ES
1800 series in-circuit emulators now
have the opportunity to accelerate
their microprocessor debugging pro-
cess. As a high-speed alternative to
the standard RS-232 interface, the
company is offering an optional

SCSI interface upgrade. This option
lets system developers transfer data
up to 35 times faster, thereby elim-
inating bottlenecks and making truly
interactive debugging possible.

The upgrade kit consists of a cable
and two boards that replace the ES

1800’s controller and main control-
ler boards. Accommodating a vari-
ety of hosts including the IBM PC
family and Sun Microsystems, Digi-
tal Equipment Corporation, and
Apollo platforms, the SCSI inter-
face opens up a range of design ap-
plications.

Potential applications include any
situation requiring real-time visibil-
ity and control for designing and
debugging complex systems. The in-
creased data-transfer speed permits
interactive debugging, even with
high-performance 32-bit micropro-
cessors. Debugging performance is
typically enhanced by 10 percent.

Additionally, when used as an in-
strumentation bus, the interface
connects to several devices for mul-
tiuser configurations. In a multiuser
setup, any of eight units can act as
initiators, with either an emulator or
a host acting as the controller.

Pricing for the two-board option,
with a revised host software pack-
age, starts at $3,995 per set.

Applied Microsystems, PO Box
97002, Redmond, WA 98073.

Circle 136

Software tool gives expert know-how to novice designers

Using a rule-based, expert system
to improve completion rates on the
first board layout, the Insight router
from Telesis is targeted at printed
circuit board designers who aren’t
familiar with automated routing
techniques. According to Joseph
Prang, marketing support manager
for the company, first-time users can
deliver the same results promised in
benchmarks and product demon-
strations. Using Insight, users need
only input the board’s physical char-
acteristics, such as the board’s
dimensions, the minimum spacing
permitted between lines and the
number of signal layers desired.
Routing has been optimized
through the adjustment of approx-
imately 30 costing factors in the
product’s maze and line probe algo-
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rithms. Insight automatically sets
such costing factors as grid size, with
specification down to 1 mil; via
grid, which reserves specific grid lo-
cations for placement of vias; and
pin keep-away, which leaves routing
channels open to facilitate the auto-
matic placement of etch and future
engineering change orders.

Standard features include auto-
matic 45 ° routing, fine-line routing
features, variable grid capability and
up to 14 signal layers available for
automatic routing.

The system also aids the novice by
preplanning the design so that the
final product offers the same pat-
terning and aesthetic quality found
on designs from skilled users. One
way this is accomplished is through
the independent handling of hori-

zontal and vertical connections,
which enables the completion of
over 50 percent of all connections
without using any vias. Unlike tradi-
tional rip-up routers, which arbi-
trarily destroy and then place
connections until a solution is
found, Insight avoids potential
blockages and designates legal via
sites early in the design process.

All routing algorithms were devel-
oped using Prolog, a programming
language used extensively in arti-
ficial intelligence applications. The
router complements Telesis’ EDA-
3000 Design Application software
and will be available as part of the
entire turnkey PCB Design Worksta-
tion package.

Telesis Systems, Two Omni Way,
Chelmsford, MA 01824. Circle 137



Logic analyzer provides unique

A new approach to logic analysis
provides a 100-ps timing resolution,
up to 2-GHz acquisition speeds, 250-
MHz pattern generation, and several
new measurement capabilities.
While most logic analyzers provide
extensive features for software anal-
ysis, the Outlook T-100 is claimed to
be the first logic analyzer aimed spe-
cifically at high-performance hard-
ware design.

One unique feature of the T-100 is
its ability to monitor setup-and-hold
violations on every channel. This lets
users detect a problem that won’t
necessarily cause a test to fail, but
may cause hidden problems in device
operation. The T-100 can trigger on
a setup-and-hold violation within a
—5-ns to + 15-ns window in 100-ps
increments.

The T-100 provides synchronous
recording with an external clock that
can run up to 250 MHz. If the exter-
nal clock provides a square wave in-
stead of pulses, the T-100 can handle
synchronous recording up to 350
MHz. While most analyzers only run
synchronous channels up to 25 or 50
MHz, Outlook’s synchronous re-
cording lets the user synchronize the
analyzer with the clock in a high-
speed system. The T-100 also intro-
duces three new modes of synchro-
nous recording: synchronous har-
monic clocking, phase-shifted har-
monic clocking and equivalent time
recording.

In the equivalent time recording
mode, the analyzer makes multiple
recordings of repetitive data, shift-
ing the sampling clock by 100 ps for
each recording. The samples are then
assembled in the analyzer’s memory,
giving a composite recording that’s
equivalent in resolution to a 10-GHz
sampling rate. But this mode won’t
catch single shots because it requires
multiple recordings. Nonrepetitive
data can still be sampled at 500 ns
with the T-100’s 2-GHz asynchro-
nous recording.

The T-100 can provide four asyn-
chronous channels at 2 GHz with 32-
kbit deep memory, eight channels at
1 GHz with 16-kbit memory, 16
channels at 500 MHz with 8-kbit

memory, or 32 channels at 250 MHz
with 4-kbit memory. Users can
change the input configuration by
typing a command from the host
computer keyboard. When the ana-
lyzer is set up for 32 channels, a tran-
sition timing mode can store inputs
that have changed since the last tran-
sition and display a timing diagram
using time tag information.

The T-100 uses an IBM PC host to

measurement capabilities

provide a user interface to the logic
analyzer. Its minimum requirements
are an IBM PC XT with 640 kbytes
of RAM, an Enhanced Graphics
Adapter card, and a high-resolution
color display. Price, excluding host,
is from $27,500 to $39,000, depend-

ing on the probe sets ordered.
Outlook Technology, 200 E. Ha-

cienda, Campbell, CA 95008.
Circle 138

Digitizing scope attains 1-Gsample/s rate

Intended as a digital alternative to
analog-storage scopes in the 250-
MHz bandwidth range, a digitizing
oscilloscope from Hewlett-Packard,
with a 500-MHz repetitive band-
width and 8 kbytes of memory,
boasts a 1-Gsample/s digitizing rate.
Similar to the previously introduced
HP 54110D, the new unit—the HP
54111D—combines a digital archi-
tecture with a crystal-controlled time
base.

The 54111D attains its high digi-
tizing rate by incorporating five new
parts. These include a GaAs track-
and-hold circuit, a high-speed bi-
polar A-D converter, an NMOS
timebase chip, an NMOS 2k- x 8-bit
memory, and a 1-GHz saw oscilla-
tor. Its 1-Gsample/s digitizing rate

translates into a 250-MHz single-
shot bandwidth, letting it capture
glitches as narrow as 1 ns wide. A
variety of analysis features com-
bined with its 8-kbyte memory let
scope users compress, expand and
measure waveforms or position the
window in positive or negative time
with respect to the trigger.
Additional features include a col-
or display with 4,096 colors, vari-
able-to-infinite persistence displays
for worst-case analysis, pre-trigger
viewing, instant hard copy output
and a variety of setup aids to sim-
plify time-domain measurements.
The price of the scope is $23,900.
Hewlett-Packard, 1820 Embarca-
dero Rd, Palo Alto, CA 94303.
Circle 139
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MICROTEK DOES ITAGAIN

...AT'THE LEADING EDGE
SUPER 8, 68020,

NOW 80386! -

The Intel 32-bit 80386 microprocessor has
arrived, and is set to play an important role in high-

i end, high-performance products. Due to wider
buses and higher clock speeds, complex 80386
target systems now require more powerful
developing and debugging tools. Selection of a good
development system and emulator will be critical in deter-
mining whether or not 80386-based products are completed
on schedule and within budget.

MICROTEK'’S U.S. service, sales and marketing arm,
NEW MICRO, now has the MICE-32/80386, a portable
emulator that can run with any IBM-
PC/XT/AT personal computer or compati-
ble, VAX, and MicroVAX through parallel or
serial interface. Or can stand alone
with a terminal.

Look at these features:
« Completely self-contained
standalone emulator

* User-friendly command structure
» Emulation to 32 MHz

« “Snapshot” conditional, time-stamped trace
* 256K Bytes soft mapped emulation memory

» Powerful symbolic debugger with user definable
procedures under PC/MSDOS, VMS and ULTRIX.

Other processors supported by Microtek

80286, 80186, 80188, 8086, 8088, 68000, 68010,

68008, Z80, NSC800, 8085, 6809, 6809E, 6502 )

(40 and 28 PIN) 8032, 8051, 8031, 8344, 8048, Mew hicra, Inc.

16901 So. Western Avenue
Gardena, CA 90247
1-800-233-6048 ‘
In CA: (213) 538-5369 BM

«IBM PC and PC-DOS are trademarks of IBM Corporation. VAX, MicroVAX, ULTRIX and VMS \
are trademarks of Digital Equipment Corporation. UNIX is a trademark of AT&T. 1

8049, 8050, Z8, SUPER 8
SEE US AT WESCON BOOTHS 3645-3647

CIRCLE NO. 46 = 2 MICE



TECHNOLOGY/PRODUCT TRENDS '86/'87

PERIPHERALS, GRAPHICS AND IMAGING

Graphics developments
geared toward speed
and capacity

Advances in
graphics
technology provide
far-reaching
cost/performance
improvements.

Tom Williams
Western Managing Editor

capacity was the overriding concern this past year in all areas of

peripherals, including output devices such as printers and
plotters, mass storage systems such as hard and optical disks, and
tape drives. Speed and capacity concerns also have dominated the
main mode of user/system interaction—graphics technology. The
goal has been to obtain higher resolution, more color, and real-
time interactivity, including the compute- and display-intensive
modeling of solid objects.

In 1986, there was a dramatic series of developments in graphics
technology that will have far-reaching impact on the cost/perfor-
mance ratio, and thus the accessibility to users, of a vast range of
computer systems. These systems include general business and of-
fice systems, personal workstations, in both electrical and
mechanical CAD/CAM/CAE and a wide range of other more spe-
cialized systems, including factory automation and military com-
mand and control.

Although these advances have taken place in both hardware and
software, the basis for the rapid development has been silicon. Ma-
jor semiconductor manufacturers have created a new generation of
graphics display processors, but hasten to assure everyone that
even these advanced chips are not the last word.

Graphics technology depends on two types of processing power
for its performance. First, it requires high-speed floating-point
computing to calculate the scale, rotation, clipping and perspective
of an object. Second, it requires powerful integer processing to
write the data into the pixel positions in the frame buffer and to
manipulate it within the frame buffer.

The demand that graphics places on math-intensive processing
power has been lessened by more general-purpose processors, math

As with computers themselves, the quest for increased speed and
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coprocessors, floating-point accelerators and dig-
ital-signal processing chips. These parts are needed
to supply the large amounts of data to support the
virtually insatiable demands of high-speed, high-
resolution graphics. On the display end, a new
generation of display controllers has emerged.
Several of the newer devices are processors in the
sense that they fetch and execute their own instruc-
tions. These devices include the TMS34010 from
Texas Instruments (Dallas, TX) and the 8500 raster
graphics processor and support chips from Na-
tional Semiconductor (Santa Clara,CA).

hile one kind of display processor exhibits a high

degree of software programmability, another
group relies on a relatively small number of high-
level macro commands to perform graphics func-
tions. These include the HD 63484 advanced CRT
controller by Hitachi (Tokyo, Japan), the 95C60
quad-pixel dataflow manager (QPDM) by Ad-
vanced Micro Devices (Sunnyvale, CA) and the 82786
by Intel (Santa Clara, CA). These devices depend on
receiving their instruction stream from a host pro-
cessor. But, the small number of instructions need-
ed to perform high-level graphics functions gives a
speed boost that, to some degree, compensates for
their dependence on a host.

Whatever their level of programmability, the
new generation of display processors represents a
consensus on the types of drawing and display func-
tions expected of today’s graphics systems. These
include line, arc, polyline, polygon and area fill
functions and, perhaps most significantly, the use

Pixblt operations allow various image combinations,
including (clockwise from upper left) replacement
with transparency on or off, maximum or minimum,
and AND or exclusive OR.
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of bit boundary block transfer (bitblt) operations
for both text and graphics operations. Since bitblt
involves moving n X m matrices of pixels to arbi-
trary positions in the frame buffer it requires access
to individual pixels and must cross memory word
boundaries. Bitblt text involves copying characters
from a font stored in a nondisplayed area of the
frame buffer to a displayed area, while often color-
ing, scaling and/or rotating the characters in the
process.

The chips mentioned differ widely in their pro-
grammability, the number of bit-planes they can
control, their approach to windows, the way they
address the bit-map (as pixel planes or as a single-
linear address space) and their implementation of
bitblt. There are also a number of cost/perfor-
mance choices for the system designer in terms of
the need for a host processor, the number of sup-
port chips needed, and so forth. Despite this wide
differentiation that forces graphics system de-
signers and graphics software designers to make a
host of choices, the display processors make their
jobs much easier.

hen board-level graphics products are finally

based on a small number of display processor
ICs, the system designer’s task will be to determine
how the chips can be used to create a different value-
added product. One way will be the development of
innovative software. With a limited number of
highly functional display control ICs, board
makers will have less trouble providing device
drivers for their products, implementing the drivers
mainly in terms of the chip’s instruction set. Third-
party software developers will also be able to ad-
dress a large part of the market by making sure that
their products can communicate with this potential-
ly large subset of hardware.

One example of such a development is the Direct
Graphics Interface Specification (DGIS) developed
by Graphic Software Systems (Beaverton, OR).
The applications program can talk to a standard set
of commands provided by DGIS. This command
set is similar to that specified in the proposed Com-
puter Graphics Interface (CGI) standard. DGIS is a
ROM-able software package for MS-DOS that
translates this standard command set into the in-
structions for the particular hardware for which it
is adapted—usually a display controller IC. As a
result, any application that has a DGIS driver can
talk to any hardware for which DGIS has been
adapted.

Similar steps are being taken to ease the writing
and maintaining of device drivers in Unix. A prod-
uct called Terminal Graphcap by Visual Engineer-



The host communicates with a
typical PC-based graphics controller
via a 16-kbyte portion of its DGIS
ROM that is mapped into system
ROM space. The rest of the 64
kbytes of DGIS are outside system
address space. Both the applications
software and the controller
communicate with DGIS and with
each other via this ROM window.
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ing (San Jose, CA) lets the programmer enter device
characteristics and parameters via a text menu. The
resulting text file is then compiled to a binary per-
sonality file. The application accesses a standard
driver, which then calls the personality file (con-
taining the specific device parameters) to ‘‘fill in the
blanks’’ for the particular device being accessed.
Personality files for new but similar devices, such as
models with enhanced features, can be created by
editing the old text file and recompiling it under the
new device name. Precision Visuals (Boulder, CO)
has a similar method for creating device drivers but
keeps it in house. Precision Visuals develops and
supports drivers to enable a wide range of graphics
hardware to run its graphics software products.

Developments in hardware—silicon as well as
workstation architecture—are influencing the on-
going efforts to establish graphics software stan-
dards. Having settled on at least one standard for
two-dimensional graphics—the Graphical Kernel
System (GKS)—the industry is now grappling with
the need for a three-dimensional standard. So far
the options have been to create 3-D extensions
to GKS or to go to a different standard alto-
gether—the Programmer’s Hierarchical Interactive
Graphics Standard (Phigs). While both options
have their proponents and are being actively pur-
sued, Phigs has a ready-made compatibility be-
tween the display list used to draw objects on the
screen and the data base used to represent the com-
puter model of the actual object.

The need for an interactive link between a hierar-
chical data base and the hierarchical display list of

an object has led to several commercial implemen-
tations of Phigs although no official national or in-
ternational standard has yet been adopted. These
implementations include the Figaro product from
the Template Division of Megatek (San Diego,
CA), the Gbase system from Genisco Computers
(Costa Mesa, CA) and the DI-3000-XPM package
from Precision Visuals. The attraction of linking
data and display with a Phigs-like model has also
forced some manufacturers to add accellerators or
hardware tree traversers to speed up traversal of
both display list and data base structures. The DN
580 workstation from Apollo Computer (Chelms-
ford, MA) not only has hardware support for tree-
like display lists, but also lets the display list spill
out into virtual memory, so theoretically, display
commands and data could coexist in the same file.

dvances in workstation architecture, such as Apol-

lo’s, are causing some workstation manufac-
turers to question the idea of a graphics standard
that generates a separate display list. The need to
generate such a list comes from the days when a dis-
play device was connected to the host via a serial
channel. Today’s workstations have integrated the
host processor and display subsystem in one box,
and they communicate over a high-speed system
backplane. Manufacturers of high-end systems,
such as Silicon Graphics (Mountain View, CA),
believe that all that’s really required are drawing
primitives that can be integrated with the applica-
tion and data base to display the computer model of
an object in the data base, with the user modifying
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COMMUNICATIONS

CHANNEL

HOST DISPLAY SYSTEM

(©)

SYSTEM BACKPLANE

(b)

Remote display systems (a), even
those with the ability to edit
graphics locally, required the
compilation of a separate display
list because the data to be displayed
had to be sent over a slow channel.
A modern workstation architecture
(b) contains all programs—en-
gineering data base, applications,
graphics routines and graphics
editor—locally. All transfers take
place across the system bus or via
even faster private buses for
graphics, eliminating most of the
need for a separate display list.

it by interaction with the display in real time.

Advances in silicon, particularly in math pro-
cessors and digital signal processing (DSP) chips,
have also helped bring image processing out of the
research lab and into the realm of affordable ap-
plications. These applications, which include sys-
tems for machine vision and undersea exploration
and reconnaisance, require the ability to do con-
trast and edge enhancement, which need spatial
filtering. Spatial filtering relies on the ability of the
image processor to perform eight or more multiply-
accumulate operations, called convolutions, on
every pixel in the display or on every pixel in an area
of interest of the display.

Board-level products for the IBM PC AT and com-
patibles and for the DEC MicroVAX dem-
onstrate the ability to perform for image acquisi-
tion and spatial filtering on images of 512- X 521- X
8-bit pixels in less than 1/30th of a sec-
ond—essentially in real time. Manufacturers such as
Datacube (Peabody, MA), Imaging Technology
(Woburn, MA) and Data Translation (Marlboro,
MA) not only have shrunk image processing down
to board sets, but also have produced boards that
represent modular functions. These boards allow a
system designer to make cost/performance trade-
offs and to include a subset of image-processing
functions (such as image capture, histogram gen-
eration and convolutions) that are important to
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the specific applications needs.

Regarding storage, Winchester disk drives con-
tinued their push for increased capacity and
lower cost per Mbyte. The disk that currently has
the largest capacity in a 5%-in. form factor is the
760-Mbyte XT-8760E from Maxtor (San Jose,
CA). On the lower end of hard disk capacities—
disks with a capacity of 40 Mbytes and below—the
3%2-in. form factor appeared to be offering a stiff
price/performance challenge to the 5%-in. drives
that had dominated that capacity range. Even flop-
py disk technology managed to advance into the 10-
and 12-Mbyte arena that was formerly the domain
of Winchesters. A drive introduced by Eastman
Kodak (Rochester, NY) used a 5%-in. cartridge
similar to that used in 3'2-in. floppies to achieve 12
Mbytes of storage.

efinements in media and servo technology have

been one reason for the increased capacity. An-
other factor has been the advances made in con-
troller electronics. Controllers that use run length
limited (RLL) encoding can increase a drive’s
capacity by 50 percent without any change in track
density or flux reversals per inch on the medium.
RLL controllers are being supplied as separate
products by companies such as Adaptec (San Jose,
CA), but are also being embedded directly in drives
along with the drive electronics.

Economies of scale, coupled with increased inte-
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Analysts speculated a year ago that graphics
processor chips would lead to dramatic per-
formance improvements in desktop computer
graphics. Now, graphics processor chips are here,
and board designers are incorporating them into a
new generation of powerful graphics display
boards and printers for desktop computers. By the
middle of 1987, end-users will have graphics hard-
ware and applications software packages that pro-
vide several times the graphics price/performance
found in current desktop products.

Graphics have grown into an integral part of
desktop computing, and silicon companies are in-
vesting substantial resources in making graphics
processors part of the overall computer system ar-
chitecture. These graphics processor chips are
regarded by many as the solution to the graphics
performance problem. Performance is the key
issue in desktop computer graphics and will re-
main so because applications developers will
always want to do more with graphics.

Today, three graphics-based applications areas
are generating a great deal of excitement: visual
user interfaces, desktop publishing and PC-based
CAD. Each application is stifled by the graphics
performance provided by today’s desktop com-
puter systems.

Currently, the PC industry has decided on the
IBM Enhanced Graphics Adapter (EGA) as ade fac-
to standard hardware model for graphics applica-
tions compatibility, even though the EGA is inade-
quate to meet the graphics-intensive needs of
visual user interfaces, desktop publishing and PC-
based CAD. The resolution is marginal, the number
of colors is limited and the performance is unac-
ceptable for software that relies heavily on interac-
tive graphics.

Graphics processors improve graphics perfor-
mance because applications can off-load graphics
tasks to the intelligent board. Graphics processors
become increasingly important as applications de-
velopers take advantage of increased resolution
and number of colors. But because raw CPU power
increases so much more slowly than the demand
made by increases in resolution and the number of
colors, users are no longer satisfied with those
devices where the CPU does all the graphics
operations. For example, a 1,280- x 1,024- x 8-pixel
display board has 82 times as many disks as a
640- x 240- x 1-pixel display board, so it's un-
realistic to expect the 80386 to do graphics opera-
tions 82 times as fast as an 80286.

The industry is converging on three significant
graphics processor chips: the Intel 82786, the

Graphic Software Systems

The impact of high-performance graphics technology

Hitachi ACRTC and the Texas Instruments TMS-
34010. These chips represent two major design ap-
proaches for graphics silicon: fixed-function (the
Intel and Hitachi chips) and programmable con-
trollers (the Tl chip).

It’s too early to tell which of the two design phi-
losophies will be most successful. That question
will be answered within the next year as people
choose display boards with the best price, perfor-
mance and functionality. There will be many dif-
ferent board configurations to choose from based
on each graphics processor.

An industry consensus is necessary on an
extended, high-performance compatibility
model because the growth of graphics processors
is as important to desktop systems today as the
growth of microprocessors was 10 years ago. A re-
cent step toward such a consensus is the Direct
Graphics Interface Specification.

DGIS offers applications program developers a
consistent way to deal with graphics boards incor-
porating graphics processors. Any board with
DGIS firmware will support any application with a
DGIS driver. Even future boards with graphics pro-
cessors will support today’s DGIS-compatible ap-
plications. DGIS device drivers are also being
developed for most of the leading PC applications
packages as well as for Microsoft Windows (and all
software operating with Windows) and for the com-
puter graphics interface-based Graphics Develop-

ment Toolkit packages (and applications de-

veloped with them).

Board design and integration with the PC are
major determinants in achieving high performance
with graphics processors. There are two main
board-design considerations that pertain to max-
imizing graphics performance through graphics
processors: bandwidth to the graphics processor,
and true coprocessing vs. lockstep operation. The
width of the communications path, number of wait
states, shared memory design, and memory con-
tention affect bandwidth, thus, affecting perfor-
mance and board design. It’s important that the
hardware and interface design exploit the parallel
architecture of separate graphics processors.
Each processor shouldn’t spend too much time
waiting for the other.

As the compatibility model and board configuration
issues are resolved, the new graphics technology
promises to transform desktop computing. The indus-
try can look forward to more graphics-based applica-
tions, greater ease of use and richer expression of
computer-based information for the future.
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To perform a 3 X 3 convolution for a spatial-filtering
operation on pixel E, a mask or kernel is applied to
the pixels surrounding it. Each pixel in the
neighboring array is then multiplied by the value in
the corresponding position of the kernel. The results
are summed and become the new value of pixel E.

gration of functions on silicon, have also made it
possible to embed the disk controller on the drive.
Controllers that use the Small Computer Systems
Interface (SCSI) have, as a result, become ‘‘stan-
dard”’ disk drives that can essentially plug directly
into any system incorporating a SCSI bus inter-
face. In addition to the cost savings that have been
made on board space, embedded controllers have
let drive manufacturers pursue value-adding en-
hancements to their products behind the anonymity
of a standard interface due to backplane slots and
faster integration of drive products.

For example, embedded controllers allow elim-
ination of transciever ICs used to communicate be-
tween drive and controller electronics and allow use
of a single microprocessor for both drive and con-
troller. They also allow the manufacturer to pursue
innovative approaches to error correction and
defect mapping without impacting the host system
and software.

f course, with SCSI currently limited to a transfer
rate of about 1.25 Mbytes/s in its asynchronous
mode, it’s less attractive for the needs of systems re-
quiring more than 300 Mbytes of stor-
age. Systems with high-performance buses, such as
the VMEbus or Multibus II, tend to use 5%-in.
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drives in the higher capacity ranges. In this case, it
makes sense to find a better performance match
with the Enhanced Small Device Interface (ESDI)
or the Intelligent Peripherals Interface (IPI), both
of which can run about 10 Mbytes/s. While inte-
grating ESDI or IPI isn’t as straightforward as in-
tegrating SCSI, the performance bought with the higher
speed ESDI and the added intelligence of IPI will give
those interfaces dominance over SCSI in high-
performance systems.

IPI seems to hold promise, especially for system
designers who wish to match high-capacity disk and
tape devices to high-performance system buses.
Defined in three levels, the IPI-2 device-level inter-
face is expected to show up in commercial systems
in 1987. IPI-3 combines the physical interface def-
inition and logical command protocol needed to
run storage devices without much intervention
from the host CPU. IPI-3 will allow the host to
move a queue of commands and format parameters
to the peripheral and let it run without intervention.
It also allows more formatting functionality to be
done off-line for high-end tape backup systems
than the more disk-oriented ESDI.

Ithough no one has yet invented a controller

tailored to the specific needs of optical storage
devices, that hasn’t stopped the idea from entering
into the plans of system designers or kept them
from using available controller technology such as
SCSI. And the fact that read/write technology for
optical drives hasn’t been perfected hasn’t slowed
anyone from finding applications, either. Optical
media is finding applications both as read-only (as
in the CD ROM) and as write-once, read-mostly
(WORM) technology. In fact, the vast capacities
offered by optical drives are causing some people to
find applications for computer systems that were
not previously possible.

CD ROMs are being used, for example, to store
chemical and electrical engineering abstracts and
articles, an entire encyclopedia set along with an in-
dex to each word in the 20-volume set, and a data
base of poisons and antidotes for emergency treat-
ment centers. WORM drives are very useful in ap-
plications where data doesn’t change often and
where audit trails are needed to trace data updates,
such as in banking and insurance operations. A
WORM application would generally flag the
system to read the latest update, but pointers are
available to lead back through all changes. One fac-
tor hindering writable optical storage technology is
that it’s difficult to increase the data rate beyond
the rotational speed of 1,800 rpm—the time needed
for a laser pulse to deliver enough energy to burn a



spot in the media.

While all these alternative applications for op-
tical drives may be very useful, everybody is really
waiting for the erasable read/write drive. Most
forecasters believe the technology can be perfected
and should be available in commercial products
within four to five years. Until then, the market will
be kept alive by finding innovative and useful ap-
plications for the present technology.

espite all the interest in optical storage, the car-

tridge tape remains the backup system of
choice for Winchester disks. Although there is a
genuine effort to establish format and interface
standards for cartridge tapes, manufacturers are
competing to cram more storage into a smaller
space at a lower price.

One definite trend toward the goal of increased
capacity is the appearance of higher capacity, %-in.
cartridge drives in the 5%-in. form factor. Quarter-
inch cartridges with storage capacities from 10 to
125 Mbytes are needed as backup devices on micro-
computers with hard disk capacities covering the
same range. As the distinction between desktop
microcomputer workstation and minicomputer
continues to blur, Y%-in. drives will push into areas
formerly held by Y2-in. cartridge drives.

Higher capacity drives have been made possible
by better mechanical design that allows 24-track
recording and high-capacity tape cartridges, mostly
from 3M (St. Paul, MN) and its licensees. Tape for-
mat standards are being worked out by the Work-
ing Group for Quarter-inch Tape Compatibility
(QIC), which is also trying to establish interface

standards for drives. Two format standards for 3M
DC-300XL and DC-600A cartridges have been es-
tablished. The QIC-24 format allows 800 bits/in. in
either four or nine tracks for 300XL cartridge
capacities of 20 and 60 Mbytes respectively. An ex-
tension to QIC-24, the QIC-120 allows up to 125
Mbytes on the 600A cartridge using a 15-track
serpentine format. A further proposed standard,
the QIC-150 foresees 130-Mbyte capacities on DC-
600 XTD cartridges.

Interface standards for Y-in. include SCSI,
which makes it easy to integrate tape drives into
computer systems using SCSI for disk drives and
offers an advantage if SCSI’s off-line Copy com-
mand is used for backups without intervention by
the host CPU. QIC has an intelligent interface, the
QIC-02 which allows high-level read/write. QIC
also has a drive-level interface, QIC-36. Some
drives also offer ESDI. Various interfaces on %-in.
products are needed to fit a range of systems from
personal microcomputers to mainframes. Al-
though mainframes have no direct use for a Y-in.
drive, data is often passed from micros to main-
frames via tape cartridges.

y the same token, smaller computers need to put

data on Y-in. drives that are more frequently
used by mainframes. For Y2-in. drives, there is the
IBM 3480 system with a 200-Mbyte formatted
capacity that was designed for mainframes but con-
sidered by some to be too bulky and expensive for
smaller systems. The efforts of a Working Group
for Half-Inch Tape Compatibility (HI/TC) have
produced two formats that specify the 3480 tape

Archive’s Super Scorpion with a
125-Mbyte formatted capacity in a
5Y4-in. form factor is one of the
few Y-in. cartridge tape drives that
conform to the QIC-120 standard.
The standard, an extension of QIC-
24, lets data be written on 3M DC-
600A cartridges using a 15-track
serpentine scheme.

COMPUTER DESIGN/December 1986 133



Laser

Motor
Rotating
o Polygon Film
Acousto-Optic — |
Modulator maged Line
— Gas
Laser
Lens
LED Array
Scan Line
— Start of Scan
Sensor
Control

If costs can be lowered, LED-based electrophotographic printers will be inherently more reliable than laser printers
because the latter rely on moving mirrors and precisely aligned optics, while the former use a fixed array of LEDs.
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cartridge but not the drive. They are HI/TC-1 with
240 Mbytes formatted and HI/TC-2 with 480
Mbytes. Drives that will use these formats will most
likely use ESDI and SCSI to fit into small systems
and to bridge the gap to larger ones.

In printer technology, the daisy wheel, once the
answer to letter-quality output, seems to have lost
its competitive edge when compared to both the
dot-matrix and laser technologies. Dot-matrix im-
pact printers offer low cost and high speed for
general-data, draft-copy and letter-quality output.
In addition, dot-matrix printers also offer pro-
grammable fonts and monochrome graphics under
software control for those applications in which the
resolution provided by these printers is
acceptable. The real movement, however, has been
in nonimpact printer technology, with laser printers
leading the way. Other contenders are thermal-
transfer and ink-jet printers, as well as those using
ion-deposition.

For applications that require color, however, laser
technology hasn’t arrived. But, thermal-transfer
devices from Seiko (Torrance, CA), Okidata
(Mount Laurel, NJ), and Hitachi (Tokyo, Japan),
offer 100-dot/in. resolution color for less than
$200. On a higher level, color screen copiers from
Hitachi and Seiko achieve 400 dots/in. in reproduc-
ing color CRT displays.

Laser printers are essentially raster devices, and
can be controlled by the same kind of graphics con-
troller ICs used in CRT diplays. This makes
transferring text and graphics between CRT and
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printer more a matter of resolving the differences in
dot density than that of elaborate recoding and
reformatting or raster to vector conversion.

This flexibility of nonimpact printers means that
there is a considerable need for high-quality soft-
ware to bring out their potential. Page-description
languages, such as Postscript from Adobe systems
(Palo Alto, CA), allow a page to be stored in a
printer’s memory in the form of higher level
descriptions of text and formatting commands. The
printer’s intelligence converts these commands to
the raster scan, thus, requiring less memory in the
printer and reducing the time needed to transfer a
page from host to printer.

Currently, all low-cost electrophotographic-type
printers are laser-based, but LED-based printers are
presenting a challenge. The laser printer uses a
system of optics and a rotating mirror to scan its
beam on a photosensitive drum or belt. These are
moving, mechanical parts that require alignment
and are subject to wear and tear. LED printers use
a fixed horizontal array of LEDs to sensitize the
drum or belt. If volume production and engineering
decrease costs enough to compete with lasers, the
LED approach appears to offer a more effective
and reliable design. cD
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520-Mbyte disk drive shortens response time

Flying 76 read/write heads over
four 14-in. diameter platters, the
520-Mbyte capacity Atlas 520 fixed-
disk drive offers virtually instant ac-
cess to the 2.25 Mbytes of data that
lie under the heads. Because disk-
intensive programs run with sub-
stantially fewer seeks, the drive
yields average access times below 18
ms even in high-demand network
environments.

While most conventional disk
drives mount one head per slider
and one or two heads per surface,
this design mounts multiple heads
per surface. One head is allocated to
each track in a cylinder. The heads
read each recording surface in the
four-platter stack and can access an
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Entire 2.25-Mbyte cylinder of data
without movement. This design
reaches the data’s location faster.
Many heads and few seeks pro-
vide rapid access to data. Overall,

multi-user systems benefit from the
faster response to I/O requests
because the shorter access time cuts
the amount of time that any request
spends in the request queue.

The Atlas 520 drive attaches to
the host using available controllers
that support transfers at rates to 1.8
Mbytes/s. Two drives can be linked
to supply a total of 1,040 Mbytes of
on-line capacity. A dual-port option
allows two or more host systems to
connect to the drive.

Drives, complete with cabling and
power supply, sell for $10,850.
OEM discounts are available. De-
livery takes 10 to 12 weeks.

Alpha Data, 20750 Marilla St,
Chatsworth, CA 91311. Circle 142

5%-in. Winchester disk drive line features highest capacity available

Claiming the highest storage capac-
ity of any disk drive in its category,
the XT-8760E from Maxtor has a
capacity of up to 760 Mbytes. The
unit is the top-of-the-line of the
company’s new XT-8000E product
family. A second drive, the XT-
8380E, which stores 380 Mbytes, is
also available.

Drives are designed with either an
Enhanced Small Device Interface or
a Small Computer System Interface.
Maxtor drives support hard or soft
sector formats. Access time on the
new units is 18 ms for the XT-8760E
and below 16 ms for the XT-8380E.

The capacity increase stems from
a revised architecture that, in the
high-capacity model, packs over 50
Mbytes of data onto each of 15 disk
surfaces. The drive design allows
eight thin-film disks per side with
one dedicated to servo information.
Each system uses Whitney read/
write suspension heads, which fea-
ture low mass and low load force.

Prices for the drives in OEM
quantities are approximately $4 to
$5/Mbyte—the lowest cost per
Mbyte in the industry.

Maxtor, 150 River Oaks Pkwy,
San Jose, CA 95134. Circle 143

Internal storage systems provide affordable backup

A line of three internal mass storage
subsystems deliver simplified, auto-
matic tape backup to microcompu-
ter users. The TG-1020i is an
internally mounted, half-height,
5%-in. tape drive for the IBM PC,
PC AT, PC XT and compatibles. It
backs up 20 Mbytes of data on a
DC-2000 tape cartridge.
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The TG-2025i, which is also com-
patible with the XT, is an internally
mounted, full-height, 5%-in., 25-
Mbyte hard disk with a 20-Mbyte
tape drive. It also backs up data on
a DC-2000 tape cartridge.

The third drive, the TG-1425i, is
an internal, 3%-in., 25-Mbyte hard
disk that mounts inside the PX with

a half-height, 5%-in. tape drive
storing 20 Mbytes of data on a DC-
2000 tape cartridge.

All the tape drives come with the
company’s software Version 2.0,
controller, cables and mounting
hardware. In addition, the entire
subsystem line employs PC/T, the
industry-standard tape format.



Backtrack, a hard disk backup
program, backs up files from hard
disk to tape, to another disk or to a
floppy diskette. XTree is a flexible
file and directory management pro-
gram that simplifies the use of DOS
commands and reduces the number
of keystrokes required for DOS
operations.

The three internal drives—TG-
1020i, TG-2025i and TG-1425i—sell
for $995, $1,995, and $2,095, re-
spectively.

Tallgrass Technologies, 11100 W
82nd St, Overland Park, KS
66214. Circle 144

Low-cost, high-capacity disk drives grab workstation attention

Model 6000E disk drives from
Miniscribe can store 80 to 170
Mbytes of data and can access that
data in less than 30 ms. These de-
vices combine drive control elec-
tronics on a single board with an
Enhanced Small Device Interface to
lower power requirements. Using a
head/disk assembly like those used
on lower capacity 6000 drives, the
6000E cuts manufacturing costs.
By replacing the ST412 interface
of the 6000 with an ESDI, the
manufacturer has doubled both the
capacity and the data transfer rate
of the drive to meet the more ag-

gressive performance goals of the
workstation market.

The change in interface, coupled
with a move to thin-film disks, in-
creases the capacity to 20,832
Mbytes/track. Use of the ESDI also
permits data transfer speeds up to
10 Mbits/s as opposed to the S5-
Mbits/s limitation of the ST412.
Besides doubling the capacity and
transfer rate, ESDI lets customers
control the drive themselves. Unlike
SCSI drives, which handle manage-
ment functions within the interface,
ESDI drives offer users the ability to
increase the throughput of their

operating systems by using custom
formats.

Prices for the drives are from
$1,000 to $1,300.

Miniscribe, 1861 Lefthand Circle,
Longmont, CO 80501. Circle 145

OWNERSHIP STATEMENT
Statement of the Ownership, Management
Etc. of
COMPUTER DESIGN
October 15, 1986

(This statement is published in compliance with
the Act of October 23, 1962).

Published semi-monthly, except one issue in July
and December, Tulsa, OK.

Publisher: Michael S. Elphick

Editor-in-Chief: Michael S. Elphick

Managing Editor: Sydney F. Shapiro

The Owner is: Advanced Technology Group, 119
Russell St., Littleton, MA, PennWell Publishing Co.,
1421 S. Sheridan, Tulsa, OK.

Stockholders holding 1 percent or more of total
amount of stock of PennWell Publishing Co.:
Successors to estate trust of Helen B. Lauinger of
Tulsa, OK. Known stockholders, mortgagees and
other security holders holding 1 percent or more of
the total amount of bonds, mortgages or other
securities: None.

The average number of copies of the publication
during the twelve months preceding the date shown
above is: Printed—108,503; paid and/or requested
subscriptions by mail—103,463; total paid and/or
requested circulation—103,463; free distribution
including samples by mail, carrier or other means—
3,039; total distribution—106,502; office use, left
over, unaccounted, spoiled after printing—2,001;
total above—108,503. Actual number of copies of
single issue published closest to filing date;
Printed—108,765; paid and/or requested
subscriptions by mail—102,010; total paid or
requested circulation—102,010; free distribution
including samples, by mail, carrier or other
means—2,994; total distribution—105,935; office
use, left over, unaccounted or spoiled after
printing—2,830; total above—108,765.

| certify that the above statements made by me
are correct and complete.

Michael S. Elphick
Publisher

COMPUTER DESIGN/December 1986 139



32-bit graphics processor features on-chip display control

A 32-bit graphics system processor
(GSP) from Texas Instruments—the
TMS34010—integrates the func-
tions of a graphics controller with a
32-bit microprocessor whose archi-
tecture is specifically designed for
graphics operations. Included on
the chip is a video system controller
(VSQO).

The TMS34010 consists of a 32-
bit CPU with 31 registers and a 256-
byte instruction cache. Since in-
structions are executed from the
cache, the processor can perform
calculations internally while its on-
chip memory-control unit accesses
memory. At the same time, the VSC
can execute its commands and con-

trol display timing and dynamic
RAM refresh. The GSP’s internal
processor executes at a 6-Mips rate
and consumes 0.25 W. External cy-
cle time is 320 ns for accessing mem-
ory and the video interface.

The memory’s bit-addressable na-
ture permits the processor to per-
form ‘‘field management’’ and to
define groups of bits of arbitrary
size without worrying about the
alignment of memory operations on
word boundaries.

Bit-addressable memory allows
display memory configurations in
any desired combination of screen
resolution and pixel depth (number
of bits per pixel). The 320-ns cycle
time makes a 1,280- X% 1,024-pixel
resolution practical. The GSP can
store its own instructions and dis-
play list data in its own memory
space along with multiple screens. If
needed, multiple GSPs can be asso-
ciated with a bit map for even larger
array sizes.

The GSP’s high-level language
programmability provides for adap-
tation via software to any of the ex-
isting or emerging graphics
standards. Since the actual display
control is embedded in the pro-
cessor, the programmer need only
worry about high-level functionality
and not the details of display. Texas
Instruments supplies a series of de-
velopment software for the TMS-
4010, including an assembler, a C
compiler and a linker. ,

Texas Instruments, Semiconduc-
tor Group, Box 809066, Dallas, TX
75380. Circle 146

Graphics device drivers compiled from menus “while you wait"

To write device drivers that make
Computer Graphics Interface (CGI)
commands understandable to spe-
cific devices, Visual Engineering has
developed an extension to its Visual
GKS product. Graphcap converts a
text file of user-readable device pro-
tocol commands into control
modules that can be assessed by the
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application at run time.

Graphcap defines a device by its
capabilities and control. Capabil-
ities are described by flags (yes/no
answers about device capabilities) or
by integers to describe functionality.
Control is defined by strings or by
substitution parameters.

Graphcap has input possibilities

to include almost any graphics de-
vice description, including complex
parameter substitution. This feature
lets Graphcap handle encrypted pro-
tocols that can combine a code for a
control function with numeric pa-
rameters. It handles floating-point
numbers for fractional positioning.

(continued on page 145)

R —



~™ ORSECOND
INTHE MARKET...

o :




ATST DOESN'T

IMMORTALITY...

WAYTO

Today, the prod-
uct that’s first in
the market is
likely to win the
biggest share of
market.

So when
you're racing to get "
a great ide};li of(f1 the
ground—ahead of -

SO COmPEOrS—  poyy T
you need more than full 32-bit chip set.
Just a “supplier”

You need a company with a broad
line of high-performance components
and electronic systems. A company with
a networking point-of-view, an end-to-
end capability, and the people and
resources to assure all-out technical
support.

AT&T.

Ready now to offer you the total
commitment to quality and reliability that
we've always insisted on in the systems
and products we develop for ourselves.

Ready now to deliver solutions.

We'll keep you on the
leading edge.
Because that’s where
AT&T Bell Laboratories
keeps us.
Our new 32-Bit UNIX®

Microsystem, for

example, delivers
performance others only
promise. It’s a chip set
that’s 100% complete,
100% CMOS, and
100% TTL-compatible—
fully able to reduce your
design time by as much as
50 percent.

For digital signal pro-
cessors, count on AT&Is
industry-pacing technology.
We're delivering the only
single-chip, floating-point
device on the market.

And our new fixed-point
WEDSPI6 operates at 75 ns
—the first single-chip digital
signal processor to approach
block DSP speeds.

In data communications
devices, we're state-of-the-
art every step of the way.
(As you might expect from
the company that developed

the world’s biggest,
most reliable com-

munications

network.)

MAKE

When off-the-shelf won’t do, our advanced
custom design gives you the edge.

Few remember

James Mollison,

the second man to fly solo
across the Atlantic, because
‘Lindy’ did it first.

' CIRCLE NO. 72

Right now, for example, AT&T is
the only company in volume production
of a microprocessor-controllable, single-
package modem that can handle up to
2400 bits per second.

Our Digital Encryption Processor
is the only software-programmable,



PROMISE YOU

JUST THE FASTEST
AN IDEA FLY.

encryption processor available.

And our X.25 Protocol Controllers
offer the widest range of applications,
from PCs to satellites.

In memory, not only are we
currently delivering an American-

made 256K DRAM, but we offer a range
of leading-edge specialty memories.

Count on AT&T’s advanced tech-
nology to help you move your product
out the door on schedule.

Advanced custom design
capability.
Nobody knows better than you—
moving to market first, and staying
there, can require custom designed
components.

At AT&T, we'll get involved at any
stage of your product design—from lay-
out to prototype to production. We’ll
support you with the industry’s most
advanced CAD/CAM software, rapid
prototype turnaround, and unsur-
passed volume manufacturing capabil-
ity. Everything you need to ensure the
success of your product—on your manu-
facturing line and in the market.

Your specialized interconnection
needs will be quickly taken care of—
with multilayer printed wiring boards
and hybrid ICs produced to the highest
standards of quality and reliability.

New ST™ Connector doubles your connections.

We'll meet your application-
specific IC needs with expert design
and engineering personnel. And with
powerful CAD software that helps
make sure your devices work the first
time. The commitment and resources
to deliver solutions—
that’s what makes AT&T,
AT&T.

It all takes power.
AT&T’s board-mounted
power products cut
design time with
unmatched flexibility.
Our low profile power
converters are modular
in design and about one
quarter the size of con-
ventional DC/DC circuit
board converters. So
they can be mounted in
more places. And in the
tightest situations.

Whatever your power needs, from
board-mounted to off-line switchers,
we can work with you to develop a sys-
tem to meet your needs.

Networking l!;')roducts that lock-in
the future.
For local or long-haul transmission,
AT&T offers a complete family of fiber
optic products and apparatus.

In local area networks, our new
ST™ Connector can actually double
your network connections—or double
the distance between connections—
without affecting the fiber optic cable
or electronics.

And for high performance data
transfer, AT&T’s ODL® 50 and ODL®
200 Lightwave Data Links, with bit
rates up to 200 Mb/s, incorporate the
latest optical and integrated circuit
technology. These products, as well as
our ODL RS232-1Fiber Optic Modem,
a high performance data interface,
readily mate with the ST Connector.

Our newest addition to the AT&T
lightwave family—the ASTROTEC™
ceramic laser module—is a reduced-
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Advanced processing technology provides
superior buried microvias in multilayer
printed wiring boards.

size, long-wavelength laser that offers
highly reliable, low cost performance.

We'll work with you, all the way.
Call us right from Day One, and we’ll
put our expertise at your disposal. Call
us when you hit a snag, and we’ll work
out a solution together. After all, we've
got the world’s greatest problem-
solvers on call—the men and women of
AT&T Bell Laboratories.

For more information, phone
AT&T at 1800 372-2447. We'll help you
put wings on your concept, and “first”
on your product.

(In Europe, phone AT&T Micro-
electronics, in Munich, Germany, at
089/95970. Telex 5216884 attm d.)

© 1986 AT&T Technologies, Inc.
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Graphics device drivers. . .
(continued from page 140)
Plotter width might be described as
0 to 1, for example, so the pen must
be positioned in decimal fractions.
A Graphcap definition can also
include a previously defined file.
For example, if a system designer
wishes to upgrade a six-open to an
eight-open plotter from the same
manufacturer, most of the defini-
tion for the new device will be iden-
tical to the old one. The new driver
would be given a new designation or
name and instructed to include the
file for the old plotter. Next, the
new device would be instructed to
reflect any changes in the number
of pens and other enhancements.
Graphcap’s compiler renders driv-
ers as two compact binary files.
One of these files is a personality
file that describes the device’s char-
acteristics, such as the number of
colors or screen resolution. The se-
cond file is the device-protocol file,
which tells the system how to per-

APPLICATION

T0 DEVICE

form the functions—the actual es-
cape sequences required to move a
cursor, enter graphics mode and so
forth. These compact files are the
actual definitions for an individual
device driver.

Only one interface is needed be-
tween CGI and any device driver.
The pair of files created by
Graphcap personalizes a copy of a
single master device driver for any
device. When starting up Visual
GKS, users instruct it to open the

primary graphics device.

Visual GKS is already linked
through CGI to the driver. It in-
vokes an interpreter that’s invisible
to users. After reading the binary
files that define the device, the inter-
preter reads the personality file to
determine which functions can be
performed by protocols in the pro-
tocol file and which must be im-
plemented by GKS.

Visual Engineering, 2680 N First
St, San Jose, CA 95134. Circle 147

Tektronix extends 4100 line while lowering prices

Building upon the industry-standard
feature set established by its 4100
line, Tektronix has introduced a
new family of graphics terminals of-
fering a broader array of functions
to CAD, two-dimensional drafting
and data analysis users.

Like the 4100 series, the 4200
graphics terminals offer local graph-
ics segments, true local zoom and
pan, multiple views, surfaces,
graphtext, and graphics input. To
differentiate complex graphs and
drawings, 16 colors are displayable
from a palette of 64. Custom char-
acters let users define character
fonts, such as chemical and mathe-
matical symbols or timing diagram
characters. These can be permanent-
ly saved on the host and download-
ed when needed.

The product line has three mod-
els. At the entry level, the 4205 pro-
vides the basic features found in the
4104 and 4105, such as segments,
zoom and pan, with 480- X 360-pixel
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resolution and 128 kbytes of mem-
ory for $2,495. The 4207, designed
to replace the 4106 and 4107, brings
resolution up to 640 x 480 pixels (60
Hz noninterlaced refresh) and mem-
ory up to 256 kbytes for $3,995.

At the high end, the 4208 tacks on an
additional 512 kbytes of memory. Its
price is $4,995. The 4207 and 4208
also provide tablet support.
Software includes the Plot 10 utility
package. The terminals are VT-100-

compatible, and a CX option is
available for IBM 3270 environ-
ments that provide IBM 3179 alpha-
numeric emulation.

Tektronix, PO Box 1700, Beaver-
ton, OR 97075. Circle 148

Raster image processor cuts host processing overhead

Specific to IBM mainframe and
Xerox printer use, the KMW RIP-
200X1 graphics image processor is a
specialized graphics system designed
to replace the rasterization phase of
the Xerox Electronic Printer Image
Construction (Epic) software. RIP-
200XI reduces host rasterization
processing by an average of 60 to 80
percent by replacing rasterization

and compression portions of Epic
software.

Graphics elements are rasterized
by the image processor at speeds of
up to 46 ns/pixel and stored in an
internal bit map. The bit-map image
is compressed and transferred back
to the IBM mainframe as a binary
image file. This file can then be
merged with textual information

I1BM
MAINFRAME

CHANNEL

RIP200-XI

stored on the Xerox laser printer to
create a complete page.

The image processor is compati-
ble with IBM MVS and DOS-VSE
operating systems as well as Xerox
Epic and Graphics Handling Option
graphics packages. All hardware is
connected through an IBM channel
to the RIP-200XI. In operation,
Phase I of the Epic software builds
a vector plot file on the IBM com-
puter. The vector plot file is then
automatically sent through the IBM
channel to the image processor. On
the RIP-200X1, Phase II of the Epic
software rasterizes and compresses
the graphics elements in the file into
a bit map. The bit map, or image
file, is sent through the IBM channel
back to the IBM mainframe, where
it can be merged with text if desired.
The job is then sent to the Xerox
laser printer.

KMW Systems, 8307 Highway 71
W, Austin, TX 78735. Circle 149

3-D graphics board set leaves real-time impression

Real-time three-dimensional graph-
ics and imaging with 3-D solids,
smooth shading and hidden surface
removal is now available on a three-
board VMEbus-compatible set or as
a desktop workstation product from
IGS Technologies. The 3DFX pro-
vides up to 80 Mips of graphics pro-
cessing through up to 16 digital
signal processor (DSP) chips for
transformation operations and in-
cludes a 10-MHz National Semicon-
ductor 32016 CPU, a 32081 float-
ing-point processor, and a 32082
memory-management unit (MMU).
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The set consists of a CPU board,
a graphics-processor unit (GPU)
board and a frame buffer board.
The CPU is called the control and
communications processor and con-
tains the three National 32000 fam-
ily of processors mentioned above,
plus 4 Mbytes of on-board RAM. In
addition to handling most comput-
ing tasks for the applications pro-
gram, which involves creating the
display list, the CPU controls com-
munications and peripheral inter-
faces. It may also directly address
up to 8 Mbytes of additional phys-

ical RAM over the VMEbus. Virtual
memory up to 4 Gbytes is provided
by the MMU.

Rendering throughput can be in-
creased with an expansion card that
supports the addition of up to 12
more DSP chips. Each DSP chip
runs at 5 Mips and is provided with
16 kbytes of local program and
variable storage.

The frame buffer board accom-
modates two 512- X 512- x 8-bit pixel
buffers, each expandable to 1,024 x
1,024 x 8 bits. This allows double
buffering of images for smooth



changing of imagery and a greater
real-time animation effect. The 8-bit
pixel information goes to a 24-color
lookup table, and 256 simultaneous
colors can be displayed of a possible
16.7 million. Frame buffer formats
are software selectable from 30 Hz
interlaced to 60 Hz noninterlaced.

The 3DFX is also supplied as a
workstation in a floor-standing
tower configuration with power
supply and fans.

OEM prices are $18,000 to
$24,000 for the board set, depend-
ing on the number of transform pro-
cessors included. Prices for the
workstation configuration range
from $40,000 to $50,000.

IGS Technologies, 145 Cityview
Dr, Toronto, Ont. M9W 5AS,
Canada. Circle 150

Software and boards deliver high- speed image processing to IBM PC AT

Using a proprietary CMOS memory
architecture, three products intro-
duced by Data Translation accel-
erate image processing on the IBM
PC AT to minicomputer throughput
speeds. The basic system is built
around a single board, the DT2851
High Resolution Frame Grabber,
which digitizes, stores, processes in
real time, and displays video im-
ages. Complementing the Frame
Grabber, the DT2858 Auxiliary
Frame Processor is a 16-bit pipe-
lined processor that speeds comple-
tion of lengthy image-processing
calculations. The DT-Iris Image
Processing Software directs the pro-
cessing of algorithms to the two
boards rather than to the slower PC
AT. The system is up to 250 times
faster than the PC AT processor
alone.

Two 256-kbyte memory buffers
offer enough on-board storage for
two complete image frames. By
transferring images captured in one
buffer to the DT2858 Auxiliary
Frame Processor, the architecture
permits parallel processing of multi-
ple images. Images sent to the
DT2858, for example, can be con-
volved or histogrammed while other

images are averaged, offset or
overlayed with graphics in real time
on the other buffer.

Using an on-board RAM conver-
sion table and a 16-bit arithmetic

the DT2858 Auxiliary
Frame Processor speeds arithmetic-
intensive operations. The board at-

logic unit,

taches to the DT2851 Frame
Grabber via external I/O ports,
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allowing the transferral of entire im-
age frames at very high speeds.
The software supplies application
and subroutine support. Processing
routines such as windowing, frame
averaging, histogram, logic opera-
tions, and N X M convolution serve

applications in machine-vision in-
spection, medical imaging, scientific
research and robot vision. Unlike
other software packages, however,
the DT-Iris implements its routines
on the Frame Grabber/Processor
hardware, rather than on the slower

PC AT processor.

The DT2851 Frame Grabber lists
for $2,995, while the DT2858 Aux-
iliary Frame Processor is priced at
$1,495. The software costs $995.

Data Translation, 100 Locke Dr,
Marlboro, MA 01752. Circle 151

High-performance VMEbus boards deliver modular
real-time image processing to industrial environment

Four board-level image-processing
modaules, initial introductions in the
Imaging Technology Series 150 fam-
ily, are designed specifically for use
with VMEbus-compatible com-
puters in rugged industrial environ-
ments. Aimed at machine-vision
applications, in which high-level
performance is a necessity, the
boards offer a price/performance
ratio that’s suitable for a variety of
applications.

The first units in the 150 series in-
clude an analog-digital interface
board, frame buffer board, pipe-
lined image processor and real-time
convolver. Because the designer
needs to choose only those boards
necessary for a specific system, sys-
tem integrators will be able to pro-
vide image-processing systems for

less than $10,000. To lower system
costs, vendors that are building their
own boards will soon be offered a
proprietary chip that implements
the video bus interface to this series
of boards.

Analog-digital interface board
ADI-150 accepts analog inputs from
as many as four devices, such as
cameras or videocassette recorders,
digitizes the input signal to 8 bits of
accuracy, and passes the digitized
signals to other modules for pro-
cessing and storage. Sixteen input
look-up tables on the board permit
transformation of the image before
storage. Board price is $2,995.

Three separate areas of memory
are provided by frame buffer board
FB-150. Because all areas are inde-
pendently controllable, this board

can simultaneously hold multiple
processes and/or unprocessed im-
ages. In addition, the FB-150 sup-
ports pan, scroll and zoom. It’s
priced at $2,995.

The 16-bit ALU-150 pipelined im-
age processor performs summation,
subtraction and averaging arith-
metic functions as well as AND,
OR, and XOR logic operations on a
full frame of pixels in 1/30 s. The
ALU-150 also can execute complex
convolution algorithms such as
those required in machine-vision in-
spection systems. The image pro-
cessor costs $1,995.

Real-time convolver board RTC-
150 performs 4 x4 convolutions—
the computation of a weighted aver-
age of each pixel in an image that’s
based on the values of the pixels in
the immediate area—at video rates.
This board sells for $3,995. Soft-
ware—including diagnostics for
testing and verification of the
boards—is provided.

Imaging Technology, 600 W
Cummings Park, Woburn, MA
01801. Circle 152

Tell us what you like
Did you remember to rate
the articles in this issue of
Computer Design? A special
editorial score box is
provided on the Reader
Inquiry Card.
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Low-cost VMEbus board overlays graphics on live images

Many image-processing applications
require not only a clear image, but
demand user-generated elements as
well. A reference grid to the display,
for example, can simplify imaging
applications significantly. A graph-
ics controller from Datacube offers
the capability to overlay graphics on
live digital video signals.

Maxgraph features separate red,
green and blue outputs for the si-
multaneous display of 256 colors
from a palette of 16.8 million. De-
livering 512 x 1,024 x 8 bits of total
graphics memory, Maxgraph’s 512
lines of displayable memory can be
scrolled anywhere within the 1,024-
line space. Memory can also be
reconfigured as two 512- X 512-pixel
image buffers.

Built around the Hitachi HD
63484 Advanced CRT controller
chip, the board can operate as a
stand-alone graphics generator or as
a video processing module with
overlay capabilities. As a graphics
board, it offers 38 commands in-
cluding circle, line, polygon, arc,

ellipse and rectangle draw. For both
monochrome and color environ-
ments, it completes fill operations at
rates up to 2 million logical pixels/s.
The board is capable of running as
many as four graphics windows si-
multaneously, with each window’s
size and position completely pro-
grammable.

Maxgraph-10 offers 512-x512-
pixel capability running at 10 MHz
for $1,495. For users of less sen-
sitive sensors, such as those found in
factory environments, Maxgraph-7
will deliver 384- x 512-pixel resolu-
tion at 7.16 MHz.

Datacube, 4 Dearborn Rd, Pea-
body, MA 01960. Circle 153

32-bit graphics co-computer promises AT a rest

A three-board graphics OEM sub-
system for the IBM AT and com-
patibles off-loads graphics-intensive
tasks from the host 80286 CPU. The
Graflex system from New Media
Graphics has a range of options for
program memory, display memory
and graphics controller integrated
circuits to match system needs.
The basic system consists of three
boards. One board houses the co-
computer and contains the 68020
and 68881, two serial ports and a
shared memory interface to the host.
A display buffer delivering 1 or 2
Mbytes of dual-port video RAM and
a Hitachi 63484 advanced CRT con-
troller occupy the second board. The
third is a video output board that
features timing circuits, color
lookup tables, and D-A converters
for outputting the RGB video signal.

The 68020 can address from 32
kbytes to 32 Mbytes of program
memory, independent of the host
80286, letting OEM system suppliers
port 68020 CAD software directly.
The Graflex system supports the
Computer Graphics Interface (CGI)
from Computer Software Systems
(Beaverton, OR) and can easily link
to the ANSI-standard Graphical
Kernel System. In addition, it’s sup-
plied with a standard C subroutine
library and a Unix-compatible C
compiler that runs as a cross-com-
piler under MS-DOS on the AT.
A linker, a relocating loader and a
graphics subroutine library are also
provided.

The three-board configuration is
modular. Each 63484-based display
buffer board can have 1 or 2 Mbytes
of picture memory for a display of

1,272- x 824- x 8-bit pixels, but up to
four such boards can be configured
in different ways. They can be con-
figured as horizontal bands for a pic-
ture memory of 4,096 x4,096 x4
bits or overlapped for 1,448-X
1,448- x 32-bit pixels. The video
RAM outputs pixel data via its on-
chip shift registers, leaving a max-
imum amount of time for writes
from the 63484 or direct access from
the 68020.

The present video output board
supports screen resolutions of
720%x 512 (60 Hz noninterlaced) or
1,152 x 800 pixels (30 Hz interlaced).

Three boards and software are
available in OEM quantities for
$2,500.

New Media Graphics, 279 Cam-
bridge St, Burlington, MA 01803.

Circle 154
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COMPUTER DESIGN
SALUTES
THE WINNERS

On the following pages you’ll find the winners of our August “Best in Issue” ad con-
test. All of these advertisers and their agencies thank you for the time you spent
making your choices and for your constructive comments on the ads. Listed on this
page are the top ten winners in rank order, plus winners in five special categories.

ADVERTISER

Fairchild Semiconductor
Hitachi America

General Electric

Gould Computer Systems
Hewlett-Packard

Intel

Inmos

Tektronix

FutureNet

Systech

Ashton-Tate

RCA and Wafer Scale Integration
Wyse Technology

AT&T Technologies
National Instruments

AGENCY

Abert, Newhoff & Burr
Matrix Associates

R.T. Blass

Group Three Advertising
Tallant/Yates Advertising
Chiat/Day Advertising
Thomas & Perkins
Young & Roehr

Data I/O Advertising
Reiser Williams deYong
Chiat/Day Advertising
Cappiello & Chabrowe
Battenberg, Fillhardt & Wright
F.C.B. Leber Katz
National Instruments

Be sure to watch for our next ad contest in the January 1, 1987 issue.
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to do all over again,




thisis how they'd doiit.

Tnstiiction Instruction
MMU Cache

=
(B
9
s E
-t CPU
Clock 3 1:||iiiiiiiici’i)illiiﬂiiiiiiiiiiihE 2
Generator | o
FPU

P

T
e [NINHRNIRVERDERTIRIRRERDDS VR

w

Actual die size approximately 440mil?

Data

Data
MMU Cache



Fairchild’s CLIPPER.
33 MHz performance.

Today.

Those microprocessors
on the first page all talk a lot
about being “the most com-
plete;” or “ultra-fast, or even
“the next industry standard.”’

Contrary to those claims
about being state-of-the-
art, however, most of them
are actually state-of-the-
past. They'e all based on
architectures developed
way back at the dawn of the
microprocessor era, and
their performance has
reached a practical limit.
They simply can't bridge
the gap to true supercom-
puter performance.

It’s high time someone
offered something more.
Like a microprocessor built
from the ground up with a
brand new architecture.
Able not only to replace
those ICs of yesteryear,
but to make them obsolete.

Now there’s a micro-
processor that does just that.

It’s called CLIPPER.
And it’s from Fairchild.

CLIPPER. What everyone
else will think of next.
CLIPPER is the
biggest single advance in
microprocessors since the
microprocessor itself. It
combines VLSI design
with mainframe and super-
computer techniques to
create the new standard in

32-bit microprocessor per-
formance. Our CLIPPER
port based on the UNIX"
System V operating system
gives unprecedented soft-
ware power, speed and
portability to any applica-
tion. And in today’s RISC-
oriented world, CLIPPER
does RISC one better —

its unique Streamlined
Instruction Set offers all

get everything in the three
CLIPPER chips that it takes
the competition’s entire CPU
board to give you.

The bottom line?
CLIPPER is incredibly fast.
It’s optimized for speed,
and designed for high band-
width and true concurrent
execution of instructions. It
also runs at 33 MHz which,
until CLIPPER proved

Architectural Performance Gap

MULTIUSER

ARCHITECTURES

LOGIC REPLACEMENT

the advantages of a RISC,
the advantages of a CISC,
and then some.

Just by looking at it, you
can tell CLIPPER is a
different breed of micro-
processor. In a unique
three-chip set, you get an
architecturally advanced,
very high-performance,
CMOS 32-bit compute
engine, optimized for scien-
tific and professional comput-
ing applications. In fact, you

CRAY
IBM 3081

MICROPROCESSOR
ARCHITECTURES

otherwise, was considered
impossible. CLIPPER
achieves a peak execution
rate of 33 MIPS, with
average performance
greater thana VAX"™ 8600 —
twice as fast as any other
MICroprocessor in exis-
tence, five times as fast as a
VAX 11/780. Floating-point
performance exceeds 2
MFLOPS, while simple
instructions execute in a
scant 30 nanoseconds.



Think of it as a ve
small supercomputer.

Unlike any other micro-
processor architecture,
CLIPPER uses proven
supercomputer and main-
frame architectural concepts.

Pipelining, for example.
Not only do we overlap
fetch, decode and execute
processing phases, but
we've gone one step further
to pipeline the integer
execution unit, processing
up to three instructions at
the same time during the
execute phase.

Concurrent processing
units are also built in: the
CLIPPER FPU is on-chip,
for faster processing in
parallel to integer operations.

We also included main-
frame-style caching. The
two large 4K-byte caches,
combined with mainframe-
style set associativity and
16-byte line size, reduce
memory access times and
significantly improve hit
ratios. When it comes
to bus bandwidth, the
CLIPPER CPU features
two 32-bit buses to cache
memory. Bus bandwidth to
the CPU is 133M bytes per
second, far greater than
ordinary, single-bus archi-
tectures. We enhanced bus
bandwidth even further by
using an additional 32-bit
CLIPPER synchronous
bus that provides quad-
word updating of the
caches, in addition to its
flexible byte, half-word and
word transfers.

Then there is the
distinctive CLIPPER
Streamlined Instruction
Set. 101 instructions are

hardwired instead of micro-
coded to deliver the per-
formance of a reduced
instruction set computer.
We balanced the RISC
architecture by adding a
macro-instruction unit.
Which provides 67 high-
level instructions and
functions such as floating
conversions, task switch,
trap and interrupt handling.
And the CLIPPER resource
manager provides instruc-
tion pipeline management
in hardware, where you
want it, instead of in your
software tools. The result?
You get all the advantages
of a RISC with the robust-
ness of a complex instruc-
tion set.

What got into CLIPPER.

The revolutionary
CLIPPER three-chip module
resides on a 3.0 x 4.5-inch

in state-of-the-art 132-pin
ceramic leaded chip carriers.

Next you'll find two 4K-
byte combination cache/
memory-management
chips. A clock generator
completes the package, for a
staggering total of 846,000
transistors. That’s prac-
tically as dense as all the
competition put together.

Lastly, you'll find
switching speeds up to the
rest of the fast CLIPPER
standards. Like Fairchild’s
FACT logic family and
other advanced products,
CLIPPER is fabricated with
a high-speed, double-metal
advanced CMOS process
that achieves transistor
switching at speeds of up to
500 ps.

If you're having trouble
keeping up with speeds
like this, just think how the
competition feels.

CPU Pipeline
CONCURRENCY
DECODE

[ AND ISSUE
i ‘ g

&
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rinted circuit card which
interfaces to your system
with a standard 96-pin con-
nector. You'll find a pipelined
CPU with a three-stage
integer execution unit, plus
an on-chip, I[EEE-standard
floating point unit. For
packaging, we put the chips

EXECUTE

INTEGER EXECUTION UNIT

READ ALU

STAGE 2 STAGE 3

FLOATING POINT UNIT

Our cache is right on
the money.

In keeping with our goal
of bringing supercomputer
technology to the chip level,
we linked the CLIPPER
cache chips via a dual-bus
architecture, with one 32-bit



bus dedicated to instruc-
tions, the other to data.

The two cache chips
are identical. The instruc-
tion cache is distinguished
from the data cache only by
the activation of an on-board
program counter that allows
prefetch activities into
cache memory.

The fast caches provide
hit rates greater than
90%. And the instruction
cache hit rate with pre-
fetch enabled is greater
than 96%.

Contributing to this
phenomenal access speed
is the combination on the
same chip of the cache
and demand-paged MMU,
which reduces bus
loading and eliminates
chip-to-chip delays. In
addition, virtual addresses
are translated concurrent
with cache access, elimi-
nating the performance
bottleneck of virtual
memory translation. Sepa-
rate caches called Trans-
lation Lookaside Buffers
(TLBs) store 256 recent
page translations. These
large TLBs improve overall
system performance up
to 20% over systems with
smaller TLBs.

And your program won'’t
be cramped by an insufficient
address space.

Each user process
enjoys a full 4G bytes of
virtual memory, which may
be separate from the
operating system’s 4G-byte
virtual address space.
Virtual addresses are trans-
lated to a 4G-byte real
memory space with a sepa-
rate 4G bytes for each I/0
and boot memory.

More CLIPPER support.
Inside and out.

As befits a breakthrough
In microprocessor technol-
ogy, CLIPPER is supported
by a powerful software en-
vironment. After all, you don't
want to spend your time

~ Memony

developing software tools. So
we give you everything you
need, ready-made. Including
a CLIPPER port based on
the UNIX System V operat-
ing system. Optimized
FORTRAN, C and Pascal
compilers. Plus anassembler.

Or you can choose a
VAX cross-support package.
Which includes an assem-
bler, C compiler, processor
simulator, performance
analyzer, debugger, and
various other utilities.

There’s one more
important ingredient in the
CLIPPER package: expert
advice, care of our applica-
tion engineers and systems
designers. Each one of
them, in every sales office
and FAIRTECH" Design
Center, thoroughly trained
in helping you get every-
thing out of CLIPPER that
we put into it. And each one
of them ready to help.

P B b i e e T, B sy o AT

CLIPPER. The future
got here sooner than you

expected.

So there you have it.
Simply the most advanced
32-bit microprocessor
since the advent of micro-
processors themselves.

PAGE TABLE
DIRECTORIES

Offering superior perform-
ance advantages in literally
every system area: speed,
technology, integration,
and architecture.

For more information,
just

a=s GLIPPER
a call.

You'll find us at The Fairchild
Customer Information
Center by dialing 1-800-
554-4443.

CLIPPER from Fair-
child. It’s what the compe-
tition wishes they'd built in
the first place.

©1986 Fairchild Semiconductor Corporation. CLIPPER
and FAIRTECH are trademarks of Fairchild Semiconductor
Corporation. UNIX is a registered trademark of AT&T.
VAX is a trademark of Digital Equipment Corporation.

We’re taking
the high ground.
L SRR
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Here’s where to find it.

FAIRTECH CENTERS

California

Costa Mesa Office

3505 Cadillac Avenue, Suite 0-103/104
Costa Mesa, California 92626

Tel: 714-241-5900

Technical Inquiries — 714-556-TECH

Cupertino Office

10400 Ridgeview Court

Cupertino, California 95014

Tel: 408-864-6200

Technical Inquiries — 408-864-6200
Florida

Orlando Office

399 Whooping Loop

Altamonte Springs, F lorida 32701
Tel: 305-834-7000

Massachusetts

Boston Office

1432 Main Street

Waltham, Massachusetts 02154
Tel: 617-890-4000

Technical Inquiries — 617-890-8531

Minnesota

Minneapolis Office

3600 West 80th Street, Suite 590
Bloomington, Minnesota 55431

Tel: 612-835-3322

Technical Inquiries - 612-333-TECH

Texas

Dallas Office

1702 North Collins Boulevard, Suite 101
Richardson, Texas 75080

Tel: 214-234-3811

Technical Inquiries — 214-234-3811

FAIRCHILD SALES OFFICES
UNITED STATES

Alabama

Huntsville Office

555 Sparkman Drive, Suite 1030
Huntsville, Alabama 35805

Tel: 205-837-8960

Arizona

Phoenix Office

9201 North 25th Avenue, Suite 215
Phoenix, Arizona 85021

Tel: 602-943-2100 TWX: 910-951-1544
California

Auburn Office

320 Aeolia Drive

Auburn, California 95603

Tel: 916-823-6664

Costa Mesa Office

3505 Cadillac Avenue, Suite 0-103/104
Costa Mesa, California 92626

Tel: 714-241-5900 TWX: 910-595-1109

Cupertino Office

10400 Ridgeview Court

Cupertino, California 95014

Tel: 408-864-6200

Encino Office

15760 Ventura Boulevard, Suite 1027
Encino, California 91436

Tel: 818-990-9800 TWX: 910-495-1776
San Diego Office

4355 Ruffin Road, Suite 100

San Diego, California 92123

Tel: 619-560-1332

Colorado

Denver Office

10200 E. Girard Avenue, Suite 222, Bldg. B

Denver, Colorado 80231
Tel: 303-695-4927

Connecticut

Woodbridge Office

131 Bradley Road

Woodbridge, Connecticut 06525
Tel: 203-397-5001

Florida

Fort Lauderdale Office

450 Fairway Drive, Suite 107

Deerfield Beach, Florida 33441

Tel: 305-421-3000 TWX: 510-955-4098

Orlando Office

399 Whooping Loop

Altamonte Springs, Florida 32701

Tel: 305-834-7000 TWX: 810-850-0152

Georgia

Atlanta Office

3080 Northwood Circle, Suite 130
Norcross, Georgia 30071

Tol: 404-441- 2740 TWX: 810-766-4952

Illinois

Chicago Office

500 Park Boulevard, Suite 575

Itasca, Illinois 60143

Tel: 312-773-3133 TWX: 910-651-0120

Indiana

Indianapolis Office

7202 North Shadeland, Room 205
Indianapolis, Indiana 46250

Tel: 317-849-5412 TWX: 810-260-1793
Iowa

Cedar Rapids Office

373 Collins Road N.E., Suite 200
Cedar Rapids, lowa 52402

Tel: 319-395-0090

Kansas

Kansas City Office

8600 W. 110th Street, Suite 209
Overland Park, Kansas 66210
Tel: 913-451-8374

Wichita Office

2400 N. Woodlawn, Suite 221

Wichita, Kansas 67220

Tel: 316-687-1111 TWX: 710-826-9654

Maryland

Columbia Office

10270 Old Columbia Road, Suite A
Columbia, Maryland 21046

Tel: 301-381-2500

Massachusetts

Boston Office

1432 Main Street

Waltham, Massachusetts 02154

Tel: 617-890-4000

Michigan

Detroit Office

21999 Farmington Road

Farmington Hills, Michigan 48024

Tel: 313-478-7400 TWX: 810-242-2973
Minnesota

Minneapolis Office

3600 W. 80th Street, Suite 590
Bloomington, Minnesota 55431

Tel: 612-835-3322 TWX: 910-576-2944

New Jersey

Totowa Office

783 N. Riverview Drive
Totowa, New Jersey 07512
Tel: 201-256-9006

New Mexico

Albuquerque Office

North Building

2900 Louisiana N.E., Suite D
Albuquerque, New Mexico 87110

Tel: 505-884-5601 TWX: 910-379-6435

New York

Endicott Office

421 East Main Street
Endicott, New York 13760
Tel: 607-757-0200

Fairport Office

815 Ayrault Road
Fairport, New York 14450
Tel: 716-223-7700

Hauppauge Office

300 Wheeler Road

Hauppauge, New York 11788

Tel: 516-348-0900 TWX: 510-221-2183

Poughkeepsie Office

19 Davis Avenue

Poughkeepsie, New York 12603

Tel: 914-473-5730 TWX: 510-248-0030

North Carolina

Raleigh Office

5970-C Six Forks Road
Raleigh, North Carolina 27609
Tel: 919-848-2420

Ohio

Cleveland Office

6133 Rockside Road, Suite 407
Cleveland, Ohio 44131

Tel: 216-447-9700

Dayton Office

7250 Poe Avenue, Suite 260
Dayton, Ohio 45414

Tel: 513-890-5813

Oregon

Portland Office

6600 S.W. 92nd Avenue, Suite 27
Portland, Oregon 97223

Tel: 503-244-6020 TWX: 910-467-7842

Pennsylvania

Willow Grove Office

Willow Wood Office Center

3901 Commerce Avenue, Suite 110
Willow Grove, Pennsylvania 19090
Tel: 215-657-2711

Texas

Austin Office

8240 Mopac Expressway, Suite 270
Austin, Texas 78759

Tel: 512-346-3990

Dallas Office

1702 North Collins Street, Suite 101
Richardson, Texas 75080

Tel: 214-234-3811 TWX: 910-867-4824
Houston Office

9896 Bissonet-2, Smte 470

Houston, Texas 770

Tel: 713- 771 3547 TWX: 910-881-8278
Utah

Salt Lake City Office

5282 South 320 West, Suite D120
Murray, Utah 84107

Tel: 801-266-0773

Washington

Bellevue Office

11911 N.E. First Street, Suite 310
Bellevue, Washington 98005

Tel: 206-455-3190

CANADA

Montreal Office

3675 Sources Boulevard, Suite 203
Dollard Des Ormeaux

Quebec H9B 2K4

Tel: 514-683-0883

Ottawa Office

148 Colonnade Road South, Unit 13
Nepean, Ontario K2E 7J5

Tel: 613-226-8270 TWX: 610-562-1953
Toronto Regional Office

2375 Steeles Avenue West, Suite 203
Downsview, Ontario M3J 3A8

Tel: 416-665-5903 TWX: 610-491-1283
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Gould solutions adapt to your needs.

Gould has the flexibility to adapt to your
situation with the skill of a chameleon.

Gould’s 32-bit CONCEPT/32®series

. provides a lot more computer for the
price. Using Gould’s real-time
operating system, MPX-32%, the
CONCEPT/32 product line gives
you the performance needed to han-
dle your particular requirements.

The PowerNode®series gives you
the flexibility and versatility of UNIX®:
Gould’s UTX/32 operating system is
a unique combination of Berkeley
BSD 4.2 with AT&T System V.

Our “Compatibility Suite’’of appli-
cation software packages are
operational across the entire Gould

PowerNode series. . .the widest
range of Unix-based systems in
the world.

To succeed, Gould has evolved to
meet the needs of our customers.
Year after year. Gould continues
to innovate with products like
Hypersearch — a superior text
retrieval system, and our
unmatched, complete computer-
based training package.

For more information on how we can
adapt to your needs, contact

Gould Inc., Information Systems
Computer Systems Division,

6901 West Sunrise Boulevard,

Fort Lauderdale, Florida 33313
1-800-327-9716.

High Performance Solutions in Factory Automation, Computers,
Instrumentation, Defense, and Semiconductors.

CONCEPT /32, MPX-32, PowerNode and UTX/32 are
registered trademarks of Gould Inc.
UNIX is a registered trademark of AT&T Bell Labs

e
TR

it W
ﬁuuaiiwmw.m i

GOULD

Electronics

CIRCLE NO. 52




SPEEDING INFORMATION ACCESS
THROUGH OPTICAL DISK TECHNOLOGY

THE 301 SERIES OPTICAL
DISK SUBSYSTEM

M Hitachi’s 301 Series optical disk subsystem
enables a computer to access as much as 5.2
gigabytes of on-line information. The 301 Series
optical disk subsystem consists of a formatter/ :
controller that handles as many as four disk drives, s,

each having a write-once storage capacity of 2.6
gigabytes. The drives record data by employing a
semiconductor laser to score microscopic pits on a

12-inch disk coated with a photosensitive tellurium-selenium medium.
This proprietary technique produces sharply defined pits that can be read

back with high accuracy and reliability. \‘ﬁ}\\“ a

Disk Drive OD301A-1

B The 301 Series drive automatically checks each data
bit after it is written and also records error-correcting
bits. The combined use of read-after-write checking
and error-correction codes reduces expected read
errors to 1012, allowing storage of both image
and encoded data.

Disk Cartridge 0C301

B To assure data retention, the 301’s
disks are sealed in a glass envelope
and then encased in an easy-to-handle
plastic cartridge. The predicted data
life of the doubly sealed disk is more
than 10 years.

1986 Hitachi America, Ltd



¥ The 301’s formatter/controller
implements either the industry-
standard SCSI interface or a GP-IB
(IEEE-488) interface, which enables
the disk subsystem to be used with
a wide range of computers. The unit
includes its own memory buffer to
speed data transfer between a host
computer and the disk drive, which
has a 250 millisecond average
access time.

Formatter Controller OF301S-1/2

Hitachi Developed
6000 GateLS1

Library Unit OL301S-11

I The 301 Series library unit provides
as much as 83 gigabytes of on-line
storage capacity. It incorporates a
formatter/controller, one or two disk
units, and an automatic changer

for as many as 32 disk cartridges.

This 12-inch optical disk
can store 2.6 gigabytes of
images or encoded data.

How Hitachi’s 301 Series
Facilitate Information
Storage and Retrieval

With the introduction of its 301 Se-
ries optical disk system, Hitachi has
taken a giant step forward in speed-
ing information access. Unlike con-
ventional disk units, which record
information magnetically, the model
301 stores data optically—by using
a laser to inscribe microscopic pits on
a specially coated disk surface and
subsequently read them.

Theresults: a bigleap in storage ca-
pacity per disk. A 301 Series system
can store 2.6 gigabytes of informa-
tion on a 12-inch disk. The 301 Series
library unit, which combines an auto-
matic disk changer with one or two
drives, can store and retrieve 83 gi-
gabytes of information—yet occu-
pies no more space in an office than
would a large filing cabinet.

The ability to record so much infor-
mation so compactly opens vast new
applications for on-line information
storage and retrieval. For example,
with the 301 Series, it becomes eco-
nomically feasible to create ex-
tremely compact electronic archives
for storing and retireving copies of
medical records, engineering draw-
ings, and other documents, much
faster than with conventional micro-
film or magnetic tape storage. Other
applications include electronic pub-
lishing and backup of volatile data-
bases in large-scale information
processing systems. For more infor-
mation, contact:

Hitachi America,Ltd.

Computer Division

Peripheral Systems Marketing Department
950 Elm Avenue, San Bruno, CA 94066

Tel: 415/872-1902

or: 313 Speen Street, Natick, MA 01760

Tel: 617 /655-5501

HITACHI
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TEK'S 4111 PASSES

NEW SCREEN TESTS.

PDA Engineering PATRAN®

MCS ANVIL-5000™

SDRC/CAE I|-DEAS™

Sierra Geophysics QUIK™

AERODYNAMIC HEATING

Eraeam 1y
= VPERAT g

T ""IN:«A
o

ISSCO DISSPLA®

Now, the high-speed,
high-resolution 4111 desktop
terminal is supported by
more application software
packages than ever.

Combine these new solutions
with the 4111's new optional IBM
3270 compatibility, and you
have an even more powerful tool
for CAD/CAM, mechanical draft-

ESRI ARC/INFO™

' KEEN. BRRR

EEE R

Tektronix PLOT 10® TekniCAD

ing, technical data analysis,
mapping, cartography and
business graphics applications.
To make the most of your
design time, you can call on
the 4111's advanced firmware
features like segment editing,
segment subroutines, pick

Tektronix Merlyn-P™

operations, host window man-
agement, multiple scrolling
dialog areas and pop-up
windows.

Contact your local represent-
ative for more information about
the versatile 4111, or circle the
reader reply number below.
Copyright © 1986 Tektronix, Inc. All rights reserved

Each software package above is the trademark of
each (dentified company. VLT-101
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A
no-nonsense

message for your

workstation

selection
committee...




For workstations that
thrive in a multivendor

HP’s powerful family of technical workstations fits
right in with your present computing resources, as well
as those added in the future. With industry standard net-
working, operating systems, and languages. Plus hundreds
of advanced application packages, and performance extras
to give you the competitive edge in all of your engineering
and technical activities.

Our solutions are implemented on one of the indus-
try’s largest technical computer and workstation families.
It consists of the HP Technical Vectra PC, the HP 9000
series 200/300/500, and the new model 840 Precision
Architecture Computer.

Full UNIX System V compatibility.

HP’s technical workstations use AT&T’s System V
UNIX operating system with Berkeley 4.2 enhancements
and HP improvements. The result is a standard tuned to
the workstation environment with windowing, real-time
I/O extensions, graphics, six languages and other extras.

The networking you need.

HP offers the networking to unify design, test, manu-
facturing, and technical office automation in your company.
You’ll have ARPA and Berkeley services and TCP/IP on
Ethernet** and IEEE 802.3 to provide connectivity with
IBM, DEC, and other vendors’ products.

Al power without special AI machines.

You get everything you expect in a multipurpose
workstation, plus the ability to run Artificial Intelligence on
the same machine. Based on Common Lisp, it lets you
harness Al power for accelerated software development.
You can also get premier expert system tools from com-
panies such as Intellicorp and Teknowledge.

Wide range of graphics solutions.
The choice is yours...from low-cost monochrome to
high-resolution color monitors...from simple report

L0 B



run UNIX systems and
environment, talk to HP.

graphics to 3D solids modeling. There are industry stan-
dards like GKS and ANSI Computer Graphics Virtual
Device Interface (CG-VDI), to protect your investment
by making your existing software portable. HP’s acceler-
ated graphics solutions are highly modular, so you can
upgrade whenever you choose.

Hundreds of application packages.

Specialized technical applications? No problem. HP’s
application packages include logic and analog CAE, PCB
CAD, microprocessor software development, 2D design
and drafting, 3D solids modeling and finite element anal-
ysis, documentation and report generation, and database
management. New software packages are constantly being
added for an even larger selection.

HP—protecting your investment.

Buying HP’s solutions is not only a smart decision
initially, but it provides the added benefit of lower cost
of ownership that reflects our commitment to quality and
service. For more information, call your local HP sales
office listed in the telephone directory white pages.

Tap HP’s DATA-LINE

for complete facts...instantly!

For on-line information 24 hours a day, use your com-
puter, modem, and HP’s DATA-LINE. Dial 1-800-367-7646
(300 or 1200 baud, 7 bits even parity, 1 stop bit).

In Colorado call 1-800-523-1724.

*UNIX is a trademark of AT&T. **Ethernet is a trademark of Xerox Corporation.
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HOW FAST CAN
THE 80386 MAKE YOUR
WORKSTATION GO?




Faster than any other
32-bit microprocessor can.
In technical terms that’s

4 MIPS. 4 MegaWhetstones.

With 4 Gigabytes.

Fast enough to have a
sudden and lethal impact
on your competition.

To achieve its blazing
speed, the 80386 has six-
stage pipelining, which

allows the standard 16 MHz
part to deliver over 6100
Dhrystones per second.

That's nearly four times
the Dhrystone perform-
ance of aVAX*11/780, or
4 VAX MIPS.

And with the 80386
you don’t sacrifice all that
performance for demand-
paged virtual memory.
Because of its on-chip
paging unit and transparent
paging cache, the 80386
can do a full virtual to
physical address translation
without the performance
penalty of non-pipelined,
off-chip designs. Giving
you 4 MIPS of deliverable
UNIX** performance.

Of course, to achieve
performance like that,you
need a bus that’s faster
than a speeding bullet.

Like our 2 clock bus that
provides a 32 Megabytes
per second transfer rate.

That’s the highest
performance of any micro-
processor bus.

So what more could
advanced system designers
ask for?

Blistering 4 Mega-
Whetstones per second
performance for superb
graphics and number
crunching. Only the 80386
uniquely teams with
Weitek's 1167 floating point
coprocessor to deliver
the highest numerics

*VAX is a registered trademark of Digital Equipment Corp.

**UNIX is a trademark of AT&T Bell Laboratories.
© 1986 Intel Corporation

performance on the
market.

And of course all this
comes in a 64 Terabyte
virtual address space with
a 4 Gigabyte linear address
space.

p Dhrystones Per Second
SUN 3/180
3850 |
INTEL 386 %
A 6133]
VAX 11780
1662

RTPC

1880

0 1000 2000 3000 4000 5000 6000 7000
Relative System Performance

Whetstones Per Second

SUN 3/180*
26

INTEL 386*

VAX 1l/780
/_)
RTPC

E

t t t
0 1 Million 2 Million 3 Million
Relative System Performance

4 Million

§ Intel 386 MULTIBUS*I 16 MHz Starter Kit.
+With Weitek 1164, 1165 floating point chip set.
+ With Weitek 1167 floating point coprocessor:
Source: Refer to Intel 80386 Benchmark Report.

Finally, for your silver
bullet, add to all this $6
billion worth of DOS soft-
ware. And watch how
fast it runs on your 4 MIPS,
4 MegaWhetstones UNIX
machine.

To find out more, attend
one of our 80386 Seminars.
Call your local Intel sales
office for details.

Or call (800) 548-4725
for complete technical
information.

Get all the ammunition
you need to make your
next system a success.

intel
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At last, the ordinary
microprocessor

can take its rightful
place in history.

2



Ithadto happen—the conventional microprocessor
has had its day. Relegated to the ranks of yesterday’s
devices by the new transputer family from INMOS. It's
history in the making.

The IMS T414 transputer is a fast, easy-to-use VLS|
component, integrating a 32-bit processor, four inter-
transputer communication links, 2K bytes Static RAM,
32-bit memory interface and DRAM controller. All on a
single CMOS chip—offering execution rates up to
10 MIPs.

While transputers excel in single-processor
systems, their real power can be unleashed by
connecting any number of transputers together via
the high-speed serial links. Multi-transputer systems
can deliver the performance you need today, and can
be easily expanded in the future as your processing
requirements increase.

And there’s more. Programming multiprocessor
systems has never been easier. The Transputer
Development System (TDS) supports C, Fortran, Pascal
and OCCAM, providing a complete software
development environment, and is available for a
number of popular hosts. Software developed on the
TDS can be executed on one or more transputers,
enabling cost-performance tradeoffs to be made.

INMOS transputers are available now and have
already found their way into companies who are
evaluating, prototyping and manutfacturing transputer-
based systems. Applications include supercomputers,
DSP, graphics, robotics, Al, distributed control systems,
PC'’s, engineering workstations and many others.

Write or phone for more information on the
transputer family and start making history yourself.

TRANSPUTER PRODUCTS
IMS T414 32 bit Transputer—2Kbyte  —4 links
IMS 1212 16 bit Transputer—2Kbyte —4 links
IMS M212 16 bit Disc Processor—1Kbyte—?2 links

DEVELOPMENT TOOLS

IMS D701-2 IBM PC—Transputer Development System
IMS D600 VAX/VMS—Transputer Development System

EVALUATION BOARDS
IMS B002-2 Double Eurocard + IMS T414 + 2Mbyte DRAM + 2 x RS232.
IMS BOO3-1 Double Eurocard + 4 xIMS T414 + 4 x 256Kbyte DRAM

IMS B004-2 | IBM PC Format + IMS T414 + 2Mbyte DRAM.
IMS B0O06-2 | Double Eurocard + 9 x IMS T212 + 128Kbyte SRAM
IMS BOO7-1 Double Eurocard + IMS T414 + 0.5Mbyte DRAM + 0.5Mbyte VideoRAM|

HIGH PERFORMANCE VLS| MEMORIES

16K CMOS SRAM, 25-45ns, 64K CMOS SRAM, 35-70ns
256K CMOS DRAM, 60-100ns

THE TRANSPUTER

PARALLEL PROCESSING. UNPARALLELED POTENTIAL.

MMOS

INMOS, P.O. Box 16000, Colorado Springs, CO 80935, Tel. (303) 630-4000;
Bristol, England, Tel. 454-616616; Paris, France, Tel. (14) 687-2201;
Munich, Germany, Tel. (089) 319-1028; Tokyo, Japan, Tel. 03-505-2840.

CIRCLE NO. 58



FUTURENET
OVERCOMES

THE 3 MAJOR
OBSTACLES

TO CAE




WITH MAINFRAME PERFORMANCE TOOLS
FOR YOUR IBM PC.

MAINFRAME CAPABILITY

FOR A FRACTION OF THE

COST. The FutureNet® family
of PC-based CAE tools gives you the
high performance you demand, at a
price you can afford. From the DASH™
Schematic Designer, DASH™-CADAT
PLUS to the DASH™-PCB, our prod-
ucts let you take even the most com-
plex designs through schematic
capture, simulation, and printed circuit
board layout — faster and easier than
you ever thought possible.

And our Personal Silicon Foundry™
gives you rapid design, testing and
programming capabilities for program-
mable logic devices.

N FUTURENET TALKS TO THE
11y WORLD OF CAE/CAD. An
__1 open architecture and IBM®

PC platform let you easily integrate our
CAE system into your engineering
environment. FutureNet offers many
post processors to translate schemat-
ics into files compatible with your in-
house CAD system. Complete data-
base description and source software
for net lists and drawing translators are
also available.

And because DASH is an accepted
CAE standard, it gives you immediate
access to more than two dozen gate
array foundries, as well as a wide vari-
ety of engineering service bureaus.

= | FUTURENET PROTECTS YOUR
lﬂUl CAE INVESTMENT. We are
committed to continually
enhancing our CAE product line. Each
new software version is compatible
with the last, so you can always use
your existing drawing files.

And you'll never have to worry
about outgrowing your system. Our
32-bit co-processor gives you the
power to add high performance logic
simulation and PCB layout capability
within the same platform. This flexible
hardware design will also let you easily
take advantage of tomorrow’s new
and more powerful processing
capabilities.

Distributed by Hamilton/Avnet.

DASH SCHEMATIC DESIGNER: CREATE

SCHEMATICS AT LIGHTNING SPEED.

m Most widely used schematic
designer

® Symbol rotation/reflection,
orthogonal rubber banding, snap-
to-pin and more

m Simplified text annotation

m Extensive libraries of TTL, ECL,
CMQOS, and VLSI parts

m Help menus and on-line
documentation

m Hierarchical structure for top-down
and bottom-up design

DASH-CADAT PLUS: SIMULATE LOGIC,

TIMING AND FAULTS WITH THE POWER

OF A MAINFRAME.

m Logic simulation up to 30,000 gates

m Fault simulation for full testability

m Rivals mainframe performance

m Display processor operates like a
logic analyzer

m Stimulus language simplifies test
vector generation

m Simulates at transistor, gate, func-
tional or behavioral level

m ASIC libraries and optional hardware
modeler

®
Authorized IBM Value-Added Dealer

Data I/0 Corporation 10525 Willows Road N.E., PO. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/Telex 15-2167
FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-7528 (818) 700-0691/ Telex 910-494-2681

Data I/0 Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1E5 (416) 678-0761

Data I/0 Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866/ Telex 16616 DATIO NL
Data I/O Germany Bahnhofstrasse 3, D-6453 Seligenstadt, Federal Republic of Germany (6182) 3088/ Telex 4184962 DATA D

Data I/0 Japan Sumitomoseimei Highashishinbashi Bldg., 8F, 2-1-7, Highashi-Shinbashi, Minato-ku, Tokyo 105,

Japan (03) 432-6991/ Telex 2622685 DATAIO J

DASH-PCB: LAY OUT PCBs FOUR TIMES
FASTER THAN THE EXPERTS.

m Expert multi-strategy router

W Trace hugging frees maximum
number of routing channels

m Real-time rubber banding optimizes
component placement

m Automatic 45 degree routing

m Board capacity up to 32" X 32"

m Design rule checking ensures
accuracy

m Multiple trace layers to handle the
most complex designs

PERSONAL SILICON FOUNDRY: CON-
CEPT TO SILICON IN THREE HOURS.

m Integrated programmable logic
design, optimization, verification,
fault grading and automatic test
vector generation

m Includes ABEL™, the industry stan-
dard high-level design language

m Converts DASH schematics into
optimized PLD designs

BREAK THROUGH THE BARRIERS

TO CAE. Call FutureNet today at

(818) 700-0691 and find out how our
PC-based CAE system overcomes the
obstacles to CAE. You'll get main-
frame capability at a price you can
afford.

FutureNet

A Data I/O Company
CIRCLE NO. 59



The database use
now be use

Introducing dBASE III PLUS™

The PLUS stands for all the improvements
weve made to the world’s number one selling
database management software.

Up Update
Datahase file

Format
Uiew
Query
Report
Label

Position Ret

The Assistant helps beginming users accomplish day-to-day data
management tasks without programming.

Mind you, dBASE III PLUS still has the
powerful dBASE programming language, dot
prompt, and all the features that have made
dBASE I the standard of the industry.

We've simply raised the standard.

And just as dBASE III introduced more
power to the people, our new dBASE Il PLUS
introduces more people to the power.

People who aren't all that crazy about
programming, for example.

The Assistant feature in dBASE Il PLUS
now provides them with new easy-to-use
pull-down menus for creating, using and
modifying multiple databases.

So now anyone who can manage a
simple cursor can manage day-to-day data
management tasks. Without programming.

And by using our new Screen Painter,

anyone can create custom screens. Without
programming.

Or using View, access related information
in several databases at one time.Without
programming,

With Advanced Query System, another
new non-programming feature, any user can
build complex queries just by selecting from
the dBASE III PLUS pull-down menus.

For rapidly creating entire programs,
there’s even a new Applications Generator.

And for all those who wish to learn to
program, the Assistant can be of further
assistance. By teaching you programming
commands as you go along Without disrupting
your work flow;

These are only a few of the dBASE I PLUS
features that can help new users quickly get
up to speed. And experienced users quickly
increase their speed.(Sorting, for example,
1S up to two times faster and indexing up to
ten times faster than dBASEII1.)

| Set Filter | Nest Display

M
Matc

3 ( PROD_DESC Matc|
M

ORDER_DATE ore n equa 11/81/85

ffopt
Set Filter

Select a logical comnne

Advanced Query System.lets you set up and answer complex
queries without programming.

ctor for the filter condition.




y more people can
bymorepeople.

And it’s the fastest way to network those For the name of the Ashton‘Tate" dealer
users, too. Because now, true multi-user capa-  nearest you, call 800-437-4329, Extension
hilities for local area networking are built right in. 2861 o :

dBASE I PLUS can also help put developers And get your hands on dBASE I PLUS.
in the fast lane.With a new Data Catalog and [t's the software more people can look
more than 50 new commands and functions.  forward to using
Plus code encryption and linking, improved : g
debugging aids, assembly language calls and 5 et Heire iviPCor 10 compatible Raemrksowners Ashoni,

dBASE 111 PLUS/Ashton Tate; IBM/International Business Machines Corp.

much more. © Ashton‘Tate. All rights reserved. 1986,

ASHTON ‘TATE

dBASE 11l PLUS

The data management standard.

N\
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CMOS macrocells have arrived.
£ - o SRR B i SR

Introducing a state-of-the-art selection of
standard cells, including a 32-bit slice uP.

You can now design ASIC systems-on-a-
chip using a library of CMOS LS| standard cells.
Included are the world's first 16-bit and 32-bit
bit-slice processor cells, EPROMs and peripher-
als. Allmanufactured using a 1.2 micron channel
length CMOS process.

The LS| cells were developed by WaferScale
Integration Inc. (WSI) and will be alternate sourced
by RCA. WSI will also offer RCA's CMOS standard
celllibrary.

First 32-bit bit-slice processor cell.

The 32-bit CMOS CPU cell replaces eleven
discrete bipolar ICs. It beats the performance of
the 2901C bit-sliced-based system by 20% and
saves 97% of the power, yet it is software
compatible.

The 16-bit uP slice cell runs faster than
bipolar speed, and replaces five off-the-shelf
bipolar devices. Without rewriting microcode.
Without adding glue parts.

The 4-bit uP slice cellis functionally identical
tothe bipolar 2901 4-bit slice, yet runs 25% faster.
You can replace the bipolar part directly for
instantimprovement in system performance and
power consumption.

Each uP is available as a cellin the library or
as astandard IC.

CMOS EPROM:s.

Another new LSl cellis a 1K x 16 CMOS UV
EPROM with 55ns access time. Providing on-
chip microcoding capability, this cell interfaces
with 8-bit, 16-bit or 32-bit buses. An intelligent
algorithm allows fast programming, achieved
within 4 seconds. The EPROM cell uses only
20 pA inthe standby mode and only 15mA in

Y/arer/caLe

e o Y W) - et i (R AL o L D N | W

the active mode.

Andit's also available as a 70ns 8K x 8
standard EPROM in 28-pin ceramic DIP or 24-pin
bipolar PROM footprint...at very competitive prices.

Complete standard cell library.

The WSl cell library has been combined with
the RCA library of over 300 verified cells to give
you a very broad choice of LS|, MSI and SSI
standard cells. Our CAD tools are extremely
advanced and user-friendly. Our software
supports all of the major workstations: Daisy,™
Mentor™ Valid™ even the IBM PC.

With our small geometry CMOS technology,
you canreduce an entire PC board of capability
onto a single ASIC chip. You benefit with smaller
power supplies, lower system cost, smaller
system-level boards and higher system
reliability.

Working through one of our design centers,
you get fast, accurate service. Simulation and
testability steps built into the design flow allow us
to achieve almost 100% first time success.

Data base scaling upgrades without
redesign.

Your design can take advantage of next gen-
eration I-micron CMOS geometries without
redesign. So you'll sit back and watch your ASIC
getfaster allthe time.

High Rel, too.

These standard cells are also characterized
over the full military temperature range.

Choose your source and call today.

For more information, or to get started on your
design, call your RCA or WS sales office or
design center today.

CIRCLE NO. 61



The WYSEkpc. It
but expensive,

write

¥
e

BORAND

EKICK

ORTON UTILITIES

|

HCCESS

Cuerwerad Lovkger .
foosarios i 0 : x . »
| i—

CMODED




runs everything
: %\AQ)%

!

And $1499 includes dual floppy drives, 14" tilt/swivel
monitor, height-adjustable keyboard, 256K RAM, two serial
ports, one parallel port, MS-DOS with GW-BASIC, manuals,
the works.

How can we do it for $1499? We leave out the ugly and
don’t charge you for it. That’s how we got to be the world’s
leading independent manufacturer of terminals, shipping more
than anybody but IBM#*

The WYSEpc is also available in an IBM PC/XT compat-
ible model with a 10-Megabyte or 20-Megabyte Winchester disk,
and a color graphics option.

For more information about the WYSEpc or our full line of
computer display products, write
or call toll-free, today. i

© 1986 Wyse Technology. IBM and IBM PC/XT are
“rademarks of International Business Machines
Corporation. The **V"" shaped design is a trademark
of Wyse Technology. MS-DOS and GW-BASIC
are trademarks of Microsoft Corporation
*Dataquest 1985 mid-year terminal update

For this incredibly low
price, you get everything but
bulk. The WYSEpc runs virtually every

Call 1-800-GET-WYSE

[ Yes, please send me detailed information on the WYSEpc.
[1 Please send information about the entire Wyse product line.

CDS 12/86
Name = Title
Address o
City State Zip

Mail to: Wyse Technology, Attention: Marcom Department
3571 North First Street, San Jose, CA 95134.

|
|
|
|
|
|
| Company Phone
|
|
|
|
|



How many more reasons do you need to Unplug your computer?

Until now, connecting 128 termi- The Unplug can take those 128 con- We know it sounds simple. And the
nals to your computer meant one nections off the back of the computer  truthis, it is. In fact, you might wonder
thing. A myriad of cards taking up and turn them into just one. And why no one thought of it before. Then
precious space on the backplane. And  presto, you’ve got all the expansion slots  again, no one else has our commitment
accomplishing nothing but commu- you need for more important things. to make your job easier. And a lot
nications. All of which could frustrate Like disks. Streaming tapes. More CPU  more gratifying.
almost any self-respecting system power. A synchronous communications Just give us a call at Systech to hook
designer into hanging up his calculator.  processor. And your imagination. up with The Unplug. Then you can

Well, at Systech, we understand the You see, what we did was move part  start figuring out what you want to add
serial communications problems of a of the computer’s operating system—  on next.
multi-user system. So we developed the part devoted to managing traffic to Instead of trying to figure out how to
The Unplug™ asynchronous distributed  and from the terminals—out of the untangle all those wires.
multiplexer that can be used with computer and into The Unplug. Giving Systech Corporation, 6465 Nancy

any Multibus,® VMEbus or the host computer the freedom to Ridge Drive, San Diego, CA 92121,

Multibus® Il system. concentrate on more important tasks.  (619) 453-8970.

When you're ready to expand, you simply run one cable from the last Unplug

to the next. And you've hooked up 8 new users, without ever opening the n PY

computer cabinet.

The Unplug is a trademark of Systech Corporation. Multibus is a registered trademark of Intel Corporation An Outlet for your fmstratlons.

'y ¥ N
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1
© 1986 Systech Corporation.
The Unplug patent pending.
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Let Lab Boss turn
your IBM PC into a powerful
instrument controller.

ou can spend thousands of dollars that are the highest in the industry.
onr a dedicated instrument controller. And Lab Boss products offer a direct
Or a few hundred for a controller data link from your measuring equipment
that's dedicated to you and your IBM PC. to a full range of analysis software, includ-
Lab Boss™ from National Instru- ing RS/1, Lotus 1-2-3, and Symphony. So
ments puts you and your IBM PC (or you can easily report your findings on
compatible) firmly in charge of GPIB the same system you used for

instruments. From sophisticated lab-
oratory equipment, like digitizing
oscilloscopes and spectrometers,
to standard printers, plotters,
tape drives and more.

At data transfer speeds

S instrument control, data acqui-
e sition and analysis. Try that

LabBoss on a dedicated controller!

So — you want to be the

boss? Call National Instru-

g\ ments. 800/531-4742.

NATIONAL °
INSTRUMENTS

12109 Technology Blvd.
Austin, TX 78727  512/250-9119 CIRCLE NO. 64

>
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WHAT
NO OTHERS HAVE:
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EXPERIENCE.




GREATER CONTROL

THE AT&T X.25 PROTOCOL CONTROLLERS.
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MAXIMUM SECURITY

THE AT&T DIGITAL ENCRYPTION PROCESSOR
AND RANDOM NUMBER GENERATOR.

Only our T7000A Di%'ital En tion r offers all four modes of

DES encryption, including 1,8 or 64-bit cipher feedback. Four on-chip
keys and initial value registers allow a single data stream to be encryp-
ted up to four times, for maximum security. Or, if you prefer, up to four
data streams can be encrypted at the same time and then multiplexed.
The T7000A has a high, 1.8 Mb/s throughput with low-power
CMOS technology. AT&T also offers the T7001, the only random number
generator in chip form with a free-running oscillator for true random
number generation. To lock ug DES security, call 1800 372-2447,
or write to AT&T, Dept. KB, 555 Union Blvd., Allentown, PA 18103.
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FEATURE RICH

THE AT&T T7010
SWITCHED CAPACITOR MODEM.

hasspeeds ,
digital signa

forms self-diagnosis, an
feature- acke rformam!e
Dept. nion Blvd.,

——ATell
' The right choice.

T
—
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LITERATURE

Networking connections

Over 2,000 products for networking and
wiring of voice and data systems, such as
fiberoptic, coaxial and multiconductor
copper interconnection products, are in-
cluded in an 84-page catalog. AMP,
Harrisburg, PA. Circle 156

Add-in memory
Twenty-page full-color catalog and se-
lection guide presents data to aid design
engineer on range of add-in memory
products for Versabus, VME, DEC, IBM
RT PC and Sun Microsystems 3 buses.
Clearpoint, Hopkinton, MA.

Circle 157

Signal-to-noise analysis
Four-page application note presents ad-
vantages of Fast Fourier Transform
speeds for determining signal-to-noise
analysis of analog-to-digital converters.
ILC Data Device, Bohemia, NY.

Circle 158

MIL Electronics, Inc

Commer

Encapsulated AC to DC
Power Supplies to 15 Watts

Special Catalog Supplement
ALL NEW SERIES I

Encapsulated power supplies
Catalog describes series of encapsulated
ac-to-dc linear power supplies from

HAVE A FIT.

Our new Model 462 subminiature joystick lets you squeeze maximum design
into the tightest area. It's only % inch in diameter and requires less than '
inch of back of panel space. So you can mount it aimost anywhere—

including low-profile keyboards.

Like the larger members of our family of small force-operated controls, the
Model 462 performs positioning and tracking tasks with impressive speed

and accuracy. It provides high
resolution and continuous output,
with no dead zone. And it promises
outstanding reliability and long life,
thanks to its solid state construction
with no moving parts to wear out.

The Model 462 is designed as

a commercial unit, but it's rugged
enough for military use. And it's
attractively priced to fit the needs of
the OEM user.

For more on getting a good fit, call or

write us.

Measurement Systems, Inc.

121 Water Street, Norwalk, CT 06854, U.S.A.

(203) 838-5561

CIRCLE NO. 68
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microminiature up to 15 W that provide
over 50,000-h MTBF under continuous
extreme conditions. MIL Electronics,
Dracut, MA. Circle 159

Micromotors
Catalog contains 52 pages of comparison
data on disk and dc ironless motor tech-
nologies as well as product data, specs,
dimensions and drawings of stepper mo-
tors, drive circuits and dc motors.
Portescap U.S., Valley Forge, PA.
Circle 160

VMEbus guides
Series of application and configuration
guides aid system integrators in selec-
tion of VMEbus subsystems. VME Mi-
crosystems Int’l, Huntsville, AL.

Circle 161

Secure communications

Brochure on full line of stand-alone

fiberoptic communication modules in-

cludes primer on Tempest communica-

tions networks for secure data ap-

plications. Versitron, Washington, DC.
Circle 162

Bus-compatible peripherals

Short-form brochure contains specs on
board-level microcomputer products for
IBM PC, VMEbus and Multibus com-
patible systems used in automation, pro-
cess control and scientific research. An-
asco, Danvers, MA. Circle 163

Surface mount technology

Issues involved in designing connectors

for surface mounting are described in a

tutorial contained in a 24-page hand-

book. Illustrations, definitions and

tables are included. Molex, Lisle, IL.
Circle 164

Data communications products

Line of data communications products
described in 24-page catalog includes
hand-held test sets, data traps, printers,
modems, data switches and test equip-
ment. International Data Sciences, Lin-
coln, RI. Circle 165

Power-op amps
Handbook contains 120 pages of ap-
plication notes describing how to achieve



GCOMPUTER DESIGN / SALES OFFICES

high performance from power op amps,
as well as data sheets for a wide selection
of the devices. Apex Technology, Tuc-
son, AZ. Circle 166

Test environment

Integration of a design and test environ-
ment based on Lasar Version 6 system
for logic and fault simulation in circuit
board and gate array development
detailed in 12-page brochure. Teradyne,
Boston, MA. Circle 167

Computer cables

Catalog describes cables and accessories
for installing and expanding computer
systems, LANs and data communica-
tions systems. Support Systems Interna-
tional, Richmond, CA. Circle 168

ISDN device testing solutions
Solutions for testing integrated services
digital network devices and information
on dc parametric, microprocessor inter-
face, transmitter and receiver function-
ality, and device features are described in
brochure. Teradyne, Boston, MA.
Circle 169

Indicator lights

Source book and user’s guide contains
208 pages of technical and selection data
on electronic, industrial and commercial
applications for LED, incandescent and
neon indicator lights. Industrial Devices,
Edgewater, NJ. Circle 170

EXECUTIVE OFFICE: P.O. Box 417, 119 Russell St, Littleton, MA 01460-0417
(617) 486-9501 Telex: 883436 ELN: 62649490

NATIONAL SALES MANAGER, Joseph D. Burke
INTERNATIONAL SALES MANAGER, Leslie Ringe

RESEARCH ASSOCIATE, Jane Caron
SALES ASSISTANT, Barbara Kovalchek

ADVERTISING COORDINATOR, Shari Hasche

CLASSIFIED/RECRUITMENT, Shirley Lessard
LIST RENTAL, Bob Dromgoole

NEW ENGLAND/UPSTATE NEW YORK
Kevin Callahan

PO. Box 417

119 Russell St

Littleton, MA 01460

(617) 486-9501

NEW YORK/N. NEW JERSEY
Neil Versen

Park 80 West, Plaza Two
Saddle Brook, NJ 07662
(201) 845-0800

PENNSYLVANIA/S. NEW JERSEY/SOUTHEAST
Neil Kelly

1166 DeKalb Pike

Blue Bell, PA 19422

(215) 272-6252

MIDWEST

Terrence J. Rogan

9501 W Devon, Suite 203
Rosemont, IL 60018
(312) 696-0420

SOUTHWEST

Tom Boris

2082 SE Bristol, Suite 216
Santa Ana, CA 92707
(714) 756-0681

SOUTHERN CALIFORNIA/COLORADO
Tom Boris, Greg Cruse

2082 SE Bristol, Suite 216
Santa Ana, CA 92707

(714) 756-0681

NORTHERN CALIFORNIA

Tom Boris, John Sly, Greg Cruse
1405 Civic Center Drive, Suite 4-B
Santa Clara, CA 95050

(408) 296-2573

NORTHWEST

Tom Boris

2082 SE Bristol, Suite 216
Santa Ana, CA 92707
(714) 756-0681

INTERNATIONAL

International Vice President
Eric Jeter

1200 S Post Oak Blvd
Houston, TX 77056

(713) 621-9720

U.K. AND SCANDINAVIA

David Betham-Rogers,

David M. Levitt

PennWell House

39 George St, Richmond Upon Thames
Surrey TW9 1HY England

Tel: 01 948 7866 Telex: 919775 PENWEL G

FRANCE, BELGIUM, S. SWITZERLAND

AND THE NETHERLANDS

Daniel R. Bernard

247, Rue Saint Jacques

75005 Paris France

Tel: (1) 43 54 55 35. Telex: 214235F MISIVZ
Attn: Missitex: PENNWELL

AUSTRIA, W. GERMANY, SWITZERLAND

AND EASTERN EUROPE

Heinz Gorgens

Firma Heinz Gorgens

Parkstrasse 8a

4054 Nettetal 1

Federal Republic of Germany

Tel: (49) (2153) 89988. Telex: 172153310 HIG

JAPAN

Sumio Oka & Shigeo Aoki

International Media

Representatives, Ltd

Daikan Plaza A-315

1-7, Nishi-Shinjuku 7-chome

Shinjuku-ku, Tokyo 160 Japan

Tel: (03) 369-8921. Telex: J22761 (MEDIASH)

SOUTHEAST ASIA

Seavex, Ltd

Steve Marcopoto, Jim Stanton

400 Orchard Rd, #10-01

Singapore 0923

Republic of Singapore

Tel: 734-9790. Telex: 35539 SEAVEX RS
Paul Meyer, Francis Powers

503 Wilson House

19-27 Wyndham St, Central

Hong Kong

Tel: 5-260149. Telex: 60904 SEAVEX HX

Jay G. Seo

Doobee International, Ltd

Centre Building (Byulgwan)

1-11 Jeong-dong, Choong-ku

CPO Box 4557

Seoul, Korea

Tel: 27117 DOOBEES Telex: 776-2096/8
Mr. C. S. Huang

Fidelity Development Corp

342 Fu Hsing South Rd

10th Floor, Section #1, Rm 3
Taipei, Taiwan

Republic of China

Tel: 702-4326. Telex: 21776 FIDCO
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CALENDAR

CONFERENCES

JAN 5-8—ATE West, Anaheim
Convention Center, Anaheim, CA.
INFORMATION: Elizabeth Chadis,
MG Exposition Group, 1050
Commonwealth Ave, Boston, MA
02215.

Tel: 617/232-5470

JAN 20-21—Buscon/87 West and
Syscon, Los Angeles Int’l Airport
Hilton Hotel, Los Angeles, CA.
INFORMATION: Edward Grazda,
17100 Norwalk Bldg, Suite 116,
Cerritos, CA 90701.

Tel: 213/402-1610

JAN 20-23—UniForum 1987,
Washington Convention Center,
Washington, DC.

INFORMATION: Robert Linke, 2400
E Devon Ave, Suite 205, Des
Plaines, IL 60018.

Tel: 312/299-3131

JAN 28-30—Computer Graphics
New York ’87, Jacob K. Javits
Convention Center, New York, NY.
INFORMATION: Justin Webb,
Exhibition Marketing &
Management, 8300 Greensboro Dr,
Suite 690, McLean, VA 22102.

Tel: 703/893-4545

FEB 3 & 5—Bustop Conferences,
Hotel Europa, Raleigh, NC (FEB 3)
and Radisson Orlando, Orlando, FL
(FEB 5).

INFORMATION: Edward Grazda,
17100 Norwalk Bldg, Suite 116,
Cerritos, CA 90701.

Tel: 213/402-1610

FEB 9-12—Communications
Networks ’87, Washington
Convention Center, Washington,
DC.

INFORMATION: Nancy Thayer,
CW/Conference Management
Group, Box 9171, Framingham, MA
01701.

Tel: 617/879-0700

FEB 10-12—Systems Design &
Integration Conference, Santa
Clara Convention Center, San
Jose, CA.

INFORMATION: Alexes Razevich,
8110 Airport Blvd, Los Angeles, CA
90045.

Tel: 213/772-2965
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FEB 10 & 24—Invitational
Computer Conferences, San Jose,
CA (FEB 10) and Dallas, TX (FEB
24

INFORMATION: Suzanne Hubner,
B.J. Johnson & Associates, 3151
Airway Ave, C-2, Costa Mesa, CA
92626.

Tel: 714/957-0171

FEB 16-19—Electronic Imaging
West, Anaheim Convention Center,
Anaheim, CA.

INFORMATION: Elizabeth Chadis,
MG Exposition Group, 1050
Commonwealth Ave, Boston, MA
02215.

Tel: 617/232-5470

FEB 23-26—Compcon Spring 87,
Cathedral Hill Hotel, San
Francisco, CA.

INFORMATION: Glen Langdon,
IBM Dept K54-802, 650 Harry Rd,
San Jose, CA 95120.

Tel: 408/927-1818

FEB 24-26—Nepcon West,
Anaheim Convention Center,
Anaheim, CA.

INFORMATION: Banner & Greif,
110 E 42nd St, New York, NY.
Tel: 212/687-7730

FEB 25-27—IEEE Int’l Solid-State
Circuits Conf, New York, NY.
INFORMATION: Lewis Winner, 301
Almeria Ave, Coral Gables, FL
33134.

Tel: 305/446-8193(4)

MAR 17 & 19—Bustop
Conferences, Adams Mark Hotel,
Philadelphia, PA (MAR 17) and
Sheraton National, Arlington, VA
(MAR 19).

Announcements intended for
publication in this department of
Computer Design must be
received at least three months
prior to the date of the event. To
ensure proper timely coverage of
major events, material should be
received six months in advance.
Programs and dates are subject
to last-minute changes.

INFORMATION: Edward Grazda,
17100 Norwalk Bldg, Suite 116,
Cerritos, CA 90701.

Tel: 213/402-1610

MAR 24-26—Southcon, Georgia
World Congress Center, Atlanta,
GA.

INFORMATION: Electronic
Conventions Management, 8110
Airport Blvd, Los Angeles, CA
90045.

Tel: 213/772-2965

MAR 22-26—Computer Graphics
’87, Philadelphia Civic Center,
Philadelphia, PA.
INFORMATION: National
Computer Graphics Association,
2722 Merrilee Dr, Suite 200,
Fairfax, VA 22031.

Tel: 703/698-9600

SHORT COURSES

JAN 22-23—Micro-Mainframe
Links, San Diego, CA.
INFORMATION: Yolande
Amundson, Integrated Computer
Systems, Box 3614, Culver City,
CA 90231.

Tel.: 213/417-8888

JAN-APR—MAPITOP: Networking
in Industrial Environments,
various locations and dates.
INFORMATION: Yolande
Amundson, Integrated Computer
Systems, Box 3614, Culver City,
CA 90231.

Tel: 213/417-8888

FEB 23-27—Microcomputers in
Control Systems, Washington, DC.
INFORMATION: Merril Ann Farber,
Continuing Engineering Education
Program, The George Washington
Univ, Washington, DC 20052.

Tel: 202/676-8522

FEB 24-26—Computer-Aided
Software Symposium, Atlanta, GA.
INFORMATION: Consulting
Associates, 6 Windsor St, Andover,
MA 01910.

Tel: 617/470-3870
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CIRCLE 220 for rates and information. OR CALL: SHIRLEY LESSARD 800-225-0556, in MA 617-486-9501

PROMPT DELIVERY!!!
S SAME DAY SHIPPING (USUALLY)
QUANTITY ONE PRICES SHOWN for NOV. 23, 1986

OUTSIDE OKLAHOMA = NO SALES TAX

DYNAMIC RAM
1000Kx1 100 ns

64Kxa 150 ns

256Kx1 100 ns

256Kx1 120 ns

256Kx1 150 ns

128Kx1 150 ns

64Kx1_ 150 ns

EPROM

64Kx8 250 ns

32kx8 250 ns

32kx8 250 ns

16Kx8 250 ns

8Kkx8 200 ns

8Kx8 250 ns

STATIC RAM
43256L-12 32kx8 120 ns
6264LP-15 8Kx8 150 ns

o
$10.00
$12.00

Zenith 150,

IBM PC XT, Compagq Portable & Plus; hp Vectra
V20 8Mhz
V30 8Mhz

WD ©DNC
aanRe K8RERAS

»
N
WRLNOR SANNAW

$270.00

5Mhz S117.00

NON®Oo

640 Kbyte MOTHERBOARD KITS:

80287-8 8Mhz

8087

SAT DELIVERY | MasterCard/VISA or UPS CASH COD
mcwuoeoon | Factory New, Prime Parts uPoo
FEDEX ORDERS | MICROPROCESSORS UNLIMITED. INC.
. 24,000 S. Peoria Ave.,
Fr: P-One $13/2 Ibs | BEGGS, OK. 74421 (91911“%!&1!—5'\19"61
mwuwmmmnew Shipping & insura

o
‘Cash disoount prices shown. Orders received by ﬁ‘}"mwmumnm
via Federal Express Standard Air (« $5.00, or Priority One (1 $13.00!
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ALL YOU NEED

TO KNOW

ABOUT DATA
COMMUNICATIONS
TERMINALS

Detailed product reports on display
and hardcopy terminals, including
editing, intelligent, word processing,
graphics, handheld, military, finan-
cial, and other types of terminals. In-
cludes graphics capabilities, screen
features, communications specifica-
tions, hardware characteristics, com-
patibilities, and prices. Comparative
lists for easy evaluation; Directory of
Vendors. 600 pages, loose-leaf for-
mat; updated twice each year. $215
(U.S.), $245 (foreign). GML CORPO-
RATION, publisher. To order call
Shirley Lessard: 1-800-225-05586.

CIRCLE NO. 222

Bubble-Memory
cassette ppalass

system
PR o

* Solid-state replacement for floppy disks.

* Same size and same mounting holes as 5-1/4"
floppy drive.

* 128 Kbyte or 512 Kbyte bubble cassettes.

o Full-height and half-height drives.

* Inherently non-volatile — no batteries!

e Directly compatible with Q® -Bus, VMEbus,
STD-bus, MULTIBUS, VERSABUS & IBM® -PC.

e Internal RS-232/RS-422 controller also
available. For detailed specs and applications

Y 3ubbltec

Dwvision of PC M Inc

6805 Sierra Court, Dublin, CA 94568, (415) 829-8700.
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COMPUTER
SPECS
DIRECTORY

Technical specifications for over 850
large computers, from superminicom-
puters to the most powerful
machines available. Each product
report offers current data on proces-
sor features, peripherals, communi-
cations, software, pricing, and
applications. Includes comparative
lists for easy evaluation by price, fea-
tures, and performance; Directory of
Vendors. 500 pages, loose-leaf for-
mat, updated twice each year. $215
(U.S.), $245 (foreign). GML CORPO-
RATION, publisher. To order call
Shirley Lessard: 1-800-225-0556.
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COMPUTER

PERIPHERALS
| SPECS

DIRECTORY

Over 5000 peripheral devices co-
vered in this 500 page directory. In-
cludes hard disk drives, diskette
drives, magnetic tape drives, plus all
types of printers. Product Reports
cover features, performance, inter-
faces, compatibilities, options, and
prices. Includes comparative lists by
price and features; Directory of Ven-
dors. Loose-leaf format; updated
twice each year. $215 (U.S.), $245
(foreign). GML CORPORATION, Pub-
lisher. To order call Shirley Lessard:
1-800-225-0556.
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MICROCOMPUTER
SPECS
DIRECTORY

Product reports on over 1200
micro’s, from board-level products to
multi-user supermicros. Detailed in-
formation on hardware characteris-
tics, interfacing, packaging, com-
munications, peripherals, software,
compatibility, and pricing. Includes
over 100 pages of cross-referencing
indexes to allow easy evaluation by
price, features, and performance;
Directory of Vendors. 650 pages,
loose-leaf format, updated twice
each year; $215 (U.S.), $245 (for-
eign). GML CORPORATION, publish-
er. To order call Shirley Lessard:
1-800-225-0556.
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GPIB Interfacing Problems?

We've solved them for you . . .
WITH THE NEW 2000 SERIES

Multi-unit, stackable/rackable configurations or
high-performance individual benchtop packages
® DI0-2000 Digital 1/0 Interface
e 80 TTL1/0 and Relay Driver Channels
® DI0-2010 Digital I/0 Expander
e Up to 336 Digital I/0 Channels
@ AI0-2000 Analog I/0 Interface
o 8 Differential Inputs; 2 Outputs
e +10 Volts with over-range’ 5mv res.
e 8 TTL Inputs; 8 TTL Outputs

RBTE 2760 29th Street
NGINEERING,

Boulder, CO 80301
(303) 447-8750
CIRCLE NO. 227

8048

SIMULATORS-CROSS ASSEMBLERS-
PROGRAMMERS SIM51 and SIM48 Soft-
ware Simulators run on IBM-PC, CP/M-80,
MS-DOS. Designed for validation & debug-
ging application software. Simulation in-
cludes all on chip functions plus expansion
chips. $250, one year FREE updates. For-
mats: PC-DOS 2.x DSDD, CP/M-80 8"
SSSD, many 5% ” formats. Cross Assem-
blers and EPROM Pgmrs also available.
Logical Systems Corp., 6184 Teall Sta-
tion, Syracuse, NY 13216 (315)
478-0722.
CIRCLE NO. 228

Real-Time Multitasking

PCMASCOT

Kernel for the IBM PC

e Supports MASCOT modular real-time design
methodology

e Extensive built-in debugging facilities

e Shared memory for intertask communication

e Synchronization and mutual exclusion

e Modular design and implementation approach
allows unit and sub-network testing

e Can use DOS DEBUG with application

e Can access all PC-DOS facilities

e C language interface

e Device drivers may be written in C

e No royalties

$795 includes
e software
e manual
e support
e updates

Suite 202, 544 Princess St.. Kingston. Ont
Canada K7L 1C7 (613) 548-4355
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ve you heard about Honeywell's new Model

Matrix Printer? It's revolutionary.

than any other 480 cps printer on the

With paper handling versatility that is still on

drawing boards.

wonder the 4/66 is silencing the competmon

at least three good reasons why. The unique

1t head is one. Designed to generate very low heat,

needle head is encapsulated in an anti-noise

shield. So it will make little more noise in an office than
does in this photograph.

ok at the paper handling capabilities. It changes

zally from fanfold paper to single sheets.

Together, we can find the answers.

Honeywell Information Systems ltalia

LN A QUIET
VOLUTION.

In addition, the 4/66 has automatic forms loading. Zero
tear-off feature. And all are capable of handling paper
sizes from 3" to 17" wide.

Print quality? Another reason the 4/66 stands out.
With three modes (480 cps “draft”, 180 cps “near letter
quality”, and 75 cps letter quality), up to 20 optional
type fonts and one to seven colors for graphics output.

If you're looking for a truly multifunctional printer
that will quietly revolutionize your operation, youre
looking at it now. The Model 4/66 from Honeywell. For
details call Honeywell today at 415-974-6116, or write
Honeywell Information Systems Italia, 390 Fourth St.,
San Francisco, CA 94107.
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How many more reasons do you need to Unplug your computer?

Until now, connecting 128 termi-
nals to your computer meant one
thing. A myriad of cards taking up

precious space on the backplane. And

accomplishing nothing but commu-
nications. All of which could frustrate
almost any self-respecting system

designer into hanging up his calculator.
Well, at Systech, we understand the

serial communications problems of a
multi-user system. So we developed

The Unplug™ asynchronous distributed

multiplexer that can be used with
any Multibus,® VMEbus or

Multibus® Il system.

The Unplug can take those 128 con-

nections off the back of the computer
and turn them into just one. And

presto, you’ve got all the expansion slots

you need for more important things.

Like disks. Streaming tapes. More CPU
power. A synchronous communications

processor. And your imagination.

You see, what we did was move part

of the computer’s operating system—

the part devoted to managing traffic to

and from the terminals—out of the

computer and into The Unplug. Giving

the host computer the freedom to
concentrate on more important tasks.

When you're ready to expand, you simply run one cable from the last Unplug
to the next. And you’ve hooked up 8 new users, without ever opening the
computer cabinet.

The Unplug is a trademark of Systech Corporation. Multibus is a registered trademark of Intel Corporation

We know it sounds simple. And the
truth is, it is. In fact, you might wonder
why no one thought of it before. Then
again, no one else has our commitment
to make your job easier. And a lot
more gratifying.

Just give us a call at Systech to hook
up with The Unplug. Then you can
start figuring out what you want to add
on next.

Instead of trying to figure out how to
untangle all those wires.

Systech Corporation, 6465 Nancy
Ridge Drive, San Diego, CA 92121,
(619) 453-8970.

The Unplug.

An outlet for your frustrations.
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SYSTECH -

© 1986 Systech Corporation.
The Unplug patent pending.
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