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Elevate

Your
Thinking.

The power and flexibility of
VHDL integrated into a complete
EDA environment. We call it
System-1076." It’s a comprehen-
sive architectural design and anal-
ysis tool suite. And there’s nothing
else like it.

System-1076 eliminates the barriers
between architecture and logic design.
In a single automated environment,
designers conceive and analyze a sys-
tem from the highest possible level to
its detailed implementation.
System-1076 features the industry-
standard VHDL for high-level design
description. And since hardware
designers know that a picture often
says more than a thousand words, we
developed an interactive graphical
interface.
System-1076 is more than a clever
HDL, however. Much more. VHDL
models execute directly in Mentor
Graphics’ QuickSim™ logic simulator,
and QuickGrade™ and QuickFault™

fault simulators. No translations
. required. There’s also a powerful
source-level debugger to quickly
spot architectural design flaws.

System-1076. System design
from top to bottom.

For more information about
System-1076, call toll-free
1-800-547-7390.
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We Stand Behind Every Custom Card
Cage Like our Life Depended on it.

Because it Does.

I’'m Leonid Besprozvanny, and | stand about a custom cage, for instead of Call us today for a card cage, and you'll

behind every card cage we make. Or on top an order taker you’ll be talking to an get a packaging solution. We've been build-

of it. Or whatever it takes to make it right. applications engineer. Someone who is ing tough card cages for over 30 years, and
| earned my Ph.D.-EE degree at the Union equally knowledgeable about our high- if you're already an Electronic Solutions

Scientific Institute of Tractor in Moscow, speed VME and Multibus backplanes, the customer, you know they’re tough —

where “delicate” was a dirty word. We nuts and bolts of card cage mounting, and Because our life depends upon it.

were taught that every design had to stand the BTU’s of board-level system cooling.

up to the winter in Siberia. Or else the And who knows about tough engineering,

designer would. too.

So | make sure every Electronic Solutions
card cage, whether it’s one of a kind or one
of a thousand, gets the same tough
engineering attention that assures
it will be strong as a Russian
bear.

You'll immediately
be aware of this
when you call

—Dr. Leonid R. Besprozvanny = \ﬁ i

Director of Engineering Recent ~

Custom Cages:

1. Enclosed, proprietary bused 2. Enclosed
front & rear loading 3. 12U/6U x 220mm

split 4. 4-tier, color-coded 8. 9U x 400mm
(Sun) & 6U x 160mm split 6. Trimmed-

down Multibus 7. Wall-mounted VME

8. Color-coded card slots 9. 6U x 280mm
4-slot EuroCage 10. 8-slot PC-AT compatible

a\ Electronic
& Solutions

UNIT OF ZERO CORPORATION

’ the facts'
We " FA¥ aylgl:a hurry?

Want the lateste(: than Electronic Solu-

Nothi,rlgeis fﬁﬁAx the FACTS" program:

tions' new chine, just call 6790 Flanders Drive, San Diego, CA 92121
have a FAX ma FAX
'fYOHBC‘;’O,, number, give Us yf')]l’!r:e o (619) 452-9333 Telex II(TWX): 910-335-1169
r Ci '
mberarggt;g,‘:‘;oui,"eﬁﬂiom Call Toll Free: (800)854-7086
e 10 you immediatl. In Calif: (800)772-7086
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SMC' introduces the most tightly integrated
LAN system solution ever. Plus, you can
change its stripes.

Check out SMC’s new COM90C65. Clearly, it’s a
LAN controller. But there’s also transceiver functions.
And even support logic. So, when you step back and
realize how it all comes together, you'll know we've
got a whole new, remarkable type of animal here.

It’s a single chip that takes SMC’s industry
standard ARCNET® technology to the next
generation, combining LAN controller, transceiver,
even PC bus interface all in one. Plus, it pulls “glue
chip” functions such as the crystal oscillator and
reset circuit on-board. Considering ARCNET’s highly
reliable token passing protocol, the COM90C65
is surely the most complete, tightly integrated LAN
system solution ever on this earth.

But the COM90C65 doesn’t stop there. As
tightly integrated as it is, there’s still room for SMC
to add-on proprietary functions to your specifications,
if desired. Change its stripes, so to speak. We call it
our SuperCell™ adaptability capability; using all of
SMC'’s considerable expertise to make the COM90C65
perfect for you. You'll call it incredible because it’ll
be done within budget and on time.

This approach can be applied to virtually all of
our vast library of Standard ASICs; which is why we
call them adaptable. And it means that our unique
products can make your product unique. Without all
that costly, from-scratch designing, endless engineering,
complex manufacturing and acres of real estate.

SMC® is a registered trademark and SuperCell ™ is a trademark of Standard
Microsystems Corporation
ARCNET® is a registered trademark of the Datapoint Corporation

CD—5/89
'_Yes! I'd like to know more. 3

[[] Please send me your Data Sheet on the COM90C65.

[] Please send me your most recent Short Form Product Catalog.

[] My need is immediate. Please have a salesperson call.
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COMPANY :
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|

TELEPHONE

STANDARD MICROSYSTEMS

35 Marcus Boulevard, Hauppauge, NY 11788 516-273-3100
SMC-The Better Breed Of ASICs.
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~Atabout
strange things happen to

As rise times approach 3ns, all cable/ Newer, faster logic families require Creating controlled impedance

connector assemblies become trans- controlled impedance cable assem- assembies to these standards demands

mission line assemblies. blies. Designed for high-speed per- extensive CAD/CAE use. Plus a wide
But not necessarily good ones. formance. Engineered for controlled range of specialized connector choices.

impedance and propagation rate. And  Plus the capability to custom design
manufactured for absolute conformity ~ quickly. Plus intimate knowledge of
to specifications. the various termination techniques,
including advanced wire attachment
techniques.

Our people are equipped to work

AMP is a trademark of AMP Incorporated




t=3ns,

ordinary cable assemblies.

with you early in the design stage to
provide an optimum solution to your
requirements. We help you determine
the characteristics for impedance and
propagation velocity that you need
to match timing requirements, and
the crosstalk figures you have to meet.

We engineer and manufacture
controlled impedance assemblies in
a way you’ll especially appreciate.

Our manufacturing facilities are
unmatched in the industry. Every
assembly is individually inspected
and 100% electrically tested. All
work is part of the overall statistical
process control system at AMP, and
comes under our corporate-wide
quality program.

For technical literature and more
information on high-speed controlled
impedance assemblies—for logic rise
times from 3ns down to the sub-nano-
second range—call 1-800-522-6752.
AMP Incorporated, Harrisburg, PA
17105-3608.

ANP Interconnecting ideas
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We have 8 CMOS PAL® ChlpS That
totals up to 8 million different ways to
program your logic. Quite enough of a
choice to meet your most exacting low
power logic needs. From universal PAL
architectures to zero stand-by power PAL
devices. You can have the system you
want without compromise. And without

costly delays.

Our all-purpose CMOS architec-
tures give flexibility without draining pre-
cious power. The 24-pin industry standard

PALC22VI10 uses just 90mA—even when
its running at 25ns.

If you liked us in bipolar, you
should see us in CMOS.

We have five CMOS ZPAL™ devices
based on familiar bipolar architectures.
You can use them in battery powered and
low duty-cycle applications. And they use
virtually no power when in stand-by. Two
versions are electrically erasable. You
can get the functions you're used to and
you can change your design as fast as
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you change your mind. software up to date with our parts and
What did you expect from the your needs.

people who invented PAL devices? Most important, you can get your
The largest and most experienced hands on our parts. They're all in high

Field Application Engineer force is as volume supplies.

close as your phone all during your design- Call (800) 222-9323. It's hard enough

in process. to get what you want in life without pass-
Our TestPro™ Centers give you ing up 8000000 more chances.

access to superior testing and program-

ming support. Just call your AMD sales Advanced Micro Devices .1

office for the center nearest you. Monolithic Memories [}
And we've kept the classic PALASM® 901 Thompson Place, PO. Box 3453 Sunnyvale, CA 94088,

PAL and PALASM are registered trademarks, TestPro and ZPAL are trademarks of Advanced Micro Devices, Inc. © 1989 Advanced Micro Devices, Inc
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Write SHARP WR1

File Edit Search Character Paragraph Document

WITHOUT OUR
DOUBLE SUPER-TWIST
DISPLAY,

THIS AD WOULD BE

If it weren't for Sharps new tech-
nology, chances are youd still be
trying to read the headline above.
Thats because our display screen
offers unsurpassed brightness
and clarity, with three times the
contrast of conventional LCDs.
Along with an increased viewing
angle, our double super-twist
display provides an 1mage quality
which approaches that of a
printed page.

What’s more, Sharp is the
first to successfully develop and

mass-procluce this tec}mology—

THREE TIMES
AS DULL.

which means we have DST

displays available now in

of the first hand-held calculators,

Sharp has been an innovative

quantity. Each
o ) 5 SHARP’S DOUBLE SUPER-TWIST DISPLAYS
unit is fitted with
DOT OUTLINE VIEWING DOT
MODEL # | FORMAT |  DIMENSIONS AREA SIZE
a durable CCFT WxHxD (mm) WxH (mm) | WxH
baeckls g ht for [M24010z| 240x128 176x96x22 134x76 | 0.490.49
) LM64135Z| 640x400 300x166x26 218x139 | 0.30x0.30
})rlght, clear dls‘ LM64148Z| 640x480 280x180x25.5 205x155 | 0.28x0.28
pl ay. Asi d &a c}l LM64048Z| 640x480 310x240x25 237x180 | 0.33x0.33
LM72060Z| 720x400 | 320.4x170.4x34 | 260x147 | 0.32x0.32

offers low drive
leader in LCD displays. To

find out more about our new

voltage, low power consumption,

and fewer temperature—depend—

double super-twist units, call

SHARP (01)5298757

ELECTRONIC COMPONENTS DIVISION

IFITSSHARP, IT'S CUTTING EDGE:

© 1988 Sharp Electronics Corporation, Sharp Plaza, Mahwah, N.J. 07430.

ent tone variations.

Since the clays
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NEWS BRIEFS NEWS BRIEFS NEWS BRIEFS NEWS BRIEF

Motorola unwraps 32-bit
single-chip microcontroller

Motorola (Austin, TX) has un-
veiled its long-awaited 32-bit, single-
chip controller, the 68332. The

chip, designed around General Mo-
tors’ requirements, surrounds a
modified 68020 CPU core with a
variety of intelligent peripheral
modules and 2 kbytes of static RAM.
Additional family members under
development will add on-chip ROM
to the design.

In the 68332 design, the latent
power of the 68020 CPU core is
unleashed by protecting the core
from event-driven interrupts. This
is accomplished by upgrading the
traditional serial, parallel and timer
I/0 devices into full-blown pro-
grammable processors in their own
right, capable of performing even
complex application-specific opera-
tions without CPU intervention.
The timer module, for example, can
accelerate, drive, coast and halt a
stepper motor on its own, without
CPU intervention.

Major modules on the 68332
include the CPU core, the program-
mable timer module, an intelligent
synchronous/asynchronous serial
communications module, the SRAM,
and a system integration module
(which contains most of the bus,
control and debug functions nor-
mally implemented in off-chip logic).

—Ron Wilson

Western Digital publishes
8514/A register specs

Third-party graphics software de-
velopers eager to write more efficient
code to the IBM 8514/A display
adapter will be able to get register
specifications for the IBM silicon
through Western Digital (Irvine,
CA). IBM has declined to publish
the register specification and has
insisted instead that graphics de-
velopers write to a software protocol
layer called the adapter interface
(AI). Since many feel that the Al
imposes a performance penalty,
several companies have been rush-
ing to discover the IBM register
details and produce functionally
equivalent silicon.

Western Digital is releasing the
IBM registers that the Al uses, so
developers can bypass the AI and

write directly to the registers. The
chip set Western Digital is devel-
oping, called the PWGA-1, will have
extended registers. Specifications
for these extended registers will be
offered to Western Digital’s OEMs
under nondisclosure agreement.

In addition to discovering the
register specifications, Western
Digital claims to have uncovered
a memory conflict between the
range used by IBM’s 8514/A BIOS
EPROM and that used by third-party
extended VGA. The conflict could
cause a system crash if both extended
VGA and 8514/A are used in the
same system. Western Digital is
proposing standardization on BIOS
address ranges for extended VGA
and third-party 8514/A systems. In
addition, the PWGA-1 will eliminate
the need to use an interlaced moni-
tor, a major hindrance of IBM’s
8514/A. No availability date for the
chip set has been announced.

—Tom Williams

VESA approves
extended VGA standards

The Video Electronics Standards
Association (VESA) has reached pre-
liminary agreement on a standard
BIOS interface for the 800- x 600-
pixel 16-color Super VGA mode.
The VESA standard is significant
because Super VGA, a natural
extension of IBM’s 640- x 480-pixel
16-color VGA mode, isn’t an IBM
standard. Each Super VGA card
from every vendor, therefore, has
required a different set of application
drivers. The VESA standard has
established a common mode number
(6Ah) that will let software devel-
opers write one driver for all cards
that follow the VESA standard.

Not addressed in the prelimi-
nary document is the issue of BIOS
memory-range conflict reportedly
discovered by Western Digital (Ir-
vine, CA) in its research into the
IBM silicon (see story above). Since
the document covers software
standards only, it likewise doesn’t
address the issue of differing moni-
tor frequencies. According to VESA,
these issues may be raised under
new business when the association
meets to formally organize and to
vote on the standards document.

—Tom Williams

HP buy of Apollo
draws mixed reaction

The $476 million purchase last
month of workstation pioneer Apollo
Computer (Chelmsford, MA) by
Hewlett-Packard (Palo Alto, CA)
both surprised competitors and
reassured customers. The move came
as a shock to Apollo’s competitors,
notably Sun Microsystems (Moun-
tain View, CA), which had been
exploiting the financial uncertainty
surrounding Apollo. Conversely,
major Apollo customers cheered the
move, saying the purchase removes
any financial doubts about a sup-
plier they perceive to be a technol-
ogy leader.

Perhaps most directly affected
by the purchase will be Apollo’s
major customer, Mentor Graphics
(Beaverton, OR). “We can’t imagine
a better combination than Apollo’s
technology and HP’s financial, mar-
ket and support strengths,” says
Gerard Langeler, president and chief
operating officer of Mentor. “It will
make Mentor customers feel better
about using Apollo products.”

Mentor anticipates no conflict
from HP’s growing presence in the
electronic CAE market. “They have
handled a similar situation quite
well already in their relationship
with McDonnell-Douglas in the
mechanical area,” Langeler notes.

—Ron Wilson

Sun shows new lineup
of Sparc workstations

The next generation of worksta-
tions announced by Sun Micro-
systems (Mountain View, CA) in-
cludes a number of firsts, including
Sun’s first response to Digital
Equipment Corp’s challenge in the
under-$10,000 arena and Sun’s

first use of the Cypress 7C601 Sparc
processor.

Two lines of Sparc products were
introduced: the Sparcstation 1, with
a 20-MHz LSI Logic-supplied Sparc
CPU based on the familiar Fujitsu
Sparc implementation, and the
Sparcsystem 300, using the Cy-
press Semiconductor Sparc integer
unit at 25 MHz.

The Sparcstation 1 seems in-
tended as a direct challenge to DEC’s
R2000-based DECstation 3100.

The Sun system starts at $8,995 for a

(continued on page 10)
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(continued from page 9)

desktop unit with small mono-
chrome monitor and no disk, and
quickly moves up the price curve
to a still-impressive $15,495 for a
system with color display and disk.
Sun rates the unit at 12.5 Mips. The
Sparcsystem 300, meanwhile, is
rated at 16 Mips, with prices ranging
from roughly $30,000 to $74,000.

Many design automation ven-
dors have already announced their
support for the new machines.
Vendors supporting the new systems
include Valid Logic Systems (San
Jose, CA), Teradyne EDA (Santa
Clara, CA), Cadence Design Sys-
tems (San Jose, CA) and Daisy/Cad-
netix (Mountain View, CA).

—Ron Wilson and Bill Harding

Active-matrix LCD
displays 16 colors

At this month’s SID (Society for
Information Display) conference,
IBM Japan and Toshiba America
(Irvine, CA) will demonstrate a
large, high-resolution active-ma-
trix LCD that doubles the color
capability of displays of this type.
Whereas color LCDs typically use
a triad of RGB filters to generate
eight basic colors, this prototype
14.26-in.-diagonal, 720- x 550-
pixel display uses a quad-filter ar-
rangement with a fourth, white
filter that lends two brightness levels
to whatever color is generated by
RGB combinations. “You can, for
example, have a deep, saturated
red or a kinder, gentler red,” says
Denis Arvay, manager of informa-
tion for IBM’s Research Division
(Yorktown Heights, NY).
Although the 16 colors possible
with this display are nowhere near
the 256-color capability that would
make the thin-film LCD a viable
CRT replacement for today’s color
graphics applications, its pseudo-
grayscale capability should give it
an advantage when true grayscale
versions compete on the grounds of
the depth of their color palettes.
—David Lieberman

Heavy investment
pays off for Toshiba

The recent success of Toshiba (To-
kyo, Japan) in the memory IC arena

is proof that long-term, steady
investment can earn formidable divi-
dends. In five of the last six years,
the company has outspent its rivals
on semiconductor manufacturing
and on research and development.
Not surprisingly, the Japanese
manufacturer has maintained a
dominating 30 percent market
share of the 1-Mbit dynamic RAM
market over the last two years.
That’s an uncommon achievement
in the rapidly maturing and cost-
sensitive DRAM market.

Toshiba appears ready to accom-
plish a similar feat in the 4-Mbit
DRAM market. The company has
already gained a lead in these next-
generation memories with the in-
troduction of twenty-four 4-Mbit
parts in various speeds and config-
urations. Company officials expect to
begin production on faster 60- and
70-ns devices shortly.

Toshiba is also staking a claim
to the high-speed SRAM pie. At
Electro last month, Toshiba un-
veiled a series of 1-micron CMOS,
256-kbit SRAMs with speeds of up
to 20 ns. The parts come in two
64k x 4-bit versions, one with out-
put enable and one without. The
company also offers a 32k x 8-bit
configuration and a 32k x 9-bit part
that allows for bit parity. —John Mayer

Parallel computing gets
serious...and friendly

During the next three years, the
Defense Advanced Research Projects
Agency (DARPA) will reportedly
sink $7.6 million into a project on a
massively parallel computing sys-
tem. The system will link from 20 to
2,000 processing nodes based on In-
tel’s recently announced 80860 chip.

Hypercube manufacturer Intel
Scientific Computers (Beaverton,
OR) will be responsible for devel-
oping the first prototype, code-named
Touchstone, which is slated for
first demonstration by the end of
1991. In its maximum configura-
tion, Touchstone is expected to be
able to crunch through more than
128 billion 64-bit Flops.

A significant portion of the
DARPA funds will go toward making
the prototype as easy to use as a
garden-variety workstation, accord-
ing to Justin Rattner, director of
technology at Intel Scientific. “We

expect Touchstone to improve par-
allel-computing performance levels
100 times over what they are
today,” he says, “as well as to create
a software environment to give
these powerful machines the look
and feel of conventional systems.”
—David Lieberman

Widebus doubles
/O functions

Texas Instruments (Dallas, TX)
will provide twice as many I/Os as
standard 24- and 28-pin devices by
using a space-saving, very small
outline package in its new Wide-
bus Series ICs.

Fabricated in 1-micron CMOS
technology, the products will operate
at speeds comparable to those of
advanced bipolar chips but will effec-
tively reduce the amount of board
real estate needed for line drivers,
transceivers, flip-flops and regis-
ters by using 25-mil center-to-center
pin spacings.

Designers will be able to use
each Widebus function at its full
width or as dual, independently
controlled 8-, 9- or 10-bit functions.
TI hopes to have engineering sam-
ples by the third quarter of 1989,
with production slated for the
fourth quarter. —Mike Donlin

High-speed NuBus boards
debut at Electro/89

In addition to the April Electro/89
introduction of its MXIbus backplane
bus, National Instruments (Aus-
tin, TX) chose the same conference to
introduce two very high-speed
data-acquisition board additions to
the company’s line of Macintosh II
NuBus products. One of these boards
samples waveforms on one of four
available channels at rates of up to 1
Msample/s with a 12-bit resolution,
says Audrey Harvey, engineering
manager. Use of all four channels
simultaneously allows sampling at
250 ksamples/s on each channel.

In addition, a 32-bit block-mode
DMA interface board offloads some of
the work of the Macintosh II co-
processor by transferring data from a
compatible data-acquisition board
directly to memory. This offloading
also lets the Mac II function as a
GPIB controller.

—Syd Shapiro
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Who gave Sun
a license fo speed?

Sun’s new SPARCstations 330,
370 and 390 deliver 16 MIPS.

The engine? Our 7C601 RISC
CPU, running at 25MHz.

An engine that is also available
at 33MHz, for up to 24 MIPS. It is
part of a complete RISC chipset
that includes memory manage-
ment, multiprocessing, floating
point, and cache, all tailored to

give you high performance at very

competitive prices. '
Plus access to the

broadest library of appli-

cations, software, utilities,

*1-(800) 387-7599 in Canada

Hot Rod RISC.

languages, graphics, and producti
ity software available under the Sun.

Cypress Hot Rod RISC )1
Another blast from our latest data
book. Call for your copy.

Data Book Hotline:
1-800-952-6300
Ask for Dept.

caa

220 in Europe. ©1989 Cypress Semiconductor, 3901 North First Str

San Jose, CA 95134 Phone: (408)943 y 821032 CYPRESS SNJ UD, TWX: 910-997-075
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Oki helps you achieve faster, easier
DSP application development with a
complete portfolio of support tools.

Oki Semiconductor meets your DSP needs by
bringing you the best price/performance available,
with our MSM6992 and MSM699210 DSP devices.
We also offer powerful hardware and software support
tools at various price points to speed and simplify
your DSP application development.

A full set of powerful DSP support tools

»  Software Simulator—the SIM92 simulates all
internal operations of the MSM6992/10 devices,
allowing you to test routines without hardware. It
utilizes the emulator command set and offers
advanced options such as a dump-restart facility,
efficiency parameters, and histograms.

»  High-Level Language—the OSL92 programs

as a subset of C and speeds DSP software
development, with one line of OSL92 code equivalent
to six lines of assembly code. Specifically tailored

for the 6992 architecture, it exhibits remarkable
performance when compared to hand-assembled
code, with efficiencies of up to 95%.

»  Emulators—OKki offers a choice of stand-alone
in-circuit emulators for real-time emulation, with the
EMU92 and EMU92L.

»  Software Libraries of User Routines—these
libraries contain many of the most commonly used
routines in DSP programming.

»  Development System—the PSP92 permits real-
time processing of analog signals through separate
“digital” and “analog” PC-AT cards. It also allows
for sophisticated 16-color EGA-compatible graphics.

CIRCLE NO.

The best DSP
choice

Oki’s full
complement of DSP
supports tools have
the power to help
you get your product
to market faster.
And Oki makes them
easy to use. They
are all PC-based,
fully documented
and use the same debugger language. So if you are
evaluating DSPs for a new design, make the smart
choice. Oki gives you the devices and the support to
streamline your DSP application development.

l—_ CD0589

Streamline DSP with Oki

[ Please send me your new brochure

Keys to faster, easier DSP application development

containing detailed technical data/specs on Oki’s MSM6992/10
DSP devices and complete portfolio of DSP support tools.

[ Please call, we have immediate needs.

Name lgusiness Ph)one
Title

Company

Street Address

City State Zip Code

Mail coupon to:
Marketing Communications, Oki Semiconductor, 785 N. Mary
Avenue,

unnyvale, CA 94086. Or call (408) 720-1900.

SEMICONDUCTOR



H EDITORIAL

The time's
arrived for a
show where

system designers
can kick
all the tires.

John C. Miklosz
Associate Publisher/
Editor-in-Chief

Where can you go
to kick the tires?

I f you're interested in ICs, that’s a tough question to answer. The
second and third weeks in April brought the spring blossoming of
electronics/computer shows. There was Electro in New York City,
Comdex Spring in Chicago and NCGA in Philadelphia. But there’s
been a shift in focus in these shows over the past few years, which is
making it hard for a designer or a design manager whose primary
interest lies in ICs—microprocessors, SRAM and DRAM, A-D
converters, op amps, PLDs, etc., etc.—to find enough to make it
worthwhile to trek to the Big Apple, the Windy City or the place
where W.C. Fields would rather be.

In this regard, Electro was a complete bust with no more than a
half-dozen IC vendors showing their wares, among them Advanced
Micro Devices, Analog Devices, Harris and Toshiba. An interest in
design and development tools goes hand in hand with an interest in
ICs, and here the representation was equally sparse with only Data
/O, P-CAD, Orcad and a few smaller players making a showing. And if
you wanted to “kick the tires” at each of these vendors’ exhibits, you
had to hunt them out from a Miracle Mile of connector, cable, cabinet,
switch, power supply and passive component vendors.

It’s not that I have anything against cabinet, power supply and
switch vendors; after all, you don’t power up the microprocessor until
you’ve turned on the switch. But there’s no conference or exhibition
running today —not Electro, not Wescon, not Comdex, not even the
Design Automation Conference—whose primary appeal is to the
designer or design manager who wants to talk about, learn about or
sample the full breadth of the latest architectural components. By
architectural components, I mean those components that determine
the intrinsic functions, performance and features of an electronic/
computer product or system. Microprocessors, RAMs, EEPROMs,
peripheral interface or controller chips, for example, are architectural
components. So are single-board computers, graphics controller
boards, digital-signal processor boards and I/O boards. And so, too, is
software—operating systems and real-time kernels, for example.

From studies we’ve done of our readers, the odds are better than
60/40 that if a designer is using off-the-shelf boards, he (or she) is also
designing boards or subsystems using standard ICs or ASICs. The
reverse is also true; a large percentage of designers developing their
own boards or subsystems are interested in off-the-shelf board-level
products because there’s no point in building what you can go out
and buy.

For the most part, designers and, especially, design managers can
no longer be pigeonholed into chip-level or board-level, or even
hardware or software. More often than not, their responsibilities and
interests span the complete spectrum of architectural concerns and
architectural components. The time’s arrived for something we’d call
the Architectural Components Conference and Exposition. The time’s
arrived for a show where system designers can kick all the tires.
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Check DY-4 for the widest choice in VIMIE
commercial, ruggedized and Mil-Spec NDI

DY-4 NDI

PRODUCT | COMMERCIAL | RUGGEDIZED | MIL-SPEC |
Dy 4 offers the widest variety of Single Board Computers (680x0/88000) | v v ‘ v
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All Star Line

Tackle your application with Mizar’s
STD Bus products.
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You'll rush toward the goal line with STD Bus boards
from Mizar. We've been attacking diverse applications
for more than a decade, from process control and ATE
to data communications and medical electronics. With
proven reliability and performance, Mizar's STD boards
can score touchdowns for your team. All at prices that
are simply unbeatable.

Plus, Mizar has STD Bus boards for every application
need: CPUs, memory cards with up to six MB of DRAM,
serial and parallel I1/0, and peripheral controllers. Put
Mizar in your STD lineup. Call today. 1-800-635-0200.

Mizar. The shortest distance between concept and reality.

MIZAR

1419 Dunn Drive * Carrollton, TX 75006 « (214) 446-2664

CIRCLE NO. 9 ©1989, Mizar, Inc.
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have been rating this magazine
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live up to your expectations.
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Why the TP32V

is the best single board computer

e The Design

e The Philosophy e

For optimum system performance from a single IEE1014  DMA driven SCSI transfers, on-board I/0 and ethernet and
VME board, the TP32V with its 16-33Mhz MC 68030 has a  advanced dram arbitration techniques.
tightly coupled processor memory design, 4Mb/sec sustained

* The Specification e

MC68030 16-33MHz NCR 53C90 DMA-driven synchronous or asynchronous
MC68450 4-channel DMA controller SCSl interface e Floppy disk controller

e 4Mb multi-ported nibble-mode DRAM Full VME Rev C.1 IEEE 1014 interface

AMD Lance IEEE 802.3 Ethernet with DMA 64-512Kb EPROM e Battery-backed RTC/SRAM
78530 SCC giving two DMA-driven RS232 sync/ Full debug monitor e Optional MC68881/2 FPU
asynchronous ports and two further RS232 asynchrous ports TP-IX/68K version of UNIX V.3.1* e NFS, RFS,TCP/IP

e The Evidence e

TP-32
T

Ta}/g’ole Technology

driving force in 32-bit design
Titan House, Castle Park,Cambridge CB3 0AY, UK 1601 Trapelo Road, Waltham, Massachusetts, 02154, USA 2157 0'Toole Ave., Suite F, San Jose, California, 95131, USA
Fax: 0223 460727 Tel: 0223 461000 Fax: 1-617 890 7573 Tel: 1-617 890 8898 Fax: 1-408 435 8482 Tel: 1-408 435 8223

Or outside Massachusetts call 1-800-232 6656
Unix is a trademark of AT & T Ethernet is a trademark of the Xerox Corporation VHTX is a trademark of Ready Systems *TP-IX V.3.1 is derived from Unix V.3.1 CIRCLE NO. 10



B TECHNOLOGY UPDATES

Ron Wilson, Senior Editor

ecognizing that it must defend

the IBM PC market against

RISC chips, Intel (Santa
Clara, CA) has taken an unprece-
dented gamble: going for both 20-
Mips performance and complete
80386 binary compatibility at the
same time in one CPU: the new
80486. But the cost of 1.185 million
transistors—the largest transistor
count ever attempted for a mass-
production product—is startling.

The monster die has an 8-kbyte
cache, an 80386-compatible memo-
ry-management unit (MMU) and an
80387-compatible floating-point unit
(FPU) on-chip. The chip maintains
binary compatibility all the way
from 80386 instructions to trigono-
metric codes for the FPU and the
venerable 8086 compatibility mode.

The 80486 designers carefully
culled good ideas from the latest
RISC CPUs and incorporated those
notions into a machine that would
execute the 80386 instruction set.
The innovations begin with sharply
reduced clocks per instruction in the
execution units of the 80486. But
this RISC-like timing forced the de-
signers to carefully nurture band-
width throughout the CPU and
memory system.

The first challenge for the design-
ers was to reduce the number of
clock cycles per instruction on the
existing instruction set. As in RISC
machines, most 80486 register-to-
register operations require only one
clock cycle. Load and store instruc-
tions also take a single cycle, with
the loaded data available to the next
instruction. “This data had to be
available immediately,” explains
Bill Rash, 32-/64-bit microprocessor
product manager, “because in many
386 programs, the data is used in the
instruction right after the load.”

B Fighting for bandwidth

The ability to execute one instruc-
tion per clock puts enormous stress
on memory bandwidth. Clearly, the
execution unit’s speed can only be
maintained by using caches with
very good hit rates. Most recent

Intel 80486 carries complex
instruction set to RISC speeds

.

RISC designs have chosen to use
separate code and data caches, off-
chip, to keep the execution unit fed,
but the 80486’s single external bus
makes this approach impossible. In-
stead, the chip architects chose to
put a large primary cache on-chip.

Once the cache moved onto the
CPU, cache design became a trade-
off between performance and space.
To select their approach, the archi-
tects took traces of existing OS/2 and
Unix codes, and simulated various
strategies. Their choice was an 8-
kbyte unified, code and data, four-
way set-associative cache. “On our
samples, this cache delivers a 1 to 5
percent miss rate on DOS programs,

and only 6 to 8 percent on Unix
programs,” claims Rash.

With only a single cache, though,
there’s still a throughput problem.
Since the cache can only be read
once per clock, the designer has to
find a way to get more than one
word per read. Otherwise, all the
cache bandwidth would be taken by
instruction fetches, and the designer
would have to stall the CPU to get in
a load or a store.

Intel’s solution was wider data
paths: data flows over a pair of 32-bit
buses, and instructions are loaded
into the 32-byte prefetch queue 16
bytes at a time. So the prefetch unit
can swallow up several instructions
in one clock, leaving the cache for
higher-priority loads and stores.

The chip designers achieved sim-
plicity—and saved space—by using
a unified cache instead of separate
code and data caches. Other simplifi-
cations they chose include a clever

THE 80486 CPU
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Starting with nearly 1.2 million transistors, Intel packaged a CPU, a floating-point unit, a
memory-management unit, and a cache onto a single die for the 80486.
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218t Century CMOS Technology, NOW

0.4 micron/6ns SCRAMSs

First of a New Generation of 3.3V Center-Pin
Power and Ground Products.

Performance now offers two 6ns SCRAMs: P3C3148 1Kx4 and P3C3147
4Kx1. These SCRAMs are superfast Static CMOS Random Access
Memories. Future superfast products, using center-pin power and
ground with a 3.3 volt power supply, will include SCRAMs with 4Kbit to
256Kbit densities and popular logic parts such as buffers, transceivers,
latches, flip-flops, comparators, registers and gate arrays.

‘It has been clear for some time that the primary consideration which could
limit the use of future generations of CMOS technology in the highest speed
applications were issues associated with constraints that have been
hangovers from bipolar TTL circuit implementations. If those constraints
are not removed, then either performance will be compromised or serious
application problems will result. It is easy to see the value of the changes
that are needed to take maximum advantage of the attributes of the fine
line CMOS technology in the sub half-micron regime (PACE IIl). Therefore,
we have decided to invest a significant part of our Company’s technical and
marketing resources to help make the
transition from a TIL environment to
an optimized CMOS environment.

As the 3.3 volt supply, low lead
inductance product line emerges

with 0.4 micron PACE IIl Technol-
0gy, the uncompromised perform-
ance will overcome resistance to
change and we will have a

Tom Longo

kinder & gentler’ speed.”

CIRCLE NO. 11

4K Bit Density Static RAM Speeds
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0.2
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Performance’s PACE 11 Technology,whichfeatures 0.4 micron effective
gate length, 0.75 micron line widths and 250ps gate delay, offers a 40
percent speed improvement evenwith a 35 percent voltage reduction.
Superfast 6ns SCRAM performance is available now with significantly
lower power dissipation.

Typical Address to Dataout Delay: 4Kx1 SCRAM

Performance’s superfast 3.3 volt products incorporate multiple center
power and ground pins as well as reduced signal swings to dramatically
reduce ground bounce and simplify signal interconnection issues such as

reflections, cross talk and ringing.

For further information or to order SCRAMs call or write:

PERFORMANCE

SEMICONDUCTOR CORPORATION

610 E.Weddell Drive, Sunnyvale,CA 94089 (408)734-9000

PERF0001/S



B TECHNOLOGY UPDATES

“sort-of least-recently-used” replace-
ment algorithm, as design manager
Pat Gelsinger describes it, and a
write-through, rather than copy-
back, policy.

B Dealing with on-chip cache

But putting the cache on-chip has
important implications for other
parts of the system design. For one
thing, the on-chip cache virtually
requires that the MMU be on-chip as
well. This has been Intel’s policy

Using ideas from
RISC architectures,
Intel’s 80486

great improvement in performance.”
Intel claims the chip is capable of 6.1
MWhetstones.

Another serious challenge posed
by the on-chip cache involves only a
few Intel customers: those who use
multiple CPUs in servers or parallel
computers. Here there are a number
of issues.

First is the bus bandwidth. If one
chip uses 50 percent of the bus,
a five-chip multiprocessor system
should spend most of its time wait-

reaches perfor-

mance levels 45
previously reserved 40
for RISC purists <>
but maintains | 9 3 ;
80386 object | &
compatibility. | ©
Jo 25 -
7
>-
T 20
o)
X 15

>

80486

32-BIT PROCESSOR PERFORMANCE

SPARC 88000
(ALL AT 25 MHZ)

R3000

since the 80386, and the full 80386-
compatible MMU has the familiar
segmentation and paging units.

A more important issue involves
coprocessors. Any coprocessor that
has to have ready access to the in-
struction stream at high speed will
have to be on the chip too, since the
instruction stream runs between the
cache and the execution unit, not
directly out of main memory. This
required Intel to put an 80387-com-
patible FPU on the chip.

Rather than just duplicate the ex-
isting coprocessor, the design team
decided to reimplement the FPU
from a functional description. The
unit executes the 80387 instructions,
but with entirely new hardware.
One result is a substantial decrease
in clock cycles. “We were able to cut
down on cycles per instruction in the
FPU by a factor of 2.5 to 3,” Gel-
singer says. “That improvement, to-
gether with eliminating the off-chip
handshaking and having a 64-bit
path into the cache, has meant a

ing for bus cycles—hardly ideal. The
solution is more caches. “It’s abso-
lutely essential to use secondary
caches with the 486 in multiproces-
sor configurations,” says Gelsinger.

To keep the demands manageable
in shared-memory systems, design-
ers will need to deploy large copy-
back caches between the 80486 and
the central memory. “In addition, it’s
very important to support the burst-
mode operation of the memory bus,
and to do everything possible in the
memory design to keep write cycles
down to at most one wait state,” says
Gelsinger. In practice, that means
using nibble-mode or page-mode dy-
namic RAM, or interleaving, to pro-
vide the 106-Mbyte/s bursts the
voracious CPU demands, and pro-
viding write buffers in the memory

cache’s four-word write buffer and
the paging unit’s translation buffer,
that need to be kept coherent. Any of
these devices could have its data
invalidated by another processor.
The 80486 solution is extensive bus
snooping, using the chip’s address
pins as inputs when another device
is driving the external bus.

The 80486 approach to multipro-
cessing contrasts sharply with that
of the 64-bit 80860 CPU, which re-
lies entirely on software for coher-
ency management. The difference
turns out to be another reflection of
Intel’s commitment to compatibility:
“We felt we had to support the 80386
customers who were using the chip
in tightly coupled multiprocessing
architectures,” explains Rash.

That commitment to compatibility
is one of the most remarkable
threads running through the 80486
architecture. Binary code compati-
bility is an essential component of
the commitment. But it’'s evident
from the details of the design that
the 80486 architects attempted to
preserve not only the function, but
even the performance of existing
80386 software.

A memory-to-register add takes
the same number of cycles as a
RISC-style register load followed by
a register-to-register add, for exam-
ple. Software vendors won’t have to
change coding techniques, or compil-
ers, to get excellent performance
from the new chip, despite the
80486’s focus on pipelining and sin-
gle-cycle instructions.

In perspective, the new CPU is an
object lesson in the application of
new technology. The Intel architects
have studied at the temple of RISC,
but they haven’t worshiped there.
Instead, they have systematically
taken the best lessons in system
design from the RISC school and
applied them in the context of the
most widely used architecture in the
computer industry. The result is a
microprocessor that will carry the
enormous body of PC software into
the performance range once occupied
only by the best of the RISC CPUs.[]

system to keep the DRAM write
cycle time from holding up the bus.

The second major design issue in
multiprocessor systems is coherency.
There are lots of subsystems in the
80486, including the cache, the

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
number on the Reader Inquiry Card.

Intel
(408) 765-4581
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How P-CAD Put A
mile On Over 10000
PCB Designers

I |
COSTS

Lower costs and higher productivity
add profits to your bottom line.

Work with P-CAD" and you’ll be
smiling every time you finish a design
orafiscal year.

Because we know successful
PCB design requires more than soft-
ware alone.

That’s why we offer the industry’s
most complete PCB design solution.
Including training. Superior tech
support. User groups. Bug reports.
Plus, the best maintenance, upgrades,
user guides, and reference documenta-
tion you’ll find.

| |

REVENUES

All elements that help reduce
redesign, project delays, rework, and
manufacturing costs. But even all that
wouldn't mean much if our system
didn’t deliver. And it does!

P-CAD software is modular, with

aconsistent system command structure.

Learn one and you know how to use
all our modules. That means greater
productivity and lower training costs.

P-CAD also works with all
current technologies— SMT, analog,
high speed, and fine line. So designers
who use P-CAD will always be the
most competitive.

You get a complete, upward
migration path, too. As your require-
ments grow, you can take your P-CAD
investment with you. No throw-away
software. No obsolescence.

Architecture? It’s “open” for easy
integration with CADAM? AutoCAD;
Ventura; Interleaf,” and other CAD

environments. So your options are
open now, and in the future.

Finally, with over 10,000 users
in 37 countries, we have the largest
installed base in PCB design. So when
you're looking for experienced P-CAD
designers, there’s no need to look far.
They’re everywhere.

Let us show you how increasing
PCB productivity can
enhance your profits.
Call now for details
and a free copy of
our PCB CAD
Buyer’s Guide:
800-523-5207,in ™%
California, 800-628- 8748, -

What we have to say will make
you smile. P-CAD, 1290 Parkmoor
Avenue, San Jose, CA 95126.

l PERSONAL CAD SYSTEMS INC.

P-CAD is aregistered trademark of Personal CAD Systems, Inc. CADAM is a registered trademark of CADAM, Inc. AutoCAD is aregistered trademark of Autodesk, Inc. Ventura is a registered trademark of

Xerox Corporation. Interleaf is a trademark of Interleaf, Inc.

CIRCLE NO. 12



B TECHNOLOGY UPDATES

INTEGRATED CIRCUITS

Ron Wilson, Senior Editor

hile many of the architec-
tural details aren’t yet
available, it's clear from

early information that the 68040 from
Motorola (Austin, TX) and the 80486
from Intel (Santa Clara, CA) have
gone down very similar roads in most
aspects of CPU design. Yet differences
do exist, and these differences will
probably influence the pattern of de-
sign wins for the two chips.

The 80486 and the 68040 use a
similar number of transistors, about
1.2 million, to implement the same
on-chip functional blocks: an integer
execution unit, a floating-point unit
(FPU), a memory manager, large
caches and a sophisticated bus con-
troller. Both chips retain strict ob-
ject-level compatibility with existing
members of their respective families,
while adding a few new op-codes.

68040 moves toward RISC camp
with redesigned pipelines, caches

And both chips boast significant per-
formance improvements over their
previous-generation relatives. Mo-
torola hasn’t released official figures,
but rumor puts the 68040 speed at
around 13 Mips.

The two vendors have taken very
similar paths to increased perfor-
mance, using a three-step process:
first, redesigning integer and float-
ing-point execution units to empha-
size deep pipelines and single-cycle
execution; second, moving the FPU
on-chip to eliminate interpackage
delays; and third, feeding both exe-
cution units from very large on-chip
caches.

B A different cache strategy

One of the key parts of this perfor-
mance strategy is that everything
depends on the caches. If the cache

THE MOTOROLA 68040
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miss rate is high for a particular
application, that application will be
slow on the new chip at any clock
frequency. So both Intel and Motor-
ola teams have paid careful atten-
tion to cache design. And in this one
area, their strategies have diverged
significantly.

Both the 80486 and 68040 caches
are organized as four-way set-asso-
ciative systems. Each chip reported-
ly has a total of 8 kbytes of cache.
And the caches in both chips were
designed from simulation data taken
from customer code. But there’s one
big difference—unlike the 80486,
the 68040 has two separate caches:
one for instructions and one for data.

“We have maintained the on-chip
Harvard architecture we pioneered
with the smaller caches in the
68030,” explains Jeff Nutt, technical
marketing manager. So to deal with
the problem of contention between
fetch and data cycles, which Intel
fights by extra-wide buses, the
68040 uses parallelism. Instruction
fetches and data reads/writes can
occur simultaneously because they
happen in separate caches.

Motorola has added a further de-
gree of sophistication to the 68040
cache controllers. The chip can oper-
ate its caches in either write-
through or copy-back mode. This
difference would appear to help less-
en bus-bandwidth problems on some
routines, although it complicates de-
sign of on-chip cache coherency
hardware. Motorola claims other sig-
nificant advances in bus manage-
ment but is unwilling to discuss
them due to patent requirements.

The most important observation
about the two chips may be not their
differences, but their similarities.
Both have taken a CISC architec-
ture to a new level of performance by
reducing not the instructions, but
the clocks per instruction. And be-
cause CISC architects have learned
from their enemies, both designs
may succeed in fending off chal-
lenges from RISC CPUs. O

The 68040 maintains the dual-bus Harvard architecture Motorola introduced with the
68030 CPU. But the new CPU brings floating point on-chip and enlarges the on-chip caches.

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
number on the Reader Inquiry Card.

Intel
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Motorola
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[tyou're in the market
fora UNIX workstation,
we're the compary
youshould be

talking to.



$5490 $6490 $9400

DN3000 with 15" 1024 x 800 monochrome display ~ DN3000 with 19" 1280 x 1024 monochrome display DN3000 with 15" 1024 x 800 color display

$8490 $9490 $9990

DN3500 MC68030-based workstation with DN3500 MC68030-based workstation with DN3000 with 15" 1024 x 800 monochrome display
15" 1024 x 800 monochrome display 19" 1280 x 1024 monochrome display and a 155MB ESDI disk

We can talk price.

We'd like to begin this conversation by making six points. Price points, that is.

Because within our family of UNIX®workstations are six machines whose prices are as low as their
technology is high.

Take for example, our family of personal workstations. Machines that offer superior networking
ability and even MC68030 performance for less than $10,000.

Prices that become even more impressive when you realize they include 4MB of memory, a floating
point coprocessor, an IBM PC AT®-compatible bus, and a choice of Ethernet® Apollo® token ring, or IBM
token ring networks.

So when you're ready to talk price, ask us about our Series 3000™ and Series 3500™ Or better yet,
just let the numbers speak for themselves.

apollo
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We can talk performance.

Price isn’t the only attribute of our workstations that speaks for itself.

Recent tests pitting the Apollo Series 10000™ against workstations, minis, superminis and main-
frames declared the 10000 an undeniable victor. Expertly running complex applications up to seven
times faster than its challengers.

Such an outcome could hardly be achieved by conventional means. Instead, the Series 10000
required an entirely new architecture, making it the only office-sized UNIX® server and workstation to
yield true supercomputer performance.

With up to four CPUs, the 10000’'s PRISM™ architecture delivers performance 100 times that of a
VAX® 11/780. Yet costs as little as $6500/MFLOP, one-tenth that of the competition.

All of which suggests that if extraordinary performance is what you're after, the Series 10000 from

Apollo will leave you speechless.
apollo
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Andwe can talk to any computer
youd ever want to talk to.

The only story bigger than our performance capabilities is our open computing environment. As a
founding member of the Open Software Foundation, Apollo is committed to providing a broad range of
computing alternatives

Today every Apollo workstation can communicate over OSI, DECnet,® Ethernet or IBM token
ring networks and accept VME-, SCSI- or PC AT-compatible equipment. Our support for UNIX®
(Berkeley 4.3 and System V.3 SVID compliant), MS-DOS™ and X Window System™ assures that your
application software is truly portable. And our adherence to standards such as PHIGS and GKS stream-
lines graphics-intensive applications.

Whats more, Apollo’s de facto industry standard for distributed computing, the Network
Computing System,” allows users to share data and computing power in a single integrated environ-
ment. Resulting in a new way of computing that’s both more elegant and more efficient than any other.

Give us a call soon. You'll find that our actions speak even louder than words.

apollo

For more information, call 1-800-323-1846 (Massachusetts, 1-800-847-1011) or write Apollo Computer, 330 Billerica Road, Chelmsford, MA 01824

Apollo is a registered trademark and Personal Workstation, Series 3000, Series 3500, Series 10000, PRISM, and Network Computing System are trademarks of Apollo Computer Inc
UNIX is a registered trademark of AT&T. AT is a registered trademark of International Business Machines Corp. Ethernet is a registered trademark of Xerox Corporation. VAX and
DECnet are registered trademarks of Digital Equipment Corporation. MS-DOS is a trademark of Microsoft Corporation. X Window System is a trademark of MIT
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Vendors ponder interconnect schemes
in search for new PLD architectures

Ron Wilson, Senior Editor

he avalanche of programmable
logic architectures started with

one bright idea: that sum-of-
products combinatorial logic could
be embedded in a chip’s intercon-
necting circuitry. Since those orig-
inal combinatorial devices, PLD
vendors have shifted their attention
from the interconnecting logic to the
/O macrocells, resulting in an al-
most obsessive fascination with in-
creasingly complex macrocell
designs. But recent product an-
nouncements from such vendors as
Intel (Folsom, CA), Signetics (Sun-
nyvale, CA) and International
CMOS Technology (San Jose, CA)
have focused attention back on the
interconnection scheme as a way to
beat the growing complexity of PLD
designs.

Several vendors, most recently In-
tel, have observed that in some ap-
plications only part of the inter-
connecting logic is really needed in a
PLD. In address-decoding applica-
tions, the full sum-of-products struc-
ture isn’t necessary—the product
terms are used directly to enable the
other chips in the system. So by
stripping away all of the OR circuit-
ry from the typical PAL design,
these vendors can build an extreme-
ly fast address decoder.

The Intel 85C508 address decoder
illustrates this principle. From 16
dedicated inputs, the chip derives
eight product terms, via a single
AND array. Each of these p terms
goes unmodified through a transpar-
ent latch, clocked by an address-
latch-enable signal, to one of eight
dedicated outputs. The design’s ex-
treme simplicity liberates most of
the potential speed of Intel’s
CHMOS IIIE process, resulting in a
7.5-ns propagation delay.

B Back to the full OR array

In its most recent device, Signetics
has reexamined the sum-of-products
interconnection for a different set of
reasons. To meet the special needs of
state-machine designers, the compa-
ny has pioneered the use of fully
programmable OR arrays, feedback

terms and buried registers. These
innovations have mostly been of-
fered in proprietary sequencer de-
signs rather than in standard
PAL-like formats.

But designers haven’t exactly
flocked to the proprietary Signetics
sequencer designs. “People are still
building sequencers out of conven-
tional 22V10 PALs,” laments Joel
Rosenberg, PLD marketing manag-
er at Signetics, “even though it
means giving up all of the features
intended specifically for state-ma-
chine designs.”

Upon investigation, the Signetics
team discovered that several factors
contributed to this obstinate re-
sponse. Some designers were simply
unaware of the Signetics family.
Others didn’t understand the issues,

B TECHNOLOGY UPDATES

or didnt want to learn a whole
new—and admittedly complex —part
when they could get the job done
with something familiar.

So Signetics decided not to fight it.
The design team created a program-
mable sequencer, with all of the
usual Signetics features, in the for-
mat of the ubiquitous 22V10. The
part, called the 42VA12, may be the
industry’s first attempt to deal with
both design problems and designers’
problems.

The new part has the pinout of a
22V10. In fact, according to Rosen-
berg, the VA12 can use the same
development tools and JEDEC files
as a 22V10 when the new part’s
unique features aren’t in use. “That
compatibility, combined with the in-
ternal sequencer design features,
should make the VA12 the next
generic multifunction part,” says
product manager Kathryn Douglas.

In addition to the standard 22V10
AND array and configurable macro-
cells, the 42VA12 adds a number of
specific improvements. Most obvious

THE INTEL 85C508
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leaving a very fast
device that brings
p terms directly

to the chip out-
puts. Via a single
03 | AND array, the chip
derives eight p
terms from 16
dedicated inputs.
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is the OR array, replacing the
22V10’s notorious p-term allocation
scheme with complete PLA flexibil-
ity. The new part also provides a
complement-array term, as used in
Signetics’ sequencers, and elaborate
control over macrocell flip-flop func-
tion and clocking.

Perhaps most significant for de-
signers who must bury registers
within their chips, the VA12 has
altered the macrocell to completely
isolate the flip-flop from the I/O pins.
Each macrocell contains not only a
flip-flop, driven by a pair of OR
terms, but an additional, “bypass”
OR term.

This latter term feeds back into
the AND array, but it can also be
routed past the flip-flop to the I/O
pin. A macrocell thus can still drive
its I/O pin with a combinatorial out-
put, even if the macrocell is already
being used as a buried register and a
combinatorial feedback path.

Signetics hopes that the part’s
similarity to the 22V10, together
with the added sequencer features,
will appeal to designers who haven’t
used programmable sequencer parts

in the past. In many designs, the
added features save not just p terms
but whole packages.

B Halfway toward gate arrays
While Signetics is working to widen
the audience for its ideas on se-
quencers, International CMOS Tech-
nology (ICT) has also been
reexamining the all-important inter-
connect of PLDs, but for yet another
reason. ICT wanted to bridge a per-
ceived gap between conventional
PALs and denser field-programma-
ble gate array designs.

“Users of programmable gate ar-
rays have great flexibility and cir-
cuit density,” says Robin Jigour,
director of marketing at ICT. “But
they often have to redesign and re-
test the circuit several times before
it works, because the timing effects
of automatic placement and routing
can be so unpredictable.”

These timing discrepancies can
creep up in at least two ways, says
Jigour. First, since the individual
logic elements on field-programma-
ble gate arrays have low fan-in, de-
signs must use many levels of logic

The Signetics PLC42VA12 may look like a typical 22V10 PAL on first inspection. In fact,
the device is 22V10-compatible. But the VA12 adds a full OR array and several details in the
macrocell design to increase the part’s flexibility.

to emulate a high-fan-in gate. Sec-
ond, the placement and routing pro-
cess itself can introduce significant
unanticipated—and unsimulated —
delays into a circuit.

ICT wanted to develop a PLD that
could combine the density of gate
array-like devices with the timing
predictability and wide fan-in of con-
ventional PALs. The company’s pur-
suit took it back once again to the
design of PLD interconnecting logic,
to develop a synthesis of gate array
and PLA architectures.

The result is the Peel array fam-
ily. Like all other PLDs, the Peel
arrays use a combination of inter-
connect and logic cells. But the topol-
ogy of the new devices is unlike any
other in the industry. Instead of a
chip composed of a large AND array,
perhaps an OR array, and a group of
/O macrocells attached to I/O pins,
the Peel arrays are—like field-pro-
grammable gate arrays—an array of
macrocells. But unlike field-pro-
grammable gate arrays, which don’t
embed logic functions in their inter-
connect, the Peel arrays use PLA-
style sum-of-products interconnect.

Perhaps the most helpful way to
visualize the device is as a huge
conventional PLA, with both AND
and OR arrays, but with a very large
number of logic macrocells. The
smallest Peel array has 20 cells, the
largest 40. These logic cells aren’t
dedicated to any particular pin: a
signal can be taken from either the
flip-flop or an OR term in any logic
cell to any pin. Similarly, any pin
can serve as an input to the AND
array. The design results in a dense,
extraordinarily flexible logic array
that retains the virtues of high fan-
in and predictable delays.

The physical implementation of
the device is quite elegant. There
isn’t a single AND array, but rather
a series of AND array strips that go
horizontally across the chip. Similar-
ly, the OR array is broken into a
series of vertical strips. This lattice
of arrays forms a matrix of open
spaces on the die, into each of which
is placed a logic cell. '

Each logic cell in a column draws
four OR terms from the vertical OR
strips to its left. Outputs from the
logic cells in a column can go either
to a pin-driver cell or to a vertical
strip of input lines immediately to
the right of the column. These input
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SOLUTIONS.
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MOTOROLA DELIVERS A

At Motorola, an Open Environment is
more thanjust talk.It’s the very essence
of the way we design, build, deliver
and support our Delta Series” computer systems
for OEMs and system integrators. Worldwide.
Instead of erecting barriers with proprie-
tary hardware, we throw our Delta Series archi-
tecture wide open —enriching your applications
environment with hundreds of industry-standard
options in networking, VME controllers, mass
storage and peripherals. And we provide on-site
design-in support to make it all work for you.
Instead of fencing you in with proprie-
tary software, we encourage and support compati-
bility standards that open unlimited horizons in

Delta Series computer applications. Working in

Delta Series
Price/Performance
60

industrial applications
with standard real-time
software, X Window
System," TCP/IP or
DECnet™? Working with
SVID and BCS compliant
UNIX" software? Net-
working under X.25, SNA,
or OSI standards? The
Delta Series open software
and networking environ-
ment will work for you.
Instead of
forcing you to take great
leaps in performance,
Motorola’s Delta Series SK 75 12 40 50 85




WIDE OPEN ENVIRONMEN

networking. Open manufacturing. And most

offers a smooth upward continuum of price/
performance options. The Delta Series 3000 family
climbs in easy steps from 3 to 7 MIPS.. . and our
Delta Series 8000 continues upward to 60 MIPS
and beyond. You can configure exactly the system
you need — from a small team of users to over 500.

And instead of stonewalling you with
rigid attitudes, Motorola offers a manufacturing
environment that’s totally open and responsive.
You have control over your Delta Series system,
right down to your individual configuration, with
Just-In-Time delivery.

Talk to Motorola today about your
computer system needs. We guarantee you’ll find
better solutions in our wide open Delta Series
environment. Open architecture, software and

important, open minds.

Phone: (800) 556-1234, Ext. 2301. In
California, (800) 441-2345, Ext.2301. Or write:
Motorola Microcomputer
Division, 2900 S. Diablo Way, ﬁ;;‘l;{z,“;;d;i“

Quality
DW283, Tempe, AZ 85282. A
Delta Series is a trademark of Motorola, Inc. DECnet ~
is a trademark of Digital Equipment Corp. UNIX is ,
a trademark of AT&T Bell Laboratories. X Window
System is a trademark of M.I. T.

MOTOROLA INC.

Computer Group
Microcomputer Division

Approaching our technology from your point of view.
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CROSS

DEVELOPMENT
SOFTWARE
THAT'S MAKING
NETWORK

And the news is network
pricing. Validate®/XEL, the cross
development software with the best
support in the business, has network
licensing. So now you can have all the
cross development power you need for
all the engineers who need it. Without
paying for individual licenses for each
workstation.

With Validate/XEL your develop-
ment team can stop playing musical
chairs. And contribute more in less
time for less money.

Validate/XEL is a high perfor-

VLDATE
il

mance package for your Sun, VAX
or PC. It includes a source level debug-
ger, a compiler and an assembler that
work with either a simulator or emula-
tor. And whenever you need help, our
large staff of qualified field and in-house
applications engineers is at your service.
When you use Validate/XEL with
one of our real time, transparent emu-
lators, you'll be even more efficient and
productive. You'll have the ability to
debug your code inside the target

In Europe contact Applied Microsystems Corporation Ltd., Chiltern Court, High Street, Wendover, Aylesbury, Bucks HP22 6EP, United Kingdom. Call 44-(0)-296-625462.
In Japan contact Applied Microsystems Japan Ltd., Nihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi-Gotanda, Shinagawa-KU, Tokyo T141, Japan. Call 03-493-0770.
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' system in real time. And with

~ our high speed SCSI interface to
" your Sun or PC, you'll be able
to download to your target system in
record speed.

For more information or a demon-
stration on your network, call toll-free.
In WA call (206) 882-2000. Or write
Applied Microsystems Corporation,
P.0.Box 97002, Redmond, Washington,
USA 98073-9702.

i

Applied Microsystems Corporation
1-800-426-3925



(continued from page 28)
lines make the logic cell output sig-
nals available to the horizontal AND
strips, interconnecting the cells with
the rest of the chip.

Any signal from an input pin or
logic cell output thus can be routed
to any logic cell or output pin
through the sum-of-products array.
ICT claims that the interconnect de-
lay between any two cells is 17 ns,

Functionally, ICT's
new Peel arrays are

faster in high fan-in applications
such as address decoders or specific,
well-ordered functions.” Haines sug-
gests that the ability of the PAL-
type architecture to adapt to a
particular configuration will encour-
age the development of very fast,
application-specific PLDs.

“You can get high gate utilization
in a conventional PLD only if you're
doing something close to what the
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independent of routing.

The range of PLD architectures is
already somewhat bewildering to
the casual observer. It almost seems
as if every possible combination of
interconnect strategy and logic cell
design, from AND array intercon-
nect with no logic cells to passive,
gate array-style interconnect with
huge macrocells, is available. What
isn’t available is a clear set of guide-
lines for choosing an architecture.

“The proliferation of architectures
for high-density devices has been
fast and furious,” says Andy Haines,
director of marketing at Actel (Sun-
nyvale, CA), “but I think this is only
the beginning. About the only clear
distinction remaining is between
programmable gate arrays and con-
ventional PLDs. In the arrays, wires
aren’t dedicated to logic blocks, so
you end up with a more general
device, better suited to implement-
ing high fan-out circuitry like arith-
metic elements or random logic.

“In conventional PLDs, intercon-
nect gets dedicated to logic blocks.
This can make the devices much

designer intended,” says Haines.
“The farther away you get, the lower
the utilization. Programmable gate
arrays, on the other hand, can deliv-
er very high utilization over a wide
range of applications. So in the end,
the decision may come down to a
trade-off between high board density
and speed.”

Of course, most designers would
rather not have to make that choice.
So we can expect to see further at-
tempts, not only to produce fast ap-
plication-specific PLDs, but to use
innovative PLA structures in the
pursuit of high-density, high-speed
programmable logic. O

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
number on the Reader Inquiry Card.
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Using the new HP 64000 AxCASE
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Instincts.
Something happens when you work
with HP’s new design environment.
Reliable software development
becomes elementary. You ferret out
bugs long before they throw you off
schedule. Unhappy customers seem
to vanish. And your software main-

tenance expenses stop robbing you
of profits.

With the HP 64000 AxCASE as your
assistant, you'll have a complete
design environment and some of the
most powerful CASE tools ever
offered. So you'll develop more relia-
ble software, right from the start.
Our new Basis Branch Analyzer
delivers an integrated, direct means
to measure the effectiveness of
software tests within the cross
development environment. Run the
program under test on the AxDB
simulator/debugger—or on proto-
type hardware with the emulator/
debugger—to produce the test
metrics. It performs all the detec-
tive work. To find untested program
branches that may be redundant.

Or indicate flaws in your testing
strategy.

Support for industry standards
means that AXCASE is an open
system that is compatible with
your development environment.
And it’s backed by HP’s worldwide
support network.

Learn more about the HP 64000
AxCASE system. It will give you the
time to turn your ideal embedded
system into more than just a pipe
dream. Call 1-800-752-0900 today.
Ask for Ext. 786Y and we’ll send
the HP 64000 AxCASE Solutions Kit.
Better still, call to see it firsthand -
after all, it's available now, so put it
to work.
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B TECHNOLOGY UPDATES

Ron Wilson, Senior Editor

ost first-generation RISC

CPUs were clearly aimed

at the Unix workstation
market: they were deeply pipelined,
register-intensive processors requir-
ing elaborate MMUs and caches. But
as vendors began to explore opportu-
nities in embedded computing, they
began to see a different set of design
requirements. Now some RISC chips
are responding more directly to the
needs of embedded systems.

“The biggest benefit of RISC CPUs
comes in servicing compute-inten-
sive tasks,” claims Jerry Fiddler,
president of kernel developer Wind
River Systems (Emeryville, CA). But
speed needs to be blended with re-
sponsiveness. “Typically, a system
will have some tasks that need to be
optimized for throughput and some
tasks that need deterministic re-
sponse. If you're clever, a RISC pro-
cessor will let you meet both those
needs at once,” Fiddler says.

The most recent entrant in embed-
ded RISC computing is VLSI Tech-
nology (Tempe, AZ), a vendor
perhaps better known for its cell-
based semicustom products. But in
addition to its application-specific IC
lines, VLSI Technology has for some
time offered what may be both the
most imaginative and the most over-
looked of the RISC processors, the
Acorn RISC Machine (ARM).

Acorn (Cambridge, England), the
British personal computing compa-
ny, developed the ARM to meet the
company’s own needs in the low-cost
PC arena. The chip uses RISC tech-
niques not so much to achieve blind-
ing speed as to achieve startling
simplicity, and hence low cost, at the
system level as well as in the chip
itself. VLSI Technology recognized
the potential of the ARM as an em-
bedded processor and picked up
North American marketing rights.

With the recent release of a sec-
ond-generation ARM, Acorn has en-
hanced the CPU’s performance and
affordability, as well as added some
features that will prove useful to
embedded-system architects.

VLSI Technology calls the new

RISC CPUs tune up
for embedded computing

ARM the 86C020. The chip retains
the RISC core processor from the
earlier 86C010 but adds a 4-kbyte
cache. Bringing the cache on-chip
has significant advantages for speed,
cost containment and chip count con-
trol, but it also raises some new
issues.

The most obvious effects are on
the plus side. “The on-chip cache
decouples the CPU clock from the
memory speed,” explains Ron Cates,
RISC program technical manager at
VLSI Technology. “It lets us execute

CLOCKS

MEMORY CONTROL

have to cross a chip boundary to get
to it, so the cache speed can scale up
right along with the CPU speed.”
But moving the cache on-chip cre-
ates some complications. The first
question that comes up is what sort
of cache should be built. There are
many choices, covering size, organi-
zation, contents and so forth. Should
there be separate code and data
caches? Should the caches be direct-
mapped, n-set associative or fully
associative? How big should they be?
Not surprisingly, Acorn’s research
indicated that the best solution for
most applications was a large, fully
associative combined code and data
cache. Unfortunately, the logic over-
head for full associativity wouldn’t
fit on an affordable die. So the com-
pany worked out a compromise quite

| By moving a

_| sophisticated

cache on-chip,

the designers of the
86C020 RISC CPU
have eliminated
one of the nas-

tier design jobs
facing designers

of embedded com-
puters. In addition,
the on-chip cache
decouples CPU
speed, and to some
extent system
performance, from
main memory
speed.

INTERRUPTS
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at high speed even with inexpensive
slower RAMs, or execute directly
from ROM without having to copy
the code to faster memory first.”
Cates suggests that this decou-
pling will become more important in
the future. “Right now, we’re build-
ing the 020 in our standard 1.6-
micron process. When we go to 1
micron, we expect to see clock fre-
quencies up around 30 to 50 MHz.
Since the cache is on-chip, we don’t

unlike any other in microcomputing:
a mixed code and data, 64-way set-
associative, write-through cache.

To minimize logic cost, the cache
uses a random replacement scheme
instead of the more sophisticated
least-recently-used replacement al-
gorithm. Acorn discovered that the
difference in performance between
the two algorithms was minimal.
The fine-grain structure of the cache
seems to adapt it to a wide range of
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‘ Here’s the train of thought
behind our new low priced VME board.

Introducing CPU 33.
A high speed, economical
VME computer.

Here's your ticket to high
performance
at an extra-
ordinarily low
price. '
In fact, at less than ™
$2500; our new CPU-33 ¥
is the most affordably priced,
performance-driven CPU board
available.

And it’s available at just the
performance level you need.
Including 16.7 MHz versions,
with or without a turbocharging
68882 co-processor. Or a 25 MHz
version with 68882, for those
faster-than-a-bullet applications.

The CPU-33 starts with a 68030
processor that can easily deliver
over 4 MIPS. And that’s only the
beginning.

The CPU-33 also features one
megabyte of shared DRAM
memory. Local and global accesses

are interleaved to provide faster,
more efficient management of
VMEbus traffic.

Throughput is further enhanced
by two message broadcasting

channels, which allow for simul-

taneous data transmission
to more than one CPU. Up
to 256 messages can be
defined and transmitted to
up to 20 boards.

And if that still isn’t enough,
eight mailbox interrupts also
support interprocessor commu-
nications. So you have lots of
flexibility in designing multi-
processing systems.

CPU-33 also incorporates
VMEPROM" our real-time multi-
tasking kernel with debug monitor.
It's designed to take full advantage
of FORCE architecture. Best of all,
it comes at no extra charge.

And to get your project to
market soonet, FORCE provides
a total system solution. Which
includes third party software
along with FORCE integration
support. Including VxWorks,
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pSOS, VRTX32, OS-9 and PDOS.
You also get extensive documen-
tation. Plus access to FORCE's
regional support staff, who are
always ready to answer your appli-
cation or system design questions.
For more information on
the CPU-33, call FORCE at
800 BEST-VME. Or fax us at
(408) 374-1146 for an immediate
response.
If you want high performance
ata low price, CPU-33 will put
you on the right track.

PN

K XCE

VME at its best.

OMPUTERS

FORCE COMPUTERS INC.
3165 Winchester Blvd., Campbell, CA 95008-6557
Phone (408) 370-6300, Fax (408) 374-1146

FORCE COMPUTERS GmbH

Prof.-Messerschmitt-Strasse 1, D-8014 Neubiberg/Munich
Telefon (0 89) 6 08 14-0, Telex 524 190 forc-d

Telefax (0 89) 6 09 77 93

*US. price. © 1989 FORCE COMPUTERS INC.

VxWorks is a trademark of Wind River Systems, Inc. pSOS is a trademark of Software
Components Group. VRTX32 is a trademark of Ready Systems, Inc. 0S-9 is a trademark

of Microwave Systems. PDOS and VMEPROM are trademarks of Eyring Research
Institute, Inc



B TECHNOLOGY UPDATES

Despite multipro-
cessing’s current
popularity, some
vendors wonder
whether the ap-
plications really
justify the added
hardware for cache
coherency in some
chips. “Spending
money on cache-
coherency hard-
ware that you
don’t use just
doesn‘t make
sense,” says Ron
Cates, RISC pro-
gram technical
manager at VLSI
Technology.

embedded applications, and increas-
ingly, they’re asking for optimiza-

| tions that require ASIC technology,”
| reports John Reno, product manager

for LSI’s microprocessor group. “One
obvious motivation is cost. About
half of the MIPS chip is devoted to
the MMU. If you’re doing an embed-
ded application and don’t need an
MMU, why not take it out, or maybe
subset it to get just the protection

features?”

Reno also sees a trend for caches
to move on-chip. “A lot of people are

/| putting a small, primary cache on-

computing needs, from computation-
ally intensive routines to rapid con-
text switches.

B The coprocessor interface

But the choice of a cache strategy
still leaves open some questions. One
is what to do about the coprocessor
interface. While coprocessors might
not be all that common among VLSI
Technology’s embedded-computing
customers, they’re vital to Acorn’s
PC business. So the problem of how
to expose the instruction stream to
the coprocessor became an issue.
Acorn decided to bring a copy of the
cache data bus out to pins, so a
coprocessor could monitor the in-
struction stream and trap its own
codes. This cost a few pins but
proved a much simpler solution than
the alternatives.

The other big issue in on-chip
caches involves multiprocessing.
While multiple-CPU systems are a
popular item of discussion in high-
end general-purpose computing,
they’re a way of life in embedded
computing. And if multiple devices,
such as other RISC chips, microcon-
trollers or even DMA controllers,
can alter system memory, the CPU
needs to have some way of warning
itself that the data in its cache is no
longer valid.

The ARM chip hasn’t dealt with
this issue in hardware. “It’s true that
multiprocessing is the hot topic this
year,” says Cates. “But 1 wonder
whether all the added hardware for
cache coherency in some chips is

really justified by the applications.”

Cates admits that some symmetric
multiprocessors absolutely need bus-
snooping hardware. “But most of our
applications don’t even use a DMA
controller,” he points out. “By taking
advantage of the fast interrupt mode
on the chip, our users are even han-
dling high-speed data-moving chores
on the single CPU. You can handle
up to 100-kHz free-running inter-
rupts with no problem. And when
the object is to cut system cost by
concentrating tasks on one chip,
spending money on cache-coherency
hardware that you don’t use just
doesn’t make sense.”

In cases where bus snooping is
essential, the system designer’s best
approach is to start with the 86C010
CPU core and construct an ASIC
solution that incorporates exactly
the right caching strategy and coher-
ency hardware for the application,
suggests Cates. “A lot of these situa-
tions will be best served by ASIC
technology,” he claims.

B RISC as a CPU core

The theme of the RISC CPU as the
core in a semicustom chip is popular
with at least one other major vendor,
LSI Logic (Milpitas, CA). LSI offers
standard-product versions of the Fu-
jitsu-style Sparc CPU, the Cypress-
style Sparc CPU and the MIPS
R3000 CPU. In addition, the compa-
ny has been offering the MIPS CPU
as a library element for some time.

“We have a significant number of
customers using the MIPS CPU in

chip and then using a larger, second-

| ary cache off-chip if they have to

handle large data structures.” He
also observes a trend for designers to
push complex control circuitry off
the CPU chip. One way of doing this
is to make the primary cache a sim-
ple write-through design and then
use a more complex, copy-back ap-
proach in the secondary cache, for
example.

Reno expects that the use of RISC
cores in ASIC devices will grow
slowly, becoming really important in
three to five years. “Right now, stan-
dard parts are most important to
us,” he says.

But as the move toward RISC
CPUs in embedded computing
grows, and as it involves more ASIC
designs, system architects will have
to face a number of issues. Problems
of optimal cache design, the best way
to handle coherency in asymmetric
multiprocessing environments, and
even what to do about memory man-
agement remain to be solved.

For many of these issues, there
probably are no single answers. In-
stead, the subjects will be at the
center of an increasingly informed
dialogue between chip vendors and
system architects, two authorities
whose turfs are beginning to overlap
significantly in the realm of embed-
ded systems. O

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
number on the Reader Inquiry Card.

LSI Logic

(40B)433-T6BA. ... ... L. shnsabiiamsns Circle 309
VLSI Technology

(602) 7526220 ... . vs s asresezessisnon Circle 310
Wind River Systems

(A15) 4282623 . 1. o fesiiomstrarsion Circle 311
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16-Bit CMOS
Microcontrollers.
More Functions
and More Memory

On-Chip.
OW
From Mitsubishi.

32K bytes EPROM or ROM. 2K
bytes RAM. Two UARTS, with on-
board baud rate generator. 8-bit,
8-channel A-D converter. Eight
multi-function 16-bit timers that
operate in five modes (timer, event-
counter, one-shot, pulse-period and
pulse-width), and pulse-width modu-
lation. 12-bit watchdog timer. Inter-
rupt controller. 68 independently
programmable 1/0 ports. All on-chip.

Plus, linear access for 16 mega-

IBM is a registered trademark of International Business
Machines Corporation.

bytes external memory. Powerful
instruction set optimized for high-
performance operation. High effi-
ciency hardware multiply and divide
instructions. And, configurable for
8 or 16-bit external operation. All
in low power, 1.3 um silicon-gate
CMOS technology. All part of a
broad 16-bit MCU product line.
IBM®-PC based development and
software support tools. Plus, masked
ROM, ROM-less and OTP ROM

versions and prototyping adapters.

All available now from Mitsubishi.
Driven by your applications, we put
more on-chip and give you more
choices, so you can reduce system
component count, save board space,
lower overall design costs and get
products to market fast. For more
information call now. (408) 730-5900
Ext. 2106. 1050 E. Arques Avenue,
Sunnyvale, CA 94086.

MITSUBISHI
ELECTRONICS

Applications-Driven Microcontrollers
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National
Semiconductor

Is this the way your 16-bit
controller comparly does business?




Call National.

THE HPC FAMILY.
NOTHING ELSE GIVES YOU
THE SAME DEGREE OF
FLEXIBILITY AND CHOICE.

If you've been confronted
with a “take it or leave it—that’s all
you need” attitude on the part of
your 16-bit controller vendor, we
suggest you take a new look at
National’s HPC™ family. Because for
today’s complex designs in infor-
mation control, including printers,
faxes, scanners, data storage and
communications, you need a choice
of optimized solutions that fulfill
all your requirements.

Specifically, you probably
need more in the way of intelli-
gence, connectivity, interface and
data handling. And much less in
overall system costs. The HPC family
more than measures up to these
considerations. Let’s look at just
how well.

MAKE THE
INTELLIGENT CHOICE.

Multiple functions mean
multiple benefits. Including much
faster context switching and inter-
rupt response, due to our compact
54-instruction set. And higher
system performance, because of
our fast 30MHz clock rate, 67-ns
instruction cycle, and 16-bit mem-
ory mapped architecture. And our
ANSI-standard C compiler is just
one way the HPC family can lower
engineering costs, and speed
your time to market.

© 1989 National Semiconductor Corporation

HPC is a trademark and TapePak is a registered trademark of National
Semiconductor Corporation.

HPC PRODUCT FAMILY SUMMARY

16-bit Memory

Part#  |Timers|UPI|I/O{ ROM RAM Features
HPC16003* 8 [Yes|32| 0 [256 4ICRs
HPC16004 8 |Yes{32| 0 |512 41ICRs
HPC16064 8 |Yes[52| 16K | 512 4ICRs
HPC16083* 8 |Yes|52| 8K |256 4ICRs
HPC16104 8 |[Yes|32| 0 [512 8CHA/D
HPC16164 8 |Yes|52| 16K | 512 8CHA/D
HPC16400 4 [No|52| 0 |[256|2HDLC&4DMA
HPC16083MH| 8 |Yes|52[8KUV| 256 | UV Emulator

Standard features: Watchdog, Synchronous Serial Peripheral
Interface, Uniform Memory Address Space, UART, 32X16-bit
divide, 16X16-bit multiply, and available as standard cell.
DEVELOPMENT TOOLS:

PC-based development system

Relocatable C compiler, linker and symbolic debugger

ICRs = Input Capture Registers
HDLC = High-Level Data Link Control

*MIL-STD 883C

Another
is packaging,
and specifically,
our unique fea-
ture called TapePak®As the latest™
generation in VLSI packaging,
TapePak gives you a wide variety of
industry-standard, high-density,
high-leadcount options.When you
put it all together, then throw in
eight timers and up to 11 addressing
modes, you can easily see why
members of the HPC family are
considered smart cookies indeed.

OPT FOR INTERFACE
AND CONNECTIVITY.

The HPC family has more
on-chip integration, and increased
I/O. And that can mean a lot more
capacity to manage system functions.
It can also mean a lot less, when
it comes to reducing board space
and chip count. In addition, our
Universal Peripheral Interface (UPI)
allows you to partition your system,
by using the HPC as a peripheral
to a host processor for high-end
applications.
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PUT THROUGHPUT AT
THE TOP OF THE LIST.

Thanks to our on-and-off
chip uniform memory mapped
peripherals, all data manipulation
can be accomplished on any mem-
ory location, regardless of whether
it'’s part of an external device, or
on the HPC itself. Which can be
very important in ISDN, SCSI and
LAN applications.

ASK ABOUT OUR
NEW COMMUNICATIONS
CONTROLLER.

For data communica-
tions, and especially for those
& applications requiring protocol

£
&
£
-

LLT T

conversion, we offer the newest
member of our HPC family: the
HPC16400. It's a complete solution,
supported by a full library of appli-
cation-specific software. With two
full-duplex HDLC channels, driven
by 4-channel DMA, plus one full-
duplex programmable UART chan-
nel for rate adaption, the HPC16400
is completely optimized for TE,
TA, and line-card applications.

CALL AND FIND OUT MORE.

To get a free brochure on our
full HPC family, call us today at
800-825-5805, ext. 100. Once you
discover how we do business, you'll
agree that when it comes to 16-bit
controllers, there’s only one
company of choice: National.

National
Semiconductor



BRINGING WORKSTATION
3-D GRAPHICS TO THE
PERSONAL COMPUTER.

NTH 3D ENGINE.

interactive 3-D Performance on a PC
*Fast 10 MIPS, 3 MFLOPS Graphics Processor on the Board
*2nd Pipelined Processor Coupled with Custom ASIC
for Fast Rendering
*Resolutions from 640 x 480 up to 1280 x 1024
256 Colors from a Palette of 16.8 Million
*Standard On-Board 3-D Display List and Optional Z-Buffer
*On-Board Hardware Floating Point Math

Realistic Display of Complex Objects and Data
*Flat Shading at a Continuous 5000 polygons/sec
*Gouraud Shading at a Continuous 3000 polygons/sec
*3-D Vectors Transformed at a Continuous 40,000/ sec
®2-D Vectors Transformed at a Continuous 50,000/ sec

Complete with Powerful HOOPS Graphics Software
Tool Kit - On the Board
*Full DOS 640k Available for Application Software
*Object-Oriented with Hierarchical Segmented Object-Oriented Database
*Hidden Surface and Line Removal, Smooth and Flat Shading Routines,
Multiple Light Sources, Transparency, Built-in Windowing and Picking,
Event Manager, and a lot more
*Bindings for “C”, FORTRAN and Pascal - Easy to Interface

Prices Start at $6995

For More Information,
Call 800-624-7552

Y CONTROLLER

3DD’SDLA

Nth Graphics 1807-C West Braker Ln. Austin, Texas 78758 512-832-1944 (collect in TX)

Nth 3D Engine is a trademark of Nth Graphics, Ltd. HOOPS is a trademark of Ithaca Software.
Models courtesy of Circuit Studios, Inc. and Versacad Corporation.
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80860 may force rethinking
of graphics system architectures

Tom Williams, Senior Editor

introduction of Intel’s 80860

RISC-based 64-bit microproces-
sor, user evaluations of the chip’s
potential are looking enthusiastic.
Bruce Borden, vice-president of stra-
tegic planning for Ardent Computer
(Sunnyvale, CA), calls the 80860
“the most interesting development
in Silicon Valley in a year, maybe
two.” The chip’s great potential is
causing system designers to consider

J ust a short time after the formal

new approaches to system architec- |

ture and software.

Even companies that may already
be committed to other RISC designs
for their main CPUs are seriously
evaluating the 80860 for a possible
role as a coprocessor. In some cases,
that would mean a coprocessor sig-
nificantly more powerful than a
system’s main CPU. On-chip, the
processor contains not only a RISC
core, but also a vector floating-point
multiplier, an adder and register set,
a memory-management unit, data
and instruction caches, and pixel-
generation circuitry that’s needed for
shaded three-dimensional graphics.

Ardent, for example, is looking at
the chip as a possible coprocessor for
the Titan graphics supercomputer.
The Titan has a multiple CPU based
on RISC processors from MIPS Com-
puter (Sunnyvale, CA). “We're going
to stay with the MIPS chip and the
MIPS instruction set for an integer
unit,” says Borden. “We're very con-
cerned about binary compatibility,”
While binary compatiblity can’t be
changed midstream, it can be ex-
tended without affecting the ability
of existing software to run. The
80860 is a good fit for a role as a
coprocessor for both number crunch-
ing and graphics, and Ardent will
begin using the chip in such an
auxiliary role.

As a number cruncher, the 80860
has been demonstrated on a Micro
Channel card under joint develop-
ment by Intel and IBM. The card,
dubbed the Wizard, will be a Micro
Channel master. A Wizard prototype
running fractal graphics generated
by Mandelbrot equations was on dis-

play at the recent Uniforum show.
Fractals require both heavy float-
ing-point operations and graphics
output. In the demo, the 80860 card
running in a PS/2 386 machine out-
stripped several other workstations
with RISC processors using exter-
nally attached floating-point units.
One reason for this ability appears
to be a degree of on-chip integration
that answers the needs of many po-
tential power users such as Ardent.

B TECHNOLOGY UPDATES

The 80860’s degree of integration
“solves a major problem that I've
been harping on for years,” says
Borden. That problem is the slow-
down caused by having to go off-chip
for certain functions such as floating
point or for memory references. Al-
though the industry knows how to
make very fast processors—40 MHz,
50 MHz in CMOS, 80 to 100 MHz
with ECL—the speed gets bogged
down when one tries to go off-chip.
This slowdown is caused by varying
combinations of external bus band-
width, interface logic and the slower
speed of memories—all of which
have trouble keeping up with the
speed of the processor.

Because cache control for both in-

INSTRUCTION ~ “%
ADDRESS % ADDRESS DATA
EXTERNAL DATA %

FP INSTRUCTION

EXTERNAL

DESTINATION 7

SOURCE 1 EZ
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The Intel 80860 combines a very high degree of on-chip functional integration with
parallelism among functional units to keep all sections occupied for optimal throughput.
The on-chip efficiency is forcing designers to rethink their chips’ external architectures
to make optimal use of the 80860's capabilities, probably by implementing parallelism in
the system design as well. The RISC core is rated at about 1.3 instructions/cycle. The 128-
bit-wide path between the data cache and the floating-point control unit represents the
widest on-chip data path in a microprocessor to date.
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B TECHNOLOGY UPDATES

structions and data, as well as for
cache memory itself, is on-chip,
there’s enough cache—4 kbytes of
instruction and 8 kbytes of data—for
most inner loops to run entirely on-
chip without tying up the already
amazingly wide 128-bit internal
data bus with instructions when exe-
cuting. For floating-point operations,
Borden notes, the cache is usually
irrelevant since most matrices are
larger than any cache.

Still, thanks to a large, flexible
register set, a two-stage pipeline,
and parallelism among functional

Intel’s 80860 RISC
chip could fill a need
for three-dimen-
sional graphics in
the PC platform
arena. With its
pixel-generation
circuitry, the 80860
could substantially
change 3-D graph-
ics within the next
six to twelve
months, predicts
Bruce Borden, vice-
president of strate-
gic planning at
Ardent Computer.

units, the floating-point unit can be
kept busy while more data is being
fetched from external memory. The
result is a floating-point perfor-
mance of about 80 single-precision
MFlops and 10 double-precision Lin-
pack MFlops at 40 MHz.

B On-chip graphics potential

Of particular interest to Ardent and
to other companies looking at three-
dimensional graphics is the 80860’s
on-chip graphics capability. For 3-D,
the chip’s floating-point capability
must be included in consideration of
graphics functionality since scaling,
rotation, transformation, clipping
and the calculation of lighting mod-
els and viewpoints all require heavy
amounts of floating-point calcula-
tions. But the 80860 also has circuit-
ry to perform pixel calculations for
shaded surfaces; the circuitry calcu-
lates the values that define the color
of individual pixels and writes them
to the frame buffer.

The 80860 is designed for Gour-
aud shading, in which a surface is
defined as a set of connected triangu-
lar patches. The values of the pixels
at each vertex of a triangle are taken
as starting points for calculating the
pixel values within the triangle by
interpolating values between the
vertices. The 80860 graphics section
contains interpolation and adder log-
ic to render 50,000 shaded 100-pixel
triangles/s.

This same graphics section can
also produce 100,000 vectors/s or
50,000 to 60,000 antialiased vec-

tors/s. Antialiasing makes lines ap-
pear smooth rather than jagged. The
processor figures out how far the
pixel it’s writing is from the actual
mathematical line it has calculated
and shades the pixel proportionate-
ly. Pixels farther from the axis of the
line are less intense, resulting in a
smoother-looking line.

The graphics section also has logic
that reads and compares the con-
tents of an external Z buffer. The
logic determines whether a pixel the
Z buffer will render is behind or in
front of another pixel in the model
displayed. Only pixels whose Z buff-
er values put them in front of other
pixels at the same 2-D screen coordi-
nates are written to the frame buff-
er. Use of the Z buffer requires that
triangle-fill routines access external
memory both for Z buffer references
and for frame buffer writes, even
when executing in the cache.

The need to access Z buffer and
frame buffer memory can result in

about six out of 16 cycles involving
off-chip activity. Still, the amount of
pixel processing that can be done
from the cache represents a consider-
able speed advantage. The cache
contains the pixel addresses and val-
ues and will only write pixel data to
the frame buffer if the Z buffer com-
parison tells it that the cache’s cur-
rent pixel is in front of the one in the
frame buffer, thus avoiding unneces-
sary frame buffer writes.

B Using multiple 80860s

One might expect that an architec-
ture like that of the 80860 would
spawn some innovative design idea,
and that is indeed the case. One
company, Synergy Microsystems
(Encinitas, CA), is developing a
graphics controller that will use four
80860s. The chip’s high pixel-render-
ing speed creates a problem in trying
to use multiple 80860s to their full
potential in a controller design, ac-
cording to Jim Jonas, graphics man-
ager for Synergy.

“In Gouraud shading, the problem
isn’t the calculations; it’s the mem-
ory references and the burden they
place on the hardware,” Jonas says.
In other words, bandwidth to exter-
nal memory isn’t wide enough to
easily accommodate multiple proces-
sors trying to reference it. At 40
MHez, a single chip can output 160
million pixels/s.

In the Synergy design, three
80860s are intended for use primar-
ily as drawing engines to render
pixel data. A fourth 80860 will be
used for floating-point operations to
supplement the on-chip floating-
point capacities of the other three
and will keep the pipeline fed with
triangles and vertices to be drawn as
pixels.

To provide enough memory band-
width, Jonas is using every trick in
the book, including interleaving ref-
erences to Z buffer and display mem-
ory among the processors, physically
splitting the memory bus into two
separate paths, and using a multiple
page-mode memory scheme. “The
thing that’s the most trouble is the
simple case, the one it’s built to do—
Gouraud shading,” says Jonas. “Be-
cause it’s so damn good at that,
you've really got to stretch to get
your memory to take advantage of
its capability.

The problem of fully utilizing the
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THE UNISITE PROGRAMMER:

BECAUSE STATE-OF-THE-ART
IS A STATE OF CHANGE.

RAMMING TECHNOLOGY THAT
SUPPORTS ADVANCED DESIGNS—
DAY AND TOMORROW. The
UniSite™'s universal programming
technology is the fastest and easiest
way to keep up with new devices
and packages. Its software-config-
ured pin driver system provides a
single site for programming any DIP
device up to 48 pins, including PLDs,
PROMs, IFLs, FPLAs, EPROMs,
EEPROMs and microcontrollers.
The optional ChipSite™ module
supports logic, memory and micro-
controllers in the most popular
surface-mount packages—PLCCs,
LCCs and SOICs. Or add SetSite™
to gang program up to eight 40-pin
EPROMSs, or set program a single file
into multiple EPROMs.

INSTANT ACCESS TO NEW DEVICES.
The UniSite's device algorithms and
system software are stored on 32"

micro diskettes, which are updated
several times per year. To update
the UniSite, simply load new master
diskettes.

FAST, EASY PROGRAMMING. Menu-
driven operation with step-by-step
prompts makes programming simple.
For added convenience, you can
operate the UniSite from an ASCI| ter-
Data I/0 Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 867-6899/ Telex 15-2167

Data I/0 Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761

Data I/0 Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands + 31 (0) 20-6622866/ Telex 16616 DATIO NL

Data I/0 Japan Sumitomoseimei Higashishinbashi Bldg., 8F, 2-1-7, Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan
(03) 432-6991/ Telex 2622685 DATAIO J

©1989 Data I/0 Corporation CIRCLE NO. 25

minal or from a PC using the provided
terminal emulator. On-screen help
messages are available throughout
operation.

To speed parts selection, the
UniSite provides a built-in list of
devices by manufacturer name and
number. You can also save your most
frequently used programming param-
eters and jobs for instant recall.

DESIGN FREEDOM FOR TOMORROW.
When leading-edge designers need
to use the latest devices, they need
the programming freedom only the
UniSite provides. Call Data I/0® today,
and ask about the UniSite. Because
state-of-the-art never stops changing.

1-800-247-5700
Ext. 662

DATA 1/0

Corporation




MUCH TIME ON SNA DESIGN,

YOURE LEAVING OUT ONESTE

Most likely, if you need SNA com-
patibility, youlll buy the software source
code from one company and hardware
from another. Then youll spend sev-
eral months desperately working out
the integration.

Or worse, youll design it from
scratch.

Systech knows you've got better
things to do with your time. So we've
created a way to cut down that lengthy
process. With OneStep.™

OneStep is a complete SNA/DCP
board package. Which makes it the
quickest and easiest off-the-shelf solu-
tion for IBM communication. In fact,
with our help, the OneStep can be
up-and-running in just five days.

To make this unique integration

work, we teamed up with the most
reputable and experienced company
in IBM compatibility around—
Systems Strategies, Inc. With their
superb emulation software and
Systech’s modular design, OneStep
gives you the wide-area links you need
for VME and Multibus systems. What's
more, the OneStep takes a load off
your CPU. That way, you have more
power and improved system perfor-
mance overall.

Systems Strategies, Inc’s extensive
variety of popular protocols includes
SNA 3270, RJIE and LU6.2. BSC 3270
and RJE. Plus, X.25 and QLLC. All
thoroughly tested and successfully
ported to Systech’s hardware.

Along with easy installation, the
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OneStep will keep your up-front costs
down. And its modularity makes it
easy to maintain and upgrade.

Most importantly, with the experi-
ence and expertise of Systech and
Systems Strategies, Inc., you'll be in
step with the latest software and hard-
ware developments. And youll always
be OneStep ahead of the competition.

For a demonstration or more infor-
mation, call Systech at (619) 453-8970.
Or write: Systech Corp., 6465 Nancy
Ridge Dr., San Diego, CA 92121.

SYSTECH

WE OPEN UP A LOT OF POSSIBILITIES.

OneStep is a trademark of Systech Corporation.



80860’s potential decreases as the
complexity of the graphics problem
increases. In a more complex shad-
ing algorithm such as Phong shad-
ing or texture mapping, more of the
chip’s time is taken up with floating-
point calculations, resulting in a
closer balance between floating-
point and pixel calculations. This
leads to a somewhat slower pixel
output that’s more closely matched
to available memory bandwidth.

Phong shading requires multiple
floating-point calculations for every
pixel rather than the value interpo-
lation across a line of pixels that
Gouraud shading requires. The
floating-point calculations result in
a considerable increase in computa-
tion load. “If you want to do a fancy
calculation for each pixel, that’s fine
as far as [—the hardware guy—am
concerned,” Jonas quips.

Ardent’s Borden appears to agree
with Jonas’s assessment of the pixel
bandwidth issue. Ardent plans to
increase pixel rates, requiring band-
width in the Titan well beyond what
the 80860 can do, but will take ad-
vantage of the chip’s floating point
and capabilities other than pixel
generation. But Borden sees the In-
tel chip filling a role in the PC
platform arena, where there’s no se-
rious 3-D graphics to date. “In 3-D
today, there’s nothing of any real
interest on the PC. The 80860 will
change that in the next six to 12
months,” he says.

B Economical 3-D color images

The existence of an economical en-
gine that can render 3-D color im-
ages will be an important factor in
letting 80386- and 80486-based PC
platforms operate in the networked
Unix environment with machines
running the 3-D PEX extensions to
the X-Window System. It will also
mean that it will be possible to bring
graphics software originally target-
ed at high-end workstations into
lower-cost desktop systems.

Ardent has ported its Direct Ob-
ject Rendering Environment (Dore)
to the 80860. Dore is a general-
purpose software rendering system

that lets the user select the level of |

detail (for example, wire frame, flat
facet, Gouraud or Phong shading, or
surface mapping) in which to view
an object. Synergy also plans to in-

corporate Dore in its product, which |

B TECHNOLOGY UPDATES

will be a VME-based, three-board
set consisting of a 68030 single-
board CPU, the four-processor
graphics controller and a 6-Mbyte,
video RAM-based frame buffer
board. If the memory access for the
three drawing processors can be opti-
mized, a speed of 150,000 Gouraud-
shaded triangles/s is possible, Jonas
predicts.

Although the user can choose a
degree of detail and speed, Dore
makes few assumptions about how
various levels of rendering are per-
formed. Figuring out how best to use
the 80860’s resources—essentially,
how to implement the levels of ren-
dering Dore can handle, in both sin-
gle- and multiple-processor designs,
will involve a learning process in
system software design.

“A lot of the evolution will be in
software,” says Jonas. When the
80860 is used in a graphics copro-
cessing role, the host CPU will prob-
ably be relegated to very high level
setting of global parameters and ma-
nipulation of display lists.

“There’s no way even the fastest
central CPU can think about adding
just 1 to all the vertices in the time
that this thing can draw the display
list. There’s no way the hottest pro-
cessor can even DMA a new list in
time on the VMEbus, even if you've
already calculated it somewhere
else,” Jonas says. The host will thus
be managing the relationship be-
tween clusters of triangles and set-
ting viewpoint registers and global
display parameters, for example.

At this point, it sounds as though
anything approaching a complaint
designers may have about the 80860
stems from the fact that its capabili-
ties call for new design approaches
that mean rethinking basic architec-
tural assumptions—in both hard-
ware and system software. As
Synergy’s Jim Jonas puts it, “The
thing that surprises me most about
this is that it does have the kitchen
sink.”

ol 0 BUS HAS

[HE SOFTWARE

The low cost bus structure of choice for
industrial applications, the STD Bus is not
only rugged, reliable and simple to design
with, it also has the best software support
of the industrial busses.

Development Tools
A wide variety of development tools are
available for dedicated PROM-based
applications, as well as operating system
implementations.

The Cost Effective
Industrial Computer
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THE BEST 5%" DISK DRIVES AVAILABLE.

Performance Second to None

The WREN family of 5%" disk drives delivers
the highest performance available today. For
example, the WREN RUNNER™ has an average
seek of only 10.7 ms. And all WREN products use
a patented balanced straight-arm actuator. This
reduced-mass design, unique to WREN, results
in precision read/write head positioning and
faster seek times.
A Lasting Quality

WREN drives feature a 40,000 hour MTBFE,
lower power consumption, special shock mounts,
lifetime internal HDA environmental control,
automatic actuator restraint and a dedicated head
landing zone. It all adds up to years of trouble-
free operation.

Introducing WREN VII

We've made the fastest, most reliable 5%"
disk drives better than ever. The new WREN VII
has a capacity of 1200 Mbytes and is available
with the SCSI interface. What’s more, it uses
IMPRIMIS ZBR™ variable track capacity recording.
ZBR offers higher capacity, performance and
reliability than standard recording techniques.
We’ve Made a Commitment to You

Our commitment to you is the same as our
commitment to ourselves: To be the best. We're
fulfilling it by building the most advanced, high
performance, high quality, 5" rigid disk drives
in the world. And we're backing them with top-
notch service and support. It’s a commitment to
quality that goes into every WREN drive, from
50MB to 1200MB.

Get the High Performance Edge. . .
WREN disk drives from Imprimis

IMPRIMIS

Performance to Match Your Needs

Capacity Avg. | Transfer
Model (Mbytes) Interface | Seek Rate
(UF)/(F) (ms) (MHz)
WREN VII 1200/1050 | *SCSI | 16.0| 15-23
766/676 | *SCSI | 165| 15
WREN VI 766/676 | ESDI | 155 | 15
383/338 | *SCSI | 15.0| 18-20
Ssaaan | AT |160| 15
383/3: .
WRENVIH/H | 974949 | AT |160]| 15
164/145 | AT |160| 15
meny T sl g
WRENV 442/390 | ESDI [ 160 10
383/338 | ESDI | 145| 10
WRENVH/H | 209/183 | *SCSI | 180 9-15
376/330 | *SCSI | 17.5| 10-15
WREN IV 350/307 | *SCSI | 165| 9-15
182/160 | *SCSI | 16.5] 10
WREN III 182/160 | ESDI | 165| 10
106/94 | *SCSI | 18.0] 10
WRENTITH/H | j06/94 | ESDI | 180 10
135/115 | RLL |28.0] 7.5
96/80 | ST506 |28.0| 5
WREN I 86/71 |ST506|280| 5
85/71 |ST506{280| 5
86/71 | ESDI |280| 5
81/74 AT |280| 75
74/65 AT |280]| 75
WRENIIH/H | 77/65 RLL [280| 75
51/41 |ST506|280| 5
H/H = Half Height Models. (UF) = Unformatted Capacity. (F) = Formatted
Capacity at 512 Bytes/Sector. All WREN Disk Drives have 40,000 hours
MTBEF. *Apple Mac compatible interface available.

For the authorized distributor nearest you write:
Imprimis Marketing and Sales Support Services,
3 Roundwood Avenue, Stockley Park, Uxbridge,

UBI1 1AG

Northwest Region

Central Region
Eastern Region
Southwest Region

1-800-395-3502
1-800-395-3517
1-800-395-3511
1-800-395-3501

A Subsidiary of Control Data
CIRCLE NO. 28
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B TECHNOLOGY UPDATES

Tom Williams, Senior Editor

complete environment for de-

veloping, characterizing and

debugging MIL-STD-1750A
computer systems has resulted from
the joint efforts of four companies
supplying integrated hardware and
software development tools.

The environment is built around
the Orbiter 1750A coprocessor board
from Sabtech Industries (Yorba Lin-
da, CA). The board plugs into an AT-
compatible bus and uses a two-chip
set from LSI Logic (Milpitas, CA)
that fully implements the 1750A in-
struction set. Grid Systems (Fre-
mont, CA) supplies an 80386-based
portable computer for field engineer-
ing and development, and Ready
Systems (Sunnyvale, CA) provides
development software and operating
systems for real-time Ada embedded
applications.

The 1750A, a 16-bit instruction-
set architecture developed by the
Society of Automotive Engineers,
has been mandated by the U.S. Air
Force for use in real-time embedded
systems for avionics and control of
air- and spaceborne systems. Since
MIL-STD-1750A defines an instruc-
tion-set architecture, its implemen-
tation doesn’t place constraints on
pin designations or the physical par-
titioning of functions. Developers
thus often have to find or build a
computer on which to develop code,
then port software development tools
to the new environment, a process
that can consume several engineer-
years. The four-vendor offering is
intended to provide a one-stop shop-
ping approach so the OEM can start
developing code right away.

The LSI Logic implementation,
used on the Orbiter board, is imple-
mented as two chips: the L64500
CPU and the L64550 memory and
block protect unit peripheral device.
The 164550 contains both a mem-
ory-management unit and a block
protect unit with protection RAM, a
memory fault status register and a
start-up ROM interface. Since the
military standard specifies compli-
ance with an instruction set, soft-
ware developed on the LSI Logic

Integrated environment eases
development of military systems

chip set will run on other hardware
implementations that fully comply
with the MIL-STD instruction-set
specification.

The LSI Logic chip set was partic-
ularly attractive for use in Sabtech’s
Orbiter board because of the high
degree of integration—MMU and
block protect unit in one chip. But
the fact that the chip set is a CMOS
implementation was even more im-
portant, according to Rahim Saba-
dia, president of Sabtech. “We
needed the capability to put more
than one board in a single PC with-
out worrying about the power sup-
ply,” Sabadia says. With multiple
boards, designers can more easily
model avionics and control systems

The Orbiter itself contains up to 2
Mbytes of dual-ported RAM. The de-
signer has the option of mapping the
board into the 384-kbyte memory
space above the 640-kbyte DOS limit
or into DOS program space. Multiple
boards can look into PC memory and
pass data among themselves.

The significance of mapping the
board into PC memory space is that
it gives the designer access to the
1750A’s internal registers and mem-
ory without disturbing software run-
ning on the Orbiter. This
transparent access “lets external
stimulus be injected into the Orbiter
as it would in a real environment,”
says Sabadia. That permits a differ-
ent approach to modeling and algo-
rithm verification than just writing
and debugging code and then sub-
jecting that code to isolated test
cases to check whether it works.
With the ability to jump into the
system from the PC, random and
worst-case scenarios can be tested on

THE RTADA ENVIRONMENT

The RTAda devel-
opment environ-

REQUIREMENTS HOST
CODE
AND TEST

i

TARGET

ment from Ready
Systems is a host-
and target-based
set of integrated
tools that span

E development needs,

encompassing
A o O | everything from re-
quirements anal-
= ysis to the
integration and
test of the target
ADA APPLICATION | hardware. The
CODE environment in-
J cludes Ready'’s

RTAda operating
system, adapted
especially for the
Orbiter 1750A
coprocessor board
from Sabtech In-
dustries.

that consist of several interacting
1750A-based computers.

The Orbiter is supplied with two
50-pin bus connectors that allow di-
rect access to the native bus of the
L64500 CPU for hardware prototype
and interface development. But the
board is also accessible in a trans-
parent mode via the memory of the
PC. The board occupies a sliding 64-
kbyte window that can be located
anywhere in available PC memory.

very complex systems to see how
they hold up.

B software support

Supplementing the Ready Systems
software, Sabtech supplies software
support in the form of an assembler
and debuggers that run on the PC.
Sabtech also recognizes that most
1750A development tools are hosted
on minis and mainframes, however,
and that there’s a need to preserve
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| FLUKE AND PHILIFS ¥ HE GLOBAL ALLIANCE IN TEST & MEASUREMENT

FLUKE

PHILIPS

The Philips PM 3655. It’s the first
true 100 MHz logic analyzer for under
$10,000! That means it comes with

a feature no other low-cost analyzer
in the world can offer you: Freedom
to use 100% of its capability 100%

of the time.

UNRESTRAINED PERFORMANCE

= High-speed timing and state analysis:
Get full 100 MHz synchronous and
asynchronous sampling on up to 96 chan-
nels. And never again sacrifice width for
speed.

= Deep memory; 2K memory depth per chan-

nel lets you measure complex data flows—
with no loss of width, speed or glitch cap-
turing potential.

= GLITCH mode: 5 ns glitch capture at
100 MHz on all channels. Again, without
forfeiting speed, width or depth.

Finally! e one

| i
you've always wanted in a
low-cost logic analyzer:

No restraint.

. Flexible triggering plus Trace: Powerful,
multi-level triggerword sequence, range rec-

ognition and four clock qualifiers help you
find and display exactly the data you're
looking for.

« Expandability: Add 24-channel modules

any time for 24, 48, 72 or 96 channel
configurations.

« Broad support: Choose from a wide range

of disassemblers and dedicated personality
modules.

SIMPLE OPERATION PLUS PC

« Immediiate familiarity: All this capability and

so easy to use—menu-driven operation;
extensive user-defined labeling; and stan-
dard PC-style keyboard interface.

« Plus full MS-DOS-based PC: Adds ver-

satility and value without compromising
logic analysis. On-line disk storage for
measurement data and instrument set-ups.

CIRCLE NO. 29

Expansion slots for extra memory, modem
or other PC options.

UNRESTRAINED SUPPORT

Count on a one-year warranty and all the
application and service assistance you'll
ever need. From Fluke—the people who
believe that extraordinary technology
deserves extraordinary support.

TEST THE DIFFERENCE

Call Fluke today at 800-44-FLUKE
ext. 77. And look into a logic analyzer
that unleashes your potential instead of
tying your hands.

John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C,
Everett, WA. 98206

U.S.: 206-356-5400 CANADA: 416-890-7600

OTHER COUNTRIES: 206-356-5500

© Copyright 1988 John Fluke Mfg. Co., Inc
All rights reserved. Ad No. 0581-P3655

PM 3655 - 100 MHz - LOGIC ANALYZER

FLUKE
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COMPUTERS AND SUBSYSTEMS

access to those resources.

Most 1750A programs hosted on
VAXes and mainframes are in the
Integrated Tool Set (ITS) file format
specified by the Air Force. Sabtech’s
ITS program loader can be used to
transfer executable code generated

by compilers on minis and main-
frames to the PC environment. Once
downloaded to the PC, the code will
execute on the Orbiter in real time,
according to Sabadia.

The software development contri-
bution from Ready Systems consists

RISC

IMPACT ON THE COMPUTER MARKET

A 204-Page Comprehensive Market Report
Analyzing the Applications and Competitive
Trends for RISC Technology

$1250

This report was researched
for manufacturers, users, or
anyone interested in the cur-
rent and future development
in the RISC market.

The report analyzes the
current market for RISC
chips, boards, and systems.

It also provides a clear, organized view of RISC products
offered by semiconductor manufacturers, computer system

manufacturers, and OEMSs.

A detailed forecast of the market by price class and a
discussion of the key issues of concern to both users and
manufacturers are also provided.

Order your copy NOW.

2,235,000}
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[JRisC
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1000

UNIX UNITS
(THOUSANDS)
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of Ready’s Computer Aided Real-
time Design Tools (Cardtools) and
the Real-Time Ada (RTAda) devel-
opment environment that provides a
range of Ada tools for both the host
and target systems. In addition,
Ready supplies a real-time Ada oper-
ating system (RTAda/OS) to run the
LSI silicon on the Sabtech board.
Cardtools is a host-based toolset
for support of requirements analysis
and real-time design methodologies
via a graphical user interface. The
user can manipulate data-flow dia-
grams that also provide exact timing
information and show the interac-
tion of code modules via semaphores,
mail boxes, flags and so forth.
When Cardtools is used to com-
plete a design, the resulting Ada
code can be compiled and debugged
using debugger, target environment
simulation and profiler tools that
run on the host—either a VAX/VMS
or Sun-3 workstation. The target
simulation environment gives the
designer the option of developing
software and hardware simulta-
neously by simulating hardware be-
havior in software. On the other
hand, the RTAda run-time system
lets the designer implement deter-
ministic, predictable algorithms on
the target hardware itself and pro-
vides fixed timing for task resched-
uling, synchronization primitives
and rendezvous calls and intercepts.
The Sabtech Orbiter with its sup-
port software and the Ready Sys-
tems’ real-time Ada support can run
in any PC-DOS-/AT-compatible en-
vironment, but Grid Systems also
supplies a 12.5-MHz 80386-based
laptop computer with a snap-on/-off
expansion tray that provides for two
expansion card slots. The four com-
panies have stated that a bundled
system based on the Grid computer
will be available in addition to what-
ever individual components (chips,
boards, software) customers need. []

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate

Call 408-996-7416.

number on the Reader Inquiry Card.

’ i Grid Systems
Electronic Trend Publications (415) 656-4700, ext. 493.................... Circle 304
12930 Saratoga Ave., Suite D1 LSI Logic
Saratoga CA 95070 (408()1433-7818 ............... Circle 305
- 4 Ready Systems
Tel: 408-996-7416 {408} 572734l o il ) Circle 306
Fax: 408-996-7871 Sabtech Industries
(714)524-3299 ext 8. ... 0. ... Circle 307

CIRCLE NO. 30
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Timing verifiers branch out
to overcome analysis constraints

Bill Harding, Senior Editor

iming errors, not functional er-

rors, now account for most of

the failures that occur when
a new application-specific IC is
plugged into a system. Locating and
identifying timing problems is the
job of timing verifiers, but tradition-
al timing verifier technologies suffer
from limitations that reduce their
usefulness for both ASIC and system
timing analysis.

Most timing verifiers are either |

dynamic or static. Dynamic timing
verifiers can analyze any type of
circuit, but they require test vectors
to excite any path that the designer
wants to analyze. Static timing veri-
fiers require no test vectors and lo-
cate all timing errors, but they also
locate and report errors in paths that
are never used.

To overcome the limitations of tra-
ditional timing verifiers, some com-
panies now offer hybrid tools that
combine the characteristics of dy-
namic and static timing verifiers in
a single package. Gateway Design
Automation (Lowell, MA), for exam-
ple, mixed both types of techniques
in its recently introduced Veritime
timing verifier. Veritime can be used
as a standard static timing verifier
or as a simulation-driven path ana-
lyzer for timing analysis of designs
at the gate level or at higher levels
of abstraction.

Epic Design Technology (Santa
Clara, CA) took a similar approach
with its upcoming Verimill timing
verifier, a tool that targets transis-
tor-level timing analysis of digital
IC designs. Veritime is available
now, while Verimill is scheduled for
formal introduction later this year.

B Min/max simulators

Dynamic timing verifiers are built
into many logic simulators. These
so-called min/max simulators have
timing characteristics included in
device-simulation models, giving
them the ability to perform timing
verification during simulation. Val-
idSIM from Valid Logic Systems
(San Jose, CA) and Verilog from
Gateway Design Automation, for ex-

ample, are min/max simulators.

Dynamic timing verifiers work
with just about any type of circuit,
either synchronous or asynchronous.
The verifiers accurately (within the
limits of their models) analyze the
paths that are excited by the simula-
tion test vectors.

But the test-vector requirement
causes problems in dynamic timing

 VERITIME
@ MIN_ MAX
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ONE TIMING ONE RANGE/
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The Veritime hybrid timing verifier (a)
from Gateway Design Automation mixes
both static and dynamic timing verifica-
tion in a single tool. Veritime uses a timing
template as stimulus to the dynamic
timing verifier rather than the detailed test
vectors that are required by min/max sim-
ulators (b).

verifiers. The timing verifier won’t
analyze any path that isn’'t excited
by the vectors, so some critical paths
may be missed. As Ben Tang, simu-
lation product manager at Valid,
points out, “If you already know that
a path is long, you can excite it and
cause it to fail. But what happens if
you don’t know that it’s long?” Find-
ing long paths without the need for
test vectors is the province of static
timing verifiers.

Static timing verifiers use an ap-
proach that’s completely different
from that of dynamic timing verifi-
ers. Static timing verifiers don’t re-
quire test vectors of any sort, so they
can locate and analyze any signal
path in a design. A static timing
verifier traces all paths between
memory elements in a design and
calculates their delays. It can ana-
lyze only the longest and shortest
paths (critical path analysis) or it
can analyze all paths (exhaustive
path analysis).

The ability to locate all long and
short paths is a mixed blessing, how-
ever. Static timing verifiers tend to
be pessimistic in their analysis of a

design; they don’t miss any critical

paths, but they may report errors on
paths that are never used. When
that happens, the engineer must in-
terpret the error report accordingly.
A second problem with static tim-
ing verifiers is that they can’t ana-
lyze all designs. A static timing
verifier is very fast and very accu-
rate, but it works best on synchro-
nous designs with relatively simple
clocks, according to Valid’s Tang. “If
a designer is willing to abide by very
strict synchronous design rules, stat-
ic timing analysis is a very powerful
tool,” says Tang. “Computer designs
tend to be synchronous, but just
about all other designs have asyn-
chronous elements that make it diffi-
cult to use static timing verifiers.”

B Combining static and dynamic

Hybrid timing verifiers attempt to
overcome the major limitations of
both dynamic and static timing veri-
fiers. A designer can use a hybrid
timing verifier on any type of circuit,
either synchronous or asynchronous.
When used on designs containing
asynchronous elements, hybrid tim-
ing verifiers require test vectors to
excite asynchronous control and tim-
ing paths, but allow synchronous
portions to be analyzed using static
techniques.

When Gateway’s Veritime is used
as a static timing verifier, it requires
no test vectors. When it’s simula-
tion-driven, however, Veritime
needs a small set of test vectors to
exercise control and clock logic, and
define data states.

“Mixing simulation-driven timing
analysis with static timing analysis
lets Veritime analyze both synchro-
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nous and asynchronous circuits,”
says Prabhu Goel, president of Gate-
way. “It also lets the designer isolate
certain segments of a design for
analysis.”

In its simulation-driven mode,
Veritime requires timing analysis
“templates” that serve as test vectors
to the design. A template usually
consists of simulation patterns to
activate timing and control signals
for the segment of logic to be ana-
lyzed, and a description of when data
paths are stable and when they may
be changing, but no specific data
values since Veritime analysis isn’t
data-dependent.

Veritime simulates the design us-
ing the timing analysis templates.
When the simulation activates the
inputs to a storage device, Veritime
traces back along the paths from the
storage device to the input sources.
Since paths are analyzed only if they
cause a change at an input to a
storage device, false timing errors
are less likely to be reported.

B Pros and cons of hybrids

Critics of the hybrid approach claim
that it suffers from the same limita-
tions as dynamic timing verifiers do
because using test vectors means
that some critical paths may be
missed. Proponents of the hybrid ap-
proach point out that while a hybrid
timing verifier simulates clocks and

“The move toward
synchronous designs
means a greater
reliance on static
timing verifiers.”
—Dick Kaiser, Mentor Graphics

control logic fully, it doesn’t do full
logic simulation. It isn’t necessary to
apply specific data patterns to data
paths, so it’s less likely that critical
paths will be missed.

A second criticism of hybrid tim-
ing verifiers is that they really
aren’t that new; some static timing
verifiers have many of the capabili-
ties that are claimed as “new” in
hybrid tools. Quickpath from Mentor
Graphics (Beaverton, OR), for exam-
ple, is one verifier that can perform
timing analysis on asynchronous as

e | osenw
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Quickpath from Mentor Graphics detects any design path that’s either too fast or too
slow, highlighting violations directly on the schematic for easy recognition. The path of
a violation is highlighted in the lower window. Quickpath is fully integrated into the
Quicksim logic simulator and the rest of Mentor’s design and analysis toolset.

well as synchronous designs, says
Pat Wolfran, Quickpath product
manager.

The key to its wide applicability is
Quickpath’s interactive mode of op-
eration. “There are several tech-
niques for using Quickpath with
asynchronous designs,” says Wol-
fran. “A designer can simply point at
both ends of a path, and Quickpath
will calculate the delay. Or a design-
er can specify stable times for asyn-
chronous paths in a design and then
run a Quickpath analysis on the
design using those specifications.”

Quickpath lets the designer selec-
tively enable and disable the analy-
sis of segments of logic. This lets
designers concentrate on trouble-
some design segments, or turn off
segments that are exhibiting false
errors.

Graphical displays can help de-
signers evaluate error reports and
sort out false errors. Quickpath dis-
plays troublesome logical paths in
their entirety, including hierarchical
moves. This type of display lets a
designer evaluate the path and de-
termine whether a reported error on
the path is real or false. Such evalu-
ation is much more difficult if the
path is displayed only as a text file.

The Chipcrafter timing verifier
from Seattle Silicon (Bellevue, WA)
also allows interactive analysis of
asynchronous as well as synchro-
nous designs. Part of the company’s
Chipcrafter compiler tools, the tim-
ing verifier is a static tool with both
critical and exhaustive path-analy-
sis algorithms. To reduce false error
reports, a path-disable utility lets
designers disable illogical paths. To
facilitate asynchronous circuit anal-
ysis, users can assign states to pri-
mary inputs.

Dick Kaiser, a product manager at
Mentor Graphics points out that de-
sign managers are moving toward
synchronous designs, thus enhanc-
ing the appeal of static timing verifi-
ers. “Complex structured designs are
easier to implement using synchro-
nous techniques, and synchronous
designs can more readily accommo-
date designed-in testability such as
scan paths,” he says. “The move to-
ward synchronous designs means a
greater reliance on static timing ver-
ifiers in the future.”

B Special problems with ICs

System designers aren’t the only de-
signers who are plagued with timing
problems. “Our chip manufacturing
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Embedded systems designers have already used CrossCode C in over 357 different applications.

How to choose a 68000 C compiler
for your ROMable code development

These twelve important CrossCode C features could
make the difference between success and failure

t’s hard to know ahead of time what

features you’ll be needing in a
68000 C compiler. But if you're using
CrossCode C you won’t need to think
ahead, because CrossCode C is already
equipped with these twelve important
features for your ROMable code devel-
opment:

1. A 100% ROMable Compiler:
CrossCode C splits its output into five
memory sections for easy placement into
ROM or RAM at link time.

2. Integrated C and Assembler: You
can write your code in any combination of
C and assembly language.

3. Readable Assembly Language
Output: The compiler generates assem-
bly language code with your C language
source code embedded as comments, so
you can see each statement’s compiled
output.

4. Optimized Code: CrossCode C uses
minimum required precision when eval-
uating expressions. It also "folds" con-
stants at compilation time, converts
multiplications to shifts when possible,
and eliminates superfluous branches.

5. Custom Optimization: You can op-
timize compiler output for your applica-
tion because you control the sizes of C
types, including pointers, floats, and all
integral types.

6. Register Optimization: Ten regis-
ters are reserved for your register vari-
ables, and there’s an option to automati-
cally declare all stack variables as
register, so you can instantly optimize
programs that were written without
registers in mind.

7. C Library Source: An extensive C
library containing over 47 C functions is
provided in source form.

8. No Limitations: No matter how large
your program is, CrossCode C will com-
pile it. There are no limits on the number
of symbols in your program, the size of
your input file, or the size of a C function.

9. 68030 Support: If you're using the
68030, CrossCode C will use its extra
instructions and addressing modes.

10. Floating Point Support: If you're
using the 68881, the compiler performs
floating point operations through the
coprocessor, and floating point register
variables are stored in 68881 registers.

11. Position Independence: Both posi-
tion independent code and data can be
generated if needed.

12. ANSI Standards: CrossCode C
tracks the ANSI C standard, so your code

will always be standard, too.

There’s More

CrossCode C comes with an assembler,
a linker, and a tool to help you prepare
your object code for transmission to
PROM programmers and emulators. And
there’s another special tool that gives you
symbolic debugging support by helping
you to prepare symbol tables for virtually
all types of emulators.

CrossCode C is available under MS-
DOS for just $1595, and it runs on all IBM
PCs and compatibles (640K memory and
hard disk are required). Also available
under UNIX, XENIX, and VMS.

CALL TODAY for more information:

1-800-448-7733

(ask for extension 5001)
Outside the United States, please dial

PHONE: 1-312-971-8170
FAX: 1-312-971-8513

SOFTWARE DEVELOPMENT SYSTEMS, INC.
DEPARTMENT 51

4248 BELLE AIRE LANE

DOWNERS GROVE, ILLINOIS 60515 USA
CrossCode™ is a trademark of SOFTWARE DEVELOPMENT
SYSTEMS, INC. MS-DOS® is a registered trademark of

Microsoft. UNIX® is a registered trademark of AT&T. XENIX®
is a registered trademark of Microsoft.
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With Valid Logic’s new
graphics interface

for the Timemill event-
driven simulator

from Epic Design Tech-
nology, engineers

can easily create input
stimuli and view
output waveform
results.

customers say that they want to
make chips run faster, but they have
trouble locating the critical delays
that limit performance,” says Sang
Wang, president of Epic Design
Technology. “That’s causing a great-
er interest in timing verifiers among
both chip designers and chip manu-
facturers.”

Timing verifiers that work at the
gate level can’t test full-custom and
cell-based IC designs adequately. An
individual IC doesn’t contain gates;
it contains transistors that happen
to make up gates and flip-flops. The
timing limits on an IC have to do
with the characteristics of transis-
tors, so transistor timing must be
analyzed to extract maximum per-
formance from an IC design.

For years, IC timing verification
depended on the experience and in-
tuition of the design and layout engi-
neers. “You would eyeball an IC
layout and try to figure out where
the longest path was,” says Donna
Rigali, Valid’s product manager for
IC design tools. “Then you would run
Spice simulation on that path to
determine its timing -characteris-
tics.” Although Spice simulation
could be run on an entire IC and
would produce a very accurate pic-
ture of the IC’s timing characteris-
tics, few designers would want to put
a design containing 500,000 transis-
tors through a Spice simulator.

The same timing verification algo-
rithms (dynamic and static) that
work at the gate and behavioral
levels work at the transistor level,
except that the transistor model
must include some of the transistor’s
analog characteristics. “A transistor
on an IC looks exactly the same in

an analog circuit as in a digital
circuit,” says Dave Millman, mar-
keting vice-president at Epic Design
Technology. “To determine a tran-
sistor’s timing characteristics, you
must model the analog characteris-
tics that affect timing.”

For IC-level timing analysis, Epic
provides three tools: Timemill, a dy-
namic timing verifier; Pathmill, a
static timing verifier, and the soon-
to-be-introduced Verimill, a hybrid
timing verifier. Valid Logic Systems
also markets the Epic timing verifi-
ers as part of the Valid set of IC
design tools.

Timemill is an event-driven,
switch-level simulator that models
the resistance and capacitance prop-
erties of transistor circuits to deter-
mine their timing characteristics.
Timemill also keeps track of internal
voltages, such as the voltages in
RAM sense amps. Because it’s event-
driven rather than timeslice-driven,
and because it doesn’t model all of
the analog properties of transistors,
Timemill is much faster than Spice
simulators. A 50,000-gate design, for
example, can be evaluated in about
10 minutes on a Sun-3 workstation.

Pathmill is a static critical path
analyzer for IC designs. In much the
same manner as the tools that work
at the gate level and above, Pathmill
locates and identifies critical, perfor-
mance-limiting paths in IC designs.

A hybrid timing verifier, Verimill
can handle IC designs with multiple
clocks and multiple clock cycles.
Similar to Gateway’s Veritime tim-
ing verifier in both name and capa-
bilities, Verimill will dynamically
handle all signals that need states
for analysis, such as clocks and con-

trol signals. All other signals are
handled using static techniques.

B A matter of time

The available timing verification
tools aren’t perfect solutions to tim-
ing problems. Dynamic timing veri-
fiers can miss timing errors if the
designer doesn’t include the right
test vectors. Static timing verifiers
can report false errors because they
report every long signal path, re-
gardless of whether the path is used.
With these limitations, a designer
who can develop effective test vec-
tors or weed out false error reports
will be able to use today’s timing
verification tools most effectively.
There’s no one “right” timing veri-
fication tool that will handle every
timing analysis problem. Hybrid
timing verifiers with their limited
use of test vectors and their ability
to analyze both synchronous and
asynchronous designs may well be
the first step toward a more univer-
sal class of timing analysis tools. But
for pure synchronous designs, a stat-
ic tool may still be the best solution.
In the final analysis, it’s up to the
engineering manager to match the
tools to the tasks at hand. O

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
number on the Reader Inquiry Card.
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Technical publishing tools
streamline documentation process

Bill Harding, Senior Editor

ngineering managers are well
aware that the job’s not over
until the paperwork’s done,
but the paperwork on even a moder-
ately sized design can be staggering.
With regulations such as those laid
down by the Department of Defense
(DOD) for weapons systems and by
the Federal Aviation Administra-
tion (FAA) for commercial aircraft,
an engineering manager may well
face a documentation problem that
rivals the design job itself.
Runaway design complexity can
be blamed for most of the engineer-
ing manager’s documentation prob-
lems. Since it’s very likely that
designs will become even more com-
plex in the future, the electronic
engineering manager can expect to
see documentation requirements in-
creasing rather than decreasing.

B Electronic technical publishing

The massive problems associated
with producing documentation in a
timely manner prompted the emer-
gence of a new class of tools called
electronic technical publishing
(ETP). Don’t confuse ETP with desk-
top publishing. ETP includes many
desktop publishing capabilities but
goes far beyond the process of gener-
ating printable pages.

“At one time, a word processor
was an effective technical publishing
tool,” says Bruce Foster, product line
manager in the Context Division of
Mentor Graphics (Beaverton, OR).
“Today, writing technical documents
is a team process that requires group
productivity tools. It's also a mas-
sive, complex process that requires
document management tools, and
it’s an exacting process that requires
tools to help meet contractual re-
quirements or government regula-
tions.”

Like a word processor or a desktop
publishing system, an ETP toolset
must provide certain basic capabili-
ties, according to Foster. Integrated
text and graphics, and graphics cre-
ation and editing are obvious re-
quirements. For large documents,
automatic section numbering with

automatic renumbering following
revisions is a necessity.

An ETP system should automati-
cally generate matter such as tables
of contents, lists of figures, and in-
dexes. Since many documents, such
as parts catalogs, contain large num-
bers of tables, an ETP system should
have a tool that helps with table
creation and editing. To bring exist-
ing documentation under electronic
control, an ETP system should sup-
port image scanning and optical
character recognition.

Mentor’s Context Division offers a
set of ETP tools—Context Writer,
Context Editor and Context Docu-
mentor—that support a procedure
called inclusion by reference. This
procedure may be used to handle a
schematic that may be kept up to
date by the engineering department
but needed in a maintenance man-
ual, for example. Rather than copy
the schematic from the engineering
system to the publishing system, the
writer of the manual can include the
schematic by simply telling the ETP
system the schematic’s location. The
schematic is then copied only when a
manual is ready to print. By main-
taining only one master copy of the
schematic, the documentation auto-
matically includes any changes

B TECHNOLOGY UPDATES

made by the engineer.

ETP tools must provide a way to
access data from outside the docu-
mentation group. For Context ETP
tools and Mentor EDA tools, direct
contact can be maintained via the
engineering network. But some-
times other tools are used to gener-
ate text or drawings. In this case, a
graphics gateway is used to import
the information. External data
brought into the Context system via
the gateway can’t be included by
reference (that data isn’t automati-
cally updated in the Context system
when it’s updated in its original sys-
tem), but it can be processed and
included in finished documents.

If an ETP facility is implemented
on a network with access to the
engineering network, on-line re-
views of documents are feasible. In
the Context system, security proce-
dures can be invoked that let review-
ers check a document in a read-only
mode, but with the ability to add
annotations or comments to the doc-
ument without changing the docu-
ment’s text.

In a manner similar to what oc-
curs in desktop publishing systems,
templates can be set up to define the
format for documents. If a system is
being designed under government
contract, the DOD-mandated CALS
(Computer-aided Acquisition and
Logistic Support) standards may ap-
ply (see “DOD standardizes docu-
mentation process,” p. 60). If that’s
the case, templates conforming to
the CALS standards may be pre-

The engineering
documentation
process has
changed a great
deal in recent
years. Documenta-
tion has become
“an exacting pro-
cess that requires
tools to help

- | meet contractual
requirements or

| government regu-
lations,” says

| Bruce Foster, prod-
uct line manager
in the Context Divi-
| sion of Mentor
Graphics.
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pared and will automatically be used
for all document preparation. The
template may effectively outline
how a document is to be prepared,
thus letting technical writers “fill in
the blanks” when preparing seg-
ments of a document.

B Managing the load

To help manage the documentation
effort, ETP tools help with structure
maintenance, change control, and
file security and access control. ETP
systems should provide a means for
limiting document access (such as a
password or other identification
scheme) and should also provide a
way to limit what can be done to a
document.

Access rights may change as a
document progresses through its life
cycle. In the very early stages of
document preparation, a particular
engineer—as well as the author—
may have the right to change a
document. That right may be
changed to read-only as the docu-
ment approaches the first review

cycle. Once a document is in sign-off,
a writer may be denied access rights.

Many elements of structure main-
tenance are handled automatically
in an ETP package. The Context
package, for example, automatically
renumbers nested sections and lists
whenever changes are made to a
document. It also automatically up-
dates embedded references such as a
reference to a table or figure. If the
table or figure designation is
changed, the embedded reference is
changed accordingly. Much as a
CAE system can automatically gen-
erate an engineering netlist, Con-
text can automatically generate a
table of contents, a list of tables and
a list of figures.

B Keeping track of changes

Any product that has a relatively
long life, such as a commercial air-
craft or a weapons system, will prob-
ably undergo numerous changes.
Getting the changes documented
and distributing the changes and the
documentation to the field is a sig-

Although many system manufac-
turers may consider the Department

of Defense a very good customer, the
DOD is also one of the strictest customers
when it comes to technical documen-
tation. But even with its tough regula-
tions, the DOD still has problems
managing the documents it receives
from its contractors, even if those
documents meet every existing specifica-
tion and regulation.

To help regulate documentation
procedures, the DOD recently mandated
the implementation of the CALS
(Computer-aided Acquisition and Logis-
tic Support) program. CALS defines
how documents will be prepared and
delivered, as well as how changes will
be accomplished.

In the past, industry has tended to
adopt military documentation practices.
CALS should be no exception, particu-
larly since companies such as the Context
Division of Mentor Graphics (Beaver-
ton, OR) will provide documentation
tools aimed directly at helping meet
CALS standards.

When CALS is fully implemented,
defense contractors will no longer deliver
their documentation in printed form.

CALS has a threefold documentation
objective. First, digital tapes will be the
delivery method of choice for future
documents. Second, the DOD must
implement internal procedures that will
let the DOD use the digital documents.
Third, the hoped-for result is that
reliability and maintainability will be inte-
grated into designs.

Switching from paper to magnetic
tape is a major undertaking on both
the contractor and DOD sides of the
fence. Recognizing this, the DOD plans
to implement CALS standards in two
phases. Phase | involves converting paper
documentation flow into electronic
flow using available technology and
industry standards. Phase Il is much
more ambitious. It involves total integra-
tion of product data bases among all
contractors, with the data bases main-
tained by the contractors with on-line
access and ownership by the DOD.

To implement Phase I, the DOD is in
the process of defining a number of
documentation standards. MIL-STD-
1840A is the CALS technical publishing
subset, covering such things as text
formats, graphics formats, and standards
for recording and transmitting graphics.

nificant problem.

“Failing to distribute changes in a
timely manner can be very costly to
the customer,” Context’s Foster said.
“If an FAA investigator finds writ-
ten notes in the margins of an air-
line maintenance manual, for
example, the airline is subject to a
stiff fine. Mechanics don’t define how
aircraft should be repaired; engi-
neers do. And they publish their
decisions in change notices.”

An ETP system helps manage the
document change procedure by
maintaining an audit trail and keep-
ing a copy of every level of a docu-
ment. At any point, any revision
level of a document can be produced,
including all changes made to bring
it to the specified level and the
changes that took it to the next
level. Similarly, during on-line re-
view of changes, both the old text
(with strike-overs) and the new text
are available to the reviewers.

Variant documents may be creat-
ed and maintained in a similar man-
ner. A variant document is one
that’s generally the same as a base
document but describes a different
version of the system —different con-
figurations of the same basic air-
craft, for example. In the Context
system, all portions of the base docu-
ment that aren’t changed in the
variant document are included by
reference rather than being copied to
the variant document. The variant
document thus contains only text
that’s different from the base docu-
ment. Any changes to the base docu-
ment are automatically made in the
variant document.

B ETP will grow rapidly

ETP is still a relatively young disci-
pline, but the DOD mandates should
cause it to mature very rapidly.
Even companies that don’t do much
DOD work won’t escape from docu-
mentation standards. Big companies
that use a lot of subcontractors are
setting up their own documentation
standards and electronic document
delivery systems.

The C-3 data pipeline from Gener-
al Motors (Detroit, MI) is a case in
point. General Motors works with
some 90,000 subcontractors who de-
sign various automotive parts. Sub-
contractors used a variety of design
systems, so design data wasn’t com-
patible from one subcontractor to
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another, resulting in major integra-
tion problems for GM engineers.
With the implementation of the C-3

data pipeline, GM subcontractors
must submit their designs in electron-
ic formats approved by the company.

Preparing design
documentation is a

THE DOCUMENTATION TEAM

team effort that

involves writers,
editors, illustrators
and engineers.

The documentation
team usually
works on the same
types of work-
stations as the en-
gineers do. The
documentation
network should

be linked to the
engineering net-
work to provide a
means for ac-
cessing source in-

ETHERNET

EDITOR

COMMUNICATIONS
GATEWAY

1 ILLUSTRATOR
—

formation and

neering data bases.

graphics from engi- I H

FOREIGN
SYSTEMS

While the text and graphics inte-
gration of an ETP tool may not be
that much greater than what would
be possible with a desktop publish-
ing package (which would be less
expensive), the documentation man-
agement tools should prove to be
worth the extra cost. Tools such as
access control, inclusion by refer-
ence, revision control, audit trails for
changes, variant document produc-
tion and format templates can go a
long way toward bringing the engi-
neering manager’s documentation
problems under control.

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
number on the Reader Inquiry Card.
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FASTFRAME

Bus-~board development
1n miniature.

Adding to Dage’s successful Foundation enclosure family is Fastframe, a completely self-
contained miniature bus-based board system. Fastframe offers a full-system capability
while its compact design and low cost combine to make it ideal for bench-top
prototyping, exhibitions, field service or as a ‘one per student’ training station.
Compatibility with VME, STE or Multibus Il boards provides users with a
comprehensive operating environment. Fastframe has its own integral power supply and
backplane, and an open-sided construction allows easy access to boards under test or
development. External devices are powered via rear-mounted 5 and 12V connectors.
Foundation Fastframe further enhances Dage's wealth of in-depth hardware and
software expertise for real-time system builders. For a single source of standard products
and full custom facilities make Dage your first choice.
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Warren Andrews, Senior Editor

our industry leaders recently
merged workstations, Ada de-

velopment tools, a real-time op-
erating system and a Sparc-based
VMEDbus target system into an inte-
grated real-time Ada development
and run-time environment. Key to
the quartet’s development is the
smooth integration achieved with
the Ada development tools and real-
time operating system and the inter-
active debugging capabilities shared
by the workstation and target sys-
tem. Verdix (Chantilly, VA), Wind
River Systems (Emeryville, CA), Mi-
zar (Carrollton, TX) and Sun Micro-
systems (Mountain View, CA)
pooled their efforts to create a
smooth-running environment that
lets designers interactively write,
debug and compile Ada code on a
Sun workstation and download it to
a Sparc-based target running a real-
time operating system.

On the host workstation end is the
Verdix Ada Development System
(VADS) running on a Sun Worksta-
tion. VADS provides tools for han-
dling library management, com-
pilation and program generation,
debugging, programming support
and customer services. VADS is
combined with Wind River Systems’
VxWorks network operating system
and its network and programming
support tools. The resulting product
has been dubbed VADSworks.

Program development is done on a
Sun 3 or Sparc-based Sun 4 worksta-
tion or, alternatively, on Mizar’s
Hybrid Ada Development System
running Unix or the SunOS en-
hanced version of Unix. The system
is used to develop real-time Ada
applications that will run on Mizar’s
line of fully configured Adaserver
Systems based on Fujitsu’s imple-
mentation of a Sparc RISC or Motor-
ola 680X0 microprocessors.

The code developed in the VADS-
works software environment is
downloaded onto one or more embed-
ded target processors from the Unix
host via Ethernet or, in the case of
the Mizar development system, di-
rectly across the VME backplane.

Industry quartet plays
real-time Ada on Sparc

On the real-time target, Ada pro-
grams run under the VxWorks real-
time operating system.

B Not just for military

Though Ada is largely considered
part of the military domain—about
95 percent of today’s Ada appli-
cations are dedicated to military
projects—the language is rapidly
finding its way into commercial ap-
plications, according to Omar Ah-
med, Verdix director of technical
support. The same features that led
to the selection of Ada as the stan-

“The reusability
of Ada modules
is @ major
advantage.”
—Sid David, Draper Laboratories

dard for military projects are endear-
ing the language to many commer-
cial applications, he says.

The key features that Ada offers
over other languages include man-
ageability, maintainability, disci-
pline and portability, says Ahmed.
Ada’s modular-oriented design leads
to programs that are extremely easy
to manage. By creating a division
between the definition of a module’s
interface and its implementation,
management teams can define mod-
ule interfaces from the onset of a
project.

With this division, individual en-
gineers can separately develop code
for segments of a program with rea-
sonable confidence that the code will
function properly when integrated
into a final program. In addition to
the manageability of program mod-
ules, Ada can protect data through
its unique capabilities for data ab-
straction and data hiding.

Because Ada modules are isolated,
the programmer can easily identify

changes to any specific module and
understand the effect of the modifi-
cation. According to Verdix’s Ah-
med, Ada’s object-oriented approach
also lets developers take advantage
of modules developed in past proj-
ects—or off-the-shelf—and use them
in new programs. Ada allows the
creation of libraries that can often be
interchanged from application to
application.

“In addition to the commonly
known benefits of Ada, the reusabil-
ity of Ada modules is a major advan-
tage,” says Sid David, associate
division leader of the applications
department at Draper Laboratories
(Cambridge, MA). “Ada makes the
concept of commercially available
software packages for embedded ap-
plications more a reality today than
ever before.”

Off-the-shelf Ada software offer-
ings can range from low-level opera-
tions such as sorting and
manipulating link lists to high-level,
application-specific routines for hu-
man and graphics interfaces or the
manipulation of sophisticated ma-
chines.

B Program development

In the new development environ-
ment, initial Ada coding is done on
the Unix-based host system after the
programming support environment
is set up and the VADS system is
configured to the specific applica-
tion. The configuration depends on
the size and complexity of the soft-
ware product and involves creating
the necessary VADS libraries,
search lists and library hierarchies.
Configuration can vary from a sim-
ple, single library for small applica-
tions with only a few programmers
to a high-level breakdown that de-
termines the number of libraries to
create as well as the dependencies
and search lists needed. Hundreds,
or even thousands, of programmers
can be part of the effort.

If necessary, the problem can be
further broken down into lower lev-
els after the initial VADS libraries
have been set up. Libraries can be
completely independent, be fully de-
pendent on one another or share any
dependency relationship. If depen-
dent, the libraries can be hierarchi-
cal in structure—code developed at
higher levels would be independent
of the code developed at lower levels,
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while lower-level code would be de-
pendent on each higher level.
Some of the functional testing and
debugging can be done directly on
the Unix-based development system.
Other parts of the development,
however, must take place on the
target processor—in this case, the
Mizar Adaserver. During coding,

small segments of the code can be
separately compiled, linked, run on
the server or in the Sun environ-
ment, and debugged. During debug-
ging, the VADS Ada source-level
debugger can be used on both the
Unix-based host system or the target
real-time system. After individual
units have been coded, they can be

THE VERDIX ADA DEVELOPMENT SYSTEM

e VERDIX ADA COMPILER
> FRONT END
1. LEXICAL ANALYSIS
2. SYNTACTIC ANALYSIS
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LIBRARY
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A
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CODE GENERATOR /_\
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2. OPTIMIZATION b e
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RUN-TIME
SYSTEM
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The Verdix Ada Development System incorporates a variety of development tools to
accompany its optimizing Ada compiler. These include a program library, library-man-
agement tools, error processing, object linking and symbolic debugging. The library-
management tools let either off-the-shelf or custom-developed modules be easily

incorporated into larger Ada programs.

integrated and debugged as a single
unit. The piecewise integration con-
tinues until the entire product is
integrated, tested and debugged on
the Sparc-based target system.

B Full integration

One of the powerful aspects of this
real-time Ada development environ-
ment is the full integration that
provides efficient tools for code de-
velopment with a direct connection
to a real-time embedded target envi-
ronment, says Jerry Fiddler, pres-
ident of Wind River Systems.
Integration is accomplished by pro-
viding a common user interface and
programmer access to key functions
such as windowing and networking
capabilities, a standard operating
system with editors, optimizing com-
piler technology, downloading and
symbolic debugging capabilities.

To simplify the entire develop-
ment cycle and provide a seamless
integration of development subsys-
tems, a window-based, mouse-driven
interface is provided. It serves to
simplify Ada applications develop-
ment by saving the programmer
from having to remember the large
assortment of Ada commands and
options. Further, the interface lets
users execute programs by using a
mouse to select the necessary com-
mands and options from a menu or
other graphics display.

In addition to the conventional
productivity tools, the development
environment gives designers a fully
interactive window into the execu-
tion and debugging of their applica-
tion. With the Ada tasking model,
tasks need to be examined and de-
bugged concurrently. Debugging of a
multitasking Ada program thus be-
comes not just a process of sequen-
tially examining the state of each
executed statement from the top to
the bottom of a program, but also a
process of manipulating objects.

Most debuggers provide only the
capability of examining and viewing
the program being debugged as a list
of statements executed in sequence.
Debugging should allow the exami-
nation—or even modification—of a
task’s state at any time when that
task becomes active, however. The
windowed environment of VADS-
works provides this capability.

The need for integration between
the host and target environment be-
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B TECHNOLOGY UPDATES

comes increasingly critical as users
demand that code will run similarly
on both the target and host. This
prompted Verdix and Wind River to
integrate the development process
with the real-time operating system
and thus support Ada at both the

target and host sides. To round out
the environment, Mizar provides the
high-performance target hardware.
It offers several levels of integration
and support ranging from a single-
board target processor to the compa-
ny’s hybrid server approach (using

VME

to DEC, GOULD/SEL...

T

VMIVME-DMA

VMIVME-VMEnet II'™

CIRCLE NO. 34
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Sun VME processor cards to substi-
tute for the workstation and work
across the same backplane as the
target system) to real-time embed-
ded systems.

One of Mizar’s fully packaged hy-
brid servers incorporates the capa-
bilities of a Unix workstation and
Ada software development tools with
a real-time subsystem running a
real-time operating system—Vx-
Works. The server philosophy lets
the user take advantage of a Unix
environment in a real-time Ada ap-
plication. In addition, Mizar offers a
networked hybrid system that uses
Ethernet to connect one or more
Unix workstations with several em-
bedded target systems. When pro-
gram development is complete, the
target system can run as a stand-
alone system without the Unix
workstation serving as a host.

The key to the four companies’
approach is in the integration, says
Thomas Kane, marketing manager
at Mizar. While other Ada develop-
ment systems exist, the code gener-
ally has to be written, compiled and
debugged on the host and then port-
ed to the target system. The task of
repeating this operation for iterative
generations is not only time-consum-
ing, but often leads to an incomplete
programming job.

This highly integrated approach
brings many advantages to the de-
signer. One, Ada can enjoy the same
sophisticated tools that are available
in C. The development environment
has a seamless connection to the
target environment, and it lets real-
time characteristics be incorporated
into the Ada run-time. The approach
also provides a familiar window-
based, mouse-driven interface. In ad-
dition, the solution is based on
standards, and it provides single-
vendor integration and support. []

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate

number on the Reader Inquiry Card.
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Today, Varta leads the world in / ¥ making cells
for the smaller NiCd batteries. The reason lies in understand-
ing the two ways cells are made. One is Varta's original
development: the mass-plate NiCd button cell. Its electrodes
are thick, solid masses with small surface areas. Result: a
very low self-discharge which provides up to four times
longer stand-by life and reduced charging current.

In the other cells, the long, thin, sintered electrodes, which
are wrapped around in a cylindrical shape, have a large
surface area. Result: cylindrical cells with an inherently fast
self-discharge. Most of these NiCd batteries have a useful
stand-by life of less than 3 months and, in use, require more
frequent charging with “heavier” charging current.

Better operational characteristics. Mass-plate construction
results in NiCd batteries with no “memory” effect, so they
can be trickle-charged long-term without reduction in effec-
tive capacity. They have a longer, 1000-cycle life, according
to IEC 509. And they can be stored in any state of charge
for over five years

Self discharge comparison at 20°C without significant

e performance loss.
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Electrodes in mass-plate button cells have far less surface
area, so self-discharge is far less, stand-by life is up to four
times longer, and charging requirements are much smaller.

cells perform better under vibration, as shown by MIL STD
810C. Key cell sizes are Ul-recognized. They can be wave-
soldered for up to 10 seconds in a fully charged state.

More sizes and types for any application. Mass-plate
cells range from 4 mAh (world’s smallest) to 1000 mAh.
Taking up to 40% less space, batteries are available flat
or stacked with all types of connections. Safetronic and
Mempac batteries are pin-equipped for easy plug-in.

New “high-temperature” types. The Varta DKT Series can
operate up to 65°C, 15° higher than before.

Most cost-effective. Despite their advan-
tages,mass-plate buttons are competitively
priced. For more information, on Varta
button cells and batteries, please ask for
our booklet “Eight Reasons Why..."”. Call
1-800-431-2504, Ext. 260, or write below.

u VAR I A VARTA Batteries, Inc., 300 Executive Bivd., Eimsford, NY 10523
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Eanding your
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[YOCRSSING and control,

‘ Today, signal processing and control means much more to you than
itdid just a few years ago. Increasingly sophisticated applications are blurring

the boundary between signal processing—both analog and digital—and data
processing. And your future designs are certain to require further integration
of these functions. . For The New Harris Semiconductor—a company
combining the strengths of Harris, GE, RCA and Intersil—signal processing
and control is both our heritage and our future. . We understand the
myriad requirements of designing products for the real world. That's why we
specialize in providing both performance and application-oriented solutions to
your design problems. At many levels of integration from discrete semi-
conductors to systems on a chip. . No matter what your signal processing
and control requirements—from DC to microwave frequencies, from low
power consumption to high speed operation, from precision input to high
power/high voltage output—The New Harris Semiconductor has what you
need. With a full range of amplifiers, switches, opto-isolators, discrete power,
smart power, data acquisition, logic, digital signal processing, microprocessors
and microcontrollers. And our expertise in analog anddigital lets us put them
both together to meet your most complex system requirements. . In
signal processing and control, The New Harris Semiconductor is what your
vision of the future demands. Today. . For more information, call toll-free,
1-800-4-HARRIS, Ext. 1989. (In Canada, 1-800-344-2444, Ext. 1989.)

WARRIS - RCA - BE INTERSIL

What your vision of the future demands. Today
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STD Bus
Software Challenge:

CpBIT’s C-Engine vs STD-DOS

‘,!

C-Engine Features:

« Borland Turbo C Professional Package
- Source Level Debug on STD Bus CPU
» Efficient Embedded System Code

Harness the power of Borland’s Turbo C Professional
Package for your STD Bus development system. Develop
your code on a PC, then try it out on Cubit's powerful
80186 based CPU. The C-Engine allows you to run the
Turbo C debugger right on our CPU board.

Turbo C includes the compiler, assembler, editor, source
level debugger, error checking with built-in Lint and a
large library of functions with source code. Code runs
faster and is more compact than code written with leading
competitive C compilers. Thorough documentation gets
you started fast.

Cubit’s C-Engine includes our Model 8600 CPU board
with a 10 MHz 80186 microprocessor, Turbo C Professional
Package, a serial interface board and all necessary inter-
facing software including automatic ROM generation for
only $995. You will have all the tools needed to produce
fast, efficient ROM based code, which
may be run on our $595 Model 8600
CPU without any additional software.

C is the language of choice for
computer control professionals.
Cubit makes it easy and
inexpensive to run on STD Bus.

STD-DOS:
« Fills Surplus Memory!
« Helps Spend Your Budget!
* Runs Flight Simulator!

Where’s the Disk? DOS stands for Disk Operating Sys-
tem, but few embedded control applications use a disk.
You waste dollars, memory and system speed for functions
that few embedded control systems need.

Real OEM’s Don’t Use DOS. You want to use DOS as a
develoBment tool, but when you complete your develop-
ment, DOS sticks around. Since your application runs
under DOS, you will need to ship DOS with every system.
OEM's can save big money by ditching DOS.

DOS is great if your system needs to run Flight Simulator.
But for embedded control system development, keep DOS
on your PC where it belongs. Cubit's C-Engine lets you
develop code using DOS and Turbo C on your PC, while
keeping the final code fast, clean and without DOS clutter.

C BIT DIVISlON
PROTEUS
Jl INDUSTRIES

340 Pioneer Way
Mountain View, CA 94041-1577
Telephone: (415) 962-8237

MS is a trademark of Microsoft Corp.
Turbo C is a trademark of Borland International, Inc.

FAX: 415-965-9355
Telex: 797377 PROTEUS USA
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Designers hang on
to Multibus |

A seemingly
interminable upgrade
path. The sometimes
irresistible appeal of
familiarity. This old bus
is—at least for now—
still in its prime.

David Lieberman
Senior Editor

How is it that the 12-year-old
Multibus is posting record reve-
nues? And why, when design wins
are so clearly few and far between,
is this old 16-bit bus architecture
now reaching record volumes?

The Computer Design 1988/1989
Bus Board Survey showed that
roughly 22 percent of our readers
who use boards are designing with
Multibus I today, down from at
least a 32 percent share in the past.
By 1991 or so, the survey respon-
dents told us, only about 10% percent of them will be doing new Multibus
designs. Yet, despite this decline in design wins, most marketing figures
show Multibus to have the largest market share of any open-architecture
bus today, representing at least a $600 million market, and it’s not
expected to top out until the mid-1990s.

Where are all those dollars going? It appears that most of them are
going into upgrades and enhancements to existing designs, into new models in
scalable product families and into field enhancements accomplished with
simple board swaps. Running out of processing headroom? Swap out an 80286
or 68020 CPU board and swap in an 80386 or a 68030. Hitting an I/O wall?
Swap in a denser communications board. Needing faster access to disk? Swap
out an ST506 subsystem and swap in ESDI or SCSI.

The machines of the early and middle ’80s are due for their mid- or late-
life kickers, and it was Multibus I that captured most of the design-ins back
then, before VMEbus and Multibus II had become viable alternatives.

Some of the dollars, though, are also going into real design wins for
Multibus I, and the capabilities of systems using Multibus I are being
stretched in some interesting ways. Here, the appealing aspects of using an
old bus—above all, no learning curve or substantial software reinvestment—
are enticing many designers to hang on.

Two major strengths of the Multibus I standard are that it’s relatively
easy to design to and lacks compatibility problems. It has been an
exemplary story of bus success, attracting hundreds of vendors with

The board swap

is a quick and easy
way to upgrade
an existing Mullti-
bus I system
without making a
substantial rein-
vestment in new
software.
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H MULTIBUS |

thousands of products. Although it’s
now clearly an old-technology bus,
vendors have continually applied the
latest semiconductor and packaging
technology to their boards to give
Multibus I customers a seemingly
interminable upgrade path. Over
time, as limited bandwidth has be-
come a hindrance, the Multibus I
spec itself has also evolved.

If you're looking for a Multibus I
CPU today, you can get everything
from a multi-hundred-dollar Z80 or
8080 board with about 64 kbytes of
memory to a multi-thousand-dollar
80386 or 68030 board with as much
as 16 Mbytes of memory. Want a
68000-based CPU? There are almost
20 around, available from about 10
vendors. Need an 80867 You can
choose from about 30 8086 CPUs
from 15 companies or so.

Will the strengths of Multibus I,
then, be able to carry it through the
1990s? Probably not, though it may
survive in some niche or other. Some
designers, in expectation of a Multi-
bus I decline, are moving to a differ-
ent 16-bit bus—the PC/AT—where
the third-party support is even more
copious and the dollars required far
less. But more of them are going 32
bits, where bang for the buck is so
clearly superior. “Most companies
currently shipping Multibus I prod-
uct have a 32-bit bus either in devel-
opment, announced or beginning to
ship,” says Chappell Cory, senior
vice-president for marketing opera-
tions at Xylogics (Burlington, MA).

Then, too, the appeal of Multibus I
will lessen over time as new genera-

The VMEbus and

tions of engineers, brought up on the
32-bit buses, take over the bench,
and the “I've used it before” appeal of
Multibus I will no longer be a signif-
icant factor.

And there’s the embarrassment
factor. The marketing departments
of over half of the Multibus I users
contacted for this article either in-
sisted on anonymity or declined to
participate. “We don’t want our com-
pany name publicly associated with
old technology,” one source ex-
plained. “That’s not the image we
want to project.”

“Isn’t it amazing!” says Russ Gam-

“There are a
tremendous number
of closet Multibus |
users out there.”
—Russ Gamble, Zendex

ble, general manager at Zendex
(Dublin, CA). “There are a tremen-
dous number of closet Multibus I
users out there.”

B Why not change?

Despite the unwillingness of some to
admit they use Multibus I, there’s no
question that the bus retains a
strong following. “The majority of
our customer base is sticking with
Multibus,” reports Jack Blevins, di-
rector of new product development
at Central Data (Champaign, IL).
“We haven’t seen anybody change

Multibus | and Il
buses are at dif-
ferent stages of 900 -
their life cycles.
Although Multibus | —
is in its mature SO0 ek
phase, it continues
to resist market a0
decline by support-
ing performance | ,, %0 7]
upgrades, and its 5
revenues aren’t | 5 500 7| MULTIBUS II
expected to level | 3
off until the mid- > 400
1990s. P
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0
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over to Multibus II in a big way, and
the changeover to VMEbus stopped
being significant over a year ago.”

“I'm surprised at the strength of
the Multibus I market,” says Tom
Powell, director of marketing at Syn-
ergy Microsystems (Encinitas, CA).
“Engineers don’t change the bus un-
less they’re doing a new project.”

Don Peterson, director of market-
ing at Ciprico (Plymouth, MN), sees
it this way: “It’'s a time-to-market
thing a lot of companies went
through. A lot of people took on
VME in 1983 or 1984, and the
boards didn’t play together as well
as expected. Also, there weren’t as
many vendors and boards as in Mul-
tibus I, so people may have had two
or three more types of boards to
build themselves, which some lacked
the expertise to do. Development
took a lot longer than expected, and
a lot of projects ran very late. Mean-
while, there was the old Multibus I
system, working just fine.”

Then, too, Multibus I has been
popular for government and military
programs, which tend to be long-
term. “Because of the government’s
way of doing business, the product
life cycle there is longer and there’s
more of a desire to keep a product
out there longer, supporting it and
maintaining it and extending its life
and spreading the cost of the pro-
gram over a longer period,” says
Michael Wells, president of Meta-
comp (San Diego, CA).

B Customizing the bus
Like a number of other board ven-
dors, Micro Industries (Westerville,
OH) is seeing a lot of Multibus I
activity, reports president Michael
Curran. “We’re seeing a lot of new
custom board designs,” he says.
“Many of our OEM customers are
reducing cost or adding features to
existing systems, and most are still
anticipating getting quite a few
more years out of the products.
There’s a strong tendency to com-
bine the functions of, say, three
boards into one. It’s a real selling
point that we can do the software so,
where necessary to maintain com-
patibility, on-board accesses look
just like off-board accesses.”

Other board companies also report
a lot of demand for customization of
board-level Multibus I products. Mi-
crobar Systems (Sunnyvale, CA), for
example, has had success with the
company’s “application-specific pro-
cessor” prototyping program, accord-
ing to spokesperson Jacqueline



Goddard. The program is based on a
CPU concept that populates about
half of a board with basic CPU func-
tionality and leaves the rest free for
memory modules, a daughter board
and a large wirewrap area. Prototyp-
ing in this fashion, says Goddard, is
a real boon to time-to-market.

According to Synergy’s Powell,
“The level of board integration is
now very aggressive. People want
slightly custom things, they want it
quickly and they don’t want to have
to buy an extra card. Today, it’s
usually possible to put any critical
function you’d normally go to the
bus for on the board or a daughter
board instead,” he says.

B Leveraging through upgrades

The greatest appeal of “a bus I've
used before” is the ability to leverage
past investments—in hardware,
software and staff expertise—that
were made when the bus was first
taken on. And some, who took on
Multibus I as their first open-archi-
tecture bus in the mid-'80s, think it’s
a bit early to give it up, choosing
instead to upgrade. “Those people
whose applications are running fine
on Multibus I but could use some
additional processing power are up-
grading,” says Blevins. “Upgrading
lets you postpone a bus decision. If
you can avoid the expense of chang-
ing buses and still make your cus-
tomers happy, there’s no reason to
change.”

Gamble concurs. “The marketing
figures say Multibus I is capturing
only about 7 percent of design wins,
but that doesn’t include upgrades.
There’s a continuous flow of up-
grades going into established mar-
kets. That’s why there’s a ground-
swell of activity in Multibus 1.”

Multibus I users are upgrading
with 68020/68030 and 80286/80386
CPU boards, intelligent peripheral
boards and network boards and/or
denser I/O boards. And many are
moving from ST506 disk controllers
to SCSI host adapters. “Customers
are seeing that they can upgrade
from an ST506 disk to a SCSI disk
that costs about the same, has lower
access time, higher data rate and a
lot more capacity,” Peterson says.
“SCSI also lets them hook up all
sorts of other peripherals and write a
single driver that can support them
all.” While the customer making
such a change will need to write a
SCSI driver, if he moved to a new
bus instead of upgrading an existing
one, he’d need at the very least to

Wlﬁam Gage, president of SBE
(Concord, CA), recounts a story of a
customer in the mid-1980s who

geared up for VMEbus, then decided to
stick with Multibus | instead. ““He
discovered that, because of the real
estate needed for the VME interface
and the smaller form factor, he'd need to
do two VME boards to do what he did
on one Multibus board,” says Gage.

Although the economics are shift-
ing, VME real estate is a good deal more
expensive than Multibus | real estate.
DIN connectors, front panels, shielding
and various machined parts, tapped
screw holes and bolts all add cost. The
appearance of VME interface chips
from a number of vendors has opened
up some real estate, but with the cost
of the chips factored in, a VME board can
still run several hundred dollars more
than a Multibus | equivalent.

The VMEbus real-estate penalty and
the need to stay competitive have
pushed board technology and, simul-
taneously, raised costs. “Because it's a
smaller card, it ends up having more
layers and requiring a more complex
assembly process,” says Gage. “'‘Our
most popular Multibus | card is just four
layers, while we never do less than
eight layers for VME and have had to do
some 10- and 12-layer boards.” The
need to move to application-specific ICs
and/or surface-mount technology to
get the needed functions on-board also
extracts its price.

Fierce competition in VMEbus mar-
kets, however, has exerted an opposite
influence on pricing. Pete Czuchra,
marketing manager at Omnibyte (West
Chicago, IL), sees nearly comparable
pricing between Multibus | and VMEbus
at the board level. “"VME has matured
a little more and, consequently, develop-
ment costs of designs built in the past
four years or so have pretty much been
paid back,” he says.

A simple, Multibus I-to-VME com-
parison of price doesn’t get at the
price/performance issue, however.

And because of the differences between
the two buses, truly equivalent prod-
ucts are fairly rare. “In the markets we
serve,” says Chappell Cory, senior
vice-president for marketing operations
at Xylogics (Burlington, MA), "price
isn't the main issue since VME gives more
performance and throughput and /0
throughput per dollar than Multibus |
does. If a VME disk controller lets you
use one file server instead of two, who
cares if it costs 10 percent more?”

Price/performance aside, the re-
ports are extremely disparate on the
relative economies of putting together
a Multibus | vs. VMEbus system, running
from rough parity to about a 100
percent VMEbus cost premium. “What-
ever the difference is, it's relatively
insignificant,” says Tom Powell, director
of marketing at Synergy Microsystems
(Encinitas, CA), "‘since most of the cost of
VME is in switching over.”

write drivers for all his new
boards—no small task.

Intel reports ongoing upgrades
from ST506 to ESDI, and Xylogics’
Cory notes that some designers are
upgrading from 10-MHz to 15-MHz
ESDI disk subsystems. “Some people
are also trying to move down from
SMD class drives to 5% inchers,”
Cory adds. “They’re downsizing to a
more compact version of an existing
machine.”

As with other buses, the move-
ment toward ever higher board func-
tionality on Multibus I has
culminated in the workstation-on-a-
card concept. “With multimegabytes
of memory, SCSI, Ethernet and/or
full graphics on the board itself, you
can get much better performance
than anything you can get on the
VMEDbus,” claims Powell.

Pete Czuchra, marketing manager

at Omnibyte (West Chicago, IL),
notes a movement toward upgrading
with intelligent I/O. Not only does
the strategy offload the CPU, he
says, but it also reduces the traffic
that would occur normally between
a CPU and dumb I/O controllers.

Granted, there are many systems
out there for which a 16-bit bus is no
hindrance. Where it is, though, Mul-
tibus I designers have moved mem-
ory traffic off the bus onto an
auxiliary bus or kept the bulk of the
traffic on the CPU board itself. “If
your board has a 32-bit processor
with a 32-bit local bus to lots of 32-
bit memory, a 16-bit data bus isn’t
an issue as far as execution time
goes,” says Blevins.

B Who is hanging on?

“Those people who need to maintain
software compatibility with a previ-
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When a system based on an old bus starts to run out of steam, substantial performance
improvements can be made by swapping the CPU and, if necessary, one or more /O
subsystems. To get the full force of upgrade potential, however, it’s usually necessary
to tweak the system software. As shown here, for example, if an operating system can
request data in larger chunks, more of the potential performance possible with a more
advanced processor and disk drive subsystem can be reached.

ous system or maintain some conti-
nuity in enclosure design are staying
with Multibus 1,” says William
Gage, president of SBE (Concord,
CA), “unless they’re running out of
horsepower. One strong reason to
continue with an old bus is the abili-
ty to upgrade systems in the field. If
you can stay with the same packag-
ing and merely change boards, then
you have the relatively easy prospect
of boosting performance for existing
customers by just swapping some
boards.”

“Sure, the Multibus I boards are
slow and the window on timing is
wide,” admits Gamble, “but it’s easy
to design a compatible board and it
gives you reliability down the road.”

“There are always tradeoffs when
deciding between a previously used
bus and a new bus,” says Michael
Pritchard, product marketing man-
ager at Intel’'s OEM Modules Opera-
tion (Hillsboro, OR). “If the
attraction of staying is greater than
the cost of going, why throw away
something that’s making money?”

It appears that designers locked
into the Intel processor architecture
have been among the most reticent
to bite the bullet and move on from
Multibus I to a 32-bit bus. While the

VMEDbus, conceptually similar to
Multibus I, abounds with Motorola
processor architecture products,
there are only a handful of CPU
companies in VME who serve the
Intel camp.

“There doesn’t seem to be a lot of
cross-pollenization between buses
and processors,” Peterson says. On
the other hand, Multibus II is not a
“quick and easy” transition for the
Intel processor world. It suffers from
a relative dearth of product, high
entry costs and a narrower appeal
than either VME or Multibus L

B The problem with multiprocessing

One area in which Multibus I does
not fare well is multiprocessing. “It’s
obvious that anybody doing any kind
of distributed or parallel multipro-
cessing has got to get off Multibus I,”
says Gamble. “The bus simply won’t
support it. Multibus I is a dog for
doing any kind of interprocessor
communications. For I/O-intensive
things, though, it’s the king.”
Intel’s Pritchard puts the issue in
a different light. “If you look at the
architecture of a typical multipro-
cessing Multibus I system, it’s what
I'll call ‘functional,” as opposed to
‘distributed’, multiprocessing: that
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is, there’s only one real master and
maybe three or four intelligent
slaves,” he says. “That method
doesn’'t take up much backplane
bandwidth, and it suits a lot of appli-
cations. We don’t run into many
Multibus I backplanes that are satu-
rated.”

One large industrial controls com-
pany continues to put its new opera-
tor console designs on a multi-
processing Multibus I. The
engineering group leader clearly
prefers Multibus II but, he says, “I've
got an installed base to support.”
Atypically, the company is substan-
tially modifying its software archi-
tecture to incorporate concepts being
used in VMEbus and Multibus II
architectures. In the new architec-
ture, six CPUs will use the Multibus
I only for I/O, for access to a global
data base, and for short message
bursts among themselves. “There’s
nothing to say that you can’t put
Multibus II-like message passing on
a multiprocessing Multibus 1,” says
the group leader. “It has nothing to
do with the backplane. You could do
message passing on S-100 if you
wanted to!”

Another factor dictating against
successful distributed multiprocess-
ing on Multibus I is its lack of a
fairness algorithm in its arbitration
protocols. Such an algorithm pre-
vents low-priority masters from suf-
fering bus starvation. In functional
multiprocessing, though, lack of fair-
ness represents no hindrance.

As one source explains: “If all the
processors have exactly equal priori-

“Upgrading lets you
postpone a bus
decision. It buys you
time.”

— Jack Blevins, Central Data

ties, then fairness makes sense. But
if certain processors are dealing with
real-time data channels, such as an
Ethernet data link or something like
that, you need different priority lev-
els, so a fixed priority system makes
sense. If Multibus I had fairness, I'd
have to go to the trouble of disabling
it to get my system to work.”

B Evolution and mutation

Multibus I has continually mutated
outside of the standards committee



arena. In late 1987, for instance, the
Tru-32 32-bit Multibus I extension
scheme from Zendex appeared and,
in mid-1988, the Multibus Plus ex-
tension scheme arrived from Syner-
gy, which added a burst-mode
transfer function to an extended 32-
bit capability. Titan Sesco (Chats-
worth, CA) has been working with a
militarized Multibus I for some time,
as has Radstone Technology (Mont-
vale, NJ) with a Euro Multibus.
According to Doug Patterson, mili-
tary product marketing manager at
Radstone, new military designs are
running about 80 percent VMEbus,
20 percent Multibus I

Siemens (Munich, West Germany)
and Micro Industries also market a
Euro Multibus for the factory auto-
mation arena. “Some Multibus II
customers were upset when they
found out about the Advanced Multi-
bus System,” says Curran, “because
they paid a heavy price to change
when all they needed was the Euro-
card and a little more capabilities on
the boards.”

Gamble reports that three or four
Zendex customers are working with
the Tru-32.

As for Multibus Plus, Powell says:
“It got tremendous reception, but
hardly anyone is actually interested
in using it. There’s some interest in
Multibus Plus at one customer doing
parallel processing, which is where
you’d see the most performance gain.

“Since a lot of people don’t opti-
mize their code when they move to
the 68020, they’'d have to do a little
bit more software work than they
might like to take advantage of an
extended Multibus,” Powell adds. “It
would be less trouble than switching
over to VMEbus and changing all
the drivers. But many will just keep
going with the Motorola processor
family and Multibus I because
they’re very familiar with it and it’s
a lot less work.”

One director of engineering has
done his own 32-bit Multibus I “bas-
tardization” for a small business
computer. Getting third-party
boards to use in his mutation was no
problem, he reports; Ciprico and his
other vendors made the required ad-
aptations on their boards for the new
design. His next design, however,
will be on VMEbus. “Multibus I is
too restrictive for the kind of multi-
processing I want to do,” he says.

B Where it's thriving

Many companies have chosen to
hang on to Multibus I as long as it’s

feasible (and profitable) to do so. The
old bus is alive and well, to mention
just a few examples, in data commu-
nication controllers in Disneyland,
in pipeline control systems for Tex-
aco, in the security system at Law-
rence Livermore Labs, in the
manufacturing operation at Sumi-
tomo Metals, in medical instrumen-
tation from Nicolet Biomedical
Instruments, in flight simulators
from Frasca International, and in IC

test equipment from Semiconductor
Test Solutions.

When Ford Aerospace (Beltsville,
MD) needed a bus to get its Tracking
Processing System developed quick-
ly, it chose Multibus I. “To drive the
antenna that tracks low earth orbit
satellites for the Goddard Space
Flight Center network, we needed 5
to 10 Mbytes/s of bandwidth,” says
Herb Emerson, senior system engi-
neer. “We did an extensive evalua-

' The life cycle of Multibus |

Roducts and
technologies go
through five dis-
tinct phases in their
life cycle:

1. Research
and development
and initial intro-
duction phase.
Sales growth is indeterminate in this
period. Most inquiries aren’t from those
working on a funded project. Rather,
those making inquiries are seeking infor-
mation for future projects or are
building a system for internal evaluation.

2. Market development phase.
Sales growth below 50 percent.

3. High growth phase. Sales growth
above 50 percent.

4. Maturity. Sales growth between
10 and 30 percent.

5. Decline. Sales growth below 10
percent, eventually becoming negative.

Multibus | is clearly in the mature

OFFICE
COMMUNICATIONS 7.94%

6.35%

4.76%

INDUSTRIAL
36.51%

14.29%

phase of its life cycle, but it's showing no
signs of entering the decline phase at
this time. It has received midlife kickers
with the introduction of 80286 and
68000 processors and again, just recent-
ly, with the introduction of 80386 and
68020/30 processors.

MULTIBUS | MARKET SEGMENTS

GRAPHICS/SIMULATION

AEROSPACE

In this phase of a bus's life cycle, the
project-driven systems integrator buy is
dominant. OEMs are generally going
to newer bus technologies such as
Multibus I, which is still in the market
development phase of its life cycle.

A market research study by the
Multibus Manufacturers Group (Aloha,
OR) released late last year revealed
some interesting patterns of bus usage.
In military and aerospace markets, for
example, there’s a clear migration from
Multibus | to Multibus II. In the factory
automation arena, on the other hand,
Multibus | and Il participate in two
distinct subsegments of the market.
Multibus | manufacturing process con-
trol applications are almost universally
traditional single-point control appli-
cations where programmable logic con-
trollers and micros have been widely
employed in the past. Multibus Il applica-
tions are almost universally multipoint
applications where minis and main-
frames had been
the norm.

Likewise, there’s
a difference in
the use of Multi-
bus | and Il in the
office automation/
commercial data
processing segment
of the market. The
use of Multibus I
here is almost ex-
clusively at the de-
partmental
computer and high-end engineering
workstation level. The Multibus | posi-
tion appears to be almost exclusively in
the area of Unix/Xenix-based depart-
ment computers serving fewer than 12
simultaneous users.

MILITARY
30.16%

Daniel Fink, executive director, the Multibus Manufacturers Group
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Semiconductor
Test Solutions
(Santa Clara, CA)
builds its midrange
IC testers around
the Multibus |
using the M68CPU
board set from

SBE and the Regu-
lus operating
system from Alcyon
(San Diego, CA).
The company chose
a bus based on
compatibility, reli-
ability and a
moderate pricing
structure.

tion of Multibus I, VMEbus, STD
Bus and the AT bus, and chose Mul-
tibus I. Part of the reason was that
everyone in the Goddard network is
familiar with the bus, which reduced
the learning cycle tremendously,
and that was an important factor.”

Clearly, however, Multibus I
won’t live forever. When Redondo
Systems (Torrance, CA) needed “a
well-supported, well-defined indus-
try-standard bus with lots of avail-
able product” on which to build its
radar simulators, it chose Multibus
I. Nevertheless, Multibus II is in the
company’s future as that bus at-
tracts more support, according to
company spokesman Lloyd Sutton.

Among the habitual upgraders, a
raster image processor company
making newspaper composition sys-
tems will be putting its new designs
on VMEDbus in times to come. As a
company hardware design engineer
explains, it will cost the company
less to buy a Sun workstation than
to manufacture its own Multibus I
system.

Harris Graphics (Dayton, OH) will
also be moving on to VMEbus as its
bindery equipment automates more
functions in that industry, explains
Andy Bruce, member of the compa-
ny’s software group. One important
issue in the decision to change over
was the availability of a Unix link
for VMEbus systems to the real-time

operating system the company has
been using.

Even such a strong Multibus I
advocate and habitual upgrader as
Nicolet (Madison, WI) will be mov-
ing onto a PC platform, says soft-
ware project manager Michael
Christie. “The PC bus supports the
operating system we've been using,
we can get comparable performance
with some careful planning and de-
sign, and there will be fewer types of
boards we’ll have to design internal-
ly,” he says.

B Multibus futures

Most bus watchers expect Multibus I
to enjoy no more than three to four
more years of growth before the in-
evitable decline sets in. Is it, then,
the right time for designers to move
on? “If my customer can get all the
performance he needs for the next
five years on Multibus I—that is,
with XXX processor at XXX MHz—
I'd tell him to stick with Multibus I,”
says Pete Yeatman, vice-president of
marketing at Radstone. “If it won’t
suffice or his competition will beat
the pants off him with a 32-bit bus,
I'd say it’s time to switch.”

“I can’t think of a situation where
I'd recommend Multibus I today,”
says Powell, “but the people who
stay with it have compelling reasons
for doing so. Obviously, changing
from a 68020 CPU to a 68030 is a
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very cheap way of getting tremen-
dous compute power without making
a whole lot of changes. When Motor-
ola introduces the 68040, you’'ll see
another resurgence in Multibus I
interest because those people are go-
ing to want to upgrade again. It’s the
cheapest thing to do.” ]

For more information about the technol-
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WHEN YOU INSTALL
THE NETWORK AT
THE WORLD ENTERPRISE
NETWORKING SHOW,
YOUD BETTER
MAKE SURE IT WORKS.

When Deere Tech
Services of Moline, lll., took
part in installing the dem-
onstration network at the
1988 Enterprise Network-
ing Show, they knew that
for the event’s five days the
network had to be faultless.
So they used an Excelan
LANalyzer* to set up,
troubleshoot and monitor it.

Deere Tech Services
knew that few companies
have as much experience
in connecting heteroge-
neous systems as Excelan.

And that Excelan's
LANalyzer would be up to
the job.

The Baltimore show's
network was based on the
Manufacturing Automation
Protocol (MAP) running
on broadband and the Tech-
nical and Office Protocol
(TOP) running on Ethernet.

UP AND RUNNING.

It had to support large
numbers of systems
running several different
protocols, all needing to
be up and running in days.

But because LAN-
alyzer, with it's mouse and
menu driven interface, is
extremely easy to use and
provides high performance
under heavy traffic, the
network was ready in time
for the show.

All of this was accom-

provides such features as
simultaneous data capture
and display, flexible multi-
channel filtering, and sum-
mary real-time monitoring,
along with the ability to
decode network protocols
including TCF/IP, DECnet,
AppleTalk and XNS.

PERFORMANCE
NOT PROMISES.

The end result was that
for the full five days of the
show the network per-
formed faultlessly with no
downtime.

It's no wonder that
many LANalyzer customers
are repeat purchasers.
Excelan’s LANalyzer pro-
vides a user friendly, cost
effective method of network
analysis. And it's avail-
able as a stand alone unit or
as a kit which can be in-
stalled in any IBM PC/AT
or compatible.

And best of all, LAN-
alyzer is made by the
company that networks
networks. Excelan.

To find out how the
LANalyzer can solve your
network problems, and
to receive a free demo disk-
ette, call 1-800-243-8526.
Or write to us at 2180
Fortune Drive, San Jose,
California 95131.

<EXCELAN"

WE NETWORK NETWORKS.

plished, because LANalyzer &

The brands or product names mentioned are trademarks or registered trademarks of their respective holder:
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We've Got

Everybody Talking

I

and FAXing with Just One Chip.

Now it's easy to put Group 3 FAX capability anywhere you
want it. Just start with the YM7109, a true single-chip
9600bps FAX MODEM from Yamaha LS. It's ideal for
laptops. It's perfect for cellular telephones, facsimile
machines, PC FAX boards, communications cards
or external modems. Wherever space is scarce.
Wherever low power consumption is critical.
Wherever you need a more cost-effective

way to add both FAX and modem capabilities
to your product.

It’s in There.
The YM7109 consumes only 200mW +25mW and
needs only a single +5V power supply. It's avail-
able in 40-pin DIP and 64-pin QFP, allowing you to
fit the YM7109 into all those tight spaces. DTMF
detect for remote control or security, flag pattern
detect, selectable cable equalization, receive signal
monitoring, programmable receive level adjust and
auto equalization are all in the chip. Of course,

the YM7109 meets CCITT V.29, V.27ter,

V.21 channel 2, V.23 backward

channel, V.21 and Bell 103
standards, is compatible
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with industry-standard chip sets and has been fully
tested on both domestic and international
telephone lines.

Development Help.

We've done the basic design needed to make the

YM7109 function as a Group 3 FAX or modem.

Complete with basic schematics and Yamaha's
exclusive FAXSIM™ (FAX Software Integration
Module) software package, the YM7109 offers
time-saving source code that allows you to
sidestep thick manuals and detailed T.4 or T.30
documentation.

Get the FAX.

Just call 1-800-543-7457

Yamaha LSI, Systems Technology Division
3051 North First St, San Jose, CA 95134
(408) 433-5260 FAX (408) 433-5230

YAMAHA

©Yamaha LS, Systems Technology Division, 1989.
Yamaha LS|, Systems Technology Division and the
Yamaha logo are registered trademarks of Yamaha -
Corporation of America. FAXSIM is a trademark of
Yamaha Corporation of America.
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Ada tools mature,
but users debate
language standards

Ada development

tools improve for
building real-time and
distributed systems, but
can the remaining
language problems be
resolved without
defying rigid standards?

- SRC: module PP -scrol
H -=- main progr

-source
of dining philosophers

PHILS
8: begin
9
10:

ARRAY(1..4) of PHII

for I in PI
loop

Howard Falk
Contributing Editor

Ile Ada language has had a reputation for awkwardness, primitive
development tools, and poor real-time performance. Yet, during the past
year there has been considerable progress in providing more adequate
Ada development tools. Debuggers comparable to those for C language are
now available. Ada vendors have also been concentrating on improved
software products for real-time and embedded systems. At the same time,
Ada development efforts are striving to meet the needs of distributed and
parallel system applications. Finally, changes in the Ada language itself
are being tentatively considered.

Validation by the Department of Defense is the entry ritual every Ada
compiler must pass through on its way to the military software market.
Now that over 200 compilers have successfully passed that ritual, users
are realizing that validation is no guarantee that a compiler will provide
code that has the speed or efficiency required by their application. Under
pressure from these users, Ada vendors are producing more efficient
compilers and, even more important, are accompanying their compilers
with the kind of development tools that users of popular computer
languages have come to expect.

C-language compilers are typically designed, implemented, and sold as
stand-alone products, and users may select other tools from other vendors
to form the development environment of their choice. Such selectable
toolsets, however, aren’t yet available for Ada, so users have to depend on
the development toolsets provided by compiler vendors.

The typical Ada toolset for embedded system work is hosted on a
VAX/VMS computer. Sun workstations are also popular Ada hosts. In
addition to host- and cross-compilers, Ada toolsets typically include
libraries for storage of object code modules, as well as library managers
that let users create, move, copy, delete and view library objects, and to
generate reports on library contents. Binders convert compiler-generated
object units so they can be linked to other Ada objects. Importers
transform non-Ada object code units so they can be used together with
Ada object units. Linkers determine the valid order in which library units,
compiler-generated object code units and imported units can be combined,
and then they form these diverse units into modules that can be executed
on the host computer. Formatters convert host object modules into target

COMPUTER DESIGN

A key item in any
Ada toolset is a de-
bugger. With the
XD Ada debugger
from System De-
signers Software,
users can stop
execution with
breakpoints and
tracepoints, and
they can halt ex-
ecution when se-
lected variables
change. Register
contents can be
examined and al-
tered. Source
code can be ac-
cessed, and de-
bugging commands
have a familiar
Ada syntax.
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computer format. Locaters assign ob-
ject code and data to desired memory
locations.

Some vendors include these func-
tions in their Ada compilers, while
others offer them as separate tools.
Ada toolsets also typically include
Ada language tools such as cross-
referencers, which show where sym-
bolic names are declared and
referenced. Source dependency listers
identify the connections of an Ada
package to other packages, and source
formatters present Ada source code
using standard language conventions.
Most Ada compilers include optimiz-
ers to increase code efficiency.

This Ada Sym-
bolic Debugger
screen from In-

termetrics shows a
highlighted line

of Ada source code
at which a
breakpoint has tak-
en place. In the
lower window, a
debug command
follows the dbg >
prompt. The ta-
ble lists tasks within
the source code,
along with their
status at the
breakpoint.

{ dbg> |}

====50URCE WINDOW===
procedure
peqi

TASKES
TASKES
TASKE?
TASKES
TASKYS
TASKELO
TASKE{L
TASKE{2
TASKEL
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Finally, a key item in any toolset
is the debugger, which now typically
operates at the source level. For ex-
ample, the Adaview debugger from
Intermetrics (Cambridge, MA) uses
a full screen display that allows us-
ers to inspect Ada objects, types, and
units, as well as registers and memo-
ry, the run-time stack, task status,
program sources and other files.
Breakpoints and tracepoints can be
set on Ada source lines, exceptions
and tasks. There are commands to
list tasks, inspect a particular task
context, and to display task, entry
and call status.

In addition to these typical tools,
Ada vendors are turning to a variety
of special techniques to improve
their offerings. For example, to meet
embedded system debugging re-
quirements, System Designers Soft-
ware (Cambridge, MA) makes use of
a kernel at the target computer that
serves as a component of its XD Ada
Debugger. The kernel lets tools at
the host load, start and debug code
that runs in the target. When debug-
ging is completed, this kernel can be
removed.

Another special feature of the XD
Ada compiler and related tools from
System Designers Software is their
close relationship with VAX/VMS
host computers. Thus, developers
who use XD Ada tools can also ac-
cess an impressive array of VAX
Ada tools, including the VAX lan-
guage-sensitive editor, code-man-
agement system, source-code ana-
lyzer, performance and coverage
analyzer, and test manager.

All these are tools that can be
used for Ada source code develop-
ment on the host. The XD Ada De-
bugger isn’t the only one that makes
use of a kernel at the target comput-

=noretasks.ada==
puth {s: string

er. The ARTX real-time kernel from
Ready Systems (Sunnyvale, CA) also
provides debugging facilities similar
to those of the XD Ada Debugger,
and for its Ada 386 cross-compilation
package, Intel (Hillsboro, OR) uses a
debugging kernel that resides in a
PROM on the target board.

Some vendors offer target simula-
tors to users who want to do as much
as possible of their Ada code develop-
ment on a host computer. The 1750A
simulator from Interact (New York,
NY), for example, models target in-
struction timing, I/O capabilities and
other features, as specified by the
user, on a VAX/VMS host. Simula-
tors are typically slow, compared to
target chip operation, but the Inter-
act simulator is said to run at the
respectable rate of 300 to 350 VAX
Ada instructions for each 1750A in-
struction.

The Ready Systems’ RTAda-Sim
software simulates a 68020 target,
including the ARTX real-time ker-
nel. RTAda-Sim lets the user define
I/O device behavior and then debug
Ada programs on a VAX/VMS or
Sun/Unix computer.
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For users who want to load Ada
code into the target over a simple
communications link, Tartan Lab-
oratories (Pittsburgh, PA) provides
an optional Hot Bench interface that
uses an RS-232 connection for both
loading and assembly language de-
bugging. The Hot Bench facility first
loads a software kernel that commu-
nicates with interface software on
the host, and then loads the applica-
tion along with optional symbolic
information for debugging. Telesoft
(San Diego, CA) and Ready Systems
provide similar downloading and re-
ceiving capabilities.

B Analyzing code

Code analysis tools, to help users
identify code that may need im-
provement, are also now available in
Ada toolsets. The Adatune tool from
Alsys (Waltham, MA), for example,
provides profiling analysis that iden-
tifies portions of the code that are
hogging execution time. Adatune
also does coverage analysis to iden-
tify which paths through the code
have been tested, and which remain
unexplored.

Telesoft provides a similar tool
called the Execution Profiler. Profil-
er results are statistical, based on
sampled data, with reports that dis-
play the execution times for the
slowest procedures. Call chains are
displayed, all calls to and from sub-
routines are reported, and recursive
calls are flagged. Using Profiler
data, estimates can be made of per-
formance improvements that can be
expected with program speedups.

In a move indicative of growing
collaboration among Ada tool ven-
dors, Verdix (Chantilly, VA) has
combined its Ada Development Sys-
tem (VADS) with the VxWorks real-
time operating system from Wind
River Systems (Emeryville, CA).
With the combined tool, called
VADS/Works, Ada applications are
developed on a Unix host, using a
VADS Ada compiler and related
tools. Then the code can be down-
loaded to a target system, using the
standard 4.2 BSD Unix socket inter-
face and TCP/IP protocol.

On the target, the code is executed
under the VxWorks real-time oper-
ating system. Ada tasking and ren-
dezvous are implemented through
calls to the VxWorks real-time ker-
nel. Debugging of code on the target
can be done with the VxWorks sym-
bolic debugger. Alternatively, de-
bugging can be done from the Unix
host, using the VADS source-level
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debugger. VADS/Works is available
in versions for a number of different
standard CPU boards from vendors
including Heurikon (Madison, WI),
Motorola (Phoenix, AZ), and Force
Computers (Los Gatos, CA).

B Limiting run-time size

One of the key requirements of em-
bedded systems is that programs
must take up as little target memory
space as possible. Ada is a very large
language, however, that includes
many different features, and early
Ada compilers retained all those fea-
tures, making run-time systems
bulky. Today, many Ada compilers
are designed to selectively link and
load only those run-time features
needed by the application at hand.

The Tartan cross-compiler for the
1750A, for example, automatically
configures a 750-byte Ada root,
which is the Tartan’s smallest
1750A run-time system. The com-
plete Tartan Ada run-time system
for the 1750A totals 7,698 bytes.
Inclusion of run-time features can be
performed automatically by the Tar-
tan compiler, based on what is need-
ed by the application. Thus, if
exception handling or tasking isn’t
used, portions of the run-time sys-
tem that handle those functions will
be omitted.

An alternate approach is to let
users limit run-time size by choosing
compiler features. Tartan allows
this, as do cross-compilers from Sof-
tech (Waltham, MA), for which users
can modify run-time system size by
selecting or omitting such compiler
features as memory partitioning,
stack sizes, clock speed and stubs
used for power-up testing.

B Distributed and parallel systems
To those system developers who be-
lieve that the future of computing
lies in distributed and parallel sys-
tems, current Ada capabilities look
inadequate. Gerry Fisher, research
staff member at IBM (Yorktown
Heights, NY), for example, says that
the Ada model for distributed com-
puting “seems nice at first look” but
the language provides only for a
single memory system, not for dis-
tributed processors, each of which
has its own memory. People who
want to use the existing Ada lan-
guage for distributed computing
“haven’t the foggiest idea of how to
begin,” Fisher says.

Issues include which task will be
assigned to which processor, and
which memory should be used. Fish-

er also finds problems with the
pragma (compiler directive) used for
sharing data, scaling data and syn-
chronizing access to it. Fisher also
cites lack of asynchronous transfer of
control as a related issue that arises
when one Ada task stops and anoth-
er resumes.

To demonstrate the feasibility of
using Ada for distributed computing,
the Software Engineering Institute
(Pittsburgh, PA) has been develop-
ing a Distributed Ada Real Time
Kernel (Dark). This kernel supplies
primitives needed for interprocess
communication on a single processor
or across multiple processors. With
Dark, applications code written in
the Ada language can be readily
moved from one distributed process-
ing configuration to another. To
make such a move, physical system
unit names have to be associated

with kernel logical names, and this
is done using Dark reconfiguration
procedures, so that the Ada code
itself doesn’t have to be altered.
Dark implementation is essential-
ly complete, according to Judy Bam-
berger, member of the technical staff
at the Software Engineering Insti-
tute (SEI). System testing is under
way, and copies went to select beta
sites in February. More copies will
go out to beta sites in May, and a
Dark demonstration will take place
later in 1989. Bamberger notes,
however, that Dark doesn’t provide a
full Ada run-time system, nor does it
allow for use of Ada tasking com-
mands. In the future, the kernel may
include such features, but right now
the emphasis is on its interprocess
communication capabilities.
Although performance of a single
Dark primitive has been measured

Ada = language + standard features + run time

-ro understand arguments about fu-
ture changes in Ada, it may help to
picture Ada rules as encompassing not
only the language itself, but also inter-
face features and options, and run-
time systems.

An Ada catalog of interface fea-
tures and options is being developed by
subgroup 3 of ARTWEG, which is a
part of the Association for Computing
Machinery (New York, NY) Special
Interest Group on Ada. The subgroup is
chaired by Charles McKay, director of
the NASA Software Engineering Re-
search Center at the University of
Houston (Clear Lake, TX). This subgroup
tries to identify issues that may arise
repeatedly in different Ada applications
and that should therefore be handled
by standard methods, according to
McKay.

The subgroup has adopted an op-
tion, for example, that places bounds on
delays specified in applications pro-
grams. The official Ada language refer-
ence manual makes no provision for
placing such bounds, and some users
perceive this as a weakness of the Ada
language. McKay disagrees, reasoning
that the language is the law and it
shouldn’t be violated. However, his sub-
group deals with Ada features outside
the language, so the subgroup’s soft-
ware, which McKay terms “systems
software,” is legal.

Run-time code can consist of Ada
language software and non-Ada soft-

ware. Ada allows, for example, a non-
Ada real-time kernel to be used in the
run time to perform tasking. The run
time can thus be used as a catch-all to
provide functions that aren't in the
Ada language standard. Such added
functions will be unique to the particu-
lar application in which they are used,
however, and will have to be rewritten
if that application is to be moved to
another computer.

Some Ada users want the language
to include hard-deadline real-time sched-
uling, and bounded delay statements
associated with those deadlines, or they
want means for handling critical sec-
tions of code. McKay's response to those
users is that such capabilities shouldn’t
be part of the Ada language specifica-
tion, but should be provided by stan-
dard interface features and options, by
the run-time environment, or by some
combination of the two. The Ada lan-
guage, he believes, shouldn't have to
accommodate the requirements of an
operating system or a real-time kernel
that doesn't function well with existing
Ada paradigms.

“The question | ask about a pro-
posed Ada language change is whether
it needs to be visible to applications
programmers,” McKay says. If a standard
interface feature or option, or the run
time, can be used to meet users’ needs,
that is preferable to changing the
language to accommodate those needs,
according to McKay.
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The OB68K/VSBC1 with its
OMNIMODULE modular 1/O and
other options can be configured
over 3800 unique ways. This gives
you an off the shelf VME single
board computer that is customized
for your application.

Whether your quantity requirements

are large or small, you get a cost
effective board with just the
features you need. And, you get it
when you need it, without long
lead times or custom engineering
charges.

The standard features include:
« 12.5 MHz 68000
= 512KB of dual-access,
zero-wait-state RAM with parity.
= (4) 28-pin ROM sockets (up
to 256KB).
= (3) 16-bit timer/counters.
=« (2) OMNIMODULE 11O
module sockets.

Optional features include:

« |0 MHz 68000 0r 100r 12.5
MHz 68010.

= 2 or 4 channel DMA.

« VME bus interrupt generator
(68154).

= 4 level VME BUS arbiter.

« Up to (2) OMNIMODULE
11O modules.

Fully loaded, even with 2
OMNIMODULE’s, this board fits
into just one VME slot.
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Today your choice of
OMNIMODULE’s include:
= Kluge prototyping module
= (2) asynchronous
RS232C serial ports.
= (2) synch/asynch RS232C serial ports. — e e
= (2) asynchronous RS422 serial ports.
= (20) lines of parallel 1/O.
= And more to come!
OMNIMODULE I/O lines are
brought out to your choice of front Pt
panel or P2 connector.

For a free data sheet, to learn about
the latest OMNIMODULE or to
find out how you can have a custom
SBC for your application, contact
our Marketing Manager, Peter
Czuchra at 1-800-638-5022 or
(312) 231-6880 in lllinois.

Send $10.00 for a detailed
technical manual or a copy of our
OMNIMODULE specification.
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to demonstrate measurement tech-
niques, there haven’t yet been any
significant performance measure-
ment results. SEI hopes that Dark
will demonstrate the feasibility of
real-time distributed Ada applica-
tions, serve to educate users in eval-
uating kernels, and encourage
development of similar commercial
kernels.

Ada users who need to immediate-
ly implement distributed processing
systems can turn to the ARTX ker-
nel from Ready Systems. ARTX al-
lows use of Ada real-time tasking
semantics, or of Ready Systems’ own
tasking commands, and ARTX sup-
ports multiprocessing. But ARTX
works only with processors that use
a single, shared memory. In addi-
tion, communication in ARTX looks
different when software runs on one
processor, as compared to running
across several processors. This
means that Ada programs written
for one system configuration will
usually have to be changed before
they can be run on another.

Industrial Programming (Jericho,
NY) offers a package called MTOS-
UX/Ada. This package, based on the
company’s MTOS real-time kernel,
allows Ada programs to be run on
multiple processors and accepts nor-
mal Ada tasking commands. Ada
programs are handled transparently
by MTOS-UX/Ada, so that Ada code
can be handled with automatic load
balancing over up to 16 processors,
each of which has its own memory,
according to Bernard Mushinsky,
IPI sales manager.

MTOS-UX/Ada is, however, a
rather specialized solution to the
Ada distributed computing problem.
Each processor must run the MTOS
kernel, and MTOS-UX/Ada can be
used only with code produced by
Telesoft Ada compilers.

Those who note that Ada users
must turn to facilities outside the
language itself to meet distributed
and parallel system needs have
probably entertained the thought
that revision of the Ada language
itself should be considered.

B Debate to shape Ada’s future

Few outside the Ada community are
aware that, sometime in the 1990s, a
new version of the Ada language,
provisionally called Ada 9X, will be
officially adopted. The shape of Ada
9X is now under debate among Ada
standards makers, vendors, and us-
ers. The basic issue in the debate is
how to untie some of the knots that

TARGET PROCESSOR

The RTAda run-
time system allows
an embedded

Ada program to

make use of the
RTAda/OS operat-

ing system, which
provides the Ada
program with the

real-time capa-
bilities of the ARTX
real-time kernel
from Ready Sys-

tems. ARTX func-

tions are similar to
those of the

ARTX
KERNEL

popular VRTX ker-
nel. RTAda/OS
features include
RTAda-10 for
target file and
stream /O,
RTAda-MP for mul-
tiprocessing, and

RTAda-Net for

networking.

HOST CLOCK

FILE
SYSTEM

ETHERNET

make Ada difficult to use.

One of those knots is that only
FIFO (first-in, first-out) queues are
permitted within the Ada language.
Lee Silverthorn, president of DDC-I
(Phoenix AZ), is among those who
believe that the Ada language itself
should permit the use of other types
of queues as well. FIFO queues are
appropriate for time sharing, but for
many real-time systems, priority
queuing is preferable. After careful
consideration, Silverthorn and his
colleagues have concluded that the
Ada language requirement for FIFO
queues should be dropped, since that
would open the language not only to
priority queues but to other types of
queues as well.

Silverthorn notes, however, that
with the FIFO requirement removed
from Ada, users of FIFO queues will
have to do some reprogramming
with each new implementation, be-
cause the queues would no longer be
a part of the Ada language standard.

With no particular type of queuing
specified in the language, says Sil-
verthorn, module portability and 80
to 90 percent overall portability
could still be achieved for Ada soft-
ware. There would have to be some
reengineering when the software
was ported to a new microprocessor
or a new computer, and Ada users
would have to know that queuing

was one of the language’s implemen-
tation-dependent features. In any
case, Silverthorn believes, Ada port-
ability has been oversold; naive us-
ers may expect Ada programs to be
completely portable, but that is un-
realistic, given the current state of
the software art.

B Priority queuing already supported

Another, quite different solution to
the problem of using priority queues
with Ada is proposed by a report
from SEI, which states that priority
queuing can already be supported in
Ada. The reasoning is that a task
can be preempted while attempting
to make an entry call, but before its
call is queued.

Suppose, for example, that a low-
priority task is in rendezvous with
task S when a medium priority task,
M, is preempted just before the call
is made, so M is suspended, and the
rendezvous continues. Now suppose
a high-priority task, H, starts to
execute and also attempts to call S.
H is similarly suspended just before
the call, and L’s rendezvous with S
continues. Now when the rendez-
vous is completed, the highest priori-
ty task that is ready to run is H—
that is, in effect, calls are made in
order of priority.

This sequence of preemptions is
allowed by the standard, according

COMPUTER DESIGN MAY 1, 1989 81



H ADA

to John Goodenough, a member of
the technical staff at the SEI and
chair of the Ada Rapporteur Group,
which develops interpretations of
the Ada rules. In effect, priority
queuing can be used for real-time
systems without violating the stan-
dard. Legalistic interpretations of
this kind apparently become neces-
sary to provide needed implementa-
tion flexibility.

Priority inversion is another
source of debate. Users find that in
their Ada-based systems, high-prior-
ity tasks can sometimes be kept from
running while a lower priority task
occupies the computer. This short-
coming has convinced many users
that Ada language mechanisms for
tasking are flawed and need to be
changed.

When a system has tasks that
execute periodically, for example,
there is a well-known algorithm that
is used to determine whether those
tasks can be scheduled and, if so, the
priority that should be assigned to
each task. Unfortunately, Ada isn’t
able to make proper use of this algo-
rithm because the possibility of pri-
ority inversion is always present.
According to IBM’s Fisher, the most
difficult priority inversion problems
arise when periodic and nonperiodic
tasks are mixed together.

Fisher believes that it might be a
good thing to have some Ada options
that allow scheduling with priority
inheritance to avoid priority inver-
sion. At the same time, he isn’t sure
that Ada language changes are
needed to solve this problem.

Fisher notes that SEI's Good-
enough and Lui Sha, professor of
computer science at Carnegie-Mel-
lon University (Pittsburgh, PA)
have proposed a priority ceiling pro-
tocol, which minimizes priority in-
version effects, while avoiding any
need for changes in the Ada lan-
guage. However, says Fisher, this
approach works for only a limited set
of problems, and more work is need-
ed to find out about situations where
both periodic and nonperiodic tasks
have to be scheduled.

B Opposing Ada changes

Ada guardians, such as Charles Mc-
Kay, director of the NASA Software
Engineering Center (Clear Lake,
TX), insist that there should be only
minimal change in the Ada lan-
guage because the standard lan-
guage definition is perhaps Ada’s
most basic strength. A firm standard
implies a capability for software

portability and reusability, and
these are good reasons to maintain a
language standard. And beyond
these benefits, the military’s need
for simple, universal equipment and
software maintenance motivates the
determination of the Ada communi-
ty to adhere strictly to the Ada lan-
guage standard.

McKay isn’t alone in his conserva-
tive approach to Ada language
changes. Silverthorn of DDC-I notes

“Users shouldn’t have
to fight against
the language to

accomplish what
they need.”

—John Goodenough,
Software Engineering Institute

that users often feel that Ada is
inefficient and does not support their
needs. But Silverthorn finds that
perception uninformed, since few de-
velopers are adept at using Ada.
Silverthorn believes that Ada “is ac-
tually pretty good” for those who
learn to use it effectively. To in-
crease knowledge of Ada, he says,
better documentation is needed, as
are clear practical examples of how
the language can be used.

IBM’s Fisher concurs. “At this
point it’s desirable to make minimal
changes in the Ada language, partic-
ularly in areas that aren’t well un-
derstood.”

SEI is studying certain specific
areas of potential changes to Ada,

including possible changes to better
support real-time applications. SEI's
Goodenough isn’t yet clear on which
proposals for change are properly
language concerns and which should
be handled by run-time implementa-
tions.

For example, says Goodenough,
initial discussions of priority inver-
sion revealed that, when program-
ming in a certain style in Ada,
priority inversions can frequently oc-
cur. Subsequent study has shown,
however, that there are ways to get
around that problem and that
changes to the Ada language may
not be needed to minimize the priori-
ty inversion problem.

The Ada language allows a lot of
run-time flexibility, Goodenough
notes, and system developers need to
understand how to exploit that flexi-
bility to get what they need.

Goodenough and his colleagues
are trying to analyze what applica-
tions programmers’ real require-
ments are, and why they find it
difficult to meet them in Ada. That
knowledge will, he believes, lay a
basis for decisions on where lan-
guage changes are needed, and
where there should be more direc-
tion given to implementers.

Goodenough recognizes, however,
that even if virtually everything us-
ers need to do can be done with the
Ada language as it exists today, that
still doesn’t solve the practical prob-
lems users face as they search for
economical system designs. As he
puts it, “Users shouldn’t have to
fight against the language to accom-
plish what they need. The language
should work with them.” U
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Now you can bring your system solutions to
life. Faster, easier, and more powerfully than
ever. Just endow them with an Embedded
Personal Computer. A Radix MicroSystems
386 EPC.™

An EPC unlocks a wealth of system
development resources. It conforms to
standard hardware interface specifications
(e.g. for the VME or VXI buses) and is
100% PC software-compatible. For
development you can access vast libraries
of compilers, debuggers, and CASE tools;
operating systems and real-time control
programs; networking, graphics and
database software; plus many off-the-shelf
industrial automation, instrumentation,
ATE and CAD application packages. For
hardware, you have the broadest selection
of modular I/O devices and a form factor
already designed for real-time computing,
ruggedness, reliability, and expandability.
EPCs further simplify the integration task
with EPConnect," a proprietary set of
powerful development tools and run-time
software that includes configuration and
debugging programs, multi-processor
communications software, and /O drivers.
EPC-based systems are up and running
twice as fast as systems constructed from
SBCs or external PCs.

An EPC radiates power and versatility for your
system. With the performance of its 32-bit
Intel 80386 CPU, and its advanced graphics
and SCSI controllers, an EPC significantly
differentiates your system from others. And
with EPConnect’s multi-processor support,
other processors such as Motorola 68000-
family SBCs have access to EPC files and
1/0 devices. Across the boards, the EPC
hardware/software platform provides a
solid foundation for your next project.
Right. From the ground up.

What's next? Spark a great awakening.
Call, fax or write for details, specifications,
and prices today.

EPC-1/VME (right) and EPC-2/VXI

MICROSYSTEMS
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Get the kit. Forget
Youll move awhole

INTRODUCING

THE ONE-CHIP, HIGH-
i PERFORMANCE SOLUTION
«* 11 | TO FLOPPY-DISK CONTROL.

This new device is actually
) a complete floppy-disk controller
f kit in a single chip. It gives you
i everything you need —a precision
"T ‘\ ' analog data separator, pin-pro-

P " i , e =
' grammable write precompensa-

u tion, and cable and bus interface
~‘l" LB R E R T buffers.
‘ All you have to add is an
¢ address decoder, a crystal,and a
' ‘ ¥ ' ' few passive components.
Think of how quick and
\ ‘ ’r easy this kit will be to design

\
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with. The nitty-gritty work
has already been done.
And the DP8473 is fully
compatible with the NEC
UPD765A, the current indus-
try standard. So all you have
to do is drop it into your
design. (And eliminate about
20 other chips.)
The DP8473 will control up
to four floppy-disk drives in an
IBM PC-XT,* PC-AT* or any PS/2°
model personal computer.

t
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THE KIT. AND THE CABOODLE.

National'’s one-chip solution Other solutions carry
to floppy-disk control a lot of excess baggage.



the caboodle.

lot quicker without it.

QUICKER DESIGNS,
QUICKER PROFITS.

In addition to your tremen-
dous savings in real estate, your
savings in raw components, inven-
tory, and assembly could add up
to more than $10 a board. So you
not only get to market sooner,
you also make a quicker profit.

Even more important, the
DP8473 gives you better perform-
ance than any other integrated
floppy-disk controller solution on
the market.

Unlike most competitors, its
on-board data separator is analog
rather than digital.

THE QUICKER WAY
TO HIGH PERFORMANCE.

Because it has the contin-
uous tracking ability of an analog
phase-locked loop, the DP8473 is
less sensitive to motor speed vari-
ation and bit shift. So it has a larger
dynamic window margin.

In fact, its window margin is
greater than any other integrated
solution on the market —analog or
digital. And, of course, the bigger
your window margin, the better
your data integrity. And the faster
the data rates you can handle.

+ ADVANCED ¢
PERIPHERALS

©1988 National Semiconductor Corporation
IBM PC AT, PC-AT and PS/2 are ks of Business
Machines, Inc. Compaq is a registered trademark of Compaq Computer Corporation.

FLOPPY-DISK CONTROLLER PERFORMANCE

80%

TYPICAL WINDOW MARGIN
2
®

—12% —8% —4% 0% 4% 8% 12%
TYPICAL MOTOR SPEED VARIATION

No other integrated data separator—
analog or digital — can give you a
70 percent window margin at +8
percent variation in motor speeds.

A QUICK PATH
TO THE FUTURE.

The DP8473’s analog data
separator can handle transfer rates
from 250k up to IM bps. And disk
drives with as many as 4,000 tracks.

You may not need that
capacity right now; but the next
generation of low-cost floppy-disk
drives is already on the drawing
table. And the DP8473 is ready
to handle the data rates those
drives will require.

It’s also manufactured using
low-power CMOS technology; so
it's even ready for the next genera-
tion of battery-powered laptops.
In fact, the DP8473 is the floppy-
disk controller used in Compaq’s

new laptop computer, the SLT/286.
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QUICK DELIVERY.

The DP8473 is in stock at your
distributor now: So you can start
taking advantage of its many bene-
fits right away:

With the addition of this new
floppy-disk controller, National’s
mass-storage chip set is now the
most complete in the industry.

We can provide the ideal
drive-control solution for every
application — from PC to mainframe.

NATIONAL'S MASS STORAGE FAMILY

Floppy-Disk Data Controller
DP8473

Hard-Disk Data Controller
DP8466A

Data Synchronizers/Separators
DP8451 DP8455 DP8459
DP8461 DP8462 DP8465

Pulse Detectors
DP8464B DP8468B

2,7 Encoder/Decoder
DP8463B

Async SCSI I/O

DP5380 DP8490

With data rates up to 25M bps. We
also offer a complete line of hard-
disk-drive support chips. For more
information — quick — contact your
National distributor. Or call us
toll-free at 800-227-1817, ext. 17.

National
Semiconductor



Distinctions blur
between DSP solutions

Warren Andrews
Senior Editor

A wide variety of chips
move to higher levels
of integration, making
previous distinctions
ambiguous and
heralding a new
generation of DSP
technology.

Digital signal processing tech-

niques have emerged from the lab-
oratory and are rapidly being put to
work in real-world applications. The
implementation of such techniques,
however, has been anything but or-
derly and predictable. DSP functions
have migrated from bit-slice proces-
sors to building-block approaches to
microcontrollers and single-chip
DSPs. Now, the introduction of high-
performance microcontrollers, com-
bined with the emergence of the
latest-generation RISC and CISC
processor chip sets and improved ap-
plication-specific IC technology,
greatly clouds over distinctions in
applications—perhaps heralding yet
another generation of DSP.

Ultimately, the application it-
self—and a determination of some
kind of price/performance ratio—will
determine the particular DSP imple-
mentation. Early DSP applications
were primarily in the military and
very high end array processing
where the emphasis was on the per-
formance rather than on the price
end of the equation. Implementa-
tions of such applications usually
took the form of boards full of the
highest-speed logic and DSP build-
ing blocks available.

“The underlying thrust now in the

DSP arena is to try to match the cost
and performance of the DSP solution
to the application,” says John
Reimer, marketing manager for mi-
crocomputer and communications
products at Fujitsu Microelectronics.
“But this hasn’t always been so easy
since many of the emerging applica-
tions are in extremely cost-sensitive
consumer areas such as digital audio
and television.”

Steve Brightfield, DSP product
marketing manager at Plessey
Semiconductors (Scotts Valley, CA),
agrees, citing high-definition TV as
a leading driver of DSP technology.
Brightfield believes, however, that
the HDTV and computer imaging
applications will soon use the same
DSP technology.

B The verge of a new technology

The confluence of faster and denser
silicon with the increasing sophisti-
cation of DSP algorithms has result-
ed in many DSP applications previ-
ously handled by boards now being
taken over by single-chip solutions.
In addition, as these single chips
advance along the cost/volume learn-
ing curve, they begin to yield cost-
effective DSP solutions to problems
that have traditionally—and until
now, most economically—been han-
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dled using analog techniques. But
even as these new parts emerge, we
seem to be on the edge of yet another
generation of DSP technology.

Only a year ago, DSP applications
were neatly divided among building-
block approaches, algorithm-specific
(special-function) DSP chips and
general-purpose DSPs. The key to
selecting an approach was then, as it
is now, almost completely a price/
performance judgment. Over the
past year, though, a host of new
products have been changing the
complexion of the industry.

At the low end, DSP-based micro-
controller products are starting to
resemble more conventional micro-
controllers. Microchip Technology
(Chandler, AZ), for example, incor-
porated the core of the 320C10 from
Texas Instruments (Dallas, TX) with
the I/O normally found in conven-
tional microcontrollers. The resul-
tant chip has found broad-based
applications in everything from ser-
vo control for disk drives to talking
dolls. And the addition of such
things as an on-board analog-to-digi-
tal converter and EEPROM may
well put DSP-based controllers in
contention for sockets in automotive
engine control, an area now domi-
nated by such popular microcon-



trollers as the 68HC11 from
Motorola (Austin, TX) and the
80C51 from Intel (Santa Clara, CA).

At the higher end of the spectrum,
the latest generation of floating-
point processors are starting to look
more like conventional microproces-
sors. The four leading contenders in
the 32-bit floating-point field, the
DSP32C from AT&T Microelectron-
ics (Berkeley Heights, NdJ), the
320C30 from TI, the 96000 from
Motorola, and the 86XXX from Fu-
jitsu, for example, all address up to
16 Mbytes of memory—up almost
tenfold from previous generations.

And while general-purpose DSP
chips are starting to resemble con-
ventional microprocessors, conven-
tional —and not-so conventional —
processors are starting to look a lot
like DSP chips. The chip architec-
tures in some of the recent RISC
offerings begin to look suspiciously
like a DSP, and many versions of
RISC devices are being designed to
attack embedded-control applica-
tions.

B Three DSP approaches

There are three fundamental ap-
proaches to solving DSP problems:
using building blocks, using stan-
dard, general-purpose single-chip

Now
ideal for

. DSP
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DSPs, and using one or more of the
custom and semicustom approaches
available. Building-block devices
continue to provide the highest level
of performance, but at a sacrifice of
cost, board space and development
time. And while makers of building
blocks such as multipliers, adders
and address generators continue to
expand their performance, capabili-
ties and level of integration, cost and
system complexity often limit the
range of applications.

In the single-chip, general-pur-
pose DSP arena, a variety of vendors
both here and abroad have joined
Texas Instruments—the leader in
single-chip DSPs—in offering such
chips. These vendors include AT&T,
Motorola, Analog Devices, Fujitsu,
Oki Semiconductor, NEC and oth-
ers, each attempting to sheer off a

Fujitsu’s second-
generation 32-bit
floating-point chip,
the 86232, is
targeted at high-
performance appli-
cations. It supports
32-bit floating-
point, 32-bit fixed-
point and 24-bit
integer data for-
mats and lets all
three formats co-
exist within a
single program,
with type conver-
sion handled by the
instruction.

1/0 BLOCK

portion of what is estimated to be a
gigantic market—well over $1 bil-
lion in 1989 and anticipated to grow
at 30 percent rate. Most recently,
Zoran (Santa Clara, CA) joined the
fray, introducing a high-perfor-
mance floating-point processor that
is more adaptable to general-purpose
applications than is its previous fam-
ily of products.

But despite the high level of activ-
ity in standard components, some
kind of ASIC approach will undoubt-
edly win in many DSP areas. The
applications now emerging will man-
date the use of a custom approach,
simply because the volumes will be
so high, according to Fujitsu’s Reimer.
He adds, however, that these custom
devices will likely take the form of
custom versions of standard DSPs.

This trend is already well estab-

BO, B1, X0,

X1, X2, 10,

12, VSMR
e

ADDRESS CALCULATION BLOCK

lished in the single-chip arena,
where TI has an estimated 70-plus
percent of the market. Of this busi-
ness, some analysts calculate that
more than 60 percent of this repre-
sents customized versions of standard
products in the 320 family of DSPs.

In the truly semicustom DSP are-
na, an approach pioneered by LSI
Logic (Milpitas, CA) involves the
placement of a number of multiplier/
accumulators (MACs) on a die sur-
rounded by a gate array for custom-
izing the blocks into a function.
Subsequently, Plessey Semiconduc-
tors developed its own version, pro-
viding similar capabilities but with
more flexible blocks.

B General-purpose DSPs

General-purpose DSPs come in two
basic flavors: integer and floating-

DMA
BLOCK

DUAL 32-BIT BUS

ARITHMETIC AND
LOGIC BLOCK

PROGRAM
SEQUENCE AND
CONTROL BLOCK

DEDICATED
REGISTERS AND
COUNTERS
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point. Fixed-point devices, or those
performing only integer arithmetic,
are the fastest and least expensive.
It’s no surprise, therefore, that they
dominate the market. Texas Instru-
ments has been the leader in this
area with its 320 family, a variety of
NMOS and CMOS devices.

In the fixed-point arena, TI has
elected to remain in the 16-bit area,
going after a host of applications in
speech synthesis/recognition and
telecommunications. AT&T Micro-
electronics also participates in the
16-bit, fixed-point business with its
DSP-16 and DSP-16A processors.
Boasting the fastest cycle time of
any 16-bit DSP (33 ns), the DSP-16A
has endeared itself to many design-
ers requiring the fastest possible
performance in a single-chip DSP.

Motorola was somewhat behind
AT&T and TI in introducing its DSP
device, the 56000, to the market, but
it incorporated a few twists not
available on either the AT&T or TI
devices. “For one,” says Jane Bates,
business manager for Motorola DSP
devices, “the 56000 is a 24-bit inte-
ger device allowing for 24 x24-bit
multiplication with an internal 56-
bit accumulator.” The greater resolu-
tion, says Bates, provides the wide
dynamic range required for many
speech applications and digital audio.

In addition, says Bates, the 56000
uses a high level of parallelism with
three different execution units; a
data ALU, address arithmetic units
and a program controller. The chip
also has six on-board memories,
three on-chip microprocessor unit-
style peripherals (serial communica-
tion interface, synchronous serial
interface and host interface), a clock
generator and three address and
four data buses.

Motorola has also just introduced
a companion chip that provides a
complete analog-to-digital conver-
sion function as well as an interface
directly to the 56000. Called the
56ADC, the chip combines a 16-bit
analog converter providing a full 96-
dB dynamic range with a digital
interface to the Motorola as well as
other DSP devices.

Because of the relatively low cost
and simplicity of the fixed-point
chip, “there will always be a lot of
applications for them,” says James
Flynn, technical product support en-
gineer for AT&T (Allentown, PA).

B DSP controllers

Yet another area of applications was
opened for DSP-based devices when

Microchip, a wholly owned division
of General Instruments (Hicksville,
NY), introduced its 320C14, a DSP-
based microcontroller. Microchip de-
veloped the controller in cooperation
with TI and surrounded a 320C10
core with I/O and peripheral circuits.

The new architecture represents a
revolutionary change in the way en-
gineers will look at control func-
tions—many of whom continue to
use analog circuitry because the
DSP horsepower hasn’t been avail-
able at a reasonable price, according
to Rahul Sud, vice-president of mar-
keting for Microchip. The ability to
perform single-cycle multiplications,

“There will always
be a lot of
applications for
fixed-point chips.”
—James Flynn, AT&T

says Ajay Padgaonkar, design engi-
neering manager, lets the 320C14
perform many advanced control al-
gorithms such as adaptive control,
Kalman filtering and state control-
lers in real time.

One promising application area
for the DSP controller is in closed-
loop control where a feedback loop is
used to improve control accuracy by
compensating for system character-
istics. Traditionally, these compen-
sation loops have been built using
analog circuitry.

Using digital techniques, such
control loops are generally imple-
mented using second-order finite im-
pulse response (FIR) and infinite
impulse response (IIR) filters. These
digital approaches bring higher reli-
ability, noise immunity and flexibili-
ty to such applications. Complex
digital filters require, however, com-
putationally intensive sum-of-prod-
ucts calculations, which have
traditionally been poor performers,
too expensive, or both.

Conventional microcontrollers
lack the hardware arithmetic capa-
bility and can’t compute such filter
algorithms in anywhere near real
time. Instead, they rely on approxi-
mate values obtained by accessing
lookup tables—resulting in an in-
flexible system, often lacking the
necessary accuracy. DSP chips, on

the other hand, have the computa-
tional capability, but until now,
lacked the I/O and peripheral func-
tionality for a practical implementa-
tion. Such systems are burdened
with enough extra glue logic to
make their implementation imprac-
tical due to size, cost and/or environ-
mental factors.

B Floating-point DSPs

Though fixed-point DSPs will con-
tinue to dominate a large part of the
very low end market, there are some
inherent limitations when doing in-
teger mathematics. The results of
multiplications and additions must
be scaled, for example, because they
will quickly go out of range. Opera-
tions to perform this type of scaling
are complex and can take many pro-
cessor cycles, thus greatly reducing
system throughput. In addition,
there are many algorithms that are
extremely difficult or impossible to
program into fixed-point devices.

The obvious solution to these prob-
lems is to use a floating-point unit.
Because of their added complexity,
however, floating-point chips have
traditionally been slower and as
much as two to three times more
expensive.

But clearly there are factors that
favor the selection of a floating-point
device. Floating-point chips are far
easier to program and frequently
require considerably fewer support
chips to integrate into a system.
Some of the trade-offs that must be
considered in designing a DSP sys-
tem include development/program-
ming time and other nonrecurring
engineering costs, which often offset
the higher price of floating-point
parts.

The first of the general-purpose
floating-point devices to hit the mar-
ket was AT&T Microelectronics’ 32-
bit DSP32. The chip comprises a full
32-bit floating-point processor oper-
ating at 25 MHz and capable of
performing 12.5 MFlops. In addition,
it includes a 16-bit address space, a
12.5-Mbit/s serial I/O port and an 8-
bit serial port.

The second generation of the part,
fabricated in 1-micron CMOS, as op-
posed to the original NMOS part,
doubles the operating frequency to
50 MHz, letting the chip perform 25
MFlops. In addition, the address
space was increased from 16 to 24
bits, the speed of the serial I/O port
increased from 12.5 to 16 Mbits/s
and that of the parallel I/O port
increased from 8 to 16 bits.
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The next graphlcs processmg
system you develop could
generate this image over 300 times
faster than anythmg around.




Make AT&Is 32-bit
floating point digital
signal processors
the heart of your
system, and make it
amarket leader.

On top of that, you can
develop your system at a
fraction of what you usually
spend in time, money, and
board space.

A system that can give
you a commanding lead in
the market for computing-
intensive applications such
as array processing, CAD/CAM
systems and
flight simulation.

A system that offers
realtime graphics and
image processing
capabilities for
filtering, transformations,
hidden surface elimination,
and shading.

You can build this per-
formance into your graphics
and image processing system
by using AT&I's components
of success.

The component
of technology.
The heart of your system: AT&I's
family of DSP32 products.

Our WE® DSP32 digital
signal processor is a 32-bit DSP
. that’s in use today in graphics,
. telecommunications, and
speech recognition systems.

Our new CMOS DSP32C
is the world’s most advanced
DSP—with over 400,000
transistors, and fabricated in
.75 micron double-level
metal technology.

The DSP32 product family
offers peak performance
of 25 MFLOPS of through-
put. This processing power
allows the implementation
of sophisticated graphics
¢ algorithms with no
| compromise in performance.
The AT&T DSP32 family

also offers substantial devel-
opmental advantages:

Low cost/high perform-
ance: AT&T's floating point
DSPs employ unique byte-
addressable memory space
to simplify manipulation of
pixel color values. The DSP
architecture incorporates
high processing power,
flexible I/O, on-chip memory,
and clean interface to the
outside world. These features
reduce board space and
design time and
provide a

high-performance solution.

IEEE compatibility: Our
DSP32C converts to IEEE
P754 floating point format in
one instruction. No need for
special software.

Program your algorithm
in C: We offer you the
flexibility to program in
assembly or C language. Our
C compiler and optimized
application library will get
your application up-and-
running, fast.

Software and hardware
development support: We
provide a full set of tools for
creating, testing and
de-bugging application
programs. These tools run
under both the MS*-DOS
and UNIX" systems.

Note: The AT&T DSP line
now also includes a new
16-bit, fixed point, CMOS
device—the DSP 16A—that
runs at a record 33ns, and
offers more on-chip mem-
ory than any other fixed
point DSP

CIRCLE NO. 43

The component
of confidence.
AT&T's extensive design
support includes development

AI&I: The
components

of success.

tools for realtime software
and hardware evaluation and
de-bugging of DSP programs.

Our worldwide Field
Application Engineers will
answer questions as you
proceed with your design.
They are supported by
Bell Laboratories’ engineers,
the designers of our DSP
products.

Keep in mind, too, that
AT&T offers more than 100
years of manufacturing
experience—and quality and
reliability standards second
to none.

S0, to make your next
graphics processing system
an applications pace-setter,
and a technological success,
call AT&T at 1 800 372-2447
(Canada, call1800 553-2448).

Image created at R/Greenberg Associates on Pixel
Machines' PXM 900 Series graphics workstation, using
AT&T's first generation floating point DSPs.
*Registered trademark of Microsoft Corporation

© 1988 AT&T
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RISC-based microprocessors, such

as the Am29000 from Advanced Micro
Devices (Sunnyvale, CA), and digital
signal processors, such as the DSP32
from AT&T Microelectronics (Berkeley
Heights, NJ), are at the cutting edge of
today’s technology. Both evolved from
a common CISC heritage of 8-bit, then
16-bit, general-purpose microproces-
sors, but their paths diverged in response
to the specialized needs of their
intended markets.

The Am29000 is a high-perfor-
mance embedded controller and is opti-
mized for moving vast quantities of
data between memory and I/0O devices
with only minimal operational pro-
cessing of that information. The DSP32 is
optimized to perform mathematical
transformations on blocks or streams of
digital data, but it doesn’t have the
flexible data movement or interrupt
response that marks the Am29000.

Both processors have in common
the ability to function in tightly coupled
multiprocessor systems. We can point
out the differences and complementary
strengths of these devices by looking
at an example application.

We are going to design a RISC- and
DSP-based mail delivery robot (see figure
at right) for a hypothetical high-
technology company that never stops
asking, “What if..." The robot will be
able to wander the building, looking out
for objects in its path with dual video
cameras that provide location and depth
information. In addition, the robot will
recognize several basic spoken words,

One of the novel features of the
DSP 32, says Kreg Ulery, technical
product support engineer at AT&T
(Holmdel, NJ), is that the memory
can be used for either program or
data; it doesn’t have a strictly de-
fined program or data section. There
is a separate parallel port on-chip,
which lets one program load via
DMA into the address space while
the chip is still executing another
program. This feature is used to
dynamically download a different
application while the first applica-
tion is still running. This permits
close to real-time context switching.

Another feature of the DSP32,
preserved on the 32C, is that the

"o

such as “stop,” “‘go,” “slow"" and so
forth. It will also speak phrases such as
"“Excuse me,” “Any mail for delivery?"
and Do you want that with double
cheese?"

The DSP32 will be responsible for
the visual and aural signal processing,
while the Am29000 will coordinate
the overall operation of the robot. This
latter function includes operation of
the drive motors and steering, genera-
tion of the synthesized voice, and
control of the information streams from
the DSP system.

Two video cameras, with charge
coupled device (CCD) image sensors,
provide a stereoptic view of the path
ahead. The output of the CCD array
passes through video analog multi-
plexing gates, followed by a low-resolu-
tion (6-bit) analog-to-digital converter.
A frame grabber then captures the
image and shifts it out serially. This
data stream, which represents a gray-
scale for the image on each of the
pixels of the CCD array, is fed directly
into the serial I/0 (SIO) port of the
DSP32. There, it's reconstructed into
bytes of data and placed directly into
an image buffer in memory, utilizing the
DMA feature of the SIO. The images
are taken into memory at a rate just
slower than the time required by the
DSP32 to process an image.

The DMA provides for images to be
brought into the “background” while
the processor is working on the
previous image. The instruction set of the
DSP, which is optimized for the math-

address space is byte-addressable.
This means it isn’t necessary to
waste a complete 32-bit location to
store an 8-bit pixel value or, in tele-
communications, an 8-bit word as
used in companded u- or a-law calcu-
lations.

In addition to having a larger
memory address space, the 32C has
an enhanced memory interface that
has a flexible wait-state mechanism,
which lets the chip talk to slower
memory. The typical way to do a
wait state on a DSP, says Ulery, is to
add an entire instruction cycle in
addition to the normal memory ac-
cess time for each wait state. In a
conventional DSP chip, Ulery says,
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ematical operations of multiply and accu-
mulate, rapidly produce the Fourier-
transformed image analysis of the

video scene. The relevant elements of
these transforms are then stored in

local memory.

The Am29000 is also doing what it
does best. Addressing the parallel 110
(PIO) port of the DSP as an I/0
peripheral, it sends an updated block of
previously stored video information to
the DSP through the built-in DMA within
the PIO. This preprocessed video infor-
mation is used by the DSP to compare
current video data with prepro-
grammed data.

When the difference calculation is
completed by the DSP, it indicates this in
the mailbox within the PIO, thus
interrupting the Am29000. The
Am29000 then retrieves the Fourier
difference data from a buffer within DSP
memory, while the DSP proceeds to
process the next image that has already
been placed in its buffer. The
Am29000 then uses this data as course
update and correction information.

Periodically, the DSP checks its au-
dio frame buffer for any information
needing to be processed. The audio
buffer is a simple microphone, amplifier,
A-D converter and local memory, all
under the control of a processor such as
an 8052. The 8052 is memory-
mapped into the DSP’s address space. If
the DSP sees that a verbal command
has been given to the robot, it places a
message in the mailbox of the PIO,
interrupting the Am29000 and causing

the memory access time might be 35
ns while the instruction cycle time
might be 100 ns. Thus, the access
time would run 135 ns for memory
that needed only slightly more than
the 35-ns access.

In the 32C, by contrast, wait
states are segmented into one-quar-
ter of a cycle. A single wait state of
the 32C, therefore, is only 20 ns (80
ns total cycle time), according to
Ulery. Wait states can therefore be
incremented in quarters of an in-
struction cycle.

Yet another modification in the
32C is its ability to use more than
one type of external memory. Thus,
the 32C was designed with two inde-



an immediate change in action.

The Am29000 is controlling all of
the locomotive functions of the robot, as
well as monitoring all systems’ func-
tionality. With its large, internal instruc-
tion and data caches, it easily digests
the large quantity of course information
coming back from the DSP, as well as

SERIAL
/0

sending down large amounts of the
prestored course data. (A 30-MHz
Am29000, with its instruction and data
buses performing simultaneous burst-
mode transactions, can move informa-
tion at 240 Mbytesss.)

Also connected to the Am29000
are the numerous tactile sensors located
around the periphery of the robot.
These sensors provide information about
the surroundings, such as walls, near-
by people, and so forth that are out of

PARALELL
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INTERRUPTS

view of the TV cameras. Certain high-
priority sensors, such as the built-in
smoke detector, cause an interrupt to
the Am29000 requesting immediate at-
tention. The Am29000 also operates
the speaker and speech-synthesis
circuitry. Using its block move and

rapid interrupt response capabilities, the
Am29000 provides a safe-operations
envelope for dangerous situations.

The data in each processor is orga-
nized in a way that provides the most
efficient use of the processor buses.

On the DSP, the program that operates
on the data is stored in internal RAM
and the image data is stored in external
RAM. This lets the processor access a
piece of image data while it's setting up
the internal bus for the next instruc-
tion fetch. The Am29000 takes advan-
tage of separate program and data
memories, which allows the processor
to read the status of the attached pe-
ripherals while the instructions cache is
filling up with the next instructions to
be executed. These memory configura-
tions help achieve the maximum pro-
cessor bandwidth.

Finally, a word about how one
might go about developing a product
such as this. The design of systems
that depend upon tightly coupled multi-
ple microprocessors depends, in turn,
upon development tools that are de-
signed to be used in a multitool
environment. It's false economy to at-
tempt to design a sophisticated multi-
processor system without development
tools of comparable sophistication.

pendent speed partitions so it’s possi-
ble to run part of the memory very
fast while running other parts of the
memory at a much slower rate. This
is advantageous in programs where
speed is critical for most of the pro-
gram being run, but where there is
some data that is accessed only ev-
ery few instructions. Adding wait
states to the regular program execu-
tion could be fatal, dropping total
throughput below acceptable levels.
Adding a wait state or two only
every few instructions, however,
wouldn’t cause a major performance
penalty yet would permit the use of
slower, less expensive memory.
Like AT&T’s 32C, TI's flagship

product, the 320C30 32-bit floating-
point processor, incorporates many
of the functions found in many con-
ventional microprocessors, such as
memory addressing range, interrupt
and DMA features.

The 320C30 tops AT&T’s 32C
with a 33-MFlops performance,
which translates into a 60-ns cycle
time. Key features of the C30 in-
clude a pair of 1k x32-bit single-
cycle, dual-access RAM blocks; a
4k x 32-bit, single-cycle dual-access
ROM block; a 64 x 32-bit instruction
cache; 32-bit instructions and data
words; a 24-bit address space; a 32-/
40-bit floating-point integer multi-
plier; and a 32-/40-bit floating-point

integer.

Fabricated in a 1-micron CMOS
process, the C30 makes it through
the 1,024-point fast Fourier trans-
form benchmark in only 1.67 ms.
Other benchmarks noted by TI in-
clude an FIR filter tap with data
shift performed in 60 ns, and a cas-
caded IIR biquad filter element with
five coefficients performed in only
360 ns.

B 32- and 24-bit floating point

Fujitsu’s latest entries into the sin-
gle-chip, general-purpose DSP mar-
ket include a 32-bit floating-point
device, the MB 86232, and a 24-bit
floating-point part, the MB 86220.
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The 32-bit part supports 32-bit float-
ing-point, 32-bit fixed-point and 24-
bit integer data formats and allows
all three formats to coexist within a
single program with type conversion
handled by the instruction.

The 32-bit chip comprises six func-
tional blocks: program sequence con-
trol; address calculation; data RAM,;
arithmetic and logic; dedicated regis-
ters/counter; and the I/O interface.
All blocks are tied to the internal
twin 32-bit data buses, which handle
data transfer between registers and
memories.

While the 86232 is the flagship of
Fuyjitsu’s DSP family, competing
head to head with the 32-bit float-
ing-point parts from TI, AT&T and
Motorola, the part that has attracted
the most interest is Fujitsu’s 24-bit
floating-point device, according to
Reimer. With the same 75-ns cycle
time as the 32-bit device, the 24-bit
part uses a Harvard architecture,

has 2k x 30 bits of on-chip program
memory, and can address an addi-
tional 64k x 30 of external program
memory.

“What’s most exciting about the
86220,” says Reimer, “is the level of
performance it delivers for the price.
The chip sells for $30 each in quanti-
ty, making it the lowest-priced float-
ing-point DSP chip available.” In
addition, the chip has been devel-
oped with what Reimer calls “an
innovative ASIC DSP design ap-
proach.” The part consists of a 24-bit,
floating-point DSP core and a uni-
versal parallel and serial peripheral
interface block.

Zoran, which primarily focuses its
efforts on algorithm-specific DSP de-
vices, is just beginning to sample its
new 34325 32-bit floating-point de-
vice that has functions making it
more closely resemble general-pur-
pose floating-point processors than it
does traditional algorithm-specific
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Fujitsu’s latest entry in the floating-point DSP market, the 24-bit floating-point
86220, is likely to raise some eyebrows with its $30 price tag. Like Fujitsu’s 32-bit
floating-point chip, the 86220 has a 75-ns cycle time. The chip has been designed
using a proprietary ASIC approach so the DSP core can be surrounded with other
peripheral and l/O circuits for a customized version.
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devices. Designed to operate at 25
MHz, with some of its speed distribu-
tion expected to fall in the 30-MHz
speed range, the part will perform a
complex 1,024-point FFT in about
1,400 ps and a 32-tap FIR of 128 real
points in 318 ps. These performance
specifications place Zoran's 34325
squarely in competition with the
parts from AT&T, TI, Fujitsu and
Motorola.

Motorola has been slow in getting
its floating-point processors up and
going. “We took our time to make
sure we got things right the first
time on the 56000,” Bates says. The
same philosophy is being adopted for
the 32-bit floating-point 96000, she
says.

Motorola will offer two versions of
the 96000 family: the 96001 single-
bus version of the part aimed at
high-performance, cost-sensitive ap-
plications, and the 96002 dual-bus
version for high-performance appli-
cations requiring a high bandwidth.

The 96002 has two independent
bus ports that can be assigned to any
of X, Y, or program memory spaces,
effectively doubling off-chip bus
bandwidth. In addition, the dual
ports facilitate interfacing to page-
mode and video RAMs.

Both the 96001 and 96002 will be
manufactured in Motorola’s 1.2-mi-
cron HCMOS process with a resul-
tant cycle time of 75 ns (13.33 Mips).
Because the ALU, address generator
unit and program controller operate
in parallel with the CPU, up to three
floating-point operations, two data
moves and two address pointer up-
dates can be executed in a single
instruction cycle. This parallelism
lets peak performance on the chip
reach 40 MFlops. Twin DMA con-
troller channels operate in parallel
with the CPU to provide memory-to-
memory and memory-to-peripheral
transfers. Benchmark results for a
1,024-point complex FFT, says
Bates, come in at less than 2 ms.
And, she adds, the chip can process
over 2 million interrupts/s.

The ALU on the 96000 family
conforms with the IEEE 754-1985
standard for binary floating-point
arithmetic and supports all four
rounding modes. The data ALU also
supports integer arithmetic. includ-
ing a 32- X 32-bit multiplication with
a full, nontruncated, 64-bit product.

B ASIC interpretations

“Though standard parts continue to
proliferate, the nature of DSP appli-
cations will dictate that many of the
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The DSP320C10-32 is available in production quan- Be Fast On The Draw

tities, off—t}m-.shelf. To make you quick on the draw, Pick up the phone and call for more information on
samples are immediately available for your develop-  the DSP320C10-32 and other DSP320 gang members,
ment work, and Microchip offers an in-circuit Call Microchip Technology. '

emulator and full software support for the entire gang
of DSP320 devices. (602) 345'3322'
“ ’ Microchip Technol
Fort Chandler” To The Rescue 2355 West Chandie Boulpwrd ™
v 17 v 2
When military performance is required, Microchip G, Mg )

offers a full arsenal of DESC SMD approved DSP320 HClplIlg You Gun Down Your Compelilion Microc hip

devices to save the day.
© Copyright 1988 Microchip Technology, Inc. Microchip is a trademark of Microchip Technology, Inc
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Txough DSP chips are widely consid-
ered to be a special subset of RISC
technology, the distinction between
DSP devices and general-purpose micro-
processors has generally been relative-
ly well defined — until now, that is. The
announcement of the megatransistor
80860 RISC processor from Intel (Santa
Clara, CA) may usher in a new
generation of DSP devices.

Since its announcement, the 80860
has received an almost unprecedented
amount of press coverage from both
the trade and international business
press, which heralded it almost as a
"second coming"’ of the microprocessor.
This coverage, combined with the
previously generated excitement over
RISC architectures, prompted at least
one observer to comment, | haven't
seen so much media hype in one place
since the Volkswagen Beetle."

But as the media dust settles down
a little and the 80860 is subjected to
closer scrutiny, it's interesting to take a
look at how closely it maps — particularly
in certain areas—to more traditional
DSP architectures. The 80860 comprises
two processing units, each with its
own set of 32, 32-bit registers. One
processing unit handles integer opera-
tions-while the other handles floating-
point and graphics operations. The
two can operate independently or work
together to provide some high-power
DSP-class performance.

With its highly parallel architecture

and tight coupling of the integer and
floating-point units (similar to the
architectures found in the leading 32-bit
floating-point DSPs), the 80860 is
capable of generating a new result each
cycle. Thus, operating at 40 MHz, the
chip can theoretically crank at a rate of
40 integer Mips and 80 single-preci-
sion MFlops. Benchmarks claimed by
Intel peg the peak performance of a
40-MHz 80860 at 105 kDhrystones and
26 MWhetstones— performance to be
envied by many DSP chips.

EXTERNAL /!
ADDRESS A

The 80860's floating-point units,
the FPU adder and FPU multiplier, are
designed to operate in parallel as well
as exchange data between each other.
Once again, this shows a similarity to
many conventional DSPs. And unlike
classical RISC implementations that
have a fixed number of stages, the FPU
on the 80860 has a set of pipelined
stages that can be invoked depending on
the precision and operation required.
The FPU adder delivers a 32-bit or 64-bit
result for each clock cycle, and the

EXTERNAL
DATA

CONTROL
LINES

solutions will be implemented in
some custom or semicustom technol-
ogy,” says Plessey’s Brightfield. The
evidence strongly suggests his con-
jecture may be correct. Certainly in
the low-end applications of speech
synthesis and recognition systems,
cost pressures will bear heavily on
DSP decisions. And in consumer au-
dio and video products, the same cost
pressures will continue to push ven-
dors into ASIC solutions.

TT's experience in providing vol-
ume DSP solutions to modem manu-
facturers, and using them in its own
speech products and other consumer
items is evidence of this trend. The
fact that Fujitsu initiated an entire-
ly new design for its 24-bit floating-
point chip so it could be a “core” cell
in an ASIC approach is additional
testimony to the direction in which
the company believes the DSP busi-

ness is migrating.

AT&T, says Flynn, is also looking
to incorporate its DSP functions as
cells in its ASIC library for fast
turnaround of ASIC DSP chips. And
Microchip’s incorporation of the
320C10 into its 320C14 microcon-
troller is only the beginning of a new
family of DSP controller chips likely
to emerge in coming months.

Plessey, says Brightfield, has been
carefully looking at applications in
image processing, with the obvious
implications for digital TV and
HDTV. Plessey’s approach, similar
to that of LSI Logic, calls for an
array of MACs combined with a gate
array and surrounded by mask-pro-
grammed I/O. To illustrate the con-
cept, and to provide a vehicle for
customers to exercise the technol-
ogy, Plessey has developed a few
standard products, including a sin-

96 MAY 1, 1989 COMPUTER DESIGN

gle-chip convolver that has integral
line delays.

The convolver, for use in image
processing, incorporates a MAC ar-
ray that can be multicycled at dou-
ble or quadruple the pixel rate. This
lets the array be configured in a
variety of ways with different win-
dow size, depth and pixel rates.
While the part is designed for a
specific job, it’s intended to demon-
strate the performance capabilities
of the MAC arrays with associated
logic. The gate array incorporated
with the device is Plessey’s sea-of-
gates approach, which provides flexi-
bility for incorporating a variety of
additional functions on the chip.

“One of the main advantages of
using a multiple MAC array,” says
Brightfield, “is that the sample rate
can be pushed well above the current
limit of 100 KHz imposed by proces-



multiplier can produce a 32-bit answer in
a single clock period, or a 64-bit result
each two clock periods.

B Equipped for graphics
Three-dimensional graphics is one of
the more computationally intensive
chores for which conventional DSP
chips are often called in to manage. The
80860 not only provides the math
capability to handle graphics processing,
but also adds a graphics processor to
help in transforming and manipulating
images. Object information is normally
stored as a list of three-dimensional
vertices. A 4x4 matrix representing the
translate, scale, and rotate operations is
used to calculate the parameters of

the image.

The 80860 is well adapted to
executing such chores, holding key val-
ues of the transform matrix in the
floating-point register and applying them
to the display list passing from mem-
ory through the data cache and into
the FPU register file. Intel estimates that
3-D transform rates can peak at over
500,000/ for 3-D matrices with clipping
tests and perspective.

The graphics capabilities are further
enhanced by the graphics processor,
which handles pixel interpolation and
Z-buffer checking. The graphics unit
handles pixel data, operating on data
concurrently by adding a word with
multiple pixels to another word —all in
a single cycle.

The graphics processor resides in
parallel with the FPU adder and multiplier
units, using the chip’s internal buses to
connect to the floating-point registers.

The computational-intensive capa-
bilities of the 80860 give rise to specula-
tion that the N in the original code
name for the part, N-10, referred to its
“numeric”’ capabilities and that the
part was initially conceived of as a
numeric and graphics processor.
Though vehemently denied by Intel,
there is some strong evidence to
support the rumor that the part was
initially designed as a coprocessor for
the 80386/486, according to an article by
John Wharton in Mike Slater's Micro-
processor Report newsletter.

Wharton points to the constraints
on the 80860 MMU that were required
to make it compatible with the 80386
so that it can share memory page tables
with the 386 and 486. Also, he points
out, the relatively small (4-kbyte) cache
with no provision for a second-level
cache is inconsistent with general-pur-
pose programming, yet it can manage
a floating-point library or set of graphics
routines with no trouble.

While design motivation remains a
matter of speculation, there is little room
for speculation that the 80860 fits
within the architectural and performance
area of a high-performance DSP de-
vice. The fundamental differences lie in
the memory architecture and address-
ing scheme, which remains strictly in the

general-purpose RISC processor
realm.

One need only look at the overall
trend in general-purpose DSP machines,
however, to see that memory address-
ing schemes and control logic are moving
in the direction of more “‘convention-
al"” RISC processors.

B An emerging trend

Intel isn't alone in leaning toward DSP-
like architectures. The approach to RISC
machines taken by Apollo Computer
(Chelmsford, MA) in its Prism has an
architecture that starts to look some-
thing like the 80860. It uses a 64-bit bus
to tightly couple a RISC processor and
FPU. And, like the 80860, it uses a 64-bit
pluck of two 32-bit instructions simul-
taneously, one for the RISC processor
and one for the FPU.

Though there seems to be an
evolutionary pattern emerging, with DSP
chips merging into general-purpose
processors and general-purpose proces-
sors looking like RISC machines, the
80860 represents the first giant step in
melding of the two technologies.

And while we know of no major
architectural developments on the hori-
Zon now, we can expect that this
trend will continue. We might even be
seeing versions of some of the more
popular RISC architectures, such as the
MIPS or Sparc, emerge with increased
emphasis on signal processing
capabilities.

sors using a single MAC. Though
advancing technology is likely to
push rates to 1 MHz in the near
future, the type of sample rates
we're looking for now in video appli-
cations are in the 10-MHz range:
and this is likely to increase to well
over 50 MHz for HDTV.” This type
of performance, he says, will be
available only through some kind of
array architecture. The MAC array
in Plessey’s device can, for example,
perform a 1,024-point FFT in only
100 ps, compared with the 1- to 2-ms
performance of the single-MAC de-
vices, according to Brightfield.

B DSP meets RISC

“A DSP,” says Reimer, “is nothing
more than a specialized RISC ma-
chine dedicated to performing math-
intensive algorithms. And as
conventional RISC chips continue to

mature, there will be less and less
differentiation between DSP, RISC
and even conventional CISC proces-
sors and microcontrollers” he says.

The DSP approach used in any
given application, he stresses, is de-
pendent on the all-important price/
performance ratio. As a result, de-
signers will “not vote along party
lines” for using a DSP chip simply
because they’re doing a DSP-like
function, he says. Increasingly, DSP
and RISC processors—and even
CISC processors and microcon-
trollers —will almost be interchange-
able in many applications.

AT&T’s Flynn agrees that there
are many similarities in architec-
ture between RISC and DSP chip
architectures, but he stresses that
there’s a fundamental difference: a
DSP architecture is totally dedicated
to providing a multiply/accumulate

in a single instruction cycle. “Almost
all DSP applications,” he says, “are
in embedded control providing some
kind of filtering, which requires fast
processing of math-intensive algo-
rithms that can’t be done using con-
ventional processors.”

Flynn points out that applications
in disk servo control, radar, cellular
telephone, V.32 modems, digital
telephone switches, and graphics are
“slow to impossible” to accomplish
using conventional processors. In ad-
dition, he says, DSP devices commu-
nicate well with each other, greatly
simplifying designs requiring multi-
ple processors.

Despite Flynn’s contention that
DSP chips have a unique foothold in
signal processing applications, many
contenders are now vying for some
dedicated DSP chip sockets. The
most obvious of these is Intel’s re-
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-rhough initially
developed to han-
dle real-time sig-
nal processing,
DSPs are finding
increased use in a
variety of main-

| stream computing
applications.

From telecommunications and CAD/
CAM to image processing and graph-
ics, designers are using DSPs to tackle a
broad range of computationally inten-
sive applications.

As designers apply DSPs in more
complex applications, the process of DSP
software development is changing. In
the past, designers have developed their
DSP algorithms on a mainframe in a
high-level language and then recoded in
DSP assembler to maximize code effi-
ciency and throughput. Increasingly,
however, growing application com-
plexity and time-to-market pressures
have made assembly-language pro-
gramming less practical.

With software productivity becom-
ing continually more critical, designers
are turning to higher-level program-
ming tools that can slash their develop-
ment cycles. Semiconductor and
third-party software vendors, in turn, are
responding with a host of support
software. This ranges from simulators,
debuggers, compilers and subroutine
libraries, to window-based application
generators that enable novices to
develop DSP applications without writing
a single line of code.

B Optimizing compilers

DSP semiconductor vendors typically
provide the base-level software support
upon which OEMs, VARs, and end
users build more robust application-level
software. For the AT&T DSP32, for
example, AT&T provides an assembler
with a C-like syntax, a simulator, a
linker, and a library of commonly used
assembly-language math, signal-pro-
cessing, and matrix routines.

Probably the most significant addi-
tion to this toolkit is a Kernighan and
Ritchie C compiler. Until recently, a
lack of DSP processing power and poor
efficiency have stemmed the use of
compilers. Significant advances in both
processor performance and compiler
quality, however, have made the use of

high-level languages practical. In fact,
the DSP32's C compiler can often gener-
ate code that's as efficient as hand-
coded assembler. Designers may still opt
to use an assembler to handle speed-
critical portions of their applications.
They can still use a high-level lan-
guage, however, to code the bulk of
their application.

To boost compiler efficiency even
further, AT&T is working on a number of
optimizations that, until now, have
been used primarily in mainframe com-
pilers. One technique that the compil-
er uses is to take advantage of the
DSP32's high-speed registers. Because
register accesses are considerably faster
than main memory accesses, the opti-
mizer can greatly speed program execu-
tion by identifying and moving
often-used arguments, local variables,
and loop variables from main memory
to registers.

To make the most of its register
resources, the optimizer uses register
overloading. Often, two variables that
use different registers are active at
different times. To conserve register
space and eliminate unnecessary register
save and restore operations, the opti-
mizer stores both variables in the same
register. This improves performance
because it allows the optimizer to fit
more variables into scratch registers,
which don't have to be saved and
restored by the functions that use
them.

In addition to taking advantage of a
processor’s registers, an optimizing com-
piler should be able to benefit from
the processor’s instruction set. For exam-
ple, to reduce the overhead for loop-
ing, a common operation in DSP
applications, the compiler takes ad-
vantage of the DSP32's single-cycle, low-
overhead loop control instruction,
which modifies a register and does a
branch based on the result.

B Higher level tools

While DSP compiler technology is
improving, steady gains are being made
in many other areas. In signal process-
ing, vendors such as Sonitech (Wellesley,
MA) are building upon AT&T's sub-
routine library to provide higher-level
signal processing functions such as
Burg Spectral Estimation (a technique
that provides better frequency separa-

Dave Trull technical product support engineer, AT&T \

tion than fast Fourier transforms do in
the presence of noise), two-dimen-
sional Discrete Cosine and Fourier trans-
forms, and Cepstrum.

In image-processing and graphics
applications, vendors such as Causal
Systems (Englewood, CA) are adding
library functions that support coordinate
transformations, the manipulation of
wireframe images, Gouraud shading,
Phong shading, and even ray tracing.

At an even higher level, vendors are
providing menu-driven environments
that let designers develop programs
without writing a single line of either
assembly or C code. Menu-driven
DSPlay software from Burr-Brown
(Tucson, AZ), for example, lets design-
ers develop their application by configur-
ing a functional block diagram using
library functions such as correlation,
signal sources, filters, windows and
FFTs. Once designers have completed
their block diagram and signal analy-
sis, the DSPlay software will automatically
generate a DSP32 assembly language
program.

For Macintosh users, Spectral Inno-
vations offers a package called MacDSP.
Using the company's data-acquisition
card, it can acquire data at up to 100
kHz, operate on that data using a
variety of signal-processing functions,
and display the results in real time.

To select a function, users simply
click on the appropriate icon. In re-
sponse, MacDSP immediately applies
the function and displays the results in
real time. The resulting data can be
displayed using a variety of viewing
modes including magnitude, phase,
color spectogram, or waterfall formats.
By clicking on a different function,
designers can change the type of func-
tion that they are applying (and its
parameters) on the fly. By stringing
MacDSP's icons together and editing
customizable menus, designers can build
a complete application without writ-
ing a single line of code.

With programming tools such as
compilers, and application packages such
as DSPlay and MacDSP, designers who
have little knowledge of DSP hardware
can interactively develop applications.
This separation of hardware and applica-
tion software will make DSPs widely
accepted in mainstream computer appli-
cations.
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Motorola’s first
entry into the float-
ing-point DSP
market will be its
32-bit 96002 de-
vice sporting dual
buses. The 96002
has two indepen-
dent bus ports
that can be as-
signed to any of
X, Y, or program
memory spaces,
effectively dou-
bling off-dchip
bus bandwidth. The
Motorola dual-
bus approach rep-
resents one area
in which DSP chips
tend to mimic
conventional
microprocessors.
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cently announced 80860 RISC pro-
cessor (see “DSP and RISC merge in
80860,” p 96).

And Cypress Semiconductor (San
Jose, CA) is readying a version of the
Sparc processor that will be dedicat-
ed to embedded control applica-
tions—many of which are the
exclusive domain of DSP devices.
And many DSP-like chores, such as
laser-printer controllers, once con-
sidered to be jobs for DSP chips, are
going to RISC processors.

B The price/performance factor

With quantity prices ranging from
$150 to well over $500, high-perfor-
mance DSP chips (except for Fujit-
su’s 86220) haven’t traditionally
been priced as commodity items.
Though these prices are expected to
drop over the coming months, the
anticipated volume will probably not
accelerate them along the cost/vol-
ume curve as fast as more conven-

tional RISC processors.

The implication here is that while
chips such as the 80860 start out
with price tags in the $740 range,
these chip prices will probably drop
faster than the price of other dedicat-
ed DSP devices. Zoran’s 34325, for
example, has an initial price of $695,
but the company claims that volume
pricing will drop to the $400 range
within a few quarters.

Motorola’s 96000 family will also
start out as a pricey gambit, with
samples running in the $500 area.
And while volume pricing is expect-
ed to significantly reduce that fig-
ure, it’s not likely it will drop below
the $100 range anytime soon.

As DSP applications continue to
emerge, we can expect to see the
number of both standard and ASIC
DSP solutions swell. And while the
RISC “phenomena” sometimes looks
like “more smoke than fire,” archi-
tectures such as Intel’s 80860 and
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other RISC chips may provide cost-
effective solutions to many signal-
processing problems.

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
number on the Reader Inquiry Card.
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SERVICE IS OUR KEY COMPONENT

“IMb Video RAM?”
“Yeah. With the fancy new Flash Write,
Block Write and Split Transfer functions to
improve performance’

“Not bad”
“And greater density for high resolution
color graphics”

“Come on. We need something we can use today”
“loshiba’s got ‘em. In quantity.”

First the good news. Toshiba, the leader in 1Mb DRAMs, introduces a new
high density 1Mb Video RAM for today’s high resolution color graphic applications.

Now the great news. It's available in volume production, giving you access to
the quantities you need. Today. With capabilities that'll take you into tomorrow.

Toshiba’s high density, 256K x 4bit and 128K x 8bit Video RAM supports
next generation video board or graphic terminal applications by allowing you
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provides the best method to simplify SAM to RAM and RAM to SAM transfer timing
in the system.

Want more good news? Toshiba’s service is every bit as good as their new
Video RAM. With the people and the design specification information you need
to get the job done. Call for your complete data sheet today. (1-800-888-0848

ext. 517).
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COMPUTER Continues to
DESIEN Deliver MOYE. Buyers
of Board-Level
Products than the
Competition

COMPUTER DESIGN is committed to providing its
100,000+ design engineering managers and senior
design engineers with the leading-edge information
on significant technologies, products and design
options that help them turn their ideas into com-
petitive reality. COMPUTER DESIGN targets areas
of critical importance to systems designers, such as
bus/board technology and products, with solutions-
oriented editorial. That's why COMPUTER DESIGN
continues to reach more people who specify, pur-
chase or influence the purchase of board-level pro-
ducts than the competition.
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Mixed-signal simulator
eases system integration

System designers
need an integrated
simulator that can
be used to quickly
evaluate complex,
mixed analog/digital
VLSI chips without
requiring analog
expertise.

Tom Tormey, MSEE

The trend in system design has
been to pack major portions of elec-
tronic systems into VLSI chips. To
continue in this direction, designers need to be able to integrate a system’s
analog functions into those chips. But getting analog/digital ASICs to
work the first time is difficult. For that task, designers need a simulator
that quickly exercises the analog and digital portions together and
provides sufficient analog/digital feedback. And because system designers
are better versed in digital issues than in analog issues, the simulator
shouldn’t demand knowledge of IC-specific, transistor-level analog effects.

Digital simulators have played an important part in the success of
semicustom ICs. But almost every system includes some analog circuit-
ry—which digital simulators can’t handle. The only alternatives have
been tools for transistor-level analog experts to use for simulating
relatively small analog subcircuits. Unfortunately, such tools simulate
complex analog circuits far too slowly to be of much value to system
designers.

Until recently, the analog portion of a mixed-signal ASIC had to be
created by an analog IC expert. The system designer could then develop
the digital portion of the chip using a digital simulator. Because no
unified simulation environment existed, however, the resulting ASIC
often failed to function correctly, usually due to problems at the analog/
digital interface, where no simulation was performed. This lack of unified
simulation environment has prevented mixed analog/digital ASICs from
enjoying the same first-time success rate as pure digital ASICs.

Most system designers have therefore avoided mixed analog/digital
ASICs. As a consequence, systems include analog circuitry in discrete
form, causing even fairly simple analog functions to take up a dispropor-
tionate amount of board space. Moreover, simulation can’t check the way
the analog circuitry interacts with the digital logic, thus postponing
system testing until the prototype stage.

Tom Tormey is the director for semicustom products at Sierra Semiconduc-
tor (San Jose, CA).
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The ability to
quickly simulate
complex mixed
analog/digital
semicustom ICs
will be key to the
growth of sys-
tem-level integra-
tion in the 1990s.
To meet the needs
of highly inte-
grated system
chips, Sierra
Semiconductor’s
Montage uses an
event-driven, be-
havioral-level
approach. Montage
performs and
displays multiple
simulations on
universal hardware
platforms.
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B MIXED-SIGNAL SIMULATOR

A GLUED sh
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The glued approach to simulating analog and digital components together involves
running separate analog and digital simulators concurrently and then feeding each

simulator’s results to the other.

Traditional analog simulators
aren’t known for their speed. To cre-
ate and simulate semicustom analog
ICs, system designers really have
had only one option: Spice. Devel-
oped more than a decade ago by the
University of California at Berkeley,
Spice and its permutations have
spread through the industry. In fact,
most commercially available analog
simulators on the market today are
based on, or are derivatives of, the
Berkeley simulator.

For analog IC experts who want to
simulate circuits that have up to
several hundred transistors, Spice is
an ideal simulation tool. But for
system designers, who generally
don’t have analog IC transistor-level
experience, Spice presents major
limitations.

Spice’s most basic limitation is
speed. For a reasonably complex an-
alog circuit, such as a 10-bit analog-
to-digital converter, Spice is
inappropriate for simulating the cir-
cuit’s overall function. To simulate
just one conversion on a 10-bit con-
verter at the transistor level, Spice
takes about 24 hours of workstation
time. This simulation supplies all
the details that an IC designer
might want for fine tuning the con-
verter, but the simulation is worth-
less for dealing with the converter as
a system-level component.

In an attempt to improve the
speed with which Spice tackles the
large design problem, Spice support-
ers have used high-speed computer
systems, often with sophisticated co-
processing boards. Although the ef-
forts have yielded modest perfor-

mance gains, the limited success
hasn’t produced a simulator that can
effectively simulate large analog or
mixed analog/digital systems.

Spice’s speed limitations stem
largely from its transistor-oriented
approach. Simulating the operation
of every transistor and passive com-
ponent in a circuit naturally takes a
great deal of time. In addition, Spice
produces far more detail for each
analog waveform generated than an
analog/digital simulation generally
requires. This is especially true
where an analog component drives a
digital one; even though the digital
component cares about only its
switching threshold, Spice generates
every part of the analog waveform in
equal detail.

Also important in creating a
mixed analog/digital simulator is
the need to avoid a requirement for
specialized analog knowledge. This
challenge reveals another Spice lim-
itation: Spice demands that users
have extensive knowledge of the an-
alog parameters involved.

Designers working on the analog
transistor level certainly must have
such knowledge to create a circuit
such as a 10-bit converter. But when
simulating the converter as one com-
ponent among tens of analog and
thousands of digital functions, sys-
tem designers shouldn’t have to con-
cern themselves with transistor-
level details such as the biasing of
the transistors in an operational am-
plifier. Rather, system designers
should concern themselves with the
point at which that amplifier begins
clipping or when its common-mode
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input range has been exceeded.

But after dealing with the speed
requirement and working around
the digital designer’s lack of exten-
sive analog knowledge, the designer
must get the analog and digital func-
tions to interact. This challenge
would be easy to overcome if one
simulator were used for both types of
functions. With traditional simula-
tors, this would mean using an ana-
log simulator, which could handle
the digital logic by treating it as
analog functions at the transistor
level. But this approach would mere-
ly inflict Spice’s analog speed limita-
tions on the digital logic.

B Glued simulators limit success

The approach usually taken to simu-
late analog and digital components
together is to run separate analog
and digital simulators concurrently
and feed each simulator’s results to
the other. This glued-simulator ap-
proach creates a variety of problems.
The two most basic problems are
preparing the separate net lists for
the two simulators and coordinating
the simulators’ results so that each
can drive the other.

Splitting the net list for the glued
simulators can require a great deal
of manual work from the user. Even
when the separation process is more
or less automatic, users pay penal-
ties in extra net-list generation time
or simulation start-up time.

In addition to splitting the net
lists, interface elements must be in-
serted at every point where digital
meets analog. A phase-locked loop
circuit, for example, might require
interface elements between the
phase detector and the frequency
generator.

An interface element translates
output signals so that they’re mean-
ingful for the component receiving
them. More precisely, an interface
element converts signals so that the
appropriate simulator can handle
them.

In the case of a phase-locked loop
circuit, for instance, the analog sim-
ulator generates the frequency
generator’s output as an analog
waveform. This waveform can’t
drive the digital simulator directly.
An interface element is required to
convert the analog waveform to an
appropriate digital representation.
Similarly, an interface element must
convert the phase detector’s simulat-
ed digital output to a representation
that will drive the analog model of
the frequency generator.



While a phase-locked loop circuit
can present problems for a glued simula-
tor, the single-simulator approach can
handle this type of design. In developing
an ASIC containing the PLL, for exam-
ple, the designer would assign values to
the resistors and capacitors that con-
trol the loop's operation. These values
theoretically set the PLL to handle the
frequencies with which the PLL must
synchronize. In simulation, the designer
can make sure that the PLL synchro-
nizes as anticipated.

One resistor, Rcharge, is especially
important because it controls the current
on the loop filter charge pump, and
thus determines the speed with which
the voltage-controlled oscillator (VCO)
responds to phase changes. With

Rcharge set at 0.55 MQ), the PLL
synchronizes slowly; the VCO input ap-
pears to be underdamped and oscil-
lates around its final value.

To achieve critical damping, so that
the PLL synchronizes faster, the designer
changes Rcharge to 2.2 MQ. When
the simulation is rerun, the PLL synchro-
nizes much more quickly.

Because the single simulator can
simulate the PLL in seconds, the designer
gets immediate information on how
well the circuit is working. In a few
minutes, the designer can try several
resistor and capacitor combinations to
make sure the PLL achieves the best
possible performance. The same ap-
proach works with a complex ASIC, of
which the PLL might be only a small part.

After the separate net lists are
prepared with their interface ele-
ments, the glued simulators must be
run in a coordinated way. This is
difficult because Spice wasn’t de-
signed to work with another simula-
tor. The fundamental coordination
problem is that Spice has its time
base, and the digital simulator has
its own separate time base.

When the frequency generator
drives the phase detector, the inter-
face element at the frequency gener-
ator’s output waits for a signal event
to occur. When an event occurs with-
in the analog simulator’s time
frame, the simulation coordinator
must look back in the digital time
frame to make sure that the digital
simulator hasn’t run too far ahead of
the analog simulator on false infor-
mation. Sometimes the digital simu-
lation must be reset to an earlier
time step and rerun with correct
information. Such back-and-forth
comparisons must be made for most
time steps and for every point where
analog and digital meet.

Coordinating the glued simulators
thus slows the simulation process
further, adding to slowdowns due to
dealing with analog circuits at the
transistor level. When the ASIC is
finally simulated, the analog and
digital results—each in the format of
its simulator—must be merged and
displayed in a common time frame.

B Coordinating analog and digital

As an alternative to the glued simu-
lators, a single simulator can be

used to handle both analog and digi-
tal component models. This ap-
proach has several advantages. It
doesn’t require separate analog and
digital net lists, for example, and the
analog and digital components are
always in synchronization because
there’s only one time base. The first
mixed analog/digital simulator to
use this architecture is the Montage
simulator from Sierra Semiconduc-
tor (see “Simulator expedites mixed-
signal IC development,” p 106).

In addition to the inherent advan-
tages of the single-simulator archi-
tecture, the simulator makes it
possible to handle analog responses
in a way that’s particularly useful
for mixed analog/digital simulation.
Using behavioral, rather than tran-
sistor-level, modeling results in a
massive speedup, for example. The
behavioral modeling shields design-

ers from transistor-level effects; it
also provides detailed error mes-
sages when an ASIC cell is used in a
way that violates its data sheet
specifications.

Another advantage of behavioral
modeling is that each component can
generate either analog or digital out-
puts. Each component therefore pro-
duces an output suitable for the
components it feeds. A comparator
model, for example, receives analog
signals on its inputs and generates
digital signals for its output, thus
eliminating the need for interface
elements.

B A distributed time base

The use of a single simulator simpli-
fies timing issues because only one
time base is needed. A further re-
finement is to have the component
models adjust their response to suit
other components. In an ASIC where
an operational amplifier feeds an A-
D converter, for instance, the A-D
converter knows its reference volt-
age and its resolution (say, 8 bits).
The A-D converter therefore knows
its accuracy is % least significant bit
(LSB) and tells the op amp to feed
changes only when they’re % LSB or
greater.

When the op amp doesn’t have
this much change to report, it re-
ports nothing, thus saving the com-
putations that would be needed if
the A-D converter had to determine
that a change wasn’t significant.
With the component models adjust-
ing their outputs in this manner, it’s
as though there are time-step con-
trollers everywhere in the schemat-
ic.

There are a number of effects that
the component models have to ac-
count for in adjusting their outputs.
On a node connecting several compo-
nents, for example, the component
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B MIXED-SIGNAL SIMULATOR

For designers who need to quickly
evaluate “what if"* trade-offs on highly
complex, mixed analog/digital VLSI
chips, Sierra Semiconductor offers a
complete design environment called
Montage. The simulator underlying the
Montage environment is Lsim from
Silicon Compiler Systems (San Jose, CA).
Lsim serves as a strong basis for a
mixed analog/digital ASIC simulator be-
cause it was designed to handle both
digital and analog component represen-
tations. To develop the Montage sim-
ulator, Sierra added its proprietary analog
simulation algorithm and sophisticated
models to Lsim.

The Montage simulator is signifi-
cantly faster than previous simulators.
While Spice took 24 hr to simulate one
conversion of a 10-bit analog-to-digital
converter, for example, the Montage
simulator required only 10 s to simulate
the converter's entire operation cy-
cle—a 1,000-to-1 speed advantage. Us-
ers of conventional simulators will also
appreciate the fast connection between
the Montage schematic capture facility
and the simulator. These speed advan-
tages let system designers extensively
analyze trade-offs to quickly fine tune
complex analog/digital ASICs.

In addition to a schematic capture
facility and the simulator, Montage in-
cludes a circuit screener. This expert-
system software checks for errors that a
simulator can't find. Other Montage
features include a user environment shell
that shields users from the operating
system; a back-annotation tool that
inserts physical layout information into
simulations; software installation tools;
and design transfer tools.

The Montage analog/digital simula-
tor is descended from an earlier mixed-
mode simulator that Sierra used within
the company. Sierra designers exer-
cised and proved some of the fundamen-
tal concepts behind the Montage
simulator for more than two years. Sierra
extensively enhanced the earlier sys-
tem to create the Montage simulator,
which runs on Sun workstations.

Montage also has complete libraries
of Sierra’s 1.5-micron Triple Technology
analog, digital and EEPROM compo-
nent cells. These cells include 245 digital
cells, 23 analog cells such as 65-MHz
phase-locked loops and 10-bit data con-
verters, and nine EEPROM cells. Sierra
doesn't restrict other vendors from
porting their libraries to the Montage
environment.

that needs updating most often is
the one that determines the update
rate for the entire node. And because
the state of components such as ca-
pacitors changes continuously over
time, the simulator must compute
their response regardless of whether
they receive input updates. Users
can also set any node’s update rate
manually.

This event-driven approach is
unique among analog simulators.
The approach provides significant
time savings because it frees the
simulator from computing massive
amounts of data that aren’t useful at
the system level.

B Multilevel modeling

The component models for the Mon-
tage simulator’s approach to mixed
analog/digital simulation are sophis-
ticated, furnishing detailed error re-
porting and complex behavioral
characteristics. To ensure that the
models’ sophistication doesn’t impair
the system engineer’s ability to do
an initial debug of a design, how-
ever, three levels of models are pro-

vided. The levels start with a basic
functional model and progress to a
full-featured simulation model when
appropriate.

At the first level of modeling, the
simulator checks basic functional is-
sues and connectivity. The basic
functional check that’s done at this
stage verifies that the user has ap-
plied the analog components within
their specified ranges, an important
check that quickly resolves the com-
mon error of specifying the wrong
library cell.

Checking connectivity is a simple
operation but can save huge
amounts of time and effort. If one
component isn’t connected correctly,
for example, a full simulation would
produce voluminous error messages;
the user would then spend hours
tracing the errors to the connectivity
problem.

The second modeling level in-
cludes the completion of the error
check and evaluation of capacitive
and remaining timing effects. Since
this second-level simulation takes
slightly longer than the first-level
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pass, users can save time by using
the first-level simulation to resolve
as many basic errors as possible.

Once satisfied with the results
from the first two passes, the design-
er is ready to implement the final
modeling level, which adds analog
uncertainty. Analog uncertainty is
the equivalent of the digital “un-
known” state for mixed analog/digi-
tal simulation. More specifically,
analog uncertainty provides a way
to deal with the analog behavior of a
function whose digital controlling in-
puts go into an unknown state. In
addition, analog uncertainty pro-
vides some measure of worst-case
analysis with respect to min/max
data-sheet parameters.

The Montage simulator reports
analog uncertainty as a plus/minus
error term known as the signal’s
uncertainty value. An analog signal
whose value is known has an uncer-
tainty value of zero. On the other
hand, an analog signal whose value
is completely unknown has an un-
certainty value equal to the signal’s
nominal value: 2.5 V 2.5 V, for
example.

Because the models encompass
many sophisticated capabilities, cre-
ating them is a complex‘process that
requires expertise in understanding
cells and the way the cells might be
applied. Once the behavioral models
have been created, however, the sys-
tem designer needs no IC design
expertise to apply them.

Developing a useful analog/digital
simulator and model libraries re-
quires several years of work and
careful consideration of system de-
signers’ needs. Now that the tools
are available, they promise to open
up extensive new space and cost
savings for complex analog/digital
systems. Just as all-digital semicus-
tom chips have moved systems to
higher density levels, the ability to
integrate analog components in a
reliable way will again revolutionize
system design.

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
number on the Reader Inquiry Card.

Sierra Semiconductor
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B NEW PRODUCT HIGHLIGHTS

The projected huge growth in laptop
computer sales has caught the atten-
tion of CPU, motherboard chip set
and disk controller vendors. Design-
ers of these chips are increasing
integration, reducing power con-
sumption and implementing power-
saving sleep modes for their
products. But National Semiconduc-
tor’s announcement of the DP83910
Network Interface suggests that the
laptop trend is catching on in an
unexpected product line: LAN chips.

“LANSs in laptops aren’t a proven
market yet, but we think the de-
mand will be there,” says Anne
Wagner, director of market develop-
ment at National. “Laptop owners
tend to be mobile professionals,
working out of an office that has a
PC network. And they’re impatient.
When professionals come back to the
office with a week’s work in the
laptop, they don’t want to wait for
RS-232 or sneakernet to transfer
files: they want to connect to the
office Ethernet.”

B squeezing power consumption

In a laptop computer, a LAN inter-
face must confront the same chal-
lenges as a motherboard chip set of a
display controller: space and power
consumption. Of the two issues,
space is more nearly under control —
National’s existing LAN chip set
comprises three packages: the DP-
8390 network interface controller,
the DP8391 network interface and
the DP8392 coaxial transceiver. But
each of these packages has an appe-
tite for current that works against
battery life in the laptop environ-
ment. So National set out to lower
the power requirements of the com-
plete interface.

The interface microcontroller has
been the easiest piece of the power-
conservation puzzle. Since it handles
the data in parallel, 1-Mbyte/s for-
mat, the controller can be fabricated
in moderate-speed CMOS without
risking lost messages. The DP8390
controller draws only 40 mA.

At the opposite end of the chain,
the Ethernet transceiver is con-
strained by speed and signal require-
ments. Wagner believes that only
bipolar circuits can comply with Eth-

National shrinks power needs
for LAN interfaces in laptop applications

ernet requirements for 10 Base 5 or
10 Base 2 networks for the foresee-
able future. “Consequently, the pow-
er consumption of the transceiver is
fairly high—about 180 mA,” she
says. When relief comes, it will prob-
ably be in the form of a transceiver
adapted specifically for the new 10
Base T twisted-pair Ethernet stan-
dard. Wagner suggests that such a

device could be done in CMOS and
could be announced by National
sometime in the near future.
Meanwhile, that leaves the third
chip in the set, the data interface, as
the remaining possible site for sav-
ing power. This chip takes the ana-
log signal coming off the transceiver,
extracts data from it and runs the
data through Manchester decoding
and serial-to-parallel conversion to
produce bytes for the microcon-
troller. (The sequence is reversed
when the interface is transmitting,
of course.) In the past, the high data
rate and the requirement for a pre-
cise phase-locked loop and compli-
cated codec state machine led
vendors to implement the part in
bipolar silicon. In fact, National’s
existing DP8391 is bipolar.

B Revising the interface chip

But National has made a significant
step forward in the battle against
milliamps. By reimplementing the
8391 in CMOS, and in the process

replacing the 8391’s digital phase-
locked loop with an analog one, the
company has significantly reduced
the power consumption of the part.
The new CMOS device, the DP-
83910, dissipates only 70 mA.
Running at 10 MHz, the part is a
direct replacement for the bipolar
8391. As such, the new device can be
used in interfaces to 10 Base 5, 10
Base 2, or new 10 Base T LANS, in
conjunction with the 8390 controller
and the appropriate transceiver
chip. The combined offering gives

National a unique approach to meet-
ing the power constraints of forth-
coming laptop designs.

Available now in 24-pin dual in-
line packages or 28-pin plastic lead-
ed chip carriers, the DP83910 sells
for $19.50 and $20.75, respectively,
in 100-piece quantities. —Ron Wilson

National Semiconductor
2900 Semiconductor Dr
Santa Clara, CA 95052
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B NEW PRODUCT HIGHLIGHTS

INTEGRATED CIRCUITS

The task of loosely coupling a small
number of CPUs can appear decep-
tively simple. Many of the obvious
solutions, such as shared parallel
buses, point-to-point wiring, tagged
first-in, first-out registers or multi-
master serial buses, can run into
problems by being either too expen-
sive or too slow. Now Dallas Semi-
conductor has developed an innova-
tive single-chip approach, dubbed
the Quad Port, that could be just the
answer for most small message-pass-
ing multiprocessor systems.

The company’s idea is based on
fast three-wire serial connections,
instead of a much more expensive
parallel bus. Using speeds up to 4
MHz, the buses can get a sizable
message between processors quite
quickly. The Quad Port runs the

Quad Port message center
loosely couples small groups of CPUs

serial buses from each of the CPUs
into a central message center. This
four-port device provides contention-
free connection from any CPU to any
set of other CPUs, through a set of
data registers and some flag logic.
“Each of the four ports contains an
8-byte block of data registers,” ex-

plains Matt Adams, design engineer
at Dallas. “Only computer A can
write into block A, but any computer
can read the data from block A.” To
prevent contention problems, the
data registers use a Dallas-created
five-port static RAM cell: each bit
cell has a write-port and four inde-
pendent read-ports.

A set of flags synchronizes the
flow of data. Each port on the chip
has a single flag byte that manages
handshaking. When a message
comes into Port A destined for Port
B, for example, two flags change. A
message-sent flag will be set in Port
A, and a message-waiting flag will
be set in port B.

In each case there are four flags,
so the bit position of the set flag
indicates the destination or source,
respectively, of the message. When
the device connected to Port B reads
the message out of Port A’s data
register, both flags are cleared. In
addition to the 8 data bytes in each
block, there’s a ninth byte that acts
as a data integrity check.

MPV940 10 MHz 68000 CPU Controller
board can be fitted with two Burr-Brown

B A 3-byte protocol

The CPUs deliver messages to and
pick up messages from the chip by
means of a 3-byte command protocol.
The first byte, sent from the CPU to
the chip, contains the port address.
The second byte, which goes from
the chip to the CPU, contains the
port flag byte. The third byte, sent
from the CPU to the chip, is a com-
mand. After the third byte, the
string of from 1 bit to 8 bytes of data
moves in the appropriate direction.

Since the three-wire buses are ex-
ternally clocked, all these bits can be
completely asynchronous. When the
chip is transferring data, it moves a
bit on the data wire for each clock on
the clock wire, until either all 8
bytes have moved or the enable wire
goes inactive. Either cause will end
the transfer.

The Quad Port Memory comes in
either an 18-pin dual in-line package
or a surface-mount package. Now
available, it’s priced at $6.25 in 100-
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I"Fuzzy" logic processor speeds
embedded Al control applications

A new VLSI coprocessor for embed-
ded control applications can make
decisions based on “fuzzy sets”—data
that represents a degree of certainty
about a problem rather than a bina-
ry yes/no decision. The FC110 digital
fuzzy processor by Togai Infralogic
can support up to 128 kbytes of
ROM/EPROM as knowledge-base
memory.

A knowledge base contains data
representing expert knowledge
about a subject and rules for making
decisions based on that data. The
FC110 can handle rules for decision
making that contain variable num-
bers of I/O parameters. All inputs to
a rule are evaluated together to pro-
duce a degree of certainty about
results.

To date, practical artificial intelli-
gence (Al) systems have been mostly
software-only systems built on con-
ventional processor architectures
and deemed too expensive or too
slow for widespread use in embedded
control applications. In addition,
rules-oriented knowledge-base sys-
tems on which AI applications de-
pend need a systematic approach to
managing uncertainty—of making
decisions based on imprecise or in-
complete information. Fuzzy logic
assigns a value between 0 and 1 to
represent a “degree of belief” about a
given premise, rather than treating
uncertainty as a random true or
false probability.

The concept that a person is
“young”—an imprecise term —would
have a high degree of certainty if
that person’s age were 0 years, for
example. The certainty of “young-
ness” diminishes with increasing
age to a point where 25 years, for
example, might be considered no
longer young in the context of the
problem. An AI rule about youth
might also contain other consider-
ations, such as “young in what
sense?” The fuzzy processor must
evaluate combinations of possibili-
ties to come up with an approximate
answer.

The FC110 uses a reduced instruc-
tion set with a twist—a small set of
complex instructions. One very im-
portant instruction evaluates the
“left hand side,” or the IF side, of an

Al rule. Another instruction evalu-
ates the “right hand,” or THEN,
side. Knowledge-base rules can have
varying numbers of IF and THEN
parameters that the processor evalu-
ates as a whole. Every parameter
impacts the result value in some
way, depending on how the rule is
written. Running at 10 MHz, the
FC110 can perform 28,600 fuzzy log-
ical inferences/s. This amounts to
about 200,000 rule evaluations/s.

B A coprocessor role

In most applications, the FC110 will
be used in the role of a coprocessor to
a general-purpose host. The host
would take care of polling sensors
and converting the data into the
format used by the FC110.

The host would then download the
data to the FC110 and send a mes-
sage for it to initiate inferencing—
making decisions about the input
based on the rules stored in the
knowledge base. The resulting out-
put would then be sent back to the
host for conversion and transmission
to the system’s output devices, such
as servo motors on a robot arm.

Applications for the FC110 are
developed using Togai’s Fuzzy-C
compiler. With the compiler, pro-
grammers can write and debug ap-
plications and develop knowledge
bases with their rules on a PC, as
well as integrate these knowledge
bases into existing C applications.

In addition to the compiler and the
FC110 chip, Togai will supply a PC
AT evaluation board for developing
applications for host-based systems.

The FC110 is priced at $80 in
quantities of 1,000. The AT proces-
sor board with the assembler is
priced at $3,499. The Fuzzy-C com-
piler costs $4,950 for PCs and com-
patibles, and a version for Sun
Apollo and Sony workstations is
available for $9,900. The FC110, AT
board and assembler will be avail-
able in August. The Fuzzy-C compil-
er is available now. —Tom Williams

Togai Infralogic

30 Corporate Pk, Suite 315
Irvine, CA 92174

(714) 975-8522.
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for more information, call:
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lets you debug your software be,
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800-874-6835
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'mbolic support.

And displays your source code during debug. Al

debug in real-time. Provides full sy

© 1989 Intel Corp
ICE™ is a trademark of Intel Corp.

| from

Economy Without Compromise.

196KB/PC
Emulator.

your PC/AT host. All for $3,000.

And best of all, it’s a Genuine Inte] ™
emulator. The ICE’
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B NEW PRODUCT HIGHLIGHTS

The Saber simulator from Analogy
is an analog simulator with built-in
digital simulation capability. Like
any analog or digital simulator, Sa-
ber may be tailored to certain appli-
cations through its model libraries.
Analogy is expanding Saber’s capa-
bilities with a recently introduced
magnetics library that moves Saber
into the power supply design arena.
The company is also adding a statis-
tical modeling and Monte Carlo
analysis capability that helps predict
manufacturing yields.

The power supply design package
includes magnetics models, pulse-
width modulators, cores, transform-
ers, power MOS devices and digital
switches—all the components neces-
sary to simulate power supply de-
signs. Analogy gains significant

\Y/

MAGNESIUM
EXTRUSIONS
FOR MAIN FRAMES

Magnesium For
Computer Components

Magnesium is one-third lighter than
aluminum, has an exceptional strength-to-
weight ratio, and is easily machined to
meet your custom requirements.

Versus die cast components there’s no
comparison: Extruded shapes produce
better parts, allowing better machinability,
due to less porosity in their structure and
startup costs are significantly less.

For computer components, extruded
magnesium is the ideal solution.

KAISER ALUMINUM
SPECIALTY PRODUCTS

7311 East 41st Street
‘Tulsa, Oklahoma 74145-4505
(918) 627-0100 * FAX (918) 664-1645
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IMagnetics library, Monte Carlo analysis
expand analog simulator’s capabilities

speed advantages by using Saber’s
mixed-mode simulation capability to
provide digital models of certain
parts in its power supply design
library.

Certain transistors in a power
supply, for example, never operate in
their linear range but are always
driven to saturation; thus, they func-
tion as switches rather than as am-
plifiers. Using event-driven digital
models for such devices provides a
speed advantage of up to 35 times
over simulations using analog tran-
sistor models.

Once the basic structure of a pow-
er supply design is determined, the
user can change to analog MOS de-
vice models rather than digital mod-
els for final simulation to determine
the exact performance of each ele-
ment in the design.

B Magnetics models

In power supply design, magnetic
elements take up significant physi-
cal space and weight, making their
design particularly important. One
technique for developing magnetics
models is to calculate selected points
on a curve and then create a curve to
fit the points. This technique is accu-
rate for only one frequency and one
temperature.

Saber provides highly accurate
nonlinear magnetics models by bas-
ing its models on the solutions of
physical equations. The models are
accurate over a wide range of fre-
quencies and temperatures and sup-
port integrated magnetics (multiple
windings on one core).

In addition to magnetics and digi-
tal switches, the power supply li-
brary contains about 20 pulse-width
modulator models (1524, 494, 1825
families) that are written in Saber’s
behavioral modeling language so
they can be reconfigured easily to
meet new needs.

The other added capability, Monte
Carlo analysis of an analog design,
helps determine potential manufac-
turing yields based on a standard
distribution of parts used in the
manufacturing process. Monte Carlo
analysis simulates a design using a
random selection of parts that fit the
manufacturer’s specifications, and

the results are plotted to see how
many combinations fall within ac-
ceptable operating ranges and how
many fall outside that range. The
percentage that falls within accept-
able bounds is the predicted manu-
facturing yield.

Monte Carlo analysis accuracy de-
pends on the accuracy of the statisti-
cal models used in the simulations.
In the Saber statistical modeling
package, Analogy considered devi-
ations in the statistical distribution
of parts, and the correlation of pa-
rameters that may vary in a part.

B statistical distribution

One way to develop statistical distri-
bution models is to use minimum/ty-
pical/maximum values. While this
technique is acceptable for some
parts, others don’t necessarily follow
the model. Resistors, for example,
are often tested to select those that
meet a particular set of specifica-
tions. A batch of 10 percent resistors
will generally fall in the —10 to —5
percent range and the +5 to +10
percent range, with no parts falling
in the —5 to +5 percent range.

Resistors that fell in the +5 per-
cent range are sold as 5 percent
resistors, leaving a gap in the ranges
of 10 percent parts that could be
used in manufacturing. Using a
“typical” resistor value (no deviation
from the nominal value) produces
overly optimistic results.

The addition of probability distri-
butions of parameter values address-
es this problem and lets Saber’s
Monte Carlo analysis take on statis-
tically meaningful values by pro-
viding interparameter correlations.
A standard library of probability dis-
tribution functions (PDFs) is pro-
vided with the Monte Carlo and
statistical modeling packages, or us-
ers can specify their own PDFs.

The power supply design package
is available as an add-on to the
Saber simulator. The package costs
$3,600 for a one-year subscription.
The Monte Carlo package is also
available, and is priced at $5,000 to
$10,000 on workstation platforms.

—Bill Harding

Analogy

9205 SW Gemini Dr
Beaverton, OR 97005
(503) 626-9700
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 DESIGN AND DEVELOPMENT TOOL

Tekwaves, a new test program gen-
eration package from Tektronix, is
based on the idea that many ASIC
designers must develop test pro-
grams for their prototype designs.
Tekwaves (for Tektronix Waveform
Analysis and Verification Environ-
ment) is one part of a two-pronged
ASIC prototype verification solution.

Testing package helps designers
develop ASIC verification programs

can develop tests for the LV 500
without being very familiar with it.
Utilities such as the tester rules
checker ensure that the test vectors
will be compatible with the LV 500.

A Tekwaves on-screen card file
identifies major categories such as
editors, files, translators and testers
(the LV 500). Each card contains

VD, <1 S | S S S
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The other part is the previously in-
troduced LV 500 ASIC verification
tool, a 256-pin benchtop tester for
use in a design lab. Tekwaves helps
designers develop ASIC test pro-
grams to run on the LV 500.

While a designer may develop test
programs from scratch using Tek-
waves, it’s more efficient to use sim-
ulation vectors developed during the
design cycle. Tekwaves supports in-
put from most popular simulators.

Tekwaves includes bidirectional
links to logic simulators, so vectors
can be imported to Tekwaves, or
Tekwaves can develop vectors and
export them to simulators. A graphi-
cal stimulus creating and editing
capability is used to edit simulator-
developed vectors, or to generate
vectors from scratch.

Because tester-specific knowledge
is built into Tekwaves, a designer

associated tools and files. By assem-
bling cards in an on-screen work
area, the user identifies the process-
es and files to be used.

Once the user determines the
functions that must be performed to
create a test program, Tekwaves
automatically creates the test pro-
gram, executes the program develop-
ment functions, and puts the test
program in the format required by
LV 500. The output of the automatic
test generation phase is typically a
test fixture wiring diagram and a
test program for the LV 500.

The base price for Tekwaves is
$5,000. —Bill Harding

Tektronix Digital Systems Div
PO Box 12132

Portland, OR 97212

(800) 245-2036
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SPECTRUM

DSP

Development Tools
and Integrated Systems
for the IBM-PC.

Spectrum's DSP boards have a common
expansion interface called DSP~LINK, |
letting you match analog or digital interface ‘
boards with the DSP chip of your choice!

DSP~LINK lets you select off-the-shelf

interfaces, or quickly design a custom in-

terface using the DSP~LINK Prototyping ‘
Module and Application Notes.

System & Processor Boards

Processor Boards have DSP processor,
RAM, and DSP~LINK. System Boards
have the same plus on-board analog I/O.
Prices include monitors, debuggers, |
| sample code, and 'C'libraries. |

» TMS320C25 Processor Board $995

[ TI's 'C25 with 16 Kwords RAM .
\ ‘
+ TMS320C25 System Board $1,995 |
50KHz 16-bit 1/0, 16 Kwords
RAM expandable to 128 Kwords.
| « DSP56001 Processor Board $1,495 |
Motorola's 56001 with 48 Kwords ‘
RAM expandable to 192 Kwords.

» DSP56001 System Board
| 2channel 153KHz 16-bit I/O, codec, |
| 48 Kwords RAM up to 192 Kwords. |

$3,495

+ ADSP-2100 System Board $2,595
200KHz 12-bit I/O, 16 Kwords RAM. ‘

DSP~LINK Peripherals
Off-the-shelf analog or digital interfaces‘
‘ for all System and Processor Boards.
| |

« 4 Channel Analog Input /2 Output $845

= 32 Channel Analog Input $845

+ 16 Channel Analog Output $845 |

« Pro-audio (AES, Sony PCM, MIDI) $1,850

+ Dual-Processor Comm. Module $95 |
| » DSP~LINK Prototyping Module $95

DSP Development Software
| 'C' Compilers, Assemblers, and Simula-
tors. Hypersignal Workstation, DADISP,
DISPRO, and Momentum Filter Design.

\
| « LSITMS320C25 'C’ Compiler $995 |
CIRCLE NO. 52

Call for quantity discounts! ‘

Il SPECTRUM SIGNAL PROCESSING INC

USA East: 800-323-1842  In Mass: (617) 890-3400
| _USA West: 800-663-8986  Canada: (604) 438-7266
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B NEW PRODUCT HIGHLIGHTS

The PScomm2/4 from Metacomp is
an intelligent serial I/O controller
designed for use with the IBM PS/2
Models 50, 60, 70, 80 and compati-

Programmable serial /O controller
targets Micro Channel systems

bles. Built around an 80C186 16-bit
microprocessor running at 16 MHz,
the board offers two (or optionally
four) programmable communica-

tions channels supported by full du-
plex direct memory access (DMA)
circuitry. Two channels can operate
at full duplex with a data rate of up
to 2.48 Mbits/s.

The microprocessor on the board
provides programmable intelligence
to offload link-level and other high-

level data communications process-
ing from the PS/2 host, relieving the
CPU of the overhead normally asso-
ciated with complex data communi-
cations protocols such as Bisync,
SNA and X.25.

Four EPROM sockets allow a
maximum of 512 kbytes of nonvola-
tile storage. Two of the EPROM
sockets may be configured for 256
kbytes of EEPROM or static RAM.
In addition, the PScomm2/4 has 512
kbytes of parity-protected dynamic
RAM that’s triported between the
on-board processor, the local DMA
communications controllers and the
Micro Channel. Serial DMA may be

POWER

When your products depend on reliable power, depend on DATEL.
With 20 years experience in the design and manufacture of power
products, DATEL's complete line offers

1W to 30W DC/DC Converters

Single, dual, triple and high voltage outputs
PC or chassis mounting

Wide range inputs

Outstanding regulation, accuracy and low noise
Line operated supplies, Switching supplies
Miniature packages

Call or write for DATEL's new brochure detailing more than 140
power products.

Ly
&y

INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION
DATEL, Inc,, 11 Cabot Boulevard, Mansfield, MA 02048 (508)339-3000
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ADVANCED
COMMUNICATIONS
PRODUCTS

g

The Sealevel ACB-Il and ACB-Ill Advanced Communications
Boards provide SYNC/ASYNC high speed communications
capabilities to PCs. Features include:

¢ SDLC/HDLC/ASYNC Protocols
e RS-232 and RS-422 Interfaces
¢ One or two channels with DMA
* Software Toolkit Provided

SEALEVEL SYSTEMS INC. ﬂ
PO BOX 1808
EASLEY, SC 29641

[BO3) 855-1581

SEALEVEL

COMMUNICATIONS & /0
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located anywhere in the DRAM.
Eight light-emitting diodes indicate
diagnostic and software status.

The triported RAM is available for
sending and receiving data and mes-
sages between the PS/2 host proces-
sor and the on-board 80C186.
Communication between the host
processor and the local processor is
implemented by the shared memory
and a 16-x4-bit first-in, first-out
(FIFO) mechanism. The FIFO lets
both the host processor and the local
processor interrupt and notify the
other of pending messages or data
located in the shared RAM.

In a typical application, the PS/2
host communicates with the serial
channels by first placing the data
into the triported RAM, and then
writing information to the FIFO,
thus notifying the on-board proces-
sor of a pending message.

Under system control, the PS-
commZ2/4 can act as a bus master or
a slave resource. The master mode
supports physical addressing and
implements DMA arbitration of the
Micro Channel. Data transfers be-
tween the host processor and the
controller can be by the DMA re-
source resident in the controller or in
the host processor.

The 85C30 serial communications
controllers on the board may be pro-
grammed to operate in polled, inter-
rupt and DMA modes. Each 85C30
device contains two independent
transmitters and two receivers that

are programmable for async, bisync | :

or bitsync protocols.

The PScomm?2/4 contains all the
necessary circuitry to support most
popular electrical and mechanical
interface standards without the need
for add-on modules or additional Mi-
cro Channel slots.

Metacomp’s data communications
software and firmware solutions for
the PScomm2/4 include standard
protocol packages such as X.25, de-
bug and development toolkits, and a
real-time executive package.

Single-unit pricing is $1,495 for
the four-channel version of the
board and $1,395 for the two-chan-
nel model. —Mike Donlin

Metacomp

15175 Innovation Dr
San Diego, CA 92128
(619) 673-0800
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Powerful MS-DOS CPU
rides 8- or 16-bit STD Bus

The Model 8850 from Systek is a
densely integrated CPU board that
runs MS-DOS applications and func-
tions with both standard 8-bit STD
Bus boards and extended 16-bit
cards. Built around an 8- or 10-MHz
80186-compatible NEC V50 CMOS
microprocessor, the board has 512
kbytes of dynamic RAM, 256 kbytes
of EPROM and 128 kbytes of bat-
tery-backed SRAM. Specifically tar-
geted at real-time multiprocessing
control applications, the board fea-
tures a multimaster bus interface
and supports both serial and parallel
arbitration on the STD Bus.

“A high level of integration is
important in a multimaster comput-
er system,” says Tom Seim, Systek
president, “because it minimizes the
use of the bus for routine peripheral
I/0O. More of the bus bandwidth can
be devoted to interprocessor commu-
nication and control.

“A multiprocessing capability
makes MS-DOS a viable contender
for real-time control applications.
One processor, for example, can be
dedicated to the MS-DOS interface,
performing disk and operator I/O,
while other processors are responsi-
ble for real-time I/O functions. This
eliminates concerns over worst-case

COMPUTER DESIGN MAY 1, 1989

interrupt latency,” says Seim.

A proprietary MS-DOS ROM basic
I/O system is available for the board
and includes extensive RAM and
ROM disk utilities for embedded
control systems that don’t use floppy
or hard disk peripherals. The board
includes includes a pair of RS-232
serial ports mapped to match COM1
and COM2 ports of PC-compatible
computers, an RS-422/449 serial port
and a parallel printer port. An 8080
emulation mode is provided, letting
existing applications easily migrate
to a more powerful platform.

Transfers between the Model 8850
and other extended 16-bit STD
boards occur at the full data width.
To maintain compatibility with ex-
isting STD boards, the Model 8850
converts all word transfer to 8-bit
boards into double-byte transfers.

Documentation for the Model 8850
includes a comprehensive user’s
manual with sample startup and pe-
ripheral initialization code. Pricing
is $774 in OEM quantities.

—David Lieberman

Systek
1027 N Kellogg St
Kennewick, WA 99336
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B NEW PRODUCT HIGHLIGHTS

Today’s SCSI-based peripherals—es-
pecially disk drives—have small
idiosyncrasies that make them in-
compatible if the drives are used as
direct plug-in replacements. These
small but important differences are
due to the fact that manufacturers
have given their own interpretations
to certain aspects of the SCSI specifi-
cation, especially in the way that
commands are implemented in code
on the controller as well as in the
drive electronics.

An intelligent disk controller from
Toshiba America has implemented a
“Virtual SCSI” for use on its high-
capacity 5%-in. Winchester disk
drives to allow easy adaptation to
different interpretations of the SCSI
command set. This addresses the
long-standing problem of matching

Virtual SCSI controller matches
new drives to range

of interfaces

available inventory with the custom-
er’s needs without causing prolonged
downtime during field upgrades, ac-
cording to David Tovey, director of
marketing. “Most disk manufactur-
ers find that they have to offer spe-
cific customized products for
different major customers—usually
a different ROM,” Tovey says.

One example of incompatibility
might be a case where a customer
wants a personalized inquiry re-
sponse so that when the system que-
ries the drive, it answers with the
customer’s brand name rather than
with Toshiba’s. Other incompatibil-
ities involve mode settings for buffer
control, specialized read/write op-
codes for security purposes and codes
that tell the drive whether to exe-
cute vendor-unique commands.

The Toshiba virtual SCSI control-
ler is produced with a single version
of the drive electronics and control-
ler, but has different versions of the
command set resident on tracks of
the disk not normally accessed by
the host system. Depending on the
version of SCSI used by the host
system and its interface, the drive
will bring the corresponding version
of the command set off disk and load
it into the controller RAM at boot-
up. The drives have sufficient stor-
age capacity to handle the many
different versions of the resident
command set.

The result, says Tovey, is that the
drive manufacturer has a single
product in inventory that can easily
be customized to look like any other
drive or can be tailored to a custom-
er’s specific requirements via soft-
ware. Such flexibility benefits the
customer since special requirements
can be implemented in the field

Mission Ready — Military VME from DY-4

Providing the best in performance, reliability and cost-
effectiveness, DY-4 introduces its military VME (DMV)
family of fully MIL-Spec VME boards and chassis.

When you’re looking for the best in military VME, consider
these facts about DY-4’s DMV family:

o designed to meet MIL-E-4158, MIL-E-5400 and
MIL-E-16400 specifications,

e conduction-cooled for survival in the harshest
environments,

o full range of functionality: SBCs (680X0), serial and
parallel I/O, A/D, 1553B, SCSI and ATR chassis,

e Ada™ and RTOS support packages

e military-grade, off-the-shelf boards with commercial
equivalents to reduce system development costs

™ Ada is a trademark of the United States Department of Defense

Call us with your system requirements. Now you can benefit
from cost savings using industry-standard VME, without
compromising military specifications.

California: (408) 377-9822

Los Angeles: (714) 549-2559
Massachusetts: (508) 692-9308
Canada: (613) 596-9911
Denmark: 45 6 963624
Germany: 49 89 3171180

iy}

DY-4 SYSTEMS INC.
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without removing the drive from the
system. Changes can be simply
downloaded from the host.

Tovey notes that though standard-
ization efforts are keeping SCSI sta-
ble, the need remains to support its
many different interpretations.
There’s a certain amount of inertia
because people often qualify a drive,
and then assume vendor-unique
commands and idiosyncrasies. When
they get to the next-generation
drive, they find it doesn’t work with
the drivers they have. Evolution for
existing systems is easier to track

with drive-resident command sets.
The virtual SCSI controller supports
the standard 4.B SCSI command set
and will support SCSI II. The con-
troller has a 65-kbyte buffer and
read look-ahead caching algorithms
for zero-latency read/write opera-
tions. The SCSI connect/disconnect
algorithm, which ensures efficient
use of the bus by multiple peripher-
als, is controlled using buffer fill
pointers that can be set to match bus
speed and utilization characteristics.

The virtual SCSI controller is sup-
plied on the Toshiba MK-350 FB
760-Mbyte drive, which sells for
$2,645. All subsequent SCSI-based
disk drives from Toshiba will also
host the controller. —Tom Williams

Toshiba America
9740 Irvine Blvd
Irvine, CA 92718
(800) 456-DISK
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Multiscan monitor boasts
single-scan performance

Designed for applications that re-
quire switching between formats
with different resolutions, the MX-
210 EZ from Monitronix is a 19-in.
noninterlaced color graphics monitor
that provides the same picture qual-
ity as a single-scanning monitor.
When a user switches between appli-
cations with different resolutions—
from high-resolution CAD programs
to lower-resolution PC applications,
for example—the monitor automati-
cally aligns itself to the frequency of

| the display controller.

“One of the problems with multi-
sync monitors has been that they’re
set up at the factory to work perfect-

| ly at one frequency,” says Roger

Nielsen, president of Monitronix.
“When a user switches applications
and frequencies, the picture quality
suffers with reduced image size, geo-
metric distortion or some other im-
perfection. Our monitor solves that
problem because it can accommodate
four different frequencies.”

The MX-210 EZ automatically ad-

justs to any horizontal scan frequen-

cy from 30 to 74 kHz, or video
formats ranging from 600 x 480 pix-
els to 1,280x1,024 pixels. Using
multiple adjustment points, the
monitor can automatically set both
horizontal and vertical size, image
position, and linearity precisely to
the specifications of each different
video format.

According to Monitronix, the MX-
210 EZ offers the fastest sync switch
speeds available on a multisyncing
monitor—0.5 s—a considerable im-
provement over the conventional 4
or 5 s. This switch speed eliminates
the flashing, waving or blank
screens that usually occur when
changing formats.

The monitor works with any
graphics display controller, VGA
and up, including Macintosh stan-
dards, and features a 200-MHz video
bandwidth and a brightness of 40 to
55 fl. Vertical refresh rates of 60 to
120 Hz ensure a flicker-free display.
In addition, the MX-210 EZ accepts
analog RGB video input and boasts a
full screen linearity of better than 1
percent over the entire display to
provide accurate stability and di-
mensional measurement for intri-

cate drawings and data.

Available immediately, the moni-
tor costs $3,795. OEM discounts are
available. —Mike Donlin

Monitronix

929 Eastwind Dr
Westerville, OH 43081
(614) 891-3232
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Trademark Information

UNIX is a registered trademark of
AT&T Bell Laboratories.

PAL is a registered trademark of
Advanced Micro Devices.

SMART-POWER is a registered
trademark of Nartron Corp.

100,000 +
FAX Numbers
— of —

U.S. Businesses
including
Names & Addresses
* Quick reference
e Maximize FAX

usefulness

e New advertising
medium

Only $49.95 Postage Paid
Order Now!

Entrepreneurs’ Library

Box 17509, Fountain Hills, Az. 85269
[] Please rush me a copy of the new
Fax Directory. Enclosed is check or
money order for $49.95.

Name
Company
Address
City.
State Zip
e ]
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SYSTEM SHOWCASE

PIRECT REPLACEMENT
or

r=FARADAY
MICRO PC
10/256

CPCO1055ch

8088 half card size computer (3.9" x 6.2”") running
at 10 MHz with 256K DRAM memory, 4 DMA chan-
nels, 8 levels of interrupts, keyboard, speaker and
reset port. Optional 8087 coprocessor is available.

Also Available -

BUS/PC @ BUS/AT @ WD286-WDP

Functional Replacements For Western Digital’s:

Diversified Technology

1-800-443-2667
In MS 601-856-4121 » FAX 601-856-2888
ZXT/AT are tradenames of IBM Corp.
Western Digital and Faraday are registered trademarks -
of Western Digital Corporation
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REAL WORLD 1/0
For PCUXT/ATs

DG24 + 24 line digital VO; 10 MHz 8255. $95
ADS500 * 8 channel 12-bit (plus sign) integrating A/D; prog.
gains of 1, 10 & 100; 7 digital VO lines. $239
AD100 « Single channel version of AD500; 10 digital VO

lines. Same programmable gains. 700 meg input Z.  $149
AD1000 * 8 channel 12-bit A/D; 25 uS; sample & hold; 3 5

MHz timer/counters; 24 digital VO lines. $295
ADA300 * 8 channel 8-bit 25 uS A/D; single D/A sample &
hold; 24 digital VO lines. $239
AD200 * 4 channel 12-bit 125 uS A/D; 3 5 MHz timer/
counters; 24 digital VO lines. $239
DAG0O * Fast settling dual bipolar D/A. $179

PD200 * Prototype board w/ address decoder; manual $99
All boards include BASIC, Pascal, C, and Forth drivers.
30 day return; 1 year warranty. Call for ‘Real World
Interfacing” application notes.
Real Time Devices, Inc.
P.O. Box 906 State College, PA 16804
(814) 234-8087
CIRCLE NO. 171

DATA ACQUISITION AND CONTHROL

DATA
ACQUISITION
AND
INDUSTRIAL
CONTROL
PLUG-IN
BOARDS

MetraByte's New Free 304 page handbook for 1989
describes their complete line of Data Acquisition prod-
ucts. The new handbook introduces many new prod-
ucts including: PC Instruments, High Performance
Frame Grabbers, Image Processors and Vision Prod-
ucts, and the New Workhorse Industrial Control Sys-
tem.

The handbook provides complete product information.
on all boards for the IBM PC/XT/AT & PS/2, Microchan-
nel, Apple Il, and Macintosh SE/II.

MetraByte Corp., 440 Myles Standish Blvd., Taunton,
MA U.S.A. 02780. (508) 880-3000.
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3
Don’t Get Zapped!
High inrush current can destroy your sensitive VAX
CPUs and peripherals in less time than it takes to
flip a switch.

THE SOLUTION?
Power up with Z-LINE TPC 115-10 MTD ™

the smallest power distribution -
and control system available. z- NE
POWER UP WITH — — —

-

Our proprietary Multip!
sequences your power-up to protect your systems
from the spikes and surges, EMI & RFI, that destroy
your hardware and erase your data. And our
remote on/off and emergency shutdown gives the
power control back to you.

All Pulizzi Engineering MTD™ controllers are
compatible with DEC and UPS systems.
PRICES FROM $436 TO $305
DON'T WAIT UNTIL IT HAPPENS, CALL TODAY!
PULIZZI ENGINEERING INC.
3260 S. Susan Street, Santa Ana, CA 92704-6865
(714) 540-4229 FAX (714) 641-9062
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We make...

Multibus Il Backplanes,
Card Cages and Enclosures
the way you want them!
Send for Product Data H89103

o
Hybricon
12 Willow Road, Aver, MA 01432
Factory (508)772-5422

Western Operations (602)829-1824
CIRCLE NO. 174

EMBEDDED REAL-TIME CONTROL

SC/FOX'™ PARALLEL
COPROCESSOR

PC/XT/AT/386 high-speed plug-in board with Forth
development software. 10 MIPS operation, up to 50
MIPS burst. 64K to 1M byte memory. Uses Harris RTX
2000 RISC real-time CPU: on chip 1-cycle multiply, 1-
cycle 14 priority interrupts, two 256-word stack memo-
ry, 3 16-bit timer/counters, 8 channel I/O bus. Ideal for
real-time control, signal and image processing. Single,
multiple board operation. Prices start at $2,295.

Optional SC/FOX Single Board Computer version for
stand-alone operation. Eurocard size, 1 serial port, 1
parallel printer port, 2 50-pin user connectors, and up
to 512K bytes 0-wait state memory, Forth development
software included. Prices start at $1,495.

SILICON COMPOSERS, INC. (415) 322-8763
210 California Ave., Suite K, Palo Alto, CA 94306
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INSTRUMENT
CONTROL

AND DATA

ACQUISITION
PRODUCTS

FREE
Catalog

*PC, PS/2, and Macintosh
+GPIB interface boards and cables
*Plug-in A/D, D/A, DIO boards

«Signal Conditioning and accessories

« Software drivers for BASIC, FORTRAN, C,
and Pascal

«LabVIEW, LabWindows, and Measure
application software

« Analysis, statistics, and DSP

+Graphical and data presentation

For your FREE copy call:

e

The Software is the Instrume:

(800) IEEE-488
’ CIRCLE NO. 176

IT'S EASY TO LOCATE

ROM SOFTWARE SUPPORT

PC-LOCATE: Produce ROM-able code from your
"exe" files. PC-LOCATE assigns physical addresses
to the re-locatable image based on user inputs.
PC-LOCATE supports the entire Intel

processor family including the
8086, 8088, 80186,
80188 and 80286.

PC-PROMPAK:

A PROM/ROM ex-
pansion board for

IBM and IBM-com-
patible computers. PC-
PROMPAK provides up to
384 Kbytes of expansion memory o2
and supports most 28-pin JEDEC compatible
devices

PC-ROMDRIVE: Create a "Diskless PC" that can
include MS-DOS and your application program. Program
execution can be automatically invoked through the use
of an "autoexec.bat" file.

%A %iﬁséé

P.O. BOX 37634 PHOENIX, AZ. 85069
(602) 866-1786
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COMPUTER DESIGN
Super Decks

+ Now 90,000 circulation—83,000 qualified
Computer design U.S. subscribers, plus
7,000 pass-along engineer inquirers

* Six mailing in '89—January, March, May,
July, September and November

*Less than a penny per card for 6 time
users

+ Rates start at $1645.00 and go down with
frequency

» Closing 21st of previous month of mailing

COMPUTER DESIGN

One Technology Pk Dr.
Westford, MA 01806

Tel: Toll Free (800) 225-0556.

In Massachusetts (508) 692-0700

Contact Direct Marketing Sales

L

Circle 220 for rates and information, or call: Shirley Lessard or Barbara Kovalchek 800-225-0556.
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SYSTEM SHOWCASE

FREE UV ERASER
WITH DATA 1/0’S 201
EPROM PROGRAMMER.

For $995 the 201 gives you:
= Support for EPROMs
and EEPROMs
up to 512K,
= Full after-sale
support from
Data I/0®
Order a 201 today and
get a FREE UV eraser—a $40 value. The
Datarase |l erases up to 4 EPROMs in
3 minutes.

1-800-247-5700
Ext. 833
DATA 1/0
CIRCLE NO. 178 Corporation

IEEE 488
Solutions

Centronics,
tenders, exp: & e
drivers for DOS, UNIX®, Lotus 1-2-3,
Symphony & Quattro.

Call or send for your
FREE Technical Guide

Demo disks and application notes available

Otech

(216) 439-4091
Telex 6502820864 « Fax (216) 439-4093
IOtech. Inc. » 25971 Cannon Road
Cleveland, Ohio 44146
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cessing integrated circuits (ICs), the RXC-01 and

INTEGRATED
CIRCUITS FOR
LOW COST IMAGE
PROCESSING SOLUTIONS

I8X Corporation has designed two VLS| image pro-

PWA-01, to ease the task of producing high-speed,
low-cost image processing systems.

The RXC-01 and PWA-01 provide the image and video
processing community cost-effective and easy-to-use
building blocks for performing image transformations
and filtering with a minimum of external components.
The ICs, when used together in an integrated system,
provide the ability to geometrically transform and filter a
video image and produce high-quality imagery in real-
time. Applications include video special effects, image
manipulation for publishing, image format conversions,
robotics, image recognition and many others.

Contact: Sam Burroughs
4355 International Blvd.
Suite B, Norcross, GA 30093
(404) 564-1148

Fax: (404) 381-0622

Telex: 6503144415MCIUW

CIRCLE NO. 180

AutoKey,
400 Macro Keys

* Plugs inline with your PC Keyboard

*Uses no system memory.

* Requires no software.

*Has its own microcomputer.

+ Eliminates complicated memory
resident macro programs such as
SuperKey and ProKey. Prices start
$139.00

Mextel Corp. 159 Beeline Rd.
Bensenville, lllinois 60106

Phone (312) 595-4146.

CIRCLE NO. 181

STOP NOISE IN PGA, LCC
PACKAGES

MICRO/Q 3000 capacitors decouple
low-inductance, high-frequency noise
for PGA, LCC packages on complex
board layouts. They fit under PGA or
LCC sockets, take no extra board
space. Choose from any pinout con-
figurations. Rogers Corp. 2400 South
Roosevelt St, Tempe, AZ 85282.

Qggfwckey\grldsﬁk:}yeEx of their resp facturers 602/967-0624. CIRCLE NO. 182
Technical Guide to 960 DIGITAL I/0 LINES
UNIX Engineering ON A SINGLE VME SLOT

Workstations = ~ :

This 232 page guide takes the confusion
oout of engineering workstations. It in-
cludes price/performance comparisons
(plus much more) on 103 workstation
models from eight leading vendors:

Apollo Computer Intergraph

Digital Equipment Silicon Graphics
Hewlett-Packard Sun Microsystems
IBM Corp. Tektronix

The Technical Guide to UNIX Engi-
neering Workstations is available for
$995 from The Anderson Report, 4525-4L
E. Industrial Street, Simi Valley, CA
93063. Clrcle reader service number be-
low and receive a FREE Management
Summary on Engineering workstations.

CIRCLE NO. 184

NEW! IOEX™ BUS CONTROLLER
* |/0 expansion bus highly immune to EMI/RFI noise.
* Extends up to 50 feet on unshielded ribbon cable.
* 20 card slots with geographic addressing.
* Efficient slot vectored interrupts.
* Compatible with most Eurocard card cages.
* Components are available for complete sub-systems.

E INDUSTRIAL DIGITAL SYSTEMS
2108 W. Freeway — Fort Worth, TX 76102
Phone (817) 332-2241
CIRCLE NO. 185

C

o
,‘\O“ = Jow cost,
s‘(p compact, all-in-one unit
o“\‘ = direct plug-in replacement
for all popular “mice”
= RS232 serial trans/rec lines, selective
baud rate, dynamic resolution
= direct replacement units for SUN,
DEC, MASS-COMP, CAL-COMP,
PCs, ATs, XTs (IBM or compatibles)

Evergreen
SYSTEMS INTERNATIONAL
31336 Via Colinas
Westlake Village, CA 91362
(818) 991-7835 = Fax: (818)991-4036

CIRCLE NO. 183

DATEM INTRODUCES IBM
MICROCHANNEL TO BITBUS
INTERFACE MODULE

The dDCM800MC provides an interface
between IBM’s microchannel bus and a
BITBUS distributed control network.
Standard BITBUS and optical fiber BIT-
BUS (optional) connections are provided.
Software support is available for DOS
and OS/2. Available Q2/89. For more info
call DATEM LTD. at 1-800-733-TALK or
(613) 225-5919. CIRCLE NO. 186
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Get the picture? Get the message?

You get both with Raytheon’s latest generation
TDU-850 Thermal Recorder. The TDU produces
continuous tone, high quality images in up to 256
shades of grey. Or — it doubles as an ASCII printer
(using Raytheon’s new IEEE 488 interface) and
turns out crisp, letter quality alphanumerics.

The TDU makes high resolution hard copy
recordings at high speeds on paper, plastics and
transparencies. Optional interfaces accommodate
video, IEEE 488 and other formats. Prints to 8!
inch width. (Inquire about 12-inch version.)

Design modifications are available to meet
individual application requirements. Typical uses
include: aerial surveillance, equipment testing,
hydrographic surveys, security systems, R&D
programs and meteorological reporting. Today’s
most versatile thermal recorder, still for under
$5000.

Make hard copy easy. Call or write Marketing

Manager, Recorder Products, Raytheon Company,
Submarine Signal Division, 1847 West Main Road,
Portsmouth, RI 02871-1087. Phone: (401) 847-8000.

Raytheon

Left. High altitude surveillance.
Right. Alphanumeric data presented in a random format.
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DISK-PAC TO GO,

®

PORTABLE
DATA MODULE

Removable Storage for Sun Microsystem:s.

Emulex has refreshing news for Sun users: We have All of which gives you the capability of keeping impor-
removable storage. Our SN-ER2S Removable Disk Subsys-  tant data locked up! You get all the security of removable
tem is fully compatible with Sun-2, Sun-3 or Sun-4 systems.  storage, plus the convenience of portability.

But that’s not all. Onboard intelligence monitors You also get flexibility. PDMs are available with 180,
critical drive functions, and senses movement in the Por- 380 or 760 megabytes of unformatted storage. And since
table Data Modules (PDMs). This ensures each subsystem is self-configuring, PDMs of
optimum reliability. Should someone try to differing capacities can be interchanged.

o If you’ve been looking for a removable

remove a module during operation, all
Er storage solution, we have a great one

activity is shut down. Previously e —
entered data is fully protected, and T GEad® J at hand. Pick one up on your way
heads are automatically locked down. 2§ I i home!

bl Al

SN-ER2S Removable Disk Subsystem

Regional Offices: Anaheim, CA (714) 385-1685 Roswell, GA (404) 587-3610

Cal] (800) EMULEX‘}‘ or Burlington, MA (617) 229-8880 Schaumburg, IL (312) 605-0888
(714) 662—5600 in Ca“fornia - - International Offices: Wokingham, England (44) 734-772929

: Munich (49) 89-3608020 N Sy 2-957-1669 Paris -65-919
Emulex Corporation unich (49) 89-3608020 North Sydney (61) 2-957-1660 Paris (33) 134-65-9191

® Tokyo (81) 3-234-8951 Toronto (416) 673-1211
3545 Harbor Blvd.
Costa Mesa, CA 92626 EMUI‘EX ©1988 Emulex Corporation, Inc.
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