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EPC Embedded PCs Mass Storage Modules 

EPC MODEL EPC-1 EPC-3 EPC-4 EPC-5 
(shipping since Aug '88) (sh1pp1ng since Aug '89) (sh1pp1ng since Mar '90) (shipping since Oct '90) 

Processor Modules: 
CPU 80386 80386SX 80386 80486 
CPU Clock 16 or 20MHz 16MHz 25 MHz 25 or 33 MHz 
DRAM 1or4 MBytes l 2 or 4 MBytes 4. 8 or 16MBytes 4. 8 or 16 MBytes 
Graphics EGA (640 x 350) VGA (800 x 600) VGA (800 x 600) VGA (BOO x 600) 

Mass Storage Modules: 
Hard Disk Capacity 40 MBytes 40, 100 or 200 MBytes 
Floppy Drive Size/Cap. 3.5" I 1.44 MBytes 3.5" I 1.44 MBytes 

Expansion Capabilities: 
PC Add-in Cards Yes Yes 
EXMbus Expansion N/A EXM Expansion Modules: 

EXM· 1 Ethernet EXM-5 Modem EXM-9 IDE/Floppy Ctrl 
EXM-2 Solid State Disk EXM-6 VGA Graphics EXM· 10 Ethernet 
EXM-3 SCSI/Floppy Ctrl EXM-7 RS232 Serial 1/0 EXM· 11 Tir11er/Counter 
EXM-4 IEEE 488 EXM-8 RS422 Serial 1/0 EXM· 12 Prototyping Card 

Software Support : EPConnect development run-time. and multiprocessing software package for DOS. Windows. UNIX.and OS/2 

Copyright © 1989 RadiSys Corporation All rights reserved Rad iSys and EPC are registered trademarks and EPConnect 1s a trademark of 
RadiSys Corporation. 386 and 486 are trademarks of Intel Corporation OS/2 1s a trademark of International Business Machines Corporation 
UNIX is a trademark of American Telephone and Telegraph 

CIRCLE NO. 1 

Integrating a PC with your VME system is 
a smart move. The "PC advantage" provides 
a superior human interface and access to 
the PC's huge base of system, application 
and development software. 

The PC Advantage belongs inside your 
VME system. Not attached to it. By embed­
ding a PC inside your VME card cage, 
instead of attaching it externally, you break 
through the inherent communications 
bottleneck that constricts system perfor­
mance. You also eliminate the superfluous 
hardware and software needed to attach 
two system architectures. 

Only RadiSys EPC® Embedded PCs 
completely integrate the strengths of PC 
and VME. An EPC, with its exclusive 
EPConnect'" Software, is the only 386- or 

486-based, PC-com­
patible computer with 
software that inte­
grates the VMEbus into 
the DOS, Windows, 
UNIX and OS/ 2 envi­
ronments. EPCs give 
your VME systems: 

• Highest system performance from the real ­
time responsiveness of the direct 32-bit 
interface between the 386 or 486 and the 
VMEbus. 
•Improved system packaging in I/10th the 
volume, with integral VME ruggedness, and 
no bus link baggage. 

And EPCs cost you less. EPC-based systems 
avoid the costly pitfalls of attached PC 
systems. No extra interfaces, cables, surro­
gate controllers, or the software to make 
them work. 

Give your VME systems the EPC advan­
tage. Call (800) 950-0044. We' ll send all 
the details . No strings attached. 

THE INSIDE ADVANTAGE 

RadiSys Corporation 
19545 NW Von Neumann Dr. 
Beaverton , OR 97006 USA 
(800) 950-0044 
(503) 690-1229 
Fax (503) 690-1228 



llllck access saves timll 
in a&S811)biy, test, and 
malnlenanCe. Loosen two 
capliYe fasteners and the front, 
10p, and slcles sllda off for 
maximum access to all of the 
infllnla~~- Eaclt 
inlllmal component comes out 
with two screws, or remove 
live hex nuts and the entire 
system lifts out of the bottom 
tray to provide a free-standing. 
fUlly functional development 
platl(){lll! 

--- ---- -
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Wrth over 2000 standard 
configurations you can 
virtually design the enclosure 
yourself- and stiU get It off the 
shelf. Choose from 3to14 
slots for VME or 4 to 18 
slots for Multibus. Loads 
of peripheral options and 
configurations are available 
for rack and tabletop models 
as well as floor-standing 
DeskMate'" verions that accept 
9U x 400mm cards. Or let our 
team of engineers provide a 
paclcaging solution tailored to 
your specifications - from 
configuring the front panel 
LEDs to customizing the rear 
panel. Designing enclosures to 
meet your sllecific needs is our 
specialty. 
I 1 • I • I , 

:.-==:Iii= Choose from 175 to 1000 Watts 
to satisfy the demands of your 
system. 

The Last Word in System Packaging 
Now you can benefit from 12 
years of design experience 
and innovation that has made 
Electronic Solutions the industry 
leader in system packaging . The 
Omega™ Enclosures will give 
your VME or Multibus system the 
attractive exterior your image 
demands with a rugged , well­
designed interior to withstand the 
most demanding environments. 
And besides the Electronic 
Solutions' full 3-Year warranty, the 
Omega bears FCC approvals 
and is UL, CSA, and TUV 

listed to get your system to an 
international market in the 
shortest time possible . 

Call Electronic Solutions for the 
latest information about the best 
choice for you r system package. 
It's the last system enclosure 
you 'll need to see. 

6790 Flanders Drive, San Diego, CA 92121 
(619) 452-9333 FAX: 619-452-9464 
Call TOLL FREE (800) 854-7086 

in Calif . (800) 772-7086 
CIRCLE NO. 2 
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y Settle for Y2 
an '040 Board? 

You 've chosen the '040 because you 
need maximum performance in your 
VME system . But look carefully, 
because other Single Board Computers 
may only give you only half of what you 
expected from the '040. 

Compare Synergy 's SY430 perform­
ance to any other SBC . Compare bus 
speed, MIPs, support, flexibility, docu­
mentation , reliability, 1/0 intelligence 
or any spec you can think of. We think 
you'll find the same thing we did - the 

SV430 outperforms every other SBC on 
the market by as much as 150%. 

Surprisingly, thi s kind of quality won't cost 
you any extra , because Synergy products 

lead in another important area-val ue. At 
Synergy, you don't have to pay a premium 

price for premium performance . 

Let us show you just how far ahead your system 
can be with a Synergy processor board. Call us today, 

and get the whole '040 story. 

Compare our specs. Synergy is superior across the board! 
VME 
Transfers 
VME64 doub les 
bus performance 
to 06 MB/s-and 
the SV430 is the 
onl y '040 board 
that has it. But 
we don't need 
VME64 to win 
this comparison. 

Even normal 32-bit transfers race at 33 MB/s. 
That's 200% faster than Force or Motorola. 

1/0 Modules 

VSB 
SCSI 
Elllernet 
ISON 
Floppy 
11 Alync 
12 Sync 
1'1111111 
VD 

GPIB 
30 MFlop 

FPU 
Encryption 
Proto­
typing 

T1 Line 
HSCI 
EGA 
Gniplllcs 

s 

Synergy 's EZ-Bus modules are compatib le 
with our entire line of SBCs. This mean; 
Synergy 's current line of 12 intelli gent 1/0 
modules are immed iately availab le for the 
SV430-today. No other vend or comes c lose 
for selection. fu nctionalit y o r availabi li ty. 

Data from Mo1orola MVME165 data -.hcct da1cd 2/90. and 
Force CPU-40 data shee t A 1 Rev. 1. DRAM mea,urcment .. 
show n arc with parity. VMEbu'> tran<,fcp, ;ire to a 60nr,, ~ ht\ C. 

VME6~ i:. a trademark of Performa nce Tcchnologic'. Inc. 

DRA M 
Burst 
Rates 
A 25 MHz '040 
is capable of 
accessing mem­
ory at 80 MB/s . 
The closer you 
are to this max­
imum, the more 
'040 perform­

ance you're gai ning . SV430 bursts are 26% 
faster than Force and Motorola. 

'020/'030 
Compatibi lity 
Software 
compat ibility 
between Synergy 
SBCs means 
use rs have simple 
upgrades to the 
SV430 from 
our '020 and 

'030 SBCs. Force offers compatibi lity only from 
the '030 level, and Motorola offers "upward 
migration"-a polite phrase that means rewrit­
ing your code. 

DRAM 
· , Random 

Accesses 
Non-burst '040 
performance is 
measured in wait 
states. Fewer 
wa it states mean 
higher perform­
ance. The SV430 
is not only 66% 

faster than Force or Motorola, it supports twice 
the on-board memory - 32 MB. 

Product 
Warranty 
Synergy backs 
the reliability of 
its SBCs with a 
two year standard 
warranty. Force 
and Motorola 
only offer 
you one. 

Synergy Microsystems, Inc. , 179 Calle Magdalena , Encinitas, CA 92024 (619) 753-2191 FAX: 619-753-0903 
INSTANT DATA ACCESS ( IDA) DIAL (617) 494-8338 DOCUMENT NO. 1042 
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Move into our i960'"cA processor 
and get our 32-bit architecture in its 

most sophisticated form. 

Welcome to life in the fast 
lane. We hope you can 
handle the pace, because 

there is no stopping the 
i960'" CA RISC microprocessor. 

It not only delivers the highest level of 
system throughput, but it's also the only 
superscalar processor that delivers high 

© 199 1 Intel Corporation. i%0 is a trademark of the lntel Corporation. All rights reserved. 

power for embedded applications. 
Of course, just because the i960 CA pro­

cessor is sophisticated doesn't mean it's hard 
to use. Quite the contrary Its highly inte­
grated design with Bus, Interrupt and DMA 
controllers all on-chip makes it easier to design 
with and increases its cost -effectiveness. 

And while the i960 CA processor may be 



your dream architecture, its design gives you 
plenty of room for upward growth. Add to 

that the comprehensive array of develop­
ment tools, and your high-end imaging, com­
munication and distributed I/O products will 
be set for life. 

So if your design calls for something 
sophisticated, call 800-548-4725 for the i960 

Family Welcome Guide (ask for literature 
packet A9A22). And make your move into a 
neighborhood with real power. 

intel. 
The Computer Inside."· 

CIRCLEN0.4 
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SilcSyn gets European 
support, contributes to 
R-R's comeback 
Though the second-generation Silc­
Syn high-level synthesis tool from 
Racal-Redac (Mahwah, NJ) is not 
yet highly visible in this country, 
it's been gathering a lot of enthusi­
astic support in Europe. Total 
sales of systems including SilcSyn 
have exceeded $630,000 over the 
last calendar year in Belgium and 
Holland alone, reports Racal­
Redac. Ahead of its time on its 
first go-round (supporting a propri­
etary hardware description lan­
guage before HDLs were popular), 
SilcSyn now supports VHDL and 
also accepts structural netlists. Its 
capability to synthesize at a micro­
architectural level is still beyond 
the scope of most synthesis tools 
available today. On top of thaL, 
Racal-Redac has added the capabil­
ities of HHB's Intelligent ATPG 
tool to SilcSyn's test synthesis and 
has interfaced SilcSyn to its Cadat 
simulator. 

As Racal-Redac builds support 
among ASIC vendors in the U.S., 
it will be exciting to see if 
Europe's enthusiasm for SilcSyn 
spreads to Silicon Valley and other 
American high-tech areas. 

-Barbara Tuck Egan 

Money for old wire 
Having bought that 33-MHz 
386/387 PC-based workstation, 
process controller or medical diag­
nostic equipment, you need to up­
grade it to make it run faster. 
Now, for $499 you can, courtesy of 
two new chips from Intel (Santa 
Clara, CA). After purchasing 
Intel's RapidCAD engineering co­
processor-a set of two chips 
dubbed RapidCAD-1 and Rapid­
CAD-2-you can u se them to re­
place the 386DX and 387DX on 
your present motherboard. The re­
sult is a system that runs a Spec­
mark 56 percent faster than your 
existing one. 

RapidCAD-1, pin-compatible 
with the 386DX processor, inte­
grates the 386 CPU and the 387 
FPU on the same silicon chip. So 
what, you might ask, is the Rapid­
CAD-2 for? Harry Laszlow, market­
ing manager of the RapidCAD 
chip set, explains that 386/387 sys­
tem hardware assumes that float-

6 MARCH 1992 COMPUTER DESIGN 

ing-point calculations are per­
formed by a device residing in the 
387 socket and that the appro­
priate interrupt will be sent from 
the 387 to the 386. RapidCAD em­
ulates that procedure. 

"Although the 387 is already on 
the RapidCAD-1 device, the signal 
must still be routed through exter­
nal logic," says Intel's Laszlow. He 
admits that, since that's the case, 
the RapidCAD-2 chip isn't particu­
larly complicated, but defends the 
design as more than "just a wire." 
It's a matter of a few hundred 
gates, he says. 

How can Intel charge $500 for 
the two chips, one of which the 
company admits has only a few 
hundred gates? "RapidCAD is 
aimed at end users who already 
have a 386DX-based system," says 
Laszlow. So the price [Intel char­
ges] for the 386 or the 387 and 
RapidCAD isn't an issue from the 
point of view of a user who has a 
system already and is deciding 
how to upgrade it." -Dave Wilson 

Material extends life 
of microbatteries 
Researchers at Bellcore (Red 
Bank, NJ) have discovered a mate­
rial that eases the task of building 
lithium power sources into inte­
grated circuits. While lithium has 
become the preferred electrolyte 
for compact rechargeable batter­
ies, using the highly reactive met­
al to make "microbatteries" at the 
chip level has been difficult. 
Lithium microbatteries are built 
by layering a lithium-based electro­
lyte film between cathode and 
anode films. To charge and dis­
charge a system, lithium diodes 
must migrate between the center 
electrolyte film and the cathode. 
Cathode materials become unsta­
ble during that process, shorten­
ing the battery's life. 

By using lithium manganese ox­
ide as the film, researchers were 
able to achieve a higher lithium­
ion density. The oxide lattice lets 
the lithium ions migrate while 
keeping its structure intact. In ex­
periments conducted so far, re­
searchers have demonstrated 
working microbatteries that sus­
tain up to 70 charge/discharge cy­
cles at 4.1 V without any degrada­
tion in performance. 

-Jeffrey Child 

H-P, Analog Devices ink 
mixed-signal deal 
In an effort to speed development 
of advanced mixed-signal pro­
cesses required for their future dig­
ital signal processors and system­
level mixed-signal ICs, Analog 
Devices (Norwood, MA) has 
formed a strategic alliance with 
Hewlett-Packard (Palo Alto, CA). 
Under the terms of the agreement, 
Analog Devices gains immediate 
access to H-P's submicron CMOS 
and BiCMOS technologies. Be­
cause of the heavy technical and fi­
nancial resources required to de­
velop new submicron mixed-signal 
processes, the agreement also al­
lows for joint process development. 

While the initial products devel­
oped by Analog using these pro­
cesses will be manufactured in 
H-P's facilities, the agreement 
gives Analog Devices the right to 
obtain a license to facilities when 
Analog's production requirements 
justify the investment needed to 
bring submicron manufacturing ca­
pability in-house. Analog's first 
0.55-micron units, built on H-P's 
wafer fab, are expected to ship 
next year. -Jeffrey Child 

Mentor plans 
four Unix ports 

Mentor Graphics (Wilsonville, 
OR) continued to pursue its plans 
to become a software-only busi­
ness when it recently announced 
plans to port its Release 8.0 soft­
ware to Unix platforms from DEC 
(Maynard, MA), IBM (Armonk, 
NY), NEC (Tokyo, Japan), and 
Sony (Tokyo, Japan). Mentor also 
disclosed plans to integrate its 
Falcon Framework with Digital's 
PowerFrame, a move that all but 
assures PowerFrame will become 
the de facto industry standard for 
design data management. Though 
it's unclear just how tight the Fal­
con-Power Frame integration will 
be, Mentor's support for Power­
Frame comes as a bit of a sur­
prise, because Mentor has been a 
stubborn holdout among leading 
EDA vendors who have endorsed 
DEC's framework. -Mike Donlin 

Continued on page 8 
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When Every Nanosecond Counts 
Squeeze critical nanoseconds from your high-speed logic interface with 
the fastest FCT logic available. IDT's FCT-CT family offers speeds that 
are 50% faster than standard FCT or FAST logic families- as fast as 
3.4ns (typical)! 

The Perfect System Solution 
As a system designer, you need the perfect combination of: 

1. Fastest speed 
2. Low ground bounce 
3. Low power consumption 

FCT-CT logic has true TTL compatibility for ease of design. The reduced 
output swings and controlled output edge rate circuitry ensure low 
system noise generation. No other technology offers higher speeds or 
lower power consumption. 
The FCT-CT family is completely pin- and function -compatible with FCT 
logic, and is available today in all standard packaging. 

PROPAGATION OUTPUT 
FUNCTION DELAY (Max) ENABLE (Max) 

Buffers 4. lns 

Transceivers 4. l ns 

Registers 5.2ns 

Latches 4.2ns 

Free Logic Design Kit 
Call our toll -free hotline today and ask for 
Kit Code 3061 to get a 1991 High­
Speed CMOS Logic Design Guide 
and free FCT-CT logic samples. 

5.8ns 

5.8ns 

5.5ns 

5.5ns 

OUTPUT 
DISABLE (Max) 

5.2ns 

4.8ns 

5.0ns 

5.0ns 

(800) 345-7015 • FAX: 408-492-8674 
The IDT logo, CEMOS, BiCEMOS, and R305 I are trademarks of Integrated Device Technology, Inc. 
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12ns 256K SRAMS 
Fastest cache solutions for RISC and CISC 
CPUs. 36+ ultra-high-speed sub­
micron SRAMs for 33MHz processing & 
beyond are in the SRAM Data Book. 

35mlps RISC CHIPS AND MODULES 
R3000A for the most mips at any MHz; 
R3051 for CPU, cache, & 

buffers on one chip. Modules, 
eval. boards & software com­
plete the family. See them in the 

RISC Data Book. 

HIGHEST ·PERFORMANCE MEMORIES 
Fast FIFOs, dense dual-ports. BiCEMOS 

ECL, & memory modules. 120+ FIFOs 
& multi-port memories, 5ns ECL, & 

multi-chip modules are in the 

Specialized Memories 
Data Book. 

Call today for your 
new IDT data books 
with complete tech­

nical specifications 
and application 

information . 

• /!::r. .. ._: ; • 
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Integrated 
Device 
Technology, Inc. 
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Continued from page 6 

CAE wars 
continue in Europe 
Cadence Design Systems (San 
Jose, CA) chalked up a big win in 
Europe recently by inking a pact 
with Philips Semiconductor (Eind­
hoven, Netherlands). Under the 
terms of the multi-year agree­
ment, Philips will purchase Ca­
dence's IC design suite, including 
its synthesis tool and the Verilog 
simulator. Though both companies 
are contractually obligated not to 
reveal the value of the deal, some 
industry analysts are estimating 
its value at over $10 million. 

The agreement's value isn't in 
dollars alone. Last fall, Cadence 
lost face in Europe when a deal it 
was forging with Siemens-Nixdorf 
Informationsysteme (Munich, Ger­
many) fell through after archrival 
Mentor Graphics (Wilsonville, OR) 
slipped in to become SNI's vendor 
of choice. Though Cadence is still 
working on an alliance with SNI, 
its grand plan to form a joint sales 
and marketing company with Sie­
mens in Europe is on hold for the 
time being. -Mike Donlin 

3U VMEbus fires salvo 
A newly formed group of 3U VME­
bus manufacturers has fired its 
first salvo against other small 
form-factor buses such as STD, 
STD32 and G64/96. The group, 
headed by Mizar (Carrollton, TX), 
GreenSpring Computers (Menlo 
Park, CA) and PEP Modular Com­
puters (Pittsburgh, PA), has some 
exciting ideas to boost bus perfor­
mance and make it a more flexible 
medium. Each of the major partici­
pants will be bringing something 
to the party, which, when finished, 
will constitute a part of a secon­
dary standards body to be known 
as IEEE-1014.2, Recommended 
Practices. 

Mizar will bring its approach for 
multiplexing the Pl VME connec­
tor to provide a full 32 bits of data 
(by multiplexing the original 16 
bits) and 40 address bits (by multi­
plexing the upper 16 address bits 
with the original 24). To that, PEP 
will add its Autobahn technology, 
providing a very high-speed (400 
Mbytes/s) serial channel. Green­
Spring will add its I/O Pak technol-
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ogy as a standard 3U mezzanine 
bus to provide flexibility to the ap­
proach. In addition, the group 
plans to standardize on a high-den­
sity VO connector-in the area of 
0.050-in. spacing-to bring high­
density VO to the front of the 
board. In addition to targeting tra­
ditional and upscale STD custom­
ers, the group will be aiming at 
making a major dent in the PLC 
business. -Warren Andrews 

H-P, IBM 
in fiber-optic alliance 
Hewlett-Packard and IBM plan to 
get together in developing and 
marketing components for high­
speed fiber-optic communications 
links. According to the companies, 
the components will offer a sub­
stantial price-performance benefit 
over existing products. 

One of the first things to come 
out of the agreement will be high­
volume compact disk laser technol­
ogy, followed by specialized optical 
link cards handling optical trans­
mission using the ANSI Fiber 
Channel standard. The agreement 
will provide a framework merging 
IBM's technologies in optical link 
card manufacturing and CD laser 
applications with H-P's technolo­
gies for optical receivers and high­
speed transceiver circuits. The 
first implementations will operate 
at the FC-0 level of the Fiber 
Channel Standard at 266 
Mbytes/s. Future iterations will ex­
tend to the gigabyte (and beyond) 
transmission range. 

The move is expected to benefit 
both companies-it's expected to 
enable H-P to manufacture optical­
link cards in high volumes, while 
it lets IBM aggressively pursue its 
thrust into the OEM marketplace. 

-Warren Andrews 

Sharp making deals 
with Apple and Intel 
Japan's Sharp Corporation has 
been making some interesting mar­
keting and technology transfer 
agreements with two U.S. compa­
nies-Apple Computer and Intel. 
Sharp has nailed down an a~ee­
ment with Intel to build an $800 
million fab line in Japan to pro­
duce flash memories under license 
from Intel. Both companies will 
market the chips, presumably 

with Intel limited to the U.S. mar­
ket and Sharp to the Japanese. 
Ironically, flash memory is one 
technology that was invented in 
Japan (by Toshiba), but in which 
U.S.-based Intel achieved market 
dominance. 

The deal with Apple comes as 
that company prepares a launch 
into the consumer electronics mar­
ket with what is thought to be a 
line of handheld computers. 
Sharp, which is already well­
known for its line of Wizard 
pocket data managers, will manu­
facture the devices in Japan and 
sell them under its name. Apple 
will sell them in the U.S. under 
the Apple name. The first product 
out of this agreement is thought 
to be a handheld computer with 
pen input and communications ca­
pability; it will include a built-in 
calendar and phone book. Al­
though not explicitly announced, 
one would expect the line of Apple 
devices to be able to exchange 
data and programs with the 
Sharp Wizard line.-Tom Williams 

Hot swap-the latest 
rage 
Over the past several months, the 
Multibus Manufacturers Group 
(MMG) has been working on 'hot 
swapping'-a capability useful in 
telecommunications that involves 
replacing a card in a system while 
it continues to operate uninter­
rupted. The group's worked with 
Intel, Siemens and others to nail 
down the specifications, but the 
first company to introduce a pro­
duct is Micro Industries (Wester­
ville, OH). According to Michael 
Curran, company president, the 
approach is very similar to 
MMG's, and is ready for implemen­
tation-in fact, the company al­
ready has orders. 

In the meantime, a number of 
VMEbus board manufacturers are 
also working on hot swap. 
Heurikon, Motorola, Themis Com­
puters, and backplane maker Elec­
tronic Solutions are all developing 
the capability, either inde­
pendently or with customers. Un­
less someone on the IEEE-1014 
Committee acts fast, it's entirely 
possible we may see several ap­
proaches to hot-swap capability on 
VME before long. 

-Warren Andrews 
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; HeuriJ<~;g HK6&'V3D o'ffers VME ~taiidardization and desigµ 
· flexibility with a 33 MHz ¥otorola 68EC030 and 2 Mbyte~ of 
·'memory f~ronly $1795 (Jess in quantity). That mak'es i:he V3D 

a. cost efficient entry point into VME single-board computers. 
As a complement t0 our main course, }'OU can add more memory, 

SCSI or Ethernet. VxWorks and OS-9 are also available. 

-~ , ' 
\ ' I ! 

·~jle our pric;e in'dicates good value, it's our service wbich makes 
that value great.,_Our VME boards, real ~time operating systems . 

• ' and software development environm\:!nts are backed by superior 
technical 'support before and after th'e sale. The Heurikon V3D 
is the first in a series of new 680XO value priced entrees. 
If you're hungry for more information, give us a call. 
1-800-356-9602. Bon Appetit. 

Partners in Real-Time 

HElRIK0N 
Out\idc 1hc U.S. call 608-81I-0900or1-'AX 608-811-4249. V\ WorJ.., I\ J. lrndcm.i.rJ.. of Wmc.J River S)'\ICm\_ OS-9 t" a trndcmarJ.. of M1cmwarc Sy .. tcm' 
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Sun SPARCstation ELC 

Save $5. Gain 14 MIPS. 

*U.S. list price for grayscale display with diskless, 8MB of memory. SPECmarks: HP Apollo, 34 ; Sun, 20.3. MFLOPS: HP Apollo, 8.4; Sun, 3. 
©1992 Hewlett-Packard Company ADCSWGOJ8 



35MIPS 

.. 
HP Apollo Series 700 Model 705 

With the new HP Apollo Series 
700 Model 705 RISC workstation, 
you'll also gain an additional 13.7 
SPECmarks:" And 5.4 MFLOPS:" 

So, while the difference in price 
is just a pleasant surprise, the 
difference in performance is 
astonishing. 

And that $5 savings won't short 
you on anything. We've designed 
the Series 700 to optimize X-win­
dow performance. What's more, 
our Model 705 has a 19" gray-

scale display (Sun only offers a 
17" monochrome display on the 
ELC). And, with over 1,800 appli­
cations already available, you're 
ready to get up and running fast. 

The open architecture of our 
workstations also lets them work 
smoothly in a multivendor envi-

So call l-800-637-7740, Ext. 2797. 
We'll show you a very fast way to 
save money. 

F//'09 HEWLETT 
~a PACKARD 

ronment. And, - --
if you should 
need our help, 
HP's worldwide 
support is at 
your service. 

CIRCLE NO. 7 



I EDITORIAL 

Telling the truth isn't 
bashing. 

John C. Miklosz 
Associate Publisher/ 

Editor-in-Chief 
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Bush gave bashing 
a bad name 

When I was growing up, my mother told ~e to always tell 
the truth. She also relied on a well-worn cliche to remind me that 
the truth sometimes hurts. (Sorry, mom, but the "always" has 
been tough to live up to and I've hurt a few people by being a bit 
too honest.) While I can think of a lot of ways to describe being 
truthful-like honest, blunt, frank, even brutally frank-I would 
never have thought of using the term "bashing'' to describe telling 
the truth. 

When it comes to discussions of Japanese business practices and 
American/Japanese trade relations, however, there are a lot of 
people who would like you to think that being truthful is synony­
mous with bashing. Unfortunately, they all got a boost in their ef­
forts from the recent comments made by President Bush blaming 
the Japanese for the current recession. Now, that's bashing be­
cause it's not the truth. 

The current recession is home-brewed and we have no one to 
blame but ourselves. True, Japanese dominance of certain markets 
has devastated some industries (consumer electronics is the most 
relevant to us) and is well on the way to devastating some others 
(automobiles are probably the best example). These have con­
tributed to our problems, but they're not the cause. The Japanese 
aren't responsible for our domestic woes, whether it's our deteri­
orating infrastructure; our deteriorating schools; our outmoded ap­
proach to manufacturing; the ineffectual relationship between 
government, business and labor; our wastefulness; or our budget 
deficit. And they're not responsible for the current recession. 

The truth about Japanese business and trade practices has been 
laid out in great detail by writers such as James Fallows, 
Chalmers Johnson, Clyde Prestowitz, and Karel van Wolferen (the 
Gang of Four, as they've been called in certain circles). In books 
and numerous articles, these four (and many others) have docu­
mented the interlocking nature of directorships and the keiretsu; 
the penetration and elimination of the American consumer elec­
tronics business, which relied heavily on price fixing and dump­
ing; the closed nature of Japanese financial markets and distribu­
tion system; the use of inspection and certification as a market 
barrier (aluminum baseball bats are a great example); lobbying 
and influence efforts in the U.S. to the tune of $400 million a year; 
discrimination against their own women and non-Japanese in busi­
ness; and the Japanese proclivity for patience (which is synony­
mous with stonewalling). 

The facts in all these matters have been documented repeatedly, 
perhaps too much. Perhaps so much, that the claims of bashing 
have been given unwarranted credence. But as my mother taught 
me, one should tell the truth. And sometimes the truth hurts. But 
telling the truth isn't bashing. 
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After all, it's Sun. 

•~ That's right , FORCE and Sun have 
., teamed up to offer one of the brightest 
...ml new products in embedded systems. 

• 

The SPARC'" CPU-IE engine. It's a 
complete implementation of SPARCstation"' I, 

fully supported by the powerful SunOS™ and the real-time 
expertise of FORCE. 

For the first time, you can design with SunOS and 
real-time on the same VME backplane. With industry­
standard SPARC technology, no less . 

And that's just the beginning. FORCE will spark 
embedded systems for generations to come, based on our 
partnership with Sun. In fact , we're already designing the 
SPARC CPU-2E. Of course, our entire family of SPARC­
based products is 100% SunOS-compatible. 

So nothing stands between you and the most powerful 
development environment in embedded systems. With 
SunOS and the SPARC CPU-IE, you can program, debug 
and observe real-time code. All within the same 
development and target system, thereby slash­
ing costs and development time. 

The SPARC CPU-IE accommodates up to 80 Mbytes 
of DRAM. You can run real-time, UN IX'fl Sun Windows™ 
and utility programs . Standard OMA-driven SCS I and 
Ethernet interfaces give you full network access. There's 
even an SBus'" interface for 1/0 expansion. 

We also provide such leading real-time operating 
systems as VxWorks;" VADSWorks;" VRTX;" MTOS;" 
PDOS™ and OS-9/9000™ products. Along with over 2100 
third-party applications from Sun's Catalyst'" program. 

Finall y, we can supply all your system components. 
Everything from SPARCstations 
and mass storage modules to 
expansion boards, monitors 
and keyboards . 

But that's what you'd expect 
from the vendor with the broadest , most 
flexible line of embedded systems solutions. So 
call 1-800-BEST-VME, ext. 10 for more information or fax 
a request to (408) 374-1146. 

And put the heat on your competition. 
FORCE Computers, Inc. 1165 Winchester Blvd .. Campbell , CA 95008-6557 

All brnnds or products are trademarks of their respective holders. 
1991 FORCE Computers. Inc. 

VME at its best. 

OUR NEW PARTNERSHIP 
Is As Hor As IT GETS. 
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The 1cial Flag Of The 
AMO Delivers The World's Fastest 386s. 

The great 386 race is over. And the clear winner full 32-bit 386 performance to the desktop.The 
Am386SXL-33 CPU makes 33MHz the stan­is the Am386 microprocessor family 

The fact is. no other 386 micro­
processors avai lable today can rival 
the sheer speed and performance 
of the Am386 microprocessors.The 
Am386DXL-40 CPU brings 40MHz. 

dard for 386SX machines both at the 
desktop and for battery powered 
applications. 

111e40MHzoxL-40 In either case. they're over 20% 
a1rd:~:~;;,.":,,,7~~3~;~;::"061' faster than those run-of-the-mill 386's. 

901 Thompson Place. PO Box 3453.Sunnyvale.CA 94088 t 1991 Advanced Micro Devices. lnc ."We re Not Your Competition' is a service mark and Aml86 



Am386 Microprocessors. 
And of course, they're proven-compatible 

with the IBM"standard. 
Best of all, they're available now. available in 

quantity, and available at surprisingly low prices. 
So don't just keep up with the competition 

with ordinary 386 systems. Blow them away with 
the world's fastest 386 systems-built around 
the Am386 microprocessors from Advanced 

Micro Devices. Call 1 ~800~222~9323 for more 
information. 

~ 
Advanced Micro Devices 

"\M?'re Not Your Competition'.'SM 

is a trademark of Advanced Micro Devices. Inc. All brand or product names mentioned are trademarks or registered trademarks of their respective holders 
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IN THE ERA OF MegaChitf TECHNOLOGIES 

We've squeezed more 
ABT Widebus as fast 



speed from our logic. 
as 4.1 ns! 

\ v ' th our new Advanced W ~iCMOS interface logic 
(ABT) family, you get the speed, drive 
and low power you need to optimize the 
performance of procesrors operating at 
33 MHz and above. 

Fabricated in our 0.8-micron BiCMOS 
proces.s, this new family delivers maxi­
mum speeds down to 4.1 ns over recom­
mended operating conditions. Typical 
performance of the devices is in the 2.5-
to 3.0-ns range. 

Other critical performance parameters 
are as impres.sive. Drive capability is 32 
to 64 mA. Static power consumption 
is typically 2 mA OcCH, lcrz) and 
30 mA (lea.). Ground bounce is les.s 
than 800 m V typ. 

All this in Widebus 
Our ABT family, a second-generation 
advance of our leadership BiCMOS 
( BCT) family, includes versions of our 
16-, 18- and 20-bit-width Widebus'" 
functions. 

Among the many ABT Widebus 
functions released is the 'ABT16244, a 
16-bit buffer and line driver. It exhibits 
much greater stability of propagation 
delay (see chart), which results in a 
lower derating factor across the number 
of outputs switched. 

Also in volume production 
are the Widebus 'ABT16245 
16-bit bidirectional bus 
transceiver and the 
'ABT16543 
and 'ABT16952 
16-bit bidirectional 
registered bus transceivers. 

As in our succes.sful Advanced 
CMOS Logic (ACL) Widebus family, 
these devices come in our leadership 
surface-mount shrink small-outline 
package (SSOP) that gives you twice 
the number of I/Os as a standard small­
outline package in the same space. 

™Trademark of Texas lnstmmcnts Incorporated 
© 1991 Tl 08- 1139 

Unique additions included 
There are also new devices in our 
ABT Widebus family featuring greater 
density and functionality. Our 
'ABT16500A is a good example. An 
18-bit registered transceiver, it combines 
D-type latches and D-type flip-flops to 
allow data flow in transparent, latched 
and clocked modes. 

AVERAGE tPLH AND tPHLPRDPAGATION DELAY 
- 'F244 

mli---------l- 'FCT'244A 
'ABT16244 

NUMBER OF OUTPUTS SWITCHING T ,=25"C, Vcc=5V 

Tl's speed advantage: In a one-to-one comparison, 
a Tl 'ABT 16244 16-bit Advanced BiCMOS-driver 
proves to be much faster and more stable tlian Ad­
vanced Bipolar and standard CMOS octal drivers. 

To complement our full line of 
Widebus products, our ABT family 
will include at least 39 octal buffers/ 
drivers, flip-flops, transceivers and 
registered transceivers. 

Squeeze more out of your system 
with a free sample 'ABT16500A: 
Call l,800,336,5236, ext. 3009 
To learn firsthand how ..... ~::::: ... 
our new ABT family can ... _ •• • ic ....... k 

boost the performance 
of your bus-interface 
designs, get a free 
'ABT16500A trans­
ceiver and data sheet. 
Just complete and mail 
the return card or call 
the number above. 

'II> TEXAS 
INSTRUMENTS 



VMEbus 486DX -33MHZ 

• New generation single slot 486DX -25 & 33MHZ - I 00% PC/AT compatible (A32/D32) 
• No platforms, no piggy-backs, just clean streamlined low-cost one-side SMD technology 
• Up to I 6M of on-board DRAM 

I024x768 SuperVG A w/51 2K Video DRAM 

• 2 Serial Ports , I Para ll el Port and Real Time Clock w/Batt ery 

• AT style keyboard Controller and Connector 
• Floppy and Hard Drive IDE Cont rollers on-board -4 ways to connect to Disk Drives 
• Three-way Byte/Word Swapping Hardware for interfacing to 68000 type CPUs 

Access VMEbus through Real Mode Window or Protected Mode 

• Custom Gate Array technology provides 
-Interrupter, interrupt Handrer, System Cont roller, INTEKl"'.!-DN IN r. 
all SW configured U. LI' 

• Reset Switch and Speaker 3000 Wilcrest 
• Choice of SCSI or PC/ AT Bus on P2 Houston, Texas 77042 

Tel : (713) 780-7003 Fax: (71 3) 974-6059 1-800 - 68VME-AT 
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,:// Power 
~Debugging 

When you need to debug a real­
time embedded system, our 
emulation systems can help you 
complete your project faster. 

Real-Time Target Control 

0 Emulate without stealing 
target resources or adding 
wait states. 

0 Step through your actual 
source code, comments 
and all. 

0 Choose from popular 
compilers. 

0 View code, registers, data, 
and commands all at once 
with our windowed 
interface. 

"'"' ... for Real-Time Targets 

0 Capture precise information 
using powerful trace 
capabilities, including 
sequential triggers, all in 
real time. 

0 Full symbolic debugging 
capabilities, including high­
level trace. 

Real-Time Technical Support 

0 Experienced software and 
hardware engineers. 

0 Step-by-step 
troubleshooting help. 

Call and tell us about your 
target. 

1-800-824-9294 

Sophia 
Emulators 
support ... 
Intel, 
Motorola, 
NEC,AMD, 
Hitachi, and 
many others. 
We support 
the C186 to 
20MHz. 

So~hia 
Sophia Systems and Technology, U.S.A. Tel: (415) 493-6700 Fax: (415) 493-4648 systems" 
Sophia Systems Co., Ltd., Japan Tel: (03) 3348-7000 Fax: (03) 3348-2446 a nd Technology 
0 1992 Sophia Systems and Tech nology 
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Edge-to-Edge Performance 
The DK516C-16 uses Hitachi's advanced propri­
etary technology to deliver 1.65 GB of capacity 
and a fast 13.5 ms average access time. 

Its SCSI interface provides a maximum data 
transfer rate of 5.0 Mbyteslsec (synchronous), with 
a 256 Kbyte data buffer and read look-ahead cache. 

Or, if you have an ESDI application, look into 
Hitachi's 1.54 GB DK516-15witha14 ms average 
~time and a 2. 75 M!Ysec data transfer rate. 

Edge-to-Edge Quality 
Choose the DK516 and you get a drive backed by 
the quality and reliability of Hitachi-a $ 54 billion 
company. Unlike other drive manufacturers, we 
design, build, and test all key components in-house. 

For more information about the DK516, or 
any Hitachi disk drive, call l-800-HITACHI. 

Hitachi America, Ltd. 
Computer Division, MSSOO 
Hitachi Plaza 
2000 Sierra Point Parkway 
Brisbane, CA 94005-1819 

@HITACHI® 
Our Standards Set Standards 

SIGNAL 800-228-8781 
(CT. MA, ML. '-'11, RI. VT) SPECIALIZED SYSTEMS 

TECH OLOGY 8flll .:on n 
(AR, LA, OK, IX) vv-voo-o993 

ACCESS (IDAJ DIAL (817) 494-833 
8 DOCUMENT NO, 1034 
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an not 

Introducing new RISC System/6000 POWERstations 

If you're interested in open systems but don't want to 
suffer the slings and arrows of outrageous prices, 
IBM is about to hit you where you live. The RISC 
System/6000"' POWERstation 220 gives you more 
wallop for your money, while delivering a hefty 25.9 
SPECmarks'." That's compared to the SUN I PC's"' 13.4 
SPECmarks and the DEC5000's"' 17.8. 

Entry Entry 
Model Grayscale 8-bitColor 

Workstation .. Workstationt 

IBM220W $7 ,185 $9 ,995 

HP 705/710 $8,415 $14 ,065 

Scientists see stars. 
CASE users ca n start 
with a grayscale work­
station with a paging 
disk for just $7,185. If 
it 's CAD clout you' re 
after, you can get a 
workstation specially 
outfitted for mechani­
cal design-with 20 
color graphics and 
400MB of fixed 
disk storage-for only $9,995. All models in the 
POWERstation 220 series come with two expansion 

·in Canada, call 1800465-1234. ··16MB, Paging Disk, Display, Operating System, Graphical User Interlace.• t6MB, 400MB Disk, Display, Operating System, Graphical User Interface 
IBM is a registered trademark and RISC System/6000 is a trademark ol lnternat1onal Business Machines Corporat ion SPECmark 1s a geometric mean ot the ten SPECmark tests and 1s a 
trademark of Standard Performance Evaluation Corporation . All SPECmark figures listed are as published by their respective manufacturers All prices listed are MSRP Remarketer prices may 
vary. IPC 1s a trademark of Sun Microsystems, Inc. DEC5000 1s a trademark of D1g1tal Equipment Corporation UNIX 1s a registered trademark of UNIX Systems Laboratories HAGAR THE 
HORRIBLE Character(s) © 1992 King Features Syndicate, Inc. © 1992 IBM Corp 



.... et more c out, 
co ere • 

and POWERservers that pack more punch for less. 

slots and upgradable components. And industry­
standa rd memory upgrades and add-ons for both 
arc affordable, so growing won't be a pain. 

Striking a blow for business. The POWERserver 
220 is great for commercial U \IIX® solutions, too. 
You can configure it as a commercia l server, to give 
your business the speed, muscle and openness of 
Ul IX , for only $9,715. And the POWERservcr 220 
is as expa ndable as all our other models. 

machines, configure your network and integrate 
all your systems, whether they're made by IBM or 
not. And IBM Credit Corporation has flexi ble 
financing packages to meet your needs. Get hit 
with the details. Call your IBM marketing repre­
sentative or Business Partner. For literature, call 
l 800 CBM-6676, ext. 769"': 

And, for those who decide to shop for UNIX 
solutions elsewhere, a word of advice. Duck. 

IBM is in your corner . .\'obody else 
delivers the knockout support of I BM. An 
lBM customer engineer can insta ll your 

~he RISC System/6000 
1J! For the Power Seeker. 

==-=- =::~ - - - --- --- - ---- - - ----------- ·-



Precision Time 
Plug-ins 

by TRUETIME 

VME Multibus · PC 
TIME CODE SYNCHRONIZED CLOCKS 

Time in various formots 
is furnished to the host 
computer over its porticular 
bus. Time resolution to l 
microsecond is ovo iloble. 

Ava ilable in a number of 

sizes and configurations, 
these boards provide l 
mill isecond time synchroni­
zation referenced to UTC. 

3243 Santa Rosa Avenue • Santa Rosa, CA 95407 

(707) 528-1230 •FAX 707-527-6640 •TELEX 176687 

'liu111im11 
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The Advantage 
in Single Board Computers 

Trenton TR-E386SX Processor 

For your industrial products requiring 386 perfor­
mance at an unbeatable price, you need the advantage of 

. ~. the latest Trenton Processor, 
the TR-E386SX. Operating 
at 16 or 25 MHZ, this true 
single slot ISA proces­
sor delivers a un ique 
price / performance 
combination. 

The TR-E386SX includes full AT 
compatibility with up to 16 MBytes SIMM memory, co­
processor socket, keyboard, mouse, and speaker ports. 
Like all Trenton Processors, it has added filtering for FCC 
approval and enhanced bus drive capability to support the 
largest backplanes. 

We manufacture a complete family of ISA Single Board 
Computers, all backed by unequaled technical support. 
Call today for literature. 

Trenton Terminals Inc. 1-800-875-6031 
Fax: (404) 381 -0048 

3305 Breckinridge Blvd, STE 100 Duluth, GA 30136 
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March 10 - 12 
SEMICON/Europa 92 
Zuspa Convention Centre, Zurich, Switz­
erland. SEMICON/Europa is the largest 
trade show in Europe dedicated to the S EM 
newest products and equipment in semiconductor pro­
cessing and materials. Semiconductor Equipment and 
Materials International (SEMI) will hold standards meet­
ings March 9 - 12. There will be five technical conference 
themes: "Process tool integration;" "Manufacturing 
science;" "Quality requirements for media and supply 
systems;" "Process monitoring;" and "The face of 
European test applications in the 1990s." Contact: SEMI 
North America, 805 E Middlefield Rd, Mountain View, CA 
94043-4080, (415) 964-5111, Fax (415) 967-5375 or SEMI 
Europa, Avenue de Cortenberg, 79, B-1040 Brussels, 
Belgium, 32-2-736-2058, Fax 32-2-734-0622. Circle 366 

March 10 - 12 
SOUTHCON/92 
Orange County Convention/ A 
Civic Center, Orlando, FL. This •1~ Southcon·/®fi>J 
electronics conference and ex- W 
hibition in the Southeast brings together design, test, 
manufacturing, and telesystems in one show. More than 
300 exhibitors will feature the latest networking and data 
communications products; semiconductors; electronic de­
sign automation tools; test and measurement instru­
ments; and passive components. Technical sessions and 
tutorials will include such topics as high-speed data com­
munications, computer imaging and real-world applica­
tions of neural networks. Contact: Electronic Conventions 
Management, 8110 Airport Blvd, Los Angeles, CA 90045, 
(800) 877-2668, Fax (213) 641-5117. Circle 367 

March 11 - 18 
CeBIT'92 

~oavne~~v~~r;!~o~::~ ~haan~ '"'1~1.1:1 
4,600 exh1b1tors from 40 coun- 1 • .-:;;;.&-ll-lilillllil-ll.lil-li:.-IOll!i.::_m.I_ 
tries will attract more than 570,000 attendees. Among the 
technologies highlighted are: software and systems, 
CAD/CAMICAE, minicomputers and information sys­
tems, LANs, and new to the show is the "EDA aL CeBIT" 
center. Contact: Interim Communications, 255 N Market 
St, San Jose, CA 95110, (408) 287-7980, Fax (408) 287-
7981. Circle 368 

March 16 - 19 II 
EDAC-92 
Palais des Congres, Brussels, Belgium. The ' . 
European Conference on Design Automat-
ion will feature technical sessions and tutorials for CAD 
users, designers, suppliers, and researchers. Topics in­
clude: CAD systems and frameworks , application-specific 
CAD for system design, formal verification, layout synthe­
sis and verification, logic and finite state machine (FSM) 
synthesis, simulation, testing, and high-level synthesis. 
Contact: EDAC-92 Secretariat, CEP Consultants, 26-28 
Albany St, Edinburgh EHl 3QH, Scotland, UK, 44-31-
557-2478, Fax 44-31-557-5749. Circle 369 



Radstone Technology Corporation 
20 Craig Road, Montvale, NJ 07645-1737 
Call Toll-Free: (800) 368-2738 
Eastern Region : (201) 391-2700 
Central Region: (708) 304-0202 
Western Region: (408) 727-4795 
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Radstone reveals 
an ancient technique 
for designing an 
ultra higll performance 
VME system ... now. 

A multiple systems-within-a-system architecture forming 
tightly coupled sub-systems capable of independent and 
parallel opetation. 

The VME Sub-system Bus gives you .. . 
•A proven system solution that's multi-vendor sourced and industry 

accepted. 
•Highly flexible multiple bus capability today. 
•Multiple systems within a system. 
•Wide range of products: CPUs, 1/0 and memory. 
• Freeflow+ architecture that eliminates system bottlenecks. 
• Increased system efficiency: VSB for data/ VME for message passing. 

If you 're looking for a way to get next generation bus architecture per­
formance right now, look at VSB. Radstone will support your efforts with 
the world's most complete line of VME/VSB processor, 1/0 and memory 
boards and the world's only line of Freeflow+ architecture boards. Call 
us to take advantage of the ancient wisdom of VSB ... now. 
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8086/88, 80x86/88 
80386 

• Fast, reliable operation 
• Compact and ROMable 
• PC peripheral support 
• DOS file access 
• C language support 
• Preemptive scheduler 
•Time slicing available 
• Configuration Builder 
• Complete 

documentation 

REAL-TIME 
MULTITASKING 

KERNEL 

68000110120 
Z80, 64180, 8080185 

• Intertask messages 
• Message exchanges 
• Dynamic operations 

- task create/delete 
- task priorities 
- memory allocation 

• Event Manager 
• Semaphore Manager 
• List Manager 

No Royalties 
Source Code Included 

INSTANT OATA ACCESS (IDA) DIAL (617) 494-8338 DOCUMENT NO. 1036 

Manual only $75 us KADAK Products ltd. 
AMX 86 $3000 US 206-1847 West Broadway 
(Shipping/handling extra ) Vancouver, B.C., Canada 

V6J 1Y5 
Call for prices for ::atl:: Telephone: (604) 734-2796 
other processors. =tr: Fax: (604) 734-8114 
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The Wtimate 11How To" Book 

• 

• 
• 

:e 
With Molex's new full-line catalog #920, you get the ultimate 
"how-to" book. How-to solve your unique design problems. 

How-to lower your total applied costs. And how-to meet 
your specific delivery and quality requirements. 

So if you're wondering " how-to" get your hands on 
the most advanced interconnect technology, call or write 

Molex today for our new full-line catalog. 

~x® 
\...__,/ 

Bringing People & Technology Together, Worldwide"' 
Molex Incorporated 2222 Wellington Ct .. Lisle. IL 60532 Tel: (708) 969·4550 Fax: (708) 969·t352 
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March24 - 26 

NEPCON Electronics ~-NEPCON-
National Exhibition Centre, ELECTRONICS 
Birmingham, England, UK. :~;~~=~~·~~ nN~~:~~1;c:A;cunKt 
This three-day show features 
hundreds of exhibitors plus eight different clinics and 
forums including: the ATE Center; the surface-mount 
clinic for surface-mount problems; the EMC forum; anti­
static clinics for the best methods to prevent damage from 
electrostatic discharges; and the design center featuring 
the latest in microcontrollers, transputers, semiconduc­
tors, and ASICs. Contact: A-Z International Sales, 
Amanda Blaskett/Zena Coupe, 70 Chalk Farm Rd, London 
NWl BAN, UK, 44-71-284-3171, Fax 44-71-284-3174. 

Circle 370 

April 6 - 9 
Comdex/Spring '92 
McCormick Place, Chicago, IL. ~(~~~)~~7Spring 
This year's show for resellers ""-"'"""""""'"""'"""""""'-'""'"""-· 
and end users is devoted to programs that realize the 
potential of the desktop computer. Comdex has four pro­
grams with more than 90 sessions aimed at the desktop 
user: corporate solutions; network computing and 
Unix/open systems; multimedia; and imaging systems. 
Attendees will be able to visit the Windows World '92 
exhibit as well as over 900 Comdex exhibits. Contact: The 
Interface Group, 300 First Ave, Needham, MA 02194-
2722, (617) 449-6600, Fax (617) 449-2674. 

Circle 371 

April 27 - May 1 

XWorld lilliii1.., 
Sheraton New York, NY. XWorld is the Dt 
largest conference and exhibition devoted to WORLD 

the X Window System. Over 40 technical and '""x'-'""'~•'F 

managerial sessions will be offered as well as exhibits . 
Tutorials will include: "Using the X Toolkit," "Widget 
Writing," "Debugging X," "System Administration," "C++ 
Programming," and "Windows for X Programmers." Con­
tact: SIGS Publications Group, 588 Broadway, Suite 604, 
New York, NY 10012, (212) 274-0640, Fax (212) 274-0646. 

Circle 372 

April 28- 30 

AFCEA Europe Spring Symposium and 0 
Exposition , . 
Hotel Melia Castilla, Madrid, Spain. This 
conference on simulation and high tech-
nology C3I will explore how to solve a broad range of C3I 
operational, training and system design problems. The 
five major session tof,ics include: "Simulation and model­
ing in support of C I system design and optimization," 
with subsessions on future NATO communications net­
works and more. Other topics discussed will be modeling 
and simulation as tools for operation analysis; simulation 
in support of cost-effective training; and technologies that 
support simulation and modeling. Contact: J. Spargo & 
Associates, 4400 Fair Lakes Court, Fairfax, VA 22033, 
(703) 631-6200, Fax (703) 818-9177. Circle 373 



Accelerate Your Ethernet !iolution With The Power Of Partner!ihip. 

When you team our high pe1formance networking products with the solutions-driven approach we call 

The Power Of Partnership·; you get a complete Ethernet networking application that delivers faster, more 

efficient, more reliable communications. At CMC, we believe that by working together we can help you hurtle 

past any networking challenge. 

For over a decade we've been providing high performance products to the world's leading computer 

companies. The Power Of Partnership at CMC means you can place your trust and confidence in our products 

and our people. 

Our Ethernet adapters for VMEbus, MULTLBUS" and lSAbus provide a full range of solutions: from 

our FXP'" series - featuring CM C's highest performance adapters - to the intelligent ENP series that includes 

10 BASE-T support; plus, complete TCP/IP and GOS IP-compliant OSl solutions for U lX" systems and 

drivers for real-time operating systems such as pSOS + :· VRTX" and VxW9rks" 

To accelerate to new levels of connectivity bring The Power 

Of Partnership on board. Call 1-800-CM -8023. 

The Leading lnt:elligent: Et:hernet: Adapt:ers. 

----- ---== - ---- -- ----- ------- ------- ----- -- ----- --- ---- -- - -- --- A Rockwell International Company 

125 Cremona Drive, Santa Barbara, CA 93117, Phone: 1-805-562-3173 

1-800-CMC-8023 FAX: 1-805-968-6478 In Europe: 44-81-577-2800 

The Power Of Partnership, FXP and CMC are trademarks of CMC. 

INSTANT DATA ACCESS (IDA) DIAL (617) 494-8338 DOCUMENT NO. 1023 
l \/'<. Ul LT/Bl"S. pSOS +. l RTX arid l , ITorb ore t rodernark.~ of CS L. Intel Corporn tion. Sof11wrP Compm1ents Group. Rem/\ SHtems. Inc. an d Ri-1ul Ri1·er SHtems. 111 , . re.f1wo11el\. 
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Ironies IV-3234 
Very Intelligent SIO 

40 MIPS SIO, 16 
Finally, a smart SIO board that puts the intelligence where it really counts: 

on the serial communications controllers. A full 40 MIPS worth! 

The result? Processor power to spare. The on-board 68030 is free because 

each channel has its own DMA and 16 byte FIFO controlled by a RISC core. 

With all 32 channels operating simultaneously at 64-Khits/sec, over 95% of 

the main CPU's bandwidth is still available. Now that's intelligent! 



Ports, Free '030. 
The Ironies IV-3234 is not only smart, it's flexible. Standard features 

include synchronous and asynchronous modes, 1or4 Mbytes of fast 

DRAM, and the most powerful VME interface in the industry. 

SCSI/Ethernet, VSB and higher speed ports are optional. Choose 

from among the best development environments and real-time kernels. 

So make the smartest choice for intelligent SIO ... the Ironies IV-3234. 

Call our VME Products Hotline today 800-334-4812. 

IRONICS Incorporated 
798 Cascadilla Street 
Ithaca, New York 14850 USA 
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"Tadpole is extremely 
responsive, very thorough 
and, most importantly, 
played a key role in our 

development program." 
- Mr. Tom LeBla11c, 

Principal Systems 

E11gi11eer 

Polaroid Medical 

lmagi11g Systems 

T A 

TADPOLE CUSTOM DESIGN 

FOR SINGLE BOARD COMPUTERS 

Dorlt Compromise 
Your Next Design. 

It's your product. Your market 
window. 

So why compromise by 
settling for less than what you 
really need in a single-board 
computer? 

When off-the-shelf boards 
don't meet all of your specifica­
tions, there's no reason to 
accept costly or inefficient 
workarounds. There's a better 
alternative: Tadpole Technology's 
Custom Design Services. 

The OEM's Partner 
Since 1985 we've helped 

OEMs like you build better 
products- and meet critical 
market opportunities-by 
designing and building custom 
computing engines that meet 
exact specs. 

Our customers include some 
of the world's largest companies, 
who have turned to us with 
applications ranging from 
process control and flight 
simulation to application­
specific graphics and airborne 
communications. 

Built To Your Specs 
CISC or RISC. VME or 

Multibus II. Real-time or UNIX ' . 
Whatever your requirements, 
Tadpole has the expertise to 

design 
industry-standard, 
single-board computers 
that fit your application 
needs. We complement our 
design services with state-of­
the-art semiconductor packaging 
techniques and advanced 
surface-mount assembly. 

Integrated software is a major 
component of Tadpole custom 
design. We have one of the 
world's most experienced UNIX 
software porting teams, with 13 
ports completed. We also support 
real-time operating systems. 

The Team Approach 
When you work with Tadpole, 

the Custom Design team serves 
as an extension of your company. 
Our team becomes your team, 
helping you optimize the use of 
your internal resources. This 
reduces your investment in 
product development and 
improves your time to market. 

Computing Without Compromise 

D p 0 
CIRCLE NO. 23 

Technology and 
teamwork. It's all part of 

the Tadpole approach to custom­
built, single-board computers. 
And it all adds up to one thing: 
computing without compromise. 

Should you settle for 
anything less? 

For information on Tadpole's 
Custom Design Services, call in 
the U.S.: 

800-232-8858 
Cambridge, England 
0223 423030 

Paris, France 
(I) 60 86 27 92 

Tadpole Technology offers an extensive 
range of single-board computers and 
graphics processors, in addition to 
Custom Design Servi ces. 

UNIX is a registered trademark of AT&T. 
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Abe Hirsch 
on:VME 
vs. PLCs 

0 pen VMEbus systems offer a number of 
advantages over proprietary programmable 
logic controls (PLCs) and other closed com­

puter systems now used in factory-automation and 
process-control applications. Among these advan­
tages are higher performance, lower cost, higher lev­
els of integration, superior connectivity, and a broader 
selection of hardware and software. 

Despite these advantages, VMEbus vendors have 
found both factory-automation and process-control 
applications tough to crack. One reason is the exten­
sive hand-holding by suppliers of proprietary sys­
tems, particularly in the process-control market. For 
example, distributed control system (DCS) vendors 
often provide complete cradle-to-grave support, from 
hardware/software design and integration to mainte­
nance, service and even operator training. 

By taking complete control of the design, integra­
tion and maintenance processes, suppliers of propri­
etary systems have created a strong dependency 
among their customers. The downsizing of engineer­
ing staffs that has occurred in many factories has 
increased this dependency, making engineers even 
more reluctant to shake off their proprietary bonds. 

For their part, suppliers ofVMEbus products have 
done little to entice neophyte factory and process-con­
trol engineers to experiment with open systems. From 
a hardware standpoint, configuring and integrating 
VMEbus systems using boards from multiple vendors 
still requires considerable expertise, particularly in 
applications requiring multiple CPUs and bus mas­
ters. Most VMEbus board vendors lack the resources 
and commitment needed to guide an inexperienced 
factory or process-control engineer through the sys­
tem-integration process. 

An equally significant problem has been a lack of 
suitable vertical application software. Factory-auto­
mation and process-control engineers have grown 
accustomed to turnkey application-development en­
vironments that require little or no programming 

Abe Hirsch, general manager, Heurikon, 
Madison, WI 

expertise. Most vendors ofVMEbus board-level prod­
ucts, by contrast, still deal in components, providing 
only basic system-level software such as real-time 
operating systems, compilers and debuggers. 

I Open systems gain a foothold at high end 
Despite this lack of vision among VMEbus vendors, 
VMEbus systems are beginning to gain a foothold, 
particularly in high-end applications. One reason 
is a growing dissatisfaction with the high cost of 
proprietary systems, not only for the base system 
but for post-installation commissioning and refine­
ment, upgrades, maintenance, and other support 
services. Just as mainframe and minicomputer us­
ers did in the late 1970s and 1980s, process-con­
trol and factory-automation engineers are looking 
for less expensive solutions that limit their expo­
sure to a single vendor. 

Another reason that open systems are gaining a 
foothold in high-end distributed factory-automation 
and process control applications is growing applica­
tion complexity. In many applications, proprietary 
systems have hit a wall, not only in terms of perfor­
mance but also of connectivity and their ability to 
integrate an increasing range ofnoncontrol functions. 

A significant reason for the lackluster performance 
that most proprietary systems offer is the ground-up 
design approach that PLC and DCS vendors take­
from the CPU boards and backplanes to the I/O and 
networking subsystems. This ground-up approach 
makes it more difficult for DCS and PLC vendors to 
take advantage of technology advances. For example, 
while designers of open VMEbuses are already begin­
ning to integrate 32- and even 64-bit RISC processors, 
DCS vendors are just now making the transition from 
the 80386 and 68010 to the 68020. 
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I TECHNOLOGY VIEWPOINT: VME vs. PLCs 

PLCs have also failed to keep pace with advancing 
technology. Most high-end PLCs, for example, are 
only about 30 percent faster than an 8086 PC when 
executing ladder logic control programs-not too im­
pressive when you consider that PLCs are optimized 
for running such programs. 

Another significant limitation of PLCs which re­
sults in decreased performance is a lack of general 
programming flexibility. While ladder logic provides 
an effective means of expressing the simple combina­
torial logic required for a digital control panel, it 
doesn't provide an effective means of expressing func­
tions such as analog control, math, PID (proportional 
plus integral plus derivative) loops, and batch process 
control. When these functions are implemented on a 
PLC using ladder logic- typically via patches- per­
formance degrades considerably. 

I Limited 1/0 and networking capabilities 
In addition to providing poor base-level CPU perfor­
mance, PLCs and distributed process-control sys­
tems offer limited 
I/O and networking 
capabilities. Most 
DCS systems, use 
proprietary net­
works within their 
systems and pro­
vide relatively low­
bandwidth serial 
links for communi­
cations with exter­
nal systems. 

As factory applications grow beyond simpl nt ol 
and integrate diverse functions such as machine vision 
and bar code reading, the need for extensibl 1 open 
systems with diverse data-acquisition, 110 and conn 
tivity capabilities is becoming more evident. Relativ to 
proprietary computers, systems with open architectur s 
such as VMEbus offer several advantages. 

First, VMEbus systems provide higher bas lin 
CPU performance, letting designers select from a 
broader range of standard high-performance CIS 
and RISC CPUs. Moreover, if a designer's application 
demands more horsepower, he or she can easily in· 
crease the system's performance level by adding more 
CPUs, all of which communicate with each other via 
a common high-speed backplane, to the VMEbus rack. 

Most PLCs and closed process-control systems, by 
contrast, are limited to a single CPU. If designers need 
higher performance, they must string together mul­
tiple systems, which must, in tum, communicate with 
each other via relatively slow serial connections or 
otherLANs. 

• 

Communications 
with PLCs must 
also be implemen­
ted via relatively 
low-bandwidth se­
rial ports. While 
adequate for pol­
ling and control­
ling simple I/O 
switches, these low­
bandwid th serial 
connections make 
it difficult for PLC­
based systems to 
access data from 
analog 1/0 sources 
and to communicate 
in real time with 

Using m's menu-driven Threads flow control program, which nins on 
Heurikon's 68030-based VMEbus CPU board under 05"9, factory-automation 
and process-control engineers can build sophisticated control programs 
without writing a line of C code. 

VMEbus CPUs 
also boost system­
level performance 
by providing greater 
flex ibility. While 
PLCs are optimized 
for executing ladder 
logic, general-pur­
pose CISC and RISC 
CPUs can execute a 
broad range of func­
tions efficiently- in 
addition to ladder 
logic. Just as impor­
tant, they support 
multitasking, which 
let s a single CPU 
execute multiple 
functions simulta­
neously in real time. 
This reduces cost 
by minimizing the 
number of CPUs re­
quired for an appli­
cation, and boosts 
performance by re­
ducing interproces­
sor communications 
and minimizing the 
data that must be 

other computer systems. This, in turn, makes it dif­
ficult to incorporate PLCs into real-time closed-loop 
systems that perform functions such as statistical 
process control and statistical quality control and 
derive data from external devices such as bar code 
readers and machine vision systems. 

PLC and DCS vendors have made a half-hearted 
effort to address the connectivity issue. Many provide 
communications bridges that link their proprietary se­
rial 1/0 connections with standard LANs such as Arcnet 
and Ethernet. Unfortunately, this approach is ulti­
mately constrained by the low bandwidth of the serial 
connection and the overhead associated with converting 
between the PLC serial and network protocols. 
Moreover, these bridges are often very expensive. 
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moved around the system. 
In addition to providing higher baseline CPU per­

formance, VMEbus systems provide higher-per for­
mance data-acquisition , I/O and network ing 
capabilities. This is true not only for the devices 
themselves, but also for the communications channel 
used to connect the devices with each other and th 
host CPUs. 

In a VMEbus system, the CPU communicates with 
other CPUs, I/O and data-acquisition devices via 
common 40-Mbytes/s backplane. Communicati ns 
with remote devices are easily implemented by adding 
network adapter cards for high-speed networks such 
as Arcnet, Ethernet and even FDDI (Fib r is· 
tributed Data Interface, a 100-Mbit/s fib r opti • 



LAN). Because the network and CPU cards are linked 
via a common backplane, data transfers between the 
VMEbus rack and remote devices can be conducted 
at the full rated speed of the network. 

Probably the most significant advantages of us­
ing an open architecture such as VMEbus are ex­
tensibility and the widespread availability of 
third-party hardware and software. With a VME­
bus system, designers can select from a limitless 
array of CPUs and coprocessors, graphics and im­
aging devices, I/O, networking and data-acquisition 
boards, and specialized control functions. They can 
also select from a wealth of software products, 
including real-time operating systems, compilers, 
cross-development tools, debuggers, and vertical 
application packages. This selection makes it easy 
to modify and upgrade a system, and reduces de­
pendence on a single vendor. 

The wide selection of hardware and software also 
helps to make the market more competitive and create 
economies of scale, both of which help keep prices 
down. Typically, a distributed control system based 
on off-the-shelf hardware and software costs about 60 
to 80 percent less than an equivalent proprietary 
system from a DCS vendor. 

A proprietary DCS operations console, for example, 
costs between $50,000 and $80,000. A Sun worksta­
tion with an off-the-shelf process-control package, by 
contrast, costs about $15,000 and delivers equiva­
lent-or better-functionality and performance. Sim­
ilarly, DCS vendors charge between $250 and $400 
per analog or digital I/O point. An open systems 
vendor, by contrast, offers the same I/O for from $50 
to $100 per point. 

While the migration to open systems is inevitable, 
PLC and DCS vendors are for the most part making 
only half-hearted efforts to unbundle their systems. 
Some DCS vendors, for example, now let customers 
use a DEC or Sun workstation as an operations 
console and development platform. They have yet to 
open up their backplanes, however, maintaining a 
firm hold on the front-end control and I/O functional­
ity. PLC vendors have been somewhat more willing 
to open their systems. 

I The missing link 
To capitalize on the opening left by proprietary sys­
tems vendors, VMEbus vendors will have to simplify 
the migration path and provide an integration and 
development environment more akin to that offered 
on the PC. That means delivering interoperable hard­
ware and software components that can be installed 
without writing C code (for example, to select address 
maps and interrupt vectors) and that offer integration 
and debug assistance when users encounter road­
blocks. It also means offering vertical factory-auto­
mation and process-control software that's compara­
ble to what's offered with closed systems and that can 
be used by engineers with little or no programming 
experience. 

Because of the diversity of its CPU, I/O and oper­
ating system options, VMEbus systems may never 
provide the seamless plug-and-play environment of­
fered by the PC. Progress is being made in several 
areas, however. Interoperability problems, for exam­
ple, are diminishing as more sophisticated VMEbus 

systems are deployed in the field and vendors take a 
greater role in the system-integration process. 

Significant progress is also being made in the area 
of standards, particularly with regard to device driv­
ers and application interfaces. Today, one of the most 
significant obstacles to simplifying integration in the 
VMEbus market is a lack of standardization among 
real-time operating systems, both at the device and 
application levels. 

To help simplify the task of system integration, 
while preserving the versatility offered by the wealth 
of real-time operating systems, new standards are 
being developed that will provide common device 
driver and application interfaces. The device driver 
standard, known as OBI OS (Open Basic I/O System), 
will create a common set ofl/O system calls that will 
enable a single device driver to work with any OBIOS­
compliant operating system. Similarly, Posix will pro­
vide a common set of application-level system calls 
that will enable Posix applications to run on all Posix­
compliant real-time operating systems. 

The emergence of efficient Posix-compliant real­
time Unix operating systems may simplify matters 
even more by letting designers develop and execute 
applications on a single system. The emergence of 
efficient real-time Unix will also reduce the need for 
proprietary real-time operating systems and will 
unite the industry around a single dominant operat­
ing system standard-just as DOS did in the PC 
world. 

In the past, poor real-time performance has limited 
the use of real-time Unix. With the performance and 
efficiency of real-time Unix approaching that of pro­
prietary kernels, however, the future of the latter may 
be short-lived. The Posix standard, which is heavily 
based on Unix, is a harbinger of this trend. 

I More powerful tools 
To really entice engineers who are used to turnkey 
development environments, VMEbus vendors are go­
ing to have to offer comparable environments. In 
addition to the assemblers, compilers, bundled real­
time operating systems, and cross-development tools, 
VMEbus vendors will have to provide vertically inte­
grated software packages that use familiar process­
control terminology and can be quickly mastered by 
engineers with little or no programming experience. 

Some of these vertically oriented application pack­
ages are beginning to emerge. A good example is Event 
Technology's (Indianapolis , IN) family of CASE tools . 
Available for a wide variety of open systems, the tools 
currently run under OS/9 on Heurikon's 68030- and 
68040-based CPU boards. A port to Heurikon's 
HKLynx real-time Unix is planned for the near future. 

With the ETI CASE tools, engineers with no previ­
ous programming background can quickly build so­
phisticated distributed process-control systems. 
Using the icon editor, designers build applications by 
selecting objects with a mouse, popping them up on 
the screen and interconnecting them to define control 
relationships. Objects may be selected from a library 
of preexisting objects including PID controllers, lad­
der logic, an ISA symbol set, coils, contacts, timers, 
and analog inputs and outputs. Designers can also 
create their own objects. 
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Until now, DOS and 
couldn't run 

Introducing iRMX® for Windows: that lets DOS and iRMX software work together to 
Real-Time Windows™for PCs. generate powerful applications. 

Running DOS or Windows· and real-time on a This reliable operating system takes full 
PC used to create some rather formidable challenges. advantage of the protected-mode features of the 
After all, you could only run one at a time. • .... c"~. popular Intel386™archi~ecture. ~o it opens new 

Fortunately, there's a whole new direc- avenues for cost-effective solutions. 
tion in real-time processing. It's called iRMX® '• . . 

0
,,./ Of course, iRMX for Windows also 

for Windows. And it's a proven environment AWARD opens some powerful options for software 

© 1991 lnlel Corporation. iRMX is a registered trademark and lntel386 and Real-Time Windows are trademarks of Intel Corporation. *Windows is a trademark of Microsoft Corporation. 
iRMX for Windows is an EDN Innovation of the Year Award winner for 199 1. 



real-time applications 
concurrently. 

engineers. Like bringing the huge installed base of 
DOS applications, tools, and the popular Windows 
environment to real-time development. What's 
more, as a developer, you '11 receive professional 
support from Intel engineers. 

All of which is important when you 're racing 
to bring your application to market. 

So make the shift to iRMX for Windows. 

Call 1-800-GET-iRMX and ask for Lit. Packet #lA. 
You '11 receive our Real-Time Response Kit. And 
give your next application some serious momentum. 

intel. 
The Computer Inside.™ 



I TECHNOLOGY DIRECTIONS 

CAEICAD TOOLS 

Complex PCBs force designers 
to reconsider placement tools 

hard time just getting all th compo­
nents on the board where they be­
long. We're working on an analog 
design, for example, wh re each 
component must be placed precisely 
to get all the lines the correct length. 
At present, that's still best handled 
with engineering expertis ." 

Mike Donlin, Senior Editor 

T o bolster their arguments, CAE 
vendors cite statistics showing 
that when a PCB is only 20 

percent complete, about 80 percent 
of the decisions have been made that 
will affect the final product's perfor­
mance and cost. It stands to reason, 
they argue, that CAE can help a 
designer choose and place compo­
nents on a board and ensure that the 
needs of the other design disciplines 
are taken into account when these 
early, critical decisions are made. 

Designers have resisted what 
they consider to be this "Big 
Brother" approach, arguing that hu­
man expertise is too formidable for 
any CAE tool to rival. But as PCBs 
get more complex and clock speeds 
exceed 50 MHz, design constraints 
are getting far too numerous for en­
gineers to consider, and many of the 
man-versus-machine arguments 
start to favor the machine. 

"Layout engineers and mechani­
cal designers are running into the 
electrical impacts of their deci­
sions," says Shiv Tasker, vice-pres­
ident of marketing for packaging 
and interconnect at Cadence De­
sign Systems (San Jose, CA). "It's 
impractical for them to learn elec­
trical engineering, and the electri­
cal engineers don't have the time 
to learn mechanical engineering. 
The solution to this dilemma is 
smarter tools that can guide the 
decision-making process." 

I Layout system for PCBs 
To this end, Cadence has just un­
veiled Allegro CBD (Correct By De­
sign), a layout system for PCBs, mul­
ti chip modules (MCMs), hybrids, 
and multiwire boards. The first 
product released since Cadence 
merged with Valid Logic Systems, 
the tool assigns design and technol­
ogy constraints early in the design 
process and enforces them through­
out the development cycle. These 
constraints are grouped into sets ac­
cording to the types of elements 
they control. Specific constraints 
could be geared toward manufac­
turing or signal-to-noise ratios, for 
example, and would address com po-
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neut spacing restrictions required 
by board assembly equipment or net 
impedances, timing and allowable 
noise to ensure signal integrity. 

While the concept of a con­
straints-driven layout tool sepa­
rates Cadence's product from many 
post-layout analysis tools you 
could buy, it also might prove un­
settling for those of you who be-

Though vendors such as Cadence 
hold out the promise that their 
placement tools can incorporate 
complex design rules into the layout 
process, many designers are wary of 
the possible setup time that such a 
tool might require. "Most of the 
placement tools I've seen can give a 
designer a part for placement that 
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With the Allegro CBD Constraints Editor from Cadence, design and methodology defi­
ni tions are established at the outset of the product-development cycle to drive all lay­
out functions and ensure correct design. Stored in EDIF-like syntax, these constraints 
provide design process control. As illustrated on this screen, constraints may be al­
ways enforced, deferred or not enforced at all. 

lieve that a computer can't bring the 
same intuition and experience to the 
design process that an engineer can. 
This isn't to say, however, that PCB 
design complexity is going unnoticed. 

"PCBs are exhibiting all kinds of 
effects that make them difficult to 
place and route," says John Umina, 
president of ProDesign (Newton, 
MA), a PCB design bureau. "And if 
the EDA vendors improve their 
tools, I'm sure we'll use them. But 
right now, placement tools have a 

has the most connections to the com­
ponents that are already placed on 
the board and that's helpful ," Umina 
says. "But if a tool is hard to use, 
engineers are always going to prefer 
placing things by hand." 

I Easy and fast 
EDA vendors are an wering these 
objections in two way . Fir t , by in­
corporating window and spread­
sheet interfaces, th y promise to 
minimize the learning curv associ-
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IKOS File : Case No. IOI 

The Accelerated VHDL Solution 
I got a tip that a major military contractor had to simulate a 

system defined in VHDL at the behavioral level. The problem 
was, they had to process a minute of real time data through the 
design to verify it. Using a SPARC 2 with enough memory for a 
herd of elephants, it still would have taken months. But these 
guys simulated that minute of real time data on the entire 
design in a few hours. How? Turns out they were a beta site 
for the new IKOS VHDL Accelerator. The brass was impressed. 

Check out the details. And if they ask you where you heard 
about IKOS, just say, "A little bird told me." 

I ~o S® For a free copy of the complete technical case file, 
1~ Call: 1.800.952.6300 ext K11. IKOS Systems, Inc., 

S Y S T E M S 145 North Wolfe Road, Sunnyvale, CA 94086 
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ated with CAE tools . The Visula 
PCB design tool from Racal-Redac 
(Mahwah, NJ), for example, uses an 
Open Software Foundation Motif­
like user interface with a "tool bar,'' 
making the system accessible to the 
casual user. You can perform any 
Visula operation by selecting an 
item on the bar and calling up a list 
of permissible operations on that 
item. You can then set, review and 
control the parasitic parameters of 
the design. According to Racal­
Redac, this option can give you im-

CAEICAD TOOLS 

and fatigue analysis,'' says John 
Roth, vice-president of sales and 
marketing at Pacific Numerix. "So it 
certainly seems worth any time 
spent setting up a list of priorities 
previous to running the tool." 

No matter how complex PCBs get 
or how much assistance EDA ven­
dors want to render, one thing is 
clear-designers are never going to 
be satisfied with a purely automatic 
tool that removes them from their 
designs. Constraints editors, place­
ment tools and autorouters must be 
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In the Manufacturing Advisor/PCB by Mentor Graphics, the overall analysis window 
in the background includes initial manufacturing ratings in four areas. The red text in 
the density column indicates a critical problem w ith component placement density. 
The sheet in the foreground shows tha t the user has interactively tested design alter­
natives and found a solution as seen in the " Wha t-If Producibility Rating" window. 

mediate access to all design, analy­
sis, layout, and manufacturing tools 
in the environment suite with a min­
imum of learning effort. 

In addition to ease of use, EDA 
tools are applying raw compute 
power to the tasks at hand, effec­
tively turning aside arguments that 
setting up the tool's parameters isn't 
worth the time. Pacific Numerix (La 
Jolla, CA), for example, cites bench­
marks that show that its PCB Ex­
plorer tool can place a 250-compo­
nent board in less than a minute. 
"That placement carries with it 
rules for signal integrity, thermal 

36 MARCH 1992 COMPUTER DESIGN 

selective in removing that authority 
or they will surely be rejected by the 
design community. Cadence has 
been careful to retain that flexibility 
in its new Constraints Editor by let­
ting constraints always be enforced, 
deferred or not enforced at all. 

I Up the design cycle 
Although battles are still raging on 
the PCB placement front, EDA ven­
dors are convinced they can provide 
compute power even earlier in the 
design engineer's decision-making 
process. Prior to placement, design­
ers make decisions about component 

selection based on size, power con­
sumption, availability, cost, and re­
liability. As the component count for 
PCBs increases, the complexity of 
these decisions also grows. 

One product that addresses this 
problem is the Manufacturing Advi­
sor/PCB from Mentor Graphics (Wil­
sonville, OR). The tool informs you 
about parts-related manufacturing 
problems during component selec­
tion. You can use the tool to perform 
"what-if' analyses to test the effects 
of recommended design alterna­
tives. Prior to beginning schematic 
capture, you can enter a parts list 
and perform a preliminary analysis. 
As components are added to a de­
sign, the tool monitors the consump­
tion of the available placement area 
and, if exceeded, will identify those 
components that could be mounted 
in an alternative configuration with 
a smaller footprint. 

Mentor hopes that, as tools such 
as the Manufacturing Advisor infil­
trate the domain of the design engi­
neer, they will filter down through 
the placement, routing, test, and 
manufacturing stages of PCB devel­
opment and set the stage for EDA's 
acceptance in all those areas. The 
issue is primarily one of trust, be­
cause designers live and die by how 
well their ideas are translated to 
working products, not by how well 
they've embraced EDA. 

"There will always be people who 
won't believe that automatic tools 
can ever best a human designer,'' 
says Ralph Zak, director of market­
ing for Mentor's PCB division. "But 
on a board with 400 components and 
high-speed clock lines, the design 
rules can get overwhelming in a 
hurry. EDA vendors have to remem­
ber, however, that the object isn't 
getting high performance from a lot 
of tools, it's getting high perfor­
mance from the circuit." • 

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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Pro Design 
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OS-9000. Bringing Economy of Design 
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Now, real-time high -performance system 

software is available for your industrial PC. 

Microware Systems Corporation, the 

world's leader in real-time VME system 

software, brings an economical real-time 

solution to industrial PC developers. In­

troducing OS-9000~" the first real-time 

operating system designed to unleash the 

power of your 386 ™ hardware. 

Rea/ .. Time Response To 
Control Multiple Tasks 
Why waste the power of your 386 by letting 

it control only one function at a time? 

Unlike PC-OOS, OS-9000 is a true multi­

user and multi-tasking real-time operating 

system. Now you can utilize a single PC as a 

powerful time-sharing system able to control 

multiple processes simultaneously. And by 

using industry-standard protocols (like 

Ethernet and Arcnet), OS-9000 allows PCs 

to be interconnected and connected to dif-

t 

ferent computers to exchange data quickly 

and easily. This versatility tremendously in­

creases your productivity, while it reduces 

development time and equipment costs. 

Plus, interfacing to standard or custom 1/0 

controllers is a snap. 

Get QS .. 9000 Today 
Pre-configured versions of OS-9000 are now 

available for your 80386™ PC-compatible 

hardware. These systems include integrated 

development tools such as a "shell" user 

interface, over 70 powerful utilities, a super­

lative C compiler, a C source-level debugger 

and a screen editor. Your full-featured, "plug­

and-play" OS-9000/ 386 system is now avail­

able for just $995. 

Call Microware® today to order your copy 

of OS-9000. Or order a FREE copy of the 

OS-9000 Catalog (your complete guide to 

the OS-9000 Real-Time Operating System). 
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Call Microware Today! 

1-800-4 7 5-9000 
In California, call (408) 980-0201 

MICROWARE SYSTEMS CORPORATION 

1900 N. W. I 14th Street • Des Moines, Iowa 50322 
Phone: (515) 22 4-1929 • Fax: (5 15) 22 4-1352 
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COMPUTERS & SUBSYSTEMS 

First Futurebus+ products 
debut at Buscon 
Warren Andrews, Senior Editor 

Digital's Jim Duval mans the company booth at Buscon. According to Duval, the major 
ingredients needed to launch Futurebus+ as a successful bus platfonn are present. 

The first real Futurebus+ prod­
ucts-chips, boards, back­
planes, systems, development 

platforms, and software-made 
their debut in February at a special 
showing hosted by the VME/Future­
bus+ trade association during Bus­
con '92 West (Long Beach, CA). All 
told, some 20 manufacturers lined 
up to show their available products 
and, in many cases, to announce new 
ones. 

Almost two years ago, Digital 
Equipment Corporation (Maynard, 
MA) joined with a number of other 
companies at the Futurebus+ roll-out, 
but the specification was incomplete 
at that time and there was no hard­
ware to show. Now, says Jim Duval, 
DEC's Futurebus+ program manager, 
the major ingredients needed to 
launch Futurebus+ as a successful 
bus platform are present. The main 
ingredient is a solid specification, well 
defined in the IEEE-896.1 Protocol 
document and the A, B and F profiles 
in the IEEE-896.2 Physical Layer and 
Profiles document. 
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The other essential ingredients, 
according to Duval, are commercial 
availability of interface and control­
ler ICs, boards from different ven­
dors, a development platform for bus 
and applications analysis, software, 
and systems. 

I Premiere event 
One highlight ofBuscon was the world 
premiere of a complete DEC computer 
system using a fully operational Fu­
turebus+ (Profile B) as the I/O bus. 
The premiere was doubly remarkable 
for unveiling the company's latest 
developmental RISC microprocessor, 
Alpha. The architecture of Alpha was 
disclosed later in the month at the 
International Solid State Circuits 
Conference (San Francisco, CA). 

In addition to its main computer 
system, DEC demonstrated other 
products based on Futurebus+ tech­
nology, including a network router 
and communications and storage 
controllers. 

Not to be outdone, Raytheon 
(Lexington, MA) displayed a high-

performance workstation based on 
the Futurebus+ and Safenet open 
standards. One of the original con­
tractors in the Navy's NGCA (Next­
Generation Computer Architecture) 
program, Raytheon expects to 
launch a full set of commercial ven­
tures in the immediate future . 

I For want of a chip 
Handling the bus interface and 
board controller functions on Fu­
turebus+ boards are chips from 
National Semiconductor (Santa 
Clara, CA), Newbridge Microsys­
tems (Kanata, Ontario), Signetics 
(Sunnyvale, CA), and Texas Instru­
ments (Dallas, TX). 

National, the inventor of back­
plane transceiver logic (BTL) and 
one of the pioneers in Futurebus ac­
tivity, announced increased perfor­
mance levels for its existing data and 
handshake transceivers . The 
hardware now boasts typical propa­
gation delays as low as 3 ns. In addi­
tion, the company announced its first 
protocol controller chip, the DS3805. 
The chip was codeveloped with New­
bridge and will be marketed and pro­
moted by both companies. 

Until now, National has been re­
luctant to offer a protocol controller 
because the specification was still 
fluid. Phil Hughes, National's world­
wide product manager for high-per­
formance bus products, says the pro­
tocol controller's architecture was 
developed in response to real system 
needs, not those perceived during 
early revisions of the preliminary 
specification. The National control­
ler is designed to implement the full 
Profile B protocol and has many of 
the hooks needed for Profile A com­
pliance. National has not yet imple­
mented the noncompelled, or 
packet, mode in its controller ICs. 
Hughes says the company is waiting 
until the specification is completed 
before building silicon. "This will 
save us and the board designer a lot 
of problems going forward," he adds. 

National's chips are already ap­
pearing on boards; the company 
showed products from at least a 
half-dozen board makers who were 
using its silicon. Among them was a 
DEC board from its Hastings net­
work controller project. 

Signetics and its second source, 
Texas Instruments, were also much 
in evidence. Signetics was showing 
off its family of interface chips, com-
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pelled and noncompelled parallel 
protocol controllers, arbitration con­
troller, packet-data FIFO, and 7-, 8-
and 9-bit transceivers. Similarly, TI 
announced a family of devices in­
cluding an arbitration bus controller 
and I/O controller, as well as trans­
ceiver products. TI expects to start 
sampling these parts during the 
first half of 1992. 

COMPUTERS & SUBSYSTEMS 

as a subcontractor to Litton, for 
whom Force developed an Intel 
80486-based CPU board. What 
Force has come up with for the com­
mercial market appears to be more 
than what was called for by the 
NGCA project. Its FCPU-486 mod­
ule is a general-purpose single­
board computer that can take ad­
vantage of all PC- and MS-DOS 

Force Computer's FCPU-486 offers the advantages of an 80486 set up for multiprocess­
ing and supporting up to 14 modules. The big thing, though, is that it's equipped 
with a Futurebus+-compatible PC BIOS to directly run any PC- or MS-DOS application. 
It can also run any POU nix software. And, if that's not enough, it includes a full EISA 
interface and connectors for two or four EISAI/SA boards, in addition to hard and 
floppy disk, Ethernet, serial, and SCSI in terfaces. 

Board makers are playing a key 
role in the Futurebus+ saga. At least 
four of the leaders, as well as some 
backplane makers offering wire­
wrap prototypes, were represented 
at Buscon. Three of these have been 
prime or subcontractors in the 
Navy's NGCA program. 

I Boards and backplanes 
CCT (Anaheim, CA), an early prime 
contractor to the Navy, has quietly 
developed its Futurebus+ products 
and now offers CPU boards based on 
Motorola's 680XO, AMD's 29000 and 
Intel's i860. 

Force Computers (Campbell, CA), 
the only mainstream VMEbus board 
maker to announce a Futurebus+ 
product at the show, was also in­
volved in the Navy's NGCA project 
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software-or it can run using 
PC/Unix software with no emula­
tion because it uses a Futurebus+­
compatible PC BIOS. 

One of the keys to the board is 
that it offers multiple bus interfaces. 
On the Futurebus+ end, it conforms 
to both profiles A and B. But it also 
offers an EISA bus interface, as well 
as a choice of either two or four 
EISA/ISA expansion slots, which di­
rectly accept standard ISA/EISA 
cards. In addition, the board in­
cludes a high-performance Ethernet 
interface as well as a SCSI port. It 
also includes IDE hard and floppy 
disk interfaces, a serial interface, 
support for VGA graphics, and key­
board and mouse interfaces. Force is 
also offering a chassis and two dif­
ferent subracks. 

Nanotek (Idaho Falhi, JD), the 
first board maker to show o proto­
type Futurebus+ board, introduced 
a family of four different boards. Its 
processor module featur s a 25-MHz 
R3000 processor with an R3010 co­
processor to provide 20 Mips 
throughput. The board al so includes 
64 kbytes each of data and instruc­
tion cache, a secondary data/in­
struction cache of 2 Mbytes, 2 
Mbytes private RAM , 4 Mbytes 
global RAM, 1 Mbyte of flash mem­
ory, timer clock, and serial ports. 

Nanotek's other products include 
an interface module designed to pro­
vide a complete Futurebus+ inter­
face for customization by users to 
support various applications. It of­
fers a simple synchronous user in­
terface, 32- and 64-bit data paths, 
32-bit addressing, I/O through the 
backplane and mezzanine control­
ler, and I/O interfaces. In addition, 
N anotek offers a profile A and F 
arbitration module and a memory 
module providing up to 64 Mbytes of 
memory using 4M x 1, 80-ns fast­
page-mode DRAMs. 

Antel (Plano, TX) also offers a Fu­
turebus+ memory card that provides 
expansion capability to 512 Mbytes 
(when 16-bit DRAMs become avail­
able). The memory module is de­
signed to offer high-performance 
storage for compelled-mode Future­
bus+ transactions. It supports 32-
and 64-bit compelled transactions 
and is compliant with the A, B and 
F profiles. The module performs 
locked transactions with the mem­
ory start address configured 
through a control and status regis­
ter (CSR). It may be defined on any 
64-kbyte boundary within a 4-byte 
block. 

I Key components 
The 2.0-mm connector specification 
has brought out the connector and 
tooling makers , all looking to partic­
ipate in the growing Futurebus+ 
business. 

Amphenol (Wallingford , CT) 
showed its high-densit.y MeMs 
(Metric Modular System ) s ries of 
board connectors. AT&T (B rkeley 
Heights, NJ) introduced th Future­
bus+ subset of its Metral family of 
connectors. CECO Inter onn ct Pro­
ducts (Camarillo, CA) di splayed its 
Micro-EYE right-angl r " · ptacle 
press-fit Futurebus+ modules, 
boasting low insertion for· and a 
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Looking for maximum 
performance in VME-based X 
Windows applications? 

Your search is over. 
Tadpole Technology's new 

TP-IGC6V Intelligent Graphics 
Controller gives you more of 
everything for powerful VMEbus 
or stand-alone X Windows 
performance. 

1. More Processing 
Power 

While most X servers rely on a 
single processor, the IGC uses 
two. A 40 MHz TMS34020 handles 
the X server code and graphics, 
while a 20 MHz MC68020 takes 
care of the TCP network 
communications and user 
interface. By dividing computing 
tasks and off-loading X Window 
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2. High-Resolution VME system. 

Performance The IGC is compatible with 

When your application Tadpole's extensive line of high-

demands high-speed, high- performance RISC and CISC 
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with 1280 x 1024 non-interlaced implementation of UNIX® System 

resolution - while displaying V.3.2. 
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diagnostics and a user-friendly 
firmware monitor. 

5. Just Plug And Play 
The IGC comes complete with 

a mouse and keyboard interface. 
Just add power. We've taken care 
of everything else. 

So what should you look for in 
high-performance X? You're 
looking at it: Tadpole's new TP­
IGC6V. 

For information in the U.S. call: 

B00-232-GG5G 
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tightly aligned tail for fitting the 
connector to a PCB. 

DuPont (Wilmington, DE) dis­
played its Metral line of Futurebus+ 
products, which it claims is a mini­
coax connector system allowing more 
than 100 coax lines to be connected to 
a single, double-height Eurocard. 

COMPUTERS & SUBSYSTEMS 

The Tempus connectors from ITT 
Cannon (New Britain, CT) provide a 
scalable connector for anything from 
a 32- to a 256-bit bus. It's unique in 
its fabrication, yet is designed to 
mate with other Futurebus+ 2.0-mm 
connector systems. 

Futurebus+ backplanes were rep-

SuperKit: When Development Time 
is as Critical as Compute Time 

SuperCard i860-based vector processors are superfast, more than 2.5 
GigaFLOPS of raw multiprocessor power, but then you'd expect that. The real 
news is SuperKit, a robust software toolkit which cuts development time to 
the bone and gets you up and running superfast. 

Fortran, C and ADA compilers ... the industry's largest scientific subroutine 
libraries ... diagnostics aplenty ... a pSOS+ real-time kernel running in a UNIX-
like environment ... CASE tools ... and much more. 

And talk about versatility ... from 6U VME boards to fully packaged multi­
processor systems to MIL spec units ... large memories ... peripheral 1/0 
mezzanine boards ... SuperCard has it all. 

Find out how you can benefit from SuperCard and Super Kit solutions just 
right for you. Call or write CSP!, 40 Linnell Circle, Billerica, MA 01821. 
1-800-325-3110. Or 617-272-6020. Fax: 508-663-0150. 
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resented by BICC-Vero (Hamden, 
CT), Hybricon (Ayer, MA), Mupac 
(Brockton, MA), and Schroff (War­
wick, RI). All four companies showed 
high-performance Futurebus+ back­
planes, subracks and enclosure sys­
tems. Highlights included BICC­
Vero's backplane, designed for 
handling data at Profile F speeds; 
Hybricon's system enclosure, made 
for applications calling for 128-bit 
Futurebus+; wire-wrap develop­
ment boards from Mupac; and a 
fully operational system in a min­
irack cabinet with a newly designed 
14-slot backplane supporting the 64-
bit data bus from Schroff. 

The products described here are 
but a few of the more than 75 listed 
in the first edition ofVITA's Future­
bus+ product directory. A year from 
this first introduction ofFuturebus+ 
products, industry observers expect 
to see more than 75 vendors-most 
of them board and system makers­
offering similar wares. • 

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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THE ONLY ATTACHED PROCESSOR 

WITH FOUR ON THE BOARD 

AND 2.5 GIGAFLOP PERFORMANCE. 
Mercury's MC860VS. The only attached processor that offers up to 32 Intel i860s in no 

more than BVMEslots . So you get BO Mflopsto2.5Gflops of horsepower to handle demanding 

applications in defense signal processing and medical imaging . And all Mercury products can be 

configured in workstations and chassis systems to deliver scalable performance at a scalable price . 

So if you' re building or buying a high per-

formance computing solution , take full advantage of 

Mercury's unparalleled investment in standards, inno­

vative hardware, and software development environ-

ment. And get the most complete, flexible , high perfor-

mance computing solutions available . If it's time 

you moved into the fast lane, it's time to call or 

write Mercury today for more information . 
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Now you can afford to 
Presenting a very small development in Ethernet: 
Chipsets that are matched to your system and 

your budget. In fact, they cost you as little as 5 square 
inches. Which, by the way, is less total real estate than 
any competitive solution. But sizable reductions don't 
stop with board space, because we 're also reducing 
the price up to 30 percent. 

Needless to say, true plug-and-play simplicity 
requires an intelligent network interface. So our 
new high-integration 82503 Dual Serial Transceiver 
goes beyond IEEE 802.3 to include automatic port 
selection, polarity switching and a jumperless 
interface to AUI or TPE. 

For unmatched desktop performance, we offer 
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put Ethernet in any box. 
a complete family of 82596 LAN coprocessors, each 
optimized to a specific Intel486™ CPU for maximum 
throughput. And our 82593 is the perfect LAN 
controller for Intel386™ SL notebooks. 

Best of all, these true two-chip solutions give you 
the flexibility to simplify your design and deliver 
your product to market in the smallest of timeframes. 

So look into today's hottest Ethernet chipsets. 
Call (800) 548-4725 and ask for Lit. Packet #YA23. 
And learn why we have the perfect match for your 

next box. i ntel ® 

The Computer Inside:"' 
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I TECHNOLOGY DIRECTIONS 

AS/Cs & ASIC DESIGN TOOLS 

VHDL: Standardizing a standard run-time performance. "VHDL In­
ternational is absolutely going to 
stay away from competitive bench­
marks," says Coelho. Barbara Tuck Egan, Senior Editor 

V HD L's relatively short devel­
opment cycle has created a sit­
uation where expectations 

about its readiness to function as a 
fully useful and effective language 
have not been met. We tend to forget 
that VHDL's creation as a baseline 
standard was heavily funded by the 
government, with dedicated contrac­
tors working on it around the clock. 
But the government is contributing 
very little to the job of creating the 
guidelines and ancillary standards 
now required to give infrastructure 
to that baseline standard. It's leav­
ing the job to the IEEE and VHDL 
International. 

Moe Shahdad, chairperson of the 
IEEE VHDL standardization 
steering committee and a founding 
director of VHDL International, 
says, "Designers can use VHDL to­
day, but broad market acceptance 
won't occur until infrastructure 
standards are developed. For the 
VHDL user base to expand, the 
IEEE and VHDL International have 
to work together to give users vali­
dation suites, benchmarks, guide­
lines, and standards." 

I Simulator certification 
Toward that end, the Technical Ad­
visory Committee of VHDL Inter­
national is attempting to validate 
the credibility of the language by 
separating language standardization 
from tool standardization. The very 
flexibility ofVHDL has led to simu­
lators that might or might not com­
ply with the full specification, to 
various logic value systems for 
ASIC library models , and to differ­
ent methods of backannotating 
ASIC vendors' timing delay infor­
mation. This diversity has been 
enough to confuse designers who 
have been encouraged to embrace 
VHDL for its portability and model 
interoperability. 

By year 's end, VHDL Inter­
national should have a simulator 
certification program in place, ac­
cording to the chairperson of the 
Technical Advisory Committee, 
Dave Coelho, who is also executive 
vice-president at Vantage Analysis 
Systems (Fremont, CA). A proposal 
for this program is being examined 
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for final approval by the board of 
VHDL International, and prelimi­
nary discussions are underway with 
university groups being considered 
as neutral third-party administra­
tors. "The idea of the program," says 
Coelho, "is to alleviate the confusion 
of users who don't know enough 
about VHDL to test the simulators 
themselves." 

Until now, VHDL simulator ven­
dors have provided a percentage 
figure to describe the degree to 
which their tools comply with the 
language. That's not enough infor­
mation for users, who need to know 
if the simulators will or will not 
solve their problems, according to 
Coelho. Under the simulator certi­
fication program, a vendor's tool 
will be run through a validation 
suite of t housands of test cases 
written in VHDL. 

I Not a competitive benchmark 
The test suite will measure a simu­
lator's understanding of all VHDL 
constructs and permutations, not its 

The second goal that VHDL Inter­
national is addressing through the 
Technical Advisory Committee is to 
make model interoperability a real­
ity by adopting a standard VHDL 
modeling methodology. As is the 
case with simulator implementa­
tion, the flexibility of VHDL has 
been a mixed blessing when applied 
to models. ASIC vendors and model­
ing houses have developed their own 
modeling techniques, so when de­
signers secure models from multiple 
sources there's a high risk the mod­
els won't communicate with one an­
other. Although there are data-type 
translations that can be used when 
working with different value sys­
tems, Coelho explains that they're 
very awkward and information can 
be lost in the conversion. 

"There's very strong support to 
adopt the IEEE-1164 or the nine­
level standard for multivalued logic 
(MVL-9) currently being balloted," 
reports Coelho. Almost every major 
VHDL simulator vendor is repre­
sented on the Technical Advisory 
Committee. ''With that kind of clout," 

Infrastructure standards for VHDL 
ASIC } VENDORS' 

MODEL 
LIBRARIES 

VHDL } 
SIMULATORS 

The IEEE and VHDL International are creating the guidelines and ancillary standards 
needed to make VHDL a fully useful and effective standard. Not until the industry rat­
ifies a standard logic value system for ASIC vendor libraries, sets up a simulator certi­
f ication program and adopts a standard methodology for backannotating timing de­
lays will portability and model interoperability become realities of VHDL. 



© 1991 Brooktree Corporation. 

Just What Your Customers Need, 
Another Outlet For Their Creativity. 

What's in? Video Out. Out- Bt858 is a tweakless all-digital chip that 
putting video to a VCR bridges the video gap between RGB com­

posite monitor are the newest capabilities 
every computer will need to compete in the 
Multimedia Age. 

Now you're just a single chip away from 
adding Video Out to your very next computer 
design. Introducing Bt858, a monolithic 
digital device that packs in a board full of 
analog circuitry and puts out studio quality 
composite video. 

puters and composite or S-VHS outputs in 
the NTSC/PAL formats. It accepts multi­
format digital inputs from 24, 16 or 15-bit 
RGB, 24 and 16-bit YCrCb and 8-bit VGA. 

And because it has a programmable clock 
rate it adjusts for the 1:1 square pixels in 
computers and 4:3 rectangular pixels on 
TV without distortion. 

Bt858 gives your system an image quality 
advantage, too. Studio quality output is a step 
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above tape decks and TV monitors so images 
always look "first generation." 

You've read the book. Now see the picture. 
Call 1-800-VIDEO IC and we'll send you "The 
Ins and Outs of Video Out," a revealing pre­
sentation of Bt858's capabilities. 

That's all folks. 
Brooktree Corporation, 9950 Barnes Canyon 
Road, San Diego, CA 92121, (619) 452-7580, 
FAX (619) 452-7294 

Broolrtree® 
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he says, "we should be in good 
shape to encourage the ASIC ven­
dors to support the IEEE-1164 
standard ." Many ASIC vendors 
and third-party houses have hesi­
tated to develop VHDL libraries in 
the absence of a standard modeling 
methodology. Once the standard is 
ratified, Coelho predicts that ven­
dors will fall in line very quickly 
behind it. 

That seems to be the case with 
VHDL International member LSI 
Logic (Milpitas , CA). Product mar­
keting manager Susan Runowicz-

AS/Cs & ASIC DESIGN TOOLS 

doing another design kit for every 
new tool that comes out." 

Offering a European perspective, 
Jacques Rouillard of the Institut 
Mediterraneen de Technologie 
(Marseille, France) enthusiastically 
supports the adoption of MVL-9, 
though there are trade-offs involved. 
Rouillard explains that, of the nine 
logic states ofMVL-9, the states that 
might be criticized are X (conflict) 
and U (uninitialized), which have 
meaning for simulation, and D 
(don't care), which has meaning for 
synthesis only. "It may seem strange 

Comprehensive timing model 

CONSTRAINT CHECKS 
• SETUP AND HOLD 
• PINSKEW 
• STABILITY 
• BUS CONTENTION 
• SPIKES 
• PULSE WIDTH 

Mentor Graphics' Advanced Modeling Process (AMP) lets QuickSim II model the full 
complement of delays required for submicron accuracy. The model specification re­
sembles the ASIC vendor's data sheet representation. You can interactively select 
which delays and constraint checkS to execute at any point in your simulation. Men­
tor would like AMP to become an industry-standard modeling specification. 

Smith says that LSI Logic expects to 
endorse the MVL-9 standard as soon 
as it's ratified. In fact, Runowicz­
Smith reports that, in a dramatic 
deviation from its position up until 
now, LSI Logic will make its ASIC 
library models available in source­
level form to the public once MVL-9 
becomes a ratified standard. Cur­
rently, most LSI Logic models are 
supported in protected form and can 
be accessed only through the com­
pany's own tools. 

"Any tool that complies with 
VHDL," explains Runowicz-Smith, 
"will be able to compile and use LSI 
Logic's source-level models for any 
application. This will free us from 
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to have all these values in the same 
set, and to be obliged to discard one 
or the other depending on the appli­
cation domain-synthesis or simu­
lation," says Rouillard. "Moreover, 
the don't-care state is implemented 
in other languages such as Verilog 
as an algorithmic shortcut, not as a 
value in the value system. But it's 
all a matter of trade-offs." 

I Backannotating delay data 
A major new effort of VHDL Inter­
national's Technical Advisory Com­
mittee stems from its recent decision 
to officially sponsor the IEEE work­
ing group formed to develop a neu­
tral format for transmitting ASIC 

vendors' technology-specific delay 
information in a simulator-indepen­
dent manner. 

Coelho reports that VHDL Inter­
n ational will be donating people 
power and technical talent to the 
IEEE committee chaired by Vassil­
ios Gerousis, manager of CAD sys­
tem evaluation at Motorola's ASIC 
Division . When the committee 
meets, it will entertain several alter­
native proposals for a standard 
methodology for backannotating 
delays. 

Once the IEEE committee has de­
fined its goals and objectives, Men­
tor Graphics (Wilsonville, OR), also 
a member of VHDL International, 
will most likely release its Advanced 
Modeling Process (AMP) technology 
to the committee for consideration 
as a standard, according to Glenn 
House, Mentor's marketing man­
ager for simulation and modeling. 

Mentor has reduced the need for 
several different libraries by mak­
ing its AMP modeling technology 
common across all its tools, includ­
ing simulation, synthesis, timing 
analysis, and fault analysis. House 
says that Mentor won't push for a 
generic standard if the committee's 
sole intention is to make it generic. 
"It has to be a benefit to the cus­
tomer," he insists. 'We don't want to 
design yet another modeling strat­
egy for sport." 

The IEEE-1164 or MVL-9 value 
system for modeling is expected to 
be ratified as a standard long before 
the standardization of a methodol­
ogy for backannotating delays. But 
Coelho says that users will be able 
to begin mixing and matching mod­
els as soon as MVL-9 is ratified, 
though they'll have to use different 
interfaces to pass timing informa­
tion from layout to simulation tools. 

For more information about the technol­
ogies, products or companies mentioned in 
this artide, call or circle the appropriate 
number on the Reader Inquiry Card. 
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the fact that we've set 
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development 
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Microsystems 
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System for 
Optimize for speed, testahility, functional,ity or 

high pin/ gate ratios. Thure the architect. 
Toshiba's Digital System Arrays (DSAs) 
provide the superstructure system designers 
need to optimize 
ASICs for market 
and application. 

Which Digital 
System Array is 
right for you? 

Optimize for 
performance and 

testability. 

Employing sea-of-gates architecture, the 
family offers up to 210K usable gates at 300 

picoseconds. 
"W'l.,..,.F Toshiba mega­

functions and super 
integration libraries 
make the embedded 
version a high density, 
silicon efficient choice. 

Area 
Optimize for 

efficiency or for 1/0. 
~~':J'l:.:'' Efficient gate utiliza-

tion your top priority? 
>50,000 units/month your antici­
pated volume? Look into our 

Our newTC165G/E, 
architected by 
Vertex and rendered 
in Toshiba's proven 
0.8 micron CMOS 
technology, show 
the power of DSA. 

Yl>ucan't optimize without options. Choose the TC25SC standard cells. They put 
1bshiba solution that 's best for you. an area-optimized 0.8 cell library 

These new ASICs offer the highest usable 
gate count in the industry-up to 250K. Gate 
delays of <260 picoseconds combined with 
Vertex's proven performance-enhancing 
techniques and design methodologies 
optimize these arrays for high clock rates. 
And automatic design-for-testability achieves 
>99% fault coverage with no performance 
penalty. 

TC165G gate arrays are complemented 
by the TC 165E embedded array series, offer­
ing a wider variety of functionality. With 
embedded functions, the TC165 series 
reaches new heights in system integration. 

Optimize without compromise. 
Toshiba's TC160G/E provide the 
optimum combination of features 
and cost effectiveness for most 
applications. 

at your command. 
If you've ever had to select a gate array 

with more gates than you needed just to get 
enough I/O pads, our TC14L is for you. It 
provides the highest available pin-to-gate 
ratio, offering up to 20K gates with reduced 
pad spacing. 

Optimized Design Environment. 
Our Digital System Arrays are supported by 
a designer-friendly 
design environment. 

We support all 
popular libraries, 
including Verilog, 
Synopsys, IKOS, CMOST is the cornerstone 
Dazix, Mentor, of 1bshiba's Unified Device 
View Logic and Valid. Architecture. 

The sky is the limit with Toshiba's DSA 
family. Please call 1-800-321-1718 for 
technical literature. 

In Touch with Tomorrow 

TOSHIBA 
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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INTEGRATED CIRCUITS 

Third-party tools help DSP find 
a home in parallel processing 

ofSonitech International (Wellesley, 
MA), a board and software develop­
ment tool vendor, agrees with Wong. 
"Despite the fact that many tools are 
available for DSPs, I don't think that 
anyone has figured out how you 
make an algorithm aware of the [un­
derlying] architecture it's operating 
on. You have to figure that out on 
your own," says LaMacchia. "Tools 
haven't been developed to do that for 
other parallel-processing machines 
and they don't exist for the 
TMS320C40 yet either." 

Dave Wilson, Senior Editor 

A s RISC processors challenge 
the hegemony of digital signal 
processors, where a general­

purpose architecture may provide 
both time-to-market and program­
ming advantages to the designer, it's 
in the area of high-end parallel pro­
cessing where the benefits of DSP 
chips, such as the TMS320C40 from 
Texas Instruments (Dallas, TX), 
may maintain a unique advantage. 
Certainly, the part has the hardware 
hooks to make it useful in parallel­
processing applications. And a 
wealth of on-chip peripherals in­
cludes six communications ports, a 
six-channel DMA controller and a 
dual external bus architecture that 
links the device with global and local 
memory. 

Dr. Mark Smith, project manager 
at Hewlett-Packard (Palo Alto, CA), 
likes the part. "We chose the 
TMS320C40 because of its multiple 
message-passing links, dual mem­
ory buses and a high degree of inter­
nal concurrency that lets us exploit 
the parallelism intrinsic to our algo­
rithms at different levels. The high 
link speed, large data transfer rates 
and fast floating-point performance 
fit well with our requirements," he 
says. 

I Defining hardware architecture 
But before setting out to build a mul­
tiprocessor system, you must define 
the hardware architecture best suited 
to the application-and that's easier 
to do in some applications than others. 
One of the most useful features of the 
TMS320C40 is its flexibility; you can 
create many different hardware ar­
rays, multidimensional as well as 
planar structures, using the six on­
chip interconnects. 

The easiest class of problems to 
solve, of course, is those where 
throughput is an issue but process­
ing time is not. Pipelined processing 
systems, such as those used for 
speech recognition or graphics, 
where the application can be broken 
up into well-defined processing 
chores, is an example. Such prob­
lems are relatively easy to solve ar­
chitecturally, in comparison to prob-
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lems such as image extraction that 
may demand a planar lattice, hex­
agonal array or even a multidimen­
sional structure of processors such 
as a cube. 

As to how you can determine the 
best method of interconnecting the 
DSPs for any given application, 
David Wong, founder of Spectron 
Microsystems (Santa Barbara, CA), 
developers of the Spox real-time op-

I Some tools available 
Even though existing tools might not 
help with determining what sort of 

The parallel-processing development system from Texas Instruments includes the 
XDS510 in -circui t emulator-claimed by Tl to be the first to provide parallel debug 
capabilities fo r embedded applications-as well as parallel-processing development 
system hardware. 

erating system for DSPs, has an an­
swer. He says that this still has to 
be done mainly by analyzing the 
code and finding the bottlenecks. 
"You might do that by looking at 
which processes are using the most 
processor cycles or I/O cycles-or by 
using a profiling capability to deter­
mine where the cycles are going," he 
says. 

The other method is to experi­
ment by just moving tasks around. 
But there's no easy answer. "We do 
require that the engineer have some 
idea what he's doing and where the 
bottlenecks are," Wong admits . 

Brewster LaMacchia, the hard­
ware and DSP marketing manager 

multiprocessing array to build, TI 
does have tools to help with hard­
ware development and verification. 
These include a scan-based parallel 
in-circuit emulator, the XDS510, as 
well as a parallel-processing devel­
opment system (PPDS) that con­
tains four TMS320C40s with 256 
kbytes of local memory, 512 kbytes 
of global memory, communication 
port connectors, and an expansion 
connector. In addition, code-genera­
tion tools and C- and assembly­
source debuggers are available. 

The XDS510 emulator has a win­
dowed C- and assembly-language 
source debugger interface that lets 
you monitor and debug several 
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TMS320C40s simultaneously. Ac­
cording to Texas Instruments, the 
XDS510 is the only emulator avail­
able that can perform the global 
start, stop and single-step com­
mands so essential in a distributed 
processor system. A single XDS510 
can debug all the parallel DSPs in a 

INTEGRATED CIRCUITS 

system and also determine whether 
the system load is balanced across 
the processors. 

I Third parties help 
In addition to Tl's software, third­
party tools are available to support 
the chip. Comdisco (Foster City, CA), 

Real-time with Flexibility, 
Portability, and Maintainability. 

PDOS Full Spectrum Development gives you open platform flexibility. You can write real­
time/embedded software on your favorite cross development system-and/or the target system. 

Generated code is source and object compatible across all platforms. The code is completely 
portable between cross environments, across host and target platforms, and between the same or 
different target boards. You simply move the code to the new platform. It's that easy. 

With proven PDOS performance and Full Spectrum flexibility, you get your product to market 
on time and within budget. Plus, with VMEPROM options, you have a future for upgrades and 
easy maintenance. 

Set your product worlds apart from the competition, write or call for informative literature to 
help you get started. Act now and we'll also send you a free benchmark report on the perfor­
mance of several real-time operating systems. 

~~" CAll 1-800-YES-PDOS ==-= ;: = ll. ;;;;;;.. ...=,.,,~__, 
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for example, has a graphical pro­
gramming environment for develop­
ing systems that use multiple 
TMS320C40s. The MultiProx sys­
tem lets you partition a signal-flow 
block diagram into regions for execu­
tion by separate DSPs. The system 
automatically generates separate C 
programs for each processor and an­
alyzes the loading on each processor 
to minimize bottlenecks. 

The Comdisco system lets you 
take a problem and allocate it across 
processors to find the best way to 
balance it. But despite its capabili­
ties, the system can't take existing 
nonparallelized software and opti­
mize it for a parallel implementa­
tion. But then Tl's compiler can't 
take a generic C program and dy­
namically allocate tasks to different 
processors using hardware links ei­
ther. Nevertheless, according to Bill 
Newman, vice-president of research 
and development at Comdisco, 
"Manual partitioning of the problem 
gets customers 99 percent of what 
they want." 

For its part, Spectron is enhanc­
ing its Spox real-time operating sys­
tem to support the chip. The en­
hanced version will include a 
high-level software interface, mak­
ing it easy to utilize the chip's com­
munication ports and DMA copro­
cessor. Spectron's Wong says the 
company will port Spox to Tl's PPDS 
hardware and make the software 
available to Tl's developers as a 
turnkey system. "As part of the fea­
ture set, we will provide the ability 
for each processor to pass data and 
messages to one another. We will 
also provide the ability for engineers 
to very easily move tasks from one 
processor to another without having 
to rewrite any code," he adds. The 
movement of tasks from one proces­
sor to the other will be specified by 
the designer using the system-the 
new operating system won't provide 
dynamic load balancing. • 

For more information about the technol­
ogies, products or companies mentioned in 
this artide, call or circle the appropriate 
number on the Reader Inquiry Card. 
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MCM DRAM accelerator boosts 
memory performance 
Dave Wilson, Senior Editor 

B
uilding multiprocessing sub­
systems usually involves de­
signing a complex custom 

memory controller to manage the 
data between multiple caches and 
DRAM arrays. To lift some of this 
burden from your shoulders, Cy­
press Semiconductor (San Jose, CA) 
recently debuted a 
three-chip multichip 
module (MCM) to help 
out. The device , the 
CYM7232 DRAM Ac­
celerator, provides sev­
eral high-level func­
tions that maximize 
the system-to-DRAM 
interface and cache­
line burst transfers 
and support cache-to­
cache transactions. To 
broaden its appeal, Cy­
press has designed the 
module to work with a 
number of micropro­
cessors, including the 
Intel 80486, Motorola 
RISC 88110 and Spare. 

more attention to DRAM controllers, 
because although it's not difficult to 
design a simple DRAM controller, 
nobody has done a good job at design­
ing a complex one. At first sight, it 
seems that Cypress has done a good 
job in terms of the architecture and 
the design of the 7232," he says. 

incoming queue. Writes can occur at 
the maximum FIFO transfer rate 
until the FIFO is full (16 64-bit 
words). The write FIFO supports 
cache line copyback and fill opera­
tions, reducing system bus traffic to a 
minimum. The write FIFO allows 
posted writes that permit cache line 
write-back at full FIFO speed, sus­
pending the actual write to the DRAM 
until the cache line read is completed. 
This speeds cache line fill operations. 

During read operations, the 
DRAM memory data is multiplexed 
from a 16-byte-wide DRAM access, 

pipelined to the error 
detection and correc­
tion circuitry and then 
supplied to the 64-bit 
system bus. This bus 
supports high-speed 
burst line fills with er­
ror-corrected data. 
Several features were 
added to make the de­
vice well suited to 
multiprocessor sys­
tems. These include 
the capability to in­
hibit reads and writes 
and to turn inhibited 
reads into reflective 
reads and inhibited 
writes into reads-for­
ownership. 

I First impressions 
Early reviews from de­
signers indicate that 
the new Cypress chip 
set looks like a winner. 
"In the past," says Tha­
nos Mentzelopoulos, a 
project manager for en­
gineering at Ironies 
(Ithaca, NY), a VME 

The Cypress MCM design team-John Nemec, applications engineer 
(seated, left); Don Lieberman, project leader (center); and Suresh 
Bhaskaram, logic design engineer (seated, right). Says Lieberman, "We 
consulted with several key customers representing different processor 
and cache controller environments. They offered very specific sugges­
tions that helped us optimize the 7232's bus interface. This helped 
guarantee a turnkey interface for all high-performance environments." 

I Full EDC possible 
Since the module has 
a data path incorpo­
rated, it can perform 
full error detection 
and correction (EDC) 
on data as it's ac­
cessed. At present, the 
part has a 32-bit EDC, 

house, "I have had an inherent dis­
like of[ off-the-shelf] DRAM control­
lers because they were always very 
slow. And they never were as good 
as the ones that I could design my­
self from discrete components. This 
time they've equalled me. In many 
ways, it's one of the few times when 
I've seen a chip manufacturer con­
sider building a chip from a system 
perspective." 

George Grey is the technical di­
rector of Tadpole Technology (Cam­
bridge, England), a design firm that 
has built products around many high­
performance RISC processors and pe­
ripherals. He also likes the chip set. 
"It's time that somebody paid a bit 
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The DRAM accelerator module 
comprises three devices : an ad­
dress/control chip complemented by 
two data path devices. The control­
ler connects to the system bus with 
a 64-bit-wide data bus, a 36-bit-wide 
address bus and a set of bus transfer 
control signals. It interfaces to the 
DRAM array through a 16-byte­
wide (128-bit) data bus plus check 
bits, a 12-bit row/column address 
bus, four row address strobe (RAS) 
outputs, four column address strobe 
(CAS) outputs, and four read control 
lines. 

During write operations, the data 
is passed from the system bus 
through a FIFO array acting as an 

but for users prefer­
ring a 64-bit EDC version, Cypress 
will be building another data path 
chip that will be included on a next­
generation module, the 7264. Be­
cause of the nature of the data paths, 
the 64-bit EDC version won't con­
nect to 32-bit system buses. 

The bus interface on the module 
is an extension ofM bus, useful in a 
variety of applications. Four bus ac­
knowledge/data strobe modes, for 
example, can support certain pro­
cessor interfaces or can improve sys­
tem performance. There are also se­
lectable bus modes designed to 
support a variety of processors and 
cache controllers. Big endian/little 
endian convention is program-



e Canon 17ppm 
high-performance desktop 

laser printer engine 
forOBMs. 

The LBP-NX will put you miles ahead of the competition. 
With its 17 page per minute print speed, 
high capacity paper handling of 1,000 
sheets (letter, legal, A4, executive) and 
impressive duty cycle, the LBP-NX 
delivers the throughput demanded by 
today's business. The LBP-NX features 
face-down paper delivery with job offset 
for collated output, as well as face-up 
delivery for heavier media types. Options 
include an easily installable duplex module 
for fast double-sided printing and an 
envelope feeder. 

The LBP-NX, with its new ultrafine toner, 
boasts visibly superior print quality (blacker 

©1991 Canon U.S.A., Inc. Product specifications are subject to change without 

~~i?n~c;~~a~~t~C;~u~~.~~~~E~r~P!;,~~~r;::,r~i~:;&7:S~~bne 

blacks and sharper definition). What's more, 
maintenance is minimized with our user­

replaceable EP-N cartridge which houses 
virtually all consumables. 

Canon offers OEM printer technologies 
for today's needs and tomorrow's growth. 
Find out how Canon's leadership and 
innovation can work for your company. 
Call 1-800-323-0766 for an 
OEM information kit. 

Canon 
The Engines that Drive the Industry. TM 

Canon Plaza. Lake Success. NY 11042. INSTANT DATA ACCESS (IDA) DIAL (8 17) 494-8338 DOCUMENT NO. 102 1 

CIRCLE NO. 37 



I TECHNOLOGY DIRECTIONS 

INTEGRATED CIRCUITS 
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CACHE HIT RATE (A) 

By reducing the 
number of cydes 
it takes to access 
main memory af­
ter a cache miss, 
the DRAM acceler­
ator enhances 
bus utilization, a 
key factor in de­
tennining the 
number of proces­
sors that can be 
used. 

mable. The burst order is also pro­
grammable; it can either be linear- or 
80486-compatible. Bus acknowledge 
signals are programmable to be early 
or normal; the early modes are de­
signed to support the 88000 family of 
RISC processors from Motorola 

"Supporting 64 bits is a nice fea­
ture if you're designing systems 
around the 88110 and Spare M bus 
or the i860," says Tadpole's Grey. 

I Memory coherency essential 
Maintaining coherency between 
the cache and main memories is, of 
course, vital in any system. Coher­
ency between data in the cache and 
the DRAM is left to the cache pro­
tocol to determine. The Cypress 
part, however, does maintain co­
herency in the device. If the proces­
sor needs to perform a read right 
after the FIFO has been written to, 
for example, the controller will 
write the contents of the FIFO out 
to system memory before letting 
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the next read operation be per­
formed, guaranteeing coherency in 
the part. 

"One of the problems that most 
people struggle with when they de­
sign DRAM controllers is that they 
need to use a large number of pins. 
With a 64-bit part, especially, it 
starts to get very difficult in terms 
of the number of pins," says Tad­
pole's Grey. The Cypress module 
testifies to this fact-it will come 
packaged in a 400-pin PGA module 
at a cost of about $320. Cypress 
says that the high pinout of the 
device was one of the reasons the 
company used a multichip module 
rather than a single-chip device for 
the design. 

Further, Cypress claims that 
building the part from three 
higher-yielding dies, rather than 
from one monolithic IC, makes the 
accelerator more economical. 

"Supporting 64 bits is 
a nice feature i f you're 

designing systems 
around the 88110 and 

Spare M bus or the 
i860. II 

George Grey, Tadpole Technology 

111 
What kind of performance in­

crease is attainable? To demonstrate 
its power, Cypress has tested the 
device in a 50-MHz RISC design. 
The accompanying chart illustrates 
the effect on cache hit rate and bus 
utilization in systems built with the 
Cypress part versus those built with 
a standard controller, defined by Cy­
press as one that has no FIFOs and 
doesn't support a difference between 
the width of the CPU bus and the 
DRAM bus. 

The top line on the chart graphs a 
50-MHz system with a standard 
DRAM controller and 80-ns DRAM 
memory. The middle line illustrates 
the performance advantage that the 
designer would gain by investing in 
80-ns DRAM using the controller. As 
it turns out, it's the same as building 
a system around 50-ns DRAM with­
out the accelerator. The bottom line 
shows the performance of a design 
with a controller and 50-ns DRAM. 

INTEGRATED CIRCUITS 

The reduction in bus utilization with 
systems that use the device is par­
ticularly important in multipro­
cessor systems, where bus utiliza­
tion is a key factor in determining 
the number of processors that can be 
supported. • 

For more information about the technol­
ogies, products or companies mentioned in 
this article, call or circle the appropriate 
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SOFTWARE & DEVELOPMENT TOOLS 

Windows on the world System (HPFS) and a CD-ROM file 
system. 

Dave Wilson, Senior Editor 

M icrosoft's Windows NT 
(New Technology ) is a 
new high-end version of 

the company's Windows operat­
ing system. It's an implementa­
tion for high-end machines such 
as 386, 486 and higher Intel plat­
forms, as well as MIPS RISC 
computers and servers . 

A self-contained operating sys­
tem with full DOS emulation and 
all the features of the current Win­
dows implementations, it also 
offers support for symmetric multi­
processing, integrated networking 
and both 16- and 32-bit Windows 
applications. In its first release, 
Windows NT will su pport Posix­
compliant and leading OS/2 server 
applications, in addition to DOS 
and Windows applications. 

The Windows NT operating sys­
tem includes four classes of com­
ponents. One set runs in the "privi­
leged" mode and has direct access to 
hardware resources and protected 
operating system functions. In­
cluded are the Executive, providing 
the basic operating system services 
required by the other components, 
and the Privileged Mode Extensions, 
including device drivers, file systems 
and processes such as LAN file serv­
ers that require close interaction with 
device drivers and file systems. 

A second set of components runs 
in the user system mode as separate 
processes, requesting services from 
the privileged components of the 
system; these are the protected 
subsystems and the application 
programs. 

I The heartbeat of Windows NT 
The Executive is at the heart of the 
system. It performs housekeeping 
tasks such as process and thread 
management, memory manage­
ment and interrupt servicing so 
that protected subsystems can pro­
vide the services expected by their 
application programs. A microker­
nel (approximately 50 kbytes of 
compiled code embedded within 
the Executive ) implements low­
level, machine-dependent func­
tions, multiprocessor synchroniza­
tion , thread dispatching , and 
kernel objects. The remainder of 
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the Executive utilizes kernel ser­
vices and provides higher-level 
services to the rest of the system in 
turn. This code is fully preemptible, 
multithreaded and re-entrant. 

System extensions can be made 
for code that must directly access 
hardware or that must be run in the 
privileged state of the machine. 
Privileged extensions comprise dev­
ice drivers, file systems and privi­
leged processes. In general, Win­
dows NT device drivers are 

Microsoft intends to develop three 
protected subsystems to support 
three classes of programs. The first 
is a Windows subsystem that will 
provide the system services-win­
dow management and graphics­
needed by both 16-bit and 32-bit 
Windows programs, as well as by 
DOS programs. Microsoft has de­
fined a new 32-bit Application Pro­
gramming Interface (API) for soft­
ware developers that want to retain 
the familiar Windows environment 
yet benefit from a flat 32-bit memory 
model. The Windows 32-bit API will 
be supported in Windows NT first , 

Windows NT system structure 
WINDOWS AND 
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The initial release of the Microsoft Windows NT operating system will run on both 
3861486 and MIPS hardware platforms. Not only will the new operating system run 
Windows and DOS programs, but OS/2 and Posix programs as well. 

layered-for example, there will be 
one generic SCSI driver that will be 
layered on top of smaller, specific 
drivers for the various SCSI 
adapters, simplifying the job of writ­
ing a device driver. In addition, Win­
dows NT will be able to support 
"streams"-based drivers, simplify­
ing the tasks of porting a TCP/IP 
(Transmission Control Protocol/In­
ternet Protocol) driver from Unix to 
Windows NT. 

I File systems 
As to file systems, Microsoft will 
support the DOS-compatible File 
Allocation Table (FAT), the OS/2-
compatible High-Performance File 

then in a future release of Windows 
on DOS. The second subsystem will 
be Posix, and will support programs 
written to the IEEE-1003.1 inter­
face. Finally, the 08/2 subsystem 
will support programs written to the 
programming interfaces of OS/2 
Versions 1.3 and 2.0. The initial re­
lease of Windows NT will support 
popular 16-bit server applications, 
such as SQL Server. • 

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. 

Microsoft 
(206) 936-8080 ... . . . ... . ..... . .... Cirde 270 
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Distributed real-time Unix builds 
on microkernel technology 

themselves to other tasks merely by 
addressing the proper port. On the 
same site, threads can communi­
cate using shared memory primi­
tives or "minimessages" that entail 
less overhead. Tom Williams, Senior Editor 

An alliance between French 
Unix vendor Chorus Systemes 
(Paris) and the U.S. real-time 

control company Integrated Systems 
(Santa Clara, CA) has resulted in a 
real-time version ofUnix specifically 
designed for use in distributed sys­
tems. According to Paul Wells, 
marketing manager for ISI, the need 
being met by the new product is "to 
bring flexibility and scalability 
through microkernel technology to 
customers who are also looking for a 
standard application programming 
interface (API)." 

Aria, the new product, is based on 
Chorus Systemes' microkernel ar­
chitecture and is the result of an 
agreement between Chorus and 
Software Components Group (SCG) 
which was concluded shortly before 
SCG was acquired by ISL Wells says 
that Aria can accommodate the user 
who needs very fast, deterministic 
performance for certain tasks at a 
dedicated board level, but who also 
requires Unix services for distrib­
uted processing nodes. 

I A two-part approach 
The basic implementation of Aria 
consists of a nucleus and a process 
manager. The nucleus, in turn, in­
cludes a version of the Chorus micro­
kernel, a timer and a driver. There's 
also an interface to SCG's real-time 
kernel, pSOS+, ifthe user feels that 
pSOS+ is needed on any given board. 
The microkernel is largely machine­
independent and includes a memory 
manager to control virtual memory 
and local memory resources. It also 
has its own preemptable real-time 
executive. The microkernel inter­
faces to the underlying hardware via 
a supervisor and a small amount of 
machine-dependent code. 

Both the memory manager and 
the real-time kernel communicate 
with the process manager by way of 
the microkernel's interprocess com­
munications manager. The process 
manager provides the Unix inter­
face . Unix system calls sent to the 
process manager are interpreted 
and issued as calls to the microker­
nel. Conversely, requests for ser-
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vices from the microkernel are 
passed by the process manager to 
the Unix system. The process 
manager also passes data to the 
Unix system. Interprocess com­
munication takes place via standard 
Unix sockets or the network file sys­
tem (NFS), where the nucleus uses 
an NFS/sockets manager module. 

I Threading through ports 
Aria organizes its processing into ex­
ecution units called "threads." The 
general mechanism for communicat­
ing between these threads, or tasks, 
which may be on the same site or at 
separate sites, is by exchanging mes­
sages via message queues called 

Although the microkernel's real­
time executive features fast context 
switching and interrupt response, 
Aria addresses what Wells calls 
"moderately coupled" real-time, 
where certain things have to be 
scheduled before and after certain 
other things and meet certain time 
constraints. For the "hard" real-time 
requirements, which must meet ab­
solute deterministic timing specifi­
cations, pSOS+ can be included. Aria 
doesn't dispatch pSOS+, but can 
supply its services when requested 
and can accept data from it. The role 
of pSOS+ in an Aria environment is 
to independently run hard real-time 
processes on a local node where it 
can guarantee determinism and ini-

Real-time Unix architecture 

Unix INTERFACE 

.._~~~-N-uc_L_E_us~~~~~ ' , _________________________ ! 

SCSI 
DRIVER 

A distributed real-time Unix architecture supported by Aria is shown here. The mini­
mal implementation of Aria- within the dashed lines-can be replicated on any num­
ber of single-board computers in the system. Other Unix services can reside on desig­
nated boards, and still be available to all Aria microkernels on the system. For dedi­
cated hard real-time tasks, Aria provides an interface to the pSOS+ real-time kernel. 

"ports." Ports enforce decoupling be­
tween tasks and messages, but also 
make dynamic system reconfigura­
tion easier. Since ports are known to 
all sites in the system, they can be 
combined into port groups that send 
messages to multiple ports simulta­
neously. Tasks and services residing 
anywhere on a system can direct 

tiate communications with the 
larger system. 

Unix resources can reside either 
on a local board, where they can 
immediately be available to that 
board's microkernel, or they can re­
side elsewhere on the network and be 
requested by any local rnicrokernel. 

In addition to the nucleus, pro-
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gram manager and NFS/sockets 
manager, ISi provides about 40 
Unix utilities in binary code so that 
you can add functionality such as an 
SCSI driver or an Ethernet interface 
at any given site. The initial offering 
will be for the Motorola 68030-based 
MVE147S single-board computer. 
Other binaries, such as for the 
68040 and the Spare architecture, 
are coming. 

I System not complete 
ISi admits that Aria as presented­
with only 40 utilities-doesn't repre­
sent a complete Unix system. But 
Alfred Chao, vice-president of ISi 
and SCG division president, points 
out that "since the system is binary­
compatible with Motorola, a cus­
tomer could take Motorola binary 
Unix utilities and run them on top of 
Aria and could actually build up a 
complete, full Unix that's compatible 
with System V/68." System V/68 is 
Motorola's implementation of Unix 
System V Release 3.2. 

Currently, Aria supports the Sun 
Sparcstation as a host cross-devel­
opment system, acting as an NFS 
server for editing and compiling 
real-time Unix applications. The 
host is also the site where code is 
linked and configured with the Aria 
kernel prior to being downloaded to 
the target system via an Ethernet 
link. It maintains a directory in its 
root directory telling which com­
piled and linked target applications 
get downloaded to which target 
nodes by copying the executables to 
the target file system. 

According to Chao, whose division 
has implemented multiprocessor 
configurations ofpSOS+, "Microker­
nel technology is really the proper 
architecture for doing distributed 
real-time; it's better than pSOS+ 
with its monolithic kernel. The 
strongly partitioned nature of Aria 
ensures that all the services get dis­
tributed to where the resources are, 
as opposed to where the user is." • 

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

Chorus Systemes 
(503) 222-7080 ........ Circle 233 
Integrated Systems Incorporated 
(408) 980-1500 ..... Circle 234 



FL U KE AND PHILIP S - THE G L O BAL ALLIAN C E I N TEST & MEA SU REMENT 

PHILIPS 

est res ______ ts: 

90°10 of those who qy 
a Philips Logic Analyzer from Fluke buy one. 

Our logic analyzers sell themselves. All 
we have to do is get one in your hands. To 
make sure you do, we're giving you a Fluke 
DMM~ whether you buy our analyzer or the 
competition's. (See attached card for com­
plete details). 
Only the Philips PM 3580 family of logic 
analyzers give you true dual state and timing 
on up to 96 channels - simultaneously. All 
accessible with one probe and one 
keystroke. Which means no more dual 
probing or reconfiguration between state 
and timing . Or no probes at all if you use 
our boundary-scan test option' 
'The top-of-the-line Fluke 12 in our newest DMM family. It combines a 
smart set of troubleshooting features in a new design thars exceptionally 
fast and simple to operate - with one hand. It's yours after our 30 
minute demo, no matter whose logic analyzer you purchase. 

100°10 get a free DMM*. 

All our analyzers feature 50 MHz state and 
up to 200 MHz timing speeds. As well as 
integrated state and timing triggering for fast 
debug of complex hardware and software 
problems. Plus broad 1-(l support like 
lntel®'s i486; i386; 80286; 80186/88 
families. The MCS-96, 8051 , and i960 
families. And the Motorola 68040 to 6800, 
68HC11 , 68332/1, 68302, 68340, 56001 , 
AMD®'s AM 29030, and Tl's 320Cxx family. 
The PM 3580 family of logic analyzers is 
priced from $4495 to $11,450 - about half 
the cost of comparable analyzers. What's 
more you can have them up and running in 
only 30 minutes. 
Find out why the PM 3580 family of logic 
analyzers were the only ones cited for 
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excellence and innovation by Electronic 
Design, EON, Embedded Systems, 
Electronic Products, and R&D magazines. 
Take the Fluke Challenge. The odds are 
100% you'll be totally impressed. 
For literature, our video or a demonstration, 
call 1-800-44-FLUKE. 

John Fluke Mfg. Co., Inc., P 0 Box 9090, M/S 250C, 
Everelt, WA 98206-9090. U.S. (206) 356-5400. 
Canada (416) 890-7600. Other countries: (206) 356-5500. 
©1992. All rights reserved Registered lM. of Advanced Micro-Devices 
and Intel Corp. Ad No. 00178. 
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I TECHNOLOGY DIRECTIONS 

SOFTWARE & DEVELOPMENT TOOLS 

Scalable real-time OS adapts 
to range of applications 

the same concept as "modularity, 
where you can add, say, a file man­
agement system or something." A 
file system, for example, would in­
terface at the Posix level. But the 
same application that uses a file sys­
tem could make a critical call to the 
nanokernel level if needed. More 
commonly, the nanokernel services 
deeply embedded applications 
where efficient use of resources is 
essential and that are constrained 
by limited memory, processor power 
or I/O. "It is a myth," says Ready, 
"that once you have real-time Unix 
all known real-time problems are 
solved. That's like saying, 'Now that 
we have 68040s, nobody uses 8051s 
anymore.'" 

Tom Williams, Senior Editor 

A single, seamless real-time 
operating system with Unix/ 
Posix interfaces is the goal of 

a new architectural technology from 
Ready Systems (Sunnyvale, CA). 
Useful for a wide range of applica­
tions-from small motor controls to 
large multiprocessor-based telecom­
munications systems-the scalable 
OS architecture, which Ready has 
begun building into the core of its 
product line, lets you select trade­
offs in size, performance and func­
tionality so you can cover the domain 
of present real-time executives such 
as Ready's VRTX, the high end of 
real-time Unix systems and much 
smaller embedded controllers down 
to, but not including, custom state 
machines. 

The planned operating system, 
according to Ready Systems execu­
tive vice-president James F. Ready, 
is "an overall architectural ap­
proach to have a family of inter­
faces that span a wide range of 
real-time applications ." At the 
base of the architecture is what 
Ready has dubbed the "nanoker­
nel," a compact, processor-depen­
dent layer of code of typically less 
than five kbytes that provides 
basic real-time services to deeply 
embedded applications as well as 
supplying the building blocks from 
which higher-level communication 
and synchronization services can 
be built. 

I Small and versatile 
The nanokernel interfaces smoothly 
with Ready's mainline real-time ex­
ecutive, VRTX, and can easily inter­
face with other proprietary ker­
nels-and even with emulations of 
real-time kernels, such as Wind by 
Wind River Systems (Alameda, CA) 
or pSOS+ by Silicon Components 
Group/IS! (Santa Clara, CA). 

Another major layer of the system 
is a full Posix shell with real-time 
extensions which let you incorporate 
features of real-time Unix or lower­
level kernel services, according to 
the needs of your application. 

Each level of the real-time OS ar­
chitecture is capable of passing data 
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to levels above and below. Applica­
tions written to use the services of a 
given level, such as the nanokernel, 
can run independent of any higher 
level. Applications also can request 
services from higher levels if those 
levels of service are present in the 
system. A motor control program, for 
example, could run independently in 
a small area of memory within a 
much larger automation system, oc­
casionally passing data to higher 
levels to be used by an operator to 
log operating parameters. 

The nanokernel provides concur­
rency via lightweight shared-mem­
ory tasks called "threads," which 

I Flexibility without switching 
The goal is to include the small, re­
source-constrained applications in 
the same Application Programming 

Scalable real-time architecture 
HOST 

TOOLS~ 

DRIVER 

~INT~ONNECT 
LIBRARY 

TARGET 

I VRTXsa I 

l OTHER ] 
KERNEL 

SERVER ~ 

....... - LL:J INTERCONNECT NANOKERNEL 
LIBRARY 

Ready Systems' new scalable real-time architecture lets you incorporate the basic 
nanakernel, which provides services and primit ives for higher operating system lay­
ers. These can include Ready's awn VRTX real-time kernel or other proprietary ker­
nels, as well as a full Pasix system interface. Hast/target communications aim to mini­
mize use of target resources · and promote the ability to accommodate multiple tools 
an the hast side. 

pass messages by way of common 
addresses. The nanokernel provides 
basic facilities for creating and de­
leting threads at a more primitive 
level than does VRTX. These primi­
tives support the creation of syn­
chronization and communication 
services that can be used by applica­
tions that interface to the OS at 
higher levels of abstraction, such as 
the VRTX or the Posix call level. 
Applications can also call nanoker­
nel services directly. 

Ready emphasizes that this is not 

Interface (API) and design environ­
ment you use with much larger ap­
plications, so you're provided with 
the flexibility to allocate functional­
ity, performance and cost consider­
ations without having to switch pro­
gramming environments. 

The reality in the industry is that 
about half the existing real-time 
designs use customer-designed 
proprietary run-times. Users are 
looking for a way to get into stan­
dard environments without sacri­
ficing their existing investment in 
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Oasys delivers full 680x0 
opment tool kits built aroun 
Green Hills compilers. 

The Green Hills 680x0 comP. · 
rating is 35% faster than Sun' ative compil . 
Using the new procedural inlining optimization, the 
rating jumps to a staggering 80% improvement. 

Advanced C, C + +, FORTRAN and 
Pascal Language Support 
• Full ANSI C XJ311 support with switch selectable 

K&R C support. 
• A true C + + Compi,kr for cross development. 
• FORTRAN 77 with VAX VMS and DoD MILSTD-

1753 extensions. 
• Pascal ISO Level 1 support. 
•All compilers are inter-language callable. 
•Native compilers are supported for 680x0, 88000, 

386™ & i860™ microprocessor host.s. 

Available Now! 
Oasys tools are available on over 35 UNIX based 

workstations and systems including DEC (VMS/ 
Ultrix), Sun, HP I Apollo, IBM (OS/2 and AIX), and 
DG. Call us for the complete list. 

Other Cross Tool Kits include: 
88000, 80386, i860 and Microsoft C. 
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tegrated 680x0 Cross 
evelopment Tool Kits 

Green Hills 68000/10/20/30/40 Optimizing 
Cross Compilers (C, C+ +, Pascal, FORTRAN) 
• Superior register allocation, inlining and loop 

unrolling techniques. 
• Support for position independent code and data. 
• 68881, 68882, 68332 support. 

ANSI C run-time source library included for cross 
velopment. 

Oas B Universal Debugger 
• Source vel remote debugger for embedded 

programming. 
•Multi-targeted and multi-window (supports 680x0 

and 88000 targets). 
• Extensive macro language. 
• Customize communications to your target. 
Oasys 680x0 Assembler /Linker 
• Macro Assembler, Linker, Librarian, Cross 

Reference and Symbol File Format Utilities. 
Oasys 680x0 Simulator 
• Invaluable for debugging software without target 

hardware. 

Scale new heigh ts with high performance 
tools from Oasys. Call us for detailed 
benchmark results. 
CALL (617) 862-2002 

Fax (617) 863-2633 

One Cranberry Hill, Lexington, MA 02173 
Single Source, Total Solutions 
&~~':f:. G~~wllitfs00So~:~Tfu~~iJil~flo~··1NM~~~·1~~~~=i&~~ .. Sun 
Microsystems, and XEL, Inc. 

386 and i860 are trademarks of Intel Corp. 
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I TECHNOLOGY DIRECTIONS 

SOFTWARE ANO DEVELOPMENT TOOLS 

code. The ability to support kernel­
level run-times, in addition to its 
own VRTX, gives the scalable archi­
tecture the ability to incorporate 
proprietary run-time systems by in­
terfacing them to the nanokernel 
level-which is significantly easier 
than rewriting at the real-time ex­
ecutive interface level. "We can cap­
ture a customer's existing applica­
tion code by an emulation of their 
existing kernel to the nanokernel 
level," says Ready. 

The needs of small, resource-con­
strained target systems have been 
recognized in the way the Ready 
architecture addresses hostJtarget 
communication. Today, when a host 
communicates via Ethernet with a 
target system under development, it 
requires a target-resident run-time 
of about half a megabyte, because 
most Ethernet communications rely 
on TCP/IP (Transmission Control 
Protocol/Internet Protocol), which 
uses Unix-style sockets for commu-
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nication. The target has to support 
all the complementary protocols for 
handling such communications , 
which gets to be an enormous over­
head when the target under devel­
opment is a small navigation con­
troller or an engine control. 

I No more target overloading 
Under Ready's scheme, if the com­
munication technology is Ethernet 
or some proprietary communication 
hardware, you need only supply a 
host driver and a relatively small (8-
to 10-kbyte) target server to handle 
the network packets or other proto­
cols. The communications is just 
low-level packet handling, not full 
TCP/IP. Ready points out that with­
out TCP/IP, all you need is a driver 
and a small-under 10-kbyte-pro­
tocol handler to deal with debugging 
packets. "All of us are guilty of over­
loading the target in terms of symbol 
table management, daemons and 
the like," says Ready, and empha-
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sizes that his company has made a 
philosophical commitment to unbur­
den the target from communication 
overhead. 

The new architecture will gradu­
ally be incorporated in Ready prod­
ucts, with a new VRTXsa (for scala­
ble architecture) to be based on the 
nanokernel technology. In addition, 
a new version of the development 
environment, VRTX Velocity, is un­
der development which will also in­
corporate the scalable nanokernel 
technology. Initial targets for 
VRTXsa are the Motorola 68000 
family and MIPS processors. • 

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. 

Ready Systems 
(408) 736-2600 ... Circle 263 
Silicon Components Group/ISi 
(408) 980-1500 .Circle 264 
Wind River Systems 
(510) 748-4100 ........... Circle 265 



bsooo Developers Do It FreeForm! 
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~ 

reeForm sets you free! FreeForm is the first 
remote debugger that gives you the freedom 
to incorporate al/the resources and tools of 

your host machine directly into your target debugging 
environment! 

~ 

FreeForm does it right! Now you can view source with your 
favorite editor, redirect debugging output into a file , pipe the 
output to another program, or incorporate your programs right into 
FreeForm. You never have to exit or escape from FreeForm in 
order to compile, link, and re-download your code. 

FreeForm does it real time! Your application runs in real time 
because FreeForm is a nonintrusive, monitor-based debugger. 
And it's not necessary to turn off the code optimizer, because 
FreeForm debugs fully optimized, production quality C code. 

There's only one thing better than FreeForm- and that's 
FreeForm and CrossCode C together! CrossCode C is an ad­
vanced optimizing ANSI C compiler package used in over 1,000 
applications. It's so good that three out of four clients are referrals 
from other satisfied users. 

FreeForm gives you power! Together with your host (UN IX 
or MS-DOS) and your target, FreeForm and CrossCode C 
give you the industry's most powerful 68000-series develop­

ment system! 

FreeForm does it all! 
It lets you debug all 

ROMable 68000-
s er i es applications.whether 
you're designing around the 
68000, the 68300 family , the 
68040, or the new 68ECXXX. 

Do it FreeForm Today! Call us at: 1-800-448-7733, EXT. 520 
to receive your FreeForm Demo Kit for a 30 day free trial. 
Do it FreeForm just once--and you'll never go back! 

SOFTWARE 4248 Belle Aire Lane 
DEVELOPMENT Downers Grove, IL 60515 USA 

Phone: 1-708-971 -8170 
SYSTEMS, INC. FAX: 1-708-971-8513 

The Most Responsive Software Company 
FreeForm (TM), CrossCode (R) and UNIX (R) trademarks 
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Now Your SPARCstation Can 
Support Multiple Users 

I 

With The GXTRA/W ! 

If your customers ... 

• Want to out perform the GX 
•Want to support multiple users on a single 

SPARCstation 
•Want multiple display capability 
•Want screen resolution from 1152 x 900 to 
1600x1280 

•Want single slot SBus graphics 
•Want to run SunView, OpenWindows, 

X11 R4 or X11 R5 

--
- a• --- -- .... 

- rrrTFffP' -
TECH-SOURCE INC. 
Responsive Solwio11s in Graphks 

442 S. North Lake Blvd . • Suite 1008 
Altamonte Springs, FL 32701 
( 407) 830-8301 
Fax ( 407) 339-2554 

Then you need the GXTRA/W. .. 
The GXTRA/W SBus graphics subsystem from 
Tech-Source Inc. allows you to add another color graphics 
user to your SPARCstation. 

The GXTRA/W is a single slot SBus card which provides 
acceleration exceeding Sun's GX, a 2 MB 8-bit color frame 
buffer, and a port for a Sun-4 style keyboard and mouse. 

The GXTRA/Wruns popular Sun software and can 
replace or supplement your existing graphics option. 

Contact us today for information on how the GXTRA/W 
can help you decrease your equipment costs, while 
increasing productivity. 

See us at Booth #859 
SunWorld Expo'92 

All product names mentioned are trademarks of their respective companies 
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Lack of standards impedes 
database management 

Trying to get 
everyone to agree 
on how and when 
to communicate 
design, test and 
manufacturing 
data is a battle 
that's likely to rage 
for some time. 
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bases is a lot like wrestling 
an octopus-even if you get 
four arms under control, there are four left to contend with. Design tool 
vendors claim the way to manage today's complex development cycles is 
concurrent engineering, a strategy that considers everything from concept 
to final implementation early in the design phase. But if concurrent 
engineering is to be more than a buzzword, the many databases used in 
each phase of a design must communicate on some level or managing them 
is impossible. This means integrating the concerns of design, test and 
manufacturing under one large umbrella that will keep managers in each 
discipline aware of the needs of the others. Though the problem is easily 
stated, the solution is complex and cuts across many lines, both technically 
and politically. 

From a technical standpoint, interdisciplinary communication is compli­
cated by the fact that the many databases and related tools usually grow 
up over time. Just as a library houses a number of volumes acquired over 
the years , a company may own a network of hardware platforms, operating 
systems, parts libraries, and databases that have been pieced together as 
needs dictated and technology became available. Just keeping track of who's 
using what software on which platform is a formidable challenge, and 
time-to-market pressures complicate the process because a company must 
remain productive while trying to get a handle on evolving technology. 

I Balancing everyone's needs 
"Trying to get software to operate on all our systems is hard enough without 
trying to manage the whole thing," says Lester Schueler, system program­
mer at Ford Motor Company (Dearborn, MI). "And though we have 200 
programmers working across the company, we still can't lose sight of the 
fact that we're a car company, not a software-development house. Right now 
we just put different tasks and their current revision levels on a large 
system to keep track of everything, but that means having to go through a 
long list to find out who's doing what. We can't just make everyone change 
their ways and adopt radical new procedures all at once. With all the tools 

Tools such as Men­
tor Graphics' Deci­
sion Support Sys­
tem can manage 
portions of a de­
sign by linking mul­
tiple design tasks 
through a spread­
sheet environment. 
In this example, 
the layout task 
(highlighted in 
blue) consists of a 
subset of tasks 
such as physical 
layout, transient 
and thermal analy­
sis (window in fore­
ground). 
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I DATABASE MANAGEMENT 
and computers showing up every 
day, people are getting interface 
shock as it is . Any changes will have 
to be done gradually." 

One problem in managing de­
sign databases is that each design 
discipline has its own set of needs, 
priorities and data representation 
methods. To communicate needs 
between disciplines, tool vendors 
must decide on how much data to 
transport between each environ­
ment for proper task man­
agement. Too much data 
changing hands will slow 
system performance and 
clog disk space with irrele­
vant information. Too little 
data and design manage­
ment doesn't take place. 
Mechanical designers 
making a computer chas­
sis, for example, need to 
know the size and shape of 
the circuit boards and 
backplanes that will be 
placed inside. They might 
also need some information 
about the chips on the 
board for clearance toler­
ances and heat manage­
ment, but they don't need 
to know the speed of the 
system's microprocessor. 

eluded so pieces of a design can be 
tracked. Archived data can reside in 
a commercial relational database 
and used to generate reports and 
spreadsheets for management. 
While this information must be up­
dated regularly, it's not used interac­
tively, as is the component data a 
layout engineer needs to place a de­
vice on a board. 

In a perfect world, the layout en­
gineer could retrieve data from an 

grams to extract data from multiple 
sources so we can manage it." 

I Who's responsible? 
Because managing disparate data is 
such a thorny problem, many com­
panies are reluctant to hand it over 
to any one vendor. Any solution 
must take existing data and manip­
ulate it into a format manageable by 
the vendor's tool. This prospect is 
frightening to a company with enor­

mous amounts of time 
and money invested in 
its component libraries. 
For their part, many 
EDA vendors are reluc­
tant to get dragged into 
the fray and become 
saddled with the un­
profitable task of be­
coming data managers 
instead of point tool 
vendors. 

I Infrastructure key TeamOne uses a baseline hierarchy approach to control ver­
Deciding what to include in sions of database files. 'The master baseline contains all prod­
a design management infra- uct components that have been tested and verified at some 
structure is a key part of the level," explains Patrick McGill (shown at blackboard), vice-presi­
solution. ''No one product is dent of marketing at TeamOne. "By creating virtual copies of 
comprehensive enough to this master baseline, a project leader can let team members 
manage all of the different make changes to a design w i thout affecting users outside the 
types of information in to- group. " 

"We don't believe that 
an EDA company should 
be in the business of cre­
ating a design data 
management system at 
the enterprise or global 
level," says Lee Daniels, 
director of design soft­
ware at Racal-Redac 
(Mahwah, NJ). "If an 
EDA company tries to 
manage all the various 
disciplines involved in 
producing a product, 
the management soft­
ware is going to be bi­
ased to the EDA's needs. 
Our philosophy is to 
look to those who s e 

day's design environments," 
says Jayaram Bhat, director of 
frameworks at Cadence Design Sys­
tems (San Jose, CA). "So if you're 
going to succeed in managing design 
databases, you have to take a mul­
tilevel approach. That means all of 
the tools and databases must be 
open-that is , accessible to any 
management software. Then you 
have to add information to your com­
ponent database that other mem­
bers of a design team might need, 
such as cost and reliability informa­
tion. Once you have that, you have 
to think about how you're going to 
store that data, where you're going 
to archive it and how you'll manage 
all of this library information." 

The requirements of each data 
storage level are different. Archived 
data, for example, must have cur­
rent revision levels , availability, 
cost, and reliability information in-
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archived database, but to incorpo­
rate everything known about a com­
ponent inside of each library would 
create an unwieldy database which 
would impair a tool's performance. 
Trying to get the two databases to 
communicate is high on the wish list 
of many designers, managers and 
accounting personnel. "The EDA 
vendors' databases are usually pro­
prietary structures which won't 
work with a commercial database 
such as Oracle," says Harold Baker, 
systems analyst for Caterpillar 
(Peoria, IL). "Our EDA database is 
really an ASCII file generator which 
contains information that its re­
lated tools need, but which can't 
provide design management infor­
mation. We're constantly having to 
convert from one type of database to 
another. That means having to 
write our own maintenance pro-

business it is to write 
enterprise-level software. We'll pro­
vide an interface, but it won't be 
specific to any particular data man­
agement system." 

For the present, some EDA com­
panies provide design manage­
ment software that will tie to­
gether tools related to a single 
part of the design. These products 
let you select tools and combine 
them with associated data to form 
a continuous flexible design pro­
cess. The Design Data Manage­
ment System from Mentor 
Graphics (Wilsonville , OR), for ex­
ample, uses object-oriented data­
base technology to support all de­
sign data with a series of r elated 
design data models . These models 
stem from a single "parent" design 
model , so they respond identically 
to tool requests , design manage­
ment and user commands. In ef-



VME64! 

With the scalable VME64 interface chipset 
from Newbridge Microsystems. 

Yes! Available NOW! From Newbridge Microsystems, 
the latest development in our open bus silicon product 
line , the CA91C064 DARF64. Together with the 
industry proven CA91C014 ACC, the DARF64 
provides the ultimate in scalable VME64 interface 
technology for high performance systems. 

The VME64 chipset builds upon the success of our 
VME32 chipset to provide: 

• Complete 64-bit VMEbus 
functionality defined in IEEE •E•ruREs 

1014 Rev D specification 

• Performance of 70 Mbytes/sec 

• Pin-compatible upgrade from 
VME32 

• Full multiprocessor VME support 

• Full 68020/030/040 local bus 
interfaces 

• Symmetrical DMA for VME data 
transfers 

Our VME32 chipset has also been the recipient of 
some exciting enhancements, including surface mount 
technology support with a new Plastic Quad Flat Pak, 
and new aggressive pricing - all intended to effec­
tively improve the added value in your products! 

All of our VME chipsets dramatically simplify the 
designer's task of implementing complex VME 
interfaces, and provide flexibility and an effortless 
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migration path from 16/32-bit 
VME to full 32-bit VME to the 
new 64-bit VME. Indeed, the 
VME64 chipset offers pin-for­
pin compatible upgrades from 
our VME32 chipset. It's virtually 
plug and play! 

INCREASING PERFORMANCE ______.... 

For proven performance, for 
powerful and versatile migration 
strategies, for leadership, service 
and continuing support - look 
to Newbridge Microsystems. 
Don't settle for less! • Local bus burst transfer support. 

For more information on these exciting products call 1-800-267-7231. 
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I DATABASE MANAGEM ENT 
feet, the design models appear to the 
user as a unified database across all 
disciplines. Using these models, 
Mentor's Design Management En­
vironment supplies version control, 
configuration management and re­
lease facilities. The Decision Sup­
port System provides a spreadsheet 
interface to string together the asso­
ciated tools and data for the concur­
rent engineering paradigm. 

across multiple domains without 
forcing customers to learn a lot of 
new tools. The software has to be at 
a base level, however, so that it's 
portable across multiple platforms 
and a number of environments. 
After all, the needs of a computer 
company are different from an auto­
mobile manufacturer, but the under­
lying data management problems 
are the same." 

Board-level design process 
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This PCB design paradigm is representative of the dilemma facing other discip lines in 
a product's development from mechanical engineering to manufacturing. Over t ime, 
suites of tools have been vertically integrated to solve the problems associated w ith 
a particular phase of a PCB's development. Real data management can only occur 
when a method of communicating between the isolated databases is established. 
Currently, little communication takes place at this level, mainly because of a lack of 
standards and designers' reluctance to change. 

While management software such 
as Mentor's ties together tools asso­
ciated with any one design task, 
data management at the company­
wide, or global, level is a far more 
elusive goal. One suggested solution 
for the global data management 
problem is to treat the task as an 
extension of the operating system 
and provide hooks to existing data­
bases via a software subsystem. 
This solution is appealing because it 
would let companies tie existing da­
tabases together at a primitive level 
without having to commit to any one 
vendor's proprietary solution. "I en­
vision point tools which will manage 
data across a number of environ­
ments or frameworks through oper­
ating system extensions," says Bill 
Holbrook, manager of the data man­
agement group at Viewlogic Systems 
(Marlborough, MA). "This scenario 
would provide the appropriate views 
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As an answer to these needs, 
some system vendors are getting 
into the data-management busi­
ness. Digital Equipment Corpora­
tion (Maynard, MA), for example, 
has been touting the advantages of 
its PowerFrame design-manage­
ment framework as a means to co­
ordinate electrical and mechanical 
design environments . Power­
Frame includes tools for organiz­
ing a project according to its logical 
hierarchy (system microproces­
sor, memory, floating-point proces­
sor, and I/0) and storing different 
views of the data (schematics , 
netlists and test vectors) within 
that hierarchy. Specific CAE, CAD 
or CAT tools are joined to Power­
Frame by aligning the model of 
how the files are used with Power­
Frame's data model. This is done 
through a text file or, for more com­
plex tools, through a C program. 

Although PowerFrame lets you 
assemble a toolbox for any portion 
of a design, designers who are look­
ing to integrate their relational da­
tabases to tool databases will have 
to wait a while . "Although we pro­
vide services to link tools together 
in their own environments, we 
can't yet encapsulate existing rela­
tional databases," says Michael 
Laine, PowerFrame marketing 
manager. "We are aware of the 
market's demands for such a capa­
bility, though, and we're working 
on a solution. The problem is inter­
facing the various formats at the 
byte level. Right now that's done 
through a cumbersome translaLion 
process with an error-checking 
routine . That means overhead 
which slows everything down." 

Though the technical barriers pre­
venting data management in large 
heterogeneous environments are 
daunting, they also present a unique 
opportunity to smaller companies 
who want to take advantage of the 
EDA community's reluctance to de­
velop such global software. While it 
may be difficult for a start-up to com­
pete with established simulator and 
schematic tool vendors , the data 
management market is open to any­
one who accepts the challenge. 

I Independents go for it 
Companies such as TeamOne Sys­
tems (Sunnyvale, CA) are develop­
ing file management products that 
aren't tied to any one EDA vendor 
or hardware platform. TeamOne's 
management product, TeamNet, 
works in design environments 
where tool encapsulation isn't 
necessary. According to TeamOne ,­
encapsulating tools for tight inte­
gration to a framework is a time-con­
suming and often unnecessary task 
which requires extensive copying of 
data to and from areas on the net­
work. TeamNet interacts with the 
Unix operating system on platforms 
from the leading workstation ven­
dors to track shared data concur­
rently and manage any versions of 
design data that are changed during 
a task. 

The design change control process 
takes place in two phases. First, you 
make changes in your local work 
area and then update the develop­
ment baseline, which is a logical 
group of files that comprise the com­
ponents of a given product. These 
baselines may represent compo­
nents from one or many engineering 
domains-CASE, CAD, CAE , or 
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I DATABASE MANAGEMENT 

DBMS: A key enabling technology 

How can you 
get your product to 
market faster? The 
key today is concur­
rent engineering: 
the ability for multi­
ple users and tools 
to cooperate simul­
taneously on the 

same design. This approach requires 
that you overcome the communication 
bottleneck and move data among tools 
and users. (A schematic editor may be 
easy to use, and a simulator may be fast 
and effective, but getting the data from 
one to the other and back again is slow 
and error-prone.) For multiple users and 
tools to cooperate they must share 
data. This is the key contribution of a 
database management system (DBMS). 
As long as data is kept in proprietary file 
formats, as most tools do today, users 
can't concurrently share it. The best 
they can do is move it sequentia lly from 
one tool to the next. This slows down 
the design process, eliminates concur­
rency, and becomes difficult when feed­
back loops occur in the design process. 
In addition, serial translation is imper­
fect. Information is often lost or dis­
torted, or the user must go to great 
lengths to preserve the correct seman­
tics. Finally, such translations are slow 
and can easily become the bottleneck in 
the entire process. Imagine how frustrat­
ing it is to have your file translation time 
take longer than your simulation time! 

I DBMS is not a magic wand 
A DBMS doesn't magically solve all 
these problems, but it's the key enabl­
ing step. Sharing data requires that ap­
plications have a common data-access 
mechanism (the DBMS) and agree on 
data format (common data models or 
schema). Once DBMS technology is 
available, it's possible to begin the effort 
toward common data models, because 

you now have a facility that lets you ac­
tually define and use those data mod­
els. With object DBMSs that support 
encapsulation for active data, you can 
encode your own methodology. You tell 
the DBMS what you'd like to do auto­
matically-for instance, spawn a simula­
tion whenever a new design page is 
checked in, send E-mail to the test man­
ager or schedule a nightly archive. The 
DBMS ensures these actions occur. The 
ultimate goal is to have one DBMS con­
trolling access to multiple databases­
for design, documentation, 
manufacturing, packaging, software, 
and test-as well as related tools for de­
sign and configuration management. 
The challenge is to reach this goal with­
out completely disrupting current opera­
tions and without changing the current 
mode of usage or the design process. 

I Migration by layering 
If your current environment includes a 
set of applications sharing a common 
data interface, you can replace that in­
terface, or layer it over the new DBMS. 
The applications won't change, al­
though relinking may be required if dy­
namic linking is unavailable . With this 
method, the applications can immedi­
ately use the new DBMS and enjoy at 
least some of its benefits. 

For example, in one case where a site 
used Objectivity's product, the applica­
tions had previously been limited to da­
tabases that fitted within virtual mem­
ory, and they were facing limitations in 
swap space size. After the change they 
could immediately expand to virtually 
unlimited size; they also received the 
benefit of full distribution, heterogene­
ity and recovery. 

Some of the capabilities of the DBMS, 
such as versioning and cross-database 
composite objects, will become useful 
at a later date. There are cases where 
this technique is applicable today, usu-

Drew Wade, vice-president and cofounder of Objectivity, Menlo Park, CA 

technical publications. This update 
is then expanded into the larger de­
velopment environment, which 
hosts the other components of a 
product where engineering teams 
are doing concurrent development. 

While products such as Power­
Frame and TeamN et address the 
data management dilemma from a 
framework perspective-an infra-
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structure through which tools are 
accessed and changes tracked­
the managers of today's complex 
design environments demand 
more. And though the task of man­
aging data looks like one which 
dictates a global perspective , the 
problems actually begin at a com­
ponent- or library-model level. 
"The real issue is primitive but it's 

ally to a set of applications from a sin­
gle vendor or environment. As stan­
dards such as the CAD Framework Initia­
tive interfaces come into wider use, a 
DBMS will be even more applicable. 

I Migration via surrogate objects 
But what if the applications have no 
common data interface, or at least none 
accessible to you? Use surrogate ob­
jects. In this approach there 's an object 
in the DBMS that 's a place holder or sur­
rogate for the actual proprietary file or 
database used by the application. The 
application uses the same f ile format in 
the same way, and hence need not 
change. More capability is provided if 
the application changes to open and 
close its file via the surrogate object. 
This change may be done in the applica­
tion, and is almost always very simple. If 
no access to the application source is 
available, the change may be done in a 
shell or script that is wrapped around 
the file. 

This approach lets completely foreign 
"black box" tools into the DBMS envi­
ronment. The tools rema in unchanged, 
with whatever functionality, perfor­
mance, capability, and limitations they 
had before. Now, however, they can par­
ticipate in DBMS capabilities such as ver­
sioning, relationships and composites, 
with the limitations that they do so only 
to the granularity of the file and not for 
any of the primitive data within the file. 
This method may be freely mixed with 
native applications that use the DBMS 
directly, storing their primitive objects di­
rectly in databases. 

Over time, as resources allow and 
need requires, more applications can be 
converted to move their data from the 
proprietary file format into native ob­
jects. with the result that they will bet­
ter utilize the capabilities of the DBMS 
at any level of granularity, with unlim­
ited size, recovery and distribution . 

critical," says David Hardman, 
product planning manager at Logic 
Automation (Beaverton, OR). "The 
way we name all this data-the 
component names, the pin names 
and the signal names-have to be 
the starting point for real data man­
agement. Trying to get everyone to 
agree on these names is next to 
impossible, so we'll probably have to 
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I DATABASE MANAGEMENT 

make the tools smarter to recognize 
what these names really mean." 

I CFI to the rescue 
If relief through standards is going 
to come in the EDA arena, it will 
undoubtedly happen through the ef­
forts of the CAD Framework Initia­
tive (Austin, TX). One of the most 
important efforts for CFI right now 
is component infor mation represen­
tation (CIR). While data representa­
tion is the way the components of a 

part is getting engineers in the in­
dustry to believe that it's going to 
happen. Information used to be so 
proprietary and hard to get that you 
couldn't even ask a company for the 
structure of its CAD database. Now, 
no one would even consider buying 
a product without that information, 
or at least a procedural interface 
that would let them access it." 

Similar efforts toward stand­
ardization of library elements are 
going on in the mechanical CAD 

DBMS paradigm 

I USER INTERFACE I 
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CONFIGURATION, 
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SOFTWARE PUBLISHING 
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The ultimate goal of database management systems (DBMS) is to let the manager 
control access to multiple databases used for design, test, packaging, manufacturing, 
and software development. A drawing used in design, for example, can be used in 
manufacturing and appear in the product's manual. Changes to any portion of the 
design can be communicated on an as-needed basis to all affected disciplines. 

design are hooked together, CIR de­
scribes the library elements behind 
the design tools. Real integration of 
tools will come, t herefore, when 
there are standards for libraries. 
"The key step here is to develop elec­
tronic data books to standardize 
CAD-sensitive information," says 
J oseph Flanigan, chairman of the 
CIR technical subcommittee at CFI. 
''We're trying to develop information 
models of components that everyone 
will understand so that we're all 
speaking the same language. The 
problem in trying to unify this data 
is that every company developed its 
own way of representing data over 
the years. But because it's such an 
important issue, we've gotten coop­
eration from the CFI members to try 
to hammer out standards. The hard 
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world as well as in the CASE arena. 
When all these standards stabilize, 
interdisciplinary communication 
will undoubtedly be easier. 

I Politics enters the fray 
All of this activity to develop stan­
dards is directed at solving the tech­
nical problems that inhibit true in­
terdisciplinary data management. 
There's another side of the problem 
which can't be solved by committees 
or standards-namely, getting cor­
porations to change the way that 
they do things. The disciplines of 
electronic, mechanical and software 
design have traditionally operated 
as au tonomous units, loosely con­
nected through management meet­
ings and over-the-transom commu­
nications . But even when the 

technology is available to manage 
the design data from these various 
groups, there will be battles over 
whose responsibilities and needs are 
paramount to a design's progress 
and whose are secondary. 

It's clear that in addition to any 
technical solution offered, database­
management companies must offer 
migration paths which will let peo­
ple carry on with business as usual 
with minimum trauma to daily op­
erations. No strategy will succeed if 
tool performance suffers or you're 
forced to spend inordinate amounts 
of time learning new interfaces. "No 
one's going to let a tool vendor come 
in the door and shove a methodology 
down everyone's throat," cautions 
Scott Passon, product marketing 
manager at Dazix (Huntsville, AL). 
"But management is telling their en­
gineering teams that they want 
those long-standing walls to come 
down and many EDA vendors are 
willing to help find a solution that 
everyone can live with." 

Managing design databases, 
then, will become a reality only after 
the technological and psychological 
barriers that impede its acceptance 
come down. One thing is clear. All of 
the glowing praise that concurrent 
engineering strategies have gar­
nered and all of the talk about inter­
departmental cooperation will re­
main meaningless until a product's 
progress can be tracked and man­
aged from concept to production. No 
corporation has the luxury of start­
ing the design process over because 
important information didn't make 
it over the transom. • 

For more information about the technol­
ogies, products or companies men­
tioned in this article, call or circle the 
appropriate number on the Reader 
Inquiry Card. 
Cadence Design Systems 
(408) 943-1234 .. . ............ Circle 220 
CAD Framework Initiative 
(512) 338-3739 . . .... Circle 221 
Dazix 
(205) 730-2000 . . . . . . . . . . . . Circle 222 
Digital Equipment Corporation 
(508) 493-5111 . . . Circle 223 
Logic Automation 
(503) 690-6900 . . . . . . . . . . . . . Cirde 224 
Mentor Graphics 
(503) 685-7000 . . . . . . . . . . . . Circle 225 
Objectivity 
(415) 688-8000 . . ... Circle 226 
Racal-Redac 
(201) 848-8000 ... ... .. . .. .... Cirde 227 
Team One 
(408) 730-3500 . . Circle 228 
Viewlogic Systems 
(508) 480-0881 . . . ......... Cirde 229 
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The CI-VME40 is the ultimate high-speed, high-capacity DRAM memory board with a dual-port interface to the VME and 
VSB Busses. The CI-VME40 is optimized for Block Transfer Cycles yielding a bus transfer rate up to forty megabytes per 
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Standard buses gain 
ground in image processing 

Image processing is 
getting a makeover, 
thanks to board­
/eve/ coprocessors. 
Now, standard 
buses are accept­
ing the technology 
into their social 
circle. 

Warren Andrews 
Senior Ed itor 

I mage processing technol­
ogy, though still in its infancy, 
has carved out an important 
niche for itself in the indus­
trial and commercial com­
puter world. Gains in this 
area have traditionally in­
volved proprietary products, 
while makers of products 
based on standard buses 
have struggled to gain a foot­
hold, but this situation is 
changing rapidly as the tech­
nology matures. 

Improved chip technol­
ogy-particularly for ASICs-has made practical real-time image process­
ing possible, and putting these new chips to work on industry-standard 
buses promises advanced image processing to meet the high price/perfor­
mance levels demanded by a broad variety of emerging commercial and 
industrial applications. "A number of things are acting to migrate image­
processing technology to standard buses," says Mike Travis, product 
marketing manager of Data Translation (Marlborough, MA). "The major 
and most compelling reasons are those for which standard buses are being 
selected for other applications; these include system economies, inter­
changeability of subsystems, the ability to assemble systems from boards 
from multiple manufacturers, an upward migration path, and the ability 
to take advantage of standard operating systems, shrink-wrap applications 
and other software." 

Steve Hendry, imaging graphics product manager for Radstone Tech­
nology (Montvale, NJ), concurs. "While there are no direct benefits to be 
derived from doing image processing on VME-or any other standard bus, 
for that matter-the indirect benefits that accrue are the same as for any 
other microprocessor-based system." Hendry says there may even be tech­
nical advantages to proprietary approaches, such as the ability to rapidly 
transfer image data from one subsection to another. At present, there's no 
established standard for transferring image data on any of the standard-bus 

Cognex has devel­
oped image-pro­
cessing equipment 
using a VMEbus 
format optimized 
for machine vision, 
or what the com­
pany calls "image 
analysis, " rather 
than image pro­
cessing. As op­
posed to systems 
which provide en­
hanced or modified 
images, Cognex 
systems are de­
signed to give a 
tangible result 
based on image 
analysis. 
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I IMAGE PROCESSING 
architectures, but the economic ad­
vantages and flexibility of standard­
bus approaches far outweigh the 
possible disadvantages. 

I Volume pick-up 

Although image processing is al­
ready a going technology, only a very 
small part of the action currently 
takes place on standard buses, and 
that activity is basically divided be­
tween VMEbus and ISA. "But the 
use of board-level products is going 
to pick up dramatically," says Hen­
dry, "if market predictions are going 
to be met. Industry analysts project 
that the volume of shipments of im­
age-processing systems will in­
crease at a rate of 25 percent per 
year over at least the next four 
years." 

This reflects a dramatic decrease 
in average selling price-some 14 to 
15 percent per year. "The only way 
the industry will achieve this kind 
of reduction in the average selling 
price will be a migration to stan­
dard-bus -based systems," says 
Hendry. 

While there's consensus that 
much image-processing hardware 
will migrate to standard-bus plat­
forms, there's little agreement 
over which platform, if any, will be 
dominant. "A lot of applications," 
says Travis, "are migrating di-

Personality Modules-Analog 
Sensor, Analog Generator, 

Image Memory 

Advanced Pipeline Processor 

rectly to the personal computer 
level. We see a tremendous interest 
in image processing on the PC in 
the scientific community, and now 
that's starting to move over to in­
dustrial applications." 

However, Bill Kehret, president 
ofThemis Computers (Pleasanton, 
CA), believes that most image-pro­
cessing activity isn't occurring on 
PCs today, nor will it in the future . 
Much of the development work in 
this area is going on in the work­
station environment, with its pow­
erful processing and graphics ca­
pabilities-and primarily in the 
Sun Microsystems Sparcstation 
environment, although IBM is rap­
idly gaining ground with its family 
of RISC/6000 workstations. 

"This focus on workstations for 
development and as embedded sys­
tems for industrial applications," 
Kehret says, "will provide a wealth 
of new opportunities on VMEbus 
and SBus for Sun-developed appli­
cations and on Micro Channel Archi­
tecture for those developed in an 
IBM environment." 

Not everyone agrees. While 
workstations can handle some ap­
plications and are certainly used 
as development environments, "far 
too many applications today call 
for highly specialized hardware to 
keep up with real-time demands," 

Architechural Adapter 

VME Connectors 

Taking advantage of specialized silicon and the flexibility of a standard bus is 
Datacube 's MaxVideo family o f image-processing boards. It uses the host VMEbus to 
communicate system information, while image data is transferred over the company­
developed MAXbus. 
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says Susan Snell Solomon, product 
manager for Datacube (Peabody, 
MA). 

I VME continues strong 
While some applications will un­
doubtedly move toward PC environ­
ments because of the relatively low 
entry cost and the wealth of DOS­
based software available, there still 
exists a very strong base in the VME 
community. "For one reason," says 
Bob Ries, product manager for Cog-

11/ndustry analysts 
project that the 

volume of shipments 
of image-processing 
systems will increase 

at a rate of 25 percent 
per year over at least 
the next four years. 11 

-Steve Hendry, Radstone 

I I I 

nex (Needham, MA), "many of the 
applications for image processing 
are on the factory floor, providing 
some kind of automated inspection, 
quality control or counting." 

These environments call for the 
kind of mechanical and electrical 
ruggedness that's been the hallmark 
of the VME form factor. In addition to 
ruggedness, there's also appearance. 
Customers purchasing an expensive 
system, whether it's a vision inspec­
tion system for the factory floor or an 
image processor for a medical instru­
ment, don't like to see a relatively 
inexpensive PC controlling multi-mil­
lion-dollar equipment. There also 
seems to be some agreement that 
VME offers real performance advan­
tages which are often needed in 
image-processing systems. 

On the down side, VME's data 
transfer rate of 40 Mbytes/s is fast 
enough to transfer only limited-res­
olution real-time image data, and 
there are some other problems as 
well. "First," says Reddiar Anbala­
gan, vice-president of Innovision 
(Madison, WI), "the system bus is 
often busy handling other tasks, 
such as system management and 
I/O, which are often critical in a 
real-time application. Second, prop­
erly transferring image data calls 
for a synchronous bus. Neither the 
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I IMAGE PROCESSING 

VME system bus nor the optional 
VSB [VME subsystem bus] can fill 
the bill." 

"But," Anbalagan continues, 
''VME is the only choice for com­
plex imaging systems using a pipe­
lined hardware approach. It's not 
possible to use such a pipelined 
a pproach using an ISA bus. In 
some cases, it's necessary to use one 
board to capture a frame and per­
haps do some preprocessing, then 
feed that data directly to another 
that might, for example, do a histo­
gram, and then on to other boards 
for additional processing." 

"Aside from parameters relating 
strictly to performance," says 
Datacube's Solomon, "it's difficult to 
provide solutions in every format us­
ing one bus." Datacube staff made 
the decision early to select one bus 
architecture and stick with it. "The 
decision for that bus to be VME was 
helped along by one of our custom­
ers, General Motors, that demanded 
a bus architecture that met its strin­
gent requirements. VME met its 
specifications," Solomon says. 

I Image processing and graphics 

Though today's workstations have 
very powerful graphics capabilities, 
their processors are general-pur­
pose RISC or CISC machines that 
can't manage the demanding and 

specialized number crunching de­
manded by many real-time image­
processing systems. "There are 
some fundamental differences be­
tween the graphics world and image 
processing," says Hendry. He likens 
the difference to that between syn­
thesized and digitally-sampled 
audio. 

Though both graphics and image 
processing use similar approaches­
a series of high-powered mathemat­
ical manipulations on pixels or 
groups of pixels-to achieve their 
goals, the actual way manipulations 
are done is different enough that the 
same hardware can't necessarily be 
shared (see "Image processing and 
vector graphics-the technologies 
combine," p. 87). Further, some im­
age-processing applications are so 
complex that they require highly 
specialized hardware. 

Despite this last fact, there are 
still entire families of applications 
that can be addressed with high-per­
formance standard processors, says 
Kehret. "That's why Themis has 
taken the approach it has in devel­
oping a very high-performance, 
Sparcstation-comp atible VME 
board that can handle image as well 
as other types of processing." (See 
"Full-featured Sparcstation 2 sur­
faces on VMEbus," Computer De­
sign, February 1992, p. 128.) 

For machines only 
C ognex Corporation (Needham, MA), which specializes in 
machine vision systems, has developed a product family that's 
specifically optimized for image analysis. "We differentiate 
our approach from an image-processing system, which is 
something that's very good at processing raw pixels or nu­
meric data on each position in an image," says Cognex prod­
uct manager Bob Ries . "What we call an image analysis sys­
tem, on the other hand, takes those images and produces 
some concrete result. Is there a defect or not? Or what is the 
x,y location of a particular part of the image? We do offer a 
full range of image processing, where you take one image 
and process it and get another image to, for example, high­
light it. But the majority of our users are looking to analyze an 
image and get a result. This result is typically then sent over 
the system bus to another computer which, in turn, uses the 
result either as is, or with further processing, to generate 
some action ." 

"A few years ago," Kehret contin­
ues, "we developed a board exclu­
sively for a particular type of image 
processing which combined a frame 
grabber with edge-detection cir­
cuitry for robotic control. The diffi­
culty with that type of approach, 
though we've been quite successful 
with it, is that it addresses too small 
a market." 

I Image versus array processing 

"There's no clear-cut definition of 
what constitutes image processing," 
says Travis. That's because the 
same functions can be handled by 
general-purpose processors such as 
the familiar RISC and CISC fami­
lies, or by high-performance arrays 
of processors such as DSP chips, or 
by high-performance specialized im­
age processors. 

"General-purpose processing to 
Data Translation," adds Travis, 
"means that processor boards are 
flexible and can be programmed to 
do any number of things. Their 
cards can be DSP cards, and they 
might use a chip like the i860, or 
something like a Motorola 96000, or 
what has become known as array 
processors. They enjoy use in a 
broad range of applications. In 
many cases they are fast enough to 
handle non-time-critical image-pro­
cessing tasks." 

To achieve their specialized functions, Cognex boards use 
one or both of a pair of specialized chips the company's devel­
oped and implemented as gate arrays. Its VC-1 vision chip is 
designed to perform certain specialized algorithms such as his­
tograms, point transforms, normalized difference, projections, 
spatial averaging, boxcar filters, spatial moments, and normal­
ized correlation. The companion chip, the VC-2, will perform 
real-time gray-scale edge detection, gray-sca le morphology 
and rank-value filtering. 

Cognex image processing/analysis equipment is used here 
to align material on an automated silkscreen printing ma­
chine. It takes advantage of image-analysis techniques 
such as edge detection and normalized correlation. 
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Image processing and vector graphics- the technologies combine 

H istorically, im­
age and graphics 
processing have 
evolved as diver­
gent technologies . 
One reason for this 
has been the differ­
ent processing re­
quirements for 

each . In the first, processing elements 
must be tightly coupled to pixel data ac­
quired from a real-world input. In the se­
cond, the elements must be tightly cou­
pled to the mathematical 
representations used to synthesize the 
polylines and polygons which, in combi­
nation, create the graphic image. 

Increasing customer demand and the 
appearance of enabling technologies 
are now heralding the beginning of an 
era in which the convergence of the 
two disciplines has become a reality. 

I Complexity changes requirements 
In the vector graphics world, architec­
tures range from simple frame buffer 
and video controller designs to mas­
sively parallel processing elements and 
data paths. The frame buffer approach 
involves direct operation on the data by 
the host CPU, and, therefore, uses a siz­
able chunk of system resources for even 
fairly simple functions. 

The addition of a display processor, 
such as the TMS340XX, offloads much 
of this work and greatly increases over­
all performance, requiring the host CPU 
only to issue commands and parame­
ters . The coprocessor will handle all 
graphic drawing functions . 

As application complexity increases­
faster and more complex manipulations 
and shadings-so do the requirements 
for more processing power and more so­
phisticated architectures. Wider data 
paths and parallel processing are com­
monly used to produce acceptable high­
performance solutions. A popular de­
vice used in this way is the Intel i860 
processor, which uses 64-bit data paths 
and has the capability of running de­
vices in paral lel to increase performance 
still more. 

Performance requirements above this 
level invariably require the use of array 
processing techniques, where each pro­
cessing element performs a task in paral­
lel and produces results that can be 
passed to other elements within the ar­
ray for further processing. Data paths 
are wide, 64 bits or greater, and mem­
ory bandwidth is very high. Typically, this 
architectural approach is implemented 
using bit-slice techniques or custom 
VLSI, with drawing and transform algo­
rithms stored in firmware or hard-wired . 

A dedicated image-processing (IP) sys-

The require-
ments for high­

performance 
graphics and 
high-speed IP 
engines, then, 

are very 
similiar. 

Ill 

tem usually has a 
pipelined architec­
ture. An image is 
captured and well­
defined operations 
are performed, typ­
ically one at each 
stage of the pipe, 
before final display 
and storage take 
place. The advan­
tage of this ap­
proach is that each 
stage is optimized 

for its particular task-hence, high­
speed processing is achieved. The down 
side is that the pipeline is dedicated to a 
limited application area and, therefore, 
may not be particularly cost-effective. 

I Different approach needed 
As is the case with high-performance 
graphics products, a more general-pur­
pose image-processing engine demands 
a different approach-that of parallel ar­
ray processing . Here an image is cap­
tured and placed in memory, where it 
can be accessed and operated upon by 
the processing elements, and the results 
are stored back into memory. Each ele­
ment performs a pixel calculation, the 
result of which is fed to other ele­
ments in the array. This capability is es­
sential for convolutions and other 
array-based algorithms . 

By applying high memory bandwidth 
techniques, data can be transferred to 
and from the processing array in a 
highly efficient manner. Also, because 

it's a memory-based structure, the pro­
cessor can access individual pixels to 
store and display intermediate stages of 
the processing . Since it's essentially soft­
ware-driven, the system can be modified 
easily. A pipelined architecture can't typi­
cally be modified in this way. 

One disadvantage of high memory 
bandwidth approaches is that memory 
cost increases . This increase is usually 
more than offset, however, by the inher­
ent flexibility the approach brings to the 
system; this can provide substantial sav­
ings over dedicated pipelined machines. 
A general-purpose engine of this type is 
also typically implemented using bit-slice 
techniques or custom VLSI, with IP func­
tions hard-wired or in microcode. The 
host computer then must only provide 
high-level function calls to implement so­
phisticated and high-speed IP functions. 

The requirements for high-perfor­
mance graphics and high-speed IP en­
gines, then, are very similar-parallel ar­
ray processing, wide data paths, bit-slice 
and custom VLSI, functions embedded 
in microcode or hard-wired . Developing 
an appropriate architecture can enable 
both graphic drawing functions-for ex­
ample, fills, lines, shading, and trans­
forms-and IP functions-thresholding, 
erosions and convolutions-to be effi­
ciently implemented on the same ma­
chine without compromising the perfor­
mance of either. Once so combined, the 
separate graphics and image-processing 
functions simply become a broad spec­
trum of image manipulation techniques. 

I Imaging x graphics = growth 
The combination of imaging and graph­
ics may well herald the growth of a sub­
stantial, commercially attractive 
marketplace. But no one should take 
the two for "the same thing" or under­
estimate some of the technical chal­
lenges faced in drawing them together. 
Imaging and graphics are an increasingly 
synergistic combination for enhancing 
work in the scientific, industrial, medical, 
military, and graphic communities-with 
even more benefit likely to result in the 
future from this powerful new tool. 

Joel Silverman, marketing manager for commercial products, Radstone Technology, Montvale, NJ 
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I IMAGE PROCESSING 
In addition, there are instances 

where end users have highly spe­
cialized requirements that won't be 
satisfied with more restrictive im­
age-processing hardware. Where us­
ers h ave developed their own algo­
rith ms to perform particu lar 
image-processing tasks, for exam­
ple, general-purpose boards are the 
only choice. By definition, image­
processing boards implement their 
processing algorithms in hardware, 
permitting them to run faster. 

"But what really differentiates 
one from the other [image from gen­
eral-purpose processors] is speed," 
says Travis. "As fast as DSP and 
general-purpose processor chips 
such as the i860 are today, none of 
them is fast enough to do image-pro­
cessing work in real-time. The place 
for what we call specialized proces­
sors is really real-time 
work." 

shared the VMEbus, but used a sec­
ondary bus of Datacube's own de­
sign to transfer image information 
between boards in a system. In 
Datacube's approach, each VME 
board in the system was designed to 
handle a specific function in the im­
age pipeline. Individual boards 
tackled different programmable 
tasks and the boards were tied to­
gether with the company­
designed MAXbus. 

Datacube relinquished 
all proprietary rights to its 
MAXbus and, according to 
Solomon, some 15 vendors 
now support the bus with 
various products. In addi­
tion, she adds, another 10 
to 15 large companies use 
the bus internally. While 
Datacube makes extensive 

Connecting all the plug-in modules 
is a 640 Mbyte/s, 32x32x8-bit inter­
nal crosspoint switch that permits 
high-speed data path switching at 
frame rates of60 Hz and above. The 
board supports up to six image 
memory modules. 

The daughter cards, called Max­
Modules, provide different pro­
cessing capabilities for special user 

applications of the Max­
Video 20. Other func­
tional boards are availa­
ble to let you customize 
the MaxVideo 20 to spe­
cific applications. 

"For example," Travis 
continues, "we have a set 
of ASICs that does color­
space conversions. It con­
verts red, green and blue 
images from a conven­
tional television camera 
into HSI [hue, saturation 
and intensity] signals 
which are easier to pro­
cess digitally. That's a 
process that normally 
would take more than a 
minute per frame using a 
very fast 80486-based 
P C. Our chip set per­
forms those conversions 
in real-time-about 60 
times a second." The pen­
alty for such use, he adds, 
is t hat the board isn't 
useful outside image-pro­
cessing applications. 

I Speed or flexibility 
Considering performance 
as a spectrum, it's possi­
ble to visualize special­
ized machine vision sys­
tems such as the one 

lnnovision has developed an image-processing system around the 
Datacube MaxVideo 20 VME board and a 68030-based host com­
puter. The system offers both hardware and software flexibility 
to easily fit into a variety of image-processing applications. Its 
ldas image processing system's Interpreter software menu offers 
easy-to-use pulldown menus for manufacturing inspection, sur­
veillance and tracking, as well as medical imaging such as the CT 
chest x -ray analysis shown here. 

I Applications oriented 
Flexibility, believes An­
balagan, is an essential 
ingredient in the practi­
cal application of much 
of today's image process­
ing hardware. "No two 
applications in image 
processing are the 
same," he says. "Each 
application is suffi­
ciently different that it 
would not be practical to 
provide totally custom 
chip-level hardware so­
lutions for each. There­
fore, some performance 
has to be sacrificed to 
have the flexibility nec­
essary to tailor the hard­

produced by Cognex at the top of the 
scale, and yet most limited in the 
type of applications it can address. 
At the other end of the spectrum are 
digital signal processor, array pro­
cessor and general-purpose proces­
sor boards, which are greatly infe­
rior in performance but yield the 
ultimate in flexibility. 

Between the two approaches lie 
products such as Datacube's Max­
Video family of boards. Initially 
Datacube put together boards which 
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use of ASICs in its boards, they are 
more generic in the types of tasks they 
perform than Cognex boards. While 
this may result in some performance 
penalty, it's offset by flexibility. 

Datacube recently introduced its 
next-generation product family, the 
MaxVideo 20, which uses small 
modules to combine the functions of 
its earlier family of VME boards 
onto a single board. The 6U VME 
board (motherboard) contains the 
VMEbus and MAXbus interfaces. 

ware to the application." 
"Innovision," continues Anbala­

gan, "gets the flexibility it needs by 
using a MaxVideo 20 for the real­
time imaging part of its Idas/MV20 
system." The company's latest prod­
uct uses, in addition to the Max­
Video 20, a 68030-based system con­
troller and lots of image memory. In 
addition, it includes a standard col­
lection of peripherals, such as hard 
and floppy disks, serial ports, and 
a parallel port, as well as other 
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I IMAGE PROCESSING 

options. 
"The advantage to the VME plat­

form," according to Anbalagan, "is 
that it's possible to take a standard 
system and add additional processor 
boards as needed to fit into any par­
ticular a pplication." H e cites a 
European application involving in­
spection of bottles to be recycled as 
an example. The system checks for 
proper sh ape, labeling, cleanli­
ness, chips, and other significant 
parameters-all at a rate of some 
500 bottles per minute. The key to 
getting the performance, Anbalagan 
says, is being able to add the addi­
tional processing power supported 
by a real-time operating system 
such as OS-9 or VxWorks. 

I Standards-slow in arriving 
While it's possible to put such sys­
tems together-and, indeed, it's 
done on a regular basis-there are 
yet no standards to help designers 
with either hardware or software. 

Datacube's MAXbus is probably the 
most widely used of any secondary 
imaging bus to communicate image 
data from board to board, yet it's far 
from being a standard. Similarly, 
Data Translation's DT-Connect and 
DT-Connect 2 have multivendor 
support, at least in the AT world, but 
they are similarly far from repre­
senting a real standard. Imaging 
Technologies (Bedford, MA) offers 
its version of a transfer mechanism, 
a Pixel bus, but it's not aimed at 
being an industry standard either. 

On the software side, some at­
tempts to develop a software im­
age standard are being made un­
der the ANSI banner, but it's 
unlikely standards will emerge 
soon in the imaging world, as GKS 
and X Windows have in the graph­
ics world. "Image processing appli­
cations are just too diverse," says 
Anbalagan, "to fit into any partic­
ular set of standards." • 

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

Cognex 
(617) 449-6030 . . ... Circle 205 
Data Translation 
(508) 481 -3700 ................. Circle 206 
Datacube 
(508) 535-6644 . . . . . . . . . . . .Circle 207 
Imaging Technologies 
(617) 275-2700 . . .Circle 208 
lnnovision 
(608) 831-4441 ................. Circle 209 
Radstone Technology 
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Themis Computers 
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Get two boards in one with our P360 Power Grabber 
Frame Grabber, TMS320C30 DSP, and up to 16 MB of memory on a single PC board . 

FLEXIBLE FRAME GRAB 
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Why send your engineers 
through the VME maze? 
MATRIX frees your engineers to do what they do best ... 
solve application problems - not build VMEbus systems. 

Reduce your development risk 
and speed your time-to-market with 
an integrated VMEbus system from 
MATRIX Corporation. Since 1985, 
we have specialized in bringing the 
power of the VME open-architecture 
to integrated systems. Now you can 
start with a pre-configured system 
and add modules to create a fully 
integrated system ready for immedi­
ate application code development. 

Your engineers are experts in 
their field of application. They can't 
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configure boards , make cables, and 
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between manufacturers. Let our 
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ing, installation, telephone, and 
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operating system. Add modules from 
the MATRIX full-line VME catalog, or 
from over 20 pre-qualified vendors, 
or specify your own modules. 

MATRIX Corporation will deliver 
the system you need, on time, ready 
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Call us at 1-800-848-2330 to discuss 
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to receive our full-line VME catalog. 

1203 New Hope Road, Raleigh, NC 27610 
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Designers can now take their 
pick of 32-bit debugging tools 

Jeffrey Child 
Associate Editor 

Complex bugs in 32-bit embedded systems can 
seriously ruin your day. As processors get more 
sophisticated, many 32-bit projects require emulation 
more than ever. But the rising cost of emulators can 
burden budgets, forcing designers to choose between 
spending big bucks for bug-hunting tools or exploring 
lower-cost debugging alternatives. 

U ntil its most threatening bugs 
have been hunted down and killed, 
no complex embedded system design 
is completely out-of-the-woods. For 
a long time, emulators were con­
sidered the best bug-hunting tool for 
embedded systems. But today, with 
a wider selection of debugging tools 
available, engineering managers 
have more decisions to make. Be­
sides choosing the most appropriate 
tools for their applications, they need 
to select tools suited to each en­
gineer's specific role in the software 
development and hardware/software 
integration processes. 

It's difficult to know how much 
buying an emulator will gain you in 
productivity until well after you've 
made the investment. The value of 
most tools lies somewhere in the 
gray area between "desirable" and 
"absolutely vital," but the more ex­
pensive the tool, the more reluctant 
a design team manager will be to 
squander precious engineering dol­
lars on it. With budgets under tight 
scrutiny these days, designers im­
plementing the latest high-speed 
32-bit microprocessor-based designs 
in embedded systems may welcome 
an alternative to buying an emula­
tor. Most admit, however, that 
there's no real substitute for a full-
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blown in-circuit emulator for debug­
ging systems in real-time. As proces­
sor speeds reach 33 MHz and go be­
yond, however, many designers are 
questioning whether it's feasible to 
build emulators at a reasonable price. 

When it's time to put your money 
where your megahertz are, you 
must carefully choose what level of 
debug capability is required for your 
particular 32-bit embedded applica­
tion. In general, this choice centers 
on two questions: Does the larger 
scale of 32-bit projects mean emula­
tors are more vital then ever for 
solving complex debug problems? Or 
should you consider lower-cost de­
bugging tools and instrumentation 
for some or all of the design team? 

I A question of productivity 
"Before I can justify the dollars to 
management, what I'm looking for 
is productivity increases ," says 
Stephen Butterfield, vice-presi­
dent of hardware development at 
Peerless (Redondo Beach, CA), a 
maker of laser printer controller 
boards. "For under $10,000 you 
can find a fine logic analyzer that 
has disassembly capability. Before 
we step up from that $10,000 to a 
$25,000 emulator, we need to see 
the productivity increase that it 

will bring to the party. We spend 
well over half to two-thirds of the 
project time on the bench working 
with these instruments. I'm willing 
to spend the bucks for the productiv­
ity increases." 

Statements like this illustrate the 
range of decisions faced by many 
engineering managers in charge of 
32-bit designs. Emulators speed the 
tasks of finding bugs in the software 
and integrating intricate operating 
systems with the hardware by help­
ing designers find bugs deductively, 
rather than inductively. "All of the 
cheap ways of solving something are 
based on inductive reasoning," says 
Richard Jensen, vice-president of 
new business development at Ap­
plied Microsystems (Redmond, WA). 
"Therefore, if you happen to have a 
problem that, because of complexity, 
scale or time relationship, is ex­
tremely hard to find, you can floun­
der for months. And if you have a 
whole project team that suddenly 
comes to a screeching halt because 
you're floundering, whatever you 
pay for an emulator doesn't matter 
compared to your project cost." 

I Much in common 
While it's rare in the computer and 
electronics industries to find cases 



where both emulator vendors and 
their users have the same perspec­
tive, by and large emulator vendors ~~"""'1 
are quite sympathetic to the situa­
tion faced by embedded systems de­
signers. Perhaps this isn't so surpris­
ing, considering that emulator 
vendors and designers are using the 
same sophisticated microprocessors. 
"Remember, the emulator itself is re­
ally an embedded system with a really 
tight design rule," says Jensen. "To do 
an emulator, we have to know a chip 
inside and out, backwards and for­
wards. So we have already solved the 
problem of making an embedded sys­
tem using that chip." 

Vendors and designers agree that 
the speed and complexity of 32-bit 
processors introduces a slew of prob­
lems that weren't an issue at the 8-
and 16-bit levels. First, there are the 
simple linear problems that occur at 
32 bits, such as wider addressing. 
The data capability of 32-bit chips 
means more pins and signals to deal 
with. Then there are the architec­
tural complexities of 32-bit RISC 
and CISC devices- internal pipe­
lines, multiple execution units for 
floating-point and on-chip caches. 

While these boost performance, 
they also confound the emulator's 
ability to observe the internal work-
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ings of the chip, which in turn inhib­
its the emulator as it tries to corre­
late activity on the system bus with 
h igh-level instructions. Finally, the 
speed of the latest processors con­
tributes to t he cost of emulation. The 
r ule of thumb has been that you will 
pay $1,000 per MHz of clock speed; 
this rule still holds up reasonably 
well for most foll-featured emula­
tors, a lthough a few emulator ven­
dors have broken that barrier in the 
last year. 

It's clear that the cost of emula­
tion will continue to be a problem, 

applications that require larger 
teams of engineers. Teams of 10 en­
gineers are not uncommon on pro­
jects these days. To outfit a team this 
size working on a 50-MHz micro­
l?rocessor-based design would cost 
$500,000-enough to make any 
manager think twice. 

Among the reasons designers balk 
at emulator prices is that, more of­
ten than not, an emulator is built for 
a specific processor. If you decide on 
your next design to switch to an­
other processor, even one in the 
same family, that often means buy­

ing a new emulator. 
Emulator vendor 

Hew l ett-Packard 
(Colorado Springs, CO) 
addresses the cost issue 
by providing a modular 
emulation system; 

From his experience developing laser printer controller boards based on 32-bit RISC 
processors, Stephen Butterfield (standing), vice-president of hardware development 
at Peerless, discovered that some processors have better tool support than others. 
Butterfield is willing to pay for an expensive emulator, provided it increases his 
team's productivity. He measures productivity in terms of an emulator's learning 
curve, features and its ability to provide reliable and accurate data. Also shown 
(inset) is the Peerless printer controller board in its system box. 

especially because of the speed is­
sue. Applying the $1,000/MHz rule, 
an emulator for a 25-MHz processor 
costs about $25,000. In fact, emula­
tors introduced in the last few years 
for 32-bit RISC processors have all 
been priced at close to this figure. 
Emulators for the 68000 and 80X86 
processor families have tended to 
cost a few thousand dollars less. If 
this trend continues, a 50-MHz em­
ulator should cost about $50,000 . 

Worse, faster devices can process 
more instructions, leading to larger 
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modules are reusable, and the sys­
tem can be upgraded. The 64 700 
emulator series, for example, starts 
with a basic frame containing a host 
processor, power supply, communi­
cation channel, LAN, and back­
plane. Within the backplane you can 
configure the system to suit your 
requirements, outfitting it with a 
logic analyzer module, a target mod­
ule with a probe, or an optional real­
time software performance analysis 
board. If you buy all this for the 
68020, and then decide that your 

next prqject will have a 68030 in iL, 
you save your frame, analyzer and 
target board and simply change Lh 
probe at the end of the cable. In such 
a case the upgrade would cost you 
only $9,000 to change to the new 
target. 

I Productivity and support 
Butterfield and the design Learn aL 
Peerless faced a support problem. 
Over the last two years, the team 
has developed several laser printer 
controller boards, all based on 32-bit 
RISC microprocessors-the Intel 
i960KX and i960CX series and the 
MIPS R3001, R3051 and R3052. 

In the process, the Peerless de­
signers found that some processors 
had better tool support than others. 
"For the Intel i960KX series we pri­
marily use Intel emulators," says 
Butterfield. "Intel makes a very fine 
emulator for the i960KX. It's an ex­
cellent tool for debugging large bod­
ies of hardware and software." For 
the i960CX, Peerless bought an em­
ulator from Step Engineering 
(Sunnyvale, CA). After struggling 
with it for six months, the team de­
cided to put it on the shelf. Butter­
field explains, "The user interface is 
so cumbersome that it was impossi­
ble to use. It took far too many key­
strokes to be able to key anything in. 
We had a hell of a time just getting 
it to even operate in the system." 
Step Engineering has since come out 
with new a i960CA emulator with a 
Windows front end to ameliorate the 
interface problem. 

For development tools in general, 
Butterfield measures productivity 
in terms of the time they save. "[Ef­
fective time] is extremely difficult to 
quantify," he says. "Productivity in­
volves issues of the user interface, of 
the learning curve for the tool, of the 
features that it has, as well as the 
reliability and accuracy of the data 
presented by the tool. We've had sev­
eral debuggers that didn't disas­
semble code properly. Whenever you 
look at the screen you've got to won­
der: 'Is this one of the misassembled 
instructions?' That sort of question 
forces you to take extra time in the 
debug process." 

I The right time and place 
Senior staff engineer Jeff Rold aL 
Hughes Aircraft (Newport Beach , 
CA) feels strongly that there's a tim 
and place for an emulator: "Wh n 
it's a new hardware design and 
you're writing all the code yours If," 
he says. "I also think that somcon ' 
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For many em­
bedded system de­
signers, the in-cir­
cuit emulator 
continues to be the 
preferred tool for 
the integration 
phase of product 
development and 

debug. The nature of the development 
environment and the debugging task 
have changed significantly over the last 
10 years, resulting in tools that have 
evolved to address those changes. One 
of the most significant developments in 
the in-circuit emulator has been the ad­
dition of networkable interfaces. 

I Advantages of network interface 
To understand the advantages of a net­
work interface, it's necessary to review 
the forces effecting the change. At the 
beginn ing of the 1980s, there were two 
popu lar approaches to in-circuit emula­
tion-one the dedicated microprocessor 
development system (M DS), such as H­
P's 64000, and the other the stand­
alone emulator, such as Applied Micro­
systems' ES 1800. The dedicated MDS 
typically comprised a proprietary devel­
opment computer, cross-development 
software and an integrated in-circuit em­
ulator. The stand-alone emulator, on the 
other hand, had a character-based RS-
232 interface used in combination with 
program and symbolic information 
downloaded from a generic host com­
puter. Each approach had its advan­
tages, but over time the dedicated MDS 
was rendered obsolete by the introduc­
t ion of the general-purpose desktop 
workstation and the personal computer. 
As larger 16-bit and subsequently 32-bit 
embedded designs became common, 
however, the benefit of the stand-alone 
approach started to diminish as code 
complexity and volume of symbolic in­
formation started to exceed the instru­
ment's processing capacity. 

Modern in-circuit emulators are gener­
ally computer-controlled pieces of equip­
ment, a complex source-level debugger 
providing the operator interface of 
choice. The increase in addressing ca­
pacity of later processors, particularly 32-
bit microprocessors, has had a signifi­
cant effect on the size of applications 
and also the size and composition of de-

velopment teams. While the number of 
emulator users may not be significantly 
greater than it was five years ago, many 
more engineers are involved in creating 
the application software that will even­
tually have to be tested in the prototype 
or "target" environment 

I Key needs for networking 
The volume of application code that's 
being debugged and, therefore, trans­
ferred between host computer and emu­
lator has risen dramatically. Many emula­
tor vendors now provide emulation 
memory options of several megabytes 
to support this trend. For large embed­
ded application developers, the RS-232 
suffers unacceptable delays when down­

A networked 
emulator is an 
ideal solution 

to the cost 
problem. 

111 

loading these large 
applications; wait­
ing for download 
can represent a sig­
nificant enough in­
terruption in con­
centration to be 
counterproductive. 
Point-to-point solu­

tions such as SCSI can significantly im­
prove download speed, but they are not 
as flexible as an Ethernet-based to­
pology. Some SCSI emulator implemen­
tations can be remotely accessed over a 
network, much like a remotely mounted 
disk volume, but they still require physi­
cal proximity to at least one computer. 
The abstraction of the source-level envi­
ronment carries a high communications 
overhead of its own. At the assembler 
level of programming abstraction, the 
stand-a lone emulator user usually only 
issues one command at a time to the 
emulator-such as "display registers." 
A source-level debugger, on the other 
hand, will translate a debug command 
into requests for multiple actions by the 
emu lator hardware. A typical source-
line single step, for example, may re­
quire as many as 20 different emulator 
operations-memory requests, register 
requests and breakpoint settings-to 
support the windowed debugger dis­
play, as well as deal with possible multi­
ple program exit points from a single 
source statement A high-speed commu­
nications link is essential for the tool to 
be used productively. For many engi­
neers working on larger systems, the 
prototype being developed is remote 

from their work cell or office. With the 
larger teams inherent in complex, large 
application development, it's no longer 
possible-or even appropriate from a 
project management perspective-for 
all engineers to have local access to tar­
gets and emulators. Workstations have 
also let embedded software engineers 
be most efficient at their own desks, 
rather than in a hardware-oriented de­
velopment lab. It's essential, then, to be 
able to remote-access today's emulators 
from the engineer's local station. 

I Shave to save 
Like the microprocessors they emulate, 
high-speed 32-bit emulators are much 
more expensive than their 8-bit counter­
parts. Over time they follow traditional 
technology learning curves and de­
crease in cost, but at the front of the 
technology envelope they are typically 
too expensive to proliferate throughout 
a large engineering team. It's extremely 
advantageous to be able to share a 
high-end emulator among severa l engi­
neers. Coupled with a flexible network 
licensing scheme for the source-level de­
bugger, a networked emulator is an 
ideal solution to the cost problem. 

In many engineering environments, 
an Ethernet topology is already used, 
sometimes with severa l nets connected 
with bridges and gateways. A network 
emulator can then be added as easily as 
assigning a new node identification and 
tapping in to the network; the emulator 
can then be used anywhere on the sub­
nets. Where severa l engineers have con­
tributed to code integration, the ability 
to demonstrate a bug or anomalous be­
havior at each station, independent of 
tool placement, aids considerably in the 
debugging process for the lead engi­
neer responsible for the project An ad­
ditional benefit of emerging X-based de­
bugger applications and TCP/IP 
(Transmission Control Protocol/Internet 
Protocol) networks is that, even if the 
emulator vendor's debugger doesn't run 
on the chosen platform, it's possible to 
add a workstation as an emulator "ap­
plication server." 

Steve Dearden, director of product marketing, Applied Microsystems, Redmond, WA 
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who's doing operating system devel­
opment ne -d one." Hughes Air­
craft, a manufacturer of display sys­
tems for air defense and air traffic 
control, ha used emulators from 
Embedded Performance (Santa 
Clara, CA) to develop a graphics 
generator card based on the 29050 
RISC processor from Advanced 
Micro Devices (Sunnyvale, CA). 

In general, Rold feels that emula­
tors are a necessity for solving cer­
tain hardware problems. "There are 
cases where there 's a hardware 
problem that you can 
only induce through the 
CPU," he says. "This in­
cludes getting some­
thing simple to work, 
such as downloading 
code to RAM and having 
it execute. With an emu­
lator it's much easier to 
just code in a loop and 
let the emulator run 
some routine that 's 
causing your hardware 
to be exercised in a way 
that will make it fail." 
When Hughes designers 
had a memory problem 
on a card, they found the 
built-in memory test of 
the EPI emulator very 
useful. 

a part at a later stage of design, 
when software performance analy­
sis is taking place. 

Most full-featured 32-bit emula­
tors have the ability to do histo­
grams and performance analysis on 
running software. You can deter­
mine how much time is spent in each 
module, how long it takes to process 
the data from a partition and other 
factors that reveal how many clock 
cycles are used for actions per­
formed by software. 

While such quality measures as 

processor-based designs. While such 
projects require more code develop­
ment, 80 percent of their software 
must only interact with other parts 
of the software, since most complex 
embedded systems use a layered 
approach that isolates one part of 
the code from another. The remain­
ing 10 to 20 percent of the software 
interfaces with the h ardware, and 
is normally the only code facing 
complex time -domain problems. 
Developing this lowest layer of 
hardware-interactive code is the job 

of the emulator. For the 
rest of the code, software 
designers usually opt for a 
lower-cost tool such as an 
in struction-set simulator, 
ROM monitor/debugger or 
Ap plied Microsystems' 
Codetap. 

Although designers at 
Hughes Aircraft typically 
use emulators, they've 
also found that simpler 
solutions may suffice, 
especially when several 
software engineers are 
working on a project. 
''We've done a lot of work 
in which we've put an op­

One reason emulators are such a strain on engineering budgets 
is that every processor requires a separate emulator---€ven proc­
essors of the same family. To address this situation, Hewlett­
Packard offers a modular approach with its 64700 emulator se­
ries. The 64700's basic frame has a host processor, power 

ROM monitors, unlike 
emulators, connect directly 
into t he system being de­
bugged. This means that if 
the target system crashes, 
t he ROM monitor crashes 
along with it. Both Micro­
tec Research (Santa Clara, 
CA) an d Intermetrics 
(Cambridge, MA) offer 
ROM monitor/debuggers 
that use their own symbolic 
debuggers as a front end. 
One key difference be­
tween the two debuggers is 
that the Microtec monitor 
can only be accessed via the 
host computer. The Inter­
metrics product, by con­
trast, provides the option of 
debugging directly on the 
target system. This lets you 

supply, communication channel, LAN, and backplane. You can 
add modules such as a logic analyzer, target debug module for 
the 68020 or real-time software performance analysis capabil­
ity. When you decide to upgrade to a 68030, you need only add 
a new target module and probe. 

erating system such as VxWorks on 
a Motorola MVME147 VME card, 
and then we don't use an emulator 
at all. Instead, we use software de­
bugging provided by the operating 
system. That's a much cleaner envi­
ronment to develop software in. On 
the other hand, using an emulator 
requires a fair amount of hardware 
knowledge. I'd fear throwing a com­
puter science major at that kind of 
work," Rold says. 

I Honing your code 
The place for emulators is on the 
desks of key system integration en­
gineers, but there's more than one 
time in the de ign cycle to make use 
of emulation . In addition to its roles 
in the software development and 
h ardware/software integration 
phases of a proj ct, emulation plays 

software performance analysis are 
routine for military designers such 
as those at Hughes Aircraft, using it 
is also a good habit for any designer 
on a project in which speed makes a 
difference. "In a real-time graphics 
system, it's no good if you press a 
button and it takes two minutes for 
a display to update," says Rold. "An 
emulator is really essential there. It 
provides a real close look at how 
your code's executing. An emulator 
lets you examine the assembly code 
that your C compiler generated. 
Then you can tweak your C code to 
make the assembly code come out 
better." 

I Emulators not always needed 
There's no doubt that software engi­
neers now outnumber hardware en­
gineers in creating 32-bit micro-

rule out bugs due to delays 
along the host-to-target interface. 
(For a discussion of ROM monitors 
see "Using ROM monitors for debug­
ging 32-bit applications," p.104.) 

Applied's Jensen describes his 
company's Codetap as a very wa­
tered-down emulator. It takes all the 
complexity out of the emulator-ev­
erything expensive, such as wide, 
deep trace buffering, the large num­
ber of signals needed to support 
trace, and conditional events that 
don't interfere with the clock rate. 
The advantage of Codetap over 
ROM monitors is that it provides 
hardware monitoring that a soft­
ware monitor couldn't see. Unlike 
ROM monitors, Codetap brings its 
own resources into the game. You 
don't have to bind to your target 
system before you have a debugging 
tool. 
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Most software engineers don't 
need a full-blown emulator because 
they seldom need to run their code 
on the target system. When a prob­
lem is found whose solution isn't 
apparent from looking at the code, 
however, it's useful to move over to 
an emulator. To ease the transition, 
EPI has developed a small kernel 
that can be linked into your soft­
ware, letting you interface the tar­
get board to the host computer and its 
debuggers. EPI calls this target-resi­
dent kernel an RSS (remote server 
software debug kernel) module. 

"With t h is kernel, about 15 

kilobytes of code actually get linked 
in the target," says EPI president 
Norbert Laengrich. "Of that, a little 
less than five kilobytes is the com­
munications part of the code. If 
you're doing a complete custom in­
terface to your board, you only have 
to touch five kilobytes of code to port 
it over to your board. So you're now 
dealing with a minimal amount of 
control software done at the target 
level, and all your debug power is up 
at the host level." Because the ker­
nel is relatively small, porting it to 
the target system is fairly easy. In 
contrast, target-resident moni­
tor/debuggers are at least 300 
kbytes in size, and can take months 
to port in some cases. 

I Advantages of networking 
As the larger teams required for 32-
bit designs proliferate, the need for 
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a networked tool becomes critical. 
Quite often the person who's doing 
the code integration isn't the person 
who actually wrote the code. In fact, 
it's more than likely that he or she 
didn't write it, since typically the 
person doing the integration is a 
senior-level system engineer with 
more overall project responsibility 
than someone who's writing soft­
ware modules. 

A team member with a problem 
doesn't want to be physically re­
stricted to a single location, because 
quite often he or she must travel to 
find out what's going on with a par-

EPI president 
Norbert laengrich 
(standing) feels 
that it's important 
to provide a com­
prehensive set of 
tools to address 
the needs of the 
design team at 
each stage of the 
design cycle. To 
let software engi­
neers start their 
work earlier in 
the cycle, for ex­
ample, laengrich 
suggests using 
tools such as 
instruction-set 
simulators or 
target-resident 
kernels instead of 
full-featured 
emulators. 

ticular piece of code. "When an engi­
neer discovers that he's got some 
kind of problem in a certain area of 
the application, he'd like to be able 
to walk over to the guy's cubicle who 
wrote it [the code] and say, 'Let me 
show you what's going wrong and 
what I think is happening with your 
piece of code,' " says Steve Dearden, 
director of product marketing at Ap­
plied Microsystems. "That's not pos­
sible if he's got to physically move 
the target system and emulator to 
that location. But if you've got a 
networked emulator, then you just 
mount it like it was a printer some­
where off on the network-but you 
can do it from wherever you log into 
the network. That's probably the 
largest single advantage that net­
working emulators brings." 

Networking emulators brings a 
number of other benefits as well. A 

good impl n1111 nLa tion means that 
your dow11 lo:1d i ng speed::; are consid­
erably hi !{litn• than they would be 
with a on t1(1dor Auch as the RS-232. 
That's CA pc• •iu 11 y Hignificant with 32-
bit applic-11Lion s , because you're 
moving lurgc nrnounts of application 
code front your development envi­
ronment, down into the debug envi­
ronment. <l"or a discussion of net­
worked e mula tors , see "Networking 
in-circuit emu lators'', p.95.) 

According to Dearden, all of his 
workstation-based customers using 
Applied's EL3200 emulator ask for 
an Ethernet interface. More and 
more design r s are asking for Ether­
net on the personal computer as 
well. Dearden adds , "A lot of people 
have got a distributed file setup, 
where they have a Sun file -server 
somewhere but they can't afford to 
or they don't want to buy everyone 
a Sun workstation for their desks. 
So they've got PCs intermixed with 
Sun workstations and VAXs. With 
the exception of the PC, I'd say 95 
percent plus go with an Ethernet 
interface." 

I Cutting download time 
The three most common types of 
interfaces available on emulators 
are the RS-232, SCSI and Ethernet. 
The SCSI interface is useful for 
those who want to work in a very 
localized environment. SCSI is also 
fast. "Operating at disk-drive 
speeds, SCSI is probably the fastest 
way to go," says Dearden. "On paper 
it's faster than Ethernet. And with 
exactly the same application com­
municating across RS-232, down­
loading exactly the same piece of 
code into the target system, it can 
take something like 30 times longer 
over RS-232 than over SCSI." 

When debugging a complex 32-bit 
embedded application, download 
time is critica l. It's fairly common for 
the code to bomb and completely 
obliterate its If. So, if you're forced 
to do a download because you've en­
countered a problem that requires 
you to rest.or the image and restart, 
the diffi r •n '• b tween five minutes 
and 10 s condR i critical. 

A designvr of LAN systems, who 
preferr cl to r main anonymous, 
agreed thnt th rate at which an 
emulator cnn download code is a big 
issue. Uf4 ing 11n mulator from EPI, 
downloadH L11nk tens of minutes, he 
says. "AL l.!111 ( rtl.L the EPI emulator 
is ace pluhlt•. hut not outstanding." 

In g •1w1·11J , hough , the anony­
mou c ll> 11i~t 1wr considers EPI's 



The integration of emulators with source-level debuggers 

W hether an 
emulator manufac­
turer writes its own 
source-level debug­
ger or ports an ex­
isting debugger to 
its emulators, deci­
sions must be 
made on the depth 

of integration required between the 
two. The requirements for debugging 
software in an embedded system envi­
ronment are often different from those 
found in other environments. The sys­
tem under development is typically very 
hardware-intensive, and so the devel­
oper requires all the typical debugger 
features plus error-handling capabilities 
associated with hardware and access to 
the powerful features of the emulator. 

The specific areas that you need to 
address are: 

1. Hardware faults in the embedded 
system, 

2. Software problems that prevent 
normal operation of the processor-for 
example, a double-bus fault or proces­
sor halt, and 

3. Access to emulator features. 
Problems with embedded hardware 

can range from design problems in new 
systems to improper software that puts 
the hardware in an invalid state. Two 
common hardware problems are input 
signals that are not properly terminated 
and lack of a processor clock signal. 
Another common problem is a chip fail­
ure that activates a critical input-for ex­
ample, if the reset, halt or bus grant sig­
nals are improperly held active, the 
processor will not be able to function 
properly. If the interface software can 
accept error messages from the emula­
tor, then these conditions are very 
quickly resolved with a minimum of 
downtime. 

Probably the most common problem 
is software that generates a hardware 

fault condition . On a 68000 system, it's 
very common for the hardware to gener­
ate a DTACK signal for only the va lid 
memory in the system. If the software 
tries to access memory that's not valid­
with an invalid pointer, for example-no 
DTACK will be generated, and the 
68000 processor will go into an infinite 
wait state. 

Then there's the all-too-common soft­
ware that "goes off in the weeds." This 
can result in accesses to invalid memory 
or in the processor going into a halt con­
dition. Properly-designed interface soft­
ware will detect these conditions and let 
you access the trace buffer to show 
where the coding errors occurred. 

It's very common in embedded sys­
tem development to require continuous 
processor emulation. In a multiprocessor 
environment, the system could crash if 
one of the processors were to stop exe­
cuting code; at best, it could require a 
lengthy resynchronization of the proces­
sors. If the processor is controlling a 
high-speed tape system or an automo­
bile braking system, then stopping the 
processor could result in physical dam­
age to the system under development. 
In any system of this type, it becomes 
important to trace user code while the 
processor continues emulating. Most 
emulation systems permit access to the 
trace buffer under these conditions, but 
the important consideration is that the 
trace must be displayed with the high­
level language source code and you 
must set trigger conditions at the same 
level. 

I Escaping from the weeds 
If the software "goes into the weeds," 
the processor may continue to execute 
indefinitely in invalid memory space. 
Breakpoints are very difficult to use in 
this case, since a trace history typically 
shows invalid code executions, not 
what error actually caused the problem. 

Charles W. Davis, president of Huntsville Microsystems, Huntsville, AL 

de bug support very strong. "The one 
EPI emulator we've used has been 
really useful, and provides quite 
a bit of hardware debug support," 
he says. "It provides all the pro­
cessor pin signals in the trace. 
There have been some cases 
where we've had some hardware 
problems and we've been able to 

get clues by looking at the emulator's 
trace, without attaching a logic ana­
lyzer to the system." 

The LAN designer also liked the 
way in which breakpoints are imple­
mented on the EPI emulator. "Some 
emulators do breakpoints by putting 
a HALT instruction temporarily at 
the location. That's not really a good 

One solution is to trigger the emulator's 
trace buffer on a piece of code known 
to be good and position the trigger 
point near the beginning of the buffer. 
This lets you work your way through 
good code until the bug is discovered. 
Setting the trigger could require pass 
counters, sequentia l triggering, address 
range definitions, or setting trigger 
points on lines of source code. These 
emulator features should be available 
from the debugger's operating environ­
ment, so that you can move easi ly be­
tween source code features and emula­
tor features. 

Interrupts, direct memory access oper­
ations and critical 1/0 timing provide sim­
ilar complexity for embedded system 
programmers. These hardware-intensive 
operations require the real-time features 
of the emulator. 

I Working together 
The key to all this is the level to which 
the debugger was written or modified 
to work with an emulator. A debugger 
written for a personal computer will not 
typically have the features discussed. 
Such debuggers may integrate well with 
compiler output files and display varia­
bles, and may set simple address break­
points and single-steps and offer good 
solutions for developing code for a PC. 
When an embedded system is devel­
oped using a high-level language, 
though, all these features, in addition to 
the ones discussed earlier, are needed. If 
the debugger is simply ported to the 
emulator to provide the same capability 
found on the PC, then the user is miss­
ing the tremendous time-saving fea­
tures built into the emulator. 

Source-level debuggers and in-circuit 
emulators, then, provide very powerful 
features that, if properly integrated, can 
give the embedded system developer an 
effective tool to speed the development 
of hardware and software. 

solution. In my embedded system, 
I'm frequently getting a new copy of 
code over the network into my de­
vice, but the emulator 's unaware of 
this. So, if the emulator used the 
HALT instruction method, that 
HALT would get overwritten and 
the breakpoint would never be seen. 
The EPI emulator has hardware to 
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I DEBUGGING 32-BIT PROCESSORS 

support breakpoints without alter­
ing the code." 

I Simulation option 
Once they've finished writing their 
code, software engineers often 
want to execute it in a controlled 
environment prior to physically in­
stalling it in the hardware-and 
that environment is typically a 
simulator. The problem with the 
average simulator available for 32-
bi t processors is that it's con­
structed to be a logic or an archi­
tectural simulator designed to 

With this in mind, EPI created an 
instruction-set simulator that can 
run over 10,000 instructions/s under 
simulation. "It's sort oflike running 
under real-time except that it's a 
simulation," says EPI's Laengrich. 
"This lets designers functionally 
debug their code prior to getting into 
the real world, so that when they do 
they can be assured that the code is 
functionally correct." Other errors 
that crop up can then be assumed to 
be either timing or integration prob­
lems, as opposed to functional errors 
in the C code. 

TMS320C40 parallel DSP 
analysis module 
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Because many of their operations are invisible to the outside world, devices such as 
Texas Instruments ' TMS320C40, a 32-bit floating-point DSP, are particularly difficult 
to emulate. To address this problem, Tl includes emulation circuitry on the chip itself 
in the form of an analysis module. Accessed via the chip's JTAG test interface, this 
analysis module includes separate breakpoint comparators for program access and 
program discontinuity, trace stack capability and an event counter. Thanks to the 
TMS320C40's on-chip emulation support, Tl was able t o build the XDS 510 emulator, 
which lets you debug an unlimi ted number of TMS320C20s running in parallel. 

define the characteristics of a par- The decision as to whether or not 
ticular hardware architecture. to buy an emulator becomes clear­
While a tool such as this is useful cut in the realm of multiprocessing; 
to a hardware engineer who wants you generally don't. With the excep­
to test how a design will perform tion of a few digital signal process­
with a given memory architecture, ing emulators, no true emulation 
there is little utility for the soft- systems yet exist that can handle 
ware engineer because the simula- several processors at once. None of 
tor executes code much too slowly. the emulator vendors are even con­
Furthermore, it doesn't lend itself to sidering such a product; they have 
doing source-level debugging in a their hands full just trying to keep 
high-level language. up with one speedy 32-bit proces-
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sor at a time. The only option for 
now is to use several emulators 
linked together. 

I Ten processors, ten emulators? 

For John Wakerly, vice-president of 
engineering at Alantec (Fremont, 
CA), a maker of high-performance, 
internetworked bridge routers, em­
ulators were out of the question. 
Alantec's router ties together multi­
ple Ethernets and FDDI (Fiber Dis­
tributed Data Interface) rings. The 
system has 12 Ethernet ports and is 
controlled with two R3052 proces­
sors. The company is currently 
working on an FDDI board that has 
two processors. "The designs that we 
do are multiple-microprocessor dis­
tributed systems," says Wakerly. 
"Not only do I have to plan out the 
system architecture, but I also have 
to plan out the budget. I'll be 
damned if I'm going to buy 10 emu­
lators to fully debug a product that 
has 10 processors on it. Even if we 
had the emulators, it would be diffi­
cult physically to connect emulators 
to the processor in our system." 

No doubt if Alantec's design had 
only one processor, Wakerly still 
wouldn't use an emulator. While he 
wouldn't quite call himself an oppo­
nent of emulation, he believes that 
simple but solid hardware design, 
combined with normal software de­
bugging tools that can do break­
pointing and single stepping, are all 
that's really needed. 

To debug its own system, Alantec 
designers used a ROM monitor/de­
bugger from IDT (Santa Clara, CA). 
The IDT debugger can set break­
points symbolically and can also look 
at the contents ofregisters and stacks. 
Although it requires a serial port to 
operate, Alantec has simply used a 
spare RS-232 on its target system. 
"Sure, you could use an emulator as a 
way of tracing your code and finding 
out what's going on, but I find the 
old-fashioned techniques of using a 
symbolic debugger and putting check­
points in your code works quite well," 
says Wakerly. "I think the only place 
for an emulator is where you have a 
process that really can't be slowed 
down by debug code, or where using 
a debugger of any kind would blow 
away the system you're trying to con­
trol-where you're controlling a step­
per motor or something." 

Wakerly, who also teaches at 
Stanford University, has been on a 
crusade to convince his students to 
design code with debugging in mind. 
''You have to instrument your code 
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I DEBUGGING 32-BIT PROCESSORS 

Using ROM monitors for debugging 32-bit applications 

T raditionally, em­
bedded system de­
velopers have de­
bugged their 32-bit 
applications using 
source-level debug­
gers connected to 
in-circuit emulators. 
As the operating 

speeds of these processors increase, 
though, so do the cost and complexity 
of the emulators for them. In the inter­
est of limiting costs while providing a 
larger number of debugging stations, 
developers are connecting their source­
level debuggers to a combination of in­
circuit emulators and ROM monitors to 
integrate and test their systems. Source­
level debuggers which use the same 
user interface for both ROM monitor 
and emulator versions facilitate this 
strategy. 

I Manufacturing restrictions 
There are several manufacturing issues 
which affect the availability of emula­
tors for newer processors. One of these 
is the length of the cable which con­
nects an emulator to the microprocessor 
socket on the target board. Faster proc­
essors require that this cable be very 
short if the emulator is to provide full­
speed emulation of the target chip . A 
ROM monitor, by contrast, is software­
installed in EPROMs on the target 
board . It can easily run a user's applica­
tion at full speed because it uses the 
target microprocessor directly. 

Another physical problem for emula­
tors is with surface-mounted proces­
sors which might not be compatible 
with an emulator's probe tip. A ROM 
monitor is not concerned with the 
physical pinout of the processor; all it 
requires besides a RAM work area is a 
serial interface to a terminal or a 
source-leve l debugger. 

Because they are not subject to 
some of these physical constraints, 
ROM monitors are frequently available 
before emulators for newer proces­
sors, particularly in the 32-bit world . 
Because monitors are supp lied as soft­
ware, their manufacturing cost is low. 
In fact, the cost of a ROM monitor can 
be 1/10 to 11.10 that of an emulator. 
Another advantage of having a debug­
ger in software form is that a devel­
oper can leave the ROM monitor code 

on the board in the final shipped appli­
cation and can then debug the product 
in the field. 

I Sharing the CPU is limiting 
Compared with an in-circuit emulator, a 
ROM monitor's biggest limitation is that 
it must share a single CPU with the 
user's application program. Unlike an 
emulator, a ROM monitor doesn't have 
an auxiliary processor transparently ob­
serving bus activity. An emulator uses 
this auxiliary processor to accumulate in­
struction traces and to implement break­
points on data locations without stop­
ping the target processor. 

Some ROM monitors support instruc­
tion tracing and data breakpoint simula­
tion by accessing the traced execution 
mode supported by many processors. In 
the tracing mode of execution-acti­
vated by setting a bit in the status or 
flags register-the processor executes a 
single instruction and then control 
passes automatically to a trace excep­

ROM monitors 
are frequently 

available 
before emula­
tors for newer 

processors. 

111 

tion handler. The 
trace exception han­
dler can store into 
RAM the current 
program counter 
address after each 
instruction to accu­
mulate a trace 
buffer. 

Because it's not 
efficient to execute the entire applica­
tion in this trace mode, ROM monitors 
let you enable and disable tracing at dif­
ferent code breakpoints. This lets the ap­
plication run in real-time for a greater 
percentage of the program. It also 
makes the most efficient use of the 
monitor's limited RAM trace buffer by ig­
noring routines you know work correctly. 

The trace exception handler can also 
compare the contents of a particular 
memory location with a specified va lue, 
effectively simulating some kinds of 
data breakpoints. Because this method 
doesn't rely on external data bus activ­
ity, it can be used to break on changes 
to a register value-a feature not sup­
ported by emulators. 

A third use of the trace exception is 
to implement ROM code breakpoints. 
Traditionally, ROM monitors implement 
RAM code breakpoints by substituting 
the instruction's opcode with a TRAP in­
struction. This approach won't work 

when the instruction is in read-only 
memory. To implement ROM code 
breakpoints, the ROM monitor checks 
after every instruction to see whether 
the next instruction's address is in a list 
of ROM code breakpoints. This list of 
breakpoints is maintained in RAM . 

I Compensating capabilities 
Although some ROM monitor functions 
temporarily suspend real-time execu­
tion, they can compensate for this short­
coming by offering some capabilities 
not normally available with emulators. 
Tracking changes made to registers is 
one example of such a capability. 
Another is the capability to provide 
more detailed instruction traces. Instruc­
tion tracing sacrifices real-time execu­
tion, but some monitors use the trace 
exception handler mechanism to save 
even more information than just pro­
gram counter addresses. By doing this, 
they can produce an instruction trace 
which also shows the effect of each in­
struction on memory. 

Unlike emu lators, ROM monitors 
don't contain overlay RAM to be used 
in place of target memory. This overlay 
memory can be useful in debugging ap­
plications before target hardware is sta­
ble . In these cases, developers can use a 
ROM monitor in conjunction with a de­
velopment board system, such as a Mo­
torola EVS board. These boards offer 
RAM which can hold a downloaded ap­
plication . Later in the development cy­
cle, when you begin to use the actual 
product board instead of the develop­
ment board, you can reconfigure the 
ROM monitor to work on the new 
board. 

ROM monitors and emu lators offer 
somewhat different capabilities at signif­
icantly different price levels. Emulators 
are most valuable for their ability to 
debug programs in the absence of any 
target hardware, or to detect certain 
kinds of real-time performance bugs. 
ROM monitors can be used for the rest 
of a project's algorithmic debugging, 
even after it has been shipped. Using a 
source-level debugger which has the 
same user interface for both target envi­
ronments greatly simplifies the transi­
tion in using these two debugging 
tools. The end result is that a develop­
ment team can make the most efficient 
use of its time and budget. 

Andy Lantz, senior marketing engineer, Intermetrics Microsystems Software, Cambridge, MA 
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I DEBUGGING 32-BIT PROCESSORS 

for debugging to begin with," he 
says. "That's better than sticking on 
a contraption afterwards as kind of 
an afterthought. Certainly as we go 
to more multiprocessor systems, em­
ulation becomes more and more im­
practical. Even if you had 10 emula­
tors for 10 processors, you would 
still have the problem that interac­
tions between multiple processes 
and multiple processors are very 
complex. And the debug hooks have 
to be thought out and hooked in from 
the beginning. There's just no way 
to capture the sequence of events as 
it occurs on multiple processors." 

I Designing in emulation hooks 
While Wakerly's skepticism about 
emulating multiple processor sys­
tems may be well founded, emu­
lating parallel processing is a real­
ity today. Devices such as the 
TMS320C40 from Texas Instru­
ments (Dallas , TX), a 32-bit floating­
point DSP, is particularly difficult to 
emulate because there's so much 
inside it that's essentially invisi­
ble to the outside world. On the 
TMS320C40, you can do two data 
memory accesses every clock cycle, 
have program access, perform a 
multiply-add , and read COM 
ports-all without anything hap­
pening on the external pins, other 
than power and clock activity. 

Faced with this problem, TI had 
no hope of providing any debug ca­
pability for the TMS320C40, unless 
the company put hooks for emula­
tion on the chip itself. These hooks 
include a JTAG interface and an 
on-chip analysis module. "It's like a 
scope into the chip, if you will , where 
the JTAG gives us a very good, ac­
cepted, industry-standard method 
of talking to the chip," says Ray 
Simar, a senior member of the tech­
nical staff at TI. "And, emce inside 
the chip, we have an analysis mod­
ule that monitors internal hardware 
breakpoints and the program stack, 
does a traceback and counts events." 

The TMS320C40 has another 
problem that isn't an issue with 
most other microprocessors. Since 
the chip was designed for parallel 
systems, TI needed to provide a 
debugging strategy that was scala­
ble for any number of processors. 
The JTAG port came to the rescue 
again. "You can have any number 
of JTAG devices in a system. They 
can be hooked up over a JTAG, and 
we took advantage of that ," says 
Simar. "So, designers can get the 
double benefit of JTAG for both 

106 MARCH 1992 COMPUTER DESIGN 

emulation and test. But, JTAG is 
really just a window into the device. 
It's the analysis module that makes 
emulation possible." By putting em­
bedded emulation circuitry on the 
device itself, TI was able to success­
fully build a parallel processing em­
ulator/debugger system. 

I Build or buy? 
With the price of emulators on the 
rise, it's tempting to assign one of 
your engineers to build your own, 
especially ifthe engineer has a fairly 
deep knowledge of the processor in 
question. But building emulators for 
32-bit processors can be a million­
dollar effort. Still, what if there's no 
emulator available for the processor 
you're using, and you can't design 
without one? 

Even in this situation, Applied's 
Jensen approaches the problem 
with caution. "The problem with 
building your own is that you're 
throwing yourself in the critical 
path, because now you're building a 
tool that everyone else is depending 
on. You have to maintain it. If that 
engineer worked a whole year on the 
emulator, it cost you $100,000 fully 
absorbed-lights, power, capital 
equipment, everything else-to 
keep him employed for that year. At 
10 times what that engineer is paid 
and what he absorbs, your company 
probably runs at about breakeven. 
Therefore, it cost your company a 
million dollars to spend that 
$100,000, because that engineer 
had no leverage. The only leverage 
he had was cost-avoidance for capi­
tal equipment." • 

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. 

Advanced Micro Devices 
(408) 732-2400 .. Circle 242 
Applied Microsystems 
(206) 882-2000 .. Circle 243 
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(408) 980-8833 ...... Circle 244 
Hewlett-Packard 
(800) 447-3282 ................ Circle 245 
Huntsville Microsystems 
(205) 881-6005 ................ Circle 246 
IDT 
(408) 944-0114 ....... Circle 247 
Intel 
(800) 548-4725 Circle 248 
Intermetrics Microsystems Software 
(6 17) 661-0072 Circle 249 
Microtec Research 
(408) 980-1300 .... Circle 250 
Step Engineering 
(408) 733-7837 ........ Circle 251 
Texas Instruments 
(800) 336-5236 ext. 700 .......... Circle 252 

T Tnless your design team is 
V blessed with an unlimil •d bud­

get, it behooves you to select your 
debug and development tools wisely. 
If your 32-bit microprocessor-based 
embedded system design isn 't prone 
to complex time-domain problems, 
then consider a low-cost solution 
such as a Codetap or a R OM moni­
tor I debugger. I f your 32-bit system 
runs in real-time and has a large 
software component, however; invest 
in emulators--at least for your key 
system integration engineers. A good 
emulator should offer not only hard­
ware breakpoints and extensive trace 
buffering, but should emulate the 
processor exactly. 

At $25,000 and up, who can afford 
to put an emulator on every engi­
neer's desk? If your team is particu­
larly large, you might consider 
networking your emulators and 
workstations over Ethernet. This 
will not only help coordinate the in­
tricate software I hardware integra­
tion process, but also avoids time 
wasted downloading code over serial 
cables. What's more, most of your 
software developers can stay in the 
comfortable (and productive) world 
of Unix workstations, where they can 
use inexpensive tools like instruc­
tion-set simulators or target-resident 
kernels. 

Avoid vendors that only sell the 
emulator and not the support that 
goes with it. I've heard from users 
both accolades for tool vendors that 
provide thorough support and horror 
stories about designers who bought 
expensive emulators and were then 
left to fend for themselves. I f an em­
ulator vendor doesn't offer effective 
support, perhaps the vendor doesn't 
know enough about embedded sys­
tems to develop a decent emulator in 

thefi~l~ 



USING VHDL IN SYSTEM DESIGN, 

TEST, AND MANUFACTURING 

May 3 - 6, 1992 
The Registry Resort 
Scottsdale, Arizona 

VHDL 
International Users' Forum 

For brochure, call 

Conference Management Services 
407 Chester Street 

+ Spring Conference + Menlo Park, CA 94025 

1-800-445-2550 

The Conference 
The Conference provides a comprehensvie update of 

international, university, government and industry VHDL­
related efforts. An outstanding program supports a mix of 
introductory I survey and advanced/ detailed information 
for the novice and expert, as well as the business and engi­
neering professional. 

By attending the conference you will get expert advice on 
using VHDL while exploring the broad scope of VHDL and 
VHDL activities. This is your opportunity to become up to 
date on VHDL-the standard worldwide language for the 
design and description of electronic systems. 

The Technical Program 
The program offers twelve sessions focussing on innova­

tive efforts in advancing our present ability to understand 
and use VHDL for system design, test, and manufacturing. 
Papers covering leading university research, product devel­
opment and user experiences are offered by leading profes­
sionals in the field and include the following topics: Synthesis, 
Acceleration Techniques, Analog and Back Annotation, and 
the Use of VHDL in the Design of ASICs and FPGAs. 

The program also features a panel discussion on Japanese 
and European VHDL activities. Representatives from recent 
European and Japanese VHDL conferences will present 
highlights of outstanding papers presented at each confer­
ence as well as report on their efforts in the support of VHDL. 

The Tutorials 
Four tutorials are offered and feature topics for both 

advanced and novice VHDL users. A full day introductory 
course of VHDL is tailored to teach the various aspects of the 
VHDL language to a beginner, with emphasis on the usage of 
the language and the various styles of descriptions. Three 
other half-day tutorials feature advanced topics on the im­
pact of the 1992 revalidization effort, the proper use of 
register and bus signals, and selecting the proper synthesis 
tools for higher level design quality and productivity. 

The Supplier Suites 
New to the Spring Conference is the addition of supplier 

hospitality I demonstration suites. These informal suites offer at­
tendees the opportunity of gaining hands-on experience 
with sta te of the art products from leading vendors. The 
suites are offered in conjunction with the program, and time 
has been allotted to allow attendees to visit suites without 
missing any of the technical program. 

The Location 
The conference will be held at The Registry Resort in 

Scottsdale, Arizona. The Registry is located in the heart of the 
desert Southwest, just 25 minutes from the Phoenix Sky 
Harbor International Airport, and offers 4 swimming pools, 
two 18-hole championship golf courses, 21 lighted tennis 
courts, volleyball, exercise facilities, and a full health club. 
Other leisure activities available in the vicinity include jeep 
tours, trail rides, rafting and tubing, Grand Canyon air tours, 
panning for gold, hot air ballooning and much more. 

The Sponsor 
The VHDL International Users' Forum Spring Confer­

ence is sponsored by VHDL International, a non-profit orga­
nization founded to cooperatively and proactively promote 
the use of VHDL. 

+ Full proceedings 
+ Awards banquet 
+ Panels & discussions 
+ Keynote address 
+ Supplier suites 
+ Discount for early registration 
+ Recreational activities available 
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'030 UO Bus 

Taurus Dual Bus Architecture 

The Taurus is a dual-processor and dual­
bus single slot 6U VME board. Its dual-bus 
architecture allows the 68040 to execute 
code uninterrupted while the '030 
processes all on-board 1/0. This optimizes 
the 68040's performance. Writing code 
for the Taurus is very straightforward. 
The '030 can act as an 1/0 processor, 
communicating with the 68040 using 
control blocks. The '030 can also be used 
as a OMA controller with direct control of all 

Perfor- 6B040: 22 MIPS, '030: 10 MIPS, 
mance VME: BOMB/sec, VSBt: BOMB/sec 

lntelli- Ethernet: iB2596CAt, 
gent 1/0 SCSI: NCR53C710t, 

4 RS232D: CD2401 

Standard 2 RS232D: 6B681 DUART, 
1/0 32 Lines Parallel 1/0 , or 16 w/ 

Centronics Printer Port 

Memory 4MB to 256MBt DRAM, 
512KB SAAM, BKB NVRAM, 
1 MB FPROM, 4MB EPROM 

Other VSBt, VME64t, Watchdog, 
Calendar Clock, Mailbox, 
(6) 16-bit Timers, Snooping, 
Advanced Omnimodule Socket 

Software VxWorks1, OS-92, UNIX3 
VRTX4, CrossCodeC, FreeFormS 
C EXECUTIVES, OMNlbug 

t Denotes optional features. 

on-board devices by the 68040. The '030 
uses the 512KB of SAAM and the 128KB of 
code provided by Omnibyte in EPROM. 

Extensive use is made of intelligent, on-chip 
OMA devices for Ethernet, SCSI and serial 
1/0 minimizing processor intervention. 
DRAM is contained on up to 2 stackable 
modules allowing upgradable options from 
4-256MB. 

Additional custom 1/0 is provided by 
several stackable Advanced Omnimodules. 
The Taurus can accept up to 1 of each type 
of module and still fit into a single slot. 

To learn more contact Larry Snow: 

800-638-5022 
708-231-6880 in IL 

© 19920MNIBYTECORP. 

O~Ot'NIBYfE™ Corporation, 245 W. Roosevelt Rd., West Chicago, IL 60185 
Trademarks: 1-Wind Rrver Systems, 2-Microwave Systems Corp., 3·AT&T, 4-Aeady Systems, 5-Soltware Dev9lopment Systems Inc., 6-JMI Software c.onsuttants lnc., ·01 price, some of the features above areopticnal & available at added cost i.e. Ethernet +$l2S, SCSI +$l50 
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DESIGN STRATEGIES: INDUSTRIAL CONTROL 

Divide and conquer 
strategy for New York's 

traffic control system 

Bob Rausch, JHK associate vice-president and project leader for New York City's new Vehicular 
Traffic Control System (standing next to far right cabinet), with several of Heurikon's design and 
support personnel. 

D epending on how you look at it, the task of modernizing New York City's traffic 
light control system could be called system integrator heaven-or hell. The design team 
at JHK & Associates (Norcross, GA) faced the massive challenge of building a system 
to manage traffic lights at up to 12,000 intersections throughout Manhattan and the 
remainder of the city. Now in its initial stage of installation, this phase of New York's 
Vehicular Traffic Control System (VTCS) implementation is a major step in a $50 
million project to computerize the city's traffic signals. The system's design and 
development has taken three years to complete. 

According to Bob Rausch, VTCS project leader and associate vice-president of JHK, 
the work required extensive use of standard, off-the-shelf VME-based CPU boards, 
custom VME I/O cards and a gargantuan number of peripheral devices, including power 
supplies, disk drives and modems. At the heart of the system are 18 area computers, 
each containing 10 to 12 68030-based VME boards. Each board in the system runs a 
real-time operating system-except for one in each area computer that runs Unix. 

I Out with the old, in with the new 
New York's current traffic control system is based on 10 IBM 1800 computers connected 
to an IBM 4341 mainframe. A workhorse process-control machine of the late 1960s, the 
IBM 1800 was built before the widespread use of microprocessors and high-density ICs. 
The system, installed in the early 1970s, currently manages lights at 3,250 intersections. 
The broad goals of the new design include replacing this outdated equipment (which is 

Jeffrey Child, Associate Editor 

COMPUTER DESIGN MARCH 1992 109 



I DESIGN STRATEGIES: INDUSTRIAL CONTROL 

too expensive to maintain with cur­
rent technology), connecting Man­
hattan into the system to improve 
traffic flow and decrease pollutants 
and allowing for future expansion. 

Armed with a wealth of experi­
ence designing traffic control sys­
tems, Rausch and his team had a 
good grasp of the elements needed 
to make the design a success. Fun­
damentally these elements included 
relying on an open bus architecture, 
using an integrated real-time oper­
ating system and following a "divide 

and conquer" strategy to allocate de­
sign resources for the project. 

I Pushing VME to the limit 
According to Rausch, VME was cho­
sen as the bus architecture for the 
project because it was the only es­
tablished open-system bus. Even 
though JHK considered VME the 
only reasonable choice, its selection 
was still something of a gamble, 
since the sheer scale of the project 
would test the limits ofVME. 

"I believe we are among the first 
actually adopting a massively paral-
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lel master processor configuration in 
VME," says Rausch. At the time 
JHK began the project, others had 
put in one or perhaps two CPU cards 
in a system, along with several 1/0 
and support boards, but JHK was 
putting 10, 12 and 14 processor 
boards in and expecting them to run 
independently and be able to take 
over the bus. 

Other reasons for adopting VME 
were its reliability and the desire to 
get away from proprietary custom 
systems. ''VME is reliable enough 

Replacing huge 
IBM mainframes 
stretching from 
wall to wall, the 
new traffic control 
system uses 
several racks with 
multiple VME 
boards and redun-

- dant power sup­
plies. The cabinets 
shown here in­
clude an area com­
puter on the right 
and a digital 110 
subsystem (DIOS) 
on the left. Each 
area computer con ­
tains up to 12 
68030-based 
V30XE CPU boards 
from Heurikon. 
Each DIOS contains 
48 custom digital 
VO cards, three con­
troller boards and 
one V30XE CPU. 
The VTCS consists 
of a total of 11 
DIOSs and 18 area 
computers. 

that we could assure a minimized 
mean-time-to-repair," says Rausch. 
"The current New York system is in 
a situation where it's extremely dif­
ficult and costly to repair." 

The design team also needed to 
use Ethernet and have access to 
good development tools . Initially, 
the project looked relatively open­
ended. But it had to be designed to 
be around for decades, so JHK 
couldn't afford to base the design 
on products that didn't yet exist. 
"We knew that Futurebus and 
VME64 were coming, but I had to 

cast my decision in 1989," Rausch 
comments. 

I System longevity important 

Although Multibus II was an option, 
it didn't appear to be the best invest­
ment for the future . "In 1989 we saw 
the lifespan of Multibus II declining, 
while VME was on the rise ," says 
Rausch. VME was a growing archi­
tecture, and the number of vendors 
supporting it and the power of their 
products were ever increasing. Com­
ments Rausch, "Remember, we were 
interested in having a lot of vendors 
so I could get a low bid. It gave me 
a choice. I knew there were more 
powerful boards coming down­
RISC boards, for instance. I wanted 
a configuration that I hoped would 
provide expandability and flexibil­
ity. VME gave me an open architec­
ture and a choice of vendors , and I 
knew I could add boards as traffic 
control becomes more sophisticated. 
So, if I chose VME and I didn't fill 
the rack, then I knew that we could 
add in newer technologies later. 
Now I'm looking at adding in some 
fuzzy logic boards and high-end 
RISC machines." The new VTCS 
platform is intended to be the first 
step in developing New York City's 
Intelligent Vehicular Highway Sys­
tem (!VHS). 

Because JHK isn't a hardware 
manufacturer, but rather is a traffic 
control system-integration and ap­
plication-software development 
company, it needed to enlist a hard­
ware company to handle the design 
and procurement of all the VTCS 
hardware. Having chosen VME as 
the bus architecture for the design, 
it made sense to choose a VME 
board vendor to accomplish this­
and preferably a VME board vendor 
that could build both custom and 
standard boards, as well as select 
and procure the necessary support 
hardware, such as power supplies, 
disk drives and modems. 

JHK's Rausch spent months 
writing a detailed specification of 
the type of hardware required. He 
decided the vendor would also have 
to provide the development soft­
ware to go with the hardware. "I 
was not going to be the integrator 
for the development tools, and 
then use the tools to develop my 
own application," says Rausch. 
"We told the vendor, 'You know 
your hardware, we don't. So you 
provide us with an installed oper­
ating and development environ ­
ment and we'll use it. ' " 



In 1989, JHK put out a specifica­
tion describing the computer equip­
ment it needed. According to 
Rausch, "I went to Buscon in Oc­
tober, 1989, and I wandered around 
the floor and gave out our New York 
City design spec. We asked vendors, 
'Tell us what we don't know. Tell me 
where the system may be flawed. 
Tell us what products of yours will 
beat the competition.' Several VME 
board vendors responded to the re­
quest for proposals." 

The choice was ultimately nar­
rowed down to two bidders. 
Heurikon (Madison, WI) submitted 
the low bid and won the contract. 
The City of New York was 
Heurikon's customer, but the con­
tract management and all of the 
technical decisions were reviewed 
by JHK. Heurikon had to prove, 
through a formal testing procedure, 
that the system worked to specifica­
tion before Rausch would install it. 

I Setting out the rules 
The specification laid out general 
guidelines for the processors, estab­
lishing their basic capabilities. 
Heurikon then had to decide which 
processor board to use to meet the 
specifications, how to configure the 
rack and how to get everything into 
the rack so that it would fit into a 
restricted space. According to Jef­
frey Mattox, senior engineer at 
Heurikon and VTCS project 
manager, "We had to go to the ven­
dors of the power supplies, CRT 
monitors and disk drives, and deal 
with all the issues of procuring and 
building all the components that go 
inside the racks." 

One rack contains the digital I/O 
subsystem (DIOS), another holds 
the area computer. The existing 
equipment in New York City con­
sists of the same functional compo­
nents, DIOSs and area computers, 
but they're old IBM equipment and 
much bigger than Heurikon's. 
"We're replacing equipment that 
was five to seven times the volume 
of what we're installing,'' says 
Rausch. "For every pair of racks we 
put in, we remove seven or eight 
that were roughly the same size." 

There are three different versions 
of the area computer--<me of them 
connects to a DIOS, one links to a 
modem to talk to Manhattan and 
one connects to a lower-speed mo­
dem to communicate with outlying 
areas. Heurikon's end of the project 
has consisted of building the racks; 
specifying, procuring and installing 

all the boards and equipment in 
them; wiring it all together; and test­
ing it. Heurikon also provides the 
system software, Unix and VxWorks 
from Wind River Systems (Alameda, 
CA), and wrote test software to meet 
the specifications for testing. Beyond 
that, the application code-the ac­
tual traffic control code-is being 
done by JHK. 

I OS choice critical 
JHK evaluated VxWorks, OS-9, Ver­
tex, and pSOS for possible use on the 
project. VxWorks wasn't perfect, but it 
was established and stable, and the 
development tools were very good. It 
was network-oriented and could run 
on Sun workstations. VxWorks sup­
ports a TCP/IP (Transmission Control 
Protocol/Internet Protocol) backplane 
driver. That gives the platform flexi­
bility, so several people can be devel­
oping on it. 

A drawback was VxWorks' price. 
Because of the cost sensitivity of the 
New York project, the $22,000 licens­
ing fee for two Sun workstations was 
not taken lightly, but the price was 
worth it, according to Rausch. 

The comprehensiveness of 
VxWorks was what convinced 
Rausch to use it as the real-time 
operating system for the project. 
He says, "VxWorks is robust. Not 
the best in terms of speed. The 
TCP/IP backplane isn't very fast. 
But it was there, it was foolproof 
and it works. That means my staff 
can concentrate on the application 
and structures, rather than debug­
ging the environment." 

Rausch uses the same argument 
against debugging with emulators . . 
"In some cases, I've spent more time 
getting emulators to work than it 
took to fix the problems." 

I Divide and conquer 
Because of the scale of the New York 
project, JHK employed a "divide and 
conquer" strategy in its design. 
Every functional element of the sys­
tem was assigned specific responsi­
bilities. This helped keep the proj­
ect's complexity under control. 

The typical area computer uses 10 
processor boards, with their duties 
divided strictly according to function. 
These include one Unix database and 
peripheral manager, one real-time 
network manager, one traffic coordi­
nation processor, six second-by-se­
cond traffic signal control processors, 
and a communications processor. 
Some area computers have four com­
munications processors. 

Each area computer is designed to 
control 576 intersections within a 
geographic area. The area comput­
ers communicate with each other, 
providing real-time information on 
traffic at each intersection. In many 
cases, roads cross areas governed by 
different computers, so the comput­
ers have to communicate with each 
other to keep things coordinated. 

A separate processor board is re­
quired to feed each intersection its 
"plan." A plan is a list of the time 
intervals between red, yellow and 
green lights. The geometry of each 
intersection determines how long 
the light stays in each phase. 

In keeping with the divide and 
conquer strategy, an extra 68030 
board was added to each area 
computer. Called a traffic coordi­
nation processor, its job is to look 
at time-of-day plan selections and 
traffic response plan selection 
control algorithms. 

I Coordinating drive-t ime 
In real time, traffic lights change 
plans about once per minute, so the 
traffic coordination processor only 
has to send out a new plan that 
often, at the most. The traffic coordi­
nation board's sole job is to select the 
best plan for every traffic light. "Its 
job is to analyze the traffic control 
data as it comes in, consider the 
time-of-day scheduling criteria and 
arbitrate all these things to deter­
mine what the intersection should be 
doing," Rausch explains. 

Once the real-time traffic control 
system was completed, it was time 
to consider the operator interface. 
That called for the ability to commu­
nicate with people in the outside 
world-in real time. According to 
Rausch, "In Manhattan there's a 
map on the wall that needs to change 
its indicators in real time. 

There are also graphic worksta­
tions with maps that need to show 
real-time conditions. And there are 
17 other area computers, and some­
times what one is doing is dependent 
on what another's doing." 

Parameters have to be shared as 
real-time events. With this in mind 
the design includes a real-time 68030-
based LAN processor in each com­
puter. Like the other boards, the LAN 
has VxWorks running in real time. 
The LAN processor's sole job is to 
manage the real-time distribution of 
data-both as a supplier and a re­
ceiver. Again, divide and conquer. • 
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5 Reasons Why Your Enclosure Source 
ShouldBeYourCPUSourre 

*All I-Bus systems are certified UIA78, CSA 22.2, TUVIIEC-950, 
FCC Class A and customer-specified FCC Class B. 

All tradema rks a re the property of thei r respec ti ve compan ies. 

INSTANT DATA ACCESS (IDA) DIAL (617) 494-6336 DOCUMENT NO. 10311 
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If you're an OEM or Systems 
Integrator using PC technology in 
your commercial or industrial prod­
ucts, the I-Bus T.O.P.s:· Program is 
for you. 

The "Total OEM Program Support" concept emerged 
from our thorough understanding of the OEM's technology 
and support requirements. Here's why T.O.P.S.TM makes 
financial and performance sense for you: 

1 Design, Engineering and Manufacturing Services: 
• Collaborating with you from design through product 

development and manufacturing, we'll help you mini-
mize time-to-market and meet all production goals while 
maintaining the highest product quality and reliability. 

2 Systems Integration Services: Every OEM has 
• different integration needs. Our service is the finest 

available, covering the full range from basic platforms 
to fully configured systems incorporating your proprietary 
hardware and/or software. 

3 "Life-Cycle" Support: We understand your 
• production, logistical and product life cycles. From 

our OEM Developers Program, supporting develop-
ment and prototyping to change management throughout 
the production phase, I-Bus provides a full range of 
life-cycle support se111ices. 

4 Total Customer Support: I-Bus is dedicated to this 
• concept. Program managers are assigned to your pro­

ject to provide total support from the first design day, 
through production, integration, delivery, installation 
and beyond. And to accommodate your integration 
time frame, we provide an unprecedented 'IWo-Year 
Warranty that lets you guarantee your customers the 
highest level of support available. 

5 Absolute PC Technology: Commercial and industrial 
• enclosures• from six to 20 slots; advanced CPUs: 

8088s and 286s with solid-state disks; 25-33 MHz 386s 
and 486s, all with cache - even fully 
integrated 486s with 
hard disk and SVGA 
video interfaces. We'll 
put the best in proven -
and evolving - PC technology 
to work for you. 

Call 800-382-4229 for a FREE video 
look at T.O.P.S.™ And see how our PC 
technology and leadership ensure yours. 

PC Technologies 

9596 CHESAPEAKE DRIVE 
SAN DIEGO, CA 92123 
(619) 569-0646 
(BOO) 382-4229 
FAX: (619) 268-7863 



I PRODUCT FOCUS: VME CPU boards 

VME CPU boards 
break barriers 
to reach 
compatibility 
Jeffrey Child, Associate Editor 

W hile compatibility problems 
are noth ing n ew in the 
VME world, it's clear that 

there's been progress. Standard in­
terface chips on VME CPU boards 
now let cards from one vendor talk 
to other VME CPU or peripheral 
cards in the backplane. In fact, many 
in the VME community claim that 
compatibility is no longer an issue. 
Still, system integrators know from 
experience that CPU board compat­
ibility means more than meeting the 
VME electrical specification. 

For system integrators at AP Labs 
(San Diego, CA), VME CPU board 
compatibility remains a problem. 
''VME is as close to compatibility 
across open systems as I've seen yet, 
but it's got miles to go," says Jack 
Davis, AP Labs product marketing 
manager. "We've run into a lot of 
problems with different implemen­
tations ofVME interfaces. A lot of the 
features in VME are optional fea­
tures. Sometimes you make assump­
tions about supported functions and 
features, and boards don't necessar­
ily support them or support them in 
the way you'd expect them to. We 
have to watch that very closely." 

To determine a VME CPU board's 
level of system compatibility, you 
need to ask some basic questions: 
How is the VME interface implemen­
ted? How does it access off-board 
memory and share its on-board 
memory with other boards in the 
backplane? What are the system con­
troller's capabilities? The amount of 
I/O capability on the CPU board may 
also be an issue. 

Although VME is a standard, its 
implementation is fairly open. For-

COMPUTERS & SUBSYSTEMS 

tunately, many CPU board vendors 
have begun moving away from cus­
tom PAL-based implementations in 
favor of integrated ASICs that in­
clude the complete VME specifica­
tion. These include the VMEbus 
Interface Controller (VIC), devel­
oped by the consortium of VMEbus 
vendors ; the FGA002 gate array 
from Force Computers (Campbell, 
CA); and the MVME6000 gate array 
from Motorola (Tempe, AZ.). 

I VIC and friends 
Among these, the most widely used 
on today's VME CPU boards is the 
VIC. Because several vendors are im­
plementing VME with an identical 
chip, compatibility has become some­
what less of an issue. "Using several 
boards that each have the VIC chip 
helps compatibility," says Clarence 
Peckham, vice-president of engineer­
ing at Heurikon (Madison, WI). "And 
using ASICs in general makes life 
easier, whether it's from Motorola or 
Force Computers, because they all 
seem to adhere to the VME spec 
closely. In a lot of the earlier, PAL­
based designs , I think the board 
makers took a few liberties here and 
there with the VME specification." 

Providing a VME-compatible in­
terface means more than simply 
meeting the electrical specifica­
tion. When Force designed its in­
terface chip, the FGA002, the 
company decided to tackle logical 
compatibility as well. "We designed 
the chip to be VMEbus-compliant, 
and then included different types 
of tuning hooks in it," says Tom 
Griffiths , product marketing man­
ager for Force. 

Many basic 
compatibi lity prob­
lems in VME have 
been alleviated 
through wide­
spread use of stan­
dard VME interface 
chips, such as the 
VIC. Even military 
CPU boards such as 
the CPU-40 from 
Radstone Tech ­
nology use the VIC 
to provide all their 
slot " 1" interface 
features. 

These help the board deal with 
situations that were not covered by 
the original VME specification, but 
could create incompatibilities. The 
FGA002 can, for example, release 
the bus early or late and control the 
timing for read-modify-write CR-M­
W) commands. This flexibility is par­
ticularly important for older 
processors such as the 68 020. 
"There's a conflict in the way the 
68020 and the VMEbus deal with a 
read-modify-write," says Griffiths. 
"Customers with a 68020-based 
board could run into a situation 
where one board in the system hangs 
up when a read-modify-write is is­
sued across the VMEbus."Bypermit­
tingtiming control in such situations, 
the FGA002 lets a 68020 respond in 
a more graceful fashion. 

Force's IBC-20 sports the 
FGA002, a 25-MHz 68020 processor 
and four Mbytes ofSRAM. The board 
features two FLXi mezzanine bus 
slots to permit installation of two 
self-contained Eagle VO subsystem 
modules. Because the 32-bit FLXi 
bus supports master as well as slave 
operations, both intelligent and non­
intelligent VO subsystems may re­
side on the Eagle modules. Also 
provided on the board are an inde­
pendent 32-bit DMA controller, two 
message broadcast channels, a serial 
port , and eight multiprocessing 
mailboxes. 

I More memory to share 
As memory gets denser and cheaper, 
VME board makers are putting more 
of it on the CPU board itself. It won't 
be long before 64 Mbytes of DRAM 
on a board will be commonplace. But 
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Aeon Systems 8401 Washington Pl NE, Albuquerque, NM 87113 (505) 828-9120 Circle 301 

VME300 rtVAX300 20 Yes 2-8 100 - 1 Ethernet, 2 RS-232 - $4,995. 
$5,995, 
$6,995 

VME300-E rtVAX300 20 Yes 4-16 100 - 1 Ethernet, 2 RS-232, - $6,495, 
1 SCSI $7,995 

VME3000 R3000 25 Yes 4-16 80 1 32-bit 1 Ethernet, 2 RS-232 Custom -
mezzanine 

Force Computers 3165 Winchester Blvd, Campbell , CA 95008 (408) 370-6300 Circle 302 

I' CPU-30 68030 25 68882 4-16 100 1 32-bit, 1 8-bit 4 RS-232, RS-422, 1 - $3,490 
parallel, SCSI, floppy, 
Ethernet 

CPU-40 68040 25, 33 Included 4-64 100 1 32-bit, 1 8-bit 4 RS-232, RS-422, 1 1 FLXi $3,490 -
parallel . SCSI, Ethernet $4,490 
or VSB Ethernet 

IBC-20 68020 25 None 1-4 100 1 32-bit, 1 8-bit 1 RS-232, 1 parallel, 2 2 FLXi $1 ,690-
expansion. 1/0 $2,490 

Spare CPU-1 E Spare 20 Weitek 3170 4-16 100 None SCSI, Ethernet, key- SB us $4,990 
board, mouse, serial 
1/0 

Spare CPU-2E Spare 40 Cypress 7CY602 16- 32 100 1 64-bit SCSI, Ethernet, key- SB us $9,990 
board, mouse, serial 
1/0, audio, floppy 

Heurikon 8000 Excelsior Dr, Madison, WI 53717 (608) 831-0900 Circle 303 

HK68/3BF 68030 33-50 68881 I 68882 2 or 8 70 On Corebus 2 RS-232, SCSI , Corebus, $3,495 
Ethernet (w/OMA) VSB 

HK68/U3D 68030 33 - 2-16 70 - 2 RS-232 None $1,795 

HK68N4F 68040 25-50 In CPU 2 or 8 70 On Corebus 2 RS-232C Corebus, VSB $4,795 

HK68/Y30XE 68030 20-33 68881 / 68882 2 or 8 70 Four channel , 2 RS-232 - $4,395 
32204, 32-bit 

HK80N960E i960CA 25-40 None 2 or 8 70 4 32-bit 4 RS-232, Ethernet None $3,995 

Matrix 1203 New Hope Rd, Raleigh, NC 27610 (919) 231-8000 Circle 304 

MC-CPU165 68040 25 Yes 4-16 80 None 2 EIA-232 VSB $3,495 

MC-CPU167 68040 25 Yes 4-32 80 3 32-bit 4 EIA-232, SCSI , - $3,995 
Ethernet 

MD-CPU330 68030 25 Yes 1-8 80 None 2 EIA-232 Dbus-68 $2,295 

MD-CPUE100 68HLOOO 12.5 No 1-4 80 None 4 EIA-232. Ethernet - $1 ,445 

MS-CPU220 68020 16 Yes 1-4 80 None 2 EIA-232 Dbus-68 $1 ,695 

Mizar 1419 Dunn Dr, Carro llton, TX 75006 (214) 446-2664 Circle 305 

MZ 7130 68030/EC030 25 68882 optional 4-16 - - 2 serial, 1 SCSI Mezzanine $3,895 
bus, VSB, 
SCSI, 
Ethernet, 
serial/parallel 
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No Matter 
What the 
Application) 

SBEFits. 
Matching your high-speed data 

communications requirements with 
a quality supplier has never been 
easier. Whether you ' re a manufacturer 
of mini/superminicomputers , work­
stations or high-performance data 
communications products , only SBE 
provides a perfect fit. 

Only SBE offers a complete line of 
intelligent high-performance com­
munications controllers for all major 
interface technologies: FDDI , Token 
Ring, Ethernet and High Speed Serial. 
Only SBE adds premium features , 
without a premium cost, for the best 
price/performance in the industry. 

Add integrated hardware/software 
solutions; availability in VMEbus, 
Multibus and SBus; plus legendary 
development assistance and continu­
ing product support. 

Discover how SBE's intelligent 
high-performance controllers can 
meet your !,AN and WAN interface 
requirements. Turn to SBE today. 

/ / / 

For fast action, call: 1-800-347-COMM 
Germany: 0130-810588 

United Kingdom: 0800-378-234 

SBE, Inc., 2400 Bisso Lane, Concord, CA 94520 
CIRCLE NO. 71 

INSTAN T DATA A C C ESS ( IDA) DIA L (6 17) 4 9 4 -8 3311 D O C U M ENT NO. 1040 

SBE 
Cammunications & 
Real-time Solutions 
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Mizar 1419 Dunn Dr, Carrollton, TX 75006 (214) 446-2664 Circle 305 

MZ 7140 68040 25 Internal to 040 4-32 - - 1 Ethernet, 1 SCSI, 1 - $3,495 
parallel, 2 serial 

MZ8120 68020 16.7-25 - 1 - - 2 serial MXbus $1 .695 

MZ8135 68030/EC030 25, 40 68882 optional 1-4 - - 2 serial MXbus -
MZ 8140 68040 25, 33 Internal to 040 1-4 - - 2 serial MXbus -

Motorola Technical Systems Division 2900 S Diablo Way, Tempe, AZ 85282 (800) 234-4863 Circle 306 

MVME143S 68030 16-25 68882 4 80 - 3 EIA-232 - $1,995 

MVME147S 68030 16 - 32 68882 4-32 60 1 8-bit 4 EIA-232, 1 SCSI, 1 - $3,495 
Ethernet, 1 parallel 

MVME165 68040 25/33 - 4 -16 60 - 3 EIA-232 VSB $3,495 

MVME167 68040 25 - 4-64 60 4 32-bit 4 EIA-232, 1 SCSI, 1 Custom $3,995 
Ethernet, 1 parallel memory 

MVME187 88100 25 - 4- 64 60 4 32-bit 4 EIA-232, 1 SCSI , 1 Custom $3,995 
Ethernet, 1 parallel memory 

Performance Technologies 315 Science Pkwy, Rochester, NY 14620 (716) 256-0200 Circle 307 

PT-VME118 68020 16.7, 25 68882 1-8 80 1 32-bit 21 serial , 1 parallel , 2 32-bit EPAK $1 ,036 
Ethernet 

PT-VME130 68030/EC030 16.7, 25 68882 1-4 80 1 32-btt EPAK- 21 Serial, 1 parallel. VSB, 32-bit $1 ,236 
based OMA Ethernet EPAK 

PT-VME131 68030/EC030 25 - 1-8 80 2 32-bit 22 serial , 1 parallel , 2 32-bit EPAK $1.436 
Ethernet, 1 SCSI 

PT-VME141 68030/EC030 25 - 1-8 80 2 32-bit 22 serial . 1 parallel , 2 32-bit EPAK $1 .836 
Ethernet, 1 SCSI 

PT-VME151 68040/EC040 25 in CPU 1-8 80 2 32-bit 22 serial , 1 parallel , 2 32-bit EPAK $2,316 
Ethernet. 1 SCSI 

RadiSys 19545 NW Von Neumann Dr, Beaverton , OR 97006 (800) 950-0044 Circle 308 

EPC-3 80386SX 16 i387SX 1-4 - 2 16-bit, 4 8-bit 2 serial, 1 parallel, 1 EXMbus $2,980 
VGA graphics. slot 
keyboard 

EPC-4 80386 25 i387 4-16 - 2 16-bit, 4 8-bit 2 serial, 1 parallel 2 EXMbus $3,995 
slots 

EPC-5 80486 25 or 33 In CPU 4-16 - 2 16-bit, 4 8-bit 2 serial. 1 parallel 2 EXMbus $5,995 
slots 

EPC-6 80386SX 20 i387SX 1-4 - 2 16-bit, 4 8-bit 2 serial , 7 segment 1 EXMbus slot $1 ,995 
display 

Radstone Technology 20 Craig Rd , Montvale, NJ 07645 (201) 391-2899 Circle 309 

CPU-3A 68030 25 68882 4 55 2 32-bit 2 RS-423 VSB $7,300 

CPU-20 68020 20 68882 5 70 2 32-bit 2 RS-232 - $6,530 

CPU-40 68040 25 In CPU 10 40 2 32-bit 2 RS-423 MXbus mez- $12,500 
zanine expan-
sion bus 

68-33 68030 50 68882 5 20 2 32-bit 2 RS-232/422 VSB and $3,220 
APEX 

68-41 68040/020 40/20 In CPU 36 80 5 32-bit 4 RS-232/4221485 VSB and $4,995 
APEX 
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Seven Hot Reasons Why Your Next 
SBC Should Be a SPARCard 

First 

Our new SPARCard™ 2LC is the 

first and only VME SBC with 
_ __,_,., SPARCstation 2™ 

performance. The 2LC has 

complete Sun compatibilty 

on-board to put your 

""""•-• workstation software to 
work in demanding real-world 

target applications like robotics and 

voice recognition systems. 

040 x 2 
=28.5 

64 / 
/32 

64-Bit 
Architecture 

With 28.5 Mips of integer 

performance, the 40 MHz SPARC 

--~- MPU is more than twice as 

fast as the 68040. A larger 

64KB cache and combined 

"""ilill-.ll MPU/ FPU put the SPARCcard 
2LC in a class of its own. 

100% Pure 
Sun OS 

\A Je're partnered with SunSoft, a 

V V division of Sun Microsystems and 

---- developer of Solaris, Sun's 
newest operating system. 

So we guarantee full SunOS 

compatibility including: 

"Ql-.-11 SunOS 4. l . l , Open Look, 

Open Windows, and ONC/NFS. 

All Sun application software and 

development tools run on a SPARCard 

without modification. 

SPARCard trademark pending approval by SPARC International. 
All others are trademarks of their respective compa nies. 

The SPARCard is the only SPARC VME 

SBC built on the MBus, Sun's ---... 
sophisticated 64-bit local bus. 

Used in the SPARCserver 600 

MP Series, the MBus offers 64-bit 

paths to internal devices and 

memory for fast system throughput. 

Advanced ASICs designed specifically 

for the MBus guarantee performance 

and reliability. 

Ji' Fully 
Loaded 

' .,-rie SPARCard 2LC is a complete 

I system on a card. Everything's on­

,.._ __ , board, including: 8-32 Mbytes 

DRAM, Ethernet, SCSI, VME 

interface, Open Boot PROM, 

Non-volatile SRAM, and two 

....,. .... _. Serial Channels. Its MBus/ 

VMEbus Controller has data FIFOs and 

hardware OMA for blazing VME 

performance. 

CIRCLE NO. 72 

Real Time 
Choices 

Choose between LynxOS, VxWorks 

and VADSworks to cover any real­

---~ time requirement. Wind River's 
VxWorks is the standard for 

embedded real-time 

applications. VADSworks speaks 

"""--11 ADA Or use LynxOS for a POSIX 

or UNIX compliant kernel in the target 

system. Anyway you choose, Themis 

has the software for your real-time 

environment. 

The Future 

.,.,,e 2LC is just the beginning. Themis 

I is producing an entire family of 

~--... SPARC 2-based products for 

every embedded application, 

including those requiring SBus 

"""--• modules. For more information 
contact Themis Computer, the sole 

source for VME SPARCstation 2 

performance. 

THEM IS 
COMPUTER 

THEMIS COMPUTER-Americas and Pacific Rim 
6681 Owens Drive, Pleasanton , CA 94588 
Phone (5 10) 734-0870, Fax (5 10) 734-0873 

THEMIS COMPUTER-Rest of World 
l , Rue Des Essarts. Z.I. De Mayencin , 
386 10 Gieres, Fronce 
Phone 33 l 76 59 60 61, Fox 33 l 76 63 00 30 
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Radstone Technology 20 Craig Rd, Montvale, NJ 07645 (201) 391-2899 Circle 309 

68-42 68040/020 40/20 In CPU 36 80 4 32-bit 4 RS-232/4221485 APEX $4,595 

RISQ Modular Systems 39899 Balentine Dr, Ste 200 , Newark, CA 94560 (510) 490-0732 Circle 310 

RISOengine/3e R3000A 25 R3010A 8-32 400 432-M 2 RS-232/423, SCSI, VSB $8,495 
Ethernet 

RISOengine/5e R3052E 25-40 R3010A option 2. 32 175 4 32-bit 2 RS-2321423, SCSI, RISQbus $2,995 
Ethernet. custom 1/0 

SBE 2400 Bisso Ln, Concord, CA 94520 (800) 347-2666 (510) 680-7722 Circle 311 

VPU-25 68020 25 68882 1-4 160 2 multiprotocol serial 1or2 Green- $1 ,380 
ports Spring mod· 

ules 

VPU-30 68030 25 68882 4-8 160 1 SCSI , 2 multiproto- $2,430 
col serial ports 

Synergy Microsystems 179 Calle Magdalena, Encinitas, CA 92024 (619) 753-2191 Circle 312 

SV20 68020 12· 25 68882 1-16 80 On modules 4 RS-232/422 EZ bus $1 ,395. 
$5,280 

SV30 68030 25, 33, 50 68882 1-16 70 On modules 4 RS-232/422 EZbus $1 ,995 . 
$6,430 

SV400 68040 25 or 33 68882 2-32 70 On modules 4 RS-232/422 EZ bus $2,395 . 
$6,390 

Tadpole Technology 8310 Capital of Texas Hwy N, Austin , TX 78731 (800) 232-6656 Circle 313 

TP-34V 68030 20or 33 Optional 4 to 32 80 4 32-bit 1 Ethernet, 2 SCSI, $4,400 
6 serial 

TP·881V 88100 20 or 33 In CPU 8-128 80 1 Ethernet, 2 dual M bus, VSB $9,200 
(up to 8) SCSI 2, 4 serial 

TP·IGCV 68020 20 Optional 1-8 100 On VIC 2 serial, 1 mouse, $4,850 
Ethernet 

If your VMEbus or VAX needs 16.7 Million Colors 
Peritek Corporation arid x w mdo-ws 
5550 Redwood Road . Oakland . California 946 19 ' 

West Coast (5 10) 53 1-6500 fax (5 10) 530-8563 call (510) 531 6500 
Mid West (303) 79 1-9 161 fax (303) 791-9160 - • 

CIRCLE NO. 82 
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• 

YOU ARE CORDIALLY 
INVITED TO TAKE ADV ANT AGE 

COMPUTER 
PERIPHERALS 
ICC 

YOU'RE INVITED ... TO TAKE ADVANTAGE 
of the Leading Regional Peripherals Conference 
featuring new technology presentations and product displays 

Take your Advantage now. 
Request your Complimentary Invitation and Computer Peripherals ICC Agenda 

UNITED ST A TES 
0 Newton, MA- 9/5/91 
0 Tysons Corner, VA - 9 / 12/91 
0 Dallas, TX - 9/26/91 
0 Raleigh, NC - 10/3/91 
0 Portland, OR-11 /6/91 
0 Irvine, CA - 1 /7 /92 

If you are involved in the purchase, 
design, or specification of peripheral 
products, you should be here! 

Provide your conference selection by 
returning this section by Fax or mail. 

Dataquest I ICC 
3151 Airway Avenue, # C- 2 
Costa Mesa, CA 92626 

0 Ft. Lauderdale, FL - 1 / 14/92 
0 San Jose, CA - 2/ 4/92 
0 Nashua, NH - 4/8/92 
0 Minneapolis, MN - 4/23/92 
0 Austin, TX - 5/14/92 

EUROPE 
0 London, England - 9/12/91 

0 Copenhagen, Germany- 9/17 / 91 
0 Frankfurt, Germany - 9/ 24 / 91 
0 Barcelona, Spain - 10/ 2/91 
0 Amsterdam, Holland -1/16/92 
0 Miinchen, Germany - l / 21 / 92 
0 Milano, Italy - 1 / 23 /92 
0 Paris, France - l / 28 /92 

Place your business card 
here - Copy - Then 

fax this sheet back to us. 
a dhision of IJat3Q!leSl 

FAX: (714) 957-0903 
TEL: (714) 957-0171 

CIRCLE NO. 75 

BB 
a company of 

The Dun& Bradstreet Corporation 

Dataquest is a ttgi.stettd 

trademark ol A. C. Nieboa Company 



I PRODUCT FOCUS: VME CPU boards 

while large on-board memories 
mean that more processing can be 
done without communicating over 
the VMEbus, outside boards still 
need to access the CPU board's mem­
ory. When selecting a VME CPU 
board, you should ask whether on­
board memory is available to other 
processors in the system, and what 
methodologies are available for ac­
cessing on-board memory from off­
board processors. 

To let other system boards talk to 
its board, Motorola configures its 
CPU with global memory. The com­
pany has also designed its VME in­
terface chip to provide you with 
flexibility in the way memory is 
mapped, says Jerry Gipper, Mo­
torola product line marketing man­
ager for VME boards. 

The other trend in memory access 
is support for D64, the 64-bit data 
mode for transfers across VMEbus. 
Several vendors are now offering 
this capability. To test the D64 trans-

COMPUTERS & SUBSYSTEMS 

The first of Motorola's new line of single­
board computers (SBCs) is based on its 
88110 symmetric superscalar RISC proces­
sor, featuring SCSl2 support, multiple us­
ers, networking, and a VSB interlace. 
The board features a memory architec­
ture which makes maximum use of the 
88110's 64-bit data bus and lets memory 
operate in the burst mode to keep 
throughput at peak levels. 

fer feature on its VME CPU board, 
Motorola connected a few boards 
from other vendors to be sure they 
could talk to one another. 

Motorola's latest VME CPU 
board news is the announcement of 
a line of single-board computers 
(SBCs) based on the 88110 sym­
metric superscalar RISC proces­
sor. The first board in the series 
reportedly supports SCSI2 periph­
eral I/O, multiple-user interfaces, 
networking, and VME subsystem 
bus (VSB). Because of the high per­
formance level of the 88110 chip, 
the board features a burst-mode 
memory scheme that keeps the 
88110 fed with instructions and 
data. The board's memory array is 
designed to take advantage of the 
88110's 64-bit data bus. 

I Who's the boss? 
Because the rest of the system is typ­
ically designed around the CPU 
board, CPU board vendors are the 

When considering DSP, take 
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first to hear demands for increased 
so phis tic a ti on-especially for 
greater system controller capabil­
ity. In the past, many system con­
troller functions-so-called slot "l" 
functions-were considered optional 
on a CPU board. Today, designers are 
unwilling to dedicate multiple slots to 
various functions and would rather 
have them all on the CPU board. 

I Review controller capabilities 
When evaluating a VME CPU board, 
AP Labs' Davis suggests looking 
carefully at its system controller ca­
pabilities. Can it be a master? Can it 
arbitrate masters in the system? 
What different scenarios of arbitra­
tion does it support? (There are three 
available within VME-some only 
do round-robin, some do priority­
based and round-robin, and some do 
only daisy chain. ) Knowing how con­
figurable the system interface is 
helps figure out who's going to be the 
boss in the system. 

COMPUTERS & SUBSYSTEMS 

Any board that has a VIC chip has 
the potential for being the slot 1 sys­
tem controller board. The VIC chip 
can be set up to use the full range of 
system controller functions. While 
CPU vendor Radstone Technology 
(Montvale, NJ) uses the VIC chip on 
its boards, it also has another system 
control feature on its commercial 
boards. "To address the needs of mul­
tiprocessing applications, we use an 
ID switch on our boards which the 
software can read," says Joel Silver­
man, marketing manager for com­
mercial products at Radstone. "This 
lets you remove a non-system-con­
troller board from slot 2, toggle its 
switch to the slot 1 setting and put it 
in slot 1. The system software will 
then know that it needs to boot from 
that board as the system controller." 

For its military CPU boards, Rad­
stone offers a similar feature, except 
that it uses the backplane to config­
ure the board. "Once you have a 
military board in an application, you 

may have multiple [units] of the 
same board within a system," says 
Douglas H. Patterson, marketing 
manager of military products. "To 
cut down on logistics costs and 
spares, the backplane actually de­
termines which board is the slot 1 
master through a set of ID pins. You 
unplug one board from slot 2, plug it 
into slot 1 and automatically know 
that it's going to bethe slot 1 arbiter." 

Reflecting the view of many VME 
board vendors, Gipper generally sees 
fewer compatibility problems these 
days. "Compatibility issues aren't 
nearly as bad as they used to be," he 
says. "Especially now that vendors 
use ASICs so they can standardize 
across several designs. Even if it's 
wrong, at least it will be consistently 
wrong. Now it's more an issue of deal­
ing with new features as they are 
added to VMEbus, or with features 
that were never tested because the 
capability wasn't there-such as 
DMA and block transfer." • 

a look at the full Spectrum. 
At Spectrum Signal Processing we're putting DSP to work with a 

full range of OEM and development solutions. 
We begin by working with you at every step of your design. We 

utilize the industry's most complete line of DSPs, buses and interfaces 
and provide all of the development tools and technical applications 
support you'll ever need. Then our Quality Management Program 
ensures that we build quality in. 

What this means is a tailored DSP solution that works immediately 
and easily - whatever your application. Including 
telecommunications, military, medical monitoring 
and diagnostics. Even digital audio, multimedia 
and array processing. 

So call today for your free catalog to see 
our spectrum of DSP Development Tools and 
OEM Solutions: 1-800-663-8986 (U.S.) or 
604-438-7266 (Canada). And let us help 
you put DSP to work. 

SPECTRUM 
'-/ \._/ 

See us at ICASSP '92 Booth #312 Putting DSP to work 
CIRCLE NO. 73 
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I NEW PRODUCT DEVELOPMENTS 

INTEGRATED CIRCUITS 

•
Sample-and-hold includes on-board 
output multiplexer 

The Datel MSH-840MC is a four­
channel simultaneous sample-and­
hold (8/H) device that includes an 
on-board multiplexer packaged in a 
32-pin TDIP (thin DIP) package. 

Datel claims the part breaks some 
of the classic rules of S/H architec­
tural design. A typical S/H circuit 
design trade-off is that as device 
speed increases, the part loses accu­
racy-signal loss (or droop) at the 

and-hold costs anywhere from $150 
to $180. We have effectively taken 
four of those sample-and-holds, plus 
a multiplexer, and still have ob­
tained a SJ?eed of 775 ns at a cost of 
less than $250-an order of magni­
tude improvement," says Bob 
Leonard, Datel's MSH-840MC prod­
uct marketing manager. Applica­
tions for such a device include 
phased sonar arrays and the corre-

Quad S/H with multiplexer 

CONTROL LOGIC 

The MSH-840MC is a quad sample-and-hold device with an acquisition time of 775 ns. 
It contains a four-channel multiplexer that lets you select S/H outputs individually. 

S/H output stage is caused by the 
slow discharge of the hold capacitor. 
Datel claims to have circumvented 
such problems with a novel architec­
tural design in both the S/H and 
multiplexer sections of its product. 
The MSH-840MC can acquire a 10-
V step to 0.01 percent accuracy in 
just 77 5 ns, including the time taken 
to multiplex the signals on-chip. 

While it may be possible to obtain 
similar speed and accuracy with 
competing parts, the resulting de­
signs would be much larger and the 
power consumption higher. "If you 
look at the speeds of sample-and­
holds, a single 12-bit 200-ns sample-
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lation of signals acquired from mul­
tiple receiver channels. 

In addition to the speed and accu­
racy of the S/H circuitry, Datel's 
breakthrough multiplexer architec­
ture lets the company break some 
previous speed barriers for multi­
plexers. "Right now, for 0.01 percent 
accuracy (which is effectively 12 
bits), the fastest competitive stand­
alone multiplexer in the market has 
a settling time of 600 ns to 0.01 
percent accuracy," adds Leonard. 

The MSH-840MC can operate in 
two modes: scan mode and single­
channel sampling mode. The scan 
mode lets you sample up to four 

channels at the same time. In the 
single-channel mode you can ran­
domly select a particular channel for 
digitization by an external analog­
to-digital converter. In either mode, 
logic is also provided to set all the 
S/Hs either to the sample or hold 
mode; this can be done simultane­
ously or individually. The logic which 
lets you put all the S/Hs into a sin­
gle mode is normally achieved on 
such devices through external glue 
logic. With the Datel chip, however, 
it's done internally to the device. 

Traditionally, the performance of 
such devices has been measured in 
two ways: statically or dynamically. 
While the offset error, gain, linear­
ity, and transfer accuracy may be 
tested with a de input, designers 
often use very high frequency sig­
nals in the 100- to 500-kHz range in 
actual implementations. As a re­
sult, they require some indication of 
the part's performance in high slew­
ing input conditions-parameters 
gained by the measurement of the 
total harmonic distortion of the de­
vice. The dynamic specifications of 
the MSH-840MC include a har­
monic distortion of -70 dB for a 
500-kHz input frequency, a slew 
rate of 45 V/µs and a small signal 
bandwidth of 13 MHz. 

The part operates up to a ±10-V 
input range and has a maximum 
nonlinearity of ±0 .01 percent over 
the full operating range . A 10-MQ 
input impedance avoids the need for 
costly input buffers that are re­
quired for some sample-and-holds. 
Two operating temperature range 
models are available: a commercial 
O' to +70' C part and a military -55' 
to +125' C part. -Dave Wilson 

MSH-840MC at a glance 

• Four-channel simultaneous 
sample-and-hold device 

• Internal four-chan nel mu ltip lexer 

• 775-ns acquisition t ime 

• 10-V step to 0.01 percent (in-
eluding multiplexer) accuracy 

• Consumes only 2.25 W 

Datel 
11 Cabot Blvd 
Mansfield, MA 02048 
(508) 339-3000 
Circle 352 



I NEW PRODUCT DEVELOPMENTS 

INTEGRATED CIRCUITS 

I Block erase capabilities come in a flash 
With this month 's introduction of 
a 4-Mbit flash memory device, Hi­
tachi Ame ric a (Brisbane, CA) 
claims to have brought the capabil­
ities of block erasure to these 
device s for the first time . In a 
512k x 8 configuration, the com­
pany's HN28F4001 is divided into 
32 blocks of 16 kbytes . You can 
erase the entire chip randomly, one 
block at a time or multiple blocks 
s imultaneously. 

According to Sean Pitonak, prod-

added to the die, increasing the cost. 
Thirty-two blocks was deemed to be 
an optimum size for the price point 
the company was trying to reach. 

The product adheres to the 
JEDEC Standard Flash Command 
Set. The command set defines both 
manual and automatic commands 
for programming, chip erase and 
block erase, but leaves the chip man­
ufacturer to define the size of the 
block. These automatic commands 
let you issue only one set of com-

mands to pro­

Command set comparison 
MANUAL CHIP ERASE AUTO CHIP ERASE 

~ 
START 

32 LINES OF CODE 
51 2K READ CYCLES 

32 LINES OF CODE 
512K READ CYCLES 

gram, chip 
erase or block 
erase without 
a verify algo­
rithm, giving 
you a reduced 
software in­
terface to the 
device. 

35 LINES OF CODE 

UPT0512K 
PROGRAM CYCLES 

2 LINES OF CODE 2 LINES OF CODE 

2 LINES OF CODE 

AUTOMATIC ERASE 
COMMANDS (30H) 

37 LINES OF CODE 
512K READ CYCLES 

5 LINES OF CODE 

In the man­
ual mode, the 
processor 
first has to 
read the flash 
to determine 
if it's erased. 
If it hasn't 
been, the pro­
cessor has to 
prewrite and 
erase the 
flash , then 
verify the 
erasure by 
going back to 
read each 
byte. Auto­
matic com­
mands , on 
the other 
hand, free the 
processor of 

104 LINES OF CODE 
YES A TLEAST 1 M READ CYCLES 7 LINES OF CODE 

(~-~----,\ UPT0 512K 
~HIP ERASED J PROGRAM CYCLES 

0 READ CYCLES ( \ 
0 PROGRAM CYCLES CHIP ERASED J 

There's a big difference in the number of lines of code you need to 
write when you use the Hitachi flash memory in automatic versus 
manual mode. 

uct marketing engineer at Hitachi, 
the device's organization was deter­
mined by two important parame­
ters: customer input and the eco­
nomics of the marketplace. On the 
customer side, a 16-kbyte block size 
is a ttractive to both flash memory 
card designer s building alternatives 
to floppy di sks and designers who 
may use the device as an alternative 
to EPROMs in PC BIOS designs. 

From a chip designer 's perspec­
tive, as the number of blocks in­
creases, more transistors must be 

the need to 
control the 

flash, eliminating about 100 lines of 
code. "A pretty significant amount of 
processor overhead gets eliminated 
by using the automatic mode-we 
feel that's a real nice feature of the 
part," says Pitonak. 

I Flash automatically erases 
In the automatic block erase mode, 
the flash prewrites, erases and veri­
fi es itself through status polling af­
ter the automatic erase starts. When 
only one byte of data is programmed, 
programming completion is verified 

by polling the data line after the 
automatic programming starts. 

Pitonak says these programming 
methodologies mimic those already 
used in the EEPROM world, so that 
users migrating to flash from EE­
PROM will be familiar with them. 
"In operation, the processor simply 
sends out a command and waits for 
one bit to come back to verify the 
state of the flash," he says. This 
eliminates the processor's need to 
keep track of code overhead, and 
frees the system bus to carry out 
other operations. 

Chip erase time is typically one 
second and byte programming is 
typically 10 µs/byte. Endurance is a 
minimum of 10,000 erase/write cy­
cles, and versions with maximum 
access times of 120, 150 and 200 ns 
are offered. Typical power dissipa­
tion is 30 mA. Standby power dissi­
pation is a maximum of 20 µA. The 
part is available in a variety of con­
figurations. They include an 8 x 20-
mm TSOP-Type 1 (Thin Small Out­
line Package). Also available are a 
32-pin plastic DIP and a 32-pin plas­
tic SOP. The device is sampling this 
month at $49 for a quantity of 1,000. 

The pinout of Hitachi's new device 
is the same as that of earlier parts, 
providing a migration path for de­
signers who may already be using 
1-Mbit or 2-Mbit flash devices. Cur­
rently, however, the Hitachi 4-Mbit 
device doesn't meet a JEDEC stan­
dard-but only because there isn't 
one for flash with density above 2 
Mbits. Even so, Hitachi expects 
many vendors to follow its pinout in 
the near future. - Dave Wilson 

HN28F4001 at a glance 

• 4-Mbit flash memory 

• Supports block erase 

• 10,000 erase/write cycle 
endurance 

• 120-, 150-, 200-ns access times 
offered 

• 30-mA active power dissipation 

Hitachi America 
Semiconductor and IC Division 
2000 Sierra Point Pkwy 
MS-080 
Brisbane, CA 94005 
(800) 448-2244 
Circle 351 
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I NEW PRODUCT DEVELOPMENTS 

CAE/CAD TOOLS 

•
Simulator supports transmission 
line models and filter synthesis 

Version 5.1 of the PSpice circuit sim­
ulator from MicroSim (Irvine, CA) 
offers two new features-the ability 
to model lossy transmission lines 
based on the distributed model ap­
proach and support for the synthesis 
of passive filters. The first feature 
lets you simulate transmission line 
behavior affected by attenuation 
and dispersion-properties that are 
especially troublesome in high­
speed circuits. 

According to MicroSim, using the 
distributed rather than the tradi-

model approach, which describes 
the lossy line as a string of line 
segments where each segment is 
modeled with discrete passive com­
ponents. The lumped model ap­
proach also produces oscillations at 
points where abrupt changes occur 
in the signal traveling along the 
transmission line. In PSpice, these 
frequency artifacts are eliminated 
by modeling lossy lines as continu­
ous lines. 

The second new feature of PSpice 
5.1, the passive filter synthesis ca-

PSpice Version 5. 1 supports lossy transmission line models based on the distributed 
model approach. In th is comparison of a distributed model and a lumped model to the 
ideal signal, the distributed model eliminates frequency artifacts by representing lossy 
lines as continuous signals. 

tional lumped model approach lets 
PSpice simulate lossy transmission 
lines in significantly less time, while 
producing a more accurate approxi­
mation of the line's behavior. The 
distributed model simulates a con­
tinuous line specified by electrical 
length and the resistance, induc­
tance, capacitance, and conductance 
distributed along its entire length. 
The line's behavior is computed from 
this data using impulse responses. 

This technique avoids the over­
head introduced by the lumped 
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pability, lets you compute and eval­
uate inductor and capacitor values 
by selecting either minimum induc­
tor or capacitor configurations. A 
Preference Screen guides you 
through design specification and 
configures the filter synthesis for 
specific applications. Filter specifi­
cation can be customized to accept 
stop band properties or filter order, 
while band pass and band reject fil­
ter specifications can include upper 
and lower bounds or center fre­
quency and bandwidth. Suitable de-

fault frequency units (Hz through 
GHz) can be specified, as can filter 
type-continuous or sampled-data. 

In addition to gain, phase and 
group delay, the enhanced Bode 
plots submenu lets you examine 
linearized phase and phase delay. 
The Bode plots , as well as step re­
sponse and impulse response plots, 
provide a cursor for zooming and 
displaying plot values numerically. 

PSpice is an integrated member 
of MicroSim's Design Center ana­
log and digital circuit design envi­
ronment. The Design Center is 
available on a number of windowed 
and unwindowed platforms, with 
J?rices ranging from $2,450 to 
$29 ,000, depending on the plat­
form. Filter synthesis is a $900 
option to the Design Center and 
works on any IBM PC-compatible 
or Macintosh II platform. A full set 
of classical approximations, non­
standard transfer function synthe­
sis , sensitivity analysis , and delay 
equalization features are included 
with the option. 

- Mike Donlin 

PSpice 5. 1 at a glance 

• Supports lossy transmission line 
models based on distributed 
model approach 

• Provides passive filter synthesis 
capability 

• Evaluates inductor and capacitor 
values of filters by selecting 
either minimum inductor or 
capacitor configurations 

• Lossy transmission line modeling 
capability is available now as 
part of the Design Center-an 
analog and digital circuit design 
environment 

• Filter synthesis is a $900 option 

MicroSim 
20 Fairbanks 
Irvine, CA 92718 
(714) 770-3022 
Circle 354 



I NEW PRODUCT DEVELOPMENTS 

CAE/CAD TOOLS 

I Simulator histograms ease timing analysis Epilog at a glance 
High-speed ASICs and PCBs pose a 
number of challenges to circuit sim­
ulators. One of the most formidable 
is predicting dynamic or worst-case 
timing hazards across a circuit to 
find the worst possible delay combi­
nations. Start-up Nextwave Design 
Automation (Mountain View, CA) 
has brought new thinking to the tim­
ing analysis problem with its 
Verilog-based simulator, Epilog. 

The tool is an event-driven logic 
simulator with two timing modes: 
Epilog Min/Max and Epilog Histo­
gram. What sets Nextwave's simu­
lator apart from other event-driven 
tools is its histogram approach, 
which uses actual component and 
interconnect delay distributions 
propagating through a design to pro­
duce accurate delay histograms for 
each internal node and signal. 

"The histogram capability brings 
a level of intelligence and analysis 
to the task that other simulators 
don't offer," says Hal Daseking, 
president of N extwave. "Simulators 
that don't see a range of min/max 
values miss errors because of the 
production variations that cause de­
lays such as interconnect anomalies, 
heat or cold effects and component 
manufacturing variances. Dynamic 
timing verifiers can take a range of 
variances into consideration, but 
they can give pessimistic results if 
they just tally up a list of every 
possible timing violation." 

I Fine-tuning the analysis 
Epilog identifies the most likely haz­
ards instead of searching through 
many random timing problems. The 
five-segment histogram represents 
the distribution of delays for each 
node and finds hazards common to 
digital designs through timing de­
tectors built into models or placed on 
design nodes to produce a hazard 
report. You can select hazards by 
their probability, signal name or 
other parameters. 

The approach does exact some 
penalty compared to traditional 
min/max simulators, because it re­
quires more CPU power to analyze 
hazards. According to N extwave, this 
penalty is only 10 to 15 percent. 

The other mode for the simulator, 
Epilog Min/Max, is a traditional dy­
namic worst-case timing analyzer. It 
offers common ambiguity removal, a 

feature that traces signals back­
ward to minimize pessimism 
caused by shared delays in re­
converging signals. "Though com­
mon ambiguity removal is essen­
tial, it simply isn't enough," 
Daseking points out. "In that ap­
proach the simulator carries around 
two values-minimum and maxi­
mum-that refer to the delays of 
each gate. Because no weight is as­
signed to either value, the tool as­
signs equal values and probabilities. 
Because it continuously adds these 
values together, they accumulate 
and generate a lot of false errors." 

Epilog is available now for 
$45,000. It operates on Sun work­
stations, though ports to other Unix 
systems are under development. 

- Mike Donlin 

• Verilog-based logic simu lator 
with two modes: Epilog 
Histogram and Epilog Min/Max 

• Epilog Histogram uses timing 
detectors to generate timing 
hazard report 

• Detectors can be bui lt into mod-
els or placed on design nodes 

• Five-segment histogram can fil-
ter out portions of a delay range 
falling below a given probabi li ty 

• Available now on Sun 
workstations for $45,000 

Nextwave Design Automation 
2339 Charleston Rd 
Suite A 
Mountain View, CA 94043 
(415) 691-0333 
Circle 353 

200 MFLOPS OF POWER! 
• Single or dual i860 processors • Up to 64 MB memory 

• True color frame buffer option 

• DT Connect. IT! VISIONbus. 
SCSI 1/0 options 

Suite 204. 71 Spitbrook Rd. 
Nashua. NH 03060 

Phone: (603) 891 -2750 
Fax: (603) 891-2745 

... AND THE 
SOFTWARE TO USE IT! 

• For DOS. Unix 386. Sun OS. 
VxWorks 

• i860 Native Unix Sys V.4 
with X Windows 11 .4 

• Fortran and C compilers 

Trademarks are property of their respective holders. 

• Scientific and imaging 
libraries 
with over 250 routines 

• 2562 2DFFT ~ 55MS 

• 5122 3x3 convolution ~ 
88MS 

CIRCLE NO. 
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Electro returns to Boston with 
an expanded technology focus, 
featuring: 

• CUTTING EDGE SOFIW ARE 
for the engineering environment, 
including 

• One-day Windows seminar 
• CEO panel discussion of software 

and PCs 
• All-day seminar on the Demeter 

method for object-oriented design 

HOUtihties 
HP Other 

Please PRINT as you want shown on badge 

NAME {ftRST OR INITIAl $) 

POSITlON 

COMPANY 

• Keynote address by ji P. Manzi, 
CEO and President of Lotus 
Development Corp. 

PLUS 
• All-new state-of-the-art 

Semiconductor exhibit area on 
the show floor 

• Special test and measurement 
section featuring up-to-the-minute 
developments in test and measure­
ment equipment 

LAST 

AREA COD£ NUMBER 

coupon below by 
April 15 and receive: 

• FREE admission to exhibits and 
technical sessions 

• Full preview of Electro/92 
technical program 

• Chance to win FREE entry to a 
one-day Windows class taught by 
industry experts (a $345 value) 

COMPLIMENTAR Y 
REGISTRATION 

9-90162 

Important Note: 
Pleasemailcompleted form to: 
Electro Registration, 
P.O. Box 92275 WPC 
Los Angeles, CA 90009-2275 
If received before April 15, 
your badge will be mailed to 

I I you. If received after April 15, 
MAILING ADOOESS DtPT. OR MIS please pick up your badge at 

j j j j j j j j j j j j j j I j j I j I j j j j j Will Ca U Or, bring this form to 
cnv STATE ziecOO£ Electro for free admission 

L------------------------------------~ 
Help your company bring in the business at Electro. 

Your company can also benefit from exhibiting its products to Electro's prime audience of highly-qualified decision makers. 
For more information about attending or exhibiting in Electro/92, 

call 1-800-877-2668 or FAX to 310-641-5117. 
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I NEW PRODUCT DEVELOPMENTS 

SOFTWARE & DEVELOPMENT TOOLS 

•
Automated software testing 
for window-based systems 

Computer-aided software testing 
(CAST) is a method for automating 
regression testing of today's com­
plex, window-based applications, be 
they running under MS-Windows, 
OS-2 or Unix/X Windows. Ferret, a 
new testing system by Tiburon Sys­
tems (San Jose, CA), uses a cap­
ture/playback scheme to let you an­
alyze testing requirements, design 
tests, capture and playback user ac­
tivity, produce bug reports, and as­
sess software product maturity. 

Ferret is entirely nonintrusive. It 
runs on a personal computer and con­
nects to the system under test via an 
interconnect unit that taps into the 
target system's keyboard, mouse and 
serial I/O lines-and to the display by 
way of a scan converter. 

All activity and its results on the 
target system can be monitored and 
recorded. This includes snapshots of 
the target's screens, with annotat­
ion. The graphics analysis monitor 
(GAM), part of the Ferret hardware, 
compares expected test results to 
actual display differences down to 
the individual pixel. 

I Capture/ playback at the core 
The heart of Ferret is its cap­
ture/playback software, which rec­
ords all user keyboard and mouse 
actions and their results, as well as 
screen results, and time-stamps 
them. These actions can be played 
back to the target system or used in 
the construction of more elaborate 
test suites. Test scripts can be con­
structed from monitored and cap­
tured user activity, as well as from 
requirements imported from a 
CASE environment. 

The test engineer uses a spread­
sheet tool to construct test cases on 
matrices from the requirements. 
Using the matrices and a test control 
language, you can "teach" Ferret each 
test. Then you can enhance testing 
with repeatable loops for an exhaus­
tive exercise of the program-up to 24 
hours. In case of a crash of the target 
system, Ferret can be programmed to 
reset and restart, dial a phone number 
or otherwise alert the test engineer. 

I Additional aids 
Ferret includes Microsoft Word to 
aid in analysis of requirements doc-

uments, prepare bug reports and do 
general word processing. It also in­
cludes Microsoft Excel for the design 
of electronic test matrices. Each 
testable requirement is laid out in a 
row and each test case in a column. 
This permits easy organization of 
tests into groups. 

Another third-party package , 
the Owl Hypertext Guide, is used 
to link requirements text via but­
tons to the test matrices, scripts, 
results, and bug reports. This lets 
you link together all the informa­
tion needed to analyze a given 
problem in a way that's self-docu­
menting and self-organizing. 

The final module is the maturity 
prediction software, which lets you 
define an initial desired quality 
level, estimate the time for the test 
phase and monitor the effectiveness 
of testing. 

Ferret will be available for ship­
ping in March of 1992. The system, 
which includes the five software 
packages and four hardware subsys­
tems (PC, GAM, cable interface box, 
and scan converter) and is priced at 
$26,450. - Tom Williams 

Ferret at a glance 

• Nonintrusive testing captures 
user activity and target response 

• Lets you build user activity into 
test suites and automate exhaus­
tive testing 

• Interfaces to target via target 
keyboard, mouse and monitor 

• Pixel-level comparison of dis­
plays is supported 

• Runs on 80386 PC workstation 
under Windows 3.0 

• Includes standard software pack­
ages for word processing and 
Hypertext document organization 

Tiburon Systems 
2085 Hamilton Ave 
San Jose, CA 95125 
(408) 371-9400 

Circle 355 

PCXI 
INDUSTRIAL 
COMPUTERS 
We offer the advantages of a 

modular EISA industrial computer. The 
power and speed of 32-bit EISA capa­
bility: true multi-processing ; 33 mega­
bytes/second data transfer for bus 
masters and OMA; and automatic con­
figuration of system and modules. EISA 
is ideally suited to support the increased 
1/0 requirements of industrial applica­
tions , while maintaining the unique 
cost-to-performance advantages that 
industrial PCs. It is fully backward 
compatible to all XT/AT boards. 

Shown here is a modular EISA industrial 
computer, with a passive backplane 
providing six EISA bus master slots, one 
slot-specific slot and four AT slots. 

PCXI Industrial Computers are also 
available on the AT bus (ISA). PCXI is a 
modular, interchangeable, multi-vendor 
industrial PC system. Noise, emissions, 
power, ground, airflow and cooling 
are specified and verifiable. All PC 
functions, from CPU (286/386/486) to 
power supplies, are enclosed and pro­
tected in metal-shielded modules, with 
front panel connectors. 

Plus, PCXI gives you the best advan­
tage of all: low cost. 

RAPID 
SYSTEMS 
433 N. 34th St., Seattle, WA 98103 
(206)547-8311 •FAX: 206-548-0322 

CIRCLE NO. 78 
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I NEW PRODUCT DEVELOPMENTS 

COMPUTERS & SUBSYSTEMS 

I National releases protocol controller 
National Semiconductor (Santa 
Clara, CA) has released the DS3805 
protocol controller chip it's been 
working on with Newbridge 
(Kanata, Ontario) over the past sev­
eral months. The product will round 
out National's Futurebus+ chip fam­
ily, which includes handshake, arbi­
tration and latching transceivers 
and an arbiter IC. Newbridge will 
also market the controller. 

National is behind Signetics 
(Sunnyvale, CA), its largest compet­
itor in the Futurebus+ market, in 
announcing a protocol controller 
chip. "We wanted to wait until the 
Futurebus+ specification was firmly 
nailed down before we committed to 
developing any silicon," says 
National product manager Phil 
Hughes. He adds that it was worth 
the wait because the company was 
able to closely tailor the chip to the 
needs of a large majority of users. 

I Compelled mode only 
Because the specification isn't 
nailed down tightly enough to in­
clude the faster packet-mode 
transfer mechanism , National has 
stayed with the compelled transfer 
mode for its Futurebus+ protocol 
controller. "The Standard Bus Ar­
chitecture Committee of the IEEE 
(formerly the Futurebus+ subcom­
mittee) is currently finalizing the 
faster protocol, and when it does ,'' 
says Hughes, "we will be there with 
the right silicon." 

The DS3805 controller monitors 
and handles all handshake signals 
required for Futurebus+ transac­
tions and can serve either as mas­
ter or slave. It can deal with con­
nected as well as split transactions, 
but not with cache-coherent trans­
actions. (Additional external logic 
is required to help the DS3805 per­
form cache-coherent operations.) 
The chip's logic also includes all 
internal FIFOs and decoding logic, 
along with address regeneration 
for the retries and block-length 
mismatches. 

The chip includes its own internal 
direct memory access controller and 
Futurebus+ programmable regis­
ters . The latter let you use the chip 
effectively in all applications-from 
simple I/O boards through cache-co­
herent single-board computers, us­
ing either RISC or CISC processors. 

128 MARCH 1992 COMPUTER DESIGN 

The protocol controller also con­
tains reset logic that monitors the 
local and Futurebus+ reset signals 
and register commands. It gener­
ates the appropriate reset events to 
these external signals, as well as to 
internal events such as transaction 
timeouts. 

I Protocol t ransactions 
The DS3805 provides a generic 32-
bi t local interface that converts 
whatever protocol is used on the lo­
cal bus of the module into Future­
bus+-like information and simple 
address and data strobes with ac­
knowledges. If called for, the chip 
will convert 32-bit local transactions 
into 64-bit Futurebus+ transactions 
by packing data and using an ad­
dress-extension register. The 64-bit 
address decoding and unpacking 
provisions are used to convert Fu­
turebus+ transactions into 32-bit lo­
cal transactions. Only the lower 32 
bits of the address are carried 
through. 

The internal read/write registers 
are accessed through the 32-bit local 
interface, either directly or via a Fu­
turebus+ access. In this way the lo­
cal address decoder can reflect to the 
on-chip registers, letting the board's 
logic use additional registers di­
rectly. The registers are used to tai­
lor the operation of the IC to a par­
ticular application. But, at power-up 
time, the chip shows default values 
for all parameters, letting it be ac­
cessed as a slave. 

I Bells and whistles 
N ational's new interface chip has all 
the logic for both the Futurebus+ 
interface and a flexible interface for 
most local buses, from a simple pe­
ripheral bus to any of the most re­
cent CPU architectures. Split and 
locked transactions are supported 
on both local and Futurebus+ inter­
faces to permit tightly coupled mul­
tiprocessing both on the board and 
across the backplane. The internal 
logic supports burst transactions 
from one to 64 transfers, with unlim­
ited length allowed for connected 
transactions. 

The busy/retry circuitry provides 
the ability to break a burst transac­
tion into multiple sub bursts of a par­
ticular length-of 16 or 32 bits, for 
example-to let specific slave mod-

ules or a local bus manage. This 
permits each module on the back­
plane to operate with the most effi­
cient length for its local bus and for 
the Futurebus+ itself. 

The chip supports a full 32-bit 
local and 64-bit Futurebus+ address 
and data path and connects directly 
with standard Futurebus+ trans­
ceivers. Expansion of the address to 
64 bits, if required, is managed by 
programming an internal address 
extension register to create a 64-bit 
Futurebus+ address. 

Since the chip doesn't directly 
support full cache coherency, it's pri­
marily designed as a Profile B chip, 
though most of the hooks are in­
cluded to let it operate as a Profile A 
controller. According to Hughes, 
National intentionally took this ap­
proach because the company found 
in working with designers that, for 
the immediate future , the largest 
number of systems-and board­
level products-will be looking for a 
Profile B controller. 

- Warren Andrews 

DS3805 at a glance 

• Fully compatible with IEEE-896.1 
Futurebus+ 

• Low-power CMOS 

• 32-bit local bus interface 

• 64-bit Futurebus+ data and 
address available 

• Supports split and locked 
functions 

• Parity on all command lines 

• Incorporates FIFOs and logic to 
decouple Futurebus+ for local 
bus 

• IEEE-1149.1 JTAG testability port 

National Semiconductor 
2900 Semiconductor Dr 
Santa Clara, CA 95052 
(408) 721-5000 
Circle 358 



I NEW PRODUCT DEVELOPMENTS 

AS/Cs & ASIC DESIGN TOOLS 

•
ASIC designers gain GaAs arrays 
with 1 OK, 20K usable gates 

To extend the price and performance 
benefits of its 0.6-µm GaAs technol­
ogy to the majority of ASIC designs, 
Vitesse Semiconductor (Camarillo, 
CA) has just added 20,000- and 
40,000-gate arrays to the higher­
density members of its FX GaAs gate 
array family. Like their 100,000-, 
200,000- and 350,000-gate Si sib-

price. By adding the smaller arrays 
to the family, we have substantially 
increased the base of applications 
that FX can cover." 

More than 50 percent utilization 
of the FX20K and FX40K gate ar­
rays is possible through a custom 
masterslice option where you can 
incorporate fully custom logic into 

Second-level cache control 
using the FX40K 

Ga As 
CONTROLLER 

FX40K 

TAG DIRECTORY 256K CACHE 

This block diagram shows a cache controller scheme for a 50-MHz i486 using the Vitesse 
VGFX40K GaAs gate array and commodity SRAM for the tag directory and for the cache 
itself. Since the speed of the GaAs controller is high (5 ns pin-to-pin), users can achieve 
zero-wait-state performance with 12-ns tag directory RAM in a 50-MHz system or 10-ns 
RAM in a 66-MHz system. 

lings, the new arrays have a sea-of­
gates architecture with four-layer 
metal routing. 

The FX20K (10,000 usable gates) 
and FX40K (20,000 usable gates) 
offer up to four times the speed per­
formance available in competing sil­
icon BiCMOS arrays. A typical two­
input NOR gate has a worst-case 
delay of 60 ps unloaded, while dissi­
pating only 0.18 mW of power. That 
performance yields a speed-power 
product of 11 fJ , significantly better 
than silicon BiCMOS at approxi­
mately 25 fJ at 100 MHz, or silicon 
ECL at about 50 fJ . 

I Competitive performance 
"For applications above 150 MHz, 
there is really nowhere else to find 
the kind of performance you get with 
FX," says Vitesse director of ASIC 
products Ray Milano . "Even at 
slower speeds-between 80 and 150 
MHz, for instance-FX is very com­
petitive with silicon BiCMOS, both 
in terms of power consumption and 

the base array. You may also elect to 
embed megacells such as RAM and 
register files into one of the base FX 
arrays. To speed the design cycle for 
custom RAM blocks, Vitesse sup­
ports RAM compiler technology. 
Moreover, you can minimize skew of 
clock signals by using an optimized 
clock distribution scheme developed 
for each array in the family. Signal 
interfaces are configurable to ECL, 
TTL or mixed ECL/TTL signal 
levels. 

I Lower pin-to-pin delays 
With I/O delays ofless than 3 ns , the 
FX20K and FX40K can achieve pin­
to-pin delays of less than 5 ns. By 
implementing critical cache control 
functions such as tag comparison 
with these arrays, you can eliminate 
unnecessary wait states in the oper­
ation of high-speed RISC and CISC 
processors. What's more, you can 
significantly reduce overall system 
cost by using inexpensive commod­
ity SRAM for tag or cache functions, 

since the FX gate arrays can make 
up the difference in the timing mar­
gin. Vitesse claims the FX20K and 
FX40K contain enough resources to 
implement even the most sophisti­
cated cache control schemes, such as 
multiprocessor, set-associative or 
write-back compatibility. 

With internal flip-flop toggle rates 
exceeding 1 GHz and input receivers 
and output drivers capable of band­
widths in excess of 1 GHz, the 
FX20K and FX40K are well suited 
for implementing complex DSP algo­
rithms such as infinite or finite im­
pulse response filters and fast Four­
ier transforms, crosspoint or 
crossbar functions which route data 
streams in excess of 300 MHz but 
require low power dissipation. 

Package options for the FX20K 
include a 52-pin ceramic LCC and 
a 132-pin ceramic LCC or PGA. 
The FX40K is available in a 184-
pin ceramic PGA. You can design 
FX arrays with Mentor and Ca­
denceNalid schematic capture and 
logic simulation tools , Synopsys 
synthesis and Teradyne's Lasar 
simulator. 

The FX20K and FX40K are avail­
able now with nonrecurring engi­
neering expenses ranging from 
$70,000 to $120,000 and production 
prices ranging from 0.5 to 1.25¢ per 
utilized gate. - Barbara Tuck Egan 

FX20K & FX40K at a glance 

• 0.6-µm GaAs manufacturing 
technology 

• 10,000 and 20,000 usable gates 

• Worst-case delay of 60 ps 
unloaded for typical 2-input 
NOR gate 

• Speed-power product of 11 fJ 

• 1/0 delays less than 3 ns, pin-to-
pin delays less than 5 ns 

• Flip-flop toggle rates exceeding 
1 GHz 

Vitesse Semiconductor 
741 Calle Plano 
Camarillo, CA 93012 
(805) 388-3700 
Circle 356 
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I NEW PRODUCT DEVELOPMENTS 

AS/Cs & ASIC DESIGN TOOLS 

I Partial-scan sequential ATPG tool 
handles complex ASICs 

TestGen from Sunrise Test Systems 
(Sunnyvale, CA) is a tool for partial­
scan sequential automated test pat­
tern generation (ATPG) that accom­
modates the full range of circuit 
types-including combinational and 
sequential logic, and synchronous as 

into the chip, TestGen places no re­
striction on the design and does not 
compromise chip size and perfor­
mance. "In the past, chip designers 
had a no-win choice," says Jean­
Pierre Braun, vice-president of mar­
keting and engineering at Sunrise. 

"They could opt 

Automated test generation 
for the high 
fault coverage 
of the full-scan 
approach, with 
all its size, 
cost and per-
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formance pen­
alties. Or they 
could make do 
with low-cover­
age tests and 
take a hit on 
product qual-
ity. With Test­
Gen they don't 
have to com-
promise on ei­
ther end." 

TestGen is a 
back-end tool, 
for use after a 
preliminary 
chip design is 
completed. It 
requires only a 
netlist from 
standard CAE 
tools such as 
those from Ca­
dence, Mentor, 
LSI Logic, and 

If testability reports from TestGen's fault simulator indicate cov­
erage that's less than acceptable, you can use the test vector 
generator to create additional vectors or the test synthesis tool to 
selectively insert scan points. 

Toshiba. 
The fault 

simulator in 
TestGen issues 
a testability re­
port detailing 

well as asynchronous circuits. 
TestGen integrates a test vector gen­
erator, fault simulator and test syn­
thesis tool. For low- and moderate­
complexity ASICs, Sunrise offers a 
version of TestGen that works only 
with gate-level designs and pre­
qualified libraries . For complex 
ASICs and full-custom ICs, a se­
cond version accommodates tran­
sistor-level descriptions and sup­
ports custom libraries. 

Unlike traditional full-scan meth­
odologies, which require a large 
number of test circuits to be built 
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fault coverage provided by functional 
vectors. If the testability report shows 
fault coverage that's less than accept­
able, you can use TestGen's test vector 
generator to create additional vectors 
for increased coverage. But if there's a 
lack of either controllability or obser­
vability, it may be impossible for vec­
tors to turn up faults unless the circuit 
itself is altered. For that reason, the 
fault simulator also issues a structural 
analysis of the circuit's testability, de­
scribing faults that may be unde­
tectable because of problems with 
controllability and observability. 

If hard-to-test structures are 
found, you can use the test synthesis 
tool to insert scan points into the 
circuit. To avoid any speed penalty, 
you can exclude performance-criti­
cal logic blocks, paths or gates from 
scan insertion. The output of the test 
synthesis tool is a new netlist, auto­
matically modified to include the 
scan circuits. 

I Shorter programming time 
The test generation process is itera­
tive and until target coverage has 
been reached, you can continue feed­
ing vectors from the ATPG tool and 
new netlists from the test synthesis 
tool back into the fault simulator for 
new testability reports. The time 
taken to produce a complete pro­
gram is much less than with tradi­
tional manual methods. 

Since TestGen integrates only as 
much extra circuitry and I/Os as 
needed to obtain the target test cov­
erage, Sunrise claims its use results 
in smaller die sizes and lower silicon 
costs than full-scan approaches. And 
since TestGen can exclude critical 
paths from the scan chain, you can 
minimize the effect of the software 
on device speed. 

TestGen runs on Unix worksta­
tions from Hewlett-Packard and 
Sun. Custom TestGen, for use with 
custom ICs and complex ASICs, is 
priced at $160,000. ASIC TestGen, 
for use with most ASICs, is priced at 
$95,000. Both are available now. 

-Barbara Tuck Egan 

TestGen at a glance 

• Handles combinational and 
sequential (synchronous and 
asynchronous) logic 

• Selectively inserts scannable 
circuits 

• Performance-critical paths can 
be excluded from scan chain 

• Accepts netlists and libraries 
from major CAD tools 

• Usable for low- and high-
complexity ASICs as well as full-
custom ICs 

Sunrise Test Systems 
1095 E Duane Ave #207 
Sunnyvale, CA 94086 
(408) 739-4000 
Circle 357 



CAE tools for 
analog: just 

interesting or 
essential? 

I I I 

t wasn't long ago that hard-core analog designers 
took great pleasure in bad-mouthing the avail­
able CAE tools. Analog design-and any serious 
mixed-signal design that pays careful attention 
to analog-requires a different toolset than dig­

ital design. And, in terms of utility, the tools for analog 
and mixed-signal design have followed strictly digital 
tools by a good three to five years. Consequently, the 
promotional handles put out by analog tool vendors 
often got a negative response from influential critics. 
National Semiconductor's analog guru, Bob Pease, 
has written that simulation can't replace careful com­
ponent selection and breadboarding, and Linear Tech­
nology's Jim Williams has said "don't get me started." 

But the once-venomous tone has now changed into 
something considerably more conciliatory. Jim Willi­
ams admits he's "exploring ways to use what these 
guys have." He said recently that the experienced 
designer will most likely use multiple tricks-includ­
ing CAE tools. "The really good technologist is aware 
of a spectrum of solutions," he says. 

There are several factors driving the acceptance of 
analog design tools. First, there's a perceptible change 
in ease of use. Second, simulation-the real bugaboo 
of analog design-is getting faster and less painful. 
This is a direct result of improvements in simulation 
algorithms, the penetration of behavioral modeling 
techniques and the use of more powerful desktop 
computers. There's also a subtle change in the way 
analog designers think about their work. In a word, 
analog design is becoming more abstract. It's this 
acceptance of a higher level of abstraction that's 
creating a favorable environment for analog tools. 

I Better hit rates 
While analog toolsets aren't as horrendous as the 
worst critics have made out, they've hardly been as 
wonderful as the trade show demos would have you 
believe. For analog design tools, though I'd argue the 
overall "hit rate" is getting better. Much better. 

First, there's improvement in graphics and ease of 
use. This is most noticeable for PC-based systems, 
which are getting the lion's share of design tool devel­
opment. Those of us who've breadboarded circuits with 

soldering pencils and Global Specialties clip blocks, 
or who've tweaked Spice decks to run on an IBM 3033, 
may express a certain amount of cynicism about the 
utility of desktop analog tools. But one should never 
underestimate the ease-of-use factor, especially when 
it comes to equipping a department of young engi­
neers. These tools have made a transition from "in­
teresting" to "essential,'' while remaining "fun to use." 

The ViewSim/SD simulator of Viewlogic Systems 
(Marlborough, MA) and the Design Center of Micro­
Sim (Irvine, CA), for example, have graphical front 
ends which interface seamlessly with a Spice-based 
mixed-mode simulator. One version of Design Center 
takes advantage of the Microsoft Windows 3.0 envi­
ronment to display PSpice-generated waveforms­
analog and digital-in windows on the same screen 
with the schematic. 

PSpice, because it was one of the earliest to use the 
PC as its platform, has the largest installed base of 
any of the Spice-based analog simulators-over 
15,000 copies. Improvements to the graphical front 
end can't do anything but elevate the popularity of 
the tool, which now runs on Apple Macs, DECstations 
and Suns, as well as PCs. 

View logic, similarly, has built a tight coupling be­
tween schematic entry and simulation. You enter all 
simulation parameters on the schematic itself, and 
invoke the ViewSim/SD simulator with some clicks of 
a mouse pointer. (The schematic editor couples with 
PSpice and HSpice, as well as ViewSim.) 

View logic product marketing manager Karen Wills 
agrees analog design tools have traditionally lagged 
behind digital design tools in terms of sophistica­
tion-especially in their ability to manipulate hierar­
chical blocks with thousands of transistors. View logic 
has nonetheless managed to incorporate a number of 
ease-of-use features for traditional analog design­
ers-and the growing number of digital designers 
who, because of mixed-signal requirements, are now 
performing analog design. 

Chief among these features is what Wills calls 
"context sensitivity,'' the program's ability to antici­
pate the circuit designer's next move . It's features like 
these that have given View logic tools an installed base 
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in excess of 11,000 seats, digital as well as analog. 
With each of these tools, the once-annoying transi­

tions from schematic to simulation are now easier to 
make. This transition once required you to wait, 
sometimes for several minutes, while the computer 
made a translation from the graphical format of a 
circuit schematic to the netlist format of a Spice 
simulator. Even then, you often had to go back into 
the Spice netlist to rearrange things so the simulator 
would run properly. But now the netlist compilation 
runs so fast and smoothly that the process is typically 
invisible to the user. 

Part of the speed of the process is due to 386- and 
486-based PCs which approach workstation perfor­
mance; part ofit's due to tool vendors' efforts to tightly 
integrate schematic and simulator. The fact that 
Viewlogic and MicroSim tools run on 386-based PCs 
lets analog designers try out circuit ideas at their 
desks, without a Unix network and workstation. 

I Automated model generation 
As Computer Design senior editor Mike Donlin 
pointed out recently (see "Mixed-signal board de­
signers resist the siren call of simulation," Nov. 1991, 
p . 84), the use of board-level simulation will depend 
entirely on the availability of component models. This 
factor will make the difference between simulation or 
breadboarding on the PCB level. 

Without decent op amp models, for example, the 
Bob Peases of this world are confronted with a very 
lopsided choice. You can spend a half-hour wiring 
together some resistors, capacitors and op amps-a 
big $1.38-worth of parts-and take bench measure­
ments with a signal generator and oscilloscope. Or, 
you can spend the better part of a day writing a Spice 
model for your favorite op amp, and pray that it works 
with your simulator. Says Jerry Brown, MicroSi.m's 
director of software development, "Designers are very 
interested in simulation-but, if they don't have mod­
els, they breadboard." 

Spice model generation is actually not as painful 
as it's tedious and time-consuming. Its simplicity or 
its accessibility results because it describes a physical 
structure based on electrical nodes. The model devel­
oper visualizes the nodes as a set of points-A, B and 
C, or 1, 2 and 3-and describes the physical entities 
that reside between two points-for example, resis­
tors, capacitors, diodes, and transistor terminals. He 
or she then assigns some sort of value to the compo­
nents-for example, ohms or nanofarads. 

Vl, in the listing below, is an idealized buffer-a 
voltage amplifier with a gain of 1. It resides between 
nodes 2 and 0 (ground). R2 is a 150-kQ resistor 
residing between 2 and 0. 

1 v 
2 R 
3 Rl 
4 C3 
5 R2 
6 Vl 
7 R 

0 0 1. 
1 0 10. 
1 0 15.K 
1 2 10.n 
2 0 150.K 
2 0 1. 
3 0 10. 
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The problem with this type of node description is 
that you must pay careful attention to all types of 
nonlinear circuit elements if you want the simulation 
to be accurate. As a result, the idealized op amp buffer 
model must be replaced with a network of transistor 
models ; and the idealized transistor model must be 
replaced with a network of resistive, capacitive, in­
ductive, and nonlinear elements. A single transistor 
model, then, can consist of as many as 38 nodal 
components, each of which will be used as values in 
the matrix calculations the simulator performs to 
determine the voltage and current at every node with 
a given set of input conditions. In short, you don't 
want to spend a lot of time writing Spice models unless 
you're well compensated for doing it. 

I Spice models more accessible 
Fortunately, Spice models are becoming more acces­
sible, thanks to a number offactors. First, tool vendors 
are very diligent about providing usable models with 
their simulators. MicroSim, for example, provides 
model libraries-over 5, 700 parts-with its PSpice 
simulator. Similarly, analog IC vendors, such as 
Analog Devices' PMI Division (Santa Clara, CA), are 
offering usable Spice models for their parts. While 
these models are not as detailed at the nodal level, 
they depict the behavior of the device within range of 
its data sheet parameters. 

A second factor is current-generation compilers and 
modelers that are making it easier to create new 
models for packaged parts. Zeelan Technology 
(Beaverton, OR), for example, last fall introduced a 
parameter extraction system that rapidly builds de­
tailed behavioral models of packaged components. 
The heart of the system is a component "measurement 
mainframe"-a dc-to-4GHz stimulus-response cap­
ture system-that gathers data on any prepackaged 
analog device. 

Curve-fitting software, in turn, converts the cap­
tured data into a behavioral model. Using a "Z-de­
convolution" curve-fitting technique, the generator 
will provide a model in Laplace form which easily 
supports behavioral modelers such as Saber from 
Analogy (Beaverton, OR). The system will extract 
Boyl models and parameters, as well as ASCII fi les. 
It will support Spice directly in its next generation. 

Because these models are compiled from data ex­
tracted from actual parts, they provide a much more 
detailed description of device behavior than the ge­
neric parts models available through distributors. 
Because of its sophistication, Zeelan's model building 
system is best used by systems companies with strong 
commitments to board-level simulation, as well a::; by 
IC vendors under pressure to characterize their new­
est parts and provide precisely detailed models. 

I New compilers help out 
New compilers, meanwhile, make it easier for you to 
build your own models by entering specific parame­
ters to a generic symbol on a graphical screen. The 
computer then does the work of converting the symbol 
into a simulator model. One of the most promising of 
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these new compilers is DesignStar, a graphical front 
end for Analogy's Saber simulator. 

Less of a "simulator" than a "modeler," Saber takes 
an entirely different approach than Spice to the pro­
cess of describing analog behavior. Where Spice is 
wedded to electrical nodes, Saber describes the be­
havior of component blocks as a whole. It would be an 
oversimplification to suggest that Saber works "top 
down" while Spice works "bottom up," but that may 
be the best way of understanding these simulators. 

If Spice calculates the voltages and currents at each 
node of a circuit at any instant in time, the only way 
the entire circuit can be described is as a summation 
of all the nodal activity. Saber, in contrast, finds and 
applies a set of equations which best describes the 
activity of the circuit as a whole. The result is much 
shorter computer run times than Spice, much more 
utility in simulating large circuit blocks such as ASICs 
and much more success in pairing digital with analog 
activity in a mixed-signal simulation. 

A problem for Saber has been the process of gener­
ating behavioral models, which has you working in a 
high-level, C-like language-something of a "stretch" 
for most analog designers. The DesignStar compiler 
practically eliminates this problem by giving you a 
graphical front end in which you can enter transfer 
functions, circuit parameters and other data. The 
model is then automatically generated. 

It's here that the entire analog design process comes 
to a crossroads. Up to now, the analog designer has 
worked with very physical things-resistors, capacitors, 
transistors, and op amps. Whether you breadboard or 
simulate, the process is the same. You select compo­
nents, wire them up and see how they work together. 
With behavioral modeling, you're looking at a level of 
abstraction that digital designers are just starting to get 
comfortable with. Like the digital designer working in 
VHDL, you must deal with modeling a circuit function 
which has no physical analog. 

High-level hardware description languages (HD Ls) 
such as Cadence's Verilog and VHDL make it possible 
to describe a digital circuit without regarding how it's 
implemented. Since digital behavior is described in 
ls and Os and clock cycles, in principle it's possible to 
describe a digital system that's totally independent of 
the implementation technology. The same description 
can apply to a highly integrated CMOS ASIC, or a 
board full of 7400-series logic. A behavioral-level an­
alog modeling language such as Analogy's Mast-the 
C-like language utilized to build Saber models-or an 
analog equivalent of VHDL will make it possible to 
describe an analog or mixed-signal system without 
reference to the components in the circuit. 

This is new territory for analog engineers, who've 
typically been more closely tied to structural descrip­
tions than digital designers. The stage is set, in fact, 
for "analog emulation technology," the ability to im­
plement analog functions with largely digital means. 

But this is the point at which traditional analog 
designers begin to balk. "You can use a million tran­
sistors on a chip to beat a problem into submission," 
says Jim Williams, "as opposed to thinking 'what is 

the problem?' and 'how do you solve it?'" With design 
modularity (the by-product of high-level design meth­
odologies), says Williams, "elegance in design is no 
longer the primary goal." 

I Implementing analog filters 
An extraordinary contrast between traditional analog 
and the newer CAE-driven design styles can be seen in 
the means of implementing analog signal filters. A 
reasonable analog filter can be implemented cheaply 
with a fistful of resistors, capacitors and op amps. 
Though the filter functions will never be very steep, a 
clever analog designer can make the system work as 
well as it needs to. A digital signal processor, in contrast, 
will provide a much steeper, much more precise filter 
function than almost any combination of analog parts. 
The DSP solution, however, is typically more costly in 
money, silicon and programming time. 

There's a new CAE tool which dramatically closes 
the gap between these differing design styles. The 
Sproclab development system from Star Semiconduc­
tor (Warren, NJ) offers a graphical, easy-to-use envi­
ronment for specifying filter functions. You can specify 
filter parameters on a menu on a PC screen and 
visualize the actual waveform it will create. You can 
then use the software to compile code for a specially­
developed DSP chip-the Sprocchip. The develop­
ment system will automatically download the 
developed code directly to the Sprocchip. 

The breakthrough for analog designers here is in 
the pairing of easy-to-use tools with specific hard­
ware. No matter what level of abstraction you choose 
to work at, you always have a structure element that 
will reliably implement your design. 

I suspect that analog design tools which remain 
close to circuit structure-for example, schematic 
entry packages integrated with Spice-based simula­
tors-will be more popular in the near term than tools 
which approach analog design from a behavioral-level 
perspective. These behavioral-level tools, however, 
will increase in popularity as designers take on more 
digitally-based mixed-signal ASIC projects and rec­
ognize the utility of describing large circuit blocks 
with a high-level language construct. We'll also see a 
greater proliferation of analog emulation techniques, 
and a gradual "changing of the guard." Dave Fullagar, 
vice-president ofR&D for Maxim Integrated Products 
(Sunnyvale, CA), couldn't disagree more. "Tools may 
be the 'wave of the future,' " he says, "but they can't 
replace 10 years of design experience- the novice user 
still gets ground loops." 

Stephan Ohr is president of Indian Forest Research, 
and publisher/editor of the monthly newsletter, 
Mixed Signals. 
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Announcing a Free IDEA That Will Put You Ahead of Your Competition 

IDEA '92 offers something that no other exposition does: the complete solution to 
your ASIC, FPGA, and EDA design issues. And the infonnation and training that will 
put you way ahead of your competition. 

And if you register now, you can attend our exhiJit for tn!e. 

Through our program of training courses and seminars, you'll team how to 
sucressfully integrate state-of-the-art ASIC FPGA, and EDA technologies for system 
design. You1/hearexpertusersdisrussthe/atestdevelopmentsin: 

• logic synthesis • New FPGA ardiitectures 
• Frameworl<s • High-performanre ASIC modeling 
• Migration from FPGAs to gate anays • Test synthesis 

And you11 test drive the hot new products from the industly's leading suppliers, 
including HP, Motorola, Cadence, IBM, LSI, Xilinx, Compass Design Automation, and 
Mftsubishl 

Don't miss this opportunity to atrend our exhibit for free, team from the industJy's 
renowned experts, and interact with your peers in an environment designed to 
address the issues you face evety clay. 

Register for IDEA '92 and gain a competitive edge. 

Call 1.800.848.IDEA 
for program and registration information. 

CIRCLE NO. 81 



Specialized PLO and 
FPGA tools 

I I I 

hen designing with programmable 
logic devices (PLDs) and field-pro­
grammable gate arrays (FPGAs), you 
basically have two choices. You can go 
with a development environment from 

a third-party vendor or obtain proprietary develop­
ment systems from the manufacturer of the specific 
parts you want to use. Both choices have merits and 
drawbacks. 

There was a time when all PLDs were provided by 
a few companies . They were fusible link, bipolar and 
sum-of-products parts which transformed Boolean 
source files into JED EC fusemaps for programming. 
Today, hundreds of different parts are available from 
dozens of manufacturers, and the technology has 
moved from bipolar to CMOS, BiCMOS, ECL, and 
GaAs. Also of importance now is the fact that fusible­
link one-time programmable parts have been joined 
by EEPROM and flash parts, as well as fusing-link 
and RAM-based programming technologies. 

Most important, though, is the fact that modern 
PLDs include many proprietary architectures for 
multilevel logic implementations and encompass 
more recent FPGA characteristics. FPGA architec­
tures vary more, and making the right choice can set 
the tone for the emire project. 

I Know it all 
If you didn't have to perform any other tasks, it might 
be possible to know in detail the architectures, quirks 
and subtleties of every part. But no one today can be 
expected to know every part in any sort of depth. 
That's why it's important to make the proper choice 
when selecting design automation tools for PLD and 
FPGA devices. 

Third-party vendors are useful because they don't 
limit you to a specific manufacturer's parts. Generic 
logic can be designed and captured in various formats, 
such as schematic capture, Boolean language, truth 
tables, state machine syntax, VHDL, and even 
waveform capture. This is beneficial in that different 
designs lend themselves to different design input 
techniques. A decoder may be simpler to enter in truth 
table format , for example, while a sequencer may lend 

itself to state machine or even schematic entry. This 
is also often a matter of preference and different 
designers will choose different input formats, even for 
the same design. 

With third-party support tools it's also important 
that you need to master only one software. When 
designing with various chips from different manu­
facturers, a third-party tool will let you design 
within a single environment, rather that having to 
obtain, load, configure, learn, and run each com­
pany's proprietary tool. Instead of having to load 
and run a program, and then exit it and repeat the 
sequence with a different program, with one pro­
gram run you can load, compile and save one design, 
then load, compile and save another one. While it 
may seem to be a trivial benefit that the operational 
aspects of running a program as well as the specific 
syntaxes of source files are uniform in format, in 
practice it's not. 

I Doing it "their" way 
Almost every program, third-party as well as propri­
etary, has a slightly different syntax and notation 
format for Boolean input. One may require a slash (/) 
to indicate the NOT value for a signal, while another 
may require an asterisk(*) and still another may call 
for an exclamation point(! ). One may require a semi­
colon at the end of each line, and another may have 
the line end with just a carriage return. 

When moving from tool to tool , it's easy to inadver­
tently use the wrong syntax, and so waste time going 
through the text editing and compiling tasks several 
times. This situation holds true for commonly sup­
ported input techniques such as Boolean and truth 
table formats , as well as for a tool's proprietary for­
mats, such as state machine and high-level language 
support. 

Agreat benefit of third-party PLD and FPGAdesign 
systems is the ability they give you to aim at devices 
you want to implement the design in and the way they 
let you make software recommendations. Many of 
today's third-party PLD and FPGA design programs 
provide automated or semi-automated device selec­
tion and even device partitioning. This relieves you 
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of the burden of having to be intimately familiar with 
every part's architecture, characteristics, quirks, and 
subtleties. What's more, more recent third-party soft­
ware even lets you input weighted criteria for auto­
mated device selection, permitting the software to 
find the cheapest, or fastest, or smallest, or lowest 
power (or any combination of the above) solution to 
specific design requirements. 

I Does flexibility offset price? 
While third-party PLD and FPGA packages can cost 
$5,000 or more for PC platforms, they tend to 
provide a flexible environment in which to experi­
ment with "what-if' scenarios, so you can arrive at 
the optimum choice of 
parts for a given de­
sign. In addition, the 
ability to partition a de­
sign into chip sets fur­
ther enhances flexibil­
ity, since smaller and 
cheaper parts can be 
used where PC board 
space isn't a design 
criterion. 

tools. Until then, the manufacturer's tools are still the 
only way to get immediate and comprehensive sup­
port for the latest parts. 

I Captive on the move 
Traditionally, device manufacturers have provided 
low-cost--0r even free-software to aid both novice 
and experienced PLD designers with design transfor­
mation into JEDEC code for device programmers. 
This proprietary software can only be used to design 
with the parent company's parts, even though in most 
cases it includes translators that convert other com­
panies' designs into its format. 

While many manufacturers still offer low-cost soft­
ware for this purpose, 
the trend has been to­
ward more expensive, 
but still proprietary, 
software. The days of 
free software haven't 
quite come to an end, 
but cutting-e dge de­
signers who want to 
take advantage of the 
latest parts may now 
have to pay for propri­
etary development sys­
tems from device 
manufacturers that are 
as, or even more, expen­
sive than good general­
purpose third-party PLD 
and FPGA development 
systems. 

But not everyone 
needs a general-purpose 
program for PLD and 
FPGA design. Many 
times a company focuses 
on one or two device 
manufacturer 's parts, 
when a broad product 
line can satisfy all its 
PLD and FPGA require­
ments. In this case, the 
need to support other 
manufacturer's parts is 
eliminated and may 
even be undesirable. 

For those of you who 
aren't limited to a few 
manufacturer 's parts, 

The Actel FPGA utilizes a fusing-link technology to achieve highly 
dense parts. A dedicated programmer is available through Actel as 
part of its development system. 

On the surface, this 
may seem like a disin­
centive for designers to 
use a specific company's 
parts . You will find , 
however, that device 
manufacturers' s oft-
ware has grown from 
simple Boolean transla­

third-party tools may fall short in another area . 
In many such cases the device manufacturer is the 
only source for immediate support of a newly intro­
duced part. Third-party tools may lag behind de­
vice manufacturers by several months when it 
comes to supporting new devices. Also, nobody knows 
the architecture of a part better than the device 
manufacturer. 

This means that the device manufacturer's soft­
ware will almost always do a better job of allocating 
internal device resources than will a third-party tool. 
This is especially true ofFPGAs, whose architectures 
are so specific and variable that it's nearly impossible 
for an independent third-party company to intimately 
know every part. 

Device fitters supplied by device manufacturers to 
third-party software vendors are starting to alleviate 
this problem. Still a rather new arrangement, when 
it matures it could mean that third-party tools can be 
as responsive to new parts as the manufacturer's own 
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tors to full-blown and comprehensive design environ­
ments for design capture, optimization, reduction, 
factoring , functional simulation, timing verification, 
test pattern generation, fault analysis , programming 
interface, and hard copy documentation support. 

In addition, many of today's newer FPGAs can't be 
programmed on standard device programmers. 
Either there are too many pins or you just don't have 
the flexibility to tackle the specific algorithms needed 
to program the part. As a result, many of the device 
manufacturers' proprietary development systems in­
clude a dedicated programmer and interface to your 
computer, driving the price even higher for these 
narrow, but powerful, solutions . 

A related issue is the expense of the PC. It used to 
be that a bare-bones PC could easily handle PLD 
designs. Now many programs, both third-party and 
proprietary, require 386- and 486-based machines 
with large hard drives , deep memory ( 4 to 16 Mbytes), 
VGA displays, mouse, printer, serial and parallel 
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ports, and even specific operating environments such 
as Windows. On top of that, you may be required to 
obtain other third-party software for schematic cap­
ture and netlist generation. This can add another 
$1 ,000 to $5,000 to the cost of obtaining and using 
these superparts. 

And, as if this wasn't enough, third-party debug 
aids such as emulators and debuggers are often rec­
ommended, even when using a company's proprietary 
tool. These aids come in very handy when initially 
testing your design. Some advanced parts are one­
time-programmable, meaning that every design and 
test iteration could cost $100 or so. If many designs 
are planned, an emulator could pay for itself, espe­
cially if a brute-force engineer is doing the design. 

I The full spectrum 
In the world of PLD and FPGAdevelopment systems 
from device manufacturers, the entire spectrum is 
covered. Free and low-cost software is still available 
from most manufacturers, but it generally supports 
small devices only, such as sum-of-product architec­
tured parts. This software is intended to work well 
with various third-party programmers, and is gener­
ally limited to equation-based input with limited 
simulation (if any). 

RTXC'" & RTXC/MP'" 

Large parts and proprietary FPGA architectures 
require more costly development hardware and soft­
ware, but these tools are now as streamlined and 
efficient to operate as any third-party development 
package. Most companies offer a comprehensive de­
sign environment, with schematic, equation, high­
level language, and even waveform support. In 
addition, better simulators are coming with these 
more costly development systems. 

What's really nice is that modern proprietary de­
velopment software is now fully integrating with 
popular third-party tools. Within a single design en­
vironment, engineers can use preferred schematic 
capture programs, text editors and other user-defined 
tools and utilities that can integrate into the environ­
ment rather that run from outside it. This can dra­
matically improve throughput and reduce 
human-introduced errors such as file I/O and program 
invocation switches. 

Jon Gabay is a freelance editor with extensive design ex­
perience. He has written for all of the specialized 
CAE/CAD publications at one time or another, including 
High Performance Systems, Engineering Workstations 
and, most recently, Design Automation . 

Considering 

Written inC, 
portable by design 

Intel 80x86, 80x96, 8051 
Motorola 68HC11 /16, 68xxx 
Tl TMS320C30/C40 
Zilog Z80, Zx80 
Analog Devices 21 O 1 
lnmos T2xx, T 4xx, T8xx 

Multimedia or 
Interactive Systems ? 

Dynamic priorities 
Task Management From 

Timer Management 8-bit microcontrollers 
Memory Management to multiple 32-bit 

Semaphores processors : 
Message mailboxes sameAPt ! 

FIFO queues 
Resource Management 

Virtual single processor (distributed) Debugger 
with RTXC/MP ! System generation tool 

Workload monitor 

Transputer networks Message based 
C40 networks Transparent 

VME networks 
Distributed operation ! 

Free demo No royalties 
and evaluation kit 

Source code included 

New version 3.0 3 months free upgrades 
and support 

Intelligent Systems International 
lnterleuvenlaan 23, B-3001 Leuven, Belgium 
Tel.(+32)16 29 01 28. Fax.(+32)16 29 03 63 

(List of distributors for USA and Japan on request) 
RTXC•~A.T Banett&Assooates RTXC'MP1raclemlrl<.lntelgenlSyslemslnlemabonal. 

CIRCLE NO. 79 

Consider MICROBOARDS 
Authoring systems for: 

0 DOS, Mac, UNIX, 05-9, CD RTOS 
O Player Hardware 

Red Book 
Yellow Book 

Green Book 
Orange Book 

Standard and Custom OEM designs 

- - ---- - -- --- - ------- ---- - - ;-------- . 

~ MICROBOARDS, Inc. 

MBi America 
Tel: (612) 448-9800 
Fax: (612) 448-9806 

CIRCLE NO. 80 

MBi Japan 
Tel: 0474 (37) 9811 
Fax: 0474 (37) 9821 
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SCSI 
1 OMB!sec & High Speed 

Differential Bus Extenders 
C t (lo 1,000/1. -on OnVer erS Hber Optir,s or Cor.r) 

·.~ 
11> Transparent Operation 11> No loss of data thruput 

11> Plug-and-Go Installation 
11> Compatible witl1 SCSI standard 

7171 Romon Rd PARALAN (619)560-7266 
San Diego, CA --/J----- Fax619-560-8929 
92111 

CIRCLE NO. 166 

CMOS 186 
Single Boord Computer 

Runs C or QuickBASIC" Programs 
Powerful 16-bit computer directly executes 
EPROM's containing any C or BASIC .EXE file. 
NO LOCATORS! Software includes multi-tasking, 
multi-drop comm, PID control, OPTOMUX.'" 

• 10, 12, 16MHzBOCl86 
• CMOS design 
• 512KRAM 
• 384KEPROM 
• STD BUS Expansion 
• COM I RS232/485 
• COM2, LPTI 
• RTC Avail 
• BOC 187 Avail 
• OEM discounts 

~MICRO/SY: 
1011 Grand Central Ave., Glendale, CA 91201 

(818) 244-4600 FAX (818) 244-4246 

CIRCLE NO. 169 

Instant Microcontroller 

+ 
Instant C 

lnstam New Product 
Use our Little Giant™ and Tiny GiantTM miniature 
microprocessor-based computers to instantly com· 
puterize your product. Our miniature controllers 
feature built-in power supplies, digital 1/0, serial 1/0 
(RS232 I RS485) , ND converters (to 20 bits) , 
solenoid drivers, time of day clock, battery backed 
memory, watchdog, field wiring connectors, and 
more! Designed to be easily integrated with your 
hardware and software. Priced from $159. Core 
modules as low as $59. Low cost, interactive Dy­
namic C™ makes serious software development 
easy. 

Z-World Engineering 
1724 Picasso Ave., Davis, CA 95616 USA 

Tel : (916) 757-3737 Fax: (916) 753·5141 
Automatic Fax: (916) 753-0618 

(Call from your fax , request catalog #16) 

CIRCLE NO. 172 
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6BHC16 
68332 

PC-based In-Circuit Emulator 

• Suppons 68HC16Z1 , 68331 , 68332, 68340 with mo<e members of 
the HC16 and 300 families to follow. 

• User interface under Microsoft Windows. 
• Memory contents available 1n real-time (shadcw.I RAM) 
• Up to 17 MHz real lime emulatt0n. 
• Full control of TCNT at breaks and single step. 
• High-level C support In-line assembler and disassembler. 
• 10-day free trials available to qualified cuslomers. 

noHau 51 E. CampbellA"°""" 
Campbell, CA 95008 
FAX (408) 378-7869 

CORPO RATI O N (408l 866-1 820 
CIRCLE NO. 167 

REAL-TIME 
NETWORK 

The SCRAM­
Net ™ Network 
combines the 
real-time speed of 
replicated shared 
memory with the 

flexibility of a fiber optic LAN to get micro­
second response from multi-vendor comput­
ers. It offers distinct advantages in critical 
simulations. Brochure highlights system's 
features. 

Systran Corp. 
4126 Linden Avenue, Dayton, OH 

45432-3068 USA. 
Phone (513) 252-5601 or 

1-800-252-5601. 
CIRCLE NO. 170 

INDUSTRIAL PASSIVE BACKPLANES 
PC/AT/ISA 

' ' 
•U11u,,.,, 
~•c.1.cc••••c•tt 

• Available in 3 to 20 Slot Configurations 
User Selectable " Tri-Mode" BUS Termination 
Multiple Power Connection Alterna1ives 
lnduslry Compatible Mounting Holes 
Solid Slate 5V Keyboard Power Proteclion 
Minimum 4 Layer FR4/ 94 V UL Construc1ion 
Optional Power Good Circuitry On Board 

• Multi-Processor 18 and 20 Slot Backplanes 
User Selectable Segmentation 

• Custom Design Capability l!Ift 
• Lifetime Warranty • 0 

• Made in USA g -
MOOll..AR INDUSTRIAL~ 

1729 Little Orchard St.. San Jose, CA 95125 
Phone 408-971-0910 FAX 408-971-0763 

CIRCLE NO. 173 

REMOVE HARDWARE 
()---,..;- LOCKS -r----0 

Protect your investment! 
Don't wait for your lock to get lost, 
stolen or fail and render your pro­
gram useless. 
Our SAFEKEY'S are guaranteed to 
unlock the following : 

PADS 2000 
PADS PCB 
SMARTCAM 

MAX ROUTE CADKEY 
MASTERCAM PCAD 
MICROSTATION & MORE 

Limited Time Offer $399 plus S&H 

(609) 390-2799 
24 HR. FAX HOTLINE 

(609) 390-3750 

IMAGINE THAT 
1 Evergreen Dr., Seaville, NJ 08230 

TM-Trademarks property of respective owners. 

CIRCLE NO. 168 

357 MHz 14-Pin 
Clock Oscillator 

Connor-Winfield Corp. 
announces literature on a 
new line of high frequency 
ECL Logic clock osci lla­
tors. The ECLB Series 

osci ll ator covers the high frequency range of 8 MHz-360 
MH z. AVA ILA BLE NOW IN A 14-PIN DI P. Li1erature 
for a double DIP version with frequencies to 500 MHz is 
also avail able. Freq uencies to 90 MHz are now ava ilable 
wi1h Voltage Contro l function (model EV53 series). 
Contact Barney Ill for details. 

Additiona l specifications listed below: 
Mode l ECLB 
Package : 14-pin DIP 
Frequency: 8 MHz to 360 MHz 

Supply -5.2 or -4.5 Vdc 

Connor-Winfield Corporation 
1865 Selmarten Road 
Aurora, IL 60505 
PH: (708) 851-4722 FAX: (708) 851-5040 
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QUICK-TURN 
PC BOARDS 
INSTANT QUOTES 

1-800-234-1556 
(After Hours (602) 377-7319) 
Single/Double Sided/Multi-Layer 

Gerber Input / Floppy or Modem 

~ Ap~~~ed . . .• 
~ U.L. Listed 

AVANTI CIRCUITS, INC. 
Q 17650 North 25th Avenue 
~ Phoenix, Arizona 85023 

(602) 863-7729 & 234-1556 
Fax (602) 375-1909 

BBS/Modem (602) 234-1737 

CIRCLE N0. 174 
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High Performance 

DAC-Per-Pid" 

Device Programmers 

ti 
~-Programs virtually every device available today with a 

certified programmer from the leading U.S. supplier of 
hardware/software device tools. The Allpro starts at $U95 
and is fully upgradeable to 88 pins. 

We Have the Best Products on The Market. 
For more information, 
call: 1-800-331 -7766 LOGICAL 
or (305) 974-('!)67. DEVICES. INC. 

Reduced size 
100 MHz 
Clock Oscillator 

Connor-Winfield Corp. 
announces li terature on a 
new line of H igh Speed 8-
pin DIP osci ll ators. The 

A53 Series li ne of A C M OS logic c lock osci ll ators covers 
the high frequency range of 50-120 MHz. Literature for 
a 14-pin version (AC53) with frequencies to 200 M Hz is 
also available. T he A53, 8-pin model will soon be available 
in a .48" square ceramic surface mount package. Contact 
Barney 111 for detai ls. Additiona l specifications listed 
below: 

M odel A53 
Package 8-pin DIP 
D uty Cycle: 50/50 +/- 2% 

R/F Times : 2-3 nS typical 

Connor-Winfield Corporation 
1865 Selmarten Road 
Aurora, IL 60505 
PH: (708) 851-4722 FAX: (708) 851-5040 
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Other Products: 

Complete 16MHz 80C286 Single Board 
Computer for embedded PC appli­
cations features a 4M-byte PROMDISK 
disk emulator with battery back-up and 
an MS-IX>S 3.3 compatible disk oper­
ating system in ROM. 

Features Include: 
0 4M-byte DRAM 0 XT Size Board 
O Keyboard Port O 80287 Socket 
0 2 COM, 1 LPT 0 WatchDog 
O IDE Disk Port Timer 
0 4M PROMDISK 0 Floppy Port 
O 100% PC/ AT O Optional Video 

Compatible Doughier Bd. 

• IND-88 PC/XT Single Board Computers 
• PROMDISK III & JV D isk Emulators 
• EPROM/RAM Memory Board 
• FLASH D ISK D river for M icrosoft FFS 
• F lexScan I & II Bar Code Decoders 
• Custom PC Compatible Hardware & Software 

i~~~~~= micro §§§~ - i: compufer . 
"'"'"'-== specialists, inc. 
2598-g fortune way vista, ca 92083 
phone: 619/598-2177 fax: 619/598-2450 
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For all 
SCSI 
Devices 

Low-cost, 
PC-Based 

Testers 
with solutions 
for every testing 
situation ... 
design, manufacturing, 
field service 

Transfer data at 10 MBytes/second. They feature: 
• SCSl-2 Command Queuing 
• SCSl-2 Message System Support 
• High-level Multi-threading Support 
• Initiator and Target Emulation 

We offer complete development systems, low-cost 
manufacturing plattorms and portable turn-key 
systems, all available with integrated bus analysis. 

For information or prompt quotation, call, write or FAX us: 

~1~ -rE<e r1 
c. ______ Q _ IL _!! 

6975 Washington Ave. So.,Suite 220 • Edina, MN 55439 
612/941-5905 • FAX 612/941-2386 
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Z80 STD USERS! 
Cost Effective Upgrade 
Clock Speeds to 10 MHz 

1 Mbyte On-board Memory 
Increase your system performance and 
reliability while reducing your coslS by replacing 
three of the existing cards in your system with 
one Superintegrated zao Card from Zwiel< 
Systems. 

A Superlntegrated Card in your system 
protects your software investment, requiring 
only minor changes to your mature Z80 code. 
You can increase your processing performance 
by up to 300 percent In a matter ol days! 

Approximatly 35 % of each Supertntegrated 
Card has &een reserved for custom t/O 
functions including AID, DI A, lnduslrla l 110 , 
Parallel Porls, Serial Ports, Fax and Data 
Modems or almost any other form of 1/0 that 
you are currently using . 

Call or Fax today for complete inlormaliOn on 
this exciting new line of Superlntegrated Cards 
and upgrade your system the easy way! 

ZWICK SYSTEMS INC. 
Tel 613-726-13n, Fax 613-726-1902 

CIRCLE NO. 179 

BACKGROUND MODE EMULATOR 

68332 
68340 

68HC16 
and 68330, 68331 , 68333 

Complete hardware testing and C source leve~ 
debugging for thousands less than on ICE. 

Coll lor a free trial unit. 

(617) 828-5588 

.:: .-. Embedded 
~• Support 
~ Tools Corp. 

10 E lmwood St. Can ton , MA 02021 

CIRCLE NO. 182 

PC Bus Data Acquisition 
... over 50 e:a .. ·iti11 g h a rdw are & soft wa r e p r odu cts! 

~ ... -o. \• 

..-r -=&.·-:::.."-.~I ' I 

_... .. · ~ .!" 

. ··- ' ~- f 
l"' ' .. {if 

. ...... ~<:"" "' : .·: ' 

AD1200 only $359 
• 12-bit 125 kHz A/D Conversion 
• 16 Analog Input Channels 
• 3 Timers and 16 DIO Lines 
• Supports OMA and Pacer Clock 
• AT Bus Version Available! 

AID, DI A , Digital /ID and Timer/Coun ters for PC X T 
and AT computers • 12·blt AID rates to 200 kHz! • Eig ht 
boards for AMPRD form fac tor CPUs • t 10 VA C relay. 
oplolsolation, multiplexer and thermocoup le boards 
• DSP an d da ta acquisition so ftware • Request yo u r 

FREE 80 page catalog today! 

n=fl=rrl7 Real Time Devices, Inc. 
U {1=L.!L/ State College, PA USA 

Tel.:8141234-8087 • FAX:814/234-5218 
CIRCLE NO. 177 

•Quick pulse pgms. eight 1 Mbit EPROMs in 40 sec. 
•Stand-alone or PC-driven •1 Megabit of ORAM 
•RS-232, parallel in & out ports •Made in U.S.A. 
•Binary, Intel hex, & Motorola S formals •A9 ldentilier 
•100 user-definable macros •2 year warranty 
•Information, call (916) 924-8037 •Single pgmr. S550 

NEEDHAM'S ELECTRONICS 
4539 Orange Grove Ave. • Sacramento, CA 95841 

- (M-F, 8-5 PST) :z 
CIRCLE NO. 180 

SBX ANALOG 1/0 
GET A COMPETITIVE EDGE! 

Density - up to 16 ND inputs& 8 D/Aoutputs on one 
single width card. Speed -throughput rates up to 59 k Hz. 
Intelligence - many preprogranuned modes. Input filters. 
prog. gain amps. sample-holds. FIFO 1/0 buffers & many 
other features too numerous to mention here. 

ROBOTROLCORP 
925 W. San Martin Ave, PO Box 990 

San Martin, CA 95046 
(408) 683-2000 

CIRCLE NO. 183 
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Intelligent VME 1/0 Controller 
w/Optional Mezzanine Modules 

• 20/25MHz 68020 microprocessor 
• 1 o r 4Mbytes DRAM 
• Mezzanine modules for analog, digital , 

110 , memory, Ethernet , SCSI and more .. 

VPU-25 is a cost-effective design platform 
for adding 1/0 and networking capabilities 
to industrial/process control applications. 
Call SBE, Inc.: 

1-800-347-2666 

CIRCLE NO. 184 

EPROM 
Programmer modules 
Programs 24 to 32-pin EPROMs. CMOS 
EPROMs and 16K to 1 megabit EEPROMs 
· HEX to OBJ converter · Auto Blank check . 
Program and Verify • Requires Host Adaptor 
Card/Cable · Ask us about other modules! 

MOD-MEP 1-EPROM Module .. .... $119.95 
MOD-MAC Host Adaptor/Cable .... ... $29.95 
MOD-MEP-4 4-EPROM Module .. .. $169.95 
MOD-MEP-8 8-EPROM Module .... $259.95 
MOD-MEP-16 16-EPROM Module $499.95 

Call for a free 84-pg. catalog 

800-538-5000 
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Key 
Code 
1535 

iceMASTER 
Your Window 
To Emulation 
Productivity 

• Easy to learn & use 
• Windowed interface -­

user configvra~e 
• FASTI Download --

< 3 sec. typ. at 11 SKB 
• Source Level deb.g 

• A 4K frame trace b.ffer with odwnced semchilg copoo[rties. 
• iceMASTER connect\ oosi~ ro your P(. re(llires no disossemb~. oiexponsioo 

ski~. Worksooony PC lllOlorOS/ 2). M<roClm1elm fllA. fvoi kiptops ' 
• iceMASTIR is veriotae: <eMAllfR~OS 1, <eMA111R~8HCl 1 ooo 

<eMA51!HOP8 support most lomi~ derivatives. 
• Rental and 10-doytriols ovoaoble. 
• 68HC1 t A,0.E,F; 8XC518; 8XC551; 8XCll 5Aooo 8XC517ASIJWOll 
• Coll today for free demo disk and ask about o free 

8051MocroAssembler!(800)638-2423 

r r •Metalink • J J ~ Corporot1un , , \ 1 

!Nd.dc...-roao.1mo..- ll mu:m 
,._ 6C1' '1Ml/91 IU: "-17 91~ 1t1 ruu ~ sr vm1 
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FINALLY 
One tool to satisfy all your 
firmware development needs 

PROMO~~ is a universal system. 
•Develops code for any microprocessor 
•Complete, real time, source level debugging 
•Host software for DOS, Unix, Mac, VMS 
•Non intrusive on your target system 
•Simply plugs into any ROM socket 

PROMO~~ also supports Turbo Debugger, 
C_thru_ROM, FreeForm, GOB, and more. 

PROM a~~ 
... the affordable solution. 

EISI
Grammar 
Engine 
Inc. 

TEL: (614)471-1113 
West: (415)750-0219 
FAX: (614)475-6871 

CIRCLE NO. 188 

iNTEL iSBC-80/24A Users 

If you are concerned about Availability 
Zendex has come to your rescue with the ZX-80 / 24A 

* IOO% Hardware and software compatible * Plug in your ex isting PROMs * Twice as much on-board memory space * Avai lable with 6MH z c lock * Incl udes an on-board Watchdog Timer * Watc h dog so ft ware avail ab le * Low powe r techn ology * No obsolete iNTEL pru·ts used * List pri ce $575 

Contact Zendex International 
PH 510 828 3000 FX 510 828 1574 

CIRCLE NO. 186 

IT'S IN THE CARDS ••• 
More Leads, More Action, More Sa/es 

Our readers are proven buyers of: 

Computer Systems 93,256 
System Boards 84,066 
Integrated Circuits 77,922 
Design/Development Equipment 85,312 
Memory/Storage Equipment 72,237 
Software 88,949 
Terminals /Input-Output Equipment 81 ,894 
Communications Equipment 70,342 
Components 75,802 
Test Equipment 65,035 

Smart buyers depend on 
COMPUTER DESIGN 

DIRECT ACTION CARDS 

Call Sue Shorrock 
at 800-225-0556 
or 508-392-2185 

CIRCLE NO. 189 

How do you recognize an advertiser that is part of COMPUTER DESIGN's 

nnstant [!]ata l!Jccess System? 
There will be a four-digit document number printed at the bottom of the ad. 
To get that advertiser's data sheets in an instant, just dial (617) 494-8338 
from a FAX or touch-tone phone and follow the voice prompts. 
You'll receive data sheets instantly! 
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Coming in April from COMPUTER DESIGN ... 

A quarterly supplement devoted exclusively to SBus technology, standards, 
case studies, new products, and industry and market news. 

ere are hundreds of 
thousands of SBus slots in 
the field and the number is 

growing at an accelerating pace. 
And SBus isn't just for desktop 
workstations. It's popping up 
everywhere, from high­
performance servers to embedded 
Sparcstations in industrial-control 
and factory-automation appli­
cations it's popping up in all the 
areas where COMPUTER DESIGN 
readers are working. That's why 
they need SBus News. 

SBUS MARKET 
Market Perspectives-An 
examination of market factors 
and their impact on various 
segments of the industry, as well 
as individual company studies. 
Literature Review-A roundup 
of the quarter's latest collection 
of available literature, including 
application notes, applications 
manuals and catalogues. 

100 

80 

€601--~~~~~---4,__~~~~ 
(/} 
z 
~SO>--~~~~~--~~~~~ New Product Parade-A 

comprehensive list of new 
products released during the 
quarter, including hardware, 
SBus-specific software, and 
SBus platform vehicles. In each issue of SBus News 

you'll find-

_, 
~ 

30 

Technology Parade-The impact 
of developments in hardware and 
software technology on all SBus 
levels-system, board and 
component. 

1990 1991 1992 1993 1994 1995 1996 

If you're involved with SB us 
products, as well as VME, 
Futurebus+ and other relevant 
architectures, this is a unique 

Spec Sightings-Activity in the SBus specification 
itself, interviews with individuals shepherding the spec 
through the IEEE standards process, and how other 
standards activities may affect SBus. 
Case Studies-A look at both generic and specific 
applications (such as imaging in medical diagnostic 
equipment, or signal processing in scientific research) 
for SBus-based systems. 
Contributed Articles-One-page contributed pieces 
that cover specific aspects of SBus markets and 
technology (both hardware and software). 

opportunity to reach important decision-making 
senior engineers and design engineering managers in a 
rapidly developing market. 
To find out more about advertising, contact your 
COMPUTER DESIGN sales representative 
or call Tim Tobeck, Associate Publisher/ 
National Sales Manager, at (508) 392-2116. 

PENNWELL PUBLISHING COMPANY• ONE TECHNOLOGY PARK DRIVE , WESTFORD, MA , 01886 • (508) 692-0700 
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Coming October 13, 14, 15 in Toronto 

~ 
SYSCOMP INTERNATIONAL 

The Industry's First International 
OEM Systems/Subsystems 

Components Conference & Exposition 

An International Marketing Opportunity­
For Vendors of Today's Systems Building Blocks 

THE SHOW 

SysComp International is the only inter­
national conference/ exposition specifically 
designed for those with the engineering/ 
technical responsibility for designing OEM 
systems and subsystems. These people 
specify and integrate systems building blocks 
for commercial, industrial, and 

SvsCoMP 
THE EXHIBITORS 

Worldwide vendors of critical systems 
building blocks including software, boards, 
Integrated circuits, power sources, storage 
systems, displays, packaging and other 
ancillary products and services. Product 
areas include: storage devices, display 
devices, board-level products, real 
time/embedded software, I/0 devices, OEM 
computers, back planes and enclosures, 
power sources, high-performance res. 

military I aerospace applications. 

THE TECHNICAL FORUM 
Expected to be the ultimate technical forum 
for 0 EM systems designers and the issues 
they face, upwards of 100 technical sessions 
are planned covering the following: 
directions and technical solutions involving microprocessor 
system architectures, OEM systems, OEM software and 
development tools, power sources, interface technology, 
mass storage, systems packaging and manufacturability and 
concurrent engineering. The program will also devote 
special attention to OEM hardware/software integration 
issues and the hardware/software development process. 
A career-enhancing personal development opportunity. 

THE AUDIENCE 
SysComp International will attract a worldwide audience of 
hardware and software design engineers, design engineering 
managers, test and manufacturing engineering managers, 
and purchasing and procurement managers, estimated to 
be 10,000. 

S ysComp International Hotline: 
CALL PATTI KENNEY 508-392-2124 

THE MANAGEMENT 
Sponsored by Computer Design/Penn Well 
Publishing and managed by Multidynamics, 

Inc.; a unique combination of OEM technical ability and 
conferencing expertise. 

THE CITY 
Capital city of the Province of Ontario, Toronto is Canada's 
economic center and one of the world's financial capitals, 
making it the only choice for SysComp International. With 
vibrant style, excitement and charm all its own, Toronto is a 
world-class city at the crossroads of international business 
events. 

SYSCOMP INTERNATIONAL­
Canadian Exposition And Conference Center 
Etobicoke, (Toronto) Canada 
OCTOBER 13-15, 1992 

FOR EXHIBIT INFORMATION, 
CALL, FAX, OR WRITE 
Paul 1.aGris, 3432 Timberlake, Costa Mesa, CA 92626 
Phone: (714) 966-1526 Fax: (714) 241-1108 
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Call for Papers 
SysComp International, Toronto, Canada 
October 13-15, 1992 
SysComp International is an intensive 3-day systems-oriented conference and exhibition, providing an 
opportunity for presentations on a wide variety of OEM system and subsystem topics in both hardware and 
software. SysComp International is intended to bridge the information gap between passive/discrete 
component shows such as Wescon, and VARN AD/end-user exhibitions such as Comdex. The applications­
oriented, SysComp International Technical Program is targeted at hardware and software designers, and OEM 
integrators, working in a variety of industries- military and avionics, computer/computer peripherals, in­
dustrial control, robotics and automation, and consumer electronics. 

Hardware designers, software engineers and programmers, systems engineers, and engineering managers 
with a broad range of interests will comprise the majority of SysComp International attendees. Given 
today's emphasis on cost, quality, time-to-market and concurrent engin((ering issues, attendees will also 
come from the ranks of those involved with QA/QC, test, manufacturing and purchasing/procurement. 

--You are invited to submit papers in any of the following hardware/software areas: 

System architectures, bus-based boards, chip 
sets, and interface I Cs, and their impact on 
OEM system design and integration. 
OEM system programming, with an emphasis 
on realtime kernels, hardware/software inter­
faces, graphical user interfaces (GUls), stand­
ards, and microprocessor development tools. 
Power sources, including developments in 
switching technologies, converters, and batter­
ies, with emphasis on their relationship to the 
size, cost and manufacturability of electronic/ 
computer products and systems. 

Mass storage technology and the impact of new 
developments in media (disk, tape, optical), 
interface standards, and controllers on system 
performance and cost. 
Display and interface technology, including 
advances in CRTs, LCDs, EL displays, and 
input devices. 

• System packaging and manufacturing, includ­
ing MCMs, interconnection technology, 
EMl/RFI control, and thermal management. 
Designing for test and manufacturability and 
concurrent engineering. 

If you would like to participate in the SysComp International Technical Program, submit a brief proposal 
to the Technical Program Coordinator no later than April 17, 1992. Proposals should be l to l-1/2 pages in 
length and contain a one-paragraph abstract that summarizes the content and goals of the presentation and a 
brief outline of the major topics to be covered in the presentation. 

Acceptance of proposed presentations will be made by May I, 1992. A complete copy of the presentation, 
including all visuals and graphics, will be required no later than September 1, 1992. 

For more information, or to submit a proposal, -contact: 

Stephan Ohr Tom Williams 
Technical Program Coordinator, Hardware 
Computer Design/Indian Forest Research 
P.O. Box 3075 

Technical Program Coordinator, Software 
Computer Design 
245-M Mount Herman Rd ., Suite 159 
Scotts Valley, CA 95066 Westfield, NJ 07091-3075 

(908) 232-1380 
FAX: (908) 232-3305 
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EMPLOYMENT OPPORTUNITIES, OUTPLACEMENT AND POSITIONS WANTED 

Recruitment Advertising Manager 
Tom Murphy, (213) 372-2744 CAREER 

CONNECTIONS 

-------- HELP WANTED---------

Build a career designing 
Sensor Simulation Systems 

CAE-Link Corporation is the worldwide industry leader in 
the design, development and integration of advanced simulation 
hardware and training systems for aircraft and ground vehicle 
applications. Due to the relocation of our Sunnyvale, California 
operations to corporate headquarters in Binghamton, New York 
we have immediate openings available for System Engineers, 
Software Engineers, Circuit Card Design Engineers and Hardware 
Test Engineers. 

System & Software Engineers 
Electronic Design & Test Engineers 

You'll work in one of the most challenging areas of military 
training, creating realistic visual and correlated sensor simulation 
systems. We prefer candidates with a degree in Computer Science, 
Computer Engineering, Physics, Math or Electrical Engineering 
with at least 2+ years experience in any of the following areas: 

• C Language 
• Radar Simulation Design 
• Image Generation 
• Transputer Architecture 

• Ada 
• Digital Radar Land 

Mass Simulation 
• Database Modeling 

Professionals with the kind of talent we seek can expect flex 
time, a competitive salary and an excellent flexible benefits 
program. 

For prompt, confidential consideration fax your resume and 
salary requirements to: Employment Department, FAX (607) 
721-5736 or mail your resume to Dept. CD 2-1, CAE-Link 
Corporation, P.O. Box 1237, Binghamton, NY 13902-1237. 

E/O Employer • M/F/ H/V 
Drug-Testing Employer • U.S. Citizenship Required 

Applications selected will be subject to a security investigation and must meet 
eligibility requirements for access to classified information. 
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Closing Dates for upcoming 
magazine issues 

Issue 
April 
May 

Closing 
March 3 
April3 

- POSITIONS WANTED -

SYSTEMS ANALYST-FINANCE; 40 hrs/wk.; 9:00 
am - 5:00 pm; $38,000/yr. 

Design and develop PC software for financial an­
alytical models using C++, object-oriented pro­
gramming 4GL tools and SSAD techniques, for use 
by financial institutions in analyzing fluctuation of 
interest rates, so as to minimize their exposure to 
a decrease in value of their protfolios. 

Must have taken a course in each of the following: 
Corporate Finance, International Finance, Cost 
Accounting, Working Capital , Statistical Methods, 
Database Management Systems. Must have at 
least 2 years' experience in developing banking 
and accounting systems in C language and 2 
years' experience using communication software 
packages. Must have MBA in finance, MIS and 
have 2 years' experience in job offered or as 
Systems Analyst. 

Must have proof of legal authority to work 
permanently in the United States. 

Send resumes to: 
Illinois Department of Employment Security 
401 S. State St. , #3 South , Chicago, IL 60605 
Attn: James McBride, Reference #V-IL 4523-T 
2 copies of your resume required. 
An employer paid ad. NO CALLS. 

COMPUTER SYSTEMS ENGINEER . 
Design and develop customized computer pro­
grams to control automated fabric cutting equip­
ment and 5 axis machine tools utilizing Rule Based 
Systems Programming, 3D CAD/CAM Program­
ming, X-Windows/MOTIF Programming, real-time 
programming and interprocess communica­
tions mechanisms . Applicant must be proficient 
in the use of the motion and servo-control sys­
tems, hardware interfacing, and be familiar with 
compiler development and internals. Applicant 
must also be able to write programs for indexed 
database and local area networks , inde­
pendently develop customized hardware and 
software systems, and communicate and inter­
face with other hardware and/or software sys­
tems by using such computer languages as: C, 
Assembly, Lisp , Fortran and Basic operating 
under the UNIX and/or MS-DOS operating sys­
tems. Requirements include: a B.S. degree in 
Electrical Engineering or Computer Science, 3 
years of experience as a Systems Engineer , 
and the ability to perform the duties described 
in this advertisement, gained through educa­
tion or work experience. $30,000/yr, 40 hr/wk, 
8:00-5:00. Qualified applicants please contact: 
Job Service , Rt. 3, Box 153, Newton , NC 
28658, or to the nearest Job Service Office. 
Attn: Job Order Number NC 4411899, Dot 
Code 030.062-01 o 



Miss the conferences? 
Don't miss out on the 
information! 

SvsCoMP 
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DESIGN CONFERENCE 

SysComp/92 West, the first conference devoted to OEM 
system/subsystem components featured a Technical Program with more 
than 50 presentations on disk drives, power sources, display technology, 
bus architecture and embedded software. 

The Proceedings are a must for systems engineers and engineering 
managers involved in OEM integration. 

RISC '92was devoted exclusivelyto RISC microprocessors (in 
particular, the Spare, 29000, 88000, R3000/4000 families and derivatives) 
and microcontrollers, RISC architectures and software (compilers , debug­
gers, etc.). 

The Proceedings contains a wealth of in-depth, applications-oriented 
information, from more than 60 sessions, for designers of next-generation 
hardware and software. 

The Analog & Mixed Signal Design Conference 
presented tutorials on topics such as Spice, A-D/D-A converter technology, 
analog effects in fast digital circuits, as well as lectures on specific applica­
tions of mixed-signal technology, GAE/CAD tools for analog and mixed-sig­
nal design, ASICs and dealing with ASIC vendors. 

The Proceedings contain more than 60 sessions of timely, immedi­
ately useful information. 

r------------------------------- -------------- --------------------- ---------- ----- -- ------------- --------- ----- -----1 
To order Proceedings of the SysComp/92 West, RISC '92 or 
Analog & Mixed Signal Design Conference at $150 each. 

_ _ _ copies of the SysComp/92 West Proceedings x $150 = ___ _ 
___ copies of the RISC '92 Proceedings x $150= ___ _ 

_ _ copies of the Analog & Mixed Signal Proceedings x $150= __ _ 

Check enclosed 0 Charge to Mastercard 0 Visa 0 

Card#----- -------Exp. Date ____ _ 

Signature _ _ __________ _ Telephone 

SHIP TO: 
Name ____ _____________________ ~ 

(Please print) 
Company ________________________ _ 

Address _______ _ _ _ _ _ _ _______ ____ _ 

City/State/Zip _ ___________________ _ 

COMPUTER . '" DESIGN ·/'. ' ,' 

FAX OR SEND TO: 
COMPUTER DESIGN 
1 Technology Park Drive 
Westford, MA U.S.A. 01886 
FAX: (508) 692· 7780 
TEL: (508) 392-2124 

L----- ----- -- ---- ------- ---- -- --------------------- ------------- ---------------------- ------ ------ --------- --- ------
CIRCLE NO. 90 



NOW AVAILABLE ... COMPUTER DESIGN'S "INSTANT DATA ACCESS" 

If you need INFORMATION about 
an advertised product NOW .•• 
it's yours in an INSTANT - by FAX! 

If an ad in this issue of COMPUTER DESIGN includes an "Instant Data 
Access" number, you don't have to wait to get the details you need to make 
critical design or purchasing decisions. Get specs, pricing information, or the 
location of a local sales engineer or rep ... by simply touching a few buttons. 

THIS IS ALL IT TAKES! 
FOR INSTANT ACCESS 

- USING A FAX PHONE ... 
1 1. Pick up your FAX phone and dial (617)494-8338. 

2. Follow the voice prompts. ,-
NOW , 

3. Replace the handset in the cradle and the product data 
you requested will be Faxed back to you instantly without a 
break in your connection! 

AVA\\.ABl.E· 
l -

FOR IMMEDIATE ACCESS 
-l USING A TOUCH TONE PHONE ... 

1. Pick up your Touch Tone phone and dial (617)494-8338. 
2. Follow the voice prompts. 
3. Hang up the phone and the information you requested 
will be Faxed back to you immediately - in about 15 
seconds - right to the FAX number you specify. 

WHAT COULD BE EASIER? 
The next time you need product information RIGHT NOW! remember: 
Only COMPUTER DESIGN gives you "Instant Data Access" so you can get 
the details you need - INSf ANTLY, or a moment later, if you can't wait for 
the mails! 

THE CHOICE IS YOURS. 
Participating in the IDA program for March are the following : 

Page Page Page Page 
Brooktree ................................... .47,53 Dynatem ...................................... ?? Macrolink ................................... 85 Spectrum Signal Processing ...... 118-119 
BSD/Tasking ............. 63 Electronic Solutions .................... 1 Mercury .... . .................................. 43 Synergy .. .................................... 2 
Canon ........................ . . .... 57 Hitachi ......................................... 19 Micron .................................... .. ... 55 Tech Source ............................... 70 
CMC ........................................... 25 I-Bus ..... . ..................................... 112 Newbridge ................................... 73 Teknor ......................................... 39 
Cypress Semiconductor ............. CV4 KADAK ........................................ 24 SBE ............................................. 115 Ziatech ........................................ 75 

A Pe nn Well Publication 
CIRCLE NO. 89 



I LETTERS 

LETTERS, COVERS & OTHER DIVERSIONS 

What happened? When we started 
our Cryptic Cover Contest back in 
December, we received more than a 
hundred responses deciphering the 
rebus writing on the cover. January's 
cover, on the other hand, generated 
only a handful of responses. Perhaps 
the rebus writing was easier for 
readers to get their teeth into than 
the subtleties in our multimedia 
cover. In any case, here's what we 
were thinking about. The big guy on 
the right in the blue trunks is Big 
Blue, or IBM, being ganged up on by 
Microsoft-with all the $$$--and 
DEC-in the person of Ken Olsen 
(topped with a pilgrim's hat). The 
wrestler in pink represents Apple 
and is in pink because Pink is the 
name of the new operating system 
from the Apple I IBM joint venture. 
Note also the blue and white touches 
on Pink's tights. Sun is, of course, 
represented by the high-flying 
wrestler and Hewlett-Packard by the 
wrestler just entering the fray. 

Here is my interpretation of your 
January cover: Sun is flying high 
while HP is on the ropes. Microsoft 
is claiming a victory and Big Blue 
(IBM) is watching as it's a turkey 
shoot for the bucks in the multime­
dia contest. Please keep the puzzles 
coming. 

Cris Drakiotes 
CR Bard USCI Division 

Fitswilliam, NH 

Like the cover! Big Blue bullying 
Apple and Microsoft, HP entering 
the ring, Sun above our heads but 
maybe not for long. And someone 
gleefully wearing pink. I didn't get 
that one but I'm looking forward to 

your next issue so I can find out. 
Liked the editorial. Applies all over 
North America. 

James Partanen 
Resource Manager 

Matheson Communications 
Waterloo, Ont, Canada 

Excellent article on multimedia 
standards. 

Ralph Merrill 
Department Chairman 

Utah Valley College 
Orem, UT 

I'm not sure what the deadline for 
your rebus writing contest is but I 
just picked up the December issue 
today. Your editorial was very inter­
esting. Subconciously, I knew your 
magazine had a different feel to it 
but I had never conciously thought 
about what that difference was. I 
feel there is a need for both types of 
magazines and I am glad that Com­
puter Design is there to fill the need 
for a technology magazine. 

Ross A. Osborn 
Na val Air Development Center 

Warminster, PA 

As I read your editorial in the 
Janaury issue, an article in the 
morning paper kept running 
through my mind. I am enclosing a 
copy of the article. The big U.S. com­
panies are downsizing in the U.S., 
but are expanding elsewhere. It 
seems as if they are purposely trying 
to reduce the standard of living in 
the U.S. 

KE. Davies 
San Diego, CA 

Thanks for the clipping. The ar­
ticle was entitled "Free-trade follies" 
and here's what it said: 

"The 'Big Three' U.S. automakers 
all announced a bad year during 
1991. But General Motors, Ford and 
Chrysler all say they boosted produc­
tion at their Mexican plants, hiring 
extra Mexican help, and have in­
creased expo rts to the United 
States .... Just last month, GM an­
nounced it would close 21 U.S. 
plants and eliminate some 7 4, 000 
U.S. jobs. On January 15, GM an­
nounced it will begin making trucks 
in communist China. Apparently, 

Chairman Robert Stempel thinks 
that what's good for GM is good for 
Red China." 

It's remarkable how much politi­
cal claptrap starts with claims like, 
"We need someone to stop the politi­
cal claptrap," as in your January 
editorial. Your observation that 
there are fewer American products 
for sale every Christmas is probably 
true, but to leap from that to advo­
cating more government involve­
ment in research, use of more tax­
payer money on a fai led 
"educational" system, unilateral dis­
armament, and protectionism is an 
astonishing transition. Has it 
escaped your notice that, for ex­
ample, the military (which accounts 
for only a fourth of our federal 
budget and uses at least some of its 
money to produce American-made 
products) is the only part of gover­
nemnt whose budget allocation ac­
tually has been cut in the last half 
century? 

You imply that more vigorous ac­
tion on the part of government is in 
order. Yet, for fifty years our govern­
ments have gotten steadily more 
powerful and intrusive in the 
marketplace. The result, in your 
own words, has been a loss of "the 
kind of jobs that count most." One 
sign of insanity is to repeat actions, 
expecting different results. 

We do not need "leadership" who 
will "get down to business" offurther 
intrusion in the operations of Amer­
ican industries, or of disarming us. 
We do need governemt at all levels 
to stop interfering in the market­
place; to release us from the burden 
of government gone wild; to leave us 
alone to do business! 

Chuck Kriel, Ph.D. 
Boeing 

Wichita, KS 

THIS MONTH'S COVER: This 
month's cover should be a breeze. 
The Special R eport is about debug­
ging 32-bit processors, so what could 
be more appropriate than bugs on 
the cover. There are several bugs rep­
resented in the illustration and the 
contest is to properly identify the 
specific bugs. There also are a couple 
of other ideas, as well as a specific 
product, represented in the illustra­
tion. Happy hunting. 
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Computer Design Magazine 

UPCOMING ISSUES 
Watch for these Special Features & Events in Computer Design Magazine -

SPECIAL REPORTS TECHNOLOGY FOCUS PRODUCT FOCUS DESIGN STRATEGIES SHOW GUIDES 
Comprehensive reviews and Analyses of specific technology and Detailed review and Analyses of the tradeoffs, options Official value-added 
analyses of the major technology product trends, and approaches to comparative specifi and design decisions made in directories for major 
and design issues facing system benchmarking, evaluating and selecting cations for selected /Cs, developing a micro-processor- industry events. 
designers and software the optimum design solutions. board-level products, based product or system in a 
developers. design tools and software. specific application area. 

--- --
JANUARY • Designing multimedia • Top-down design method- • Specialty SRAMs • Peripherals • Buscon W 

systems elegies and tools 
•CASE 

FEBRUARY* • Multiprocessing • Benchmarking RISC • High-resolution • Medical diagnostics • SysComp W 
Buscon W, architectures performance D-A converters 
SysCompW • VHDL synthesis & simulation 

MARCH • Emulating 32-bit • Image processing in standard • VME CPU boards • Process control 
El processors bus environments 

• Managing design databases 

APRIL * FUZZY LOGIC: SPECIAL REPORT ON FUTURE COMPUTING 

IDEA '92, • Choosing between PLD, • Analyzing bus performance • C compilers • Military systems 
Comdex FPGA and ASIC • RISC versus DSP in 

Implementations embedded applications 

MAY • Analog versus digital • Intelligent power control • RISC processors • Instrumentation 
CICC approaches to signal • PCB design and layout 

processing 

JUNE* • Integrating PC-based • 1/0 buses and interfacing • Real-time kernels • Workstations 
DAG tools into the design • Advances in graphics ICs and OS's 

environment 

JULY • High-performance • Benchmarking digital and • Logic analyzers • Communications 
network interfaces mixed-signal simulators 

• Evaluating optimizing 
compilers 

AUGUST* • Designing high-speed • Bus-based DSP systems •Op amps • Networking • BusconE 
digital systems • Multichip modules (MCMs) 

SEPTEMBER • Object-oriented • Futurebus+ and beyond • 16-bit microcontrollers • Data acquisition • SysCompE 
BusconE, languages in • Designing ASICs for 
ESP, ITC real-time applications testability 

OCTOBER' NEURAL COMPUTING: SPECIAL REPORT ON FUTURE COMPUTING 

SysCompE, • Application -specific • Selecting PC/AT chip sets • High-speed • Imaging systems •Analog & 
A&MS, El , building blocks in • Software-performance A-D converters Mixed 
Comdex mixed-signal ASICs analysis Signal 

NOVEMBER • Designing for testability • Mezzanine bus strategies •Emulators • Robotics and 
Wescon, • Advances in datacom ICs automation 
Autofact 

DECEMBER' • 32-bit processors in • Evaluating PLO design tools • EISA CPU boards • Automotive systems 
embedded applications • Graphical user interfaces 

*Starch Readership Research Issue 
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For more information, contact any of us .. 
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MRIL on FRX TO: 

2nd ANNUAL 
ANALOG & MIXED-SIGNAL 

DESIGN CONFERENCE 
ANALOG & MIXED-SIGNAL 

DESIGN CONFERENCE 

October 28 - 30, 1992 
Huatt Regencu 

San Francisco Rirport 
Burlingame, California 
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DESIGN CONFERENCE 

TELL ME MORE about the Analog & Mixed-Signal Design Conference. 

I'm interested in 0 Attending 0 Exhibiting 

Name __________ _ 

Title ___________ _ 

Analog & Mixed~Signal 

Design Conference 
P.O. Box 7843 

Company __________ _ 

Street __________ _ 

San Francisco, CA 94120~7843 

Phone: (415) 905~2354 

Fax: (415) 905~2220 

City, State, Zip ________ _ 

Phone( _ ) ___ Fax( _ ) ___ _ 

CIRCLE NO. 88 



reprints 
Reprints of any article or advertise­

ment appearing in Computer Design 
may be ordered from : June Bozarth, 
CSR Reprints, Penn Well Publishing 
Company, P.O. Box 1260, Tulsa, 
Oklahoma, 7 4101, 1-800-331-4463 
or 918-835-3161 Ext. 379. 

Minimum order: 100 black and 
white copies, 500 four-color copies . 

IT'S IN THE CARDS 
More Leads, More Action, 

More Sales 

Our readers are proven buyers of: 

Computer Systems 93,256 
Systems Boards 84,066 
Integrated Circuits 77,922 
Design/Development Equipment 85,312 
Memory/Storage Equipment 72,237 
Software 88,949 
Terminal/Input-Output Equipment 81 ,894 
Communications Equipment 70,342 
Components 75,802 
Test Equipment 65,035 

Smart buyers depend on 
COMPUTER DESIGN 

DIRECT ACTION CARDS 

Call Sue Shorrock: 

at 800-225-0556 COMPUTER or 508-392-2185 

DISIGR 
CIRCLE NO. 93 
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8-Channel, 16-Bit Analog 1/0 Board 
With Direct Interfaces to Popular Array 

Processor and DSP Boards 

• Up to 100 KHz/Channel Sampling Rate 

• Four or eight 16-Bit Differential 
Analog Inputs 

• Optional Four 16-Bit Analog Outputs 
(Daughter Card) 

• Simultaneous Sampling 

• Programmable On-Board Sampling Clock 

• Convenient VMEbus Access of ADC or 
DAC Data 

• Direct Serial and Parallel Interfaces for 
Array Processor and DSP Boards 

;4fphCalh11s 
• Sonar Signal Processing 

• Digital Audio 

• Vibration Analysis 

• Seismic Signal Processing 

• Large BW Track And Hold Amplifiers 
Permit Undersampling of Signals 
(Band Limited) of Frequency up to 500 KHz 

• Precision Applications Requiring Matched 
Channels, Negligible Sampling Aperture 
Jitter and Low Inter-channel Crosstalk 

Ruggedized Version Also Available 

CALL US TOLL FREE 
1 .. soo .. 267 .. 9794 

Tel: (613 )-749-9241 Fax: (613)-749-9461 

.~,=i-~-§-~-~-;-~~INTERACTIVE =: ':.. CIRCUITS AND 
==--: SYSTEMS LTD. -- -
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Microprocessors? 
Then you need HMI's development systems. high-quality development products to support your 

We support the entire 68000 family. As Motorola projects. HMI believes in supporting the entire family 
enhances and increases integration of its micro- of products for the Motorola family. Ease of use and 
processors, you can count on HMI to be there with familiarity are common in all the emulators. 

Features of HMI's development systems includes: 
· Run at real-time with no wait states. · Complex events and sequences for break and 
· Window driven source level debugging- SourceGat&.l trigger conditions. 
· C, Pascal and ADA compiler source lever support · Two independent 4K deep trace buffers. 

for all major compiler companies. · 1 µsec resolution interval timer. 
· Real-time hardware performance analyzer. · 100 nsec resolution Time-stamp in trace buffer. 
· Works wi th IBM PC family and U IX based · Logic state analyzer capabilities built into the 

machines including Sun and Apollo. emulator. 
· RS232 Interface up to 115.2K. · 16 External Trace bits. 
· Parallel Interface for high-speed code downloading. · Overlay memory up to 4 Mbytes. 

If you are looking for one emulator company that provides support for the entire Motorola family, then 
look to HMJ for total support. Write or call for further information and free demo disk. 

Motorola Devices Supported Include: 
68000 68302 68EC020 
68008 68301 /303 68EC030 
68010 68330/333 68HC001 
68020 683311332 68HC1l including 
68030 68340 Fl and 03 
6809 

Now supporting 68HC16 Family 
111\I "Hq.: I \1 lntt· rnat111n .1l t1 u~111t" \\.1( hint·., , Im I 111\" 1~ Rt~ ·1 \1 . 1\1 ll I .1horatur1u , l rll' 
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3322 South Memorial Parkway 
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Introducing PLDecoclers. 
Taking systems to 40 MHz and beyond has become 

a whole lot simpler with these new, function -specific 
BiCMOS Decoder PLDs. For RISC, including our 
highest performance SPARC processors, choose the 
input-registered versions to capture addresses quickly. 
For CISC, such as 80X86, we offer output-latched 
versions that optimize system performance. Choose 
simple addressing versions at 6 ns for fastest performance, 
or 7 ns bank select or byte-write versions to suit your 
application precisely. 

Fewer parts, laster performance. 
One PLDecoder replaces older, multiple-chip solu­

tions, to save money and board space. PLDecoders are 
optimized for speed, using an ECL speed path. BiCMOS 
technology helps save on power. They are specialized for 
decoding, with the required latches or registers on chip 
for top performance, and non-essential functions 

Programmable design convenience. 
Design is eased by PLDs developed specifically to 

implement memory decoding. Easier than using 
standard PLDs. Much easier than gate arrays. 

Cheaper SRAM. 
Since our decoders save you so much time out of 

the "memory access cycle" you have options. Go for 
a faster system. Or, at a given speed, use slower, less 
expensive SRAM. In 40 MHz systems with large SRAM 
requirements, the savings can really add up. 

Call our information hotHne. 
Get our application notes on the CY7B336-9 

family, product profile, PLO Brochure 
and a terrific Data Book to boot. 

PLO Hotline: 1-800-952-6300.* 
Ask for Dept. (11 U. 

stripped away. As a result, you get optimal perfor- ..:~a;i;ii;~ 
mance, to go to 40 MHz, and well beyond. -=:..... -y 
0 (32) 2-652-0270 in Europe. ©1991 Cypress Semiconductor, 3901 North 
Fi rst Street, San Jose, CA 95134. Phone: I (408) 943-2600, Telex: 82!032 
CYPRESS SNJ UD, TWX: 910-997-0753. SPARC is a registered trademark of 
SPARC International, Inc. Products bearing the SPARC trademark are based 
on an architecture developed by Sun Microsystems, Inc. ~~~~&~~~1'ouCTOR 
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