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Stuck in a SCSI data-transfer bottleneck? 

A first-class SCSI-2 VME board could get you out of that jam . .. if getting that 
board up and running doesn't leave your whole engineering team in gridlock . 

That's why, when you buy a Rimfire SCSI-2 VME board from Ciprico, you don't 

just get a product. You get a partner. 
As your partner, we'll help you write the drivers you need, and provide on-site 

installation. We'll even work with your engineering team to customize hardware or software 

for your special application needs. 
And you get Rimfire's unmatched performance, quality and features. Like the 

new Rimfire 3870 and 3590 - the first VME boards with independent two-channel SCSI-2 

architecture. 
First-class hardware and first-class support and service. That's how you beat 

bottlenecks. And that's what Ciprico is all about. 

TURN TO CIPRICO WHEN YOU'RE IN A SCSI JAM. 

CALL 1-800-SCSI-NOW 
Ciprico, Inc . 

2955 Xenium Lane 
Minneapolis, MN 55441 

Fax: (612) 559-8799 

CALL (44) 635 873666 
Ciprico (Europe) Ltd . 

7 Clerewater Place, Lower Way 
Newbury, Berkshire RG 13 4RF England 

Fax : (44) 635 871996 
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Solder-Side, Pads Only 

There's Logic To Every Layer! 
Look inside the first truly reliable, 
glitch-free VME backplane and 
you 'll see the logic behind each 
detail of its design. 

Start with the signal layers
four of them -with the most 
"noise sensitive" lines isolated 
from the others. The spacing and 
placement of the layers in this 
stripline (with embedded micro
strip) design was calculated to 
enhance the backplanes ' high 
frequency bypass characteristics . 

It's the quietest backplane 
ever! Sharply reduced crosstalk 
is achieved by the increased sep
aration of signal lines - both 
within and between the layers. 
Superior decoupling comes from 
the placement of both ceramic 
and tantalum capacitors between 
each slot. 

© Copyright 1990, Electronic Solutions 

Low inductance, low imped
ance power distribution is insured 
by the close proximity of the dual 
power & ground planes and the 
strategic placement of power 
connectors for each voltage 
across the entire length of the 
backplane. 

There's more logic on the out
side. Schottky diode terminations. 
Interrupt and Bus Grant jumpers 
accessible from either side. Wire 
wrap pins with shrouds on the 

end slots of the J1 and every slot 
of the J2. Ground pins in between 
J2 slots to provide 1/0 cabling 
with interstitial grounds. And 
much more. 

Choose any size from 2 to 21 
slots in separate J 1 or J2 or 
monolithic J1 /J2 configurations. 
Call us today for the inside (and 
outside) story on the highest per
formance VM E backplanes ever 
made. It's the logical thing to do. 

6790 Flanders Drive, San Diego, CA 92121 
(619) 452-9333 FAX 619-452-9494 

Call Toll Free: (800) 854-7086 
In Calif.: (800) 772-7086 
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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 SV430 perform
ance to any other SBC. Compare bus 
speed, MIPs, support , flexibility, docu
mentation, reliability, 110 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, this kind of quality won't cost 
you any extra , because Synergy products 

lead in another important area-value . 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 doubles 
bus perfo rm ance 
to 66 MB/s - and 
the SV430 is the 
onl y '040 board 
that has it. But 
we don't need 
VME64 to win 
thi s compari son. 

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

1/0 Modules 

VSB 
SCSI 
Elllerwet 
ISDN 
flopJIY 
11 Alyllc 
128pc 
Par1ll1l 

liO 
BPIB 
38 MFlo' 

FPU 
Ellc!'DllOn 
l'nllu· 
typing 

T1 line 
HSCI 
EGA 

Gl'll!lltlCI 

s 

Synergy 's EZ-Bus modul es are compatible 
w ith our entire line of SBCs. This mean> 
Synergy's current line of 12 intelligent 1/0 
modul es are immediately ava il able fo r the 
SV430- today. No other vendor comes c lose 
for selecti on. functi onalit y or ava il ability. 

Data from MOloro\a MVMEl65 data shee t dated 2/90 . and 
Force C PU· 40 da ta sheet A I H.ev. I . U KA M mca)urcmenb 
~ hown are with pari ty. VMEbu~ tram.fer.., are to :t 60n.., .., 1:1vc. 

VME64 iil a trademark of Performance Tcchnolog ic"!o. Inc. 

DRAM 
Burst 
Rates 
A 25 MH z '040 
is capable of 
access ing mem
ory at 80 MB/s. 
The closer you 
are to th is max
imum , the more 
'040 per fo rm 

ance you ' re ga ining. SV430 bursts are 26% 
faster than Force and Motorola. 

'020/'030 
Compatibility 
Soft ware 
compatibility 
between Synergy 
SBCs means 
users have simple 
upgrades to the 
SV430 from 
our ·020 and 

'030 SBCs. Force offers com patibility onl y from 
the '030 level. and Motorola offers "upward 
migrati on .. - a polite phrase that means rewrit
ing your code. 

DRAM 
• 1 Random 

Accesses 
Non-burst '040 
perform ance is 
measured in wa it 
states. Fewer 
wa it states mean 
hi gher perform
ance . The SV430 
is not onl y 66% 

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

Product 
Warranty 
Synergy bac ks 
the re li ability of 
it s SBCs with a 
two year standard 
warranty. Force 
and Motorola 
onl y 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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Real-Time Software Performance 
Analysis and Test Coverage 

HMis ~rfonnance Analysis Card (PAC) provides real-time software perfonnance analysis 
and real-time software test coverage for all HMI-200 series in-circuit emulators. This 
option operates completely transparent to the system under test and collects its data in 
real-time to establish a true profile of the software execution. 

Features: 
• Hardware implemented 
• Up to eight modules can be defined 
• Histograms for each module are displayed 
• Minimum, Maximum and Average time duration for each module displayed 
• Coverage mode displays which pieces of the code did and did not execute 
• 'frace data has a time stamp 

Benefits: 
• More efficient code produces higher performance products for your company 
• Better tested code eliminates bugs generated from untested code and creates 

higher quality software for your company 
• The Emulator and ~rfonnance Analysis together shorten the design cycle time 

allowing your company to have its window of opportunity in the marketplace 

Available Emulators: 
68000 68302 6809/6809E 68HC001 8085 
68008 68301/303 68EC020 8051 Family 64180/Z180 
68010 68330/333 68EC030 DS5000 Z80 
68020 68331/332 68HC11 including 8096/80196 Family 68HC16 Family 
68030 68340 Fl and D3 

Now supporting 68040 Series 
Write or call for further information and free demo disk. 

IHMll 
HUNTSVILLE MICROSYSTEMS, INC. 
3322 South Memorial Parkway, Huntsville, AL 35801 
(205) 881-6005 
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e solutions because we've been 
mpanies have dared to venture. 

FLXibus. VM E64 Plus and Fu lurebus Plus arc trademarks of FORCE Computers. lnc. All ot her hrands or products are trademarks of their respect ive ho ldl'rs. 
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When it comes to embedded 

systems design, nobody offers 

better solutions than FORCE. 

But, we have to admit, we 

had a little help. From you. 

At FORCE, we get inside the 

heads of our customers to learn 

about their requirements. 

The result is the world's 

most advanced CISC and SPARC= 

based VME single board compu

ters , including the latest SPARC 

CPU-2E-based boards. 

What else did you have in 

mind? How about bus exten

sions - like SBus and our own 

FLXibus~ Plus SunOS™ and the 

widest variety of real-time oper

ating systems and kernels. 

And when your designs need 

to evolve to the next generation, 

count on FORCE for the best in 

VME64/Plus™ or Futurebus/ Plus~ 

Because better products come · 

from better knowledge. 

For a partner that can get 

your application up and running 

fast, call 800-237-8863, ext. 10. In 

Europe, call 49.89.608-14-0. 

And thanks for keeping an 

open mind. 

3165 Winchester Blvd., Campbell, CA 95008-6557 
Prof.-Messerschmitt-Str. I W-8014 Neubiberg/ Miinchen 

® 



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 ADCSWGOl8 



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

CIRCLE NO. 6 

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

F//O'I HEWLETT 
.:~ PACKARD 



Considering 

Multimedia or 
Interactive Systems ? 

Consider MICROBOARDS 
Authoring systems for: 

0 DOS, Mac, UNIX, 05-9, CD RTOS 
O Player Hardware 

Red Book 
Ye llow Book 

Green Book 
Orange Book 

Standard and Custom OEM designs 

MBi America 
Tel: (612) 448-9800 
Fax: (612) 448-9806 

MBi Japan 
Tel: 0474 (37) 9811 
Fax: 0474 (37) 9821 

CIRCLE NO. 9 

200 MFLOPS OF POWER! 
• Single or dual i860 processors • Up to 64 MB memory 

• True color frame buffer option 

• DT Connect. ITI VISIONbus. 
SCSI 1/0 options 

... AND THE 
SOFTWARE TO USE ITI 

Suite 204. 71 Spitbrook Rd. 
Nashua. NH 03060 

Phone: (603) 891-2750 
Fax: (603) 891-2745 

• 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 ol their respective holders. 

CIRCLE NO. 10 
10 APRIL 1992 COMPUTER DESIGN 

• Scientific and imaging 
libraries 
with over 250 routines 

• 2562 2DFFT ~ 55MS 

• 5122 3x3 convolution ~ 
88MS 
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FOR THOSE 

WHO THINK ALL 

ATTACHED 

PROCESSORS 

ARE ALIKE, 

PROCESS THIS. 
Your choice of processors can 

make or break your system design. 

Performance in = performance out. 

So start with the leader in high per-

formance real-time computing 

solutions.Mercury's MC860VS. 

The only attached processor 

that offers up to 32 Intel i860s 

in no more than 8 VME slots . 

So you get 80 Mflops to 2.5 Gflops to 

handle the most demanding applications in defense sig

nal processing and medical imaging: And all Mercury 

products can be configured in work

stations and chassis systems to deliver 

scalable performance at a scalable 

price. So if you're building or buying a high perform-

ance computing solution, take advantage of Mercury's 

unparalleled investment in standards, inno-

vative hardware, and software 

development environment. 

And get the most complete, flex

ible, high performance computing 

solutions available. If you've been 

thinking about multiprocessing sol-

utions, here's some important infer-

mation to process: 

Jo~~tro~am~ra.---------, 
I 5endmeyourwhltepaper''Mutt.lprocessingforthe1990s.'' I 

I 
D I want to subscribe to Mercury's ongoing Education Series. I 
0 Pfease send me more Information on the MC860VS right awfrt. 

I Name I 
I Tit~ I 
I Company I 
1-~ I 
I City/State/Zip I 
I :::serldto I 
I ::,~Street M Compuff.>r Sysff.>ms In< I 
I ~~'f.s':;~ E~U~ I 
lJ.508) 458-3100 ________ ~D4/~ 

Mercury's MC860VS. The Ultimate Performance Machine. 
INSTANT DATA ACCESS (IDA) DIAL (617) 494-8338 DOCUMENT NO. 1020 
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'NEWS BRIEFS NEWS BRIEFS NEWS BRIEFS NEWS BRIEFS NEWS BRIEFS NEWS 

Xilinx files lawsuit 
against Actel for FPGA 
architecture 
With FPGA competition getting 
hotter every day, it's not surpris
ing that the first lawsuit with re
gard to patent infringement has 
been filed by inventor and market 
leader Xilinx (San Jose, CA). The 
company has filed suit in the Fed
eral District Court for the North
ern District of California against 
Actel (Sunnyvale, CA) for infringe
ment of a patent covering the ar
chitecture used in FPGAs. "This is 
the first time we've had to enforce 
our patent rights," commented Xil
inx president Bernard 
Vonderschmitt. "It's vitally impor
tant to the company and its inves
tors that we enforce these patents 
vigorously to protect our intellec
tual property," he added. 

Legal counsel for Xilinx, Robert 
Hinckley, reports that the lawsuit 
covers the basic structures used in 
Actel's FPGAs. Xilinx informed 
Actel of its claim of patent in
fringement within a year of the 
1989 issuance of that patent, ac
cording to Hinckley. Discussions 
have taken place between Xilinx 
and Actel, but the two companies 
have not managed to reach an out
of-court solution. 

Actel maintains that its ACT 
product architectures don't in
fringe the Xilinx patent. "It's the 
opinion of two independent coun
sels that Actel will not be held to 
infringe any valid claim of the Xil
inx patent," said John East, presi
dent and CEO. "Indeed, Actel 
intends to vigorously defend 
against this action." 

Asked if Xilinx will file suit 
against other FPGA makers, 
Hinckley says, "We haven't fo
cused on others yet. The focus has 
been on Actel." -Barbara Tuck 

Fuzzy logic to be 
available as ASIC core 
Togai Infralogic (Irvine, CA), 
which currently markets software 
development tools, its own special
ized FPllO fuzzy logic processor 
and accelerator boards based on 
the FPllO, has announced that it 
will be licensing its fuzzy proces
sor technology in the form of pro
cessor cores for use in ASICs to a 
wide variety of interested semicon-
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ductor manufacturers and OEMs. 
OEMs would license specific core 
designs to be provided by Togai. 
Togai foresees such cores, which 
can be custom designed for differ
ent price/performance require
ments, being built into custom 
ASICs, hybrid conventional/fuzzy 
processors and fuzzy coprocessors. 

At the same time, Togai an
nounced an agreement with Sie
mens AG (Munich, Germany) to 
jointly develop fuzzy logic and ap
plications for the European mar
ket. While no licensing agreement 
involving the core technology was 
announced with Siemens, the 
agreement will pool Togai's ex
pertise in fuzzy logic hardware 
and software with Siemens' mar
ket presence and skill in devel
oping electrical and electronic 
applications. -Tom Williams 

Mentor sells its 
emulation technology 
Mentor Graphics (Wilsonville, OR) 
advanced its plan to become a soft
ware-only vendor with the sale of 
its hardware emulation technology 
to Quickturn Systems (Mountain 
View, CA). Mentor has been devel
oping the project-a hardware and 
software combination that would 
let users prototype ASICs with 
banks of FPGAs-for more than 
two years. Though a Quickturn 
spokesman pointed out that Men
tor's project was still in the "rough 
prototype" stage, he admitted that 
Mentor has made advances in cir
cuit partitioning which handle 
larger designs better than Quick
turn's existing systems. 

According to the agreement, 
Quickturn will acquire all of Men
tor's hardware and software archi
tecture designs, working proto
types of Mentor's emulation sys
tem and exclusive rights to all ex
isting and pending hardware 
emulation patents for an undis
closed amount of cash and stock. 
The sale also means that Mentor 
will now endorse emulation tech
nology, something it has been re
luctant to do while it had a 
competitive product under 
development. 

Quickturn's strengthened posi
tion comes at a time when it's fac
ing its first head-on competition in 
the hardware emulation market. 
In March, start-up PiE Design Sys-

terns (Sunnyvale, CA) introduced 
a logic emulation product line for 
VLSI-based system design verifica
tion that's targeted directly at po
tential Quickturn customers. In 
the face of this competition, it will 
be interesting to watch whether 
Quickturn will be able to repeat in 
1992 the 100 percent sales growth 
it experienced last year, when In
tergraph, Harris, Kodak, National 
Semiconductor, NCR Germany, 
and Bull Italy embraced the Quick
turn computer-aided prototyping 
verification methodology. 

- Mike Donlin, Barbara Tuck 

CFI plots a 
credible course 
The CAD Framework Initiative 
(Austin, TX) recently announced 
a multirelease program at its an
nual business meeting that presi
dent Andy Graham described as , 
" ... a credible plan to deliver on 
our promises in a pivotal year." 
CFI's new technical director, 
Nick English, held out hope that 
some of the products based on 
the 1.0 specification released in 
December might be ready in time 
for this year's Design Automat
ion Conference. 

The 1.0 release includes the ca
pability to manipulate and ex
change netlist data , while future 
releases of the spec will permit 
the exchange of design represen
tation data and intertool commu
nication. Release 2.0 , targeted 
for December 1993, will support 
multiple views of a design and will 
include limited support for design 
management. -Mike Donlin 

Trouble in paradise? 
Although supporters have been 
racing to get all the latest ad
vances incorporated into Revision 
D of the VME (1014) specification, 
there are some conservative voices 
calling to put on the brakes a little 
to make sure everything is going 
to work. The VME64 part of the 
specification has been well exer
cised and at least three interface 
ICs-and over a dozen board
level products-incorporate the 
protocols. 

It seemed as if source-synchro
nous block transfer had just about 
slipped through with little objec-

Continued on page 14 
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When Every Nanosecond ount 
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: 

7. 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. lns 

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 f ree 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. 

CIRCLE NO. 7 

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 Doto Book. 

35mips RISC CHIPS AND MODULES 
R3000A for the most mips at any MHz; 
R3051 for CPU, cache, & 
buffers on one chip. Mod ules, 
eval. boards & software com
plete the family. See them in the 
RISC Data Book. 

HIGHEST-PERFORMANCE MEMORIES 
Fast FIFOs, dense dua l-ports. BiCEMOS 

-

ECL, & memory mod ules. 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. 

•lb-; .: • 
-~In• ll8m11_,_mnt 

Integrated 
Device 
Technology, Inc. 



'NEWS BRIEFS NEWS BRIEFS NEWS BRIEFS NEWS BRIEFS NEWS BRIEFS NEWS 

Continued from page 12 

tion until at least one "fatal flaw" 
was discovered in the potential 
SSBLT definition. Dieter Natt
kemper, Openbus products man
ager for Newbridge Microsystems 
(KanaLa, Ontario), reports that the 
SSBLT specification relies on trig
gering a positive edge of one of the 
VME signals. ''This isn't reliable," 
he says, "and if allowed to be in
cluded in the specification, [it] 
would have been a major problem." 

While the fatal flaw probably 
has a number of possible "fixes" 
which will undoubtedly be put 
forth at future sessions, it's alerted 
the committee that it may not be 
wise to rush into any specification 
changes without thorough examina
tion and testing. If some fatal, over
looked flaw were to be appended to 
the specification, it would not only 
be an embarrassment, but it could 
undermine the credibility of the 
bus. -Warren Andrews 

PC processor products 
proliferate 
Advanced Micro Devices (Austin, 
TX) is readying a slew of Am486 
processors as a follow-up to its 
highly popular Am386. First 
members of the family will in
clude 25- , 33-, and 50-MHz ver
sions of the Am486DX device in 
PGA packages. And 25-MHz ver
sions of the Am486SX devices 
will appear in PGA and surface
mount packages. A 25-MHz 
Am486DX will be available in 
surface-mount at a 20 percent 
premium over the 25-MHz Intel 
486SX-that's the one with the 
disabled on-chip coprocessor. 

On the 386 front, AMD hasn't 
stood still either. The company an
nounced a 33-MHz version of the 
Am386DX/DXL device, as well as a 
40-MHz version in a plastic package. 

On the subject of Intel clones, 
don't forget Integrated Informa
tion Technology (Santa Clara, 
CA) either. That company just de
buted a 33-MHz coprocessor for 
the 386SX. Dubbed the 3C87SX, 
it's just waiting for an Am386SX 
to work with. If you need a lower
power part, consider a family of 
surface-mount coprocessors from 
Cyrix Corporation (Richardson, 
TX). The 87LC and 87DLC copro
cessors offer design engineers a 
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2. 7-V alternative to Intel's offer
ings in a small 14 x 14-mm, 80-
pin quad-flat pack. -Dave Wilson 

Army vehicles go VME 
After almost two years of jockey
ing, the U.S. Army has decided to 
go with a standard VMEbus form 
factor for its vehicle electronics. 
What has been at issue is SAVA 
(Standard Army Vetronics [vehicle 
electronics] Architecture). Initially 
it was proposed by the U.S. Army 
TACOM (Tank Automotive Com
mand), based in Warren, MI, that 
it be based on a standard bus, and 
bids went out to a number of con
tractors to develop the necessary 
systems. The four bid winners, 
General Electric, Texas Instru
ments, FMC Corporation, and 
General Dynamics, formed AVTA 
(Army VeLronics Technical Associa
tion) to finalize the program. 

AVTA elected to use the stan
dard VME electrical interface, but 
chose a slightly larger board-9.5 
in. in place of the standard 9.2 
in.-and a slightly different con
nector-four rows of pins instead 
of three. This format, which had 
taken on the SAVA name, per
sisted for almost two years. Now, 
looking to take advantage of the 
greater economies of scale availa
ble with standard form factor 
VMEbus cards, the Army has 
elected to change the mechanical 
configuration to conform to the 
IEEE-PllOl.2 conduction-cooled, 
double-Eurocard standard. 

-Warren Andrews 

Is it goodbye CISC, hello 
RISC in laser printers? 
Underscoring the wide price/perfor
mance range of RISC technology, a 
flurry of laser printer announce
ments in March revealed a slew of 
design wins for the 29k family. Dis
pelling the myth that RISC technol
ogy is reserved for high-end systems 
only, Apple Computer (Cupertino, 
CA) has announced an entry-level 
PostScript laser printer powered by 
the Am29005, the 32-bit RISC pro
cessor from Advanced Micro Devices 
(Sunnyvale, CA). The Personal 
Laser Writer NTR, introduced 
March 23, sells for $2,100 and is 
the first Apple laser printer based 
on RISC technology. According to 
AMD, the new printer uses the 

Am29005's processing power to 
print documents up to six times 
faster than the Personal Laser 
Writer NT, Apple's 68000-based la
ser printer. 

Meanwhile, the 29k RISC archi
tecture continues to score wins at 
the high end. GCC Technologies 
(Boston, CA) introduced a Phoenix 
PostScript color laser printer based 
on the Am29000. Also following the 
RISC route, Japanese firm Minolta 
announced an Am29000-based laser 
printer at last month's Cebit show 
in Germany. -Jeffrey Child 

Thanks for the memory 
Working in conjunction with a re
search team from Purdue Univer
sity, scientists at Cree Research 
(Durham, NC) have demonstrated 
a silicon carbide capacitor, the ma
jor building block of a nonvolatile 
RAM based in silicon carbide. Ac
cording to Cree, the SiC RAM cell 
will be able to store data inde
finitely without refresh. The lon
ger storage time is a function of 
the SiC's energy bandgap, which 
is 2.5 times larger than that of sil
icon. (Storage time increases ex
ponentially with increases in band
gap.) As a result, leakage current in 
SiC has been measured to be at 
least that of 0.00001 typical sili
con DRAMs. This means that the 
Cree device can store data for 
years instead of minutes. Another 
benefit is that the Cree device 
can be written to indefinitely 
without data fatigue . Nonvolatile 
silicon memories today use float
ing-gate technology which can 
lead to the device wearing out af
ter a large number of write/erase 
cycles. -Dave Wilson 

Multimedia for the one 
and only 
Redmond-based software giant Mi
crosoft said that it intends to 
make a version of its Multimedia 
Viewer authoring system available 
to enable multimedia title develop
ment for Sony's portable CD-ROM 
XA (extended architecture) player, 
to be released this fall. Viewer for 
the Sony player is based on Micro
soft Viewer for Windows. Viewer 
will let software developers create 
titles which combine text, audio 
and video. -Dave Wilson 



If you don't think 
our real-time systems 

have taken oft consider 
some of the programs 

weve landed. 
You already know the significance of the Alsys name when it comes to quality Ada. But you may not have realized 
that over half of our business is in-and over half of all our resources are devoted to-real-time applications. Right 
now Boeing, Lockheed, McDonnell Douglas, NASA, AIRBUS, European Space Agency and many others rely on 
us for solutions for mission and safety-critical applications. r:-- -- -- -- -- -- --. ~ 
Al 

Lr. f h b d f .
1 

d I Please rush me the Alsys handbook deta1lmgyour real-time capabilities. 
sys ouers one o t e roa est ranges o comp1 er pro ucts ~ 

and developer tools, plus unparalleled expertise and guid- • (o•me) ("'''l I 
ance every step of the way. . (comp"')') (phone no) 

If you need to reduce risk, deliver projects on time, (•dd .... ) - ---- -

and do both within budget, the first step is easy: send in the ·Y~;" Alsys, Inc., 67 South Bedford Street, Burlington, MA 01803-5152, I 
coupon or call 617-270-0030. We'll rush you a handbook • phone: 617-270-0030fax: 617-2 70-6882 

· · ' fu . Alsys maintains major operations _J 
detail mg some power 1 reasons why you should consider in the u.s., Sweden, France, 
enlisting our support. Alsys. We're serious about real-time. England, Germany andJap:!!.. _ co 

A Thomson-CSF 

CIRCLE NO. 8 



• Fast , reliable operation 
• Compact and RO Mable 
• 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 c reate/delete 
- task priorities 
- memory allocation 

• Event Manager 
• Semaphore Manager 
• List Manager 

No Royalties 
Source Code Included 

INSTANT DATA ACCESS (IDA) D IA L (6 17) 4114-8 338 DOCU MENT NO. 1036 

Manual only sss us KADAK Products Ltd. 
AMX 86 $3000 US 206-1847 West Broadway 

Vancouver, B.C., Canada 
V6J 1Y5 

(Shipping/handling extra) 

Call for prices for 
other processors. 

Jiil: Telephone: (604) 734-2796 
~f-'. Fax: (604) 734-8114 
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W.H. BRADY CO. 
THIN FILM PRODUCTS 

8225 W. Parkland Ct. • P.O. Box 571 • Milwaukee, WI 53201 
Phone: 414-355-8300 • Fax: 414-354-0453 

Copyright 1991 W.H. Brady Co. All rights reserved. 
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April 13 • 16 
IDEA '92 
San J ose Convention Center, San 
Jose, CA. The International Design I D E A ' 9 2 
Engineering & ASIC Exposition will 
focus on the latest ASIC, FPGA and EDA technologies in 
a program of 36 seminars and 13 training sessions. One 
day will be devoted to programmable logic with two train
ing courses about introducing and evaluating FPGAarchi
tectures. Other issues addressed by the conference in
clude: design automation, application-specific ICs, 
programmable logic, and system development. Contact: 
IDEA '92, 480 San Antonio Rd, Suite 245, Mountain View, 
CA 94040, (800) 848-4332 or (415) 949-2742, Fax (415) 
949-3635. Circle 366 

:~:c~,; :~th Modern SffiJ(C;@ITTJ 
Circuit Making 

1111111111 ~:a::1:::fa~~!oc!~~~=~ ~ 1\4(]\f 
Center, Secaucus, NJ. The Surface Mount Technology 
Conference and Exposition and its new companion event, 
Modern Circuit Making, will cover design, fabrication, 
assembly, and testing of electronics using state-of-the-art 
packaging technologies-surface mount, thin and thick 
film circuitry and multichip modules. Contact: IC Man
agement, 900 N Franklin St, Suite 700, Chicago, IL 60610, 
(312) 944-3434, Fax (312) 944-5289. Circle 367 

April 26 - 29 @• 
Joint Mountain-Western · 
Regional Technical Symposium · : 
Tropicana Hotel and Nellis Air Force Base, ~ 
Las Vegas, NV. The symposium theme is 
"The threat after Desert Storm," for discus-
sion of the aftermath of the Gulf War and the future of 
electronic warfare and related fields. In addition to tech
nical papers and exhibits, this symposium will feature an 
aircraft static display with the F-117 Stealth fighter. This 
symposium is sponsored by the Association of Old Crows 
(AOC) that supports the defense efforts of the United 
States and its allies to advance the understanding and 
state-of-the-art of electronic defense. Contact: AOC Con
vention Department, 1000 N Payne St, Alexandria, VA 
22314-1696, (703) 549-1600. Circle 368 

April 27 - May 1 Ill~ 
~ 

XWorld ft 
Sheraton New York, Manhattan, NY. WORLD 
XWorld is the largest conference and exhibi- ··""x""'x ... ......, 
tion devoted to the X Window system. Over 40 technical 
and managerial sessions will be offered as well as 
exhibits. Tutorials will include: "Using the X Toolkit," 
"Widget Writing," "Debugging X," "System Administra
tion," "C++ Programming," and "Windows for X Pro
grammers." Contact: SIGS Publications Group, 588 
Broadway, Suite 604, New York, NY 10012, (212) 274-
0640, Fax (212) 274-0646. Circle 369 

Continued on page 18 



FL U K E AND PHILI PS - TH E GLOBA L A LLIA NC E I N TE S T & MEA SU REME N T e PHILIPS 

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 newesl DMM family. It combines a 
smart set of troubleshooting features in a new design thal's exceptionally 
fast and simple to operate - with one hand. ll's yours atter 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 w 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.O. Box 9090, M/S 250C, 
Everett, WA 98206-9090. U.S. (206) 356-5400. 
Canada (416) 890-7600. Other countries: (206) 356-5500. 
©1992. All rights reserved. Registered T.M. of Advanced Micro-Devices 
and Intel Corp. Ad No. 00178. 

FAST ANSWERS 

FLUKE ® 
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DCP means 
the fastestb 
most flexi le 
communications 
available for PCs. 

For more information on our DCP-286 
family of mega-performance com
munications controllers featuring pick
your-protocol (SNA, Bisync, X.25, 
frame relay), pick your interface 
(RS-232 , RS-422 , X.21, parallel), pick 
your bus (ISA, EISA, Micro Channel), 
wide-open 64Kbps and Tl support, 
full lMB on-board memory, and flat
out fastest 80286 (and 80386!) design, 
there's only one call to make. 

-1.1-
1-800-EMULEX-3. 

EMULEX Intelligent Communications for PCs 
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80386SX I 80386DX I 80486SX I 80486DX 

INDUSTRIAL SINGLE BOARD COMPUTER 
TWO YEAR WARRANTY 

All TME products come with Two Serial ports, One Bi-direc
tional Parallel port, Floppy & IDE Hara Disk Interfaces. 

-- .. !·-HJiii_·.F!'l--· 
.. :--· 

' 

---~ .. -~ . ::_i.:.. .. :.< ·- -·. --
HQP486 
• 20/25/33/SOMhz, 
80486SX/DX 

djl • Up to 48Mbytes on-board 
memory 
•Optional 256K write back 
cache memory 

HQP386C 
• 25/33/40Mhz, 80386DX 
• Up to 32Mbytes on-board 
memory, 
• 12BK write back cache 
memory 

HQP386SXC 
• 16/20/25Mhz 80386SX 
• Up to 16Mbytes on-board 
memory 
• 64K cache memory 
• Up to 1.5Mbytes FLASH 
EPROM on-board 

TME Toronto MicroElectronics Inc. 
1848 Bonhill Rd. # 1 Mississauga, Ontario, L5T-1C4 
CANADA 
Tel : 41 6 564-4833 • Fax:416 564-4768 
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April 28- 30 
AFCEA Europe Spring Symposium 
and Exposition 0 
Hotel Melia Castilla, Madrid, Spain. This , . 
conference on simulation and high tech-
nology C3I will explore how to solve a broad 
range ofC3I operational, training and system design prob
lems. The major session topics include: "Simulation and 
modeling in support ofC3I system design and optimization," 
with subsessions on future NATO communications net
works and more. Contact: J. Spargo & Associates, 4400 
Fair Lakes Ct, Fairfax, VA 22033, (703) 631-6200, Fax 
(703) 818-9177. Circle 370 

May4 - 7 
EDS '92 h 
Las Vegas Hilton, Las Vegas, NV. FDS 'Cl2__ 
The Electronic Distribution Show /4 
and Conference emphasizes the needs of manufacturers, 
distributors and sales representatives of electronic com
ponents, test equipment and accessories. Contact: The 
Electronic Industry Show Corporation, 222 S Riverside 
Plaza, Suite 270, Chicago, IL 60606, (312) 648-1140, Fax 
(312) 648-4282. Circle 371 

May 5- 6 
The Canadian High Technology Show 
& Conference 
Lansdowne Park, Ottawa, Canada. Nearly -~~·~ 
400 exhibitors from Canada, the United 
States and Europe will display products in 
components and microelectronics, instrumentation, pro
duction and packaging equipment. The conference pro
gram will feature four workshops and seven technical 
papers. Contact: Suzanne Stevens, Reed-Macgregor Exhi
bitions, 800 Denison St, Unit 7, Markham, Ontario L3R 
5M9, (416) 479-3939, Fax (416) 479-5144. Circle 372 

May 11 - 14 
Test & Design Expo 

Garden State Convention Cen~r, lresr3f oESIGN EXPol 
Somerset, NJ. The Test & Design 
Expo is the first show to revolve '"' ' 0

"'""'" ' '"
0

' " " ""
0 

' "
0

w 

around the concurrent engineer-
ing process. Test equipment and design products will be 
showcased side by side on the exhibit floor. The conference 
will feature sessions, tutorials and minicourses that are 
structured for test and design professionals, emphasizing 
concurrent engineering, boundary scan and VXI/systems 
integration. Contact: Miller Freeman Expositions, 1050 
Commonwealth Ave, Boston, MA 02215-1135, (800) 223-
7126, Fax (617) 730-5708. Circle 373 

Would you like your event listed here? 
Computer Design can include a calendar announcement for your 
upcoming conference or seminar as long as it's received at least three 
months prior to the date of the event. Be sure to include a specific 
location, a brief description of the event and a telephone,fax number 
and address of a contact person. Please address calendar items to: Lisa 
Coleman, assistant editor. 
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You Can Tiy Building 
Your Own Real-Time 

Operating System, 
Building your own operating system for a real-time appli

cation can cost you up to a year in expensive programming 

time. And lost business opportunities. In a fast-moving market, 

it simply doesn' t make sense to build. Not when VxWorks'" 

from Wind River Systems le ts you move right in. 

VxWorks gives you all the components and tools you need 

to start developing applications immediately. Which cuts your 

--Mij(i&(W 
Sun 68K 
IIP SPAHC 

DEC MIPS 
lBM i960 

costs dramatically. And be

cause VxWorks offers a more 

full- fea tured deve lopm e nt 

platform than any other off

the-shelr operating sys te m, it 

Vx\Vorks s11pports 11111/tiple platfonns. gets yo ur product to market 

Or You Can 
Feel Right At Home 

With VxWorl(s. 
faster. lt's the one true turn-key solution , fully compatible with 

indust1y standards right out of the box. 

Wind River Systems pionee red off-the-shelf high-speed 

UNIX® networkin g for real-time applications. And VxWorks 

still leads with the most complete, robust networking available. 

Th e lean, e ffi c ient wind'" ke rn e l gives it unsurpassed multi

tasking speed and runctionality. 

So befo re you invest the time and money trying to build 

yo ur own real-tim e ope rating system from the ground up , 

find out more about 

VxWorks. And feel right 

at home from day one. 

1-800-677-1586. 

WIND RIVER 

SYSTEMS 

Heal-Ti111e Sol11tio11s for Th e Heal \Vorld 
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(actual size) 

AMO Introduces The World's First 
386 Microprocessor With 3--Volt Technology. 

TWo standard dry-cell batteries.There's 
really nothing special about them.Aside from 

the fact that they can run a powerful. •·= ·· 
portable 386 computer for a full f . :, 
eight hours. Provided. of course. that ~ 1 

• 

portable is built around a low- · -

Thanks to the low-voltage Am386 micro
processors. laptop. palmtop and notebook 
computer designs will become smaller. lighter. 

II and more powerful than ever before. 
With battery life of up to eight 

I A 386
™ • 1Tu!25 MHz DXLVcmdlf1e 25 MHz SXLVC1n-

VO tage m microprocessor. 111wi111b1r; .. roFrrxicr111ging. 

hours o r more.That's a full day's 
worth of 386 performance-the per-

<x> l Thompson Place. PO Box 3453. Sunnyva le.CA 94088 1 199 1 Advanced Micro Devices. lnc. "We're Not Your Competition"is a service mark and Am 386 isa trademark of Advanced Micro Devices. Inc. 



+ 

I 

formance you need to run sophisticated 
applications like Windows™3.0. 

And rest assured, the low-voltage Am386 
microprocessors are proven compatible 
and comply fully with JEDEC standards for 
low-power. 3-volt computing.We can even 
supply you with the 3-volt EPROMs your sys
tems will need. Other 3-volt system logic 
is also readily available. 

For more information on the low-voltage 

+ 

I + 

Am386 microprocessors call AMO today at 
1-800-222-9323.You'll never look at dry-cell 
batteries the same way again. 

~ 
Advanced Micro Devices 

"We're Not Your Competition'.' SM 

All brand or product names mentioned are trademarks or registered trademarks of their respective holders. DURACELL is a registered trademark of Duracell International lnc 
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I EDITORIAL 

Our goal has been to 
make designer and 

user comments, obser
vations and insights 
an integral part of 

COMPUTER DESIGN. 

John C. Miklosz 
Associate Publisher/ 

Editor-in-Chief 
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Bringing you 
another dimension 

Like all of you working on a challenging project, we get in
volved with what we're doing on COMPUTER DESIGN. So in
volved that we take it for granted that you'll notice when we add 
something new or make some other change to the editorial pack
age you receive every month. 

One of the major changes we've made is in how we cover 
developments in technology, design and new products. Tradition
ally, editors of electronics/computer design and product publica
tions have gotten their information exclusively from vendors (not 
exactly unbiased sources) and industry analysts (who focus on busi
ness issues more than technology, design or product issues). 

Designers and design managers-like yourselves-have an under
standing of applications and design problems that goes far beyond 
that of the vendors who are offering the ASIC, IC, board-level, 
CAE/CAD, and software solutions you're using for your designs. I 
should point out that we're not alone in realizing this . The vendors 
themselves realize it, and more and more are forming closer relation
ships with the users of their products. It's called "partnering." Our 
goal, too, has been to "partner" and to make designer and user com
ments, observations and insights an integral part of COMPUTER 
DESIGN. Look at this issue, and especially at the Design Strategies 
feature (page 107), and you'll see what we mean. 

Trying to go beyond specifications, feature sets and nitty-gritty 
design details and to provide comparative information, perspec
tive, analysis, and insights that, hopefully, help you along the way 
toward evaluating a design approach or a new product is anything 
but easy. Probing vendors, designers and users to go beyond the 
obvious specs and "how it works" detail is hard and time-consum
ing, and editors, like everyone else, usually want to take the path 
of least resistance. To keep our editors on the straight and narrow, 
so to speak, we laid down the rule that anything they wrote in the 
Technology Directions section up front in COMPUTER DESIGN 
had to be more than a single-vendor, single-product article. It had 
to have some mix of comparison, perspective and insight from ven
dors and designers or users. The "traditional" single-vendor, 
single-product features were relegated to the New Product 
Developments section-at the back of the magazine. When it was 
brought to our attention that most other design publications were 
putting the kinds of products that we were putting in the back of 
our magazine at the front of theirs , we realized that we might be 
downplaying what we do just a little bit. 

Rather than change the flavor of our up-front technology sec
tion, we decided to redesign the table of contents. Now, new 
developments in technology and new product developments ap
pear on the first page. All of our features are grouped together on 
the second page. We think that this grouping-essentially, news 
and features-now gives proper emphasis to our coverage of the 
newest developments in technology and products, as well as to our 
focus on the analysis of ongoing developments and trends. 



EPC Embedded PCs Mass Storage Modules 

EPC MODEL EPC-1 EPC-3 EPC-4 EPC-5 
{shipping since Aug '88) (sh1pp1ng since Aug '89) (shipping 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 1, 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 (800 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 NIA 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 AS232 Senal 1/0 EXM-11 Timer/Counter 
EXM-4 IEEE 488 EXM-8 RS422 Senal 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 RadiSys and EPC are registered trademarks and EPConnect is a trademark of 
Rad1Sys Corporation. 386 and 486 are trademarks of Intel Corporation. OS/2 is a trademark of International Business Machines Corporation. 
UNIX is a trademark of American Telephone and Telegraph. 

The Intel Inside logo is a trademark of Intel Corporation. 
CIRCLE NO. 19 

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 
YMEbus. 
• 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. 

CORPORATION 

THE INSIDE ADVANTAGE 

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



Until now, DOS and 
couldn't run 

Introducing iRMX® for Windows: 
Real-Time Windows™for PCs. 

Running DOS or Windows· and real-time on a 
PC used to create some rather formidable challenges. 
After all, you could only run one at a time. 

Fortunately, there's a whole new direc
tion in real-time processing. It's called iRMX® 
for Windows. And it's a proven environment AWARD 

that lets DOS and iRMX software work together to 
generate powerful applications. 

This reliable operating system takes full 
advantage of the protected-mode features of the 

popular Intel386™architecture. So it opens new 
avenues for cost-effective solutions. 

Of course, iRMX for Windows also 
opens some powerful options for software 

~ 199 1 Intel .corpor~tion . iRMX is a re~istered trademark and lntel386 and Real-T ime Windows are trademarks of Intel Corporation. *Windows is a trademark of Microsoft Corporation. 
1RMX for Wmdows JS an EDN Innovation of the Year Award winner fo r 199 1. 



real-time arplications 
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 #IA. 
You '11 receive our Real-Time Response Kit. And 
give your next application some serious momentum. 

intel. 
The Computer Inside.™ 



"Tadpole is extremely 

responsive, very thorough 

and, most importantly, 

played a key role in our 

development program." 
- Mr. Tom leBlanc, 

Principal Systems 

Engineer 

Polaroid Medical 

Imaging Systems 

T A 

TADPOLE CUSTOM DESIGN 

FOR SINGLE B OARD 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 
CJSC 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. 20 

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.: 

800-232-6656 
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 Services. 

UNIX is a registered trademark of AT&T. 

L E 



ITECHNOLOGY VIEWPOINT 

Phillip A. 
Kaufman on: 
Prototyping 
alternatives 

The two highest priorities of most product devel
opment teams are delivering the product to 
market as soon as possible and delivering a 

quality product that meets the customer's needs. The 
economic penalties for shipping late and missing a 
market window have been well documented many 
times. The penalty for delivering a flawed product is 
even higher. Pick up any trade paper and you'll find 
articles about how various companies lost their mar
ket lead or missed a major opportunity because they 
delivered late or had to recall a product for a "minor" 
problem. 

Despite major improvements in design tools over 
the past five years , product development cycles are 
neither as short as they need to be nor as predictable 
as they should be. The principal reason for long, 
unpredictable design cycles lies not in the task of 
creating a design, but in the enormous time and effort 
required to perform comprehensive design verifica
tion and product integration. Products today are so 
complex, must meet such strenuous compatibility 
requirements and incorporate so much software that 
we're hard pressed to know how to perform adequate 
verification, much less accomplish the task in area
sonable amount of time and with a reasonable amount 
of effort. 

I Debug early 
It's quite clear that the inevitable specification errors 
and ambiguities, as well as design implementation 
bugs, must be ferreted out as early in the development 
cycle as possible. As the bar chart on the next page 
shows, the cost of finding and correcting a problem 
increases dramatically as we move through the de
velopment cycle and into production. The solution to 
long and unpredictable development schedules, 
therefore, must be based on achieving the maximum 
possible amount of design verification and system 
integration as early in the development cycle as pos-

Phillip A. Kaufman is president and CEO of Quick Turn 
Systems in Mountain View, CA. 

sible-that is, we must achieve concurrent design 
verification. 

Today's complex products can't be adequately ver
ified, much less carried through the full system inte
gration phase, with simulation alone. A product must 
be fully exercised and perform all of its intended 
functions, including running all software and inter
facing to its external environment, before we can say 
that the development task is done. The only solution 
to this problem is a full prototype of the product. 

I Every product prototyped 
Every new product is prototyped. In many cases the 
prototype is the first article , using the first silicon for 
its ASICs. In some cases, a separate prototype is 
constructed well before an actual first article of the 
product exists. In either case, the first time that power 
is applied to a physical instance of the product and an 
attempt is made to validate all of its functionality, a 
prototype debugging process begins. 

Whether this process is called design verification 
or system integration or quality assurance-whether 
or not the project plan formally includes a prototyping 
phase-prototyping always takes place. Problems are 
always discovered during prototyping and system 
integration, and design changes are always needed. 
To achieve rapid time-to-market, we must not only 
move the prototype phase to a point as early in the 
development cycle as possible, but we must also make 
the construction and debugging of prototypes as in
expensive and productive as possible. 

A major challenge to any design project is to decide 
how and when to prototype. This is particularly crit-
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ical for any product that incorporates ASICs or custom 
ICs. The choice of prototype technique, and when and 
how the prototype will be used, will have a substantial 
impact on the cost of development, time-to-completion 
and quality of results. There are several alternatives 
for the creation of a prototype. The pros and cons of 
each are examined below. 

The major prototyping alternatives are: 

• First article: Build the first real product as soon 
as possible and use it to validate the design. 

• Scratch-built: Build up a prototype from standard 
parts and programmable logic well before a real first 
article exists. 

• Computer-aided prototyping (CAP): Very early 
automatic implementation of designs that do not yet 
exist as hardware (for example, ASICs) combined with 
any actual hardware that already exists. 

I Goals of prototyping 
Each of these alternatives has pros and cons. To 
evaluate them it's necessary to address the goals, 
objectives and constraints that are involved. The 
number one design verification goal must always be 
to find as many problems as possible as early as 
possible. To accomplish this, the prototype must be 
available very 

of making a change to the prototype when a bug must 
be corrected. The difficult part is the time and dollar 
cost oflow debugging productivity. 

Another attribute of prototyping is its verification 
span-aspects of the design that can be verified with 
each type of prototype, such as functionality, timing, 
electrical, and mechanical. There's a definite trade-off 
between how much can be verified and when it can 
be done. A full verification of a product requires having 
the product in its final form, a first article. By defini
tion, a first article requires waiting until very late in 
the development cycle. On the other hand, early 
prototypes which may allow full verification of some 
critical aspects, such as a functionality, will likely not 
be able to have the full form fit and speed of the final 
product. If these early prototypes enable finding many 
critical problems, however, they can result in a sub
stantial improvement in schedule. The table on the 
next page summarizes various attributes versus type 
of prototype. 

I First article prototypes 
The most common form of prototype today is the first 
article. It's so common that many projects don't even 
consider the first article as a prototype. Rather, eval
uating the first article is considered to be a system 
integration or quality assurance phase. It's not un-

common for de
early in the design 
cycle. 

The second goal 
is to make using 
the prototype as 
productive as pos
sible. Productive 
debugging means 
assuring that 
when a problem is 
discovered it's easy 
to isolate the cause 
and correct the 
prototype imple
mentation. To acco
mplish this one 
must create a pro
totype that has 
very high control
lability and obser
vability. The one 
absolute truth 
about prototypes is 
that bugs will be 
found and changes 

Relative cost to 
detect/correct error 

velopment pro
jects to schedule 
six to nine 
months after a 
complete system 

SYSTEM REQUIREMENTS 1 

HIGH·LEVEL DESIGN ~ 2 

LOW·LEVEL DESIGN tJ 5 

CODE tJ 10 

UNITTEST 1--~}5 

INTEGRATION TEST o----~J 20 

is available for 
system integra
tion. For main
frame develop
ments, it's not 
uncommon to 
schedule up to 
two years of sys
tem integration 
on the "bring-up
floor." 

Using a first 
article to do de

SYSTEM TEST J 50 
1---------~ 

sign verification 
is a very ineffi
cient activity. A 

AFTER DELIVERY 

0 10 20 

will have to be made. If it takes days, or weeks, or 
even months to effect a change in a prototype, it will 
be very difficult to uncover multiple bugs in any 
reasonable amount of time. 

Another key goal of prototyping is, of course, to 
minimize costs. Prototype costs come in two parts
the cost of creating the prototype and the cost of using 
it. Prototype creation costs are relatively straightfor
ward. They consist of the actual hardware and soft
ware that must be procured to construct the 
prototype, plus the manpower costs to design and 
build it. The cost of using a prototype is somewhat 
harder to quantify. The most obvious piece is the cost 
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first article has 
two major limita
tions; it can't be 
available until all 

design is finished and all parts are fabricated and 
assembled, and debugging and correcting errors with 
a first article are extremely difficult. In addition, use 
ofa first article means that we're beginning full design 
verification just when manufacturing should be 
ramping up volume production. Any problem found 
not only causes a long recycle time for redesign and 
reimplementation, but has tremendous impact on 
manufacturing and product introduction. 

The limitations of first articles are particularly 
severe when ASICs or custom ICs are involved. The 
expense and time to spin new chips drives the devel
opment team to attempt exhaustive design verifica-



Key prototype attributes versus type of prototype 
First article Scratch-bui lt 

Availability Very late Early 

Problem isolation Very difficult Difficult 

Ease of changes Very hard Hard 

Construction costs 
Material or tools High Low 
Labor Low High 

Verification span 
Functionality Yes Yes 
Speed Full Very fast 
Timing Yes No 
Electrical Yes Partial 
Mechanical Yes Partial 

tion using simulation before tape-out. While this ap
proach finds some problems earlier, the simulation 
effort tends to grow unbounded. How much simula
tion is enough? Simulation can never replace full 
system integration and there will likely still be many 
problems discovered with the first article. 

The importance of getting to the first article rapidly 
is reflected in the way that most projects are managed. 
The most critical schedule milestone is very often 
tape-out. Simulation is continued until we run out of 
time and then we rush to get chips. This approach, 
however, is backward from what should be happening. 
In the ideal situation, all verification and system 
integration take place prior to tape-out, and the time 
from tape-out to production shipments is minimized. 

I Scratch-built prototypes 
A real hardware prototype is a very valuable design 
verification tool. It can potentially be available quite 
early in the design cycle, and it can be quite produc
tive. A scratch-built prototype is very effective if it can 
be built with a small number of components and 
without the prototype development itself becoming a 
major project. The major down side of scratch-built 
prototypes is the difficulty of making design changes. 
Where the design is small and doesn't contain any 
ASICs or custom chips of any significant complexity, 
a scratch-built prototype is often the best solution. 

When there's much logic, the practicality of a 
scratch-built prototype diminishes rapidly. Although 
programmable components help significantly, their 
use in scratch-built prototypes creates many prob
lems. Converting a design from a medium- or high
complexity ASIC to programmable components is a 
major effort. The primitives don't match well, and the 
number of programmable components required is 
usually far higher then one would estimate based 
upon the specification for today's programmable com
ponents. The result can easily become a design project 
that's larger than the actual product development 
project. 

I Computer-aided prototyping 
Computer-aided prototyping (CAP) is a relatively new 
technology. The essence of CAP is to automate the 
conversion of ASIC and custom-IC designs into an 
implementation using reprogrammable logic and to 

Computer-a ided 

Very early 

Easy 

Easy 

High 
Low 

Yes 
Fast 
No 

Partial 
Partial 

incorporate into the implementation debugging tools 
and incremental capabilities that make finding and 
correcting design problems very easy. CAP overcomes 
the problems of late availability and rigidity associ
ated with first articles. It also overcomes the enor
mous effort required to implement complex chip de
signs into programmable parts manually. CAP is the 
only way to move very quickly from high-level design 
to functioning hardware. 

There are actually two different ways to utilize CAP 
for system prototyping and debugging. With CAP 
capabilities now available for up to one million gates, 
entire systems can be implemented. The standard 
components in the system can be plugged into the 
CAP prototype in a manner analogous to the use of 
hardware modelers with simulation. Alternatively, 
CAP can be used just for the ASIC and custom-IC 
parts of the system and can be combined with scratch
built or first-article prototypes of the rest of the 
system. 

The use of CAP does entail some limitations. As 
with any design tool, a capital investment is required. 
Speed, while three to seven orders of magnitude faster 
than simulation, will be somewhat slower than using 
first articles , because of the use of many repro
grammable components. Nonetheless, effectiveness 
and payback on investment have been demonstrated 
to be very high by many successful customers. 

In every hardware development there's a point at 
which prototyping comes into play as the final design 
verification and system integration vehicle. With the 
advent of programmable logic and CAP, designers 
now have many more choices about how and when to 
prototype. Made properly, these decisions can make 
a dramatic difference in time-to-market and product 
quality. 
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ITECHNOLOGY DIRECTIONS 

CAE/CAD TOOLS 

VHDL simulations, unlike traditional computer programs, can have numerous VHDL 
models running in parallel. This photograph of Vantage 's Debug 1076 shows a be
havioral model of an automatic teller machine, the VHDL code and simulation 
w aveforms. 

Newest VHDL tools encourage 
conformity to standard 
Mike Donlin, Senior Editor 

Following in the footsteps of 
their counterparts in the ASIC 
world, system designers are 

turning to hardware description lan
guages to simulate their designs. 
VHDL, in particular, is emerging as 
a de facto standard which lets you 
simulate everything from multichip 
modules (MCMs) to PCBs and com
plete systems. 

But ifVHDL is to enjoy continued 
success, designers must master the 
fine art of writing accurate models, 
the linchpins in the top-down design 
paradigm. These VHDL models 
must include a broad range of char
acteristics to provide simulation re
sults that are accurate, efficient 
and, most important, synthesizable 
into actual hardware. Educating 
hardware engineers to write soft
ware code that fulfills all of these 
requirements remains a challenge. 

''You have to take a lot of things 
into account when you're assem-
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bling a team to write VHDL code," 
says William D. Billowitch, presi
dent and CEO of the VHDL Tech
nology Group (Allentown, PA). "If 
you don't establish standards for 
model development, then everyone 
will go off in their own direction and 
you'll end up with spaghetti code 
that's impossible to maintain. Re
member, a good deal of the risks of 
systems integration are painfully 
realized too late in the design cycle. 
By standardizing procedures, you 
can avoid many of the pitfalls caused 
by semantic differences in modeling 
techniques, as well as interface dif
ferences caused by a diversity of 
modeling methodologies." 

I Sticking to the standard 
To try to keep designers on this 
straight and narrow path of adher
ing to standard design practices, 
CAE vendors provide modeling soft
ware packages that are compliant 

with the IEEE-1076 VHDL stan
dard. The VHDL Technology Group, 
for example, has released a package 
called Std Developers Kit, which 
contains building-block routines for 
VHDL model development. These 
routines let you stay within 1076 
guidelines while developing models 
from the macrocell to system level. 
Parameters such as min/typ/max 
timing, I/O routines and arithmetic 
operations can be incorporated into 
models within guidelines that are 
designed to keep design teams work
ing from a common set of standards. 

Though it would seem that such 
regimentation is unnecessary if all 
members of a modeling team are 
writing to an IEEE standard, the 
opposite is true. "In an ideal world, 
all simulators that boast VHDL 
compatibility would work with mod
els that adhere to the standard," 
says Billowitch. "But in reality, some 
simulators are more compliant than 
others. There's a level of compatibil
ity that's essential or model perfor
mance degenerates quickly. If your 
simulator is 90 percent 1076-com
patible, you can be pretty sure that 
models written with our Developers 
Kit will work. Adhering to standards 
also gives you a better chance that 
your models will be portable to sim
ulators from different vendors." 

I Room for diversity 
The main problem in writing coher
ent VHDL models is adhering to the 
parts of the standard that any one 
vendor chooses to embrace. There's 
general agreement among leading 
simulator vendors about which por
tion of the VHDL standard is essen
tial for accurate simulation, but the 
remaining 10 percent can cause 
problems, particularly when models 
are written for simulation rather 
than synthesis. "If you're dealing 
with simulators that support the 
whole standard, it's easier to write 
models that will simulate accurately 
and synthesize efficiently," says 
Steve Carlson, manager of method
ology consulting at Synopsys (Moun
tain View, CA). "Unfortunately, 
there aren't many simulators that 
do. Remember, VHDL was written 
for the whole design process, and 
that goes beyond the basic func
tional description of what you want 
your design to do. There are con
structs for error checking, for exam
ple, which you don't necessarily 



Does he know 

something about 

IKOS File : Case No.101 

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, 
I~ 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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want included in your hardware but 
that you want included in your sim
ulation model." 

The problem with VHDL's flexi
bility is that constructs that can't be 
synthesized have to be taken out of 
a model after simulation and before 
synthesis, a task that might put off 
designers who are reluctant to write 
code in the first place. CAE vendors 
have different ways of relieving you 
of the burden ofrewriting models for 
synthesis, but they sometimes must 

CAE/CAD TOOLS 

example, contains guidelines that 
adhere to 1076 standards to assist 
you in building timing into your 
VHDL models. Because pin-to-pin 
timing is critical in simulating to
day's submicron technologies, mod
els must accommodate a diversity of 
timing representations at the mac
rocell and board levels. The timing 
package in the Developers Kit pro
vides a mechanism for you to specify 
burned-in actual timing data and 
lets you supply your own timing 

cle, there might be 10 blocks which 
include VHDL and schematics. A de
signer who's savvy enough to use full 
VHDL knows when to use which 
constructs." 

RTL modeling in VHDL 

Some simulation vendors provide 
debug capabilities to help you iso
late problems during simulation. 
The Debug 1076 tool from Vantage 
Analysis Systems (Fremont, CA) 
lets you set breakpoints for sub
processes, subprograms, source
code line numbers , or time points 
generated by the main simulation. 
VHDL model source code is dis
played as a simulation run in Van
tage's SpreadSheet to let you track 
the execution of the simulation and 
debug a design as needed. 

48 
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Though programs such as Van
tage's could be used to debug mod
els, many designers use commer
cially available models from 
companies such as Logic Automat
ion (Beaverton, OR) or hardware 
models generated by systems such 
as those from Logic Modeling (Milpi
tas , CA). For those designers, there's 
no need to debug models, so most 
debug work centers around glue 
logic and basic design constructs. "I 

The VHDL Consulting Group provides over 200 routines in its Std Developers Kit for 
modeling digital architectures at the register-transfer-level (RTL). The drawing on the 
left represents a microarchitectural view of a datapath with models running concur
rently. The code on the right, generated by the kit, shows the circuit's VHDL imple
mentation; the user invoked the code with simple procedure calls. 

would contend that most designers 
don't synthesize models most of the 
time anyway," says John Willey, 
vice-president of marketing for Van
tage. "ASIC vendors or model ven
dors don't want you messing around 
with their models or synthesizing 

exact a performance penalty for con
venience. Some synthesis tools have 
a preprocessor which warns you 
when code isn't synthesizable, and 
others simply give error messages, 
while some stop running altogether. 

"The consequence of all this is 
that designers might start limiting 
the ways that they write models," 
cautions Billowitch. "Some vendors 
throttle down their simulation capa
bilities so that a model written for it 
will be synthesizable. That limits 
your ability to write constructs for 
your test bench. Designers might 
want to include parsing algorithms 
for test pattern generation, and they 
don't want restrictions that affect 
their synthesis capabilities." 

According to Billowitch, good 
modeling software should let you 
concentrate on model development 
and design rather than development 
of tools that let you perform those 
tasks. The Std Developers Kit, for 
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them into something else. If people 
data. The tool also includes con- do want to synthesize their models, 
structs that let you describe envi- though, they have to be careful. 
ronmental factors affecting timing. First of all, you have to be aware 

I that the model you're writing is syn-
Tailoring models thesizable or it's just not going to 

Though most simulation vendors work. Second, you have to write the 
agree that VHDL modeling con- model for the particular synthesis 
structs shouldn't be severely limited, tool that you're going to use. Some 
some hold that it's better to provide synthesis tools are better suited for 
a seamless synthesis environment, some applications than others." • 
even if it means limiting modeling or 1--------------- -----j 
requires you to provide different ver
sions for simulation and synthesis. 
"This issue of being restrictive 
sounds worse than it really is," says 
Roland Mattison, product marketing 
manager for synthesis products at 
Viewlogic Systems (Marlborough, 
MA). "Usually, designers partition 
their models to accommodate what
ever they're asking them to do. An 
ASIC model, for example, might have 
a top-level model with one block for 
simulation and one block for the test 
bench. Further down the design cy-

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. 

Logic Automation 
(503) 690-6900 . ..... . .. . . . .. . .... . Circle 240 
Logic Modeling 
(408) 957-5200 . .... Circle 241 
Synopsys 
(415) 962-5000 .Circle 242 
VHDL Technology Group 
(215) 266-9791 . ... . Circle 243 
Vantage Analysis Systems 
(510) 659-0901 . ............ . . . ... . Ci rcle 244 
Viewlogic Systems 
(508) 480-0881 .. ... . ... . . . . . . .. ... Circle 24S 



Maybe youte throwing the wrong things 
at your development probletns. 

You're looking at a fairly more efficiently with high- make it real. Witness 
common approach to performance, integrated the fact that we've set 
solving sticky development up over 15,000 
embedded design Emulalor Emulator systems. development 
problems. linker, Loader. With our tools systems worldwide. linker. librarian 

Loader, 

Hurling more librarian Assembler and support, your To learn more, call us for 
money and engi- Assembler Compiler project's cost is details or free literature at 
neers may have Compiler Debugger more manageable. 1-800-343-3659 (in WA, 
worked on smaller- Debugger Your Worbtation 

Your design team 206-882-2000). Customer Support 

scale projects. But 
Your Wor1cstation Services 

is more produc- We'd like to throw a few 
Mismatched, 11011i11tegrated 

it often falls short development tools can throw off a tive. And the end solutions your way. 
of the mark with 

design team 'sefforts in no lime. 

product is more of 
today's more complex 16- what you envisioned from 

111 111111 and 32-bit designs. the beginning. 
At Applied Microsystems, This may all sound too Applied 

we're helping software and good to be true, but Applied Microsystems 
hardware teams develop Microsystems has the solu- Corporation 
better embedded systems tions and experience to Where it all comes together. 

In the U.S. and Canada, call I-800-343-3659 (in Washington, 206-882-2000). Or contact Applied Microsystems Corporation, P.O. Box 97002, Redmond, WA 98073-9702 USA. For the name of your nearest distributor in Europe, call 
44-{0)-296-625462. Europe Fax 44-296-623460. Or contact Applied Microsystems Coftx>ration, lld., AMC House, South Street, Wendover, Aylesbury, Bucks, HP22 6EP, England. In Japan, call 0}-49}-0770.Japan Fax 03-493-7270. Or con
ract Applied Microsystems Japan, Ltd., Nihon Seimei, Nishi-Gounda Building, 7-24-5 Nishi-Gotanda, Shinagawa-KU, TokyoT141 ,Japan. C l991 Applied Microsystems Corpora1ion. All righlS reserved. 01.hcr names indicaled by TM and ®are 
regislered lradcmarks of I heir respective holders. AMC-42. 
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DRAM/SRAM combo chip 
cures cache headaches 

can be used by the DMA or I/O con
trollers. "If you use a CDRAM," says 
Chapman, "you lose that capability. 
The CDRAMs would be used for the 
main system storage. So the proces
sor would spend all its time on the 
processor/main memory bus instead 
of isolated from it." 

Dave Wilson, Senior Editor 

Tradit ional microcomputer de
signs sport a hierarc h y of 
so li d-state memory. First, 

there's usually a small amount of 
fast memory on the processor itself. 
This is complemented by both static 
cache memory and slower DRAM 
memory residing on the system 
motherboard. Breaking with this 
tradition is a new memory architec
ture from Mitsubishi (Sunnyvale, 
CA). 

Dubbed the CDRAM (cached 
DRAM), it integrates a DRAM and 
an SRAM on the same chip. "For 
PCs and X Terminals, there's 
enough bandwidth to support se
cond-level cache, main memory and 
video frame buffers," says Chris 
Tennant, a Mitsubishi applications 
engineer. 

I No buffers needed 
The device comprises a 1 Mbit x 4 
DRAM and a 4-kbit x 4 SRAM. 
Capable oflOO-MHz performance, it 
can be coupled directly to the CPU, 
eliminating the need for buffers. The 
synchronous clock design of the 
CDRAM also qu alifies the device as 
the industry's first synchronous 
DRAM. 

The CDRAM transfers a 16-line 
block (16 x 4 bits) between the array 
and the cache in one cycle on a cache 
miss. This high bandwidth elimi
nates the bottleneck in transfer time 
between cach e and DRAM. The 
large number of internal bus lines 
between the SRAM and the DRAM 
permits a large block size, so the 
device, without incurring any miss 
penalty, can achieve a higher hit 
rate than that of a separate DRAM 
and SRAM. 

The CDRAM implements a fast 
copy-back scheme that results in a 
miss cycle access time approxi
mately l/3 that of a conventional 
copy-back method. Two internal 
data transfer buffers (DTBs) facili
tate the scheme. The missed data 
not found in the SRAM cache is 
latched to one DTB, while the ex
pected data is transferred simulta
neously from the DRAM to the 
SRAM through the amplifier of the 
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second data transfer buffer. This 
makes the expected data available 
in one DRAM access time. 

I Others in the wings? 
If the CDRAM is so hot, are other 
manufacturers racing to build parts 
just like it? David Chapman, appli
cations manager for fast SRAMs 
(FSRAMs) at Motorola (Austin, TX), 

On the other hand, the part may 
be useful in embedded applications 
where there aren't multiple bus 
masters vying for time on the sys
tem bus-but designers may still 
need to build a system around a 
high-performance processor, imply
ing a high bandwidth between the 
processor and memory. 

Memory subsystem with CORAM 
32 

o-------___,~-~ DATA TRANSCEIVER 

32 
32 - 16BIT 

D· 32BIT 
CACHE MPU 
CONTROLLER 

SYSTEM BUS 

ADD F245 

WfTAG RAM (J AN D 
DRAM 

CONTROLLER 

MUX.ADD AND CACHE ADD 

+ + + 
CLK RESET MAIN MEMORY SIZE: 4MB 

CACHE SIZE: 16KB 

A conventional memory subsystem consists basically of the microprocessor unit 
(MPU), cache controller and tag RAMs. They interact w ith a separate SRAM cache and 
DRAM controller (not shown). A memory subsystem using the CDRAM requires no ex
ternal SRAM for cache and internalizes the DRAM controller. 

says that his company doesn't have 
such a product in its plans at pres
ent, but he doesn't discount the pos
sibility that it may at some point. He 
admits that the part "looks like a 
neat idea for some applications." 

Such applications would be in sys
tems with a limited number of bus 
masters. That's because one of the 
main chores an SRAM cache per
forms is isolating the system bus 
from the processor so that the bus 

Ajit Deora, a vice-president of en
gineering at Sand Microelectronics 
(San Jose , CA) and a designer of 
high-performance 50-MHz i486 PC 
motherboards, thinks that-at least 
conceptually-Mitsubishi's CDRAM 
looks attractive from a price/perfor
mance perspective . "There are many 
system configurations that are pos
sible with the device compared with 
the standard DRAMs and SRAMs 
that are available today," he says. 



of the original material. 
Image degradation can be 

avoided, however, by outputting 
with an encoder at least one 
level higher than the tapedeck. 
Since most desktop video users 
rely on corporate-level video 
equipment with ~ 4 ~Hz band-

width and a SNR of 43-50 dB 
- such as S-VHS - a studio 
grade encoder with a 5 MHz 
bandwidth and a SNR of 50-
62 dB is necessary to maintain 
corporate-level quality. 

Such an encoder is now 
available with Brooktree's 
Bt858 - the indust 's 

-which 
maintains image quality 
at a level identical to the 
original material. 

Utilizing high-quality digital 
filters to minimize color 
artifacts, the Bt858 eliminates 
hue and saturation errors 
that generally accompany 
encoding and achieves 
greater color accuracy with 
more precise sub-carrier 
generation. In addition, it 
employs rounding algorithms 
rather than truncation to 
minimize cumulative 
processing errors and uses 
controlled edges to maintain 
rise and fall times within 
NTSC/PAL specifications. 

A videotape, 
discusses 

various aspects o the Bt858 
in greater detail. can Brooktree 
at 1-800-VIDEO IC for your 
free copy. 



CI-VME40 
FAST ACCESS TIMES 
20ns READ/WRITE BLOCK CYCLE 

FAST CYCLE TIMES 
83/62NS READ/WRITE BLOCK CYCLE 

VERSATILE CONFIGURATIONS 
4, 8, 16, 32 or 64MB in one 6U slot 

VERSATILE ADDRESSING 
Addressable in 24 or 32 bit through 

4 Gigabytes 

Memory start and end addresses 

selectable on 256kb boundaries 

VMENSB configured independently 

RELIABLE 
VME Revision C.1 Compatibility 

LIFETIME WARRANTY 

OTHER QUALITY VMEbus 
MEMORIES AVAILABLE ARE: 

THE Cl-VMEmory 
LOW-COST VMEbus BYTE 

PARITY MEMORY with 4, 8, or 
16MB in one 6U VMEbus slot 

THE Cl-VSB EDC 
Dual-port VMEbusNSB memory 
with Error Detection and Correction, 
single-bit error detection/correction, 
double-bit error detection, 4MB up 
to 64MB in one VMEbusNSB slot 

Chrislin Industries, Inc. 
31312 Via Colinas, Suite 108 

Westlake Village, CA 91362 

TEL: (818) 991 -2254 FAX: (818) 991-3490 

CALL TOLL FREE: (800) 468-0736 
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Cost/performance comparison 
Performance SRAM & DRAM CD RAM 

Cache size 128 kbytes 16 kbytes 
DRAM 4 Mbytes 4 Mbytes 

Block size 4 bytes 64 bytes 
Tag size 32 kbits x 8 256 kbits x8 
Miss rate 4% 4% 

Board area 10,500 mm2 7,500 mm2 

Avg . access time 17.6 ns 17.6 ns 
Price $193 $124 

A cost/performance comparison of the CORAM with the SRAM and DRAM configura-
tions shows that, in comparable systems, the CORAM has faster average access time, 
uses less board space and is less expensive. 

"For PC applications, where the DRAM. The increase in package size 
memory performance is the biggest is more than offset, according to the 
issue, it's very attractive." company, by the number of devices 

Nevertheless, Deora agrees with needed in a system. Samples of the 
Motorola's Chapman that the device devices will be available in the se-
is unlikely to be used in file-server cond quarter, with production in the 
applications. "In a file server where third quarter. Depending on cache 
there's a lot of DMA, it would be a access speed, the device will be 
problem unless the device was dual- priced at 10 to 20 percent more than 
ported-one port to the CPU and the prevailing price for 4-Mbit 
one to the DMA device," he says. On DRAMs. In 100-piece quantities, the 
the other hand, the device may be price will be $15 each for 20-ns parts 
fast enough in such an application with 80-ns DRAM arrays, $15.50 for 
to let the bus interface be multi- 15-ns parts with 75-ns arrays and 
plexed between bus masters without $16.20 for the 10-ns parts with 70-ns 
paying a performance penalty. arrays. • 

Both price and size, of course, are 
important design considerations for For more information about the technol-
designers such as Sand's Deora to ogies, products or companies mentioned in 

consider. The Mitsubishi device is th is article, call or circle the appropriate 

offered in a 300-mil, 44-pin TSOP number on the Reader Inquiry Card. 

(thin small-outline package) with an 
Mitsubishi Electronic Device Group 0.8 mm lead pitch. That's approxi- (408) 730-5900 . . ...... Circle 254 

mately seven percent longer than Motorola 
the standard Mitsubishi 4-Mbit (512) 928-6000 .. ..... . . . ... Circle 255 

THANK YOU! 
More and more of you have 

been rating Computer Design 
Number One in our readership 

studies. Thanks for the vote of 
confidence, and we'll continue 
to live up to your expectations. 



Use our low power, 
lowvoltage memory and 

buy more time. 

H you design battery operated systems such 
as laptop and notebook computers, 
Micron's low power, low voltage 
memory components can buy 
you more time. 

Micron 's extensive 
line of leading edge, 
low power, low 
voltage DRAMs and 
SRAMs are designed 
to give you optimum 3.3 volt 
operation in battery powered systems, 

Part 
Number 

Memory 
Confi urntion 

3.3 Volt, Low Power, Extended Refresh DRAMs 

Availabili 

MT4C400 IJ VL I Meg x 4 3Q92 
MT4LC400 I s• I Meg x 4 4Q92 
MT4t C400 I L I Meg x 4 4Q92 
MT4C4256 VL 256K x 4 Now 

5 Volt, Low Power, Extended Refresh DRAMs 
MT4C I004J L 4 Meg x I 
MT4C400 IJ L I Meg x 4 
MT4C85 12 L 512K x 8 
MT4C l6256 L 256K x 16 ow I 
MT4C l6257 L 256K x 16 DC1 

MT4C I024 L I Meg x I 
MT4C4256 L 256K x 4 
MT4C l 664 L 64K x 16FPM 1 

MT4C l 670 L 64K x 16 SC' 

*Self Refresh 1DW- Dual Wri te Enable 

Now 
Now 
3Q92 
3Q92 
3Q92 
Now 
Now 
Now 
Now 

1DC- Dual CAS .IFPM- Fast Page Mode 

1'4IC:RQ~~ 

Part 
Number 

extending battery life and 
system operating time. Since 

the parts run cooler, they also 
increase system reliability. And 

we offer the latest packaging 
technologies such as TSOP and 

PQFP. 
So call Micron today at 

208-368-3900. And find out how 
to buy more time. 

Micron. Technology that works 
for you. 

Memory 
Conti urntion Avai labili ty 

3.3 Volt, Low Power Specialty SRAMs 
MT5LC28l 8 Latched J6K x 18 
MT58LCJ6l 8 Synchronous 16K x 18 
MT5LC25 16 Latched 16K x 16 
MT58LCJ6J6 Synchronous 16K x 16 

Now 
Now 
Now 
Now 

5 Volt, Low Power, Low Voltage Data Retention SRAMs 
MT5CIOOJ LP I Meg x l Now 
MT5C I005 LP 256K x 4 Now 
MT5C 1008 LP I 28K x 8 Now 
MT5C2561 LP 256K x I Now 
MT5C2564 LP 64K x 4 Now 
MT5C2565 LP 64K x 4 OE1 Now 
MT5C2568 LP 32K x 8 Now 

4SC- Stati c Column 50E- Output Enable 

2805 E. Columbia Rd., Boise, ID 83706 (208) 368-3900 
Customer Comment Lines: U.S. 800-932-4992; Intl: 01 -208-368-3410 

© t992 Micron Technology, Inc. 
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System for 
Optimize for speed, testahility, functiondity or 

high pin/ gate ratios. You re 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. 

TC115E 

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

picoseconds . 
.._!'lll'l'll""'IF Toshiba mega

functions and super 
integration libraries 

Performance make the embedded 
& Testability version a high density, 

silicon efficient choice. 
Area 

Optimize for 
efficiency or for 110. 

~~~~r~~~:1e 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. 

You can1 optimize without options. Choose the TC25SC standard cells. They put 
1/Jshiba 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 TC165E 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 1/Jshiba'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. 

© 1992 Toshiba America Electronic Components, Inc. 
Brand names and/or product names mentioned herein may be trademarks or registered trademarks of their respective companies. MAS-91-065 
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Choices expand to incorporate 
design for testability 
Barbara Tuck, Senior Editor 

When looking for high-fault
coverage test programs, you 
have to decide if you're will

ing to support full scan, or if a back
end approach will be less intrusive. 

Mentor Graphics (Wilsonville, 
OR) and CheckLogic Systems 
(Santa Clara, CA) have just entered 
into a product development and re
mar keting arrangement covering 
design-for-testability 

within which scan insertion can take 
place. Mentor claims that, for cir
cuits that contain in excess of 
100,000 gates, its scan-based ATPG 
tool can create high-quality test pro
grams with fault coverage higher 
than 99.9 percent. Though full scan 
risks increasing silicon area, length
ening the design cycle and extending 
critical paths, Mentor's sales and 

gration will be fair; a seamless 
handoff of information will take 
place," explains Eichenlaub. By the 
time production copies of the ATPG 
software are available, integration 
will have taken place at the data
base level. "In addition to a tie-in to 
schematic regeneration, we're de
veloping heuristic guidance to ATPG 
within the AutoLogic environment 
so that the software can take advan
tage of the testability inherent to the 
circuitry," he says. 

Mentor claims that today's scan 
tools are more amenable to design 
features that have in the past been 
considered incompatible with scan. 

For example, you're no 
and back-end tools , 
both of which will be
gin shipping to Men
tor's beta customers 

Automating the generation 
of test programs 

longer required to strip 
portions of the design, 
such as the clock and 
scan-path circuitry, to 
create a circuit that is next month. A Mentor-

developed tool for scan-
based/ combinational 
automatic test pattern 
generation (ATPG), to 
be used with Mentor's 
AutoLogic synthesis 
tools or standard 
netlists, will compete 
against test synthesis 
tools such as Test Com
piler from Synopsys 
(Mountain View, CA) 
and SilcSyn II test syn-
thesis integrated with 
the Intelligen ATPG en
gine by Racal-Redac 
(Mahwah, NJ), which 
has begun shipping to 
beta sites. 

SCAN-BASED 
DESIGN 

• SYNTHESIS 
• SCHEMATICS 
• SCAN INSERTION 

PARTIAL·SCAN 
DESIGN 

NON SCAN 
DESIGN 

SCAN 
INFORMATION 

SCAN-BASED 
ATPG 

SEQUENTIAL ATPG f-------' 

[ HIGH FAULT-COVERAGE TEST PROGRAMS J 

compatible with t h e 
scan tools. The clock 
and scan-path circuitry 
may now be as complex 
as desired , as long as 
memory elements are 
accessible by a prede
fined procedure. On top 
of that, those adoptin g 
full scan can lean on th e 
high-impedance sta teof 
tristate drivers for fault 
detection. 

I Partia l-sca n option 
Mentor users not wish
ing to deal with test is-
sues up front in the de
sign process can, once 
designs have been im
plemented , rely on 
CheckLogic's sequen
tial ATPG tool for fault 

A sequential ATPG 
tool developed by 
CheckLogic will com
pete against back-end 
tools, such as the Test 
Design Expert (TDX) 
from ExperTest (Moun
tain View, CA) and the 
recently announced 
test generation tool 
from Sunrise Test Sys
tems (Sunnyvale, CA). 

As ASIC complexity increases, system designers are increasingly hav
ing to choose between the risks associated with an up-front, design-for
testability strategy based on full scan, or of adopting an i terative back
end strategy using a sequential ATPG tool and perhaps partial scan, but 
running the risk of getting less-than-optimum fault coverage. 

coverage. Sequ ential 
ATPG users will have 
the option of identifying 
critical flip-flops in the 
circuitry and creating 
partial-scan chains to 

Under the terms of the agreement, 
CheckLogic will further develop and 
support Mentor's scan-based ATPG 
as well as its own sequential ATPG 
products. 

I Tied in with synthesis 
Designers interested in full-scan 
methodology can use the scan-based 
ATPG tool with Mentor's AutoLogic, 
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marketing development manager 
for the simulation, synthesis and 
test division, Steve Eichenlaub, says 
that "A certain subset of AutoLogic 
users will justify full scan because of 
the quality results it yields." 

AutoLogic users receiving beta 
copies of Mentor's scan-based ATPG 
will not be working with a fully in
tegrated toolset, however. "The inte-

improve fault coverage. 
Asked what sort of fault 

coverage sequential ATPG users will 
get, Eichenlaub says, "It depends on 
how much patience t h ey h ave." 
Among factors affecting fault cover
age are the sequential depth of the 
design and the amount of CPU time 
you want to devote to the task. 

Though the potential market for 
partial scan is larger than that for 
full scan, Eichenlaub predicts Men-



THE ONLY 5-VOLT MEGABIT FLASH. 

Atmel's 5-Volt-only, one
megabit Flash is available. 
Production quantities. 
No waiting. 

That's 5 Volts to read and 
5 Volts to write. No costly 
12-Volt converter or regulator 
circuits to clutter your system. 
And, there's more: 

PERFORMANCE: 
• The AT29C010 is fast-90 

nanoseconds commercial, 
120 nanoseconds military. 

HASSLE FREE: 
• The AT29C010 has 

one thousand 128-byte 
sectors, and each can be 
individually written or 
erased. 

ATMEL CORPORATION 
2125 O'Nel Drive 
San Jose, CA 95131 

NO WAITING. 

• The AT29C010 has the 
easiest programming 
algorithm in town. 
It's self timed and has 
automatic erase, so 
you don't have to erase 
before writing. 

So, if you like blazing access 
times, need sector write and 
want to save space, call, fax 
or write us about your appli
cation and we'll get you a 
sample of the Atmel 5-Volt
only Flash. 

No Waiting. 

INSTANT DATA ACCESS (IDA) DIAL (617) 494·8338 DOCUMENT NO. 1045 
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tor users will be about equally inter
ested in the sequential and scan
based ATPG tools. "Market segmen
tation will depend on types of design 
methodologies , mindsets and func
tionality-versus-cost decisions. A 
different balance will apply to differ
ent users." 

Racal-Redac's SilcSyn II/Intel
ligen test synthesis product, which 
has lagged behind the synthesis ca
pability ofSilcSyn II by a year, offers 
both partial- and full-scan method
ologies. Racal-Redac has taken the 
guts of its Intelligen sequential 
ATPG tool and modified the algo
rithms to work with combinational 
as well as sequential logic, according 
to Jeff Fox, vice-president of engi
neering for ASIC tools. The company 
claims that SilcSyn II/Intelligen, 
driven by both netlists and be
havioral descriptions, puts control of 
sequential depth into your hands. 
You have the option of using multi
ple or gated clocks, and can also 

AS/Cs & ASIC DESIGN TOOLS 

insert JTAG boundary scan. A front
end tool, SilcSyn II/Intelligen adds 
testability elements before any cir
cuit optimization takes place. 

I Back-end tools 
The TestGen partial-scan sequential 
ATPG tool from Sunrise Test Sys
tems, on the other hand, is used after 
a preliminary chip design is com
pleted, avoiding interference with 
the design process itself. TestGen 
supports combinational and sequen
tial logic, synchronous and asyn
chronous circuits and ASICs and 
full-custom ICs of both low and high 
complexity, including those with em
bedded functions. After a fault sim
ulator analyzes the circuit design, 
you can take advantage of test syn
thesis to selectively insert scan 
points to make circuits more control
lable and observable. You can ex
clude performance-critic al logic 
blocks, paths or gates from scan in
sertion, to avoid any speed penalty. 

In contrast to some ATPG prod
ucts that force you to write a special 
high-level description of the chip de
sign, TestGen's vector generator 
works from a standard design net
list to produce test programs auto
matically. Up until now, users of the 
Test Design Expert from ExperTest 
have needed a behavioral descrip
tion of their chips at the register 
transfer level to test their sequential 
designs. Though ExperTest will an
nounce this month that a netlist
driven automatic test equipment 
(ATE ) solution has been bundled 
into TDX, Kevin Hall, vice-president 
of marketing, says the company is 
still recommending that designers 
use a behavioral model for best re
sults. "Because a behavioral model 
makes it easier to navigate through 
the chip," he explains, "fault coverage 
is higher and vector counts lower." 

Moreover, with a behavioral model 
you don't have to change the test vec
tors when you change your structure. 

Designed for use with the Intel 80486DX 
and 80486SX microprocessors and the Intel 
i860XR RISC processor, packaged in 
168-pin ceramic PGAs, the EG&G 
Wakefield 669 Series Heat Sink/Clip 
Assembly offers a cost-effective heat 
dissipation solution for today's high-speed 
microprocessors. This assembly provides the 
highest clamping force avai lable with a 
nylon-coated stainless steel clip, for the most 
efficient interface heat transfer and to meet 
system shock and drop test requirements. 

Our omnidirectional heat sink offers op
timized heat dissipation and ease of applica
tion ; the symmetrical clip is sui table for 
high volume installation with the EG&G 
Wakefield 162-IT installation tool. 

Heat dissipation with the 669 Series Heat 
Sink/Clip Assembly is optimized for PC , 
workstation , and server applications with 
low airflows (e.g. , 50-200LFM). Pressure 
drop is minimized in multiple-processor 
applications. 

Intel. 80486 . i860X R. and 80386 arc trademarks of Intel 
Corporation. 

n EGc.G WAKEFIELD ENGINEERING 
~~ 60 AUDUBON ROAD, WAKEFIELD, MA 01880 

TEL: (617) 245-5900 • FAX: (617) 246-0874 

Call our Application E11gilleeri11g Department to
day at (617) 245-5900 for information about the 
EG&G Wakefield Engineering 669 Series (patent 
pending) and other heat sinks for the Intel 80386 
and 80486 microprocessor fa mily. Also ask for 
information about the EG&G Wakefield 
DELTEM.,..1 family of heat sinks for cooling 
high-speed cache RAM used with 50 MHz 
microprocessors. 
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So Much Real-Time 
Power. Such A Small 
Package. 

Pick up these ROMs and 
you're in touch with the 
world's most powerful 
real-time system software 
solution-OS-9. But OS-9 
is so much more than just 
a powerful real-time kernel. Check out this 
Critical Features Checklist to find out how OS-9 
can give you "Real Time In No Time." 

CRITICAL FEATURES CHECKLIST 
Real-Time Operating Robust Development Sophisticated 1/0 

System Features Environment Features Features 

Compact (28K), high- UNIX-hosted Hard and flexible disk 
performance real-time development (UniBridge) support, SCSI Common 
kernel for demanding PC-DOS-hosted Command Set 
applications development (PCBridge) Tape support 
Uses UNIX process and Complete development WORM support 
1/0 models capabilities: Networking: 
Multi-user, multi-tasking, . highly-optimizing . Ethernet (IEEE 802.3) pre-emptive scheduler ANSI C compiler, . NFS Version 2 
Modular architecture assembler / linker 

C source level and 
. ARCNET (SMC Data 

User-installable system . 
calls system level Point) 

Interprocess 
debuggers Graphics: 

communication facilities: • PVCS source code . X Window System 
control system V11R4 . semaphores 

• advanced shell . OSF / Motif Version . pipes interface (MShell) 1.1.1 . signals . RAVE for real-time . events graphics and 
multimedia 

Also, ask us about OS-9000 for 386/486 and RISC processors. 

Grab the Power 
So get your hands on these 
ROMs that have been proven in 
thousands of specialized and 
demanding applications. Call 
Microware · today to put OS-9 
to work for you. 

1-800-4 7 5-9000 
Call Microware Today! 

In California, 
call (408) 980-0201 

1900 N .W. I 14 th Srree r 
Des M o in es, Iowa 50325-7077 

MORE CHOICES • MORE OPTIONS • TOTAL SUPPORT 



With Xycom's large family of 
PCJAT products for the VMEbus, 
you can run the most popular 
PC software packages, as well as 
take advantage of the multipro
cessing capability and increased 
reliability designed into the · 
VMEbus architecture. Complete 
your system with a full line of 
Xycom hardhat hardened 
VMEbus 68000 family CPUs, 

110, peripheral controllers and 
support modules. 

Xycom offers one-stop 
shopping for all the VMEbus 
hardware and software you 'II 
need in any automation, 
confroror data acqui~ion 
application. ~ 

7 50 North Maple RC>dd. 5ahne. M1ch1gan 4817 6 
(3 13) 429-497 1 FAX:(313) 429- 1010 

In USA call: 1-800-289-9266 (1-800-AT-XYCOM) 
In Canada call · {4 16) 825-028 1 

In Europe call: +44 604 790 767 
In Asia call: (65) 25 1-0 16 1 

Xycom 's complete family of 
PC/AT hardware includes: 
80386SX™, 80486SX'" and 80486'" 
PC/AT processors. Call today for a 
detailed catalog of all Xycom 
VMEbus systems. 

1-800-AT XYCOM 

Genesis is a ft'go~erN t1 .tclemai k o/ lcon1e~ Corpoi-atoon The NOi ton Ut1titief1I a 1egrstl'1ed tr~m¥1: d SyrTl.anlE't Cetpot.:ltlOl'l Microsot1 W>ndOwsdnd Microsof t E~cel are rtg•strrec trademarks ol M•(IO>oft COlpo!'ation 

HarvarCJ Graph1e"li a regmefed tJ.t~mark ot SOttware Pvb1Kt11ng CorpOl.;llO!'l cffl.ASE and oMSE IV .t re regi\tere<i v<tOern.arks ol l'»hlon-Tate CorPQf.ttl()(J Lotu~ and I ·2-3 <ire rtog1\1ertt1 trademdrkl cl Lau1 Dc~lopml"'nt COfpor<1100 

WordPr1lec~ s a rtt)'S!f'll'cl t1adefndrl: ol WordP!"rfe(! Corpotatl()fl PC TOOis rs .ii 1'('91~trrttltr~rk of CPnt1;1l P(ll(l[ Softwa1e. Inc 386 <lnd 4$6 .111" t•aoem.>1k> 0( lntt'l Corpor.>too 
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I TECH NOLOGY DIRECTIONS 

"You can just change the model, re
synthesize the design and resynthe-

AS/Cs & ASIC DESIGN TOOLS 

For more information about the technologies, products or companies mentioned in this article, 
call or drcle the appropriate number on the Reader Inquiry Card. 

size the test vectors," Hall reports. CheckLogic Systems Racal-Redac 
Synthesis is key to ASIC testabil- (408) 988-3846 . . .. Circle 260 

ity. He adds, "Our customer base is ExperTest 

(508) 692-4000 ............. • ...... Circle 264 
Sunrise Test Systems 

(415) 965-2000. . ......... Circle 261 
committed to top-down design and LSI Logic 
synthesis." Because TDX is compat- (408) 433-8000 . . ...... Circle 262 

(408) 739-4000 . . . . . . . . . . . . . ... Circle 265 
Synopsys 
(415) 962-5000 . . .Circle 266 

ible with synthesis tools from Syn- Mentor Graphics 
opsys, View logic (Marlboro, MA) r-(5_0_3_) 6_8_5-_7_oo_o __ · ·_·_· _· _·_· _· ·_·_· ·_·_· _· ._._ci_rc_le_2_6_3 ________________ ~ 
and Cadence Design Systems (San 
Jose, CA), those of you who design 
with these tools don't need special 
models for TDX. You can use the 
same models to drive test vectors 
that you use for synthesis. 

I What about floor planning? 
In addition to selecting testability 
techniques, you'll also have to decide 
whether to use third-party tools or 
silicon vendors' test tools which have 
access to floor planning and layout 
information. Farzad Zarrinfar, mar
keting manager for LSI Logic (Milpi
tas, CA), says that an effective test 
synthesis tool should use layout and 
floor planning information. "This is 
the only realistic way to optimize the 
design for area and speed with the 
most compact test vectors," claims 
Zarrinfar. 

"Unfortunately, due to lack of 
floor planning and routing informa
tion, third-party test synthesis tools 
synthesize the scan logic using just 
the circuit netlist. This approach 
can result in a nonoptimized ASIC," 
he adds. LSI Logic's year-old Test 
Builder test synthesis tool uses floor 
planning information to determine 
whether the clock skew between two 
scan elements will cause an error in 
clocking data and for automatic in
sertion oflock-up latch. 

Zarrinfar states that LSI Logic 
has over 50 scan elements in its 
library, giving you lots of freedom to 
design. "Third-party tools aren't the 
most efficient way to go, since they 
support only a subset of scan ele
ments,'' he says. But Mentor's Ei
chenlaub says that if silicon vendors 
such as LSI Logic choose to release 
only a subset of scan cells to third
party vendors, "It'll stick in the craw 
of users who want to base foundry 
choices on considerations of turn
around time and price, not function
ality in the library." As users gain 
experience with ASIC design, more 
and more of them are looking for 
foundry independence. • 

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 I/O 
mezzanine boards ... SuperCard has it all. 

Find out how you can benefit from SuperCard and SuperKit solutions just 
right for you. Call or write CSPI, 40 Linnell Circle, Billerica, MA 01821. 
1-800-325-3110. Or 617-272-6020. Fax: 508-663-0150. 

CSPI 
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Digital 's Sun killer also rises capacitance third-layer metal used 
to build the chips. Usually only gate 
array vendors boast of triple-level 
metal, and there it's used to maxi
mize the routability of the gate ar
ray. In contrast, Digital's third-level 
metal is intended solely for power 
supply and clock distribution, as op
posed to signal interconnect. ''You 
can't get to 200 MHz without the 
third-layer metallization," says Dirk 
Meyer, principal engineer with the 
semiconductor engineering group 
and one of the co-architects of the 
microprocessor. 

Dave Wilson, Senior Editor 

R epresentatives of Sun Micro
systems (Mountain View, CA) 
have derided the new 64-bit 

Alpha processor architecture from 
Digital Equipment Corporation 
(Hudson, MA) as ''.just perfect for a 
minicomputer designer," but it 
seems that DEC has some surprises 
in store for the Silicon Valley-based 
upstart. 

According to Bill Demmer, Digi
tal's vice-president for VAX/VMS 
systems and servers, the Alpha ar
chitecture will compete successfully 
with Sun's range of Spare-based 
workstations, not to mention per
sonal computers based on the 80X86 
from Intel (Santa Clara, CA). 

I Make way for the 21064 
The first incarnation of the Alpha 
architecture, the 64-bit 21064 itself, 
is a classic RISC superscalar, super
pipelined machine. A dual-issue pro
cessor, it's able to launch two instruc
tions in a given cycle to its pipelined 
functional units: integer operate, 
floating-point operate, load store, 
and branch. The chip comes with 8 
kbytes of direct-mapped instruction 
cache as well as 8 kbytes of direct
ma pped, write-through data cache. 

Taking a leaf out of Sun's own 
"open systems" book, Digital intends 
to sell the processor at chip, board 
and system levels. Furthermore, in 
one for the books, Digital has said 
that it will license its operating sys
tems, including DEC OSF/1 and 
VMS, its compilers and its layered 
software products. 

The 21064 is far in advance of its 
competitors, perhaps by as much as a 
year, although it isn't the world's first 
64-bit microprocessor. That honor 
goes to the MIPS Computer Systems 
(Sunnyvale, CA) R4000 design, an
nounced a few months ago. Neverthe
less, Digital's entry, built using a 0. 75 
micron VLSI technology at Digital's 
facilities in Hudson, MA and South 
Queensferry, Scotland, is the world's 
fastest 64-bit chip. 

It's easy to see why a Digital sys
tem running applications on Win
dows NT from Microsoft (Redmond, 
WA) might gain the upper hand over 
an Intel-based design in the PC mar
ket. Even the forthcoming 100-Mips 
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586 (P5) and R4000 processors are 
going to have a hard time competing 
with the 300-Mips Digital compo
nent. In addition to its speed advan
tage, Digital is at least six months 
ahead of its competition in supply
ing a low-voltage processor. While 
others are just talking about manu
facturing 3.3-V parts, Digital is al
ready producing them-the 21064 
operates from a 3.3-V supply. The 
company has been producing such 
low-voltage parts since 1990, and 
has used them with previous gener
ations of silicon. 

Needless to say, it's a significant 
achievement to reduce a processor's 
voltage and keep its speed up at the 
same time. One of the things that 
makes Digital's process extremely 
fast is the very low-resistance, low-

Digital's circuit designers worked 
extremely hard to wring the last 
little bit of performance out of the 
process technology, too. They built 
very refined circuits using a lot of 
simulation-synthesis was used 
only where it didn't get in the way 
of cycle time. "In contrast to another 
design style where they use synthe
sis everywhere, we use it at very 
localized spots and absolutely don't 

DEC vs. other processor speeds 
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Digital's processors have outrun the industry's since 1988, but the recently announced 
Alpha is something else again-offering a fourfold speed advantage over the fastest 
competitor. 



INTRODUCING TH E TP-1 GC6V 
TADPOLE 'S D ED ICATED X WINDOWS SERVER FOR VME 

at To Look For 
In High-Performance X 

I. .3. 
4. 

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 
perfonnance. 

1. More Processing 
Power 

While most X servers rely on a 
single processor, the JGC 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 

T A 

server routines from the host, the VME backplane, through 
our dual-processor design Ethernet'" or both - making it 

significantly improves overall ideal for a wide range of VMEbus 
system performance. X applications. You can even 

install several lGCs in the same 

2. High-Resolution VME system. 

Performance The JGC is compatible with 

When your application Tadpole's extensive line of high-

demands high-speed, high- performance RISC and CISC 

resolution color graphics, the JGC single-board computers running 

delivers. It runs 37,000 X Stones VxWorks 'M or TP-IX, Tadpole's 

with 1280 x 1024 non-interlaced implementation of UNIX ' System 

resolution - while displaying V.3.2. 

256 colors from a palette of 16.7 
million. 4. More On-Board 

Sottware 
3. More Configuration On-board EPROM contains the 
Flexibility complete XllR4 server code, 

No other VME-based X server which is optimized for the IGC's 
offers you the configuration dual processors. The JGC also 
flexibility of the JGC. It can offers the convenience of built-in 
communicate with X clients over VTl00/200 terminal emulation, 

Computing Without Compromise 

D p 0 
CIRCLE NO. 32 

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: 

800-232-GB5B 
Cambridge, England 
0223 423030 

Paris, France 
(I) 60 86 27 92 

All trademarks belong lo I heir respecti ve companies. 
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use it if it's going to get in our way," 
says Ed McLellan, the microproces
sor's other co-architect. 

When a designer defines the in
struction set of a microprocessor 
based on any architecture, he or she 
tries to ensure that cycle time limi
tations aren't imposed on the design. 
The Alpha architecture was de
signed to prevent circuit implement
ers from building hardware struc
tures that would get in the way of 
the cycle time of the chip. 

I Simple instructions 
The Alpha instructions are very sim
ple. All are performed between 64-
bit registers and all registers are 64 
bits in length. The architecture facil
itates pipelining multiple instances 
of the same operations, because 
there are no special registers and no 
condition codes. The instructions in
teract with each other solely by one 
instruction writing a register or 
memory and another instruction 

COMPUTERS & SUBSYSTEMS 

reading from the same place. That 
makes it easy for Digital to build 
implementations that issue multiple 
instructions every CPU cycle. 

Alpha also makes it easy to 
maintain binary compatibility and 
full speed across multiple imple
mentations. For example, there 
are no implementation-specific 
pipeline timing hazards, no load 
delay slots and no branch delay 
slots. This is in contrast to other 
architectures, where the instruc
tion set is defined in a way that 
alleviates problems particular to 
specific implementation genera
tions. Delayed branch mecha
nisms, for example, have proved 
popular on other RISC machines, 
popping up on the Hewlett-Pack
ard PA, MIPS and Spare architec
tures. All three use the concept of 
delayed branches or branch delay 
slots. "That's a concept that works 
well in reasonably well-pipelined, 
single-issue machines. In many 

cases it can bury the branch 
latency. The problem comes when 
you go to deeper pipelines or wider 
issue machines. Now the branch 
latency is much bigger and delayed 
branching is no longer appropriate," 
McLellan concludes. 

Another important differenti
ating characteristic of the Alpha is 
the division of hardware and soft
ware support for byte- and word
length operations. Says Digital's 
Meyer, "Every other RISC architec
ture in its load/store instruction 
subset has support for byte- and 
word-length. The problem is that 
you need some circuit structure be
tween your data cache and your 
register file that-for a byte load
swings the byte into the right place 
and zeroes off the upper half of 
the word. Stores are worse be
cause cache and memory systems 
which support ECC require read
modify-write operations. That ne
cessitates hardware in one of the 

Breakthrough multichip modules 
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critical paths of every chip that I'm 
aware of." 

With the Alpha architecture, this 
problem has been overcome by 
only providing loads and stores of 
longword and quadword-32-bit 
and 64-bit memory operands. Byte 
and word operations are still sup
ported in hardware but use register 
file instead of memory operands. 
This simplifies and removes bot
tlenecks from cache and memory 
system designs. 

I Changes in system design 
While it's one thing to design a pro
cessor, it's quite another to design a 
system to go with it. Even designers 
accustomed to building 50-MHz sub
systems around the 486, with its 12-
ns SRAMs, might be a tad rattled 
dealing with a RISC processor roar
ing along at 150 MHz. "We wanted 
to put this chip in desktop worksta
tions as well as full-blown multipro
cessor servers," says Meyer. "To do 

COMPUTERS & SUBSYSTEMS 

that we didn't want to design a mem
ory bus interface that was designed 
for one of those applications at the 
expense of the other." 

The solution Digital designers 
came up with lets you run the exter
nal cache memory subsystem and 
the other system logic at some fre
quency less than the clock frequency 
of the processor. 

If, for example, you were to build 
a system based around a 200-MHz 
processor, you might choose a fast 
100-MHz second-level cache subsys
tem interfaced to a somewhat slower 
40-MHz PC peripheral chip set. The 
subsystem is configured by software 
upon initialization. Although the 
first chip offering includes no sup
port devices for second-level cache 
management, it's likely that Digital 
will support its processor with such 
devices in the future. The processor 
itself doesn't force a particular cache 
coherency methodology-that's left 
to the designer. 

tbr breakneck speeds. 
That's A18d "Customerizing~' 

Perhaps the best thing about Digi
tal's chip is that you don't have to wait 
to use it. Packaged in a 431-pin PGA 
and dissipating around 23 W, eval
uation quantities of the device are 
available now. The chip might be 
priced at a hefty $3,375 in 1- to 
100-unit quantities, but the price 
drops rapidly to $1,600 for over-1,000-
unit quantities. • 

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

Digital Equipment Corporat ion 
(800) 332-271 7 ......... Circle 281 
Hewlett-Packard 
(408) 725-8900 . . .. Circle 282 
Intel 
(800) 548-4725 .... Circle 283 
Microsoft 
(206) 882-8080 . . ......... Ci rcle 284 
MIPS Computer Systems 
(408) 720-1700 . . . . . . . . . . . . . . ... Circle 285 
Sun Microsystems 
(415) 960-1300 ............... . .... Circle 286 

If beyond SOMHz performance is where Designs work right the first time because Bell 
you're heading in workstations, AT&T's multi- Labs' design expertise assures that your crucial 
layer Multichip Module (MCM) solution is the high performance requirements are met. And 
most reliable, viable way to go. ~----~ POLYHIC MCM modularity helps 

POLYHIC packaging, developed you get system designs up and 
by AT&T Bell Laboratories, com- running faster. 
bines copper thin film with our Should the going get rough, AT&T 
patented polymer. It delivers one engineers are on stand-by to advise 
of the industry's lowest dielectric you. Analyze your circuits. Even 
constants (2.8) to minimize access recommend a solution to take you 
times between CPU and memory devices. And to the next generation of high-end worksta-
low-loss POLYHIC technology helps prevent tion performance. That's "Customerizing:' 
timing problems on critical paths. For more about the POLYHIC power of 

Every AT&T MCM is comprehensively test- AT&T's MCMs, call AT&T Microelectronics at 
ed to meet critical function requirements. 1800 372-2447, ext. 900. 

- AT&T 
Microelectronics -
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Embedded PC bus standard gains ground 
Warren Andrews, Senior Editor 

A lthough the ISA bus probably 
has the largest following of 
any standard bus, its success 

in embedded applications and the 
industrial environment has been 
less than scintillating. Now, a new 
PC bus, PC/104, will cater to just 
such embedded applications. Its key 
features are a very small form factor 
and a "stack-pack" con
nector architecture. Al
ready, a cadre of more 
than 20 manufacturers 
has adopted the fledgling 
specification. They've 
even formed a consortium 
and have started to 
march the specification 
through the mine field of 
IEEE certification as an 
extension to the IEEE
P996 PC bus standard. 

velopment at Ampro Computers 
(Sunnyvale, CA) and chairman of 
the consortium. 

At least one VME vendor, Xycom 
(Saline, Ml), uses a PC/104 interface 
for a VME card. "The PC/104 may 
soon become the first fully standard
ized VME mezzanine bus," says 
Lehrbaum. But while he sees the 

through connection is used in appli
cations where the board mates with 
another PC/104 board or a mother
board, and where vertical height 
must be kept to a minimum. The 
connectors exit the circuit board at 
the edge and are parallel to its plane. 

In applications where the full 16 
bits of the PC/AT bus are required, 

a 40-pin P2 connector is 
appended to the board 
next to the Pl connector. 
Presently, only a handful 
of fully developed PC/AT 
modules are available, 
but it's expected that as 
the technology catches 
on, more and more OEMs 
will be demanding the 
transfer capability of the 
wider bus, in addition to 
the attendant power of 
the faster 286, 386 and 
486 processors. Ampro 
already offers a 286-
based module , while 
other manufacturers in 
the consortium provide 
mating modules with 
such capabilities as high
resolution graphics. 

Traditionally, bus ar
chitectures have adopted 
PC bus protocols and 
software standards and 
implemented them on 
other pin outs. PC-DOS
compa tible systems have 
emerged on STD Bus, G-
64/96, Multibus I and II, 
and even VME and VXI, 
to mention a few-and 
it's likely to continue in 
that direction . Take 
Intel, for example. "We're 
focusing all our Multibus 
II activity toward our PC
compa tible environ
ment ," says Richard 

P0104 is an emerging bus derived from the basic /SA architecture. 
It features a compact form factor (3.6 x 3.8 in.), low power dissipa
t ion, low cost, and a unique stack-through connector design. Pic
tured is a stack representing a full-featured PC. 

In addition, vendors 
subscribing to the 
PC/104 approach already 
provide a broad variety of 
add-on boards . IOtech 
(Cleveland, OH), for ex
ample, offers a 488.2 in-

Binns, Multibus marketing man
ager. That's evidenced in the com
pany's latest Multibus II release and 
the direction it's taking with iRMX 
for Windows. 

The PC/104 Consortium, the 
group charged with specifying the 
new bus, sees the highly simplified 
approach taken in its very small 
form factor-only 3.6 x 3.8 in.-as 
being most desirable, providing a 
low-cost, low-power solution. "And 
should a designer or OEM want to 
include some PC-DOS component on 
another bus such as VME, Multibus 
or even Futurebus+, the PC/104 bus 
can easily be used as a mezzanine or 
daughterboard," says Rick Lehr
baum, vice-president of strategic de-
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mezzanine-bus approach as one use 
of PC/104, he believes the small 
form factor, low power dissipation, 
stack-through connector technology, 
and low cost will make the bus suit
able for a far greater number of em
bedded applications. 

I Several options available 
Though the standard has well-de
fined mechanical and electrical defi
nitions, there are a handful of op
tions available to designers. First, 
you can utilize a standard 8-bit 
PC/XT version which uses a single 
64-pin connector (Pl ). This connec
tor can be set up mechanically to be 
either the stack-through or non
stack-through type. The non-stack-

terface module. Thi s 
gives OEMs the capabil

ity to quickly and almost painlessly 
add IEEE-488.2 capability to an em
bedded application. Other examples 
include a relay driver board from 
DDI (Beverly, MA), a display con
troller from Reflection Technology 
(Waltham, MA), analog data acqui
sition boards from Automation In
struments (Carrollton, TX) and Dia
mond Systems (Palo Alto , CA), and 
a variety of analog I/O and digital 
control products from Real Time 
Devices (State College, PA). 

Ampro also offers a processor core 
module it calls CoreModule in both 
XT (Hitachi V20) and 286 versions. 
The company has more than a dozen 
other so-called MiniModules, in
cluding Super VGA, VGA, CGA, and 



ICEBOX™ VMEbus 
System Enclosure 

The Case For The Best Case. 
Would you believe close to haU the spurious board level problems in your system are 

enclosure-r elated? Odds are, they are. The new Ironies ICEBOX roots out tricky system 

problems - before they start. 

ICEBOX answers cooling demands that leave muffin fans gasping for air, beca use our 550 CFM 

Blower/Diffuse1·/Plenum (patents pending) ensure vigorous, even cooling no matter how dense your 
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ICEBOX's 16 gauge steel cabinet , swing-aside powe1· supply (patents pending), and uncluttered 
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ICEBOX's premium electronics produce vast power r eserves, while limiting electrical noi se . Each 

componen t is selected to reduce headaches and improve reliability, because we know you'd rather 

tune your cipplication - not the box you've put it in. 

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

IHONICS lncorporatl'd 
798 Cascadill a Street 
Ith aca , New York 14850 USA 

607 .277 .4060 
Fax 607.272.5787 
Telex 705742 

INSTANT DATA ACCESS (IDA) DIAL (617) 494-6336 DOCUMENT NO. 1046 

ICE BOX is 11 trademar lc of lronocs Incorporated CIRCLE NO. 35 
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Basic mechanical dimensions 
(8-bit version) 
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The PC/104 provides several options in its connector approach. The connector can of
fer the new stack-through arrangement or, for applications requiring a minimum of 
space, the connections can come off the edge of the card, parallel to the plane of the 
circuit board. The specification also provides for a P2 connector (not shown), which re
sides next to the P1 connector when fu/116-bit PC/AT capability is required. 

VMEbus 486DX -33MHZ 

• New generation single s lot 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 16M ofon-board DRAM 

• I 024x768 SuperYGA w/S l 2K Video DRAM 

• 2 Seria l Ports , 1 Para ll el Port and Rea l Time Clock w/Battery 

• AT style keyboard Controller and Connector 
• Floppy and Hard Drive IDE Controllers on-board -4 ways to connect to Disk Drives 

• Three-way Byte/Word Swapping Hardware for interfacing to 68000 type CPUs 

Access YMEbus through Real Mode Window or Protected Mode 

• Custom Gate Array technology provides 
-Interrupter, Interrupt Handler, System Controller, JNTEC7fiDN JN,..._ 
all SW configured n Lo: 

• Reset Switch and Speaker 
• Choice of SCSI or PC/AT Bus on P2 

3000 Wilcrest 
Houston, Texas 77042 

Tel: (713) 780-7003 Fax: (713) 974-6059 1-800 - 68VME-AT 
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LCD display cards, Ethernet and 
Arcnet networking cards, modem 
cards, and FAX cards. This is not 
to mention Ampro's variety of se
rial, parallel, hard-, and floppy
disk drive cards, including a SCSI 
interface. 

I Changes may be unwelcome 
With vendors already lined up be
hind PC/104, the application to 
IEEE for an addition to the ISA 
standard is more a sign of solidar
ity than a requirement for growth. 
In addition, the large number of 
vendors supporting the current 
version of PC/104 and the quantity 
of products on the market would 
make any change in the specifica
tion very unwelcome, so it's likely 
to be mandated by the IEEE speci
fication process unchanged-espe
cially if proposed changes were to 
require substantial alteration of 
the mechanical configuration or 
bus protocols. 

The need for a small form-factor 
PC-bus alternative-particularly 
one that can stand up to industrial 
environments-has been well docu
mented over the past several years. 
Traditional PC-bus approaches have 
been woefully inadequate in such 
hostile environments for a variety of 
reasons. These range from poorly 
specified components to heat build
up to too-long circuit traces picking 
up radiated energy in environments 
with electrical noise. The PC/104 
should go a long way toward miti
gating these problems. • 

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

Ampro Computers 
(408) 522-2100 .............. Circle 380 
Automation Instruments 
(214) 418-6827 
DOI 
(508) 927-7976 
Diamond Systems 
(415) 813-1100 
Intel 

.. Circle 381 

.Circle 382 

...... Circle 383 

(800) 548-4 72 5 
IOtech 

... . ... . .. ... .... Circle 384 

(216) 439-4091 ........ Circle 385 
PC/ 104 Consortium 
(408) 245-9348 ...... Circle 386 
Real Time Devices 
(814) 234-8087 .. Circle 387 
Reflection Technology 
(617) 890-5905 .................... Ci rcle 388 
Xycom 
(313) 429-4971 .................... Circle 389 





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 pe1fonnance, we offer 

© 1992 Intel Corpora tion. lntcl386 and Jn tcl4 86 are trademark s of Inte l Corporat ion. *Ethernet is a rcg is1crcd trndcmark of Xerox and Diamond is a reg istered trademark of Diamond Brands. Inc. 



put Ethernet in any box. 
a complete family of 82596 LAN coprocessors, each 
optimized to a specific Inte1486™ CPU for maximum 
throughput. And our 82593 is the perfect LAN 
controller for lntel386™ 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 nfel . 
The Computer Inside.™ 

CIRCLE NO. 38 
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Multimedia- here today, not tomorrow 
Dave Wilson, Senior Editor 

This month, AT&T Microelec
tronics (Allentown, PA) intro
duces the world's first chip set 

capable of handling all three of the 
major multimedia compression, de
compression and transmission stan
dards-MPEG, JPEG and Px64. 
Priced at less than $400, the chip set 
should enable true "all-singing, all
dancing" multimedia products to 
reach the desktop faster than anyone 
imagined. At least for now, the an
nouncement puts AT&T ahead of 
multimedia chip set rivals-Intel 
(Santa Clara, CA), Texas Instru
ments (Dallas, TX), Cypress Semi
conductor (San Jose, CA), and Mo
torola (Austin, TX), all of whom are 
working on MPEG/JPEG/Px64 mul
timedia chip designs, but none of 
whom have yet announced products. 

A joint development between 
AT&T Microelectronics and the 
company's Bell Labs (Allentown, 
PA), the AVPlOOO video codec 
(coder/decoder) chip set includes a 
decoder, a system controller and one 
of two encoders-one for low-cost 
applications and one for higher-per
formance systems. Working in con
junction with the AT&T DSP3210 
digital signal processor, which pro
vides MPEG/Px64 audio and JPEG 
still-image compression, the three
chip set provides a complete solution 
for teleconferencing and multime
dia. In addition to supporting stan
dards, the chip set provides a num
ber of key system-level functions not 
covered by standards, including 
buffer management; synchroniza
tion of audio, video and user data; 
and acoustic echo cancellation. 

I MPEG, the hardest part 
The hardest part of designing any 
multimedia chip set is building a 
cost-effective MPEG encoder. That's 
because the MPEG encoding algo
rithm requires processing power on 
the order of billions of operations per 
second, which until now has been 
difficult to architect cost-effectively 
on a single chip. To complicate the 
situation still further, although 
MPEG compression and decompres
sion will be mandatory for designers 
of future real-time video systems, 
some applications may not need the 
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power or require the expense of full 
MPEG encoding. To satisfy all 
camps, AT&T has built two versions 
of its encoder. 

The less expensive 1300E per
forms full-motion H.261 compres
sion for CIF (common intermediate 
format) and QCIF (quarter-resolu
tion CIF) images at up to 30 
frames/s. The encoded bit rate is 
user-definable over a range of 40 
kbits/s to 4 Mbits/s, using either a 
constant bit rate or a constant quan
tization step size. To support digital 
editing and high-resolution still im
ages, the 1300E can handle MPEG 
I-Frame-Only (Intra Coded Frames) 
compression. Spatial resolution is 
user-definable in multiples of 16 up 
to 720 pixels x 576 lines. 

For those who need it, the fully 
functional 1400E encoder can per
form both full-motion Px64 and 
MPEG compression. To enhance 
MPEG compression, the 1400E uses 
a hard-wired motion estimation pro
cessor that supports a full exhaus
tive search range of ±32 pixels with 
half-pixel accuracy. To achieve addi
tional MPEG compression and im
proved picture quality, the device 
supports up to two successive inter
polative frames. 

Both encoders accept raster
scanned YCC (luminance and 
chrominance of signal) data via an 
input video bus or host bus interface 
and output compressed data via ei
ther the host or a serial bus inter
face. To absorb picture-dependent 

AT&T multimedia syst em 
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AT&T is the first vendor to offer an under-$400 multimedia chip set. Included in the 
offering are a system controller, decoder and two encoders, one of which can per
form full-motion Px64 and MPEG compression. 



NOTICE 

WE'VE BEEN ASKED TO MAKE IT VERY CLEAR THAT 

THERE'S A WHALE OF A DIFFERENCE BETWEEN QNX® AND UNIX'.'i1 

W E'R E GLAD TO OBLIGE. 

EvEN THOUGH THE QNX REALTIME 

OPERATING SYSTEM IS NOT BASED 

ON UNIX SOURCE CODE, WE CAN 

UNDERSTAND HOW SOME DEVELOPERS 

MIGHT CONFUSE THE TWO. AFTER ALL, 

QNX FOLLOWS THE LATEST IEEE 

POSIX 1003.1 AND 1003. 2 OPEN 

SYSTEMS STANDARDS, SO YOU GET 

THE SAME API AND UTILITY SET 

FOUND IN MANY UNIX SYSTEMS . 

BUT LOOK BENEATH THE SURFACE 

AND YOU 1LL SEE TWO 

FUNDAMENTALLY DISTINCT 

ARCHITECTURES. A MONOLITHIC OS 

ON THE ONE HAND, A MICROKERNEL 

OS ON THE OTHER. THEY' RE 

DIFFERENT SPECIES ALTOGETHER , 

AS DIFFERENT AS A WHALE AND 

A SCHOOL OF DOLPHINS . 

ARCHITECTURE You CAN BUILD ON 

QNX 1S MODULAR, MICROKERNEL 

ARCHITECTURE GIVES YOU 

REMARKABLE FLEXIBILITY. OS 

SERVICES ARE PROVIDED BY A TEAM 

OF COOPERATING PROCESSES RATHER 

THAN BY A MASSIVE MONOLITHIC 

KERN EL. THE RESULT? You CAN 

STRIP QNX DOWN TO A ROM-ABLE 

EMBEDDED SYSTEM . OR BUILD IT UP 

TO A VAST NETWORK AND HARNESS 

THE POWER OF HUNDREDS OF CPUS. 

OUR PRICING IS MODULAR TOO, 

SO YOU 1RE NOT FORCED TO PAY 

FOR WHAT YOU DON 1T NEED. 

REALTIME PERFORMANCE 

You CAN COUNT ON 

NEED THE SPEED OF A FAST, 

REAL Tl ME EXECUTIVE? 

QNX CLOCKS IN AT 16 µsEC 

PER CONTEXT SWITCH ON 

A 33 MHZ 80486. 

BUT QNX DOESN 'T STOP THERE. 

WITH ITS PRIORITY-DRIVEN , 

PREEMPTIVE SCHEDULING, 

YOU CAN BUILD REAL REALTIME 

SOLUTIONS. 

DISTRIBUTED PROCESSING 

You CAN BET ON 

QNX CAN TRANSFORM A BUNCH 

OF ISOLATED MACHINES INTO A 

SEAMLESS SUPERCOMPUTER, 

REALTIME OPERATING SYSTEM 
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ORCHESTRATING HUNDREDS OF 

CPUS WITH ITS NETWORK- WIDE IPC . 

YOU ' RE IN C OMP L ETE C ON T RO L 

OF ALL RESOURCES AT ANY POINT, 

FROM THE PLANT F L OOR 

RIGHT UP TO YOUR DESKTOP. 

SUPPORT You CAN DEPEND ON 

DURING THE LAST TEN YEARS , 

WE 'VE EARNED A REPUTATION 

FOR OUTSTANDING TECHNI C AL 

SUPPORT. WE OFFER EVERYTHING 

FROM 24-HOUR ONLINE 

CONFERENCING TO ONSITE 

CONSULTING, SO YOU CAN EAS ILY 

REACH THE PEOPLE WHO MAKE UP 

THE QNX DEVELOP M ENT T EAM. 

THEIR EXPERT I S E C AN H E LP 

YOU KEEP YOUR DEVELOPMENT 

PROJECTS RIGHT ON COURSE. 

TO FIND OUT HOW YOUR 

APPLICATIONS CAN THRIVE IN 

THE QNX ENVIRONM E NT, 

CALL 1 - 800-363-9001 , 

( EXT. 103) . 

QUANTUM SOFTWARE SYSTEMS LTD . 

175 TERRENCE MATTHEWS CRESCENT 

KANATA, ONTARIO, CANADA 

K2M 1W8 

TEL : 613- 591 - 0931 

FAX : 613-591 - 3579 

ARCHITECTURE MAKES THE DIFFERENCE 
QN)( IS A R llG l • TUl £0 T't AOl!: MARK 01" QUANTUM 50f"TWAIH: S V•TSM• LTD. UNIX 1• A R l!:Gl • T E R E D TRADll MAIHC 0 ,. UNIX S Y•T IEM LA•ORATOR l l!S. INC . O Q UANTU M SOFTWARE SYSTEMS LTD, 1 99 1 
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fluctuations in the compressed data 
rate, the devices include on-chip 
FIFOs. When operated in the H .261 
mode, they also use an adaptive 
quantizer/buffer control algorithm 
that lets you adjust picture quality, 
encoding delay and output frame 
rate. Both devices feature "glueless" 
interfaces with external DRAM and 
the system controller. 

Both versions of the encoder are 
composed of 10 functional blocks. 
First, there's a host bus interface 
that synchronizes the host bus sig
nals to the main input clock. Then, 
there's an uncompressed data FIFO 
used to hold the chrominance and 
luminance pixel data until it's writ
ten into the frame store DRAM. An 
on-chip memory controller arbi
trates access to the frame store 
DRAM and provides a glue-free in
terface to DRAMs. The motion esti
mator compares current and previ
ous frame macroblocks within a 
fixed search range, while it's the job 
of the quantization processor to de
termine the quantization step size 
and output frame rate. The signal 
processor itself comprises no fewer 
than six SIMD (Single Instruction 

COMPUTERS & SUBSYSTEMS 

Multiple Data) processors that work 
in parallel-performing functions 
such as discrete cosine transforma
tions (DCTs), quantization and zig
zag scan. The global controller se
quences the operation of the other 
blocks to ensure that data depend
ency requirements between them 
are satisfied. A variable-length en
coder operates on the information 
produced by the signal processor 
and generates a compressed bit 
stream that is compliant with the 
syntax requirements of the MPEG 
and H.261 standards. The com
pressed data FIFO section makes 
the external buffer DRAM operate 
like a 1-Mbit FIFO and absorbs pic
ture-dependent fluctuations in the 
output data rate . 

I Decoding unlike encoding 
Decoding MPEG signals, unlike en
coding them, isn't as computation
ally demanding. The AT&T decoder, 
dubbed the 1400D, offers full-motion 
MPEG and Px64 video decoding, in
cluding an arbitrary number of bi
directional frames. It decodes com
pressed data streams at up to 4 
Mbits/s, supports variable frame 

rates of up to 30 frames/s, and pro
vides variable spatial resolutions for 
full-motion video up to CIF/SIF 
(standard intermediate format). It 
also performs MPEG still-frame de
coding at variable resolutions up to 
1024 x 1024. The decoder can accept 
compressed data via its parallel host 
bus or a serial bus. It outputs de
coded raster-scanned 24/16/8 bit 
RGB or YCC pixels via either the 
host bus or a dedicated pixel bu s. 
Key features include on-chip color 
conversion with programmable 
coefficients and dithering, a 4-kbit 
FIFO for storing compressed data 
and a glue-free DRAM and system 
controller interface. 

I Communications too 
With any multimedia chip set, it's 
important to look for a communica
tions solution as part of the multime
dia mix. Next-generation systems 
won't simply require compression and 
decompression of live video, but will 
demand transmission of the multime
dia data too. 

Addressing this issue is AT&T's 
system controller. Known as the 
1400C, it's a communications con-

If your VMEbus or VAX needs 16.7 Million Colors 
Peritek Corporation atld x w mdows 
5550 Redwood Road , Oakland , California 94619 ' 

WestCoast (510) 531-6500 fax(510) 530-8563 call (510) 531 6500 
Mid West (303) 791 -9161 fax (303) 791 -9160 - • 

Peritek 
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MULTI-The Source 
Level Debugger Fluent 
In Many Languages 

MULTI gives you the ability 
to simultaneously debug in 
multiple languages: c+ +, 
C, FORTRAN, Pascal and 
Assembly code. You 
maintain seamless 
debugging even when your 
C+ + program uses C and 
FORTRAN libraries. When 
the source language 
changes as you step into 
procedures, MULTI's 
expression evaluator and 
data structure displays 
change to reflect the 
current source language. 

MULTI's x Windows T" 
customizable user interface 
(Motif"' , OPEN LOOK'" , 
etc.), lets you traverse your 
data and code in different 
views. Display source and 
assembly code intermixed. 
Click a mouse button to 
trace the hierarchy of c+ + 
classes and member 
functions or disambiguate 
objects and functions. 
Change values interactively 
as you step through your 
code. 

Your Passport For Native 
Or Cross Development 
MULTI supports multiple 
targets such as the 680x0 
(including 68040), as either 
a native debugger or as a 
cross debugger. 

In cross mode, the same 
executable version of 
MULTI interfaces to your 
choice of debug execution 
devices (simulators, 
monitors, emulators) 
without relinking. Since 
MULTI is based on a 
standard UNIX ptrace 
interface with extensions , 
you can easily program 
your own interfaces to 
additional execution 
environments. 

MULTI can be executed 
remotely from X-terminals 
across networks, or on any 
major UNIX workstation. 

On most hosts, you can 
even debug multiple 
processes as your 
application forks . 

One Cranberry Hill, Lexington, MA 021 73 

CIRCLE NO. 41 

Let Oasys Be Your Guide 
Oasys has years of experi
ence with c and c++ . We 
have the development tools 
you need today and the 
support, service and 
continuous technical 
advantage you need for a 
migration path to the 
future. 

Oasys can guide you to : 
greater performance

quickly develop a 
competitive product that 
executes faster with smaller 
code size. Oasys delivers 
performance with the 
highly optimized Green 
Hills Compilers (C, C+ +, 
FORTRAN or Pascal). Our 
C+ + Compiler takes you 
directly from source to 
executable with no 
translation required. 
D productivity-debug 
native or cross applications 
on a workstation, a dumb 
terminal, across a network, 
or across the country using 
the same debugger 
commands and interface. 
MULTI helps you find and 
fix bugs fast. 
::J portability-Oasys 
delivers a complete 
software development tool 
kit including a common set 
of compilers, assembler/ 
linker and debugger across 
major UNIX workstations, 
to take your application to 
any environment. 

Call Us Today-
We Speak Your Language: 
(617)862-2002 
Or Fax: (617)863-2633 
Trademarks are acknowledged to AT&T Bell 
Labs. Digital Equipment Corp .. Green Hi lls 
Software Inc.. MIT, Motorola Corp., Open 
Software Foundation. Sun Microsystems Inc., 
and XEL, Inc. 

Call Now for a 
FREE MULTI Demo Disk! 
(for Sun-4 SPARC only) 
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troller based on the AT&T LAN 
Pacer architecture, designed to re
duce audio and video system bus 
traffic and offload the host processor 
from a variety of system-level man
agement functions. These include 
the multiplexing and demultiplex
ing of compressed MPEG audio, 
video and user data according to the 
MPEG system CD specification, in
cluding the MPEG reference clock, 
presentation time stamp and buffer 
and bitstream management. In ad
dition, the device multiplexes, 
demultiplexes and frames Px64 au
dio, video and user data according to 
the H.221 specification, as well as 
performing forward error correc
tion, channel management and set
up. It buffers and synchronizes au
dio and video according to the 
MPEG and H.261 specifications, 
and can combine and synchronize 
multiple communications channels. 

Configured from the host bus, the 
chip can operate in either MPEG or 
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Px64 modes, receiving compressed 
audio and video information via ei
ther its host bus or serial interfaces. 
Full-duplex operation is supported 
for video teleconferencing applica
tions. The device can send or receive 
H.221 framed data either over the 
host bus or via a 4-wire time-divi
sion-multiplexed link known as the 
Concentration Highway Interface 
(CHI). 

The CHI provides a direct inter
face with external communications 
standards with channels such as Ac
cunet Switched 56, Switched 64, 
Switched 56, Tl, and ISDN. Later 
this year, look for AT&T to expand 
its communications support for the 
video codec chip set by introducing 
a silicon solution for FDDI II, which 
adds an isochronous transmission 
capability to FDDI's existing packet 
switching capability. 

Most of AT&T's multimedia chip 
solution will be available in the third 
quarter. The exception is the 1400E 
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encoder, which isn't expected until 
the fourth. So don't expect board or 
system products until later in the 
year. Nevertheless, many manufac
turers of teleconferencing and mul
timedia equipment have already 
looked at the architecture on paper, 
and early indications are that the 
chip set will find many homes in 
such applications over the next few 
months. • 

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. 

AT&T Microelectron ics 
(800) 372-2447 .................... Ci rcle 296 
Cypress Semiconductor 
(408) 943-2600 .......... Circle 297 
Intel 
(800) 943-2600 ..... Circle 298 
Mot orola 
(512) 891 -2000 ................... Circle 299 
Texas Instruments 
(800) 336-5236 ext. 700 . ..... Circle 300 



BSD/Tasking Sets the Pace ... 
with the most comprehensive software development 

solutions for embedded applications! 

Team-Up with BSO/Tasking 
Jump out in front with BSO/Tasking's 
comprehensive software development 
solutions for embedded RISC , CISC, 
and DSP applications! With 150+ 
employees in 6 offices worldwide, 
BSO/Tasking's high quality tools, 
customer support , documentation , 
and training make application design 
and development a ride in the park! 

Optimizing Compilers, 
Assemblers, and Linkers 
BSO/Tasking's optimizing C Cross 
Compilers give you the performance 
edge by generating fast, accurate 
code for more than 40 microproces
sors including complete support for 
the Motorola 68040, 68340, and the 
MIPS R3000 family of derivatives. 
All Cross Assembler/Linker/ Locators 
produce ROMable code and complete 

debugging information . Choose from 
1 O host development environments 
including PC/DOS, Unix workstations 
and VAX systems. 

Cross View 
Source-level Debugger 
CrossView's multiple windows display 
user-monitored data, registers, stack 
trace, C statement and instruction 
trace, and simulated 1/0 . Pop-up 
windows may also be activated to 
show current break-points, user 
defined functions , and two levels of 
help on all Cross View commands. 

HP 64700 Emulator Support 
Complete your development with 
the strong debugging capabilities of 
CrossView integrated with the 
Hewlett Packard 64700 In-Circuit 
Emulator (ICE), both available 
from BSO/Tasking . 

100+ Combinations 
Hosts 

·PC/DOS 
• Sun-3 
•VAX/VMS 
• HP9000 
• Solbourne 

• DECstation 
•Sun SPARC 
•VAX/Ultrix 
·Apollo 
• IBM RS/6000 

Targets 
•MIPS R3000 Family of derivatives 
• 68000-040 • 68302-340 
•SAB80C166 •68HC11 , 16 
• Intel 80x86 • 68070/90C1 xx 
• 80C196 Family • Z80/64180 
• TMS32oc10-c40 • z0000 
•NEC V20-V70 • 8051 Family 

Call 1-800-458-8276 

BSOfTasking 
333 Elm Street 
Dedham, MA02026 
P: (617) 894-7800 
F: (617) 894-0551 

BOSTON 
SYSTEMS 
OFF I CE 
-~
TASK I NG 

F//iJ'I HEWLETT 
a.'.e. PACKARD 

• Tasking the Netherlands • BSOfrasking UK • BSOfrasking Italy • BSOfrasking Germany • BSOfrasking France • 

Authorized 
Distributor 

31 33 55 85 84 44 252 51001 4 39 2 6698 2207 49 7152 22090 33 130 54 2222 
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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 ruse 
System/6000'" POWERstation 220 gives you more 
wallop for your money, while delivering a hefty 25.9 
SPECmarks'." That's compared to the SUN !PC's™ 13.4 
SPECmarks and the DEC5000's'" 17.8. 

Entry Entry 
Model Grayscale 8-bit Color 

Workstation·· Workstation t 

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 CA D clout you' re 
after, you can get a 
workstation specially 
outfitted for mechani
cal design-with 20 
color graphics and 
400MB offixed 
disk storage-for only $9,995. All models in the 
POWERstation 220 series come witJ1 two expansion 

"In Canada, call 1 800 465-1234 ·" 16MB. Paging Disk. Display. Operating Syslem, Graµh1cal Use1 lnte1 lace • t6MB, 400MB Disk. Display. Operat ing System, Graphical User Interlace 
IBM 1s a registered trademark and RISC System/6000 1s a trademark of International Business Machines Corporation SPECmark 1s a geometric mean of the ten SPECmark tests and 1s a 
trademark of Standard Performance Evaluation Corporation. All SPECmark figures listed are as published by thelf respective manufacturers. All prices listed are MSRP Remarketer prices may 
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220 is great for commercial lJ;\f lX® solutions, too. 
You can configure it as a commercial server, to give 
your business the speed, mu scle and openness of 
ll lX, for on ly $9,715. And the POWERservrr 220 
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Truth is, without real-time performance analysis, you can only stretch things so far Because unless you see every event. 

every bus cycle, and every routine, you may miss something important At Tektronix, our PRISM 3000 logic analyzers can 

quickly detect performance problems that often creep into complex embedded systems 

so you can fine tune your software with absolute confidence Now, if you're surprised to find all this in a multi-purpose logic analyzer, we understand. 

But once you see one in action, we think you'll appreciate our point of view Call us for a demo today TAlK m TIK/1-1100·42&·2200 EXT. 70. 
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Is RISC or DSP best 
for your application? 

RISC processors 
have already 
kicked CISC out of 
more than a few 
embedded sock
ets. Now, DSPs are 
trying to prove 
they can be just as 
useful in embed
ded applications. 

Dave Wilson 
Senior Editor 

T raditionally, RISC proc
essors have been built for 
Unix workstations. Their 
price tags alone have kept 
designers of embedded sys
tems from giving them the 
time of day. Embedded de
sign has consequently re
mained the realm of the 
CISC processor. 

Today, things are differ
ent. Many vendors offer in
expensive RISC devices for 
the embedded marketplace. 
Lower cost makes them an 
derivatives. 

attractive alternative to CISCs and their Spectrum Signal 

At the same time, the digital signal processor (DSP) has fallen in price 
and gained so much functionality that it may be considered a viable 
general-purpose embedded processor as well . "DSPs and RISCs are more 
alike than people think," says Michael Tighe, senior systems architect at 
Intermetrics Microsystems Software (Cambridge, MA). So, designers up
grading from CISC and needing to choose a high-performance embedded 
processor are now faced with a choice. Should you take a RISC or should 
you choose a DSP? 

In many applications, such as mobile phones and Unix workstations, the 
design decision is clear-cut-cost, performance and time-to-market alone 
mandate the use of one technology or the other. A Unix system designer 
would no more build a workstation around a DSP chip than a mobile phone 
designer would choose a RISC processor. Indeed, it's not the extreme ends 
of the applications spectrum where the two technologies will meet face to 
face, but the gray area somewhere in between. In that nether land lies a 
large set of embedded applications equally suited to DSP or RISC solutions. 
These applications could be compute-intensive or, perhaps, aimed more at 
control tasks. 

Philip Brownfield, manager of RISC applications design for Motorola 

Processing's Ross 
Mitchell feels that 
DSPs have the 
edge over RISC 
processors in areas 
where the devices 
are used in numeri
cally intensive par
allel-processing ap
plications. That's 
because some DSPs 
provide hooks on
chip for inter
processor commu
nications; RISCs 
lack such hooks. 
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IRISC vs DSP 

(Austin, TX), thinks that a RISC 
processor solution should be a viable 
alternative to DSP when a develop
ment team can take advantage of a 
standard compiler to generate appli
cation code. Opposed to this solution 
is what Brownfield calls the "coding 
gymnastics" of assembly language 
programming, which designers 
must use to optimize the perfor
mance of a system based on a DSP. 
"When people consider using RISC 
over a DSP, it's usually because of 
the ease of coding. A RISC lends 
itself to the maintenance and porta
bility of the code,'' h e says. 
Nevertheless, moving away from a 

In AMD's 29050 RISC chip, for 
example, programmers have no ac
cess to the multiply pipeline; it's im
possible to examine partial results 
of the multiply operation. Faced 
with such a constraint, you have 
only two options: either stay with or 
return to a DSP solution, or change 
your programming methodology to 
gain the benefits of faster time-to
market using a RISC processor. 

You might like to take advantage 
of the high-level language program
ming benefits of a RISC machine 
but it may not always be possible, 
simply because the performance of 
the DSP algorithm running on the 

RISC vs DSP 

DATA FLOW 
DATA FLOW AND PROCEDURAL CODE PROCEDURAL CODE 

HARDWARE ,_ ____ '" +-~r-~s-1sc_c_--+ ___ R_1s_c ___ __.. __ 

EMBEDDED EMBEDDED RISC 
APPLICATIONS __ ,__ ______ -1---------1-----------<~~ 

CELLULAR PHONE X TERMINALS, PRINTERS GENERAL-PURPOSE 
WORKSTATIONS 

You can decide to use a RISC or a DSP chip based on the type of code running in the 
system. If the system software is mostly procedural, then RISC is the best choice. If 
the code is data -flow-oriented, then DSP is better. It 's the area in the middle, where 
the two types of code are mixed, where you have the hardest time deciding which 
route to take. In some cases, where determinancy of DSP code and performance of 
procedural code are both vety important, a RISC/DSP combination could give the best 
performance of all. 

DSP/assembly language program
ming environment to one based on 
RISC processors programmed in C 
isn't always so easy. Especially if 
100 percent of an existing applica
tion is already written in assembly 
language-and not in C. 

I DSPs reta in popularity 

In fact, one reason that DSPs re
main as popular as they do is that 
they actually lend themselves to as
sembly language programming. It's 
by programming in assembly lan
guage that you can squeeze every 
last drop of performance out of the 
silicon-and that's nut as easy with 
a RISC chip. 
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RISC device may never match the 
achievable performance on the 
DSP chip. On the other hand, ifthe 
RISC machine can be shown to 
meet the performance require
ments of the system, then you have 
some convincing reasons to use it, 
es peci a ll y in place of earlier 
CISC/DSP combinations. 

Although it may not be able to 
achieve real-time speed, a single
processor approach can meet the de
sign specification and still reduce 
the number of processors that need 
to be programmed, lower system 
cost and reduce the design effort and 
time-to-market. Furthermore, such 
an approach may eliminate the need 

to employ a full-time DSP expert in 
the design group. 

On the other hand, though, even 
RISC aficionados such as Bruce 
McKeever, an engineer at Fujitsu 
(San Jose, CA), aren't prepared to 
believe that RISC processors and C 
programming techniques will elimi
nate the need for DSPs altogether. 
Citing some poor results that he has 
seen, McKeever says, "You do pay 
the penalty for portability." 

Even designers that try for the 
best of both worlds-programming 
DSP chips in C and making use of 
optimizing C compilers-note that 
there's some work involved in struc
turing C programs so that the op
timizer creates the most stream
lined code. 

I The need for tight code 

There's no doubt that the size of the 
code generated on a RISC is larger 
than that for a CISC processor. And 
that's an important consideration in 
embedded systems, where keeping 
memory cost down is as important 
as keeping processor cost low. Inter
metrics ' Tighe performed some 
benchmarks and found that the size 
difference in embedded code de
pends on both the processor and the 
compiler used to optimize the code. 
"A 1-kbyte executable on a 68000 
might be 2 or 3 kbytes on a 29000. 
That's without optimization. But 
once you apply a global optimizer to 
assign common subexpressions, you 
discover that you get as much as 50 
percent code shrinkage on a RISC 
machine, whereas you only get 20 
percent on a 68000. The results are 
similar for many DSP chips,'' Tighe 
says. 

There are also new technologies 
being used in compilers, particu
larly in areas such as instruction 
coalescing, that can be used to pro
duce even greater improvements. 

One challenge that tool providers 
such as Intermetrics face is the need 
to bare as many hardware capabili
ties as possible to the programmer. 
And that, it seems, is more impor
tant for a DSP than for a RISC. 
Obviously, programmers writing in 
C don't care about such capabilities, 
but those designers that want to 
optimize their code to the architec
ture of the processor most certainly 
do. 

To provide such capabilities 
means customizing the compiler for 
access to the chip. "On the 96002, we 
allowed access to the different mem
ory models and we added keywords 
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40-MHz PIMM 
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I RISC vs DSP 

to the language as extensions to let 
the programmer who knows what 
he's doing get every last ounce of 
performance out of his machine," 
says Tighe. To perform such custom
ization on a RISC machine, Tighe 
admits, is less worthwhile. "On a 
RISC machine there's almost noth
ing that you can do-except make 
better use of the C 'register' key
word, because it's the registers 
where you spend a lot of time in a 
RISC machine." 

I The key differences 
Clearly, the differences between the 
architectures of a RISC and a DSP 
processor are due to design trade
offs made by the manufacturers in 
the early stages of the chips' devel
opment. But, aside from the high
level language versus assembly lan
guage debate, what is it about the 
architectures that make one better 
suited to a given class of applica
tions than another? 

One method that might have been 
used in the past to answer this ques
tion was to count the number of 
registers in the device-a DSP used 
to sport far fewer than a RISC. But 
today, DSPs such as the 96002 have 
so many registers that they're begin
ning to look like RISCs. Just count
ing registers may not be the best 
way to determine the difference be
tween them anymore. 

There are some other obvious dif
ferences. One important one is that, 
while a DSP can perform a single
cycle, high-precision multiply-accu
mulate operation in one cycle, that's 
still not true with RISC. On the 
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Michael Tighe of 
Intermetrics says 
that designers 
choosing between 
DSP and RISC pro
cessor solutions 
should pay careful 
attention to the 
quality of the com
pilers. In his expe
rience, customiz
ing a compiler for 
a DSP architecture 
is more important 
than doing the 
same for a RISC 
microprocessor be
cause of each 
DSP's special capa
bilities. 

other hand, comments Intermetrics' 
Tighe, "If you're less interested in 
the precision of a result in your al
gorithm, then a RISC can be a better 
choice than a DSP because of its 
higher clock rate." RISC machines 
offer the programmer a general-pur
pose CPU that isn't tuned for any 
specific application. 

RISC processors may have the 
edge over DSPs in control-oriented 
applications, where the application 
code will be required to manage 
many different kinds of data 
streams. That's because the archi
tecture of a DSP probably wouldn't 
be used to its fullest extent in such 
applications. On the other hand, 
Tighe feels that DSPs emerge as 
clear winners in applications such 

as cellular phones, where the ma
chine needs to manipulate a stream 
of data with very high precision and 
little loss due to error. 

I DSP architectural features 
According to Ross Mitchell, product 
manager for VASP and VME at 
Spectrum Signal Processing (Bur
naby, British Columbia), the inter
nal architectures of DSP devices 
have been optimized for high-speed 
execution of signal-processing func
tions, including dot products, corre
lation, convolution, and fast Fourier 
transforms (FFTs). Key architec
tural features include fast hard
ware multipliers, independent data 
and program storage areas, fast in
terrupt switches for efficient con
text switching, and multiple ports 
for the design of efficient parallel 
processing architectures. 

DSP designers not only build de
vices with fast multiply-accumula
tors, but they also include multiple 
register files and datapaths to let 
you simultaneously access separate 
register files. This is to ensure that 
the processing rate in the DSP is 
only limited by the speed of data 
transfer to and from the processor 
and the memory subsystem. Such 
an arrangement, of course, will be 
most efficient while the DSP oper
ates on a stream of data-like an 
FFT. Any break in the data stream 
will cause the DSP to pause, result
ing in a performance loss. 

RISC processors, on the other 
hand, are built around highly inte
grated and pipelined floating-point 
arithmetic logic units-multiply 
and add-operating at very low 

For certain applica
tions, the 
RISODSP discus
sion is moot. "I'll 
be damned if 
someone would 
put a RISC in a cel
lular phone and 
have it be /ow
power and small. 
All of them use 
DSPs as cheap as 
they can get 'em," 
says Motorola's 
strategic applica
tions manager, 
Garth Hillman. 



RISC vs DSP in embedded applications 

W hen deciding 
between a RISC 
and a DSP, you may 
find that cost, 
speed and software 
development time 
are more important 
than device archi
tecture. 

RISC processors were designed for 
efficient compilation of programs writ
ten in C or C++, and now DSP chips 
sport C compilers, too. C compi lers for 
both, however, may produce code that's 
too inefficient to run many signal-pro
cessing applications in real-time. 

It's true that RISC instructions are sim
ple enough to run in a single clock cycle 
and serve as fundamental building 
blocks for a compiler. But several simple 
RISC assembly language instructions 
must often be written to perform an op
eration performed efficiently by one 
DSP assembly language instruction. 

In many cases, it 's simpler for an expe
rienced programmer to write a signal
processing task in assembly language 
for a DSP than to write the same task in 
assembly language for a RISC processor. 
Nevertheless, a RISC processor may be 
the right choice if it can run compiled C 
or C ++ code sufficiently fast for the ap
plications involved . Algorithms may be 
developed with the DSP's C compiler 
and later optimized-or coded for 
speed in assembly language-when the 
algorithms appear to be stable. 

I Addressing modes 
Some DSPs provide addressing modes 
that reduce computation time as well as 
the time it takes to code many signal
processing applications. Bit-reversed ad
dressing is provided in modern DSPs for 
efficient computation of FFTs. Module 
addressing is useful in accessing tables, 
so that an address wraps around within 
the address range of a table instead of 
overflowing to memory above the table . 
Many DSPs also provide saturation arith
metic where the result of a computation 
is limited to the maximum positive or 
negative number rather than overflow
ing. Rounding toward 0 is another DSP 
feature useful in preserving signal fidel
ity. Few, if any, RISC processors provide 
such capabilities . 

Both DSPs and many RISC processors 
suffer from numerical problems. To pre-

serve a 16-bit signal-to-noise ratio, inter
nal processing, particularly infinite im
pulse response filter structures, shou ld 
be performed with high precision. Float
ing-point processors typically truncate 
the product's mantissa to 24 or 32 bits 
with every accumulation. The resu lting 
nonband-limited error signal aliases into 
the useful band and may cause prob
lems if there's sufficient gain in subse
quent processing. 

This and other subtle problems that 
can occur with floating-point arithmetic 
can be solved using double-precision 
arithmetic. With a minimum consump
tion of die area, double-precision arith
metic can be performed in four to six 
times the compute time of single-preci
sion arithmetic. But most processors 
can't efficiently perform double-preci
sion arithmetic. Motorola 's DSP56001 
has solved many of these problems by 
providing a sufficiently wide fixed-point 
accumulator (56 bits), so that the sum 
need not be truncated until all process
ing is complete . 

I The multimedia market 
Texas Instruments and AT&T have re
cently targeted 32-bit floating-point 
DSPs at the multimedia market. Their 
DSPs provide more interna l memory, a 
wider address space, DMA, and a better 
bus structure than the DSP56001 . A 
floating-point mu ltip lication may be per
formed every two clock cycles for $25 
on a TMS320C31, which includes a syn
chronous serial port, two timers and 
over 8 kbytes of internal RAM . What 
RISC processor with an equivalent 
amount of RAM and a synchronous se
rial port can match this price/perfor
mance ratio? 

DSPs such as Motorola's DSP96002 
and Tl's TMS320C40 provide the 
greater horsepower needed by multime
dia applications, but at costs that would 
force many end products to be priced 
too high. Few RISC processors provide 
24- or 32-bit-wide multip lication in one 
or two clock cycles. Intel 's i860 is an ex
ception in providing fast, wide, floating
point multiplication, but at a relat ively 
high price. The i860 is also awkward to 
program because of its pipeline com
plexity. Overall performance of the i860 
may be insufficient for real-time applica
tions because you have to flush the 
pipeline and caches for context switches. 

John Snell, president, Timbre Engineering, San Geronimo, CA 

Although current DSPs can't execute 
one or more instructions per clock cycle, 
their Harvard architecture, multiple 
buses and multi port RAMs allow severa l 
accesses per instruction cycle. The 
TMS320C30, for example, can read an 
instruction from its cache whi le simulta
neously reading two operands from on
chip RAM, and then can allow two 
more RAM accesses (e.g ., for 1/0) in the 
second half of one two-clock-cycle in
struction. Data, parameters and instruc
tions must be read from off-chip mem
ory when there 's insufficient memory 
within any processor. Since off-chip ac
cesses often result in a speed penalty be
cause of bus contention, it's desirable to 
provide as much on-chip RAM as price 
will permit. 

I Embedded controllers 
Embedded controllers typica lly must 
provide many useful peripherals on
chip. Some DSPs provide an on-ch ip 
converter, usually with a limited signal
to-noise ratio. Most DSPs also provide 
high-speed synchronous serial ports 
for connection with 16- to 20-bit A -D 
and D-A converters, or they have ex
ternal ports for standard data ex
change (e.g ., AES/EBU format for 
serial transmission of digital audio 
data). DMA units wi th many channels 
are useful for moving data between in
ternal and external RAM and peripher
als, while min imizing interference 
with internal signal processing. 

DRAM controllers are beginning to be 
included in embedded RISC processors, 
and should soon appear in DSPs. Many 
designers, however, wou ld prefer to use 
an external DRAM controller if the on
chip controller doesn't provide an effi
cient fa st-page mode. 

RISC processors offer the promise of 
efficient C and C++ compilers as well as 
high-level development tools. Many sig
nal processing applications require real
time performance at a lower cost, how
ever, than that of currently available 
embedded RISC processors. RISC proces
sors with fast, wide multiplication, many 
kwords of internal RAM (or lockable 
caches with bus snooping) and more 
useful peripherals should eventually ap
pear and drop in price. DSPs will also 
evolve, with single-cycle instructions 
and efficient compilation of C++. 
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IRISC vs DSP 
clock periods-typically 20 ns. But 
it's just because of their speed that 
they can be programmed to provide 
throughputs comparable to that of 
their DSP counterparts. For exam
ple, as a single-processor accelerator 
to an embedded single-board com
puter, a RISC-based board provides 
an alternative to DSP boards, ac
cording to Mitchell. He likes to com
pare a 40-MHz i860 with a 40-MHz 
DSP96002. While the i860 provides 
80 MFlops of raw computing power, 
the DSP96002 is specified at a peak 
of 60 MFlops. Both devices can per
form a lK complex FFT in just under 
1 ms. Based on raw computing 

wide registers of 40 bits or larger to 
maintain high precision. If you lost 
the low bits by truncating the result 
of a multiply-accumulate to 32 bits, 
you would get an accumulative er
ror that, after several multiplies, 
turns out to be almost half the 
word." Features like 40-bit-wide 
registers can't be found in RISC 
chips, because they're not specifi
cally designed for performing hun
dreds of multiply-accumulate func
tions. RISCs tend to perform a 
mixed bag of instructions-a multi
ply, an add, a subtract-all in ran
dom order. 

A wide register file, of course, isn't 

TMS320C3X comparison with embedded controllers 
Same general-purpose features With DSP capability 

General-purpose features C3X RISC/ High-performance features C3X RISC/ 
CISC CISC 

Unified address space Yes Yes Si ngle-cycle all instructions Yes No 

Register-based CPU Yes Yes Parallel MPV & ALU Yes No 

Software stack Yes Yes Delayed branch Yes Yes 

Flexible addressi ng modes Yes Yes Zero overhead loops Yes No 

Cache Yes Yes Circular addressing Yes No 

Single-cycle bit test Yes Yes Scan-based emulators Yes No 

C language support Yes Yes 

OIS support Yes Yes 

C debugger/profiler Yes Yes 

WIS development support Yes Yes 

The people at Texas Instruments believe that their TMS320C3X family stacks up vety 
well against RISC and C/SC processors for embedded applications. In addition to the 
general-purpose functions (left), DSPs sport many additional features RISCs and C/SCs 
don't (right). 

power, the i860 operates at 25 per
cent efficiency and the DSP96002 at 
33 percent. But, Mitchell adds, the 
application software is much sim
pler in terms of size and complexity 
on the DSP96002 than it is on the 
i860, where efficient management of 
Lhe internal pipeline is critical. 

I A closer look 
Designers of DSP chips are aware 
that their devices will spend most of 
the time running algorithms with 
very unique needs not found in gen
eral-purpose computing. For exam
ple, the devices perform multiply-ac
cumulate operations in tight loops, 
one instance of this being a sine 
series expansion. This means you 
must build characteristics into your 
DSPs that will never be found in a 
general-purpose RISC machine. 
One common example of this is the 
40-bit accumulator. Intermetrics' 
Tighe observes, "DSPs have super-
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the only case where a DSP is opti
mized toward executing a specific 
class of code. David Fair, marketing 
manager for sound processing at 
Analog Devices (Norwood, MA), 
notes that since loops typified by 
multiply and add operations are fun
damental to many signal processing 
algorithms, it shouldn't be surpris
ing to see on-chip support for looping 
operations on DSPs. When a DSP 
program can be expressed in loop 
form, the coding can be simplified 
and shortened. 

When address looping is used on 
Analog Devices' ADSP-2100, for ex
ample, it's automatic and transpar
ent. Without any extra checking cy
cles the processsor determines if a 
loop should terminate, either be
cause it has run the specified num
ber of cycles or because another ter
mination condition was met. The 
processor then outputs the next in
struction address. If loop iterations 

continue, the address of the first 
loop instruction is output. In one 
cycle, the last instruction of the loop 
is executed, and on the very next 
cycle the next instruction is exe
cuted, either within the loop or out
side it when terminated. 

By having on-chip support for 
looping operations, you're saved 
from issuing a new instruction for 
every iteration of a loop, as would 
be the case in a RISC implementa
tion. That gains DSP users a two
processor-clock-cycle-per-loop ad
vantage over a RISC design 
implementation. 

According to Rick Rienhart, float
ing-point DSP program manager at 
Texas Instruments (Houston, TX), 
another special design feature 
found in a DSP but not in RISC is 
support for circular addressing. 
Circular addressing lets the proces
sor treat a small region of memory 
as if it were an infinite memory 
buffer by looping through it. This is 
a useful way to deal with infinite 
streams of data , such as speech or 
motion control data coming from an 
A-D converter. 

In operation, a direct-memory
mapped I/O device fills up a buffer. 
When the buffer is full, the DMA 
device returns to the beginning of 
the buffer and starts to fill it again. 
The processor can address that new 
data in a circular fashion without 
having to recalculate the starting 
addresses of the buffer. It's the re
sponsibility of the programmer to 
guarantee that the DMA controller 
is following in lock step behind the 
processor as it fills the memory. 

Supporting circular addressing in 
hardware removes the burden of 
programming it from the software 
developer, who no longer needs to 
manage the process. Not all DSPs 
have the feature, however. The dif
ference between a DSP that has cir
cular addressing and one that 
doesn 't is easily measurable , 
though. In the DSP with circular 
addressing, an inner loop takes four 
instructions to execute. Without it, 
a loop will take six-a 50 percent 
overhead. That means that the six
instruction DSP will run 50 percent 
slower than the four-instruction 
device. 

A RISC processor, on the other 
hand, has to handle circular ad
dressing through a test at the end 
of the loop. This makes the RISC 
device no better than the six-in
struction DSP without circular ad
dressing. 



Key commands 
accessible via simple 
pull down menus 
will give you the 
best view of DSP 
development. 

When using more 
than one DSP 
board, multiple 
instances of ViewsTM 
may be invoked. 

Void smdm{) 
{ 

sdmples = SV_aeate(FLOAT, SA_create(SG_SRAM, SIZE, 
outvec = SV _credte(FLOAT, SA_aeate(SG_SRAM, SIZE, 
for (1 = SV _scan(samples, bvrur); i > O; i-) { 

•(Roat ) SV _next(bvrur) = t; 

You can view 
registers, data 
memory and 
disassembled 
program memory 
simultaneously. 

Edit and view 
Source Code 
through programs 
such as Microsoft 
Word for Windows. 

If you think DSP is hard to develop, 
maybe you should go Windows shopping. 

When you shop around, you'll find only one DSP solution that includes a Microsoft 
Windows 3.0 debugger interface. 

The one from Spectrum Signal Processing. 
Spectrum is putting DSP to work making application development quicker and easier 

than you ever thought possible. 
By taking DSP software development to the next level of productivity, Spectrum now 

gives you the simplest, most complete solution to your DSP applications. 
Our View96'M and View5x'M development solutions include everything from Windows 

monitor debuggers, to a host of software tools including C compilers, 
assembler/linkers, libraries and operating systems. 

Plus you'll find bus and I/O flexibility, on-board A to D and D to A 
conversion, our DSP-Link'M for peripherals and much more. All backed 
by the complete technical support you've come to expect from the 
leader in DSP technology. 

Our software 

So if you've been skeptical about putting DSP to work, call 
Spectrum now and find out why everyone is looking into our 

Windows: 1-800-663-8986 (Western U.S.), 1-800-323-1842 
(Eastern U.S.) or 604-438-7266 (Canada). 

selection includes all the tools 
needed to get you up and rw111i11g fast. 

SPECTR UM 
'-/ '-./ 

Putting DSP to work 

0 1992. Spccmun, DSP-Linl , View96 and Vicw5x are rradcmarks of Spectrum Signal Proce~~mg, Inc. All other 1rademark s are 1radema rks o f their respective holders. 
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I RIS( vs DSP 
Support for efficient hardware in

terrupt logic is another advantage 
Spectrum's Mitchell feels DSP de
vices have over RISC. Typically, the 
hardware implementation of a DSP 
provides several independent inter
rupt pins (with fast interrupt capa
bility) and can be interrupted by the 
host communications port. Multi
processor interrupt schemes includ
ing broadcast, narrowcast and sema
phore can be constructed to 
minimize the overhead associated 
with interprocessor communication. 

RISC devices, on the other hand, 
provide a single interrupt pin, and 
they're burdened with the tasks of 
servicing, prioritizing and handling 
interrupts, resulting in excessive 
context switch times-as high as 
200 ms. Intermetrics' Tighe agrees. 
"Because of the large number of reg
isters on some RISC machines," he 
says, "the speed of a context swap is 
slower than on a DSP." 

Multiple internal DMA control
lers are another salient feature of 
DSP devices that distinguish them 
from RISCs. Both the TMS320C40 
and the DSP96002 have multiple 
on-chip DMA controllers to support 
overlapped data transfer and data 
processing, avoiding processor star
vation during the data transfer. 
Furthermore, the DMA controller 
exercises the address generator 
units to support memory striding for 
accessing vectors or complex ad
dressing schemes. 

I An edge in parallel processing 

Spectrum's Mitchell feels that it's in 
the numerically intensive areas re
quiring multiple parallel processors 
that DSP devices have an edge over 
their RISC counterparts. The archi
tectures of recent devices such as 
the TMS320C40 and DSP96002 en
compass unique approaches to mul
tiprocessing that RISC devices don't 
have. The TMS320C40, for example, 
is equipped with six high-speed com
munication ports for interprocessor 
communication in a range of to
pologies, including cubes, systolic 
arrays (matrix triangularization) 
and stars and rings. The 
DSP96002 has two fully indepen
dent external buses, with one ded
icated to access to global resources 
and the other reserved for local 
memory processing, memory and 
I/O. Both devices also have serial 
ports for high-speed communica
tion and control with a supervisory 
processor. 

These processor architectures 
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support efficient connection of mul
tiple processing elements at both the 
board and system levels. Mitchell 
says, "The proliferation of boards 
targeted at the embedded systems 
market, based on multiple DSP de
vices, is testimony to the ease of use 
of multiple processor integration." A 
board with two DSP96002 proces
sors operating at 40 MHz provides 

11We find that no off
the-shelf chip today 

addresses distributed 
computing require

ments efficiently. The 
DSP features are not 
robust enough, and 

RISC chips lack certain 
functionality". 

- Barry lsenstein, Mercury Computer 

I I I 

120 MFlops of peak computing 
power and can effectively perform a 
lK complex FFT in less than 0.5 ms. 
As a result, it successfully competes 
with a single-processor-based RISC 
board. 

Barry Isenstein, product planning 
manager at Mercury Computer Sys
tems (Lowell, MA), takes issue with 
Mitchell's belief that DSPs are bet
ter suited for parallel architectures 
than RISC. "We find that no off-the
shelf chip today addresses distrib
uted computing requirements effi
ciently. The DSP features are not 
robust enough, and RISC chips lack 
certain functionality," he says. Isen
stein feels that it makes more sense 
to provide added-value hardware to 
RISC to get access to its more gen
eral software aspects than it does to 
augment a DSP. 

But even if one accepts Mitchell's 
argument that a DSP has an advan
tage in this area, that advantage 
may be short-lived. Embedded RISC 
vendors have also recognized the 
benefit of building their devices with 
hardware links specifically for par
allelizable embedded applications. 
Jim Kearns, networking business 
development manager for Intel's 
i960 (Chandler, AZ), says he's seen 
customers interested in using his 
company's embedded RISC chip in 
such applications and he's actually 
working with such customers to de-

fine a next-generation architecture 
based on such a requirement. 

I DSP marries RISC 

Given enough freedom, chip design
ers could build a RISC machine that 
performed a floating-point multiply 
in one cycle. So why don't they? The 
answer is that, faced with limited 
silicon real estate, they can't. They 
must instead choose which features 
to emphasize. RISC aficionados 
have chosen the data-driven, logic
oriented data flow architecture, 
whereas DSP designers have em
phasized processing a continuous 
stream of data. 

But will RISC or CISC ever meet 
DSP on a single piece of silicon? 
Motorola's Hillman observes that 
this has already happened. Indeed, 
numerous 16-bit microcontroller 
cores have already embraced lim
ited DSP technology. On the 32-bit 
front, RISC processors are becoming 
more "DSP-like," and vice versa. 

While RISC vendors have been 
putting more numeric capability 
into the chip, DSP builders have 
been adding more general-purpose 
capability into theirs. If a general
purpose RISC engine coupled with a 
powerful DSP coprocessor on the 
same piece of silicon is what you're 
looking for, however, you may have 
to be patient-unless, of course, you 
want to take predefined RISC and 
DSP cores from a vendor such as LSI 
Logic and do what many designers 
in the military have done, and build 
your own RISC/DSP solution. • 

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

Analog Devices 
(617) 329-4700 . . . Circle 270 
Fujitsu Microelectronics 
(408) 922-9000 . . . Circle 271 
Intel 
(800) 548-4725 . . .Circle 272 
Intermetrics Microsystems Software 
(617) 661-0072 . . . .. Circle 273 
Mercury Computer Systems 
(508) 458-3100 .. . ... .. Circle 274 
Motorola 
(512) 891-2000 . . .... Circle 275 
Spectrum Signal Processing 
(604) 438-7266 . . . ... Circle 276 
Texas Instruments 
(800) 336-5236 ext. 700 . . ... Circle 277 
Timbre Engineering 
(415) 488-4649 ............... Circle 278 



RADISYS GIVES VXI 
THE INSIDE 
ADVANTAGE 

ake the inside track. Plug in 
a RadiSys® EPC®-2. It's the preferred 
embedded controller for VXIbus. And no 
wonder. We've built nearly every Embed
ded PC installed in VXI systems world
wide. Since designing the first VXI 
embedded controller three years ago, we 
continue to develop and enhance them in 
partnership with major instrumentation 
manufacturers. 

Inside more environments. Through the 
EPC's universal software interface, 
EPConnect, VXI systems are programmed 
with the most popular languages and run 
in more test development environments, 
including ATLAS, TekTMS, HP ITG, 
WaveTest, and Lab Windows. And EPCs 
support DOS/Windows, UNIX and OS/2, 
with full access to their CASE tools, com
pilers and debuggers. 

EPConnect soft
ware inclu des 
Configurator, 
Resource Man
ager, Message 
Delivery System, 
BusManager, 
BusMonitor, 
BusProbe, and 
Auxiliary 
Processor 
Interface. 

Inside vs. attached. The EPC-2 provides 
a direct 32-bit interface between the 386 
and the VXlbus for optimum system 
throughput, leaving attached-PC alterna
tives ·out in the cold. EPCs lower overall 
system costs, too, eliminating the external 
interface baggage of attached PCs. And 
no attached PC can touch EPCs for com
pact size, fewer components, ruggedness 
and higher reliability. 

The inside deal. A RadiSys EPC now 
costs under $6,000 including resource 
management software and VXI drivers. 
Call your VXI instrument supplier and 
ask for a demonstration of the RadiSys 
EPC-2 or EPC-2e. Or get "The Inside 
Advantage" direct from RadiSys at 
800-950-0044. 

Copyright ~ 1991 Rad1Sys Corporation. All rights reserved EPC and RadiSys are registered trademarks and EPConnect is a trademark ol 
RadiSys Corporation TekTMS is a trademark of Tektronix, Inc HP ITG is a trademark of HewleH·Packard Co. WaveTest is a registered trademark 
of Wavetek Corporation LabWmdows is a trademark ol National Instruments Corp Ethernet is a trademark of Xerox Corporahon 386 1s a 
trademark of Intel Corp OS/2 is a trademark of lnternahonal Business Machines Corporation UNIX is a trademark of AT&T in the USA and 
other countries 
·Languages supported vary with operallng system 

In just two C-size VXI slots, 
RadiSys Embedded PCs pack 
more power, versatility and 
flexibil ity: 
• 16 or 20 MHz 80386 CPU 
• 2, 4, 8 or 16 MByte DRAM 
• 40, I 00, or 200 MByte hard 

drive 
• 3.5" floppy drive 
• 32-bit VXIbus interface, 

IEEE-488 (GPIB) interface 
and optional Ethernet 
interface 

• 640 x 480 and 800 x 600 
VGA graphics 

• Complete VX!bus develop
ment and runtime software 
for the DOS/Windows, 
UN IX and OS/ 2 operating 
systems 

• C, BASIC, PASCAL, 
FORTRAN and ADA pro
gramming language support* 

• VX!bus Slot 0 and Resource 
Manager functions 

• 

CORPORATION 

THE INSIDEADVANTAGE 

RadiSys Corporation 
19545 NW Yon Neumann Dr. 
Beaverton, OR 97006 USA 
(800) 950-0044 
(503) 690-1229 
Fax (503) 690-1228 
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70 Mbytes/sec 

effortlessly. 
"A second generation VMEbus interface chip set from Newbridge 
Microsystems (Kanata, Ontario) offers both a pin-for-pin 
compatible upgrade from the company's earlier chip set and full 
support for the proposed VME64 performance upgrade." 

"Newbridge currently has the advantage, it would seem, in having 
incorporated the bells and whistles for distributed processing and 
multi-processing." 

" It offers board makers and OEMs a shortcut to developing 
VME64-based boards, and a way to avoid the hassle of developing 
and testing a discrete interface." 

"The Newbridge chip set is offered in a variety of packages, from 
economical plastic to full MIL-STD-883B screened versions. 
The CA91C064 DARF64 comes in a 224-pin grid, or in a PQFP 
with 1,000-lot prices starting at a little over $200." 

Warren Andrews 
Senior Editor, Computer Design 

For high performance VMEbus interfaces 
give us a call at 1·800·267· 7231. 

'1111lll~ NEWBRIDGE ,llltJ' MICROSYSTEMS 

••• 

Newbridge and logo and Calmes are trademarks of Newbridge Networks Corporation. © Copyright 1992, Newbridge Networks Corporation. All rights reserved. 
The VMEbus Handbook was provided courtesy of VITA, Scottsdale AZ.. Other brand and product names are trademarks or registered trademarks of their respective holders. 

Quotations reprinted with permission from Computer Design (page 11 4-115) Jan. 1992, Copyright 1992. 
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Analyzers fine-tune 
high-performance buses 

As standard buses 
increase in number 
and complexity, 
bus analyzers have 
progressed from 
simple logic analy
zers to specialized, 
protocol-specific 
machines. 

Warren Andrews 
Senior Editor 

A few years ago, the only 
tools available to the OEM 
system designer using a 
standard-bus architecture 
were conventional logic ana-
lyzers. Though these tools continue to improve and are effectively used at 
the board level, specialized, protocol-specific devices have almost become 
an essential ingredient in debugging and performance-tuning VME, Fu
turebus+ and Multibus II designs. 

Such specialized analyzers usually take the form of single plug-in boards 
and are presently offered by a small handful of manufacturers. In addition 
to the single-board format, many board makers also offer mezzanine cards 
which provide added functionality. But despite the sophistication of current 
bus analyzers, there are some significant changes occurring. 

I Bus trends 

Standard bus technology is on the move, looking to provide faster transfer 
rates, wider bus widths and higher performance. Also, time-to-market 
pressures are forcing OEM designers to minimize the time spent to debug 
systems and optimize performance. And as systems become increasingly 
complex, designers will want to simplify procedures-moving toward an 
intelligent front end, perhaps including a more complete graphical inter
face, consistent with many of the other design tools now available. 

Analyzer makers have already started adapting to these trends, provid
ing greater flexibility and utility-and even more changes can be expected 
in coming months. Increased hardware capability is being added, such as 
the capacity to analyze subbuses such as VSB, SCSI and proprietary P2 
buses on VME and Multibus II. Other hardware features will include 
advanced timing analyzers, anomaly detectors and tracers. In addition, the 
newer analyzers are active participants on the bus. New hardware lets them 
'tickle' the bus lines to look at how various parts of the system respond to 
critical bus-timing parameters and changes. 

Bus-specific analysis tools are also getting friendlier. On one hand, they 
offer a clear path to testing and troubleshooting, while on the other, they 
provide a high level of flexibility. For example, hardware lets the analyzer 

Silicon Control's 
VME210 VME ana
lyzer provides 
most of the stan
dard functions of a 
logic analyzer and 
works directly w ith 
the company's 
latest product, 
VMEWindow. 
This PC package 
provides a high 
resolution inter
face with "point
and-click" mouse 
control. 
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IBUS ANALYZERS 
filter out unwanted transactions so 
you need to look only at the particu
lar transactions causing a problem. 

And at the design level, the tools 
let you focus on areas where perfor
mance may be in question. Major 
gains are being made in improving 
the front end and human interface. 
In some cases, this includes adding 
a personal computer as an intelli
gent host, rather than relying on the 
traditional dumb terminal. The ad
dition of such a front end with disk 
storage capability lets you quickly 
set up patterns and exercises on the 
bus. It also provides a fast and easy 
way to look at results, especially 

On the Multibus side are many of 
the same kinds of changes that will 
have to be addressed by bus ana
lyzers. These changes will include 
an increased transfer rate on the 
parallel systems backplane, which 
may include rates of 10, 16 and 20 
MHz; a hot-swap capability; the 
ability to address more than the cur
rent 21-slot backplane; and the use 
of a higher-performance processor in 
place of the message-passing copro
cessor for extremely high-traffic 
applications. 

In addition, the rapid movement 
toward fault-tolerant computing 
and the need to provide hot-swap, 

John Simpson (left) of VMetro explains his company's Modular Analyzer System to a 
customer at this winter's Buscon West show. Simpson points out that the advantage of 
his company's product is that i t lets you look at information in exactly the format it 's 
specified in. 

with today's high-resolution screens. 
Still other products have the ability 
to store analyzed information for 
further review or postprocessing. In 
other cases, analyzers offer simple 
translations from bus-specific to 
more generic terms. 

Finally, bus analyzers must ad
dress the latest modifications to 
standard buses, as well as the char
acteristics of emerging buses such 
as SBus and Futurebus+. VME 
changes that are beginning to 
emerge include those to be incorpo
rated in Revision D-for example, 
VME64 and SSBLT-as well as 
other features expected to be 
grouped under "Recommended 
Practices (1014.2)." These will most 
probably include features such as 
hardware semaphores and multi
plexed D32 and A40 on 3U VME. 
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live-insertion board capability will 
make new demands on bus analyzer 
makers. It's likely that in response 
to these demands, bus analyzers 
will be taking on new roles, perform
ing constant system monitoring and 
diagnostics as well as analyzing per
formance for engineering develop
ment and debugging. 

"And," says John Simpson, vice
president of VMetro (Houston, TX), 
"that's just the tip of the iceberg. 
What are now board-level analyzers 
will begin to take on a far larger role, 
analyzing not only a row of boards 
on a backplane but entire systems 
networked together." 

I Bus sampler at heart 
"At the heart of bus analyzers, 
whether VME, Multibus II, Future
bus+ or whatever," continues Simp-

son, "is some kind of a bus sampler 
including a bus interface, a qualifier 
or pattern-recognition circuitry and 
a trace memory. In addition, some 
kind of processor is needed to handle 
I/O functions to and from a termi
nal." Functionally, a bus analyzer is 
capable of looking at each transac
tion on a bus, determining what 
kind of transaction it is and deciding 
whether or not it conforms to the 
bus's specifications for that kind of 
transaction. 

But providing timing analysis 
alone could easily be done by an 
advanced logic analyzer sampling 
each line on the bus. One of the 
principal things that differentiates 
bus-specific analyzers from conven
tional logic analyzers is their ability 
to perform a "state trace," where 
each transaction on the bus results 
in a single sample in the trace 
memory. 

Protocol-sensitive sampling also 
provides other features which 
identify bus transaction types 
where there is no dedicated signal 
on the bus indicating that particu
lar type of transaction. On VME
bus, for example, recognition of 
read-modify-write and block cycles 
depends on leaving the address 
strobe asserted between cycles. To 
capture this transaction, an analy
zer must include internal circuitry 
to detect this condition and then 
create its own signal to store the 
information. 

Still other information, such as 
the bus master level for each cycle 
in multiprocessor systems as well as 
an accurate identification of each 
cycle or transaction type, is often 
critical for system debugging. This 
type of information isn't available in 
conventional logic analyzers, and 
may not even be found on some bus 
analyzers. 

I It's what's up front 
Being able to sit on a bus and cap
ture and recognize bus transaction 
types is only the beginning of a bus 
analyzer's job. Getting that informa
tion to you is equally critical. Simp
son points out that one of the advan
tages of his company's product is 
that it lets you look at information 
in exactly the format it's specified in. 
"A designer," he says, "can specify 
signals in a simple language he or 
she can understand, and the analy
zer provides the necessary transla
tion of the protocols. This lets you 
view the results the same way they 
were requested." 



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 

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 

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: 
..,. __ ,. SunOS 4.1. l, Open Look, 

Open Windows, and ONC/NFS. 

All Sun application software and 

development tools run on a SPARCard 

without modification. 

64 / 
1'32 

64-Bit 
Architecture 

r e SPARCard is the only SPARC VME 

SBC built on the MBus. Sun's 
"1---

so phis tic ate d 64-bit local bus. 

Used in the SPARCseNer 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. 

, . J 

~ Fully ;"fl!' Loaded 
' ,-tie 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 DMA for blazing VME 

performance. 

SPARCard trademark pending approval by SPARC International. 
Alt others ore trademarks of their respective companies. CIRCLE NO. 49 

Real Time 
Choices 

Choose between LynxOS, VxWorks 

and VADSworks to cover any real-

1\ time requirement. Wind River's 

VxWorks is the standard for 

embedded real-time 

applications. VADSworks speaks 

ADA Or use LynxOS for a POSIX 

or UNIX compliant kernel in the target 

system. Any way you choose, Themis 

has the software for your real-time 

environment. 

The Future 

"fhe 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. 

THEMIS COMPUTER-Americas and Pacific Rim 
6681 Owens Drive. Pleasanton. CA 94588 
Phone (510) 734-0870. Fax (510) 734-0873 

THEMIS COMPUTER-Rest of World 
l. Rue Des Essarts. Z.I. De Mayencin, 
38610 Gieres, France 
Phone 33 l 76 59 60 61. Fax 33 l 76 63 00 30 



lsus ANALYZERS 

"For example," Simpson contin
ues, "an engineer can specify t.hat he 
wants read cycles that occur at a 
specific bus level in a specific ad
dress range. The analyzer then goes 
off and configures all the control sig
nals necessary to recognize that 
type of cycle and captures the data. 
When the data is presented, it's pre
sented on the screen in the same 
context in which it was specified." 

Without this capability, you're 
forced to actually do the analysis 
manually. "Without the analytical 
capability, such a product is simply 
a signal acquisition and display sys
tem, and it's up to the engineer to 
determine what's being displayed 
and whether or not it's useful," 
Simpson concludes. 

Such a capability is becoming in
creasingly important, given such 
things as VME64 and SSBLT trans
fers. It should be possible, for exam
ple, to ask the analyzer to call up 
VME64 cycles or SSBL T cycles on 
VMEbus systems without knowing 
the bus-specific extensions. 

I The inevitable PC 
While most analyzer products avail
able today use a standard VT 100 
terminal, the ubiquitous PC is start
ing to show up as an interface. PC 
interfaces have already emerged on 
at least two products-a Multibus II 
analyzer from ATM Computer 
GmbH (Konstanz, Germany) and a 
family of VME analyzers from Sili
con Control (Deerfield, IL). 

According to Laurie Burger, Silicon 
Control's director of sales and market
ing, it's important to offer users more 
power on the front end. Users are 
getting increasingly creative in the 
way they're using bus analyzers, she 
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VMetro uses a 
piggyback approach 
for added flexibil-

takes advantage of 
the high-resolution 
display available on 
the PC, but not 
available on the VT 
100 terminal." 

ity. This add-on 
board provides 
both an expansion 
trace memoty and a 
high-performance 
SCSI port. The 
larger trace mem-

Burger goes on to 
point out that 
VMEWindow also 
lets you take advan
tage of disk storage 
capabilities for stor
ing programs as 
well as data out
putted from the an
alyzer. This feature 
provides a much 
friendlier interface, 

oty increases mem
oty depth, while 
the SCSI host adapt
er lets continuously 
sampled VMEbus 
data be dumped on 
to a disk. 

says, and the type of information 
they want is even more sophisti
cated. "Particularly with the latest 
breed of analyzer that offers bus 
mastering capability, people are us
ing them [analyzers] with embed
ded diagnostics. They're creating 
many of their own routines, and 
there have been a lot of requests by 
designers to enhance the front end," 
says Burger. 

In response to this demand, Sili
con Control has developed an IBM 
(and IBM-compatible) PC-based 
product to both simplify the front
end interface and provide increased 
flexibility. ''VMEWindow is a stand
alone package that runs under DOS 
and is intended to offer users a win
dows-oriented approach to bus ana
lyzers," Burger says. "In addition, it 

not unlike what 
some of the major 
logic analyzer com-

panies such as H-P and Tektronix 
have done with their general-pur
pose products. The point-and-click 
approach lets you run through en
tire diagnostic routines more 
quickly and painlessly than having 
to manually enter things on a termi
nal keyboard. 

The PC interface gives you even 
more flexibility when utilizing the 
included macro function. You can en
ter a series or sequence of diagnostic 
steps that includes anything that 
can be done on the analyzer. These 
steps can then be "played back" and 
the results stored on disk, printed 
out, displayed, and even manipu
lated in the processor to provide out
puts like histograms. Steps can even 
include forcing the analyzer board 
into the 'master mode' and talking 

I L€cJJ 
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Inside this system resides Tektronix's DAS9200. The card, compatible with IEEE-896.2 
profiles A, 8 and F, lets designers monitor high-speed timing or bus transactions on 
Futurebus+ systems. 



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: 6B6B1 DUART, 
1/0 32 Lines Parallel 1/0 , or 16 w/ 

Centronics Printer Port 

Memory 4MB to 256MBt DRAM, 
512KB SRAM, 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 

© 1992 OMNIBYTE CORP. 

O~OIYNIBYTE 1" Corporation, 245 W. Roosevelt Rd., West Chicago, IL 60185 
Trademarks. 1-Wind River Systems, 2-Microwave Systems Corp., 3-AT&T, 4-Aeady Systems, 5-Software Oeveklpmeol Systems Inc., 6-JMI Software Consultants Inc., ·01 price, some of the features above are optional & available at added cost i.e. Ethernet +$t25, SCSI: +St SO 
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I BUS ANALYZERS 

Analyzing Futurebus+ 

F or Futurebus+ 
designers and sys
tem integrators, 
viewing bus transac
tions is critical to 
keeping the project 
on schedule. With 
the emergence of 
Futurebus+ as the 

industry-standard bus to succeed VME, 
new bus analyzer tools similar to those 
used on VME are starting to appear on 
the market. The differences between 
VMEbus analyzers and their Future
bus+ counterparts center mainly on 
the rigid electrical requirements 
adopted by the IEEE-896 Futurebus+ 
working group. 

I The electrical link 
One key to analyzing a system that's fail
ing is to view it in such a way that you 
don't add to or disguise the problem. 
The Futurebus+ standard requires a max
imum stub length of 25 mm for each 
module in the backplane to guarantee 
incident wave switching for high perfor
mance. Connecting a logic analyzer 
probe directly to the backplane's BTL 
(backplane transceiver logic) signals vio
lates this stub length requirement. 
Nimble-fingered debug engineers might 
manage to connect probes to the TIL 
side of the BTL bus transceivers on a 
module, but this will be difficult be
cause of the 2 5- to 31-mil pitch of the 
transceivers. 

Some VMEbus analyzer boards don't 
buffer the logic analyzer from the bus 
and violate not only stub length require
ments but also capacitive loading. For 
Futurebus+, a reliable electrical link is 

needed from the backplane to the 
debug engineer's logic analyzer. 

I Bus analyzer boards 
For VME there are two types of bus ana
lyzer boards-single-board bus ana
lyzers and bus analyzer boards that 
provide a connection from the back
plane to your logic analyzer. A more 
general-purpose solution for analyzing a 
Futurebus+ system involves using a logic 
analyzer coupled with a Futurebus+ bus 
analyzer board . When not debugging 
the Futurebus+, the logic analyzer can 
be used for something else. (A single
board bus analyzer can't; it has a single, 
dedicated use.) 

Bus analyzer boards-or preproces
sors, as they're sometimes called-offer 
an easy and reliable connection to your 
backplane. The data from the back
plane is latched at the appropriate time 
by latching BTL transceivers and is held 
until it's acquired by the logic analyzer. 
In this way it's preprocessed before it's 
acquired by the logic ana lyzer. To latch 
the data from the Futurebus+ correctly, 
protocol-sensitive clocking logic must be 
employed. Care must be taken when de
signing this logic, since the protocol is 
rich with exception cases. Signal integ
rity is also an issue, because a large 
number of signals will travel several in
ches from the transceivers before being 
acquired by the logic analyzer. 

Not interfering with the system under 
test is a key feature of any good analysis 
tool. Futurebus+ requires all modules on 
the bus to handshake (assert and re
lease) the bus strobe signals at certain 
times. A nonhandshaking preprocessor 
module must be designed with speed as 

Ed Aichenger, president, Future+ Systems, Westford, MA 

to other boards in the system while 
looking for specific results. "This ," 
says Burger, "is all without the ne
cessity of writing any code or learn
ing any fancy syntax." 

"In addition," says Burger, "we've 
been racing to keep up with what's 
happening in the industry in terms 
of bus enhancements. Our just-re
leased product, the VME310, in
corporates support for a variety of 
features, such as VME64, not in
cluded in our earlier-version prod
ucts. Unlike VMetro , which adds 
hardware to add new features, Sil-
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icon Control supports upgrades 
through software and firmware 
w heneverpossible. Since our boards 
incorporate a number of program
mable gate arrays, such as the Xil
inx devices, we're able to make a 
number of changes simply by chang
ing a couple of PRO Ms to reprogram 
the programmable parts." 

I New products still needed 
But that only works up to a point, 
she admits; then a new product has 
to be brought out to address major 
hardware improvements. "In our 

a priority to ensure that no handshake 
wi ll be missed. A bus ana lysis tool that 
handshakes the bus w ill affect the oper
ation of the system under test and so 
make debug difficult. In addition, hand
shaking during the data phase on Fu
turebus+, even as a bystander, requires 
the participating modules to switch on 
glitch filters during this phase. This is 
prohibited in some Futurebus+ profiles, 
particularly Profile B, the 1/0 bus profile. 

I Bus disassembly 
Once the data is acquired by the logic 
analyzer, it appears on the screen as 
lines and strings of 1 s and Os. A soft
ware disassembly package tailored to 
the preprocessor module and the logic 
analyzer can display bus activity in famil
iar bus syntax and abbreviations. For Fu
turebus+, all possible combinations of 
commands and transactions must be 
properly decoded on a phase-by-phase 
basis . This is complicated by the fact 
that certain signals mean different 
things in different phases. This requires 
that phase information be communi
cated between the preprocessor module 
and the logic analyzer on which the bus 
disassembly software runs. 

A Futurebus+ preprocessor module 
coupled with a high-performance logic 
analyzer such as the new HP16550 will 
give Futurebus+ engineers both the 
timing and state analysis tools they 
need to solve the problems their sys
tems are encountering. 

Future+ Systems has codeveloped a 
Futurebus+ preprocessor module with 
Hewlett-Packard and is a member of 
HP's Preprocessor Connection. 

next-generation product," she con
tinues, "we've added things like a 
separate trace buffer, a separate 
data collection mechanism for 200-
MHz sampling and enhancement to 
the bus master capability to allow 
transmitting and receiving at the 
same time. This also lets the analy
zer be a master on the P2 as well as 
on the standard VMEbus." 

All of these features reside on a 
single board except for the P2 inter
face circuitry, which resides on a 
separate daughterboard . "This 
way," says Burger, "users that want 
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cheap 

And its all hue. 

Okay, we admit it. We're 
hopeless perfectionists. Driven 
to produce the best boards at 
the best price. 

Take our new MVME187 and MVME167 single board 
computers, for instance. Best in performance at 38 MIPS* 
(RISC) and 26 MIPS* ( CISC), respectively. Best in value at 
$105 (RISC) and $154 (CISC) per MIPS. 

Which comes out to just $3,995 per board. And 
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you could pay for the competition's boards. Based on the 
88100 and 68040, Motorola's highest performance 

32-bit microprocessors, the 
MVME187 and MVME167 
employ VME D64 architecture. 
BoostingtheVMEbusband

width to a full 40MB/s. And both boards come with four 
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Naturally, since they're made by Motorola,,1.--
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Computer Group 
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I BUS ANALYZERS 

STIM-200 
200-MHz VMEbus/P2 stimulator 

TERMINAL (RS232) 

BUS 
REQUESTER 

VMEBUS/P2 

AS·~ 

Ds110·---~ 

ACK 

VMetro 's latest add-on component for its VMEbus analyzer is its STIM-200, which is 
a VMEbus-specific pattern generator. Acting with the analyzer in a VMEbus master 
mode, it lets you shift around clock edges in 5-ns intervals to tightly control perfor
mance parameters. 

to use VXI on the P2 or VSB , or their 
own proprietary bus simply have to 
plug in the right daughterboard." 

For its part, VMetro offers a basic 
an alyzer with a variety of plug-in 
modules to boost performance and 
add flexibility. Its Modular Analyzer 
System offers such features as an 
anomaly trigger designed to flag any 
direct violations of the VMEbus rules. 
Another module provides P2 capabil-

ity, while still others offer a timing 
analyzer and memory expansion. 

"One of our latest options,'' says 
VMetro's Simpson, "is support for a 
high-speed SCSI disk. This option 
lets engineers put together large au
dit files of system transactions for 
later review and more detailed anal
ysis . There are a number of areas 
where this is of value, particularly 
in the isolation of hidden or obscure 

VMEWindow histogram display 

00000000 I - I OOOOOFFF 10% ~ 00001000 -I 00001FFF 14% p 00002000 - I 00002FFF 18% 

00003000 - I 00003FFF 22% _r 
00004000 -I 00004FFF 26% 

00005000 - I 00005FFF 30% 

00006000 - I 00006FFF 34% 

00007000 -I 00007FFF 38% 

ADDRESS RANGE TOTAL COUNTS I 10000 

SETUP 11 GO MODE I HISTOGRAM I TRIGGER I L1 PRE-TRIG~ 
DATA 11 STOP TYPE I ADDRESS OCCURS I 

I ANALOG 11 MAIN CLOCK I DTACK STORE I ALL 

14:35 09 DEC 91 

Silicon Control 's VMEWindow uses an IBM-compatible PC instead of the traditional 
dumb terminal to let you look directly at a waveform generated by the bus. The 
"point-and-click" approach lets you quickly pull up the exact information required 
with a mouse rather than manually entering data on a keyboard. Using a PC as host 
interface also simplifies recording test sequences and results. 
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bugs, and in the analysis and moni
toring of real-time systems." 

I To the limit 

One of the more significant add-on's 
VMetro offers is its VDRIVE-PB, 
which provides full capability to ex
ercise the bus as ifit were a master. 
Taking advantage of the VIC-068 
VMEbus interface chip, it's able to 
precisely tailor timing to VMEbus 
timing specifications. "While Silicon 
Control may have been first to mar
ket with its product,'' says Simpson, 
"we believe our product offers true 
VME cycles. The Silicon Control 
product synthesizes cycles on the 
backplane that don't really look like 
true VME cycles. It tends to hold the 
bus after the signal is transmitted
a signal-oriented solution." 

In comparison, VMetro's offering 
takes a cycle-oriented approach that 
works well for many tasks. "But,'' 
continues Simpson, "the first prod
uct didn't offer engineers the ability 
to test boards to the limit of the 
specification-and beyond. An add
on product, however-the STIM-
200-provides the rest of the solu
tion." STIM-200 is a bus-specific 
pattern generator which will let de
signers use standard templates for 
bus cycles, but lets them move the 
clock edges around in 5-ns incre
ments to establish 'performance pro
files ' to determine specification com
pliance for specific boards. 

I The next generation 

While the VMEbus community is 
gearing up and analyzer manufac
turers are trying to stay with the 
pack, the Futurebus+ community is 
just starting to get off the ground. At 
least two Futurebus+-specific prod
ucts are currently being offered, 
both as preprocessor front ends to 
more conventional logic analyzers. 
One comes from Tektronix (Beaver
ton, OR) and comprises a preproces
sor extension board for the A, B and 
F profiles of Futurebus+. The back 
end ties into a Tektronix DAS9200 
with the Centurion 92A96/D/XD ac
quisition modules . 

The other product comes from 
start-up Future+ Systems (West
ford , MA). Developed as part of 
Hewlett-Packard's "Preprocessor 
Connection" program, the board ties 
into an H-P logic analyzer. Both de
vices perform much the same task, 
providing the BTL transceiver logic, 
clocking logic and some decoding 
and latching logic to support the 
896.1 protocol. 



True portables are 
totally off the wall. 

No outlets. No rechargers. No reliance on AC 
whatsoever. That's true portability. It's what 
the world is coming to. And it runs on easy-to
replace primary batteries. The next generation 
promises even smaller, lighter weight, more 
convenient portables. That depends on you, 
and you can depend on us. 

select a primary battery system from our broad line 
that includes alkaline and high power lithium 

manganese dioxide batteries. 
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IBUS ANALYZERS 
"While the solution we offer now 

requires a separate logic analyzer," 
says Ed Aichenger, president of Fu
ture+ Systems, "it may provide a far 
more flexible solution as Future
bus+ systems progress through their 
performance iterations. For exam
ple, the BTL transceivers available 
at the time the product was first 
put together were National Semi
conductor's second-generation Fu
turebus+ transceiver chips. The 
company introduced its third gen-

eration, the 'N version, at Buscon 
in February. To step up to the next 
performance level, it's only neces
sary to change the preprocessor 
board. If the entire analyzer were 
part of a single-board solution, 
each iteration would call for an en
tire new analyzer. By separating 
the logic analyzer from the pre
processor, it's also possible to take 
advantage of the latest in analyzer 
technology-once again without 
starting from scratch." 

Is This The Language 
Youre Using With Multibus II? 

$#@?! 
Not Anymore. 

~ J 

If you've tried debugging or analyzing a Multibus II-based 
system, you'l l know why P RC created the PSBA-100 Parallel 
System Bus Analyzer.This easy-to-use productivity tool helps 
you make the most of Multibus II by showing you what's 
going on inside the computer - in a clear, simple format. 

0 New high-speed serial PC interface option 
0 Data capture and display based on Multibus II protocol 
0 Fully programmable filter logic with 16 trigger levels 
0 Supports all four Multibus II address spaces 
0 Stand-alone, terminal-based user interface 
0 Save captured data and capture set-ups 

Wouldn't you like to deal with 
Multibus II in plain English? .... 1'8 
To receive further information and ..... ... 
a free demo disk, call ( 402) 293-3900. Strength Through Understanding 

PRC Inc. 1410 Wall Street, Bellevue, NE 68005 
Mulribus II is a trademari of Intel Corp. 
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The increasing complexity of ana
lyzers permits them to look not only 
at straightforward bus cycles and 
transfer types but also to provide 
more detailed information on bus 
usage and efficiency. As more and 
more systems take multiprocessing 
approaches to increase processor 
performance, bus bandwidth and its 
utilization will become ever more 
critical. 

The problem remains that we're 
not talking about one bus, though. 
The processor has its own internal 
bus, which interfaces with some kind 
of local or memory bus such as the 

"Board-level analyzers 
will begin to take on a 
far larger role, analyz
ing entire systems net-

worked together." 
-John Simpson, VMetro 

I I I 

Spare version of M bus or the 88000 
M bus, which may then interface 
with some other local, board-level 
bus, which in turn interfaces with 
the backplane system bus. And, to 
make things worse, that backplane 
bus is probably networked somehow 
with other similar-or different
buses into a larger system entity. 

According to VMetro's Simpson, 
what's really needed is some type of 
bus analysis software and hardware 
that will let you look at, diagnose 
and analyze the system as a whole , 
from the top down or the bottom up. 
Simpson's dream, however, may be 
a while in becoming reality-each 
interface presents new obstacles as 
great or greater than those the back
plane interface analyzer manufac
turers have been wrestling with for 
the past several years. • 

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. 

ATM Computer GmbH 
(49)(07531 )807-439 . 
Future+ Systems 

. .. Circle 290 

(508) 392-9016 ....... . . . . .. . Circle 291 
Silicon Cont rol 
(708) 634-9313 . . . . . . . . • . . . Circle 292 
Tektronix 
(800) 225-5434 .... Circle 293 
VMetro 
(7 13) 266-6430 .... Circle 294 



and American Eltec is the ONLY SOURCE that offers a complete 
line of VMEbus boards: CPU, graphics, and image processing. 

First, you create the idea for a system. Now 
you need to make it work. 

You need to find all of the pieces. But why 
make it tough by using a lot of different 
sources? We have all of the pieces in your 
puzzle - just one source. And we are the only 
source with VMEbus CPU, graphics, I/O, and 
image processing boards, plus the necessary 
operating systems. 

A single source makes your life easier, 
because you need to juggle fewer vendors, 
and you get better quantity discounts. 

A single source gives you confidence in a 
successful application, because everything is 
compatible right from the start. You can take 
advantage of all special board features and 

capabilities. And you'll get better software and 
application support. 

It is tough enough to design a complex and 
powerful VMEbus system. Buying compatible 
boards and operating software from one 
vendor makes your life easier, and gets your 
system functioning faster. 

Call the one source for CPU, I/O, graphics, 
and image processing VMEbus boards: 
American Eltec. 

We make your ideas work. 

American ---

-----

USA American Eltec, Inc. • 4340 Stevens Creek Blvd., Ste. 204 • San Jose, CA 95129 • Tel. (408) 244-4700 • Fax (408) 244-5544 
Germany Eltec, ElektronikGmbH • Galileo-Galilei-Strafle 11 • 0-6500 Mainz 42 • Tel. (0 6131)9 18-0 • Fax (0 6131) 91 81 99 
France Eltec International SARL • I, Allee des Garays F-91120 Palaiseau • Tel. (I) 64 4 7 18 77 • Fax 64 4 7 09 33 
U .K. Eltec International PLC • 45 Caldecotte Lake Drive • Milton Keynes, MK7 8LF • Tel. (09 08) 36 64 99 • Fax (09 08) 27 46 00 
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A
s a design engineer, higher speeds and greater 
~omplexity of electronics systems are making your 
)Ob more challenging. And with clock speeds 
climbing to SOMHz and beyond, analog 

characteristics are becoming major considerations for 
digital design. 

According to Technology Research Group, 40% of all 
ASICs will be mixed analog and digital by 1994. With 
this kind of demand, today's designer must be informed 
and prepared. Finally, there's a source of objective and 
up-to-date information on mixed signal design-The 
Analog and Mixed-Signal Design Conference. This technical 
conference, sponsored by Computer Design Magazine, 
features over 50 lectures and workshops 100% dedicated 
to your needs. Nowhere else will you find so much 
information, technology and expertise under one roof. 

HIGH QUALITY WORKSHOPS 

Respected engineers will offer 
high-quality information that 
you can immediately use to 

complete your design projects 
more quickly, creatively, and 
e.legantly. Yo~'ll learn about analog and mixed-signal 
simulators, different design techniques, analog 
implications of high-speed systems, and much more in 
workshops such as: 
• Analog Effects in High-Speed Design 
• Mixed Analog/Digital Design Modeling, 

Simulation, and Test 
• Selecting the Optimum Analog Devices 
• Digitizing Analog Functions 
• Solving Convergence Problems in SPICE 
• Configuring Mixed-Signal with ASICs 
And much, much more. 

PRACTICAL HANDS·ON INSTRUCTION 

WHO SHOULD AnEND? 
The Analog & Mixed-Signal Design Conference is dedicated 

to the unique needs of mixed-signal 
design. If you're a digital designer 
addressing the problems of high-

~ • speed designs, a digital designer 
• involved with analog, or an 

engineering manager making decisions about CAE/CAD 
tools you must attend this conference. 

QUESTION AUTHORITY 
The Analog & Mixed-Signal Design 
Conference Vendor Products Exhibition 
features booths crammed with the latest in 
analog and mixed-signal design tools. As 
questions arise during the workshops, you 
can go directly to the vendor authorities 
on the exhibit floor for answers. They will 
be on hand to let you try out and compare 
products, give you a clear grasp of the 
practical tools available, and tell you where to look for 
new avenues of information exchange. 

As an attendee at the Analog & Mixed-Signal Design 
Confere~ce you'll learn how to improve your design skills, 
how to increase productivity, and where to turn in order 
to ensure design success. All in three days under one roof. 

Join your colleagues this October in Burlingame. The 
Analog & Mixed-Signal Design Conference promises to be 
one of the most significant industry events of the year! 

For more information call 
Tom Loftus at (415) 905-2354 
or Fax (415) 905-2220. 
Sponsored by Miller Freeman Inc. 
P.O. Box 7843 
San Francisco, CA 9412 0-7 84 3 
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1~-""' 1 , exposed to academic 
papers that had little 

bearing on your design 
problems. The Analog & 

Mixed-Signal Design 
Conference is different. You'll 

find in-depth, practical and real-world 
information from industry experts who 
have been there. They'll give you 
knowledge you can bring to the 
workstation tomorrow! 

Tell ~e more ab.out the Analog & Mixed-Signal Design Conference. 
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FPGAs race for the gold 
in product development 

Barbara Tuck 
Senior Editor 

Gate arrays and standard-cell AS/Cs are still the big 
winners when it comes to product development, but 
FPGAs are closing in with competitive benefits such as 
design flexibility, reduced cost and quicker time-to
market. 

In these tough competitive times, 
system designers are racing to build 
cost-effective products and get them 
out the door before the next guy 
does. Just as designers are turning 
to hardware description languages 
and synthesis as design aids on the 
tool side, so are they turning in in
creasing numbers to FPGAs on the 
silicon side to help them meet tight 
schedules and to stay one step ahead 
of their end users and competitors. 
Wherever FPGAs can meet perfor
mance, density and functionality re
quirements, designers are looking to 
the programmable devices for at 
least a partial solution. 

I Designs weren't frozen 
The need to respond to evolving 
specifications throughout the devel
opment cycle has made designers at 
Silicon Engines (Palo Alto , CA) turn 
to FPGAs. They used FPGAs to 
build the random logic portion of 
their new multichannel spectrum 
analyzer, which is key to NASA's 
Search for Extraterrestrial Intel
ligence (SETI) program. The spec
trum analyzer, which looks at a 10-
MHz bandwidth and analyzes down 
to a 1-Hz resolution, will be pointed 
at the heavens to search for intelli
gent radio signals. Richard Povey, 
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senior digital designer at Silicon En
gines, reports that the overall de
sign requirement for the spectrum 
analyzer was evolving while the engi
neers were implementing the design. 

To build the spectrum analyzer, Sil
icon Engines' designers had to do two 
full-custom chips-a digital signal 
processing engine and a very large 
synchronous memory module-and 
had to rely on 5-ns PALs from Texas 
Instruments (Dallas, TX) for clock 
multiplexers. But wherever they 
could use FPGAs to soak up function
ality and to accommodate design 
changes, they did. "For much of the 
circuitry, we didn't have the option to 
prespecify," says Povey, "so we 
couldn't go to a gate array." 

The designers started with a lot of 
large building blocks and then fig
ured out how to interface those 
blocks. "Our approach was simply to 
make a design that fulfills the re
quirements-to use a particular 
piece for a specific function because 
we know it works," explains Povey. 
"With synthesis, we would have 
wound up asking what out there fits 
well with our synthesized design, 
and perhaps would not have found a 
good fit." 

Povey says that the spectrum 
analyzer board he worked on has 

more than two dozen Altera (San 
Jose, CA) MAX 5192 and 5130 
EPLDs, with probably 20 distinct 
designs among them, andfiveXilinx 
(San Jose, CA) 3090 logic cell array 
(LCA) FPGAs, with three distinct 
designs. He chose Altera's MAX 
parts for address decoding over Xi
linx components because there's a 
potentialproblematpower-upwhen 
Xilinx LCAs, or any other SRAM
based FPGAs, are used for this pur
pose. "The Altera devices are very 
logic-rich," says Povey. In contrast, 
the Xilinx LCAs are flip-flop-rich, 
making them very good for data 
multiplexing. 

I Changes over product lifetime 
A three-month deadline and the 
likelihood that design changes 
would be required over the product's 
lifespan drove Scientific Atlanta 
(Norcross, GA) to use Xilinx LCAs 
for a piece of cable TV equipment 
that provides CD-quality digital mu
sic, permitting cable users to receive 
simulcast stereo sound with na
tional TV channels. 

Staff engineer David Burleson re
ports that three LCAs went into one 
system box and seven into another. 
"There are no PALs at all in the 
design, but we had to hand-route 



some runs that are as high as 34 
MHz," he says. In addition to Xilinx 
tools, the Scientific Atlanta design
ers used the Susie simulator from 
Aldec (Newberry, CA). "If we hadn't 
simulated everything, we'd still be 
debugging today," Burleson warns 
fellow users. Since the cable equip
ment is not a high-volume product, 
converting to an ASIC is not an issue 
for Scientific Atlanta. 

I Conversion an issue 

For Bob Hackett, a Xilinx user and 
engineering manager in charge of 
VLSI designs at Integrated Network 
(Bridgewater, NJ), conversion to a 
full ASIC is very often an issue. "If 
time-to-market is the most impor
tant consideration," says Hackett, "I 
use Xilinx up front and then convert 
to a gate array if the volume's going 
to be more than a couple of thousand 
a year." 

To Hackett, the cost consideration 
is more than the up-front NRE (non
recurring engineering expense) ----.~ 
compared to FPGA costs. "We have 
to consider the total cost of the prod
uct in the end. We can't afford to 
have a $20 part in a $100 product. 
Although FPGA vendors sometimes 
claim that FPGAs will save you 
money even when volumes hit the 

\ 
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I FPGAs 

tens of thousands, it's not true." 
Having been in the gate array busi
ness, Integrated Network has ex
pertise at converting FPGAs to 
ASICs and can do it without diffi
culty, according to Hackett. 

Hackett's designers choose a sili
con implementation in the very be
ginning of the design cycle. Even 
when they know they'll be convert
ing from Xilinx LCAs to a gate array 
or standard cell, they concentrate 
on getting the logic to work in the 
LCA, rather than beginning with 
the ASIC design and then proving it 
out in an FPGA. "If the 
design requirements in
volve more than 4,000 or 
5,000 real gates," says 
Hackett, "we won't be 
able to get it into a Xilinx 
LCA and will have to go 
to an ASIC." 

At what volume does it 
make sense to go with a 
standard-cell implemen
tation? "It's not necessar
ily true that there's a vol
ume number that can 
dictate your choice. Just 
get all the quotes in from 
the foundries," suggests 
Hackett, "and examine 
them for the cheapest 
path." 

Sandi Rabine is another propo
nent of the black-box approach. A 
design engineer at Saab Ericsson 
Space (Gothenburg, Sweden), he re
ports that a Saab design team de
cided they couldn't prototype with 
FPGAs after making a system-level 
black-box model of the Columbus 
project, an embedded processor 
board for the Freedom space station. 

"We have better control over 
PLDs than FPGAs," explains Ra
bine. Speed was also a determining 
factor. ''With a system clock of 40 
MHz, it was obvious what to use." 

finite-state machines and combi
national logic as well as structural 
descriptions. The designers then 
further synthesized their PLD
based design with LOG/iC, which 
does Boolean minimization and pro
duces JEDEC files. For simulation, 
the designers had to move from a 
personal computer to a workstation 
environment, where they simulated 
one PLD at a time using QuickSim 
from Mentor Graphics (Wilsonville, 
OR). 

To simulate the ASIC in VHDL, 
Saab designers are trying to move 

all of their VHDL code for 
theColumbus project from 
Hint to Model Technology's 
(Beaverton, OR) V-System 
VHDL simulator. They'll 
use it on PCs for design 
capture and some system
level simulation. 

Though Hackett de
cides on a silicon imple
mentation first, he goes 
through almost the en
tire design cycle before 
deciding on a silicon ven
dor. An HDL and syn
thesis fan, he uses the 
Boolean-equation-based 
Bool HDL and MIS II 
gate-level synthesis 
developed at the Univer

For most of the system
level simulation, the de
signers intend to move 
their VHDL code-which 
is "hopefully portable," re
marks Rabine-to Men
tor's VHDL-based System 
1076. ''When you go to an 
ASIC, you want to see how 
much of the code and the 
design work you can 
reuse," he says. ''You don't 
want to lose code and work 
and money going from one 
tool to another. We're try
ing to figure out how por
table Mentor is. We hope 
we're not doing the beta 
testing now." 

The Saab designers, 
continuing up the synthe
sis ladder, are now plan
ning to replace LOG/iC 

Silicon Engines' design engineers Richard Povey (right) and 
Adrian Jeday (left) used Altera EPLDs and Max+Plus develop
ment tools to implement the random logic portion of their new 
multichannel spectrum analyzer, the heart of NASA's Search for 
Extra terrestrial Intelligence (SETI) program. The designers are 
running Altera's MAX+Plus software on a Sun workstation fo r 
hardware description language compilation, logic synthesis and 
design fitting. 

with either Synopsys 
(Mountain View, CA) synthesis or 
Mentor's AutoLogic VHDL Release 
8.0. "Much of the problem is that you 
have to stick with what AutoLogic 
can do when you're going from a 
high-level description to where you 
can synthesize to code," says Rabine. 

sity of California at Berkeley. 
Hackett's first synthesis step is 

pretty much generic. He reads data 
from several vendors' data books 
into the MIS II synthesis tool and 
synthesizes the design to see if the 
logic will operate correctly. Later, 
the design will be mapped into the 
technology that best meets the tim
ing specifications of the relatively 
high-speed telecom devices Inte
grated Network builds. 

I Just make it work 
Basically, Hackett's design philoso
phy boils down to: "Put your design 
in a black box and make it work. 
There's nothing magic; just make 
the logic design work and put it in a 
package." 
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The Saab team used 40 Advanced 
Micro Devices (Sunnyvale, CA) 15-
ns 22Vl0s to handle CPU cycles, 
I/Os and such. Since neither PLDs 
nor FPGAs are valid for space use, 
and since gate arrays are not classi
fied by European space agencies, 
Saab is now in the process of con
verting the 40 22V10s into two cell
based ASICs-with 30 PLDs going 
into one ASIC and 10 into the other. 

The Columbus project has been 
Saab's introduction to VHDL. 
Having previously used Abel from 
Data I/O (Redmond, WA) for PLD 
designs, Saab designers this time 
chose Hint, the VHDL option in the 
LOG/iC synthesis tool from Isdata 
(Monterey, CA), to describe and com
pile their PLDs. Hint can synthesize 

In the future, Saab designers will 
try to use FPGAs, and their engi
neers are currently involved in a 
project where they're comparing dif
ferent FPGA technologies. 

I FPGAs meet space constraints 
Billy Beckworth, president of sys
tems-design firm Beckworth Enter
prises (Mesquite, TX), has already 
made the switch from heavy reli
ance on 22V10s to the adoption of 
FPGAs. Beckworth discovered he 
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had to go beyond 22V10s when faced 
with design requirements for a se
cond-generation SBus interface 
board that would let a mainframe 
laser printer interface to a Sun Mi
crosystems Sparcstation. 

Even if he weren't limited to a 
15-in.2 footprint, the cumulative 
propagation delay of the 22V10s 
would have made them unaccept
able, he says. Although a custom 
gate array would have satisfied his 
real-estate concerns, Beckworth 
couldn't afford the up-front NRE for 
a masked device. On top of that, he 
didn't anticipate volume production 
since the board is a captive design. 
"You get locked in when you go to a 
full-blown gate array," he says. "I'd 
really have to have a hot design to 
do that." 

After comparing the FPGA tech
nologies of Xilinx and Actel (Sunny
vale, CA), Beckworth chose Actel for 
its security features and finer 
granularity. As the only vendor 
making SBus channel drivers, Beck
worth needed to protect his design. 
"With an external SRAM to hold the 
device configuration program, as is 
the case with Xilinx, the risk of com
petitors mapping out the SRAM and 
determining the circuit design was 
too high," he comments. He chose 
Actel because the chip is completely 
programmed internally with anti
fuses, and it provides security ele
ments that can be blown to protect 
the design by preventing the map 
from being read. He also felt that the 
finer granularity of the Actel archi-
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Billy Beckworth, 
Actel user and 
president of sys
tems-design firm 
Beckworth Enter
prises, used 
22V10s until he 
couldn't fit 
enough of them 
on to the foot
print for a single
s/at SBus interface 
board he had to 
build. Beckworth 
used a pair of 
Acte/'s 2,000-gate 
A1020 FPGAs and 
later redesigned 
the board for ex
tra functionality 
with Actel's new 
8,000-gate A 1280 
FPGA. 

tecture would allow a more flexible 
design approach. 

Beckworth used schematic entry 
software from Viewlogic Systems 
(Marlboro, MA) and implemented 
his design in a pair of 2,000-gate 
A1020 FPGAs; he put the SBus inter
face and a FIFO memory interface 
into one A1020, and the logic to han
dle the printer channel interface into 
the other. Because he partitioned the 
board so the two FPGAs shared no 

common circuitry other than power 
and ground, Beckworth was able to 
drive the devices with separate 
asynchronous clocks, the first at 25 
MHz and the second at 5 MHz. 

A year later, Beckworth's cus
tomer requested a modified version 
of the board with a parallel input 
port plus two serial synchro
nous/asynchronous ports to be com
bined with the original channel con
troller logic, all on the same 
single-slot SBus form factor. He con
verted from the Al020-based design 
to one based on an Actel 8,000-gate 
A1280 FPGA. Although this time 
the requisite drivers and receivers 
for the various interfaces had to re
side on an external interface board, 
Beckworth reports,"The arrival of 
the new A1280 with its 140 user I/Os 
and 8,000 equivalent gates was the 
key to making the design possible at 
all." He adds that the A1280's dual 
clocking networks made the device 
ideal, particularly since the original 
design required two independent 
clocks. 

Instead of recompiling the A1020 
design for the A1280, Beckworth 
took the A1020 building blocks and 
enhanced them for the A1280 archi
tecture. "The conversion process 
was a snap," he says. 

The Actel A1280 FPGA also came 
to the rescue of defense contractor 
Interstate Electronics (Anaheim, 
CA), which had barely gotten a 25-

Defense contractor Interstate Electronics turned to Actef's 8,000-gate A 1280 FPGA to 
implement quickly a 650-Mbitls modem for NASA. Going with either an all-GaAs so
lution or all gate arrays would have been too expensive. Instead, Interstate used a 
parallel-processing solution with discrete GaAs for speed, a parallel data path of 
eight A 1280s (four A 1280 sockets open in photo) to store and distribute data, an LSI 
Logic gate array (used four times) to synchronize the sample data from the FPGAs, 
followed by another pair of A 1280s for sample recombination. 
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Mbit/s modem into production for 
NASA's second relay satellite sub
system ground terminal when it re
ceived word that NASA would be 
needing a 650-Mbit/s version of the 
device. The opportunity to win the 
NASA project motivated the Inter
state designers to locate a solution 
to the speed problem at once. 

If the designers opted for a paral
lel processing solution using dis
crete GaAs parts for speed at the 
input, they could then go with Actel 
FPGAs for a parallel data path. 
''Whatever logic lent itself to FPGAs, 
we put into FPGAs," says staff engi
neer Matt Thompson. 

I GaAs too expensive 
An all-GaAs solution would have been 
too expensive, though. And, as for im
plementing the entire design in gate 
arrays, the designers had already 
spent considerable NRE dollars for a 
60,000-gate custom gate array that 
housed high-speed multipliers plus 
surrounding logic. Though a single 
NRE charge actually covered four 
ASICs (the gate array would be used 
four times over in the design to syn
chronize the sample data received 
from the FPGAs), incurring a second 
NRE was rejected. 

Also, it would have taken too 
many PALs or even higher-complex
ity PLDs, according to Interstate, to 
implement the array of 32 shift reg
isters, each one 32 x 3 bits wide, 
needed to store sample data and dis
tribute it to the bank of four custom 
gate arrays. By combining the out
puts of the shift registers, Interstate 
could produce 16 channels, each con
taining 32 consecutive samples, and 
each running at 40 MHz. 

The company used eight Actel 
A1280s for the array of shift reg
isters and another pair at the 
back end of the system for sample 
recombination. Designers chose 
the Actel A1280 because of the 
speed requirements of the system 
and also because the Actel fuse 
map uses a nonvolatile technol
ogy. Designing with Xilinx 
SRAM-based LCAs would have 
required downloading all fuse 
map information each time the 
system was powered up. Inter
state designers were afraid, ac
cording to Thompson, that with 
all the high-speed digital switch
ing on their board, the slightest 
noise glitch might cause the Xi
linx device to be configured incor
rectly and malfunction. 

Stephen Cowen (foreground), VLSI development engineer at 
Integral Peripherals, and design engineer John Mount test an 
ASIC prototype of a 1.8-in., 20-Mbyte drive. Integral Peripher
als developed its dri ve using half a dozen Xilinx 3042 FPGAs, 
and then migrated the design to an S-MOS gate array (middle 
chip on right side of pc board shown to the right). 
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Though they didn't have time to 
ramp up on VHDL or synthesis for 
either modem, Thompson says In
terstate designers will use VHDL on 
their next project. He reports that 
synthesis might have alleviated the 
necessity to redo schematics to get 
the design information into a format 
that could be used to program the 
Actel FPGAs. 

I Racing competitors to market 
The most significant benefit of pro
totyping with FPGAs is time-to
market, according to Dirk Hayden, 
senior project manager at Larse 
(Santa Clara, CA), a maker of data 
communication boards for high
speed digital networks. "It's not 
the risk of going through two sets 
of masks," says Hayden, "it's the 
time." 

Acting as a beta site for Concur
rent Logic (Sunnyvale, CA) FPGAs 
at present , Hayden's company 
looks for devices that are sup
ported by Viewlogic on PCs, offer 
second sources and are flip-flop
and latch-intensive rather than be
ing speed-intensive. Hayden even
tually targets masked devices but 
initially uses FPGAs for any appli, 
cations-oriented circuitry and 
PALs for high-speed microproces
sor decoding. 

Has migrating from FPGAs to 
gate arrays caused problems? "Yes," 
he says, "we've had problems, but of 
our own doing." Larse has gone with 
Viewlogic to alleviate some of those 
problems and relies on the conver-
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sion services of American Microsys
tems Inc (AMI; Pocatello, ID). 

Designers at Integral Peripher
als (Boulder, CO) also targeted a 
gate array for what they're claim
ing is the first 1.8-in. disk drive, 
but they chose to prototype and 
test the immature design in Xilinx 
FPGAs. 

VLSI development engineer 
Stephen Cowen says, "We chose re
programmable Xilinx parts be
cause the design was so young and 
would be changing, and it would be 
interfacing to chips that would be 

the software developers' hands 
quickly, so top priority was assigned 
to whatever the programmers 
needed to be functional. Designers 
wound up fitting the disk-drive func
tionality into about half a dozen Xi
linx 3042s. "Since cramming logic 
into the Xilinx parts means routing 
iterations, we kept the circuitry 
sparse," says Cowen. 

The designers asked gate array 
foundry S-MOS Systems (San Jose, 
CA) to recreate the drawings with 
its own library elements. Because 
they had used a hierarchical draw-

Designed for today's RISC- and CISC-based systems, a pair of Quicklogic QL8x12 
FPGAs (shown here with logo of end-user Universal Computing [San Diego, CA]) are 
used to implement the memory and bus interface for a graphics and numerics accel
erator based on Intel's 40-MHz i860XR. last month, Quicklogic introduced its 
QL12x16 pASIC. With 2,000 usable gates, the new FPGA doubles the density of its 
predecessor. 

changing. One-time-programmable 
Actel parts would be too expensive." 

I Hierarchical approach 
Since the designers knew up front 
they'd have to go to an ASIC to sat
isfy the footprint they were con
strained to, they took a hierarchical 
approach and used View logic tools to 
draw a huge schematic to represent 
the ASIC they were targeting. 
Within that schematic, they drew 
blocks using Xilinx library ele
ments. Using Viewlogic tools, the 
designers broke up functionality 
into encode/decode for the 
read/write channel, servo sequencer 
and glue logic. Since there was lots 
of code involved, Cowen said it was 
very important to get hardware into 

98 APRIL 1992 COMPUTER DESIGN 

ing, Integral's designers were able to 
enter the S-MOS library elements 
under the Xilinx library on View
logic instead of generating a new 
schematic. 

Why did Integral Peripherals 
choose a gate array over a cell-based 
ASIC? "Because we had an entirely 
new architecture, designed from 
scratch and very immature," says 
Cowen. "It will be a miracle if we 
don't have to return this design one 
more time, maybe in half a year. 
When the design matures and the 
architecture solidifies, we'll go to a 
standard-cell implementation." 

Like system designers at Integral 
Peripherals, Eastman Kodak (Ro
chester, NY) designers use Xilinx 
LCAs as early engineering proto-

types when they're designing some
thing they're unsure of for their 
high-end printers, reports senior en
gineer Greg Huber. Then the stan
dard procedure is to migrate to a 
gate array. "In general, Xilinx parts 
are too expensive for production," he 
says. ''Xilinx reprogrammability on
the-fly is a useful feature , though, 
when you have a number of different 
applications and interfaces. Then 
it's worth the extra dollars," he adds. 

The Kodak designers wrote a Xi
linx library for Synopsys but have 
been unsuccessful in getting the tool 
to synthesize their logic. "It's very 
wasteful," says Huber. "It seems to 
have a mindset of its own and 
doesn't use the options available." 

The company's just installed the 
ArchSyn behavioral synthesizer, ex
clusively offered by Dazix/Inter
graph (Huntsville, AL), and based 
on research and development at 
AT&T Bell Laboratories (Berkeley 
Heights, NJ). As soon as they're 
equipped with the necessary tools, 
the Kodak designers will write a 
library for Xilinx to run on ArchSyn. 

In addition to using Xilinx parts 
for displaying and rendering func
tions, they use Altera's MAX EPLDs 
for smaller functional blocks and 
state machines. 

I Room for FPGAs and ASICs 
A surprising number of projects 
wind up in both FPGA and ASIC 
implementations during a product's 
life cycle, says Mark Beal, vice-pres
ident of engineering at ASIC design 
house Nebula (Westboro, MA). "We 
always ask if we can use an FPGA 
as part of the design process. And if 
so, ifit can be used long-term," says 
Beal. "Most end users intend to con
vert FPGA-based designs to an 
ASIC, but many never do." 

According to Beal, the reasons his 
customers choose FPGAs include 
the possibility of changing a design 
downstream, flexibility for a design 
that may not be frozen and ease of 
prototyping to accommodate soft
ware developers. 

"Sensitivity to the NRE costs for 
ASICs is also a factor," says Beal, 
"but to say there's no NRE with an 
FPGA is something of a fallacy. The 
cost differential between an FPGA 
and an NRE for an ASIC can actu
ally be taken up in engineering." 

The time element for a fully char
acterized FPGA that's been de
signed reliably is about the same as 
for an ASIC , according to - Beal. 
"That's because it takes more time 



Economics forces innovation in reusing existing designs 

I t could be argued 
that the saying, 
"Time waits for no 
man," was written 
to describe the di
lemma of the elec
tronic system manu
facturer of the 
1990s. Economic re

alities have hit this formerly explosive in
dustry, forcing manufacturers to modify 
existing business models. 

The most significant challenges for 
system manufacturers today are meet
ing time-to-market and cost constraints 
while product life cycles decrease and 
product complexity increases. Competi
tion is fierce. Everyone on a new de
sign's critical path is affected . 

The introduction of FPGAs in the mid-
1980s caused the first structural shift in 
the design cycle for system manufactur
ers. Turnaround time for ASIC proto
types can range from one to six months. 
By contrast, FPGA design implementa
tions typically average one to six weeks. 
FPGAs offer additional advantages: 

• No nonrecurring engineering ex
pense (NREs) 

•Total design cycle control, and 
• Standard products. 

By combining user programmability 
and logic capacity approaching that of 
"hard" ASICs, FPGA technology has be
come the strategic weapon for system 
manufacturers. 

But that's only part of the story. The 
benefits of FPGAs inherently address the 
"back end" implementation phase of 
the design cycle. FPGAs offer tremen
dous assets to help reduce physical de
sign steps. Further improvements to the 
back end of the design cycle will only of
fer incremental time-to-market leverage. 

A second structural shift in the design 
cycle for system manufacturers comes 
from shrinks in the "front-end" design 
entry phase. The combination of power
ful logic synthesis tools and FPGA tech
nology is now becoming the strategic 
weapon of choice for electronic system 
manufacturers, both small and large. 

Melding logic synthesis and FPGAs is 
being driven by these economic forces: 

•A single FPGA can replace up to 50 
PLDs, 

• FPGA performance and cost can 
vary widely for a specific design, de
pending on the architecture, and 

• Hard ASICs still offer significant cost 
reductions on a per-part basis for vol
ume production . 

While these economic factors are com
pelling, the redesign time required can 
eliminate the benefits. System manufactur
ers dread a missed market window. The 
ability to redesign quickly, automatically 
and without sacrificing performance is the 
imperative of the 1990s. Logic synthesis 
specifically designed for FPGAs makes pos
sible these benefits. 

No design entry revolution happens 
overnight. There are more than 100,000 

the enabling technology for this type of 
design flexibility-logic can be retar
geted and reconfigured to best fit the 
device. 

FPGA-specific synthesis wi ll become a 
design mandate as FPGA designs reach 
10,000-gate complexities. It was at this 
point in the ASIC design methodology 
where benefits of a hardware descrip
tion language's synthesis entry methods 
were understood and accepted. 

HDL entry of FPGAs requ ires sophisti
cated and technology-specific opt imiza
tion and mapping. The solution is FPGA
specific logic synthesis and optimization 
tools. Logic synthesis software automat i
cally translates high-level logic descrip
tions of digital circuits to the gate level. 
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discrete logic and PLO designers today. 
These designers don't want a new meth
odology. They want to solve today's de
sign problems with "reuse." This 
means a logic synthesis tool must read 
JEDEC and Palasm-standard languages 
of PLO designers. 

Today's tools must not only "synthe
size," but optimize for the target de
vice, using many of the same tech
niques you would utilize if redesigning 
the chip by hand . 

At least 20,000 turnkey FPGA design 
packages from companies such as Al
tera and Xilinx are now in place. Design
ers using one or the other of these pack
ages must be able to freely move 
between them. FPGA-specific synthesis is 

NO NRECOSTS 
PHYSICAL STANDARD PRODUCT 

IMPLEMENTATION 

PHYSICAL 
IMPLEMENTATION 

Logic optimization software min imizes a 
circuit to reduce silicon area, increases 
speed and makes trade-offs based on 
user-supplied constraints. 

Exemplar's philosophy is to support 
standard interfaces and entry formats, 
supply a wide range of FPGA libraries 
(coupled with architecture-specific op
timization algorithms) and focus on 
the details of reimplementing logic in 
target devices which have dissimilar li
brary elements. 

As FPGA design becomes as common
place as ASIC design, tools will be devel
oped to meet the FPGA designers' 
needs, while achieving business and eco
nomic objectives of electronic system 
manufacturers. 

Ronald P. Ranauro, vice-president of marketing and sales, Exemplar Logic, Berkeley, CA 
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to meet timing constraints. FPGAs 
are so much slower, you have to de
sign them more carefully." 

What , then, is the point of 
FPGAs? "The real advantage to 
FPGAs," says Beal, "is the ability to 
change designs quickly. The equiva
lent of one NRE may be taken up by 
an FPGA, but three or four NREs for 
an ASIC would be prohibitive." 
When deciding between FPGAs and 
gate arrays for a silicon implemen-

use VHDL for new designs. "If you 
specify the design in VHDL, the re
design effort is much smaller," re
ports Beal. "The I/O pads have to be 
dealt with differently, but most of 
the work has been done up front." 

Nebula designers also use the 
Viewlogic toolset. Schematics are 
necessary for connecting blocks of 
synthesized logic as well as I/O pads, 
and also for control logic that's diffi
cult to describe .. 

Decision tree 
HIGH 

REGISTER INTENSIVE COMBINATORIAL INTENSIVE 

> 145 PINS 

LOW STANDBY 

SEGMENTEDNARIABLE DELAY GLOBAUFIXED DELAY 

SRAM/ANTIFUSE EPAOM/EEPAOM 

FPGA EPLD 

MAX EPLD maker Altera prepared this diagram to help users, faced with a set of 
design requirements, determine whether to use FPGAs or PLDs as a silicon 
implementation. 

tation, Beal says, "It's not so much 
an either/or situation but a both/and 
situation, where you might proto
type with an FPGA and later mi
grate to an ASIC, or begin with an 
ASIC and validate your design in an 
FPGA. But for production you want 
an ASIC. The difference in price is 
enormous." 

I Nebula uses VHDL 
At Nebula, designers use VHDL
based tools from Exemplar Logic 
(Berkeley, CA) to remap FPGA tech
nologies to ASICs, or ASIC technolo
gies to FPGAs. Though they can't 
use VHDL for existing FPGA de
signs that customers want re
mapped to an ASIC , designers do 
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Though FPGA tools are catching 
up to FPGA silicon technology, San 
Diego-based consultant Mike Denie, 
who specializes in programmable 
logic design, says, "At this stage of 
technology, nobody can afford the 
slop that comes with synthesis for 
FPGAs." 

Still, Denie wishes he had had 
some of the tools currently available 
a few years ago when he couldn't 
find any way around using 72 
22V10s and 20V8s in addition to a 
trio of Xilinx 3042 FPGAs in a piece 
of ultrasound equipment. With pro
duction runs of 10 a month for the 
quarter-million-dollar equipment, 
end-user Philips Ultrasound 
couldn't justify the NRE for an 

ASIC. In addition to cost reasons, 
according to Denie, "It would have 
been impossible to know what the 
requirements would be. The design 
was a moving target because of com
petition." Denie says that designers 
ended up doing about a dozen itera
tions before finishing. 

With today's tools, Denie says he 
might have mapped the dozens of 
PLDs into FPGAs. He might also 
have chopped out about 30 or 40 
chips if he could have considered 
Xilinx and Actel FPGAs for what he 
calls 'dataflow garbage collection,' 
Altera's MAX EPLDs for control 
logic, Concurrent Logic's FPGAs for 
pipelining, and Atmel's (San Jose, 
CA ) high-performance complex 
PLDs, for which he has a great deal 
of respect. "But in the real world, 
you don't have access to everyone's 
silicon," says Denie. "You go to the 
director of engineering and ask him 
for $10,000 for a certain complex 
PLD or FPGA vendor's development 
system, and you're stuck with that 
silicon." 

Even with a vendor-independent 
tool like that from N eoCAD 
(Boulder, CO), Denie says that "It 
costs about $15,000 for the basic 
software and $5,000 for each new 
architecture. It's a hard sell to get 
designers used to Abel and Cupl to 
put forth a lot of money for software. 
It's less difficult for designers used 
to gate arrays." 

I Common design methodology 
Designers at Cossor Electronics, Ltd 
(Harlow, Essex, England) are also 
frustrated by the need to use propri
etary tools for FPGAs and complex 
PLDs, according to VLSI manager 
Mike Payne. "We're specifying our 
ASIC designs in VHDL, but we're still 
using proprietary tools for Xilinx, Al
tera and Atmel devices." 

For ASIC design, Cossor has been 
one of the first to adopt LSI Logic's 
(Milpitas, CA) VHDL-based Silicon 
1076. "Now we're looking to see if we 
can develop a common design meth
odology that will encompass FPGAs, 
PLDs and ASICs,'' reports Payne. 
"We'd like to start with VHDL and go 
to whatever silicon technology we 
like." 

That sort of technology-indepen
dent design methodology is exactly 
what makes project engineer Chris 
Kulbida at Xerox (East Rochester, 
NY) a VHDL fan. A Xilinx user, Kul
bida uses FPGAs wherever possible 
to prototype advanced technologies, 
but he says that VHDL lets him 
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Choosing reprogrammability as a design requirement 

W ith an ever-in
creasing number of 
players in the FPGA 
market, many fac
tors come into play 
when choosing an 
FPGA vendor. Ob
vious to the de
signer are ease of 

use, proven technology, performance, 
and cost. Not so obvious is one factor 
that can eliminate the cost of all design 
iterations and provide some significant 
advantages in the system design-the 
ability to dynamically reprogram the 
FPGA device any number of times in the 
lab or in the field . 

I Exploiting reprogrammability 
The ability to electrically alter FPGA de
vice logic over and over during the de
sign phase reduces component cost and 
design time. The ability to alter the de-

. vice's logic during the manufacturing 
phase provides increased flexibility, re
duced cycle times and lower board 
costs. Standard board designs of high
complexity logic can be created and cus
tomized for different customers or prod
ucts by downloading the FPGA program 
during manufacture. This can be accom
plished locally with the board, or the 
customized logic can be downloaded 
over phone lines. Configuring products 
to meet customer needs for specific fea
tures can provide competitive differentia
tion and reduce product costs. 

Furthermore, the ability to design mul
tiple FPGA configuration programs into 
the end system and allow for in-system 
reprogramming can facilitate innovative 
applications. 

Reconfigurable logic can be used to 
implement different logic designs for a 
single set of FPGAs. System power-up di
agnostics, for example, can be loaded, 
and, upon successful execution, the ap
plication logic could then be loaded into 

the same FPGA. This reduces board 
space and increases reliability. More im
portant, it leads to reduced component 
costs by eliminating dedicated diagnos
tic logic devices that are only used 
"once" upon power-up. 

The FPGA component is in effect being 
shared by multiple applications. In fact, 
many applications can share the same re
programmable device as long as they 
can be executed nonsimultaneously. An 
example of this sharing is read and write 
logic for peripheral devices such as tape 
and disk drives. 

I Reprogrammable design issues 
Why aren 't more designers implement
ing reprogrammable FPGAs in these 
kinds of innovative applications7 There 
are several reasons. Designers need to 
be certain in-system reprogramming 
time is fast enough to accommodate 
the system speed requirements . The dif
ferent logic designs to be swapped in 
and out must fit into the same FPGA 
with the same pinout. The FPGA must 
also be cost-effective versus the alterna
tive multichip fixed-function logic de
sign, ASIC or discrete. 

For those FPGAs offering partial repro
grammability, care must be taken to en
sure that signal contention is not pres
ent when reloading only a portion of 
the FPGA. In addition, more designers 
need to be educated as to the competi
tive advantages possible through in-sys
tem reprogrammability. 

I Reconfigurable computing 
The advent of high-speed, in-system 
logic configuration opens up entirely 
new applications. Now you can define 
your own computer architectures opti
mized for your application rather than 
rely on a standard general-purpose mi
croprocessor with a fixed instruction 
set. In effect, you can design your own 
microprocessor. 

Charles A. Fox, director of component marketing, Xilinx, San Jose, CA 

design in a more abstract manner. 
"VHDL gives me latitude in the 
choice of a target technology. I don't 
have to decide right up front how I'll 
implement a design. We have to dem
onstrate functionality very quickly," 
says Kulbida. ''That keeps us from 
pursuing gate arrays and standard 
cells, and space constraints often pre-
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vent the use of PLDs." 
Kulbida says that sometimes, 

however, he has to use PLDs for 
speed. To accommodate a system 
speed of 16 MHz in a recent design, 
he turned to Advanced Micro Dev
ices' 12- and 15-ns Mach devices . 
"The design involved complex 
functionality going on within the 

Optimizing the processor architecture 
for specific applications isn't new. Cus
tom processor designs are often devel
oped and implemented in ASIC devices 
when system performance requirements 
can't be met with conventional micro
processors. This approach is time-con
suming, expensive and rigid. High-
speed image processing, which requires 
execution of many different software al
gorithms, is one example. Now, you can 
design your own optimized computer ar
chitecture and instruction set and have 
it downloaded in a high-performance re
configurable FPGA for execution. 

More important, many different com
puter architectures optimized for differ
ent algorithms or instructions can be de
veloped and swapped in and out of the 
FPGA as needed by the application. It's 
like having an ASIC foundry with a turn
around time of milliseconds rather than 
weeks or months. Applications that 
don 't fit conventional architectures can 
exploit reconfigurable FPGAs; such appli
cations include signal processing, image 
processing, database acceleration, logic 
simulation, and many scientific compu
tational problems. The reconfigurable 
FPGA is also ideal for large parallel-pro
cessing systems. 

The advent of in-system electrically al
terable programmable logic has freed 
the logic designer from the " hard" na
ture of traditional logic design, just as 
EEPROMs freed his or her counterpart in 
software design years ago. Like EE
PROMs, reconfigurable FPGAs are being 
used in the most innovative applications 
now. But as the cost gap with conven
tional custom logic narrows, FPGAs will, 
like EEPROMs, be the mainstream de
sign technology for logic design . New 
system architectures will emerge as re
configurable FPGAs continue to narrow 
the performance and cost gaps with 
conventional ASIC technologies . 

clock cycle. With Xilinx, we had 
trouble getting the routing to give 
us good timing at 15 MHz," he re
ports. "It was almost an unknown 
what the timing would be with 
each routing." 

FPGAs are ideal for small R&D 
outfits such as Teledyne Brown 
(Huntsville, AL), which does one-
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of-a-kind prototypes to support opti
cal computing contracts. Says de
sign engineer Russ Dewitt, "PALs 
don't have the density we need, 
and ASICs are geared to produc
tion." For a decision-making-with
lights optical computing project 
he's working on, Dewitt is using 
Concurrent Logic FPGAs for their 
speed. 

When FPGAs are not an alterna
tive, and the choice is between gate 
arrays and standard cells, what 
makes end users go with a standard 
cell rather than a gate array? At 
Adaptive Networks (Cambridge , 
MA), designers went to standard 
cells because they needed a full
custom core element. Required 
was a shrink of the company's 3 x 
5-in., surface-mount, multiapplica
tion powerline carrier LAN module 
into a two-chip set consisting of a 
datalink layer (or communications 
processor) and an analog/digital 
physical layer chip. 

After specifying requirements 
for the communications processor 
and studying alternatives in terms 
of functionality, cost and cost over 
time, the company decided to li
cense a 65C02 microcontroller core 
and combine that with standard
cell library elements and a few cus
tom blocks. "We work with a lot of 
different applications in the OEM 
business and need different inter
faces," reports Adaptive Networks 
president Michael Propp. "It would 
have been a compromise with 
something else." 

The communications processor 
has 12 kbytes of ROM and 768 

bytes of RAM for resident OEM ap
plications firmware . The first appli
cation of the two-chip set will be in 
meter readings, reports Propp, 
where the demand will be for tens of 
thousands of chips. "To modify the 
communications processor for later 
applications, we can take the micro
controller, cut out parts not used in 
that application and produce at low 
cost in high volume for a specific 
application." 

I Gate arrays for speed 
What pretty much rules out the use 
of FPGAs at Convex Computer (Ri
chardson, TX) is the performance
critical nature of the designs the 
company does, according to Harold 
W. Dozier, vice-president of ad
vanced develop111ent. Most of the 
logic Convex puts into its machines 
is ECL and GaAs. Designers use a 
lot of high-speed PALs, as well as 
GaAs gate arrays from Vitesse (Ca
marillo, CA) and high-performance 
BiCMOS gate arrays from Texas 
Instruments. 

Convex designers make the sili
con implementation decision right 
up front, Dozier says. When doing 
system-level design, they're already 
making decisions concerning the 
physical design after considering 
the cost and performance targets of 
the machine they're building. "We 
ask what will go into gate arrays 
and what won't," he explains. "We 
ask how many parts there'll be, how 
much functionality will go into each, 
what the pinout limitations are, and 
finally what functionality will be left 
for glue logic." • 
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r"llhe programmable wonders we 
..L call FPGAs have become a very 
real and down-to-earth part of ASIC 
design methodology. With Xilinx 
having announced its 10,000-gate 
XC4010 logic cell array, the competi
tion among FPGA silicon vendors is 
just heating up. At the same time, 
system designers are learning just 
how valuable FPGAs are to product 
development. 

But don't be misled into believing 
that FPGAs are a panacea. Of the 
three FPGA boasts made most of
ten--ease of design, no nonrecurring 
engineering expense (NRE) and 
time-to-market advantage--the last 
may be the only legitimate claim. If 
you've ever fully characterized an 
FPGA, you know it's not easy, and it 
takes a good deal of engineering 
time. And time costs money, whether 
an NRE label is attached or not. 

As long as you consider the FPGA 
as a piece of the puzzle rather than 
as a total solution, you won't be dis
appointed. More often than not, 
you'll want to consider the FPGA as 
a design aid that offers the fiexibility 
of going to an ASIC if volumes war
rant, or of validating an ASIC design 
while waiting for silicon, or of reus
ing existing PAL and PLD designs. 

If you have any leverage with your 
engineering director, say you need a 
design system based on a common 
design methodology (if you can find 
one) that encompasses PALs I PLDs, 
FPGAs, gate arrays, and standard 
cells. And make sure VHDL and syn
thesis are high on the list of specifi
cations for that system. With today's 
design requirements, you can't have 
too many productivity tools! 
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DESIGN STRATEGIES: MILITARY SYSTEMS 

SDI testbed relies on 
standard hardware to 

rein in costs 

The SB-EV design and implementation team: (clockwise from bottom) Mark Sleeper, network 
analyst (sitting); Martin Durbin, SDI architecture analyst (sitting); Dr. Charles Eldridge, principal in 
vestigator; Steve Elliott, senior SDI architecture analyst; Mike Anderson, director of Addem project 
office; Craig Franklin, project engineer; Robert Harris, senior network analyst; Gordon Lee, project 
engineer; and Tim Wall, p rincipal investigator. 

The Strategic Defense Initiative (SDI) presents designers with a myriad of techni
cal challenges. Perhaps the most significant is implementing battle management 
command, control and communications (BM/C3) functions. SDI battle management 
includes such complex architectural issues as communications network management, 
human interaction, battle management coordination schemes, and system reliability. 
To study these issues, the U.S. Air Force Electronic Systems Division (ESD) requested 
proposals for a testbed called the Space-Based Experimental Version (SB-EV). 

The ESD conceived the SB-EV as a "proof-of-concept" vehicle. Its purpose was to 
demonstrate SD I's distributed BM/C3. Using the SB-EV, the Air Force can simulate the 
entire battle space, including SDI satellites, ground management stations and incoming 
missiles-and can do it in real time. 

"The government wanted a software prototype that could be used as the basis for 
developing algorithms and to evaluate architectural alternatives," says Karl Warmbrod, 
chief engineer at Sparta (McLean, VA). "It also wanted something that could evolve; it 
didn't want something that would freeze the technology." 

At the time, conventional wisdom pointed to monolithic solutions built around 
mainframes or super minicomputers. ''We had already developed a software simulation 
for another project that contained all the elements required for the SB-EV," Warmbrod 
explains, "but we weren't happy with the results. Because of the large number of 
satellites involved, and the sheer volume of the simultaneous, independent, asynchro-

Bob Margolin, Contribut ing Editor 
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I DESIGN STRATEGIES: MILITARY SYSTEMS 
nous decisions that these satellites 
must make, the software was ex
tremely complex. It was also unwieldy 
to maintain, extend and change. It's a 
simulation nightmare." 

Sparta's engineers realized there 
was no way to accurately simulate 
SDI in software. The problem 
stemmed from the fact that no mat
ter how fast the host computer was, 
it still had only one CPU. This 
meant that communication requests 
would have to be queued up to wait 
for the data bus. Because of this fact, 
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run asynchronously, just as they will 
in the real system." 

Because the SB-EV contract was 
awarded based on competitive bid
ding, cost was a major concern. 
"We wanted to develop a distrib
uted-processor architecture that 
would be a faithful representation 
of the real system, but which used 
completely commercial, off-the
shelf solutions. We didn't want to 
custom design any hardware," ex
plains Mike Anderson, Sparta's se
nior engineer. 
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This screen shows a graphical interactive display of an experiment using the SB-EV 
testbed. 

communication between any two 
points could suffer from indetermi
nate delays that would not occur in 
the real system. "We looked at SDI 
itself and realized that it was really 
a loosely coupled computer net
work," says Warmbrod. "So we de
cided the best way to meet ESD's 
needs was to emulate the SB-EV in 
hardware." 

I Hardware emulation 
Emulating the SB-EV meant using 
a separate computer to represent 
each battle manager. According to 
Warmbrod, this approach gave the 
testbed great flexibility. "If we need 
to emulate a system with 20 battle 
managers, we'll use 20 computers; if 
we need 100 battle managers, we'll 
use 100 computers," he says. "We'll 
run the same operating system on 
each of them, but each will have its 
own unique database and all will 
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One possible route to using off
the-shelfhardware was to tie a num
ber of fast workstations together on 
a high-speed LAN. "The problem 
with this solution," Anderson ex
plains, "is that the interworkstation 
communication would be too slow." 
That's because it takes slightly more 
than one nanosecond to propagate a 
signal through one foot of copper 
wire, regardless of how fast the com
munication mechanism is between 
the workstations. In a system con
structed of 100 or more worksta
tions, the distance between them 
could become substantial. A much 
better solution, says Anderson, is to 
use single-board computers (SBCs). 
A system comprised of 100 SBCs 
could fit in a single 19-in. equipment 
rack, with intercomputer communi
cation handled through the VMEbus 
backplane. 

"We chose the VMEbus environ-

ment because VME SBCs were read
ily available from several vendors. 
Also, at under $2,000 each, they 
were very affordable," Anderson 
says. "The initial design called for 
the SBCs to use the 68020 micro
processor. Although slow by today's 
standards, at the time the proposal 
was being developed the 68020 pro
vided the biggest bang for the buck." 

Cost, while a very important con
sideration, wasn't the only reason to 
go with off-the-shelf hardware. 
Using standard, commercial VME 
equipment greatly simplified the 
problem of repair and replacement 
in the field. There were more than 
60 manufacturers producing VME 
SBCs, and many of the boards are 
essentially interchangeable. There 
are also well over 100 companies 
making VME components. 

I Choosing the operating system 

Settling on a hardware architecture 
was only part of the solution; there 
was also the matter of an operating 
system to resolve. ''We had to select 
the operating system based on the 
performance needs of the SB-EV, in
cluding Ada compatibility. But we 
also had to keep in mind the cost of 
developing the application pro
grams," Anderson states. Sparta 
could have chosen a proprietary op
erating system, but that would have 
required the use of a half-million 
dollar VAX minicomputer for appli
cations development. The other al
ternative was to use a standard, 
open operating system such as Unix. 

However, for SDI to perform its 
intended functions, it requires a 
real-time, deterministic operating 
system-which Unix isn't. Even so, 
says Anderson, ''We decided to go 
with a real-time operating system 
that looked enough like Unix that 
we could do our development under 
Unix on workstations, which at the 
time were going for about $15,000 
apiece." 

Sparta set about evaluating the 
available Unix-like real-time oper
ating systems, but found few poten
tial candidates. "Many of the Unix
like operating systems were not 
code-compatible with Unix or were 
too slow to process data represent
ing the thousands of missiles SDI 
was originally intended to track and 
destroy," says Anderson. 

Sparta finally settled on VxWorks 
and its Ada equivalent, VADS
Works. "The reason," explains Bob 
Harris, one of Sparta's principal en
gineers, "was that VxWorks gave us 
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I DESIGN STRATEGIES: MILITARY SYSTEMS 
a real-time operating system base 
with a shell that looked like Unix. 
This let u s develop applications 
that th ought they were running on 
Unix, but which gave us the real
time operation the SB-EV needed." 
An a dded benefit was that the 
source code, in VADSWorks, was 
fai rly compatible with Unix, so 
moving code back a nd forth be
tween Unix workstations and the 
SB-EV was easy to do. 

The choice of the operating system 
also affected the choice of SBCs. Al
though many VME SBC manufac
turers support VxWorks, most rely 
on third-party vendors to provide it. 
"We wanted to use SBCs made by 
companies that provided their own 
software support," says Warmbrod. 
T h at d esire pointed toward 
Heurikon (Madison, WI), which not 
only supports VxWorks but actually 
owns the source code. 

Says Richard Peterson , a 
Heurikon applications engineer, 
"Becau se we own the VxWorks 
source code, we can correct bugs for 
our customers immediately. They 
don't have to wait for the next ver
sion of VxWorks, which may not be 
avai lable for several months . 
Owning VxWorks source also bene
fits Wind River Systems. As soon as 
we uncover a bug, we alert Wind 
River and send them the fix, which 
they can incorporate into their next 
revision ." 

Support for VxWorks was very im
portant, but Sparta also wanted to 
talk directly with the vendor's engi
neers so that technical problems 
could be quickly resolved. "Most ven
dors," says Anderson, "wanted us to 
deal with them through their sales 
force, or contact the OS vendor to 
resolve software and interoperabil
ity problems." 

Heurikon actually did more than 
just talk to Sparta engineers. Ac
cording to Anderson, Heurikon per
formed the initial integration. "They 
loaded the SBCs-68020-based 
HK68N2Fs-into the VME chassis 
and initialized the system. Although 
we had to modify it to meet our spe
cific needs, they gave us a working 
system." 

I Architectural problems 
There were some problems associ
ated with the distributed architec
ture Sparta was proposing. One was 
that, at the time, there was no vali
dated Ada compiler for loosely-cou
pled architectures based on 68020-
b ased SBCs . Development of a 

multi-SBC Ada compiler was under 
way, but its validation was st ill 
some time off. As Warmbrod r e
calls , "We didn't think it would be 
available in time , so we had to put 
some money into accelerating the 
validation process." 

Another problem was that of re
hosting the application code. In a 
monolithic simulation, the code is 
tailored to the specific host in which 
the simulation is being run. Regard
less of how the simulated system 
configuration changes, the host re
mains the same. However, in the 
distributed architecture Sparta en 
visioned , the application cod e 
would have to be ripped apart and 
revised every time the system was 
reconfigured. "We had to define the 
interprocessor communications 
mechanisms for the underlying ar
chitecture, a nd that d efinition 
changes as the number of processors 
in the sy ste m cha n ges," s ays 
Warmbrod. "To eliminate the need 
to revise the applica tion code r e
peatedly, we had to separate the 
application code that tells the ba t
tle manager what to do from the 
host-dependent code that describes 
the system configuration." 

Because Sparta is a relatively 
small company, it had to rely on sub
contractors for some of the software 
development. One of those subcon
tractors, General Electric Space Sys
tems Division (Philadelphia, PA), 
was assigned the task of developing 
a software architecture that would 
serve as the SB-EV's communica
tions framework . "Within this 
framework ," Harris explains, "each 
process or function is assigned a 
unique logical name. Thus, any pro
cess or function can communicate 
with any other in the system by ad
dressing its unique name , regardless 
of which SBC is running the corre
sponding application." 

Using subcontractors does short 
en development time but, as Harris 
points out, "It's hard enough to inte
grate the efforts of two branches of 
the same company. When you'r e 
dealing with different companies, it's 
much more difficult because you also 
have to deal with separate chains of 
command. One of the reasons we 
were so successful with our subcon
tractors was that we gave each of 
them a lot of responsibility for han
dling their specific tasks." 

I SBC-to-SBC communications 
The SB-EV's SBCs were to be hous d 
in several rack-mounted VME chaR· 



sis, which meant that Sparta engi
neers had to address both intra- and 
interchassis communications. "Pro
viding intrachassis communications 
was relatively straightforward," 
says Anderson. "Communications 
are conducted over the VME back
plane bus, and VxWorks provides a 
backplane driver that uses the 
shared VME memory to emulate a 
TCP/IP local area network." Al
though the emulated LAN was rela
tively slow, at 250 kbytes/s it was 
more than fast enough for the task 
at hand. 

In terchassis comm uni ca ti on 
proved to be a little more challeng
ing. According to Anderson, there 
were two paths Sparta could follow. 
One was to use backplane or bus 
repeaters . These repeaters were ca
pable of transferring data at about 
3 Mbytes/s, but they could only con
nect two chassis together. To this 
day there are no multichassis back
plane repeaters. "The only other al
ternative available to us was to use 
a local area network. But to use a 
LAN for high-speed, deterministic 
interchassis communications, we 
needed to pull simulation artifacts 
out of the data stream." 

Separating the simulation arti
facts from the data stream also 
meant that in addition to the data 
channel, a control channel would be 
required. "Since it could be rela
tively slow," Anderson says, "we 
were able to use Ethernet for the 
control channel. We chose the 80 
Mbyte/s Proteon ProNet 80 token
ring LAN for the data channel be
cause, from the application's point of 
view, it appears to be another Ether
net running under TCP/IP." Thus, 
the entire suite of communications 
buses appears to the application as 
one large TCP/IP Ethernet, which 
really simplifies communication 
management. 

I Final steps 

The SB-EV was conceived and de
veloped during a period when the 
perceived threat was a barrage of 
long-range ballistic missiles 
launched from the Soviet Union. 
With the collapse of the Soviet em
pire, that threat has greatly dimin
ished and, as a result, the role of SDI 
has changed. Today, the perceived 
threat is from a small number of 
missiles fired at shorter range. So, 
while the number of missiles that 
must be tracked and destroyed is 
much smaller, the flight time is also 
much shorter. "Although we would 

do things a little differently today," 
says Harris, "the original design is 
very well suited to today's reality." 

Even so, some upgrading was re
quired to increase throughput. For
tunately, the u se of 68020-based 
SBCs proved to be a good choice. The 
SB-EV was borrowed back from the 
Air Force to perform a simulation for 
another project and was found to be 
slightly lacking in processing speed. 
The easiest way to increase th e 

speed was to use faster micropr oces
sors, so the decision was made to 
replace some of the 68020-based 
SBCs with 68030-based versions. 
According to Anderson , "the object 
code for the application software is 
virtually the same for the two micro
processors, so all that's r equired to 
upgr a de th e system with 68030-
based SBCs is to swap the boards 
and recompile the code." • 
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SPECIAL REPORT ON FUTURE COMPUTING 

Fuzzy Logic 
is anything but 
fuzzy 
Fuzzy logic is real, and its use is gain
ing popularity in the United States. 
Widely used in Japan, it can deliver 
results that are simpler to achieve, 
more precise and more reliable than 
conventional approaches to comput
ing and control. 

I t often takes time for a good idea to catch on. 
First, it may be championed by a few "fanatics," 
while the mainstream considers it a cult phe-

nomenon. Later, the press may pick up on it and 
popularize it out of all proportion, suggesting it as a 
cure for the world's ills. Finally, an idea will come to 
be seen in perspective for its strengths and weak
nesses. If it's really a good idea, it may help in small 
part to solve the world's problems. Fuzzy logic is such 
an idea. 

While it's still suffering from a negative image 
among English-speaking people because of its name, 
fuzzy logic has caught on in Japan and has been 
incorporated in some 2,000 products, ranging from 
rice cookers to subway systems. It's now poised to 
find its way into U.S.-designed products and sys
tems. 

Because the initial stages of a fuzzy-based design 
depend to some extent on intuition and the designer's 
"feel" for the nature of the problem, the development 
tools that have emerged recently are almost univer
sally based on a graphical interface and the ability to 
state rules in simple textual form. These tools, many 
of which run on personal computers, may seem decep
tively simple because they let you put together rela
tionships of very rich complexity by merely drawing a 
few graphs and stating some rules. In doing so, they 
let you get your hands on real-world problems without 

By Tom Williams, Senior Editor 
Fuzzy logic control is so precise that it could bring this fast bullet 
train to a smooth stop within inches of the stationmaster's toe. 
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having to maintain a level of rigor 
and precision. 

For example, a car can be con
sidered properly parked 
when it's within 18 in. of the 

curb-or within 2 in. We need not 
specify 7.204 in., and we don't have 
to go to the trouble of computing and 
then homing in on such an exact 
result. Lotti A. Zadeh, the inventor 
of fuzzy logic and currently profes
sor emeritus of computer science at 
the University of California at 
Berkeley, calls this "exploiting the 
tolerance for imprecision." There are 
many problems in real-world control 
and fields such as finance and biol
ogy which lend themselves very well 
to such solutions. 

On the other hand, fuzzy logic is 
anything but imprecise itself. The 
numerical results of its computa-

logic comes from being able to state 
such a definition in natural lan
guage and by making simple 
changes to a graph, without having 
to recode in some computer lan
guage. As more designers realize 
this, we can expect increasing num
bers to get very enthusiastic about 
using fuzzy logic-especially those 
who would rather concentrate on 
solving their problems than on mas
tering the intricacies of C or Fortran 
or some other language. 

Any new method of doing 
things, or even of looking 
at a problem, is going to 

require some changes in thinking. If 
you're talking about designing a 
control system using fuzzy logic, 
you'll definitely find differences, but 
there will also be similarities to 
what you're familiar with. "The first 

Fuzzy logic provides smooth control and can avoid the stress 
often caused by cycling components on and off. In this simula
tion of a water heater, the center chart (right) shows water 
level, which is affected by an operator opening and closing a 
drain. The top chart shows water temperature and the bottom 
the action of a gas valve to the heater. The first (left side) half 
of each plot illustrates conventional Boolean control, the se
cond half fuzzy control. 

assumption," ac
cording to con
sultant Dr. 
David Brubaker, 
president of the 
Huntington 
Group (Menlo 
Park, CA), "is 
that we 're de
signing a fully 
specified sys
tem." This is an 
assumption 
common to both 
conventional 
and fuzzy ap
proaches, of 
course. Both 
types of control 
work best when 
you design to a 
specification of 
how something 
is to behave in 
the real world. It 
also helps in 
both cases to 
have a clear idea 
of what the in-

tions are exact and repeatable. The 
tolerance for imprecision comes 
from how we state the problem and 
establish the limits of what's accept
able in a solution. "Close to the curb" 
can be defined as anywhere between 
2 and 18 in. because we say so, not 
because that's the best the system 
can do. We could as easily have told 
the fuzzy system that "close" was 
between 2.05 and 1.95 in., and the 
same system would have accepted 
this definition. The power of fuzzy 
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puts and out
puts are to be. But, after the speci
fication step, the methods of classi
cal control and fuzzy design part 
ways. 

For classical control systems, it's 
necessary to have a fairly complete 
mathematical model of how a sys
tem works-what equations govern 
the relationship between inputs 
and ou tputs. "You need to know 
your system very well," says Steve 
Houtchens, product manager for In
tegrated Systems (Santa Clara, 

CA), a software and development 
tools supplier for industrial control 
engineering applications. He says, 
''You have to know, for example, how 
your carburetor works. When I put 
in this amount of control-voltage
then how do my electrical and me
chanical inputs relate to combus
tion? If I don't know it very well, 
then my control isn't going to work 
very well." 

But, says Houtchens, there's no 
reason to go to that much trouble 
if you can use some other way of 
getting the answer that does not re
quire you to know all the internal 
mathematics. "If I know intuitively 
that if I turn something up, I'm going 
to get this rate of change of output, I 
can develop a preliminary set of rules, 
assign membership sets to them and 
try that out. If it's not as close as I 
want it to be, I start adding more 
information." 

So, if the carburetor in the exam
ple has been designed to take every
thing into account except air den
sity, you can add some rules and 
membership functions that take air 
density into account and see how the 
system behaves. "It might take into 
account 28 different variables, and 
ifl had to write out the equation, I'd 
have to find 28 different constants ," 
says Houtchens. Using a fuzzy ap
proach, you can add rules and mem
bership functions to a design with
out having to radically revise a 
mathematical model. 

Another characteristic of classical 
control strategy is the need to per
form linearization on the model
that is, to find portions of the control 
curve that are approximately linear 
and characterize their operating be
havior. Such a curve might have 
more than one region that needed to 
be controlled, in which case a control 
strategy would have to be defined 
for each linearized range. "That's 
why the classical method needs a 
very good model of what your plant 
is going to act like," Houtchens says. 

It's a fundamental characteristic 
of fuzzy logic that it can handle non
linearity. While you still want to 
have a control curve or surface that 
avoids abrupt "spikes," curves with 
"knees" that stray significantly from 
a linear function are no problem for 
the combinatorial power of fuzzy 
logic. That's because, no matter 
what the internal method of arriv
ing at answers (which , by the way, 
mostly takes place on a digital com
puter), fuzzy logic involves mapping 



points on one curve to points on an
other. That's the way the relation
ships of inputs to outputs of the sys
tem are defined, and that's how the 
system provides the results . 

D esign of a fuzzy system 
need not start with a well
defi n ed mathematical 

sor could fail, removing a rule , and 
the system could probably still func
tion acceptably. 

Optimizing the program is the 
place where trial-and-error, simu
lation and plain old engineering 
are most important. Integrated 
Systems has developed a fuzzy 
logic module called RT/Fuzzy that 

fits into its SystemBuild product. 
SystemBuild is a large library of 
real-time control modules that can 
be combined hierarchically to con
struct complex control systems. 
RT/Fuzzy can, like other System
Build modules , use its animated 
simulation capabilities to verify de
signs. The RT/Fuzzy module in-

model; it can start with a general .-------------------------------~ 
idea of how the system should work. 
This idea may consist of defining 
input and output ranges, the shape 
of membership functions within 
those ranges and the beginnings of 
a rule base that defines behavior. 

For example, you might specify 
that a steering angle for a vehicle is 
to be in the range of ±30°. That range 
would be normalized and mapped to 
the fuzzy system as a range of - 1 to 
0 to+ 1. Then, within that range, you 
have to define what constitutes a 
small negative, large positive, zero, 
or small positive angle. These are 
the individual membership func
tions that tell you that an angle of, 
say, -24° is 0.8 of the function nega
tive large. 

The Huntington Group's 
Brubaker points out two strategies 
for setting up membership func
tions. One, it's a good idea to group 
function sets closer together near 
where the action occurs. In some
thing like a positioning system, this 
will result in finer control around 
the optimal point. Another strategy 
is to have functions overlap. "Over
lap of input functions ," says 
Brubaker, "guarantees that for any 
given input at least two and possibly 
more rules will fire. The combina
tion of their actions will tend to 
smooth the executable output." 

The next step is to construct a rule 
base made up ofIF/THEN rules that 
will describe how the system is to 
work. The number of possible rules 
is a function of the number of inputs 
and their function sets. If a system 
has five inputs and each input has 
seven ranges ("very low," "medium
high,'' etc.) the input set will have 57 

or 78,125 possible rules. Since the 
idea of fuzzy logic is to use a small 
number of rules, you want to strike 
a balance between having enough 
rules, some of which overlap, to ad
equately control the system, yet 
keeping the number of rules to a 
minimum. Having more than the 
absolute minimum number of 
rules-along with overlapping 
membership functions-helps en
sure robustness . For example, a sen-

Simple language cloaks complexity 

T he power of fuzzy logic comes from 
its ability to combine immensely rich 
combinatorial operations with relatively 
simple and deliberately imprecise linguis
tic statements that can be expressed in 
plain English . Fuzzy logic expresses rela
tionships by grouping large numbers of 
values into "fuzzy sets" described by ad
jectives such as "small," "medium 
slow," "warm," "hot," and "middle 
aged." Each such adjective covers a 
range of values, and the designer or pro
grammer decides to what degree values 
falling within that range satisfy what's 
meant by the adjective. Thus, someone 
who is 6 ft 4 in. would satisfy the "tall" 
criterion 100 percent of the time, but 
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someone only 5 ft 11 in. might satisfy 
the description of tall in only 50 percent 
of all instances. Each value's degree of 
membership in a set contributes to the 
final output value when the sets are 
combined and manipulated. 

In the graph, therefore, heights of 4 
and 6 ft show respective degrees of 
membership, as percentages, in sets 
named "short" and "tall." Having estab
lished these "membership functions," 
the designer may, on further thought, 
decide that the ranges and slopes of the 
sets don't represent what he or she re
ally wanted to express with the terms 
"short" and "tall." All the designer has 

to do in this case is adjust the shape of 
the membership functions until the re
sults meet requirements . He or she 
doesn't have to tediously rewrite an 
enormous set of rules. 

The output of this set might overlap 
with the output of another set describ
ing, say, weight-light, medium, 
heavy-to contribute to a combined 
output determining something such as 
"yards of materia I for a suit." 

The combinatorial richness that's 
made possible by using fuzzy sets is 
shown in the graph. The two bottom 
axes are the ranges of two fuzzy sets. 
The surface in the Z direction shows all 
the points that result from combining 

TALL 
Shown here are 
fuzzy logic mem-

100% bership sets repre-
senting the 
heights "short," 

60% "medium" and 
"tall." A height of 

55% 4 ft has a 60 per-
cent membership 
in the set "short," 
while a height of 
6 ft has a 55 per-
cent membership 
in the set "tall." 

6' 7' 8' 

the values of the two sets. Cursors set 
anywhere along the two axes will inter
sect at a point on the surface that is a 
resulting output value. 

It's only possible to graphically repre
sent three dimensions-the combina
tion and output of two fuzzy sets at a 
time. But you can combine sets in many 
more dimensions, so that getting a clear 
picture of what's going on becomes im
possible without a computer. The only 
way to intuitively appreciate what's in 
fact going on is through the linguistic 
expression of the relationships in terms 
of fuzzy adjectives. 
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The seven noble truths of fuzzy logic 

Truth one: There is nothing 
fuzzy about fuzzy logic. 
The idea that fuzzy logic is fuzzy or in
trinsically imprecise is one of the most 
commonly expressed fables in discus
sions of the subject. This widespread 
belief comes in two flavors: the first 
holds that fuzzy logic violates com
mon sense and the well-proven laws 
of logic; the second, perhaps inspired 
by its name, holds that fuzzy systems 
produce answers that are somehow 
ad hoc, fuzzy or vague. The feeling 
persists that fuzzy logic systems some
how, through their handling of impre
cise and approximate concepts, pro
duce results that are approximations 
of the answers we would get if we 
had access to a model that worked on 
hard facts and crisp information . 

Nothing could be farther from the 
truth. Fuzzy sets differ from classical or 
crisp sets in that they allow partial or 
gradual degrees of membership. We 
can see the difference easily by looking 
at the difference between a conven
tional (or "crisp") set and a fuzzy set. A 
fuzzy set can accommodate a bell curve 
showing a "normal" distribution of 
items falling within a membership cate
gory; a crisp set establishes firm bounda
ries which may lead to unrealistic yes/no 
distinctions. 

In the example illustrated on the 
right, we must make a sharp distinction 
at the membership boundaries of the 
set using a crisp representation. Some
one 34 years, 11 months and 28 days 
old isn't middle aged, by this definition. 
In the fuzzy representation, however, 
we see that as a person grows older he 
or she acquires a partial membership in 
the set of middle-aged people, with to
tal membership at 40 years old. But 
there's nothing ambiguous about the 
fuzzy set itself. If we know a value from 
the domain-say, an age of 35 years 
old-then we can find its exact and un
ambiguous membership in the set-82 
percent, in this case . 

This precision at the set level lets us 
write fuzzy rules at a high level of ab
straction. We can say, therefore, that: 
IF age is middle-aged, THEN weight is 
usually quite heavy. We mean by this 
that to the degree that the individual's 
age is considered middle-aged, his or 
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her weight should be considered quite 
heavy. A weight-estimating function, 
following this very simple rule, 
might predict a weight from age 
through the fuzzy process shown in 
the illustration opposite 

Discomfort about fuzzy logic stems 
from the implicit assumption that a 
single "right" logical system exists, 
and if another system deviates from 
this it's in error. This "correct" logic is, 
of course, Aristotelian or Boolean 
logic. But, as a logic of continuous 
and partial memberships, fuzzy logic 
has a deep and impressive pedigree. 
Using the metaphor of the river, 
Greek philosopher Heraclitus aptly 
points out that a continuous reason
ing system more correctly maps na
ture's logical ambiguities. From his dic
tum that all is in flux and nothing is 
stationary, he developed a rudimen
tary multivalued logic 200 years be
fore Aristotle. Recently, Bart Kosko, 
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This bell curve graphically represents a 
"normal" statistical distribution of ages 
that might fit the membership class 
"middle-aged." Degrees of membership 
vary from O in the early 20s and late sos 
to 1 at an age of 40. This fuzzy set is 
distinguished from a crisp representa
tion of "middle-aged,", which classifies 
everyone between the ages of 35 and 
45 as 100 percent in that class. 

one of the profoundest thinkers in fuzzy 
logic, has shown that Boolean logic is a 
special case of fuzzy logic. 

Truth two: Fuzzy logic is 
different from probability. 
The difference between probability and 
fuzzy logic is clear when we consider 
the underlying concept that each at
tempts to model. Probability is con
cerned with undecidability in the out
come of clearly defined and randomly 
occurring events, while fuzzy logic is 
concerned with the ambiguity or un
decidability inherent in the description 
of the event itself. Fuzziness is often ex
pressed as ambiguity rather than impre
cision or uncertainty, and remains a char
acteristic of perception as wel l as 
concept. 

Truth three: Designing fuzzy 
sets is very easy. 
Not only are fuzzy sets easy to concep
tualize and represent, but they reflect, in 
a general "one-to-one" mapping, the 
way experts actually think about a prob
lem. Experts can quickly sketch out the 
approximate shape of a fuzzy set. Later, 
after running the model or examining 
the process, the precise characteristics 
of the fuzzy vocabulary can be adjusted 
if necessary. 

Truth four: Fuzzy systems are 
stable, easily tuned, and can be 
conventionally validated. 
Creating fuzzy sets and building fuzzy 
systems can be done more quickly than 
working with conventional knowledge
based systems using "crisp" constructs. 
These fuzzy systems routinely show a re
duction in rules of one or two orders of 
magnitude, since fuzzy logic simultane
ously handles all the interlocking de
grees of freedom. Fuzzy systems are 
very robust since the overlapping of the 
fuzzy regions, representing the continu
ous domain of each control and solution 
variable, contributes to a well-behaved 
and predictable system operation. Fuzzy 
systems are validated in the same man
ner as conventional systems. The tun ing 
of fuzzy systems, however, is usually 
much simpler since there are fewer 
rules. Representation is visually centered 
around fuzzy sets, and operations act si
multaneously on the output areas. 
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This example of graphical representations of the characteristics "middle-aged" and 
"heavy" shows how, by linking the membership sets, predictive value can be 
achieved. Here the average weight of a middle-aged person is predicted to be about 
225 pounds with 82 percent probability. 

Truth five: Fuzzy systems are 
different from but complemen
tary to neural networks. 
There's a close relationship between 
fuzzy logic and neural systems. A fuzzy 
system attempts to find a region that 
represents the space defined by the in
tersection, union or complement of the 
fuzzy control variables. This has analo
gies to both neural network classifiers 
and linear programming models. Yet 
fuzzy systems approach the problem dif
ferently, with a deeper and more robust 
epistemology. In a fuzzy system, the clas
sification and bounding processes are 
much more open to the developer and 
user, with opportunities for explana
tions, rule and fuzzy set calibrations, per
formance measurements, and controls 
over the way the solution is ultimately 
derived . 

Truth six: Fuzzy logic "ain't just 
process control anymore." 
Historically, we've come to view fuzzy 
logic as a process control and signal 
analysis technique. But fuzzy logic is 
really a way of logically representing 
and analyzing information, indepen
dent of particular applications. The in
formation management field in partic
ular has ignored fuzzy logic, delaying 
its introduction into expert system and 
decision support technology. Recently, 
however, new types of knowledge
based construction tools have 
emerged . Such tools will make it eas-

ier for authorities who are not computer 
experts to intuitively represent and ma
nipu lateinformation. 

Truth seven: Fuzzy logic is a 
representation and reasoning 
process-not the "magic bullet" 
for all of artificial intelligence's 
current problems. 
Fu zzy logic is a tool for representing 
imprecise, ambiguous and vague infor
mation . Its power lies in its ability to 
perform meaningful and reasonable 
operations on concepts that are out
side the definitions available in con
ventional Boolean logic. Fuzzy log ic 
has been used in such applications as 
project management, product pricing 
models, health care provider fraud de
tection, sales forecasting, market 
share demographic analysis, criminal 
identification, capita l budgeting, and 
company acquisition analysis. Al
though fuzzy logic is a powerful and 
versatile tool, it isn't a solution to all 
problems. Nevertheless, it opens the 
door for the modeling of problems 
that have generally been extremely dif
ficult or even intractable . 

Earl Cox, chief scientist, 
Knowledge Based Technologies, 
White Plains, NY 

eludes a weighting scheme that can 
be applied to rules to adjust the 
amount of influence each has on the 
final results. Once the system looks 
like it's being controlled reasonably 
well, you can start playing with the 
weightstotrytogetthe best answer. 
Says Houtchens, "Really, what's go
ing to control things is how you tell 
which rules have the most impact on 
the final answer." 

According to Lotfi Zadeh, 
there's still no theoretical 
or systematic method for 

eliminating unneeded rules or find
ing the optimum rule set, but this is 
an important area of investigation 
in fuzzy theory-an area for the art 
of engineering. You have to start 
with some knowledge and common 
sense, try out and simulate the de
sign, add and modify r ules and 
membership functions , and try 
again until you are assured that the 
system's operating satisfactorily. 

There are , however, a number of 
methods beyond blind intuition that 
can help when designing fuzzy sys
tems. One such method works very 
well when substituting fuzzy control 
for a system that previously re
quired a skilled human operator. 
You take the knowledge of the 
skilled operator and construct rules 
based on how that operator used the 
human interface controls on the sys
tem you're now trying to automate. 

Okumura Corporation, a Tokyo
based construction company, has ap
plied fuzzy control to shield tunnel
ing, in which a large, drum-shaped 
tunneling machine with a rotating 
cutting face is steered through the 
earth to dig subway, power and wa
ter tunnels . As the cutting face ro
tates, soil and rock are removed via 
a conveyor in the middle of the 
drum. As tunneling progresses, 
curved concrete sections are placed 
against the walls behind the ma
chine to complete the tunnel. The 
machine is pushed forward by a set 
of 14 hydraulic 'jockeys," or shafts, 
mounted radially around the rear of 
the machine. These jockeys push 
against the edge of the last com
pleted concrete tunnel section. 

Problems in controlling the speed 
and direction of the machine arise 
due to uneven hardness of the soil, 
which causes uneven pressure on 
the cutting face. A skilled operator 
is needed to monitor direction, pres
sure, cutter, speed and other factors, 
and to turn selected jockeys on and 
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NASA eyes range of fuzzy control ideas in space 

N ASA has recent ly reported encour
aging resea rch results in a number of ar
eas using fuzzy logic according to an ar
ticle in last October's Aerospace 
America". One of th e most adva nced 
projects is a contro ller for space shut
tle proximity operat ions; t ha t is , ma
neuvering around or keeping posi t ion 
with respect to another object in 
space. Work has been progressing on 
a fuzzy-based translational controller 
that deals with the parameters of 
azimuth and angle and their respec
tive rates of change, and the range 
and rate of distance change wi th re
spect to another object. 

NASA engineers developed natura l 
language rules to run the controller and 
are testing it in a multivehicle simulation 
by substituting the f uzzy controller for 
the simulator's normal human inputs. 
The ru le base was extracted from t he ex
perience of human operators and the ef
f iciency of the contro ller was tuned 
based on flight profiles recorded from 
actual missions and simulat ions. 

One of the main advantages in devel
oping the fuzzy translationa l contro ller 
was that the engineers didn't need to 
construct a detailed mathematical 
model of the system in advance. Per
formance was honed th rough simula-
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tion and experience. 
The results of simulations have been en

couraging, especially in terms of fuel effi
ciency. In holding position with respect to 
another space craft, the fuzzy control ler 
requ ired significantly less acceleration
that is, smaller increments of position 
change-than did the human-controlled 
simulation. In overall maneuvers, the 
fuzzy controller has shown 20 to 70 per
cent better fuel efficiency than the cur
rently used digital autopilot and the best 
simulation runs of human pilots. 

NASA is also exploring other applica
tions of fuzzy control in space. Among 
the projects being considered is the use 
of inexpensive cameras for constant 
t rack ing of objects around the space sta
tion . Fuzzy cont rol can cont ribute to col
li sion avoidance systems, robot arm con
trol and traffic management. At the 
great distances found in interplanetary 
space, w here it can take 20 minutes to 
send a signal and receive an answer, ro
botic systems will have to operate quasi
independent ly. A fuzzy controller on an 
unmanned Mars rover vehicle is ex
pected to help the rover avoid obstacles 
and identify and col lect soil samples 
based on imprecise sensor input and 
only part ia lly known conditions. 

Fuzzy logic pro
vides the ability 
to design sys
tems that are 
much more effi
cient than those 
using conven
tional logic ap
proaches. NASA 
found that, in 
simulations of 
space shuttle 
maneuvering 
and docking, a 
fuzzy logic con
troller per
formed much 
better than both 
a standard auto
pilot and experi
enced human 
pilots. 

off to maintain the proper direction. 
Using the knowledge acquired by 

skilled operators, Okumura was 
able to design a set of rules and 
membership functions that oper
ated the machine in basically the 
same way as a human operator, 
thereby saving complete redesign of 
the control system to automate the 
machine. The results have been, ac
cording to Yasuhide Seno, assistant 
manager of Okumura's civil engi
neering division, "An improvement 
over even the results of a skilled 
operator, especially when negotiat
ing curved tunnel sections." The 
tunneling machine can now be oper
ated by a civil engineer. 

Seno notes that the entire fuzzy 
logic program consists of about 
10,000 lines of C code, which is 
mostly devoted to the graphical user 
interface. The fuzzy processing 
takes up about 1,000 lines of code. 

Another method of characterizing 
behavior, especially when you're up
grading or modifying an existing 
system or converting an existing 
system to fuzzy control, is to gather 
operating data from that existing 
system. Integrated Systems has a 
tool called System Identifier that 
does exactly that. The data gathered 
by System Identifier can be fitted to 
curves and interpreted to define 
membership functions for use with 
fuzzy rules. 

Yet another method is to inter
view a number of experts on a given 
process and use a mean of their re
sponses-they need not exactly 
agree-to establish membership 
functions . For example, there might 
be some difference of opinion among 
experts as to what "cool" means in 
terms of jet engine exhaust, but an 
average of those opinions could es
tablish a useful set of membership 
functions. 

In fine tuning and verifying a 
fuzzy design, however, there's no 
substitute for simulation. Where 
classical control systems demand a 
lot of work establishing the model in 
advance of doing the design, fuzzy 
systems require a large amount of 
simulation and tuning to optimize 
their performance and verify their 
reliability. So, there's still no such 
thing as a free lunch. 

Verifying a system's reliabil· 
ity has been held up as an 
obstacle to using fuz zy 

logic, especially in safety-related al'· 
eas. This is becoming less of an im-



pediment, however, as engineers re
alize that the ability to mathemati
cally prove the stability of classical 
control systems represents not proof 
but only a degree of confidence. 

"What it means when they say 
proof of safety is really proof of sta
bility, that the system will not oscil
late wildly," says Fred Watkins, 
president of Hyperlogic (Escondido, 
CA), which manufactures and sells 
fuzzy logic and neural network 
development tools. "Nobody can 
prove something is safe." 

"The only way the mathematical 
model fits reality is if all sorts of 
simplifying assumptions are made," 
continues Watkins. "Assum
ing that the only factors that 
work in a situation are this, 
this and this." 

Of course, in the real 
world all kinds of other fac
tors might come into play, so 
there's a philosophical leap 
that must be made to bridge 
the gap between an engi
neer's mathematics and re
ality. Claiming proof of reli
ability in an absolute 
sense-yes or no-is, there
fore, impossible. 

perform the functions to get to the 
end goal." 

The basic activity of develop
ing a fuzzy application con
sists of "drawing some 

graphs and typing in some English 
rules," as Hyperlogic's Fred Watkins 
puts it. Any fuzzy development tool 
worthy of the name is oriented to
ward helping you do just that. Of 
course, tools vary quite a bit in the 
range of features they provide, the 
kinds of membership functions and 
methods they support, the range of 
"concept-to-code" completeness they 
support, and, finally cost. For exam-

maintaining a cost-effective, practi
cal implementation. 

The company's development sys
tem, therefore, doesn't try to cover 
"complete fuzzy logic theory." 
Rather, it contains features aimed at 
controller design, is PC-based, in
cludes an AT bus board with an 
NLX230 FMC (fuzzy microcon
troller) that lets you test your appli
cation right at the development 
workstation and cost $395. 

Notes Basehore, "One of the 
seemingly difficult tasks of fuzzy 
logic design is in determining the 
optimum membership functions, " 
or, to put it another way, in relating 

Advocates of fuzzy logic 
take a certain satisfaction in 
pointing out that the confi
dence level one gets from 
classical proof of stability is 
in itself a fuzzy value. They 
also argue that if a fuzzy sys
tem can produce the same 
control surface or matrix 
through exhaustive simula
tion that a corresponding 
classical control strategy can 
produce through equations, 
within the parameters estab-

The Fuzzy Manifold Editor from Fuzzy Systems Engineering 
can represent a fuzzy associative memory (FAM). Here, a slice 
through the matrix is shown, with an output fuzzy set desig
nated for every intersection of input sets. Also displayed are 
the membership function graphs for input and output values. 
Note how the membership functions are grouped more closely 
around the point of control. 

input sensor values to 
output control re
sponses in a nonlinear 
way. "The shape of the 
membership function 
can be determined 
empirically or through 
adaptive methodolo
gies," he continues, "or 
through algebraic 
means which could be 
quite complex. These 
shape determining 
methods can be time
consuming and require 
at least general knowl
edge of fuzzy logic. In 
most applications, how
ever, the actual shape 
of a membership func
tion is less important to 
the total solution than 
the degree of overlap of 
associated membership 
functions ." 

Basehore argues that, 
instead of concentrating 
on determining the 
shape of the optimum 

lished for the problem, both systems 
are equally stable. 

Another factor in fuzzy reliability 
was described earlier as robustness. 
Overlapping membership functions 
and rules help assure that even if 
some input isn't presented, the sys
tem will operate. Robustness can be 
extended to the hardware level, 
notes Paul Basehore, vice-president 
of engineering for N euraLogix (San
ford, FL), which offers fuzzy logic 
and software design tools and inter
grated circuits. ''With a conventional 
microprocessor, if you drop a bit the 
thing probably crashes. In a fuzzy 
controller, such as our highly paral
lel NLX230 , you can completely 
eliminate a membership function or 
throw a rule away and it will still 

ple, a tool might depend on third
party or user-supplied animation to 
aid simulation, or output its simula
tion results as static graphs. 
Another might allow definition of 
basic fuzzy input and output rela
tionships, but not supply a debug
ger. All these considerations are less 
criticism than indications of cost vs. 
feature trade-offs. 

Ease of use for a broad but well
defined range of practical control 
applications is the aim of the fuzzy 
microcontroller, development sys
tem and associated hardware com
ponents from NeuraLogix. 
NeuraLogix's Basehore advocates 
introducing a new technology such 
as fuzzy logic in a way that can add 
useful features to a product while 

membership function, you might 
better spend your time selecting the 
more important center and width 
values. NeuraLogix has developed a 
number of devices that provide sev
eral fixed shapes that you can 
choose from and then select center 
and widths. The development soft
ware environment displays the 
functions and records the values se
lected. Since the fuzzy microcon
trollers are true hardware devices , 
no further programming of these 
functions is needed. 

Another low-cost tool , called 
the Fuzzy Systems 
Manifold Editor from 

Fuzzy Systems Engineering (Poway, 
CA), lets you define and check out 
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the core of a fuzzy application in a 
Microsoft Windows environment. 
The concept of a manifold refers to 
the fuzzy associative memory 
(FAM), an n-dimensional combina
torial matrix that represents all the 
relationships between fuzzy input 
and output values. Any given dis
play of this matrix is a two-dimen
sional "slice" through it, which lets 
you view two input dimensions
tha t is, the combinations of the 
membership functions making up 
two inputs, and the resulting matrix 
of outputs. You can successively se
lect different slices to get an over
view of the combinatorial richness of 
the design. 

put. The manifold editor can output 
a source-code include file in C, For
tran or Basic that can be built into 
otherprograms. The manifold editor 
doesn't support writing fuzzy rules 
in English however. That and the 
actual inference engine opera
tions- interpreting the rules-are 
left to the application program. 

Still another low-cost packag-e, in 
versions ranging from $495 to $795, 
includes the ability to write English 
rules as well as necessary prepro
cessing and postprocessing opera
tions . CubiCalc from Hyperlogic 
runs under MS-Windows. It lets you 
express rules as IF/THEN state
ments and also to use modifiers such 

ity that lets you present data to a 
display, a larger application pro
gram or other output. This language 
also supports graphic simulation. 

CubiCalc can output to on-screen 
scatter charts or strip charts so you 
can view the results of operations. 
Its preprocessing capability lets you 
set up data files or ranges of varia
bles to use as inputs and then view 
the results in a graph on-screen. For 
a more precise examination of opera
tions, you can log your output to a file 
and view it as a numeric display or 
you can output it to another program 
for further processing. 

Hyperlogic president Fred 
Watkins sees the potential for such 

tools as CubiCalc as ex
tending far beyond control 
systems, making possible 
natural language pro
gramming. "A high school 
kid who knows what he 
wants could use that pro
gram to build a nontrivial 
system," he says. "I think 
the linguistic aspect of 
things is really where it's 
at. We can expect ma
chines in the future that 
will come knowing trian
gles , knowing what 'big' 
means. I can imagine a ma
chine with a repertoire of 
fuzzy functions tucked 
away, knowing how to com
municate with you." 

By clicking on the boxes 
in the output matrix, you 
can select which output 
membership functions 
will result from which 
combination of inpuLs. 
Therefore, for the hypo
thetical inputs of some 
system-which controls 
temperature and pres
sure with a heater, for ex
ample-you could select 
the box where the sets 
"temperature medium" 
and "pressure low" inter
sect and specify that 
heater output will fall in 
the "medium" member
ship function. The matrix 
represents the combina
tions from which 
IF/THEN rules can be 
written. To emphasize the 
continuous nature of 
fuzzy logic, however, the 
manifold editor expresses 
the relationships as 
AS/DO. 

The $295 manifold edi
tor lets you graphically 
edit membership func

Aptronix president Wei Xu sees the application of his com
pany's Fidee too/set going far beyond embedded control. 
"Computer programmers are not application engineers, " he 
says. " We 're trying to provide an engineering language for 
computer-aided algorithm design to give knowledge design
ers and experts the tools-such as CAD/CAE- that will let 
them sculpture their algorithms." 

Two U.S. companies 
have produced am
bitious CASE-like 

development environ
ments for fuzzy logic that 
include design, simulation, 
debugging, compiler, and 
linking facilities. They are 
Aptronix (San Jose, CA) 

tions and examine the system's be
havior by simply setting input val
ues and reading the resulting out
puts. It doesn't support animation 
or true simulation, but lets you 
specify up to five input dimensions 
and two output dimensions with up 
to seven membership functions 
each. The matrix can be displayed, 
along with the membership func
tion graphs. This lets you select 
output functions, change or edit 
the graphs that define the input 
functions , and then click to a man
ifold "walker." Here you can enter 
individual input values, click on a 
button and read the resulting out-
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as "very hot" and "somewhat heavy" 
with your variables. Graphical func
tion set editing is supported, and 
there's also the ability to do some 
simulation, thanks to CubiCalc's 
preprocessing and postprocessing 
capabilities. 

There's more to a fuzzy system than 
fuzzy logic operations alone, however. 
You've got to take in data from sensors 
or deal with other data in real-world 
formats-for example, angles, miles 
per hour or parsecs. These items have 
to be normalized and mapped into 
fuzzy seLs. CubiCalc provides a pre
processing language to let you do this; 
there's also a postprocessing capabil-

and Togai Infralogic (Ir
vine, CA). Aptronix has just intro
duced its Fuzzy Inference Develop
ment Environment, called Fide, 
which Aptronix president and CEO 
Wei Xu describes as a tool for "com
puter-aided algorithm design. I'm 
trying to provide an engineering 
language instead of a language for 
software engineers. If I'm develop
ing a car transmission control, I'm a 
transmission specialist. Do you ex
pect me to be a C specialist? So who's 
going to do the algorithm program
ming, because all the algorithms 
must be embedded in code?" 

The traditional alternatives are 
that either the transmission special-



ist must try to code the application, 
which will be less than wonderful 
because he or she is just learning C 
to help do the real job. Or, the spe
cialist can let a software engineer do 
the code, after writing all the speci
fications while carrying on a dialog 
with the software engineer. "Soft
ware engineers are interested in 
how computers are programmed; 
they don't care about shifting gears," 
Xu says. 

Fide, priced at $1,495, consists of 
an editor for text and graphics and 
another for editing membership 
functions; static and dynamic simu
lators; a debugging tool called 
Tracer; compilers; and a graphical 
linking facility for linking fuzzy 
modules with other fuzzy and non
fuzzy code. Fide offers different lev
els of complexity for implementing 
fuzzy designs. For example, in addi
tion to the familiar triangle and 
trapezoid membership functions 
commonly used in control applica
tions, lookup table and operator 
functions can be selected. (The oper
ator function is an equation for a 
curved function.) Different kinds of 
operators can be used to logically 
combine membership functions such 
as "minimize" and "maximize"-the 
traditional AND and OR as well as 
'probability sum and product' and 
'bounded sum and difference,' which 
are variations of the AND and OR 
operators. 

Fide's static analyzer displays a 
three-dimensional response curve 
surface representing the combina
tion of two input membership func
tions, along with side views of each 
function. You can move a crosshair 
cursor anywhere on the surface and 
see what the actual input values are 
to the membership functions that 
generate that point on the surface. 
If the surface shows a radical non
linearity, for example, such as a 
spike that may indicate a bug, you 

. can click directly into Tracer and see 
the rule that generated the point 
under investigation. From the rule, 
you can go on to examine the source 
code and look at the specific mem
bership functions involved, all with
out losing your place in the analyzer. 

Togai Infralogic, a pioneer in easy
to-use fuzzy development tools, has 
been offering tools since 1988, the 
most prominent of which is its 
TILShell object-based development 
environment, which runs on MS
DOS (Windows), Macintosh and 
Unix workstations. It starts out 

Making a fuzzy decision definite 

F uzzy decisions are made using plain
language rules based on definit ions of 
membersh ip funct ions. Rules are stated 
in a simple IF!fHEN format; values can 
be combined using AND or OR opera
ti ons. By far the most common operator 
is the AND, which requires that the in
put value lie with in all the sets stated by 
the rule. 

For example, the degree to which a 
gas valve should be opened to maintain 
a vessel of water at a desired tempera
ture might depend on the volume of wa
te r in the vessel and its current tempera
ture. Th is could be stated as follows: 

Rule 1: IF temperature is cold AND 
volume is large, THEN va lve is wide 

The exact val ue of "wide," ca lled its 
crisp or "defuzzified " va lue, is deter
mined by the deg ree of membersh ip 
the actual or crisp va lues of " tempera
ture" and "volume" have in their re
spective sets of "cold" and "large." 
Since an AND ru le applies, the min i
mum va lue-the 75 percent member
shi p which fi ts both input sets-would 
determine the degree of membership in 
the output set, "wide." 

One of the most popular ways of ex
tracting the final "crisp" output va lue 
from the resulting fuzzy set is the center
of-gravity or cent roid method. The cen
troid method finds t he line that divides 
the resulta nt shape-in this case, a 
trapezoid-into equal areas. 

But suppose now that another rule 
considers t he pressure inside t he vesse l 
in determining how wide to open t he 
valve. It might be stated as: 

Rule 2: IF pressure is high THE N va lve 
is medium. 

The output of th is rule would fa ll into 
another membership function in t he 
group associated with "va lve." 

The two rules have given different val
ues for the valve setting that must be re
solved or "def uzzif ied" to yield a crisp fi
nal output va lue. Here, as with the 
single output function, the centroid 
method can be used to find the center 
of gravity of the combined output 
shape, ensuring that both rules contrib
ute to the fina l crisp result. 

A system designed this way can be 
fi ne-tuned by adding ru les and member
ship functions to cover other factors, 
and also by changing the shape of the 
membership functions within existing 
groups of functions without reworking 
a large set of ru les and values. 
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This diagram illustrates the graphical so
lution of a fuzzy control problem. Part 
(a) relates water temperature to the de
gree to which a gas valve is open. Part 
(b) relates container volume at 72 gal
lons, the membership set is 75 percent. 
The combined output, represented by 
part (c), takes the form of the volume 
membership set, since the AND rule 
calls for the minimum value that fits 
both temperature and volume sets. 
Adding a second, or pressure, rule to 
the temperature/volume rule gives the 
result shown in part (d). The output 
value of the rule, is shown on the right. 
In part (e) the graphical outputs of 
Rules 1 and 2 are combined. The verti
cal line between these two represents 
the combined solution to the problem. 
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with a facility that lets you graphi
cally define the structure of a fuzzy 
system using input, output and pro
cessing objects that can then be as
signed attributes. Attributes can de
fine storage type, range of values 
and membership functions. 

TILShell also contains a member
ship function editor that lets you 
graphically define the shape of a set 
of membership functions associated 
with a variable. Straight-line mem
bership functions can be drawn with 
a mouse using the editor's point
and-click tools. If an application re
quires membership functions that 
are complex curves, such as a bell
shaped distribution curve, an equa
tion editor lets you specify the mem
bership function using a set of 

mathematical functions . TILShell 
produces files in Togai's Fuzzy Pro
gramming Language (FPL) and 
works with the Fuzzy C Develop
ment System (FCDS), which in
cludes a C code generator which 
translates FPL files defined in 
TILShell into C. It also includes C 
editors and debuggers. 

Recently, Togai has added TILGen 
to its repertory: this tool uses neural 
network technology that lets you au
tomatically generate a basic fuzzy 
rule set. This is a useful tool for 
converting existing systems to fuzzy 
control. It can also be used to speed 
up rule generation for a system 
whose behavior is fairly well defined 
in terms of inputs and outputs and 
for which you want to extract a use-

Fuzzy mug search helps cops catch crooks 

W ell known to all devotees of detec
tive shows is the scene where a crime 
victim sits for long hours paging 
through mug books to try to identify 
some evildoer. Even when police depart
ments have managed to computerize 
their databases of known criminals, the 
process of narrowing the identification 
search to a manageable number of mug 
shots based on a witness's description is 
a tedious one. 

Knowledge Based Systems (White 
Plains, NY), however, has added a fuzzy 
front end to the image database of a 
major European police department that 
significantly reduces the number of look
throughs witnesses have to do before 
finding a set of pictures they can seri
ously work with to identify a subject. 

In the past. if someone came in and 
said, "He was kind of tall and heavy-set 
and looked rather young," the police 
would have only a vague idea of what 
group of pictures to start showing the 
witness. Even if the system were com
puterized, someone would have to de
cide where the cutoff points were for 
"rather young" and "tall." If the person 
were described as 6 ft 1 in. but was re
ally 5 ft 11 in .. a system with a six-foot 
breakpoint might not catch the out-of
range number even if other factors in 
the description pointed to an overall 
match . 

In addition to implementing a front 
end that uses fuzzy sets to describe char
acteristics such as "old," " thin" and 
"tall, " Knowledge Based Systems built 
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in what it calls "perspective shifting" 
and "semantic plies." Perspective shift
ing changes the shape of the fuzzy set 
representing " tall" if the witness is, for 
instance, a 16-year-old girl or is Ja
panese. This quality lets the system 
search for "old" from a "young" per
spective-or, for that matter, for any 
other characteristic as modified by the 
preconceptions of the searcher. Seman
tic plies perform a similar function, ad
justing descriptions such as "tall for 
women" or "heavy for Samoans." 

Successful searching using perspec
tive shifting and semantic plies depends 
on the fact that the degree of reliability 
of a fuzzy concept is predicated on the 
witness's own characteristics; the system 

ful set of rules from the very large 
number that are theoretically possi
ble. The rules generated character
ize the control of the system based 
on the inputs and outputs. 

To generate a rule base with TIL
Gen, you input a description of the 
fuzzy object as an FPL format file, 
along with a file containing input 
and output vector data-real input 
and output values from an existing 
system or values expected from a 
system under design. The FPL file 
can be produced by defining in
puts, outputs and their respective 
membership functions in the 
TILShell tool, but when used with 
TILGen the file won't contain any 
rules. TILGen applies the two files 
to a neural network which it sets 

doesn't make crisp distinctions. A 
height of five feet, therefore, will have a 
greater degree of membership in the 
"tall" category for a 10-year-old than 
for an adult. Mug shots for a witness to 
look at are selected based on an overall 
degree of truth stemming from the com
bined described characteristics-in the 
instance described above this was set at 
0.38. 

According to Knowledge Based Sys
tems, the old manual system required 
an average of 16 look-throughs to find 
a set of pictures that a witness could ac
tually work with, while the fuzzy system 
reduced the number of look-throughs 
to two. 



uponthehostcomputerandoutputs 
a new FPL file that also contains a 
rule base. You can then examine the 
generated rules and write addi
tional overlapping rules for in
creased robustness if desired. Afull 
system consisting of TILShell, 
FCDS and TILGen is priced at 
$5,000. 

A s the use of fuzzy logic be
comes more widespread, 
especially in consumer 

products, optimizing cost and perfor
mance will become ever more impor
tant. Companies such as Togai, 
NeuraLogix and Omron (Kyoto, 
Japan) have been offering parallel 
fuzzy processors for several years. 
Because of their parallel architec
tures, such processors offer very 
high speed for fuzzy inferencing, as 
well as bringing robustness to the 
hardware level of a fuzzy design. 

Fuzzy processors usually have to 
work as coprocessors with a general
purpose microprocessor, which is 
needed for preprocessing sensor in
puts, handling keyboards and sup
porting other input/output. The race 
is on to lower the cost and increase 
the integration of such chips . 
NeuraLogix is aggressively pushing 
into the low-cost end of the market, 
and , recently, Omron and NEC 
(Tokyo, Japan) announced a joint 
effort to integrate functions of the 
Omron FP3000 fuzzy processor on 
an NEC microcontroller chip. 

"There are many, many applica
tions where software on a microcon
troller will be plenty fast enough," 
points out Steve Marsh, director of 
strategic operations for Motorola's 
Advanced Microcontroller Division 
(Austin, TX). Fuzzy logic processing 
is always parallel in concept, if not 
in physical reality. That is, all the 
rules have to be evaluated before a 
result is reached. If the processing 
is done sequentially, then this "par
allelism" just takes longer. Hyper
logic's Fred Watkins says, "No mat
ter how big the system, if you have 
enough processors, you can render it 
[fuzzy logic] in three steps: evaluate 
memberships, combine the rules 
and defuzzify the output." 

To meet the time budget of a con
trol application, you've got to con
sider processor speed, number of 
rules and fuzzification/defuzzifica
tion methods. "If you can do it in 
software and it only takes a couple 
of hundred bytes , you're done," says 
Marsh. "If it doesn't work, it's prob-
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This screen shows graphical simulation from Hyperlogic's CubiCalc. The plot shows 
the path taken as a car is smoothly steered toward an objective. Fuzzy rules ex
pressed in simple English appear in the rule editor. CubiCalc also provides a user in 
teraction window where one could enter a new arbitrary starting point for the car, 
then observe its behavior on the graphical plot. 

ably because you've run out of time" 
Moving to a somewhat faster proces
sor can often solve the problem. 

For example, fuzzification and 
defuzzification entail mapping an 
input value to a point on a curve 
and vice versa. Linear interpola
tion takes longer than finding the 
point in a lookup table, which takes 
more memory. So designers of high
volume products will want to look at 
speed-versus-cost issues. Using 
complex curves as membership 
functions is still popular in some 
noncontrol applications, but it's al
most completely out of favor in con
trol applications because of the com
plex formulas and processing 
overhead involved. 

Motorola will be jointly marketing 
the Aptronix Fide development envi
ronment, which directly supports 
Motorola's 8- and 16-bit microcon
trollers. Rather than design special
ized fuzzy processors, Marsh says 
Motorola will gradually add proces
sors to its families that will imple
ment certain customized instruc
tions to speed up fuzzy operations 
such as fuzzy inputs, min/max oper
ations for rule evaluation and de
fuzzification of outputs. 

Motorola and Aptronix are also 
jointly working on an intermediate 
data representation and syntax 
standard for fuzzy systems that 
they plan to put in the public do
main. This representation lan
guage will be similar to assembler 

code and will let tools output a text 
file that can be read by a code gen
erator to produce processor-specific 
object files. Such code generators 
could be written for specialized 
fuzzy processors as well as conven
tional microcontrollers. 

The possibilities for using 
fuzzy logic in practical ex
pert systems derive from 

the advantages of incorporating 
skilled operator knowledge in a con
trol system. Earl Cox, chief scientist 
for Knowledge Based Technologies 
(White Plains, NY), says that most 
expert systems today simply use von 
Neumann pattern matching. His 
company, a software applications 
development and consulting firm, 
took a traditional artificial intel
ligence insurance underwriting ap
plication that incorporated 181 rules 
and rewrote it using only 12, says Cox. 
''When you write fuzzy rules, you're 
writing at a much higher level of ab
straction," he says. That means the 
fuzzy rules can be expressed without 
having to explicitly pick up every 
possible combination. 

"In a conventional rule-based sys
tem," says Lotfi Zadeh, "a rule either 
fires if the conditions are met or it 
doesn't fire if the conditions are not 
met. Since there are many possible 
outputs, you must have a large num
ber of rules to meet every contin
gency. Furthermore, such systems 
are not robust because, if a condition 
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The continuing evolution of fuzzy logic 

Computer Design interviewed Lotfi 
Zadeh, the inventor of fuzzy logic. He's 
now professor emeritus of computer 
science at the University of California at 
Berkeley and director of the Berkeley ln
tiative in Soft Computing. In 1965, 
Zadeh published the original paper de
scribing the theory of fuzzy logic. Today, 
he continues to develop his theories. 

CD: Today fuzzy logic appears to be 
most widely used in control applica
tions, but still seems to be having trou
ble gaining acceptance. How do you 
view the situation? 

Zadeh: We have to realize that it's very 
natural for people, including myself, to 
be skeptical when they're presented 
with something that claims to provide a 
different way of looking at things. In 
1965, my expectation was that most ap
plications would be in the realm of 
"humanistic systems," such as linguis
tics, social sciences and biological sci
ences, where hard mathematics doesn't 
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seem very effective. But then we began 
to see that fuzzy logic could be used in 
control. In control it's said that people 
want rigor and respectability. But then 
there are many realistic problems that 
cannot be rigorously defined. 

Fuzzy algorithms for control policy 
will gain increasing, though perhaps 
grudging, acceptance because conven
tional nonfuzzy algorithms cannot in 
general cope with the complexity and ill
defined nature of large-scale systems. 
Control theory must become less pre
occupied with mathematical rigor and 
precision and more concerned with 
the development of qualitative or ap
proximate solutions to pressing real
world problems. 

CD: What do you tell people who ex
press doubts about the reliability and 
stability of fuzzy systems? 

Zadeh: In the case of [classical] control 
systems, we do have a theory of stabil
ity. And, presumably, that theory can tell 

you that a certain 
kind of system 
will be stable. But 
that's much less 
significant from a 
practical point of 
view than one 
might think. Once 
you read the fine 
print, you find 
that what the the
ory can tell you is 
much more lim
ited. It can tell 
you [things] if you 
linearize and if 
you do all sorts of 
things under cer
tain assumptions. 
The trouble is it's 
very difficult to 
say whether those 
assumptions hold 
or not. So, you're 
left with some
thing that isn't re
ally comforting. 
You can't really 
sleep safely if 
someone using 
classica I theory 
tells you that 
some control sys
tem is stable. 

Fuzzy control is coarse control that ex
ploits the tolerance for imprecision. So, 
if there's some imprecision and if the im
precision can be to lerated, you try to 
take advantage of it by making the sys
tem more robust and less susceptible to 
deviation. But still it's correct to say that 
at this point we don't have a theory for 
stability of fuzzy logic control that's 
nearly as well developed as for classical 
systems. Stability theory is really effec
tive when it comes to linear systems, 
and fuzzy systems deal with nonlinearity. 

In the case of fuzzy control, the sys
tems are very complex. In many cases 
you cannot describe really what they 
do, so it's difficult to prove or disprove 
stability. People compensate for this 
with simulation. They perform many, 
many trial runs. In the case of the sub
way in the city of Sendai, Japan, I think 
there were some 300,000 simulations 
and 2,000 actual runs to prove the sys
tem, because you don't play with a sub
way system. So, I think the fact that the 
Sendai subway system has functioned 
perfectly since July 15, 1987, is a 
stronger testimony than theory. 

CD: Is the choice, then, between devot
ing a lot of time to establishing a mathe
matical model for classical control in ad
vance, or, in fuzzy logic, designing the 
system and then proving and refining it 
in simulation? 

Zadeh: I think you put it well. The test 
of any theory is the ability to predict. 
So, if you cannot predict what will hap
pen, you don't have much of a theory. 
Many so-called theories flunk this test, 
particularly in economics. In fuzzy sys
tems, instead of performing some sort 
of analysis on paper or on computer 
that will predict how the system wi ll be
have, you simulate. So simulation is an 
alternative to prediction. It's not as desir
able, but in the fina l analysis it may be 
more reliable. 

There's always a possibi lity that your 
theoretical analysis didn't take certain 
things into consideration. Software is a 
good example. In the final ana lysis you 
have to run the program. On ly actua l 
use will tell you if there are bugs in the 
program or not. 



Fuzzy logic will make cars smarter 

It's estimated that by the end of the 
century, the electronic component in au
tomobiles will double. Among the areas 
of interest to fuzzy-based system design
ers are an emission control system that 
would continuously monitor the ex
haust gases and make adjustments to 
the carburetor and ignition system to 
keep levels of hydrocarbons and other 
toxic elements within specified limits. In
terior climate control could adjust to the 
number of passengers, just as some 
fuzzy-controlled air conditioning systems 
do today. Fuzzy-controlled digital signal 
processors are being investigated for use 
in interior noise cancellation systems . 

Today's digital antilock braking sys
tems work by cycling the brakes rapidly 
on and off. A fuzzy controller would 
prov ide smooth antilock braking by ad
just ing hydraulic pressure in response to 
slig ht variations in wheel rotation . 

One fuzzy item already under active 
development is a multiple-mode auto
mat ic transmiss ion . By sensing rotation, 
torque, engine speed, and throttle posi
tion, a fuzzy controller could determine 
the proper gear shift points. By selecting 
a different set of rules and membership 
functions, the driver could set the trans
mission for smooth shifting, optimal 
economy shifting or sport shifting. 

is violated by even a small margin, 
the rule is not fired, even though 
;hat condition influences the situa
;ion. We know there are situations 
.n the real world where the introduc
;ion of these artificial cutoffs results 
Ill all kinds of nonsensical situa
·fons. Something very drastic hap
~ens if you miss by even a small 
1mount." 

The other major advantage of us
.ng a fuzzy approach to expert sys
.;ems, Cox notes, is that it greatly 
>implifies knowledge acquisition and 
representation. "Experts really like 
to talk in terms of fuzzy sets , 
whether they know it or not. It's just 
this high level of abstraction that lets 
an expert be an expert," Cox says. 
"Fuzzy logic reduces the cognitive 
dissonance between the machine 
representation of a problem and the 
way an expert thinks about it." 

In the example of the insurance 
application , an actuarial table relat
ing risk to age could be simply 

Exhaust area: 
emission sensors 

Interior: 
Temperature sensors, 
noise cancelling devices 

Engine area: \ 
air intake, air density! 
pressure sensors, 
fuel injectors, 
throttle control, 
temperature 
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drawn as a U-shaped curve with 
high peaks at young and old. That's 
a fuzzy set because that's the way 
insurance people think about it. By 
writing a rule combining age with 
number of accidents and violations, 
Knowledge Based Technologies was 
able to reduce the number of rules 
for one part of the problem from 30 
or 40 to one. "Because we didn't have 
to bracket all the cases," says Cox, 
"the fuzzy system did it for us by 
combining the fuzzy sets." 

It turns out, then, that going 
from crisp rules to fuzzy rules buys 
you a lot. There are many situa
tions where fuzzy IF/THEN rules 
provide you with a kind of lan
guage-that a system designer 
needs to express what he or she 
wants. A small number of rules re
ally covers an enormous amount of 
combinatorial complexity. Says 
Zadeh , "Some people who are op
posed to fuzzy logic don't realize 
that this is what it really is ." • 

~ .. 
hydraulic pres

sure sensors, 
antilock brakes 

Under car (transmission): 
- RPM and torque sensing, 

multimode transmission 

This artist's rendering 
of the automobile of 

the future shows those 
subsystems where fuzzy 
logic might be profitably 

used in electronic control
lers. Major areas where 
R&D is believed to be occur
ring are: the engine, the 
wheels, the interior, the ex
haust system, and the trans

mission. 
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I PR 0 D U CT F 0 CU S : DOS CIC++ COMPILERS 

SOFTWARE & DEVELOPMENT TOOLS 

CIC++ compilers 
bring faster code 
crunching to 
PC platforms 
Jeffrey Child, Associate Editor 

The beauty of the C program
ming language is that it com
bines the ease of use of a 

high-level language with the ability 
to manipulate bits. For developers 
that write their code to adhere to the 
ANSI C standard, C also offers the 
advantage of portability. While port
ing code between platforms can be 
problematic, PC-based C compilers 
let you begin writing code in a com
fortable, standard environment be
fore the target hardware is even 
available. 

As applications get larger and 
more complex, maintaining and or
ganizing code has become a major 
issue. While maintaining programs 
written in C is much easier than 
maintaining miles of assembly code, 
even the original inventors of the C 
language admit that it was never 
intended for large programs. Enter 
C++: a superset of the C language 
that provides the basis for adopting 
an object-oriented approach to soft
ware design and enhances the origi
nal C language. 

Until fairly recently, C++ was 
viewed by many as simply an "aca
demic" language because of its lack 
of good tools. Now that tools for C++ 
are improving, many software de
velopment teams are ready to make 
the shift from C to C++. Several 
compiler vendors are currently of
fering full C++ compilers that gen
erate object code directly from a C++ 
program as opposed to just translat
ing it into C code and compiling it 
with a C compiler. 

Thanks to the availability of pow-

erful, low-cost PC software, more 
code is developed on a PC than on 
any other platform. And thanks to 
the increasing acceptance of Micro
soft Windows, the PC will remain the 
most popular platform for software 
development for some time. 

Today's selection of C and C++ 
compilers for the PC ranges from 
highly optimized compiler-only solu
tions to complete integrated develop
ment packages that contain 
debuggers, profilers and extensive 
class libraries for C++. Most of these 
compilers cost under $1,000, making 
it feasible to buy several and test 
them out at the same time. 

I Microsoft vs Borland 
The most interesting C compiler 
news is the battle between the indus
try leaders, Microsoft (Redmond, 
WA) and Borland (Scotts Valley, CA). 
After a false start, Microsoft has fi
nally come out with a C++ compiler, 
CIC++ 7.0. Despite the 7.0 designa
tion, this is Microsoft's first C++ com
piler release. (The 7.0 version num
ber refers to the fact that the release 
is an upgrade from Microsoft C 6.0. ) 

Borland released version 3.0 of its 
C++ compiler last fall. As the indus
try waits for the 3.0 standard for C++ 
to be finalized, Microsoft and others 
have been content to implement the 
AT&T 2.1 specification of C++ in 
their compilers. In contrast, Borland 
chose to include support for tem
plates, an element of the 3.0 stan
dard already approved by the ANSI 
C++ committee. At least one other 
company, Metaware (Santa Cruz, 

Developers at 
Honey well used 
Borland C++ 3.0 to 
write software for 
the la test version of 
Honey well's flight 
data test recorder. 
Because fast 
throughput was a 
priori ty in their 
application, they 
wanted a compiler 
that could produce 
fast, compact code. 
Borland's C++ pro
duced code that 
w as four times 
more compact than 
that of competing 
compilers. 

CA), has an AT&T 3.0-compatible 
C++ compiler, to be released when 
the standard is finalized. 

Besides a compile speed that's 
twice that of the previous version, 
Borland C++ 3.0 offers several other 
improvements. It supports the 
Direct Memory Programming Inter
face (DMPI), the standard for ex
tended memory access which 
unlocks memory beyond the 640-
kbyte barrier imposed by DOS. The 
new release also features a global 
optimization capability that lets you 
configure the compiler to optimize 
for fast execution speed or small code 
size. Capabilities specifically for C++ 
programming include class library 
support for both DOS and Windows. 

I Class hierarchies 
To address the particular needs of 
object-oriented programming, Bor
land tailored its class libraries in 
hierarchical format . "Typically, 
when you're writing an application, 
you want it to be as general as pos
sible," says Charles Dickerson, C++ 
product manager at Borland. "As 
soon as you start writing directly to 
the computer, you start limiting the 
portability of the application. Class 
hierarchies provide a layer of ab
straction that ultimately lets you 
use the application on multiple 
platforms." 

Object Windows is one example of 
a class hierarchy provided by the 
Borland C++ compiler. It provides 
objects important for Windows de
velopers-such as dialogue and 
scroll-bar objects. These are pro-
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Borland International 1800 Green Hills Rd, Scotts Val ley, CA 95067-0001 (408) 438-8400 Circle 301 

Borland C++ 3.0 CIC++ ANSI, AT&T Protected DDS 3.31+, 286, Same as min- $495 Includes globally optimizing compiler, 
CFront 3.0 24-Mbyte hard disk, imumwith debugger, profiler, assembler, resource 

2-Mbyte RAM 3-Mbyte RAM editor for Windows 
(for Windows) 

Borland C++ 3.0 CIC++ ANSI , AT&T Protected DDS 3.31+, 286, Same as min- $749 Same as above 
with Applica- CFront 3.0 32-Mbyte hard disk, imumwith 
tions Frame- 2-Mbyte RAM 3-Mbyte RAM 
works (for Windows) 

Turbo C++ 3.0 CIC++ ANSI, AT&T Protected DOS 3.31+, 286, Same as min- $149.95 Same as above 
for Windows CFront 3.0 8-Mbyte hard disk, imum with 

2-Mbyte RAM 3-Mbyte RAM 
(for Windows) 

Intel 5200 NE Elam Young Pkwy, Hillsboro, OR 07124-5961 (503) 696-4701 Circle 302 

386/486 Code- 1.1 c ANSI Protected 386, 7-Mbyte free disk Same as $695 Development kit for 32-bit DOS 
Builder Kit space. 1-Mbyte minimum with applications 

extended memory 486 system 

JPI TopSpeed Consortium 117 Hunt Hill Rd, Rindge, NH 03461 (800) 448-4440 Circle 303 

TopSpeed C 3.02 c ANSI Real mode DOS, DOS 3.0+, hard disk, - $198 Fast ANSI validated, multitasking under 
Standard protected mode 512-kbytes RAM DDS, segment-based overlaying of code & 
Edition DOS & OS/2 data 

TopSpeed C++ 3.02 C++ AT&T2.1 Same as above Same as above - $198 Includes class library 
Standard 
Edition 

Metaware 2161 Delaware Ave, Santa Cruz, CA 95060 (408) 429-6382 Circle 304 

High C 2.4 c ANSI Protected 3861486, 1.5-Mbyte 386/486, $795 32-bit, compatible with AT&T Unix porting 
RAM 3-Mbyte RAM tool 

High Ctt 3.1 C++ ANSI, AT&T Protected 386/486, 1.5-Mbyte 386/486, $795 32-bit, available 02 '92 
3.0 RAM 4-Mbyte RAM 

Microsoft 1 Microsoft Way, Redmond, WA 98052-6399 (206) 882-8080 Circle 305 

Microsoft 7.0 CIC++ ANSI , AT&T Both DOS 3.3+, 386, DOS 50, 386, $499 Includes support for OLE and GDI, Windows 
CIC++ 2.1 15-Mbyte hard drive, 20-Mbyte hard ($139 for 3.0/3.1 debug kernel and tools ; uses p-code 

2-Mbyte RAM drive, 4-Mbyte upgrade) technology to reduce code size 
RAM 

Quick-C for 1.0 c ANSI Both 286, 10-Mbyte hard 386, 20-Mbyte $199 Integrated environment with Windows-
Windows drive, 1-Mbyte RAM, hard drive, hosted debugging; includes Windows 

Microsoft Windows 2-Mbyte RAM , development tools; Quick-Win libraries 
Microsoft enable DOS applications to be recompiled as 
Windows Windows applications 

Microway Research Park, PO Box 79, Kingston MA 02364 (508) 7 46-7341 Circle 306 

NDPC 3.2 c ANSI , AT&T Protected 3861387 or 486, Same as min- $995 Includes NOP tools and royalty-free DOS ex-
2.1 20-Mbyte hard disk, imum with ($1 ,295 tender and a library that emulates Microsoft 

2-Mbyte RAM 4-Mbyte RAM for486) C DOS interface and graphics routines 

NDPCtt 4.1A C++ ANSI, AT&T Protected Same as above Same as above $995 Includes royalty-free DOS extender, features 
2.1 ($1 ,295 a full-function in-liner, classes, inheritance, 

for486) function, and operating overloading 

NOP CIC++ 4.1A Cl ANSI, AT&T Protected Same as above Same as above $1 ,995 Free with Numbersmasher i860 board 
i860 C++ 
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Mix Software 1132 Commerce Dr, Richardson, TX 75081 (800) 333-0330 Circle 307 

Power C 2.1 c ANSI Real 320-kbytes RAM 640-kbY1es $19.95 Integrated make utility, 450 library functions, 
RAM IEEE floating-point, supports x87, 

small/med/large models, near/far/huge 
keywords 

Symantec 10201 Torre Ave , Cupertino, CA (408) 253-9600 Circle 308 

Zortech C++ for 3.0 C++ ANSI Both MS-DOS 2.0+ or OS/2 - $699 Supports Windows, DOS, 32-bit and 16-bit 
Windows, DOS, V1.x, hard disk, 640- protected mode DOS, and OS/2 V.1.x 
& DS/2 kbytes RAM , PC-

compatible 

Watcom 415 Phillip St, Waterloo, Ontario N2L-3X2 (519) 886-3700 Circle 309 

Watcom C/386 9.0 c ANSI , IBM 
SAA 

Watcom C 9.0 c ANSI , IBM 
SAA 

You don 't need to 
be a programmer to use 

CubiCalc . You can define and use 
fuzzy rules interactively to obtain 
immediate graphical and numeric 

results . And Cub iCalc RTC 
provides tools for developers to 

br ing fuzzy decision-making to 
their own programs - even 

real-time embedded systems. 

CubiCalc is inexpensive and easy 
to use , so your investment is small 

but the potentia l payoff is large . 
(Fuzzy statements like that make 

a lot of sense , don 't they?) 

Cu bi Cale 
The Thi rd Wave in Intelligent Software 

Hyperlog ic Corporation 
1855 E. Valley Parkway, Su ite 21 O 

Escondido , CA 92027 USA 
(619) 7 46-2765 

CIRCLE NO. 66 

Protected 

Real 

PC-compatible, 386 or 486- $895 Supports development of 32-bit applications 
hard disk based PC- for OS/2 2.0, extended-DOS and Windows, 

compatible, royalty-free 32-bit DOS extender 
2-MbY1e RAM 

PC-compatible, 640-kbytes $495 Supports DOS, Windows, and OS/2, 286-
hard disk RAM, any x86 DOS extender support; includes debugger, 

system linker, profiler, and graphics 
library 

New AP Labs VMEstatiarlM: 
Fully integrated systems for seamless real-time development .. , 

>- SP ARCengine or 68000 series archirecrure AP L b 
>- SunOS and VxWorks wirh AP Labs'Asynchronous I/O a 5 
>- RDBXworks™: C source-level SPARC debugger 6215 Ferris Sq11a.-e 
>- F11tly inteuratedVME and SBus 1/0 real-rime device driver support Sau Diego. CA 92 l:!1 

0 (619)546-8626 >- Dara Acquisirion; Communicarions; Signal Processing Fax:(619) 546-0278 
SPARC SPARCengme. SuoOS and SB us are trademarks of Sun Mtcrosyslems. Inc. VJ(Works is a traden\ilrk or Wind River Systems. 68CXXl 1s a lradema~ ol Motorola. Inc 

CIRCLE NO. 67 
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vided at a very high level of abstrac
tion. You can write to the Windows 
Application Programming Interface 
(API) when a lower level of control is 
required. 

Borland eventually plans to re
lease an OS/2 version of the compiler. 
OS/2 uses Presentation Manager 

(PM) as its graphical user interface. 
"Because we've provided this ab
stract layer, the developer can target 
an application for PM and the calls 
made into the class hierarchy don't 
change, because they're abstract 
enough not to be dependent on un
derlying API," says Dickerson. 

A fforclable real-time Digital 
Signal Processing becomes a 

reality with Vigra's high-performance digital 
audio boards for VME and SB us. You'll find 
exclusive features such as programmable 
coding and sampling rates from high-fidelity 
DAT or CD performance down to telephone 
bandwidths (16-bit linear to 4-bit ADPCM). 

Each board has a 56001 DSP for each audio 
channel, plus multi-ported store-and-forward 
RAM, on-board firmware in EPROM, and direct 
audio inputs and outputs. Vigra's unique DSP 
expansion bus provides an easy method for 
adding multiple channels and customized 
analog front ends. 

For post-acquisition processing, use Vigra's 
Audio Editing Toolkit to make seamless 
splices and dazzling dubs - ideal for preparing 
interactive audio such as flight simulation, voice 
synthesis and communication response systems. 

Vigra's board audio/DSP product line and 
custom capability assure you just the right 
match for your application. Call us today, and 
discover why Vigra is the leader in board-level 
audio. 

-viGRA 
4901 Morena Blvd., Bldg. 502 , San Diego, CA 92117 (619) 483-1197 FAX:(619) 48.1-75.)1 

CIRCLE NO. 68 
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Lee Pedlow, senior project engi
neer at Honeywell (Phoenix, AZ), 
used Borland C++ to develop test 
software for the latest version of 
Honeywell's flight data test recorder. 
The software runs on a PC which is 
used as a dedicated instrument. A 
mainframe computer models all the 
parameters of an aircraft in flight. 
This information is downloaded to 
the PC over a high-speed data chan
nel. The test software on the PC sorts 
the information and divides it up to 
send to the various simulated air
craft buses. The information is then 
sent out to Honeywell's various 
systems-flight recorders, auto
pilots, indicators. Data also comes 
back through the PC from those sys
tems and is then fed back into the 
simulation computer to update the 
aircraft model. All this 110 activity 
can be inspected visually and modi
fied from the PC, without interrupt
ing the modeling computer. 

"We had a very limited amount of 
time in which to process all this in
formation," says Pedlow. "Therefore, 
the degree of compactness of the code 
directly affects how much we're able 
to do in a fixed amount of time." The 
Honeywell team had been develop
ing its system using another com
pany's compiler before it made the 
switch to Borland C++ 3.0. ''We were 
really impressed with the speed and 
efficiency of the Borland compiler," 
says Pedlow. 

I Tales of assembly 
Because speed was a key design cri
terion, Pedlow tested various CIC++ 
compilers on the market by examin
ing their assembly code output. 
"Most compilers provide the option 
to output an assembly listing," he 
says. ''We used that to rate the effi
ciency of the compilers. We put one 
of our standard structures through 
each compiler, and then looked at the 
resulting assembly code to see just 
how tight it was. We found that the 
Microsoft compiler generated over 
400 lines of assembly code. The code 
generated from the Borland com
piler was only around 100 lines. That 
was significant-we reduced the size 
of the program by a factor of four just 
by switching compilers." 

Typical of a growing number of 
system designers, Pedlow and his 
team are interested in migrating 
their code to C++ and using object
oriented programming techniques. 
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Currently, they only use a few fea
tures of C++. While they've used the 
C++ inheritance capabilities in some 
of the display routines and user I/O, 
the code wasn't utilized in the real 
core of the program. "Our particular 
application doesn't lend itself to the 
concept of inheritance," says Pedlow. 
"Our program has about 200,000 
lines of code, 75 percent in C or C++, 
and 25 percent assembly code. C++ 
didn't help us in the assembly de
partment at all. But, the inheritance 
concepts did help us move the assem
bly code into the C domain as callable 
routines. Basically, we used our as
sembly routines as the base of a li
brary. We could then assign 
inheritance traits to the library." 

I Never too late? 
A late entry in the C++ game, Micro
soft offers its first C++ compiler in 
combination with release 7.0 of its C 
compiler. The Microsoft CIC++ 7.0 
compiler features a sophisticated 
browser that's part of its Integrated 
Development Environment (IDE). 
Using one of 16 different types of 
queries, you can use the browser to 
help find classes, functions, macros, 
and members. The browser main
tains a history of all the i terns found. 
You can look for a class, for example, 
find some of its members and then 
locate where that member was first 
defined--0r you can go to some other 
place where that member is rede
fined or reused, and make modifica
tions to it. This helps automate the 
task of organizing large, complex ob
ject-oriented programs. 

Several new code optimization 
technologies are featured in Micro
soft CIC++ 7.0, two of which are sig
nificant. The first is packed-code 
(p-code), a code-generation technol
ogy used by Microsoft in developing 
its other products. P-code is an inter
mediate object-code representation 
which compresses code size by 30 to 
40 percent. You can configure the 
compiler to generate p-code selec
tively in all applications where code 
volume reduction can be made at the 
least cost in speed. User-interface 
code, for example, where the soft
ware is often waiting for user input, 
is a place where applying p-code 
makes sense. Although p-code runs 
slower than native code, its smaller 
size can mean less swapping of mem
ory to disk, r esulting in an overall 
gain in speed. 

The second Microsoft optimiza
tion feature is in-lining. In-lining 
places an entire function's code "in 
line" in the program instead of jump
ing to another part of a program 
when a function is called. Microsoft's 
approach to in-lining is unique be
cause it can handle functions con-

taining control structures. This lets 
larger and more complex combina
tions of code be in-lined. You can set 
the compiler to automatically in-line 
all the code, or choose individually 
which functions to in-line. • 

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 platfonns. The code is completely 
portable between cross environments, across host and target platfonns, 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 flex ibility, 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 gel started. Act now and we'll also send you a free benchmark report on the perfor
mance of several real-time operating systems. 

=im~~ 
CAll 1-800-YES-PDOS ==-= ;: :: ~ :::;;;,. ~~__, 

PDOS Puts Power in Your Products - For The Present and The Future. 
EYRING CORPORATION, SYSTEMS SOFTWARE Ol~~ON , 14511WEST128 NORTll, PROVO, UTAH 14681 IOH7H434 FAX I01·3n·3150 EMAIL: pdos·inlt@Eyrin1.COM 

GEJIMAllY, AUSllllA: ~lmos Eleclroo< Gmbll, Martrnsrrol. Germany. Tel 0891857000-0 UNITTO UNGOOM: Eynsoll lld Oerl'f, Engond, JO 0332/384978 

BENELUX: lnteray SV, Fnesland. Hoond, Tel 0511~4051 JAPAN: HeSystem Conlro Corp., Tokyu. Japan, Tel. (OJ) 3201-0511 
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Two Spare-based CPUs unveiled 

The newest members of the Force Computers family of Spare-based CPU boards are a 
pair of full-featured, 28.5-M ips, 6U cards. The 2E (shown here) includes a full VME64 
interface w ith SSBLT. Both include a pair of SBus slots. 

A lthough Revision D of the 
IEEE-1014 specification, cov
ering VMEbus, still has obsta

cles to overcome before becoming 
part of the official standard, compa
nies have moved ahead to imple
ment designs in silicon. One of these , 
Force Computers (Campbell, CA), is 
offering the first silicon implementa
tion of SSBLT (source-synchronous 
block transfer) as part of a new 
Spare-based single-board computer. 
Force's 28.5-Mips SBC comes com
plete with all the 'fixings' of a Sun 
Microsystems (Mountain View, CA) 
Sparcstation 2 workstation, includ
ing a pair of SBus slots. 

Two products were announced 
by Force; both were 6U single
board Spare-based CPUs, the only 
difference being that one includes 
the full VMEbus interface while 
the other is designed for stand
alone applications. 

"By providing OEMs both alterna
tives," says Force vice-president of 
North American operations Fred 
Rehhausser, "it's possible to address 
both large VMEbus solutions as well 
as embedded applications with high 
CPU performance-but with more 
modest I/O requirements. The pair 
of SBus slots provides I/O solutions 
for those modest embedded applica
tions. And the VMEbus board pro
vides a low-cost I/O where a full
sized VMEbus board isn't required." 

The basic boards have up to 32 
Mbytes of memory, with a connector 
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for an expansion card which can 
boost memory to 64 Mbytes. For lo
cal I/O, the board features a front
panel assembly with connectors for 
a pair of serial interface ports, a 
keyboard/mouse serial port and an 
audio port. The local I/O is imple
mented with a mezzanine board 
that provides both the logic and the 
connector. The board also includes 
Ethernet and SCSI II ports, which 
are located on the base board. 

A floppy-disk interface, a loud
speaker port and a second SCSI II 
interface are available on the P2 con
nector. The two SBus expansion ports 
also provide the capability to plug any 
available expansion cards directly 
into the board. 

I Lots of EPROM 
In addition to the main DRAM, the 
board includes a single 32-bit JED EC 
EPROM socket that's used to hold a 
1-Mbit boot EPROM. Though the 
EPROM containing the open boot 
(SBus) firmware isn't identical to that 
of the Sparcstation 2, Force claims it's 
100 percent downward compatible 
with Sun's approach. The board also 
includes four flash EPROMs in TSOP 
(thin small-outline package) format. 
This additional one Mbyte of memory 
is mapped in place of the Sun Spare
s ta ti on 2's third SBus slot. The 
EPROMs are organized in 32-bit 
words and are accessible with non
burst cycles. They are erasable and 
writable using routines supplied in 

the boot ROM. Using 150-ns 
EPROMs, the access time is 4 clock 
cycles. 

The VME-compatible board 
(CPU-2E) is identical to the non
VMEbus version (CPU-2S), except 
that it includes a complete VMEbus 
interface. This interface, including 
both VME64 and SSBLT, is part of 
a two-chip set to boost VME perfor
mance that's proprietary to Force. · 

SSBLT is a technique that per
mits the bus clock to be controlled 
by the data rate rather than an in
dependent clock. Using SSBLT it's 
possible to boost the conventional 
VME transfer from a theoretical 
maximum of 40 Mbytes/s to just 
about 160 Mbytes/s. 

The chip set not only provides the 
full VME64/SSBLT interface, 
though; it also lets the 2E board 
implement the latest SBus version. 
About a year ago, Sun introduced 
Revision B.O of the SBus specifica
tion, which permitted multiplexing 
the data bus to allow 64-bit trans
fers-boosting SBus transfer rates 
to 160 Mbytes/s . 

Both boards are designed to oper
ate with Sun's SunOS, as well as 
other real-time operating systems 
designed to work with the Spare 
architecture. The 2S with 16 Mbytes 
is priced at $7,495; the 2E with 16 
Mbytes is $7 ,995. - Warren Andrews 

CPU 2512£ at a glance 

• 28.5 Mips Spare processor at 40 
MHz with 64-kbyte cache 

• 4.2 MFlops double-precision 
floating point unit at 40 MHz 

• 16-, 32-, or 64-Mbyte DRAM 

• 1-Mbyte Flash EPROM 

• SunOS compatible 

• Two SBus expansion slots, SCSI II 
port, two seria l ports, keyboard 
and mouse port 

• Floppy disk controller 

• Ethernet 

• VME64, SSBLT Interface (2E) 

Force Computers 
3165 Winchester Blvd 
Campbell, CA 95008 
(408) 370-6300 
Circle 354 
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Graphic tool shows multiple 
views of real-time behavior 

A CASE tool aimed at describing 
the actual behavior of real
time systems using graphic 

representation has been introduced 
by Verilog (Dallas, TX). Scenario is 
based on a formal language defined 
by the Consulting Committee on In-

of the system architecture shows 
the hierarchy of the actual compo
nents of the system, and a service 
decomposition display shows the hi
erarchy of services provided by the 
system. The display of the service 
decomposition, for example, shows 

Several views of Verilog 's Scenario show the message sequence chart (upper left), the 
service decomposition hierarchy (lower right) and the file structure (upper right) of a 
real-t ime system under analysis. 

ternational Telegraph and Tele
phone (CCITT), an organization of 
the United Nations. The formal de
scription lets you link the external 
behavior of a system with the inter
nal graphical view of its architec
ture. Scenario features graphical 
capture of system event behavior, a 
semantic model manager and static 
analysis. 

I Three met hods 
In the graphical capture of system 
event behavior, Scenario describes 
the real-time event interaction be
tween design components in the sys
tem in three ways. Message se
quence charts show what happens 
within the system in response to a 
message, such as a message passed 
between concurrent tasks. A display 
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a hierarchical chart with elements 
linked via "composition operators." 
These tell whether an element and 
its subelements are recursive, oper
a ting in parallel with other ele
ments, are exceptions, or fall into 
some other category. 

Consistency between views is 
maintained by Scenario's semantic 
model manager, which automati
cally updates the information pre
sented in all views. You can confi
dently use a multiwindowed editing 
environment, therefore, and in
stantly see the effects that a change 
made in one view will have on other 
aspects of the system. In static anal
ysis, Scenario provides a checking 
facility to identify errors associated 
with completeness and correctness 
of data. It does this by comparing 

the model content with the formal 
CCITT language description to ver
ify type consistency, completeness, 
balancing of data, and correctness of 
entity decomposition. 

I Easy integration 
Scenario is the first product release 
in Verilog's new generation of object
oriented technology for software de
velopment. The object-oriented ar
chitecture lets a tool such as 
Scenario be easily integrated into 
Verilog's Logiscope line of tools, 
which in turn can be integrated with 
other tools for such things as auto
mated document generation, user
specified configurations and control 
integration frameworks such as 
Hewlett-Packard's SoftBench. 

Scenario runs on DEC, Hewlett
Packard/Apollo and IBM Unix work
stations, and it supports the Motif/X 
Windows interface, as well as DEC 
Windows. It also runs on IBM 43XX 
and 30XX: systems, and on PCs un
der DOS/MS-Windows and OS/2. 

Scenario is priced at $15,000 for 
single quantities. Multiple licensing 
arrangements in quantities of 15 or 
more can bring the price down to 
around $4,500. - Tom Williams 

Scenario at a glance 

• Object-oriented real-time 
analysis tool 

• Multiwindowed views of system 
architecture, service hierarchy 
and real-time event behavior 

• Automatic update of multiple 
views 

• Automatic data consistency and 
correctness checking 

• Easy integration into overall 
design environment 

VerilogUSA 
3010 LBJ Fwy 
Sui te 900 
Dall as, TX 75234 
(2 14) 241-6595 
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Fourteenth Annual 
Custom Integrated Circuits Conference 
Westin Copley Place & Boston Park Plaza Hotels 

Boston, MA 
May 3-6, 1992 

Keynote Speaker: Dr. James E. Carnes, President & COO, David Sarnoff Research Center 
High Resolution Video & !Cs: Help or Hype? 

Luncheon Speaker: Mr. Eric M. Howlett, President, LEEP Systems Inc. 
Virtual Reality 

Technical Sessions: 
Over 170 papers presenting the latest developments 
in the areas of digital and analog circuit design, 
system analysis and simulation, CAD systems and 
methodology, fabrication technology, ASIC design 
automation, device and circuit modeling, data 
conversion and telecommunication circuits, testing, 
and circuit/system reliability. 

Educational Sessions: 
Two-hour primer courses, with extensive "course notes" 
in an interactive setting. 

Managing the ASIC Design Cycle 
Design for Reliability 

High Speed Digital Circuit Design 
Programmable Logic Design Choices 

Packaging & Multi-chip Modules 
Opto-electronic Circuits 

Automating Analog Design & Layout 
High Speed Analog Circuit Design 

IC and System Simulation 
Logic & High Level Synthesis 

Testing and Design for Testability 
Built-in Self-Test & JTAG 

Evening Panel Discussions: 

Intellectual Property: How Smart Is It 
Patent laws: Are they an aid or barrier to innovation? 
How do little guys fare against big guys in patent wars? 
Europe and Japan's laws differ markedly from the US 
system. Their impact on global markets? Our line-up 
of CEOs and patent attorneys trade views. 

Multi-Chip Modules: Dream or Reality? 
MCMs are becoming pervasive. Or are they? Along 
with their obvious merits come the inescapable cost 
and testing issues. A panel of leaders for the IC and 
computer industry weigh the future of MCMs. 

Eng. Skills for the Year 2000: What are they? 
Think of it: multi-million transistor chips designed in 
just a few months. Who is the chip designer of the next 
decade? A programmer? System architect? A super
generalist, or a super specialist? Compare your crystal 
ball with our panel of experts. 

Exhibits: 
Dozens of companies show the latest developments in 
software & hardware in ASIC design and development. 

For more information, including registration & housing forms, contact 
Roberta Kaspar, Technical Program Coordinator: 

Phone: 716-865-7164 FAX: 716-865-2639 
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HOTEL RESERVATION FORM 
29th Design Automation Conference 

June 8 - 12, 1992 
Hotel reservations will be handled by the Anaheim Convention and Visitors 
Bureau, on a first-come, first-served basis. The following hotels are available: 

HOTEL 
\prioritize your choices) 

Convention Center Inn 

Anaheim International Inn 
Castle Inn 
Raffles 

_ Holiday Inn 
_ Quality Inn 
_ Jolly Roger Inn 

Grand Hotel 
Inn at the Park = Hyatt Regency Alicante 
Pan Pacific 

_ Disneyland Hotel 
Anaheim Marriott 
Anaheim Hilton 

SINGLE DOUBLE 
(please circle one) 

$ 55.00 $ 55.00 
(Queen Parlor Suites - $78.00) 

62.00 62.00 
64.00 64.00 
64.00 64.00 

(Parlor Suites - $79.00) 
78.00 
79.00 
79.00 
82.00 
85.00 
89.00 
92.00 

100.00 
110.00 
115.00 

78.00 
84.00 
85.00 
88.00 
95.00 
95.00 
98.00 

100.00 
120.00 
130.00 

Above rates honored on ly if your reservation is made by May 8, 1992 

Complete the form below and send to: 

DAC HOUSING BUREAU 
P.O. Box 4270 
Anaheim, CA 92803 
(714) 999-8939 - FOR INFORMATION ONLY! 

CAUTION: 
H otel reservations sent to 

the DAC offi ce will be 
discarded! 

Name __________________________ _ 
(first) (last) 

Company _______________ Mail Stop ______ _ 

Mailing Address ______________________ _ 

City _______________ State ____ Zip ____ _ 

Country ___________ Telephone { __ ) ________ _ 

Arrival Date __________ Time _____ AM ___ PM __ 

Departure Date _________ Time _____ AM ___ PM __ 

Reservations will be confirmed by the DAC Housing Bureau and the hotel to which you 
are assigned. A one night deposit of $80.00 per room is required by check or credit 
card. Make check payable to the DAC HOUSING BUREAU. 

0 VISA 0 MASTERCARD 0 AMERICAN EXPRESS 

Number ________________ Expiration Date ___ _ 

Signature. ________________________ _ 

CIRCLE NO. 77 

ADVANCE REGISTRATION FORM 
29th Design Automation Conference 

June 8 - 12, 1992 
To register, mail your payment with th is form or a copy to: 

29th Design Automation Conference 
c/o DAC REGISTRATION DESK 
7490 Clubhouse Rd. #102 
Boulder, CO 80301 USA 

For Information Only, Call (303) 530·4333. NO TELEPHONE REGISTRATIONS 

IMPORTANT - Registration Instructions 
1. Full payment in U.S. Dollars (drawn from a U.S. bank) MUST accompany 

registration . Any registration without payment WILL be discarded. 
2. Advance registrations must be postmarked no later than May 8, 1992. 
3. Register one person per form (copy this form as needed) . 
4. Refund Policy: Written requests for refunds must be received in the DAC office 

no later than May 8, 1992 Refunds are subject to a $15.00 processing fee. 
5. Make checks payable to: 29th Design Automation Conference. 

PLEASE TYPE OR PRINT CLEARLY CA UT/ON: 
Thi s in formation will be used to print your ID badge! 

Name __________________________ _ 

(first) (last) 
Company _________________________ _ 

Street Address _______________________ _ 

Mail Stop _________________________ _ 

City ____________ State ____ .Zip _________ _ 

Country Telephone ( __ ) ___________ _ 

MEMBER NO. ACM/IEEE _________________ _ 

Advance Registration 
(postmarked by May 8, 1992) 
Member IEEE/ACM 
Non-Member 

At Conference Registration 
(after May 8, 1992) 
Member IEEE/ACM 
Non· Member 

CONFERENCE REGISTRATION FEES 
Conference Conference 

Only and Tutorial 

$140.00 $265.00 
$180.00 $355.00 

$180.00 $305.00 
$220.00 $395.00 

Students and One-day-only registrations will be accepted AT CONFERENCE only! 

D VISA 0 MASTERCARD 

Number ________________ Expiration Date ___ _ 

Signature ________________________ _ 
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I NEW PRODUCT DEVELOPMENTS 

COMPUTERS & SUBSYSTEMS 

Ethernet multiplexer takes over 
network processing 

Increased throughput for Ether
net terminal servers comes from 
a new Ethernet multiplexer from 

Systech (San Diego, CA). The Ether
plex NTX-8023 multiplexer offloads 
the burden of interrupts and context 
switching from the host computer by 
relieving it of the burden of time-con
suming interface tasks such as net
work packet interrupt and TCP/IP 
protocol processing. In addition, 
software such as the Telnet "dae
mon," which normally runs as a user 
task on the host, can execute on the 
Etherplex board. 

The speed and processing power 
to handle multiple packets and 
make them look like simple multi
plexed lines comes from the Ether
plex's i960CA RISC processor, run
ning at 25 MHz. The i960CA is the 
superscalar version of the i960, ca
pable of executing multiple instruc
tions per cycle. Tests run by Systech 
indicate that at up to 16 users, it's 
equal to Telnet in output processing. 
As the user base increases to 80, 
however, Etherplex maintains an 
output rate of nearly 4,000 charac
ters per second (cps), while the host
based system drops off to around 
1,000 cps. 

The higher sustained data rate 
has less impact on CPU utilization, 
freeing more host power for process
ing applications. In tests of output 
efficiency with 80 users, Systech re
ports 26 percent CPU loading using 
Etherplex versus 95 percent under 
host-based Telnet. Under input con
ditions with the same 80 users, the 
testers report 17 percent loading 
versus 98 percent under Telnet. 

I Insulated for performance 
Etherplex is fully insulated from the 
operating system as well as from 
terminal servers, acting like a "black 
box" as it optimizes terminal traffic. 
This means no changes are needed 
in Telnet-compatible terminal serv
ers or host applications. Any appli
cation with a standard TTY inter
face can u se Etherplex without 
changes, and any off-the-shelftermi
na l server that complies with 
TCP/IP or Telnet protocols can oper
ate with the device. Systech main
tains a list of terminal servers which 

it has tested and verified. Use of the 
proper transceiver lets Etherplex 
support any medium-twisted pair 
or ThinNet, as well as the standard 
Ethernet coax. 

Central to the Etherplex board's 
performance is Systech's terminal 
control software (TCS), originally 
developed for its Unplug terminal 
I/O subsystem. TCS provides inte
gration of standard networking pro
tocols so that the host computer sees 
the subsystem as a single, multiline, 
asynchronous multiplexer. At the 
same time, networked terminals see 
the Etherplex subsystem simply as 
a host offering standard Telnet ter
minal devices. 

The initial offering of Etherplex 
will be in its present VMEbus con
figuration, but Systech plans to in
troduce versions for EISA, Micro 
Channel and SBus in the second half 
of 1992. The price is $3,995 for sin
gle-lot quantities, with OEM dis
counts available. - Tom Williams 

Etherplex NTX-8023 
at a glance 

• i960CA CPU at 25 MHz 

• 2 Mbytes two-way bank-
interleaved DRAM 

• 16 kbytes dual-ported DRAM 

• 128 kbytes EPROM 

• 16- and 32-bit data transfers 

• Supports both master and slave 
bus modes 

• Includes Network Terminal Soft
ware: TCP/IP with Telnet, Termi
nal control software (TCS) utili
ties, TCS-compatible drivers for 
AT&T Unix 5.3 and 5.4 Streams 

Sys tech 
6465 Nancy Ridge Dr 
San Diego, CA 92121 
(619) 453-8970 
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68030 VME 

3U 
efficiency. 
Wouldn't it be great if you could 
get a compact, high performance 
3U 68030 VME board with the 
features you need at a price you 
can afford? Now GreenSpring 
delivers the goods with the 
new workhorse SBC5. a,~ . 

We started W> ~\\.~ r-
with a speedy :..\,"ti CJ 

32Mhz 68030 ~ 'J 
processor. Added a ,o R 0 'V 
burst memory cache fill 
controller and 60ns DRAMs for 
64MB/second throughput. Integrated 
our proprietary GIA'M bus interface 
silicon in an economical 100-pin quad 
pitch package. Then topped it off with 
32-bit FLASH memory for in-circuit 
programming. Now that 's efficiency. 

Of course, we've included all the 
functionality you expect - EEPROM, 
RTC, serial ports and timers. A 32Mhz 
68882 FPU is optional. Get OS-9 or 

CrossCodeTM C and FreeFormTM for 
source-level debugging. Or use 

the board support package for 
your favorite kernel. 

Call 
or fax 
GreenSpring 

Best of all, you can 
get this unprecedented 

efficiency for the 
unexpected low 

price of $1695 list 
($1295 OEM). 

today for a 
complete catalog of 
VMEbus products. / 

GREEN= SPRING 
COMPUT R 

1204 O'Brien Drive, Menlo Park, CA 94025 
(415)327-1200/FAX(4 15)327-3808 
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IN EW PRODUCT DEVELOPMENTS 

AS/Cs & ASIC DESIGN TOOLS 

High-density PLO runs 80 MHz, 
programmable in-system 

A 6,000-gate programmable 
logic device (PLD) from Lat
tice Semiconductor, claimed 

to have a maximum system-level 
performance of 80 MHz with a 15-ns 
propagation delay, is available in 
two versions: a programmable LSI 
device (pLSI 1032) and an in-system 
programmable device (ispLSI 1032). 
Lattice supports its 0 .8-µm E 2 

CMOS PLDs with a $995 pDS devel
opment system which runs on 
80386- and 80486-based PCs with 
Microsoft Windows. 

I New benefits for FPGA designers 
"Lattice's pLSI and ispLSI devices 
deliver predictable timing, E2 re
programmability, performance, and 
quality to the experienced FPGAde
signer," says Lattice president and 
CEO Cyrus Y. Tsui. Dave Harper, 
senior design engineer at Convex 
Computer, reports that he's using 
multiple ispLSI 1032s running at 80 
MHz in a high-speed, high-defini
tion TV design. "They were the only 
devices to offer predictable 15-ns 
speed and the unique in-system pro
gramming capability," Harper says. 
Lattice claims that its ispLSI de
vices are the industry's only high
density PLDs that offer nonvolatile 
in-system programmability and re
programmability. 

The Lattice PLD has 192 regis
ters , 64 universal VO pins, eight 
dedicated input pins, four dedicated 
clock input pins, and a global rout
ing pool that provides interconnec
tivity to all its elements. The basic 
unit of logic is the generic logic 
block, which has 18 inputs, four out
puts, and the logic needed for most 
standard functions . The internal 
logic of the generic logic block is 
divided into an AND array, a prod
uct term sharing array, recon
figurable registers , and control func
tions. The four outputs of each of 32 
logic blocks can be configured to be 
either combinatorial or registered. 

Inputs to the generic logic block 
come from the global routing pool, 
and all logic-block outputs are 
brought back into the routing pool 
so that they can be connected to the 
inputs of any other logic block. Each 
of 64 I/O cells can be individually 
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programmed to be a combinatorial 
input, registered input, latched in
put, output, or bidirectional VO pin 
with three-state capability. 

Eight of the 1032's generic logic 
blocks, plus an output routing pool 
and 16 VO cells , make up a mega
block. Each megablock shares two 
sets of resources. Two dedicated 
(nonregistered) inputs in each of the 
four megablocks are available only 
to generic logic blocks within that 
megablock. Common to all 16 of the 
VO cells in each megablock is an 
output enable signal that can be 
generated using a product term in 
any of the eight logic blocks. Be
cause of this shared logic, you will 
obtain the best utilization of the 
1032's logic and most effectively 
eliminate routing bottlenecks if you 
group signals sharing a common 
function, such as buses or counters, 
within a megablock. 

The 1032's clock distribution net
work generates five global clock sig
nals-three for clocking all the ge
neric logic blocks and two for 
clocking all the device's VO cells. 
Four dedicated system clock pins 
can be directed to any generic logic 
block or any VO cell that uses the 
clock distribution network. 

I Do-it-yourself design 
To design the 1032, Lattice offers the 
pDS development system, which has 
a graphical user interface and fea
tures Boolean entry with Abel-like 
syntax. You can define your own mac
ros or use Lattice's library of over 240 
macros, which cover most TTL func
tions, from gate primitives to 16-bit 
counters. After the pDS software ver
ifies the design and performs logic 
minimization, Lattice's proprietary 
place-and-route algorithm assigns 
pins and critical speed paths, ensur
ing 100 percent routability at 80 per
cent utilization. Harper of Convex 
says, "The pDS software has proven 
to be a very cost-effective develop
ment system. Its low price, easy-to
learn interface and quick design en
try enabled us to implement the 
design quickly, without significant 
cost or timing delays." 

To complete the design environ
ment for in-system programmable 

1032s, Lattice offers the isp En
gineering Kit. You can program isp
LSI devices directly from a PC, ei
ther stand-alone in a programming 
module or directly on a PC board. 
The kit includes a sample of the 
ispLSI 1032, a programming mod
ule, cabling, and a power adapter. 

Production versions of the pLSI 
1032 are available now at both 80 
MHz and 50 MHz. In quantities of 
1,000, the 84-pin pLSI 1032-80 and 
1032-50 are $81 and $49 respec
tively. The ispLSI 1032 is available 
today in samples, with production 
quantities expected sometime this 
quarter. The Lattice pDS develop
ment system is $995, and the isp 
Engineering Kit is $395. 

-Barbara Tuck 

E2 CMOS PLDs at a glance 

• In-system programmability 

• 80-MHz maximum operating 
frequency 

• 15-ns propagation delay 

• 192 registers 

• High-speed global interconnects 

• 100 percent routable at 80 
percent utilization 

• Boolean logic compi ler 

Lattice Semiconductor 
5555 NE Moore Ct . 
Hillsboro, OR 97124-6421 
(503) 68 1-0118 
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Trademark Information 

UNIX is a registered trademark of 
AT&T Bell Labs. 

PAL is a registered trademark of 
Advanced Micro Devices, Inc. 

SMART-POWER is a registered trade
mark ofNartron Corp. 

CDA and BurstRAM are trademarks 
of Motorola, Inc. 

SCOPE and ASSET a re trademarks of 
Texas Instruments, Inc. 

IRIS POWERVISION is a trade-mark 
of Silicon Graphics, Inc. 

Rea!TimeX is a trademark of Concur
rent Computer Corp. 

Zone Bit Recording is a registered 
trademark of Seagate Technology, Inc. 



INEW PRODUCT DEVELOPMENTS 

AS/Cs & ASIC DESIGN TOOLS 

Xilinx 10,000-gate FPGA 
supports 32-bit systems 

W ith the 0.8 -µm CMOS 
XC4010 FPGA from Xilinx, 
the company claims you can 

comfortably design a 32-bit, 33-MHz 
microprocessor peripheral control 
system based on FPGAs for the first 
time. 

The third and densest member of 
the XC4000 family, the XC4010 has 
10,000 usable gate-array-equivalent 
gates, according to its maker. 
Moreover, each XC4010 configur
able logic block (CLB) can alterna
tively be configured as a 32 x 1-bit 
(or 16 x 2-bit) block ofSRAM. Xilinx 
says that an XC4010 design using 
V3 of the blocks for memory and 4-13 
for logic could exceed 20,000 usable 
gates. With the recently introduced 
X-Blox graphical high-level sche
matic entry system, you can use 
XC4000 system features such as fast 
carry logic and hard macros to build 
an XC4010 at the block-diagram 
level. 

In addition to having many more 
routing resources than previous 
Xilinx FPGAs, the XC4010 has in
ternal three-state buffers that 
make 40-bit on-chip buses at 45 
MHz possible . Among other system 
functions are 32-bit arithmetic 
functions and 40-bit external ad
dress decoding in 11 ns . 

The XC4010 contains 400 CLBs 
arranged in a 20 x 20 matrix. Ac
cording to Xilinx, each CLB provides 
significantly more logic capacity 
than XC3000 devices, which have a 
five-input maximum. Any eight-in
put combinatorial function (and 
many nine-input functions) can be 
implemented in a single block of the 
XC4010, with each block being made 
up of four modules-two four-input 
combinatorial modules and two 
edge-triggered D-type flip-flops. 
Each module can be independently 
accessed by placement-and-routing 
software. 

When an XC4010 logic block is 
used as a 32 x 1 SRAM, the access 
time is a single block delay, or 4.5 ns, 
for up to 32 x N-bit-wide on-chip 
memories. Up to 128 x N-bit memo
ries have access times of about 15 
ns, and even larger memories will be 
accessible in less than 25 ns. Since 
any number of the XC4010's 400 

logic blocks can be used as memory 
elements instead of logic elements, 
the XC4010 has the capability to 
store up to 12,800 bits. Many func
tions, such as deep register files, 
small FIFOs, DMA counters, and 
multiple accumulators, can be im
plemented with the XC4010's pro
grammable memory resource. Xil
inx claims that a 256 x 9 FIFO will 
run in excess of 25 MHz on the 
XC4010. 

Each internal logic block includes 
dedicated arithmetic logic for the 
fast generation and propagation of 
carry-and-borrow signals. With two 
counter bits in each internal block, 
the device can implement non
loadable counters with clock rates of 
90 MHz, 16-bit loadable counters at 
33 MHz, and 32-bit loadable coun
ters at 28 MHz. That's twice the 
speed, with half the number of logic 
blocks, when compared with mem
bers of the Xilinx XC3000 family. 

The XC4010 has 160 I/Os (7 ns). 
All outputs can be three-stated on a 
pin-by-pin basis. Since pairs of I/Os 
can be connected in parallel to sink 
up to 24 mA, the XC4010 can drive 
short buses on PCBs without the 
need for external drivers. 

With the XC4010, Xilinx offers 
support for JTAG boundary scan. 
Available now in a 191-pin lead pin 
grid array, the XC4010 is $737 in 
quantities of 1,000. -Barbara Tuck 

XC4010 at a glance 

• Can provide 40-bit on-chip 
buses at 45 M Hz 

• 32-bit arithmetic functions 

• JTAG boundary scan logic 

• Library of hard macros 

• Graphical high-level schematic 
entry system 

Xilinx 
2100 Logic Dr 
San Jose, CA 95124 
(408) 559-7778 
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68030 UME 

FLASH 
flexibility. 

Tired of hunting down blank 
EPROMs? GreenSpring's SBCS with 
FLASH memory ends hunting season 
forever. Say "good-bye" to long delays. 
In-circuit programming means you 
don't even have to ., 
power down. 

And 

just one 
example of 

how GreenSpring 
engineered real

world functionality into our 32Mhz 
68030 VME board. Along with the 
features you expect, like 4MB dual 
access DRAM, serial ports, a four-level 
arbiter and mailbox interrupt. 

And some you don 't expect, but 
will learn to appreciate, such as our 
GLA TM custom bus interface silicon. 
Not to mention IndusttyPack1

M slots 
for almost unlimited 1/0 

~ 4; options. 
L1 ~Jt• fl1l Finally, we 
:0 #"'J!'t back you with 

0 , c< a 30-day return 
0 u C, privilege, a one-year 

warranty and the best technical support 
in the business. An unbeatable value at 
an unexpected low price. 

Call or fax GreenSpring today to 
get a free catalog or a copy of the SBCS 
User Manual. Or information on our 
other exciting VMEbus products. Try us. 
We' re flexible. 

GREEN= SPRING 
CDMPU RS 

1204 O'Brien Drive, Menlo Park, CA 94025 
( 415)327-1200/FAX( 415)327-3808 
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Miss the Conferences? 
Don't miss the 
Proceedings! 

SvsCoMP 

ANALOG & MIXED·SIGNAL 
1010100 I 010010100100010011 
000 11~101011101 00 1 
1 000 10~0~1 010 
01000 010100 1010 111 
0100~1~10101 
110011 000101~10 
01100010100110010110001101 

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. Cost $150 

RISC '92was devoted exclusively to RISC microprocessors (in 
particular, the Spare, 29000, 88000, R3000/4000 families and derivatives) 
and microcontrollers, RISC architectures and software (compilers, 
debuggers, etc.). 

The PROCEEDINGS are now available. It contains a wealth of 
in-depth, applications-oriented information, from more than 60 sessions, 
for designers of next-generation hardware and software. Cost $150 

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 
applications of mixed-signal technology, GAE/CAD tools for analog and 
mixed-signal design, ASICs and dealing with ASIC vendors. 

The PROCEEDINGS contain more than 60 sessions of timely, 
immediately useful information. Cost $150 

r-------------------------------------------------------------------------------------------------------------------1 

To order Proceedings of the SysComp/92 West, RISC '92 or 
Analog & Mixed Signal Design Conference at $150 each, fill in 
and MAIUFAX to Computer Design. 

(#) __ copies of the SysComp/92 West Proceedings X 1150 =1 
( #) __ copies of the RISC '92 Proceedings X 150 = ___ _ 
(#) __ copies of the Analog & Mixed Signal Proceedings X 150 = ___ _ 

Total=$ __ _ 

Check enclosed 0 Charge to Mastercard 0 Visa 0 
Card# ____________ Exp. Date ____ _ 

Signature _____________ Telephone _____ _ 

SHIP TO: 
Name ________________________ _ 

(Please print clearly, this is your shipping label) 
Company _______________________ _ 

Address _______________________ _ 

City/State/Zip ____________________ _ 

FAX OR SEND TO: 
COMPUTER DESIGN 
C/O Patti Kenney 
1 Technology Park Drive 

Westford, MA U.S.A 01886 
FAX: (508) 692-7780 
TEL: (508) 392-2124 

L·-·········--···-··---···-·-···········--------·-········-·····----------····-----------------------····-·--····-·· 
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INEW PRODUCT DEVELOPMEN T S 

CAEICAD TOOLS 

Scicards revamped for 
high-speed digital design 

The latest release of the PCB 
design suite from Harris Scien
tific Calculations (Fishers , 

NY), Scicards Version 27, has been 
revamped to include design rules for 
high-speed digital and analog 
boards. The new version includes an 
enhanced gridless router which pro
vides intelligent push/shove capabil
ities with online design rule check
ing (DRC ). The improved DRC can 
perform physical and logical evalua
tion of split planes and metal areas. 
The area fill feature has also been 
re-engineered for faster response 
time. The Version 27 gridless router, 
Freestyle+, has been optimized for 
speed and can intelligently shuffie 
trace interconnects to find the best 
route. 

For automatic testing of dense 
surface-mount and through-hole 
board technologies , automatic test 
point generation and output have 
also been added. Test points, de
fined according to u ser-specified 
features and sizes, are automati
cally inserted during editing and au
torouting. In addition, test points 
are associated with the logical inter
connect and may be output to auto
matic test equipment. 

I Communication enhanced 
Version 27 also includes enhanced 
communication capabilities, with 
environments both within and out
side the layout department. The sys
tem lets you specify and automati
cally transfer design rules and other 
vital design information along with 
board layout data. 

Rules for controlling impedance, 
parallel trace crosstalk, tandem 
trace crosstalk, and shielded nets 
can be entered by the design engi
neer to control the entire design pro
cess. Harris' Freestyle+ autorouter 
may be directed to route shielded 
nets as well as nets by area and 
layer. By using a gridless , shape
based approach, the Freestyle+ au
torouter produces trace layouts that 
are optimized from a global view
your viewpoint-as well as on an 
individual net basis. 

To ensure consistency between de
sign libraries, the communication 
link with other CAE tools has been 

improved to accept the logical li
brary definitions generated by de
sign engineers on the schematic. 
This feature lets you access physi
cal library definitions to generate 
floor plans to pass on to the layout 
engineer. 

Version 27 can also share data
bases generated by other layout 
systems. Translation software lets 
you port design information from 
CAE databases into the Scicards 
environment. 

In addition to supporting other 
industry-standard platforms, Sci
cards Version 27 has been recently 
ported to the Hewlett-Packard 700 
series workstations. The suite is 
available now, and is priced at 
$45,000. -Mike Donlin 

Scicards Version 27 
at a glance 

• PCB design tools for high-speed 
digital and analog boards 

• On-line design-rule checking 
evalutes physical and logical 
implications of split planes and 
metal areas 

• Automatic test point generation, 
defined according to user-speci
fied features and sizes, inserted 
during editing and autorouting 

• Freestyle+ autorouter routes 
shielded nets as well as nets by 
area and by layer 

• Communication links with other 
CAE tools accept the logical li
brary definitions generated by 
design engineers on the 
schematic 

Harris Scientific Calculations 
7796 Victor-Mendon Rd 
P.O. Box H 
Fishers, NY 14453 
(716) 924-9303 
Circle 358 

68030 VME 

$1295 
economy. 

Sure, you can 
settle for false economy ... the bargain 
basement boards with the garage sale 
performance. Or take a flier on the 
high-end boards with the stratospheric 
price tags. 

But if speed, cost, options, back
up, software, flexibility and stability 
mean anything to you, talk to our 
engineers about your application. Call 
or fax GreenSpring with your toughest 
VME questions. We'll send you a free 
SBCS User Manual just for calling. 

GREEN= SPRING 
COMPU RS 

1204 O'Brien Drive, Menlo Park, CA 94025 
(415)327-1200/FAX (4 15)327-3808 

CIRCLE NO. 76 



I NEW PRODUCT DEVELOP M E N TS 

CAEICAD TOOLS 

CAE suite spans platforms, 
entry methods and technologies 

D azix, a subsidiary of Inter
graph (Huntsville, AL), has 
released a suite of tools 

dubbed Titan-a software package 
that combines Cadnetix, Daisy and 
Intergraph technologies and ports to 
Sun Sparcstations, Intergraph Clip
per workstations and PCs. 

At the forefront of the suite is the 
ACEPlus Design Entry tool, a sche
matic entry package that targets 

ACEPlus is tightly coupled to the 
Dazix Master Librarian, a central
ized relational database where com
ponent information for all design 
tools resides. Graphic symbols can 
be found in the Master Librarian 
and placed on the schematic by us
ing a combination of component at
tributes or by querying parametric 
specifications of parts. 

The simulation portion of the 

The ACEPlus design entry environment creates a master relational 
da tabase to access information from various schematics. By using 
several displays simultaneously, as shown here, you can transfer 
design information across schematic views. 

package is the 
AdvanSim 
logic simulator, 
which supports 
VHDL and C 
language mod
els, as well as 
software mod
els from Logic 
Automation 
(Beaverton, 
OR) and hard
ware models. 
When used in 
conjunction 
with Dazix's 
AID Bridgeway 
(ADB), Advan
Sim supports 
mixed-mode 
simulation. 
ADB is an in
telligent con
trol processor 
that lets you 
simulate de

ASICs, ICs and PCBs. ACEPlus is 
the front-end link to all other Titan 
design environments, including dig
ital, analog and mixed-signal tech
nologies for designs that contain any 
combination of devices from discrete 
components to MCMs (multichip 
modules) and PCBs. When a design 
is created in ACEPlus, a master de
sign database is set up for all future 
tasks, including design specifica
tion, verification, test, layout, place
ment, and routing. You assign anal
ysis data directly on the schematic 
for simulation and test and specify 
any layout design rules directly on 
the schematic before sending the de
sign to production. After the design 
is laid out, changes are automati
cally back-annotated to the sche
matic to keep the logical and physi
cal data in sync. 
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signs that are predominately digital 
but that incorporate some analog 
circuitry. It lets the simulator take a 
single-engine approach to mixed de
signs by simulating with its own 
analog and mixed-signal models or 
it can link AdvanSim to the Dazix 
analog simulator, Apex Plus. 

I Trio of simulation engines 
The AdvanSim simulator incor
porates three simulation engines
AdvanSim:DLS (Dazix Logic Simu
lator), AdvanSim:DTV (Dynamic 
Timing Verifier) and AdvanSim:CFS 
(Concurrent Fault Simulator). Ad
vanSim:DLS is a mixed-level logic 
simulator that verifies the correct 
logical operation of a circuit. The tool 
ensures that the test vectors devel
oped and run against high-level de
scriptions can be reused to verify the 

synthesized gate-level descriptions. 
AdvanSim:DTV is a dynamic timing 
verifier that performs worst-case 
timing analysis. The tool features 
unlimited design size and operates 
from the same open graphical envi
ronment as the other AdvanSim sim
ulators. The AdvanSim:CFS engine 
performs statistical fault simula
tions. In addition to the common fea
tures of fault simulators, Advan
Sim:CFS provides a fault 
partitioning algorithm, which lets 
the simulator dynamically deter
mine a workstation's resources in 
terms of swap space and memory and 
reduces or adds to the simulation 
fault sets accordingly. 

The Titan suite also features the 
AdvanSim:DLAB waveform editor, 
a graphical user interface that com
piles a simulation database from the 
schematic, which lets you simulate 
the design in any of the three 
modes-logical, timing or fault 
simulation. 

All tools in the Titan suite are 
available now. ACEPlus for the Sun 
and Intergraph workstations is 
priced at $7 ,000; the PC version at 
$3,500. The AdvanSim tools are 
priced individually. Advan
Sim:DLAB is $9,000, Advan
Sim:DLS is $18,000, AdvanSim:DTV 
is $15,000, AdvanSim:CFS is 
$25,000, and AID Bridgeway is 
$10,000. - Mike Donlin 

Titan at a glance 

• Comprehensive CAE tool suite 
for discrete ICs, ASICs, MCMs, 
and PCBs 

• ACEPlus supports VHDL and 
C models 

• The AdvanSim simulator features 
engines for circuit verification; 
dynamic timing verification and 
statistical fault simulations 

• Includes the AID Bridgeway, an 
intelligent control processor that 
links simu lators for mixed-mode 
designs 

Dazix, a subsidiary 
of Intergraph 
Huntsville, AL 35894-0001 
(205) 730-2000 
Circle 357 



INEW PRODUCT DEVELOPMENTS 

INTEGRATED CIRCUITS 

Chip set optimizes 486 caching 

There are two ways to improve 
the performance of 486-based 
personal computer designs . 

One is to add a fast external second
ary cache. The second is to provide 
the performance enhancements of a 
secondary cache by using logic in
stead of memory. Believing that the 
second route is a more cost-effective 
one, Headland Technology (Fre
mont, CA ) has introduced the 
HTK340, a chip set for 80486 sys-

tures eliminate the write bottleneck 
by integrating a four-level deep
write buffer with out-of-order opera
tions and byte gathering. The result 
is a two- to four-fold improvement in 
DRAM write operation efficiency, 
providing the performance of a sec
ondary cache through logic rather 
than costly additional SRAMs. 

Byte gathering refers to the de
vice's ability to take a stream of se
quential addressed data items, ei-

486 system design 
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The HTK340 chip set is composed of two chips: the HT321 /SA controller and the HT342 
memory control unit. Although benchmarks such as those used by personal computer 
magazines don 't show it, Headland cla ims the two-chip set dramatically improves 486 
performance on real-world applications. 

terns that optimizes the perfor
mance of internal cache memory in 
a PC environment. 

The net effect is that the proces
sor never has to wait to perform 
write operations, resulting in im
proved system performance. The 
HTK340 comprises two devices: an 
ISA bus controller chip (HT321 ) and 
the memory controller unit 
(HT342 ). They support system oper
ation at frequencies through 33 
MHz and provide local bus attach
ment of peripherals. 

I Eliminat ing the write bottleneck 
The 486 architecture provides an ef
ficient internal cache, so efficiently 
handling memory write operations 
determines system performance. 
Headland's write-optimized fea-

ther bytes or words (double-bytes), 
and assemble them into four-byte 
double words to be written into 
memory. Supporting features in
clude out-of-order operations and 
the ability to have read or write hits 
on the buffer contents. This lets the 
processor perform a read without 
having to empty the write buffer. 
The net effect of these features is 
that the processor never has to wait 
for write operations. 

Joe Nance, product manager at 
Headland, says that before the part 
was designed, his engineering team 
noticed that the 486 is very effective 
at performing read operations, be
cause of the 8-kbyte on-chip cache. 
That means most of the activity on 
the 486 system bus is writes. And 
most of that write activity is in a 

data quantities smaller than 32 bits. 
"We rarely see 32-bit writes with 
current benchmarks-it's 8 or 16 
bits," he says. With a 486 block 
move, a memory read is performed 
at 32 bits, but when it's written to 
the memory, that's done in bytes. 

I Boosts not seen in benchmarks 
Don't expect popular benchmarks, 
however, to show the sort of perfor
mance boost Headland would like. 
In fact, the Power Meter V 1. 7 bench
mark shows no difference whatso
ever between a 486SX system with 
64-kbytes of cache and an uncached 
486SX system built around the new 
Headland HTK340 device. Both sys
tems rated a mere 8.9 Mips. 

Although Nance admits that he 
was a little disappointed, he attri
butes the results to what he calls 
"the simple-minded nature" of PC 
benchmarks . "PC benchmarks do a 
lot of writes in tight loops. When 
they do that they break the pipe
line within the processor; the pro
cessor itself inserts an idle state 
after the write so that you never 
have back-to-back writes to mem
ory. This idle state masks the fact 
that our chip is never waiting for 
the processor," he says. 

In real-world applications, Nance 
is quick to point out that his custom
ers are very pleased with the results 
of the chip set design. Packaged in 
two 184-pin PQFPs, the Headland 
chip set has a U.S. domestic price of 
$45 in quantities of 1,000. One ques
tion you must ask yourself is this
which stands to come down faster in 
price, Headland's PC chip or 64K or 
more of static memory? For those 
betting on Headland, production 
quantities of the device are availa
ble now. - Dave Wilson 

HTK340 at a glance 

• First 486 cache enhancement 
hardware 

• Optimizes 486 writes 

• Byte-gathering on-chip 

• 10 percent or greater perfor-
mance increase 

Headland Technology 
46221 Landing Pkwy 
Fremont, CA 94538 
(5 10) 623-7857 
Circle 356 

COMPUTER DESIGN APRIL 1992 145 



• Robust 19" Format 
Put an end to the infuriating 

problems of non-standard 
mechanics and poor quality. 

or now offers you a complete 
Industrial-PC in robust 19" format 
with reliable VMEbus DIN
connectors. 

• 286-AT, 386-SX and 486-SX/ DX 
or hos a solution for every 
application with the right price
performance ratio. 

• Silicon-Disk, LCD, EL and Plasma 
Does your application demands 
a CRT, LCD, EL or Plasma -display, 
or do you need a silicon-disk? 
Just plug in a board - done! 

• Low Power CMOS - 25/ +85° C 
Due to low power CMOS technology 
boards from or guarantee long 
life and high reliability. The typical 
temperature range of-70° to 
+ 130° C provides a dependable 
safety margin. 

• More Quality for your Money 
High quality and newest technology 
"Made in Germany" must not cost 
more than other Industrial-PCs. 
Ask us for on offer, we will prove it. 

or 
Industrial Computers 
Sieglindenstr. 19 1h, D-8900 Augsburg l 
Tel. +49 821 5034-0, Fox -119 

In the US and Canada contact: 
/DYNATEM/ 
15795 Rockfield Boulevard 
Suite G, Irvine, CA 92718 
Tel (714) 855 3235, Fox 770 3481 



Where speed 
replaces precision 

I I I 

onsultant Andy Rappaport recently upset 
the analog design community with a news
paper column entitled "Whither analog." 
The argument advanced by ''Whither ana
log'' goes something like this: digital cir

cuitry and design techniques will replace analog, and 
the proportion of the electronics world affected by 
analog design will be smaller and smaller. Frankly, 
that's no surprise to readers of this magazine, but 
Rappaport took this argument to a wrong and rather 
careless conclusion-he concluded that analog build
ing blocks will be about as useful as 7 400-series logic. 

Prices for LMlOs, OP-07s or LT-1028s may have 
dropped precipitously over the past five years, but 
implementing a circuit with one of these devices 
requires considerably more skill than implementing 
a logic circuit with a 7404. As I've suggested many 
times before, digital logic circuits do little more than 
register binary state changes (albeit at up to 100 
million times a second), while analog circuits exercise 
control over changes in voltage and current. 

The amount of control-or the degree of precision
is the major issue that affects analog design today. 
While analog circuitry takes up a smaller proportion 
of any system, one could argue that this proportion 
requires a higher degree of precision. Contrary to 
Rappaport's assertion, this isn't the playground for 
commodity op amps and 8-bit data converters. 

Mixed-signal design has become of increasing con
cern to systems engineers, primarily because their 
work more and more requires manipulation of analog 
voltages and currents. In one Starch readership sur
vey, 55 percent of Computer Design readers queried 
replied that they were involved in some sort ofmixed
signal design. Examples of mixed-signal operations 
abound in the ordinarily digital world of computers
for example, disk drive read channels and modems 
transform a digital pulse stream into an analog 
waveform for recording or broadcast. Graphics and 
image processing, and even multimedia applications, 
are bounded by D-Aconverters which control the color 
and intensity of each pixel on a CRT screen. Designers 
of portable equipment, meanwhile , increasingly need 
to monitor the current consumed by system compo-

nents and to power down unused elements in an effort 
to conserve battery life. 

Whether these mixed-signal designs are classified 
as "big D, little A" or vice versa is hopelessly beside 
the point. They all need to manipulate voltages, cur
rents and waveforms, and, typically, the digital de
signer needs to incorporate something more into the 
mixed-signal design suite than the data book param
eters for a 741. 

I The "encapsulation of engineering knowedge" 
Prior to the introduction of its Mixed-Signal Design 
System (MSDS ) last year, a representative of 
Gould/AMI (Pocatello, ID) told me the company was 
looking for a way to "encapsulate" analog engineering 
knowledge. "There aren't enough analog designers," 
said Gould/AMI's CAE department manager Bryce 
Baker. "We're trying to build a system that captures 
what the analog expert knows." 

The promotional literature for MSDS says it "en
ables systems developers with little or no experience 
in the design of analog ICs to incorporate analog 
functions precisely tailored to their application." The 
heart of MSDS is an analog model builder which 
works in conjunction with a configurable cell genera
tor. At the time of its release, the cell library had 17 
of the most common analog functions, with more in 
development. You simply need to specify the param
eter requirements of your application, and the MSDS 
generates cells and simulation models. The Design 
Critiquer, an expert system within MSDS, will in fact 
check the generated cells for analog IC design errors. 

Systems such as MSDS, I believe, are forerunners 
of the way analog and mixed-signal ASIC design will 
be performed in the future. 

While there are toolsets to support precision analog 
design, there are currently no tools which will encap
sulate this knowledge for use by the digital design 
community. Other than in magazine articles, columns 
and interviews, how does anyone capture the engi
neering knowledge of a Dave Fullagar of Maxim 
Integrated Products, or a Bob Pease of National Semi
conductor, or a Jim Williams of Linear Technology, or 
a Gerry Graeme at Burr-Brown? So valuable is the 
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MIXED-SIGNAL DESIGN 

knowledge of these designers that Burr-Brown's man
agement recently wondered aloud whether the real 
salable product of its company wasn't precision op 
amps and data converters at all but engineering 
man-hours. 

The secret to encapsulating what these gurus know 
is modeling. We need to construct models for the 
simple but masterful techniques these designers use 
to effect precise control of a waveform. Modeling 
precise analog behavior will be more difficult than 
modeling digital behavior, because the control of vol
tages and currents forces you to get much closer to 
the components that produce them. Digital circuits 
can be described and modeled with ls, Os and clocks
it makes no difference whether you're describing tran
sistor switches, clicking relays or flashing lights. The 
sequence and pattern of binary ls and Os are totally 
removed from the circuitry that implements them. 
With analog design, you're much closer to the resis
tors, capacitors and op amps. The genius of a Bob 
Pease, a Jim Williams or a Gerry Graeme is that they 
know instinctively what transistor type, what amp, 
what resistor, what capacitor values will yield a pre
cise transfer function. 

I Changes in craftsmanship 
Yet, there's a strong movement underway to put the 
equivalent of Bob Pease on a chip. "Analog designers 
have been 'craftsmen' for the longest time-but that 
is changing," says Ian Getreu, vice-president in 
charge of modeling at Analogy (Beaverton, OR), 
whose Saber behavioral-level simulator is used by 
mixed-signal ASIC vendors such as Gould/AMI and 
NCR's Microelectronics Division. ''What's changing 
the demand for craftsmanship," he suggested re
cently, "is time-to-market pressures." Current-gener
ation analog design tools will likely give up silicon 
real estate through the use of automated layout on 
grids, although analog designers will resist this. 
There will also be trade-offs in precision, but these 
sacrifices must be weighed against costs and the need 
to introduce a new product before the competition. "In 
general, the more precision you need," says Getreu, 
"the less you can use automation. But there is always 
a question as to how much precision is necessary." 

One style of emulation craftsmanship looks to an
alog models and modeling activities , which describe 
designs in very abstract forms . Implementation alter
natives are considered later. "In behavioral model
ing ," says Analogy 's engineering manager for 
simulation, Ernst Christien, "the important issue is 
not the modeling of physical elements, as it is with 
Spice. The most important concept is the modeling of 
continuous time." If you accurately describe a transfer 
function, Christien suggests, you can find ways to 
implement it. 

This is most apparent in the digital signal process
ing world, where toolsets from companies such as 
Comdisco Systems (Foster City, CA) let you define 
precise filter functions almost without regard to the 
silicon that implements them. The algorithm can then 
be downloaded into a Synopsys (Mountain View, CA) 
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logic synthesis program and implemented with a gate 
array or FPGA. This design-before-implementing 
style is also used with Burr-Brown's Filter Pro soft
ware and the filter design set from Star Semiconduc
tor (Warren, NJ). 

I MHDL arrives 
The separation between an abstract algorithm or 
transfer function and its silicon implementation is 
growing for general-purpose analog as well as for 
DSP. DARPA has funded (through the U .S. Army 
Laboratory Command at Ft. Monmouth, NJ) the 
development of a millimeter and microwave IC 
(Mimic) hardware description language (MHDL). 
Many authorities believe that MHDL will be useful 
for describing precision analog as well as micro
wave circuits. Analogy's Christien, in fact, is a 
participant in the MHDL working group , and 
Analogy's Mast modeling language is a strong con
tender among the tools being considered by DARPA 
contractors for describing analog activity in the 
abstract. 

With analog behavior abstractly modeled, it's pos
sible and perhaps necessary, says Christien, to re
think how a solution's implemented. Solving analog 
problems with digital techniques- analog emula
tion- is the most obvious trendline, since it takes 
advantage of the most widely available design tools 
and manufacturing techniques. 

I Speed rather than precision 
One example of analog emulation in which a precision 
data converter is rendered entirely with digital design 
techniques and processes-a lot of cheap CMOS 
gates-is sigma-delta conversion. Sigma-delta D-A 
converters produce 16- and 18-bit accuracy at a frac
tion of the cost of other converter technologies. The 
essence of the sigma-delta technique is clock speed; 
you raise the sampling frequency of an A-D converter 
so high-to 12 MHz-that the magnitude of the dif
ference between one sample and the next becomes 
minuscule. In effect, you exchange resolution in am
plitude for resolution in time. Instead of a number 
reflecting 16- or 18-bit precision-for example, a 96-
dB dynamic range between the highest and lowest 
recorded amplitudes-each sample can be described 
with a 1-bit number, which only needs to describe the 
direction, up or down, the waveform is likely to take 
in the next sample. 

With conventional data conversion processes , a 
sampled analog waveform is divided into a series of 
digital slices according to the amplitude of the signal. 
The bit resolution of the data converter is a measure 
of how fine the amplitude of the analog waveform 
must be sliced. 

The focus on bit r esolution assumes that the analog 
waveform is sampled at a rate (or frequency) which 
is just high enough to capture the highest analog 
frequency. The conventional sampling frequency is 
twice the highest frequency of the captured signal. 
For an audio bandwidth of 20 Hz to 20 kHz, the 
sampling frequency must be at least 40 kHz. Most 
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Spring 1992 
Conference 

Using VHDL in System Design, Test, and Manufacturing 
May 3-6, 1992 

The Registry Resort - Scottsdale, Arizona 

TECHNICAL SESSIONS Presents a comprehensive update of international VHDL-related 
research and development across the broad spectrum of design, test, 
and manufacturing. Proceedings will be distributed. 

TUTORIAL SESSIONS Will provide fundamentals of the language for those wanting to learn about 
VHDL. For those already knowledgeable about VHDL, there are tutorials 
-covering advanced topics including 1992 IEEE revalidation , ASIC design, 
and guarded signals. 

INVITED SPEAKERS The Keynote Address by Joseph Costello, President and CEO of Cadence 
Design Systems, Inc., will present an informative insight into the "linguistics" 
of design, addressing the strengths and weaknesses of present technology 
and the challenges that lie ahead. Representatives from the Japanese and 
European VHDL Spring 1992 conferences will give an overview of these 
international activities. Banquet speaker, Dr. Roger Lipsett, director of the 
initial language design effort, will offer an interesting historical perspective 
on the development of VHDL. 

SUPPLIER SUITES lnforma; Supplier Demonstration & Hospitality Suites offer attendees the 
opportunity of gaining hands-on experience with the state of the art 
products from leading vendors. 

REGISTER BY APRIL 17TH TO RECEIVE THE EARLY REGISTRATION DISCOUNT! 

Sponsored By: 

VHDL 
INTERNATIONAL 

For Further Information Contact: 

VHDL INTERNATIONAL USERS' FORUM 
c/ o Conference Management Services 
407 Chester Street 
Menlo Pork, CA 94025 
1-800-554-2550 (FAX} 415-324-3150 
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audio digitizers will sample at 44.1 kHz. 
Suppose for a moment that the audio waveform was 

sampled at a rate much higher than 44.1 kHz. A 
sampling frequency of 11.2896 MHz, for example, 
represents a 2560 oversampling rate. The requirement 
for a 16-bit data converter effectively disappears, be
cause the amplitude range of the signal within time 
slice would be practically flat. With strenuous over
sampling, the only decision the data converter could 
make is whether the signal in any time slice is higher 
or lower than the signal in the previously-sampled 
time slice. This simple 'yes' or 'no' (1 or 0) could be 
handled with a 1-bit data converter called a "delta 
modulator." Sigma-delta builds on delta modulation 
by weighting (or summing) the results of previous 
conversions, and using this in the decision. 

I Using sigma-delta conversion techniques 
As implemented by Philips/Signetics (Sunnyvale , 
CA), Crystal Semiconductor (Austin, TX) and others, 
the sigma-delta conversion technique builds highly 
accurate digital audio playback converters-essen
tially, 'one-bit' converters with 16-bit accuracy. It 
accomplishes this by transforming the 16-bit pulse-

code modulation (PCM) serial data coming off a CD 
into the same kind of 1-bit pulse stream that would 
be created by a sigma-delta A-D converter. The over
sampled 1-bit data stream is extrapolated from a 
binary data sample using DSP techniques. 

Because the circuits of a device such as this are 
dependent on a system clock many times faster than 
the captured audio waveform, digital clock speed 
becomes the replacement for analog precision. But 
there are many mixed-signal applications apart from 
digital audio conversion in which heightened timing 
accuracy can replace precision voltage measurement. 
These include disk drive read channels and data 
modems in which a serial data stream is converted to 
a variable-frequency analog waveform. 

If analog emulation is the wave of the future
where designers of precision analog circuits will in
evitably be dragged "kicking and screaming''-the 
encapsulation of engineering knowledge may be less 
an issue than its transformation. 

Stephan Ohr is a consultant with Indian Forest 
Research and editor of the monthly newsletter, 
Mixed Signals. 

The Superior VMEbus Analyzer 
Only VMETRO's VBT-321B and the Modular VMEbus Analyzer System 

offers a complete system solution to your development needs. 

• 100 MHZ TIMING: Waveforms and State listing shown 
on time correlated split screen. 
• Integrated VMEbus Anomaly Trigger (VBAT): Provides 
on-screen explicit violation messages. 
• Separate analysis of P2-busses: VSB, SCSI or user
defined P2-bus analyzed simultaneously with VMEbus. 
• 256K deep Trace with dump to SCSI disk: For archival or 
post-processing. Continuous SCSI download while 
sampling also possible. 
• VMEbus Master and Slave simultaneously with VMEbus 
analysis: Implemented with VIC068 chip to provide real 
VME cycles. Powerful commands for test pattern 
generation. 

The VBT-3218 Advanced VMEbus Analyzer with a proper piggyback 
module solves any kind of VMEbus development task. The piggyback 
functions are also available as standalone products, independent of the 
VBT-32 1B. 

To develop the best products, you need the best tools! 

VMETRO A/S 
Professor Birkelandsvei 24, P.O. Box 213 

Leirdal, IOI I Oslo 10. Norway 
Phone: +47 2 322580 Fax: +47 2 322880 

UPIETRO 
The Bus Analyzer Specialist 
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VMETRO, INC. 
16010 Barker's Point Lane, Suite 575 

Houston, Texas 77079 
Phone: (713) 584-0728 Fax (713) 584-9034 
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Electro returns to Boston with 
an expanded technology focus, 
featuring: 

• CUTTING EDGE SOFTWARE 
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 

• Keynote address by Jim 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 

Mail or FAX the-coupon below by 
April 15 and receive: 

• FREE adrnission 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) 

,------------------------------------, 
FORM MUST BE COMPLETE TO BE PROCESSED. 

Please check ALL applicable selections 

HA Advanced Et'llertainment ElectfOfllCS 

,_ 
"' w 
a: 
w 
I
;; 
t; 
" 0 
0 
a: 
Q. 

~~Electro® 
.,. International 

COMPLIMENTARY 
REGISTRATION 

9-90162 
Please PRINT as you want shown on badge 

important Note: 
NAME (FIRST QA IN!flALS) LAST Please mail completed fo rm to: 

POStT10N 

I 
COMPANY 

I I I I I 
AAtA COOf NUMBER 

Electro Registration, 
P.O . Box 92275 WPC 

I I I I I I I 
Los Angeles, CA 90009-2275 

I If received before April 15, 
your badge will be mailed to 

I I I I I you . lf received after April 15, 
MAILING ADDRESS DEPI OR M'5 please pick up your badge at 

I I I I I I I I I I I I I I I I I I I I I I I I I Wi ll CalLOr, bring thisform to 
cirv STATE Z•PCODE Electro for free adrrussion 

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. 

CIRCLE NO. 81 



I LETTE R S 

LETTERS, COVERS & OTHER DIVERSIONS 

We had more than the usual amount 
of fun with the February cover except 
everyone around here kept saying 
"ribbit, ribbit, ribbit" all the time. 
Seriously, though (well, not really), 
the cover did say quite a lot and a 
couple of our readers identified some 
of the metaphors we dreamed up. 

The simplest to decipher were 
probably the Siamese frogs and the 
pair of frogs with their arms to
gether, representing tightly coupled 
and loosely coupled, respectively. 

As Warren Andrews points out in 
the article, however, it's possible to 
have an architecture that's some
where between loosely and tightly 
coupled-known in some circles as 
snugly coupled-and represented 
here by our two affectionate frogs. 
Tightly coupled systems are also 
characterized by shared memory, 
which is what the frogs looking at the 
photo album are doing. 

The two frogs conversing over the 
telephone are engaged in distributed 
processing and the line-up of 680 ... 
frogs represents pipelining. The 
three frogs being propelled off the 
board by the 960 frog represent su
perscalar architectures, or simulta
neous instruction launch . And 
would you expect the bees to repre
sent anything but buzzwords ? 

I was happy to see another cover 
contest this month. I did decode the 
last one correctly but I didn't bother 
sending it in. So as not to make the 
same mistake again, here's my best 
shot for the February cover. 

I see the concentric rings as rip
ples spreading through the com
puter industry caused by the over
inflated 386. The 960 has just 

launched parallel processing (the 
three side-by-side frogs) from the 
board-level arena. The Siamese 
frogs represent tightly coupled mul
tiprocessing while the two frogs with 
arms interlocked are loosely coupled 
systems. The love birds (frogs) stand 
for compatibility. The blabber
mouths on the phones, signal pro
cessing. The two frogs enjoying the 
family photo album must be image 
manipulation and the row of 
brownies are the march to multipro
cessing. Why my mother-in-law is in 
the bottom left corner is anyone's 
guess. 

The guy sitting down with the 
laptop is a software developer, pay
ing close attention to the industry 
buzzwords (the bees). Last, but not 
least, are the three befuddled users 
in the corner, soaking it all in. 

P.S. Better retire that 386, he 
looks old and tired. 

Name withheld 
to avoid a family squabble 

Cambridge, OH 

Working from the bottom up, the 
frogs are processors, rings are per
formance. The 386 is at the lowest 
performance level. The 960 is using 
"off-board processors." The two frogs 
with arms linked are loosely cou
pled. The two frogs joined at the 
back have shared backplanes and 
they are "leapfrogging" the single 
processor. On the next level, the two 
frogs reading the photo album are 
"shared memories." On the phone 
they are "remotely networked" and 
"loosely coupled." 

The man with the laptop is keep
ing his eyes on the latest buzzwords. 
The row of frogs labeled 680 .. . are a 
rack of VME processor boards in a 
single backplane. 

Yos Feit 
Telerate Systems 

J ersey City, NJ 

Dave Wilson's "Wrestling with 
multimedia standards" and "DVI 
gets slicker software" in the 
January issue were both very well 
written and informative. Suffice it to 
say that your magazine is very use
ful in h elping make decis ions . 
Thank you. 

M.J. Khisty, Principal Engineer 
Geosystems 
Omaha, NE 

Good info in January. Thanks too 
for the 800 phone numbers ve~do; 
locations and regular pho~e num
bers. 

Do Ethier, Manager 
Ethier Enterprises 

White Bear Lake, MN 

Thanks for appreciating all the 
hard work that goes into confirming 
those numbers and locations.-Lisa 
Coleman, Assistant Editor 

I really enjoyed your fine article 
"Wrestling with multimedia stan
dards" in the January issue. You did 
a very thorough exploration of 
what's happening in the multimedia 
market today. The information was 
well presented and informative. 

Nina Price 
Digital Equipment Corp 

Palo Alto , CA 

Thanks for the SRAM article. 
What with processor speeds con
stantly going up, the RAM has be
come a critical path to a maximal 
design. 

Robert Kropp, President 
Catalina Research 

Oro Valley, AZ 

The article "Specialty SRAMs 
sprint in step with speedy CPUs" by 
Jeffrey Child was excellent infor-
mative, great! ' 

R. Venne, Manager 
Venne Data Systems 

Sudbury, MA 

Glad you liked my SRAM article. 
Your feedback is important to us. 
Wh0:t other SRJ:M topics would you 
be interested in reading about
Cache design trade-offs? SRAM cost 
trends? Ultra-fast SRAMs?-Jeffrey 
Child 

THIS MONTH'S COVER : 
There's a mixture of rebus writing 

and symbolism in this month's cover. 
There are several FPGA vendors rep
resented in the illustration as well as 
some other references to program
mable architectures, so look care
fully. Since Barbara Tuck refers to 
all of these in her article starting on 
page 88, however, deciphering the 
cover should be a snap. 
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SYSTEM SHOWCASE 

New for the 8051 
Professional 'C' Developers Kit! 
• Fastest "C" Execution, Most Compact Code. 

• Mixed Memory Models. 

• RTOS & Memory Banking Extensions. 

• Accommodates All 8051 Derivatives. 

• RTX-51 (Real-Time Multi-Tasking for8051) 
included, and BL51 Banking Linker/ Locater 
(Manages up to 1 Meg of code) available! 

• Source Level Debugger/Simulator with 
Emulator Interface and Monitor. 

Call Today: 
(408) 296 -8051 
for your Free 
Evaluation Package! 

888 Saratoga Ave #2 
San Jose, CA 95129 
FAX: (408) 296-8061 

STD ANALOG 110 
GET A COMPETITIVE EDGE! 
Density-up to 16 ND inputs and 8 DIA 
outputs on one card. Speed-throughput 
rates up to 59 kHz. Intelligence-many pre
programmed modes. Input filters, prog. gain 
amps, sample-holds, FIFO 1/0 buffers& many 
other features too numerous to mention here. 

ROBOTROL CORP. 
925 W. San Martin Ave, PO Box 990, 

San Martin, CA 95046 
(408) 683-2000 

CIRCLE NO. 169 

Instant 
Microcontroller 

Instant C Programming 
Don't use a microprocessor, use a SmartBlock 1" 

microcontroller module to build your custom 
controller Our $195 interactive Dynamic e r" 
development system makes programming easy. 
3.5 x 2.5 inch module includes microprocessor, 
memory, time/date clock, eeprom, watchdog, 
senal ports and more. As low as $59 in quantity. 
The efficiency of a custom design without the 
headaches. 

Z-World Engineering 
1724 Picasso Ave .• Davis, CA 95616 USA 

Tel : (916) 753-3722 
Regular Fax : (916) 753-5141 

Automatic Fax : (916)-753·0618 
(Call from your lax , request data sheet #14.) 

CIRCLE NO. 172 
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68HC16 
68332 

PC-based In-Circuit Emulator 

• Supports 68HC16Z1 , 68331 , 68332, 68340 with more members of 
the HC16 and 300 lam1lles to !allow. 

• User interface under Microsoft Windows. 
• Memory contents available in real-time (shadow RAM). 
• Up to 17 MHz real hme emulation. 
• Full control of TCNT at breaks and single step. 
• High-level C suppon. In-line assembler and disassembler. 
• 10-day free tnals available to qualified customers. 

no Hau 51 E Campbell A""nue 
Campbell, CA 95008 
FAX (408) 378-7869 

CORPORATION (408) 866-1820 

CIRCLE NO. 167 

FULLY INTEGRATED, RACK MOUNT AND 
RUGGED SUN SPARC WORK STATION 

STANDARD FEATURES INCLUDE' 
• SPARK ENGINE 2 CPU WITH 16MB RAM 

• 2107MB HARD DISK, 1 SOMB TAPE DRIVE 

• 644MB CDROM, REMOVABLE HARD DISK 

• 1.44MB FLOPPY. 2 RS-232 ANDS BUS PORTS 
• SCSl-2 AND ETHERNET INTERFACE 

• 16 INCH RACK MOUNT COLOR MONITOR 

• KEYBOARD, MOUSE AND SunOS 4 .1 
FOR CUSTOM CONFIGURATIONS AND FURTHER DETAILS 

CONTACT 181 SYSTEMS INC. 
6842 NW 20th AVE, FT. LAUDERDALE, FL 33309 

305-978-9225 FAX: 305-978-9226 
CIRCLE NO. 170 

BACKGROUND MODE EMULATOR 

68332 
68340 

68HC16 
and 68330, 68331 , 68333 

Complete hardware testing and C source leve~ 
debugging for thousands less than an ICE. 

Call for a free trial unit. 

(617) 828-5588 

.::.-. Embedded 
~• Support 
~ Tools Carp. 

10 Elmwood St. Canton, MA 02021 

CIRCLE NO. 173 

QUICK-TURN 
PC BOARDS 
INSTANT QVOTES 

1-800-234-1556 
(After Hours (602) 377-7319) 
Single/Double Sided/Multi-Layer 

Gerber Input I Floppy or Modem 

~ Ap~~~ed . . .. 
~ U.L. Listed 

AVANTI CIRCUITS, INC. 
(A{l 17650 North 25th Avenue 
~ Phoenix, Arizona 85023 

(602) 863-1729 & 234-1556 
Fax (602) 375-1909 

BBS I Modem (602) 234-1737 

CIRCLE NO. 168 

ORCAD OFFERS 
DESIGN POWER FOR 

DOS AND UNIX USERS 
Our DOS-based Schematic Design 
Tools are known for being the best 
price/performance value in the EDA 
industry. With the introduction of 
OrCAD's new line of UNIX® based 
products for the Sun SPARCstation™ , 
OrCAD defines a new standard for 
ease-of-use, power, and value. Call 
(503) 690-9881 for information. 

OrCAD®M 
CIRCLE NO. 171 

OEM AIR PUMPS/ 
COMPRESSORS 

• Only one moving part• Oilless 
• Low power • Low v1brat1on 

• AC & DC models 

Call us to discuss your application 
TEL: 708-860-0500 
FAX: 708-860-9473 

MEDICAL/SURGICAL• LEAK TESTING 
BUSINESS MACHINES 

AERATION SOURCES 
VENDING MACHINES 

ENVIRONMENTAL 
GRAPHIC ARTS 

I 



SYSTEM SHOWC A SE I 
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, PIO control. OPTOMUX.'" 

• 10. 12. 16MHz80C186 
• CMOS design 
• 512K RAM 
• 384KEPROM 
• STD BUS Expansion 
• COM I RS232/485 
• COM2. LPTI 
• RTC Avail 
• 80C 187 Avail 
• OEM discounts 

1011 Grand Central Ave., Glendale, CA 91201 
(818) 244-4600 FAX (818) 244-4246 

CIRCLE NO. 175 

REMOVE HARDWARE 
()----,.r LOCKS ~ 

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 

MAXROUTE 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. 178 

PC Bus Data Acquisition 
... ouer 50 exciti ng harclwa re & NO fl wa re p rodu C'fs! 

AD1200 only $359 
• 12-bit 125 kHz A/D Conversion 
• 16 Analog Input Channels 
• 3 Timers and 16 010 Lines 
• Supports OMA and Pacer Clock 
• AT Bus Vers ion Ava i lable ! 

AI D. DIA. Digital 1/0 and Timer/Counters for PC XT 
and AT computers• 12-bit A/Orates to 200 kHz!• Eight 
boards tor A MPRO form factor CPUs• 110 VAC relay , 
optolsolation, multiplexer and thermocouple boards 
• DSP and data acquisition software • Request your 

FREE 80 page catalog today! 

n==l7=rrl'7 Real Time Devices, Inc. 
fl (1=IJi.J State College, PA USA 

Te/.:8141234-8087 • FAX:814/234-5218 

CIRCLE NO. 181 

T·10 UNIVERSAL PROGRAMMER 

EPROM • PLO • Bipolar PROM 
• Built-in LCC & SMT ZIF sockets to 44 pins 
• Individual pin driving 
• Point & shoot menus, with MOUSE support 
• Device updates on disk & BBS 
• Built-in margin testing 
• Vector testing 
• User definable test parameters 
• Full screen editing in 21 formats 
• Intelligent identifier 

SUNRISE ELECTRONICS, INC. 
524 S. Vermont Ave. • Glendora, CA 917 40 

(818) 914·19i!6 
CIRCLE NO. 176 

THE FIRST PC BASED 
PBX BOARD 

o•<._:\~~llllm.1iilii~Jill 
• Handles 4 trunk lines and 12 telephones per board, 

expandable to 48 telephones per PC 
• Can program any telephone set to ind1v1dual spec1ficallons 
• Standard PBX capab1l1hes at a fraction of the cost 
• Concurrent operation with other PC programs. 
• E.asy to use menu driven screen displays. 
• Integrates with voice mail, fax or modem cards. 

Q~~J~1YN~ DA~\~,~~M ~~~QJ1~~~;~~~~ 

'
i'tlJ •PA FAX: (714) 668-0215 
A' D&., 3730 S. Susan St., Ste. 250 

s v s T E M s 1 N c Santa Ana, California 92704 

CIRCLE NO. 179 

zao STD USERS! 
Cost Effective Upgrade 
Clock Speeds to 10 MHz 

1 Mbyte On-board Memory 
Increase your system performance and 
reliabtlltv while reducing your costs by replacing 
three of the existing cards in your system with 
one Superintegrated Z80 Card from Zwick 
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 of days! 
Approximatly 35 % of each Superfntegrated 
Card has been reserved tor custom 110 
functions including AID, DIA, Industrial 1/0 , 
Parallel Po rts, Serial Ports , Fax and Data 
Modems or almost any other form of f/O that 
you are currently using. 
Call or Fax today tor complete Information on 
this exciting new line of Superlntegrated Cards 
and upgrade your system the easy wayl 

ZWICK SYSTEMS INC. 
Tel 613-726-13n, Fax 613-726-1902 

CIRCL'E N0'."'182"~ 

357 MHz 14-Pin 
Clock Oscillator 

Connor-Wi nfie ld Corp. 
announces litera1ure on a 
new line of high frequency 
ECL Logic clock osci ll a
tors. The ECLB Ser ies 

osci ll ator covers the high frequency range of8 M Hz-360 
M Hz. AVA ILA BLE NOW IN A 14-PI N DIP. L iteratu re 
for a double DIP version wi th frequencies to 500 MHz is 
also avai lable. Frequencies to 90 MHz are now available 
wit h Voltage Control function (mode l EV53 series). 
Contact Barney I ll for detai ls. 

Addi tional speci fications li sted below: 
M odel ECLB 
Package 14-pin DI P 
Frequency: 8 MHz to 360 M Hz 

Supply -5 .2 or -4.5 Vdc 

Connor-Winfield Corporation 
1865 Selmarten Road 
Aurora, IL 60505 
PH : (708) 851-4722 FAX: (708) 851-5040 

CIRCLE NO. 177 

REAL· TIME 
NETWORK 

The SC RAM
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. 
4 126 Linden Avenue, Dayton, OH 

45432-3068 USA. 
Phone (5 13) 252-5601 or 

1-800-252-5601. 
CIRCLE NO. 180 

•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 formats •A9 Identifier 
•100 user-definable macros •2 year warranty 
•Information. call 1916) 924-8037 •Single pgmr. $550 

NEEDHAM'S ELECTRONICS 
4539 Orange Grove Ave. • Sacramento, CA 95841 

- (M-F, 8-5 PST) :£ 

CIRCLE NO. 183 

COMPUTER DESIGN APRIL 1992 155 



SYSTEM SHOWCAS E 

FINALLY 
One tool to satisfy all your 
fi rmware 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. 

PROMO©~ 
... the affordable solution. 

EISI
Grammar 
Engine 
Inc. 

TEL: (614)471-1113 
West: (415)750-0219 
FAX: (614)475·6871 

CIRCLE NO. 184 

Reduced size 
100 MHz 
Clock Oscillator 

Connor-Win field Corp. 
announces literat ure on a 
new line of High Speed 8-
pin DIP osci llators. The 

A53 Series line of A CMOS logic clock osci llators covers 
the high frequency range of 50- 120 MHz. L iterature for 
a 14-pin version (AC53) wi th frequencies to 200 MHz is 
also available. The A53, 8-pin model wi ll soon be available 
in a .48" square ceramic surface mount package. Contact 
Barney 11 1 for details. Additional specifications li sted 
below: 

Model A53 
Package 8-pin DIP 
Duty 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 

CIRCLE NO. 187 

ice MASTER 
Your Window 
To Emulotion 
Produrtivity 

• Easy to leor1 & use 
• Wi1dowed i11terface --

~;;]~=~===:= •ser configvrable • FAST! Download ·· 
< 3 sec. typ. ot 11 SKB 

• Source level debug 
• A4Kfrometroce buffer wilhoMiocol1onchilgcopobilities. 
• iceMASTIR conoect10lliytoyoorPC.ro:iJre1oodisas1embly.0<expon1ioo 

1b~ . Wori<loo ony P( (1)050< 05/ 11, Moo(homel0< EISA. Ev01b~op1 1 

• iceMASTIR isversotae: <eMASTERi!OSI, keMAST1X68HCl 1 and 
<eMASTEHOP81UPIJOll roost fa mi~ rlerivutives. 

• Rentol ood 10-doy trials ovoaoble. 
• 68HCll A,O.E.F; 8XC518; 8XCSS1; 8XC5 I 5Aond 8XC517All.Wlll 
• CaH today for free demo disk and ask abo.t o free 

8051MotroAssembler! {800)638-2423 

'' iMdalink • J J ~ Corporal on • , , \ 

.v..t .. <~ PO lkio J79 o.t. .t.r mu m 
rt.. 6011 '26-01'1 fAX 6011 tti-11 '11! IRfX 4'lmSl\#lUI 
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Intelligent VME 110 Controller 
w/Optional Mezzanine Modules 

• 20/25MHz 68020 microprocessor 
• 1 o r 4Mbytes DRAM 
• Mezzanine modules for analog, digital, 

1/0 , memory, Ethernet , SCSI and m ore .. 

VPU-25 is a cost-effective design platform 
for adding 110 and networking capabilities 
to industrial/process control applications. 
Call SBE, Inc.: 

1-800-347-2666 
CIRCLE NO. 188 

Complete 16MHz 80C286 Single Board 
Compute r fo r embedded PC appli
cations features a 4M-byte PROMDISK 
disk emulator with battery back-up and 
an MS--[X)S 3.3 compatible disk oper
ating system in ROM. 

r eatures Include: 
D 4M·byte DRAM 0 XT Size Board 
O Keyboard Port 0 80287 Socket 
0 2 COM, 1 LPT D WatchDog 
D IDE Disk Port Timer 
D 4M PROMDISK 0 Floppy Port 
D 100% PC/ AT 0 Optional Vkleo 

Compatible Daughter Bd. 

• IND-88 PC/XT Single Board Compute rs 
• PROMDISK Ill & IV Disk Emulators 
• EPROM/ RAM Memory Board 
• FLASHOJSK D r iver for Microsoft FFS 
• F lexScan I & II Bar C ode D ecode rs 
• Custom PC Compatible Hardware & Software 

~~~~~~= micro ~ .. ~~ - i=!! com pufer . ===-== spec1ahsts. inc. 
2598·g fortune way vista. co 92083 
phone: 619/598·2177 fox: 619/598-2450 

CIRCLE NO. 186 

IT'S IN THE CARDS ••• 
More Leads, More Action, More Sales 

Our readers are proven buyers of: 

Computer Systems 93,256 
System Boards 84,066 
Integrated Circuits 77,922 
Design/Development Equipment 85,31 2 
Memory/Storage Equipment 72,237 
Software 88,949 
Terminals /lnput·Output Equipment 81 ,894 
Communications Equipment 70,342 
Components 75,802 
Test Equipment 65,035 

Smart buyers depend on 
COMPUTER DESIGN 

DIRECT ACTION CARDS 

Cal/ Sue Shorrock 
at 800.225-0556 
or 508·392·2185 

CIRCLE NO. 188 

IDl'llTER 
01•11 

EMPLOYMENT OPPORTUNITIES, OUTPLACEMENT AND POSITIONS WANTED 

CAREER 
CONNECTIONS 

Recruitment Advertising Manager 
Tom Murphy, (213) 372-2744 

Closing Dates for upcoming 
magazine issues 

Issue Closing 
May 
June 

April 6 
May6 
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POSITION WANTED 

DESIGN ENGINEER: 13 years experience with 
Fortune 50 companies in microprocessors, FPGA, 
RF, analog design, software development, CAD, 
high rel space design. Prefer position requiring 
some physical labor. Will consider sales, will relo· 
cate. Call Jerry at (206) 839·0747. 

HELP WANTED 

SENIOR SYSTEMS ANALYST Individuals must 
meet the qualifications listed below: Consult wrth 
clients in the preparation, design, and program 
based on client's requirements. Developments are 
on 4GL. DB2, CSP, GIGS, COBOL-II on mainframe 
computers. This posrtion is a full time opportunity 
that requires extensive domestic travel. Edu
cational requirements: Minimum of a Bachelor's of 
Science or equivalent in Statistics/Mathematics . 
Experience requirements : Minimum of 4 years 
experience with the above mentioned languages, 
and client/consulting background required should 
apply. Salary $41, 150.00. Must have proof of legal 
authori ty to work permanently in the U.S. Please 
forward your resume to: Illinois Department of 
Employment Security, 401 South State Street, 3-
South, Chicago, IL60605, Attn : Mr. James McBride 
Reference# V-IL 4761 ·T. No calls please. 2 copies 
of your resume required. An Employer paid ad . 

I 
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YOU ARE CORDIALLY 
INVITED TOT AKE 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 
D Newton, MA-9 / 5/ 91 
D Tysons Corner, VA-9/ 12/ 91 
D Dallas, TX - 9/ 26/ 91 
D Raleigh, NC - 10/ 3/ 91 
D Portland, OR-11 / 6/ 91 
D 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 

D Ft. Lauderdale, FL - 1 / 14/ 92 
D San Jose, CA - 2/ 4/ 92 
D Nashua, NH - 4/ 8/ 92 
D Minneapolis, MN - 4 / 23 / 92 
D Austin, TX - 5/ 14/ 92 

EUR OPE 
D London, England - 9/12/ 91 

D Copenhagen, Germany- 9/ 17 / 91 
D Frankfurt, Germany - 9 / 24 / 91 
D Barcelona, Spain - 10/ 2/ 91 
D Amsterdam, Holland-1 / 16/ 92 
D Miinchen, Germany -1/21 / 92 
D Milano, Italy - 1 / 23/ 92 
D Paris, France - 1 / 28 / 92 

Place your business card 
here - Copy - Then 

fax this sheet back to us. 
1 divisioo of Ilat.aQpest 

FAX: (714) 957-0903 
TEL: (714) 957-0171 

CIRCLE NO. 75 

-a company of 

The Dun& Bradstreet Corporation 
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B·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 

fippbCaltP11s 
• 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 
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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 LAN 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. 86 

INSTANT DATA ACCESS (IDA) DIAL (817) 494-83311 DOCUMENT NO. 1040 

SBE 
Communications & 
Real-time Solutions 



NOW TAKING OFF-MAX EPLD. 
The 40 MHz PLD with 
Gate Array Capacity cloud gate array solutions. You save even more in design-in 

time with MAX's PC-based development kit, which enables 
you to have a programmed solution in hours, not months. 

~EPLD 
Architecture allows 

full uttlization of 
7,500 gates. 

FPGA!Gate Array 
Architecture: prepare 

for lots of delays (speed 
depends on routing). 

If you want PLD design convenience with 
the density of FPGAs or gate arrays, Cypress 
has the best way to get you there without 
delay: our new MAX CY7C341 EPLD. 

MAX 34l's exclusive Logic Array Block 
(LAB) architecture always affords you the 
shortest interconnect path. Data glides 
between the 12 LABs with a singular, 
predictable interconnect delay. Count on 
full, 7,500 gate utilization, with no drop-off 
from MAX's 40 MHz performance. And MAX 
34l 's nonvolatility and built-in security bit 
give you extra safety and stability. 

Since MAX 341 is a field-programmable 
EPLD, you cruise above the NREs that can 

*In Europe, fax your request to the above dept. at (32) 2-652-1504 or call (32) 2-652-0270. 
In Asia, fax to the above dept. at 1 (415) 961-4201. © 1992 Cypress Semiconductor, 
3901 North First Street, San Jose, CA 95134. Phone 1 (408) 943-2600, TELEX: 821032 
CYPRESS SNJ UD, TWx: 910-997-0753. MAX is a registered trademark of Altera Corporation. 

Catch the entire MAX family of 28-, 44-, 68- and 84-pin 
devices in both (erasable) windowed ceramic or plastic 
packages. Call the Cypress hotline today for your free MAX 
information, including brochure and Data Book. Our Field 
Applications Engineers are ready to show 
you how MAX 341 can make your designs fly. 

FREE MAX INFO HOTLINE: 
l-800-8S8-18TO* 

Ask for Dept (111. 


