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WANT TOTALK SCSI?
CALL CIPRICO AT
1-800-SCSI-NOW.

Why talk SCSI with Ciprico? To start
with, we're the only vendor with a complete line
of high-performance SCSI host bus adapters
for Multibus® I, VMEbus, and Multibus II. Each
board was designed to optimize performance
with its system bus. And consider our experience.
Ciprico has over 50,000 boards installed world-
wide. Our design expertise provides you with the
highest possible performance at the lowest
possible price.

But that’s not all. Ciprico has
respondability. We have the largest staff of
customer support engineers in the industry to
help you resolve any integration problems. Plus
software drivers for all major operating systems.

Our SCSI adapters are all based on
an 80186 microprocessor, providing a command
queuing, pass-through SCSI command soft-
ware interface. Each board supports SCSI
disconnect/reconnect and asynchronous and
synchronous transfer rates of 2MB/s and 5MB/s
respectively. And a floppy port is optional
for cost effective system design.

So if you're currently designing a system
based on Multibus I, VMEbus, or Multibus II, RIMFIRE 3510
give us a call to talk SCSI. SCSI Adapter for

Plymouth, MN 55441

L e

CIPRICO LISTENS. AND RESPONDS.
RIMFIRE 1500 RIMFIRE 2500
SCSI Adapter for SCSI Adapter for
Multibus® I Multibus® II

Multibus is a registered trademark of Intel Corporation.
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_ABORATORY New Simple To Use Network
" " Expands Powergof STD Systems

2

Turnkey industrial networking for
STD Bus and personal computers

Z-NET is a complete, simple to use network for
industrial applications. Z-NET extends the capabilities
of Ziatech’s PC DOS-based STD Bus systems by
allowing them to share information and resources
with other STD systems and IBM-compatible
personal computers.

ARCNET hardware protocol, ViaNet software

Ziatech's STD and PC network controllers are based
on the well-established ARCNET protocol, and are
supported by ViaNet, a software package from
Western Digital that makes using the network as easy
as making simple DOS calls.

Remote control for embedded systems

Z-NET was designed to meet the specific network
needs of industrial STD Bus computers, which are
typically unattended or embedded in equipment,

Z-NET is a complete network solution
for industrial STD and personal computers,
available now from an established source.

The necessary hardware, software, cables,
documentation, and applications support

are all available from Ziatech, a leading
manufacturer of STD Bus and IEEE 488 products.

Free industrial networking guide

For a complete technical brochure and
configuration guide to a complete STD and PC
network, call Ziatech today. (805) 541-0488

zlzaTECH

CORPORATION

3433 Roberto Court
San Luis Obispo, CA 93401 USA

Z-NET makes an ideal sub-network in a large factory ITT Telex 4992316
or a total solution for smaller applications. FAX (805) 541-5088
Ziatech’s exclusive Virtual Network Cf:onsoée [fVNC] lets Telephone (805) 541-0488
a network manager control a remote node from his . .

local STD or PC console. VNC capabilities let L
operators remo1e{y reboot a node and remotely ViaNet is a registered trademark of Western Digital

Corporation.
PC DOS and IBM are registered trademarks of
International Business Machines, Incorporated.

execute or download programs, eliminating the need
for PROM installation or replacement.
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Peter picked a

R
D)

Paul picked a
pack of pictures.

Paul has a problem. Poor Paul.
He's out of pictures...again. Pity.

Peter is more productive because he
prefers the powerful GOULD 4070

Series digital storage oscilloscope.
Peter’'s probes stay put, because with
4-channel capability Peter can simul-
taneously view the relationship
between signals. Also, Peter's 400
MS/sec sample rate can capture a
single event with 2.5 ns between
samples. And, of course, Peter’s
primary reason for picking GOULD—
Peter’s plain paper plotter produces
plotted waveforms...immediately,
perfectly. Peter couldn’t be more
proud.

lain paper plotter.

Pick the plain paper plotter. Contact
GOULD today for a free evaluation.
We'll leave a GOULD DSO for you to
try. No salesperson. No pressure. Call
1-800-GOULD-10 or write GOULD
Inc., Test and Measurement, 19050
Pruneridge Ave., Cupertino, CA 95014.

=2 GOULD

Electronics
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FDDL

From deskwork to
network.

More good news! AMP and electro-optic conversion are now
has the complete fiber optic easier than ever.
interconnection system—the AMP ;
OPTIMATE Fixed Shroud Duplex ik
System—that meets all FDDI PMD
requirements. And includes all the

Good ne fbr e physical components you need to

make your fiber optic network a
The X379.5 Task Group, under reality.
the procedures of ANSI Accredited Of special note: the transceiver
Standards Committee X3, has . S bioa
reaffirmed approval of the Media the ﬁr i o(fi;ts kind—is ca;;abll\ib(;f
Interface Connector (MIC) for the operating at data rates up to 125 M/s.
proposed FDDI (Fiber Distributed ~Available in standard or raised (+5v)
Data Interface) Physical Layer ECL logic, it gives you a compact,

Medium Dependent (PMD) document. board-mount data link in a single 24-
pin module. Reliable duplex mating

AMP and OPTIMATE are trademarks of AMP Incorporated.




All system compo- MRS
nents, in fact, are easy to
install and reconfigure. Our
field termination kit makes
short work of attaching
duplex connectors to fiber
cable. And because all inter-
connections use a floating
interface, you get consistent,
low-loss mating (0.6 dB typical)
throughout.

I

You can also order
complete, custom-built cable
assemblies from us. Either
way, you'll have the assured
compatibility that comes
from dealing with only one
supplier for all your FDDI
interconnection components.
A supplier whose capability

AN
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in fiber optic technology is everything
you’d expect from the world’s largest
connector company.

For technical literature and
more information, call 1-800-
522-6752. AMP Incorporated,
Harrisburg, PA 17105-3608.

Interconnecting ideas
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Unless you're using
AT&T data cables, the 1988 fire codes
could be cause for alarm.

~ \ 5

ﬂ:

"
-




Rest assured, AT&T is
ready now with a

1 complete line of
UL-listed data cable
products that conform
to the new National
Electrical Code.”

Whether you're concerned
. with building installations,
or the interconnection of
computer components,
don't risk being burned by
the new NEC fire safety

The component
of innovation.

Enhanced by advanced
technology, our
data cables have, in
most cases, been
assigned a higher
UL listing—CM
versus CL2—than
many competitive
products, as shown below.
These products handle a
wider range of applications,

standards, effective July '88.

The revised NEC specifies
that only listed cable may be
placed in buildings for data
communications circuits.

* Yet many suppliers have
been slow to respond to the
stricter standards.

The component of
| quick response.

AT&T is ready right now to
deliver UL-listed digital
cable™ for a wide range of
high data-rate applications:

mLAN cables for building-
wide voice and data
communications—ali CM-
listed—as the Code requires
for single-cable voice/data
operation.

m Enhanced Performance
data cables, including coax
replacement cable. As
replacements for coax and

NEC ARTICLES
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RESIDENTIAL

USED IN PLACE OF CABLE B

AT&T data cables, in most
cases, carry a higher UL listing
than competitive products.

other types of signaling
wire, AT&T Enhanced
Performance data cables are
smaller and—at a fraction of
coaxial price—much more
cost-efficient.

m A full line of conven-
tional data cables to meet
your routine needs, all UL-recognition, and include
CM-listed. a complete list of

CD 7/88

enabling you to reduce your
cable variety inventory.

And in addition to 300V
CM:-listed cables, many of
our cables carry a

PO. Box 1278, Morristown, NJ 07960-1278
| Please send me information on AT&T's UL-listed data
communications cables, and the location of my nearest distributor.
Name
Title
| Company

‘ Address

|
|
|
|
|
|

the specifications
necessary for cabling your
components.

ATKI:

The components

of success.

The component of quality.
AT&T's quality assurance
program includes the full
commitment of AT&T Bell
Laboratories, along with an
industry-pacing, three-
tiered inspection and audit
program.

So don't wait. Mail the
coupon, or call AT&T at
1800 PICK-ATT, Ext. 300
for more information and
the location of your nearest
distributor.

*Registered trademark of the National
Fire Protection Association

**Western Electric Products

© 1988 AT&T

ATsl

The right choice.
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IF YOU'RE DESIGNING DISK DRIVES

AND HAVE ONLY USED OUR READ/ WRITE CIRCUITS-
THIS CHART IS FOR YOU.

Our Extended Family

If you're designing disk drives, you're
probably already familiar with Silicon
Systems. Chances are good that you are
presently using one or more of Silicon
Systems’ Read/Write amplifier IC’s in your
HDD designs. But maybe you don't know
that we also offer the industry’s most
extensive line of mass storage ASIC's.

The adjacent chart illustrates that Silicon
Systems can also provide more than a
score of circuits for pulse detection, data
recovery, head positioning, spindle motor
control, and controller electronics. And
the list continues to grow.

The Mix-and-Match Design Approach

With Silicon Systems growing families of
IC’s for all the electronic functions in hard
disk drives, many leading HDD designers
are finding they can now easily mix-and-
match SSi products to implement their
specific design features. This powerful
design approach allows them to reduce
board areaq, eliminate external passives,
and lower costs by simplifying their
designs.

Call Now!
(714) 731-7110, Ext. 575

For more information,
send for our Disk Drive
mailers. Silicon Systems,
14351 Myford Road,
Tustin, CA 92680.

silicon sustoms

INNOVATORS IN JINTEGRATION

MICROPERIPHERAL IC SELECTION CHART

32R104B 104
32R104BLN 104L
32R14 4
32RN5 ns
32RN7 n7
32RN7A N7A
32R188 188
32R501 501
“32R510A 510A
“32RSN 51
*32R512 512
“32R514 514
32R520 520
32R521 521
*32R522 522

Ferrite 4 24
Ferrite 4 17
Thin Film 4 11
Ferrite 2,45 18
Ferrite 2,4,6 21
Ferrite 2,4,6 17
Ferrite 4 24
Ferrite 4,68 15
Ferrite 2,46 15
Ferrite 4,68 15
Thin Film 8 09
Ferrite 2,486 15
Thin Film 4 09
Thin Film 6 09
Thin Film 4,6 10

23 35 15 t0 45 +6V, -4V | Differential, Bi-directionu
2 35 15 to 45 +6V,—4V | Differential, Bi-directional
85 123 55 10 110 +5V Differential/Differential
20 40 30to 50 +5V Differential, Bi-directiona
=23 100 101050 | +5V,+12V | Differential/TTL

20 100 101050  |+5V.+12V | Differential/TTL

18 43 351070 | +6V,-5V | Differential, Bi-directional
23 100 101050 |+5V+12V | Differential/TTL

20 100 101040 | +5V.+12V | Differential/TTL

20 100 101040 | +5V.+12V | Differential/TTL

32 150 101040 | +5V+12V | Differential/TTL

20 150 101040 |+5V,+12V | Differential/TTL

65 123 301075 +5V Differential/Ditferential
85 100 201070 | +5V.+12V | Differential/TTL

32 100 61035 |+5V.+12V| Ditferential/TTL

32H101A

32H116
*32H567
*32H568
*32H569

32M590
32M591
*32M593

590

Data Synchronizer
Data Separator
Data Synchronizer
Data Separator
Data Separator

Preamplifier-Ferrite Head
Preamplifier-Thin Film Head
Servo Demodulator

Servo Controlier
Servo Mofor Driver

AGC, Amplitude & Time Pulse Qualification, RLL Compatible

Data Synchronizer/Write Precompensation

Data Synchronizer/2, 7 RLL ENDEC

Data Synchronizer/Write Precompensation

Data Synchronizer/MFM ENDEC/Write Precompensation
Data Synchronizer/2, 7 RLL ENDEC/Write Precompensation

AV = 93, BW = 10MHz, e = 7.0nV/A/Hz
AV = 250, BW = 20MHz, e, = 0.94nV/\/ Hz

Di-bit Quadrature Servo Pattern: PLL Synchronization
Track & Seek Mode Operation; Microp

Head Parking, Spindle Motor Braking

+0.035% Speed Accuracy; Unipolar Operation
+0.05% Speed Accuracy; Unipolar Operation
+0.037% Speed Accuracy; Bipolar Operation

HDD CONT

2-Phase Motor Speed Control

591 3-Phase Motor Speed Confrol

593 3-Phase Motor Speed Control
ROLLER/INTERFACE

32B450A

*32C452

*32C453
32B545

450A
452
453
545

SCS! Controller
Storage Controller
Buffer Controller
Support Logic

Async transfer to 2MBPS; Initiate/Target Modes; Infernal Drivers; CMOS
20Mbits/sec; CMOS; Programmable; AIC-010 Compatible

Non-mux addressing to 16K; CMOS; AIC-300 Compatible

Includes ST506 Bus Drivers/Receivers

High Performance Analog Data Separator, NEC 765 Compatible
2 Channel Read/Write With Read Data Path

2, 4 Channel Read/Write Circult

Port Expander, Includes SA400 Inferface Drivers/Receivers

4 Channel Read/Write With Read Data Path

CIRCLE NO. 6 FOR PRODUCT INFORMATION
CIRCLE NO. 7 FOR CAREER INFORMATION

“Where we design to your applications.”



UP FRONT

Supercomputer token ring network breaks 1-Gbyte/s barrier

Rather than being used in isolation, supercomputers usually form the
nucleus of computing networks that include other mainframes, super-
minis and workstations. As the interactivity of applications increases,
these supercomputer networks require communications bandwidths
much greater than those available from Ethernet. Now supercomputer
vendor Scientific Computer Systems (San Diego, CA) offers a solu-
tion: a 1.4-Gbyte/s token ring network. The new scheme, called Vec-
tornet, rests on an interface processor to provide gateways to existing
LANs, and on an ECL-based interface adapter to permit direct con-
nection of computing equipment to the network. The network medium
can be either optical fiber or copper cable.—Ron Wilson

VLSI chip speeds Phong shading in 3-D workstation

Phong shading adds realism to three-dimensional solids modeling by
giving the impression of truly curved surfaces that can reflect multiple
light. It’s especially known for its rendering of specular highlights,
such as the ‘‘twinkle’” when incident light reflects directly at the eye.
But Phong shading, which can also model multiple light sources, re-
quires a complex lighting calculation for every pixel. Seiko Instruments
(San Jose, CA) has now developed a shading engine for its GR4000
series of 3-D display systems that does Phong shading in hardware.
The shading engine is based on Seiko’s new pixel rendering engine
(PRE) chip. In addition to doing the Phong lighting equation, the chip
performs hidden surface removal based on pixel values stored in the
system’s Z-buffer. The shading engine uses two PREs and can do
lighting calculations at the rate of 60,000 pixels/s. The chip is
designed to be ganged in parallel, offering the possibility of much
larger and faster shading hardware in the future.—7om Williams

DEC favors fiberoptics for the factory LAN backbone of the future

Digital Equipment Corp (Maynard, MA), which claims that most
installed LANSs are based on Ethernet, has long been promoting its
Ethernet as the available LAN in lieu of those based on the Manufac-
turing Automation Protocol/Technical and Office Protocol chosen for
new installations by MAP/TOP organizations. Now, in its push to be
the major force in factory LANs, DEC has selected the MAP/TOP-
sponsored Enterprise Networking Event 88 to announce its choice of
fiberoptics as the backbone medium for future factory LANs. DEC
will develop products to bridge its 10-Mbit/s Ethernet LANs to the
100-Mbit/s fiberoptic backbone evolving as the Fiber Distributed Data
Interface (FDDI). By integrating the company’s DECconnect system
with FDDI, up to 100 Ethernet LANs—each with up to 1,024 attached
devices—can be interfaced to a fiberoptic backbone, according to Karl
Pieper, extended LAN marketing manager.—Sydney Shapiro

National Semiconductor becomes an EDA vendor

With the introduction of its DA4 design system, National Semiconduc-
tor (Santa Clara, CA) has taken the plunge into the electronic design
automation business. The DA4 system includes schematic entry, design

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

analysis, critical path analysis, behavioral simulation, fault simulation,
automatic test vector generation, and automatic placement and rout-
ing. By signing an OEM agreement with Gateway Design Automation
(Westford, MA) for the Verilog simulator, National becomes the first
application-specific IC vendor to sell a commercial, foundry-indepen-
dent logic simulator. National also announced an agreement with Van-
tage Analysis Systems (Fremont, CA) to develop simulation models in
the VHSIC Hardware Description Language.—Richard Goering

PS/2: poised to reverse the trend of standalone computing?

If a recent report by the International Technology Group (Los Altos,
CA) is correct, IBM’s Personal System/2, OS/2 and Micro Channel
architecture will be ‘‘interim offerings’’ that will gradually help
“reverse the trend toward standalone desktop computing.’”” According
to the report, PS/2 Models 25, 30 and 50 will eventually merge with a
current line of dumb ASCII terminals as IBM’s products evolve into a
host coprocessing environment intended to return firm control of an
organization’s computing activities to MIS managers—IBM’s tradi-
tional customers. The report also suggests that Models 60 and 80 will
merge with IBM’s midrange systems. Model 80 will function as a
bridge from the OS/2 environment to the 9370 and to IBM’s newest
intended ‘‘DEC-killer,”’ the S/3X, or ‘‘Silverlake.””’—David Lieberman

Motorola pushes 68030 clock to 33 MHz

Motorola Microprocessor Products Group (Austin, TX) will release in
August a 33-MHz version of the 68030 microprocessor. The announce-
ment, coming soon after the introduction of Motorola’s 88000
reduced-instruction-set CPU, should assure users of the 68000 family
that the older complex-instruction-set computing architecture will con-
tinue to benefit from speed enhancements. Although 33-MHz opera-
tion puts severe strain on bus design and memory access time, the new
part will still offer 68000 users an easy upgrade path, compared to a
switch to the 88000. One such user, Hewlett-Packard (Palo Alto, CA),
has already announced plans to incorporate the 33-MHz part in a new
Series 9000 workstation.—Ron Wilson

CAD framework initiative unites EDA vendors

In a rare show of cooperation, electronic design automation vendors
and major end-users have kicked off an effort to develop an open
CAE/CAD environment. The CAD Framework Initiative (CFI) is
searching for user-interface, data-modeling and data-management tech-
niques that will let tools coexist in multivendor environments. CFI is
supported by 38 organizations from the end-user community, govern-
ment, research and academia, as well as from the design-automation,
compuier and semiconductor industries. A steering committee includes
representatives from Cadence Design Systems, Digital Equipment
Corp, EDA Systems, Hewlett-Packard, Honeywell, Mentor Graphics,
Motorola and Valid Logic Systems.—Richard Goering

Microfilm copies of COMPUTER DESIGN are available and may be purchased from University Microfilms, a Xerox Company, 300
North Zeeb Rd., Ann Arbor, MI 48106. Officers of PennWell Publishing Company, 1421 S. Sheridan, Tulsa, OK 74101; Philip C. Lauinger,
Jr., Chairman and Chief Executive; Joseph A. Wolking, President; L. John Ford, Senior Vice President; Carl J. Lawrence, Senior Vice
President; V. John Maney, Vice President/Finance. soARP VBPA
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When it comes
to ASICs,

ou need more
than technology
that works.




You need a partne




rship that works.

In todays highly competitive marketplace, it takes more than
technology and tools to meet your ASIC needs. It takes a long-term partner
you can count on. One whos ready to help you turn your hot idea into
an even hotter new product.

At Fujitsu Microelectronics, we believe that the only way we can
achieve our goals is to help you achieve yours. So weve committed our
technical, financial and human resources to providing you with the ASIC
technology, tools and trust you need to meet your objectives. From design
support through volume production of your advanced VLSI ICs. The heart
of your new products.

When you shake hands with Fujitsu, you get more than just a
business deal. You get the industrys most experienced volume producer
of ASIC devices as a working partner.

We become an extension of your ASIC design team, providing
you with a nationwide network of field application and technical
resource engineers, ready to offer local technical support on both products
and tools.

You also get ASIC sales and marketing support to help you
smooth out all the administrative wrinkles.

Plus coast-to-coast technical resource centers, fully equipped
with easy-to-use design tools. And local training and twenty-four hour
design facilities, so you can work whenever inspiration strikes.

All supporting the most advanced process and manufacturing
technologies in the industry, including CMOS, ECL, BiCMOS and LSTTL.

All of which is structured for the fast design input-to-prototype
turnaround, design security and timely delivery of volume production
you need to get to market faster.

It all adds up to a partnership that works. Which, after all,
is everything an ASIC partner should be.

i
FUJITSU

FUJITSU MICROELECTRONICS. INC

Everything an ASIC partner should be.

3545 North First Street, San Jose, CA 95134-1804 (408) 922-9000



Noonecan so

but we solve

Everyone thought gate arrays
would be a great solution to their
semi-custom design needs.Then
they designed one and discovered
that “semi-custom’” translated
intoexpensive; “time consum-
ing” and "risky”

= The solution to the solution.

Meet the Logic Cell” Array—
the first Programmable Gate Array.
It's a high density CMOS chip of un-
matched technology that's user pro-
grammable where it's easiest for you
to program—in software.

Your development cycle is cut
to a week or two instead of six
nonths. So you can get your product
market that much sooner.

PGAs let you spot system prob-
lems before they become a real
headache. No more
risking large sums Of s
money and time [, e

-

to verify your

desﬂg-n in hardware. And if you need

to change your design you candoitin
amatter of minutes. Not months. And
you wont have to spend any more
Mmoney.
9000 ways to get ahead
of schedule.

The Am2000 series has densit-
ies from 1000 to 2000 usable gates
and the Am3000 series has densities
from 2000 to 9000 usable gates With
those densities (well have even high-
er densities later), you need fewer
parts to get the same functions as




ve the problem,
dthe solution.

EPLDs or discrete logic.

There is no other PGA technol-
ogy available today. And over 5000
designers are already using it.

Even getting started is easy.

Your investment is minimal.You
donit have to finance months of NRE.
You can get started for the price of a
PC (which you probably already have)
and some software.

PGAs are the epitome of the
just-in-time product. They are the
only gate arrays stocked in produc-
tion quantities at your distributor
And theyre programmable instantly
Which means you can go from design
to production as fast as you need to.

Even overnight.
See for yourself.

Contact us for a free diskette
that gives you a detailed product
overview, an interactive session
where you can plug in your own de-
sign criteria and find out how PGAs
can help your design. Part of the PGA
development software is included so
you can get started saving time and
money right away.

Just call (800) 222-9323. Or drop
us a line.

Advanced Micro Devices ¢\

901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088

© 1988 Advanced Micro Devices, Inc. Logic Cell is a trademark of Xilinx. Inc
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EDITORIAL

Bigger and better;
fewer, but more

anniversary in June with the largest turnout in the show’s
history. There were more attendees from both the chip-
and board-design ranks than in previous years, but more significantly, there were even
more CAE/CAD tool vendors (along with a few CASE tool vendors) displaying their
wares than before. And this was despite the thinning of the ranks of independent vendors
through some recent mergers and acquisitions. The most talked about acquisition at DAC
was probably that of HHB Systems by Cadnetix, following, as it did, hard on the heels
of HHB’s acquisition of Simucad. But everyone was also interested in what Cadence (for-
merly ECAD and SDA) was up to, as well as Teradyne/Aida/Case Technology, Valid
Logic/Telesis/Calma, Zycad/Endot and, of course, Mentor Graphics, with the remnants
of Tektronix’s failed CAE Systems and CASE efforts.

The vendors’ ranks never really get thinned, however, because like soldiers in a holy
war, there will always be venturesome souls ready to fill an empty space. Relatively new
startups, such as Synopsys and Silc Technologies, for example, have entered the field with
logic-synthesis tools that go beyond silicon compilers, once touted as the answer to the sys-
tem designer’s prayers about chip design. Then, too, there are companies like Vantage
Analysis Systems, giving VHDL a push with its full implementation of IEEE-1076;
Capilano Computing, running its schematic entry and simulation tools on an Apple
Macintosh II, opening that platform to designers; and Massteck (next door to our offices
here in Littleton, MA), offering another new printed circuit board autorouter.

Mergers and acquisitions are a mixed blessing because they often limit a user’s choices.
A perfect example of this is the Cadnetix/HHB merger and the effect it will have on the
users of third-party CAE tools that had incorporated HHB’s Cadat simulator. Odds are,
these third-party vendors will have to switch simulators and, in turn, so will the users. On
the plus side, mergers and acquisitions generally result in a product mix—along with the
support—that simplifies the integration of the varied tools needed to fully automate the
chip- or board-design process.

But perhaps a more significant plus to mergers and acquisitions is that they recycle ven-
ture capital, much of it finding its way into new CAE/CAD startups. What’s more, they
recycle people, providing the entrepreneurial, engineering and management talent at the
core of most new CAE/CAD startups. With a life cycle like this for money and talent,
there will always be an abundance of choices, and DAC is sure to grow even bigger—in

both attendees and vendors—for some time to come.
/John C. Miklosz

Associate Publisher/Editor-in-Chief

The Design Automation Conference (DAC) celebrated its 25th
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Tandem’s powerful CMOS gate array logic “We needed con-
NonStop VLX™ com- | designed with Tan- nection technology
puter systems are dem’s own CAD sys- | every bit as sophisti-
packed with pro- tem. When it came to | cated as our VLSI
prietary technology. connecting it all, how- | technology,” says
Including bi-polar and | ever, Tandem chose to | Larry Laurich, V.P. of
rely oninter- | the Transaction Sys-
WE NEEDED CONNECTION connection tems Division at Tan-
TECHNOLOGY AS SOPHISTICATED specialists: dem. “And Teradyne’s
AS OUR DEVICE TECHNOLOGY,  ‘Teradyne High Density Plus™
Connection backplane system
Systems. solves many of the
THE MODULAR DESIGN OF
HIGH DENSITY PLUS PROVIDES
THE FLEXIBILITY WE NEED.
problems associated
with interconnecting

High Performance, High Density:
700+ equivalent signal contacts
help Tandem interconnect
advanced VLSI circuitry.

VLSI. Everything from

& | controlled impedance
& and low inductance

\  tO preserve signal
- integrity, to high

contact density

P and solid power
and ground returns.”
“On top of all that,

Teradyne’s modular

design provides the




flexibility we need to
tailor our backplanes
to each application.”
Now, nearly 1,000
backplane systems

The Tandem NonStop VLX™ system.

later, is Tandem still
completely sold on
Teradyne’s High Den-
sity Plus? “We made
the right choice with
Teradyne. And we
look forward to work-

ingwith [ —————— Y

choice
should be
Teradyne,
too. To find
out how we

can help
interconnect
your VLSI
designs, call
us today at
(603) 889- |
5156, ext.

Teradyne WE MADE Or
tomeet THE RIGHT CHOICE. just
future write:
interconnection Teradyne
requirements.” Connection

If you want uncom- | Systems, 44
promising intercon- Simon St.,
nection performance | Nashua, NH
and reliability;, your 03060.

High Density Plus One backplane.

High density modular connectors.

A controlled impedance printed
circuit panel. High current

: power busing.
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tant. From the high
performance world
of electronic printers
and word processing
to the rugged demands of process control.
To see how the Star Card IC Memory
System can bring an extra dimension to your

data storage capabilities, talk to us.

Contact ITT Cannon's Components Division,
Star Card Products Group, 10550 Talbert Ave.,
Fountain Valley, CA 92708. Or call (714) 964-7400,
ext. 8337. ;




PHASE LOCK LOOP.
ANALOG/DIGITAL ASIC.

NO ONE ELSE HAS
THE COMBINATION.



System level designers can access new levels of integration designing
products with a combination of advanced analog/digital circuitry on a single ASIC.
Obtaining the smallest form factor, lowest power, and highest performance in
data capture applications is now possible.

Consider our 34MHz Phase lock loop subsystem —the PLL34M-an ideal
solution for data separators.

The PLL34M is an open loop phase lock subsystem containing a voltage
controlled oscillator, digitally controlled charge pump, trimmable reference
voltage, and high speed driver 1/0 circuitry.

Combined with our
other analog and digital
standard cells, the PLL34M
isideal for increasing system

SIERRA integrates PLL onto a single data separator ASIC.

. . . s DATA IN

integration of disk drive o e

systems. (See application DETECTOR:> PLL 34M

diagram.) >
For designers seeking

to incorporate analog pro- Loz

cessing functions, such
as amplification, filtering,
and data conversion, Sierra USER LOGIC
offers a wide range of solu-
tions for applications in
disk and tape drive systems, SIERRA DATA SEPARATOR ASIC
local area networks, and
servo controllers.

Lock into our CMOS standard cell library which includes over 250
digital standard cells, 50 analog standard cells, and 20 EEPROM standard cells.
Our Triple Technology™ gives you the flexibility to combine analog, digital, and
EZ2 on the same chip.

Sierra reduces packaging size and cost by offering low profile, surface
mount packages including SOIC, PLCC, and PQFP Gull wing packages.

CMOS analog standard cells are available now in the same design envi-
ronment as digital. Importantly, on-site mixed analog/digital simulation is easily
achieved through access to our MIXsim™ software tools, which verify design
functionality and assure first time silicon success.

Access the unbeatable combination of analog/digital ASIC from Sierra.
Lock into the latest data on our CMOS standard cell library and provide your
customers with the most advanced products. Just write or call today for our
complete library card.

4™ Sierra Semiconductor
7 Triple Technology. In CMOS.

2075 North Capitol Avenue, San Jose, California 95132. Telephone (408) 263-9300

Triple Technology and MIXsim are trademarks of Sierra Semiconductor. Master is a trademark of Master Lock Co.
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“ For Long Life.

Lane.

Rev-up your system

with Hitachi’s

durable new 382MB

driving machine

Who says fast can’t

last? Not Hitachi. Our new DK514-38

382MB 5.25-inch drive brings you lightning-
fast performance with unbeatable reliability.

Sophisticated technology has cut average
seek time to a scorching 16ms, and increased
the data transfer rate to 1.8MB/sec. Normally,
you'd expect such speed to cost endurance. Not
with Hitachi. In-house design and production
of all major components and the most stringent

In the Fast _

quality assurance
program in the industry give
the DK514-38 30,000-hour MTBE

If your super-micro, mini or workstation
demands a drive that can keep up with your
processor, and do it over the long haul, our
DK514-38 is one machine you can’t afford to
pass up.

To learn more about this powerful,
dependable performer, contact your best
partner for mass-storage solutions. . . Hitachi.
We'll show you the right way to drive. Fast.

Hitachi DK514-38 382MB 5.25" Winchester
16ms seek

1.8MB/sec. transfer

ESDI, E-SMD, SCSI interface

30,000 MTBF

Fast Action:

To get product literature immediately,
CALL TOLL FREE 1-800-538-8157, Ext. 877.
In California, 1-800-672-3470, Ext. 877.
Ask for literature number PB-514.

Regional Sales Offices: Natick, MA
617/655-5501 ® Dallas, TX 214/991-7983 o
Brea, CA 714/993-1610 ® San Bruno, CA
415/872-1902

Hitachi America, Ltd.
Computer Division

950 Elm Avenue, Suite 100
San Bruno, CA 94066

@ HITACHI
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New chips shrink Intel 32-bit systems

wo new processors, a full 80386

CPU with a 16-bit external bus
from Intel (Santa Clara, CA) and a
single-chip 1167 floating-point ac-
celerator from Weitek (Sunnyvale,
CA), will contribute to the rapid
shrinking of computer boards based
on Intel’s 32-bit architecture. While
the Weitek part is clearly a conve-
nience for high-end system devel-
opers, the new Intel CPU may ac-
tually alter the ground rules that
make up the heart of the personal
computer market.

““The 80386 is established as the
CPU for high-end personal comput-
ing and workstations,’” says Marc
Rayacich, product-line manager at
Intel. ““Now we intend to proliferate
the 80386 architecture through the
entire range of the PC market.”’

The first vehicle for this prolifera-
tion is the long-awaited 80386SX, a
full 80386 CPU with a 16-bit exter-
nal data bus. ‘“There are three per-
formance segments in the PC mar-
ket: 8088-based machines that run at
about 0.3 Mips; 80286 machines that
run at approximately 1.5 Mips; and
80386 systems in the 4- to 7-Mips
range. The 80386SX, operating at 16
MHz, is aimed at the 80286 segment
of the market. But the 80386SX will
offer higher performance than the
12-MHz 80286, and it will have a full
80386 instruction-set architecture,”’
says Rayacich.

Intel views the extension of the
80386 instruction architecture to
mid-range systems as the key impact
of the 80386SX. ‘‘It’s more than just
a faster clock,’’ says product man-
ager Bruce Schechter. ‘‘For many
applications, the 32-bit architecture
provides inherently greater perfor-
mance.”” Borland (Scotts Valley,
CA), for example, reports that its
Paradox application runs five times
faster on the 80386SX than on the
80286, according to Schechter.

In addition, applications, user in-
terface environments and operating
systems are becoming available spe-

Ron Wilson
Senior Editor
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cifically for the 80386 architecture.
Many of these will never be ported to
the more confining 80286 architec-
ture, Schechter points out. Introduc-
tion of a mid-range version of the
80386, therefore, gives the largest
segment of the personal computing
market access to full 32-bit software.

Hardware considerations

While the 80386SX is exactly com-
patible with the 80386 at the instruc-
tion-set level, it’s incompatible with
both the 80286 and the 80386 at the
bus level. This will leave suppliers of
system support chip sets temporarily
aground. Taking advantage of the
opportunity, Intel introduced its
own highly integrated system of chip
sets for the 80386SX. The H2230,
H2231 and H2335 create an AT-bus
system, while the 82310 chip set pro-
vides a complete register-level em-
ulation of the IBM Personal Sys-
tem/2 environment.

Rounding out the product line, In-
tel announced the 80387SX, a math
coprocessor that provides floating-
point support on the 80386SX 16-bit
bus. For customers in the embedded
computing market who are using the

previously announced 80376 CPU,
the 80387SX will support that pro-
cessor as well.

Shrinking the floating-point unit

At the same time that Intel extended
its 32-bit architecture to another seg-
ment of the PC market, Weitek an-
nounced a significant improvement
in the packaging of its 1167 floating-
point unit: the reduction from a
three-chip set to a single chip.

The 1167 is an incredibly fast FPU
that interfaces to 80386 systems (not
80386SX systems). ‘‘On the double-
precision Linpac benchmark, where
80386/80387 combination rates are
0.22 MFlops and the VAX 8600 with
floating-point accelerator rates 0.61
MFlops, the 80386 with the Weitek
chip comes in at 0.7 MFlops,’’ says
John Oxaal, coprocessor marketing
manager at Weitek.

With a price of around $900 in
production quantities, the new
Weitek chip is clearly targeted at
high-end workstations. Its remark-
able performance and new single-
chip packaging make the device
another promising step forward for
high-end desktop workstations. CD
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Printer controller ICs take on PDL hottlenecks

he scenario is familiar to any ex

perienced user of a desktop
publishing system: You prepare a
. multipage document, tell the system
to print, and the pages start to roll
out of the laser printer at a nice clip
of around 10 or 12 per minute. Then,
suddenly, everything stops. For half
an hour, the printer controller inex-
plicably grinds away, composing a
page with just a couple of font
changes and a line drawing or two

The problem is that page-descrip-
tion languages (PDLs), the sophisti-
cated, efficient, hardware-indepen
dent interfaces between publishing
software and printers, can make
enormous computing demands on a
printer controller. However, a new
generation of microprocessors and
coprocessors i1s appearing, intended
specifically to control printers that
use PDLs. The new chips are de
signed to meet PDLs’ insatiable de
mands for computing power, with
out pricing the finished printers right
out of the desktop market.

The PDL pipeline
Design of the new parts hinges on an
understanding of how PDLs are in-
terpreted by a printer. Silicon ar
chitects have studied the task struc-
ture of the modern printer control
ler and have found a graphics pipe
line with some logical, some float
ing-point-intensive and some data-
moving stages. These chip designers
have discovered that computing bot-
tlenecks can appear at any point
along this pipeline, depending not
only on the system hardware and
software, but also on the composi
tion of the page being printed
Commands in a PDL pass through
a number of distinct processes in the
printer controller, the first of which
is an interpreter. ‘‘In a lot of ways,
Postscript is similar to the Forth lan-
guage,’” says Les Wilson, corporate
manager for imaging technology at
National Semiconductor (Santa
Clara, CA). ‘““The Postscript inter-

Ron Wilson
Senior Editor
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preter uses a lot of stack operations,
and consumes a lot of resources.”
National’s performance analysis on
laser printers indicates that some can
spend 30 percent of their computa-
tional time in the interpreter.

Once commands have passed
through the interpreter, they often
call for the generation of character
outlines or graphics. In most PDLs,
characters are stored not as a set of
points, but as outlines defined by
line and Bezier-curve segments.

The outlining process in the
printer controller converts these
lines and Bezier curves into a raster-
ized outline, or a list of the points
where the character’s outline crosses
each scan line on the page. Since
each Bezier curve—and there can be
many in one character—is described
by two third-order polynomials, the
computations to generate the char-
acter outline are taxing. It’s common
for a 32-bit microcomputer to re-
quire tens of minutes to generate the
outlines for a new font.

Drawing routines for graphics
usually write directly into the print-
er’s page buffer. Character outline
routines, however, usually write
their outlines into a character cache.

That way, after a font is chosen, the
characters are put in the cache and
don’t have to be regenerated each
time they are used.

But having the character outlines
in a cache creates the need for yet
another process: a bit boundary
block transfer (bitblt). When a PDL
command requests a capital ““A’’ at
a particular location, the printer
controller picks up the ““A’* outline
from the character cache, fills it in
with the appropriate pattern and
transfers it into the page buffer.

Once all the PDL commands for a
page have been interpreted, the
graphics drawn, new outlines gener-
ated and cached, and characters
transferred to the page buffer, the
page buffer will finally contain all
the pixel information necessary to
drive the laser engine. At this point,
printing begins.

Vendors seek solutions

At least three silicon vendors—
Weitek (Sunnyvale, CA), National
Semiconductor and Cirrus Logic
(Milpitas, CA)—have focused on
designing hardware to implement
this PDL interpretation process.
Fach has aimed at a different

PAGE BUFFER

PDL
GRAPHICS
F ROUTINE

GRAPHICS

PDL
COMMANDS

TEXT

PDL
CHARACTER
ROUTINE
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o FONT
ROUTINE
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Page-definition languages (PDLs) require a sophisticated pipeline. Stages in
the pipe include a command interpreter, a floating-point stage that pro-
duces endpoints from Bezier functions, a character cache, and a page buf-
fer in which the page is composed before printing.




Hall-Mark makes networking

easier with Ethernet
Solutions from

Western
Digital

Hall-Mark and Western
Digital have packaged LAN Solutions to

make it easy for first time and experienced users to
get networking benefits without spending a fortune.

Our Basic Starter Solution, the ETHERNET KIT, includes
everything you need to bring 3 PCs on-line—three Ethercard Pluses, one
Novell ELS Netware, two 20" cables, two terminators and all the necessary documentation.

[f you are wanting to expand existing networks, our ETHERCARD KIT may be just the
answer. This package includes three Ethercard Pluses, three “T" connectors and documentation.

Or maybe you'd like to add a single user to your network or upgrade our Basic Starter
Solution to 4 users. You need the ETHERCARD PLUS PACKAGE which includes an Ethercard
Plus, one “T” connector and documentation.

The Novell ELS Software Package gives you the ability to use ELS Netware with other
hardware providing the hardware is compatible. This package is especially helpful to first-time

network users.

20’ cables and terminators are also available in cost saving packages from Hall-Mark.
So let Western Digital and Hall-Mark help you to expand your networking capabilities.
Call us today for the kit that best fits your needs.
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price/performance point, and con-
sequently each has chosen to allocate
resources in a different way.

National Semiconductor’s strat-
egy was to provide a base microcom-
puter capable of handling the entire
procedure in software at a moderate
speed. As speed demands increase,
the system designer can add float-
ing-point and bitblt coprocessors to
improve performance.

National targets its printer con-
troller chip, the 32CG16, at print en-
gines capable of up to 20 pages/min.
Such speed puts the product at the
heart of the personal-computer-
based office automation market,
where system price is a key issue.

The company examined typical
job loads for printers in this market
and noted that highly complex pages
were the exception rather than the
rule. In fact, the company dis-
covered that controllers for Post-
script, which is perhaps the most
popular of the PDLs, spent the bulk
of their time running the interpreter
itself. Floating-point computations
and  block-transfer  operations
weren’t so frequent that they were a
bottleneck. So National chose an ar-
chitecture that focused on accel-
erating the interpreter and minimiz-
ing the amount of specialized
hardware necessary to implement
the printer controller.

The hardware of choice was read-
ily available: an application-spe-
cific IC core version of the 32000-
family CPU. ““The regular complex-
instruction-set architecture and rich
addressing modes of the 32000 fam-
ily are an excellent match for the
needs of PDL interpreters,”’ says
P.S. Kohli, market development
manager. But the 32000 instruction
set was less prepared to cope with the
drawing and block-transfer needs of
the PDL pipeline.

“We added a collection of draw-
ing, bit-manipulation and block-
transfer instructions to the basic
32000 set,”” explains Les Wilson,
corporate manager for imaging tech-
nology at National. Taking the no-
tion of trading instructions for hard-
ware a bit further, the designers
added instructions for the CCITT-
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specified data-compression algo-
rithms in facsimile equipment. The
result was a 32-bit CPU chip capable
of handling tasks ranging from PDL
interpreter execution to Bezier-curve
generation to block-transfer algo-
rithms to modem signal-processing
routines in software. A moderate-
performance printer or FAX con-
troller could get by with a minimum
amount of hardware.

National’s strategy included using
coprocessors to extend the range of
the base system. ‘‘Some systems,

“Wedecided to
do what was
necessary to run 15-to
40-page/minute
printers at
their rated
speeds on
realistic pages.’’
—Dan Karr
Cirrus Logic

such as a printer using Hewlett-
Packard’s PDL, aren’t at all critical
about floating-point performance,
so we chose not to build a floating-
point unit onto the chip,’’ explains
Wilson. ‘‘But other applications that
can have modest page/minute re-
quirements can be quite demanding.
For instance, a Kanji printer must
cope with far more complex charac-
ters, and there are so many Kanji
characters that cachingthemisimprac-
tical. So, using an FPU to accelerate
outline generation becomes critical.”’
To meet these needs, the com-
pany offers either the 32081 or the
32381 floating-point coprocessor.
These chips serve to expand the 32-
CG16 instruction set with a range of
fast floating-point instructions.

The designers also saw a similar
need for a swift block-transfer oper-
ation. As the page rate of the printer

increases, the need for fast transfers
from cache to page buffer quickly
outstrips the 32CG16’s new instruc-
tions. So National provides a block-
transfer coprocessor, the DP8510,
which effectively adds a set of bitblt
instructions to the 32CG16. ‘““The
DP8510 will execute 2-operand
bitblt operations essentially as fast as
the bus will allow,’’ claims Wilson.

National recognized that the in-
troduction of a new architecture into
the 68000-dominated printer market
would require excellent language
tools. Customers would be moving
existing PDL software from other
systems that weren’t like the 32000
and had none of the 32CG16’s spe-
cialized instructions. ‘“We decided
to build a set of compilers from the
ground up for the chip,”’ says Wil-
son. ‘““We felt it would be a mistake
to make the compilers nonstandard
by trying to incorporate all the chip’s
specialized instructions, so we went
for standard optimizing compilers.
Then we supported the new instruc-
tions with library routines.”’

Focusing on transfers

Cirrus Logic set out with a higher
page/min goal than National and de-
veloped a solution that was very dif-
ferent. ‘““We decided to do what was
necessary to run 15- to 40-page/min
printers at their rated speeds on
realistic pages,”” says Dan Karr,
marketing manager for raster con-
troller products.

The primary difference is that Cir-
rus’ product, the GP 340 raster prin-
ter accelerator (RPX), isn’t a micro-
processor. ‘‘The best way to look at
this part is as a graphics coproces-
sor for printers,’’ says Mark Singer,
manager of marketing communica-
tions at Cirrus.

The company had two strong rea-
sons for taking the coprocessor ap-
proach. The first was that customers
preserve their investment in existing
code. ‘““Customers find they can in-
corporate the RPX into their existing
interpreter in literally two or three
weeks,’” says Karr. ‘““The RPX com-
mands almost directly replace the
subroutines that the interpreter al-
ready has.
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 just got simpler

As the challenges of developing and
debugging embedded microprocessor
designs becomes more and more com-
plex, you need the best development
tools possible.

And nobody offers you higher relia-
bility, better performance or a quicker way
to develop and debug your 8, 16 or 32-bit
systems than Applied Microsystems.

Our emulators, for example, can be
controlled from the host computer you
work with (VAX, Sun, Apollo, IBM PC or
compatible). Your target system will run
exactly as if its microprocessor were in
place. And you'll get a clear picture of
your design and how it interfaces with
interrupts, clocks and the flow of software.

Our emulators are designed to work
with easy-to-use VALIDATE software to
give you powerful source level or sym-
bolic debugging capabilities. You also get
our powerful Event Monitor System, a
hierarchical, real-time breakpoint and
triggering system.

The list of benefits goes on and on;
but the end result is a faster, easier and
more accurate approach to developing,
debugging and integrating your design.

To find out more, write Applied
Microsystems Corporation, P.O. Box
97002, Redmond, Washington, USA
98073-9702. Or call (800) 426-3925,
in WA call (206) 882-2000.

In Europe contact Applied Microsystems
Corporation Ltd., Chiltern Court, High Street, Wendover,
Aylesbury, Bucks, HP22 6EP, United Kingdom.
Telephone 44+0)-296-625462.
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Cirrus Logic’s GP340 raster printer accelerator (RPX) chip acts both as a
system support chip, performing dynamic RAM refresh and DMA control
functions, and as a sophisticated intelligent bit boundary block transfer
(bitblt) processor. The chip’s close connection to page memory lets it ac-
celerate the pattern fill and bitblt operations necessary to place characters in

“We studied a lot of Postscript
implementations. We found that
just about everybody goes through
the process of calculating endpoints
for character outlines, then bitblts a
pattern into the line segment be-
tween the endpoints,’’ he continues.
At the speeds Cirrus sought, it was
the bitblt operation that created the
bottleneck. So the company devised
a sophisticated bitblt processor that
could fetch lists of endpoints from a
CPU’s memory and use them to load
a pattern into the page buffer with a
swift 3-operand bitblt.

With the bitblt engine, Cirrus inte-
grated a number of the other func-
tions that normally would require
separate chips at these speeds. The
RPX sits between the CPU and the
page memory. The chip serves as a
bitblt engine, an XY-to-memory ad-
dress translator, a dynamic RAM
refresh generator, a DMA controller
and a video controller.

The result of offloading the trans-
lation from endpoints to filled char-
acters is remarkable performance.
According to Cirrus, the GP 340 can
run at up to 40 pages/min at 300-
dot/in. resolution with 5,000 10-
point characters/page. The GP 315,
a less ambitious part designed for 15-
to 20-page/min operation, will be
pin-compatible but will implement
some GP 340 features in firmware
instead of hardware.

Cirrus claims that its solution lets
printer vendors use their existing
microcomputer hardware and most
of their existing PDL software to
reach a range of performance well
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beyond the capabilities of the micro-
computer alone.

Raw speed is the key

The solutions devised by both Cirrus
and National didn’t address the one
remaining segment of the market. In
this segment, complex fonts, un-
cachable fonts such as Kanji, and
complex graphics are commonplace.
Page rates may run as high as 60
pages/min. Resolutions can go from
the laser printer’s 300 dots/in. to a
phototypesetter’s 2,400 dots/in. In
this realm, where customers expect
to pay higher prices, there can be no
substitute for raw speed.

All of this makes a familiar situa-
tion for FPU and reduced-instruc-
tion-set processor vendor Weitek.
The company has packaged its XL
RISC CPU architecture in a chip set
aimed at the high-end laser-printer
market. A two-chip set, the XL-8200
reaches 12-Mips integer perfor-
mance. By adding a floating-point
chip, the set becomes the X1.-8232,
with top performance of 12 Mips
and 24 MFlops. Both chip sets are
available in a range of speed grades,
from inexpensive to very fast.

Rather than make specific hard-
ware adaptations or instruction-set
extensions for printer graphics, Wei-
tek chose to focus on sheer speed.
Thus far, the results seem to justify
the means. The company claims that
its highest speed-grade chip set can
place 6,000 10-point characters/s,
generate new fonts at the rate of 750
characters/s and compute Bezier
endpoints at 750,000 points/s.

With that kind of speed, software
can replace hardware in less de-
manding systems. ‘‘There is suffi-
cient computing speed in the XL-
8200 to handle tasks like network in-
terfaces in addition to the printer
control functions. Up to about 40
pages/min we can drive the video
directly from the CPU. With a fairly
simple interrupt handler and set of
drivers, there’s the possibility to sig-
nificantly reduce the hardware in a
printer by moving tasks into the XL-
8200, says John Rizzo, marketing
vice-president.

Recognizing that the XL-8200’s
RISC architecture is entirely foreign
to most printer vendors, Weitek
carefully covered its bases on soft-
ware support. The chip set was intro-
duced not only with the XL-8200
CPU’s customary compiler support,
but also with numerous PDL and
font alternatives. PDL vendors such
as Phoenix Technologies, Bauer En-
terprises and Custom Applications
will port their interpreters to the XL-
8200. Bitstream will provide its
Postscript-compatible fonts, and
Nippon Information Sciences will
develop Kanji typefaces.

Various alternatives now exist for
developers of the next generation of
laser printers. Designers can choose
to stay with their existing CPU and
software and accelerate specific sec-
tions of the PDL pipeline. Or they
can move to a new CPU, either to
reduce parts cost or to increase per-
formance. In any case, the correct
solution will depend on the font/
graphics mix their customers will
produce. Increasingly, finding the
correct solution will require a de-
tailed knowledge of the inner
workings of the PDLs themselves. CD
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If you built your own logic analyzer...

Why make just an analyzer when
you could build a complete, flexible
logic analysis system? A modular
system with a 400 megasample/s
digitizing oscilloscope, an interactive
50 Mbit/s pattern generator, up to
400 state/timing channels available,
and a variety of features that make
it versatile and easy to use. Plus
a configurable price that you could
easily justify to the boss.

Fortunately, you don't have to build
it yourself to get all this. Just choose
the modular HP 16500A Logic
Analysis System. HP has already
done it for you.

HP Logic Analyzers:
the extra measure.

Like all HP logic analysis toals,
the HP 16500A delivers an extra
measure of value. There are four
different measurement modules to
choose from. To maximize your

investment, configure the HP 16500A,

using its five mainframe slots, with
the module combination that best
matches your budget and applica-
tion. Just imagine the possibilities
for mixing and matching:
* 80-channel, 26MHz state/100MHz
transitional timing module
(400 channels maximum)
* 2-channel, 400 megasample/s
digitizing scope module
(8 channels maximum)

...1t would be

* 50 Mbit/s pattern generator module
(204 channels maximum)

* 16-channel, 1 GHz timing analyzer
module (80 channels maximum)

If your applications are in
hardware, powerful inter-module
cross-domain triggering allows
high speed waveforms from both
the scope and analyzer modules
to be time correlated, giving you
unmatched analysis capability.

And you
can use
measure-




more than a logic analyzer.

ment results for simulation by using and color hardcopy output at
HP's bi-directional CAE link. the push of a button. And the
If you're a software developer, proverbial much more.
the HP 16500A offers complete Call for your free video!
support for popular 8-, 16- and 1-800-752-0900, Ext. H786.
32-bit microprocessors. You can also See for yourself
develop your own support package how the modular
for use with your custom processors HP 16500A Logic
or ASICs. Analysis System is the
But we didn't stop there. We logic analysis tool you'd design
designed a full set of features into yourself. Like every logic analyzer
the HP 16500A that make it easy in the HP family, it delivers the
to use. A touch screen or mouse extra measure of value you're
controls functions through pop-up looking for!
menus. Use your choice of a front
panel knob or screen keyboard
to change values. Plus, there are
two built-in disc drives for data [ﬁ] HEWLETT
set-up and storage, HP Auto-Scale, © 1988 Hewlett-Packard Co.  EIS806/CD I” PACKARD
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Vendors look outside to strengthen their simulation environments

No single simulator can handle all
simulation requirements, from
architectural and behavioral simula-
tion at the system level to gate and
circuit simulation at the IC level.
Each phase of the design cycle re-
quires a simulator tailored to its spe-
cific function. Since the internal de-
velopment of a full range of simu-
lators can be both technically and fi-
nancially prohibitive, many vendors
are looking to the outside for com-
patible products to enhance their
simulation environments.

Evidence of this trend can be seen
in various recent acquisitions, merg-
ers and technology exchanges. HHB
Systems (Mahwah, NJ) has been
particularly active, having acquired
Simucad (Menlo Park, CA). HHB
also obtained the rights to the Dash-
Cadat Plus simulator and Acculib
modeling technology from Data
1/0’s Futurenet division (Redmond,
WA), and the Saber/Cadat simula-
tor from Analogy (Beaverton, OR).

In its latest move, HHB and Cad-
netix (Boulder, CO) entered into a
merger under which HHB becomes a
wholly owned subsidiary of Cadne-
tix. Although this merger doesn’t
directly affect HHB’s simulation
capability, it extends HHB’s CAE
strength to Cadnetix’s printed circuit
board CAD and CAM strengths.

Another company that’s looking
to strengthen its simulation capabil-
ity is Silvar-Lisco (Menlo Park, CA),
which signed a technology agree-
ment with HHB, thus gaining access
to HHB’s Cadat simulator product
line. Silvar-Lisco will use its Helix
simulator for architectural-level
analysis and will use Cadat for logic
simulation.

HHB moves beyond board support

HHB Systems’ various moves ex-
pand the company’s capabilities
beyond traditional printed circuit
board support. The company’s basic
strength is its Cadat system, which
consists of the Cadat integrated log-

Bill Harding
Contributing Editor
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ic, fault and performance-analysis
simulator, supported by the Cats
simulation accelerator and the Cats
hardware-modeling system.
Historically, the Cadat system has
been strong in printed circuit board

HHB Systems has extended its .

capture capabﬂlty and | wvides
links to CAD/CAM toql;.

design, but not in architectural, IC,
application-specific IC or analog de-
sign. HHBs’ recent moves were de-
signed to enhance its product offer-
ings in three areas: ASIC and IC de-
sign, ASIC and IC design analysis,
and complex system analysis.

The company is expanding its
ASIC design capability through a
combination of internal develop-

ments and outside acquisitions. The
acquisition of the Futurenet tech-
nologies and of Simucad strengthen
HHB Systems’ abilities in both IC
and ASIC design and analysis, as
well as in the analog area, says Hal
Barbour, vice-president of market-
ing at HHB Systems.

Through its agreement with Fu-
turenet, HHB Systems strengthened
its ASIC support by acquiring the
rights to both the Dash-Cadat sim-
ulator and the Acculib set of ASIC
library development and mainte-
nance tools. Dash-Cadat is based on
HHB Systems’ Cadat, with Future-
net enhancements in the areas of
waveform display and human inter-
face. Acculib provides a set of stan-
dard functions that can be mapped
into ASIC cells, reducing the need to
define detailed cell functions and
cutting ASIC library development
time by more than half. HHB inte-
grated Acculib into its product line
under the name Accugen, which was
introduced last month.

The HHB Systems/Futurenet
agreement is unusual in that HHB
Systems acquired not only the
Futurenet Dash-Cadat and Acculib
simulation technologies, but also the
nucleus of the design team that was
developing them. HHB Systems also
assumed responsibility for support-
ing Futurenet’s installed base of
Dash-Cadat and Acculib customers.

The Simucad acquisition enhances
HHB Systems’ ASIC design analysis
capabilities. It brings to the com-
pany two new simulators, Silos II
and Pacsim, along with an installed
base of over 1,000. Silos II is a logic
and fault simulator that’s stream-
lined for precise switch-level IC de-
sign simulation. It’s further en-
hanced with a system behavioral
language for behavioral modeling
and analysis. Pacsim is a circuit
simulator that’s compatible with the
Spice simulator.

HHB’s system-level design analy-
sis is enhanced by the development
of Saber/Cadat in conjunction with
Analogy. Saber/Cadat provides si-
multaneous behavioral simulation in



analog and digital domains through
the use of tightly coupled analog and
digital simulators, both with be-
havioral modeling capabilities.

Uniting Helix and Cadat

The agreement between HHB Sys-
tems and Silvar-Lisco is primarily an
OEM arrangement under which Sil-
var-Lisco gains access to the Cadat
simulator and its support tools.
Cadat is optimized for gate- and
switch-level simulations, while
Silvar-Lisco’s Helix is optimized for
architectural and behavioral simula-
tions. Silvar-Lisco’s objective,
therefore, is to create a simulation
environment in which Helix handles
high-level simulations and Cadat
handles gate-level, switch-level and
fault simulations.

Integrating Helix and Cadat will
be a gradual process. Phase one, ex-
pected to be completed by Septem-
ber, will provide a common input
system under Silvar-Lisco’s sche-
matic entry and data base system
(SDS), and will adapt Silvar-Lisco’s
Logan logic-analyzer tool to display
Cadat output and Helix output.

Once these two steps are com-
pleted, users will be able to create
their blocks and schematics with
SDS, do architectural simulation
with Helix and look at results with
Logan, says Herman Beke, vice-
president of marketing at Silvar-
Lisco. They can then push down into
the schematic and do gate-level sim-
ulation with Cadat, look at results
with Logan, and compare the archi-
tectural-level simulation results with
the gate-level simulation results to
determine whether the detailed de-
sign meets the specifications.

Phase two, scheduled for comple-
tion by the end of the year, will add
the ability to perform multilevel sim-
ulations involving both behavioral-
and gate-level designs. Initially, mul-
tilevel simulations will run on Helix.
The key to accomplishing this phase
is making Cadat models available to
Helix, including those in the HHB
Systems’ Cats modeler.

Phase three and beyond in the
Helix/Cadat integration process will
involve providing a single modeling

language for both the Helix and Ca-
dat simulators and optimizing multi-
level simulations by making Cadat
work as a slave under Helix.
Mergers and technology ex-
changes offer a way around con-
straints imposed by limited techno-
logical or financial resources or by

limited market windows. Such ar-
rangements, however, don’t offer
immediate solutions. To be effec-
tive, companies must solve such
problems as incompatible data
bases, overlapping functionality,
different human interfaces and vary-
ing platforms. cD
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VHDL toolsets support design verification

With a mandate from the De-
partment of Defense looming
for the VHSIC Hardware Descrip-
tion Language (VHDL), many de-
signers are seeking ways to imple-
ment this design language. Coming
to the rescue are several new toolsets
with simulation environments that
conform to the recent IEEE stan-
dard, VHDL 1076.

VHDL is an executable hardware
description language that supports
a mix of behavioral and structural
design descriptions. With enough
backing from government and in-
dustry, this Ada-based language will
become an industry-standard mech-
anism for generating portable sim-
ulation models. The first big boost
for VHDL will come after the fourth
quarter of 1988, when the DOD will
require that all electronic designs in-
tended for use in military systems be
specified and verifiable in VHDL.

The first commercial VHDL 1076
simulator was introduced by Van-
tage Analysis Systems (Fremont,
CA) in May (see ‘‘“VHDL simulator
provides interactive verification,”’
Computer Design, May 15, p 24).
Since then, Zycad (St. Paul, MN)
and Intermetrics (Cambridge, MA)
have introduced VHDL simulators.
And CAD Language Systems (Poto-

Richard Goering
Senior Editor

mac, MD) is working with electronic
design automation (EDA) users and
vendors to build VHDL interfaces to
existing simulators.

Designers must decide whether to
use a VHDL interface to an existing
logic simulator or to start over with
a new simulator that fully imple-
ments VHDL 1076. VHDL is so rich
in features that existing simulators
can’t implement the entire language.
‘‘Most logic simulators have a fairly
restricted set of functionality,’” says
David Coelho, executive vice-presi-
dent of Vantage. ‘“When you build
an interface to an existing simulator,
you can use only those features of
VHDL that map easily.”’

But VHDL 1076 simulators don’t
provide capabilities such as worst-
case timing verification or critical-
path analysis. VHDL also doesn’t
provide any standardized way to
support fault simulation, a key con-
cern for military-aerospace contrac-
tors. Moreover, VHDL models are
just now becoming available.

An intermediate format

Most VHDL toolsets start with an
analyzer that compiles VHDL code
into something a simulator can read.
Intermetrics, for example, provides
an analyzer that compiles VHDL
models into its Intermediate VHDL
Attributed Notation (Ivan) format.
Meanwhile, CAD Language Systems

Most YHDL toolsets include an analyzer that compiles VHDL code into
something a simulator can read. In Intermetrics’ toolset, the analyzer com-
piles VHDL into an intermediate format, and a reverse analyzer generates
VHDL source code from this format. A design library manager keeps
track of the intermediate format descriptions stored in the design library.
Users of any VHDL toolset can build interfaces between an intermediate
format—if well-documented—and their own design tools.
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has developed its own graph-struc-
tured intermediate format and is
working with the IEEE’s VHDL An-
alysis and Standardization Group to
define an industry-standard VHDL
intermediate format.

To manage the data stored in in-
termediate formats, both Intermet-
rics and CAD Language Systems
provide design library systems.
These libraries keep track of VHDL
program modules for various com-
ponents. Library-management sys-
tems provide revision control, and
procedural interfaces supply access
to library data.

If an intermediate format is well
documented, users can build inter-
faces between the format and their
own EDA tools. Translating models
in and out of an intermediate format
can be time-consuming, however.
“We compile directly into execu-
table code, which gives us a faster
turnaround time,’’ says Fred Hinch-
liffe, director of Endot product mar-
keting at Zycad.

Intermetrics provides both batch
and interactive VHDL 1076 simula-
tors in the VAX/VMS environment,
and will support its VHDL tools on
Sun Microsystems workstations un-
der Unix. The Endot-VHDL from
Zycad is now available on Sun,
Apollo and VAX workstations. And
Vantage Analysis Systems’ Vantage
Spreadsheet runs on Mentor Graph-
ics workstations.

Freedom or chaos?

Because the Intermetrics, Zycad and
Vantage simulators fully implement
VHDL 1076, they can exploit all the
features of the language. These sim-
ulators can, for example, freely mix
behavioral and structural design de-
scriptions and can operate on a num-
ber of different levels of abstraction.
VHDL models can range from the
architectural level to the gate level, a
capability provided by only a few
simulators today.

Zycad’s Endot-VHDL simulator
provides many of the same features
as the system-level N.2 simulator,
built by Endot before that company



was acquired by Zycad. Users of ei-
ther simulator can build an abstract
architectural model before a system
is partitioned into components, and
they can also use an instruction-set
architecture model to simulate mi-
crocode. But VHDL doesn’t support
stochastic performance modeling, a
probabilistic technique used at the
architectural level by N.2 to predict
throughput in computer subsystems.

VHDL gives users a great deal of
flexibility in defining data types.
Most commercial simulators, in con-
trast, provide a single data type for
multivalued logic, which defines a
selection of states (such as 0, 1 or
unknown) and strengths (such as ac-
tive or passive). With VHDL, model
builders can define their own states
and strengths and can use other data
types such as integers, records, ar-
rays and pointers. At a very high
level of abstraction, for example, it
might be simpler to simulate an inte-
ger input into an ALU than to deal
with an assortment of states and
strengths on individual pins.

This freedom to define data types
may be alluring, but it may also
defeat one of the main purposes of
VHDL, which is to provide portable
simulation models. ‘‘If you want to
move a VHDL model from one com-
pany to another, you need to have
an agreement beforehand on which
data types will be used,’”’ explains
Erich Marschner, technical director
of CAD Language Systems. ‘‘This
is true even when two VHDL 1076
simulators are involved.”” To avoid
potential chaos, VHDL standardiza-
tion groups are now trying to agree
on definitions for multivalued logic.

An accelerated solution
Since VHDL is a very complex lan-
guage, the speed at which VHDL
simulators execute has become a ma-
jor concern. Zycad intends to ad-
dress that concern by running some
portions of Endot-VHDL on its own
family of simulation accelerators.
Zycad is now working on inter-
faces that can compile VHDL into
the primitives that run on the com-
pany’s accelerators. According to
Steve Marriner, marketing vice-pres-

ident at Zycad, ‘“There’s a subset of
VHDL that’s fairly structured, and
we’ll be able to reduce that subset to
Zycad primitives.”’ Portions of the
language that can’t be accelerated
will instead run on the accelerator’s
host computer.

Another big concern for VHDL

simulation users is the availability of
models. With agreements by Logic
Automation (Beaverton, OR) and
Quadtree (Bridgewater, NJ) to sup-
ply models for the Vantage Spread-
sheet, it now appears that VHDL
component models will be available
in the near future. cD
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Introducing Radstone Technology, a new
name with more computer experience
than any company in the business.

f you've been following the commercial or military
microcomputer industries in recent years, you

know that the hot company has been Plessey Micro-
systems. In VME, for example, we soared from entry
level to Number 3 worldwide in just a few short years.

As the management team of Plessey Microsystems,
we saw an opportunity to go even higher. Our product
development and technical support programs were
clearly the class of the industry. But still we weren't
satisfied. So, we decided to position the company
even better to meet the needs of the commercial and
military markets we serve. To do this, we bought the
company from our corporate parent, Plessey.

A brand new,
30-year-old company

Meet Radstone Technology. A
new name, yes. But a solid,
well established and fully
resourced company with
more board level and com-
puter system expertise than
any company in the OEM
microcomputer market.

Ouir firsts in the computer industry
span a 30-year history of breakthroughs—
from developments in core, bubble and
semiconductor memory technologies to the
worlds first 68030-based VMEbus pro-
cessor board and the world’s first and still
only true mil spec VME product line.
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Today, Radstone Technology means business as ;
usual, only better. We've intensified our product " 4
ng !

development efforts to further accelerate our growi
lead in the introduction of advanced products that
match market needs precisely.

UK Water Lane, Towcester, Northants, NN12 7N, (0327) 50312

USA One Blue Hill Plaza, Pearl River, New York 10965, (914) 735-4661
France 6 avenue des Andes, “Le Miniparc”, 91940 Les Ulis, (1) 64.46.04.03

Germany BahnhofstraBe 38, 6090 Riisselsheim, (061 42) 6 80 04
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Solid System Solutions

Radstone Technology is built on a philosophy that
addresses board level hardware, software and systems
solutions. We combine the solid technical and market-
ing bedrock of a 30-year industry veteran with the flex-
ibility, innovation and responsiveness of a brand new
company. A perfect blend: the wisdom and experience
of age, the enthusiasm and agility of youth.

For those of you used to dealing with us as Plessey
Microsystems, look for an increase in the excellence
you've become accustomed to. For those of you yet to
take advantage of our proven problem solving
strengths, prepare to be impressed.

As for our relationship with our former parent,
Radstone Technology will continue to be a valued

supplier of board and system level products to
Plessey’s vast telecommunications and
defense efforts. We'll also participate in a
continuing technology transfer with Plessey
through a cross-licensing arrangement.
We couldn't ask for a better partner or
customer...nor they for a better supplier.

The best is getting even better

Radstone Technology. System solutions
through a constantly expanding range of
VMEDbus processor, controller, /O
and memory boards, soft-
ware and development
systems; full mil spec or
ruggedized VMEbus and Mul-
tibus boards, software and packaged
systems; and bubble memory systems.
For the full story and what it means to you, call or
write Radstone Technology. The best is yet to come.

RADSTONE

TECHNOLOGY

System solutions supported worldwide
CIRCLE NO. 22




“Atlunch today, I learned to use
this programmable video generator.
And still had time to eat.”

While other RGB video generators
take weeks to learn, ours take minutes.
No digital training needed. No countless
key combinations to learn. No need to
use your PC unless you want to. Unlike
other generators, Leader’s have an inte-
gral programmer (LVG-1604A and
1603A) or are available with a program-
mer unit (1601A). And you can get any
of dozens of test patterns simply by
touching one clearly .
marked key.

All the
functions

wide-band video transmission systems.
Present or future.

Analog, TTL and ECL outputs. 125
MHz. 64-color capability. Storage of up
to 200 display formats. Wide range of
raster architectures, and most common
test patterns with both stock and user-
designed characters. Ability to change
format conditions. These features are
easy to learn—but hard to beat.

Now you

can cnoose.
You shouldn't pay

you need.
The LVG-1604A

J(RISYRTRTE

lets you test even the 4 -

Select a Leader Video Generator
with all the features you need.
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most advanced high-
resolution CRT’s and

for more functions
thanyou need. So
callus for afree
copy of our full-line
catalog. Pick the
video generator

that's right for you. Then, in just 30 min-
utes, we'll show you how to use it.

It'll be up and running before you finish
your lunch.

Call toll-free

1 800 645-5104

In NY State
516 231-6900

Leader Instruments Corporation
380 Oser Avenue, Hauppauge, New York 11788
Regional Offices:

Chicago, Dallas, Los Angeles, Boston, Atlanta
In Canada call Omnitronix Ltd. 416 828-6221

LEADER

FOR PROFESSIONALS WHO KNOW
THE DIFFERENCE
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TECHNOLOGY FOCUS ON 16-BIT BUSES
Rt e R R R N L e s

Variety of enhancements
revitalize 16-bit buses

Ithough several 32-bit buses are

enjoying extraordinary market ac-
ceptance, 16-bit buses have so far
refused to give up the ghost. In fact,
because of the maturity, familiarity,
product breadth and cost effective-
ness of the 16-bit world, many sys-
tem designers would rather stretch
their 16-bit technology than make
the leap to 32 bits.

Many designers see no sense in
paying the price of moving to a 32-
bit Micro Channel, Multibus II or
VAX BI bus, for example, when a
16-bit AT bus, Multibus I or Q-bus
will do. At the same time, the 16-bit
buses offer a mature technology base
for 8-bit applications in search of a
performance lift.

That’s not to say that the 16-bit
world has nothing to offer in the way
of technical innovation and evolu-
tion. Quite the contrary. Surface-
mount technology, advanced micro-
processors, dense memory chips and
the like work the same wonders on 8-
and 16-bit bus boards as they do on
32-bit boards. And, in fact, the on-
going evolution toward more on-
board memory, functions and intel-
ligence can often alleviate the need
for moving to a wider system bus by
reducing bus traffic. Nevertheless,
there’s been a substantial number of
bus enhancements and bus-width ex-
pansion schemes designed to bring
new life and design activity to the
popular 8- and 16-bit buses.

Recent times have seen, for exam-
ple, a 16-bit extension to the 8-bit
STD Bus and the development by
Gespac (Mesa, AZ) of the 16-bit G96
Bus—which enhances the 16-bit G64
Bus by adding an extra row of con-
nectors, increasing the address range
and interrupt levels, and implement-
ing a multiprocessing arbitration
scheme. (Thirty-two-bit extensions

David Lieberman
Senior Editor

are also in the works for both buses.)
Micro Industries (Westerville, OH)
has just begun domestic marketing
of a Eurocard version of Multibus I
dubbed AMS (Advanced Multibus
System), a 1984 IEC standard bus
created by Siemens AG (Munich,
West Germany). And two 32-bit

““Pushing a bus spec
can be like trying to
teach a pig how to
sing: it wastes a great
deal of time, and it’s
generally annoying
to the pig.”
—Ray Alderman
Matrix

extensions for Multibus I—Tru-32
from Zendex (Dublin, CA) and Mul-
tibus Plus from Synergy Microsys-

tems (Encinitas, CA)—have ap-
peared, as has a 32-bit S-100 ex-
tension called Sky Bus from Compu-
pro/Viasyn (Hayward, CA).

There’s considerable debate over
how far a bus spec can be extended
before it either runs out of steam or
strays too far from the original form
to be useful. ‘‘Pushing a bus spec
can sometimes be like trying to teach
a pig how to sing: it wastes a great
deal of time, and it’s generally an-
noying to the pig,’’ says Ray Alder-
man, vice-president at Matrix (Ra-
leigh, NC). Technically successful or
not, all the extension schemes have
essentially the same two-pronged
goal: to let designers avoid the time,
trouble and expense of having to
learn a completely new bus struc-
ture, and to maintain interoperabil-
ity with the installed base of stan-
dard bus products.

All this extension activity, accord-
ing to Alderman, is a result of two
factors: market saturation and prod-
uct-line extension. ‘‘There are cer-
tain driving motivations for board
vendors within all the bus struc-
tures,”’ he explains. ‘‘Once you’ve
satisfied the 8-bit market, for exam-
ple—say, by implementing the lat-
est microprocessor and the densest
RAM—you can stop and become
stagnant or you can go on to another

ADDRESS BUS

IAHAIIAIIIIIIA:
DATA LINES D8-D15

DATA BUS

AHAAAIAIAIAIAII,
DATA LINES D0-D7

16-BIT
STD BUS

The 16-bit extension to the 8-bit STD Bus multiplexes 1 byte of a data word
over the address bus at the end of each memory cycle, maintaining stan-
dardized system timing and backplane structure.
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Alan Beverly
Engineering Manager
Ziatech

STD Bus stretches to 16 bits

he STD Bus was originally designed to support the operation of

8-bit processors such as the 8085 and the Z80, which continue
to perform adequately in thousands of simple monitoring and control
applications. But many applications have outgrown their 8-bit proces-
sor’'s power and memory limits. The need to provide an evolutionary
growth path for these applications, as well as higher performance
capabilities for new applications, prompted the STD Bus Manufactur-
ers’ Group to implement the Intel 8088 on the STD Bus in 1983 and,
more recently, to develop a 16-bit data-transfer capability for the bus.
The primary goal of the STD-8088 committee, for both the original STD-
8088 specification and the new 16-bit extension, has been to give de-
signers a higher performance STD Bus that retains compatibility with
existing STD Bus products.

The STD Bus receives asignificant performance boost from the 8088
processor because it combines a 16-bit internal data path with an 8-bit
external data bus. The STD-8088 specification improves system perfor-
mance but maintains the 8-bit STD Bus.

STD Bus applications continue to demand more processing power,
and two approaches have been developed to meet these needs. The
first, an extension to the STD-8088 specification, allows 16-bit data
transfers overthe STD Bus. This extension involves multiplexing a sec-
ond byte of data over the address bus at the end of each memory cycle.
All devices that require frequent access to external memory, such as
video controllers, will benefit greatly from this extension of the STD-
8088 specification.

This extension, originally proposed by Winsystems (Arlington, TX),
provides for the faster transfer of data to or from memory and 1/0
boards without requiring any physical changes to the STD Bus back-
plane. It does require, however, that memory boards are designed to
latch the address prior to the data’s being multiplexed on the address
bus. Processor and memory boards that support this technique are
just now becoming available.

The second approach to achieving 16-bit capability on the STD Bus
also maintains compatibility with the original STD-8088 specification.
This approach puts 16-bit processors on STD Bus single-board com-
puters, but it limits 16-bit data transfers between the CPU and memory
to the single-board computer itself and maintains the current 8-bit ex-
ternal data bus. Data transfers between CPU and memory are the most
crucial in determining overall system performance. The availability of
16-bit CPU-to-memory data transfers on a single-board computer thus
puts processing power where it most affects performance.

These 16-bit capabilities give system integrators more performance
and more choices when developing an STD Bus system, but they also
necessitate some important considerations. Developers looking for
the improved performance of the new 16-bit extension should research
the availability of 16-bit memory and 1/0 boards needed to realize the
performance advantage. Those developers choosing to restrict the 16-
bit performance to their single-board computer with the current STD-
8088 specification should be certain that the computer has adequate
on-board memory to handle their application. Otherwise, if they decide
to add extra memory at a later date, they should be prepared to settle
for 8-bit speeds.
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bus structure. The barriers to chang-
ing buses, though, are pretty severe,
and the least risky of all the ap-
proaches is to adapt newer technol-
ogy to an established platform.”’

Multibus | on the move

Multibus I, itself a former migrant
from 8 to 16 bits, seems to be under-
going a resurgence. Sales are report-
edly healthy, export business is re-
portedly brisk and a modest, though
increasing, number of new board de-
signs are appearing.

‘A lot of people are realizing that
they can still do what they need to do
for the majority of applications with
Multibus I,”” says Mike Pritchard,
Multibus product marketing man-
ager at Intel’s OEM Modules Opera-
tion (Hillsboro, OR). As Bob Han-
son, Hillsboro general manager, sees
it, “Multibus I will probably live
forever because of the many dedi-
cated users who are absolutely fa-
natic about it. It’s hard to rationalize
a 32-bit bus if you’re not going to use
its advanced features, and if people
can stick with a PC in the office en-
vironment or Multibus I in the in-
dustrial arena, they will.”

Craig Fredericks, vice-president
of sales and marketing at SBE (Con-
cord, CA), agrees. ‘‘The industrial
arena won’t swap out its installed
Multibus I base overnight,’’ he says.
““Since CPU boards have 68020s and
lots of memory on-board, bus band-
width isn’t that critical, so there’s no
need to move to something else.”’

Several Multibus I board vendors
are targeting their new designs di-
rectly at real-time industrial-control
applications, where bus width and
even compute power may be less im-
portant than low power, noise im-
munity, extended operating temper-
ature range and extensive 1/0. But
Alan Beverly, engineering manager
at STD vendor Ziatech (San Luis
Obispo, CA), points out that new
entries into the industrial-control
arena will find it no mean feat to
meet all of the three major require-
ments: reliable real-time acquisition
of real-world data, low power opera-
tion and extended temperature range
(—40to +85°C).



With Inmos,
the B-1B’s radar system
got off the grod.

~

nd IMS are trademarks of the INMOS Group of Companies.

INMOS Transputer
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In fact, INMOS military devices are utilized by
every major subcontractor in numerous defense and
space programs. Last year fifty percent of our U.S. memory

T

2 NMosS

INMQOS, Colorado Springs, Colorado 80935.

business was with the military, and the number of INMOS Tol. (719) 630-4000
Transputer and DSP design wins is steadily increasing. Oranige Couniy-7l4-B52:50M0
. : : " Denver-303-368-0561
You don’t remain a successful supplier of military Dol S den by
s ; : : ; Baltimore - 301-995-6952
devices without doing a lot of things rlgh‘r. . oLt e
Our success stems from an ongoing commitment to Minneapolis - 612-932-7121
: st . Boston - 617-229-2550
Quality and Reliability Assurance — the most important Atlanta — 404-242-7444

New York - 914-897-2422

operating priority at INMOS.
A Our OpPrOOCh 3 .One, Of C,ie&gnmg and manu- Please send me a copy of the INMOS military

facturing quality and reliability into every INMOS part brochure “Technology for Defense”.

instead of relying upon screening to inspect for quality.

Send the coupon in today to learn what this o'
approach means to you, what MIL-STD-883C e
compliance means to INMOS, and why we are the Sy
supplier often selected forimportant defense programs. Address
You'll receive your free copy of our military brochure
“Technology for Defense”. Zip Tel
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Certain features can be drawbacks
Even the most ardent Multibus I de-
fenders will admit that certain Multi-
bus I features represent drawbacks
for certain applications. These fea-
tures include the bus’s 16-bit-wide
data path and 10-Mbyte/s maximum
transfer rate, the 24-bit memory ad-
dressing and 16-Mbyte address range
limitations, the lack of a block-
transfer function, and the use of
edge-card connectors and a non-
Eurocard form factor. Several com-
panies have come up with bus-en-
hancement schemes to revamp var-
ious of these features.

Siemens’ AMS bus, for example,
is basically a 6U Eurocard version of
Multibus I that brings the benefits of
DIN connectors, tightly toleranced
signal routing, single-connector (P1
only) implementation, and 21-board
(vs. 16) maximum configuration to
the industrial automation arena.
While standard Multibus I requires
four of the signal lines on P2 to per-
form extended 24-bit addressing, the
entire AMS interface is implemented
on Pl, leaving P2 completely free
for system designers to implement
their own I/0 bus or an interface
to Siemens’ 8-bit SMP (Subsystem
Microprocessor Product) Bus. The
AMS represents more than just a bus
strategy. Rather, it’s a total system
strategy that integrates—via com-
mon RMOS real-time operating sys-
tem drivers—the 8-bit SMP, the 16-
bit AMS and the 32-bit Multibus II.

Last year’s Tru-32 from Zendex,
endorsed this spring by Microbar
Systems (Sunnyvale, CA), and this
year’s Multibus Plus from Synergy
Microsystems share two common
goals: to provide the kind of fast
single-board computer-to-memory
transfers that have exceeded the
ability of Multibus I’s aging iLBX
auxiliary bus, and to provide the
bandwidth necessary for effective
communications in multiprocessing
systems. Both schemes use the unde-
fined pins on the P2 connector—
which are no longer available for
iLBX or vendor-unique I/0—to ex-
pand the data bus from 16 to 32 bits
and the address bus from 24 to 28
bits, thus increasing physical address
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space from 16 to 256 Mbytes.

“A lot of our customers are in a
quandry as to whether Multibus I
can meet their future needs or
whether they have to bite the bullet
and move to another bus like VME-
bus or Multibus II,”” says Tom Pow-

In the Zendex Tru-32 enhance-
ment scheme for Multibus I, one
board queries another to deter-
mine whether the second board
is equipped for extended data
transfers or addressing. If it
isn’t, operations occur within
the parameters of the traditional
Multibus I specification.

ell, Synergy director of marketing.
““Since most don’t want to change
buses, they’re looking for an up-
grade path that lets them retain their
investment in existing products.’’
To maintain compatibility with
existing Multibus I boards, both
Tru-32 and Multibus Plus imple-
ment a protocol for determining
which system boards are capable,
and which are incapable, of ex-

tended transfers and addressing. For
garden-variety 16-bit Multibus 1
boards, operations occur within the
parameters of the Multibus I spec.

““The 32 bits alone doesn’t get you
VME-type performance, though,”
cautions Synergy’s president, Stan
Skowronski. So Synergy’s Multibus
Plus goes a step further, overlaying a
burst-transfer mode on the Multibus
I spec. In standard Multibus I, each
time a current bus master performs a
data transfer, it must give up and
rearbitrate for the bus, introducing
at least 100 ns of overhead for each
piece of data transferred. The Multi-
bus Plus burst-transfer technique, in
contrast, lets a master perform four
transfers without giving up the bus.
This, plus the use of nibble-mode
RAM chips, according to Skowron-
ski, lets data transfers occur at up
to 32 Mbytes/s.

According to Russ Gamble, Zen-
dex vice-president/general manager,
the added costs for a board maker to
implement a Tru-32 scheme, in addi-
tion to nonrecurring expenses, are
‘‘about $4 for some very simple logic
circuitry and a little bit of real es-
tate.”” Multibus Plus, according to
Synergy’s Powell, can be imple-
mented in five chips: four driver/
receiver chips and a single PAL.

Using small boards

In addition to the 16-bit activity on
larger bus boards—6.75-x 12-in.
Multibus I and 6U (about 6.4- %X 9.3-
in.) VMEbus, for example—there’s
quite a bit of action among the small
bus boards. These include the 4.5- X
6.5-in. STD Bus and the 3U (about
6.4- x4-in.) G64/96 and VMEDbus.
““There are applications that simply
can’t afford the cost and real estate
of a big bus,”” says Ziatech’s Bev-
erly, ‘“‘such as blood analyzers, un-
derwater radars, wafer steppers and
so forth.”

The smaller-form-factor boards
generally provide less functionality
than do larger boards, simply be-
cause there’s less usable real estate to
work with. According to Rick Main,
analyst at Databus Marketing Re-
ports (Sunnyvale, CA), for example,
“The VME interface takes up a lot



Leonard A. Lehmann
President
VME Specialists

VMEDbus carves a niche
in the 16-bit market

he VMEbus board market is splitting into two distinct seg-

ments: the single-height (3U), 16-bit segment, and the double-
height (6U), 32-bit segment. This segmentation means that market
forecasts, comparative performance evaluations and cost analyses
that address VMEbus products as a whole are no longer appropriate.
The 3U and 6U products differ in size, performance and price and,
hence, serve vastly different needs.

Besides the board size, the major difference between the two form
factors is the 6U system’s use of a second (P2) connector/backplane to
extend memory addressing from 24 to 32 bits (and addressable mem-
ory from 16 Mbytes to 4 Gbytes), data-transfer bandwidth from 20
Mbytes/s to 40 Mbytes/s, and data-transfer width from 16 to 32 bits.
Both form factors support the full interrupt and bus-arbitration capabil-
ities, utility lines and so forth of the VMEbus.

The 3U VMEbus market is experiencing spectacular growth because
new chip technology and surface-mount packaging and assembly
techniques are providing powerful capabilities on the smaller, 3U
boards. The 3U boards thus have a size, cost and power advantage over
6U products. Single-height boards are also being used in 6U-sized
chassis when a mix of both board sizes is desired.

Many former STD Bus and Multibus | users are upgrading to 3U VME-
bus, which offers the ruggedness of the Eurocard format and its DIN
connectors but without the space and price premium of full 32-bit
VMEbus. Users who need a relatively compact package with at least 90
percent of the performance of 6U VMEbus at about half the price are
generating a rapidly growing 3U market within the VMEbus field.

Users give up little performance in going to the 3U format. The ad-
vantage of 6U VMEDbus lies in its 32-bit transfers. But most peripheral
boards on the VMEbus market can perform only 16-bit transfers, so
this advantage is lost. When these boards are using the bus, the sec-
ond backplane is dead wood but still draws power from the system.

Bus data-transfer rates have, in fact, become less important as
higher levels of integration let more functionality be packed onto
single-board computers and as local intelligence is incorporated into
peripheral and 1/0 boards. System designers have discovered that 32-
bit transfers often only marginally help the actual performance of real-
world systems. Processors spend so little time on the backplane these
days that a wider transfer width affects performance by a few percent
at most. If the code is on the CPU board, the datais on the VMEbus and
the software is set up for 32-bit data, a 68020 performing memory trans-
fers over the bus, for example, executes just 15 percent faster on a full
32-bit VMEbus than it does on a 16-bit VMEbus.

In the past, the bus was used as an extension of the processor. Data
and, often, code were stored on a separate memory board on the bus;
1/0 boards were simple, dumb and unbuffered; and a DMA controller,
if the system had one, was a separate board. This is no longer the case.
Now the bus is used primarily to pass messages between intelligent
subsystems. Processors typically execute all their code, and access
most of their data, locally. And when data does move across the bus,
it’s typically structured into blocks, often with unnecessary informa-
tion removed, achieving greater data-transfer efficiency than would be
achieved by doubling the data-transfer width.

of real estate—as much as 25 percent
of a 6U board and almost 50 percent
of a 3U board, so there’s not much
room left to do anything useful.”’

According to Matrix’s Alderman,
however, the limited functionality of
a small board can be a virtue, since
designers can economically and in-
crementally expand the system with
just the functions they need. *‘If
someone is doing a 6U VMEDbus sys-
tem,’’ he says, ‘‘and he needs to add
four I/0 ports, for example, he’ll
have the choice between a big-ticket,
eight-port 6U board or an inexpen-
sive, four-port 3U board with a 6U
front panel.”

But smaller boards don’t necessar-
ily need to have limited functionality
in comparison to their larger count-
erparts. The relatively large amount
of available real estate on a 6U
board, for example, is sometimes an
excuse for sloppy layout. And the
relatively limited room on a 3U
board sometimes drives a company
to implement the latest technology.

Up from 8 bits
Like the 32-bit Multibus extension
schemes, the 16-bit STD Bus exten-
sion maintains compatibility with
standard, 8-bit STD boards and in-
volves relatively little cost. ‘“The ex-
tension adds probably one square
inch and about $10,”” says Jim Eck-
ford, Ziatech vice-president of sales
and marketing. ‘“That’s pretty negli-
gible, but when you’re trying to
make the most of an STD card, one
square inch can be worth a lot.”’
Those STD Bus board manufac-
turers that see a pressing need for an
external 16-bit data path are in the
minority, with most preferring to
implement 16 bits within the con-
fines of a board, if at all. Most do,
however, believe that an external 16-
bit data bus will extend the viability
of the bus. ‘“We wanted to make
sure we had a growth path through
evolution, not revolution,”” says
Robert Burckle, vice-president at
Winsystems (Arlington, TX). ‘““The
fundamental question that has to be
asked before making the change is,
given the economics of the applica-
tion, do you really need it?”’ ch
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AVAILABLE NOW. THE NEW SABRE SERIES
8" DISK DRIVE WITH GIGABYTE MEMORY.

If you’ve been waiting for a gigabyte of storage in a small form factor your wait is over. Introducing the
gigabyte addition to our Sabre Series of 8” disk drives.

HIGHER PERFORMANCE TOO

Like all Sabre Series models performance is paramount. The model 1230 offers 1.230 gigabytes
and 3 Mbyte per second transfer rate at 24 MHz. It features 16 ms average seek time and offers
several interface options including SMD-E, SCSI and IPI-2.

But if you don’t need all that capacity just yet...start with our 368, 500, 736
or 850 Mbyte model and grow...with us.
QUALITY DESIGNED IN

Sabre drives are designed for heavy duty use. They’re rugged and versatile
and can operate mounted vertically, horizontally or at any other angle.
Built to last so we can spec them at a conservative 30,000 hours MTBE

COMPETITIVE PRICES PLUS
SERVICE SECOND TO NONE
You get both. We don’t disappear
after the sale. We know that service and
support are important to you. It’s why
we have the largest and best trained
support organization of any OEM man-
ufacturer in the world. We stand
behind you...because your success
is our success.
n For more information, call
us toll-free at 1-800-828-8001,
ext. 82. (In Minnesota call
612-853-3400, ext. 82.)
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TECHNOLOGY FOCUS ON OPTIMIZING COMPILERS
e e ey e e O U S U |

Optimizing compilers address
debugging and user control constraints

rmed with parser generation, syn-

tax-directed translation and
flow analysis, the knight on the
cover of a 1986 textbook on compil-
ers prepared to slay the dragon of
optimized compiler design. Today,
that fight has been successfully
waged, and optimizing compilers us-
ing a variety of code-transformation
techniques are widely available. But
the question of how much control
the compiler user should have over
choice of optimizations remains un-
resolved, and the victory of optimi-
zation has conjured up the new, and
perhaps fiercer, dragon of optimized
code debugging.

Techniques for compiler optimi-
zation, designed to transform code
to improve speed or size, or both, of-
fer the user a way to improve soft-
ware performance without resorting
to tedious hand manipulation of as-
sembly code. In many cases, optimi-
zations provide an automatic and
inexpensive route to code improve-
ment—Dbut in other cases, the results
are just the opposite. Optimizing
compilers can evoke code problems
that weren’t evident in nonoptimized
code, or they may even break the
code. Vendors are working to avoid
those problems and to find the best

Howard Falk
Contributing Editor

techniques for optimization.

Because optimization techniques
are relatively new to vendors of com-
pilers for microprocessor systems, it
isn’t surprising that different ven-
dors seem to have disparate ideas
about which optimizations are ap-
propriate and how best to implement
them. From the grab bag of avail-
able techniques, each vendor has
chosen optimizations to meet partic-
ular product goals, in some cases
adding innovative touches to exist-
ing techniques.

One vendor that has been invest-
ing heavily in optimization is In-
termetrics (Cambridge, MA), which
is focusing its development effort on
a global optimizer designed to be
used with the company’s entire line
of Intertools C cross-compilers. To
perform automatic register allo-
cation, the Intermetrics optimizer
transforms source code into a graph
representation of data and control
flow in the memory of the host com-
puter. The compiler then walks the
graph to locate possibilities for op-
timization. For example, if the com-
piler finds two loops with execution
periods that don’t overlap, variables
from those two loops can safely
share the same registers.

The compiler can also look for
and mark common subexpressions
that the source code computes re-

peatedly. These subexpressions may
then be stored in registers so they can
be reused rather than recomputed.

During and after code generation,
Intermetrics compilers use informa-
tion generated by flow analysis to
make register assignments and de-
cide on execution sequences for the
computer on which the object code
will run. For processors such as the
780 that have few internal registers,
the ability to implement register
allocation optimizations is limited.
At the other extreme, reduced-in-
struction-set computers—with their
numerous registers—provide fertile
ground for such optimizations.

To make use of available registers
and to take advantage of the pipelin-
ing provided by some processors,
code in an optimizing compiler can
be reordered by a final instruction-
scheduling procedure. Intermetrics
has developed a scheduling algo-
rithm as part of the compiler the
company is building for the NEC
V60 processor, which has many reg-
isters and is heavily pipelined. By
changing the order of instruction se-
quences, the algorithm increases per-
formance. The scheduling algorithm
is designed to anticipate pipeline ac-
tivity. ‘““We believe we’ll be able to
enhance the speed of programs gen-
erated by a 68020 compiler by apply-
ing technology we’ve developed for

SOURCE

INTERMEDIATE
CODE ODE

¥

INTERMEDIATE CODE OPTIMIZER

In the optimization process, the compiler’s front-end converts source code provided by the user into intermediate
code. Then optimization transformations involving loops, procedure calls and address calculations are typically per-
formed, as are data- and control-flow analyses needed for global optimizations. The transformed intermediate code
then passes through a code generator and an optimizing instruction scheduler, where peephole transformations and
assignments to registers—as well as other optimizations designed for specific machines—may take place.
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main () {

int a,b,c,d,e,f;
a=(b+c)+e

d =(b+c)+e

f=(b+c)

Optimized Code

pushm #0x4c
mov.w r5, r2
add.w rd, r2
add.w I3; 2
mov.w r2, ré
mov.w 2,13
mov.w r5, r2
add.w rd, r2
popm #0x4c
ret #0

35 bytes

Common subexpression elimination is performed by the Intertools global optimizer from Intermetrics. In this exam-
ple, the optimizer decided that the subexpression (b + ¢) + e should be saved in a register for reuse. The optimizer also
selects variables for placement in registers to eliminate unnecessary memory references and thus speed code execution.

Nonoptimized Code

prepare #24

mov.w -0x8[fp], r23

add.w -Oxc[fp], r23

add.w -0x14[fp], r23
mov.w r23, -0x4[fp]

mov.w -0x8[fp], r24

add.w -Oxc[fp], r24

add.w -0x14[fp], r24
mov.w r24, -0x10[fp]
mov.w -0x8[fp], r25

add.w -0xc[fp], r25

mov.w r25, -0x18[fp]
dispose

ret #0

53 bytes ]

the V60, says Ronald Kole, direc-
tor of software product develop-
ment. Intermetrics has C compilers
for 68000/10/20, 68HCI11, 8086,
80186/286 and Z80 processors. The
company is also developing optimiz-
ing compilers for the NEC V70 and
Advanced Micro Devices 29000
chips, according to Kole.

The MCC86 C compiler from Mi-
crotec Research (Santa Clara, CA)
for 8086-, 80186- and 80286-based
computers performs optimizations
such as constant folding (performing
arithmetic on constants during com-
pilation rather than at run time),
strength reduction (substitution of
equivalent operations to reduce
compute time), and elimination of
unreachable or redundant code. The
compiler also does peephole optimi-
zations that examine and transform
only small code segments. A special
Microtec optimization generates ef-
ficient code for the switch statement
by evaluating which of three possible
coding methods will give the best
results in each situation. Optimiza-
tion of jump instructions is per-
formed iteratively until no further
improvements occur. Optimizations
specific to 8086, 80186 and 80286
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processors are also performed.

The Microtec MCC68K C com-
piler for 68000/10/20 and 68881
processors performs many of the
same optimizations and takes advan-
tage of the many registers made
available by the 68000 architecture.
The MCC68K does register alloca-
tion using a coloring algorithm (a
technique that minimizes the cost of
using memory to store variables and
instructions that can’t be fitted into
available registers) and in-line mul-
tiplication (use of in-line code rather
than a multiplication subroutine).
The compiler also moves invariant
computations out of loops. Micro-
tec plans future optimizations such
as passing parameters in registers
rather than on the stack and bringing
subroutines in-line for optimization
with the rest of the code.

Focusing on register allocation

Borland International (Scotts Val-
ley, CA), which has compilers for
target systems based only on Intel-
type chips, concentrates on optimi-
zations involving register allocation.
Because there are few registers on
chips such as the 8088 and 80286,
which are used in the personal com-

puters on which Borland compilers
run, those registers have to be care-
fully allocated to attain efficient exe-
cution. Borland’s Turbo C compiler
automatically assigns variables to
registers and suppresses reloads
from memory for values already in
registers. Turbo C also does peep-
hole optimization and eliminates re-
dundant execution of some identical
code sequences. ‘“We’re doing the
machine-dependent optimizations
that make sense,’” says David Inter-
simone, director of languages and
tools at Borland. ‘‘Of course, we’ll
add machine-independent optimiza-
tions as well, because users don’t al-
ways write perfect code.”” Although
reluctant to discuss future plans, In-
tersimone indicated that Borland
will develop a global optimizer that
will operate on entire programs
rather than on individual functions.

A similar optimization strategy is
followed at Computer Innovations
(Tinton Falls, NJ) with the C86Plus
v.1.0 optimizing compiler for 80386-
based computers. ‘‘A lot of compute
cycles can be spent in flushing out
80386 registers and moving data
from one to another,”” says George
Eberhardt, president of the com-
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Optimized Code

Nonoptimized Code

move.| d0,d3 move.l do,d1
move.| d3,d1 move.l d4,d0
move.| d1,d0 jsr ulmult
mulu d2,d3 move.w d3,d0
swap d1 muls d2,d0
mulu d2,d1

=00 K swap d2
mulu d2,d0
add.| d1,d0
swap do
clr.w do
add.! d0,d3
move.w d5,d0
muls d4,do
364 cycles 488 cycles

The MCC68K optimizing compiler from Microtec Research expands 32-bit
multiplications into in-line code, instead of using the library routine for
multiplication (ulmult). The optimized code from the compiler contains
more statements but runs faster than nonoptimized code.

pany. Optimizations can reduce the
amount of code to be processed, but
the time gained can be lost if too
many register moves are involved.
For that reason, the company de-
cided that the most important opti-
mizations to include were those that
deal with register allocation.
Register allocation optimization,
along with several other techniques,
is used in the C-386 compiler from
Green Hills Software (Glendale,
CA). The C-386 is a C optimizing
compiler for computers that use the
80386 chip. This compiler performs
register allocation by coloring, peep-
hole optimizations and loop optimi-
zations that involve invariant analy-
sis (identifying invariant expressions
in loops and calculating them out-
side the loops). The compiler also
determines each variable’s use-life-
time, providing a basis for reusing
registers by storing more than one
variable in a register during a proce-
dure. The result of this technique is
that local variables are usually stored
in registers rather than in memory.
Not every compiler vendor that
works with Intel-based target ma-
chines has fastened upon register al-
location as the key to optimization.
High C compilers from Meta Ware
(Santa Cruz, CA) use special optimi-
zations that obtain up to a 5 percent
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reduction in the code around some
jump instructions. Meta Ware is
working on a global optimizing ver-
sion of the C compiler, and the new
version is expected to see perfor-
mance improvements of 20 to 40 per-
cent over the old version, according
to Thomas Pennello, vice-president.

Using a template-matching tech-
nique, the Logic Systems Division
of Hewlett-Packard (Colorado
Springs, CO) has produced optimiz-
ing C cross-compilers for the Motor-
ola 68000 and 68020, and similar
compilers are being developed for
Intel processor chips. Template
matching takes advantage of special
addressing patterns that chips like
the 68020 can perform very rapidly.
These patterns are often complex
and may involve indirect or memory-
referenced addressing with offsets.
The compiler compares templates de-
scribing these patterns against the
user’s code to discover where ma-
chine cycles can be saved by substi-
tuting the patterned forms for exist-
ing addressing sequences.

Template matching, says Chris
Jones, software design engineer at
HP, has let the compilers achieve
favorable optimization results with
relatively little use of global optimi-
zations. In the future, though, more-
global compiler optimizations will

probably also be used, Jones says.

Based on ANSI C language stan-
dard specifications for library func-
tions, the compilers from HP replace
many C calls with in-line code. Trig-
onometric functions and string oper-
ations, for example, are automati-
cally placed in-line wherever calls to
those functions exist in the source
code. This eliminates the machine
cycles required to execute the func-
tion calls and also makes the func-
tion code available to the compiler,
along with other in-line code, for
transformation by peephole and
other optimizations.

Diab Systems (Foster City, CA)
has an optimizing compiler that
makes use of scratch registers and in-
line multiplication. The D-cc com-
piler produces code for processors
such as the 68000, the 68020 and the
32000. Variables tagged with the C
register declaration are placed in
registers by D-cc. The compiler then
assigns the most frequently used of
the remaining variables to whatever
registers are available, including reg-
isters usually designated for scratch
operations. Multiplications are per-
formed in-line by shift, add and sub-
tract machine instructions, rather
than by subroutine calls.

C compilers from Sierra Systems
(Oakland, CA) generate code for
68000, 68010 and 68020 processors.
According to Sierra owner Larry Ro-
senthal, these compilers pay a lot of
attention to placing as many items as
possible into registers. Results are
placed in registers, where they can be
used during subsequent operations.

User controls needed
Although optimization can be a
powerful weapon to increase code
speed and decrease code size, it’s a
two-edged sword that can also pro-
duce undesirable effects. If loop op-
timizations are performed indiscrimi-
nately, for example, a lot of compile
time may be spent in optimizing
rarely executed loops. Many other
problems can arise through optimi-
zations, including code breaking.
These potentially destructive as-
pects of optimization create a di-
lemma for compiler vendors. Users



want as much optimization as they
can get, but powerful optimization
can sometimes disrupt, rather than
improve, some programs. In the
marketing battles that rage between
compiler vendors, an optimizing
compiler that breaks user’s code is
viewed by vendors not as a powerful
tool that has to be carefully handled,
but as an unacceptable liability. The
result is that many compiler vendors
have chosen to limit the optimiza-
tions they provide to those that they
believe can be safely employed and
offer users little or no control over
the choice of optimizations.

At the same time, an alternative
approach appears to be taking
shape, in which compilers are
equipped with optimizations that are
as powerful as possible, while users
are offered the option of selecting
which optimizations will be brought
into play for their applications.

Virtually all optimizing compilers
offer user control in the form of a
software switch that will turn all, or
most, optimizations on or off. Most
of these compilers also offer a switch
to select between optimization for
speed and for code size. Some com-
pilers, like those from Green Hills
Software, offer a much larger vari-
ety of optimization controls. In ad-
dition to on-off and speed-size con-
trols, the Green Hills C-386 compiler
provides switches for peephole op-
timizations; deletion of code that
stores into or reads from variables
that the program never uses; assign-
ment of user-defined local variables
to registers only when the user speci-
fies them as register variables; and
automatic assignment of frequently
used code and data addresses to reg-
isters. Users can also turn on or off
optimizations that move invariant
expressions out of loops, and they
can order the optimizer to perform
advanced loop optimizations.

The implications of user controls
can be complex. There’s a Green
Hills compiler switch, for example,
that causes all user-defined variables
declared as register variables to be
allocated in memory. This switch is
specifically designed to overcome C
setjmp-longjmp problems that arise
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in some Unix programs. The setjmp
function saves the contents of reg-
isters, stack context and program
counter. The longjmp function re-
stores this information and contin-
ues execution where it left off. If a
variable is modified after setjmp,
however, the modified value will be
lost when the variable is retrieved by
longjmp. If a program’s outcome
depends on restoration of all varia-
bles by longjmp, the optimizing C
compiler may break that program.

The user controls made available
by Green Hills by no means exhaust
the possibilities. The Portable Code
Optimizer from HCR (Toronto, On-
tario, Canada), for example, gives
the user control over whether the
compiler will generate in-line code
that includes procedures called by
the source code. This in-line proce-
dure expansion eliminates calls made
by the source code and places copies
of the called procedures into the
in-line code, giving the optimizer a
more comprehensive view of all the
code to be executed.

Optimizing C compilers generally
respond not only to switch controls,
but also to the keywords called for
by the upcoming ANSI standard for
C. Thus, when a variable is tagged

with the C volatile keyword, the
compiler will go to memory for that
variable and won’t attempt to use
optimizations that rely on the pres-
ence of that variable in a register.
Thus, if a variable can be changed by
an interrupt, that variable should be
declared volatile in the source code.
The C no-alias keyword declares that
a variable can be changed by name
only, not through pointers or other
manipulations. Given that informa-
tion, the compiler can use optimiza-
tions that aren’t trustworthy when
aliasing can exist.

Use of numerous controls to steer
the optimization process raises the
possibility of overly complex com-
piler-use procedures that could wipe
out the labor-saving advantages of-
fered by automatic optimization.
Some vendors, such as Silicon Valley
Software (Cupertino, CA), are try-
ing to reduce the complexity by lim-
iting user choices to a few levels of
optimization. Silicon Valley Soft-
ware’s C compiler offers a choice of
full optimization or an intermediate
level of optimization, in which in-
line use of library functions is res-
tricted and registers are used for only
one variable during a block of code.
A third level offers minimal optimi-

zation. In the company’s Fortran
compiler, there are five switch-se-
lectable levels of optimization.

Tackling optimized bugs
“Debugging highly optimized code
can be a real nightmare,’’ says Steve
Glanville, president of Silicon Valley
Software, and most vendors of op-
timizing compilers agree. Users want
the best optimizations they can get.
If they find a way to save a byte or a
machine cycle in the compiler out-
put, they want to know why the op-
timizer didn’t squeeze that added
performance out of the code. At the
same time, they want to do source-
level debugging of the optimized
code. But with the currently avail-
able debugging tools, source-level
debugging of highly optimized code
doesn’t appear to be available.
Optimization can make it difficult
to unravel what a program is doing
and to locate problems that have to
be fixed. After optimization, the re-
lationship between statements in ob-
ject code and in the original source
code can become ambiguous. In-
structions from one source state-
ment can be scattered widely, for
example, or instructions from dif-
ferent source statements can be com-

int array[500] [50];

int total;
column__total(column)
int column;

(

int row;

for( row = 0; row < 500; row + + )
total + = array[row][column];

Optimized Code
__column__total:

moveq #0,d1
move.w (6,sp),d0
lea __array,at
asl.w #2,d0
adda.w do,at
movea.w #500,20
L16:
move.| (a1),do
add.| do,__total
lea (200,at),at
addq.| #1,d1
cmp.| a0,d1
blt L16
rts

Nonoptimized Code
__column__total:

move.| d3,-(sp)
move.| (8,sp),d3
moveq #0,d1
movea.w #500,a1
lea __array,a0
L16:
move.l d1,do
move.w d3,d2
mulu.l #50,d0
ext.| d2
add.| d2,d0
move.l (0,a0,d0.1*4),d0
add.| do,__total
addq.| #1,d1
cmp.| al,d1
blt L16
move.l (sp) +,d3
rts

The Sierra Systems C compiler can eliminate a time-consuming multiplication from a loop computation, replacing it
with an addition. This improvement is possible because a new variable is created that remains proportional to the loop
control variable. The address of the first array element to be referenced is loaded into register a0. In the optimized ob-
ject code, the constant 500 is moved into a register outside the loop to save compute time. Also, the loop control vari-
able is tested at the bottom of the loop, so there’s no need for a possibly time-consuming unconditional branch.
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bined so that an object code state-
ment can perform an operation
called for by two different source
code statements. In such situations,
there seems to be no accurate way to
show a source statement that corre-
sponds to the optimized object code.

There may also be ambiguity in
variable values. During execution of
optimized code, users may find that
changes in variable values don’t fol-
low the order suggested by the origi-
nal source code. When breakpoints
are set in source code, their applica-
tion to optimized object code can
also be ambiguous. These ambigui-
ties make it difficult to debug op-
timized code. When global optimiza-
tion is performed over entire pro-
cedures, there’s frequently no way to
resolve the ambiguities, and the use-
fulness of information that’s offered
by conventional debuggers becomes
very limited. Debugging optimized
code is a particularly nasty problem
because it tends to come at the end of
the code-development process, when
schedules are tight.

Source-level debugging software
There are several vendors that offer
source-level debugging software on
the basis that it can handle optimized
code, but Silicon Valley Software
appears to have moved further than
most toward that goal. The com-
pany’s debugger relies heavily on in-
formation passed to it from optimiz-
ing compilers. The optimizer may
decide, for example, to use a stack
pointer instead of a base pointer for
local variables, and the debugger
must know of this so it will use cor-
rect relative addressing. Or, after op-
timization, a variable may be in a
register for 10 statements, then re-
turned to memory and later moved
to another register. The debugger
must be informed of these move-
ments. The Silicon Valley Software
debugger keeps track of such infor-
mation. The debugger doesn’t at-
tempt to keep track of pieces of
source code statements that may
become scattered in optimized ob-
ject code; instead, it looks only for
the result of each statement.

But the Silicon Valley Software

debugger can do its work only be-
cause the optimizations that the
company’s compiler performs have
been carefully chosen. ‘‘In some
places, we don’t generate code that
might be better because we wouldn’t
be able to keep the debugger work-
ing properly with that code,”” says
Glanville. For example, dead varia-
bles not used to produce output
could be removed by the optimizer,
but such variables may be needed for
checking during debugging. With
the optimizations currently in use at
Silicon Valley Software, the result-

“Debugging highly
optimized code can be
a real nightmare.”’
—Steve Glanville
Silicon Valley
Software

ing effects on variables during execu-
tion occur in the same order as they
were called for in the source code.
Optimizations that could change
that order simply aren’t used in the
company’s compilers. ‘“We’re doing
a code generator for the Motorola
88000 RISC processor, and we’re
finding that we can do amazing
amounts of optimization for that
chip. We want to pull out all the op-
timization stops,”” Glanville says.
“‘But if users can’t figure out what
their optimized programs are doing,
all that will be of little use.”’

As experience with optimization
accumulates, compilers will offer
increasing capabilities to automati-
cally make code faster and more
compact. Users are likely to insist on
greater ability to control optimiza-
tion and tune it to their specific
applications. Debugging optimized
code will continue to be a problem
until new techniques are developed,
but as long as auto-optimizing plus
debugging takes less time than man-
ual optimizing plus debugging, opti-
mizing compilers will continue to im-
prove programming productivity.CD
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You've heard all about the excitement of
ASICs.

They improve performance, lower costs
and make many new designs possible.

But, unfortunately, youve probably also
heard about one big potential problem: while
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designer, they don’t always work in the real
world. And that causes excitement you can do
without.
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small as 1.2p and sub 1 ns gate delays.

These gate arrays use “continuous gate”
technology for up to 75% utilization. They
are an alternate source to VLSI Technology
arrays.

We also alternate source the LSI Logic 5000
series.

And we have a unique capability in high-rel
ASICs, including SOS. Our outstanding pro-
duction facilities here in the U.S. produce
high-quality ASICs in high volume at very low
Costs.

It almost sounds exciting for something so
boring, doesn’t it?

For more information, call toll-free today
800-443-7364, ext. 25. Or contact your local
GE Solid State sales office or distributor.

In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano. (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500.

GE/RCA/Intersil Semiconductors
Three great brands. One leading-edge company.



REASONS 'TO
CHOOSE INTEL FOR
YOUR EPLD DESIGN.

INTEL 5AC312 ARCHITECTURE
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Ifyou're looking for architecturally — very low power consumption of

advanced EPLDs, look no further only 50mA, 150pA while idling in low
than Intel’s innovative product family.  power mode. And its enhanced
Start with our 5AC312. Based on programmable inputs can be con-

Intel’s 1.0-micron CHMOS* EPROM figured as latches, allowing the
technology, this high-performance 5AC312 to latch and hold data—a
EPLD clips along at S0MHz with a must for complex microprocessor -



AND 12 MORE.

and microcontroller-based systems.
Plus you'll save valuable board real
estate and improve overall system
performance.

In addition, the SAC312 has an
exclusive programmable product
term allocation scheme. It improves
device utilization
up to 33% and boosts
performance by allow-
ing implementation
of applications
requiring complex
logic functions.

But we didn’t stop
there. These SAC312
features are being
incorporated into
future EPLDs with even
higher integration.

So your upgrade path
is assured.

But, architectural
innovation is not the
only reason to design
with Intel’s highly advanced EPLDs.

Even though these EPLDs offer
more than six times the logic density
per chip than other PLDs, we've
dramatically simplified your design
process. With our inexpensive and
powerful PC-based development
tool, iPLDS II,yvou can use your PC/XT;*

=5C090

PC/AT;*PS/2* or fully compatible
system to turn EPLD design concepts
into working silicon quickly; auto-
matically and efficiently.

Of course, we provide extensive
technical documentation to help
you in system design. And, to make it
even easier, we've
taken service one
step further. To ensure
that the design process
is as smooth as possible,
users have access to
Intel’s toll-free EPLD
“Logical Hotline”and
a 24-hour electronic
bulletin board for any
technical assistance
they might need. It saves
hours of valuable time.

Best of all, the entire
Intel EPLD family and
all the development
support you need are
available now.

So call (800) 548-4725 and ask for
Literature Dept. #W457 We'll tell
you everything you need to know
about the most teclmologmallv
innovative EPLDs around.

Intel’'s SAC312.
intel

And family.

*CHMOS is a patented process of Intel Corp. PC/XT, PCAT. and PS/2 are trademarks of
International Business Machines Corporation. ©1988 Intel Corporation
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Today, this memory card will

travel 15,000 miles, perform massive
data collection, transfer data

to a central data file and...

safely away for the night.

Now, with Mitsubishi’s
transportable memory
cards, you can have the
flexibility of carrying 32K
Bytes to 2M Bytes of
SRAM, OTPROM or
masked ROM in your
pocket. That means read/ §8
write capability (without a 8
disk drive), remote from
central data storage, plus
the flexibility to inter-
change memory types
(SRAM, OTPROM, masked ROM), upgrade and downgrade
memory density, and change data width (8 bits, 16 bits). All
with an extremely rugged device that’s the size of a credit card
(86mm x 54mm x 3.4mm).

The Applications Are Virtually Endless.

From personal computers to printers, portable equipment to
telecommunications, the applications are as creative and end-
less as the imagination. Anywhere transportable memory and
massive data storage are required, Mitsubishi’s transportable
cards offer the highest memory densities available on a device
this small.

Save On Systems Design Costs.

Mitsubishi’s transportable memory cards offer standardized
card connectors and pin assignments for easy memory inter-
change and density upgrade, without designing multiple host
system models. Plus, future system redesign is simplified or
eliminated.

Quality Through Commitment.

SOUTH CENTRAL, Carrollton, TX (214) 484-1919

Regional Offices:
NORTHWEST, Sunnyvale, CA (408) 730-5900 NORTHERN, Minnetonka, MN (612) 938-7779
SOUTHWEST, Torrance, CA (213) 515-3993

do it all before being tucked —

NEW ENGLAND, Woburn, MA (617) 938-1220
MID-ATLANTIC, Piscataway, NJ (201) 981-1001
NORTH CENTRAL, Mt. Prospect, IL (312) 298-9223 SOUTH ATLANTIC, Norcross, GA (404) 662-0813

Extremelv ngh 13.8 mm x 8.0 mm x 1.0 mm = 110.4 mm’
Density Memory.

The key to Mitsu-
bishi’s extremely high Chip-On-Board
density memory
cards is the VSOP 15.4 mm x 9.8 mm x 1.0 mm = 150.9 mm’

(very-small-outline-
package). Pioneered
by Mitsubishi, the
VSOP is over four
times smaller (in
overall volume) than
its equivalent pin
count, standard surface mount package. In fact, the VSOP is
smaller than the footprint of the equivalent chip-on-board
technology making it possible to pack up to 16 memory ICs,
plus standard interface circuitry on one card.

-

17.5 mm x 12.2 mm x 2.2 mm = 469.7 mm

“Transportable” Means “Rugged”

Mitsubishi designed its memory cards specifically for trans-
portable applications. And, that means cards that are rugged
and reliable. Even if a card is dropped, loss of valuable data is
virtually eliminated, due to Mitsubishi’s flexible, four-layer
PCB and enhanced soldering techniques.

Additionally, the cards are ESD protected to 25K volts, with
connectors guaranteed for 10,000 insertions.

If you want to design-in massive, transportable data storage
with the flexibility to interchange memory types and densities,
Mitsubishi memory cards give you the maximum memory
mileage. For more information call or write today: Mitsubishi
Electronics America, Inc., Semiconductor Division, 1050 East

Arques Avenue, Sunnyvale, CA 94086. (408) 730-5900.

MITSUBISHI
ELECTRONICS

SOUTHEAST, Boca Raton, FL (305) 487-7747
CANADA, St. Laurent, Quebec, (514) 337-6046
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SPECIAL REPORT ON DESIGNING FOR PORTABILITY

Computers on the move:
Designing for portability

hether they’re portable, transportable or

mobile, and whatever form they take—

whether an inexpensive hand-held calculator,
a laptop computer, a digital oscilloscope, a laser
printer, or a heart monitor—computers on the move
are the quintessential example of the importance of
system design.

Unencumbered by limitations of size, weight or
power consumption, designers of computers 15 to 25
years ago could tackle the design of individual com-
puter components more or less independently of each
other. The size and shape of the input—usually a
keyboard—didn’t pose serious ergonomic consider-
ation. The CRT reigned as king of the display tech-
nologies, and because few people needed to move the
display from place to place, a little extra bulk in a
power supply didn’t give a designer sleepless nights.
Who worried about packing 40 Mbytes of storage into
a tiny package that could withstand the shock of fall-
ing off an airplane seat? And so what if the guts—
the electronics—burned up 1 or 2 kW?

No designer has these luxuries today. The demand
for high performance, compactness, user-friendliness,
low power and, if not low cost, then optimal cost, is
forcing design teams to take the system view of de-
sign. This calls for trade-offs to be made between
every component in a product. This means trade-offs
between the type of display and power consumption;
between the type and price of the input and the er-
gonomics of the input; between the performance of
the system and the cost, size, number and power drain
of the ICs used; and between the cost, capacity, dura-
bility and power consumption of the mass storage.

We hope that this Special Report will give design-
ers, and especially design managers, some extra in-
sight into these trade-offs—and, consequently, some
extra insight into system design.
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Size and power
constraints guide
IC design choices

Ron Wilson, Senior Editor

he demand for increased portability poses

obvious problems for mechanical designers,
display designers and power-supply engineers. For
circuit designers, the challenges—though less ap-
parent—are just as real. Digital designs, from the
“‘luggable’’ personal computer to the hand-held in-
strument, are evolving to accommodate the re-
quirements of smaller spaces and limited power.
Whether the changes take place at the system,
module or chip level seems to depend on the degree
of portability the design requires.

Luggable systems, the largest portables, are
those that can be carried by an average-sized person
or that can fit under an airline seat. This definition
encompasses a variety of products, from early por-
table PCs—such as the Osborn and Kaypro mod-
els—to the most recent and considerably more com-
pact lunchbox-style machines. Also included are in-

struments designed for in-field use, such as porta-
ble oscilloscopes.

For the electronics system designer, luggable sys-
tems have two key characteristics that distinguish
them from smaller portables. First, space, while
limited, isn’t so constrained that it forces the de-
signer into highly integrated technologies. Second,
luggable systems include a power cord and aren’t
intended for battery-based operation.

These two factors make luggable portable sys-
tems much more like desktop than laptop designs.
‘‘Portability necessarily means limited real estate
and crowded air flow. But to understand the im-
plications of that generalization, portability has to
be defined further,’” explains Volker Dolch, presi-
dent and founder of Dolch American Instruments
(San Jose, CA).

““A lunchbox-sized system, for instance, requires
diligence in packaging design and in cooling,”’ he
continues. ‘‘But it doesn’t require compromises in
performance relative to desktop systems.’” For ex-
ample, Dolch’s 386 portable PCs use essentially the
same architecture as 386 desktop machines. With
advanced architectural features such as RAM cach-
ing, the portable 386 boasts the same 4- to 5-Mips
performance as the fastest desktop 386 machine.

Luggable portability, then, requires careful at-
tention to detail, but doesn’t necessarily require
changes in architecture from that of desktop sys-
tems. Space, power and cooling in a luggable design

Calvin Diller, business unit
engineering manager for hand-
held products at Tektronix,
studies design data for the new
TX213 hand-held oscilloscope.
As portable systems shrink from
the luggable to the laptop to the
hand-held level, the influence of
size and power constraints
increases.
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A Zenith Data Systems engineer
designs the company’s Turbosport
386, an 80386-based laptop com-
puter. Representing significant
advances in display technology and
intelligent power management, the
Turbosport 386 and the company’s
80286-based Supersport 286 rival
the performance of desktop

IBM PC compatibles.

are generally sufficient for the needs of desktop PC
hardware.

When a system shrinks from a 20-1b box to a lap-
top package, however, the design ground rules rap-
idly begin to change. Space is painfully scarce in a
laptop system, and any space there is must be
reserved for unshrinkable modules such as dis-
plays, disk drives and connectors. Enclosures are
designed for appearance and size, leaving no room
for considerations like air flow. Perhaps most criti-
cal, the laptop device has to operate for extended
periods on battery power.

These constraints prevent the designer from
simply repackaging a desktop system, with a few
changes in peripherals, to make a laptop system.
Design strategies to minimize local heating and
reduce operating current must be incorporated at
the system level, before hardware implementation
even gets underway.

he first step for most vendors in designing a

laptop system is to use CMOS circuitry exclu-
sively. ‘‘Use of CMOS is fundamental to our design
approach,’” says Kevin Mankin, product develop-
ment manager for computer systems at Zenith Data
Systems (Glenview, IL). ‘‘It offers us three charac-
teristics. First is the level of integration we need to
fit a high-performance computer into a laptop
package. Second is partitioning flexibility. Third is
the ability to manage power consumption.”

According to Mankin, power management goes

beyond simply using low-power circuitry. ‘““We can
use a number of more active techniques to limit cur-
rent consumption. One is to operate the CPU at a
lower clock frequency when high computing per-
formance isn’t necessary,’”’ he says. Since CMOS
power dissipation is more or less proportional to
operating frequency, running the CPU at reduced
speeds can dramatically cut CPU, peripheral-chip
and memory current requirements.

A more radical approach to power management
for laptop systems involves discretionary powering
of subsystems. Most PC users are familiar with this
technique for floppy disk drives, in which the drive
is kept rotating only when the controller believes
it’s in use. The same concept can be applied to cir-
cuits, resulting in significant power savings. ‘‘In
our video controller, for instance, the section that
controls the LCD panel operates at CMOS logic
levels, conserving power. The RGB outputs for an
external CRT, which will be used only when the lap-
top computer is sitting on a desk and plugged into
the wall, run at higher-power TTL levels. But this
section of the controller is shut down when we are
running on the battery,’’ says Mankin.

Chips and Technologies (San Jose, CA), a com-
pany that has taken an active interest in the special
needs of highly portable PCs, has also addressed
the problem of selectively powering down the sys-
tem. ‘‘At the laptop level, the system has to use its
intelligence to minimize power consumption,’’ ex-
plains Sikander Naqvi, product marketing manager
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While a portable computer’s display and disk drive(s)
have a significant impact on the total power demand,
the particular chips used in a system, amount of elec-
tronics included and nature of the internal architec-
ture also take their toll. All other things being equal,
a higher-speed CPU and support components carry a
power penalty since CMOS power dissipation is ap-
proximately proportional to operating frequency.

at Chips and Technologies. ‘‘This means knowing
when to cycle power on floppy disks, and even on
hard disk drives.

““‘In addition, the electronics itself has to be in-
volved in power management,’’ he continues. ‘‘For
instance, processors and support chips, such as our
Neat chip set used in Zenith’s Supersport, must be
able to run at a range of clock rates. The shift be-
tween 8 and 20 MHz in a PC AT has great influence
on power consumption.”’

To conserve power during the long idle periods
that characterize PC use, the processor chip set
must be able to go to sleep gracefully, as well as to
wake up gracefully when something important hap-
pens. Laptop vendors use various techniques for
powering up and down. ‘‘For the chip vendor, that
means we have to provide support chips that can get
register contents into nonvolatile RAM when the
system goes down, but can still monitor modem or
keyboard activity and get the CPU to resume nor-
mal operation when data comes in,’” explains Keith
Angelo, graphics operation product manager at
Chips and Technologies.

It’s evident that at the laptop level, system de-
signers seem content to take a modular approach to
power management. They identify modules that
don’t have to operate all the time, isolate them
from circuitry that must run continuously and
selectively shut them down when they aren’t
needed. This coarse-grained approach to current-
hoarding has brought about laptop machines that
can operate for several hours on an internal battery
pack and can even support intermittent operation
of a hard disk drive for limited periods.
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As systems grow even smaller, moving from the
users’ laps into the palms of their hands, size
and power constraints inspire even more radical de-
sign techniques. There is also more concern in the
hand-held market regarding cost. ‘‘Customer ex-
pectations are different for hand-held systems,”’
says Calvin Diller, business unit engineering man-
ager for hand-held products at Tektronix (Beaver-
ton, OR). ‘‘Customers believe that hand-held prod-
ucts ought to be less expensive than larger models
and that they must be light.”’

These two factors work together to focus the sys-
tem designer’s attention on power consumption,
according to Diller. If the device’s circuitry con-
sumes a little more current, then it will need a little
more battery power, thus increasing both the size
and the weight. In addition, added current con-
sumption eats away at battery operating time.

Under such severe constraints, power manage-
ment must begin in the planning stages and carry on
through the design process. ‘“The architectural
choices you make early on will drive cost and power
dissipation all through the project,’’ says Diller.

One weapon in the unrelenting war fought by de-
signers is system partitioning. Originally, in all-
CMOS systems, the most common technique was to
identify power-hungry devices and isolate them
from devices that could be run at lower power. The
bulk of the system’s circuitry could be designed for
minimum current using the best CMOS process
available. The isolated high-current circuits, such
as analog devices or very fast logic, could be fabri-
cated separately. Thus, the number of components
fabricated in power-hungry technologies could be
held to an absolute minimum.

With the availability of semicustom BiCMOS
processes, a new strategy is available to designers.
Now it’s possible to mix high-current and very low-
current devices on a single chip. ‘‘Using the new
mixed technologies, you can eliminate power-
hungry interface circuits that ship data from chip
to chip,’’ says Diller. ‘“‘For instance, you may be
able to combine an amplifier, an analog-to-digital
converter and supporting logic on one chip. This
way you can avoid the interconnect and package
pin-related capacitive loading that requires high-
output drivers.”’

Diller points out that cooling under difficult cir-
cumstances is also typically a problem for the small
systems. ‘‘Hand-held equipment is subject to
greater extremes of operating temperature than are
less portable systems. This can create a real prob-
lem, because you may find that you are operating
outside the commercial temperature limits, but you
can’t afford the additional cost of military-grade



THE OB68K/VSBC1™
VME SINGLE BOARD
COMPUTER
* Motorola 68000 12.5MHz 16/32
bit CPU (68010 and other speeds
optional)
® 512KB of dual-access, zero-wait-
state DRAM with parity
* (4) 28-pin ROM sockets
* (3) 16-bit counter/timers
 (2) Omnimodule™ I/O sockets for a
wide variety of 1/O (ie. 4 serial
ports, 40 parallel lines)
* DMA controller (optional)
* VME bus interrupt generator
(optional)
* Optional 4 level bus arbiter
* Two year limited warranty

THE OB48K/VIO™

VME UNIVERSAL 1/O BOARD

* (4) Omnimodule 1/O sockets for a
wide variety of /O (ie. 8 serial
ports, 80 parallel lines)

© One (1) interrupt per Omnimodule
((2) optional)

* Two year limited warranty

OB68K/ VMEI-M™
RUGGEDIZED VME
SINGLE BOARD COMPUTER
 Available with MIL STD 883B parts
* [OMHz 68000 16/32 bit CPU
(other speeds optional)
 (6) pairs of 28-pin sockets for
ROM/RAM
* System controller functions
® (2) RS-232C serial ports using (1)
28530 SCC
* (2) 8-bit parallel 1/0 ports using (1)
28536 CIO
* (3) 16-bit timer/counters (in
28536)

* Omnibyte two year limited
warranty

OB68K/ VME1™
SINGLE BOARD COMPUTER
ON THE VME BUS
* 12.5MHz 68000 16/32 bit CPU
* (8) pairs of 28-pin sockets for RAM
and ROM (up to 448K RAM or

896K ROM)

® (2) RS-232C serial ports using (1)
68681 DUART

 (2) 8-bit parallel I/0 ports using (1)
68230 PIIT

* System controller functions are
supported

e (7) Prioritized bus or auto vectored
prioritized interrupts

* Omnibyte two year limited
warranty

OB68KIA™ MULTIBUS

SINGLE BOARD COMPUTER

* 10MHz 68000 16/32 bit CPU

® 32K/128K/512K of zero-wait-state
dual-ported RAM

* Up to 192K bytes of EPROM

® (2) RS-232C serial ports

® (2) 16-bit parallel ports

* A triple 14-bit timer/counter

® (7) Prioritized-vectored interrupts

* Omnibyte two year limited
warranty

OB68K/IOCTAL™
MULTIBUS SERIAL 1/O BOARD
® (8) RS-232C or RS-422 serial 11O
ports

¢ Individually programmable baud
rates between 50 and 38.4K baud

* (4) 68681 DUART chips

* (4) Multi-function programmable
16-bit counter/timers

* Omnibyte two year limited
warranty

OB48K/MSBCI™ MULTIBUS
SINGLE BOARD COMPUTER

* 12.5MHz 68000 16/32 bit CPU
(other speeds and 68010 optional)

® 256K/512K/1M/2M bytes dual-
ported; zero-wait-state RAM
w/parity

e (4) RS-232C serial synchronous/
asynchronous multiprotocol
110 ports

(1) iSBX* expansion connector

© (4) 28-pin ROM sockets (up to
256KB)

* Optional memory management

* Omnibyte two year limited
warranty

*iSBX is a trademark of Intel Corp.

OB68K230™
MULTIBUS 96-BIT PARALLEL
1/0O TIMER BOARD
* 96 bits of software definable paral-

lel 110
* (4) 68230 PIT chips
® (4) 24-bit timers
* 35 sgq. in. of prototyping area
* Omnibyte two year limited
warranty




The OB68K/VSBC1 with its
OMNIMODULE modular /O and
other options can be configured
over 3800 unique ways. This gives
you an off the shelf VME single
board computer that is customized
for your application.

Whether your quantity requirements

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

The standard features include:
« 12.5 MHz 68000

Today your choice of
OMNIMODULE’s include:

N61#8d0
12588 gy

.......

.......

= Kluge prototyping module
= (2) asynchronous

RS232C serial ports.
= (2) synch/asynch RS232C serial ports.
= (2) asynchronous RS422 serial ports.
= (20) lines of parallel I/O.
= And more to come!

= 51 2KB of dual-access,
zero-wait-state RAM with parity.
= (4) 28-pin ROM sockets (up
to 256KB).
» (3) 16-bit timer/counters.
=« (2) OMNIMODULE 11O

module sockets.

Optional features include:

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

= 2 or 4 channel DMA.,

= VME bus interrupt generator
(68154).

= 4 level VME BUS arbiter.

» Up to (2) OMNIMODULE
1/O modules.

Fully lcaded, even with 2
OMNIMODULE’s, this board fits
into just one VME slot.

OMNIMODULE 1/O lines are
brought out to your choice of front
panel or P2 connector.

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

Send $10.00 for a detailed
technical manual or a copy of our
OMNIMODULE specification.




parts.”” Partitioning to spread out power dissipa-
tion can help in some cases.

In general, Diller believes that designers have to
reassess their system architecture in the light of each
new IC technology. ‘“The switch from separate
technologies to BICMOS has major implications
for portable systems,’’ he says. ‘“With these mixed
technologies available, you shouldn’t trust your old
partitioning assumptions anymore.”’

Just as power management is critical at the
system partitioning level, it’s important within
the IC. A whole range of techniques, from reducing
frequency to putting subsystems to sleep, is used by
chip designers in highly integrated semicustom
work. Some of the most commonly used tools for
managing power are cells with sleep modes and a
range of fully static cells that can be halted for in-
definite periods without loss of data. Exploiting
these tools results in a chip with extremely so-
phisticated power-management functions.

One example of an existing design that has used
a variety of power-management techniques is the
new 32CGl16 printer/display processor from Na-
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