Focus Conference

The Productivity Age:
Design Alternatives Become Solutions

Sponsored by the
CAD/CAM Industry Service

December 9 and 10, 1985
Hyatt Palo Alto
Palo Alto, California

1290 Ridder Park Drive
San Jose, California 95131-2398
{408) 971-9000
Telex: 171973
Fax: (408) 971-9003

Sales/Service offices:

UNITED KINGDOM GERMANY
DATAQUEST UK Limited DATAQUEST GmbH
144/146 New Bond Street | Rosenkavalierplatz 17
London W1Y 9FD D-8000 Munich 81
United Kingdom West Germany
(01) 409-1427 (089) 91-1064
Telex: 266195 Telex: 5218070
Fax: (01) 491-2790 Fax: (089) 91-2189
FRANCE JAPAN
DATAQUEST SARL DATAQUEST Japan, Ltd.
41, rue Ybry Azabu Heights, Suite 711
92522 Neuilly-sur-Seine Cedex 1-5-10, Roppongi, Minato-ku
France Tokyo 106, Japan
{01) 758-1240 (03) 582-1441
Telex; 630842 Telex: J32768

Fax: (03) 582-7323

The content of this repor¢ represents our interpretation and analysis of infor-
mation generally available to the public or released by responsible individuals in
the subject companies, but is not guaranteed as 10 accuracy or compleleness, [t
does not contain material provided to us in confidence by our clients.

This information is not furnished in connection with a sale or offer to sell
securities, or in connection with the solicitation of an offer to buy securities. This
firm and its parent and/or their ofTicers, stockholders, or members of their families
may, from time to time, have a long or short position in the securities mentioned
and may sell or buy such securities.

Printed in the United States of America, All rights reserved, No part of this
publication may be reproduced, stored in retrieval systems, or transmitted, in any
form or by any means—mechanical, electronic, photocopying, duplicating,
microfilming, videotape, or otherwise—without the prior written permission of
the publisher.

© 1985 Dataquest Incorporated




@ ==

Dataquest

a companry of

The Dun& Bradsireet Corporaton

1985 CAD/CAM INDUSTRY FOCUS CONFERENCE

December 9 and 10, 1985

The Hyatt Palo Alto
Palo Alto, Caiifornia

MONDAY, December 9
7:30 am, to

8:30 am,
8:30 a.m.

8:45 am.

9:30 a.m.

10:15 a.m.
10:45 a.m.

11:30 a.m.

12:15 p.m.
1:30 p.m.

215 pm.

3:00 p.m.
3:15 p.m.

4:00 p.m.
4:45 p.m.

5:30 p.m.
7:00 p.m.

o

1 Redwood Foyer

Weicome and Conference Intraductlon . ..... ... . ... .. .. il
Jim Newcomb
Vice President and Group Director
Industrial Automation Group
Daiaquest incorporated - - -
Messuring the Intangibles . .............. ... ... ... ...
Beth Tucker
Sendor Industry Analyst
CADICAM Industry Service
Dataquest incorporated
Automatic IC GeNerBtION ... ... ........ ...
Tory Spadarella
Research Analyst
CADICAM Industry Service

Dataquest Incorporated
Coffee Break . . ... ... .. Redwood Foyer
Deslgn Canter QUMY . ... ... ... i s Redwood |
Kelly Leininger

Research Assistant
CADI/CAM Industry Service
Dainquest Incorporated
Japsnese Technology—The Futuré Wave . ... ... . ... ... ... ... .......coiieiinnnn,
Sheridan Tatsuno
Industry Analyst
Japanese Semiconductor Industry Service
Dataquest Incorporated

PCa—How Much Can They Really Do?. .. ........... ... . ... . oo, Redwood |

Torry Zimmerman
Vice Prasident, Marketing
FutureNet Corporation

Vice President, Strategic Planning
E-CAD, Inc.

Fitting in Application Accelerators . . ... . ... .. ... .. ... e
John Newkirk
Chiet Executive Officer
Silicon Solutions Comporation

Linkdng Design and Tast. ... ... .. .. ... . .. . . e
Jeff Hotchkiss
General Manager
Teradyne, Inc.

The Goiden Egg—Are We Still Chasing it? ... ... ... ... e e e
Steven Coit i
Partner
Merrili, Pickard, Anderson, & Eyre

Hosted Refreshments. . ... . ... ... .. ... .. .. . ... iicmeem e
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TUESDAY, December 10

8:30 a.m.

9:15 a.m.

10:00 a.m,
10:30 a.m.

11:15 am.

12:00 Noon
1:30 p.m.

2:15 p.m,

3:00 p.m.
315 p.m,

4:00 p.m.

4:46 p.m.

Vice Pregident
Cadnetix Corporation
Developing an Open Network for {C Design ... ... ... . ... . .. ... . Redwood |
Bruce Bourbon
General Manager
GouldAM

Semiconductor Industry Service
Dataquest Incorporated
LT, Redwood {f
Unifled Design—ts R for Reat? . ... . ... ... .. . . .. . e Redwood |
Jim Solomon
President
SDA Systems
ARSI, USBIE, oFf O8Il ... .. i e e FRedwood |
Doug Fairbaim
Vica President
VLS Technology, Inc,
Coflee BImEK . .. ... ... ... Redwoad Foyer
The impact of Sllicon Compllera on Productheity .. ... ... ... ... ... ... ... ...., Redwood |
Gordon Kuenster
Pragident
Seattle Silicon Technology
The Gilobal Productivity imperative . .. ... ... .. ... ... ... ... .. ... ... ., Redwood |
Aryeh Finegold
Pregident
Daisy Systems Incorporated
ConfaTenNCe WIBD-UD . . ... ... e e Redwood |
Bath Tucker
Senior Industry Analyst
CADICAM Industry Service
Dataquest incorporated
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CAD/CAM INDUSTRY FOCUS CONFERENCE

EVALUATION QUESTIONNAIRE

Palo Alto, Califomnia
December §-10, 1885

Thank you for attending our CAD/CAM Industry Focus Conference. Would you ploase assist us in planning our
naxt conference by completing and retumning this questionnaire?

1. Please raie each presentation on a scale of 1 to 10 (where 10 is highest in terms of your approval):

2.
e

4. Topics that would be of interest to you for future CAD/CAM Industry Focus Conferences:

CONTENT DELIVERY

o o 10)

Tucker, Measuring the intangibles

COMMENTS

o0

{Use reverse side ff necessary)

Spadarelia, Automatic IC Generation

Leininger, Desicn Centar Survey

Tatsuno, Japanese Tachnology: The Fuiure

Zimmerman, PCs: How Much Can They Really Do?

Whyte, Software: The Real iC Designer

Newidrk, Fitting in Application Accelerators

Hotchkiss, Linking Design and Tast y 4/

70

Colt, The Goiden Egyg

Feltman, The PCB Connection

Bourbon, Devetaping Open Network for IC Design

Balley, User interfaces impact Productivity

Thomaen, Where are MFPUs Going?

Solomon, Unified Design—Is it for Real?
Feirbaim, ASIC, USIC, or CSIC?

Kusnater, Silicon Compilers/Productivity

Finegold, Global Productivity imperative

Overall meeting rating (1 to 10):

How would you rate the conference faciiittes (1 to 10)?
Location___  Guest Rooms,

Meals_____  Mesting Rooms

1290 Ridder Park Drive, San Jose, CA 95131-2398, (408) 971-9000 Telex 171973
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5. Comments:

6. Your primary interest in the CAD/CAM Industry Focus Conference is as a
Systemn Manager ____  Product Planner ___  Engineer _____  Financial Analyst ____ Other

(Plame spacify}

Nama and Company (optiooal)
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CAD/CAM INDUSTRY SERVICE FOCUS CONFERENCE
December 9 through 10, 1985

Palo Alto,

California

List of Attendees

AWI Surface Mount Technology

Advanced Micro Devices, Inc.

Alphea Partners

Apollo Computer, Inc.

Applied Micro Circuits Corporation

Array Technology

Arthur Young & Company

Bank of America

Ed Bingle, Design Supervisor

J. Phillip Downing, Yice President,
Corporate Technology

Brian Grossi, General Partner

Raymond McCanti, Market Manager.
ECAD

Bernie Rosenthal, CAD Marketing
Manager

Bill O0'Neil, Vice President,
Engineering

Angelo Danna, Partner
Mark Nexsen, Principal

Don Cvietusa, Vice President

Alan Jepsen, Corporate Banking

Officer

Sally Otton, Assistant Vice President < -
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Bank of Boston

Bitstream, Inc.

Burr, Egan. Deleage & Company

CADAM, Inec.

CAD/CAM Specialists, Inc.

Cadcor Company

Cadnetix Corporation

California Devices, Inc.

Cambridge Electronic [Industries

Cericor, Inc.

Cirrus Logie, Inc.
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William Parker. Banking Qfficer

Ann Roe-Hafer, Director, Marketing

Thomas Winter, Partner

Rhonda Lindsey, CAD/CAM Market
Industry Analyst

Deniel DPeWiit, Psychologist
Organizational Development
Peniel Garms, Executive Vice Presideni
Michael McDonald, President

David Jewell, Vice President,
Operations

Buck Feltman, Vice President, Marketing

James Tobias, Vice President
Design Technology

Pavid Cutts, Strategic Planner

" David Beiley, President & Chief

Executive Officer

Suhas Patil, Vice President,
Research & Development




Citicorp Industrial Credit Mano Appapillai, Vice President
Daisy Systems Corporation Aryeh Finegold, President
Data General Corporation Boli Medappa, Competitive

Consultant
Uday Watwe, Product Manager

Dataquest Incorporated Irene Barth, Conference Assistant
Greg Chagaris, Industrial Marketing
Manager
Ralph Dickman, lodusiria)l Marketing
Manager

Kathy Hurley, Research Analyst
John Jackson, National Sales
Manager

Debra Jacob, Conference Assistant
Kelly Leininger, Research Assistant

. Eileen Barth-Lynch, Research

Analyst

James Newcomb, Vice President &
Group Director, CAD/CAM Industry
Service

Jewel Peyton, Directer, Corporate
Communications

Don Roberts, Mansger, Training &
Development

Tony Spadarella, Research Analyst
Lynn Stern. Conference Coordinator
Sheridan Tatsunc, Industry Analyst
Japanese Semiconductor Industry
Service

Mel Thomsen, Associate Director,
Semiconductor Industry Service

Beth Tucker. Senior Industry
Analyst

Paul van Dillen, Industrial
Marketing Manager
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Digital Equipment Corporation

E-CAD, Inpec.

Edge Computer Corporation

Engineering Systems Products

Exar Corpeoration

Ferranti Interdesign Ipc.

Ford Aerospace & Communications

Corporation

FutureNet Corporation

GE Venture Capital

GenRad, Ine.
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Fanjeev Aggarwal, CAD Strategic
Marketing Specialist

Bill Goerke, Senior Yice President,
Marketing & Sales

Robert Lorentzen, Product Manager

Peter Whyte, Vice President,
Strategic Planning

Douglas Crawford, Western Regional
Manager

William Fabel, Program Manager

Yukio Nishikawa, Director. Engineering

John Doyle, CAD Manager

Clayton Showen, Manager Equipment &
Engineering

Terry Zimmerman, Vice President,
Marketing Development

Eric Young, Vice President

Russe! Craig, Vice President,
Strategic Planning




General Eleciric Company Claire Heiss, Manager, Manufacturing

Gould AMI Semiconductors Bruce Bourbon, Vice President.
Marketing

Grace Ventures Corporation Susan Woods, Assistant Vice
President

Grove Hill Industries, Inc. Barry Soloway, President & Chief

Executive COfficer

Hewlett-Packard Company Gene Barduson, Manager, Marketing
Division
Curt Dowdy, Product Manasger
Brad Miller, Marketing Manager
John Moss, Marketing Manager
. Robert Santos, Product Marketing
Maneger
Nick Shein, Application Engineer
Jim Stroh, Product Marketing Manager
Mark Tolliver, Marketing Manager,
Design Systems Group

Hillman Ventures, Inc. Howard Geiger, Jr., Vice President

IBM Corporatiion Frank Magistro
Christina 3Schott, Marketing
Manager, EDA

ICD Austria Hubert Garmmer, Director
"Monika Pacher, Director
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IKQS Systems, Inc. William Loesch, President

Ing. C. Olivetti & C.., S.p.A. Ugo De Rju, Distributed Data
Processing Division Manager
Carlo Ronca, Distributed Data
Processing Director

Institutional Venture Partners Mary Jane Elmore, General Partner

Intergraph Corporation Dennis Addidgo, District Sales
Manager

Integrated Logic Systems, Inc. Jelffrey Jacobsen, Vice President,

Marketing & Seles

Intel Corporation Doug Finke, Marketing Engineer .
Intersil, Inc. Charles Shaw, Director, Computer Aided
Design
InterWest Partners Flip Gianos, General Partner
J.H. Whitney & Company William Harding., Associsate

John Larson, Partner

Los Alamos National Laboratories Bob Morrison, Staff Member
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Mayfield Fund

McDonnell Douglas, 1SG

Mead Imaging

Mentor Grephics Corporation

Merrill, Pickard, Anderson & Eyre

Mini Micro Magazine

Monolithic Memories, Inc.

NEC Corporation

Oak Invesiment Partners

Priam Corporation

R&D Funding Corporation

A. Grant Heidrich, General Partner
Michael Levinthal, General Partner
F. Gibson Myers, General Partner
William Unger, Partner

Mike Landers, Manager, Marketing
Research
William White, Product Marketing

Cherles Sharp, Director Printer
Product Pianning

Dick Kaiser. Product Manager

Stephen Coit, General Partner

Arlette Gaulene

H.T. Chua. Vice President

Carl Hudson, Engineering Support Manager

Tekayuki Yanagawa, General Manager

Jeffrey West, General Pariner

Albert Hartman, Manager. MCAD/CAE

Irv Weiman, VYice President
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Racal—-Redac., Inc.

Ridge Computers

Rockwel! International Corporation

SDA Systems, Inc.

5G5S Semiconductor Corporation

Scientific Calculations, Inc.

Seattle Silicon Technology. Inc.

Seeq Technology., Inc.

Siemens Deta Systiems

Sierra Semiconductor Corporation

Silicon Design Labs, Inc.

Jeft Allison, CAE Marketing Group

Mike Harrigan, Product Marketing

William Pearce, Director, CAD
Development, Advanced Engineering

James Solomon, President

Giancarlo Ronzi, Director, Design

Michael Davin, Director,
International & North American
Sales

Gordeon Kuenster, President
Diane Kuenster

Larry Bullard, Manager CAD & Tooling

¥olfgang Gnettner., Manager. Produect
Planning

Lawrence Goldstein, Director
Design Automation

James Hemmock, Chief Operating
Officer
David Reiser, Director, Marketing
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Silicon Solutions Corporation John Newkirk, Chief Executive Officer
Silvar-Lisco Frank Lynch, Director, Marketing
Stanford University Tom Blank, Director, CAD
Sun Microsystems, Inc. Raberta Gray, Market Segment
Manager
Tandem Computers, Inc. Doug Bering., Development Engineering
Manager
Tektronix, CAE Sysiems Division Robert Harrison, Product Marketing
Menager
Kelly Rupp, Product Marketing
Menager

Steve Sapiro, Chief Scientist

Telesis Systems Corporation Robert Fulks, Consultant
Douglas Hajjar., President &
Chief Executive Gfficer

Teradyne, Inc. Jeff Hotchkiss, General Manager
The Photo-Tech Company Robert Geissberger., President
Thomas Group, Inc. Mike Thomas, Partner
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Union Bank Dirk Geiger, Loan Officer

Valley Datea Sciences Keith Barnes, Director, Marketing
Robert Soto, President

VLSI Technology, Ilnc. Douglas Fairbairn, Vice President
Weitek Corporation Scott Lewis, Director, Strategic
Development

John Rizzo, Director, Marketing

Xilinix, Inc. David Lautzenheiser, Director
Technical Marketing
Kathie Priebe, Director. Software
Development

Zycad Corporation Dave Allenbaugh. Product Marketing
Manager
Dick Ebert, Director, Marketing
John Fahlberg, Senior Vice
President, Operations
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Dennis Add;;¢o
Fanjeev Aggarwal
Dave Allenbaugh
Jeff Allison
Mano Appapillai
David Bailey
Gene Barduson
Keith Barnes
. Irene Barth
Doug Bering
Ed Bingle ’
Tom Blank
Bruce Bourbon
Larry Bullard
Greg Chagaris
H.T. Chua
Stephen Coit
Russel Craig
Douglas Crawford
David Cutts

Don Cvietusa

CAD/CAM INDUSTRY SERVICE FOCUS CONFERENCE
December 9 through 10, 1985
Palo Alto, California

List of Attendees

Intergraph Cerporation
Digital Equipment Corporation
Zycad Corporation
Racal—-Redac, Inc.

Citicorp Industrial Credit
Cericor, Inc.

Hewlet t—Packard Company
Valley Data Sciences
Dataquest Incorporated
Tandem Computers, Inc.

AWI Surface Mount Technology

Stanford University

Gould AMI Semiconductors

Seeq Technology. Inc.

Dataquest lncorporated
Monolithic Memories., Inc.
Merrill, Pickard, Anderson & Eyre
GenRad, Inc.

Edge Computer Corporation
Cambridge Electronic Industries

Bank of America
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Angelo Danna Arthur Young & Company .

Michael Davin Scientific Calculations, Inc.
Ugoe De Riu Ing. C. Olivetti & C., S.p.A.
Daniel DeWitt CAD/CAM Specialists, Inc.
Ralph Dickman Dataquest Incorporated

Curt Dowdy Hewlett—-Packard Company

J. Phillip Downing Advanced Micro Devices, Inc.
John Doyle Ferranti Interdesign Inc.
Dick Ebert Zycad Corporation

Mary Japne Elmore Institutional VYenture Partners
William Fabel Engineering Systems Products
John Fahlberg Zycad Carporation

Douglas Fairbairn VLSI Technology, Inc.

Buck Feltman Cadnet)x Corporation .
Aryeh Finegold Daisy Systems Corporation
Doug Finke Intel Corporation

Rob;rt Fulks Telesis Systems Corporation
Hubert Gammer ICD Austria

Daniel Garms CAD/CAM Specialists, Inc.
Arlette Gaulene Mini Micro Magazine

Dirk Geiger Union Bank

Howard Geiger, Jr. Hillman VYentures, Inc.

Robert Geissberger The Photo-Tech Company

Flip Gianos InterWest Partners

Wolfgang Gnettner i Siemens Data Systems
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William Harding
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Alan Jepsen
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Gordon Kuenster
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Mike Landers

John Larson

E-CAD, Inc.
Sierra Semiconductor Corporation
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Alpha Partners
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Priam Corporation
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CAD/CAM INDUSTRY SERVICE--1985
THE INFORMATION PLATFORM

GRAPHIC
TURN- PERI- |SOFTWARE/
A :
MARKET | ‘kgy [COMPUTERS| TERMI- o ppaLs| SERVICES
APPLI- | LircHANICAL | AEC | PcB | IC | EDA | MAPPING
CATION
NORTH REST OF
REGION | WFL 0, | EUROPE | FAR EAST ORLD
- PRO?‘;‘;E PERSONAL STANDALONE | HOST-DEPENDENT
LESS THAN MORE THAN
PRICE S30K S30K-$90K | S90K

SOURCE DATAOGUIEST .

an Jose, CA 95131 / (408) 971-9000 / Telex 171973
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ESTIMATED ELECTRONIC CAD/CAM
MARKET BY APPLICATION

BILLIONS OF DOLLARS

2
1.5
EDA
1 FeE
05 Ic
0
1984 1985 1986 1987 1988 18989
Source: DATAQUEST
ESTIMATED ECAD MARKET
{(Millions of Dollars)
1984 1985 1986 1987 1988 1989 CAGR
EDA $ 276 $ 442 § 701 $1,042 $1,387 81,798 31%
I1C 157 181 224 298 408 571 46%
PCB 355 392 525 679 850 99] 30%

Total $ 788 $1,015 $1,450 $2,019 $2,645 $3,360 34%

Source: DATAQUEST
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ELECTRONIC CAD/CAM
HOST-DEPENDENT PRODUCT TYPE

PERCENT CHANGE

20
10
0
=10
-20
~30
=40
~50
~60
1984 1985 1986 1987 1988 1989
®
HOST-DEPENDENT PORECAST
(Revenue Percent Change)
1984 1985 1986 1987 1988 1989
Percent Change 17 ] -9 =19 -34 -60

Source: DATAQUEST
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ESTIMATED ELECTRONIC CAD/CAM MARKET
BY PRODUCT TYPE

BILLIONS OF DOLLARS

3
25
2
STANDALGNE s
1.6
1
PERSONAL QOMPUTER-,
0.5
0
1984 1985 - 1986 1987 1988 1989
_ Source: DATAQUEST
ESTIMATED ECAD MAREET
BY PRODUCT TYPE
{(Millions of Dollars)
1984 1985 1986 1987 1988 1989 CAGR
Standalone 8 361 $§ 521 §$ 873 81,362 81,963 $2,686 49%
Ho2 t-Dependent 364 342 3jlo 252 168 67 =293
Personal Computer 63 132 267 405 514 607 57%

Total $ 789 $1,015 $1,450 82,015 $2,645 $3,360 348

Source: DATAQUEST
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ESTIMATED ELECTRONIC CAD/CAM MARKET
BY PRODUCT TYPE

WORKSTATION SHIPMENTS
{ Thousands of Units)

60
50
40 ;
|
30
—~COMPUTFER—
20
10 H EPENDENT
0
1984 1985 1986 1987 1988 1989
Source; DATAQUEST .
ESTIMATED ECAD MARKET
BY PRODUCT TYPE
{(Workstation Shipments)
1984 1985 1986 1987 1988 1989 CAGR
Standalone 5,073 7,813 13,322 22,251 34,589 51,443 59%
Hogt-Dependent 2,553 2,517 2,421 2,086 1,471 626 -25%
Personal Computer 3,178 7,538 13,819 21,399 28,112 33,282 60%
Total 10,805 17,868 29,562 45,737 64,171 85,341 51%

Source: DATAQUEST
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"PEOPLE BUY TRUCKERS $80,000
TRUCKS, YET THEY WON'T SPEND AS
MUCH MONEY ON DESIGN AUTOMATION."

Sowce: Focus Qroup Participant

| .
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ELECTRONIC CAD/CAM
ESTIMATED AVERAGE SYSTEMS @
SELLING PRICE

THOUSANDS OF DOLLARS

70
60
50
40
30
20
10
0
1984 1985 1986 1987 1988 1989
Source: DATAQUEST
o
ESTIMATED ECAD MARKET
AVERAGE SELLING PRICE
{Thousand of Dollars)
1984 1985 1986 1987 1988 1989  CAGR
ASP $ 69 8 50 $ 40 $ 34 $ 31 8 29 -16%

Source: DATAQUEST
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FOCUS GROUP HIGHLIGHTS

® VENDOR/CUSTOMER RELATIONSHIP
® CHANGING GROUND RULES |
® CREATIVITY

® SERVICE AND SUPPORT

® GOALS OF PRODUCTIVE SYSTEMS

. -11 -~
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"BECAUSE THE INDIVIDUAL VENDORS
THAT ARE VERY STRONG IN ONE AREA
MIGHT BE WEAK IN OTHERS, YOU
CANT AFFORD TO GO WITH THEM
ACROSS THE BOARD."

Source: Focus Qroup Participant

-
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TUCKER’'S CAD/CAM LAW

® THE CAD VENDOR/CUSTOMER
RELATIONSHIP iS NOT A MARRIAGE:
IT IS AN AFFAIR
- SOMETHING FLASHIER, FASTER,
BETTER, AND CHEAPER WILL
ALWAYS COME ALONG

‘I" -13 -
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NICHES

< END-TO-END >

'NICHES
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IF THE BIG GUYS WERE LAGGING,
THEN THERE WOULD BE OPPORTUNITY,
AND THE LITTLE GUYS WOULD SPRING

UP AGAIN, AND THEY'D SATISFY
THE DEMAND."

Source: Focus Group Participant

e - @
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PRESENT

BIG GUYS

"AVIST

LITTLE GUYS

‘I" -17 -
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CHANGING GROUND RULES

e DATA BASE

® INTEGRATION

® SUPPORT

'@ FUNCTIONALITY

® PERFORMANCE

® PRICE MUST BE A GIVEN

- 18 - ' .
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PRESENT FUTURE

BIG GUYS LITTLE GUYS

"AVIST BIG GUYS

LITTLE GUYS "AVIST

‘ll' - 19 =
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TS THE ART THAT'S VALUABLE,
NOT THE MECHANICS."

Source: Focus Group Participant
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ESTIMATED ANNUAL IC DESIGN STARTS
THOUSANDS OF DESIGN STARTS

150

100 —

50 H -
0

1984 1985 1986 1987 1988 1989

. . . Source: DATAQUEST

ESTIMATED ANNUAL IC DESIGN STARTS
{(Thousands of Designs)

1984 1985 1986 1987 1988 1989 CAGR

Design Starts 54 62 72 82 97 115 173

Source: DATAQUEST
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"IN OUR COMPANY,
WE ARE NOT INTERESTED IN
BEING CUSTOMER SUPPORT."

Source: Focus Group Participant
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ECAD SERVICE REVENUE

MILLIONS OF DOLLARS -
400

300

200

100

0
1984 1985 1986 1987 1988 1989

ESTIMATED ECAD SERVICE REVENUE
{Millions of Dollars)

1984 1985 1986 1987 1988 1989 CAGR

Service Revenue § 84 $102 $ 145 8 204 $ 264 $ 336 32%

Source: DATAQUEST
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PRODUCT JUSTIFICATION

¢ ROI

® DESIGNS PER ENGINEER
® COMPLEXITY

¢ TIME

® REWORKS

® SUCCESS RATIO

- 24 - ' .
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PRODUCT JUSTIFICATION

® IS AN ITERATIVE PROCESS AND
MUST COMPARE ACTUALS VERSUS
ESTIMATES

® IS BASED ON COMMON SENSE

o _ 25 -
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PRODUCTIVITY ISSUES

GOAL.: MEET DEADLINES

STRATEGY: ¢ INTEGRATION
e ACCELERATORS
e SIMULATORS
e PERSONAL COMPUTERS

- @
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PRODUCTIVITY ISSUES

GOAL.: MEET DEADLINES AND GET
IT RIGHT THE FIRST TIME

STRATEGY: < SIMULATION
* TEST GENERATION
* CORRECT BY CONSTRUCTION
e COMPILATION
* DATA BASE MANAGEMENT
AND CONTROL

@ -
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SUMMARY

® CHANGING GROUND RULES
¢ LIVE WITH COMPETITION

¢ INCREASED AUTOMATION MEANS
INCREASED SUPPORT

- 28 -
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"PRODUCTIVITY
EQUALS
DOLLARS”

Source: Focus Group Participant
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PRODUCTIVITY =

CHANGE
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CHANGES IN:

® ICs
@ |C DESIGN TOOLS
® IC DESIGN METHODOLOGY

o
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AGENDA

® ASIC MARKET
® AUTO IC LAYOUT
® |[C CAD FORECAST
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ASICs

A PPLICATION~
S PECIFIC

I NTEGRATED
CIRCUITS

®
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ASICs

SEMICUSTOM ‘CUSTOM

PLAs Gate Arrays Standard Cells Full Custom

Source: DATAQUEST
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ASIC IMPLEMENTATION ALTERNATIVES

COST

STANDARD DAYS WEEKS MONTHS YEARS
PRODUCTS

Source: DATAQUEST
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AVERAGE GATE COUNT

1985 1987

2,500 ==P 4,000 8.000 == 13,000
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TURNAROUND
TIME

DESIGN
COMPLEXITY

TIME

s o
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ESTIMATED TOTAL
WORLDWIDE ASIC MARKET

BILLIONS OF DOLLARS
20

15

10

1984 1989

‘Il' Source: DATAQUEST

TOTAL WORLDWIDE ASIC MARKET
(Billions of Dollars)

1984 19689 CAGR

ASIC $5.9 $16.1 228

Source: DATAQUEST
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ASIC DESIGN PROCESS

GATE ARRAYS/
STANDARD CELLS )
CAPTURE . MANUAL ' AUTO I ANNOTATION
LAYOUT LAYOUT

= & - -

SIMULATION
ANALYSIS

Source: DATAQUEST .
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AUTO IC LAYOUT

® QUICKER TURNAROUND
® LOWER NRE COSTS

® PROJECT CONTROL

® BETTER DESIGNS

® SECURITY

o s
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SCHEMATIC CAPTURE

® TIME INTENSIVE

® INDEPENDENT OF DESIGN RULE CHECKING
® POTENTIAL SOURCE OF ERRORS

® COMPLICATES LAYOUT PROCESS

- o
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AUTOMATED IC DESIGN

INTEGRATED SOLUTION =

LOGICAL + PHYSICAL
DESIGN LAYOUT
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IDEAL INTEGRATED SOLUTION:

® "WHAT IF" ANALYSIS

® DATA BASE MANAGEMENT

¢ COMMON INTERFACE

® AUTOMATIC LAYOUT

® AUTOMATIC TEST GENERATION
® DESIGN DOCUMENTATION

® DESIGN VERIFICATION AND
RULE CHECKING

16 @
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AUTOMATED IC DESIGN

TWO APPROACHES:
® EVOLUTIONARY
® REVOLUTIONARY

o -
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AUTO IC DESIGN

EVOLUTIONARY APPROACH

CURRENT SILICON
DESIGN <+ COMPILATION
TOOLS TECHNIQUES
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AUTO IC DESIGN

REVOLUTIONARY APPROACH

"TRUE" OR FULL
SILICON COMPILATION

- 20 - .
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TRUE SILICON COMPILATION

ARCHITECTURAL SPECIFICATION
= > HIGH=-LEVEL DESCRIPTION

DESIGN
INFORMATION
SILICON COMPILER
PROGRAMS
MASKS TESTS DOCUMENTATION

Source: DATAQUEST
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SILICON COMPILER PROGRAMS

AUTOMATED:

® DETAIL DESIGN

® DESIGN VERIFICATION

® PHYSICAL DESIGN

® BACK-END VERIFICATION/DRC
® MASK GENERATION

@ _n -
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SILICON COMPILATION=-
A DESIGN TECHNIQUE

SILICON COMPILER--
A CAD PRODUCT

®
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QUESTION:

WHAT DO SILICON COMPILERS PRODUCE?

ey GATE ARRAYS?
el STANDARD CELLS?
ey FULL CUSTOM ICs?

o - 25 -
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ANSWER:

YES ...

®
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® GATE ARRAYS WITH WIRE CHANNEL
EXPANSION

® STANDARD CELLS MIXED WITH
COMPILED BLOCKS

® FULL CUSTOM ACHIEVED BY
BLOCK-LEVEL DESIGN TECHNIQUES

@ 2.
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SILICON COMPILATION

BENEFITS:

® CREATIVITY TOOL

® DATA BASE MANAGEMENT

® STANDARD DESIGN PRACTICE
¢ REDUCED TURNAROUND TIME
® AUTOMATIC LAYOUT

®
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SILICON COMPILERS

NEEDS:

® AUTOMATED TEST GENERATION
® MORE PARAMETRIC MODELS

® HIGHER COMFORT LEVEL

-29 -
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IC CAD WORLDWIDE FORECAST

MILLIONS OF DOLLARS

600
500
400
300
200
100
0
1984 1985 1986 1987 1988 1989
Source: DATADUEST .
IC CAD WORLDWIDE PFORECAST
{Millions of Dollars)
1984 1985 1986 1987 1988 1989 CAGR
IC CAD $157 $181 $224 $298 3408 $571 29.5%

Source: DATAQUEST
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IC CAD WORKSTATION SHIPMENTS

UNITS

1984 1989 (Est.)
1,211 8,751

Source: DATAQUEST
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IC CAD WORKSTATIONS
ESTIMATED PERCENT CHANGE

90

60

PLACE & ROUTERS

30

0
1984 1985 1986 1987 1988 1989

Source: DATAQUEST "l'

IC CAD WORKSTATIONS
{Percent Change}

1984 1985 1986 1987 1988 1989

Compilera 1 6 10 18 36 63
Hand-Crafted 89 70 55 40 28 10
Place and Routers 10 24 35 42 36 27

Total 100 100 1lo0 100 100 100

Source: DATAQUEST
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IC WORKSTATIONS
ESTIMATED SHIPMENTS

UNITS
6.000

5.000
4,000

3.000

2 000 PLACE & ROUTERS
" HANDCRAFTED-

1,000

1984 1985 1986 1987 1988 1989

. Source: DATAQUEST

IC WORESTATIONS BSTIMATED SHIPMENTS
(Units)

1984 1985 1986 1987 1988 1989  CAGR

Campllers 12 99 228 629 1975 5513 241t
Hand-Crafted 1075 1155 1255 1397 1536 875 -4%
Place and Routers 124 396 798 1467 1975 2363 80%

Total 1211 1650 2281 3493 5486 B751 49%

Source: DATAQUEST
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SUMMARY

® SILICON COMPILATION IS A
REPLACEMENT TECHNOLOGY

°
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SUMMARY

¢ SILICON COMPILATION IS A
REPLACEMENT TECHNOLOGY

® THIRD-PARTY AGREEMENTS

- 135 -
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SUMMARY

® SILICON COMPILATION IS A
REPLACEMENT TECHNOLOGY

® THIRD-PARTY AGREEMENTS
® DESIGN SERVICE AND TRAINING

P L
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SUMMARY

® SILICON COMPILATION IS A
REPLACEMENT TECHNOLOGY

® THIRD-PARTY AGREEMENTS
® DESIGN SERVICE AND TRAINING

® COOPERATION WITH ASIC HOUSES
AND IC MANUFACTURERS

°
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CONCLUSION:
AUTOMATED IC DESIGN

¢ SILICON COMPILER REVOLUTION
LEADING AN EVOLUTION

® CAD VENDORS DRIVE THIS MARKET

- 38 - .
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® DEMOGRAPHICS

® DESIGN ENVIRONMENT
® USAGE

® FUTURE PLANS

® BOTTLENECKS

o i
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DESIGN
ENVIRONMENT
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DESIGN CENTER SURVEY
CAD/CAM INSTALLED BASE

Percent of Workstations
60

50
40
30
20
10

0 [ 1 - .
Daisy Mentor Futurenet Caima Valid Other
Vendor

. _ Source: DATAQUEST

Total Workstationa ~ 367

CAD/CAM INSTALLED BASE
{Percent of Workstatlons)

Daisy 26

Mentor 14 )

FutureNet 4 H

Calma 2 3 WA

valid 1 .
Other 53 —— 201} ;‘}')utr Vt.’nC,C*”)

Source: DATAQUEST

. al
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DESIGN CENTER SURVEY
NON-CAD/CAM INSTALLED BASE

Percent of Workstations

40
Total Workstations = 291

30
20
10

0

BM Apolio Digital Tektronix
Vendor

Source: DATAQUEST 'I'

NON~=CAD/CAM INSTALLED BASE
{(Percent of Workstations)

IBM 16
Apollo 13
Digital 17
Tektronix 14

Source: DATAQUEST
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DESIGN CENTER SURVEY
SOFTWARE ANALYSIS TOOLS
INSTALLED BASE

DEVELOPED IN-HOUSE

Layout vs. — I
Schematic

ERC l

DRC |

Lagic
Siml.dalgn I

Timing I
Verification
Cireuit I
Simuation

Fault Simulation !

0 10 20 30 40 50

Percent of installations
Source: DATAQUEST .

SOFTWARE AMNALYSIS TOOLS
INSTALLED BASE
DEVELOPED IN~BOUSE
(Percent of Installations)

Layout va. Schematic 48
ERC 47
DRC 44
Loglic Simulation 42
Timing Verification 40
Circuit Simulation 35
Fault Simulation 34

Source: DATAQUEST
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DESIGN CENTER SURVEY

® NUMBER OF ENGINEERS: 503

® ENGINEERS PER DESIGN CENTER: 7
® DESIGN STARTS: 3,259

® DESIGN STARTS PER ENGINEER: 7

®
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USAGE

®
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DESIGN CENTER SURVEY
SIMULATION SYSTEM TYPE

0O WORKSTATION
MAINFRAME /MINI
B ACCELERATOR

Source: DATAQUEST
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DESIGN CENTER SURVEY
TURNAROUND TIMES

Weeks

O = N W & OO0 O ~

Definition Design Prototype
Stages of Design Cycle

. ’ Source: DATAQUEST

TURNAROUND TIMES
{(Stages of Design Cycle)

Definition 3 Weeks
Design 6 Weeks
Manufactured For Protype 6 Weeks

Source: DATAQUEST
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DESIGN CENTER SURVEY
USE OF PERSONAL COMPUTER
SOFTWARE TOOLS

Word Proeea.m =

Spreadsheet

Documentation

Project Management

General-purpose

rogram
Communications
Schematic Capture
Job Entry
Simulation ]
Test ]
Manual Layout |
H 1 2
Low
Frequency of Use
USE OF PERSONAL COMPUTER
SOFTWARE TOOLS
{Prequency of Use)
Word Processing 4.08
Spreadsheet 3.57
Documentation 3.50
Project Management 3.38
General-Purpose Program 3,32
Commnications 3.15
Schematic Capture 3.00
Job BEntry 2.62
Simulation 2.30
Test 2.03
Manual Layout 1.63

Source: DATAQUEST

- 20 -

1985 Dataquest Incorporated-Reproduction Prohibited

Dataquest incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 9511 f (408) 971-9000 / Telex 171973

Source: DATAQUEST



FUTURE PLANS
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DESIGN CENTER SURVEY
PLANS TO PURCHASE ANALYSIS TOOLS

Logio ]
Simulation B
Circuit
Simulation ==
Timing
Verification
Fault Simulation ]
DRC
ERC
Layout vs,
Schematio
0 20 40 60 80
Percent of Responses
D win Buy Will Not Buy
Source: DATAQUEST "I'
PLANS TO PURCHASE ANALYSIS TOOLS
{Parcent of Responsas)
Will Buy Will Not Buy
Logic Simulation 79 21
Circuit Simulation 41 59
Timing Verification 59 41
Pault Simulation 66 3
DRC 45 55
ERC 48 58
Layout vs. Schematic 45 55

i Source: DATAQUEST
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BOTTLENECKS
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SUMMARY

® PERSONAL COMPUTER

® CUSTOMER/VENDOR RELATIONSHIP
® TOOLS DEVELOPED IN-HOUSE

® TUCKER'S CAD/CAM LAW

® ACCELERATORS

® .
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OVERVIEW

¢ LEADING-EDGE ICs

¢ JOINT R&D PROJECTS

¢ NEXT-GENERATION ICs

® NEXT-GENERATION COMPUTERS
¢ MARKET OPPORTUNITIES

Source: DATAQUEST
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JAPANESE SEMICONDUCTOR TECHNOLOGY

1884
Percent of Announcements
30
28 27 Technelogy Developments
251 = ES] New Products
21 21 21

20 s 18

15

10

5 § 3 %
Memory MPU/ ASICs Opto— GaAs Linear/ New

MCU electronics Anaiog Functions

Source: DATAQUEST .
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FORECAST OF NTT RESEARCH PAPERS

1985 1986 1987 1988
DYNAMIC RAMs 4 Mb 16 Mb
ROMs 4 Mb «| 16 Mb
GATE ARRAYS/ AUTOMATIC CAD
STANDARD PLACEMENT i~ SOFTWARE™"
CELLS & ROUTING
GaAs SRAMs 18 Kb *| 64 Kb » 256 Kb
JOSEPHSON
JUNCTIONS 4 Kb * 16 Kb »1 64 Kb

. Source: DATAQUEST
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MEGABIT DYNAMIC RAM TRENDS

DESIGN RULE
Year Device Start End Technology
1983 - iMb 125 080 Steppers (6x, 1x)
1985 4Mb 080 0.50 Steppers (5x, 1x)
1990 16Mb 050 0.30 Synchrotron X=ray
1995 64Mb 025 0.08 Synchrotron radiation
E-beam overexposure
Bias exposure photolitho
1998 256Mb 0.10 005 Synchrotron radiation
2000+ 1Gb 0.05 0.01 Bioelectronics

-6 -
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WORLDWIDE EPROM MARKET SHARE

Rank 64K 128K 256K 512K
1 Hitachi Hitachi Intel Intel
2 Mitsubishi Intel AMD AMD
3 Fujitsu Mitsubishi Hitachi Hitachi
4 intel AMD Toshiba Fujitsu
5 TI Fuijitsu Fuijitsu ——
Japanese
Share: 68% 79% 41% 2%
1984 Avg. 68% 56% 18% 0

1985 Market
Size. $286M $249M $189M $23M

Source: DATAQUEST
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SMART CARDS--THE NEXT PC MARKET?

Start Group Leader Appfication IC Device

Dec. 1984 Mitsui Bank Banking and 64K EPROM with
Shopping 8-bit MPU

March 1985 Seibu Bank Medical 16K EEPROM with CPU

May 1985  Sumitomo Bank Shopping 64K EEPROM with CPU

July 1985 Toyo Trust Bank Financiat 64K EPROM with CPU
Management

Aug. 1985 Dai=ichi Kangyo Banking 64K EPROM with CPU

Oct. 1985 Sanwa Bank Shopping 64K EEPROM with CPU

Oct. 1985 Fuji Bank Corporate 16K EEPROM with CPU
Banking

Oct. 1985 Daiwa Bank Shopping 16K EEPROM with CPU

Oct. 1985 Toshiba Point-of-Sale 64K EEPROM with CPU

Source: DATAQUEST
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JAPANESE EPROMs/EEPROMs

Company

Fuijitsu

Hitachi
Mitsubishi

NEC

Oki

Ricoh

Suwa Seikosha
Toshiba

1985 Dataquest Incorp

Dataquest Incorporated, A Subsidiary of A.C. Nielssn Company / 1200 Rigdder Park Drive / San Jose, CA 85131 / (408) 971-0000 / Telax 171973

EPROM

256K CMOS
256K/ 1Mb CMOS
1Mb NMOS
256K/ 1Mb CMOS
64K NMOS

256K CMOS
64K/ 128K CMOS
256K CMOS

EEPROM

64K CMOS

64K CMOS

256K CMOS

16K CMOS (Exel)

64K "Flash® CMOS

Source; DATAQUEST
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THE SHIFT TO STANDARD CELLS

iMb TO 2Mb
16-BIT MCU
. . ROM OR
SUPERCHIP DRAM

1/0 AND PERIPHERALS

‘I' - Source; DATAQUEST

. -1 -

1985 Dataquest Incorporated-Reproduction Prohibited

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1200 Ridder Park Drive | San Jose, CA 95131/ (408) 971-6000 / Telex 171973






JAPANESE 32-BIT MICROPROCESSORS

Year

Company

1986
1987
1986

1986
1986
1987
1987

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1280 Ridder Park Drive / San Jose, CA 85131 / (408} an

NEC

Hitachi

Fujitsu
Oki
Mitsubishi
Toshiba

Product Line

V60 (first generation)

V70 (second generation)

68000==Compatible CMOS
TRON Project

80286 (16~/32~bit MPU)

Proprietary MPU

TRON Project

Proprietary MPU

- 13 -

Ties

Sony and Zilog

(V20/V30)
Motorola
Tokyo University
Intel -
Tokyo ‘University
Zilog (Z8000)

Source: DATAQUEST
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JAPANESE IC
DEVELOPMENT CYCLE

1975 1980 1985
VLS!I PROJECT

ens——

Technical Paperd & Patents

DEVICES

CAD TOOLS
AND PROCESS
EQUIPMENT

Mass Production

e———

Source; DATAQUEST
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MITI JOINT R&D PROJECTS

1980 1985

Qptoelectronics (1979-19688)
Supercomputef (1981-1890)
Fitth—generation Combuler { 1979-1991)
Future Electron Devices { 1981~1990)
Biochips ( 1986~1990)
Fine Ceramigs ( 1981=-1980)
Speach Synthesis/Recogsition { 1983=1988)

SIGMA Software ( 1985-1992)

New Diamond (1987=?)

1990

Biocompuler { 1985-1995)

1985 Dataquest Incorporated-Reproduction Prohibited

Source: DATAQUEST
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OTHER GOVERNMENT -SPONSORED
R&D PROJECTS

Agency Project Time Frame
NTT INS computer 1984-1990
STA Perfect GaAs crystals 1981-1986
STA Amorphous compounds 1981~1986
STA Nanomechanisms 1985-1990
STA Solid=state surfaces 1985-1990

Source: DATAQUEST
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OPTOELECTRONICS:
THE NEXT GENERATION

4th
Optoelecironics
(NS}
Si and GaAs

4
Slie::f ICs 'I "'
4

7 l'
A I}
/4 4

"r “‘!:;oekfﬁ?od
,/ - ‘/ (Bionics)
I‘ | ] I

|
1980 1990 2000 2010 2020 2030

2nd
Transistors

| |
1940 1950 1960 1970

Source: DATAQUEST
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GaAs RESEARCH (1985)

Device Company
4K SRAM Fuijitsu
Hitachi
NEC
3.000=-gate logic NEC
MESFET OKki
Gate arrays Toshiba
(2,000 gates)
OKki
( 1.000 gates)
HEMT Fujitsu
- 20 -

Speed

1.7 ns
2.2 ns
24 ns
30.0 ps
14.7 ps
420 ps

390.0 ps

09 ns

Source: DATAQUEST
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JOSEPHSON JUNCTIONS

Company . Device Speed
Hitachi Control terminal transistor .20 ps
NEC 4 x 4~bit parallel muitiplier 350 ps

with 249 logic gates

NEC 4 x 4-bit multiplier 280 ps

‘I' .; Source: DATAQUEST
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FUTURE ELECTRON DEVICES PROJECT

Process Technology Device Dasign

Themes 81 (82|83 |84 |85|86|87)88|89]| 90

| PHASE 1 Il PHASE2 || PHASES |
Superiattices
(ST.) °e Basic SL Structure Basi¢c Devices integration
New Material System

hree | PHASE 1 || PHase2 ||. epuasea |
Dimensional ICs Multilayer Structure  Test Element Group Functional 3-D IC:
(3=0 ICs) Basic TechnologyT

System Deaign

Hardened KCs

| PHASE 1

) | PHASE 2 ||

PHASE 3 |

Testing Techniqgue Test Device

Device, Process Modilication

integration

1985 Dataquest Incorp
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FIVE-LEVEL 3-D IC

ADVANTAGES.
HIGHER DENSITIES % OPTICAL SENSOR
HIGHER SPEEDS '
PARALLEL
PROCESSING ,ﬁ A/D CONVERTER
MULTIPLE

/ﬁ D/A CONVERTER

Source: DATAQUEST
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MEGABIT MEMORIES-~-THE SHIFT
TO 3-D ICs

Fd
1Mb X 4 4AMb X 4
/S m f——/ e f——/ 1em [/ 2.p
4Mb X 1 16Mb X 1

Source: DATAQUEST
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BIOCHIP RESEARCH

COMPANY

ASAHI CHEMICAL
DOJIN CHEMICAL

RESEARCH FOCUS

LIGHT=SENSITIVE ORGANIC SEMICONDUCTOR
THIN=-FILM BIOCHIP SUBSTRATE

FUJITSU BIOSENSORS, THIN~FILMS, BIOCHIPS

HITACHI BIOCHIPS, ARTIFICIAL INTELLIGENCE

KURARAY IMPLANTABLE BIOSENSORS

MITH ORGANIC SUPERCONDUCTORS

MATSUSHITA WATER=~SOLUBLE PHOTORESIST

MITSUBISHI ENZYME BIOSENSORS

NEC MEDICAL BIOSENSORS

SHARP BIOCHIPS, BIOCOMPUTERS
MULTI=-ION BIOSENSORS

TOSHIBA

Source: DATAQUEST

- 26 -~

1985 Dataquest Incorporated-Reproduction Prohibited

Dataquest incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 / (408) 971-9000 / Telex 171973






JAPAN’S NEXT-GENERATION COMPUTERS

——

AlIVEXPERT SYSTEMS TELECOM FIBER OPTICS .
Fifth=—
Generation cac
Computer \\\
| ] ¥
PARALLEL ' ]
PROCESSING INS Computer [+ Oplo=Computer [+| Bio—Computer

Supercomputer /

LASERS BIOELECTRONICS

HEMT

i

- 28 -

ELECTRONICS BIOTECHNOLOGY
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MITI SUPERCOMPUTER PROJECT
(1981-1989)

Fujitsu Hitachi Mitsubishi NEC Oki Toshiba

Semiconductors
Josephson Junction X X X
GaAs Digital ICs ) X X X
HEMT X X '
ECL Logic X X

Systems
Architecture X
Large=~Capacity Storage X
Parallel Processors X X X
Software X

Source: DATAQUEST
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FUTURE SUPERCOMPUTER CAD TOOLS

Mini—=
Supercomputer Supercomputer
}
3-D CAD
Software
!
FUTURE ICs

Megabit DRAMs
intelligent MPUs
3~-D ICs
Superiattices
Biochips

Source: DATAQUEST .
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MITI FIFTH-GENERATION COMPUTER CHIPS
(1979-1991)

e
FUNCTION DEVICE REQUARED

Matural language processing Voice recognition and synihasis -chbs
Megabit DRAMs and ROMs
D/A and A/D converters

' image processing Graphics chips
Oploeslectironio ICs (OEICs)
Semiconductor lasers
CCD Image sensors

Parallei processors 32«=bit microprocessors (MPUs)
“Intelligent® MPUs with lasers (Si/GaAs)
inference machines and GaAs and other =V devices
data flow Jossphson junctiona
High—slectron mobility transistors (HEMT)
VLS! architecture VLS| CAD tools
. v VLS! testing equipment

Source: DATAQUEST
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IC RESEARCH FOR INS COMPUTER

® MEGABIT MEMORY PROCESSING
(4/16/64Mb)--E-BEAM FOR SUBMICRON;
SYNCHROTRON OPTICAL RADIATION FOR
SUB=HALF-MICRON -

e HIGH SPEED LOGIC--GaAs ICs, JOSEPHSON
JUNCTIONS, BALLISTIC TRANSISTORS

® OPTICAL TRANSMISSION~-~SEMICONDUCTOR
LASERS AND OPTOELECTRONIC ICs (OEICSs)

® | 3
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IC RESEARCH FOR INS COMPUTER

® MOBILE AND SATELLITE TRANSMISSION--
GaAs MICROWAVE

@ ELECTRONIC SWITCHING AND DIPS
COMPUTER=-=-16-BIT AND 32-BIT MPUs

® VIDEO PROCESSING--CCD SENSORS,
WAFER SCALE VIDEO CHIPS

@ DIGITAL SUBSCRIBER LOOPS--AUDIO
AND VIDEO CODES

® TELEPHONE CIRCUITS--SUBSCRIBER
LINE INTERFACE CIRCUITS (SLICs)
AND ONE-CHIP TELEPHONE LSIs

®
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THE SIXTH-GENERATION COMPUTER- -
MITI'S BIO-COMPUTER PROJECT

¢ $40 MILLION FUNDING (1985-1995)

¢ MIMICS HUMAN BRAIN FUNCTIONS (PATTERN
RECOGNITION, REASONING. AND LEARNING)

® FOUR RESEARCH AREAS:
= NEW COMPUTER ARCHITECTURE
=~ BIOCHIP DEVELOPMENT
= NEURAL SYSTEMS OF LOWER ANIMALS
= NONDESTRUCTIVE, NONCONTACT METHODS
FOR MEASURING HUMAN BRAIN ACTIVITY

® _35
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WORLDWIDE SEMICONDUCTOR REVENUES

(Milions of Dollars)

PERCENT PERCENT
1984 19856 CHANGE 1986 CHANGE

USA. 13.333 9.729 (27.0) 10.513 8.1
JAPAN | 8,687 8.186 ( 68) 9,172 12.0
EUROPE 4,805 4,700 ( 22) 5454 16.0
ROW 2073 1,433 {30.9) 1612 125

TOTAL 28,898 24,048 (16.8) 26,751 11.2

Source: DATAQUEST
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REGIONAL MARKET SHIFTS

TOTAL SEMICONDUCTORS

PERCENT
70
60 UMITED STATES
50
40
30
20
10

0
1980 1981 1982 1983 1984 1985 1986

Source: DATAQUEST
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REGIONAL MARKET SHIFT

REGIONAL MANUFACTURERS' SHARE OF
TOTAL SEMICONDUCTORS
(Percent)

1980 1981 1982 1983 1984 1985 1986

WORLD 100 100 100 100 100 100 100
UNITED STATES 61 55 54 83 61 48 47
JAPAN 26 34 34 37 39 42 43
EUROPE 13 1 11 9 9 9 9
ROW 0 0 1 1 1 1 1

Source: DATAQUEST
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CAPITAL SPENDING BY JAPANESE
SEMICONDUCTOR COMPANIES

(Millions of Dollars)

PERCENT OF
CAPITAL EXPENDITURES SEMICONDUCTOR SALES
PERCENT
1984 1985 (Est) _CHANGE 1985 (Est)
NEC 591 420 (289) 23
HITACH! 548 297 (45.8) 20
TOSHIBA 624 480 (23.1) 35
FUATSU 527 280 (46.9) 38
MATSUSHITA 401 340 (15.2) 39
MITSUBISHI 295 224 (24.1) 28
SHARP 118 160 35.6 47
SANYO 148 184 243 37
OKI 118 100 (156.3) _34
TOTAL 3370 2.485 (26.3) 301 .

Source: DATAQUEST
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. ]
STRATEGIC ALLIANCES (1985)

U.S. FIRM JAPANESE FIRM RESEARCH FOCUS
Hewlett—=Packard Toshiba VLSI technology exchange
LSI Logic Toshiba ‘Sea of Gates’ development
Waestinghouse. Mitsubishi Diodes, power transistors
General Electric _
Tektronix Sony MPU development support
system for NEC series
Veeco Kanematsu lon implanters
Semiconductor .
, Vitelic NMB Semiconductor CMOS 1Mb DRAM
- Tektronix, NEC MPU deveiopment support
Digital Research, system for NEC V series

HP {Yokogawa)

Source: DATAQUEST
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NTT RESEARCH AND DEVELOPMENT

SYSTEM

START R&D ANALYSIS DOCUMENT

ECL

ENGI
BU
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BASIC

ERING
AU

RESEARCH

DEVEL

TRACK Wl

TRIAL
MANUFACTURING
FIELD TEST

OPMENT
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TRACK Il

COMMERCIAL

TEST

TECHNICAL LIMITED GENERAL-
SPECS

TRACK HNA

TRACK ItA

|

TRACK |

1
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JOINT R&D WITH NTT

US. COMPANY RESEARCH FOCUS
IBM LINK-UP OF IBM'S SYSTEM NETWORK
ARCHITECTURE WITH NTT NETWORK
AT&T ' JOINT VAN DEVELOPMENT AND MARKETING
EATON JOINT DEVELOPMENT OF OXYGEN
{ON IMPLANTERS
MOTOROLA JOINT IC RESEARCH FOR INS COMPUTER
TEXAS INSTRUMENTS  JOINT IC RESEARCH FOR INS COMPUTER
- ENERGY CONVERSION JOINT DEVELOPMENT OF AMORPHOUS
DEVICES (ECD) MEMORIES

. * Source: DATAQUEST
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Peter winyte,
AEEAXEXAXE AR AN N %A% G IDE i 2N ERET R THRE FE ET R
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’('During this tainw I woulc like to accowplish two: things:

I wowic like to ocemonstate that to Kees up  witn
increasing reec for 1ncreasec size arc comoiexity in I.C
we SHave no alternative but to Iood o software for the
furnctiomnality we rieed

Aric along the way [ wouia like to maxe & case for toe g, exte:
recogriation of the cortributieon of Rppliicatior Sofiwai @ ool arses
Tt tne contiriwes cevelicpnent of Electronic CAD. S )

* Rig=st av the begirning I would liwe to oring to youwr atteriicn the
L ieinma, which will come up at various points in the talid.

HARE R EEEREERHRERAREARE CONMP POWER SLIDE  ®¥ % 53558 3000 %% % 5%

For the sane of clarity, I would like $o gefirne_saone_of_the iterws I

*
wii.l be usirng, sterting with ECZRD.
L2 A& X0 2k L £ 2 8 k8 53 b & S_I1DE = EFEER I LSS ERSESTEE SRR S

* Some peopie use the rame ECRAD to describe electrorac CRD, avg et ECRD
Inc. we like tc ercourage that line eof thought, - you Cér. § L38D.y
uwnderstand why.

* S toaroughout the talw I will be wusing Eiectromic ESD to rvefer ©To tne
mar=et anc ECED to refer to the compary.
* I would alse like to avoic arny distainctions between Eiectrorac L&D anc

Eiectrowvic CTZREZ . Fror the puraposesz of this talw I am goivg to use
Eiectrorac _CAD to refer to the goumplete design ang veraficat.oo 3.0
inclucing all the stess betweer concest ant mas-.

* rosi  of  the remacds rvrefer to the gusioum_
aithough +tney obviously tie Iin to consicerata
miar<ets.

gog_gemazguston I.L8. marest,
oms v tie systes_soc F.CL. L.

HAREEFERREUEEEERTER SLIDE T HEUHAN R T ER R RN TRRK

» next, a aevinition of productivity. This conferernce 1E D Lhe
guestian oF productivity anc maybe oy the end of the ssssions we wioi. all
ungerstarc what it meanms 1n owr dindustiry. I don't want o sscorc paes:z
earybody amg so I'm going  to conmcerntrate on & fairly marrow ceforotioo,

that revertneless is mearingful  1r o the part of the dncustry i w oG we
cperate. ---— ZRORJETIVITY lé_Eﬁélzﬁﬁéﬁl_ll_édyﬁgiéiﬁu_lu;_ﬁ'
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* Tnis ceTiniticr of prrocuctivity is Trvon dhe point of view of f-e oLzer
WO 18 OXviTuiasly very lmpocrtant. mowever there 13 anciner way o -
Srooactivity  weuimo is importart o CRD verncors, and Dy impilication &2 T

ThE CLETomEr,

R 22 e LTI X SLIDE Haung's Law FEermaxikrsas

¥ LeT wme  anTroouce you bo Doy mannile _péw.e True soflware profafilesly L2
t-~a sum <f fhe met-aocliogles anc the sufiware over thne mac™ine CyT.s. " La
This intirrocaces tne corngesrn_ ol _FurnCiioiailiy  ind IhE  r#Eza.. & 0 O
Arocuctivity.

* Finally, i terms of gefinmitilicis, I Wil 11k@ To CONUIEC © z

progersaus wnat coubine  exzect rnowiedge of the processes involvesl
exce.lente irn software__entbirnefring. These Tactors are ComILimEn.oéa y. HE
ECAD, FTor examdoie, almost all cur cevelopment staff nave a bac~zivTarg i
the E.ectrorniecs ircusiry first, and 1in saTitware engineering second.

[ N
comezitutes _esfiwasre in tris gontext. Ciearly wie are ta.-lr. &Ioul
i

LIIIEIEREE TSI S S S T3 SLIDE IC ges + saft eng EX T T X

1 worcered what level to pitch this talw aty and I asked Datacuesi for

EL” ODLMLICY. Trey €aitc well taere are toing to be Lo LY

S wE.LL There are LCLoing TG OE o
C.ovencors,  venture gapataiists_ard fivangisl apaiysts in the auc:s
ratty mikec ounch, s why @oni*t you pitch 1t at & ievel thnat ow
taguest willi uwnderstanc ? Right therre I stopped talking, because ©

tnat whatever 1 sai1cd rvext would be misconstrued. ———-852 its somnewh

+ M

.

* Consiceranle resesrcn__however, has been put ints some oF  tne

conciusiones  reached here, ancd if any of you woulid like to discusz any of
them ir oreater detail I will be happy to co so after the preserntation.,

ENANNEEEEEEAEEAAESE SLIDE 2 RIPEAT S##HNAEEEEEXH

* Coming to the firgt suspect, Sofiware procuctivity:

* Iw the past, esftware has been too oftern regardec as
harcware. Thiz next slige cemonesrates the way that sone

ViIiEWEDZ SoTtware.

ARG AN E S IDE Fa LIFEEBELT #HHHNHxxExx

* Hawever, oy the ernc of my talk here 1 hope to comvince you thet ioe
Broper_way to ioox at 1t is as shown on the rext slice, here....

-2 =
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* Wnern IBY says that 0% of its perafits in the 90's willi come fiooos
safowara, arnc Daigy operns out itz archnivectuwre to ocutside hardwa: e, anc
the wmagority of the addec valuwe of every system solgd is in trhe s2fiwzie,
ther mayde the time nDas_cowe_ for_ us_ to teke tnis thing gericusly.

* To Dataguest’s credit they are westling with the very cifficult
problewms of definitiorn forr example hbow toc deal with applications
s>ftware bundlec orn a workstaticon, &nd we are deliphted to be of
assistarnce irn helping them to come up with a porg_raprpsentative picture.

* The reascn I bring this up is that this increaping part of the mavuet,
that is Applications Software, 18 in cur opaviacrn, abstlutley the plare
where the greatest_acvances_in Electroraic CAD productivity are goivp Lo he
mace, anc, most interestingly, it i% alss the least captive part of the
eystem anc cgetting more s- every cay. Thie has pgot very sigroafaoand
marketing ramificatiens for us all.

»* In particular it raises sonme int@resting questiont ADCUt ROW &0 WG
the erc user is going to buy the softwére, ®.¢. if the e & LtV 86 towai'e 2
gre__stop _Ehopping _and_ a3 ccmpiete_scluticon, or is the most recent trend ar

fact in the cother direction, whereSy customers are assembling & suite_&F
tooisg from_varioug scurces that best match their needs?

* I «row that some of you in the audiernce are woncerirng how resl are
these__Ffppiicatiors_scftware_companies. How far can they co and How it can
they crow? RS I hope to snow tne arswers to these are a long way &.c a lot
bigcer tharn they are row.

EURNRERF AR innn GSLIDE 7 KEY SOFT CO CONSIDS*
» Now, icDNing at the Eiectronic CAD market through the eyez_cf_a

software _compary, the thirncs which are importarnt ares

Design Methodaology
Computatioral Complexity
Compataibility

Harware platforms

# Looking ricw at eaen of these in turn:

EREREA AR ndxx S IDZ 8 METHODDLOBIES »amaxX

* METAHODI_OGBY - RIl important. There

several _or__all _the _cegiprn_meihocologies where algorithmic brea-tn-

are rieecec to agvance gesigrn pirroductivity.

* For sxampie on of the bigcest needs of cwrrent gilicon_compigrs 28 Fov
an efficient _gcompactsr, adle to hardie a variety of shajes ard sLfES. Sac-
a comzactsr  would alss be of great berefit to automatec layout of cudastdd

circuits anc to cell perneraticon For use in gem:~CusEtonm cesigr.
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* Siwilarly &ili mwmethocolocies reed &an answe: to toe sroaliss

YETLI feveraticon in particular, ard to festadility :n cerneral.

> Ft ECRD we Gteileve thne sclution will come from solivicg

gafficnit _comgirnent _partg of the problew pocepencert.y, and «
i 7

compatiale mocw.es that the desipner-  can ise to design i
BV LGS0, riot ivr soiie  Myth:cal environmert of tomorrow, ThEe T
Losicow wiili come  fron solving these ciffuicuit, fundamental o
; ” _the _sciutigrs _into _&ireacy_ _exigiiva CEi.co”

i® not  amenssie ta o an instarc o ILEVE

it mwarke sernse o try anc ChanLe the way ORIl g0 g

ST o LenE

[La]
11

Toere are certaiv Mardet cyramics at work that sa
Ers  wix Hhow what they're coing are the omes w
eventilasly becomes cominant.

——— e e S e e e e ——

11

» ke c£o2 not subscribe to the theory of the phartom_arwy_of o .
was it 302,000 o its 400,000 systen cesigners Delng The WMajor ar =&
ivfiuence. ToEyY will e&rnc up beinmg a majgor market, but the irnfiuvencers

the cpateway _to _the__wincing design__methocclicfi€s lle  witn the 0l

exseriencec IC cesigrers.

* Te rgive arn example, I urcerstand from Prof, Ronhrer at Carregie Mellon
t=as there are Dpetweern _E000__and_SS00_vYax_ 700 _Cr_ BGLIVAaIENIE_ EnLanLSS L

cireuit _simulation at any given time. Those designers &ce nob golin

HE
Lal

give w5 ail that Fur in favoyr of a cifferent cesigrn methoocliofy unmtis
kriow 1T wirks,

- rewncoo.ody anc computagigvai__gowmdigiiy often go hanc 1. T&no.
Sonetimes on 15 ar attempt to cirvcuamvert the cother. The rext =.:18 21lws=
ong way of expressivg computationsl complexity.

EREFEAEXEEE XX XEEEEE S _IDE 9 TRIANGLE COr2 COM2LX*

n SYACTARTIONAL COMPLEXITY - The reason there are rno ong €T3 EC.aTidans
is That oefore any automated cesipn Systen Can Work there rexdann sons

» Yozt of these relate to sheer numbers. A Cesipn thas resrewen
mxfules o 200 plocks will era up  represernting & miliion 5o

Hanclimg  E00 2locxs  1s beyond the ability of most autonmates Systa sz Mo,
anc benciing_ _&_  mijlign__polygons  Ln anythaing bat the most scracburecs ofF

Strucvurecs arrays is_a_pipeciea.

| The areas where the comgutatiornal complexity hits marcest are CaitCas:

giwmulaticor, cengraticn_ _of fauilt test  veckors and desicyn veriTizZabicin
ther arzas that still await rew or improved algorithms are Stice i&yoot
systems, automatic rauting of arny height any wicth cells, compactisn oF Lo
CEesigvs, arc  autonatic conparisorn &G transaiallor DEtween Ve Lwuws v s
of cesign Rierarchy,
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RHEEAEEEEAREEAEERRE  SLIDE 10 COFMPETIEILITY *#x#xx

COA@TIRILITY - BA__proslem. What is trere rea,ly to say &30.T
corzatibility? I supoopse I si say tnat most of the prrograns we procucs
a2t ECRD szes~ to each other, anc fnat ornc@ o twite we have eves Cot Two
S.eces o7 harcware to taim O PaAC™ COEMEBrcsveasss50i s Of. i
* In Taliing escut compatibility I wouwlic laise to extend that to oo, 1ri
systeng Tor a mivicte &ant  macs an OREE vatioy éotnt hew vesl.s Ly Lt e w
Fyrzins waat WS reas  ang  heai, ET COAD we FRave azoud
instalisgtions of i saftware or mainfranes Lr SADEITHIM1IE, &

S RO E . O WOTRKETET LONS, ~—- we Gon't sell orn =3V, Of ocuare

have a choice, 3298 _ave  rupmanl ¥ms in prelecence ko srix.
raise Thie 15 tao iliuastrate that ceveloners of aii HanceE res:
account  of  what thelr custdher s &8 glung raw and whatbt thewr reccl BuEnss
are if they are Yo be successfTul.

* HARDwARZ PLATFORME - Examining rnow tne relaticnenip between harcws e
arc  sofiware, In gerneral it may &ppear thatl harcwarg Provices oo onese. ol

2over__arc _software provides apziicetion_specafaic_soluticrns, kowever, t-e

— . e e o e e S — L =

cdivicing lire is pot_always _that _cisar:

FunnrunEn e wpenennn  SUIDE 11 COM2 PDWER REPEAT

* Remembering now the increase _in__speed proviced to the averace
Electronic LRD wser by hardware_advanges over the rast five yezrz, Thig

stows that the speegc has incrreased by a factor of adout 4.,

* There have curing tnis time been imnprovements in cost effect:vendss,
which are wvery 1mportant, but the net resuit 15 that improvewerts v
harcware power have not _core_much to advance the cauge of more procuctive
Elgctronic CRD.

n the improvemnts that have comig

# Now I would like to gontrast this
o

* Here 1 nhave to apologize for being parcchial anc referring to ElRS D0

data. I cid ask ocur pompeiitors_ for_coupargtive_data to use 10 thie talo

but for some reaschn they seemed reluctant to provice it.

e mnxaeetpwandcnx S_IDE 18 DRAC SPRPEED IKE #wx

* The grash shows that in a pericc ofF Just aver two yEear
increazes the s>seed of Dracula by over 250 _times compared to the soiuticn
to cesign verification that was avaliabie pefore Dracula canme aZong

nave corne thie by a orogram of constant algaritmmic oevelopment r
witr Dracuia I, ther Dracula Il anc, woulc you believe Dracula

= -

STErein

T
i

» The last ceveloomer.t 1s sipnificant because it is a
goiuticgrn, and the deveicpuent oF more hierarchiTk. ocutidne

acvavrice of Electronic CAD,
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.22, lets lood  at Soice, & venerasle proLram 1n wide uza,

Rgter arn acout egual amounts. Over thme the last 15 years sirnce L.

Firsx Lauwnghesr  the preogram, the total gieec_ud by _hardware mees: @ a6

o less__tnegn__:0x 1f you giscount  superconiputers, anc  ther LooLlicex
VvETTILZes anc Jarallel varsions, waich are weally softwairs s-t-a-cg
Co: oivat LIV E.

* oA vVED ,
28  TOCAay,
c

_____ Ny woich is where the Duls o omsligacz
e 4
[3

i
.t M-S Tt
&t

i reccessary o ospEent half a wmillion o or e 2Ll
‘silars on harcdware to rarn ssice, There &are a rnumler of new =.i L&D 3,
Yuz Seas=s o tne  tracitional spice aigavithiag,  that can o pe foos mn.oo

TYazter avigd 1nm & moare cost effective marmer.

*  Rgauv my @no For being parochial, I promice to Cive ecusl &

Tt ary conpetitos WoD Wili senc me their berchimar<s. The prans o
gpees  agsinst enice chawe a soeed wun of uwo to Jop_ow circoitz

o aare. ow L« hasten to acd this is rast on all civcults.

* Houwevert, their are twos important poants herey fivst if you wany o =3

it in tme tine 1t Lse

s & vax  you  £an run a 0,000 fravsistor_cirgu L
ta<e to rurn & 1000 transistor circuit, secontly the increase 1 The run
tine of this type of algorithm is agpproxaimately linear, wnereasz siic ;
at Leazgt a scuare law, therefore the potentials to sinulste NUfE curouiis

oy eltervatively to optimize _the_ _cdesicn Sy repeatec iteraticn Sotn now

ex.ct. .

N

" S it seen toat, in_toe_past, at least 1 two areas, pooCultively

acvancezs Trom sofitware have totally over-soacoweg_toaz _fron barc E- i
Wi rnow liwe te tuwrr to tne future anc look atr waiat we migat exasct o

from cuarrent ceveiopuents in both harcware and scoftware.

s, & restatemert of thne problem. Cwrrerntly we are pushing a mili
transistors orn & chip. Data cuest is fovecasting 17 _miliicn by 1334,
There will be certairn highly structurec Cesigns whiere Compute powsr want
be & oroolen. However there is always Loing to e a part of e markel

that  is  pustaing forr more functionality, higher censities and my & soeec.
In gereral t£tnis part will be at the forefront of ceveiodmernt.

FREFEEARRAX AR RERR 42 S_IDE 185 RILATIVE COMF NEEDS =

* "MLE BLLCE Cives us some icea of J.dast how great t-oe oroslen oouLlo LER
1 owe daom'i Co o something agout 1Y, how €0 _we_solve _this_grosies.

“ew ces.or metsocologies
Brute FoicE it ttorouphs harcware
Ceve.on new ailgoritang for existire cenicy meioesc o

o
s
N
i
m
¥l
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* b _eEBiLr. MELLOCIICEARE__QVE. _ETina. Lo  RUEYice_ souf_rgiief, Suneca,
$l.i8% CONDILIETrS will really wdrr<d anc  wisl a:low the cezsiny of muze

circuits. Stancarc cellis  anc gate arrays seem to Se havivg a muck
inmeciate inpact 1in the na«et giace.

hl

T

* Rere 1 stoulc  acd Shat at LDoer we tiy to be jrncepencen

ir} ILOITL1E5. Wwe Ssell throughs pretty well all of the T .
c 1= . gpustome» Sase gsolits cown aboat Z0/50 betweer el L--.zToel
ar Full  CUSTSR, . ANC  We rumoer 2 S1:i100: COMIILEr CoOmPani&i &.Loan S
c! L. -

. WH1Ch  BVE” Way WE 100 At it howsve , 1n CRYEVel men i

Seve_tg. _be__ties _to _rnes _scftware cevelspuents and mor e cou

bera.ze oF the sheer s1ze of the increases.

* Comimg to hardware, there has been & 1ot of Avtereci recer iy v
acce:erators, risec macnhirnes and parallel processors. Any EIRD wmatoers in
the awudience will be glad to krow that tnis has rot escapes ocur aTiert Lon.

Irn fact, for some time we have beern runrning_bernchmarks witn a variety of
harcware t> try to establish what the practical possibilities are.

* For obvious reasors I have to maintairn eonficentieitty v thaig, but I
wounld like $to share with you some of our findings as they relate to tne
progductivity_increases possible throupgh the varicus hardware cptaicos.

* I shculd stress that we are dealing with real CED_pragrans, rnot

academic berchmarks, and that the eguipment congerrnec 1s cose:r effective in
suCS a2 way as to present a viable alterrnative to tre Electronic LARD uses. (
na Cray II1%s)

e xunnnxxunngenn SUIDE 18 HARDWARE CPTIONS *»

* The gpticns we :or@&dered ares

Super—mini
Ficroprocessor

Ciusterec sugper—minis
Rigc Ergines

Paralle. microorocessors
QParallel risc engines
Vecter processing
Super-computers
Solations onm Silicon

# Coming to the pegsulis of aur investigations:

EXEAEARK KA xen®x SLIDE 1E& SFEED uRP GEN PURFS #

* The graph shows tne results. Tnis first_graph_is_fgor_gerneis.
narcware speec ups 1rn Electronic CAD. Tnere are a couple of areas

can ge< greater speed ups of limitec proflen sets ang 1[I0 cone

later, or the secont graan. -

* Tme morizortal axis of the graph represents time, exsressec &5 the reru
Tive years, ard the vertical axis represents computinb_ power, €xXIit€sSsC i
.25, These are Lgernerai_ purpose__MIPS, eguivalent to those we oel.eve
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will a&actually see, nol SpeEcial puwanel FIED Lo e lison &0 7 o=z L
T

WSe FOr CoOmD&isSor, & Var 780 15 barer 8L VM LG @ §l e i B

.o, Orn the graph trave ate tovee Cistinei_argen an o whath the el YR #0e
Zyoaoes:
e Rirea oFf .S to &0 MIFs orovided Dy & Coi_<F.ié.,
Li8C engines.

the ai praviced
TINE, £
Th;ee, im thE area

For oraft.cal Eib z
SpEca&Tlng 1o TNE ¢
bos terming just were the i .
powe:r ot f PlEE ErGariE, the wumber- of proc SET CE
useTuLly appi i parallel., anc  the progporticon Tataz
sxfiwaire that can taxke acvantage of either risc o0 pars

* As an exagmgie let me go torougs how I &arvive at tne 1Z-03 figu e:

This 1€ Dasec or the assumipticon tnat we are getting a saeec of asous 2
wiEFE Tismia the best risc enginar running Qi tﬁe mozt suitab;e ;rﬁ*raws Tre
we firmc tnat in a program
about F0A of the coce is a;;;;ca:le to pwm:esszng in ymra;le-, o T
nas tne effect of cictating that even if we recuce tne time too roav

$o zero the program will speec up a maxzwunm $f_ter_timgs.

* FOwWw2ver, 1r The real worit wad ace not goaing to be &dle b

2ETO. Ey experiment we fllL thaT the o2fipilm Nansge of oo

tne range &4 __to__9. Hcding mnore  pyooessors atiers T

INorease run SPReC.

u Mrowing tnis we can gerive_an_eguation tnat will give us toe esgpzotec

cecrease ivn rurn time, or alternative.y the expected increase in MFIF:E.

- This is that the total ranm time is recuced to LQ% _of _troe_ocoiz
S0%__Civiced__by _the_ _number__of grocessors, aii of the secorc

egulaticr Turther civiced by the increased power of eacn risc proce .

* Irn figures thwis means that & run that original.y tochk 10O minutes v &

78ﬁ

rnow  taxes & __minutes with 4 processorg, or S miv
In terms of wibEB this gi:ves L2 _with 4 proc

— e T

;roc555urs. Fi:2 of this ta<es v account of losses 1uculmEL 1Y Qo d by

@ prof.essos.

* This for a higsly spegiaiizec _paigce_of _harcwace that prosasiy cama
arytrniry eElise Suwi run specific pieces of application software.. oz
thnis with a Vax__8gon wilch &t 4 mips i3 & neilti-user, gensra

machine. -t maxez gome of these gernera. pursose wmachines not Looa
after all!

* Now Wity totally rew sofiware,
the worg oo 1t mignt L8 possiole to

: -8 -
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is nmot Lise that, iC cesigrers have a Jo2X to oo and tney reesr srect.zel
tacis o £o i rnow, s Tor all Srract.cal purposes thness il ez oare oo
Zamait t2 wWoLilh wE CE EBXgeCY heE.p Trom harcwarE an IOy Eas1inyg 26 ol LT
ir: CiectranLe CRO.

* Mow o thEre &Y€ E0nE S2EQLISL RUESCSE _Fioukicns, and IT1I juaz: ot

tness in t-e rext gragn:

EEEXAEREX XX ERRNS 165 SPITTA. SURADED SEZRD URP

J

el CarnDuters ard soiutadn® G BLliCon
wave., Ffor vara PERLI B Nnore oF §

e Tront an edplizatiorns software pouns

* Vecsoy  Jrocess.ing  reguives gxignslxe bipcificstiou To
eefinite o-ng, anc it seemsz to have reacnec somewhat of
as current Electronic CAD programs go.

A Super conputers WHil8 cbviousl effective nave estiors of coeb
- l—' L] b4 QUEBBRL LS o CogL

effectiverness attached to theid

- Scliutions on silicon reguire that the gigorithws_useg _be_szas.eg, anc

that the rumber_of primatives useds 15 manacesble.

» Soluticons orn silicorn, I rnearly saicd silicon scolutions, seew ©o o= t-e

most 1rnteresting of these, ard 1 believe Jdohn_ _Newwlio«  Frrom Lllieorn
. Soliitions will bBe talwkirng aocul thls next.

* o this means thnat hargware scolutions ave going to oe linitec
gre__orcer__of  masnituce. This of oowse wili:  just not _oe in_an
aceguate for the ircrease 1n compute power neeoed by the 1norease o
circuit sice amc compiexituy.

* This just wont cut the mustarc wheén comparec against either tne neecs

¢f__the__market or the &50x historacally from scftware, anc 1t wili. mot L&

riearly aceguate to co the Sob.

LA
"t

wEERA AR EERELEFnA#% S_IDE # ? SOLUTIONS TOQ COwP EBR?P RC

* Naw I wolf like to iook at tme thnirg area in wilch wWe fuss 1004 7o
impravenents, namne.y the cevelcocpment of Software CkD tTools.

* Nok_pall areag oFf Electronic CAD will bernefity o reec to =971 ,3703 1§
from faiture cevelaopnen

cl [

aupeinxxarxerenwxd S IDE 180 COMD NIELE ROP #xw*x

Trne  front erc, schemalic capture etc.,
. comgute _power__prabiem, anc it 1s possidie ThHat

masmituce will suffice..
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igsE EBVG Pt ELMaELICY LBVE.E TEVE & 1

' [

Brefienr Dwt ave partialiy amenanig te oa fasen g L
il Decause of the low nusiber of primitives t-e, c=s.
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FITTING IN APPLICATION ACCELERATORS -

John Newkirk
Chief Executive Officer
Silicon Solutionsg Corporation

Mr, Newkirk is Chief Executive Officer and founder of Silicom Solutions
Corporation. Before founding Silicon Solutions, he was an Assistant
Professor of Electrical Engineering at Stanford University, where he and
Vice President of Engineering Robert Mathews established and taught the
graduate VLSI design course. Prior to that, he did consulting work for
several high-technology c¢ompanies including Hewlett-Packard and Xerox
Corporation. Mr. Newkirk received M.S., and Ph.D. degrees in Electrical
Enginecering from Stanford University and a B.S.E.E. degree from the
Massachusetts Institute of Technology. He is the author of numerous

. technical papers.

Dataquest Incorporated
. DESIGN AUTOMATION FOCUS OONFERENCE

December 9 and 10, 1985
Palo Alto, California

1290 Ridder Park Drive, San Jose, CA 95131-2398, (408) 971-9000 Telex 171973



58%8_]\:;] OUTLINE

« WHO NEEDS SPEED ?
« TECHNOLOGY ALTERNATIVES
« ACCELERATOR EVOLUTION

« A FEW MODELS AND METRICS
« AN APPROACH TO CAE/CAD ACCELERATORS
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SILICON
SOLUTIONS
Misc.
Arch. &
250 ~ Logic
200 — Layout
150 —Simulation
100 —
Testing
50 —
# man
months

Misc.

Foreground

[Background

CASE HISTORY OF AN IC DESIGN

-45,000 transistor chip
-Graphics-based CAD system plus mainframe

Source: Industry Data






E%CT%T\%I TACKLING HEAVY COMPUTATIONAL LOADS

- VIRTUES OF GENERAL-PURPOSE MACHINES:

-Multiple applications
-Programmable
-Upgradeable and portable
-Timeshared/many users

_S_

« APPLICATION ACCELERATORS EMPHASIZE:

- Performance
- Low cost per equivalent CPU cycle
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SILICON

sowmons  ACCELERATION EVOLUTION

-ARCHITECTURE ALTERNATIVES

-Parallel processing - Independent processes
- design verification

-Vector processing - pipellning
- circult simulation

-Dedicated hardware -ra'w horgepower
- loglc/fault simulation
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SILICON
SOLUTIONS

EVALUATING ACCELERATORS

« COMPARISON AGAINST "GENERAL PURPOSE"
HARDWARE OFTEN MISLEADING

-Both are dedicated processors

» SIMPLISTIC COMPARISONS EQUALLY UNACCEPTABLE
-Key issue: Throughput and Productivity
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SILICON
SOLUTIONS

EVALUATING ACCELERATORS

- USEFUL. METRIC:- SINULATION RUNS PER HOUR

Pre and post-processing time
Computational intensity

Gate, Fault, Behavioral, Modeler mix
/0 Intensity

« OTHER METRICS

-Ease of use
-Accessibility in multi-user environment
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SILICON

SOLUTIONS

Behavioral

Gate

Switch

EVOLUTION OF SIMULATION ACCELERATION

LOGIC SIMULATION

@ ®

@%@

Compile Simulate Post-process

. Point Acceleration of Gate Level

. Addition of Switch Level

Enabling Behavioral Simulation in
Accelerator Environment

. Addressing compile bottleneck

Accelerating post-processing
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A MODEL OF SIMULATION ACCELERATION

SOWTONS  Impact of Accelerating Gate-Level Simulation

SILICON

Logic Simulation

GPC ACC
Compile 12—>0* 12—»0*
Simulate 86 -
Post-Process 2 2

100—»88 14—»2

Speed vs GPC 7-44x

* Repeat runs
** Conservative estimate

G/PC » GensExmre 'Rrﬁua

Co-“?PM 7“Cr"~
Fault Simulation
GrC ACC
12 12

4300** 43**

2 ___ 2
4314 57
76x
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SILICON
SOLUTIONS

A MODEL OF SIMULATION ACCELERATION

Impact of Accelerating Whole Process

GPC’
Compile 12 12
Simulate* 86 i
2
Post-Process -
100 14
Speed vs GPC 7x
* short run

A

33x
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SILICON A MODEL OF SIMULATION ACCELERATION
SOLUTIONS Multi-User Environment

20 T
Acceleration Gate-Level Only Acceleration
VS 1
GPC 15
10
Single-User threshold
5 o
| | | |

| ] 1 | * # of concurrent
2 4 6 8 users
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- APPLICATION ACCELERATORS:

A long-term solution

* EVOLUTIONARY PATH: End-to-end solutions
Tuned architectures
Network resources

« KEY CUSTOMER NEEDS: Tight Integration
Transparency
Price/performance.

* SOLUTION: A modular approach
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LINKING PESIGN IN TEST

Jeff Hotchklsa
Manager, Design and Teat Automation Group
Teradyne Incorporated

Mr. Hotchkiss 1s Manager of the Design and Test Automation Group at
Teradyne Incorporated. The Design and Test Automation Group is a new
buginess unit that he was Iinstrumental in satarting in early 1984.
Previously, he worked in a varlety of sales and marketing posltions at
Teradyne. Mr., Hotchkiss received a B,5, degree from Bucknell University
in Pennsylvania and an M.B.A. degree from the B5Sloan School of the
Massachusetts Institute of Technology.

. Pataguest Incorporated
DESIGN AUTOMATION FOCUS CONPERENCE

December 9 and 10, 1985
Palo Alto, California

1290 Ridder Park Drive, San Jose, CA 95131-2398, (408) 971-9000 Telex 171973












THE GOLDEN EGG—--ARE WE STILL CHASING IT?

Stephen E, Coit
General Partner
Merrill, Pickard, Anderson & Eyre

Mr. Colt is a General Partner of Merrill, Pickard, Anderson, & Eyre, a
venture capital partnership located in Palo Alteo, California, He was
previously Vice President of Marketing at Raster Technolcgies, Inc.
Earlier, Mr. Coit was Director of International Market Development at
Prime Computer, Inc., and a Product Manager at Hewlett-Packard. He is
currently a Jirector of Graphics Software Systems and Raster
Technolcogies, Inc. Mr. Coit received an A.B. degree in Applied
Mathematics from Harvard OUniversity, and an M.B.A. from Harvard Business
School.

. Dataguest Incorporated
DESIGN AUTOMATION POCUS CONFERENCE
December 9 and 10, 1985
Pale Alto, California
Dataquest incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 / {408} 971-9000 / Telex 171973
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MERRILL, PICKARD, ANDERSON & EYRE

TWOQ PALO ALTO SQUARE
SUITE 423
PALO ALTO, CALIFORNIA 94306
TELEPHONE: (413) 836-8880

THE GOLDEN EG3--ARE WE STILL CHASING IT?

Btephen E. Colit
General Partner
Marrill, Pickard, Anderson & Eyre

= - - ]

Mr. Colt is a General Partnar of Merrill, Pickard, Anderson, & Eyre, a
venture capltal partnership located Iin FPalo Alto, California., He waas
previously Vice President of Marketing at Raster Technoleogles, Inc.
Parlier, Mr., Coit was Director of International Market Development at
Prime Computer, Inc., and a Product Manager at Hewlett-Packard, He i3
currently a director of Graphics Software BSystems and Raster
Technologlea, Inc, Mr, Coit recmived an A.B, degree in Applied
Mathematics from Harvard University, and an M.B.A. from Harvard Business
School. '



The Venture Cycle - The Boom

Strong Growth Projections

)
High Valuations

) 4
More Capital

) 4

New Resources in People & Technology

)

Innovation

)

Better Price/Performance

\ 4 MERRILL

Positive Market Response %\%EQS%B

& EYRE

C633W.28



The Venture Cycle - The Bust

Risks Materialize
)
User Disappointments
)
Caution Among Buyers
)
Difficulty for New Entrants
)
Price Erosion
)
Lower Margins
)

Reduced Capital MERRILL
3 PICKARD
ANDERSON

Less Room for Error & EYRE

C633W.29






Case B: The Integrator

ANDERSON
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CAE Market Maturity

Single Single Single Board Full Mixed
Function Component PC Board  Set or System Systems and
Box Design  Networks

Design
Integration

MERRILL
PICKARD
ANDERSON
& EYRE

CBIIN. 18



CAE Market Maturity

Lntire
Company or

Division: esm—

All Functional
Areas

£\

/

Organizational
Integration

Muiti-
Divisional
Integration
All Functional
Areas,

Multiple
Project
Teums:

All R&D and

Manufacturing

Cngincering

Project ssssemem

Team

CEIIW .24

Complete
Project

Team:
Lngincering
Munufacturing

Single
Engincer

Design
Integration

MERRILL
PICKARD
ANDERSON
& EYRE




Organizational
Integration

Design |
Integration
é | PIC K A KD

PICKARD
ANDERSON
& EYRE
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Common Pitfalls

® Underestimating Competitive and
Economic Barriers to Entry

® Focusing on Teéhnologies and Products,
Not Markets

® Misdefining a “Market”

MERRILL
PICKARD
ANDERSON
& EYRE

C633W.30



Identifying New Venture Opportunities in “The Productivity Age*

® One-Upmanship Is the Riskiest
Game of All

® There is No Substitute for Familiarity
with a Specific Market

e Always Consider Exploiting New
Technologies as a User

MERRILL
PICKARD
ANDERSON
& EYRE

C633W 27
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THE PCB CONNECTION

Buck Feltman
Vice President of Marketing
Cadnetix Corporation

Mr, Peltman joined Cadnetix as Vice President of Marketing in October
1983, Prior to Jjoining Cadnetix, Mr, PFeltman was employed by Texas
Instrumenta, Inc., where he was Marketing Manager for the Semicustom
Integrated Circuits Division and Manager of New Business Davelopment.
Mr. Feltman received a B.S. degree in Blectrical Engineering from Auburn
College and an M.B.A, degree from Rellins College in Plorida.

Dataquest Incorporated
DESIGN AUTOMATION FOCUS CONFERENCE
December 9 and 10, 1985
Palo Alto, California
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DEVELOPING AN OPEN NETWORK FOR IC DESIGN

Bruce R. Bourbon
Vice President of Marketing
Gould AMI Semiconductors

Mr. Bourbon is Vice Preaident of Marketing for Gould AMI Semiconductors,
He is responsible for all strategic, tactical, and military wmarketing
activities related to both standard products and application-specific
integrated circuits (ASICs), as well as silicon foundry services. Before
joining Gould, he was employed by Rockwell International's Electronics
Group, where he held various manangement positions, Prior to that, he
worked for Macrodata Corporation as Director of Software Engineering.
Mr., Bourbon received a B.S.E.E. degree from California Polytechnic State

University in Pomona and an M.S.E.E. degree from the University of
California at Los Angeles.

Dataquest Incorporated
DESIGN AUTOMATION POCUS CONMFERENCE
December 9 and 10, 1985
Palo Alto, California



DEYELOPING AN OPEN NETWORK FOR ASIC DESIGH
BRUCE R. BOURBON, VICE PRESIDENT - MAREKETING

GOULD AMI SEMICONDUCTORS

(SLIDE 1)
I WOULD LIKE TO EXPRESS MY APPRECIATION AT BEING INVITED TO
ADDRESS SUCH A DISTINGUISHED AUDIENCE. I SAY THAT FOR TWO
REASONS: PIRST, I HAVE HAD THE OPPORTUNITY TO WORK WITH SOME OF
YOU INDIVIDUALLY AS OUR COMPANIES HAVE FORGED AGREEMENTS, AND SO
I PERSONALLY ENOW OF YOUR ACCOMPLISHMENTS IN PLACING IC DESIGN
TOOLS WITHIN REACH OF VIRTUALLY EVERY SYSTEMS DESIGNER., SECOND,
. I AM PLEASED BECAUSE IT IS YOUR AREA OF BUSINESS THAT IS LEADING
ALL OF US INTO THE FUTURE. BY THE WAY, I HOPE THOSE PURISTS IN
THE AUDIENCE WILL BEAR WITH ME WHEN I USE THE GENERIC TERM "CAD"

== IT'S A LOT EASIER TO SAY THAN CAE & CAD VENDORS!

{SLIDE 2}
NO DOUBT, AS WE SIT HERE TODAY, IN MANY WAYS IT'S A GLOOMY
SCENARIO. THE PAST 12 MONTHS HAVE BEEN TOUGH WITH EACH DAY
(SLIDE 2A) SEEMING TO OPEN WITH A PEW MORE DARK CLOUDS ON THE
HORIZON. THERE HAVE BEEN MANY COMPARISONS BETWEEN THIS YEAR'S
DOWNTURN AND THE LAST SLUMP IN 1981. ONE COMMENT THAT HAS BEEN
MADE OFTEN BY SOME INDUSTRY FORTUNE TELLERS IS THAT, WHILE
BUSINESS WAS DEAD IN 1981, (SLIDE 2B) IC MANUFACTURERS COULD
STILL SEE THE PROVERBIAL GLOW ON THE HORIZON.

o
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(SLIDE 2C) THAT IS, THEY COULD PREDICT THE SPECIFIC PRODUCTS THAT
WOULD ONCE AGAIN BRING ABOUT HIGH DEMAND FOR CHIPS AND FUEL THE
RESURGENCE OF SALES. (SLIDE 2D) THIS TIME -- THE AUGURS SAY --
THERE ARE NO PRODUCTS ON THE HORIZON TO LEAD US ALL QUT OF THIS
SLUMP. THIS APPARENT REDUCTION IN ELECTRONIC PRODUCT INNOVATION
ALONG WITH INTENSE PRESSURE PFROM JAPAN, CERTAINLY HAS PUT A
DAMPER ON SPIRITS, NOT TO MENTION SALES DOLLARS. 1IN JULY, WE
LOOKED TO SEPTEMBER AND THE HOPE OF SOME ASTOUNDING NEW
ELECTRONIC CHRISTMAS PRODUCT. (SLIDE 2E) UNFORTUNATELY, IT LOOKS
LIKE CABBAGE PATCH KIDS AND OTHER DOLLS ARE STILL IN VOGUE —-- AND,

THERE ARE NO CHIPS IN THEIR STUPPING,

({SLIDE 2P) WELL, DESPITE ALL OF THE DOOM AND GLOOM PREDICTED BY
INDUSTRY FORTUNE TELLERS WHO SAY THIS DOWNTURN IS THE ULTIMATE
PIT WITH NO PRODUCTS ON THE HORIZON TO LEAD US OUT OF THE SLUMP,
WE AT GOULD AMI TAKE EXCEPTION TO THAT PICTURE. THE DOWNTURN IS
SEVERE -~ BUT IT IS DIFFERENT. (SLIDE 2G) WHILE MAJOR END
PRODUCT INNOVATIONS OR NEW IC PRODUCTS MAY NOT LEAD US OUT,

THERE'S ONE DRAMATIC EVOLUTION TAKING PLACE WHICH WILL DO THAT.
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WHAT WILL LEAD US OUT IS NOT A STANDARD PRODUCT -- LIKE
MICROPROCESSORS, 1-MEGABIT DRAMs, GRAPHICS CONTROLLER CHIPS, OR
EVEN DIGITAL SIGNAL PROCESSORS ~- (SLIDE 2H) BUT RATHER THE
TECHNOLOGY PRODUCTS THAT YOU AS CAD VENDORS HAVE BEEN INVERTING,
PRODUCING AND ENHANCING ALONE AND IN CONJUNCTION WITH

APPLICATION-SPECIFIC IC - OR ASIC VENDORS.

IN PACT, IN MANY WAYS, LOOKING AT OUR ASIC AND CAE SEGMENT,
PERHAPS WE ARE NOT EVEN SO MUCH IN A DOWNTURN. (SLIDE 3) THE
GROWTH WE SEE HERE WOULD CERTAINLY TEND TO INDICATE THIS. (SLIDE
4) AND BY 1998, WE SEE CONTINUED GREAT OPPORTURITIES. PERHAPS
WE ARE REALLY IN A PERIOD OF MAJOR TRANSITION WHEN MANY

. TECHNOLOGIES ARE EMERGING WHICH (SLIDE 5) WILL RESHAPE THE ENTIRE
IC INDUSTRY AND THE WAY THAT CONCEPTS BECOME CHIPS, AND YQUR
INDUSTRY IS ONE OF THE MAJOR FORCES SCULPTING THE SHAPE OF THINGS

TO COME.
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WHAT SPECIPIC AREAS ARE SHAPING THE CHANGES? AS STATED, (SLIDE
6A) CAD HARDWARE AND SOFTWARE TOOLS: {(SLIDE 6B) NETWORKS SUCH AS
ETHERNET THAT LINK A MYRIAD OF HARDWARE TOOLS PERFORMING THE
SAME, SIMILAR AND DIFFERENT FUNCTIONS LIKE PIECES IN A JIGSAW
PUZZLE; (SLIDE 6C) INTERPACE STANDARDS LIKE EDIFP {(ELECTRONIC
DESIGN INTERFACE PORMAT) THAT BLEND SCPTWARE CAPABILITIES
DEYELOPED BY COMPANIES INTERNALLY AND THOSE PURCHASED
COMMERCIALLY: (SLIDE €6D) AND ASICs THAT CAN CONSCLIDATE BOARDS OF

CHIPS INTC ONE SMALL, NEAT PACKAGE,

THE IC INDUSTRY HAS ALWAYS HAD AS ITS UNWRITTEN MOTTO, (SLIDE 7A):
"FASTER, (SLIDE 7B) CHEAPER, (SLIDE 7C) SMALLER."™ THOSE OF US IN
ASIC HAYE TAKEN THAT MOTTO LITERALLY AND DEVELOPED CHIPS THAT
REFLECT SYSTEM USE RATHER THAN INDIVIDUAL COMPONENT PUNCTION.
(SLIDE 8) WHILE STANDARD PRODUCT MANUFACTURERS ARE FOCUSIﬁG ON

DEVELOPING COMPLEX MICROPROCESSOR CHIPS, WE ARE SHRINKING THEM TO

SINGLE CELLS THAT ARE CONLY ONE PART OF ONB CHIP. AND YOU ARE AN
INTEGRAL FORCE IN THAT CAPABILITY BECAUSE YOU HAVE OBVIOUSLY

ADHERED TO THE SAME MOTTO. 1IN LESS THAN A DECADE, (SLIDE 9A)YOU
HAVE TAKEN IC DESIGN TECHNOLOGY FROM HUGE MAINFRAMES TO (SLIDE

9B) DESKTOP PCsa.
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YOU HAVE FORGED THE TECHNOLOGY TO PUT SOPHISTICATED DESIGN TOOLS
ON THE DESKS OF ALL SYSTEMS ENGINEERS IN WHAT WE AT GOULD AMI
REFER TO AS "DESKTOP IC DESIGN." AND YOU HAVYE DEVELOPED THE
SYSTEMS THAT ARE THE TOOLS FOR OUR ENGINEERS TO SHRINK CHIPS TO
CELLS. BECAUSE OP YOUR ACHIEVEMENTS, WE FOUNdRIES CAN PROVIDE
THE COMPONENTS AND DEVELOP THE FABRICATION TECHNOLOGY TO LEAD

SYSTEM MANUPACTURERS INTO THE FUTURE.

FROM THAT MORE GLOBAL PERSPECTIVE, LET'S TAKE A LOOK AT THE
PRESENT SCENARIO AND HOW ONE ASIC POUNDRY SEES CAD VENDORS

SHAPING THE PUTURE WITH TODAY'S TOOLS.

o

. TODAY, WE ARE SEEING SEYERAL EFFECTS OF CUSTOMER DEMANDS FOR NEW
PRODUCTS. FPOR EXAMPLE, (SLIDE 1@A) SYSTEM COMPANIES ARE PACED
WITH EVER DECLINING SYSTEM LIPE CYCLES, (SLIDE 1¢B) COUPLED WITH
THE CONTINUING PRESSURE TO INCREASE THE PACE OF NEW PRODUCT
INTRODUCTION (SLIDE 11). THIS SITUATION, IN TURN, (SLIDE 14C)
PRESSURES COMPANIES TO REDUCE SYSTEM DEVELOPMENT SPAN TIME,
THATIS, THE TIME WHEN A MANUPACTURER IDENTIFIES A MARKET NEED TO

THE ACTUAL MARKET INTRODUCTION OF A NEW PRODUCT.

l i
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(SLIDE 10D) AS SYSTEM DEVELOPMENT SPAN TIMES DECLINE, THEN SO DO
THE SPAN TIMES THAT CAN BE ALLOWED FOR DEVELOPMENT OF THE SYSTEM
COMPONENTS. THIS CONSTANT URGENCY TC INTRODUCE NEW PRODUCTS
RAPIDLY WAS ITSELF CONVERTED BY THE CAD INDUSTRY INTO A NEW
MARKET OPPORTUNITY. YOU HAVE CREATED THE DESIGN TOOLS WHICH
INCREASE PRODUCTIVITY AND WHICH ALLOW DESIGN TASKS TO BE DONE IN
SHORTER AND SHORTER SPAN TIMES -- THUS ENABLING SYSTEM COMPANIES
TO MEET THE PRESSURES OF CUSTOMER DEMAND AND COMPETITION WITHOUT
HAVING TO DEPEND SOLELY ON THE EXPENSIVE AND SPACE-CONSUMING
PROCESS OF USING MULTIPLE STANDARD PRODUCTS TO PERFORM FUNCTIONS

WHICH COULD BE DESIGNED INTO A SINGLE CHIP.

{(SLIDE 12) A SECOND FACTOR PRESSURING SYSTEMS COMPANIES IS THE
COMPETITION OF COST. TO BE A LEADER REQUIRES BOTH UNPARALLELED
SYSTEM CAPABILITY AS WELL AS COMPETITIVE PRICING. SYSTEM
COMPANIES HAVE, THEREFORE, ALWAYS TURNED TO HIGHER LEVELS OF
INTEGRATICN TC REDUCE SYSTEM PART COUNTSE. JUST AS THE CAD
BUSINESS TOOK THE PROBLEM OF DECREASING LIFE CYCLES AND TURNED IT
INTO A MARKET OPPORTUNITY, SO TOO HAVE WE IN THE COMPONENTS
BUSINESS TAKEN THE NEED FOR GREATER LEVELS OF INTEGRATION AND
PROVIDED CUSTOMIZED CIRCUITS THAT USE VLSI TECHNOLOGY TO PROVIDE

THESE BENEFITS TC CUSTOMERS.
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(SLIDE 13) THE USE OF ASICs AS SOLUTIONS TO SYSTEM PROBLEMS HAS
SEVERAL KEY ADVANTAGES WHEN COMPARED WITH STANDARD PRODUCT IC
SOLUTIONS. THESE ADVANTAGES HELP CUSTOMERS WITH THEIR MARKET
NEEDS WHILE COMPLEMENTING AND EXPLOITING THE BENEFITS OF CAD
DEVELOPMENTS. (SLIDE 14) PIRST, ASICs ARE OBVIOUSLY JUST THAT:

SYSTEMS SOLUTIONS RATHER THAN COMPONENT-FUNCTION SOLUTIONS.

(SLIDE 15) NEXT. TODAY'S ASIC DEVICES ALLOW HIGH LEVELS OF
INTEGRATION AS MEASURED IN TERMS OF GATE EQUIVALENTS. TODAY'S
PRODUCTION 2u CMOS DOUBLE-LAYER METAL PROCESSES ALLOW THE
IMPLEMENTATION OF MORE THAN 10,200 GATES IN A GATE ARRAY -- MORE

. IN A STANDARD CELL CIRCUIT.
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(SLIDE 16) THE USE OF ASICs IS BEING PROPELLED BY GREATLY REDUCED
DESIGN COSTS AND SPANS FOR IMPLEMENTING DESIGN IDEAS AS
CUSTOMIZED ICs. THESE REDUCED COSTS AND SPANS ARE PRIMARILY THE
RESULT COF IMPROVED CAD SOFTWARE SYSTEMS THAT GUARANTEE ACCURATE
COMPUTER SIMULATICN OF THE DESIGN AND ENSURE THAT THE ASIC MASK
DESIGN CREATES A CIRCUIT WHOSE SILICON BEHAVICR EXACTLY MATCHES
COMPUTER SIMULATION CF THE DESIGN. IN COTHER WORDS, ¥YOU HAVE
GIVEN ENGINEERS THE TCCLS TO DO THEIR BREADBOARDING ON A COMPUTER
RATHER THAN SITTING AT A BENCH AND LITERALLY HANDWIRING

COMPONENTS TO A WIREWRAP BOARD AND THEN TESTING IT. (SLIDE 17)
THE CONCEPT OF USING COMPUTER SIMULATION TO YALIDATE A DESIGN AND;
THEN USING THE YERIFIED DESIGN DESCRIPTION TC CREATE THE MASK
DESIGN IS OFTEN CALLED "CORRECT-BY-CONSTRUCTICN,"™ BECAUSE IT .

ENSURES THAT IF THE LOGIC DESIGN IS DONE CORRECTLY, THE SILICCN

WILL WORK THE FIRST TIME. AND IT IS A CAPABILITY AVAILABLE HOW.

(SLIDE 18) ANOTHER MAJOR FPACTOR THAT IS CAUSING THE USE OF ASIC
DEVICES TO GROW IS THE TREMENDOUS EXPANSION OF THE INSTALLED BASE
OF ENGINEERING WORKSTATICONS. YOU CAD VENDORS HAVE PLACED ASIC
DESIGN WITHIN THE REACH OF SYSTEMS DESIGNERS. (AS AN ASIDE, I'LL
SAY THAT WE IC VENDORS APPLAUD THAT BECAUSE WHEN THE CAD TOOLS
ARE IN THE HANDS OF SYSTEMS DESIGNERS, THEN SC TCO ARE ASICs.,
AND WE CAN USE OUR RESOQURCES FCR PFABRICATICN, WHICH IS OUR

BUSINESS, AND USE QUR ENGINEERING RESCURCES TO CREATE NEW

COMPONENTS FOR LIBRARIES ACCESSIBLE BY ALL, NOT JUST ONE

CUSTOMER. ) .
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{SLIDE 19) IT IS ALSO IMPORTANT TO NOTE THAT THE INCREASED
PROPRIETARY PROTECTION AFFORDED BY ASIC DEVICES ALSO FUELS THEIR
FOPULARITY. A DESIGN WHICH IS CONTAINED IN AN ASIC DEVICE IS

- MORE DIFFICULT TO COPY THAN THE SOFTWARE IN A STANDARD
PRODUCT-BASED MICRO P/C-BASED SYSTEM SOLUTION. THUS, SYSTEMS

COMPANIES GAIN ANOTHER COMPETITIVE EDGE.

{SLIDE 20) FINALLY, THE TREND TOWARD ASIC IS GATHERING MOMENTUM
BECAUSE OF THE EXPLOSION IN THE USE OF PC-BASED DESIGN TOOLS.
COMPANIES LIRKE FUTURENET, P-CAD, VIEWLOGIC AND OTHERS AGAIN SHOW
HOW A NEW MARKET SEGMENT WAS CREATED BY EXPLOITING A GIVEN :
SITUATION. THE PERVASIVE PC's, USED AS OFFICE TQOLS TO REPLACE
. TYPEWRITERS AND CALCULATORS, HAVE BECOME PERSONAL ENGINEERING
WORKSTATIONS FOR DOCUMENTATION, COMMUNICATION, AS WELL AS
ENGINEERING TASKS SUCH AS PC BOARD DESIGN AND SOPHISTICATED IC
DESIGN. JUST THINK, THREE YEARS AGO CUSTOMIZED ICs WERE THE
SEMICONDUCTORS OF THE KNOWLEDGEAELE FEW. TODAY, THEY CAN BE

OBTAINED BY ANYONE WHO HAS A PC AT HIS DESK.
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IT IS CLEAR THAT SHORTENING SYSTEM DESIGN TIMES AND LIFE CYCLES
WILL INCREASINGLY CAUSE POCUS ON REDUCING SYSTEM DEVELOPMENT SPAN
TIMES, AND THE TREND TOWARD THE USE OF ASICs WILL CONTINUE TO
CREATE DEMAND FOR CAD CAPABILITY THAT IS COMPLETE IN TERMS OF THE
DESIGN FUNCTICNS SUPPCRTED AND FAST IN TERMS CF THE TIME IT TAKES

TO PERFORM A GIVEN SET OF FUNCTIONS.

(SLIDE 22) AT ANY POINT IN TIME, THE MOST COMPLICATED ASIC
DEVICES REQUIRE LEADING-EDGE CCMPUTING POWER TC KEEP DEVELOPMENT
SPANS WITHIN REASCN. TCDAY'S MCST COMPLICATED CHIPS ARE BEING
DESIGNED POR USE IN TOMORROW'S MOST COMPLICATED SYSTEMS. AND

THIS Is A NEVER-ENDING CYCLE.

OUR WORLD TODAY: (SLIDE 23A) SHORT SYSTEM LIFE CYCLES, (SLIDE

23B) SHORT DESIGN TIMES, (SLIDE 23C) HIGHER LEVELS OF
INTEGRATION, (SLIDE 23D) GROWTH OP THE ASIC MARKET, (SLIDE 23E)
PERVASIVENESS OF WORKSTATIONS AND PCs, (SLIDE 23F) INCREASED
PROPRIETARY IC DESIGN THROUGH USE OF CUSTOMER DESIGNED ASICs,
(SLIDE 23G) REDUCED COSTS OVERALL -- ALL OF THESE FACTORS HAVE

EITHER BEEN CREATED OR EXPLOITED BY YOU TO THE BENEFIT OF SYSTEM

COMPANY CUSTCMERS AND THE IC INDUSTRY.

- 10 =
Dataquest tncorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 / (408) 971-9000 / Tetex 171973



WITH PROGRESS, HOWEVER, ALSO COMES CHALLENGE. AND TODAY YOU
COLLECTIVELY FACE A NUMBER OF SIGNIFICANT CHALLENGES. THE FIRST
CHALLENGE YOU MUST MEET IS OF YOUR OWN MAKING, {(SLIDE 24) DUE TO
COMPETITION AND A DESIRE TO DISTINGUISH ONESELF FROM THE
COMPETITION, YOU HAYE COLLECTIVELY OVERSOLD WORKSTATION
CAPABILITY.I WILL REFER TO THIS CHALLENGE BY USING THE
EUPHEMISTIC TERM, “THE GREAT PROMISES OF CAD MARKETING." A MORE
CIVIL TERM FOR “THE BIG LIES." NOW DON'T CRINGE -- YOU'RE
CERTAINLY NOT ALONE IN THIS PHENOMENON AS THE IC INDUSTRY ITSELF
HAS, UPON OCCASION (REALISTICALLY MORE OFTEN THAN NOT), OVERSOLD
BOTH CAPABILITY AND AVAILABILITY. AND WE, TOO, HAVE HAD TO PAY

THE PRICE.

SOME OF THE GREAT PROMISES ARE THESE:

(SLIDE 25) o “WE HAVE A FULLY INTEGRATED SYSTEM WITH A COMMON

DATABASE."

(SLIDE 26} ¢ "WITH A PC ON YOUR DESK, YOUR DESIGN PROBLEMS ARE

OVER."

(SLIDE 27) o "OUR WORKSTATION SOFTWARE CAPABILITIES ARE

VIRTUALLY UNLIMITED." AND..."IF YOU DON'T SEE IT NOW, WE'LL HAVE

IT IN THE NEXT SYSTEM RELEASE, MAYBE NEXT QUARTER."
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(SLIDE 28) o AND THEN THERE'S THE "OPEN ARCHITECYURE" PROMISE
SO YOU WANT TO USE YOUR IN-HOUSE SOFTWARE FOR SOME FUNCTIONS --

NO PROBLEM."

o "“OUR SILICON COMPILER ALLOWS YOU TO GO DIRECTLY
FROM A HIGH-LEVEL HARDWARE DESCRIPTION LANGUAGE TO A TOOLING
TAPE, WHICH WILL =-- OF COURSE =-- PRODUCE WORKING FIRST SILICON IN

THE FOUNDRY OF YOUR CHOICE."

{SLIDE 29} o "OUR SYSTEM IS SO USER FRIENDLY THAT TRAINING IS

SUPERFPLUOQUS,."

WE'VE ALL HEARD THESE PROMISES, AND WE ALL KNOW THAT NONE OF THEM
IS COMPLETELY TRUE. THE CHALLENGE THEN IS TO MAKE THESE PROMISES
A REALITY AND THEN RAPIDLY FORGE AHEAD WITH NEW ADVANCES SO THAT
USERS CAN CONTINUE TO INCREASE THEIR CAPABILITY AND MEET THE

EXPECTATIONS WHICH HAVE BEEN LAID OUT FOR THEM.

(SLIDE 30) THE SECOND CHALLENGE IS TO ELIMINATE VERTICAL FOCUS:
THAT IS, CONCENTRATING SO HEAVILY ON YOUR OWN PRODUCT MIGRATION
PLANS THAT YOU FORGET THAT CUSTOMERS DRIVE EACH OF US TOWARD

SIMPLICITY AND OPEN SYSTEMS CAPABILITY. AFTER ALL, IT WAS THE
CUSTOMER'S NEEDS IN THE FIRST PLACE THAT HAVE DRIVEN US TO THE

PRESENT PROMISING OPPORTUNITY.
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THIS CUSTOMER-DRIVEN INFLUENCE IS MOST OBYIOUS IN THE TREMENDOUS
INTEREST IN THE (SLIDE 31) CONCEPT OF SILICON COMPILATION. WE

ALL KNOW THAT SILICON COMPILATION IS IN ITS INFANCY AND PROBABLY
STILL A FEW YEARS OFF AS AN ACROSS-THE-BOARD ALTERNATIVE IN ASIC
DESIGN. THE CURRENT INTEREST IN SILICON COMPILATION IS SO GREAT -
THAT IC VENDORS HAVE ESTABLISHED RELATIONSHIPS WITH THE SILICON
COMPILATION COMPANIES FOR FOUNDRY SERVICES NOW —- EVEN THOUGH THE
ACTUAL NUMBER OF CIRCUITS IN PRODUCTION THAT HAVE BEEN DEVELOPED

THROUGH THIS METHOD IS MINUTE COMPARED TO TOTAL ASIC PRODUCTION.

(SLIDE 32) THIS INTEREST IN SILICON COEPILATION I3 BECAUSE
SYSTEMS ENGINEERS ARE MUCH LIKE CONSUMERS IN THEIR ATTITUDE
. TOWARDS DESIGN TOOLS. JUST AS APPLE, IBM AND OTHERS HAVE LEARNED

THAT CONSUMERS DO NOT WANT TO BE QUASI-PROGRAMMERS IN ORDER TO
USE A PC, SO ARE ENGINEERS TELLING US THAT THEY DO NOT WANT TO
BECOME IC DESIGNERS IN ORDER TO DESIGN ASICs FPOR THEIR SYSTEMS.
THEY WANT THE BENEFITS OF CUSTOMIZED CHIPS WITHOUT THE
COMPLEXITY, HIGH COST, LONG DEVELOPMENT TIMES, INTENSE

ENGINEERING EFFORT, AND PLAIN HASSLE.
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(SLIDE 33) THE ASIC DESIGNER WANTS SIMPLICITY AND A FULLY
AUTOMATED DESIGN SYSTEM WHERE COMPUTING POWER CAN BE MATCHED TO
THE PROBLEM TO (SLIDE 34) OBTAIN THE SPAN TIME REQUIRED BY THE
DEMANDS OF THE MARKET. IF THE USE OF ASIC DEVICES IS TO CONTINUE
ITS MUSHROOMING GROWTH, (SLIDE 35) THE CAD SYSTEMS AVAILABLE NOW
MUST BE EASILY INTERCONNECTED, (SLIDE 36) CHEAP ENOUGH SO ALL OF
THE ENGINEERS IN A COMPANY HAVE INDIVIDUAL ACCESS TO THEM,(SLIDE
37) AUTOMATED FOR LOW COST SO DEVELOPMENT SPANS ARE COMPETITIVE
WITH THE READY AVAILABILITY OF STANDARD PRODUCTS AND ELECTRICALLY
PROGRAMMABLE LOGIC DEVICES. AND THIS WILL HAPPEN, BECAUSE OUR
CUSTOMERS DEMAND IT AND, TOGETHER, YOU CAD VENDORS AND WE ASIC :
FOUNDRIES HAVE THE TECHNOLOGY TO MAKE IT WORK. THAT KNOWLEDGE IS
THE BASIS FOR OUR MOVE INTO THE FUTURE. YOUR ROLE IN BRINGING IT

ABQUT WILL BE EVEN GREATER THAN OURS.

LET'S SEE HOW I BELIEVE THE FUTURE SCENARIO WILL UNFOLD. (SLIDE
39A) WE ALL KNOW THAT FULL-SERVICE ASIC VENDORS AND SYSTEM
MANUFACTURERS WHO ARE CURRENTLY DESIGNING ASIC DEVICES BOTH
REQUIRE A CAD DESIGN ENVIRONMENT CONTAINING (SLIDES 39B - F)
YARIOUS LEVELS OF COMPUTE CAPABILITY. THE DESIGHER MUST HAVE THE
CAPABILITY TO MATCH THE POWER TO HIS PROBLEM:; THAT IS, TO USE
THAT FUNCTIONAL CAPABILITY AND ASSOCIATED COMPFUTE POWER WHICH
WILL PROYIDE THE NECESSARY CONTROL IN THE REQUIRED SPAN TIME POR

A PARTICULAR TASK.
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NOW THE CAD INDUSTRY HAS ALREADY CREATED THE ASIC DESIG& PRODUCTS
THAT LAY THE GROUNDWORK FOR AN IDEAL DESIGN ENVIRONMENT. BUT
THERE IS A MISSING LINK. IF YOU REMEMBER THE BIG LIES, OR
MARKETING PROMISES, YOU WILL RECALL THAT WE SAID (SLIDE 49A) PCs
ON EVERYONE'S DESK (SLIDE 49B), PULLY INTEGRATED SYSTEMS (SLIDE
49C), OPEN ARCHITECTURES (SLIDE 49D), UNLIMITED WORKSTATION
CAPABILITY (SLIDE 49E), AND USER FRIENDLINESS -- ALL AT A COST
PURCHASING AGENTSE WOULD DIE FOR -- WERE HERE ALREADY AND SOLYED
ALL OF THE CUSTOMERS' PROBLEMS. THEY DON'T. THEY ONLY SOLVE
HALF OF THEM. BECAUSE THOSE PROMISES ADDRESS THE PROBLEMS OF
INDIVIDUAL DESIGNERS DOING WORK INDIVIDUALLY (SLIDE S@A}. AND
SYSTEMS DESIGN IS THE RESULT OF TWO TEAM EFFORTS: A TEAM OF
ENGINEERS AT A SYSTEM MANUFACTURER WORKING IN CONCERT WITH A TEAM
OF ENGINEERS AT THE FOUNDRY. (SLIDE 51) THE MISSING LINK TO THE
IDEAL ASIC DESIGN ENVIRONMENT THAT CAD WILL SHAPE IS... (SLIDE

52) NETWORK TECHNOLOGY SUPPORTED BY AN OPEN SYSTEMS CONCEPT.

NETWORK TECHNCLOGY IS THE ANSWER AND IT'S AVAILABLE NOW -—- IF CAD
VENDORS CHOQOSE TO TAKE ADVANTAGE OF IT. AND YOU MUST UTILIZE IT
IF YOU ARE TO MAKE GOOD YCUR PROMISE OF AN OPEN SYSTEM

ARCHITECTURE.
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NETWORKING TECHNOLOGY WILL EVOLVE IN TWO WAYS. (SLIDE 53) THE
FIRST IS BY USING THE CONCEPT OF OPEN ARCHITECTURE TO ITS FULLEST
MEANING. ASIC DESIGNERS CAN CREATE A NETWORK TAILORED TO THEIR
NEEDS IN THE FOLLOWING MANNER: FIRST, THEY CAN SELECT THE
COMMERCIALLY AVAILABLE CAD SYSTEMS NECESSARY TO MEET THEIR
PARTICULAR NEEDS. THIS CAN BE A MIX OF PCs, WORKSTATIONS,
SILICON COMPILER SYSTEMS AND OTHER DESIGN SYSTEMS ALREADY IN
PLACE. (SLIDE 54) NEXT THEY CAN INTEGRATE THEIR INTERNALLY
DEVELOPED SOFTWARE WITH THESE SYSTEMS., (SLIDE 55) THE RESULT IS
AN OUTPUT OF DESIGN DATA THAT INTERFACES WITH THE COMPANY'S
UNIQUE MANUFACTURING AND TESTING REQUIREMENTS. (SLIDE 56) OPENW
SYSTEMS ARE A KEYSTONE TO ENSURE THAT DATA CAN BE PASSED AMONG
DISSIMILAR COMPUTERS RUNNING DIFFERENT APPLICATION SOFTWARE UNDER
DIFPERENT OPERATING SYSTEMS. SOME OF THE SOFTWARE WILL
NECESSARILY BE COMMERCIALLY DEVELOPED AND SOME OF IT WILL
NECESSARILY BE DEVELOPED INTERNALLY =-- AS THE DESIGN TASKS

DICTATE.
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THE OPPORTUNITY IS GREAT ... AND SO ARE THE EXPECTATIONS! USERS
WILL TIRE OF PROMISES NOT KEPT AND INFLATED PERFORMANCE CLAIMS.
IF THE CAD INDUSTRY DOES NOT CREATE AN OPEN SYSTEMS ENVIRONMENT,
USERS WILL EVENTUALLY FORCE THE SITUATION BY CREATING THESE
NETWORKS THEMSELVES. AND THEN YOU WILL HAVE THE SAME SCENARIO I
DESCRIBED AT THE BEGINNING OF MY SPEECH: NEW TECHNOLOGY BEING
DRIVEN BY CUSTOMER PRESSURES RATHER THAN YOUR INDUSTRY SHAPING
CUSTOMER ADVANCEMENTS. (SLIDE 57A) THE SUCCESSFUL CAD VENDOR
DOES NOT GIVE LIP SERVICE TO THE NEED FOR OPEN SYSTEMS DESIGN

ENVIRONMENT, BUT PROVIDES ASIC DESIGN CAPABILITIES WHICH CAN BE

(¥

EASILY INTEGRATED INTO SUCH A DESIGN ENVIRONMENT. I

. (SLIDE 57B) YOU MUST ALSO PROVIDE THE HARDWARE INTERCONNECTION
CAPABILITY TO SUPPORT THE MAJOR NETWORKING PROTOCOLS SUCH AS
ETHERNET AND THE TOKEN-PASSING BUS AND RING STANDARDS. (SLIDE
57C) IN ADDITION, YOU MUST DRIVE THE CREATION OF DATA FORMAT
INTERCHANGE STANDARD SUCH AS EDIF IN ORDER TO ENSURE THAT FILES

CAN BE READILY PASSED ACROSS THE NETWORK.
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{SLIDE 58) AS FOR THE ASIC VENDORS, WE MUST BE PREPARED TO
SUPPORT THE STANDARD DATA IHNTERCHANGE PFORMATS TO ENSURE THAT
DESIGN DATA CREATED IN THE DESIGN NETWORK ENVIRONMENT CAN BE

READILY TRANSFERRED TO OUR FOUNDRIES FOR SILICON FABRICATION.

(SLIDE 59) TO CREATE A TRUE OPEN SYSTEMS NETWORK, EVERY CAD
VENDOR MUST RECOGNIZE THAT IT ALONE IS NOT LIKELY TO CREATE THE
GALACTIC ASIC DESIGN ENVIRONMENT. (SLIDE 60) THE BREADTH OF
DESIGN TASKS AND THE TAILORING OF THE DESIGN EFFORT TO SPECIFIC
IC MANUFACTURING AND TEST CAPABILITY MAKE IT UNLIEELY THAT ANY
SINGLE YENDOR CAN ENTIRELY SOLVE THE PROBLEM. CO-EXISTENCE WITH -

OTHER VENDORS AND WITH USER SOFTWARE IS REALISTIC AND ESSENTIAL

+++ APTER ALL, THE LEVELS OF COST, CAPABILITY AND APPLICATION h .
AMONG SYSTEMS COMPANIES WILL ALWAYS DIFFER SIGNIFICANTLY ENOUGH,

S0 THE COMPLEMENTARY USAGE OF TOOLS IS THE IDEAL.
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(SLIDE 61A) THE TIME HAS COME TO TAKE THE BUILDING BLOCKS OF AN
ASIC DESIGN ENVIRONMENT AS CREATED BY THE COMMERCIAL CAD VENDORS
(SLIDE 61B), COUPLE THEM WITH TODAY'S NETWORK TECHNOLOGY AND
EMERGING STANDARDS FOR DATA INTERCHANGE. AND CREATE THE IDEAL
ASIC DESIGN ENVIRONMENT (SLIDE 62). ONLY THROUGH REALIZING
PROMISES MADE BY THE CAD INDUSTRY WILL THE INDUSTRY CONTINUE TO
GROW. THESE PROMISES CANNOT BE KEPT IN A CLOSED SYSTEM
ENVIRONMENT. WE ASIC VENDORS LOCOK NOT TO A STANDARD PRODUCT FOR
OUR FUTURE GROWTH, BUT TO YOUR CONTINUED SUCCESS IN CREATING

PROGRESS THROUGH CAPABILITY. (SLIDE 63) ASIC IS OUR RISING SUN.

*
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Reduced Componeni Development Spans



..
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ASIC Advantages
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System Solutions
@
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Success The First Time
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Installed Base of CAE Workstations

CAE Warkstations

150000
135000
120000
105000

30000
15000

(Units)

1983

1684 1985 1986 1967 1988

Source: Technology Reseasch Group
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Proprietary Protection
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installed Base of CAE Stations

Thausands of CPUs
12

0
JUNE DEC JUNE DEC
1984 1984 1985 1985

Source: The Technology Research Group, 1985



1987

1986

f CAE Workstations

Sharing o
1985

1984

Source: The Technology Research Group

Users per Workstation
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Mainframes

o
3
n.w.
g

Superminis

Waorkstations

Increasing

Gate Complexity

Hours
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- Fully Integrated System
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Unlimited Capability
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Simplicity
Open Systems Capability
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Interconnected
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Reasonably
Priced
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Automated
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Networking
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¢ Open Systems -
¢ Hardware Interconnection
¢ Data Format Interchange Standards



Support Interchange Formats
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USER INTERFACES IMPACT PRODUCTIVITY

David L. Balley
Presgident and Chlef Executive Officer
Cericor Incorporated

Mr., Bailey 1s President and Chlef Executive Officer of Cericor
Incorporated. Before jolning Cericor, he was founder, President, and
Chief Executlive Offlcer of IOMEGA, a wmultimillion dollar computer
company. There he was responsible for funding, hiring key personnel,
managing product development, and establishing marketing strategles for
the United States and Europe. Prior to that, Mr, Balley was with IBM for
15 years at various management levels with a wide variety of computer
producta.

Dataquest Incorporated
DESIGN AUTOMATION FOCUS CONFERENCE
December 9 and 10, 1985
Palo Alto, California
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THIS PRESENTATION WAS NOT AVAILABLE
IN TIME FOR PUBLICATION.

A COPY WILL BE MAILED TO YOU WHEN
DATAQUEST RECEIVES IT FROM THE SPEAKER.
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WHERE ARE MPU'S GOING?

Mel ThompsSen
Assoclate Director
Semiconductor Industry Service
Semiconductor Application Markets Service
Dataquest Incorporated

Mr. Thompsen ls Associate Director of Dataquest's Semiconductor Industry
Service and the Semiconductor Application Markets Service, He Iis
responsible for analyzing the market environment and future technology
trends for microprocessors, microcontrollers, and microperipherals.
Previously, he held positions as Pield Applications Engineer and later as
Product Marketing Manager for Zilog, Inc. There he had marketing
responsibility for microcomputer boards, memory components, and
microperipheral components. Mr. Thompsen was also a Product Marketing
Manager for Aehr Test Systems and was responsible for marketing dynamic
burn-in systems used for reliability testing of digital integrated
clrcuits. He has also held positions as a Senior Design Engineer at
Heathkit, and as a Design Englneer at Magnavox, In¢c. and at Sylvania
Systems Division. Mr, Thompsen received a B,.S,E.E, degree from the
University of Michigan and an M.3.E.E. degree from Purdue University.

Dataquest Incorporated
DESIGN AUTOMATION POCUS CONFERENCE
December 9 and 10, 1985
Palo Alto, California



NEW DIRECTIONS
IN SILICON

Semiconductor Industry Service
Dataquest Incorporated

s
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TWO DRIVING FORCES IN THE SEMICONDUCTOR
INDUSTRY HAVE BEEN THE ABILITY TO PUT
EVER-INCREASING NUMBERS OF TRANSISTORS
ON A SINGLE DIE AND THE ABILITY TO
MANUFACTURE THOSE DICE FOR LOWER

AND LOWER COSTS. |
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PHYSICAL PARAMETER CHANGES
FROM 1959 TO 1975

PARAMETER CHANGE

FEATURE SIZE 11% DECREASE PER YEAR

COMPONENTS/UNIT AREA INCREASE 8.7 TIMES PER
DECADE

DIE AREA 9% INCREASE PER YEAR

COMPONENTS /CHIP INCREASE 5.7 TIMES PER
DECADE

THE NUMBER OF COMPONENTS PER CHIP HAS INCREASED

. BY A FACTOR OF 49 EACH DECADE.

Source: DATAQUEST
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NUMBER OF TRANSISTOR FUNCTIONS

4M BIT
107_ 1M BIT
266K BIT@ ’.’
108+
MEMORIES (RAM)
106- @3z2nmr7
104_
109~ @ CALCULATOR CHP
2-1
10 PROCESSORS
10 ~
{1 - Small=~scale Medium=scale Large=scale Very-large—scale
integration Integration mtegration Integration
0

1960 1965 1970 1975 1980 1985 1990
Year of Introduction Sowrce: Siemens
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SCIENTISTS HAVE PREDICTED
THAT BY 1999, THE INDUSTRY
WILL BE ABLE TO PUT A
BILLION TRANSISTORS ON A CHIP.

-5 -
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A BILLION TRANSISTORS REQUIRES
TRANSISTORS WITH 0.3 TO 0.4u
CHANNEL LENGTHS.

TRANSISTORS WITH 0.5u CHANNEL
LENGTHS ARE ALREADY WORKING
IN THE LABORATORIES.
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A BILLION TRANSISTORS IS:

® 64 TO 125 MEGABYTES OF ROM
® 32 MEGABYTES OF DRAM

® 8 MEGABYTES OF SRAM

@ .
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5 TO 10 MILLION LOGIC GATES
100K GATES = 1 CPU

A BILLION TRANSISTORS IS
A FEW MAINFRAMES PER CHIP

s @
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4000 68020 MICROPROCESSORS
1,000 VAXs
200 AMDAHL 580s
100  SIERRAS
20 CRAY lis

Souwce: DATAQUEST
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FUTURE INTEGRATED CIRCUITS

® REDUNDANCY

® SELF TEST AND DIAGNOSTIC
® ADAPTIVE CIRCUITS

® SELF REPAIR?

S10- @
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FUTURE WORKSTATIONS

® PRODUCTIVITY
® MASSIVE CELLS

® EXPERT SYSTEMS
e HUMAN INTERFACE
¢ SIMULATION

@ n-
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NEW DIRECTIONS
IN SILICON

MEMORY
MICROPROCESSORS
GALLIUM ARSENIDE

®
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NEW DIRECTIONS
IN SILICON

MEMORY
MICROPROCESSORS
GALLIUM ARSENIDE
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NEW DIRECTIONS
IN SILICON

MEMORY
MICROPROCESSORS
GALLIUM ARSENIDE

®
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32~-BIT MICROPROCESSORS

NATIONAL SEMICONDUCTOR 32032, 32332

MOTOROLA 68020
AT&T 32100, 32200
TEXAS INSTRUMENTS 32032
FAIRCHILD CLIPPER
INMOS TRANSPUTER
INTEL 80386
ZILOG Z80000
. Source: DATAQUEST
. - 15 -
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ONIFIED DESIGN—IS IT FOR REAL?

James E. Solomon
President and Chief Executive Officer
SDA Systems

Mr. Solomon 18 President, Chief Executive Officer, and founder of SDA
Systems, Prior t founding SDA, he was reaponsible for the development
of several major product families at Natilonal Semiconductor Corporation.
These included digital signal processing, data acqguisition,
telecommunications, Bil-Pet, and other analog product families. Mr.
Solomon received a B.A. degree and a Master's degree 1In Electrical
Engineering from the University of California at Berkeley. He is an IEEE
Pellow and holds 23 patents in various electronic areas.

Dataquest Incorporated
DESIGN ADTOMATION POCUS CONFERENCE
December 9 and 10, 1985

. ) Palc Alto, California
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Outline

1. Tomorrow’s ASIC

2. The Productivity Issue

3. Super-Chip Design Methods
4. Unified Design

5. How Big is the Business?

6. Where is the Business Going?

A Bl R R E - S e



What Is Tomorrow’s ASIC?

The State-of-the-Art:
1.5 Micron CMOS, $500 wafers
Today: 500,000 Transistors/Chip
COST/CHIP = $50



super-Chip from View of
Board Designer:

¢ Economics are Overwhelming
- Cosl, Size, Performance

® But Needs Quick Turn-Around,
Low Risk



The ASIC Productivity Issue

For a 1,000,000 Transistor Chip:

¢ Can No Longer Design 4 Transistors/Day
- 1000 Man-Years/Chip

¢ Gate Array and Standard Cell Break Down
e Need New Design Method



The Essence of Super-Chip Design:.

o Let Designer Work at High Level

- Work with Large Well Understood Blocks
- Details Handled Automatically
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What Does a Macro-Cell
System Look Like?

For the System Designer:

e Schematics and Simulation -
e ALL Details of IC Design Hidden

- He Won't Pay Today’s Prices for Mask Details
- The System is 1 to 2 Years Away



The Macro-Cell CAD System
for the Foundry

. Library Development System
¢ Automatic Generation of Layout
¢ Modeling and Simulation









Does it Really
Matter if the System is Unified?



For Automated Million Transistor
Design, Unification is Critical:

¢ Huge Data Bases
¢ Fast Data Flow Between Tools
¢ Unified Human Interface

¢ The Designer is Completely Reliant
on Design System









Worldwide Revenues for ASIC Design
Systems Capacity Calculation

For:

45K Designs

5 Man-Mo/Design
$ 60K ASP per System

Total 3-Year Design System R

$ 754 Million

Chip Revenues 1986-88: $17 Billion

bvenues£




Worldwide Revenues for ASIC Design Systems
Based on Design Capacity to Support Chip Revenues

Revenues







Summary

e System Needs & ASIC Technology are
Driving Large ASIC's

® Large ASIC’s Force New Dasign Styles

e Current Foundry Tools are Inadequate
for Big Chips

e Initial ASIC CAD Opportunity: Foundries

e System Houses Buy Simplified Version
of Foundry System
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ASIC, USIC, or CSIC?

Douglas G. Fairbairn
Vice President of Deaign Technology
VL3I Technology Incorporated

Mr, Pairbairn is the Vice President of Design Technology at VLSI
Technology Incorporated (VTI}). He was a founder of VPI in 1980, and is
currently reaponsible for all IC design tool development, marketing, and
support, Before founding VTI, he was founder and publisher of VLSI
Design Magazine, which was 90ld to CMP Publications in 1963. |Mr.
Fairbairn was with Xerox Pale Alto Reserach Center from 1972 wuntil 1980.
While at Xerox, he served as Architect Project Manager for the

development of the Eirst 16-bit portable computer and for an advanced
office terminal system.

Dataquest Incorporated
DESIGN AUTOMATION FOCUS CONFERENCE
December 9 and 10, 1985
Pale Alto, California
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THE AGE OF PRODUCTIVITY. ..
DESIGN ALTERNATIVES BECOME SOLUTIONS
Dataquest Focus Conference

THE ASIC AND CAE REVOLUTIONS:
THE FIVE YEAR MILESTONE

DOUGLAS G. FAIRBAIRN
VLSI TECHNOLOGY, INC.

DECEMBER 10, 1985
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A SHORT HISTORY...

s MAJOR ASIC AND CAE COMPANIES ESTABLISHED
5 YEARS AGO.

e ESTABLISHED SEMICONDUCTOR AND CAD COMPANIES
ENTERED MARKET IN 1983-85

—z-

e SOME PRODUCTS HAVE ALREADY BEGUN TO LOOK LIKE
COMMODITIES

o FIRST ROUND OF DROP OUTS AND CONSOLIDATION COMPLETE

|

!
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ASIC VS. MICROPROCESSOR REVOLUTION
e MICROPROCESSOR TECHNOLOGY LEADERSHIP WAS
ESTABLISHED BY NEW COMPANIES

e MICROPROCESSOR MARKET FOCUS WAS SHARPER IN NEW
COMPANIES

e ESTABLISHED COMPANIES ADDED MICROPROCESSORS TO
COMPLEMENT PRODUCT LINES; FEW HAVE BEEN SUCCESSFUL

ASIC IS FOLLOWING THE SAME PATTERN

Feblzy §318L 0006~ LL6 180D
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AWAIT US DURING THE NEXT 5 YEARS?
o
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CHALLENGES: PHYSICAL DESIGN AND TEST

® WHAT METHODOLOGIES WILL DOMINATE?

. e WHO WILL SUPPLY THE SOLUTIONS?

o WHAT WILL BE THE RELATIONSHIP BETWEEN CAE AND
ASIC VENDORS? '

o WHO WILL GUARANTEE THE RESULTS?
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WHO WILL BE THE COMPILER SUPPLIERS?

o MOST SUPPLIERS WILL BE SEMICONDUCTOR COMPANIES
e SUPPLYING BUILDING BLOCKS IS TRADITIONAL ROLE
e CLOSEST TIE TO PROCESS TECHNOLOGY
o STRONG DESIGN SKILLS
o GUARANTEES TO USERS

o CHALLENGE: ATTRACTING AND INTEGRATING STRONG
SOFTWARE PERSONNEL

e ALL MAJOR SEMICONDUCTOR COMPANIES WILL BE SUPPLIERS

|
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SILICON COMPILATION SYSTEMS
HIGH LEVEL USER REQUIREMENTS

e EVOLUTIONARY VS. REVOLUTIONARY
GATE ARRAYS ~-»> STD. CELLS --> SILICON COMPILATION

« OPEN SYSTEM SUPPORT FOR
e HAND-CRAFTED CUSTOM
e STANDARD CELLS
e MEGACELLS
e MEMORIES (SRAM, E2, ETC.)
» ANALOG

» SECOND SOURCING (FOR QUOTES, NOT FOR SILICON! )
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WHAT WILL MAKE COMPILERS TAKE OFF?

® USER CONFIDENCE

o WIDER AVAILABILITY

- 01 -

o INTEGRATION WITH CAE

FULL AUTOMATION
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ASIC AND CAE ARE ENTERING A NEW
DOMAIN...PUSH-BUTTON PHYSICAL DESIGN

e AVAILABLE FOR GATE ARRAYS AND STANDARD CELLS
e FULLY AUTOMATED COMPILER-BASED DESIGN WILL FOLLOW

e WIDESPREAD ACCEPTANCE HAS NOT BEEN PROVEN
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PROJECTED MARKET SEGMENTATION: ASIC DESIGN TOOLS

*B" LEVEL
SYSTEMS

*A" LEVEL

SYSTEMS

1990
UNIT VOLUME

“p-

LEVEL DESCRIPTION

A

SCHEMATIC ENTRY AND
SIMULATION

"PUSH-BUTTON" PHYSICAL
DESIGN

PHYSICAL DESIGN AT
SYMBOLIC & FLOOR PLAN
LEVELS. NO XISTOR DESIGN.

IC DESIGN AT TRANSISTOR
AND POLYGON LEVELS

BBl
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TEST PROGRAM DEVELOPMENT CHALLENGE

o LACK OF KNOWLEDGE OF TEST-RELATED ISSUES
e BUILT~IN TEST
o AUTOMATIC TEST GENERATION
o FAULT GRADING

e AVAILABLE TOOLS HAVE BEEN
¢ TOO SLOW AND EXPENSIVE
e NOT ADEQUATE FOR THE JOB
» TOO DIFFICULT TO USE

» CRITICAL QUALITY ISSUE FOR ASIC VENDORS
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USER DESIGN WILL REQUIRE

_t“[_

NEW LEVEL OF COOPERATION

BETWEEN ASIC AND CAE VENDORS
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RAPID CHANGE IN TOOLS AND LIBRARIES

e DESIGN TIME

o EASE OF USE AND REDUCEDLEARNING TIME

« NEW COMPUTING TECHNOLOG

e DENSITY

e SPEED

» ANALOG AND ELECTRICALLY ERASEABLE

Ci6LL $995 L

~1
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CRITICAL TOOLe==LIBRARY INTERFA CES

SIMULATOR TIMING MODEL
FAULT MODEL

. PHYSICAL DESIGN CELL GEOMETRY
WIRE SPACING /CONTACT RULES
POWER DISTRIBUTION
LATCH UP/ESD RULES
¢ VERIFICATION TOOLS GENERAL LAYOUT TOOLS:
ELECTRICAL RULES
g.
Vis
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REALIZING THE OPPORTUNITY MEANS
MEETING THE CHALLENGES

e USERS WANT THE LATEST TECHNOLOGY AVAILABLE IN THE
MOST FLEXIBLE ENVIRONMENTS

s USERS WANT TO CONCENTRATE ON THE LOGICAL DESIGN

e USERS WANT GUARANTEES THAT THEIR DESIGNS
o CAN BE MANUFACTURED COST EFFECTIVELY
e WILL MATCH THEIR SIMULATED RESULTS
e ARE FULLY CHARACTERIZED AND TESTED
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VTI OFFERS AN ALTERNATIVE:

ER IN ASIC DESIGN TECHNOLOG

e WORLD CLASS WAFER FAB WITH GUARANTEE

» TOTAL SERVICE ORIENTATION
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VTI IC DESIGN TOOLS

Schematic
® Blocks
® Gates

® Transistors

_> VTlarray

VTlcell

> e Silicon Compilers
¢ Megacelis

Hierarchical
Simulation

¢ Standard Cells

VTllogic

VTicustom

|
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VTI'S VLSI DESIGN SYSTEM OFFERS

o CLOSEST TIE WITH THE LATEST TECHNOLOGY

e EASY-TO-USE PHYSICAL DESIGN TOOLS
o PUSH-BUTTON GATE ARRAY DESIGN
e PUSH-BUTTON STANDARD CELL DESIGN
o SEMI-AUTOMATED COMPILER-BASED DESIGN
o COMPILER GENERATION TOOLS

o SIMPLIFIED TEST PROGRAM DEVELOPMENT

o GUARANTEED RESULTS
o SIMULATION e DESJGN-RULE CHECKS
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occupy more than one hundred pages of schematic description, compared to a one or iwo page

description of a compiled circuit. As in the case of conventional word processors, making a

design change with a silicon compiler is simple and can be accomplished without having to

recheck the entire circuit. As designs progress 1o the 50,000 gate level and up, high level
. design methods become mandatory (see figure 1).

With more conventional methods of geometry layout, & skilled integrated circult designer can lay
down approximately ten transistors on an average day. Using the cumently available Silicon
Compiliers, a novice can lay down thousands of transistors per hour. These transistors can aiso
be assured of being design-ruls correct by construction. Thig very rapid geometry construction
pemits the integrated circuit designer to try many altematives, comparing the performance and
economic parameters.

Experiments with the Seattle Silicon compilers have demonstrated repeated decreases in silicon
arga from repeated trals. Experiments have shown that three or four trials usually achieve
optimum results. In the experiments, the optimum architecture or layout was 30 to 40 per-cent
smaller than the inltial trial (see figure 2). In fact, user gratification was so high, it was shown that
engineers did not want to stop experimenting with designs untll subsequent trials actuaily
resuited in layouts that were larger than the previous trials. Given the capabilty of silicon
compilers, it may be necessary for engineering management 10 impase more discipling in the
desigh process to cause the integrated circuit designers to stop designing when the resuftant
layout Is adequate, considering pertormance and dasign coét trade-offs.
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Layout 1 Layout 2 Layout 3

25,600 SQ. MILS 12,800 SQ. MILS 9,700 SQ. MILS

These figures ustrate how & designer using siicon compilation can optimize

chip size through architectural experimentation. in the above axample a singie

designer spent three days to optimize & multifunction automobile light controller
chp

Figure 2

ARthough the productivity improvements for skilled designers are impressive, the more important
capabilty of silicon compilers may be the extension of this capability to lessor skilled engineers.
Given that there are some 3to 5 thousand Inlegrated circuit designers in the world, the
| extension of this capability to a large new group of engineers makes custom integrated circuits
available to a much larger group of users. The extension of low cost custom integrated circuits 1o
new groups allows small companies and those companies who may have been low-tech to leap
Into a competitive position with the larger or more advanced companies who have aways
considered custom integrated circuits for appropriate applications. In a real sense, silicon
compilers increase the competitiveness of a very large number of electronics companies. This
increased competivenass will certainly have a beneficial impact on consumers who will now have a
greater group of suppliers to choose from. This increased competiveness will certainly create an
amray of products that will be unprecedentad. Product life cycles will shrink and the performance
and economic advantages of much more productive designs will be generally available. Afl
. companies will be compalied to use these more productive toois 1o remain competitive. it should
be pointad out that these toois are improving and gaining capability at a rapid pace. Therefore it

can be expected that these effects will be even more dramatic in the future.
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. Another impact that could be expected Is the creation of new start-up companies with relatively
little capitai. A new start-up could consist of only a few engineers capable of creating very
sophisticated electronic equipment without teams of technicians or draftsmen. Computer
verification is rapidly replacing breadboard testing permitting the creation of new companies with a
minimum of capltal.

When breadboarding is called for, these tools allow breadhoarding In sificon Instead of wire-wrap
or multi-layer boards. This has cost advantages as well as performance advantages, particularly
when high speed operation is required. In many cases, silicon breadboarding is lass expensive
than conventional methods and aiso Is capable of higher performance operation (see figure 3).

:!‘:
i

Sigma Research developed the above chip as an implemnentation of a Residue
Number System Ifor high-speed digital signal processing. TTL pans offered
no clear circuit design models. Therefore, the dasigner combined PLAs and
adders of varibus sizes and codings, then compiled and simulated the Irial
designs. This “silicon breadboarding” led to a chip which incorporates six PLAS
and five 5-bit adders.

Figure 3

The most productive aspect of sillcon compllers, however, may be the increased capability for
designers to put an entire system (including memory and analog) or major part of a systemon a
single chip. Reducing a sysiem to a single chip improves performance, reliabllity and size, and
lowers cost. incorporating all of the varlous circult elements on the single silicon chip also
eliminates the need for many of the package pins. Because the presence of the pins and the
required buffers inherently degrades performance, elimination of the requirement automatically
improves the circuit capabilty. Increased functionality, shorter design cycles and lower costs are
all benefits of Silicon Compilation, the new ASIC design methodology.
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DAISY SYSTEMS

Delivering Innovative Solutions
To Increase Engineering Productivily

CAE: A CHANGING MARKET
¢ CAE Recognized as Competitive Necessity
® Purchase Decisions Made at Corporate Level
¢ Complete CAE Environment Required

o Complete Application Spectrum Needed
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re=r APPLIES TO CAE .

¢ Low Cost PC-Based Design Station

¢ Fastest Accelerators

& Most Interactive Layout

® General Purpose Computing Piatform
® Access to Corporate Malnframe

THE IDEAL CORPORATE CAE
ENVIRONMENT

improved Productivity through'
¢ Same User [meriace
¢ Same Software (Ssme Results)
» Same CommunicationDistributed Hie System



PERSONAL LOGICIAN (DNIX)

e IBM PC AT +
Daisy Graphics

o UNIX Operating
System .

‘. Remote
. Execution
Capability

THE DESIGNER’S DREAM...
THE CORPORATE CAE SOLUTION

¢ Logician VX



THE Megal OGICIAN

@ General Purpose Design Automation
Accelerator

- Logie Simulation

- Timing Verification

- Fault Simulation

- Placement and Routing

@ Network Resource

ROLE OF MAINFRANE ...

 Bateh Processing
* Databese Management °



DESIGN MANAGER

¢ Electronic Database Nianage-

merm for Large Designs
e Change Managemeri—

Checi-Out:Check-in Control
& Freere and Release Control
¢ Three Levels of Proteciion

=0sta, Corruplion, Accese

DAISY'S OPEN SOLUTION

Maintreme DEC/IAM

VX Mods Maga VR Nads
Fessanst LAIC) Board Chip ancuireny
LOGICIAN v M |ocrcian Masier Mesiar uc::l.ll

o DMNEYDRIX AS Oves

¢ Wenticel Softewre (P, W, WAX, IF)
v Ocstriteated Dbty Over Bhwrnet-DECE

a Design Dedebass eagesest {D4)
s Accems to CADGANCAE Solleee















PRODUCTIVITY ALTERNATIVES:
DESIGN ALTERNATIVES
BECOME SOLUTIONS

CONFERENCE WRAP-UP

°
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PRODUCTIVITY ALTERNATIVES

HARDWARE

® COMPUTATIONAL ALIGNMENT
® PCs
e APPLICATION ACCELERATORS

® DECREASING PRICES/INCREASING
PENETRATION
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PRODUCTIVITY ALTERNATIVES

SOFTWARE

® HIGHER-LEVEL DESIGNS
® ANALYSIS

® OFFICE AUTOMATION

® DATA BASES

® USER INTERFACE

® ATG

®
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PRODUCTIVITY ALTERNATIVES

METHODOLOGY

® AUTOMATIC ROUTING

® SILICON COMPILATION

® SYSTEMS LEVEL DESIGN
® DISTRIBUTED PROCESSING
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1986 CAD/CAM
RESEARCH PROJECTS "
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1986 CAD/CAM
RESEARCH PLANS

FORECASTS:
® QUANTIFY SIMULATION MARKET

® QUANTIFY APPLICATION ACCELERATOR
- MARKET

® PUBLISH 1985 ACTUALS AND REVISED
FORECAST THROUGH 1990
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1986 CAD/CAM
‘RESEARCH PLANS

APPLICATION SURVEYS

® EDA END USER

® PRINTED CIRCUIT BOARD
- END USER
- SURFACE-MOUNTED DEVICES
- HYBRIDS

® ELECTROMECHANICAL STUDY -
® QUARTERLY FOCUS RESEARCH GROUPS
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1986 CAD/CAM
RESEARCH PLANS

NON-U.S. MARKETS

® EUROPEAN MARKET SHARES AND
FORECASTS .

" o JAPAN END=USER SURVEY

® TAIWAN, KOREA, AND SINGAPORE FAR
EAST MARKETS
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.. 1986 CAD/CAM
;- RESEARCH PLANS

.- .GENERAL BUSINESS

® CHANNELS OF DISTRIBUTION- STUDY
® QUARTERLY CAD/CAM MARKETMHEVIEWS
o DEMOGRAPHICS Cm v
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