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General Chair’sWelcome

General Chair’ s Welcome

Welcome to the 36th annual Design Automation Conference (DAC). DAC is organized to facilitate
technical interchanges among design automation researchers and developers, the engineers who use DA
systems, and the vendors who provide both DA systems and silicon. It has become the premier conference
for the presentation of research and development work in electronic design automation (as part of the
Design Tools track) and is quickly emerging as the preferred conference for presenting next generation
electronic circuits and systems design experiences (as part of the Design Methods track). DAC aso
continues to be the forum where the EDA industry exhibits leading edge products and makes new product
announcements. In its second year, Silicon Village ensures that silicon and |Pvendors are al so represented
at the conference.

These Proceedings, representing an outstanding technical program, were assembled under the leadership of
this year’s Co-Program Chairs, Randy Bryant and Bryan Ackland, and Panel Chair, Jim Rowson. 451
papers from around the world were submitted to the Design Tools and Desigh Methods tracks, and were
reviewed by over 700 EDA and system design professionas. These reviews, along with a detailed
examination by the Technical Program Committee, yielded the 154 papers included in this Proceedings and
to be presented at the conference. These papers are complemented by seven panel sessions, sixteen invited
papers, four embedded tutorials and three university design contest paper finalist. A special mini-track,
consisting of one panel and two sessions of invited papers, will take DAC’sfirst look at how traditional
CAD and embedded system software tools will converge to meet the specia needs of embedded systems.

| want to thank al of the people who contributed to making DAC the premier conference for electronic
design automation and design methods: the DAC Executive Committee, the Technical Program
Committee, the Exhibitor Liasion Committee, MPAssociates, Inc., and especially the exhibitors, authors,
speakers, session organizers and session chairs. DAC is sponsored by ACM/SIGDA, IEEE Circuits and
Systems Society, and the EDA Consortium. Their members represent the breadth of DAC' s participants
and we are thankful for their continued and active support.

Welcome to New Orleans and the 36th Design Automation Conference. We wish you a very productive
and fun-filled week in a southern city famous for its old-world charm, creative jazz and fine dining. We
trust that you will find these Proceedings to be a valuable resource and reference for many years to come.

Mary Jane Irwin
General Chair, 36th Design Automation Conference
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1999 | EEE Fellows

» Aart J. de Geus - Synopsys, Inc., Los Altos, CA
"For leadership in developing and commercializing logic synthesis technology™

 Pinaki Mazumder - Univ. of Michigan, Ann Arbor, Ml
"For contributions to the field of VLSI design”

1998 ACM Kanellakis Award

The 1998 ACM Kanellakis Award for Theory and Practice was awarded to:
Randal E. Bryant - Carnegie Mellon Univ., Pittsburgh, PA
Edmund M. Clarke, Jr. - Carnegie Mellon Univ., Pittsburgh, PA
E. Allen Emerson - Univ. of Texas, Austin, TX
Kenneth L. McMillan - Cadence Design Systems, Inc., Berkeley, CA

for their invention of:

“ Symbolic Model Checking”

1999 SIGDA Distinguished Service Awards

The Assaciation for Computing Machinery/Special Interest Group on Design Automation (ACM/SIGDA)
presents its Distinguished Service Award to Professor C.L. Liu, National Tsing Hua University, Hsinchu,
Taiwan, ROC, for contributions to the Design Automation Community and for creating the journal ACM
Transactions on Design Automation of Electronic Systems (TODAES).

1999 SIGDA Doctoral Thesis Awards

* Inaugural Winner - Dirk Stroobandt - Univ. of Ghent, Ghent, Belgium, for:
Analytical Methods for a prior Wire Length Estimates in Computer Systems.

* Honorable Mention - Naresh M aheshwari - lowa State Univ., Ames, lowa, for:
Fast Algorithms for Retiming Large Digital Circuits.



1999 Best Paper Award

Thisyear, avards were made for the best papersin four categories. Winners were determined from detailed
reviews of the accepted papers in the technical sessions. Each award is accompanied by a plague and a
cash award of $400. The awards are given by ACM/SIGDA (Specia Interest Group on Design
Automation), IEEE/CAS (Institute of Electrical and Electronics Engineers/Circuits and Systems Society)
and EDA Consortium (Electronic Design Automation Companies).

PHYSICAL AND ELECTRICAL DESIGN, MODELING, AND ESTIMATION

Paper 6.1: Area Optimization of VLS Power/Ground Networks Via Sequence of Linear
Programmings
Authors: Xiangdong Tan, C.J. Richard Shi, Dragos L ungeanu
Affiliation: Univ. of Washington, Seattle, WA
Authors: Jyh-Chwen Frank Lee, Li-Pen Yuan
Affiliation: Avant! Corp., Fremont, CA
LOGIC-LEVELTESTING, SIMULATION, AND SYNTHESIS
Paper 42.2: Improving the Test Quality for Scan-Based BIST Using a General Test
Application Scheme
Authors: Huan-Chih Tsai, Kwang-Ting Cheng
Affiliation: Univ. of California, Santa Barbara, CA,Bell Labs.
Author: Sudipta Bhawmik
Affiliation: L ucent Technology, Princeton, NJ
HIGH-LEVEL SYNTHESIS, VERIFICATION, AND CO-DESIGN
Paper 18.1: “Coverage Estimation for Symbolic Model Checking”
Authors: Yatin V. Hoskote, Timothy Kam, Xudong Zhao
Affiliation: Intel Corp., Hillsboro, OR
Author: Pei-Hsin Ho
Affiliation: Synopsys, Inc., Beaverton, OR

DESIGN METHODOLOGY
System Level Design M ethodology

Paper 4.1: Common Case Computation: A High Level Power Optimization Technique
Authors: Ganesh Lakshminarayana, Anand Raghunathan
Affiliation: NEC USA, Princeton, NJ
Authors: Sujit Dey, Kamal S. Khouri
Affiliation: Princeton Univ., Princeton, NJ
Author: Nirgj K. Jha
Affiliation: Univ. of Californiaat San Diego, La Jolla, CA
Technology Driven Design M ethodology
Paper 28.1: Reducing Cross Coupling Among I nterconnect Wires in Deep Sub-Micron
Datapath Design
Author: Joon-Seo Yim
Affiliation: LG CIT, Seoul, Korea
Author: Chong-Min Kyung

Affiliation: KAIST, Tagjon, Korea



Advancement in Computer Scienceand
Electrical Engineering Under graduate Scholar ships

The objective of the ACSEE Scholarship program is to increase the pool of professionals in Electrical
Engineering and Computer Science from under-represented groups (Women, African American, Hispanic,
Native American, and Physically Challenged). In 1989, ACM Specia Interest Group on Design
Automation (SIGDA) began providing the program. Beginning in 1993, the Design Automation
Conference provides the funds for the scholarship and SIGDA continues to administer the program for
DAC. DAC normally funds two $4000 scholarships renewable up to 5 years to graduating high school
seniors. In 1999 the IEEE Circuits and Systems Society also sponsored one scholarship.

The 1999 winners will be announced at the Conference. The 1998 winners were:

1998 DAC ACSEE Undergraduate Scholar ships
DAC $4K: Rashadd Hines, Chicago, IL - attending Howard Univ.
DAC $4K: Brian Kevin McCabe, Holbrook, AZ - attending Arizona State Univ.

For more information about the ACSEE Scholarship, please contact Dr. Cherrice Traver, EE/CS
Department, Union College, Schenectady, NY 12308 email: traverc@doc.union.edu.

Design Automation Conference Graduate Scholar ships

Each year the Design Automation Conference sponsors several $24,000 scholarships to support graduate
research and study in Design Automation (DA), with emphasisin "design and test automation of electronic
and computer systems'. Each scholarship is awarded directly to a university for the Faculty Investigator
to expend in direct support of one or more DA graduate students.

The criteria for granting such a scholarship expanded in 1996 to include financial need. The criteria are:
the academic credentials of the student(s); the quality and applicability of the proposed research; the
impact of the award on the DA program at the institution; and financial need. Preference is given to
institutions that are trying to establish new DA research programs.

Information on next year's DAC scholarship award program will be available on the DAC World Wide
Web page at: http://www.dac.com, under general information and the 37th DAC scholarship program.
Design Automation Conference Graduate Scholar ship Awards

« Prof. John Lillis of the University of Illinois, Chicago, IL, for Sung-Woo Hur and Ashok
Jagannathan. Their project is entitled, New Techniques for Timing-Driven Placement.

« Prof. Miodrag M. Potkonjak of the University of Cdifornia, Los Angeles, CA, for Darko Kirovski
and Gang Qu. Their project is entitled, Intellectual Property Protection for VLS CAD.

* Prof. Srinivas Katkoori of the University of South Florida, Tampa, FL, for Stelian Alupoael
and Udaykumar Anumalachetty. Their project is entitled, RT-Level Route-and-Place Design
Methodology for Delay and Power Optimization in DSV Regime.

Design Automation Conference Graduate Scholar ship Committee

The 1999 DAC Scholarship Committee was comprised of the following people:

James P. Cohoon, University of Virginia (Chair)
Michael Lightner, University of Colorado
SylviaNessan, Synopsys, Inc.

Xi



OPENING KEYNOTE ADDRESS

Paul Otéllini
Executive Vice President
Intel Corp.

Santa Clara, CA

Mar ch of Technology

Technology continues to progress at an ever-increasing rate. Semiconductor advancements and computing
platforms are being introduced according to Moore's Law and delivering exciting new capabilities for the
entire computer and electronics industry. The cornerstone for these platform solutions from basic
computing to high performance workstations and serversis rapidly becoming Intel Architecture.

Paul Otellini will provide insight into trends impacting the computing industry and specifically design
automation. Mr. Otellini will discuss the challenges facing designersin their quest to stretch the laws of
physics, how Intel is taking on that chalenge, and demonstrate solutions powered by new and
compelling technology.

Paul Otellini is Executive Vice President of the Intel Architecture Business Group. He is responsible for
Intel's computing business units, including the Desktop Products Group, Workstation Products Group, the
Mobile and Handheld Products Group, the Enterprise Server Group, Home Products Group, and Reseller
Products Group. These organizations together represent Intel's product development and marketing
activities around the Intel Architecture set of microprocessors.
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THURSDAY KEYNOTE ADDRESS

Aart de Geus

Chair, EDA Consortium

Chief Executive Officer, Synopsys, Inc.
Mountain View, CA

EDA to the Rescue of System on a Chip

Silicon capacity has doubled every 18 months and will continue to do so for some time. While spiraling
gate counts allow designers to pack more and more functions onto a single piece of silicon, they also
highlight our inability to keep up with such staggering complexity. The good news isthat EDA technology
will be the enabler for designers who want to take advantage of thisincreasing silicon capacity. This
presentation will outline the specific challenges facing the EDA industry and its customers in the coming
years - aswell as predictions for the solutions that will be adopted.

Dr. Aart J. de Geus is Chairman and CEO of Synopsys, Inc. Since co-founding Synopsysin 1986, Dr. de
Geus has grown the company from a start-up focused on breakthrough synthesis technology to an
international EDA market |eader with over 2,900 employees. Today, Synopsysis focused on delivering a
complete line of best-in-class EDA software, technologies, intellectual property reuse, and consulting
services necessary to succeed in the era of deep submicron and system-on-a-chip design.

Dr. de Geus is considered one of the leading experts worldwide in electronic design automation and
frequently speaks on the direction of the EDA industry and its technology. In April 1998, Dr. de Geus
was elected Chairman of the Board of the EDA Consortium. Dr. de Geus has also served on the Board
of Governors of the IEEE Circuits and Systems Group and as Chairman of the Computer and Network
Design (CANDE) group. For his many achievementsin the field of electronics, Dr. de Geus was made
a Fellow of the Institute of Electrical and Electronics Engineersin January 1999. He holds an M.S.E.E.
from the Swiss Federal Polytechnical Institute and a Ph.D. in electrical engineering from Southern
Methodist University.
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