2009 IEEE International Conference
on Computer Design

October 4-7, 2009
Resort at Squaw Creek, Lake Tahoe, CA

Sponsored by:

& IEEE E:E

IEEE Circuits and Systems Society

IEEE Computer Society

IEEE Catalog Number: CFPO9ICD
ISBN: 978-1-4244-5028-2
ISSN: 1063-6404

© 2009 IEEE. Personal use of this material is permitted. However, permission to reprint/republish this material for
advertising or promotional purposes or for creating new collective works for resale or redistribution to servers or
lists, or to reuse any copyrighted component of this work in other works must be obtained from the IEEE.


ssair
Stamp


Table of Contents

Session 1.

Session 1.1. Disruptive Computing Technology

Session Chair: Davia J Lu, Intel Corporation.

Imperfection-Immune Carbon Nanotube Digital VLSI (invited talk) .. ...
Nishant Patil, Subhasish Mitra

Computer-Aided Design for Microfluidic Chips Based on Multilayer
Soft Lithography (invited talk)......... .. ... . i i ..
William Thies

Reincarnate Historic Systems On FPGA with Novel Design
Methodology (invited talk) ......... ..
Naohiko Shimizu

Session 1.2. Advances in Timing Analysis and Optimization

Session Chair: TBD.

Automatic Synthesis of Computation Interference Constraints for
Relative Timing Verification ... ...... ... ... ...
Yang Xu, Ken Stevens

Symmetrical Buffer Placement in Clock Trees for Minimal Skew
Immune to Global On-chip Variations .............. ... .. .. ... ... ....
Renshen Wang, Takumi Okamoto, Chung-Kuan Cheng

Statistical Timing Analysis based on simulation of Lithographic process. .
Aswin Sreedhar, Sandip Kundu

Session 1.3. System Power and Thermal Issues

Session chair: Xiaoyao Liang, NVIDIA.

Compiler-Directed Leakage Reduction in Embedded Microprocessors . . ..
Soumyaroop Roy, Nagarajan Ranganathan, Srinivas Katkoori

Efficient Calibration of Thermal Models based on Application Behavior . .
Youngwoo Ahn, Inchoon Yeo, Riccardo Bettati

10

16

23

29

35

41



Using Checksum to Reduce Power Consumption of the Display System
for Low-Motion Content ........ ... ... i 47

Kyungtae Han, Zhen Fang, Richard Forand, Paul Diefenbaugh, Ravi
Iyer, Donald Newell

Session II.

Session 2.1. Transdisciplinary Tipping Points: Disruptive
Computing Design

Session Chair: Jim Sproch, Synopsis.

A Disruptive Computer Design Idea: Architectures with Repeatable
Timing (invited talk) ... ... ... 54
FEdward Lee

Algorithmic Approach to Designing an Easy-To-Program System: Can

It Lead to a HW-Enhanced Programmeris Workflow Add-On? (invited

talk) . 60
Uzi Vishkin

Session 2.2. Hierarchical Testing and Design for Test

Session chair: Prab Varma, Blue Pearl Software.

Quality Improvement and Cost Reduction Using Statistical Outlier
Methods . .. ..o 64
Amit Nahar, Kenneth Butler, John Carulli, Charles Weinberger

Test-Wrapper Optimization for Embedded Cores in TSV-Based
Three-Dimensional SOCs ...... ... .. . i 70
Brandon Noia, Krishnendu Chakrabarty, Yuan Xie

Hierarchical Parametric Test Metrics Estimation: A Sigma-Delta
Converter BIST Case-Study . ..........o i 78
Matthieu Dubois, Haralampos-G. Stratigopoulos, Salvador Mir

Design and Test Strategies for Microarchitectural Post-Fabrication Tuning 84
Xiaoyao Liang, Benjamin Lee, Gu-Yeon Wei, David Brooks

Impact Analysis of Performance Faults in Modern Microprocessors . . . ... 91
Naghmeh Karimi, Michail Maniatakos, Chandra Tirumurti, Abhijit
Jas, Yiorgos Makris



A Robust Pulse-triggered Flip-Flop based Enhanced Scan Cell Design ... 97
Rajesh Kumar, Kalyana Bollapalli, Rajesh Garg, Tarun Soni, Sunil
Khatri

Session 2.3. Clocking, Synchronization and Interconnect

Session chair: Nestoras Tzartzanis, Apple.

Enabling Resonant Clock Distribution with Scaled On-Chip Magnetic

Inductors . ... ..o 103
Saurabh Sinha, Wei Xu, Jyothi Velamala, Tawab Dastagir, Bertan
Bakkaloglu, Hongbin Yu, Yu Cao

A Flexible Communication Scheme for Rationally-Related Clock
Frequencies .. .......o. i 109
Jean-Michel Chabloz, Ahmed Hemani

VariPipe: Low-overhead Variable-clock Synchronous Pipelines .......... 117
Navid Toosizadeh, Safwat G. Zaky, Jianwen Zhu

N-way Ring and Square Arbiters.......... ... ... ... .. ... .. ... .. .. 125
Masashi Imai, Tomohiro Yoneda, Takashi Nanya

On-chip Bidirectional Wiring for Heavily Pipelined Systems using
Network Coding ... ..ot e 131
Kalyana Bollapalli, Rajesh Garg, Kanupriya Gulati, Sunil Khatri

Session III.

Session 3.1. Energy Efficient Architectures

Session chair: Allen Cheng, University of Pittsburgh,
US.

WHOLE: A Low Energy I-Cache with Separate Way History ........... 137
Zichao Xie, Dong Tong, Xu Cheng

Reducing Dynamic Power Dissipation in Pipelined Forwarding Engines .. 144
Weirong Jiang, Viktor Prasanna

A Power-aware Hybrid RAM-CAM Renaming Mechanism for Fast
ReCOVETY . . .o 150
Salvador Petit, Rafael Ubal, Julio Sahuquillo, Pedro LApez



Resource Sharing of Pipelined Custom Hardware Extension for

Energy-efficient Application-specific Instruction Set Processor Design . . ..

Hai Lin, Yunsi Fei

Deterministic Clock Gating to Eliminate Wasteful Activity in

Out-of-Order Superscalar Processors due to Wrong Path Instructions . . ..

Nasir Mohyuddin, Kimish Patel, Massoud Pedram
Session 3.2. System Level Test and Verification

Session chair: Kapila Udawatta, Intel Corporation.

Real-time, Unobtrusive, and Efficient Program Execution Tracing with
Stream Caches and Last Stream Predictors............ ... ... ... ...
Vladimir Uzelac, Aleksandar Milenkovic, Milena Milenkovic, Martin

Burtscher

A Distributed Concurrent On-Line Test Scheduling Protocol for

Many-Core NoC-Based Systems. . ........ .. ... . ...

Jason Lee, Praveen Bhojwani, Rabi Mahapatra

Transaction-Based Debugging of System-on-Chips with Patterns .......

Amir Masoud Gharehbaghi, Masahiro Fujita

A New Verification Method for Embedded Systems...................

Robert Thacker, Chris Myers, Kevin Jones, Scott Little

A Hierarchical Approach Towards System Level Static Timing

Verification of SOCS . ... i

Rupsa Chakraborty, Dipanwita Roy Chowdhury

Session 3.3. Synthesis and Optimization under Reliability
Constraints

Session chair: Mehdi Tahoori, Northeastern
University .

Timing Variation-Aware High-Level Synthesis Considering Accurate

Yield Computation ... ... ...t

Jongyoon Jung, Taewhan Kim

Fault-Tolerant Synthesis using Non-Uniform Redundancy .............

Keven Woo, Matthew Guthaus

Low-Overhead Error Detection for Networks-on-Chip .................

Amit Berman, Idit Keidar

158

166



Reliable 3D Stacked Power Distribution Considering Substrate Coupling . 225
Amirali Shayan Arani, Xiang Hu, A. Ege Engin, Xiaoming Chen, Mikhail
Popovich, Wanping Zhang, Chung-Kuan Cheng

Interconnect Performance Corners considering Crosstalk Noise .......... 231
Ravikishore Gandikota, David Blaauw, Dennis Sylvester

Session I'V.

Session 4.1. High Performance Architecture and Advanced
Memory

Session chair: Sung Woo Chung, Korea University,
Korea.

Reducing Register File Size through Instruction Pre-Execution
Enhanced by Value Prediction ......... ... ... ... . . . . i 238
Yusuke Tanaka, Hideki Ando

Reusing cached schedules in an out-of-order processor with in-order
ISSUE LOZIC . . o oo 246
Oscar Palomar, Toni Juan, Juan J. Navarro

3D GPU Architecture using Cache Stacking: Performance, Cost, Power
and Thermal analysis.......... ... i i 254

Ahmed Al Maashri, Guangyu Sun, Xiangyu Dong, Vijay Narayanan,
Yuan Xie

Extending Data Prefetching to Cope with Context Switch Misses ....... 260
Suleyman Sair, Hanyu Cui

The Salvage Cache: A fault-tolerant cache architecture for
next-generation memory technologies ............. .. ... .. ... ... .... 268

Cheng-kok Koh, Weng-Fai Wong, Yiran Chen, Hai Li
Session 4.2. Memory and Processors
Session chair: John Kim, Cray/Northwestern

University.

LRU-PEA: A Smart Replacement Policy for Non-Uniform Cache
Architectures on Chip Multiprocessors.............cooiiriuninennnn... 275
Javier Lira, Carlos Molina, Antonio GonzAlez



Avoiding Cache Thrashing due to Private Data Placement in Last-level
Cache For Manycore Scaling. ........... ... . ...
Jiayuan Meng, Kevin Skadron

SHIELDSTRAP: Making Secure Processors Truly Secure ..............
Siddhartha Chhabra, Brian Rogers, Yan Solihin

Rapid Early-Stage Microarchitecture Design Using Predictive Models. . . .
Christophe Dubach, Timothy Jones, Michael O’Boyle

Efficient Binary Translation System with Low Hardware Cost ..........
Weiwu Hu, Qi Liu, Jian Wang, Songsong Cai, Menghao Su, Xiaoyu
Li

Session 4.3. Disruptive Trends in Test and Verification
(Invited)

Session chair: Rathish Jayabharathi, Intel
Corporation.

Defect-Based Test Optimization for Analog/RF Circuits for Near-Zero
DPPM Applications (invited talk) ....... ... i i
Sule Ozev, Ender Yilmaz

Iterative Built-In Testing and Tuning of Mixed-Signal/RF Systems
(invited talk) .. ...
Abhijit Chatterjee

Testing Bio-chips (invited talk) ....... . ... . ...
Krishnendu Chakrabarty

Framework for Massively Parallel Testing at Wafer and Package Test
(invited talk) .. ...
Altug Hakan Baba

Online Multiple Error Detection in Crossbar Nano-architectures
(invited talk) .. ...
Mehdi Tahoori

Best Paper Session.
Session chairs: Sofiene Tahar (Concordia University),

Georgi Gaydadjiev (Delft University of
Technology).



Adaptive Online Testing for Efficient Hard Fault Detection............. 343
Shantanu Gupta, Amin Ansari, Shuguang Feng, Scott Mahlke

FinFET-based Dynamic Power Management of On-chip Interconnection
Networks through Adaptive Back-gate Biasing ........................ 350
Chun-Yi Lee, Niraj K. Jha

Analysis and Optimization of Pausible Clocking based GALS Design .... 358
Xin Fan, Milos Krstic, Eckhard Grass

Reliable Cache Design with Detection of Gate Oxide Breakdown Using
BT . 366
Fahad Ahmed, Linda Milor

Session V.

Session 5.1. Logic and Memory Design

Session chair: Amy Novak,AMD.

Efficient Architectures for Elliptic Curve Cryptographic Processors for
REID 372
Lawrence Leinweber, Christos Papachristou, Francis G. Wolff

Multiplier-less and Table-less Linear Approximation for Square and
SUATE-TOOL .« . vttt ettt e e e e 378
In-Cheol Park, Tae-Hwan Kim

On improving the algorithmic robustness of a low-power FIR filter ...... 384
Sourabh Khire, Saibal Mukhopadhyay

Pragmatic Design of Gated-diode FinFET DRAMs.................... 390
Ajay Bhoj, Niraj Jha

Empirical Performance Models for 3T1D Memories.................... 398
Kristen Lovin, Benjamin Lee, Xiaoyao Liang, David Brooks, Gu-Yeon
Wei

Session 5.2. Application-optimized Systems

Session chair: Pradip Bose, IBM.

ColSpace: Towards Algorithm/Implementation Co-Optimization . ....... 404
Jiaweir Huang, John Lach

A Novel SoC Architecture on FPGA for Ultra Fast Face Detection ... ... 412
Chun He, Alexandros Papakonstantinou, Deming Chen



Accelerating Mobile Augmented Reality on a Handheld Platform........ 419
seung eun lee, YONG ZHANG, ZHEN FANG, SADAGOPAN SRINI-
VASAN, RAVI IYER, DONALD NEWELL

Session VI.

Session 6.1. Novel Approaches to Synthesis and Simulation

Session chair: Masahiro Fujita, University of Tokyo.

Optical Lithography Simulation using Wavelet Transform .............. 427
Rance Rodrigues, Aswin Sreedhar, Sandip Kundu

Computational Bit-width Allocation for Operations in Vector Calculus .. 433
Adam Kinsman, Nicola Nicolici

Topology-Driven Cell Layout Migration with Collinear Constraints . . . ... 439
De-Shiun Fu, Ying-Zhih Chaung, Yen-Hung Lin, Yih-Lang Li

A Fast Routability- and Performance-Driven Droplet Routing
Algorithm for Digital Microfluidic Biochips........ .. .. ... .. .. .. 445
Tsung-Wei Huang, Tsung-Yi Ho

Accurate Estimation of Vector Dependent Leakage Power in the
Presence of Process Variations . ......... ... .. ... .. . i 451
Romana Fernandes, Ranga Vemuri

Session 6.2. System Level Influence on Architecture

Session chair: Hai Li, Polytechnic Institute of NYU.

Code Density Concerns for New Architectures ........................ 459
Vincent Weaver, Sally McKee

Performance Analysis of Decimal Floating-Point Libraries and Its

Impact on Decimal Hardware and Software Solutions .................. 465
Michael J Anderson, Chuck Tsen, Liang-Kai Wang, Katherine Comp-
ton, Michael J Schulte

The Impact of Liquid Cooling on 3D Multi-Core Processors ............ 472
Hyung Beom Jang, Ikroh Yoon, Cheol Hong Kim, Seungwon Shin, Sung
Woo Chung

Intra-Vector SIMD Instructions for Core Specialization ................ 479
Cor Meenderinck, Ben Juurlink



A High Throughput FFT Processor with no Multipliers................ 485
Shakeel Syed Abdulla, Nam Haewoon, Mark McDermott, Jacob Abra-
ham

Session 6.3. Low Voltage and Low Power

Session chair: Lars Svensson, Chalmers.

Panoptic DVS: A Fine-Grained Dynamic Voltage Scaling Framework
for Energy Scalable CMOS Design . ...t .. 491
Mateja Putic, Liang Di, Benton H. Calhoun, John C. Lach

3D Simulation and Analysis of the Radiation Tolerance of Voltage
Scaled Digital Circuits . .. ...ttt 498
Rajesh Garg, Sunil Khatri

A Radiation Tolerant Phase Locked Loop Design for Digital Electronics.. 505
Rajesh Kumar, Vinay Karkala, Rajesh Garg, Tanuj Jindal, Sunil Kha-
tri

A PLL Design based on a Standing Wave Resonant Oscillator .......... 511
Vinay Karkala, Kalyana Bollapalli, Rajesh Garg, Sunil Khatri

Mid-range Wireless Energy Transfer Using Inductive Resonance for
WIreless Sensors . .. ..ottt 517
Bozena Kaminska, Shahrzad Jalali Mazlouman, Alireza Mahanfar

A Technology-Agnostic Simulation Environment (TASE) for Iterative

Custom IC Design Across Processes . ..., 523
Satyanand Nalam, Mudit Bhargava, Kyle Ringgenberg, Ken Mai, Ben-
ton Calhoun

AULNOT INAEX oot e e e, 529


ssair
Text Box
Author index .....…………………………………………………..  529



Welcome to ICCD 2009!

On behalf of the organizing and program committee, we would like to welcome you to the 27"
IEEE International Conference on Computer Design 2009. The International Conference on Computer
Design (ICCD) encompasses a wide range of technical topics and provides an ideal environment to
discuss practical and theoretical work that enables cross-pollination. The ICCD venue and program
reflect this goal. For the third year, the conference is being held in a beautiful and intimate setting at the
mountainside of Lake Tahoe, California.

The conference program consists of technical papers submitted to the program committee for
evaluation. The papers are selected after a rigorous peer-review process, with an average of four reviews
per paper. The papers are submitted to one of five conference tracks: Computer Systems Design and
Applications; Processor Architecture; Logic and Circuit Design; Electronic Design Automation; and
Verification and Test. The track committees are composed of international experts in their disciplines.
After individual reviews are completed, each paper is discussed collectively by the track committee, to
ensure equity and consistency in the selection process. The program chairs review the selections from the
track committees and finalize the program. The accepted presentations are organized by topic in regular
technical sessions in the conference program. We are showcasing the best papers from each track in a
plenary Best Paper session.

In addition to the contributed presentations, the technical program also includes invited
presentations. They become part of the conference program as keynote presentations and three special
sessions highlighting key research concepts or large design projects with results that are of interest to a
broad range of researchers. The theme for this year’s conference is “Disruptive Computer Design”. We
have three keynote presentations relating to this conference theme as well as three special sessions on
“Disruptive Design Technologies”, “Disruptive Computer Design” and “Disruptive Trends in Test and
Validation”.

ICCD is truly an international conference, with participation from researchers and developers
from academic institutions, research laboratories, and industry design and development groups throughout
the world. This year, the program committee received paper submissions from 26 countries. Of the 205
papers submitted, the track committees accepted 70 papers (34 %) for inclusion in the conference
proceedings and for presentation at the conference. We would like to thank all of the 163 track committee
members, and especially the track committee chairs, for their dedication and diligence in selecting an
exceptional set of technical presentations. The investment of their time and insights is very much
appreciated.

Of course, ICCD would not happen without the excellent papers from the authors. Thanks to all
of them as well! We would also like to thank our colleagues on the organizing committee for their efforts,
their support, and their camaraderie. The outstanding conference program at ICCD 2009 is a result of
many individuals who contributed their time and expertise leading up to the event. The culmination of
their efforts is the technical interchange, informal discussion, and personal communication that can only
occur at the conference itself. In that regard, we hope you have a rewarding and enjoyable time at the
conference.

Kee Sup Kim, Georgi Gaydadjiev,
Peter-Michael Seidel Sofiene Tahar
General Chairs, ICCD 09 Technical Program Chairs, ICCD 09
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Keynote Presentations

Monday, October 5, 9:15-10:15

Larrabee: A Many-Core x86 Architecture for Visual Computing

Ed Grochowski
Intel Corporation

Abstract:

This talk presents a many-core visual computing architecture code named Larrabee, a new software rendering pipeline, a
many-core programming model, and performance analysis for several applications. Larrabee uses multiple in-order x86 CPU
cores that are augmented by a wide vector processor unit, as well as some fixed function logic blocks. This provides
dramatically higher performance per watt and per unit of area than out-of-order CPUs on highly parallel workloads.

Bio:

Ed Grochowski is a Senior Principal Engineer at Intel Corporation in Santa Clara, California. Ed joined Intel in 1986 and has
had various technical and managerial responsibilities in the Intel 486, Pentium, Pentium Il, and Itanium microprocessor
design teams. He worked on microarchitectural techniques for energy-efficient chip multiprocessors in Intel's Microprocessor
Research Labs, and is currently working on the design of a future graphics processor. Ed received his B.S.E.E. and his
M.S.E.E. from the University of California, Berkeley.



Monday, October 5, 18:30-21:00

Technology Foundations and Applications for Contextual Computing and Combinatorial Services

—

Mike Liebhold
Institute For The Future

Abstract:

Among many possible futures of disruptive computing I will focus this talk on some applications and technologies for two
major emerging themes: first; highly personalized mobile and pervasive contextual computing, by systems engineered
proactively to queue up precise process and data for realtime applications, and second; combinatorial services orchestrating
mobile, local and cloud served supercomputing on demand for applications like human interaction, sensing and pattern
recognition, mining and reasoning, rendering, modeling and simulations.

Bio:

Mike Liebhold is a Senior Researcher focusing on technology foundations for contextual computing and and immersive
media. At IFTF Mike has served as a principal investigator or author and project leader for a number of private projects at
IFTF projects on the foundations of context aware computing, and cost shared research programs at IFTF including:

o Futures of Mobility
Futures of Automobile Information Systems
Context Awareness: Technologies, Applications, and Impacts
Infrastructures for the New Geography
Blended Realities: Reports from the Digital/Physical Future
Open Mobile Ecosystems
Mobile Health: Technologies and Information Architectures

¢ Futures of Abundant Supercomputing
Mike is a frequent speaker on the futures computing and communications and recently contributed to a team paper authored
paper for a special edition of the IEEE Journal on Pervasive Computing, “Data Management in the World-Wide Sensor
Web.” Recently Mike has been leading work at IFTF on technology ecologies for real time services. Most recently Mike
delivered an invited keynote on personal contextual services and clinical information ecologies for Senior team of US
Department of Health and Human Services technology planners.

Before coming to the Institute, Mike was briefly a visiting researcher at Intel Labs, working on a pattern language for
contextual computing based on semantic web frameworks for ubiquitous computing. Previously, Mike worked on several
startups involving: large-scale international public IT services and IP networks for rural and remote regions; a complete IT
architecture for schools in Shandong Province, China; satellite networks in India, Europe, and Latin America. Mike was a
senior consulting architect at Netscape Communications and a founding member of Netscape Investors board. Prior to that, he
served as the Vice President, Chief Technology Officer for Times Mirror Publishing, leading launch of 20+ www services.

For ten years prior, he was Senior Scientist for Apple Computer, Principally responsible in the Advanced Technology Group
for leading long-term investigations into technologies, architectures, and applications related to convergence of computing,
high-speed communications and digital interactive media technologies. Initiated research leading to development of many
Apple products including: broadband interfaces, digital video architecture, cd-rom hardware and software, Apple Il video
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Abstract:

Silicon technology evolution over the last four decades has yielded an exponential increase in integration densities with steady
improvements of performance and power consumption at each technology generation. This steady progress has created a
sense of entitlement for the riches that future process generations would bring. Today, however, classical process scaling
seems to be dead and living up to technology expectations requires continuous innovation at many levels, which comes at
steadily progressing implementation and design costs. Solutions to problems need to cut across layers of abstractions and
require coordination between software, architecture and circuit features.
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