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Preface

As Chairmen of HIPEAC 2005, we have the pleasure of welcoming you to the
proceedings of the first international conference promoted by the HIPEAC Net-
work of Excellence. During the last year, HHPEAC has been building its clusters
of researchers in computer architecture and advanced compiler techniques for
embedded and high-performance computers. Recently, the Summer School has
been the seed for a fruitful collaboration of renowned international faculty and
young researchers from 23 countries with fresh new ideas. Now, the conference
promises to be among the premier forums for discussion and debate on these
research topics.

The prestige of a symposium is mainly determined by the quality of its techni-
cal program. This first program lived up to our high expectations, thanks to the
large number of strong submissions. The Program Committee received a total of
84 submissions; only 17 were selected for presentation as full-length papers and
another one as an invited paper. Each paper was rigorously reviewed by three
Program Committee members and at least one external referee. Many reviewers
spent a great amount of effort to provide detailed feedback. In many cases, such
feedback along with constructive shepherding resulted in dramatic improvement
in the quality of accepted papers. The names of the Program Committee mem-
bers and the referees are listed in the proceedings. The net result of this team
effort is that the symposium proceedings include outstanding contributions by
authors from nine countries in three continents.

In addition to paper presentations, this first HIPEAC conference featured
two keynotes delivered by prominent researchers from industry and academia.
We would like to especially acknowledge Markus Levy and Per Stenstrom for
agreeing to deliver invited lectures.

The Levy lecture focused on the development of multicore processor bench-
marks that address both heterogeneous and homogenous processor implementa-
tions. The Stenstrém lecture covered new opportunities and challenges for the
chip-multiprocessing paradigm. They both provided us with insight into current
technology and new directions for research and development in compilers and
embedded systems.

Many other people have contributed greatly to the organization of HIPEAC
2005. The Steering Committee members provided timely answers to numerous
questions regarding all aspects of the symposium preparation. Josep Llosa, Ed-
uard Ayguad and Pilar Armas, the local Chairmen and Financial Chair, covered
many time-consuming tasks of organizing a symposium: hotel negotiation, sym-
posium registration and administration. We thank Sally McKee for the publicity,
and Michiel Ronsse for the website and support for the PC meeting. Many thanks
also to the Publication Chair Theo Ungerer, his scientific assistants Jan Petzold
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and Faruk Bagci for volume preparation, and to Springer for publishing these
proceedings as Lecture Notes in Computer Science.

We would like to also note the support from the Sixth Framework Programme
of the European Union, represented by our Project Officer Merce Griera i Fisa,
for sponsoring the event and the student travel grants.

Finally, we would like to thank the contributors and participants, whose
interest is the reason for the success of this symposium.

September 2005 Tom Conte
Nacho Navarro

Wen-mei W. Hwu

Mateo Valero



Executive Committee

General Chairs
Program Committee Chairs

Publicity Chair
Publication Chair

Local Arrangements Chairs

Registration/Finance Chair
Web Chair

Program Committee

David August
David Bernstein
Mike O’Boyle
Brad Calder

Jesus Corbal

Alex Dean

Koen De Bosschere
Jose Duato

Marc Duranton
Kristian Flautner
Jose Fortes
Roberto Giorgi
Rajiv Gupta
Kazuki Joe
Manolis Katevenis
Stefanos Kaxiras
Victor Malyshkin
William Mangione-Smith
Avi Mendelson
Enric Morancho
Jaime Moreno
Andreas Moshovos
Trevor Mudge
Alex Nicolau

Organization

Tom Conte (NC State University, USA)

Nacho Navarro (UPC, Spain)

Wen-mei W. Hwu (UIUC, USA)

Mateo Valero (UPC Barcelona, Spain)

Sally McKee (Cornell University, USA)

Theo Ungerer (University of Augsburg,
Germany)

Eduard Ayguade (UPC, Spain)

Josep Llosa (UPC, Spain)

Pilar Armas (UPC, Spain)

Michiel Ronsse (Ghent University, Belgium)

Princeton University, USA

IBM Haifa Research Lab, Israel
University of Edinburgh, UK
University of California, USA
Intel Labs Barcelona, Spain

NC State University, USA
Ghent University, Belgium
UPV, Spain

Philips, France

ARM Ltd., Cambridge, UK
University of Florida, USA
University of Siena, Italy
University of Arizona, USA
Nara Women’s University, Japan
ICS, FORTH, Greece

University of Patras, Greece
Russian Academy of Sciences, Russia
UCLA, USA

Intel, Israel

UPC, Spain

IBM T.J. Watson Research Center, USA
University of Toronto, Canada
University of Michigan, USA
University of California, USA



VIII Organization
Yale Patt

Antonio Prete

Alex Ramirez

Jim Smith

Per Stenstrom
Olivier Temam
Theo Ungerer
Stamatis Vassiliadis
Jingling Xue

Steering Committee

Anant Agarwal
Koen De Bosschere
Mike O’Boyle

Brad Calder

Rajiv Gupta
Wen-mei W. Hwu
Josep Llosa
Margaret Martonosi
Per Stenstrom
Olivier Teman

Reviewers

Adrian Cristal

Alexander V. Veidenbaum
Alex Ramirez

Jean-Loup Baer

Angelos Bilas

Brad Calder

Christine Eisenbeis

Tom Conte

Dan Connors

Daniel A. Jimenez

Michel Dubois

Eduard Ayguade

Esther Salam

Jose Fortes

Roberto Giorgi

Wen-mei W. Hwu

Jose Manuel Garcia-Carrasco
Kazuki Joe

Jose M. Barcelo

University of Texas at Austin, USA

University of Pisa, Italy
UPC, Spain

University of Wisconsin, USA
Chalmers University, Sweden
INRIA Futurs, France

University of Augsburg, Germany

T.U. Delft, The Netherlands

University of New South Wales, Australias

MIT, USA

Ghent University, Belgium
University of Edinburgh, UK
University of California, USA
University of Arizona, USA
UIUC, USA

UPC, Spain

Princeton University, USA

Chalmers University, Sweden
INRIA Futurs, France

David H. Albonesi
Antonio Gonzalez
David August
David Bernstein
Javier D. Bruguera
Jose Maria Cela
Christos Kozyrakis
Doug Burger

Alex Dean

Jose Duato

Marc Duranton
Enric Morancho
Krisztian Flautner
Jean-Luc Gaudiot
Rajiv Gupta
Jaume Abella
Jaime Moreno
Jorge Garcia

Josep Llosa



Javier Verd

Manolis G.H. Katevenis
Koen De Bosschere
Kunle Olukotun
William Mangione-Smith
José F. Martinez
Michael Francis O’Boyle
Andreas Moshovos
Walid A. Najjar
Oliverio J. Santana
Pradip Bose

Peter M.W. Knijnenburg
Michiel Ronsse

Ronny Ronen

Pascal Sainrat

Toshinori Sato

James Smith

Olivier Temam

Dean M. Tullsen
Stamatis Vassiliadis
Jingling Xue

Dionisios Pnevmatikatos
Daniele Mangano
Alessandro Bardine
Sandro Bartolini

Nidhi Aggarwal

Kyle Nesbit

Tejas Karkhanis

Organization

David Kaeli
Stefanos Kaxiras
Krste Asanovic
Victor Malyshkin
Mario Nemirovsky
Avi Mendelson
Ramon Beivide
Nacho J. Navarro
Alex Nicolau

Yale Patt

Per Stenstrom
Antonio Prete
Roger Espasa
Sarita V. Adve
Sandhya Dwarkadas
Andre Seznec
Jesus Sanchez
Josep Torrellas
Theo Ungerer
Valentin Puente
Yiannos Sazeides
George Apostolopoulos
Paolo Masci

Ida Savino

Paolo Bennati
Shiliang Hu

Jason Cantin
Wooseok Chang

IX



Lecture Notes in Computer Science

For information about Vols. 1-3694

please contact your bookseller or Springer

Vol. 3807: M. Dean, Y. Guo, W. Jun, R. Kaschek, S. Kr-
ishnaswamy, Z. Pan, Q.Z. Sheng (Eds.), Web Information
Systems — WISE 2005 Workshops. XV, 275 pages. 2005.

Vol. 3806: M. Kitsuregawa, E.J. Neuhold, A.H. H. Ngu,
J.-Y. Chung, Q.Z. Sheng (Eds.), Web Information Systems
— WISE 2005. XXI, 771 pages. 2005.

Vol. 3799: A. Rodriguez, L.LE. Cruz, S. Levashkin (Eds.),
GeoSpatial Semantics. X, 259 pages. 2005.

Vol. 3793: T. Conte, N. Navarro, W.-m.W. Hwu, M. Valero,
T. Ungerer (Eds.), High Performance Embedded Architec-
tures and Compilers. XIII, 317 pages. 2005.

Vol. 3792: 1. Richardson, P. Abrahamsson, R. Messnarz
(Eds.), Software Process Improvement. VIII, 215 pages.
200s.

Vol. 3791: A. Adi, S. Stoutenburg, S. Tabet (Eds.), Rules
and Rule Markup Languages for the Semantic Web. X,
225 pages. 2005.

Vol. 3789: A. Gelbukh, A. de Albornoz, H. Terashima-
Marin (Eds.), MICAI 2005: Advances in Artificial Intel-
ligence. XX VI, 1198 pages. 2005. (Subseries LNAI).

Vol. 3785: K.-K. Lau, R. Banach (Eds.), Formal Methods
and Software Engineering. XIV, 496 pages. 2005.

Vol. 3784: J. Tao, T. Tan, R.W. Picard (Eds.), Affective
Computing and Intelligent Interaction. XIX, 1008 pages.
2005.

Vol. 3781: S.Z. Li, Z. Sun, T. Tan, S. Pankanti, G. Chollet,
D. Zhang (Eds.), Advances in Biometric Person Authen-
tication. XI, 250 pages. 2005.

Vol. 3780: K. Yi (Ed.), Programming Languages and Sys-
tems. XI, 435 pages. 2005.

Vol. 3779: H. Jin, D. Reed, W. Jiang (Eds.), Network and
Parallel Computing. XV, 513 pages. 2005.

Vol. 3777: O.B. Lupanov, O.M. Kasim-Zade, A.V.
Chaskin, K. Steinhofel (Eds.), Stochastic Algorithms:
Foundations and Applications. VIII, 239 pages. 2005.

Vol. 3775: J. Schonwalder, J. Serrat (Eds.), Ambient Net-
works. XIII, 281 pages. 2005.

Vol. 3773: A.S. Cortés, M.L. Cortés (Eds.), Progress in
Pattern Recognition, Image Analysis and Applications.
XX, 1094 pages. 2005.

Vol. 3772: M. Consens, G. Navarro (Eds.), String Process-
ing and Information Retrieval. XIV, 406 pages. 2005.

Vol. 3770: J. Akoka, S.W. Liddle, 1.-Y. Song, M.
Bertolotto, I. Comyn-Wattiau, W.-J. van den Heuvel, M.
Kolp, J.C. Trujillo, C. Kop, H.C. Mayr (Eds.), Perspectives
in Conceptual Modeling. XXII, 476 pages. 2005.

Vol. 3768: Y.-S. Ho, H.J. Kim (Eds.), Advances in Mulit-
media Information Processing - PCM 2005, Part II.
XXVIII, 1088 pages. 2005.

Vol. 3767: Y.-S. Ho, HJ. Kim (Eds.), Advances in
Mulitmedia Information Processing - PCM 2005, Part 1.
XXVIII, 1022 pages. 2005.

Vol. 3766: N. Sebe, M.S. Lew, T.S. Huang (Eds.), Com-
puter Vision in Human-Computer Interaction. X, 231
pages. 2005.

Vol. 3765: Y. Liu, T. Jiang, C. Zhang (Eds.), Computer
Vision for Biomedical Image Applications. X, 563 pages.
200s.

Vol. 3764: S. Tixeuil, T. Herman (Eds.), Self-Stabilizing
Systems. VIII, 229 pages. 2005.

Vol. 3762: R. Meersman, Z. Tari, P. Herrero (Eds.), On the
Move to Meaningful Internet Systems 2005: OTM Work-
shops. XXXI, 1228 pages. 2005.

Vol. 3761: R. Meersman, Z. Tari (Eds.), On the Move to
Meaningful Internet Systems 2005: CooplS, DOA, and
ODBASE, Part II. XXVII, 653 pages. 2005.

Vol. 3760: R. Meersman, Z. Tari (Eds.), On the Move to
Meaningful Internet Systems 2005: CooplS, DOA, and
ODBASE, Part I. XXVII, 921 pages. 2005.

Vol. 3759: G. Chen, Y. Pan, M. Guo, J. Lu (Eds.), Parallel
and Distributed Processing and Applications - ISPA 2005
Workshops. XIII, 669 pages. 2005.

Vol. 3758: Y. Pan, D. Chen, M. Guo, J. Cao, J. Dongarra
(Eds.), Parallel and Distributed Processing and Applica-
tions. XXIII, 1162 pages. 2005.

Vol. 3757: A. Rangajaran, B. Vemuri, A.L. Yuille (Eds.),

Energy Minimization Methods in Computer Vision and
Pattern Recognition. XII, 666 pages. 2005.

Vol. 3756: J. Cao, W. Nejdl, M. Xu (Eds.), Advanced Par-
allel Processing Technologies. XIV, 526 pages. 2005.

Vol. 3754: J. Dalmau Royo, G. Hasegawa (Eds.), Man-
agement of Multimedia Networks and Services. XII, 384
pages. 2005.

Vol. 3753: O.F. Olsen, L.M.J. Florack, A. Kuijper (Eds.),
Deep Structure, Singularities, and Computer Vision. X,
259 pages. 2005.

Vol. 3752: N. Paragios, O. Faugeras, T. Chan, C. Schnérr
(Eds.), Variational, Geometric, and Level Set Methods in
Computer Vision. XI, 369 pages. 2005.

Vol. 3751: T. Magedanz, E.R. M. Madeira, P. Dini (Eds.),

Operations and Management in IP-Based Networks. X,
213 pages. 2005.

Vol. 3750: 1.S. Duncan, G. Gerig (Eds.), Medical Image
Computing and Computer-Assisted Intervention — MIC-
CAI 2005, Part II. XL, 1018 pages. 2005.

Vol. 3749: J.S. Duncan, G. Gerig (Eds.), Medical Image

Computing and Computer-Assisted Intervention — MIC-
CAI 2005, Part I. XXXIX, 942 pages. 2005.



Vol. 3747: C.A. Maziero, J.G. Silva, AM.S. Andrade,
EM.d. Assis Silva (Eds.), Dependable Computing. XV,
267 pages. 2005.

Vol. 3746: P. Bozanis, E.N. Houstis (Eds.), Advances in
Informatics. XIX, 879 pages. 2005.

Vol. 3745: 1.L. Oliveira, V. Maojo, F. Martin-Sanchez, A.S.
Pereira (Eds.), Biological and Medical Data Analysis. X1I,
422 pages. 2005. (Subseries LNBI).

Vol. 3744: T. Magedanz, A. Karmouch, S. Pierre, I. Ve-
nieris (Eds.), Mobility Aware Technologies and Applica-
tions. XIV, 418 pages. 2005.

Vol. 3740: T. Srikanthan, J. Xue, C.-H. Chang (Eds.),
Advances in Computer Systems Architecture. XVII, 833
pages. 2005.

Vol. 3739: W. Fan, Z.-h. Wu, J. Yang (Eds.), Advances
in Web-Age Information Management. XXIV, 930 pages.
2005.

Vol. 3738: V.R. Syrotiuk, E. Chéavez (Eds.), Ad-Hoc, Mo-
bile, and Wireless Networks. XI, 360 pages. 2005.

Vol. 3735: A. Hoffmann, H. Motoda, T. Scheffer (Eds.),
Discovery Science. XVI, 400 pages. 2005. (Subseries
LNAI).

Vol. 3734: S. Jain, H.U. Simon, E. Tomita (Eds.), Algo-
rithmic Learning Theory. XI1, 490 pages. 2005. (Subseries
LNAI).

Vol. 3733: P. Yolum, T. Giingor, E. Giirgen, C. Ozturan
(Eds.), Computer and Information Sciences - ISCIS 2005.
XXI, 973 pages. 2005.

Vol. 3731: F. Wang (Ed.), Formal Techniques for Net-
worked and Distributed Systems - FORTE 2005. XII, 558
pages. 2005.

Vol. 3729: Y. Gil, E. Motta, V. R. Benjamins, M.A. Musen
(Eds.), The Semantic Web — ISWC 2005. XXIII, 1073
pages. 2005.

Vol. 3728: V. Paliouras, J. Vounckx, D. Verkest (Eds.), In-
tegrated Circuit and System Design. XV, 753 pages. 2005.

Vol. 3726: L.T. Yang, O.F. Rana, B. Di Martino, J. Don-
garra (Eds.), High Performance Computing and Commu-
nications. XXVI, 1116 pages. 2005.

Vol. 3725: D. Borrione, W. Paul (Eds.), Correct Hardware
Design and Verification Methods. XII, 412 pages. 2005.

Vol. 3724: P. Fraigniaud (Ed.), Distributed Computing.
X1V, 520 pages. 2005.

Vol. 3723: W. Zhao, S. Gong, X. Tang (Eds.), Analysis and
Modelling of Faces and Gestures. XI, 4234 pages. 2005.

Vol. 3722: D. Van Hung, M. Wirsing (Eds.), Theoretical
Aspects of Computing — ICTAC 2005. XIV, 614 pages.
2005.

Vol. 3721: A. Jorge, L. Torgo, P.B. Brazdil, R. Camacho, J.
Gama (Eds.), Knowledge Discovery in Databases: PKDD
2005. XXIII, 719 pages. 2005. (Subseries LNAI).

Vol. 3720: J. Gama, R. Camacho, P.B. Brazdil, A. Jorge,
L. Torgo (Eds.), Machine Learning: ECML 2005. XXIII,
769 pages. 2005. (Subseries LNAI).

Vol. 3719: M. Hobbs, A.M. Goscinski, W. Zhou (Eds.),
Distributed and Parallel Computing. XI, 448 pages. 2005.

Vol. 3718: V.G. Ganzha, EW. Mayr, E.V. Vorozhtsov
(Eds.), Computer Algebra in Scientific Computing. XII,
502 pages. 2005.

Vol. 3717: B. Gramlich (Ed.), Frontiers of Combining Sys-
tems. X, 321 pages. 2005. (Subseries LNAI).

Vol. 3716: L. Delcambre, C. Kop, H.C. Mayr, J. Mylopou-
los, O. Pastor (Eds.), Conceptual Modeling — ER 2005.
XVI, 498 pages. 2005.

Vol. 3715: E. Dawson, S. Vaudenay (Eds.), Progress in
Cryptology — Mycrypt 2005. X1, 329 pages. 2005.

Vol. 3714: H. Obbink, K. Pohl (Eds.), Software Product
Lines. X111, 235 pages. 2005.

Vol. 3713: L.C. Briand, C. Williams (Eds.), Model Driven
Engineering Languages and Systems. XV, 722 pages.
2005.

Vol. 3712: R. Reussner, J. Mayer, J.A. Stafford, S. Over-
hage, S. Becker, P.J. Schroeder (Eds.), Quality of Soft-
ware Architectures and Software Quality. XIII, 289 pages.
2005.

Vol. 3711: E. Kishino, Y. Kitamura, H. Kato, N. Nagata
(Eds.), Entertainment Computing - ICEC 2005. XXIV,
540 pages. 2005.

Vol. 3710: M. Barni, I. Cox, T. Kalker, H.J. Kim (Eds.),
Digital Watermarking. XII, 485 pages. 2005.

Vol. 3709: P. van Beek (Ed.), Principles and Practice of
Constraint Programming - CP 2005. XX, 887 pages. 2005.

Vol. 3708: J. Blanc-Talon, W. Philips, D.C. Popescu, P.
Scheunders (Eds.), Advanced Concepts for Intelligent Vi-
sion Systems. XXII, 725 pages. 2005.

Vol. 3707: D.A. Peled, Y.-K. Tsay (Eds.), Automated Tech-
nology for Verification and Analysis. XII, 506 pages. 2005.

Vol. 3706: H. Fuks§, S. Lukosch, A.C. Salgado (Eds.),
Groupware: Design, Implementation, and Use. XII, 378
pages. 2005.

Vol. 3704: M. De Gregorio, V. Di Maio, M. Frucci, C.
Musio (Eds.), Brain, Vision, and Atrtificial Intelligence.
XV, 556 pages. 2005.

Vol. 3703: F. Fages, S. Soliman (Eds.), Principles and
Practice of Semantic Web Reasoning. VIII, 163 pages.
2005.

Vol. 3702: B. Beckert (Ed.), Automated Reasoning with
Analytic Tableaux and Related Methods. XIII, 343 pages.
2005. (Subseries LNAI).

Vol. 3701: M. Coppo, E. Lodi, G. M. Pinna (Eds.), Theo-
retical Computer Science. X1, 411 pages. 2005.

Vol. 3700: J.F. Peters, A. Skowron (Eds.), Transactions on
Rough Sets IV. X, 375 pages. 2005.

Vol. 3699: C.S. Calude, M.J. Dinneen, G. Piun, M.
J. Pérez-Jiménez, G. Rozenberg (Eds.), Unconventional
Computation. XI, 267 pages. 2005.

Vol. 3698: U. Furbach (Ed.), KI 2005: Advances in Artifi-
cial Intelligence. X1I1,409 pages. 2005. (Subseries LNAI).

Vol. 3697: W. Duch, J. Kacprzyk, E. Oja, S. Zadrozny
(Eds.), Artificial Neural Networks: Formal Models and
Their Applications — ICANN 2005, Part II. XXXII, 1045
pages. 2005.

Vol. 3696: W. Duch, J. Kacprzyk, E. Oja, S. Zadrozny
(Eds.), Artificial Neural Networks: Biological Inspirations
—ICANN 20085, Part 1. XXXI, 703 pages. 2005.

Vol. 3695: M.R. Berthold, R.C. Glen, K. Diederichs, O.
Kohlbacher, I. Fischer (Eds.), Computational Life Sci-
ences. XI, 277 pages. 2005. (Subseries LNBI).



Table of Contents

Invited Program

Keynote 1: Using EEMBC Benchmarks to Understand Processor
Behavior in Embedded Applications
Moarktis Leo « amne v sosmmmsaes s 08 5 EEEE 5215 SRR SIE5E 6 BT 66 5 5 3

Keynote 2: The Chip-Multiprocessing Paradigm Shift: Opportunities
and Challenges
Per Stenstrom .. ...ttt e e

($2}

Software Defined Radio — A High Performance Embedded Challenge
Hyunseok Lee, Yuan Lin, Yoav Harel, Mark Woh, Scott Mahlke,
Trevor Mudge, Krisztian Flautner...............couuiiiiineennnnn. 6

I Analysis and Evaluation Techniques

A Practical Method for Quickly Evaluating Program Optimizations
Grigori Fursin, Albert Cohen, Michael O’Boyle, Olivier Temam. . . . .. 29

Efficient Sampling Startup for Sampled Processor Simulation
Michael Van Biesbrouck, Lieven Feckhout, Brad Calder ............. 47

Enhancing Network Processor Simulation Speed with Statistical Input
Sampling
Jia Yu, Jun Yang, Shaojie Chen, Yan Luo, Laxmi Bhuyan .......... 68

II Novel Memory and Interconnect Architectures

Power Aware External Bus Arbitration for System-on-a-Chip
Embedded Systems
Ke Ning, David Kaeli ........... ... . .0, 87

Beyond Basic Region Caching: Specializing Cache Structures for High
Performance and Energy Conservation
Michael J. Geiger, Sally A. McKee, Gary S. Tyson ................ 102

Streaming Sparse Matrix Compression/Decompression
David Moloney, Dermot Geraghty, Colm McSweeney,
Ciagans, MEEITOT :uesms e veraiss sumen s ae a5 2 55 6158 665 5 918 555 50805 & Gra 116



XI1I Table of Contents

XAMM: A High-Performance Automatic Memory Management System
with Memory-Constrained Designs
Gansha Wu, Xin Zhou, Guei-Yuan Lueh, Jesse Z Fang, Peng Guo,

Jinzhon Peng, Vielor Ying s s.svinssnsssasssniss susanissansss s

IIT Security Architecture

Memory-Centric Security Architecture

Weidong Shi, Chenghuai Lu, Hsien-Hsin S. Lee....................

A Novel Batch Rekeying Processor Architecture for Secure Multicast
Key Management

Abdulhadi Shoufan, Sorin A. Huss, Murtuza Cutleriwala ............

Arc3D: A 3D Obfuscation Architecture

Mahadevan Gomathisankaran, Akhilesh Tyagi .....................

IV Novel Compiler and Runtime Techniques

Dynamic Code Region (DCR) Based Program Phase Tracking
and Prediction for Dynamic Optimizations
Jinpyo Kim, Sreekumar V. Kodakara, Wei-Chung Hsu,

David J. Lilja, Pen-Chung Yew ... .......... ...

Induction Variable Analysis with Delayed Abstractions

Sebastian Pop, Albert Cohen, Georges-André Silber.................

Garbage Collection Hints
Dries Buytaert, Kris Venstermans, Lieven Feckhout,

Koen De Bosschere . ... ... ... ... e

V Domain Specific Architectures

Exploiting a Computation Reuse Cache to Reduce Energy in Network
Processors

Bengu Li, Ganesh Venkatesh, Brad Calder, Rajiv Gupta ............

Dynamic Evolution of Congestion Trees: Analysis and Impact
on Switch Architecture
P.J. Garcia, J. Flich, J. Duato, I. Johnson,

F.J. Quiles, and F. Naven ........... ..o uiuniumnnnnnnann



Table of Contents XIII

A Single (Unified) Shader GPU Microarchitecture for Embedded
Systems
Victor Moya, Carlos Gonzilez, Jordi Roca, Agustin Ferndndez,
Roger ESPasa . . ... ..ot e e e 286

A Low-Power DSP-Enhanced 32-Bit EISC Processor
Hyun-Gyu Kim, Hyeong-Cheol Oh ....................ccccciuiu... 302

Author Index . ... ... ... . 317



Invited Program






Keynote 1: Using EEMBC Benchmarks
to Understand Processor Behavior
in Embedded Applications

Markus Levy

President EEMBC

Abstract. Since its first introduction five years ago, benchmark soft-
ware from the Embedded Microprocessor Benchmark Consortium
(EEMBC) has gained critical mass as an industry standard for mea-
suring the performance of embedded processors. From the beginning,
EEMBC benchmarks have been distinguished by the application-specific
representations of real processor tasks that they provide, and by the
strict requirements for score certification before publication established
by the Consortium. EEMBC is working to ensure its continued success
by developing new benchmarks to reflect the evolving embedded market
and to developing new ways to place the benchmark code in the hands
of more engineers around the world.

This presentation begins with an introduction and overview of
EEMBC’s accomplishments and implementation strategy to date. From
there, I will discuss the organization’s future goals. Some of the hottest
topics in the embedded industry include multicore systems and power
conservation. Within EEMBC, work is now underway to develop mul-
ticore processor benchmarks that address both heterogeneous and ho-
mogenous processor implementations. A simultaneous effort is also un-
derway, within a separate organization, to develop standards that will
support the development of multicore platforms. These standards will
initially address multicore debugging, on the chip and system level, and
they will also address the issues of messaging and synchronization and
how standards for scalable APIs could be leveraged and developed for
embedded systems. On the power front, EEMBC is nearing the release
of its specification for performing standardized power measurements on
embedded platforms. Significantly, these measurements are performed
while the platform is running the EEMBC benchmarks, thus helping to
simultaneously characterize the performance and energy profile of a pro-
cessor. But the real success of EEMBC’s power measurements is that
they work in a consistent manner, and, when released, will have been
agreed to by the majority of vendors in the processor market.

This presentation will also describe other EEMBC benchmark projects
currently under development, such as real-time automotive, office au-
tomation, and benchmarks to support VolP applications. Using case
studies, I will also demonstrate various methods for applying EEMBC
to derive execution profiles and improve the designer’s understanding of
compiler and system-level design options.

Finally, the presentation will discuss how the adoption of these bench-
marks within the embedded industry is expanding, with the implementa-
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