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General Chair’s Message

It is a great pleasure to welcome all of you to Natal in order to attend the Eleventh Symposium on
Computer Architecture and High Performance Computing sponsored by the Brazilian Computer
Society. Since 1987, the SBAC-PAD series aims at providing a high quality forum for the
researchers on computer architecture, parallel and distributed processing and correlated fields.

The SBAC-PAD series is getting on the internationalization process. In order to world widely
spread the results, the paper’s format was changed and the authors were encouraged to write the
papers in English. Besides, well known speakers were invited to make their contribution to the
researcher’s community. I am indebted to count on the presence of Professor Yale Patt,
University of Texas at Austin, who will bring us his experience in computer architecture
education and his point of view about the next generation microprocessors. I am also glad to have
Professors Frank Dehne from Carleton University-Canada, Jean-Luc Gaudiot from University of
Southern California, and John Reed from University of Illinois at Urbana-Champaign,
contributing at bringing up some of the current most important aspects of high performance
computing.

All the 90 submitted papers had at least three reviewers. The entire evaluation process, going
from the submission through the reception of the reviews, was electronically taken. I would like
to thank the Program Chair Professor Cldudio Geyer, the Program Committee Members and the
60 reviewers for their good job in the timely conduction of the review process.

Special thanks to Tiaraji Diverio and Rafael Santos, who headed the Organizing Committee
staff. I recognize their endeavor in monitoring the organization of the conference looking at the
myriad of tasks which have arisen throughout these 12 months of job. I would also like to
recognize the contribution of the Informatics Institute of the Federal University of Rio Grande do
Sul and the Department of Informatics and Applied Mathematics of the Federal University of Rio
Grande do Norte.

Finally, SBAC-PAD could not have happened without the sponsorship of FINEP, CNPq,
CAPES, FAPERGS and NEC.

I hope you enjoy your time in the SBAC-PAD technical and social programs and the exciting city
of Natal.

Porto Alegre, September 29, 1999.
Philippe O A Navaux

General Chair

Federal University of Rio Grande do Sul



Program Chair’s Message

It is a great pleasure to welcome you to SBAC-PAD’99, the eleventh of a series of conferences
on computer architecture and high performance computing started in 1987.

We believe SBAC-PAD had achieved a good quality level over these twelve years and this is
confirmed by the increasing number of submissions. Ninety papers were submitted this year and

forty three papers were selected to be presented and published in the SBAC.PAD’99 proceedings.
Some paper’s statistics are presented below:

a) Concemning the first author:

Country Submitted Papers | Accepted Papers
Brazil 58 26
Germany 8 5
USA 7 4
England 2 2
France 4 2
Portugal 2 2
Argentine 1 1
Canada 1 1
Other countries i 0
Total 90 43

b) Concerning the topics:

Topic Accepted Papers

Application-specific architectures

Benchmarking and measurements

Cache and memory architectures

Distributed and object-oriented operating systems
Fault-tolerant architectures and systems

High performance applications

High performance processor architectures
Interconnection networks

Languages and compilers for parallel and distributed programming
Parallel and distributed computer architecture
Scheduling and load balancing

Simulation and performance evaluation

Total
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I would like to express my gratitude to all the authors, referees, program committee members,
and organizing committee members, who contributed in their different ways so this conference
could became possible. Finally, I would like to thank all the sponsors who generously gave their
support to this conference. '

\

Claudio Fernando Resin Geyer
Program Committee Chair
Federal University of Rio Grande do Sul



SBAC - PAD 99

11" Symposium on Computer Architecture
and High Performance Computing

General Chair
Philippe Olivier Alexandre Navaux

Organizing Committee
David Boris Paul Déharbe — UFRN
Denise Grune Ewald — Cesup UFRGS
Ivan Saraiva Silva — UFRN
Jorge Luis Victéria Barbosa - UCPEL
Jairo Panetta - INPE-CPTEC
Lourdes Tassinari — UFRGS (Secretary)
Mauricio Lima Pilla - UFRGS
Nicolau Meisel - FINEP
Patricia Kayser Vargas — UFRGS
Paulo Henrique Lemelle Fernandes — PUC RS
Rafael Bohrer - UFRGS
Rafael Linden Sagula - UFRGS
Rafael Ramos dos Santos — UNISC/UFRGS (Co-Chair)
Ronaldo A L. Gongalves - UEM/UFRGS
Tatiana G. Serra dos Santos — UFRGS
Tiaraji Asmuz Diverio — UFRGS (Chair)



Program Committee

Afonso Ferreira

Alba Cristina M. A. Melo
Alvaro L. G. A. Coutinho
Benjamin Baran
Brigitte Plateau

Carl Kesselman

Carlos A. de Moura
Celso Maciel da Costa
Claudio F. R. Geyer (Chair)
Cldudio Luis Amorim
Daniel Etiemble

Edil S. T. Fernandes
Eduardo W. Bergamini
Emest L. Leiss

Frank Dehne

Gopal Gupta

Guang Gao

Hans Ulrich Heiss
Horst Simon

Ian Foster

Jacques Briat

Jairo Panetta

Jean-Luc Gaudiot
Jorge Luis e Silva

José Nelson Amaral
Jilio Salek Aude

Liria Matsumoto Sato
Mario Nemirovsky
Michel Cosnard
Miguel Menasche
Nader Bagherzadeh
Orlando Loques
Philippe O. A. Navaux
Rafael Dueire Lins
Roberto A. Hexsel
Sergio Bampi

Sergio Takeo Kofuji
Siang Wun Song
Valmir C. Barbosa

CNRS/INRIA, France

CIC/UnB, Brazil

COPPE/UFR]J, Brazil

CNC/UNA, Paraguay
IMAG/Grenoble, France
ISYUSC, USA

DCC/UFF, Brazil
FACIN/PUC-RS, Brazil
II/UFRGS, Brazil

COPPE/UFR], Brazil
LRI/Université Paris-SUD, France
COPPE/UFRIJ, Brazil
ATSME/OBT/INPE, Brazil
University of Houston, USA
Carleton University, Canada
NMSU, USA

Delaware, USA

Universitédt - G.H. Paderborn , Germany
LBNL/NERSC, USA
ANL/University of Chigago, USA
IMAG/Grenoble, France
INPE-CPTEC, Brazil

EES/USC, USA
DC/CCT/UFSCar, Brazil
PUC-RS, Brazil

NCE/UFRIJ, Brazil
PCS/EPUSP/USP, Brazil

UCSC/USA and XStream Logic Inc., USA

INRIA, France
PUC-RJ, Brazil
University of California - Irvine, USA
UFF, Brazil
IVUFRGS, Brazil
UFPE, Brazil
DI/UFPR, Brazil
IVUFRGS, Brazil
LSI/USP, Brazil
IME/USP, Brazil
COPPE/UFR]J, Brazil



Adam Talcott

Adilson Guelfi
Alexandre Sztajnberg
Alfredo Goldman
Andréa Schwertner Charao
Anna Dolejsi Santos
Celso L. Mendes

César A. F. De Rose
Cristiano André da Costa
Cristina Boeres

Denis Barthou

Dilma Menezes da Silva
Dror Feitelson

Edson T. Midorikawa
Edward D. Moreno
Eliseu M. Chaves Filho
Emmanuel Jeannot

Enric Musoll

F. Vieira de Souza
Fernando Luis Dotti

Reviewers

Francisco Reverbel
Franck Cappello
Gabriel P. Silva
Gerson Cavalheiro
Grigori Laura
Guilherme Sipahi

Ihn Kim

Jacques Chassin
Jacques Mossiere
James Burns

Jodo Eduardo Ferreira
Jorge Luis V. Barbosa
Juliano Malacarne
Julius Leite

Jung-Yup Kang
Kunio Okuda

Licia M. A. Drummond
Luis Carlos G. Rispoli
Marcelo Lobosco
Maircio Lobo Netto

Marco Dimas Gubitoso
Marcos Brusso

Marcos Ennes Barreto
Markus Endler

Mateo Valero

Patricia Kayser Vargas
Paulo Fernandes

Rafael Bohrer Avila
Rafael R. dos Santos
Rafael Sagula

Ricardo M. Ferreira Lima
Ricardo Reis

Roberta Jungblut Hessel
Ronaldo A. L. Gongalves
Rosana Lanzelotte
Tiaraji Asmuz Diverio
Volnys Borges Bernal
Wayne Yamamoto

Yale Patt

Yves Denneulin



Brazilian Computer Society

Board of Directors
President: Flavio Rech Wagner - UFRGS
Vice-President: Luiz Fernando Gomes Soares - PUC-RJ
Director of Administration and Finances: Taisy da Silva Weber - UFRGS
Director of Events and Interest Groups: Dilma Menezes da Silva - IME/USP
Director of Marketing: Geber Ramalho - UFPE
Director of Planning and Special Programs: Claudionor Coelho Jr. - UFMG
Director of Education: Sergio Schneider - UFU
Director of Regional Divisions: Robert Carlisle Burnett - PUC-PR
Director of Publications: Ricardo de Oliveira Anido - UNICAMP

Society Truster Members Society Truster Members (Substitutes)
Claudia Bauzer Medeiros - UNICAMP Eratostenes Ramalho de Araujo - SOFTEX
Daltro José Nunes - UFRGS Itana Maria Gimenez - UEM
Daniel Schwabe - PUC-Rio Jayme Simdo Sichman - USP
José Carlos Maldonado - USP -Sao Carlos Rosa Maria Viccari - UFRGS
Jilio Cesar Sampaio do Prado Leite - PUC-RJ Tarcisio Harolso Cavalcante Pequeno - UFC

Paulo Roberto Freire Cunha - UFPE
Ricardo Augusto da Luz Reis - UFRGS
Roberto da Silva Bigonha - UFMG
Siang Wun Song - USP

Silvio Romero de Lemos Meira - UFPE
Therezinha Souza Costa - PUC-RJ

Regional Divisions
Norte/Nordeste - Hermano Perrelli de Moura
Minas/Centro Oeste - Maria Elenita M. do Nascimento
Rio de Janeiro/Espirito Santo - André Monat
Sao Paulo - Neucimar Jer6nimo Leite
Sul - Raul Ceretta Nunes
Institucional Members
Centro de Estudos Superior de Sao Carlos
Centro de Estudos Nobel

Centro de Ensino Universitario de Cianorte

Centro de Ensino Universitario de Guaira

Faculdade COTEMIG de Informadtica

Fundag@o Paulista de Educagao e Tecnologia

IME - Instituto Militar de Engenharia

INPE - Instituto Nacional de Pesquisas Espaciais

UFMG - Universidade Federal de Minas Gerais
UNIPAR - Universidade Paranaense de Ensino e Cultura
UnP - Universidade Potiguar



Table of Contents

Session 1: Compilers and Operating Systems

High Performance Application-Oriented Operating Systems - the EPOS Approach ..................... 3
Antonio Augusto Frohlich, Wolfgang Schroeder Preikschat

A Survey of Load Balancers in Modern Multi-Threading Systems..........c.cccocevveeueeereeceeseescnnee. 10

Prasad Kakulavarapu, José Nelson Amaral

Performance Portability of XL HPF Compiler on IBM SP2 and SMP Multiprocessors .............. 17
Abderrazek Zaafrani, Xinmin Tian

Session 2: Microprocessor Design and Evaluation

Resource Tuning in a Multipath Superscalar Architecture ...........ccoveeveveriinsesieeseere e 27

Tatiana G. S. dos Santos, Mauricio L. Pilla, Rafael R. dos Santos, Eliseu M. C. Filho,
Sergio Bampi, Philippe O. A. Navaux, Mario D. Nemirovsky

NCESPARC+: A Multithreaded SPARC Architecture for the Multiplus Multiprocessor............ 35
J. S. Aude, F. R. S. Martins, M. A. S. Barbosa, M. Joao Jr., M. T. Young, S. B.Pinto

Performance Evaluation of a Microarchitecture With Multiple Flows of Control........................ 43
Francisco Santos, Rafael R. dos Santos, Anna D. Santos, Eliseu M. C. Filho, Philippe O. A. Navaux

Session 3: Cache and Prefetch Schemes

A Study on The Performance Of Two-Level Exclusive Caching ........ccccooevivciinininiiiccicnnee. 53

Enric Musoll, Mario Nemirovsky

Process Prefetching for a Simultaneous Multithreaded Architecture..........ccoccevviceneccninciicinnnnne 59
Ronaldo A. L. Gongalves, Rafael L. Sagula, Tiaraji A. Diverio, Philippe O. A. Navaux

A Taxonomy for Cache Men1ory MIBSES ..ccouiiusesssssismirsmessigesassssmmassssss seos s sissssis sy 67
José Luis Hamkalo, Bruno Cernuschi-Frias

Session 4: Applications I

A parallelization technique applied to the computation of rotating flows in cavities.................... i
Rudnei Dias da Cunha, Alvaro Luiz de Bortoli

Selecting Directions for Parallel RAMS Performance Optimization.............cccocevueiveiieenecicnennne 85
Celso L. Mendes, Jairo Panetta

Parallelizing CPTECs General Circulation MOdEL s uuassmissimsssinssvmssimmnivinvesamim 93

Jonas N. Tamaoki, José Paulo Bonatti, Jairo Panetta, Simone Tomita



Session 5: Network of Workstations (Session in Portuguese)

Otimizagdo das Operagdes Coletivas para um Aglomerado de 8 PCs usando uma Rede
Ethernet 10 Mbs baseada em HUb ........ccooiviiviieiiiniiiiciiicrcciceicc e 101
Martha Torres, Sergio T. Kofuji

Modelagem e avaliagdo de desempenho de agregados conectados por tecnologia SCI.............. 107
Rafael B. Avila, Cesar A. F. De Rose, Philippe O. A. Navaux, Roberto A. Hexsel, Hans-Ulrich Heiss

Mirador - Uma Ferramenta para Monitoramento e Gerenciamento de Multicomputadores....... 113
Luis Augusto C. Araiijo, Onofre Trindade Jiinior

Session 6: Algorithms and Models for Distributed Processing (Session in Portuguese)

Um Modelo de Programagdo Paralela Simples para Arquiteturas Distribuidas de Baixo-Custo 121
Hervé Paulino, Fernando Silva, Luis Lopes

HetNOS Threads: Programag@o Multithreaded Distribuida............cccooovniniiinininiinininin, 127
Vinicius Mantay, Cldudio F. R. Geyer

Um Algoritmo Distribuido para Detecg¢ao e Localizagao de Falhas em Redes tipo Hipercubo . 133

Saulo R. Nascimento, Marco Aurélio A. Henriques

Session 7: Applications II

Parallel Space-Time Adaptive Processing On a Cluster of Personal Computers.............c.cc....... 141
Fernando Silva, Gary Byron Lamont

Parallelizing the Microcanonical Optimization Metaheuristic: A Case Study for
the Task Scheduling ProBlem.. . wmumimssimimsstnsssissiisemssisses s smyvisissystpsissenis 149
Stella C. S. Porto, André M. Barroso, José R. A. Torredo

LogP Modelling of Lists AIZOrithms ........c.ccooiiiiiiiiiiicicrcseniss e 157
W. Amme, P. Braun, W. Lowe, E. Zehendner

Session 8: Instruction Scheduling

On the Effectiveness of the Scheduling Algorithm of the Dynamically Trace Scheduled
N LIW A rehieCIime, o msommssmussimsusn s i stsstos i s s s S G a g n Vs S PR Ei 167
A. F. de Souza, P. Rounce

Simultaneous Speculation SChedUlng . musanmminmesnse st 175
A. Unger, Th. Ungerer, E. Zehendner

Investigating the Relative Performance of Static and Dynamic Instruction Scheduling ............ 183
Daniel Tate, Gordon Steven, Paul Findlay



Session 9: Interconnection Networks and Protocols

A Stall Metric to Track Communication Performance.............ccocvveeceireerineeercisceeeerieesnesessesnns 193
Alan Mink, Wayne Salamon, Michael Indovina

A Proposal for a Parallel Programming Support for Multi-LAN Platforms ...........cceeveuvnee.... 197

Luciana Arantes, Bertil Folliot, Liria M. Sato, Pierre Sens

A BobustUansal Onder PrOTOtol oo iiio it faissbs et s e 205
George Marconi de A. Lima, Raimundo J. de A. Macédo

Session 10: Computer Architecture and Tools

PAD Cluster: Na Open, Modular and Low Cost High Performance Computing System........... 215
Volnys B. Bernal, Sergio T. Kofuji, Guilherme M. Sipahi, Allan G. Anderson, Marcio L. Netto

Using Operand Factorization to Compress DSP Programs........c..cccevververnenieicinnensesseeseesneenn 223
Ricardo Pannain, Paulo Centoducatte, Guido Araujo

Sthireads; Multithreading for SCI CUSIOES cuvmusvmeimssssmon s o s s sson s i 230
Enno Rehling

Session 11: Scheduling and Load Balancing

A Static Load Balancing Software for Parallel Applications...........ccccocvireiiiiniicinenneeneceneeenne 237
Adriano J. de Oliveira Cruz, Cldudia R. de Franco, Leonardo S. Vidal

Concurrent Gang: Towards a Flexible and Scalable Gang Scheduler..........cccccovvviiviiniiicnneicnnnn. 243

Fabricio A. B. Silva, Isaac D. Scherson

Using Compile-Time Granularity Information to Support Dynamic Work Distribution

in Parallel Logic Programming SYStEmS ......c.cccciviiiimmiiiniiiiiiiisnee st snes 248
Ines de C. Dutra, Vitor S. Costa, Jorge L. V. Barbosa, Claudio F. R. Geyer

Session 12: FPGA Based Implementations

Approximation of Elementary Functions by Polynomials and Rational Functions -
Some Results for FPGA. Based Implementations . caunsnaismssvansismismsmissssmsmiss 257

Anténio J. Araiijo, José S. Matos

Volume Rendering FPGA HaraWAare, . coussomsmssvsssssismssmssosis et e iissisis sussmsessas g 265
J. Hesser, A. Kugel, H. Singpiel, B. Vettermann, R. Mdnner

A Vector Orthogonal Multiprocessor NEOMP and its Use in Neural Network Mapping.......... 271

Jose Hiroki Saito



Session 13: Memory Systems (Session in Portuguese)

Técnicas para Categorizagido de Padroes de Compartilhamento em Sistemas Software DSM...281
M. C. §. de Castro, C. L. de Amorim

Explorando Conceitos e Mecanismos de Meméria Compartilhada Distribuida em
Entrada/Saida Paralela...........ocooiieeiiiciieeccecniee st enne s 287

Carla Osthoff, Ricardo Bianchini, Cristiana Seidel, Marta Mattoso, Claudio Amorim

Depurando Desempenho de Aplicacdes Software DSM com Carnival .........coceoevieninnnncncne. 293
Edison Ishikawa, Elcio José Pineschi, Wagner Meira Junior, Claudio Amorim

Avaliagdo de Modelos de Acesso a Memoéria de Dados em Arquiteturas Super Escalares......... 299
Emmanuel M. Pereira, Eliseu M. Chaves Filho

Session 14: High Performance on WWW  (Session in Portuguese)

WVM - Uma Ferramenta para Processamento Distribuido na WWW _.......coiiiiiinrcniciinns 307
P. B.M. Sousa, M. A. Fiallos

Cachena WW W Linmitacoes € POUSTIOIAL . umsmmsmssmasssnismonsismsisssbisss s i asm s i 313
Cristina Duarte Murta, Virgilio A. F. Almeida

Servidores Cache WWW em Arquiteturas Multiprocessadas............ccocevviviiiininiiinencininnnnnne. 319
Goedson T. Paixdao, Wagner Meira Jr., Fernando C. Sanches

Author Index



SBAC-PAD’99 11th Symposium on Computer Architecture and High Performance Computing - Natal - Brazil

323

Author Index

ALMEIDA, Virgilio A. F., 313
AMARAL, José Nelson, 10

AMME, Wolfram, 157

AMORIM, Claudio Luis de, 281, 287, 293
ANDERSON, Allan Guilmour, 215
ARANTES, Luciana Bezerra, 197
ARAUIJO, Anténio José Duarte, 257
ARAUJO, Guido, 223

ARAUJO, Luis Augusto C., 113
AUDE, Iilio Salek, 35

AVILA, Rafael B., 107

BAMPI, Sergio, 27

BARBOSA, Jorge L. V., 248
BARBOSA, Mairio Afonso Silveira, 35
BARROSO, André Melon, 149
BERNAL, Volnys Borges, 215
BIANCHINI, Ricardo, 287

BONATTI, José Paulo, 93

BORTOLI, Alvaro Luiz de, 77
BRAUN, Peter, 157

CASTRO, Maria Clicia Stelling de, 281
CENTODUCATTE, Paulo, 223
CERNUSCHI-FRIAS, Bruno, 67
COSTA, Vitor S., 248

CRUZ, Adriano Joaquim de Oliveira, 237
CUNHA, Rudnei Dias da, 77

DE ROSE, Cesar A.F., 107

DIVERIO, Tiarajui A.,59

DUTRA, Ines de Castro, 248
FIALLOS, Mario Aguiar, 307

FILHO, Eliseu M. C., 27, 43, 299
FINDLAY, Paul, 183

FOLLIOT, Bertil, 197

FRANCO, Cldudia Rita de, 237
FROHLICH, Antonio Augusto, 3
GEYER, Claudio Fernando Resin, 127, 248
GONCALVES, Ronaldo A. L., 59
HAMKALOQO, José Luis, 67

HEISS, Hans-Ulrich, 107
HENRIQUES, Marco Aurélio Amaral, 133
HESSER, Jiirgen , 265

HEXSEL, Roberto A., 107

INDOVINA, Michael D., 193
ISHIKAWA, Edison, 293

JOAO JR., Mirio, 35

JUNIOR, Onofre Trindade, 113
KAKULAVARAPU, Prasad, 10
KOFUIJI, Sergio Takeo, 101, 215
KUGEL, Andreas, 265

LAMONT, Gary Byron, 141

LIMA, George Marconi de Araijo, 205
LOWE, Welf, 157

LOPES, Luis Miguel Barros, 121
MACEDO, Raimundo José de Aratjo, 205
MANNER, Reinhard, 265

MANTAY, Vinicius, 127

MARTINS, Fibio R. Silveira, 35
MATOS, José Alfredo Ribeiro da S., 257
MATTOSO, Marta, 287

MEIRA Jr., Wagner, 293, 319
MENDES, Celso Luiz, 85

MINK, Alan, 193

MURTA, Cristina Duarte, 313
MUSOLL, Enric, 53

NASCIMENTO, Saulo Rodrigues, 133
NAVAUX, Philippe O.A.,27, 43,59,107
NEMIROVSKY, Mario D., 27, 53
NETTO, Marcio Lobo, 215

OSTHOFF, Carla, 287

PAIXAO, Goedson Teixeira, 319
PANETTA, Jairo, 85, 93

PANNAIN, Ricardo, 223

PAULINO, Hervé Miguel Cordeiro, 121
PEREIRA, Emmanuel M., 299

PILLA, Mauricio Lima, 27

PINESCHI, Elcio José, 293

PINTO, S. B., 35

PORTO, Stella Cavalcanti da Silva, 149
PREIKSCHAT, Wolfgang Schroeder, 3
REHLING, Enno, 230

ROUNCE, Peter, 167

SAGULA, Rafael L., 59

SAITO, Jose Hiroki, 271

SALAMON, Wayne, 193



324 SBAC-PAD’99 1lth Symposium on Computer Architecture and High Performance Computing - Natal - Brazil

SANCHES, Fernando Caixeta, 319
SANTOS, Anna Dolejsi, 43
SANTOS, Francisco, 43
SANTOS, Rafael Ramos dos, 27, 43
SANTOS, Tatiana G. Serra dos, 27
SATO, Liria Matsumoto, 197
SCHERSON, Isaac D., 243
SEIDEL, Cristiana, 287

SENS, Pierre, 197

SILVA, Fabricio A. B., 243
SILVA, Fernando, 121

SILVA, Fernando M., 141
SINGPIEL, Holger, 265

SIPAHI, Guilherme Matos, 215
SOUSA, Paulo Benicio M., 307
SOUZA, Alberto Ferreira de, 167
STEVEN, Gordon, 183
TAMAOKI, Jonas Noboru, 93
TATE, Daniel, 183

TIAN, Xinmin, 17

TOMITA, Simone, 93
TORREAO, José Ricardo de A., 149
TORRES, Martha, 101

UNGER, Andreas M, 175
UNGERER, Theo, 175
VETTERMANN, Bernd, 265
VIDAL, Leonardo Silva, 237
YOUNG, Maircio Thadeu, 35
ZAAFRANI, Abderrazek, 17
ZEHENDNER, Eberhard, 157, 175



COMPAQ. NE

e . a ) e

i ! i
I z - - LY
| p

L

C

8 6




