Proceedings

Processing
Symposium

April 1316, 1993
Newport Beach, California

Sponsored by
IEEE Computer Society Technical Committee on Parallel Processing

3
@ IEEE Computer Society Press o The Institute of Electrical and Electronics Engineers, Inc



PROCEEDINGS

Seventh

International

Parallel

Processing

Symposium

Sponsored by

IEEE Computer Society Technical Committee on Parallel Processing

In cooperation with
ACM SIGARCH

April 13 - 16, 1993
Newport Beach, California

IEEE Computer Society Press

Los Alamitos, California

Washington e Brussels e Tokyo




The papers in this book comprise the proceedings of the meeting mentioned
on the cover and title page. They reflect the authors' opinions and, in the
interests of timely dissemination, are published as presented and without
change. Their inclusion in this publication does not necessarily constitute
endorsement by the editors, the IEEE Computer Society Press, orthe Institute
of Electrical and Electronics Engineers, Inc.

Published by the

IEEE Computer Society Press
10662 Los Vaqueros Circle
PO Box 3014

Los Alamitos, CA 90720-1264

© 1993 by the Institute of Electrical and Electronics Engineers, Inc. All rights reserved.

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limits of US copyright law, for private use
of patrons, those articles in this volume that carry a code at the bottom of the first page,
provided thatthe per-copy fee indicated in the code is paid through the Copyright Clearance
Center, 27 Congress Street, Salem, MA 01970. For other copying, reprint, or republication
permission, write to IEEE Copyrights Manager, IEEE Service Center, 445 Hoes Lane, PO
Box 1331, Piscataway, NJ 08855-1331.

IEEE Computer Society Press Order Number 3442-02
IEEE Catalog Number 93TH0513-2
ISBN 0-8186-3441-3 (microfiche)
ISBN 0-8186-3442-1 (case)
ISSN 1063-7133

Additional copies can be ordered from

IEEE Computer Society Press IEEE Service Center IEEE Computer Society IEEE Computer Society
Customer Service Center 445 Hoes Lane 13, avenue de I'Aquilon Ooshima Building
10662 Los Vaqueros Circle PO Box 1331 B-1200 Brussels 2-19-1 Minami-Aoyama
PO Box 3014 Piscataway, NJ 08855-1331 BELGIUM Minato-ku, Tokyo 107
Los Alamitos, CA 90720-1264 JAPAN

Production Editor: Robert Werner
Cover design by Joseph Daigle/Schenk-Daigle Studios
Printed in the United States of America by Braun-Brumfield, Inc.

0 The Institute of Electrical and Electronics Engineers, Inc.



Processing

Symposium




Foreword

The papers in this volume were presented at the Seventh International Parallel Processing Symposium,
held April 13 through April 16, 1993 in Newport Beach, California. The symposium was sponsored by the
newly established IEEE Computer Society Technical Committee on Parallel Processing (TCPP) and was
held in cooperation with ACM SIGARCH. This year we were honored by the chairmanship of professor
H.T. Kung.

The program committee met on December 4, 1992 and, from the 290 manuscripts submitted in response
to the call for papers, selected 126 for presentation at the symposium. Their decisions were based on
criteria of originality, technical quality, and relevance to the theme of the symposium. My thanks to the
program committee and the referees who read and evaluated the submissions.

Of the selected manuscripts, 31 were accepted as extended papers (designated by an asterisk in the table of
contents). All submissions were refereed. Since a number of papers represent reports of continuing
research, it is anticipated that many of them will appear in a more polished and complete form in
scientific journals. On behalf of the program committee, I would like to thank all authors for an
impressive response to our call for papers.

The symposium is the lead-off activity of the recently formed Technical Committee on Parallel
Processing. Details on formation and composition of the committee follow the technical matter of these
proceedings. I am looking forward to building the TCPP in its role of service to the community through
research and educational activities and invite readers to participate.

Organizing this and previous symposiums would not have been possible without the energy and talent of
many persons. I especially appreciative of the continued leadership and enthusiasm provided by Larry
Canter. Also, the ongoing involvement of Orange County Computer Group members in organizational
support roles has helped ensure continuity in development of the symposium, and this has been reinforced
by the professionalism of the Society’s conference department in the persons of Anne Marie Kelly,
Maggie Johnson, Janet Harward, and Nancy Wise. I want to take this opportunity to thank both groups
and individuals who have done their job well and in so doing contributed to the success of IPPS and
established it as a major technical event in the area of parallel processing. Finally, I would like to express
my personal appreciation to Sally Jelinek and Ashfaq Khokhar for their tireless efforts in the organization
of this and previous meetings.

V.K. Prasanna (Kumar), IPPS 1993 Program Chair



Message from the Chairman Emeritus

Welcome to the Seventh International Parallel Processing Symposium. I would like to thank the IEEE
Computer Society for their strong support of this year’s symposium and for the efforts of the parallel processing
symposium organization to provide a forum where new and exciting developments in parallel processing can be
introduced. Each year new ways are explored for improving the quality and scope of the symposium. Last year
the parallel systems fair was introduced to provide an arena where new products under development in both
industry and academia can be discussed. Also, a well-attended workshop on heterogeneous processing was held
on the first day of the event. This concept has been expanded this year to include workshops on this and four
other topics:

Real-time parallel and distributed systems;
Strategic directions in computing;

I/0 in parallel systems; and

Scalability and performability of parallel systems.

The IPPS organizing committee continues to welcome other ideas for increasing the scope and intensity of this
event. Again this year a significant portion of the papers submitted were from individuals outside the United
States. This year and in the years to come, we are including more formal commercial exhibits and presentations
so that the theoretical and practical considerations of parallel processing remain closely linked. I am pleased by
the growth in participation by companies, agencies, and research centers including

BellCore, CDAC, DEC, ETH, Hecht-Nielsen, IBM, Intel, Kendall Square Research, Kuck and
Associates, MasPar Computer Corporation, Minnesota and Pittsburgh Supercomputing Centers,
NASA Langley, N-Cube, NEC Research Institute, NRaD, NSF, NTT, ONR, ParaSoft Corporation,
Sandia National Labs, Thinking Machines, TIFR, and Worlton Associates.

This continued growth of the symposium is due primarily to the many hundreds of hours of work performed by
past and present members of the organizing committee. I would like to extend my thanks to H.T. Kung for his
participation as symposium chairman, and to the program chairman, Viktor Prasanna, for providing the
leadership necessary to continue the growth and importance of this event. With the dramatic increase in the
number of manuscipts reviewed, a larger effort was required to critically review all the submissions. On the
publicity side, Sally Jelinek continues her excellent work on the advanced ads, the advance program, and the
IPPS poster. Our financial chairman, William Pitts, organized the budget and managed our cost control
program. George Westrom, the steering committee chairman, provided support and coordinated inputs from the
Orange County Computer Group, Susamma Barua coordinated local arrangements, and Donna Quammen was
responsible for the commercial exhibits. Finally, the financial sponsorship of key companies continues to make
it possible for the symposium to expand. In such light, we would like to recognize Hecht-Nielsen, ParaSoft
Corporation, and MasPar Computer Corporation.

Again, thanks to all the authors who submitted their papers and who participated in this year’s symposium.

Larry H. Canter, Chairman Emeritus
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