Lecture Notes In
Computer Science

Edited by G. Goos and J. Hartmanis

468

S.G. Akl FE Fiala
W.W. Koczkodaj (Eds.)

Advances in Computing
and Information — ICCI '90

International Conference on Computing and Information
Niagara Falls, Canada, May 23-26, 1990
Proceedings

Springer-Verlag
Berlin Heidelberg New York London
Paris Tokyo Hong Kong Barcelona




Editorial Board
D. Barstow W.Brauer P. Brinch Hansen D. Gries D. Luckham
C. Moler A.Pnueli G. Seegmiiller J. Stoer N. Wirth

Volume Editors

Selim G. Akl

Department of Computing and Information Science
Queen's University

Kingston, Canada K7L 3N6

Frantisek Fiala

School of Computer Science
Carleton University

Ottawa, Canada K1S 5B6

Waldemar W. Koczkodaj

Department of Mathematics and Computer Science
Laurentian University

Sudbury, Canada P3E 2C6

ICCI1'90 was organized in cooperation with IEEE Hamilton Section and sponsored
by the Natural Sciences and Engineering Research Council of Canada (NSERC),
Carleton University in Ottawa and Laurentian University in Sudbury

CR Subject Classification (1987): D.1-2,E.2-4, F0-2,H, 1.2

ISBN 3-540-53504-7 Springer-Verlag Berlin Heidelberg New York
ISBN 0-387-53504-7 Springer-Verlag New York Berlin Heidelberg

This work is subject to copyright. All rights are reserved, whether the whole or part of the material
is concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation,
broadcasting, reproduction on microfilms or in other ways, and storage in data banks. Duplication
of this publication or parts thereof is only permitted under the provisions of the German Copyright
Law of September 9, 1965, in its current version, and a copyright fee must always be paid.
Violations fall under the prosecution act of the German Copyright Law.

© Springer-Verlag Berlin Heidelberg 1990
Printed in Germany

Printing and binding: Druckhaus Beltz, Hemsbach/Bergstr.
2145/3140-543210 — Printed on acid-free paper



Preface

This volume contains papers presented at the International Conference on
Computing and Information, ICCI’90, held in Niagara Falls, Ontario, Canada, May
23-26, 1990. All papers have been reviewed by at least two independent referees
nominated by the Program Committee members. A full list of referees is enclosed (p.
528).

ICCI'90 was an international forum for the presentation of new results in
research, development, and applications in computing and information. The primary
goal of the meeting was to promote an exchange of ideas and cooperation between
practitioners and theorists in the interdisciplinary fields of computing, communication
and information theory.

The conference was organized along four streams:

A - Information and Coding Theory, Statistics and Probability

B- Foundations of Computer Science, Theory of Algorithms and Programming

C- Concurrency, Parallelism, Communications, Networking, Computer
Architecture and VLSI

D - Data and Software Engineering, Database, Expert Systems, Information Systems,
Decision Making and AI Methodologies

The contribution of each stream to the success of the conference was noticeable.
In fact, each stream was a kind of subconference and consisted of theoretical papers as
well as presentations on performance issues and implementation techniques.

General Chair was F. Fiala, Carleton University, Canada.
Organizing Committee:
W.W. Koczkodaj, Laurentian University, Canada, Chair

M.W. Herman, Laurentian University, Canada
G. Steinke, University of Passau, Germany

Stream Chairs:

Stream A - David Chiu, University of Guelph, Canada

Stream B - Lane A. Hemachandra, University of Rochester, USA

Stream C - R.P. Hopkins, University of Newcastle upon Tyne, UK

Stream D - Jaretta H. and G. Daryl Nord, Oklahoma State University, USA

The ICCI'90 Program Committee:

S.G. AK], Queen'’s University, Canada, Chair

M. Cosnard, Ecole Normale Superieure de Lyon, France
K. Culik, University of South Carolina, USA

M. El-Gabaly, Kuwait University, Kuwait

J. Grant, Towson State University, USA

M.A.W. Houtsma, University of Twente, The Netherlands



v

M.E.C. Hul], University of Ulster at Jordanstown, UK
P.L.Kannappan, University of Waterloo, Canada
R.L. Kashyap, Purdue University, USA

V. Kumar, University of Missouri-Kansas City, USA
M.A. Langston, University of Tennessee, USA

H. Meijer, Queen’s University, Canada

W. Oettli, University of Mannheim, Germany

M.M. Orlowska, University of Queensland, Australia
R.A. Paige, Courant Inst. of Math. Sciences, USA

W. Smyth, McMaster University, Canada

Ch. Stary, Institute for Applied Informatics, Austria
L. Stojmenovic, University of Ottawa, Canada

Ph.C. Treleaven, University College London, UK
Ch.T. Zahn, Pace University, USA

Electronic Mail Contacts:

For Asia and Australia - D. J. Chen, National Chiao Tung University, Taiwan ROC,
For Canada - Lixin Tao, Concordia University, Canada,

For Europe - Kai Jakobs, Technical University of Aachen, Germany,

For USA and South America - Manuel Bermudez, University of Florida, USA.

We wish to express our sincere gratitude to K. Peacock, the Chairman of IEEE
Hamilton -Section, S. Swing, the Vice-Chairman of IEEE Hamilton Section, D.
Goldsack, the Dean of Science, L. Reed, the Vice-President, Research, and M. Dewson,
the Vice-President, Academic at Laurentian University. A special appreciation is
forwarded to them as they have been a true source of support and encouragement in
organizing the conference. We thank M.A. Langston, University of Tennessee, W.
Smyth, McMaster University, and I. Stojmenovic, University of Ottawa, for their
considerable contribution to the reviewing process. R.C. Kick, Tennessee
Technological University and M. Bermudez, University of Florida, have provided their
help in coordinating presentations during the event in Niagara Falls. We thank H.
Jurgensen for his editorial remarks and we would like to express our gratitude and
appreciation to volunteers: L. Bermudez, D. Fiala, and M. Koczkodaj for their
assistance in registration and information services.

Many other people were involved in the organization of ICCI'90 and we wish to
thank each and every one of them.

Selim G. Akl
Francisek Fiala

Waldemar W. Koczkodaj
Sudbury, June 1990
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