Lecture Notes in Computer Science

Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison

Lancaster University, UK
Takeo Kanade

Carnegie Mellon University, Pittsburgh, PA, USA
Josef Kittler

University of Surrey, Guildford, UK
Jon M. Kleinberg

Cornell University, Ithaca, NY, USA
Alfred Kobsa

University of California, Irvine, CA, USA
Friedemann Mattern

ETH Zurich, Switzerland
John C. Mitchell

Stanford University, CA, USA
Moni Naor

Weizmann Institute of Science, Rehovot, Israel
Oscar Nierstrasz

University of Bern, Switzerland
C. Pandu Rangan

Indian Institute of Technology, Madras, India
Bernhard Steffen

University of Dortmund, Germany
Madhu Sudan

Microsoft Research, Cambridge, MA, USA
Demetri Terzopoulos

University of California, Los Angeles, CA, USA
Doug Tygar

University of California, Berkeley, CA, USA
Gerhard Weikum

Max-Planck Institute of Computer Science, Saarbruecken, Germany

5656



James F. Peters Andrzej Skowron
Marcin Wolski Mihir K. Chakraborty
Wei-Zhi Wu (Eds.)

Transactions on
Rough Sets X

@ Springer



Editors-in-Chief

James F. Peters
University of Manitoba, Winnipeg, Manitoba, Canada
E-mail: jfpeters@ee.umanitoba.ca

Andrzej Skowron
Warsaw University, Warsaw, Poland
E-mail: skowron@mimuw.edu.pl

Guest Editors

Marcin Wolski
Maria Curie-Sktodowska University, Lublin, Poland
E-mail: marcin.wolski@umcs.lublin.pl

Mihir K. Chakraborty
University of Calcutta, Kolkata, India
E-mail: mihirc99 @vsnl.com

Wei-Zhi Wu
Zhejiang Ocean University, Zhejiang, P.R. China
E-mail: wuwz@zjou.edu.cn

Library of Congress Control Number: 2009931639

CR Subject Classification (1998): F.4.1, F.1.1, H.2.8, 1.5, 1.4, 1.2

ISSN 0302-9743 (Lecture Notes in Computer Science)

ISSN 1861-2059 (Transaction on Rough Sets)

ISBN-10 3-642-03280-X Springer Berlin Heidelberg New York
ISBN-13 978-3-642-03280-6 Springer Berlin Heidelberg New York

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 any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer. Violations are liable
to prosecution under the German Copyright Law.

springer.com

© Springer-Verlag Berlin Heidelberg 2009
Printed in Germany

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India
Printed on acid-free paper SPIN: 12720033 06/3180 543210



Preface

Volume X of the Transactions on Rough Sets (TRS) provides evidence of further
growth in the rough set landscape, both in terms of its foundations and its
applications.

This volume of the TRS reflects a number of research streams that were
either directly or indirectly begun by the seminal work on rough sets by Zdzistaw
Pawlak (1926-2006)!. This seminal work started with Zdzistaw Pawlak’s early
1970s work on knowledge description systems prior to his discovery of rough
sets during the early 1980s. Evidence of the growth of various rough set-based
research streams can be found in the rough set database?.

This volume includes articles that are part of a special issue on “Foundations
of Rough Sets” originally proposed by Mihir Chakraborty. In addition to research
on the foundations of rough sets, this volume of the TRS also presents papers
that reflect the profound influence of a number of other research initiatives by
Zdzistaw Pawlak.

In particular, this volume introduces a number of new advances in the foun-
dations of rough sets. These advances have significant implications in a number
of research areas such as entailment and approximation operators, extensions of
information systems, information entropy and granulation, lattices, multicriteria
attractiveness evaluation of decision and association rules, ontological systems,
rough approximation, and rough geometry in image analysis.

This volume of the TRS has been made possible thanks to the laudable efforts
of a great many generous persons and organizations. We extend our thanks to the
following reviewers: Cheng Ching-Hsue, Martine De Cock, Ivo Diintsch, Jianwen
Fang, Anna Gomoliniska, Salvatore Greco, Jerzy W. Grzymala-Busse, Masahiro
Inuiguchi, Szymon Jaroszewicz, Jouni Jarvinen, Piero Pagliani, Sankar Kumar
Pal, Lech Polkowski, Yuhua Qian, Jarostaw Stepaniuk, Wojciech Ziarko and
Yiyu Yao.

The editors and authors of this volume also extend their gratitude to Alfred
Hofmann, Ursula Barth, Christine Reiss and the LNCS staff at Springer for their
support in making this volume of the TRS possible. In addition, the editors
extend their thanks to Marcin Szczuka for his consummate skill and care in the
compilation of this volume.

1 Qee, e.g., Peters, J.F., Skowron, A.: Zdzistaw Pawlak: Life and Work, Transactions
on Rough Sets V, (2006), 1-24; Pawlak, Z., A Treatise on Rough Sets, Transactions
on Rough Sets IV, (2006), 1-17. See, also, Pawlak, Z., Skowron, A.: Rudiments of
rough sets, Information Sciences 177 (2007) 3-27; Pawlak, Z., Skowron, A.: Rough
sets: Some extensions, Information Sciences 177 (2007) 28-40; Pawlak, Z., Skowron,
A.: Rough sets and Boolean reasoning, Information Sciences 177 (2007) 41-73.

2 http://rsds.wsiz.rzeszow.pl/rsds.php



VI Preface

The editors of this volume have been supported by the Ministry of Scientific
Research and Higher Education of the Republic of Poland, research grant No.
N N516 368334, the Natural Sciences and Engineering Research Council of Canada
(NSERC) research grant 185986 and a Canadian Arthritis grant SRI-BIO-05.

May 2009 Mihir Chakraborty
Marcin Wolski

Wei-Zhu Wu

James F. Peters

Andrzej Skowron
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The Transactions on Rough Sets series has as its principal aim the fostering of
professional exchanges between scientists and practitioners who are interested
in the foundations and applications of rough sets. Topics include foundations
and applications of rough sets as well as foundations and applications of hybrid
methods combining rough sets with other approaches important for the develop-
ment of intelligent systems. The journal includes high-quality research articles
accepted for publication on the basis of thorough peer reviews. Dissertations
and monographs up to 250 pages that include new research results can also be
considered as regular papers. Extended and revised versions of selected papers
from conferences can also be included in regular or special issues of the journal.
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