
Lecture Notes in Artificial Intelligence 1805 
Subseries of Lecture Notes in Computer Science 
Edited by J. G. Carbonell and J. Siekmann 

Lecture Notes in Computer Science 
Edited by G. Goos, J. Hartmanis and J. van Leeuwen 



springer 
Berlin 
Heidelberg 
New York 
Barcelona 
Hong Kong 
London 
Milan 
Paris 
Singapore 
Tokyo 



Takao Terano Huan Liu 
Arbee L.P. Chen (Eds.) 

Knowledge Discovery 
and Data Mining 
Current Issues and New Applications 

4th Pacific-Asia Conference, PAKDD 2000 
Kyoto, Japan, April 18-20, 2000 
Proceedings 

^ 3 Springer 



Series Editors 

Jaime G. Carbonell.Camegie Mellon University, Pittsburgh, PA, USA 
Jorg Siekmann, University of Saarland, Saarbriicken, Germany 

Volume Editors 

Takao Terano 
Universiy of Tsukuba 
Graduate School of Systems Management 
3-29-1 Otsuka, Bunkyo-ku,Tokyo 112-0012, Japan 
E-mail: terano@gssm.otsuka.tsukuba.ac.jp 

Huan Liu 
Arizona State University 
Department of Computer Science and Engineering 
RO. Box 875 406, Tempe, AZ, 85287-5406 
E-mail: hliu@asu.edu 

Arbee L.P. Chen 
National Tsing Hua University 
Department of Computer Science 
Hsinchu, Taiwan 300, ROC 
E-mail: alpchen@cs.nthu.edu.tw 

Cataloging-in-Publication Data applied for 

Die Deutsche Bibliothek - CIP-Einheitsaufnahme 

Knowledge discovery and data mining : current issues and new 
applications ; 4th Pacific Asia conference ; proceedings / PAKDD 2000, 
Kyoto, Japan, April 18 - 20, 2000. Takao Terano ... (ed.). - Beriin ; 
Heidelberg ; New York ; Barcelona ; Hong Kong ; London ; Milan ; Paris ; 
Singapore ; Tokyo : Springer, 2000 

(Lecture notes in computer science ; Vol. 1805 : Lecture notes in 
artificial intelligence) 
ISBN 3-540-67382-2 

CR Subject Classification (1991): 1.2, H.3, H.5.1, G.3, J.l 

ISBN 3-540-67382-2 Springer-Veriag Beriin 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 pubhcation 
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-Veriag. Violations are 
liable for prosecution under the German Copyright Law. 

Springer-Veriag is a company in the BertelsmannSpringer pubUshing group. 
© Springer-Veriag Beriin Heidelberg 2000 
Printed in Germany 

Typesetting: Camera-ready by author, data conversion by Steingraber Satztechnik GmbH, Heidelberg 
Printed on acid-free paper SPIN 10720199 06/3142 5 4 3 2 10 



Preface 

The Fourth Pacific-Asia Conference on Knowledge Discovery and Data Mining 
(PAKDD 2000) was held at the Keihanna-Plaza, Kyoto, Japan, April 18 - 20, 
2000. PAKDD 2000 provided an international forum for researchers and applica­
tion developers to share their original research results and practical development 
experiences. A wide range of current KDD topics were covered including ma­
chine learning, databases, statistics, knowledge acquisition, data visualization, 
knowledge-based systems, soft computing, and high performance computing. It 
followed the success of PAKDD 97 in Singapore, PAKDD 98 in Austraha, and 
PAKDD 99 in China by bringing together participants from universities, indus­
try, and government from all over the world to exchange problems and challenges 
and to disseminate the recently developed KDD techniques. 

This PAKDD 2000 proceedings volume addresses both current issues and 
novel approaches in regards to theory, methodology, and real world application. 
The technical sessions were organized according to subtopics such as Data Mining 
Theory, Feature Selection and Transformation, Clustering, Application of Data 
Mining, Association Rules, Induction, Text Mining, Web and Graph Mining. 
Of the 116 worldwide submissions, 33 regular papers and 16 short papers were 
accepted for presentation at the conference and included in this volume. Each 
submission was critically reviewed by two to four program committee members 
based on their relevance, originality, quality, and clarity. 

The PAKDD 2000 program was enhanced by two keynote speeches and one 
invited talk: Yoshiharu Sato of Hokkaido University, Japan (Statistics), Ryszard 
S. Michalski of George Mason University, USA (Machine Learning), and Andrew 
Tomkins of IBM Almaden Research Center (Databases). The PAKDD 2000 pro­
gram was further complemented by five tutorials: Enterprise Data Mining with 
Case Studies (Zhexue Huang and Graham J Williams), Data Mining with De­
cision Trees (Johannes Gehrke), Knowledge Extraction from Texts - Applica­
tion to Human Resources in Industry (Yves Kodratoff), Rough Sets in KDD: 
A Tutorial (Andrzej Skowron and Ning Zhong), and Data Mining on the World 
Wide Web (Wee-Keong NG). Two international workshops were co-hosted with 
PAKDD 2000 focusing on two KDD frontiers: the International Workshop on 
Web Knowledge Discovery and Data Mining (WKDDM 2000) and the Interna­
tional Workshop of KDD Challenge on Real-World Data (KDD Challenge 2000). 

The success of PAKDD 2000 would not have been possible without the gen­
erous help rendered to us. We would like to extend our heartfelt gratitude to 
the program committee members and the steering committee members for their 
invaluable contributions. Special thanks go to the conference chairs: Hiroshi Mo-
toda and Masaru Kitsuregawa for their leadership and involvement in making 
the conference run smoothly. We would like to express our immense gratitude 
to all the contributors to the conference for submitting and presenting papers, 
offering tutorials, giving talks, and organizing workshops. Special thanks are 



VI Prefeice 

due to Yuko Ichiki of Keihanna-Plaza Co. for her excellent secretarial work. The 
conference was sponsored by various academic societies in Japan. These are the 
Japanese Society of Artificial Intelligence (JSAI), SIG-DE (Data Engineering) 
and SIG-AI (Artificial Intelligence) of The Institute of Electronics, Information 
and Communication Engineers, SIG-DM (Data Mining) of the Japan Society 
for Software Science and Technology, SIG-DB (Data Base) and SIG-ICS (Intel­
ligent and Complex Systems) of the Information Processing Society of Japan, 
and ACM SIG-MOD Japan. PAKDD 2000 was also generously supported by 
the SAS Institute, Japan and the Telecommunication Advancement Foundation 
(TAP), Japan. 

We hope all participants had a pleasant stay at PAKDD 2000 as well as in 
Japan, exchanged refreshing views, and we wish them great success in their KDD 
endeavors. 

April 2000 Takao Terano, Huan Liu, and Arbee L. P. Chen 
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