Mehmet A. Orgun
John Thornton (Eds.)

Al 2007: Advances in
Artificial Intelligence

20th Australian Joint Conference on Artificial Intelligence
- Gold Coast, Australia, December 2007
Proceedings

LNAI 4830

@ Springer




Mehmet A. Orgun John Thornton (Eds.)

Al 2007: Advances 1n
Artificial Intelligence

20th Australian Joint Conference on Artificial Intelligence
Gold Coast, Australia, December 2-6, 2007
Proceedings

@ Springer



Series Editors

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

Volume Editors

Mehmet A. Orgun

Macquarie University
Department of Computing
Sydney, NSW 2109, Australia
E-mail: mehmet@ics.mq.edu.au

John Thornton
Griffith University

School of Information and Communication Technology
Gold Coast, QId 4222, Australia
E-mail: j.thornton @ griffith.edu.au

Library of Congress Control Number: 2007939893

CR Subject Classification (1998): 1.2, F4.1, H.3, H.2.8, F.1
LNCS Sublibrary: SL 7 — Artificial Intelligence

ISSN 0302-9743
ISBN-10 3-540-76926-9 Springer Berlin Heidelberg New York
ISBN-13 978-3-540-76926-2 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 is a part of Springer Science+Business Media
springer.com

© Springer-Verlag Berlin Heidelberg 2007
Printed in Germany

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India
Printed on acid-free paper SPIN: 12195497 06/3180 543210



Lecture Notes in Artificial Intelligence 4830
Edited by J. G. Carbonell and J. Siekmann

Subseries of Lecture Notes in Computer Science



Lecture Notes in Artificial Intelligence (LNAI)

Vol. 4830: M.A. Orgun, J. Thornton (Eds.), A1 2007: Ad-
vances in Artificial Intelligence. XIX, 841 pages. 2007.
Vol. 4828: M. Randall, H.A. Abbass. J. Wiles (Eds.),
Progress in Artificial Life. XII, 402 pages. 2007.

Vol. 4827: A. Gelbukh, A.F. Kuri Morales (Eds.), MICAI
2007: Advances in Artificial Intelligence. XXIV, 1234
pages. 2007.

Vol. 4798: Z. Zhang, J.H. Siekmann (Eds.), Knowledge
Science and Engineering and Management. XVI, 669
pages. 2007.

Vol. 4795: F. Schilder, G. Katz, J. Pustejovsky (Eds.),
Annotating, Extracting and Reasoning about Time and
Events. VII, 141 pages. 2007.

Vol. 4790: N. Dershowitz, A. Voronkov (Eds.), Logic
for Programming, Artificial Intelligence, and Reasoning.
X111, 562 pages. 2007.

Vol. 4788: D. Borrajo, L. Castillo, J.M. Corchado (Eds.),
Current Topics in Artificial Intelligence. X1, 280 pages.
2007.

Vol. 4775: A. Esposito, M. Faundez-Zanuy, E. Keller, M.
Marinaro (Eds.), Verbal and Nonverbal Communication
Behaviours. XII, 325 pages. 2007.

Vol. 4772: H. Prade, V.S. Subrahmanian (Eds.). Scalable
Uncertainty Management. X, 277 pages. 2007.

Vol. 4766: N. Maudet. S. Parsons, I. Rahwan (Eds.), Ar-
gumentation in Multi-Agent Systems. XII, 211 pages.
2007.

Vol. 4755: V. Corruble, M. Takeda, E. Suzuki (Eds.),
Discovery Science. XI. 298 pages. 2007.

Vol. 4754: M. Hutter, R.A. Servedio, E. Takimoto (Eds.),
Algorithmic Learning Theory. XI. 403 pages. 2007.
Vol. 4737: B. Berendt, A. Hotho, D. Mladenic, G. Se-
meraro (Eds.), From Web to Social Web: Discovering
and Deploying User and Content Profiles. XI. 161 pages.
2007.

Vol. 4733: R. Basili, M.T. Pazienza (Eds.), AI*IA 2007:
Artificial Intelligence and Human-Oriented Computing.
XVII, 858 pages. 2007.

Vol. 4724: K. Mellouli (Ed.), Symbolic and Quantita-
tive Approaches to Reasoning with Uncertainty. XV, 914
pages. 2007.

Vol. 4722: C. Pelachaud, J.-C. Martin, E. André, G.
Chollet, K. Karpouzis, D. Pelé (Eds.), Intelligent Virtual
Agents. XV, 425 pages. 2007.

Vol. 4720: B. Konev, F. Wolter (Eds.), Frontiers of Com-
bining Systems. X, 283 pages. 2007.

Vol.4702: J.N. Kok, J. Koronacki, R. Lopez de Mantaras,
S. Matwin, D. Mladenic, A. Skowron (Eds.), Knowledge
Discovery in Databases: PKDD 2007. XXV, 640 pages.
2007.

Vol.4701: J.N. Kok, J. Koronacki, R. Lopez de Mantaras,
S. Matwin, D. Mladeni¢, A. Skowron (Eds.), Machine
Learning: ECML 2007. XXII, 809 pages. 2007.

Vol. 4696: H.-D. Burkhard, G. Lindemann, R. Verbrugge,
L.Z. Varga (Eds.), Multi-Agent Systems and Applica-
tions V. XIII, 350 pages. 2007.

Vol. 4694: B. Apolloni, R.J. Howlett, L. Jain (Eds.),
Knowledge-Based Intelligent Information and Engineer-
ing Systems. Part ITI. XXIX, 1126 pages. 2007.

Vol. 4693: B. Apolloni, R.J. Howlett, L. Jain (Eds.),
Knowledge-Based Intelligent Information and Engineer-
ing Systems, Part IT. XXXII, 1380 pages. 2007.

Vol. 4692: B. Apolloni, R.J. Howlett, L. Jain (Eds.),
Knowledge-Based Intelligent Information and Engineer-
ing Systems, Part I. LV, 882 pages. 2007.

Vol. 4687: P. Petta, J.P. Miiller, M. Klusch, M. Georgeff
(Eds.), Multiagent System Technologies. X, 207 pages.
2007.

Vol. 4682: D.-S. Huang, L. Heutte, M. Loog (Eds.),
Advanced Intelligent Computing Theories and Applica-
tions. XXVII, 1373 pages. 2007.

Vol. 4676: M. Klusch, K.V. Hindriks, M.P. Papazoglou,

L. Sterling (Eds.). Cooperative Information Agents XI.
XI, 361 pages. 2007.

Vol. 4667: J. Hertzberg, M. Beetz, R. Englert (Eds.), KI
2007: Advances in Artificial Intelligence. IX, 516 pages.
2007.

Vol. 4660: S. DZeroski. L. Todorovski (Eds.), Computa-
tional Discovery of Scientific Knowledge. X, 327 pages.
2007.

Vol. 4659: V. Marik. V. Vyatkin, A.W. Colombo (Eds.),
Holonic and Multi-Agent Systems for Manufacturing.
VIII., 456 pages. 2007.

Vol. 4651: F. Azevedo. P. Barahona, F. Fages, F. Rossi

(Eds.). Recent Advances in Constraints. VIII, 185 pages.
2007.

Vol. 4648: F. Almeida e Costa, L.M. Rocha, E. Costa, 1.
Harvey, A. Coutinho (Eds.), Advances in Artificial Life.
XVIII, 1215 pages. 2007.

Vol. 4635: B. Kokinov, D.C. Richardson, T.R. Roth-
Berghofer, L. Vieu (Eds.), Modeling and Using Context.
X1V, 574 pages. 2007.

Vol. 4632: R. Alhajj, H. Gao, X. Li, J. Li, O.R. Zaiane
(Eds.), Advanced Data Mining and Applications. XV,
634 pages. 2007.



.Vol. 4629: V. Matousek, P. Mautner (Eds.), Text, Speech
“and Dialogue. XVII, 663 pages. 2007.
Vol. 4626: R.O. Weber, M.M. Richter (Eds.), Case-Based

Reasoning Research and Development. X111, 534 pages.
2007.

Vol. 4617: V. Torra, Y. Narukawa, Y. Yoshida (Eds.).
* Modeling Decisions for Artificial Intelligence. XII, 502
pages. 2007.
Vol. 4612: 1. Miguel, W. Ruml (Eds.), Abstraction, Re-
formulation, and Approximation. XI, 418 pages. 2007.
Vol. 4604: U. Priss, S. Polovina, R. Hill (Eds.), Con-
ceptual Structures: Knowledge Architectures for Smart
Applications. XII, 514 pages. 2007.
Vol. 4603: . Pfenning (Ed.), Automated Deduction —
CADE-21. XII, 522 pages. 2007.
Vol. 4597: P. Perner (Ed.), Advances in Data Mining. XI.
353 pages. 2007.
Vol. 4594: R. Bellazzi, A. Abu-Hanna, J. Hunter (Eds.).
Artificial Intelligence in Medicine. XVI, 509 pages.
2007.
Vol. 4585: M. Kryszkiewicz, J.E. Peters, H. Rybinski.
A. Skowron (Eds.), Rough Sets and Intelligent Systems
Paradigms. XIX, 836 pages. 2007.
Vol. 4578: F. Masulli, S. Mitra, G. Pasi (Eds.), Applica-
tions of Fuzzy Sets Theory. XVIII, 693 pages. 2007.
Vol. 4573: M. Kauers, M. Kerber, R. Miner, W. Wind-
steiger (Eds.), Towards Mechanized Mathematical As-
sistants. XTI, 407 pages. 2007.
Vol. 4571: P. Perner (Ed.), Machine Learning and Data
Mining in Pattern Recognition. X1V, 913 pages. 2007.
Vol. 4570: H.G. Okuno, M. Ali (Eds.), New Trends in
Applied Artificial Intelligence. XXI, 1194 pages. 2007.
Vol. 4565: D.D. Schmorrow, L.M. Reeves (Eds.), Foun-
dations of Augmented Cognition. XIX, 450 pages. 2007.
Vol. 4562: D. Harris (Ed.), Engineering Psychology and
Cognitive Ergonomics. XXIII, 879 pages. 2007.
Vol. 4548: N. Olivetti (Ed.), Automated Reasoning with
Analytic Tableaux and Related Methods. X, 245 pages.
2007.
Vol. 4539: N.H. Bshouty, C. Gentile (Eds.), Learning
Theory. XII, 634 pages. 2007.
Vol. 4529: P. Melin, O. Castillo, L.T. Aguilar, J.
Kacprzyk, W. Pedrycz (Eds.), Foundations of Fuzzy
Logic and Soft Computing. XIX, 830 pages. 2007.
Vol. 4520: M.V. Butz, O. Sigaud, G. Pezzulo, G. Baldas-
sarre (Eds.), Anticipatory Behavior in Adaptive Learning
Systems. X, 379 pages. 2007.
Vol. 4511: C. Conati, K. McCoy, G. Paliouras (Eds.).
User Modeling 2007. X VI, 487 pages. 2007.
Vol. 4509: Z. Kobti, D. Wu (Eds.). Advances in Artificial
Intelligence. XII, 552 pages. 2007.
Vol. 4496: N.T. Nguyen, A. Grzech, R.J. Howlett, L.C.
Jain (Eds.), Agent and Multi-Agent Systems: Technolo-
gies and Applications. XXI, 1046 pages. 2007.
Vol. 4483: C. Baral, G. Brewka, J. Schlipf (Eds.), Logic
Programming and Nonmonotonic Reasoning. 1X, 327
pages. 2007.

Vol. 4482: A. An, J. Stefanowski, S. Ramanna, C.J. Butz,
W. Pedrycz, G. Wang (Eds.), Rough Sets, Fuzzy Sets,
Data Mining and Granular Computing. XIV, 585 pages.
2007.

Vol. 4481:J. Yao, P. Lingras, W.-Z. Wu, M. Szczuka, N.J.
Cercone, D. §l<;7.ak (Eds.), Rough Sets and Knowledge
Technology. XIV, 576 pages. 2007.

Vol. 4476: V. Gorodetsky. C. Zhang, V.A. Skormin, L.
Cao (Eds.), Autonomous Intelligent Systems: Multi-
Agents and Data Mining. XIII, 323 pages. 2007.

Vol. 4460: S. Aguzzoli, A. Ciabattoni, B. Gerla, C. Ma-
nara, V. Marra (Eds.), Algebraic and Proof-theoretic As-
pects of Non-classical Logics. VIII, 309 pages. 2007.
Vol. 4457: G.M.P. O’Hare, A. Ricci, M.J. O’Grady, O.
Dikenelli (Eds.), Engineering Societies in the Agents
Waorld VII. X1, 401 pages. 2007.

Vol. 4456: Y. Wang, Y.-m. Cheung, H. Liu (Eds.), Com-
putational Intelligence and Security. XXIII, 1118 pages.
2007.

Vol. 4455: S. Muggleton, R. Otero, A. Tamaddoni-
Nezhad (Eds.), Inductive Logic Programming. XII, 456
pages. 2007.

Vol. 4452: M. Fasli, O. Shehory (Eds.). Agent-Mediated
Electronic Commerce. VIII, 249 pages. 2007.

Vol. 4451: T.S. Huang, A. Nijholt, M. Pantic, A. Pent-
land (Eds.), Artifical Intelligence for Human Computing.
XVI, 359 pages. 2007.

Vol. 4442: L. Antunes, K. Takadama (Eds.), Multi-
Agent-Based Simulation VIL. X, 189 pages. 2007.

Vol. 4441: C. Miiller (Ed.), Speaker Classification II. X,
309 pages. 2007.

Vol. 4438: L. Maicher, A. Sigel, L.M. Garshol (Eds.),
Leveraging the Semantics of Topic Maps. X, 257 pages.
2007.

Vol. 4434: G. Lakemeyer, E. Sklar, D.G. Sorrenti, T.
Takahashi (Eds.), RoboCup 2006: Robot Soccer World
Cup X. XIII, 566 pages. 2007.

Vol. 4429: R. Lu, J.H. Sieckmann, C. Ullrich (Eds.), Cog-
nitive Systems. X, 161 pages. 2007.

Vol. 4428: S. Edelkamp, A. Lomuscio (Eds.), Model
Checking and Artificial Intelligence. IX, 185 pages.
2007.

Vol. 4426: Z.-H. Zhou, H. Li, Q. Yang (Eds.), Advances
in Knowledge Discovery and Data Mining. XXV, 1161
pages. 2007.

Vol. 4411: R.H. Bordini, M. Dastani. J. Dix, A.E.F.
Seghrouchni (Eds.), Programming Multi-Agent Sys-
tems. XIV, 249 pages. 2007.

Vol. 4410: A. Branco (Ed.), Anaphora: Analysis, Algo-
rithms and Applications. X, 191 pages. 2007.

Vol. 4399: T. Kovacs, X. Llora, K. Takadama, P.L.. Lanzi,
W. Stolzmann, S.W. Wilson (Eds.), Learning Classifier
Systems. XII, 345 pages. 2007.

Vol. 4390: S.0O. Kuznetsov, S. Schmidt (Eds.), Formal
Concept Analysis. X, 329 pages. 2007.

Vol. 4389: D. Weyns, H. Van Dyke Parunak, F. Michel
(Eds.), Environments for Multi-Agent Systems III. X,
273 pages. 2007.



Preface

This volume contains the papers presented at AI 2007: The 20th Australian
Joint Conference on Artificial Intelligence held during December 2-6, 2007 on
the Gold Coast, Queensland, Australia.

Al 2007 attracted 194 submissions (full papers) from 34 countries. The review
process was held in two stages. In the first stage, the submissions were assessed
for their relevance and readability by the Senior Program Committee members.
Those submissions that passed the first stage were then reviewed by at least three
Program Committee members and independent reviewers. After extensive discus-
sions, the Committee decided to accept 60 regular papers (acceptance rate of 31%)
and 44 short papers (acceptance rate of 22.7%). Two regular papers and four short
papers were subsequently withdrawn and are not included in the proceedings.

AT 2007 featured invited talks from four internationally distinguished re-
searchers, namely, Patrick Doherty, Norman Foo, Richard Hartley and Robert
Hecht-Nielsen. They shared their insights and work with us and their contribu-
tions to AI 2007 were greatly appreciated. Al 2007 also featured workshops on
integrating Al and data-mining, semantic biomedicine and ontology. The short
papers were presented in an interactive poster session and contributed to a stim-
ulating conference.

It was a great pleasure for us to serve as the Program Co-chairs of AI 2007.
We would like to thank all the Senior Program Committee members for their
extremely hard work in the two-stage review process and the Program Com-
mittee members and the reviewers for the timely return of their comprehensive
reviews. Without their help and contributions, it would have been impossible
to make decisions and produce such high-quality proceedings. We also would
like to acknowledge the contributions of all the authors of 194 submissions. The
EasyChair conference management system was used (www.easychair.org) in all
stages of the review process and in the generation of the proceedings; it made
our life much easier.

We would like to thank the Conference Co-chairs, Abdul Sattar and Vladimir
Estivill-Castro of Griffith University for their guidance, and the local Organizing
Co-chairs Michael Blumenstein and Guido Governatori for making sure that
the conference ran smoothly. Special thanks go to Natalie Dunstan and Vicky
Wheeler for supporting the Committees so effectively.

We also would like to thank the following organizations for their generous
sponsorship of AT 2007: Griffith University, National ICT Australia, the Univer-
sity of Queensland, Queensland University of Technology, Bond University, the
Australian Computer Society and the Gold Coast City Council.

December 2007 Mehmet A. Orgun
John Thornton
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