
Lecture Notes in Artificial Intelligence 5436
Edited by R. Goebel, J. Siekmann, and W. Wahlster

Subseries of Lecture Notes in Computer Science



Bernhard Sendhoff Edgar Körner
Olaf Sporns Helge Ritter Kenji Doya (Eds.)

Creating
Brain-Like
Intelligence

From Basic Principles
to Complex Intelligent Systems

13



Series Editors

Randy Goebel, University of Alberta, Edmonton, Canada
Jörg Siekmann, University of Saarland, Saarbrücken, Germany
Wolfgang Wahlster, DFKI and University of Saarland, Saarbrücken, Germany

Volume Editors

Bernhard Sendhoff
Edgar Körner
Honda Research Institute Europe GmbH
63073 Offenbach/Main, Germany
E-mail: {bs,edgar.koerner}@honda-ri.de

Olaf Sporns
Indiana University, Dept. of Psychological and Brain Sciences
Bloomington, IN 47405, USA
E-mail: osporns@indiana.edu

Helge Ritter
Bielefeld University, Neuroinformatics Group
33615 Bielefeld, Germany
E-mail: helge@techfak.uni-bielefeld.de

Kenji Doya
Okinawa Institute of Science and Technology, Neural Computation Unit
Okinawa 904-2234, Japan
E-mail: doya@oist.jp

The cover illustration is the work of Dr. Frank Joublin,
Honda Research Institute Europe GmbH

Library of Congress Control Number: Applied for

CR Subject Classification (1998): I.2, F.1, I.2.10, I.4, I.5, J.3-4, H.5.2

LNCS Sublibrary: SL 7 – Artificial Intelligence

ISSN 0302-9743
ISBN-10 3-642-00615-9 Springer Berlin Heidelberg New York
ISBN-13 978-3-642-00615-9 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: 12619917 06/3180 5 4 3 2 1 0



Preface

The International Symposium Creating Brain-Like Intelligence was held in Febru-
ary 2007 in Germany. The symposium brought together notable scientists from
different backgrounds and with different expertise related to the emerging field
of brain-like intelligence. Our understanding of the principles behind brain-like
intelligence is still limited. After all, we have had to acknowledge that after
tremendous advances in areas like neural networks, computational and artificial
intelligence (a field that had just celebrated its 50 year anniversary) and fuzzy
systems, we are still not able to mimic even the lower-level sensory capabilities
of humans or animals. We asked what the biggest obstacles are and how we
could gain ground toward a scientific understanding of the autonomy, flexibility,
and robustness of intelligent biological systems as they strive to survive. New
principles are usually found at the interfaces between existing disciplines, and
traditional boundaries between disciplines have to be broken down to see how
complex systems become simple and how the puzzle can be assembled.

During the symposium we could identify some recurring themes that per-
vaded many of the talks and discussions. The triad of structure, dynamics and
environment, the role of the environment as an active partner in shaping systems,
adaptivity on all scales (learning, development, evolution) and the amalgama-
tion of an internal and external world in brain-like intelligence rate high among
them.

Each of us is rooted in a certain community which we have to serve with the
results of our research. Looking beyond our fields and working at the interfaces
between established areas of research requires effort and an active process. We
believe that the symposium and this volume of contributions from the sympo-
sium fueled this active process. We know that for a good endeavor there can
never be too much fuel and, therefore, this symposium will certainly have its
successors, as soon as we feel that the time has again arrived for enriching our
own thoughts by listening to someone else’s.

We would like to thank all speakers and participants for their active con-
tribution during the symposium. The inspiring discussions during the two days
and particularly in the workgroups are reflected in the chapters that are assem-
bled in this volume. All authors who went through the extra effort to commit
their thoughts shared during the symposium to paper and to merge them with
their most recent research results deserve our particular gratitude. We believe
the spectrum of the chapters nicely demonstrates where we currently stand in
our quest for brain-like intelligence. It represents the current state of art in sev-
eral research fields that are embraced by brain-like intelligence. Furthermore, it
aims at connecting those research fields toward the common goal of brain-like
intelligence.



VI Preface

Finally, we would like to thank the Honda Research Institute Europe, who
organized and sponsored the 2007 symposium.

December 2008 Bernhard Sendhoff
Edgar Körner

Olaf Sporns
Helge Ritter
Kenji Doya
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