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Preface

Anticipatory behavior in adaptive learning systems continues to attract the attention of
researchers in many areas, including cognitive systems, neuroscience, psychology,
and machine learning. The ABiALS workshop series is now in its fourth edition — and
it is very vital.

The 4th Workshop on Anticipatory Behavior in Adaptive Learning Systems
(ABiALS 2008) was held in collaboration with the 5th Six-Monthly Meeting of
euCognition: “The Role of Anticipation in Cognition" in Munich, June 26-27, 2008.

EuCognition, the European Network for the Advancement of Articial Cognitive
Systems (FP6-26408), funded this stimulating two-day event which saw the participa-
tion of six invited speakers (four of whom contributed to this book) and over 50 re-
searchers from several European nations and abroad. Over 20 papers were discussed,
either in oral or poster presentations. We are grateful to the euCognition's Executive
Committee, and in particular to David Vernon, for giving us the possibility of holding
the fourth ABiALS meeting in collaboration with the euCognition meeting, and for
generously sponsoring both events.

We are grateful to our Program Committee members for providing careful reviews
of the contributions, and additional comments and suggestions, which have greatly
enhanced the quality of this book.

Thanks to the numerous participants — with different backgrounds, but with con-
verging interests — the workshop hosted an extremely stimulating discussion and
comparison of ideas which touched numerous topics, including time scales in predic-
tion, how anticipation relates to hierarchies in the control of action, in what sense an-
ticipatory mechanisms of living organisms are related (or the same) across different
domains, or what could be the foundations of artificial systems provided with antici-
patory capabilities.

The numerous interactions we had during the two-day event testified an extremely
vivid interest in basic issues related to prediction and anticipation in many disciplines
and from several perspectives. This makes the sharing of a common language ex-
tremely important. For this reason, the introductory chapter of this volume revisits the
current available terminology on anticipatory behavior and relates it to the available
system approaches. In addition, the introductory chapter offers an overview of the
contributions in this volume. The contributions have been grouped in six sections:
“Anticipation in Psychology: Focus on the Ideomotor View,” “Conceptualizations,”
“Anticipation and Dynamical Systems,” “Computational Modeling of Psychological
Processes in the Individual and Social Domains,” “Behavioral and Cognitive Capa-
bilities Based on Anticipation,” and “Computational Frameworks and Algorithms for
Anticipation, and Their Evaluation.”

One remarkable aspect of this volume is that numerous papers encompass more than
one discipline, and in particular study the close relationships between the study of living
organisms and the realization of computational modeling of anticipatory mechanisms.
This interaction is clearly bidirectional. Some papers start with psychological theories
and empirical evidence to inform the study and realization of computational and robotic
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models. Others apply insights from computer science or information theory to suggest
novel ways to look at empirical phenomena, or to explain empirical data.

In addition to its role in producing scientific advancements and promoting cross-
disciplinary discussions, ABiALS continues in its community-building activity, too.
A novelty this year was the setting up of a Web portal focused on anticipatory
behavior, with the intention of further disseminating ideas and fostering discussions
and collaborations within and outside the ABiALS community:
http://www.anticipatorybehavior.org/

April 2009 Giovanni Pezzulo
Martin V. Butz

Olivier Sigaud

Gianluca Baldassarre



Organization

This work was supported by the EU-funded projects HUMANOBS: Humanoids That
Learn Socio-Communicative Skills Through Observation, contract no. FP7-STREP-
231453, and IM-CLeVeR - Intrinsically Motivated Cumulative Learning Versatile
Robots, contract no. FP7-IST-IP-231722. Additional support from the Emmy Noether
program of the German Research Foundation grant BU1335/3-1 is acknowledged.

Executive Committee

Giovanni Pezzulo

Istituto di Linguistica Computazionale “Antonio Zampolli”,
Consiglio Nazionale delle Ricerche (ILC-CNR) Pisa, Italy and
Istituto di Scienze e Tecnologie della Cognizione,
Consiglio Nazionale delle Ricerche (ISTC-CNR), Rome, Italy

Martin V. Butz

COBOSLAB, Department of Cognitive Psychology III,
University of Wiirzburg, Wiirzburg, Germany

Olivier Sigaud

Institut des Systemes Intelligents et de Robotique (CNRS UMR 7222)
Université Pierre et Marie Curie, Paris, France

Gianluca Baldassarre
Laboratory of Computational Embodied Neuroscience,

Istituto di Scienze e Tecnologie della Cognizione,
Consiglio Nazionale delle Ricerche (LOCEN-ISTC-CNR), Rome, Italy

Program Committee

Christian Balkenius Lund University, Lund, Sweden

Andy Barto University of Massachusetts, Amherst, Amherst, USA

Edoardo Datteri Universita Milano-Bicocca, Milan, Italy

Jason Fleischer University of California, San Diego, USA

Oliver Herbort University of Wiirzburg, Wiirzburg, Germany

Frederic Kaplan Ecole Polytechnique Fédérale de Lausanne,
Lausanne, Suisse

Pier Luca Lanzi Politecnico di Milano, Milan, Italy

Pierre-Yves Oudeyer INRIA, Bordeaux, France



VIl Organization

Tony Prescott University of Sheffield, Sheffield, UK

Alexander Riegler Vrije Universiteit, Brussels, Belgium

Wolfram Schenck University of Bielefeld - AG Technische Informatik,
Bielefeld, Germany

Samarth Swarup University of Illinois, Urbana-Champaign, USA

Marc Toussaint Technische Universitit Berlin, Berlin, Germany

Tom Ziemke University of Skovde, Skovde, Sweden



Table of Contents

Introduction

From Sensorimotor to Higher-Level Cognitive Processes: An
Introduction to Anticipatory Behavior Systems ......................
Giovanni Pezzulo, Martin V. Butz, Olivier Sigaud, and
Gianluca Baldassarre

Anticipation in Psychology: Focus on the Ideomotor
View

ABC: A Psychological Theory of Anticipative Behavioral Control . .....
Joachim Hoffmann

Anticipative Control of Voluntary Action: Towards a Computational
Model ...

Pascal Haazebroek and Bernhard Hommel

Theoretical and Review Contributions

Driven by Compression Progress: A Simple Principle Explains Essential

Aspects of Subjective Beauty, Novelty, Surprise, Interestingness,

Attention, Curiosity, Creativity, Art, Science, Music, Jokes ............
Jirgen Schmidhuber

Steps to a Cyber-Physical Model of Networked Embodied Anticipatory
Behavior .. ...
Fabio P. Bonsignorio

Neural Pathways of Embodied Simulation ...........................
Henrik Svensson, Anthony F. Morse, and Tom Ziemke

Anticipation and Dynamical Systems

The Autopoietic Nature of the “Inner World”: A Study with Evolved
“BHnd” RODOtS « vt
Michela Ponticorvo, Domenico Parisi, and Orazio Miglino

The Cognitive Body: From Dynamic Modulation to Anticipation. . ... ..
Alberto Montebelli, Robert Lowe, and Tom Ziemke

10

31

48

(s

95



X Table of Contents

Computational Modelling of Psychological Processes
in the Individual and Social Domains

A Neurocomputational Model of Anticipation and Sustained
Inattentional Blindness in Hierarchies .............................. 152
Anthony F. Morse, Robert Lowe, and Tom Ziemke

Anticipation of Time Spans: New Data from the Foreperiod Paradigm

and the Adaptation of a Computational Model ...................... 170
Johannes Lohmann, Oliver Herbort, Annika Wagener, and
Andrea Kiesel

Collision-Avoidance Characteristics of Grasping: Early Signs in Hand

and Arm Kinematics ....... ... 188
Janneke Lommertzen, Eliana Costa e Silva,
Raymond H. Cuijpers, and Ruud G.J. Meulenbroek

The Role of Anticipation on Cooperation and Coordination in
Simulated Prisoner’s Dilemma Game Playing ........................ 209
Maurice Grinberg and Emilian Lalev

Behavioral and Cognitive Capabilities Based on
Anticipation

A Two-Level Model of Anticipation-Based Motor Learning for Whole
Body Motion . . ....o 229
Camille Salatin, Vincent Padois, and Olivier Sigaud

Space Perception through Visuokinesthetic Prediction ................ 247
Wolfram Schenck

Anticipatory Driving for a Robot-Car Based on Supervised Learning ... 267
Irene Markeli¢, Tomas Kulvicius, Minija Tamosiunaite, and
Florentin Worgotter

Computational Frameworks and Algorithms for
Anticipation, and Their Evaluation

Prediction Time in Anticipatory Systems .......... ... ... ... ... .... 283
Birger Johansson and Christian Balkenius

Multiscale Anticipatory Behavior by Hierarchical Reinforcement
Learning .. ... ..o 301
Matthias Rungger, Hao Ding, and Olaf Stursberg



Table of Contents XI

Anticipatory Learning Classifier Systems and Factored Reinforcement
Learning .. ... ..o 321
Olivier Sigaud, Martin V. Butz, Olga Kozlova, and Christophe Meyer

Author Index . ... .. 335




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




