Program Highlights

Monday, November 27

08:00-18:30
09:30-17:30
18:30-22:00

Registration
Tutorials
Reception and Conference Banquet

Banquet Talk: The Neural Control of Aerodynamics: How Fruit Flies Fly the
Straight and Narrow,
MICHAEL DICKINSON, Department of Integrative Biology, UC Berkeley

Tuesday, November 28

08:30

10:18-11:00
11:00
12:00-14:00
14:00

15:45-16:15
16:15

17:00-18:00
18:00-19:30
19:30-22.30

Oral Session 1
Invited Talk: Awvoiding Tunnel Vision in Speech Recognition Research,
HERVE BOURLARD, IDIAP and EPFL

Break
Oral Session 2
Lunch

Oral Session 3
Invited Talk: Applications of Neural Networks: From Microwave Ovens to Jet
Engines and Beyond, LIONEL TARASSENKO, University of Oxford

Break

Oral Session 4
Poster Preview
Dinner

Poster Session

Wednesday, November 29

08:30

10:15-11:00
11:00
12:00-14:00
14:00

15:48-16:15
16:15

17:00-18:00
18:00-19:30
19:30-22.30

Oral Session 5
Invited Talk: Knowledge-Based System or System-Derived Knowledge?,
HyYNEK HERMANSKY, OGI of Science & Techn. and Intern. Computer Science Inst., Berkeley, California

Break
Oral Session 6
Lunch

Oral Session 7
Invited Talk: Neuromechanical Integration: From Galloping Ghosts to
Gripping Geckos, ROBERT J. FULL, UC Berkeley

Break

Oral Session 8
Poster Preview
Dinner

Poster Session



Program Highlights

Thursday, November 30

08:30 Oral Session 9

9:50-10:30 Break

10:30 Oral Session 10

11:10 Invited Talk: Automated Model Capture in Extended Urban
Environments, SETH TELLER, MIT Computer Graphics Group

12:00 Adjourn for Workshops

18:30—20:00 Workshop Registration and Reception at Breckenridge

Friday, December 1

07:30-11:00 Workshop Morning Session
16:30-19:00 Workshop Evening Session
19:00-20:30 PreDinner Social Hour

Saturday, December 2

07:30-11:00 Workshop Morning Session
16:30-19:00 Workshop Evening Session
19:30—22:30 Banquet and Wrap-up meeting



Program Highlights



Schedule of Presentations

Monday, November 27

9:30-11:30

13:00-15:00

15:30-17:30

Tutorial Session I
Information Theory, THOMAS M. COVER, Stanford University . . . . ... ... ..

Population Codes: Theory and Practice, RICHARD S. ZEMEL, University of
Toronto, and BRUCE MCNAUGHTON, University of Arizona . . . . . ... ... ... ..

Tutorial Session IT
Variational Methods: Theory and Applications, TOMMI JAAKKOLA, MIT . . . .

Linking Brain to Behavior: From Visual Cortex to Global Brain
Organization, STEPHEN GROSSBERG, Boston University . . .. ... .. ... ....

Tutorial Session III

Probability Models and Markov Chain Monte Carlo, ANDREW GELMAN,
Columbia University . . . . . . . o o o i e e e e e e e

Attention, HAROLD PASHLER, UC SanDiego . . . . . . . . ... . ... ...

Monday, November 27

20:30

Banquet Talk: The Newural Control of Aerodynamics: How Fruit Flies
Fly the Straight and Narrow, MICHAEL DICKINSON, Department of Integrative
Biology, UC Berkeley . . . . . . . . i i e

Tuesday, November 28

Oral Session 1

8:30

9:20 SP01

9:40 SP02

Invited Talk: Awvoiding Tunnel Vision in Speech Recognition Research,
HERVE BOURLARD, IDIAPand EPFL . . . . . . ... . ... ... ... ... .0...

Minimum Bayes Error Feature Selection for Continuous Speech
Recognition, GEORGE SAON, and MUKUND PADMANABHAN,IBM . .. ... ... ..

One Microphone Source Separation, SAM ROWEIS, Gatsby Unit . . . .. ... ..

10:00 Spotlight

SP03

LTO1

AA01

AA02

AA03

AA04

Periodic Component Analysis, LAWRENCE K. SAUL, and JONT B. ALLEN, A&T
Labs . . . . e e e e e e e

Analysis of Bit Error Probability of Direct-Sequence CDMA Multiuser
Demodulators, TOosSHIYUKI TANAKA, Tokyo Metropolitan University . ... ... ..

Tree-Based Modeling and Estimation of Gaussian Processes on Graphs
with Cycles, MARTIN WAINWRIGHT, ERIK SUDDERTH, and ALAN WILLSKY, MIT . .

Propagation Algorithms for Variational Bayesian Learning,
ZOUBIN GHAHRAMANI, and MATTHEW J. BEAL, Gatsby Computational Neuroscience
Unit . . o e e e e e e e e e

Ensemble Learning and Linear Response Theory for ICA,
PeEDRO A.D.F.R. H@JEN-S@RENSEN, OLE WINTHER, and LARS KAl HANSEN,
Technical University of Denmark . . . . . . .. ... 0 0 0 e

Improved Output Codes for Classification Using Continuous Relaxation,
KoBy CRAMMER, and YORAM SINGER, Hebrew University . . . . . ... .. ... ...

23

24

25

26

27
27

29

30

30
30

31

31

31

31

31

31



Tuesday, November 28, Oral Session

Oral Session 2

11:00 AA05
11:20 LT02
11:40 LT03

Generalized Belief Propagation, JONATHAN S. YEDIDIA, WILLIAM T. FREEMAN,
MERL, and YAIR WEISs, UC Berkeley . . . . . . . . . oo

Error-correcting Codes on a Bethe-like Lattice, RENATO VICENTE,
DAVID SAAD, Aston University, and YOSHIYUKI KABASHIMA, Tokyo Institute of
Technology . . . . . o o o i i e e e e

A Tighter Bound for Graphical Models, MARTIJN LEISINK, and
HiLBERT J. KAPPEN, Foundation for Neural Networks . . . ... ... ... ......

Oral Session 3

14:00
14:50 NSO1
15:10 AA06

Invited Talk: Applications of Neural Networks: From Microwave Ovens to
Jet Engines and Beyond, LIONEL TARASSENKO, University of Oxford . . . . . . ..

Finding the Key to a Synapse, THOMAS NATSCHLAGER, and WOLFGANG MAASS,
Technische Universitdt Graz . . . . . . . . . . 0 ittt it

An Information Maximization Approach to Overcomplete and Recurrent
Representations, OREN SHRIKI, HAIM SOMPOLINSKY, Hebrew University, and
DanNieL D. LEE, Bell Laboratories, Lucent Technologies . . .. .. ... ... .....

15:30 Spotlight

NS02

NS03

NS04
VS01

CS01

Stability and Noise in Biochemical Switches, WIiLLIAM BIALEK, NEC Research
Institute . . . . . o e e e e e e e e e e e

A New Model of Spatial Representation in Multimodal Brain Areas,
SopHIE DENEVE, University of Rochester, JEAN-REN DUHAMEL, Institut des Sciences
Cognitives, and ALEX POUGET, University of Rochester . . . . . . . ... ... ... ..

Whence Sparseness, CARL VAN VREESWIIK, Gatsby Unit/ University College London

Redundancy and Dimensionality Reduction in Sparse-Distributed
Representations of Natural Objects in Terms of Their Local Features,
PENIO S. PENEV, The Rockefeller University . . . . . . . ... oo v ...

Who Does What? A Nowel Algorithm to Determine Function Localization,
RANIT AHARONOV-BARKI, Hebrew University, ISAAC MEILIJSON, and
EvTan RUPPIN, Tel Aviv University . . . . . . . . . o o0 0ottt it

Oral Session 4

16:15 AA07 Egplaining Away in Weight Space, PETER DAYAN, and SHAM KAKADE, Gatsby

16:35 LT04

16:55  VS02

Computational Neuroscience Unit . . . . . . . . . . . . ... ... ... ...,

Learning Continuous Distributions: Simulations With Field Theoretic
Priors, ILyaA NEMENMAN, Princeton University, NEC Research Institute, and
WiLLiaAM BIALEK, NEC Research Insitute . . . . . .. ... ... .. .. ...

The Manhattan World Assumption: Regularities in Scene Statistics
which Enable Bayesian Inference, JAMES M. COUGHLAN, and A.L. YUILLE,
Smith-Kettlewell Eye Research Inst. . . . . .. . ... ..o o 0o o000

Tuesday, November 28

Poster Session

Algorithms and Architecture

AAQ01

Tree-Based Modeling and Estimation of Gaussian Processes on Graphs
with Cycles, MARTIN WAINWRIGHT, ERIK SUDDERTH, and ALAN WILLSKY, MIT . .
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Tuesday, November 28, Poster Session

AA02

AA03

AA04

AA05

AA06

AA07

AAQ8

AA09

AA10

AA1l

AA12

AA13

AAl4

AA15

AA16

AA17
AA18

AA19

AA20

AA21

AA22

Propagation Algorithms for Variational Bayesian Learning,
ZOUBIN GHAHRAMANI, and MATTHEW J. BEAL, Gatsby Computational Neuroscience
Unit . . o e e e e e e e e e

Ensemble Learning and Linear Response Theory for ICA,
PeEDRO A.D.F.R. H@JEN-S@RENSEN, OLE WINTHER, and LARS KAl HANSEN,
Technical University of Denmark . . . . . . .. ... 0 0 0 e

Improved Output Codes for Classification Using Continuous Relaxation,
KoBy CRAMMER, and YORAM SINGER, Hebrew University . . . . . ... .. ... ...

Generalized Belief Propagation, JONATHAN S. YEDIDIA, WILLIAM T. FREEMAN,
MERL, and YAIR WEISs, UC Berkeley . . . . . . . . . oo

An Information Maximization Approach to Overcomplete and Recurrent
Representations, OREN SHRIKI, HAIM SOMPOLINSKY, Hebrew University, and
DanNieL D. LEE, Bell Laboratories, Lucent Technologies . . .. .. ... ... .....

Ezxplaining Away in Weight Space, PETER DAYAN, and SHAM KAKADE, Gatsby
Computational Neuroscience Unit . . . . . . . . . . . . ... ... ... ...,

Active Support Vector Machine Classification, O1vi L. MANGASARIAN,
University of Wisconsin, and DAVID R. MUSICANT, Carleton College . . . ... .. ..

Using the Nystrém Method to Speed Up Kernel Machines,
CHRISTOPHER K. I. WILLIAMS, and MATTHIAS SEEGER, University of Edinburgh . . .

Overfitting in Neural Networks: Backpropagation, Conjugate Gradient, and
Early Stopping, RicH CARUANA, Carnegie Mellon University, STEVE LAWRENCE,
and C. LEE GILES, NEC Research Institute . . ... .. ... ... ... ........

Constraint Independent Component Analysis, WEI Lu, and
JAGATH C. RAJAPAKSE, Nanyang Technological University, Singapore . . .. ... ..

A Linear Programming Approach to Novelty Detection, COLIN CAMPBELL,
University of Bristol, and KRISTIN P. BENNETT, Rensselear Polytechnic Institute . . .

Large Scale Bayes Point Machines, RALF HERBRICH, and THORE GRAEPEL,
Technical University of Berlin . . . . . . ... . 0

A Support Vector Method for Hierarchical Clustering, AsA BEN-HUR,
Technion, DAVID HORN, Tel Aviv University, HAvA T. SIEGELMANN, Technion, and
VLADIMIR VAPNIK, A&T Labs Research . . . . .. .. ... ... .. ...,

Approximate Maximal Margin Classification with Respect to an Arbitrary
Norm, CLAUDIO GENTILE, Universita’ degli Studi di Milano . . . ... ... ... ..

Text Classification using String Kernels, HuMA LoDHI, NELLO CRISTIANINI,
JOHN SHAWE-TAYLOR, and CHRIS WATKINS, Royal Holloway, University of London . .

Regularized Winnow Methods, TONG ZHANG, IBM T.J. Watson Research Center .

Active Learning for Parameter Estimation in Bayesian Networks,
SiMON ToNG, and DAPHNE KOLLER, Stanford University . ... .. ... ... ....

A Mathematical Programming Approach to the Kernel Fisher Algorithm,
SEBASTIAN MikA, GUNNAR RATSCH, and KLAUS-ROBERT MULLER, GMD FIRST . .

Sequentially Fitting Inclusive Trees for Inference in Noisy-OR Networks,
BRENDAN J. FREY, RELU PATRASCU, University of Waterloo, TOMMI JAAKKOLA,
MIT, and Job1 MORAN, University of Waterloo . . . . ... ... ... .. ... ...,

High Temperature Expansions for Learning Models of Nonnegative Data,
OLIVER B. DowNs, Princeton University . . . . . . . . ... oo oo

A Gradient-Based Boosting Algorithm for Regression Problems,
RICHARD S. ZEMEL, and TONIANN P1TASSI, University of Toronto . . . ... ... ..
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Tuesday, November 28, Poster Session

AA23 Vieinal Risk Minimization, OLIVIER CHAPELLE, A&T Research Labs,
JASON WESTON, Barnhill Technologies, LEON BOTTOU, and VLADIMIR VAPNIK,
A&T Research Labs . . . . . . . . . . . e e
AA24 The Kernel Gibbs Sampler, THORE GRAEPEL, and RALF HERBRICH, Technical
University of Berlin . . . . . . . . . . e e
AA25 Incremental and Decremental Support Vector Machine Learning,
GERT CAUWENBERGHS, Johns Hopking University, and ToMAaso Pocagio, MIT . . . .
Applications
AP01 Bayesian Video Shot Segmentation, NUNO VASCONCELOS, Compaq Cambridge
Research Lab, and ANDREW LipPMAN, MIT . . . . . . ... ... .. ... ...
AP02 Recognizing Hand-written Digits Using Hierarchical Products of Experts,
GUYy MAYRAZ, and GEOFFREY E. HINTON, Gatsby Unit, UCL . . ... ... ... ..
AP03 Bayes Networks on Ice: Robotic Search for Antarctic Meteorites,
LiaM PEDERSEN, DIMI APOSTOLOPOULOS, and RED WHITTAKER, Carnegie Mellon
University . . . . . o o e e e e
AP04 Interactive Parts Model: An Application to Recognition of On-line Cursive
Script, PREDRAG NESKOVIC, Brown University, PHILIP C. Davis, MIT Lincoln
Laboratory, and LEON N. COOPER, Brown University . . . . . .. . ... ... .. ...
AP05 Sex with Support Vector Machines, BABACK MOGHADDAM, Mitsubishi Electric
Research Lab, and MING-HSUAN YANG, University Illinois at Urbana-Champaign . . .
AP06 A Comparison of I'mage Processing Techniques for Visual Speech
Recognition Applications, MICHAEL S. GRAY, TERRENCE J. SEINOWSKI, The
Salk Institute, and JAVIER R. MOVELLAN, UC San Diego. . . . . .. ... ... ....
AP0O7 Machine Learning for Video-Based Rendering, ARNO SCHODL, and

IRFAN Essa, Georgia Tech . . . . . . . o 0 i e

Control and Navigation

CNO1

CNO02

Kernel-Based Reinforcement Learning in Average-Cost Problems:
An Application to Optimal Portfolio Choice, DIRK ORMONEIT, and
PETER W. GLYNN, Stanford University . . . . . . . . . oo

Balancing Multiple Sources of Reward in Reinforcement Learning,
CHRISTIAN R. SHELTON, MIT . . . . . . . .. e et e e

Cognitive Science

CS01

CS02

CS03

€S04

CS05

Who Does What? A Nowel Algorithm to Determine Function Localization,
RANIT AHARONOV-BARKI, Hebrew University, ISAAC MEILIJSON, and
EvTan RUPPIN, Tel Aviv University . . . . . . . . . o o0 0ottt it

The Use of MDL to Select among Computational Models of Cognition,
In J. MYUNG, MARK A. PITT, SHAOBO ZHANG, Ohio State University, and
VIJAY BALASUBRAMANIAN, Harvard University . . . . ... ... ... .. ...,

The Early Word Catches the Weights, MARK A. SMITH, IBM Almaden
Research Center, and GARRISON W. COTTRELL, UC, San Diego . . . . . . ... .. ..

The Interplay of Symbolic and Subsymbolic Processes in Anagram Problem
Solving, DAVID B. GRIMES, and MICHAEL C. MOZER, University of Colorado

Active Inference in Concept Induction, JONATHAN NELSON, and
JAVIER R. MOVELLAN, UC San Diego . . . . . . . . . ... ..
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Tuesday, November 28, Poster Session

Implementations
IM01 Homeostastis in a Silicon Integrate and Fire Neuron, SHIH-CHII LIU,
ETH/UNIZ, and BRADLEY A. MINCH, Cornell University . .. .. ... ... .....
IM02 Fast Training Support Vector Classifiers, FERNANDO PEREZ-CRUZ,
PEDRO L. ALARCON-DIANA, Universidad de Alcala, ANGEL NAVIA-VAZQUEZ, and
ANTONIO ARTES-RODRIGUEZ, Universidad Carlos ITI de Madrid . . . .. ... .. ...
IM03  Four-legged Walking Gait Control Using a Neuromorphic Chip Interfaced

to a Support Vector Learning Algorithm, SUSANNE STILL, ETH / UNI Zurich

and NEC Research, and BERNHARD SCHOLKOPF, Microsoft Research . . . .. .. ...

Learning Theory

LT01 Analysis of Bit Error Probability of Direct-Sequence CDMA Multiuser

Demodulators, TOSHIYUKI TANAKA, Tokyo Metropolitan University . ... ... ..
LT02 FError-correcting Codes on a Bethe-like Lattice, RENATO VICENTE,

DAVID SAAD, Aston University, and YOSHIYUKI KABASHIMA, Tokyo Institute of

Technology . . . . . o o o i i e e e e
LT03 A Tighter Bound for Graphical Models, MARTIIN LEISINK, and

Hi.BERT J. KAPPEN, Foundation for Neural Networks . . . . ... ... ... .....
LT04 Learning Continuous Distributions: Simulations With Field Theoretic

Priors, ILyaA NEMENMAN, Princeton University, NEC Research Institute, and

WiLLiaAM BIALEK, NEC Research Insitute . . . . . .. ... ... .. .. ...
LT05 Some New Bounds on the Generalization Error of Combined Classifiers,

VLADIMIR KOLTCHINSKII, DMITRIY PANCHENKO, and FERNANDO L0zZANO, The

University of New Mexico . . . . . . . o0 000 i i i it i e e
LT06 Weak Learners and Improved Rates of Convergence in Boosting,

SHIE MANNOR, and RON MEIR, Technion . .. ... ... .. ... ... ... ...,
LT07 Algebraic Information Geometry for Learning Machines with Singularities,

SuMio WATANABE, Tokyo Institute of Technology . . . . . . ... ... ... ... ...
LT08 The Kernel Trick for Distances, BERNHARD SCHOLKOPF, Microsoft Research . . .
LT09 Stagewise Processing in Error-correcting Codes and I'mage Restoration,

K. Y. MicHAEL WONG, Hong Kong University of Science and Technology, and

HipeETOsHI NISHIMORI, Tokyo Institute of Technology . . . . . . . ... ... ... ...
LT10 Learning Curves for Gaussian Processes Regression: A Framework for

Good Approzximations, DOERTHE MALZAHN, and MANFRED OPPER, Aston

University . . . . . o o e e e e
LT11 Regularization with Dot-Product Kernels, ALEX J. SMOLA, ZOLTAN L. OVARI,

and ROBERT C. WILLIAMSON, The Australian National University . .. ... ... ..
LT12 Efficient Learning of Linear Perceptrons, SHAI BEN-DAVID, Technion, and

Hans ULricH SIMON, Ruhr Universitdt Bochum . . . ... ... . ... ... ... ..
LT13 Learning Winner-take-all Competition Between Groups of Neurons

in Lateral Inhibitory Networks, X1A0OHUI XIE, RICHARD HAHNLOSER, and

H. SEBASTIAN SEUNG, MIT . . . . . . . e i e i
LT14 On Reversing Jensen’s Inequality, TONY JEBARA, and ALEX PENTLAND, MIT . .
Neuroscience
NSO01 Finding the Key to a Synapse, THOMAS NATSCHLAGER, and WOLFGANG MAASS,

Technische Universitdt Graz . . . . . . . . o i i i e e e e e e e
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Tuesday, November 28, Poster Session 14

NS02 Stability and Noise in Biochemical Switches, WILLIAM BIALEK, NEC Research
Institute . . . . . o e e e e e e e e e e e 53

NS03 A New Model of Spatial Representation in Multimodal Brain Areas,
SopHIE DENEVE, University of Rochester, JEAN-REN DUHAMEL, Institut des Sciences
Cognitives, and ALEX POUGET, University of Rochester . . . . . . . ... ... ... .. 53

NS04 Whence Sparseness, CARL VAN VREESWIIK, Gatsby Unit/ University College London 54

NS05 Spike-Timing-Dependent Learning for Oscillatory Networks,
SiLviA SCARPETTA, Universita’ di Salerno, ZHAOPING L1, Gatsby, U.C.L., and
JOHN HERTZ, Nordita . . . . . . . . . . e e 54

NS06 Dendritic Compartmentalization Could Underlie Competition and
Attentional Biasing of Simultaneous Visual Stimuli, KEVIN A. ARCHIE, and
BARTLETT W. MEL, University of Southern California . . . ... ... ... ...... 54

NS07 Multiple Timescales of Adaptation in a Neural Code, ADRIENNE FAIRHALL,
GEOFF LEWEN, WILLIAM BIALEK, and ROBERT DE RUYTER VAN STEVENINCK,
NEC Research Institute . . . . . . . . . . . . . . . e 55

NS08 Temporal Dependent Plasticity: An Information Theoretic Account,
GAL CHECHIK, and NAFTALI T1SHBY, Hebrew University . . . . . . . .. ... .. ... 55

NS16 What Can a Single Neuron Compute?, BLAISE AGUERA Y ARCAS, Princeton
University, ADRIENNE FAIRHALL, and WILLIAM BIALEK, NEC Research Institute . . . 55
Signal Processing

SP01 Minimum Bayes Error Feature Selection for Continuous Speech

Recognition, GEORGE SAON, and MUKUND PADMANABHAN,IBM . .. ... ... .. 55
SP02 One Microphone Source Separation, SAM ROWEIS, Gatsby Unit . . . . . ... .. 55
SP03  Periodic Component Analysis, LAWRENCE K. SAUL, and JONT B. ALLEN, A&T

Labs . . . o e e 56
SP04  Factored Semi-Tied Covariance Matrices, MARK GALES, Cambridge University . 56

SP05 FaceSync: A Linear Operator for Measuring Synchronization of Video
Facial Images and Audio Tracks, MALCOLM SLANEY, IBM Almaden Research,
and MICHELE COVELL, YesVideo.com . . . . . . . . .. ... o ot 56

Visual Processing

VS01 Redundancy and Dimensionality Reduction in Sparse-Distributed
Representations of Natural Objects in Terms of Their Local Features,
PENIO S. PENEV, The Rockefeller University . . . . . . . ... oo v ... 57

VS02 The Manhattan World Assumption: Regularities in Scene Statistics
which Enable Bayesian Inference, JAMES M. COUGHLAN, and A.L. YUILLE,
Smith-Kettlewell Eye Research Inst. . . . . .. . ... ..o o 0o o000 57

VS03 Emergence of Movement Sensitive Neurons’ Properties by Learning
a Sparse Code for Natural Moving Images, RAFAL BOGACZ,

MarcoLM W. BROWN, and CHRISTOPHE GIRAUD-CARRIER, University of Bristol . . 57
VS04 Divisive and Subtractive Mask Effects: Linking Psychophysics and

Biophysics, BARBARA ZENGER, Stanford University, and CHRISTOF KoOcCH, Caltech . 58
VS05 Shape Context: A New Descriptor for Shape Matching and Object

Recognition, SERGE BELONGIE, JITENDRA MALIK, and JAN PuzicHA, UC, Berkeley 58

VS06 Feature Correspondence: A Markov Chain Monte Carlo Approach,
FRANK DELLAERT, CMU, STEVEN M. SEITZ, University of Washington,
SEBASTIAN THRUN, and CHARLES THORPE, CMU . . ... ... .. ... ....... 59



Tuesday, November 28, Poster Session

Wednesday, November 29

Oral Session 5

8:30
9:20 AA26
9:40 AA27

Invited Talk: Knowledge-Based System or System-Derived Knowledge?,
HyNEK HERMANSKY, OGI of Science & Techn. and Intern. Computer Science Inst.,
Berkeley, California . . . . . . 0 L e e e

Feature Selection for SVMs, JaAsoN WESTON, Barnhill Technologies,

SAYAN MUKHERJEE, CBCL MIT, OLIVIER CHAPELLE, A&T Research Labs,
MASSIMILIANO PoONTIL, TOMASO PoGaio, CBCL MIT, and VLADIMIR VAPNIK,
A&T Research Labs . . . . . . . . . . . e e

Sparse Representation for Gaussian Process Models, LEHEL CSATO, and
MANFRED OPPER, Aston University . . . . . . . . . . . oo v it v i i ittt

10:00 Spotlight

AA28

AA29

LT15

LT16

LT17

Sparse Greedy Gaussian Process Regression, ALEX J. SMOLA, and
PETER BARTLETT, The Australian National University . . . . .. ... ... ... ...

Sparse Kernel Principal Component Analysis, MICHAEL E. TIPPING, Microsoft
Research, Cambridge . . . . . . . . . o 0 e e

From Margin to Sparsity, THORE GRAEPEL, RALF HERBRICH, Technical
University of Berlin, and ROBERT C. WILLIAMSON, Australian National University . .

Algorithmic Stability and Generalization Performance, OLIVIER BOUSQUET,
CMAP, Ecole Polytechnique, and ANDRE ELISSEEFF, ERIC, Université Lumigre Lyon 2

Competition and Arbors in Ocular Dominance, PETER DAYAN, UCL . ... ..

Oral Session 6

11:00 NS09
11:20  CS06
11:40 NS10

Universality and Individuality in a Neural Code, ELAD SCHNEIDMAN, Hebrew
University, NAAMA BRENNER, NEC Research Institute, NAFTALI T1SHBY, Hebrew
University, ROBERT DE RUYTER VAN STEVENINCK, and WILLIAM BIALEK, NEC
Research Institute . . . . . . . . . 0 0 o o e e e e e e e

Position Variance, Recurrence and Perceptual Learning, ZHAOPING LI, and
PETER DAYAN, Gatsby Unit, University College London, . . . . . . ... ... ... ..

Natural Sound Statistics and Divisive Normalization in the Auditory
System, ODELIA SCHWARTZ, New York University, and EERO SIMONCELLI, New
York University and Howard Hughes Medical Institute . . .. .. ... ... ... ...

Oral Session 7

14:00
14:50 CN04
15:10 CNO5

Invited Talk: Neuromechanical Integration: From Galloping Ghosts to
Gripping Geckos, ROBERT J. FULL, UC Berkeley . . . . . . ... ... ... .....

Ezact Solutions to Time-Dependent MDPs, JUSTIN A. BOYAN, NASA Ames /
MIT, and MicHAEL L. LITTMAN, A&T Labs Research . . . . .. ... . ... ... ..

Using Free Energies to Represent Q-values in a Multiagent Reinforcement
Learning Task, BRIAN SALLANS, University of Toronto, and GEOFFREY E. HINTON,
Gatsby Unit UCL . . . . . . oo e e

15:30 Spotlight

CNO06

CNo7

Decomposition of Reinforcement Learning for Admission Control of
Self-Similar Call Arrival Processes, JAKOB CARLSTROM, Technion - Israel
Institute of Technology . . . . . . . i i i i i i i e e

Reinforcement Learning with Function Approximation Converges to a
Region, GEOFFREY J. GORDON, Burning Glass Technologies . . . ... ... .. ...
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Wednesday, November 29, Oral Session

CNO08

AA30

AA31

APO8

Robust Reinforcement Learning, JUN MorMOTO, NAIST and JST, and
KENJI DoYA, ATR-T and JST . . . . . . . o o i e

Beyond Mazxzimum Likelihood and Density Estimation: A Sample-Based
Error Measure for Unsupervised Learning of Complex Models,
SEPP HOCHREITER, and MICHAEL C. MOZER, University of Colorado at Boulder . . .

A Universal Approzimator of Convex Functions Applied to Option Pricing,
CHARLES DUGAS, YOSHUA BENGIO, Université de Montréal and CIRANO,

FrAaNO1s BELISLE, Université de Montréal, CLAUDE NADEAU, Statistics Canada, and
RENE GARCIA, Université de Montréal and CIRANO . . . . ... .. ... .......
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Abstracts of Tutorials

Monday, November 27

Session I: 9:30-11:30

Information Theory
THOMAS M. COVER Stanford University.

It should be possible to give the high points of information theory at a tutorial level in two hours. At
least that is what I'm going to try to do. We’ll look at fundamental examples in data compression and
channel capacity and show how they lead naturally to the entropy and maximum mutual information
as general answers. We’'ll also consider distributed information networks and the answers to those
problems as well.

This tutorial is for people who have not had information theory but are interested in the main
results and the fundamental intuition behind them. The emphasis will be on examples that can be
solved by inspection on one hand and the theoretical counterparts on the other.

Thomas M. Cover is a professor jointly in the departments of Statistics and Electrical Engineering
at Stanford University. He holds the K.T. Li endowed chair in engineering. His areas of research
are information theory, communication theory, portfolio theory and statistics. He is the author of
over 100 papers and two books, including the basic textbook, “Elements of Information Theory,”
and has authored numerous papers on portfolio theory.

He received the 1990 Claude E. Shannon Award (the highest award in information theory), the
1994 Neural Net Pioneer Award, the 1997 IEEE Richard W. Hamming Medal, and two prize paper
awards. He has been elected to the National Academy of Engineering and is a Fellow of the IEEE
and the Institute of Mathematical Statistics.

For more information, visit http://www-isl.stanford.edu/people/cover/
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Population Codes: Theory and Practice
RICHARD S. ZEMEL University of Toronto.
BRUCE MCNAUGHTON University of Arizona.

The study of population codes, whose aim is to understand the information carried in populations
of neurons, is one of the primary areas linking computational theory with experimental neuroscience.
Numerous neurophysiological studies have revealed that many neurons within a cortical region are
tuned to specific variables; a population of cells respond to and presumably encode particular val-
ues. Models of this form of coding are becoming increasingly relevant as techniques of assessing
simultaneous activity of many neurons are developed, such as multi-unit recordings and fMRI.

In this tutorial, we will cover basic techniques and lessons learned from the study of population
codes, including a review of how multielectrode recordings are done, and methods of reading out
information from these recordings. We will then cover more advanced topics, such as the study of
interacting populations, model switching, temporal dynamics, learning, and the role of noise.

Richard S. Zemel is an Assistant Professor in the Department of Computer Science at the Univer-
sity of Toronto. He received his PhD from that same department in 1993, and following postdoctoral
work at the Salk Institute and Carnegie Mellon University, was on faculty at the University of Ari-
zona, before returning to Toronto. He is a recipient of a McDonnell-Pew Cognitive Neuroscience
Postdoctoral Award, and an Office of Naval Research Young Investigator Award. His research in-
terests include computational theories of inference and learning in biological and artificial systems,
with a current focus on representations of visual motion, multisensory integration, and probabilistic
models of neural representations.

Bruce L. McNaughton is a Professor in the Departments of Psychology and Physiology at the
University of Arizona, Director of the Arizona Research Laboratories Division of Neural Systems,
Memory and Aging and Director of the Cognitive and Neural Systems Graduate Program in the
Department of Psychology. He received his Ph.D. from Dalhousie University, Halifax, Nova Scotia
in 1978 and did his postdoctoral work in the laboratories of Dr. Per Andersen at the University of
Oslo, and Dr. John O’Keefe at University College London. He has received numerous honors and
awards, including a NATO Postdoctoral Fellowship, Elected Associate of the Neurosciences Research
Program, and a Research Scientist Award from N.I.M.H. The main focus of Dr. McNaughton’s re-
search is the physiological and computational basis of animal cognition and memory, with emphasis
on the mechanisms by which internal representations of spatial relations are constructed and stored
in neural networks, in particular the hippocampal formation.

For more information, visit http://www.cs.toronto.edu/zemel/
http://www.neurobio.arizona.edu/cn/cn.mcnaughton. htm
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Session II: 13:00-15:00

Variational Methods: Theory and Applications
ToMMI JAAKKOLA MIT.
Modern variational techniques, broadly construed, have become indispensable tools in various fields
including physics, statistics, and control theory. The classic setting, i.e., finding the extremum
of an integral involving an unknown function and its derivatives, no longer serves as a defining
characteristic. The purpose of this tutorial is to introduce the basic principles and ideas behind
variational methods and explain how they have and can be applied to many problems of general
interest in machine learning. I will provide intuition as well as formal justification for when the
methods are appropriate and when they are not. Towards the end I will also briefly discuss some
open problems.

The tutorial requires little background knowledge besides general familiarity with machine learn-
ing problems and a working knowledge of optimization principles.

Tommi S. Jaakkola is an Assistant Professor of Computer Science at MIT. He received his Ph.D.
from MIT in computational neuroscience, 1997, and following a Sloan postdoctoral position in com-
putational molecular biology he joined the MIT EECS faculty 1998. His research interests include
theoretical aspects of machine learning, statistical inference as well as problems in computational
biology and information retrieval.

For more information, visit http://www.al.mit.edu/people/tommi/tommi.html
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Linking Brain to Behavior: From Visual
Cortex to Global Brain Organization
STEPHEN GROSSBERG DBoston University.

The organization of neocortex into layers is one of its most salient anatomical features. These layers
include circuits that form functional columns in cortical maps. A major unsolved problem concerns
how the ”laminar computing” that is realized by neocortex contributes to biological intelligence?
In particular, how are bottom-up, top-down, and horizontal interactions organized within cortical
layers to generate adaptive behaviors? This tutorial will begin with a brief summary of how to model
such complex biological systems, and a broad overview of the global organization of the brain that is
emerging from such analyses, including the organization of visual cortex for processing boundary and
surface information. It will then focus on a rapidly developing neural model of how laminar comput-
ing enables the visual cortex to realize: (1) the binding process whereby cortex groups distributed
data into coherent object representations; (2) the attentional process whereby cortex selectively pro-
cesses important events; and (3) the developmental and learning processes whereby cortex shapes its
circuits to match environmental constraints. It is proposed that the mechanisms governing (3) in the
infant lead to properties (1) and (2) in the adult. New computational ideas about nonlinear feedback
networks suggest how neocortex develops and learns in a stable way; how the cortex maintains its
sensitivity to analog properties of the environment while it coherently binds distributed information
into emergent boundary groupings; and how preattentive and attentive processing are intimately
linked within the cortical layers. The model is used to simulate neurophysiological, anatomical, and
psychophysical data about visual cortex. Variants of the model are finding their way into new al-
gorithms for processing complex and noisy imagery with a large dynamical range; e.g., SAR imagery.

Stephen Grossberg is Wang Professor of Cognitive and Neural Systems and Professor of Math-
ematics, Psychology, and Biomedical Engineering at Boston University. He is the founder and
Director of the Center for Adaptive Systems, founder and Chairman the Department of Cognitive
and Neural Systems, founder and first President of the International Neural Network Society, and
founder and co-Editor-in-Chief of the journal Neural Networks. Grossberg is also an editor of many
other journals, including Journal of Cognitive Neuroscience, Behavioral and Brain Sciences, Cog-
nitive Brain Research, Neural Computation, and IEEE Transactions on Neural Networks. He was
general chairman of the IEEE First International Conference on Neural Networks. His lecture se-
ries at MIT Lincoln Laboratory on neural network technology was instrumental in motivating the
laboratory to initiate the national DARPA Study on Neural Networks. He received the 1991 IEEE
Neural Network Pioneer award, the 1992 INNS Leadership Award, the 1992 Thinking Technology
Award of the Boston Computer Society, and the 2000 Information Science Award of the Association
for Intelligent Machinery. He was elected a Fellow of the American Psychological Association in
1994 and a member of the Society of Experimental Psychologists in 1996.

He and his colleagues have pioneered and developed a number of the fundamental principles,
mechanisms, and architectures that form the foundation for contemporary neural network research,
particularly those which enable individuals to adapt successfully in real-time to unexpected envi-
ronmental changes. Such models have been used both to analyse and predict interdisciplinary data
about mind and brain, and to suggest novel architectures for technological applications.

Grossberg received his graduate training at Stanford University and Rockefeller University, and
was a Professor at MIT before assuming his present position at Boston University.

For more information, visit http://www.cns.bu.edu/Profiles/Grossberg/
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Session III: 15:30-17:30

Probability Models and Markov Chain Monte Carlo
ANDREW GELMAN Columbia University.

When you have to estimate a lot of parameters from relatively sparse data, probability modeling
(also called Bayesian statistics) is an effective approach for capturing uncertainty in the parameter
estimates while avoiding the overfitting that would occur if the fit of parameters to data were simply
optimized. The output of such an analysis is a probability distribution in parameter space, which can
be approximated by a set of random draws from this distribution, generally obtained using Markov
chain Monte Carlo methods. We shall present an overview of these simulation methods, starting
with the Metropolis algorithm, which is a generalization of greedy optimization. In addition, we
shall discuss how simulations fit into a general view of statistical data analysis which goes beyond
”parameter estimation” and ”inference” and more directly addresses the iterative scientific process
of model building, checking, and improvement. We illustrate with logistic and Boolean regression
models that are used in psychology and elsewhere.

Andrew Gelman is a professor in the Department of Statistics and director of the Quantitative
Methods in Social Sciences program at Columbia University. He received his Ph.D. in statistics at
Harvard University in 1990, and his coauthored book, Bayesian Data Analysis, appeared in 1995.
His applied research interests include psychology, public health, natural resources, and public pol-
icy, and his methodological interests include model checking, survey sampling, decision analysis, and
statistical graphics and computation.

For more information, visit http://www.stat.columbia.edu/"gelman/

Attention

HAROLD PASHLER UC San Diego.

This tutorial will present an overview of the psychological phenomena of attention and discuss their
possible implications for underlying information processing mechanisms. Attention is an everyday
concept that alludes on the one hand to abilities of human beings (to select some stimuli and filter
out others) and on the other hand to limitations on our performance (difficulty in carrying out
different mental activities at the same time). Both of these aspects of cognitive functioning will be
discussed, with a focus on behavioral measurements and their implications for functional architec-
ture. I will also provide an overview of recent neurophysiological and brain-imaging results relating
to attention. Topics discussed will include selection among different sensory stimuli and the extent
to which ”ignored” stimuli are processed, pre-cueing of stimuli and the question of noise suppression
versus signal enhancement, and the broad issue of what kinds of information-processing operations
the brain is capable of carrying out in parallel. I will conclude with some speculations about how
the limitations on parallel processing evident from behavioral studies may reflect underlying neural
information processing architecture.

Harold Pashler is Professor in the Department of Psychology and the Program in Cognitive
Science at the University of California, San Diego. His research has examined many aspects of
human attention, including visual search, limitations on performing multiple tasks, and the role of
attention in memory storage and retrieval. He is the author of The Psychology of Attention (1997;
MIT Press) and editor of Attention (1998; Taylor & Francis).

Pashler received the 1999 Troland Research Prize from the National Academy of Sciences ”for
his many experimental breakthroughs in the study of spatial attention and central executive control
and for his insightful theoretical analysis of human cognitive architecture”.

For more information, visit http://pima.ucsd.edu/pashler/
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Banquet Talk: The Neural Control of Aerodynamics:
How Fruit Flies Fly the Straight and Narrow

MICHAEL DICKINSON flymanmd@socrates.Berkeley.EDU,
University of California, Berkeley, Department of Integrative Biology, 3060 Valley Life Sciences
Building Berkeley, CA 94720-3140.

Without buoyancy or a solid horizontal plane for support, stability is of crucial importance to flying

animals. Further, for animals that rely on spatially complex sensory cues for food search, mating, or
predator avoidance, stability is required not only to keep the locomotor machinery in an appropriate
orientation, but also to keep body oscillations from contaminating sensory signals. My laboratory
has been studying the flight behavior of fruit flies, highly maneuverable organisms that rely on rapid
sensory-motor feedback, and not passive mechanisms, for their robust stability. The flight paths of
fruit flies consist of straight sequences interspersed with rapid saccadic turns, during which the animal
quickly changes its heading by roughly 90 degrees. While flies are thought to rely heavily on visual
feedback in flight control, evidence suggests that during the straight flight sequences they fly under
the exclusive control of their halteres, mechanosensory structures that act as an inertial guidance
system. Since mechanosensory cells are capable of faster response dynamics than photoreceptors,
feedback from the halteres can tune the stability reflexes much more sharply than could feedback
from the eyes. This fact may endow fruit flies and other dipterans with a unique advantage over other
insects. The saccades appear to represent fixed action patterns, the magnitude of which does not
depend upon prior visual experience. The visual system does, however, determine the direction and
timing of saccades. During straight flight, the visual system appears to integrate optic expansion,
triggering a collision avoidance saccade when the expansion reaches a critical threshold. The role
of the straight flight sequences may be to stabilize gaze during this integration process in order to
minimize the errors introduced by body oscillations. Thus, the involuntary inertial stability system
may play an important role in voluntary, visually-guided behaviors.
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8:30

9:20

9:40

Invited Talk: Awoiding Tunnel Vision in Speech Recognition Research

HERVE BOURLARD bourlard@idiap.ch,
IDIAP (Dalle Molle, Institute for Perceptual Artificial Intelligence), P.O. Box 592, Rue du
Simplon, 4, CH-1920 Martigny, Switzerland.
In this talk, extrapolating from previous experience and based on current work, we will discuss some
new research directions in automatic speech recognition (ASR), and which somewhat deviate from
the usual approaches, and attempt to make use of physiological knowledge and/or new statistical
paradigms. In this framework, we will start by reviewing some of the basic principles and problems
underlying automatic speech recognition, including some of the contributions of artificial neural net-
works to state-of-the-art systems. We will then describe the motivations and approaches underlying
new technologies based on multi-stream processing, including as a particular case subband based
ASR.

Multi-stream (multi-band) ASR extends the standard hidden Markov model (HMM) based ap-
proach by assuming that the speech signal (every possible frequency band combination) is processed
by different (independent) “experts”, each expert focusing on a different characteristic of the signal,
and that the different stream likelihoods (or posteriors) are combined at some (temporal) stage to
yield a global recognition output. In this framework, we will introduce different mathematical models
and discuss some interesting relationships with psycho-acoustic evidence. As a further extension to
multi-stream ASR, we will finally introduce a new approach where the HMM emission probabilities
are estimated via a state specific feature based HMM responsible for merging the stream information
and modeling their possible correlation.

SP01 Minimum Bayes Error Feature
Selection for Continuous Speech Recognition
GEORGE SAON saon@watson.ibm. com,
MUKUND PADMANABHAN mukund@watson.ibm. com,

IBM T.J. Watson Research Center, route 134, Yorktown Heights, NY, 10598.
We consider the problem of designing a linear transformation which projects the n-dimensional
features of a classifier onto p-dimensional features (p < n) such as to achieve minimum Bayes error (or
probability of misclassification). Two avenues will be explored: the first is to maximize the average
divergence between the class densities and the second is to minimize the union Bhattacharyya bound
on the error in the projected space. While both approaches yield similar performance in practice,
they outperform standard LDA features and show a 10% relative improvement in the word error
rate over state-of-the-art cepstral features on a large vocabulary telephony speech recognition task.

SP02 One Microphone Source Separation

SAM ROWEIS roweis@gatsby.ucl.ac.uk,
Gatsby Computational Neuroscience Unit, University College London, WCIN 3AR, London,
UK.
Source separation, or computational auditory scene analysis, attempts to extract individual acoustic
objects from input which contains a mixture of sounds from different sources, altered by the acoustic
environment. Unmixing algorithms such as ICA and its extensions recover sources by reweighting
multiple observation sequences, and thus cannot operate when only a single observation signal is
available. I present a technique called refiltering which recovers sources by a nonstationary reweight-
ing (“masking”) of frequency sub-bands from a single recording, and argue for the application of
statistical algorithms to learning this masking function. I present results of a simple factorial HMM
system which learns on recordings of single speakers and can then separate mixtures using only one
observation signal by computing the masking during inference and then refiltering.
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10:00

10:18

Spotlight

SP03 Periodic Component Analysis
LAWRENCE K. SAUL, and JONT B. ALLEN, A&T Labs
See abstract on page 56.

LT01 Analysis of Bit Error Probability of
Direct-Sequence CDMA Multiuser Demodulators
TosHIYUKI TANAKA, Tokyo Metropolitan University

See abstract on page 49.

AAO01 Tree-Based Modeling and Estimation

of Gaussian Processes on Graphs with Cycles

MARTIN WAINWRIGHT, ERIK SUDDERTH, and ALAN WILLSKY, MIT
See abstract on page 36.

AA02 Propagation Algorithms for Variational Bayesian Learning
ZOUBIN GHAHRAMANI, and MATTHEW J. BEAL, Gatsby Computational Neuroscience Unit
See abstract on page 36.

AA03 Ensemble Learning and Linear Response Theory for ICA

PEDRO A.D.F.R. HBJEN-S@RENSEN, OLE WINTHER, and LARS KAT HANSEN, Technical University
of Denmark

See abstract on page 36.

AA04 Improved Output Codes for Classification Using Continuous Relaxation
KoBY CRAMMER, and YORAM SINGER, Hebrew University
See abstract on page 37.

Break

Oral Session 2

11:00

AA05 Generalized Belief Propagation
JONATHAN S. YEDIDIA yedidia@merl.com,
WiLLIAM T. FREEMAN freeman@merl.com,

MERL, 201 Broadway, 8th Floor, Cambridge, MA 02139.
YAIR WEISS yweiss@cs.berkeley.edu,

Computer Science Division, UC Berkeley, 485 Soda Hall, Berkeley, CA 94720-1776.
Belief propagation (BP) was only supposed to work for tree-like networks but works surprisingly
well in many applications involving networks with loops, including turbo codes. However, there has
been little understanding of the algorithm or the nature of the solutions it finds for general graphs.
We show that BP can only converge to a stationary point of an approximate free energy, known
as the Bethe free energy in statistical physics. This result characterizes BP fixed-points and makes
connections with variational approaches to approximate inference. More importantly, our analysis
lets us build on the progress made in statistical physics since Bethe’s approximation was introduced
in 1935. Kikuchi and others have shown how to construct more accurate free energy approximations,
of which Bethe’s approximation is the simplest. Exploiting the insights from our analysis, we derive
generalized belief propagation (GBP) versions of these Kikuchi approximations. These new message
passing algorithms can be significantly more accurate than ordinary BP, at an adjustable increase
in complexity. We illustrate such a new GBP algorithm on a grid Markov network and show that it
gives much more accurate marginal probabilities than those found using ordinary BP.
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11:20

11:40

12:00

LT02 Error-correcting Codes on a Bethe-like Lattice

RENATO VICENTE vicenter@aston.ac.uk,

DAVID SAAD saadd@aston.ac.uk,
The Neural Computing Research Group, Aston University, Birmingham B4 7ET, United
Kingdom.

YosHIYUKI KABASHIMA kaba@dis.titech.ac.jp,

Department of Computational Intelligence, and Systems Science, Tokyo Institute of Technology,
Yokohama 2268502, Japan.

We analyze Gallager codes by employing a simple mean-field approximation that distorts the model
geometry and preserves important interactions between sites. The method naturally recovers the
probability propagation decoding algorithm as a minimization of a proper free-energy. We find
a thermodynamic phase transition that coincides with information theoretical upper-bounds and
explain the practical code performance in terms of the free-energy landscape.

LT03 A Tighter Bound for Graphical Models

MARTIJN LEISINK martijn@mbfys.kun.nl,
HiLBERT J. KAPPEN bert@mbfys.kun.nl,
231 Department of Biophysics, University of Nijmegen, Geert Grooteplein 21, NL-6525EZ
Nijmegen, The Netherlands.
We present a method to bound the partition function of a Boltzmann machine neural network
with any odd order polynomial. This is a direct extension of the mean field bound, which is first
order. We show that the third order bound is strictly better than mean field. Additionally we show
the rough outline how this bound is applicable to sigmoid belief networks. Numerical experiments
indicate that an error reduction of a factor two is easily reached in the region where expansion based
approximations are useful.
Martijn Leisink received an Honorable Mention for NIPS Best Student Paper Award
sponsored by Athene Software

Lunch
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Oral Session 3

14:00

14:50

Invited Talk: Applications of Neural Networks:
From Microwave Ovens to Jet Engines and Beyond
LIONEL TARASSENKO lionel.tarassenko@eng.ox.ac.uk,
Department of Engineering Science, University of Oxford, OXFORD, OX1 3PJ, United
Kingdom.
Over the last decade, neural networks have become a mature enough technology to be success-
fully transferred to commercial products. This will be illustrated by three case studies: the Sharp
LogiCook microwave oven, the Oxford Instruments sleep analysis system and a jet engine vibration
analysis system developed for Rolls-Royce. In a microwave oven, the temperature inside a food
product being heated in the oven is not observable. It is possible, however, to acquire information
about the heating process using a humidity sensor which measures the amount of steam given off
by the food product. Each food or drink product generates a characteristic signature and a neural
network can be trained to estimate the remaining heating time based on parameters extracted from
this signature. With sleep analysis, the neural network estimates the probability of a subject being
in deep sleep, in light/dreaming sleep or awake from an auto-regressive model of the EEG. This
neural network has now been used extensively to score the EEG of patients with severe sleep dis-
orders whose signals cannot be analysed with conventional techniques. Finally, a system has been
developed to extract diagnostic information from the vibration signals recorded during a jet engine’s
pass-off test. Novelty detection is used to provide a measure of how unusual the vibration signature
of a test engine is. This is combined with the outputs from neural networks, template matching and
other statistical techniques to provide a complete diagnosis. The system is now in constant use on
all Rolls-Royce test beds for the Trent family of aero-engines.

NSO01 Finding the Key to a Synapse
THOMAS NATSCHLAGER tnatschl@igi.tu-graz.ac.at,
WOLFGANG MAASS maassQigi.tu-graz.ac.at,

Institute for Theoretical Computer Science, Technische Universitét Graz, Inffeldgasse 16b/1,

A-8010 Graz, Austria.
Experimental data have shown that synapses are heterogeneous: different synapses respond with
different sequences of amplitudes of postsynaptic responses to the same spike train. Neither the role
of synaptic dynamics itself nor the role of the heterogeneity of synaptic dynamics for computations
in neural circuits is well understood. We present in this article two computational methods that
make it feasible to compute for a given synapse with known synaptic parameters the spike train
that is optimally fitted to the synapse in a certain sense. One of these methods is based on dynamic
programming (similar as in reinforcement learning), the other one on sequential quadratic program-
ming. With the help of these methods one can compute for example the temporal pattern of a spike
train (with a given number of spikes) that produces the largest sum of postsynaptic responses for
a specific synapse. Several other applications are also discussed. To our surprise we find that most
of these optimally fitted spike trains match common firing patterns of specific types of neurons that
are discussed in the literature. Furthermore optimally fitted spike trains are rather specific to a
certain synapse (“the key to this synapse”) in the sense that they exhibit a substantially smaller
postsynaptic response on any other of the mayor types of synapses reported in the literature. This
observation provides the first glimpse at a possible functional role of the specific combinations of
synapse types and neuron types that was recently found in (Gupta, Wang, Markram, Science, 2000).
Our computational analysis provides the platform for a better understanding of the specific role of
different parameters that control synaptic dynamics, because with the help of the computational
techniques that we have introduced one can now see directly how the temporal structure of the
optimal spike train for a synapse depends on the individual synaptic parameters. We believe that
this inverse analysis is essential for understanding the computational role of neural circuits.
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15:10

15:30

15:45

AA06 An Information Maximization Approach to
Overcomplete and Recurrent Representations
OREN SHRIKI orens@fiz.huji.ac.il,
HAM SOMPOLINSKY haim@fiz.huji.ac.il,
Racah Institute of Physics and, Center for Neural Computation, Hebrew University, Jerusalem,
91904, Israel.
DANIEL D. LEE ddlee@bell-labs.com,
Bell Laboratories 1D237, 700 Mountain Ave., Murray Hill, NJ 07974.
The principle of maximizing mutual information is applied to learning overcomplete and recurrent
representations. The underlying probabilistic model consists of a network of input units driving
a larger number of output units with recurrent interactions. In the limit of zero noise, the net-
work is deterministic and the mutual information can be related to the entropy of the output units.
Maximizing this entropy with respect to both the feedforward connections as well as the recurrent
interactions results in simple learning rules for both sets of parameters. The conventional indepen-
dent components (ICA) learning algorithm can be recovered as a special case where there is an equal
number of output units and no recurrent connections. The application of these new learning rules
is illustrated on a simple two-dimensional input example.

Spotlight
NS02 Stability and Noise in Biochemical Switches

WILLIAM BIALEK, NEC Research Institute
See abstract on page 53.

NS03 A New Model of Spatial Representation in Multimodal Brain Areas
SOPHIE DENEVE, University of Rochester, JEAN-REN DUHAMEL, Institut des Sciences Cognitives, and
ALEX POUGET, University of Rochester

See abstract on page 53.

NS04 Whence Sparseness
CARL VAN VREESWUIK, Gatsby Unit/ University College London
See abstract on page 5.

VS01 Redundancy and Dimensionality Reduction in Sparse-Distributed
Representations of Natural Objects in Terms of Their Local Features
PENIO S. PENEV, The Rockefeller University

See abstract on page 57.

CS01 Who Does What? A Novel Algorithm to Determine Function Localization
RANIT AHARONOV-BARKI, Hebrew University, ISAAC MEILIJSON, and EYTAN RUPPIN, Tel Aviv
University

See abstract on page 47.

Break
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Oral Session 4

16:15

16:35

16:55

17:00

18:00

19:30

AAQ7 Explaining Away in Weight Space
PETER DAYAN dayan@gatsby.ucl.ac.uk,

SHAM KAKADE sham@gatsby.ucl.ac.uk,
Alexandra House, 17 Queen Square, London WC1IN 3AR, UK.

Explaining away has mostly been considered in terms of inference of states in belief networks. We
show how it can also arise in a Bayesian context in inference about the weights governing relationships
such as those between stimuli and reinforcers in conditioning experiments such as backward blocking.
We show how explaining away in weight space can be accounted for using an extension of a Kalman
filter model; provide a new approximate way of looking at the Kalman gain matrix as a whitener for
the correlation matrix of the observation process; suggest a network implementation of this whitener
using an architecture due to Goodall; and show that the resulting model exhibits backward blocking.

LT04 Learning Continuous Distributions:
Simulations With Field Theoretic Priors

ILyA NEMENMAN nemenman@research.nj.nec.com,
WILLIAM BIALEK bialek@researchy.nj.nec.com,

NEC Research Institute, 4 Independence Way, Princeton, NJ 08540.
Learning of a smooth but nonparametric probability density can be regularized using methods of
Quantum Field Theory. We implement a field theoretic prior numerically, test its efficacy, and show
that the free parameter of the theory (‘smoothness scale’) can be determined self consistently by
the data; this forms an infinite dimensional generalization of the MDL principle. Finally, we study
the implications of one’s choice of the prior and the parameterization and conclude that even wrong
choices can be advantageous for small data sets.

VS02 The Manhattan World Assumption: Regularities
in Scene Statistics which Enable Bayesian Inference
JAMES M. COUGHLAN coughlan@ski.org,
A.L. YUILLE yuille@ski.org,

Smith-Kettlewell Eye Research Inst., 2318 Fillmore St., San Francisco, CA 94115.
Preliminary work by the authors made use of the so-called “Manhattan world” assumption about
the scene statistics of city and indoor scenes. This assumption stated that such scenes were built
on a cartesian grid which led to regularities in the image edge gradient statistics. In this paper we
explore the general applicability of this assumption and show that, surprisingly, it holds in a large
variety of less structured environments including rural scenes. This enables us, from a single image,
to determine the orientation of the viewer relative to the scene structure and also to detect target
objects which are not aligned with the grid. These inferences are performed using a Bayesian model
with probability distributions (e.g. on the image gradient statistics) learned from real data.
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