J � urgen Schmidh uber, Department of Computer Science, University of Colorado

\L e arning non-r e dundan t c o des by pr e dictability minimization "

I prop ose a novel, general, and useful principle for unsup ervise d learning of distributed non-redundant represe ntations

of inputs or input sequenc es. With a given set of repres entational units, each unit tries to react to the environment

such that it minimizes its predictability by an adaptive predictor that sees all the other units. This encourages each

unit to �lter ‘abstract entities’ out of the environmental input such that these entities are indep endent of those up on

which the other units fo cus. I discuss v arious simple yet p otentially p owerful implementations of the principle which

aim at �nding binary factorial co des (Barlow, 1989), i.e., co des where the probability of the o ccurrenc e of a particular

input is simply the pro duct of the probabilities of the corresp onding co de symb ols. None of these implementations

requires the explicit maximization of the determinant of the output cov ariance matrix. Unlike the latter metho d,

however, and unlike the more conventional linear metho ds for principal comp onent analysis they can remove not

only linear but also non-linear output redundancy

. Metho ds for �nding non-redundant co des automatically emb ed

Occam’s razor for �nding co des using a minimal numb er of units. The �nal part of this pap er descr ib es an entirely

lo cal algorithm based on predictability minimization that can learn unique representations of extended sequence s.

Exp eriments show that algorithms based on the principle of predictability minimization are practically feasible.

Nicol G. Schraudolph, Department of Computer Science, University of California at San Diego

\The information tr ansp ar ency of sigmoidal no des"

W e prop ose an information-theoretic optimality criterion for neural networks which suggests the use of sigmoid

activ ation functions when signalling p ower is limited. F urthermore, the framework provides for a principled com-

parison of these activ ation functions under b oth near-optimal and marginal (near-saturated) conditions, and allows

calculation of an optimal weight vector size for weight normalization schemes.

Michael P

. Stryker, Department of Physiology

, University of California at San F rancisco

\Pr oblems and pr omise of r elating the ory to exp eriment in mo dels for the development of visual c ortex"

The promise of helping to understand neurobiology through the use of mathematical or computational mo dels is often

unful�lled b ecause of two di�culties: (1) relating elements of the mo del to features of the biology

, and (2) relating

parameters of the mo del to existing or feasible biological measurements. These di�culties, and strategies for their

amelioration, will b e illustrated by referenc e to a mo del of cortical o cular dominance column development (Miller,

Keller, & Stryker, 1989, Science 245:605-615) as well as three other recent mo dels of brain development or function.

I will suggest that while we lack metho ds for testing the biological relev ance of mo dels with more than a very few

parameters, more general formulations of some mo dels may reduce the numb er of parameters needed.

Richard Zemel, Department of Computer Science, University of T oronto

\L e arning to enc o de p arts of obje cts"

Ob ject recognition can b e greatly facilitated by grouping data features into subsets that are likely to b elong to a

single ob ject. This segmentation is often p erformed based on a �xed vo cabulary of ob ject parts. Many generic

part vo cabularies have b een develop ed, but these often fail to capture the salient part structure in a particular

domain. The alternative of hand-tailoring a part vo cabulary to a domain is lab or-intensive. Our goal is to develop

an unsup ervised pro cedure that enables a network to learn a go o d set of parts for a given domain.

W e present a metho d of training a network to develop enco dings of the parts of ob jects. The metho d is based on the

idea that for any image containing a few ob jects, we would like a small set of active units to capture the underlying

part structur e. W e use an ob jective function based on minimum description length to enable an auto enco der network

to form these sparse, distributed co des for images. Preliminary exp eriments demonstrate that this learning algorithm

succes sfully discovers the part structure of simple images. In one exp eriment, each image in a training set contains

a square and a rectangle, in v arious p ositions. The network learns the natural part enco ding of each image { just

two hidden units are active, each resp onding to a particular part-p osition conjunction. The network thus discovers

that the two dimensions of shap e and p osition underlie the input space. W e plan to further develop our algorithm

to learn the part structure of more complicated scenes .

This is joint work with Geo�rey Hinton.

6

Jonathan A. Marshall, Department of Computer Science, University of North Carolina at Chap el Hill

\Development of p er c eptual c ontext-sensitivity in unsup ervise d neur al networks: Parsing, gr ouping, and se gmentation "

Context is an imp ortant determinant of all p ercept ual exp erience . I will describ e a combination of neurally plausi-

ble excitatory and inhibitory learning rules that contributes to the development of context-sensitive grouping and

segmentation mechanisms. In the network, some lateral inhibitory connection weights weaken, allo wing some neu-

rons to b ecome coactiv ated. Other lateral inhibitory weights remain strong and enforce contextual constraints on

allowable combinations of activ ations. The network cho oses a near-optimal repres entation of multiple sup erimp osed

patterns, by simultaneous distributed activ ation of multiple neurons. The network implements a form of credit as-

signment; it even suppress es the activ ation of some of the most-excited neurons when necessary to achieve maximally

context-sensitive, global input representations.

Paul Munro, Department of Information Science, University of Pittsburgh

\Self-sup ervise d le arning of c onc epts"

A mathematical system, self-sup ervised learning (SSL) is presented that describ es a form of learning by high-order

concept units (C-units) that learn to b ecome sensitive to categories of stimuli asso ciated by �nding some feature that

they share. Implicit in the SSL mo del is the assumption that each C-unit rece ives input from at least two information

channels, or \banks." Under SSL, each C-unit b ecomes very selective with resp ec t to one of the channels. The

preferred patterns in the training bank serve as a \seed" for concept formation, and an asso ciative pro cess causes

patterns from the other banks to drive the C-unit to the extent that they are correlated with the seed in the

environment.

Alb ert L. Nigrin, Department of Computer Science and Information Systems, American University

\Using pr esynaptic inhibition to al low neur al networks to p erform tr anslational invariant r e c o gnition "

Previous neural networks have not b een able to achieve translational inv ariant recognition (TIR) of ob jects using only

neural elements. T o achieve TIR, networks such as the neo cognitron need far to o many connections to b e practical

while networks such as AR

T need to prepro ces s their inputs using standard algorithms. W e b elieve that current

networks are incapable of TIR b ecause of the manner by which comp etition is implemented. In current networks

no des to comp ete for activ ation. W e b elieve it is more adv antageous for the output of no des to comp ete (for the

right to activ ate other no des). When this is done, TIR is accomplished with ease.

W e will present a multistage network which will reduce the translational uncertainty (where the ob ject is in a �eld)

of a one dimensional ob ject. The network presented can then easily b e generalized to more dimensions. The input

�eld will b e lab eled F

(1)

and higher level �elds will b e lab eled F

(2)

, F

(3)

etc. Assume that the size of F

(1)

is n. Also,

assume that the maximum size ob ject presente d to F

(1)

is of size less or equal to m, where m < n. Since the ob ject

can b e centered at any of (n � m) lo cations, the translational uncertainty is (n � m).

Signals from F

(1)

to F

(2)

will repro duce the ob ject at F

(2)

; however since F

(2)

will contain only n=2 cells, the

translational uncertainty of the ob ject at F

(2)

will b e only n=2 � m. Similarly

, signals from F

(2)

to F

(3)

will

repro duce the ob ject at F

(3)

. F

(3)

will contain only half as many cells as F

(2)

so again the translational uncertainty

will b e reduced { this time to n=4 � m. By using a log

2

(n) numb er levels, the translational uncertainty can b e

reduced to zero.

Small numb ers of cells and connections are needed to implement this architecture. The numb er of cells needed is

only O(n). The total numb er of connections needed are O(n l og

2 n). This follows since at most O(n) connections

are needed b etween each level in the hierarchy and there are log

2

(n) �elds in the architecture ,

After the ob ject has b een centere d, it can b e recognized using a numb er of di�erent neural network architectures

such as SONNET, AR

T, or the neo cognitron. W e will present some of the adv antages and disadv antages of each of

those classifying networks. Finally

, we will show how size inv ariant recognition can also b e achieved if the input to

the architecture is provided by a prop erly designed b oundary contour system.

Alice O’T o ole, Scho ol of Human Development, The University of T exas at Dallas

\R e c ent psychophysics suggesting a r eformulation of the c omputational pr oblem of structur e-fr om-ster e opsis"

I will try to bring together some recent and diverse psychophysical data that suggest that current computational

mo dels of structur e-from-stere opsis do not provide an adequate mo del of human stereopsis. Among these phenomena

are (1) p ost-fusional latency (Gillam et al., 1984, 1988), (2) the disparity threshold elev ations seen with intervening

depth features (F ahle & W estheimer, 1988), (3) Rogers & Caganello’s (1989) work on 2nd deriv ative detection of

depth, and (4) related work by Mitchison & W estheimer on depth saliency

. Combined, these observ ations suggest

changes in the computational theory of structur e-from-stere opsis, and hence, the usefulness of the traditionally used

constraints. While some of the principles these data suggest have b een used in Lehky & Sejnowski’s (1990) mo del of

stereoacuity

, their implications for mo dels of structure -from-stereops is have not b een considered.

5

John E. Hummel, Department of Psychology

, University of California at Los Angeles

\Structur al description and self or ganizing obje ct classi�c ation "

How can a self organizing neural network learn to classify two or more images as the same ob ject? Generalization

across examples (in this case, images) { a traditional strength of neural networks (NNs) { cannot provide a satisfactory

answer to this question, particularly if the goal is to understand human recognition comp etence . An alternative

approach is to use an ob ject’s image to activ ate a viewp oint inv ariant structural description of the ob ject (e.g.,

sp ecifying its parts and their interrelations).

Once the structural descr iption is active, it is relatively straight forward to use it as a basis for self organizing ob ject

classi�cation.

1

Two problems confronting structural description as a basis for self organizing ob ject classi�cation

are discussed. First, repres enting viewp oint inv ariant structural descriptions in NNs requires a way to represent

attribute bindings (or conjunctions) dynamically

, i.e., temp orarily

, so that the same units can b e used in multiple

conjunctions. F or example, unless the represe ntation of an ob ject can b e b ound dynamically to a repres entation

sp ecifying its lo cation, it will b e neces sary to p osit a separate represe ntation of the ob ject for each lo cation in which

it can reside. Such an approach would fail to classify di�erent views of the ob ject as equiv alent. The second problem

concerns whether and how neural structur es capable of activ ating viewp oint inv ariant structural descriptions might

self organize. A p otential solution is o�ered for the �rst problem (dynamic binding). In regard to the second, it

is sp eculated that traditional self organization based solely on the prop erties of the input domain (in this case,

2-D images of 3-D ob jects) will prove insu�cient to derive the structures necess ary to achieve viewp oint inv ariant

structural descriptions.

1

Hummel, J. & Biederman, I. (1990). \Dynamic binding in a neural network for shap e recognition." T echnical

rep ort 90-5, Image Understanding Lab oratory

, University of Minnesota.

Daniel Kersten, Center for Research in Learning, Perception, & Cognition, University of Minnesota

\Envir onmental structur e and sc ene p er c eption: Per c eptual r epr esentation of material, shap e, and lighting" (Daniel

Kersten and David C. Knill)

A ma jor problem faced by any visual system is the limited capacity which it has av ailable for the transmission

and repres entation of visual information. This concern has led some to conjecture that functional characteristics of

neurons in the early visual system develop or self-organize to provide statistically optimal co ding of image informa-

tion. W e argue that high level p erceptual represe ntations may also re ect statistical regularities in 3-D scenes. In

particular, it may b e adv antageous for visual systems to construct distinct, but interacting repres entations of surface

shap e, material and lighting precisely b ecause these scene prop erties are statistically indep endent in the world. W e

will demonstrate a numb er of recently discovered visual illusions that illustrate interactions b etween depth, shap e,

material and lighting in the human visual system.

David C. Knill, Center for Research in Learning, Perce ption, & Cognition, University of Minnesota

\Envir onmental structur e and sc ene p er c eption: The natur e of visual cues for 3-D sc ene structur e" (David C. Knill

and Daniel Kersten)

Regularities, b oth lawful and statistical, in scene attributes are at the heart of a numb er of so-called image cues for

3-D scene structure . The visual system must adapt (ontogenetically or phylogenetically) to this structure in order

to use these regularities in extracting information ab out scene structure from images. While many self-organizing

systems have b een mo delled which adapt to regularities in image structure , none have b een develop ed which adapt to

regularities in scene structure . W e discuss the problem of adapting to scene structure in learning to use image cues,

presenting results of our work with two typ es of contour, those pro jected from surface markings and those pro jected

from shadow b oundaries, as examples.

Laurence T. Maloney, Center for Neural Science, New Y ork University

\Ge ometric c alibr ation of a simple visual system"

A visual system is geometrically calibrated if its estimates of the spatial prop erties of a scene are accurate: straight

lines are judged straight, angles are correctly estimated, collinear line segments are p erceived to fall on a common

line. This pap er describ e s calibration metho ds for a mo del visual system whose photoreceptors are initially at

unknown lo cations. The metho ds can also comp ensate for optical distortions that are equiv alent to remapping

of receptor lo cations (e.g. spherical ab erration). The metho ds work by comparing visual input across eye/head

movements; they require no explicit feedback, and no knowledge ab out the particular contents of a scene . This work

has implications for development and calibration in biological visual systems.

This work was supp orted in part by a grant from the National Eye Institute EY08266.

4

In vited Sp eak ers

Suzanna Becker, Department of Computer Science, University of T oronto

\L e arning p er c eptual invariants in unsup ervise d c onne ctionist networks"

A ma jor goal in developing unsup ervised learning algorithms is to �nd an ob jective for the learning which can

provide a single unifying principle that explains many progressively more complex stages of p erce ptual pro cess ing.

W e have prop osed an ob jective for p erce ptual learning which is based on this goal, and causes units to learn simple

inv ariant prop erties of the input distribution. The learning pro cedure is derived from a continuous version of the

Gmax algorithm prop osed by Pearlmutter & Hinton (1986). W e have generalized this algorithm to apply to a set

of comp eting units, which learn to detect di�erent inv ariant prop erties of the input patterns by forming a mixture

mo del of the input distribution. This metho d has b een demonstrated on the problem of learning to detect disparity

in random dot stere ograms; the comp eting units each learn to b ecome tuned to a di�erent disparity

. In addition to

the many spatially inv ariant features in visual images, there are many temp orally inv ariant features of the sensory

input that the mo del should b e able to capture. The acoustic signal generated by a particular sp eaker is relatively

constant in overall pitch, timbre etc. As one moves ab out in the world, the visual �eld ows by in characteristic

patterns of expansion, dilation and translation. And indep endently moving rigid ob jects are inv ariant with resp ect

to shap e, texture and many other features, up to very high level prop erties such as the ob ject’s identity .

This work was done jointly with Geo�rey Hinton.

Joachim M. Buhmann, Lawrence Livermore National Lab oratory

\Complexity optimize d data clustering by c omp etitive neur al networks" (Joachim Buhmann and Hans K � uhnel)

Data clustering is a complex optimization problem with applications ranging from vision and sp eech pro cess ing to

data transmission and data storage in technical as well as in biological systems. W e prop ose a clustering strategy

which explicitly re ects the tradeo� b etween simplicity and precision of a data representation. The resulting clus-

tering algorithm jointly optimizes distortion errors and complexity costs. A maximum entropy estimation of the

clustering cost function yields an optimal numb er of clusters, their p ositions and their o ccupation probabilities. This

algorithm for complexity optimized clustering is implemented by an arti�cial neural network with winner-take-al l

connectivity

. Our approach establishes a unifying framework for di�erent clustering metho ds like K -means cluster-

ing, fuzzy clustering, entropy-constrained vector quantization or top ological feature maps, and comp etitive neural

networks.

Heinrich B � ultho�, Department of Cognitive and Linguistic Sciences , Brown University

\Psychophysic al supp ort for a 2D view interp olation the ory of obje ct r e c o gnition "

Edward M. Callaway, Department of Neurobiology

, Duke University

\Development of cluster e d intrinsic c onne ctions in c at striate c ortex"

Allan Dobbins, Computer Vision and Rob otics Lab oratory

, McGill University

\L o c al estimation of bino cular optic ow"

Neurons in the middle temp oral (MT) visual cortical area of primates are direction-selective and many exhibit strong

direction- and sp eed -dep e ndent interactions b etween receptive �eld (RF) center and surround (Allman et al., 1985).

In addition MT neurons are bino cular-disparity selective. Since any smo oth vector �eld is lo cally di�eomorphic to a

constant vector �eld, over a su�ciently small neighb ourho o d the v ariation of velo city is small. Obversely

, if the spatial

rate of change of the velo city �eld is large it is desirable to allow estimates of the ow �eld b e from neighb orho o ds as

large as p ossible. Two reasons are o�ered: p o oling estimates increases signal to noise p erformance, and redundancy

is reduced by represe nting the ow �eld by a smaller numb er of vectors. I will argue that ensembles of MT neurons

with di�erent RF size and in which center and surround have similar velo city and disparity tuning are estimating the

spatial neighb ourho o d over which the ow �eld is well-approximated as constant. F or example, suppress ion of center

by surround implies that the �eld is constant over a larger area than the RF center whereas lack of suppression

implies either that the �eld is spatially limited or rapidly space-v arying. Using as large a neighb ourho o d as the

evidence warrants allows adaptive spatial p o oling of a�erents to increase signal to noise p erformance and optimize

descriptive length of the ow �eld.

3

Program: W orkshop on Self-Organization and Unsup ervised Learning in Vision

F rida y morning, Decem b er 6, 7:30{9:30 a.m.

Daniel Kersten, Department of Psychology

, University of Minnesota.

\Envir onmental structur e and sc ene p er c eption: Per c eptual r epr esentation of material, shap e, and

lighting"

David C. Knill, Center for Research in Learning, Perce ption, and Cognition, University of Minnesota.

\Envir onmental structur e and sc ene p er c eption: The natur e of visual cues for 3-D sc ene structur e"

DISCUSSION

Edward M. Callaway, Department of Neurobiology

, Duke University .

\Development of cluster e d intrinsic c onne ctions in c at striate c ortex"

Michael P

. Stryker, Department of Physiology

, University of California at San F rancisco.

\Pr oblems and pr omise of r elating the ory to exp eriment in mo dels for the development of visual c ortex"

DISCUSSION

F rida y afterno on, Decem b er 6, 4:30{6:30 p.m.

Joachim M. Buhmann, Lawrence Livermore National Lab oratory .

\Complexity optimize d data clustering by c omp etitive neur al networks"

Nicol G. Schraudolph, Department of Computer Science, University of California at San Diego.

\The information tr ansp ar ency of sigmoidal no des"

DISCUSSION

Heinrich H. B � ultho�, Department of Cognitive and Linguistic Sciences, Brown University .

\Psychophysic al supp ort for a 2D view interp olation the ory of obje ct r e c o gnition "

John E. Hummel, Department of Psychology

, University of California at Los Angeles.

\Structur al description and self or ganizing obje ct classi�c ation "

DISCUSSION

Saturda y morning, Decem b er 7, 7:30{9:30 a.m.

Allan Dobbins, Computer Vision and Rob otics Lab oratory

, McGill University .

\L o c al estimation of bino cular optic ow"

Alice O’T o ole, Scho ol of Human Development, The University of T exas at Dallas.

\R e c ent psychophysics suggesting a r eformulation of the c omputational pr oblem of structur e-fr om-

ster e opsis"

DISCUSSION

Jonathan A. Marshall, Department of Computer Science, University of North Carolina at Chap el Hill.

\Development of p er c eptual c ontext-sensitivity in unsup ervise d neur al networks: Parsing, gr ouping,

and se gmentation "

Suzanna Becker, Department of Computer Science, University of T oronto.

\L e arning p er c eptual invariants in unsup ervise d c onne ctionist networks"

Alb ert L. Nigrin, Department of Computer Science and Information Systems, American University .

\Using pr esynaptic inhibition to al low neur al networks to p erform tr anslational invariant r e c o gnition "

DISCUSSION

Saturda y afterno on, Decem b er 7, 4:30{7:00 p.m.

J � urgen Schmidh uber, Department of Computer Science, University of Colorado.

\L e arning non-r e dundant c o des by pr e dictability minimization "

Laurence T. Maloney, Center for Neural Science, New Y ork University .

\Ge ometric c alibr ation of a simple visual system"

DISCUSSION

Paul Munro, Department of Information Science, University of Pittsburgh.

\Self-sup ervise d le arning of c onc epts"

Richard Zemel, Department of Computer Science, University of T oronto.

\L e arning to enc o de p arts of obje cts"

DISCUSSION

WRAP-UP

, 6:30{7:00

2

NIPS*91 Post-Conference W orkshop on

Self-Organization and Unsup ervised Learning in Vision

Decemb er 6{7, 1991 in V ail, Colorado

W orkshop Chair: Jonathan A. Marshall, Ph.D.

Department of Computer Science, CB 3175, Sitterson Hall

University of North Carolina, Chap el Hill, NC 27599-3175, U.S.A.

919-962-1887, marshall@cs.unc.edu

Substantial neurophysiological and psychophysical evidence suggests that visual exp erience guides or directs

the formation of much of the �ne structure of animal visual systems. Simple unsup ervised learning pro cedures

(e.g., Hebbian rules) using winner-take-all or lo cal k -winner networks have b een applied with mo derate

succes s to show how visual exp erience can guide the self-organization of visual mechanisms sensitive to low-

level attributes like orientation, contrast, color, stereo disparity

, and motion. However, such simple networks

lack the more sophisticated capabilities needed to demonstrate self-organized development of higher-level

visual mechanisms for segmentation, grouping/binding, selective attention, repres entation of o ccluded or

amo dal visual features, resolution of uncertainty

, generalization, context-sens itivity

, and inv ariant ob ject

recognition.

A v ariety of enhancements to the simple Hebbian mo del have b een prop osed. These include anti-Hebbian

rules, maximization of mutual information, oscillatory interactions, intraneuronal interactions, steer able

receptive �elds, pre- vs. p ost-synaptic learning rules, cov ariance rules, addition of b ehavioral (motor) infor-

mation, and attentional gating. Are these extensions to unsup ervise d learning su�ciently p owerful to mo del

the imp ortant asp ects of neurophysiological development of higher-level visual functions?

Some of the sp eci�c questions that the workshop will address are:

� Do es our visual environment provide enough information to direct the formation of higher-level visual

pro cessing mechanisms?

� What kinds of information (e.g., correlations, constraints, coherence , and a�ordances) can b e discov-

ered in our visual world, using unsup ervise d learning?

� Can such higher-level visual pro cessing mechanisms b e formed by unsup ervised learning? Or is it

necessary to app eal to external mechanisms such as evolution (genetic algorithms)?

� Are there further enhancements that can b e made to improve the p erformance and capabilities of

unsup ervised learning rules for vision?

� What neurophysiological evidence is av ailable regarding these p ossible enhancements to mo dels of

unsup ervised learning?

� What asp ects of the development of visual systems must b e genetically pre-wired, and what asp ects

can b e guided or directed by visual exp erience?

� How is the output of an unsup ervise d network stage used in subsequent stages of pro cess ing?

� How can b ehaviorally relev ant (sensorimotor) criteria b ecome incorp orated into visual pro cessing

mechanisms, using unsup ervised learning?

This 2-day informal workshop brings together researche rs in visual neuroscienc e, visual psychophysics, and

neural network mo deling. Invited sp eakers from these communities will brie y discuss their views and results

on relev ant topics. In discussion p erio ds, we will examine and compare these results in detail.

The workshop topic is crucial to our understanding of how animal visual systems got the way they ar e. By

addressing this issue head-on, we may come to understand b etter the factors that shap e the structure of ani-

mal visual systems, and we may b ecome able to build b etter computational mo dels of the neurophysiological

pro cesse s underlying vision.

1