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DEPARTMENT OF PSYCHOLOGY November 1984

Dr. William 0. Berry
Program Manager
Life Sciences Directorate
Air Force Office of Scientific

Research (AFSC)
Bolling Air Force Base, D.C. 20332

Re: AFOSR 83-0215
(Adaptive Networks)

Dear Bill:

This Research Progress and Forecast Report covers the period from
May 1, 1984 to the present. There have been a number of significant
developments in our research on adaptive neural networks using the
classically conditioned nictitating membrane (NM CR) in rabbit as a model
system.

As you know, we are placing a greater emphasis on the theoretical
aspects of learning than originally proposed. We seek to develop and
evaluate real-time mathematical models that have potential applicability
to learning in the Al domain. Our primary goal is to assess computa-
tional versionsof these models against behavioral and physiological data
on the NM CR using simulation experiments. Our most recept efforts have
focused on three classes of models. N

1. Physiologically Constrained Sutton-Barto Model. This algorithm
was originally developed by Jonn E. Desmond. With additional work by
Neil Berthier, and with advice from Rich Sutton, this model has been
rendered into a form that can make predictions about CR topography and
the firing pattern of neurons related to the CR. The original version of
the model could do this reasonably well for the case of a single CS paired
with the US in a forward-delay paradigm. The model has now been general-
ized so that it can predict CR topography (or simply associative strength)
and single-unit physiological data-within complex training paradigms that
involve two CSs with independent on-and off-times with respect to each
other and the US. __ These paradigms are analogous to spatial and temporal
credit-assignment pr'blems in reinforcement learning. Simulations are now
performed on the University's VAXEN computer network, the same system used
by Andy Barto and hig collaborators in the Department of Computer and
Information Science'(COINS). A representative simulation of a two-CS
conditioning experi gn is included with this report.
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2. Physiologically Constrained Moore-Stickney Model. The Moore-
Stickney model is a real-time rendering of an attentional-associative
learning model developed originally by N. J. Mackintosh in England.
This model has been applied to classical conditioninq in complex (multi-
ple-CS) paradigms and to goal-seeking behavior. Its main success to
date has been to describe the effects of hippocampal lesions in associa-
tive learning tasks such as these. Nestor Schmajuk and I are completing
a paper describing simulation experiments with the latest variant of the
Moore-Stickney model. As part of his dissertation project, Schmajuk is
applying the model to the problem of CR topography and correlated
neuronal activity.

3. Real-Time Pearce-Hall Model. An alternate to the Mackintosh
type of attentional learning model was proposed by Pearce and Hall in
England. Schmajuk and I have been developing real-time computational
variants of the basic Pearce-Hall model for application to network
learning problems involving the hippocampus. The results of some simu-
lation experiments under this model have been submitted for publication
and additional simulations of hippocampal lesion effects are described
in the paper mentioned in the preceding paragraph.

Theoretical activity has been intense this past few months because
of the month-long visit by Dr. E. J. Kehoe of Australia. Kehoe and his
collaborators have generated much of the behavioral data from the NM CR
preparation on multiple-CS effects. His visit in September set the
occasion for a series of seven seminars, Computational Learning Models
and Test Beds with presentations by Barto, Desmond, Kehoe, Moore and
Schmajuk with significant contributions from Neil Berthier and
Rich Sutton.

Since Kehoe's departure, we have met formally to consider prediction
from several models regarding an experiment performed by my colleague,
Joe Ayres, with relevance for real-time models. Ayre's experiment
concerned the effects of extending a CS in time beyond the reinforcing
event. Sutton, Desmond, and Schmajuk discussed the question from the view-
point of several models, including: the basic Sutton-Barto Model, a
variant of the Sutton-Barto Model designated by Sutton as the Adaptative
Heuristic Critique with Discount, Desmond's physiologically constrained
version of the Sutton-Barto Model, and Moore-Stickney Model of attentional-
associative networks. These formal meetings have been extremely valuable
because they (a) enhance the groups' understanding of the various models,
(b) familiarize colleagues and students with computational approaches to
associative learning, and (c) generate ideas for experiments that can
provide clear cut discriminations among models. In this regard, Kehoe and
I plan to conduct some behavioral experiments relative to these models in
parallel in our respective laboratories.

Most of our theoretical work has relied on the experimental literature
on behavioral aspects of the NM CR, i.e., on measures of associative
strength and on CR topography. Neuronal schemas that represent the various
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brain systems that might perform a given computational function within a
given model are based primarily on data from lesion studies. For example,
in the Moore-Stickney Model the hippocampal formation is portrayed as a
system that reduced the salience or associability of stimuli depending on
the status of the associative network underlying behavior, an assumption
based on observed effects of hippocampal lesions. The behavioral/biolog-
ical foundations of such schemas will improve as relevant physiological
evidence begins to surface. It is for this reason that we are accumulat-
ing single-unit recordings concurrently with behavioral testing. Success
in this domain demands that physiological recordings include neurons
within brain structures known to be essential for the NM CR. (Our Annual
Technical Report dated May 20, 1984 covers these points more fully). In
addition, it is necessary to have computer-assisted statistical techniques
that can quantify the relationship between neuronal firing and the fine-
grain details of the behavioral CR. John E. Desmond has developed an
impressive arsenal of quantitative tools for this purpose. Examples are
included with this report. These same quantitative tools can be extended
to quantification of the relationship between theory-generated neuronal
firing and the activity of actual CR-related neurons.

There has been an important development concerning brain regions
essential for the NM CR. Contrary to published reports as recent as last
year, it now appears that cerebellar cortex as well as deep nucleus inter-
positus is essential for the NM CR. This came to light from lesion experi-
ments by Yeo, Hardiman, and Glickstein at University College London, a
group with whom I have collaborated for several years. A lesion confined
to a portion of cerebellar cortex known to anatomists as the simplex lobe
(a.k.a. hemispheric lobule VI, or HVI, for short) profoundly disrupts-a
previously acquired NM CR while having no effect on the underlying reflex
(UR). In short, lesion of HVI, but no other portion of cerebellar cortex,
produces the same deficit as does lesions of "downstream" premotor compo-
nents of the cerebello-rubro-circuit essential for the CR.

I was able to examine relevant histological material and data during
a visit to the London laboratory this past June, and we have reproduced
the effect of HVI lesions in our laboratory. These lesion results, and
other anatomical considerations, suggest that neurons within HVI are
crucial for the learning and execution of the NM CR. We have recently
begun recording from single neurons of HVI during behavioral testing. ) For
We are especially interested in the relationship between the Purkinje
cell activity and the CR because Purkinje cells are featured prominently :
in several mathematical models of cerebellar learning (e.g., Albus,
Gilbert, Marr). Photocopies of the experimental set up for recording ,ced
from Purkinje cells and sample data obtained by Neil Berthier areincluded with this report.
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In order to establish the involvement of Purkinje cells in the
NM CR, it is necessary to record from them during behavioral testing.
There are a number of questions we intend to pursue:

1. Is there a relationship between Purkinje cell activity and
CR topography?

2. What is the nature of this relationship and how well is it
described by computational models?

3. Are CR related Purkinje cells limited to HVI, or do they exist
in other regions of the cerebellar cortex?

4. Assuming that Purkinje cells are causally implicated in the NM
CR, precisely how do they influence other premotor components of the CR,
e.g., nucleus interpositus, red nucleus, and supratrigeminal reticular
formation?

I can provide more detailed information regarding any aspect of this
report immediately on request.

Cordially,

John W. Moore, Ph.D.
Professor of Psychology
(Neuroscience and Behavior)
Associated Professor of
Computer'and Information Sciences

JWM/acl
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UNIVERSITY OF MASSACHUSETTS
AMHERST

MEMORANDUM

FROM ........ . !...Q..4.. .................................................... DATE ........ S pte bZt1.,... 19. 4 ....................................

TO .. ......... t. ........................ ........................................................................................................

SU BJECT...C pu.tatL a.L..Le n g9..A deL .z.n d...T ,t4..B-ds ......................................................................

Jim Kehoe i visiting 4or% one month. He wLU be giving tJtee Zectures on hz
Aesea'tch Zito Compowzd S~tmdulu Conditionng. His res3earch provides data jot deve-
Loping and evaZuating computational modeZ6 o6 conditioning, with speciaZ emphasiz on
CR topography.

We ate chedu2tng a serie6 o6 tunch time Zectues beginnng Monday, September 10,
1984. Other taWZ. on modetZng CR topogtaphy and/or teated topics ae alzo .6cheduted.

A tentative scedule appea6 betow: Time: Noon
Pet ce: Room 101, blddlZeex House

1. Monday, Septembea 10, 1984
Jim Kehoe, "Se~&a Compound"

2. Wedneeday, SeptembeA 12, 1984
Jim Kehoe, "Combination Rule"

3. Monday, September 17, 1984
John Dezmond, "CR Topography and NeuophyoZogical Correlates"

4. Wedne-day, September 19, 1984
"Intwoducton to AtteittonaL Theorile, with John Moore

5. Monday, Septembe/ 24, 1984
Nestor Sdwiajuk, "Rea-Time AttertionaZ Modets and CR Topography"

6. Wednesday, SeptembeA 26, 1984
Andy Baxto, "Maybe La yered Network "

7. Monday, October 1, 1984
Jim Kehoe, "Goodbye and Lot o6 Lucie"



UNIVERSITY OF MASSACHUSETTS
AMHERST

MEMORANDUM

FROM .............. John Moorq ..... ............ DATE. 20..Navw.ebex.. ........ ...................

TO ............Ayre,.. Bat.=.. er.t der.,...Dea ond..ad..Sr-ba uk ...........................................

SUB JEC T ........... ......................................................................................................

1. Ayres presented the rationale and outcome of an experiment relevant to
real-time learning theories of interest to this group. A draft manu-
script entitled, "Extending CS Beyond vs. Prior to Reinforcement" is
attached.

2. Sutton reported that the data from Ayres' study are basically consistant
with the original Sutton-Barto model. However, the derivative model,
Adaptive Heuristic Critic with Discount (AHC-D), predicts an asymmetrical
outcome such that extension of a CS beyond the US causes a greater reduc-
tion of associative value than an equal extension in a forward direction.

3. Schmajuk presented the results of simulation experiments with a version
of the Moore-Stickne des-cribed in a draft-manuscript entitled, "Varia-
tions of CS Effectiveness Revisited: Modified Attentional Models of
Classical Conditioning". This model, as does ACH-D, predicts the asym-
metry whereby post-US extension of a CS causes greater reductions of
associative value than does forward extension of the CS.

4. Desmond presented simulations from the physiologically constrained
version of the Sutton-Barto model that he developed with Neil Berthier's
help. These simulations also indicated asymmetries as noted above.

The group seemed to agree that:

1. The Ayres' experiment was indeed relevant to real-time models.

2. A simpler experiment with the "blocked" CS would likely yield different
anticipated results than those under consideration here.

3. Anticipated outcomes from the point of view of the various models depend
critically on parameters. Thus, for example, simulated experiments on
CS extensions before and after a CS depend on the duration of the CS,
knowledge of the optimal ISI, and/or rates of recruitment and decay of
theoretical variables. These considerations should guide choice of
designs and parameters of real experiments.


