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In this  talk, I will  not  look forward , I rather  look backward : the world of Hebbian  ŰĲƣƚи

OUTLINE OF THE TALK:

Point 1) Economy on synapses

-Pavlov learning  via autoassociative neural nets [Hopfield] (requires O(N^2) synaptic updates).

-Pavlov learning via heteroassociative neural nets  [Kosko] (requires O(N^0) synaptic updates).

-Networks of neural nets: from pattern recognition to pattern disentanglement.

Point 2) Economy on datasets

-Sleepy Hopfield model: up to 90% of dataset saving preserving the same performances of the «awake» counterpart.

Point 3) Economy on neurons

-From op-amp to iontropic memristors (work in progress!)



Part one: focus on the synapses
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Intro: Pavlov & Hebb

Important: note that different neurons are involved (e.g. eyes vs hears in this example)
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Intro: Pavlov with two bits (not two patterns/concepts)

m1 m2J

h1                                                                                                            h2

Non-monotonic  behaviorв



Adriano Barra,                                            auto-associative vs hetero-associative neural networks,                                                               Roccella 3.0,                                        05/33

Parenthesis: do these equations account for 
cŸƓŉŔĲũĬќƚ  learning rule as well? (yes)

[is the limit  Hebb?]
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xĲƣќƚ now face Classical Conditioning within Statistical Mechanics:
the standard Hopfield model can not be the correct reference.

We need to generalize 
the previous scheme 
and supply «pieces of 

information» and not just 
bits to DIFFERENT 

neurons in the network, 
e.g. visual inputs (first 
half of neurons) and 

auditory inputs (second 
half of the neurons)

Patterns in the Hopfield model involve all the neurons, this is the problem
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Along the past decade, 
we worked out the theory 

of multitasking 
associative networks

quite extensively: this is a 
better reference confined 
within «autoa-ssociative 

memories». 
Are there alternatives to 

auto-associative 
neural networks?
Yes. The hetero-

associative onesв
(vide infra)
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Now we supply the 
first pattern to the 

first half of neurons 
and the second 

pattern to the second 
half of neurons
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Auto-associative networks store the 
correlations among the two patterns 
by updating O(N^2) synapses This is 
because the Hopfield model is pure 

distributed processing, all the 
neurons share the same importance.

Do better alternative routes 
exist? Yes, hetero-

associativityвШ



A short digression:  
     Duality between Hebb and RBM 
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Are there possible alternatives? Yes! uŸƚťŸќƚ networks
(I am indebted with Aurélien and Beatriz as they let me know this)

Preable: we have to rely upon duality between 
Hebbian recurrent networks and RBMs (4 slidesJ)
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Revisiting the Aut-Aut among 
«Distributed Processing and «Localist Representations»
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A (probably trivial) observation in Machine Learning
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Another (probably trivial) observation in Neuroscience



End of the digression:  
     Now we extend it toward heteroassociative nets 
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Can we use them beyond pattern recognition? Yes, but we need (at least) three layers
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Can this be another way to tackle structured datasets? 



Part two: focus on dataset saving
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