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Review  

• Synapses can show long-term potentiation 
(LTP), long-term depression (LTD) 

• Synapses show associative properties (weak 
input paired with strong input becomes 
strong) 

• Hippocampus is thought to be a structure 
where new memories are first stored (case of 
H.M., animal lesion studies) 



But how can a complex pattern be 
stored among many synapses? 
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And now for a model of this… 



Hebbian rule 



An autoassociative network 
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An autoassociative network 

It reactivates neuron 3 
Because of the 
previously enhanced 
synapses 



This is only for a very, very simple pattern. But the process of 
“pattern completion” from a fragment can be extended to much 
larger patterns in models of recurrent networks.  
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So autoassociative networks can 
perform pattern completion. 
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What can heteroassociative networks do? 
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A heteroassociative network 
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Superposition: Can the same network 
store more than one pattern? 



Superposition: Can the same network 
store more than one pattern? 



Test recall of combined matrix: 
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Heteroassociative networks can link 
different complex patterns together.  
The same network can link many pairs 
of patterns. 



But if too many patterns are stored: 



But if too many patterns are stored: 

Degradation 



Interim summary 

• Hippocampus CA3 has autoassociative 
structure 

• Hippocampus CA1, DG have heteroassociative 
structures 

• Pattern completion in autoassociative 

• Links between different patterns in 
heteroassociative 

• Superposition allows multiple memories – up 
to a limit (high overlap: more degradation) 



A biological example 









Pattern overlap is less in DG 
and more in CA1 





Interim summary 

• DG neurons activated by a neutral context 
could be made to have aversive valence if they 
were optogenetically stimulated during fear 
conditioning. 

• This was not the case for CA1 neurons 

• Proper controls done 

• Heteroassociation in DG may be stronger 
because of less pattern overlap 

• Consistent with network models of memory 



Conclusions 

• Hebbian synapses have properties of a 
memory substrate 

• Models offer an explanation for how complex 
patterns could be stored and recalled 

• Biological experiments so far are consistent 
with these models 


