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Neural Networks

During the 80’s and early 90’s, there was a great interest in the statistical mechanics

community in ‘Neural Network’ models. This interest was centered around, on one hand the

Hopfield model – a system with tailored basins of attraction, playing the role of recorded

memories – with its rich and fascinating solution by Amit, Gutfreund and Sompolinsky, and

on the other hand on the study of feed-forward ‘Perceptron’ systems 1.

These latter systems are complex gates which admit a sequence of bits as input, and

give as an output a single (yes/no) bit. Patterns for which the answer is ‘yes’ are said to

be ‘recalled’. In spite of the fact that, unlike the Hopfield model, the Perceptrons are not

given on the basis of a Hamiltonian, in a seminal paper E. Gardner 2 managed to reduce the

calculation of their capacity (i.e. the number of different recalled patterns) to a statistical-

mechanic replica calculation.

In the late 80’s, the group of E. Domany in Weizmann Institute was implementing a

concrete realisation of a perceptron by means of optical signals. Since these signals can

be only positive, we were led to calculating analytically the loss of capacity due to the

sign constraint. We found that the effect is not severe, which was good news both for the

experiment and for real neurons too.

By the beginning of the 90’s it became increasingly clear that the days of Neural Networks

as a pure Statistical Mechanical exercise were over, and those who intended to continue in the

field had to do so by going deeper into the real biology – or engineering, for the applications.

This is still the case, and the communities of Statistical Physics and Neural Networks are

now completely separate.
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