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Abstract

There have been several independent approaches to the mathe-
matical modeling of associative memories. The models produced by
these approaches are essentially of two types: the so-called matrix
models (see Steinbuch, 1961; Kohonen, 1972); and the convol-
ution-correlation models (see Gabor, 1968; Bottini, 1980), which
originated from the optical holographic models of memory. Despite
the independence of their origins, all these models are based on a
common principle. In every case, in fact, the success in recalling
stored information depends on the degree of correlation between the
recall key and the key used, on storage, for coding that
information.

Sometimes, in these models, nonlinear mathematics is used to
improve the capability of choice of the memory system. Moreover, a
feedback connection can be introduced to produce either a dynamic
improvement in the quality of the recall of a single item, or a
sequential recall of a chain of different items.

Dynamic recalls from an associative memory can also be
described wusing the language of statistical mechanics (Hopfield,
1982). :

Such associative memories achieve the maximum of the storage
capacity when the coding keys are of noise-like type, i.e.
quasi-orthogonal. In the most favourable case in which the recall
keys are complete, a noise-like coding of the information being
stored gives a storage capacity of about 0.7 or 0.5 bits per
storage element, according to whether the storage elements are
binary, i.e. they can be turned on once only during the storage
of all the traces (Palm, 1980), or they have many levels, i.e. can
change their value many times, within a given range, during the
whole memorization process (Bottini, 1987). The lack of orthogonali-
ty between the keys drastically reduces the system performance.

In the model proposed by Rottini (1980), each of two associat—
ed items codes the other, on storage, by means of a noise-like key
which must be obtained from the item itself through a randomizing
preprocessing (in an autoassociative memory scheme, the single
item should produce its own coding basis).

In this paper, we will show how such a correspondence




between items and noise-like keys can be established for the
important case in which the information items are described by
means of sets of features belonging to a given repertoire. This
correspondence satisfies the condition that any sufficiently-large
feature subset, which partially describes a given stored item,
yields a noise-like key (i.e. recall key) which still correlates
sharply with the key corresponding to the complete item (i.e.
storage coding key). Thus, the memory system will produce com-
plete recalls from fragmentary keys.

From a relatively-small number of features, suitably ar-
ranged in different classes, it will be possible to obtain a large
number of (orthogonal) noise-like keys, following a combinatorial
scheme.

Finally, the storage capacity of this memory system will be
measured as a function of the (permitted) incompleteness of the
recall key, for high wvalues of the recall efficiency, i.e. with
small error probabilities in the recall.
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