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Abstract. We investigate the effects of patchy (clustered) connectivity in sparsely
connected attractor neural networks (NNs). This study is motivated by the fact that
the connectivity of pyramidal neurons in layer II/III of the mammalian visual
cortex is patchy and sparse. The storage capacity of hypercolumnar attractor NNs
that use the Hopfield and Willshaw learning rules with this kind of connectivity is
investigated analytically as well as by simulation experiments. We find that patchy
connectivity gives a higher storage capacity, given an overall sparse connectivity
and regardless of learning rule.

1 Introduction

Attractor neural networks (NNs) have been proposed [1, 2] as a first, abstract, model
of the neocortex. Topologically, these networks are similar to the neocortex in having
a large number of recurrent connections, but if they approximate the dynamics of
cortex is still an open question. Recently, experimental evidence of attractor states has
been found in neocortical slices [3, 4].

The mammalian visual cortex is organized in columns, in addition to its layered
structure. Two types of columns have been observed, small minicolumns with a
diameter of ~50um and large hypercolumns with a diameter of more than 200um [5,
6]. The hypercolumns in primary visual cortex were first described by Hubel and
Wiesel [7]. They are also found in the somatosensory cortex [6] where they are
sometimes referred to as macrocolumns, segregates, or barrels. Hubel and Wiesel
showed by electrophysiological experiments in primates that the hypercolumn can
function as a competitive, winner-take-all (WTA), circuitry for line orientations [7, §].
Lateral connections in layer II/III of the visual cortex tend to terminate in clusters
(patches) with a size similar to hypercolumns [9-12]. These lateral connections are
highly convergent, meaning that the neurons in one hypercolumn connect to the same
set of hypercolumns forming a patchy pattern of connections [11, 12]. Connectivity is
sparse in the neocortex, which is a necessity to keep down the amount of wiring.

We here use a model of neocortex in which the minicolumns are the functional
units [5, 6]. The minicolumns are grouped into hypercolumns that implement a WTA
function over the minicolumns, controlling the activity level in the network. In the
next section we describe hypercolumnar attractor NNs that use the Hopfield and
Willshaw learning rules. The effect of clustered connectivity in these NNs is then
investigated both analytically, with signal-to-noise analysis that is valid because of
the sparse activity [13], and by simulations. Clustering is implemented such that in the
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