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Abstract. A general model of adaptive networks which
perform recall is analyzed in view of gqualitative psy-
chological findings. The assumptions underlying the
basic model are few and general in the sense that no
specifications of structure or mechanisms of adap-
tation are imposed. The analysis of the model is
towards the addition of various features drawn [rom
the global input-output relations expected from the
networks. The memorizing process of recognition is
found to be intrinsic to the model, and four of the most
prominent relations between the performance of recall
and recognition are shown to either exist in model or
to be realizable by means of few additional plausible
features.

1. Imtroduction

Adaptive networks of neuron-like elements are fre-
quently employed in models of elementary learning
and memory processes. Many such models have been
proposed, differing in their structure, logic and perfor-
mance. The study of such models can be aimed at two,
not mutually exclusive, goals:

{i) The refinement of the properties of the basic
elements according Lo physiological lindings, and the
identification of the network with real elements of the
CNS — the “physiological approach™.

(ii) The construction of models consistent with
global input-output relations, namely with resulis
drawn from experimental psychology — the “psy-
chological approach™

The main disadvantage of the first approach is due
to the extreme difficulty underlying any attempt to
validate such models by neurophysiological experi-
ments. This difficulty stems from the inability to record
simultaneous numerous minor changes in numerous
sites of the CNS.

In this work, we adopt the psychological approach
and analyze a certain class of learning and memory
models. Using psychological findings concerning the
relations between the two basic memorizing processes
of recall and recognition, we deduce various features of
the network model.

2. The Network Model

We define here a generalized model based on a small
number of specifications, representing a class of mo-
dels with similar performance of learning. The model is
an adaptive network of neuron-like elements (“cells™),
capable of “learning”: having received a certain input
several times, the network is changed so as to respond
Lo a fraction of this input as if the whole input is being
received. The model might operate in a discrete time
scale, like models where the formal neuron of
McCulloch and Pitts [1943] is employed, [Brindly,
1969 ; Fukushima, 1973], as well as in a continuous
time scale [Wigstrom, 1973 ; Fukushima, 1975].

Our network consists of threc main levels (a level

may contain several cells layers): input, processing (or
association) and output levels,
The specific structure of the input and output levels is
not very essential to our analysis. For the sake of
convenience, we assume the existence of an alphabet of
elementary “words”, and a mapping of the alphabet
onto the input cells, such that the number of input cells
is linear in the alphabet size.

A certain set of input cells is fired by the input of its
corresponding word. Each input cell is randomly
connected to some of the association level cells, The
input of a word sequence [ activates some input cells,
which activates, in their turn, a characteristic set of
cells C{I) of the association level (see Fig, 1),

Since the connection between the two levels are
random, the size of C{I) is a random variable with a
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Fig. 1. A schematic outling of the model. f=m,,...4, 5 8 k-word
sequence, The corresponding input cells are connected to C(T)
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Fig. 2. Mumber of active cells in the association level (N ) vs. time,
during the input of a word sequence . The sequence [ is (a) well
learned, (b) not learned (c) not learned, but has the same first part as
a well learned sequence J

given distribution depending on the network structure
and parameters. We assume that for 3J, C(I)+ C(J),
but not necessarily C([)nC(J)=@, i.e. the characteristic
sets are unigue, bui not disjoint. The cells of the
association level are connected to the output level, and
the activity of C(I) gives place to a certain output
pattern.

The adaptability of the network i1s manifested by
the following property: the part of C(I) that fires in
response to a part of [ is a nondecreasing function of
the size of the received part of I, and of the number of
times the full sequence I has been repeated. Striving for
generality, we do not specify the detailed mechanism
accounting for such an adaptability. Yet a possible
mechanism, common to many models, assumes
changes in the influence of one cell on another, by
means of variable synaptic transmittance efficiency.

This idea of modifiable synapses was originally in-
troduced by Hebb [ 19497, and has since been extended
in several modes (exhaustively described by
Fukushima [1975]).

Due to the random connections between the levels
and the overlap in the characteristic sets, erroncous
responses of the network are expected. In the sequel we
analyze the performance of the model qualitatively, ie.
we deal with relations among the performance of
various tasks, in view of psychological results, rather
than with the numerical values of the corresponding
error probabilities. This approach is adopted since any
detailed error analysis is, to a large extent, model
specific. (A typical example of such an analysis can be
found in the work of Brindly [19697)

3. Recall and Recognition in the Network Model

As is commonly defined, recall is the process of
memorizing a currently non-presented item, with or
without given clues, while recognition is the process of
memorizing a presented item [Woodworth, 1949].
According to this definition most of the models
mentioned in §2 perform recall. A basic assumption
behind our analysis is that there is no multiple “stor-
ing” of the same information for different tasks, al-
though there might be redundancy in representation.
Using computer concepts (without making however
any analogy between computers and the CNS), this
hypothesis implies the existence of a unique “data
base™ accessible by several routines. Therefore the
information stored in the network during the process
of learning, must be sufficient for both recall and
recognition of the learned word sequences.

3.1. Recall Performance

A successful recall of a word sequence [ from a part of
it occurs when the received part of I excites enough
cells of C(I) sufficient for the excitation of the output
cells corresponding to the whole of CiI).

Let n be the number of times the whole sequence [
has been presented to the network, and let fi(n) be the
number of C([) cells that fire afier a certain (fixed) part
of I is received. By the basic assumpiion of § 2, fi{n)isa
nondecreasing function of n. A successful recall will
take place, then, if f(n) is sufficiently large.

3.2, Recognition Performance

The performance of recognition by the network is not
as self evident as recall is, yet it is intrinsic to the model
and is revealed by a more fine analysis. During a serial
representation of a word sequence I in the time






