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A neural network model is presented which conjugates the properties of the
neuron used and its relationship with the specific connectivity diagram being
simulated. The new paradigm is based on the similarity that exists between the
configuration of the input to the neuron, which is in its turn a part of the total
input to the layer containing that neuron, and the arrangement and value of the
weights. Together with this description, a semi-Hebbian learning strategy
adapted to this model is presented. The results of a practical implementation to
a graphic character recognition process are encouraging for planned further
work.

1 Introduction

The design of neural networks for pattern recognition purposes is one of the
most significant aspects of work on the structure and functioning of complex
systems. Some of these networks can be found in Refs. [1], [2] and [3]. The
authors have presented recently a series of theoretical and practical realizations
employing neural functions of second and higher order (see Lopez [4] and [5]).

In most of the cases, the networks intended for pattern recognition have a
high enough level of dimensionality to allow total connectivity between inputs
and processing elements, as in most biological systems. Then, the usual
learning strategies may be carried through in more natural ways, such as non-
supervised schemes or others of similar characteristics.

In the present work, we show a new formulation for the function of the
neuron itself as well as for the learning procedure. The main idea is the
correlation between the input configuration of each neuron and its "memory",
represented by its weights. The adaptation is carried out according to a method
similar to the well-known "winner-take-all", modified to suit our special
configuration.

Also, the lateral interaction is in charge of efferent interactions in the way
M. Blum [6] suggested some years ago on the basis of a quantity of biological
evidence. In the present work, it emerges as the most natural way to implement
the role of negative (inhibitory) inputs at the same time as the lateral interaction
itself.

2 The neural model

Many studies have focused on the use of neural networks to obtain membership
functions for many practical applications, as in Kosko [7] and Yager [8]. Our
aim was to obtain a classifier made with an array of suitably interconnected
single neurons. The solution comes through the definition of a neuron's activity
function especially intended for detecting whether the input signal belongs to a
certain class. For this purpose, the first step is to postulate such a function as an
equivalent of membership functions in fuzzy theory.
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396 Artificial Intelligence in Engineering

Taking into account that the usual input vectors and neural weights are of
fuzzy nature (with clear biological support), the use of fuzzy functions for the
neuron activity function itself seems a plausible approach.

Let

Xr(*ir*2j-"'*Nj) : %iĵ ) (La.)

Wj = (w,j,W2j,...,w^); w.jE(OJ) (l.b.)

be the input vector to the j-th neuron, and the corresponding weight vector
associated with X , respectively.

Let us define the function

a.. = 1 - lx..-w.. I ; i = 1 ..... N; j = l,... , M (2)
U ij y

and, similarly,

a: = N .£ a- = a., (mean value). (3)

As formulated, this last function calibrates the "similarity" existing between the
input and the stored pattern, in such a way that, for the special situation where
the input coincides exactly with the memorized prototype,

a..= i Vi => a- = 1,
ij J

and, in the contrary case, when the input differs absolutely from the prototype
(which requires a crisp one or zero value situation),

a.. = 0 V i => a. = 0.

In normal situations, the function a . will take on intermediate values as the

fuzzy classification suggests. The neuron's activity can thus be formulated as

yg (t) = aj { W.j(t) , X.j(t) } = aj ( X.j(t) , W.̂ (t) ), (4)

where we can see that y. e (0,1).

In this formulation, in comparison with classical ones, the limiting sigmoid
function no longer appears, and the usual sum of x. by w.. product terms has

been replaced by a different, much more easily programmable expression. In
addition, the neuron's output is a true measure of the membership function for
each input to the class defined by the prototype W-. , as mentioned before. In

this sense, this neuron can be seen as a fuzzy neuron, but with some of its
properties adapted, namely

M
y{X.) < M # 1, (5)j

due to the fact that each neuron computes the similarity between the input
vector and its own memorized prototype, independently of the rest of the
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neurons. That means that each neuron, independently of the others, looks at
some properties of the input vector.

Nevertheless, this function remains classical in the sense that it is expressed
as an s-norm of t-norms of its variable inputs and weights, and can accept some
other expressions if we use any of the following derived definitions, all of them
highly significant in fuzzy theory :

a. = Max (a..), (6.a)

i= l - a j = l-l|a.j = £|lxy-w..l. (6.b)

J = min (a.). (6.c)

3 The learning procedure

As a general rule, during the learning phase, the weights must be set according
to the prototypes we need to store. For this reason, and taking into account the
high number of neurons and prototypes to handle, we propose a non-supervised
method as the best choice if one wants to carry out the procedure in the shortest
period of time.

Our method makes use of the adaptation of the weights to the intensity of
their corresponding inputs by means of a semi-Hebbian model, where the
output plays an important role in a different form from classical methods.

As usual,

= Wjj (t) + 8wjj (t+1), (7)

where

.. ..
Sw.. (t+1) = — ! - %— if y.(t)>6; 6e (0,1) (8.a)

y A J

5w.. (t+1) = 0 otherwise, (8.b)

and, for programming purposes,

which stands for the last "t" intervals. This formulation differs slightly from the
purely mathematical one, and must be understood in terms of program
implementation needs. In our case, we use its equivalent computer expression

x.. (t) • t + x..(t+l)
* - — -J - = 0, 1,...; x.(0)=0, (9.b), ,... .j

The A term is the "learning sensitivity" and offers a way to control the speed of
change for each situation. When it is time to adapt the weights quickly (learning

phase), A is held quite low, allowing the weights to change with the inputs. In
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398 Artificial Intelligence in Engineering

the pattern recognition phase, A must be set to a high value in order to keep it as
constant as the normal use of the network might require. This arrangement is
intended to correct only the weights of the neurons that are most "sensitive" to
this special configuration of input, namely those that have their output over a
predetermined level q, and follows the well-known winner-take-all philosophy.
This is particularly interesting when it is impossible to make an all-inputs-to-
all-neurons connection, as is the most usual case, for selecting only such
neurons that best fit any particular input, leaving the rest unchanged.

4 The lateral interaction

The connectivity shown up to now lacks inhibitory inputs, because all the terms
included in eqn (4) are positive. This situation would lead to excitatory-only
inputs with a continually growing activity ending in a saturation state no matter
what the input is. To correct this, and to allow for some additional functional
capabilities, making use of the variants in eqn (6), we insert an "interaction"
layer between the inputs of a regular, "processing", layer and the outputs of the
previous processing layer, or, if so desired for the first layer, the external input
image. The interaction layer is formed from a special kind of neuron, defined by

%h(t) = %{yj,y, } = ly^y,!, (10)

where we can observe that the present outputs constitute the inputs for the next
layer, and their inputs come from the outputs of the preceding one. This method
for inhibiting one signal by another (the inhibition is total when both signals are
equal) can be easily extended to any number of inputs by rewriting eqn (10)

(11)

5 The network structure

A complete neural network will be implemented by an unlimited sequence of
inhibitory and processing layers. If feedback is allowed, some of the outputs of
a processing layer will be sent back to a previous inhibitory layer without
altering the general schema.

In Figure 1, we can see such an arrangement with some feedback connecti-
ons shown. There are two processing layers separated by an interaction one.
The first receives the incoming image input and processes it. It then sends the
results "Y" to the next interaction level, where the lateral inhibition takes place,
generating the new inputs "X" for the second processing level. Those inputs
enter the next layer for processing, generating the final output of the whole
network.

As shown, feedback is only drawn from the second to first layer, but there
can be any other inter- layer combination. Also, there can be an interaction layer
before the first processing layer. The connectivity diagram, that is, the topo-
logical map of intra and inter connections among the neurons, is only limited by
the final model used in practice, and determines what part of the total input
arriving at the layer will access each neuron, where it will be compared to its
weights arrangement (its memory), and the output of this neuron computed
according to eqn (4).
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6 Practical implementation and application to Pattern Recognition

The whole network has been built on a multiprocessor system developed
around a standard bus, the VME. Every CPU board was in charge of the
simulation program of a network layer, so giving as many layers as boards. At
this date, this work is in its very first stages, but some interesting results are
emerging. For our present purposes, we shall present the learning and
classification data obtained with a single layer net with 40 x 40 neurons. This is
merely, of course, for showing the performance of the strategy, but it is enough
to understand its possibilities.

As we can see in Figure 2, some letters (A, B, C, D, E) as prototypes of their
respective classes, along with the outputs obtained, have been used to carry out
the learning of the neural network. In the present case, values of 0.6 for the
threshold and 20 for the learning sensitivity were chosen, in a learning process
consisting of 5 cycles of 100 training sequences for each prototype.

Figure 2. The five prototypes used in the example

At the end of the learning phase, the change of weights is inhibited and some
inputs are presented to the network in order to classify them into one of the
previously defined classes. Figure 3 depicts the outputs of the network for the
Figure 2 inputs, where a white dot indicates those outputs higher than the
threshold in the network.

Figure 3. The outputs for the five prototypes

Figure 4 shows the inputs corresponding to three levels, 5%, 20% and 40%, of
noise corruption of input "A" , and the respective outputs of the network for
each input in the recognition phase, that is, with no changes in the weights.

Note that, for clarity and classification purposes, all the outputs have been
converted from their analog original values to 0 or 1 binary levels in all the
figures shown here (1 = white dot, 0 = black dot), allowing easier pattern
recognition. In large networks, those outputs will be addressed to the following
layer without any preprocessing, as was noted for figure 1.
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400 Artificial Intelligence in Engineering

Figure 4. The three A noise corrupted (5%, 20%, and 40% respectively) inputs
and their corresponding outputs

With those outputs, and using a proprietary nearest neighbor classifier, we
got the results shown in Table 1, where the good approximation obtained in all
cases is a demonstration of the "descrambler" property of our neural model.

Table 1 The membership values (100% = 1) for each output

A5% A20% A40%

class A

class B

class C

class D

class E

82.000005

00.000000

12.000000

00.568182

06.000000

75.000000

02.840909

10.227273

00.000000

11.363637

71.563983

04.739337

08.056872

01.895734

13.744076

The whole process was implemented on a single VME CPU board, with a
learning time of 1.5 seconds for the 5 prototypes (clock frequency of 22 MHz)
and less than 1 ms for the recognition phase, including all the input/output
processes involved.

7 Conclusions

A new model of neural activity has been developed together with its rules for
implementing high density networks. The key is the use of the similarity
between the inputs and the weights distribution in the neurons, taking advantage
of this "natural" predisposition. Also, a modifiable semi-Hebbian learning
strategy hwas provided for the such neural network.

It can be demonstrated that this system tends to a stationary state for any
input or connectivity diagram, allowing us to build networks of any complexity.
We consider of remarkable interest the fact that the memory is based on the
value and the distribution of the weights over the neurons and is strongly
dependent on the connectivity diagram once selected, but there it is completely
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Artificial Intelligence in Engineering 401

irrelevant which diagram is initially chosen.
We are, of course, developing soon many more sophisticated networks in

much more difficult tasks, but the example presented here has demonstrated the
processing capabilities of this neural system. The simulating program, deve-
loped in C++, has been generated as a collection of subroutines prepared for use
in modular form in the final program, and can be called as needed for each
board in the bus, carrying out all the work under the control of a supervisor
program for sharing the resources of the system amongst them.

Input Image

First
Processing
Layer

First
Interaction
Layer

Second
Processing
Layer

Final Output

Figure 1. The structure of the network
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