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Abstract—In this paper, we propose a variable-sized KFM
associative memory with refractoriness based on area repre-
sentation. In the proposed model, the connection weight fixed
and semi-fixed neurons are introduced, and the pattern that
has already been learned is not destroyed and a new pattern
can be memorized. Moreover, when unknown patterns are given,
neurons can be added in the map layer if necessary. We carried
out a series of computer experiments, and confirmed that the
proposed model can learn new patterns which has one-to-many
relations successively, neurons can be added in the map layer if
necessary, and the proposed model has robustness for noisy input
and damaged neurons.

Index Terms—Kohonen Feature Map (KFM) Associative Mem-
ory, Successive Learning, Addition of Neurons

I. INTRODUCTION

Recently, neural networks are drawing much attention as
a method to realize flexible information processing. Neural
networks consider neuron groups of the brain in the creature,
and imitate these neurons technologically. Neural networks
have some features, especially one of the important features is
that the networks can learn to acquire the ability of information
processing.

In the field of neural networks, a lot of models have been
proposed such as the Back Propagation (BP) algorithm, the
Kohonen Feature Map (KFM)[1], the Hopfield network, and
the Bidirectional Associative Memory (BAM). In these models,
the learning process and the recall process are divided, and
therefore they need all information to learn in advance.

However, in the real world, it is very difficult to get
all information to learn in advance, so we need the model
whose learning process and recall process are not divided. As
such model, Grossberg and Carpenter proposed the Adaptive
Resonance Theory (ART). However, the ART is based on
the local representation, and therefore it is not robust for
damaged neurons in the map layer. While in the field of
associative memories, some models have been proposed[2]-[4].
Since these models are based on the distributed representation,
they have the robustness for damaged neurons. However, their
storage capacities are small because their learning algorithm
is based on Hebbian learning.

On the other hand, the Kohonen Feature Map (KFM)
associative memory [5] has been proposed. Although the KFM
associative memory is based on the local representation as
similar as the ART, it can learn new patterns successively[6],

and its storage capacity is larger than that of models in
refs.[2]-[4]. It can deal with auto and hetero associations
and the associations for plural sequential patterns including
common terms[7]. Moreover, the KFM associative memory
with area representation[8] has been proposed. In the model,
the area representation[9] was introduced to the KFM asso-
ciative memory, and it has robustness for damaged neurons.
However, it can not deal with one-to-many associations, and
associations of analog patterns. Moreover, we have proposed
the KFM associative memory with refractoriness based on
area representation (KFMAM-R-AR)[10]. In the model, one-
to-many associations are realized by refractoriness of neurons.
However, since the storage capacities of these models depend
on the number of neurons in map layer, they can not learn new
patterns more than their original storage capacity.

In this paper, we propose the variable-sized KFM associa-
tive memory with refractoriness based on area representation.
In the proposed model, the connection weight fixed and
semi-fixed neurons are introduced, and the pattern that has
already been learned is not destroyed and a new pattern can
be memorized. Moreover, when unknown patterns are given,
neurons can be added in the map layer if necessary.

II. VARIABLE-SIZED KFM ASSOCIATIVE MEMORY WITH

REFRACTORINESS BASED ON AREA REPRESENTATION

Here, we explain the proposed Variable-Sized KFM Asso-
ciative Memory with Refractoriness based on Area Represen-
tation (VS-KFMAM-R-AR).

A. Structure

Figure 1 shows the structure of the proposed model. As
shown in Fig.1, the proposed model has two layers; (1)
input/output (I/O) layer and (2) map layer, and the I/O layer is
divided into some parts. In the proposed model, neurons can
be added in the map layer if necessary, so the distance between
neurons in the map layer is not equal.

B. Learning Process

In the proposed model, if enough area corresponding to the
learning pattern can not be taken, some neurons are added in
the map layer.
(1) In the network with the map layer composed of

neurons, the connection weights are initialized
randomly. Here, is the initial number of neurons
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Fig. 1. Structure of Proposed Model.

of a horizontal direction, and is the initial number
of neurons of a vertical direction. In the initial state,

neurons are arranged at the coordinates
, , , , , ,

.
(2) The Euclid distances between the input vector and the

weight vector , are calculated.
(3) The neuron is decided by

argmin (1)

and if
(2)

is satisfied, the input vector is regarded as the known
pattern, and go to (15). Otherwise, go to (4).

(4) If there is no weight-fixed neuron, the neuron is se-
lected as the center of the learning area, and go to (12).
Otherwise go to (5).

(5) Whether the area corresponding to the input pattern
can be taken without overlapping to the areas for stored
patterns is checked. For the weight-fixed neurons ,

(3)

is calculated, and if

(4)

is satisfied for all weight-fixed neurons, the neuron can
be a center of the learning area. Here, is the threshold.
The neurons that satisfy the condition given by Eq.(4) for
all weight-fixed neuron are selected as the candidate of
the center of the learning area.

In Eq.(3), is the distance between the neuron and
the weight-fixed neuron . In the proposed model, the
map layer is treated as torus, so the distance between the
neurons and , is given by

(5)

( )
(otherwise)

(6)

( )
(otherwise)

(7)

where and are the coordinates of the neuron in the
map layer, and are the coordinates of the neuron
in the map layer. is the distance between the weight-
fixed neuron and the nearest neuron, and is given by

(8)

is the maximum distance between adjacent neurons,
and is set to 1 in the proposed model. is the
constant which decides the area size (the number of
neurons in each area).

If there are some candidate neurons, go to (9). Other-
wise, go to (6).

(6) Whether the area corresponding to the input pattern
can be taken without overlapping to the areas for stored
patterns when the distance between neurons in the area
for stored patterns is reduced to is checked.
Here, is given by

(otherwise)

(9)

where is the number of check in (6). is the min-
imum distance between adjacent neurons. In the area for
the input pattern, the distance between adjacent neurons
is set to .

For the weight-fixed neuron ,

(10)

is calculated, and if

(11)

is satisfied for all weight-fixed neurons, the neuron
can be a center of the learning area. The neurons that
satisfy the condition given by Eq.(11) for all weight-fixed
neuron are selected as the candidate of the center of the
learning area. If there are some candidate neurons, go to
(9). Otherwise, go to (7).

(7) Whether the area corresponding to the input pattern
can be taken without overlapping to the areas for stored
patterns when the distance between neurons in the area for
stored patterns is reduced to and the distance
between neurons in the area for the input pattern is set to

is checked.
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For the weight-fixed neuron ,

(12)

is calculated, and if

(13)

is satisfied for all weight-fixed neurons, the neuron
can be a center of the learning area. The neurons that
satisfy the condition given by Eq.(13) for all weight-fixed
neurons are selected as the candidate of the center of
the learning area. If there are some candidate neurons, go
to (9). Otherwise, go to (8).

(8) In (6) and (7), if

(14)

is satisfied, back to (6). Otherwise, it judges that the input
pattern can not be learned as a new pattern.

(9) From the neurons which are selected as the center can-
didates of the learning area in (5) (7), the neuron that
the Euclid distance between the input vector and its
weight vector is minimum is selected.

argmin (15)

where is the set of the neurons which are the
center candidates.

(10) If the center candidates are selected in (6) or (7), the
distance in the areas for stored patterns is reduced, and
some neurons are added.

If the center candidates are selected in (6), for the area
whose center is the neuron which satisfies

(16)

the distance between neurons in the area is reduced, and
neurons are added. The neurons which satisfy

(17)

are generated as new neurons. The neuron correspond-
ing to the neuron ( ) is generated at .
Here, and are given by

(18)

(19)

If the neuron exists at , no neuron is added there.
The weight vector of the neuron is set as

(20)

If the center candidates are selected in (7), the new
neurons are added in the area whose center that satisfy

(21)

(11) If the center candidates are selected in (6) or (7), new
neurons are added in the area for the new pattern .

If the center candidates are selected in (6) and ,
the neurons are added in the area whose center is the
neuron . The neurons which satisfy

(22)

are generated. The neuron corresponding to the neuron
( ) is generated at . Here, and

are given by

(23)

(24)

If the neuron exists at , no neuron is added there.
The weight vector is generated randomly.

If the center candidates are selected in (7), new neurons
are added in the area whose center is the neuron . The
neurons which satisfy

(25)

are generated.
(12) The input pattern is trained in the area whose center is

the neuron . The connection weights which are not fixed
are updated by

(26)

Here, is given by

(27)

where is the distance between the neuron and
the nearest weight-fixed neuron . is the distance
between the neurons in the area whose center is the
neuron , and is given by

(center candidates selected in (5))

(center candidates selected in (6))

(center candidates selected in (7))

(28)
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is the learning rate and is given by

(29)

where is the initial value of , and is the upper
limit of the learning iterations. In Eq.(26), is the
neighborhood function, and is given by

(30)

is given by

(31)

In this equation, is the initial value of and
varies from to ( ).

(13) (12) is iterated until .
(14) The connection weights of the neuron , are fixed.
(15) (2) (14) are iterated when a new pattern set is given.

C. Recall Process

In the recall process of the proposed model, when the
pattern is given to the I/O layer, the output of the neuron
in the map layer at the time , is given by

(32)

(33)

where is the Euclid distance between the winner neuron
and the neuron , and the neuron is determined as follows:

argmax (34)

is the distance between the winner neuron and the
nearest neuron. is given by

( and )
(otherwise)

(35)

where is the internal state of the neuron in the map
layer at the time , and are the thresholds of the
neuron, and is given by

(36)

(37)

(38)

where is the coefficient.
When the binary pattern is given, the internal state of

the neuron in the map layer at the time is given
by

(39)

where is the Euclid distance between the input
patterns and the connection weights . In the recall
process, since all neurons in the I/O layer not always receive
the input, the distance for the part where the pattern is given
is calculated by

(40)

where shows the set of the neurons in the I/O layer which
receive the input. In Eq.(39), is the number of neurons
which receive the input in the I/O layer, is the scaling factor
of the refractoriness, and ( ) is the damping factor.
The output of the neuron in the I/O layer at the time
is calculated by

( )
(otherwise)

(41)

(42)

where is the threshold of the neuron in the I/O layer, and
is the threshold for the output of the neuron in the map

layer.
On the other hand, when the analog pattern is given to the

I/O layer, is calculated by

(43)

where is given by

( )
(otherwise)

(44)

where is the threshold.
The output of the neuron in the I/O layer at the time ,

is calculated as follows:

(45)

III. COMPUTER EXPERIMENT RESULTS

Here, we show the computer experiment results to demon-
strate the effectiveness of the proposed model.

A. Association Result

In this experiment, the proposed model composed of 800
( ) neurons in the I/O layer and 100 ( ) in the
initial map layer, and the training pattern shown in Fig.2 were
memorized. As shown in Figs.3 and 4, the proposed model
could realize one-to-many associations.

B. Variation of Map Layer

Figure 5 shows the variation of the map layer in the
learning. In this experiment, we used the network composed of
800 ( ) neurons in the I/O layer and 100 ( )
neurons in the initial map layer, and 60 random binary pattern
pairs were memorized. In the network after 60 random pattern
pairs were memorized, the map layer has 1930 neurons.
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Fig. 2. Training Patterns.

Fig. 3. Association Results of Binary Patterns.

C. Storage Capacity

Figure 6 shows the storage capacity of the proposed model
composed of 100 ( ) in the I/O layer and 100 (

) neurons in the initial map layer.

D. Robustness for Noisy Input/Damaged Neurons

Figures 7 and 8 show the robustness for noisy input and
damaged neurons. As shown these figures, the proposed model
has robustness for noisy input and damaged neurons.

IV. CONCLUSION

In this paper, we have proposed the variable-sized KFM
associative memory with refractoriness based on area repre-
sentation. We carried out a series of computer experiments
and confirmed that the proposed model has following features.

(1) It can learn new patterns which has one-to-many relations
successively, and neurons can be added in the map layer
if necessary.

(2) It has robustness for noisy input.
(3) It has robustness for damaged neurons.

Fig. 4. Association Results of Analog Patterns.

initial 2 pairs 3 pairs 5 pairs 10 pairs

20 pairs 30 pairs 40 pairs 50 pairs 60 pairs

Fig. 5. Variation of Map Layer.
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