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Abstract

The recently introduced method, tED-WTA, for each output neuron of a class in the last layer of neural networks,
obtain a pair of positive and negative prototypes. The functionality of a neuron is explained based on the difference in
the Euclidean distance of a sample from these two prototypes. An astonishing point in this method is the great similarity
of positive and negative prototypes for each neuron at the end of training. The authors of [2] have claimed that the
reason for this extreme similarity is the formation of the negative prototype of a class with samples of other classes,
which are very similar to the positive prototype of that class. In this paper, it is demonstrated that not only does the
negative prototype get close to the positive prototype of a class, but a positive prototype is also formed by samples that
are far from the center of that class. The new finding about this great similarity shows that each neuron in the softmax
layer, like SVMs, makes decisions based on the near-boundary samples. The theoretical analysis is examined in detail
and experimental results on MNIST, FERET, and Fashion-MNIST show the correctness of the claims made.
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1. Motivation of the work

In many prototype-based classifications like LVQ, NCM,
and PROTONET [3], only the positive prototype—an
average of class samples—is utilized. *ED-WTA
introduces the concept of incorporating negative
prototypes alongside positive ones for each center in the
Softmax layer, creating a new interpretable classification
model. The positive prototype represents samples
belonging to the class of that neuron, while the negative
prototype represents samples that the neuron
misclassifies. The method exhibits a significant similarity
between positive and negative prototypes after training,
making them difficult to distinguish. The proposed
method have been analyzed ED-WTA to find the exact
definition of positive and negative prototypes and reveal
the reasons for the great similarity between them.

2. Contributions

The explanation in [2] for the high similarity between
positive and negative prototypes is that negative
prototypes are derived from samples mistakenly
classified by neurons of a class due to their similarity to
positive prototypes. However, this article argues that this
explanation is insufficient. It explains that not only do
negative prototypes shift closer to positive ones in
similarity, but positive prototypes also move away from
the class center and approach the boundaries between
classes. This article explains how samples with less
similarity to class centers significantly influence
prototype formation. The main contributions are as
follows:

- This paper presents a comprehensive interpretation
of positive and negative prototypes based on the
effective samples that contribute to them.

- The relationship between how neurons classify
samples in the last layer of neural networks and
SVM classifier has been revealed.

3. Procedures

In the proposed method section, first the gradient descent
optimization of prototypes in the £ED-WTA method has
been analyzed. It shows that prototypes, represented as
the weighted average of samples, are influenced by
samples with larger gradients during updates.

Then, it is demonstrated that effective samples which
have a larger gradient in updating the positive prototype
of their class, also have a significant gradient in updating
the negative prototypes of the other classes.

The gradient magnitude of samples and histogram
analysis indicate that the effective training data
contributing to positive and negative prototypes reduces
in the final training epochs.

It also shows that these limited data are almost close to
the boundary of the classes and have less similarity to
their class center.
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The final part of the proposed method section analyzes
the relationship between support vector machine (SVM)
and the +ED-WTA method. It demonstrates that
interpreting neuron functionality through the +ED-WTA
method shows that support vectors in SVM, which are
boundary samples, also play a significant role in neuron
decision-making.

4. Findings

The findings of this article have been demonstrated on
MNIST, FERET, and Fashion-MNIST datasets.

To investigate the similarity of positive and negative
prototypes, based on the definition of the article [2], a
method called Mean-PNPL has been implemented, in
each step of training, the positive prototype is the average
of the correctly classified samples, and the negative
prototype is the average of samples that are wrongly
classified by an output neuron. In fact, in Mean-PNPL
method, the interpretation given by [2] about the positive
and the negative prototypes and the reason for their great
similarity has been included. The results show that the
positive prototypes are slightly different from the average
of the class samples. The positive and negative
prototypes of a center are more distinguishable, and the
accuracy of the model is lower compared to the accuracy
of the tED-WTA.

The relationship between SVM and +*ED-WTA was
demonstrated by examining the multi-prototype SVM on
the above datasets. The results indicate that samples
selected as support vectors also significantly impact the
formation of both positive and negative prototypes.

5. Conclusion

The tED-WTA method interprets the functionality of a
neuron based on the squared difference of the Euclidean
distance from the positive prototype and the negative
prototype. This article analyzes the gradient descent
optimization of prototypes in the tED-WTA. It presents
a complete definition of positive and negative prototypes
based on the effective samples in their formation. The
new finding shows that positive and negative prototypes
are made from near-boundary samples. The new theory
implicitly states that neurons in the competitive layer of
the neural network, similar to SVM, make decisions
based on boundary data.
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