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Investigation of Artificial Neuron—Glia Network
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A human brain has two kinds of cells which are a neuron and & glia., The neuron has
been investigated by many researchers, because this cell transmits electric signals,
In addition, many types of artificial neural networks have been proposed for the
application of the neuron. On the other hand, the glia was considered te a support cell
for the neuron. Recently, some researchers discovered that the glia transmits signal
by using the ion concentration. Moreover, the glia has many receptors.toc various ions
such as glutamate acid, calcium, and adenosine triphosphate. From these functions, the
glia is currently considered to the important cell for a higher brain function. However,
the researches about glia are quite primitive. Especially, the application of the glis
is poorly investigated, I focused on the function of calcium of the glia. The glia
generates the calcium concentration wave and influences the glia and the neurons. [
model the generation and propagation of the calcium wave and consider the applicaticn
for the artificial neural network,

In this study, I propose a new Multi-Llaver Perceptron (MLP) with a pulse glial ch
ain (PGC) inspired by the functions of astrocytes. All glia are individually connec
ted to the neurons in the hidden layer of the MLP and have an interactive effect in

the glial network. A neuron cutput is greater than a glial excitation threshold, h
ence 1t can excite a glial cell. The excited glial cell generates a pulse, and the
pulse influences the excitation threshold of the neuron and the states of the neigh
boring glia. The glial pulse is attenuated exponentially and induces a pulse chain.

The neighboring glia are excited and generate pulses subsequent to those of the fi
rst excited glial cell, thereby propagating the pulse in the glial network. The gen
erated pulse is transmitted to the cornected neuron and influences the excitation t
hreshold of this neuron. This puise accelerates the convergence of the weight updat
e of the connected neuron because the pulse retains the large value of the neuron.
A neuron output greater than the glial excitation threshold almost converges to a 1
ocal optimum value, which is therefore retained by the pulse., The neighboring neuro
ns obtain energy from the pulses propagated by other glia. The influence of a pulse

is independent of  the states of the neighboring neurong. Therefore, the neighborin
g neurons deviate from the local optimum values of their neighboring neurons. I con
sider that the pulse glial chain (PGC} accelerates the learning of the entire MLP n
etwork.

In the simulations, I compdare the performance of six types of MLPs which are a co
nventional MLP, an MLP with random noise, an MLP with simulated annealing noise, an
MLP with randomly timed pulses, an MLP with glial pulse, and an MLP with PGC. The
conventional MLP does not have the external unit, and others respectively have diff
erent external units in the hidden laver. This study cenfirms that the MLP with PGC
has better performance than other MLPs in learning time series, solving the Proben
1, and solving the two-spiral problem (TSP). In these simulations, I compare the ap
proximation performance for learning data set and generalization capability for unl
earning data set. Moreover, I apply the Wilcoxon signed-rank test to every result,
In addition, I discuss ‘about the effects of the PGC. The updated weights between th
e netrons are influenced by the PGC. In the conventional MLE, the neurons are avera
gely learned, becalse every neurcn is equivalent. In the MLP with PGC, the updated
weights between the neurcens are biased with the position of the nouron., The neighbo
ring neurons receive the glia pulses at nearly the same time. [ consider that this

learning bias helps to bypass the local minimum.
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