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[3] Rising phase of the action potential
Depolarization opens most sodium channets,
while the potassium channels remain (4]
closed. Na*influx makes the inside of
the membrane positive with respect to

Falling phase of the action potential
Most sodium channels

h i +50 - become inactivated,
the outside. Adtion blocking Na* inflow. Mast
potential potassium channels

open, permitting K*
outflow, which makes
the inside of the cell
negatie again.
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5 a0

9 A stimulus opens some
sadium channels. Na* inflow through those
channels depolarizes the membrane. If the
depolarization reaches the threshold, it triggers
an action potential.

. o
Membrane potential
(mV)

Resting potential

Time

OUTSIDE OF CELL

Sodium Potassium
Q. channel

O [ITRATTY he sodium channels close, but
some potassium channels are still open. As these
potassium channels dose and the sodium
channels become unblacked (though still closed),
the membrane returns to its resting state.

INSIDE OF CELL
Inactivation loop —

O [EIIETTN The gated Na* and K* channels are dosed.
Ungated channels (not shown) maintain the resting potential.
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Abstract

The realization of a processor that is more powerful and consumes less power
than what we have got today is a challenging task that requires the advancement
of micro-fabrication technology. This is because it is believed that technology has
almost reached the boundary of shrinking transistors on a chip. Therefore,
providing alternative ways for the enhancement of the performance of electronic
processors seems to be both necessary and inevitable.

The brain is the most intelligent processor humans have ever encountered.
Therefore, if we take inspiration from the architecture of the brain to design a
processor, we might be able to provide a solution to the aforementioned
challenge. Architectures that mimic the structure and functions of the brain are
called Neuromorphic architecture. Thus, our goal in this thesis is to first study
neuromorphic processors in general and then design a simple neuromorphic
processor for machine learning applications. For this purpose, first, the
physiological structure of the brain has been studied, and then we have used
computational models for the implementation of our neuromorphic processor.
This way, proper models of network components (i.e., neuron and synapse) as
well as learning algorithms are presented and fully explained. Subsequently, a
comparison between spiking neural networks and artificial neural networks is
presented.

The pros and cons of neuromorphic processors are then presented. Following
that, a neuromorphic processor is implemented using the Python programming
language. This processor is designed and implemented for English handwritten
digit recognition (MNIST dataset). Finally, the performance of this processor is
evaluated and possible ways to enhance and improve its performance are
suggested.

Keywords: Neuromorphic, Spiking Neural Network, Machine Learning,
Computational Neuroscience, Digit recognition, MNIST
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