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NEURAL NETWORKS:
THE BUILDING BLOCKS
OF DEEP LEARNING

The term deep learning describes a family of neural network
models that have multiple layers of simple information
processing programs, known as neurons, in the network.
‘ The focus of this chapter is to provide a clear and com-
. ' prehensive introduction to how these neurons work and !
| are interconnected in artificial neural networks. In later
chapters, we will explain how neural networks are trained
using data.

A neural network is a computational model that is in-
spired by the structure of the human brain. The human j
brain is composed of a massive number of nerve cells, !
called neurons. In fact, some estimates put the number |
of neurons in the human brain at one hundred billion |
(Herculano-Houzel 2009). Neurons have a simple three-
part structure consisting of: a cell body, a set of fibers
called dendrites, and a single long fiber called an axon.




Figure 3.1 illustrates the structure of a neuron and how
it connects to other neurons in the brain. The dendrites
and the axon stem from the cell body, and the dendrites of
one neuron are connected to the axons of other neurons.
The dendrites act as input channels to the neuron and re-
ceive signals sent from other neurons along their axons.
The axon acts as the output channel of a neuron, and so
other neurons, whose dendrites are connected to the axon,
receive the signals sent along the axon as inputs.

Neurons work in a very simple manner. If the incom-
ing stimuli are strong enough, the neuron transmits an
electrical pulse, called an action potential, along its axon
to the other neurons that are connected to it. So, a neuron
acts as an all-or-none switch, that takes in a set of inputs
and either outputs an action potential or no output.

This explanation of the human brain is a significant
simplification of the biological reality, but it does capture

Axon from another neuron

Dendrites

Axon

=~

Figure3.1 The structure of a neuron in the brain.
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the main points necessary to understand the analogy

between the structure of the human brain and compu-
tational models called neural networks. These points of

analogy are: (1) the brain is composed of a large number

of interconnected and simple units called neurons; (2) the

functioning of the brain can be understood as processing

information, encoded as high or low electrical signals, or

activation potentials, that spread across the network of
neurons; and (3) each neuron receives a set of stimuli from

its neighbors and maps these inputs to either a high- or
low-value output. All computational models of neural net-
works have these characteristics.

Artificial Neural Networks

An artificial neural network consists of a network of
simple information processing units, called neurons. The
power of neural networks to model complex relationships
is not the result of complex mathematical models, but
rather emerges from the interactions between a large set
of simple neurons.

Figure 3.2 illustrates the structure of a neural net-
work. It is standard to think of the neuronsina neural net-
work as organized into layers. The depicted network has
five layers: one input layer, three hidden layers, and one
output layer. A hidden layer is just 2 layer that is neither
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