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Contents

• This chapter covers the following topics:

– Basic Architecture of an ANN

– ANN Model and Net Input

– How do ANNs work?

– Building Blocks of ANN

– Network Topology

– Adjustments of weights or learning

– Machine Learning Methods

– Activation functions

– McCulloch-Pitts Neuron
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Lecture on 

McCulloch-Pitts Neuron

• This lecture covers the following topics:

– Model of Real Neuron

– How the Model Neuron Works

– Equation for Outputs and Notations

– Method for Calculating Net Inputs

– A Typical McCulloch-Pitts Neuron
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Model of Real Neuron
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How the Model Neuron Works
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The Equation for Output
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Summary of Notations…
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Summary of Notation…
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Summary of Notation
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Matrix Manipulation Method for 

Calculating Net Inputs…

• If the connection weights for a neural net are stored into a matric W

= (wij), the net input to unit Yj (with no bias on unit j) is simply the

dot product of the vector X = (x1, x2, …, xn) and Wj (the j-th

column of the weight matrix):
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Matrix Manipulation Method for 

Calculating Net Inputs…

• Bias:

– A bias can be included by adding a component xn = 1 to the vector x,

i.e., x = (a, x1, …, xi, …, xn). The bias is treated exactly like any other

weight; i.e., w0j = bj. The net input to unit Yj is given by:
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Matrix Manipulation Method for 

Calculating Net Inputs…

Fig: Neuron with a bias.
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The McCulloch-Pitts Neuron…

• The McCulloch-Pitts neuron is perhaps the earliest artificial neuron.

It displays several important features found in many neural net-

works.

• The requirements for McCulloch-Pitts neurons may be summarized

as follows:

1. The activation of a McCulloch-Pitts neuron is binary. That

is, at any time step, the neuron either fires (has an

activation of 1) or does not fire (has an activation of 0).

2. McCulloch-Pitts neurons are connected by directed,

weighted paths.
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The McCulloch-Pitts Neuron…

3. A connection path is excitatory if the weight on the path is

positive: other-wise it is inhibitory. All excitatory connections

into a particular neuron have the same weights.

4. Each neuron has a fixed threshold such that if the net input to

the neuron is greater than the threshold, the neuron fires.

5. The threshold is set so that inhibition is absolute. That is. any

nonzero inhibitory input will prevent the neuron from firing.

6. It takes one time step for a signal to pass over one connection

link.
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The McCulloch-Pitts Neuron…

• The simple example of a McCulloch-Pitts neuron shown in the

following Figure.

• The connection from X1 to Y is excitatory, as is the

connection from X2 to Y.

• These excitatory connections have the same (positive) weight

because they are going into the same unit.

Fig: A simple McCulloch-Pitts neuron Y.
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The McCulloch-Pitts Neuron…

• Architecture:
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The McCulloch-Pitts Neuron…
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Fig: Architecture of a McCulloch-Pitts neuron Y.
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The McCulloch-Pitts Neuron
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• In the net model, y_in is the total input signal received, and  is the

threshold. The condition that inhibition is absolute requires that 

for the activation function satisfy the inequality, as-

• Y will be fired if it receives k or more excitatory inputs and no

inhibitory inputs, where-

• Although all excitatory weights coming into any particular unit must

be the same, the weights coming into one unit, say, Y1, do not have

to be the same as the weights coming into another unit, say, Y2.
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The End.NEURAL NETWORK ARCHITECTURES
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