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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

« This vastly simplified model of real neurons is also known as a Threshold

Logic Unit:
|1 ;
, R\'HWH A @ Y,
|3—'—'—'_*i j
| /‘:‘"jn

n

1. A set of synapses (i.e. connections) brings in activations from other
neurons

2. A processing unit sums the inputs, and then applies a non-linear
activation function

3.  Anoutput line transmits the result to other neurons
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How the Model Neuron Works

» Each input |, is multiplied by a weight w; (synaptic strength)
- These weighted inputs are summed to give the activation level, A
« The activation level is then transformed by an activation function to
produce the neuron’s output, Y,
W, is known as the weight from unit i to unit |
- Wji > 0, synapse is excitatory
— W, <0, synapse is inhibitory
* Note that |, may be
— External input
— The output of some other neuron
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The Equation for Output

We can now write down the equation for the output Y; of a McCulloch-Pitts
neuron as a function of its inputs |.:

Y; =sgn()_I; - 6)
i=l

where 6 is the neuron’s activation threshold. When
Y, =1, ifY [, 26 Y;=0, if ) I, <8
k=1 k=1

Note that the McCulloch-Pitts neuron is an extremely simplified model of
real biological neurons. Nevertheless, they are computationally very
powerful. One can show that assemblies of such neurons are capable of
universal computation.
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Summary of Notations...

Activations of units X;, ¥;, respectively:

Xy ¥
| For input units X,
x; = input signal;
for other units ¥;,
y; = f(y-in;).
W, Weight on connection from unit X; to unit ¥;:

Beware: Some authors use the opposite convention, with w, de-
noting the weight from unit ¥; to unit X

b, Bias on unit Y;: | o
A bias acts like a weight on a connection from a unit with a constan!

activation of 1 (see Figure 1.11).
V_in, Net input to unit ¥;:

_ing = by + 2 xiwy
i
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Summary of Notation...

W Weight matrix:
W - {W,‘_,‘}.
W, Vector of weights:

.I.
w,j = (‘1’[]‘, “’2,1 & s R “’"-i) -

This is the jth column of the weight matrix.

| x || Norm or magnitude of vector X.

GR Threshold for activation of neuron Y;: -

| A step activation function sets the aclwauq:} of
ever its net input is greater than the specitied thresh
otherwise its activation is 0 (see Figure [.8).

a neuron to 1w hen-
old value t
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Summary of Notation

S Training input vector:
8 = (Si1s o5 wSuds
t Training (or target) output vector:
b oss 0y o6 nali v s vmlpd
X Input vector (for the net to classify or respond 10):
w. = [ Xy v =5 Xis 0w« J.r,,).»
Aw; Change in w;;:
Aw,, = [w;; (new) — w;; (old)].
a earning rate:

The learning rate is used to control the amount of weight adjust-
ment at each step of training.

_—
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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
= (w;), the net input to unit Y; (with no bias on unit j) is simply the
dot product of the vector X = (x;, X, ..., X;) and W; (the j-th
column of the weight matrix):

y—fﬂi = X'W,

M
= > XiWij .
fom ]
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Matrix Manipulation Method for
Calculating Net Inputs...

« Bias:

— A bias can be included by adding a component x, = 1 to the vector X,
e, X =1(a, Xq, ..., X, ..., X,). The bias is treated exactly like any other
weight; I.e., wy; = b;. The net input to unit Y; Is given by:

_\’..iflj = X'W,,

n

2 XiWij
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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 X2to 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:

h-Pitts neuron ¥ may receive signals from any number of
nnection path is either excitatory, with weightw = 0. or
p(p>0). For convenience, in Figure [.13, wc.ussumc
X, which send excitatory signals to umt Y. and
which send inhibitory signals. The activation function

In general, a McCulloc
other neurons. Each co
inhibitory, with weight —
there are n units, Xy, . .
unils, X,,+|. LR Xn+ms
for unit Y is
: 1 ifyin=0
flyng = 0 ifyin<?t
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The McCulloch-Pitts Neuron...

Fig: Architecture of a McCulloch-Pitts neuron Y.
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The McCulloch-Pitts Neuron

* In the net model, y _in is the total input signal received, and 0 is the
threshold. The condition that inhibition is absolute requires that 6
for the activation function satisfy the inequality, as-

9 > nw — p.

Y will be fired if it receives k or more excitatory inputs and no
Inhibitory inputs, where-

kw=0>(k — )w.

» 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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