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1. Perceptrons

The perceptron is the simplest form of a neural network used for
the classification of patterns said to be linearly separable . basically , it
consists of a single neuron with adjustable synaptic weights and bais.

The summing node of the neuronal model computes a linear
combination of the inputs applied to its synapses, and also incorporates an
externally applied bais. The resulting sum, that is applied to a hard
limiter.accordingly, the neuron produced an output equal to +1 if the hard

limiter input is positive, and -1 if it is negative.

Learning Algorithm: Training Perceptron Networks

Adjust weights

.y Network »@
output
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Perceptron Algorithm

Step 1 = Initialize the following to start the training:
®  Weights
= Bias
# Learning rate a

For easy calculation and simplicity, weights and bias must be set equal to 0 and the learning rate must be
setequal to 1.

Step 2 = Continue step 3-8 when the stopping condition is not true.
Step 3 = Continue step 4-6 for every bipolar training pairs: &

Step 4 = Activate each input unit as follows:
X; = S; (i=1 to n)

Step 5 = Obtain the net input with the following relation:

i
yvin = b+ ¥ x5 wi

1

Here b’ is bias and 'n’ is the total number of input neurons.

Step & = Apply the following activation function to obtain the final output:

0 otherwise.

a=hardlim(n)= JL 1ifn>0

Step 7 = Adjust the weight and bias as follows :
Case 1 =if y # t then, Wi[new) = wi[old)+a(t=yin)xi
b(new) = b(old)+a(t=yi)
Case 2 - if y =t then, Wi(new) = wij(old)
b(new) =b(old)
Here 'y is the actual output and 't’ is the desired ftarget output. [t=vis) is the computed error.

Step B = Test for the stopping condition, which will happen when there is no change in weight or the
highest weight change cccurred during training is smaller than the specified tolerance.
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note

W new Y=W, (old Y+1Wd,— 1), 0275 NV

b"=b" + e where e=d-y
Where 1 (the learning rate) is a positive gain fraction less than 1 and dk 1s

the desired output. Note that the weights remain the same if the network

makes the correct decision.

Example:
The output of the network is given
by Inputs  Two-Input Neuron
N N
a = hardlim(Wp + b)
P “‘1_1
a=hardlim(ny= ] 1ifn>0 >
. P, Wy 5 b
0 otherwise. 12 l
Y i TR J
= hardlim(wl, 1 pl + wl, 2 p2 + b) a = hardlim(Wp+b)

Unified Learning Rule
The three rules in Eq. (4.31) can be rewritten as a single expression. First
we will define a new variable, the perceptron error e:

e=1t-a. (4.32)

We can now rewrite the three rules of Eq. (4.31) as:

» 1d
Ife=1,then w" = w +p.

If e = -1, then ,W*" = lw'ﬂd— p. (4.33)

new old

If e =0, then,w = w
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welght vector of a single neuron perceptron. We can generalize this rule for
the multiple-neuron perceptron of Figure 4.1 as follows. To update the ith
row of the weight matrix use:

new old

W =W +ep-. (4.36)

1 1

To update the ith element of the bias vector use:

old

b = b " +e,. (4.37)

I I I
The perceptron rule can be written conveniently in matrix notation:

W' = W ep”, (4.38)

and

b"" = b +e. (4.39)

Perceptron convergence procedure (1)

Step1: Initialize weights and thresholds: Set the w; and the b; to small
random values in the range [-1,+1].

Step2: Present new continuous valued input p,, p,,-++, p, along
with the desired output vector T = (t;, -+ , 1,).

Step3: Calculate actual output: a = f(Zwp, + b)) where (.) = hardlim(.)
=sgn(.).

Step 4. When an error occurs adapt the weights with:
W "o = wold + nit -a] xp, where: 0 <n <1 (learning rate)
and: b™ = bo + e where: e = nit - aj

Step 5: Repeat by going to step 2 until no error.
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