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Summary of Results

Single-Input Neuron

Inputs General Meuron

a=finwp+b)

Multlple-lnput MNeuron
Inputs Multiple-lnput Neuron

a=f(Wp+hb)

Layer of Neurons

a=f{Wp+h)

Three Layers of Neurons

Input First Layer Second Layer Third Layer

Sxd Fai

al = 1{Wip+h') a® = 2 {W2a'+b?) a3 = 3 ({W3a2+b1)
@ = £33 (W3 T 2{W2l | [Wip +b1)+b2) +b)
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The seven gates that are the fundamental logic elements in digital system are illustrated in

Fig. (1.1)
. . Logic Gate Boolean
Logic Function Symbol Truth Table Expression
Output
Input (A
NOT A{>-Y Pt | iy Y=4
0 1
1 0
OR ﬁ‘ D Y1
Input Output Y1=A+B
A B | Yl | Y2
A 0 0 0 1
NOR B v o1 [1]o
1 0 1 0 Y2= A+B
1 1 1 0
Input Output Y1= A.B
_ A i
AND g1 )V A[B|YI] Y2
0110 0 1
011 0 1
NAND A —
B D Y2 10| 0 1 Y2=AB
1 1 1 0
A Input Output Y1=A® B
EX-OR AJ > 11 A B YLl v2
0 0 0 1
0 1 1 0 R
EX-NOR A Yi=A® B
sl et
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EXP (1)

Werite a neural network for the following

Inputs Linear Neuron

r N7 A\

p>2 [ —
P .
2 %, lb

/L J

a=purelin(Wp+b)
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Sol.
net = linearlayer;
net.inputs{l}.size = 2;
net.layers{l}.dimensions = 1;

net.IW{1l,1} = [1 2];
net.b{1l} = 0;

P=11223; 213 1];

A = net (P)

5 = 8 5
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EXP (2

Write a neural network for the following

Inputs Linear Neuron

'3 A& A\

nit) alt)
i/

\—/ \ P

a(t) = W, lP(tH-W1 p(t-1)

W =19

p1=[1], po=[2], p3=[3]. ps=[4]

Sol
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net = linearlayer ([0 171);
net.inputs{l}.size = 1;
net.layers{l}.dimensions = 1;
net.blasConnect = 0;

net.IW{1l,1} = [1 2];

P = {1 2 3 4};

A = net (P)
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The first formal definition of a synthetic neuron model based on the highly simplified considerations of
the biological model was formulated by Warren McCulloch and Walter Pitts in 1943. The McCulloch-
Pitts model of a neuron is characterized by its formalism, elegant, and precise mathematical definition.
McCulloch-Pitts neuron allows binary 0 or 1 states only, i.e. it is binary activated. These neurons are
connected by direct weighted path. The connected path can be excitatory or inhibitory. Excitatory con-
nections have positive weights and inhibitory connections have negative weights. There will be same
weights for the excitatory connection entering into a particular neuron. The neuron is associated with
the threshold value. The neuron fires if the net input to the neuron is greater than the threshold. The
threshold is set so that the inhibition is absolute, because, non-zero inhibitory input will prevent the
neuron from firing. It takes only one time step for a signal to pass over one connection link.

3.2.1 Architecture
The architecture of the McCulloch Pitts neuron is shown in Fig. 3.1.

(o —
(=)
(=)
(o)
()

IEGISE Architecture of a McCuilloch-Pitts Neuron

‘Y’ is the McCulloch-Pitts neuron, it can receive signal from any number of other neurons. The
connection weights from x,, ...x  are excitatory, denoted by ‘w" and the connection weights from
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Xoe1+++ Xgum ar¢ inhibitory denoted by ‘- p’. The McCulloch-Pitts neuron Y has the activation function,

o+l

1 ify,, 290
i) = {o ify., <0

where 6 is the threshold and y ,_ is the total net input signal received by neuron Y.
The threshold 6 should satisfy the relation.
6>nw-p
This is the condition for absolute inhibition.

The McCulloch-Pitts neuron will fire if it receives k or more excitatory inputs and no inhibitory
inputs, where

k,20>(k-1)w.

Example 3.1 Generate the output of logic AND function by McCulloch-Pitts neuron model.

Solution The AND function returns a true value only if both the inputs are true, else it returns a false value.
‘1" represents true value and ‘0’ represents false value.

The truth table for AND function is,

X X2 Y

I ° .

1 0 0 0
0 1 0 1

0 0 o0
A McCulloch-Pitts neuron to implement AND function is °
shown in Fig. 3.2. The threshold on unit Y is 2.
The output Y is, McCulloch-Pitts Neuron to Per-
Y = f()'n)
The net input is given by

Via = Z weights * input
Ya=1%X+1%X,

Yn=X1+X;

From this the activations of output neuron can be formed.

1 if y,22

Y =1y ={o if y., <2
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Now present the inputs
) x;=x,=1, y,=x,+x,=1+1=2
y=f(y,)=1sincey, =2.
(i) x, =1, x,=0,y, =x,+x,=0+1=1
y=f(y,)=0 sincey, =1<2.
This is same when x, =0 and x, = 1.
(iii) x, =0, x,=0, y, =x,+x,=0+0=0.
Hence, y=f(y, ) =0sincey, =0<2.

H.W

2) Solve OR gate by using McCulloch-Pitts method.

- -2 2 w
A

|4

- S

The output of the neuron ¥ is written as:

— 4l af =2
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Q) Solve XOR gate by using McCulloch-Pitts method.

|
e = Ilp:q
I~

-
o -

Solution:

\*
The {."I.;l[pui of the neuron z{i=1,2)1is:
e re oAb if =z, 22
};_ ’f{"""}_{ﬂ {"rE""{E

The output of the neuron ¥ is:
3 ) if oy, 22
= f{_t' r.rr} = {[} u( ¥, < 7

where zim, = 2x - x,,

L

and y, =2z + 2z

I"
!f.r.= ] and.‘::-“ﬂ

then

Efﬂ-_'-z.x!“'.r? =2%-0=2
:“3=2.¥2"Ij =2%0-]=-]
= f{z;9)=0
, B = Meg)
Ty =22)+25 =2%142%0=2,

J‘.':f(..}"m}zi
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Example 3.7 Generate ANDNOT function using McCulloch-Pitts neural net by a MATLAB program.
Solution The truth table for the ANDNOT function is as follows:

X X, Y
0 0 0
0 1 0
1 0 1
1 1 0
The MATLAB program is given by,
Program
TANDNOT function using Mcculloch-Pitts neuron
clear:
clc;

fGetting weights and threshold value
disp('Enter weights');
wl=input('Weight wl="):

w2=input(‘weight w2="):
disp('Enter Threshold Value’):
theta=input('theta~'):
y=[0 00 0]:
x1=[0 0 11]:
x2=[01011:
z=-[0 01 0]:
con=1:
while con
Zin=x1*wl+x2%w2:
for i=1:4
if zin(i)>=theta
y(i)=1;
else
y(i1)=0:
end
end
disp(’'Output of Net'):
disp(y):
if y==2
con=0:
else
disp('Net is not learning enter another set of weights and Threshold value'):
wl=input( 'weight wi="):
w2=input(‘weight w2="):
theta=input('theta="):

L L Y s

end
end
disp('Mcculloch-Pitts Net for ANDNOT function'):
disp( 'Weights of Neuron'):
disp(wl);
disp(w2);
disp('Threshold value');
disp(theta):



