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EEE 443/543 Neural Networks
Midterm, Fall 2012-13

No credits will be given for unjustified answers.
Prob. 1 : (30 pt.s) Let z1, 2o, x3 be 3 logic variables such that z; = {0, 1}, i = 1,2,3. We want
to realize the following logic function o :

0= | ] = Iy = T3
11 otherwise

Now consider the standard neuron model as given below, where the nonlinear function f(v) is a
hard limiter (i.e. f(v) =1 when v >0, and f(v) = 0 when v < 0).

i : Show analytically that by using a single neuron as given below, the logic function o defined
above cannot be realized. _

ii : We know that any logic function can be realized by using multi layer structures. By using the
type of neurons given below, design a multi layer neural network which realizes the logic function o
defined above.
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Prob. 2 : (20 pt.s) Consider the following network. Note that as usual, v = w1z + wazy — 0,
and the nonlinear functicn f(v) is the hard limiter function, i.e. f{v) =1 whenv > 0 and f(v) =0
when v < 0. Find the region at which o0 =1, and indicate this region geometrically in z1 — 2 plane.
The welghts are indicated cn the network,




o7

by

T2
single neuron given below; as usual the scalar output o is given by o = sgn(wizy -+ wazy — 6); here
wq, Wy are scalar weights, # is is the scalar threshold value and and f = sgn is the signum function
given as f(v) = 1 wheh v > 0 and f(v) = ~1 when v < 0. Let us define the (unextended) input
pattern vectors as : '

o= (3) (1) ()2 (2) =(3) ().

Now consider the 3 classes given as Cy = {z1, 20}, Co = {z3, 24}, C5 = {z5,2}. Our aim is to
design a single layer network with 3 outputs o1, 09, 03 such that 0; = 1 <= z € C, and 0, = —1
otherwise, ¢ = 1,2,8. For this purpose perceptron training algerithm for multi category case will be
used. :
i+ Cousider the structure given below, use learning coefficient ¢ = 1, and choose the initial weights
as wi = wyp = 1, 0; = 0, 4 = 1,2,3. Now use the perceptron training algorithm for multi category
case only for one epoch. Find the final weights at the end of one epoch.

ii : Use the last updated weights found above, draw the lines wyzy + wpze — 6 = G on 3 — T2

Prob. 3 : (30 pt.s) Let z1, o denote two scalar inputs, and set z = ( 11 & R?. Consider the

plane, i = 1,2,3, and decide geometrically on whether the classification problem given above is-

solved or not. .

iii : Now consider the structure given below with the last updated weights, apply each pattern
from the training set and calculate the corresponding outputs and decide whether the classification
problem given above is solved or not.
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‘Prab. 4 : (20 pt.s) Consider the following neuron model. Here v = wym +wazp — 6, 0 = f(v),
and f is given in the figure shown below. Let the training set patterns (unextended) be given as

()2 (1)

The desired outputs are d = 1 for 21 and d = 0 for zp. The cost function to be minimized is the usual
quadratic function : E = 0.5(d — 0)2.

i : Let the initial weights be given as wy(1) = 0, wa(l) = —1.5, 8(1) = 0.2, and the learning
coefficient n as 5 = 1. Use the back propagation algorithm (i.e. the gradient descent method) for the
given cost function and the neuron model, update the weights (including threshold) for cne epoch.
Determine the last updated weights {including threshold) a$ the end of one epoch,

ii : Now consider the weight vector found above, Find the average error over the training set.
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