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Question 1.

a) How many layers should be used in a network to classify a point into a concave polytope?
What exactly does concave polytope mean? {4

b} Explain briefly if there is some delay between the firing of the neurons in the first and
gecond layers in mudtilayer networks . [4]

c) What is the implication of using the value-descending sirategy for Boltzmann
training of multilayer neural networks? [4]

d) Give the formula for computing the error necessary to evaluate the performance of
a multilayer network frained by the Boltzmann algorithm . [5]

¢} Consider a single discrete neuron with activation function: Threshold (5 )=11if s> 0
and —1 otherwise. This neuron should be trained with the following algorithm:
Repeat for each training example ( X Ve)
- calculate the output: o, = Threshold( Z; w; x;. )
-if{y. I= 0, ) // if there is an error

{

W, =W, — X, When o,= -1}
w,=w;+ X, Wwhen o0,=1

until termination condition is satisfied,
Use initial weights: (W1, w2) = ( 0, 0 ), and the following exampies:

X1 X2 y
05 -05 1
-1 1 -1

Show how the weights are updated after each example in an incremental manner. [8]

UL09/915
2910311 2009 Page 2 of 7



Question 2.

a) Let a single neuron with two inputs: X1, X2, and a discrete activation function be given.
The connection weights are: w; =2, w> =—2, and wy = .
i) Give the equation of the line modelied by this neuron. j2]
ii) Draw the line modelled by this neuron in the two-dimensional plane. [4]

iii) Show in which half of this plane the points corresponding to positive outputs are,
and in which half the points corresponding to negative outputs are, [4]

b) Train a single discrete neuron with two inputs X1, X2, and bias x3=1, using initial weights:
w1, w2, w3 )=(1, -1, 0), training vaiue = 0.2 and the following examples:

X1 X2 X3
1 -2 1 0
1 1 1 0
0 2 1 1
2 1 1 0

1 0 i i
Show the actual neuron output, and the updated weights after each example. {15]
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Question 3.

a) Which network training process is supervised? {3]

b) Will there be a change in the performance of a single neuron with iwo inpuis and a discrete
activation function if the weights and the threshold are multiplied by a negative constant? [4}

¢) Explain briefly which of the Boolean funetions, AND, OR, XOR and NOT, can be
modelied by a single neuron with two inputs. [4]

d) Apply the Widrow-Hoff rule for sigmoidal neurons to train a sigmoidal neuron with two
inputs x1, ¥2, and bias X3=1 Assume that the training value is 1] =0.2, the initial weights
are; (w1, wa, w3) =( 0.1, 0.2, 0.3 ), and the training vectors are:

X1 X3 X3 W
12 07 1 0
-13 15 1 1

Compute the neuron output and the weight update afier each example. {14]
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Question 4.

Considet a multilayer feedforward neural network with one hidden neuron and one output

neuron. This network has two inputs ( X1, X2 }. Both neurons use sigmoidal activation fimctions.
The connections between the nodes are illustrated in the figure below: the weights on the connections
toward the hidden neuron are W, W3 and Wy (bias) and the weights on the connections toward the
output neuron are: Wi and ws. This multilayer network has to be trained with the backpropagation

algorithm using learning rate 1), and target d.

{x1

i} Give the equations for computing the hidden node output y; and the overail
network output V during the forward propagation step. [4]

ii) Give the equations for computing the weight changes Aw; and AWs on the
connections toward the output node during backpropagation. [6]

iify Give the equations for computing the weight changes Awa, Aw3 and Aw; on the
conpections toward the hidden node dwring backpropagation. [12]

iv) How do we compute the momentim term in the formula for backpropagation
training of multilayer networks? [3]

ULG9/915
2910311 2009 Page 5 of 7



Question 5,

a) Which is the most distinguishing characteristic of Hopfield neural networks with
respect to the connectivity pattern? Explain your answer. [6]

b) Write the formula for updating of the state in Hopfield neural networks. [4]

¢) This question is concerned with demonstrating training of a Hopfield network with
three ( # =3 ) neurons: Ny, Ny, N3, and a neuron N, whose output is always xp= 1.
Consider the following training input pattern: [ X1, X2, X3 ] =[ 0 1 1 ], negative target
output, and the following initial weight matrix:
0 01 04 05

W= 01 0 -01 02
04 01 0 0.2
05 02 02 0

i) Use the Widrow-Hoff rule to update the first neuron weights. [5]
ii) Demonstrate that the updated network is unstable for the second neuron N and retrain it. 5}
itly Demonstrate that the updated network is unstable for the third neuron N3 and retrain it. [5)
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€Question 6.

a) Explain how the mumber of neurons in the Kohonen layer of counterpropagation networks
impacts thelr initialisation. [5]

b) How do we train Kohonen networks: in supervised or unsupervised mode? [3]

¢} Give the normalisation formula used in Kohonen networks. [3]

d) Let a Kohonen network with two neurons having four inputs each be given. Irain this
network using initial weights w 1 ={ 0.5,-0.4,0.3,0.2 yand w2 =( 0.2,-0.3, -04,0.1 ),
and the following input vector: x=(—0.1,0.3,0.2,0.1).

i) Calculate the output of each neuron. [4]

if) Determine the index of the winning neuron. [2]

iif) Update the weights of the winning neuron using leamning value 11 =0.135. [8]

END OF EXAMINATION
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