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INSTRUCTIONS:  Answer question one and any other two questions.  

 

QUESTION ONE (30 MARKS) 

a) Distinguish between each of the following terms as used in Neural Networks. 
(i) Supervised and unsupervised learning     (2 Marks) 
(ii)  Pattern classification and pattern association     (2 Marks) 
(iii)Feed forward network and recurrent network     (2 Marks) 
(iv) Threshold and bias        (2 Marks) 

b) McCulloch-Pitts is one of the earliest artificial neural networks. 
(i) Enumerate any four requirements of McCulloh-Pitts neuron.  (4 Marks) 
(ii)  Illustrate how a McCUlloh-Pitts neural network would perform the logical XOR 

function.         (4 Marks) 
c) Artificial neural networks (ANNs) are modeled from biological neurons. Outline the 

biological properties that are borrowed into ANNs.    (4 Marks) 
d) Briefly explain any application areas of Neural networks.   (4 Marks) 
e) The basic operation of an artificial neuron involves summing its weighted input signal and 

applying an activation function to determine whether it will ‘fire’  or not. 
(i) Explain what you understand by the term ‘activation function’.  (2 Marks) 
(ii)  Using appropriate illustrations, explain each of the following activation functions 

(a) Binary step function       (2 Marks) 
(b) Bipolar sigmoid function       (2 Marks) 
 



Meru University of Science & Technology is ISO 9001:2015 Certified 

                                                                 Foundation of Innovations Page 2 

 

 

 

QUESTION TWO (20 MARKS) 

a) The Hebb Rule is the simplest and most common method for determining weights in an 
auto-associative memory network. The following is the Hebb algorithm; 
Step 0. Initialize all weights (i = 1, . . . , n; j = 1, . . . , m):  
  Wu = 0 
Step 1. For each input training – target output vector pair s: t, do steps 2 -4. 
  Step 2.  Set activations for output units to current training input 
    (i = 1, . . . , n): 
    xi = si 
  Step 3:  Set activations for output units to current target output 
    ( j = i , . . . , m): 
    Yj = t j. 
  Step 4.  Adjust the weights (i = 1, . . . , n; j = 1, . . . , m): 
    wu(new) = wu (old) + xiyj). 
i) Explain the outer product of two vectors s and t.    (4 Marks) 
ii)  Illustrate the concepts of cross-talk and orthogonality in Hebb.  (6 Marks) 
iii)  Suppose a net is to be trained to store the following mapping from input row vectors s 

= (sl, s2, s3, s4) to output row vectors t = (t1, t2). Demonstrate the Hebb rule given 
the following;        (10 Marks) 
   s1 s2 s3 s4    t1 t2 
 1st  s (1, 0, 0, 0,) 1st  t (1, 0) 
 2nd  s (1, 1, 0, 0,) 2nd  t (1, 0) 
 3rd  s (0, 0, 0, 1) 3rd  t (0,  1) 
 4th  s (0, 0, 1, 1) 4th  t (0, 1) 

 

QUESTION THREE (20 MARKS) 

Algorithm A: Perceptron Algorithm  

Step 0: Initialize weights, bias and learning rate α (0 < α ≤ 1 
   Step 1: While stopping condition is false, do steps 2-6 
     Step 2: For each training pair s:t, do steps 3-5 
         Step 3: Set activations of input units: 
                xi = si 
       Step 4: Compute response of output unit: 
    y -in = b + ∑ ����� ; 
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Step 5: Update weights and bias if an error occurred for this pattern. 
 If y ≠ t, 
 ������� =  ������� +  ���� 
           b( new) = b(old) + at 
else ������� =  �������  ������ =  ������ 
Step 6: Test stopping condition: -if no weights changed in step 2, stop; else, continue 
 
Use the perceptron Algorithm (Algorithm A) above to answer the following questions. 

a) Given the AND gate bipolar input, bipolar targets illustrate below; 
(x1 x2 1)  Target 
(1 1 1)  1 
(1 -1 1)  -1 
(-1 1 1)  -1 
(-1 -1 1)  -1 
 

(i) Explain the concept of linear separability and give any two lines of separation.  
          (5 Marks) 

(ii)  Demonstrate how perceptron would arrive at the final network weights for this gate. 
          (6 Marks) 

b) Using bipolar inputs explain how perceptron would be used in distringuishing the 
character “X” from “Y” using the following;     (9 Marks) 
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QUESTION FOUR (20 MARKS) 

a) Explain how the Hamming Net algorithms works in Neural networks.  (5 Marks) 
b) Using an example, explain the importance of distance metrics in clustering problems. 

           (5 Marks) 
c) Illustrate how the Kohenen self-organizing maps to cluster the following four vectors into 

two (2) clusters given a learning rate (geometric decrease)   (10 Marks) 
  (1, 1, 0, 0); (0, 0, 0, 1); (1, 0, 0, 0); (0, 0, 0,1) 

 

QUESTION FIVE (20 MARKS) 

a) Given the input vectors (1, 1, 1, 1) and (-1, 1, -1, -1) which are members of the class and 
target value 1; and the vectors (1, 1, 1, -1) and (1, -1, -1, 1) which are not members of the 
class hence target value of -1. Find the appropriate weights required to perform the 
classifications using an algorithm of your choice, initialize the learning rate α to 1, and the 
weights to 0.         (10 Marks) 

b) Distance metrics play a significant role in neural network problems in determining the 
similarity and diversity of sample sets. Using appropriate examples, explain each of the 
following distance methods. 
(i) Euclidean distance.        (2 Marks) 
(ii)  Jaccard index         (2 Marks) 
(iii)  Hamming distance        (2 Marks) 

c) Self-organizing maps are widely used in clustering problems of neural networks. Explain 
how the Kohonen self-organizing map works.     (4 Marks) 

 


