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Question 1.   
 
a) Explain the difference between the two modes of training neural networks:  
    supervised and unsupervised training? [4] 

 
b) Which of the following boolean functions can be realised by Perceptron networks: 
     AND, NOT, XOR, OR ? Explain your answer. [5]  

c)  i) How can we perform classification into 3 classes using Perceptron networks with  
         thresholded activation functions? How can we train these networks assuming that 
         their activation functions are: Threshold ( s ) = 1 if s > 0 and –1 otherwise? [4] 

     ii) What can be done with unthresholded Perceptron networks, using linear activation  
          functions, to perform classification into 3 classes? [4] 
 
d) Give the names and the formulae of the two most commonly used differentiable  
     non-linear activation functions in the nodes of multilayer neural networks.  
     Compare the training effects from using each of these formulae. [8] 
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Question 2.   
 
a) Define the gradient descent training rule for unthresholded Perceptron networks. Explain  
     the meaning of each term in this training rule. [4] 
 

b) What is the difference between batch and incremental training of unthresholded Perceptrons? [3] 
 
c) Design and train an unthresholded Perceptron to learn from the training examples given below. 

x1 x2 x3 y 
0.1 0.5 -0.3 1.1 
0.2 0.4 -0.1 1.2 
-0.1 0.3 0.6 0.3 

 

     i) Draw the topology of the Perceptron network and label each component in it. [6] 

     ii) Train this Perceptron network in an incremental manner with all given examples starting with 
         initial weights (w1, w2, w3) = ( -0.1, 0.2, 0.3 ), and using learning rate η=0.12. [12] 
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Question 3.  
 
Consider the multilayer neural network with irregular topology illustrated in the figure below.  
This network has two hidden nodes, and one output node, all of which use sigmoidal activations.  
There are two inputs to the network (x1, x2),  and six weights as illustrated in the figure.  

x1 x2

ϕ2

ϕ3

w5

w2

w6

w1

w3

w4

Out

ϕ1

 
 

Start neural network training from the following initial weights:  

w1 = -0.1    w2 = -0.2     w3 = 0.3      w4 = 0.4     w5 = 0.5 w6  = -0.6  
 

Train this multilayer network with the backpropagation algorithm using learning rate η=0.13,  
and zero momentum, using the following input vector: 

x1 x2  y 
1  1  1 
 

Show the output of each node, the error effects β (beta), the weight updates delta-w,  
and finally the modified weights.  [25] 
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Question 4.  
 
a) Describe the unsupervised training algorithm for self-organizing Kohonen networks. [6] 
 
b) Before training self-organizing Kohonen networks the input vectors and the weights 
     should be normalized. The normalization of a vector  x =( x1, x2,…, xn )  is performed   
     by multiplying its elements with a positive number,  c.  

 i) Give the formula for computing the positive normalizer, c. [3] 
 

 ii) Normalize the following vector x = ( 1.5, -2.4, 3.5, 4.6  ). [6] 

 
c) Suppose that a self-organizing Kohonen network with two neurons is given. Each neuron 
     has three inputs. One input vector is given for training ( x11, x12, x13 )=( 0.8, 0.33, 0.5 ). 
    Train this network starting from initial weights w1 =( -0.3, -0.51, 0.8 ), and   
      w2 =( -0.77, 0.57, 0.27 ). Use learning rate η = 0.2, and distance function h = 1. 

i) Determine the index of the neuron to fire. [5] 

      ii) Calculate the updated weight vector of the chosen neuron. [5] 
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Question 5.  
 
a) Present the training algorithm for radial-basis function (RBF) networks. [6] 
 

 

b) Is it necessary to train the radial-basis function centers xi and variances σ i2 ? 
     Explain briefly your answer. [4] 
 
c) What is the most distinguishing characteristic of Hopfield neural networks with 
     respect to the connectivity pattern? [4] 
 
 

d) Give the Widrow-Hoff learning rule for Hopfield neural networks. [5] 
 

 

e) Consider the following weight matrix for a Hopfield neural network: 
 

                      0      -0.2      0.8      -0.3     
 W = -0.2       0       0.4     0.5  

   0.8      0.4       0        -0.1  
   -0.3     0.5       -0.1       0  

Compute the output from the first neuron using the input pattern [ 0 1 1 1 ]. Assuming  
that the target is negative, decide whether to train the network. If it is necessary to conduct 
training, use the Widrow-Hoff rule to correct the weights. [6] 
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                Solutions CIS311  INTERNAL 
 
Question 1.  

 
a) Explain the difference between the two modes of training neural networks:  
    supervised and unsupervised training? [2+2=4] 

 

   The supervised mode of training neural networks assumes that the given batch of training  
   examples involves both the inputs and the desired targets, that is each training input comes  
   with a corresponding output.   

 

   The unsupervised mode of training neural networks assumes that the desired targets are not  
   given with the inputs, that is the training algorithm should also learn the targets. 
 
 

b) Which of the following boolean functions can be realised by Perceptron networks: 
     AND, NOT, XOR, OR ? Explain your answer. [3+2=5]  

  A Perceptron network can learn only linearly separable functions, that is why, it can realise  
  only the three linear Boolean functions AND, NOT, and OR. 
  The Perceptron can not realise the XOR function because it is nonlinear. 
 
 
c)  i) How can we perform classification into 3 classes using Perceptron networks with  
         thresholded activation functions? How can we train these networks assuming that 
         their activation functions are: Threshold ( s ) = 1 if s > 0 and –1 otherwise? [4] 
 

   We can take 2 such Perceptrons networks using thresholded activation functions to achieve 
   classification into 3 classes, and train them so that each Perceptron is trained to produce  
   thresholded output 1 from sums  sc > 0  from the data from the corresponding class, and  
    thresholded output -1 from sums  sc<=0  from the remaining data not in this class. 

    ii) What can be done with unthresholded Perceptron networks, using linear activation  
         functions, to perform classification into 3 classes? [4] 
 

   Having the possibility to use Perceptron networks that behave like linear functions,  
   we can take 2 such networks to achieve classification into 3 classes. Each Perceptron  
   should be trained to produce output  sc > 0  from the data from the corresponding class, 
   and  sc<=0  from the remaining data not in this class. 
 
 

d) Give the names and the formulae of the two most commonly used differentiable  
     non-linear activation functions in the nodes of multilayer neural networks.  
     Compare the training effects from using each of these formulae. [2x3+2=8] 
 

   The training algorithm for multilayer networks requires differentiable continuous nonlinear activation  
   functions.  The most popular such functions are: 

- the sigmoid, or logistic function:  Output = σ ( s ) = 1 / ( 1 + e-s ), where s is the  
   sum: s = Σ i=0

d wi xi of products from the weights wi and the inputs xi; 

- the hyperbolic tangent function:  Output = tanh( s ) = ( es - e-s ) / (es + e-s), where s is  
    the sum: s = Σ i=0

d wi xi of products from the weights wi and the inputs xi. 
 

   Training multilayer networks using the hyperbolic tangent function is faster because this 
   function has a steeper shape than the sigmoid, and this facilitates the learning process.
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Question 2. 
 
a) Define the gradient descent training rule for unthresholded Perceptron networks. Explain  
     the meaning of each term in this training rule. [4] 
 

   The gradient descent training rule for unthresholded Perceptrons is:    wi = wi + η ( ye - oe ) xie 
    

   where  ye is the desired output, oe is the network output, xi are the inputs, and η  is the learning rate. 
 
b) What is the difference between batch and incremental training of unthresholded Perceptrons? [3] 
 
  The batch training algorithm for unthresholded Perceptrons updates the network weights at 
  the end of the training epoch with all given examples, while incremental training algorithm 
  updates the network weights after each training example. 
 
c) Design and train an unthresholded Perceptron to learn from the training examples given below. 

x1 x2 x3 y 
0.1 0.5 -0.3 1.1 
0.2 0.4 -0.1 1.2 
-0.1 0.3 0.6 0.3 

 

     i) Draw the topology of the Perceptron network and label each component in it. [6] 

x1 x3

Σ

w2w1 w3

x2

out=Sum(w1x1+w2x2+w3x3)

 
 
    ii) Train this Perceptron network in an incremental manner with all given examples starting with 
        initial weights (w1, w2, w3) = ( -0.1, 0.2, 0.3 ), and using learning rate η=0.12. [3x4=12] 
 

Example: ( 0.1, 0.5, -0.3 ) | 1.1 
s = ( -0.1 )*0.1 + 0.2*0.5  + 0.3*( -0.3 )  = 0.0 
w1 = ( -0.1 ) + 0.12 * ( 1.1 - 0.0 ) * 0.1 = -0.0868 
w2 = ( 0.2 ) + 0.12 * ( 1.1 - 0.0 ) * 0.5 = 0.266 
w3 = ( 0.3 ) + 0.12 * ( 1.1 - 0.0 ) * ( -0.3 ) = 0.2604 
 
Example: ( 0.2, 0.4, -0.1 ) | 1.2 
s = ( -0.0868 )*0.2 + 0.266*0.4  + 0.2604*( -0.1 )  = 0.063 
w1 = ( -0.0868 ) + 0.12 * ( 1.2 - 0.063 ) * 0.2 = -0.0595 
w2 = ( 0.266 ) + 0.12 * ( 1.2 - 0.063 ) * 0.4 = 0.3206 
w3 = ( 0.2604 ) + 0.12 * ( 1.2 - 0.063 ) * ( -0.1 ) = 0.2468 
 
Example: ( -0.1, 0.3, 0.6 ) | 0.3 
s = ( -0.0595 )*( -0.1 ) + 0.3206*0.3  + 0.2468*0.6  = 0.2502 
w1 = ( -0.0595 ) + 0.12 * ( 0.3 - 0.2502 ) * ( -0.1 ) = -0.0601 
w2 = ( 0.3206 ) + 0.12 * ( 0.3 - 0.2502 ) * 0.3 = 0.3224 
w3 = ( 0.2468 ) + 0.12 * ( 0.3 - 0.2502 ) * 0.6 = 0.2504 
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Question 3. 
 
Consider the multilayer neural network with irregular topology illustrated in the figure below.  
This network has two hidden nodes, and one output node, all of which use sigmoidal activations.  
There are two inputs to the network (x1, x2),  and six weights as illustrated in the figure.  
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Start neural network training from the following initial weights:  

w1 = -0.1    w2 = -0.2     w3 = 0.3      w4 = 0.4     w5 = 0.5 w6  = -0.6  
Train this multilayer network with the backpropagation algorithm using learning rate 0.13,  
and zero momentum, using the following input vector: 
x1 x2  y 
1  1  1 
Show the output of each node, the error effects β (beta), the weight updates delta-w,  
and finally the modified weights.  [4+4+12+5=25] 
 
 

Example: (0,1) | 1 

        Outφ1 = Sigma( -0.1 * 1 ) = Sigma( -0.1 ) = 0.475 

        Outφ2 = Sigma( -0.2 * 1 + 0.4 * 1 ) = Sigma( -0.2 ) = 0.4502 

        Outφ3 = Sigma( 0.3 * 1 + 0.5 * 0.4502 - 0.6 * 0.475 ) = Sigma( 0.2401 ) = 0.5597       
        ------------------------------------------------------------------------------------------------------- 

        β -φ3 = 0.5597 * ( 1 - 0.5597 ) * ( 1 - 0.5597 ) = 0.1085 
        delta-w3 = 0.13 * ( 0.1085 ) * 1 =  0.0141 
        delta-w5 = 0.13  *  ( 0.1085 ) * 0.4502 = 0.0063 
        delta-w6 = 0.13  * ( 0.1085 ) * 0.475 = 0.0067 
        ------------------------------------------------------------------------------- 

        β -φ2 = 0.4502 * ( 1 - 0.4502 ) * [( 0.1085 ) * ( 0.5 )] = 0.0134 
        delta-w2 = 0.13  * ( 0.0134 ) * 1 = 0.0017 
        delta- w4 = 0.13  * ( 0.0134 ) * 1 = 0.0017 
        ------------------------------------------------------------------------------- 

        β -φ1 = 0.475 * ( 1 - 0.475 ) * [( 0.1085 ) * ( - 0.6 )] = - 0.0162 
        delta- w1 = 0.13  * ( - 0.0162 ) * 1 = - 0.0162 
        ------------------------------------------------------------------------------- 
        w1 = ( -0.1 ) + ( - 0.0021 ) = - 0.1021 
        w2 = 0.25 + 0.0017  = 0.2517 
        w3 = 0.3 + 0.0141 = 0.3141 
        w4 = 0.4 + 0.0017= 0.4017 
        w5 = 0.5 + 0.0063 = 0.5063 
        w6 = ( -0.6 ) + 0.0067 = - 0.5933 
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Question 4.  
 
a) Describe the unsupervised training algorithm for self-organizing Kohonen networks. [6] 
 
The algorithm for unsupervised training of for self-organizing Kohonen neural networks is: 

1) Initialize the weights with small random values 
2) Repeat 

          Draw a training vector xe with a certain probability 

- Calculate the output of each neuron 

sm = ∑i=1
d wi xe i  i <= m <= M  

   - Determine the winner index 

i(xe ) = arg min m (  sm ) 
- Isolate a neighborhood of neurons ( n < M ) 

h( n, i ) = exp( - ln i
2 / 2σ2

 ),  ln i = || xe - wn || 
- Update the weights 

     wn = wn + η h( n, i )( xe - wn ) 
        Until the changes become less than the predefined threshold. 
 

 
b) Before training self-organizing Kohonen networks the input vectors and the weights 
     should be normalized. The normalization of a vector  x =( x1, x2,…, xn )  is performed  
     by multiplying its elements with a positive number,  c.  

 i) Give the formula for computing the positive normalizer, c. [3] 
 

        c = 1 / sqrt( x1
2 + x2

2 + … + xn
2 ) , where sqrt is the square root function. 

 

 ii) Normalize the following vector: x = ( 1.5, -2.4, 3.5, 4.6  ). [6] 
 

        c = 1 / sqrt( 1.52 + ( -2.4 )2 + 3.52 + 4.52  ) =  0.1571 
        x = ( 1.5 * 0.1571,  (-2.4)* 0.1571,  3.5* 0.1571,  4.6* 0.1571 )  
           = ( 0.2356,  - 0.377,  0.5498, 0.7227 ) 
 
 
c) Suppose that a self-organizing Kohonen network with two neurons is given. Each neuron 
     has three inputs. One input vector is given for training ( x11, x12, x13 )=( 0.8, 0.33, 0.5 ). 
    Train this network starting from initial weights w1 =( -0.3, -0.51, 0.8 ), and   
      w2 =( -0.77, 0.57, 0.27 ). Use learning rate η = 0.2, and distance function h = 1. 

i) Determine the index of the neuron to fire. [5] 
 

        The summation block is computed as follows:  
       st = Wxt =|   -0.3, - 0.51,  0.8   | * ( 0.8, 0.33, 0.5 ) t =  | - 0.0083 | 
                       | -0.77,  0.57,  0.27  |           | - 0.2929 | 
        Therefore the selected neuron index is:  i = 1. 
 
      ii) Calculate the updated weight vector of the chosen neuron. [5] 
 

        The weight w1 has to be changed as follows: 

       w1 = ( -0.3, -0.51, 0.8 ) + 0.2 * [( 0.8, 0.33, 0.5  ) - ( -0.3, -0.51, 0.8 )] 
            = ( -0.3, -0.51, 0.8 ) + 0.2 * ( 1.1, 0.84, -0.3 )  
            = ( -0.08, -0.342, 0.74 ) 
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Question 5.  
 
a) Present the training algorithm for radial-basis function (RBF) networks. [6] 
 

 The algorithm for training Radial-basis function networks is:  
       1) Initialize the examples, and determine: 

- the network structure with a number n of basis functions ϕi, i=1,2,...,n 
- the basis function centers xi, i=1,2,...,n (using for example the k-means clustering algorithm) 
- their variances σi

2, i=1,2,...,n  (by setting σi
2 equal to the average distance from xi to its 5 nearest neighbors) 

2) Train 
- calculate the outputs from each eth example with the Gaussian basis functions:  

ϕei = exp( - || xe - xi ||2 / 2σi
2 ) // at each ith hidden unitwhere i=1,2,...,n; e=1,2,...,N  

- compute the correlation matrix: ΦT Φ, and perform the summation: ΦT Φ + λI 

- invert the matrix: ( ΦT Φ + λI )-1 

- compute the vector: ΦT y 

- estimate and the weights: w = ( ΦT Φ + λI )-1 ΦT y 
 

 
b) Is it necessary to train the radial-basis function centers xi and variances σ i2 ? 
     Explain briefly your answer. [4] 

  The radial-basis function centers xi and variances σ i2 may be trained along with the output weights  
   but this takes a long time. That is why, they are often determined in advance.  
 
c) What is the most distinguishing characteristic of Hopfield neural networks with 
     respect to the connectivity pattern? [4] 
 

This Hopfield network is a kind of a recurrent neural network with feedback connections, which 
distinguish it from the so called feedforward networks like the multilayer perceptron. The 
feedback connections are loops from node outputs toward the inputs of the nodes. 
 
d) Give the Widrow-Hoff learning rule for Hopfield neural networks. [5] 
 

 The Widrow-Hoff learning rule suggests to compute the summation block of the i-th neuron: 
 si = Σ j=1

n  wji xj, and to modify the weights depending on the result. There are two cases: 
    -  if  si < 0   and xi = 1  the output should be made negative by: wji = wji - ( 0.1 + si ) / n 
    - if  si >= 0  and xi = 0 the output should be made positive by:  wji = wji + ( 0.1 - si ) / n 
 

e) Consider the following weight matrix for a Hopfield neural network: 
 

                      0      -0.2      0.8      -0.3     
 W = -0.2       0       0.4     0.5  

   0.8      0.4       0        -0.1  
   -0.3     0.5       -0.1       0  

Compute the output from the first neuron using the input pattern [ 0 1 1 1 ]. Assuming  
that the target is negative, decide whether to train the network. If it is necessary to conduct 
training, use the Widrow-Hoff rule to correct the weights. [6] 

 

   The output of the first neuron is computed as follows: 
   s1  = w11 x1 + w12 x2 + w13 x13 + w13 x13 = 0*0 + (-0.2)*1 + 0.8*1 + (-0.3)*1= 0.3,   
  therefore 1, so, we have to subtract from the weights the quantity:  

         ( 0.1 + s1 ) / 4 = ( 0.1 + 0.3 ) / 4 = 0.1    
        w11 = 0        W =     0        -0.3     0.7 -0.4 

        w12 = ( -0.2 ) - 0.1 = -0.3                        -0.3        0       0.4      0.5 

        w13 =    0.8   - 0.1  =  0.7               0.7      0.4        0      -0.1 

        w14 = ( -0.3 ) - 0.1 = -0.4             -0.4       0.5    -0.1       0 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


