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QUESTION ONE

1a)  Your team leader has put you in charge of developing a feature for a sleep disorder diagnosis application.   This feature will classify someone as either having an elevated likelihood of obstructive sleep apnoea (OSA), or not. You have decided to use a Naive Bayes classifier for this problem and base the Naïve Bayes classifier decisions on age group, gender and BMI grouping.

In order to demonstrate the method to your supervisor you plan to test the approach by manually classifying the likelihood of OSA for an individual with the following attributes:
· BMI Group = Medium;
· Age Group = Lower;
· Gender = Male

Table 1, below, holds training data that have been gathered previously for a variety of subjects. 

Using the Naïve Bayes method, determine which classification, OSA or not OSA, is more likely for the individual given the values above and the training data in table 1.
 

	Age Group
	OSA = Yes
	OSA = No

	Upper
	3/9
	4/5

	Lower
	6/9
	1/5







	BMI
	OSA = Yes
	OSA = No

	High
	2/9
	3/5

	Medium
	4/9
	1/5

	Low
	3/9
	1/5


										




	Gender
	OSA = Yes
	OSA = No

	Female
	3/9
	4/5

	Male
	6/9
	1/5







                        Table 1.  OSA Subject Data.

										[ 20 Marks]



1b)    The Naïve Bayes method typically results in very small probability values which can lead to numerical errors. Suggest a method that can overcome this problem and explain how it achieves this.																		[ 5 Marks]

QUESTION ONE ANSWER
1a)
Discrete probabilities derived from table one are:-
	 Age Group
	OSA = Yes
	OSA = No

	Upper
	3/9
	4/5

	Lower
	6/9
	1/5





	BMI
	OSA = Yes
	OSA = No

	High
	2/9
	3/5

	Medium
	4/9
	1/5

	Low
	3/9
	1/5





	Gender
	OSA = Yes
	OSA = No

	Female
	3/9
	4/5

	Male
	6/9
	1/5





OSA:-
· BMI=Medium; P(BMI=Medium|OSA) = 4/9
· Gender =  Male; P(Gender=Male|OSA) = 6/9
· Age = Low.   P(Age=Low|OSA) = 6/9
P(OSA|…)=9/14*6/9*4/9*6/9;   P(OSA|…)=0.126984
NOT OSA:-
· BMI=Medium; P(BMI=Medium|NOT OSA) = 1/5
· Gender =  Male; P(Gender=Male|NOT OSA) = 1/5
· Age = Low.   P(Age=Low|NOT OSA) = 1/5
P(N0T OSA|…)=5/14*1/5*1/5*1/5 = 0.002857
P(NOT OSA|..) < P(OSA|…) so class as OSA!
1b)  Use Logarithms of probabilities since the logarithms of values that are increasing small (<1.0) become increasingly negative.



QUESTION TWO

2a) 	Give a definition of the terms “uninformed search” and “informed search” within the context of A.I.  Provide one example algorithm of each.
[2 Marks]

2b) 	Describe the operation of Dijkastra’s algorithm and provide an analysis of this algorithm highlighting its run time and space complexity. Discuss the purpose of any data structures used in its implementation.

											[7 Marks]

2c)	Explain how Dijkstra’s algorithm can be adapted to become the A* shortest path algorithm and identify any constraints required to ensure optimality of this algorithm.

										[4 Marks]

2d)	Using the labelled graph below, and starting at the node labelled A, illustrate the working of Dijkstra’s algorithm. Hint: show the development of the algorithm  by detailing the contents of the open and closed lists at each stage.
										[12 Marks]
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QUESTION TWO ANSWERS
2a) Students should provide a definition along the lines of:
A Uniformed search is a search that has “no additional information about states beyond that provided in the problem definition.” Artificial Intelligence, A Modern Approach, Russell and Norvig.
And,
An Informed search is a search strategy that “uses problem-specific knowledge beyond the definition of the problem itself.” Artificial Intelligence, A Modern Approach, Russell and Norvig.

2b) Description of Algorithm – detailed pseudocode not required.  The “big idea” clearly communicated is adequate.  Reference to open and closed lists. Specify and time and space complexity in terms of Nodes and Edges.

2c)   Explain A* is Dijkastra’s with the evaluation function modified to include a heuristic as follows:

f(n) = g(n) + h(n)  

where g(n) gives the path cost from start node to node n (as in Dijkastra) and h(n) is the estimated cost of the cheapest path from n to goal – usually the straight line distance. Thinking about this we can see that f(n) really gives us an estimation of the cheapest path from the source to the destination whilst going through a node, n.

Several heuristics can be used, commonly h(n) is the straight line distance from the node n to the destination node, which will guarantee never to over estimate the distance. This distance is sometimes called the Euclidian distance.  

Optimal, guaranteed to find shortest path in the least number of iterations ifestimate is admissible- for us, this means the estimated distance to the destination from any node is less than or equal to the true distance. Euclidian distance will suffice here. Mem requirements – biggest shortcoming for large search space.  Exp growth in search time and mem for large spaces.
Graph can be stored/ pre-compiled if environment is static.  Needs to be re-computed if dynamic.
Priority queue used to keep shortest distance to next node at front.
									









2d)                             The algorithm proceeds as follows:-
The shortest path from A to D is read from the closed list in reverse order:
                                              D->C->F->E->G->A
				

	
	Closed List
(read vertically)
	Open List (Frontier)
(read horizontally)

	1
	A(0,A)
	G(9,A)
	B(24,A)
	

	2
	G(9,A)
	E(19.5,G)
	B(24,A)
	H(36,G)

	3
	E(19.5,G)
	F(27.9,E)
	B(23.4,E)
	H(36,G)

	4
	B(23.4,E)
	F(27.9,E)
	C(35.7,B)
	H(36,G)

	5
	F(27.9,E)
	D(42,C)
	H(36,G,9)
	C(34.2,F)

	
	C(34.2,F)
	H(36,G,9)
	D(40.5,C)
	

	
	H(36,G,9)
	D(40.5,C)
	
	

	7
	D(40.5,C)
	
	
	
















QUESTION THREE	

3a)    Give a pseudo-code description of a standard Genetic Algorithm that uses the genetic operators of crossover and mutation, and identify key variables in the algorithm, explaining their function and purpose. Assume the genotype is an ordered fixed length string.
												[5 Marks]


3b)	Critically evaluate the effectiveness of common terminating conditions used by genetic algorithms.
												[6 Marks]

	
3(c)	 A fixed length chromosome (labelled, x) is composed of 8 genes each representing an algebraic variable a,b,c,d,e,f,g and h.  The chromosome is represented by the string of variables, x=abcdefgh.  Each variable can be a digit between 0 and 9. 
Show the result of performing a crossover operation on Parent 1 and Parent 2 (shown below) using the cut points indicated. Assume two children are produced. 
               
             Chosen cut points

   Parent 1: 18456732
   Parent 2: 35897162
											[6 Marks]


3d)	If the fitness function is given by:-
f(x)= (a + e) - (b + c – d) - f + g + h,
	then evaluate the fitness of each of the two offspring in part c) of this question stating any assumptions you make.

[8 Marks]



QUESTION THREE  ANSWERS
3a)     

BEGIN
   Randomly generatate a population of M structures:-
   s(0) = {s(1,0),…s(M,0)}.
   /* s(M,0) refers to a structure M of generation 0 */
   t=0  /* t is the current generation */
   REPEAT
      Total fitness =0
      FOR i = 1 TO M DO 
        /* i is the current structure in the population */
        /* Compute and save measure of utility of string.Function */
        /* v(s(.,.)) returns the fitness (utility) of string s(.,.)*/ 
        fitness(i,t) = v(s(i,t))

        /* Calculate total fitness here */
  TotalFitness = TotalFitness + fitness(i,t)
ENDFOR

FOR i=1 TO M DO
   /*compute the selection probability for string s(.,.) */
   p(i,t) = fitness(i,t)/TotalFitness
ENDFOR
Generate new population based on those with highest selection probability, p(i,t).
Apply genetic operators (crossovers/mutations/inversions) to selected genotypes
Substitute children in population
t=t+1 /* ready for next generation*/
   UNTIL (t>predefined upper limit)
END
									
The algorithm should use the fixed length genotype construction, and identify/explain purpose of t,s(M,0), M,fitness(), totalFitness, v and p


3b)
Common terminating conditions and related issues:-
· A solution is found that satisfies minimum criteria  - pre-determined – not suitable where criteria change.
· Fixed number of generations reached  - how determined? – too high, too low
· Allocated budget (computation time/money) reached  - not related to problem – inefficient?
· The highest ranking solution's fitness is reaching or has reached a plateau such that successive iterations no longer produce better results – not necessarily  the best solution? 
· Manual inspection  - limited use.
· Combinations of the above –explain which and why. 
other pertinent conditions and arguments acceptable.



3c) Two structures (parents) are chosen at random.
Cut points are chosen at random (2 in this example).
                Chosen cut points

Parent 1: 18456732
Parent 2: 35897162
Children are 18897132 and 35456762


3d)	Given f(x)= (a + e) - (b + c – d) - f + g + h,
Child 1 = 18897132 and child 2 = 35456762.

Child 1 has a fitness of  (1 + 7) - (8 + 8 – 9) - 1 + 3 + 2 = 8 - 7+4= 5

and child 2 a fitness of   (3 + 6) –(5 + 4 – 5) - 7 + 6 + 2 =9 -4 +1 = 6


QUESTION FOUR
4a)	Within the context of machine learning, explain the terms supervised and unsupervised learning and, in each case, outline the processes involved in creating a predictive model from a given data set. 																[7 Marks]
4b)	Explain, with supporting arguments, whether the k-means algorithm and the k-nearest neighbours algorithm are examples of supervised or unsupervised machine learning algorithms.																				[6 Marks]
4c)	With reference to the perceptron neuron shown in figure 4a below, explain the purpose of the synaptic weights wk1, wk2 and wk3.

										[2 Marks]
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figure 4a: Rosenblatt perceptron neuron.

4d)	Calculate the output of the activation function of the perceptron in figure 4a when x1=0.8 , x2=-0.22, x3=0.12 and the activation function is a Rectified Linear Unit (ReLU) given by F(max(0,y)), then repeat this calculation using the logistic activation function, given by equation Q4.  Explain why the use of a ReLu is sometimes preferred to the logistic function. 

      				Equation Q4
   
							
										[10 Marks]

Q4 ANSWERS

Q4a)  A suitable definition of ML would be nice eg - Machine learning is the subfield of computer science that "gives computers the ability to learn without being explicitly programmed" (Arthur Samuel, 1959), followed by definitions and how training data and test data pairs are used to guide/inform the predictive model generation in supervised learning whilst unsupervised learning finds the most suitable model itself – no need for training data.  Processes described  - diagrams will help eg.
[image: Diagram
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[7 marks]
Q4b) definitions of classification: k-means – unsupervised as data points are not labelled, and a classifier as new points are allocated to a cluster. kNN -Supervised since neighbours are pre-labelled. Classifier as test point is given class of majority nearest n neighbours.  3 marks each.


Q4c) 	The synaptic weights modify the influence of the inputs on the perceptron.  Positive weights make the output of the neuron more likely to fire and hence influence the final outcome (classification or regression). Equally a negative weight will reduce the contribution of the neuron. Viewed as a function, the weights correspond to the coefficients of a weighted sum and the bias is a constant offset.  Most importantly the weights can be modified by a suitable training algorithm (typically a gradient descent method with back propagation of error gradients) to enact learning.
										[2 Marks]


Q4d)	wk1 = 0.1, wk2 = -0.4, wk3 = 0.22 and  bias wk0 = 0.3.
x1=0.8 , x2=-0.22, x3=0.12.
	y = x1*wk1 + x2*wk2 + x3*wk3 +  wk0 
y = 0.8*0.1 + (-0.22)*(-0.4) + 0.12*0.22 + 0.3
y= 0.08 +0.088 +  0.0264 + 0.3; y=0.4944  (5 marks)
For ReLu, neuron output is F=(max(0,y) ); F = 0.4944	(1 mark)
For  Sigmoid, output is 1/(1+0.6099)= 0.6211 ( 2 marks)


ReLus don’t suffer from gradients tending toward zero.  However they can suffer  from the ‘dying Relus.’   2 marks.
										[10 Marks]
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