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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] 

Uninformed searches, such as depth-first search, are working without any extra information with regards to the ‘goal’ node. The order of movement and number of movements needed to reach the ‘goal’ node are the only differentials.
Informed searches have information on the desired ‘goal’ state, and so are ‘informed’. This information makes informed searches more efficient than uninformed searches and works by having a measure that estimates the variance between current and goal states. An example of an informed algorithm is best-first search algorithm, such as A*.

2b) Describe the operation of Dijkstra’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] 

Graph traversal is comprised vertices or nodes and edges. Nodes are linked via edges, and traversal of a given edge is associated with a ‘cost’ or ‘distance’. Dijkstra’s algorithm is an informed search algorithm that identifies the shortest path, or rather, the path between two nodes with the shortest associated cost/distance.
The cost associated with traversal to the starting node is of course 0, as this is the start point and no distance/cost must be traversed to move to this node. Dijkstra’s algorithm evaluates the cost of traversal to adjacent nodes, and always initially selects the adjacent node with the lowest cost/distance of traversal. Dijkstra’s algorithm will then traverse to all adjacent nodes and calculate the sum of the initial traversal to the current node and the additional cost to each node. This cycle continues, but any ‘routes’ between two nodes that are greater than the lowest cost/shortest distance route are discarded. 
The cost of traversal between the starting node and the final/chosen node is the sum of traversal costs between the nodes. So, for example, if the cost of traversal from node a to node b is 2, and the cost of traversal between node b and node c is 3 (and node a and c are not adjacent), then the cost of traversal from node a to node c is 5 (2+3). The overarching concept is that each path will be explored, and only the lowest cost route will be retained, providing us with the shortest path to each node in the graph. 

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] 
By modifying the evaluation function to include a heuristic:
f(n) = g(n) + h(n)  
A* is a best-first search algorithm, it is an informed version of Dijkstra’s algorithm. The only difference between these algorithms is that Dijkstra assumes h (n) = 0, which is optimal when there is no prior knowledge of the graph (uninformed). 
Straight line distance (or landmark related distance) is used to estimate cost of cheapest path from a node to the goal; this is the Euclidean distance and will never overestimate the distance.
Memory constraints can be a constraint as combinatorial explosion occurs but assuming there is enough memory this will be optimal.
									
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]
Please see Photograph of illustrated working. Step numbers are labelled as search progresses. 
Initially, the nodes adjacent to start point are evaluated and so the shortest path to G and B are 9 and 24 respectively. The search moves to node G as this represents the lowest cost. It continues to traverse the lowest cost, but at every stage evaluating the sum of traversal to each node that it is adjacent to. If a lower cost route to any node is ever identified, it becomes the shortest path and is retained. 
Djikstra’s algorithm finds the following shortest paths at the following costs:

	Node
	Shortest Path
	Cost

	B
	A > G > E > B
	23.4

	C
	A > G > E > F > C
	34.2

	D
	A > G > E > F > C > D
	40.5

	E
	A > G > E
	19.5

	F
	A > G > E > F
	27.9

	G
	A > G
	9

	H
	A > G > H
	36






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]

Generation must be set to 0 or 1 initially an iterate with every generation
Population must be generated, can be fixed or randomly generated but each must be an individual
Fitness function will determine who ‘passes on’ genes to offspring (next generation).
Evaluate crossover by pairing individuals, producing offspring and adding offspring to next generation population.
Mutate by selecting a sample from next generation population and inverting randomly selected value (simulates random variation and mutation).
Evaluate fitness repeatedly.
Iterate through generations.
The fitness function determines the fittest individuals, who are more likely to produce offspring, and so on. Mutation inserts random variation into the population which can be advantageous as per fitness function and so result in a shift in genetics within population if favourable.

 3b) Critically evaluate the effectiveness of common terminating conditions used by genetic algorithms. [6 Marks]
Significant diminishing returns can be seen after a certain point, as there is less and less room for improvement and it is more and more difficult to gain improvements. 
The most effective terminating condition in an algorithm that identifies a solution relatively quickly, is of course when the solution satisfies the minimum criteria. This can be problematic if this minimum criterion is never reached, though.
A fixed number of generations or computation time might be wasteful if the solution is found quickly, but also may not reach the minimum criteria. 
When the highest ranking solution is plateau-ing and successive iterations fail to produce better results, is generally a good rule but again can take a huge number of iterations, resources and so on.
Manual inspection is largely dependant on the skill and knowledge of the inspector but can be invaluable. 
The best solution is always circumstantial; if speed is the main priority, then a hybrid approach that incorporates all but the highest-ranking fitness would be optimal.
If the best model is the main priority, then the highest ranking would be the best solution. 
Fixing generation counts and limiting computational power can be good ways to prevent a pure brute force approach and encourage manual intervention to adjust parameters etc and tune the model. 

 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] 

Child 1: 18897132
Child 2: 35456762

The cut points mean that variables c, d, e and f will be crossed over. 

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]

Child 1 = x
Fitness = f
Fitness = (1 + 7) – (8 + 8 - 9) – 1 + 3 + 2
Fitness(Child 1) = 5

Child 2 = x
Fitness = f
Fitness = (3 + 6) – (5 + 4 – 5) – 7 + 6 + 2
Fitness(Child 2) = 6

Assuming a higher value is equal to greater fitness, then child 2 is fitter than child 1.



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] 

Supervised means to observe and direct. This is achieved by ‘teaching’ a model; by training it with data from a labelled dataset. Attributes and features are loaded into a model, often both numeric and categorical. Classification and regression are the two types of supervised machine learning.
Classification involves training with a labelled dataset and will produce a model that is capable of labelling unlabelled data based on the numeric values associated with it and inherent patterns identified between labels or classed during training. This is not 100% accurate, but can be extremely accurate. Classification can be thought of as the organisation of labelled data into categories or ‘classes’. 
Regression is utilised to identify trends in labelled data, which in turn can be used to predict future outcomes. It identifies a relationship between a change in one variable and another. 
Unsupervised learning means the opposite; to not observe nor direct. The model evaluates the unlabelled data using ML algorithms. Often this is used to find groups or clusters that are not necessarily known. Clustering is the analysis of patterns and natural ‘groupings’ in unlabelled data. K-Means is the most used type of clustering. Association between values can also be evaluated, as an unlabelled equivalent to regression. 
Another type of machine learning is reinforcement learning. 

4b) Explain, with supporting arguments, whether the Naïve Bayes ML algorithm and the k-means algorithm are examples of supervised or unsupervised machine learning algorithms. [6 Marks] 

The K-Means algorithm is an example of unsupervised machine learning. The data is unlabelled and there is no external or user-influenced classification. Data is evaluated by the algorithm, and the algorithm iterates of its own accord by simply evaluating the data and performing mathematical functions repeatedly. The outputs are generated as numeric values and not labelled classes.
Naïve Bayes is an example of supervised machine learning. Use of naïve bayes requires training, and so labelled data is needed. Labels inform the algorithm of probabilities for features; this involves providing the algorithm with information and so it is supervised. With an unsupervised algorithm such as k-means, no labels, training or information is shared; just numeric data with which it performs mathematical operations. 




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] x1 Bias wk0 = 0.3 Input signals x2 Output y Summing Junction Activation function x3 figure 4a: Rosenblatt perceptron neuron. 

A perceptron is the basic unit of a neural network. It takes in input values, carries out some processing, and produces outputs. This output is a function of the weighted sum of the inputs, plus a bias value. When initialised, weights may be set poorly, but these are optimised as the neural network develops through learning. Connections that are inhibitory to the outputs have negative values, connections that are good in terms of neural network performance have positive values. 
These values represent the strength of the weight, and have a key role in influencing the way the model works.
The activation function is applied to the weighted sum of inputs to in a neuron to produce an output.

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 (max(0,y)) 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. ∅(𝒚) = 𝟏 𝟏+𝒆−𝒚 Equation Q4 [10 Marks]
Bias = 0.3
X1 = 0.8
W1 = 0.1
X2 = 0.22
W2 = -0.4
X3 = 0.12
W3 = 0.22
(0.8 * 0.1) + (0.22 * -0.4) + (0.12 * 0.22) + 0.3 = 0.2264
Activation Function = ReLU
ReLu = max(0, 0.2264)
ReLu = 0.2264

Logistic = 0.5563595

Relu is preferred to logistic as it has a much lower, more efficient and more manageable run time. The activation function itself is far simpler and so involves far less computation.
