



PART A
1. Lists and Arrays
1.1 Advantages of Arrays
The benefits of using arrays lie in the speed in which you can read and write the elements. The elements in an array are stored contiguously, an element can be read directly from an array which supports random access, for example reading the element myArray[2] will directly read from that location without traversing the entire array. Arrays are simple to implement, the memory allocation is set by the developer then declared with the data type.  If the size of the data structure is to be fixed and small in size, using an array for this can be an advantage due to the speed value for read/write which are classed as O(1) giving the same speed for accessing the first element in the array as it would the last. Multi-dimensional arrays can also be created and are useful in development for creating boards or grids with columns and rows.
1.2 Disadvantages of Arrays
The size of the array will need to be set and the structure will not resize dynamically. This gives the developer a problem if the number of elements to be stored are greater than the allocated size, this will need to be resolved, this can be done by creating another larger array and copying the contents from the source array to the destination. A further obstacle is now created when copying from source to destination the cost of looping through all the values and transferring to the larger array can be considerable and is classed as O(N) time, which indicates the time will vary based on the amount of elements. An array with 1000 elements will have a greater cost in execution time compared to an array with 5 elements, this will have an impact on performance if there is a large array to be copied and if you’re continuing to add to the array the cost in performance terms will also get larger. To allow for this a developer could reasonably allocate more memory to the array than is needed to allow for growth however if that is not needed this will lead to memory wastage another disadvantage. Deleting from the array can cause an overhead, remove the elements from the source array then copy the elements to the destination again the static structure leading to a cost in performance. Arrays do not utilise memory efficiently once the amount of memory is allocated that allocation is used regardless of whether the array is used in the running of the program or not.
1.3 Advantages of Lists
Lists are dynamic data structures which do not require the size to be declared when initialised, providing the benefit of allocating and deallocating memory efficiently as the list size increases or decreases, there will not be wastage by over allocation in the first instance to allow for future growth. The use of memory will be more efficient with list utilised at runtime, this provides the developer with more flexibility when compared to fixed size. Lists contain nodes which point to the next node this provides the ability to keep inserting elements. There is not the cost involved of copying from one structure to another when elements are inserted to the list, you can just add another node that points to the next node. The deletion of elements is also an advantage removing the need of copying from one structure to another, instead an updating of addressing in the pointers. The speed of insertion in linked lists can be said to take O(1) if inserting at the tail or the beginning of the list, again an updating of the pointers is required.
     1.4 Disadvantages of Lists
The memory required for a list is greater due to the fact a pointer to the next node must be stored with the data. Read value incurs a time cost when using a list, to read a value working through the nodes to find the required element gives the overhead, lists do not support random access like an array as the data is not stored sequentially in memory. In a singly linked list it is not possible to access an element directly like you can for an array, nor is it possible to perform the read in reverse, if the element is at the end of the list search time can be extended because you can only traverse in one direction, giving O(N), time. A doubly linked list looks to the solve the problem by including parent and child pointers enabling you to traverse in both directions, however this uses more memory with the extra pointer being stored. Inserting to the middle would incur a time cost, traversing the list to find the middle, this gives O(N) time, with the time varying depending the size of the list.
1.5 Summary
Both structures as noted have good and bad points, arrays performing well if the data structure is small and a set size requiring a lot of reads. Lists more suited if the data structure is large with many inserts being performed. The developer would need to decide on which data structure to use based on needs, if you are continually adding items to a large data structure a list would be logical and would also allow the option of inserting into the middle, if you are performing lots of reads from a small data structure an array would be superior. The end decision would be one of measuring the read speed versus the insert speed.
2. Names - Hybrid Data Structure
A data structure that records thousands of names being recorded each day would be better suited to a list as a pose to an array, especially when the number of inserts increases and the size required is greater.  The cost of continually adding to an array will incur a time penalty, by using a list, it removes the need of copying from one structure to another that would be used if an array was selected. The allocation of memory would be more efficient using a list compared to an array, declaring the static memory allocation would prove difficult using an array with the developer not able to provide an accurate allocation due to the size constantly changing, this would lead to allocating more than was needed and this may also need to change as the storage requirements grow, the use of a list removes this being a dynamic data structure, executed at runtime. The insertion of items using a list will provide better performance than an array with an insertion of O(1) for insertion at the start and end of the list. In this instance the paper stipulates adding thousands of names per day to the system, the choice between an array and list is balanced between read speed for arrays and insert speed for lists, because the insert need is greater lists are the logical choice.
The performance of the data structure will vary due to the number of items stored based on the first letter. The percentage of names that begin with the letter X is likely to be lower than the percentage that start with J for example. Performance for reading from a single linked list here will incur a time penalty in the case of J, if there were 5 letters that contained the highest percentage of names stored there will be a slow down in performance when it comes to traversing the list containing the largest percentage of names, with random access not supported and the items not stored contiguously, each node must be traversed until the correct element is located, then the pointers are updated. Deleting from the lists containing the largest percentage of names would also follow a similar path with the list needing to traverse each node until the correct element is located to delete. Implementing a doubly linked list would allow for reverse traversal however you would still need to know the location in the list of the element for this to prove an advantage, if the name location happened to be in the middle of the list of many items performance would be equally as bad either way. 




3. Binary Search Tree
The binary search tree below is constructed from the figures given in this paper. The psudeocode below provides the basic logic –
If value current node < this node
Branch left
Else branch right
There are two children per node, providing a divide and conquer method at each node, numbers entered in order 34, 6, 7, 18, 45, 12, 3, 26 for figure 1.
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Figure 1: Binary search tree unbalanced
The image in figure 1 shows the tree is left heavy and unbalanced, if the tree is unbalanced this will incur a time penalty when standard operations are executed, search insert, delete etc. In figure 1 if you were to search for the value x = 26 using a depth first search you could take 7 steps to find x, this type of performance draws comparison to the traversal of a linked list giving worse case scenario of O(N) time, with each node being traversed until x is found. The result would not fare any better using a breadth first search method, searching across each node until x is found, the search being linear in nature. This underlines the importance of keeping a balanced tree to reduce traversal time, the tree would need to be balanced after each operation, for example if more insertions are performed this can unbalance the tree, the same will apply to deletions. A balance factor for the nodes can be calculated using AVL (Adelson-Velsky and Landis) tree, using height to balance the tree, the left sub tree is subtracted from the right to calculate the BF(Balance Factor). Balance values are to have a value of -1, 0 or +1 for an AVL tree. Figure 2 highlights the balance factor for each node
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Figure 2: Binary search tree balance factor
To balance the tree provided for the purpose of this paper, the balance factors are calculated below.
BF(34) = 4 – 1 = 3
BF(6) = 1 – 3 = -2
BF(3) = 0 – 0 = 0
BF(7) = 0 – 2 = -2
BF(18) = 1 – 1 = 0
BF(12) = 0 - 0 = 0
BF(26) = 0 – 0 = 0
BF(45) = 0 – 0 = 0 
In figure 2 working from the bottom nodes up the first unbalanced node has the value 7 with BF of -2 a right rotation is required as 7 is unbalanced moving 7 up and dropping 6 down. A further right rotation is required to raise 7 again and with 34 dropping down in turn dropping 45 down with nodes 18 12 and 26 rotating to the other side. Figure 3 shows the tree after rotations.
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Figure 3: Binary search AVL tree 
The balance factors are re-calculated below again deducting the left sub tree from the right.
BF(7) = 2 – 3 = -1
BF(6) = 1 – 0 = 1
BF(3) = 0 – 0 = 0
BF(34) = 2 – 1 = 1
BF(18) = 1 -1 = 0
BF(45) = 0 – 0 = 0
BF(12) = 0 – 0 = 0
BF(26) = 0 – 0 = 0
Figure 3 can now be classed as an AVL tree with all balance factors having a value of -1, 0 or +1. This can now return O(log n) time as a worse case scenario, if compared to the example given earlier in the paper where a simple search for the value x = 26 took 7 steps it can now be reached in 5 using a depth first search, again highlighting the need to maintain balance in a binary search tree to improve performance.
PART B
1. Lowest cost path
For this paper, students have been asked to draw a directed graph based on a series of trades to calculate the shortest path using Djkstras algorithm to enable the purchase of a camera. The estimated cost of each path has been calculated. Figure 4 shows the directed graph with the cost of each edge, at this stage of the process no nodes have been visited, the values are unknown at this point so are set to infinity and A the current or start node set to zero. Each node in Djkstras will be visited only once and added to the visited list.
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Figure 4: Directed graph part 1
Visited – A
Unvisited – B, C, D, E, F
Figure 4: Directed graph stage 1 
Starting at node A the first vertex, the two connected nodes B and C are examined, these nodes share edges with A, the node with the lowest cost is chosen in this case B. The cost is calculated from the start vertex by adding the cost then updating the visited list. This is repeated until all nodes have been visited, Figure 5 shows stage 2.
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Figure 5: Directed graph part 2
Visited – A, B
Unvisited –  C, D, E, F
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Figure 6: Directed graph part 4
Visited – A, B, C
Unvisited –  D, E, F
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Figure 7: Directed graph part 5
Visited – A, B, C, D
Unvisited –  E, F
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Figure 8: Directed graph part 6
Visited – A, B, C, D, E
Unvisited –  F
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Figure 9: Directed graph part 7
Visited – A, B, C, D, E, F
Unvisited –  
Each distance from node A is added to the table along with the parent vertex providing the shortest path. The table is shown in figure 10
	Vertex
	Shortest distance from A
	Previous vertex

	A
	0
	

	B
	3
	A

	C
	8
	A

	D
	7
	B

	E
	10
	D

	F
	12
	E


Figure 10: Updated table
The shortest path to trade for the camera is A, B, D, E. Trading in order stamp, book, ships bell, scooter and finally the camera, total cost 12. Trading the ships bell directly for the toy boat then the toy boat for the scooter would have proved more costly.



2. Djkstra - Compare performance of O(EV2) and O(E LOG2 V)
Djkstras algorithm runs in O(EV2) time, students are required to benchmark this performance against Djkstra algorithm that has a priority queue giving O(E LOG2 V) time. In the previous question when two nodes were connected to node A the node that had the lowest weighting on its edge was selected, enabling the priority queue ensures this selection is made. When a shorter path for the same route is identified through iteration the queue is updated. Figure 11 illustrates the difference in performance O(EV2) is highlighted in blue.  O(E LOG2 V) outperforming O(EV2) as the vertices grow.
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Figure 11: Comparison of O(EV2) and O(E LOG2 V)
Part C
1. Minimax Algorithm Overview
The minimax algorithm uses a value based system for possible moves in a game, an example being noughts and crosses on 3 x 3 board would provide 9 possible moves. The minimax function taking in the board state and then performing a DFS(Depth first search) of the nodes. A comparison can be made to the binary search tree in question 3, the search traverses down the levels to the root. A selection on left or right node is then made, either by the maximum or minimum, once the end is reached the algorithm starts moving back up a level and traversing to the other branch. One part of the algorithm will be the maximum providing a positive value, the other the minimum giving a negative value. The purpose of minimax is to choose the maximum move that minimises the opposing players chances of winning. A time cost is to be considered if the game is more complex with many possible states of a board created before reaching the end nodes.
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