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1.0 [bookmark: _Toc70004300] Part A
[bookmark: _Toc70004301]1.0.1 Arrays Benefits
· Time to iterate array and find array item is constant time complexity 0(1). This is due to array being allocated a block of memory in RAM. For example Array[1,2,3,4,5] and accessing an array item such as Array[3] has little to no complexity, Array[3] sits at index 2 and is easily navigated to in memory.
· An array is easy to use and create. For example Array[] arr = new Array[6]{1,2,3,4,5,6}.
· Arrays can be created for required size with known amount of data inputs and outputs.
· Arrays of any datatype can be created such as int, string, char or objects.
· Arrays allow storage of similar data rather than creating a database [1].
[bookmark: _Toc70004302]1.0.2 Arrays Drawbacks
· Array length is set at initialization memory usage size is defined at creation of Array. If array items are not populated on initialization, then that memory is still used and wasted. For example, an Array of size 10 has 6 array items allocated data. There are 4 spaces left, even though they are unfilled they are still allocated in memory.
· Deleting array item does not reshuffle members in space of removed array item. So removing Array[2] would not move Array[3] into the empty space and free up memory. The entire array data items would have to be copied to a new array with a new size then the old array deleted from memory.
· Array can only be allocated array items to size of set array. There is no flexibility to add more members to the array. The user could not add Array[11] to an array created with length of Array[10] as an exception error would be thrown.
[bookmark: _Toc70004303]1.0.3 Linked List Benefits
· Multiple blocks of memory are defined at creation of List and there is no memory wastage.
· Items can be added and removed easily, the Linked List is dynamic in its structure. All that needs to happen is the pointer to the next item in the list is allocated on insertion or deletion.
· Inserting Linked List items at any point in the list shuffles the List items around the insert and treats the inserted item as part of the index of the list via its pointers.
[bookmark: _Toc70004304]1.0.4 Linked List Drawbacks
· Time to iterate Linked List member is big O notation O(n). This is due to linked list being spread across memory stores and connected by pointers. The search time involves not only iterating the data but spanning memory via the addresses of the pointers in each records.
· Extra memory used for pointer variables, each data item in the linked list has an accompanying memory pointer to the next item in the list. A pointer is a value that leads to a memory address and if dereferenced can show the value of the pointer [2].
· Prone to memory leaks in C and C++ and the memory management is down to the developer.
1.1.0 [bookmark: _Toc70004305]Array Or Linked List
The use of a linked list approach would solve the initial performance issue.
· The creation of an initial linked list object of a unknown size would allocate the data entries into a random parts of the memory. 
· But a linked list for each letter of the alphabet.
· Each array item would be a linked list object, so the linked list:
struct name {
  string data;
  struct name *next;
};

· The performance issues arise when one linked list item is larger than another. For example, the linked list item holding name beginning with U should be extremely short and easy to transverse when searching for a name like Uriel, there will not be many data members. This is untrue for names starting with J, M, S, D, and C, which are the most popular worldwide.
· Another issue that arises is when the linked list data items range from short names to long names. It obviously takes longer to search on a long name than a short name, especially in a balanced tree data structure.
· The linked list data structure aids these issues due to its data structure. The linked in the scenario represents the alphabet, so each letter of the alphabet would be a single linked list such as A[],B[],C[] or D[].
· Each row is a Linked Lists. In terms of the data structure, it comes down to the sorting of the Linked Lists. The distance of each alphabetized name from each other lessens the need for big operations to reach the required value of the list. In figure 1.0 I have placed the letter A as the root, the normal array, names coming from the root node Abe and Ace, children nodes are close to each other alphabetically. Abe has Abbie as its left node leaf because ABB is less that ABE. On the nodes right leaf is the name Abott, ABO is further away from ABB but closer to ABE is terms of operations required to reach each word without iterating hundreds of other words.

[image: ]
Fig 1.0 - Balanced 234 Tree

· The nodes coming from the root are set to change with an insertion of perhaps another 3 or four letter word. This may change the structure as follows but never reach 5 due to the efficiency of 234 Tree structure:
[image: ]
Fig 1.2 - 2-3-4 Tree Structure with further inserted nodes
[bookmark: _Toc70004306]1.2.0 Binary Search Tree
For the numbers 34, 6, 7, 18, 45, 12, 3, 26 a simple binary search tree would not attempt to reorder the numbers to fit a more accessible and balanced tree. Such as 3, 6, 7, 12, 18, 26, 34, 45. Instead, the numbers are to be treated like an array of numbers and to be balanced.
[34, 6, 7, 18, 45, 12, 3, 26]
The following is the balanced binary tree:
[image: ]
[34, 6, 7, 18, 45, 12, 3, 26]
· 34 is the root number
· 6 is the first child node number and < 34 so goes on the left.
· 7 is < 34 but > 6 so goes on the right
· 18 < 34 but > 6 and > 7 so goes on the right
· 45 > 34 so is a child node
· 12 < 34, > 6, >7, < 18 so goes on the left
· 3 < 34, <6 so goes on the left
· 26 < 34, > 6, > 7, >18 so goes on the right.
A binary tree needs to be balanced to reduce search time when iterating the data structure. As a rule when nodes have a value less than the value of its parent it sits to the right of the parent node and when nodes have a value more than the value of its parent node it sits to the right [3]. The binary tree must be balanced so the search is close to O(log n) rather than 0(1), log n being the number of lookups it takes to reach the desired search result.






[bookmark: _Toc70004307]2.0 Part B
[bookmark: _Toc70004308]2.0.1 Dijkstra's algorithm Directed Graph
	 
	Vertex
	A
	B
	D
	E
	F
	Total

	Start
	Parent
	null
	null
	null
	null
	null
	 

	 
	Cost
	0
	∞ 
	∞ 
	∞ 
	∞ 
	 

	1
	Parent
	null
	A
	null
	null
	null
	 

	 
	Cost
	0
	3
	∞ 
	∞ 
	∞ 
	 

	2
	Parent
	null
	A
	B
	null
	null
	 

	 
	Cost
	0
	3
	4
	∞ 
	∞ 
	 

	3
	Parent
	null
	A
	B
	null
	null
	 

	 
	Cost
	0
	3
	4
	∞ 
	∞ 
	 

	4
	Parent
	null
	A
	B
	D
	null
	 

	 
	Cost
	0
	3
	4
	3
	∞ 
	 

	5
	Parent
	null
	A
	B
	D
	null
	 

	 
	Cost
	0
	3
	4
	3
	∞ 
	 

	6
	Parent
	null
	A
	B
	D
	E
	 

	 
	Cost
	0
	3
	4
	3
	2
	12



Fig 2.0 – Directed Graph Shortest Cheapest Path 1

	 
	Vertex
	A
	C
	D
	E
	F
	Total

	Start
	Parent
	null
	null
	null
	null
	null
	 

	 
	Cost
	0
	∞ 
	∞ 
	∞ 
	∞ 
	 

	1
	Parent
	null
	A
	null
	null
	null
	 

	 
	Cost
	0
	8
	∞ 
	∞ 
	∞ 
	 

	2
	Parent
	null
	A
	C
	null
	null
	 

	 
	Cost
	0
	8
	7
	∞ 
	∞ 
	 

	3
	Parent
	null
	A
	C
	null
	null
	 

	 
	Cost
	0
	8
	7
	∞ 
	∞ 
	 

	4
	Parent
	null
	A
	C
	D
	null
	 

	 
	Cost
	0
	8
	7
	3
	∞ 
	 

	5
	Parent
	null
	A
	C
	D
	null
	 

	 
	Cost
	0
	8
	7
	3
	∞ 
	 

	6
	Parent
	null
	A
	C
	D
	E
	 

	 
	Cost
	0
	8
	7
	3
	2
	20



Fig 2.1 – Directed Graph Path 2

	 
	Vertex
	A
	C
	D
	E
	F
	Total

	Start
	Parent
	null
	null
	null
	null
	null
	 

	 
	Cost
	0
	∞ 
	∞ 
	∞ 
	∞ 
	 

	1
	Parent
	null
	A
	null
	null
	null
	 

	 
	Cost
	0
	8
	∞ 
	∞ 
	∞ 
	 

	2
	Parent
	null
	A
	C
	null
	null
	 

	 
	Cost
	0
	8
	7
	∞ 
	∞ 
	 

	3
	Parent
	null
	A
	C
	null
	null
	 

	 
	Cost
	0
	8
	7
	∞ 
	∞ 
	 

	4
	Parent
	null
	A
	C
	C
	null
	 

	 
	Cost
	0
	8
	7
	10
	∞ 
	 

	5
	Parent
	null
	A
	C
	C
	null
	 

	 
	Cost
	0
	8
	7
	10
	∞ 
	 

	6
	Parent
	null
	A
	C
	C
	E
	 

	 
	Cost
	0
	8
	7
	10
	2
	27



Fig 2.2 – Directed Graph Shortest But Most Expensive Path 3



[image: ]
Fig 2.3 - Dijkstra's algorithm [4]











[bookmark: _Toc70004309]2.0.2 Dijkstra's algorithm Performance Evaluation

Fig 2.4 - O(E Log V) vs 0(EV2) comparison

[bookmark: _Toc70004310]3.0. Part C
The Minimax program works by adding an X or O to a board of specified dimensions and evaluated the next move by calculating the addition of what counter to the board to win the game.
using System;

namespace questionAlgo
{
	class Program
	{
		class Move
		{
			public int row, col;
		};

		static char player = 'x', opponent = 'o';
		static char currentPlayer = 'n';
		static bool gameOver = false;
		static char[,] board = {{ '_', '_', '_','_', '_', '_' , '_'},
								{ '_', '_', '_','_', '_', '_', '_' },
								{ '_', '_', '_','_', '_', '_', '_' },
								{ '_', '_', '_','_', '_', '_', '_' },
								{ '_', '_', '_','_', '_', '_', '_' },
								{ '_', '_', '_','_', '_', '_', '_' }};
		static void Main(string[] args)
		{
			
			while (gameOver == false)
			{
				Move bestMove = findBestMove(board);
				switch (currentPlayer)
				{
					case 'n': currentPlayer = player; break;
					case 'o': currentPlayer = player; break;
					case 'x': currentPlayer = opponent; break;
				}
				Console.WriteLine("{0} Please Enter a Column Number Between 0-5 \n", currentPlayer);
				int colNum = Convert.ToInt32(Console.ReadLine());
				int rowRev = 5;
				for (int j = 0; j < 6; j++)
				{
					try
					{
						if (board[rowRev, colNum] == '_' && colNum < 8 && !Char.IsLetter(board[rowRev - 1, colNum]))
						{
							board[rowRev, colNum] = currentPlayer;
							break;
						}
						rowRev--;
					}
					catch(IndexOutOfRangeException e)
					{
						Console.WriteLine("{0} Is Full, Please Pick A New Column.", colNum);
					}
				}
				DisplayBoard();
				int result = evaluate(board);
				
				Console.Write("The Optimal Move is :\n");
			}

			Console.WriteLine("{0} Has Won The Game!!!", currentPlayer);
		}

		private static void DisplayBoard()
		{
			Console.WriteLine(board[0, 0] + " " + board[0, 1] + " " + board[0, 2] + " " + board[0, 3] + " " + board[0, 4] + " " + board[0, 5] + " " + board[0, 6]);
			Console.WriteLine(board[1, 0] + " " + board[1, 1] + " " + board[1, 2] + " " + board[1, 3] + " " + board[1, 4] + " " + board[1, 5] + " " + board[1, 6]);
			Console.WriteLine(board[2, 0] + " " + board[2, 1] + " " + board[2, 2] + " " + board[2, 3] + " " + board[2, 4] + " " + board[2, 5] + " " + board[2, 6]);
			Console.WriteLine(board[3, 0] + " " + board[3, 1] + " " + board[3, 2] + " " + board[3, 3] + " " + board[3, 4] + " " + board[3, 5] + " " + board[3, 6]);
			Console.WriteLine(board[4, 0] + " " + board[4, 1] + " " + board[4, 2] + " " + board[4, 3] + " " + board[4, 4] + " " + board[4, 5] + " " + board[4, 6]);
			Console.WriteLine(board[5, 0] + " " + board[5, 1] + " " + board[5, 2] + " " + board[5, 3] + " " + board[5, 4] + " " + board[5, 5] + " " + board[5, 6]);
		}

		static Boolean isMovesLeft(char[,] board)
		{
			for (int i = 0; i < 7; i++)
				for (int j = 0; j < 6; j++)
					if (board[i, j] == '_')
						return true;
			return false;
		}
		
		static int evaluate(char[,] b)
		{
			for (int a = 0; a < 6; a++)
			{ 
				if (
					(b[a, 0] == currentPlayer && b[a, 1] == currentPlayer && b[a, 2] == currentPlayer && b[a, 3] == currentPlayer) ||
					(b[a, 1] == currentPlayer && b[a, 2] == currentPlayer && b[a, 3] == currentPlayer && b[a, 4] == currentPlayer) ||
					(b[a, 2] == currentPlayer && b[a, 3] == currentPlayer && b[a, 4] == currentPlayer && b[a, 5] == currentPlayer)
					)
				{
					gameOver = true;
					break;
				}
			}
			
			for (int a = 0; a < 7; a++)
			{
				if (
					(b[0, a] == currentPlayer && b[1, a] == currentPlayer && b[2, a] == currentPlayer && b[3, a] == currentPlayer) ||
					(b[1, a] == currentPlayer && b[2, a] == currentPlayer && b[3, a] == currentPlayer && b[4, a] == currentPlayer) ||
					(b[2, a] == currentPlayer && b[3, a] == currentPlayer && b[4, a] == currentPlayer && b[5, a] == currentPlayer)
					)
				{
					gameOver = true;
					break;
				}
			}
			
			if (
				(b[0, 0] == currentPlayer && b[1, 1] == currentPlayer && b[2, 2] == currentPlayer && b[3, 3] == currentPlayer) ||
				(b[1, 1] == currentPlayer && b[2, 2] == currentPlayer && b[3, 3] == currentPlayer && b[4, 4] == currentPlayer) ||
				(b[2, 2] == currentPlayer && b[3, 3] == currentPlayer && b[4, 4] == currentPlayer && b[5, 5] == currentPlayer) ||
				(b[5, 6] == currentPlayer && b[4, 5] == currentPlayer && b[3, 2] == currentPlayer && b[2, 1] == currentPlayer) ||
				(b[4, 6] == currentPlayer && b[3, 5] == currentPlayer && b[2, 2] == currentPlayer && b[1, 1] == currentPlayer) ||
				(b[3, 6] == currentPlayer && b[2, 5] == currentPlayer && b[1, 2] == currentPlayer && b[0, 1] == currentPlayer)
				)
			{
				gameOver = true;				
			}
			
			
			return 0;
		}

		static int connect4(char[,] board,
						int depth, Boolean isMax)
		{
			int score = evaluate(board);
			
			if (isMovesLeft(board) == false)
				gameOver = true;
			return 0;

			if (isMax)
			{
				int best = -1000;

				for (int i = 0; i < 6; i++)
				{
					for (int j = 0; j < 7; j++)
					{
						if (board[i, j] == '_')
						{
							board[i, j] = player;

							best = Math.Max(best, connect4(board,
											depth + 1, !isMax));

							board[i, j] = '_';
						}
					}
				}
				return best;
			}

			else
			{
				int best = 1000;

				for (int i = 0; i < 6; i++)
				{
					for (int j = 0; j < 7; j++)
					{
						if (board[i, j] == '_')
						{
							board[i, j] = opponent;

							best = Math.Min(best, connect4(board,
											depth + 1, !isMax));
							board[i, j] = '_';
						}
					}
				}
				return best;
			}
		}

		static Move findBestMove(char[,] board)
		{
			int bestVal = -1000;
			Move bestMove = new Move();
			bestMove.row = -1;
			bestMove.col = -1;

			for (int i = 0; i < 6; i++)
			{
				for (int j = 0; j < 7; j++)
				{
					if (board[i, j] == '_')
					{
						
						//board[i, j] = player;

						int moveVal = connect4(board, 0, false);

						//board[i, j] = '_';

						if (moveVal > bestVal)
						{
							bestMove.row = i;
							bestMove.col = j;
							bestVal = moveVal;
						}
					}
				}
			}

			Console.Write("The value of the best Move " +
								"is : {0}\n\n", bestVal);

			return bestMove;
		}
	}
}
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