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Part 1
Q1. Compare and contrast arrays and linked lists
Arrays are a fixed size data structure. Creating an array allocates a block of memory on the stack for the array. This results in good performance when reading or updating values in the array. However, memory is used up even if the array does not contain any values. This can result in memory being used unnecessarily if the array is not filled up. It also means resizing the array would require the contents of the original to be copied to a new array of the desired size and the old array to be deleted, resulting in poorer performance when adding or removing elements from the array. 
Linked lists are a dynamic data structure, and only use the amount of memory required for storing the values. Memory allocated for linked lists is allocated on the heap. In a singly linked list, each value is stored in a ‘node’ which contains the value and a pointer for pointing to the next node. Doubly linked lists also include a pointer to the previous node. Linked lists have good performance when adding or removing values from the list, but worse performance when reading or updating values currently in the list. 
Benefits of arrays
· Better read and update performance than linked lists (O(1) time for arrays vs. O(n) time for linked lists).
Drawbacks of arrays
· Worse performance when adding to or deleting from an array compared to the same operation in a linked list (O(n) for arrays and O(1) for linked lists assuming the value being deleted is at the head or tail of the list).
· Greater memory usage than a linked list unless the array is full.
Benefits of linked lists
· Worse performance when adding to or deleting from a linked list compared to the same operation in an array (O(n) for arrays and O(1) for linked list assuming the value being deleted is at the head or tail of the list).
· Less memory usage than an array unless the array is full.
Drawbacks of linked lists
· Worse read and update performance than arrays (O(1) time for arrays vs. O(n) time for linked lists).

Q2. Hybrid data structure evaluation
It would be preferrable to use a linked list, as linked lists have better performance than arrays when adding new values and they are sized dynamically.
For the hybrid data structure, the linked lists for the most common starting letters would become increasingly long. Assuming the linked lists are sorted, the time taken to add a new name list would grow as names were added to the list. If data retrieval were a consideration, the time taken to retrieve a specific name from the list would also increase at the same rate. 


Q3. Binary search tree demonstration
Insertion into a binary search tree works by branching left if the value being inserted is greater than the node value being checked. The new value is inserted as a new node when the end of the branch is reached.
For the numbers 34, 6, 7, 18, 45, 12, 3, 26, the non-self-balancing binary search tree would be constructed in the following way.



A balanced binary tree is required to ensure the binary tree search is as performant as possible. Assuming the tree is balanced, the worst case for the duration of the search is O(log n). If the tree is unbalanced, the potential worse case for the duration of the search could be O(n) as all the values could be down the same branch. In this scenario, finding a value that was in the final node would require searching all the other values in that branch. The solution would be to use a self-balancing binary search tree, such as an Adelson-Velsky and Landis (AVL) tree, where balance factors are calculated for each node and rotations used to balance the tree where necessary.


Part 2
Q1. Dijkstra’s algorithm directed graph and shortest path calculation



	
	Vertex
	A
	B
	C
	D
	E
	F

	Start
	Parent
	null
	null
	null
	null
	null
	null

	
	Cost
	0
	∞
	∞
	∞
	∞
	∞

	1
	Parent
	null
	A
	A
	null
	null
	null

	
	Cost
	0
	3
	8
	∞
	∞
	∞

	2
	Parent
	null
	A
	A
	B
	null
	null

	
	Cost
	0
	3
	8
	7
	∞
	∞

	3
	Parent
	null
	A
	A
	B
	D
	null

	
	Cost
	0
	3
	8
	7
	10
	∞

	4
	Parent
	null
	A
	A
	B
	D
	null

	
	Cost
	0
	3
	8
	15
	10
	∞

	5
	Parent
	null
	A
	A
	B
	D
	E

	
	Cost
	0
	3
	8
	15
	10
	12

	6
	Parent
	null
	A
	A
	B
	D
	E

	
	Cost
	0
	3
	8
	15
	10
	12




Parent of F is E.
Parent of E is D.
Parent of D is B.
Parent of B is A.
Therefore, the shortest path is A -> B -> D -> E -> F
Q2. Dijkstra without priority queue vs. with priority queue performance comparison

	Number of vertices
	Number of edges
	Without priority queue
	With priority queue

	V
	E = V - 1
	O(EV2)
	O(E log V)

	1
	0
	0.00
	0.00

	2
	1
	4.00
	1.00

	3
	2
	18.00
	3.17

	4
	3
	48.00
	6.00

	5
	4
	100.00
	9.29

	6
	5
	180.00
	12.92

	7
	6
	294.00
	16.84

	8
	7
	448.00
	21.00

	9
	8
	648.00
	25.36

	10
	9
	900.00
	29.90

	11
	10
	1210.00
	34.59

	12
	11
	1584.00
	39.43





Part C
Minimax algorithm description
The Minimax algorithm is a back tracking algorithm. One player is the maximiser, the other is the minimiser. The maximiser will try and get the highest score, whilst the minimiser will try and get the lowest score. For each of the available moves on the board, the algorithm evaluates the best possible move using a depth-first search algorithm. The score is calculated when the terminal node is reached for each branch. These scores are compared and the branch with best score for the player is chosen. The available move that branch started at is used as the player’s move. 
Minimax code conversion
Adapted code below. The human player is the maximiser and the AI is the minimiser. 
// C# program to find the
// next optimal move for a player
using System;

class GFG
{
    class Move
    {
        public int row, col;
    };

    static char player = 'x', opponent = 'o';

    // This function returns true if there are moves
    // remaining on the board. It returns false if
    // there are no moves left to play.
    static bool isMovesLeft(char[,] board)
    {
        int rowLength = board.GetLength(0);
        int colLength = board.GetLength(1);

        for (int col = 0; col < colLength; col++)
        {
            if (board[rowLength - 1, col] == '_')
            {
                return true;
            }
        }

        return false;
    }

    // This is the evaluation function as discussed
    // in the previous article ( http://goo.gl/sJgv68 )
    static int evaluate(char[,] b)
    {
        int rowLength = b.GetLength(0);
        int colLength = b.GetLength(1);

        int col = 0, row = 0, winningNum = 4;

        // Checking for Rows for X or O victory.
        for (row = 0; row < rowLength; row++)
        {
            col = 0;
            
            while (col + winningNum < colLength + 1)
            {
                if (b[row, col] != '_')
                {
                    if (b[row, col] == b[row, col + 1] &&
                    b[row, col + 1] == b[row, col + 2] &&
                    b[row, col + 2] == b[row, col + 3])
                    {
                        if (b[row, col] == player)
                            return +10;
                        else if (b[row, col] == opponent)
                            return -10;
                    }
                }

                col++;
            }
        }

        
        // Checking for Columns for X or O victory.
        for (col = 0; col < colLength; col++)
        {
            row = 0;
            
            while (row + winningNum < rowLength + 1)
            {
                if (b[row, col] != '_')
                {
                    if (b[row, col] == b[row + 1, col] &&
                    b[row + 1, col] == b[row + 2, col] &&
                    b[row + 2, col] == b[row + 3, col])
                    {
                        if (b[row, col] == player)
                            return +10;
                        else if (b[row, col] == opponent)
                            return -10;
                    }
                }

                row++;
            }
        }

        // Checking diagonally right for X or O victory.
        for (col = 0; col < colLength; col++)
        {
            row = 0;

            while (row + winningNum < rowLength + 1 && col + winningNum < colLength + 1)
            {
                if (b[row, col] != '_')
                {
                    if (b[row, col] == b[row + 1, col + 1] &&
                    b[row + 1, col + 1] == b[row + 2, col + 2] &&
                    b[row + 2, col + 2] == b[row + 3, col + 3])
                    {
                        if (b[row, col] == player)
                            return +10;
                        else if (b[row, col] == opponent)
                            return -10;
                    }
                }

                row++;
            }
        }

        // Checking diagonally left for X or O victory.
        for (col = colLength - 1; col >= 0; col--)
        {
            row = 0;

            while (row + winningNum < rowLength + 1 && col + 1 - winningNum >= 0)
            {
                if (b[row, col] != '_')
                {
                    if (b[row, col] == b[row + 1, col - 1] &&
                    b[row + 1, col - 1] == b[row + 2, col - 2] &&
                    b[row + 2, col - 2] == b[row + 3, col - 3])
                    {
                        if (b[row, col] == player)
                            return +10;
                        else if (b[row, col] == opponent)
                            return -10;
                    }
                }

                row++;
            }
        }

        // Else if none of them have won then return 0
        return 0;
    }

    // This is the minimax function. It considers all
    // the possible ways the game can go and returns
    // the value of the board
    static int minimax(char[,] board, int depth, bool isMax)
    {
        int rowLength = board.GetLength(0);
        int colLength = board.GetLength(1);
        int rowToCheck;

        int maxDepth = 6;

        int score = evaluate(board);

        // If Maximizer has won the game
        // return his/her evaluated score
        if (score == 10)
            return score;

        // If Minimizer has won the game
        // return his/her evaluated score
        if (score == -10)
            return score;

        // If there are no more moves and
        // no winner then it is a tie
        if (isMovesLeft(board) == false)
            return 0;

        if (depth == maxDepth)
        {
            return 0;
        }

        // If this maximizer's move
        if (isMax)
        {
            int best = 1000;

            // Traverse all columns
            for (int col = 0; col < colLength; col++)
            {
                rowToCheck = NextBlankInColumn(board, col);

                if (rowToCheck > -1)
                {
                    // Make the move
                    board[rowToCheck, col] = opponent;

                    // Call minimax recursively and choose the maximum value
                    best = Math.Min(best, minimax(board, depth + 1, !isMax));

                    // Undo the move
                    board[rowToCheck, col] = '_';
                }
            }

            return best + depth;
        }

        // If this minimizer's move
        else
        {
            int best = -1000;

            // Traverse all cells
            for (int col = 0; col < colLength; col++)
            {
                rowToCheck = NextBlankInColumn(board, col);

                if (rowToCheck > -1)
                {

                    // Make the move
                    board[rowToCheck, col] = player;

                    // Call minimax recursively and choose the maximum value
                    best = Math.Max(best, minimax(board, depth + 1, !isMax));

                    // Undo the move
                    board[rowToCheck, col] = '_';
                }
            }

            return best - depth;
        }

    }



    // This will return the best possible
    // move for the player
    static Move findBestMove(char[,] board)
    {
        int bestVal = 1000;
        int rowToCheck;
        Move bestMove = new Move();
        bestMove.row = -1;
        bestMove.col = -1;

        int rowLength = board.GetLength(0);
        int colLength = board.GetLength(1);

        // Traverse all cells, evaluate minimax function
        // for all empty cells. And return the cell
        // with optimal value.
        for (int col = 0; col < colLength; col++)
        {
            rowToCheck = NextBlankInColumn(board, col);
            
            if (rowToCheck > -1)
            {
                // Make the move
                board[rowToCheck, col] = opponent;

                // compute evaluation function for this move.
                int moveVal = minimax(board, 0, false);

                // Undo the move
                board[rowToCheck, col] = '_';

                // If the value of the current move is less than the best value, then update best
                if (moveVal < bestVal)
                {
                    bestMove.row = rowToCheck;
                    bestMove.col = col;
                    bestVal = moveVal;
                }
            }

        }

        return bestMove;
    }

    //  Method for finding the lowest position in a column. Returns -1 if the column is full
    public static int NextBlankInColumn(char[,] board, int column)
    {
        int rowLength = board.GetLength(0);
        int colLength = board.GetLength(1);

        for (int row = 0; row < rowLength; row++)
        {
            // Check if cell is empty
            if (board[row, column] == '_')
            {
                return row;
            }
        }

        return -1;
    }

    //  Method for printing the board out on-screen
    public static void PrintBoard(char[,] board)
    {
        int rowLength = board.GetLength(0);
        int colLength = board.GetLength(1);

        Console.WriteLine();

        for (int row = rowLength - 1; row >= 0; row--)
        {
            for (int col = 0; col < colLength; col++)
            {
                Console.Write("[");
                Console.Write(board[row, col]);
                Console.Write("]");
            }

            Console.WriteLine();
        }

        Console.WriteLine();
    }


    // Driver code
    public static void Main(String[] args)
    {
        char[,] board = 
        {
            { '_', '_', '_', '_', '_', '_', '_' },
            { '_', '_', '_', '_', '_', '_', '_' },
            { '_', '_', '_', '_', '_', '_', '_' },
            { '_', '_', '_', '_', '_', '_', '_' },
            { '_', '_', '_', '_', '_', '_', '_' },
            { '_', '_', '_', '_', '_', '_', '_' }
        };

        char currentPlayer = player;
        int userChoice;
        int dropPosition;

        bool validInput = false;

        //  Loop until the game ends or there is a winner
        while (evaluate(board) == 0 && isMovesLeft(board))
        {
            if (currentPlayer == player)
            {
                //  Human

                Console.WriteLine("Current board:");
                PrintBoard(board);

                validInput = false;
                userChoice = -1;
                dropPosition = -1;

                //  Loop until the user enters a valid column
                while (!validInput)
                {
                    try
                    {
                        //  Prompt the user for input
                        Console.Write("Human, please enter the column to add the counter to: ");
                        userChoice = Convert.ToInt32(Console.ReadLine()) - 1;

                        if (userChoice >= 0 && userChoice < board.GetLength(1))
                        {
                            //  Get the lowest position in the column
                            dropPosition = NextBlankInColumn(board, userChoice);

                            //  If the column isn't full, add the counter at the lowest point
                            if (dropPosition > -1)
                            {
                                board[dropPosition, userChoice] = player;
                                validInput = true;
                            }
                            else
                            {
                                Console.WriteLine("Column full!");
                            }
                        }
                        else
                        {
                            Console.WriteLine("Invalid entry!");
                        }
                    }
                    catch
                    {
                        Console.WriteLine("Invalid entry!");
                    }

                }

                //  Switch player for next turn
                currentPlayer = opponent;
            }
            else
            {
                //  AI

                //  Find the best move
                Move bestMove = findBestMove(board);

                //  Add counter at that position
                board[bestMove.row, bestMove.col] = opponent;

                //  Switch player for next turn
                currentPlayer = player;

                //  Inform user the AI has made a move
                Console.WriteLine("The AI has made its move!");
            }

            Console.WriteLine();
        }

        //  Check whether the game has been won
        int score = evaluate(board);       

        // If the maximiser (i.e. the human) has won, display the appropriate message
        if (score == 10)
        {
            Console.WriteLine("Human has won.");
        }

        // If the minimiser (i.e. the AI) has won, display the appropriate message
        if (score == -10)
        {
            Console.WriteLine("AI has won.");
        }

        // If there was a tie, display the appropriate message
        if (isMovesLeft(board) == false)
        {
            Console.WriteLine("It was a tie.");
        }

        //  Print the final board on-screen
        Console.WriteLine();
        Console.WriteLine("The final board:");
        Console.WriteLine();
        PrintBoard(board);

    }

}
Dijkstra w/o priority queue vs. w/ priority queue

Without priority queue	Number of verticies	0	4	18	48	100	180	294	448	648	900	1210	1584	With priority queue	Number of verticies	0	1	3.1699250014423126	6	9.2877123795494487	12.92481250360578	16.844129532345626	21	25.359400011538501	29.897352853986263	34.594316186372978	39.434587507932719	Input size
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