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INTRODUCTION
Students were required to answer a set of questions regarding data structures and algorithms. This report discusses answers pertaining to the questions asked.  Part A discusses a comparison and contrast of the benefits and drawbacks of arrays and linked lists, a performance evaluation of a hybrid array of linked lists data structure and a demonstration of a binary search tree. Part B considers a scenario where a person owns a product, and the aim is to exchange the objects with the least trades using Djkstra’s algorithm. Part B also evaluates the performance of the approach with a graph. Part C discusses the Minimax algorithm and applies an implementation of the algorithm based on the game Connect 4.
I. [bookmark: _Toc70875982]PART A
A. [bookmark: _Toc70875983]Comparison and contrast of an Array vs a Linked List data structure
Question: - Students were asked to compare array and linked list data structures, the question can be found in Appendix A, Part A, Question 1. 
Answer: - Arrays and Linked lists are two methods to store and organize data in memory.
An array is a data structure that contains elements of the same data type. The array data structure organizes the data sequentially and will only store values of the defined data type [1]. 
A Linked list is a data structure consisting of nodes which store two elements, the data, and a link value. The data is the content contained within the list, and the link value denotes the address of the next node in the list [2]. 
1) Memory requirements
Elements within the array data structure are stored in a contiguous memory block and the memory required to store the array is defined at compile time, this dictates that an array is a fixed size [3]. For instance, if we have an array with a size of 9 integer values and the array contains 5 elements, and the rest of the elements are empty. The memory required for the array would still occupy 9 chunks of memory. An integer value typically uses 4 bytes of memory so the memory required would be 9 * 4 bytes which would equal 36 bytes.
Elements within the linked-list data structure are not defined at compile time, but rather at runtime and the memory is dynamically allocated as and when needed [4]. If the data element is an integer, the memory occupied by a node is 8 bytes. 4 bytes are occupied for the data and 4 bytes for its address. For instance, if we have a linked list with a size of 5 integer values, the memory required would be 4 * 8 bytes which would equal 36 bytes. 
Using these values, memory required would equal the same, however if we created an array of size 100, and stored 20 integer values the array data structure would require 400 bytes of memory. Now if we compare the linked-list, and stored 20 integer values, the memory required would be 160 bytes.
In conclusion, If the data required for a use case is larger in size, a linked list would require less memory space as memory is dynamically allocated. Therefore, a linked-list data structure would consume less memory, however if the data being stored is smaller in size an array data structure would provide an improved memory requirement.
2) The Cost of accessing an element.
In the array data structure, elements contained within are stored in contiguous sequence [3]. Using the base address or index value, access to the element contained within the array can be performed quickly. Using big O Notation, access to an element within an array is O (1).
The linked list does not store elements contiguously [3]. The data structure consists of multiple data blocks which are represented as nodes. Each node consists of a data field and an address field which stores the address to the next node in the list. To locate a node within the linked list, the first node is known as the head node, and to locate data within another node, the linked list must be traversed from the head node through each node sequentially until it finds the required node [5]. Using big O Notation, access to an element with a linked list is O (n).
In conclusion, to access an element within an array data structure is faster and less time restricted to the use of a linked list data structure. Therefore, if speed is required for accessing data, then the array data structure is the best choice.
Cost of inserting an element.
To consider the cost of insert an element into an array or linked list we need to analyse three scenarios for insertion.
Inserting an element to the beginning of the data structure.
· Array data structure.	
To insert a new element to the beginning of an array, elements need to be shifted to the right on the stack to allow space for the first position [3]. Using big O notation, the time complexity would be proportional to the size of the array and would be noted as O (n).
· Linked list data structure.	
To insert a new element to the beginning of a linked list, a new node is created, and the address of the node is assigned and marked as the head node and placed on the top of the stack [6]. Using big O notation, the time complexity is not proportional to the size of the linked list and would be noted as O (1).
Inserting an element to the end of the data structure.
· Array data structure.	
If the array is not fully utilised, an element can be directly added to memory using the index, and its time complexity would be noted as O (1). However, if the array memory is fully utilised the entire array will need to be duplicated into another array with a large memory size, and then add the element to the array [3]. In this case the time complexity would be noted as O (n).
· Linked list data structure.	
In the case of a linked list data structure, an element cannot be directly added to the list. The list must be traversed until its position is found and then a new node added [6]. The time complexity of this proportional the number of elements needed to be traversed in the linked list and would be noted as O(n)
In conclusion, if inserting an element to the beginning of a data structure, a linked list processes this much faster as data is placed to the top of the stack. If inserting data to the end of a data structure, an array is the better choice, unless the array memory is full where both linked list and array are proportional to the length of the data structure. 
B. [bookmark: _Toc70875984]Evaluation of data structure for hybrid data use case
Question: - Students were asked to evaluate a data structure for a hybrid data use case, the question can be found in Appendix A, Part A, Question 2.
Answer: - To record thousands of new names within a data structure it would be preferable use a linked list. It would be problematic to use an array based on the memory requirements, and recreation of the array when a new record is added. Using a linked list to store the string values of the names for a dynamically allocated list would provide a smaller memory footprint. 
If we use a hybrid approach such as an array of linked lists which can be seen in Fig 1. The performance of this data structure would be faster than using an array or linked list because the array would reduce the total time complexity by splitting the names into letters. However, if a name is found to be very popular, this can be detrimental to search performance within this array. An even distribution of values will improve the search performance. A chained hash table consisting of an array of buckets which contain linked lists of elements that correspond with positions within the hash table would provide improved performance in terms of time complexity.
[image: ]
[bookmark: _Toc70864372]Figure 1 – Hybrid Data Structure Diagram

C. [bookmark: _Toc70875985]Binary Search Tree Demonstration
Question: - Students were asked to demonstrate a binary search tree, the question can be found in Appendix A, Part A, Question 3.
Answer: - A binary search tree diagram has been created for the values of 34, 6, 7, 18, 45, 12, 3 and 26 which can be seen in Fig 2.
[image: ]
[bookmark: _Toc70864373]Figure 2 - Binary search tree
The binary tree in this case is not balanced and could impede performance when searching for a value. A balanced binary tree must be maintained to ensure performance because all processes within the tree are of the time complexity of O (log N), this results in faster time cost performance. The cost of all operations within the tree are proportional to the height of the binary search tree. If a binary search tree is not balanced, then the worst-case time complexity of processes is O (n) [7]. The time complexity of processes grows exponentially. To better describe the total amount of operations needed to be performed, the number of operations for constant, logarithmic, and linear processing can be seen in Table 1.
Table 1 - Processing operations table
	Name
	Symbol
	Operations

	
	
	1
	10
	100
	1000

	Constant
	1
	1
	1
	1
	1

	Logarithmic
	log N
	0
	1
	2
	3

	Linear
	N
	1
	10
	100
	1000




1. [bookmark: _Toc70875986]PART B
A. [bookmark: _Toc70875987]Djkstra’s algorithm directed graph diagram.
Question: - Students were asked to produce a diagram based off a question which can be found in Appendix A, Part B, Question 1.
Answer: - To demonstrate Dijkstra’s algorithm a directed graph diagram was produced which can be seen in Fig 3 [8]. To demonstrate the path to the shortest route, 3 tables and 3 graphs were created. Table 2, and Fig 4, show path 1, Table 3, and Fig 5 show path 2, and Table 4, and Fig 6 show Path 3. Using Dijkstra’s algorithm, Path 1 would produce the fastest result.

[image: ]
[bookmark: _Toc70864374]Figure 3 - Dijkstra's algorithm Directed graph.

Table 2 - Dijkstra's algorithm table, path 1.
	
	
	
	
	
	
	
	
	

	Steps
	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
	∞
	4
	∞
	∞
	

	3
	Parent
	null
	A
	A
	B
	D
	null
	

	 
	Cost
	0
	3
	∞
	4
	3
	∞
	

	4
	Parent
	null
	A
	A
	B
	D
	E
	Total

	 
	Cost
	0
	3
	∞
	4
	3
	2
	12



[image: ]
[bookmark: _Toc70864375]Figure 4 - Dijkstra's algorithm directed graph, path 1.

Table 3 - Dijkstra's algorithm table, path 2.
	
	
	
	
	
	
	
	
	

	 
	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
	C
	null
	null
	

	 
	Cost
	0
	∞
	8
	7
	∞
	∞
	

	3
	Parent
	null
	A
	A
	C
	D
	null
	

	 
	Cost
	0
	∞
	8
	7
	3
	∞
	

	4
	Parent
	null
	A
	A
	C
	D
	E
	Total

	 
	Cost
	0
	∞
	8
	7
	3
	2
	20



[image: ]
[bookmark: _Toc70864376]Figure 5 - Dijkstra's algorithm directed graph, path 2.

Table 4 - Dijkstra's algorithm table, path 3.
	
	
	
	
	
	
	
	
	

	 
	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
	null
	C
	null
	

	 
	Cost
	0
	∞
	8
	∞
	10
	∞
	

	3
	Parent
	null
	A
	A
	null
	C
	E
	Total

	 
	Cost
	0
	∞
	8
	∞
	10
	2
	20



[image: ]
[bookmark: _Toc70864377]Figure 6  - Dijkstra's algorithm directed graph, path 3.

B. [bookmark: _Toc70875988]Djkstra’s algorithm performance evaluation.
Question: - Students were asked to evaluate the performance of Dijkstra’s algorithm, the question can be found in Appendix A, Part B, Question 2.
Answer: - 
Table 5 - Performance evaluation table
	Vertices
	O(EV2) 
	O (E log V)

	1
	0
	0

	2
	4
	0.30103

	3
	36
	0.95424251

	4
	144
	1.80617997

	5
	400
	2.79588002

	6
	900
	3.89075625

	7
	1764
	5.07058824

	8
	3136
	6.32162991

	9
	5184
	7.63394008

	10
	8100
	9

	11
	12100
	10.4139269

	12
	17424
	11.8709937




[bookmark: _Toc70864378]Figure 7 - Performance evaluation graph
[bookmark: _Toc70875989]PART C
A. [bookmark: _Toc70875990]Minimax algorithm overview
Question: - Students were required to describe and overview the Minimax algorithm, the full question can be found in Appendix A, Part C, Q1.
Answer: - The minimax algorithm is a decision-based rule which is typically used in artificial intelligence and is used to identify the best possible actions in each situation. Its use is primarily within decision or game theory, where an AI player needs to take logical action to win a game. A simple version of the minimax algorithm can be used for dealing with games such as Tic-Tac-Toe, where each player can win, lose, or draw [9]. The algorithm is recursive in nature and is used to choose the next move by associating a value with every position of the board and evaluating the possible move of the other player and itself. [9] Nodes are generated within a game tree, and each leaf node is scored with a value. Each minimizing node is scored with the smallest score of its children, and each maximizing node is scored with the largest score of its children [10]. This approach is used when two opponents take turns. 
B. [bookmark: _Toc70875991]Demonstration of minimax algorithm using Connect Four.
Below is the code for a demonstration of the minimax algorithm using Connect Four. The program contains 3 classes, the main program class, a board class, and a player class.

using System;
using System.Linq;
using System.Collections.Generic;
using System.Text;

namespace Connect4Algo
{
    class Program
    {

        static void Main()
        {
            // Create gameboard object
            Board gameboard = new Board();
            // Display game logo
            gameboard.GameIntro();
            Console.WriteLine();
            // Print the game board
            gameboard.PrintBoard();

            // Create player object
            Player player1 = new Player(1);
            // Create AI player object
            Player aI = new Player(2);

            // Game Loop until board is full
            while (gameboard.IsMovesLeft() != true )
            {
                // Player 1 turn
                Console.WriteLine("Player 1's turn");
                // Request player input and place coin into column on board
                gameboard.DropCoin(player1.GetPlayerId(), Column());
                // Display the board
                gameboard.PrintBoard();
                // Check if there is a win
                bool gameComplete = gameboard.CheckWin();
                // If win, end game
                if (gameComplete == true)
                {
                    Console.WriteLine("Player 1 Wins");
                    break;
                }
                // If board is full, end game
                if (gameboard.IsMovesLeft())
                {
                    Console.WriteLine("Draw");
                    break;
                }
                Console.WriteLine();

                // AI Turn
                Console.WriteLine("Computers turn");
                // Calculate best move
                int bestMove = gameboard.BestMove(player1.GetPlayerId());
                // Place coin in best move
                gameboard.DropCoin(aI.GetPlayerId(), bestMove);
                // Display the board
                gameboard.PrintBoard();
                // Check if anyone has won
                gameComplete = gameboard.CheckWin();
                // If AI has won, end the game
                if (gameComplete == true)
                {
                    Console.WriteLine("The Computer Wins");
                    break;
                }
            }
           
        }

        // Request column input
        public static int Column()
        {
            // Choice variabl
            int choice;
            do {
                // Request input betwen 1 and 7
                Console.WriteLine("Enter a column between 1 and 7");
                string input = Console.ReadLine();

                // Try to parse the value
                try
                {
                    choice = int.Parse(input);
                }
                // If it fails, request again
                catch (FormatException) {
                    Console.WriteLine("Invalid input");
                    choice = 0;
                }

            } while (choice < 1 || choice > 7);

            // Return the choice - 1.
            return choice - 1;
        }


    }

    class Board
    {
        // Attributes
        private int[,] _gameboard;
        private const int _columns = 7;
        private const int _rows = 6;

        static int _player = 1;
        static int _opponent = 2;




        // Constructors

            // Instantiate gameboard array
        public Board()
        {
            // Create array
            _gameboard = new int[_rows, _columns];
            // loop rows
            for (int i = 0; i < _rows; i++)
            {
                // loop columns
                for (int j = 0; j < _columns; j++)
                {
                    // set value as 0
                    _gameboard[i, j] = 0;
                }
            }
        }

        // Properties

        // Methods

        // Display the board
        public void PrintBoard()
        {
            // Loop through columns for column markers
            for (int k = 0; k < _columns; k++)
            {
                Console.Write("  {0} ",k+1);
                
            }
            Console.WriteLine();
            // Display game board
            // Loop through rows
            for (int i = 0; i < _rows; i++)
            {
                // Loop through columns
                for (int j = 0; j < _columns; j++)
                {
                    Console.ForegroundColor = ConsoleColor.Blue;
                    Console.Write("| ");
                    Console.ForegroundColor = ConsoleColor.White;
                    // If player 1, set as red
                    if (_gameboard[i,j] == _player)
                    { 
                        Console.ForegroundColor = ConsoleColor.Red; 
                    }
                    // If AI set as yellow
                    else if (_gameboard[i,j] == _opponent)
                    {
                      Console.ForegroundColor = ConsoleColor.DarkYellow;
                    }
                    // Display the counters
                    Console.Write(_gameboard[i, j]);
                    
                    Console.Write(" ");
                }
                Console.ForegroundColor = ConsoleColor.Blue;
                Console.Write("|");
                Console.WriteLine();
                Console.ForegroundColor = ConsoleColor.White;
            }
        }

        // Check if column is free
        public bool IsColumnFree(int column)
        {
            // Take column input, and check top row, if = 0 then true, else false
            if (_gameboard[0, column] == 0)
            {
                return true;
            }
            else
            {
                return false;
            }

        }

        // Drop a coin
        public bool DropCoin (int playerId, int column)
        {
            // Check row and column, if position = 0
            // goto next row down
            int row = 0;
            while (row < _rows && _gameboard[row,column] == 0)
            {
                row++;
            }

            if (row == 0)
            {
                return false;
            }
            // set position
            _gameboard[row - 1 , column] = playerId;
            return true;
        }

        // Remove top coin method
        public  bool RemoveTopCoin(int column)
        {
            int row = 0;
            // go througheach row until it finds a player positon, 
            while (row < _rows && _gameboard[row, column] == 0)
            {
                row++;
            }
            // If found
            if (row == _rows)
            {
                return false;
            }
            // set position as 0
            _gameboard[row, column] = 0;

            return true;
        }

        // Check if board is full method
        public bool IsMovesLeft()
        {
            // Loop through rows
            for(int i = 0; i < _rows; i++)
            {
                // Loop through columns
                for (int j = 0; j < _columns; j++)
                {
                    // If positon = false
                    if (_gameboard[i, j] == 0)
                        return false;
                }

            }
            // else game is full
            Console.WriteLine("Gameboard full");
            return true;
        }

        // Check wins Method
        public int IsWin()
        {
            // diagonal down check
            // Loop through rows - 3
            for (int i = 0; i < _rows - 3; i++)
            {
                // Loop through columns - 3
                for (int j = 0; j < _columns - 3; j++)
                {
                    // if position is a player or ai
                    if (_gameboard[i, j] == _player || _gameboard[i, j] == _opponent)
                    { 
                        // Check for a 4 position win
                        if (_gameboard[i,j] == _gameboard[i+1, j+1] && _gameboard[i+1, j+1] == _gameboard[i+2, j+2] && _gameboard[i+2, j+2] == _gameboard[i+3, j+3])
                        {
                            Console.WriteLine("Diagonal down detected at Row {0}, Column {1}", i, j);
                            // If player wins return + 10
                            if (_gameboard[i,j] == _player)
                            {
                                return +10;
                            }
                            // If ai wins return - 10
                            else if (_gameboard[i,j] == _opponent)
                            {
                                return -10;
                            }
                        
                        }
                    }
                }
            }
   
             // Diagonal up win
             // Loop through rows - 3
            for (int i =0; i < _rows - 3; i++)
            {
                // Loop through columns - 1 backwards
                for (int j = _columns - 1; j > 2; j--)
                {
                    // Check if player or opponent
                    if (_gameboard[i, j] == _player || _gameboard[i, j] == _opponent)
                    {
                        // Check for diagonal up win
                        if (_gameboard[i, j] == _gameboard[i + 1, j - 1] && _gameboard[i + 1, j - 1] == _gameboard[i + 2, j - 2] && _gameboard[i + 2, j - 2] == _gameboard[i + 3, j - 3])
                        {
                            Console.WriteLine("Diagonal up detected at Row {0}, Column {1}", i, j);
                            // If player win, return + 10
                            if (_gameboard[i, j] == _player)
                            {
                                return +10;
                            }
                            // if Ai win return - 10
                            else if (_gameboard[i, j] == _opponent)
                            {
                                return -10;
                            }

                        }
                    }
                }
            }

            //Vertical win

            // Loop through rows - 3
            for (int i = 0; i < _rows - 3; i++)
            {
                // Loop through columns
                for(int j = 0; j < _columns; j++)
                {
                    // If player or ai position
                    if (_gameboard[i, j] == _player || _gameboard[i, j] == _opponent)
                    {
                        // Check for horizontal win
                        if (_gameboard[i, j] == _gameboard[i + 1, j] && _gameboard[i + 1, j] == _gameboard[i + 2, j] && _gameboard[i + 2, j] == _gameboard[i + 3, j])
                        {
                            Console.WriteLine("Vertical win detected at Row {0}, Column {1}", i, j);
                            // If player wins, + 10
                            if (_gameboard[i, j] == _player)
                            {
                                return +10;
                            }
                            // If ai wins - 10
                            else if (_gameboard[i, j] == _opponent)
                            {
                                return -10;
                            }

                        }
                    }
                }
            }

            // Horizontal win
            // loop through rows
            for (int i = 0; i < _rows; i++)
            {
                // Loop through columns  - 3
                for (int j = 0; j < _columns - 3; j++)
                {
                    // If player or opponent position
                    if (_gameboard[i, j] == _player || _gameboard[i, j] == _opponent)
                    {
                        // Check for horizontal win
                        if (_gameboard[i, j] == _gameboard[i, j + 1] && _gameboard[i, j + 1] == _gameboard[i, j + 2] && _gameboard[i, j + 2] == _gameboard[i, j + 3])
                        {
                            Console.WriteLine("Horizontal win detected at Row {0}, Column {1}", i, j);
                            // If player wins + 10
                            if (_gameboard[i, j] == _player)
                            {
                                return +10;
                            }
                            // If ai wins - 10
                            else if (_gameboard[i, j] == _opponent)
                            {
                                return -10;
                            }

                        }
                    }
                }
            }

            // else return 0
            return 0;
        }

        // Minimax algorithm
        public int minimax(int depth, bool isMax, int playerId)
        {
            // Check score
            int score = IsWin();

            // If score is player win return the score
            if (score == 10)
                return score;

            // If score is AI win return the score
            if (score == -10)
                return score;
            // Check if moves are left
            if (IsMovesLeft() == false)
                return 0;

            // Check if IsMax
            if (isMax)
            {
                // Set the best possible score
                int best = 1000;

                // loop through columns
                    for (int j = 0; j < _columns; j++)
                    {
                    // Check if columns is free
                        if (IsColumnFree(_gameboard[0,j]) == true)
                        {
                        // Drop a player token
                            DropCoin(_player, j);
                        // Check best score
                            best = Math.Max(best, minimax(depth + 1, !isMax, playerId));
                        // remove top coin
                            RemoveTopCoin(j);   
                        }
                    }
                    // return best value
                return best;
            }

            else
            {
                // Check best for AI position
                int best = -1000;

                // Loop through columns
                    for (int j = 0; j < _columns; j++)
                    {
                    // If column is free
                        if (IsColumnFree(_gameboard[0, j]) == true)
                        {
                        // Drop ai coin
                        DropCoin(_opponent, j);
                        // Check best move
                        best = Math.Min(best, minimax(depth + 1, !isMax, playerId));
                        // remove the coin
                        RemoveTopCoin(j);
                        }
                    }
                    // Return the best move
                return best;
            }

        }

        // Best move Method
       public  int BestMove(int playerId)
       {
            // Best score
            int bestVal = -1000;
            int bestCol = -1;

            // Loop through columns
                for (int j = 0; j < _columns; j++)
                {
                // Check if the columns is free
                    bool colFree = IsColumnFree(j);
                    if (colFree == true)
                    {
                    // Drop a player coin
                        DropCoin(_player, j);
                    // Evaluatye the move with minimax algorithm
                        int moveVal = minimax(0, false, playerId);
                    // Remove the coin
                        RemoveTopCoin(j);

                    // if the moveVal is better than the bestValue
                        if (moveVal > bestVal)
                        {
                        // Return the column choice
                            bestCol = j;
                            bestVal = moveVal;
                        }

                    }
                    else
                    {

                    }
            }
                // return original or best mnove
            return bestCol;

        }

        // Check win method
        public bool CheckWin()
        {
            
            bool winner = false;
            // Check if a win
            int value = IsWin();
            // If the score is more than 0, or less than 0 a player or AI win
            if (value > 0 || value < 0)
            {
                winner = true;
            }
            // return winner or not
            return winner;
        }

        // Game Logo Method
        public void GameIntro()
        {
            Console.WriteLine("");
            Console.WriteLine(@"   __________  _   ___   ____________________   __________  __  ______");
            Console.WriteLine(@"  / ____/ __ \/ | / / | / / ____/ ____/_  __/  / ____/ __ \/ / / / __ \");
            Console.WriteLine(@" / /   / / / /  |/ /  |/ / __/ / /     / /    / /_  / / / / / / / /_/ /");
            Console.WriteLine(@"/ /___/ /_/ / /|  / /|  / /___/ /___  / /    / __/ / /_/ / /_/ / _, _/");
            Console.WriteLine(@"\____/\____/_/ |_/_/ |_/_____/\____/ /_/    /_/    \____/\____/_/ |_| ");
        }

    }

 class Player
    {
        // Attributes
        int _playerId;

        // Constructors

        public Player(int playerId)
        {
            _playerId = playerId;
        }

        // Properties

        // Methods

        public int GetPlayerId()
        {
            return _playerId;
        }

    }

}
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TASK DESCRIPTION



PART A

Q1. Compare and contrast the benefits and drawbacks of using arrays and linked lists.
                                                                                                              (10 Marks)

Q2. We wish to record thousands of new names being inserted every day. Would it preferable to use an array or a linked list? Provide reasons for your choice.
Assume we wish to use a hybrid approach where we create an array of linked lists as shown in figure 1 below.

[image: ]
Fig 1.
Evaluate the probable performance of this data structure. You do not need to provide Big O calculations for this analysis. If a significant percentage of the names are found to start with just 5 letters, what problems might this cause? For example, names beginning with H may be very popular this year.
                                                                                                           (10 Marks)

Q3. Demonstrate how a binary search tree is constructed for the values 34, 6, 7, 18, 45, 12, 3, 26 and explain the need to maintain a balanced binary tree. 
                                                                                                                    (20 Marks)

PART B

Consider the following scenario and answer the questions below.

You wish to purchase a camera, and you own a foreign stamp which you want to part exchange to minimise the cost of buying it. To achieve this aim, you need to complete a number of part exchanges to obtain items until you eventually possess an item that can be traded for the camera. Fortunately, you have a list of people, the items they own and how much they would charge you during the part exchange.


	Trade
	Item
	Estimated Cost
	Acceptable Trades

	A
	Stamp
	0
	None: you own it

	B
	Book
	3
	Stamp

	C
	Toy Boat
	8
	Stamp

	D
	Ships Bell
	4
	Book

	
	
	7
	Toy Boat

	E
	Scooter
	3
	Ships Bell

	
	
	10
	Toy Boat

	F
	Camera
	2
	Scooter




Q1. Using Djkstra’s algorithm, draw a directed graph and demonstrate how the lowest cost (shortest path) can be calculated. To illustrate each step, you may use a table like table 1 and/or appropriate diagrams.

	
	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
	etc
	etc
	etc
	etc

	
	Cost
	0
	3
	etc
	etc
	etc
	etc


Table 1 Example showing each vertex being processed.
                                                                                                              (20 Marks)

Q2. Djkstra’s algorithm runs in O(EV2) time, where E is the number of edges and V is the number of vertices. This can be improved by using a priority queue which results in O(E log V) time performance. Assuming that there are always one less edge than the number of vertices (i.e., E=V-1), evaluate the performance of both these approaches by plotting a graph that illustrates the performance difference as the number of vertices increases from 1 to 12.	You may use Excel, but copy the graphs into your report.
                                                                                                              (20 Marks)

PART C

Q1. The Minimax algorithm is commonly used for 2-player board games. Example code can be found here:
https://www.geeksforgeeks.org/minimax-algorithm-in-game-theory-set-3-tic-tac-toe-ai-finding-optimal-move/
(The C/C++ code is also in the appendix, C# and Java versions are also provided at this link)

Briefly describe how the Minimax algorithm works.

Q2. Using C/C++, Java, or C# (or another language agreed with the lecturer), convert this code to demonstrate how the algorithm could be used to play the game Connect 4 (figure 2). The frame contains 7 columns and 6 rows.

[image: ]
Fig 2.
Your solution should consider the following:
At each turn, the player chooses one of the 7 columns and a counter of their colour “drops” down this column to the lowest empty row in that column. 
To win a player must get a horizontal, vertical, or diagonal line of their counters.
The evaluation function changes to produce a score for minimax
Using the depth value (see link previously provided) to limit the search depth or to choose the least number of moves to victory


                                                                                                              (20 Marks)

Djkstra’s Algorithm Comparrison  

O(EV2) 	0	4	36	144	400	900	1764	3136	5184	8100	12100	17424	O(E log V)	0	0.3010299956639812	0.95424250943932487	1.8061799739838871	2.7958800173440754	3.8907562519182184	5.0705882400855407	6.3216299089436045	7.633940075514599	9	10.413926851582252	11.870993706523874	Vertices	1	2	3	4	5	6	7	8	9	10	11	12	Vertices


Time
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