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ABSTRACT
This report discusses object-oriented development concepts and methods which are used in web development. To demonstrate these concepts a game of snakes and ladders was programmed using the language of C#. The report also explains the importance of Object-Oriented Programming and concepts such as abstraction, encapsulation, inheritance, and polymorphism. Contained within the implementation of Snakes and Ladders, the development methods such as Classes, Abstract classes and Interfaces were also used.	

TABLE OF CONTENTS
I.	OBJECT ORIENTED PROGRAMMING CONCEPTS	1
A.	Encapsulation	2
B.	Inheritance	3
C.	Abstraction	4
D.	Polymorphism	4
II.	IMPLEMENTATION OF GAME	6
A.	Main program	6
B.	GameController class	9
C.	Player class	29
D.	PlayerPosition Class	33
E.	Dice Class & IDice interface implementation	36
F.	Board Class	37
G.	Abstract Transport class and Snake and Ladder classes	43
III.	DEMONSTRATION OF PROGRAMMING IMPLEMENTATION	46
IV.	CONCLUSION	55
V.	REFERENCE LIST	55

TABLE OF FIGURES
Figure 1 - Game Controller Class.	2
Figure 2 - Instantiate game object using Game Controller Class.	2
Figure 3 - Private attributes	3
Figure 4 - Get and Set Methods	3
Figure 5 - Snake class inheriting from its parent class Transport.	4
Figure 6 - Transport abstract class	4
Figure 7 - Transport class virtual method	5
Figure 8 - Ladder class override method.	6
Figure 9 - Snakes and Ladders intro screen.	47
Figure 10 - Total player input validation.	48
Figure 11 - Player name input validation.	48
Figure 12 - Player token input validation.	48
Figure 13 - Player colour input validation.	49
Figure 14 - Player two input.	49
Figure 15 - Player added completion.	50
Figure 16 - Player initial position on the board.	50
Figure 17 - Player rolling a dice and positioning change.	51
Figure 18 - Rolling a six on the die.	52
Figure 19 - Player landing on a snake.	53
Figure 20 - Playing landing on final position.	54
Figure 21 - Game score board.	54
Figure 22 - Play again input.	55

INTRODUCTION
Students were tasked with creating a game of snakes and ladders using Object Oriented Programming (OOP) methodology in which to demonstrate the key concepts of the programming paradigm. The game required the implementation of player objects which interact with an array of values represented as a board and to output which player had completed the game first and each player’s score. 
[bookmark: _Toc68879328]OBJECT ORIENTED PROGRAMMING CONCEPTS
Object-Oriented Programming (OOP) is a model for software programming which relies on the concept of using classes and objects to organize the structure of the program [1]. The first concept of classes enables the structure of the code to be simpler to reuse and create. Blueprints which are typically called classes are used to produce independent instances of objects [2]. Objects are the second concept of OOP and these objects can be described as components of a system that contain specific data about an entity within the system and its specific processes [3]. To illustrate this concept the blueprint or “class” of GameController for the snakes and ladders game can be seen in Fig 1. This class contains attributes pertaining to the object and methods of its functionality. The class is then instantiated within the main program class to create an object of type GameController which can be seen in Fig 2. The object can then call the methods outlined within the class and execute them easily which can also be seen in Fig 2.
[image: ]
[bookmark: _Toc68879145]Figure 1 - Game Controller Class.
[image: ]
[bookmark: _Toc68879146]Figure 2 - Instantiate game object using Game Controller Class.
[bookmark: _Toc68879329]Encapsulation
The third concept of OOP is encapsulation. The term encapsulation means to bundle data and methods into one unit, such as a class and to hide the details contained within from the user [4].  Attributes contained within the class cannot be accessed from outside of an object [3]. Methods must be provided within the class to read and write to the attributes. This allows the programmer to specify the output of data and access control to the internal state of the object. For example, within this player class, attributes are declared as private variables which can be seen in Fig 3. These variables cannot be changed unless a method is called to return the variable or to set the variable which can be seen in Fig 4. These methods are typically called getters and setters. 
[image: ]
[bookmark: _Toc68879147]Figure 3 - Private attributes
[image: ]
[bookmark: _Toc68879148]Figure 4 - Get and Set Methods
[bookmark: _Toc68879330]Inheritance
The fourth concept of OOP is Inheritance. Inheritance allows software engineers to optimize their work and enables classes and objects to inherit attributes and behaviours from other classes [5]. A class inherits all methods and attributes from a parent class, and the child which inherits from the parent is called a subclass or child class [5]. The main purpose of inheritance is for code reusability, rather than creating multiple classes which use the same methods and attributes, a class can inherit the methods and attributes from its parent which will reduce the amount of code and speed up the development of the project [5]. For example, the snake class has inherited properties and methods from its parent named Transport which can be seen in Fig 5. 
[image: ]
[bookmark: _Toc68879149]Figure 5 - Snake class inheriting from its parent class Transport.
[bookmark: _Toc68879331]Abstraction
The fifth concept of OOP is Abstraction. This concept is the idea of hiding certain details of the program from the user and only showing the necessary information [6]. To describe this concept better, if a user was to login to a website, enter their username and password and press login. After this, the processes of the program are hidden from the user. Within C# abstraction can be achieved with abstract classes and or interfaces. When a class is created the abstract keyword is defined within its name [7]. This class can only be used as a class and cannot be defined as an object. The attributes and methods contained within the abstract class can only be used by a child class that inherits its attributes and methods [7]. To demonstrate this concept the Snake class’s parent, Transport is an abstract class that cannot be instantiated as an object but contains methods and attributes which the Snake class inherits which can be seen in Fig 6.
[image: ]
[bookmark: _Toc68879150]Figure 6 - Transport abstract class

[bookmark: _Toc68879332]Polymorphism
The sixth concept of OOP is Polymorphism. Polymorphism allows the program to perform a single method or action with different outcomes [8]. For instance, a parent class can define a method and the child class will inherit this method, however, if the child class is different from the parent class, we may want a different outcome [9]. For example, our transport class defines methods for the transportation methods within the snakes and ladders game.  If we include a second class called Ladder and Snake and inherit the transports methods and attributes. The Ladder and Snake class will need to override the End Y Position Method for their functionality. Within the Transport class, the method uses the keyword of virtual to enable an override within its subclasses which can be seen in Fig 7. The method is then rewritten within the subclass and the override keyword is defined within the method which can be seen in Fig 8.
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[bookmark: _Toc68879151]Figure 7 - Transport class virtual method
[image: ]
[bookmark: _Toc68879152]Figure 8 - Ladder class override method.

[bookmark: _Toc68879333]IMPLEMENTATION OF GAME
The task of creating snakes and ladders using C# programming language required the student to implement OOP principles to achieve a digital version of the game. The game required multiple players to interact with the board game and for their positions to move from the bottom to the top. The first person to reach the top would win the game. Snakes and ladders also have snakes and ladders on the board, if a player lands on the top of the snake, the player will move to the bottom position of the snake, and if a player lands on the bottom of a ladder, the player will move to the top position of the ladder. Once the game has been complete, the scores will be displayed on the screen.
[bookmark: _Toc68879334]Main program
The starting point of the program starts in Program.cs, this class creates a GameController object and controls the logic of starting the game and replaying the game. The first class created was the GameController class. This class defines the attributes and methods of the main game logic. The code for the main program class can be seen below: -
using System;
using System.Collections.Generic;
using System.Text;

namespace SnakesNLaddersX
{
    class Program
    {
        // Main program
        static void Main(string[] args)
        {
            // Create gameController object which contains methods for the game to work
            GameController game = new GameController();
            // Display game intro screen
            game.GameIntroScreen();
            // Set bool for play again
            bool playAgain = true;

            // While true keep playing
            do
            {
                // Clear any players in game
                game.ClearPlayers();
                // Create the playing board
                game.CreateBoard();
                // Start the game
                game.StartGame();
                // Check if user wants to play again
                playAgain = PlayAgain();
            } while (playAgain);  

            Console.ReadKey(); // Pause

        }

        // Play again method
        static public bool PlayAgain()
        {
            // Set bool to false
            bool playAgain = false;
            // Request input from user
            Console.WriteLine("Would you like to play again?");
            Console.WriteLine("Type Yes or No to continue.");
            string input = Console.ReadLine();

            // Check if the input is empty or not
            if (string.IsNullOrEmpty(input))
            {
                return false;
            }
            // Check input against Regex pattern
            string pattern = "[a-zA-Z]";
            // Return true or false if pattern matches
            bool result = System.Text.RegularExpressions.Regex.IsMatch(input, pattern);
            // If true
            if (result == true)
            {
                Console.WriteLine("Accepted");
                // Check input, if yes or no
                switch (input)
                {
                    case "Yes":
                        playAgain = true;
                        break;
                    case "Y":
                        playAgain = true;
                        break;
                    case "yes":
                        playAgain = true;
                        break;
                    case "y":
                        playAgain = true;
                        break;
                    case "No":
                        playAgain = false;
                        break;
                    case "N":
                        playAgain = false;
                        break;
                    case "no":
                        playAgain = false;
                        break;
                    case "n":
                        playAgain = false;
                        break;
                }
            }
            // If pattern doesn't match display invalid input
            else
            {
                Console.WriteLine("Invalid input, try again.");
            }

            // If play again is true, output playing again
            if (playAgain == true)
            {
                Console.WriteLine("Playing again.");
            } 
            // If play again if false, output thanks for playing
            else
            {
                Console.WriteLine("Thank you for playing.");
            }

            // return if true or false
            return playAgain;
        }
        
    }
}


[bookmark: _Toc68879335]GameController class
The method StartGame within the GameController class is key to the logic of the game, this method requires the user to add player objects and creates the game board object. When the user has entered the total amount of players. The game will set the players position onto the board object and move player positions until the game has complete. The GameController Class also instantiates the Snakes and Ladder objects onto the Board object and enables the game to determine whether the player’s position has landed onto a snake or a ladder. The GameController class code can be seen below: -
using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Text.RegularExpressions;

namespace SnakesNLaddersX
{
    // Game Controller class
    class GameController
    {
        // Attributes
        private int _boardWidth;
        private int _boardHeight;
        private int _boardChoice;
        private List<Player> _totalPlayers;
        private List<Transport> _transports;
        private bool _isGameComplete;

        // Constructors
        public GameController()
        {
            _boardHeight = 0;
            _boardWidth = 0;
            _totalPlayers = new List<Player>();
            _transports = new List<Transport>();
        }

        // Properties

        // Methods

        public void AddPlayer(int id)
        {
            bool isValidName;
            bool isValidChar;
            bool isValidColour = false;
            string input;
            string name = "";
            char token = '_' ;
            string colour = "";
            Console.Clear();
            Console.WriteLine("Player {0}", id);
            Console.WriteLine("Input your name:");

            // Request user name until valid
            do
            {
                Console.ForegroundColor = ConsoleColor.White;
                // Request input
                input = Console.ReadLine();
                Console.ForegroundColor = ConsoleColor.Green;
                // Check if input is a valid string method
                isValidName = IsValidString(input);
            } while (!isValidName);
            // If is a valid string
            if (isValidName == true)
            {
                // Set player name
                name = input;
            }
            Console.WriteLine("Input a single special character to represent yourself on the board:");
            Console.ForegroundColor = ConsoleColor.White;
            // Request user token until valid
            do
            {
                input = Console.ReadLine();
                // Check if valid character has been input
                isValidChar = IsValidChar(input);

                // Parse string input to character
                char isChar;
                var result = char.TryParse(input, out isChar);

                // If true, set player token
                if (result)
                {
                    token = isChar;
                    isValidChar = true;
                }
                else
                {
                    Console.WriteLine("Invalid character.");
                }

            } while (!isValidChar);

            Console.ForegroundColor = ConsoleColor.Green;
            Console.WriteLine("Please choose a colour to represent yourself on the board:");
            Console.ForegroundColor = ConsoleColor.Red;
            Console.Write("Red: 1");
            Console.ForegroundColor = ConsoleColor.White;
            Console.Write(", ");
            Console.ForegroundColor = ConsoleColor.DarkYellow;
            Console.Write("Orange: 2");
            Console.ForegroundColor = ConsoleColor.White;
            Console.Write(", ");
            Console.ForegroundColor = ConsoleColor.Yellow;
            Console.Write("Yellow: 3");
            Console.ForegroundColor = ConsoleColor.White;
            Console.Write(", ");
            Console.ForegroundColor = ConsoleColor.DarkGreen;
            Console.Write("Green: 4");
            Console.ForegroundColor = ConsoleColor.White;
            Console.Write(", ");
            Console.ForegroundColor = ConsoleColor.Cyan;
            Console.Write("Turquoise: 5");
            Console.ForegroundColor = ConsoleColor.White;
            Console.Write(", ");
            Console.ForegroundColor = ConsoleColor.Blue;
            Console.Write("Blue: 6");
            Console.ForegroundColor = ConsoleColor.White;
            Console.Write(", ");
            Console.ForegroundColor = ConsoleColor.DarkMagenta;
            Console.Write("Purple: 7");
            Console.ForegroundColor = ConsoleColor.White;
            Console.Write(", ");
            Console.ForegroundColor = ConsoleColor.Magenta;
            Console.Write("Pink: 8");
            Console.WriteLine("");
            Console.ForegroundColor = ConsoleColor.Green;
            //Input valid colour choice until valid input has been entered
            do
            {
                Console.WriteLine("Choose a number corresponding to the colour.");
                Console.ForegroundColor = ConsoleColor.White;
                // Request user colour input
                input = Console.ReadLine();
                Console.ForegroundColor = ConsoleColor.Green;
                while (string.IsNullOrEmpty(input))
                {
                    Console.WriteLine("Choice cannot be empty");
                    // Ask again
                    input = Console.ReadLine();
                }
                // Parse input to integer value
                int checkInt;
                int.TryParse(input, out checkInt);

                // Check integer value
                if (checkInt == 1 || checkInt == 2 || checkInt == 3 || checkInt == 4 || checkInt == 5 || checkInt == 6 || checkInt == 7 || checkInt == 8)
                {
                    // Use input to set the players colour
                    switch(checkInt)
                    {
                        case 1:
                            colour = "Red";
                            break;
                        case 2:
                            colour = "Orange";
                            break;
                        case 3:
                            colour = "Yellow";
                            break;
                        case 4:
                            colour = "Green";
                            break;
                        case 5:
                            colour = "Turquoise";
                            break;
                        case 6:
                            colour = "Blue";
                            break;
                        case 7:
                            colour = "Purple";
                            break;
                        case 8:
                            colour = "Pink";
                            break;
                    }
                    // Set bool is valid
                    isValidColour = true;
                }
                else
                {
                    Console.WriteLine("Invalid colour choice, please try again.");
                }
            } while (!isValidColour);

            // After completion of all valid inputs, create the player object
            var player = new Player(name, token, colour, id);
            // Add the player object to totalPlayers List
            _totalPlayers.Add(player);
            Console.WriteLine("Player {0} added", id);
        }

        // Add Player Method
        public void AddPlayers()
        {
            bool isValid = false;
            int input = 0;
            int id = 0;
     
            Console.WriteLine("How many players would you like to add?");
            // Request input until valid
            do
            {
                Console.ForegroundColor = ConsoleColor.Yellow;
                Console.WriteLine("Min: 1, Max: 8");
                Console.ForegroundColor = ConsoleColor.Green;
                Console.WriteLine("Enter the total amount of players:");
                Console.ForegroundColor = ConsoleColor.White;
                // Request input from user
                string value = Console.ReadLine();
                Console.ForegroundColor = ConsoleColor.Green;
                // Check input is not empty
                while (string.IsNullOrEmpty(value))
                {
                    // If empty request input again
                    Console.WriteLine("Choice cannot be empty");
                    Console.ForegroundColor = ConsoleColor.White;
                    value = Console.ReadLine();
                    Console.ForegroundColor = ConsoleColor.Green;
                }
                // Parse input to integer
                int isInt;
                var result = int.TryParse(value, out isInt);

                // If input is 1,2,3,4,5,6,7,8
                if (isInt == 1 || isInt == 2 || isInt == 3 || isInt == 4 || isInt == 5 || isInt == 6 || isInt == 7 || isInt == 8)
                {
                    // Set input as chosen integer and set as valid input
                    input = isInt;
                    isValid = true;
                }
                // If false, output invalid input and request input again 
                else
                {
                    Console.WriteLine("Invalid number of players, please try again.");
                }
            } while (!isValid);

            // If input is a valid integer
            if (isValid)
            {
                // Output choice has been accepted
                Console.WriteLine("Choice accepted");
                Console.WriteLine("Press any key to continue.");
                Console.ReadKey();
                Console.Clear();
                // Using input
                switch (input)
                {
                    case 1:
                        // Create input amount of player objects and set the player ID in order of creation
                        for(int i = 0; i < input; i++)
                        {
                            id = id + 1;
                            AddPlayer(id);
                        }
                        break;
                    case 2:
                        for (int i = 0; i < input; i++)
                        {
                            id = id + 1;
                            AddPlayer(id);
                        }
                        break;
                    case 3:
                        for (int i = 0; i < input; i++)
                        {
                            id = id + 1;
                            AddPlayer(id);
                        }
                        break;
                    case 4:
                        for (int i = 0; i < input; i++)
                        {
                            id = id + 1;
                            AddPlayer(id);
                        }
                        break;
                    case 5:
                        for (int i = 0; i < input; i++)
                        {
                            id = id + 1;
                            AddPlayer(id);
                        }
                        break;
                    case 6:
                        for (int i = 0; i < input; i++)
                        {
                            id = id + 1;
                            AddPlayer(id);
                        }
                        break;
                    case 7:
                        for (int i = 0; i < input; i++)
                        {
                            id = id + 1;
                            AddPlayer(id);
                        }
                        break;
                    case 8:
                        for (int i = 0; i < input; i++)
                        {
                            id = id + 1;
                            AddPlayer(id);
                        }
                        break;
                }
            }
            // Set boardChoice as input incase it is required.
            _boardChoice = input;
        }

        // Check valid string method
        public static bool IsValidString(string name)
        {
            // Check input name variable is not empty
            if (string.IsNullOrEmpty(name))
            {
                return false;
            }   
            // Check the input against Regex pattern of Letters
            string pattern = "[a-zA-Z]";
            bool result = Regex.IsMatch(name, pattern);
            // If true, output accepted
            if (result == true)
            {
                Console.WriteLine("Accepted");
            }
            // If false, output invalid input
            else
            {
                Console.WriteLine("Invalid input, try again.");
            }
            // Return the result
            return result;
        }

        // Valid character method
        public static bool IsValidChar(string token)
        {
            // Check if input is empty
            if(string.IsNullOrEmpty(token))
            {
                return false;
            }
            // Check if input has more than 1 character
            if (token.Length > 1)
            {
                // If more than one character return false
                return false;
            }
            // Check input against Regex pattern
            string pattern = @".{1}";
            return Regex.IsMatch(token, pattern);
        }

        // Show players method
        public void ShowPlayers()
        {
            // Loop through all players in _totalPlayers list and output their values.
           foreach(var player in _totalPlayers)
            {
                Console.WriteLine(player.ToString());
            }
        }

        // Total players method
        public int TotalPlayers()
        {
            // Count how many players are in _totalplayers list
            int count = 0;
            foreach(var player in _totalPlayers)
            {
                count += 1;
            }
            // Return the count
            return count;
        }

        // CurrentPlayer Token Method
        public char CurrentPlayerToken(int playerId)
        {

            char currentToken = '_';
            // Loop through each player
            foreach (var player in _totalPlayers)
            {
                // If the user input ID, user is found
                if(player.GetId() == playerId)
                {
                    // set currenToken as the found player Token
                    currentToken = player.GetToken();
                }
            }
            // Return the found players Token
            return currentToken;
        }

        // CurrentPlayerName Method
        public string CurrentPlayerName(int playerId)
        {
            string playerName = "_";
            // Loop through all players
            foreach (var player in _totalPlayers)
            {
                // If playerID is found, user has been found
                if(player.GetId() == playerId)
                {
                    // Set playerName
                    playerName = player.GetName();
                }
            }
            // return the found players name
            return playerName;
        }


        // Add Snake Method
        public void AddSnake(int startX, int startY, int length)
        {
            // Create snake object, starting X and Y co-ordinate and length
            var snake = new Snake(startX,startY, length);
            // Add snake to transports list
            _transports.Add(snake);
        }

        // Add Ladder Method
        public void AddLadder(int startX, int startY, int length)
        {
            // Create ladder object, starting X and Y co-ordinate and length
            var ladder = new Ladder(startX, startY, length);
            // Add ladder to transports list
            _transports.Add(ladder);
        }



        // Total Snakes Method
        public int TotalSnakes()
        {
            // Count snakes in transport list
            int count = 0;
            // Loop through all transports
            foreach (var transport in _transports)
            {
                // If transports character is an 'S' add one to count
                if (transport.GetChar() == 'S')
                {
                    count += 1;
                }
            }
            return count;
        }

        // Total Ladder Method
        public int TotalLadders()
        {
            // Count ladders in transport list
            int count = 0;
            // Loop through all transports
            foreach (var transport in _transports)
            {
                // If transports character is an 'L' add one to count
                if (transport.GetChar() == 'L')
                { 
                count += 1;
                }
            }
            return count;
        }

        // Get all transports Method
        public List<Transport> GetTransports()
        {
            return _transports;
        }

        // Create board Method
        public void CreateBoard()
        {
            Console.WriteLine("Board Size");
            Console.ForegroundColor = ConsoleColor.White;
            Console.WriteLine("-----------------------------");
            Console.ForegroundColor = ConsoleColor.Green;
            Console.WriteLine("Small Board 10x10");
            Console.ForegroundColor = ConsoleColor.White;
            Console.WriteLine("-----------------------------");
            Console.ForegroundColor = ConsoleColor.Green;
            // Call set board Height Method
            SetHeight(10);
            // Call set board Width Method
            SetWidth(10);
            // // Call set create transports method
            SetUpTransports();
            Console.WriteLine("Press any key to continue.");
            Console.ReadKey();
            Console.Clear();
        }

        // Set Board Height Method
        public void SetHeight(int boardHeight)
        {
            // set private _boardHeight as input boardHeight
            _boardHeight = boardHeight;
        }

        // Set Board Width Method
        public void SetWidth(int boardWidth)
        {
            // set private _boardWidth as input boardWidth
            _boardWidth = boardWidth;
        }

        // Get Board Height Method
        public int GetHeight()
        {
            // Return the private board height
            return _boardHeight;
        }

        // Get Board Width Method
        public int GetWidth()
        {
            // Return the private board width
            return _boardWidth;
        }

        // Game Intro Method
        public void GameIntroScreen()
        {
            Console.BackgroundColor = ConsoleColor.Black;
            Console.ForegroundColor = ConsoleColor.Green;
            Console.Clear();
            Console.ForegroundColor = ConsoleColor.Yellow;
            Console.WriteLine("                    ----------------------------------                       ");
            Console.ForegroundColor = ConsoleColor.Green;
            Console.WriteLine("                    ---- SNAKES & LADDERS EXTREME ----                       ");
            Console.ForegroundColor = ConsoleColor.Yellow;
            Console.WriteLine("                    ----------------------------------                       ");
            Console.ForegroundColor = ConsoleColor.Red;
            Console.WriteLine("                                                                             ");
            Console.WriteLine("                       / ^\\/ ^\\                                            ");
            Console.WriteLine("                     _|___|  O |                                             ");
            Console.WriteLine("             \\/     / ~     \\_ / \\_                                    ");
            Console.WriteLine("              \\____ |____________/  \\                                       ");
            Console.WriteLine("                      \\_______       \\                                    ");
            Console.WriteLine("                              `\\     \\                                   ");
            Console.WriteLine("                               |     |                    \\                 ");
            Console.WriteLine("                              /      /                     \\                ");
            Console.WriteLine("                             /     /                        \\\\             ");
            Console.WriteLine("                            /      /                         \\ \\           ");
            Console.WriteLine("                           /     /                            \\  \\         ");
            Console.WriteLine("                          /     /              _----_          \\   \\       ");
            Console.WriteLine("                         /     /             _~      ~_        |   |         ");
            Console.WriteLine("                        (     (          _-~          -~_    _/    |         ");
            Console.WriteLine("                         \\      ~-_____-~     _-~~-_     ~-_-     /        ");
            Console.WriteLine("                          ~-_             _ -       -_          _-           ");
            Console.WriteLine("                              ~--______-~             ~-______-~             ");
            Console.WriteLine("                                                                          ");
            Console.WriteLine("                                                                          ");
            Console.ForegroundColor = ConsoleColor.Green;
            // Call playsong Method
            PlaySong();
            Console.WriteLine("                         PRESS ANY KEY TO CONTINUE                        ");
            Console.ReadKey();
            Console.Clear();
        }

        // Play song Method
        public void PlaySong()
        {
            // Play song using Console.Beep
            Console.Beep(329, 300);
            Console.Beep(493, 300);
            Console.Beep(698, 300);
            Console.Beep(659, 600);

            Console.Beep(783, 300);
            Console.Beep(698, 300);
            Console.Beep(659, 600);

            Console.Beep(329, 100);
            Console.Beep(493, 300);
            Console.Beep(698, 300);
            Console.Beep(659, 600);

            Console.Beep(392, 250);
            Console.Beep(440, 200);
            Console.Beep(587, 300);

            Console.Beep(349, 250);
            Console.Beep(587, 500);
           
            Console.Beep(329, 300);
            Console.Beep(493, 300);
            Console.Beep(698, 300);
            Console.Beep(659, 600);

            Console.Beep(783, 300);
            Console.Beep(698, 300);
            Console.Beep(659, 600);

            Console.Beep(329, 100);
            Console.Beep(493, 300);
            Console.Beep(698, 300);
            Console.Beep(659, 600);

            Console.Beep(392, 250);
            Console.Beep(440, 200);
            Console.Beep(587, 300);

            Console.Beep(349, 250);
            Console.Beep(587, 400);
           
        }

        public void StartGame()
        {
            // Call AddPlayers Method
            AddPlayers();
            Console.Clear();
            Console.ForegroundColor = ConsoleColor.White;
            Console.WriteLine("-----------------------------");
            Console.ForegroundColor = ConsoleColor.Green;
            // Check total players
            if (TotalPlayers() == 1)
            {
                // Display total players
                Console.WriteLine("{0} Player added to game:", TotalPlayers());
            } else
            {
                // Display total players
                Console.WriteLine("{0} Players added to game:" , TotalPlayers());
            }

            Console.ForegroundColor = ConsoleColor.White;
            Console.WriteLine("-----------------------------");
            Console.ForegroundColor = ConsoleColor.Green;
            // Call show Players Method
            ShowPlayers();
            Console.ForegroundColor = ConsoleColor.White;
            Console.WriteLine("-----------------------------");
            Console.ForegroundColor = ConsoleColor.Green;

            // Create gameBoard Object
            Board gameBoard = new Board(GetWidth(), GetHeight(), '_');

            // Call SetSnakeLadderTokens onto the gameboard
            SetSnakeLadderTokens(gameBoard);

            Console.WriteLine("Press any key to start the game.");
            Console.ReadLine();
            Console.Clear();

            // Repeat for each player in game
            foreach (var player in _totalPlayers)
            {
                Console.Clear();
                Console.ForegroundColor = ConsoleColor.White;
                Console.WriteLine("-----------------------------");
                Console.ForegroundColor = ConsoleColor.Green;
                Console.WriteLine("{0} Its your turn.", player.GetName());
                Console.ForegroundColor = ConsoleColor.White;
                Console.WriteLine("-----------------------------");
                Console.ForegroundColor = ConsoleColor.Green;
                Console.WriteLine("Player {0} positioned on the board", player.GetId());
                Console.WriteLine("");
                // Set player position
                player.SetPosition(gameBoard.GetWidth(), gameBoard.GetHeight());
                // Set player position on the board
                gameBoard.SetValue(player.GetXCoord(), player.GetYCoord(), player.GetToken());
                // display the gameboard
                gameBoard.Display(player.GetToken(), player.GetColour());
                Console.WriteLine("");
                Console.WriteLine("Press any key to roll the dice");
                Console.ReadKey();
            }

            // Repeat until the game is complete.
            do
            {
                // Loop through each player
                foreach (var player in _totalPlayers)
                {
                    Console.Clear();
                    // Call Player object RollDice Method
                    int dieResult = player.RollDice();
                    // Output player name and the die value
                    Console.WriteLine("{0} you threw a {1}", player.GetName(), dieResult);
                    // Check if player has won.
                    CheckWin(gameBoard, player);
                    // Check Old player position and return its token
                    char result = gameBoard.CheckPositionChar(player.GetLastX(), player.GetLastY(), player.GetToken());
                    // Set the gameboard previous player position as different character
                    gameBoard.SetValue(player.GetLastX(), player.GetLastY(), result);
                    // Set snake and ladder tokens back onto the gameboard
                    SetSnakeLadderTokens(gameBoard);
                    // Set player new position onto the board
                    gameBoard.SetValue(player.GetXCoord(), player.GetYCoord(), player.GetToken());
                    
                    // If the die result was a 6, Roll again
                    if (dieResult == 6)
                    {
                        Console.WriteLine("Rolling again");
                        // Roll dice again
                        int dieResultTwo = player.RollDice();
                        Console.WriteLine("{0} you threw a {1}", player.GetName(), dieResultTwo);
                        // Check if the player has won
                        CheckWin(gameBoard, player);
                        // Get last position token
                        char secondResult = gameBoard.CheckPositionChar(player.GetLastX(), player.GetLastY(), player.GetToken());
                        // Set last position token back to old character
                        gameBoard.SetValue(player.GetLastX(), player.GetLastY(), secondResult);
                        // Set snake and ladder tokens back onto the board
                        SetSnakeLadderTokens(gameBoard);
                        // Set new position of player onto the game board
                        gameBoard.SetValue(player.GetXCoord(), player.GetYCoord(), player.GetToken());
                    }
                    // Call check if player has hit a transport
                    bool hitTransport = CheckTransportStart(player, gameBoard);
                    // if player has hit a transport
                    if(hitTransport == true)
                    {
                        // Set new position of player
                        Console.Clear();
                        gameBoard.SetValue(player.GetXCoord(), player.GetYCoord(), player.GetToken());
                    }

                    // Display gameboard
                    gameBoard.Display(player.GetToken(), player.GetColour());
                    
                    // Check if player has won
                    CheckWin(gameBoard, player);
                    Console.WriteLine("");
                    Console.WriteLine("End of turn");
                    Console.WriteLine("Press any key to continue");
                    Console.ReadKey();
                }
            } while (!_isGameComplete);
            // If game is complete, Show scoreboard method
            ShowScoreBoard(_totalPlayers);
            if (_isGameComplete == true)
            {
                gameBoard.Reset();
            }

        }

        // Clear players from list Method
        public void ClearPlayers()
        {
            _totalPlayers.Clear();
        }

        // Show scoreboard Method
        public void ShowScoreBoard(List<Player> players)
        {
            // Using current players List, Sort the players dependent on their position
            Console.Clear();
            Console.ForegroundColor = ConsoleColor.Cyan;
            Console.WriteLine("Game Scores");
            
            // Sort list from highest scoring to lowest scoring
            players.Sort((y,x)=> x.GetScore().CompareTo(y.GetScore()));
            Console.ForegroundColor = ConsoleColor.White;
            Console.WriteLine("-----------------------------------");
            Console.ForegroundColor = ConsoleColor.Green;
            // Loop through all players playing
            foreach (var player in players)
            {
                // Display, player ID, name and Score
                Console.WriteLine("Player {0}. {1} scored: {2}", player.GetId(), player.GetName(), player.GetScore());
            }
            Console.ForegroundColor = ConsoleColor.White;
            Console.WriteLine("-----------------------------------");
            Console.ForegroundColor = ConsoleColor.Green;
        }

        // Set up Transports onto gameboard
        public void SetUpTransports()
        {
            AddSnake(2, 9, 5);
            AddSnake(4, 2, 3);
            AddSnake(6, 6, 5);
            AddSnake(8, 8, 8);
            AddLadder(1, 0, 5);
            AddLadder(4, 3, 3);
            AddLadder(0, 4, 5);
        }

        // Check transports Method
        public bool CheckTransportStart(Player player, Board gameBoard)
        {
            // Check if player position on gameboard has hit a transports Starting X and Y Position
            bool isPlayerOnTransport = false;
            bool isLadder = false;
            bool isSnake = false;
            bool hitTransport = false;
            // Loop through all transports
            foreach (var transport in _transports)
            {
                // If player position is same as transports start position
                if (player.GetXCoord() == transport.GetStartX() && player.GetYCoord() == transport.GetStartY())
                {

                    isPlayerOnTransport = true;
                    // If true
                    // Check if the end X position is greater than start X position
                    if (transport.GetEndY() > transport.GetStartY())
                    {
                        // If true, set as a ladder
                        isLadder = true;
                    }
                    else
                    {
                        // if false, set as a snake
                        isSnake = true;
                    }
                }

                // If player has landed on a transport
                if (isPlayerOnTransport == true)
                {

                    // If ladder is true
                    if(isLadder)
                    {
                        Console.WriteLine("Hit a Ladder");
                        // get player position
                        int currentPosition = player.GetPosition();
                        // Calculate new position
                        int newPosition = (transport.GetLength() * gameBoard.GetWidth()) - gameBoard.GetWidth();
                        // Set player position with new position
                        player.SetPositionLadder(newPosition);
                        // Set ladder character on gameboard again after player has moved
                        gameBoard.SetValue(transport.GetStartX(), transport.GetStartY(), 'L');
                        // End the loop
                        hitTransport = true;
                        isPlayerOnTransport = false;
                    }
                    // If snake is true
                    if(isSnake)
                    {
                        Console.WriteLine("Hit a Snake");
                        // get player position 
                        int currentPosition = player.GetPosition();
                        // Calculate new position
                        int newPosition = (transport.GetLength() * gameBoard.GetWidth()) - gameBoard.GetWidth();
                        // Set player position with new position
                        player.SetPositionSnake(newPosition);
                        // Set snake character on gameboard again after player has moved
                        gameBoard.SetValue(transport.GetStartX(), transport.GetStartY(), 'S');
                        // End the loop
                        hitTransport = true;
                        isPlayerOnTransport = false;
                    }
                }

            }
            return hitTransport;
        }

        // Set snake and ladder tokens on gameboard Method
        public void SetSnakeLadderTokens(Board gameBoard)
        {
            // Loop through all items in transports
            foreach (var item in GetTransports())
            {
                // Go through each item
                for (int i = 0; i < item.GetLength(); i++)
                {
                    // if the transport has a S character
                    if (item.GetChar() == 'S')
                    {
                        // Set all tokens on gameboard dependeing on the length
                        gameBoard.SetValue(item.GetStartX(), item.GetStartY() - i, item.GetChar());
                    }
                    else
                    {
                        // Set all tokens on gameboard dependeing on the length
                        gameBoard.SetValue(item.GetStartX(), item.GetStartY() + i, item.GetChar());
                    }
                }
            }
        }

        // Check win method
        public void CheckWin(Board gameboard, Player player)
        {
            // Call check final position method on the gameboard
            _isGameComplete = gameboard.CheckFinalPosition();
            // check the returned boolean if true,
            if (_isGameComplete == true)
            {
                // game is complete
                Console.WriteLine("Player {0} Wins", player.GetId());
                Console.WriteLine("");
                Console.WriteLine("Congratulations {0}, You Won!!", player.GetName());

            }
        }

    }
}


[bookmark: _Toc68879336]Player class
The player position class defines the individual attributes needed for the snakes and ladders game. The player's name, chosen token, chosen colour, id number, score and position values are instantiated through the game controller class but defined within the Player class. Methods within this class use the encapsulation principle to allow the user to set their name and other attributes within the object. This class also creates a new PlayerPosition object each time a Player object is created in which to use on the Board class. The code for this class can be seen below: -

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

namespace SnakesNLaddersX
{
    //Player class
    class Player
    {
        // Attributes
        private string _name;
        private char _token;
        private string _colour;
        private int _id;
        private int _score;
        private PlayerPosition _position;

        // Constructors
        public Player(string name, char token, string colour, int id)
        {
            _name = name;
            _token = token;
            _colour = colour;
            _id = id;
            _score = 0;
        }

        // Methods

        //GetName Method
        public string GetName()
        {
            return _name;
        }

        //Set Player Name Method
        public void SetName(string name)
        {
            _name = name;
        }

        //Set Position Method
        public void SetPosition(int x, int y)
        {
            // Create new Player Position object and set as current position
            _position = new PlayerPosition(x, y);

        }

        // Get player Token Method
        public char GetToken()
        {
            return _token;
        }

        // Get player colour Method
        public string GetColour()
        {
            return _colour;
        }

        // Get player Id Method
        public int GetId()
        {
            return _id;
        }

        // Get player score Method
        public int GetScore()
        {
            // Player score = currentposition + 1 :-  Maxiumum of 100 points for winning
            _score = _position.GetPosition() + 1;
            // Return the score
            return _score;
        }

        // Get player X coordinate Method
        public int GetXCoord()
        {
            return _position.GetX();
        }

        // Get player Y Coordinate Method
        public int GetYCoord()
        {
            return _position.GetY();
        }

        // Get Last X Coordinate Method
        public int GetLastX()
        {
            return _position.GetLastX();
        }

        // Get Last Y Coordinate Method
        public int GetLastY()
        {
           return _position.GetLastY();
        }

        //Set Player Token Method
        public void SetToken(char token)
        {
            _token = token;
        }


        //Set Player Colour Method
        public void SetColour(string colour)
        {
            _colour = colour;
        }

        //Set Player ID Method
        public void SetId(int id)
        {
            _id = id;
        }

        // Set Player Score Method
        public void SetScore(int score)
        {
            _score = score;
        }

        //Roll Dice Method
        public int RollDice()
        {
           int result = _position.ThrowDice();
           return result;
        }

        // Set Player Position using Ladder Position within PlayerPosition object - Method
        public void SetPositionLadder(int x)
        {
            _position.SetPositionLadder(x);
        }

        // Set Player Position using Snake Position  within PlayerPosition object - Method
        public void SetPositionSnake(int x)
        {
            _position.SetPositionSnake(x);
        }

        // Get player Position Method
        public int GetPosition()
        {
            return _position.GetPosition();
        }

        // ToString Method
        public override string ToString()
        {
            // Return Player Object details.
            return string.Format("Name: {0}, Token: {1}, Colour: {2}, Id: {3}", _name, _token, _colour, _id);
        }
    }
}
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The PlayerPosition class defines attributes relating to the player’s current position and last position on the board. This class also defines the method for when a player throws the die, a die object is created and parsed to the abstract interface for the dice called IDice. The IDice interface defines the methods required for the implementation of the dice object. This allows a dice object to be defined separately but continue to work with different implementations of the dice. The interface within C# uses the abstraction principle of object-oriented programming. The code for the PlayerPosition class can be seen below: -
using System;
using System.Collections.Generic;
using System.Text;

namespace SnakesNLaddersX
{
    class PlayerPosition
    {
        // Attributes
        private int _position;
        private int _boardWidth;
        private int _boardHeight;
        private int _lastPositionX;
        private int _lastPositionY;

        // Constructor
        public PlayerPosition(int boardWidth, int boardHeight)
        {
            _position = 0;
            _lastPositionX = 0;
            _lastPositionY = 0;
            _boardWidth = boardWidth;
            _boardHeight = boardHeight;
        }

        // Properties

        // Methods
        public int GetX()
        {
            // Odd rows are traversed right to left
            return GetY() % 2 == 1 ? ((_boardWidth - 1) - _position % _boardWidth) : (_position % _boardWidth);
        }
        // Get LastX Method
        public int GetLastX()
        {
            // Return last position
            return _lastPositionX;
        }
        // GetY Position
        public int GetY()
        {
            // current position divided by boardwidth
            return _position / _boardWidth;
        }
        // Get Last Y coordinate Method
        public int GetLastY()
        {
            // Return lastY position
            return _lastPositionY;
        }

        // GetPosition Method
        public int GetPosition()
        {
            return _position;
        }

        // Set Player On Ladder Method
        public void SetPositionLadder(int x)
        {
            // Check current position divided by 10, 
            int check = x / 10;
            int result;
            // determine if odd or even
            if(check%2 == 0)
            {
                // If even, result = 1
                result = 1;
            }
            else
            {
                // iff odd, position x divided by the boardwidth - 1
                result = (x / _boardWidth) - 1;
            }

            // Set position.
            _position = x + result;
        }

        // Player Position on snake Method
        public void SetPositionSnake(int x)
        {
            _position -= x;
        }

        //Throw Dice Method
        public int ThrowDice()
        {
            // Set last X and Y position
            _lastPositionX = GetX();
            _lastPositionY = GetY();

            // Create Dice Class Object
            Dice die = new Dice();
            // Using Dice Interface
            int dieValue = DiceInterface(die);

            // Check if current position + value of dice, is less than boardwidth * boardHeight
            if ((_position + dieValue) < (_boardWidth * _boardHeight))
            {
                // Set position + value of dice
                _position += dieValue;
            }

            // Return the dice value
            return dieValue;
        }

        // Dice Interface Method
        public int DiceInterface(IDice DiceInterface)
        {
            // Using DiceInterface object, call throw dice method
            int x = DiceInterface.ThrowDice();
            // Return the value
            return x;
        }

    }
}
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As outlined in the section above, the IDice interface is a loosely defined abstract class that only denotes the methods required for the implementation of a die object, the code of the interface can be seen below: -
using System;
using System.Collections.Generic;
using System.Text;

namespace SnakesNLaddersX
{
    // Dice Interface 
    interface IDice
    {
        // Required Method for implementation
        int ThrowDice();
    }
}

The Dice class inherits the methods defined within the Interface and will not function unless these methods have been defined. The dice class creates a random number between 1 and 6 and returns this value. The code for the Dice Class can be seen below: -
using System;
using System.Collections.Generic;
using System.Text;

namespace SnakesNLaddersX
{
    // Dice Interface 
    interface IDice
    {
        // Required Method for implementation
        int ThrowDice();
    }
}
using System;
using System.Collections.Generic;
using System.Text;

namespace SnakesNLaddersX
{
    class Dice : IDice
    {
        // Attributes
        private static Random _rnd = new Random();

        // Constructors
        public Dice()
        {
            _rnd = new Random();
        }

        // Properties

        // Methods
        public int ThrowDice()
        {
            // Random die value between 1 and 6           
            int diceValue = _rnd.Next(1, 7);
           
            return diceValue;
        }
    }
}
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The Board class defines attributes and methods required for the implementation of the game board. An array of characters was created for the board, with the width and height attributes defined. When the board object is constructed, the program requires the height and width to be entered. The class then creates an array of characters and a list of snakes and a list of ladders. Methods defined within this class allow the object to get a specific value within the array, check where the player objects token is placed, display the game board, chosen which colour to display the user token when displaying the board, and check the final position on the board. The code for the board class can be seen below: -
using System;
using System.Collections.Generic;
using System.Text;

namespace SnakesNLaddersX
{
    // Gameboard class
    class Board    
    {
        // Attributes
        private char[,] _board;
        private int _width;
        private int _height;
        private char _reset;    // Represents empty cell on board
        private List<Snake> _snakes;
        private List<Ladder> _ladders;

        // Constructors
        // Set default values for game board.
        public Board(int width, int height, char resetChar)
        {
            _width = width;
            _height = height;
            _reset = resetChar;
            _board = new char[_width, _height];
            _snakes = new List<Snake>();
            _ladders = new List<Ladder>();
            Reset();  // Reset the board to empty
        }

        // Properties

        // Methods
        // GetWidth Method
        public int GetWidth()
        {
            // Return private _width value
            return _width;
        }

        // GetHeight Method
        public int GetHeight()
        {
            // Return private _height value
            return _height;
        }

        // Get Snakes Method
        public List<Snake> GetSnakes()
        {
            // Return snake list
            return _snakes;
        }

        // Set Snake Method
        public void SetSnakes(List<Snake> snakes)
        {
            // set snake list
            _snakes = snakes;
        }

        //  Get Ladder Method
        public List<Ladder> GetLadders()
        {
            // Return ladder list
            return _ladders;
        }

        // Set Ladder Method
        public void SetLadders(List<Ladder> ladders)
        {
            // Set ladder list
            _ladders = ladders;
        }

        // Reset Board Method
        public void Reset()
        {
            // Loop through Y axis
            for (int y = 0; y < _height; y++)
            {
                // Loop through X axis
                for (int x = 0; x < _width; x++)
                {
                    // Set x, y as blank
                    _board[x, y] = _reset;  // Fill board with "empty" cell char
                }
            }
        }

        // Display Board Method
        public void Display(char Token, string Colour)
        {
            // Loop through height
            for (int y = _height - 1; y >= 0; y--)
            {
                // Loop the width of board
                for (int i = 0; i < _width; i++)
                {
                    // Display lines
                    Console.Write("  _ ");
                }
                
                Console.WriteLine();
                // loop through width
                for (int x = 0; x < _width; x++)
                {
                    Console.ForegroundColor = ConsoleColor.Green;
                    Console.Write("| ");
                    // Check token of xy of the board
                    // If xy character is = input token
                    if (_board[x,y] == Token)
                    {
                        // Get Colour
                        CounterColour(Colour);
                    }
                    // If xy character is S
                    if (_board[x,y] == 'S')
                    {
                        // Set Counter grey
                        Console.ForegroundColor = ConsoleColor.Gray;
                    }
                    // If xy character is L
                    if (_board[x,y] == 'L')
                    {
                        // Set counter colour dark blue
                        Console.ForegroundColor = ConsoleColor.DarkBlue;
                    }
                    // Output x,y co-ordinate
                    Console.Write("{0} ", _board[x, y]);

                }
                Console.ForegroundColor = ConsoleColor.Green;
                // Output seperator
                Console.Write("|");
                Console.WriteLine();

                // Move to next line at end of row
            }
        }

        // Is Valid Position Method
        public bool IsValidPosition(int x, int y)
        {
            // Check if given X is more than 0 and less than the total width
            if (x >= 0 && x < _width)
            {
                // Check if given Y is more than 0 and less than total height
                if (y >= 0 && y < _height)
                {
                    // If it fails, return true
                    return true;
                }
            }
            // Return false if x and y are valid 
            return false;
        }

        // Set Value Method
        public bool SetValue(int x, int y, char value)
        {
            // Check if x,y are valid
            if (IsValidPosition(x, y) == true)
            {
                // Set board X,Y with input value
                _board[x, y] = value;
                return true;
            }
            return false;
        }

        // Get Value from Board Method
        public bool GetValue(int x, int y, out char value)
        {
            value = ' '; // Bogus to avoid compile error
            // Check if value entered is valid
            if (IsValidPosition(x, y) == true)
            {
                // Get Character of X and Y
                value = _board[x, y];
                return true;
            }
            return false;
        }

        // Check position
        public char CheckPositionChar(int x, int y, char z)
        {
            // Find character at input position on board
            char position = _board[x, y];
            char check = z;
            if (position == z)
            {
                check = '_';
            }
            else
            {
                check = position;
            }

            // return the character
            return check;
        }

        // Counter Colour
        public void CounterColour(string Colour)
        {
            // Using player character string choose console colour
            switch(Colour)
            {
                case "Red":
                    Console.ForegroundColor = ConsoleColor.Red;
                    break;
                case "Orange":
                    Console.ForegroundColor = ConsoleColor.DarkYellow;
                    break;
                case "Yellow":
                    Console.ForegroundColor = ConsoleColor.Yellow;
                    break;
                case "Green":
                    Console.ForegroundColor = ConsoleColor.DarkGreen;
                    break;
                case "Turquoise":
                    Console.ForegroundColor = ConsoleColor.Cyan;
                    break;
                case "Blue":
                    Console.ForegroundColor = ConsoleColor.Blue;
                    break;
                case "Purple":
                    Console.ForegroundColor = ConsoleColor.DarkMagenta;
                    break;
                case "Pink":
                    Console.ForegroundColor = ConsoleColor.Magenta;
                    break;
            }
        }

        // Check final position on the board
        public bool CheckFinalPosition()
        {
            // If board is at end point return gameover
            bool gameOver;
            var position = _board[0, 9];
            if (position != '_')
            {
                Console.WriteLine("Game Over");
                gameOver = true;
            }
            else { 
                gameOver = false;
            }
            return gameOver;
        }

    }
}
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To demonstrate abstraction and polymorphism, a Transport class was created to define the attributes required for both the snake class and ladder class. The transport class is defined as an abstract class, this means it cannot be instantiated as an object. The objects which inherit this class will need to store, X and Y coordinates for their starting and end positions on the board, its length, and its character. The class also defines methods that both a snake and a ladder would require for implementation within the board. This implementation of the snake and ladder demonstrates the polymorphism concept of OOP as both objects are similar, however, they require different outcomes. Because both classes inherit from a common parent class, this allows them to be handled interchangeably. For example, Within the GameController class, a list has been defined which can store both snakes and ladders.  The code for the Transport class can be seen below: -
using System;
using System.Collections.Generic;
using System.Text;

namespace SnakesNLaddersX
{
    // Transport Abstract Class
    abstract class Transport
    {
        // Attributes
        private int _startPosX;
        private int _startPosY;
        private int _endPosX;
        private int _endPosY;
        private int _length;
        private char _char;

        // Constructors
        public Transport(int startX, int startY, int length)
        {
            _startPosX = startX;
            _startPosY = startY;
            _endPosX = startX;
            _endPosY = startY;
            _length = length;
            _char = '~';
        }

        // Methods

        //GetStartX position Method
        public int GetStartX()
        {
            return _startPosX;
        }

        //GetStartY position Method
        public int GetStartY()
        {
            return _startPosY;
        }

        //Get EndX position Method
        public int GetEndX()
        {
            return _endPosX;
        }

        // Get EndY position Method
        // Polymorphism override for Snakes and Ladders for Ending position of object.
        public virtual int GetEndY()
        {
            return _endPosY;
        }

        //Get Length Method
        public int GetLength()
        {
            return _length;
        }

        //Get Character Method
        public virtual char GetChar()
        {
            return _char;
        }
    }
}


The Snake and Ladder class inherit the attributes and methods of the Transport class; however, their character and end positions require different values, so the override keyword has been used and the methods defined which allow a different outcome when these methods are called. The Snake class code can be seen below: -
using System;
using System.Collections.Generic;
using System.Text;

namespace SnakesNLaddersX
{
    //Snake Class Inherits from Abstract Transport Class
    class Snake : Transport
    {
        //Attributes
        private int _endPosY;
        private int _length;
        private char _char;

        // Constructor
        public Snake(int startX, int startY, int length)
            :base(startX, startY, length)
        {
            _length = length;
            _endPosY = startY - length;
            _char = 'S';
        } 
        //Methods
        //GetCharacter Override Method
        public override char GetChar()
        {
            return _char;
        }
        //Get End Y Position Method
        public override int GetEndY()
        {
            return _endPosY;
        }

    }
}


The code for the ladder class can be seen below: -
using System;
using System.Collections.Generic;
using System.Text;

namespace SnakesNLaddersX
{
    // Ladder Class Inherits from Abstract Transport Class
    class Ladder : Transport
    {
        //Attributes
        private int _endPosY;
        private int _length;
        private char _char;

        //Constructors
        public Ladder(int startX, int startY, int length)
            :base(startX, startY, length)
        {
            _length = length;
            _endPosY = startY + length;
            _char = 'L';
        }

        //Methods

        // Override Character method
        public override char GetChar()
        {
            return _char;
        }

        //Override EndY Position Method
        public override int GetEndY()
        {
            return _endPosY;
        }

    }
}
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When the program is first to run, the game.IntroScreen Method is run from the GameController object and displays the intro screen and requests the user to press any key to continue which can be seen in Fig 9. The program then requests the user to enter how many players, would like to play the game. There is a maximum value of 8 and a minimum of 1. If a user enters a character that is not a number from 1 to 8. The input will be declined and request a user to enter the value again, which can be seen in Fig 10. If a number of players are entered which is valid the program will continue and request the user to enter a name, this input will only accept a valid name which can be seen in Fig 11. The program then requires the user to enter a single character to represent them on the game board. This will display an invalid input unless a single character has been entered which can be seen in Fig 12. The validation of the name, and character inputs using regular expressions to define the string patterns. Once a user has entered the character to represent themselves on the board, the program requests the user to choose a colour to represent them and to enter an integer value from one to 8 which represent the colours on the board. If this value is not a valid input, the program will display invalid and request the user to enter the input again which can be seen in Fig 13. When all input requests are valid, the program will continue and start to create the next player, if more than one player has been added to the game which can be seen in Fig 14. When all player inputs are input, the program will display all players which have been added to the game which can be seen in Fig 15. The program will now start the board game. The program will start with player one and place his chosen character onto the game board, which can be seen in Fig 16. Once all players are position at the start of the game board, the program will request the user to press any key on the keyboard to continue, it will then call the ThrowDice method and requests a value between 1 and 6. The value the dice method acquires will be used to move the player’s position along with the game board which can be seen in Fig 17.  If a player’s dice rolls a 6, the dice will roll again and the players token will be positioned accordingly which can be seen in Fig 18. If a player lands on a snake or a ladder, the player's position will be moved to the bottom of the snake or top of the ladder which can be seen in Fig 19. The game will continue to switch players and move their positions until a player lands on the final position on the board at which the game will end which can be seen in Fig 20. On completion of the game scores of the current game will be displayed which can be seen in Fig 21. Once the scores have been displayed the program will request the user to enter yes or no to continue playing the game again, if the player enters yes, the game will reply, if not the game will end which can be seen in Fig 22.
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[bookmark: _Toc68879153]Figure 9 - Snakes and Ladders intro screen.
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[bookmark: _Toc68879154]Figure 10 - Total player input validation.
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[bookmark: _Toc68879155]Figure 11 - Player name input validation.
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[bookmark: _Toc68879156]Figure 12 - Player token input validation.
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[bookmark: _Toc68879157]Figure 13 - Player colour input validation.
[image: ]
[bookmark: _Toc68879158]Figure 14 - Player two input.
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[bookmark: _Toc68879159]Figure 15 - Player added completion.
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[bookmark: _Toc68879160]Figure 16 - Player initial position on the board.
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[bookmark: _Toc68879161]Figure 17 - Player rolling a dice and positioning change.

[image: ]
[bookmark: _Toc68879162]Figure 18 - Rolling a six on the die.
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[bookmark: _Toc68879163]Figure 19 - Player landing on a snake.
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[bookmark: _Toc68879164]Figure 20 - Playing landing on final position.
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[bookmark: _Toc68879165]Figure 21 - Game score board.
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[bookmark: _Toc68879166]Figure 22 - Play again input.

[bookmark: _Toc68879342]CONCLUSION

To conclude, using object-orientated programming concepts to create snakes and ladders has sped the implementation of this program and resulted in an easily maintainable and extensible codebase. For instance, the dice class can be modified to support different die types with the minimal development effort. Functions within the classes have been written with abstraction in mind and can be used for other functions easily. Object-oriented programming eases development speed and code reusability in comparison with functional programming. 
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Elusing System;

{

=
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using System.Collections.Generic;
using System.Ling;

using System.Text;

using System.Text.RegularExpressions;

Elnamespace SnakesNLaddersX

// Game Controller class
3 references
class GameController

t

// Attributes

private int _boardWidth;

private int _boardHeight;

private int _boardChoice;

private List<Player> _totalPlayers;
private List<Transport> _transports;
private bool _isGameComplete;

// Constructors
1 reference
public GameController()

{

. _boardHeight = @;

3 _boardwidth = o;

_totalPlayers = new List<Player>();
{  _transports = new List<Transport>();
}
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// Main program

0 references

static void Main(string[] args)
{
// Create gameController object which contains methods for the game to work
H GameController game = new GameController();

! // Display game intro screen

:  game.GameIntroScreen();

i // Set bool for play again
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//Flayer class
7 references
class Player

{
: // Attributes

H private string _name;

: private char _token;

: private string _colour;

! private int _id;

! private int _score;

: private PlayerPosition _position;
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// Methods

//GetName Method
6 references
public string GetName()

{
et _nane
}

//Set Player Name Method

0 references

public void SetName(string name)
{

| _name = name;

}
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//Snake Class Inherits from Abstract Transport
6 references
class Snake : Transport

{
: //Attributes

i private int _endPosY;
| private int length;
! private char _char;

Class
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// Transport Abstract Class

abstract class Transport

private
private

6 references

{

private
i private
i private
| private

// Attributes

int _startPosX;
int _startPosY;
int _endPosX;
int _endPosY;
int _length;
char _char;
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// Transport Abstract Class
6 references
abstract class Transport

// Attributes

private int _startPosX;
private int _startPosY;
private int _endPosX;
private int _endPosY;
private int _length;
private char _char;

// Constructors
2 references
public Transport(int startX, int startY, int length)

{

_startPosX = startX;
. _startPosY = startY;
! _endPosX = startX;
_endPosY = startY;

| _length = length;

| _char = '~

}

// Methods

// Get EndY position Method

// Polymorphism override for Snakes and Ladders for Ending position of object.
3 references

public virtual int GetEndY()

{

return _endPosY;

}

t
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// Ladder Class Inherits from Abstract Transport Class
6 references
class Ladder : Transport

//Attributes

private int _endPosY;
private int _length;
private char _char;

//Constructors

1 reference

public Ladder(int startX, int startY, int length)
:base(startX, startY, length)

{

_length = length;

_endPosY = startY + length;
. _char = 'L";

}

//Methods

// Override Character method

7 references

public override char GetChar()
{

return _char;

}

//Override EndY Position Method
3 references

public override int GetEndY()

{
return _endPosY;
}

{
}
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B8] C:\Users\omikn\source\repos\Lecture8\bin\Debug\netcoreapp3.1\S
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Invalid number of players, please try again.
Min: 1, Max: 8
Enter the total amount of players




image12.png
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Player 1

Input your name:

12313

Invalid input, try again.

H#H##

Invalid input, try again.

Rich

Accepted

Input a single special character to

represent yourself on the board:
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8] C:\Users\omikn\source\repos\Lecture8\bin\Debug\netcoreapp3.1\SnakesNLaddersX exe - O

Player 1

Input your name:

12313

Invalid input, try again.

HiH

Invalid input, try again.

Rich

Accepted

Input a single special character to represent yourself on the board:
2341231

Invalid character.

pPP

Invalid character.

#

Please choose a colour to represent yourself on the board:

Red: 1, Orange: 2, Yellow: 3, Green: 4, Turquoise: 5, Blue: 6, Purple: 7, Pink: 8
_Choose a number corresponding to the colour.
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8] C:\Users\omikn\source\repos\Lecture8\bin\Debug\netcoreapp3.1\SnakesNLaddersX exe

Player 1

Input your name:

Ric

Accepted

Input a single special character to represent yourself on the board:
#

'please choose a colour to represent yourself on the board:

Red: 1, Orange: 2, Yellow: 3, Green: 4, Turquoise: 5, Blue: 6, Purple: 7, Pink: 8
‘Choose a number corresponding to the colour.

2]

Invalid colour choice, please try again.

(Choose a number corresponding to the colour.

E1

aInvalid colour choice, please try again.

Choose a number corresponding to the colour.
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Player 2

Input your name:

Steve

Accepted

Input a single special character to represent yourself on the board:

Please choose a colour to represent yourself on the board:

Red: 1, Orange: 2, Yellow: 3, Green: 4, Turquoise: 5, Blue: 6, Purple: 7, Pink: 8
Choose a number corresponding to the colour.
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