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[bookmark: _Toc68800797]Introduction/
This document will contain information regarding object oriented programming. It will contain a section that will talk about the importance of object oriented programming and it will also talk about the main concepts of object oriented programming with examples from the code that has been created. There will also be a section that talks about how polymorphism and interfaces have been applied in the 2D board game that was created. There will also be a section which tests the board game to ensure that the polymorphism and interfaces work.

[bookmark: _Toc68800798]The Importance of Object Oriented Programming/
In this section of the report, the importance of object oriented programming will be discussed. This section will also talk about the four main concepts of object oriented programming.
The first thing that will be talked about is the importance of object oriented programming. Object oriented programming is important for many different reasons. The first reason why object oriented programming is important is because of reusability [1]. Reusability is important because it allows you to reuse code without having to rewrite it whenever you want to create something new. This can help to save a lot of time and effort as you will not have to rewrite the code, you can just use the code that has already been created. Another reason why object oriented programming is important is because of problem solving [1]. Object oriented programming is important because it makes it easier to solve problems. This is because all of the code is separated into their own objects. This can make it easy to find the problem as you can just go through each object to find the problem. The final reason that will be talked about is security [1]. Security is the final reason why object oriented programming is important. This is because object oriented programming allows you to make your code more secure by using data hiding to hide important data. This means that people will not be able to view the important data, only the people who write the code. These are some of the reasons why object oriented programming is important.

The first main concept of object oriented programming is abstraction [2]. Abstraction is when you use object oriented programming to hide certain elements [3]. You can use abstraction to ensure that the user can only see certain things. This is an important main concept because you can use it to make sure that the user does not see any sensitive information that is meant to be private. Below is an example of an abstract class. This means that the Player class is a restricted class that cannot create objects. This is the first main concept of object oriented programming.
[image: ]





The second main concept of object oriented programming is Encapsulation [2]. Encapsulation is when you put code in a class to protect it from being accessed from code in other classes [4]. To allow the class to access other classes, you would use public methods which would link to the other classes. Below is an example of encapsulation. This means that the PlayerPosition class is encapsulated but it is linked to the other classes by using methods. This is the second main concept of object oriented programming.
[image: ]







[image: ]The third main concept of object oriented programming is inheritance [2]. Inheritance allows you to inherit fields and methods from one class into another class [5]. Inheritance is a main concept as it allows you to reuse code with ease. You would not have to make new fields and methods when making a new class as you could just inherit them from a class that already contains those fields and methods. Below is an example of inheritance. The ‘GetX’ and ‘GetY’ methods were created in the PlayerPosition class and then the Game class inherited them. This is the third main concept of object oriented programming.
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[image: ]The final main concept of object oriented programming is polymorphism [2]. Polymorphism allows you to create subclasses inside of a class. This means that if you have multiple objects which are the same, you can put them in the same class by using polymorphism instead of making new classes for each object. This can help to save time and effort as you can reuse code instead of rewriting it multiple times [6]. Below is an example of polymorphism. In the Players class, there are two subclasses. These are ‘Player1’ and ‘Player2’. This is the final main concept of object oriented programming.


[bookmark: _Toc68800799]2D Board Game Concepts/
A 2D board game was constructed to demonstrate the use of two concepts. These were polymorphism and interfaces. The board game that was created was tic tac toe.
The first concept that was applied was polymorphism. This was applied in two ways. The first way was to create the players. This is because there are two players so polymorphism was used so both players could be in the same class. The first subclass was called Player1, and the second subclass was called Player2. This helped because it meant that two player classes did not need to be created which meant that there was less code that was needed to make the two players.
The second way that it was applied was to create the counters. This is because there are two counters, X and O. Instead of making two classes for each counter, polymorphism was used so both counters could exist in the same class. The first subclass was called X, and the second subclass was called O. This meant that two counter classes did not need to be created which helped to reduce the amount of code that was needed to create the counters. 
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The second concept that was applied was interfaces. This was used to create the tic tac toe board. Interfaces were used for the board because interfaces only show the important details of an object which is useful when creating a board. First, nine interfaces were created, and they were each given a method name. Then in the Board class, each method was given a WriteLine which displayed a part of the board. 
[image: ][image: ]
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After the polymorphism and interfaces had been created, they needed to be tested. The first test that will be talked about is the player polymorphism. After the player polymorphism was created, it was implemented into the Program class to see if it worked. Three variables were created. The first variable was for the Players class, the second one was for the Player1 subclass, and the third one was for the Player2 subclass. The variables were then linked to the PlayerPick method. Once the program runs, each variable should display the message that is linked to the corresponding class and subclasses. After running the program, each message is displayed correctly which means that the player polymorphism works correctly.
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[image: ]The second test that will be talked about is the counter polymorphism. After the counter polymorphism was created, it was implemented into the Program class to see if it worked. Three variables were created. The first variable was for the Counter class, the second one was for the X class, and the third one was for the O class. The variables were then linked to the CounterPick method. Once the program runs, each variable should display the message that is linked to the corresponding class and subclasses. After running the program, each message is displayed correctly which means that the counter polymorphism works correctly.
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The final test that will be talked about is the board interfaces. After the board interfaces were created, it was implemented into the Program class to see if it worked. One variable was created which was linked to all of the methods that were created in the Board class. Once the program runs, each method should display the part of the board that it corresponds to. After running the program, the board is displayed correctly which means that each method was linked correctly, and the board interfaces works correctly. These were all of the tests that were carried out for the polymorphism and interfaces.
[image: ]
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using System;

namespace BoardGame
{
    class Game // This creates the game class
    {
        private static bool GameEnd; // This creates the bool that ends the game once a player reaches the end

        static void Main(string[] args)
        {
            // Creates game introduction
            Console.WriteLine("Welcome to Snakes and Ladders"); // This displays the opening introduction to the game
            Console.WriteLine("Player 1 = #"); // Displays player 1 counter
            Console.WriteLine("Player 2 = &"); // Displays player 2 counter
            Console.WriteLine("Player 3 = *"); // Displays player 3 counter
            Console.WriteLine("Player 4 = %"); // Displays player 4 counter
            Console.WriteLine("Press any key to start the game"); // Tells player to press key to start game

            Console.ReadKey(); // Pauses the progam until player presses key
            GameDemo(); // Plays the game
        }

        static void GameDemo()
        {
            Board gameBoard = new Board(10, 10, '_'); // This creates a 10x10 board with _ as the tiles
            gameBoard.Display(); // Displays the board
            bool isValid; // Bool to create the snakes and ladders

            // Makes first ladder
            isValid = gameBoard.SetValue(3, 2, 'H');
            isValid = gameBoard.SetValue(3, 3, 'H');
            isValid = gameBoard.SetValue(3, 4, 'H');
            isValid = gameBoard.SetValue(3, 5, 'H');

            // Makes second ladder
            isValid = gameBoard.SetValue(6, 7, 'H');
            isValid = gameBoard.SetValue(5, 8, 'H');
            isValid = gameBoard.SetValue(4, 9, 'H');

            // Makes third ladder
            isValid = gameBoard.SetValue(0, 5, 'H');
            isValid = gameBoard.SetValue(0, 6, 'H');
            isValid = gameBoard.SetValue(0, 7, 'H');

            // Makes first snake
            isValid = gameBoard.SetValue(7, 3, 'S');
            isValid = gameBoard.SetValue(8, 2, 'S');
            isValid = gameBoard.SetValue(9, 1, 'S');

            // Makes Second snake
            isValid = gameBoard.SetValue(9, 8, 'S');
            isValid = gameBoard.SetValue(8, 7, 'S');
            isValid = gameBoard.SetValue(7, 6, 'S');
            isValid = gameBoard.SetValue(6, 5, 'S');

            // Makes third snake
            isValid = gameBoard.SetValue(1, 9, 'S');
            isValid = gameBoard.SetValue(1, 8, 'S');
            isValid = gameBoard.SetValue(1, 7, 'S');
            isValid = gameBoard.SetValue(1, 6, 'S');
            isValid = gameBoard.SetValue(1, 5, 'S');
            isValid = gameBoard.SetValue(1, 4, 'S');
            isValid = gameBoard.SetValue(1, 3, 'S');
            isValid = gameBoard.SetValue(1, 2, 'S');
            isValid = gameBoard.SetValue(1, 1, 'S');

            // Makes the four players
            Player[] players = new Player[4];
            PlayerPosition player1Pos = new PlayerPosition(gameBoard.GetWidth(), gameBoard.GetHeight());
            PlayerPosition player2Pos = new PlayerPosition(gameBoard.GetWidth(), gameBoard.GetHeight());
            PlayerPosition player3Pos = new PlayerPosition(gameBoard.GetWidth(), gameBoard.GetHeight());
            PlayerPosition player4Pos = new PlayerPosition(gameBoard.GetWidth(), gameBoard.GetHeight());


            while (GameEnd == false) // Creates a while loop so players roll and the game does not end until a player wins
            {
                // Player 1
                gameBoard.SetValue(player1Pos.GetX(), player1Pos.GetY(), '_'); // Sets the position for player 1
                player1Pos.ThrowDice(); // Player 1 rolls dice
                Console.WriteLine("Moving player 1 to {0},{1}", player1Pos.GetX(), player1Pos.GetY()); // Displays new position for player 1
                gameBoard.SetValue(player1Pos.GetX(), player1Pos.GetY(), '#'); // Moves player 1 to new position
                if (player1Pos.GetX() == 0) // If player 1 is at 0 on the X axis
                {
                    if (player1Pos.GetY() == 9) // And if player 1 is at 9 on the Y axis
                    {
                        Console.WriteLine("PLAYER 1 WINS!!"); // A message is displayed that says player 1 wins
                        GameEnd = true; // The game will end once the player has won
                    }
                }
                gameBoard.Display(); // Displays the updated board
                System.Threading.Thread.Sleep(1000); // Pauses for 1 second


                // Player 2
                gameBoard.SetValue(player2Pos.GetX(), player2Pos.GetY(), '_'); // Sets the position for player 2
                player2Pos.ThrowDice(); // Player 2 rolls dice
                Console.WriteLine("Moving player 2 to {0},{1}", player2Pos.GetX(), player2Pos.GetY()); // Displays new position for player 2
                gameBoard.SetValue(player2Pos.GetX(), player2Pos.GetY(), '&'); // Moves player 2 to new position
                if (player2Pos.GetX() == 0) // If player 2 is at 0 on the X axis
                {
                    if (player2Pos.GetY() == 9) // And if player 2 is at 9 on the Y axis
                    {
                        Console.WriteLine("PLAYER 2 WINS!!"); // A message is displayed that says player 2 wins
                        GameEnd = true; // The game will end once the player has won
                    }
                }
                gameBoard.Display(); // Displays the updated board
                System.Threading.Thread.Sleep(1000); // Pauses for 1 second


                // Player 3
                gameBoard.SetValue(player3Pos.GetX(), player3Pos.GetY(), '_'); // Sets the position for player 3
                player3Pos.ThrowDice(); // Player 3 rolls dice
                Console.WriteLine("Moving player 3 to {0},{1}", player3Pos.GetX(), player3Pos.GetY()); // Displays new position for player 3
                gameBoard.SetValue(player3Pos.GetX(), player3Pos.GetY(), '*'); // Moves player 3 to new position
                if (player3Pos.GetX() == 0) // If player 3 is at 0 on the X axis
                {
                    if (player3Pos.GetY() == 9) // And if player 3 is at 9 on the Y axis
                    {
                        Console.WriteLine("PLAYER 3 WINS!!"); // A message is displayed that says player 3 wins
                        GameEnd = true; // The game will end once the player has won
                    }
                }
                gameBoard.Display(); // Displays the updated board
                System.Threading.Thread.Sleep(1000); // Pauses for 1 second


                // Player 4
                gameBoard.SetValue(player4Pos.GetX(), player4Pos.GetY(), '_'); // Sets the position for player 4
                player4Pos.ThrowDice(); // Player 4 rolls dice
                Console.WriteLine("Moving player 4 to {0},{1}", player4Pos.GetX(), player4Pos.GetY()); // Displays new position for player 4
                gameBoard.SetValue(player4Pos.GetX(), player4Pos.GetY(), '%'); // Moves player 4 to new position
                if (player4Pos.GetX() == 0) // If player 4 is at 0 on the X axis
                {
                    if (player4Pos.GetY() == 9) // And if player 4 is at 9 on the Y axis
                    {
                        Console.WriteLine("PLAYER 4 WINS!!"); // A message is displayed that says player 4 wins
                        GameEnd = true; // The game will end once the player has won
                    }
                }
                gameBoard.Display(); // Displays the updated board
                System.Threading.Thread.Sleep(1000); // Pauses for 1 second
            }
        }
    }
}
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using System;
using System.Collections.Generic;
using System.Text;

namespace BoardGame
{
   abstract class Player // This creates the Player class
    {
        // Attributes
        private string _PlayerName; // Player name attribute
        private char _PlayerCounter;  // Player counter attribute
        private int _PlayerScore;  // Player current score attribute

        // Constructor
        public Player(string PlayerName, char PlayerCounter, PlayerPosition playerPosition)
        {
            _PlayerName = PlayerName; // Sets the value for the player name
            _PlayerCounter = PlayerCounter; // Sets the value for the player counter         
        }

        string IntToString(int PlayerScore) // Changes player currnet score from an integer to string
        {
            return PlayerScore.ToString();
        }
    }
}
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using System;
using System.Collections.Generic;
using System.Text;

namespace BoardGame
{
    class Board     // This creates the board class
    {
        // Attributes
        private char[,] _board; // Board attribute
        private int _width; // Board width attribute
        private int _height; // Board height attribute
        private char _reset;    // Represents empty cell on board

        // Constructors
        public Board(int width, int height, char resetChar)
        {
            _width = width; // Sets the value for the width   
            _height = height; // Sets the value for the height  
            _reset = resetChar; // Sets the value for the empty cells
            _board = new char[_width, _height]; // Sets the value for the board
            Reset();  // Empties the board
        }

        // Properties

        // Methods
        public int GetWidth() // Creates the GetWidth integer to get the width of the board
        {
            return _width;
        }

        public int GetHeight() // Creates the GetHeight integer to get the width of the board
        {
            return _height;
        }

        public void Reset() // Creates the Reset void to fil the board with empty cells
        {
            for (int y = 0; y < _height; y++)
            {
                for (int x = 0; x < _width; x++)
                {
                    _board[x, y] = _reset;  // Fills the board with "empty" cell char
                }
            }
        }

        public void Display() // Displays the board
        {
            for (int y = _height - 1; y >= 0; y--)
            {
                for (int x = 0; x < _width; x++)
                {
                    Console.Write("{0} ", _board[x, y]);
                }
                Console.WriteLine();  // Move to next line at end of row
            }
        }

        public bool IsValidPosition(int x, int y) // Checks to see if the provided position is legal
        {
            if (x >= 0 && x < _width)
            {
                if (y >= 0 && y < _height)
                {
                    return true;
                }
            }
            return false;
        }

        public bool SetValue(int x, int y, char value) // If the position is legal it sets the value
        {
            if (IsValidPosition(x, y) == true)
            {
                _board[x, y] = value;
                return true;
            }
            return false;
        }

        public bool GetValue(int x, int y, out char value)
        {
            value = ' '; // This is to avoid a compile error
            if (IsValidPosition(x, y) == true)
            {
                value = _board[x, y];
                return true;
            }
            return false;
        }

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

namespace BoardGame
{
    class PlayerPosition // This creates the PlayerPosition class
    {
        // Attributes
        private int _position; // Position attribute
        private int _boardWidth; // Board width attribute
        private int _boardHeight; // Board height attribute
        private static Random _rnd = new Random(); // Random number attribute

        // Constructor
        public PlayerPosition(int boardWidth, int boardHeight)
        {
            _position = 0; // Sets the value for the position
            _boardWidth = boardWidth; // Sets the value for the board width
            _boardHeight = boardHeight; // Sets the value for the board height
        }

        // Properties

        // Methods
        public int GetX() // Creates the GetX integer to get the players X axis position
        {
            // Odd rows are traversed right to left
            return GetY() % 2 == 1 ? ((_boardWidth - 1) - _position % _boardWidth) : (_position % _boardWidth);
        }

        public int GetY() // Creates the GetY integer to get the players Y axis position
        {
            return _position / _boardWidth;
        }

        public void ThrowDice() // Creates the dice
        {
            int diceValue = _rnd.Next(0, 6) + 1; // Random number is chosen between 1 and 6 to represent the dice       
            Console.WriteLine("Dice thrown {0}", diceValue); // Displays the random number
            if ((_position + diceValue) < (_boardWidth * _boardHeight)) // Moves the player based on the random number
            {
                _position = _position + diceValue;
            }
        }
    }
}
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using System;

namespace TicTacToe
{
    class Program // This creates the Program class
    {
        static void Main(string[] args)
        {
            Console.WriteLine("Welcome to Tic Tac Toe!"); // Displays introduction
            Console.WriteLine("\n");

            Players myPlayers = new Players(); // Displays the Players Class information
            Players myP1 = new Player1();
            Players myP2 = new Player2();
            myPlayers.PlayerPick();
            myP1.PlayerPick();
            myP2.PlayerPick();
            Console.WriteLine("\n");

            Counter myCounters = new Counter(); // Displays the Counter Class information
            Counter myX = new X();
            Counter myO = new O();
            myCounters.CounterPick();
            myX.CounterPick();
            myO.CounterPick();
            Console.WriteLine("\n");

            Board myObj = new Board(); // Displays the board
            myObj.myFirstMethod();
            myObj.mySecondMethod();
            myObj.myThirdMethod();
            myObj.myFourthMethod();
            myObj.myFifthMethod();
            myObj.mySixthMethod();
            myObj.mySeventhMethod();
            myObj.myEighthMethod();
            myObj.myNinthMethod();
        }
    }
}
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using System;
using System.Collections.Generic;
using System.Text;

namespace TicTacToe
{
    class Players // This creates the Players class
    {
        public virtual void PlayerPick()  // This creates the PlayerPick method
        {
            Console.WriteLine("There are two players"); // Writeline for CounterPick method
        }
    }

    class Player1 : Players // Creates first subclass
    {
        public override void PlayerPick()
        {
            Console.WriteLine("Player 1"); // Player 1 message
        }
    }

    class Player2 : Players // Creates second subclass
    {
        public override void PlayerPick()
        {
            Console.WriteLine("Player 2"); // Player 2 message
        }
    }
}
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using System;
using System.Collections.Generic;
using System.Text;

namespace TicTacToe
{
    class Counter // This creates the Counter class
    {
        public virtual void CounterPick() // This creates the CounterPick method
        {
            Console.WriteLine("X and O are the counters"); // Writeline for CounterPick method
        }
    }

    class X : Counter // Creates first subclass
    {
        public override void CounterPick()
        {
            Console.WriteLine("Player 1 is X"); // X counter message
        }
    }

    class O : Counter // Creates second subclass
    {
        public override void CounterPick()
        {
            Console.WriteLine("Player 2 is O"); // O counter message
        }
    }
}
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using System;
using System.Collections.Generic;
using System.Text;

namespace TicTacToe
{
    interface IFirstInterface // First interface
    {
        void myFirstMethod(); // First interface method
    }
    interface ISecondInterface // Second interface
    {
        void mySecondMethod(); // Second interface method
    }
    interface IThirdInterface // Third interface
    {
        void myThirdMethod(); // Third interface method
    }
    interface IFourthInterface // Fourth interface
    {
        void myFourthMethod(); // Fourth interface method
    }
    interface IFifthInterface // Fifth interface
    {
        void myFifthMethod(); // Fifth interface method
    }
    interface ISixthInterface // Sixth interface
    {
        void mySixthMethod(); // Sixth interface method
    }
    interface ISeventhInterface // Seventh interface
    {
        void mySeventhMethod(); // Seventh interface method
    }
    interface IEighthInterface // Eighth interface
    {
        void myEighthMethod(); // Eighth interface method
    }
    interface INinthInterface // Ninth interface
    {
        void myNinthMethod(); // Ninth interface method
    }

    // This creates the board for the game
    class Board : IFirstInterface, ISecondInterface, IThirdInterface, IFourthInterface, IFifthInterface, 
                  ISixthInterface, ISeventhInterface, IEighthInterface, INinthInterface  // This creates the Board class
    {
        static char[] arr = { '0', '1', '2', '3', '4', '5', '6', '7', '8', '9' }; // Array for the squares in the board

        public void myFirstMethod()
        {
            Console.WriteLine("     |     |      "); // Creates part of the board for each method
        }
        public void mySecondMethod()
        {
            Console.WriteLine("  {0}  |  {1}  |  {2}  ", arr[1], arr[2], arr[3]); // Adds the array to each square in the board
        }
        public void myThirdMethod()
        {
            Console.WriteLine("_____|_____|_____ ");
        }
        public void myFourthMethod()
        {
            Console.WriteLine("     |     |      ");
        }
        public void myFifthMethod()
        {
            Console.WriteLine("  {0}  |  {1}  |  {2}  ", arr[4], arr[5], arr[6]);
        }
        public void mySixthMethod()
        {
            Console.WriteLine("_____|_____|_____ ");
        }
        public void mySeventhMethod()
        {
            Console.WriteLine("     |     |      ");
        }
        public void myEighthMethod()
        {
            Console.WriteLine("  {0}  |  {1}  |  {2}  ", arr[7], arr[8], arr[9]);
        }
        public void myNinthMethod()
        {
            Console.WriteLine("     |     |      ");
        }

    }
}
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Players myPlayers = new Players();
Players myP1 = new Playerl();
Players myP2 = new Player2();
myPlayers.PlayerPick();
myP1.PlayerPick();
myP2.PlayerPick();
Console.WriteLine("\n");
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X and O are the counters
Player 1 is X
Player 2 is O
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Counter myCounters = new Counter();
Counter myX = new X(
Counter my0 = new 0();
myCounters. CounterPick();
myX. CounterPick();
my0. CounterPick();
Console.WriteLine("\n";
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= [EEEnces

‘bstract class Player // This crestes the Player class

i
{1/ Attributes

private string PlayerName; // Player name attribute
| private char _playerCounter; // Player counter attribute
private int PlayerScore; // Player current score attribute

1/ Constructor
p—
public Player(string PlayerNiame, char PlayerCounter, PlayerPosition playerPosition)

_Playertiame = PlayerName; // Sets the value for the player name
PlayerCounter = PlayerCounter; // Sets the value for the player counter
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class PlayerPosition // This creates the PlayerPosition class

€

11 Attributes
private int _position; // Position attribute

private int _poardWidth; // Board width attribute

private int _poardHeignt; // Board heignt attribute

private static Random _rnd = new Random(); // Random number attribute

1/ Constructor

arsersnces
pub!

€

_position
| boarauidth

 Playerposition(int boardWidth, int boardHeight)

11 Sets the value for the position
boarduidth; // Sets the value for the board width

ZboardHeight = boardHeight; // Sets the value for the board height

b3

11 Properties

11 vethods
e —
public int
€
/1 0dd
return
b3

7 reerences
public int
€

return
b3

GetX() // Creates the GetX integer to get the players X axis position
Fous are traversed right to left
Get¥() % 2 == 1 2 ((_boardkidth - 1) - _position % boardWidth) : (position % _boardWidth);

Get¥() // Creates the GetY integer to get the players Y axis position

_position / _boarduidth;
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public int GetX() // Creates the GetX integer to get the players X axis position
€

1/ 0d rous are traversed right to left

return GetY() % 2 == 1 2 ((_boardwidth - 1) - _position % _boardWidth) : (_position % _boarduidth);

b3

7 reerences
public int Get¥() // Creates the GetY integer to get the players Y axis position
€

¥

return _position / _boardidth;




