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Introduction
Object-oriented programming (OOP) is a programming technique that uses classes and objects that contain code and data. This report will describe the main concepts of OOP, how they are indented to be used and examples of their use. OOP is an important technique in order to program effectively and efficiently. There are many advantages of OOP, these will be showcased in order to show the importance of OOP.
Classes and Objects
The main concepts of OOP consists of the objects and classes as stated in [1]. Classes which are user-defined data types which hold objects and methods. Classes must be made before objects can be created an example of a object in the connect 4 game would be the gameBoard which is an object of the Board class this allows all the methods of the class to be used. To be able to access the data and methods in a class, objects must be created. [2]
Methods and attributes 
Methods are functions used inside the class. Methods are used to modify or define the objects that are crated from the class. Attributes are the types of data inside a class or an object. 
Figure 1 is the player class for the Connect 4 game. This holds the attributes of the player which in this case are the players name, the players ID and the players score. This class also holds the methods that define attributes of player object and allow the attributes of the player object to be modified.
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Figure 1: Player Class
Shown in figure 2 are the what each method will preform when called by the object in the main. A constructor is a method that is called when an object is first created. It sets the initial values of the attributes for the object. An example of how this is used is in in the connect 4 game when a player object is created the score of that player is set to 0 because the players should always start the game with a score of 0. This can be chanced by using methods like the InrementScore method where it will increase the score each time it is called. 
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Figure 2: Player Methods
Access Specifiers and Encapsulation
There are three access specifiers in C++, Public, Private and Protected. These are used to allow chosen attributes and methods to be accessed. Public is used when the attributes and methods can be accessed where as private cannot be accessed outside of the class. Protected allows access by only the inherited classes. Encapsulation prevents data from being accessed outside of the class and only allow access by using set and get methods win the class, this is a way of achieving data hiding. In order to access the private methods outside of the class, get and set methods can be set in the public part of the class. In the connect 4 game a good example of how this is used is the players score is accessible from outside of the class using a method allowing the users to see the current scores, but they are not able to change the scores, this is done automatically after one of the players win. Another example of this is in the Board class the only way the users can change the board is when the method GetMove or ClearBoard is called and the DisplayBoard method allows anyone to see the current board.
 Inheritance and Polymorphism
The inheritance allows derived classes to use the all functionality of the base class. As stated here [3] polymorphism is one of the key features of OOP. Polymorphism takes advantage of inheritance by inheriting the methods and attributes of a base class and make them preform different tasks depending on what class the method is called from. An example of how this is used in the connect 4 game as shown in figure 3 the base class is the Menu class ant the derived classes are Rules and Goodbye and both of these classes have inherited the DisplayMessage method. When the DisplayMessage method is called polymorphism is used to change the message depending on what class the object calling the method is from.
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Figure 3: Inheritance
Importance of OOP
There are many advantages of OOP and reasons why it is important for programmers. With the use of classes this enables the programmer to reuse the code this saves time as allows the class to be used as many times as needed. An example of this in the connect 4 game is there is two players and rather that create each player from scratch, the player object is used in order to ensure each player has the correct properties. With larger projects these become more useful as you could have 100+ players. If required the code could easily be used for another project because classes are independent from the rest of the code the data and methods could be used again. 
Not only can the one class be used multiple times the code can also be reused through inheritance by creating a generic base class. The derived classes will then inherit the attributes and methods from the parent class. As well as reducing development time this can ensure consistency as well as a high level of accuracy. Therefore as explained by Chisholm, Al [4] OOP can produce better code. 
Classes can also be modified if any maintenance of changes needed to be made after the program has been created. As JehadAl Dallal [5] explains using classes that are easily maintainable can lower costs and efforts in the future.
Encapsulation and data hiding makes collaborating easier by only allowing limited data to be accessed therefore the data that should not be changed will be secure and only changed where get and set methods are in place. Data abstraction also helps with securing the data because you can decide what data should be hidden or available dependant on the requirements of the task. Collaboration is also made easier by the fact that OOP is easier to understand by others if used correctly [6].
Troubleshooting is made easier when using OOP because the error will be easier to find because of encapsulation. Rather than looking through the whole code for the error the error will be easily spotted.
Using OOP can help with problem solving by breaking one big problem into smaller bite sized problems. This is done by dealing with one object at a time which makes dealing with the problem less complicated. These object could also be used towards solving another part of the problem.
Conclusion
In summary there are many important aspects to OOP by using classes and objects. OOP is a important part of programming to understand in order to have easily reusable code and overall an easier, more understandable way of programming.
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	Test number
	Test name
	Result of test
	Pass or fail

	1
	Enter players name and display the names
	The name the users entered were displayed correctly regardless of there being a space or a number being input. 
	Pass
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	2
	Menu options with in range inputs
	The correct output is displayed depending on the users input.
	Pass
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	3
	Menu option out of range or not a int
	The user was prompted to enter a number between 1 and 4.
	Pass
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	4
	Menu option not an int
	The program would loop until the program is closed.
	Fail
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	5
	Menu option not an int
	The user was prompted to enter a number between 1 and 4.
	Pass
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	6
	User input not an int or out of range
	The user will be prompted to enter the number again if they choose a number out of range or if they don’t use an int.
	Pass
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	7
	Counter goes in correct position
	Either a ‘x’ or an ‘o’ depending on the player falls into the players selected position.
	Pass
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	8
	Alternate turns
	The turns alternate from player 1 to player 2.
	Pass
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	9
	Vertical win
	Player wins if 4 of the same counters are connected vertically.
	Pass
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	10
	Horizontal win
	Player wins if 4 of the same counters are connected horizontally.
	Pass
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	11
	Diagonal win
	Player wins if 4 of the same counters are connected diagonally.
	Pass
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	12
	Score increases after every round
	The score gets increased at the end of every game depending on who won. (Displayed in tests 9,10 and 11 above)
	Pass


	

	13
	View the updated scores in the menu
	The user gets to see the current scores in the menu.
	Pass
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	14
	Play another game
	The menu is displayed after a game is finished allowing players to play again.
	Pass
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	15
	Column full
	If a column of the board is full it will prompt the user to select another column.
	Pass
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	16
	Board full
	The game will end and menu will be displayed. The scores will not be increased for either player.
	Pass
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	17
	Clear the board after the previous game
	If the players want to play another game the board will be cleared allowing them to play again. 
	Pass
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	18
	Clear the screen after each turn
	All previous boards are displayed on the console.
	Fail
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	19
	Clear the screen after each turn
	The board is be displayed after every turn but the previous board will not be displayed. 
I used system("CLS"); in order to fix the issue above.
	Pass
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Appendix
Video Demo Link
https://youtu.be/EhBm-7DBhD4
Copy of game code
 Source.cpp
#include <string>
#include <iostream>
#include <sstream>

#include "Player.h"
#include "Menu.h"
#include "Board.h"
#include "Rules.h"
#include "Goodbye.h"

using namespace std;

int main(int argc, char** argv)
{
	
	Menu mainMenu;
	mainMenu.DisplayMessage();
	Player* player1 = new Player(); //Creates a new player object
	player1->SetID(1); //sets the Players ID to 1 in order to know whether to drop an 'x' or 'o'
	player1->SetName();
	cout << "Player " << player1->GetID() << ": " << player1->GetName() << endl;
	Player* player2 = new Player();
	player2->SetID(2);
	player2->SetName();
	cout << "Player " << player2->GetID() << ": " << player2->GetName() << endl;
	
	while (mainMenu.GetMenuChoice() != 4)
	{
		mainMenu.DisplayMenu();
		mainMenu.SetMenuChoice();
		Rules showRules;
		Board gameBoard;

		if (mainMenu.GetMenuChoice() == 1)
		{
			gameBoard.DisplayBoard();
			cout << "\n";

			for (int i = 0; i < 42; i++) //game plays untill all slots are full
			{
				cout << "Player " << (i % 2) + 1 << " turn" << endl; //displays who's turn it is
				gameBoard.GetMove((i % 2) + 1);
				system("CLS");
				gameBoard.DisplayBoard();
				if (gameBoard.CheckWin((i % 2) + 1) == true) //checks if a winner is found 
				{
					cout << "Player " << (i % 2) + 1 << " wins" << endl;
					if ((i % 2) + 1 == player1->GetID())
					{
						player1->IncrementScore();
					}
					else
					{
						player2->IncrementScore();
					}
					cout << "\nPlayer 1 " << player1->GetName()	 << " score: " << player1->DisplayScore() << endl;
					cout << "Player 2 " << player2->GetName()	 << " score: " << player2->DisplayScore() << endl;
					break;

				}
			}
		}
		else if (mainMenu.GetMenuChoice() == 2)
		{
			showRules.DisplayMessage();
		}
		else if (mainMenu.GetMenuChoice() == 3)
		{
			cout << "\nPlayer 1 " << player1->GetName() << " score: " << player1->DisplayScore() << endl;
			cout << "Player 2 " << player2->GetName() << " score: " << player2->DisplayScore() << endl;
		}
		else if (mainMenu.GetMenuChoice() == 4)
		{
			break;
		}
		else
		{
			cout << "Please enter either number 1, 2, 3 or 4: " << endl;
		}
		

		gameBoard.ClearBoard();
	}
	
	Goodbye endMessage;
	endMessage.DisplayMessage();

	delete player1;
	delete player2;

	return 0;
}
Player.cpp
#include "Player.h"

using namespace std;

Player::Player()
{
	_pID = 0;
	_score = 0;
}

string Player::GetName()
{
	return _pName;
}

void Player::SetName()
{
	cout << "\nPlayer " << _pID << " Please enter your name: ";
	getline(cin, _pName);	
}

int Player::GetID()
{
	return _pID;
}

void Player::SetID(int pID)
{
	_pID = pID;
}

int Player::DisplayScore()
{
	return _score;
}

void Player::IncrementScore()
{
	_score++;
}
Player.h
#pragma once
#include <string>
#include <iostream>
#include <sstream>

using namespace std;

class Player
{

public:
	Player();

	string GetName();
	void SetName();
	
	int GetID();
	void SetID(int pID);

	int DisplayScore();
	void IncrementScore();

private:
	string _pName;
	int _pID;
	int _score;
};

Board.cpp
#include "Board.h"

Board::Board()
{
	for (int i = 0; i < 6; i++)
	{

		for (int j = 0; j < 7; j++)
		{
			_board[i][j] = 0;
		}
	}
}

void Board::DisplayBoard()
{
	cout << " 1  2  3  4  5  6  7" << endl;
	for (int i = 0; i < 6; i++)
	{
		
		for (int j = 0; j < 7; j++)
		{
			cout << "| ";
			if (_board[i][j] == 0) cout << " "; //fills board with empty spaces
			else if (_board[i][j] == 1) cout << "X";//puts X if player1 drops a piece
			else if (_board[i][j] == 2) cout << "O"; //puts O if player1 drops a piece
		}
		cout << "\n---------------------" << endl;
		
	}
	
}

void Board::ClearBoard()
{
	for (int i = 0; i < 6; i++)
	{

		for (int j = 0; j < 7; j++)
		{
			_board[i][j] = 0; //sets the board back to 0's ready for another game
		}

	}
}

void Board::GetMove(int pID)
{
	
	int counter;
	cout << "Where would you like to place your counter? (1-7)\n";
	while (!(cin >> counter) || counter > 7 || counter < 1)//Makes sure users choice is a int between 1 and 7
	{
		cout << "\nPlease select a number between 1 and 7: ";

		cin.clear();

		cin.ignore(100, '\n');
	}
	int number = 0;
	while (_board[5 - number][(counter - 1)] != 0)
	{
		number++;
		if (number > 5)//checks to see if column is full
		{
			cout << "\nNo room left in that cloumn please select again: ";
			cin >> counter;
			number = 0; 
		}
	};
	_board[5 - number][counter - 1] = pID;//updates position on the board
}



bool Board::CheckWin(int pID)
{
	int player;

	player = pID;
	
	// Checks horizontal
	for (int i = 0; i < 6; i++) {
		for (int j = 0; j < 4; j++) {
			if (_board[i][j] == player && _board[i][j + 1] == player && _board[i][j + 2] == player && _board[i][j + 3] == player) {
				return true;
			}
		}
	}
	// Checks vertical
	for (int i = 0; i < 3; i++) {
		for (int j = 0; j < 7; j++) {
			if (_board[i][j] == player && _board[i + 1][j] == player && _board[i + 2][j] == player && _board[i + 3][j] == player) {
				return true;
			}
		}
	}
	// Checks / diagonal
	for (int i = 3; i < 6; i++) {
		for (int j = 0; j < 4; j++) {
			if (_board[i][j] == player && _board[i - 1][j + 1] == player && _board[i - 2][j + 2] == player && _board[i - 3][j + 3] == player)
				return true;
		}
	}
	// Checks \ diagonal
	for (int i = 3; i < 6; i++) {
		for (int j = 3; j < 7; j++) {
			if (_board[i][j] == player && _board[i - 1][j - 1] == player && _board[i - 2][j - 2] == player && _board[i - 3][j - 3] == player)
				return true;
		}
	}
	return false;
	
}
Board.h
#pragma once
#include <iostream>
#include "Player.h"

using namespace std;
class Board
{

public:
	
	Board();
	void DisplayBoard();
	void ClearBoard();

	void GetMove(int pID);

	bool CheckWin(int pID);
	
private:
	
	int _board[6][7];
};

Menu.cpp
#include "Menu.h"

Menu::Menu()
{
	_menuChoice = 0;
}

void Menu::DisplayMessage()
{
	cout << "------------------------------------" << endl;
	cout << "         WELCOME TO CONNECT 4!      " << endl;
	cout << "------------------------------------" << endl;
}

void Menu::DisplayMenu()
{
	cout << "\nPress 1 to start a game" << endl;
	cout << "Press 2 to view rules" << endl;
	cout << "Press 3 to view the current scores" << endl;
	cout << "Press 4 leave the game" << endl;
}

int Menu::GetMenuChoice()
{
	return _menuChoice;
}

void Menu::SetMenuChoice()
{
	cout << "Enter your option: ";
	while (!(cin >> _menuChoice)) //Asks user for menu choice if its not a int ask again
	{
		cout << "\nPlease enter number 1, 2, 3 or 4: ";

		cin.clear();

		cin.ignore(100, '\n');
	}
	
}
Menu.h
#pragma once

#include <string>
#include <iostream>
#include <sstream>

using namespace std;

class Menu
{
public:
	
	Menu();

	void DisplayMessage();
	void DisplayMenu();

	int GetMenuChoice();
	void SetMenuChoice();

private:
	
	int _menuChoice;

};
Rules.cpp
#include "Rules.h"

void Rules::DisplayMessage()
{
	cout << endl << "Rules:" << endl;
	cout << "1. Players will take turns dropping counters on the board " << endl;
	cout << "2. Pick a column number beetween 1-7 to drop your piece" << endl;
	cout << "3. Keep dropping pieces until you Connect 4!" << endl << endl;
}
Rules.h
#pragma once
#include "Menu.h"
class Rules : public Menu
{
public:
	void DisplayMessage();
};
Goodbye.cpp
#include "Goodbye.h"

void Goodbye::DisplayMessage()
{

	cout << "\nThank you for playing Connect 4" << endl;
	cout << "Hope you come back to play again" << endl;
	cout << "------------------------------------" << endl;
	cout << "               GOODBYE              " << endl;
	cout << "------------------------------------" << endl;

}
Goodbye.h
#pragma once
#include "Menu.h"
class Goodbye : public Menu
{
public:
	void DisplayMessage();
};
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Player 2 turn
where would you like to place your counter? (1-7)
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Hclass Player

{

public:
Player();

string GetName();
void Sethame();

int GetID();
void SetID(int pID);

int DisplayScore();
void IncrementScore();

privat
! string _pName;
int _pID;
int _score;
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BPlayer: :Player()

{
i _pID
© Zscore
3
Hstring Player::GetName()
{
| return _pName;
3

Bvoid Player

{

| cout << "\nPlayer " << _pID <<
| getline(cin, _pName);

SetName()

Please enter your name: °;

return _score;

}

Blvoid Player::Incrementscore()

{

_scores+;
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Class Menu

public:

Menu(;

void DisplayMessage();
‘void DispiayMenu();
it GetMenuChoice();
void SetMenuChoice();

private:

int_menuChoice;
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WELCOME TO CONNECT 4!

Player 1 Please enter your name: Leon
Player 1: Leon

Player 2 Please enter your name: Louisha
Player 2: Louisha
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WELCOME TO CONNECT 4!

Player
Player

Player
Player

1 Please enter your name:

1: Leon Mathias

2 Please enter your name:

2: 123is my name!

Leon Mathias

123is my name!




