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[bookmark: _Toc503191919][bookmark: _Toc503192157][bookmark: _Toc509007833]1. Introduction
This report has been produced to provide an overview of troubleshooting and to provide an insight into the required code for programming II.

[bookmark: _Toc509007834]2. Problem Solving
One of the main problem-solving techniques used it to sub-divide problems into functions and use those functions to build code [1, p. 278] – the main / source code should read like a story with a beginning and an end, with functions and methods in between so someone can easily interpret what is going on.
	If presented with a big problem, it is worth looking at it and concentrating on smaller problems first, so make sure the requirements are thoroughly understood and then list all potential problems from smallest to largest, work on those individually and store them in a file called ‘functions’ for example, then put them together to build the final project. For example, if there is a requirement to read a string in from the end user, the user will know to implement a function that may be ReadString(), that takes in a string and performs an action with it.
	If something is required to be done for example, with mathematics, then the user may build a function to take in two numbers and return them, or even 2 functions – 1 to read in numbers, and 1 to perform an action with those numbers.
[bookmark: _Toc509007835]3. Testing
When running the provided code, 3 main bugs were identified:
· Quit function not working as expected
· Display breaks if total is greater than 9
· User can enter a letter with a number, which is an incorrect menu selection
The 3 bugs have been fixed, and methods outlined below. Code for this program is included in Appendix 4A.

[bookmark: _Toc509007836]3.1 Quit Function
Testing the quit function is included in Appendix 1A.
The original quit function would only exit the program if the user specifically entered “YES” as show in Appendix 1B. A modification to the code to include other conditions such as “Y”, “y”, “Yes” and “yes”, allows this code to work without the user having to guess what the correct word is or without force closing the application. 
After re-testing, this now works with the above conditions as outlined in Appendix 1C.

[bookmark: _Toc509007837]3.2 Display Total
The tests for this section are shown in appendix 2A.
The total display would go onto a new line if the amount of numbers is 2 digits or higher, as show in Appendix 2B. 
	The way this was solved was to count the number of characters per line in the display and using the number of digits, of the total number by using sprintf to write the data as a string to a new char array, then calculating the size of that char array. 
	The first half of the display is printed, then the amount of spaces is calculated by halving the total count of ‘#’ characters and subtracting the length of the array divided by 2, the result is then printed as an integer value.
	Originally if the total digits was an even number; 2, 4, 6, etc… then this would indent a ‘#’ character as it wouldn’t count enough spaces, again shown in Appendix 2B.
	To fix this problem (shown in Appendix 2C, both an odd and even number of digits show correctly), a basic modulus check was used to see if the length was divisible by two, if it was then it is an even number and within that conditional check it would print out an extra blank space after printing out the total.
	One more loop was implemented to print out blank spaces for the same length as the first loop.

[bookmark: _Toc509007838]3.3 User Entry (Number Only)
Tests for this bug are included in Appendix 3A.
The third problem encountered with this code was allowing the user to enter a character, or two or more characters such as ‘1a’, ‘a1’ as shown in Appendix 3B.
	These are not correct menu options, although it went through to the switch statement ok.
	To counter this, within the ReadInteger() function it was decided to read in the user input as a string and store it within a char array, rather than as an integer. By doing this it is possible to implement a loop to check through each index of the array and utilise a check called “isdigit” [1, p. 69][2]. 
	To perform this loop, it is required to get the string length of the char array. With this value, stored as length, the loop will run until the end of the array.
	If !isdigit (not isdigit) returns true, the loop will set the value of the increment to the value of length, to stop it running the loop and it will return 0, or false.
	If the loop completes, then every element of the array must be a digit, or integer value, so it then converts this from string to long int using the “strtol” function [3]. This function takes in the string, it requires an end reference (this is the NULL terminator in this case as it’s only one string being used) and requires a base to convert to – in this case, base 10. The integer is then passed back to the ReadNumber() function. This now works as per Appendix 3C.
	The GetTotal() function was re-written to check if the return value was a 0, as it was still accepting characters. This now stores the value in another temporary variable and that value is added to the total, then the value is reset.

[bookmark: _Toc509007839]4. Exercises
Tasked with several exercises, within this section will be the approaches taken to complete said tasks.

[bookmark: _Toc509007840]4.1 Exercise 1 -  Identifying Problems
The problems identified with exercise 1, and listed in order from easiest to hardest to resolve are:
· Display message such as “You won” or “You lost”
· Ask user to input a number
· Increment guess
· Generate a random number
· Check if guess == number
· If guess = 5, quit
· Check if number positive or negative
· Check if number within 10
· Check if number within 5
· Check if number within 2

From the above list, it is possible to determine what the user can set up as a function and what may be used in their code such as printf, scanf, conditional checks, loops, etc... 
For example, to display a message the user knows they will need to use a printf statement to output to the console. 
To ask the user for a number, they will need to use print to ask for a number and use scanf to get and store the number.
	To increment the guess the user would need to implement a loop and increase the guess each time they fail to guess the number.
The conditional checks were listed as most difficult to implement as it requires multiple checks for if the number is within 10, if it is then check if it is within 5, if it is check if it is within 2. If not, then it would print out the relevant method.
The code has been supplied in Appendix 4B along with screenshots of this working.

[bookmark: _Toc509007841]4.2 Exercise 2 – Mapping Problem Space to Code
Unfortunately due to time constraints and problems getting original code to run, this has not been completed, however looking at the brief this could be implemented, much like in section 3.3, where the numbers are scanned as a string, a loop to check if the index is a ‘-‘ or any other char and return either a true or false.

[bookmark: _Toc509007842]4.3 Exercise 3 – Connect Four
For Connect Four to work, it must have basic functionality such as a grid, 2 players, and a win condition. Looking at the overall picture, the program was broken down into several steps or problems.
	From easiest to hardest, these were decided:
· Draw a grid
· Ask user for column to insert counter
· Fill grid
· Create player
· Change player from 1 to 2, or 2 to 1
· While loop for win == false
· Check if entry valid
· Check if column full
· Check what row / check if below already has a counter
· Check if 4 in a row horizontal
· Check if 4 in a row vertical
· Check if 4 in a row diagonal
· Extras: Colours

As referenced in section 4.1, the easiest problems to concentrate on are to output to console or to request user information.
	The checks were thought to be hardest as it would again contain multiple nested statements, and the diagonal check would be the most difficult as the code was implemented in a for loop to check each element of the array, it quickly became apparent that whenever the column count started at 0 again it would unnecessarily mark elements as the required value.
	To combat this, the conditions checked the current column value versus the maximum column value set in the pre-compiled definition, or the minimum (0). This would then check the next column with an offset of 1, 2, or 3 (+1/2/3 for top left to bottom right, -1/2/3 for bottom left to top right).
	For the player and the grid, a class was chosen to represent these objects, and the player object is passed, or referenced, into the grid class to utilise the property of player to use the player number for various methods such as printing out the player number and for placing a counter on the board.
	The extra feature that was implemented was the colours for the game. The gameboard colour is blue, and each player has either red or yellow counters [4].
	Code for this exercise is in Appendix 4C.
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[3]	“strtol - C++ Reference.” [Online]. Available: http://www.cplusplus.com/reference/cstdlib/strtol/. [Accessed: 16-Mar-2018].
[4]	“windows - how to change colour of a specific output on console in c++ - Stack Overflow.” [Online]. Available: https://stackoverflow.com/questions/30645675/how-to-change-colour-of-a-specific-output-on-console-in-c. [Accessed: 16-Mar-2018].



[bookmark: _Toc509007843]Appendix 1A
	1
	User tries to quit

	Description
	The user selects 3 to quit, is then asked if they want to quit.



	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	User enters 3 in menu to quit

	2
	Enter string:
Yes, yes, YES, y, Y



	

	
	
	
	

	Response
	Either to quit straight away, or to allow the user to enter “Yes” or another variation to confirm they wish to quit, and to quit straight away

	Status
	Date
	Description

	Fail
	14/03/2018 15:55
	Application does not quit for all string input. It only quit specifically for “YES”, and even then paused until another key was pressed.

	Pass
	14/03/2018 16:00
	Application now quits for variations of yes. Removed the pause function.
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	2
	User enters numbers totalling greater than 1 digit long

	Description
	The user enters a total of an odd digit number, the display goes onto another line.


	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Enter a series of numbers totalling up to a value higher than 9, e.g. 10, 100, 1,000, 10,000 etc…

	2
	Check output display



	

	
	
	
	

	Response
	Display output goes onto another line unless code is fixed.


	Status
	Date
	Description

	Fail
	14/03/2018 16:55
	Output display goes onto a new line.

	Fail
	14/03/2018 17:05
	Output display stays on the same line if the total number of digits is an odd number, however it is missing one ‘#’ at the end if it is an even number.

	Pass
	14/03/2018 17:20
	Output display now stays on the same line if even after implementing a modulus check.
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	3
	User enters invalid menu option

	Description
	The user enters a value that is neither a number nor a valid option


	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Message displayed asking user to enter number

	2
	Enter values that are not numbers:
a, a1, 1a
Enter a number that is not an option:
44

	3
	Re-enter an invalid number or option



	

	
	
	
	

	Response
	For invalid numbers the program should display an error message and ask the user to re-enter a number
For an invalid option number the program should display an error message and telling the user the option was invalid and the user should be asked to enter another menu option choice.

	Status
	Date
	Description

	Fail
	16/03/18 13:00
	A warning message was not displayed when 1a was entered

	Fail
	16/03/18 13:30
	A warning message displayed when entering incorrect for menu, but not for number selection

	Pass
	16/03/18 15:00
	Passed for all values
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consoleapplication8.cpp
#pragma warning(disable:4996)

#include "stdafx.h"                     
#include <string>
#include "Console.h"
#include "Application.h"

using namespace std;

int main(int args, char* argv[])
{
	Console* console = new Console();
	Application* application = new Application(console);
	bool quit = false;

	console->PrintLine("*****************************************************************************");
	console->PrintLine("* This application is designed to allow you to select the number of numbers *");
	console->PrintLine("* you wish to enter, and sum the numbers that you provide.                  *");
	console->PrintLine("*****************************************************************************");

	while (quit == false)
	{
		application->DisplayMenu();
		application->ChooseOption();
		quit = application->ProcessOption();
	}

	delete application;
	delete console;
	return 0;
}

console.h
#pragma once
#include <conio.h>                        
#include <string>

using namespace std;

class Console
{
	// Attributes
	// NONE

	// Constructors
	// NONE

	// Properties
	// NONE

	// Methods
public:
	string ReadString();
	int ReadInteger();
	double ReadDouble();
	void Print(string text);
	void PrintLine(string line);
	void Pause(void);

private:
	void ClearInputBuffer();
};

application.h
#pragma once
#include "Console.h"

class Application
{
	// Attributes
private:
	Console* _console;
	int _chosenOption;
	int _numNumbersReqd;

	// Constructors
public:
	Application(Console* console);

	// Properties
	// NONE

	// Methods
public:
	void DisplayMenu();
	void ChooseOption();
	bool ProcessOption();
private:
	int ReadNumber(string prompt);
	int GetTotal();
	void DisplayResult(int result);
	bool IsQuitting();
};


stdafx.h
// stdafx.h : include file for standard system include files,
// or project specific include files that are used frequently, but
// are changed infrequently
//

#pragma once

#include "targetver.h"

#include <stdio.h>
#include <tchar.h>



// TODO: reference additional headers your program requires here

application.cpp
#include "stdafx.h"
#include "Application.h"


Application::Application(Console * console)
{
	_console = console;
	_chosenOption = 0;
	_numNumbersReqd = 1;
}

void Application::DisplayMenu()
{
	_console->PrintLine("Select an option");
	_console->PrintLine("1. Add numbers");
	_console->PrintLine("2. Change amount of numbers to be entered");
	_console->PrintLine("3. Quit");
}

void Application::ChooseOption()
{
	_chosenOption = ReadNumber("Please choose an option:");
}

int Application::ReadNumber(string prompt)
{
	_console->Print(prompt);
	return _console->ReadInteger();
}

bool Application::ProcessOption()
{
	bool quit = false;

	switch (_chosenOption)
	{
	case 1:
		int total;
		total = GetTotal();
		DisplayResult(total);
		break;
	case 2:
		_numNumbersReqd = ReadNumber("Please enter the number of numbers to be entered:");
		break;
	case 3:
		quit = IsQuitting();
		break;
	default:
		_console->PrintLine("Unknown option value entered");
		break;
	}

	return quit;
}

int Application::GetTotal()
{
	int total = 0;
	int temp = 0;
	int index;

	for (index = 0; index < _numNumbersReqd; index++)
	{
		temp = ReadNumber("Please enter number:");
		while (temp == 0)
		{
			temp = ReadNumber("Error. Please re-enter:");
		}
		total = total + temp;
		temp = 0;
	}

	return total;
}

void Application::DisplayResult(int result)
{

	char test[50];
	sprintf(test, "%i", result);

	int len;
	len = strlen(test);

	_console->PrintLine("###############################################################################");
	_console->PrintLine("###############################################################################");
	printf_s("##################");
	for (int i = 0; i < 42 / 2 - (len/2); i++)
	{
		printf_s(" ");
	}
	printf_s("%i", result);
	if (len % 2 == 0)
	{
		printf_s(" ");
	}
	for (int i = 0; i < (42 / 2) - (len/2); i++)
	{
		printf_s(" ");
	}
	printf_s("##################\r\n");
	_console->PrintLine("###############################################################################");
	_console->PrintLine("###############################################################################");
}

bool Application::IsQuitting()
{
	string response;
	bool quit = false;

	_console->Print("Do you really wish to quit?");

	response = _console->ReadString();

	if (response == "YES" || response == "yes" || response == "Yes" || response == "Y" || response == "y")
	{
		_console->PrintLine("Quitting");
		quit = true;
	}

	return quit;
}

console.cpp
#include "stdafx.h"
#include "Console.h"

string Console::ReadString()
{
	char text[100];

	scanf("%99[^\n]s", text);
	ClearInputBuffer();

	return (string)text;
}

int Console::ReadInteger()
{
	char text[25];
	int li1;
	
	scanf("%s", text);			//Scan in as string
	ClearInputBuffer();
	int len;
	len = strlen(text);		    //Sets length to stringlength of text2

	for (int i = 0; i < len; i++)
	{
		if (!isdigit(text[i]))  //Loops through char, if any characters aren't digits - so alphas, returns false
		{
			i = len;		    //If the char array contains a character, it sets i to the value of len to stop looping
			return 0;
		}
		else
		{
			if (i == len - 1) //If none are digits, it then converts string to long int and passes this in base 10
			{
				li1 = strtol(text, NULL, 10);
			}
		}
	}

	return li1;
}

double Console::ReadDouble()
{
	double number;

	scanf("%lf", &number);

	ClearInputBuffer();

	return number;
}

void Console::ClearInputBuffer()
{
	char ch;
	while ((ch = getchar()) != '\n' && ch != EOF);
}

void Console::Print(string text)
{
	printf("%s", text.c_str());
}

void Console::PrintLine(string line)
{
	Print(line + "\r\n");
}

void Console::Pause(void)
{
	while (1) { if (_kbhit()) break; }  // Pause
	_getch();
}

[bookmark: _Toc509007853]Appendix 4B
main.cpp
#define _CRT_SECURE_NO_WARNINGS

#include <stdio.h>
#include <time.h>
#include <windows.h>

int GenerateRandomNumber() {
	int randomNumber = -20 + rand() % 20;
	return randomNumber;
}

int GetUserGuess() {
	int userGuess;
	printf("Enter a number between -20 and 20 to guess: ");
	scanf("%i", &userGuess);
	return userGuess;
}

int main()

{

	srand(time(NULL));

	int randomNumber = GenerateRandomNumber();
	int temp;

	int userGuess;
	int numberOfGuesses;

	for (numberOfGuesses = 0; numberOfGuesses < 5; numberOfGuesses++)
	{
		userGuess = GetUserGuess();
		temp = randomNumber - userGuess;

		if (userGuess == randomNumber)
		{
			printf("You win!");
			break;
		}

		if (userGuess >= -20 && userGuess <= 20)
		{
			if (temp > 0 && temp <= 10)
			{
				if (temp > 0 && temp <= 5)
				{
					if (temp > 0 && temp <= 2)
					{
						printf("-/+ +2\r\n");
					}
					else
					{
						printf("-/+ +5\r\n");
					}
				}
				else
				{
					printf("-/+ +10\r\n");
				}
			}
		}
		if (temp < 0 && temp >= -10)
		{
			if (temp < 0 && temp >= -5)
			{
				if (temp < 0 && temp >= -2)
				{
					printf("-/+ -2\r\n");
				}
				else
				{
					printf("-/+ -5\r\n");
				}
			}
			else
			{
				printf("-/+ -10\r\n");
			}
		}
		//printf("%i\r\n", randomNumber);
	}

	if (numberOfGuesses >= 5)
	{
		printf("You lose!");
	}

	return 0;

}

[bookmark: _Toc509007854]Appendix 4C
#include <stdio.h>
#include <windows.h>
#include "grid.h"
#include "player.h"

source.cpp
int main() {

	Grid *grid = new Grid();
	Player *player = new Player();

	grid->InitializeGrid();
	grid->PrintGrid();
	system("cls");

	while (grid->CheckWin(player) == false)
	{
			player->ChangePlayer();
			grid->PrintGrid();
			player->GetPlayerInput();
			grid->PlaceCounter(player);
			grid->IncreaseGuessCount();
			if (grid->GetGuessCount() == 42)
			{
				grid->PrintGrid();
				printf_s("Game over - no winner!");
				break;
			}
	}

	system("pause");

	delete grid, player;

}

grid.cpp
#include "grid.h"
#include <stdio.h>
#include <windows.h>

int Grid::GetGuessCount()
{
	return this->_guessCount;
}

void Grid::IncreaseGuessCount()
{
	this->_guessCount = this->_guessCount + 1;
}

void Grid::InitializeGrid()
{
	//Initializes grid with '_' characters
	for (_row = 0; _row < ROW; _row++)
	{
		for (_col = 0; _col < COL; _col++)
		{
			_grid[_row][_col] = '_';
		}
	}
}

void Grid::PrintGrid()
{
	//I'm not 100% on this as I used the interwebs, but it seems like it acts like a pointer
	//But it's needed to change the colour
	HANDLE hConsole = GetStdHandle(STD_OUTPUT_HANDLE);
	WORD whiteBackground = BACKGROUND_BLUE | BACKGROUND_RED | BACKGROUND_GREEN;

	SetConsoleTextAttribute(hConsole, whiteBackground);

	//Prints numbers above board for user to select column
	printf_s(" ");
	for (_col = 0; _col < COL; _col++)
	{
		printf_s(" %i", _col + 1);
	}
	printf_s("\r\n");

	//Prints out the grid
	for (_row = 0; _row < ROW; _row++)
	{
		//Sets console text to blue for the board
		SetConsoleTextAttribute(hConsole, 1 | whiteBackground);
		printf_s("||");
		for (_col = 0; _col < COL; _col++)
		{
			if (_grid[_row][_col] == '1')
			{
				//Sets 1 to red
				SetConsoleTextAttribute(hConsole, 4 | whiteBackground);
			}
			else {
				if (_grid[_row][_col] == '2')
				{
					//Sets 2 to yellow
					SetConsoleTextAttribute(hConsole, 14 | whiteBackground);
				}
			}
			printf_s("%c", _grid[_row][_col]);
			//Sets console to blue again
			SetConsoleTextAttribute(hConsole, 1 | whiteBackground);
			printf_s("|");
		}
		printf_s("|\r\n");
	}
	printf_s("||-------------||\r\n");

	//Sets console back to default grey
	SetConsoleTextAttribute(hConsole, 0 | whiteBackground);

	if (this->_win == 1)
	{
		delete hConsole;
	}
}

bool Grid::CheckWin(Player *player)
{
	char playerNo = player->GetPlayerNumber();
	int winner = 0;

	for (_row = 0; _row < ROW; _row++)
	{
		for (_col = 0; _col < COL; _col++)
		{
			if (_grid[_row][_col] == playerNo)
			{
				//Horizontal
				if (_col + 3 < COL && _grid[_row][_col + 1] == playerNo &&
					_grid[_row][_col + 2] == playerNo &&
					_grid[_row][_col + 3] == playerNo)
				{
					PrintWinner(player);
					winner = 1;
					_row = 6;
					break;
				}

				if (_row + 3 < ROW)
				{
					//Vertical
					if (_grid[_row + 1][_col] == playerNo && 
						_grid[_row + 2][_col] == playerNo && 
						_grid[_row + 3][_col] == playerNo)
					{
						PrintWinner(player);
						winner = 1;
						_row = 6;
						break;
					}
					//Diagonal \\/
					if (_col + 3 < COL && 
						_grid[_row + 1][_col + 1] == playerNo && 
						_grid[_row + 2][_col + 2] == playerNo && 
						_grid[_row + 3][_col + 3] == playerNo)
					{
						PrintWinner(player);
						winner = 1;
						_row = 6;
						break;
					}
					//Diagonal //
					if (_col - 3 >= 0 && 
						_grid[_row + 1][_col - 1] == playerNo && 
						_grid[_row + 2][_col - 2] == playerNo && 
						_grid[_row + 3][_col - 3] == playerNo)
					{
						PrintWinner(player);
						winner = 1;
						_row = 6;
						break;
					}
				}
			}
		}
	}

	if (winner == 1)
	{
		this->_win = 1; //Sets win to 1 to delete within the class, so the objects made to change the colours can be deleted
		return true;
	}

	else
	{
		return false;
	}
}

void Grid::PlaceCounter(Player *player)
{

	int i = 0;
	int position = player->GetPlayerGuess();
	
	//6 rows high, so while less than 6
	while (i < 6)
	{
		//If the grid is empty, or '_', it will fill this with the player number
		if (_grid[5 - i][position] == '_')
		{
			this->_grid[5 - i][position] = player->GetPlayerNumber();
			break;
		}
		//Checks if the top row already has a 1 or 2 in it
		if (_grid[0][position] == '1' || _grid[0][position] == '2')
		{
			player->ChangePlayer(); //Sets player as the current one so they can re-enter
			break;
		}
		i++;
	}
	system("cls");
}

void Grid::PrintWinner(Player * player)
{
	char playerNo = player->GetPlayerNumber();

	PrintGrid();
	printf_s("Player %c wins!\r\n", playerNo);
}

grid.h
#pragma once
#define ROW 6
#define COL 7
#include "player.h"

class Grid {

	//Attributes
public:
	char _grid[ROW][COL];
	int _row, _col, _win, _guessCount = 0;

	//Constructors
	//None

	//Properties
public:
	int GetGuessCount();

	//Methods
public:
	void IncreaseGuessCount();
	void InitializeGrid();
	void PrintGrid();
	bool CheckWin(Player *player);
	void PlaceCounter(Player *player);
	void PrintWinner(Player *player);

};
player.h
#pragma once

class Player {

	//Attributes
private:
	char _playerNumber = '2';
	int _playerGuess;

	//Constructors
	//NONE

	//Properties
public:
	int GetPlayerGuess();
	int GetPlayerNumber();

	//Methods
public:
	void GetPlayerInput();
	void ChangePlayer();

};

player.cpp
#include "player.h"
#include <stdio.h>

int Player::GetPlayerGuess()
{
	return this->_playerGuess;
}

int Player::GetPlayerNumber()
{
	return this->_playerNumber;
}

void Player::GetPlayerInput()
{
	printf_s("Player %c, enter your column number: ", _playerNumber);
	scanf_s("%i", &_playerGuess);

	_playerGuess = _playerGuess - 1;

	if (_playerGuess < 0 || _playerGuess > 6)
	{
		printf_s("Please re-try.\r\n");
		GetPlayerInput();
	}
}

void Player::ChangePlayer()
{
	if (this->_playerNumber == '1') 
	{
		this->_playerNumber = '2';
	}
	else
	{
		this->_playerNumber = '1';
	}
}
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