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1. [bookmark: BRANCH_1][bookmark: _Toc4400012][bookmark: _Toc510044994]Introduction
This report details the three sections from the Programming II assignment brief, being Understanding, Testing and Implementation. Section 2 describes a problem solving technique and its benefits, section 3 details testing of the provided code from the assignment brief appendix, and section 4 provides solutions to problems along with example screenshots.
A conclusion section sums up this report, with the Bibliography and Appendices following it.
2. 

2. [bookmark: _Toc510044995]Part A – Understanding 
Problem solving technique – subdividing a problem into smaller problems and translating them into functions.

Initially, a large problem would have its main sub-problems listed in a meaningful order, either order of completion or order of difficulty to solve. These problems can then be translated into functions.

Functions can be used as a problem-solving technique which allows problems to be broken down into smaller and more manageable solutions, and be organised and named. A problem can be broken into many smaller, less complicated problems which makes the overall solution easier by allowing small parts to be completed at a time. An example of this would be inputting a number, performing an operation on it and then outputting the result. This in itself is one "large" problem, however it could be split into three smaller problems:

· Input a number
· Multiply number by 3
· Output number

These problems would each have their own named functions, helping make the code easier to read and modify for both the original programmer and anyone else who works with the code after them. For example, the code in the main to call the functions would look like this:

	int myNumber;
	myNumber = InputNumber();
	myNumber = MultiplyBy3(myNumber);
	DisplayNumber(myNumber);

As opposed to like this if the problem had been solved without functions:

	int myNumber;
	printf("Enter a number: ");
	scanf("%i", &myNumber);
	myNumber = myNumber * 3;
	printf("Number * 3 = %i", myNumber);


This example is a very simple one which realistically would not benefit much from the use of functions but has been used to illustrate how problems could be broken down and labelled, and how this approach can help make the code easier to read. The larger the overall solution, the more functions would be useful. Simply by reading the function calls on each line, it is immediately apparent that a number is input, multiplied by 3 and then displayed.

Not only do functions make the code easier to read and modify, but also easier to debug and test. By confining problems to a specific named solution, you are also confining the bug to a named solution, making it easy to tell which solution contains the bug.
	
Another benefit of functions is that they can be called repeatedly as many times as the user wishes. This means that a solution can be written once, and then re-used later, even in a different project. Not only does this save the programmer time as they do not have to write the code again, but it will decrease the amount of errors in the code. The more times the programmer re-types the same code, the more likely it is that there will be errors somewhere. Separate from the problem-solving aspect, functions also help increase code efficiency and reduce the storage required for a software solution, as a single piece of code an be called as often as needed without it needing to be stored more than once.

3. 

3. [bookmark: BRANCH_2][bookmark: _Toc4400013][bookmark: _MV3BS_2][bookmark: _Toc510044996]Part B – Testing
The following are tests for bugs in the code provided in the assignment brief. See the fixed code in appendix 1.
Problem 1 – “When choosing an option from the menu, try entering text instead of numbers.
	02    User enters invalid option on menu

	Description
	The user enters an invalid response on the menu, such as non-numeric and out of limits values.

	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Message displayed asking for user input

	2
	Enter a non-numeric answer:
abc, 1abc, abc1

	3
	Enter a numeric answer outside the range of options:
-100, 100



	

	
	
	
	

	Response
	For non-numeric input or a value outside the limits, a message should be displayed informing the user and another menu displayed prompting for input.

	Status
	Date
	Description

	Fail
	09/03/18

	Program functions properly on input of  “1abc” and runs option 1, “2./s” would run option 2 etc. however a warning message should have been displayed.
All other inputs such as numeric values outside of the range, and non-numeric values starting with a symbol other than a number, result in an error message as expected.

	Pass
	24/03/18
	ReadInteger now scans in as a string and checks each individual character to see if it is a digit. 

Program now correctly throws error message for all invalid input.



	01
	 User enters valid option on menu

	Description
	The user enters a valid menu option, being either 1, 2 or 3.

	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Message displayed asking for user input

	2
	Number 1 is input

	3
	Retry with number 2

	4
	Retry with number 3



	

	
	
	
	

	Response
	No error message as the input is valid, the program will move to the appropriate functions depending on input 1, 2 or 3.

	Status
	Date
	Description

	Pass
	09/03/18
	Moved on to appropriate action depending on option chosen



Problem 2 - When the user is asked if they wish to quit, the only input value that can be entered is “YES”. Try other variations e.g. “Yes”, “yes”, “y”, etc.
	03
	User enters “yes” on quit prompt

	Description
	The user enters “yes” on the “Do you really wish to quit?” prompt, with or without a full stop, with common letter case combinations

	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Quit prompt displayed asking for user input

	2
	Enter “YES” – all upper case

	3
	Retry with “yes” – all lower case

	4
	Retry with “Yes” – upper case Y, e and s lower case

	5
	Retry “YES,” “Yes,” and “yes” all with a full stop after each



	

	
	
	
	

	Response
	Program exits

	Status
	Date
	Description

	Fail
	09/03/18

	“YES” - Program displays “Quitting” but does not quit until enter key is pressed  (unsure if intended or not)

All other options – the user is returned to the main menu instead of the program exiting

	Pass
	09/03/18

	Removed console->Pause(); from end of the main function.

Added “Yes,” “yes,” “YES.,” “Yes.,” and “yes.” to the if “(response == )” statement.

Program exits as expected.


	04
	User enters “y” on quit prompt

	Description
	The user enters “y” in the “Do you really wish to quit?” prompt, with or without a full stop, in both upper and lower case

	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Quit prompt displayed asking user for input

	2
	Enter “Y” – upper case letter

	3
	Retry with “y” – lower case

	4
	Retry both “Y” and “y” with a full stop after each



	

	
	
	
	

	Response
	Program exits

	Status
	Date
	Description

	Fail
	09/03/18

	The user is returned to the main menu instead of the program exiting

	Pass
	09:03/18

	Added “Y,” “y,” “Y.” and “y.” to the “if (response == )” statement.  






	05
	User enters “no” on quit prompt

	Description
	The user enters “no” in the “Do you really wish to quit?” prompt, with or without a full stop, in common letter case combinations.

	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Quit prompt displayed asking user for input

	2
	Enter “NO” – upper case

	3
	Retry with “no” – lower case

	4
	Retry with “No” – upper case N, lower case o

	5
	Retry “NO,” “no” and “No” with a full stop after each



	

	
	
	
	

	Response
	The user is returned to the main menu

	Status
	Date
	Description

	Pass
	09/03/18

	The user is returned to the main menu instead of the program exiting




	06
	User enters “n” on quit prompt

	Description
	The user enters “n” in the “Do you really wish to quit?” prompt, with or without a full stop, in either letter case.

	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Quit prompt displayed asking user for input

	2
	Enter “N” – upper case

	3
	Retry with “n” – lower case

	4
	Retry “N” and “n” with a full stop after each



	

	
	
	
	

	Response
	The user is returned to the main menu

	Status
	Date
	Description

	Pass
	09/03/18

	The user is returned to the main menu instead of the program exiting











	07
	User enters invalid input on quit prompt

	Description
	The user enters an invalid response other than a variant of yes and no, e.g. “Banana”, “12.7.”

	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Quit prompt displayed asking user for input

	2
	Enter invalid string – e.g. “Banana”

	3
	Enter invalid number – e.g. 12.7



	

	
	
	
	

	Response

	Error message informing user of invalid input, prompt for another input.

	Status
	Date
	Description

	Fail
	09/03/18

	The user is returned to the menu instead of being prompted for a valid input.

	Pass
	09/03/18

	Added case in if statement for variants of “no” which would return the user to the main menu.

Added Else case for any input other than a form of “yes” or “no” which calls the IsQuitting function again.

Program prompts user saying input was invalid and asks for a valid input.





Problem 3 - The display of the total is broken when the value being displayed is more than one digit.
	8
	Added numbers total displays single digit positive number

	Description
	The result in the grid of # symbols is a single digit whole number, i.e. 0 to 9 but not -1 to -9

	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Choose option 1 on main menu to add numbers

	2
	Input numbers with a sum of between 0 and 9 (e.g. 1, 1, 1, 1, 1)



	

	
	
	
	

	Response
	The result prints properly centred in the grid of # symbols

	Status
	Date
	Description

	Pass
	09/03/18
	The result is printed centred with no moving of the # symbols




	9
	Added numbers total displays single digit negative number

	Description
	The result in the grid of # symbols is a single digit negative number, i.e. -1 to -9 (one digit number, but two characters because of the -)

	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Choose option 1 on main menu to add numbers

	2
	Input numbers with a sum between -1 and -9 (e.g.
-9, 1, 1, 1, 1)



	

	
	
	
	

	Response
	The result prints properly centred in the grid of # symbols

	Status
	Date
	Description

	Fail
	09/03/18

	The result prints and the # symbols are pushed to the right, skewing the outline to the right.

	Pass
	10/03/18

	Created the PrintAnswerLine function to calculate the amount of spaces required either side of the answer.

Printed answer properly inside grid of # symbols.









	10
	Added numbers total displays multiple digit positive number

	Description
	The result in the grid of # symbols is a multiple digit positive number e.g. 10000, 1234567

	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Choose option 1 on main menu to add numbers

	2
	Input numbers with a positive sum having a value with multiple digits (e.g. 100, 1, 1, 1, 1,) = 104



	

	
	
	
	

	Response
	The result prints properly centred in the grid of # symbols

	Status
	Date
	Description

	Fail
	10/03/18

	The result prints and the # symbols are pushed to the right, skewing the outline.

	Pass
	10/03/18
	Created the PrintAnswerLine function to calculate the amount of spaces required either side of the answer.

Printed answer properly inside grid of # symbols.




	11
	Added numbers total displays multiple digit negative number

	Description
	The result in the grid of # symbols is a multiple digit negative number e.g. -999, -12345


	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Choose option 1 on main menu to add numbers

	2
	Input numbers with a negative sum having a value with multiple digits (e.g. -999, 1, 1, 1, 1)  = -995



	

	
	
	
	

	Response
	The result prints properly centred in the grid of # symbols


	Status
	Date
	Description

	Fail
	10/03/18

	The result prints and the # symbols are pushed to the right, skewing the outline.

	Pass
	10/03/18
	Created the PrintAnswerLine function to calculate the amount of spaces required either side of the answer.

Printed answer properly inside grid of # symbols.




4. [bookmark: BRANCH_3][bookmark: _Toc4400014][bookmark: _MV3BS_3][bookmark: _Toc510044997]Part C - Implementation
Exercise 1 - Guessing Game

Individual problems, ordered easiest to hardest:

1. Display win or lose message dependant on scenario
2. Input and store user guess
3. User guess count system - 5 guesses, increments each guess
4. Generate random number between -20 and 20
5. Deal with invalid input – increment guess count
6. Comparison of user input and random number
7. Display hint based on comparison of input and random number
[image: ]Figure 1 - Example of invalid input

[image: ]Figure 2 - Example run



See code in appendix 2.


















[bookmark: _GoBack]Exercise 2 –  String to Number Array

Exercise 2 problems being solved:
· Input a string
· Check if the input string is valid
· Find the array index position of the separators
· Get each individual character from the array, and convert it to an integer (with the exception of the separator ‘-’ characters)
· Using the array index positions of the separators, split the entire array into several numbers to be extracted into another array
· Output numbers

Knowledge mapping:
	Task
	Solution based on knowledge

	Input string of numbers with dashes in-between
	scanf or cin statement reading to a string variable

	Validate string input is valid
	A while loop with an if statement checking for digits and for ‘-‘ characters

	Convert a string to numbers based on a string, an array to save to, and the length of the array
	A function, taking in a variable of type string, an array to save to and its size

	Differentiate numbers using dashes
	A loop with an if statement checking if current string character is ‘-’

	Store numbers in array once extracted
	Function could modify/save into an integer array



See code in appendix 3.









Exercise 3 - Connect 4

Individual problems, ordered easiest to hardest:

1. User choice and input
2. Generate board
3. Display board
4. Invalid input detection
5. Two-player setup
6. "Collision" detection
7. Test for win scenario (4 in a row diagonally, vertically, horizontally)
[image: ]Figure 4 - Column full example

[image: ]Figure 3 - Example board











[image: ]Figure 5 - Invalid input

[image: ]Figure 6 - Example win scenario











See code in appendix 4












5. [bookmark: _Toc510044998]Conclusion
This report has answered the three sections from the assignment brief, providing details of testing and screenshots where appropriate. See the Bibliography and Appendices providing code on the next pages.
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7. [bookmark: _Toc510045000]Appendices
Appendix 1
Main.cpp
#include <string>
#include "Console.h"
#include "Application.h"

#define _CRT_SECURE_NO_WARNINGS
#pragma warning(disable:4996)

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();
	}

	//console->Pause();
	//Pause removed from here so that the program
	//exits when YES is input

	delete application;
	delete console;
	return 0;
}




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();

	void PrintAnswerLine(int result);
	//Newly added
};


Application.cpp
#include "Application.h"


Application::Application(Console * console)
{
	_console = console;
	_chosenOption = 0;
	_numNumbersReqd = 5;
}

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)
{
	pair<int, bool> validInput(0, false);
	bool firstRun = true;
	//create a pair to set to the return of the ReadInteger method
	//and firstRun bool so we don't print an invalid input message on first input

	_console->Print(prompt);

	while (validInput.second != true)
	{//While the second return value is false, keep asking for input

		if (firstRun == false)
		{
			printf("Invalid input! Input again: ");
		}
		
		firstRun = false;
		validInput = _console->ReadInteger();
		//Get the pir of returns (int input and bool valid or not)
	}

	return validInput.first;
	//When the while loop exits, a valid number was received so return it
}

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 index;

	for (index = 0; index < _numNumbersReqd; index++)
	{
		total = total + ReadNumber("Please Enter Number:");
	}

	return total;
}


void Application::PrintAnswerLine(int result)
{
	int counter = 0;
	string resultString = "";
	int resultStringLength = 0;
	int totalSideSpaces = 0;
	int leftSpaces = 0;
	int rightSpaces = 0;
	//Variables: counter for loop, resultString to get the length of the value,
	//resultStringLength to store that length.

	//TotalSideSpaces works out the amount of spaces needed to center the number.
	//There is a left and right spaces variable because if an odd number of spaces are needed,
	//one will be odd and one will be even.


	resultString = to_string(result);
	resultStringLength = strlen(resultString.c_str());
	//Get the result number as a string.
	//Then get the length of that string so we can work out how many 
	//spaces are needed either side of it

	totalSideSpaces = (43 - resultStringLength);
	//Work out the number of spaces needed total by subtracting the number length from 43.
	//43 was used because it is the total characters in one line as this code was provided to me.


	leftSpaces = totalSideSpaces / 2;
	rightSpaces = totalSideSpaces / 2;
	//Divide total spaces by 2 to get left and right spaces.
	//If the result is a decimal, the decimal part is dropped
	//completely, this is used to the advantage of this method.

	if (totalSideSpaces % 2 != 0)
	{
		rightSpaces++;
	}
	//If the side spaces / 2 is odd, then add one to right spaces so that
	//e.g. left spaces = 19, right spaces = 20.


	_console->Print("##################");
	//Print left edge

	for (counter = 0; counter <leftSpaces; counter++)
	{
		printf(" ");
	}
	//Print the appropriate amount of left spaces

	_console->Print(to_string(result));

	for (counter = 0; counter < rightSpaces; counter++)
	{
		printf(" ");
	}
	//Print the appropriate amount of right spaces

	_console->Print("##################\r\n");
	//Print right edge
}

void Application::DisplayResult(int result)
{

	_console->PrintLine("###############################################################################");
	_console->PrintLine("###############################################################################");
	PrintAnswerLine(result);
	//Here I swapped the line that prints the answer with a call a method which can be seen above.
	_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 == "YES." || response == "Yes." || response == "yes."
		|| response == "Y" || response == "Y." || response == "y"
		|| response == "y.")
		//Added LOTS of extra conditions to test for
	{
		_console->PrintLine("Quitting");
		quit = true;
	}
	else if (response == "NO" || response == "No" || response == "no"
		|| response == "NO." || response == "No." || response == "no."
		|| response == "N" || response == "n" || response == "N."
		|| response == "n.")
		//Added case for variants of "no" which quits
	{
		quit = false;
	}
	else
	{
		//If input is anything else then inform the user it isinvalid
		//And call the function within itself for more input	
		printf("Invalid input! Please input yes or no.\r\n");
		quit = IsQuitting();
	}

	return quit;
}




Console.h
#pragma once
#pragma warning(disable:4996)
#include <conio.h>                        
#include <string>

using namespace std;

class Console
{
	// Attributes
	// NONE

	// Constructors
	// NONE

	// Properties
	// NONE

	// Methods
public:
	string ReadString();
	pair<int, bool> ReadInteger(); //Changed to return a pair, being the actual read value and true/false for valid. 
	double ReadDouble();			//If invalid, int returned is 0 seeing as it isn't used.
	void Print(string text);
	void PrintLine(string line);
	void Pause(void);

private:
	void ClearInputBuffer();
};


Console.cpp
#include "Console.h"
#include "Application.h"
#include <string>
using namespace std;

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

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

	return (string)text;
}

pair<int, bool> Console::ReadInteger()
{
	char text[100];
	int textLength = 0;
	bool validNumber = true;
	string stringNum = " ";
	int i = 0; //Iterator for loop

	scanf("%99s", text);
	ClearInputBuffer();
	textLength = strlen(text);
	//Get the "number" as a string and find the length of it
	
	if (text[0] == '-' && textLength > 1)
	{//If the first char is a - (negative number), increment i so that the first char isn't
		//flagged as invalid
		i++;
	}

	while (i < textLength)
	{//For each character of the "number" check if it is a digit
		if (isdigit(text[i]) == false)
		{//If not a digit, set valid number to false and stop checking the next ones
			validNumber = false;
			break;
		}
		i++;
	}

	if (validNumber)
	{
		//If a valid number in string then get the value as an integer and return it, along with "true"
		stringNum = text;
		int inputNum = stoi(stringNum);
		return make_pair(inputNum, true);
	}
	else
	{
		//Else return 0 and "false". Returning 0 for int here seeing as it doesn't matter.
		//If it returns false then the int won't be used anyway as we need input again
		return make_pair(0, false);
	}
}


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();
}



Appendix 2
Source.cpp
#include <string>

#include "time.h"
#include <cstdlib>

#define _CRT_SECURE_NO_WARNINGS
#pragma warning(disable:4996)

using namespace std;



int RandomNumber();
bool VerifyInput(int guess);
int UserGuessInput();
bool GuessComparison(int randomValue, int guess, int guessCount);
void OutcomeMessage(bool hasWon, int randomValue);


int RandomNumber()
{
	int randomNumber = 0;
	randomNumber = (rand() % 41 + (-20));
	return randomNumber;
	//Generate and return a random number between -20 and 20
}


bool VerifyInput(int guess)
{
	if (guess >= -20 && guess <= 20)
	{ //If the guess is within the valid range
		return true;
	}
	else
	{
		return false;
	}
}


int UserGuessInput()
{
	int guess = 999; //Value outside of range, if user enters string then it will fail to
					 //save in, so this will stay as 999 and stay outside of the valid range

	printf("Guess number between -20 and 20: ");
	scanf("%i", &guess);

	char ch; //These lines clear the input buffer to avoid errors later on
	while ((ch = getchar()) != '\n' && ch != EOF);

	return guess;
}


bool GuessComparison(int randomValue, int guess, int guessCount)
{
	int difference = 0;
	difference = randomValue - guess;

	if (difference < 0)
	{
		//If the difference is less than zero then multiply
		//itself by -1 to get it as a positive value so that
		//it's easier to work with
		difference *= -1;
	}

	if (difference == 0)
	{	//If they guessed correctly
		return true;
	}
	else
	{
		if (difference <= 10 && guessCount < 4) //If they just lost on their last turn
												//Don't bother showing them the hint
		{
			//At least within 10
			if (difference <= 5)
			{
				//At least within 5
				if (difference <= 2 && guessCount < 4) //Same as above. No use of a hint
													   //once they've already lost
				{
					//Within 2
					printf("\r\nGuess was within 2\r\n");
				}
				else
				{
					//Within range of 5 but not 2
					printf("\r\nGuess was within 5\r\n");
				}
			}
			else
			{
				//Within range of 10 but not 5
				printf("\r\nGuess was within 10\r\n");
			}
		}
		else
		{
			//More than 10 off
			if (guessCount < 4)
				//Only display incorrect guess if this is not their last guess
			{
				printf("\r\nIncorrect guess!\r\n");
			}

		}
	}

	return false;
}


void OutcomeMessage(bool hasWon, int randomValue)
{

	if (hasWon == true)
	{
		//The player guessed correctly within 5 attempts
		printf("\r\nCongratulations! You win!");
	}
	else
	{
		//Otherwise the only other possibility is that they lost
		printf("\r\nToo bad! You lose. The number was %i", randomValue);
	}

}

int main()
{
	char text[100];

	time_t t;
	srand((unsigned)time(&t));
	//For randomly generated number

	int randomValue = RandomNumber();
	int userGuess = 0;
	//Get the random number, initialise user guess


	int guessCount = 0;
	bool hasWon = false;
	bool validInput = false;

	while (hasWon != true && guessCount < 5)
	{
		userGuess = UserGuessInput();
		//Get their guess number

		validInput = VerifyInput(userGuess);
		//Establish whether or not their input was between -20 and 20

		while (validInput != true)
		{//Invalid guess
			guessCount++;
			//Increment the guess count in here while the user provides invalid input
			printf("\r\nInvalid value! 1 guess used up.\r\n");
			if (guessCount < 5)
			{//As long as they still have guesses left, ask for another input
				userGuess = UserGuessInput();
			}
			else
			{
				break; //Exit the loop once they use all their guesses
			}
		}


		hasWon = GuessComparison(randomValue, userGuess, guessCount);
		//Compare the numbers to see if they won
		guessCount++;
		//Increment the number of guesses they have taken
	}
	OutcomeMessage(hasWon, randomValue);
	//Call to print the appropriate message depending on if they won or not

	printf("\r\n");
	system("pause");
	return 0;
}




Appendix 3
Source.cpp
#include <string>
using namespace std;

#define _CRT_SECURRE_NO_WARNINGS
#pragma warning(disable:4996)


bool IsValid(const char str[], int stringLength, char separator);
int FindChar(const char str[], int stringLength, int startPos, char character);
int ConvertToNumber(const char str[], int startPos, int endPos);
bool SplitIntoNumbers(string digits, int stringLen, int numbers[], int arrayLength);


struct TestValues
{
	string value;
	int startPos;
	int endPos;
	int expectedResult;
	TestValues(string v, int sp, int ep, int exp);
};

TestValues::TestValues(string v, int sp, int ep, int exp)
{
	value = v;
	startPos = sp;
	endPos = ep;
	expectedResult = exp;
}


int main(int argc, char** argv)
{
	char text[100];


	TestValues **testValues = new TestValues*[5]{
		new TestValues("1", 0, 0, 1),
		new TestValues("12", 0, 1, 12),
		new TestValues("123", 0, 2, 123),
		new TestValues("aa123", 2, 4, 123),
new TestValues("123-456-789", 0, 10, 123456789) //<--- Not sure what format the expected result should be
														//in this case, but either way it failed spectacularly,
														//producing a massive negative integer.
	};

	int number;
	for (int i = 0; i < 5; i++)
	{
		number = ConvertToNumber(testValues[i]->value.c_str(),
			testValues[i]->startPos,
			testValues[i]->endPos);

		if (number == testValues[i]->expectedResult)   // Did we get the expected result ? ?
		{
			// Test passed
			printf("Value %i: PASS\r\n", i);

		}
		else
		{
			// Test failed

			printf("\rValue %i: FAIL\r\n", i);
		}

	}

	for (int i = 0; i < sizeof(*testValues); i++)
	{
		delete testValues[i];
	}
	delete testValues;


	scanf("%99s", text);

	return 0;
}




bool IsValid(const char str[], int stringLength, char separator)
{
	int index;
	int dashCount = 0;

	for (index = 0; index < stringLength; index++)
	{
		if (str[index] == separator)
		{
			if (dashCount > 0)
			{
				return false;
			}
			dashCount++;
		}
		else if (isdigit(str[index]) == 0)
		{
			return false;
		}
		else
		{
			dashCount = 0;
		}
	}

	// Can't start with a separator
	if (str[0] == separator)
	{
		return false;
	}

	// Can't end with a separator
	if (str[stringLength - 1] == separator)
	{
		return false;
	}

	return true;
}





int FindChar(const char str[], int stringLength, int startPos, char character)
{
	int index;

	if (startPos < stringLength)
	{
		for (index = startPos; index < stringLength; index++)
		{
			if (str[index] == '-')
			{
				return index;
			}
		}
	}

	return -1;       // end of array
}



int ConvertToNumber(const char str[], int startPos, int endPos)
{
	int digit;
	int number = 0;

	for (int i = startPos; i < endPos + 1; i++)
	{
		digit = (int)str[i] - '0';           // Convert from ASCII 
		number = (number * 10) + digit;
	}

	return number;
}



bool SplitIntoNumbers(string digits, int stringLen, int numbers[], int arrayLength)
{
	const char *digitArray = digits.c_str();
	int startOfNumber = 0;
	int dashPosition;
	int index = 0;

	if (IsValid(digitArray, stringLen, '-') == false)
	{
		return false;
	}

	dashPosition = FindChar(digitArray, stringLen, startOfNumber, '-');
	while (dashPosition > 0 && index < arrayLength)
	{
		numbers[index] = ConvertToNumber(digitArray, startOfNumber, dashPosition - 1);
		index++;

		startOfNumber = dashPosition + 1; // Start of next number
		dashPosition = FindChar(digitArray, stringLen, startOfNumber, '-');
	}

	// Read number at end of string
	if (index < arrayLength)
	{
		numbers[index] = ConvertToNumber(digitArray, startOfNumber, stringLen - 1);
	}
	index++;   // Account for number at end of string even if we don't read it.

			   // Too few or too many numbers to be read
	if (index < arrayLength || index > arrayLength)
	{
		return false;
	}

	return true;
}







Appendix 4
Source.cpp


#pragma warning(disable:4996)
#define _CRT_SECURE_NO_WARNINGS
#include <string>
#include <Windows.h> //For colour
using namespace std;

void SetColour(int value);
void GenerateBoard(char board[7][7]);
char PlayerTurn(char turn);
void DisplayBoard(char board[7][7]);
string ValidateAndSave(char board[7][7], char turn, int col);
string PlayerInput(char board[7][7], char turn);
bool CheckWon(char board[7][7], char turn);

int main()
{
	char text[100];

	char turn = 'A';
	string turnOutcome = " ";
	bool won = false;

	char board[7][7];
	//Set first turn to player A and initialise turn outcome
	//set game to not won to begin and create board

	GenerateBoard(board);
	DisplayBoard(board);
	//Generate and display an empty board to start the game

	while (won == false)
	{

		turnOutcome = PlayerInput(board, turn);

		if (turnOutcome == "valid")
		{
			//If valid input then take the turn and swap turns (from A to B or B to A)
			//And display the board as normal
			turn = PlayerTurn(turn);
			DisplayBoard(board);
		}
		else if (turnOutcome == "col-full")
		{
			//If input was valid but column is full, don't swap turns, display the board,
			//and then the column full message and loop until valid input.
			DisplayBoard(board);
			printf("\r\nColumn full! Choose another column.\r\n");
		}
		else
		{
			//If invalid input then don't swap turns, display the board, and then the 
			//invalid input message. Then try the loop again until valid input
			DisplayBoard(board);
			printf("Invalid input! Enter column between 1 and 7.\r\n");
		}


		won = CheckWon(board, turn);
		//Check if anybody won at the end of each turn
	}

	printf("\r\n\r\n");
	system("pause");
	return 0;
}




void SetColour(int value)
{
	SetConsoleTextAttribute(GetStdHandle(STD_OUTPUT_HANDLE), value);
}
//Function using Windows.h for colour setting


void GenerateBoard(char board[7][7])
{
	int col = 0;
	int row = 0;

	for (row = 0; row < 7; row++)
	{
		for (col = 0; col < 7; col++)
		{
			if (row == 0)
			{
				board[row][col] = (col + 1) + '0';
				//Save the number of the column into the top row,
				//without saving the ASCII equivalent
				//e.g. 65 would save as "65", not as "A".
			}
			else
			{
				board[row][col] = '_';
			}
		}
	}
}


char PlayerTurn(char turn)
{
	if (turn == 'A')
	{
		turn = 'B';
	}
	else
	{
		turn = 'A';
	}
	//Alternate goes

	return turn;
}


void DisplayBoard(char board[7][7])
{
	int col = 0;
	int row = 0;


	for (row = 0; row < 7; row++)
	{
		for (col = 0; col < 7; col++)
		{
			printf("|");


			if (board[row][col] == 'A')
			{
				//If array index is A, set colour to yellow
				SetColour(14);
			}
			else if (board[row][col] == 'B')
			{
				//If array index is B, set colour to red
				SetColour(4);
			}
			else
			{
				//Else, set to white
				SetColour(15);
			}


			printf("%c", board[row][col]);

			SetColour(15);
		}
		printf("|\r\n");
		if (row == 0)
		{
			printf(" _ _ _ _ _ _ _ \r\n");
		}
	}
}


string ValidateAndSave(char board[7][7], char turn, int col)
{
	int rowCount = 0;

	//Array starts at 0, but for user friendliness, is labelled from 1...

	switch (col)
	{
	case 1:
	case 2:
	case 3:
	case 4:
	case 5:
	case 6:
	case 7:

		col--;
		//If the column entered was 1-7 
		//then fall through to run this code
		//Col dosplayed as 1-7 for user friendliness
		//but array positions are 0-6

		if (board[1][col] == '_')
		{//Check if the top row is empty. If the top row is occupied,
		 //then all the rows under it are too
			for (rowCount = 0; rowCount < 6; rowCount++)
			{
				if (board[6 - rowCount][col] == '_')
				{
					//If the row at the bottom is empty, place the player turn char
					//in it, else check the row above and so on.
					board[6 - rowCount][col] = turn;
					break; //Break so that only one place is filled
				}
			}
			system("cls");
			return "valid";
			break;
		}
		else
		{
			system("cls");
			return "col-full";
			break;
		}
		//If the top row of the column is occupied, don't check the column
		//as it must all be full. If the top row isn't occupied, check the
		//bottom row, if occupied then move up a row, if not occupied then
		//place counter
		break;

	default:
		system("cls");
		return "invalid";
	}
}


string PlayerInput(char board[7][7], char turn)
{
	int colChosen = 0;


	printf("Player %c, choose a column: ", turn);
	scanf("%i", &colChosen);

	char ch; //These two lines clear the input buffer to stop some errors later on
	while ((ch = getchar()) != '\n' && ch != EOF);

	colChosen = colChosen;

	return ValidateAndSave(board, turn, colChosen);

}


bool CheckWon(char board[7][7], char turn)
{
	bool hasWon = false;
	int col = 0;
	int row = 0;

	turn = PlayerTurn(turn);

	for (row = 0; row < 7; row++)
	{
		for (col = 0; col < 7; col++)
		{
			//HORIZONTAL CHECK - for each row other than the first (the numbers),
			//check if any 4 adjacent column values are the same as the turn value

			if (col < 4)
			{
				if (board[row + 1][col] == turn && board[row + 1][col + 1] == turn
					&& board[row + 1][col + 2] == turn && board[row + 1][col + 3] == turn)
				{

					printf("\r\nPlayer %c wins!", turn);
					hasWon = true;
					break;
				}
			}



//VERTICAL CHECK - for each row other than the first (the numbers),
//check if the value in the same column but the next three rows are all the same as the turn value
			if (board[row + 1][col] == turn && board[row + 2][col] == turn
				&& board[row + 3][col] == turn && board[row + 4][col] == turn)
			{
				printf("\r\nPlayer %c wins!", turn);
				hasWon = true;
				break;
			}


			//DIAGONAL CHECK in one direction
			if (row > 3 && col < 4)
			{//If statement idea explained in the next one

				//Check in this direction ↗

				if (board[row][col] == turn && board[row - 1][col + 1] == turn
					&& board[row - 2][col + 2] == turn && board[row - 3][col + 3] == turn)
				{
					printf("Player %c wins!", turn);
					hasWon = true;
					break;
				}
			}



			//DIAGONAL CHECK in other direction

			if (row > 2 && col > 3)
//As long as col is more than 3 and row less than 2 so it doesn't check off the board
//which in testing resulted in the player randomly winning without getting 4 in a row
			{

				//Check in this direction ↖
				if (board[row][col] == turn && board[row - 1][col - 1] == turn
					&& board[row - 2][col - 2] == turn && board[row - 3][col - 3] == turn)
				{
					printf("Player %c wins!", turn);
					hasWon = true;
					break;
				}
			}
		}
	}
	return hasWon;
}
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