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[bookmark: _Toc510087821][bookmark: _Toc510087928]1	INTRODUCTION

T
he purpose of this document is to understand the syntax and semantics of a high level programming language such as C++, and how to develop programs using good programming practices. We will also explore basic software constructs using simple algorithms that will be later implemented during the development of solutions used to solve programming problems.
[bookmark: _Toc510087822][bookmark: _Toc510087929]2	Part A (Understanding)
[bookmark: _Toc510087823][bookmark: _Toc510087930]2.1 Problem Solving Techniques
In order to solve programming related problems, firstly we need to understand what the most efficient processes used to solve these problems. In terms of C++, problems can be subdivided into Functions & Classes. All programs contain functions in order for the program to properly work, this is called the Main Function. Other Functions are listed under the main function, this allows a programmer to call any function into the Main Function when required. C++ develops a similar way to do this by using Classes, classes are defined separately and then called into the Main Function, Classes also contain functions that are specific to the class, and these are also called Objects in OOP (Object Orientated Programming). Whether a programmer uses Functions or Classes, it is always good programming practice to use comments describing the purpose of it [1] 
[bookmark: _Toc510087824][bookmark: _Toc510087931]2.2 Use of Functions & Implementation
Functions are a key building block required in any program written in C++. They allow a program to be broken down into different sections. This allows a programmer/developer to free up space in memory without having redundant code that serves no purpose to the desired use. Once Functions have been defined, they can be reused over and over again when required without using unnecessary memory. [2] Functions are initialized at the top of the source file with the function structures built underneath the main Function, this allows them to be reused in the main function multiple times depending on the problem that needs to be solved.
[bookmark: _Toc510087825][bookmark: _Toc510087932]2.3	Benefits of Functions in Problem Solving
The main benefit when using functions is to reduce code redundancy and increase code reusability. It also reduces the time required to build an application and debug it, this also contributes massively to the overall time involved in the development process [3]
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[See code attached in Appendix 1]
[bookmark: _Toc510087827][bookmark: _Toc510087934]3.1 Problem One
	1
	User enters menu option

	Description
	The user enters a valid option number


	
	Test Steps :
	
	

	
	
	
	

	
	
		1
	Message displayed asking user to enter number

	2
	The number 1 is entered



	

	
	
	
	

	Response
	The program should not produce an error message and should continue to next step which is to enter the numbers to added together

	Status
	Date
	Description

	Pass
	28/03/2018
	Number “1” is entered into console

	Pass
	28/03/2018
	Next line “Please enter number”

[See Figure 3.1.1]



	2
	User enters invalid menu option

	Description
	The user enters text instead of a valid option

	
	Test Steps :
	
	

	
	
	
	

	
	
		1
	Message displayed asking user to enter number

	2
	Enter values that are text not numbers:
“hello”
Enter a number that is not an option:
44

	3
	Re-enter an invalid number or option



	

	
	
	
	

	Response
	The program should not produce an error message and should continue to next step which is to enter the numbers to added together

	Status
	Date
	Description

	Fail
	29/03/2018
	Enter an invalid option “1a”, the console recognises the invalid option as a valid entry

[See Figure 3.1.2]

	Pass
	29/03/2018
	Enter a text “hello”, the console recognises the invalid entry and asks the user to enter another option

[See Figure 3.1.3]






Figure 3.1.1
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Figure 3.1.3
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3.2 Problem Two
	3
	User enters menu option

	Description
	The User enters the only input value to quit “YES”

	
	Test Steps :
	
	

	
	
	
	

	
	
		1
	Select option “3”

	2
	Prompt message, “would you like to quit?”

	3
	Input “YES”



	

	
	
	
	

	Response
	

	Status
	Date
	Description

	Pass
	23/03/2018
	Test Passed

[See Figure 3.2.1]



	4
	User enters menu option

	Description
	The User enters other variants to quit program: “Yes”, “yes”, “y” or “Y”

	
	Test Steps :
	
	

	
	
	
	

	
	
		1
	Select option “3”

	2
	Message prompt, “Do you really wish to quit?”

	3
	Input “y”



	

	
	
	
	

	Response
	The program should not produce an error message and should continue to next step which is to enter the numbers to added together

	Status
	Date
	Description

	Failed
	23/03/2018
	Inputted “Y” to quit program, entry not recognised

[See Figure 3.2.2]

	Passed
	29/03/2018
	Inputted “Y” to quit program, program exited as expected

[See Figure 3.2.3]
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Figure 3.2.1
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Figure 3.2.2
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Figure 3.2.3
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3.3 Problem Three
	5
	Single Digit Answer from adding numbers together

	Description
	The user only enters one digit

	
	Test Steps :
	
	

	
	
	
	

	
	
		1
	Select option “1”

	2
	Enter all numbers with a length of 1 integer to add together

	3
	Correct Number displayed with no gaps in box container



	

	
	
	
	

	Response
	

	Status
	Date
	Description

	Pass
	29/03/2018
	[See Figure 3.3.1]



	6
	Multiple Digit Answer from adding numbers together

	Description
	The user only enters more than one digit with each number entered is 5 in size

	
	Test Steps :
	
	

	
	
	
	

	
	
		1
	Select option “1”

	2
	Enter all numbers with a length of 5 integers to add together

	3
	Correct Number displayed with gaps in box container



	

	
	
	
	

	Response
	

	Status
	Date
	Description

	Failed
	29/03/2018
	[See Figure 3.3.2]
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Figure 3.3.2
[image: ]






















4	Part C (IMPLEMENTATION)
[bookmark: _Toc510087831][bookmark: _Toc510087938]4.1 Identifying Problems
1. Display a message – “You Won” or “You Lost”
2. Only allow the user 5 Turns to guess correct number
3. Input a whole number (integer) between -20 to +20
4. Generate a Random Number & Store in Memory
5. 1st Hint = Tell player if Random Number is Positive or Negative
6. 2nd Hint = Tell player if their guess is within +/-10 of correct answer
3rd Hint = Tell player if their guess is within +/-5 of correct answer
4th Hint = Tell player if their guess is within +/-5 of correct answer
7. Display error message & add a turn with no hint, if user enters any value other than whole integers between -20 to +20
	Problem
	Programming Knowledge of Problem

	Display a message – “You Won” or “You Lost”
	To display a message of one or the other, we need to use an “if statement” to contain both responses inside 2 separate “printf” statements. For example, we may do something like:
if (playerGuess = randomNumber) then display “You win” else display “You Lose”

	Only allow the user 5 turns to guess correct number
	To set a maximum value of the amount of turns allowed by the user we can use a counting loop to count the amount of turns completed by the user. For example, the counting loop we need 2 variables – turn & maxTurn, by setting turn to “0”, the user starts at 0 and setting the maximum value to 5, would only allow the loop to be executed 5 times

	Input a whole number (integer) between -20 to +20
	Allow the user to input an integer value between -20 to +20 can be achieved by using “scanf(“%i”, number)”. This allows the user to input any integer value.

	1st Hint = Tell player if Random Number is Positive or Negative
	Once user has entered first guess, we should tell them whether the random number is positive or negative. This can be achieved by using an if statement, it could look something like:
if (number > 0) display message “number is positive”
else display message “number is negative” whilst adding +1 to turn

	2nd Hint = Tell player if their guess is within +/-10 of correct answer
3rd Hint = Tell player if their guess is within +/-5 of correct answer
4th Hint = Tell player if their guess is within +/-5 of correct answer
	We can implement more if statements to check whether certain conditions have been met similar to the step above. However we need to include a counting loop to prevent the user from having more than 5 turns. By this stage the user should already be on turn 1, therefore the counting loop needs to reflect the current turn the user is on and display the according hints appropriately.

	Display error message & add a turn with no hint, if user enters any value other than whole integers between -20 to +20
	Final step would be to limit the user entry to -20 to +20, this can be achieved by using an if statement against the number the user has inputted. For example: 
if (number < -20 || number > 20) then display an error message to the user such as “You have entered an incorrect value, used a turn and given no hint” whilst this is displayed +1 to current Turn and display no hint to user.


Code provided in Appendix 1a is not complete code, however provides an example of how the code should be executed. 
[See code in Appendix 2a]
[bookmark: _Toc510087832][bookmark: _Toc510087939]4.2 Mapping Problem Space to Code
Problems that need to be solved (Easiest to Hardest):
1. Create a list of numbers
2. Display error message to user “You have entered a character that is not recognized, please try again”
3. Each number either side of a dash is a new number
4. Remove dashes only when numbers before dash are added to the list
5. Display numbers stored in list once all dashes have been removed
6. Check if characters entered are either numbers, dash or letters
7. Argument for showing an error if user enters any letters
8. Convert characters to numbers
	Problem
	Programming Knowledge of Problem

	Create an list to store numbers only
	In order to create a list, we can use an array to store all the integers. For example: storedNumbers[x].
We have called the size of the integer x as this will be defined during user input depending on the size or length entered.

	Input a string of Numbers separated by dashes
	As the input value is going to include a mixture of integers & dashes, the most logical way to accept it as a user input value is to store it as a string, this would allow the user to enter anything

	Display error message to user
	We can use the printf function to display an error message to the user.

	Each number either side of a dash is a new number stored in a list
	We can convert the characters into integers if the character is equal to a valid integer, this can be achieved with a Boolean Statement to check whether a certain condition is true or false. In this case we want the original value to start at true and changes to false if the user enters any character that is not an integer or dash.

	Remove dashes only when numbers before dash are added to the list
	We can use a scanf statement to find the type of values entered by the user and when the system reaches a dash we should add a new value to our number array and remove the following dash after it. Inside the scanf argument, we can use %d to accept the whole string of characters entered.

	Display numbers stored in list once all dashes have been removed
	Once we have extracted all the numbers & removed the dashes, we need to store the values inside the array we have already created.

	Check if characters entered are either numbers, dash or letters
	We can use a Boolean statement to check whether any of the values entered are letters. We can set the initial value of the Boolean statement to false and use a switch statement to display a different option to the user depending on the values inputted on the console.

	Argument for showing an error if user enters any letters
	We can create a separate function that will allow us to create a new argument, we might include the following arguments into the function to produce the required result. For Example: 
Void enteredValues(string invalidEntry)
{
Inside this we need to return the value of true if any value is recognized as a letter
}
we might also use an if statement comparing the entered values against every letter in the alphabet, and if this is true we need to display an error message to the user.

	Convert characters to numbers
	Once we have established the length of the inputted characters we can convert the characters into integers. This can be achieved with a Boolean statement such as:

bool SplitIntoNumbers(string digits, int stringLen, int numbers[], int arrayLength)

this would allow us to check the length of the string, the numbers stored inside the string and the required length of the array to store all the numbers
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4.3 Connect Four Game
Problems that need to be solved (Easiest to Hardest):
1. Allow 2 Players
2. Display the winning player
3. Each player takes a turn
4. Each player has a different value
5. Create a board for the game of 6 rows by 7 columns
6. Allow each player to add a counter to the board when it is their turn
7. Check whether a counter is in the row below the new counter being added
8. Prevent both players from adding another counter to any column if that column is full
9. Constantly check throughout whole game if any player places 4 pieces in any direction – Vertically, horizontally or diagonally left & right
10. Only allow the user to choose a column between 1 and 7 
11. End game once a player has connected 4 identical counters
12. Display a message “game drawn” if board is full and no player has 4 pieces in a row in any direction
[See code in Appendix 2b]




















5 [bookmark: _Toc510087834][bookmark: _Toc510087941]Conclusion
We have found that when writing code to solve any sort of problem whether we consider the problem to be easy or challenging, it is always good practice to solve the problem on paper first. By doing this, we can visually see what the processes involved in creating a solution would be. We have also discovered that by breaking each problem down we can see what coding principles we can apply to each different problem and how we then can implement the solution to solve the program. By creating each solution with the use of Functions allows us to reuse different aspects of our code whilst reducing code redundancy and increasing memory efficiency. 
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partbTesting.cpp
// partBTesting.cpp : Defines the entry point for the console application.
//
#pragma warning(disable:4996)
                    
#include <string>

using namespace std;

#include "Console.h"
#include "Application.h"

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();

	delete application;
	delete console;
	return 0;
}
Console.cpp
#include "Console.h"
#include "Application.h"

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

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

	return (string)text;
}

int Console::ReadInteger()
{
	int number;
	

	scanf("%i", &number);
	ClearInputBuffer();

	return number;
}

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();
}

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();
	int ReadInteger();
	double ReadDouble();
	void Print(string text);
	void PrintLine(string line);
	void Pause(void);

private:
	void ClearInputBuffer();
};

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)
{
	_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 index;

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

	return total;
}

void Application::DisplayResult(int result)
{
	_console->PrintLine("###############################################################################");
	_console->PrintLine("###############################################################################");
	_console->PrintLine("##################                     " + to_string(result) + "                     ##################");
	_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", "Yes", "yes", "Y", "y")
	{
		_console->PrintLine("Quitting");
		quit = true;
	}

	return quit;
}





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();
};



2a – Part C (Implementation): Number Guessing game
// exercise1.cpp : Defines the entry point for the console application.
//
//Preprocessor Definitions
#include "stdafx.h"
#include <cstdlib>
#include <time.h>
#include <iostream>

using namespace std;

//Global Variables
int maxCount;
int turn = 0;
int playerGuess;
int randomNum;

//Function initialisation
void display();
void checkWin();
void gameOver();

int main()
{
	srand(time(0));
	randomNum = rand() % 41 + (-20);

	//First Attempt only
	display();
	if (randomNum > 0) //Check if Random Number is Positive
		cout << "The Random number is Positive" << endl;
	else //Check if Random Number is Negative
		cout << "The Random number is Negative" << endl;
	turn++;
	while (turn < 5)
	{
		do
		{
			display(); //display player input on console
			checkWin(); //checks if player is equal to random number, if not, certain responses will be given
		} while (playerGuess != randomNum); //continues loop until condition becomes true before count equals 5 turns
		system("PAUSE"); // keeps console open 
	}
	return 0;
}

void display() //Function to allow user input & display current turn to user
{
	cout << "Enter your guess: ";
	cin >> playerGuess; //user input
	turn++; //+1 to current count
	cout << "Current Turn: " << turn << endl; //display current turn on console to user
}


void checkWin() //Checks player number against correct answer and displays corresponding hint
{
	if (randomNum < 10 && randomNum > -10 && playerGuess != randomNum) //Checks if Random Value is less than 10 & more than -10 AND if player Guess is equal to random number
		cout << "Your guess is too low, try a higher number" << endl;
	else if (randomNum < 5 && randomNum > -5 && playerGuess != randomNum) //Checks if Random Value is less than 5 & more than -5 AND if player Guess is equal to random number
		cout << "Your guess is too high, try a lower number" << endl;
	else if (randomNum < 2 && randomNum > -2 && playerGuess != randomNum) //Checks if Random Value is less than 2 & more than -2 AND if player Guess is equal to random number
		cout << "Your guess is too high, try a lower number" << endl;
	else if (playerGuess < -20) //Checks if the user enters an incorrect value 
		cout << "You have entered an incorrect value, wasted one turn and received no hint, please try again!" << endl;
	else if(playerGuess > 20) //Checks if the user enters an incorrect value 
		cout << "You have entered an incorrect value, wasted one turn and received no hint, please try again!" << endl;
	else if (playerGuess == randomNum) //Only if Random Number equals Player Guess
		cout << "Your guess is right!" << endl;
}

void gameOver() //Checks if user has used all 5 attempts and answer is still incorrect
{
	if (turn == maxCount && playerGuess != randomNum)
		cout << "You have used all your turns and lost!" << endl;
}
































[bookmark: _Toc510087946]2b – Part C (Implementation): Connect Four Game Code
// connectFour.cpp : Defines the entry point for the console application.
//
//

//Preprocesser Definitions
#include "stdafx.h"
#include <iostream>

using namespace std;

//Function initialisation
void display(); //Displays game board to players
bool winCheck(int a, int b); 
int drop(int b, char player); //Allows player to choose where to drop their symbol
char board[6][7]; //available for whole program

int main() {
	for (int a = 0; a <= 5; a++) 
	{
		for (int b = 0; b <= 6; b++)
		board[a][b] = ' ';    
	}
	display();//Displays for first time so players can see the board
	int holdOne; //Will house user row choice
	int holdTwo = 0; //will hold drop value
	int charsPlaced = 0;//Number of peices dropped so can end game if a draw
	bool gamewon = false;//Will be changed to true when game is won and will exit while loop
	char player = 15;//start as player 2 will change back 2 player 1
	while (!gamewon) {//will stop when game is won, ! means NOT makes the oppisite be checked
		if (holdTwo != -1) {//check if there was a error in the last drop
			if (player == 15) {//if player 2 lasted dropped a piece so its player 1s turn
				cout << "Player One - Please choose Column to drop into: ";
				player = 254; //char of players piece
			}
			else {
				cout << "Player Two - Please choose Column to drop into: ";
				player = 15; //char of player piece
			}
		}
		while (true) {//will run untill 'break;'
			if (charsPlaced == 42) break;//if draw
			cin >> holdOne;//get user input
			holdOne--;//-1 as arrays start at 0 not 1
			if (holdOne <= 6 && holdOne >= 0) break;//if within valid range stop loop
			else cout << "\nplease enter a value between 1 and 7 :";//ask for input and loop again
			if (cin.fail()) //catch a non number
			{
				cin.clear();        //Stops cin trying to put its value in to hold
				char c;         //Try entering a non number without this, 2 see what this does
				cin >> c;           //
			}                       //Catch a non number
		}
		if (charsPlaced == 42) break;//if draw
		holdTwo = drop(holdOne, player);//drop the player store the row in hold2
		if (holdTwo == -1) cout << "Column is full\nPlease enter anothor number between 1 and 7:";
		else {
			gamewon = winCheck(holdTwo, holdOne); //check if game is finished
			charsPlaced++; //another character has been succesfully placed
			system("cls"); //Clears the Screen
			display(); //displayed updated board
		}
	}
	system("cls"); //Clears the Screen
	if (charsPlaced == 42) {//if draw
		cout << "No winner, Game was draw\n";
		system("pause");
		return 0;
	}
	if (player == 15)//if won by player 2
		cout << "gamewon by : player 2\n";
	else cout << "gamewon by : player 1\n";//Else won by player 1
	system("pause");//pauses before exit so players can see who won, works with windows
	return 0;//Exit application
}

void display() { //This Function displays game board on screen
	cout << " 1   2   3   4   5   6   7\n";
	for (int a = 0; a <= 5; a++)
	{
		for (int b = 0; b <= 6; b++) cout << char(218) << char(196) << char(191) << " ";
		cout << '\n';
		for (int b = 0; b <= 6; b++) cout << char(179) << board[a][b] << char(179) << " ";
		cout << '\n';
		for (int b = 0; b <= 6; b++) cout << char(192) << char(196) << char(217) << " ";
		cout << '\n';
	}
}

bool winCheck(int a, int b) { // This Function checks whether a player has placed 4 identical characters in a row, also checks if both players have drawn or not
	int vertical = 1;
	int horizontal = 1;
	int diagonalLeft = 1;
	int diagonalRight = 1;
	char player = board[a][b];
	int vertCheck; //verticalInc
	int horizCheck; //horizontalInc

	//check for vertical
	for (vertCheck = a + 1; board[vertCheck][b] == player && vertCheck <= 5; vertCheck++, vertical++); //down
	for (vertCheck = a - 1; board[vertCheck][b] == player && vertCheck >= 0; vertCheck--, vertical++); //up
	if (vertical >= 4)return true;

	//check for horizontal
	for (horizCheck = b - 1; board[a][horizCheck] == player && horizCheck >= 0; horizCheck--, horizontal++); //left
	for (horizCheck = b + 1; board[a][horizCheck] == player && horizCheck <= 6; horizCheck++, horizontal++); //right
	if (horizontal >= 4) return true;

	//check for diagonal Left
	for (vertCheck = a - 1, horizCheck = b - 1; board[vertCheck][horizCheck] == player && vertCheck >= 0 && horizCheck >= 0; diagonalLeft++, vertCheck--, horizCheck--); //up & left
	for (vertCheck = a + 1, horizCheck = b + 1; board[vertCheck][horizCheck] == player && vertCheck <= 5 && horizCheck <= 6; diagonalLeft++, vertCheck++, horizCheck++); //down & right
	if (diagonalLeft >= 4) return true;

	//check for diagonal Right
	for (vertCheck = a - 1, horizCheck = b + 1; board[vertCheck][horizCheck] == player && vertCheck >= 0 && horizCheck <= 6; diagonalRight++, vertCheck--, horizCheck++); //up & right
	for (vertCheck = a + 1, horizCheck = b - 1; board[vertCheck][horizCheck] == player && vertCheck <= 5 && horizCheck >= 0; diagonalRight++, vertCheck++, horizCheck--); //up & left
	if (diagonalRight >= 4) return true;

	return false;
}

int drop(int b, char player) { //Defines where player places counter - if column is full, user is told to place counter into a different column
	if (b >= 0 && b <= 6)
	{
		if (board[0][b] == ' ') {
			int i;
			for (i = 0; board[i][b] == ' '; i++)
				if (i == 5) {
					board[i][b] = player;
					return i;
				}
			i--;
			board[i][b] = player;
			return i;
		}
		else {
			return -1;
		}
	}
	else {
		return -1;
	}
}
[bookmark: _GoBack]
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