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1. [bookmark: _Toc151323615]Introduction
The Match Pairs Game is a user-centric card-matching game developed using OpenGL [1]. Following a User-Centred Design Approach [2], special attention was given to ensuring an intuitive and engaging user experience throughout the development process. The game involves flipping cards to find matching pairs within a set of textured cards. When selecting textures for the cards to be paired, a deliberate choice was made to use textures that are intentionally difficultly similar. This design decision was influenced by colour theory [3], not only to increase the need for cognitive activity and elevate the overall difficulty level of the game but also to ensure that the chosen textures do not cause any strain on the eyes during gameplay. The careful consideration of colour theory was implemented to create a visually comfortable gaming experience. This report aims to provide an overview of the codebase, highlighting key features, game mechanics, and technical aspects.
























2. Code Overview

The Match Pairs Game, developed using OpenGL, is characterized by a function-centric design where various aspects of the game are handled through a set of well-defined functions. The code structure emphasizes modularity, with distinct functions responsible for different functionalities.

2.1.  Core Functions

2.1.1. Init();
This function initializes the game environment, setting up the initial state, loading textures, initialization of dependencies, and configuring necessary parameters.

2.1.2. key_callback(); 
Responsible for capturing and interpreting user inputs, such as mouse clicks or keyboard interactions, this determines the player's actions during gameplay. This also manages triggers updates, such as card flipping.

2.1.3. update();
Manages the game state and triggers updates, including scoring, and transitions between game phases.

2.1.4. display(); 
The display function is responsible for calling the functions to draw relevant information within the user viewport, on each game tick the cards are rendered in the scene, the viewport is defined for text display and, finally, the GUI is drawn to the screen.
2.1.5. Render Cards();
This function utilizes OpenGL to render a collection of cards. It clears buffers, sets up shader programs, copies matrices to shader variables, configures OpenGL settings, and iterates through each card, updating matrices and rendering either the cover texture or the cards pairing texture on visibility.





3. Testing

3.1.  Test Objectives
The primary focus of testing for this project was to ensure the correctness and functionality of each feature through manual testing. The objectives included:
Feature Validation: Confirming the correct implementation of each feature as it was developed.
User Interaction Testing: Verifying that user interactions, such as card flipping and menu navigation, work as intended.
Error Handling: Identifying and addressing any unexpected behaviour or errors that may occur during gameplay.		
3.2.  Manual Testing

All testing for this project was conducted manually. As each feature was implemented, a series of tests were performed to validate its behaviour. This approach allowed for immediate feedback and iteration during the development process. Key areas covered in manual testing included:
Gameplay Mechanics: Testing the core gameplay mechanics such as card matching, scoring, and game state transitions.
User Interface: Verifying the functionality of the GUI, buttons, and any interactive elements within the application.
Error Scenarios: Intentionally triggering and addressing potential error scenarios to ensure error handling.

3.3.  Code Checks
The code includes mandatory checks to ensure key elements have been loaded successfully during runtime. These checks serve as a minimal validation to prevent critical failures and are not intended to replace comprehensive manual testing.

3.4. Testing Tools
Given the manual testing approach, no specific testing tools or frameworks were explicitly used. Debugging tools and print statements were utilized during development to diagnose issues quickly on the fly.



4. User Guide

4.1.  Game Controls

	Game Controls

	INPUTS
	ACTIONS

	[SPACEBAR] KEY
	CYCLE HIGHLIGHTED CARD

	[S] KEY
	SELECTS CARDS FOR PAIRING

	[R] KEY
	RESTART GAME

	[UP ARROW] KEY 
	Zoom In

	[DOWN ARROW] KEY
	Zoom Out




4.2. Game Objective

The goal of the Match Pairs Game is to find all matching pairs of cards. Test your memory and observation skills by flipping cards, and finding their identical counterparts, all whilst racing against the clock to score the fastest speeds.
















5. Screenshots

[image: A screenshot of a video game
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[Figure 1: Match Pairs Main Menu, Flash On]

[image: A screenshot of a computer
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[Figure 2: Match Pairs Main Menu, Flash Off]
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[Figure 3: Match Pairs Game Activated]

[image: A pink square with black text
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[Figure 4: Match Pairs Game Activated, 1 Card Selected]
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[Figure 5: Match Pairs Game Activated, 1 Card Selected - 1 Card Highlighted]
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[Figure 6: Match Pairs Game Activated, Result of Invalid Pair - 1 Card Highlighted]
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[Figure 7: Match Pairs Game Activated, 1 Pair Remaining to Match - No Cards Highlighted]
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[Figure 8: Match Pairs Game Activated, Game Won Screen - Flash On]
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[Figure 9: Match Pairs Game Activated: Game Won - Flash Off]
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[Figure 10: Match Pairs Game: Result of Restart Key]
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[Figure 11: Match Pairs Game: Zoomed In – MAX]
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[Figure 12: Match Pairs Game: Zoomed Out – MAX]
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[Figure 13: Match Pairs Proof of Random Grid 1]
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[Figure 14: Match Pairs Proof of Random Grid 2]

6. Conclusion

The Match Pairs Game offers an enjoyable experience, and while the current codebase is functional, there is room for improvement in terms of code organization and structure. In future projects, prioritizing the creation of a more robust overall structure by thoroughly planning and detailing the core classes and methods. This approach would aim to enhance the readability and legibility of the codebase, making it more accessible for both collaboration and maintenance.
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Appendix A  - Source

SOURCE.CPP
	#if defined(_MSC_VER) && (_MSC_VER >= 1310)
#	pragma warning(disable: 4996) // Disable the fopen, strcpy, sprintf being unsafe warning
#endif
#include "config.h"

// Main Function
int main(void) {
	// Initialize GLFW and GLEW
	if (!glfwInit()) { exit(EXIT_FAILURE); }
	glfwWindowHint(GLFW_CONTEXT_VERSION_MAJOR, 4);
	glfwWindowHint(GLFW_CONTEXT_VERSION_MINOR, 3);
	GLFWwindow* window = glfwCreateWindow(1920, 1080, "Match Pairs Game", NULL, NULL);
	glfwSetKeyCallback(window, key_callback);
	glfwSetWindowSizeCallback(window, window_size_callback);
	glfwMakeContextCurrent(window);
	if (glewInit() != GLEW_OK) { exit(EXIT_FAILURE); }
	glfwSwapInterval(1);

	// Initialize game and enter main loop
	init(window);
	while (!glfwWindowShouldClose(window)) {

		display(window, glfwGetTime());
		glfwSwapBuffers(window);
		glfwPollEvents();
		update();
	}

	// Cleanup and exit
	gltTerminate();
	glfwDestroyWindow(window);
	glfwTerminate();
	exit(EXIT_SUCCESS);
}

/**
 * Installs lights in the shader program.
 *
 * This function converts light's position to view space, retrieves the locations of
 * light and material fields in the shader, and sets the uniform light and material values.
 *
 * Uses The view matrix to convert light's position to view space.
 */
void installLights(glm::mat4 vMatrix) {
	// Convert light’s position to view space and save it in a float array
	lightPosV = glm::vec3(vMatrix * glm::vec4(currentLightPos, 1.0));
	lightPos[0] = lightPosV.x;
	lightPos[1] = lightPosV.y;
	lightPos[2] = lightPosV.z;

	// Get the locations of the light and material fields in the shader
	globalAmbLoc = glGetUniformLocation(renderingProgram, "globalAmbient");
	ambLoc = glGetUniformLocation(renderingProgram, "light.ambient");
	diffLoc = glGetUniformLocation(renderingProgram, "light.diffuse");
	specLoc = glGetUniformLocation(renderingProgram, "light.specular");
	posLoc = glGetUniformLocation(renderingProgram, "light.position");
	mAmbLoc = glGetUniformLocation(renderingProgram, "material.ambient");
	mDiffLoc = glGetUniformLocation(renderingProgram, "material.diffuse");
	mSpecLoc = glGetUniformLocation(renderingProgram, "material.specular");
	mShiLoc = glGetUniformLocation(renderingProgram, "material.shininess");

	// Set the uniform light and material values in the shader
	glProgramUniform4fv(renderingProgram, globalAmbLoc, 1, globalAmbient);
	glProgramUniform4fv(renderingProgram, ambLoc, 1, lightAmbient);
	glProgramUniform4fv(renderingProgram, diffLoc, 1, lightDiffuse);
	glProgramUniform4fv(renderingProgram, specLoc, 1, lightSpecular);
	glProgramUniform3fv(renderingProgram, posLoc, 1, lightPos);
	glProgramUniform4fv(renderingProgram, mAmbLoc, 1, matAmb);
	glProgramUniform4fv(renderingProgram, mDiffLoc, 1, matDif);
	glProgramUniform4fv(renderingProgram, mSpecLoc, 1, matSpe);
	glProgramUniform1f(renderingProgram, mShiLoc, matShi);
}

// Function to move the camera for zoom
void moveCamera(float Px, float Py, float Pz, float Vtorz)
{
	cout << "Px= " << Px << " Py= " << Py << "  Pz=" << Pz << "  Vtorz= " << Vtorz << endl;
	vMat = glm::lookAt(glm::vec3(Px, Py, Pz), glm::vec3(Px, Py, Pz + Vtorz), glm::vec3(0.0, 1.0, 0.0));

}


// Function to handle key input
static void key_callback(GLFWwindow* window, int key, int scancode, int action, int mods)
{
	static float Px = 0, Py = 0, Pz = 0, Vtorx = 0, Vtorz = -3.4;
	switch (key) {
	case GLFW_KEY_R:
		if (gameActive) {
			gltTerminate(); // Terminates text program for re-initialization
			init(window); // Restarts game
		}
	break;
	case GLFW_KEY_ENTER:
		if (!gameActive) {
			gameActive = true;
			startTime = glfwGetTime();
		}
		break;
	case GLFW_KEY_UP:
		//move forward along line of sight
		Px = cameraX; Py = cameraY; Pz = cameraZ;
		Pz = Pz + 0.1 * Vtorz;
		Pz = glm::clamp(Pz, 20.0f, 30.0f); // Clamps camera between 20 and 30 on Z axis
		cameraZ = Pz;
		moveCamera(Px, Py, Pz, Vtorz); //best placed where you’d normally use glm::lookat
		break;
	case GLFW_KEY_DOWN:
		//move backwards along line of sight
		Px = cameraX; Py = cameraY; Pz = cameraZ;
		Pz = Pz - 0.1 * Vtorz;
		Pz = glm::clamp(Pz, 20.0f, 30.0f); // Clamps camera between 20 and 30 on Z axis
		cameraZ = Pz;
		moveCamera(Px, Py, Pz, Vtorz); //best placed where you’d normally use glm::lookat
		break;
	case GLFW_KEY_SPACE:
		// selected object number - cycle through objects
		if (action == GLFW_PRESS && gameActive) {
			// Check if the selected object is invisible and skip to the next one
			cards[selObj].setTexCurrent(cards[selObj].getTexCover());
			selObj = ++selObj % totalObj;

			while (cards[selObj].getInvisible()) {
				selObj = ++selObj % totalObj;
			}

		}
		if (action == GLFW_RELEASE && gameActive) {
			cards[selObj].setTexCurrent(cards[selObj].getTexNum());
			cards[lastSelectedObj].setTexCurrent(cards[lastSelectedObj].getTexNum()); // Keeps the last selected card uncovered until reset
		}
		cout << selObj << endl;
		break;

	case GLFW_KEY_S:
		// Attempts to Match Pairs and toggles them to be permanently visible if its a pair
		if (action == GLFW_PRESS && gameActive) {
			if (lastSelectedObj == -1) {
				lastSelectedObj = selObj;
				std::cout << "Card 1 Selected: " << lastSelectedObj << "\n";
			}
			else if (cards[selObj].getPairedWith() == cards[lastSelectedObj].getPairedWith()) {
				std::cout << "Card 2 Selected " << selObj << "\n";
				std::cout << "Selected Card 1: " << lastSelectedObj << "Matches Selected Card 2: " << selObj << "\n";
				cards[selObj].setInvisible(true); // Removes Cards from Scene on Match
				cards[lastSelectedObj].setInvisible(true); // Removes Cards from Scene on Match
				lastSelectedObj = -1; // Resets last Selected Object for next Pair Attempt on Match Found
				totalCardsPaired = totalCardsPaired + 2;

				// Game win condition
				if (totalCardsPaired == size(cards)) {
					std::cout << "The game has been won, all pairs matched";
				}
			}
			else {
				cards[lastSelectedObj].setTexCurrent(cards[lastSelectedObj].getTexCover());
				std::cout << "Card 2 Selected: " << selObj << "   " << "No Match Found\n";
				std::cout << "Card 1 Matches with: " << cards[lastSelectedObj].getPairedWith() << " and Card 2 Matches with: " << cards[selObj].getPairedWith() << "\n";
				lastSelectedObj = -1; // Resets last Selected Object for next Pair Attempt on No Match Found
			}
		}
		break;
	case 27:
		exit(0);
		break;
	default:
		break;

	}
}

// Function to import textures
void importTextures(void) {

	// File names of card textures used.
	char filename[] = "pink.png";
	char filename2[] = "blue.png";
	char filename3[] = "red.png";
	char filename4[] = "yellow.png";
	char filename5[] = "lime.png";


	int x, y, n;
	int force_channels = 4; //RGB and A


	// Set texture parameters (may be adjust based on requirements)
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR);

	// Enable alpha blending for text rendering
	glEnable(GL_BLEND);
	glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);


	// Load textures and set up the game board
	unsigned char* image_data = stbi_load(filename, &x, &y, &n, force_channels);  //x = x dimemsions, y= ydims, 
	if (!image_data)
	{
		cout << "error: could not load " << filename << endl;

	}
	// Set shader uniforms before rendering
	glUniform1i(glGetUniformLocation(renderingProgram, "textureSampler"), 0);
	// copy image into ogl buffer - stick to images power of 2 high and wide
	glGenTextures(totalTextures, tex);
	glActiveTexture(GL_TEXTURE0);

	glBindTexture(GL_TEXTURE_2D, tex[0]);
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGBA, x, y, 0, GL_RGBA, GL_UNSIGNED_BYTE, image_data);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
	glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR);
	glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR);
	image_data = stbi_load(filename2, &x, &y, &n, force_channels);  //x = x dimemsions, y= ydims, 
	if (!image_data)
	{
		cout << "error: could not load " << filename2 << endl;

	}
	glBindTexture(GL_TEXTURE_2D, tex[1]);
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGBA, x, y, 0, GL_RGBA, GL_UNSIGNED_BYTE, image_data);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
	glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
	image_data = stbi_load(filename3, &x, &y, &n, force_channels);  //x = x dimemsions, y= ydims, 
	if (!image_data)
	{
		cout << "error: could not load " << filename3 << endl;

	}
	glBindTexture(GL_TEXTURE_2D, tex[2]);
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGBA, x, y, 0, GL_RGBA, GL_UNSIGNED_BYTE, image_data);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
	glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
	image_data = stbi_load(filename4, &x, &y, &n, force_channels);  //x = x dimemsions, y= ydims, 
	if (!image_data)
	{
		cout << "error: could not load " << filename4 << endl;

	}
	glBindTexture(GL_TEXTURE_2D, tex[3]);
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGBA, x, y, 0, GL_RGBA, GL_UNSIGNED_BYTE, image_data);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
	glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
	image_data = stbi_load(filename5, &x, &y, &n, force_channels);  //x = x dimemsions, y= ydims, 
	if (!image_data)
	{
		cout << "error: could not load " << filename5 << endl;

	}
	glBindTexture(GL_TEXTURE_2D, tex[4]);
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGBA, x, y, 0, GL_RGBA, GL_UNSIGNED_BYTE, image_data);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
	glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameterf(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);


}

// Creates a randomized list of numbers 1, 2, 3, 4 to the length of totalObj and then generates card instances.
void setupCards(void) {

	// Generate a list with quarter 1s, quarter 2s, quarter 3s, and quarter 4s
	int quarterDeck = totalObj / 4; // Get int value of quarter of the cards to be generated
	std::vector<int> textureList(quarterDeck, 1); // Initialize with quarter cards as texture 1
	textureList.insert(textureList.end(), quarterDeck, 2); // Append quarter cards as texture 2
	textureList.insert(textureList.end(), quarterDeck, 3); // Append quarter cards as texture 3
	textureList.insert(textureList.end(), quarterDeck, 4); // Append quarter cards as texture 4
	// Shuffle the list using std::random_shuffle
	std::random_shuffle(textureList.begin(), textureList.end());

	// Initialize the card index
	int k = 0;
	// Loop through each column and row to assign textures to cards
	for (int i = 0; i < numCols; i++)
	{
		for (int j = 0; j < numRows; j++)
		{
			// Retrieve the next texture value from the shuffled list
			int tempTex = textureList[k];
			//initialise Cards: texCover, texture number, x position, y position, paired with tex num, invis 
			cards[k] = Card(tex[0], tex[tempTex], i * 1.05, j * 1.05, tempTex, false);
			k++; // Move to the next index in the shuffled list
		}
	}


}


// Function to initialize game state
void init(GLFWwindow* window) {
	// Initialize glText
	gltInit();
	if (!gltInit())
	{
		fprintf(stderr, "Failed to initialize glText\n");
		glfwTerminate();
		return;
	}

	// Game State Management on Initialization // for restart game
	lastSelectedObj = -1;
	selObj = -1;
	gameWon = false;
	gameActive = false;
	bestTime = loadBestTime();
	totalCardsPaired = 0; // Initializes total cards paired as none


	renderingProgram = createShaderProgram(); // Load shader program
	importTextures(); // imports game textures -- currently 5 used
	setupCards(); // Setup Game Card Deck -- 4 Textures used == 32 pairs, 16 cards per text

	// Calculate the middle of the card grid
	float middleX = (numCols - 1) / 2.0f * 1.05f;
	float middleY = (numRows - 1) / 2.0f * 1.05f;

	// Set the initial camera position to view the middle of the card grid
	cameraX = middleX + 0.525; // middleX plus the length of the width of a card and the space between cards for true center
	cameraY = middleY - 0.525; // middleX minus the length of the height of a card and the space between cards for true center
	cameraZ = middleY + 25.0f;  // Adjust the Z position to fit the cards in the view

	// Update the view matrix to look at the middle of the card grid
	vMat = glm::lookAt(glm::vec3(cameraX, cameraY, cameraZ), glm::vec3(cameraX, cameraY, 0), glm::vec3(0.0f, 1.0f, 0.0f));

	currentLightPos = glm::vec3(cameraX, cameraY, cameraZ);

	// Set up perspective matrix
	glfwGetFramebufferSize(window, &width, &height); //need these to fit clip space to window
	aspect = (float)width / (float)height;
	pMat = glm::perspective(1.0472f, aspect, 0.05f, 100.0f); // 1.0472 radians = 60 degrees

	// Set up initial vertices
	setupVertices();

	// Enable depth testing
	glEnable(GL_DEPTH_TEST);
}


// Function to handle window size changes
static void window_size_callback(GLFWwindow* window, int newWidth, int newHeight) {
	// Update viewport and perspective matrix on window size change
	glViewport(0, 0, newWidth, newHeight);
	gltViewport(newWidth, newHeight);
	aspect = (float)newWidth / (float)newHeight;
	width = newWidth;
	height = newHeight;
	pMat = glm::perspective(1.0472f, aspect, 0.05f, 100.0f);
}


// Function to update game state
void update(void) {
	// (code for updating game state)
	if (gameActive) {
		if (totalCardsPaired != totalObj) {
			elapsedTime = glfwGetTime() - startTime;
		}
		if (!gameWon && totalCardsPaired == totalObj) {

			// Only update best time if elapsed time is less than best time
			if (elapsedTime < bestTime) {
				// Save the best time to a file
				saveTime(elapsedTime, bestTime);
			}
			// Game won
			gameWon = true;
		}
	}

	// Check if it's time to toggle textFlash
	double currentTime = glfwGetTime();
	if (currentTime - lastToggleTime >= flashInterval) {
		textFlash = !textFlash;
		lastToggleTime = currentTime;
	}
}

// Renders the GUI using the gltext single file header
void renderGUI(void){

	GLTtext* gameStartGl = gltCreateText();
	gltSetText(gameStartGl, "Press [Enter] to Start the Game...");

	float screenPercentage = 0.002f; // Adjust this value for the percentage of the screen space the text is to consume

	float xPercentageGameStartText = 0.25f; // 25% across
	float yPercentageGameStartText = 0.85f; // 85% down
	// Calculate positions and scales for the game logo text
	float xGameStartText = width * xPercentageGameStartText; // Along the x-axis
	float yGameStartText = height * yPercentageGameStartText; // down along the y-axis
	float scaleGameStartText = (width * screenPercentage);

	if (gameActive == false) {

		GLTtext* gameInstructionsGl = gltCreateText();
		gltSetText(gameInstructionsGl, "Welcome to Match Pairs by JP!\n\n       The Rules are Simple:");


		GLTtext* gameControlsGl = gltCreateText();
		gltSetText(gameControlsGl, "   -----\nControls\n   -----");


		screenPercentage = 0.002f; // Adjust this value for the volume of the screen space you want the text to consume = 2%

		xPercentageGameStartText = 0.25f; // 25% across
		yPercentageGameStartText = 0.85f; // 85% down

		float xPercentageGameInstructionText = 0.025f; // 2.5% across
		float yPercentageGameInstructionText = 0.025f; // 2.5% down
		// Calculate positions and scales for the game logo text
		xGameStartText = width * xPercentageGameStartText; // Along the x-axis
		yGameStartText = height * yPercentageGameStartText; // down along the y-axis
		scaleGameStartText = (width * screenPercentage);
		// Calculate positions and scales for the game instructions text
		float xGameInstructionText = width * xPercentageGameInstructionText; // Along the x-axis
		float yGameInstructionText = height * yPercentageGameInstructionText; // down along the y-axis
		float scaleGameInstructionText = (width * screenPercentage);
		gltBeginDraw();
		gltColor(0.8f, 0.6f, 1.0f, 1.0f); // Soft Lavender Colour
		gltDrawText2D(gameInstructionsGl, xGameInstructionText, yGameInstructionText, scaleGameInstructionText / 1.2);


		gltSetText(gameInstructionsGl, "         -- 64 tiles -- \n        -- 4 colours --\n-- 8 Pairs Per Colour -- \n    -- 32 Total Pairs --");
		gltColor(1.0f, 0.8f, 0.6f, 1.0f); // Soft Peach Colour
		gltDrawText2D(gameInstructionsGl, xGameInstructionText * 5, yGameInstructionText * 8, scaleGameInstructionText / 2);


		gltColor(0.8f, 0.6f, 1.0f, 1.0f); // Soft Lavender Colour
		gltDrawText2D(gameControlsGl, xGameInstructionText * 6.5, yGameInstructionText * 13, scaleGameInstructionText / 1.5);

		gltSetText(gameControlsGl, "Cycle Cards - [SPACEBAR]\nSelect Card - [S] KEY\nRestart Game - [R] KEY\nZoom In - [UP] ARROW KEY\nZoom Out - [DOWN] ARROW KEY");
		gltDrawText2D(gameControlsGl, xGameInstructionText * 4, yGameInstructionText * 18, scaleGameInstructionText / 2);

		gltSetText(gameInstructionsGl, "--------------------");
		gltColor(1.0f, 0.8f, 0.6f, 1.0f); // Soft Peach Colour
		gltDrawText2D(gameInstructionsGl, xGameInstructionText * 5, yGameInstructionText * 24, scaleGameInstructionText / 2);

		gltSetText(gameInstructionsGl, "Match the cards as quickly as possible\n\n\n          Can you beat my highscore ;)");
		gltColor(0.7f, 0.8f, 0.7f, 1.0f); // Soft Sage Green Colour
		gltDrawText2D(gameInstructionsGl, xGameInstructionText * 3, yGameInstructionText * 26, scaleGameInstructionText / 2);

		if (textFlash) {
			gltColor(1.0f, 0.7f, 0.6f, 1.0f); // Warm Coral Colour
			gltDrawText2D(gameStartGl, xGameStartText, yGameStartText, scaleGameStartText);
		}
		else {}

		gltEndDraw();
	}
	else {
		// Display the elapsed time with 1 decimal place
		GLTtext* TimerTextGl = gltCreateText();
		stringstream timeText;
		timeText << "Time Spent: " << fixed << setprecision(1) << elapsedTime << " seconds";
		gltSetText(TimerTextGl, timeText.str().c_str());

		GLTtext* BestTimerTextGl = gltCreateText();
		stringstream bestTimeText;
		bestTimeText << "Best Time: " << fixed << setprecision(1) << bestTime << " seconds";
		gltSetText(BestTimerTextGl, bestTimeText.str().c_str());
		gltBeginDraw();

		gltColor(0.8f, 0.6f, 1.0f, 1.0f); // Soft lavender color

		// Assuming windowWidth and windowHeight are the dimensions of the window
		float screenPercentage = 0.002f; // Adjust this value for the percentage of the screen space you want the text to consume
		float xPercentageTimerText = 0.02f; // 2% across
		float yPercentageTimerText = 0.05f; // 5% down
		float xPercentageBestTimerText = 0.02f; // 2% across
		float yPercentageBestTimerText = 0.125f; // 12.5% down
		// Calculate positions and scales for the first text
		float xTimerText = width * xPercentageTimerText; // Along the x-axis
		float yTimerText = height * yPercentageTimerText; // down along the y-axis
		float scaleTimerText = width * screenPercentage;
		// Calculate positions and scales for the second text
		float xBestTimerText = width * xPercentageBestTimerText; // Along the x-axis
		float yBestTimerText = height * yPercentageBestTimerText; // down along the y-axis
		float scaleBestTimerText = width * screenPercentage;

		if (!gameWon) {
			if (textFlash) {
				gltDrawText2D(TimerTextGl, xTimerText, yTimerText, scaleBestTimerText);
			}
			gltDrawText2D(BestTimerTextGl, xBestTimerText, yBestTimerText, scaleBestTimerText);
		}
		else {
			if (textFlash) {
				gltDrawText2D(BestTimerTextGl, xBestTimerText, yBestTimerText, scaleBestTimerText);

				gltSetText(gameStartGl, "Press [R] KEY to Restart the Game...");
				gltDrawText2D(gameStartGl, xGameStartText, yGameStartText, scaleGameStartText);

			}
			gltDrawText2D(TimerTextGl, xTimerText, yTimerText, scaleBestTimerText);
		}
		gltEndDraw();
	}


}

// Setup and create world scene, draws grid of cards to the size of sqrt(totalObj)*sqrt(totalObj)
void renderCards(void) {

	glClear(GL_DEPTH_BUFFER_BIT);
	glClearColor(1.0, 0.8, 0.9, 0.0); // Baby pink with a tint of blue
	glClear(GL_COLOR_BUFFER_BIT);
	glUseProgram(renderingProgram); //specify linked program to use

	mvLoc = glGetUniformLocation(renderingProgram, "mv_matrix");
	projLoc = glGetUniformLocation(renderingProgram, "proj_matrix");
	nLoc = glGetUniformLocation(renderingProgram, "norm_matrix");

	// copy perspective and MV matrices to corresponding uniform variables
	glUniformMatrix4fv(mvLoc, 1, GL_FALSE, glm::value_ptr(mvMat));
	glUniformMatrix4fv(projLoc, 1, GL_FALSE, glm::value_ptr(pMat));
	glUniformMatrix4fv(nLoc, 1, GL_FALSE, glm::value_ptr(invTrMat));
	// adjust OpenGL settings
	glBindVertexArray(vao[1]);
	glBindBuffer(GL_ARRAY_BUFFER, vbo[0]);
	glVertexAttribPointer(0, 3, GL_FLOAT, GL_FALSE, 0, 0);
	glEnableVertexAttribArray(0);
	glBindBuffer(GL_ARRAY_BUFFER, vbo[3]);
	glVertexAttribPointer(1, 3, GL_FLOAT, GL_FALSE, 0, 0);
	glEnableVertexAttribArray(1);

	glPolygonMode(GL_FRONT_AND_BACK, GL_FILL);

	for (int i = 0; i < totalObj; i++)
	{
		//Create new model matrix and then mv matrix (no change to camera position/orientation so view matrix not touched)
		mMat = glm::translate(glm::mat4(1.0f), glm::vec3(cards[i].getxPos(), (cards[i].getyPos()), 0));
		mMat = glm::rotate(mMat, glm::radians(0.0f), glm::vec3(0.0f, 1.0f, 0.0f));
		mvMat = vMat * mMat;

		invTrMat = glm::transpose(glm::inverse(mvMat));
		if (!cards[i].getInvisible()) {
			glBindTexture(GL_TEXTURE_2D, cards[i].getTexCurrent()); //change textures
			//copy new mv matrix to shader	
			glUniformMatrix4fv(mvLoc, 1, GL_FALSE, glm::value_ptr(mvMat));
			glUniformMatrix4fv(projLoc, 1, GL_FALSE, glm::value_ptr(pMat));
			glUniformMatrix4fv(nLoc, 1, GL_FALSE, glm::value_ptr(invTrMat));
			installLights(mvMat);
			glDrawArrays(GL_TRIANGLES, 0, 18);  // Draws a Card
		}
		else if (cards[i].getInvisible()) {
			glBindTexture(GL_TEXTURE_2D, cards[i].getTexNum()); //change textures
			//copy new mv matrix to shader	
			glUniformMatrix4fv(mvLoc, 1, GL_FALSE, glm::value_ptr(mvMat));
			glUniformMatrix4fv(projLoc, 1, GL_FALSE, glm::value_ptr(pMat));
			glUniformMatrix4fv(nLoc, 1, GL_FALSE, glm::value_ptr(invTrMat));
			installLights(mvMat);
			glDrawArrays(GL_TRIANGLES, 0, 18);  // Draws a Card
		}
	}
}



// Function to display the game
void display(GLFWwindow* window, double currentTime)
//runs 60 times a second by default in glfw - see main loop
{
	
	renderCards(); // Renders world scene and draws card instances
	gltViewport(width, height); // Updates glText viewport settings for text display
	renderGUI(); // Renders the on-screen GUI
}


// Function to set up vertices for rendering
void setupVertices(void) {

	float cardVertexPos[18] = {
		// A Card (square)
		0.0, 0.0, 0.0,
		0.0, -1.0, 0.0,
		1.0, 0.0, 0.0,
		0.0, -1.0, 0.0,
		1.0, -1.0, 0.0,
		1.0, 0.0, 0.0,
	};
	float cardTex[12] = {
		// A Card (square)
		1.0, 0.0,
		1.0, 1.0,
		0.0, 1.0,
		1.0, 0.0,
		0.0, 1.0,
		0.0, 0.0,
	};
	float CardNorm[18] = {
		// A Card (square)
		0.0, 0.0, 1.0, // front
		0.0, 0.0, 1.0,
		0.0, 0.0, 1.0,
		0.0, 0.0, 1.0,
		0.0, 0.0, 1.0,
		0.0, 0.0, 1.0,
	};

	//initialse VAO and VBOs
	glGenVertexArrays(numVAOs, vao); //we will use one VAOs
	glBindVertexArray(vao[1]);
	glGenBuffers(numVBOs, vbo);//we have 2 VBOs
	glBindBuffer(GL_ARRAY_BUFFER, vbo[0]);//first VBO
	glBufferData(GL_ARRAY_BUFFER, sizeof(cardVertexPos), cardVertexPos, GL_STATIC_DRAW);
	glBindBuffer(GL_ARRAY_BUFFER, vbo[1]);//2nd VBO
	glBufferData(GL_ARRAY_BUFFER, sizeof(cardTex), cardTex, GL_STATIC_DRAW);
	glBindBuffer(GL_ARRAY_BUFFER, vbo[3]);//2nd VBO
	glBufferData(GL_ARRAY_BUFFER, sizeof(CardNorm), CardNorm, GL_STATIC_DRAW);
}


// Function Saves best time to file if time is better than best time
void saveTime(double time, double bestTime) {
	// Open the file for reading and writing (append mode)
	std::fstream file("BestTime.txt", std::ios::in | std::ios::out);

	// Check if the file is open
	if (!file.is_open()) {
		std::cerr << "Error: Unable to open file for reading and writing." << std::endl;
		return;
	}

	// Read the existing best time from the file
	double existingBestTime = bestTime;

	// Seek back to the beginning of the file
	file.seekg(0);

	// If the file is empty or the new time is better, update the best time
	if (file.tellp() == 0 || time < bestTime) {
		// Write the new best time to the file
		file << std::fixed << std::setprecision(1) << time;

		std::cout << "Best time updated to " << time << " seconds." << std::endl;
	}
	else {
		std::cout << "Existing best time is better: " << existingBestTime << " seconds." << std::endl;
	}

	// Close the file
	file.close();
}

// Loads fastest playtime from file
double loadBestTime() {
	double bestTime = 0.0;

	// Open the file for reading
	std::ifstream inFile("BestTime.txt");

	// Check if the file is open
	if (!inFile.is_open()) {
		std::cerr << "Error: Unable to open file for reading." << std::endl;
		return bestTime;
	}

	// Read the elapsed time from the file
	inFile >> bestTime;

	// Close the file
	inFile.close();

	std::cout << "Best time loaded from BestTime.txt: " << bestTime << " seconds." << std::endl;

	return bestTime;
}
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