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[bookmark: _Toc62913504]Abstract
This document is a report which describes the process of graphics and games programming due to using OpenGL and C++.

[bookmark: _Toc62913505]Introduction
This report aims to document and demonstrate the knowledge and skills in games development using OpenGL and C++. The used IDE for the implementation is Visual Studio 2017. Additionally, some extra utility libraries (GLEW, GLFW and SOIL2) have been incorporated into the project.

[bookmark: _Toc62913506]Design 
The idea of the game is that a player is a warehouse worker, which must find food hidden inside boxes. Moreover, the warehouse is a claustrophobic and dark place. Therefore, the main character uses its torchlight to highlight the way to the boxes. Thereby, the player must search boxes one by one, and the kind of food must match to the previously found one. Otherwise, the searching is started again. If the same three types of food have been found, this information is saved, and the player can begin to look for other types of food, which left.
Furthermore, the mind of the player is affected by its successes and mistakes. It is emphasised by changing the colour of the background and the light. The game is over if the time is over or all triple sets have been found. The score is a product of the number of discovered sets and the remaining time.
The assets for the game have been obtained from the internet sources [1]. Both 3D and 2D graphics elements are used in the game.
The world of the game is viewed from above. Keyboard inputs control the mechanics of selection and movement. The currently selected object in the game is indicated by a point light. What is more, it is scaled up to emphasise the selection.

[bookmark: _Toc62913507]Implementation
The game was developed with OpenGL(v4.4), a cross-platform application programming interface for rendering vector graphics. Due to using this API, an interaction with a graphics card is possible.
Additionally, the OpenGL functionality has been extended by implementing existing utility libraries such as GLEW, GLFW and SOIL2.
GLEW is a cross-platform open-source C/C++ extension loading library, which provides efficient run-time mechanisms to determine which OpenGL extension is supported. Namely, the library gives access to the new functions causing extension of OpenGL functionality.
GLFW is an open-source, multi-platform library for OpenGL, which provides a simple API for creating windows, contexts and surfaces, and managing input and events.
SOIL2 is a library used for uploading and saving textures form image files.3
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Fig 1. The screenshots of methods which initialise the game window and GLEW library.
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The user interface is displayed in the console window. It is made of simple printed commands and information. A user is asked to respond to these commands by providing input from the keyboard.
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Fig.2 The main menu is appeared in the console window after starting the application. User is informed about the theme of the game and how to play.


[image: ]
Fig.3 When the game is running, the console window is cleared, and a timer is displayed. The timer indicates how much time left to the end of the game.
The player’s movement in the game is managed by implementing GLFW functions that read pool events from the keyboard.
[image: ]
Fig.4 The program is waiting for input from the user and checks which kay has been pressed or released and then apply appropriate mechanic. This picture is showing a mechanic of moving up direction.
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Fig.5 The effect of pressing “W” key. The selected box has been changed from the middle one to the top-middle one.
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Fig.6 The other functional key is the SPACE key. Pushing it triggers the currently selected model and change its scale revealing the card behind.
[image: ]
Fig.7 The effect of pressing “SPACE” key.
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Camera in OpenGL is a view space. Everything that can be seen in the game scene is seen from the camera’s perspective as the scene’s origin. To define a camera its position in world space, the direction of looking at, a vector pointing to the right and a vector pointing to upwards are required.
The camera view is set to perspective mode to emphasise 3D elements and work of lights in the game. The features of the camera are set in the cGame class constructor.
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Fig.8 The camera is set up in the constructor; however, all settings can be customised when an object of the camera is initialised. 
[image: ]
Fig.9 The view matrix and projection matrix are initialised at the beginning of the program.
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The information regarding a particular fragment (collection of values produced by the Rasteriser) is stored in the depth buffer. Its width and height are the same as the colour buffer. This is important in case of depth testing, which can be enabled by setting OpenGL options. The depth test is based on comparing the depth value of the fragment against the depth buffer content. If the tests are passed, then the fragment is rendered, and the new depth value is assigned to the depth buffer. However, if the test is failed, the fragment is discarded.
[image: ]
Fig.10 All buffers are cleared at the beginning of the rendering stage.
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Culling is a technique of eliminating geometry. Namely, it identifies the geometry which will not be seen in the screen. Not sending such geometry data to the graphics processing unit can make significant performance improvements.
[image: ]
Fig.11 The function responsible for setting all OpenGL related options for the program.
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Game objects in the scene are imported from OBJ files due to using an OBJ file loader. The data is uploaded as a mesh, which is made of vertices. Each vertex contains a position vector, a normal vector and a texture coordinates.
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Fig.12 The implementation of OBJ file loader.


The box game objects are the models of wooden boxes containing food.
The card games objects are quad models which represents a card with the type of food.
Both types of games objects are stored in dynamic containers to allow better management of the project.

[image: ]
Fig.13 Initialisation of a model example. In this case, a mesh is created basing on data from the cube.obj file. Furthermore, the position, type of material and textures are specified during the initialisation process.
The additional characteristics of the card models are added by using a struct called “Card”. This structure contains data regarding the position, ID, closest box model reference and card state. The id is a reference to the type of food which the card is representing and the reference to applied texture. The state allows for tracking if the card is revealed or not. 

[image: ]
Fig.14 The card structure.
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Fig.15 The card models are instantiated differently than the box model as they required extra mechanics. Nevertheless, the loading model function stays the same.

[image: ]
Fig.16 All models are rendered in the game scene.
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Lighting
The primary source of light in the game is a pointed light which imitates the torchlight. This light is moving during the gameplay as the player is selecting various boxes. Moreover, the light colour is adjusted in concern with the player’s successes and mistakes in guessing.
The lighting system in the game is based on the Phong lighting model, which is consist of three components: ambient, diffuse and specular lighting. This data is calculated by the fragment shader, and then it is presented in the form of simulated light effects on the screen.
Ambient lighting – simulates the fact that the objects are seldom entirely dark.
Diffuse lighting – simulates the directional impact of light on a game object.
Specular lighting – simulates the bright spot of light on surfaces of game objects.
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Fig.17 The base class for light has been implemented in case of needing to add any specific types of light like point lights.
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Fig.18 cPointLight is a subclass which is responsible for creating a point light object in the game.
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Fig.19 When the point light is set then the data is passed to the fragment shader.
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Fig.20 One of the tasks of the fragment shader manages the way how the materials reflect light.
[image: ]
Fig.21 The fragment shader developed for the game purpose.
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Fig.22 The screenshot is showing how lights light the selected box on the side.
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Fig.23 The screenshot is showing how lights light the selected box in the middle.
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Fig.24 If the player makes a mistake in guessing then the colour of the background is changing as well as the colour of the point light.
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Fig.25 If the player guesses correctly, the colour of background changes to gold and the point light becomes brighter.
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Textures are created by importing the required data from image files. The appropriate tool for doing this has been developed due to using SOIL2 library. Also, the used image files are PNG files.
The reference to the obtained textures is saved by the program to be applied to the game objects when needed. Moreover, two kinds of textures are applied to each model -diffuse and specular – to significantly influence the colour and intensities of light reflections.  
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Fig.26 The example of the used diffuse texture of the wooden box.
[image: ]
Fig.27 The example of the used specular texture of the wooden box.

[image: ]
Fig.28 The constructor of cTexture class which handles reading and loading textures.
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Fig.29 The utility functions which enables uploading image files as textures.


[image: ]
Fig.30 The enumerator for textures has been created to sort and manage the loaded textures.

[image: ]
Fig.31 The picture is presenting the texture initialisation function for cGame class. All required textures are loaded and save due to using this function.
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After the application is run, the console window appears displaying the title of the game and its main concept. Below this information user can find the main menu. At this stage, the player can provide input “1” for running the game or “2” to exit the application.
After providing input “1”, the rules of the game are printed in the console window. To continue any key can be pressed.
[image: ]
Fig.32 The main menu.
[image: ]
Fig.33 The rules of the game.
Next, the console is cleared, and the timer is set to two minutes. The timer is displayed in the console window, and it is updated every second. If the time is over the game is ended.
[image: ]
Fig.34 The timer window.
Simultaneously, when the timer starts counting the game is started, and the game window is opened.
[image: ]
Fig.35 The game window. The start position is set to the box model in the middle of the scene.
The user moves between the boxes by pressing keys. “W” – for moving up. “S” – for moving down. “A” – for moving left and “D”- for moving right.
If the user wants to find out what is in the box, it must select the desired container and press “SPACE” key.
[image: ]
Fig.36 The result of selecting the box in the middle of the scene. The box contains broccoli.
When the first guess of a type is uncovered, the user must discover other boxes with this same type of food. In this game, there are three broccolis, three avocados and three bananas to find.
For instance, if the same three types of food have been guessed one by one, the result is saved, and the user can begin to look for other triples sets.
[image: ]
Fig.37 Three broccolis have been found. Each time one of the sets is found, the background changes the colour to gold, and the light becomes brighter.
However, if the user does not guess correctly during searching, the boxes cover the food again, and the player must try again, beginning from the last saved point.
[image: ]
Fig.38 In this example, the player guessed wrong. The colour of the background is changed to red and the light to green.


When all sets have been found, the game is over. The remaining time and score are printed in the console window.
[image: ]
Fig.39 To finish the game, all the food must be uncovered.
[image: ]
Fig.40 The display of remaining time and points scored in the game.


[bookmark: _Toc62913516]Conclusion
The preparation for this assignment included taking part in OpenGL courses available on the Internet. Namely, the OpenGL course by The Cherno available on YouTube and the learnopengl.com website were valuable sources of help and information, which contributed to accomplishing the given task.
The developed demo for the game presents the knowledge and skills obtained due to studies regarding graphics and games programming module. Nevertheless, the game can be improved and polished in the future by adding additional functionalities and visual features. For instance, the timer would be displayed in the game window, not in the console window. The other useful thing would be incorporating some UI like buttons or score text to the scene canvas. Consequently, users would be able to reset the game or advance to the next scene by pressing the buttons and, the score would be more visible in the game window rather than in the console window. Furthermore, it would be worth to design and implement more complicated levels to diversify the gameplay.
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===============================================================================================
    3D OGL Games Programming - ASSIGNMENT PROJECT
===============================================================================================

This program is a demo game created due to given assignment.

The game is called Match Match and it a simple memory game about matching patterns. 
The player is a warehouse worker who must find all kind of food hidden in wooden boxes. There are three kind of foods - avocado, banana and broccoli. 
However, the order is important! One kind of food can be searched at a time. 
But it must be remembered that the warehouse is a dark, claustrophobic place. 
Player’s visions can be affected by that. However, it can use a torchlight to find the wooden boxes and checking their content. 
Finding 3 food of the same kind in a row has a positive influence on the player’s mind, making the environment more comfortable. 
But if a new discovered content of a box is not matching the previous one, then bad things happens and the player is paranoid. 
The world around becomes disturbed and the player must find the balance again.
The game is over if the timer is over or the player has found all containers of food.

===============================================================================================
HOW TO USE THE PROGRAM
===============================================================================================
1. The application is opened in the console window.
4. The menu is displayed. User can choose one of these operations:
	- Chose 1 to start the game.
	- Chose 2 to exit the program.
5. After the simulation started the instruction of use is displayed.
	User can:
	- Press page left arrow to choose the previous control point.
	- Press page right arrow to choose the next control point.
	- Press "w" to navigate up.
	- Press "s" to navigate down.
	- Press "a" to navigate left.
	- Press "d" to navigate right.

===============================================================================================
										CLASSES
===============================================================================================

cGame - This class is responsible for controlling the game, setting the scene and supervising the gameplay.

cCamera - This class is responsible for handling a camera object in the game.

cLight - This is the base class for light in the game.

cPointLight - This is the class responsible for point lights in the game.

cMaterial - This class is responsible for the management of materials.

cMesh - This class processes mesh objects.

cModel - This class instantiates and keep game objects\models in the game.

cShader - This class is responsible for handling and loading shaders.

cTexture - This class reads and implements textures to game objects.

cTimer - This class handles the clock which is displayed in the console window. Also, it returns the score based on time.

objectLoader - This class allows for loading the data from OBJ files.


===============================================================================================
										SHADERS
===============================================================================================

fragment_core.glsl - This is the fragment shader.

vertex_core.glsl - This is the vertex shader.
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#include"cGame.h"

const std::chrono::milliseconds frameRate((int)((1.0f / 60.0f) * 1000.0f)); // Get constant frame rate

void displayMenu();
void choseMenuOptions(int userChoice);

int main()
{
	// Instruction
	std::cout << "\n ************************************************" << "\n" << "************************************************" << std::endl;
	std::cout << "\n Match Match" << std::endl;
	std::cout << "\n ************************************************" << "\n" << "************************************************" << std::endl;
	std::cout << "\n The game is called Match Match and it a simple memory game about matching patterns." << std::endl;
	std::cout << "\nThe player is a warehouse worker who must find all kind of food hidden in wooden boxes.There are three kind of foods - avocado, banana and broccoli." << std::endl;
	std::cout << "\nHowever, the order is important!One kind of food can be searched at a time." << std::endl;
	std::cout << "\nBut it must be remembered that the warehouse is a dark, claustrophobic place." << std::endl;
	std::cout << "\nPlayer's visions can be affected by that. However, it can use a torchlight to find the wooden boxes and checking their content." << std::endl;
	std::cout << "\nFinding 3 food of the same kind in a row has a positive influence on the player's mind, making the environment more comfortable." << std::endl;
	std::cout << "\nBut if a new discovered content of a box is not matching the previous one, then bad things happens and the player is paranoid." << std::endl;
	std::cout << "\nThe world around becomes disturbed and the player must find the balance again." << std::endl;
	std::cout << "\nThe game is over if the timer is over or the player has found all containers of food." << std::endl;

	displayMenu();

	// Instantiate the game
	cGame game("Bartosz Galantowicz - OpenGL Project",
		800, 800,
		4, 4,
		true);

	// MAIN LOOP
	while (!game.getWindowShouldClose())
	{
		// Game Over
		if (game.getNumberOfFoundSets() >= 3 || game.getIsGameOver() == true)
		{
			std::cout << "\n" << "************************************************" << "\n" << "************************************************" << std::endl;
			std::cout << "\n" << "SCORE: "<< game.getScore() << std::endl;
			std::cout << "\n" << "************************************************" << "\n" << "************************************************" << std::endl;
			game.setWindowShouldClose();
			return 0;
		}
	
		// --- UPDATE  ---
		game.update(); // Process input events
		// Wait before render and the next update
		std::this_thread::sleep_for(std::chrono::nanoseconds(frameRate));
		game.render();
		
	}

	return 0;
}

// Display main menu
void displayMenu()
{
	// Store user's choice
	int userChoice = 0;

	// Display the menu of the program in the console windows
	do
	{
			std::cout << "\n" << "************************************************" << "\n" << "************************************************" << std::endl;

		std::cout << "\n" << "MENU" << std::endl;
			   
		std::cout << "\n" << "1. Run the program." << std::endl;
		std::cout << "\n" << "2. Exit." << std::endl;
		std::cout << std::endl;

		std::cout << "\n" << "Input: ";

		// Get user input
		std::cin >> userChoice;		// Proceed with a choosen operation
		choseMenuOptions(userChoice);

	} while (userChoice != 1);

}

// Proceed the menu options
void choseMenuOptions(int userChoice)
{

	switch (userChoice)
	{
		case 1: // Display the program instruction
		{

			std::cout << "\n" << "************************************************" << "\n" << "************************************************" << std::endl;

			std::cout << "Run the program." << std::endl;

			std::cout << "\n" << "************************************************" << "\n" << "************************************************" << std::endl;

			std::cout << "Instruction of use:" << std::endl;
			std::cout << "- Press W, A, S, D to navigate the boxes in the game." << std::endl;
			std::cout << "- Press SPACE key to search currently highlited box." << std::endl;
			std::cout << "- You aim to find 3 avocados, 3 bananas, and 3 broccoli." << std::endl;
			std::cout << "- You need to search food basing on your first guess." << std::endl;
			std::cout << "- Your search will reset if you found other types of food than currently searching type of food." << std::endl;
			std::cout << "- You win the game if you find triples of each kind of food." << std::endl;
			std::cout << "- You lose the game if you the time is over." << std::endl;

			system("pause");

			break;
		}
		case 2: // Change the coordinates of the all control points
		{
			std::cout << std::endl;
			exit(0);
		}
		default:
		{
			std::cout << "Error: Invalid input!" << std::endl;
			exit(0);
		}
	}
}
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#pragma once

#include<iostream> // Provides basic input and output services for C++ programs
#include<fstream> // Allows for reading form files.
#include<string> // Strings

#include<glew.h> // GLEW library
#include<glfw3.h> // GLFW library

// Mathematics libraries
#include<glm.hpp>
#include<vec2.hpp>
#include<vec3.hpp>
#include<vec4.hpp>
#include<mat4x4.hpp>
#include<gtc\matrix_transform.hpp>
#include<gtc\type_ptr.hpp>

#include<SOIL2.h> // Allows of uploading images as textures

// Own libraries
#include"cModel.h"
#include"cLight.h"
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#pragma once

#include<time.h>
#include"libraries.h"
#include"cCamera.h"
#include"cTimer.h"

// Enumerators
// Enums for shaders
enum shaderEnum{SHADER_CORE_PROGRAM = 0};

// Enums for textures
enum textureEnum{
	TEXTURE_BOX = 0, TEXTURE_BOX_SPECULAR,
	TEXTURE_AVOCADO, TEXTURE_AVOCADO_SPECULAR,
	TEXTURE_BANANA, TEXTURE_BANANA_SPECULAR,
	TEXTURE_BROCCOLI, TEXTURE_BROCCOLI_SPECULAR,
	TEXTURE_LEEK, TEXTURE_LEEK_SPECULAR,
	TEXTURE_PUMPKIN, TEXTURE_PUMPKIN_SPECULAR
};

// Enums for materials
enum materialEnum{MATERIAL0 = 0 };

// Enums for meshes
enum meshEnum{MESH_QUAD = 0 };

// Enums for types of cards
enum cardTypes {
	AVOCADO = 2,
	BANANA,
	BROCCOLI,
	LEEK,
	PUMPKIN
};

// Structs
// Card struct
struct Card
{
	glm::vec3 position; // Position of the card in the game
	glm::vec3 offset = glm::vec3(0.0, 0.0, 0.5); // Offset is used to set the card under the 3D model.
	int typeID; // ID of the card. This helps to find what is a type of card.
	cModel* box; // The refference to the model of box which covers the card.
	bool isRevealed = false; // Stores the information if the card is covered.
};

// This class is responsible for controlling the game, setting the scene and supervising the gameplay.
class cGame
{

private:
	// Variables
	// Window
	GLFWwindow* window;
	const int WINDOW_WIDTH;
	const int WINDOW_HEIGHT;
	int framebufferWidth;
	int framebufferHeight;

	// Background colours
	glm::vec4 backgroundColour = glm::vec4(GLclampf(0.0), GLclampf(0.0), GLclampf(0.0), GLclampf(1.0));; // Set to black
	glm::vec4 black = glm::vec4(GLclampf(0.0), GLclampf(0.0), GLclampf(0.0), GLclampf(1.0)); // Default colour
	glm::vec4 pink = glm::vec4(GLclampf(1.0), GLclampf(0.1), GLclampf(0.3), GLclampf(1.0)); // Colour when a card is mismatched 
	glm::vec4 gold = glm::vec4(GLclampf(1.0), GLclampf(0.8), GLclampf(0.0), GLclampf(1.0)); // Colour when all three cards of type are found 

	// OpenGL Context
	const int GL_VERSION_MAJOR;
	const int GL_VERSION_MINOR;

	// Delta time
	float deltaTime;
	float currentTime;
	float lastTime;

	// Camera
	cCamera camera;

	// Timer
	cTimer timer = cTimer(0, 2, 0);

	// Matrices
	glm::vec3 cameraPosition;
	glm::vec3 worlUpVector;
	glm::vec3 cameraFront;
	glm::mat4 viewMatrix; // Keep view matrix to identity matrix. This is used for the camera's view transformation.
	glm::mat4 projectionMatrix; // This is used for projection transformation.
	float fieldOfView;
	float nearPlane; // Near plane distance
	float farPlane; // Far plane distance

	// Shaders
	std::vector<cShader*> shaders;
	// Textures
	std::vector<cTexture*> textures;
	// Materials
	std::vector<cMaterial*> materials;

	// Models
	std::vector<cModel*> models;
	std::vector<cModel*> cardModels;
	cModel* activeModel; // Stores the reference to the currently highlighted model of a box.
	int activeModelIndex; // Stores the index of a currently highlighted box.
	int previousActiveModelIndex; // Stores the index of a previously highlighted box.

	// Input checks
	bool wasWPressed = false;
	bool wasSPressed = false;
	bool wasAPressed = false;
	bool wasDPressed = false;
	bool wasSpacePressed = false;

	// Lights
	std::vector<cPointLight*> pointLights;

	// Cards
	std::vector<Card> cards; // Stores all cards
	std::vector<Card*> matchingCards; // Stores only matching cards

	int score = 0; // The score
	int numberOfFoundSets = 0; // The number of found triples
	bool isGameOver = false;

// Private functions

	void initialiseTime();
	void initialiseGLFW();
	void initialiseWindow(const char* title, bool isResizable);
	void initialiseGLEW(); // Required after context creation
	void initialiseOpenGLOptions();
	void initialiseMatrices();

	void initialiseShaders();
	void initialiseTextures();
	void initialiseMaterials();
	void initialiseModels();
	void initialiseCards();
	void initialisePointLights();
	void initaliseLights();
	void initialiseUniforms();

	void updateUniforms();

public:
	// Constructor
	cGame(const char* title,
		int WINDOW_WIDTH, const int WINDOW_HEIGHT,
		const int GL_VERSION_MAJOR, const int GL_VERSION_MINOR, bool isResizable);
	// Destructor
	virtual ~cGame();

	// Accessors
	int getWindowShouldClose();
	int getScore();
	bool getIsGameOver();

	int getNumberOfFoundSets();

	// Modifiers
	void setWindowShouldClose();

	// Functions
	void updateKeyboardInput();
	void updateInput();

	void update();
	void render();

	// Static functions
	static void framebuffer_resize_callback(GLFWwindow* window, int framebufferWidth, int framebufferHeight);
};
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#include "cGame.h"

void cGame::initialiseTime()
{
	srand(time(NULL));
}

// Private functions
void cGame::initialiseGLFW()
{
	if (glfwInit() == GLFW_FALSE)
	{
		std::cout << "ERROR::GLFW_INIT_FAILED" << std::endl;
		glfwTerminate();
	}
}

// This function creates the window
void cGame::initialiseWindow(const char* title, bool isResizable)
{
	// Declare the OpenGL version 4.4
	glfwWindowHint(GLFW_OPENGL_PROFILE, GLFW_OPENGL_CORE_PROFILE);
	glfwWindowHint(GLFW_CONTEXT_VERSION_MAJOR, this->GL_VERSION_MAJOR);
	glfwWindowHint(GLFW_CONTEXT_VERSION_MINOR, this->GL_VERSION_MINOR);
	glfwWindowHint(GLFW_RESIZABLE, isResizable);

	this->window = glfwCreateWindow(this->WINDOW_WIDTH, this->WINDOW_HEIGHT, title, NULL, NULL);
	//glfwSetKeyCallback(this->window, this->keyCallback);
	glfwSetInputMode(this->window, GLFW_STICKY_KEYS, 1); // Set the keys' mode

	if (this->window == nullptr)
	{
		std::cout << "ERROR::GLFW_WINDOW_INIT_FAILED" << std::endl;
		glfwTerminate();
	}

	glfwGetFramebufferSize(this->window, &this->framebufferWidth, &this->framebufferHeight);
	glfwSetFramebufferSizeCallback(this->window, cGame::framebuffer_resize_callback); // Adjust the framebuffers to the window's size
	//glViewport(0, 0, framebufferWidth, framebufferHeight); // Canvas size

	// Initialise GLEW - window and openGL context are required
	glfwMakeContextCurrent(this->window);
}

// This function initialises GLEW
void cGame::initialiseGLEW()
{
	glewExperimental = GL_TRUE;

	// Error checking
	if (glewInit() != GLEW_OK)
	{
		std::cout << "ERROR::MAIN.CP::GLEW_INIT_FILE" << std::endl;
		glfwTerminate();
	}
}

// This function initialises OpenGL options
void cGame::initialiseOpenGLOptions()
{
	// OpenGL Options
	glEnable(GL_DEPTH_TEST); // Enable depth testing to check how far a pixel is.
	glEnable(GL_CULL_FACE); // Do not draw what is behind (cull polygons based on their winding in window coordinates).
	glCullFace(GL_BACK);
	glFrontFace(GL_CCW); // Front face is always anticlockwise.

	glEnable(GL_BLEND); // Enabling blending the colours.
	glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);
	glPolygonMode(GL_FRONT_AND_BACK, GL_FILL); // Fill the polygon completely.

	// Input initialisation
	glfwSetInputMode(this->window, GLFW_CURSOR, GLFW_CURSOR_NORMAL); // Enable/Disable cursor.
}

// Initialise view matrix and projection matrix
void cGame::initialiseMatrices()
{
	this->viewMatrix = glm::mat4(1.0);// Keep view matrix to identity matrix
	this->viewMatrix = glm::lookAt(this->cameraPosition, this->cameraPosition + this->cameraFront, this->worlUpVector); // Set camera

	// Setting projection matrix
	this->projectionMatrix = glm::mat4(1.0);
	// Setting the perspective
	this->projectionMatrix = glm::perspective(glm::radians(this->fieldOfView),
		static_cast<float>(this->framebufferWidth) / this->framebufferHeight,
		this->nearPlane, this->farPlane);
}

// Initialise shaders
void cGame::initialiseShaders()
{
	this->shaders.push_back(new cShader(this->GL_VERSION_MAJOR, this->GL_VERSION_MINOR,
		"vertex_core.glsl", "fragment_core.glsl"));
}

// Initialise textures
void cGame::initialiseTextures()
{
	// Texture Initialisation
	//Creating a texture

	// Box texture
	this->textures.push_back(new cTexture("Images/box.png", GL_TEXTURE_2D));
	this->textures.push_back(new cTexture("Images/box_specular.png", GL_TEXTURE_2D));

	// Avocado texture
	this->textures.push_back(new cTexture("Images/avocado.png", GL_TEXTURE_2D));
	this->textures.push_back(new cTexture("Images/avocado_specular.png", GL_TEXTURE_2D));

	// Banana texture
	this->textures.push_back(new cTexture("Images/banana.png", GL_TEXTURE_2D));
	this->textures.push_back(new cTexture("Images/banana_specular.png", GL_TEXTURE_2D));

	// Broccoli texture
	this->textures.push_back(new cTexture("Images/broccoli.png", GL_TEXTURE_2D));
	this->textures.push_back(new cTexture("Images/broccoli_specular.png", GL_TEXTURE_2D));

	// Leek texture
	this->textures.push_back(new cTexture("Images/leek.png", GL_TEXTURE_2D));
	this->textures.push_back(new cTexture("Images/leek_specular.png", GL_TEXTURE_2D));

	// Pumpkin texture
	this->textures.push_back(new cTexture("Images/pumpkin.png", GL_TEXTURE_2D));
	this->textures.push_back(new cTexture("Images/pumpkin_specular.png", GL_TEXTURE_2D));
}

// Initialise materials
void cGame::initialiseMaterials()
{
	// Material Initialisation
	this->materials.push_back(new cMaterial(
		glm::vec3(0.5), // Ambient strenght
		glm::vec3(1.0), // Diffuse strenght
		glm::vec3(1.0), // Specular strenght
		0, 1));
}

// Initialise models
void cGame::initialiseModels()
{
	// Initialise the models of boxes
	this->models.push_back(new cModel(
		glm::vec3(-5.0, 5.0, 0.0), // Model position
		this->materials[0], // Set materials
		this->textures[TEXTURE_BOX], // Set texture
		this->textures[TEXTURE_BOX_SPECULAR], // Set specular texture
		"OBJ Files/cube.obj", // Load model from file
		glm::vec3(2.0))); // Set the scale

	this->models.push_back(new cModel(
		glm::vec3(0.0, 5.0, 0.0), // Model's position
		this->materials[0],
		this->textures[TEXTURE_BOX],
		this->textures[TEXTURE_BOX_SPECULAR],
		"OBJ Files/cube.obj",
		glm::vec3(2.0)));

	this->models.push_back(new cModel(
		glm::vec3(5.0, 5.0, 0.0), // Model's position
		this->materials[0],
		this->textures[TEXTURE_BOX],
		this->textures[TEXTURE_BOX_SPECULAR],
		"OBJ Files/cube.obj",
		glm::vec3(2.0)));

	this->models.push_back(new cModel(
		glm::vec3(-5.0, 0.0, 0.0), // Model's position
		this->materials[0],
		this->textures[TEXTURE_BOX],
		this->textures[TEXTURE_BOX_SPECULAR],
		"OBJ Files/cube.obj",
		glm::vec3(2.0)));

	this->models.push_back(new cModel(
		glm::vec3(0.0), // Model's position
		this->materials[0],
		this->textures[TEXTURE_BOX],
		this->textures[TEXTURE_BOX_SPECULAR],
		"OBJ Files/cube.obj",
		glm::vec3(2.0)));

	// Set the starting position
	activeModel = this->models.back(); // Set the active model
	activeModelIndex = this->models.size() - 1;
	//std::cout << activeModelIndex << std::endl;

	this->models.push_back(new cModel(
		glm::vec3(5.0, 0.0, 0.0), // Model's position
		this->materials[0],
		this->textures[TEXTURE_BOX],
		this->textures[TEXTURE_BOX_SPECULAR],
		"OBJ Files/cube.obj",
		glm::vec3(2.0)));

	this->models.push_back(new cModel(
		glm::vec3(-5.0, -5.0, 0.0), // Model's position
		this->materials[0],
		this->textures[TEXTURE_BOX],
		this->textures[TEXTURE_BOX_SPECULAR],
		"OBJ Files/cube.obj",
		glm::vec3(2.0)));

	this->models.push_back(new cModel(
		glm::vec3(0.0, -5.0, 0.0), // Model's position
		this->materials[0],
		this->textures[TEXTURE_BOX],
		this->textures[TEXTURE_BOX_SPECULAR],
		"OBJ Files/cube.obj",
		glm::vec3(2.0)));

	this->models.push_back(new cModel(
		glm::vec3(5.0, -5.0, 0.0), // Model's position
		this->materials[0],
		this->textures[TEXTURE_BOX],
		this->textures[TEXTURE_BOX_SPECULAR],
		"OBJ Files/cube.obj",
		glm::vec3(2.0)));
}

// Initialise cards
void cGame::initialiseCards()
{
	// Cards

	// Copy models vector and based on these data  arrange the cards.
	std::vector<cModel*> copiedModels = models; 

	// Create three sets of cards
	for (size_t i = 2; i < 7; i += 2) // 2 is the value for the first food texture in texture enum.
	{
		// Get a random index from copied models.
		int randomIndex = rand() % copiedModels.size();

		// Set the first card of a type
		Card card;
		card.position = copiedModels[randomIndex]->getOriginalPos() - card.offset; // Set the card position regarding the model which covers this card.
		card.box = copiedModels[randomIndex]; // Set the reference to the box model covering this card.
		card.typeID = i; // Set the id of the card to identify which type of card it is.
		this->cards.push_back(card); // Push the created card to the cards vector

		// Create the card model.
		this->cardModels.push_back(new cModel(
			card.position,
			this->materials[0],
			this->textures[i],
			this->textures[i + 1],
			"OBJ Files/quad.obj",
			glm::vec3(1.0)));

		// Erase the copied model which was used to avoid getting the same index next time.
		copiedModels.erase(copiedModels.begin() + (randomIndex));

		// Generate next random index from the rest of copied models.
		randomIndex = rand() % copiedModels.size();

		// Set the second card of a type
		card.position = copiedModels[randomIndex]->getOriginalPos() - card.offset;
		card.box = copiedModels[randomIndex];
		card.typeID = i;
		this->cards.push_back(card);

		this->cardModels.push_back(new cModel(
			card.position, // Model's position
			this->materials[0],
			this->textures[i],
			this->textures[i + 1],
			"OBJ Files/quad.obj",
			glm::vec3(1.0)));

		copiedModels.erase(copiedModels.begin() + (randomIndex));

		randomIndex = rand() % copiedModels.size();

		// Set the third card of a type
		card.position = copiedModels[randomIndex]->getOriginalPos() - card.offset;
		card.box = copiedModels[randomIndex];
		card.typeID = i;
		this->cards.push_back(card);

		this->cardModels.push_back(new cModel(
			card.position, // Model's position
			this->materials[0],
			this->textures[i],
			this->textures[i + 1],
			"OBJ Files/quad.obj",
			glm::vec3(1.0)));

		copiedModels.erase(copiedModels.begin() + (randomIndex));

	}
}

// Initialise point lights.
void cGame::initialisePointLights()
{
	this->pointLights.push_back(new cPointLight(cameraPosition)); // Set the point light
}

// Initialise lights.
void cGame::initaliseLights()
{
	this->initialisePointLights();
}

// Uniform variables are used to communicate with fragment shader from “outside”
// This function is responsible for initialisation of uniforms.
void cGame::initialiseUniforms()
{
	// Uniforms initialisation
	this->shaders[SHADER_CORE_PROGRAM]->setMat4fv(viewMatrix, "viewMatrix");
	this->shaders[SHADER_CORE_PROGRAM]->setMat4fv(projectionMatrix, "projectionMatrix");
	this->shaders[SHADER_CORE_PROGRAM]->setVec3f(this->camera.getPosition(), "cameraPosition");

	for (cPointLight* pointLight : this->pointLights)
	{
		pointLight->sendToShader(*this->shaders[SHADER_CORE_PROGRAM]);
	}
}

// This function is responsible for updating uniform variables.
void cGame::updateUniforms()
{
	// Update view matrix (camera)
	this->viewMatrix = this->camera.getViewMatrix();

	this->shaders[SHADER_CORE_PROGRAM]->setMat4fv(this->viewMatrix, "viewMatrix");
	this->shaders[SHADER_CORE_PROGRAM]->setVec3f(this->camera.getPosition(), "cameraPosition");

	// Update the point lights
	for(cPointLight* pointLight : this->pointLights)
	{
		pointLight->sendToShader(*this->shaders[SHADER_CORE_PROGRAM]);
	}

	// Update framebuffer size and projection matrix
	glfwGetFramebufferSize(this->window, &this->framebufferWidth, &this->framebufferHeight);

	// Update projection matrix
	this->projectionMatrix = glm::mat4(1.0);
	this->projectionMatrix = glm::perspective(
		glm::radians(this->fieldOfView),
		static_cast<float>(this->framebufferWidth) / this->framebufferHeight,
		this->nearPlane,
		this->farPlane);

	this->shaders[SHADER_CORE_PROGRAM]->setMat4fv(this->projectionMatrix, "projectionMatrix");
}

// Constructor
cGame::cGame(const char* title,
	int WINDOW_WIDTH, const int WINDOW_HEIGHT,
	const int GL_VERSION_MAJOR, const int GL_VERSION_MINOR, bool isResizable)
	: WINDOW_WIDTH(WINDOW_WIDTH), WINDOW_HEIGHT(WINDOW_HEIGHT),
	GL_VERSION_MAJOR(GL_VERSION_MAJOR), GL_VERSION_MINOR(GL_VERSION_MINOR),
	camera(glm::vec3(1.0, 0.0, 10.0), glm::vec3(0.0, 0.0, -1.0), glm::vec3(0.0, 1.0, 0.0))
{

	this->window = nullptr;
	this->framebufferWidth = this->WINDOW_WIDTH;
	this->framebufferHeight = this->WINDOW_HEIGHT;

	this->initialiseTime();

	// Setting view matrix
	this->cameraPosition = glm::vec3(1.0, 0.0, 10.0);
	this->worlUpVector = glm::vec3(0.0, 1.0, 0.0);
	this->cameraFront = glm::vec3(0.0, 0.0, -1.0);

	// Setting projection matrix
	this->fieldOfView = 90.0;
	this->nearPlane = 0.1f; // Near plane distance
	this->farPlane = 1000.f; // Far plane distance

	this->deltaTime = 0.0;
	this->currentTime = 0.0;
	this->lastTime = 0.0;

	this->initialiseGLFW();
	this->initialiseWindow(title, isResizable);
	this->initialiseGLEW();
	this->initialiseOpenGLOptions();

	this->initialiseMatrices();
	this->initialiseShaders();
	this->initialiseTextures();
	this->initialiseMaterials();
	this->initialiseModels();
	this->initialiseCards();
	this->initaliseLights();
	this->initialiseUniforms();

	// Prepare the first model
	this->pointLights[0]->setPosition(activeModel->getOriginalPos() + glm::vec3(0.0, 0.0, 7.0));
	activeModel->scale(glm::vec3(3.0));

}

// Destructor
cGame::~cGame()
{
	// Cleaning the memory
	for (size_t i = 0; i < this->shaders.size(); i++)
	{
		delete this->shaders[i];
	}

	for (size_t i = 0; i < this->textures.size(); i++)
	{
		delete this->textures[i];
	}

	for (size_t i = 0; i < this->materials.size(); i++)
	{
		delete this->materials[i];
	}

	for (auto*& i : this->models)
	{
		delete i;
	}

	for (auto*& i : this->cardModels)
	{
		delete i;
	}

	for (size_t i = 0; i < this->pointLights.size(); i++)
	{
		delete this->pointLights[i];
	}
	glfwDestroyWindow(this->window);
	glfwTerminate();
}

// Accessors
int cGame::getWindowShouldClose()
{
	return glfwWindowShouldClose(this->window);
}

int cGame::getScore()
{
	return score * timer.getTimeScore();
}

bool cGame::getIsGameOver()
{
	return isGameOver;
}

int cGame::getNumberOfFoundSets()
{
	return numberOfFoundSets;
}

// Modifiers
void cGame::setWindowShouldClose()
{
	glfwSetWindowShouldClose(this->window, GLFW_TRUE);
}

// Functions

// This function process user input
void cGame::updateKeyboardInput()
{
	// Close the window after pressing ESC key
	if (glfwGetKey(this->window, GLFW_KEY_ESCAPE) == GLFW_PRESS)
	{
		glfwSetWindowShouldClose(this->window, GLFW_TRUE);
	}

	// Navigate up after pressing W
	if ((glfwGetKey(this->window, GLFW_KEY_W) == GLFW_PRESS) && wasWPressed != true)
	{
		wasWPressed = true; // Set the value to true to prevent reading multiple inputs.
		//std::cout << "W key is pressed" << std::endl;
		//user can move up only if the active model has a higher index than 3. This is to set boundaries of the gameplay.		
		if (activeModelIndex >= 3)
		{
			previousActiveModelIndex = activeModelIndex; // Save the index of the last active model.
			activeModelIndex -= 3;
			activeModel = this->models[activeModelIndex];
			this->pointLights[0]->setPosition(activeModel->getOriginalPos() + glm::vec3(0.0, 0.0, 7.0)); // Set the light at the model position.
			//std::cout << activeModelIndex << std::endl;
		}
	} // If the key is released then scale the previously activated model and reset the key check
	else if ((glfwGetKey(this->window, GLFW_KEY_W) == GLFW_RELEASE) && wasWPressed != false)
	{
		models[previousActiveModelIndex]->scale(glm::vec3(2.0));
		wasWPressed = false;
	}

	// Navigate down after pressing S
	if ((glfwGetKey(this->window, GLFW_KEY_S) == GLFW_PRESS) && wasSPressed != true)
	{
		wasSPressed = true;
		//std::cout << "S key is pressed" << std::endl;
		if (activeModelIndex <= 5)
		{
			previousActiveModelIndex = activeModelIndex;

			activeModelIndex += 3;
			activeModel = this->models[activeModelIndex];
			this->pointLights[0]->setPosition(activeModel->getOriginalPos() + glm::vec3(0.0, 0.0, 7.0));

			//std::cout << activeModelIndex << std::endl;
		}
	}
	else if ((glfwGetKey(this->window, GLFW_KEY_S) == GLFW_RELEASE) && wasSPressed != false)
	{
		models[previousActiveModelIndex]->scale(glm::vec3(2.0));
		wasSPressed = false;
	}
	

	// Navigate left after pressing A
	if ((glfwGetKey(this->window, GLFW_KEY_A) == GLFW_PRESS) && wasAPressed != true)
	{
		wasAPressed = true;
		//std::cout << "A key is pressed" << std::endl;
		// Prevent to navigate outside left bound.
		if (activeModelIndex != 0 && activeModelIndex != 3 && activeModelIndex != 6)
		{
			previousActiveModelIndex = activeModelIndex;

			activeModelIndex -= 1;
			activeModel = this->models[activeModelIndex];
			this->pointLights[0]->setPosition(activeModel->getOriginalPos() + glm::vec3(0.0, 0.0, 7.0));
			//std::cout << activeModelIndex << std::endl;
		}
	}
	else if ((glfwGetKey(this->window, GLFW_KEY_A) == GLFW_RELEASE) && wasAPressed != false)
	{
		models[previousActiveModelIndex]->scale(glm::vec3(2.0));
		wasAPressed = false;
	}
	
	// Navigate right after pressing D
	if ((glfwGetKey(this->window, GLFW_KEY_D) == GLFW_PRESS) && wasDPressed != true)
	{
		wasDPressed = true;
		//std::cout << "D key is pressed" << std::endl;
		// Prevent to navigate outside right bound.
		if (activeModelIndex != 2 && activeModelIndex != 5 && activeModelIndex != 8)
		{
			previousActiveModelIndex = activeModelIndex;

			activeModelIndex += 1;
			activeModel = this->models[activeModelIndex];
			this->pointLights[0]->setPosition(activeModel->getOriginalPos() + glm::vec3(0.0, 0.0, 7.0));
			//std::cout << activeModelIndex << std::endl;
		}

	}
	else if ((glfwGetKey(this->window, GLFW_KEY_D) == GLFW_RELEASE) && wasDPressed != false)
	{
		models[previousActiveModelIndex]->scale(glm::vec3(2.0));
		wasDPressed = false;
	}
	
	// Select a box model after pressing a space key.
	if (glfwGetKey(this->window, GLFW_KEY_SPACE) == GLFW_PRESS && wasSpacePressed != true)
	{
		backgroundColour = black; // Change the colour of background to default
		pointLights[0]->setColour(glm::vec3(1.0, 1.0, 1.0));  // Change the point light to default

		wasSpacePressed = true;

		for (auto& i : this->cards) // Find a card under the active box model
		{
			if (activeModel->getOriginalPos() == i.box->getOriginalPos())
			{
				if (i.isRevealed != true) // If the card is not revealed then change it to true.
				{
					matchingCards.push_back(&i); // Add the card to currently matching cards

					i.isRevealed = true;


					if (matchingCards[0]->typeID != i.typeID)  // Reset the matching cards if a newly revealed card does not match to the first revelled card.
					{
						backgroundColour = pink;
						pointLights[0]->setColour(glm::vec3(1.5, 3.0, 2.0)); // Change the point light when a card is mismatched 

						for (auto& j : this->matchingCards)
						{
							j->isRevealed = false;
							j->box->scale(glm::vec3(2.0));
						}

						matchingCards.clear();
					}
					

					if (matchingCards.size() == 3)
					{
						backgroundColour = gold;
						pointLights[0]->setColour(glm::vec3(1.5, 1.0, 1.0)); // Change the point light when all three cards of type are found 
						score++;
						numberOfFoundSets++;
						// ADD SCORE
						matchingCards.clear();
					}
					
				}
			
			}
		}

	}
	else if (glfwGetKey(this->window, GLFW_KEY_SPACE) == GLFW_RELEASE && wasSpacePressed != false)
	{
		wasSpacePressed = false;
	}

}

// Update inputs
void cGame::updateInput()
{
	// Poll for and process events
	glfwPollEvents();

	this->updateKeyboardInput();
}

// The main update of the game
void cGame::update()
{
	this->timer.update(); // Update timer

	// If the time is over the game is over.
	if (this->timer.isTimeOver())
	{
		this->isGameOver = true;
	}

	// Update input
	this->updateInput();

	// Active model is emphasised by scaling it bigger.
	if (activeModel != NULL)
	{
		activeModel->scale(glm::vec3(3.0));
	}

	// For each revealed card keep the scale of related boxes to 0, so they can be not visible in the game.
	for (auto& i : this->cards)
	{
		if (i.isRevealed == true)
		{
			i.box->scale(glm::vec3(0.0));
		}		
	}

	/*std::cout << "Delta Time = " << this->deltaTime << std::endl;
	std::cout << "Mouse offsetX = " << this->mouseOffsetX << std::endl;
	std::cout << "Mouse offsetY = " << this->mouseOffsetY << std::endl;*/

}

// This function renders the scene.
void cGame::render()
{
	// --- DRAW ---
	// Clear
	glClearColor(backgroundColour.x, backgroundColour.y, backgroundColour.z, backgroundColour.w); // Window's colour
	glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT | GL_STENCIL_BUFFER_BIT); // Clear buffers

	// Update uniforms
	this->updateUniforms();

	// Render box models
	for (auto& i : this->models)
	{
		i->render(this->shaders[SHADER_CORE_PROGRAM]);
	}

	// Render card models
	for (auto& i : this->cardModels)
	{
		i->render(this->shaders[SHADER_CORE_PROGRAM]);
	}

	// End Draw
	glfwSwapBuffers(window); // Swap the front and back buffers of the specified window
	glFlush(); // Empty all the buffers

	glBindVertexArray(0);
	glUseProgram(0);
	glActiveTexture(0);
	glBindTexture(GL_TEXTURE_2D, 0);
}

// Static function
void cGame::framebuffer_resize_callback(GLFWwindow* window, int framebufferWidth, int framebufferHeight)
{
	glViewport(0, 0, framebufferWidth, framebufferHeight);
}
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#pragma once
#include <chrono>
#include <thread>
#include <iomanip> 
#include <iostream> 
#include <stdlib.h> 
#include <windows.h> 

// This class handles the clock which is displayed in the console window. Also, it returns the score based on time.
class cTimer
{
private:
	// Hours, minutes, seconds of timer 
	int hours = 0;
	int minutes = 0;
	int seconds = 0;

	bool lastMinuteLeft = false; // True if the last-minute left.

	// Variables for storing information regarding time.
	std::chrono::time_point<std::chrono::steady_clock> startTime;
	std::chrono::time_point<std::chrono::steady_clock> currentTime;

public:
	// Constructor
	cTimer(int hours, int minutes, int seconds)
	{
		// Setting up the timer
		this->hours = hours;
		this->minutes = minutes;
		this->seconds = seconds;
		startTime = std::chrono::steady_clock::now();
	}

	// Destructor
	~cTimer(){}

	// Functions

	// Display the timer in the console window
	void displayClock()
	{
		// System call to clear the screen 
		system("CLS");

		std::cout << std::setfill(' ') << std::setw(55) << "         TIMER         \n";
		std::cout << std::setfill(' ') << std::setw(55) << " --------------------------\n";
		std::cout << std::setfill(' ') << std::setw(29);
		std::cout << "| " << std::setfill('0') << std::setw(2) << hours << " hrs | ";
		std::cout << std::setfill('0') << std::setw(2) << minutes << " min | ";
		std::cout << std::setfill('0') << std::setw(2) << seconds << " sec |" << std::endl;
		std::cout << std::setfill(' ') << std::setw(55) << " --------------------------\n";
	}

	// Time score is added to the overall score. Time score is a product of hours factor, minutes factor and seconds factor.
	// Return the score based on time.
	int getTimeScore()
	{
		int h, m, s = 0;
		h = hours;
		m = minutes;
		s = seconds;

		// Check these factors to avoid multiplication by zero.
		if (hours <= 0)
		{
			h = 1;
		}
		else
		{
			h *= 4; // Score value for hours
		}

		if (minutes <= 0)
		{
			m = 1;
		}
		else
		{
			m *= 3; // Score value for minutes
		}

		if (seconds <= 0)
		{
			s = 1;
		}
		else
		{
			s *= 2; // Score value for seconds
		}

		return h * m * s;
	}

	// Update the timer.
	void update()
	{
		
		// Get the current time
		currentTime = std::chrono::steady_clock::now();

		// Get how much time past from the start - measure the invtervals
		double elapsedSeconds = std::chrono::duration_cast<std::chrono::duration<double>>(currentTime - startTime).count();
		//std::cout << elapsedSeconds << std::endl;

		displayClock();// Display the clock

		// If elapsed time is 1 second the update the timer
		if (elapsedSeconds >= 1)
		{
			startTime = std::chrono::steady_clock::now();

			if (lastMinuteLeft != false)
			{
				--seconds;

				if ((seconds <= 0))
				{
					seconds = 0;
					return;
				}
			}
			else
			{
				--seconds;
			}

			if (seconds <= 0)
			{
				--minutes;

				if (minutes <= 0)
				{
					--hours;
					if (hours <= 0)
					{
						hours = 0;
					}

					if (hours <= 0 && minutes <= 0)
					{
						minutes = 0;
						lastMinuteLeft = true;
						seconds = 59;
					}
				}

				if (lastMinuteLeft != true)
				{
					seconds = 59;

				}

			}
		}
	}

	// This function returns the boolean value regarding the time is over or not.
	bool isTimeOver()
	{
		if (hours <= 0 && minutes <= 0 && seconds <= 0)
		{
			return true;
		}
		else
		{
			return false;
		}
	}
};
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#pragma once

#include<iostream>

#include<glew.h>
#include<glfw3.h>

#include<glm.hpp>
#include<vec3.hpp>
#include<mat4x4.hpp>
#include<gtc\matrix_transform.hpp>

// Enumerators
// Enums for camera direction
enum direction {FORWARD = 0, BACKWARD, LEFT, RIGHT};

// This class is responsible for handling a camera object in the game.
class cCamera
{
private:
	glm::mat4 viewMatrix;
	glm::vec3 worldUp;
	glm::vec3 position;
	glm::vec3 front;
	glm::vec3 right;
	glm::vec3 up;

	GLfloat pitch; // x
	GLfloat yaw; // y
	GLfloat roll; // z

	// Update the camera vectors
	void updateCameraVectors()
	{
		// Coordinate system for the camera
		// Get lenghts
		this->front.x = cos(glm::radians(this->yaw)) * cos(glm::radians(this->pitch));
		this->front.y = sin(glm::radians(this->pitch));
		this->front.z = sin(glm::radians(this->yaw)) * cos(glm::radians(this->pitch));

		// Normalizing camera's vectors
		this->front = glm::normalize(this->front);
		this->right = glm::normalize(glm::cross(this->front, this->worldUp));
		this->up = glm::normalize(glm::cross(this->right, this->front));
	}

public:
	// Constructor
	cCamera(glm::vec3 position, glm::vec3 direction, glm::vec3 worldUp)
	{
		this->viewMatrix = glm::mat4(1.0);

		this->worldUp = worldUp;
		this->position = position;
		this->right = glm::vec3(0.0);
		this->up = worldUp;

		this->pitch = 0.0;
		this->yaw = -90.0;
		this->roll = 0.0;

		this->updateCameraVectors();
	}
	~cCamera(){}
	// Accessors
	const glm::mat4 getViewMatrix()
	{
		// Update camera
		this->updateCameraVectors();

		// Set the view matrix
		this->viewMatrix = glm::lookAt(this->position, this->position + this->front, this->up);

		return this->viewMatrix;
	}

	const glm::vec3 getPosition() const
	{
		return this->position;
	}

	// Functions

	// Implement this function for moving the camera
	//void move(const float& deltaTime, const int direction)
	//{
	//	// Update position vector
	//	switch (direction)
	//	{
	//	case FORWARD:
	//		this->position += this->front * this->movementSpeed * deltaTime;
	//		break;
	//	case BACKWARD:
	//		this->position -= this->front * this->movementSpeed * deltaTime;
	//		break;
	//	case LEFT:
	//		this->position -= this->right * this->movementSpeed * deltaTime;
	//		break;
	//	case RIGHT:
	//		this->position += this->right * this->movementSpeed * deltaTime;
	//		break;
	//	default:
	//		break;
	//	}
	//}


};
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#pragma once

#include<glm.hpp>

// This is simple struct for vertex and its characteristic.
struct Vertex
{
	glm::fvec3 position;
	glm::fvec3 color;
	glm::fvec2 texcoord;
	glm::fvec3 normal;
};
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#pragma once

// STD libraries
#include<iostream>
#include<string>
#include<fstream>
#include<vector>
#include<sstream>
#include<algorithm>

// GLEW
#include<glew.h>

// GLFW
#include<glfw3.h>

// OpenGl Math libraries
#include<glm.hpp>
#include<vec3.hpp>
#include<vec4.hpp>
#include<mat4x4.hpp>
#include<gtc/matrix_transform.hpp>
#include<gtc/type_ptr.hpp>

// Own libraries
#include"cVertex.h"

// This class allows for loading the data from OBJ files.

// Static function for loading 3D objects from obj files.
static std::vector<Vertex> loadObject(const char* fileName)
{
	// Vertex portions
	std::vector<glm::fvec3> vertexPositions;
	std::vector<glm::fvec2> vertexTexCoords;
	std::vector<glm::fvec3> vertexNormals;

	// Face vectors
	std::vector<GLuint> vertexPositionIndices;
	std::vector<GLuint> vertexTexCoordIndices;
	std::vector<GLuint> vertexNormalIndices;

	// Vertex array
	std::vector<Vertex> vertices;

	std::stringstream ss;
	std::ifstream inFile(fileName);
	std::string line = "";
	std::string prefix = "";
	glm::vec3 tempVec3;
	glm::vec2 tempVec2;
	GLint tempGLint = 0;

	// File open error check
	if (!inFile.is_open())
	{
		throw "ERROR::OBJLOADER::Could not open file.";
	}

	// Read one line at a tme
	while (std::getline(inFile, line))
	{
		// Get the prefix of the line
		ss.clear();
		ss.str(line);
		ss >> prefix;

		if (prefix == "#")
		{
		}
		else if (prefix == "O")
		{
		}
		else if (prefix == "s")
		{
		}
		else if (prefix == "v") // Vertex position
		{
			ss >> tempVec3.x >> tempVec3.y >> tempVec3.z;
			vertexPositions.push_back(tempVec3);
		}
		else if (prefix == "vt")
		{

			ss >> tempVec2.x >> tempVec2.y;
			vertexTexCoords.push_back(tempVec2);
		}
		else if (prefix == "vn")
		{
			ss >> tempVec3.x >> tempVec3.y >> tempVec3.z;
			vertexNormals.push_back(tempVec3);
		}
		else if (prefix == "f")
		{
			int counter = 0;
			while (ss >> tempGLint)
			{
				// Pushing indces into correct arrays
				if (counter == 0) // First position
				{
					vertexPositionIndices.push_back(tempGLint);
				}
				else if (counter == 1)
				{
					vertexTexCoordIndices.push_back(tempGLint);
				}
				else if (counter == 2)
				{
					vertexNormalIndices.push_back(tempGLint);
				}

				// Handling characters
				if (ss.peek() == '/')// Avoid slashes
				{
					++counter;
					ss.ignore(1, '/');
				}
				else if (ss.peek() == ' ')
				{
					++counter;
					ss.ignore(1, ' ');
				}

				if (counter > 2)
				{
					counter = 0;
				}
			}
		}		
	}

	// Build final vertex array (mesh)
	vertices.resize(vertexPositionIndices.size(), Vertex()); // Create empty vertices of vertex position indices size

	// Loading all indices
	for (size_t i = 0; i < vertices.size(); ++i)
	{
		vertices[i].position = vertexPositions[vertexPositionIndices[i] - 1]; // set the position in regard to indices
		vertices[i].texcoord = vertexTexCoords[vertexTexCoordIndices[i] - 1];
		vertices[i].normal = vertexNormals[vertexNormalIndices[i] - 1];
		vertices[i].color = glm::vec3(1.0, 1.0, 1.0);
	}
	// Debug
	//std::cout << line << std::endl;
	std::cout << "Number of vertices: " << vertices.size() << std::endl;
	std::cout << "OBJ file loaded" << std::endl;


	// Load success
	return vertices;
}


[bookmark: _Toc62913529]cMesh.h
#pragma once

#include<iostream>
#include<vector>

#include"cTexture.h"
#include"cMaterial.h"
#include"cVertex.h"
#include"cShader.h"

// This class processes mesh objects.
class cMesh
{

private:
	Vertex* vertexArray;
	GLuint* indexArray;
	unsigned int numberOfVertices;
	unsigned int numberOfIndices;

	GLuint VAO;// Vertex Array Object - Container for the whole model
	GLuint VBO;// Vertex Buffer Object
	GLuint EBO;// Element Buffer Object

	glm::vec3 position;
	glm::vec3 origin;
	glm::vec3 rotation;
	glm::vec3 scale;
	glm::mat4 modelMatrix;

	// Initialise VAO, VBO, EBO
	void initialiseVAO()
	{
		// Create VAO, VBO, EBO
		glCreateVertexArrays(1, &this->VAO);
		// Generate VAO and bin
		glBindVertexArray(this->VAO);

		// Generate VBO (Vertex Buffer Object) and bind and send data 
		glGenBuffers(1, &this->VBO); // Generate one buffer
		glBindBuffer(GL_ARRAY_BUFFER, this->VBO); // Bind a named buffer object
		glBufferData(GL_ARRAY_BUFFER, numberOfVertices * sizeof(Vertex), this->vertexArray, GL_STATIC_DRAW); // Create and initialise a buffer object's data store

		// Generate EBO (Element Buffer Object) and bind and send data
		if (this->numberOfIndices > 0)
		{
			glGenBuffers(1, &this->EBO);
			glBindBuffer(GL_ELEMENT_ARRAY_BUFFER, this->EBO);
			glBufferData(GL_ELEMENT_ARRAY_BUFFER, numberOfIndices * sizeof(GLuint), this->indexArray, GL_STATIC_DRAW);
		}


		// Set Vertex Attribute Pointers and enable them
		// POSITION
		//GLuint atrributeLocation0 = glGetAttribLocation(coreProgram, "vertex_position"); // Get the location from the shader
		glVertexAttribPointer(0, 3, GL_FLOAT, GL_FALSE, sizeof(Vertex), (GLvoid*)offsetof(Vertex, position)); // Input assembly to the graphics card
		glEnableVertexAttribArray(0);

		//COLOUR
		//GLuint atrributeLocation1 = glGetAttribLocation(coreProgram, "vertex_color"); // Get the location from the shader
		glVertexAttribPointer(1, 3, GL_FLOAT, GL_FALSE, sizeof(Vertex), (GLvoid*)offsetof(Vertex, color)); // Input assembly to the graphics card
		glEnableVertexAttribArray(1);

		// TEXCOORD
		//GLuint atrributeLocation2 = glGetAttribLocation(coreProgram, "vertex_texcoord"); // Get the location from the shader
		glVertexAttribPointer(2, 2, GL_FLOAT, GL_FALSE, sizeof(Vertex), (GLvoid*)offsetof(Vertex, texcoord)); // Input assembly to the graphics card
		glEnableVertexAttribArray(2);

		//NORMAL
		//GLuint atrributeLocation3 = glGetAttribLocation(coreProgram, "vertex_normal"); // Get the location from the shader
		glVertexAttribPointer(3, 3, GL_FLOAT, GL_FALSE, sizeof(Vertex), (GLvoid*)offsetof(Vertex, normal)); // Input assembly to the graphics card
		glEnableVertexAttribArray(3);


		// Bind Vertex Array to 0
		glBindVertexArray(0);
	}

	// Update the uniform variables.
	void updateUniforms(cShader* shader)
	{
		shader->setMat4fv(this->modelMatrix, "modelMatrix");
	}

	// Update model matrix;
	void updateModelMatrix()
	{
		this->modelMatrix = glm::mat4(1.0);
		this->modelMatrix = glm::translate(this->modelMatrix, this->origin); // Translate to origin
		// Set the rotation
		this->modelMatrix = glm::rotate(this->modelMatrix, glm::radians(this->rotation.x), glm::vec3(1.0, 0.0, 0.0));
		this->modelMatrix = glm::rotate(this->modelMatrix, glm::radians(this->rotation.y), glm::vec3(0.0, 1.0, 0.0));
		this->modelMatrix = glm::rotate(this->modelMatrix, glm::radians(this->rotation.z), glm::vec3(0.0, 0.0, 1.0));
		// Translate the mesh basing on the origin position.
		this->modelMatrix = glm::translate(this->modelMatrix, this->position - this->origin);
		// Set the scale.
		this->modelMatrix = glm::scale(this->modelMatrix, this->scale);
	}

public:
	// Constructor 1
	cMesh(Vertex* vertexArray,
		const unsigned& numberOfVertices,
		GLuint* indexArray,
		const unsigned& numberOfIndices,
		glm::vec3 position = glm::vec3(0.0),
		glm::vec3 origin = glm::vec3(0.0),
		glm::vec3 rotation = glm::vec3(0.0),
		glm::vec3 scale = glm::vec3(1.0))
	{
		this->position = position;
		this->origin = origin;
		this->rotation = rotation;
		this->scale = scale;

		// Store the index and vertex data
		this->numberOfVertices = numberOfVertices;
		this->numberOfIndices = numberOfIndices;

		// Store vertex
		this->vertexArray = new Vertex[this->numberOfVertices];
		for (size_t i = 0; i < numberOfVertices; i++)
		{
			this->vertexArray[i] = vertexArray[i];
		}

		// Store indices
		this->indexArray = new GLuint [this->numberOfIndices];
		for (size_t i = 0; i < numberOfIndices; i++)
		{
			this->indexArray[i] = indexArray[i];
		}

		this->initialiseVAO();
		this->updateModelMatrix();
	}

	// Constructor 2
	cMesh(const cMesh& object) // Copy the data from the other object
	{
		this->position = object.position;
		this->origin = object.origin;
		this->rotation = object.rotation;
		this->scale = object.scale;

		// Store the index and vertex data
		this->numberOfVertices = object.numberOfVertices;
		this->numberOfIndices = object.numberOfIndices;

		this->vertexArray = new Vertex[this->numberOfVertices];

		// Store vertex
		for (size_t i = 0; i < this->numberOfVertices; i++)
		{
			this->vertexArray[i] = object.vertexArray[i];
		}

		// Store indices
		this->indexArray = new GLuint[this->numberOfIndices];
		for (size_t i = 0; i < this->numberOfIndices; i++)
		{
			this->indexArray[i] = object.indexArray[i];
		}

		this->initialiseVAO();
		this->updateModelMatrix();
	}

	// Destructor
	~cMesh()
	{
		// Clear
		glDeleteVertexArrays(1, &this->VAO);
		glDeleteBuffers(1, &this->VBO);

		if (this->numberOfIndices > 0) // Do not need to be deleted if there is no indices
		{
			glDeleteBuffers(1, &this->EBO); 
		}

		delete[] this->vertexArray;
		delete[] this->indexArray;
	}

	// Modifiers
	void setPosition(const glm::vec3 position)
	{
		this->position = position;
	}

	void setOrigin(const glm::vec3 origin)
	{
		this->origin = origin;
	}

	void setRotation(const glm::vec3 rotation)
	{
		this->rotation = rotation;
	}

	void setScale(const glm::vec3 scale)
	{
		this->scale = scale;
	}

	// Transformation functions

	void translate(const glm::vec3 position)
	{
		this->position += position;
	}

	void rotate(const glm::vec3 rotation)
	{
		this->rotation += rotation;
	}

	void scaleFunc(const glm::vec3 scale)
	{
		this->scale += scale;
	}

	// This function allows for rendering the meshes.
	void render(cShader* shader)
	{
		// Update uniforms
		this->updateModelMatrix();
		this->updateUniforms(shader);

		// Use the shader
		shader->use();

		// Bind vertex array object
		glBindVertexArray(this->VAO);

		// Draw
		if (numberOfIndices <= 0)
		{
			glDrawArrays(GL_TRIANGLES, 0, this->numberOfVertices); // First method to draw basing on vertices
		}
		else
		{
			glDrawElements(GL_TRIANGLES, this->numberOfIndices, GL_UNSIGNED_INT, 0); // Second method to draw basing on indices
		}

		// Unbind data
		glBindVertexArray(0);
		glUseProgram(0);
		glActiveTexture(0);
		glBindTexture(GL_TEXTURE_2D, 0);
	}
};
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#pragma once

#include"cMesh.h"
#include"cTexture.h"
#include"cShader.h"
#include"cMaterial.h"
#include"objectLoader.h"


// This class instantiates and keep game objects\models in the game.
class cModel
{
private:
	cMaterial* material;
	cTexture* overrideTextureDiffuse;
	cTexture* overridTextureSpecular;
	std::vector<cMesh*> meshes;
	glm::vec3 originPosition; // Central position
	glm::vec3 scaleVector;

	void updateUniforms()
	{

	}

public:
	// Constructor 1 - Mesh loaded model
	cModel(glm::vec3 originPosition, cMaterial* material, cTexture* overrideTextureDiffuse, cTexture* overridTextureSpecular, std::vector<cMesh*>& meshes)
	{
		// Set the characteristics
		this->originPosition = originPosition;
		this->material = material;
		this->overrideTextureDiffuse = overrideTextureDiffuse;
		this->overridTextureSpecular = overridTextureSpecular;

		for (auto*i : meshes) // Foreach loop
		{
			this->meshes.push_back(new cMesh(*i));
		}

		for (auto& i : this->meshes)
		{
			i->translate(this->originPosition);
			i->setOrigin(this->originPosition);
		}
	}

	// Constructor 2 - OBJ File loaded model
	cModel(glm::vec3 originPosition, cMaterial* material, cTexture* overrideTextureDiffuse, cTexture* overridTextureSpecular, const char* objFile, glm::vec3 scaleVector = glm::vec3(1.0))
	{
		// Set the characteristics
		this->originPosition = originPosition;
		this->scaleVector = scaleVector;
		this->material = material;
		this->overrideTextureDiffuse = overrideTextureDiffuse;
		this->overridTextureSpecular = overridTextureSpecular;

		// Load mesh data from the file
		std::vector<Vertex> mesh = loadObject(objFile);

		// Set the mesh
		this->meshes.push_back(new cMesh(mesh.data(), mesh.size(), NULL, 0, glm::vec3(1.0, 0.0, 0.0),
			glm::vec3(0.0),
			glm::vec3(0.0),
			this->scaleVector));

		for (auto& i : this->meshes)
		{
			i->translate(this->originPosition);
			i->setOrigin(this->originPosition);
		}
	}

	~cModel()
	{
		// Delete model's meshes
		// Use pointer refference to deleting
		for (auto*&i : meshes) // Foreach loop
		{
			delete i;
		}
	}

	// Accessors
	glm::vec3 getOriginalPos()
	{
		return originPosition;
	}

	glm::vec3 getScale()
	{
		return scaleVector;
	}

	// Functions
	void rotate(const glm::vec3 rotation)
	{
		for (auto& i : this->meshes)
		{
			i->rotate(rotation);
		}
	}

	void scale(const glm::vec3 scale)
	{
		this->scaleVector = scale;
		if (meshes.size() != 0)
		{
			for (auto& i : this->meshes)
			{
				i->setScale(scaleVector);
			}
		}
		
	}

	void update()
	{
		this->updateUniforms();
	}

	void render(cShader* shader)
	{
		// Update uniforms
		this->updateUniforms();

		this->material->sendToShader(*shader);

		// Use a program (shaders)
		shader->use();

		// Draw
		for (auto&i : this->meshes) // Foreach loop
		{
			// Activate textures
			this->overrideTextureDiffuse->bind(0); // Diffuse texture
			this->overridTextureSpecular->bind(1); // Specular texture

			i->render(shader); // Activate shaders
		}
	}
};
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#pragma once

#include<glew.h>
#include<glfw3.h>

#include<glm.hpp>
#include<vec2.hpp>
#include<vec3.hpp>
#include<vec4.hpp>
#include<mat4x4.hpp>
#include<gtc\type_ptr.hpp>

#include "cShader.h"

// This class is responsible for the management of materials.
class cMaterial
{
private:
	// Colours and intensities of the textures.
	glm::vec3 ambient;
	glm::vec3 diffuse;
	glm::vec3 specular;
	GLint diffuseTex;
	GLint specularTex;

public:

	// Constructor
	cMaterial(glm::vec3 ambient, glm::vec3 diffuse, glm::vec3 specular, GLint diffuseTex, GLint specularTex)
	{
		this->ambient = ambient;
		this->diffuse = diffuse;
		this->specular = specular;
		this->diffuseTex = diffuseTex;
		this->specularTex = specularTex;
	}

	// Destructor
	~cMaterial() {}

	// Functions
	// This function sends the materials settings to the shader
	void sendToShader(cShader& program)
	{
		program.setVec3f(this->ambient, "material.ambient");
		program.setVec3f(this->diffuse, "material.diffuse");
		program.setVec3f(this->specular, "material.specular");
		program.set1i(this->diffuseTex, "material.diffuseTex");
		program.set1i(this->specularTex, "material.specularTex");
	}
};
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#pragma once

#include<iostream>
#include<string>

#include<glew.h>
#include<glfw3.h>

#include<SOIL2.h>

// This class reads and implements textures to game objects.
class cTexture
{
private:
	GLuint textureID;
	int width;
	int height;
	unsigned int type;

public:
	// Constructor
	cTexture(const char* fileName, GLenum type)
	{
		this->type = type;

		// Loading image
		unsigned char* image = SOIL_load_image(fileName, &this->width, &this->height, NULL, SOIL_LOAD_RGBA);

		// Generating texture ID
		glGenTextures(1, &this->textureID);
		glBindTexture(type, this->textureID);

		// Texture settings
		glTexParameteri(type, GL_TEXTURE_WRAP_S, GL_REPEAT); // Set X coordinates
		glTexParameteri(type, GL_TEXTURE_WRAP_T, GL_REPEAT); // Set Y coordinates
		glTexParameteri(type, GL_TEXTURE_MAG_FILTER, GL_LINEAR_MIPMAP_LINEAR); // Chooses the mipmap that most closely matches the size of the pixel being textured 
																				// Chooses the two mipmaps that most closely match the size of the pixel being textured 
		glTexParameteri(type, GL_TEXTURE_MIN_FILTER, GL_LINEAR); // Sets the minimum level-of-detail parameter. 
									// Returns the weighted average of the four texture elements that are closest to the center of the pixel being textured.
		if (image)
		{
			glTexImage2D(type, 0, GL_RGBA, this->width, this->height, 0, GL_RGBA, GL_UNSIGNED_BYTE, image); // Specify a two-dimensional texture image
			glGenerateMipmap(type); // Mipmap is the same image in various resolutions
		}
		else
		{
			std::cout << "ERROR::TEXTURE_LOADING_FAILED: "<< fileName << std::endl;
		}

		glActiveTexture(0);
		glBindTexture(type, 0); // Unbiding the texture
		SOIL_free_image_data(image); // Remove the data from the memory
	}

	// Destructor
	~cTexture()
	{
		glDeleteTextures(1, &this->textureID);
	}

	// Accessors
	inline GLuint getID() const { return this->textureID; } // Get id of the texture

	// Functions
	// Find the texture
	void bind(const GLint textureUnit)
	{
		glActiveTexture(GL_TEXTURE0 + textureUnit);
		glBindTexture(this->type, this->textureID);
	}

	// Unbind the texture
	void unbind()
	{
		glActiveTexture(0);
		glBindTexture(this->type, 0);
	}

	// This function loads textures from PNG files. 
	void loadFromFile(const char* fileName)
	{
		if (this->textureID)
		{
			glDeleteTextures(1, &this->textureID);
		}
		// Loading image
		unsigned char* image = SOIL_load_image(fileName, &this->width, &this->height, NULL, SOIL_LOAD_RGBA);

		// Generating texture ID
		glGenTextures(1, &this->textureID);
		glBindTexture(this->type, this->textureID);

		// Texture's settings
		glTexParameteri(this->type, GL_TEXTURE_WRAP_S, GL_REPEAT); // Set X coordinates
		glTexParameteri(this->type, GL_TEXTURE_WRAP_T, GL_REPEAT); // Set Y coordinates
		glTexParameteri(this->type, GL_TEXTURE_MAG_FILTER, GL_LINEAR_MIPMAP_LINEAR); 
		glTexParameteri(this->type, GL_TEXTURE_MIN_FILTER, GL_LINEAR);
		if (image)
		{
			glTexImage2D(this->type, 0, GL_RGBA, this->width, this->height, 0, GL_RGBA, GL_UNSIGNED_BYTE, image); // Specify a two-dimensional texture image
			glGenerateMipmap(this->type); // Mipmap is the same image in various resolutions
		}
		else
		{
			std::cout << "ERROR::LOAD_FROM_FILE_TEXTURE_LOADING_FAILED: " << fileName << std::endl;
		}

		glActiveTexture(0);
		glBindTexture(this->type, 0); // Unbiding the texture
		SOIL_free_image_data(image); // Remove the data from the memory
	}
};
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#pragma once

#include"libraries.h"

// This is the base class for light in the game.
class cLight
{
protected:
	float intensity;
	glm::vec3 colour;

public:
	// Constructor
	cLight(float intensity, glm::vec3 colour)
	{
		this->intensity = intensity;
		this->colour = colour;
	}
	// Destructor
	~cLight()
	{}
	// Function
	virtual void sendToShader(cShader& program) = 0;
};

// This is the class responsible for point lights in the game.
class cPointLight : cLight
{
protected:
	glm::vec3 position;
	float constant;
	float linear;
	float quadratic;

public:
	// Constructor
	cPointLight(glm::vec3 position, float intensity = 1.0, glm::vec3 colour = glm::vec3(1.0),
		float constant = 1.0, float linear = 0.045, float quadratic = 0.0075) : cLight(intensity, colour)
	{
		this->position = position;
		this->constant = constant;
		this->linear = linear;
		this->quadratic = quadratic;
	}
	// Destructor
	~cPointLight(){}
	// Modifiers
	void setPosition(const glm::vec3 position)
	{
		this->position = position;
	}

	void setColour(const glm::vec3 colour)
	{
		this->colour = colour;
	}

	// Functions
	// This function sends the point light settings to the shader
	void sendToShader(cShader& program)
	{
		program.setVec3f(this->position, "pointLight.position");
		program.set1f(this->intensity, "pointLight.intensity");
		program.setVec3f(this->colour, "pointLight.colour");
		program.set1f(this->constant, "pointLight.constant");
		program.set1f(this->linear, "pointLight.linear");
		program.set1f(this->quadratic, "pointLight.quadratic");
	}
};


[bookmark: _Toc62913534]cShader.h
#pragma once

#include<iostream>
#include<fstream>
#include<string>
#include<vector>

#include<glew.h>
#include<glfw3.h>

#include<glm.hpp>
#include<vec2.hpp>
#include<vec3.hpp>
#include<vec4.hpp>
#include<mat4x4.hpp>
#include<gtc\type_ptr.hpp>

// This class is responsible for handling and loading shaders.
class cShader
{
private:

	GLuint id;
	const int versionMajor;
	const int versionMinor;

	// Private functions
	std::string loadShaderSource(const char* fileName)
	{
		std::string temp = "";
		std::string source = "";

		std::ifstream inFile;

		// Vertex Shader
		inFile.open(fileName);

		if (inFile.is_open())
		{
			while (std::getline(inFile, temp))
			{
				source += temp + "\n";
			}
		}
		else
		{
			std::cout << "ERROR::SHADER::COULD_NOT_OPEN_FILE: "<< fileName << std::endl;
		}

		inFile.close();

		std::string versionNumber = std::to_string(this->versionMajor) + std::to_string(this->versionMinor) + "0";
		source.replace(source.find("#version"), 12, ("#version " + versionNumber)); // Replace the versions of OpenGL

		return source;
	}

	// Load shader and return its id
	GLuint loadShader(GLenum type, const char* fileName)
	{
		char infoLog[512];
		GLint success;

		GLuint shader = glCreateShader(type); // Get id to the vertex shader
		std::string stringSource = this->loadShaderSource(fileName);
		const GLchar* source = stringSource.c_str(); // Stores the shader in char array
		glShaderSource(shader, 1, &source, NULL);
		glCompileShader(shader);

		// Error checking
		glGetShaderiv(shader, GL_COMPILE_STATUS, &success);
		if (!success)
		{
			glGetShaderInfoLog(shader, 512, NULL, infoLog);
			std::cout << "ERROR::SHADER::COULD_NOT_COMPILE_SHADER: " << fileName << std::endl;
			std::cout << infoLog << std::endl;
		}

		return shader;
	}

	// Link the program
	void linkProgram(GLuint vertexShader, GLuint geometryShader, GLuint fragmentShader)
	{
		char infoLog[512];
		GLint success;

		this->id = glCreateProgram();

		// Attaching shaders
		glAttachShader(this->id, vertexShader);

		if (geometryShader) // attach if it is true
		{
			glAttachShader(this->id, geometryShader);
		}

		glAttachShader(this->id, fragmentShader);

		glLinkProgram(this->id);

		// Error check
		glGetProgramiv(this->id, GL_LINK_STATUS, &success);
		if (!success)
		{
			glGetProgramInfoLog(this->id, 512, NULL, infoLog);
			std::cout << "ERROR::SHADER::COULD_NOT_LINK_PROGRAM" << std::endl;
			std::cout << infoLog << std::endl;
		}

		glUseProgram(0); // Reset the program
	}


public:

	// Constructor
	cShader(const int versionMajor, const int versionMinor, const char* vertexFile, const char* fragmentFile, const char* geometryFile = "") : versionMajor(versionMajor), versionMinor(versionMinor)
	{
		GLuint vertexShader = 0;
		GLuint geometryShader = 0;
		GLuint fragmentShader = 0;

		vertexShader = loadShader(GL_VERTEX_SHADER, vertexFile);

		if (geometryFile != "")
		{
			geometryShader = loadShader(GL_GEOMETRY_SHADER, geometryFile);
		}

		fragmentShader = loadShader(GL_FRAGMENT_SHADER, fragmentFile);

		this->linkProgram(vertexShader, geometryShader, fragmentShader);

		// End
		glDeleteShader(vertexShader); // Delete the shader as it is not longer needed
		glDeleteShader(geometryShader); // Delete the shader as it is not longer needed
		glDeleteShader(fragmentShader); // Delete the shader as it is not longer needed

	}
	// Destructor
	~cShader()
	{
		glDeleteProgram(this->id);
	}

	// Set uniform functions
	void use()
	{
		glUseProgram(this->id);
	}

	void unuse()
	{
		glUseProgram(0);
	}

	//  Modifiers

	void set1i(GLint value, const GLchar* name)
	{
		this->use();
		glUniform1i(glGetUniformLocation(this->id, name), value); // Uniform texture's data / Check texture unit 0
		this->unuse();
	}

	void set1f(GLfloat value, const GLchar* name)
	{
		this->use();
		glUniform1f(glGetUniformLocation(this->id, name), value); // Uniform texture's data / Check texture unit 0
		this->unuse();
	}

	void setVec2f(glm::fvec2 value, const GLchar* name)
	{
		this->use();
		glUniform2fv(glGetUniformLocation(this->id, name), 1, glm::value_ptr(value));
		this->unuse();
	}

	void setVec3f(glm::fvec3 value, const GLchar* name)
	{
		this->use();
		glUniform3fv(glGetUniformLocation(this->id, name), 1, glm::value_ptr(value));
		this->unuse();
	}

	void setVec4f(glm::fvec4 value, const GLchar* name)
	{
		this->use();
		glUniform4fv(glGetUniformLocation(this->id, name), 1, glm::value_ptr(value));
		this->unuse();
	}

	void setMat3fv(glm::mat3 value, const GLchar* name, GLboolean transpose = GL_FALSE)
	{
		this->use();
		glUniformMatrix3fv(glGetUniformLocation(this->id, name), 1, transpose, glm::value_ptr(value));
		this->unuse();
	}

	void setMat4fv(glm::mat4 value, const GLchar* name, GLboolean transpose = GL_FALSE)
	{
		this->use();
		glUniformMatrix4fv(glGetUniformLocation(this->id, name), 1, transpose, glm::value_ptr(value));
		this->unuse();
	}
};
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#version 440

// A Fragment Shader is the Shader stage that will process a Fragment generated by the Rasterisation into a set of colors and a single depth value. 
// The fragment shader is the OpenGL pipeline stage after a primitive is rasterised. 
// Fragment shaders take a single fragment as input and produce a single fragment as output.

struct Material
{
	// Colours and intensities of the textures
	vec3 ambient;
	vec3 diffuse;
	vec3 specular;
	sampler2D diffuseTex;
	sampler2D specularTex;
};

struct PointLight
{
	vec3 position;
	float intensity;
	vec3 colour;
	float constant;
	float linear;
	float quadratic;
};

in vec3 vs_position;
in vec3 vs_color;
in vec2 vs_texcoord;
in vec3 vs_normal;

out vec4 fs_color;

// Uniforms
uniform Material material;
uniform PointLight pointLight;

uniform vec3 lightPos0;
uniform vec3 cameraPosition;

// Functions
vec3 calculateAmbient(Material material)
{
	return material.ambient;
}

vec3 calculateDiffuse(Material material, vec3 vs_position, vec3 vs_normal, vec3 lightPos0)
{
	// Diffuse light							// TO		// FROM
	vec3 posToLightDirectionalVector = normalize(lightPos0 - vs_position);
	float diffuseAngle = clamp(dot(posToLightDirectionalVector, normalize(vs_normal)), 0, 1); // Get the dot product of two vectors clamped to value between 0 and 1
	vec3 diffuseFinal = material.diffuse * diffuseAngle; // Set how much colour to use
	
	return diffuseFinal;
}

vec3 calculateSpecular(Material material, vec3 vs_position, vec3 vs_normal, vec3 lightPos0, vec3 cameraPosition)
{
	vec3 lightToPositionDirectionalVector = normalize(vs_position - lightPos0);
	vec3 reflectDirectionalVector = normalize(reflect(lightToPositionDirectionalVector, normalize(vs_normal)));
	vec3 positionToViewDirectionalVector = normalize(cameraPosition - vs_position);
	float specularConstant = pow(max(dot(positionToViewDirectionalVector, reflectDirectionalVector), 0), 35);
	vec3 specularFinal = material.specular * specularConstant * texture(material.specularTex, vs_texcoord).rgb;
	// vec3 specularFinal = material.specular * specularConstant;

	return specularFinal;
}


void main()
{
	//fs_color = vec4(vs_color, 1.0);
	//fs_color = texture(texture0, vs_texcoord) * texture(texture1, vs_texcoord) * vec4(vs_color, 1.0);
	
	// Ambient light
	vec3 ambientFinal = calculateAmbient(material); // Hitting the object with all directions

	// Diffuse light
	vec3 diffuseFinal = calculateDiffuse(material, vs_position, vs_normal, pointLight.position);

	// Specular light
	vec3 specularFinal = calculateSpecular(material, vs_position, vs_normal,  pointLight.position, cameraPosition);

	// Attenuation
	float distance = length( pointLight.position - vs_position);
								// constant linear quadratic
	float attenuation =  pointLight.constant / (1.0 + pointLight.linear * distance + pointLight.quadratic * (distance * distance));

	// Final effect
	ambientFinal *= attenuation;
	diffuseFinal *= attenuation;
	specularFinal *= attenuation;

	fs_color = texture(material.diffuseTex, vs_texcoord)
	* (vec4(ambientFinal, 1.0) + vec4(diffuseFinal, 1.0) + vec4(specularFinal, 1.0)) * vec4(pointLight.colour, 1.0);

	// fs_color = (vec4(ambientFinal, 1.0)+ vec4(diffuseFinal, 1.0) + vec4(specularFinal, 1.0)); // Textures are invisible
}
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#version 440

// The Vertex Shader is the programmable Shader stage in the rendering pipeline that handles the processing of individual vertices. 
// Vertex shaders are fed Vertex Attribute data, as specified from a vertex array object by a drawing command.

layout (location = 0) in vec3 vertex_position;
layout (location = 1) in vec3 vertex_color;
layout (location = 2) in vec2 vertex_texcoord;
layout (location = 3) in vec3 vertex_normal;

out vec3 vs_position;
out vec3 vs_color;
out vec2 vs_texcoord;
out vec3 vs_normal;

uniform mat4 modelMatrix;
uniform mat4 viewMatrix;
uniform mat4 projectionMatrix;

void main()
{
	vs_position = vec4(modelMatrix * vec4(vertex_position, 1.f)).xyz;

	vs_color = vertex_color;

	vs_texcoord = vec2(vertex_texcoord.x, vertex_texcoord.y * -1.0);

	vs_normal = mat3(modelMatrix) * vertex_normal;

	gl_Position = projectionMatrix * viewMatrix * modelMatrix * vec4(vertex_position, 1.0);
}
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GameWindow
	Test Purpose: To check if the game window is displayed.

	Environment: 
Windows 10 Pro
Microsoft Visual Studio Community 2017 v.15.9.15
OpenGL v.4.4

	Preconditions: The program has not been started.

	Test Case Steps: 3

	Step No
	Procedure
	Response
	Pass/
Fail

	1
	Press “CTRL” + “F5” buttons to run the debug mode.
	[image: ]
The console program is open; the main menu is displayed. The user is asked for the input.
	Pass

	2
	Press “1” to run the game
	[image: ]
The instruction of use is displayed in the console window. The user is asked for the input again.
	Pass

	3
	Press any key on the keyboard.
	[image: ]
[image: ]
The game window has appeared. The timer is displayed in the console window.
	Pass

	Comments:
All steps passed.

	Related Tests:

	Author: Bartosz Galantowicz





	Test Case Id:
MovementSystem
	Test Purpose: To check if the movement system works correctly.

	Environment: 
Windows 10 Pro
Microsoft Visual Studio Community 2017 v.15.9.15
OpenGL v.4.4

	Preconditions: The program has not been started.

	Test Case Steps: 11

	Step No
	Procedure
	Response
	Pass/
Fail

	1
	Press “CTRL” + “F5” buttons to run the debug mode.
	[image: ]
The console program is open; the main menu is displayed. The user is asked for the input.
	Pass

	2
	Press “1” to run the game
	[image: ]
The instruction of use is displayed in the console window. The user is asked for the input again.
	Pass

	3
	Press any key on the keyboard.
	[image: ]
[image: ]
The game window has appeared. The timer is displayed in the console window. The box in the middle is selected.
	Pass

	4
	Press “W” key to move up.
	The new selected box is in the top middle position. The selection is emphasised by making the object larger.
	Pass

	5
	Press “A” key to move left.
	The new selected box is in the top-left position. The selection is emphasised by making the object larger.
	Pass

	6
	Press “S” key to move down.
	The new selected box is in the middle left position. The selection is emphasised by making the object larger.
	Pass

	7
	Press “D” key to move right.
	The new selected box is in the middle position. The selection is emphasised by making the object larger.
	Pass

	8
	Press “A” key six times to move left.
	The new selected box is in the middle left position. The selection stays in the boundaries of the game.
	Pass

	9
	Press “W” key six times to move up.
	The new selected box is in the top-left position. The selection stays in the boundaries of the game.
	Pass

	10
	Press “D” key six times to move right.
	The new selected box is in the top-right position. The selection stays in the boundaries of the game.
	Pass

	11
	Press “S” key six times to move down.
	The new selected box is in the bottom right position. The selection stays in the boundaries of the game.
	Pass

	Comments:
All steps passed.

	Related Tests: GameWindow

	Author: Bartosz Galantowicz





	Test Case Id:
Timer
	Test Purpose: To check if the game is over if the time is over.

	Environment: 
Windows 10 Pro
Microsoft Visual Studio Community 2017 v.15.9.15
OpenGL v.4.4

	Preconditions: The program has been started.

	Test Case Steps: 2

	Step No
	Procedure
	Response
	Pass/
Fail

	1
	Open a console window.
	[image: ]
The timer is displayed in the console window. The time is set to 00:02:00, and the counting down is started immediately.
	Pass

	2
	Wait till the timer shows 00:00:00.
	[image: ]
The timer stops at 00:00:01. However, the game is over and the score is printed in the console window.
	Fail

	Comments:
The timer never shows 00:00:00 in the console window. The game is over when the timer displays 00:00:01.

	Related Tests: GameWindow

	Author: Bartosz Galantowicz





2

image3.png
BN C:\Users\galan\Desktop\Programming Projects\OpenGL Project\Debug\OpenGL Project.exe

The game is called Match Match and it a simple memory game about matching patterns.

The player is a warehouse worker who must find all kind of food hidden in wooden boxes.There are three kind of foods - avocado, banana and broccoli.
However, the order is important!One kind of food can be searched at a time.

But it must be remembered that the warehouse is a dark, claustrophobic place.

Player's visions can be affected by that. However, it can use a torchlight to find the wooden boxes and checking their content.

Finding 3 food of the same kind in a row has a positive influence on the player's mind, making the environment more comfortable.

But if a new discovered content of a box is not matching the previous one, then bad things happens and the player is paranoid.

The world around becomes disturbed and the player must find the balance again.

The game is over if the timer is over or the player has found all containers of food.

e
e

MENU
1. Run the program.

2. Exit.

Input:
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Run the program.

A
S

Instruction of use:

- Press W, A, S, D to navigate the boxes in the game.

- Press SPACE key to search currently highlited box.

- You aim to find 3 avocados, 3 bananas, and 3 broccoli.

- You need to search food basing on your first guess.

- Your search will reset if you found other types of food than currently searching type of food.
- You win the game if you find triples of each kind of food.

- You lose the game if you the time is over.

Press any key to continue . . .
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{

nvoid cGame: :updateKeyboardInput ()

// Close the window after pressing ESC key
if (glfwGetKey(this->window, GLFW_KEY ESCAPE) == GLFW_PRESS)

{
glfwSetWindowShouldClose(this->window, GLFW TRUE);

}

// Navigate up after pressing W
if ((glfwGetKey(this->window, GLFW KEY W) == GLFW_PRESS) && wasWPressed != true)

wasWPressed = true; // Set the value to true to prevent reading multiple inputs.
//std: :cout << "W key is pressed” << std::endl;

// User can move up only if the active model has a higher index than 3. This is to set boundaries of the gameplay.

if (activeModelIndex >= 3)

{
previousActiveModelIndex = activeModelIndex; // Save the index of the last active model.
activeModelIndex - 3;
activeModel = this->models[activeModelIndex];
this->pointLights[0]->setPosition(activeModel->getOriginalPos() + glm::vec3(0.0, 0.0, 7.0));
//std::cout << activeModelIndex << st endl;

} // If the key is released then scale the previously activated model and reset the key check
else if ((glfwGetKey(this >window, GLFW _KEY W) == GLFW_RELEASE) && wasWPressed != false)

models[previousActiveModelIndex]->scale(glm: :vec3(2.0));
wasWPressed — false;

// set the light at the model positiol
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// Select a box model after pressing a space key.
if (glfwGetKey(this->window, GLFW KEY SPACE) == GLFW_PRESS && wasSpacePressed != true)

{

backgroundColour = black; // Change the colour of background to default

pointLights[0]->setColour (glm:

vec3(1.0, 1.0, 1.0)); // Change the point light to default

wasSpacePressed = true;

for (autod i

{

this->cards) // Find a card under the active box model

if (activeModel->getOriginalPos() == i.box->getOriginalPos())

{

if (i.isRevealed I= true) // If the card is not revealed then change it to true.

{

matchingCards.push_back(&1); // Add the card to currently matching cards

i.isRevealed - true;

if (matchingCards[@]->typeID != i.typeID) // Reset the matching cards if a newly revealed card does not match to the first revelled card.

{

backgroundColour = pink;
pointLights[@]->setColour(glm: :vec3(1.5, 3.0, 2.0)); // Change the point light when a card is mismatched

for (autof j : this->matchingCards)
{

~>isRevealed - false;

j
j->box->scale(glm::vec3(2.0));

}

matchingCards.clear();
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}

if (matchingCards.size() — 3)
{
backgroundColour = gold;
pointLights[@]->setColour(glm: :vec3(1.5, 1.0, 1.0)); // Change the point light when all three cards of type are found
score+;
numberOfFoundSets+;
// ADD SCORE
matchingCards.clear();

else if (glfwGetKey(this- >window, GLFW _KEY SPACE) == GLFW_RELEASE && wasSpacePressed != false)

{
¥

wasSpacePressed - false;
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|cCameraht # X cGame.cpp main.cpp ReadMe.txt cGameh Modelh cShader!
%] OpenGL Project ~ #gcCamera
#pragma once

#include<iostream>

#include<glfu3.h>

#include<glm.hpp>
#include<vec3.hpp>
10 |#include<mat4x4.hpp>
11 | #includekgtc\matrix_transform.hpp>
12
13 // Enumerators
14 |// Enums for camera direction
15 enum direction {FORWARD = ©, BACKWARD, LEFT, RIGHT};
16
17 // This class is responsible for handling a camera object in the game.
18 rclass cCamera

1
2
E]
4
5 |#include<glew.h>
6
7
8
9

19 |{

20 private:

21 glm: :mat4 viewMatrix;
22

23 GLfloat movementSpeed;
24 GLfloat sensitivity;
25

26 worldup;
27 position;
28 front;

29 right;

E) up;

31

32 GLfloat pitch; // x
33 GLfloat yaw; // y

34 GLfloat roll; // z
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// This class is responsible for handling a camera object in the game.
class cCamera

{

privati
glm: :mat4 viewMatrix;
gln: :vec3 worldUp;
glm: :vec3 position;
gln: vec3 front;
gln: vec3 right;

glm: :vec3 up;|
GLfloat pitch; // x
GLfloat yaw; // y
GLfloat roll; // z

// Update the camera vectors

void updateCameraVectors ()

{
// Coordinate system for the camera
// Get lenghts
this->front.x
this >front.y
this >front.z

cos(glm: :radians (this->yaw)) * cos(glm: :radians(this->pitch));
sin(glm: :radians(this->pitch));
sin(glm: :radians(this->yaw)) * cos(glm: :radians(this->pitch));

// Normalizing camera's vectors
this->front = glm: :normalize(this->front);

this->right = glm::normalize(glm: :cross(this->front, this->worldUp));
this->up = glm: :normalize(glm: :cross(this->right, this->front));
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public:

// Constructor

cCamera(glm: :vec3 position, glm::vec3 direction, glm::vec3 worldup)

{
this->viewMatrix = glm: :mat4(1.0);
this->worldup = worldUp;
this->position = position;
this->right = glm::vec3(0.0);
this->up = worldUp;
this->pitch - 0.0;
this->yaw - -90.0;
this->roll - 0.0;
this->updateCameraVectors() ;

3

~cCamera() {}

// Accessors
const glm: :mat4 getViewMatrix()

{
// Update camera
this->updateCameraVectors() ;
// Set the view matrix
this->viewMatrix = gl
return this->viewMatrix;

3

const glm::vec3 getPosition() const
{

return this->position;

lookAt (this->position, this->position + this->front, this >up
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// Initialise view matrix and projection matrix
~void cGame: :initialiseMatrices()
{
this->viewMatrix = glm::mat4(1.0);// Keep view matrix to identity matrix
this->viewMatrix = glm: :1ookAt (this->cameraPosition, this->cameraPosition + this->cameraFront, this->worlUpVector); // Set camera

// Setting projection matrix

this->projectionMatrix = glm: :mat4(1.0);

// Setting the perspective

this->projectionMatrix = glm: :perspective(glm: :radians (this->fieldofView),
static_cast<float>(this->framebufferWidth) / this->framebufferHeight,
this->nearPlane, this->farPlane);
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// This function renders the scene.
void cGame: :render()

{

1/ DRAW -
// Clear
glClearColor (backgroundColour.x, backgroundColour.y, backgroundColour.z, backgroundColour.w); // Window's colour
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT | GL_STENCIL_BUFFER_BIT); // Clear buffers
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58 // This function initialises OpenGL options
59 cvoid cGame::initialiseOpenGLOptions()

60 |{
61 |i  // OpenGL Options

62 ||i glEnable(GL DEPTH TEST); // Enable depth testing to check how far a pixel is.

63 || glEnable(GL _CULL FACE); // Do not draw what is behind (cull polygons based on their winding in window coordinates).
64 | glcullFace(GL BACK);

65 || glFrontFace(6L CCW); // Front face is always anticlockwise.

66 |

67 || glEnable(GL BLEND); // Enabling blending the colours.

68 ||  glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS SRC_ALPHA);

69 ||  glPolygonMode(GL FRONT AND BACK, GL FILL); // Fill the polygon completely.

70 |

71 |i  // Input initialisation

72 ||i  glfwSetInputMode(this->window, GLFW_CURSOR, GLFW_CURSOR NORMAL); // Enable/Disable cursor.
73 )
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V/ This class allows for loading the data from OBJ] files.

// Static function for loading 3D objects from obj files.

static std

{

ector<Vertex> loadObject(const char* fileName)

// Vertex portions

std: :vector<glm: : fvec3> vertexPositions;
std: :vector<glm: : fvec2> vertexTexCoords;
std: :vector<glm: : fvec3> vertexNormals;

// Face vectors

std::vector<GLuint> vertexPositionIndices;
std: :vector<GLuint> vertexTexCoordIndices;
std: :vector<GLuint> vertexNormalIndices;

// Vertex array
std: :vector<Vertex> vertices;

std::stringstream ss;
std::ifstream inFile(fileName);
std::string line

std::string prefix

glm: :vec3 tempVec3;

glm::vec2 tempVec2;

GLint tempGLint - ©;

// File open error check
if (linFile.is_open())
{

‘throw "ERROR::0BJLOADER::Could not open file.”;
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// Read one line at a tme

while (std:

{

getline(inFile, line))

// Get the prefix of the line
ss.clear();

ss.str(line);

ss >> prefix;

if (prefix == "#%)
{

¥

else if (prefix == "0%)
{

¥

else if (prefix
{

¥

else if (prefix

{

%)

B¥®) // vertex position

ss >> tempVec3.x >> tempVec3.y >> tempVec3.z;
vertexPositions.push_back(tempVec3);

¥

else if (prefix

{

)

ss >> tempVec2.x >> tempVec2.y;
vertexTexCoords . push_back (tempVec2) ;

¥

else if (prefix =

{

vn')

ss >> tempVec3.x >> tempVec3.y >> tempVec3.z;
vertexNormals . push_back (tempVec3) ;
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else if (prefix

{

int counter

- 0;

while (ss >> tempGLint)

{

// Pushing indces into correct arrays
if (counter == @) // First position

{
vertexPositionIndices.push_back(tempGLint);
3
else if (counter —- 1)
{
vertexTexCoordIndices.push_back(tempGLint);
3
else if (counter —- 2)
{
vertexNormalIndices.push_back(tempGLint);
3

// Handling characters
if (ss.peek() == [f)// Avoid slashes
{

++counter;
ss.ignore(1, /%)

3

else if (ss.peek()

{

++counter;
ss.ignore(1,
3
if (counter > 2)
{
counter = 0;
3
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// Build final vertex array (mesh)
vertices.resize(vertexPositionIndices.size(), Vertex()); // Create empty vertices of

// Loading all indices
for (size_t i - @; i < vertices.size(); ++i)

{
vertices[i].position = vertexPositions[vertexPositionIndices[i] - 1]; // set the
vertices[i].texcoord = vertexTexCoords[vertexTexCoordIndices[i] - 11;
vertices[i].normal = vertexNormals[vertexNormalIndices[i] - 11;
vertices[i].color = glm::vec3(1.0, 1.0, 1.0);

3

// Debug

//std: :cout << line << std::endl;
std::cout << "Number of vertices: " << vertices.size() << std::endl;
std::cout << "0BJ file loaded” << std::endl;

// Load success
return vertices;

vertex position indices size

position in regard to indices
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// Initialise models
void cGame: :initialiseModels()

{

// Initialise the models of boxes
this->models . push_back(new chodel(
glm: :vec3(-5.0, 5.0, 0.0), // Model position
this->materials[@], // Set materials
this->textures[TEXTURE_BOX], // Set texture
this->textures[ TEXTURE_BOX_SPECULAR], // Set specular texture
FOBINFINES/CUBETobT, // Load model from file
glm::vec3(2.0))); // Set the scale
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3// Structs
{// Card struct
sstruct Card

{

3

vec3 position; // Position of the card in the game

vec3 offset = glm::vec3(0.0, 0.0, 0.5); // Offset is used to set the card under the 3D model.
int typeID; // ID of the card. This helps to find what is a type of card.

cModel* box; // The refference to the model of box which covers the card.

bool isRevealed = false; // Stores the information if the card is covered.
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// Initialise cards

void cGame: :initialiseCards()

{
// Cards

// Copy models vector and based on these data arrange the cards.
std: :vector<cModel*> copiedModels - models;

// Create three sets of cards
for (sizet i = 2; i < 7; i += 2) // 2 is the value for the first food texture in texture enum.
{

// Get a random index from copied models.

int randomIndex - rand() % copiedModels.size();

// Set the first card of a type
Card card;

card.position = copiedModels[randomIndex]->getOriginalPos() - card.offset; // Set the card position regarding the model which covers this card.
card.box = copiedModels[randomIndex]; // Set the reference to the box model covering this card.

card.typeID = i; // Set the id of the card to identify which type of card it is.

this->cards.push_back(card); // Push the created card to the cards vector

// Create the card model.
this->cardModels .push_back(new codel(
card_position,
this->materials[0],
this->textures[i],
this->textures[i + 1],
0B8] Files/quad.obj",
glm: :vec3(1.0)));

// Erase the copied model which was used to avoid getting the same index next time.
copiedModels.erase(copiedModels.begin() + (randomIndex));
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// Render box models
for (autof i : this->models)
{
i->render (this->shaders[SHADER_CORE_PROGRAM]) ;

// Render card models
for (autof i : this->cardModels)
{

i->render (this->shaders[SHADER_CORE_PROGRAM]) ;
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#pragma once
#includeflibraries.h”

// This is the base class for light in the game.
class clLight
{
protected:
float intensity;
glm: :vec3 colour;

public:
// Constructor
cLight(float intensity, glm::vec3 colour)
{
this->intensity = intensity;
this->colour = colour;
}
// Destructor
~cLight()
{3
// Function
virtual void sendToShader(cShader& program) = 0;

¥
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// This is the class responsible for point lights in the game.
rclass cPointLight : cLight

{

protected:
glm: :vec3 position;
float constant;
float linear;
float quadratic;

public:

// Constructor
cPointLight(glm: :vec3 position, float intensity = 1.0, glm::vec3 colour =
float constant = 1.0, float linear = 0.045, float quadratic = 0.0075)

{
this->position = position;
this->constant = constant;
this->linear = linear;
this->quadratic - quadratic;

}

// Destructor

~cPointLight(){}

// Modifiers
void setPosition(const gl

{

vec3 position)

this->position = position;

}
void setColour(const glm::vec3 colour)
{
this->colour = colour;
}

glm: :vec3(1.0),
: cLight(intensity, colour)




image28.png
// Functions

// This function sends the point light settings to the shader

void sendToShader (cShader& program)

{
program. setVec3f(this->position, “pointLight.position®);
program. set1f(this->intensity, “pointLight.intensity");
program. setVec3f(this->colour, “pointLight.colour®);
program.set1f(this->constant, "pointlLight.constant”);
program.set1f(this->linear, “pointLight.linear");
program. set1f(this->quadratic, “pointLight.quadratic®);
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struct PointLight

{

vec3 position;
float intensity;
vec3 colour;
float constant;
float linear;
float quadratic;
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struct Material
{
/1 Colours and intensities of the textures
vec3 ambient;
vec3 diffuse;
vec3 specular;
sampler2D diffuseTex;
sampler2D specularTex;
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out veca fs_color;

// Uniforms
uniform Material material;
uniform PointLight pointLight;

uniform vec3 lightPos@;
uniform vec3 cameraPosition;

// Functions
vec3 calculateAmbient(Material material)

{
return material.ambient;
¥
vec3 calculateDiffuse(Material material, vec3 vs_position, vec3 vs_normal, vec3 lightPose)
{
// Diffuse light /1 10 /1 FROM
vec3 posTolLightDirectionalVector = normalize(lightPos@ - vs_position);
float diffuseAngle = clamp(dot(posTolightDirectionalVector, normalize(vs_normal)), @, 1); // Get the dot product of two vectors clamped to value between @ and 1
vec3 diffuseFinal = material.diffuse * diffuseAngle; // Set how much colour to use
return diffuseFinal;
¥

vec3 calculateSpecular(Material material, vec3 vs_position, vec3 vs_normal, vec3 lightPosd, vec3 cameraPosition)
{
vec3 lightToPositionDirectionalVector = normalize(vs_position - lightPos);
vec3 reflectDirectionalVector = normalize(reflect(lightToPositionDirectionalVector, normalize(vs_normal)));
vec3 positionToViewDirectionalVector = normalize(cameraPosition - vs_position);
float specularConstant = pow(max(dot(positionToViewDirectionalVector, reflectDirectionalVector), 8), 35);
vec3 specularFinal = material.specular * specularConstant * texture(material.specularTex, vs_texcoord).rgh;
// vec3 specularFinal = material.specular * specularConstant;

return specularFinal;
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// Constructor
cTexture(const char* fileName, GLenum type)
{

this->type = type;

// Loading image
unsigned char* image - SOIL load_image(fileName, &this->width, &this->height, NULL, SOIL_LOAD_RGBA);

// Generating texture ID
glGenTextures(1, &this->textureID);
glBindTexture(type, this->textureID);

// Texture settings
glTexParameteri(type, GL_TEXTURE_WRAP_S, GL_REPEAT); // Set X coordinates
glTexParameteri(type, GL_TEXTURE_WRAP_T, GL_REPEAT); // Set Y coordinates
glTexParameteri(type, GL_TEXTURE_MAG_FILTER, GL_LINEAR_MIPMAP_LINEAR); // Chooses the mipmap that most closely matches the size of the pixel being textured
// Chooses the two mipmaps that most closely match the size of the pixel being textured
glTexParameteri(type, GL_TEXTURE_MIN_FILTER, GL_LINEAR); // Sets the minimum level-of-detail parameter.
// Returns the weighted average of the four texture elements that are closest to the center of the pixel being textured.|
if (image)
{
glTexImage2D(type, O, GL_RGBA, this->width, this->height, @, GL_RGBA, GL_UNSIGNED_BYTE, image); // Specify a two-dimensional texture image
glGenerateMipmap(type); // Mipmap is the same image in various resolutions

¥
else
{
std::cout << "ERROR::TEXTURE_LOADING_FAILED: "<< filelName << std::endl;
¥
glActiveTexture(@);

glBindTexture(type, ©); // Unbiding the texture
SOIL_free_image_data(image); // Remove the data from the memory
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79 // This function loads textures from PNG files.
80 void loadFromFile(const char* filelame)

81 {

82 if (this->textureID)

83 {

84 glDeleteTextures(1, &this->textureID);

s | i

86 // Loading image

87 unsigned char* image = SOIL load_image(fileName, &this->width, &this->height, NULL, SOIL_LOAD_RGBA);
88

89 // Generating texture ID

% glGenTextures(1, &this->textureID);

91 glBindTexture(this->type, this->textureID);

)

93 // Texture's settings

94 glTexParameteri(this->type, GL_TEXTURE_WRAP_S, GL_REPEAT); // Set X coordinates

95 glTexParameteri(this->type, GL_TEXTURE_WRAP_T, GL_REPEAT); // Set Y coordinates

% glTexParameteri(this->type, GL_TEXTURE_MAG_FILTER, GL_LINEAR_MIPMAP_LINEAR);

97 glTexParameteri(this->type, GL_TEXTURE_MIN_FILTER, GL_LINEAR);

98 if (image)

99 {

100 glTexImage2D(this->type, @, GL_RGBA, this->width, this->height, @, GL_RGBA, GL_UNSIGNED_BYTE, image); // Specify a two-dimensional texture image
101 glGenerateMipmap (this->type); // Mipmap is the same image in various resolutions
102 }

103 else

104 {

105 std::cout << "ERROR::LOAD_FROM_FILE_TEXTURE_LOADING_FAILED: * << fileName << std::endl;
106 }

107

108 glActiveTexture(0);

109 glBindTexture(this->type, @); // Unbiding the texture

110 SOIL_free_image_data(image); // Remove the data from the memory

111 }

AU S
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// Enums for textures
enum textureEnum{

3

TEXTURE_BOX = ©, TEXTURE_BOX_SPECULAR,
TEXTURE_AVOCADO, TEXTURE_AVOCADO_SPECULAR,
TEXTURE_BANANA, TEXTURE_BANANA_SPECULAR,
TEXTURE_BROCCOLT, TEXTURE_BROCCOLI_SPECULAR,
TEXTURE_LEEK, TEXTURE_LEEK_SPECULAR,
TEXTURE_PUMPKIN, TEXTURE_PUMPKIN_SPECULAR
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// Initialise textures
void cGame: :initialiseTextures()

{

// Texture Initialisation
//Creating a texture

// Box texture
this->textures.push_back(new
this->textures.push_back(new

// Avocado texture
this->textures.push_back(new
this->textures.push_back(new

// Banana texture
this->textures.push_back(new
this->textures.push_back(new

// Broccoli texture
this->textures.push_back(new
this->textures.push_back(new

// Leek texture
this->textures.push_back(new
this->textures.push_back(new

// Pumpkin texture
this->textures.push_back(new
this->textures.push_back(new

cTexture (*Images/box.png", GL_TEXTURE_2D));
cTexture (*Images/box_specular.png®, GL_TEXTURE_2D));

cTexture (*Images/avocado.png”, GL_TEXTURE_2D));
cTexture (*Images/avocado_specular.png®, GL_TEXTURE_2D));

cTexture (*Images/banana.png®, GL_TEXTURE_2D));
cTexture (*Images/banana_specular.png”, GL_TEXTURE_2D));

cTexture (*Images/broccoli png®, GL_TEXTURE_2D));
cTexture (*Images/broccoli_specular.png®, GL_TEXTURE_2D));

cTexture (*Images/leek.png”, GL_TEXTURE_2D));
cTexture(*Images/leek_specular.png®, GL_TEXTURE_2D));

cTexture (*Images/pumpkin.png”, GL_TEXTURE_2D));
cTexture (*Images/pumpkin_specular.png®, GL_TEXTURE_2D));
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Run the program.

R
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Instruction of use:

- Press W, A, S, D to navigate the boxes in the game.

- Press SPACE key to search currently highlited box.

- You aim to find 3 avocados, 3 bananas, and 3 broccoli.

- You need to search food basing on your first guess.

- Your search will reset if you found other types of food than currently searching type of food.
- You win the game if you find triples of each kind of food.

- You lose the game if you the time is over.

ess any key to continue . . .
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// This function creates the window

Vi

{

0id cGame::initialiseWindow(const char* title, bool isResizable)

// Declare the OpenGL version 4.4
glfwhindowHint (GLFW_OPENGL_PROFILE, GLFW_OPENGL_CORE_PROFILE);
glfwhindowHint (GLFW_CONTEXT_VERSION_MAJOR, this->GL_VERSION_MAJOR);
glfwhindowHint (GLFW_CONTEXT_VERSION_MINOR, this->GL_VERSION_MINOR);
glfwhindowHint (GLFW_RESIZABLE, isResizable);

this->window = glfwCreateWindow(this->WINDOW_WIDTH, this->WINDOW_HEIGHT, title, NULL, NULL);
//glfwSetKeyCallback(this->window, this->keyCallback);
glfwSetInputMode (this->window, GLFW_STICKY_KEYS, 1); // Set the keys' mode

if (this->window == nullptr)
{
std::cout << ERROR::GLFW_WINDOW_INIT_FAILED® << std::endl;

glfuTerminate();

glfuGetFramebufferSize (this >window, &this->framebufferWidth, &this >framebufferHeight);
glfuSetFramebuffersizeCallback(this->window, cGame::framebuffer resize callback); // Adjust the framebuffers to the window's size
//glViewport(@, 0, framebufferWidth, framebufferteight); // Canvas size

// Initialise GLEW - window and openGL context are required
glfuMakeContextCurrent (this->window);
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// This function initialises GLEW
void cGame: :initialiseGLEW()

{

glewExperimental = GL_TRUE;

// Error checking
if (glewInit() != GLEW_OK)

{

std::cout << "ERROR::MAIN.C
glfuTerminate();

22GLEW_INIT_FILE" << std:

sendl;




