


Introduction
This report documents the implementation of a matching pairs game within OpenGL and C++. The various different choices made will be explained and any algorithms used to detail their purpose.
Implementation
There is a single cube that has a vertex list hard coded within the setupVertices function where all the vertices and texture coordinates are defined and loaded into buffers to be used on the GPU. This cube is rendered 9 times to make up the 3x3 grid of cubes used for the gameplay. The vertex shader applies appropriate transformations to each cube to ensure they are laid out correctly in the view window. As the grid of cubes is a 3x3 this means there is 4 matches to find and one ‘bogey’ cube that can never be matched.
The texture used is a simple face made in photoshop just to demonstrate the usage of textures. The image is loaded in using the SOIL2 library [1]. Once loaded in, using OpenGL calls mip-mapping [2] and anisotropic filtering are applied [2] [4]. The image is then passed into the shader and applied using the texture coordinates previously defined.
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Description automatically generated]Figure 1. Grid of 9 cubes with texture applied










Each cube has a colour that need to match with a different cube of the same colour. There are 4 possible colours that are hard coded into and array and then they are used to define the colour of each cube, this is done at random as the colour that is used for each cube is different each time the program is run. This is achieved by having a nine-element array, each element has a value of 1-4, as there are only 4 colours. This array is shuffled upon initialisation, making the colours position random each time the game is played. This was done by using a Fisher-Yates shuffle algorithm to move the elements around the array to provide a different order each time [5].
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Description automatically generated with low confidence]Figure 3. Showing the locations of 2 colours in a different run
Figure 2. Showing the locations of 2 pairs in 1 run











When playing the game, keyboard input is used to move between cubes and select a cube. Using the GLFW key call-back definitions, it is possible to determine when specific keys are pressed. However, using this method proved to be inconsistent as it would be called at the framerate of the game, 60 frames per second by default, multiple keypresses could be registered unintentionally. This issue was bypassed by executing the actions required when the required key was depressed instead of pressed, thus not effecting gameplay in any noticeable manner and fixing the double press bug.
Cube selection is a big feature that required a lot of attention, as the used must be able to select the cubes they wish to try to make pairs. A Boolean array was created ‘selected[9]’ this would hold the status of each cube with false being unselected and true being selected. Additionally, there would also be a counter to count the number of selections that has been made, and an additional Boolean ‘maxSelections’. Using these values, we can hold what 2 cubes have been selected, when 2 cubes have been selected, a function to check if they are matching colour will execute. If there is a match, there will be a console output stating this, also 1 will be added to the matches variable and maxSelections is set to true. When maxSelections is true, the resetColors function is called to ensure cubes go back to default ready to be selected again. This is where a locked[9] boolean was needed to define what cubes should remain their colour and what cubes should revert back to default. Once a pair is matched, they stay this colour until the game has ended, during the checkMatch function, if a match is found, both of these cubes are then set to locked meaning their state will remain this way for the rest of the game.
Finally, during draw call is when the colours of each cube is sent to the shaders. For each cube if selected or locked is true, the colour it should be is passed in. If the cube is currently being hovered over but not yet selected, a white highlight is being passed in so the user can see the current cube. If neither of these are true, no colour is passed in so the cube will just use default texture. Additionally, prior to the draw call appropriate depth testing and back face culling is applied to ensure only visible faces are being rendered to improve performance.
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Description automatically generated]Figure 4. Showing the code used to draw 9 cubes and determine the colours







Conclusion
The matching pairs game that has been created is fully functional and working as intended with no known bugs. The implementation is a simple approach with the used looking down onto a grid of cubes, using the keyboard to navigate and select them. There are many different approaches that could be taken for this task and many more features that can be added, such as times levels, number of selections made or ability to replay the game.
References

[1] 	Github, “Soil2,” [Online]. Available: https://github.com/SpartanJ/SOIL2. [Accessed 12 04 2022].
[2] 	Khronos, “Textures,” [Online]. Available: https://www.khronos.org/opengl/wiki/Texture. [Accessed 12 04 2022].
[3] 	Khronos, “Anisotriopic filtering,” [Online]. Available: https://www.khronos.org/opengl/wiki/Sampler_Object#Anisotropic_filtering. [Accessed 12 04 2022].
[4] 	V. S. G. a. J. Clevenger, Computer Graphics Programming in OpenGL with C==, David pallai, 2019. 
[5] 	GeeksForGeeks, “Fisher Yates shuffle algorithm,” 17 January 2022. [Online]. Available: https://www.geeksforgeeks.org/shuffle-a-given-array-using-fisher-yates-shuffle-algorithm/. [Accessed 13 04 2022].



Appendix
Appendix A. User Guide
The use of this game is believed to be basic and requires only a few steps to begin listed below:
1. Open the .sln file in visual studio 2019
2. Build and run
3. Use keys A and D to choose different cubes
4. Use Spacebar to select a cube
Code
Utils.h
#pragma once
#include <GL/glew.h>
#include <SOIL2/soil2.h>
#include <GLFW/glfw3.h>

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

using namespace std;

string readShaderSource(const char* filePath) {
	string content;
	ifstream fileStream(filePath, ios::in);
	string line = "";
	while (!fileStream.eof()) {
		getline(fileStream, line);
		content.append(line + "\n");
	}
	fileStream.close();
	return content;
}

void printShaderLog(GLuint shader) {
	int len = 0;
	int chWrittn = 0;
	char* log;
	glGetShaderiv(shader, GL_INFO_LOG_LENGTH, &len);
	if (len > 0) {
		log = (char*)malloc(len);
		glGetShaderInfoLog(shader, len, &chWrittn, log);
		cout << "Shader Info Log: " << log << endl;
		free(log);
	}
}
void printProgramLog(int prog) {
	int len = 0;
	int chWrittn = 0;
	char* log;
	glGetProgramiv(prog, GL_INFO_LOG_LENGTH, &len);
	if (len > 0) {
		log = (char*)malloc(len);
		glGetProgramInfoLog(prog, len, &chWrittn, log);
		cout << "Program Info Log: " << log << endl;
		free(log);
	}
}
bool checkOpenGLError() {
	bool foundError = false;
	int glErr = glGetError();
	while (glErr != GL_NO_ERROR) {
		cout << "glError: " << glErr << endl;
		foundError = true;
		glErr = glGetError();
	}
	return foundError;
}

GLuint createShaderProgram(const char* vp, const char* fp) {
	GLuint vShader = glCreateShader(GL_VERTEX_SHADER);
	GLuint fShader = glCreateShader(GL_FRAGMENT_SHADER);
	GLint vertCompiled;
	GLint fragCompiled;
	GLint linked;

	string vertShaderStr = readShaderSource(vp);
	string fragShaderStr = readShaderSource(fp);

	const char* vertShaderSrc = vertShaderStr.c_str();
	const char* fragShaderSrc = fragShaderStr.c_str();

	glShaderSource(vShader, 1, &vertShaderSrc, NULL);
	glShaderSource(fShader, 1, &fragShaderSrc, NULL);

	glCompileShader(vShader);

	checkOpenGLError();

	glGetShaderiv(vShader, GL_COMPILE_STATUS, &vertCompiled);
	if (vertCompiled != 1) {
		cout << "vertex compilation failed" << endl;
		printShaderLog(vShader);
	}

	glCompileShader(fShader);

	checkOpenGLError();

	glGetShaderiv(fShader, GL_COMPILE_STATUS, &fragCompiled);
	if (fragCompiled != 1) {
		cout << "fragment compilation failed" << endl;
		printShaderLog(fShader);
	}

	GLuint vfProgram = glCreateProgram();

	glAttachShader(vfProgram, vShader);
	glAttachShader(vfProgram, fShader);
	glLinkProgram(vfProgram);

	checkOpenGLError();

	glGetProgramiv(vfProgram, GL_LINK_STATUS, &linked);
	if (linked != 1) {
		cout << "linking failed" << endl;
		printProgramLog(vfProgram);
	}
	return vfProgram;
}

GLuint loadTexture(const char* texImagePath) {
	GLuint textureID;
	textureID = SOIL_load_OGL_texture(texImagePath,
		SOIL_LOAD_AUTO, SOIL_CREATE_NEW_ID, SOIL_FLAG_INVERT_Y);

	//mipmapping
	glBindTexture(GL_TEXTURE_2D, textureID);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR_MIPMAP_LINEAR);
	glGenerateMipmap(GL_TEXTURE_2D);

	//anisotropic filtering
	if (glewIsSupported("GL_EXT_texture_filter_anisotropic")) {
		GLfloat anisoSetting = 0.0f;
		glGetFloatv(GL_MAX_TEXTURE_MAX_ANISOTROPY_EXT, &anisoSetting);
	}

	if (textureID == 0) cout << "could not find texture file" << texImagePath << endl;

	return textureID;
}

Main.cpp
#include <cmath>
#include <glm/glm.hpp>
#include <glm/gtc/type_ptr.hpp>
#include <glm/gtc/matrix_transform.hpp>

#include "Utils.h"

using namespace std;

#define numVAOs 1
#define numVBOs 2

float cameraX, cameraY, cameraZ;
float cubeLocX, cubeLocY, cubeLocZ;
//rendering hold Id of compiled and linked fragment and vertex shaders
GLuint renderingProgram;

//declaring number of buffers needed
GLuint vao[numVAOs];
GLuint vbo[numVBOs];

//texture ID
GLuint texture;

//allocate variables to use in display so not reallocated during rendering
GLuint mvLoc, projLoc, cubeNumLoc, ColorLoc;

//handles game ending
bool gameOver;

//used to define what cube is currently chosen
int choice;

//holds what cubes are selected
bool selected[9];
//defines what cubes are locked - eg pairs already matched are locked
bool locked[9];
//array containing 4 different values each one corrisponding to a color
int cubeColor[9] = {0, 1, 2, 3, 0, 1, 2, 3, 0};

//aspect ratio data
int width, height;
float aspect;

//matracies used for model, view, projection and model-view projection matracies
glm::mat4 pMat, vMat, mMat, mvMat;
//array of 4 pre defined colors colors
glm::vec3 colors[4];

//variables to handle selecting a cube
bool maxSelections;
int selection;

//variable to count number of matches
int matches;

//swaps 2 variables
void swap(int* a, int* b)
{
	int temp = *a;
	*a = *b;
	*b = temp;
}
//randomises the order of the variables in an array to ensure each game has different pairs (Fisher–Yates shuffle)
void randomize(int arr[], int n)
{
	srand(time(NULL));

	for (int i = n - 1; i > 0; i--)
	{
		int j = rand() % (i + 1);

		swap(&arr[i], &arr[j]);
	}
}

//Resets colors after 2 cubes have been selected
void resetColors()
{
	static float time = glfwGetTime();
	static bool reset = false;

	if (reset)
	{
		time = glfwGetTime();
		reset = false;
	}
	
	if (glfwGetTime() - time > 0.5)
	{
		selection = 0;
		for (int i = 0; i < 9; i++)
		{
			if (locked[i] == false)
			{
				selected[i] = false;
			}
		}
		maxSelections = false;
		reset = true;
	}
}
//checks to see if the 2 selected cubes match
void checkMatch()
{
	int count = 0;
	int temp;
	for (int i = 0; i < 9; i++)
	{
		if (selected[i] == true && locked[i] == false)
		{
			if (count == 0)
			{
				temp = i;
				count++;
			}
			else
			{
				if (cubeColor[i] == cubeColor[temp])
				{
					locked[i] = true;
					locked[temp] = true;

					cout << "Match" << endl;
					matches++;
				}
			}
		}
	}
}
//checks if the game has been won
void checkWin()
{
	if (matches == 4)
	{
		cout << "You Win!" << endl;
		gameOver = true;
	}
}

//handles input from the keyboard to control the game
static void key_callback(GLFWwindow* window, int key, int scancode, int action, int mods)
{


	if (key == GLFW_KEY_A && action == GLFW_RELEASE)//move left
	{
		if (choice == 1)
			choice = 9;
		else
			choice--;

		//ensures that a currently selected cube or locked cube can not be selected
		while (locked[choice - 1] == true || selected[choice - 1] == true)
		{
			if (choice == 1)
				choice = 9;
			else
				choice--;
		}
	}
	if (key == GLFW_KEY_D && action == GLFW_RELEASE)//move right
	{
		if (choice == 9)
			choice = 1;
		else
			choice++;

		//ensures that a currently selected cube or locked cube can not be selected
		while (locked[choice - 1] == true || selected[choice - 1] == true)
		{
			if (choice == 9)
				choice = 1;
			else
				choice++;
		}

	}

	if (key == GLFW_KEY_SPACE && action == GLFW_RELEASE && maxSelections == false)//select cube
	{
		selected[choice - 1] = true;

		selection++;

		//after 2 cubes have been selected check to see if the color is matching and set maxSelections to true to trigger the resetcolors function
		if (selection == 2)
		{
			checkMatch();
			maxSelections = true;
		}
		
		//after a selction is made move the the highlighted cube to the next unselected and unlocked cube
		if (choice == 9)
			choice = 1;
		else
			choice++;
		//ensures that a currently selected cube or locked cube can not be selected
		while (locked[choice - 1] == true || selected[choice - 1] == true)
		{
			if (choice == 9)
				choice = 1;
			else
				choice++;
		}

	}

}



//define verts and texture coords for our cube and generate buffers and bind them
void setupVertices(void)
{
	float cubePositions[108] = {
		-1.0f, 1.0f, -1.0f, -1.0f, -1.0f, -1.0f, 1.0f, -1.0f, -1.0f,
		 1.0f, -1.0f, -1.0f, 1.0f, 1.0f, -1.0f, -1.0f, 1.0f, -1.0f,
		1.0f, -1.0f, -1.0f, 1.0f, -1.0f, 1.0f, 1.0f, 1.0f, -1.0f,
		1.0f, -1.0f, 1.0f, 1.0f, 1.0f, 1.0f, 1.0f, 1.0f, -1.0f,
		1.0f, -1.0f, 1.0f, -1.0f, -1.0f, 1.0f, 1.0f, 1.0f, 1.0f,
		-1.0f, -1.0f, 1.0f, -1.0f, 1.0f, 1.0f, 1.0f, 1.0f, 1.0f,
		-1.0f, -1.0f, 1.0f, -1.0f, -1.0f, -1.0f, -1.0f, 1.0f, 1.0f,
		-1.0f, -1.0f, -1.0f, -1.0f, 1.0f, -1.0f, -1.0f, 1.0f, 1.0f,
		-1.0f, -1.0f, 1.0f, 1.0f, -1.0f, 1.0f, 1.0f, -1.0f, -1.0f,
		1.0f, -1.0f, -1.0f, -1.0f, -1.0f, -1.0f, -1.0f, -1.0f, 1.0f,
		-1.0f, 1.0f, -1.0f, 1.0f, 1.0f, -1.0f, 1.0f, 1.0f, 1.0f,
		1.0f, 1.0f, 1.0f, -1.0f, 1.0f, 1.0f, -1.0f, 1.0f, -1.0f
	};

	float cubeTexCoord[72] = {
		//back
		1.0f, 1.0f, 1.0f, 0.0f, 0.0f, 0.0f,
		0.0f, 0.0f, 0.0f, 1.0f, 1.0f, 1.0f,
		//right
		1.0f, 0.0f, 0.0f, 0.0f, 1.0f, 1.0f,
		0.0f, 0.0f, 0.0f, 1.0f, 1.0f, 1.0f,
		//front
		1.0f, 0.0f, 0.0f, 0.0f, 1.0f, 1.0f,
		0.0f, 0.0f, 0.0f, 1.0f, 1.0f, 1.0f,
		//left
		1.0f, 0.0f, 0.0f, 0.0f, 1.0f, 1.0f,
		0.0f, 0.0f, 0.0f, 1.0f, 1.0f, 1.0f,
		//bottom
		0.0f, 1.0f, 1.0f, 1.0f, 1.0f, 0.0f,
		1.0f, 0.0f, 0.0f, 0.0f, 0.0f, 1.0f,
		//top
		0.0f, 1.0f, 1.0f, 1.0f, 1.0f, 0.0f,
		1.0f, 0.0f, 0.0f, 0.0f, 0.0f, 1.0f,
	};

	
	glGenVertexArrays(1, vao);
	glBindVertexArray(vao[0]);
	glGenBuffers(numVBOs, vbo);


	glBindBuffer(GL_ARRAY_BUFFER, vbo[0]);
	glBufferData(GL_ARRAY_BUFFER, sizeof(cubePositions), cubePositions, GL_STATIC_DRAW);

	glBindBuffer(GL_ARRAY_BUFFER, vbo[1]);
	glBufferData(GL_ARRAY_BUFFER, sizeof(cubeTexCoord), cubeTexCoord, GL_STATIC_DRAW);
}




void init(GLFWwindow* window)
{ 


	//gets window size
	glfwGetFramebufferSize(window, &width, &height);
	aspect = (float)width / (float)height;
	//persepective matrix
	pMat = glm::perspective(1.0472f, aspect, 0.1f, 1000.0f); // 1.0472 radians = 60 degrees
	//choose our rendering program and attach our shaders
	renderingProgram = createShaderProgram("vertShader.glsl", "fragShader.glsl");
	//camera/cube location
	cameraX = 0.0f; cameraY = 0.0f; cameraZ = 8.0f;
	cubeLocX = 0.0f; cubeLocY = 0.0f; cubeLocZ = 0.0f;
	//load in texture using SOIL2
	texture = loadTexture("textures/face.jpg");
	//initialise cube
	setupVertices();

	//defines size of array for the randomize function
	int n = sizeof(cubeColor) / sizeof(cubeColor[0]);

	//initialisation of global variables
	selection = 0;
	maxSelections = false;
	matches = 0;
	choice = 1;
	//randomizes the array that chooses the colors of the cubes
	randomize(cubeColor, n);
	//initialisation of the cubes setting all to false ready to be selected and matched
	for (int i = 0; i < 9; i++)
	{
		selected[i] = false;
		locked[i] = false;
	}
	//initialisation of colors to be used for the cubes
	colors[0] = { 1.0f, 0.0f, 0.0f };//Red
	colors[1] = { 0.0f, 1.0f, 0.0f };//Green
	colors[2] = { 0.0f, 0.0f, 1.0f };//Blue
	colors[3] = { 0.4f, 0.1f, 0.7f };//Purple

	// get the uniform variables locations within shaders
	mvLoc = glGetUniformLocation(renderingProgram, "mv_matrix");
	projLoc = glGetUniformLocation(renderingProgram, "proj_matrix");
	cubeNumLoc = glGetUniformLocation(renderingProgram, "cubeNumber");
	ColorLoc = glGetUniformLocation(renderingProgram, "selectedColor");
}


void display(GLFWwindow* window, double currentTime) {
	//clearing depth and background buffer
	glClear(GL_COLOR_BUFFER_BIT);
	glClearColor(1.0f, 1.0f, 1.0f, 1.0f);
	glClear(GL_DEPTH_BUFFER_BIT);
	//select what program to use
	glUseProgram(renderingProgram);

	// the model-view matrix
	vMat = glm::translate(glm::mat4(1.0f), glm::vec3(-cameraX, -cameraY, -cameraZ));
	mMat = glm::translate(glm::mat4(1.0f), glm::vec3(cubeLocX, cubeLocY, cubeLocZ));
	mvMat = vMat * mMat;
	//passing uniforms into shader
	glUniformMatrix4fv(mvLoc, 1, GL_FALSE, glm::value_ptr(mvMat));
	glUniformMatrix4fv(projLoc, 1, GL_FALSE, glm::value_ptr(pMat));
	//binding vertex positions for drawing
	glBindBuffer(GL_ARRAY_BUFFER, vbo[0]);
	glVertexAttribPointer(0, 3, GL_FLOAT, GL_FALSE, 0, 0);
	glEnableVertexAttribArray(0);
	//binding texture coords for drawing
	glBindBuffer(GL_ARRAY_BUFFER, vbo[1]);
	glVertexAttribPointer(1, 2, GL_FLOAT, GL_FALSE, 0, 0);
	glEnableVertexAttribArray(1);
	//activating and binding texture
	glActiveTexture(GL_TEXTURE0);
	glBindTexture(GL_TEXTURE_2D, texture);
	//enable back face culling
	glEnable(GL_CULL_FACE);
	glCullFace(GL_BACK);
	glFrontFace(GL_CW);
	//depth settings
	glEnable(GL_DEPTH_TEST);
	glDepthFunc(GL_LEQUAL);
	
	//draw call is exectuted 9 times to draw 9 individual, but identical, cubes
	for (int i = 0; i < 9; i++)
	{	
		//handling what color uniform should be passed to the shader for drawing
		glUniform1i(cubeNumLoc, i + 1);
		if (selected[i] == true || locked[i] == true)//if the cube is selected or locked use the color of this cube
		{
			glUniform4f(ColorLoc, colors[cubeColor[i]].x, colors[cubeColor[i]].y, colors[cubeColor[i]].z, 0.0f);
		}
		else if (choice == i + 1)//if this cube is currently being 'hovered' over but not selected use a white highlight
		{
			glUniform4f(ColorLoc, 0.5f, 0.5f, 0.5f, 0.0f);
		}
		else//else dont add a color and just use default texture
		{
			glUniform4f(ColorLoc, 0.0, 0.0f, 0.0f, 0.0f);
		}
		//draw the same cube 9 times, transforms handled within vert shader
		glDrawArrays(GL_TRIANGLES, 0, 36);
  	}

	//if maximum number of selections is hit reset colors
   	if (maxSelections)
	{
		resetColors();
	}
	//check if the game has been won
	checkWin();

}

//handles window resizing at runtime and generates a new perspective matrix accordingly
void window_reshape_callback(GLFWwindow* window, int newWidth, int newHeight)
{
	aspect = (float)newWidth / (float)newHeight;
	glViewport(0, 0, newWidth, newHeight);
	pMat = glm::perspective(1.0472f, aspect, 0.1f, 1000.0f);
}

int main(void) {
	
	//Check initialisation
	if (!glfwInit()) { exit(EXIT_FAILURE); }
	//verify opengl version
	glfwWindowHint(GLFW_CONTEXT_VERSION_MAJOR, 4);
	glfwWindowHint(GLFW_CONTEXT_VERSION_MINOR, 3);
	//create opengl windwow
	GLFWwindow* window = glfwCreateWindow(600, 600, "Graphics Assignent - Pairs", NULL, NULL);

	//keypress callback
	glfwSetKeyCallback(window, key_callback);

	glfwMakeContextCurrent(window);

	if (glewInit() != GLEW_OK) { exit(EXIT_FAILURE); }

	glfwSwapInterval(1);

	glfwSetWindowSizeCallback(window, window_reshape_callback);

	init(window);
	//main loop
	while (!glfwWindowShouldClose(window)) {
		display(window, glfwGetTime());
		glfwSwapBuffers(window);
		glfwPollEvents();
		if (gameOver == true)
		{
			break;//if game is over break from main loop
		}
	}

	//clean up
	glfwDestroyWindow(window);
	glfwTerminate();
	exit(EXIT_SUCCESS);
}
vertShader.glsl
#version 430
layout (location=0) in vec3 pos;
layout (location=1) in vec2 texCoord;

out vec2 tc;

uniform mat4 mv_matrix;
uniform mat4 proj_matrix;

uniform int cubeNumber;
uniform vec4 selectedColor;

layout (binding=0) uniform sampler2D samp;


mat4 buildTranslate(float x, float y, float z);


void main(void)
{
//each cube is transformed to its required position to make the grid
	if (cubeNumber == 1)
		gl_Position = proj_matrix * mv_matrix * buildTranslate(-2.5f, 2.5f, 0.0f) *  vec4(pos,1.0);

	if (cubeNumber == 2)
		gl_Position = proj_matrix * mv_matrix * buildTranslate(0.0f, 2.5f, 0.0f) *  vec4(pos,1.0);

	if (cubeNumber == 3)
		gl_Position = proj_matrix * mv_matrix * buildTranslate(2.5f, 2.5f, 0.0f) *  vec4(pos,1.0);

	if (cubeNumber == 4)
		gl_Position = proj_matrix * mv_matrix * buildTranslate(-2.5f, 0.0f, 0.0f) * vec4(pos,1.0);

	if (cubeNumber == 5)
		gl_Position = proj_matrix * mv_matrix * buildTranslate(0.0f, 0.0f, 0.0f) * vec4(pos,1.0);

	if (cubeNumber == 6)
		gl_Position = proj_matrix * mv_matrix * buildTranslate(2.5f, 0.0f, 0.0f) * vec4(pos,1.0);

	if (cubeNumber == 7)
		gl_Position = proj_matrix * mv_matrix * buildTranslate(-2.5f, -2.5f, 0.0f) * vec4(pos,1.0);

	if (cubeNumber == 8)
		gl_Position = proj_matrix * mv_matrix * buildTranslate(0.0f, -2.5f, 0.0f) * vec4(pos,1.0);

	if (cubeNumber == 9)
		gl_Position = proj_matrix * mv_matrix * buildTranslate(2.5f, -2.5f, 0.0f) * vec4(pos,1.0);

	tc = texCoord;
}
//builds and returns a translation matrix
mat4 buildTranslate(float x, float y, float z)
{
	mat4 trans = mat4(1.0, 0.0, 0.0, 0.0,
					  0.0, 1.0, 0.0, 0.0,
					  0.0, 0.0, 1.0, 0.0,
					  x, y, z, 1.0 );
	return trans;
}


fragShader.glsl
#version 430

in vec2 tc;
out vec4 color;

uniform int cubeNumber;
uniform vec4 selectedColor;

uniform mat4 mv_matrix;
uniform mat4 proj_matrix;

layout (binding=0) uniform sampler2D samp;


void main(void)
{ 
	color = texture(samp,tc) + selectedColor;
}
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//draw call is exectuted 9 times to draw 9 individual, but identical, cubes
for (int i = 0; i < 9; i++)

//handling what color uniform should be passed to the shader for drawing
gluniform1i(cubeNumloc, i + 1);
if (selected[i] == true || locked[i] == true)//if the cube is selected or locked use the color of this cube

{

{
| gluniformaf(ColorLoc, colors[cubecolor[i]].x, colors[cubeColor[i]].y, colors[cubecolor[i]].z, @.ef)
.

! else if (choice == i + 1)//if this cube is currently being 'hovered’ over but not selected use a white highlight
odq

¥

| gluniformaf(colorLoc, 0.5f, 0.5f, 0.5f, 0.0f);
}
else//else dont add a color and just use default texture

{

| gluniformaf(colorloc, 0.0, 0.ef, 0.0f, 0.0f);

}

//draw the same cube 9 times, transforms handled within vert shader
glbrawArrays(GL_TRIANGLES, 0, 36);
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