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Introduction
The following report will document the 2D visual effects system that has been constructed in order to generate a firework effect animation. The firework system required to contain as little memory as possible in order to store and update the effect. The system also needed to store the vertices and texture of the coordinates the particles would form and disappear at. The application required to contain a range of object-oriented programming (OOP) techniques in order to portray the visual effect. Object-oriented programming “is a programming language model organized around objects rather than actions and data rather than logic” [1].
[bookmark: _Toc5023680]Memory Footprint Used
The memory used was extremely high before implementing techniques in order to reduce how much was being used. The techniques that were used managed to reduce the amount of memory needed in order to successfully run the application. 
This section of the report will contain detailed specifics with the approaches used to reduce the memory footprint. 
When looking up the data it was beneficial to declare using ‘const’. When ‘const’ is used then the data can be stored in read-only memory. If ‘const’ was not used in some areas of the code then the data would be copied to the RAM at start-up, this is a negative as it consumes flash and RAM space. 
Void theoretically should use no memory on the stack created. Void does not store any data hence its inclusion throughout the applications code. 
The application uses a stack as mentioned above, a stack is a “region of the devices memory that stores temporary variables created” [2]. The stack uses a last in and first out (LIFO) [3] data structure which was appropriate to the applications requirements. The advantage of this data structure is that memory is managed automatically, it doesn’t necessarily need to be allocated individually and equally will not need to be freed once not needed. Another benefit to this is the CPU organizes stacks more efficiently and reading from and writing to stack variables is considered very fast [2].
The ‘if’ statements that have been created also consist of ‘delete’ functions, these delete functions will delete the particle trails from the firework and release some of the memory back into the system. 
Buffer Objects have been implemented into the application, buffer objects are OpenGL Objects that store an array of unformatted memory that has been allocated by OpenGL. This method can be used to store vertex data, pixel data retrieved from the frambuffer and much more. 
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stdafx.h
#pragma once

#include <windows.h>
#include <cstdio>
#include <time.h>
#include <math.h>
#include <list>
#include <vector>
#include <random>
#include <iostream>
#include "GL/glut.h"
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#include "stdafx.h"

using namespace std;

class Triple //there is no meaning attached to values in this class, it can be used for any and all purposes
{
public:
	float x, y, z;
};

class Firework;

class Particle 
{
public:
	Triple previousLocation;
	Triple location, speed, acceleration;
	Triple color;
	int ttl; //library for operations related to triangulations - TTL is not dependent on a specific data structure
	void move();
	Particle() {};
	Particle(Firework *);
};

class Firework 
{
public:
	Particle center;
	float radius;
	int number_of_particles;
	Firework();
	void move();
	list<Particle *> explode();
};

//Utilitise
double randomAmount();
void add(Triple*, Triple *);
void set(Triple*, float, float, float);

extern float FIREWORKS_PER_FRAME; //extern is a global variable
extern float GRAVITY_POWER;
extern int FIREWORK_TTL; 
extern int FIREWORK_PARTICLES;
extern int PARTICLE_TTL;






utilities.cpp
#include "stdafx.h"
#include "display.h"

void add(Triple *a, Triple *b) 
{
	a->x += b->x;
	a->y += b->y;
	a->z += b->z;
}

void set(Triple* t, float x, float y, float z) 
{
	t->x = x;
	t->y = y;
	t->z = z;
}

double randomAmount()
// random double within range (0,1)
{
	return (rand() / (double)RAND_MAX);
}


particle.cpp
#include "stdafx.h"
#include "display.h"

Particle::Particle(Firework *s)
{
	location.x = s->center.location.x + 2 * (randomAmount() - 0.5)*s->radius; //location of the particles 
	location.y = s->center.location.y + 2 * (randomAmount() - 0.5)*s->radius; //location of the particles 
	location.z = s->center.location.z + 2 * (randomAmount() - 0.5)*s->radius; //location of the particles 
	speed.x = (randomAmount() - 0.1) * 5; //speed of the particles
	speed.y = (randomAmount() - 0.1) * 5; //speed of the particles
	speed.z = (randomAmount() - 0.1) * 5; //speed of the particles
	set(&color, s->center.color.x, s->center.color.y, s->center.color.z); //randomly generating colour for the particles
	set(&acceleration, 0, 0 - GRAVITY_POWER, 0);
	ttl = int((randomAmount() + 0.1)*PARTICLE_TTL); //library for operations related to triangulations - TTL is not dependent on a specific data structure
}


void Particle::move() //moves the paricles in the right direction
{
	previousLocation = location;
	add(&speed, &acceleration);
	add(&location, &speed);
}


firework.cpp
#include "stdafx.h"
#include "display.h"

const float defaultRadius = 5; 
const float XRange = 500;

Firework::Firework() 
{
	set(&center.location, (randomAmount() - 0.5)*XRange, 0.0, 0.0);
	center.speed.x = (randomAmount() - 0.5) * 4; //0.5 = half of the screen / 4 = height of the firework
	center.speed.y = (randomAmount() + 0.5)*5.5; //0.5 = half of the screen /5.5 = height of the firework
	center.speed.z = (randomAmount() - 0.5) * 4; //0.5 = half of the screen /4 = height of the firework
	//ranomly setting off the fireworks using the a randomAmount 
	set(&center.acceleration, 0, 0 - GRAVITY_POWER, 0);
	radius = (randomAmount() + 0.5)*defaultRadius;
	center.ttl = int((randomAmount() + 0.5)*FIREWORK_TTL); //library for operations related to triangulations - TTL is not dependent on a specific data structure
	number_of_particles = int((randomAmount() + 0.5)*FIREWORK_PARTICLES);
	set(&(center.color), randomAmount(), randomAmount(), randomAmount()); //randomly generating colour for the fireworks
}

display.cpp
#include "stdafx.h"
#include "display.h"
#define RENDERING_TRAIL 1 //render the scene into a framebuffer object, then take that as a source texture and perform various operations


list<Particle *> particles;
int frames;
list<Firework *> fireworks;
float FIREWORKS_PER_FRAME;
float GRAVITY_POWER;
int FIREWORK_TTL; //library for operations related to triangulations - TTL is not dependent on a specific data structure
int FIREWORK_PARTICLES;
int PARTICLE_TTL; //library for operations related to triangulations - TTL is not dependent on a specific data structure
int renderingType = 0;


void initData(void) //initialization is the assignment of an initial value for a data object or variable
{
	frames = 0;
	FIREWORKS_PER_FRAME = 0.05; //how many fireworks //0.001 highlights a single firework exploding  by increasing shows more fireworks
	GRAVITY_POWER = 0.05; //how far the fireworks travel 
	FIREWORK_TTL = 80; //firework 
	FIREWORK_PARTICLES = 150; //particle effect
	PARTICLE_TTL = 100; //particle effect
}


// An iterator is an object (like a pointer) that points to an element inside the container. We can use iterators to move through the contents of the container. They can be visualised as something similar to a pointer pointing to some location and we can access content at that particular location using them
void visualEffect(void)
{
	frames++;
	if (FIREWORKS_PER_FRAME > randomAmount())
		fireworks.push_back(new Firework());
	auto fireworks_iterator = fireworks.begin(); // auto keyword is simply asking the compiler to deduce the type of the variable from the initialization
	while (fireworks_iterator != fireworks.end())
	{
		((*fireworks_iterator)->center).ttl--;
		if (((*fireworks_iterator)->center).ttl <= 0) 
		{
			particles.splice(particles.end(), (*fireworks_iterator)->explode());
			delete *fireworks_iterator; //delete will release the memory back into the system
			fireworks_iterator = fireworks.erase(fireworks_iterator);
		}
		else
		{
			(*fireworks_iterator)->move();
			fireworks_iterator++;
		}
	}

	auto particles_iterator = particles.begin();
	while (particles_iterator != particles.end())
	{
		(*particles_iterator)->ttl--;
		if ((*particles_iterator)->ttl <= 0)
		{
			delete *particles_iterator; //delete will release the memory back into the system
			particles_iterator = particles.erase(particles_iterator);
		}
		else {
			(*particles_iterator)->move();
			particles_iterator++;
		}
	}
	glutPostRedisplay();
}


void display()
{
	//placement of the particles on the screen (display) 
	glLoadIdentity();
	gluLookAt
		(50.0, 90.0, 900.0,
		0.0, 450.0, 0.0,
		0.0, 1.0, 0.0); // e.g when the firework explodes the number displays how much the explosion will spread accross(if higher amount on the right then the particles will consentrate to the right)
						// form of dynamically allocated memory
	glClear(GL_COLOR_BUFFER_BIT); // clear the path on screen the firework/particles have made (in essence it removes the particles and releases them back into the memory)
	//the above function when commented out will illustrate the path of the fireworks
	switch (renderingType) 
	{
	case RENDERING_TRAIL: //render the scene into a framebuffer object, then take that as a source texture and perform various operations
		glBegin(GL_LINES); //draws lines on screen (every two vertices specified compose a line)
		for (auto it = particles.begin(); it != particles.end(); it++) 
		{
			glColor3f((*it)->color.x, (*it)->color.y, (*it)->color.z); //used to give each vertex its own color
			glVertex3f((*it)->location.x, (*it)->location.y, (*it)->location.z); //glVertex3f means three floating point values, floating point means to have decimals versus integers which are whole numbers. The three values are x, y, z.
			glVertex3f((*it)->previousLocation.x, (*it)->previousLocation.y, (*it)->previousLocation.z); //glVertex3f means three floating point values, floating point means to have decimals versus integers which are whole numbers. The three values are x, y, z.
		}
		glEnd();
		break; 
	default:
		glBegin(GL_POINTS); //Draws points on screen (every vertex specified is a point)
		for (auto it = particles.begin(); it != particles.end(); it++) 
		{
			glColor3f((*it)->color.x, (*it)->color.y, (*it)->color.z); //used to give each vertex its own color
			glVertex3f((*it)->location.x, (*it)->location.y, (*it)->location.z); //glVertex3f means three floating point values, floating point means to have decimals versus integers which are whole numbers. The three values are x, y, z.
		}
		glEnd();
	}
	glutSwapBuffers();
}

void keyboard(unsigned char key, int x, int y) //allows keyboard functionality
{
	// key = keyboard key selected
	// x,y = mouse location in window relative coordinates

	switch (key)
	{
	case 27: // ESCAPE key
		exit(0);
		break;
	case 'p':
		// pause the program
		system("pause"); //the program successfully pauses however does crash and is unable to restart unless closing the program down
	case 's':
		// start the program 
		break;
	}
	
}

void recycle(int width, int height)
{
	glMatrixMode(GL_PROJECTION); //glMatrixMode specifies which of the viewing matrices is to be modified / GL_PROJECTION will affect the projection transformation stack
	gluPerspective(60, (GLfloat)width / (GLfloat)height, 1.0, 10000.0); //gluPerspective specifies the fireqork/particle into the system
	glMatrixMode(GL_MODELVIEW); //Applies matrix operations to the modelview matrix stack also referenecing dynamic allocating memory
}

//simple cascading pop-up menu in order to allow the program to run
void initGraphics(int argc, char *argv[])
{
	initData();
	glutInit(&argc, argv); //glutInit is used to initialize the GLUT library
	glutInitWindowSize(800, 600); //window size
	glutInitWindowPosition(100, 100); //window position
	glutInitDisplayMode(GLUT_DOUBLE); //GL_DOUBLE means to have two buffers, one of them is always visible, the other one is not. The buffer that is not currently visable is rendered. When the firework/particle is done rendering into the frame the two buffers swap, making the one you just rendered visible. The one that was previously visible is now invisible, and used for rendering the next frame
	glutCreateWindow("Firework"); //window name
	glutDisplayFunc(display);
	glutKeyboardFunc(keyboard);
	glutReshapeFunc(recycle);
	glutIdleFunc(visualEffect);
}

int main(int argc, char *argv[])
{
	srand(time(NULL));
	initGraphics(argc, argv);
	glEnable(GL_POINT_SMOOTH); //enables antialiasing of points (antialiasing is a software technique for diminishing laginess) 
	glutMainLoop();
	return 0;
}

