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Introduction
A 2D visual effects system capable of generating a bespoke firework effect. The lead programmer has suggested a limit to 25 kilobyte memory footprint for the storage and update of the entire effect. This limit should take into account the memory footprint required to store all vertices and texture coordinates. A breakdown of the memory footprint will be looked at.

Research
For the final program various research was undertaken to find important information for the various object orientated programming (OOP) approaches taken to solve the given problem. “Object-oriented programming is a programming language model organized around objects rather than "actions" and data rather than logic” [1]. What is meant by this is that the code focuses around objects and how all the data is stored and dealt with in these objects. An example for a object is a Student in a school. The student would be an object and would store various details like their name, dob and courses etc. The reason why OOP would be used is OPP is better productivity. “finished programs work better, have more features and are easier to read and maintain” [2].
OPP has many different features which can be taken advantage of, some of these features include:
· Encapsulation [3] – This makes the program structure easier to manage because each object’s implementation and state are hidden behind various boundaries. “Describes the idea of bundling data and methods that work on that data within one unit” [4]. 
· Inheritance [3] – What is meant by inheritance is that enables new classes to inherit some of the properties and methods of other classes. “Inheritance enables new classes to receive—or inherit—the properties and methods of existing classes” [5].
With this in mind OOP is going to be used in the program. There are going to be three objects within the program this is going to be a object to store three separate values (this is going to be used to store values like the size, cords and colour etc). There is going to be another object for the particles and one for the firework. The firework is going to be the fireworks for the program they are going to be given a life, colour, radius and speed etc. After the firework life has come to an end it will then explode which will then spawn loads of the particle objects which will also contain a life, colour, radius and speed etc, the particles will make an explosion effect for the program. After an object has come to the end of its life it will be deleted from the program freeing up dynamically allocated memory used to store the particles. 


Memory Footprint
The memory footprint in total was a reasonable 84.8MB, this is a reasonable file size as the majority of hard drives have more than 500GB, this means that it will barley take up any room. To reduce the memory footprint all code which was repeating then it was put within a function. This then reduced the memory footprint as there were less code to store. 
The next thing which was done to reduce the memory footprint is that the folder was zipped, this reduces the overall file size smaller and also makes it easier to send and transfer it to other locations.
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Main.cpp
#include "ProgramHeaders.h"
#define RENDERING_TRAIL 1

int main(int argc, char *argv[])
{
	//For calling a random number
	srand(time(NULL));

	//Calls the main program which runs the main function for the program
	Program(argc, argv);

	//enables server-side GL capabilities
	glEnable(GL_POINT_SMOOTH);
	
	//calls display callback over and over
	glutMainLoop();

	return 0;
}
ProgramHeaders.h
#include <cstdio>
#include <ctime>
#include <cmath>
#include <list>
#include <vector>
#include <random>
#include <iostream>

using namespace std;

//Call the gult file
#ifdef MACOSX
#include <GLUT/glut.h>
#else
#include <GL/glut.h>
#endif

//Used to store three values
class ValueStorer {
public:
	float x;
	float y; 
	float z;
};


class Firework;

//Particle Class
class Particle {
public:
	ValueStorer previousLocation;
	ValueStorer location;
	ValueStorer	speed;
	ValueStorer	acceleration;
	ValueStorer colour;
	int Life;

	void move();
	Particle() {};
	Particle(Firework *);
};


//Firework Class
class Firework {
public:
	Particle center;
	float radius;
	int number_of_particles;

	Firework();
	void move();
	list<Particle *> explode();
};

//Functions
double RandomNumberGenerator();
void add(ValueStorer*, ValueStorer *);
void set(ValueStorer*, float, float, float);
void Program(int argc, char *argv[]);

//Calling Variables
extern float NumberOfFireworks;
extern float Gravity;
extern int FireworkLife;
extern int FireworkExplosionLife;
extern int NumberFireworkParticles;

Particle.cpp
#include "ProgramHeaders.h"

Particle::Particle(Firework *s) {
	//Sets the location of the spawn location of particle
	location.x = s->center.location.x + 2 * (RandomNumberGenerator() - 0.5)*s->radius;
	location.y = s->center.location.y + 2 * (RandomNumberGenerator() - 0.5)*s->radius;
	location.z = s->center.location.z + 2 * (RandomNumberGenerator() - 0.5)*s->radius;

	//Sets the speed of the particle
	speed.x = (RandomNumberGenerator() - 0.5) * 5;
	speed.y = (RandomNumberGenerator() - 0.5) * 5;
	speed.z = (RandomNumberGenerator() - 0.5) * 5;

	//Sets the colour of the particle
	set(&colour, s->center.colour.x, s->center.colour.y, s->center.colour.z);
	
	//Adds the speed to the particle
	add(&speed, &(s->center.speed));
	
	//Adds the gravity
	set(&acceleration, 0, 0 - Gravity, 0);
	
	//Adds the acceleration
	add(&acceleration, &(s->center.acceleration));
	
	//Sets the life of the particle
	Life = int((RandomNumberGenerator() + 0.5)*FireworkExplosionLife);
}

//Moves the particle
void Particle::move() {
	previousLocation = location;
	add(&speed, &acceleration);
	add(&location, &speed);
}
Firework.cpp
#include "ProgramHeaders.h"

//Sets how big the firework is
const float FireworkSize = 10;

//Sets the spawn location on the x axies
const float FireworkSpawnLocation = 1000;

Firework::Firework() {
	//Sets the spawning location of the firework
	set(&center.location, (RandomNumberGenerator() - 0.5) * FireworkSpawnLocation, 0.0, 0.0);

	//Sets the speed of the firework
	center.speed.x = (RandomNumberGenerator() - 0.5) * 5;
	center.speed.y = (RandomNumberGenerator() + 0.5)*7.5;
	center.speed.z = (RandomNumberGenerator() - 0.5) * 5;

	//Adds the gravity to the firework
	set(&center.acceleration, 0, 0 - Gravity, 0);
	
	//Sets how big the firework is
	radius = (RandomNumberGenerator() + 0.5)* FireworkSize;
	
	//Gets a random life for the firework
	center.Life = int((RandomNumberGenerator() + 0.5)*FireworkLife);
	
	//gets a random number of particles
	number_of_particles = int((RandomNumberGenerator() + 0.5)*NumberFireworkParticles);
	
	//Gets a random colour
	set(&(center.colour), RandomNumberGenerator(), RandomNumberGenerator(), RandomNumberGenerator());
}

//Moves the firework
void Firework::move() {
	center.move();
}

//Generates the explosion effect
list<Particle *> Firework::explode() {
	
	list<Particle *> toReturn;
	
	for (int i = 0; i < number_of_particles; i++)
		toReturn.push_back(new Particle(this));
	
	return toReturn;
}

Functions.cpp
#include "ProgramHeaders.h"
#define RENDERING_TRAIL 1

//Setting the variables
list<Firework *> Fireworks;
list<Particle *> particles;
float NumberOfFireworks;
float Gravity;
int frames;
int FireworkLife;
int FireworkExplosionLife;
int NumberFireworkParticles;
int renderingType = 0;

//Giving values to the variables
void SetVaribles(void) {
	frames = 0;
	NumberOfFireworks = 0.07;
	Gravity = 0.05;
	FireworkLife = 100;
	FireworkExplosionLife = 150;
	NumberFireworkParticles = 125;
}

//Adds two "ValueStorers" together
void add(ValueStorer *a, ValueStorer *b) {
	a->x += b->x;
	a->y += b->y;
	a->z += b->z;
}

//Sets a "Valuestorer"
void set(ValueStorer* t, float x, float y, float z) {
	t->x = x;
	t->y = y;
	t->z = z;
}

//Generates a random number
double RandomNumberGenerator()
{
	return (rand() / (double)RAND_MAX);
}


void ProgramAnimater(void)
{
	frames++;

	//Spawns a new firework
	if (NumberOfFireworks > RandomNumberGenerator())
		Fireworks.push_back(new Firework());

	auto firework_iter = Fireworks.begin();
	
	while (firework_iter != Fireworks.end())
	{
		((*firework_iter)->center).Life--;

		//Checks to see if the firework life has come to an end
		if (((*firework_iter)->center).Life<= 0)
		{
			//If it has make the explosion effect and delete the firework
			particles.splice(particles.end(), (*firework_iter)->explode());
			delete *firework_iter;
			firework_iter = Fireworks.erase(firework_iter);
		}

		else 
		{
			//If not then move the firework
			(*firework_iter)->move();
			firework_iter++;
		}
	}
	
	auto particle_iter = particles.begin();
	
	while (particle_iter != particles.end())
	{
		(*particle_iter)->Life--;

		//Checks to see if the particle life has come to an end
		if ((*particle_iter)->Life <= 0)
		{
			//If it has delete the particle
			delete *particle_iter;
			particle_iter = particles.erase(particle_iter);
		}

		else 
		{
			//If not then move the particle
			(*particle_iter)->move();
			particle_iter++;
		}
	}

	//marks the current window as needing to be redisplayed
	glutPostRedisplay();
}

void ProgramDisplay()
{
	glLoadIdentity();
	gluLookAt(0.0, 100.0, 1000.0,
		0.0, 500.0, 0.0,
		0.0, 1.0, 0.0);
	
	//Clear the screen
	glClearColor(0.0f, 0.0f, 0.0f, 1.0f);
	glClear(GL_COLOR_BUFFER_BIT);
	glPointSize(1.0f);
	glLineWidth(1.0f);


	for (auto it = Fireworks.begin(); it != Fireworks.end(); it++)
	{
		//push the current matrix stack
		glPushMatrix();

		//Specify the vertexs
		glTranslatef(((*it)->center).location.x, ((*it)->center).location.y, ((*it)->center).location.z);
		glColor3f(((*it)->center).colour.x, ((*it)->center).colour.y, ((*it)->center).colour.z);
		glutSolidSphere((*it)->radius, 8, 8);

		//pop the current matrix stack
		glPopMatrix();
	}

	switch (renderingType) 
	{
	case RENDERING_TRAIL:
		
		glBegin(GL_LINES);

		for (auto it = particles.begin(); it != particles.end(); it++) 
		{	
			//Specify the vertexs
			glColor3f((*it)->colour.x, (*it)->colour.y, (*it)->colour.z);
			glVertex3f((*it)->location.x, (*it)->location.y, (*it)->location.z);
			glVertex3f((*it)->previousLocation.x, (*it)->previousLocation.y, (*it)->previousLocation.z);
		}
		glEnd();
		break;

	default:
		glBegin(GL_POINTS);
		for (auto it = particles.begin(); it != particles.end(); it++) 
		{
			//Specify the vertexs
			glColor3f((*it)->colour.x, (*it)->colour.y, (*it)->colour.z);
			glVertex3f((*it)->location.x, (*it)->location.y, (*it)->location.z);
		}
		glEnd();
	}
	glutSwapBuffers();
}

//If the space bar is pressed the program will close
void SpacebarChecker(unsigned char key, int x, int y)
{
	if (key == 32) exit(0);
	glutPostRedisplay();
}

void ShapeRedo(int width, int height)
{
	glClearColor(0.0, 0.0, 0.0, 1.0);
	glViewport(0, 0, (GLsizei)width, (GLsizei)height);
	glMatrixMode(GL_PROJECTION);
	glLoadIdentity();
	gluPerspective(50, (GLfloat)width / (GLfloat)height, 0.9, 10000.0);
	glMatrixMode(GL_MODELVIEW);
}

void Program(int argc, char *argv[])
{
	//Seting the variable
	SetVaribles();
	glutInit(&argc, argv);

	//Creating the window
	glutInitWindowSize(750, 550);
	glutInitWindowPosition(50, 50);
	glutInitDisplayMode(GLUT_DOUBLE);
	glutCreateWindow("Firework Simulator");

	//Creates the display
	glutDisplayFunc(ProgramDisplay);

	//If the spacebar is pressed close the program
	glutKeyboardFunc(SpacebarChecker);

	//Sets the reshape callback for the current window
	glutReshapeFunc(ShapeRedo);

	//Animates the program
	glutIdleFunc(ProgramAnimater);
}
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