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Task 1:
Part 1a: Short description of Euler’s Method:
Euler’s method uses numerical integration by Intervals of validity[1]meaning incremental values using an algorithm with a timestep. Although refinement of the timestep is often required to enhance approximations.[2] Euler’s method is often considered the starting point of most numerical integration to achieve a starting point in the polygonal curve, allowing more accurate numerical integration methods to be implemented. There are some disadvantageous outcomes to using this method, one being the tendency to stray off and inaccurate readings, but the essential aforementioned problem with Euler’s is in its inaccuracy.[3]
Using numerical integration in game development, Euler methods are commonly used as the First Order Integrators.[4] The one explored later in the C++ program is Explicit Euler, being the simplest, most game developers start with this method. Other Euler methods used by game developers are Implicit and Symplectic Euler. Each with their own merits and drawbacks[4], [5].As mentioned, Explicit Euler is inaccurate but it’s the simplest, Implicit Euler is quicker and stable meaning its extremely accurate but its computationally expensive. Symplectic Euler is the middle ground of the two, it’s still more accurate than explicit and less expensive than implicit and is the favoured First Order Integrator amongst game developers.[5] 
The Second Order Integrators such as Second Order Runge-Kutta and Verlet methods are viable options for the next stage of game development as these are favoured by game developers.[4] The Higher Order Integrator for example Forth Order Runge-Kutta bring accuracy and expenses closer to desired outcome although these are not explored in this report.
Euler’s Explicit Method
As described earlier this method is the simplest and a starting point for most game developers.
Vn+1 = Vn + (An * dt)
Xn+1 = Xn + (Vn * dt)


Euler’s Symplectic Method
Semi-implicit Euler method as it commonly known uses the implicit part of Position and explicit part of Velocity.
Explicit part: Vn+1 = Vn + (An * dt)
Implicit part: Xn+1 = Xn + (Vn+1 * dt)





Verlet method
The Verlet method is another fast method and is in the Second Order integration profile[4], meaning this would be next step of numerical integration for developers. This type of integration uses the acceleration to calculate a position, the small drawback which could be detrimental to some development process as that this assumes that time steps are constant , meaning abrupt changes such as a momentary stop[4], for example a car braking would not be suitable for this type of method.
	Another issue is that the calculation requires two steps[6] to get started which has proven difficult to work around within the algorithms on the plotting software, (see Appendix Folder: Excel file: “Numerical Integrations Plotting”).

Xn+1 = 2*Xn-Xn-1+ (An * dt^2)
Vn+1 = Xn – Xn-1/ dt [7]
Time Corrected Verlet;
Upon research of Verlet Integration Methods, a variant provided by J, Dummer writes about a time correction scheme, unfortunately, repeated attempts to replicate this only breaks the formula inside the plotting software.

Dummer’s formula:
xi+1 = xi + (xi - xi-1) * (dti / dti-1) + a * dti * dti[6]
Where x = distance, a=Acceleration and dt=Delta Time
What can be ascertained from this algorithm is that the next position will be determined by the current position, adding the subtraction from the previous position, multiplying the result of the division of current delta time by the previous delta time and adding the  acceleration multiplied by current delta time squared.

Dummer’s findings are included in the plotting software. (See Appendix Folder: Excel File: “TimeCorrectedVerlet”)[8]











Task 1:
Part 1b: Implementation into C++ Console Application
	
	Implementing the previously mentioned methods into a C++ console application, has replicated the results inside the plotting software. The results match using both of Euler’s methods described in part 1a but using the Verlet integration method has proven fruitless in the console application. Further testing and/or research is required to determine the problem.
	In regard to improving the simulation algorithms, some variables had to be considered for appropriate calculations for example, initial tension calculation was that of Hooke’s Law [9]. The calculations of inertia are debatable of whether it shows the correct outcome, though the implementation and theory behind this is rough.[10], [11], [12], [13] 
Further algorithms showed that, calculations for the n+1 have been possible, and this allows further accuracy, paving the way for 2nd, 3rd and 4th order numerical integration.





















Task 2: Vector Class for Games Engine
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Screenshot of the Vector class, showing the distance and the distance squared using Pythagoras theorem.[14], [15] 






Vector.h

#ifndef VECTOR_H
#define VECTOR_H

class vector
{
	private:    
	float x;
	float y;
	float z;
public:

	//construct
	vector(float, float, float);
	vector(void);
	void Scale(float s);
	void Add(vector & v1);
	void Add(vector & v1, vector & v2);
	vector getVector();


	//void setVector(float setX, float setY, float zsetZ);
	void printVectors(void);


	float distB2points(vector v1);

	float distB2pointsSqrd(vector v1);

	vector projection(vector);
	
};
#endif

Vector.cpp
#include "libraries.h"

//construct
vector::vector(void) {};
vector::vector(float myx, float myy, float myz)
{
	x = myx;
	y = myy;
	z = myz;
}
void vector::Scale(float s)
{
	x = s*x;
	y = s*y;
	z = s*z;
}
void vector::Add(vector & v1, vector & v2)
{
	v1.x = v2.x + v1.x;
	v1.y = v2.y + v1.y;
	v1.z = v2.z + v1.z;
}
vector vector::getVector()
{
	return vector(x, y, z);
}
//void vector::setVector(float setX, float setY , float setZ)
//{
//	vector(x=setX, y=setY, z=setZ);
//} 
//probably no need for this now.
void vector::Add(vector & v1)
{
	x = x + v1.x;
	y = y + v1.y;
	z = z + v1.z;
}
void vector::printVectors()
{
	printf("The Vector is:(%.2f, %.2f, %.2f)\n", x, y, z);
}

float vector::distB2points(vector v1)
{
	
	//v1.x = pow(x - v1.x,2);
	//v1.y = pow(y - v1.y,2);
	//v1.z = pow(z - v1.z,2);
	float dist = sqrt(pow(x - v1.x, 2) + pow(y - v1.y, 2) + pow(z - v1.z, 2));//Pythagoras Distance.
		
	return dist;	
}

float vector::distB2pointsSqrd(vector v1)
{
	float dist = pow(sqrt(pow(x - v1.x, 2) + pow(y - v1.y, 2) + pow(z - v1.z, 2)),2);//Pythagoras Distance squared
	return dist;
}

vector vector::projection(vector v1)
{
	sqrt(pow(v1.x, 2) + pow(v1.y, 2) + (v1.z, 2)); // finds the magnitude of v1;
	
	return v1;

}





































Plane Class
The plane class constructor creates a vector plane with a point and a normal vector using the vector class to demonstrate an attempt at polymorphism.

The two methods chosen:
· Distance from a point on the plane would allow vectors to be always orthogonal to the plane. 
· Intersecting a plane to create a line.[16]–[18]



#pragma once
class plane
{

private:
	vector normal;
	vector p0;

public:
	plane();
	plane(vector normal, vector p0);
	float distanceFromPoint(vector v1); 
	vector intersectPlane(vector v1);


	~plane();
};

#include "libraries.h"



plane::plane()
{
}

plane::plane(vector normal, vector p0)
{

}

float plane::distanceFromPoint(vector v1)
{
	return 0.0f;
}

vector plane::intersectPlane(vector v1)
{
	return vector();
}

plane::~plane()
{
}


Projecting a vector onto another
	The method(as seen above) unfortunately is unfinished due to a lack of understanding of the calculus required for vector projection.[19], [20]



Task 3: Sphere to Sphere Collision detection.

[image: ]
Screenshot showing collision detection between to spheres; this screen shows a collision.

[image: ]
Screenshot showing collision detection between to spheres; this screen shows a miss.

[21]–[23]
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