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1. [bookmark: _Toc821267]Task One:

1.1. [bookmark: _Toc821268]Euler’s Method:

The simplest and most efficient method available for integration is Euler’s method. In its most transparent form Euler’s method approximates the value of a variable with respect to another variable which yield’s an estimated result, this operation is known as integration as the approximation is performed on the variable over a given length of time. Within the context of a video game, arbitrary forces (such as gravitational force, frictional force, tension force, etc.) can be the subject that is integrated and the frames per second can be interchanged as the length of time [1].

1.2. [bookmark: _Toc821269]Pro’s & Con’s:

Below is a simple table filled with some advantages and disadvantages of Euler’s method when used in the context of video games (Figure 1) 

	Pro’s
	Con’s

	100% accurate with constant data
	Unstable due to the tradeoff of adding energy

	Efficient when compared with fourth order methods
	Larger timesteps yield inaccurate results

	Simple to implement
	Efficiency is lost when lowering the timestep

	
	Only accurate with constant data



Figure 1.





2. [bookmark: _Toc821270]Task Two:

2.1. [bookmark: _Toc821271]Distance Between Two Points:

The operation of this method is to take two points in 3-dimensional space and find the difference between them.

The implementation of the method can be seen below (Figure 2), where a single vector can be passed as an argument. This vector is then manipulated with the vector object that has originally been created to invoke the method.

float Vector::DistanceBetweenTwoPoints(Vector & vector)
{
	return sqrt(((vector._x - this->_x) * (vector._x - this->_x)) + ((vector._y - this->_y) * (vector._y - this->_y)) + ((vector._z - this->_z) * (vector._z - this->_z)));
}
Figure 2.

Using the mathematical formula for distance we can see that all terms are encapsulated within the square root function. Each term is composed of the starting point minus the end point as this yields the difference between each component of the two points. The result of the subtraction within the terms are then squared. Finally, all terms are then added together with the sum being passed through the square root function which outputs the result of the distance between two points.



Figure 1.

Test results for the method can be seen below, each test condition differs to help aid detection for potential bugs (Figure 3).


	Test No
	Description
	Expected Result
	Actual Result
	Pass/Fail

	#01
	Passing two vectors with positive numbers only:
(vector01 – x-10, y-36, z-2)
(vector02 – x-6, y-28, z-91)
	89.448309
	89.448309
	Pass

	#02
	Passing two vectors with negative numbers only:
(vector01 – x-(-4), y-(-18), z-(-39))
(vector02 – x-(-1), y-(-8), z-(-22))
	19.949937
	19.949937
	Pass

	#03
	Passing two vectors where one has positive numbers and the other has negative:
(vector01 – x-13, y-44, z-67)
(vector02 – x-(-10), y-(-29), z-(-104))
	187.347271
	187.347271
	Pass

	#04
	Passing two vectors where both have a mix of negative and positive numbers:
(vector01 – x-84, y-(-11), z-32)
(vector02 – x-(-2), y-(-19), z-91)
	104.599235
	104.599235
	Pass



Figure 3.

2.2. [bookmark: _Toc821272]Distance Squared Between Two Points:

Like the operation for finding the distance between two points, the distance squared between two points is very much the same formula, with a small change (Figure 4).



Figure 4.

We can see the terms are no longer encapsulated within the square root function. Each term within the formula is still the same, where their values are subtracted from each other providing the difference between each points component. All terms are also still squared but the square root is no longer undoing this operation. All terms are then summed to determine a single numerical value to yield the distance squared.

Reflecting the same operations within the mathematical formula the code equivalent expands into a slightly larger result due to the squaring operation where each term is multiplied by itself.

void Vector::DistanceSquaredBetweenTwoPoints(Vector & vector)
{
	float distance = (sqrt(((vector._x - this->_x) * (vector._x - this->_x)) + ((vector._y - this->_y) * (vector._y - this->_y)) + ((vector._z - this->_z) * (vector._z - this->_z)))) + (sqrt(((vector._x - this->_x) * (vector._x - this->_x)) + ((vector._y - this->_y) * (vector._y - this->_y)) + ((vector._z - this->_z) * (vector._z - this->_z))));
}

Figure 5.

Below are the test results that follow the same conditions as the previous assessment (Figure 6).

	Test No
	Description
	Expected Result
	Actual Result
	Pass/Fail

	#01
	Passing two vectors with positive numbers only:
(vector01 – x-8, y-14, z-21)
(vector02 – x-19, y-35, z-52)
	39.015633
	39.015633
	Pass

	#02
	Passing two vectors with negative numbers only:
(vector01 – x-(-8), y-(-9), z-(-27))
(vector02 – x-(-14), y-(-31), z-(-62))
	41.773197
	41.773197
	Pass

	#03
	Passing two vectors where one has positive numbers and the other has negative:
(vector01 – x-1, y-16, z-45)
(vector02 – x-(-7), y-(-21), z-(-60))
	111.615411
	111.615411
	Pass

	#04
	Passing two vectors where both have a mix of negative and positive numbers:
(vector01 – x-(-34), y-5, z-(-18))
(vector02 – x-20, y-49, z-(-6))
	70.682388
	70.682388
	Pass



Figure 6.

3. [bookmark: _Toc821273]Task Three:

3.1. [bookmark: _Toc821274]Sphere to Sphere Collision:

 As required by task three, implementation of a sphere to sphere collision detection method is needed. The structure of a sphere class can be seen below (Figure 7).

class Sphere
{

#pragma region Attributes

private:
	float _radius;
	Vector _position;

#pragma endregion

#pragma region Constructors

public:
	Sphere();
	Sphere(float radius, Vector position);

#pragma endregion

#pragma region Properties

public:
	float Radius();
	Vector Position();

	void SetRadius(float radius);

#pragma endregion

#pragma region Methods

public:
	float FindDistance(Sphere sphere);
	bool HasCollided(Sphere sphere01, Sphere sphere02);
	
#pragma endregion

};
Figure 7.

An appropriate starting point to find the solution for detecting whether spheres are intersecting or touching each other would be to figure out the distance between them. One formula that can be applied to solve this problem is the distance formula. The distance formula can be used to calculate the difference between the points, whilst this does lead closer to a solution there is still the radii of both spheres to consider as these are the bounds of the sphere’s that need to be tested to detect a collision. 

The sum of the radii of both spheres will produce a total which can then be used in conjunction with the distance, these values can be formed into a condition where the distance () can be compared against the sum of the radii () (see Figure 8). With only two possible outcomes from this conditional test it can be determined that if the distance is less than the sum of both radii of the spheres, a collision has been detected.



Figure 8.

The implementation of the method can be seen below (Figure 9). It returns a simple true or false for detecting if the spheres have collided.

bool Sphere::HasCollided(Sphere sphere01, Sphere sphere02)
{
	if (sphere01.FindDistance(sphere02) < (sphere01.Radius() + sphere02.Radius()))
	{
		return true;
	}
	else
	{
		return false;
	}
}
Figure 9.

The arguments are two sphere objects which both hold attributes for radius and position. Both attributes are retrieved through a property of the class (Figure 10 & Figure 11).

float Sphere::Radius()
{
	return _radius;
}

Vector Sphere::Position()
{
	return _position;
}
Figure 10.

float Sphere::FindDistance(Sphere sphere)
{
	return _position.DistanceBetweenTwoPoints(sphere.Position());
}

float DistanceBetweenTwoPoints(Vector vector)
{
	return sqrtf(((vector._x - this->_x) * (vector._x - this->_x)) + ((vector._y - this->_y) * (vector._y - this->_y)) + ((vector._z - this->_z) * (vector._z - this->_z)));
}
Figure 11.

Below are two simple test cases for trialing the performance of the implementation (Figure 12). 

	Test No
	Description
	Expected Result
	Actual Result
	Pass/Fail

	#01
	Passing two spheres with close positions and small radii:
(sphere01._position – x-0, y-0, z-0)
(sphere01._radius - 1)
(sphere02._position2 – x-10, y-10, z-0
(sphere02._radius - 1)
	False
	False
	Pass

	#02
	Passing two spheres with close positions and large radii:
(sphere01._position – x-15, y-0, z-0)
(sphere01._radius - 20)
(sphere02._position2 – x-25, y-0, z-0
(sphere02._radius -10)
	True
	True
	Pass



Figure 12.
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