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[bookmark: _Toc103289353]Introduction 
Within this report is a breakdown of the pipeline stages and what they are and how each stage effects on modern GPU (graphics Programming unit) and how GPUs are able to speed up some of the trivial parallelization methods to make them better at moving data from memory. 
Modern 3D graphics programming makes use of a pipeline, wherein the process of changing a 3D scene to a 2D picture is separated into a sequence of steps. There is different type of API’s (Application Programming Interfaces) OpenGL and DirectX both use similar pipelines in this document I will be focusing on OpenGL’s API.
[bookmark: _Toc103289354]Task 1 Graphic Pipeline and GPU 
[bookmark: _Toc103289355]The pipeline stages in OpenGL: 
OpenGL provides a multi-stage graphics pipeline that is partly programmable employing a language known as GLSL (OpenGL Shading Language). OpenGL (Open Graphics Library) is used as a multi-platform 2D and 3D graphics API (Application Programming Interface) that includes hardware and software. To use OpenGL, it requires a graphics card (GPU) that is able to support a suitable and updated version of OpenGL. The graphic pipeline is used to process several sets or operations if you will, that takes the vertices and textures of a meshes that have been inputted into the pipeline to then reach the output on the other end, which so happens to be the display being a build up of pixels and colours in the correct shade to produce the finished object on the screen.[1]
[bookmark: _Toc103289356]Input Assembler also known as the Vertex Specification
Its input is a vertex buffer which contains all the vertex attributes for every triangle that makes up a 3D model. The data is in one big block of memory, which makes it difficult to distinguish the individual attributes. So, to find a way around this we tell the input assembler which attributes make up a vertex. Inside a vertex buffer contains position, UV co-ordinate and some normals we tell the Input Assembler the components that make up the vector that define the attributes allowing for the Input Assembler to be able to read in the block of data. The position attributes can be either a two or a three-dimensional vector, UV co-ordinate being a two-dimensional vector and normals can be a two or three-dimensional vector. [2]
[bookmark: _Toc103289357]

Vertex Shader
The vertex shader takes in all the attributes of a single vertex and outputs a new set of attributes. It does this by using external data such as a transformation matrix which can multiply the position vector with a matrix to transform the position, so when the position goes through the vertex shader it comes out as a different vector. A different vector that has been transformed by the matrix the vertex shader, can also just pass attributes without modifying them. Usually, the UV co-ordinate is just pass through with no changes made, the vertex shader can also introduce new attributes such as colour. 
[bookmark: _Toc103289358]Tessellation
Tessellation is a combinational name for Hull Shader, Tesselator and the Domain Shader which are the three tessellation stages that combined is tessellation. The tessellation takes in a primitive object and outputs a more detailed version in other words the output contains more triangles allowing it to look more detailed. The way tessellation works is that the whole shader defines the pattern for the outputted triangles the Tesselator will the create those triangles based on a pattern and the domain shader will then position the triangles based on some formulas. Potential use case for a tessellation is taking a low poly model and outputting a high poly model by introducing more triangles. [3]
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[bookmark: _Toc103289715]Figure 1 graphic pipeline Vulkan[4]
[bookmark: _Toc103289359]Geometry shader 
Geometry shader takes in an entire primitive which is triangle and additionally is can also take in the adjacent vertices to that triangle and it outputs a modified version of its input, so it can either output its input or it can introduce a new vertex turning a triangle in to a pyramid. The primitives that enter the geometry shader don’t have to be triangles. They could also be lines that the geometry shader can take, which it can then use that line and expand it into two triangles. This is useful when needing to model hair, and finely the last primitive the geometry shader can take in is a single point. The geometry shader can take that point and turn it in to a court, which is used when creating particle systems. [5] [3]
[bookmark: _Toc103289360]Rasterizer
The rasterizer output a grid of pixels and it takes in every single triangle, it takes a triangle and converts it into a bunch of pixels, the more pixels you have of course the better the approximation of the triangle. To help render in two triangles into pixels in the correct order and prevent them from rendering over the top of the wrong shape we utilise a depth buffer or set buffer, the way it works is by converting the z co-ordinates of the triangles surface into a colour. The closer the surface of the triangle is to the camera the darker the colour. So, it then knows which order to render the triangles in without getting them mix up. The rasterizer interpolates vertex attributes across a triangles surface and for every pixel of a triangle it generates it will pass the attributes on to the pixel shader. [6][7]
[bookmark: _Toc103289361]Fragment shader





[bookmark: _Toc103289362]Frame Buffer 

[bookmark: _Toc103289363]Pixel Shader 
The pixel shader is the stage that calculates the colour it does this by taking in all the attributes of a single pixel and outputs a colour and it can do this based on the textures and sampler from the UV co-ordinate pass in. [1]
[bookmark: _Toc103289364]Output Merger
Output Merger utilise the render target and depth buffer, it takes in the colour and the depth information of a single pixel. Additionally, it also takes in the depth buffer values and the render target colour of the same pixel. The output of the output merger is usually the same colour as its input, but it can also perform blending which blends between its input colour and the colour that is already in the render target. If the depth value of the input pixel is smaller, then the value already in the depth buffer the output Merger will write the colour into the render target and update the value in the depth buffer. However, if the depth buffer value of the output merger input is larger than the value already in the depth buffer then the output merger won’t write that colour into the render target, and it will leave the colour unchanged this principle is what allows for shapes to be render in the correct order and not appear over the top of the incorrect shape.[7] [8]
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[bookmark: _Toc103289717]Figure 3 transformation and Rotation formula  
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[bookmark: _Toc103289718]Figure 4 Look At Matrices formula 
[image: A picture containing table

Description automatically generated]
[bookmark: _Toc103289719]Figure 5 Look At Matrices formula  




[bookmark: _Toc103289366]Task 2 
To simplify Culling is a process in which an object is removed for one or more reasons this could be due to it not being seen or not visible to the camera view or within frame of the camera. As there would be no need to render the object if it has no visual impact on screen. Secondly triangles that are inside the cameras view but facing away from the camera know as back facing triangles that is on an object, this would also be removed as only one side of a tringle is visible which is representing the outer of the object being the front facing triangles. The other side is almost always invisible because its inside the object being rendered. [1] 
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[bookmark: _Toc103289370]Header.h
#pragma once

#include<iostream>
#include<math.h>
#include<cmath>

#include "GL/glew.h"
#include "GLFW/glfw3.h"
#include "glm/glm.hpp"
#include "./glm/ext.hpp" 

class cVector
{
public:
	
	cVector(float x, float y, float z,float w);
	//~cVector();
	cVector RotationY(cVector& R);
	float x, y, z,w;
};

class cVertex
{
public:
	cVertex(float x, float y, float z);
	//~cVertex();
	cVertex normalize(cVertex& Ver);
	float Length(cVertex& Ver); 
	float DotProduct(cVertex& Ver, cVertex& N);
	float x, y, z, d=0, f=0;
};

class cViewPoint
{
public:
	//cViewPoint();
	void moveCamera();
	//~cViewPoint();
};


[bookmark: _Toc103289371]

maths.cpp
#include"Header.h"

void cViewPoint::moveCamera()
{
	glm::vec3 camera(0.0f, 3.0f, -1.0f);// camera positison
	glm::vec3 lookPoint(1.5f, 0.0f, 0.0f);// move oject up on the x to reveal perspective
	glm::vec3 upVec(0.0f, 1.0f, 0.0f);// 


	glm::lookAt(glm::vec3(camera.x, camera.y, camera.z + 1), glm::vec3(lookPoint.x, lookPoint.y, lookPoint.z), glm::vec3(upVec.x, upVec.y, upVec.z));
}
cVector::cVector(float Vx, float Vy, float Vz, float Vw)
{
	x = Vx;
	y = Vy;
	z = Vz;
	w = Vw;
}

cVector  cVector::RotationY(cVector& R)
{
	float r= 0.785398;// 45% = 0.785398 radian
	float A[16], B[4];

		A[0]  =cos(r),	A[1] = 0.0, A[2] = cos(r),	A[3] =0.0,// matrix A 
		A[4]  =0.0,		A[5] =1.0 , A[6] =0.0,		A[7] =0.0;
		A[8]  =-sin(r),	A[9] =0.0 , A[10]=cos(r),	A[11] =0.0 ;
		A[12] =0.0,		A[13]=0.0 , A[14]=0.0,		A[15]=1.0 ;
	
		B[0] = R.x, B[1] = R.y, B[2] = R.z, B[3] = R.w;//matrix B

		// the math to work out the row of the martix
		R.x	 = A[0]  * B[0] +  A[1]  * B[1] +  A[2] * B[2] +  A[3] * B[3];
		R.y	 = A[4]  * B[0] +  A[5]  * B[1] +  A[6] * B[2] +  A[7] * B[3];
		R.z	 = A[8]  * B[0] +  A[9]  * B[1] + A[10] * B[2] + A[11] * B[3];
		R.w	 = A[12] * B[0] + A[13]  * B[1] + A[14] * B[2] + A[15] * B[3];

		std::cout << "Roataion on Y axis: " << std::endl;
		std::cout << "|"  << R.x << "|\n"<< "|" << R.y << "|\n" <<"|"<< R.z  << "|\n"<<"|" << R.w << "|" << "\n"  << std::endl;
	
		return R;
}



cVertex::cVertex(float Verx, float Very, float Verz)
{

	x = Verx;
	y = Very;
	z = Verz;
}

float cVertex::Length(cVertex& Ver)
{
	 return  sqrt((x * x) + (y * y) + (z * z));
}
cVertex cVertex::normalize(cVertex& Ver)
{
	float b = Length(Ver);

	Ver.x = x / b;
	Ver.y = y / b;
	Ver.z = z / b;

	return Ver;
}


float cVertex::DotProduct(cVertex& Ver,cVertex& N)
{
	 Ver.x = (Ver.x * N.x);
	 Ver.y = (Ver.y * N.y);
	 Ver.z = (Ver.z * N.z);

	float total = Ver.x + Ver.y + Ver.z;

	std::cout << "DotProduct total: " << total << "\n" << std::endl;

	return total;
}


[bookmark: _Toc103289372]Main.cpp
#include"Header.h"

int main()
{
	/*glm::mat4 tMat, vMat, rMat, mvMat;
	glm:: vec3 vec

	tMat = glm::translate(glm::mat4(1.0f), glm::vec3(2.0f, 0.0f, -1.0f));
	rMat= glm::rotate(tMat,glm::radians(0.785398f),glm::vec3(4.0f,2.0f,-3.0f));

	glm::vec4 vec3(4.0f, 2.0f, -3.0f, 1.0f);
	glm::mat4 rMat = glm::mat4(1.0f);
	rMat = glm::rotate(rMat, glm::radians(0.785398f), glm::vec3(0.0f, 0.0f, 0.0f));
	vec3 =    rMat * vec3 ;
	std::cout << vec3.x<<" " << vec3.y <<" "<< vec3.z << std::endl;
	*/

	////task 1
	//////////////////////////////////////////////

	glm::vec4 vec(2.0f, 2.0f, -2.0f, 1.0f); //vector 
	glm::mat4 transl = glm::mat4(1.0f);//initialize to the identity matrix
	transl = glm::translate(transl, glm::vec3(2.0f, 0.0f, -1.0f));// pass identity matirx to translate function abd translation vector
	vec = transl * vec;//multiply our vector by the transformation matrix 
	std::cout <<"translation: "<< vec.x << "," << vec.y << "," << vec.z << std::endl;// to print out the results

	////rotation on the y axis |V|*|T|
	cVector T(4, 2, -3, 1); // translation given

	T.RotationY(T);
	std::cout << "rotation on Y axis: " << T.x << "," << T.y << "," << T.z << "," << T.w << "\n" << std::endl;//// to print out the results
	

	
//// task 2
	/////////////////////////////////////////////
	cVertex Ver(2, 2, -2);// vertex given
	cVertex N(-1, 2, 0); // n
	cVertex P0(2.5, 2, 4);//point 0
	//cVertex n(-1, 2, 0); // n
	
	//////////////////////////////////////////////////////////////
	// to normailsie a normal vector x.^n_
	N.normalize(N);//^n.a
	std::cout <<"normailsie a normal vector: " << N.x << ", " << N.y << ", " << N.z << "\n" <<std::endl;//to print out the results
	
	Ver.d= Ver.DotProduct(Ver,N);
	std::cout << "x.^n_: " << Ver.x << ", " << Ver.y << ", " << Ver.z << "\n" << std::endl;//to print out the results
	
	//////////////////////////////////////////////////////////
	//to normailsie a normal vector P0.^n_
	N.normalize(N);//^n.a
	std::cout <<"normailsie a normal vector: " << N.x << ", " << N.y << ", " << N.z << "\n" << std::endl;//to print out the results
	
	Ver.f = P0.DotProduct(P0, N);
	std::cout << "P0.^n_: " << P0.x << ", " << P0.y << ", " << P0.z << "\n" << std::endl;//to print out the results
	
	Ver.d = Ver.d + Ver.f;
	std::cout << "X.n^ + P0.n^ =: " << Ver.d << "\n" << std::endl;// to print out the results

	cViewPoint cam;
	cam.moveCamera();// call camera function 

	return 0;

}
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