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Abstract

This report covers the research done pertaining to two different collision detection methods that
could be implemented as well as methods for implementing a CUDA version of the collision
detection. After the research section, the algorithm chosen as well as the implementation of that
algorithm is discussed and the method for parallelising said algorithm is also discussed. At the end of
the report, the results found during the development will be discussed and evaluated as well any
conclusions made and future work discussed.
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Introduction and Review

The aim of this report is to discuss the comparisons made between the efficiency of running the
collision detection of one thousand objects on the CPU and the GPU.

This report will discuss the research done that relates to collision detection methods and a CUDA
implementation of collision detection. Once the research is completed the collision detection
method was chosen, this will be discussed in detail as well as how it was implemented on the CPU.
Finally, the report will discuss the implementation of the chosen collision detection method on the
GPU using CUDA and the results found from both implementations will be compared through a
timing method.

Collision Detection Methods

Collision detection methods are widely used as just about every game requires some form of
collision detection.[1] As a result, there have been many different methods created to
handle both 2D and 3D collision detection, in this case it will be 3D collision detection being
researched.[2]

Sort and Sweep

The sort and sweep method, also known as the sweep and prune method
implements bounding boxes. Each object will have a bounding box that surrounds
them. Each object will view other object’s start and end points to determine if those
points are between its own start and end points, if they are then a collision
detection will be done.[3][1][4] Figure 1 - Example of the Sort and Sweep method in
2D[3] demonstrates a 2D use of this method.
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Figure 1 - Example of the Sort and Sweep method in 2D[3)

An advantage of this method is that it isn't nearly as computationally expensive as
performing a collision detection between all the object in the scene. On the other
hand, it’s not the least computationally expensive option either as there’s a chance
that a large number of object may be clustered together causing a great amount of
collision detections to be needed.[5][4]




Uniform Grid Collision Detection

The uniform grid collision detection is a simple and nominal approach to spatial
partitioning. With this method, the scene or area that contains all the objects is
divided into grid cells, all equal size. The size of the cells created are set to be at
least as large as the largest object in the scene.[1][6]

Once the grid has been generated with all the cells of a reasonable size, the objects
will have to be added to the cell their centroids reside in. After all the objects arein
the corresponding cells, the collision detection calculation phase is next. To perform
a collision detection for an object using the uniform grid method, the object being
checked will have the distance between it and all the other objects in the same cell
and all adjacent cells calculated using Pythagoras. Using the calculated value, it can
be seen whether or not a collision has occurred with that object.[7][6](8][3][9]

@

Figure 2 - A 2D representation of uniform grid collision detection[3]

The benefit of using uniform grid collision detection is that it's generally a lot less
computationally expensive than other methods of collision detection. Generally, the
developer wants to perform less collision detection calculations due to their
complexity. As the uniform grid collision detection method only looks at the objects
in adjacent cells, it will only perform the calculations that are necessary and won’t
check objects that are on opposites sides of the scene.[6]

The disadvantages of using this form of collision detection are, one that if the
correct cell size isn’t chosen then it will cause issues. Cells that are too small may
need an unnecessary amount of memory to be stored, and large objects covering
several cells will ruin the performance. On the other hand, if the cells are too large,
it will cause unnecessary computation as there will be a lot of objects in each cell,
causing a lot of collision detection calculations to be done. A solution to this was
found to be the hierarchical grids method.[1][7]

The hierarchical grids method involves having multiple overlapping grids with
different cell sizes in each grid, this method is however much complicated with
regard to tracking the locations of objects.[1]




CUDA — Uniform Grid Collision Detection

CUDA is a programming model created by NVidia for programming on their GPUs. CUDA
enables developers to improve the efficiency of computationally expensive applications due
to it being a parallel computing platform.[10] When it comes to performing collision
detection calculations, games do an immense amount of them. For example, in an FPS (First-
Person Shooter), when a bullet is fired, collision detection must be carried out as the bullet
travels to determine if it has hit an object. If the player fires many bullets then a great deal
of calculations will have to be performed, this is where CUDA comes in. CUDA will run all the
calculations simultaneously, making it much faster.[3][9]

In the case of uniform grid collision detection due to memory access violations, not all the
cells can be calculated at the same time. This means that multiple passes are required to
complete the uniform grid collision detection. Each cell in the grid should be assigned a
number, that number represents which pass it will be in as shown in Figure 3 - An 2D
example of the uniform grid with assigned ids to each cell[3]. This ensures that the same
calculation won’t be performed at the same time and cause memory access violations as
mentioned previously.[3]
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Figure 3 - An 2D example of the uniform grid with assigned ids to each cell[3]

In the book ‘GPU Gems 3’, they discuss the idea of implementing a CUDA variation of
uniform grid collision detection. In the book an idea of processing all the generated cells in
parallel rather than the objects was shown.[3]




Algorithm and Implementation

The chosen collision detection method to be implemented was uniform grid collision detection as
this method isn’t very computationally expensive and will allow the CPU to complete it quicker than
other methods. [6]

Loading Objects

The first step of implementing this method is to read the one-thousand generated objects
being used in from a file, this file contains the positions of the objects and their radiuses.
This information is stored in an array of a structure called objects. A separate short script
was made to generate the one-thousand objects as it would be far too time consuming to
make them all and many objects were needed for the comparison to be necessary.

Creating the Grid and Cells

The size of the cells is determined by finding the largest radius of the objects loaded in and
multiplying it by two to get the diameter, this ensures that all the cells are greater than or
equal in size to the largest object. This ensures that the performance will not be ruined by
objects that cover multiple cells. Next the number of cells to be made is calculated by using
the pre-set screen sizes in all three dimensions divided by the size of the cell. Finally, the
minimum and maximums of each cell is found on the x, y, and z axis and stored in an array of
structures called grid.

Assigning Objects to Cells

All the objects are assigned to cells based on their positions, there was one issue with doing
it this way, there was a chance an object may be positioned on the edge of one cell and the
edge of another cell. Due to an object being able to be in multiple cells, it was set so once
and object has been added to a cell, it can’t be added to another one. The added objects are
stored in that cells grid structure to be used later. Next a separate structure is made to store
which cells have objects in them so the cells with objects can easily be accessed.

Collision Detection

This is the stage where the collision detection occurs. Every cell that has an object in it will
be looked at, when looking at a cell if there are more than one objects in the cell, a collision
detection will be done between all the objects within the cell. Next all the adjacent cells to
the cell being looked at will be checked and a collision detection will be done between all
the objects in the cell being looked at and all the objects in the adjacent cells. The total
amount of collisions found will be totalled and output to the user.

Rendering the Scene

This part may not be implemented in CUDA depending on time constraints as it’s not a
requirement. At this stage all the objects will be rendered for the user to view, objects will
be green if they haven’t collided and objects will be red if they have. The grid will also be
displayed, these can all be toggled on and off. The r’, ‘g’, and f’ keys are used to toggle the
objects and cells on and Figure 4, Figure 5, Figure 6, and Figure 7 demonstrate the output
after all the calculations have been performed.




Figure 4 - CPU Implementation with all the objects and grid toggled on, on the right and the data for the grid and
collisions on the left
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Figure 6 - CPU Implementation with only the green objects toggled on
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Figure 7 - CPU Implementation with only the red objects toggled on




Parallelization of Algorithm and Implementation

The chosen method for parallelising uniform grid collision detection, is to parallelise the cells in the
grid. What this entails, is each cell will look at all their adjacent cells at the same time and perform
any necessary collision detections. However, it was found that should all the cells’ collision
detections be done at once, it would cause serious issues as the cells and could attempt to use the
same data at the same time, to solve this, multiple passes will be done. As the collision detection
requires each cell to look at all the adjacent cells in 3D space, that means there’s twenty-six cells
that each cell must look at, which means that none of these cells can be running at the same time.
This leads to the conclusion that a total of twenty-seven passes are required.

When it comes to parallelising the CPU, implementation developed in the algorithm section, all the
initialisation steps are almost identical. The first three steps are the same.

Setting Up the Passes

After the grid is fully set up and the objects have been assigned to the cells, it must be
determined which cells are in which pass. This is done based on the positions of the cells, if
the cell is on the front, bottom of the grid then it will be set to one, two, three from left to
right and then repeat again, until it’s reached the end of the grid. Figure 8 demonstrates
how the passes are assigned.
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Figure 8 - Cells showing the pass they belong to

Collision Detection

CUDA will be run twenty-seven times to account for all the passes. Each pass, all the
necessary information will be passed through, this is the same information used on the
CPU’s collision detection. The pass and the number of cells for that pass are also passed into
the kernel. The number of cells for that pass determines the number of threads to be used
for that pass. In the kernel the only cells that will be looked at are the cells that are in the
current pass, the collision detections will occur the same way as the CPU implementation at
this point. Once the first pass has been completed, the second pass will start, this will
continue until all the passes have been completed.

Figure 9 - CUDA Uniform Grid Collision Detection Result




CUDA Implementation Issues

During the implementation of collision detection into CUDA, it was found that CUDA doesn’t
support multi-dimensional arrays or at least a way to implement them wasn’t found. Due to
this, the 3D array being used to store the cell information had to be converted to a 1D array.

After the implementation of collision detection in CUDA was complete, it was found that
unfortunately it returns and incorrect number of collisions. This is believed to be caused by
an issue with how the values for the objects are being copied from the host to the device.




Results and Evaluation

Room 204 University Computer Speed Test

Execution Number | CPU Time (Seconds) | GPU Time (Seconds)
Execution 1: 18.1 25.7

Execution 2: 17.5 25.9

Execution 3: 20.2 26.8

Execution 4: 18.3 25.7

Execution 5: 17.5 26

Average: 18.32 26.02

During the testing of the CPU and GPU implementations, the GPU was returning an incorrect
number of collisions. The CPU returned 448 collisions, while the GPU returned 36, this means that
the GPU implementation should be quicker, however due to the time it requires to set up the kernel
it takes roughly 7.3 seconds longer. These results were done using 1000 cells, as the number of cells
increase the CPU would in all likelihood slow down while the GPU will begin to require less time than
the CPU due to more cells being parallelised.




Conclusions

The results achieved in this assignment weren’t quite what was expected. The expected result would
be that both the GPU and CPU implementations would return the same number of collisions and the
GPU would be faster. However, the CPU ended up being quicker than the GPU in this case and the
GPU was found to be performing less collisions than the CPU.

Future Work
The future work that needs to be completed would be the fixing of the CUDA implementation, as it
doesn’t return the correct number of collisions currently.

Implement OpenGL into the CUDA implementation to display the collisions to the user.

Make the CPU and GPU use a large number of cells to demonstrate how the times are affected with
a larger number of cells.
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Appendix
CPU Implementation

Source.cpp
#include "Stdafx.h"

#include "UniformGrid.h"

#linclude "ObjectLoader.h"

#define SCREEN_X 100 //Max x size of the grid
#define SCREEN_Y 100 //Max y size of the grid

#define SCREEN_Z 100 //Max z size of the grid

float cameraX = SCREEN_X / 2;
float camera¥ = SCREEN_Y / 2;
float cameraZ = SCREEN_Z / 2;
float totalAngleX = 0.0;

float totalAngleY = 0.0;

bool red = true, green = true, gridShown = true; //Used to toggle the red object, the green objects,
and the cell on or off

ObjectLoader obj;

UniformGrid grids;

grid*** cell;

int* x;
int*y;

int* z;

void collisionDetection();
bool detectionCheck(int, int, int);

int collisionChecker(int, int, int, int, int, int);




int currentCellCollisionDetection(int, int, int);

//Handles the user inputs

void keyboardread(unsigned char key, int x, int y)

{
//Values used to alter the camera

float vk =0, vww =0, vz =0, xAngle =0, yAngle = 0;

switch (key)

{

case 'w':

{
vz--; {/Move camera forward
break;

}

case 'd":

{
vx++; //Move camera right
break;

}

case 's'":

{
vz++; //Move camera back
break;

}

case 'a"

{
vx--; //Move camera left
break;

}

case 'i":




yAngle -= 10; //Rotate camera up

break;
}
case 'I":
{
xAngle += 10; //Rotate camera right
break;
}
case 'k':
{
yAngle += 10; //Rotate camera down
break;
}
case 'j":
{
xAngle -= 10; //Rotate camera left
break;
}
case 'g":
{
/[Toggles the green objects on and off
if (green)
green = false;
else
green = true;
break;
}
case 'r';




the y

the z

//Toggles the red objects on and off

if (red)
red = false;
else
red = true;
break;
}
case 'f":
//Toggles the grid on and off
if (gridShown)
gridShown = false;
else
gridShown = true;
break;
default:
break;
}

cameraX += vx; //Change the cameraX value, making the camera move in the x
cameray += vy; //Change the cameraY value, making the camera move in the y

cameraZ += vz; //Change the cameraZ value, making the camera move in the z

totalAngleX += xAngle; //Change the totalAngleX value, making the camera rotate around

totalAngleY += yAngle; //Change the totalAngleY value, making the camera rotate around

gIMatrixMode(GL_MODELVIEW);

glLoadldentity();




glutPostRedisplay();

//Handles displaying the objects and grid
void display()
{

glEnable(GL_DEPTH_TEST);

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT); // clear screen and
depth buffer

glLoadldentity();
1/ reset modelview matrix

glRotatef(totalAngleX, 0, 1, 0); //Rotate around the y

glRotatef(totalAngleY, 1, 0, 0); //Rotate around the x

gluLookAt(cameraX, cameraY, cameraZ, cameraX, cameraY, cameraZ - 1, 0.0, 1.0, 0.0);
//reset camera position

glColor3f{(0, 0, 0); //set colour

glTranslatef(0.5, 0.5, 0.5); //move by x,y and z units

int colCount = 0;

//Check if the grid needs to be shown
if (gridShown)
{
//Loop for the number of cells in the X
for (inti=0; i< grids.getCellNumX(); i++)
{
//Loop for the number of cells in the Y
for (int j = 0; j < grids.getCellNumY(); j++)
{

//Loop for the number of cells in the Z




for (int k = 0; k < grids.getCelINumZ(); k++)
{
//Draw bottom of cell
glBegin(GL_LINE_LOOP);

glColor3f(1.0, 1.0, 0.0);

glVertex3f(cell[i][j][k].minX, cell[i][j][k].minY,
cell[i][j1[k].minZ);

glVertex3f(cell[il[j][k].minX, cell[i][jl[k].minY,
cell[il[j][k].maxZ);

glVertex3f(cell[i][j][k].maxX, cell[i]l[jl[k].minY,
cellfi][jl[k].maxZ);

glVertex3f(cell[i][j][k].maxX, cell[i][j][k].minY,
cell[i][jl[k].minZ);

glEnd();

//Draw top of cell
glBegin(GL_LINE_LOOP);

glColor3f(1.0, 1.0, 0.0);

glVertex3f(cell[i][j][k].maxX, cell[i][j][k].maxY,
cell[i][jl[k].minZ);

glVertex3f(cell[i][j][k].maxX, cell[i][j][k].maxY,
cell[i][j1k].maxZ);

glVertex3f(cell[i][j][k].minX, cell[i][j][k].maxY,
cell[il[j][k].maxZ);

glVertex3f(cell[i][j][k].minX, cell[il[jl[k].maxY,
cell[i](jl[k].minZ);

glEnd();

//Draw front of cell

glBegin(GL_LINE_LOOP);




cell[i][jl[k].minZ);

cell[i][jl[k].minZ);

cell[i][j][k].minZ);

cell[i][j][k].minZ);

cell[il[j][k].maxZ);

cell[il[jI[k].maxZ);

cell[i][j1[k].maxZ);

cell[il[j][k].maxZ);

glColor3f(1.0, 1.0, 0.0);

glVertex3f(cell[il[jl[k].minX, cell[il[j][k].minY,

glVertex3f(cell[i][j][k].minX, cell[i][j][k].maxY,

glVertex3f(cell[i][j][k].maxX, cell[i][j]1[k].maxY,

glVertex3f(cell[i][j][k].maxX, cell[i][jl[k].minY,

glend();
glBegin(GL_LINE_LOOP);

glColor3f(1.0, 1.0, 0.0);

glVertex3f(cell[il[jl[k].minX, cell[il[j][k].minY,

glVertex3f(cell[i][j][k].minX, cell[il[jl[k].maxY,

glVertex3f(cell[i][j][k].maxX, cell[i][j]1[k].maxY,

glVertex3f(cell[i][j][k].maxX, cell[i][j][k].minY,

glEnd();

//Loop through for the number objects

for (inti = 0; i < grids.cellObjCount; i++)

{

//Loop for the number of objects in the cell being looked at




for (int j = 0; j < cell[grids.gCO[i].x][grids.gCO[i].y][grids.gCO[i].z].objCount; j++)
{
//Check if the object being looked at has collided and if red is toggled on
if (cell[grids.gCO[i].x][grids.gCO[i].y][grids.gCO[i].z].object[j].collided && red)
{
glPushMatrix();

glTranslatef(cell[grids.gCO[i].x][grids.gCO[i].y][grids.gCO[i].z].object[j].x,
cell[grids.gCO[i].x][grids.gCO[i].y][grids.gCO[i].z].object[j].y,
cell[grids.gCO[i].x][grids.gCO[i].y][grids.gCO[i].z].object[j].z);

glColor3f(1.0, 0.0, 0.0);

glutSolidSphere(cell[grids.gCO[i].x][grids.gCO[i].y][grids.gCOli].z].object[j].r, 20, 20);
glPopMatrix();
1

//Check if the object being looked at has collided and if green is toggled on

else if (!cell[grids.gCO[i].x][grids.gCO[i].y][grids.gCOl[i].z].object[j].collided
&& green)

glPushMatrix();

glTranslatef(cell[grids.gCO[i].x][grids.gCO[i].y][grids.gCO[i].z].object[j].x,
cell[grids.gCO[i].x][grids.gCO[i].y][grids.gCO[i].z]).object[jl.y,
cell[grids.gCO[i].x][grids.gCO[i].y][grids.gCO[i].z].object[j].z);

glColor3f(0.0, 1.0, 0.0);

glutSolidSphere(cell[grids.gCO[i]l.x][grids.gCO[i].y]l[grids.gCO[i].z].object[j].r, 20, 20);

glPopMatrix();




glFlush(); //force drawing

glutSwapBuffers();

void reshape(int w, int h)

//reshape

/ ok s ok o ke ok ok ke sk ok ok ok ok ok ok ok ok sk sk ok sk sk ok sk kool sk sk sl sk ke ke sk ke sk ok sk sk sk sk sk ok ok ok ok ke ok ok sk sk ok ok ok ok ok ke ok ok sk ke sk sk sk ke sk ok ke sk ok

//OpenGL reshape callback is called when the window is resized

{

glViewport(0, 0, (GLsizei)w, (GLsizei)h); //respecify size of view port to match new w and h
glMatrixMode(GL_PROJECTIONY); //go into projection mode
glLoadldentity(); //reset projection matrix

//gl0rtho(0.0, GRIDSIZE, 0.0, GRIDSIZE, 0.0, 100.0); //defines orthoganal projection (parrallel

// viewing volume

// window limits of display

// left =0.0, right =2.0,

// bottom = 0.0, top= 2.0

// near =0.0, far = 100.0

gluPerspective(90.0, (GLfloat)w / (GLfloat)h, 0.1, 1000.0); //redefine projection matrix to
match changesinw and h

glMatrixMode(GL_MODELVIEW); //switch back to modelview mode
glLoadldentity(); //reset modelview matrix

gluLookAt(0, 0, 0, cameraX, camera¥, cameraZ, 0.0, 1.0, 0.0); //reset camera position

void glutMain(int argc, char* argvl[])

{




glutinit(&argc, argv);

glutinitDisplayMode(GLUT_DOUBLE | GLUT_RGB | GLUT_DEPTH);
glutinitWindowSize(500, 500);

glutinitWindowPosition(100, 100);

glutCreateWindow(argv([0]);

/finit();

glutDisplayFunc(display);

glutReshapeFunc(reshape);

glutKeyboardFunc(keyboardread);

glutMainLoop();

void main(int argc, char* argvl])

i

int objCount; //Stores the number of objects read from a file

objCount = obj.objectCounter(); //Counts the number of objects to be loaded in

grids.setobj(objCount); //Reads in the objects from the file

float rad; //Stores the radius of the largest object

rad = obj.objLoader(grids);

grids.objCounter /= 4; //Divide the object counter by 4 since each object has four variables
read in, making the count 4 times larger than it should be

grids.setGrid(SCREEN_X, SCREEN_Y, SCREEN_Z, rad); //Creates the grid and cells

grids.setObjectsIinGrid(); //Add the objects to the cells they belong to




x = new int[grids.objCounter]; //Set the size of the x array
y = new int[grids.objCounter]; //Set the size of the y array

z = new int[grids.objCounter]; //Set the size of the z array

cell = grids.getGrid();

int itemCount = 0;

int setgCO = 0;

//Loop for the number of cells in the X
for (inti= 0; i< grids.getCellNumX(); i++)
{
//Loop for the number of cells in the ¥
for (int j = 0; j < grids.getCelINumY(); j++)
{
//Loop for the number of cells in the Z
for (int k = 0; k < grids.getCellNumZ(); k++)
{
//Check if the object count for the cell being looked atisn't 0
if (cell[i][j][k].objCount != 0)
{
//Set the corresponding gCO x, y, z values to i, j, and k
grids.gCO[setgCO].x = i;
grids.gCO[setgCO].y = j;
grids.gCO[setgC0].z = k;

setgCO++; //Increment setgCO by 1

//Loop for the number of objects in the cell being looked at

for (int 1= 0; | < cell[i][jl[k].objCount; |++)




<< endl;

x[itemCount] = i;
ylitemCount] = j;

z[itemCount] = k;

itemCount++; //Increment itemCount by 1

//Output initialisation values - DEBUGGING

cout << "CELL X: " << grids.getCellNumX() << endl;
cout << "CELL Y: " << grids.getCellNumY() << endl;
cout << "CELL Z: " << grids.getCellNumZ() << endl;

cout << "SIZE OF GRID: " << grids.getCellNumX() * grids.getCellNumY() * grids.getCellNumZ()

cout << "OBJECTS IN CELLS: " << grids.objCounter << endl;
cout << "OBJECTS SAVED: " << itemCount << end]l;
cout << "CELLS CONTAINING OBJECTS: " << setgCO << endl;

cout << "FINISHED INITIALISING" << end|;

//Call the collisionDetection function that handles all the collision detection calculations

collisionDetection();

//Run the glut code to output the objects

glutMain(argc, argv);

//Pause

getchar();




//Handles collision detections
void collisionDetection()

{

int collisions = 0; //Stores the number of collisions detected

//Loop through for the number objects
for (inti=0; i < grids.cellObjCount; i++)

i

//Check if the cell hasn't already been checked
if (!cell[grids.gCOli].x][grids.gCO[i].y][grids.gCO[i].z].checked)
{
//Set the variable that determines if the cell has been checked or not to true

cell[grids.gCO[i].x][grids.gCO[i].y]l[grids.gCO[i].z].checked = true;

//Stores if collision detections are needed

bool ful = false, fum = false, fur = false, fml = false, fmm = false, fmr = false,
fdl = false, fdm = false, fdr = false;

bool mul = false, mum = false, mur = false, mml = false, mmr = false, mdl =
false, mdm = false, mdr = false;

bool bul = false, bum = false, bur = false, bml = false, bmm = false, bmr =
false, bdl = false, bdm = false, bdr = false;

//Check if collision detection is needed for the 9 cells infront of the current
cell

//Check if the cell being looked at isn't at the very front of the grid
if (grids.gCO[i].z > 0)
{
//Check if the cell being looked at is below the top of the grid

if (grids.gCO[i].y < grids.getCelINumY() - 1)




//Check if cell being looked at isn't on the far left of the grid
if (grids.gCO[i].x > 0)

ful = detectionCheck(grids.gCO[i].x - 1, grids.gCO[i].y
+ 1, grids.gCOJi].z - 1); //Check if a collision detection is needed

fum = detectionCheck(grids.gCO[i].x, grids.gCO[il.y + 1,
grids.gCOli].z - 1); //Check if a collision detection is needed

//Check if cell being looked at isn't on the far right of the
erid

if (grids.gCO[i].x < grids.getCellNumX() - 1)

fur = detectionCheck(grids.gCO[i].x + 1,
grids.gCO[il.y + 1, grids.gCO[i].z - 1); //Check if a collision detection is needed

b

//Check if cell being looked at isn't on the far left of the grid
if (grids.gCOJi].x > 0)

fml = detectionCheck(grids.gCO[i].x - 1, grids.gCO[i].y,
grids.gCO[i].z - 1); //Check if a collision detection is needed

fmm = detectionCheck(grids.gCO[i].x, grids.gCO[i].y, grids.gCO[i].z -
1); //Check if a collision detection is needed

//Check if cell being looked at isn't on the far right of the grid
if (grids.gCOJi].x < grids.getCellINumX() - 1)

fmr = detectionCheck(grids.gCO[i].x + 1, grids.gCO[il.y,
grids.gCO[i].z - 1); //Check if a collision detection is needed

//Check if the cell being looked at is above the bottom of the grid
if (grids.gCO[i].y > 0)
{
//Check if cell being looked at isn't on the far left of the grid




if (grids.gCO[i].x > 0)

fdl = detectionCheck(grids.gCO[i].x - 1, grids.gCO[i].y
- 1, grids.gCO[i].z - 1); //Check if a collision detection is needed

fdm = detectionCheck(grids.gCO[i].x, grids.gCO[il.y - 1,
grids.gCO[i].z - 1); //Check if a collision detection is needed

//Check if cell being looked at isn't on the far right of the
grid

if (grids.gCO[i].x < grids.getCellNumX() - 1)

fdr = detectionCheck(grids.gCO[i].x + 1,
grids.gCOl[i].y - 1, grids.gCO[i].z - 1); //Check if a collision detection is needed

}
}

//Check if collision detection is needed for the 9 cells infront of the current
cell

//Check if collision detection is needed for the 8 cells around the current cell
//Check if the cell being looked at is below the top of the grid
if (grids.gCO[i].y < grids.getCellNumY() - 1)
{
//Check if cell being looked at isn't on the far left of the grid
if (grids.gCO[i].x > 0)

mul = detectionCheck(grids.gCO[i].x - 1, grids.gCO[i].y + 1,
grids.gCOli].2z); //Check if a collision detection is needed

mum = detectionCheck(grids.gCO[i].x, grids.gCO[i].y + 1,
grids.gC0[i].z); //Check if a collision detection is needed

//Check if cell being looked at isn't on the far right of the grid
if (grids.gCO[i].x < grids.getCelINumX() - 1)

mur = detectionCheck(grids.gCO[i].x + 1, grids.gCO[i].y + 1,
grids.gCOli].z); //Check if a collision detection is needed

}




//Check if cell being looked at isn't on the far left of the grid
if (grids.gCO[i].x > 0)

mml = detectionCheck(grids.gCO[i].x - 1, grids.gCO[i].y,
grids.gCO[i].z); //Check if a collision detection is needed

//Check if cell being looked at isn't on the far right of the grid
if (grids.gCO[i].x < grids.getCellNumX() - 1)

mmr = detectionCheck(grids.gCO[i].x + 1, grids.gCO[i].y,
grids.gCO[i].z); //Check if a collision detection is needed

//Check if the cell being looked at is above the hottom of the grid

if (grids.gCO[i].y > 0)

{
//Check if cell being looked at isn't on the far left of the grid
if (grids.gCO[i].x > 0)

mdl = detectionCheck(grids.gCO[i].x - 1, grids.gCO[i].y - 1,
grids.gCO[i].z); //Check if a collision detection is needed

mdm = detectionCheck(grids.gCO[i].x, grids.gCO[i].y - 1,
grids.gCO[i].z); //Check if a collision detection is needed

//Check if cell being looked at isn't on the far right of the grid
if (grids.gCO[i].x < grids.getCellINumX() - 1)

mdr = detectionCheck(grids.gCO[i].x + 1, grids.gCO[i].y - 1,
grids.gCO[i].z); //Check if a collision detection is needed

}

//Check if collision detection is needed for the 8 cells around the current cell

//Check if collision detection is needed for the 9 cells behind the current cell
//Check if the cell being looked at isn't at the very back of the grid

if (grids.gCO[i].z != grids.getCellNumZ() - 1)

{




//Check if the cell being looked at is below the top of the grid

if (grids.gCOJi].y != grids.getCellNumY{() - 1)

{
//Check if cell being looked at isn't on the far left of the grid
if (grids.gCO[i].x > 0)

bul = detectionCheck(grids.gCO[i].x - 1,
grids.gCO[il.y + 1, grids.gCO[i].z + 1); //Check if a collision detection is needed

bum = detectionCheck(grids.gCO[i].x, grids.gCO[i].y + 1,
grids.gCOl[i].z + 1); //Check if a collision detection is needed

//Check if cell being looked at isn't on the far right of the
grid

if (grids.gCO[i].x != grids.getCellINumX() - 1)

bur = detectionCheck(grids.gCO[i].x + 1,
grids.gCO[il.y + 1, grids.gCO[i].z + 1); //Check if a collision detection is needed

}

//Check if cell being looked at isn't on the far left of the grid
if (grids.gCOJi].x > 0)

bml = detectionCheck(grids.gCO[i].x - 1, grids.gCO[il.y,
grids.gCO[i].z + 1); //Check if a collision detection is needed

bmm = detectionCheck(grids.gCO[i].x, grids.gCO[i].y, grids.gCO[i].z +
1); //Check if a collision detection is needed

//Check if cell being looked at isn't on the far right of the grid
if (grids.gCOJi].x < grids.getCelINumX() - 1)

bmr = detectionCheck(grids.gCO[i].x + 1, grids.gCO[il.y,
grids.gCOl[i].z + 1); //Check if a collision detection is needed

//Check if the cell being looked at is above the bottom of the grid

if (grids.gCO[il.y > 0)




//Check if cell being looked at isn't on the far left of the grid

if (grids.gCO[i].x > 0)

bdl = detectionCheck(grids.gCO[i].x - 1,
grids.gCO[i].y - 1, grids.gCO[i].z + 1); //Check if a collision detection is needed

bdm = detectionCheck(grids.gCO[i].x, grids.gCO[i]l.y - 1,

grids.gCOl[i].z + 1); //Check if a collision detection is needed

//Check if cell being looked at isn't on the far right of the

erid
if (grids.gCO[i].x < grids.getCellNumX() - 1)

bdr = detectionCheck(grids.gCO[i].x + 1,
grids.gCOl[il.y - 1, grids.gCO[i].z + 1); //Check if a collision detection is needed

b

}

//Check if collision detection is needed for the 9 cells behind the current cell

//Actual Collision Detection
//Front 9 cells
if (ful)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
erids.gCOli].z, grids.gCO[i].x - 1, grids.gCO[i].y + 1, grids.gCO[i].z - 1);

if (fum)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
grids.gCOli].z, grids.gCO[i].x, grids.gCO[il.y + 1, grids.gCO[i].z - 1);

if (fur)

collisions += collisionChecker(grids.gCO[il.x, grids.gCO[il.y,
grids.gCOli].z, grids.gCO[i].x + 1, grids.gCO[i].y + 1, grids.gCO[i].z - 1);

if (fml)

collisions += collisionChecker(grids.gCO[il.x, grids.gCO[il.y,
grids.gCOli].z, grids.gCO[i].x - 1, grids.gCO[i].y, grids.gCO[i].z - 1);




if (fmm)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
erids.gCO[i].z, grids.gCOJi].x, grids.gCO[i].y, grids.gC0O[il.z - 1);

if (fmir)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
grids.gCOli].z, grids.gCO[i].x + 1, grids.gCO[i].y, grids.gCO[i].z - 1);

if (fdl)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
grids.gCOli].z, grids.gCO[i].x - 1, grids.gCO[i].y - 1, grids.gCO[i].z - 1);

if (fdm)

collisions += collisionChecker(grids.gCO[il.x, grids.gCO[il.y,
grids.gCOli].z, grids.gCO[i].x, grids.gCO[i].y - 1, grids.gCO[i].z - 1);

if (fdr)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
erids.gCOli].z, grids.gCO[i].x + 1, grids.gCOl[i].y - 1, grids.gCO[i].z - 1);

//Front 9 cells

//Middle 8 cells
if (mul)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
grids.gCOli].z, grids.gCO[i].x - 1, grids.gCO[i].y + 1, grids.gCO[i].z);

if (mum)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[il.y,
erids.gCOli].z, grids.gCO[i].x, grids.gCO[il.y + 1, grids.gCO[i].z);

if (mur)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
grids.gCOli].z, grids.gCO[i].x + 1, grids.gCO[i].y + 1, grids.gCO[i].z);

if (mml)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
grids.gCOli].z, grids.gCO[i].x - 1, grids.gCO[i].y, grids.gCO[i].z);

if (mmr)




collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
grids.gCO[i].z, grids.gCO[i].x + 1, grids.gCO[i].y, grids.gCO[i].z);

if (mdl)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
grids.gCOli].z, grids.gCO[i].x - 1, grids.gCO[i].y - 1, grids.gCO[i].z);

if (mdm)

collisions 4= collisionChecker(grids.gCO[i].x, grids.gCO[il.y,
grids.gCOli].z, grids.gCO[i].x, grids.gCO[i].y - 1, grids.gCO[i].z);

if (mdr)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
erids.gCOli].z, grids.gCO[i].x + 1, grids.gCO[i].y - 1, grids.gCO[i].z);

//Middle 8 cells

//Back 9 cells
if (bul)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
grids.gCOli].z, grids.gCO[i].x - 1, grids.gCO[i].y + 1, grids.gCO[i].z + 1);

if (bum)

collisions += collisionChecker(grids.gCO[il.x, grids.gCO[il.y,
grids.gCOli).z, grids.gCO[i].x, grids.gCO[i].y + 1, grids.gCO[i].z + 1);

if (bur)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
erids.gCOl[i].z, grids.gCO[i].x + 1, grids.gCO[i].y + 1, grids.gCO[i].z + 1);

if (bml)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
grids.gCOli].z, grids.gCO[i].x - 1, grids.gCO[i].y, grids.gCO[i].z + 1);

if (bmm)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[il.y,
grids.gCOli].z, grids.gCO[i].x, grids.gCO[il.y, grids.gCO[i].z + 1);

if (bmr)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
erids.gCO[i].z, grids.gCO[i].x + 1, grids.gCO[il.y, grids.gCO[il.z + 1);




if (bdl)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[il.y,
grids.gCOli].z, grids.gCO[i].x - 1, grids.gCO[i].y - 1, grids.gCO[i].z + 1);

if (bdm)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
erids.gCOli].z, grids.gCO[i].x, grids.gCO[i].y - 1, grids.gCO[i].z + 1);

if (bdr)

collisions += collisionChecker(grids.gCO[i].x, grids.gCO[i].y,
grids.gCOli].z, grids.gCO[i].x + 1, grids.gCO[i].y - 1, grids.gCO[i].z + 1);

//Back 9 cells

//Call the currentCellCollisionDetection function, which returns the number
of collisions found in that checked cell and adds them to the number of collisions

collisions += currentCellCollisionDetection(grids.gCO[i].x, grids.gCO[i].y,
erids.gCOli].z);

cout << "COLLISIONS: " << collisions << endl; //Output the number of collisions found

//Handles checking if any adjacent cells to the cell being looked at contain objects and need to be
checked

bool detectionCheck(int x, int y, int z)
{
//Check if the adjecent cell being checked has objects in it and hasn't been checked yet
if (cell[x][y][z].objCount > 0 && !cell[x][y][z].checked)
return true; //Return true
else

return false; //Return false




//Handles the collision detection between objects in the cell being checked with objects in adjacent
cells

int collisionChecker(int x, inty, int z, int x2, int y2, int z2)
{

int collisionCount = 0; //Temporary count for the number of collisions found in the cell

float distance; //Used to store the distance between the objects being checked

float comRadius; //Used to store the combined radius of the two objects and then gets
squared

//Loop for the number of object in the cell

for (inti=0; i< cell[x][y][z].objCount; i++)

{
//Loop for the number of objects in the adjacent cell that hasn't been checked yet
for (int j = 0; j < cell[x2][y2][z2].0bjCount; j++)
{

//Calculate the distance between the two objects using pythagoras without
the square root to work in square space

distance = ((cell[x][y][z].object[i].x - cell[x2][y2][z2].0bject[j].x) *
(cell[x][y][z].object[i].x - cell[x2][y2][z2].object[j].x)

+ (cell[x][y][z].object[i].y - cell[x2][y2][z2].object[j].y) *
(cell[x]ly][z].object[i].y - cell[x2][y2][z2].object[j].y)

+ (cell[x][y][z].object[i].z - cell[x2][y2][z2].object[j].z) *
(cell[x][y][z].object]i].z - cell[x2][y2][z2].object]j].z));

//Add the radiuses of the two objects together

comRadius = cell[x][y][z].object[i].r + cell[x2][y2][z2].object[j].r;

//Square the radius to work in square space

comRadius *= comRadius;

//Check if distance is less than or equal to the calculated radius - means a
collision has occured




if (distance <= comRadius)
{
collisionCount++; //increment the collision counter by 1

cell[x][y][z].object[i].collided = true; //Set the bool the tells the
object it's collided to true

cell[x2][y2][z2].object[j].collided = true; //Set the bool the tells the
object it's collided to true

}

return collisionCount; //Return the collision count found in this cell

//Handles collision detections between objects in the same cell
int currentCellCollisionDetection(int %, int y, int z)

{

int collisionCount = 0; //Temporary count for the number of collisions found in the cell

float distance; //Used to store the distance between the objects being checked

float comRadius; //Used to store the combined radius of the two objects and then gets
squared

//Check if the cell being checked has more than 1 object in it to determine if collision
detections are needed

if (cell[x][y][z].objCount > 1)
{
//Loop for the number of object in the cell
for (inti=0; i< cell[x][y][z].objCount; i++)
{
//Loop for the number of objects in the cell that haven't been checked yet

for (intj =i+ 1; j < cell[x][y][z].objCount; j++)




//Calculate the distance between the two objects using pythagoras
without the square root to work in square space

distance = (cell[x][y][z].object[i].x - cell[x][y][z].object[j].x) *
(cell[x][y][z].object[i].x - cell[x][y][z].object[j].x)

+ (cell[x][y][z].object[i].y - cell[x][y][z].object[j].y) *
(cell[x][y][z].object]i].x - cell[x][y][z].object[j].x)

+ (cell[x][y][z].object[i].z - cell[x][y][z].object[j].z) *
(cell[x][y][z].object]i].z - cell[x][y][z].object[j].z);

//Add the radiuses of the two objects together

comRadius = cell[x][y][z].object[i].r + cell[x][y][z].object[j].r;

//5quare the radius to work in square space

comRadius *= comRadius;

//Check if distance is less than or equal to the calculated radius -
means a collision has occured

if (distance <= comRadius)

{
collisionCount++; //increment the collision counter by 1
cell[x][y][z].object[i].collided = true; //Set the bool the tells
the object it's collided to true
cell[x][y][z].object[j].collided = true; //Set the bool the tells
the object it's collided to true
}

return collisionCount; //Return the collision count found in this cell




Stdafx.h

#pragma once

#include <math.h>

#include <iostream>

#include <fstream>

#include <stdio.h>

#include <string>

#include "glut.h" //Used when running project in 2017
//#include "freeglut.h" //Used when running the project in 2015
using namespace std;

ObjectLoader.h

#pragma once

#include “"Stdafx.h"
#include "UniformGrid.h"

class ObjectLoader
{
private:
int objCount; //Stores the total number of objects in the file
//UniformGrid grid;
public:
//Handles counting the number of objects to be loaded in
int objectCounter(void);

//Handles reading in the objects from a file
float objlLoader(UniformGrid);

ObjectLoader();
~0ObjectLoader();
}s
ObjectLoader.cpp

#include "ObjectLoader.h"

ObjectLoader: :0bjectLoader()
{
}

ObjectLoader::~0ObjectLoader()

{
}

int ObjectLoader: :objectCounter(void)

{
ifstream objFile; //Used to open file
string line; //Used to read from the file

objFile.open("Objects7.txt"); //Open file containing the object information
int tempObjCount = @; //Used to count the total numbr of objects

//Check if the file opened correctly
if (lobjFile.fail())

//Loop through until the end of the file has been found
while (!objFile.eof())
{
//Read line from file and save it to the line string
getline(objFile, line);




//Increment the object counter by 1

tempObjCount++;

}

objFile.close();
}
else
{

//0utput Error message

cout << "ERROR: FILE NOT OPENED" << endl;
}

//Set objCount to be the number of objects found in the file
objCount = tempObjCount;

return objCount;
//grid.setobj(objCount);

}

float ObjectLoader::objLoader(UniformGrid grid)
{
ifstream objFile; //Used to open file
string line[4]; //Used to read from the file

objFile.open("Objects7.txt"); //Open file containing the object information

int objCount = @;

float radius;

//Check if the file opened correctly

if (lobjFile.fail())

{
//Loop through until the end of the file has been found
while (!objFile.eof())

for (int i = ©; 1 < 4; i++)

{
//Read line from file and save it to the line string
getline(objFile, line[i]);

}

radius = grid.setObject(strtof((line[@]).c_str(), @),
strtof((line[1]).c_str(), ©), strtof((line[2]).c_str(), @), strtof((line[3]).c_str(),
@), objCount);

objCount++;

}

objFile.close();
}
else
{

//Output Error message

cout << "ERROR: FILE NOT OPENED" << endl;
}

return radius;
//return grid;




UniformGrid.h

#pragma once
#include "Stdafx.h”

//Stores each object's information
struct objects

{
float x; //x position of the object
float y; //y position of the object
float z; //z position of the object
float r; //radius of the object
bool collided = false;

¥

//Stores each cell's information in the grid
struct grid

{
float minX, maxX; //Size of the cell in the x
float minY, maxY; //Size of the cell in the y
float minZ, maxZ; //Size of the cell in the z
int objCount = @;
bool checked = false;
bool objAdded = false;
objects* object; //Stores the information of the object in the cell
¥
struct gridsConObj
i
int x;
int y;
int z;
¥
class UniformGrid
{
private:
grid*** cells;
int cellNumX;
int cellNumyY;
int cellNumZ;
public:

gridsConObj* gCo;
objects* object;
int objCounter;

int cellObjCount;

float maxR;

//Handles setting the size of the structure
void setobj(int);




//Handles setting the objects values
float setObject(float, float, float, float, int);

//Handles creating the grid
void setGrid(int, int, int, float);

void setObjectsInGrid();
grid*** getGrid(void);

int getCellNumX();
int getCellNumY();
int getCellNumZ();

UniformGrid();
~UniformGrid();

};
UniformGrid.cpp
#include "UniformGrid.h"

UniformGrid: :UniformGrid()

{
maxR = 0.9;
}
UniformGrid: :~UniformGrid()
i
}

//Handles setting the size of the object structure
void UniformGrid: :setobj(int objCount)
{
object = new objects[(objCount)];
objCounter = (objCount + 1);

}

//Handles storing the objects read in from the file
float UniformGrid::setObject(float x, float y, float z, float r, int objCount)

{

//Set the values for the objects

this->object[objCount].x = x;
this->object[objCount].y = y;
this->object[objCount].z = z;
this->object[objCount].r = r;

//Store the largest radius
if (r > maxR || maxR == 18)
maxR = r;

return maxR;

}

//Handles setting the grid values and cells
void UniformGrid: :setGrid(int screenX, int screenY, int screenZ, float rad)
{
//Holds the size of the cells - atleast as big as the largest object
int cellSize = round((rad * 2));

//Ensure the size of the cells is larger than the largest object
if (cellsize < (rad * 2))
cellSize++;




//Calculate the number of cells to be made in the grid
cellNumX = screenX / cellSize;
cellNum¥Y = screenY / cellSize;
cellNumZ = screenZ / cellSize;

//Set the size of the cells structure in the x dimension
cells = new grid**[cellNumX];

//Set the size of the cells structure in the y dimension
for (int i = @; i < cellNumX; i++)

cells[i] = new grid*[cellNumY];
}

//Set the size of the cells structure in the z dimension
for (int 1 = @; i < cellNumX; i++)
{
for (int j = ©; j < cellNumY; j++)
cells[i][j] = new grid[cellNumZ];

}

//Set the coordinates of each cell
//Loop for the number of cells in the X
for (int i = @; i < cellNumX; i++)

{
//Loop for the number of cells in the Y
for (int j = ©; j < cellNumY; j++)
{
//Loop for the number of cells in the Z
for (int k = @; k < cellNumZ; k++)
cells[i][j][k].minX = i * cellSize;
cells[i][j][k].maxX = (i + 1) * cellSize;
cells[i][j][k].minY = § * cellSize;
cells[i][j][k].maxY = (j + 1) * cellSize;
cells[i][j][k].minZ = k * cellSize;
cells[i][j][k].maxZ = (k + 1) * cellSize;
cells[i][j][k].object = new objects[objCounter];
}
}
}
}
void UniformGrid::setObjectsInGrid()
{
//Loop for the number of objects
for (int i = ©; i < objCounter; i++)
{
bool objlLoaded = false; //Used to store if an object has already been
set

//Loop for the number of cells in the X

for (int j = @; j < cellNumX; j++)

{
//Loop for the number of cells in the Y
for (int k = @; k < cellNumY; k++)

{




//Loop for the number of cells in the Z
for (int 1 = @; 1 < cellNumZ; l++)
{

//Check if the object being looked at is in the
cell being looked at

if (object[i].x »>= cells[j][k][1].minX &&
object[i].x <= cells[j][k][1].maxX)
{
if (object[i].y »= cells[j]1[k][1l].minY &&

{

object[i].y <= cells[j]1[k][1].maxY)

if (object[i].z »= cells[j][k][1].minZ
&& object[i].z <= cells[j][k][1].maxZ)
//Check if the object has
already been added to another cell
if (l!objLoaded)

//Add the object
variables to the cell it's added to

cells[j][k][1].object[cells[j][k][1].objCount].x = object[i].x;
cells[j][k][1].object[cells[j][k][1l].objCount].y = object[i].y;

cells[j][k][1].object[cells[j][k][1].objCount].

~N
n

object[i].z;
cells[j][k][1].object[cells[j][k][1].objCount].r = object[i].r;

objLoaded = true; //Set
objLoaded to true

cells[j][k][1].objCount++; //Increment the number of objects in that cell by 1

//Check if the cell's
objAdded is false

if
(!cells[j][k][1].objAdded)
i
cells[j][k][1].objAdded = true; //Set the cell's objAdded to true
cellObjCount++;
//Increment the number of objects added to cells by 1
}
}
}
}
}
}
}
}
}
gCo0 = new gridsConObj[cellObjCount]; //Set the size of gCO
}
grid*** UniformGrid::getGrid()
il

return cells; //Return the cells




}

int UniformGrid::getCellNumX()

{

return cellNumX; //Return the number of cells in the X
}
int UniformGrid::getCellNumY()
{

return cellNumY; //Return the number of cells in the ¥
}
int UniformGrid::getCellNumZ()
{

return cellNumZ; //Return the number of cells in the Z
}

GPU Implementation
Kernel.cu

#include "cuda_runtime.h"

#include "device_launch_parameters.h"

#include "Stdafx.h"
#include "UniformGrid.h"
#linclude "ObjectLoader.h"

//#include "glut.h"

#define SCREEN_X 100 //Max x size of the grid
#define SCREEN_Y 100 //Max y size of the grid

#define SCREEN_Z 100 //Max z size of the grid

float cameraX = SCREEN_X / 2;
float camera¥ = SCREEN_Y / 2;
float cameraZ = SCREEN_Z / 2;
float totalAngleX = 0.0;

float totalAngleY = 0.0;

intcol =0;




bool red = true, green = true, gridShown = true; //Used to toggle the red object, the green objects,
and the cell on or off

ObjectLoader obj;

UniformGrid grids;

grid*** cell;

int* x;
int*y;

int* z;

int setgCO =0;

int collisions = 0;

cudaError_t colDetCuda(grid* outputCel, int cellX, int cellY, int cellZ, int* coordX, int* dev_coordY,
int* coordZ, unsigned int size, int pass);

__device__int collisionChecker(grid* dev_cell, int x, inty, int z, int x2, int y2, int 22, int dev_cellX, int
dev_cellY, int dev_cellZ)

i

int collisionCount = 0; //Temporary count for the number of collisions found in the cell

float distance = 0; //Used to store the distance between the objects being checked

float comRadius = 0; //Used to store the combined radius of the two objects and then gets
squared

//Loop for the number of object in the cell
for (inti=0;i<dev_cell[(x * dev_cellX +y) * dev_cellZ + z].objCount; i++)
{
//Loop for the number of objects in the adjacent cell that hasn't been checked yet

for (intj=0; j < dev_cell[(x2 * dev_cellX + y2) * dev_cellZ + z2].0bjCount; j++)




//Calculate the distance between the two objects using pythagoras without
the square root to work in square space

distance = (dev_cell[(x * dev_cellX + y) * dev_cellZ + z].object[i].x -
dev_cell[(x2 * dev_cellX + y2) * dev_cellZ + z2].object[j].x) * (dev_cell[(x * dev_cellX + y) * dev_cellZ
+ z].object[i].x - dev_cell[(x2 * dev_cellX + y2) * dev_cellZ + z2].object[j].x)

+ (dev_cell[(x * dev_cellX +y) * dev_cellZ + z].object[i].y -
dev_cell[(x2 * dev_cellX + y2) * dev_cellZ + z2].object[j].y) * (dev_cell[(x * dev_cellX + y) * dev_cellZ
+ z].object[i].y - dev_cell[(x2 * dev_cellX + y2) * dev_cellZ + z2].object[j].y)

+ (dev_cell[(x * dev_cellX + y) * dev_cellZ + z].object[i].z -
dev_cell[(x2 * dev_cellX + y2) * dev_cellZ + z2].object[j].z) * (dev_cell[(x * dev_cellX + y) * dev_cellZ
+ z].object[i].z - dev_cell[(x2 * dev_cellX + y2) * dev_cellZ + z2].object[j].z);

//Add the radiuses of the two objects together

comRadius = dev_cell[(x * dev_cellX + y) * dev_cellZ + z].object[i].r +
dev_cell[(x2 * dev_cellX + y2) * dev_cellZ + z2].object[j].r;

//Square the radius to work in square space

comRadius *= comRadius;

//Check if distance is less than or equal to the calculated radius - means a
collision has occured

if (distance <= comRadius)
{
collisionCount++; //increment the collision counter by 1

dev_cell[(x * dev_cellX +y) * dev_cellZ + z].object[i].collided = true;
//Set the bool the tells the object it's collided to true

dev_cell[(x2 * dev_cellX + y2) * dev_cellZ + z2].object[j].collided =
true; //Set the bool the tells the object it's collided to true

}

if (collisionCount > Q)

return collisionCount; //Return the collision count found in this cell




else

returnO;

__device__ int currentCellCollisionDetection(grid* dev_cell, int x, inty, int z, int dev_cellX, int
dev_cellY, int dev_cellZ)

{

squared

without

int collisionCount = 0; //Temporary count for the number of collisions found in the cell

float distance = 0; //Used to store the distance between the objects being checked

float comRadius = 0; //Used to store the combined radius of the two objects and then gets

//Loop for the number of object in the cell
if (dev_cell[(x * dev_cellX + y) * dev_cellZ + z].objCount > 1)
{
//Loop for the number of object in the cell
for (inti=0;i<dev_cell[(x * dev_cellX + y) * dev_cellZ + z].objCount; i++)
{
//Loop for the number of objects in the cell that haven't been checked yet
for (intj=i+1; j<dev_cell[(x * dev_cellX +y) * dev_cellZ + z].objCount; j++)
{

//Calculate the distance between the two objects using pythagoras
the square root to work in square space

distance = (dev_cell[(x * dev_cellX +y) * dev_cellZ + z].object[i].x -

dev_cell[(x * dev_cellX + y) * dev_cellZ + z].object[j].x) * (dev_cell[(x * dev_cellX + y) * dev_cellZ +
z].object[i].x - dev_cell[(x * dev_cellX +y) * dev_cellZ + z].object[j].x)

+ (dev_cell[(x * dev_cellX + y) * dev_cellZ + z].object[i].y -

dev_cell[(x * dev_cellX +y) * dev_cellZ + z].object[jl.y) * (dev_cell[(x * dev_cellX + y) * dev_cellZ +
z].object[i].y - dev_cell[(x * dev_cellX +y) * dev_cellZ + z].object[j].y)

+ (dev_cell[(x * dev_cellX + y) * dev_cellZ + z].object[i].z -

dev_cell[(x * dev_cellX + y) * dev_cellZ + z].object[j].z) * (dev_cell[(x * dev_cellX +y) * dev_cellZ +
z].object[i].z - dev_cell[(x * dev_cellX + y) * dev_cellZ + z].object[j].z);




//Add the radiuses of the two objects together

comRadius = dev_cell[(x * dev_cellX + y) * dev_cellZ + z].object][i].r +
dev_cell[(x * dev_cellX +y) * dev_cellZ + z].object[j].r;

//Square the radius to work in square space

comRadius *= comRadius;

//Check if distance is less than or equal to the calculated radius -
means a collision has occured

if (distance <= comRadius)
{
collisionCount++; /fincrement the collision counter by 1

dev_cell[(x * dev_cellX + y) * dev_cellZ + z].object[i].collided
= true; //Set the bool the tells the object it's collided to true

dev_cell[(x * dev_cellX + y) * dev_cellZ + z].object[j].collided
= true; //Set the bool the tells the object it's collided to true

}

if (collisionCount > 0)
return collisionCount; //Return the collision count found in this cell
else

return O;

__global__ void colDetKernel(grid* dev_cell, gridsConObj* dev_gCO, int dev_cellX, int dev_cellY, int
dev_cellZ, int* dev_coordX, int* dev_coordY, int* dev_coordZ, int dev_collision, unsigned int size)

i

int i = threadldx.x;

//Stores if collision detections are needed




bool ful = false, fum = false, fur = false, fml = false, fmm = false, fmr = false, fdl = false, fdm =
false, fdr = false;

bool mul = false, mum = false, mur = false, mml = false, mmr = false, mdl = false, mdm =
false, mdr = false;

bool bul = false, bum = false, bur = false, bml = false, bmm = false, bmr = false, bdl = false,
bdm = false, bdr = false;

//Check if collision detection is needed for the 9 cells infront of the current cell
//Check if the cell being looked at isn't at the very front of the grid
if (dev_gCO[dev_coordZ[i]].z > 0)
{
//Check if the cell being looked at is below the top of the grid
if (dev_gCO[dev_coordY[i]].y < dev_cellY - 1)
{
//Check if cell being looked at isn't on the far left of the grid
if (dev_gCO[dev_coordX[i]].x > Q)
{

if (dev_cell[((dev_gCO[dev_coordX[i]].x - 1) * dev_cellX +
((dev_gCO[dev_coordY[i]].y + 1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z - 1))].objCount > Q)

ful = true;

//Check if a collision detection is needed

if (dev_cell[((dev_gCO[dev_coordX[i]].x) * dev_cellX +
((dev_gCO[dev_coordY[i]].y + 1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z - 1))].0bjCount > Q)

fum =true;

//Check if cell being looked at isn't on the far right of the grid
if (dev_gCO[dev_coordX[i]].x < dev_cellX - 1)
{

if (dev_cell[((dev_gCO[dev_coordX[i]].x + 1) * dev_cellX +
((dev_gCO[dev_coordY[i]].y + 1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z - 1))].objCount > Q)

fur = true;




//Check if cell being looked at isn't on the far left of the grid
if (dev_gCO[dev_coordX[i]].x > 0)
{

if (dev_cell[({dev_gCO[dev_coordX[i]].x - 1) * dev_cellX +
((dev_gCO[dev_coordY[i]].y)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z - 1))].objCount > 0)

fml = true;

//Check if a collision detection is needed

if (dev_cell[((dev_gCO[dev_coordX[i]].x) * dev_cellX + ((dev_gCO[dev_coordY[i]].y))
* dev_cellZ + (dev_gCO[dev_coordZ[i]].z - 1))].0bjCount > 0)

fmm = true;

//Check if cell being looked at isn't on the far right of the grid
if (dev_gCO[dev_coordX[i]].x < dev_cellX - 1)
{

if (dev_cell[((dev_gCO[dev_coordX[i]].x + 1) * dev_cellX +
((dev_gCO[dev_coordY[i]].y)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z - 1))].objCount > 0)

fmr = true;

//Check if the cell being looked at is above the bottom of the grid

if (dev_gCO[dev_coordY[i]]l.y > 0)

{
//Check if cell being looked at isn't on the far left of the grid
if (dev_gCO[dev_coordX[i]].x > Q)
{

if (dev_cell[((dev_gCO[dev_coordX[i]].x - 1) * dev_cellX +
((dev_gCO[dev_coordY([i]].y - 1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z - 1))].objCount > 0)




fdl = true;

}

if (dev_cell[((dev_gCO[dev_coordX[i]].x) * dev_cellX +
((dev_gCO[dev_coordY([i]].y - 1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z - 1))].objCount > 0)

fdm =true;

//Check if cell being looked at isn't on the far right of the grid
if (dev_gCO[dev_coordX[i]].x < dev_cellX - 1)
{

J/+1-1-1

if (dev_cell[((dev_gCO[dev_coordX[i]].x + 1) * dev_cellX +
((dev_gCO[dev_coordY[i]l.y - 1)) * dev_cellZ + (dev_gCO[dev_coordZ][i]].z - 1))].objCount > 0)

fdr = true;

}

//Check if collision detection is needed for the 9 cells infront of the current cell

//Check if collision detection is needed for the 8 cells around the current cell
//Check if the cell being looked at is below the top of the grid
if (dev_gCO[dev_coordY[i]].y < dev_cellY - 1)
{
//Check if cell being looked at isn't on the far left of the grid
if (dev_gCO[dev_coordX[i]].x > 0)

i

if (dev_cell[((dev_gCO[dev_coordX][i]].x - 1) * dev_cellX +
((dev_gCO[dev_coordY[i]].y + 1)) * dev_cellZ + (dev_gCO[dev_coordZ][i]].z))].objCount > 0)

mul = true;

//Check if a collision detection is needed




if (dev_cell[((dev_gCO[dev_coordX[i]].x) * dev_cellX + ((dev_gCO[dev_coordY[i]].y +
1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z))].objCount > 0)

mum = true;

//Check if cell being looked at isn't on the far right of the grid
if (dev_gCO[dev_coordX[i]].x < dev_cellX - 1)
{

if (dev_cell[((dev_gCO[dev_coordX[i]].x + 1) * dev_cellX +
((dev_gCO[dev_coordY[i]].y + 1)) * dev_cellZ + (dev_gCO[dev_coordZ][i]].z))].objCount > 0)

mur = true;

//Check if cell being looked at isn't on the far left of the grid
if (dev_gCO[dev_coordX[i]].x > 0)
{

if (dev_cell[((dev_gCO[dev_coordX[i]].x - 1) * dev_cellX +
((dev_gCO[dev_coordY([i]].y)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z))].objCount > 0)

mml = true;

//Check if cell being looked at isn't on the far right of the grid
if (dev_gCO[dev_coordX[i]].x < dev_cellX - 1)
{

if (dev_cell[((dev_gCO[dev_coordX[i]].x + 1) * dev_cellX +
((dev_gCO[dev_coordY[i]].y)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z)}].objCount > 0)

mmr = true;

//Check if the cell being looked at is above the bottom of the grid
if (dev_gCO[dev_coordY[i]].y > 0)
{




//Check if cell being looked at isn't on the far left of the grid
if (dev_gCO[dev_coordX[i]].x > 0)
{

if (dev_cell[((dev_gCO[dev_coordX[i]].x - 1) * dev_cellX +
((dev_gCO[dev_coordY[i]].y - 1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z))].objCount > 0)

mdl = true;
}

if (dev_cell[((dev_gCO[dev_coordX[i]].x) * dev_cellX + ((dev_gCO[dev_coordY[i]].y -
1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z))].objCount > 0)

mdm = true;

//Check if cell being looked at isn't on the far right of the grid
if (dev_gCO[dev_coordX[i]].x < dev_cellX - 1)
{

if (dev_cell[((dev_gCO[dev_coordX[i]].x + 1) * dev_cellX +
((dev_gCO[dev_coordY[i]l.y - 1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z))].objCount > 0)

mdr = true;

}

//Check if collision detection is needed for the 8 cells around the current cell

//Check if collision detection is needed for the 9 cells behind the current cell
//Check if the cell being looked at isn't at the very back of the grid
if (dev_gCO[dev_coordZ[i]].z != dev_cellZ - 1)
{
//Check if the cell being looked at is below the top of the grid
if (dev_gCO[dev_coordY[i]].y != dev_cellY - 1)
{
//Check if cell being looked at isn't on the far left of the grid
if (dev_gCO[dev_coordX[i]].x > 0)
{




if (dev_cell[((dev_gCO[dev_coordX[i]].x - 1) * dev_cellX +
((dev_gCO[dev_coordY[i]].y + 1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z + 1))].objCount > 0)

bul = true;

}

if (dev_cell[((dev_gCO[dev_coordX[i]].x) * dev_cellX +
((dev_gCO[dev_coordY[i]].y + 1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z + 1))].objCount > 0)

bum = true;

//Check if cell being looked at isn't on the far right of the grid
if (dev_gCO[dev_coordX[i]].x |=dev_cellX - 1)
{

if (dev_cell[{{dev_gCO[dev_coordX[i]].x + 1) * dev_cellX +
((dev_gCO[dev_coordY[i]].y + 1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z + 1)})].objCount > 0)

bur = true;

//Check if cell being looked at isn't on the far left of the grid
if (dev_gCO[dev_coordX[i]].x > Q)
{

if (dev_cell[((dev_gCO[dev_coordX[i]].x - 1) * dev_cellX +
((dev_gCO[dev_coordY[i]].y)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z + 1))].objCount > 0)

bml = true;

if (dev_cell[((dev_gCO[dev_coordX[i]].x) * dev_cellX + ((dev_gCO[dev_coordY[i]].y))
* dev_cellZ + (dev_gCO[dev_coordZ[i]].z + 1)}].objCount > 0)

bmm = true;

//Check if cell being looked at isn't on the far right of the grid
if (dev_gCO[dev_coordX[i]].x != dev_cellX - 1)
{




if (dev_cell[((dev_gCO[dev_coordX[i]].x + 1) * dev_cellX +
((dev_gCO[dev_coordY([i]].y)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z + 1))].objCount > 0)

bmr =true;

//Check if the cell being looked at is above the bottom of the grid

if (dev_gCO[dev_coordY[i]l.y != 0)

{
//Check if cell being looked at isn't on the far left of the grid
if (dev_gCO[dev_coordX[i]].x !=0)
{

if (dev_cell[((dev_gCO[dev_coordX[i]].x - 1) * dev_cellX +
((dev_gCO[dev_coordY([i]].y - 1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z + 1))].objCount > 0)

bdl = true;

}

if (dev_cell[((dev_gCO[dev_coordX[i]].x) * dev_cellX +
((dev_gCO[dev_coordY([i]].y - 1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z + 1))].objCount > 0)

bdm = true;

//Check if cell being looked at isn't on the far right of the grid
if (dev_gCO[dev_coordX[i]].x |=dev_cellX - 1)
{

if (dev_cell[((dev_gCO[dev_coordX[i]].x + 1) * dev_cellX +
((dev_gCO[dev_coordY([i]]l.y - 1)) * dev_cellZ + (dev_gCO[dev_coordZ[i]].z + 1))].objCount > 0)

bdr = true;

}

//Check if collision detection is needed for the 9 cells behind the current cell

//Actual Collision Detection




//Front 9 cells
if (ful)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[il].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x - 1,
dev_gCO[dev_coordY[i]].y + 1, dev_gCO[dev_coordZ[i]].z - 1, dev_cellX, dev_cellY, dev_cellZ);

if (fum)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]]l.y + 1, dev_gCO[dev_coordZ[i]].z - 1, dev_cellX, dev_cellY, dev_cellZ);

if (fur)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX([i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x + 1,
dev_gCO[dev_coordY[i]].y + 1, dev_gCO[dev_coordZ[i]].z - 1, dev_cellX, dev_cellY, dev_cellZ);

if (fml)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[il].x,
dev_gCO[dev_coordY([i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x - 1,
dev_gCO[dev_coordY([i]].y, dev_gCO[dev_coordZ[i]].z - 1, dev_cellX, dev_cellY, dev_cellZ);

if (fmm)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]l.y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z - 1, dev_cellX, dev_cellY, dev_cellZ);

if (fmr)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x + 1,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z - 1, dev_cellX, dev_cellY, dev_cellZ);

if (fdl)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x - 1,
dev_gCO[dev_coordY[i]].y - 1, dev_gCO[dev_coordZ[i]].z - 1, dev_cellX, dev_cellY, dev_cellZ);

if (fdm)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX([i]].x,
dev_gCO[dev_coordY[i]l.y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]].y - 1, dev_gCO[dev_coordZ[i]].z - 1, dev_cellX, dev_cellY, dev_cellZ);

if (fdr)




dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x + 1,
dev_gCO[dev_coordY[i]l.y - 1, dev_gCQO[dev_coordZ[i]l.z - 1, dev_cellX, dev_cellY, dev_cellZ);

//Front 9 cells

//Middle 8 cells
if (mul)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX([i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x - 1,
dev_gCO[dev_coordY[i]].y + 1, dev_gCO[dev_coordZ][i]].z, dev_cellX, dev_cellY, dev_cellZ);

if (mum)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX][i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]]l.y + 1, dev_gCO[dev_coordZ[i]].z, dev_cellX, dev_cellY, dev_cellZ);

if (mur)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[il].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x + 1,
dev_gCO[dev_coordY[i]].y + 1, dev_gCO[dev_coordZ][i]].z, dev_cellX, dev_cellY, dev_cellZ);

if (mml)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX][i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x - 1,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_cellX, dev_cellY, dev_cellZ);

if (mmr)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[il].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x + 1,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_cellX, dev_cellY, dev_cellZ);

if (mdl)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX([i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x - 1,
dev_gCO[dev_coordY[i]].y - 1, dev_gCO[dev_coordZ[i]].z, dev_cellX, dev_cellY, dev_cellZ);

if (mdm)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX][i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]].y - 1, dev_gCO[dev_coordZ[i]].z, dev_cellX, dev_cellY, dev_cellZ);

if (mdr)




dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x + 1,
dev_gCO[dev_coordY[i]l.y - 1, dev_gCO[dev_coordZ[il].z, dev_cellX, dev_cellY, dev_cellZ);

//Middle 8 cells

//Back 9 cells
if (bul)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX([i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x - 1,
dev_gCO[dev_coordY[i]].y + 1, dev_gCO[dev_coordZ[i]].z + 1, dev_cellX, dev_cellY, dev_cellZ);

if (bum)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX][i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]]l.y + 1, dev_gCO[dev_coordZ[i]].z + 1, dev_cellX, dev_cellY, dev_cellZ);

if (bur)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[il].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x + 1,
dev_gCO[dev_coordY[i]].y + 1, dev_gCO[dev_coordZ[i]].z + 1, dev_cellX, dev_cellY, dev_cellZ);

if (bml)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX][i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x - 1,
dev_gCO[dev_coordY([i]].y, dev_gCO[dev_coordZ[i]].z + 1, dev_cellX, dev_cellY, dev_cellZ);

if (bmm)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[il].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX][i]].x,
dev_gCO[dev_coordY([i]].y, dev_gCO[dev_coordZ[i]].z + 1, dev_cellX, dev_cellY, dev_cellZ);

if (bmr)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x + 1,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z + 1, dev_cellX, dev_cellY, dev_cellZ);

if (bdl)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX][i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x - 1,
dev_gCO[dev_coordY[i]].y - 1, dev_gCO[dev_coordZ[i]].z + 1, dev_cellX, dev_cellY, dev_cellZ);

if (bdm)




dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX][i]].x,
dev_gCO[dev_coordY[i]l.y - 1, dev_gCQO[dev_coordZ[i]l.z + 1, dev_cellX, dev_cellY, dev_cellZ);

if (bdr)

dev_collision += collisionChecker(dev_cell, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_gCO[dev_coordX[i]].x + 1,
dev_gCO[dev_coordY[i]].y - 1, dev_gCO[dev_coordZ[i]].z + 1, dev_cellX, dev_cellY, dev_cellZ);

//Back 9 cells

dev_collision += currentCellCollisionDetection(dev_cell, dev_gCO[dev_coordX[i]].x,
dev_gCO[dev_coordY[i]].y, dev_gCO[dev_coordZ[i]].z, dev_cellX, dev_cellY, dev_cellZ);

dev_cell[((dev_gCO[dev_coordX[i]].x) * dev_cellX + ((dev_gCO[dev_coordY[i]l.y)) * dev_cellZ
+ (dev_gCO[dev_coordZ[i]].z))].collisions = dev_collision;

b

void init()

{

int objCount; //Stores the number of objects read from a file

objCount = obj.objectCounter(); //Counts the number of objects to be loaded in

grids.setobj(objCount); //Reads in the objects from the file

float rad; //Stores the radius of the largest object

rad = obj.objLoader(grids);

grids.objCounter /= 4; //Divide the object counter by 4 since each object has four variables
read in, making the count 4 times larger than it should be

grids.setGrid(SCREEN_X, SCREEN_Y, SCREEN_Z, rad); //Creates the grid and cells




grids.setObjectsIinGrid(); //Add the objects to the cells they belong to

x = new int[grids.objCounter]; //Set the size of the x array

y = new int[grids.objCounter]; //Set the size of the y array

z = new int[grids.objCounter]; //Set the size of the z array

cell = grids.getGrid();

int itemCount = 0;

//Loop for the number of cells in the X

for (inti= 0; i< grids.getCellNumX(); i++)

|

being looked at

//Loop for the number of cells in the ¥
for (int j = 0; j < grids.getCelINumY(); j++)
{
//Loop for the number of cells in the Z
for (int k = 0; k < grids.getCellNumZ(); k++)
{
//Check if the object count for the cell being looked atisn't 0
if (cell[i][j][k].objCount != 0)
{
//Set the corresponding gCO x, y, z values to i, j, and k
grids.gCO[setgCO].x = i;
grids.gCO[setgCO].y = j;
grids.gCO[setgC0].z = k;

setgCO++; //Increment setgCO by 1

//Loop for the number of objects in the cell




for (int | = 0; | < cell[i][jl[k].objCount; |++)

{

x[itemCount] =i;

ylitemCount] = j;

z[itemCount] = k;

itemCount++; //Increment itemCount by 1
}

//Output initialisation values - DEBUGGING

cout << "CELL X: " << grids.getCellNumX() << endl;
cout << "CELL Y: " << grids.getCellNumY() << end|;
cout <<"CELL Z: " << grids.getCelINumZ() << endl;

cout << "SIZE OF GRID: " << grids.getCellNumX() * grids.getCellNumY() * grids.getCellNumZ()
<<endl;

cout << "OBJECTS IN CELLS: " << grids.objCounter << endl;
cout << "OBJECTS SAVED: " << itemCount << endl;
cout << "CELLS CONTAINING OBJECTS: " << setgCO << end|;

cout << "FINISHED INITIALISING" << end|;

//collisionDetection();

//glutMain(argc, argv);

int main()

{




grid* outputCel; //Used to store the grid to be output from the kernel

init(); //Handles initialising the objects and grid

//Handles storing the number of threads to be used in each pass

int passArray[27] = { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 };

//Loop for the number of cells in the x

for (inti=0; i< grids.celNumX; i++)

{
//Loop for the number of cells in the y
for (intj=0; j < grids.cellNumY; j++)
{
//Loop for the number of cells in the z
for (int k = 0; k < grids.cellINumZ; k++)
{
//Increment the pass being looked at's counter by 1
passArray[cell[i][jl[k].pass - 1]++;
}
}
}

//Dynamically allocate the size of the outputCel

outputCel = new grid[grids.getCellNumX() * grids.getCellNumY() * grids.getCellNumZ()];

//Loop for the number of passes to be done
for (int | = 1; 1 < 28; |+4)
{

int* xCoords; //Used to store the x position of the cells for whatever pass being
looked at

int* yCoords; //Used to store the y position of the cells for whatever pass being
looked at




int* zCoords; //Used to store the z position of the cells for whatever pass being
looked at

//Dynamically allocate the size of xCoords, yCoords, and zCoords
xCoords = new int[passArray[l - 1]];
yCoords = new int[passArray[l - 1]];

zCoords = new int[passArray|[l - 1]];

int coordCount = 0;

//Loop for the number of cells in the x
for (inti=0; i< grids.cellNumX; i++)
{
//Loop for the number of cells in the y
for (int j = 0; j < grids.cellNumY; j++)
{
//Loop for the number of cells in the z

for (intk = 0; k < grids.cellNumZ; k++)

{
//Check if the pass of the cell being looked at matches the
pass being looked at
if (cell[i][j][k].pass ==1)
{
//Set the coordinates of the cell
xCoords[coordCount] = i;
yCoords[coordCount] = j;
zCoords[coordCount] = k;
coordCount++; //Increment the coordCount by 1
}
}




//Call the colDetCuda function which handles setting up the kernels to be used

cudaError_t cudaStatus = colDetCuda(outputCel, grids.getCelINumX(),
grids.getCellNumY(), grids.getCellINumZ(), xCoords, yCoords, zCoords, passArray[l - 1], I);

if (cudaStatus != cudaSuccess)
{
fprintf(stderr, "addWithCuda failed!");

return 1;

//Loop for the number of cells in the x
for (inti=0; i < grids.getCellNumX(); i++)
{
//Loop for the number of cells in the y
for (int j = 0; j < grids.getCellNumY(); j++)
{
/{Loop for the number of cell in the z
for (int k = 0; k < grids.getCellNumZ(); k++)
{

//Check if the pass value in the outputCel is the same as the
current pass

if (outputCel[(i * grids.getCellNumX() + j) *
grids.getCellNumZ() + k].pass =)

//Add the number of collisions done to the total
number of collisions

collisions += outputCel[(i * grids.getCelINumX() + j) *
grids.getCellNumZ() + k].collisions;




/[ cudaDeviceReset must be called before exiting in order for profiling and
// tracing tools such as Nsight and Visual Profiler to show complete traces.
cudaStatus = cudaDeviceReset();
if (cudaStatus != cudaSuccess)
{

fprintf(stderr, "cudaDeviceReset failed!");

return 1;

//cout << "Test Value: " << cellC << endl;
cout << "Collisions: " << collisions << end|;

return 0;

// Helper function for using CUDA to perform uniform grid collision detection in parallel

cudaError_t colDetCuda(grid* outputCel, int cellX, int cellY, int cellZ, int* coordX, int* coordY, int*
coordZ, unsigned int size, int pass)

{
int *dev_coordX = 0; //coordX to be used on the device
int *dev_coordY = 0; //coordY to be used on the device
int *dev_coordZ = 0; //coordZ to be used on the device
int dev_cellX = cellX; //cellX to be used on the device
int dev_cellY = cellY; //cellY to be used on the device
int dev_cellZ = cellZ; //cellZ to be used on the device

int dev_collision = 0; //collision to be used on the device

gridsConObj* dev_gCO; //gCO to be used on the device
grid* cel; //cel to be used on the device

grid* dev_cell; //cell to be used on the device




cudaError_t cudaStatus;

//Dynamically allocate the size of the cel

cel = new grid[cellX * cellY * cellZ];

//Loop for the number of cells in the x

for (inti=0; i< cellX; i++)

{
//Loop for the number of cells in the y
for (intj=0; j < cellY; j++)
{
//Loop for the number of cells in the z
for (int k = 0; k < cellZ; k++)
{
//Copy the values in cell to cel
cell(i * cellX +j) * cellZ + k] = cell[i][j]1[k];
}
}
}

// Choose which GPU to run on, change this on a multi-GPU system.
cudaStatus = cudaSetDevice(0);
if (cudaStatus != cudaSuccess) {

fprintf(stderr, "cudaSetDevice failed! Do you have a CUDA-capable GPU installed?");

goto Error;

cudaStatus = cudaMalloc((void**)&dev_cell, size * sizeof(grid));
if (cudaStatus != cudaSuccess) {

fprintf(stderr, "cudaMalloc failed!");




goto Error;

//Loop for the number of cells in the x
for (inti=0; i< cellX; i++)
{
//Loop for the number of cellsin the y
for (int j=0; j < cellY; j++)
{
//Loop for the number of cells in the z
for (int k = 0; k < cellZ; k++)

{

cudaStatus = cudaMalloc((void**)&cel[(i * cellX + j) * cellZ +
k].object, size * sizeof(objects));

if (cudaStatus = cudaSuccess) {

fprintf(stderr, "cudaMalloc failed!");

goto Error;

cudaStatus = cudaMemcpy(cel[(i * cellX + j) * cellZ + k].object,
cell[i][jl[k].object, size * sizeof{objects), cudaMemcpyHostToDevice);

if (cudaStatus != cudaSuccess) {

fprintf(stderr, "cudaMemcpy failed!");

goto Error;

cudaStatus = cudaMalloc((void**)&dev_gCO, size * sizeof(gridsConObj));

if (cudaStatus != cudaSuccess) {

fprintf(stderr, "cudaMalloc failed!");




goto Error;

cudaStatus = cudaMalloc((void**)&dev_coordX, size * sizeof(int));
if (cudaStatus != cudaSuccess) {
fprintf(stderr, "cudaMalloc failed!");

goto Error;

cudaStatus = cudaMalloc((void**)&dev_coordY, size * sizeof(int));
if (cudaStatus != cudaSuccess) {
fprintf(stderr, "cudaMalloc failed!");

goto Error;

cudaStatus = cudaMalloc((void**)&dev_coordZ, size * sizeof(int));
if (cudaStatus != cudaSuccess) {
fprintf(stderr, "cudaMalloc failed!");

goto Error;

// Copy input vectors from host memory to GPU buffers.
cudaStatus = cudaMemcpy(dev_cell, cel, size * sizeof(grid), cudaMemcpyHostToDevice);
if (cudaStatus != cudaSuccess) {
fprintf(stderr, "cudaMemcpy failed!");

goto Error;

cudaStatus = cudaMemcpy(&dev_cell->object, &cel->object, size * sizeof(objects),
cudaMemcpyHostToDevice);

if (cudaStatus != cudaSuccess) {




fprintf(stderr, "cudaMemcpy failed!");

goto Error;

cudaStatus = cudaMemcpy(dev_gCO, grids.gCO, size * sizeof(gridsConObj),
cudaMemcpyHostToDevice);

if (cudaStatus != cudaSuccess) {
fprintf(stderr, “"cudaMemcpy failed!");

goto Error;

cudaStatus = cudaMemcpy(dev_coordX, coordX, size * sizeof(int),
cudaMemcpyHostToDevice);

if (cudaStatus != cudaSuccess) {
fprintf(stderr, "cudaMemcpy failed!");

goto Error;

cudaStatus = cudaMemcpy(dev_coordY, coordY, size * sizeof(int), cudaMemcpyHostToDevice);
if (cudaStatus != cudaSuccess) {
fprintf(stderr, "cudaMemcpy failed!");

goto Error;

cudaStatus = cudaMemcpy(dev_coordZ, coordZ, size * sizeof(int),
cudaMemcpyHostToDevice);

if (cudaStatus != cudaSuccess) {
fprintf(stderr, "cudaMemcpy failed!");

goto Error;

// Launch a kernel on the GPU with one thread for each element.




colDetKernel<<<1, size>>>(dev_cell, dev_gCO, dev_cellX, dev_cellY, dev_cellZ, dev_coordX,
dev_coordY, dev_coordZ, dev_collision, size);

// Check for any errors launching the kernel
cudaStatus = cudaGetLastError();
if (cudaStatus != cudaSuccess) {
fprintf(stderr, "addKernel launch failed: %s\n", cudaGetErrorString(cudaStatus));

goto Error;

// cudaDeviceSynchronize waits for the kernel to finish, and returns
// any errors encountered during the launch.

cudaStatus = cudaDeviceSynchronize();

if (cudaStatus != cudaSuccess) {

fprintf(stderr, "cudaDeviceSynchronize returned error code %d after launching addKernel!\n",
cudaStatus);

goto Error;

// Copy output vector from GPU buffer to host memory.

cudaStatus = cudaMemcpy(&outputCel->object, &dev_cell->object, size * sizeof(objects),
cudaMemcpyDeviceToHost);

if (cudaStatus != cudaSuccess) {
fprintf(stderr, "cudaMemcpy failed!");

goto Error;

cudaStatus = cudaMemcpy(outputCel, dev_cell, size * sizeof{grid),
cudaMemcpyDeviceToHost);

if (cudaStatus != cudaSuccess) {
fprintf(stderr, "cudaMemcpy failed!");

goto Error;




Error:
cudaFree(dev_coordX);
cudaFree(dev_coordY);

cudaFree(dev_coordZ);

cudaFree(dev_cell);
cudaFree(dev_gCO);
cudaFree(cel->object);

return cudaStatus;

}
Stdafx.h

#pragma once

#include <math.h>
#include <iostream:
#include <fstream>
#include <stdio.h>
#include <string>

using namespace std;

ObjectLoader.h

#pragma once

#include "Stdafx.h"
#include "UniformGrid.h"

class ObjectLoader

{
private:
int objCount; //Stores the total number of objects in the file
//UniformGrid grid;
public:
//Handles counting the number of objects to be loaded in
int objectCounter(void);
//Handles reading in the objects from a file
float objlLoader(UniformGrid);
ObjectLoader();
~0ObjectLoader();
¥
ObjectLoader.cpp

#include "ObjectLoader.h"

ObjectLoader: :0ObjectLoader()
{




}

ObjectLoader: :~0bjectLoader()

{
¥

int ObjectlLoader::objectCounter(void)

{

ifstream objFile; //Used to open file
string line; //Used to read from the file

objFile.open("Objects7.txt"); //Open file containing the object information
int tempObjCount = @; //Used to count the total numbr of objects

//Check if the file opened correctly

if (lobjFile.fail())

{
//Loop through until the end of the file has been found
while (lobjFile.eof())

//Read line from file and save it to the line string
getline(objFile, line);

//Increment the object counter by 1
tempObjCount++;

}

objFile.close();
else

//0utput Error message
cout << "ERROR: FILE NOT OPENED" << endl;

}

//Set objCount to be the number of objects found in the file
objCount = tempObjCount;

return objCount;
//grid.setobj(objCount);

}

float ObjectlLoader::objLoader(UniformGrid grid)
{
ifstream objFile; //Used to open file
string line[4]; //Used to read from the file

objFile.open("Objects7.txt"); //Open file containing the object information

int objCount = @;

float radius;

//Check if the file opened correctly
if (lobjFile.fail())

//Loop through until the end of the file has been found
while (!objFile.eof())
{
for (int i = ©; 1 < 4; i++)
{
//Read line from file and save it to the line string
getline(objFile, line[i]);




}

radius = grid.setObject(strtof((line[©]).c_str(), @),
strtof((line[1]).c_str(), @), strtof((line[2]).c_str(), @), strtof((line[3]).c_str(),
@), objCount);

objCount++;

}

objFile.close();
}
else
{

//0utput Error message

cout << "ERROR: FILE NOT OPENED" << endl;
}

return radius;
//return grid;

}
UniformGrid.h

#pragma once
#include “"Stdafx.h"

//Stores each object's information
struct objects

{
float x; //x position of the object
float y; //y position of the object
float z; //z position of the object
float r; //radius of the object
bool collided = false;

b

//Stores each cell's information in the grid
struct grid

{
float minX, maxX; //Size of the cell in the x
float minY, maxY; //Size of the cell in the y
float minZ, maxZ; //Size of the cell in the z
int objCount = @;
bool checked = false;
bool objAdded = false;
int pass = 9;
int collisions = ©;
objects* object;
};
struct gridsConObj
{
int x;
int y;

int z;




};

class UniformGrid

{

private:

public:

hH

grid*** cells;
int cellNumX;

int cellNumY;

int cellNumZ;
gridsConObj* gCO0;
objects* object;
int objCounter;
int cellObjCount;

float maxR;

//Handles setting the size of the structure
void setobj(int);

//Handles setting the objects values
float setObject(float, float, float, float, int);

//Handles creating the grid
void setGrid(int, int, int, float);

void setCellNumber(int, int, int);
void setObjectsInGrid();

grid*** getGrid(void);

int getCellNumX();

int getCellNumY();

int getCellNumZ();

UniformGrid();
~UniformGrid();

UniformGrid.cpp
#include "UniformGrid.h"

UniformGrid::UniformGrid()

i

maxR =0.0;




UniformGrid::~UniformGrid()

//Handles setting the size of the object structure
void UniformGrid::setobj(int objCount)
{

object = new objects[(objCount)];

objCounter = (objCount + 1);

//Handles storing the objects read in from the file
float UniformGrid::setObject(float x, float y, float ¢, float r, int objCount)
{

//Set the values for the objects

this->object[objCount].x = x;

this->object[objCount].y = y;

this->object[objCount].z = z;

this->object[objCount].r =r;

//objCounter = objCount + 1;

[/system("cls");

//Store the largest radius

if (r > maxR | | maxR == 10)

maxR=r;

return maxR;

//Handles setting the grid values and cells




void UniformGrid::setGrid(int screenX, int screenY, int screenZ, float rad)
{
//Holds the size of the cells - atleast as big as the largest object

int cellSize = round((rad * 2));

//Ensure the size of the cells is larger than the largest object
if (cellSize < (rad * 2))

cellSize++;

//Calculate the number of cells to be made in the grid
cellNumX = screenX / cellSize;
cellNumyY = screenY / cellSize;

cellNumZ = screenZ / cellSize;

//Set the size of the cells structure in the x dimension

cells = new grid**[cellNumX];

//Set the size of the cells structure in the y dimension
for (inti=0; i< cellNumX; i++)
{

cells[i] = new grid*[celINumY];

//Set the size of the cells structure in the z dimension

for (inti=0; i< cellNumX; i++)

{
for (int j = 0; j < cellNumY; j++)
{
cells[i][j] = new grid[celINumZ];
}




//Set the coordinates of each cell
//Loop for the number of cells in the X
for (inti=0; i< cellNumX; i++)
{
//Loop for the number of cells in the y
for (intj = 0; j < cellNumY; j++)
{
//Loop for the number of cells in the z
for (int k = 0; k < cellNumZ; k++)
{

setCellNumber(i, j, k);

cells[i][j][k].minX =i * cellSize;

cells[i][j][k].maxX = (i + 1) * cellSize;

cells[i][j]1[k].minY = j * cellSize;

cells[i][jl[k].maxY = (j + 1) * cellSize;

cells[i][j][k].minZ = k * cellSize;

cells[i][jl(k].maxZ = (k + 1) * cellSize;

cells[i][j][k].object = new objects[objCounter];

void UniformGrid::setCellNumber(int i, int j, int k)

{
//FRONT 9 CELLS




0)

//Pass 1

if(i==08&&j==08&& k==0
[1i1=0&&i%3==08&&j==08&&k==0
[1j'=08&&i==08&j%3==08&&k==
[111=08&j!1=08&i%3==08&8&]%3==08&8&k==
[| k=088 i==088]==088&k%3 ==
[1j'1=08&&k!=0&&i==0&&j%3==08&8& k% 3==0
[|i'=0&&k!=08&&i%3==0&&j==0&& k% 3 ==

[1i1=0&&j!=08&&k!=08&8i%3==08&)%3==08&&k%3==0)

cells[i][jl1[k].pass = 1;

//Pass 2
for (int | = 0; | < cellNumX; I++)
{

int checkerX =4+ (I * 3);

if(i==18&&%j==08&k==
[]i!=08&&i%checkerX==08&j==08&&k==
[1j1=08&8&i==18&8&]%3==08&&k==
[|i!=08&&j!=0&8&i%checker{==08&&j%3==08&k==
[|k!=08&&i==188&j==08&8&k%3==
[1j!=08&&k!=08&i==18&&)%3==08& k%3 ==
[|i!=0&&k!=08&&i% checkerX==0&&j==0&&k % 3 ==

[]1!1=0&&j!=0&&k!=0&&i%checkerX==0&&j%3==08&& k%3 ==

cells[il[jl[k].pass = 2;




0)

//Pass 3

for (int | = 0; | < cellNumX; l++)

{
int checkerX =5+ (| * 3);
if(i==288&j==08&&k==
[|i1=0&&i%checkerX == 0 && j==0 && k ==
[|j!=08&i==28&&j%3==08&&k==
[|i1=08&&j!=08&&i%checkerX==0&&j%3==0&k==0
[l k=0 &&i==2&&j==08&& k%3 ==
[|j!'=08&&k!=08&i==2&&)%3==08&k % 3 ==
[|i'=0&& k!=0&&i%checkerX==0&& j==0&& k% 3 ==
[|i'=08&&j!=0&&k =0 && i % checkerX==08&& %3 ==08&&k % 3 ==
{
cells[i][jl[k].pass = 3;
}
}
[/Pass 4

for (int | = 0; | < cellNumX; |++)

{
int checkerY =4+ (I * 3);

if(i==0&&j==18&&k==
|111=08&i%3==08&&]==18&&k ==
[|j!=08&8&i==0&&j%checkerY==0&8&k==
[1i!=08&&j!=0&&i%3==08&&]j%checkerY==0& k==
|| k!=08&i==08&&j==18&&k% 3 ==
[1j!=08&&k!=08&&i==0&&j%checkerY==08&&k% 3 ==




[|i'=08&&k!=0&&i%3==08&&j==1&&k%3==0
[|i'=08&j!=0&&k =0 && %3 ==08&&j%checkerY==0&& k%3 ==

0)
{
cells[i][j][k].pass = 4;
}
}
//Pass 5
for (int | = 0; | < cellNumX; |++)
{
int checkerX =4+ (| * 3);
for (int m =0; m < cellNumY; m++)
{
int checkerY =4+ (m * 3);
ifli==18&8&j==18&&k==
||i!'=0&&i%checkerX==08&&j==18&&k==
[1j!=0&&i==18&&j%checkerY==0&&k==
|[]i'=0&&j!=08&&i%checkerX==0&& % checkerY==0& k==
0
|| k!=0&&i==1&&j==18&k%3==0
[1j!'=08&&k!=0&& i==18&&j%checkerY==0&& k%3 ==
[|i!1=0&&k!=08&8&i%checkerX==08&&j==1&& k%3 ==0
[|i'=08&&j!=08&&k!=0&&i% checkerX == 0 && j % checkerY
==0&&k%3==0)
{
cells[i][j][k].pass = 5;
}
}




//Pass 6

for (int | = 0; | < cellNumX; l++)

{
int checkerX =5+ (| * 3);
for (int m = 0; m < cellNumY; m++)
{
int checkerY =4 + (m * 3);
if(i==28&&j==1&R&k==
|]i'=0&&i%checkerX==08&&j==18&&k==
[1j!=0 &8 i==28&&]j%checkerY == 0 && k ==
[]i'=0&&j!=08&&i%checkerX==0&&j%checkerY==0&k ==
0
[l k'=0&&i==28&&j==18&k % 3 ==
[1j!=08&8k!=0&&i==2&8&j%checkerY ==0&&k % 3 ==
[|i!=0&8&k!=08&8&i%checkerX==08&8&j==18&8& k%3 ==
[]i'=08&&j!=08&&k!=0&&i%checkerX == 0 && j % checkerY
==0&& k% 3==0)
{
cells[i][j](k].pass = 6;
}
}
}
[/Pass 7

for (int | = 0; | < cellNumY; I++)

{

int checkerY =5+ (| * 3);

if(i==08&&j==28&&k==0




[1i!1=0&&i%3==08&&j==28&&k==0
[|j!=0&&i==0&&j%checkerY==0&&k==0
[1i1=08&&j!=08&&i%3==08&& ] % checkerY ==0&k ==
[ k!1=0&&i==08&j==28&& k% 3 ==
|]j1=088k!=08&8&i==08&&]j% checkerY == 0 &8& k % 3 ==
[|i!=08&k!=08&&i%3==08&[j==28R&k%3==0

[|i11=08&j!1=0&&k =0 &&i% 3 ==08&&j%checkerY==0&&k % 3 ==

0)
{
cells[i][j][k].pass = 7;
}
}
//Pass 8
for (int | = 0; | < cellNumX; l++)
{
int checkerX =4+ (| * 3);
for (int m =0; m < cellNumY; m++)
{
int checkerY =5+ (m * 3);
ifli==18&&j==28&&k==0
|]i1=08&&i%checkerX==08&&j==28&&k==0
[1j'=0&&i==18&& % checkerY==08&&k==0
[]i'=0&&j!=08&&i%checkerX==08&&j%checkerY==0&k==
0

|| kl=0&Ri==18&&j==2&&k%3==
[1j!=08&8&k!=08&8&i==18&8&j% checkerY == 0 && k % 3 ==
|]i!=08&8 k!=0&8i%checkerX == 0 &8 j==2 &8& k % 3 ==

[]i'=0&&j!=0&&k!=0&&i%checkerX == 0 && j % checkerY
==08&&k%3==0)




//Pass 9

cells[i][j](k].pass = 8;

for (int | = 0; | < cellNumX; |+4)

i

int checkerX =5 + (1 * 3);

for (int m =0; m < cellNumY; m++)

{

int checkerY =5+ (m * 3);

ifi==28&&j==2&&k==0

==08&8& k% 3==0)

1
//FRONT 9 CELLS

|]i'=0&&i%checkerX==08&&j==2&& k==
[]j!=08&&i==28&&]j%checkerY == 0&&k == 0

[]i!'=0&&j!=08&&i%checkerX==0&& j% checkerY==0&k ==

[| k'=0&&i==28&&j==28&&k % 3 ==

|]j1=08&k =088 i==28&8& % checkerY == 0 &8& k % 3 ==
[|i1=0&&k!=08&&i%checkerX==08&&j==2&&k%3==0
[|i1=08&&j!=0&8&k!=08&&i%checkerX == 0 && j % checkerY

cells[i][j][k].pass = 9;




0)

//MIDDLE 9 CELLS
//Pass 10

for (int | = 0; | < cellNumZ; I++)

{
int checkerZ =4 + (1 * 3);
if(i==0&&j==08&&k==
[|i1=08&&i%3==08&&j==08&8& k==
[|j!=08&i==08&&j%3==08&&k==
[|i!1=08&j!1=08&&i%3==08&&j%3==08&k==1
|1 k!=0&R&i==08&8&j==0&& k % checkerZ ==
[|j!'=08&&k!=08&&i==08&&j%3==08&8&k % checkerzZ ==
[|i'=08&& k!=0&&i%3==08&j==0&&k %checkerzZ ==
[|i'=08&&j!=0&&k!=0&&i%3==08&&)%3==08&&k % checkerZ ==
{
cells[i][j][k].pass = 10;
}
}
[/Pass 11

for (int | = 0; | < cellNumX; |++)

{
int checkerX =4 + (| * 3);

for (int m = 0; m < cellNumZ; m++)

{

int checkerZ =4 + (m * 3);

ifli==1&&j==0&&k==
|]i'=0&&i%checkerX==08&&j==08&&k==




|]j1=08&i==188[%3==08&&k==
|]i1=08&&j!=08&&i%checkerX==08&&j%3==0& k==
|] k1=08&&i==18&8&j==08&&k % checkerZ ==
|]j1=08&8&k!=08&8&i==18&8&j%3==0 &8 k % checkerZ ==

|]i!'=0&&k!=08&&i%checkerX ==0 && j==0 && k % checkerZ

[1i'=08&&j!=08&&k!=0&&i%checkerX==08& )% 3==08&&
k % checkerZ ==0)

cells[i][j][k].pass = 11;

//Pass 12
for (int | = 0; | < cellNumX; l++)
{

int checkerX =5 + (1 * 3);

for (int m = 0; m < cellNumZ; m++)

{

int checkerZ =4 + (m * 3);

if(i==28&&j==0&&k==
|]i'=0&&i%checkerX==08&&j==0&&k==
[1j'=08&8&i==28&j%3==08&8&k==1
[1i!=0&&j!=0&&i%checkerX==08&j%3==08&k==
[ k'=08&&i==28&&j==0&&k % checkerZ ==
[1j!=0&&k!=08&&i==2&&j%3 == 0 && k % checkerZ ==

|]i'=0&&k!=0&8&i%checkerX ==0 && j==0 && k % checkerZ

n
n
o




[1i!=0&&j!1=0&&k!=08&8&i%checkerX==08&&)%3==08&&
k % checkerZ == 0)

cells[i][jl[k].pass = 12;

//Pass 13
for (int | = 0; | < cellNumY; |++)

{
int checkerY =4+ (I * 3);

for (int m = 0; m < cellNumZ; m++)

{

int checkerZ =4+ (m * 3);

if(i==088&j==188&k==
|]i1=08&i%3==088&j==18&8&k==
[]j'=0&&i==08&8&j%checkerY == 0 && k ==
|]i1=08&8&!=08&8&i%3==0&& j% checkerY == 0 & k ==
] k1=088i==08&8j==18&8&k % checkerz ==

[|j'=0&&k!=0&8&i==0 && j% checkerY == 0 && k % checkerZ

[|11=0&&k!=0&&i%3==08&&j==18&& k% checkerZ ==

[|i'=0&&j!=0&&k!=0&&i% 3 ==08&8&j%checkerY ==0 &&
k % checkerZ ==0)

cells[i][j][k].pass = 13;




//Pass 14

for (int | = 0; | < cellNumX; l++)

{
int checkerX =4+ (| * 3);
for (int m = 0; m < cellNumY; m++)
{
int checkerY =4 + (m * 3);
for (int n = 0; n < cellNumZ; n++)
{
int checkerZ =4 + (n * 3);
if(i==18&&j==18&&k==
[1i!=0&8&i%checkerX==08&&j==1&&k==1
|]j'=08&&i==1&&j%checkerY==0&&k==
[]i!=0&&j!=0&&i%checkerX ==0 && j % checkerY ==
08&k==
[ k!1=0&&i==1&&j==1&&k % checkerZ ==
[|j'=08&&k!=08&&i==18&&j % checkerY==0&8&k %
checkerZ ==
[|i!=0&&k!=08&&i%checkerX==0&8&j==18&&k%
checkerZ ==

[1i!=0&&j!=08&&k != 0 &&i% checkerX == 0 && j %
checkerY == 0 && k % checkerZ == 0)

{
cells[i][jl[k].pass = 14;




//Pass 15

for (int | = 0; | < cellNumX; l++)

{
int checkerX =5+ (| * 3);
for (int m = 0; m < cellNumY; m++)
{
int checkerY =4 + (m * 3);
for (int n = 0; n < cellNumZ; n++)
{
int checkerZ =4 + (n * 3);
if(i==2&&j==18&k==
[1i!=0&8&i%checkerX==08&&j==1&&k==1
|1j'=08&&i==2&8&j%checkerY==0&&k==
[]i!=0&&j!=0&&i%checkerX ==0 && j % checkerY ==
08&k==
[l k!=0&&i==2&&j==1&&k % checkerZ ==
[|j!'=08&&k!=08&&i==28&&]j%checkerY==0&&k %
checkerZ ==
[|i!=0&&k!=08&&i%checkerX==0&8&j==18&&k%
checkerZ ==

[1i!=0&&j!=08&&k != 0 &&i% checkerX == 0 && j %
checkerY == 0 && k % checkerZ == 0)

{
cells[i][jl[k].pass = 15;




//Pass 16
for (int | = 0; | < cellNumY; I++)

{
int checkerY =5+ (I * 3);

for (int m = 0; m < cellNumZ; m++)

{

int checkerZ =4 + (m * 3);

if(i==08&8&j==28&& k==
|]1i1=088&1%3==08&&j==28&&k==
[]j1=08&8&i==08&E&j%checkerY == 0 && k ==
|]i1=08&&j!=08&&i%3 ==0&& j% checkerY==0& k==1
|| k!=0&&i==08&& j==2 && k % checkerZ == 0

[1j1=0&&Kk !=0&&i==0&&j%checkerY == 0 && k % checkerZ

[|i!1=08&&k!=08&&i%3==08&&j==28&8&k% checkerZ ==

[]i'=0&&j!1=0&&k!=08&&i%3==08&&|%checkerY==08&&
k % checkerZ == 0)

cells[i][j][k].pass = 16;

//Pass 17
for (int | = 0; | < cellNumX; l++)

{

int checkerX =4+ (I * 3);

for (int m = 0; m < cellNumY; m++)




int checkerY =5+ (m * 3);

for (int n = 0; n < cellNumZ; n++)

{

int checkerZ =4+ (n * 3);

if(i==18&j==28&& k==
|]i'=08&&i%checkerX==08&&j==28&&k==
[]j!=0&&i==1&8&j%checkerY==0&&k==

[]i!=0&&j!=0&&i%checkerX ==0 && j % checkerY ==

0&k==

|| k!1=0&&i==18&&|==2&&k % checkerZ ==

[]j'=0&&k!=0&&i==1&&j%checkerY==08&&k%
checkerZ ==

[|i1=08&&k!=0&8&i%checkerX==0&&j==2&8& k%
checkerZ ==

[1i!1=0&&j!=08&8&k!=0&&i% checkerX == 0 && j %
checkerY == 0 && k % checkerZ == 0)

{
cells[i][j][k].pass = 17;

//Pass 18
for (int | = 0; | < cellNumX; I++)

{

int checkerX =5 + (I * 3);

for (int m = 0; m < cellNumY; m++)




int checkerY =5+ (m * 3);

for (int n = 0; n < cellNumZ; n++)

{

int checkerZ =4+ (n * 3);

if(i==2&&j==28&& k==
|]i'=08&&i%checkerX==08&&j==28&&k==
|]j!=08&&i==28&8&j%checkerY==0&&k==

[]i!=0&&j!=0&&i%checkerX ==0 && j % checkerY ==

0&k==

|| k1=0&&i==28&&|==2&&k % checkerZ ==

[1j'=0&&k!=0&&i==2&& | %checkerY==08&&k%
checkerZ ==

[]i1=08&&k!=0&8&i%checkerX==0&&j==2&8& k%
checkerZ ==

[1i!1=0&&j!=08&8&k!=0&&i% checkerX == 0 && j %
checkerY == 0 && k % checkerZ == 0)

{
cells[i][j][k].pass = 18;

}
//MIDDLE 9 CELLS

//Back 9 CELLS
//Pass 19
for (int | = 0; | < cellNumZ; I++)
{
int checkerZ =5+ (1 * 3);




0)

if(i==08&R&j==08&&k==2
11i1=088&i%3==08&&j==08&8& k==2
|1j1=088&i==08&8&[%3==088& k==
1]1i1=08&)1=088&i%3==08&j%3==08&k==
|] k1= 0 &8 i==08&&j==08&& k % checkerZ ==
|]j1=08&8&k !=08&& i==08&8&j %3 == 0 && k % checkerZ ==
|]i1=08&&k =0 &&i% 3 ==0&& j == 0 && k % checkerZ ==

[|i!1=08&j!=0&&k!=08&&i% 3 ==08&8& %3 ==08&8&k % checkerZ ==

{
cells[i][jl[k].pass = 19;
}
}
//Pass 20

for (int | = 0; | < cellNumX; |+4)

i

int checkerX =4 + (| * 3);

for (int m =0; m < cellNumZ; m++)

{

int checkerZ =5+ (m * 3);

ifli==1&&j==08&&k==2
|]i'=0&&i%checkerX==08&&j==08&&k==
[1j!=08&8i==18&&]%3==08&&k==
[1i'=08&&j!=08&&i%checkerX==08&j%3==08&k==
[ k!=08&&i==18&&j==0&8&k % checkerZ ==
[1j!=08&8&k!=08&i==18&&]% 3 ==08&& k % checkerZ ==

|]i'=0&&k!=0&8&i%checkerX ==0 && j==0 && k % checkerZ




[1i!=0&&j!1=0&&k!=08&8&i%checkerX==08&&)%3==08&&
k % checkerZ == 0)

cells[i][jl [k].pass = 20;

//Pass 21
for (int | = 0; | < cellNumX; |++)

{
int checkerX =5+ (| * 3);

for (int m = 0; m < cellNumZ; m++)

{

int checkerZ =5+ (m * 3);

if(i==288&j==08&&k==
|]i!'=0&&i%checkerX==08&&j==08&&k==
[1j!=08&i==28&&]%3==08&&k==
[|11=0&&]j!=08&&i%checkerX==08&&]%3==08&k==
|| k!=08&8i==28&j==0&& k % checkerz ==
[|j!=0&&k!=0&& i==2&& j% 3 ==0&& k% checkerZ==0
|]i1=0&8&k!=0&E&i%checkerX==0&&j==0 && k % checkerZ

[|i'=0&&j!=0&&k!=0&&i%checkerX==08&& % 3==08&&
k % checkerZ ==0)

cells[i][j][k].pass = 21;




//Pass 22
for (int | = 0; | < cellNumY; I++)

{
int checkerY =4+ (| * 3);

for (int m = 0; m < cellNumZ; m++)

{

int checkerZ =5+ (m * 3);

ifli==08&8&j==18&k==
|]1i1=088&1%3==08&&j==18&8&k==
[]j1=08&8&i==08&E&j%checkerY == 0 && k ==
|]i1=08&&]!=08&8&i%3 == 0&& j % checkerY == 0 & k == 2
|| k!=0&&i==08&&j==18&& k% checkerZ == 0

[1j1=0&&Kk !=0&&i==0&&j%checkerY == 0 && k % checkerZ

[|i!1=08&&k!=08&&i%3==08&&]j==18&8& k% checkerZ ==

[]i'=0&&j!1=0&&k!=08&&i%3==08&8&|%checkerY==08&&
k % checkerZ == 0)

cells[i][j][k].pass = 22;

//Pass 23
for (int | = 0; | < cellNumX; l++)

{

int checkerX =4+ (I * 3);

for (int m = 0; m < cellNumY; m++)




int checkerY = 4 + (m * 3);

for (int n = 0; n < cellNumZ; n++)

{

int checkerZ =5+ (n * 3);

if(i==18&j==18&& k==
|]i'=08&8&i%checkerX==08&&j==18&&k==
[]j!=0&&i==1&8&j%checkerY==0&&k==

[]i!=0&&j!=0&&i%checkerX ==0 && j % checkerY ==

0&k==

|| k!1=0&&i==18&&j==18&&k % checkerZ ==

[]j'=0&&k!=0&&i==1&&j%checkerY==08&&k%
checkerZ ==

[]i1=08&&k!=0&8&i%checkerX==0&&j==1&&k%
checkerZ ==

[1i!1=0&&j!=08&8&k!=0&&i% checkerX == 0 && j %
checkerY == 0 && k % checkerZ == 0)

{
cells[i][j][k].pass = 23;

//Pass 24
for (int | = 0; | < cellNumX; I++)

{

int checkerX =5 + (I * 3);

for (int m = 0; m < cellNumY; m++)




int checkerY = 4

+(m * 3);

for (int n = 0; n < cellNumZ; n++)

{

int checkerZ =5+ (n * 3);

if (i == 2

0&k==

checkerZ ==

checkerZ ==

checkerY == 0 && k % checkerZ == 0)

{

//Pass 25
for (int | = 0; | < cellNumY; I++)
{
int checkerY =5+ (I * 3)

8&j==18&&k==
|]i'=08&8&i%checkerX==08&&j==18&&k==
|1j!=08&&i==2&8& % checkerY==0&& k==

[]i!=0&&j!=0&&i%checkerX ==0 && j % checkerY ==

|| k!=08&&i==2&&j==18&&k % checkerZ ==
[|j!'=08&&k!=08&&i==28&&j%checkerY==0&&k %

[]11!1=0&&k!=0&&i%checkerX==0&&j==1&&k%

[]11=08&]!=08&8&k I=0&&i% checkerX == 0 && | %

cells[i][j][k].pass = 24;

'

for (int m = 0; m < cellNumZ; m++)




int checkerZ =5+ (m * 3);

if (i== 0&8& j==2 && k ==
[111=08&1%3==08&&j==28&&k ==
[]]1=0&8&i==08&&]% checkerY == 0 && k ==
|]i1=08&8&]!=08&8i%3 ==0&& j% checkerY == 0 & k ==
|] k!=08&&i==08&S&j==2 &&k % checkerZ ==

[1j'=0&&k!=0&&i==0&& j% checkerY == 0 && k % checkerZ

[|i!1=0&&k!=0&&i%3==08&&]j==28&& k% checkerZ ==

[|11=08&j!1=0&&k!=08&&i%3==0&&]%checkerY==08&8&
k % checkerZ == 0)

cells[i][j](k].pass = 25;

//Pass 26

for (int | = 0; | < cellNumX; |+4)

i

int checkerX =4 + (| * 3);

for (int m =0; m < cellNumY; m++)

{

int checkerY =5+ (m * 3);

for (int n = 0; n < cellNumzZ; n++)

{

int checkerZ=5+(n * 3);




if(i==18&j==28&8&k==2
|]i!'=0&&i%checkerX==08&&j==28&&k==2
[1j!=08&%i==18&&% checkerY ==0 && k == 2

|]i'=0&&j!=08&&i% checkerX == 0 && j % checkerY ==

0&k==

|| k!1=0&&i==18&&|==2&&k % checkerZ ==

[1j'=08&&k!=0&&i==1&& | %checkerY==08&& k%
checkerZ ==

[]i'=08&&k!=0&&i%checkerX==0&&|j==2&&k%
checkerZ ==

[]i'=0&&j!=08&&k!=0&&i%checkerX==08&&|%
checkerY == 0 && k % checkerZ == 0)

{
cells[i][j][k].pass = 26;

//Pass 27

for (int | = 0; | < cellNumX; |++)

i

int checkerX =5 + (I * 3);

for (int m = 0; m < cellNumY; m++)

{

int checkerY =5+ (m * 3);

for (int n = 0; n < cellNumzZ; n++)

{

int checkerZ =5+ (n * 3);




if(i==28&j==28&8&k==2
|]i!'=08&&i%checkerX==08&&j==28&&k==2
[1j!=08&&i==28&&]% checkerY == 0 && k == 2

|]i'=0&&j!=08&&i% checkerX == 0 && j % checkerY ==

0&k==

|| k1=0&&i==28&&|==2&& k % checkerZ ==

[1j'=08&&k!=08&&i==2 && | % checkerY==0 && k%
checkerZ ==

[]i'=08&&k!=0&&i%checkerX==0&&j==2&&k%
checkerZ ==

[]i'=0&&j!=08&&k!=0&&i%checkerX==08&&|%
checkerY == 0 && k % checkerZ == 0)

{
cells[i][j][k].pass = 27;

1
//Back 9 CELLS

if (cells[i](jl1[k].pass < 0)

cout << "ERROR ASSIGNING A NUMBER TO THE CELL" << endl;

void UniformGrid::setObjectsInGrid()

{
//Loop for the number of objects
for (inti = 0; i < objCounter; i++)
{

bool objLoaded = false; //Used to store if an object has already been set




//Loop for the number of cells in the X
for (int j = 0; j < cellNumX; j++)
{
//Loop for the number of cells in the ¥
for (int k = 0; k < celINumY; k++)
{
//Loop for the number of cells in the Z
for (int | = 0; | < cellINumZ; 1++)

{

//Check if the object being looked at is in the cell being
looked at

if (object[i].x >= cells[j][k][I]].minX && object[i].x <=
cells[j][k][1].maxX)

if (object[il.y >= cells[jl[k][I].minY && object[i].y <=
cells[jl[k][!].maxY)

if (object[i].z >= cells[j][k][I].minZ &&
object[i].z <= cells[jl[k][I].maxZ)

//Check if the object has already
been added to another cell

if (lobjLoaded)
{

//Add the object variables
to the cell it's added to

cells[jl[k][l].object[cells[j][k][l].objCount].x = object][i].x;

cells[j][k][1].object[cells[j][k][].objCount].y = object[i].y;

cells[j][k][1].object[cells[j][k][I].objCount].z = object]i].z;




cells[jl[k][l].object[cells[j[k][l].objCount].r = object[i].r;

objLoaded = true; //Set
objLoaded to true

cells[j][k][l].objCount++;
//Increment the number of objects in that cell by 1

//Check if the cell's objAdded is false
if (!cells[j][k][I].objAdded)
{

cells[jl[k][l].objAdded = true; //Set the cell's objAdded to true

cellObjCount++;
//Increment the number of objects added to cells by 1

gCO = new gridsConObj[cellObjCount]; //Set the size of gCO

grid*** UniformGrid::getGrid()

{




return cells;

int UniformGrid::getCellNumX()
{

return cellNumX;

int UniformGrid::getCellNumY()

{

return cellNumY:

int UniformGrid::getCellNumZ()

{

return cellNumz;




HPC Report

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

85/100

Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11

PAGE 12

PAGE 13

PAGE 14

PAGE 15

PAGE 16

PAGE 17

PAGE 18




PAGE 19

PAGE 20

PAGE 21

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 27

PAGE 28

PAGE 29

PAGE 30

PAGE 31

PAGE 32

PAGE 33

PAGE 34

PAGE 35

PAGE 36

PAGE 37

PAGE 38

PAGE 39

PAGE 40

PAGE 41

PAGE 42

PAGE 43




PAGE 44

PAGE 45

PAGE 46

PAGE 47

PAGE 48

PAGE 49

PAGE 50

PAGE 51

PAGE 52

PAGE 53

PAGE 54

PAGE 55

PAGE 56

PAGE 57

PAGE 58

PAGE 59

PAGE 60

PAGE 61

PAGE 62

PAGE 63

PAGE 64

PAGE 65

PAGE 66

PAGE 67

PAGE 68




PAGE 69

PAGE 70

PAGE 71

PAGE 72

PAGE 73

PAGE 74

PAGE 75

PAGE 76

PAGE 77

PAGE 78

PAGE 79

PAGE 80

PAGE 81

PAGE 82

PAGE 83

PAGE 84

PAGE 85

PAGE 86

PAGE 87

PAGE 88

PAGE 89

PAGE 90

PAGE 91

PAGE 92

PAGE 93




PAGE 94

PAGE 95

PAGE 96

PAGE 97

PAGE 98

PAGE 99

PAGE 100

PAGE 101

PAGE 102

PAGE 103

PAGE 104

PAGE 105

GRADING FORM: SMU GENERIC_GJ

MATHEW WADE ALEX TAYLOR

84.50

RESEARCH-INFORMED LITERATURE

( )
f 68/80=85% Good refs. Relevant and appropriate.




Formatting of refs needs correcting in places. 6 5
Abstract needs to summarise results. =

KNOWLEDGE AND UNDERSTANDING

[

y‘ Some good work here. Excellent discussion. Various 1 2 5
approaches identified and relative -
strengths/weaknesses discussed.

ANALYSIS

[

y‘ GPU unexpectedly slower - why? Future work to 6 5
explore this, perhaps as mentioned in write-up. .

PRACTICAL APPLICATION AND DEP.

[

y‘ Implementation of GPU and CPU code. Very good. 56
Timings recorded - interesting results. Perhaps
memory organisation of GPU needs
reconsideration. Good evaluation of results and
discussion identifies overhead as a potential issue
but see comment above (apparent conflict).

SKILLS FOR PROFESSIONAL PRAC.

[

y‘ Structured report, refs used appropriately. 3
Formatting of refs needs correcting in places.
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