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GPGPU Shader API-val
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Texturak

Geometria: ,,haromszogek”
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Jeljes képernyos” téglalap (CPU):

cVtx, GL STATIC DRAW) ;
glDrawArrays (GL TRIANGLE FAN, 0, 4);

float cvVtx[] = {(-1,-1, 1,-1, 1,1, -1, 1};
glBufferData (GL_ARRAY BUFFER, sizeof (cVtx),

Vertex shader

layout (location = 0) in vec2 cVertex;
out vec2 uv;

void main () {
gl Position = vec4 (cVertex, 0, 1);

Input
data

uv = (cVertex + wvec2(l, 1)) / 2;
}

-)L Fragment shader

uniform sampler2D inputData;
in vec2 uv;_’_-’

Melyik
kimeneti
tombelemet
szamitjuk

out vecd result;

void main () {

result = F(uv, bemAdat); =———s—
}

SIMD, I.e. vektorprocesszalas

Result
array




Konvolucio
képfeldolgozasban

uniform sampler2D textureUnit;
uniform int halfFiltSize;

uniform float xres, yres; A
e

in vec2 uv; v=0..1 Y :R%

out vec4 outColor; yres 1 2,2
w(x,y) = 53 e_%_é:

void main () {
outColor = vecd4 (0, 0, 0, 0);
for(int X = -halfFiltSize; X <= halfFiltSize; X++) {
for(int Y = -halfFiltSize; Y <= halfFiltSize; Y++) {
float w FilterKernel (X, Y);
vec2 duv = vec2(X/xres, Y/yres);
outColor += texture (textureUnit, uv + duv) * w;

v N I I S I
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Mélységélesség 2
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Isosurface ray casting
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Isosurface ray casting

eye

p=lat+ Xri+Yup

X, Y in[-1,1]

Egység kocka 3D textiraval



uniform sampler3D vol;

uniform float isolevel, R, dt; F)' | r] (j

uniform vec3 eye, lat, ri, up; IXe S a er
D
>—1

uniform vec3 L, Lin, kd, background;
ti.Xx—>10.X

0

in vec2 uv;
out vec4d color;

void main() {
vec3 p = lat+ri* (2*uv.x-1)+up* (2*uv.
vec3 dir = normalize (p—eye) ;
vec3 t0 = (vec3(0,0,0)-eye) /dir, t1l = (vec3(1l,1,1)-eye)/dir;
vec3 ti = min(t0, tl), to = max(t0, tl);
float en=max(max(ti.x,ti.y),ti.z), ex=min(min(to.x,to.y),h to.z);
color = background;
vec3 dx=vec3(1/R,0,0), dy=vec3(0,1/R,0), dz=vec3(0,0,1/R);
for(float t = en; t < ex; t += dt) {
vec3 q = eye + dir * t;
if (texture(vol, q) .x > isolevel) ({
vec3 N = vec3(texture(vol, g+dx) - texture(vol, g-dx),
texture (vol, g+dy) - texture(vol, g-dy),
texture (vol, g+dz) - texture(vol, gq-dz));
color = lightint * kd * max(dot(L, normalize(N)), O0);
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Kernel program:

Multiprocessor N

Multiprocessor 2

Threads

Multiprocessor 1

Shared
block, block, memory

- SIMD
Warpl Warpl execution

SIMD



http://en.wikipedia.org/wiki/File:Kette_und_Schu%C3%9F.jpg

Két N elemU vektor osszeadasa

#include <cuda.h> A GPU-n fut, de a CPU-rol is hivhato |

——\

__global__void AddVectorGPU( float *C, float *A, float *B, int N ) {
int i = blockDim.x * blockIdx.x + threadIdx.x; // szalazonosit

if (i < N) C[i] = A[i] + B[il; \
b

const int N = 100000; [F,. .. gridDim.x-1 [ 0...... blockDim.x-1 |
const int Nb = N * sizeof(float);

float Ccpu[N], Acpu[N], Bcpu[N]; // adat a CPU-n

int main () { // CPU-n fut
... // Acpu és Bcpu tombok feltoltése
float *Agpu, *Bgpu, *Cgpu; // GPU cimtartomanyba mutatd pointerek
cudaMalloc(&Agpu, Nb); cudaMalloc(&Bgpu, Nb); cudaMalloc(&Cgpu, Nb);
cudaMemcpy(Agpu, Acpu, Nb, cudaMemcpyHostToDevice);
cudaMemcpy(Bgpu, Bcpu, Nb, cudaMemcpyHostToDevice);

int blockDim = 256; // #threads egy blokkban: 128, 256, 512
int gridDim = (N + blockDim — 1) / blockDim; // #blocks

AddVectorGPU<<<gridDim, blockDim>>>(Cgpu, Agpu, Bgpu, N):

cudaMemcpy(Ccpu, Cgpu, Nb, cudaMemcpyDeviceToHost);
cudaFree(Agpu); cudaFree(Bgpu); cudaFree(Cgpu);
... // A Ccpu hasznalata

b




Hboaramlas, diffuzio

Energia aram Nett6 energiavaltozas
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Hoaramot a homerseklet
kulonbseg hozza letre
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Kifejezve az uj iddpillanatra (7(x, y, t+A4f)):

I(x, y, t+40) = T(x, y, ) + g

I(x+Ax, y, 0)-21(x, y, t)+T(x—Ax, y, t)




__globa 8 2T a 2T 8 2T

void Diff{———-t* Told, float AT =( ~+— |- Al
8)( t g, float dx, aX @y
int x = Idx.x, y = bl
int p = [/*N+X, left=p-(x>0), right=p+(x<N), up=p+(y down=p-(y>0) * N;

float dTx2 = (Told[right] — 2 * Told[p] + Told[left]) / (
float dTy2 = (Told[up] — 2 * Told[p] + Told[down])) /
Tnew[p] = (boundary[p]==0) ? Told[p] + g * (dTx2

}

dTy2) * dt : Told[p];

const int N = 512, Nb = N*N*sizeof(float); // humber of bytes
float Tcpu[N*N] = /*initial+boundary condition*/ , Bcpu[N*N] = /*1-0 mask*/

int main () { m

float *Tgpul, *Tgpu2, *Bgpu; // GPU cimtartomany
const float g = 3, dx=1, dy=1, dt = 0.1, tend=10;

cudaMalloc(&Tgpul, Nb); cudaMemcpy(Tgpul, Tcpu, Nb, cudaMemcpyHostToDevice);

cudaMalloc(&Tgpu2, Nb);

cudaMalloc(&Bgpu, Nb); cudaMemcpy(Bgpu, Bcpu, Nb, cudaMemcpyHostToDevice);

for(floatt=0; t < tend; t += dt) {
Diffuse<<<N, N>>>(Tgpul, Tgpu2, Bgpu, g, dx, dy, dt, N); // Ping
Diffuse<<<N, N>>>(Tgpu2, Tgpul, Bgpu, g, dx, dy, dt, N); // Pong
>

cudaMemcpy(Tcpu, Tgpul, nb, cudaMemcpyDeviceToHost);
cudaFree(Tgpul); cudaFree(Tgpu2);



Mikor |67

» Parhuzamos algoritmus (>10k szal).
= A problema elemzesevel kezdodik!

= Gy(jtd tipusu algoritmus (nincsenek irasi
memoriautkozesek)

= Kevés feltételes utasitas (thread divergencia)

= Adatlokalitas

= Szamitasintenziv



Tudomanyos, mernoki szamitasok

|d6 és tervaltozok szerinti
differencialok/integralok:
Parcialis diff egyenletek




Numerikus megoldas

— Ter-ido differencial egyenletek

— Ido és térkoordinatak diszkretizalasa (véges elem)
— Ido: diszkrét ido vagy diszkréet esemeény

— Ter: Lagrange-i megkozelités

Mozgo részecskek

Tér mintavételezése
rogzitett racson
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Euler-i folyadék
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Lagrange-i modszer: Reszecske
rendszer, N-body
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Lagrange-i modszer:
SPH: Smoothed Particle Hidrodynamics



Folyadekaramlas:
Szivbillentyu tervezes



Inverz problemak:
Pozitron emisszios tomografia

Line Of Response
(LOR)




PET
rekonstrukcio

Aktivitas
voxelekben
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Voxel, LOR szam: tobb szazmillié
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Geometria rekonstrukcioja
melysegkepekbol (Klnect)




Melységkep javitas



Free viewpoint video



