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CUDAFI U N AR EPRIRZAE . LR ERHIAL EATR /N
threadldx, blockldx
blockDim,gridDim

/

threadldx.x

threadld
blockldx.x
Grid
Block (0,0) Block (1,0) Block (2,0) gridDim.X:3
Block (0, 1) Block (1,1) NBlock (2, 1) grldDim-yzz
S T —
Y I blockldx.y|* blockDim.y + threadldx.y
——]
blockldx.y \
| blockldx.x|* blockDim.x + threadldx.x |
blockDim.x=4

blockDim.y=3 -

- Row blockIdx.y*blockDim.y + threadIdx.y
O IELE S Col = blockIdx.x*blockDim.x + threadIdx.x
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C/C++ FRTEFMBE

Row*Width+Col = 2%4+1=9 [
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PictureKernel JR{CHE

global  void PictureKernel (float* d Pin, float* d Pout,
int height, int width)

// Calculate the row # of the d Pin and d Pout element
int Row = blockIdx.y*blockDim.y + threadIdx.y;

// Calculate the column # of the d Pin and d Pout element
int Col = blockIdx.x*blockDim.x + threadIdx.x;

// each thread computes one element of d Pout if in range
if ((Row < height) && (Col < width)) {
d Pout[Row*width+Col] = 2.0*d Pin[Row*width+Col];
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PictureKernel =#14L53

/[ assume that the picture is m x n,

// m pixels in y dimension and n pixels in x dimension

// input d_Pin has been allocated on and copied to device
/[ output d_Pout has been allocated on device

dim3 DimGrid((n-1)/16 + 1, (m-1)/16+1, 1);
dim3 DimBlock(16, 16, 1);
PictureKernel<<<DimGrid,DimBlock>>>(d_Pin, d _Pout, m, n);
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16x16 block
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R

« XF (I, J) B ERIRER (rgb) :
grayPixel[l,J] = 0.21*r + 0.71*g + 0.07*b
— X9<[r,g,b],[0.21,0.71,0.07]>1#H1T =R F
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RGBE/GEIKEEISRAVFE RS

#define CHANNELS 3 . we have 3 channels corresponding to RGB
/7 The input image 1s encoded as unsigned characters [0, 255]
__global__ void colorConvert(unsigned char * grayImage,
unsigned char * rgbImage,
int width, int he

int X
int y

threadldx.x + blockIdx.x * blockDim.x;
threadldx.y + blockIdx.y * blockDim.y;

1f (X < width && y < height) {
/7 get 1D coordinate for the grayscale image
int grayOffset = y*width + Xx;
/7 one can think of the RGB image having
/7 CHANNEL times columns than the gray scale image
int rgbOffset = grayOffset*CHANNELS;
unsigned char r = rgbImage[rgbOffset 1; // red value for pixe
unsigned char g = rgbImage[rgbOffset + 21; // green value for pixel
unsigned char b = rgbImage[rgbOffset + 31; // blue value for pixel
/7 perform the rescaling and store it
/7 We multiply by floating point constants
grayImage[grayOffset] = 0.21f*r + 0.71f*g + 0.07f*b;
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#define CHANNELS 3 ./ we have 3 channels corresponding to RGB
/7 The 1nput image 1s encoded as unsigned characters [0, 255]
__global__ void colorConvert(unsigned char * graylImage,
unsigned char * rgbImage,
int width, int hei
int x
int y

threadldx.x + blockIdx.x * blockDim.x;
threadldx.y + blockIdx.y * blockDim.y;

1f (X < width & y < height) {
/7 get 1D coordinate for the grayscale image
int grayOffset = y*width + Xx;
/7 one can think of the RGB image having
/7 CHANNEL times columns than the gray scale image
int rgbOffset = grayOffset*CHANNELS;
unsigned char r rgbImage[rgbOffset 1; // red value for pixel
unsigned char g = rgbImage[rgbOffset + 1]; ./ green value for pixel

unsigned char b = rgbImage[rgbOffset + 21; // blue value for pixel
/7 perform the rescaling and store it

/7 We multiply by floating point constants
grayImage[grayOFfset] = 0.21f*r + 0.71f*g + 0.07f*Db;




#define CHANNELS 3 /. we have 3 channels corresponding to KGB
/7 The input image 1s encoded as unsigned characters [0, Z255]
__global__ void colorConvert(unsigned char * grayImage,
unsigned char * rgbImage,
int width, int he1
int x
int y

threadldx.x + blockIdx.x * blockDim.x;
threadldx.y + blockIdx.y * blockDim.y;

if (x < width & y < height) {
/7 get 1D coordinate for the grayscale image
int grayOffset = y*width + Xx;
/7 one can think of the RGB image having
/7 CHANNEL times columns than the gray scale image
int rgbOffset = grayOffset*CHANNELS;
unsigned char r rgbImage[rgbOffset 1; 7/ red value for pixel
unsigned char g = rgbImage[rgbOffset + 2]; ./ green value for pixel
unsigned char b = rgbImage[rgbOffset + 31; // blue value for pixel
/7 perform the rescaling and store it
/7 We multiply by floating point constants
grayImage[grayOffset] = 0.21f*r + @.71f*g + 0.07f*b;
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Blurring Box

Pixels
processed
by a
thread
block
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Blurring Box

T oY

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

[ -
b %
| o
7556



Image Blur as a 2D Kernel

__global__
void blurKernel(unsigned char * in, unsigned char * ol
int w, 1nt h)
{
int Col

blockIdx.x * blockDim.x + threadIdx.x;
int Row

blockIdx.y * blockDim.y + threadIdx.y;

1f (Col < w && Row < h) {

¥
¥

. // Rest of our kernel
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__global__

void blurKernel(unsigned char * 1in, unsigned char * out, int w, int h) {
int Col = blockIdx.x * blockDim.x + threadIldx.x;
int Row = blockIdx.y * blockDim.y + threadldx.y;

1f (Col < w &% Row < h) {
int pixVal = 0;
int pixels = 0;

// Get the average of the surrounding 2xBLUR_SIZE x 2xBLUR_SIZE box
for(int blurRow = -BLUR_SIZE; blurRow < BLUR_SIZE+1; ++blurRow) {
for(int blurCol = -BLUR_SIZE; blurCol < BLUR_SIZE+1; ++blurCol)

int curRow = Row + blurRow;

int curCol = Col + blurCol;

// Verify we have a valid image pixel

1f(curRow > -1 &&% curRow < h && curCol > -1 &% curCol < w) -
pixVal += in[curRow * w + curCol];
pixels++; // Keep track of number of pixels in the

accumulated total
hy
hy
hy

// Write our new pixel value out
out[Row * w + Col] = (unsigned char)(pixVal / pixels);

t&ﬁ&} 5

University of Electro and Technology wh




- SHRNEECE

» BEEIMK

=
=

. (SRR

- ZERAE

[ - Y
o
w@‘“
7956

=

{RALIE

ANl

ANl

25



N3 BFR

- % CUDA ARtza{alF)

execution resources )

— BERIERD A TR
- TR RIS EMRE!

- BHEEERE

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

[ - Y
o
w@‘“
7956

STl s

H1T7%E ( hardware



Block 0

Block 2

Block 4

Block 6

HEXT

Block 1

Block 3

Block 5

Block 7

R Io KT

«

Block 0
Block 2
Block 4
Block 6

Block 1
Block 3
Block 5
Block 7

Block 0 Block 1 Block2 Block 3

Block4 Block5 Block6 Block7

-EfthAE IR | B SAEREELUMEAIFAT

B AT LARBRT B RS 2 IR o Esa (b e

[ - Y
o
w@w‘
7956

RiZAY RAESHENFTILIESSR

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn




N L A TEAREIR

— RS RANE D Bce T S TS
- ERBEATFNERT 81 SM &% 8 MR
— Fermi SM %10 5§ 1536 &2
— AJLAR 256 (threads/block) * 6 blocks
— B 512 (threads/block) * 3 blocks Z5
—  SM &R thread/block idx X—&34
— SM ERAEZLENT

t0r1 2. Jdm

W&
) <
@‘n
7956

AR S 3

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn



=48 SIMD EEtHVon-NeumanntzEl

R Memory « >
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Processing Unit

File
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ANY QUESTIONS?
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