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 Declspecs

— global, device,
shared, local,
constant

 Keywords

— threadldx, blockldx
* Intrinsics

— __syncthreads

e Runtime API

— Memory, symbol,
execution
management

sach, sdMRGtionJaunch

device float filter[N];

}

global  void convolve (float *image)

__shared  float region[M];

region[threadIdx] = imagel[i];

__syncthreads ()

image[]] = result;

// Allocate GPU memory
void *myimage = cudaMalloc (bytes)

// 100 blocks,
convolve<<<100,

10 threads per block
10>>> (myimage) ;

{



Integrated source
(foo.cu)

cudacc

EDG C/C++ frontend
Open64 Global Optimizer

GPU Assembly

foo.s

OCG

G80 SASS

foo.sass
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CPU Host Code
foo.cpp

gcc / cl
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CUDAX&ZNA: HME

H—/RALI T

— 1%/5 per-thread registers

— 1%/% per-thread local memory
— 1%/5 per-block shared memory
— 3%/5 per-grid global memory

— 1%/5 only per-grid constant

memory

— R per-grid texture memory

m CPU £ AL R At 32/
5 global, constant,
AR texture i &
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CUDA - API
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o FIECUDAR 48 5 2R 5
o HHRAAKELHALT

20 e pedet i

— BT BHTFK int height:

— width * height ™~T % int pitch:

— pitch X B 4E[F 2 5 — AN 4E[F float* elements;
0T I% 7 A & 3L } Matrix;

— BB E G HE, TR
elements
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CUDAX &89 N &4 B
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BLOCK SIZE = 64;
Matrix Md

int size = BLOCK_SIZE * BLOCK_SIZE * sizeof(float);

cudaMalloc((void**)&Md.elements, size);
cudaFree(Md.elements);
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CUDA #Host-Device# &% #

« cudaMemcpy() (Device) Grid
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o PIAZ
— B —/~ 64 * 64 FH B F L HA
- MEE4%; MAZGPUR & W

— cudaMemcpyHostToDevice 5
cudaMemcpyDeviceToHost3) 5 F i & #

cudaMemcpy(Md.elements, M.elements, size,
cudaMemcpyHostToDevice);

cudaMemcpy(M.elements, Md.elements, size,
cudaMemcpyDeviceToHost);
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Executed on | Only callable
the: from the:
~_device  float DeviceFunc () device device
~_global  wvoid KernelFunc () device host
~_host = float HostFunc() host host

« _ global = {4
— RHGREMA LN A void

« device. 5 host T AR EAE
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- BidIMSTECE (execution configuration) 8 R 4%
__global  void KernelFunc(...);

dim3 DimGrid(100, 50); // 5000 thread blocks

dim3 DimBlock(4, 8, 8); // 256 threads per block

size _t SharedMemBytes = 64; // 64 bytes of shared memory
KernelFunc<<< DimGrid, DimBlock, SharedMemBytes >>>(...);

© TABRHBEARARSF Y, mREREE, F
£ 2 KR
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// Allocate the device memory where we will copy M to
Matrix Md;

Md.width = WIDTH;
Md.height = WIDTH;
Md.pitch = WIDTH;

int size = WIDTH * WIDTH * sizeof (float):;
cudaMalloc ( (void**) &Md.elements, size);

// Copy M from the host to the device

cudaMemcpy (Md.elements, M.elements, size,
cudaMemcpyHostToDevice) ;

// Read M from the device to the host into P

cudaMemcpy (P.elements, Md.elements, size,
cudaMemcpyDeviceToHost) ;

// Free device memory
cudaFree (Md.elements) ;
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/| Matrix multiplication on the (CPU) host in double precision
/[ for simplicity, we will assume that all dimensions are equal

void MatrixMulOnHost(const Matrix M, const Matrix N, Matrix P)
{
for (inti = 0; i < M.height; ++i)
for (intj = 0; j < N.width; ++)) {
double sum = 0;
for (int k = 0; k < M.width; ++k) {
double a = M.elements][i * M.width + K];
double b = N.elements[k * N.width + j];
sum +=a * b;
}

P.elements[i * N.width + j] = sum;

}
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int main(void) {
// Allocate and initialize the matrices
Matrix M = AllocateMatrix(WIDTH, WIDTH, 1);

Matrix N = AllocateMatrix(WIDTH, WIDTH, 1);
Matrix P = AllocateMatrix(WIDTH, WIDTH, 0);

/I M * N on the device
MatrixMulOnDevice(M, N, P);

// Free matrices
FreeMatrix(M);
FreeMatrix(N);
FreeMatrix(P);

return O;

}
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// Matrix multiplication on the device
void MatrixMulOnDevice(const Matrix M, const Matrix N, Matrix P)

{
// Load M and N to the device

Matrix Md = AllocateDeviceMatrix(M);
CopyToDeviceMatrix(Md, M);
Matrix Nd = AllocateDeviceMatrix(N);
CopyToDeviceMatrix(Nd, N);

// Allocate P on the device

Matrix Pd = AllocateDeviceMatrix(P);
CopyToDeviceMatrix(Pd, P); // Clear memory
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/I Setup the execution configuration
dim3 dimBlock(WIDTH, WIDTH);
dim3 dimGrid(1, 1);

// Launch the device computation threads!
MatrixMulKernel<<<dimGrid, dimBlock>>>(Md, Nd, Pd);

// Read P from the device
CopyFromDeviceMatrix(P, Pd);

// Free device matrices
FreeDeviceMatrix(Md);
FreeDeviceMatrix(Nd);
FreeDeviceMatrix(Pd);

}
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/[ Matrix multiplication kernel — thread specification
__global__ void MatrixMulKernel(Matrix M, Matrix N, Matrix P)
{

/I 2D Thread ID

int tx = threadldx.x;

Int ty = threadldx.y;

// Pvalue is used to store the element of the matrix

// that is computed by the thread
float Pvalue = 0O;
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for (int k = 0; k < M.width; ++k)
!

float Melement = M.elements[ty * M.pitch + k];

float Nelement = Nd.elements[k * N.pitch + tx];

Pvalue += Melement * Nelement;

;

// Write the matrix to device memory;
// each thread writes one element
P.elements|ty * P.pitch + tx] = Pvalue;
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// Allocate a device matrix of same size as M.
Matrix AllocateDeviceMatrix(const Matrix M)
{
Matrix Mdevice = M;
int size = M.width * M.height * sizeof(float);
cudaMalloc((void**)&Mdevice.elements, size);
return Mdevice;

}

I/ Free a device matrix.
void FreeDeviceMatrix(Matrix M) {
cudaFree(M.elements);

}

void FreeMatrix(Matrix M) {
free(M.elements);

}
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/| Copy a host matrix to a device matrix.
void CopyToDeviceMatrix(Matrix Mdevice, const Matrix Mhost)
{
int size = Mhost.width * Mhost.height * sizeof{float);
cudaMemcpy(Mdevice.elements, Mhost.elements, size,
cudaMemcpyHostToDevice);
J

/| Copy a device matrix to a host matrix.
void CopyFromDeviceMatrix(Matrix Mhost, const Matrix Mdevice)

{

int size = Mdevice.width * Mdevice.height * sizeof(float);
cudaMemcpy(Mhost.elements, Mdevice.elements, size,
cudaMemcpyDeviceToHost);
}
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* Have each 2D thread block to
compute a (BLOCK WIDTH)? sub-
matrix (tile) of the result matrix

— Each has (BLOCK_WIDTH)2 threads

« Generate a 2D Grid of
(WIDTH/BLOCK_WIDTH)?2 blocks

You still need to put a
loop around the kernel
call for cases where

WIDTH is greater than

Max grid size!
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