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iNntAEINDOEERZ1A40) AR 70455 L") Ak inc_seq.cu

#include
#include
#include
#include

#tdefine N

<stdio.h>
<stdlib.h>
<cuda.h>

<cuda_runtime.h>

(32)

__global  void inc(int *array, int len)

{

int i;
for (i

= 0; 1 < len;

array[i]++;
return;

}

i++)

int main(int argc, char *argv[])

{

int i;

int arrayH[N];
int *arrayD;
size t array size;

for (i=0@; i<N; i++) arrayH[i] = i;
printf(“input: “);
for (i=0; i<N; i++)

printf(“%d “, arrayH[i]);
printf(“\n”);

array _size = sizeof(int) * N;
cudaMalloc((void **)&arrayD, array_size);
cudaMemcpy(arrayD, arrayH, array size,
cudaMemcpyHostToDevice);
inc<<<1, 1>>>(arrayD, N);
cudaMemcpy(arrayH, arrayD, array size,
cudaMemcpyDeviceToHost);

printf(“output: “);
for (i=0; i<N; i++)

printf(“%d “, arrayH[i]);
printf(“\n”);
return 0;
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(—==--

I#define

— e e o o e o e e e e e e e e ey I

(#define
:#define

__global _ void matmul(float *A, float *B, float *C,

{

int

float sum;

(G Py
|

sum
for

}

C[i*n+j] = sum;

= blockIdx.x * blockDim.x + threadIdx.x;

L (BLOCKSIZE * 16) ' s .
M (BLOCKSIZE * 16) 1 < MEAR1EEDITIIZETH \
N (BLOCKSIZE * 16) | | > 16x167AVHIE DT ) yR%EiIH EIT

|

int 1, int m, int n)

i, 3, k;

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

= 0.0;
(k = 0; k < m; k++) {
sum += A[i * m + k] * B[k * n + j];
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7045 .L1) Xk matmul_mb.cu &Yk

int main(int argc, char *argv[])
{

float *Ad, *Bd, *Cd;

float *Ah, *Bh, *Ch;

struct timeval t1, t2;

// prepare matrix A

alloc_matrix(&Ah, &Ad, L, M);

init_matrix(Ah, L, M);

cudaMemcpy(Ad, Ah, sizeof(float) * L * M,
cudaMemcpyHostToDevice);

// do it again for matrix B

alloc_matrix(&Bh, &Bd, M, N);

init_matrix(Bh, M, N);

cudaMemcpy(Bd, Bh, sizeof(float) * M * N,
cudaMemcpyHostToDevice);

// allocate spaces for matrix C

alloc_matrix(&Ch, &Cd, L, N);

// launch matmul kernel

matmul<<<dim3(N / BLOCKSIZE, L / BLOCKSIZE),
dim3(BLOCKSIZE, BLOCKSIZE)>>>(Ad, Bd, Cd, L, M, N);

return 0;
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CUDA Programming Guide, Chapter 6V

__global  void Muld(float* A, float* B,
int wA, int wB, float* C)

{

// Block index

int bx = blockIdx.x;

int by = blockIdx.y;

// Thread index

int tx = threadldx.x;

int ty = threadIdx.y;

// Index of the first sub-matrix of A

// processed by the block

int aBegin = wA * BLOCK SIZE * by;

// Index of the last sub-matrix of A

// processed by the block

int aEnd = aBegin + wA - 1;
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// Step size used to iterate through
// the sub-matrices of A

int aStep = BLOCK SIZE;

// Index of the first sub-matrix of B
// processed by the block

int bBegin = BLOCK SIZE * bx;

// Step size used to iterate through the
// sub-matrices of B

int bStep = BLOCK SIZE * wB;

// The element of the block sub-matrix
// that is computed by the thread
float Csub = ©;




175135 (B AEURR)

// Loop over all the sub-matrices of A and B
// required to compute the block sub-matrix
for (int a = aBegin, b = bBegin; a <= aEnd;
a += aStep, b += bStep) {
// Shared memory for the sub-matrix of A
__shared_ float As[BLOCK SIZE][BLOCK SIZE];
// Shared memory for the sub-matrix of B
__shared  float Bs[BLOCK SIZE][BLOCK SIZE];
// Load the matrices from global memory to
// shared memory;

// each thread loads one element of each matrix
As[ty][tx] = A[la + wA * ty + tx];

Bs[ty][tx] = B[b + wB * ty + tx];

// Synchronize to make sure the matrices are loaded
__syncthreads();




175018 (FXB/AEYRR)

// Multiply the two matrices together;

// each thread computes one element

// of the block sub-matrix

for (int k = @; k < BLOCK _SIZE; ++k)
Csub += As[ty][k] * Bs[k][tx];
// Synchronize to make sure that the preceding
// computation is done before loading two new
// sub-matrices of A and B in the next iteration
__syncthreads();

¥

// Write the block sub-matrix to global memory;
// each thread writes one element

int ¢ = wB * BLOCK SIZE * by + BLOCK SIZE * bx;
C[c + wB * ty + tx] = Csub;

}
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// FIFAGPUEI D15 %E (TSUBAME TIX &K 3)
omp_set _num_threads(3);
#pragma omp parallel

{
// ZDTOyINIFomp_set num threads TIHEEINT=AL YR T HIEST

// FIFAGPUE B ZOpenMPAL YR EENSERTE
cudaSetDevice(omp get thread num());
// AEVEIYETEDHAEL
cudaMalloc(..); ..;
for (int 1 = @; i < MAX_ITER; i++) {
// YAMEIZ3GPUTHE]
jacobi kernel<<<dim3(NX/16, NY/16/3), dim3(16,16)>>>(..);
/] 1I\WITFDEYEZ
}
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for (int i = @; 1 < MAX_ITER; i++) {
jacobi_kernel<<<dim3(NX/16, NY/16/3), dim3(16,16)>>>(..);
// YERARDHDHE
GPU(i-1)BEANE T HIERARNIOE—
GPU(i+1)EANE T FIERARNIOE—
/] EAULYRHRAMIOE—T HFETHD

#pragma omp barrier
GPU(i+1)BEDT—F%GPU iFEDAE!(ZOE—
GPU(i-1)FEDT—F%GPU iFEDAE!(ZOE—
INVITTDYIYEZ

}
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$ nvcc -c test.cu -Xcompiler -fopenmp
$ nvcc test.o test -1lgomp
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* NVIDIA CUDA-GDB Manuald&V

e

L T—:
— Y27 )ILT 045 5L bitreverse.cu

__global  void bitreverse(unsigned *data) {

extern _ shared  int array[];

array[threadldx.x] = data[threadIdx.x];

array[threadIdx.x] = ((@xfofofefe & array[threadIdx.x]) >> 4) |
((oxofefofof & array[threadIldx.x]) << 4);

array[threadIdx.x] = ((@xcccccccc & array[threadIdx.x]) >> 2) |
((0x33333333 & array[threadIdx.x]) << 2);

array[threadIdx.x] = ((@xaaaaaaaa & array[threadIdx.x]) >> 1) |
((0x55555555 & array[threadIdx.x]) << 1);

data[threadIdx.x] = array[threadIdx.x];
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e nvcc 2 —-g-GATLavhhE
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$ nvcc -g -G bitreverse.cu -o bitreverse
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« 2770455 L% cuda-gdb AW URIZKYUEE)

—BED gdb DEIICETHDTOATSLIZTEIVFIT B
ElERYR—

$ cuda-gdb ./bitreverse

NVIDIA (R) CUDA Debugger

3.1 beta release

Portions Copyright (C) 2008,2009,2010 NVIDIA Corporation
GNU gdb 6.6

Copyright (C) 2006 Free Software Foundation, Inc.

This GDB was configured as "x86_64-unknown-linux-gnu"...
Using host libthread db library "/1lib64/libthread _db.so.1".
(cuda-gdb)
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« JLAORAUE
- T\ HRTAT S LDEEDISGFT (1T, G E)
- AT SLDEITHIVAIORAVNZELET HEZTD
FFR C—HETZEL
— breaka <> FZF|
o DAYFRAVMEKRYHR—k

(cuda-gdb) break main

Breakpoint 1 at 0x400dbo: file bitreverse.cu, line 25.
(cuda-gdb) break bitreverse

Breakpoint 2 at 0x40204f: file bitreverse.cu, line 8.

(cuda-gdb) break 29
Breakpoint 3 at 0x40205b: file bitreverse.cu, line 29.
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e run AV KRIZKYZEITRHIR

(cuda-gdb) run

Starting program: /home@/usr@/maruyama-n-aa/gpgpu-lecture/
code/bitreverse/bitreverse

[ Thread debugging using libthread db enabled]

[New process 2740]

[New Thread 47701781626496 (LWP 2740)]

[Switching to Thread 47701781626496 (LWP 2740)]

Breakpoint 1, main () at bitreverse.cu:21
21 unsighed *d = NULL; int 1i;
(cuda-gdb)
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(cuda-gdb) c

Continuing.

[Launch of CUDA Kernel @ on Device 0]

[Switching to CUDA Kernel 0 (<<<(0,0),(0,0,0)>>>)]

Breakpoint 2, bitreverse <<<(1,1),(256,1,1)>>>
(data=0x5100000)

at bitreverse.cu:10
10 array|[threadIdx.x] = data[threadIdx.x];

(cuda-gdb)
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(cuda-gdb) info cuda threads
<<(0,0),(0,0,0)>>> ... <<<(0,0),(255,0,0)>>> bitreverse
<<<(1,1),(256,1,1)>>> (data=0x5100000) at bitreverse.cu:10
(cuda-gdb) bt
#0 bitreverse <<<(1,1),(256,1,1)>>> (data=0x5100000) at bitreverse.cu:10
(cuda-gdb) thread
[Current thread is 2 (Thread 47984931774080 (LWP 3031))]
(cuda-gdb) thread 2
[Switching to thread 2 (Thread 47984931774080 (LWP 3031)) |#0
0Xx0000000000402289 in main () at bitreverse.cu:30
30 bitreverse<<<1l, N, N*sizeof(int)>>>(d);
(cuda-gdb) bt
#0 0x0000000000402289 in main () at bitreverse.cu:30
(cuda-gdb) info cuda kernels
* @ Device © bitreverse <<«<(1,1),(256,1,1)>>> (data=0x5100000)
at bitreverse.cu:10
(cuda-gdb) cuda kernel ©
[Switching to CUDA Kernel 0 (<<<(0,0),(0,0,0)>>>)]#0 bitreverse <<<(1,1),
(256,1,1)>>> (data=0x5100000) at bitreverse.cu:10
10 array[threadIldx.x] = data[threadIdx.x];
(cuda-gdb) bt
#0 bitreverse <«<<(1,1),(256,1,1)>>> (data=0x5100000) at bitreverse.cu:10
(cuda-gdb)
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e print AR
— ZHOAE)DEDEK R
— HBFATYELRTATEE
e infoaA< K
— info cuda system 2 /—F&KDIEHER T
— info cuda device 2 FRARDIBEHERT
— info cuda sm 2 SMTEFHOT—TDIERERT

— info cuda warp 2 RLYRFAN—S1oREEERT
— FMD1tht,, CUDA GDB ManualZ S8
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e set cuda memcheck on
— JO0—NI)LAEYICET BT IR EREHRH
— cuda-memcheck A< >R+ FI A gE

$ vi bitreverse.cu // insert an invalid memory access bug
$ nvcc -g -G bitreverse.cu -o bitreverse
$ cuda-memcheck ./bitreverse

========= Invalid read of size 4

=== at Ox000000a0 in bitreverse.cu:8:bitreverse
========= by thread (0,0,0) in block (0,0)

========= Address 0x4050ffffc is out of bounds

========= ERROR SUMMARY: 1 error
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CPURL YR D FFE

— CNFETIHIGPUBHZYIARAL YR ILE

e B—GPUOVTIXRMEEMAL YRS

e C++ new/delete

« {SAPTIXT TS
e Thursto1 7S DHE
s MMETFLAZEM

e GPUDirectv2.0
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#include <thrust/host_vector.h>
#include <thrust/device_vector.h>
#include <iostream>

int main(void) {

}

// H has storage for 4 integers
thrust::host_vector<int> H(4);
// initialize individual elements
H[O] = 14; H[1] = 20; H[2] = 38; HI[3] = 46;
// H.size() returns the size of vector H
std::cout << "H has size " << H.size() << std::endl;
for(inti=0; i< H.size(); i++)

std::cout << "H[" << i<< "] =" << H[i] << std::endl;
// resize H
H.resize(2);
std::cout << "H now has size " << H.size() << std::endl;
// Copy host_vector H to device vector D
thrust::device_vector<int>D = H;
// elements of D can be modified
D[0] = 99;
for(inti=0; i< D.size(); i++)

std::cout << "D[" << i<< "] =" << D[i] << std::endl;
// H and D are automatically deleted when the function returns

http://code.google.com/p/thrust/wiki/QuickStartGuide
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/—FRDEFHGPURITERE cudaMemcpy HYFAIEE
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— 4REH 2 EE
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— TsubameTIlL/—KRAN3GPUZF2DDPCle R A TF THEdn

— 3GPURSI TILGPUDIirectBI{EE T (?)
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— MPI_Send|Z& > TCGPUE D T—AZ B EERXIETE

— MPISA 7S AEY]IZ3E — (GPUDirect AN FI| AT BEAT 15
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