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__host__ _ device__ float CND(float d)
{
float K = 1.0f /7 (1.0f + 0.2316419f * fabsf(d));
float CND = RSQRT2P1 * expf(- 0.5F * d * d) *
(K> (AL + K* (A2 + K* (A3 + K* (A4 + K * A5)))));
if(d > 0)
CND = 1.0F - CND;
return CND;
}
+float
. 2
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r* */
float *hOptPrice, *hOptStrike, *hOptYear;
hOptPrice = (float *) malloc(sizeof(Float*N);
hOptStrike = (float *) malloc(sizeof(float*N);

hOptYear =

/* cudaMalloc GPU
float *dOptPrice,
cudaMalloc( (void
cudaMalloc( (void
cudaMalloc( (void

(float *) malloc(sizeof(float*N);

*/
*dOptStrike, *dOptYear;
**3) &dOptPrice, sizeof(float)*N);
**) &dOptStrike, sizeof(float)*N);
**) &dOptYear , sizeof(float)*N);

I/ hOptPrice hOptStrike hOptYear */
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*
cudaMemcpy (target, source, size, direction)*/
cudaMemcpy (dOptPrice, hOptPrice, sizeof(float)*N,
cudaMemcpyHostToDevice);
cudaMemcpy (dOptStrike, hOptStrike, sizeof(float)*N,
cudaMemcpyHostToDevice);
cudaMemcpy (dOptYears, hOptYears, sizeof(float)*N,
cudaMemcpyHostToDevice);

I GPU
<<< , >>>*/
BlackScholesGPU<<<128, 256>>>(
dCallResult, dPutResult,
dOptionStrike, dOptionPrice, dOptionYears,
RISKFREE, VOLATILITY, OPT_N);

© NVIDIA Corporation 2008 9
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/*
cudaMemcpy(target, source, size, direction)*/
cudaMemcpy (hCallResult , dCallResult , sizeof(float)*N,
cudaMemcpyDeviceToHost) ;
cudaMemcpy (hPutResult , dPutResult , sizeof(float)*N,
cudaMemcpyDeviceToHost) ;

/* CPU */
BlackScholesCPU(.....);

I */
I */
free( hOptPrice);
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BlackScholesGPU <
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OptN ?
= 65,536 1 =512
OptN  33M

__global__ void BlackScholes (float *..., int OptN)

const int tid = blockDim.x * blockldx.x + threadldx.x;
const int THREAD_N = blockDim.x * gridDim.x;

for(int opt = tid; opt < OptN; opt += THREAD_N)
BlackScholesBody(
d_CallResult[opt], d_PutResult[opt], d_OptionPrice[opt],
d_OptionStrike[opt],d_OptionYears[opt], Riskfree,Volatility );

——— e COPMN. ——
tid tid+ THREAD_N
|
' T

[ | | ooe Il [ | | e+« T

THREAD M=BlockDim.x"gridDim.x
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- BlackScholes.cu

nvcc —03 —o BlackScholes BlacScholes.cu \\
-1../../common/inc/ -L ../../1lib/ -lcutil -IGL —-Iglut

- : BlackScholes

(1,000,000 )
GPU - 10.496000

GPU GPU  :0.893000

GPU - 15.471000

CPU CPU :454.683990

L1 1 5.984729E-08 1 1.525879E-05
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o cudaMalloc cudaMallocHost
< cudaFree cudaFreeHost

I* malloc

*l

i e

cudaMallocHost ((void **) &h_CallResultGPU, OPT_SZ);

I* free

cudaFreeHost(h_Cal IResultGPU);
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” BlackScholesPinned.cu

nvcc —03 —o BlackScholesPinned BlacScholesPinned.cu\\
-1../../common/inc/ -L ../../lib/ -lcutil -IGL —-Iglut

( )

] : BlackScholesPinned
1,000,000
GPU 1 3.714000 10.4

GPU GPU :0.893000

GPU :2.607000 154

CPU CPU :454.683990

L1 1 5.984729E-08 1 1.525879E-05
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% MATLAB
% An Introduction to Financial Option Valuation: Mathematics, Stochastics
% and Computation D. Higham

S=2; E=1; r = 0.05; sigma = 0.25; T = 3; M = 1e6;
Svals = S*exp((r-0.5*sigman2)*T +
sigma*sqrt(T)*randn(M,1));

Pvals = exp(-r*T)*max(Svals-E,0Q0);

Pmean = mean(Pvals)

width 1.96*std(Pvals)/sqrt(M);

conf = [Pmean - width, Pmean + width]
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i. N :N=128
iii.
iv.
CMT
GPU CUDA SDK v1.1 MonteCarloMultiGPU
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RNG
DCMT

RandomGPU<<<32,128>>>( d_Random, N_PER_RNG, seed);

32 =128

Tesla C870
80 2
1 25
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BoxMul lerGPU<<<32,128>>>( d_Random, N_PER_RNG, seed);

Tesla C870 GPU
120 2

#define Pl 3.14159265358979323846264338327950288F
__device__ void BoxMuller(float& ul, float& u2){
float r = sqrtf(-2.0F * logf(ul));
float phi = 2 * PI * u2;

ul = r * cosf(phi);
u2 = r * sinf(phi);
}
. Beasley-Springer-Moro
© NVIDIA Corporation 2008 21
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void MonteCarloGPU(d_Random,...)
{
// 64>=<256 16,384
MonteCarloKernelGPU<<<64, 256, 0>>>(d_Random);

1

cudaMemcpy(h_Sum, d_Sum, ACCUM_SZ, cudaMemcpyDeviceToHost) ;
cudaMemcpy(h_Sum2, d_Sum2, ACCUM_SZ, cudaMemcpyDeviceToHost) ;

1 2

double dblSum = 0, dbISum2 = O;
for(int i = 0; 1 < ACCUM_N; i++){
dblSum += h_Sum[i];
dblSum2 += h_Sum2[i];
3
3
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__global__ void MonteCarloKernelGPU(..)
{

const int tid = blockDim.x * blockldx.x + threadldx.x;
const int threadN = blockDim.x * gridDim.x;
//. ..

for(int iAccum = tid; iAccum < accumN; iAccum += threadN) {
float sum = 0, sum2 = O;

for(int iPath = iAccum; iPath < pathN; iPath += accumN) {
float r = d_Random[iPath];
/7. ..
sum += endOptionPrice;
sum2 += endOptionPrice * endOptionPrice;

}

d_Sum[iAccum] = sum;
d_Sum2[iAccum] = sum2;

}
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nvcc —03 —o Montecarlo Montecarlo.cu\\
-1../._./common/inc/ -L ../../lib/ -lcutil -IGL -Iglut

(

& : Montecarlo

GPU
GPU

16.621926;
1 7.343292e-05;

: 8.976083;
1 7.534027e-05;

© NVIDIA Corporation 2008
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200,000,000
80.51499
122.62799
15.471000

:6.621852
:1.108948e-05;

: 8.976007
: 8.393517e-06;
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< CPU cudaMemcpy
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] ?

< NVIDIA

bool multiBlock = ((numPaths / numOptions >= 8192);
< multiBlock false
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MATLAB

O/ o

O/ ()

O/ ()

O/ ()

O/ ()
%

%
%
O/ ()
%

%

N = 64;

L=1;
<<1

sig = 0.1;

k = (2*pi/L)*[0:(N/2-1) (-N/2):(-1)]1;

(m,n)
(xy)
[KX KY] = meshgrid(k,k);

delsq = -(KX."2 + KY."2);
(0,0

delsq(l,1) = 1;

L/N;
(©:=(N-1))*h ;
(0:(N-1))*h;

Y] = meshgrid(x,y);

h
X
y
[X

5
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i e

% RHS f(x,y)
rsq = (X-0.5*%L)."2 + (Y-0.5*L)."2;
sigsqg = sign2;
T = exp(-rsq/(2*sigsq))-*..
(rsq - 2*sigsq)/(sigsq™2);
%
fhat = fft2(f);
u = real (ifft2(fhat./delsq));
%u=0
%
u=u-u(,1);
% L2 Linf
uex = exp(-rsq/(2*sigsq));
errmax = norm(u(:)-uex(:),inf);
errmax2 = norm(u(:)-uex(:),2)/(N*N);
% L2 Linf
Fprintf("N=%d¥n",N);
fprintf("Solution at (%d,%d):
".N/2,N/2);

fprintf("computed=%10.6F ..
reference = %10.6F¥n" ,u(N/2,N/2),
uex(N/2,N/72));
fprintf("Linf err=%10.6e L2 norm
err = %10.6e¥n",errmax, errmax2);

http.//www.atmos.washington.edu/2005Q2/581/matlab/pois FFT.m
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* */
float *kx, *ky, *r;
kx = (float *) malloc(sizeof(float*N);
ky = (float *) malloc(sizeof(float*N);
r = (float *) malloc(sizeof(float*N*N);

/* cudaMalloc GPU */
float *kx_d, *ky d, *r_d;
cudaMalloc( (void **) &kx_d, sizeof(cufftComplex)*N);
cudaMalloc( (void **) &ky d, sizeof(cufftComplex)*N);
cudaMalloc( (void **) &r_d , sizeof(cufftComplex)*N*N);

cufftComplex *r_complex_d;
cudaMalloc( (void **) &r_complex_d, sizeof(cufftComplex)*N*N);

© NVIDIA Corporation 2008 45
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/* r kx ky */

I

cudaMemcpy (target, source, size, direction)*/

cudaMemcpy (kx_d, kx, sizeof(float)*N , cudaMemcpyHostToDevice);
cudaMemcpy (ky_d, ky, sizeof(float)*N , cudaMemcpyHostToDevice);
cudaMemcpy (r_d , r , sizeof(float)*N*N, cudaMemcpyHostToDevice);

[* CUDAFFT (FFTW ) ¥/

cufftHandle plan;
cufftPlan2d( &plan, N, N, CUFFT_C2C);

© NVIDIA Corporation 2008 46
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/*
: block_size_x*block_size y =
G80 512 */
dim3 dimBlock(block_size x, block_size_y);
dim3 dimGrid (N/dimBlock.x, N/dimBlock.y);
I N block_size x block_size y */
if (N % block_size_x =0 ) dimGrid.x+=1;
if (N % block_size y !'=0 ) dimGrid.y+=1
&
m
Block_size _x

47

M
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* */
real2complex<<<dimGrid, dimBlock>>> (r_d, r_complex_d, N);

* FFT */

cufftExecC2C (plan, r_complex_d, r_complex_d, CUFFT_FORWARD);

* */
solve_poisson<<<dimGrid, dimBlock>>> (r_complex_d, kx d, ky d,N);
* FFT */

cufftExecC2C (plan, r_complex_d, r_complex_d, CUFFT_INVERSE);

/*
FFT iFFT */
scale = 1.f /7 ( (float N * (float) N );
complex2real_scaled<<<dimGrid, dimBlock>>> (r_d, r_complex _d, N, scale);
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/*
cudaMemcpy(target, source, size, direction)*/
cudaMemcpy (r , r_d , sizeof(float)*N*N, cudaMemcpyDeviceToHost);

* */
cufftDestroy( plan);
cudaFree(r_complex_d);

cudaFree(kx_d);

© NVIDIA Corporation 2008 49
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r* */

__global__ void real2complex (float *a, cufftComplex *c, int N)

{

* NxN idx idy */
int idx = blockld.x*blockDim.x+threadldx.x;
int idy = blockld.y*blockDim.y+threadldx.y;
T 1
if ( idx < N && idy <N) |
{
int index = idx + idy*N;
c[index].x = a[index]; idy [* T |
c[index].y = 0.F;
5 | |
b

idx
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__global__ void solve_poisson (cufftComplex *c, float *kx, float *ky, int N)
{

r* N><N idx idy */

int idx blockld.x*blockDim.x+threadldx.x;

int idy = blockld.y*blockDim.y+threadldx.y;

if (idx < N & idy <N)

{
int index = idx + idy*N;
float scale = - ( kx[idx]*kx[idx] + ky[idy]*ky[idy] ):

if ( idx ==0 && idy == 0 ) scale =1._F;
scale = 1.f / scale;

~

c[index].x *= scale; ~ r
c[index].y *= scale; ¢ -
2 2
L (k +K7)
complex2real _scaled <

r* */

__global__ void complex2real_scaled (cufftComplex *c, float *a, int N,
float scale)

{
I/ N><N idx idy */
int idx = blockld.x*blockDim.x+threadldx.x;
int idy = blockld.y*blockDim.y+threadldx.y;
if ( idx < N && idy <N)
{
int index = idx + idy*N; idy |*
a[index] = scale*c[index].x ; 1
} L]
3

ichx

© NVIDIA Corporation 2008 52




poisson_1 <

= z
i e

¢

poisson_1l.cu
nvcc —03 —o poisson_1 poisson_1.cu\\
-1/usr/local/cudaZinclude —L/usr/local/cuda/lib -lcufft —lcudart

(4

/poisson_1 -N64
64><64
dimBlock 32 16 512
dimGrid 2 4
L2 9.436995e-08:
0.000569:
1/0 0.000200 (0.000136 + 0.000064):
(32,32)
=0.975879 =0.975882
MATLAB
N=64
(32,32) : =0.975879 =0.975882
Linf =2.404194e-05 L2 =9.412790e-08

[
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CUDA

« CUDA_PROFILE:

o1

« 0
< CUDA_PROFILE_LOG:

- filename

- cuda_profile.log
< CUDA_PROFILE_CSV:

o1

+0
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Poisson_1 @_ﬂ_

Ipoisson_1-N1024

method=[ memcopy ] gputime=[ 1427.200 ]
method=[ memcopy ] gputime=[ 10.112]
method=[ memcopy ] gputime=[ 9.632 ]

method=[ real2complex ] gputime=[ 1654.080 ] cputime=[ 1702.000 ] occupancy=[ 0.667 ]
method=[ c2c_radix4 ] gputime=[ 8651.936 ] cputime=[ 8683.000 ] occupancy=[ 0.333 ]
method=[ transpose ] gputime=[ 2728.640 ] cputime=[ 2773.000 ] occupancy=[ 0.333 ]
method=[ c2c_radix4 ] gputime=[ 8619.968 ] cputime=[ 8651.000 ] occupancy=[ 0.333 ]
method=[ c2¢c_transpose ] gputime=[ 2731.456 ] cputime=[ 2762.000 ] occupancy=[ 0.333 ]
method=[ solve_poisson] gputime=[ 6389.984 ] cputime=[ 6422.000 ] occupancy=[ 0.667 ]
method=[ c2c_radix4 ] gputime=[ 8518.208 ] cputime=[ 8556.000 ] occupancy=[ 0.333 ]
method=[ c2c_transpose] gputime=[ 2724.000 ] cputime=[ 2757.000 ] occupancy=[ 0.333 ]
method=[ c2c_radix4 ] gputime=[ 8618.752 ] cputime=[ 8652.000 ] occupancy=[ 0.333 ]
method=[ c2c_transpose] gputime=[ 2767.840 ] cputime=[ 5248.000 ] occupancy=[ 0.333 ]
method=[ complex2real_scaled ] gputime=[ 2844.096 ] cputime=[ 3613.000 ] occupancy=[ 0.667 ]

method=[ memcopy ] gputime=[ 2461.312]

© NVIDIA Corporation 2008 55
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& pinned CPU GPU
#ifdef PINNED
cudaMal locHost((void **) &r,sizeof(Float)*N*N); //rhs 2
#else
r = (float *) malloc(sizeof(float)*N*N); //rhs 2
#endif

$ ./poisson_1
1,024>=<1,024
£ 69.929001 (ms)
£ 60.551998 (ms)
10 : 8.788000 (5.255000 + 3.533000) (Ms)

$ ./poisson_1_pinned
1,024><1,024
1 66.554001 (ms)
1 60.736000 (ms)
110 1 5.235000 (2.027000 + 3.208000) (ms)
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@ solve_poisson kx ky
9 (__umul24)
solve _poisson 5

B e s

__global__ void solve_poisson (cufftComplex *c, float *kx, float *ky, int N)
{
unsigned int idx
unsigned int idy
I k
__shared__ float kx_s[BLOCK_WIDTH], ky_s[BLOCK_HEIGHT]
if (threadlx.x < 1) kx_s[threadldx.x] = kx[idx];
if (threadlx.y < 1) ky_s[threadldx.y] = ky[idy];
__syncthreads(Q);
if ( idx < N && idy <N)
{
unsigned int index = idx +__umul24(idy ,N);
float scale = - ( kx_s[threadldx.x]*kx_s[threadldx.x]
+ ky_s[threadldy.y]l*ky_s[threadldy.y] );
if ( 1dx ==0 && idy == 0 ) scale =1.T;
scale = 1.f / scale;
c[index].x *= scale;
c[index].y*= scale;

}

__umul24(blockldx.x,blockDim.x)+threadldx.x;
__umul24(blockldx.y,blockDim.y)+threadldx.y;
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./poisson_2 —-N1024 —x16 -y16

method=[ memcopy ] gputime=[ 1426.048 ]
method=[ memcopy ] gputime=[ 9.760 ]
method=[ memcopy ] gputime=[ 9.472 ]

method=[ real2complex ] gputime=[ 1611.616 ] cputime=[ 1662.000 ] occupancy=[ 0.667 ] (was 1654)

method=[ c2c_radix4 ] gputime=[ 8658.304 ] cputime=[ 8689.000 ] occupancy=[ 0.333 ]
method=[ c2c_transpose ] gputime=[ 2731.424 ] cputime=[ 2763.000 ] occupancy=[ 0.333 ]
method=[ c2c_radix4 ] gputime=[ 8622.048 ] cputime=[ 8652.000 ] occupancy=[ 0.333 ]
method=[ c2c_transpose] gputime=[ 2738.592 ] cputime=[ 2770.000 ] occupancy=[ 0.333 ]

method=[ solve_poisson] gputime=[ 2760.192 ] cputime=[ 2792.000 ] occupancy=[ 0.667 ] (was 6389)

method=[ c2c_radix4 ] gputime=[ 8517.952 ] cputime=[ 8550.000 ] occupancy=[ 0.333 ]
method=[ c2c_transpose] gputime=[ 2729.632 ] cputime=[ 2766.000 ] occupancy=[ 0.333 ]
method=[ c2c_radix4 ] gputime=[ 8621.024 ] cputime=[ 8653.000 ] occupancy=[ 0.333 ]
method=[ c2c_transpose] gputime=[ 2770.912 ] cputime=[ 5252.000 ] occupancy=[ 0.333 ]

method=[ complex2real_scaled ] gputime=[ 2847.008 ] cputime=[ 3616.000 ] occupancy=[ 0.667 ]
2222777

method=[ memcopy ] gputime=[ 2459.872 ]

© NVIDIA Corporation 2008 59
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__global__ void complex2real_scaled (cufftComplex *c, float *a, int N,

floatscale)
{
I* NxN idx idy */
int idx = blockld.x*blockDim.x+threadldx.x;
int idy = blockld.y*blockDim.y+threadldx.y;
volatile float2 c2;
if ( idx < N && idy <N)
{ |
int index = idx + idy*N; d
c2.x= c[index].x; iy |
c2.y= c[index].y;
a[index] = scale*c2.x ; L)
} i
}
ptx
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Poisson_3

method=[ memcopy ] gputime=[ 1427.808 ]
method=[ memcopy ] gputime=[ 9.856 ]
method=[ memcopy ] gputime=[ 9.600 ]

B e s

method=[ real2complex] gputime=[ 1614.144 ] cputime=[ 1662.000 ] occupancy=[ 0.667 ]

method=[ c2c_radix4] gputime=[ 8656.800 ] cputime=[ 8688.000 ] occupancy=[ 0.333 ]
method=[ c2¢c_transpose] gputime=[ 2727.200 ] cputime=[ 2758.000 ] occupancy=[ 0.333 ]
method=[ c2c_radix4 ] gputime=[ 8607.616 ] cputime=[ 8638.000 ] occupancy=[ 0.333 ]
method=[ c2¢c_transpose] gputime=[ 2729.888 ] cputime=[ 2761.000 ] occupancy=[ 0.333 ]

method=[ solve_poisson ] gputime=[ 2762.656 ] cputime=[ 2794.000 ] occupancy=[ 0.667 ]

method=[ c2c_radix4 ]  gputime=[ 8514.720 ] cputime=[ 8547.000 ] occupancy=[ 0.333 ]
method=[ c2c_transpose] gputime=[ 2724.192 ] cputime=[ 2760.000 ] occupancy=[ 0.333 ]
method=[ c2c_radix4 ]  gputime=[ 8620.064 ] cputime=[ 8652.000 ] occupancy=[ 0.333 ]
method=[ c2c_transpose] gputime=[ 2773.920 ] cputime=[ 4270.000 ] occupancy=[ 0.333 ]
method=[ complex2real_scaled ] gputime=[ 1524.992 ] cputime=[ 1562.000 ] occupancy=[ 0.667 ]

method=[ memcopy ] gputime=[ 2468.288 ]
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__global__ void reduceO(int *g_idata,

}

int *g_odata) {
extern __shared__ int sdata[];

I 1

unsigned int tid = threadldx.x;

unsigned int i = blockldx.x*blockDim.x + threadldx.x;
sdata[tid] = g_idata[i];

__syncthreads();

I
for(unsigned int s=1; s < blockDim.x; s *= 2) {
if (tid % (2*s) == 0) {
sdata[tid] += sdata[tid + s];
T
__syncthreads();

}

I
if (tid == 0) g_odata[blockldx.x] = sdata[0O];
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__global__ void reducel(int *g_idata, int *g_odata) {
extern __shared__ int sdata[];

Il 1
unsigned int tid = threadldx.x;

unsigned int i = blockldx.x*blockDim.x + threadldx.x;
sdata[tid] = g_idata[i];

__syncthreads();

I
for (unsigned int s=1; s < blockDim.x; s *= 2) {
if (tid % (2*s) == 0) {
sdata[tid] += sdata[tid + s];
}
__syncthreads();

3

1
if (tid == 0) g_odata[blockldx.x] = sdata[0];
}
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for (unsigned int s=1; s < blockDim.x; s *= 2) {
if (tid % (2*s) == 0) {
sdataltid] += sdata(tid + s];
F

__syncthreads();

}

for (unsigned int s=1; s < blockDim.x; s *= 2) {
intindex =2 * s * tid;
if (index < blockDim.x) {
sdatafindex] += sdata[index + sJ;

}

__syncthreads();

}
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for (unsigned int s=1; s < blockDim.x; s *= 2) {
intindex =2 * s * tid;

if (index < blockDim.x) {
sdatafindex] += sdata[index + s];

}

_syncthreads();

}

ID

for (unsigned int s=blockDim.x/2; s>0; s>>=1) {
if (tid <s) {
sdata[tid] += sdata[tid + s];

__syncthreads();

}
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222int
1: 8.054 ms 2.083 GB/s
2: 3.456 ms 4.854 GB/s 2.33
3: 1.722 ms 9.741 GB/s 2.01
© NVIDIA Corporation 2008 7

= z
i e

for (unsigned int s=blockDim.x/2; s>0; s>>=1) {
if (tid <s) {
sdata[tid] += sdata[tid + s];
¥

__syncthreads();

}
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1l 1
unsigned int tid = threadldx.x;

sdata[tid] = g_idatali];
__syncthreads();

unsigned int i = blockldx.x*blockDim.x + threadldx.x;

1
1
unsigned int tid = threadldx.x;

__syncthreads();

unsigned int i = blockldx.x*(blockDim.x*2) + threadldx.x;
sdata[tid] = g_idata[i] + g_idata[i+blockDim.x];
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5:

{
if (tid < 's)
sdata[tid] += sdataltid + s];
__syncthreads();

}

if (tid < 32)

{
sdata[tid] += sdataltid + 32];
sdata[tid] += sdataltid + 16];
sdata[tid] += sdataltid + 8];
sdata[tid] += sdataltid + 4];
sdata[tid] += sdataltid + 2];
sdata[tid] += sdata[tid + 1];

for (unsigned int s=blockDim.x/2; s>32; s>>=1)

for

© NVIDIA Corporation 2008
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template <unsigned int blockSize>
__global___ void reduce5(int *g_idata, int *g odata)
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LR P

iT (blockSize >= 512) {
if (tid < 256) { sdata[tid] += sdata[tid + 256]; }
__syncthreadsQ);

3
iT (blockSize >= 256) {
if (tid < 128) { sdata[tid] += sdata[tid + 128]; }
__syncthreads();

3
if (blockSize >= 128) {
if (tid < 64) { sdata[tid] += sdata[tid + 64]; }
__syncthreads();

}

if (tid < 32) {
if (blockSize >= 64) sdata[tid] += sdata[tid + 32];
if (blockSize >= 32) sdata[tid] += sdata[tid + 16];
if (blockSize >= 16) sdata[tid] += sdata[tid + 8];
if (blockSize >= 8) sdata[tid] += sdata[tid + 4];
if (blockSize >= 4) sdata[tid] += sdata[tid + 2];
if (blockSize >= 2) sdata[tid] += sdata[tid + 1];

© NVIDIA Corporation 2008
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switch (threads)

case 512:

reduce5<512><<< dimGrid, dimBlock, smemSize >>>(d_idata, d_odata); break;
case 256:

reduce5<256><<< dimGrid, dimBlock, smemSize >>>(d_idata, d_odata); break;
case 128:

reduce5<128><<< dimGrid, dimBlock, smemSize >>>(d_idata, d_odata); break;
case 64:

reduce5< 64><<< dimGrid, dimBlock, smemSize >>>(d_idata, d_odata); break;
case 32:

reduce5< 32><<< dimGrid, dimBlock, smemSize >>>(d_idata, d_odata); break;

case 16:

reduce5< 16><<< dimGrid, dimBlock, smemSize >>>(d_idata, d_odata); break;
case 8:

reduce5< 8><<< dimGrid, dimBlock, smemSize >>>(d_idata, d_odata); break;
case 4:

reduce5< 4><<< dimGrid, dimBlock, smemSize >>>(d_idata, d_odata); break;
case 2:

reduceb< 2><<< dimGrid, dimBlock, smemSize >>>(d_idata, d_odata); break;
case 1:

reduceb< 1><<< dimGrid, dimBlock, smemSize >>>(d_idata, d_odata); break;

}
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222int
1 8.054 ms 2.083 GB/s
2: 3.456 ms 4.854 GB/s 2.33
3: 1.722 ms 9.741 GB/s 2.01
4: 0.965 ms 17.377 GB/s 1.78
5: 0.536 ms 31.289 GB/s 1.8
6: 0.381 ms 43.996 GB/s 1.41
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- O(N)
- N=P O(log N)
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- :O(N)
” O(log N) O(N log N):

9 O(N/log N)
- O(log N)
- O(N/log N) O(log N)
- = O((N/log N) * log N) = O(N)
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) O(log n)
w1 1,024 2,048 256

J G80 128 64 256
91 1,024 4,096
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unsigned int tid = threadldx.x;

unsigned int i = blockldx.x*(blockDim.x*2) + threadldx.x;
sdata[tid] = g_idata[i] + g_idata[i+blockDim.x];
__syncthreads(Q);

while

unsigned int tid = threadldx.x;

unsigned int 1 = blockldx.x*(blockSize*2) + threadldx.x;
unsigned int gridSize = blockSize*2*gridDim.x;
sdata[tid] = O;

do {
sdata[tid] += g_idata[i] + g_idata[i+blockSize];
1 += gridSize;

} while (i < n);

__syncthreads(Q);
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222int
1: 8.054 ms 2.083 GB/s
2: 3.456 ms 4.854 GB/s 2.33
3: 1.722 ms 9.741 GB/s 2.01
4: 0.965 ms 17.377 GBI/s 1.78
5: 0.536 ms 31.289 GB/s 1.8
6: 0.381 ms 43.996 GB/s 1.41
7: 0.268 ms 62.671 GB/s 1.42
:
32M 7: 72 GB/s! 130 !
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template <unsigned int blockSize> @

__global___ void reduce6(int *g_idata, int *g_odata, unsigned int n)

{ NIV
extern __shared__ int sdata[];

unsigned int tid = threadldx.x;
unsigned int i = blockldx.x*(blockSize*2) + tid;

unsigned int gridSize = blockSize*2*gridDim.x;
sdata[tid] = 0;

do { sdata[tid] += g_idata[i] + g_idata[i+blockSize]; i += gridSize; } while (i < n);
__syncthreads();

if (blockSize >= 512) { if (tid < 256) { sdata[tid] += sdata[tid + 256]; } _ syncthreads(Q); }
if (blockSize >= 256) { if (tid < 128) { sdata[tid] += sdata[tid + 128]; } _ syncthreads(Q); }
if (blockSize >= 128) { if (tid < 64) { sdata[tid] += sdata[tid + 64]; } _ syncthreadsQ); }

if (tid < 32) {
it (blockSize >=
if (blockSize >
if (blockSize >
if (blockSize >
if (blockSize >
it (blockSize >=

64) sdata[tid] += sdata[tid + 32];
32) sdata[tid] += sdata[tid + 16];
16) sdata[tid] += sdata[tid + 8];
8) sdata[tid] += sdata[tid + 4];
4) sdata[tid] += sdata[tid + 2];
2) sdata[tid] += sdata[tid + 1];

¥

if (tid == 0) g_odata[blockldx.x] = sdata[0];
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