


dim3 threads(16,16) dim3 threads(128,2) 



// create two "event" structures

cudaEvent_t start, stop;

cudaEventCreate(&start); cudaEventCreate(&stop); 

// insert the start event in the queue

cudaEventRecord( start, 0 );

now do something on the GPU, e.g., launch kernel ...

cudaEventRecord( stop, 0 );    // put stop into queue

cudaEventSynchronize( stop );  // wait for 'stop' to finish

float elapsedTime;             // print elapsed time 

cudaEventElapsedTime( &elapsedTime, start, stop );

printf("Time to exec kernel = %f ms\n", elapsedTime );




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









 cudaDeviceSynchronize()


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
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
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

Dot Product 
• 

• 

     __global__ void dot( int *a, int *b, int *c )   { 

         // Each thread computes a pairwise product 

       int temp = a[threadIdx.x] * b[threadIdx.x]; 

Dot Product 

• 

    __global__ void dot( int *a, int *b, int *c )   { 

          // Each thread computes a pairwise product 

 

          int temp = a[threadIdx.x] * b[threadIdx.x]; '
 

          // Can’t compute the final sum  

          // Each thread’s copy of ‘temp’ is private!!!  

    } 

 















 __shared__



** * * * * * * * * *
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__global__ 

void dotprod( float *a, float *b, float *p, int N ) {

__shared__ float cache[blockDim.x];

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

if ( tid < N )

cache[threadIdx.x] = a[tid] * b[tid];

// Here, for easy reduction,

// blockDim.x must be a power of 2!

int stride = blockDim.x/2;

while ( stride != 0 ) {

if ( threadIdx.x < stride )

cache[threadIdx.x] += cache[threadIdx.x + stride];

stride /= 2;

}

// last thread copies partial sum to global memory

if ( threadIdx.x == 0 )

p[blockIdx.x] = cache[0];

}



__global__ 

void dotprod( float *a, float *b, float *p, int N ) {

__shared__ float cache[blockDim.x];

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

if ( tid < N )

cache[threadIdx.x] = a[tid] * b[tid];

// Here, for easy reduction,

// blockDim.x must be a power of 2!

__syncthreads();

int stride = blockDim.x/2;

while ( stride != 0 ) {

if ( threadIdx.x < stride )

cache[threadIdx.x] += cache[threadIdx.x + stride];

__syncthreads();

stride /= 2;

}

// last thread copies partial sum to global memory

if ( threadIdx.x == 0 )

p[blockIdx.x] = cache[0];

}









// allocate host & device arrays h_a, d_a, etc.

// h_c, d_p = arrays holding partial sums

dotprod<<< nBlocks, nThreadsPerBlock >>>( d_a, d_b, d_p, N );

transfer d_p -> h_p

float prod = 0.0;

for ( int i = 0; i < nBlocks, i ++ )

prod += h_p[i];
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


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



__global__ 

void dotprod( float *a, float *b, float *c, int N )

{

// just like before ...

// incorrectly optimized reduction

__syncthreads();

int stride = blockDim.x/2;

while ( stride != 0 ) {

if ( threadIdx.x < stride )

{

cache[threadIdx.x] += cache[threadIdx.x + stride];

__syncthreads();

}

stride /= 2;

}

// rest as before ...






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









kernel( const float * x, float * y, int N )  {

__shared__ cache[2];

for ( int i = 0; i < N/2; i ++ )   {

cache[threadIdx.x] = x[ 2*i + threadIdx.x];

y[2*i + threadIdx.x] = cache[0] * cache[1];

}

}









cache[0] = x[0];                 cache[1] = x[1];

y[0] = cache[0] * cache[1]; y[1] = cache[0] * cache[1];

cache[0] = x[2];                 cache[1] = x[3];

y[2] = cache[0] * cache[1];      y[3] = cache[0] * cache[1];

cache[0] = x[4];                 cache[1] = x[5];

y[4] = cache[0] * cache[1];      y[5] = cache[0] * cache[1];

...



cache[0] = x[0]; 

y[0] = cache[0] * cache[1];

cache[1] = x[1];

y[1] = cache[0] * cache[1];

cache[0] = x[2]; 

y[2] = cache[0] * cache[1];      

cache[1] = x[3];

y[3] = cache[0] * cache[1];

cache[0] = x[4]; 

y[4] = cache[0] * cache[1];      

cache[1] = x[5];

y[5] = cache[0] * cache[1];

...





kernel( const float * x, float * y, int N )  

{

__shared__ cache[2];

for ( int i = 0; i < N/2; i ++ )   

{

cache[threadIdx.x] = x[ 2*i + threadIdx.x];

__syncthreads();

y[2*i + threadIdx.x] = cache[0] * cache[1];

}

}



cache[0] = x[0]; 

cache[1] = x[1];

——————————————————- syncthreads() —————————————————————————

y[0] = cache[0] * cache[1];      

cache[0] = x[2]; 

y[1] = cache[0] * cache[1];

cache[1] = x[3];

——————————————————- syncthreads() —————————————————————————

y[2] = cache[0] * cache[1];      

cache[0] = x[4]; 

y[3] = cache[0] * cache[1];

cache[1] = x[5];

——————————————————- syncthreads() —————————————————————————

...







kernel( const float * x, float * y, int N )  

{

__shared__ cache[2];

for ( int i = 0; i < N/2; i ++ )   

{

cache[threadIdx.x] = x[ 2*i + threadIdx.x];

__syncthreads();

y[2*i + threadIdx.x] = cache[0] * cache[1];

__syncthreads();

}

}
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

 

 😀

// do reduction in shared mem

__syncthreads();

for ( int i = 1; i < blockDim.x; i *= 2 ) 

{

if ( threadIdx.x % (2*i) == 0 )

cache[threadIdx.x] += cache[threadIdx.x + i];

__syncthreads();

}























 __syncthreads()

 if (threadIdx.x < stride)

if









int stride = blockDim.x/2;

while ( stride > 32 ) {

if ( threadIdx.x < stride )

cache[threadIdx.x] += cache[threadIdx.x + stride];

__syncthreads();

stride /= 2;

}

if ( threadIdx.x < 32 )

{

sdata[tid] += sdata[tid + 32]; 

sdata[tid] += sdata[tid + 16]; 

sdata[tid] += sdata[tid +  8]; 

sdata[tid] += sdata[tid +  4]; 

sdata[tid] += sdata[tid +  2]; 

sdata[tid] += sdata[tid +  1]; 

}



A Common, Massively Parallel Programming Pattern

 Partition your domain such that each subset fits into shared memory; 

handle each data subset with one thread block



 Load the subset from global memory to shared memory; exploit 

memory-level parallelism by loading one piece per thread; don't forget 

to synchronize all threads before continuing!



 Perform the computation on the subset in shared memory



 Copy the result from shared memory back to global memory


