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Kernel Launch

reduce<<<blocksPerGrid, threadsPerBlock>>>(d_data, d_block_results, N);
reduce<<<1, blocksPerGrid>>>(d_block_results, d_result, blocksPerGrid) ;
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Reduce 1

Naive

__global__ void reducel(int *idata, int *odata, unsigned int n) {
__shared__ int sdata[threadsPerBlock];

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

int result = 0;

while(i < n) {
result += idatal[i];
i += blockDim.x * gridDim.x;

}

sdatal[tid] = result;
__syncthreads() ;

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

if (tid == 0) {

odata[blockIdx.x] = sdatal[0];
}
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Reduce 1

| Reduce 1 | 4.7008 ms \1

> % QIA0| L2 TH5 Y

» Thread divergence

512 block, 512 thread
Sungjoo Ha



Reduce 2

Non-Divergent, Possible Bank Conflict

__global__ void reduce2(int *idata, int *odata, unsigned int n) {
__shared__ int sdata[threadsPerBlock];

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

int result = 0;

while(i < n) {
result += idatal[i];
i += blockDim.x * gridDim.x;

}

sdatal[tid] = result;
__syncthreads();

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

if (index < blockDim.x) {
sdatal[index] += sdatalindex + s];

}

syncthreads () ;

3}
if (tid == 0) {

odata[blockIdx.x] = sdata[0];
}
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Reduce 2
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Reduce 3

Non-Divergent, No Bank Conflict

__global__ void reduce3(int *idata, int *odata, unsigned int n) {
__shared__ int sdata[threadsPerBlock];

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

int result = 0;

while(i < n) {
result += idatal[i];
i += blockDim.x * gridDim.x;

}

sdatal[tid] = result;
__syncthreads();

int s = blockDim.x / 2;
while (s != 0) {
if (threadIdx.x < s) {
sdata[threadIdx.x] += sdata[threadIdx.x + s];
}
__syncthreads();
s /= 2;
s

if (tid == 0) {

odata[blockIdx.x] = sdatal[0];
}
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Reduce 3
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Reduce 3
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Warp Shuffle Operation
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Reduce 4

Warp Shuffle Operation

__global__ void reduce4(int *idata, int *odata, unsigned int n) {

Sungjoo Ha

/* same code for initializing shared memory */

for (unsigned int s=blockDim.x/2; s>32; s>>=1) {
if (tid < s) {
sdata[tid] = result = result + sdataltid + s];
&

syncthreads() ;

if (tid < 32) {
if (threadsPerBlock >= 64) result += sdatal[tid + 32];
for (int offset = warpSize/2; offset > 0; offset /= 2)
{

result += __shfl_down(result, offset);
¥
if (tid == 0) {

odata[blockIdx.x] = result;
s



Reduce 4
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Reduce 4
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Reduce 5

Warp Reduce

__inline__ __device__ int warp_reduce(int val) {
for (int offset = warpSize / 2; offset > 0; offset /= 2) {
val += __shfl_down(val, offset);
¥

return val;
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Reduce 5

Block Reduce

__inline__ __device__ int block_reduce(int val) {
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static __shared__ int shared[32];
int lane = threadIdx.x 7, warpSize;
int wid = threadldx.x / warpSize;

val = warp_reduce(val);
if (lane == 0) {

shared[wid] = val;

¥
__syncthreads();
val = (threadIdx.x < blockDim.x / warpSize) ? shared[lane]
if (wid == 0) {

val = warp_reduce(val);

}

return val;
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Reduce 5

Inline Warp Shuffle Reduce

__global__ void reduce5(int *idata, int *odata, unsigned int n) {
int result = 0;
unsigned int i = blockIdx.x * blockDim.x + threadIdx.x;

while (i < n) {
result += idatal[i];
i += blockDim.x * gridDim.x;

}

result = block_reduce(result);
if (threadIdx.x == 0) {

odata[blockIdx.x] = result;
}
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Reduce 5

Reduce 1 | 4.7008 ms
Reduce 2 | 4.7484 ms
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Reduce 5 | 4.6883 ms
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Reduce 6

Atomic Warp Reduce

__global__ void reduce6(int *idata, int *odata, unsigned int n) {
int result = 0;
unsigned int i = blockIdx.x * blockDim.x + threadIdx.x;

while (i < n) {
result += idatal[i];
i += blockDim.x * gridDim.x;

}
result = warp_reduce(result);
if (threadIdx.x & (warpSize - 1) == 0) {

atomicAdd(odata, result);
&
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Reduce 6

Reduce 1 | 4.7008 ms
Reduce 2 | 4.7484 ms
Reduce 3 | 4.7218 ms
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Reduce 7

Atomic Block Reduce

__global__ void reduce7(int *idata, int *odata, unsigned int n) {
int result = 0;
unsigned int i = blockIdx.x * blockDim.x + threadIdx.x;

while (i < n) {
result += idatal[i];
i += blockDim.x * gridDim.x;

}

result = block_reduce(result);
if (threadIdx.x == 0) {

atomicAdd(odata, result);
}
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Reduce 7

Reduce 1 | 4.7008 ms
Reduce 2 | 4.7484 ms
Reduce 3 | 4.7218 ms
Reduce 4 | 4.6226 ms
Reduce 5 | 4.6883 ms
Reduce 6 | 0.5460 ms
Reduce 7 | 4.6843 ms
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