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Abstract General-Purpose Processing on GPUs (GPGPUs) has rapidly been recoginized as a promissing HPC
technology because of GPUs’ much higher peak floating-point processing power. However, GPUs have originally
been developed for graphics applications, such as 3D games, where reliability is not considered as an important
issue as in HPC communities. One notable example is the lack of ECC in graphics memory systems. To improve
the reliability of GPUs for HPC applications, we propose a software-based technique to generate and check ECC for
graphics memory. Our library-based approache allows for CUDA-based GPGPU applications to be easily extended
with ECC-based error checking with little manual intervention. To evaluate the applicability of our approach, we
extended two CUDA applications with our ECC libarary: a matrix multiplication and an N-body problem. Our
performance studies showed that while matrix multiplication can take up to 300% overhead, the N-body application
only incurrs 15% of overhead. These results suggest that software-based ECC would be a promissing approach for
computation-intensive applications such as N-body problems.

Key words GPGPU, dependability, ECC
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2:  p = load position of b from global memory

3: for all ¢ in N/B do

4: q = load position of body d at index ¢ + tid from global

memory to shared memory
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6: acc += compute acceleration of b by e
7: end for
8: end for
9:  load velocity of b
10: update position and velocity of b using acc
11:  save new position and velocity in global memory
12: end for
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__global__ void

matrixMul _ecc(float* C, float*x A, float* B,

int wA, int wB,
unsigned *C_ecc, unsigned *A_ecc,

unsigned *B_ecc)

for (int a = aBegin, b = bBegin;

}

a <= aEnd; a += aStep, b += bStep) {
__shared__ float As[BLOCK_SIZE] [BLOCK_SIZE];
__shared__ float Bs[BLOCK_SIZE] [BLOCK_SIZE];
// Load the matrices from device memory
// to shared memory; each thread loads
// one element of each matrix
int A_index = a + wA * ty + tx;

AS(ty, tx) = A[index];
// check loaded value with ECC
ecc_check_float (AS(ty, tx), A_ecc, A_index);
int B_index = b + wB * ty + tx;
BS(ty, tx) = B[B_index];
// check loaded value with ECC
ecc_check_float(BS(ty, tx), B_ecc, B_index);
__syncthreads();
for (int k = 0; k < BLOCK_SIZE; ++k) {

Csub += AS(ty, k) * BS(k, tx);
}
syncthreads() ;

// Write the block sub-matrix to device memory;

// each thread writes one element

int C_index = ...
C[C_index] = Csub;
// Generating ECC for C[C_index]

ecc_gen_float(Csub, C_ecc, C_index);
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