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A New Convolution Algorithm to Leverage Tensor Cores

Context

Proposed algorithm Results

Tensor Cores promise 12X the throughput for matrix multiplication (GEMM)

• Tensor cores are shipped with Nvidia GPUs since Volta (2017).

• Dedicated hardware for matrix multiplication. 

•

  The input matrix is built explicitely but duplicating image lines -> takes time and memory • But rely on highly optimized GEMMs with cuBLAS • Comparaison of the new implementation with the simple version (the time to create the matrix is not counted) • The matrix does not have to be created explicitly: CUDA blocks know which line to fetch from the image • Allows image lines to be re-used in the same CUDA kernel, either from caches or shared memory • Complexify a little the code of the algorithm Defining the matrix implictly: Using Nsight-Compute to assess Tensor Cores performance • Nsight-Compute is available since CUDA 10.0 (2018) • Is replacing nvvp and nvprof • Can show Tensor Cores utilization • We tried to reach the performance from the GEMM example in the CUDA samples First results: • Real impact when the kernel is big • On par with smaller kernel • FFT is asymoptically better • Still need some optimizations to outperform other libraries on a larger scale of kernels References: • Chetlur, S., Woolley, C., Vandermersch, P., Cohen, J., Tran, J., Catanzaro, B., & Shelhamer, E. (2014). cudnn: Efficient primitives for deep learning. • Vasudevan, A., Anderson, A., & Gregg, D. (2017, July). Parallel multi channel convolution using general matrix multiplication. • Seznec, M., Gac, N., Ferrari, A., & Orieux, F. (2018, October). A Study on Convolution using Half-Precision Floating-Point Numbers on GPU for Radio Astronomy Deconvolution. (IEEE SiPS) Scan me for more information & digital version Plot # 1: Executi on ti me vs Ker nel r adi us on RTX2080. Lower i s better Plot # 2: Executi on ti me vs Ker nel r adi us on RTX2080. Lower i s better Plot # 3: Executi on ti me vs Ker nel r adi us on RTX2080. Lower i s better Fi g # 1: Convoluti on wi th a 3x3 ker nel Fi g # 2: Im2col r ewr i tes convoluti ons a GEMM Fi g # 3: our algor i thm computes one li ne of the r esult wi th a GEMM + di agonal sum convoluti ons a GEMM Fi g # 4: we can vi ew our algor i thm as a GEMM br oadcast to a 3D-tensor Fi g # 5: use Nsi ght-Compute to pr ofi le tensor cor es