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* The objective is to accelerate high-spatial-resolution numerical ocean simulations with multiple GPUs.

* Pascal GPUs and efficient GPUdirect RDMA transfer technology are expected to meet this demand.

* We implemented our “kinaco” ocean model on the latest supercomputer with Pascal GPUs and GPUDirect.
* Flexible optimizations of Poisson/Helmholtz solver are achieved with CUDA Fortran.

* GPU-implemented kinaco runs 2 times faster than CPU and shows good weak scaling.

“Kinaco” non-hydrostatic ocean model
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Extended to multiple Pascal GPUs!
New Optimization of P/H solver

* Implemented on and optimized for a single NVIDIA Kepler GPU [2].

« Kinaco [1] resolves vertical convection and eddy mixing with non-hydrostatic approximation on ~1 km scale.
* Pressure field is solved using MGCG (multigrid preconditioned conjugate gradient method) solver, which can be

Deep convection experiment
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Multi-GPU implementation
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passed to additional layer by CUDA-aware MPI using
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Due to model’s physical nature,
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CUDA-aware MPI with GPUDirect RDMA transfer
* Data transfer is pipelined and latency is hidden
* Direct transfer between GPU global memories without accessing CPU memories

Specifications of Reedbush and experiments (recvi/recvj) - 85.38%/100.00% L1 hit rate: 19.79% L1 hit rate: 56.44%
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Performance evaluation

Performance comparison for all components

Performance comparisons for each component [16PEs]
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Summary and future work

NVIDIA P100 GPUs and GPUDirect technology.

* Tracer components are optimized, brush up codes.
* Overlap kernel computation with inter-node data transfers with MPI

* GPU-implemented kinaco runs 2 times faster than CPU and shows good weak scaling.
* Most components are faster than CPUs and especially the velocity diagnosis functions are approximately seven times faster.
* P/H solver optimized by newly introduced four methods with CUDA Fortran contributes for good performance.
* Inter-node data transfers by CUDA-aware MPI library with GPUDirect RDMA show comparable performance to those for CPUs.
* In future work, we will adopt the following optimization techniques for detailed experiments with a large number of cells.

¢ We implemented our “kinaco” numerical ocean model on Tokyo University’s Reedbush supercomputer, which incorporates the latest
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