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Highlight results: GPU vs CPU Strong Scaling

FY20 Q4: Demonstration and performance testing of extreme-resolution
simulations with static meshes on Summit

Scope and objectives

—=— Hypre CPU
—=— Hypre GPU

For a blade-resolved simulation of an &0
operating turbine, examined multiple

* ExaWind Objective: Create a computational fluid and structural ‘
dynamics platform for exascale predictive simulations of wind farms.

linear-solver configurations (between

* Challenge Problem: Predictive simulation of a wind farm composed of Trilinos and hypre) for the equation i
0(100) wind turbines sited over O(100) km? with complex terrain. sets (pressure, momentum, scalar B
e EY20 milest tiviti Vel . h of th transport). The best performance (in §
milestone activi |.es are aggres.swe y .movmg as mu.c of the time to solution) on both CPUs and §10
software stack as possible to GPUs, including the equation assembly & GPUs was found with hypre for all ;
linear system creation, preconditioner setup, and linear-system solves. equations.

* Additional efforts are establishing AMR-Wind (built on AMReX) as a
structured-grid background solver.

Made huge gains in converting Nalu-Wind kernels and the Nalu-Wind
hypre assembly to Kokkos

e Addressed a number of algorithmic issues with the new AMS turbulence

e Further demonstrated the viability and optimality of a novel hybrid-solver | |
approach wherein the near-turbine flow is resolved with an unstructured
grid (Nalu-Wind) and the background flow is resolved with a structured grid

(AMR-Wind) del and performed validation for wind-rel b
model and performed validation for wind-relevant problems
e Established new performance benchmarks on GPUs and CPUs for wind P _ - _ P _ _
energy problems (blade-resolved simulations with moving meshes) e Performance testing of Nalu-Wind for actuator-line simulations
e Established updated list of areas needing performance improvements e Performance testing of the new AMR-Wind structured-grid solver for

e Accomplishments here place ExaWind on track for completing challenge atmospheric boundary layer simulations
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