
KEGradOnEdge KEGrad(Mesh);

parallelFor({NEdges, NChunks},

KOKKOS_LAMBDA (int IEdge, int KChunk) {

KEGrad(NormalVelocityTend, IEdge, KChunk, KECell);

});

Figure 4. Computation of kinetic energy gradient over the whole mesh.

KEGradOnEdge KEGrad(Mesh);

parallelFor({NEdges, NChunks},

KOKKOS_LAMBDA (int IEdge, int KChunk) {

KEGrad(NormalVelocityTend, IEdge,

KChunk, KECell);

});

SSHGradOnEdge SSHGrad(Mesh);

parallelFor({NEdges, NChunks},

KOKKOS_LAMBDA (int IEdge, int KChunk) {

SSHGrad(NormalVelocityTend, IEdge,

KChunk, SSHCell);

});

KEGradOnEdge KEGrad(Mesh);

SSHGradOnEdge SSHGrad(Mesh);

parallelFor({NEdges, NChunks},

KOKKOS_LAMBDA (int IEdge, int KChunk) {

KEGrad(NormalVelocityTend, IEdge,

KChunk, KECell);

SSHGrad(NormalVelocityTend, IEdge,

KChunk, SSHCell);

});

Figure 5. Split (left) or fused (right) computation of two tendency terms.

functor can then be used to compute the tendency term over the whole mesh by using the parallelFor function, as shown in

Figure 4.

Omega tendencies are composed of multiple terms. The functor approach makes it possible to easily switch between

computing multiple tendency terms in one parallel loop or in separate parallel loops. For example, given another functor

that computes the sea surface height (SSH) gradient term SSHGradOnEdge, the kinetic energy and the SSH gradients can be275

computed together or separately, as shown in Figure 5. Kernel fusion is a powerful optimization technique that often results

in better performing code due to reduced overheads and data reuse. However, overuse of this optimization may result in high

register usage, which can sometimes lead to worse performance. Therefore, having the flexibility to experiment with different

splittings is important. Due to the combinatorial explosion of fusion candidates in large programs, manual kernel fusion works

best when guided by profiling data and algorithmic domain knowledge.280

The flat multi-dimensional parallelism approach with vertical chunking is expected to work well for a stacked shallow water

solver like Omega-0. Future versions of Omega will incorporate vertical dynamics and advanced ocean physics parametrizations,

with more complicated computational patterns involving vertical dependencies. In that case, we believe that the outlined

approach and memory layout can still lead to good CPU and GPU performance, as long as most vertical operations can be

12


