
For data storage, Omega uses the Kokkos View data structure. For convenience, type aliases are provided for commonly

needed views of fundamental data types, such as

– Array1DI4 : device-resident one-dimensional array of four-byte integers,245

– Array3DReal : device-resident three-dimensional array of user-configurable floating-point type,

– HostArray2DI8 : host-resident two-dimensional array of eight-byte integers,

and similarly for other combinations of ranks and types.

For parallel execution, Omega provides a parallelFor function, that can express parallel iteration over a multi-dimensional

index range. Figure 2 shows how a simple Fortran loop nest is expressed in Omega. Internally, this function dispatches to

real, dimension(3, 4, 5) :: A

...

do k = 1, 5

do j = 1, 4

do i = 1, 3

A(i, j, k) = i * j + k

end do

end do

end do

Array3DReal A("A", 3, 4, 5);

parallelFor({3, 4, 5},

KOKKOS_LAMBDA (int i, int j, int k) {

A(i, j, k) = i * j + k;

});

Figure 2. Multi-dimensional iteration expressed in Fortran (left) and using Omega abstractions (right).
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the best performing (in the context of Omega) Kokkos execution policy for the chosen compute platform. Currently, we use

Kokkos MDRangePolicy on CPU platforms, but opt to use a one-dimensional RangePolicy with manual index unpacking on

GPUs, as this reduces GPU runtime overhead by replacing the more complex index mapping logic of MDRangePolicy with a

simpler manual calculation performed within each thread. This simplification can lower instruction count and improve memory

access patterns and cache utilization. Additionally, flattening the iteration space enables Kokkos’s internal heuristics to more255

effectively select GPU kernel launch parameters, such as block size and grid configuration, thereby improving occupancy and

load balancing. On Frontier and Perlmutter GPU nodes, this approach yielded a 10–20% reduction in kernel execution time

compared to MDRangePolicy.1

Individual computations in Omega (for example, tendency terms or auxiliary variables) are implemented as C++ functors,

which are classes that implement the function call operator. Functors can be called similarly to normal C++ functions, but may260

contain an internal state. In Omega, functors are used to represent computations for a given mesh element (e.g., vertex, cell, or

edge) index and over a chunk of vertical levels. Our strategy is to design functors that perform computations over contiguous

chunks of vertical indices with a chunk size known at compile time, to facilitate vectorization on CPUs. For GPU execution,
1The Kokkos development team is aware of MDRangePolicy performance issues and, at the time of writing, is actively working to address them.

Future Kokkos versions might not require this type of workaround.
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