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Planck All-Sky Magnetic Field
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Performance Portability APls

Typical Solutions

e OpenCL

OpenMP
" OnentiP 45,50 openct OpenAGG
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Abstraction Layers

e OCCA \j ' ”
e RAJA ’
e Kokkos R Q l l



K-Athena: Performance Portable MHD

e Partial Conversion of astrophysical
MHD code Athena++ using Kokkos
library

e Minimal code changes

e Performance Portable

o Ready for CPUs, GPUs
e Freely available on GitLab ”

https://gitlab.com/pgrete/kathena
https://arxiv.org/abs/1905.04 341



Kokkos Conversion

Athena++

for( int k = ks; k < ke; k++) {

for( int j = dgs; J < je; J++){
#pragma omp simd
for( int 1 = is; i < ie; it++){

/% Loop Body */
Wik, Jud) =
ol

K-Athena

using namespace Kokkos;
parallel_ for ( MDRangePolicy<Rank<3>>
({ks, js,is}, {ke, Je, ie}),
KOKKOS_LAMBDA (int k, int j, int i) {
/% Loop Body */
u(k, j,i) =
}.).q




Parallelism Flexibility

Flat Parallelism

using namespace Kokkos;
parallel for ( MDRangePolicy<Rank<3>>
(dks, 8,181, {ke, Je2e}) ,
KOKKOS_LAMBDA (int k, int 7,
/* Loop Body */
ik, Jr1) =

int i) {

E)es

-

Hierarchical Parallelism

using namespace Kokkos;
parallel for (team policy(nkxnj, AUTO),
KOKKOS_LAMBDA (member_type team_mem) {

int lr = team_mem.league_rank () ;
int k = 1lr / nj + ks;
int j = 1lx % 65y * 3s;

parallel for (
TeamThreadRange<> (team_mem, is, ie),
[&] (int 1) {
/* Loop Body =*/
u(k,j,1) =
Pil)i
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cell-updates/s/node
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Architectural Efficiency (%)
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https://docs.google.com/file/d/11PiIdKy4MD_Y4ikXwyN0FPCHNw5h5WX1/preview
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Small Scale Turbulent Dynamo
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hydro cascade MHD cascade






https://docs.google.com/file/d/1URovy6bLCTsuzY8Ia618h8H_C4QFWVon/preview

Isolated Galaxy Cluster Simulations with K-Athena

e Physics rich cluster simulation
MHD

Magnetic AGN feedback
Tabulated Cooling

Cosmic Ray model

Viscosity and Conduction

e How does the ISM behave?
e How does AGN feedback
thermalize?

o O O O O




Cosmological Simulations with Enzo-E

e How does rich plasma physics
change cosmological simulations?

e How do cool core cluster emerge,
and how are they maintained?

e How do AGN affect star formation
and the evolution of galaxies within
the cluster?

e With all the plasma physics, do we
get realistic cool core clusters?

Romulus C Simulation [Tremmel 2018]
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K-Athena: https://gitlab.com/pgrete/kathena
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