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VA NAN
GYSELA code for exascale plasma turbulence simulations” ™

Gyrokinetic plasma turbulence simulations to understand turbulent transport that
mainly governs confinement in Tokamaks

GYSELA developed at IRFM/CEA code over 20 years thanks to strong EU
collaboration between physicists, mathematicians and HPC specialists
= MP1/OpenMP Fortran90 code optimized up to 730k CPU cores
» Relative efficiency of 85% on more than 500k cores and 63% on 730k cores
on CEA-HF (AMD EPYC 7763)

Intensive use of petascale resources: ~ 150 millions of hours / year (GENCI +
PRACE + HPC Fusion resources)

Exascale needs for ITER plasma turbulence simulations
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Roadmap for GYSELA towards exascale simulations
Development of a new code Gysela-X++ = Why ?

= HPC challenge : A portable code on new exascale architectures
® Heterogeneous accelerated nodes are extremely challenging
— modern C++ with MPI + Kokkos [E. Malaboeuf (CINES) 2024-2027] b4
® More physics = new numerical challenges
® More realistic density & temperature gradients at edge-SOL
— SL scheme for non-uniform meshes [E. Bourne (CEA) 2020-2023]
= X-point geometry
— SL scheme for multi-patches [P. Vidal (IPP) PhD 2022-2025] o
— 2D multi-patches poisson soIver [A. Hoffmann (IPP) 2023-2026]
AN

z(m)

= Stellarator configuration

. SOLEDGE-3X E ITER schematic view
— 3D scalable Poisson solver [ S. Dasari (CERFACS) 2024-2027] X-point geometry == ——
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YVOAY
Roadmap for Gysela-X++ code towards exascale NN
First objective: Efficient parallel code to exploit Alice Recoque resources

2022| 2023 | 2024 | 2025 | 2026 | 2027 | 2028
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TODAY A. Recoque
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A modular framework based on multiple libraries

® Modern C++ with MPI + Kokkos based on external libraries:

» DDC https://github.com/CExA-project/ddc: A discrete domain
computation library to offer to the C++/MPI world an equivalent to the
xarray.DataArray/dask. DDC relies on Kokkos and mdspan to offer CPU/GPU
performance-portable multi-dimensional arrays and iterators.

» Kokkos-kernels for FFT and Splines [Y. Asahi et al., 2024]
» Gingko https://ginkgo-project.github.io/ or eigen for Linear Algebra

= libkoliop https://gitlab.com/cines/code.gysela/libkoliop for collision
operator

»« PDI Data Interface https://github.com/pdidev/pdi for I/O
= Pros: Takes advantage of optimisation of each library on accelerated architectures
= Cons: Complex installation — Need for robust packaging tools (spack, GUIX, ...)
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Gyselalibxx: A collection of C++ components

for writing gyrokinetic semi-lagrangian codes

= Computing kernels ready for
non-uniform meshes + WIP for
multi-patches.

= Vlasov solver

= Advection operators
= Collision operators
= Source terms

= Poisson solvers
= Vlasov-Poisson simulations

= 1X-1V Landau damping
= 1X-1V Bump-on-Tail instability
= 2X-2V Landau damping

@ irfmJ V. Grandgirard

https://github.com/gyselax/gyselalibxx/

= o ayselax / gyselalibxx al|[+ -

oneo@

<> Code [ Pullrequests 2 ) Discussions (@ Actions (@ Security | Insights @3 Settings

& gyselalibxx Fublic £ EditPins v | ©Wach 0 v ¥ Fok 6 | ~ Starred 18

¥ main - ¥ ©

Gotofile | + Contributors 11
209029
®@3%e@

@ Paulinevidal Mistakes in PredCorr in geomet... @8+  843bfds-18hoursago D

3 simulations Add MPI to axisymmetric simula...
_J Mistakes in PredCorr in geometr.. PR —
W tests 2days ago
B toolchains 2 weeks ago
8 vendor Merge branch ‘ebourne-366-red... ast week
M docs Merge branch ‘ebourne_355_fiel.
5 MIT license
B post-process/Pythonscripts Charge species must be a float 3months ago
A Activity

Packaging via spack or Guix + Doxygen doc.
+ Cl integration (425 tests)
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First prototype (2D mono-GPU): Voicexx code
1X-1V semi-Lagrangian Vlasov code for sheath simulations
m See [E. Bourne et al., 2023] for numerics & [Y. Munschy et al., 2023] for physics

= CExA demonstrator fully based on Kokkos: Portable on multi-architectures
CPU versus GPU GPU: NVIDIA V100 GPU: AMD-MI250X

—e— Xeon
104 { —&— AMD-Genoa
—&— Nvidia-v100 102 —+— Advection:X, Vx 10? —— Advection:X, Vx
—— AMD-MI250 __ Poisson: __._ Poisson:
——- Perfect scaling FFT + Charge De FFT + Charge Density
Collisions: Collisions:
E Intra + Inter E Intra + Inter
o Sources: ] Sources:
£ T Krook + Kinetic £ = Krook + Kinetic
Other: Other:
10t —® Copies + HDF5\ 10! - | ™ Copies + HDF5 writing
— Total time —— Total time
--- Perfect scaling -=- Perfect scaling
102
100 6 6 7 7 100 3 6 7 7
A% 106 S X108 o 2 %107 Tx107 4x10° 6x10f 107 2x107 3x10 4x10° 6x10 107 2x107 3x10
Number of points Number of points

Number of points

m Ready for physics: neutrals [PhD M. Perey] + Al: PINN’s studies (NTU Singapore)

irfmJ V. Grandgirard CExA Steering Commitee October 25, 2024 7/11



VA NANN
WIP: 4D multi-GPU prototype: Gysela-Axi code W !!j

(2X-2V) semi-Lagrangian code for axisymmetric neoclassical simulations

m All the pieces of the puzzle are being put together
= 2D advection in (r, ) + 1D advection in v

= Non-uniform 1D and 2D splines developed in DDC via PTC simu +
optimized with kokkos-tools via Moonshot CExA

= 2D poisson solver in (r, 6)
= 2D collision operator (v, u)

= translated from GYSELA F90 into C++ & Kokkos
— libkoliop with an interface for both GYSELA F90 and Gysela-X++

= MPI transposition

= Objective: end 2024 (EoCoE-Ill milestone)
» Designed to work on multi-GPU optimization but also for physics:
= Neoclassical effects with shaping and impurities [PhD L. De Gianni]

@ MM V. Grandgirard CExA Steering Commitee October 25, 2024 8/11



= A full based Kokkos ecosystem under development for gyrokinetic turbulence
simulations — Long time collab. with MdIS + Moonshot CEXA clearly a booster
— Exascale electromagnetic simulations for ITER plasma & stellarator

Conclusion & Perspectives (1/2)

DDC libkoliop PDI
Gyselalibxx
VoiceXX — Gysela-Axi Gysela-DK Gysela-X++  Gysela-Stellarator
(1x-1V) (2X-2V) (3X-1V) (3X-2V) (3X-2V)
1 1 1 1
sheath neoclassical effects  test bed for exascale simulations
aligned coord. with X-point
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Conclusion & Perspectives (2/2) -

Not possible without a strong collab. between HPC specialists, mathematicians and
physicists

= Each prototype designed to be exploited by physicists
= Future work with CExA team (non-exaustive list):

1. Optimized 6D transposition (3X-2V-species)

2. Optimised 3D and 4D splines

3. Training for new developers and for users

4. Improvement of the readability

5. Continuous Integration on multi-machines

= Missing numeric kernels for Gysela-X++ with X-point:
= gyroaverage (will be extracted from GYSELA F90)
= Vlasov + Poisson on multi-patches
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