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SPACE

e Scalable Parallel Astrophysical Codes for Exascale
* 4 year European Center of Excellence project (01/2023 - 12/2026)

« Goal: prepare state-of-the-art astro codes to efficiently use exascale
computation resources

e 7 codes: OpenGadget, ChaNGa, PLUTO, iPIC3D, RAMSES, FIL, BHAC

Collaboration: research institutes, computing centers, vendors
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RAMSES in SPACE SeAce

“Selected representative use cases:
Goal: improve time-to-solution and scaling &=

Progress:

z[em]

Cosmological box

* Benchmarking on all EuroHPC machines *~..

density [g f cm ** 3]

* Low level optimisations i

neighbor searching, godunov solver

* OpenMP g

U;‘ :';7: 07‘ ’ efinement level
sedov, cosmo, galaxy done ‘

Isolated galaxy
* Also tests, doc, code cleaning
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Benchmark results meluxina

SEDOV

Benchmarking package

Strong scaling

“ RAMSES-BEMCHMARKS-PROTOTYPEZ
= o tinecolman ramses-benchmarks-prototype2

strong scaling

Benchmark setups

« SEDOV: classic Sedov explosion in 3D

« COSMO: dark matter-only cosmological box on a uniform grid

Benchmark results per cluster

.gitignore

launch benchmark suite.sh
README.md

Cluster Benchmark results s =

nodes

MareMNostrum Strong scaling Weak scaling

nodes efficiency

How to do your own benchmarking 1 100%
2 97% nodes resolution @ efficiency

. 4 97% 1 256 100%

: 8 95% 8 512 92%

’ 16 91% 64 1024 86%
) 32 92%
i : 64 79%
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https://github.com/tinecolman/ramses-benchmarks-prototype2
https://github.com/tinecolman/ramses-benchmarks-prototype2
https://github.com/tinecolman/ramses-benchmarks-prototype2

Using the benchmark script

S ./launch_benchmark suite.sh -c meluxima -1 "1" -h refactor_Ecube_nbor_utilsD—t 1,2 -a p200525 -1 3

Switched to branch 'openmp hydro unigrid’
Your branch is up to date with 'origin/openmp_hydro unigrid'.

sedov 20483

HHHHHHH R
# Launching RAMSES performance benchmarks #
A R R R R R R
Multiple projects found. Please select one:

1) nocredit

2) p20@525

#? 2 104 1
You selected allocation ID: p200525 ]
Will launch the following benchmarks:

[ 2] setups/sedov

speedup

Test 1/1: sedov

Compile job submitted with Job ID: 2577666
Waiting for compile job to finmish...
Compile job completed successfully.
Launched benchmark sedov on 1 nodes [JOB

103
2577669]
2577670]

Launched benchmark sedov on nodes [JOB

discoverer
® karolina
vega
® meluxina
lumi
leonardo
marenostrum
deucalion

O

Launched benchmark sedov on
Launched benchmark sedov on
Launched benchmark sedov on
Launched benchmark sedov on
Launched benchmark sedov on
Launched benchmark sedov on
Launched benchmark sedov on
Submitted batch job 2577678

nodes [JOB
nodes [JOB
nodes [JOB
nodes [JOB
nodes [JOB
nodes [JOB
nodes [JOB

2577671]
2577672]
2577673]
2577674]
2577675]
2577676]
2577677]

AR R NNNRE &

103 104
number of cores



Optimization of Godunov solver @CE)

Initial profiling of sedov use-case Progress

R 1404 X
get3cubefather X X
(2.3%) b d X
1301 3
& X
""" v my 0 490 .
toprim
fetrboreather e £ -
godunoy_fine.190 godunov_fine.90 (0%) - § 1107 - meluxina X
godunov_fine godfinel — % . marenostrum
(0.1%) (32%) : i S, 100 1
nterpol_hydre.£50 uslope o
interpol_hydro (15%) 1= X 5
(0%) 2 904 X
T — = .
X X X
T . — s 80 1 X:
i unspli (14%)
o improve: ok o
L) = = - — — - U — -
- memory access e —— S % =3 £3 U8 ¥ 488 o-%
z8 82 8P TP ap g5 g5L TED
. . cmpflxm riemann_|If 35 S g T} 2o o0 sZ2 F:2Z8 Pguo
- vectorization (1.1%) (3.5%) g8 *®E 8E ®WE UE =7 S58E

23% speedup for sedov test
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[OpenMP] dynamic scheduling for particle loops -~ ' openmp /| SPACE

MPI + OpenMP S¢Ace

Openmp misc -~ | openmp || SPACE

OpenMP for the galaxy benchmark v (openmp) (SPAcE Shared memory parallelism inside nodes

Dpenmp for MHD co||apse test -~ | openmp /| SPACE => reduce number Of MPI domain

=> |ess time in MPl communications &
OpenMP for RT (without refinement) -~ ' openmp /' SPACE

reduced memory imprint ghost zones

Openmp make tree fix .~ | bug /| openmp '@ SPACE

=> improved scalability

Starting from RAMSES-yOMP

Openmp in flagging for refinement .~ | openmp |« SPACE

Working version of OpenMP in particles for COSMO (part2) -~ ' openmp /| SPAC Dedicated branCh on RAMSES G|tHU b

adjust omp for set_uold/unew to allow for more than 8 threads -~ ' openmp

[OpenMP] Progress of openmp for cosmo box: poisson multigrid solver ' §

Openmp virtual_boundaries -~ | openmp |« SPACE



OpenMP for SEDOV Srhee

sedov 10243 sedov 102432 on MeluXina
® nothreads —&— MPI only
® threads4 —8— 4 threads
® threadss 102 —e— 8 threads
— ideal o — ideal
<
5
5 100 2
3 g
oy >
£ “
5 101
£
Setup: blastwave 100
. . 100 10! 100 10!
(unlgrld) number of nodes number of nodes

Module: hydro

*  Godunov solver )
.. factor x4 decrease in memory on 64 nodes
* communication

Results: small improvement in strong scaling
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What about mini-RAMSES? @CE)

Sedov 1024 (MeluXina)

—s— ramses MPl-only
—e— ramses MP| + 8 OMP

102 1
| —e— mMmihi-ramses

time [s]

101 -

100 101
number of nodes
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OpenMP for COSMO (74

Cosmo on MeluXina

i

Setup: DM-only (unigrid)

] —— MpPIonly .
MPI + 2 OpenMP .
MPI + 4 OpenMP ; Module: gravity

| —e— MPI + 8 OpenMP

*  Poisson multigrid solver
*  Force calculation

*  Particle-mesh (Cloud-in-cell)

*  Moving of particles

Results on 64 nodes:

x2 faster
10° 1

L . . . . . . scaling 37% — 74%

1 2 4 8 16 32 64
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OpenMP for GALAXY ['4 SeAce

1 MPI Only /’ 10-% 103 10-1 10 7 9 Plais 15 17 00 2 o 107 102 101

1 MPI + 2 OpenMP I Refinemegt level Stars (Mo pc-2]
MPI + 4 OpenMP . | |
| —s— MPI + 8 OpenMP

100 Kpc

_%— 101 -
Setup: gas, DM & stars particles
Modules: hydro + gravity + AMR
1004 ¢

. . . . . . Results: scaling from awful to less bad

28 April 2026




OpenMP in realistic setups SeAce

Star forming galaxy ISM in kpc box Collapsing core
*  Star formation (in test) * Sink formation (to do) *  MHD (done)
* Stellar feedback (WIP) *  Sink feedback (to do)
RT (to test)

28 April 2026



OpenMP for collapse simulations @CE)

levelmax 14
0 ..@??ﬁ;:ié 403.71  253.45
2 4 670.81 378.33
4000 AU 4 4 466.38 276.15
(7] [4}]
g 84 418.43 255.08 | E
Physics: MHD, gravity, EOS g S
nE_- 16 4 384.39 267.01 L §
Challenge: deep AMR = o
32135418 25340 (19831 ...
Results i Best config
»  levelmax 14: speedup x2.6 s 28
* |evelmax 20: speedup x4-5 128 4 282.80
factor 10 - 20 less memory needed o 2 4 8 16 32 64 128

OpenMP threads per MPI
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RAMSES-ISM merge

Porting key RAMSES-ISM modules:
* Radiation with Flux Limited Diffusion (FLD)
Commercon+2011,2014, Gonzalez+2015
* Non-ideal MHD
Masson+2012, Marchand+2018
*  Dust multifluid
Verrier+2025

=> benefit from optimizations & OpenMP
in public RAMSES

28 April 2026
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Summary: RAMSES, now even faster! @CE)

* Benchmarking COSMO
MeluXina MareNostrum
~ On all EuroHPC systems 1nodes
® 2nodes
1 ® 4nodes
Development of scripts PR DU—— S o . ot ) R .
. . . 102 4 ® 16nodes
Gathering scaling for different setups _ |, . @ o| =1 @ 32n00es
‘5‘ [ ] ‘6‘ 64n0des Prereeree e PRI [ ]
*  Godunov solver optimized: 10-25% I D S £
5 . o 5 lq PO .
speedup 5 5 ¢
% @ " LECILTCTITP IO oo . .................... %
. . o o [0}
*  OpenMP implementation PR g — LA @ g °
_ . . 10" 1 ° P @t °
DONE: Hydro/MHD, gravity, particles ¢
~ TODO: Stars & sinks — - — — — ” — -
*  RAMSES-ISM community moving to public Sy 33 S3 gz 3y Sz S 3 23
®] 4 4 oz o 4 4 oz

version
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