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SPACE
● Scalable Parallel Astrophysical Codes for Exascale

● 4 year European Center of Excellence project

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

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

● Collaboration: research institutes, computing centers, vendors



RAMSES in SPACE
Selected representative use cases: 

325 November 2025

Sedov explosion Cosmological box

Isolated galaxy

Goal: improve time-to-solution and scaling

Progress:

● benchmarking on all EuroHPC machines

(see Benoît’s talk tomorrow)

● Low level optimisations

neighbor searching, godunov solver

● OpenMP

sedov & cosmo done, amr wip

● Also tests, doc, code cleaning



Commits from

46 PRs merged on dev

+ 9 PRs merged on openmp

Various stuff in development on

https://github.com/tinecolman/ramses

 

https://github.com/tinecolman/ramses


Optimization of neighbor searching
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Optimization of Godunov solver
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Shared memory parallelism with 
OpenMP inside nodes

=> reduce number of MPI domain

=> decrease communication &

     reduced memory imprint ghost zones

=> less time spent communicating

=> improved scalability

MPI + OpenMP implementation

7

Starting from RAMSES-yOMP

Shared memory parallelism with 
OpenMP inside nodes

=> reduce number of MPI domain

=> decrease communication &

     reduced memory imprint ghost zones

=> less time spent communicating

=> improved scalability do loop
MPI
proc

OpenMP
threads

MPI
proc
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openmp branch

Done:
● Hydro on uniform grid (SEDOV)
● DM-only on uniform grid (COSMO)

WIP:
● Refinement
● MHD
● RT & cooling (STROMGREN)

NEW BRANCH on vanilla ramses

12 May 2025



Implementation

Place !$omp on loops over grids

Beware of updates to neighbors or other 
levels

25 November 2025



OpenMP for SEDOV ✅

AMD Milan architecture, 128 cores (256 threads) / node, AOCC compiler
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OpenMP for COSMO ✅
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On 64 nodes:

x2 faster

scaling 38% → 72%

25 November 2025



WIP: implosion test with AMR

communications

?
no openmp yet

-27%

1225 November 2025
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