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SPACE
● 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

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

● Collaboration: research institutes, computing centers, vendors



RAMSES in SPACE
Selected representative use cases: 

328 April 2026

Sedov explosion Cosmological box

Isolated galaxy

Goal: improve time-to-solution and scaling

Progress:
● Benchmarking on all EuroHPC machines
● Low level optimisations

neighbor searching, godunov solver

● OpenMP

sedov, cosmo, galaxy done

● Also tests, doc, code cleaning



Benchmarking package

https://github.com/tine
colman/ramses-bench
marks-prototype2

28 April 2026
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Using the benchmark script
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Optimization of Godunov solver

To improve:
- memory access
- vectorization
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MPI + OpenMP 
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Shared memory parallelism inside nodes

=> reduce number of MPI domain

=> less time in MPI communications &

     reduced memory imprint ghost zones

=> improved scalability

Starting from RAMSES-yOMP

Dedicated branch on RAMSES GitHub

16 December 2025



OpenMP for SEDOV ✅
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Setup: blastwave 
(unigrid)

Module: hydro
● Godunov solver
● communication

Results:   small improvement in strong scaling

                 factor x4 decrease in memory on 64 nodes
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What about mini-RAMSES?

928 April 2026



OpenMP for COSMO ✅
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Setup: DM-only (unigrid)

Module: gravity
● Poisson multigrid solver

● Force calculation

● Particle-mesh (Cloud-in-cell)

● Moving of particles

Results on 64 nodes:

x2 faster

scaling 37% → 74%
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OpenMP for GALAXY ✅
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Setup: gas, DM & stars particles

Modules: hydro + gravity + AMR

Results: scaling from awful to less bad
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OpenMP in realistic setups
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Star forming galaxy
● Star formation (in test)
● Stellar feedback (WIP)

ISM in kpc box
● Sink formation (to do)
● Sink feedback (to do)
● RT (to test)

Collapsing core
● MHD (done)

28 April 2026



OpenMP for collapse simulations
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4000 AU 400 AU 0.4 AU

Best config 
x2.6

levelmax 14

Physics: MHD, gravity, EOS

Challenge: deep AMR

Results
● levelmax 14: speedup x2.6
● levelmax 20: speedup x4-5

factor 10 - 20 less memory needed 

28 April 2026



RAMSES-ISM merge
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Porting key RAMSES-ISM modules:
● Radiation with Flux Limited Diffusion (FLD)

Commerçon+2011,2014, Gonzalez+2015

● Non-ideal MHD

Masson+2012, Marchand+2018

● Dust multifluid

Verrier+2025

=> benefit from optimizations & OpenMP 
in public RAMSES

Ahmad+2015
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Summary: RAMSES, now even faster!
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● Benchmarking

– On all EuroHPC systems
– Development of scripts
– Gathering scaling for different setups

● Godunov solver optimized: 10-25% 
speedup

● OpenMP implementation

– DONE: Hydro/MHD, gravity, particles
– TODO: Stars & sinks

● RAMSES-ISM community moving to public 
version

COSMO

28 April 2026
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