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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: 

316 December 2025

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 done, amr wip

● Also tests, doc, code cleaning



Commits from

46 PRs merged on dev

+ 10 PRs merged on openmp

Various stuff in development on

https://github.com/tinecolman/ramses

 

https://github.com/tinecolman/ramses


Benchmarking



EuroHPC systems (CPU partitions)

     system (country)           #nodes   RAM/node [GB]              processor (cores)                    chosen compiler

Discoverer (Bulgaria) 1128 256, 1024 2 x AMD EPYC 7H12 (2x64) GNU + OpenMPI

Karolina (Czech rep.) 720 256 2 x AMD EPYC 7H12 (2x64) GNU + OpenMPI

Vega (Slovenia) 960 256, 1024 2 x AMD EPYC 7H12 (2x64) GNU + OpenMPI

MeluXina (Luxembourg) 573 512, 4096 2 x AMD EPYC 7H12 (2x64) GNU + OpenMPI

Lumi (Finland) 2048 256, 512, 1024 2 x AMD EPYC 7763 (2x64) GNU + MPICH (Cray)

Leonardo (Italy) 1536 512 2 x Intel Xeon Platinum 8480+ (2x56) Intel + Intel MPI

Mare Nostrum (Spain) 6192 256, 1024 2 x Intel Xeon Platinum 8480+ (2x56) Intel + Intel MPI

Deucalion (Portugal) - - - -
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Scaling on EuroHPC systems

Strong scaling

Weak scaling sedov 1283/core

40963 

cells

7

65536 
cores
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Performance on EuroHPC systems

Smaller AMD systems similar

Intel systems typically slightly faster

Leonardo best timings (but often node 
problems)

65536 cores
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Performance benchmarking

9

GOAL: create script to make benchmarking ramses easy...

● for users, that need scaling plots for proposals

● for developers, that need to verify performance

● for maintainers, to verify code quality on PR
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Benchmark package for RAMSES
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● Main script: compile code, create and launch jobs

● Presets for different clusters

● Collection of predefined setups 

● Scripts to analyze results

● Manual

● Results and figures

● Front page of repo

https://github.com/tinecolman/ramses-benchmarks-prototype2
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Using the benchmark script
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Parameters:

● -c: name of the preset cluster

● -l or -n: specify a list or maximum number of nodes to use

● -t: specify which benchmark setups to run

● -i: how many times to run the same benchmark (1 by default)

● -a: allocation number (can also be determined automatically)

● -w: also do weak scaling

● -m: openMP threads
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Benchmarking for users
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Benchmarking for developers
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Benchmarking for maintainers
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Optimization



Optimization of neighbor searching
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Optimization of Godunov solver

To improve:
- memory access
- vectorization
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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
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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)

Dedicated branch on RAMSES GitHub
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OpenMP for SEDOV ✅

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

21

Modules:

– Poisson multigrid solver

– Force calculation

– Particle-mesh

– Moving of particles

Result on 64 nodes:

x2 faster

scaling 37% → 74%
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CI/CD improvements

22

● SNO working group: test suite 

● 41 PR related to tests/CI merged

● 16 new tests added, 5 tests updated

● Various infrastructure improvements

● Test suite coverage

– Initially: 47.63 %  (16828/35334 lines)

– Current: 63.02 %  (21428/34000 lines)
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Summary

23

Benchmarking RAMSES

● on all EuroHPC systems

● Development of scripts

Optimizations: low level + OpenMP

● Hydro uniform grid:

20% base speedup

5-10% scaling improvement

● Cosmo unifrom grid: 

10% base speedup

30-40% scaling improvements

Test suite improvements

COSMO
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Optimisation of neighbor searching

Identified bottleneck in an 
elementary routine for 
cosmo benchmark

get3cubefather takes 
~20% of the time



Same filtering with if inside 
loop done trice

Both cells and grids are 
outputted but only one is 
used



    Solutions:

● Split into two routines
● Remove filtering and artificial loop over ind. Pass 

array pos instead of integer ind to get3cubepos.

~10% speedup
cosmo test



Implementation

Place !$omp on loops over grids

Beware of updates to neighbors or other 
levels
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