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The RAMSES code

Characteristics
● Fortran + MPI
● Grid-based with AMR & adaptive timestepping
● Collision-less particles (dark matter, tracers, …)

Physics
● Hydrodynamics / MHD
● (Self)-gravity
● Radiative transfer
● Star formation & feedback
● ...
+ more being ported from private branches 

Evolution of the number of citations of the RAMSES first paper (Teyssier 2002)

Principle developer: Romain Teyssier

24 years of community developments

https://github.com/ramses-organisation/ramses
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Versatility of RAMSES
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● 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/GRACE, BHAC

● Collaboration: research institutes, computing centers, vendors

The SPACE project
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Types of optimizations

Parallelism
“Throw more hardware at the problem”

Algorithmic
“Same answer with less computation”

Memory Vectorization (SIMD)

Port to GPUCompiler options
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Gprof: basic profiler from GNU
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Information on:
● Execution time per function → hot spots
● Number of function calls
● Call graph

Usage:
● Compile with -pg, then run as usual
● generates gmon.out file at the end of 

execution

Display results:
● gprof --flat-profile executable_name
● gprof --graph executable_name

Python visualisation

sudo apt-get install graphviz

python3 -m pip install 
gprof2dot

gprof executable_name | 
gprof2dot | dot -Tpdf -o 
visu.pdf

Sedov



Advanced profiling with

Modular Assembly Quality Analyzer and Optimizer

Gives information on issues/bottlenecks for each loop
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Optimizing the hydro solver
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Sound speed computed but 
never used, sqrt expensive
→ remove it

Optimizing the hydro solver
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Optimizing the hydro solver

Circumvent check 
when grid is uniform
→ ~10% speedup
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Optimizing the hydro solver
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Before: slopes calculated in advance 
and stored in large temporary arrays

Now: call uslope inside loop in trace, to 
improve memory locality

 → ~10% speedup 

Optimizing the hydro solver

12Tine Colman



Optimizing the hydro solver
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Godunov solver Total time Sedov

Optimizing the hydro solver
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MPI + OpenMP implementation

=> reduce number of MPI domain

=> less time spent communicating

=> improved scalability

do loop
MPI
proc

OpenMP
threads

MPI
proc

Shared memory parallelism inside nodes

=> reduce number of MPI domain

=> reduced memory imprint ghost zones

=> reduced memory usage

Caveat: need to add OpenMP everywhere Starting point: RAMSES-yOMP
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OpenMP for use-case 1: SEDOV ✅

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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OpenMP for use-case 2: COSMO ✅

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 use-case 3: GALAXY ✅

Setup: gas, DM & stars particles

Modules: hydro + gravity + AMR

Results: scaling from awful to less bad
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OpenMP in realistic setups

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)
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OpenMP for collapse simulations

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 
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Benchmark database
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Benchmark database
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Benchmark database
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Benchmark database
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Benchmark database
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Benchmark database
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Benchmark database
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Benchmark database
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Doing your own benchmarks
https://github.com/tinecolman/ramses-benchmarks-prototype2
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Summary

RAMSES release 2026.05, 
including SPACE optimizations

OpenMP implementation
● DONE: all 3 SPACE use-cases
● TODO: stars & sinks

Benchmark database & scripts
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Developer documentation

Release 2026.05 highlights

Hydro solver optimization
Vectorization & memory access

10 – 25% speedup

CI/CD improvements
● Many tests added or 

updated
● Improvements to the 

infrastructure
● Coverage 47 → 64%
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27 January 2026
Neighbor searching takes ~20% of the total time

CosmoGprof on Cosmo benchmark

33



27 January 2026

Neighbor searching

Elementary routine used in many 
parts of the code

Issue 1: routine determines two results 
(cells and grids), but only one is used

Issue 2: filtering to change to order in 
which cells are processed has non-
contiguous memory access (and is 
applied trice!)

=> refactor for efficiency
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Neighbor searching

Solution 1: split routine into two parts

Solution 2: rewrite to remove if-
statements
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Neighbor searching

Solution 1: split routine into two parts

Solution 2: rewrite to remove if-
statements
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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
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