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Why ???????????????????
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Why a new code ?

💧



Context & Aims
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S.I. In global discs ?

What happens here ?

And close to a planet ?

Resolution is mandatory !!!

???



Context & Aims
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Where is SPH ???

Grid
 co

de
 !

Grid
 co

de
 !

Grid
 co

de
 !

1st (top500), GPU + CPU

17th (top500), GPU + CPU
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So we need something ….

Well you know where this is going ….





Technical Locks
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How do you store a lot of particles on a cluster ?

• >1G part in a simulation

• Fast on GPU

Can you optimise SPH on GPU

• Neighbours finding

How do you work with neighbours on GPU

• Portability
But you need also to run well on CPU



The plan !
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Source : passeportsante.net

Portability

Distributed computing

neighbours & GPUs

Software engineering 

& Surprise



Portability
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Our choice :

• C++17 

• Not bound to a library but to a standard 

• Platform agnostic 

• Asynchronous by default 

• Can be compiled to native CUDA, Hip, OpenMP, … 

• Support all CPU & GPUs

• Portability
But you need also to run well on CPU



Domain decomposition

10

The global simulation is divided 
into multiple patches  

(abstract decomposition)

We only have to communicate  
the interface to iterate the simulation

Patches are scattered across the nodes

If patches are too large they split 

If they are too small they merge

• >1G part in a simulation



What is that ?
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It’s a tree !



Neighbour finding
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Tree based version : 

• Exclude half of the space every steps
• The remaining particles are  

       likely to interact

𝒪(n log(n))Complexity :

γ = 1

γ = 0 γ = 1

γ = 0



It took a year ….
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double morton removal

karras alg

compute int ranges

compute coord ranges

morton code compute

tralling index fill

index table gen

bitonic sort

RTX A5000 : >100.000.000 objects/ 1 sec Way faster than a  

timestep !A100 SXM4 : >400.000.000 objects/ 1 sec

Tree algorithm :  

• Using binary arithmetics (fast) 

• Morton code to convert position to binary 

• Internal layout using binary tree 

• No need to update it, just rebuild it !

• Fast on GPU

• Neighbours finding

Can you optimise SPH on GPU

How do you work with neighbours on GPU

Shamrock paper 1 (in prep)
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But …..

???
A lot of code → Software engineering ….



CI
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Github test pipeline + regression ✅



Testing library
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• Integrated with MPI 
• Can output datasets 
• Can run benchmarks 
• Can run python scripts

Testing : Test TestResult

TexReportPython plot



Python interop
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Runscripts : 

Shamrock
Python / IPython 

Interpreter / Jupyter
C++ 

functions

• Flexible for simulation inputs 
• No C++ for the user 
• Compatible with restarts 
• One job multiple simulation 
• Can be run interactively (IPython & Jupyter notebook)

pybind11

Python runscriptQuick exemple …



Organisation
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MPI SYCL PythonC++ STL

Pybind11BaseComm

Backend

Algs

Core

Math

Models SPH

Godunov

…

Bindings
Simplified : 

(12 libs in reality)



Units library (Public)
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https://github.com/Shamrock-code/Shamrock-units

https://godbolt.org/z/5zjGMea57Try it :

• Constexpr 

• Simple 

• Header only 

• Can be used in GPU kernels 

• Python bindings
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Results



Kelvin Helmotz
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Looks similar : is the viscosity the same ?



Kelvin Helmotz
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Yes ! (Differences due to difference in optimisation) Is the solver the same ?



Sedov-Taylor Blast
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• L2 distance r : 1.323e-05 

• L2 distance h : 7.687e-06 

• L2 distance vr : 0.0133 

• L2 distance u : 0.03803 

Marginal differences :

Rounding off when c
s

= 0

Yes !



Performance
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Sedov taylor blast :

• Sightly slower on CPU 

• Way faster with GPU



Discs
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Same performance in discs !



Discs (also black holes ones)
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Now if you take a big cluster
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17th (top500), GPU + CPU

338 nodes, 4 MI250x / Nodes 
921kW (max) 
61.6 PFlop/s



It scales !!! (Weak calling)
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0.92 efficiency !!!

Sedov Blast :

?
?
?
?



Now if you take a big cluster
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Adastra mi250x

1e6 parts / GPUs

8e6 parts / GPUs

16e6 parts / GPUs

32e6 parts / GPUs

• 9G part / seconds 

• 65.000.000.000 particles 
(         ) 

• 7 sec / iterations
40003

Isothermal disc : 1G part = 1 orbit/16h

Isothermal disc : 16G part = 1 orbit/4day
Global time steps : 
(Estimate 10k steps at 1M part)



But it is also efficient
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 - 350W / GPU 
 - 90W CPU 
 - 80W Memory 
 - 1900W / Node (70% max power)

Adastra MI250 :

256 nodes tests : 486kW 
(2/3 Adastra mi250)

Epyc 7742 (Rome) Rack 
4700 part/s/W

Large simulations required !



Context & Aims
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Where is SPH ???

Grid
 co

de
 !

Grid
 co

de
 !

Grid
 co

de
 !

1st (top500), GPU + CPU

17th (top500), GPU + CPU
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Thanks !


