
Beyond a PhD Code: The Rise of the Shamrock
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No. 101053020 (Dust2Planets)

Leave a star 
It helps packaging !



2Last year !

Pictures of last year talk �
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?

Context



4Why ???????????????????????????

Why a new code ?

�

Context
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Sometimes we need a lot of resolution …



6Few examples 

What happens here ?

(1 Gpart)

???
Circum-stellar accretion ?

(>1 Gpart)

Shamrock paper

Global instabilities ?
(1-10 Gpart)

Wafflard-Fernandez, Lesur 2023

Johansen, Youdin 2007

1Gpart ⇔ αnum ≃ 10−3,10−4

Envelope, disc, low αnum

(1 Gpart)



7Phantom on GPU ???

Limitations :

• CPU only 
• No MPI scalability (limited to few nodes) 
• Soft limit around 10-100M particles

Phantom SPH code :

1 Exaflop  
=  float operations per second1018

Phantom can not be ported to GPUs  New approach⇒

• Kd-tree build 

• Domain decomposition 

• Single loop approach



Exascale clusters 8Supercomputers

Top 500 list :

GPU

GPU

GPU

GPU

GPU
⇒ Supercomputers move to GPUs

(Efficiency, density, AI, …)
(But all vendors involved)

Could also happen with NPUs soon-ish

See A
ndrew

’s ta
lk



9GPU code for supercomputers

Our choice :

• C++17 extension 

• Programming standard 

• Directly compiles through CUDA, Hip, OpenMP, … 

• Supports all major CPU & GPUs (AMD, Nvidia, Intel, ARM)

Exascale clusters



10The summary

The goal: Exascale

How ?

Accepted Published

1 Exaflop  
=  float operations per second1018

MPI
17

Do everything on GPUs

Technical talk at IWOCL
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2-slid
e summary



12All solvers are the “same”

SPHFinite VolumesFinite elements

𝕌
t+1 = F ({𝕌

t

i
}

i∈{ })γ( , ) &

Interaction criterion Numerical scheme

Wait! Are cells just  
particles that don’t move?

Always has been



13The goal in Shamrock

Numerical method 
+ Exascale scalability

Generic modules

Optimising SPH  Optimising AMR⇔

Generic modules are coded once for all schemes

Criterion γ

Scheme F

Reality is a bit more nuanced but that’s the goal 



14SPH
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Sedov-blast wave:

Reproduce Phantom solver !



15But also AMR & Zeus
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SPH (Phantom kind) Finite volume (RAMSES kind)

Mass based refinementFinite elements (Zeus kind)



16

Perfor
mance !!

!! 

(Measured in part/sec)



17Single GPU/CPU perf
Sedov-blast wave:Sedov-blast wave:

⇒Acceleration by a factor 7/8 CPU GPU⇒

Latest benchmarks

≃ 15Mpart/sec

⇒ Same power consumption !!!



18Multi-GPU

10 100 1000

GPUs

107
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1010
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1.38e+09

5.34e+09
6.76e+09
8.73e+09

2e6 parts / GPUs

16e6 parts / GPUs

32e6 parts / GPUs

64e6 parts / GPUs

Reference :  
   Same test with Phantom SPH = 2e6 part / seconds

x4500 speedup !→

• 65G particles ( ) 
• 9G part / seconds 
• 7 sec / iterations 
• 1024 GPU (MI250x) 
• 92% parallel efficiency 

40003

Shamrock :

20th (top500), GPU + CPU



19But also with Ramses

10 100 1000
GPUs

107
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1010

O
b
je
ct
s
/
se
co
n
d
s

Adastra 1e6 parts / GPU (SPH)

Adastra 8e6 parts / GPU (SPH)

Adastra 16e6 parts / GPU (SPH)

Adastra 32e6 parts / GPU (SPH)

Lumi-G 1283 cells / GPU (AMR)

Lumi-G 2563 cells / GPU (AMR)

84% parallel efficiency on LUMI before optimisation

Next: Optimizing the solver to get at least a factor of 10
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But this isn’t exascale yet …

20
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Top 500 list :

We have access to this one

120 000 GPUs

1 Exaflop

Military

On the road to Exascale

Note: getting GPU time is really easy



22On the road to Exascale

• 393.692.655.200 particles ( ) 
•  part / seconds 
• 4 sec / iterations 
• 12288 GPU (Intel PVC tiles)

73243

1011

Shamrock :

x50000 speedup !→



Exascale clusters 23On the road to Exascale

Next step is Exascale !
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Exemple of a simulation



25Exemples : circum-binary discs

10M particles 100M particles

• Soft limit around 10-100M particles 
But new physics at 1G particles

Need more resolution !



26The Duffel et al 2024 code comparison1G particles



27Accretion rate

10M particles

100M particles

1G particles
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sink 1 (1G part)

sink 2 (1G part)

sink 1 (100M part)

sink 2 (100M part)

sink 1 (10M part)

sink 2 (10M part)

The circumstellaire discs act  
as an accretion buffer

??? particles

Converged



28Résolution verticale

10M particles 100M particles 1G particles

1G particules : 125 particules / H ⇒ Enough for VSI, SI, parametric instability, …



29

Where do we go from there ????

See guillaume talk

See Yona’s talk  
for discs



30Prospects Prospects

SPH solver (production ready) :

• Exascale disc simulations 

• Non local forces (self-gravity) 

• Live MCMC radiative transfert 

• Hydro ✅ 

• Discs ✅ 

• MHD ✅ (Y. Lapeyre) 

• Black hole + warp ✅

Next :

AMR solver (WIP) :

• Hydro ✅ 

• Dust ✅ 

• Self-gravity (WIP)
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Thanks !


