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Samurai: Main Ildea

1. Compress the mesh according to the
level-wise spatial connectivity along
each Cartesian axis.

2. Achieve fast look-up for a cell into the
structure, especially for parents and
neighbors.

3. Maximize the memory contiguity of the

stored data to allow for caching and
vectorization.

4. Facilitate inter-level operations, which
are common in many numerical
techniques.
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Samurai: Roadmap

intervals and algebra of sets

N/

N/

containers

xtensor, eigen, ...

I

algorithms
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parallel backend
MPI, cuda, HIP, SYCL, openMP, Kokkos, ...

N/

FVM J[ LBM J[ DG ][time schemes

N

J/
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dedicated applications
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Ponio



Samurai: Toward the Exascale

e Benchmarks with other libraries (AMReX for example)

e Optimize Single node performance for maximum efficiency
e Improve the dynamic MPI load balancing

¢ Provide support for GPU through the Kokkos library

e Improve xtensor library and its parallel capabilities

¢ Non-regression performance tests

e spack and guix packaging



Questions?

GitHub project available here : https://github.com/hpc-maths/samurai


https://github.com/hpc-maths/samurai
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Context : multiphysics simulations and code coupling

ur = hi(yr, y2)suz = ha(y1,y2)
v Interface

diyr = Fi(yr,ur,t) deya = Fa(y2, u2, 1)

Domaine 1 (solveur 1)  Domaine 2 (solveur 2)

Multiphysics model Coupled space Coupled

system PDEs discretization ODEs

|

Parttionned “}{ dy, = Fily @) ) i=1..M
B ——

Parallel integration
of each subsystem 7
using a specific solver

coupling variables

wi = hi(yr, -y ym)

Fluid — solid [SafranTech]

e

Fluid — structure [T. Fabbri, Coria]



The multistep coupling scheme

e Usually:

Integration of the
dtyi = ]:I'(.yl'a U;77 t)

constant
Convergence
at order 1
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Conventional Parallel

Staggered scheme

e High-order multistep scheme (explicit):

Integration of the

dey; = Filyi, 07, t) Convergence
polynomial
extrapolates the past at order k+1
ut™ un
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Predicteurs 0(t € [t,, ta+1)) de différents degrés de la variable de couplage u;

. Convergence rates of explicit multistep scheme
- ref 7
— degré 0 |
degré 1 10
— degré 2
— degré 3 0
107
s
107
—— k=0, order=1.05
~ 10
s
10750
LG — -~ —— k=4, order =5.11
—— k=>5,order=6.17
[ [ o © A 10722
temps T0-¢ 10 102 10



Implicitation of the multistep coupling scheme

An interpole
(t) ~ kil i
1 el

u

2 ty tns

Resolution of a fixed point problem
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Results
e Proof of convergence = zero-stability + consistency

e Coupling model equation { diy1 = aiy1+ any
diy» = aniy1+ a2

Stability of explicit multistep scheme (212 = zz1 and 2 = 2, = = 2.0)
(2= at)

e Stability analysis
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Perspectives

Ongoing work (PhD Thesis started November 12th 2024):
e Stability analysis
e Publication in Comptes Rendus Mécanique (Académie des Sciences - 2025) Proc.
Journée Scientifigue ONERA dedicated to numerical simulation environments
e Link model equation — PDE system
e HPC implementation in CWIPI

Collaborations:
e ONERA applications fluid — plasma, fluid — structure etc
e Industrial collaboration with CORIA and SafranTech: fluid — solid thermal coupling

¢ Modeling Summer Program 2025 at NASA Ames Research Center with
HPC@Maths team (CMAP): fluid — solid — ablation
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