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Eviden CEPP - Center for Excellence in Performance Programming
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https://eviden.com/wp-content/uploads/2024/04/Eviden-HPC_Brochure_CEPP_Acceleration.pdf
https://eviden.com/wp-content/uploads/2024/04/Eviden-HPC_Brochure_CEPP_Training.pdf
https://eviden.com/wp-content/uploads/2024/02/Eviden-CEPPOne_HPC-brochure.pdf
https://eviden.com/wp-content/uploads/2024/04/Eviden-HPC_Brochure_CEPP_AI4SIM.pdf

CEPP Al4Sim

Al for numerical simulation

* Project-based activity
 Use cases focused

 Collaborative framework
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CEPP Al4Sim

Al for numerical simulation

« Complex numerical simulation workflow
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CEPP Al4Sim

Al for numerical simulation

« Complex numerical simulation workflow

— accelerate / improve the simulation
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CEPP Al4Sim

Al for numerical simulation

« Complex numerical simulation workflow

Emulate physical parametrization
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CEPP Al4Sim

Al for numerical simulation

« Complex numerical simulation workflow

Physics
Solver C

Physical
parametrization

Solver
Physics output Physics

, Simulation

INnput

Solver A Solver B

Configuration

(parameters)
Correct solver output

output



CEPP Al4Sim
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« Complex numerical simulation workflow
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CEPP Al4Sim

Al for numerical simulation

« Complex numerical simulation workflow
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CEPP Al4Sim

Al for numerical simulation

« Complex numerical simulation workflow
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CEPP Al4Sim

Al for numerical simulation

+ Complex numerical simulation workflow /
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Reactive flow: Surrogating sub-grid scale physics to improve LES-like simulations

Center of Excellence

+ Context: RAISE H2020 European project Y

* Problem: Reactive flow simulation is challenging
* |t requires to resolve:
 The fluid dynamics (CFD)

« The chemistry (burnt/unburnt gas) x / Surrogate a \
« DNS + chemistry is too costly in practice r— part of the physics

« Reduced-order space (LES-like) simulations ’ DNS Mesh
512 x 256 X 256
8n \

are challenging (chemistry)

Outlet

i

« Solution: Use a NN to learn the flame surface density (f"') ‘ . @H(W) LES Mesh

Physics
Solver C

64 x32x32

from a filtered progress variable (C) — =
® ReSU |tS —e— Ground Truth DNS
. . - e Prediction GNN physics
 GNN (tackles irregular grids) . hnao \ Solver B /
«  48% improved accuracy ‘V\M i

* 4 X faster than previous Sota CNN
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CEPP Al4Sim _c ECMWF

Weather forecast: Enhancing the radiative scheme to reflect 3D cloud effect

+ Context: Center of Excellence ECMWEF - Eviden

* Problem: 3D cloud effect in the radiative scheme is too costly

« IFSis
* Triple

composed of several solvers, including ecRad
clouds is used in production

« SPARTACUS = Tripleclouds + 3D effect

Non-orographic
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CEPP Al4Sim

Weather forecast: Enhancing the radiative scheme to reflect 3D cloud effect

« Solution: Train NN to reduce the difference between the output of Tripleclouds and SPARTACUS

* Results:

« RNN + coupling solutions
* 97 % accuracy
« A fraction of Spartacus running time
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CEPP Al4Sim p

Ocean-atmosphere interactions: Accelerating coupled simulations ca—

« Context: Collaboration with AlRSea (Inria) and Shom

* Problem: High-quality ocean simulations require costly
atmospheric ones

+ Atmospheric surface fluxes influence ocean dynamics ATMOSPHERE
and vice-versa

* These exchanges are essential for realistic ocean
modeling

water
momentum
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CEPP Al4Sim

Ocean-atmosphere interactions: Accelerating coupled simulations

* Problem: High-quality ocean simulations require costly atmospheric ones

« Currently, 2 strategies

Fully-Coupled Strategy

7 ' Atmosphere

Avﬁ' T | High resolution
;/Tﬁﬁfﬂi (miﬂ \N atm

Surface module

OCE‘ /Fhfr'
Ocean
High resolution

z 7\
r d
lreia—~ SH_M
Forced Strategy
ey ERAS % = "

Low Resolution

lpzwo’ s [ ]
p atm
H/—"M " Ir

(#) Best numerical accuracy
@ Resource greedy (2,9 kcpu.h for 6-day simulation)
(= Most of the atmospheric data is useless
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Surface module
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< 7 .

Ocean
High resolution

.

(= Poor numerical resolution impacting the model

accuracy

@ Less resource required (88 cpu.h for 6-day simulation)
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CEPP Al4Sim

Ocean-atmosphere interactions: Accelerating coupled simulations

- 7\
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« Solution: Train a NN to enhance the atmospheric data spatially and temporally

* Results: PhD running Atmospheric Data __
. . . Ir
Objectives ERAS 5 Mggel
» Physical results close to fully-coupled runs
. £ I N
« Wall-time close to forced runs i S 7

« Limited additional resources required to run the ML part / \% \
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CEPP Al4Sim L
Glass dynamics: Toward accurate and interpretable simulations h

Laboratoire
interdisciplinaire de Physique

» Context: Collaboration with LIPhy

* Problem: Understanding glass dynamics is a long-standing challenge in physics
* Glass has disordered molecules like liquid yet is rigid

» Glass transition is very slow, and simulations are highly °
costly (even with 1k particles)
* Simulations are accurate, but we lack knowledge about
the origin of the transition
« Solution: Train a (quite) interpretable NN to predict glass
particle mobility at different time steps °

* Results: Crystal Liquid Glass
* SE(3)-equivariant GNN + attention

« Explainability analysis 0 4—0 /\ o
i O
Surrogate the full
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CEPP Al4Sim

Weather forecast: Emulating Arome ensemble with Machine Learning

« Context: Collaboration with Météo France

* Problem: Weather forecast including uncertainty estimation is
highly costly
* Deterministic simulations are already costly
e.g., 6 kcpu.h for 48-hour prediction, run every 3 hours

* Uncertainty estimation is usually obtained with ensemble
simulations
— distribution prediction

» Resource needed X members in the ensemble
e Arome isa limited area model

O

METEO
FRANCE

21



CEPP Al4Sim

Weather forecast: Emulating Arome ensemble with Machine Learning
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T850 RMSE skill score ws IFS HRES

3 day T850 RMSE Skill Score vs Publication Time
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Rasp, Stephan (2024). Al-Weather SotA vs Time. figshare. Dataset. https:/doi.org/10.6084/m?9.figshare.28083515.v]
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https://doi.org/10.6084/m9.figshare.28083515.v1

CEPP Al4Sim

Weather forecast: Emulating Arome ensemble with Machine Learning

« Solution: Train a NN to directly predict distribution for each variable

* Results: PhD running
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Thank you!

CEPP team leader Presenter https.//github.com/Al4SIM/model-collection
Christophe Berthelot Mikaél Jacquemont
christophe.berthelot@eviden.com mikael.jacquemont@eviden.com
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