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Dynamics derived from applications

High-dimensional complex cost functional
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Dynamics derived from applications

Simplify

High-dimensional complex cost functional
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Fully resolved deformation + fluid-structure interactions

Squirmers + fluid dynamics

Squirmers + short-range interactions

Point particles + short-range interactions

Discrete lattice models with nearest-neighbour interactions

Hierarchy of model
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Vicsek-type model Observed behaviorSchematic representation

TABLE I | (top) A few variants of Vicsek model. The green vectors indicate the adapted orientation of the central particle i. The
purple arrows are the directions that enter in the calculation for the new direction of particle i. �, m, R, and �r(t) represent, respectively,
the noise strength, order parameter, radius of interaction, and particle displacement during one time step. (bottom) Examples of models
exhibiting collective motion in active particle systems solely based on physical interactions without explicit alignment rules.
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How to jointly orchestrate the fidelity selection, optimization methods?
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How to jointly orchestrate the fidelity selection, optimization methods and ressource allocation in exascale 
environnement?
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 AI for HPC: dynamic orchestration of simulations by learning

AI HPC

 Optimization methods : BO, DRL, NN and hybrids  Advanced multi-physics demonstrators

 Exascale capacity (European machines)

 Hybrid CPU/GPU computing (MPI/Kokkos)

How to jointly orchestrate the fidelity selection, optimization methods and ressource allocation in exascale 
environnement?



Objectives 

12

 How to design optimization methods 
       for multi-fidelity framework ?

 How to build a benchmark library to  
evaluate the behaviors of the methods?

 What are the best optimization strategies ?

 How to deploy a scalable library on exascale HPC systems?
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 Hybrid CPU/GPU architectures, MPI/Kokkos, dynamics orchestration, ensemble simulations
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 How to design optimization methods 
       for multi-fidelity framework ?

 How to build a benchmark library to  
evaluate the behaviors of the methods?

 What are the best optimization strategies ?

 How to deploy a scalable library on exascale HPC systems?

WP1 WP2

WP3

WP4

 Swimming Aeronautics  GeophysicsDRL, BO, NN, deterministic approach, hybrids

Analysis and comparison

Objectives and Work Packages



 Skill Hub      : HPC & Exascale  
Hybrid CPU/GPU architectures, MPI/Kokkos, dynamics orchestration 
 

 Skill Hub     : Mathematical modeling and simulations 
FEM, CutFEM, DG, spectral methods 
 

 Skill Hub      : AI-driven Optimization  
DRL, BO, NN, deterministic approach and hybrids

Skills
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The scientific outcomes rely on three key domains of expertise: 
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 How to build a benchmark library to  
evaluate the behaviors of the methods?

 How to deploy a scalable library on exascale HPC systems?
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Coupling

 How to design an optimization methods 
       for multi-fidelity framework ?

 What are the best optimization strategies ?

WP1 WP2

WP3

WP4
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Coupling

Analysis

 How to design an optimization methods 
       for multi-fidelity framework ?

 What are the best optimization strategies ?

Leader: R. Duvigneau Leader: L. Giraldi

Leader: D. Lingrand

Leader: C. Prud’Homme

WP1 WP2

WP3

WP4
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 Code library of physics-based benchmarks  
with multiple fidelity levels

 Exascale-ready open-source software platform  
Unified, modular, and portable framework deployable on hybrid CPU–GPU HPC architectures.

Deliverables 
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WP1 WP2

WP3

WP4

 Code library for multi-fidelity optimization 

 Code library on systematic performance analysis

 Mid-term report and final report



Project timeline and ressources 
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Swimming
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Year 2
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Postdoc2  Performance and scalability analysis

Deliverables
 WP1: Code library for multi-
fidelity optimization (T0+2) 
 WP2: Code library of physics-
based benchmarks  
with multiple fidelity levels  
(T0 + 2.5)

 WP4: Open-source software 
platform unified, modular, and 
portable framework deployable on 
hybrid architectures (T0+4)

 Mid-term report (T0 +2)

 Final report (T0 +4)

 WP3: Code library on 
Systematic performance 
analysis (T0 +4)
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Thanks to your attention
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Coordination with NumPEx

Exa-MA   Participate to GA, working groups

Exa-AToW Exa-SofT  Exa-DI 

Exa-DosT Multi-fidelity optimization

Software co
mponent for exascale

Scalable I/O

Applications demonstrators at scale

Advanced work flows orchestrations


