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Overview



WP6 Objectives

� Objective 1: Adaptation of UQ algorithms to exascale numerical simulators
(high-dimension output)

� Objective 2: Surrogate modeling of coupled/nested/chained of numerical simulators

� Objective 3: Adaptation of the software platform Uranie to exascale applications
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WP6 Tasks

T6.1 Kernel-based sensitivity analysis for high-dimensional data and integral
computing

T6.2 UQ in a PDE solving framework: CFD simulations

T6.3 Surrogate modeling for UQ

T6.4 Acceleration of the bricks of the UQ process steps by leveraging exascale
calculations
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Progress



Key Achievements (2024-2025)

� Achievement 1: Linear constrained prediction of high-dimensional physical fields

� Achievement 2: A new graph kernel to address Gaussian Process Regression with
(large) graph inputs

� Achievement 3: Uncertainty propagation of parallelized TRUST simulations with
Uranie
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Technical Highlights



Technical Highlight 1

Prediction of physical �elds under linear constraints

Reliable prediction of spatial fields subjected to linear constraints governed by physical
laws

� Mahamat Nassouradine’s PhD work (2024 - 2027) between CEA Saclay & ENSAI

� Dimensionality reduction of high-dimensional data (i.e. spatial physical fields
produced by CFD simulations)

� Preserve the physical constraints in the latent dimensions of the data =)
Multi-output Gaussian process regression with constraints-aware covariance kernel
on the latent space

� First quarter of 2026 objective: submission to a scientific journal
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Technical Highlight 1: Application to the Buice-Eaton di�user
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Figure 1: CFD test case. An exemple of fields predicted (left) in comparison to simulated fields
(middle) and the Spatial Relative Squared Error (SRSE) (right). From top to bottom, the first
and second component of Reynolds stress tensor (τ11, τ22) , and the turbulent kinetic energy k .
The images have been horizontally compressed for display purposes.
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