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❑ Volume
❑ Useful versus useless
❑ Completeness

I – Data Typology



I – Data Reduction

PCALINEAR

NONLINEAR

AE
Manifold Learning



I – Data: Metrics





I – Data: Active learning
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II – Modelling from data

❑ Fundamental laws:
▪ Mass, Momentum, Energy, …  conservation
▪ Entropy production
▪ Objectivity

❑ Conservation vs symmetries:
▪ Noether theorem

❑ Other properties:
▪ Stability, Convexity, …

❑ Phenomenological constitutive equations



II – Modelling from data

LINEAR

NONLINEAR

Regularized
Polynomial
Regression

-RPR-

Nonlinear
Regression

-NLR-

Linear approximation

Beyond linear approximations



II – Remark: Regression/Approximation

Linear regression-based linear approximation:

Linear regression-based nonlinear approximation:



II – Modelling at the latent space

PCA

PCA

AE

AE

RPR

NLR

RPR

NLR



II – Linear-Linear



II – Linear-Linear



II – Nonlinear-Nonlinear



III – Hybridation

Physics-Augmented: Physics-based + Data-driven

Physics-informed

+ DATA



IV - Numerical technologies

Regularized polynomial regressions, GP, DT, RF, SVR, …

CNN

GNN

rNN, LSTM, ResNET, NeuralODE, DeepONet, Reservoir computing, …

GAN

Transformers

Autoencoders

PINN, SPNN, PANN, …



PINN



TINN
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Model Data-Driven
correction

Hybrid modelling of 
local kinetics
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of RCS: AE-RCS
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Correcting beyond the observation





Cheap simulation + learnt correction








