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Learning

Monitoring

Anticipating

Accurate

Fast

Resilient

Complex

Large

Uncertain

Introduction: a new performances-based engineering

Diagnosis

Prognosis

Decision-making
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! Physics-based

! Data-based
Amount of data ($)
Explanation
Certification
Extrapolation
…

Variability
Uncertainty
Computing cost
…

Models versus Data

WEAKNESSES

WEAKNESSES
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Looking for the highest accuracy …

Reality 
= 

Physics-based model “The Art of Modelling”
+

The part of the reality that the model ignores “The Ignorance”

within the Hybrid paradigm

The fundamental equationThe fundamental equation

Accurate, fast, explainable 
& frugal (cheap).

The right data, at the right scale, 
the right place 

and the right moment



5Copyright © ESI Group, 2020. All rights reserved.

esi-group.com

Topological Data Analysis - TDA 

Data Inspector for efficient data description

A sort of goal oriented 

QR code / Passeport

Complex images

Time series

but in a vector space
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PGD POD (convolutional) 
Neural Network

PGD

↵1,↵2, · · ·

<latexit sha1_base64="QP8JWJIfRq+HFqEX0EzDSvsgv0Q="></latexit>

PERORMANCES
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Looking for the highest efficiency
Physics-based models (Art of Modelling) 

solved in real-time (Art of Simulation) 
Model Order Reduction

FAST
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Smart sensor with 
physics inside
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Physics-Aware AI

Learning the ignorance 
(gap between reality & model-based predictions) 

… in real-time and from very few (smart) data 
(what data, where and when) 

Looking for the highest accuracy
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