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Environmental Aspects

Results obtained so far?
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Global Modeling

Global Modeling

Ansatz library: A library of identities between these two formulations
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C.Lainscesk Library

C.Lainscsek Ansatzs library

Ansatz identification is presently limited to:

• 3-dimensional dynamics

• original formulation of degree 2

We decided to construct another library extended to non autonomous
equations.
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2D-Forced Library

Construction of a new Ansatz library

Case study: famous non autonomous systems: the Duffing system and
the Van der Pol system which are cubic sytems.
=⇒ Include two supplementary terms in the general original formulation:

(I ) =

{
ẋ = a0 + a1x + a2y + a3x

2 + a4y
2 + a5xy + αu

ẏ = b0 + b1x + b2y + b3x
2 + b4y

2 + b5xy +∆x3 + Γx2y + βv

with u(t) or v(t) a known external forcing of unknown dimension.
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2D-Forced Library

Two categories of coefficients

Example for A2:
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Organisation and Goals

GPoM Package

• Sylvain Mangiarotti & Mireille Huc

• Global Modelling Tool

• Obtain equations close to the dynamics
of the observed system
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Organisation and Goals

Retrieving the Original system
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Two step process
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Organisation and Goals

The case study

Georg Duffing
(1861-1944)

Duffing system:
ẋ = y
ẏ = −x3 − ay + u
u̇ = v
v̇ = −ω2u
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Organisation and Goals

The case study

Georg Duffing
(1861-1944)

Modified Duffing system :
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The global model

Search

• Candidates for the global model:
Approximation of the θi :

• Outputs:

We obtained 37 candidates
for the global model.
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The global model

Phase portraits
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The global model

Numerical Integration
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The global model

Numerical Integration

Only 5 global models are
conserved.
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The global model

Two step process

M.Tabone, Y.Zhang, S.Mangiarotti Ottochaos 11/10/2023 25 / 32



Modeling Environmental Dynamics Ansatzs libraries Algorithms

The global model

Reminder: Two categories of coefficients

Example for A2:
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The original model

Covariance Matrix Adaptation - Evolution
Strategy(CMAES)

• Stochastic optimization algorithm
• Developed Heike Trautmann, Olaf Mersmann and David Arnu
• Available on the CRAN
• Used to approximate the original coefficients
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The original model

Loss fonction: Mean Square Error

The definition of the Mean square error is:

MSE =
1

n

n∑
i=1

(yi − f (xi ))
2

with:

• n the size of the sample

• y the variable we want to approximate

• f the function to test

• x the explanatory variables
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The original model

Validation of the approximation of the original model
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The original model

Validation of the approximation of the original model

We obtain only one original
model.

M.Tabone, Y.Zhang, S.Mangiarotti Ottochaos 11/10/2023 30 / 32



Modeling Environmental Dynamics Ansatzs libraries Algorithms

The original model

Perspectives

• Complete the library with some other structures

• Use this method on observed data
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The original model

Thank you!
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