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Interplay between networks and dynamics

W.-X. Wang, Y.-C. Lai, and C. Grebogi, Phys. Rep. 644 (2016).

I. Brugere, B. Gallagher, and T. Y. Berger-Wolf, ACM Comput. Surv. 51 (2018).
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Various approaches

Probing: [Yu et al., Phys. Rev. Lett. 97 (2006)], [Timme, Phys. Rev. Lett.

98 (2007)], [Dong et al., PLoS ONE 8 (2013)], [Basiri et al., Phys. Rev. E 98

(2018)], [Tyloo and D., J. Phys. Complexity 2 (2021)], ...

Maximum likelihood/cost minimization: [Hoang et al., Phys. Rev.

E 99 (2019)], [Makarov et al., J. Neurosci. Methods 144(2005)], [Shandilya

and Timme, New J. Phys. 13 (2011)], [Panaggio et al., Chaos 29 (2019)], ...

Statistical properties of trajectories: [Dahlhaus et al., J. Neurosci.

Methods 77 (1997)], [Sameshima and Baccalá, J. Neurosci. Methods 94

(1999)], [Ren et al., Phys. Rev. Lett. 104 (2010)], [Newman, Nature Physics

14 (2018)], [Peixoto, Phys. Rev. Lett. 123 (2019)], ...
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The model
Dynamics:

ẋi (t) = −Fi [x(t)] + ξi (t) i ∈ {1, ..., n} .

Network structure:

i ∼ j ⇐⇒ (JF )ij =
∂Fi
∂xj
6≡ 0 .

Linearization around x∗:

δ = x − x∗ , δ̇ = −JF (x∗)δ + ξ + O(‖δ‖2) .

Assumptions:
I JF is symmetric; I JF is positive semidefinite.
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Eigendecomposition of J
Real eigenvalues: 0 ≤ λ1 ≤ ... ≤ λn.

Orthogonal eigenvectors: u1, ..., un.

δ(t) =
n∑

i=1

ci (t)ui ,

ċi (t) = −λici (t) + u>i ξ ,

ci (t) = e−λi t
∫ t

0
eλi t

′
u>i ξ(t ′)dt ′ .
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Two-point velocity correlator

Noise: correlated in time, uncorrelated in space:

〈ξi (t)〉 = 0 , 〈ξi (s)ξj(t)〉 = ξ20δij exp(−|s − t|/τ0) .

lim
t→∞
〈δ̇i δ̇j〉 = · · ·

= ξ20

δij +
∑
`≥1

(−τ0)`(J `)ij

 .

M. Tyloo, R.D., and P. Jacquod, arXiv preprint:2007.16136 (2020).
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Direct reconstruction

τ0 � 1 =⇒ Jij ≈
(
δij − 〈δ̇i δ̇j〉/ξ20

)
/τ0 .

n = 3809

m = 4944 .

L. Pagnier and P. Jacquod, PanTaGruEl, Zenodo Repository (2019). doi.org/10.5281/zenodo.2642175
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Partial measurements

Previous approaches infer J −1.

Our approach:

Jij =
(
δij − 〈δ̇i δ̇j〉/ξ20

)
/τ0
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Wrap-up

www.arxiv.org/abs/2007.16136

Costs (assumptions):

I Stable fixed point;

I Symmetric coupling;

I Short correlation time.

Benefits:

I Direct reconstruction;

I (Geodesic distance;)

I Partial measurements.
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Thank you!

Conference on Complex Systems 2021 - Satellite Symposium
Data-based diagnosis of networked systems
www.delabaysrobin.site/ccs-satellite
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Geodesic distances

` < dij =⇒ (J `)ij = 0

lim
t→∞
〈δ̇i δ̇j〉 = ξ20

∞∑
`=dij

(−τ0)`(J `)ij ∼ τ
dij
0 .
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