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Complex Coupled System
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Network Characteristics
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Times-Series from a priori coupled system
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Mathematical Model

Diffusively Coupled Agents

ẋi (t) = ωi −
∑
j

aij fij(xi − xj) + ξi (t) + bi (t) , i = 1, ..., n . (1)

aij adjacency matrix elements.

aij

{
> 0, if i , j are connected,

0, otherwise.
(2)

ξi noise.
bi probing/input signal.
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ẋi (t) = ωi −
∑
j

aij fij(xi − xj) + ξi (t) + bi (t) , i = 1, ..., n . (3)

aij adjacency matrix elements.

aij

{
> 0, if i , j are connected,

0, otherwise.
(4)

ξi noise.
bi probing/input signal.

{xi(t), ẋi(t)} → aij , n .
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Mathematical Model

Diffusively Coupled Agents

ẋi (t) = ωi −
∑
j

aij fij(xi − xj) + ξi (t) + bi (t) , i = 1, ..., n . (5)

aij adjacency matrix elements.

aij

{
> 0, if i , j are connected,

0, otherwise.
(6)

ξi noise.
bi probing/input signal.

Assumption

system stays close to a stable fixed point x∗.
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Mathematical Model

Assumption

system stays close to a stable fixed point x∗.

Linearization

δẋi (t) = ωi −
∑
j

aij
∂fij
∂x

(x∗)(δxi − δxj)︸ ︷︷ ︸∑
j Jijδxj

+ξi (t) + bi (t) , i = 1, ..., n . (7)

Jij =

{
−aij

∂fij
∂x (x∗), if i 6= j ,∑

k aik
∂fik
∂x (x∗), if i = j .

(8)
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Network Connectivity

Passive observation

δẋi (t) = ωi −
∑
j

Jijδxj + ξi (t) , i = 1, ..., n . (9)

Melvyn Tyloo (melvyntyloo.com) Dynamics Days 2021 melvyn.tyloo@gmail.com 6 / 14

https://www.melvyntyloo.com/


Network Connectivity

Passive observation

δẋi (t) = ωi −
∑
j

Jijδxj + ξi (t) , i = 1, ..., n . (10)

If access to every nodes → 〈δxiδxj〉 ∝ J† (Ren et al. PRL 2010).
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Network Connectivity

Passive observation

δẋi (t) = ωi −
∑
j

Jijδxj + ξi (t) , i = 1, ..., n . (11)

If access to every nodes → 〈δxiδxj〉 ∝ J† (Ren et al. PRL 2010).
If access only to a subset of nodes → 〈δẋiδẋj〉 ∝ J (MT, Delabays,
Jacquod 2021).
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Network Connectivity

Noise vs. System Time-scales

Time-correlated noise

〈ξi (t)〉 = 0 ,

〈ξi (t + ∆t/2)ξj(t −∆t/2)〉 = ξ20 δij exp (−|∆t|/τ0) , (12)

correlation time τ0 .

Two-point correlator

limt→∞〈δẋi (t)δẋj(t)〉 = ξ20

(
δij −

∑
α

uα,iuα,j
λατ0

1 + λατ0

)
, (13)

Lyapunov exponents λα .
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Network Connectivity

Noise vs. System Time-scales
White noise limit: λατ0 � 1 ,

Ĵij = (δij − 〈δẋiδẋj〉/ξ20) τ−10 . (14)
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Network Connectivity

Large Networks
ER BA WS

n = 1000 , m ∼= 100 .
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Network Connectivity

Real-time detection
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Network Connectivity

Geodesic distances

〈δẋiδẋj〉 = ξ20

∞∑
k=q

(−τ0)k
(
Jk
)
ij
. (15)

minl ,m(Jq−1)lmτ
−1
0 � (Jq)ij � maxl ,m(Jq+1)lmτ0 , (16)
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Network Connectivity

Geodesic distances
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Conclusion

Network inference

Reconstruct network within the accessible units.

Real-time detection of changes in the topology.

Geodesic distances.

MT, R. Delabays, P. Jacquod, researchsquare (2021)

Other Questions of Interest

Probing

Fault location

Fault identification

Prediction of extreme events

...

R. Delabays, MT, IFAC-PapersOnLine 54(9), 696-700 (2021)
MT, R. Delabays J. Phys. Complex. 2 025016 (2021)
R. Delabays, L. Pagnier, MT New J. Phys. 23 043037 (2021)
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CCS 2021: Satellite

https://www.delabaysrobin.site/ccs-satellite
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