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Coupled oscillators on networks
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Coupled oscillators on networks
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Coupled oscillators on networks
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Intermezzo: Turing theory

The Chemical Basis of Morphogenesis
A. M. Turing

Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences, Vol.
237, No. 641. (Aug. 14, 1952), pp. 37-72.
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Turing theory in a nutshell

MSF

/—\' reaction-diffusion system of two species
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Extension on networks

J. theor. Biol. (1971) 32, 507-537
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ARTICLES " physics Instability and Dynamic Pattern in
Cellular Networks
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PUBLISHED ONLINE: 25 APRIL 2010 | DOI: 10.1038/NPHYS1E
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Turing-like instability

PHYSICAL REVIEW E 92, 022818 (2015)

Turing-like instabilities from a limit cycle

Joseph D. Challenger,'-? Raffaella Burioni,” and Duccio Fanelli’
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Coupled oscillators on networks (!)

dynamics of x

chaotic, oscillating,
Fixed point, etc...

pairwise coupling
in general diffusive like
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Extensions of Turing theory
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Directed Networks
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Non-normal Networks

A network is non-normal
when A’AzAA’
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Effects on the dynamics
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Effects on the dynamics

Linear dynamics

Non-linear dynamics

non-normal network
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Patterns of Non-normality

100 150
time

.e
N\ \‘I;"‘.‘-n,._ 2
. "' ¥ o ¢
-‘“l

25
25
L b‘ . . 1
L J - "4 4 -
non_normal network Journal of Theoretical Biology 480 (2019) 81-91
Contents lists available at ScienceDirect o
n I available al encellire ,....‘;'nl
. . 4
\ Journal of Theoretical Biology “"F
”_,-'“--‘._\ i I:ISI.-.\!:I{ journal hor : www.elsevier.com/locate/jtb ¥
/ N
f YN, oy
( Smmetric: network ; Patterns of non-normality in networked systems ®..
% ,] ' Riccardo Muolo?, Malbor Asllani®<*, Duccio Fanelli¢, Philip K. Maini®, Timoteo Carletti® L
\ K
Rt Iy ]
.""-‘..____..o""-’

www.unamur.be
C O wWmmemmbe U Y




Synchronization and non-normality
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De-synchronization
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Debate on optimal networks
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High-order Structures

a Network b Hypergraph ¢ Simplicial complex

Battiston et al., Nat. Phys., 2021
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High-order Structures

adjacency matrix adjacency tensors

a b Hypergraph ¢ Simplicial complex

Battiston et al., Nat. Phys., 2021
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High-order Structures

adjacency matrix adjacency tensors

a Network Hypergraph Simplicial complex
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High-order coupled oscillators

dynamics of x

pairwise coupling
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High-order coupled oscillators
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Dynamics on high-order structures

nature t ,.
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Turing theory in high-order systems

= I':{lV > nlin > arXiv:2207.03985

Nonlinear Sciences > Pattern Formation and Solitons

[Submitted on & Jul 20227

Turing patterns in systems with high-order interactions

Riccardo Muolo, Luca Gallo, Vito Latora, Mattia Frasca, Timoteo Carletti
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| Natural coupling
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Natural coupling
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Natural coupling

Dispersion law
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Reqgular topologies J
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Regular topologies
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Thank you for your attention

¢ Take Home Messages

synchronization of coupled oscillators can be studied in
the framework of Turing pattern formation (diffusive coupling)

the topology greatly affects the stability of the synchronized state
and a linear stability analysis may fail in its predictions

the theory can be extended in the framework of high-order interactions
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