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Hypergraphs. Some definitions.
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Dynamical systems on hypergraphs
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Dynamical systems on hypergraphs
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Dynamical systems on hypergraphs
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Dynamical systems on hypergraphs
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Mean field hyperedge coupling
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Mean field hyperedge coupling
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Question

Assume s(t) to be a stable solution of the isolated system

o
o dX(Z) . .
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o % ‘g pr f(x'") x eR

is it possible to destabilise it using the multi-body interaction 2

X(Z Z_ZD Fx®, x0)
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High-order Volterra model

r = —dxr + cixy x = density of predators
y=ry — sy’ — coxy, y = density of preys
— d
x*:(jl’r sd Yyt = — cir —sd >0
C1C9 C1

Stable equilibrium
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High-order Volterra model : sketch of the method

= —dr; + aclyM+ (1 —a Clxi% 2] Dijyj)
s = ryi — sy 20y Dighlg)— c29s 1. 3 D

WWW.unamur.be timoteo.carletti@unamur.be




High-order Volterra model : sketch of the method
.Ci?' — —dil?@' -+ CIlClyz‘di Z : Dz'jiEj + (1 — a)clazidi Zj Dz’jyj
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(consensus) high-order Laplace matrix
D,
Lij = d,J 0ij —2 <A™ <0

WWW.unamur.be timoteo.carletti@unamur.be




High-orcler Volterra model : sketch of the method
— —dx; + aclyz Z Dj;ix; + (1 — a)clxidi > Dijy;
Yi = TY; — SYi g Z Dljy] C2Yi - Z D’I,]xj ;
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Ui = TYi — 8Y; — Cayiti — SYi p_: Lijy; — cayi 3 Lijwy,
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High-order Volterra model : sketch of the method
— —dx; + aclyz Z Dj;ix; + (1 — a)clxidi > Dijy;
Yi = TY; — SYi g Z Dljy] C2Yi - Z D’L]ajj ;

]
= —dz; + ayizi +acry; ) Lijry + (1 —a)erw; ), Lijy;
Ui = TYi — 8Y; — Cayiti — SYi p_: Lijy; — cayi 3 Lijwy,

2

Linearise about (z*, 3*)and project on the eigenmodes ¢(®
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High-order Volterra model : sketch of the method

d (v _ 0 CLT”\ | £ ((aCry (I —-a)erz” u®
dt \ v® —ng* —Sy* —CQy* —Sy* D

| A = A\(A(®)) Eigenvalue with the largest real part
" (dispersion relation / largest Lyapunov exponent)

[ (x*,9*) is unstable if there exists A{®such that |

A= AA®) >0 |

<

’(33*7 y*) is stable if for all A(®
| A= AA®) <0
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High-order Volterra model : avoid predators extinction
" =0 y* =1
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High-order Volterra model : avoid predators extinction
" =0 y* =1
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Dynamical systems on hypergraphs
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Diffusive-like hyperedges coupling
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Diffusive-like hyperedges coupling

dx d dx (%) 7; Z_
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Diffusive-like hyperedges coupling

ax d dx(?) 7; Z_
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Master Stability Function on hypergraphs

ds Homogeneous solution of
a(t) = f(s(t)) the interconnected system

dox (V) Z. |
0X; = X; — S = Df(s(t))ox") — GZ L;; DG(s(t))ox")

J

doy ()
dt

= | DE(s(t) — €A DG(s(t))] oy

Master Stability Function on hypergraphs
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Synchronisation of
nonlinear oscillators

Synchronisation of
chaotic orbits

MSF
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Turing patterns on hypergraphs

Homogeneous stationary solution
of the interconnected system

s(t) =s™

doy (@)
dt

= [Df(s*) — eA(O‘)DG(s*)} oy

Master Stability Function on hypergraphs
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Turing patterns on hypergraphs
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Random walks on hypergraphs

Timoteo Carletti ©®,! Federico Battiston,? Giulia Cencetti ©,3 and Duccio Fanelli*
| Namur Institute for Complex Systems, University of Namur, 5000 Namur, Belgium
2Department of Network and Data Science, Central European University, Budapest 1051, Hungary
3Mobile and Social Computing Lab, Fondazione Bruno Kessler, Via Sommarive 18, 38123 Povo, Trento, Italy
4Dipartimento di Fisica e Astronomia, Universita di Firenze, INFN, and CSDC, Via Sansone 1, 50019 Sesto Fiorentino, Firenze, Italy

® (Received 14 November 2019; accepted 20 January 2020; published 18 February 2020)

I0P Publishing J.Phys.Complex. 1 (2020) 035006 (16pp) https://doi.org/10.1088/2632-072X/aba8el

Journal of Physics: Complexity

OPEN ACCESS PAPER

@<=+ Dynamical systems on hypergraphs

RECEIVED Timoteo Carletti"*, Duccio Fanelli’” and Sara Nicoletti’*

2 June 2020 1

REVISED 2

naXys, Namur Institute for Complex Systems, University of Namur, rempart de la Vierge, 8 B5000 Namur, Belgium
Universita degli Studi di Firenze, Dipartimento di Fisica e Astronomia, CSDC and INFN, via G. Sansone 1, 50019 Sesto Fiorentino,

9 July 2020 Italy
AccepTED For pusLicarion - Dipartimento di Ingegneria dell’Informazione, Universita di Firenze, Via S. Marta 3, 50139 Florence, Italy
23 July 2020 4 Author to whom any correspondence should be addressed.
PUBLISHED E-mail: timoteo.carletti@unamur.be
17 August 2020
Keywords: hypergraphs, master stability function, synchronisation, Turing patterns, dynamical systems
L — N

arXiv.org > cond-mat > arXiv:2104.01973 search..

Condensed Matter > Statistical Mechanics

[Submitted on 5 Apr 2021]

Dynamical systems on hypergraphs

Timoteo Carletti, Duccio Fanelli

We present a general framework that enables one to model high-order interaction among entangled dynamical
systems, via hypergraphs. Several relevant processes can be ideally traced back to the proposed scheme. We shall here
solely elaborate on the conditions that seed the spontaneous emergence of patterns, spatially heterogeneous solutions
resulting from the many-body interaction between fundamental units. In particular we will focus, on two relevant
settings. First, we will assume long-ranged mean field interactions between populations, and then turn to considering
diffusive-like couplings. Two applications are presented, respectively to a generalised Volterra system and the

Brusselator model.
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Flow-based Community Detection in Hypergraphs

Anton Eriksson, Timoteo Carletti, Renaud Lambiotte, Alexis Rojas, Martin Rosvall

To connect structure, dynamics and function in systems with multibody interactions, network scientists model random
walks on hypergraphs and identify communities that confine the walks for a long time. The two flow-based
community-detection methods Markov stability and the map equation identify such communities based on different
principles and search algorithms. But how similar are the resulting communities? We explain both methods' machinery
applied to hypergraphs and compare them on synthetic and real-world hypergraphs using various hyperedge-size
biased random walks and time scales. We find that the map equation is more sensitive to time-scale changes and that
Markov stability is more sensitive to hyperedge-size biases.
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