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Bringing topology and dynamics together

Background information flow within network depends on topology, interaction mechanisms
and (nonlinear) dynamics of each node

pode ,/Y ¢,
Challenges role of each factor difficult to assess — design of network for specific dynamics difficult ymanics MM@ /'
Idea generate a dynamics-based functional network to obtain a backbone-structure for dynamics exataion \/\/\/\/ full-scale network  condensed
and evaluate impact of different factors dynamics functional

network

Model @ [MlImpact of different elements on network dynamics
T; +dz; = go(x;) + ch.V Aiigi(zs, z5) + f Topology: connection probability p Interaction: interaction factor c
Network topology iIncreased connectivity — more/faster information larger coupling weights — more equalizing move-
A Erdés—Rényi-Network with N = 100 flow — more uniform dynamics — less components ments — more uniform motion — less components
nonlinear nodal dynamics, c = 0.1, ) = 2 nonlinear nodal dynamics, p = 0.2, Q) = 2

nodes and edge probabillity p

components: 7 components: 52 components: 52 components: 57 components: 6 components: 27 components: 29 components: 40

Nodal dynamics
nonlinear: goni(z;) = —kx; — knxs
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linear: goin(z;) = —ka; “
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Interaction
linear: gl(fI}i, $j) — Xj — X
scaling factor ¢
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Excitation
harmonic: f; = F cos({t)
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Generating functional networks

c=1.0

workflow 1. obtain dynamics for each node
over time period (through excita-
tion of one node)

0.4

2. generate functional network [1]: :
each node In network = node In
} functional network :

c=1.5
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for each node pair, obtain couplin : : : e
L pa, PINg Nodal dynamics: linear or nonlinear Excitation: frequency ¢
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| linear nodal dynamics less complex lower excitation frequency — less cluster formation
(@) recurrence-based  high-  , — 02 ¢c=0.1,Q=2 nonlinear nodal dynamics, p = 0.2, ¢ = 0.1
| dimensional embedding
(b) interaction direction from | | | | |
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connected components [4, 5]
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