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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

Challenges role of each factor difficult to assess → design of network for specific dynamics difficult

Idea generate a dynamics-based functional network to obtain a backbone-structure for dynamics
and evaluate impact of different factors

Model
ẍi + dẋi = g0(xi) + c

∑N
j Aijg1(xi, xj) + fi

Network topology
A Erdős–Rényi–Network with N = 100
nodes and edge probability p

Nodal dynamics
nonlinear: g0,nl(xi) = −kxi − knlx

3
i

linear: g0,lin(xi) = −kxi

Interaction
linear: g1(xi, xj) = xi − xj

scaling factor c

Excitation
harmonic: fi = F cos(Ωt)

Generating functional networks
workflow 1. obtain dynamics for each node

over time period (through excita-
tion of one node)

2. generate functional network [1]:
each node in network = node in
functional network
for each node pair, obtain coupling
direction [2] using [3]

(a) recurrence-based high-
dimensional embedding

(b) interaction direction from
cross-clustering and cross-
transitivity

3. condense using strongly
connected components [4, 5]

References
[1] C. Geier et al. “Building functional networks for complex re-

sponse analysis in systems of coupled nonlinear oscilla-
tors”. In: J Sound Vib (2024).

[2] J. H. Feldhoff et al. “Geometric detection of coupling direc-
tions by means of inter-system recurrence networks”. In:
Phys Lett A 376.46 (2012).

[3] J. F. Donges et al. “Unified functional network and nonlin-
ear time series analysis for complex systems science: The
pyunicorn package”. In: Chaos 25.11 (2015).

[4] R. Tarjan. “Depth-First Search and Linear Graph Algo-
rithms”. In: SIAM J Comput 1.2 (1972).

[5] E. Nuutila et al. “On finding the strongly connected com-
ponents in a directed graph”. In: Inform Process Lett 49.1
(1994).

Impact of different elements on network dynamics
Topology: connection probability p

increased connectivity – more/faster information
flow – more uniform dynamics – less components
nonlinear nodal dynamics, c = 0.1, Ω = 2

Interaction: interaction factor c
larger coupling weights – more equalizing move-
ments – more uniform motion – less components
nonlinear nodal dynamics, p = 0.2, Ω = 2

Nodal dynamics: linear or nonlinear
linear nodal dynamics less complex
p = 0.2, c = 0.1, Ω = 2

Excitation: frequency Ω

lower excitation frequency – less cluster formation
nonlinear nodal dynamics, p = 0.2, c = 0.1

Conclusion and outlook

→ condensed functional networks reveal backbone structure of network dynamics,
reveals function-based clusters and main paths of information flow

→ method enables study of impact of different elements on network dynamics

Future studies: quantify influence of different factors,
exploit findings for network design
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