Infering the connectivity of complex networks using ordinal transition methods
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Time series analysis has garnered significant research at-
tention in recent decades. However, the exponential growth
in data generation from various social, technological, and
natural sources observed in the last years has posed a chal-
lenge for researchers seeking to extract valuable information
from these datasets. Among the set of new tools developed
for this purpose, the ordinal methods derived from the sem-
inal work of Bandt and Pompe [1] have emerged as particu-
larly intriguing for analyzing correlated data series [2, 3, 4].
However, using these methods to understand the informa-
tion exchange in networks of dynamical systems and un-
cover the interplay between dynamics and structure during
the synchronization process remains relatively unexplored.
Here, we compare the ordinal permutation entropy, a stan-
dard complexity measure in the literature, and the entropy
of the ordinal transition probability matrix that describes the
transitions between the ordinal patterns derived from a time
series.

Our findings, using networks of coupled chaotic Rossler
systems [5], demonstrate that ordinal transition methods
outperform conventional ordinal patterns’ statistics when it
comes to detecting subtle dynamical changes and discrimi-
nating nodes based on their topological roles [6]. In particu-
lar, to assess the methods validity in a more realistic environ-
ment with available ground truth structural information, we
analysed the experimental datasets of networks of nonlinear
electronic circuits downloadable in Ref. [7]. These datasets
comprise the time series of the output voltage of N = 28
electronic circuits coupled in 20 different network configu-
rations and monitored along their synchronization process
for 100 coupling levels, ranging from disconnection (iso-
lated nodes) to values producing a network state of complete
synchrony. These experimental datasets provide the ideal
testbed for our inference method and to predict the circuits
connectivity by means of the network permutation entropy
of each timeseries circuit as shown in Fig. 1.

These initial results illuminate new possibilities for us-
ing ordinal methods in various applications, including func-
tional brain data analysis, power grids, mobility networks, or
any arbitrary real-world time series exhibiting correlations
originating from an existing underlying unknown network
structure. Many methods focused on the structurefunction
relationship are primarily intended to infer the detailed con-
nectivity network, down to the level of the individual links,
from time series. However, in many cases, knowledge of
centrality roles alone is sufficient for designing successful
interventions in the dynamics. Therefore, we anticipate that
our results, which do not rely on pairwise correlations be-
tween time series, will be of particular interest in the context
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Fig. 1. Inference of the nodes’ degree of networks of elec-
tronic circuits based on the network permutation entropy of
the timeseries reported in Ref. [7]. (a) Structure connectiv-
ity of the electronic circuit network used as a ground truth.
(b) Average assigned degree k, versus the real degree k&, ob-
tained when using a single network as a training reference.

of functional networks and other scenarios in which the un-
derlying structural information is inaccessible.

[1] Christoph Bandt, and Bernd Pompe. Permutation entropy: A
natural complexity measure for time series, Phys. Rev. Lett.
88,174102 (2002).

[2] Inmaculada Leyva, Johann H Martinez, Cristina Masoller, Os-
valdo A Rosso, and Massimiliano Zanin, 20 years of ordi-
nal patterns: Perspectives and challenges, Europhysics Letters
138, 31001 (2022).

[3] A. Tlaie, I. Leyva, R. Sevilla-Escoboza, V. P. Vera-Avila, and
I. Sendifia Nadal, Dynamical complexity as a proxy for the net-
work degree distribution, Phys. Rev. E 99, 012310 (2019).

[4] A. Tlaie, L.M. Ballesteros-Esteban, I. Leyva, and I. Sendia-
Nadal, Statistical complexity and connectivity relationship in
cultured neural networks, Chaos, Solitons & Fractals 119, 284—
290 (2019).

[5] O. E. Réssler, An equation for continuous chaos, Physics Let-
ters A 57, 397-398 (1976).

[6] J.A. Almendral, I. Leyva, and I. Sendia-Nadal. Unveiling the
Connectivity of Complex Networks Using Ordinal Transition
Methods, Entropy 25, 1079 (2023).

[7] V. Vera-vila, R. Sevilla-Escoboza, A. Lozano-Snchez, R.
Rivera-Durn, J.M. Buld, Experimental datasets of networks of
nonlinear oscillators: Structure and dynamics during the path
to synchronization, Data in Brief 28, 105012 (2020).



