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— Brandt & Pompe, PRL 88, 174102 (2002)
u =
X {I [ lXi, Xi+1, Xi+2, == I}

/o N N

012 021 102 120 201 210 | oA RASR

Ord. Patt. label

o _ . Random data
The OP probabilities allow to identify frequent — OPs are

patterns in the ordering of the data points equally probable

— Advantage: the probabilities uncover temporal correlations.

— Drawback: we lose information about the actual values.
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Example: the logistic map
X(1+1)=4x(1)[1-x(i)]
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A Is a symmetric
random matrix;

N
df;, = w;dt +@Z Aij 5111(9;5 — Qi)dt + D dI’i’r{i N=12 time-series, each
N =

TPR

with 104 data points.
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Results of a 100 simulations with different oscillators’ frequencies, random
matrices, noise realizations and initial conditions.
For each K, the threshold was varied to obtain optimal reconstruction.
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Perfect network inference is possible!
BUT

* the number of oscillators is small (12),
 the coupling is symmetric ( = only 66 possible links) and
 the data sets are long (104 points)

G. Tirabassi et al, Sci. Rep. 5 10829 (2015)
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Why instantaneous
frequencies are better than
phases and “observables™?

Correlation analysis of two
UNCOUPLED oscillators (K=0)
.
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We also analyzed experimental data recorded from 12 chaotic
ROssler electronic oscillators (symmetric and random coupling)

AR RS A| The Hilbert Transform
‘ “ > was used to obtain
12 Measured Signals
phases from
experimental data

Experiments by J. Buldu & R. Sevilla-Escoboza. 13
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Surface Air Temperature time-series
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10226 nodes, 700 data points (60
years X 12 months). Reanalysis
from National Center for
Environmental Prediction,
National Center for Atmospheric
Research (NCEP-NCAR)
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Network constructed from Network constructed from
correlation analysis of SAT correlation analysis of
anomalies Hilbert frequencies
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In each node we keep the strongest links (10%)

Low connectivity in the tropics is perhaps due to the
properties of the annual solar cycle in the region

18
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= |n small synthetic networks, under appropriate
conditions, perfect network inference is possible.

= The similarity method to be used and the variable to
be analyzed, for optimal network reconstruction
depends on the specific system.

®= The challenge: the applicability to real-world data
(finite and highly stochastic, such as climate data) is
an open question.
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Collaborators: Giulio Tirabassi and Dario Zappala (UPC)

Experiments with chaotic electronic circuits:
Javier Buldu (Technical University of Madrid), Ricardo
Sevilla-Escoboza (Universidad de Guadalajara, Mexico)

G. Tirabassi et al, Inferring the connectivity of coupled
oscillators from time-series statistical similarity analysis.

Sci. Rep. 5, 10829 (2015).
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