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Summary

1) O-information: spiking neurons
2) Informational character of patterns: application in music

3) Gradients of O-information

4) Conclusions




Complex Networks
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Network Physiology, Network Neuroscience, Network Psychiatry, etc...




Functional Segregation vs Functional Integration
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The physics of higher-order interactions in
complex systems
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Complex networks have become the main paradigm for modelling the dynamics of interacting systems. However, networks are
intrinsically limited to describing pairwise interactions, whereas real-world systems are often characterized by higher-order
interactions involving groups of three or more units. Higher-order structures, such as hypergraphs and simplicial complexes,
are therefore a better tool to map the real organization of many social, biological and man-made systems. Here, we highlight
recent evidence of collective behaviours induced by higher-order interactions, and we outline three key challenges for the phys-
ics of higher-order systems.
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Disentangling high-order mechanisms and high-order
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High Order Mechanisms
-Structure
-Interactions

How the system is structured

I_

igh Order Behaviours

~unction (correlations)

-Observables (from data)

What the system does



A) Mechanism Observed behaviour
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There are two basic types of high-order dependencies
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redundancy! synergy!




Beyond triplets:

O-information: useful tool for practical data analysis, to assess
the informational character of multiplets of variables
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Quantifying high-order interdependencies via multivariate

extensions of the mutual information
Fernando E. Rosas, Pedro A. M. Mediano, Michael Gastpar, and Henrik J. Jensen
Phys. Rev. E 100, 032305 - Published 13 September 2019




APPLICATION TO SPIKING NEURONS
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Quantifying high-order interdependencies on
individual patterns via the local O-information

Entropy = — [log(p(x)) p(x)dx
Local Entropy = — log(p(x)); surprise

Local O-information is obtained from the O-information substituting
the entropy with the local entropy



Scagliarini et al.: Phys. Rev. Res.
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Music complexity

Synergy!

Redundancy Synergy

Chord w Chord w R Sl

%%_Ic{rf‘? 3.443 A EPD -2.916
2.736 -2.836 1st inversion 2nd inversion

FCFC 2.484 B -2.725 dissonances

ACAC 2.311 -2.688
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O-information rate (L. Faes et al.): a framework which allows decomposing in frequency
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Gradients of O-information: low-order descriptors of high-order dependencies
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Toy model: Ising spins

first order gradients
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As an econometric US macroeconomics indicators 0; (2

application, 14 US COE 0.59
macroeconomic time HOANBS 0.47
series taken from the SII\?II;BEE 823
TB3MS 0.11
over a period of 61 M2SL 0.09
years (1959- 2020) GPDI —0.26

TABLE I. Gradients of O-information for US
macroeconomic indicators (only statistically significant
values).




second order gradients local O-information

H - B T
-0.45 0 0.15 -0.34 0 0.51

FIG. 2: Left: second order gradients for pairs of
economic indicators. Right: local O-information of
pairs of economic indicators. Edge values are encoded
by color (sign) and width (absolute value). Only
statistically significant edges — calculated via
bootstrap resampling — are included.




Application to fMRI data
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Conclusions

These new tools make possible the
analysis of many body effects in complex
systems with a computational burden
which scales gracefully with the number
of variables. The search for synergistic
informational circuits can thus be
acomplished also in the big data scenario.
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