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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

Network Physiology, Network Neuroscience, Network Psychiatry, etc…



Functional Segregation vs Functional Integration







High Order Mechanisms
-Structure
-Interactions

High Order Behaviours
-Function (correlations)
-Observables (from data)

How the system is structured What the system does





There are two basic types of high-order dependencies



O-information: useful tool for practical data analysis, to assess
the informational character of multiplets of variables

Beyond triplets:



Total Correlation (Redundancy) Dual Total Correlation (Synergy) 

O-Information

Captures the balance between
Redundancy and Synergy



APPLICATION TO SPIKING NEURONS



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



J.S. Bach (1685-1750)

Scagliarini et al.: Phys. Rev. Res. 

• 172 chorales
• ~40 ∗ 10! 4-note chords



Music complexity

Synergy!



O-information rate (L. Faes et al.): a framework which allows decomposing in frequency



Gradients of O-information: low-order descriptors of high-order dependencies





Toy model: Ising spins



As an econometric
application, 14 US 
macroeconomic time 
series taken from the 
Federal Reserve 
Economic Dataset 
over a period of 61 
years (1959- 2020) 





Application to fMRI data

• 7 series obtained from 100 series
averaged over the seven 
intrinsic connectivity network [1]

• 1083 healthy subjects

Two synergetic triplets at 
order 3:
{1,2,4}     {1,3,4}

[1] Yeo, B. T.; Krienen, F. M.; Sepulcre, J.; Sabuncu, M. R.; Lashkari, D.; Hollinshead, M.; Roffman, J. L.; Smoller, J. W.; Zöllei, L.; Polimeni, J. R. The Organization of the Human Cerebral Cortex 
Estimated by Intrinsic Functional Connectivity. Journal of neurophysiology 2011.



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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