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Complex Systems

across types of systams, A ‘complex’
ecross scales, and thus Ermergent bahavior that cannat
across disciplines be simply inferred from the
behavier of the components

giving rise to
anumber of
higrarchical levels

many
Companents

Complex Systems Involve A'simple’
system
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Networks

. Robustness . Prevent cascades
- Synchronizability . Coherence

. Cost vs. Efficiency . Improve transport
. Controllability . Performance

. Observability . Predictability




Less vulnerable
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Lattice topology

E. Bullmore and O. Sporns,

“The economy of brain network
organization”,
Nat. Rev. Neuro. 13, 336-349 (2012).

Complex topology Random topology
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(B) GLI chlo

(A) GLI ocean primary
productivity in
May 2003




o =T J.F. Donges, Y. Zou, N. Marwan, and J. Kurths,
B S, N\ “The backbone of the climate network”,

e U\ Europhys. Lett. 87(4), 48007 (2009).
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IEEE 15th Int. Conf. Inf. Vis. 4, 298-305 (2011).
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Similarity measures

Unified Causal Model

- L
2 p
L '-.._' vs Bayesian Networks
quumcy Analysis

Harmonic Granger Causality

Complex Granger Causality
H(X) HiY) i f ;;
Partial Grm'nr c-nnlty %

HX.T)=H(X ~T)
HX:Y)y=H(X)+H()-H(X )




R.L. Buckner, F.M. Krienen, and B.T. Thomas Yeo,
“Opportunities and limitations of intrinsic functional connectivity MRI”,
Nat. Rev. Neuro. 16, 832-837 (2013).




Network inference
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F.J. Romero-Campero, E. Lucas-Reina, F.E. Said, J.M. Romero, and F. Valverde,
“A contribution to the study of plant development evolution based on gene co-expression networks”,
Front. Plant. Sci. 4, 291-308 (2013).
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B. Barzel and A.-L. Barabaési,
“Network link prediction by global silencing of indirect correlations”,
Nat. Biotech. 31, 720-725 (2013).




b, | _ i
il i

== .u.o.-.l.




Problems

Which similarity measure to use

How to choose a threshold

How much data is available

How to avoid the (usual) noise in the data
How to recover coupling strengths

Which are the directions in the interactions
How many “units” are observed

How many should be observed
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C. Bandt and B. Pompe, “Permutation Entropy: A Natural Complexity Measure for Time Series”
Phys. Rev. Lett. 88(17), 174102(4) (2002).







MIR

Area = 0,052786







Global threshold

ROC Curve

Ideal Test
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Network models

Expected number of edges

Expected number of edges




Model results

. Logistic maps . Optical maps
. Circle maps . Tent maps
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Articles:
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[available at: http://arxiv.org/abs/1403.4839].
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in preparation (2014).

Ongoing projects:
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Universidad de la Republica (UdelaR), Montevideo, Uruguay.

N. Rubido and A.J. Pons, “Neural circuits and transfer functions”.
Universidad Politécnica de Barcelona (UPC), Terrassa, Spain.




