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Emergence in connected systems
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A graph theoretical approach
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Quantifying network properties

Node degree
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Global efficiency (1/distance)
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Clustering (Local efficiency)
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Small-world brain networks
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Graph analysis of functional brain networks
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Inferring connectivity from signals
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Functional connectivity

x(t) "$' ) l‘ ﬁ' r“ '. h|

(i
v(t) gl

Normalized cross-covariance

T

» (x(0) - )0 - 1)

‘u W i 'f')"""" W ”‘ &

C(X, y) ==

Synchronization (undirected)

tvl s

Granger-causality (AR modeling)

- var(e, )
Gy =10l var(e,, ) )

-‘e&"
AV,

Propagation (directed)



Cortical reorganization after stroke

(Pfurtsheller and Neuper, Neurosci Lett, 1997)



Reduced network efficiency and outcome prediction
(Macroscale)
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Functional organization of motoneurons
(Microscale)




Hierarchical node centrality
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Some open issues

= Forwardanalysis
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Statistical methods for network clustering
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Transition matrix T

]; ;= Cl, j /kl <— Node degree

Distance matrix D

Di,j = \/;)21)“12["1(1.) - Vl(j)]2

De Vico Fallani et al, Phys Rev E, 2014
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Inter-community links



Multilayer brain networks
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Ongoing work

Temporal brain networks
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Stay tuned ©
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