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Problems with quantifying FC
I data are usually noisy – preprocessing
I “all-to-all” connectivity? – too many signals!

I need to reduce dimensionality (domain knowledge,
clustering methods, PCA/ICA)

I choice of dependence measure
I Pearson’s correlation coefficient
ρX ,Y = cov(X ,Y )

σXσY
= E [(X−µX )(Y−µY )]

σXσY
I ordinal correlation measures (Spearman correlation,

Kendal’s tau,...)
I Information-theoretical measures: mutual information

I(X ;Y ) =
∑
y∈Y

∑
x∈X

p(x , y) log
(

p(x , y)
p(x)p(y)

)
[Hlinka et al., 2011, Neuroimage; Hartman et al,
2011, Chaos]

I “all-to-all” connectivity? – too many FC coefficients!
I need to summarize the FC structure (graph

theoretical methods)
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Many interacting areas? Use graph theory!

Graph-theoretical analysis
I FC transformed into a graph
I We study the graph properties

I local (role of specific nodes)
I degree (’degree centrality’)
I clustering

I global ’type I’/mezoscale (depending on the whole
graph)

I path length
I betweeness centrality

I global ’type II’ (characterizing the whole graph by one
number)

I density
I average clustering
I mean path length
I small-world property

I characterize or compare graphs wrt these measures
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Small-world property

[Watts and Strogatz, 1998]

Graph: G = (V , E); V set of nodes; V = 1, ..., n ;E ⊂ V 2 set of edges. di,j shortest path between i a j .
Reprezentation by matrix A: Ai,j = 1⇔ (i, j) ∈ E ; ki =

∑
j Ai,j degree.

L = 1
n·(n−1) ·

∑
i,j di,j C = 1

n
∑

i∈V ci ; ci =

∑
j,` Ai,j Aj,`A`,i

ki (ki−1)

small-world index ([Humphries, 2008]): σ = γ
λ
� 1; λ = L

Lrand
& 1, γ = C

Crand
� 1
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Example:

The brain correlation matrix is a small world:
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Why is this interesting?
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The brain is a small world...

and randomly connected system also...

Xt = AXt−1 + et

LS = 2.157,LF = 2.308,CS = 0.1081,CF = 0.2355, λ =
1.07, γ = 2.1778, σ = 2.0353.
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Parametrical study

Xt = AXt−1 + et

A = s(SC + αI)/λmax
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Detailed results

σ � 1, but depends on many parameters:
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Discusion
I weighted structural matrices

I graph randomization and correction problems,
I partial correlation
I nonlinear systems or dependence measures

Thanks to David Hartman, Milan Palus and the Czech
Science Foundation project No. P103/11/J068.

Thank you for your attention!

Reference:
Hlinka, J., Hartman, D., Palus, M. Small-world topology of
functional connectivity in randomly connected dynamical
system, 2012, Chaos, 22, 033107

http://ndw.cs.cas.cz/∼hlinka
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