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Main Goal

» The construction of a non parametric hypotheses test for sam-
ples of graphs;

» Application of this test to analyse brain functional networks
constructed from electroencephalographic (EEG) data.
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Graph

» A simple graph is a pair (V,E),
where V is a finite set of vertices
and £E C V x V is a set of edges;

» The graph can be represented by its
adjacency matrix, where

1, if there is an edge
gij = between / and j
0, otherwise
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Hypotheses test. Given two samples of graphs g = (g1,
g = (a1

, &), we want to test if they were originated from the
same probability distribution, that is

..,&n) and
{ Hy:m=n'

Hp :m £ 7

where 7 is the distribution which originated g and 7’ is the distri-
bution which originated g’.
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Definition

Given two samples of graphs g
(&1s---

:(g17~' 7gn) andgl:
, &r,) we define the two-samples test statistic by
= mMma 5 — 5 / 5
(8,8) = max [Dglg) — Dy (g)l
1$ K2
where Dg(g) = n Z D(g,gk) and D(g,8k) = _(8ij — &;)°-
k=1 1<J
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:
The critical region of the test is

R={t:t(gg) > qu-a)}

where q(;_q) is the (1 — a)—quantile of the distribution of T
under the null hypothesis (Hp).

Remark: t € R = we reject Hp
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It is important to remark that
» We need to know the set G(V) to compute T;

» The set G(V) has 2(7) graphs;
» If |V| =20, then |G(V)| = 21 - this is extremely LARGE !!!

How do we compute T ?
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Proposition
Given two samples of graphs g = (g1,...,8n) and g’ =
(&1,---.8&n) we have that
/ — —/
T(gg) =) lg;—gjl
i<j
_ &
where 8= &
N k=1
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» To compute the critical region of the statistical test we need to
know the distribution of T.

What is the distribution of 77
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Proposition
Let two samples of graphs g = (g1, -

;gn) and gl = (gjll_a
Under the null hypothesis Hy we have

T(g.g) =) |Tjl

(2 ),

y

> 8m)-

D
n—00 N(O’ Z)

m—00

where Z,‘j,k/ = 7TG,'_,',k/—(7TG,'j)(7TGk/) and7rG,-j,k/ =

> gigum(g)-
g€G(v)
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Simulation

We compared the power function of our test with the power function
of the simultaneous testing procedure with Bonferroni correction
(BC). The null model is the Erdos-Rényi model with parameter pg =
0.5 and the alternative hypothesis is (modified) Erdés-Rényi model
with v = 10 nodes and g% of edges with parameter p and the
remaining edges with parameter pp = 0.5.

The sample size was n=20.
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Discrimination of EEG brain networks.

We want to compare graphs built from EEG data collected during
the observation of videos depicting human locomotion.
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EEG Data
0@0000

Stimulus.

Biological
stimulus

Scerambled
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. Visible | Ocelusion |
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Visible x Occlusion

» Biological movement

visible: 132 graphs for each window
occlusion: 132 graphs for each window

> Non-Biological Movement

occlusion: 137 graphs for each window

{ visible: 132 graphs for each window

> p-value of the test

Windows

Visible vs Occlusion

V1V501|V2V502|V3VSO3|V4VSO4

| Biological

| 0.0019 | 0.4294 | 0.1984 | 0.0278 |

| Non-biological

[ 0.0016 | 0.8278 | 0.1249 | 0.6673 |
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Our paper: A test of hypotheses for random graph distributions
built from EEG data.

http://arxiv.org/abs/1504.06478
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