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Introduction

* The sparse brain network is usually obtained by two different ways :
thresholding connectivity matrix and imposing the sparseness constraint in the
connectivity matrix estimation [1]. However, it is not yet clear what threshold
or sparseness level is best in determining the connectivity structure of the
brain.

In this work, we show the equivalence between sparseness and threshold, and
propose to look at the topological changes of network by varying the
threshold/sparseness, without using the fixed threshold/sparseness. For
visualization and quantification, we used the concept of barcodes in the
persistent homology [2]

As an illustration, we apply the proposed method to constructing the FDG-PET
based functional brain networks out of 24 attention-deficit hyperactivity
disorder (ADHD) children, 26 autism-spectrum disorder (ASD) children and 11
pediatric control (PedCon) subjects.
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* Threshold function in the solution of sparse partial correlation
* Monotone property of sparse partial correlation [3]
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Persistent Homology
Given point cloud data X & their metric d(x;, x;),
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* Rips complex, Rips(X, &) Connectivity matrix d(x;, x;)
approximate the topology of the point cloud data by connecting two point

cloud data, x; and x; if d(x;, xj) <eg

* Rips filtration
the sequence of Rips complexes satisfying the persistent property such as
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i, jand k are
correlated.

* Correlation C

st @

* Partial Correlation C! .

iandj are not
correlated due to
partialing out the

effect of k.
= 3 X
Bimension) ofix N o /rB 5,
= Number of Observations (SRR | P g
o Penalize b. b0
Dimension ofh l
=INumberiof ROIs A b

|lx - AB|? + A]1b|,

least absolute shrinkage and
selection operator (LASSO),

* Coordinate descent

»
=SUf-Ye LITIPORT Al [7ii ~ [B(Oik pei.5), Al
0= e by T s By, 0= —

A5 — B0 ppij) — A, for 5 <0 5
d kst ) ot a+b ifa<0and|a|>b

0 if |a| <b
(Threshold function which takes the value q,
if |a| > b, and makes zero, otherwise. )

091 { Abi; — BB ppeg) + A, for By >0
A

= Mgly,

i

BlOirpis) = ;(i, 5= 3 0w g g )
kfig "

a—b ifa>0and|al>b
[czl';]Jr

Monotone Property of Sparse Partial Correlation
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(a)-(e) show the partial correlation maps for different A =0.01, 0.2, 0.8, 1.4 and 1.7. The number of edges in the network changes as A
value changes for ADHD (f), ASD (g) and PedCon (h). The blue plots are the total numbers of edges in the network. The red plots are the
numbers of edges which are included in the previous network with smaller A among all edges in a graph.

80101 02 03 04 05 06 07 08 08 1 11 12 13 14 15 16 17 18 15 2

Rips(X, 0) Rips(X, &) Rips(X, &,) Rips(X, &3)
Rips fltration OO 00 & & =—= m
& OO OO0 = & e=—
its adjacency matrices H E E m
* Barcode
visualize the z
changes of the H
connected 3
1

components during t t t

the filtrati & & &
e ration 8 4 2 1
.

Number of connected components = the 0-th Betti number

References
[1] Lee, H., et. al. (2011), TMI, vol. 30.

[2] Lee, H., et. al. (2011), ISBI2011.

[3] Goel, et. al. (2005), Annals of Applied Prob., vol. 15.

Barcodes of Sparse Brain Network

ADHD

ADHD

AsSD

€=085 €075 €208

Index of connected compon

PedCon

The color of edge (close to the giant component)

Filtration value ¢




