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Graph Theory and the Brain

Made up of Nodes and Edges

— Node: Brain Region (e.g. V5) or Single Voxel

— Edge: Direct Connection between Nodes (e.g. Corpus Callosal

Fiber)

Mathematical Formalization of Connectivity
Allows researchers to characterize communication

— “small world networks”

— Random networks

Look for subtle patterns

— Not visible at a glance

— vs. easily visible effects such as lesions

Pluto Tools makes these fast and easy
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Published Papers
Featuring “Graph Theory”
and “Brain”


Presenter
Presentation Notes
Graph Theory is increasingly being used to characterize brain networks. Why is that? As most people in this room are aware, many of the diseases we are looking at are based in the brain, but not directly visible through any MR technique we have available. DTI and fMRI offer rich data sets, but rich data sets can’t be analyzed as easily; hence graph theory is a rigorous method of analyzing these data.


Voxel-Voxel Functional

Overview

Cortical Parcellation Map Diffusion Tractography

Regional Functional Regional Structural

Connectivity

LT S
e

g T b

Connectivity

Connectivity



Presenter
Presentation Notes
The fundamental element of graph theory is the adjacency matrix. Adjacency matrices characterize all pairs of connections. In the bottom left the X and Y axes each map to the entire set of voxels. To compare between brains however, you have to have a functional unit, which is where parcelation maps come in. For fMRI you can either average before or after you calculate timeseries correlations “micor”. For DTI, at this point we calculate fiber counts over every pair of regions “gCalcAdj”.


Node Statistics

* Clustering Coefficient ® (O)

— Ratio of Realized vs.
Potential Triangles

* Degree
1/3

— Number of Edges

e Strength
— Sum of Weights

Strength
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Presentation Notes
Three simple node statistics.
Note that all the metrics in the following slides are available for use in the “gRed” pipeline element – graph reduce


Distance Metrics

e All Shortest Paths

* Edge Betweenness

— Number of Shortests Paths
Traversing the edge
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Distance Metrics

Betweenness Centrality

— Number of Shortest Paths
Containing the Vertex

Eccentricity

— Length of the longest
shortest path for a vertex

Characteristic Path
Length

— Average Shortest Path

Radius
— Minimum of Eccentricity

Diameter
— Maximum of Eccentricity

Radius: 2.5
Diameter: 3.5
Characteristc Path Length: 1.8



Distance Metrics

* Local Efficiency

— Sum of Reciprocal Shortest
Paths in subgraph

 Edge Range

— “Shortcut” Paths — change in
path length after removing a
path



Other Metrics

* Louvain Modularity

* Assortivity

— Correlation of Degree
Between Connected Vertices

Qi Q1=O876
Louvain Modularity

* Matching Index

Matching Index Low Assortivity High Assortivity



Pluto Tools Overview

micor : timeseries similiarity

— Calculates voxel-voxel mutual
information or correlation

gCalcAdj : Fiber Counts

— Count between regions or
mesh-points

gRed : Resampling

— calculate regional averages of
connectivity

gRed : Graph Theory

— Calculate Metrics using Graph
Theory

fMRI Fiber Tracts
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Adjacency Matrix

Graph Theoretic Metrics
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These are the tools available. Together they provide the ability to take tractography and fMRI and form adjacency matrices (micor) and (gCalcAdj). gRed stands for graph reduction and can both computer voxel to regional conversions for instance in fMRI data as well as graph statistics.


Functional Connectivity Calculation

Required Input:

— fMRI Image
— Labelmap Image Prefix Value
— Nearest N. Resampling Handled fMRI Image fnone) (1) NIFTI GZ (nii.gz)...
Internally Labelmap fnone) (1) NIFTI GZ (nif.gz)...
« Required Output: 2 ° S LA
) . . [] Advanced Mutua...-C Q) File
— Adjacency Matrix Stored in Correlation - (0) File
VtklmageData [ ] Threshold -t (1)Number
* Lags: number of TR’s to lag in search [] Number of Lags - (LNumber
of maximal connectivity (2L+1) E 21":\:2::; S i‘:gj i
* Metrics: [] VTK Text Output T (0) File |
” %

— Correlation, “-c” (Recommended in
Pipeline, <1 hour runtime)

— Mutual Information (Not
Recommended in Pipeline, 10+ Hour
runtime)

— Mutual Information with Interpolation
(Not Recommended in Pipeline, Day+
Runtime)

e Qutside Pipeline: “-G” to use GPU



Structural Connectivity Calculation

. [ ]
Required Input: gCalcAdj
. . . pluto
— Vertices Either: v .
° Point LISt ”_p” Point List P (1) File, csv file (csv. ..
[ ] Labelmap -L (1) MIFITGZ (nil.g=z). ..
* Label Map Image “-L” Tracts t (1) vtk file (vtk)
[ ] Adjacency Matrix -a (1) vtk file (whk)
— Input Data Either: Output Adjacen... (none) (1) vtk file (vik)
[[] VTK Text -T {0) File
e Existing Adj. Matrix “-a” [ Leg File . (1) File
. [] Minimum Track... -m (1INumber
* Fiber Tracts “-t” . g

e Filter out short tracts
with “-m <length>"

— Very short tracts are
often considered noise



Graph Modification

* Keep Only List of Nodes

— e.g. List of cortical Regions Prafix. wvalin
. [] Region-Paired ... -a {0) File
¢ Remove LISt Of NOdeS [] Region-Paired §... -s Q) File
. [ ] Keep Labels -k (1)5tring
- e.g. Ventr|C|es Remove Labels r 0,1,2,4,5,6,7,.8.14,...
. [ Include Zeros in... -z {0) File
— Extremely important when | O region-paired p... -» (UNumber
. Input Adjacenc... (hone) (1) vtk file (wvik)
CaICU|at|ng ShorteSt paths Output Adjacen... (mone) (1) vtk file (wvik)
. o o . [] Mormalize to Sel... -N (i)
¢ Graph SlmpllflcathnZ [] save in ascii fo... -T (@) File
L. [ ] Compute Statistic -S invert_elements
— Average Connectivity over * s

Label-Pairs
— Percentile over Label-Pairs

— Optional Inclusion of Zeros
in statistics



Graph Statistics “-S”

Compute Statistic “-S”:
— Betweenness Centrality

—  Clustering Coefficient gREd

— Degree " pluto

— Strength Ll =

_ Eccengtricity [ ] Region-Paired ... -a () File

_  Local Efficiency [] Region-Paired &... -s {0} File

_  Shortest Path [ ] Keep Labels -k (1)5tring

_  Edee Range Remove Labels -r 0,1,2,4,5,6,7,8,14,...
ge & [ ] Include Zeros in... -z (@) File

— FEdge B_etweeness [] Region-Paired P... -p (1)Number

— Matching Index Input Adjacenc... (hone) (1) vtk file (wvik)

— Joint Degree Output Adjacen... (none! (1) vtk file (vik)

— Assortivity [] Normalize to Sel... -N fa)

— Characteristic Path Length [] save in ascii fo... -T {0) File

— Diameter [] Compute Statistic -S invert_elements

%

— Radius
— Global Efficiency
— Louvain Modularity

— Invert Elements (for converting weight to
distance)
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Presentation Notes
The list of graph statistics supported is given here. “-S” is an enumerate variable so you can compute one of these at a time. 


Odds and Ends

e gTxtToVitk gTxtToVtk
. pluto
— Input: CSV Adjacency Name Prefix Value
Matrix Input Adj. . fhone) (1) Text.ﬁ'.fe ftxt), c...
Ouptut Adj. fnone) (1) vtk file (vik)

— Output: vtkimageData

« gVtkToTxt gviticlolbe

— Input: vtkimageData aluls Prefic SNee

Input Adj. fnone) (1) vik file (vik)
— Output: CSV Adjacency Output Adj. fnone) (1) Text file (txt), c...
Matrix oy
trkloVt
e trkToVik
. . WET T Prefix Value
- Input: traCkV|S trk f|le Input fnone) (1) tract (.trk)

Output fnone) (1) vtk file (vik)

— Output: vtkPolyLines
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Wouldn’t life be nice if there was only one format? Unfortunately we are stuck with what we have, so these are some tools for converting between formats. 


Conclusions

Native C++ Code
— Source Available for Request
— Compiled Versions at /ifs/students/mchambers/pluto-0.5
Pipelines Available Now
— Make interfacing with other tools far easier
GPU Support for functional connectivity (outside pipeline)
— More may be added for slower graph-metrics
Designed For Neuro Imaging Applications
— Wide Variety of Input Image Types (nifti preferred)
— Easily Convertible VTK format, tools included

Please Contact Me at:
— micahcc@ucla.edu
— Come talk to me at the Ice Cream Social
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