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Netuork  Centrality  Methods:

(D Degree  centrality
wdea: a node s ampostant iF b hes Many  neighbors (ifF i} has
high degree)

Steps: -Comprie  the  degree materx
‘Find the wodes with ihe lorgesd  deprees

0 Recall e &cyme mateix  shores #”16

®
‘\| degree of each node  a wmetwork
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Node with the largest degree centrality is  node 2,
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Here this was & very eimple  nejuork  uhere  you didnt  reqll Yy
ned Yo compule e depree matrix when  you  work  with
adjacency lists  you would need Yo compuic  the degree Matrix .

@) Eigenvecker Cen trality
idea: a wode Wi 300 non-influential  fijends  is much  less
inportemt  than  Someone with 302  inflvenkial Friends (ke Rarack
Obama)

L degree cm%mb’)—/ uould lavel them &S huve‘n; e;ual inflvence

bt Cgenvectr centralily  would  label  Obama G5 beinp  “ere
inportont,

Sheps: - compvit  the adyacency Matrix of Ihe netyork
s conpule  the  eigenvalves of  the  adsacendy Matrix
* conpele  the eigenvector Aassociafed with  the largest IAl
* Normalize the c-‘,envcd-or
Components of e  normalized eigernector correspnd 4o the  Mperiance
of each wede,
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A=1325 -0.66-0.56i, -0.66 +0.56;
The largest IAl = (329

For the lagest A, the eipenvecher Js:

1.328 normalize 0.727 | ¢ quar's inflvence
v: | 0.785 —_— Ve 0414 | ¢ cossics 1aFlvence

| 0.548 | « Nak's inflvence

For larger wetwerlss conpvﬁnj the eigenvalves and  eipenvectors of the
edjacency MAateix  ecemes  computationally  infeasible.

So ue uvse the power IThmbion gthod to Find  the e:‘?envecbr
associaled  with  the  lamgest  absolute valve eigenvaive,

Pouesr itcrabion method: compubabional ~methed for computing  +the eigenvector
associated with +he largest [\
Steps: - Let x® Le an &rba"h'arr vecter of lM?H’; N for «a graph
of n nwodes.
- Repeated compute @ Ax®Y) kbl +:T
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* assouate zach entry in xM b ik correspending  ode

Note: T s  arbitrary. You can chose T by looking at x®) and
s)oppfn? doesnt dl\an}.e that ~Much omy mMmore,

You can Clher pretisinar]ly set T or you can see how much
x ) “!"9&5 and Step P locp  Uhen X Sheps changing,

ue cevld hoave Chosen any eigenvalve but the Perron- Frobeniys theorem
fells vs that+ we have nice propesties uhen we  choose  Hhe ’Al?esJ-
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Code for using the power iteration method to compute the eigenvector
associated with the largest |eigenvalue|

In [1]: dimport numpy as np
Nate, 2.
In [2]: v
A

np.array([1, 1, 1]) # arbitrary vector
np.array([[0, 1, 1], [0, @, 1], [1, 0, ©]]) # adjacency matrix

print(v)

print(A) neddy, 0
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In [

w

1: print(v)
for i in range(100):
mult = np.matmul(A,v)
v = mult / np.linalg.norm(mult)

print(v)

[111]

[0.81649658 0.40824829 0.40824829]
[0.66666667 ©.33333333 0.66666667]
[0.72760688 ©.48507125 ©.48507125]
[0.74278135 ©.37139068 ©.55708601]
[0.70710678 ©.42426407 ©.56568542]
[0.73786479 ©.42163702 0.52704628]
[0.7228974 ©.40160966 0.56225353]
[0.72494651 ©.42288547 0.54370988]
[0.7295372 ©.41036468 0.5471529 ]
[0.72413793 ©.4137931 0.55172414]
[0.72757958 ©.41575976 ©.54568469]
[0.72646842 ©.41231991 0.54975988]
[0.72610523 ©.41491728 ©.54828354]
[0.7269493 ©.41380191 0.54800793]
[0.72626225 ©.41380058 ©.54891914]
[0.72658644 ©.41428174 0.54812661]
[0.72655796 ©.41380122 ©.5485272 ]
[0.72644709 ©.41407484 0.54846755]
[0.72657024 ©.41400795 ©.5483549 ]

.
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Tis  will evenlually  skep changing (or converge)

@ There are  Man)y Other cenkrally measuses
Page Rank : What Goople used 4o rank  uebsites
o notifF cm}mmr: 9roup last year ESML explored +his
¢ Behseonness Cefﬂ’rqlf-)’)’
* Closeness  centralit

* Kats  centrality

Potential Frojecks you con do:

* Anelyze an  inksesing  mehwerk  vsing cenirality As we've seen,
nehuarks  ase  every vhest: Mmovies, food webs, maps, social ~ediq, ...
Friday —were going do lwok ab  “NeterkS ia dhe wild" uhere
we wll Jeok af vhat nehyorks  ase "W;l)’ availgdle or oy
can creale on  your oun.

o EXplore  new ceﬂ-l-rﬂh"'y Mmeasurts, Learmn about cxdh'ry cevrl-mh')?'
MesUrtS and pre@S€ A new  one.




Assignnents for doday: - no wotksheet for  toda)

¢ fiaish the  werksheed I javc ovt yesl-erdqr br
Frs'day

* read centrality wikipedia page (linked on the
webs:te  for +oclqy)

* If you have +ime, read

VP Yo page 2§ in
the textbook and do

those exercises

Locle here from o Sq.m?le PPDjer_-lf from last year



Determining Importance of Species in Food Web Networks Through Motif-Based Centrality
Jayson Baptiste, Angelica Estevez Abad and llya Amburg

Introduction

For ecologists, networks are an extremely useful tool for
representing trophic interactions between organisms. For
example, in a defined ecosystem, networks can be
conveniently analyzed by determining centrality which is a
way to measure a node’s importance. However, some forms
of centrality, such as degree centrality, and pagerank
centrality all have different shortcomings. Degree centrality
only focuses on neighboring nodes, which in a food network
means possibly neglecting how well connected a node's
neighbors are. PageRank centrality ignores spammers,
which are important because they serve as consumers/food
for many other organisms and should not be discounted.
Therefore, in this project we attempted to analyze food
networks using motif centrality which counts the presence
of motifs, or smaller subgraphs of nodes that represent
specific patterns of interaction between species. This way, a
species importance to its ecosystem is based on how many
relationships would be affected if it were removed.
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Figure: Example of In-Out Wedge

Motif Centrality

Motif Centrality
© node is important if it has both incoming and outgoing
connections
Xi= I A % A (1)

Figure: Motif Centrality Graph of St. Marks National Wildlife Refuge,
Florida (node size represents centrality)

Cornell University

Established Cel ty Measures

Pagerank Centrality

® node is important if highly linked

© node is important if linked to other highly linked nodes
that don’t overlink

1
A=aP+-(1—a)l 17 2)
n
Ax=x (3)
® Ais the adjacency matrix, connections are directed

© ais a number between 0 and 1
® Pis a normalized adjacency matrix who's columns sum to 1

Figure: Pagerank Graph of St. Marks National Wildlife Refuge, Florida
(node size represents centrality)

Degree Centrality
© node is important if there are many edges
entering/leaving
X= Z;‘=1A,; + ):I?:'AJ-, (4)

Figure: Degree Graph of St. Marks National Wildlife Refuge, Florida
(node size represents centrality)

Methods

* We implemented our approach using Julia

o Parsed the raw data into adjacency matrices

e created functions to implement measures of centrality
© Examined the 10 highest species for each centrality:

Degree PageRank Motif

1 Benthic C. Phytoplankton Benthic C.

2 Shrimps Detrius Crabs

3 Crabs M&M Zooplankton  Shrimps

4 Benthopelagic C. Shrimps Benthopelagic C.
5 S.Dfishes Suprabenthos S. D. Fishes

6 Sharks Macrozooplankton  Flatfishes
7 D. Piscivores Benthic C. Demersal fishes
8 Flatfishes S. B. Fishes R. Shrimp

9

Demersal fishes B. Invertebrates FDS Juvenile hake
10 Suprabenthos  Bivalves B. Invertebrates

Table: Centrality Rankings FW-005

© Computed the Spearman rank correlation coefficient to
determine the similarity among the rankings:

Rank Correlation Comparison for Cadiz, Spain

Spearman’s rank corr. coeff.

T
100 2x 10t 3x100 4x10}
Number of top-ranked elements

Figure: Rank Correlation for Cadiz, Spain(FW-005)

Conclusion

The goal of this research project was to determine if motif
centrality is a viable method of classifying the importance
of nodes in a directed network. Looking at the St.Marks
National Wild refuge ecosystem, motif centrality provides a
more uniform distribution of node weights. By comparison
the node size distributions for degree and pagerank are
both skewed towards small values with pagerank having
sharp peaks at several nodes. When observing their
rankings we noticed that the ten highest ranked species for
the different centralities also feature some overlap but are
still noticeably different, indicating motif centrality has
viability compared to established centrality measures.
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