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What is a graphe

« Graph: nodes (nodes, vertices, agents, actors, players) and edges
(links, fies) connections between nodes

Types of Graph

Simple Graph:

« nodes: same type, edges: symmetric, binary
Directed Graphs

« nodes: same type, edges: asymmetric
Weighted Graphs

« nodes: same type, edges: numeric
Bi-Partite Graph and projections

« nodes: different type
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What Is a network?

« Graph: nodes (nodes, vertices, agents, actors, players) and edges
(links, fies) connections between nodes

« Complex system: large number of parts, properties of parts are
heterogeneously distributed, adaptability, evolvability
« (1+1>2) “The Whole is Greater than the sum of its parts”
Aristotle
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Everything Else and What It Means for

Business, Science, and Everyday Life

[.inked

“Linked could alter the way we think about all of the

networks that affect our lives.” —The New York Times

Albert-Laszlé6 Barabasi
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Transportation hetworks




Ecosystems

Food Web of Smallmouth Bass Wolves
Little Rock Lake (Cannibal) .

1st Tropic Level —¥ & \
Mostly Phytoplankton 2nd Trophic Level

Many Zooplankton

Tundra plants

RJ Williams, L Martinez.Simple rules yield complex food webs - Nature, 2000
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Social medio

The Political Blogosphere and tﬁe 2004 U.S. Blection: Divided They Blog
Lada A. Adamic and Natalie Glance, LinkKDD-2005



http://www.blogpulse.com/papers/2005/AdamicGlanceBlogWWW.pdf

Social networks

NICHOLAS A. CHRISTAKIS, MD, PhD
ang JAMES H. FOWLER, PRD
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Connedted

The Surprising Power of Our Social Networks

and How They Shape Our Lives




NETWORK SCIENCE | The science of the 21st century

Erdos 1960
- . raos
Erdds, P.; Rényi, A. (1959) "On Random Graphs I"
in Publ. Math. Debrecen 6, p. 290-297
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Milgram, S. (1967). “Small-Word.".
Problem Psychology Today Volume: 1 Issue: 1 Pages: 61-67.

140

Watts, D.).; Strogatz, S.H. (1998). "Collective dynamics of ‘'small-world' networks.".
Nature 393 (6684): 409-10.

Barabdsi, A.L.; Albert, R. (1999)."Emergence of scaling in random networks.".
Science 286 (5439): 509-12.
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Networks properties

How we arec¢
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Networks expand continuously by adding vertices

New vertices attach preferentially to well connected sites

A-L Barabdsi, et al. Emergence of Scaling in Random Networks. Science 286, 509 (1999)
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Stanley Milgram
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Small World

Information/infections
travel faster

02|
L L ] . . . . :I
0- T R | ool Lol L
0.0001 0.001 0.01 0.1
: . P
C = clustering coefficient Regular

L = path length

p=0

Small-world

Random

Increasing randomness

DJ Watt, SH Strogatz -Collective dynamics of 'small-world’ networks - Nature, 1998
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Networks

An Introduction

Network metrics

T TANOH




Network metrics
What's important?

Networks

An Introduction




CENTRALITY METRICS



DEGREE CENTRALITY

where A; = 1if nodesi andj are connected and 0
otherwise




Degree Sequence

(the sequence of degrees for each node in the network)
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The Oracle of Bacon

http://oracleofbacon.org/

Ronald Reagan (I) has a Miguel Ronald Reagan (1) |
Gila number of 3.

Was in

(Find a different ink ) This Is the Army (1943) |

with

Gary Merrill |

was in
Amarsi male (1969) |

with

Fernando Di Leo |

WaS in

Alejandra, mon amour (1979) |

with

Miguel Gila |

Miguel Gila to Rronald Reagan ¢} ::Find Iink:,: ::Mure options -;.;,:;




Are the Actors Featured in Most
Films the more Central?

(measured in the late 90’ s)

| THATS ALL FOLKS'

1 MEL BLANC
L MAN OF 1000 VOICES
B | BELOVED HUSBAND AND FATHER |
1908 — 1989

A-L Barabasi, “Linked”, 2002



Steiger, Rod (2.678695)

Lee, Christopher (1) (2.684104)
Hopper, Dennis (2.698471)
Sutherland, Donald (1) (2.701850)
Keitel, Harvey (2.705573)
Pleasence, Donald (2.707490)
von Sydow, Max (2.708420)
Caine, Michael (1) (2.720621)
Sheen, Martin (2.721361)

Quinn, Anthony (2.722720)
Heston, Charlton (2.722904)
Hackman, Gene (2.725215)
Connery, Sean (2.730801)
Stanton, Harry Dean (2.737575)
Welles, Orson (2.744593)
Mitchum, Robert (2.745206)
Gould, Elliott (2.746082)
Plummer, Christopher (1) (2.746427)
Coburn, James (2.746822)
Borgnine, Ernest (2.747229)

4

Rod Steiger
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CLOSENESS CENTRALITY

C = average distance
to neighbors

C(G)=1/10 (1*1+2*3+3*2+4*1+5*3)

C(G)=3.2
C(A)=1/10 (1%4+2*3+3*3)
C(A)=1.9

N=11

C(B)=1/10 (1*2+2%6+3*2)
C(B)=2




BETWENNESS CENTRALITY

BC= number of shortest
paths that go through a
node.

BC(G)=0

BC(A)=5*5+4=29

BC(B)=4*6=24

N=11



EIGENVECTOR CENTRALITY

Consider the Adjacency Matrix A; = 1 if node i is connected to node j
and 0 otherwise. Now, measure the centrality of a node, as the sum
over the centralities of all nodes....

1 N
T= gy ) w= ) A

jeEMIi) J=1

This is equivalent to eigenvalue problem:
AX=)AX

Then the eigenvector centrality of node (i) is defined as:

where A is the largest eigenvalue associated with A and x is its
associated eigenvector.




PAGE RANK

PR=Probability that a random
walker with interspersed
Jumps would visit that node.
PR=Each page votes for

its neighbors.

PR(A)=PR(B)/4 + PR(C)/3 + PR(D)+PR(E)/2
A random surfer eventually stops clicking

PR(X)=(1-d)/N + d(ZPR(y)/k(y))




CLUSTERING METRICS

Measure the density of a group of nodes in a Network



Clustering Coefficient,
Transitivity

C=2A/k(k-1)

C,=2/12=1/6 C=2/2=1 C.=4/6=2/3

OQ O
G A 0—09

OO O




Connectivity

Assortative: pairing of equals

Disassortative: pairing of different

Transitivity: probability that two neighbors of i are
connected between them
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