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One isolate

Castellani
Pucei, ® Two components
Barbadori ® Diameter is 5
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® Bonacich power centrality (1987)

¢ Weighted measures (Opsahl, Agneessens and Skvoretz
2010)

¢ Two-mode centrality measures (Everett and Borgatti
2005)
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Density

0 20 40 60 80 100 120
Graph size
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Centralization

e Extent to which centrality is concentrated on a single

vertex (Freeman 1978)

® (Calculated as the sum of the differences between each
node’s centrality score and the maximum score

® Most centralized structure is usually a star network
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00—

AR =

Second singular vector, multipled by singular value

0,200 —

T T I T
000 0.250 0,500 0750

T
1.250 1.500

First singular vector, multipled by singular value

FIGURE 2. Singular value decomposition of triad census array, first two left singular vectors,
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Transitivity

® Usually calculated as the
fraction of completed
two-paths

e Related to Grannovetter’s
‘forbidden triad’ (1983)

® Can be directed or undirected
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A sends information to B.

e

A and B agree so A’s information
echoes B’s understanding.

Jasny et al 2015

22-61

Example

O

Transitive triad such that A sends information
to B and C, and B also sends information to C.
The smallest example of a ‘chamber.

d)

A transitive triad where each actor already
holds the same position — an echo chamber.
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Representative Markey (D-MA)
16 actors, 90 ties, 82 chamber(s), 20 echo chamber(s)

Representative Inhofe (R-OK)
4actors, 4 ties, 1 chamber(s), 1 echo chamber(s)

Jasny et al 2015

Example

Columbia University scientist
27 actors, 234 ties, 215 chamber(s), 39 echo chamber(s)

University of Alabama scientist
16 actors, 56 ties, 39 chamber(s), 4 echo chamber(s)

& Ego
* Strongly Agree
gree
Neutral
Disagree

+ Strongly Disagree
* NoResponse
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A B

F1c. 1.—Forbidden triad

Forbidden Triad or
Structural Hole?

e Granovetter, Mark S. 1973.
“The Strength of Weak Ties”
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Forbidden Triad or
Structural Hole?

e Granovetter, Mark S. 1973.
“The Strength of Weak Ties”
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Forbidden Triad or
Structural Hole?

e Burt, Ronald S. 2004.
“Structural Holes: The Social
Structure of Competition”
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Extensions

Attributes!
® Properties of nodes, edges, or even networks

® Pretty much anything you can measure could be an
attribute

e Extension based on node attributes: Brokerage

® Extension based on edge attributes: Structural Balance
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® Brokers play a crucial role in knitting together diverse
groups of people, organizations, parties

® Brokers can gain a lot — early access to information,
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Brokerage

Brokerage is a process “by which intermediary actors
facilitate transactions between other actors lacking
access to or trust in one another” (Marsden 1982)

Brokers play a crucial role in knitting together diverse
groups of people, organizations, parties

Brokers can gain a lot — early access to information,
prestige

But can also be distrusted by everyone
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node j brokers
nodes ¢ and
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Brokerage: Formal Concept
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In a network IV with
edges F,

node j brokers
nodes ¢ and

if €ij € FE

and ej, € B

Brokerage: Formal Concept
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node j brokers
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if €ij € FE
and ej, € B O
but e, ¢ B
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Brokerage: Formal Concept

Gould and Fernandez (1989, 1994)

e formalized the concept
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Brokerage: Formal Concept

Gould and Fernandez (1989, 1994)
e formalized the concept
® added a vertex attribute component

e compared empirical brokerage counts to counts from
random graphs conditioned on the number of edges
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Gould and Fernandez’ Findings

® the benefits of brokerage are mediated both by the type
of organization (the node sets) and the type of
brokerage chain
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® the benefits of brokerage are mediated both by the type
of organization (the node sets) and the type of
brokerage chain

® non-governmental organizations were found to have

more influence when they held any type of brokerage
position
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LJasny

Graph Level ® the benefits of brokerage are mediated both by the type
of organization (the node sets) and the type of
brokerage chain

® non-governmental organizations were found to have
more influence when they held any type of brokerage
position

® governmental organizations gained influence only when
they held “outsider” brokerage roles in itinerant and
liaison chains

32-61
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Graph Level

Indices
(a) A, B, and C are mutual friends: balanced. (b) A is friends with B and C, but they don't get
along with each other: not balanced.
(c) A and B are friends wath C as a mutual en- {d) A, B, and C are mutual enemies: not bal-
emy: balanced. anced.
Cartwright and Harary 1956
33-61
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Subgroups

Component: A maximal
connected subgraph

A subgraph is mazimal with
respect to some property if it
has the property, but loses it
with the addition of more
nodes or edges
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Cliques

® A maximally complete
subgraph of 3 or more

e All nodes are adjacent to all
others in the subgraph

® No nodes can be added that
have that property



Networks

With R Limitations of Cliques

LJasny
Graph Level
Indices

® A very strict definition
e Often networks contain many small overlapping cliques

® Cliques have no internal structure
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Subgroups based on reachability or diameter

® n-clique: a maximal subgraph in which the largest
geodesic distance between any two nodes is no
greater than n
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Relaxations of Cliques

Subgroups based on reachability or diameter

® n-clique: a maximal subgraph in which the largest
geodesic distance between any two nodes is no
greater than n

® n-clan: an n-clique in which the geodesic distance
between all nodes in the subgraph is no greater than n
for paths within the subgraph
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Relaxations of Cliques

Subgroups based on reachability or diameter

® n-clique: a maximal subgraph in which the largest
geodesic distance between any two nodes is no
greater than n

® n-clan: an n-clique in which the geodesic distance
between all nodes in the subgraph is no greater than n
for paths within the subgraph

® n-club: a maximal subgraph of diameter n
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Relaxations of Cliques

Subgroups based on nodal degree

® fk-plex: a subgrah of g nodes in whcich each node is
adjacent to no fewer than g — k ndoes in the subgraph
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Relaxations of Cliques

Subgroups based on nodal degree

® fk-plex: a subgrah of g nodes in whcich each node is
adjacent to no fewer than g — k ndoes in the subgraph

® f-core: a subgraph in which each node is adjacent to at
least k£ other nodes in the subgroup
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What to do with these subgroup definitions?

e characterize the overall structure of the network
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What to do with these subgroup definitions?

e characterize the overall structure of the network

® analyze the pattern of co-membership in cliques, etc.
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fndices The Critical Periphery in the Growth of Social

Protests

Pablo Barbera'*, Ning Wang®, Richard Bonneau®?, John T. Jost'#*#, Jonathan Nagler®,
Joshua Tucker®, Sandra Gonzélez-Bailén™

1 Canter for Data Scianca, New York Univarsity, New York, New York, 10003, United States of Amanica,

2 Mathematical Insttute and Oxford Internet Institute, University of Oford, Cedard, OX26GG, United
Kingdom, 3 Canterfor Genomics and System Biology, Mew York University, New York, New York, 10003,
United States of Amearica, 4 Simons Cenler for Data Analysis, Simons Foundation, New Yark, New York,
10010, United States of America, 5 Dapartment of Psychology, Mew York Univarsity, New York, New York,
10003, United States of America, 6 Dapartment of Politics, Mew York Univarsity, New York, New York,
10012, Unitad States of Amarica, 7 Schoal tor G Univarsity of Pennsylvania,
Philadalphia, Pennsylvania, 19104, United States of Amarica

*+ pablo barbera @nyu edu (PB); saenzalezbailon@ase upenn. edu (SGB)
Barbera et
al 2015
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3-shell periphery

Basic SNA 7 o~
Measures ‘t;crre 4

2-shell

Graph Level
Indices

tshell

activity

i (no. of tweets)
© in Taksim

o max (@) 18%
0 min () 25%

RTs

— -
periphery to core

penphery to periphery

Fig3. itic i i i Text).
Patcpats et fodes b
network; mguu eshell contaicore o partpants. Nods sizels pvopmnm“u ‘aggregated activity, measured as total number of pvotast messages (not JLK‘
retweets). Al
network mh inthe Taksim Gezi Park (the
‘geographical epicenter of the protests), as indicated informati tweets. Most of these participants are at the core of the ,
ATsar ab i e corsto Barber4 et al
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K-Core Example

10°

followers
10°

k—shell

k—shell
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= —— activity
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o ° R benchmark
o § e
© 1
150

Barbera et al 2015



Block Models

«O»>» «Fr «=>»

4

it
v

Q>



Block Models

* Attribute Based

«O»>» «Fr «=>»

4

it
v

Q>



e Block Models

LJasny

Basic SNA
Measures

Graph Level
Indices

e Attribute Based

41-61



Block Models

Networks
With R

LJasny

3asic

SNA

Measures

e Attribute Based

Graph Level

Indices

Girls
saseraoie
143678222

Boys

1245578990126
1211511191111

-
- -
[ -
A A
[ -
ANT D000 0N e
TACCEIT3ANES
R L]
TRCCRAITIANS

-
memer©o Ay
qemeregdq

42-61



Block Models

* Attribute Based
* Relation Based

«O»>» «Fr «=>»

4

it
v

Q>



Networks
With R

LJasny

Graph Level
Indices

44-61

e Attribute Based

® Relation Based

Block Models
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e Attribute Based

® Relation Based
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Even more blockmodeling

Generalized Blockmodeling

A blockmodel consists of structures ob-
tained by identifying all units from the
same cluster of the clustering C. For
an exact definition of a blockmodel we
have to be precise also about which
blocks produce an arc in the reduced
graph and which do not, and of what
type. Some types of connections are
presented in the figure on the next slide.
The reduced graph can be represented
by relational matrix, called also image

matrix.

Doreian, Batagelj, and Ferligoj Generalized Blockmodeling, 2005
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Measures complete row-dominant col-dominant
Graph Level
Indices null mal [ all0”
complete com | all1* D
regular reg | 1-covered rows and columns | [N
regular row-regular cok-regular row-regular e | each row is 1-covered ”
col-regular cre | each column is 1 -covered ~
row-dominant | rdo | Jall 1 row * —-
col-dominant | cdo | Jall 1 column * [ —
row-functional | rfn | 3! one 1 in each row [—
nul row-functional cokfunctional col-functional | cfn | 3! one 1 in each column <>
non-null one | Jatleastone 1 —_—
0 o H N * except this may be diagonal
Doreian, Batagelj, and Ferligoj Generalized Blockmodeling, 2005
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Indices /X L "j
J’l . lf
 \r
. {\ |
b

Complete link clustering (hclust), using
distances from sedist (Hamming distances)
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Graph Level :’!‘ v d y i
Indices ‘(" " / -J/J
- "{ —~ i‘ \ R
X/
. k | -

Complete link clustering (hclust), using
distances from redist (CATREGE algorithm)

Everett and Borgatti 1994
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® Modularity index measures the ‘goodness’ of an
assignment of nodes to subgroups by comparing the

Graph Level number of ties within groups as compared to the
Indices .
number of expected ties
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® Modularity index measures the ‘goodness’ of an
assignment of nodes to subgroups by comparing the
Graph Level number of ties within groups as compared to the
s number of expected ties

1 kik;
Q= m Z(A’Lj - %)3153

]

58-61



Networks

With R Community Structure
LJasny
® Modularity index measures the ‘goodness’ of an
assignment of nodes to subgroups by comparing the

Graph Level number of ties within groups as compared to the
Indices .
number of expected ties

1 kikj
Q= g 2 = 505

]

® where m is the number of nodes, A is the adjacency
matrix, k is the node’s degree, and s is an indicator of
which group the node is assigned
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® Modularity index measures the ‘goodness’ of an
assignment of nodes to subgroups by comparing the
Graph Level number of ties within groups as compared to the
s number of expected ties

1 kikj
Q= g 2 = 505

]

® where m is the number of nodes, A is the adjacency
matrix, k is the node’s degree, and s is an indicator of
which group the node is assigned

¢ find the assigments of s that maximizes Q)
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Community Structure

® Modularity index measures the ‘goodness’ of an

assignment of nodes to subgroups by comparing the
number of ties within groups as compared to the
number of expected ties

1 kikj
Q= g 2 = 505

]

where m is the number of nodes, A is the adjacency
matrix, k is the node’s degree, and s is an indicator of
which group the node is assigned

find the assigments of s that maximizes @)

M.E.J. Newman “Modularity and community structure
in networks” Proc Natl Acad Sci 2006
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