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Two different aspects of social networks

* Social network analysis: Analyze how the information propagates through the
network. Based on network science.

— Information diffusion
— Influence maximization

e Social media mining: Analyzing the information (messages) that users exchange.
Based on ML and Natural Language Processing (NLP) algorithms.

— Opinion mining
— Topic mining



Social network analytics

» Social network analysis is a method by
which one can analyze the connections
across individuals or groups or
Institutions.

The advantage of social network analysis
IS that it focuses on interaction (rather
than on individual behavior).

Network analysis allows us to examine
how the configuration of networks
Influences how individuals, groups,
organizations, or systems function.

In particular: how the information and
influence propagates across the
members of a network




«Regular» networks and social networks




The information lies in this irregularity

e Center F P

* Bridges

e Communities (small
worlds)



 Centers: those who have influence on

Centers, others

* Bridges: those who connect different
groups and facilitate the flow of

bridges and

communities information
e Communities: groups of similar ones '

/
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* Centers: influencers that may promote
a product

(;enters' * Bridges: people that facilitate spread
bridges and of influence (word of the mouth)

communities: e Communities: "birds of a feather flock
what for? together.” Exploit the homophily
principle e.g., to create dedicated '
marketing campaign
/
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Finding relevant players in SN: centers and bridges

* To identify centers

and bridges in a A B
social network we

need a

* A better
formalization: social
networks as graphs



Modeling a Social Network as a
graph

”

NODE= “actor, vertices, points
i.e. the social entity who

participates in a certain
I I I network

EDGE= “connection, edges, ./
arcs, lines, ties” is defined by %
some type of relationship A '
between these actors (e.g.
friendship, reply/re-tweet,
partnership between
connected companies..)




* A network can then be represented as
a graph data structure

 We can apply a variety of measures
and analyses to the graph
representing a given SN

* Edgesin a SN can be directed or
undirected (e.g. friendship, co-
authorship are usually undirected,
emails are directed)




"I} Whatis the
meaning of
edges?
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Twitter is a
directed graph
(friendship is

Lynn
not necessarily '\{

K2

bidirectional)
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SN as a graph

Directed, binary

g e

Undirected, binary

* In general, a relation can be: /’
Binary or Valued /"\ \
Directed or Undirected A/ 0/_\\,

Directed, Valued

4

I _ Undirected, Valued I




Example of directed, valued:

7

* Sentiment relations among w JSe

parties during a political A
Campaign ' -0.56 | | 069 -0.08 -0.30 . -0.23 0;8230’ | | 0.54
 Color: positive (green) negative oo Y035

(red). \ -r’ -A 0.7 04/

* Intensity (thikness of edges):

related to number of mutual i S

references
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Graph-based measures of
social influence

* Use graph-based methods/algorithms
to identify “relevant players” in the
network

— Relevant players = more influential,
according to some criterion.
(center, bridges)

* Use graph-based methods to analyze
the “spread” of information. (predictive)

 Use graph-based methods to identify
global network properties and
communities (community detection,
a.k.o. clustering,
descriprive/prescriptive)

| EEENNNNN————




Graph-based measures of
social influence: . .
key players .- AN T .

* Using network theory, we can identify key . N gL o~
players in a social network .. o X e

* Key players are nodes (or actors, or e p - g
vertexes) with some measurable — .,if,’ N/ /T .\' .
connectivity property o ’

* Two important concepts in a network are . .
the ideas of centrality and prestige of an 9 % X\, 's ¢im
actor. . - . % e

* Centrality more suited for undirected, =y A\ £
prestige for directed . .=

* Another important notion is that of L. .
bridgeness, or brokerage (people . .
connecting other people)




Centrality degree calculation examples

Degree is the number of ties, and the actor with the most ties is the most
important:




Centrality degree: normalization

Divide for the max possible value of C, i.e. N-1 for N nodes:

[

-
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Another possible normalization is dividing by the max C, observed value



Centrality Degree = number of connections

* Very simple measure,
not always the best:

* You are “central” if you ®
have many friends, but O
perhaps you are only

very “social” @ ®

* Centrality degree does
not account for the D
“importance” of your 0
friends



For directed networks (e.g., Twitter) direction is

Ce ntra I Ity d egree an important property of the relation.
fo r d ire Cted * In this case we can define two different types of
centrality (also called prestige for directed
networks networks):
. — one for outgoing arcs (measures of influence),
( p FEStlge) — one for incoming arcs (measures of support).

 Examples:
— An actor has high influence, if he/she gives
hints to several other actors (e.g. on Istagram).
— An actor has high support, if a lot of people
vote for him/her (many “likes”)

— An actor can be both an influencer and highly
supported




Problem with degree centrality

Degree Centrality depends on having many connections: but
what if these connections are pretty isolated?

A truly “central” node should be one connected to many other
«powerful» nodes

E.g. in a citation network: it is better to have fewer citations by
very cited scientists than many citations by poorly cited
scientists (being supported by other influencers)

E.g. Mario Draghi being supported by Angela Merkel is better
than Mario Draghi being supported by John Doe



Example

N Assooate
& Assodate -~

.‘ J Assodate
Assodate

SERRANO, Artxo

el

Assodate

98
8 MACTIER, Rose
Re

Related

-~
VAZQUEZ-MACIAS, Glona 8 .
' Redated A
Assodate MACT;E.R, Clarence _ =
= Asscate” | S corsiabio ey
g —=Assodate— P ( Assodate P gf GONZALEZ, David
SALINAS, Jusn -
GULIZIA, Ceclia / e 3
Associate -  Assodate___ . -
v o HEPNAM'.‘IEZ, Jamie "
: PEREA, Maria
AP“;‘ / Accnmatro CH[CA, Rafael

If Mrs. Green is the boss, employees referring directly to her are more important



* Page Rank is one of the main algorithms
used by Google to rank web pages when

M e a S U rl n g you make a search (graph-based methods

apply to any problem that can be modeled

preStIgEZ Page with a graph!)

A complex method but basically the idea is

R k that the rank (prestige) of a node depends
a n on the rank of the other nodes pointing at
that node



The basic principle of Page Rank




How does it works

PR(W) = Z PR(v)

outlinks(v)

v-Uu

Note this is a SIMPLIFIED
formulation

PR(u )=100/2 +9/3=53




How is it calculated?

The rank of a node u depends on the rank of its pointing
nodes v.

So it seems a “circular” problem: how can we compute it for all
nodes?

Start with a random guess of page rank values, and keep on
adjusting values until values don’t change (steady state)

In computer science, this is called RECURSION



()
S

0
PR(v)

SAPIENZA PR(u) = Z

"t,,,m 8/  UNIVERSITA DI ROMA

outlinks(v)
vV—-u



>
A

o5™ 1
<A SAPIENZA 10,5 PR(v)
QUWE7  UNIVERSITA DI ROMA PR(u) = Z
outlinks(v)

v-u



\\/

0
PR(v)
*B SAPIENZA = E
QUEY  UNIVERSITA DI ROMA PR(U) outlinkS(v)

v-u



—
\\!

0,75
B SAPIENZA
Y  UNIVERSITA DI ROMA PR . Z PR(U)
(W) = outlinks(v)

v-u



0,44

D SAPTENZA

&7  UNIVERSITA DI ROMA

022

Il
Il
e




In class exercise step by step

« Suppose that you start
with the following
“random guess” por the
(page) ranks of the acors
In a SN:

e r1=r2=r3=r4=0 r0=1

* Write the formulas to
compute the new rank of
each actor after the first
iteration of the Page Rank
algorithm.




Step 1

Write the system of equations

PR(W) = Z PR(v)

outlinks(v)

v-u

e @
@



Step 2, 3..

Next, you put the initial vales
into the formulas rl

r1=r2=r3=r4=0 r0=1

and you obtain:

ry=0; r;=0; r,=1/3; r;=1/3;

r,=1/3

etc.

Iterate: put these new values
into the formulas, and
continue until convergence (I
am asking only the first two
steps)

r0:1/9’- r1=(1/6+1/9+1/3);

I

3

r4

s

.




More on * Centrality degree, PageRank and other centrality
measures tells us how a node (an individual in a

fl N d | ng “" key social network) is “authoritative”

 There are other qualities we may want to

p I aye rS” . compute, for example, the “bridgeness” (also
. called betweenness, brokerage, key separators..)

b rl d ge Ness « People that link other people, acting as bridges

* Model based on communication flow: A person
who lies on communication paths can control
communication flow, and is thus important to
ensure connections (flow of information) among
groups




Example of bridge

Broker

» Algorithms to identify bridges (also
called brockers) are all based on some
measure of the graph connectivity.



Betweenness: intuition

* Intuition: how many pairs of individuals would have to go through you in
order to reach one another in the minimum number of steps?

* Who has higher betweenness, X or Y in these 3 examples?

Y O O
oO—O0O—0O—C0O——20 Y
Y
> X Q(io



Formally: Betweenness Centrality

Betweenness centrality counts the number of geodesic paths
between i and k that actor j resides on. Geodesics are defined as
the shortest path between points

b MUST go through a to reach
b any of c,d,e,f,g,h (and viceversa)

d

AN

cdefgh

Any among b,c,d,e,f,g,h must go through a to reach any other



Betweenness Centrality

CB(ni) — Zgjk (ni)/ gjk
J<k
Where g, = the number of geodesics (shortest)
connecting jk, and g; (ni)= the number of such

paths that node i is on (count also in the start-end
nodes of the path).

Can also compute edge betweenness in the very
same way



Example of betweenness
computation

e Alies between no two other vertices
(betweenness is 0)

* Blies between A and 3 other vertices: C, @ o
B C

D, and E (so any information from A to
C,D,E or viceversa must flow trough B:
betweenness is 3)

* Clies between 4 pairs of vertices
(A,D),(A,E), (B,D),(B,E): betweenness is 4

| EEENNNNN————



Example of computation (bridgeness of the red
node)




* Betweeness centrality, like centrality

M d ny Ot h er degree, is a local measure (based only on

path counts)

measures Of * More sophisticated algorithms are available,

based on the notion of graph connectivity

b rl dge n ESS * The intuition is: what if we remove a node

from the network? The highest the
“damage” in term of connectivity, the
highest the bridgeness value of the node




Finding Bridgeness /brokerage

Good bridges = actors that are indispensable for
the flow of communication within the network

e As for graph representation,
good bridges are actors that, if
removed from the graph,
reduces graph connectivity. For
example, it causes the creation
of disconnected components
(Jenny, Jack and John in the

graph)
* Thisis why bridges are also
called brokers or key separators




* Besides identifying key players (centrality,
bridgeness) other types of information are
relevant, and they require a global analysis of the

Ot h er g Fad p h - network, not just single nodes

 E.g., If we wish to measure the likelyhood that an

ba Sed SOC i a I information originated anywhere in the network

will reach you (spread of influence)
* Or, if we want to identify sub-groups

m e a S U res (communities) within a network

| e



G ra p h - ba Sed * Use graph-based methods/algorithms to

identify “relevant players” in the network

measures Of — Relevant players = more influential,
. I . ﬂ according to some criterion
SOCIal Intiuence * Use graph-based methods to analyze the

“spread” of information

* Use graph-based methods to identify global
network properties and communities
(community detection)




Influence Spread

* We live in communities and interact
with our friends, family and even
strangers.

* Inthe process, we influence each other.

University of British Columbia



Social Network and Spread of Influence

» Social network plays a fundamental <+ B
role as a medium for the spread of p 1 "’“’“O,
INFLUENCE among its members UQ““ L I8 "
— Opinions, ideas, information, K & @. @»
innovation... el

 Direct Marketing takes the “word-of-
mouth” effects to significantly increase
profits (Gmail, Tupperware popularization,
Microsoft Origami ...)




SOClal «  Examples:

— A company selects a small number of

N €tVVO rk and customers and ask them to try a new

product. The company wants to choose
a small group with largest influence.

Spl‘@ﬁ.d O f — Obesity grows as fat people stay with

fat people (homofily relations)

Iﬁﬂuﬁnce — Viral Marketing..
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Viral Marketing

|dentify
influential
customers

Convince them to These customers
adopt the product — endorse the
Offer discount/free product among

samples their friends




Spread of

Influence

analysis:
Problem Setting

Given

— a limited budget B for initial advertising (e.g.
give away free samples of product)

— estimates for influence between individuals
Goal

— trigger a large cascade of influence (e.g.
further adoptions of a product)

Question
— Which set of individuals should B target at?

Application besides product marketing

— spread an innovation

— detect stories in blogs (gossips)

— Epidemiological analysis



What we need

* Models of influence in social
networks.

e Obtain data about particular
network (to estimate inter-
personal influence).

e Algorithms to maximize
spread of influence.



A simple
algorithm

Linear Threshold Model (only the
intuition..)

The basic model implies that each actor is
influenced by those he/she is linked to

The influence depends on the strength of
the relation between two actors
(contagiousness)

It also depends on the personal tendency
of an actor to be influenced by others
(resistance)



Linear Threshold Model

A node v has some threshold 8, ~ U/0, 1] (this models the “tendency to be
influenced”: the higher the threshold (resistance), the lower is the influence of
others on an person s opinion)

A node v is influenced by each neighbor w according to a weight b,,, such that

> b,<1

w neighbor of v
b, models the “strength of the relation” of actor v on actor w

A node v becomes active when at least (weighted) 6, fraction of its neighbors are
active
>  b,26
w active neighbor of v
We assume a cumulative effect of neighbours’influence on an actor!



Example (weights on edges are the b, )

Q Inactive Node
Q Active Node

0.2 . Threshold

. Active neighbors

lo.z Stop!




* Problem:

— Given a parameter k (budget), find a k-
node set S to maximize f(S)

Influence
M axXim |Zat|0 n — In simpler terms: find the minimum
P b I number of influencer to “reward”, given
ro em the budget, which maximizes the

number of individuals that can be
“influenced” (through a cascade process
of influence propagation”

Several algorithms (you don’t need to
learn..)




G ra p h - ba Sed * Use graph-based methods/algorithms to

identify “relevant players” in the network

measures Of — Relevant players = more influential,
. I . ﬂ according to some criterion
SOCIal Intiuence * Use graph-based methods to analyze the

“spread” of information

* Use graph-based methods to identify
global network properties and
communities (community detection)




 Community: It is formed by individuals such

CO mmun |ty that those within a group interact with each

. other more frequently than with those

d Ete Ct ION outside the group a.k.a. group, cluster,
cohesive subgroup, module in different
contexts

 Community detection: discovering groups in
a network where individuals’ group
memberships are not explicitly given




« Why communities in social media?
— Human beings are social

— Easy-to-use social media allows
people to extend their social life in

CO mmun |ty unprecedented ways

— Difficult to meet friends in the
physical world, but much easier to

d etection find friend online with similar

interests

— Interactions between nodes can
help determine communities




Subjectivity of Community Definition

61



Community detection = clustering

The two
problems are
very similar

J

And share the
same
complexity

J




Community detection in graphs

* Many methods based on ML
* Example:
— Density-based: find densest

(with more connections)
areas in the graph

— Spectral clustering: find the
edges that, if removed,
maximally reduce the
connectivity of the graph
(where the connectivity is
some precise quantitative
measure)




Two different aspects of social networks

* Social network analysis: Analyze how the information propagates through the
network. Based on network science.

— Information diffusion
— Influence maximization

e Social media mining: Analyzing the information (messages) that users exchange.
Based on ML and Natural Language Processing (NLP) algorithms.

— Opinion mining
— Topic mining



Sentiment Analysis
and Opinion Mining

* |tis a kind of classification
task: given a text, determine
its polarity (positive,
negative, neutral)

 Based on machine learning
methods for NLP




Sentiment analysis example

L
POSITIVE NEUTRAL NEGATIVE
"Great service for an affordable “Just booked two nights "Horrible services. The room
‘ price. at this hotel." wasqdickty and unplaasant.

We will definitely be booking again." Not worth the money."
J



Topic mining

Based on NLP techniques.
Extract the relevant discussed
topics in a social network and
they popularity trends

Example: citizen messages on an
city council app to report
problems
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Explore what the world
Is searching

Altri video > 4

GOOGLE ADS ® * o =i R@ GOOGLE  EBL] Topic Clusters AKA KB
SIMILAR ~ .@*  Keyword Research, Y Sl oyward Contont Clusterg@®

o ®  Keyword Mapping, and
fflf?‘fqm“ (oo~ ContonStatogy T ADVERTISING | tutoRiaL

o TUTORIAL 2002 | o s

Google Trends: tool to analyse topic trends




Exploring topics

Explore what the world
IS searching

Enter a search term or a topic

| example

t @ Kim Kardashian ® World Cup ® Football @ American footb:




Comparing topics

Confronta

Google Trends

® Giorgia Meloni : + Aggiungi confronto

® Volodymyr Zelens'kyj .
Presidente dell'Ucraina : Presidente del Consiglio dei ministri dell..

Tutto il mondo « Ultimi 12 mesi = Tutte le categorie « Ricerca Google

|4
al
W
A

Interesse nel tempo

Nota

24 lug 2022

_L_ - =
14 nov 2021 20 mar 2022

Media



Find peaks

25 set — 01 ot 2022

Giorgiameloni 100

/S




® Volodymyr Zelens'ky;j ® Meloni

Presidente dell'Ucraina Termine diricerca

. | Tutte le categorie
Adjust by | .
regi on Tutto il mondo

Afghanistan

i e termini di ricerca, che Vengono m

Albania

Algeria

Altre isole americane_gﬂel Pacifico o



Understand peaks

Visibili: 1-5 regionisu 20 »

Argomenti correlati Inaumento v * <> Query associate Inaumento v # <>
1 Elezione - Argomento 1 elezioni
2 Partito politico - Argomento 2 votazioni

3 Scheda elettorale - Argomento 3 sivotail 25 settembre



Regional distribution

Analisi di confronto per regione

® Volodymyr Zelens'ky] @ Meloni

Ordina: Interesse per Volodymyr Zelens'kyj

1

Lintensita del colore rappresenta la percentuale di ricerche 5

ULTERIORI INFORMAZIONI

Uzbekistan

Polonia

Turchia

Romania

India

-

Regione v ¥ <>




* Use Google trends to explore popular
topics and trends on the web and
social media

e Consider a number of brands or

products
In class * Find and compare relevant topics
exercise » Find regions where topics are more
popular

* Explore popularity over time

* |f you find peaks, use web serch with
dates to identify the relevant news /

> 4




