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Information transmission on social networks

e |t plays an essential role in numerous areas
e Spread of innovations
e Service/Product adoption
¢ Opinion formation
e Computer viruses
¢ Social influence
* \/iral marketing, word of mouth ' ~~
* Time-critical emergencies B
e Political communication
¢ Social mobilization
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Relevant questions in spreading

*» Reach

e How many people are infected from a initial
spreader?

* Time AN o
* How long does it take to infect them? Ol - 5 § »
. -‘ L )a':: - "}_‘
e Early detection of an outbreak, possible? . £
M. Garcia-Herranz, E. Moro, M. Cebrian,
+ Optimization ). Fowler & N. Christakis 2012

e How do we choose a given a number N of initial spreaders, so that reach
is maximize in a given time? What is the optimal N for a given cost?

e How do we choose a given number of immune people so that reach of the
disease is minimized? (resiliance of networks)

e How do we choose sensors to detect propagation?

B i SaTea e @estebanmore
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What are the ingredients of information spreading
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What are the ingredients of information spreading?

It
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¢ Social network

e Human activities

* Message content

* [nfection process



What are the ingredients of information spreading?

Message content

Social network / \

[nfection process
/ P

Human Activities
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Humans interact in bursts

L

| I |

33 34 35

UC3M & Telefonica
Miritello, Moro, Lara 2011/12/13
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There is no just a thing as “typical response time”
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There is no just a thing as “typical response time”
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Thus, what is the “speed of sound” in social
networks?
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UC3M & IBM
Iribarren, Moro 2009, 2011



The logarithmic clock of information spreading

# personas

exp(t)

og(t)

]

UC3M & IBM

Iribarren, Moro 2009, 2011
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Viral marketing campaigns

UC3M & IBM
* 2003-2005 IBM.COM Iribarren, Moro 2009, 2011
e 30000 B2B clients  ,,| {
* 11 european countries f 2
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Information prevalence

Average response time = 1 day Average response time = 7
Prevalence = 7 days Prevalence = 1 year
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How fast and reliable is 4
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Use social networks to coordinate the mobilization
of large masses of people in emergency situations
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Situation awareness
Crowdsourcing
Event detection
Search/Locating survivors ic . @ s, @estebanmoro



Twitter Alerts: Critical information
when you need it most

Wednesday, September 25, 2013 | By Gaby Pefia {#2gpena), Product Manager [16:58 UTC)

Today, we're launching Twitter Alerts, a new feature that
brings us one step closer to helping users get important and
accurate information from credible organizations during
emergencies, natural disasters or moments when other

Twoet

communications services aren't accessible,

@ #alert
2
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SEEKING
INFORMATION
BY THE Flu

“Someobody out there knows the
difficult, we areconntmg on those
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“Impossible by
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Time-Critical Social Mobilization

Galen Pickard,*** Wel Pan,** Iyad Ratwan,*”* Manwel Cebrlan,** Riley Crane,’
Anmol Madan,” Alex Pentland™t

The World Wide Web & commonly seen 23 & platform that can hamess the collective abilities of large
mumbers of people %0 accomplish tasks with unprecedentead spead, acturady, and scale. To explore the
Web's ability for social mobiization, the Defense Advanced Research Projects Agency (OARPA) held the
DARPA Network Challenge, in wiich competing teams were asked to locate 10 red weather balloons
placed at locations around the continental United States. Using a recursive incentive mechanism that both
spread Information about the task and Incentivized IndWiduals to act, cur team was able 1o fiad 3kl 10
balicons o less than 9 hours, thus winning the Challenge. 'We analyzed the theoretical and practical
properties of this mechanism and compared it with other spproaches.

- | R

T OMET RED DAL CHALLENS M AN

lore) "Pamony nenen

o8 it wws  @estebanmoro



lice wins $750
ob wins $500
arol wins $1,000

ave wins $2,000 /
BOB
S500

CAROL
$1,000
DAVE Kleinberg & Raghavan,
£3.000 Balloon Query incentive networks [2005]

found!



Global reach in 36 hours

126 oountrlg!

~

>100,000 Visitors 46 countries 4,521 Team Members



A model of social geographical mobilization

Limits of social mobilization /

Alex Rutherford®, Manuel Cebrian™*, Sohan Dsouza®, Esteban Moro®”, Alex Pentland’, and lyad Rahwan*%*

‘ ‘Computing and Indormation Science, Mindat Isstitute of Scence and Technology, Abu Dhabi 54224, United Arad Emraten, "Depertment of Computer
<) Sdence and Engineering, University of Calformia at Sen Diego, La Joba, CA 52083, "National Information and Communications Technology Australia,
. Metboumne, VIC 3010, Australia; “Degartamemo de Matemiticas and Grupo nterdiscipiinar de Skitemas Complejos, Universidad Carlos IR de Madrid, 28511
" Nadrid, Speir; “Institno de Ingenieris del Conacimiento, Universidad Actenoma de Macnd, 20045 Madrid, Seaing ‘Media Laboratory, Massachusetts insstyute
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Human mobility

Geographical spreading
of social networks

ranching dynamics
of recruitment

Temporal dynamics™®
messaaqe propagation Y ‘ J/
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Branching dynamics of recruitment

2N
LORSRC

Number of recruitments is power law distributed O . O OQ“

©)

Below tipping point (Ry) = 0.89
Only 4400 active recruitments
We consider also passive recruitments [100s per person]
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lemporal dynamics of message propagation

Iribarren JL and Moro E (2009) PRL

Impact of human activity patterns on Dynamics of Information Diffusion

Waiting time between receiving invitation and sending it is log-normal
distributed [« = 1.5, = 5.5]

Above the tipping point diffusion is dominated by short waiting times
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Viral dynamics of recruitment =~ viral marketing

Branching dynamics of recruitment
lemporal dynamics of message propagation

waiting time
active recruitment . _ 3 L
34

]

passive recruitment

R
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Geographical spreading of social networks

Geographical scaling laws of friendship

Gravity Law 1
Krings et al JSTAT 2009 / Ratti et al PLOSONE 2010  F%i; o ()
t]
Rank-based friendship
Liben-Nowell D et al PNAS 2005
P, o ZM‘:{"U o with probability 2/3
1 with probability 2/3

Two people separated by a given large distance are more likely to be
friends in a rural region than in a dense, urban environment

ne . (@) s, @estebanmoro



Human mobility
Due to mobility, searching is not limited to peoples home
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Census data

1820528 lkme cells
2.160.240 unoccupied
Heterogeneity and clustering

o8 it wws  @estebanmoro



Model

L Select a seed [@MIT]
2. Wait for a response time
3. Recruit a number of active/passive new members

4, Choose them on short/large distances
9. If ballon is in the search area of the recruit => found

6. Proceed to 2 with ,_

ne ® it @estebanmoro
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Results
We conducted 500 searches for the 10 DARPA Network Challenge

Parameters:
Radius of gyration [mobility]
Number of passive recruitments [viral recruitment]

We measured
Number of balloons located
Probability of success
Time to completion

e . @i @estebanmoro



Results

— 10

Average number
of balloons found
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Results

Time to completion

DARPA Challenge I

12 Completion Time !
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Outlook

Social mobilization in critical time can work

But success relies on:
ncentives to participate/search
ncentives to recruit

Use of geographical heuristics

Challenges
Urban complexity
Verification of information
Data-driven simulations

SEARCHABILITY

e . @ s, @estebanmoro



Can we detect informati
outbreaks Iin social netwo
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Outbreak detection in networks

:Can we monitor the whole network?

C. Nocolaides &t &, "12

@ e wes @estebanmoro




Outbreak detection in networks

) J\ , R
C’&mp tational constrains
& Limited access

- -Cost

C. Neolaides et o, '12

@ e wes @estebanmoro




Sensor hypothesis

L Il

Can we find those sensors to early detect planetary information outbreaks?
@ e @estebanmoro




Sensor hypothesis

{Sensors} = éigz.inihf’U:[structUre, process]

P .

¢

be .
.:_W"{‘ v
.\-,{ “'

— -

e n e was @estebanmoro




Sensor hypothesis

om0 L

{Sensors} = arg min U[structure, process]

x
This is unfeasible
for Big Data

Thisis a

NP-complete . . . SCC'?"
problem! - - — Interactions

' ¢’ are dynamical!

 Structure is not
known! (Privacy,
limited accass)

.‘ | .UJ;
. /). —
f Tty
- "’ ‘I " .

— -
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Our solution: FriendSensors

Great!
I've got 22

iolowers

Why do my
nends have

morg nenas
than | do?

Use te friendship paadox (Feld): te friends of a set of uers are
more central

@ e @estebanmoro




Our solution: friendsensors
L /1% o Control Group
e & o Sensor Group

e ——

-

D Maman & Sneceeman,
M ST AnaiyEng Socikl
Mocha Neteoria with
NOSSXL: nagrds om o
Cormecing Woda

<t‘inf,'i>'i€Sensors S (ti.nf.'i>i€Control
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Our solution: FriendSensors

OPEN ( ACCESS Freely available online < PLOS one

Social Network Sensors for Early Detection of Contagious

Outbreaks

" e
4. L 'S »
Nicholas A. Christakis™**, James H. Fowler™* e o anp
1Facuky of Arts & Sciences, Hérvard University, Beston, Massachusetts, Usited Su N TR PR
Massachuserss. United Stes of America, 3 School of Medidne. Usiversity of Cabj -, - “;.- > PES.
Scoences, Ushversty of Calfornis San Diegs, La Joils, Calforia, United States of Ad S S
- » - - e e ‘”Q >0
- e re) - . .'v ~ : e
Abstract TIRLRN A A
Current methods for the detection of e \ : -
epidemic at best. It Is known that individuals near the center
course of an outbreak, on average, than those at the periphe A\ . 3
individuals who might be monitored for infaction is typically o %L A A
require ascertainment of global network structure, namely, F WF
Such individuals are known to be more central. To . VIR (e
detection, we studied a flu cutbreak at Harvard College in - }‘p. - ?’f» .
a group of randomiy chasan Indiiduals or 3 group of a ~ a o e

epidemic in the friend group occurred 139 days (95% CL g S g 0 ““-:,'* i
poputation as a whole). The friend group also showed a signd = " T & Mg, am - "f“‘ Ao
days before the peak in daily incidence in the a8 ‘a 2y

additional time to react to epidemics in smal or Brge popu
on features of the outbeeak and the network at harxd, The

psychological, Informational. or behavioral contaglons that spread in networks,

(#) =i @estebanmoro



Using friendsensors, can we detect global
contagious outbreaks in "witter”

Friendship
paradox?

Contagious
outbreak?

@estebanmoro




476M tweets

2009Data§<§?§ et al.

~ 213 of Twitter

Lo virne
Labn bl Vb o

@estebanmoro



# hashtag uses

Contagious

outbreak?

#indonesiaunite
#ibeatcancer #twitdraw

Flu = #hashtag

itpengakuan #lightupnigeria
#openwebawards

June 25th time
@ Cnawes @estebanmoro



Friendship
paradox?

@ Ciieas @estebanmoro



Results: Global view (ex post)

<tinf,i> 1ESensors S <tinf,i > 1€ Control

C
[ -
Random samples
o Of 50K users
Most used hashtags
To —
)
=
o
O m-
s
N- ———— - _— S — -
O
| 1 I | | |
-25 -20 -15 -10 -5 0

Lead Time by Sensor Group (days) . @estebanmoro



Results: early alarms (real time)

¢ Divergence between cumulative incidence curves = early detecting of outbreaks

S [33days
§ Q _
o
@
3 ©
£ o©
Qo
- T
8 o ]
g
g N4/ — Sensor group
=== Control group
o | Significant Diff
o g . .
Oct-14 Nov-14 Dec-14
Twitter data
#openwebawards hashtag use

®) == @estebanmoro



Results: but how well friendsensors work?

Twitter daily Google daily

incidence searches

100 - Sensor ECDF =
~ =
,bama care | e
80 - :
: :é Google Trends
. !g Normalized Daily Incidence
E§ Twitter Nosmalized
: :5 Dailly Incidence
friendsensors | : ¢ |
‘ !
early alarms e~ . ‘
ARK it e AT S e
) = == S LN ": LR LI 2 O L SRR AT B N ST
LIAIIIII ]Illllllllfll]lll]
" ONOO"NNO ™~ NOO " NMO"NNO ™ ™NO
CEESSSS535 9000 QCOTO002222 Q
55333333333883338885823533% §3
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Conclusions

* Monitoring social BigData requires a _‘
different approach ‘l _

¢ |_ocal analysis for global conclusions ——

e Take advantage of network structure
e Qur friendsensor method works on Twitter

e Difference between control and sensors can be use to early
detection

bit.ly/friendsensors

et wae @estebanmoro



é

S
Conclusions | [—, 0
1 (Baey Ve
e Our friendsensor method has: N R N
* Plenty of room for improvement! | & Sy bl
We just used the simplest way to = B ==
choose sensors. - c

e Can be used in other social networks: is based on
their social structure

e Can be used for highly dynamical scenarios: choose
sensors dynamically.

e Can be adapted for geographical filters, languages,
interests, etc: choose sensors accordingly.

bit.ly/friendsensors
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What and where do we
share on social networks?| -

e @estebanmoro



Motivation

e Grannoveter’s theory '73: the strength of weak ties

Topological . Message
Structure @ = “  content

P ————_—

—— friends
—— acquaintances




Motivation

e Can we test these ideas in online social networks”?
e Online Social networks:
¢ Data availability
e|_arge scale
e Different types of interactions are explicitly separated
e information diffusion events
e personal communications
e Easy interaction

Natsei, 2012 @) o . Bestebanmoro



Motivation

e Twitter
* Relationship:
e Followers / following @
* Interaction:

e Mentions, replies: “@”
* Diffusion of informatio
e Retweets: “RT”

Natsci, 2012 ®) ot . @estebanmoro



Groups

el s
-_ '..t.

e Community analysis on the follower netwo St
ko Jf | \a qI (\n /I

M

* OSLOM (Lancichinetti et al, PLoS ONE 2011} "0
e Large network i
* Directed network
¢ Users in multiple groups
e Other methods used:
¢ Infomap
* Moses
e _ouvain

-&"’ﬂ:‘”" :

Natsci, 2012 if @ .......J.... @estebanmoro



Groups

e 92062 Groups Grabowick , Ramasco, Moro, 20121

¢ Nodes can be “homeless”
e 37.4% of accounts not allocated to any group

¢ One particular user belongs to 100 groups /
‘®

0
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Links/interactions between/inside groups

Natsei, 2012 @) o . Bestebanmoro
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Links between PIOUpS Grabowick , Ramasco, Moro, 20121

X107 x10™

* Strong Interaction (@) 10—— 1
happens mostly inside | Ilinternal
groups s W intermediary 10
= = between g
6
* Diffusion information (RT) = — 6
happens mostly at g -
intermediary links = = 4
0 0
mentions retweets

¢ ¢ ¢ ¢ © ¥ :
internal links  between groups intermediary no-group links
Netsci, 2012 @ o . Bestebanmoro



Discussion

Offline social networks

Twitter

Strong social ties tend to appear
at the interior of groups

Stronger mentions are more
likely to happen on internal links

Weak ties are expected to be
more common connecting
different groups

Mentions are less likely to
happen on intermediary and
between groups

Links between groups are more
important for information
diffusion

Retweets happen mostly
between groups

Natsci, 2012




How does political opin
propagates in social networ

EVERY
TWEET

COUNTS!

e .. @, @estebanmoro



Political conversation in social media

High polarization of the conversation

Adamic & Glance 2b05 Conover et al 2012

o ituws  @estebanmoro



2010-11-10 18:02:18

2010 Catalan Elections




2012

@estebanmoro



Communication between communities
‘ldeological space’




Communities and votes

Is there a relationship between community size and party votes?

2010 2012
® Ciu g)) ciu
_ ?
o
o™
8 8
: & S
= P
e
=
0 50 150 250 500 1000 1500 2000
Tamano comunidad Tamano comunidad
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Mentions and votes

Is there a relationship between mentions and party votes?

2010 2012
e CiU| —
g il p /. psc ° . . CiU
S | 0.ppC & __® pefisc
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Communities evolve

They change in [relative] size and users move between them

100 -

Incremento

-—A

[
":; Cit CUD &C ICV DX ;L r sal

partidos

e . @ s @estebanmoro
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Summal’y Congosto & Moro 2011/13

. Polarization of political communication: one party, one
community

2. Communication between ideologically close
communities only

3. Communities size =/= votes

4. Communities are very persistent. Exchange between
communities are only between those ideologically close.

e . @ =i, @estebanmoro



Message content

Social network / \

Iniorma ' Oon opreaaing

Infection process
Human Activities e

e . @ s, @estebanmoro
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