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Network Structure & Node Dynamics

Every node has an evolving state:

« Spreading: Infected, Susceptible, Recovered
« Game: Cooperation, Defection

- Mobile Agents: Position, Velocity

Structure-dependent problems:
« Spreading: How many nodes will be infected?

« Game: When an individual choose to cooperate?
« Mobile Agents: How to achieve rendezvous?
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Notable Epidemic Outbreaks

The Great Plague HIV

HIV prevalence in adults, end 2001
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14th Century — The Great Plague
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21t Century — SARS

SARS : Cumulative Number of Reported Cases
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Cumulative number of Reported Cases
(From 1 November 02 to 8 April 03) Type of transmission
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Data Source: World Health Organization

The presertation of material on the maps contained herein does not imply the expression of ary opinion whatsoever Map Production: Public Health Mapping Team
on the part of the World Heaith Organization conceming the legal tatus of any country, temitory, city or areas or of its Communicable Diseases (CDS)
authorities, or conceming the delimitation of s frontiers or boundaries. DWorld Health Organization, April 2003
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Classical Epidemic Models — Basic States

Infection
Recovery
Recovery
Susceptible Infected Removed
(healthy) (sick) (immune / dead)
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SIS Model

Infection
Removal
Recovery
Recovery
<€
Susceptible Infected
(healthy) (sick)
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Simplest Model - SI

Infection
Removal

Recovery

<€
Recovery

<€

Susceptible Infected
(healthy) (sick)
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Homogeneous Mixing Assumption
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Simplest Model - SI

SAS
o SO s=S/N, i=I/N
e®o%%, d_IZIgLS ’ B .
.:::::o‘. at N > . Fsi = pi(l-1)
®
i(t) = l, €Xp(At) Logistic equation:
11, +1,exp(ft)  abasic model of population growth
i) is small g Asi(t)> 1
o] : 3 :
ENﬁ' :8 %—)O
i~ exp(pt) s
exponential g saturation
outbreak =
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SIS Model

Infection
Removal
Recovery
Recovery
<€
Susceptible Infected
(healthy) (sick)
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SIS Model

di . . .
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Fraction Infected i(t)

(i) —In(L— 7/ B~i) = (B=p)tre
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SIS model: fraction infected individuals saturates below 1
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SIS Model:
Epidemic Threshold and Basic Reproductive Number

di p _ . i - e(ﬂ_y)t
. IB|(]__ |) — ul i(t) = 0(/8 7/)_ —
dt | SIBEE p—y+ple
= — Basic reproductive number A=1
4 Epidemic threshold

On average, how many infected individuals
will be infected by one infected individual?

)
# )

A >1: Outbreak, 4 <1: Die out i 4 )
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Epidemics on Networks

€ Homogenous mixing assumption means that each individual
can infect any other individual.

€ In reality, epidemics spread along links in a network

€ We need to explicitly account for the role of the network in the
epidemic process.
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SIS model on a network: Degree based representation

Split nodes by their degrees

L (©)

Fraction of infected

/ - \| nodes with degree k ~ #k (D) =1, (1) = N
I @ T I k
I
e_ | ]
: o | Fraction of infected nodes 1(t) = Z P(k)p, (1)
- | I K
£, (1)
DR - SIS model = — .
Class of nodes with degree k=1 dt P (t) ¥ ik(l P (t))®(pk (t))

O,.(t): Density of infected neighbors of

[ \
| o i @ / | nodes with degree k
T .
l l
| l

| am susceptible with k
neighbors, and O,(t)
___________ / of my neighbors are infected.
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SIS Model — Stationary state

dpk (t)

. () + k(L= p, (1))O (o, (1))

Stationary state condition: the number
of new infections equals to the number
of individuals who are cured

kA®,
1+ kA0,

For an uncorrelated net.  P(s|k) =sP(s)/ (k)

Fraction of infected nodes

Pk =

Time (1)

O= Z P(s|k)p, = <—ZsP(S)ps
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SIS Model — Stationary state

1 As® d (1 250 <k2>
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< ZKP( )ﬂk(l?fk(ji(a)/lk@lk()o_;; P(k)/ﬂt
AN <k> 2
c <k2> I <k >—>oo, then 4, >0
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SIS Model
Vanishing Epidemic Threshold for Scale-Free Networks

C=< g If (k*) — oo, then 2, —0

Scale-free
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Immunization Strategies---
How to control the epidemic?

« Transmission-reducing interventions: face masks, gloves,
washing hands — may reduce the transmission rate below the
epidemic-causing critical rate

« Contact-reducing interventions: guarantining a patient,
closing schools — make the network sparser, may increase the
critical transmission rate

« Vaccinations: remove nodes from the network
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Immunization Strategies---
How to control the epidemic?

« Who should be vaccinated for most effective control?
« Ifitis too expensive to vaccinate everybody, then who
should be vaccinated??
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Random Immunization

A density g individuals are randomly chosen to be immunized.

Immunized

25> At-g) Ale)=ge g1tk

(k) A (k)

2 : : :
If <k > — 9, random immunization cannot prevent the outbreak
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Targeted immunization

Immunize all nodes with degree k>k,

o—o [EteE
gy T ° BiRRE

As the hubs are removed, the <k2> term

decreases, hence the epidemic threshold
will go to higher values

In many cases, you cannot figure out who are the hubs.

Z. Dezso and A-L. Barabasi, Phys. Rev. E 65, 055103 (2002); : _
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Acquaintance immunization

Select a random individual, then immunize one of its RANDOMLY
CHOSEN FRIENDS.

»-
n Sl

~ P(k) ~ kP (k)

If you follow an edge, you are likely to meet high-degree nodes!
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Diffusion of Innovation — The Adoption Curve

Late

Broadcast -
majority

Laggards

»
Innovators
Early
adopters

iPhone iPhone 3GS

@ 412 MHz 412 MHz 600 MHz

ARM 11 ARM 11 ARM Cortex A8
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Who Influences Who?
A Randomized Experiment

* 1.3 million Facebook users

e younger users are more susceptible to influence than older users
* men are more influential than women

 women influence men more than they influence other women

* married individuals are the least susceptible to influence in the
decision to adopt the product offered.

S. Aral & D. Walker. Identifying Influential and Susceptible Members of Social Networks:

Science 20 Jul 2012; 337: 337-341 _
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Who Influences Who?
A Randomized Experiment

* influential individuals are less susceptible to influence than
noninfluential individuals and that they cluster in the network while

susceptible individuals do not,

* which suggests that influential people with influential friends may
be instrumental in the spread of this product in the network.

S. Aral & D. Walker. Identifying Influential and Susceptible Members of Social Networks,
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A 61-million-person experiment in social
influence and political mobilization

a Informational message
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vVersus vVersus
informational control
message

Today is Election Day What's this? e close

Find your polling place on the U.S. EB

Politics Page and dick the "I Voted”  People on Facebook Voted
button to tell your friends you voted.
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Social message

Today is Election Day What's this? e close

Find your polling place on the U.S. EB

Politics Page and dick the "I Voted"  People on Facebook Voted
button to tell your friends you voted.
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Self- Search for Validated Validated
reported polling voting voting
voting place

* RM Bond et al. Nature 489, 295-298 (2012) 13 Sept.
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? Ei Jaime Settle, Jason Jones, and 18 other
friends have voted.
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Structural diversity in social contagion

Ugander et al., PNAS 2012

Classical Assumption: the probability
that an individual is affected by the
contagion grows monotonically with the
size of his or her contact neighborhood
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contagion is tightly controlled by the

SRzaz

number of connected components in an
individual's contact neighborhood = o

{_Connected components
¢ »Components of size = 3
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The Diffusion of Microfinance
Abhijit Banerjee et al. 341(6144): 363, 26 July, 2013

 How do the network positions of the first individuals to receive
information about a new product affect its eventual diffusion?

Information is passed on by leaders; leadership All informed nodes pass on information further; the
padicipation aﬂects probability of information sharing. probability of information sharing is, again, based on participation.
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The Diffusion of Microfinance

* What are the factors that influence whether an individual chooses to
adopt or purchase that product?
1. Individuals have to be aware of the product before they can adopt,
which is more likely when more of their friends can tell them.
2. The adoption decisions of informed individuals might be influenced
by the decisions of their friends.

Information is passed on by leaders; leadership
paﬂicip1ii0n 1IfPCIS probability of information sharing.

All informed nodes pass on information further; the
probability of information sharing is, again, based on participation.
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The Diffusion of Microfinance

* To account for these factors, we developed a simple model of
information diffusion that allows us to

1. distinguish information passing among neighbors from direct
influence of neighbors’ participation decisions

2. distinguish information passing by participants vs. nonparticipants.

Information is passed on by leaders; leadership All informed nodes pass on information further; the
paﬂicipalion affects probability of information sharing. probability of information sharing is, again, based on participation.
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The Diffusion Model

1) An initial set of households is informed (injection points).
2) The initial households decide whether to participate.

B Information is passed on by leaders; leadership
Leaders are informed and make a decision on participation. participation affects probability of information sharing. Newly |nformed nodes make a decision on participation.
N

D Allinformed nodes pass on information further; the probability E o o
of information sharing is, again, based on participation. Fresh round Of newly informed nodes make participation decision




The Diffusion Model

3) In each subsequent period, households that have been informed in previous
periods pass information to each of their neighbors, independently, with
probability g if they are participants and with probability gV if they are not.

B Information is passed on by leaders; leadership
Leaders are informed and make a decision on participation. participation affects probability of information sharing. Newly info;med nodes make a decision on participation.

D Al informed nodes pass on information further; the probability E
of information sharing is, again, based on participation. Fresh round of newly informed nodes make participation decision
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The Diffusion Model

4) Newly informed households then decide whether to participate.
5) The process stops after T periods of information passing.

A B3 Information is passed on by leaders; leadership
Leaders are informed and make a decision on participation. participation affects probability of information sharing. Newly informed nodes make a decision on participation.
N\
N (

D Allinformed nodes pass on information further; the probability E o .
of information sharing is, again, based on participation. Fresh rou nd of newly informed nodes make participation decision
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The Diffusion of Microfinance
Abhijit Banerjee et al. 341(6144): 363, 26 July,

€ A microfinance participant is seven times as likely to inform anothe
household as a nonparticipant;

2013

r

€ Information transmitted by nonparticipants is important and accounts for
about one-third of the eventual informedness and participation in the village

because nonparticipants are much more numerous.

Information is passed on by leaders; leadership All informed nodes pass on information further; the
participation affects probability of information sharing. probability of information sharing is, again, based on participation.
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The Diffusion of Microfinance
Abhijit Banerjee et al. 341(6144): 363, 26 July, 2013

€4 How will the eventual participation in microfinance depend on whom the
organization approach first?

€ Communication centrality of a node: the fraction of nodes who would
eventually participate if this node were the only one initially informed

Information is passed on by leaders; leadership All informed nodes pass on information further; the
participation affects probability of information sharing. probability of information sharing is, again, based on participation.
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Diffusion centrality of node i as the ith entry of the vector
DC(A, q,T){Z(qA)t]l

Assume adjacency matrix A, passing probability gN = g = q, iterations T

€ DC of node i corresponds to the expected total number of times that all nodes
taken together hear about the opportunity.

€ If T=1, DC is proportional to degree centrality.

€ As T — = it becomes proportional to either Katz-Bonacich centrality or
eigenvector centrality, depending on whether g is smaller than the inverse of
the first eigenvalue of A or exceeds it, respectively.

€ In the intermediate region of T, DC differs from existing measures.
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Participation village-by-village as a function of the
average centrality of the leaders in the village
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Lev Muchnik, Sinan Aral, and Sean J. Taylor, Social Influence Bias: A Randomized

eriment, Science 9 Auqust 2013: 341 (614
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Epidemiological modeling of online social network dynamics
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Thank You!

Xiaofan Wang

Shanghai Jiao Tong University

xfwang@sjtu.edu.cn
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