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Outline 

1. Three worlds intersect 
2. Social network transformation issues: 

i. Evolution of opinions, socio-informational networks, 
bazaar of ideas, viral innovation 

ii. Synchronization limit for networked humans and their 
devices 

iii. Trust - how to replace human signals 
iv. Humans as sensors working together via internet 

3.      tŜƻǇƭŜΩǎ LƴǘŜǊƴŜǘ ŀƴŘ ƛǘǎ ŎƘŀƭƭŜƴƎŜǎ  
i. Technological limits: memory, processing, energy 
ii. Societal limits: privacy, security, law and financing   
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Man versus Machine 

 
 
 
 
 

Natural Sciences Engineering 

Social Interactions 
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Networks Everywhere: the Web 



Router level Internet 

[Lumeta Corp.] airline transportation network 

wireless sensor networks       

Qiming Lu  et al., (2006) 
High school friendship network [AddHealth] 

bŜǘǿƻǊƪǎ 9ǾŜǊȅǿƘŜǊŜΥ aƻōƛƭŜΣ {ŜƴǎƻǊΣ {ƻŎƛŀƭΧ  



Social Networks 

Nodes: individuals  

Links: social relationship 

(family, work, friendship) 

Many individuals with 

diverse social interactions 

between them.                                 

Big Question 

How does existence of information networks (internet 

with its social networking tools, cell phone networks, 

and so on) change dynamics of human interaction?  
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1. At each step a speaker and a listener (neighbor of speaker) are chosen randomly. 

2. Speaker sends an opinion randomly selected from his list. 
Á ƛŦ ǘƘŜ ǎŜƴǘ ƻǇƛƴƛƻƴ ǇǊŜǎŜƴǘǎ ƛƴ ƭƛǎǘŜƴŜǊΩǎ ƭƛǎǘΣ ōƻǘƘ ǊŜǘŀƛƴ ƻƴƭȅ ǘƘƛǎ ƻǇƛƴƛƻƴΤ 

Á else,  listener adds the sent opinion to his list. 

B B 

A 

B 

A 

B 

Modeling social/opinion dynamics  

A model for negotiation/opinion dynamics: the Naming Game 

B 

B 

Baronchelli et al., 2006 
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NG on Heterogeneous Spatial Networks 

Using LandScanTM US population data 

to construct a heterogeneous 

random geometric graphs 

Thanks to Ahn and Barab§si Future Internet Assembly, Poznan, Poland October 25, 2011 



ñNever doubt that a small group of 

thoughtful, committed, citizens can 

change the world. Indeed, it is the only 

thing that ever has.ñ  

Margaret Mead 

 

What if we introduce committed agents  
that never change their opinions? 

How many are needed? 

Á Small fraction p < 0.5 of nodes randomly chosen are committed to opinion A 

Á Remaining fraction (1-p) of nodes have opinion B 

   Committed nodes are un-influencable i.e. never change opinion 

Initial condition we care about: 
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Tipping point in Social Networks 

p: fraction of agents committed to opinion A 

 

p=0.05<pc

 (all-A 

consensus) 

 (saddle point) 

 (B-dominated, mixed) 

An

Bn

A non-absorbing (B-dominated, mixed) 

stable fixed point exists; 

 

All trajectories starting from initial 

condition 

flow to the non-absorbing fixed point 

10.0ºcp cpp >= 2.0

Bn

An

Only all-A consensus fixed point exists 

 (all-A 

consensus) 

 

All trajectories flow to consensus 

fixed point. 
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Social influencing and associated random-walk models: 

  

cN

cc eTpp ~: ðà<

Zhang et al. (Chaos, 2011) 

)log(~: NTpp cc>

Time spent in meta-stable state 

cpp<
cpp>

Time spent in state (nA,nB)  

before consensus 

Time spent in meta-stable state 

Time spent in state (nA,nB)  

before consensus 

Asymptotic consensus times on the complete graph 



Tipping point in Social Networks 

p: fraction of agents committed to opinion A 

cpp <= 075.0 cpp >= 10.0

ER network (sparse random graph, N=200, àkð=5) 

Qualitatively results do not depend on graph topology 

 

Xie et al. (PRE, 2011) 



Two-committed Minorities in the Mean-Field 

(0.0978,0) 

(0.1623, 0.1623) 

c=1, pA=0.01<pc c=1, pA=0.17>pc 

pA = c pB 

Traversing the line 



Qualitatively, results do not 

depend on graph topology 

 

 Two-committed Minorities in Finite Size Networks 

ER Networks  
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Traversing the line 

First order transition 

Second order transition 
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ER N=500 <k>=6 c=1

ER N=1000 <k>=6 c=1
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Switching Time with pA=pB 

Time Series versus 

Stationary Distribution 
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pA=pB=0.08

pA=pB=0.1

pA=pB=0.12

pA=pB=0.14

Below pc, waiting time for switches between  

A-dominated and B-dominated states scales  

exponentially with N. 
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Features of social networks 

Á Homophily: The tendency of individuals to form social connections to 

others who are similar to them*. 

Á Link persistence: The tendency of social connections between similar 

individuals to last longer than those between dissimilar individuals**. 

Traits/opinions diffuse and change  Network rewires to maintain homophily 

* P. F. Lazarsfeld, R. K. Merton, Freedom and Control in Modern Society, !8:18 (1954)  

** R. S. Burt, Social Networks 22, 1 (2000) 

Co-existence of such structural dynamics along with social influence gives 

rise to a complex feedback process: 
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Á Each node has F attributes, 

each of which can take q values (opinions) 

Á Two nodes i and j are similar if they 

share similar opinions for at least     attributes. 

Model dynamics: 

A node i is selected randomly and one of its 

neighbors j is selected randomly.  
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  Sim(i,j) <  

 

f

Sim(i,j) Ó  f

If Sim(i,j) >=    

 

f

If Sim(i,j) <   

 

f

j copies the opinion of i, for an attribute 

on which they are currently dissimilar. 

i disconnects its link to j, and connects to 

a randomly chosen node (excluding its current  

neighours). 

Network Model: social influence + rewiring  

Model parameters: 

Á Initial network is an Erdos-Renyi network with  

average degree                . 

f



Phase diagram of the model 

(q = number of traits/opinions per attribute) 

Fractional size 

of  

giant 

component 

Three phases are observed: 

Å Region 1 : The largest component is of the order N when rewiring stops and the 

system reaches consensus on all attributes. 

Å Region 2: The largest component << N when rewiring stops. Consensus is 

reached independently in each component 

Å Region 3: The largest component ~ N but rewiring continues indefinitely and 

consensus is never reached. 

In the following only phase 1, with F=5, q=2,         3 is presented   

 

f=

similar phase diagram 

observed in: Vazquez et al., 

PRE 76, 046120 (2007)  

N=200, F = 5, 

3=f



How does rewiring affect consensus times? 

Without rewiring   => Fast consensus  

With rewiring      => Consensus is slow 

Q. Suppose we want a particular trait for a particular attribute to be adopted by 

all nodes, how can we accelerate consensus on this designated attribute?  

=>   Rewiring impedes consensus formation  



Effect of committed individuals 

Á Committed individuals (nodes) hold a fixed opinion (1) for the designated attribute. 

Á All other nodes hold either 1 or 0 for the designated attribute with equal probability 

Á All nodes hold either 1 or 0 wih equal prob. for attributes beside the designated one. 

p denotes the 

committed  fraction 

There exists a critical committed fraction 

such that for 

Committed agents accelerate consensus provided their fraction 

                                       is higher than pc 


