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The Ecology and Epidemiology of  
Online Social Networks 

Main Questions： 
l  For	
  a	
  piece	
  of	
  informa-on	
  ini-ated	
  from	
  a	
  par-cular	
  user	
  (source),	
  what’s	
  

the	
   density	
   of	
   “influenced	
   users”	
   at	
   a	
   given	
   distance	
   (in	
   the	
   OSN)	
   in	
   a	
  
par-cular	
  -me?	
  ——(Informa-on	
  propaga-on	
  dynamics) 

l  For	
   a	
   collec-on	
   of	
   informa-on	
   ini-ated	
   at	
   a	
   par-cular	
   -me	
   in	
   the	
  OSN,	
  
how	
   the	
   informa-on	
   and	
   internet	
   users	
   interact	
   with	
   each	
   other	
  
dynamically?——(Popula-on	
  Dynamics	
  of	
  OSNs	
  and	
  Spread	
  of	
  Influence)	
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Digg Social News Aggregation 

	
   “The	
   site's	
  main	
   func-on	
   is	
   to	
   let	
   users	
   discover,	
   share	
  
	
   and	
   recommend	
   web	
   content.	
   Members	
   of	
   the	
  
	
   community	
   can	
   submit	
   a	
   webpage	
   for	
   general	
  
	
   considera-on.	
   Other	
   members	
   can	
   vote	
   that	
   page	
   up	
  
	
  ("digg")	
  or	
  down	
  ("bury").	
  Although	
  vo-ng	
  takes	
  place	
  on	
  
	
   digg.com,	
   many	
   websites	
   add	
   "digg"	
   bu_ons	
   to	
   their	
  
	
   pages,	
   allowing	
   users	
   to	
   vote	
   as	
   they	
   browse	
   the	
  web.	
  
	
   The	
   end	
   product	
   is	
   a	
   series	
   of	
  wide-­‐ranging,	
   constantly	
  
	
   updated	
   lists	
   of	
   popular	
   and	
   trending	
   content	
   from	
  
	
  around	
  the	
  Internet,	
  aggregated	
  by	
  a	
  social	
  network.”	
  
	
  h_p://en.wikipedia.org/wiki/Digg	
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  Tang,	
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  Blenn,	
  C.	
  Doerr	
  and	
  P.V.	
  Miegham,	
  Digging	
  in	
  the	
  Digg	
  
Social	
  News	
  Website,	
  IEEE	
  Trans.	
  On	
  Mul-media,	
  2011.	
  
 



Spatiotemporal Stratification of  
Online Social Networks 

Spatial Distance: 
 
•  Friendship	
  Hops:	
  a	
  natural	
  metric	
  of	
  distance	
  between	
  two	
  users	
  is	
  the	
  

length	
  of	
  the	
  shortest	
  path,	
  measured	
  by	
  the	
  number	
  of	
  hops	
  from	
  one	
  
user	
  to	
  another	
  in	
  the	
  social	
  network	
  graph.	
  

•  Shared	
  Interests:	
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  is	
  the	
  number	
  of	
  the	
  total	
  contents	
  that	
  either	
  user	
  a	
  or	
  user	
  b	
  

has	
  interacted	
  with,	
  and	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  is	
  the	
  number	
  of	
  the	
  shared	
  contents	
  that	
  
both	
  users	
  a	
  and	
  b	
  have	
  interacted	
  with.	
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Spa-altemporal	
  distribu-on	
  of	
  the	
  
density	
  of	
  influenced	
  users	
  at	
  DIGG	
  	
  



Diffusive Logistic Model 
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           I: density	
  of	
  influenced	
  users	
  	
  
          d: diffusion	
  rate	
  
           r: intrinsic	
  growth	
  rate	
  
          K: carrying	
  capacity	
  
          L: the	
  upper	
  bound	
  of	
  the	
  distance	
  
          l:  the	
  lower	
  bound	
  of	
  the	
  distance	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  : the	
  ini-al	
  	
  density	
  func-on	
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Predicted VS Actual Data 
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Fading Interest 
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Free boundary value problem 

u What	
  is	
  the	
  transient	
  and	
  long-­‐term	
  dynamics? 

∂I (x,t)
∂t

= d ∂
2I (x,t)
∂x2

+ r(t)I (x,t)(1− I (x,t) / K )),

∂I
∂x
(0,t) = 0, I (h(t),t) = 0,∂h

∂t
(0) = −c ∂I

∂x
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I (x,1) = φ(x),l ≤ x ≤ L
∂I
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(l,t) = (L,t) = 0,t ≥1



Digging	
  the	
  DIGG	
  
Informa-on	
  propaga-on	
  dynamics	
  	
  

•  Friendship	
  rela-onship	
  (a	
  Digg	
  user	
  can	
  view	
  the	
  
news	
  submi_ed	
  by	
  the	
  friends,	
  he	
  vote,	
  
comment	
  and	
  share	
  the	
  news,	
  and	
  	
  his	
  followers	
  
can	
  then	
  see	
  and	
  digg	
  the	
  news);	
  

•  A	
  news	
  can	
  be	
  promoted	
  to	
  the	
  front	
  page	
  if	
  it	
  
ranks	
  as	
  one	
  of	
  the	
  top	
  news	
  stories	
  based	
  on	
  the	
  
number	
  of	
  diggs	
  it	
  received.	
  Aeer	
  the	
  promo-on,	
  
all	
  users	
  can	
  view	
  and	
  vote	
  the	
  news;	
  	
  

•  A	
  user	
  can	
  discover	
  and	
  digg	
  the	
  news	
  through	
  
search	
  func-ons	
  on	
  DIGG.	
  



2013 Summer Fields Study 	
  

•  How	
  submifng,	
  discovering,	
  sharing,	
  
recommending,	
  and	
  vo-ng	
  specifically	
  contribute	
  
to	
  the	
  growth	
  and	
  diffusion	
  processes?	
  	
  

•  With	
  respect	
  to	
  which	
  distance	
  metric?	
  How	
  to	
  
extend	
  this	
  from	
  DIGG	
  to	
  other	
  OSNs?	
  

•  How	
  to	
  model	
  the	
  non-­‐local	
  diffusion	
  
(discovering,	
  vo-ng),	
  how	
  -me	
  delay	
  impacts	
  the	
  
informa-on	
  spread?	
  	
  	
  

•  How	
  to	
  model	
  the	
  compe--ve	
  nature	
  in	
  OSNs?	
  



Summer 2013—Fields Project 

Project Ⅱ—OSN Epidemiology 
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Suscep-ble	
  Users：	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Influenced	
  Users： 
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Which	
  	
  	
  	
  	
  	
  	
  	
  can	
  lead	
  to	
  an	
  outbreak	
  of	
  a	
  par-cular	
  informa-on	
  in	
  an	
  online	
  
social	
  network? 

β



2013 Summer Fields Project (II) 

Project II—OSN Ecology, Popularity Contest 
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Mul-ple	
  News	
  Interacted	
  and	
  Compe-ng	
  for	
  Popularity:	
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What	
  if	
  they	
  are	
  coupled	
  and	
  spread	
  simultaneously?	
  
	
  What	
  if	
  compe--on?	
  
	
  What	
  if	
  coopera-on?	
  
	
  What	
  if	
  preda-on?	
  


