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Mo8va8ons	  	  

§  Online	  Social	  Networks	  
§  Social	  Network	  Analysis	  and	  Social	  Network	  
Mining	  

§  Graph-‐based	  Organiza8on	  
§  Crucial	  role	  of	  rela8onships	  
§  Social	  Internetworking	  Scenario	  
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Motivations  

§  Bridges	  	  
§  hFp://www.facebook.com/buccafurri	  
§  hFp://www.flickr.com/people/bucca/	  

§  Key	  role	  of	  me	  edges	  
§  me	  edges	  can	  be	  declared	  by	  users	  
§  Missing	  me	  edges	  
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Goal 

Detec8ng	  me	  edges	  in	  a	  Social	  Internetworking	  
Scenario	  

§  Can	  common-‐neighbor	  approaches	  for	  link	  predic8on	  be	  
applied?	  	  

§  Our	  solu8on	  is	  based	  on	  a	  no8on	  of	  node	  similarity	  
§  Two	  contribu8ons:	  

¥  String	  similarity	  between	  the	  associated	  accounts	  	  
¥  Recursive	  no8on	  of	  common-‐neighbor	  similarity	  	  	  
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Social Internetworking Scenario 

A	  t-‐Social-‐Internetworking	  Graph	  G	  =	  <N,	  Ef	  �ë 	  Em>	  	  
§  N	  is	  par88oned	  into	  t	  subsets	  S1,…,	  St	  	  
§  Ef	  is	  the	  set	  of	  friend	  edges	  
§  Each	  (' ,	  7)	  ∈	  Em	  	  is	  such	  that	  ' 	  ∈	  Si	  and	  7	  ∈	  Sj	  with	  *89#
§  Em	  is	  the	  set	  of	  me	  edges	  
§  (' ,	  7)	  ∈	  Em	  means	  that	  ' 	  is	  a	  bridge	  	  
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Similarity Notion 

Intui8ve	  defini8on:	  
§  A	  missing	  me	  edge	  between	  ' 	  and	  7	  is	  detected	  if	  both:	  

§  there	  exists	  a	  string	  similarity	  between	  the	  accounts	  of	  ' 	  and	  7#
(several	  string	  similarity	  func8ons	  exist:	  Jaro-‐Winkler,	  
Levenshtein,	  QGrams,	  Monge-‐Elkan,	  Soundex,	  etc.)	  

§  and	  the	  top-‐k	  similar	  pairs	  composed	  by	  friends	  of	  ' 	  and	  7	  are	  
similar	  enough	  
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Similarity Notion 

As	  for	  the	  top-‐k	  similar	  pairs	  we	  have	  to	  define	  how	  to	  
select	  such	  top-‐k	  pairs	  
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Similarity Notion 

Introduc8on	  of	  a	  reduc8on	  coefficient	  to	  prevent	  the	  
distor8on	  effect	  of	  famous	  people	  
	  
	  
	  
	  
Consider	  the	  case:	  
The	  reduc8on	  coefficient	  is	  close	  to	  1	  when	  the	  degree	  of	  z	  
and	  x	  (w	  and	  y)	  are	  similar	  

z      w 

x            y 
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Similarity Notion 

We	  are	  now	  ready	  to	  introduce	  the	  string	  similarity	  
operator.	  
	  
	  
	  
	  
	  
	  
βi	  makes	  quickly	  less	  important	  the	  common-‐neighbors	  contribu8on	  
as	  far	  as	  the	  itera8on	  proceeds	  
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Similarity Notion 

§  The	  similarity	  operator	  can	  not	  be	  effec8vely	  if	  a	  
termina8on	  policy	  is	  not	  defined	  

§  To	  do	  this,	  we	  introduce	  the	  following:	  	  
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Basic properties 

Existence:	  
	  
	  
	  
Feasibility:	  
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me Edge Detection 

§  It	  is	  based	  on	  the	  similarity	  no8on	  
§  We	  consider	  only	  promising	  pairs	  
§  We	  found	  that	  some	  of	  the	  nodes	  belonging	  to	  the	  
neighbors	  of	  the	  two	  nodes	  linked	  by	  a	  me	  edge	  are,	  in	  
their	  turn,	  linked	  by	  a	  me	  edge	  (with	  a	  higher	  probability)	  

§  Promising	  pairs	  are	  nodes	  belonging	  to	  the	  neighbors	  of	  
the	  two	  nodes	  linked	  by	  a	  me	  edge	  
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me Edge Detection 

§  Our	  algorithm	  starts	  from	  ('+7)	  ∈	  : ; 	  	  

§  For	  each	  pair	  ('<+7<)	  not	  in	  : ;# such	  that	  '<#! #Γ='>	  and	  7<#! #
Γ=7>	  
§  if	  string	  similarity('<+7<>#?#@A&#,	  then	  discard	  ('<+7<>#

§  else	  compute	  5=	  	  
§  if	  s	  >	  @AB#,	  then	  ('<+7<)	  	  is	  detected	  as	  missing	  me	  edge	  	  

§  We	  remark	  that	  the	  metric	  here	  used	  includes	  the	  
reduc8on	  factor	  C	  of	  Defini8on	  3.	  
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Experiments 

§  Goal:	  determining	  the	  performance	  of	  our	  proposal	  w.r.t.	  
the	  state	  of	  the	  art	  of	  common-‐neighbors	  techniques	  

§  Implementa8on:	  	  
§  Social	  networks:	  TwiFer,	  LiveJournal,	  YouTube,	  Flickr	  
§  XFN	  and	  FOAF	  standards	  to	  extract	  user’s	  friendship	  	  
§  2	  Quad-‐Core	  E5440	  processor	  and	  16	  GB	  of	  RAM	  with	  the	  
CentOS	  6.0	  Server	  
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Experiments 

n 

Coinciding with recall= 



Discovering	  hidden	  me	  edges	  in	  a	  Social	  Internetworking	  Scenario	   16 

Experiments 

	  

	  
	  
No	  effec8ve	  result	  is	  obtained	  when	  common-‐neighbors	  
techniques	  are	  adopted	  
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Experiments 

2.	  Sample-‐driven	  method	  valida8on:	  
	  	  

§  We	  start	  from	  the	  set	  M	  
§  We	  find	  a	  set	  ¬M	  of	  node	  pairs	  not	  connected	  by	  a	  me	  edge	  
§  We	  run	  our	  technique	  on	  each	  node	  in	  M	  U	  ¬M	  to	  detect	  me	  
edges	  

§  We	  measure	  precision=	  	  	  	  	  	  	  	  	  	  	  	  	  	  and	  recall=	  	  	  	  	  	  	  	  	  	  	  	  	  of	  our	  
technique	  w.r.t.	  several	  string-‐similarity	  func8on	  
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Experiments 

	  

	  
	  
QGrams	  (resp.,	  Needleman-‐Wunch)	  proved	  to	  be	  the	  one	  
capable	  of	  assuring	  the	  best	  precision	  (resp.,	  recall)	  
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Experiments 

3.	  Expert-‐based	  method	  valida8on:	  
	  	  

§  We	  benefit	  from	  the	  support	  of	  a	  human	  expert	  
§  We	  start	  from	  a	  set	  of	  160	  me	  edges	  and	  run	  our	  technique	  
(with	  QGrams)	  to	  find	  new	  poten8al	  me	  and	  not 	  me	  edges	  

§  A	  human	  expert	  checks	  the	  correctness	  of	  the	  classifica8on	  
(true,	  false	  and	  unknown)	  

§  We	  measure	  an	  accuracy	  equal	  to	  0.85	  
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Conclusion	  
n  We	  studied	  the	  problem	  of	  discovering	  missing	  me	  edges	  

in	  a	  Social	  Internetworking	  Scenario	  
n  Common-‐neighbors	  techniques	  are	  not	  effec8ve	  in	  this	  

context	  
n  We	  defined	  a	  suitable	  no8on	  of	  “inter-‐social-‐network”	  

similarity,	  which	  is	  recursive	  
n  We	  have	  defined	  an	  algorithm	  to	  detect	  whether	  there	  is	  a	  

missing	  me	  edge	  between	  two	  given	  nodes	  
n  The	  experimental	  analysis	  has	  shown	  the	  good	  correctness	  

and	  completeness	  of	  our	  proposal	  


