
Social	  and	  Technological	  	  
Network	  Analysis	  

	  
Lecture	  3:	  Centrality	  Measures	  

	  
Dr.	  Cecilia	  Mascolo	  
(some	  material	  from	  	  

Lada	  Adamic’s	  lectures)	  
	  



In	  This	  Lecture	  

•  We	  will	  introduce	  the	  concept	  of	  centrality	  
and	  the	  various	  measures	  which	  have	  been	  
associated	  to	  this	  concept.	  

•  We	  will	  show	  an	  applicaHon.	  



Centrality	  

•  Finding	  out	  which	  is	  the	  most	  central	  node	  is	  
important:	  	  
–  It	  could	  help	  disseminaHng	  informaHon	  in	  the	  
network	  faster	  

–  It	  could	  help	  stopping	  epidemics	  
–  It	  could	  help	  protecHng	  the	  network	  from	  
breaking	  

	  



Centrality:	  visually	  

•  Centrality	  can	  have	  various	  meanings:	  
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Degree	  Centrality	  

When	  is	  the	  number	  of	  connecHons	  the	  best	  
centrality	  measure?	  

o 	  people	  who	  will	  do	  favors	  to	  you	  
o 	  people	  you	  can	  talk	  to	  /	  have	  a	  beer	  with	  



NormalizaHon	  

•  Divide	  for	  the	  max	  number	  of	  nodes	  (N-‐1)	  



Freeman’s	  Network	  Centrality	  

•  How	  do	  we	  calculate	  the	  value	  of	  centrality	  of	  
the	  network	  
– To	  check	  how	  much	  variaHon	  there	  is	  among	  the	  
nodes	  (heterogeneity?)	  

CD =
CD (n

*)−CD (i)"# $%i=1

g
∑
[(N −1)(N − 2)]

Max	  value	  of	  Degree	  
Centrality	  in	  the	  Network	  

Max	  value	  of	  the	  above:	  when	  
network	  is	  a	  star:	  1	  node	  has	  
C=N-‐1	  and	  all	  others	  (N-‐1)	  
have	  1.	  



Freeman	  Network	  	  
Centrality	  Explained	  

•  ExplanaHon	  of	  the	  denominator:	  
•  In	  the	  star	  topology	  one	  node	  has	  degree	  N-‐1	  
and	  all	  other	  nodes	  have	  degree	  of	  1:	  
	  	  
	  0+((n-‐1)-‐1)*n-‐1=	  (n-‐2)	  *(n-‐1)	  



Freeman’s	  Network	  Centrality	  

CD = 0.167 

CD = 0.167 

CD = 1.0 

4+4+4+4+4/5*4	  
1+0+0+0+1/4*3=1/6	  
1+1+0+1+0+1+1/6*5=5/30	  
	  



Examples:	  Financial	  Networks	  



When	  is	  Degree	  Centrality	  	  
not	  so	  good?	  



When	  is	  Degree	  Centrality	  
	  not	  so	  good	  (2)?	  

•  Ability	  to	  broker	  between	  groups	  
•  Likelihood	  that	  informaHon	  originaHng	  
anywhere	  in	  the	  network	  reaches	  you…	  



Betweenness	  Centrality	  

•  IntuiHon:	  how	  many	  pairs	  of	  individuals	  would	  
have	  to	  go	  through	  you	  in	  order	  to	  reach	  one	  
another	  in	  the	  minimum	  number	  of	  hops?	  

•  who	  has	  higher	  betweenness,	  X	  or	  Y?	  
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Betweenness	  (Formally)	  

CB (i) = gjk (i) / gjk
j≠k
∑

Where	  gjk	  (i)=	  the	  number	  of	  shortest	  paths	  connecHng	  jk	  
passing	  through	  i	  

	  gjk	  =	  total	  number	  of	  shortest	  paths	  

Usually normalized by: 

€ 

CB
' (i) = CB (i ) /[(n −1)(n − 2) /2]

number of pairs of vertices 
excluding the vertex itself 



Betweenness:	  Example	  

n A	  lies	  between	  no	  two	  other	  verHces	  
n B	  lies	  between	  A	  and	  3	  other	  verHces:	  C,	  D,	  
and	  E	  

n C	  lies	  between	  4	  pairs	  of	  verHces	  (A,D),(A,E),
(B,D),(B,E)	  

n note	  that	  there	  are	  no	  alternaHve	  paths	  for	  
these	  pairs	  to	  take,	  so	  C	  gets	  full	  credit	  

A	   B	   C	   D	   E	  



Facebook	  Example	  (Adamic)	  
Color(from	  blue	  to	  
red)	  is	  betweenness	  
Size	  is	  degree.	  



Closeness	  Centrality	  

•  What	  if	  it	  is	  not	  so	  important	  to	  have	  many	  
direct	  friends?	  

•  Or	  be	  “between”	  others	  

•  But	  one	  sHll	  wants	  to	  be	  in	  the	  “middle”	  of	  
things,	  not	  too	  far	  from	  the	  center	  



Closeness	  Centrality	  (Formally)	  

•  Closeness	  is	  based	  on	  the	  length	  of	  the	  
average	  shortest	  path	  between	  a	  vertex	  and	  
all	  verHces	  in	  the	  graph	  
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Closeness:	  Example	  
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Examples	  	  

(1+1+2+3+4+4/6)^-‐1=6/15=0.4	  
	  



Example:	  Facebook	  (Adamic)	  

Degree	  is	  the	  size	  
Color	  is	  closeness	  



Eigenvector	  Centrality	  

•  Degree	  Centrality	  depends	  on	  having	  many	  
connecHons:	  but	  what	  if	  these	  connecHons	  
are	  preay	  isolated?	  

•  A	  central	  node	  should	  be	  one	  connected	  to	  
powerful	  nodes	  

Neighbourhood	  of	  Xv	   Adjacency	  Matrix	  of	  the	  graph	  



Eigenvector	  Centrality	  	  
Algorithm	  

•  1.	  Start	  by	  assigning	  centrality	  score	  of	  1	  to	  all	  
nodes	  (v_i	  =	  1	  for	  all	  i	  in	  the	  network)	  

•  2.	  Recompute	  scores	  of	  each	  node	  as	  weighted	  
sum	  of	  centraliHes	  of	  all	  nodes	  in	  a	  node's	  
neighborhood:	  v_i	  =	  sum_{j	  \in	  N}	  a_{ij}*v_j	  

•  3.	  Normalize	  v	  by	  dividing	  each	  value	  by	  the	  
largest	  value	  

•  4.	  Repeat	  steps	  2	  and	  3	  unHl	  values	  of	  v	  stop	  
changing.	  



Example	  



Katz	  Centrality	  

•  Closeness	  counts	  the	  number	  of	  shortest	  
paths,	  but	  one	  could	  count	  the	  number	  of	  
paths.	  

Alpha	  is	  an	  aaenuaHon	  factor	  
A^k	  (ij)	  indicates	  if	  ij	  are	  connected	  by	  k-‐1	  hops	  



ApplicaHon	  of	  Centrality	  	  
Measures	  to	  Big	  Data	  



People	  Tweet	  While	  	  
They	  Watch	  



ANATOMY	  OF	  A	  TWEET	  

RT:	  @jowyang	  If	  you	  are	  watching	  the	  debate	  you’re	  
invited	  to	  parHcipate	  in	  #tweetdebate	  Here	  is	  the	  411	  
hap://Hnyurl.com/3jdy67	  

Repeated	  (retweet)	  content	  starts	  with	  RT	  

Address	  other	  users	  with	  an	  @	  

Tags	  start	  with	  #	  

Rich	  Media	  embeds	  via	  links	  



Tweet	  Crawl	  

•  Three	  hashtags:	  #current	  #debate08	  #tweetdebate	  
•  97	  mins	  debate	  +	  53	  mins	  following	  =	  2.5	  hours	  total.	  	  
•  3,238	  tweets	  from	  1,160	  people.	  

–  1,824	  tweets	  from	  647	  people	  during	  the	  debate.	  
–  1,414	  tweets	  from	  738	  people	  post	  debate.	  

•  577	  @	  menHons	  (reciprocity!)	  
–  266	  menHons	  during	  the	  debate	  
–  311	  a?erwards.	  	  

•  Low	  RT:	  24	  retweets	  in	  total	  
–  6	  during	  	  
–  18	  aperwards.	  



Volume	  of	  Tweets	  



Discussion	  Segments	  



Cluster	  of	  users	  and	  tags	  



John	  Tweets:	  “Hey	  @mary,	  my	  person	  is	  winning!”	  

Twiaer	  MenHons	  

Large	  node	  size=	  
High	  eigenvector	  centrality	  



High	  Eigenvector	  Centrality	  Figures	  on	  Twiaer	  
from	  the	  First	  US	  PresidenHal	  Debate	  of	  2008.	  

AutomaHc	  Discovery	  	  
through	  Centrality	  



Centrality	  



High	  in-‐degree	  but	  poor	  centrality:	  
	  
@current,	  who	  ran	  the	  Hack	  the	  Debate	  
program,	  and	  	  
@jowyang,	  an	  employee	  of	  Forrester	  
Research	  who	  uses	  Twiaer	  as	  a	  personal,	  
not	  corporately	  related	  microblog.	  
	  

Sinks	  



Tweets	  to	  Terms	  



Twiaer	  as	  ReacHon	  



Summary	  

•  We	  have	  introduced	  various	  measures	  of	  
centrality	  and	  explained	  the	  pros	  and	  cons	  

•  We	  have	  illustrated	  one	  example	  of	  use	  of	  
centrality	  in	  a	  Twiaer	  related	  example	  
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