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Computa(onal	  Social	  Science:	  the	  
coming	  of	  age	  	  

“I	  realized	  that	  computer	  science	  is	  not	  just	  
about	  technology,	  It	  is	  also	  a	  human	  topic.”	  
-‐-‐	  Jon	  Kleinberg	  

“It's	  been	  really	  transforma(ve,	  …	  We	  were	  limited	  before	  to	  
surveys,	  which	  are	  retrospec(ve,	  and	  lab	  experiments,	  which	  are	  
almost	  always	  done	  on	  small	  numbers	  of	  college	  sophomores.	  I	  
liken	  the	  opportuni(es	  to	  the	  changes	  in	  physics	  brought	  about	  
by	  the	  par(cle	  accelerator,	  and	  in	  neuroscience	  by	  func(onal	  
magne(c	  resonance	  imaging”.	  
-‐-‐	  Michael	  Macy	  



hWp://www.nature.com/news/computa(onal-‐
social-‐science-‐making-‐the-‐links-‐1.11243	  



A	  View	  of	  Facebook	  via	  10	  M	  links	  

By	  Paul	  Butler,	  hWps://www.facebook.com/note.php?note_id=469716398919	  
	  



Networks:	  An	  organiza(on	  -‐	  HP	  Labs	  



Networks:	  Communica(ons	  



Networks:	  Transporta(on	  



Networks:	  Brain	  



Networsk:	  Cells	  



Poli(cal	  blogs	  

Lada	  A.	  Adamic	  and	  Natalie	  Glance.	  2005.	  The	  poli(cal	  blogosphere	  and	  the	  2004	  U.S.	  
elec(on:	  divided	  they	  blog.	  In	  Proceedings	  of	  the	  3rd	  interna(onal	  workshop	  on	  Link	  
discovery	  (LinkKDD	  '05)	   by	  Lada	  Adamic,	  U	  Michigan	  



Ingredient	  networks	  

Recipe	  recommenda(on	  using	  ingredient	  networks.	  Chun-‐
Yuen	  Teng,	  Yu-‐Ru	  Lin,	  Lada	  A.	  Adamic,	  WebSci	  2011.	  



Why	  Networks?	  

•  Behind	  each	  of	  these	  complex	  systems	  there	  is	  
an	  intricate	  wiring	  diagram,	  	  
a	  network	  	  
that	  defines	  the	  interac(ons	  between	  system	  
components.	  

	  
Understanding	  the	  network	  is	  key	  to	  understand	  
the	  behaviors	  of	  such	  complex	  system.	  



Applica(on	  domains	  in	  network	  
analysis	  

•  Social	  (people-‐people)	  networks	  
•  Informa(on	  networks	  
•  Organiza(on	  and	  poli(cal	  networks	  

•  Computer	  networking	  
•  Biology	  
•  Transporta(on	  networks	  

This	  class	  

✔	  

✔	  

✔	  



CSS:	  Computa(onal	  challenges	  	  

•  Machine	  Learning	  and	  applied	  sta(s(cs:	  	  
Predic(ve	  modeling,	  models	  for	  network	  structure,	  
models	  for	  dynamic	  events,	  op(miza(on	  

•  Natural	  Language	  Processing:	  
linguis(c	  styles	  and	  varia(ons,	  document	  similarity,	  
informa(on	  retrieval	  

•  Visual	  analy(cs,	  visualiza(on	  	  
•  Computer	  systems:	  scalability,	  reliability,	  
programming	  languages	  and	  tools	  

•  …	  	  

This	  class	  

✔	  

✗	  

✔	  

✔	  



Database	  and	  data	  warehouse	  1.0	  

Computer	  +	  
programming	  
interfaces	  

Database	  

Data	  
warehouse	  

Database	  
query	  
language	  



hWps://www.facebook.com/note.php?note_id=469716398919	  

1.  Sample	  10	  million	  links	  from	  Hive	  	  
2.  Get	  city/lat/lon	  for	  each	  node	  
3.  Compute	  connec(on	  strength	  between	  ci(es	  
4.  Render	  links	  among	  city	  pairs	  in	  R	  
5.  Tweak	  rendering	  and	  path	  drawing	  un(l	  sa(sfactory	  



Storing	  and	  Manipula(ng	  500M	  Links	  

hWp://developer.yahoo.com/blogs/hadoop/posts/2010/08/pig_and_hive_at_yahoo/	  
	  

“HUGE”	  
Computer	  +	  
programming	  
interfaces	  

Database	  

Data	  
warehouse	  
with	  SQL-‐like	  
interface	  

Data-‐centric	  
plaqorm	  and	  
query	  
language	  
interface	  



PROBLEMS	  IN	  CSS	  
What	  are	  the	  classic,	  solve,	  and	  open	  ques(ons	  in	  CSS?	  



Small-‐world	  phenomena:	  	  
Milgram’s	  Experiment	  

NE 

MA 

hWp://en.wikipedia.org/wiki/Small_world_experiment	  

Slide	  by	  Lada	  Adamic,	  U	  Michigan	  

1967	  -‐-‐	  1969	  



•    “Six degrees of separation” 

Instructions: 
Given a target individual (stockbroker in Boston), pass the 
message to a person you correspond with who is “closest” to 
the target. 

Milgram’s	  experiment	  

Outcome: 
 
20% of initiated chains reached target 
average chain length = 6.5 

Slide	  by	  Lada	  Adamic,	  U	  Michigan	  



email experiment  
Dodds, Muhamad, Watts,  
Science 301, (2003) 

 (optional reading) 
 
• 18 targets 
• 13 different countries 
 
• 60,000+ participants 
• 24,163 message chains  
• 384 reached their targets 
• average path length 4.0 

    

Source: NASA, U.S. Government; http://visibleearth.nasa.gov/view_rec.php?id=2429 

Milgram’s	  experiment	  repeated	  

Slide	  by	  Lada	  Adamic,	  U	  Michigan	  



n 	  Is	  6	  is	  a	  surprising	  number?	  
In	  the	  1960s?	  Today?	  Why?	  
	  
	  
What	  is	  the	  mechanism	  behind	  “small-‐
world”	  networks?	  



Zachary	  Karate	  Club	  	  

source:Easley/Kleinberg	  	  
Slide	  by	  Lada	  Adamic,	  U	  Michigan	  



Community	  detec(on	  

•  Why	  detect	  communi(es?	  
– Simplified	  network	  structure	  and	  “big	  picture”	  
– Explain	  ac(ons	  and	  positons	  
– BeWer	  predic(ons	  

•  What	  defines	  a	  community?	  
–  Interac(on	  
– Profile	  
– Dynamics	  
– …	  



Link	  predic(on	  	  
“Given	  a	  snapshot	  of	  a	  social	  network,	  can	  we	  infer	  which	  new	  
interac(ons	  among	  its	  members	  are	  likely	  to	  occur	  in	  the	  near	  
future?	  “	  

Liben-‐Nowell,	  D.	  and	  Kleinberg,	  J.	  The	  link-‐predic(on	  problem	  for	  social	  
networks.	  Journal	  of	  the	  American	  Society	  for	  Informa(on	  Science	  and	  
Technology,	  58(7)	  1019{1031	  (2007)	  

What	  are	  the	  measurements?	  
-‐-‐	  “proximity”	  and	  “similarity”	  between	  two	  unconnected	  nodes	  
What	  are	  applica(on	  domains?	  
-‐-‐	  social	  networks,	  friend	  recommenda(on;	  product	  /	  webpage	  
recommenda(on;	  	  predic(ng	  academic	  collabora(ons;	  
predic(ng	  merger	  and	  acquisi(ons	  …	  	  
How	  to	  measure	  performance?	  
-‐-‐	  use	  future	  held-‐out	  data,	  conversion	  rate,	  …	  	  
	  



Language	  Use	  in	  Social	  Media	  

Echoes	  of	  power:	  	  Language	  effects	  and	  power	  differences	  in	  social	  interac(on	  
Cris(an	  Danescu-‐Niculescu-‐Mizil,	  Lillian	  Lee,	  Bo	  Pang	  and	  Jon	  Kleinberg.	  
Proceedings	  of	  WWW,	  2012.	  



Tracking	  Memes	  



YouTube	  Remix	  Network	  

Visual	  Memes	  in	  Social	  Media:	  Tracking	  Real-‐world	  News	  in	  YouTube	  Videos	  (2011),	  Lexing	  
Xie,	  Apostol	  Natsev,	  MaWhew	  Hill,	  John	  Kender,	  John	  R	  Smith,	  ACM	  Mul(media	  2011,	  
ScoWsdale,	  AZ,	  USA,	  Nov	  2011	  

Video	  graph	   Author	  graph	  









Problems	  in	  Sta(s(cal	  Network	  
Analysis	  



Dynamic	  Network	  Modeling	  



Incen(ve	  Design	  in	  Social	  Networks	  

•  How	  to	  disseminate	  informa(on	  in	  social	  
networks?	  

•  How	  to	  ac(vely	  gather	  informa(on?	  
•  How	  to	  structure	  incen(ves?	  
•  How	  to	  verify	  that	  the	  trust-‐worthiness	  of	  
informa(on?	  



Incen(ve	  Design	  in	  Social	  Networks	  

•  Talk	  about	  the	  red-‐balloon	  challenge	  



DARPA	  Red	  Balloon	  Challenge	  
•  Challenge:	  December	  5,	  2009	  

– $40,000	  to	  find	  10	  read	  weather	  balloons	  
•  Result:	  found	  all	  10	  balloons	  with	  9	  hours	  





Red	  balloons:	  issues	  of	  authe(city	  

Typical	  real	  (lex)	  and	  contrived	  (center	  and	  right)	  pictures	  of	  balloons.	  

hWp://cacm.acm.org/magazines/2011/4/106587-‐reflec(ng-‐on-‐the-‐darpa-‐red-‐balloon-‐
challenge/fulltext	  
	  



Network	  visualiza(on	  	  

•  How	  to	  make	  sense	  of	  a	  large	  network?	  
1000s	  of	  nodes	  
10,000s	  of	  nodes	  	  
1,000,000	  of	  nodes?	  

•  What	  are	  efficient	  methods	  for	  displaying	  
informa(on	  about	  a	  network,	  manipula(ng	  it,	  
and	  zooming	  in	  to	  reveal	  insight?	  



Slide	  by	  Lada	  Adamic,	  U	  Michigan	  

examples:	  Poli(cal/Financial	  Networks	  
•  Mark Lombardi: tracked and 

mapped global financial 
fiascos in the 1980s and 
1990s from public sources 
such as news articles 



September	  13,	  2012	  	  	  	  Mareike	  Wegener,	  NY	  Times	  
A	  detail	  of	  a	  1999	  Mark	  Lombardi	  diagram	  of	  the	  Iran-‐contra	  opera(on,	  from	  about	  1984-‐86.

	  	  
hWp://movies.ny(mes.com/2012/09/13/movies/mark-‐lombardi-‐death-‐defying-‐acts-‐at-‐
moma.html?_r=0	  



Understanding	  through	  visualiza(on	  

•  “I	  happened	  to	  be	  in	  the	  Drawing	  Center	  when	  the	  Lombardi	  
show	  was	  being	  installed	  and	  several	  consultants	  to	  the	  
Department	  of	  Homeland	  Security	  came	  in	  to	  take	  a	  look.	  They	  
said	  they	  found	  the	  work	  revelatory,	  not	  because	  the	  financial	  
and	  poli(cal	  connec(ons	  he	  mapped	  were	  new	  to	  them,	  but	  
because	  Lombardi	  showed	  them	  an	  elegant	  way	  to	  array	  
disparate	  informa(on	  and	  make	  sense	  of	  things,	  which	  they	  
thought	  might	  be	  useful	  to	  their	  security	  efforts.	  I	  didn‘t	  know	  
whether	  to	  find	  that	  response	  comfor(ng	  or	  alarming,	  but	  I	  saw	  
exactly	  what	  they	  meant.”	   	   	  	  
	   	  Michael	  Kimmelman	  
	  Webs	  Connec(ng	  the	  Power	  Brokers,	  the	  Money	  and	  the	  World	  

	  NY	  Times	  November	  14,	  2003	  	  
Slide	  by	  Lada	  Adamic,	  U	  Michigan	  



Summary	  

•  What	  is	  CSS	  
•  A	  collec(on	  of	  CSS	  problems	  
•  This	  CSS	  class	  

– Core	  Concepts	  (lectures)	  
– Algorithms	  and	  Methods	  (lectures	  +	  labs)	  
– Problems	  and	  Case	  Studies	  (lectures	  +	  projects)	  

•  Coming	  up	  next:	  Represen(ng	  and	  describing	  
networks	  	  


