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No	
  single	
  
defini/on	
  



2+	
  
billion	
  

people	
  on	
  
the	
  Web	
  
by	
  end	
  
2011	
  	
  

30	
  billion	
  RFID	
  
tags	
  today	
  

	
  (1.3B	
  in	
  2005)	
  

4.6	
  
billion	
  
camera	
  
phones	
  

world	
  wide	
  

100s	
  of	
  
millions	
  
of	
  GPS	
  

enabled	
  
devices	
  sold	
  

annually	
  

76	
  million	
  smart	
  
meters	
  in	
  2009…	
  
	
  200M	
  by	
  2014	
  	
  

12+ TBs  
of tweet data  

every day 

25+ TBs of 
log data 

every day 

?	
  
TB

s	
  o
f	
  

da
ta
	
  e
ve
ry
	
  d
ay
	
  

Who’s	
  Genera/ng	
  Big	
  Data	
  ?	
  



Who’s	
  Genera/ng	
  Big	
  Data	
  

Social	
  media	
  and	
  networks	
  
(all	
  of	
  us	
  are	
  genera/ng	
  data)	
  

ScienKfic	
  instruments	
  
(collec/ng	
  all	
  sorts	
  of	
  data)	
  	
  

Mobile	
  devices	
  	
  
(tracking	
  all	
  objects	
  all	
  the	
  /me)	
  

Sensor	
  technology	
  and	
  networks	
  
(measuring	
  all	
  kinds	
  of	
  data)	
  	
  

•  The	
  progress	
  and	
  innova/on	
  is	
  no	
  longer	
  hindered	
  by	
  the	
  ability	
  to	
  collect	
  data	
  
•  But,	
  by	
  the	
  ability	
  to	
  manage,	
  analyze,	
  summarize,	
  visualize,	
  and	
  discover	
  

knowledge	
  from	
  the	
  collected	
  data	
  in	
  a	
  /mely	
  manner	
  and	
  in	
  a	
  scalable	
  fashion	
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The	
  Model	
  Has	
  Changed…	
  

•  The	
  Model	
  of	
  GeneraKng/Consuming	
  Data	
  has	
  Changed	
  

Old	
  Model:	
  Few	
  companies	
  are	
  genera/ng	
  data,	
  all	
  others	
  are	
  consuming	
  data	
  	
  

New	
  Model:	
  all	
  of	
  us	
  are	
  genera/ng	
  data,	
  and	
  all	
  of	
  us	
  are	
  consuming	
  data	
  	
  

5	
  Two	
  way	
  street…!	
  



What’s	
  driving	
  Big	
  Data	
  

-­‐	
  Ad-­‐hoc	
  querying	
  and	
  repor/ng	
  
-­‐	
  Data	
  mining	
  techniques	
  
-­‐	
  Structured	
  data,	
  typical	
  sources	
  
-­‐	
  Small	
  to	
  mid-­‐size	
  datasets	
  

-­‐	
  Op/miza/ons	
  and	
  predic/ve	
  analy/cs	
  
-­‐	
  Complex	
  sta/s/cal	
  analysis	
  
-­‐	
  All	
  types	
  of	
  data,	
  and	
  many	
  sources	
  
-­‐	
  Very	
  large	
  datasets	
  
-­‐	
  More	
  of	
  a	
  real-­‐/me	
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What	
  is	
  driving	
  Bigdata	
  ?	
  

Money	
  to	
  be	
  made..!!	
  





Why	
  Big-­‐Data?	
  

•  Key	
  enablers	
  for	
  the	
  appearance	
  and	
  growth	
  
of	
  ‘Big-­‐Data’	
  are:	
  
+ Increase	
  in	
  storage	
  capabili/es	
  
+ Increase	
  in	
  processing	
  power	
  
+ Availability	
  of	
  data	
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Driving	
  Smarter	
  Business	
  Outcomes	
  	
  
 Capture Predict Act 

… 

Platform 
Statistics 

Text 
Mining Data 

Minin
g 



Challenges	
  in	
  Handling	
  Big	
  Data	
  

•  The	
  BoTleneck	
  is	
  in	
  technology	
  
–  New	
  architecture,	
  algorithms,	
  techniques	
  are	
  needed	
  

•  Also	
  in	
  technical	
  skills	
  
–  Experts	
  in	
  using	
  the	
  new	
  technology	
  and	
  dealing	
  with	
  big	
  data	
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Lets	
  join	
  the	
  herd..!	
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What	
  will	
  you	
  learn	
  …	
  

•  Problem	
  Analysis	
  and	
  iden/fica/on	
  
–  Machine	
  Learning,	
  Sta/s/cs	
  analysis	
  techniques	
  to	
  handle	
  big	
  
data	
  

–  Theore/cal	
  and	
  engineering	
  constraints	
  
–  Parallelizing	
  applica/ons	
  for	
  high	
  throughput	
  

•  Tools	
  and	
  Techniques	
  
–  Introduc/on	
  to	
  Machine	
  learning	
  tools	
  like	
  scikits-­‐learn,	
  weka,	
  R	
  
etc	
  

–  Parallel	
  Programming	
  using	
  CUDA	
  
–  Introduc/on	
  to	
  cloud	
  based	
  tools	
  like	
  MapReduce,	
  Hadoop,	
  Pig,	
  
Hive	
  etc	
  

•  Case	
  studies	
  from	
  various	
  applica/on	
  domains	
  
–  Neblix	
  case	
  study	
  
–  Class	
  projects	
  	
  



Course	
  Structure	
  

•  Pre-­‐requisites:	
  C/C++,	
  Python/Java/R/Matlab,	
  
OS	
  

•  Lectures	
  (Tue	
  Osborne,	
  4:45	
  –	
  7:30	
  pm)	
  
•  Assignments	
  (2	
  undergrads,	
  3	
  graduate)	
  
•  Semester	
  Project	
  
•  Grading	
  

– Assignments	
  (30	
  %)	
  
– Project	
  Proposal	
  +	
  Final	
  Project	
  (10	
  +	
  40	
  %)	
  
– Class	
  par/cipa/on	
  (20	
  %)	
  



Textbooks	
  

“Machine	
  Learning	
  in	
  Ac/on”	
  
Peter	
  Harrington,	
  Manning	
  Publica/ons	
  
2012	
  
	
  

Programming	
  Massively	
  Parallel	
  Processors:	
  
A	
  Hands-­‐on	
  Approach	
  
David	
  Kirk,	
  Wen-­‐mei	
  Hwu	
  	
  
Morgan	
  Kaufmann	
  2nd	
  Edn	
  2012	
  
	
  

We	
  have	
  
some	
  copies	
  



Resources	
  

•  We	
  have	
  some	
  GPUs	
  
•  Will	
  be	
  installed	
  on	
  machines	
  on	
  campus/
students	
  will	
  be	
  able	
  to	
  access	
  (more	
  details	
  in	
  
subsequent	
  lectures)	
  

•  Programming	
  
– C/C++	
  for	
  CUDA	
  assignments	
  
– For	
  class	
  projects:	
  C/C++,	
  Java,	
  Python,	
  R	
  etc.	
  



Applica/on	
  domains	
  and	
  Case	
  
Studies	
  

Scien/fic	
  
Social	
  Media	
  &	
  
Entertainment	
  

Finance	
   Healthcare	
  

Poli/cs	
  

Consumer	
  
Applica/ons	
   More	
  



Scien/fic	
  Instruments	
  

ScienKfic	
  instruments	
  
(collec/ng	
  all	
  sorts	
  of	
  data)	
  	
  

Murchinson	
  Widefield	
  Array	
  
Data	
  produced	
  at	
  the	
  rate	
  of	
  	
  
16	
  GB/s	
  

Human	
  Connectome	
  Project	
  
12	
  TB	
  total	
  data,	
  100M	
  new	
  	
  
Photographs	
  per	
  day	
  

514	
  Petabytes,	
  Annota/ons	
  
17	
  TB	
  

Processing	
  power	
  of	
  about	
  110	
  Petabytes	
  

Large	
  Hadron	
  Collider:	
  
30	
  PB	
  annually,	
  stored	
  on	
  83K	
  physical	
  disks	
  	
  



Social	
  Media	
  and	
  Images/Video	
  



Retailers..	
  

Consumer	
  Products	
  Companies	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Big	
  Box	
  Stores	
  



Why	
  are	
  they	
  collec/ng	
  all	
  this	
  data?	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Target	
  MarkeKng	
  
•  To	
  send	
  you	
  catalogs	
  for	
  

exactly	
  the	
  merchandise	
  
you	
  typically	
  purchase.	
  

•  To	
  suggest	
  medica/ons	
  that	
  
precisely	
  match	
  your	
  
medical	
  history.	
  

•  To	
  “push”	
  television	
  
channels	
  to	
  your	
  set	
  instead	
  
of	
  your	
  “pulling”	
  them	
  in.	
  

•  To	
  send	
  adver/sements	
  on	
  
those	
  channels	
  just	
  for	
  you!	
  

	
  	
  	
  	
  	
  	
  	
  	
  Targeted	
  InformaKon	
  
•  To	
  know	
  what	
  you	
  need	
  

before	
  you	
  even	
  know	
  you	
  
need	
  it	
  based	
  on	
  past	
  
purchasing	
  habits!	
  

•  To	
  no/fy	
  you	
  of	
  your	
  
expiring	
  driver’s	
  license	
  or	
  
credit	
  cards	
  or	
  last	
  refill	
  on	
  
a	
  Rx,	
  etc.	
  

•  To	
  give	
  you	
  turn-­‐by-­‐turn	
  
direc/ons	
  to	
  a	
  shelter	
  in	
  
case	
  of	
  emergency.	
  



Big	
  Data	
  and	
  Sports	
   11 

-­‐  Moneyball:	
  The	
  Art	
  of	
  Winning	
  an	
  Unfair	
  Game	
  
Oakland	
  Athle/cs	
  baseball	
  team	
  and	
  its	
  general	
  manager	
  Billy	
  Beane	
  
	
  
-­‐	
  Oakland	
  A's'	
  front	
  office	
  took	
  advantage	
  of	
  more	
  analy/cal	
  gauges	
  	
  
of	
  player	
  performance	
  to	
  field	
  a	
  team	
  that	
  could	
  compete	
  	
  
successfully	
  against	
  richer	
  compe/tors	
  in	
  MLB	
  
	
  
-­‐	
  Oakland	
  approximately	
  $41	
  million	
  in	
  salary,	
  	
  
New	
  York	
  Yankees,	
  $125	
  million	
  in	
  payroll	
  that	
  same	
  season.	
  
Oakland	
  is	
  forced	
  to	
  find	
  players	
  undervalued	
  by	
  the	
  market,	
  	
  
	
  

	
  	
  



Finance	
  

Credit	
  Card	
  Companies	
   What	
  data	
  are	
  they	
  geYng?	
  

Restaurant check 

Grocery Bill 

Airline ticket 

Hotel Bill 



Usage	
  Example	
  in	
  Big	
  Data	
   13 

Data Analysis prediction for US 2012 Election 
  

Drew Linzer, June 2012  
332 for Obama,  
206 for Romney   

Nate Silver’s, Five thirty Eight blog 
Predict Obama had a 86% chance of winning 
Predicted all 50 state correctly   

Sam Wang, the Princeton Election Consortium 
 The probability of Obama's re-election 
 at more than 98%   

media	
  con/nue	
  repor/ng	
  the	
  race	
  as	
  very	
  /ght	
  



Healthcare	
  	
  
Analy/cs	
  



How	
  Can	
  You	
  Avoid	
  Big	
  Data?	
  

Always	
  pay	
  in	
  cash	
   Never	
  go	
  online	
  

Never	
  use	
  club	
  
cards	
  

Stay	
  home	
  all	
  day	
  

You	
  make	
  no	
  sense	
  



Handling	
  
Big	
  Data	
  

Analysis	
  Tools	
  
• Machine	
  learning	
  
tools	
  

• Data	
  Mining	
  Tools	
  

High	
  Throughput	
  
Compu/ng	
  
•  Parallel	
  
Programming	
  

•  CUDA	
   Using	
  the	
  Cloud	
  
• Hadoop,	
  
MapReduce	
  

•  Pig,	
  Hive,	
  Hbase	
  



Java	
  

Python	
  

Python	
  







Use	
  off-­‐the-­‐shelf	
  tools:	
  Consistent	
  API	
  





Face	
  Recogni/on	
  in	
  5	
  mins..!	
  





Predic/ng…	
  



High	
  Throughput	
  Compu/ng	
  































Handling	
  
Big	
  Data	
  

Analysis	
  Tools	
  
• Machine	
  learning	
  
tools	
  

• Data	
  Mining	
  Tools	
  

High	
  Throughput	
  
Compu/ng	
  
•  Parallel	
  
Programming	
  

•  CUDA	
   Using	
  the	
  Cloud	
  
• Hadoop,	
  
MapReduce	
  

•  Pig,	
  Hive,	
  Hbase	
  








