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Over	
  the	
  past	
  two	
  decades,	
  Data-­‐Intensive	
  Analysis	
  (Big	
  Data	
  Analytics)	
  has	
  emerged	
  not	
  only	
  as	
  a	
  

basis	
  for	
  the	
  Fourth	
  Paradigm	
  [1][3]	
  of	
  engineering	
  and	
  scientific	
  discovery	
  but	
  more	
  broadly	
  as	
  a	
  basis	
  for	
  
discovery	
  in	
  most	
  human	
  endeavors.	
  The	
  roots	
  of	
  Data-­‐Intensive	
  Analysis	
  are	
  in	
  Big	
  Data	
  (~2000)	
  that,	
  just	
  
emerging,	
   are	
   opening	
   the	
   door	
   to	
   profound	
   change	
   –	
   to	
   new	
  ways	
   of	
   thinking,	
   problem	
   solving,	
   and	
  
processing	
  that	
  in	
  turn	
  bring	
  new	
  opportunities	
  and	
  challenges.	
  

Data-­‐Intensive	
  Analysis	
  has	
  produced	
  significant	
  results	
   in	
  areas	
   from	
  particle	
  physics	
   (e.g.,	
  Higgs	
  
Boson),	
   to	
   identifying	
   and	
   resolving	
   sleep	
   disorders	
   using	
   Fitbit	
   data,	
   to	
   recommenders	
   for	
   literature,	
  
theatre,	
   and	
   shopping.	
  More	
   than	
   50	
   national	
   governments	
   have	
   established	
   data-­‐driven	
   strategies	
   as	
  
policy	
  directions	
  as	
  in	
  Science	
  and	
  engineering	
  [2]	
  as	
  well	
  as	
  in	
  healthcare,	
  e.g.,	
  US	
  National	
  Institutes	
  of	
  
Health	
   and	
  President	
  Obama’s	
   Precision	
  Medicine	
   Initiative	
   for	
   “Delivering	
   the	
   right	
   treatments,	
   at	
   the	
  
right	
   time,	
  every	
   time	
   to	
   the	
   right	
  person.”	
  The	
  hope	
   is	
   that	
  data-­‐driven	
   techniques	
  will	
   accelerate	
   the	
  
discovery	
  of	
  cures	
  to	
  manage	
  and	
  prevent	
  chronic	
  diseases	
  that	
  are	
  more	
  precise	
  and	
  tailored	
  to	
  specific	
  
populations	
  as	
  well	
  as	
  being	
  at	
  dramatically	
  lower	
  cost.	
  

With	
   these	
   amazing	
   potential	
   rewards	
  what	
   are	
   the	
   associated	
  potential	
   risks	
   of	
   recommending	
  
the	
   wrong	
   film,	
   the	
   wrong	
   product,	
   the	
   wrong	
   medical	
   diagnoses,	
   treatments,	
   or	
   drugs?	
   Do	
   we	
  
understand	
  Data-­‐Intensive	
  Analysis	
  to	
  the	
  extent	
  that	
  we	
  can	
  assign	
  probabilistic	
  measures	
  of	
   likelihood	
  
to	
   such	
  analytical	
   results?	
  With	
   the	
   scale	
  and	
  emerging	
  nature	
  of	
  Data-­‐Intensive	
  Discovery,	
  how	
  do	
  we	
  
estimate	
   the	
   correctness	
   and	
   completeness	
   of	
   analytical	
   results	
   relative	
   to	
   a	
   hypothesized	
   discovery	
  
question	
  when	
  the	
  underlying	
  principles	
  and	
  techniques	
  may	
  no	
   longer	
  apply?	
  Given	
  the	
  potential	
   risks	
  
and	
   rewards	
   of	
   Data-­‐Intensive	
   Analysis	
   and	
   its	
   breadth	
   of	
   application	
   across	
   conventional,	
   empirical	
  
scientific	
  and	
  engineering	
  domains	
  as	
  well	
  as	
  across	
  most	
  human	
  endeavors	
  we	
  better	
  get	
  this	
  right.	
  

To	
  better	
  understand	
  Data-­‐Intensive	
  Analysis	
  and	
  the	
  significance	
  of	
  this	
  challenge	
  I	
  examined	
  over	
  
30	
  Data-­‐Intensive	
  Analysis	
  use	
  cases	
  that	
  are	
  at	
  very	
  large-­‐scale	
  -­‐	
  in	
  the	
  range	
  where	
  theory	
  and	
  practice	
  
may	
   break.	
   This	
   talk	
   presents	
   results	
   of	
   this	
   research	
   related	
   to	
   defining	
   Data	
   Science	
   as	
   a	
   body	
   of	
  
principles	
   and	
   techniques	
   with	
   which	
   to	
   measure	
   and	
   improve	
   the	
   correctness,	
   completeness,	
   and	
  
efficiency	
  of	
  Data-­‐Intensive	
  Analysis.	
  As	
  with	
  its	
  predecessors,	
  establishing	
  this	
  new	
  Fourth	
  Paradigm	
  and	
  
the	
  underlying	
  principles	
  and	
  techniques	
  of	
  Data	
  Science	
  may	
  take	
  decades.	
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