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Current	
  Challenges	
  in	
  eSciences	
  	
  

•  Data	
  Capture	
  
–  GeneraFng	
  more	
  data	
  than	
  is	
  transferrable:	
  do	
  query	
  and	
  
computaFon	
  at	
  instrument	
  site	
  

•  Data	
  CuraFon	
  
•  Crowdsourcing:	
  puJng	
  up	
  raw	
  data	
  for	
  others	
  to	
  

discover	
  /	
  tour	
  	
  /	
  curate	
  /	
  teach;	
  ciFzen	
  science	
  
•  (Automated)	
  Data	
  Analysis	
  
–  Need	
  linear	
  scale	
  algorithms;	
  O(n2)	
  doesn’t	
  work	
  for	
  large	
  
(PB/EB)	
  datasets	
  

–  Support	
  and	
  make	
  acFonable	
  policy;	
  increase	
  informaFon	
  
velocity	
  towards	
  Singularity	
  for	
  all	
  spectrum	
  of	
  users	
  





Third	
  Leg:	
  ComputaFonal	
  Science	
  

•  Experimental	
  Science	
  
•  TheoreFcal	
  Science	
  
•  ComputaFonal	
  (SimulaFon)	
  Science	
  

•  Don’t	
  look	
  at	
  the	
  object	
  by	
  human	
  eye	
  but	
  
through	
  instruments	
  generaFng	
  lots	
  of	
  data.	
  





4th	
  Paradigm:	
  Data-­‐intensive	
  Science	
  

•  All	
  projects	
  generate	
  lots	
  of	
  data/files	
  
– Two	
  goals:	
  outlier	
  detecFon,	
  clustering	
  
– Outlier	
  DetecFon	
  Example:	
  Higgs	
  Boson	
  

•  Large	
  Tier	
  1	
  projects	
  have	
  so^ware	
  budgets	
  
but	
  not	
  many	
  Tier	
  3	
  projects?	
  
– Use	
  COTS,	
  but	
  not	
  really	
  enough	
  





Growth	
  in	
  Genome	
  Sequencing	
  

Data	
  capture	
  growing	
  exponenFally	
  
Growth	
  rate	
  parFally	
  limited	
  by	
  
wriFng	
  throughput	
  

But	
  data	
  access	
  growing	
  only	
  linearly	
  



Ideas	
  to	
  address	
  data	
  bocleneck	
  

•  Look	
  back	
  to	
  previous	
  compuFng	
  era	
  
–  Shared	
  nothing	
  networks	
  of	
  PCs	
  connected	
  by	
  
Ethernet	
  (70’s–80’s)	
  

•  Now:	
  MulFcore	
  CPUs	
  and	
  general	
  purpose	
  GPU	
  
(GPGPU)	
  
–  Some	
  data	
  shared	
  

•  Now:	
  Cloud	
  compuFng	
  
– Data	
  segmented,	
  tasks	
  done	
  map-­‐reduce	
  style	
  
– Access	
  to	
  mobile	
  phone	
  (computaFonal	
  and	
  network	
  
appliance)	
  may	
  be	
  easier	
  than	
  material	
  resources	
  



SCIENTIFIC	
  COMMUNICATION	
  

Full text to be opened, will be the norm 

But make the whole chain of data also accessible 
§  Overlay journals: linking data to the article 
§  Use a mix of peer review and other means to assess article quality 

Objectify knowledge 
§  To be used to link data in semantic web style 
§  Schematizing objects 

“What	
  becer	
  contribuFon	
  could	
  a	
  scholar	
  
make	
  than	
  an	
  arFcle	
  which	
  could	
  …	
  provide	
  a	
  
clear,	
  but	
  vivid	
  argument	
  to	
  the	
  [secondary	
  
school	
  student]	
  but	
  which,	
  if	
  unraveled,	
  could	
  
provide	
  the	
  rigor	
  demanded	
  by	
  the	
  most	
  crusty	
  
specialist?”	
  Gregory	
  Crane	
  (of	
  the	
  Perseus	
  DL)	
  



Producer	
  and	
  consumer	
  divide	
  
ScienFsts	
  are	
  (unwiJngly)	
  the	
  bocleneck	
  to	
  the	
  advancement	
  of	
  science	
  
	
  
•  “How	
  do	
  I	
  use	
  this	
  data	
  that	
  I	
  did	
  not	
  generate?”	
  
•  “How	
  to	
  use	
  this	
  data	
  type,	
  new	
  to	
  me,	
  with	
  the	
  data	
  I	
  use	
  every	
  day?”	
  
•  “What	
  to	
  do	
  if	
  I	
  need	
  data	
  from	
  another	
  discipline	
  but	
  cannot	
  understand	
  

its	
  terms?”	
  	
  
•  “Do	
  these	
  data	
  represent	
  the	
  same	
  thing,	
  at	
  the	
  same	
  verFcal	
  /	
  

geographic	
  posiFon	
  or	
  at	
  the	
  same	
  Fme,	
  and	
  does	
  that	
  macer?”	
  	
  
•  “I	
  found	
  this	
  parFcular	
  species	
  in	
  an	
  unexpected	
  locaFon.	
  What	
  are	
  the	
  

geophysical	
  parameters	
  (e.g.,temperature,	
  humidity)	
  for	
  this	
  area,	
  and	
  
how	
  has	
  it	
  changed	
  over	
  the	
  last	
  weeks,	
  months,	
  years?”	
  

etc.	
  
	
  
Leads	
  to	
  the	
  needs	
  of	
  semanFcs	
  in	
  describing	
  data	
  
A	
  current	
  bocleneck	
  in	
  data-­‐intensive	
  science	
  
	
  



VisualizaFon	
  
Workflows:	
  need	
  to	
  record	
  
provenance	
  so	
  that	
  basic	
  
quesFons	
  can	
  be	
  answered	
  	
  



VisualizaFon	
  

Tours	
  in	
  World	
  Wide	
  
Telescope:	
  Allow	
  experts	
  
and	
  ciFzen	
  science	
  to	
  
annotate,	
  record	
  interesFng	
  
objects	
  
	
  
To	
  produce	
  informaFon	
  
suitable	
  for	
  others	
  from	
  
either	
  curated	
  or	
  raw	
  data	
  	
  



Scholarly	
  ArFfacts	
  

•  Grey	
  Literature	
  
– Used	
  to	
  be:	
  tech	
  reports,	
  unpublished	
  
manuscripts	
  (theses)	
  

– Now:	
  tweets,	
  blogs,	
  news	
  arFcles	
  and	
  other	
  
ephemera	
  	
  

•  Data	
  and	
  so^ware	
  as	
  first	
  class	
  objects	
  
– But	
  with	
  massive	
  scale,	
  problems	
  with	
  versioning,	
  
fixity	
  



Enrichment	
  of	
  the	
  text	
  itself	
  



ObjecFfied	
  Knowledge	
  
•  Graph	
  (for	
  Bayesian)	
  or	
  schema	
  (for	
  structured	
  

records)	
  based	
  objects	
  in	
  future	
  
•  Knowledge	
  RepresentaFon:	
  “Formalized”	
  into	
  a	
  

narraFve	
  form	
  for	
  human	
  reading;	
  but	
  in	
  a	
  form	
  
suitable	
  for	
  parsing,	
  leading	
  to	
  ac+onable	
  data	
  

•  Standards	
  exist	
  today,	
  but	
  not	
  widely	
  adopted	
  
•  Barriers	
  to	
  widespread	
  adopFon	
  is	
  poliFcal	
  and	
  

applicaFon-­‐specific	
  
–  Jim	
  Gray’s	
  “May	
  all	
  of	
  your	
  problems	
  be	
  technical”	
  

•  Need	
  to	
  incorporate	
  credit	
  of	
  such	
  sources	
  and	
  
annotaFons	
  in	
  a	
  citaFon-­‐like	
  manner	
  (needs	
  to	
  
count).	
  

Leads	
  to	
  the	
  
(automated)	
  
treatment	
  of	
  
scholarly	
  

communicaFon	
  
in	
  the	
  large	
  



An	
  example	
  from	
  biology	
  
This	
  diagram	
  is	
  in	
  1:1	
  correspondence	
  
with	
  formal	
  stochas7c	
  pi-­‐calculus	
  models.	
  
One	
  can	
  edit	
  either	
  the	
  diagrams	
  or	
  the	
  
models.	
  The	
  nodes	
  represent	
  molecular	
  
states,	
  and	
  the	
  labeled	
  arcs	
  represent	
  
interac7ons	
  with	
  environment.	
  	
  

A	
  visualiza7on	
  of	
  a	
  
model	
  for	
  use	
  in	
  
computer	
  simula7on	
  or	
  
execu7on	
  



Team	
  Science	
  

Data	
  intensive	
  science	
  requires	
  teams,	
  not	
  
individuals	
  
– Rare	
  to	
  find	
  individuals	
  discovering	
  
– “More	
  is	
  different”:	
  data-­‐driven	
  changes	
  the	
  
nature	
  of	
  science	
  and	
  its	
  advancement	
  

– Teams	
  of	
  collaborators,	
  working	
  as	
  equals	
  

What	
  is	
  the	
  way	
  forward?	
  



Jim’s	
  Thoughts	
  
•  Fund	
  both	
  the	
  development	
  of	
  so^ware	
  tools	
  

and	
  support	
  	
  
•  Invest	
  in	
  tools	
  at	
  all	
  levels	
  of	
  the	
  funding	
  

pyramid.	
  	
  
•  Develop	
  generic	
  Laboratory	
  InformaFon	
  

Management	
  Systems	
  (LIMS).	
  	
  
•  More	
  research	
  on	
  scienFfic	
  data	
  management,	
  

data	
  analysis,	
  data	
  visualizaFon,	
  and	
  new	
  
algorithms	
  and	
  tools.	
  	
  

•  Create	
  digital	
  libraries	
  that	
  support	
  other	
  
sciences.	
  

•  Develop	
  new	
  document	
  authoring	
  tools	
  and	
  
publicaFon	
  models.	
  	
  

•  Develop	
  digital	
  data	
  libraries	
  that	
  contain	
  
scienFfic	
  data	
  (not	
  just	
  the	
  metadata)	
  and	
  
support	
  integraFon	
  with	
  published	
  literature.	
  	
  


