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AI2010	
  Context	
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As	
  discussed	
  in	
  Tony	
  Hey’s	
  talk	
  …	
  



New	
   data	
   are	
   con,nuously	
   integrated	
   from	
   the	
   astrophysics	
  
literature,	
  missions,	
  and	
  sky	
  surveys	
  

NED:	
  fusion	
  of	
  mul5-­‐λ	
  data	
  for	
  extragalac5c	
  objects	
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 Unique	
  Sources	
  (w/	
  Cross-­‐IDs):	
  1.63e8	
  
 MulE-­‐λ	
  Source	
  Cross-­‐IDs:	
  1.77e8	
  
 Mul7-­‐λ	
  Source	
  Associa7ons:	
  6.40e5	
  
 Galaxies	
  with	
  ≥	
  1	
  RedshiM:	
  1.61e6	
  
 Diameters:	
  6.09e8	
  
 Images:	
  2.25e6	
  
 Spectra:	
  2.91e5	
  
 Detailed	
  Object	
  Notes:	
  6.01e4	
  
 RedshiU-­‐Independent	
  Distances:	
  3.55e4	
  
 Searchable	
  Classifica7ons	
  &	
  Derived	
  AYributes:	
  1.67e5	
  
 5.61e6	
  Objects	
  linked	
  to	
  7.54e4	
  Journal	
  ArEcles	
  
 1.72e9	
  Photometric	
  measurements:	
  Radio	
  to	
  Gamma	
  Rays,	
  SEDs,	
  spectral	
  lines	
  
 LEVEL5	
  Knowledgebase:	
  Review	
  ar7cles	
  linked	
  to	
  database	
  queries	
  (“Live	
  Docs”)	
  



Core	
  services	
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 Cross-­‐correla5on	
  of	
  extragalac5c	
  observa5ons	
  across	
  the	
  EM	
  spectrum	
  

 Fusion	
  of	
  informa5on	
  into	
  a	
  unified	
  database	
  

 Con5nuous	
  refinements	
  of	
  data	
  rela5onships	
  as	
  new	
  informa5on	
  emerges	
  	
  

 Query	
  by:	
  Source	
  Name,	
  Posi5on,	
  Cone,	
  Parameters,	
  A[ributes,	
  Reference,	
  etc	
  

 “Name	
  Resolver”	
  for	
  best	
  available	
  source	
  coordinates	
  (u7lizing	
  X-­‐IDs)	
  

 Pointers	
  to	
  objects	
  in	
  journal	
  ar7cles	
  shared	
  with	
  ADS	
  
 Connec7vity	
  with	
  distributed	
  archives	
  and	
  tools	
  
 Value-­‐added	
  Derived	
  Quan55es	
  

 Cosmological	
  Quan77es:	
  Luminosity	
  Distance,	
  Scale,	
  Surface	
  Brightness	
  Dimming	
  

 Radial	
  velocity	
  correc7ons	
  to	
  GSR,	
  Local	
  Group,	
  CMB,	
  Infall	
  (AYractors)	
  

 Search	
  in	
  volumes	
  around	
  objects	
  

 NEW	
  in	
  2010:	
  Searchable	
  aYributes	
  derived	
  from	
  galaxy	
  Classifica7ons	
  	
  

 Ben	
  Chan’s	
  talk	
  on	
  Saturday	
  –	
  Astroseman7cs	
  	
  

NED:	
  Derived	
  Quan55es	
  &	
  Services	
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 Knowledgebase	
  upon	
  which	
  new	
  observa5ons	
  are	
  planned	
  and	
  analyzed	
  
 Links	
  with	
  parameters	
  in	
  large	
  sky	
  surveys	
  are	
  crucial	
  for	
  mul5-­‐λ	
  research	
  

 Unique	
  data	
  in	
  wavebands	
  unavailable	
  in	
  large-­‐scale	
  surveys	
  
 Large	
  sky	
  surveys	
  (i.e.,	
  2MASS,	
  SDSS)	
  provide	
  many	
  objects	
  but	
  limited	
  λ	
  coverage	
  	
  

 The	
  widest	
  λ	
  coverage	
  in	
  SEDs	
  comes	
  from	
  the	
  literature	
  	
  

Importance	
  of	
  Informa5on	
  from	
  the	
  Literature	
  

0.3-­‐3	
  keV	
  (XMM)	
  	
  2006MNRAS.368..707P	
  

1	
  mm	
  (IRAM)	
  	
  	
  2006A&A...446..113K	
  

 1.72e9	
  photometric	
  measurements,	
  standardized	
  flux	
  units,	
  and	
  Cross-­‐IDs	
  ➔	
  SEDs	
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NED	
  Spectral	
  Archive	
  –	
  Search	
  Form	
  

2.91e5	
  Spectra	
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NED	
  Spectral	
  Archive	
  -­‐	
  Query	
  Response	
  1	
  

Basic	
  metadata:	
  

Extensive	
  metadata	
  

Launch	
  Specview	
  Aperture	
  (slit)	
  on	
  DSS	
  

Remote	
  resource:	
  
HI	
  Parkes	
  All-­‐Sky	
  Survey	
  (HIPASS)	
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NED	
  Spectral	
  Archive	
  -­‐	
  Query	
  Response	
  2	
  

Optical spectra of 87 Low-Redshift QSOs!
Boroson & Green 1992, ApJS, 80, 109 



Lessons	
   learned	
   “in	
   the	
   trenches”	
   by	
   the	
   NED	
   Team	
   while	
  

capturing	
   and	
   fusing	
   data	
   from	
   >75,000	
   journal	
   ar5cles	
   and	
  

catalogs	
  

  Substan5al	
  problems	
  with	
  data	
  published	
  in	
  the	
  literature	
  

  Create	
  impediments	
  to	
  automa7ng	
  extrac7on	
  and	
  analysis	
  

  Limit	
  efficiency	
  of	
  data	
  integra7on	
  	
  

  Produce	
  unnecessary	
  obstacles	
  to	
  our	
  complete	
  e-­‐Science	
  vision	
  

  Meta-­‐Problem:	
  Data	
  are	
  not	
  refereed	
  to	
  same	
  extent	
  as	
  science	
  results	
  	
  

  “There	
  are	
  no	
  rules.”	
  (Well,	
  OK,	
  some	
  minimal	
  rules)	
  

  Every	
  paper	
  presents	
  data	
  details	
  differently	
  

  A	
  mul7-­‐faceted	
  problem	
  as	
  summarized	
  next…	
  

Challenges	
  with	
  (Meta)Data	
  in	
  the	
  Literature	
  -­‐	
  1	
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  Problem	
  (1):	
  Data	
  are	
  not	
  published	
  following	
  standards	
  

  README	
  files	
  (created	
  from	
  LaTeX	
  tables)	
  are	
  very	
  useful,	
  but	
  limited	
  	
  

  Uniform	
  column	
  descriptors	
  lacking	
  	
  

  Ex:	
  mul7ple	
  ways	
  to	
  define	
  photometric	
  filters	
  

  Ex:	
  CIT	
  vs.	
  Johnson	
  H	
  mag	
  impacts	
  SED	
  

  Crucial	
  (meta)data	
  is	
  scaYered	
  throughout	
  the	
  text	
  (unstructured)	
  

  Tradi7onal	
  keywords	
  are	
  very	
  limited	
  

  Solu5on	
  (1):	
  Coordinate	
  with	
  journal	
  publishers	
  and	
  authors	
  to	
  make	
  

applica5on	
  of	
  VO	
  standards	
  user-­‐friendly	
  

  Hide	
  complexi7es	
  of	
  data	
  models	
  “under	
  the	
  hood”	
  of	
  web-­‐based	
  UIs	
  

  Enforce	
  uniformity	
  without	
  authors	
  realizing	
  it’s	
  happening	
  

  Q&A	
  interview	
  type	
  approach	
  for	
  beginners;	
  scripted	
  approach	
  for	
  experts	
  

  Apply	
  a	
  rich	
  set	
  of	
  standard	
  key	
  phrases	
  (tags	
  with	
  controlled	
  vocabulary)	
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Challenges	
  with	
  (Meta)Data	
  in	
  the	
  Literature	
  -­‐	
  2	
  



  Problem	
  (2):	
  Data	
  onen	
  “published”	
  on	
  personal	
  URLs	
  (in	
  footnotes)	
  
  Rarely	
  refereed	
  to	
  meet	
  standards	
  of	
  formarng,	
  column	
  descrip7ons,	
  etc.	
  

  OUen	
  data	
  move	
  (w/	
  data	
  providers)	
  or	
  disappear	
  completely	
  =>	
  unstable	
  

  The	
  paradigm	
  of	
  self-­‐publishing	
  data	
  is	
  flawed	
  

  Solu5on	
  (2):	
  Require	
  data	
  to	
  be	
  deposited	
  in	
  established	
  data	
  center	
  
repositories	
  accessible	
  with	
  VO	
  standards	
  

  Problem	
  (3):	
  IAU	
  rules	
  for	
  source	
  nomenclature	
  onen	
  not	
  followed	
  

  Ambiguous	
  object	
  names	
  (i.e.,	
  SN	
  named	
  “Bob”!?)	
  

  Trunca7on	
  of	
  coordinate-­‐based	
  source	
  IDs;	
  uncertain7es	
  in	
  coords	
  omiYed	
  

  Makes	
  establishment	
  of	
  cross-­‐IDs/associa7ons	
  very	
  difficult	
  (if	
  not	
  impossible)	
  

  Solu7on	
  (3):	
  With	
  journal	
  ar7cle	
  submission	
  

  Include	
  list	
  of	
  valid	
  astronomical	
  object	
  IDs	
  with	
  ar7cles	
  

  Validate	
  using	
  name	
  resolvers	
  (NED/NStED/SIMBAD)	
  before	
  publica7on	
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Challenges	
  with	
  (Meta)Data	
  in	
  the	
  Literature	
  -­‐	
  3	
  



  Problem	
  (4):	
  Data	
  “behind	
  the	
  plots”	
  not	
  part	
  of	
  tradi5onal	
  publica5ons	
  
  Greatly	
  reduces	
  reproducibility	
  and	
  ability	
  to	
  build	
  upon	
  published	
  results	
  	
  
  Valuable	
  highly-­‐processed	
  images	
  and	
  spectra	
  are	
  	
  

  NED	
  captures	
  what	
  it	
  can	
  aUer	
  publica7on;	
  but	
  only	
  a	
  frac7on	
  

  Solu5on	
  (4):	
  Repositories	
  for	
  highly-­‐processed	
  images	
  and	
  spectra	
  with	
  

metadata	
  required	
  for	
  u5liza5on	
  in	
  science	
  queries	
  	
  
  Expand	
  upon	
  NED’s	
  approach	
  for	
  author-­‐contributed	
  images	
  and	
  spectra	
  

  Capture	
  data	
  (and	
  metadata)	
  at	
  the	
  7me	
  of	
  publica7on	
  
  Get	
  authors	
  involved	
  before	
  they	
  lose	
  the	
  data	
  and/or	
  lose	
  interest	
  (move	
  on)	
  

  Capture	
  many	
  more	
  images	
  and	
  spectra	
  than	
  currently	
  possible	
  

  Enforce	
  uniform	
  VO	
  standards	
  (under	
  the	
  hood)	
  via	
  web-­‐based	
  tools	
  
  Broaden	
  to	
  all	
  astrophysics	
  disciplines	
  with	
  specialized	
  repositories	
  

  Exoplanet	
  systems	
  	
  	
  	
  	
  	
  	
  	
  	
  ✧Theory	
  data	
  sets	
  

  Galac5c	
  targets:	
  moving	
  objects,	
  nebulae,	
  etc.	
  

  Any	
  astrophysics	
  data	
  lacking	
  a	
  long-­‐term	
  “home”	
  for	
  cura5on	
  and	
  integra5on	
  

  Enable	
  mul5-­‐disciplinary	
  collabora5ons	
  via	
  coordina5on	
  with	
  DataNet	
  

  Replica5on	
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Challenges	
  with	
  (Meta)Data	
  in	
  the	
  Literature	
  -­‐	
  4	
  



  Problem	
  (5):	
  e-­‐journals	
  keep	
  changing	
  formapng/markup	
  

  Structures	
  adequate	
  for	
  human	
  readers	
  are	
  not	
  suitable	
  for	
  automated	
  data	
  
analysis	
  sonware	
  

  Programs	
  that	
  follow	
  links	
  to	
  retrieve	
  e-­‐tables,	
  seek	
  metadata,	
  keywords,	
  etc.	
  
need	
  constant	
  maintenance	
  to	
  keep	
  up	
  with	
  changes	
  at	
  journal	
  cites	
  

  Even	
  within	
  a	
  single	
  journal	
  (i.e.,	
  ApJ)	
  there	
  are	
  mul5ple	
  digital	
  formats	
  
depending	
  on	
  the	
  year	
  of	
  publica5on	
  

  Past	
  and	
  current	
  data	
  sets	
  require	
  human	
  exper5se	
  to	
  pick	
  up	
  where	
  
automa5on	
  fails:	
  locate,	
  re-­‐format	
  and	
  apply	
  uniform	
  metadata	
  before	
  data	
  
can	
  be	
  integrated	
  into	
  DBMS	
  and	
  served	
  with	
  VO	
  standards	
  

  Solu5on	
  (5):	
  Convince	
  publishers	
  to	
  provide	
  stability	
  and	
  uniformity	
  

  See	
  following	
  meta-­‐problem	
  and	
  proposed	
  solu5on	
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Challenges	
  with	
  (Meta)Data	
  in	
  the	
  Literature	
  -­‐	
  5	
  



  Meta-­‐Problem:	
  Limita5ons	
  in	
  past	
  and	
  current	
  data	
  sets	
  require	
  human	
  

exper5se	
  to	
  pick	
  up	
  where	
  automa5on	
  fails	
  

  Locate	
  data	
  and	
  metadata	
  (onen	
  sca[ered	
  throughout	
  paper)	
  

  Re-­‐format	
  and	
  apply	
  uniform	
  metadata	
  so	
  that	
  data	
  can	
  be	
  cross-­‐

matched,	
  integrated	
  into	
  DBMS	
  and	
  served	
  with	
  VO	
  standards	
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Challenges	
  with	
  (Meta)Data	
  in	
  the	
  Literature	
  -­‐	
  6	
  



  Meta-­‐Solu5on:	
  Coordina5on	
  between	
  VAO,	
  journal	
  publishers	
  and	
  authors	
  

to	
  apply	
  standards	
  and	
  capture	
  (meta)data	
  more	
  efficiently	
  

  Coordina5on	
  of	
  AI/VAO	
  community	
  with	
  AAS	
  Pub	
  Board,	
  IOP,	
  authors	
  

  What	
  about	
  other	
  journals?	
  Another	
  challenge	
  for	
  IVOA:	
  

  Can	
  this	
  be	
  done	
  in	
  lock-­‐step	
  with	
  Euro	
  journals:	
  A&A,	
  MNRAS?	
  

  Can	
  this	
  be	
  done	
  in	
  lock-­‐step	
  with	
  Asian	
  journals?	
  Others?	
  

  On	
  what	
  5me-­‐scale	
  will	
  tradi5onal	
  journals	
  evolve	
  with	
  AI	
  community?	
  

  If	
  collabora5on	
  with	
  tradi5onal	
  journal	
  publishers	
  fails	
  (or	
  moves	
  too	
  slowly):	
  
collaborate	
  with	
  arxiv.org	
  and/or	
  PLoS	
  to	
  develop	
  new,	
  refereed	
  e-­‐journal(s)	
  
linked	
  in5mately	
  with	
  VO	
  repositories	
  and	
  query	
  services?	
  

  Will	
  the	
  community	
  buy	
  in?	
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Challenges	
  with	
  (Meta)Data	
  in	
  the	
  Literature	
  -­‐	
  7	
  



 Build	
  upon	
  what’s	
  working	
  and	
  expand	
  on	
  it	
  
  NED	
  image	
  archive	
  took	
  ~10	
  years	
  to	
  reach	
  current	
  take-­‐up	
  

  NED	
  spectral	
  archive	
  now	
  at	
  about	
  same	
  stage	
  as	
  images	
  at	
  ~2-­‐year	
  mark	
  

  Metadata	
  are	
  as	
  important	
  as	
  the	
  data	
  

  Only	
  scratches	
  the	
  surface	
  of	
  what’s	
  possible	
  (for	
  reasons	
  outlined	
  here…)	
  

 Keep	
  the	
  barriers	
  low:	
  Very	
  user-­‐friendly	
  tools	
  are	
  needed	
  
  Or	
  take-­‐up	
  by	
  the	
  community	
  will	
  be	
  minimal	
  

  Domain	
  knowledge	
  (astronomers	
  in	
  the	
  loop)	
  is	
  essen5al	
  

 Automated	
  tools	
  are	
  needed	
  to	
  “referee”	
  (meta)data	
  

  Replace	
  links	
  to	
  personal	
  web	
  sites	
  with	
  established	
  data	
  repositories	
  

  Validate	
  adherence	
  to	
  VO	
  standards	
  	
  

Maximizing	
  Science	
  Impact	
  -­‐	
  1	
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 The	
  benefits	
  of	
  a	
  small	
  amount	
  of	
  extra	
  work	
  for	
  authors	
  of	
  

journal	
  ar5cles	
  will	
  enable	
  

  More	
  rapid	
  and	
  error-­‐free	
  integra5on	
  of	
  informa5on	
  into	
  services	
  

that	
  astronomers	
  use	
  heavily	
  today	
  (NED,	
  NStED,	
  ADS,	
  SIMBAD…)	
  

  The	
  en5re	
  universe	
  of	
  emerging	
  and	
  future	
  VO/AI	
  services	
  

  Long-­‐term	
  preserva5on	
  of	
  unique,	
  highly-­‐processed	
  data	
  

  Enhanced	
  discovery	
  capabili5es	
  

  More	
  reuse	
  of	
  data,	
  leading	
  to	
  	
  

  More	
  discoveries,	
  publica5ons,	
  and	
  cita5ons	
  to	
  publica5ons	
  

  Happy	
  funding	
  agencies	
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Maximizing	
  Science	
  Impact	
  -­‐	
  2	
  



  The	
  poten5al	
  for	
  the	
  VAO	
  to	
  support	
  our	
  dream	
  of	
  advanced	
  capabili5es	
  

in	
  Astroinforma5cs	
  (highly	
  automated,	
  seamless	
  knowledge	
  discovery)	
  

depends	
  on	
  rapid	
  solu5ons	
  to	
  these	
  fundamental	
  limita5ons	
  of	
  the	
  way	
  

data	
  and	
  metadata	
  are	
  tradi5onally	
  published	
  

  We	
  can	
  do	
  be[er,	
  but	
  it	
  will	
  take	
  a	
  major	
  coordina5on	
  effort	
  and	
  the	
  

coopera5on	
  of	
  authors,	
  e-­‐journal	
  publishers	
  (AAS	
  Pub	
  Board,	
  IOP),	
  VAO,	
  

and	
  its	
  partners	
  

  Our	
  goal	
  is	
  a	
  major	
  transforma5on	
  of	
  the	
  methodology	
  and	
  culture	
  of	
  

publishing	
  data	
  and	
  metadata	
  with	
  the	
  derived	
  knowledge	
  to	
  greatly	
  

enhance	
  science	
  capabili5es	
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  Goal:	
  capture	
  all	
  tables,	
  images	
  and	
  spectra	
  “behind	
  the	
  plots”	
  in	
  

journal	
  ar5cles	
  into	
  VO-­‐enabled	
  repositories	
  

  Build	
  on	
  experience	
  of	
  NED,	
  ADS,	
  NVO,	
  IVOA,	
  journal	
  publishers,	
  and	
  
emerging	
  DataNet	
  project,	
  coordinated	
  by	
  VAO	
  

  Engage	
  authors	
  during	
  the	
  publica5on	
  process	
  

  Apply	
  VO	
  standards	
  to	
  data	
  and	
  metadata	
  

  Provide	
  easy-­‐to-­‐use	
  tools	
  to	
  hide	
  underlying	
  complexity	
  of	
  DMs,	
  etc.	
  

  Enhance	
  linkages	
  between	
  literature,	
  objects	
  and	
  data	
  

  Enable	
  increasingly	
  sophis5cated	
  Astroinforma5cs	
  applica5ons	
  to	
  boost	
  

science	
  discovery	
  capabili5es	
  

  This	
  work	
  has	
  high	
  priority	
  in	
  the	
  2010	
  VAO	
  Science	
  Council	
  report,	
  and	
  
the	
  Program	
  Council	
  is	
  working	
  on	
  an	
  implementaEon	
  plan	
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Summary	
  of	
  Specific	
  Next	
  Steps	
  


