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Knowledge	  Infrastructures	  

•  What	  new	  infrastructures,	  divisions	  of	  labor,	  
knowledge,	  and	  exper@se	  are	  required	  for	  
data-‐intensive	  science?	  	  

•  How	  are	  mul@-‐disciplinary,	  data-‐intensive	  
scien@fic	  infrastructures	  established	  –	  and	  
dismantled?	  	  

•  How	  do	  data	  management,	  cura@on,	  sharing,	  
and	  reuse	  prac@ces	  vary	  among	  research	  
areas?	  	  
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Research	  Ques@ons	  

•  How	  has	  astronomy	  
developed,	  deployed,	  and	  
managed	  knowledge	  
infrastructures	  for	  their	  data?	  

•  What	  factors	  contribute	  to	  the	  
durability	  and	  fragility	  of	  
knowledge	  infrastructures	  in	  
astronomy?	  

hMp://cliparts.co/fragile	  

hMps://www.polarnopyret.com/eu/func@on-‐symbols-‐outerwear	  



Durability	  and	  Fragility	  

•  Durability	  
– Persistence	  over	  @me	  
– Serves	  intended	  purposes	  
– Resources	  invested	  in	  care	  and	  
maintenance	  

•  Fragility	  
– Subject	  to	  failure	  or	  degrada@on	  
– Uncertain	  investments	  in	  
sustainability	  
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Research	  Methods	  

•  Document	  analysis	  
– Public	  and	  private	  documents	  and	  ar@facts	  
– Official	  and	  unofficial	  versions	  of	  scien@fic	  prac@ce	  

•  Ethnography	  
– Observing	  ac@vi@es	  on	  site	  
– Embedded	  for	  days	  or	  months	  at	  a	  @me	  

•  Interviews	  
– Ques@ons	  based	  on	  our	  research	  themes	  
– Compare	  mul@ple	  sites	  over	  @me	  
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Astronomy	  

•  Add	  cool	  images	  here	  to	  talk	  over	  
•  Space	  based	  /	  ground	  based	  
•  Wave	  lengths	  
•  Celes@al	  objects	  
•  Pubs	  
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Astronomy	  Knowledge	  Infrastructures	  

•  Observa@ons:	  con@nuity	  over	  millennia	  
•  Astronomy	  became	  digital:	  1970s-‐	  
•  Array	  of	  stakeholders:	  interna@onal	  
•  Private	  and	  public	  funding:	  renewal	  
•  Consensus	  mechanisms:	  Decadal	  survey	  

10	  
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Infrastructure:	  General	  chronology	  
Astronomy	  
Infra-‐
structure	  

1960-‐1985	   1986-‐1990	   1991-‐1995	   1996-‐2000	   2001-‐2005	   2006-‐2010	   2011-‐	  

NASA	  funded	  
infrastructure	  
observatories	  
missions	  
centers	  	  
archives	  &	  
data	  tools	  

GSFC	  
IPAC	  
IRAS	  
STScI	  

Hubble	  
(HST)	  
NED	  

ADS	  
IRSA	  
SATC	  

Chandra	  
HEASARC	  
2MASS	  
MAST	  
NExScI	  	  
Spitzer	  
WIRE	  

SOFIA	  
Spitzer	  
Suzaku	  
Swik	  	  

Fermi	  
(FGST)	  
Herschel	  
Kepler	  	  
Palomar	  
(PTF)	  
Planck	  
WISE	  	  

NuSTAR	  
	  

Other	  
infrastructure	  
observatories	  
centers	  
surveys	  	  
data	  tools	  
standards	  
	  
	  
	  
	  

	  
	  
SAO	  
CfA	  
CDS/	  
SIMBAD	  
FITS	  
	  
	  

	  
	  
arXiv	  
VizieR	  
	  
	  

	  
	  
Aladin	  
NVO	  
IVOA	  
SDSS	  
Gemini	  
Subaru	  

	  
	  
Keck	  

	  
	  
Dataverse	  
GitHub	  
LSST	  
Pan-‐
STARRS	  
VAO	  
WWT	  
	  
	  

	  
	  
ADSASS	  
DDT	  	  
Jupyter
Note-‐
book	  
Zenodo	  
DES	  
TMT	  
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Data	  Standards	  and	  Infrastructure	  Fabric	  

VO	  Standards	  
•  Standard	  Format:	  

VOTable	  
•  Access	  Protocols:	  

ADQL,	  TAP,	  SIAP,	  
SSAP	  

and	  others	   13	  
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Seamless Astronomy: ADS All Sky Survey�
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Some	  Durability	  Features	  
•  Data	  Standards	  
–  Flexible	  Image	  Transport	  System	  (FITS)	  
–  Coordinate	  systems	  

•  Metadata	  and	  Discovery	  Systems	  
–  Centre	  de	  Données	  Astronomiques	  de	  Strasbourg	  (CDS)	  
– NASA	  Extragalac@c	  Database	  (NED)	  	  
– Astrophysics	  Data	  System	  (ADS)	  

•  Infrastructure	  Fabric	  
–  Virtual	  Astronomy	  Observatory	  
–  Interna)onal	  Virtual	  Observatory	  of	  Astronomy	  	  
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Some	  Fragility	  Features	  

•  Ground	  vs.	  Space-‐Based	  Missions	  	  
– Ground:	  SDSS,	  LSST,	  Keck	  
– Space:	  Hubble,	  Chandra	  

•  Empirical	  vs.	  Theore@cal	  Inquiry	  
– Empirical:	  acquire	  and	  analyze	  observa@ons	  
– Theore@cal:	  models,	  simulated	  data	  

•  Sky	  Surveys	  vs.	  Inves@gator-‐Led	  Inquiry	  
– Surveys:	  Systema@c	  documenta@on	  of	  night	  sky	  
–  Inves@gators:	  Ques@on-‐driven	  studies	  

17	  
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Conclusions	  

•  Infrastructures	  are	  fragile	  
•  Durability	  is	  an	  accomplishment	  
•  Visible	  infrastructure	  
–  Instruments	  
–  Ins@tu@ons	  

•  Invisible	  infrastructure	  
– Data,	  metadata,	  provenance…	  
–  Informa@on	  work	  
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