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Compu?ng	  Infrastructure	   EOY	  2016	   EOY	  2018	   EOY	  2021	  

Networking	  Bandwidth	   External:	  	  
•  1	  Gbps	  
Internal:	  	  
•  10	  Gbps	  

External:	  	  
•  10	  Gbps	  
Internal:	  	  
•  100	  Gbps	  

TBD	  

Storage	  Capacity	  
•  Increase	  database	  

server	  capacity	  for	  high	  
volume	  query	  usage	  

1429	  TB	  MAST	  
(ops)	  

6	  PB	   30	  –	  60	  PB	  

Compu?ng	  Power	  
•  Strategic	  partnerships	  

for	  HPC	  

~200	  CPUs	  
MAST	  (ops)	  

1000	  CPU	   10,000	  
CPU	  

Background	  
Big	  Data	  @	  STScI	  (15	  Mar	  2016)	  recommended	  
improved	  compu1ng	  infrastructure	  and	  sodware	  tools	  

Sodware	  tools:	  (1)	  user	  environment,	  (2)	  data	  visualiza1on	  tools,	  (3)	  Machine	  Learning	  
architectures,	  (4)	  automated	  spectral	  feature	  extrac1on	  and	  classifica1on	  sodware	  



Evalua?on	  
•  In	  Jun	  2016,	  we	  began	  a	  trade	  study	  to	  iden1fy	  applicable	  solu1ons	  for	  ST	  
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Funder	   Organiza?on	   Science	  Cloud	  Solu?on	   Summary	   Technologies	  Summary	  

NSF	   JHU	  IDIES	   SciServer	  
sciserver.org	  

Modular	  tools	  to	  search	  and	  
process	  large	  (tera	  and	  peta	  
byte)	  datasets	  allowing	  user	  
defined	  queries,	  processing	  
scripts,	  and	  sharable	  
datasets	  	  

•  Jupyter	  Notebooks,	  Docker	  
•  GitHub	  
•  OpenStack	  (KeyStone)	  	  
•  Microsod	  SQL	  
•  Matlab,	  R,	  iPython,	  Python,	  Java,	  CLI	  
•  SkyServer	  supports	  VO:	  Cone	  Search,	  TAP+,	  SIAP	  

ESA	   Parameter	  
Space	  

Gaia	  Added	  Value	  
Interface	  Planorm	  
(GAVIP)	  
(portal).gavip.science	  

Planorm	  that	  enables	  user-‐
contributed	  code	  run	  next	  to	  
Gaia	  archive	  (1-‐2	  petabytes)	  
and	  allow	  for	  reuse	  and	  
sharing	  of	  this	  code;	  users	  
provide	  AVIs	  

•  Jupyter	  Notebooks,	  Docker	  
•  AVIs	  analysis	  pipeline	  
•  Anaconda	  4,	  GitHub	  
•  REST-‐ful	  web	  pages;	  JavaScript/CSS	  
•  Python,	  Java,	  Fortran,	  CLI	  
•  Includes	  IVOA	  (TAP+),	  ADQL	  

AURA	   NOAO	   Data	  Lab	  
datalab.noao.edu	  

Provide	  efficient	  explora1on	  
and	  analysis	  of	  large	  
datasets	  generated	  by	  
NOAO’s	  wide-‐field	  
telescopes	  

•  Jupyter	  Notebooks,	  Docker	  
•  Python,	  but	  meant	  to	  be	  agnos1c	  
•  Heavily	  IVOA	  architected:	  TAP+,	  SAMP,	  VO	  

Space,	  SIA,	  SCS,	  SSA,	  UWS,	  SSO	  

•  Remaining	  to	  explore:	  HERA	  (HEASARC),	  LSST,	  IPAC,	  Gemini,	  others?	  

Evaluated	  in	  
house	  



SciServer	  
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SciServer	  Altair	  2+	  Evalua0on	  (Jul-‐Aug	  2016)	  
Goals:	  	  
ü  Evaluate	  SciServer	  instance	  within	  STScI	  infrastructure	  
ü  Assess	  nominal	  MAST	  science	  use	  case	  
v  Determine	  way	  ahead	  for	  ST	  science	  cloud	  solu1on	  
	  
Use	  Cases	  Demonstrated:	  
ü  Func1onal	  Use	  Case:	  CAOM	  access,	  GALEX,	  SDSS	  
ü  Science	  Use	  Case:	  Globular	  Clusters	  Search	  around	  M87	  

Component	   Applica?on	  

CasJobs	  w.	  RESTful	  interface	   JHU	  IDIES	  custom	  (MS	  SQL)	  

Compute	   Jupyter	  Notebooks	  

Login	  Portal	   OpenStack	  Keystone	  

*SciServer	  Feedback:	  
•  Enterprise-‐level	  

implementa1on,	  e.g.:	  
–  Administra1ve	  user	  rights	  
–  Installa1on	  guide	  
–  Documenta1on	  	  

•  SSO	  Integra1on	  	  

ST	  Challenges	  Learned:	  
•  Enterprise-‐ready	  

technologies	  
•  Not	  set	  up	  for	  

distributed	  dev	  
•  Invested	  in	  proprietary	  

sodware,	  rela1onal	  
databases	  

*Current	  SciServer	  2+	  evaluated	  in	  house	  is	  s5ll	  under	  development	  



Science	  Cloud	  Evalua?on	  

Way	  Ahead	  
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Science	  Cloud	  Evalua?on	   ST	  as	  a	  SciServer	  Node	   ST	  SciServer	  Instance	   STarCloud	  Solu?on	  

Summary	   Compara1ve	  analysis	  
across	  peer	  archive	  and	  
industry	  solu1ons	  for	  data	  
search,	  retrieval,	  and	  
analysis	  

White	  Paper	  to	  define	  
this	  concept	  and	  
partnership	  between	  
JHU	  and	  ST	  

Local	  installa1on	  updated	  
per	  release;	  “feedback	  loop”	  
environment	  for	  internal	  
scien1sts’	  use	  and	  itera1ve	  
feedback/development	  

Leverage	  lessons	  learned	  from	  
evalua1on;	  offer	  limited	  internal	  
release	  (select	  data	  search/retrieval	  
and	  select	  data	  analysis	  sodware)	  in	  
Summer	  2017	  

Deliverables	   Trade	  Studies:	  
Rev	  1:	  ini1al	  3	  solu1ons	  
Rev	  2:	  +	  3	  more	  solu1ons	  
…	  
Rev	  n	  

White	  Paper	   Use	  Cases	  via	  Jupyter	  
Notebooks	  

•  CONOPS	  
•  User	  Guide	  
•  Implementa1on	  Guide	  

2016	   2017	  
Jun	   Jul	   Aug	   Sept	   Oct	   Nov	   Dec	   Jan	   Feb	   Mar	   Apr	   May	   Jun	   Jul	   Aug	   Sept	  

ST	  SciServer	  Instance	  

ST	  as	  a	  SciServer	  Node	  

STarCloud*	  

Trade	  Study	  
Rev	  1	  

Trade	  Study	  
Rev	  2	  

White	  Paper	  

Use	  Case	  1	   Use	  Case	  2	  

Use	  Case	  1+	  

*Pending	  Resource	  Availability	  

Use	  Case	  2+	  

Trade	  Study	  
Rev	  3	  



Astronomer’s	  Workspace	  Environment	  
(AWE)	  
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Commonly	  used	  (and	  
community-‐sourced):	  
•  Catalog	  searches	  

(VO	  Protocol	  XXX)	  
•  Data-‐based	  search	  

libraries	  

Global	  
Archive	  
Search	  

Global	  Data	  
Analysis	  
So_ware	  
Search	  



BACKUP	  
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Technologies	  Evaluated	  
Technology	   SciServer	   GAVIP	   Data	  Lab	  

Overall	  Cloud	  Technologies/Ecosystem	  

OpenStack	   x	  	  

Plaborms	  

Windows	   x	  

Linux	   x	   x	   x	  

Database	  Technologies	  

PostgreSQL	   x	  

Microsod	  SQL	   x	  

Storage	  

OpenStack	  Swid	  

VO	  Space	   x	  

9	  

Trade	  Study	  Rev.	  1	  



Technologies	  Evaluated	  
Technology	   SciServer	   GAVIP	   Data	  Lab	  

Job	  Execu?on	  

Docker	   x	   x	   x	  

Jupyter	  Notebooks	   x	   x	   x	  

Django	   x	  

Luigi	   x	  

CLI	   x	   x	   x	  

Distributed	  Processing	  

OpenStack	   x	   x	  

Celery	   x	  

RabbitMQ	   x	   x	  

Authen?ca?on	  

OpenStack	  Keystone	   x	  

CAS	  Oauth2	   x	   *	  Planned	  Support	  

IVOA	  SSO	   *	  Planned	  support	   10	  

Trade	  Study	  Rev.	  1	  



Technologies	  Evaluated	  
Technology	   SciServer	   GAVIP	   Data	  Lab	  

IVOA	  Supported	  Standards	  

Cone	  Search	   SkyServer	  

SCS	   x	  

SIA	   SkyServer	   x	  

SSA	   x	  

SSO	   x	  

SAMP	   x	   x	  

TAP	  +	   SkyServer	   x	   x	  

VO	  Space	   x	   x	  

UWS	   x	  
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Trade	  Study	  Rev.	  1	  



Technologies	  Evaluated	  
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Trade	  Study	  Rev.	  1	  

NOAO	  Data	  Lab	  
•  Data	  Publica1on	  (i.e.	  hosted	  user	  datasets)	  and	  processing	  services	  

associated	  with	  the	  data	  (e.g.	  image	  cutouts,	  catalog	  
crossmatch,etc)	  

•  Processing	  can	  be	  applied	  to	  published	  datasets	  (i.e.	  cutouts	  are	  
the	  same	  whether	  coming	  from	  the	  main	  NOAO	  archive	  or	  a	  user's	  
image	  collec1on)	  or	  as	  part	  of	  the	  VOSpace	  storage	  capability	  (e.g	  
trigger	  a	  pipeline	  when	  a	  file	  is	  transferred	  to	  the	  virtual	  storage)	  	  

•  Data	  Lab	  tools/services	  will	  be	  exportable	  for	  use	  outside	  NOAO	  
and	  isn't	  1ed	  to	  a	  par1cular	  hardware	  infrastructure	  (but	  naturally	  
won't	  then	  have	  all	  the	  same	  capbili1es)	  

Reference:	  NOAO	  Data	  Lab	  Architect	  Mike	  Fitzpatrick	  



SciServer	  Use	  Case	  
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Globular	  Clusters	  Search	  around	  M87	  (HSC	  &	  HLA	  query)	  

Today:	  
Use	  HLA	  site	  to	  
search	  for	  M87	  



SciServer	  Use	  Case	  
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Globular	  Clusters	  Search	  around	  M87	  (HSC	  &	  HLA	  query)	  
Create	  Jupyter	  notebook	  to	  perform	  search,	  analysis,	  and	  display	  	  

Local	  mount	  
of	  HLA	  

Custom	  
libraries	  to	  
search	  MAST	  



SciServer	  Use	  Case	  
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Globular	  Clusters	  Search	  around	  M87	  (HSC	  &	  HLA	  query)	  



SciServer	  Use	  Case	  
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Globular	  Clusters	  Search	  around	  M87	  (HSC	  &	  HLA	  query)	  



SciServer	  Use	  Case	  
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Globular	  Clusters	  Search	  around	  M87	  (HSC	  &	  HLA	  query)	  

Parse	  VO	  Table	  for	  
display	  in	  notebook	  



SciServer	  Use	  Case	  
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Globular	  Clusters	  Search	  around	  M87	  (HSC	  &	  HLA	  query)	  

ST	  storage	  



SciServer	  Use	  Case	  

19	  

Globular	  Clusters	  Search	  around	  M87	  (HSC	  &	  HLA	  query)	  



Big	  Data	  @	  STScI	  Report	  

#	   Science	  Case	   Compu?ng	   Storage	   Bandwidth	   So_ware	  

1	   Light	  echo	  detec1on	  
and	  classifica1on	  

>1000	  CPU	  core	  
cluster	  

~	  1	  to	  10	  PB	   ~	  10GB	  ci1zen	  science	  
and	  data	  transfer	  

•  Machine	  Learning	  (ML)	  classifica1on,	  	  
•  feature	  vectors,	  	  
•  ci1zen	  science	  user	  interface	  

2	   Lensed	  galaxy	  
detec1on	  

~1000	  CPU	  core	  
cluster	  

~	  10	  TB	  (if	  image	  cutout	  
service	  is	  available	  for	  
large	  surveys)	  

~	  1	  Gbps	   •  Parallelizable	  code	  management	  
•  ML	  algorithms	  

3	   Resolved	  stellar	  
popula1ons	  

>	  1000	  CPU	  core	  
cluster	  (~10K	  core	  
ul1mately	  needed)	  

Few	  100	  TB	   ~10	  Gbps	  (uses	  non-‐
local	  data)	  

•  Automated	  pipeline	  management	  
sodware	  

•  Efficient	  database	  query	  tools	  

4	   3D	  Structure	  in	  the	  
cosmos	  

~500	  core	  cluster	   >200	  TB	   >1	  Gbps	   •  Parallelizable	  code	  management	  
•  Clustered	  algorithms	  
•  Photo-‐z	  algorithms	  

5	   SMBH	  /	  Galaxy	  Co-‐
evolu1on	  

>	  2000	  core	  CPU	   >	  1	  PB	   >	  1	  Gbps	   •  ML	  
•  Feature	  vectors	  
•  Efficient	  cross	  correla1on	  algorithms	  
•  High	  dimension	  data	  visualiza1on	  tools	  

20	  
Postman,	  et.	  al.	  Science	  Defini1on	  Team	  (SDT)	  Report.	  Big	  Data	  @	  STScI,	  	  2016,	  pg.	  61	  

Big	  Data	  Compu0ng	  and	  SoGware	  Capabili0es	  Needed	  



Big	  Data	  @	  STScI	  Report	  

#	   Science	  Case	   Compu?ng	   Storage	   Bandwidth	   So_ware	  

6	   TESS	  supernova	  search	   ~	  1000	  CPU	  core	   ~	  10	  TB	  for	  raw	  data	   ~	  1	  Gbps	  (if	  data	  local)	   •  Transient	  detec1on	  algorithms	  for	  
highly	  undersampled	  data	  

7	   GALEX	  Variability	  
catalog	  

High	  performance	  
compu1ng	  required	  
Exact	  specs	  TBD	  

Few	  hundred	  TB,	  solid	  
state	  disks	  for	  fast	  
access	  

High	  bandwidth	  to	  local	  
db	  (~10	  Gbps)	  

•  Algorithms	  to	  detect	  and	  classify	  
transients	  from	  archive	  of	  108	  light	  
curves	  

8	   Mul1dimensional	  
spectroscopic	  datasets	  

Current	  capabili1es	  
sufficient	  

~	  100	  GB	   Current	  capabili1es	  
sufficient	  

•  Feature	  vectors	  
•  ML	  algorithms	  
•  Automated	  spectral	  feature	  detec1on	  

sodware	  
•  Efficient	  cross-‐correla1on	  algorithms	  

9	   Image	  cutout	  service	  
for	  wide	  area	  sky	  
surveys	  

Dedicated	  high-‐user	  
volume	  server	  
needed	  

>	  1	  PB	   10	  Gbps	  or	  more	   •  Must	  support	  thousands	  of	  users	  and	  
many	  simultaneous	  queries	  

21	  
Postman,	  et.	  al.	  Science	  Defini1on	  Team	  (SDT)	  Report.	  Big	  Data	  @	  STScI,	  	  2016,	  pg.	  61	  

Big	  Data	  Compu0ng	  and	  SoGware	  Capabili0es	  Needed	  
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