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Researchers	
  struggle	
  with	
  data	
  

More	
  data,	
  more	
  complex	
  data	
  
Ad-­‐hoc	
  solu9ons	
  
Inadequate	
  soOware,	
  hardware	
  
Data	
  plan	
  mandates	
  



www.ci.anl.gov	
  
www.ci.uchicago.edu	
  

3	
  

Complexity	
  is	
  large	
  and	
  growing	
  

Run	
  experiment	
  
Collect	
  data	
  
Move	
  data	
  
Check	
  data	
  

Annotate	
  data	
  
Share	
  data	
  

Find	
  similar	
  data	
  
Link	
  to	
  literature	
  
Analyze	
  data	
  
Publish	
  data	
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The	
  challenge	
  of	
  staying	
  compe99ve	
  	
  

	
  	
  "Well,	
  in	
  our	
  country,"	
  said	
  Alice	
  …	
  
"you'd	
  generally	
  get	
  to	
  somewhere	
  
else	
  —	
  if	
  you	
  run	
  very	
  fast	
  for	
  a	
  	
  
long	
  9me,	
  as	
  we've	
  been	
  doing.”	
  

	
  
	
  	
  "A	
  slow	
  sort	
  of	
  country!"	
  said	
  the	
  
Queen.	
  "Now,	
  here,	
  you	
  see,	
  it	
  	
  
takes	
  all	
  the	
  running	
  you	
  can	
  do,	
  to	
  
keep	
  in	
  the	
  same	
  place.	
  If	
  you	
  want	
  	
  
to	
  get	
  somewhere	
  else,	
  you	
  must	
  run	
  
at	
  least	
  twice	
  as	
  fast	
  as	
  that!"	
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Tripit	
  exemplifies	
  process	
  automa9on	
  

Me	
  
Book	
  flights	
  

	
  
Book	
  hotel	
  

	
  
	
  
	
  
	
  
	
  

	
  	
  
	
  Record	
  flights	
  
	
  Suggest	
  hotel	
  
	
  Record	
  hotel	
  
	
  Get	
  weather	
  
	
  Prepare	
  maps	
  
	
  Share	
  info	
  
	
  Monitor	
  prices	
  
	
  Monitor	
  flight	
  

Other	
  services	
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SoOware	
  as	
  a	
  Service	
  (Gartner)	
  

1.	
  The	
  applica9on	
  is	
  owned,	
  delivered,	
  and	
  	
  
	
  	
  	
  	
  	
  managed	
  remotely	
  by	
  one	
  or	
  more	
  providers	
  	
  
2.	
  The	
  applica9on	
  is	
  based	
  on	
  a	
  single	
  code	
  base	
  	
  
	
  	
  	
  	
  	
  that	
  is	
  consumed	
  in	
  a	
  one-­‐to-­‐many	
  model	
  by	
  all	
  	
  
	
  	
  	
  	
  	
  contracted	
  customers	
  at	
  any	
  9me	
  
3.	
  The	
  applica9on	
  is	
  licensed	
  on	
  pay-­‐per-­‐use	
  or	
  	
  
	
  	
  	
  	
  	
  subscrip9on	
  basis	
  

	
   	
   	
  	
  

4.	
  The	
  applica9on	
  behind	
  the	
  service	
  is	
  properly	
  	
  
	
  	
  	
  	
  web	
  architected—not	
  an	
  exis9ng	
  applica9on	
  	
  
	
  	
  	
  	
  web	
  enabled	
  [D.	
  Terrar]	
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Complexity	
  is	
  large	
  and	
  growing	
  

Run	
  experiment	
  
Collect	
  data	
  
Move	
  data	
  
Check	
  data	
  

Annotate	
  data	
  
Share	
  data	
  

Find	
  similar	
  data	
  
Link	
  to	
  literature	
  
Analyze	
  data	
  
Publish	
  data	
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Process	
  automa9on	
  for	
  science	
  

Run	
  experiment	
  
Collect	
  data	
  
Move	
  data	
  
Check	
  data	
  

Annotate	
  data	
  
Share	
  data	
  

Find	
  similar	
  data	
  
Link	
  to	
  literature	
  
Analyze	
  data	
  
Publish	
  data	
  

?	
  
Research	
  IT	
  
as	
  a	
  service	
  

?	
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Process	
  automa9on	
  for	
  science	
  

Run	
  experiment	
  
Collect	
  data	
  
Move	
  data	
  
Check	
  data	
  

Annotate	
  data	
  
Share	
  data	
  

Find	
  similar	
  data	
  
Link	
  to	
  literature	
  
Analyze	
  data	
  
Publish	
  data	
  

?	
  
Research	
  IT	
  
as	
  a	
  service	
  

?	
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Eppur	
  si	
  muove	
  (“and	
  yet	
  it	
  moves”)	
  …	
  

Galileo	
  said	
  this	
  about	
  the	
  
earth	
  (the	
  earth	
  is	
  not	
  the	
  
center	
  of	
  the	
  universe)	
  

	
  
Same	
  observa9on	
  holds	
  about	
  
data,	
  which	
  is	
  oOen	
  in	
  the	
  
“wrong	
  place”	
  for	
  various	
  
reasons	
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Globus	
  Transfer	
  details	
  
•  In	
  20	
  months	
  

–  6,000	
  users	
  
–  6	
  PB	
  moved	
  
–  500M	
  files	
  
–  99.9%	
  up9me	
  

•  Broad	
  adop9on	
  
–  Experimental	
  facili9es	
  
–  Supercomputers	
  
–  Campuses	
  
–  Individuals	
  
–  Projects	
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440	
  GB	
  @	
  60	
  MB/sec	
  	
  

2	
  hours	
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Dark	
  Energy	
  Survey	
  	
  

•  Receives	
  100,000	
  files	
  
each	
  night	
  in	
  Illinois	
  

•  Transmit	
  files	
  to	
  Texas	
  
for	
  analysis	
  …	
  then	
  move	
  
results	
  back	
  to	
  Illinois	
  

•  Process	
  must	
  be	
  reliable,	
  
rou9ne,	
  and	
  efficient	
  

•  Use	
  of	
  Globus	
  Transfer	
  
avoids	
  need	
  for	
  custom	
  
soOware	
  solu9on	
   Image	
  credit:	
  Roger	
  Smith/NOAO/AURA/NSF	
  

Blanco	
  4m	
  on	
  Cerro	
  Tololo	
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Globus	
  Transfer	
  under	
  the	
  covers	
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Globus	
  Transfer	
  under	
  the	
  covers	
  

Iden99es,	
  profiles,	
  groups	
  

Globus	
  
Transfer	
  

Globus	
  
Nexus	
  

Web	
  servers,	
  data	
  
movers,	
  	
  
CLI,	
  etc.	
  

Transfer	
  state	
  

Replicated	
  
Cloud-­‐hosted	
  

	
  
	
  

High	
  availability	
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Moving	
  beyond	
  data	
  movement	
  

Dark	
  Energy	
  Survey	
  	
  	
  	
  	
  	
  	
  	
  Metagenomics	
  	
  	
  	
  	
  	
  	
  Climate	
  science	
  
	
  	
  	
  	
  	
  	
  Genomics	
  	
  	
  	
  	
  	
  Land	
  use	
  change	
  	
  	
  	
  	
  	
  	
  X-­‐ray	
  source	
  data	
  
Biomedical	
  imaging	
  	
  	
  	
  	
  	
  High	
  energy	
  physics	
  	
  	
  	
  	
  	
  Nielsen	
  data	
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Moving	
  beyond	
  data	
  movement	
  

Globus	
  Integrate	
  

Globus	
  
Transfer	
  

Globus	
  
Storage	
  

Globus	
  
Collaborate	
  

Globus	
  
Catalog	
  

…SaaS	
  

…PaaS	
  

Research	
  Data	
  Management-­‐as-­‐a-­‐Service	
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Process	
  automa9on	
  for	
  science	
  

Run	
  experiment	
  
Collect	
  data	
  
Move	
  data	
  
Check	
  data	
  

Annotate	
  data	
  
Share	
  data	
  

Find	
  similar	
  data	
  
Link	
  to	
  literature	
  
Analyze	
  data	
  
Publish	
  data	
  

?	
  
Research	
  IT	
  
as	
  a	
  service	
  

?	
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Commercial	
  
storage	
  service	
  

provider	
  

Na9onal	
  
research	
  
center	
  

Campus	
  
compu9ng	
  
center	
  

Globus	
  Storage:	
  For	
  when	
  you	
  want	
  to	
  …	
  

•  Place	
  your	
  data	
  where	
  
you	
  want	
  

•  Access	
  it	
  from	
  anywhere	
  
via	
  different	
  protocols	
  

•  Update	
  it,	
  version	
  it,	
  
and	
  take	
  snapshots	
  

•  Share	
  versions	
  with	
  	
  
who	
  you	
  want	
  

•  Synchronize	
  among	
  
loca9ons	
  

Globus	
  
Storage	
  
volume	
  

Globus	
  Transfer,	
  HTTP/REST,	
  Desktop	
  sync	
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Globus	
  Storage	
  under	
  the	
  covers	
  

Conven9onal	
  or	
  cloud	
  storage	
  system	
  

Data	
  

File	
  
system	
  
metadata	
  

GridFTP	
  
server	
  

GridFTP	
  
server	
  

HTTP	
  
server	
  

Globus	
  
Nexus	
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Globus	
  Collaborate:	
  For	
  when	
  you	
  want	
  to	
  

Join	
  with	
  a	
  few	
  or	
  many	
  people	
  to:	
  
•  Share	
  documents	
  
•  Track	
  tasks	
  
•  Send	
  email	
  
•  Share	
  data	
  	
  
•  Do	
  whatever	
  
	
  
With:	
  
•  Common	
  	
  
groups	
  

•  Delegated	
  	
  
management	
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Globus	
  Collaborate	
  under	
  the	
  covers	
  

Globus	
  
Nexus	
  

Collabora9ve	
  tool	
  

Iden9ty,	
  
profile,	
  group	
  
database	
  
hosted	
  on	
  
Amazon	
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TBI=Trauma9c	
  Brain	
  Injury	
  
DTI=Diffusion	
  Tensor	
  Imaging	
  
MRI=Magne9c	
  Resonance	
  Imaging	
  

	
  
UChicago	
  

Object	
  	
  	
  
Store	
  

	
  
UChicago	
  

Object	
  	
  	
  
Store	
  

Cornell	
  
Red	
  Cloud	
  

SDSC	
  
Cloud	
  

Globus	
  Storage	
  &	
  Collaborate	
  in	
  ac9on	
  

Kyle	
  

Bryce	
   PADS	
  
Compute	
  
Cluster	
  

“TBI”	
  
volume	
  

Globus	
  Storage	
  
Create	
  volume	
  and	
  
share	
  with	
  TBI	
  group	
  

Globus	
  Transfer	
  
Copy	
  TBI	
  data	
  to	
  
compute	
  cluster	
  	
  

Globus	
  Transfer	
  
Move	
  DTI	
  results	
  
to	
  shared	
  volume	
  

Globus	
  Nexus	
  
Add	
  Bryce	
  to	
  TBI	
  
collabora9on	
  

Globus	
  Collaborate	
  
Publish	
  DTI	
  data	
  to	
  TBI	
  

web	
  site	
  
Amazon	
  S3	
  

DTI	
  Group	
  
-­‐	
  Kyle	
  

Globus	
  Connect	
  
Move	
  MRI	
  files	
  to	
  
TBI	
  shared	
  volume	
  

Globus	
  Connect	
  
Move	
  DTI	
  results	
  to	
  

Bryce’s	
  laptop	
  

Globus	
  Storage	
  
Create	
  snapshot	
  to	
  
share	
  with	
  group	
  

DTI	
  Group	
  
-­‐	
  Kyle	
  
-­‐	
  Bryce	
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Data	
  acquisi9on,	
  management,	
  analysis	
  

Big	
  Data	
  (volume,	
  velocity,	
  variety,	
  variability)	
  
	
  	
  	
  	
  …	
  demands	
  Big	
  Process	
  in	
  order	
  for	
  discovery	
  to	
  scale	
  

Experiments	
   ComputaNons	
  
don’t	
  

Literature	
  
forget!	
  



www.ci.anl.gov	
  
www.ci.uchicago.edu	
  

34	
  

Let’s	
  rethink	
  how	
  we	
  provide	
  research	
  IT	
  

Accelerate	
  discovery	
  and	
  innova9on	
  worldwide	
  
by	
  providing	
  research	
  IT	
  as	
  a	
  service	
  
	
  

Leverage	
  the	
  cloud	
  to	
  
•  provide	
  millions	
  of	
  researchers	
  with	
  

unprecedented	
  access	
  to	
  powerful	
  tools;	
  	
  
•  enable	
  	
  a	
  massive	
  shortening	
  of	
  cycle	
  9mes	
  in	
  

9me-­‐consuming	
  research	
  processes;	
  and	
  
•  reduce	
  research	
  IT	
  costs	
  drama9cally	
  via	
  

economies	
  of	
  scale	
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