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  Overview	
  of	
  Previous	
  Mee�ng	
  
  Summary	
  of	
  Key	
  Concepts	
  &	
  Strawman	
  
  Plan	
  for	
  Breakouts	
  

– Why	
  you	
  are	
  here….	
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SKA:	
  Tom	
  Cornwell	
  

Applica�on	
  Drivers	
  &	
  Use	
  Cases	
  

Genomics:	
  	
  
Shinichi	
  Morishita	
  	
  
	
  	
  

Climate:	
  Pier	
  Luigi	
  Vidale,	
  
Malcolm	
  Roberts	
  	
  

Cosmology:	
  	
  
Jean-­‐Michel	
  Alimi	
  

Medical:	
  Joel	
  Saltz	
  

Weather:	
  Takemasa	
  Miyoshi	
  
Climate:	
  Sandro	
  Fiore	
  	
  

etc,	
  etc,	
  …	
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William	
  Gropp	
  

Rick	
  Stevens	
  

Alex	
  Szalay	
  

Architecture/So�ware	
  

Joel	
  Saltz	
   Arie	
  Shoshani	
  

Jean-­‐Pierre	
  Vilo�e	
  

Alok	
  Choudhary	
  
William	
  Kramer	
  



Instruments	
  	
  &	
  Facili�es	
  

  “HPC	
  Instrument”	
  (Tsubame,	
  Mira)	
  
  SDSS,	
  LSST,	
  SKA,	
  LOFAR	
  ,	
  …	
  
  APS(20x),	
  SNS,	
  …	
  
  DNA	
  Sequencers	
  
  LHC	
  /	
  Atlas	
  
  ARM	
  

Sloan	
  DSS	
  

APS	
  

ARM	
  

Tissue	
  Samples	
  

HPC	
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Extreme	
  
Compu�ng	
  

Instruments	
  
Sensors	
  

Science	
  
Community	
  

Analysis	
  

Data-­‐Centric	
  View	
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Extreme	
  
Compu�ng	
  

Instruments	
  
Sensors	
  

Science	
  
Community	
  

Analysis	
  

Data-­‐Centric	
  View	
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Examples	
  of	
  coupling:	
  	
  
observa�on	
  (measurement)	
  and	
  computa�on	
  (simula�on)	
  
	
  

	
  
	
  

Cosmology:	
  The	
  study	
  of	
  the	
  universe	
  as	
  a	
  dynamical	
  system	
  	
  

Sample Experimental 
scattering 

Material 
composition 

Simulated 
structure 

Simulated 
scattering 

La	
  60%	
  
Sr	
  40%	
  

Materials	
  science:	
  Diffuse	
  sca�ering	
  to	
  understand	
  disordered	
  structures	
  	
  

Images	
  from	
  Salman	
  Habib	
  et	
  al.	
  (HEP,	
  MCS,	
  etc.)	
  and	
  Ray	
  Osborne	
  et	
  al.	
  (MSD,	
  APS,	
  etc.)	
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Outline:	
  Summary	
  and	
  Straw	
  man	
  

1.  Scien�fic	
  Big	
  Data	
  Compu�ng	
  is	
  Different	
  
2.  Strawman	
  Architecture	
  
3.  Implementa�on	
  Issues	
  
4.  Programming	
  Models	
  
5.  Research	
  Gaps	
  &	
  Needs	
  
6.  What	
  Would	
  a	
  Facility	
  Look	
  Like?	
  
7.  BDEC	
  Breakouts	
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Comparing	
  Architecture	
  

Big	
  Data	
   Extreme	
  Compu�ng	
  

?	
  Cost	
  in	
  memory	
  and	
  
interconnect	
  bandwidth	
  

Significant	
  Cost	
  in	
  memory	
  and	
  
interconnect	
  bandwidth	
  

Li�le	
  Cost	
  for	
  resilient	
  hardware	
  
in	
  data	
  storage	
  

Significant	
  Cost	
  in	
  resilient	
  
hardware	
  in	
  shared	
  file	
  system	
  

Li�le	
  Cost	
  for	
  hardware	
  to	
  
support	
  system-­‐wide	
  resilience	
  

Significant	
  Cost	
  in	
  resilience	
  
hardware	
  to	
  reduce	
  whole-­‐
system	
  MTTI	
  

Significant	
  Cost:	
  increased	
  
aggregate	
  IOPs	
  

Significant	
  Cost:	
  cu�ng-­‐edge	
  CPU	
  
performance	
  features	
  

O�en	
  trades	
  performance	
  for	
  
capacity	
  

O�en	
  trades	
  capacity	
  for	
  
performance	
  



Comparing	
  Opera�ons	
  
Big	
  Data	
   Extreme	
  Compu�ng	
  

Con�nuous	
  access	
  to	
  long-­‐lived	
  
“services”	
  created	
  by	
  science	
  
community	
  

Periodic	
  access	
  to	
  compute	
  
resources	
  via	
  job	
  submi�ed	
  to	
  
scheduler	
  and	
  queue	
  

Time-­‐shared	
  access	
  to	
  elas�c	
  
resources	
  

Space-­‐shared	
  compute	
  resources	
  
for	
  exclusive	
  access	
  during	
  jobs	
  

New	
  hardware	
  capacity	
  
purchased	
  incrementally	
  

New	
  �ghtly	
  integrated	
  system	
  
purchased	
  every	
  4	
  years	
  

Users	
  charged	
  for	
  all	
  resources	
  
(storage,	
  cpu,	
  networking)	
  

Users	
  charged	
  for	
  CPU	
  hours,	
  
storage	
  and	
  networking	
  is	
  free	
  



Comparing	
  So�ware	
  
Big	
  Data	
   Extreme	
  Compu�ng	
  

So�ware	
  responds	
  to	
  elas�c	
  
resource	
  demands	
  

A�er	
  alloca�on,	
  resources	
  sta�c	
  
un�l	
  termina�on	
  

Data	
  access	
  o�en	
  fine-­‐grained	
   Data	
  access	
  is	
  large	
  bulk	
  
(aggregated)	
  requests	
  

Services	
  are	
  resilient	
  to	
  fault	
   Applica�ons	
  restart	
  a�er	
  fault	
  

O�en	
  customized	
  programming	
  
models	
  

Widely	
  standardized	
  
programming	
  models	
  

Libraries	
  help	
  move	
  computa�on	
  
to	
  storage	
  

Libraries	
  help	
  move	
  data	
  to	
  CPUs	
  

Users	
  rou�nely	
  deploy	
  their	
  own	
  
services	
  

Users	
  almost	
  never	
  deploy	
  
customized	
  services	
  	
  



Comparing	
  Data	
  
Scien�fic	
  Big	
  Data	
   Extreme	
  Compu�ng	
  

Inputs	
  arrive	
  con�nuously,	
  
streaming	
  workflows	
  

Inputs	
  arrive	
  infrequently,	
  
buffering	
  carefully	
  managed	
  

Data	
  is	
  unrepeatable	
  snapshot	
  in	
  
�me	
  

Data	
  o�en	
  reproducible	
  
(repeat	
  simula�on)	
  

Data	
  generated	
  by	
  sensors	
  
(error:	
  from	
  measurement)	
  

Data	
  generated	
  from	
  simula�on	
  
(error:	
  from	
  simula�on)	
  

Data	
  rate	
  limited	
  by	
  sensors	
   Data	
  rate	
  limited	
  by	
  pla�orm	
  

Data	
  o�en	
  shared	
  and	
  curated	
  by	
  
community	
  

Data	
  o�en	
  private	
  

O�en	
  unstructured	
   Semi-­‐structured	
  



What	
  can	
  we	
  apply	
  from	
  EC	
  to	
  BD?	
  

William	
  Gropp	
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William	
  Kramer	
  
NCSA	
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What	
  can	
  we	
  apply	
  from	
  BD	
  to	
  EC?	
  

  Hmmm,	
  very	
  very	
  good	
  ques�on…	
  	
  
– Not	
  as	
  much	
  explora�on	
  of	
  this	
  yet	
  

– Changing	
  opera�onal	
  &	
  cost	
  models	
  
– Suppor�ng	
  persistent	
  services	
  
– Virtualiza�on	
  to	
  address	
  so�ware	
  complexity?	
  
– …	
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Take	
  Away	
  Messages	
  

  EC-­‐classic	
  is	
  morphing	
  into	
  BDEC	
  
– The	
  “info-­‐plosion”	
  makes	
  this	
  inevitable…	
  

  Paradigms	
  and	
  abstrac�ons	
  similar	
  
  Lessons	
  learned	
  from	
  EC	
  can	
  o�en	
  be	
  applied	
  	
  
  BD	
  so�ware	
  tools/layers	
  are	
  significantly	
  
more	
  diverse	
  than	
  EC-­‐classic	
  
– O�en	
  this	
  fuels	
  the	
  cloud	
  IaaS	
  discussion	
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Core	
  Facility	
  	
  
Resource	
  &	
  Configura�on	
  
Management,	
  Resilience	
  

Iden�ty,	
  Communi�es,	
  
Security	
  

Core	
  So�ware	
  Tools,	
  	
  
Services,	
  &	
  APIs	
  

Developed	
  
Services	
  

Analysis/	
  Compute	
  
Services	
  

Data	
  
Services	
  

Data	
  Moving	
  
&	
  Syncing	
  

Science	
  
Services	
  

Workflow	
  /	
  
Event	
  Services	
  

Kbase	
  
Service	
  

Cosmology	
  
Analysis	
  /	
  	
  

Image	
  Server	
  

Digital	
  	
  
Pathology	
  
Analysis	
  

Science	
  Communi�es	
  



Developed	
  
Services	
  

Analysis/	
  Compute	
  
Services	
  

Data	
  
Services	
  

Data	
  Moving	
  
&	
  Syncing	
  

Workflow	
  /	
  
Event	
  Services	
  

Technology	
  Bits:	
  Many	
  Examples	
  

Taverna	
  
Kepler	
  
VisTrails	
  
DAGMan	
  
Pegasus	
  
Chiron	
  	
  
Swi�	
  
…	
  
	
  

SciDB	
  
S3	
  
Cassandra	
  
HDFS	
  
EBS	
  
MemCache	
  
SQL/DB2/Oracle	
  
Key/Value	
  
…	
  
	
  

Globus	
  Online	
  
CATCH	
  
Data	
  Pipelines	
  
…	
  
	
  
	
  
	
  

MapR	
  
Paraview	
  
VisIt	
  
Pregel	
  
R	
  
Pegasus	
  
ScaleGraph	
  
….	
  
	
  



Technology	
  Bits:	
  Many	
  Examples	
  
Core	
  Facility	
  	
  

Resource	
  &	
  Configura�on	
  
Management,	
  Resilience	
  

Iden�ty,	
  Communi�es,	
  
Security	
  

Core	
  So�ware	
  Tools,	
  	
  
Services,	
  &	
  APIs	
  

OpenStack	
  
EC2	
  
LXC	
  
Omega	
  
OpenVZ	
  
VMWare	
  
Apache	
  Mesos	
  
Omega	
  
…	
  

GSSAPI	
  
Shibboleth	
  
InCommon	
  
…	
  
	
  

…	
  



Impact	
  of	
  Programming	
  Model	
  
(more	
  work	
  needed	
  during	
  breakout	
  sessions)	
  

  Workflow	
  
– Data	
  movement,	
  Events,	
  pub/sub	
  	
  

  Composi�on	
  
– <n>	
  parallel	
  programs	
  coupled	
  and	
  sharing	
  data	
  

  Elas�city	
  
–  Interfaces	
  for	
  give/take,	
  	
  	
  	
  predict/reserve	
  

  Co-­‐loca�on	
  
– Data	
  &	
  Compute	
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Current	
  Gaps	
  &	
  Needs	
  

  This	
  mee�ng	
  should	
  help	
  frame	
  BDEC	
  
– Don’t	
  solve	
  the	
  problem,	
  or	
  get	
  mired	
  in	
  tech	
  

  Work	
  toward	
  iden�fying	
  the	
  research	
  
ques�ons	
  and	
  promising	
  direc�ons,	
  not	
  the	
  
answers,	
  or	
  how	
  to	
  spend	
  other	
  people’s	
  
money	
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Extending	
  Current	
  HPC	
  Facili�es	
  for	
  BDEC	
  
A	
  new	
  kind	
  of	
  facility?	
  

  The	
  model	
  is	
  different	
  from	
  
an	
  HPC	
  center	
  

  Is	
  the	
  “programming	
  
environment”	
  replaced	
  with	
  
workflows	
  of	
  services?	
  

  Science	
  Domains	
  make	
  long	
  term	
  commitments	
  to	
  facility	
  
  Facility	
  Staff:	
  

  Domain	
  Science	
  CS:	
  Develop	
  specialized	
  capabili�es	
  
  50/50:	
  Design	
  and	
  develop	
  domain	
  services	
  
  BDEC	
  SysAdmin:	
  Develop	
  and	
  support	
  core	
  services	
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Breakout:	
  Applica�ons	
  
  Session	
  1:	
  	
  90	
  Minutes	
  

–  (quickly)	
  Describe	
  6	
  to	
  8	
  BDEC	
  workflows	
  (bio,	
  cosmology,	
  climate,	
  etc).	
  Cover	
  
different	
  types	
  (stream	
  processing,	
  extract/subset,	
  analysis,	
  etc).	
  	
  Include:	
  
  Current	
  best	
  prac�ce	
  for	
  science	
  community	
  
  Integra�on	
  with	
  HPC	
  community?	
  
  Ideal	
  future	
  design?	
  
  Describe	
  and	
  classify	
  workflow	
  steps	
  (specific,	
  with	
  as	
  must	
  detail	
  as	
  �me	
  permits)	
  

–  Report	
  out	
  during	
  Plenary	
  
  Session	
  2:	
  120	
  Minutes	
  

–  Analyze	
  and	
  discuss	
  the	
  ini�al	
  work	
  of	
  the	
  other	
  breakouts	
  
–  Describe:	
  

  Applica�on	
  perspec�ve:	
  Common/Basic	
  services	
  for	
  a	
  BigData	
  system,	
  
  Opera�onal	
  models	
  (sharing	
  resources,	
  scheduling,	
  iden�ty	
  management)	
  
and	
  tradeoffs	
  in	
  design	
  

  Mini-­‐apps	
  that	
  can	
  be	
  constructed	
  for	
  the	
  workflows	
  

–  Report	
  out	
  during	
  Plenary	
  



Breakout:	
  Architecture	
  
  Session	
  1:	
  	
  90	
  Minutes	
  

–  Describe	
  a	
  straw	
  man	
  architecture	
  with	
  Common/Basic	
  services	
  for	
  BDEC	
  
system.	
  Include:	
  
  Core	
  services	
  (e.g.	
  cloud?	
  Database?	
  Iden�ty	
  management?	
  )	
  
  Integra�on	
  with	
  HPC	
  community?	
  
  Science-­‐op�mized	
  services	
  (e.g.	
  parallel	
  storage,	
  data	
  syncing	
  and	
  mv,	
  sharing,	
  etc).	
  

–  Report	
  out	
  during	
  Plenary	
  
  Session	
  2:	
  120	
  Minutes	
  

–  Analyze	
  and	
  discuss	
  the	
  ini�al	
  work	
  of	
  the	
  other	
  breakouts	
  
–  Describe:	
  

  How	
  App	
  workflows	
  can	
  be	
  supported	
  by	
  Common/Basic	
  services	
  
  Opera�onal	
  models	
  (sharing	
  resources,	
  scheduling,	
  iden�ty	
  management)	
  
and	
  tradeoffs	
  in	
  design	
  

  How	
  well	
  does	
  straw	
  man	
  architecture	
  meet	
  applica�on	
  and	
  data	
  needs?	
  
  Core	
  benchmarks	
  /	
  measurements	
  for	
  architecture	
  of	
  BDEC	
  system	
  

–  Report	
  out	
  during	
  Plenary	
  



Breakout:	
  Data	
  
  Session	
  1:	
  	
  90	
  Minutes	
  

–  Describe	
  what	
  is	
  needed	
  in	
  Common/Basic	
  data	
  services	
  for	
  BDEC	
  system	
  
  What	
  are	
  the	
  most	
  accepted	
  (deployed)	
  services?	
  
  What	
  are	
  the	
  largest	
  gaps	
  for	
  BDEC	
  science	
  communi�es?	
  
  What	
  kinds	
  of	
  op�miza�ons	
  /	
  specializa�ons	
  are	
  required	
  for	
  science	
  communi�es?	
  

–  Report	
  out	
  during	
  Plenary	
  
  Session	
  2:	
  120	
  Minutes	
  

–  Analyze	
  and	
  discuss	
  the	
  ini�al	
  work	
  of	
  the	
  other	
  breakouts	
  
–  Describe:	
  

  What	
  is	
  needed	
  to	
  support	
  Federa�on,	
  Provenance,	
  and	
  Cura�on?	
  
  What	
  are	
  the	
  programming	
  models	
  needed?	
  
  What	
  basic	
  services	
  should	
  be	
  included	
  in	
  BDEC	
  facili�es	
  first?	
  

–  Report	
  out	
  during	
  Plenary	
  


