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NERSC Overview




Background


•  NERSC	
  is	
  the	
  Na7onal	
  Energy	
  Research	
  Scien7fic	
  
Compu7ng	
  Center	
  

•  Founded	
  in	
  1974	
  
•  Focused	
  on	
  open	
  science	
  
•  Located	
  at	
  Lawrence	
  Berkeley	
  Na7onal	
  Laboratory	
  
•  Operated	
  for	
  the	
  U.S.	
  Department	
  of	
  Energy	
  (DOE)	
  
Office	
  of	
  Science	
  



NERSC Provides HPC and Data Resources !
for DOE Office of Science Research


Biology,	
  	
  Environment	
   Compu3ng	
   Materials,	
  Chemistry,	
  	
  
Geophysics	
  

Par3cle	
  Physics,	
  
Cosmology	
  

Largest	
  funder	
  of	
  physical	
  
science	
  research	
  in	
  U.S.	
  	
  

Nuclear	
  Physics,	
  Nuclear	
  
Astrophysics	
  

Fusion	
  Energy,	
  
Plasma	
  Physics	
  



•  DOE	
  SC	
  offices	
  
allocate	
  80%	
  of	
  the	
  
compu7ng	
  and	
  
storage	
  resources	
  at	
  
NERSC	
  

•  ALCC	
  10%	
  
•  NERSC	
  Director’s	
  
Reserve	
  10%	
  

NERSC directly supports DOE’s science 
mission




NERSC has a broad user base


5,000	
  users	
  
from	
  47	
  U.S.	
  
states	
  
	
  

642	
  interna3onal	
  
users	
  



Strong focus on science


Mar3n	
  Karplus	
   Saul	
  PerlmuKer	
  

7	
  

George	
  Smoot	
   Warren	
  Washington	
  



The	
  	
  Universe	
  

Climate	
  

Nobel Prize in Physics 2015

Scien7fic	
  Achievement	
  
The	
  discovery	
  that	
  neutrinos	
  have	
  mass	
  and	
  
oscillate	
  between	
  different	
  types	
  

Significance	
  and	
  Impact	
  
The discrepancy between predicted and 
observed solar neutrinos was a mystery for 
decades. This discovery overturned the 
Standard Model interpretation of neutrinos as 
massless particles and resolved the “solar 
neutrino problem” 

Research	
  Details	
  
The	
  Sundbury	
  Neutrino	
  Observatory	
  	
  (SNO)	
  
detected	
  all	
  three	
  types	
  (flavors)	
  of	
  neutrinos	
  and	
  
showed	
  that	
  when	
  all	
  three	
  were	
  considered,	
  the	
  
total	
  flux	
  was	
  in	
  line	
  with	
  predic3ons.	
  This,	
  
together	
  with	
  results	
  from	
  the	
  Super	
  Kamiokande	
  
experiment,	
  was	
  proof	
  that	
  neutrinos	
  were	
  
oscilla3ng	
  between	
  flavors and therefore had 
mass 

Q.	
  R.	
  Ahmad	
  et	
  al.	
  (SNO	
  Collabora3on).	
  Phys.	
  Rev.	
  LeK.	
  87,	
  
071301	
  (2001)	
  

A	
  SNO	
  construc7on	
  photo	
  shows	
  the	
  spherical	
  
vessel	
  that	
  would	
  later	
  be	
  filled	
  with	
  water.	
  

Nobel	
  Recipients:	
  Arthur	
  B.	
  McDonald,	
  Queen’s	
  University	
  (SNO)	
  
Takaaki	
  Kajita,	
  Tokyo	
  University	
  	
  (Super	
  Kamiokande)	
  

NERSC helped the SNO team 
use PDSF for critical analysis 
contributing to their seminal PRL 
paper. HPSS serves as a 
repository for the entire 26 TB 
data set.	
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•  We	
  collaborate	
  with	
  computer	
  
companies	
  years	
  before	
  a	
  system’s	
  
delivery	
  to	
  deploy	
  advanced	
  systems	
  
with	
  new	
  capabili7es	
  at	
  large	
  scale	
  

•  We	
  provide	
  a	
  highly	
  customized	
  
soXware	
  and	
  programming	
  
environment	
  for	
  science	
  applica7ons	
  

•  We	
  are	
  7ghtly	
  coupled	
  with	
  the	
  
workflows	
  of	
  DOE’s	
  experimental	
  and	
  
observa7onal	
  facili7es	
  	
  –	
  inges7ng	
  tens	
  
of	
  terabytes	
  of	
  data	
  each	
  day	
  

•  Our	
  staff	
  provide	
  advanced	
  applica7on	
  
and	
  system	
  performance	
  exper7se	
  to	
  
users	
  

We have a dual mission to advance the 
state-of-the-art in supercomputing




Over 600 codes run at NERSC


•  10	
  codes	
  make	
  up	
  
50%	
  of	
  the	
  
workload	
  

•  25	
  codes	
  make	
  up	
  
66%	
  of	
  the	
  
workload	
  



NERSC’s Edison System


•  Edison is the HPCS* demo system (serial #1) 
•  First Cray Petascale system with Intel processors (Ivy 

Bridge), Aries interconnect and Dragonfly topology 
•  Very high memory bandwidth (100 GB/s per node), 

interconnect bandwidth and bisection bandwidth 
•  5,576 nodes, 133K cores, 64 GB/node 
•  Exceptional application performance  

*DARPA	
  High	
  Produc3vity	
  Compu3ng	
  System	
  program	
  



A significant portion of the NERSC workload 
runs at scale
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Concurrency	
  within	
  science	
  categories	
  on	
  Edison	
  

Cores	
  Used:	
   >16K	
   1K	
  -­‐	
  16K	
   1-­‐1K	
   1	
  Node	
  

High concurrency jobs are important 
across all science domains


•  Some	
  frac7on	
  of	
  every	
  
domain’s	
  workload	
  runs	
  
with	
  more	
  than	
  16K	
  cores.	
  

•  In	
  almost	
  all	
  domains,	
  
more	
  than	
  half	
  the	
  
workload	
  uses	
  more	
  than	
  
1K	
  	
  cores.	
  



NERSC has moved to the Computational 
Research and Theory (CRT) Facility


•  Four	
  story,	
  300	
  offices,	
  20Ksf	
  
HPC	
  floor,	
  12.5-­‐>40	
  MW	
  

•  Located	
  for	
  collabora7on	
  
–  LBNL,	
  CRD,	
  ESnet,	
  UCB	
  

•  Excep7onal	
  energy	
  efficiency	
  
–  Natural	
  air	
  and	
  water	
  cooling	
  
–  Heat	
  recovery	
  
–  PUE	
  <	
  1.1	
  (total	
  facility	
  Eng/IT	
  Eng)	
  



NERSC Systems Timeline

2007	
   NERSC-­‐5	
   Franklin	
   Cray	
  XT4	
   102/352	
  TF	
  
2010	
   NERSC-­‐6	
   Hopper	
   Cray	
  XE6	
   1.28	
  PF	
  
2014	
   NERSC-­‐7	
   Edison	
   Cray	
  XC30	
   2.57	
  PF	
  
2016	
   NERSC-­‐8	
   Cori	
   Cray	
  XC	
   30	
  PF	
  
2020	
   NERSC-­‐9	
   	
  	
   100PF-­‐300PF	
  
2024	
   NERSC-­‐10	
   	
  	
   1EF	
  
2028	
   NERSC-­‐11	
   	
  	
   5-­‐10EF	
  

Compu3ng	
  Sciences	
  Area	
  



NERSC Timeline

NRP  
complete 
12.5 MW


	
  2015	
  	
  	
  	
  	
  	
  	
  	
  	
  2016	
  	
  	
  	
  	
  	
  	
  	
  2016-­‐18	
  	
  	
  	
  	
  	
  2020	
  	
  	
  	
  	
  	
  	
  2021	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2024	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2028	
  	
  	
   	
  	
  

NERSC-8 
Cori 
Phase II


NERSC-8 
Cori 
Phase I


CRT  

25MW 
upgrade


CRT  

35+ MW 
upgrade


NERSC-10

Capable 
Exascale   
for broad 
Science


Staff 
move in


NERSC-9 
150-300

Petaflops


NERSC-11  
5-10 
Exaflops


Edison 
Move 
Complete




Exascale at NERSC




•  We	
  didn’t	
  deploy	
  accelerators	
  or	
  GPUs	
  in	
  Edison	
  
•  Disrup7ons	
  in	
  programming	
  models	
  are	
  a	
  challenge	
  

for	
  NERSC	
  
•  What’s	
  changed	
  for	
  Cori?	
  

-  Energy-­‐efficient	
  architectures	
  are	
  needed	
  to	
  meet	
  the	
  
science	
  needs	
  of	
  our	
  users	
  

-  Heightened	
  awareness	
  about	
  Exascale	
  among	
  applica7on	
  
teams	
  

-  Many	
  codes	
  are	
  being	
  adapted	
  for	
  next	
  genera7on	
  
systems	
  

-  Technology	
  changes	
  (e.g.,	
  self-­‐hosted	
  many	
  core	
  chips,	
  
7ghter	
  CPU/GPU	
  integra7on)	
  are	
  making	
  the	
  transi7on	
  
easier	
  

Cori has an energy-efficient processor




Cori Supports the Office of Science HPC !
Workload and Data-Intensive Science

•  Cray	
  system	
  with	
  9,300	
  Intel	
  Knights	
  Landing	
  compute	
  nodes	
  –	
  

deliver	
  in	
  mid	
  2016	
  
–  Self-­‐hosted,	
  (not	
  an	
  accelerator)	
  manycore	
  processor	
  68	
  cores	
  per	
  node	
  	
  
–  On-­‐package	
  high-­‐bandwidth	
  memory	
  at	
  ~490GB/sec	
  

•  Robust	
  Applica7on	
  Readiness	
  Plan	
  
–  Outreach	
  and	
  training	
  for	
  user	
  community	
  
–  Applica3on	
  deep	
  dives	
  with	
  Intel	
  and	
  Cray	
  
–  8	
  post-­‐docs	
  integrated	
  with	
  key	
  applica3on	
  teams	
  

•  Data	
  Intensive	
  Science	
  Support	
  
–  10	
  Haswell	
  processor	
  cabinets	
  (Phase	
  1)	
  to	
  support	
  data	
  intensive	
  

applica3ons	
  	
  
–  NVRAM	
  Burst	
  Buffer	
  with	
  1.5PB	
  of	
  disk	
  and	
  1.5TB/sec	
  
–  28	
  PB	
  of	
  disk,	
  >700	
  GB/sec	
  I/O	
  bandwidth	
  in	
  Lustre	
  bandwith	
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Intel “Knights Landing” Processor


•  Single	
  socket	
  processor	
  -­‐	
  	
  Self-­‐hosted,	
  not	
  a	
  co-­‐processor,	
  not	
  an	
  
accelerator	
  

•  68	
  cores	
  per	
  processor	
  with	
  support	
  for	
  four	
  hardware	
  threads	
  each;	
  
more	
  cores	
  than	
  current	
  genera7on	
  Intel	
  Xeon	
  Phi™	
  

•  512b	
  vector	
  units	
  (32	
  flops/clock	
  –	
  AVX	
  512)	
  
•  3X	
  single-­‐thread	
  performance	
  over	
  current	
  genera7on	
  Xeon	
  Phi	
  co-­‐

processor	
  (KNC)	
  
•  High	
  bandwidth	
  on-­‐package	
  memory,	
  up	
  to	
  16GB	
  capacity	
  with	
  

memory	
  bandwidth	
  of	
  ~490	
  GB/sec	
  
•  Presents	
  an	
  applica7on	
  por7ng	
  challenge	
  to	
  efficiently	
  exploit	
  KNL	
  

performance	
  features	
  



To run effectively on Cori users will have 
to:


•  Manage	
  Domain	
  Parallelism	
  
–  independent	
  program	
  
units;	
  explicit	
  

•  Increase	
  Thread	
  Parallelism	
  
–  independent	
  execu3on	
  
units	
  within	
  the	
  program;	
  
generally	
  explicit	
  

•  Exploit	
  Data	
  Parallelism	
  
–  Same	
  opera3on	
  on	
  	
  
mul3ple	
  elements	
  

•  Improve	
  data	
  locality	
  
–  Cache	
  blocking;	
  	
  
Use	
  on-­‐package	
  memory	
  

x

y

z

Threads	
  

x

y

z

|--> DO I = 1, N 
|       R(I) = B(I) + A(I)  
|--> ENDDO 

Threads	
   Threads	
  



Transitioning the broad SC workload to 
energy-efficient architectures

•  Provide	
  plaoorms	
  for	
  codes	
  that	
  

are	
  not	
  transi7oned	
  
•  Work	
  with	
  vendors	
  to	
  ensure	
  

that	
  MPI+OpenMP	
  provides	
  
reasonable	
  performance	
  in	
  the	
  
near	
  term	
  

•  Focus	
  on	
  20	
  codes	
  that	
  are	
  
proxy’s	
  for	
  much	
  of	
  the	
  
workload	
  (NESAP)	
  

•  Provide	
  libraries	
  and	
  training	
  to	
  
the	
  broader	
  community	
  

•  Establish	
  broader	
  forums	
  for	
  
sharing	
  informa7on	
  (e.g.,	
  the	
  
Intel	
  Xeon	
  Phi	
  User	
  Group)	
  



Advanced	
  Scien<fic	
  Compu<ng	
  
Research	
  	
  
Almgren	
  (LBNL)	
  	
  	
  BoxLib	
  	
  
Trebo3ch	
  (LBNL)	
  Chombo-­‐crunch	
  
	
  
	
  
High	
  Energy	
  Physics	
  	
  
Vay	
  (LBNL)	
  WARP	
  &	
  IMPACT	
  
Toussaint(Arizona) 	
  MILC	
  
Habib	
  (ANL)	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  HACC	
  
	
  
	
  
Nuclear	
  Physics	
  	
  
Maris	
  (Iowa	
  St.)	
  	
   	
  MFDn	
  
Joo	
  (JLAB)	
  	
  	
  	
  	
  	
   	
   	
  Chroma	
  
Christ/Karsch	
  	
  
(Columbia/BNL)	
  	
   	
  DWF/HISQ	
  	
  
	
  

	
  

Basic	
  Energy	
  Sciences	
  	
  
Kent	
  (ORNL)	
  	
  	
  	
  	
  Quantum	
  Espresso	
  
Deslippe	
  (NERSC)	
  	
  	
  	
  	
  	
  	
  	
  BerkeleyGW	
  
Chelikowsky	
  (UT)	
   	
  PARSEC	
  	
  	
  
Bylaska	
  (PNNL)	
   	
  NWChem	
  
Newman	
  (LBNL)	
   	
  EMGeo	
  
	
  
Biological	
  and	
  Environmental	
  
Research	
  	
  
Smith	
  (ORNL)	
   	
   	
  Gromacs	
  	
  
Yelick	
  (LBNL)	
   	
   	
  Meraculous	
  
Ringler	
  (LANL)	
   	
   	
  MPAS-­‐O	
  	
  
Johansen	
  (LBNL)	
   	
  ACME	
  	
  
Dennis	
  (NCAR)	
   	
   	
  CESM	
  

	
  
Fusion	
  Energy	
  Sciences	
  	
  
Jardin	
  (PPPL)	
   	
   	
  M3D	
  	
  
Chang	
  (PPPL)	
  	
   	
   	
  XGC1	
  

	
  

NESAP Codes




1.   Provide	
  a	
  significant	
  increase	
  in	
  computa7onal	
  
capabili7es	
  over	
  the	
  Edison	
  system,	
  16-­‐25x	
  on	
  a	
  set	
  
of	
  representa7ve	
  DOE	
  benchmarks.	
  

2.   Meet	
  the	
  needs	
  of	
  extreme	
  compu7ng	
  and	
  data	
  
users	
  by	
  accelera7ng	
  workflow	
  performance.	
  

3.   Provide	
  a	
  vehicle	
  for	
  the	
  demonstra7on	
  and	
  
development	
  of	
  exascale-­‐era	
  technologies	
  	
  

4.   Delivery	
  in	
  the	
  2020	
  7me	
  frame	
  

Goals and Objectives for the NERSC-9 Project	
  



Data Intensive Science


-­‐	
  25	
  -­‐	
  



NERSC has been supporting data 
intensive science for a long time


Palomar	
  Transient	
  
Factory	
  
Supernova	
  
	
  

Planck	
  Satellite	
  
Cosmic	
  Microwave	
  
Background	
  
Radia3on	
  
	
  

Alice	
  	
  
Large	
  Hadron	
  Collider	
  
	
  

Atlas	
  
Large	
  Hadron	
  Collider	
  
	
  

Dayabay	
  
Neutrinos	
  
	
  

ALS	
  
Light	
  Source	
  
	
  

LCLS	
  
Light	
  Source	
  
	
  

Joint	
  Genome	
  
Ins3tute	
  
Bioinforma3cs	
  
	
  



NERSC users import more data than they 
export!


Impor3ng	
  more	
  
than	
  1PB/
month	
  

Expor3ng	
  more	
  
than	
  1PB/
month	
  



Traditionally we had deployed separate Compute 
Intensive and Data Intensive Systems
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Compute	
  Intensive	
   Data	
  Intensive	
  

Carver	
  

Genepool	
  

PDSF	
  



What has changed? Increased data 
rates and new sensing capabilities
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LCLS	
  
Light	
  Source	
  
	
   new 

accumulator 
ring 

Advanced	
  Lightsource	
  Upgrade	
  
	
  

Sequencers	
  that	
  fit	
  into	
  
the	
  palm	
  of	
  your	
  hand	
  
	
  

Environmental	
  
sensors	
  
	
  

•  In	
  the	
  next	
  5	
  years,	
  data	
  rates	
  will	
  be	
  approaching	
  Tb/
sec	
  for	
  many	
  instruments	
  

•  Infeasible	
  to	
  put	
  a	
  supercomputer	
  at	
  the	
  site	
  of	
  every	
  
data	
  generator	
  	
  

Next	
  genera3on	
  
electron	
  microscope	
  
	
  



What has changed? Coupling of experiments 
with large scale simulations


Nyx	
  simula+on	
  of	
  
Lyman	
  alpha	
  
forest	
   Ki6	
  Peak	
  Na+onal	
  

Observatory’s	
  Mayall	
  4-­‐meter	
  
telescope,	
  planned	
  site	
  of	
  the	
  
DESI	
  experiment	
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Genomes	
  to	
  
watersheds	
  	
  

New	
  climate	
  
modeling	
  methods,	
  
produce	
  new	
  
understanding	
  of	
  ice	
  



But how different really are the compute 
and data intensive platforms?


• Fast-­‐turn	
  around	
  3me.	
  	
  
Jobs	
  start	
  shortly	
  arer	
  
submiKed	
  	
  

• Can	
  run	
  large	
  numbers	
  
of	
  throughput	
  jobs	
  

Policies	
   SoKware/Configura<on	
   Hardware	
  

Differences	
  are	
  primarily	
  soKware	
  and	
  policy	
  issues	
  with	
  some	
  
hardware	
  differences	
  in	
  the	
  ra<o	
  of	
  I/O,	
  memory	
  and	
  compute	
  

• Local	
  disk	
  for	
  fast	
  I/O	
  
• Some	
  systems	
  (not	
  all)	
  
have	
  larger	
  memory	
  
nodes	
  

• Support	
  for	
  advanced	
  
workflows	
  (DB,	
  web,	
  
etc)	
  

• Support	
  for	
  complex	
  
workflows	
  

• Communica3on	
  and	
  
streaming	
  data	
  from	
  
external	
  databases	
  and	
  
data	
  sources	
  

• Easy	
  to	
  customize	
  user	
  
environment	
  



NERSC is making significant investments!
 on Cori to support data intensive science

•  High	
  bandwidth	
  external	
  connec7vity	
  to	
  experimental	
  facili7es	
  
from	
  compute	
  nodes	
  (SoXware	
  Defined	
  Networking)	
  

•  NVRAM	
  Flash	
  Burst	
  Buffer	
  as	
  I/O	
  accelerator	
  
–  1.5PB,	
  1.5	
  TB/sec	
  
–  User	
  can	
  request	
  I/O	
  bandwidth	
  and	
  capacity	
  at	
  job	
  launch	
  3me	
  
–  Use	
  cases	
  include,	
  out-­‐of-­‐core	
  simula3ons,	
  image	
  processing,	
  	
  shared	
  

library	
  applica3ons,	
  heavy	
  read/write	
  I/O	
  applica3ons	
  

•  Virtualiza7on	
  capabili7es	
  (Docker)	
  
•  More	
  login	
  nodes	
  for	
  managing	
  advanced	
  workflows	
  
•  Support	
  for	
  real	
  7me	
  and	
  high-­‐throughput	
  queues	
  

32	
  



NERSC is exploring Burst Buffer Use 
Cases beyond checkpoint-restart


•  Accelerate	
  I/O	
  
–  Checkpoint/restart	
  or	
  other	
  high	
  bandwidth	
  
reads/writes	
  

–  Apps	
  with	
  high	
  IOP/s	
  e.g.	
  non-­‐sequen3al	
  
table	
  lookup	
  

–  Out-­‐of-­‐core	
  applica3ons	
  
–  Fast	
  reads	
  for	
  image	
  analysis	
  

•  Advanced	
  Workflows	
  
–  Coupling	
  applica3ons,	
  using	
  the	
  Burst	
  Buffer	
  
as	
  interim	
  storage	
  

–  Streaming	
  data	
  from	
  experimental	
  facili3es	
  
•  Analysis	
  and	
  Visualiza7on	
  

–  In-­‐situ/	
  in-­‐transit	
  
–  Interac3ve	
  visualiza3on	
  

Palomar	
  Transient	
  
Factory	
  Pipeline:	
  
Use	
  Burst	
  Buffer	
  as	
  cache	
  
for	
  fast	
  reads	
  

VPIC	
  –	
  in	
  situ	
  visualiza3on	
  
of	
  a	
  trillion	
  par3cles	
  	
  



Burst Buffer Software Development Efforts


Create	
  Sorware	
  to	
  
enhance	
  usability	
  
and	
  to	
  meet	
  the	
  
needs	
  of	
  all	
  NERSC	
  

users	
  

•  Scheduler	
  enhancements	
  
•  Automa3c	
  migra3on	
  of	
  data	
  to/from	
  flash	
  
•  Dedicated	
  provisioning	
  of	
  flash	
  resources	
  
•  Persistent	
  reserva3ons	
  of	
  flash	
  storage	
  

•  Caching	
  mode	
  –	
  data	
  transparently	
  captured	
  by	
  the	
  BB	
  nodes	
  
•  Transparent	
  to	
  user	
  -­‐>	
  no	
  code	
  modifica3ons	
  required	
  

•  Enable	
  In-­‐transit	
  analysis	
  
•  Data	
  processing	
  or	
  filtering	
  on	
  the	
  BB	
  nodes	
  –	
  model	
  for	
  exascale	
  	
  

Compute	
  
Nodes	
  

IO	
  Nodes	
  
Burst	
  Buffer	
  

Storage	
  
Servers	
  

HPC	
  Fabric	
  
MPI	
  /	
  
Portals	
  

SAN	
  Fabric	
  
OFED	
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Enhanced Networking for Cori

Progress	
  

•  HW	
  and	
  SW	
  installed	
  and	
  configured	
  
•  Simple	
  outbound	
  BW	
  tes7ng	
  shows	
  

4X	
  improvement	
  in	
  bandwidth	
  5.5	
  
Gb/s	
  vs	
  20Gb/s	
  

	
  
Ini7al	
  Science	
  Uses	
  Cases	
  

•  General	
  Atomics	
  –	
  5x	
  improvement	
  
talking	
  to	
  an	
  external	
  database	
  used	
  
in	
  a	
  real-­‐7me	
  workflow	
  

•  Globus-­‐url-­‐copy	
  to	
  CERN	
  test	
  point	
  –	
  
100x	
  faster!	
  

•  LCLS	
  to	
  Cori	
  BB	
  now	
  100x	
  faster!	
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Next	
  Steps	
  
•  Scale	
  Tes7ng	
  160	
  Nodes	
  to	
  1	
  GW	
  
• Mul7-­‐stream	
  In-­‐bound	
  transfers	
  
• Med	
  Term:	
  scheduler	
  integra7on	
  
•  Long	
  Term:	
  soXware	
  defined	
  
networking	
  circuit	
  tes7ng	
  and	
  
integra7on	
  	
  



Shifter: Containers for HPC

Challenge	
  and	
  Opportunity	
  
•  Data	
  Intensive	
  compu3ng	
  oren	
  require	
  large,	
  

complex	
  sorware	
  stacks	
  	
  
•  Docker	
  becoming	
  standard	
  package	
  to	
  run	
  

applica3ons.	
  
	
  
Innova7on	
  
•  Shirer	
  is	
  a	
  NERSC	
  R&D	
  effort,	
  in	
  collabora3on	
  with	
  

Cray,	
  to	
  support	
  User-­‐created	
  Applica3on	
  images.	
  
•  Shirer	
  provides	
  “Docker-­‐like”	
  func3onality	
  for	
  HPC	
  
	
  
Impact	
  and	
  Early	
  Successes	
  
•  Shirer	
  has	
  enabled	
  mul3ple	
  projects	
  to	
  quickly	
  

make	
  use	
  of	
  NERSC	
  (e.g.	
  LCLS,	
  LHC,	
  DES)	
  
•  Shirer	
  can	
  improve	
  job-­‐startup	
  3mes	
  and	
  

applica3on	
  performance	
  (e.g.	
  Python)	
  
•  Shirer	
  will	
  be	
  supported	
  by	
  Cray	
  and	
  is	
  under	
  

evalua3on	
  by	
  other	
  HPC	
  centers	
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Observational Cosmology Data Sets 

•  Imaging surveys of the sky 

•  Digital images cover a fraction of a square degree (41,000 square degrees on the sky) 

•  Typically 2,000 * 4,000 pixels with most detections occupying only 9 pixels 

•  20,000 detections with a signal-to-noise ratio > 5  per image 
•  Done in several filter passbands to provide not only shape and brightness, but “color” 

information on each detection (used to determine its approximate type and distance) 

•  Spectroscopic surveys of the sky 
•  For each object, precisely measure the flux as a function of wavelength 

•  Use the imaging surveys to provide targets for spectroscopy	
  

2-3 PB 

1-2 PB 

~500 PB 



Observational Data Pipelines 

•  Imaging Pipeline 

•  Runs in real-time (to provide immediate quality assessment) as well as annually 
and at the end of the survey. 

•  Handles image de-trending: removal of electronic biases, pixel-to-pixel response, 
removal of artifacts, object identification, etc. 

•  Aligns images wrt each other and with an overall sky solution  

•  Determines the depth of each image (were there clouds, and how much?) 

•  Measures the location, shape of the object (stars, galaxies, etc.), and their 
brightnesses 

•  Often employs several codes, patched together with perl, python, bash, etc. with 
calls to databases in between. 

•  Can have different ones within the same survey depending on the science	
  

SN Subtraction 

Lensing Analysis 



Observational Data Pipelines 

 

DES Pipeline at NCSA 

•  Job manager is Condor 

•  Uses scores of codes to process the data and identify objects 
•  Communicates with an Oracle db at every major point in the pipeline 

•  Transfers data from one system to another with wget 

•  Pushes final images and catalogs back to main storage 

•  Very much tuned to the hardware and unix environment at NCSA 

 

Major problems occur when a bug is found in the pipeline and everything needs to be 
reprocessed. How do you get back to real-time with a limited set of resources?	
  

Solution: Docker + HPC Resources + ESnet 



Docker + HPC + ESnet 



Docker + HPC + ESnet 



DECam Processing at NERSC 

• Project began, from scratch at NCSA, on June 2nd 

•  NCSA was able to move their code onto a set of docker containers in 2 weeks and 
run it locally and determine it produced the same results 

•  Biggest issue was getting HTCondor to play nicely through docker with their 
server at NCSA. 

•  Tested bandwidth for image processing and determined that a raw image (1GB) 
and processed image and catalogs (4+GB) could be shipped via ESnet from 
NCSA to NERSC and back in 1/50th the time it took to process (negligible I/O) 

•  Pushed the container to docker.io so it could be pulled to NERSC 

• Mid-June NERSC was able to securely allow docker to see the Scratch directories 
on the NERSC Global Filesystem from Jessup - faster I/O 
•  Allows processing to occur via docker and post-processing analysis from any of the 

other HPC systems at NERSC. 

•  First parts of DECam pipeline began running July 1 on a single node 

• By August 7th there was a request for an increase to 10 nodes 
• By September 29th running on up to 20 nodes (80 node docker-enabled pool) 
In September we began running both LSST and DECam pipeline work at ORNL, 
ANL & BNL through docker as well. 

 

•  Pushes final images and catalogs back to main storage 

•  Very much tuned to the hardware and unix environment at NCSA 

 

Major problems occur when a bug is found in the pipeline and everything needs to be 
reprocessed. How do you get back to real-time with a limited set of resources?	
  



DECam Processing at NERSC 

While a small test, roughly 200khrs spent processing to date and another 100khrs post-
processing, it was able to nicely increase the pool of resources available to the DES Data 
Management team to plow through the rest of DES Year-1 reprocessing and still handle 
the current season’s real-time processing. Roughly 15TB of raw data were processed 
leading to nearly 100TB of processed imaging data, co-adds and catalogs. 

 
It also provided an excellent, and natural, way to share the LSST pipeline. Currently, 
LSST’s OpSim (the Operations Simulator - an astronomical survey simulator developed 
to understand how to optimize the survey strategy by simulating sequences of 
observations or visits) is up and running and phoSim (the Photon Simulator - a set of fast 
photon Monte Carlo codes used to calculate the physics of the atmosphere, telescope, 
and detector) will be available soon. 

 

Go to: https://registry.hub.docker.com/u/lsst/opsim and try it out! 

 

…and now we have to set up a way to share the data. 



Real-time Queue at NERSC

•  NERSC	
  has	
  made	
  a	
  small	
  pool	
  of	
  nodes	
  available	
  for	
  
immediate	
  turnaround	
  /	
  “Real7me”	
  compu7ng	
  	
  
–  Up	
  to	
  32	
  nodes	
  in	
  real3me	
  queue	
  (1024	
  cores)	
  
–  Real3me	
  nodes	
  have	
  higher	
  priority	
  than	
  other	
  queues	
  
–  Pool	
  can	
  shrink	
  or	
  grow	
  as	
  needed	
  based	
  on	
  demand	
  	
  

•  Approved	
  projects	
  have	
  a	
  small	
  number	
  of	
  nodes	
  
available	
  on-­‐demand	
  without	
  queue	
  wait	
  7mes	
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•  Prototype	
  queue	
  used	
  by	
  a	
  handful	
  of	
  
projects	
  at	
  NERSC	
  

•  Real-­‐3me	
  queue	
  accounts	
  for	
  	
  <1%	
  of	
  
3me	
  at	
  NERSC	
  

•  NERSC	
  is	
  tracking	
  usage	
  and	
  use	
  cases	
  
closely	
  



Instrumentation, system 
design, first results Law, Kulkarni, Dekany et al. 2009 PASP 121 1395L

Science plans Rau, Kulkarni, Law et al. 2009 PASP 121 1334R

2010 survey status Law et al. 2010 SPIE 7735

P48: 
Discovery Engine 

P60: 
Followup 

PTF	
  Discovery	
  and	
  Follow-­‐up	
  

ModSim	
  2016	
  



Palomar 

HPWREN	
  Network	
  

UCSD 

155	
  Mbps	
  from	
  Palomar	
  to	
  UCSD,	
  then	
  	
  ∞	
  via	
  ESnet	
  to	
  NERSC	
  ;-­‐)	
  	
  

ModSim	
  2016	
  



PTF Camera


92	
  Mpixels,	
  1”	
  resolu3on,	
  R=21	
  in	
  60s	
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PTF Science


PTF Key Projects
Various SNe Dwarf novae
Transients in nearby galaxies Core collapse SNe

RR Lyrae Solar system objects

CVs AGN
AM CVn Blazars
Galactic dynamics LIGO & Neutrino transients

Flare stars Hostless transients
Nearby star kinematics Orphan GRB afterglows
Type Ia Supernovae Eclipsing stars and planets

Tidal events H-alpha ½ sky survey

The	
  power	
  of	
  PTF	
  resides	
  in	
  its	
  diverse	
  science	
  goals	
  and	
  follow-­‐up.	
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PTF Science


Liverpool	
  Telescope	
  	
  

The	
  power	
  of	
  PTF	
  resides	
  in	
  its	
  diverse	
  science	
  goals	
  and	
  follow-­‐up.	
  	
  

Hubble	
  Space	
  Telescope	
  	
  

Swir	
  Space	
  Telescope	
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Palomar	
  	
  
48”	
  Telescope	
  

SDSC	
  to	
  ESNET	
  

Astrometric	
  
Solu3on	
  

Reference	
  
Image	
  
Crea3on	
  

Image	
  
Processing	
  /	
  
Detrending	
  

Star/Asteroid	
  
Rejec3on	
  

Image	
  
Subtrac3on	
  

Nightly	
  Image	
  
Stacking	
  

Transient	
  
Candidate	
  

Real-­‐Bogus	
  
ML	
  Screening	
  

HPWREN	
  
Microwave	
  Relay	
  

NERSC	
  Data	
  
Transfer	
  Node	
  

Scanning	
  Page	
   Wake	
  Me	
  Up	
  –	
  
Real	
  Time	
  Trigger	
  

Web	
  UI	
  
Marshal	
  

Outside	
  
Telescope	
  
Follow-­‐up	
  

Outside	
  Database	
  for	
  Triggers	
  

30	
  Minutes	
  

Compu3ng	
  –	
  I/O	
  

Heavy	
  DB	
  
Access	
  

Networking	
  
Data	
  Transfer	
  

500	
  GB/night	
  

100	
  TBs	
  of	
  Reference	
  Imaging	
  

1.5B	
  objects	
  in	
  DB	
  

Real-­‐Time	
  
Trigger	
  

Publish	
  to	
  Web	
  



Real or Bogus – Machine Learning Analysis

m
oo

n	
  

4096	
  X	
  2048	
  CCD	
  images	
  -­‐	
  over	
  3000	
  per	
  night	
  –	
  producing	
  1.5M	
  bogus	
  detec3ons,	
  	
  
50k	
  known	
  astrophysical	
  objects	
  and	
  only	
  1-­‐2	
  new	
  astrophysical	
  transients	
  of	
  interest	
  
every	
  night.	
  Machine	
  learning	
  is	
  used	
  to	
  wade	
  through	
  this	
  sea	
  of	
  garbage.	
  	
  

New	
  Image	
   Reference	
  	
  Image	
   Subtrac<on	
  



PTF Database

All in 851 nights from 2009-2012.  
An image is an individual chip (~0.7 sq. deg.)
The database is 1 TB.             
Now doubled in size from iPTF from 2013-2016.

R-band g-band

images 1.82M 305k

subtractions 1.52M 146k

references 29.2k 6.3k

Candidates 890M 197M

Transients 42945 3120
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Pipeline...


NERSC	
  GLOBAL	
  FILESYSTEM	
  
250TB	
  of	
  purchased	
  space	
  

Data	
  
Transfer	
  
Nodes	
  

Science	
  
Gateway	
  
Node	
  2	
   Science	
  

Gateway	
  
Node	
  1	
  

Observatory	
  
PTF	
  	
  
Classifica3on	
  

Processing/db	
  	
  
Subtrac3ons	
  

2.5	
  MB/s	
  

1	
  GB/s	
  

12	
  MB/s	
  

4	
  MB/s	
  
(crude)	
  

0.5	
  MB/s	
  
(full)	
  

One	
  of	
  4	
  such	
  pipelines	
  	
  
running	
  at	
  NERSC...	
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PTF Turn-around

What does “real-time” 
subtractions really mean?

For 95% of the nights all 
images are processed, 
subtractions are run, 
candidates are put into the 
database and the local 
universe script is run in < 
1hr after observation.

Median turn-around is 30m.
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Minutes from Observation to Candidates in database
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Typical night: 2012-07-06

ModSim	
  2016	
  



iPTF turn-around
Due to the X-SWAP project 
(Extreme-Scale Scientific 
Workflow Analysis and 
Prediction), funded through 
the ASCR LAB-1088 call 
(Analytical Modeling for 
Extreme-Scale Computing 
Environments), we have 
been able to understand 
and eliminate a lot of our 
inefficiencies and decrease 
the turn-around by an 
order of magnitude! 

Better use of the Lustre 
filesystem (for everything), 
better use of OpenMP in all 
codes, reserved nodes, etc.
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We made major changes to 
the old pipeline. 

•  Pipeline completely 
instrumented for timings.

•  Identified and fixed 
python load time on 
Edison (15min to 5 sec).

•  Moved all I/O in 
processing to Lustre 

    /scratch filesystem

•  Now optimizing db 
access

Typical turnaround is now 
< 5 minutes for 95% of the 
data!   

Yi Cao’s Caltech thesis May 3, 2016.  This fall will become an 
eScience Postdoctoral Fellow at University of  Washington.	
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iPTF turn-around



Instrumented	
  Pipeline	
  with	
  	
  
39	
  Checkpoints	
  	
  

Covers everything from: 

•  Pulling the data from the telescope
•  I/O on scracth
•  Subtraction software
•  Running ML algorithms
•  Loading the db with discoveries
•  Performing difficult geometric queries to match with known 

stars, asteroids, previous discoveries, etc.
•  Copying data from scratch to project 

ModSim	
  2016	
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Given 3000 images per night with 39 
checkpoints for each, we are 
monitoring some aspect of NERSC 
or ESnet every quarter second.

For 8 hours every night, we now know more about the 
NERSC center than they do in real-time.
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DB Access

Decent correlation between number of objects and 
the total time for our queries with some scatter 
likely due to overlapping queries. 
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I/O time on Cori

Now exploring relationship between nightly 
conditions and the bulk of the data through ML.

While getting a hold of the outliers via 
NERSC system information.



PTF Sky Coverage
To	
  date:	
  
• 	
  2338	
  Spectroscopically	
  typed	
  supernovae	
  
• 	
  106	
  Galac3c	
  Transients	
  
• 	
  104	
  	
  Transients	
  in	
  M31	
  
	
  
178	
  publica3ons,	
  7	
  in	
  Nature	
  and	
  3	
  in	
  Science	
  since	
  late	
  2009	
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Overcoming wide & fast: !
iPTF13bxl in 71 deg2!


2 SINGER ET AL.

 
IPN
!

GBM

LATiPTF13bxl PTF field 3486, chip 11

E

N

Figure 1. P48 imaging of GRB 130702A and discovery of iPTF13bxl. The left panel illustrates the �-ray localizations (red circle: 1-� GBM; green circle: LAT;
blue lines: 1-� IPN) and the 10 Palomar 48-inch Oschin telescope (P48) reference fields that were imaged (light gray rectangles). For each P48 pointing, the
location of the 11 chips are indicated with smaller rectangles (one CCD in the camera is not currently operable). Our tiling algorithm places a large weight on
the existence of deep P48 pre-explosion imaging (a necessity for high-quality subtraction images); the large gaps inside the GBM localization are fields without
these reference images. The small black diamond is the location of iPTF13bxl. The right panels show P48 images of the location of iPTF13bxl, both prior to
(top) and immediately following (bottom) discovery. We note that the LAT and IPN localizations were published after our discovery announcement (Singer et al.
2013).

found by searching a sky area of 71 deg2 with the intermediate
Palomar Transient Factory (iPTF).

2. DISCOVERY

On 2013 July 2 at 00:05:23.079 UT, the Fermi GBM de-
tected trigger 394416326. The refined human-generated (i.e.,
ground-based) localization, centered on ↵ = 14h35m14s, � =
12�1500000 (J2000.0), with a quoted 68% containment radius
of 4.0� (statistical uncertainty only), was disseminated less
than an hour after the burst (Figure 1).

Fermi-GBM GRB positions are known to suffer from sig-
nificant systematic uncertainties, currently estimated to be
⇡ 2–3 deg. To characterize the full radial profile of the lo-
calization uncertainty, our GBM-iPTF pipeline automatically
computed a probability map for the event modeled on previ-
ous Fermi/Swift coincidences from 30 March 2010 through
4 April 2013. We fit a sigmoid function:

P(r) =
1

1 + (c0r)c1
(1)

where r is the angular distance to the Swift location, nor-
malized by the in-flight or ground-based error radius for that
burst. We find c0 = 1.35, c1 = -2.11 for in-flight GBM lo-
calizations and c0 = 0.81, c1 = -2.47 for ground-based GBM
localizations (Figure 2).

Image subtraction within iPTF is greatly simplified by ob-
serving only pre-defined fields on the sky; this ensures that
sources will fall on approximately the same detector location
from night to night, minimizing a possible source of system-
atic uncertainty. Using a HEALPix (Hierarchical Equal Area
isoLatitude Pixelization; Górski et al. 2005) bitmap represen-
tation of the probability distribution of the trigger location, we

chose ten of these pre-defined fields to maximize the proba-
bility of enclosing the true (but still unknown) location of the
burst (Figure 1). In this particular case, the ten selected fields
did not include the center of the GBM localization because
we lacked previous reference images there. Nonetheless, we
estimated that these ten fields had a 38% chance of containing
this GRB’s location. Given the youth, sky location, and prob-
ability of containment, we let our software trigger follow-up
with the P48.

Starting at 04:17:23 UT (�t ⌘ t - tGBM = 4.2 hr), we im-
aged each of these ten fields twice in 60 s exposures with the
Mould R filter. These fields were then subjected to the stan-
dard iPTF transient search: image subtraction, source detec-
tion, and “real/bogus” machine ranking (Bloom et al. 2012;
Brink et al. 2012) into likely astrophysical transient sources
(“real”, or 1) or likely artifacts (“bogus”, or 0).

The iPTF real-time analysis found 27,004 transient/variable
candidates in these twenty individual subtracted images. Of
these, 44 were eliminated because they were determined to be
known asteroids in the Minor Planet Checker database14 using
PyMPChecker15. Demanding a real/bogus rank greater than
0.1 reduced the list to 4214. Rejecting candidates that coin-
cided with point sources in Sloan Digital Sky Survey (SDSS)
brighter than r0 = 21 narrowed this to 2470. Further requir-
ing detection in both P48 visits and imposing CCD-wide data
quality cuts (e.g., bad pixels) eliminated all but 43 candidates.
Following human inspection, seven sources were saved as
promising transients in the iPTF database.

Two candidates, iPTF13bxh and iPTF13bxu, were near the

14 http://www.minorplanetcenter.org/iau/mpc.html
15 http://dotastro.org/PyMPC/PyMPC/

Singer et al. 2013
Intelligent	
  Op3cal	
  Network	
  Infrastructure	
  



The second Fermi afterglow:!
iPTF13dsw at z=1.87!


Overcoming
Wide, Fast & Faint

Pinpointing the afterglow 
amidst 30,000 candidates

Kasliwal et al. 2013b



Orphan Afterglow

z=1.98!!!
FeII, MgII, Ly-α

iPTF14yb
Cenko et al. 2014

IPN found a GRB (localization ~200-300 sq. deg.) 
~15 min before first detection.....



Flash Spectroscopy

SN2013cu (iPTF13ast)
Gal-Yam et al. (2014) Nature
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  Gravita3onal	
  Wave	
  Trigger	
  
GW150914

Kasliwal	
  et	
  al.	
  (2016)	
  
(arXiv	
  and	
  ApJL)	
  



ModSim	
  2016	
  

GW150914
Going	
  to	
  have	
  to	
  be	
  
able	
  to	
  sir	
  through	
  a	
  
lot	
  of	
  stuff,	
  and	
  react	
  
quickly	
  with	
  follow-­‐
up,	
  to	
  get	
  on	
  the	
  
op3cal	
  companion	
  for	
  
a	
  GW	
  trigger.	
  





Superfacility Concept




 
 

Experimental and observational 
science is at crossroads


73	
  

●  Data	
  volumes	
  are	
  increasing	
  faster	
  than	
  
Moore’s	
  Law	
  

●  New	
  algorithms	
  and	
  methods	
  for	
  analyzing	
  
data	
  

●  Infeasible	
  to	
  put	
  a	
  supercompu7ng	
  center	
  
at	
  every	
  experimental	
  facility	
  

Compu3ng	
  Sciences	
  Area	
  



Experimental	
  
Facili7es	
  

New	
  
mathema7cal	
  

models	
  

Unified	
  
Compu7ng	
  
Facili7es	
  

Network	
  for	
  
Big	
  Data	
  
Science	
  

Fast	
  
Implementa7ons	
  

on	
  latest	
  
computers	
  

Real-­‐7me	
  
analysis	
  and	
  Data	
  
management	
  

Superfacility Vision: A network of connected facilities, 
software and expertise to enable new modes of discovery


-­‐	
  74	
  -­‐	
  



Astro 250 Projects
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•  Pe7gura:	
  Earth-­‐like	
  Planets	
  Around	
  Sun-­‐like	
  Stars	
  
•  Wang:	
  Gemini	
  Planet	
  Imager	
  Data	
  Reduc7on	
  	
  
•  Liu:	
  21-­‐cm	
  Cosmology	
  
•  Shivvers:	
  Op7mized	
  Spectrum	
  Synthesis	
  
•  Stark:	
  Lyman-­‐alpha	
  cosmology	
  with	
  Nyx	
  
	
  
...and	
  lots	
  of	
  liyle	
  projects	
  covering	
  everything	
  from	
  
solar	
  physics	
  to	
  cosmology.	
  


