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NERSC’s latest system is Edison 
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•  Edison is a HPCS demo system (serial #1) 
•  First Cray Petascale system with Intel processors, Aries 

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

interconnect bandwidth and bisection bandwidth 
•  64 GB/node 
•  Exceptional application performance  
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•  Edison	  doesn’t	  deploy	  accelerators	  or	  GPUs	  
•  Disrup=ons	  in	  programming	  models	  are	  a	  

challenge	  for	  NERSC	  
-  Many	  users	  
-  Many	  codes	  
-  We	  don’t	  select	  our	  users	  



We support a broad user base
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•  5000	  users,	  and	  we	  typically	  add	  350	  per	  year	  
•  Geographically	  distributed:	  47	  states	  as	  well	  as	  
mul=na=onal	  projects	  



We support a diverse workload
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•  Many	  codes	  (600+)	  
and	  algorithms	  

•  Compu=ng	  at	  scale	  
and	  at	  high	  volume	  

Job	  Size	  Breakdown	  on	  Edison	  
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•  We	  are	  the	  primary	  
compu=ng	  facility	  for	  DOE	  
Office	  of	  Science	  

•  DOE	  SC	  allocates	  the	  vast	  
majority	  of	  the	  compu=ng	  
and	  storage	  resources	  at	  
NERSC	  
–  Six	  program	  offices	  allocate	  

their	  base	  alloca;ons	  and	  they	  
submit	  proposals	  for	  
overtargets	  

–  Deputy	  Director	  of	  Science	  
priori;zes	  overtarget	  requests	  	  

•  Usage	  shiUs	  as	  DOE	  priori=es	  
change	  
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We directly support DOE’s science mission
2014	  Alloca9on	  Breakdown	  



What’s changed for Cori?

•  Heightened	  awareness	  among	  applica=on	  teams	  
•  Many	  codes	  are	  being	  adapted	  for	  next	  genera=on	  
systems	  

•  Technology	  changes	  (e.g.,	  self-‐hosted	  many	  core	  
chips,	  =ghter	  CPU/GPU	  integra=on)	  will	  make	  the	  
transi=on	  easier	  

•  We	  must	  transi=on	  to	  energy	  efficient	  architectures	  
to	  meet	  the	  science	  needs	  of	  our	  users	  

7	  



Keeping up with user needs will be a 
challenge
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NERSC Supports Science Needs at Many 
Difference Scales and Sizes
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Larger	  Physical	  Systems,	  
Higher	  Fidelity	  

High	  Throughput:	  Sta=s=cs,	  Systema=cs,	  Analysis,	  UQ	  
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NERSC needs to transition to energy 
efficient architectures

Manycore	  or	  Hybrid	  is	  
the	  only	  approach	  that	  
crosses	  the	  exascale	  

finish	  line	  



The	  Department	  of	  Energy	  Office	  of	  Science	  requires	  an	  HPC	  system	  
to	  support	  the	  rapidly	  increasing	  computa>onal	  demands	  of	  the	  
en>re	  spectrum	  of	  DOE	  SC	  computa>onal	  research.	  

•  Provide	  a	  significant	  increase	  in	  computa;onal	  capabili;es,	  
at	  least	  10	  ;mes	  the	  sustained	  performance	  of	  the	  Hopper	  
system	  on	  a	  set	  of	  representa;ve	  DOE	  benchmarks	  

•  Delivery	  in	  the	  2015/2016	  ;me	  frame	  

•  Provide	  high	  bandwidth	  access	  to	  exis;ng	  data	  stored	  by	  
con;nuing	  research	  projects.	  

•  PlaWorm	  needs	  to	  begin	  to	  transi;on	  users	  to	  more	  energy-‐
efficient	  many-‐core	  architectures.	  

NERSC-8 (Cori) Mission Need



ACES and NERSC formed a partnership for !
next-generation supercomputers

•  Visible	  collabora=on	  between	  ASCR	  and	  ASC	  
•  Strengthen	  impact	  on	  industry	  
•  Address	  challenges	  transi=oning	  applica=ons	  to	  
advanced	  manycore	  architectures	  with	  a	  broader	  
coali=on	  

•  Act	  as	  a	  risk	  mi=ga=on	  strategy	  for	  NERSC-‐8	  and	  
Trinity	  systems	  by	  having	  a	  partner	  to	  work	  with	  on	  
technical	  challenges	  deploying	  and	  tes=ng	  NERSC-‐8	  
and	  Trinity	  

12	  

Alliance	  for	  applica9on	  Performance	  at	  the	  EXtreme	  scale	  (APEX)	  



This was a collaboration of two separate 
projects
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Market	  surveys	  Market	  surveys	  

Separate	  Contracts	   Separate	  Contracts	  

Joint	  

Nego>a>ons	   Nego>a>ons	  

NERSC-‐8	  Mission	  
Drivers	  

Trinity	  Mission	  
Drivers	  

Crea>ng	  
requirements	  

Market	  surveys	  

Release	  RFP	  

Vendor	  Selec>on	  

Trinity	  System	   NERSC-‐8	  System	  Joint	  Quarterly	  Reviews,	  bug	  reports,	  collabora;on	  
on	  applica;on	  transi;on,	  advanced	  op;ons	  



The Cori system
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Cori Configuration
•  64	  Cabinets	  of	  Cray	  XC	  System	  

–  Over	  9,300	  ‘Knights	  Landing’	  compute	  nodes	  
•  64-‐128	  GB	  memory	  per	  node	  

–  Over	  1900	  ‘Haswell’	  compute	  nodes	  
•  Data	  par;;on	  

–  14	  external	  login	  nodes	  
–  Aries	  Interconnect	  (same	  as	  on	  Edison)	  
–  >	  10x	  Hopper	  sustained	  performance	  using	  NERSC	  SSP	  metric	  

•  Lustre	  File	  system	  
–  28	  PB	  capacity,	  432	  GB/sec	  peak	  performance	  

•  NVRAM	  “Burst	  Buffer”	  for	  I/O	  accelera=on	  
•  Significant	  Intel	  and	  Cray	  applica=on	  transi=on	  support	  
•  Delivery	  in	  mid-‐2016;	  installa=on	  in	  new	  LBNL	  CRT	  
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Cori will be installed in the Computational 
Research and Theory (CRT) Facility

•  Four	  story,	  140,000	  GSF	  
–  300	  offices	  on	  two	  floors	  
–  20K	  -‐>	  29Ksf	  HPC	  floor	  
–  12.5MW	  -‐>	  40	  MW	  to	  building	  

•  Located	  for	  collabora=on	  
–  CRD	  and	  ESnet	  
–  UC	  Berkeley	  

•  Excep=onal	  energy	  efficiency	  
–  Natural	  air	  and	  water	  cooling	  
–  Heat	  recovery	  
–  PUE	  <	  1.1	  
–  LEED	  gold	  design	  

•  Ini=al	  occupancy	  early	  2015	  

16 
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Application Readiness -- 
Challenges and Strategy
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We will initially focus on 20 codes

•  10	  codes	  make	  up	  
50%	  of	  the	  
workload	  

•  25	  codes	  make	  up	  
66%	  of	  the	  
workload	  

•  Edison	  will	  be	  
available	  un=l	  
2019/2020	  

•  Training	  and	  lessons	  
learned	  will	  be	  
made	  available	  to	  
all	  applica=on	  
teams	  
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>500	  codes	  

Breakdown	  of	  Applica9on	  Hours	  
on	  Hopper	  and	  Edison	  2013	  



We are launching the NERSC Exascale 
Science Applications Program (NESAP)
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•  NESAP	  components:	  

Strong	  
support	  
from	  

vendors	   Developer	  
Workshops	  
for	  3rd-‐
Party	  SW	  

Early	  
engagement	  
with	  code	  
teams	   Leverage	  

exis=ng	  
community	  
efforts	  

Postdoc	  
Program	  

	   NERSC	  
training	  
and	  

online	  
modules	  

Early	  
access	  to	  

N8	  
technology	  



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	  

	  

Advanced	  Scien9fic	  Compu9ng	  
Research	  	  

Almgren	  (LBNL)	  	  –	  BoxLib	  AMR	   	  
	   	   	  	  	  	  Framework	  	  

Trebo;ch	  (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	  	  

20 NESAP Tier-1 and Tier-2 codes



Comparison of Selected Apps with 2013 
Usage

Breakdown	  of	  Applica9on	  Hours	  
on	  Hopper	  and	  Edison	  2013	  

VASP	  (QE)	  

Tier-‐1,	  2	  Code	

Tier-‐1,	  2	  Proxy	  Code	

Tier-‐3	

Other	  Codes	

Castro,	  Chombo-‐
Crunch,	  Parsec,	  
WARP,	  HACC,	  
MFDn	



The Selected Codes are Diverse in Several 
Dimensions
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MPAS-‐O	  
ACME	  	  
PARSEC	  

produc;on	  codes	  vs.	  up	  and	  
coming	  Almost	  all	  others	  

Higher	  vs.	  lower	  readiness	  

Smaller	  community	  apps	  vs	  
Overlap	  with	  established	  ALCF/

OLCF	  readiness	  codes	  

HACC,	  Chroma,	  MILC,	  
BerkeleyGW,	  XGC	  
	  

M3D,	  CESM,	  	  
EMgeo,	  WARP	  &	  
Synergia,	  Crunch	  

MILC,	  CESM,	  	  
Chroma,	  HISQ/DWF,	  
Gromacs,	  QE,	  
NWChem	  

EMGeo,	  WARP,	  
Meraculous,	  
Chombo-‐crunch,	  
BoxLib	  	  
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!
NESAP has already received recognition



NESAP (COE + Dungeon) Advances

	   	   	  Overall	  Improvement	  Notes	  
	  
BGW	  GPP	  Kernel	  	  	   	   	   	  0-‐10% 	  Op;mized	  to	  begin	  with.	  Thread	  scalability	  improved	  
BGW	  FF	  Kernel 	   	   	  2x-‐4x 	  Unop;mized	  to	  begin	  with.	  Cache	  reuse	  improvements	  
BGW	  Chi	  Kernel 	   	   	  10-‐30% 	  Moved	  threaded	  region	  outward	  in	  code	  
BGW	  BSE	  Kernel 	   	   	  10-‐50% 	  Created	  custom	  vector	  matmuls	  



Extreme Data Science
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Physics Light Sources 

Genomics 

Data Explosion is Occurring Everywhere in DOE

Genomics
• Sequencer�data�volume�increasing�12x�over�the�next�3�years

• Sequencer�cost�decreasing�by�10x�over�same�time�period

High�Energy�Physics
• LHC experiments produce & distribute petabytes of data/year• LHC�experiments�produce�&�distribute�petabytes�of�data/year

• Peak�data�rates�increase�3Ͳ5x�over�5�years

LCLS: 18 TB/day, order  of 

Light�Sources
• Many�detectors�on�a�Moore’s�Law�curve

• Data�volumes�rendering�previous�operational�models�obsolete

magnitude increase next decade

Upgraded ALS: 10 TB/hour, order 
magnitude increase next decade

SNS: 90 TB/day at full operation

NSLS-II : initially 100 TB/day, full ops 

Climate
• By�2020,�climate�data�expected�to�be�hundreds�of�exabytes or�more

increases by factor of 5 in

2

• Significant�challenges�in�data�management,�analysis,�and�networks

ASCAC August 14, 2012
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Climate 

DOE Facilities are Facing a Data Deluge



Exponentially increasing data traffic
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First	  petabyte	  day	  
expected	  in	  2020	  

Jump	  driven	  by	  data	  intensive	  
applica;ons	  	  

Major	  improvements	  
in	  TCP	  auto-‐tuning	  



NERSC users import more data than they 
export!
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Impor;ng	  more	  
than	  1PB/
month	  

Expor;ng	  more	  
than	  1PB/
month	  



Extreme Data Science is Playing a Key Role 
in Scientific Discovery

•  Measurement	  of	  the	  important	  “θ13”	  
neutrino	  parameter.	  One	  of	  Science	  
Magazine’s	  Top-‐Ten	  Breakthroughs	  of	  2012.	  

–  Last	  and	  most	  elusive	  piece	  of	  a	  longstanding	  
puzzle:	  why	  neutrinos	  appear	  to	  vanish	  as	  
they	  travel	  

–  	  	  
•  The	  Palomar	  Transient	  Factory	  Discovered	  
over	  2000	  supernovae	  in	  the	  last	  5	  years,	  
including	  	  the	  youngest	  and	  closest	  Type	  Ia	  
supernova	  in	  past	  40	  years	  

•  Trillions	  of	  measurements	  by	  the	  Planck	  
satellite	  led	  to	  the	  most	  detailed	  maps	  ever	  
of	  cosmic	  microwave	  background	  (One	  of	  
Physics	  Today’s	  Top	  10	  breakthroughs	  of	  
2013)	  

•  Materials	  project	  has	  over	  5000	  users	  and	  
was	  featured	  on	  the	  cover	  of	  Scien=fic	  
American	  

HEP	  
SN	  2011fe	  

PI:	  Shri	  Kulkarni	  (Caltech)	  



We currently deploy separate Compute 
Intensive and Data Intensive Systems
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Compute	  Intensive	   Data	  Intensive	  

Carver	  

Genepool	  

PDSF	  



The Need for Data Intensive Systems

•  Communicate	  with	  databases	  /	  host	  databases	  
•  Complex	  workflows	  (including	  High	  Throughput	  Compu=ng	  -‐	  

HTC)	  
•  Policy	  flexibility	  
•  Local	  disk	  
•  Very	  large	  memory	  
•  Massive	  serial	  jobs	  (~100K)	  
•  Easy	  to	  customize	  environment	  and	  the	  environment	  is	  

familiar	  
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•  Drama=cally	  growing	  data	  sets	  require	  Petascale+	  
compu=ng	  for	  analysis	  

•  In	  addi=on,	  we	  increasingly	  need	  to	  couple	  large-‐
scale	  simula=ons	  and	  data	  analysis	  
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Baryon Acoustic Oscillations (BAO): 

Large quantities of data need to be analyzed. 

Imaging survey in 2005:   20 TB 
                       in 2025   60 PB 

Statistical analyses need MCMC for cross- 
correlation of the millions of galaxies  
-- collapsing the problem to just 2-point statistics. 

All data analysis dependent on comparisons to supercomputer-
based N-body simulations of the evolution of matter in the 
universe.    

Current state of art: 20483 – 40963 “particles.”  
Need an order of magnitude more.   
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Cosmic Microwave Background (CMB): 

Exponentially growing data chasing fainter echos: 

 - BOOMERanG: 109 samples in 2000 

 - Planck: 1012 samples in 2013  (0.5 PB) 

 - CMBpol: 1015 samples in 2025 
 

Uncertainty quantification through Monte Carlos 
-  Simulate 104 realizations of  the entire mission 
-  Control both systematics and statistics 

Mission-class science relies on HPC evolution. 



Cori Data Enhancements

•  Data	  par==on	  with	  large	  memory	  nodes	  and	  
throughput	  op=mized	  processors	  

•  Burst	  buffer	  -‐-‐	  NVRAM	  nodes	  on	  the	  interconnect	  
fabric	  for	  IO	  caching	  

•  Larger	  disk	  system	  
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Goals	  are	  to	  enable	  the	  analysis	  of	  
large	  experimental	  data	  sets	  and	  in-‐
situ	  analysis	  coupled	  to	  Petascale	  

simula=ons	  



Popular features of a data intensive system 
can be supported on Cori
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Data	  Intensive	  Workload	  Need	   Cori	  Solu=on	  

Local	  Disk	   NVRAM	  ‘burst	  buffer’	  

Large	  memory	  nodes	   128	  GB/node	  on	  Haswell;	  
Op;on	  to	  purchase	  fat	  (1TB)	  login	  node	  	  

Massive	  serial	  jobs	   NERSC	  serial	  queue	  prototype	  on	  Edison;	  	  
MAMU	  

Complex	  workflows	   More	  (14)	  external	  login	  nodes;	  
CCM	  mode	  for	  now	  

Communicate	  with	  databases	  from	  
compute	  nodes	  

Compute	  Gateway	  Node	  

Stream	  Data	  from	  observa;onal	  facili;es	   Compute	  Gateway	  Node	  

Easy	  to	  customize	  environment	   User	  Defined	  Images	  

Policy	  Flexibility	   Improvements	  coming	  with	  Cori:	  
Rolling	  upgrades,	  CCM,	  MAMU,	  above	  COEs	  
would	  also	  contribute	  
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The Cori System



Our goal is to enable science that can’t be 
done on today’s supercomputers

Mar;n	  Karplus	   Saul	  Perlmuter	  
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