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National Energy Research Scientific !
Computing Center (NERSC)


	
  
• 	
  Located	
  at	
  Berkeley	
  Lab	
  
• User	
  facility	
  to	
  support	
  6	
  DOE	
  Offices	
  of	
  
Science:	
  
•  5000	
  users,	
  700	
  research	
  projects	
  
•  48	
  states;	
  65%	
  from	
  universi=es	
  	
  
•  Hundreds	
  of	
  users	
  each	
  day	
  
•  ~1500	
  publica=ons	
  per	
  year	
  
• With	
  services	
  for	
  consul=ng,	
  data	
  
analysis	
  and	
  more	
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Types of Computing at NERSC


NERSC	
  
Petascale	
  Compu=ng,	
  

Petabyte	
  Storage,	
  and	
  Expert	
  
Scien=fic	
  Consul=ng	
  

	
  
	
  
	
  

Data	
  Intensive	
  
Experiments	
  and	
  

Simula=ons	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Large	
  Scale	
  	
  
Capability	
  Simula=ons	
  

	
  
	
  
	
  
	
  
	
  
	
  

High	
  Volume	
  	
  
Job	
  Throughput	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

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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Petascale systems run simulations in 
Physics, Chemistry, Biology, Materials, 
Environment and Energy at NERSC 

NERSC ingests, stores and 
analyzes data from 
Telescopes, Sequencers, 
Light sources, Particle 
Accelerators (LHC), 
climate, and environment 

NERSC computer, storage 
and web systems support 
complex workflows that run 
thousands of simulations to 
screen materials, proteins, 
structures and more; the 
results are shared with 
academics and industry 
through a web interface 

!
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The compute and storage systems 2013


	
  	
  

	
  	
  

	
  	
  

	
  	
  

	
  	
  

Produc=on	
  Clusters	
  
Carver,	
  PDSF,	
  JGI,KBASE,HEP	
  

	
  14x	
  QDR	
  

Global	
  
Scratch	
  	
  

3.6	
  PB	
  
5	
  x	
  SFA12KE	
  

/project	
  	
  

5	
  PB	
  
DDN9900	
  &	
  
NexSAN	
  

/home	
  
250	
  TB	
  
NetApp	
  5460	
  

50	
  PB	
  stored,	
  240	
  
PB	
  capacity,	
  20	
  

years	
  of	
  
community	
  data	
  

HPSS	
  

16	
  x	
  QDR	
  IB	
  

2.2	
  PB	
  Local	
  
Scratch	
  
70	
  GB/s	
  

6.4	
  PB	
  Local	
  
Scratch	
  
140	
  GB/s	
  

16	
  x	
  FDR	
  IB	
  

	
  	
  
Ethernet	
  &	
  
	
  IB	
  Fabric	
  

Science	
  Friendly	
  Security	
  
ProducKon	
  Monitoring	
  

Power	
  Efficiency	
  

WAN	
  
	
  

2	
  x	
  10	
  Gb	
  

1	
  x	
  100	
  Gb	
  

SoPware	
  Defined	
  
	
  Networking	
  	
  	
  Vis	
  &	
  Analy=cs	
  	
  	
  	
  Data	
  Transfer	
  Nodes	
  

Adv.	
  Arch.	
  Testbeds	
  	
  	
  Science	
  Gateways	
  

80	
  GB/s	
  

50	
  GB/s	
  

5	
  GB/s	
  

12	
  GB/s	
  

Hopper:	
  1.3PF,	
  212	
  TB	
  RAM	
  

Edison:	
  >2PF,	
  333	
  TB	
  RAM	
  
	
  

Cray	
  XE6,	
  150K	
  Cores	
  

Cray	
  XC30,	
  ~125K	
  Cores	
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Focusing on storage at our facility

•  Parallel	
  file	
  systems	
  (Lustre	
  and	
  GPFS)	
  are	
  primary	
  storage	
  to	
  

supercomputers	
  
–  Total	
  of	
  about	
  20	
  PBs	
  of	
  disk	
  available	
  to	
  users	
  
–  Some	
  mul=-­‐PB	
  parallel	
  file	
  systems	
  backed	
  up	
  to	
  HPSS	
  (Parallel	
  Incremental	
  Backup	
  

System)	
  
•  Has	
  demonstrated	
  it	
  can	
  process	
  over	
  100TBs	
  of	
  backup	
  data	
  in	
  a	
  single	
  day	
  currently	
  

using	
  direct-­‐to-­‐tape	
  with	
  12	
  T10KC	
  tape	
  drives	
  
•  On	
  average,	
  we	
  complete	
  a	
  restore	
  for	
  a	
  user	
  about	
  every	
  other	
  week	
  

•  Archival	
  and	
  backup	
  systems	
  (HPSS)	
  are	
  secondary	
  storage	
  for	
  users	
  
–  50	
  PBs	
  of	
  data	
  stored,	
  growing	
  at	
  >1PB	
  per	
  month	
  
–  30%	
  of	
  user	
  IOs	
  are	
  read/retrieve	
  requests	
  from	
  archival	
  storage,	
  so	
  a	
  very	
  ac=ve	
  

archive	
  
–  Focus	
  on	
  reliability	
  of	
  the	
  system	
  for	
  user	
  data	
  

•  Solu=ons	
  to	
  help	
  us	
  monitor	
  and	
  maintain	
  health	
  of	
  user	
  data	
  
•  Technology	
  choices	
  (SAS	
  disk	
  and	
  Enterprise	
  tape	
  drives)	
  
•  Provides	
  us	
  with	
  five	
  9’s	
  of	
  reliability	
  in	
  prac=ce	
  (

hgp://www.ac=vearchive.com/content/nersc-­‐accelerates-­‐data-­‐access-­‐and-­‐exceeds-­‐
reliability-­‐standards-­‐tape-­‐based-­‐ac=ve-­‐archive	
  )	
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Data intensive science challenge

•  Scaling	
  global	
  storage	
  to	
  keep	
  up	
  with	
  demand	
  

–  Seven	
  large	
  science	
  projects	
  requested	
  increases	
  totaling	
  2.2PB	
  in	
  
October	
  2013	
  

–  Requests	
  on	
  recent	
  user	
  alloca=ons	
  for	
  FY14	
  were	
  about	
  2.5X	
  what	
  we	
  
can	
  currently	
  provide	
  

–  Users	
  are	
  projec=ng	
  PB	
  alloca=on	
  requests	
  in	
  the	
  near	
  future	
  
•  1PB	
  in	
  2017	
  for	
  NERSC	
  global	
  storage	
  by	
  a	
  single	
  BES	
  project	
  
•  1PB	
  in	
  2015	
  for	
  NERSC	
  global	
  storage	
  by	
  two	
  HEP	
  projects	
  

–  Need	
  a	
  business	
  and	
  technical	
  process	
  to	
  support	
  this	
  
•  Standard	
  charging	
  for	
  storage	
  (disk	
  &	
  tape)	
  
•  Do	
  we	
  con=nue	
  to	
  scale	
  up	
  each	
  storage	
  system	
  or	
  look	
  	
  

•  SupporTng	
  workload	
  for	
  analysis	
  of	
  instrument	
  data	
  
–  Normal	
  requires	
  bulk	
  data	
  transfer	
  from	
  acquisi=on	
  storage	
  onto	
  

global	
  storage	
  
–  Workload	
  can	
  saturate	
  system	
  and	
  cause	
  issues	
  for	
  shared	
  users	
  
–  Beam	
  line	
  or	
  end	
  sta=on	
  work	
  schedule	
  drives	
  bandwidth	
  needs	
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Addressing large scale capability 
simulations
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Bandwidth	
  desired	
  typically	
  
determined	
  by	
  capacity	
  of	
  system	
  
memory	
  (top	
  of	
  storage	
  hierarchy)	
  
	
  
Bandwidth	
  demand	
  will	
  be	
  the	
  primary	
  
challenge	
  for	
  storage	
  systems	
  
suppor=ng	
  exascale	
  compu=ng	
  

	
  	
  

Capacity	
  determined	
  by	
  looking	
  at	
  
u=liza=on	
  over	
  =me	
  to	
  forecast	
  need	
  for	
  
disk	
  (blue)	
  and	
  tape	
  (red)	
  
	
  
Capacity	
  increases	
  expected	
  for	
  disk	
  and	
  
tape	
  technology	
  support	
  a	
  feasible	
  
system	
  suppor=ng	
  exascale	
  compu=ng	
  

	
  	
  



Specific data system needs for exascale


•  Terabit	
  networking	
  speeds	
  for	
  archival	
  storage	
  by	
  2020	
  
–  To	
  enable	
  data	
  ingest/growth	
  demand	
  projected	
  

•  ConTnued	
  improvements	
  in	
  soWware	
  design	
  and	
  
performance	
  to	
  support	
  extreme	
  scale	
  
–  File	
  system	
  design	
  
–  Archive	
  system	
  design	
  	
  

•  Successfully	
  integrate	
  new	
  storage	
  technology	
  between	
  
memory	
  and	
  disk	
  
–  NAND	
  Flash	
  or	
  NVRAM	
  (Probe,	
  memristor,	
  …)	
  
–  To	
  enable	
  bandwidth	
  of	
  primary	
  storage	
  to	
  keep	
  up	
  with	
  
Exascale	
  systems	
  (total	
  memory	
  &	
  nodes)	
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Supporting throughput computing


•  Experiment	
  steering	
  and	
  quality	
  of	
  service	
  
–  Reserva=ons	
  and	
  scheduling	
  op=miza=ons	
  

•  Data	
  ingest	
  and	
  processing	
  
–  Complicated	
  workflows	
  are	
  sensi=ve	
  to	
  transitory	
  events	
  
–  Hangs	
  beger	
  than	
  failures	
  (even	
  if	
  fails	
  and	
  recovers)	
  
–  Determining	
  how	
  best	
  to	
  stage	
  data	
  to	
  storage	
  required	
  (between	
  

memory	
  and	
  file	
  system,	
  and	
  file	
  system	
  and	
  HPSS)	
  
•  Data	
  management	
  is	
  challenging	
  
•  UlTmately	
  bandwidth	
  isn’t	
  as	
  important	
  as	
  capacity	
  

–  Steps	
  in	
  workflow	
  are	
  typically	
  very	
  short	
  
•  For	
  HPSS/tape	
  systems,	
  the	
  challenge	
  is	
  high	
  usability	
  and	
  

robust	
  automaTon	
  
–  They	
  want	
  automated	
  migra=on	
  and	
  staging	
  between	
  storage	
  systems	
  

-­‐	
  9	
  -­‐	
  



Summary

•  NERSC	
  currently	
  manages	
  3	
  disTnct	
  types	
  of	
  compuTng	
  

–  Data	
  intensive	
  (Big	
  Data)	
  predominantly	
  requiring	
  extreme	
  scaling	
  of	
  data	
  resources	
  
and	
  special	
  workload	
  considera=ons	
  	
  

–  Large	
  capability	
  (simula=ons)	
  for	
  which	
  future	
  bandwidth	
  demands	
  will	
  require	
  
integra=on	
  of	
  a	
  new	
  =er	
  of	
  storage	
  	
  

–  High	
  volume	
  (high	
  throughput)	
  requiring	
  workflow	
  and	
  usability	
  improvements	
  for	
  
data	
  system	
  sopware	
  

•  Capacity,	
  reliability	
  and	
  bandwidth	
  of	
  tape	
  and	
  disk	
  devices	
  are	
  key	
  factors	
  
to	
  enabling	
  conTnued	
  use	
  in	
  high	
  scale	
  storage	
  systems	
  
–  NERSC	
  requires	
  doubling	
  of	
  tape	
  and	
  disk	
  drive	
  capacity	
  every	
  two	
  years	
  
–  Media	
  reuse,	
  compression,	
  and	
  reliability	
  of	
  tape	
  are	
  cri=cal	
  differen=ators	
  for	
  using	
  

tape	
  in	
  archive	
  systems	
  
–  Reliability	
  of	
  tape	
  must	
  con=nue	
  to	
  lead	
  other	
  storage	
  technologies	
  

•  File	
  systems	
  and	
  HSM/archival	
  systems	
  will	
  conTnue	
  to	
  use	
  tape,	
  disk,	
  and	
  
integrate	
  a	
  new	
  bandwidth-­‐oriented	
  storage	
  Ter	
  (SSD/NVRAM)	
  
–  SSD/NVRAM	
  will	
  handle	
  ingest/bandwidth	
  requirements	
  
–  Storage	
  sopware	
  will	
  change	
  to	
  make	
  use	
  of	
  new	
  storage	
  =er	
  and	
  may	
  cause	
  

applica=on/workflow	
  change	
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National Energy Research Scientific Computing Center
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