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NERSC Systems Today
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  XC30	
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  nodes,	
  125K	
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  &	
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Power	
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NERSC Systems
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70	
  GB/s	
   16	
  ×	
  QDR	
  IB	
  
2.2PB	
   Hopper	
  XT5	
  

1.3PF,	
  212	
  TB	
  

163	
  GB/s	
   16	
  ×	
  FDR	
  IB	
  
7.6PB	
   Edison	
  XC30	
  

>2PF,	
  333TB	
  

14	
  ×	
  QDR	
  IB	
  
Carver/Jessup	
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  40TB	
  

	
  	
   4	
  x	
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700	
  TB	
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14TF,	
  6TB	
  

8	
  x	
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  25TB	
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  x	
  10	
  GbE	
  	
  Mendel	
  
(Shared	
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131TF,	
  40TB	
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  projectb	
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  PB	
  
50	
  GB/s	
  

project	
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  TB	
  
5	
  GB/s	
  

240	
  PB	
  
12	
  GB/s	
  

HPSS	
  

home	
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Scratch	
  File	
  Systems	
  

Global	
  File	
  Systems	
  

720	
  TB	
  



Midrange Systems at NERSC in 2012
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•  Three	
  x86_64	
  midrange	
  computa'onal	
  systems:	
  	
  
–  PDSF:	
  ~200	
  node	
  commodity	
  cluster	
  for	
  High	
  Energy	
  
Physics	
  and	
  Nuclear	
  Physics;	
  exclusively	
  serial	
  workload;	
  SL	
  
6.2,	
  6.4	
  and	
  5.3	
  environments;	
  UGE	
  	
  

–  Carver:	
  ~1000	
  node	
  iDataPlex;	
  mixed	
  parallel	
  and	
  	
  
•  serial	
  workload;	
  Scienefic	
  Linux	
  (SL)	
  5.5;	
  	
  
•  TORQUE+Moab	
  	
  

–  	
  Genepool:	
  ~400	
  node	
  commodity	
  cluster	
  	
  
•  providing	
  computaeonal	
  resources	
  to	
  the	
  DOE	
  JGI	
  (Joint	
  Genome	
  
Insetute).	
  Mixed	
  parallel	
  and	
  serial	
  workload;	
  Debian	
  6;	
  Univa	
  Grid	
  
Engine	
  (UGE)	
  	
  

•  All	
  three	
  systems	
  needed	
  expansion	
  



Mendel Midrange Systems Expansion

•  Each	
  midrange	
  system	
  needed	
  

expanded	
  computa'onal	
  capacity	
  	
  
•  Instead	
  of	
  expanding	
  each	
  system	
  

individually,	
  NERSC	
  elected	
  to	
  
deploy	
  a	
  single	
  new	
  hardware	
  
plaXorm	
  (“Mendel”)	
  to	
  handle:	
  	
  
–  Jobs	
  from	
  the	
  “parent	
  systems”	
  (PDSF,	
  

Genepool,	
  and	
  Carver	
  
–  	
  Support	
  services	
  (NX	
  and	
  MongoDB)	
  	
  

•  Groups	
  of	
  Mendel	
  nodes	
  are	
  
assigned	
  to	
  a	
  parent	
  system	
  	
  
–  These	
  nodes	
  run	
  a	
  batch	
  execueon	
  

daemon	
  that	
  integrates	
  with	
  the	
  parent	
  
batch	
  system	
  	
  

–  Expansion	
  experience	
  must	
  be	
  
seamless	
  to	
  users:	
  	
  
No	
  required	
  recompilaeon	
  of	
  code	
  
(recompilaeon	
  	
  can	
  be	
  recommended)	
  	
  

–  Design	
  facilitates	
  easy	
  re-­‐grouping	
  of	
  
nodes	
  between	
  clusters.	
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Mendel Hardware

•  Vendor:	
  Cray	
  Cluster	
  Solu'ons	
  (formerly	
  Appro)	
  	
  

–  Scalable	
  Unit	
  expansion	
  model	
  	
  
•  FDR	
  InfiniBand	
  interconnect	
  with	
  Mellanox	
  SX6518	
  and	
  

SX6036	
  switches	
  	
  
•  Compute	
  nodes	
  are	
  half-­‐width	
  Intel	
  servers	
  	
  

–  S2600JF	
  or	
  S2600WP	
  boards	
  with	
  on-­‐board	
  FDR	
  IB	
  	
  
–  Dual	
  8-­‐core	
  Sandy	
  Bridge	
  Xeon	
  E5-­‐2670	
  	
  
–  Muleple	
  3.5”	
  SAS	
  disk	
  bays	
  	
  

•  Power	
  and	
  airflow:	
  ~26kW	
  and	
  ~450	
  CFM	
  per	
  compute	
  
rack	
  	
  

•  Dedicated	
  1GbE	
  management	
  network	
  	
  
–  	
  Provisioning	
  and	
  administraeon	
  	
  
–  Sideband	
  IPMI	
  (on	
  separate	
  tagged	
  VLAN)	
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PDSF Hardware Layout

•  XROOTD	
  Storage	
  Cluster	
  

–  10	
  Dell	
  RPower	
  710	
  servers	
  
–  MD1200	
  Dell	
  JBODs	
  direct	
  SAS	
  anached	
  (4	
  per	
  server)	
  
–  Dell	
  RPower	
  410	
  server	
  (redirector)	
  
–  10Gb/s	
  ethernet	
  

•  PDSF	
  Compute	
  Cluster	
  
–  ~200	
  	
  Dell	
  RPower	
  410	
  Servers	
  (8,	
  12	
  cores,	
  memory	
  mostly	
  4GB/core)	
  
–  68	
  Mendel	
  Servers	
  (16	
  cores,	
  memory	
  4GB/core,	
  FDR	
  IB	
  –	
  30Gb/s	
  link	
  between	
  PDSF	
  core	
  

router	
  and	
  Mendel)	
  
–  3	
  hosts	
  behind	
  load	
  balancer	
  for	
  interaceve	
  access	
  
–  4	
  backup	
  interaceve	
  nodes	
  used	
  for	
  special	
  services	
  and	
  development	
  
–  Auxiliary	
  servers	
  (mostly	
  Dell	
  RPower	
  410)	
  

•  2	
  VO	
  boxes	
  with	
  Condor-­‐G	
  
•  2	
  CE	
  gatekeepers	
  with	
  SGE	
  job	
  managers	
  
•  2	
  SGE	
  servers	
  (master,	
  shadow)	
  for	
  reliability	
  
•  2	
  admin	
  servers	
  (managing	
  deployment	
  and	
  configuraeon)	
  

•  Networking	
  
–  Combinaeon	
  of	
  Dell,	
  HP	
  and	
  Cisco	
  switches	
  
–  Cisco	
  core	
  router	
  

•  2x10Gb/s	
  conneceon	
  to	
  other	
  NERSC	
  systems/storage	
  
•  2x10Gb/s	
  conneceon	
  to	
  the	
  border	
  router	
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PDSF Summary


•  Evergreen	
  and	
  condo	
  
•  2600	
  cores	
  with	
  20	
  –	
  60	
  GB	
  

RAM,	
  230	
  nodes	
  
•  690	
  TB	
  dedicated	
  GPFS	
  

storage	
  
•  720	
  TB	
  of	
  storage	
  dedicated	
  

to	
  Alice	
  in	
  XROOTD	
  SE	
  
•  Used	
  by	
  Nuclear	
  Physics	
  and	
  

High	
  Energy	
  Physics	
  groups	
  
–  Simulaeon	
  and	
  analysis	
  
–  Data	
  mirrors	
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PDSF	
  Shares	
  2014	
  
	
  ALICE	
  	
  	
  	
  	
  40.6%	
  

STAR	
  	
  	
  	
  	
  	
  	
  34.5%	
  

ATLAS	
  	
  	
  	
  	
  12.0%	
  

Daya	
  Bay	
  	
  9.8%	
  

Majorana	
  2.3%	
  

IceCube	
  	
  	
  	
  0.5%	
  



PDSF Utilization by Alice

•  Due	
  to	
  redundancy	
  in	
  configura'on	
  number	
  of	
  

down'mes	
  minimized	
  
–  5/21,	
  7/30,	
  10/28	
  (rolling)	
  ,	
  2/11	
  Center-­‐wide	
  maintenance	
  
–  11/(12-­‐16)	
  cable	
  replacement	
  in	
  Mendel	
  
–  3/29	
  slow	
  submissions	
  due	
  to	
  a	
  hardware	
  issue	
  on	
  vo	
  box	
  

–  x	
  

•  Alice	
  user	
  9.3M	
  hours	
  in	
  2013	
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PDSF Monitoring and Operations support

•  Nagios	
  monitoring	
  of	
  hardware	
  and	
  services	
  
•  Ganglia	
  monitoring	
  –	
  used	
  in	
  diagnos'cs	
  and	
  problem	
  resolu'on.	
  
•  24x7	
  Alarm	
  monitoring	
  by	
  opera'ons	
  	
  

–  Operators	
  trained	
  to	
  resolve	
  simple	
  issues	
  
–  24x7	
  escalaeon	
  to	
  CSG	
  Systems	
  Engineer	
  on	
  call	
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Alice OSG Monitoring

•  Gra'a	
  repor'ng	
  forwarded	
  to	
  WLCG	
  

–  Lisa	
  Gerhardt	
  took	
  over	
  
development	
  and	
  maintenance	
  of	
  
the	
  SGE	
  probe	
  to	
  assure	
  accurate	
  
reporeng	
  

•  RSV	
  monitoring	
  (connected	
  to	
  the	
  
NERSC	
  monitoring	
  system	
  triggers	
  
alarms	
  24x7)	
  

•  BDII	
  Monitoring	
  (raw	
  data	
  gets	
  to	
  OSG)	
  
•  Manual	
  monitoring	
  of	
  Alice	
  web	
  pages	
  

with	
  job	
  informa'on	
  (Lisa/Jeff)	
  –to	
  be	
  
automated	
  soon.	
  

-­‐	
  11	
  -­‐	
  



Shadow	
  Shadow	
  

Alice Job Flow at PDSF
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UGE	
  Batch	
  System	
  

Alice	
  VO	
  Box	
  1	
  
with	
  Condor	
  

Alice	
  VO	
  Box	
  2	
  
with	
  Condor	
  

PDSF	
  CE	
  
pdsfgrid	
  

PDSF	
  CE	
  
pdsfgrid2	
  

PDSF	
  compute	
  nodes	
   Mendel	
  compute	
  nodes	
  

Primary	
  
path	
  

Alternaeve	
  
path	
  



Move to the Hill (CRT)

•  Goal	
  –	
  execute	
  the	
  move	
  with	
  minimal	
  disrup'on	
  to	
  produc'on	
  services	
  
•  Prepara'on	
  ac'vi'es	
  early	
  Summer	
  2014	
  

–  Move	
  backup	
  services	
  from	
  the	
  “old”	
  PDSF	
  to	
  Mendel	
  
•  Shadow	
  batch	
  scheduler	
  
•  Secondary	
  VO	
  box	
  
•  OSG	
  Infrastructure	
  

–  Setup	
  minimal	
  second	
  SE	
  XRootD	
  cluster	
  within	
  Mendel	
  infrastructure	
  
•  Aim	
  for	
  new	
  storage	
  procurement	
  with	
  delivery	
  in	
  Jan/Feb	
  2015	
  
•  Connec'vity	
  between	
  OSF	
  and	
  CRT	
  –	
  100Gb/s	
  (might	
  be	
  400Gb/s)	
  
•  Run	
  the	
  “old”	
  hardware	
  at	
  OSF	
  un'l	
  PDSF@Mendel	
  is	
  fully	
  func'onal	
  

and	
  then	
  send	
  to	
  salvage.	
  
–  Savings	
  in	
  moving	
  expenses	
  
–  All	
  of	
  the	
  “old”	
  hardware	
  out	
  of	
  warranty.	
  

•  50%	
  of	
  storage	
  warranty	
  expired	
  10/2013	
  
•  50%of	
  storage	
  warranty	
  expires	
  this	
  summer	
  
•  Using	
  compaeble	
  drives	
  from	
  decommissioned	
  computes	
  to	
  support	
  failing	
  storage.	
  
•  75%	
  of	
  computes	
  –	
  warranty	
  already	
  	
  expired	
  >6months	
  
•  25%	
  of	
  computes	
  –	
  warranty	
  will	
  expire	
  November	
  2014	
  
•  Only	
  35%	
  of	
  HS06	
  in	
  the	
  old	
  hardware.	
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PDSF Move Schedule 
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No	
  impact	
  to	
  opera'ons	
  
Some	
  impact	
  to	
  opera'ons	
  
Significant	
  impact	
  to	
  opera'ons	
  

Outage	
  
End	
  of	
  life	
  

Dec	
   Jan	
   Feb	
   Mar	
   Apr	
   May	
   Jun	
   Jul	
   Aug	
   Sep	
   Oct	
   Nov	
  

Building	
  

Network	
  

NGF	
  

Systems	
  

Access	
  to	
  building	
  (12/1)	
  

CRT	
  Beneficial	
  Occupancy	
  

PDU	
  Installa'on	
  (1/18)	
  

Rack	
  &	
  Air	
  Containment	
  	
  Installa'on	
  

Internal	
  Routers	
  Installed	
  	
  (4/12)	
  

Core	
  Routers	
  (6/2)	
  

Decommission	
  and	
  Vacate	
  OSF	
  

Border	
  Router	
  Move	
  (7/11)	
  

ESnet	
  connec'on	
  available	
  (3/2)	
  

/project	
  (7/20)	
  

Global	
  home	
  and	
  Global	
  Common	
  (6/4)	
  

CRT	
  <-­‐>	
  OSF	
  on	
  internal	
  nets	
   Outside	
  <-­‐>	
  OSF	
  <-­‐>	
  CRT	
   Outside	
  <-­‐>	
  CRT	
  <-­‐>	
  OSF	
  

Mendel	
  	
  1	
  Move	
  (7/6)	
  

Carver	
  Re'red	
  (7/31)	
  

Fiber	
  Distribu'on	
  

	
  Move	
  PDSF	
  off	
  	
  
Global	
  Common	
  

Set	
  Up	
  Shadow	
  of	
  Essen'al	
  
Services	
  on	
  Mendel	
  (Summer)	
  

Mendel	
  2	
  Installed	
  and	
  Accepted	
  

Install	
  new	
  SE	
  
Move	
  XRootD	
  data	
  to	
  new	
  SE	
  

	
  Move	
  PDSF	
  back	
  to	
  Global	
  Common	
  

Turn	
  Off	
  Old	
  PDSF	
  nodes	
  

Switch	
  to	
  Shadow	
  Servers	
  

Re're	
  Primary	
  Servers	
  



Dual-homed XRootD servers


•  Dual	
  –	
  homed	
  XRootD	
  servers	
  to	
  separate	
  inside	
  
access	
  (over	
  36	
  net)	
  from	
  the	
  outside	
  one.	
  

•  Second	
  10	
  Gb	
  port	
  on	
  the	
  servers	
  configured.	
  
•  Switch	
  set	
  up	
  and	
  all	
  the	
  fibers	
  pulled.	
  
•  To	
  do:	
  
–  Set	
  rp_filters	
  
–  Set	
  routes	
  on	
  computes	
  
–  Register	
  servers	
  on	
  the	
  external	
  interface	
  with	
  the	
  
redirector	
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Dual Homed Xrootd Servers
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Dual Networking for PDSF XRootD Servers

PDSF-NERSC Networking

KHSchafer
07-Apr-2014

i10g

i10g-2

30Gbps

10Gbps

Core Router (c10g-mlx)

pdsf-core
128.55.36.0/22

Cisco 4900M

40Gbps

nersc73-sw1
128.55.73.0/22
Brocade TurboIron, 24x10G

10Gbps

Future 10Gbps host connections 
to Xrootd nodes (VLAN 73)

XRDR

XRDS

XRDS

XRDS

Border Router 
(100Gbps)

40Gbps

PDSF

Existing 10Gbps host connections 
to Xrootd nodes (VLAN 36)

10Gbps 12
8.

55
.3

6.
0/

22

12
8.

55
.7

3.
0/

24
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Expanding Production to the Crays
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•  Working	
  to	
  get	
  parrot	
  online	
  on	
  Cray	
  computes	
  
–  Turns	
  cvmfs	
  calls	
  into	
  hnp	
  calls	
  
–  Enables	
  cvmfs	
  interface	
  without	
  cvmfs	
  
–  Needs	
  local	
  proxy	
  inside	
  NERSC	
  domain	
  

•  SAGA	
  job	
  submiper	
  
–  Following	
  work	
  at	
  Titan	
  on	
  Cray	
  version	
  of	
  ALICE	
  job	
  
subminer	
  


