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Introduc?on	
  

•  CHEP	
  –	
  Compu?ng	
  In	
  High	
  Energy	
  and	
  Nuclear	
  
Physics	
  

•  Held	
  every	
  18months,	
  interna?onal	
  
•  2013	
  in	
  Amsterdam	
  -­‐	
  ~500	
  par?cipants	
  
•  Plenaries	
  and	
  6	
  parallel	
  tracks	
  (Data	
  
Acquisi?on,	
  Event	
  Processing,	
  Distributed	
  
Processing,	
  Data	
  Storage,	
  SoTware	
  
Engineering,	
  Produc?on	
  Infrastructures)	
  



Introduc?on	
  

•  Also	
  ~230	
  posters	
  
•  20th	
  CHEP	
  –	
  28	
  years	
  since	
  last	
  held	
  in	
  
Amsterdam	
  

•  Interes?ng	
  to	
  see	
  what	
  has	
  changed	
  in	
  that	
  
?me…	
  







Buzzword	
  Glossary	
  

•  “Cloud”	
  (as	
  compared	
  to	
  “Grid”)	
  
•  Grid	
  Compu?ng	
  
– Dedicated	
  computer	
  systems	
  
– Physical	
  systems	
  at	
  validated	
  sites	
  

•  Cloud	
  Compu?ng	
  
–  Infrastructure	
  As	
  A	
  Service	
  (IAAS)	
  (Cue	
  Car	
  
Analogy)	
  

– Virtualised	
  nodes	
  created/destroyed	
  on	
  demand	
  
– Can	
  use	
  any	
  provider	
  with	
  resources	
  



Buzzword	
  Glossary	
  

•  Grid	
  Storage	
  
– Dedicated	
  storage	
  systems	
  co-­‐located	
  at	
  Grid	
  
Compu?ng	
  sites	
  (eg	
  DPM	
  at	
  Liverpool)	
  

– Owned	
  by	
  the	
  Grid	
  sites	
  
– Accessible	
  anywhere	
  with	
  authorisa?on	
  

•  Cloud	
  Storage	
  
–  Virtualised	
  storage	
  systems	
  
–  Leased	
  from	
  third	
  par?es	
  
– No	
  capital	
  expense,	
  scales	
  as	
  required	
  
–  Eg	
  Dropbox,	
  Google	
  Cloud	
  Storage	
  



Buzzword	
  Glossary	
  

•  GPGPU	
  
– General	
  Purpose	
  Graphics	
  Processing	
  Units	
  
– Hundreds	
  of	
  simple	
  Cores	
  
– nVidia/AMD,	
  CUDA	
  

•  Mul?	
  Core	
  
– A	
  chip	
  with	
  more	
  than	
  one	
  Core/CPU	
  on	
  it	
  

•  Many	
  (Integrated)	
  Core	
  
–  Intel	
  Xeon	
  Phi	
  
– Dozens/Hundreds	
  of	
  Cores	
  



Buzzword	
  Glossary	
  

•  Big	
  Data	
  
– Tradi?onally	
  defined	
  as	
  

•  Volume	
  
–  Amount	
  of	
  data	
  

•  Velocity	
  
–  Speed	
  of	
  processing	
  

•  Variety	
  
–  Different	
  types	
  of	
  data	
  

•  Not	
  just	
  about	
  sheer	
  size…	
  



General	
  Themes	
  

•  GPGPUs	
  and	
  other	
  animals	
  
– Gecng	
  more	
  for	
  less	
  the	
  hard	
  way	
  

•  C++11+	
  
– C++	
  grows	
  up,	
  it’ll	
  be	
  14	
  before	
  you	
  know	
  it	
  

•  Clouds	
  Are	
  Gathering	
  
– Even	
  if	
  they’re	
  our	
  Own	
  Clouds	
  

•  The	
  Federa?on	
  
–  It’s	
  cheaper	
  to	
  move	
  Data	
  than	
  store	
  it	
  



GPGPUS	
  AND	
  OTHER	
  ANIMALS	
  
gecng	
  more	
  for	
  less	
  the	
  hard	
  way	
  



Processing	
  

•  GPGPUs	
  
– Nvidia	
  (CUDA	
  framework)	
  
– AMD	
  (OpenCL)	
  

•  MIC	
  
–  Intel	
  Xeon	
  Phi	
  (x86,	
  icc)	
  

•  CPUs	
  
•  x86	
  (Intel,	
  AMD)	
  
•  ARM	
  



Processing	
  

“Explora?ons	
  of	
  the	
  viability	
  of	
  ARM	
  and	
  Intel	
  Xeon	
  Phi	
  for	
  Physics	
  Processing”	
  
	
  -­‐	
  presented	
  by	
  Dr.	
  Peter	
  Elmer	
  



Processing	
  

“Explora?ons	
  of	
  the	
  viability	
  of	
  ARM	
  and	
  Intel	
  Xeon	
  Phi	
  for	
  Physics	
  Processing”	
  
	
  -­‐	
  presented	
  by	
  Dr.	
  Peter	
  Elmer	
  



Processing	
  –	
  Tesla	
  &	
  Xeon	
  Phi	
  



Processing	
  –	
  Tesla	
  &	
  Xeon	
  Phi	
  

•  Nvidia	
  CUDA	
  dominant	
  in	
  HPC	
  
– More	
  mature	
  plakorm	
  
– Beler	
  performance	
  
– Development	
  work	
  con?nuing	
  

•  Xeon	
  Phi	
  (MIC)	
  emerging	
  
– Very	
  early	
  days	
  for	
  HEP	
  
– Shows	
  promise	
  
–  Issues	
  with	
  Intel	
  compiler	
  (icc)	
  



Processing	
  –	
  ARM	
  

“HS06	
  benchmark	
  values	
  for	
  an	
  ARM	
  based	
  server”	
  
Presented	
  by	
  Stefan	
  Kluth	
  
	
  



Processing	
  –	
  ARM	
  

•  Slower	
  cores,	
  but	
  much	
  more	
  power-­‐efficient	
  
•  More	
  events	
  per	
  W	
  
•  Not	
  quite	
  compe??ve	
  on	
  events	
  per	
  £/$/€	
  yet	
  
•  Typically	
  32-­‐bit,	
  not	
  tradi?onally	
  aimed	
  at	
  HPC	
  
and	
  data	
  centers	
  

•  HPC-­‐targeted	
  CPUs	
  and	
  System-­‐on-­‐Chip	
  (SoC)	
  
coming	
  
– Project	
  Denver	
  from	
  Nvidia	
  
– HieroFalcon	
  from	
  AMD	
  



C++11+	
  
c++	
  grows	
  up	
  



C++11	
  

•  Significant	
  update	
  to	
  the	
  language	
  
•  New	
  compilers	
  
•  No	
  mixing	
  of	
  C++98	
  and	
  C++11	
  
•  Auto	
  vectorisa?on	
  
•  Simplified	
  
•  ROOT	
  moving	
  to	
  C++11	
  in	
  v6	
  

•  C++	
  evolves!	
  Presented	
  by	
  Axel	
  NAUMANN	
  



C++	
  Standardisa?on	
  















CLOUDS	
  
clouds	
  are	
  gathering	
  



Clouds	
  -­‐	
  Storage	
  

•  Standard	
  interfaces	
  
•  Can	
  scale	
  well	
  
•  Lots	
  of	
  commercial	
  interest	
  and	
  support	
  
•  Great	
  for	
  opportunis?c	
  or	
  short	
  term	
  needs	
  
•  Ubiquitous	
  access	
  



Clouds	
  -­‐	
  Storage	
  

•  Cern	
  cloud	
  storage	
  tests	
  
•  S3	
  compa?ble	
  
•  linear	
  scaling	
  with	
  number	
  of	
  frontends	
  
•  low	
  maintenance	
  
•  ROOT-­‐plugin	
  soon	
  







Clouds	
  -­‐	
  Storage	
  

•  Cloud	
  storage	
  for	
  BES	
  II	
  experiment	
  
•  s3fs	
  fuse	
  interface	
  
•  Standard	
  POSIX	
  filesystem	
  (cp/ls/rm	
  etc)	
  
•  Small	
  performance	
  loss	
  but	
  very	
  scalable	
  









Over	
  LAN	
  to	
  Local	
  OpenStack	
  



Clouds	
  -­‐	
  Storage	
  

•  owncloud:	
  cernbox	
  altera?ve	
  to	
  dropbox	
  



Clouds	
  -­‐	
  Processing	
  

•  Scalability	
  
•  Cheaper	
  than	
  capital	
  equipment	
  for	
  short	
  bursts	
  
•  Soak	
  up	
  peak	
  CPU	
  demand	
  

•  ATLAS	
  and	
  Clouds	
  
•  Evalua?on	
  of	
  PROOF	
  on	
  Google	
  Compute	
  Engine	
  







Clouds	
  -­‐	
  Processing	
  

•  Beyond	
  IaaS	
  to	
  Infrastructure	
  As	
  A	
  Client	
  
•  “Vacuum”	
  system	
  for	
  grid	
  jobs	
  
•  Pull	
  rather	
  than	
  push	
  job	
  payloads	
  
•  No	
  local	
  batch/CE	
  system	
  needed	
  
•  Useful	
  for	
  sites	
  with	
  majority	
  work	
  for	
  a	
  few	
  
large	
  VOs	
  









THE	
  FEDERATION	
  
it’s	
  cheaper	
  to	
  move	
  data	
  than	
  it	
  is	
  to	
  store	
  it	
  



Federated	
  Storage	
  -­‐	
  ATLAS	
  

•  FAX	
  –	
  Federated	
  ATLAS	
  Xrootd,	
  Read-­‐Only	
  
•  Can	
  run	
  jobs	
  on	
  sites	
  with	
  no	
  local	
  storage	
  or	
  use	
  
local	
  storage	
  as	
  cache	
  

•  rucio	
  will	
  simplify	
  filename/file	
  lookups	
  
•  xrootd	
  used	
  because	
  it	
  fits	
  with	
  HEP	
  access	
  (ie	
  
ROOT)	
  plus	
  scalable	
  

•  Ul?mate	
  goal	
  for	
  site	
  to	
  be	
  able	
  to	
  s?ll	
  run	
  jobs	
  
with	
  no	
  local	
  storage	
  (eg	
  during	
  upgrades)	
  

•  WAN	
  can	
  be	
  as	
  good	
  as	
  LAN	
  (but	
  not	
  always).	
  







Federated	
  Storage	
  -­‐	
  CMS	
  

•  Tradi?onally	
  move	
  jobs	
  to	
  data	
  (data	
  transfers	
  
were	
  slow)	
  but	
  this	
  is	
  becoming	
  problema?c	
  

•  Goal	
  is	
  Any	
  data	
  Any?me	
  Anywhere	
  (AAA)	
  
•  Local	
  access	
  s?ll	
  beler	
  but	
  not	
  by	
  much	
  (6%),	
  
trading	
  off	
  latency	
  with	
  bandwidth	
  

•  Can	
  redirect	
  jobs	
  away	
  from	
  busy	
  sites	
  with	
  
data	
  to	
  another	
  site	
  then	
  remote	
  access	
  the	
  
data	
  





Federated	
  Storage	
  -­‐	
  CMS	
  

•  Increasing	
  data	
  federa?on	
  over	
  high	
  latency	
  
links	
  (WAN,	
  wireless,	
  desktops	
  etc)	
  

•  Trying	
  to	
  reduce	
  number	
  of	
  reads	
  +	
  reduce	
  
data	
  read	
  +	
  parallise	
  access,	
  to	
  increase	
  
efficiency	
  

•  Ttreecache	
  essen?al	
  to	
  get	
  good	
  performance	
  
on	
  high	
  latency	
  links	
  

•  Very	
  successful	
  







Federated	
  Storage	
  -­‐	
  Network	
  

•  Error-­‐free	
  WANs	
  are	
  essen?al	
  for	
  high	
  volume	
  
data	
  transfers	
  

•  NO	
  FIREWALLS	
  
•  Remote	
  IO	
  !=	
  flexible	
  data	
  if	
  the	
  framework	
  
isn't	
  efficient	
  









The	
  Others	
  
•  Lots	
  of	
  other	
  stuff	
  going	
  on:	
  
•  Cluster	
  Filesystems	
  (CEPH	
  almost	
  perfect)	
  
•  SSDs	
  (Caching)	
  
•  Data	
  Preserva?on	
  
•  SoTware	
  Build	
  Systems	
  
•  Using	
  Databases	
  for	
  Analysis	
  
•  Configura?on	
  Management	
  with	
  Puppet	
  
•  SoTware-­‐defined	
  Networking	
  
•  ROOT/Geant4	
  Updates	
  
•  Service	
  Monitoring	
  
•  …	
  



Thank	
  You.	
  
	
  

Ques?ons?	
  


