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Outline	
  
•  Introduc=on	
  to	
  the	
  Grid	
  
•  ATLAS	
  Distributed	
  Compu=ng	
  
•  The	
  Worldwide	
  LHC	
  Compu=ng	
  Grid	
  (WLCG)	
  

–  ATLAS	
  Clouds	
  
–  Tier	
  roles	
  
–  Networking	
  

•  ATLAS	
  So^ware	
  distribu=on:	
  CVMFS	
  
•  Compu=ng	
  Resources	
  at	
  ATLAS	
  sites	
  
•  Rucio	
  

–  Tools	
  for	
  users	
  
–  Web	
  Interface	
  

•  Introduc=on	
  to	
  the	
  ATLAS	
  Event	
  Data	
  Model	
  (EDM)	
  
–  What	
  is	
  the	
  EDM?	
  
–  xAOD:	
  new	
  EDM	
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Part	
  I:	
  the	
  GRID	
  
(General	
  concepts	
  in	
  Jose	
  Salt’s	
  slides)	
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ATLAS Distributed Computing	
  

•  130 sites 
•  200 PB of storage (disk + tape) 
•  150k job slots pledged 

–  > 250k thks to overpledged and opportunistic 

•  3000 physicists (users) 
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ADC at a glance	
  
•  The experts: > 200! (not full time) 

–  Making things work: developing, integrating, operating 
•  The (Central) Services: 

–  Ad-hoc solutions developed by ATLAS and/or WLCG: 
•  Panda for Job execution, Rucio for Data Management, FTS for 

actual file transfers, CVMFS to distribute the SW… 

•  The Sites 
–  WLCG: Wordldwide LHC Computing Grid 
–  Grid, off-Grid, HPC, cloud resources, volunteer… 
–  Hardware resources for storage and computing 
–  … and expertise! 
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Basic principles: Users and the Grid	
  

Data lookup:  
Which data am I looking for? 

•  Distributed Data 
Management: 
Rucio 

•  ATLAS metadata 
interface 

•  EventIndex 
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Basic principles: Users and the Grid	
  

4	
  April	
  2017	
  

Data lookup:  
Which data am I looking for? 

•  Distributed Data 
Management: 
Rucio 

•  ATLAS metadata 
interface 

•  EventIndex 

Task submission 

Panda 

ATLAS 
Sites 

the Grid 
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Basic principles: Users and the Grid	
  

4	
  April	
  2017	
  

Data lookup:  
Which data am I looking for? 

•  Distributed Data 
Management: 
Rucio 

•  ATLAS metadata 
interface 

•  EventIndex 

Task submission 

Panda 

ATLAS 
Sites 

Results 

the Grid 
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Grid Computing	
  

•  Idea started in 
late ‘90s 

•  Like the 
electricity Grid 

§  The Grid: a technology that enables optimized and secure 
access to widely distributed heterogeneous computing and 
storage facilities of different ownership 
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The Grid	
  
•  The	
  “Grid	
  middleware”	
  exposes	
  heterogeneous	
  
resources	
  to	
  the	
  Grid	
  in	
  a	
  uniform	
  interface	
  
–  Compu=ng	
  Elements	
  give	
  access	
  to	
  CPUs	
  
–  Storage	
  Elements	
  give	
  access	
  to	
  data	
  
–  Informa=on	
  systems	
  describe	
  the	
  Grid	
  

•  How	
  to	
  allow	
  access	
  to	
  resources?	
  
–  Cannot	
  give	
  usernames	
  and	
  passwords	
  for	
  hundreds	
  
of	
  sites	
  to	
  thousands	
  of	
  people!	
  

–  Fundamental	
  basis	
  is	
  X509-­‐based	
  cryptography	
  
•  Many	
  Grids	
  

– WLCG	
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The Worldwide LHC Computing Grid	
  

§  3 Grid middleware: 
•  OSG,  
•  EGI,  
•  NorduGrid.  
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The ATLAS sites	
  

•  Site == Computing Centre 
•  (usually): Storage + Computing power (CPUs) 

–  Squid proxy caches for SW and detector conditions 
distribution 

 
•  Tiers: 

– Tier-0 (CERN), Tier-1s (Tape + some “special” 
services), Tier-2s: sites with signed agreement with 
ATLAS (MoU) 

– Tier-3 opportunistic resources 
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ATLAS Clouds	
  
•  ATLAS Clouds ≠ Cloud resources (AWS, Google 

Compute, Rackspace) 
•  ATLAS Clouds 

– Logical grouping of sites: 
•  one Tier1 plus several Tier2s and Tier3s 
•  Mostly belonging to the same country/funding agency 

–  Support provided by Cloud Squads 
•  close to each site, often same language 

•  historical concept  
– Useful in the past: networking limitations  
–  Still useful especially for the support model 
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Breaking the Clouds boundaries: 
before	
  

Tier-1 

Tier-2 Tier-2 Tier-2 

Tier-3 

…. 

Tier-0 

Tier-3 

Tier-1 

Tier-2 Tier-2 Tier-2 

Tier-3 

…. 

Tier-3 
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Breaking the Clouds boundaries: 
 now	
  

Tier-1 

Tier-2 Tier-2 Tier-2 

Tier-3 

…. 

Tier-0 

Tier-3 

Tier-1 

Tier-2 Tier-2 Tier-2 

Tier-3 

…. 

Tier-3 
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Tier roles: Tier-0	
  

•  Tier-0 
– Tape custodial copy of all the RAW data 
– First-step processing of LHC data, from RAW to 

AOD 
– Most of the ATLAS Central Services are located at 

CERN (in an highly resilient deployment): 
•  Panda, Rucio, DB (Oracle), Stratum-0 (for SW 

distribution through CVMFS), Frontier (for conditions 
data), one FTS (File Transfer Service) production 
instance … 
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Tier roles: Tier-1s, Tier-2s and Tier-3s	
  

•  Tier-1s and Tier-2s provide pledged storage and computing 
power 
–  Storage for custodial and “primary” data 
–  Main difference between Tier-1s and Tier-2s is tape storage for 

custodial data at Tier-1s and 24x7 (T1s) vs working day (T2s) 
operational support 

–  some Tier1s runs also “central” services, in particular Frontier and FTS 
to provide redundancy and closeness  

–  Tier-1s and Tier-2s in reality provide much more than “only” the 
pledge 

•  Tier-3s provide “opportunistic” resources 
–  Not unique copy of “important” data 
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Networking	
  Networking 

4	
  April	
  2017	
   Ale	
  Di	
  Girolamo	
  CERN-­‐IT	
   18	
  

•  Tier-0 &Tier-1s: LHCOPN 
•  Tier-0, 1 & 2: LHCONE (LHC Open Network Environment) 

–  Collaborative effort between Research & Education Network providers 
–  flexible usage of bandwidth, sharing costs of expensive links, scalable 
–  Layer3 (routed) Virtual Private Network 
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ATLAS Site: what kind of?	
  
•  Grid sites 

–  Storage Element (SE) + Computing Element (CE) to access 
the HW resources 

•  Cloud resources 
–  Pledged or opportunistic 
–  For now only processing resources: outputs on Grid SE 

•  High-Performance Computing center (See Esteban’s 
slides): 
–  Only processing, no storage, mostly with edge node to 

stream outputs into std Grid SE 
•  Volunteer computing (add running jobs on home PCs): 

–  BOINC: only processing, no storage 
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ATLAS Software distribution: CVMFS	
  

•  ATLAS relies on CVMFS (CERN VM FileSystem) 
–  network file system based on HTTP and optimized to 

deliver experiment software in a fast, scalable, and reliable 
way 

–  New SW pushed into the system at CERN Stratum-0, 
replicated to various Stratum-1 

–  Massive replication through set of Squids hosted at the sites 
themselves 

•  WN at sites accessing the site’s squids 
•  Resilient in case of Squid failures, retries going one level up 

•  All “standard” ATLAS sites use CVMFS 
–  Requires connection to the outside world, not suitable for 

most HPC 
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From Jakob Blomer 



S.	
  González	
  de	
  la	
  Hoz	
  	
   22	
  	
  	
  	
  	
  IFIC	
  July	
  17,	
  ATLAS	
  compu=ng	
  model,	
  Training	
  course	
  

Computing resources at ATLAS sites	
  

ATLAS	
  needs	
  various	
  types	
  of	
  resources	
  
•  Analysis	
  and	
  Produc=on	
  

–  Different	
  proxy	
  roles	
  
•  Analysis	
  SingleCore	
  

–  2GB	
  of	
  RSS	
  per	
  core,	
  order	
  of	
  10GB	
  of	
  workdir	
  
•  Produc=on	
  SingleCore	
  	
  

–  2GB	
  of	
  RSS	
  per	
  core,	
  order	
  of	
  10GB	
  of	
  workdir	
  
•  Produc=on	
  Mul=Core	
  

–  Usually	
  8	
  cores,	
  16GB	
  of	
  RSS,	
  100	
  GB	
  of	
  workdir	
  
•  (at	
  some	
  sites)	
  Produc=on	
  HighMemory	
  SingleCore	
  

–  >4GB	
  per	
  core	
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Part	
  II:	
  genng	
  data	
  	
  
with	
  RUCIO	
  

(see	
  Farida’s	
  slides)	
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Introduc=on	
  to	
  Rucio	
  
•  Rucio	
  is	
  the	
  ATLAS	
  Distributed	
  Data	
  Management	
  
framework.	
  It	
  replace	
  the	
  previous	
  system	
  called	
  
DQ2	
  (Don	
  Quijote	
  2)	
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Introduc=on	
  to	
  Rucio	
  
•  Rucio	
  is	
  the	
  ATLAS	
  Distributed	
  Data	
  Management	
  
framework.	
  It	
  replace	
  the	
  previous	
  system	
  called	
  
DQ2	
  (Don	
  Quijote	
  2)	
  

•  Rucio	
  catalogs	
  all	
  the	
  ATLAS	
  data	
  and	
  
manages	
  the	
  replica=on	
  and	
  lifecycle	
  of	
  all	
  
these	
  data	
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Rucio	
  in	
  numbers	
  

•  Data	
  volume	
  stored:	
  260	
  PB	
  
•  ~900M	
  files	
  
•  130	
  grid	
  sites	
  
•  More	
  than	
  1000	
  users	
  
•  Up	
  to	
  2	
  PB	
  transfers	
  every	
  day	
  (~500	
  TB	
  to	
  2M	
  
files)	
  

•  Up	
  to	
  14M	
  files	
  deleted/day	
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3	
  main	
  components	
  
•  Catalog	
  of	
  the	
  datasets,	
  content,	
  loca=on	
  
•  Set	
  of	
  daemons	
  to	
  move	
  the	
  data	
  from	
  one	
  site	
  to	
  another,	
  manage	
  the	
  data	
  

dele=on	
  (all	
  datasets	
  in	
  ATLAS	
  have	
  a	
  life=me)	
  
•  Clients	
  tools	
  (CLI,	
  web	
  interface)	
  that	
  allow	
  end-­‐users	
  or	
  other	
  service	
  to	
  interact	
  

with	
  Rucio	
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Rucio	
  concepts	
  (I)	
  
•  Rucio	
  account:	
  

–  It	
  can	
  represent	
  users	
  (e.g	
  sgonzale),	
  groups	
  
(higgs),	
  ac=vi=es	
  (=er0).	
  

–  Quota,	
  permissions	
  tunable	
  and	
  associated	
  
to	
  one	
  account.	
  

–  One	
  can	
  connect	
  to	
  a	
  Rucio	
  account	
  using	
  
x509	
  cer=ficate/proxy,,	
  kerberos,	
  userpass.	
  

–  One	
  creden=al	
  can	
  be	
  used	
  to	
  map	
  to	
  
different	
  accounts.	
  

–  For	
  normal	
  users	
  the	
  Rucio	
  account	
  is	
  the	
  
same	
  as	
  you	
  CERN	
  login	
  name	
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Rucio	
  concept	
  (2)	
  
•  Rucio	
  namespace:	
  

–  3	
  types	
  of	
  Data	
  Iden=fiers	
  (DIDs):	
  	
  File,	
  Datasets,	
  Containers.	
  Allows	
  
mul=ple	
  hierarchy	
  level	
  for	
  containers.	
  

–  All	
  Data	
  Iden=fier	
  are	
  iden=fied	
  by	
  a	
  scope	
  and	
  a	
  name.	
  A	
  name	
  is	
  
unique	
  within	
  a	
  scope	
  but	
  can	
  be	
  used	
  in	
  other	
  scopes	
  (e.g.	
  
user.sgonzale:mytest.root	
  vs	
  user.serfon:mytest.root).	
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Rucio	
  concepts	
  (3)	
  
•  Rucio	
  Storage	
  Elements	
  (RSE):	
  

–  Abstrac=on	
  for	
  storage	
  end-­‐point.	
  
–  Can	
  be	
  grouped	
  in	
  various	
  ways	
  with	
  tags	
  (e.g.	
  =er=1,	
  cloud=ES).	
  

•  Replica=on	
  rules:	
  
–  Describe	
  how	
  a	
  Data	
  Iden=fier	
  must	
  be	
  replicated	
  on	
  a	
  list	
  of	
  Rucio	
  

Storage	
  Elements.	
  
–  E.g.	
  Make	
  2	
  replicas	
  of	
  dataset	
  data16_13TeV:mydatasetname	
  on	
  

=er=1&disk=1.	
  
–  Rucio	
  will	
  create	
  the	
  minimum	
  number	
  of	
  replicas	
  to	
  op=mise	
  storage	
  

space,	
  minimise	
  the	
  number	
  of	
  transfers	
  and	
  automate	
  data	
  
distribu=on.	
  

•  Subscrip=ons:	
  
–  Replica=on	
  policies	
  based	
  on	
  Data	
  Iden=fiers	
  metadata,	
  for	
  Data	
  

Iden=fiers	
  that	
  will	
  be	
  produced	
  in	
  the	
  future.	
  
–  E.g.:	
  Make	
  2	
  replicas	
  of	
  datasets	
  with	
  scope=data16_13TeV	
  and	
  

datatype=AOD	
  on	
  =er=1&disk=1.	
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Rucio	
  Concepts	
  (4)	
  
•  Permission/quotas:	
  

–  2	
  different	
  types	
  of	
  RSEs	
  open	
  to	
  the	
  end-­‐users	
  to	
  
store	
  output	
  datasets:	
  

•  SCRATCHDISK	
  area:	
  Default	
  area	
  for	
  job	
  outputs.	
  Default	
  
life=me:	
  2	
  weeks	
  

•  LOCALGROUPDISK	
  area;:	
  For	
  long	
  term	
  storage	
  of	
  user	
  data.	
  
No	
  default	
  life=me.	
  

–  Every	
  user	
  has	
  a	
  quota	
  on	
  all	
  SCRATCHDISK	
  RSEs.	
  
–  Everyone	
  gets	
  a	
  quota	
  by	
  default	
  on	
  
LOCALGROUPDISK	
  RSEs	
  in	
  their	
  country.	
  

– Admins	
  of	
  the	
  country	
  can	
  modify	
  the	
  quota,	
  approve	
  
replica=on	
  requests,	
  delete	
  old	
  data.	
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Tools	
  for	
  users	
  

•  Rucio	
  CLI	
  (rucio	
  commands)	
  
– To	
  find	
  datasets,	
  get	
  their	
  loca=ons,	
  download	
  
them,	
  upload	
  data	
  on	
  the	
  grid.	
  

– To	
  check	
  quota/space	
  usage...	
  
•  R2D2	
  (web	
  interface)	
  

– Request	
  transfer	
  of	
  dataset	
  by	
  making	
  rules	
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RUCIO	
  CLI	
  (1)	
  
•  Setup	
  ATLAS	
  and	
  Rucio	
  Client:	
  

•  The	
  main	
  command	
  line	
  interface	
  is	
  rucio	
  
•  Type	
  rucio	
  without	
  arguments	
  to	
  get	
  a	
  list	
  of	
  
possible	
  sub-­‐commands.	
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RUCIO	
  CLI	
  (2)	
  
•  For	
  instance	
  list	
  replica	
  loca=ons	
  of	
  a	
  dataset	
  

– Rucio	
  list-­‐dataset-­‐replicas:	
  	
  

	
  

•  More	
  info:	
  
– hyps://twiki.cern.ch/twiki/bin/view/
AtlasCompu=ng/RucioClientsHowTo	
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Web	
  Interface	
  (1)	
  
•  R2D2	
  is	
  the	
  interface	
  to	
  request	
  replica=ons	
  to	
  
one	
  site:	
  hyps://rucio-­‐ui.cern.ch/r2d2/request	
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Web	
  Interface	
  (2)	
  
•  View	
  to	
  monitor	
  the	
  replica=on	
  of	
  the	
  rules:	
  
hyps://rucio-­‐ui.cern.ch/r2d2	
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Genng	
  help	
  
•  General	
  HOWTO,	
  FAQ:	
  
hyps://twiki.cern.ch/twiki/bin/view/AtlasCompu=ng/
RucioClientsHow	
  

•  1st	
  level	
  support	
  provided	
  by	
  DAST:	
  
–  Can	
  solve	
  most	
  of	
  the	
  problems	
  
–  If	
  cannot	
  solve,	
  they	
  scale	
  to	
  2ns	
  level	
  support	
  (DDM	
  
opera=on	
  team)	
  

•  In	
  case	
  of	
  bugs	
  in	
  code/web	
  UI	
  (not	
  transfer	
  errors)	
  or	
  
feature	
  requests:	
  hyps://its.cern.ch/jira/browse/RUCIO	
  

•  Rucio	
  is	
  an	
  open	
  source	
  project.	
  If	
  you	
  want	
  to	
  
contribute,	
  you	
  are	
  welcome.	
  Just	
  contact	
  
ruico-­‐dev@cern.h	
  (they	
  have	
  qualifica=on	
  tasks)	
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Part	
  III:	
  the	
  ATLAS	
  
Event	
  Data	
  Model	
  



S.	
  González	
  de	
  la	
  Hoz	
  	
   39	
  	
  	
  	
  	
  IFIC	
  July	
  17,	
  ATLAS	
  compu=ng	
  model,	
  Training	
  course	
  

What	
  is	
  an	
  Event	
  Data	
  Model?	
  

•  Event	
  Data	
  Model	
  (EDM):	
  
– The	
  collec=on	
  of	
  classes	
  –	
  interface	
  and	
  concrete	
  
objects	
  –	
  and	
  their	
  rela=onship,	
  which,	
  together,	
  
provide	
  a	
  representa=on	
  of	
  an	
  event	
  detected	
  by	
  
ATLAS	
  and	
  ease	
  it	
  is	
  manipula=on	
  by	
  the	
  analysis	
  
developer	
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What	
  is	
  an	
  Event	
  Data	
  Model?	
  

•  Event	
  Data	
  Model	
  (EDM):	
  
– The	
  collec=on	
  of	
  classes	
  –	
  interface	
  and	
  concrete	
  
objects	
  –	
  and	
  their	
  rela=onship,	
  which,	
  together,	
  
provide	
  a	
  representa=on	
  of	
  an	
  event	
  detected	
  by	
  
ATLAS	
  and	
  ease	
  it	
  is	
  manipula=on	
  by	
  the	
  analysis	
  
developer	
  

–  In	
  plain	
  word:	
  
•  How	
  “electrons”,	
  “jets”,	
  “muons”,	
  etc.	
  are	
  stored	
  and	
  
how	
  to	
  use	
  them	
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The	
  New	
  EDM:	
  xAOD	
  

•  Design	
  considera=ons:	
  
– Usable	
  from	
  Athena	
  and	
  ROOT	
  
– Easy	
  to	
  use	
  for	
  analysis	
  
– Fast	
  and	
  flexible	
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The	
  Run	
  2	
  Analysis	
  model	
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Reconstruc=on	
  &	
  Reprocessing	
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Streaming	
  Data	
  
•  The	
  output	
  of	
  the	
  trigger,	
  RAW	
  data,	
  is	
  organised	
  into	
  inclusive	
  

Streams.	
  
–  “Inclusive”	
  means	
  that	
  events	
  can	
  end	
  up	
  in	
  one	
  or	
  more	
  streams,	
  

depending	
  on	
  which	
  triggers	
  they	
  pass.	
  
•  Each	
  trigger	
  chain	
  (HLT	
  output)	
  belongs	
  to	
  one	
  stream.	
  
•  One	
  primary	
  physics	
  streams:	
  physics	
  Main	
  ~1	
  KHz	
  of	
  data	
  

–  There	
  are	
  also	
  other	
  special	
  purpose	
  physics	
  streams:	
  e.g.	
  physics_Late.	
  
•  Many	
  special	
  streams	
  for	
  opera=ons	
  e.g	
  calibra=on,	
  cosmic,	
  debug…	
  

–  Calibra=on	
  streams	
  only	
  have	
  par=al	
  event	
  informa=on	
  (e.g.	
  only	
  
tracking).	
  

•  …and	
  an	
  Express	
  stream:	
  express_express	
  
–  Used	
  for	
  quick	
  Data	
  Quality	
  and	
  prompt	
  calibra=on	
  

•  Can	
  find	
  streams	
  produced	
  in	
  any	
  given	
  run	
  (and	
  many	
  other	
  useful	
  
things)	
  using	
  RunQuery:	
  
–  hyps://atlas-­‐runquery.cern.ch	
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Dataset	
  Nomenclature	
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xAOD::EventInfor	
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xAOD:	
  How	
  does	
  it	
  look	
  like?	
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xAOD:	
  How	
  does	
  it	
  look	
  like?	
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xAOD:	
  How	
  does	
  it	
  look	
  like?	
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xAOD:	
  How	
  does	
  it	
  look	
  like?	
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Conclusion	
  

Part	
  I:	
  GRID	
  
– The	
  grid	
  is	
  a	
  complex	
  beast	
  

• Which	
  we	
  (try	
  to)	
  keep	
  under	
  control!	
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Conclusion	
  

•  Part	
  II:	
  Rucio	
  (ATLAS	
  Distributed	
  Data	
  
Management	
  system)	
  
– For	
  the	
  purpose	
  of	
  helping	
  the	
  collabora=on	
  store,	
  
manage	
  and	
  process	
  LHC	
  data	
  in	
  a	
  heterogeneous	
  
distributed	
  environment	
  

– Responsible	
  for	
  moving	
  and	
  cataloguing	
  all	
  ATLAS	
  
data	
  on	
  the	
  Grid	
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Conclusion	
  

•  Part	
  III:	
  EDM	
  
– We	
  have	
  a	
  new,	
  common	
  Event	
  Data	
  Model	
  

•  Designed	
  for	
  analysis	
  users,	
  flexibility,	
  speed,	
  ease	
  to	
  
use	
  

•  Readable	
  in	
  both	
  Athena	
  and	
  ROOT	
  
– All	
  par=cle	
  objects	
  share	
  a	
  common	
  interface:	
  
xAOD	
  

– The	
  user	
  should	
  interact	
  with	
  the	
  interface	
  and	
  
NOT	
  with	
  the	
  underlying	
  auxiliary	
  store	
  
technology	
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