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Benven%	  al	  CERN!	  

•  Liceo	  Galilei	  di	  Trieste	  
– Trieste…	  

•  	  

– Galileo	  Galilei…	  
•  	  

– Liceo…	  
•  Purtroppo	  non	  sono	  a<rezzato	  per	  trasparenze	  in	  
La#no	  	  	  	  …	  	  	  il	  seminario	  sarà	  in	  Italiano	  con	  
trasparenze	  in	  Inglese	  	  
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High-‐Energy	  Physics	  Compu%ng	  

The LHC Computing Grid - April 2011 

Cicerone et al. 
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LHC	  experiments	  (ATLAS)	  

ATLAS:	  7,000	  tons,	  150	  million	  sensors	  
genera%ng	  data	  40	  millions	  %mes	  per	  
second	  i.e.	  a	  petabyte/s	  (1	  million	  GB/s)	  
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ATLAS	  is	  around	  than	  3,000	  collaborators	  
From	  169	  universi%es	  from	  37	  countries	  
~1000	  students!!!	  
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The	  role	  of	  the	  CERN	  Computer	  Centre	  
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CERN	  Computer	  Centre:	  Storage,	  Distribu%on	  
and	  Processing	  (Reconstruc%on	  and	  Analysis)	  

Géant: the pan-european Research 
and Education Network 

LHCOPN: dedicated links with major 
computer centres worldwide 
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The	  LHC	  Data	  Challenge	  

•  The	  accelerator	  will	  run	  for	  20	  years	  

•  Experiments	  are	  producing	  about	  
15	  Million	  Gigabytes	  of	  data	  each	  
year	  (about	  20	  million	  CDs!)	  

•  LHC	  data	  analysis	  requires	  a	  
compu%ng	  power	  equivalent	  to	  
~100,000	  of	  today's	  fastest	  PC	  
processors	  

•  Requires	  many	  coopera%ng	  
computer	  centres,	  as	  CERN	  can	  only	  
provide	  ~20%	  of	  the	  capacity	  

A	  challenge	  for	  physics…	  

	  …	  and	  a	  challenge	  for	  technology	  
research	  and	  industry	  as	  well	  
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“Historical”	  example…	  
1990s:!
The web was invented at CERN!!
The machine used by Tim 
Berners-Lee in 1990 to develop 
and run the first WWW server, 
multi-media browser and web 
editor.!
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A	  new	  solu%on:	  the	  Grid	  

•  Use	  the	  Grid	  to	  unite	  compu%ng	  resources	  of	  
par%cle	  physics	  ins%tutes	  around	  the	  world	  

The World Wide Web 
provides seamless 
access to information 
that is stored in many 
millions of different 
geographical locations 

The Grid is an 
infrastructure that 
provides seamless 
access to computing 
power and data storage 
capacity distributed over 
the globe 
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WLCG	  Tiers	  Organiza%on	  
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Tier-0 (CERN): 
• Data recording 
• Initial data 
reconstruction 

• Data distribution 

Tier-1 (11 centres): 
• Permanent storage 
• Re-processing 
• Analysis 

Tier-2  (~130 centres): 
•  Simulation 
•  End-user analysis 



The	  LHC	  Compu%ng	  Grid	  -‐	  April	  2011	  

• 24x7 operator and 
system admin support 

•  Management and 
Automation framework 
for large scale Linux 
clusters 

• Hardware installation & 
retirement 

• ~7,000 hardware 
movements/year; ~1000 
disk failures/year 
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2010	  data	  taking	  as	  seen	  in	  the	  CERN	  CC	  

Stored ~ 15 PB in 2010 with peaks 
at 220 TB/day during PbPb 

Tier-0 Bandwidth 
Average in: 2 GB/s with peaks at 11.5 GB/s 
Average out: 6 GB/s with peaks at 25 GB/s 
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WLCG	  Usage	  
•  Use	  remains	  consistently	  high	  	  

–  1	  M	  jobs/day;	  >>100k	  CPU-‐days/day	  

–  Actually	  much	  more	  inside	  pilot	  jobs	  

1 M jobs/day 

LHCb 

CMS 

100k CPU-days/day 

ALICE: ~200 users, 
5-10% of Gris 

As	  well	  as	  LHC	  data,	  large	  
simula%on	  produc%ons	  ongoing	  

•  Large	  numbers	  of	  
analysis	  users	  	  
	  	  	  	  	  	  	  CMS	  ~800,	  	  

ATLAS	  ~1000,	  	  
LHCb/ALICE	  ~250	  
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Coopera%ng	  effort	  
•  Significant	  use	  of	  Tier	  2s	  for	  

analysis	  	  
–  Frequently-‐expressed	  concern	  that	  

too	  much	  analysis	  would	  be	  done	  at	  
CERN	  is	  not	  reflected	  

•  Tier	  0	  capacity	  
underused	  in	  
general	  	  
–  But	  this	  is	  

expected	  to	  
change	  as	  
luminosity	  
increases	  
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•  LCG has been the driving force for the 
European multi-science Grid EGEE (Enabling 
Grids for E-sciencE) 

•  EGEE was a global effort, and the largest Grid 
infrastructure worldwide   

•  Co-funded by the European Commission (Cost: 
~170 M€ over 6 years, funded by EU ~100M€) 

•  Now moving to a permanent European 
Infrastructure: EGI 

Impact of the LHC Computing Grid in Europe  

>300 sites 
48 countries 
>200,000 cores 
>20 PetaBytes 
>10,000 users 
>150 VOs 
>150,000 jobs/day 

Archeology 
Astronomy 
Astrophysics 
Civil Protection 
Comp. Chemistry 
Earth Sciences 
Finance 
Fusion 
Geophysics 
High Energy Physics 
Life Sciences 
Multimedia 
Material Sciences 
… 
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More	  info:	  	  

INFN	  (Is%tuto	  Nazionale	  Fisica	  Nucleare):	  
	  h<p://www.infn.it	  

IGI	  (Italian	  Grid	  Ini%a%ve):	  h<p://
	  www.italiangrid.org/	  
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For	  more	  informa%on	  about	  the	  Grid:	  

Thank	  you	  for	  your	  kind	  a<en%on!	  

www.cern.ch/lcg www.eu-egee.org 

www.eu-egi.org/  

www.gridcafe.org 
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