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To find the Higgs 
you need 3 things 
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Rolf-Dieter Heuer, DG, CERN, July 4 2012 

The GRID 
 

    

The Experiments
    

The Accelerator 
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Data Acquisition, First pass reconstruction, 
 Storage & Distribution 

CERN openlab - March 2014 

1.25 GB/sec (ions) 

2011: 400-500 MB/sec 
2011: 4-6 GB/sec 
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The LHC Data Challenge 
•  The accelerator will run for more 

than 20 years 
•  Experiments are producing about 25 

Million Gigabytes of data each year 
(about 1000 years of DVD movies!) 

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

•  Requires many cooperating 
computer centres, as CERN can only 
provide ~15% of the capacity 
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Solution: the Grid 
Use the Grid to unite computing resources of 
particle physics institutes 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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•  A distributed computing 
infrastructure to provide 
the production and 
analysis environments for 
the LHC experiments 
 

•  Managed and operated by 
a worldwide collaboration 
between the experiments 
and the participating 
computer centres 

 
•  The resources are 

distributed – for funding 
and sociological reasons 

•  Our task was to make use 
of the resources available 
to us – no matter where 
they are located 

The	
  Worldwide	
  LHC	
  Computing	
  Grid	
  

Tier-0 (CERN): 
• Data recording 
•  Initial data reconstruction 
• Data distribution 

Tier-1 (12 centres + Russia): 
•  Permanent storage 
•  Re-processing 
•  Analysis 

Tier-2  (~140 centres): 
•  Simulation 
•  End-user analysis 

•  ~ 160 sites, 35 countries 
•  300000 cores 
•  200 PB of storage 
•  2 Million jobs/day 
•  10+ Gbps links 



WLCG video 

14 May 2014 

http://ml-server01.cern.ch/files/DataDeluge/06%20Data%20Deluge%20Tier%20Map%2001_201402101634086093.mp4 
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Grid	
  has	
  benefited	
  the	
  wider	
  scien0fic	
  community	
  
–  Europe	
  (EC	
  FP7):	
  

•  Enabling	
  Grids	
  for	
  E-­‐sciencE	
  	
  
(EGEE)	
  2004-­‐2010	
  

•  European	
  Grid	
  Infrastructure	
  	
  
(EGI)	
  	
  2010-­‐-­‐	
  

–  USA	
  (NSF):	
  
•  Open	
  Science	
  Grid	
  (OSG)	
  

–  Asia:	
  
•  Japan,	
  Korea,	
  Taiwan	
  etc.	
  	
  

Broader	
  Impact	
  of	
  the	
  LHC	
  
Compu0ng	
  Grid	
  

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



www.egi.eu EGI-InSPIRE RI-261323 

Physical Sciences 

•  Helping 
astronomers 
find pulsars  

Low-Frequency Array for radio astronomy 
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www.egi.eu EGI-InSPIRE RI-261323 

Natural Sciences 

Correlate data from millions 
of calculations to unveil the 
rock structure of an oil field 
under the North Sea 

Trace the tapeworms 
infecting Northern African 
fish back to Europe 

Image: wikicommons 
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www.egi.eu EGI-InSPIRE RI-261323 

Life Sciences 

Designing better antibiotics 

Hunting for viruses 

Tracking a biomarker for 
Alzheimer’s disease 
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Enabling Grids for E-sciencE 

EGEE-III INFSO-RI-222667 

Sample of Business Applications  

•  SMEs 
–  NICE (Italy) & GridWisetech (Poland): develop services on 

open source middleware for deployment on customer in-
house IT infrastructure  

–  OpenPlast project – (France)  Develop and deploy Grid 
platform for plastics industry 

–  Imense Ltd (UK) - Ported gLite application and GridPP sites 

•  Energy 
–  TOTAL, UK - Ported application using GILDA testbed 
–  CGGVeritas (France) – manages in-house IT infrastructures 

and sells services to petrochemical industry 

•  Automotive 
•  DataMat (Italy) – Provides grid services to automotive 

industry 
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Commercial distributed computing 
platform 

Digipede offers a distributed 
computing platform based on 
Microsoft .NET to customers in a 
range of business sectors: 
•  Financial services 
•  Life Sciences 
•  Energy 
•  Entertainment 
•  Manufacturing 
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© Copyright 2014 Digipede Technologies 

Digipede[TM], the Digipede Network[TM], and the Digipede logo are trademarks of Digipede Technologies, LLC. 
Microsoft and the NET Logo are trademarks, or registered trademarks of Microsoft Corporation  
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CERN openlab in a nutshell 

•  A science – industry partnership to drive R&D 
and innovation with over a decade of success 

•  Evaluate state-of-the-art technologies in a 
challenging environment and improve them 

•  Test in a research environment today what will 
be used in many business sectors tomorrow 

•  Train next generation of engineers/employees 

•  Disseminate results and outreach to new 
audiences 
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Summer Student Program 
       6 week residential work/study programme hosted at CERN 

§  720+ applicants (2013) 
§  22 selected candidates 
§  13 lectures (including external labs) 
§  Student lightning talks session 
§  22 technical reports 
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14 May 2014 

Where do we go next? 



Helix Nebula 20 

Estimated evolution of requirements 2015-2017 
 
 
2008-2013: Actual deployed capacity 
   

Line: extrapolation of 2008-2012 actual 
resources 
 
Curves: expected potential growth of 
technology with a constant budget  
•  CPU: 20% yearly growth 
•  Disk: 15% yearly growth 

Higher trigger (data) rates driven by physics 
needs 
Based on understanding of likely LHC 
parameters;  
Foreseen technology evolution (CPU, disk, 
tape) 
Experiments work hard to fit within constant 
budget scenario 

Evolution of Computing 
requirements 



From grids to clouds 

Expand the grid so it is: 
•  More efficient & powerful 
•  More open - engage public & commercial service providers 
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May 2014: A European cloud computing partnership: 
big science teams up with big business 

Strategic Plan 

�  Establish multi-
tenant, multi-
provider cloud 
infrastructure 

�  Identify and 
adopt policies for 
trust, security 
and privacy 

�  Create 
governance 
structure 

�  Define funding 
schemes 

To support the 
computing 

capacity needs 
for the ATLAS 

experiment 

 
 

Setting up a new 
service to simplify 
analysis of large 
genomes, for a 
deeper insight 

into evolution and 
biodiversity 

 
To create an 

Earth Observation 
platform, focusing 

on earthquake 
and volcano 

research 

Adopters 

 
To improve the 

speed and quality 
of research for 

finding surrogate 
biomarkers based 
on brain images 

Suppliers 
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HNX video 
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Future IT Challenges 

Data analysis facility 
Preserve applications 
Secure remote researcher access 

Secure data federation 
Federated identity 
Role based data access 

Remote management of analysis facility 
Secure remote access for administration 
Isolation of roles 

Research clouds at scale 
Elastic access to large compute resources 
Project based authentication, provisioning and resources 

zenodo.org/record/8765 
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                     Accelerating Science and Innovation 

The material and work presented is the result of many people, 
organisations and projects such as: 
 
CERN and the openlab project 
EGEE & EGI 
Helix Nebula initiative  
W3C & The Web Foundation 
WLCG collaboration 


