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GRID COMPUTING AND INFRASTRUCTURES

The case for grid : applications

Security models for authN and authZ : PKI, federations and VOs

The Grid : the protocols, the information system and its anomalies

At the site : cluster architectures and networks

Scaling up the infrastructure: power, systems management

Monitoring : things that break, keeping an eye on things

Operational Security : óinterestingô users, policies, and the SSCs

Putting it together for growth : layering, growth, and grid models 

Sustainable infrastructure : standards and EGI

What Next?





ÅName ñGridò chosen by analogy 
with electric power grid 
(Foster and Kesselman 1997)

ÅVision: plug - in computer for 
processing power just like 
plugging in toaster for electricity.

The idea has been around for decades

ódistributed computing ô,
ómetacomputing ô

Å and will be around: óWeb 2.0ô, óVirtualisation ô, óCloud Computingô



Grids in Science

The Grid is ómore of everythingô 
as science struggles to deal 
with ever increasing complexity

more than one computer

more than one place on earth

more than one science! more than é



Why would we need it?

The Bible 5 MByte

X-ray image 5 MByte/image

Functional MRI 1 GByte/day

Bio - informatics databases 500 GByte each

Refereed journal papers 1 TByte/yr

Satellite world imagery 5 TByte/yr

US LoC contents 20 TByte

Internet Archive 1996 -2002 100 TByte

Particle Physics 2005 1 PByte/yr

Particle Physics Today: LHC 20 PByte/yr

Enhanced Science needs more and more computations and

Collected data in science and industry grows exponentially

1 Petabyte = 1 000 000 000 Megabyte



LHC Computing

Large Hadron Collider

Åóthe worlds largest microscopeô

Åólooking at the 
fundamental forces of natureô

Å27 km circumference

ÅLocated at CERN, Geneva, CH
atom

10 -15 m

nucleus

quarks

~ 20 PByte of data per year, ~ 60 000 modern PC style computers



Å Signal/Background  10 -9

Å Data volume

ï(high rate) X
(large number of channels) X
(4 experiments)

Č 20 PetaBytes of new data each 

year

Å Compute power

ï(event complexity) X
(number of  events) X
(thousands of users)

Č 60ô000 of (today's) fastest 
CPUs

Concorde
(15 Km)

Balloon
(30 Km)

CD stack with
1 year LHC data!
(~ 20 Km)

Mt. Blanc
(4.8 Km)



Today ï
LHC Collaboration

~ 5 000 physicists

~ 150 institutes

53 countries, economic regions

20     years est. life span

24/7  global operations

~ 4000 person-years of

science software investment
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EGEE Achievements -
Applications

Å >27 0 VOs from several 
scientific domains

ïAstronomy & Astrophysics

ïCivil Protection

ïComputational Chemistry

ïComp. Fluid Dynamics

ïComputer Science/Tools

ïCondensed Matter Physics

ïEarth Sciences

ïFusion

ïHigh Energy Physics

ïLife Sciences

Å Further applications 
under evaluation

Applications have moved from 

testing to routine and daily usage

~80-95% efficiency

How do we match the expectations of the growing user communities?

Will we have enough computing resources to satisfy their needs?



Astronomy & Astrophysics

LOFAR large distributed radio telescope

AUGER & ARGO Cosmic Ray Observatories
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