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LCG Outline

What is a Grid? 
What are the benefits?
The LHC experiments as 
pilot applications for utility 
grids
Current status
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LCG

What is a Grid?

Grid - describes many different models
of distributed computing
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LCG

Going strong
since 1986

Scavenging unused cycles

Berkeley Open Infrastructure
for Network Computing

What is a Grid?
Not so easy to scavenge 
unused storage
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LCG

What is a Grid?
Sharing Data

Standardised ways of querying and mining related databases

One of 30 black holes discovered by 
the Astrophysical Virtual Observatory
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LCG

What is a Grid?
Sharing Data

Mass market file
sharing software

File replication
Distributed caching
Parallel cache-filling

Do not under-estimate this technology        
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LCG

Controlling the Osaka electron
microscope from UCSD

Remote instrument control
What is a Grid?

www-ncmir.ucsd.edu/
www.uhvem.osaka-u.ac.jp

While at the same time doing 3D tomographic reconstruction using 
grid resources



NEESgrid - Network for Earthquake Engineering Simulation

Links researchers
to test equipment,

sensors and computers
www.neesgrid.org
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LCG

TeraGrid

Inter-connected supercomputers
What is a Grid?

www.naregi.org

www.teragrid.org
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LCG Inter-connected supercomputers
What is a Grid?

TeraGrid

The TeraGyroid project
Tufts – UK e-Science
Studying the development
of defects in gyroids

www.realitygrid.org/TeraGyroid.html
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LCG A Distributed Computing Utility
What is a Grid?

LCG-2 grid
~64 sites
~6K cpus

A university group joining an LHC experiment can contribute computing
capacity to enhance the experiment’s data analysis facility

A physicist with his students in his institute has access to the full data
and computational resources of the collaboration
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LCG
GRIDs - The next step in the 
evolution of large scale computing

1980                            1990                          2000

from Super-Computer
through Cluster

to Grid
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LCG So - What is a Grid?

Long term -- this may be the most important
result of Grid technology

A wide variety of approaches providing -
access to 

increased – even massive - computing resources
specialised instruments, computer systems

an easy way of sharing data, allowing more than simple 
queries
better resource utilisation
cost sharing
more flexible management capabilities 

A platform for a rich variety of applications

An environment in which to build 
Virtual Organisations

easy and flexible collaboration –
sharing knowledge and computing resources

creating relationships among otherwise 
independent communities



The EGEE Vision

Access to a production quality GRID will change the way science and much 
else is done in Europe

A geneticist at a conference, inspired by a 
talk she hears, will be able to launch a 

complex biomolecular simulation from her 
mobile phone.

A team of engineering students will be able 
to run the latest 3D rendering programs 
from their laptops using the Grid. 

An international network of scientists will be 
able to model a new flood of the Danube in 
real time, using meteorological and geological 
data from several centers across Europe.

www.eu-egee.org
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LCG Do we have a choice?

Computing hardware is becoming more and more 
commoditised  so computational and storage resources 
are appearing everywhere

Giant clusters and mass storage systems in big 
computing centres
Large clusters in research and engineering labs
The personal notebook is an enormously powerful 
device with a large disk

.. and network bandwidth is growing to match – even at 
home and on the move

It is just good sense to try to share all of 
this knowledge processing capacity
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LCG Basic Technologies
Grid Management
Globus Toolkit
Web Services
Condor
Unicore
Legion
Boinc
File access, Storage management
KazaA
WebDAV
SRB
SRM (Berkeley)

middleware

A lot to choose from – that’s one of the problems!
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LCG Standards

The Grid community has done well
- standards organisations are 

already in place

But a useful standard needs 
-- the broad consensus that can only come from 
-- solid experience with applications that work well

…. ..  and have satisfied end-users

It is probably too soon for Grid standards
we now have large grids working – but 
we need more time to understand better –

-- the performance, scaling, reliability issues
-- and the protocols and interfaces that should be standardised
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LCG

Summary:  Key goals of Grid Technology

Integrating computing power and data storage
Sharing access to information 

and the means to process it
Making all this easy to use
So that we can foster collaboration among 
scientists
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LCG

CERN, LHC, Grid
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LCG

Grid –
A solution for LHC Data Analysis?

LHC Data Analysis –
A Pilot Application for Grid?



les robertson - cern-it-21last update 05/08/2004 14:19

LCG What is CERN?

CERN is the world's largest particle physics centre

Particle physics is about the most elementary particles and the 
fundamental forces that hold matter together

CERN builds and operates machines to accelerate particles to very high 
energies

Physicists build detectors to study the result of collisions between 
these high energy particles
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LCG Who uses CERN?

Some 6500 visiting scientists –
half of the world's particle physicists

They come from 500 universities
representing  80 nationalities.
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LCG

Lac Leman Geneva

CERN’s 27 km tunnel

Sites of the 4 LHC experiments

Where is CERN?
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LCG LHC – The Large Hadron Collidor

LHC wll have 27 km of superconducting magnets to collide beams
of protons at an energy of 14 TeV

It is being installed
now, scheduled to
switch on in 2007
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LCG The Atlas Detector

The ATLAS collaboration is 
~2000 physicists from ..
~ 150 universities and labs 
from 35 countries
distributed resources
remote development

The ATLAS detector is 
26m long, 
stands 20m high, 
weighs 7000 tons 
has  200 million read-out 
channels
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LCG
The ATLAS Cavern

3 years before the data arrives
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LCG

1 Megabyte (1MB)
A digital photo

1 Gigabyte (1GB) 
= 1000MB
A DVD movie

1 Terabyte (1TB)
= 1000GB
World annual 
book production

1 Petabyte (1PB)
= 1000TB
Annual production of one 
LHC experiment 

1 Exabyte (1EB)
= 1000 PB
World annual information 
production 

LHC Data
40 million collisions per second

After filtering, 100 collisions of interest per second

A Megabyte of data digitised for each collision = 
recording rate  of 0.1 Gigabytes/sec

1010 collisions recorded each year 
10  Petabytes/year of data 

1% of this!

CMS LHCb ATLAS ALICE
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LCG LHC Summary

The scientific collaborations are large, global, and already in place
There will be a lot of data, and that will need a lot of processing power

order of 100K processors
All of the physicists have access to some fraction of this computing capacity

-- but can we put it all together?
Processing involves the analysis of large numbers of independent collisions

perfectly parallel
We need to have the computing facility in perfect operational shape by the 
end of 2006

A utility grid looks like a very good fit for LHC
LHC looks like an ideal pilot application for a 
utility grid
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LCG

So - we are planning to do LHC
data analysis using a Grid

Where are we with that?
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LCG

LCG-2/EGEE grid
~64 sites
~6K cpus

Grid3
These grids integrate large 
computing centres and small 
clusters in university 
departments.

They are being used now for data 
challenges by the four LHC 
experiments and groups from 
other sciences

Grid Operations and User support Centres
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LCG
This has turned out to be quite hard!

Maturity of the technology

No experience with large-scale grid operations
You need real professional operation at the heart of things, 
and a really light approach as you get out to the fuzzy 
perimeter
It is at least as hard as network operation, but we are only just 
beginning to operate large scale co-operative grids
Management policies must be arrived at by consensus

Standards
In the short term there will
be several middleware flavours
Even some that do the same thing
in a slightly different way



les robertson - cern-it-32last update 05/08/2004 14:19

LCG

There are a few basic components that we have to agree on if we are to share 
computing resources – mostly components that require support from the 
people who operate grid nodes
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LCG Security?

This is probably the biggest risk faced by Grids

Even a denial of service exploit could close down the whole 
Grid

We can test our readiness to react quickly

But only the bad guys can test the security model

We can only hope that they do that really well before 2007
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LCG We need much more experience

In the core of the grid infrastructure - where key parameters include
scalability of computation and storage capacity
reliability, availability
predictable throughput
virtual organisation management (registration, accounting, ..)
solid security management

and at the level of interactive applications – where (more) important
considerations include

accessibility to data
mobility of users
simplicity of use

stability

innovation
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LCG Summary

Grids
Give access to information together with the means to 
process it
Allow dispersed computing resources to be assembled into 
powerful/high capacity computing utilities
Make sharing of computing resources easy
Encourage collaborations

Grid Technology
Not yet mature – but we are on the upward slope
We need standards for the basic components
But first we need more experience with working 
implementations
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LCG Summary (ii)

LHC experiments
are large global collaborations, with access to significant 
computing resources
need a grid to mould these into an integrated service
provide an excellent pilot application for a utility grid

But there are only two years to get it all working

The high capacity, high throughput utility service needs to 
concentrate on stability, performance

But this must not stop innovation at the end-user interactive end 
of the analysis chain – essential to make grids easier to use 
and let scientists get on with their research



Thank you for giving me the 
opportunity to visit Taipei again

Two leaves from Landscapes and Flowers - Yun Shou-p'ing (1633-1690) – National Palace Museum, Taipei


