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C What is e-science about?

Enabling Grids for E-sciencE

‘e-Science Is about global collaboration
In key areas of science, and the next
generation of infrastructure that will
enable it.’

John Taylor

Director General of Research Councils
Office of Science and Technology
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e e-Infrastructure

‘e-Science Is about global collaboration
In key areas of science, and the nexi
generation of infrastructure that will
enable it.’

Networks + Grids
— Networks connect resources
— Grids enable “virtual computing”



G
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Computing Intensive science

Enabling Grids for E-sciencE

Science is becoming increasingly and needs to

deal with increasing amounts of data

get ever more detailed

Nanotechnology — design of new materials from
the molecular scale

Modelling and predicting complex systems
(weather forecasting, river floods, earthquake)

Decoding the human genome e BN
Cross multiple scales: environmental, biologica _zat® =g

Experimental Science uses ever more
sophisticated to make precise
measurements

- Huge amounts of data

—> Serves user communities around the world




CIEICJC) e-Science technologies support...

Enabling Grids for E-sciencE

Flexible orchestration of
Computers
Data storage
Programs
Research data

Now allow
Collaborative investigation of complex systems
Increasing focus within different roles

Researcher: uses data, creates models,......

“Service provider” : services take researcher requirements and
“provision” these by use of shared resources

Resource provider: shared computers, stores, data services,....
Compute cycles, storage start to be seen as commodities
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Virtual Observatories

Observations made across entire electromagnetic spectrum

X-rays Ultra- Visible Infrared Micro- Radio
violet Light wave
I : I . I

& 10 billion K 1001 5

" Temperature

|1 Y I A N
0.0005 01 0.5 50 0.5 Wavelength

nanometer nanometer micromeaters micrometers centimeters

B A i
. ?(H\E iy
ROSAT ~keV DSS Optical 2MASS 211 IRAS 25 IRAS1004  GB gem INVSS 20cm WENSS 92cm

—e.g. different views of a local galaxy

Need all of them to understand physics fully
Databases are located throughout the world
Peter Clarke




Biomedical Research Informatics
Delivered by Grid Enabled Services
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LondoRr Airport
Airline po

offiie

New York Airport

L, T T

Diagnostics Centre

o O

American data cent

Maintenance Centre

L o

European data center

Companies. Univerdities:
Rollss-Royce York,
Cybula Sheffield, Oxford  _

DAME: Grid based tools and I nfer-
| structurefor Aero-Engine Diagnosis
and Prognosis

*“ A Significant factor in the success of the Rolls-Royce
campaign to power the Boeing 7E7 with the Trent 1000
was the emphasis on the new aftermarket support service
for the engines provided via DS&S. Boeing personnel
were shown DAME as an example of the new ways of
gathering and processing the large amounts of data that
could be retrieved from an advanced aircraft such as the
7E7, and they were very impressed”, DS&S 2004

ENCINE MOD, 54

Enél ne Model

Case Based Reasoning
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climateprediction.net and GENIE

Response of Atlantic
circulation to freshwater
forcing

Ls

Overturning circulation [Sv]
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o Largest climate model
ensemble

« >45,000 users, >1,000,000
model years
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UK Grid for
article Physics
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CHEE Connectlng people: Access Grid

Enabling Grids for E-s

http IlIwww.accessgrid.org/

Cameras

Microphones



G What is e-Research?

Enabling Grids for E-sciencE

Collaborative research that is made possible by the
sharing across the Internet of resources (data,
Instruments, computation, people’s expertise...)

Crosses organisational boundaries

Often very compute intensive

Often very data intensive

Sometimes large-scale collaboration

Began with focus in the “big sciences” hence
Initiatives are often badged as “e-science”

Relevance of “e-science technologies” to new user
communities (social science, arts, humanities...) led to
the term “e-research”
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Grids: a foundation for e-Research

e e-Science methodologies will rapidly transform
science, engineering, medicine and business
» driven by exponential growth (x1000/decade)

» enabling a whole-system approach

computers

software

sensor nets

Shared data

Diagram derived from AN archives

lan Foster's slide colleagues



C What is Grid Computing?

Enabling Grids for E-sciencE

The grid vision is of “Virtual

computing” (+ information Edited by lan Eoster and Carl|Kessalkusn
services to locate computation, "
storage resources)

Compare: The web: “virtual
documents” (+ search engine
to locate them)

MOTIVATION: collaboration
through sharing resources
(and expertise) to expand
horizons of

Research
Commerce — engineering, ...

Public service — health,
environment, ...

INFSO-RI-508833 16



The Grid Metaphor

ing Grids for E-sciencE

-0

MI>SMroo-—<Z

Visualising
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e What Is e-Infrastructure? — Political

Enabling Grids for E-sciencE V i eW

A shared resource Science & innovation
That enables _scien_ce, .

research, engineering, investment framework

medicine, industry, ...

It will improve UK / European / _

... productivity 2004 20 I 4
Lisbon Accord 2000
E-Science Vision SR2000 —

John Taylor July 2004
Commitment by UK
government N .

Sections 2.23-2.25 798¢ HM TREASURY dtl education and skill

Always there C.% W Au Q&; %

c.f. telephones,
transport, power, internet

Gordon Brown Charles Clarke Patricia Hewitt
Chancellor of the Secretary of State for Secretary of State for
Exchequer Education and Skills Trade and Industry
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Cy What is e-Infrastructure?

Enabling Grids for E-sciencE

Grids: permit resource sharing

across administrative domains
\Collaboratlon

Networks: permit
communication across
geographical distance

Supporting organisations
Operations for grids, networks
Resources
Computers
Digital libraries
Research data
Instruments

Middleware
Authentication, Authorisation
o . Network
Registries, search engines

Toolkits, environments Infrastructure
E.g. for collaboration & Resources

INFSO-RI-508833 19



C What is Grid computing?

Enabling Grids for E-sciencE

The term “Grid” has become popular!
Sometimes in Industry : “Grids” = clusters
Motivations: better use of resources; scope for commercial services

Also used to refer to the harvesting of donated, unused compute
cycles

(SETI@home, Climateprediction.net)

These are e-Infrastructure but are not “grids” from the e-
Research viewpoint!

Our (EGEE and e-research) use of “Grid”

Virtual computing for collaboration across administrative
domains

Includes resource utilisation and sharing
Always: across administrative domains

INFSO-RI-508833 20
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Grid concepts



Virtual organisations and grids

Enabling Grids for E-sciencE

What's a Virtual Organisation?

— People in different organisations seeking to cooperate and share
resources across their organisational boundaries E.g. A research
collaboration

« Each grid is an infrastructure enabling one or more *“virtual
organisations” to share and access resources

« Key concept: The ability to negotiate resource-sharing
arrangements among a set of participating parties (providers
and consumers) and then to use the resulting resource pool
for some purpose. (lan Foster)



Typical current grid

Enabling Grids for E-sciencE

Virtual organisations

negotiate with sites to
agree access to
resources

Grid middleware runs 4
on each shared
resource to provide

Data services

Computation
services

Single sign-on

Distributed services
(both people and
middleware) enable
the grid

INFSO-RI-508833 23



e

Enabling Grids for E-sciencE

Application

Application
toolkits, ...
Bl Higher-level grid B
services (brokering,...)

Basic Grid services:
AA, job submission, info, ...

|
|

o o
o o
o o
o o

Empowering VO's

Where computer science meets
the application communities!

VO-specific developments:
— Portals

— Virtual Research
Environments

— Semantics, ontologies
— Workflow
— Registries of VO services

Production grids provide these
services.




e

Example of higher-level service -1.:

GANGA

Enabling Grids for E-sciencE

L/—JJ_IJ tore & retrieve job definition

AN

submit, Kill
prepare, configure . i
Athena
( } get output
*”:./f:; update status
( Gaudi )
( scripts )

Ganga4 + split, merge, monitor

Ganga is a lightweight user tool
ganga.web.cern.ch/

e But also: Ganga is a developer framework




Cy Example 2: Workflow

Enabling Grids for E-sciencE

Taverna in MyGrid http://www.mygrid.org.uk/

“allows the e-Scientist to describe and enact their experimental
processes in a structured, repeatable and verifiable way”

GUI ) ]

= Workflow diagram - 0
WO r kf I O W Save az [] Showe types Mo ports  [Wertical | [ Frttnwmduw
language [

- Workflow Input§
enactment engine - oo

FetchOntoGlyph

addTerm

: | nﬂmsspﬂm| | FormatSequence

| BlastFastaVisArabiProteincoding |

| ImageFormat || getDot |

| RunDot || destroySession |

- Workflow Outputs

: | BlastReport || FroteinSequence | | Title: | | LocusLink | | GOTerms || Graphlmage || CntoGlyph |
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Cy The many scales of grids

Enabling Grids for E-sciencE

International grid (EGEE)

National grids (e.qg.
National Grid Service)

Regional grids (e.g.
White Rose Grid)

Desktop

INFSO-RI-508833 27



C Main components

Enabling Grids for E-sciencE

. Access service How users logon to a Grid

/

Resource Broker (RB): Service that matches the user’s
requirements with the available resources on a Grid

0 Information System: Characteristics and status of resources

Computing Element (CE): A batch queue on a site’s computers where
the user’s job is executed

3
q
T

Storage Element (SE): provides (large-scale) storage for files

INFSO-RI-508833 28



Who provides the resources?!

Enabling Grids for E-sciencE

Service Provider Note
Access service User / institute/ VO / | Computer with client
grid operations software
Resource Broker VO / grid operations | (No NGS-wide RB
(RB) exists)

Information System: | Grid operations

Computing Element |[VO/sometimes Scalability requires
(CE) centralised that VOs provide
provision also resources to match
average need
Storage Element ditto ditto
(SE)
“VO”: virtual organisation “Grid operations”: funded effort

INFSO-RI-508833 29



CERE Current EGEE grid

Enabling Grids for E-sciencE

File Replica
Catalogue
| nfor mation

User/Grid
Interface

% Input files
| ——
Output files

4Datasets Infg

Resource
o Broker:-
=3 |
\uthor. § ::
, th o 9.
,LAutherg Q. ®'Q§
ERERN S S
il a B
< < o
% °
3ook-keeping: T S e, Resource
= batch queue
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e EGEE is ...

Enabling Grids for E-sciencE

« EU-funded project that has established the largest
multi-VO production grid in the world!

« What’s happening now?
http://gridportal.hep.ph.ic.ac.uk/rtm/

« What resources are connected?
http://goc.grid-support.ac.uk/gridsite/monitoring/




_If “The Grid”

... then whefe are
we now?




Cy Grids: where are we now?

Enabling Grids for E-sciencE

Many key concepts identified and known
Many grid projects have tested, and benefit from, these

Major efforts now on establishing:

Production Grids for multiple VO's

“Production” = Reliable, sustainable, with commitments to quality of
service

In Europe, EGEE

In UK, National Grid Service

In US, Teragrid and OSG
One stack of middleware that serves many research communities
Establishing operational procedures and organisation

Standards (a slow process)
(e.g. Global Grid Forum, http://www.gridforum.org/ )

Service orientation - “the way to build grids”

INFSO-RI-508833 33



CIeICJC) Where are we now? —user’s view

Enabling Grids for E-sciencE

Research Pilot Early Routine Unimagined
projects adopters production possibilities

Networks

Grids ‘

T Web

|

Arts sciences, Early production grids:
Humanities engineering UK — National Grid
e-S0c-Sei Service

International - EGEE

INFSO-RI-508833 34



C Where are we now?!

Enabling Grids for E-sciencE

Standards are emerging... some near acceptance and some being

discarded
Standards bodies:
W3C http://www.w3c.org/
GGF http://www.ggf.org/
OASIS http://www.o0asis-open.org/home/index.php
IETF http://www.ietf.org/

For a summary see http://www.innog.com/soa/ws-standards/poster/

Production grids are based on de-facto standards at present
Inevitably!
GT2 especially

But locks a grid into one middleware stack unable to benefit from the
diverse developments of new services

Globus Toolkit 4 has been released

INFSO-RI-508833 35



now include...

CroGrid

TeraGrid

m REEs Grid..

project
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Summary -1: enabling collaboration

Enabling Grids for E-sciencE

Grids: collaboration
across administrative
domains

Networks: collaboration
across geographical
distance

Semantics, ontologies:
collaboration across
disciplines / groups
Storage, (“curation™):
collaboration across
time

\Collaboratlon

Network
Infrastructure
& Resource

centres

INFSO-RI-508833 37



o

Summary -2

Enabling Grids for E-sciencE

Ask not what “the Grid” can
do for you

BUT

With whom do you
collaborate?

What resources / services
can you provide?

What resources would
empower your research?

People

Data

Computation




Further reading

Enabling Grids for E-sciencE

Global Grid Forum http://www.ggf.orqg/ (see GGF16)
National e-Science Centre http://www.nesc.ac.uk

UK All Hands Meeting - see 2005 proceedings and go
to 2006! http://www.allhands.org.uk/

National Grid Service http://www.ngs.ac.uk
EGEE www.eu-egee.orq
The Grid Cafe www.qgridcafe.or

The Grid Core Technologies, Maozhen Li and Mark
Baker, Wiley, 2005



