GRID

Information Society
Technologies

Applications and the Grid

The European
DataGrid Project Team

http://www.eu-datagrid.org ; ‘

DataGrid is a project funded by the European Union Grid Tutorial 7/14/2003 - n° 1



EDG Application Areas #

Earth Observation
Science
Applications
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Applications
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High Energy Physics

4 Experiments on LHC
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CERN’s Network in the World
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Europe: 267 institutes, 4603 users
Elsewhere: 208 institutes, 1632 users
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Deploying the LHC
Global Grid Serwce ~~~~~~~~~~~~~~~~~~ )
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detector

Data Handling and
Computation for
Physics Analysis
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summary
data

event filter
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processed
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batch
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reprocessing _ analysis
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Earth Observation

MIPAS

AATSR

SCIAMACHY
MWR
\. Ka-band

>, Antenna

MERIS

ESA missions:

DORIS

X-band
Antenna

e about 100 Gbytes of data per
day (ERS 1/2)

e 500 Gbytes, for the next
ENVISAT mission (2002).

i ASAR
. Antenna

Assimilated GOME total ozone KNMI/E SA
30-11-09 12h J‘.-"""-_ .

DataGrid contribute to EO:

e enhance the ability to access high
level products

o allow reprocessing of large
historical archives

& e improve Earth science complex

- applications (data fusion, data

----DG-DDID---DD == -
<160 15 200 225 250 275 J00 325 350 375 400 425 450 475 >600 DU mlnlng, mOdeI I | ng anm .)

Source: L. Fusco, June 2001
Federico.Carminati , EU review presentation, 1 March 2002
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ENVISAT

e 3500 Meuro programme cost

e Launched on February 28, 2002

e 10 instruments on board

e 200 Mbps data rate to ground

e 400 Tbytes data archived/year

e ~100 ‘standard’ products

e 10+ dedicated facilities in Eurgpgé

S e

e ~/Z00 approved science user‘@rojects
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EDG EO challenge: Processing /

Raw satellite data validation of ly of GOME data

from the GOME instrument
(~75 GB - ~5000 orbits/y)

GRID

LIDAR
data (7 stations,
P.DMB per month

ESA(IT)NKNMI(NL)
Processing of raw GOME
data to ozone profiles.
2 alternative algorithms IPSL(FR)

SEECOY preifitez /el Validate some of the

GOME ozone profiles (~109/y)
‘fl_:l /? Coincident in space and time
__= with

01

— Lidatr
+ T029105 (1900

1028103 (194)
+ 71028105 (198
+ 71029105 (202)

Ground-Based measurements

Level 2 DataGrid =
environment Visualization -

& Analyze I cm-3] x 10e12
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. FileName =
71003111,
Start Dete (1997 § Orbit = 12831
iomher -|_ _
End Date (1997) 1553?[1)0“093_
IOctubar 'I.iDS 'I
Dataset © StartTime =
ERSIGOME LYL11 * 110958 99 -
ESA Catalogue Server:
]omss&o ~| EndDate =
Select GRID: 1997-10-03

ILocaI GRID -I L
* w+ EndTime

Query I Festart ] =1200:17 99
[acknuwledgments]
' #LIDAR stations

ESA Starage(AMS) GRID Storage

71003124 L1 & 71003124 LW

001121 LWV 7001121 LV

71002114 L1 710021140

71003111 LV 3
7100110211 ;' 71003092 L1 i
> ;l
[&] 71002174.0v1.12617.1997-1002.11.33 59.93.1997-10-02.1 2301 7.99 L Intemet
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Processing Sequence

Web Portal

1. Search Level-1 catalogue

2. Refrieve Level-2 products

3. Level-2 Products already

12. Return new Level-2 products

> EO Product
Catalogue

»  EO Product

/ Archive

6. Transfer Level-1
data from Archive

registered in RC? EO

Yes? 4. Return available i i

Level-2 products Grld Engme

No? 5. Perform GRID

processing on-the-fly EDG

¢
: User Interface

EO Replica

I 11. Register level-2 data

Computing

8. Submit jobs to process Level-1 date Resource
EDG / Broker

Catalog ue 7. Register Level-1 data l

EDG

9. Process Level-1 data

to the Grid

EDG
Storage

Element

Element

10. Transfer Level-2 data to SE
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GOME Ozone Profile Validation

ERS/GOME satellite

50 km
4 OZONE LAYER
10 km

v Goals of the DataGrid application
validate satellite data with all ground based data available
in an easy way:
»  Comparison of ozone profiles provided by satellite
with lidar data in different locations and times (see the
web portal)
»  Statistical comparison and analysis in order to
improve algorithms.

Lidar at the Haute
Provence Observatory
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Validation Processing Sequence#

Satellite data validation

i Level 2 Catalogue
2

Level 2 Catalogue

Queries and data information
retrieval from the Gome Level 2
orbit or pixel metadata catalogues

Submission of the GRID
Job in the GRID Portal
GRID
Storage Elements
with Lidar data

£t --i.-\-
Lidar site : ey

T i
T

i}
L

__i_l;
i

Queries and data information
retrieval from the Lidar metadata

catalogue

i Lidar data
1

catalogue

sssss

When completed wbb
comparison between | |
lidar and satellite
ozone profiles

Fressure ]

g 4

é 4

) 4 ;' _ =
Computing

i Element

Storage Elements with
Gome L2 data
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Validation Output
Figure 1:

Estimation of the bias
between Gome and
Lidar using one month
of data.

Figure 2 :

example of 2 profiles :
Comparison between
Gome profile and lidar
profile for the 2nd
October 2000.

Altitude (km)

Altitude {km}

0Z0MNE GOME/LIDAR DATA WALIDATION

Blas (GOME-LIDAR)/LIDAR and STD
— T — T

fila ]

L]
=

M
<

=]

,.'—

=

Colncldenre day nb g
Ceincidence Ak 3 224

),
(=]
=

—aG o fila] 100
Bins {GOME—LIDAR] ALIDAR in %%

Profil GOME / LIDaR
T

oo

+ Lidar 3

4+ Gome

2 Octebre 2000
I S S S T R S SR

Grid lutorial

00005 Q.0010 Q.20 0,002
Dzene (kg m2)

- //14/2003 — Applications and the Grid

-nv 16



Biomedical Applications ﬂ

Genomics, post-genomics, Medical images
and proteomics analysis

(Ala)12 - DNA major groove (GC)

Explore strategies that Process the hu

[ ] [ ] H ge
facilitate Elhi sbharlng Og amount of data
genomic databases an produced by digital

test grid-awa_re algorith_ms imagers in hospitals.
for comparative genomics
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Biomedical Applications

.. i Hl Applications deployed
+ Bio-informatics 3 Applicationstested on EDG
. Phylogenetics : BBE Lyon (T. Sylvestre) W Applicationsunder preparation

. Search for primers : Centrale Paris (K. Kurata)

. Statistical genetics : CNG Evry (N. Margetic)

. Bio-informatics web portal : IBCP (C. Blanchet)

. Parasitology : LBP Clermont, Univ B. Pascal (N. Jacq)

. Data-mining on DNA chips : Karolinska (R. Médina, R. Martinez)
. Geometrical protein comparison : Univ. Padova (C. Ferrari)

+ Medical imaging
- MR image simulation : CREATIS (H. Benoit-Cattin)

. Medical data and metadata management : CREATIS (3.
Montagnat)

. Mammographies analysis ERIC/Lyon 2 (S. Miguet, T. Tweed)

. Simulation platform for PET/SPECT based on Geant4 : GATE
collaboration (L. Maigne)
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Medical Imaging

LEN |image|patient/hospital |... Ei

S

M etadata

<« 2 best results visualisation
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Graphic layer

Job Status Target |
27499 (similarity)| Terminated loc alhost Oinoque we
27503 (similarity)| Terminated loc alhost 0/ ogque ue
Z7507 (similarity)] Terminated |oC al st 0 ogue ue
27511 (similarity)] Terminated loc alhost 0/ ogue ue
27315 (similarity)| Terminated loc alhost Oinoque we
27520 (similarity)| Terminated loc alhost Oinoque we
27924 (similarity)| Terminated loc alhost 0/ ogque ue
ZTRZE (similanity)| Terminated |oC al st 0 ogue ue
Z7532 (similarity)] Terminated loc alhost 0/ ogue ue
27336 (similarity)| Terminated loc alhost Oinoque we
27540 (sirmil arity)| Terminated loc alhost Oinoque we
27544 (similarity)| Terminated loc alhost 0/ ogque ue
ZT548 (similarity)| Terminated |oC al st 0 ogue ue
Z7552 (similarity)] Terminated loc alhost 0/ ogue ue
27356 (similarity)| Terminated loc alhost Oinoque we
27360 (similarity)| Output ready loc alhost Oinoque we
27964 (similarity)| Running o . .
27568 (simil arity)| Submitted J b M
ZTGTZ (similarity)| Submitted O Onl torl ng
Mew similarity  |Sending to
T I—

Fiemice I

Path: /momefjohan'/Ri/medicalhean

002 inr
003 inr
004 inr
00&.inr
006 .inr
007 .inr
008 inr
009 inr
otoine |
01 1.inr
o Zinr
01 3inr
014 inr
015 inr

File registration and

retrieval

Fath: /medicakthorae

00000 inr
40001 ine
00002 inr
. . . 00004 i
Grid File Browsing oo
Create | Remove |  Delete | view |
Target SE: (Mo default SE selected

Fath: /medical

birain

thorax

gppseﬂﬁgﬂdpprLa&uk

Target SE:

le L

gridD07g.cnafinth.it
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Graphical Interfaces

Image registration

Path: fhomefjohan/RiM/medicalheart Fath: /medical Souce file: shomedjohan/Riimedic altheart/Z37 inr
3 < D QridD0s pd infn it/medical/237 int
D0Z.inr :{ . Type: & bits unsigned,  Vectorial dim: 1
D03.inr brain Size: 256 % 256 x1 %1
004 inr Woxels Size: 1.000 % 1.000 x 1.000 x 1.000
D05.inr thorax
00B.inr Patient name: [Dupone |Frangorse
gg;::: Sexe:[Female | Bitth date: [717031504
009.inr
jotginr ] Hospital: [Lyon Cardiology Hospital  RamMlogist [Dr andré Dussolie
01 1.inr Acguisiion date: |1 10/1999
01 2.inr
01 3.inr
014 inr Madalfty: 1R »| Fegon [Heart =
015.inr Orientation ;’
g:?::: Target SE: gppsels.gridpp.rl ac.uk C| Diagnasis, |
L =
018.inr = grid007g cnaf infn it ]

Cancel_| fandom |  Register |  Cancel |
Local files Grid files Metadata

Image retri eval

Patient name: 1Dup0nt

Pafient | Medical I Hospital | Diagnosis I Image |

Sexe: j Birth date: | Family name First name Sexe Birth date
Dupont Denise F 1970-12-04
Hospital: | Radiologist ] Dupont John M 1966-11-18
Acquisition date: ] Dupont Marc M 1975-12-25
Dupont Denise F 1970-12-04
Dupont Denise F 1970-12-04
Mﬂddty MRI _; Regm IiJ Dupont Denise F 1970-12-04
Dupont Marc M 1575-12-25
Drientation: | _J Dupont Mare M 1975-12-25
Dupont Peter ] 1544-03-12
Dupont Jean M 1578-06-02
Dupont Sandra F 1962-12-27
Dupont Denise F 1570-12-04 A
4 | O

query | Selectal | cancel | - "~ oneis |
Query over metadata Query result
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|mager

Image Registration

Souce file: fhomedjohan/RkVmedical/heartZ37 inr
Destination: grid005. pd infr.it/medical/237 inr

Type: 8 bits unsigned,  Vectorial dim: 1
Siee: 256 % 256 % 1 %1

Waxels Size: 1.000 % 1.000 x 1.000 x 1.000

Patient Mm-lDupnnd

]Frangmsa

Sexe: [Fanale j Binth date: [717031 354

Hospiak [Lyon Cardiology Hospital  Rasiologist: [Dy aneé Dussolie

Acquisition ate: [16:10/1393

Magaliy: [k #| Region: [reart

Orientation: ’_j

4

Diagnasis

Randor I Register I

Cancel I

LFEN

imag

e pati ent hospi tal

Path: /homesfjohan/RM/medicalheart Path: fmedical
o0Z.inr i'

003.ine brain
004.inr

005.inr thorax
D0 inr

007.inr
008.ink ]

009.inr

01 Vinr

01Z.inr

013inr

014 inr

015.inr

016.inr Target SE [ oons w05 gricpp.rl ac uk
017.inr

018 ink = 07 f infh It

[ER (3
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Similarity search
Similarity computation

Job Status Target |

File  Similarity About ‘
27493 (simil arity)| Terminated Iocalhost /noqueue
27903 (simil arity)| Terminated loc alhast noqueus Source image
27507 (similarity)] Terminated localhost Omogueus Jones Jean Cardiology Center of Monaco Dr Jina Carlson 1997-11-18 ﬂ
27511 (simil arity)] Terminated localhost /noqueue - hd
27515 (simil arity)| Terminated loc alhast nogqueus | | |
27520 (simil arity)] Terminated localhast /noqueus L
27524 (similarity)| Terminated localhast noqueus ; 4%,
27528 (simi arty)| Terminated loc sihast oquaLs 0904684 | Durand Jean Lyon Cardiology Hospital D Alain Deloin 2002-0z-21 ||&
27532 (similarity)| Terminated localhost Dimogueus 0.743146 |Dupant Marc Cardiology Center of Monaco D Francis Black 1996-01-18
27536 (similarity)] Terminated localhost Dinoqueue 0.213426 |Durand Jean Cardiology Center of Monaca | Dr Jina Carlson 2000-10-08
27540 (simil arity)| Terminated loc alhast Dfnogueus
27544 (similarity)| Terminated loc alhost (inogqueus 0.217490 | Janes Linda Mantreal Neurological Institut Dr Fany Anderson 2000-12-21
27548 (simil arity)| Terminated localhast noqueus 0.193647 |Janes Sandra Cardiology Center of Monaca D Francis Black 2000-12-25
RIMES (NRobuh/p T bining Socsinars fmequaLe 0.003237 | Dupont Denise Montreal Neuralogical Institt | Dr Norbert White 1996-10-22
27556 (similarity)] Terminated localhost /noqueue
27560 (similarity)| Output ready o alhast Ofnoqueus 0.003084 Dupont John Montreal Newrological institut | Dr Norbert White 19398-04-22
27564 (similarity)| Running localhost Vnogueus 0.002636 Smith Marc Cardiology Center of Monaca D Jina Carlson 1397-04-04
27566 (similarity)] Submithe d localhast O/nogueus - 5
27572 (similarty)| Submnitte 0.001776 |Durand Sylvie Lyon Neuralogy Hospital Dir Martine Foliet 2001-0z-14
Nesw similanty  |Sending to LI 0.001515 Smith Marc Mantreal Neurological Institul D Morbert White 2001-02-09
4 o D.IUD1DZ3 Durand Jean Cardioloay Center of Monaco  [Dr Jina Carlson IZDDD-UZ-24_|1|

4 »

__Duniss_| viw
Job monitoring Ranked list of images

Results visualization

¥ " File  Wiew [nfo | Fie View |nfo
Fie View Info Eie View Info Fie View Info |

231]_]
Source image Most similar images Low score images
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Future: Interfacing medical data

with the Grid

Grid middieware| Replication RC Replica
Storage Service |Interface Catalog
MSS Element _
Replics ‘Metadata interface
T | File metadata
Client1] [ Client2] | RS ACL
Interface| |interface| |interface gze
Storage checksum
Element coe | pem====-m=m=m=======- v
| | Application metadatf
: grid - server | header blanking ACL |
! interface | encryption _ !
| 7 _—F—— |encryptionkey :
! — sensitive metadata |
: y Medical server |
| __> . :
: Master File |
; |

~—— — Medica (trusted) site
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Parallel Processing #

» Magnetic Resonance Images simulation using the grid

Magnetisation Reconstruction
Virtual »| computation algorithm MR

object / kernel Image

A

MRI

seguence
\ y

» 3 |levels of parallelism:
s Parallel isochromat computations
s Multi-slice MRI computation

s Parallel magnetization kernel

Grid Tutorial - 7/14/2003 - Applications and the Grid - n°® 25



Summary

¢ Use Cases
- High Energy Physics
= Earth Observation

. Biomedical Applications
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Further Information #

+ High Energy Physics

http://datagrid-w8. web. cern. ch/Dat aG i d- WP8/

¢ Bio-Informatics

http:// marianne. i n2p3. fr/ datagrid/ wplO/i ndex. htm

¢ Earth Observation

http://styx.esrin.esa.it/grid/
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