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Building on Production Grids
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Enabling Grids for E-sciencE
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CHEE gLite middleware

Enabling Grids for E-sciencE

Complex middleware stack
On top of Globus Toolkit 2, VDT, CONDOR, batch schedulers...

Fundational services
User authentication and authorization

Information Index: registration of Computing Elements (CESs),
Storage Elements (SEs), etc.

Workload Management System: workload distribution over sites

Data Management System: virtual file hierarchy, standard (SRM)
Interface to storage resources

Batch oriented
EGEE is a federation of computing centers
and File Servers oriented
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Cy Why grids for life sciences?

Enabling Grids for E-sciencE

Sharing computing resources and algorithms

Research (populations studies, models design, validation,
statistics)

Complex analysis (compute intensive image processing, time

constraints...) =N 2
- U - S
Data /

Procedures

Algorithms

Computing power
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CJIEICIC) The Biomed Virtual Organization

Enabling Grids for E-sciencE

Fostering scientific communities
EGEE is an international, multi-disciplinary research infrastructure

Scientific communities are expanding beyond administrative
boundaries

Virtual Organizations
Authentication and Authorization management
Share resources (computers, data, algorithms...) inside a VO
Application areas identification and support unit
The Biomed VO now divided in 3 sectors
Medical imaging
Bioinformatics
Drug discovery
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EGEE Grid Infrastructure

Enabling Grids for E-sciencE

Flagship European grid infrastructure project

] Size of the infrastructure today:
Now in 2nd phase with 91 partners in 32

> 240 sites in 40 countries

> 50 000 CPU

~ 5 PB disk + tape MSS

> 100 000 concurrent jobs/day
> 8000 registered users

Out of which, Biomed VO:
> 100 sites in 30 countries
(170 CEs, 130 SEs)
~ 17 000 CPU
> 150 registered users
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Irregular use through time

Enabling Grids for E-sciencE

Biomed. and Bioinfor. Normalised CPU time by VO and DATE
Production Sites. January 2007 - December 2007 H
1 4046+ Year 2007 statistics
collected per month
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Cy Total production in 2007

Enabling Grids for E-sciencE

Biomed. and Bioinfor. Cumulative Normalised CPU time by VO and DATE
Production Sites. January 2007 - December 2007
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Cy Total production in 2007

Enabling Grids for E-sciencE

Biomed. and Bioinfor. Cumulative Total number of jobs by VO and DATE
Production Sites. January 2007 - December 2007
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Cy Computing resources provision

Enabling Grids for E-sciencE

Biomed. and Bioinfor. Normalised CPU time by VO and REGION .
Production Sites. January 2007 - December 2007 Computlng hOUI’S

280467 per EGEE
260461 federation in 2007
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e ee Life sciences compared to other sciences

Enabling Grids for E-sciencE

Biomed VO share

PRODUCTION Normalised CPU time per VO (Excluded dteam and ops VOs)
EGEE VOs. January 2007 - December 2007
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Cy Building on Production Grids

Enabling Grids for E-sciencE

i Medical
2, o Drug . . .
cC Applications : Bioinformatics images
-8 . Discovery analysis
cs (D ——
S o
aQ~ Application-level services Application-level services
<% (high-level middleware) (high-level middleware)

(low-level) Middleware

Production grid
infrastructure level

Resources || Resources || Resources || Resources || Resources

Communication layer (GEANT, Internet...)
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WISDOM In silico Drug Discovery

Enabling Grids for E-sciencE

WISDOM: http://lwisdom.healthgrid.org/
Goal: find new drugs for neglected and emerging
diseases

Neglected diseases lack R&D

Emerging diseases require very rapid response time
Need for an optimized environment

To achieve production in a limited time

To optimize performances
Method: grid-enabled virtual docking

Cheaper than in vitro tests

Faster than in vitro tests

WISDOM

Initiative for grid-enabled drug discovery

against neglected and emergent diseases
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http://wisdom.healthgrid.org/

CGE Grid-enabled virtual docking

Enabling Grids for E-sciencE

Millions of potential
drugs to test against
Interesting proteins!

reening
averal hours

Too costly for neglected disease!

Compounds: {9 |;|=g Molecular docking (FlexX, Autodock)
ZINC: 4.3M — &2 -1 to 15 minutes
Z

Chembridge: 500 000

S Data challenge on EGEE

—_— T H E ~ 2 to 30 days on ~5000 computers

5V =

Cheap and fast!

Hits screening Leads
using assays
performed on
living cells Drug

Selection of the

) -——p Clinical testin
best hits J
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The grid added value

Enabling Grids for E-sciencE

The grid provides the centuries of CPU cycles required on demand

The grid provides the reliable and secure data management services to store
and replicate the biochemical inputs and outputs

The grid offers a collaborative environment for the sharing of data in the
research community on avian flu and malaria

LPC Clermont-Ferrand:

Biomedical grid

HealthGrid:
Biomedical grid,
Dissemination

Univ. Los Andesﬁf
Biological targets

EGEE-II INFSO-RI-031688

SCAI Fraunhofer:
Knowledge extraction,
Chemoinformatics

Univ. Modena:
Biological targets,
#%2. . Molecular Dynamics New

¥

ITB“CNR:
Bioinformatics,
Molecular modelling

i o
“Univ. Pretoria:

Bioinformatics, =
Malaria biology
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G Statistics of deployment

Enabling Grids for E-sciencE

First Data Challenge: July 1st - August 15th 2005
Target: malaria
80 CPU years
1 TB of data produced
1700 CPUs used in parallel
1st large scale docking deployment world-wide on a e-infrastructure
Second Data Challenge: April 15th - June 30th 2006
Target: avian flu
100 CPU years
800 GB of data produced
1700 CPUs used in parallel

dCollaboration initiated on March 1st: deployment preparation achieved in 45
ays
Third Data Challenge: October 1st - 15th December 2006
Target: malaria
400 CPU years
1,6 TB of data produced
Up to 5000 CPUs used in parallel

Very high docking throughput: > 100.000 compounds per hour
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e ee GPS@ : Grid Protein Sequence Analysis

Enabling Grids for E-sciencE

GPS@: bioinformatics portal

http://gpsa.ibcp.fr/ web portal

Relaces existing (but overloaded) NPSA portal
Tens of bioinformatics legacy code

Thousands of potential users
Large input databases

EGEE-II INFSO-RI-031688

Jhd Welcome on GPSA, Grid Genomic Web Portal - Mozilla Firefox

Fichier ~Edition Affichage Allera Marque-pages Outils  Aide

<:§| - [:/\: - @ O @ |LI http://gpsa.ibcp.frfphp/ta_html.php?method_class=similarity |"‘ @ ok “Q'

|| Red Hat, Inc. | | Red Hat Network | =) Support [ Shop |~ Products | Training

Grid Protein Sequence @nalysls ceee

Bioinformatic Grid web portal dedicated to protein sequence analysis.

GPSA] [mySEQ] [HELP] [REFERENCES] [NPS@] [PBIL-Gerland] [PBIL]

@ Accueil @ PSSp @ Patterns @ Alignment @ Similarity
Query sequence filename : lﬂb\ogndfv\efumMnrk/tesLFpn_tes[_bk.fasta Parcourir
Sequence databank filename : |\fn:genom\cs,gpsa,a'dbfswissprw;prat.seq Parcourir..

- Fasta William Pearson, 1991
William Pearson [more...

= Ssearch William Pearson, 1991
William Pearson [more...

[+ Blastp (only on SwissProt) William Pearson, 1991
William Pearson [more...
Running mode : | EGEE ~|

RUN | CLEAR

GPS@ grid portal 2005. Contact: Christophe. Blanchet @ ibep.fr

Termine

Courtesy of C. Blanchet



NPS@ Hits (from 1998 )

Enabling Grids for E-sciencE

8000000 7272755 « > 7.000.000
7000000 analyses
100000 5918042
> 5000
5000000
p— analyses/day
4000000
2000000 2875372
2000000 o
1169926

1 _
000000 mso 1

0 F— | - I T I

Oceania Africa

1998 1999 2000 2001 2002 2003 2004 2005 17% 1.2%

America

France
Asia
10,6%

Europe
34,3%

Courtesy of C. Combet

EGEE-II INFSO-RI-031688 Courtesy of C. Blanchet 18



CHEE GPS@ services

Enabling Grids for E-sciencE

Protein analysis methods

Seguence similarity: BLAST, SSEARCH, FASTA
Multiple Alignment: Clustalw, MultAlin

Protein site/signatures: PattinProt

Secondary Struct. Pred: Predator, Gor4, Simpa96

Biological data (clear and encrypted)
Seguence Bank: SWISSPROT, TrEMBL
Pattern/Profile bank: PROSITE
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GPS@ Web Portal

Enabling Grids for E-sciencE
I3 Welcome on GPSA, Grid Genomic Web Portal - Mozilla Firefox i i i i i

Fichier Edition Affichage Allera Marque-pages Outils  Aide
s, R = ) — '
<JEI T By - @ [ X @ ||_| http:/{gpsa.ibecp.fr/php/to_html.php?method_class=similarity |V| @ oK ||§L |

| [ Red Hat, Inc. [ | Red Hat Network |[~JSupport |~)Shop |)Products |~ Training

:|Googe | [ | Welcome on GPSA, Grid Genomi... | @

“
Grid Protein Sequence @nalysls G

Bioinformatic Grid web portal dedicated to protein sequence analysis.

[GPSA] [mySEQ] [HELP] [REFERENCES] [NPS @] [PBIL-Gerland] [PBIL]

@ Accueil @ PSSP @ Patterns @ Alignment @ Similarity
Query sequence filename : l{biogn'dfvIefcrrfwarkftesrfpn_resr_bk.fasta Parcourir. .. |
Sequence databank filename : IIfn:ffgenom ics_gpsa/db/swissprot/47/2/swissprot.fasta Parcourir. .. |

= Fasta William Pearson, 1991
William Pearson [maore...]

= Ssearch William Pearson, 1991
William Pearson [mare...]

[ Blastp William Pearson, 1991

William Pearson [mare...]

Running mode : I EGEE ~|
RUN | CLEAR |

GPS@ grid portal 2005, Contact: Christophe.Blanchet @ ibep.fr

Terminé i
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GPS@ Web Portal

" @ Capture Fichier Edition Capture Fenétre Aide S @« O ¢4 M@ O 4 B (*iRechargé) 11:09 Christophe Blanchet
. e W=W=Y e = —— = —
slalla) Welcome on GPSA, Grid Genomic Web Portal (=] 1
bs
Q:Iv @ G} @ hitp:/ /gpsa.ibep.fr/cgi-bin/bio_cgi.gpsa?sid=chb7897679)LLKIHE ¥ () 'v 3
Chercher dans BAL L
grid v lastjob.html biomed VOMS Google GGUS IGC CNRS admsysY annuairesY congresY linux¥ TopY biovy | trad Google 2]
e
as
¥ sallagea] - GBI's Grid at IBCP, FRANCE =
: Grid Protein Sequence @nalysls CERE cuar
auqi it v © g
g Bioinformatic Grid web portal dedicated to protein sequence analysis. F linuxy Top¥ bio¥ | trad Google medl Chi
r& ]
vl
:g [GPSA] [mySEQ] [HELP] [REFERENCES] [NPS@ ] [PBIL-Gerland] [PBIL] & Jobs status
e
P . . B
g @ Accueil @ PSSP @ Patterns @ Alignment @ Similarity _I or Click here to paste a protein sequence belo
=l
1]
» 1
p% Click here to view running jobs status e.],
’T. [ 000 http://gpsa.ibcp.fr - Status page =2
L — 1
:; Jobs JobID : https:/lappgrid07.in2p3 fr:9000/h Y UR IqQGIx Y njxuVi6TshQ
] cpse Task name Current status Results yamms, duration total
3 fasta ferminated fasta.out submitted 00:00:24 00:00:24
(i ssearch terminated ssearch.out waiting 00:00:07 00:00:31
l'i blast terminated blast.out reagy W2, Lt
Le - — — scheduled 00:01:20 00:02:20
% running 00:01:08 00:03:28
i done 00:00:00 00:03:28
=y output_ready 00:00:06 00:03:34
»’-' terminated
Iﬁu
[wA
:% Terminé:
[ ) Termine. |
'E'fc CNE P R p— ™17 T DSC King and Sternberg, 1996 Ross D. King [more...], Michacl 1. E. Sternberg [more...].
B
[ 2 v Input Quitput format : I MSF |
= «{ ™ Advanced parameters ...
g = L —
w
=i E | Terminé
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Application to rigid registration
algorithms evaluation

Unregistered Registered
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e Bronze standard estimation

Enabling Grids for E-sciencE

N images, m algorithms

N.(N-1).m transformations measured Redundancy
N-1 transformations to estimate

13

m

12 23
11 > |2 > |3
T21 ‘\Tg/
-

31

Exploit redundancy to compute
Mean transformations Tij (Bronze standard)

Variances on the transformations (Accuracy)
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CHLEE Bronze standard workflow

Enabling Grids for E-sciencE

Params
&
L 1 — 7
CrestLines
| | | |
Params Params | D | Params Params
Service
|
® ® B D % @
| | | 1
PFMatChICP — — G?w | | | @ | ®
Params I R — GetFromEGEE Yasmina Ba|ad|n
| ] ||
1 1 1 1
PFRLe %lster Params| FormatConv GetFromEGEE GetFromEGEE
GetFromEGEE [ o s R — —
— WriteResults FormatConv FormatConv
— N o D oy
FormatConv W@'t F% ult @ @j @3
— riteResults '
83 @ u@ e Wr|te&esults
WriteResults
[— D D @ MethodToTest
MultlTransfoTest
L
Accuracy Translation Accuracy Rotation

EGEE-II INFSO-RI-031688 Life sciences production on EGEE, J. Montagnat, May 12, 2008



Cy Image database

Enabling Grids for E-sciencE

29 patients

2 time points minimum

Gadolinium injected T1 MRIs

Example for one patient (3 time points):

EGEE-II INFSO-RI-031688 Life sciences production on EGEE, J. Montagnat, May 12, 2008 25



G Accuracy results

Enabling Grids for E-sciencE

Mean error on the transformations:
0 =0.130 deg ; 0'T=0.345 mm

Error on the bronze standard:
0 =0.05 deg ; 0 =0.148 mm

Accuracy of the algorithms:

Algorithm |o,(deg)|ot(mm)

CrestMatch| 0.150 | 0.424

PFRegister| 0.180 | 0.416
Baladin 0.139 | 0.395
Yasmina | 0.137 | 0.445
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G Application specific requirements

Enabling Grids for E-sciencE

- “Embarassingly” parallel problem
» Fast turn over of short jobs

- Data confidentiality

* Interactivity

* Fine grain parallelism (MPI)

- Workflow-based

- Portals |/ user interface




Enabling Grids for E-sciencE

Building on Production Grids

% Applications || Applications Applications Applications
-IC—G' -a>3 ”—gf *\k
Q. Application-level services Application-level services
<% (high-level middleware) (high-level middleware)

. — =

(low-level) Middleware

Production grid
infrastructure level

Resources || Resources || Resources || Resources || Resources

Communication layer (GEANT, Internet...)
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WAN medical image exchange

Enabling Grids for E-sciencE

Cross-enterprise exchange of radiology reports and

Images
Wicle-area Radiology Enterprise B
rlealth PACS B
Information
Network
Radiology-to-radiology
Radiology-to-
‘Physicians |
PACS All|
]
Physician Office Radiology Enterprise A

EGEE-II INFSO-RI-031688
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WAN medical image exchange

Enabling Grids for E-sciencE

Grid technologies

Wicle-area Radiology Enterprise B
rFlealth APACS B
Information
Network
Cross-enterprise
authentication
Access control
Secured communications
Efficient and reliable transfer

A N

. PACS A

Physician Office Radiology Enterprise A

EGEE-II INFSO-RI-031688 30



Cy Medical Data Manager

Enabling Grids for E-sciencE

Objectives

Expose a standard grid interface (SRM) for medical image
servers (DICOM)

Use native DICOM storage format
Fulfill medical applications security requirements
Do not interfere with clinical practice

Worker Nodes

DICOM
Interface
SRM

- DICOM server N——
DICOM clients | User Interfaces

EGEE-II INFSO-RI-031688 Life sciences production on EGEE, J. Montagnat, May 12, 2008 31




Medical Data Registration

Enabling Grids for E-sciencE

2. Image is stored in DICOM server

% e 3. Icg client
~ 3
Q & GFAL DICOM server
2 CBD API 3a. Image is registered (a GUID is associated)
® @ .

= LCG File Catalo
-8 3b. Image key | J

= is produced and

registered

AMGA Metadata

@ Hydra
=" Keystore]
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Cy Medical Data Retrieval

Enabling Grids for E-sciencE

1. get GUID from metadata AMGA Metadata

P | | |
. Metadata ACL control

Worker Node
2. Icg client LCG File Catalog

User

\ \ \
y _ File ACL control |
Interface s | | |
o Q ) 3. get SURL from GUID
o = / [‘6
S @/(//77 e 4. request file
< @
<
QD
-
o =
3 S &
~¥_ Key ACL control ?e,/ s =2
5. get file ke Cem— -
@ — g y Anonimization & encryption
=" Key store| DICOM server
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CHLEE Image analysis pipeline

Params

&
- L 1 — 7
~800 EGEE jObS CrestLines
| | | |
Params Params | @_ | Params Params
Service
|
Ry R D D -
| | | | | [
PFMatchICP [— w @H @?w | | @ ® |
Params [ — GetFromEGEE Yasmina Baladin
| ] ||
PFRegister — [ N
- % Params| FormatConv GetFromEGEE GetFromEGEE
GetFromEGEE N B S B — [
— WriteResults FormatConv FormatConv
[
FormatConv \ @ | \I\ \ @ Gu; @3
— WriteResults i
) 4D r D RE Wnte&sults
[ [ | | | |
WriteResults
— D D D MethodToTest
| | [
MultiTransfoTest
L
Accuracy Translation Accuracy Rotation
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G Workflow management

Enabling Grids for E-sciencE

MOTEUR, I3S laboratory, CNRS
http://egeel.unice.frMOTEUR
High level interface
Hides grid complexity to the user
Service-based approach
Legacy code service wrapper
Scufl language (myGrid /| Taverna)
Pure data flow approach
Grid submission interfaces
EGEE (LCG2, gLite)
Grid5000 (OAR, DIET)

Transparent parallelism exploitation
Code and data parallelism
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http://egee1.unice.fr/MOTEUR

Cy Efficient parallel execution

Enabling Grids for E-sciencE

A workflow naturally provides application parallelization
MOTEUR transparently exploits 3 kinds of parallelism

Workflow parallelism Data parallelism Service parallelism
D,D D,D D,D
0 1 0 1 0 1
z Y
S D D
1 1 1

S:/i SZ SS
v vy

Jobs grouping strategy in sequential branches
In order to reduce grid latency

Il—l @ T E i_“_1 http://egeel.unice.frIMOTEUR

EGEE-II INFSO-RI-031688 36



http://egee1.unice.fr/MOTEUR

Cy Short Deadline Jobs

Enabling Grids for E-sciencE

Torque + MAUI batch scheduler
Used in most EGEE sites
specific configuration (virtual processors allocation)

Does not interfere with normal batch scheduling (shared processor
time)

Enables efficient processing of short tasks on the production
infrastructure

Alternative to jobs prioritization

Special submission queues
Three SDJ queues deployed on biomed-compliant sites
Time-limited queues

Submit-or-reject paradigm

Jobs are immediately executed or rejected if a too high number of
short jobs are already executing.
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CHEE Conclusions

Enabling Grids for E-sciencE

« Grid used for sustained production in life sciences
— Regular usage in drug discovery, bioinformatics and
medical imaging community

— Closer to non computing-specialized end-users
= RSNA'08 demonstration (EGEE-MEDICUS)
= Bioinformatics web portal

- Application-domain high level services being developed
— Data protection
— Data semantics
— User interfaces
- Demonstrated direct interest for uses community
— Computing power... but not only computing power
— Data, algorithms and procedures federation



