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VL-e

e Goal

“bridge the gap between the technology
push of the high performance networking
and the Grid and the application pull of a
wide range of scientific experimental
applications”
e Approach

» Provide infrastructure

= Facilitate expertise exchange (grid
technology and application domain)

= Development of e-Science applications
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Technology push

\/L-e Approach

- Application § Application Application
Medical Imaging Specific Pat Specific Pait
Virtual Lab

- Virtual Laboratory
;fo;r ‘fM RI»» ~ci.once Oriented Services

Application pull

Grid Services
—.arness multi-domain distributed
resources
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e The meaning of "e” in e-Science is...
= electronic
= enhanced
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Enhancement in
Medical Imaging?

Data Storage

= Large capacity, long-term

Data Analysis

= Computation capacity (latency, throughput)
= Software interoperability

Data Access

= Remote access (dispersed organizations)
= Collaboration

= Security (patient data)

Data Logistics and Management

= Heterogeneous and dispersed systems

= Workflow management
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VL-e Medical Subprogram
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e Goal:
= Develop grid-enabled problem-solving
environments to enhance advanced
clinical and research in medical imaging
e Activities
High performance image analysis
Workflow
Visualization

Virtual Lab for fMRI
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Functional Imaging of the Brain
with fMRI
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fMRI: Group Studies
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Data Management in fMRI
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Data Management in fMRI
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Data Acquisition:
e Dispersed equipments

e Data privacy Data Analysis:

e Large scale
e Compute intensive

MR scanner

Imaging « =%
protocol > J

Research
Workstations

Stimuli
Data

Data Storage:
e Large datasets
e Long-term archival

@ Stimulus

design
Stimulus
System

Data Access:
e Collaboration
e Dispersed
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Data Data Data Data
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Reliable Image
VBrowser JobRun NIMROD-G File FSL
Viewers
Transfer

Storage Grid
Resource Security
Broker Infrastructure

EEG Computing

Stimulus
System MRI Clusters Robot

Disk
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VL-fMRI: Resources

_ _ VL-e PoC
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VL-fMRI: Services

Job
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Image
Analysis
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Virtual Resource Browser

Interactive GUI for resource browsing

Access to virtual (grid-enabled)
resources

MIME-type enabled

Built on VL-e Toolkit (VLET)
Plug-ins
Multi-platform (Java)

Grid Tutorial, Utrecht, 26 September 2007
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Data Acquisition

Location Edit Yiew Tools Help

=1 =53 IET P iLucatiun:MWLE:,f,f,f |ﬂ
Resource |
& HEE SARA
o- [@ fhome/silvia ﬂ% EL
o O MySRE = & AMC
o= O GFTP AMC-LI
o= 0 2 TMEI Fhomejsilvia CFTP AMC-LI STMRI ui.matrizx
o= O ui.matrix |__I
o O RFTS AMC-1 L L
o= D% nimrod I:]- 1@ Ej
o~ O I
o 0% sftp I : RFTS AMC-11 v thuiz localhaost:)f
o~ 0% thuis :
[ TablePanel |
A icon e narmne sche... hostnarme path

....................................................................................................... I& |Link JShome feikia file Fhiorme fsilda
{4 il 22 [Server MSEE srb |mud.matrix sara.nl |f-

UE [Server CFTP AM -1 artp |arid-wiol.amc.nl f

0% |Server ATMEI sfip (145,117 . 124 142 |fhomejfexport

S [Server L. matrix sftp (Ui matrix. sara.nl f

% |Server FFTS Ak -1 tfts grid-wid 1. amc.nl

0% |Server nirmrod sftp |nimrod.w-e.nl f

R |Server I sftp |remote. science. U . | f~

0 [Server thuis =ftp  |ns.tacta.nl foe

[ |Link localhost: | file )
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Data Acquisition: 3.0 Tesla MRI
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b d VBrowser[0]:sftp:/3tftp @145.117.194.143/ho mefexport
Location Edit Yiew Tools Help
2 @@@@ © Location: sftp: f2tMp@145. 117,194, 1432 fhome/expor
Resource | /[ TablePanel |
0 My Le: fflocalhost ) = §§ ican narne e length modificationTime MimeTywpe |per..
o= @ fhame;/silvia : = |my eBooks Dir |0 2005% Jun 22 12:56:04 (. |application/. |d-.. |=
o 02 [ETMERI| =i B My Music Dir |0 2005 Ayg 23 17:32:17 (... |lapplication...|d-. ..
- C | = |als_spectra Dir |0 Jul 21 191109 (MEST) application/f.. |d-... |=
o 7 My Music A & |C Cir [0 sep 06 14:03:06 (MEST)  |application/...[dr... | |
o= [0 My Pictures : 0 |my Pictures Dir |0 Aug 28 12:00:25 (MEST)  |applicationf. . |d-..
o= [0 My eBooks 3 PRAYSOL_4_1 PAR File [222745% Aug 22 15:07:08 (MEST)  |application/. .. [---...
o= [ als_spectra PRAYSOL_4_1 REC File [4011200 |Aug 22 15:07:.08 (MEST) |applicationf...[---...
7 010170_3_1.PAR PPAYTS01_3_1 REC File [5011200 |Aug 22 150721 (MEST)  |application/...|---
7 010170_2_1.REC PRATEOL_3_1.PAR File [222745% Aug 22 150721 (MEST)  |application/...|---
7 010170_4_1.PAR PRAYS01_2_1 REC File [21457280 |dug 22 150722 (MEST)  |application/...|---
S 010170_4_1.REC PPAYSOL1_2_1 PAR File [16832 Aag 22 15:07:23 (MEST)  |applicationf...|---
J 0101705 _1.PAR PPAYSOL1_1_1 PAR File [6&325 Aug 22 150722 (MEST)  |application)...[---
J 010170 5 _1.REC PPAYSOL1_1_1.REC File (1179548 |Aug 22 15:07:22 (MEST) |application/...[---
7010170 5 _2 PAR PRADRIEMMEL 4 _1 PAR File (222751  |aug 22 13:48:31 (MEST) |applicationf.. |---
0101705 2 REC PRADRIEMMEL 4 _1 REC File [9011200 |Aug 22 13:48: 31 (MEST)  |applicationf.. |---
J 010170 6_1.PAR PRADRIEMMEL 3 _1 PAR File [1&838 Aug 22 13:458:22 (MEST)  |applicationf...|---
J 010170 _6_1.REC PRADRIEMMEL 3 _1 REC File [21457280 |Aug 22 12:48:22 (MEST)  |application/...|---
1 010175T1_4_1.PAR FPADRIEMMEL _1_1 REC File 1179548 |Aug 23 132:48:22 (MEST)  |application/...|---
1 OALLEMAN_ACT SDAT FRADRIERMEL_1_1 PAR File (6643 Aug 22 13:48:23 (MEST)  |applicationf. . |---
JOALLEM AR _ACT SPAR PPADRIEMMEL S 1 REC File (4011200 |Aug 22 13:55:.56 (MEST)  |applicationy...|---
1 ALLEM AN _REEF. SDAT PRADRIEMMEL S 1 PAR File (222751 &g 22 13:55:56 (MEST)  |applicationy...|---
J ALLEMAN _REF.SPAR FPADRIEMMEL &_1 EEC File [2882584 |Aug 22 12:57:51 (MEST) |application/...|---
7 BESSELIMK_6_1.PAR PRADRIEMKEL _&_1 PAR File |49223 Aug 22 13:57:51 (MEST)  |application). |---
| BESSELIMK_&_1.REC HOEKEMRICHE_12 _2 RELC File |0 Aug 24 093156 (MEST)  |application). |---
| BESSELINK_&_2 PAR HOERKEMRICHE_ 12 _2 PAR File [484%9 Aug 24 092156 (MEST)  |application). .. [---
| BESSELIMK _&_2 REC HOEKEMREICHE_ 12 1 REC File [5242880 |Aug 24 093158 (MEST) |application/...|---
| BRANDSMA_LEVERL. |+ HOEKEMRICHE_ 12 _1 PAR File [2&67EL Aug 24 092158 (MEST)  |application/... [---...
L4| M | | .|_ HOEKEMRICHE_11_1 RELC File |9175040 |Aug 24 0%:32:01 (MEST) |application/.. [---. .. TJ
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User Authentication

% VBrowser[0]:MyVLe://localhost/ -0 X
Location Edit Yiew Tools Help
e = | | ¢ | LocationsMywLe: fflocalhost)
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>

Resource l/m

MM Le: S flocalhost)
o= g Shomefsilvia

o= 0% 3TMRI Grid Proxy Dialog
o= L GFTP A C-1] :
o=y : Althentication needed for location: gftp: frarid-uidl.amcnl: 2811/~
o= 0 CFTP DSl A fhomefsilvia
o= L MyARE Srarus

o- —{E FFTS AMC-LI a Certificate Name: *** |nvalid Prosxy ™
o= L 5RB kop |§ Validity: false

~ localhost: : Timeleft: 00:00:00
o= O sftp uiomatrix ™

Cptions

Adthentication need Certificate Location fhomefsilbviaf. globus

Proxy location: Stmp/fx503up_us03
Default Lifetime 12 {(hours)

User
Password

Password: |

F0. Cancel
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Data Storage

e SDSC Storage Resource Broker (SRB)

= single file hierarchy for data distributed across
heterogeneous storage systems in multiple
organizations.

= supports the management, collaboration,
controlled sharing, publication, replication,
transfer, and preservation of distributed data.

e In VL-e PoC
= SRB server hosted by SARA
= On-line storage
= Near-line storage (tape)

Grid Tutorial, Utrecht, 26 September 2007
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SRB @ VL-e PoC

Data
?
G (\d?‘ Storage
Application Interface
Client 1
VBrowser SRB On-line
Scommands Server Databases
Portal $
Metadata
Catalog
Server Tape
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Reliable File Transfer (GT4) Service
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Resource | *|[ TablePanel |
— MyWWLE Resource | ;;fPrupenyViewer | narne
- /M ey : 1
o= 0% My & @& /home/sihia 2
o [y S| & 9& MyERE S
o 0% GFTP AMC-LI 4
o O Tl o g 3TMRI s
o= B ui g o % ui.matrix
7 UR RF] ¢ 02 RFTS AMC-LI 5
-l +Eas i
¢ 0% nin : 21 icon 8
o= = - 3 name 7
o= B 4 sourceFilename YEBrowser-UserGuide. pdf
[- 2 ) sourceHostname gric-uidl amc.nl
)8 - — .
; Fesource Event Message
¢ OF nimrod === Finished EFT Transfer ===
B bin Transfer key =4&
e T":n“;“mmd Crverall Status =Done
resources. txt - Tranzfer[D]——_— ] ] o
J shell_functions - source =gsiftp ffarid-uiol.amc.nl 2811 fhomefsilviafTransfery
:—% L‘r’]‘uis - destination =agsiftp: ffkop.nikhef.nl 2811 LEML fhome fsilhvia olabarriagadenl fTransferf
o 0 GSISRE - nr. attempts =null
& [ HealthGridog - status =null
o= 2 Sample-dir
=& ppl
o= 2 software
aaa.txt DK
e [ Transfer -
o [ localhost:f ‘ ‘
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Data Access
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Location Edit Yiew Tools Help

ot (= @ e§'anatinn:1u2.matrix.sara.nI:5000ONLENL}thE,fsiIVia.Dlabarriaga.\denl,fppl,fiaps2Smhase—p—o.5.featfrepun.html|ﬂ

Resource VHTMLViewer |
= public.npaci i:”
J silvia. olabarriaga.wienl
& [ HealthGridos [ VHTMLViewer |
o & sample-dir (=]
s . - FEAT Motion Correction Report
e ahase 0o feal for FEAT session  jtmp/1162989622 86 /phase-p—0.5 feat
gz Wed Nov § 21:28:58 CET 2008
o= B stats
o tsplat
J deszign.con MCFLIRT estimated rotations cradians)
_ des?gn.fr‘f Sggg T T T T 7
oo e :
- des!gn.glf Ep—oI 1
5 des!gn.mat :g:ggg 1 L
w design. ppm -Bloed 3
J design.trg -@.88&
% design_cov gif —
¥ design_cov.pp
4 example_func.
¥ filtered _func_d 8.3
@ mask.nii.gz -2 —
@ rendered_thre p i
lw rendered_thre :g-é ]
J repor.com B3 i
- - 1 1 1 1 e
: FEEE::E;”I g4 a =15 188 158 j=45]%] 258
©F thresh_zstatl.ng
i MCFLIRT estimated mean displacement Cmml
[T Il | [»] o s
-8.4 T ' ' Iabso ute =
i S
A e : :
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Data Access (2)

Location Edit Yiew Tools Help

| 52| 4F | @ |Locationdda@nimrod.v-e.nlfhor

)
0
)
O
O
<
%
>
T
1
=

default [~]4]|~|| || B|| I

[ »

# o+ EDp‘;’ stdout, stderr from node

S| [y

# sweep convolve_phase parameter

Resource | Tahl'nparameter NIM_scan text select anyof iaps28 iaps35;
¢ 0% nimrod a||ificon| |parameter NIM_subject text default ppl;
o B bin : : =, I:||parameter NIM_convolve_phase float range from -2 to 2 step 0.25;
P = rf??’“'mr':'?’ =|[: = |:Iltask main
§ L eXpErments =" onerror ignore
0= simple : M copy ./run]ob.sh node:.
o= [ sweep 4 copy ./MdasEnv node:.
o= 0 sweep-2 g T
o [ sweep-3 : / |g # this replaces NIM_convolve_phase
o [ sweep-4 & |r| copy .fdesi_gn—iaps—_phas_e—template.fsf node: _ )
o B sweep-5 2 r node:substitute design-iaps-phase-template.fsf design-iaps-phase.fsf
o> f_'. sweepPhase : # this replaces NIM_subject, NIM_scan, NIM_convolve_phase
= SWEEpPhESE'ppl °l copy ./runfeat-phase-template.conf node:.
¢ J checked_stderr %l node:substitute runfeat-phase-template.conf runfeat-phase.conf
stderr.ppl-iaps2
stdderr.ppl-iaps2 # now run
stdlerr.ppl-iaps node:execute [hin/bash ./run]ob.sh ./runfeat-phase.conf ./ MdasEnv
ciclerr nnl-ia il LS
q | M I # get output
copy hode:stderr stderr.${NIM_subject}-${NIM_scan}-p${NIM_convolve_ph

copy node:stdout stdout.${NIM_subject}-${NIM_scan}- p${NIM_convolve_p
endtask

4]

q] i [ ]
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Data Access (3)

Location Edit VYie
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= MALe: )
o= @ Jhome/
o 0% link:srh:
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¢ = Zeki

o= B
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Data Analysis

e Computing clusters
= SARA, NIKHEF, AMC
= many others: BIGGrid, DAS-3

e Standard software installation
= \/L-e PoC
= Includes imaging packages (VTK,ITK,FSL)

e Various middleware
= EGEE
= Experiment managers (NIMROD, custom)

Grid Tutorial, Utrecht, 26 September 2007
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Computing @ VL-e PoC
EGEE Middleware

User

Resource

Interface

A

A 4

A

Logging
Book Keeping

A 4

Broker

4
A 4

Information

System
VO, user, CE, SE

Computing
Element (s)

Grid Tutorial, Utrecht, 26 September 2007

R

Storage
Element (s)

I

32



Computing Jobs on the Grid
Local storage
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Local Worker
computer Node
Data,
Software () .
. - » Stage-in
9 s
® 2
g u A 4
o T
2' = Run
1= S
) _ .
— Log files (U] !
O Output
Stage-out
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Computing Jobs on the Grid
External storage

£l
T
>
©
c
<
1
%
>
T
i
>

Local Worker Storage
computer Node Node
Data

Task ] Software

c v —* Stage-in

S s

g "

= S v

n -

< = Run

1= S

9 =

O |Log Output
— — | Stage-out —
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jobrun Package

e bash script

e Features:
= SRB as file system
= Error checking
= Configurable
e Usage
= jobrun.sh <job-config> <SRB-config>

Grid Tutorial, Utrecht, 26 September 2007
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jobrun: Submission
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e edg-job-submit job.jdl

Executable = "runJob.sh";

Arguments = "testlob.conf MdasEnv";

StdOutput = "std.out";

StdError = "std.err";

OutputSandbox = {"std.out" , "std.err" };

InputSandbox = {"runlob.sh", "testJob.conf" , "MdasEnv" };

Requirements = Member("nl.vl-e.poc-release-1.0", \
other.GlueHostApplicationSoftwareRunTimeEnvironment);
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fMRI Analysis Jobs: feat wrapper

Location Edit Yiew Tools Help

= ln:{}}l ﬁ- lqghj!Lucat_iun: abarriaga.&denl@muz.matri}{.ﬁara.nl:SOOOONLENLIthEISiMaDlabarriagaMEnI;ppljiap528|ﬂ

£l
)
=
©
c
<
|
%
>
T
1
>

Resource i e ——

§ = ppl

o © japs2s Input File:

[ phase-p-0.5.1 sriacfipiter.de boervenl@sri. grid. sara. nl 50000 A LEML home foublic. npacifdemoy L-TMEL M EIDatafmridata. nii.gz
0 phase-p-1.0.1{ Output Directory:

o phase-p-1.5.1

file: fflocalhostftmpftestFeatREunner
I phase-p-2.0.1

' phase-po. 0 fe Design Template File:

T T O T O

phase-po. 5 feqfile:ffocalhost/home/ptdeboer ffeat /experiment. fsf

B mc ]
B stats [[]Silent mode

v+ U

[ tsplot Std out: 5td err:

J design.can
J design.frf
J design.fsf
W desian. qif
J design.mat
¥ design. pprm
J design.trg
b design_cow
B design_cow,
4 example_fu
T filterad_fun

[n]»

-

ME

[4]

L - ] PRt |
4 | Il | Ll T DRI

Run Feat || Cancel Feat H Save stdout H Save stderr
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Experiment Manager

e Facilitates data and job management
of large experiments

= Parameter and image sweeps

with facilities for
= Distribution of jobs on resources
= Monitoring

e Example:
= NIMROD (Monash University, Australia)
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Experiment Plan

.. Font default |"||14|"| i B I
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# + copy stdout, stderr from node
e
# sweep convolve_phase parameter

parameter NIM_scan text select anyof iaps28 iaps35;

pa rameters parameter NIM_subject text default ppl;

parameter NIM_convolve_phase float range from -2 to 2 step 0.23;

ask main

ONEerror ignore

| copy ./runjob.sh node:.
copy .fMdasEnv node:.

# this replaces NIM_convolve_phase

H copy .fdesign-iaps-phase-template.fsf node:.
Stage n < node:substitute design-iaps-phase-template.fsf design-iaps-phase.fsf

# this replaces NIM_subject, NIM_scan, NIM_convolve_phase
\_| copy ./runfeat-phase-template.conf node:.
node:substitute runfeat-phase-template.conf runfeat-phase.conf

run task | #nowrn

node:execute [hin/bash ./runjob.sh ./runfeat-phase.conf./MdasEnv

# get output

copy node:stderr stderr.${NIM_subject}-${NIM_scan}-p${NIM_convolve_ph

Stage out copy node:stdout stdout. ${NIM_subject}-${NIM_scan}- p${NIM_convolve_p
endtask

q] Il [ [»]
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Large Experiments on the Grid
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1-D Parameter Sweep
22 scans, 17 values, 374 jobs, 420h CPU
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2-D Parameter Sweep
1 scan, 1665 jobs, ~555h CPU
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Overview

e \VL-e, VL-e Medical

e Use Case: Functional MRI

» Introduction

» Virtual Lab for fMRI

e Approach
e Implementation

e Final Remarks
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Current Status

e GAP at AMC
e Feat analysis from VBrowser

e New experiment manager under
development

e Added value for clinical research?

e More info
= www.science.uva.nl/~silvia/vIfmri
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Final Remarks

e No “rocket science”, no “free lunch” ...
= Evolving technology and requirements

Evolving/unstable/poorly documented
infrastructure

Tools with low usability for “end users”

Insufficient experts for application
development

Difficult communication across domains
and expertises (informatics, medical)
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Conclusions

n

e "High Energy Physics Experiment
model is not appropriate for all
application domains

e Collaboration among experts from
various fields is essential for
development of grid applications

e \/L-e provides the scope for this
collaboration
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VL-e Medical & Co

° AMC (SP1.3)
Aart Nederveen, Matthan Caan, Sanna Gevers, Silvia Olabarriaga
= Kees Grlmbergen Ard den Heeten Charles MaJO|e
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= Kamel Boulebiar (SP1.3)
= Piter de Boer, Adam Belloum (SP2.5)
= Abdullah Ozsoy, Robert Belleman (SP2.1)
= Breanndan O Nualldin (SP2.1)
= Guido van't Noordende, Matthijs Koot (SP2.4)
e SARA (SP4)
= Maurice Bouwhuis, Bart Heupers
= grid-support@sara.nl
e NIKHEF (SP4)
= Jan Just Keijser, Dennis van Dok
= grid-support@nikhef.nl
e VUMC (SP1.3)
= Keith Cover, Bob van Dijk
= Hugo Vrenken, Frederik Barkov
e Previous members
= K. Maheshwari
= J. Snel, J. Alkemade
= A. Bucur, H. Obbink, J. van Leeuwen

VL-e project
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Special Credits

VBrowser: P. de Boer

RFTS: K. Maheshwari

3D Viewer plug-in: A. Ozsoy

fMRI analysis plug-in: K. Boulebiar
GAP installation support: J.J. Keijser
Clinical data: A. Nederveen

Prof. Dr. Bob Hertzberger

The VL-e project is supported by a BSIK grant from the
Dutch Ministry of Education, Culture and Science
and is part of the ICT innovation program of the Ministry of Economic Affairs.
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Thanks for your attention!

.

vi-e

http://www.vl-e.nl/




