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Overview

o \/L-e
e \VL-e Medical Use Case

» Introduction: Functional MRI

= Virtual Lab for fMRI

e Approach
e Implementation: Data Facilities
e Implementation: Compute Facilities

e Final Remarks
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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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Functional Imaging of the Brain
with fMRI
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See video in http://www.vl-e.com (outreach)
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fMRI: Individuals
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Brain activation maps
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fMRI: Image Analysis Workflow
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Data Acquisition:
eComplex experiments
eDispersed equipments

Imaging
protocol

MR scanner
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Data Storage:

fMRI: Problems

Data Analysis:
elLarge scale
eComputation-demanding
eInteractive response

eLarge, many data instances
eHeterogeneous data types
eConfidential data

Shared Access to Data:
eMultiple centres
eMany users, diff access rights
el ong-term archival

Grid Tutorial Groningen, 19 September 2006 10



Overview

o \/L-e
e \VL-e Medical Use Case

» Introduction: Functional MRI

» Virtual Lab for fMRI

e Approach
e Implementation: Data Facilities
e Implementation: Compute Facilities

e Final Remarks

Grid Tutorial Groningen, 19 September 2006

11



o
=
Y
—
>

Virtual Lab for fMRI: VL-fMRI

e Goals
= Facilitate data gathering after acquisition

= Facilitate storage and archival of large
amounts of data

= Provide remote and controlled access to
data

= Increase computation throughput (HPC
resources)

= Facilitate data retrieval (metadata)
= Facilitate logistics (workflow automation)
= Be usable (by non-IT specialists)
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VL-fMRI: Resources
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VL-fMRI: Functional Overview
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VL-fMRI: Phase 1
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Connectivity
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Virtual Resource Browser

Architect + main developer: Piter de Boer (IvI,UvA)

Interactive GUI for resource browsing

Access to virtual (grid-enabled)
resources

= Grid: SRB, GridFTP, Secure FTP, RFTS
= Local: Linux and Windows file systems

MIME-type enabled
= Text, 2D images, HTML

Multi-platform (Java)

Grid Tutorial Groningen, 19 September 2006
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Data

VBrowser

http://www.science.uva.nl/~gvlam/vlet/
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b ‘.h'_Emwsmlfﬁ]:srh:ln?s_ihria.ulaharriaga.vlenIu.-'muZ.matlix.sala.nI:MNLEHLmumEfsEhnluharr;-gi - | R 4
Location Edit Yiew Tools Help

S T | T d e [P B - [
ket = Bl Lucatmn:l.uz_matrix.gara_n|:5aommENL;hume;ziMau|abarriaga.men|m|

Grid-enabled
Resource | | IconsPanel |

£ My Lef :
o= i fhome/siltvia : .
¢ OB MySRE | |
o= [ public. npaci § -
¢ = sitvia nlabarriaga vienl A linkTo-lmax_ Imax_zstatl, ppl_iaps28.R
¢ =7 Healthoridoe il zstatl_talt- twt EC.gz
o= B pdf A oxtwlink

= readme.html

- = N'EwDir GIF
A linkTo-lmax_zstat1_tal txtdink || -

= readme. himl :
% ppl_iaps?8.REC.gz A readmehtm|  design_cow.g
Imax_zstatl txt § if
¢ design_cov gif :
&= = amc-upload
o= 5 ppl
&= =0 software
o= [ wle—amec.groups
o= [ vienl.groups
= =0 localhost: f
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Virtual Resources

Location Edit Yiew Tools Help

b VBrowser[0]:MyVLe:/localhost/ -

S| | 4| @ Locatiom{MyyLe: f flocalhastf
Q| |

Resource | TablePanel |

' MyLe: fflocalhost/ ican narme hostharne e
o= [§ Shome/fsilvia . |localhost: f [ocalhost Link
o- 0% I TMEI & |fhome/silvia localhost Link,
o= Of CFTP AMC-UI OB [RFTS AMC-UI gric-uinl. amc.nl SErvEr
o 0% GFTP DSI 0% |SEB kop kop. nikhef.nl Server
o= 0% mySREE 0% |GFTP DSl kop. nikhet. nl Server
o= R RFTS AMC-LI OB |GFTP AMC-LI gric-uio 1. amc.nl Server
o= 0 SRE kop U8 |ZTMEI 145.117.194.143  [Server
o= 20 localhost:f 0% |MySEE MUz . matrix. zaranl  [server
o= 0% sftp ui.matrix OB [sftp wi.matrix ui. rnatrix. sara. nl SEFYEr
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User Authentication

% VBrowser[0]: MyVLe: flocalhost - X
Location Edit Yiew Tools Help
|l e |: Tp | i Lucatiun:!MWLe:,f,flncalhl:lst,f
=il A= |
| L el M R
iif': :E_I i _j =
T — e
|( Resource -|[ lconsPanel |
= MywLe://localhost) :
e S S U [E &
o 1 3TMR [Fi (= = = (= =
o= 0% GFTP AMC-UI el
o- 0% CFTF DSI Fhomejfsilvia ITMEI CFTRAMC-LI LFTP DS My SRE RFTS AMC-L
o= 0% My 5RB
o- 0% RFTS AMC-U| = =
o~ [ 5RE kop [:L ﬁ [:L
e & localhost:f : =t =
o- % sftp uimatrix (G570 —mx

uthentication needed for location: sfip: ff3mMp@l14s 117 194, 143 fhomefexpo

User [3tftp

Password [****

OK

Cancel
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Access to 3T MRI Scanner

b VBrowser[0]:sftp://3thp @ 145.117.194.143/home/fexport
Tools Help

: Lucatinn:!sﬁp:;;3tftp@145_ 117.194. 143 fhome/export

[ Resource | TablePanel |

5 MyALe: fflocalhostf == ican Narme e lenagth modificationTime MimeType |per..| |
o g fhome/fsilia = |MyeBooks Dir |0 2005 Jun 22 12:5¢:04 (.. [application...|d-... [=

o D& ETME = My Music Dir |0 2005 Aug 23 17:22:17 ¢ |application/. .. |d-..
e B oC |4 . |als_spectra Cir |0 Jul 21 15:11:0% (MEST) applicationf.. |d-... |=
o= 0 My Music (=] C Cir- |0 Sep 06 140206 (MEST)  |application/...[dr... | |

o= [ My Pictures = My Pictures Dir [0 Alg 28 120025 (MESTY  |application/...|d-,

o 0 My eBoaks ! PPAYSOL1_4_1.PAR File (222745 Aug 22 150708 (MEST)  |application/...|---

o [ als_spectra PRAYSOL 4 _1 REC File |9011200 |Aug 22 150708 (MEST) |application/. . |---

0101703 1 PAR PPAYSOL1_2_1.EEC File |9011200 |Aug 22 15:07:21 (MEST) |application/. . |---

I 010170.3_1.REC PPAYSOL 2 _1.PAR File 222745 Aug 22 150721 (MEST)  lapplication,... |---

010170 _4_1.PAR PPAYSO1_2_1.REC File (21457280 |Aug 22 15:07:23 (MEST)  |application/...|---

01017 0_4_1.REC PPAYSOL1_2_1.PAR File 16832 Aug 22 150723 (MEST)  |application/...|---

10101705 _1.PAR PRAYSOL_1_1 PAR File |6635 Aug 22 150723 (MEST) [applicationy. . |---

0101705 _1.REC PPAYSOL1_1_1.REC File 1179648 |Aug 22 150723 (MEST) [application)...|---

0101705 2 PAR PPADRIEMMEL 4 _1.PAR, File 222751 Aug 23 132:48:21 (MEST)  lapplication,... |---

01017 0.5_2 REC FPPADRIEMMEL 4 _1.REC File 9011200 |Aug 23 12:48:21 (MEST) |application/...|---

0101706 1L PAR FRADRIEMMEL_Z _1 PAR File |168328 Aug 23 132:48:32 (MEST)  |application/. . |---

0101706 1.REC FRADRIEMMEL 2 _1 REC File 21457280 |Aug 23 132:48:32 (MEST) |application/. . |---

J010175T1_4_ 1 PAR FPPADRIEMMEL_1_1.REC File 1179648 |Aug 23 13:48:23 (MEST) |lapplication/...|---

| ALLEM AR _ACT SDAT FPADRIEMMEL_1_1.PAR, File |&6E432 Aug 23 12:48:23 (MEST)  [application)...|---

O ALLEMAM_ACT SPAR. PPADRIEMMEL_ S _1.REC File 9011200 |Aug 23 12:55:56 (MEST) |application/...|---

T ALLEM AN _REF SDAT FPADRIEMMEL S 1 PAR File 222751 Aug 23 12:55:56 (MEST)  |application/. . |---

1 ALLEMAR_REF.SFAR FPADRIEMMEL & _ 1. REC File (2883584 |Aug 23 12:57:51 (MEST) |application...|---

| BESSELINE_&_1.FAR PPADRIEMMEL & _1.PAR, Fila 9223 Aug 23 12:57:51 ¢MESTY  lapplication,... |---

| BESSELIMEK_&_1.REC HOEFEMREICHE_ 12 _2 REC File |0 Aug 24 092156 (MEST)  |application... |---

| BESSELINKE_&_2.PAR HOEREMEICHE_ 12 _2 PAR File |4845 Aug 24 093156 (MEST)  |application/...|-—-

7 BESSELIMK_&_2.REC HOEKEMEICHE_ 12 _1 REC File |5242880 |Aug 24 093158 (MEST) |application/. . |---

| BRAMNDSMA_LEYERL |~ HOEFEMREICHE_12 _1.PAR, File |Z&765 Aug 24 093158 (MEST)  lapplication,... |---

M | | p|_ HOEREMRICHE_11_1.REC File 9175040 |Aug 24 09:22:01 (MEST) |application,... |---
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Data Access

M | VBrowser0]:srh:fsilvi

a0 fabamiagavienlid mueZ.matricsara.n 30000/ VEENL/ho me, ame.groups/validatie/ppl_laps28itestfeat - 0%

Grid Edit  View Tools Help
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Task finishec:ActionTal
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[
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| Resource | [ icons
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pplZ_japs28
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Ppl2 _hback3s

@ 5 e | Motion correction report (mean displacements: absclute=0.21mm, relative=0.05mrm)
= pRlolaps 3

S o

-

= mc
reg
B3 stats
& tsplat
flcurrent
i rarmp.gif
W cluster_mas
cluster_zstal
cluster_zstal
cluster_zstal
cluster_zstal
design.con
design.frf
design.fsf
¢ design.gif
design. mat
design.pp
design.trg
i design_cov.
W design_cov.
& example_fu
W filtered_fun
Imax_zstatl
Imax_zstatl
& mask nii.gz
W rendered_th
& rendered_t
report.cam
= repart.html
report.log
% thresh_zsta
thresh_zstal -
M ] ¥

“wiea | Thresholded activation images 2 s 120

0,

|zstatl - C1 (contrast)

-
¥

TArfing TasiCACHON | ask(0. 6 ) STarting Wiewer 10r sta:{/sihia. olabarriaga enl@m a2 matn. sara. 1.5 0000y LEML/Aome e -amc. groups valdatiepp L_iapss B/1est (et report. il
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[Task finished: ActionT ask(®. 473 View item:srb:/ fsilvia.olabarriaga. venl@muz . matrix.sara.nl. 50000 /%LENL/home fvie-amc. groups /validatie/pp 1 _iaps2 8 ftest.feat /report. himl
[Task finished: ActionT ask(0. 46):Starting viewer forsri ) jsihvia olabarriaga venl@mu2 matrix. sara nl:3 0000/ LENL/home e -ame. groups fvalidatiefpp 1oiaps2 8ftest feat/report. html
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Compute

VL-fMRI: Phase 1
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VL-e PoC Installation

Contrib: VL-e SP 4
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e General
» CentOS + LCG + GT4 + SRB clients

e Domain-specific packages
= FSL, vtk, itk

e For UI and worker nodes

e Identified by Glue attribute

Requirements = Member("nl.vl-e.poc-release-1.0",
other.GlueHostApplicationSoftwareRunTimeEnvironment);
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Medical Image Analysis (MIA)
Workflow

e Large variety of MIA applications
= C, matlab, Java (Ibis)
= | egacy (+ self-developed) code
= interactive, batch

e Activated from different environments

= Clinical:
e gutomatic (DMWS, AMC)
e interactive (GAMA, Philips)

= Research:
e repetitive, large scale (scripts, NIMROD)

Grid Tutorial Groningen, 19 September 2006

27



()
'
-
Q
=
@)
O
—
a'd
>
A
—l
=

Template: Minimum Workflow

Contrib: Bart Heupers, SARA

e Steps (on worker node):

= Download software
e Complementary to VL-e PoC install

= Download input data
= Run command
= Upload results

e Template: jobrun package

Grid Tutorial Groningen, 19 September 2006
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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 Groningen, 19 September 2006
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jobrun: Workflow

Worker
Ul SRB
Node
job.conf
.MdasEnv
> E Software.tar.gz
repare InputFile(s)
Run
OuputFile(s
Upload b ),

Grid Tutorial Groningen, 19 September 2006 30
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jobrun: job configuration

srb_software_dir=/VLENL/home/silvia.olabarriaga.vilenl/software
srb_software_archive=DataPrep.tar.gz

export SWDIR="pwd  /DataPrep

export PATH="${SWDIR}:${PATH}"

srb_data_dir=/VLENL/home/silvia.olabarriaga.vlenl/pp1/iaps28
srb_data_file="image.REC.gz image.PAR"

job_cmd=fMRI_PrepareData.sh

job_args="image image_roi 2090 5 115 0 35"

job_execs="gunzip rec2analyze.pl avwchfiletype avwroi \
checkROI.py fMRI_PrepareData.sh"

srb_out_dir=/VLENL/home/silvia.olabarriaga.vlenl/pp1l/iaps28
srb_out_file=""
srb_out_owr_file="image.nii.gz image_roi.nii.gz"
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jobrun: SRB configuration

e For SRB command-line clients (Scommands)
= .srb/.MdasEnv

mdasCollectionName '/VLENL/home/silvia.olabarriaga.vlenl’
mdasCollectionHome '/VLENL/home/silvia.olabarriaga.vilenl’
mdasDomainName 'vienl!’

mdasDomainHome 'vilenl’

srbUser 'silvia.olabarriaga’

srbHost 'mu2.matrix.sara.nl'

mcatZone 'VLENL'

srbPort '50000'

defaultResource 'vleMatrixStore'

AUTH_SCHEME 'GSI_AUTH'

SERVER_DN '/O=dutchgrid/O=hosts/OU=sara.nl/CN=mu2.matrix.sara.nl'
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jobrun: Submission
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e edg-job-submit job.jdl

Executable = "runJob.sh";

Arguments = "testJob.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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Alternatives: Computing Jobs

e Other ways to start (MIA) jobs

= SaraGridService
e Web service
e Submission from non-grid node
e Python clients

= NIMROD

e Management of large number of jobs
e Parameter sweep, optimization

= Distributed Workflow Management System

e Automatic after scanning
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Current Status

e GAP at AMC

e \/Browser
= Basic functionality (Beta release)

e Job execution
= Scripts (EDG* and Python clients)
= From ui.matrix, VL-e Poc Virtual Machine
= NIMROD

e User info
= http://poc.vil-e.nl/distribution/quickstart.html

Grid Tutorial Groningen, 19 September 2006
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Final Remarks
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e What we are trying to do is no
“rocket science”, but we get 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...

Grid Tutorial Groningen, 19 September 2006
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VL-e (Medical) Team
o JVvI

= Ketan Maheshwari, Silvia Olabarriaga (SP1.3)

= Piter de Boer, Adam Belloum (SP2.5)

= Breanndan O Nuallain (SP2.1)

= Abdullah Ozsoy, Robert Belleman (SP2.3)
e AMC (SP1.3)

= Jeroen Snel, Johan Alkemade

= Aart Nederveen, Matthan Caan
e SARA (SP4) VL-e project

= Maurice Bouwhuis — W |
e NIKHEF (SP4)

= Jan Just Keijser

= Dennis van Dok
e VUMC (SP1.3)

= Keith Cover

= Jasper Sluijmer

]
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Additional Thanks to...

Dr. Paul van Hooft (IvI, UVA)
grid-support @{ sara | nikhef }.nl
Bart Heupers (SARA)

Prof. Dr. Kees Grimbergen,
Prof. Dr. Ard den Heeten (AMC)

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!
Questions?

silvia@science.uva.nl

vi-e

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




