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» Secure & lawful 6rid provision of medical simulation services
=» Build 6 Grid-enabled medical prototype applications

= Build suitable middleware on top of common standards

® Install and evaluate a GEMSS test-bed

=» Anticipate privacy, security and other legal concerns
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GEMSS Applications

Name

Domain

Class

Maxillo-facial
surgery simulation

Medicine - pre-surgical
planning

On demand / distributed
supercomputing

Neurosurgery Medicine - intra-operative | On demand

support planning

Radiotherapy Medicine - Monte Carlo On demand / distributed
planning treatment simulation supercomputing

Inhaled drug
delivery planning

Medicine - air flow
dynamics

On demand / distributed
supercomputing

reconstruction

Cardio-vascular | Medicine - blood flow On demand
system simulation | dynamics
Advanced image | Medicine - nuclear / in vivo | On demand

diagnostics
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GEMSS Applications - Summary

O Compute-intensive numerical methods (parallel MPI codes)

* Finite Element Method (FEM)

- Computational Fluid Dynamics (CFD)

* Monte Carlo Simulation (MC)

* Iterative Image Reconstruction Method (ML-EM)

O Data Transfers (few MBs to few GBs)
O Services composed of multiple application components (workflow)
[ Flexibility - User Interactions

 Near-realtime requirements (QoS support essential)
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GEMSS Architecture

) Service oriented architecture
- Based on standard Web Services technology (WSDL, SOAP, WSLA, WS-Security).
- Possible integration with other hosting platforms via OGSA/WSRF

a Client-side Framework
- Pluggable component framework.

- High-Level client-side API for invoking services in a protocol-
independent manner.

Q Service-Provision Framework
- Generic Application Services

- Transformation of HPC application components into Services

Q Support of complex process models
- business workflow

- dynamic QoS negotiation
- application workflow
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High-level Grid Architecture

Service-oriented architecture

Client's

cus’r?mer's Usens Certificate| ¢ o
authority
Portal : Service
(optional) Client . provider
o Ser:vnce oo o
o registry o

3-step process model for job execution

Business > QoS negotiation —>| Job execution
Set-up account Estimate job capacity Upload input data
Authorize user to use account Negotiate QoS Start job
Monitor billing information Exchange Contracts Monitor job
Choose pricing model Download results
Choose license model

ol
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Generic Application Services

O common methods for data staging, job management, error recovery, QoS,
O customized for a specific application by means of XML application descriptor
0 accessed by clients through a high-level Client API

O automatic deployment on different hosts with varying QoS characteristics

Gnd enabled Medical Simulation Services

Workshop on Grid Application Programming

<<interface>> <<interface>> <<interface>>
JobHandling QoS ErrorRecovery
upload() requestQosOffer () checkpointUpload()
download() confirmQosOffer () checkpointDownload()
start() cancel QoSOffer () restart()
Kill() A v
pull() . ; T
push() RN -
getStatus() \\L///
ApplicationService
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GEMSS Client-side programming

public class Client {
public static void main(String[] args) {

SPECT spect = (SPECT) GEMSS.getService
(""SPECT", reqgDsc, gosDsc);

spect.upload("input.zip™);

spect.start();

whille (1finished) {
spect.getStatus();

L
EPEBE=C ML CREC Ot 20E" e
}
}
c”_ai gi =]
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Image Reconstruction Service (SPECT)

dSingle photon emission computed fomography (SPECT) is an effective & robust
method for diagnosis of cancer, heart diseases and functional pathologies.

d our method takes into account: scanner geometry, scatter, attenuation, etc.
- large computational requirements

User PC GRID

Clinical
Environment

Grid Site 1
Reconstruction

Kernel (MPI)

2D Projections

Grid Site N
Reconstruction

Kernel (MPI)

T =
it GEMSS S&% Reconstructed 3D Images
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Using a GEMSS Service

1. Authentication (once)
2. Acquisition of 2D projection data (e.g. from a SPECT scanner)
—> 3. Specification of reconstruction meta-data (ROI, required accuracy, ... )

4. Specification of QoS requirements (e.g. execution time) [optional].

ot rectorfoptonaor—d -ty
~6-Upltoadof 2D-mputdata(approx—4MEBs)

7. Start of reconstruction (parallel ML-EM reconstruction kernel)

8. Query status information [optional]

9. Download of results

10. Visualization of reconstructed 3D image

- GEMSS %
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Using a GEMSS Service

. Select
| image for
reconstruction.

. Input Data
Authentication |
<<|nclude>> _ &
/ Specify
reconstruction details:
O
" ccincludes> number of iterations,
/ Meta-Data number of slices, ...

A Setup

Service Consumer <<include>>
| Specifiy Qos criteria:
<<include>> \ e.g. begin time, end

<> QoS Constraints | time, price, ...
< > Select Service
B Manual selection or ﬁ

automatic negotiation

Reconstruction 1. Upload input/meta data
2. Start reconstruction
3. Inquire status

4. Download results
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SPECT Client - Import Projection Data
 amsserecroien _inix

-Definition File Impart; J as.def

Data File: |J as.1mg Select Data File |

Data File Type: Frojection ll

Data File Format: short ll Dynamic Acguisition: IND ll

Number of Voxels: A 128 i e |1 298 z |1 20

VYoxel Size {(mm): X 442 i 4.42 z 442

Projection Range (*); |60 Rotation Direction: lCDUHtEI-UDEkwiSE ll
Load Definition | Save Definition I

Import File Import Type: | Dfintion File ~|  Import As: |Prajection |

Impurtl Images | Reconstruction | DICOM + Export
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SPECT Client - View Projection Data

¢ GEMSS SPECT Client =10l %]

HEA
HEE
=1

T
i
=

Display: I Frojection - | foom: 75.0%

Irmport |magegl Reconstruction | DICOM + Export
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SPECT Client - Detail Selection

£ DOE John, 20040630 (2009 M [=[Bl|  Image =101 %
450120, 565.76x565.76 mim (1233{123) 16-hitaral File Edit Image Process Anahze Pluging Window Help
Ojo|z|o~= 4+ AR @A | | | | |
¥=2384 54 y=221.00, =44 00, valug=25
-10] x|

< i d

Deactivate Other Tools I

First slice: 23

Lazt slice; 52 s - S .
Apply

LI Foom:  7a.0% - | + | Display Options

Display: | Projection

Import Images | Reconstruction | DICOM + Export |

%I
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SPECT Client - Reconstruction
SO _ioix]

i Edit Reconstr. Opt. | Service Options: QO =
Parameters

Options:

Reconstruction
Meta-Data

Reconstruction Status: Start | Stop |

e

Service Selection
and Reconstruction

Import Images FReconstruction | DICOM + Export
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GEMSS Service Provision

1. Working directory

— 2. Input/output files
Q } 3. Jobikill script
- 4. Finish file

5. Status information

Specify Application Descriptor

1. Performance (model) AN
parameters

e 2. Performance model
implementation

ServiceProvider
Prowde Performance Model

1. Deployment of L
application Web service

2. Registry entry/update

Deployment and Registration

<7 GEMSS 22
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Application Configuration

—|Deploymenttool — fhomefrainer;’appz,f‘gseff_‘;’tmp,x’gsd - J‘

r ApplicationDescriptor | &
ame specr | Application Configuration:

Working Directory |Ih0me!raineriappzigseisewicesfSF'ECT | D

Inpant File Hame |rec_data.zip | I:> Wor'king Dir'CCTor'y
Output File Name  [outoutaD.dat | E{) J‘Ob/ Kl“ Scr.|p.|.

Finish Fils Hame finish | |:> I /O Fl
Job Script |fhnmefrainerfappzigsefsewicesfSPECTI::DnﬂgJ‘s’[artup.sh| D npu.r UTPUT l es
Status File Name |status.}{ml | I:> S"'a"‘US File/scrlip‘r
Status Script |Ih0me!rainerIappzigseisewicesfsF'ECTIconﬂgrstatus.sh | D F 5 A o
= Finish File

Kill Script |J‘h|3meiraineriappzfgseisewicesfsF'ECTJ‘cc-nﬂgIkiII.sh | D
Quality of Service
[w] enahble

‘ Qo5 Settings...

> Application Descriptor

| Update || Cancel | i
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Gnd enabled Medical Simulation Services Workshop on 6rid Application Programming 19th-21th July 2004, Edinburgh



Application Configuration

—|Deploymenttool — fhomefrainer;’appz,f‘gseff_‘;’tmp,x’gsd - J‘

r ApplicationDescriptor | &
ame specr | Application Configuration:

Working Directory |Ih0me!raineriappzigseisewicesfSF'ECT | D

Inpant File Hame |rec_data.zip | I:> Wor'king Dir'CCTor'y
Output File Name  [outoutaD.dat | E{) J‘Ob/ K|“ Scr.lp.l.

Finish Fils Hame finish | |:> I /O Fl
Job Script |fhnmefrainerfappzigsefsewicesfSPECTI::DnﬂgJ‘s’[artup.sh| D npu.r UTPUT l es
Status File Name |status.}{ml | I:> S'l'a"‘US File/scrlip‘r
Status Script |J‘h|3me!raineriappz!gse!sewiceafsF'ECTIconﬂgrstatus.sh| D F. A o
= Finish File
Pf MemeisainerappzigseisevicesiSPECT/confighkillsh | [ ]
Quality of Service
[w] enahble
‘ Qo5 Settings... |

N—

> Application Descriptor

| Update || Cancel | i
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Application QoS Support (optional)

Deploymenttool
-0o0S Settings

~Provider Parameters

Business Model:

Implementation Class |at.ac.uni\rie.iss.ElusinessM odel

Java Archive |Ihome!rainerIapszgseflibliss.jar

C onfiguration (optional) |Ihome!rainerIapszgsefcnnﬁpavperu sexmml

Application Performance Model:

Implementation Class |at.a|:.univie.iss.apm.PerfDrmanceMl:-del

Java Archive |Ihome!rainerIapszgseflibliss.jar

C onfiguration (optional) |Ihc.mefrainerfappzfgsercnnﬂ'sF'ECT.}{mI

~Machine Parameters

Compute Resource Manager:

Implementation Class |at.ac.univie.iss.cru1 anager

Java Archiva |IhomefrainerIapszgseIIibIcrm.jar

E

Humber of Hodes |1 2481216

Enter hode numbers separaled By comimas. For exaimpie, 1, 2, 8
Maxinal numiber js not specified

~Performance Parameters

narne

MumberafSlices
ImageResolution

Edit

ndd

QoS Configuration:

= Business Model
(implementation, co

= Performance Model

(implementation, parameters,

configuration)

= Compute Resource Manager

(implementation,
parallelization)

nfiguration)

‘ Ok | | Cancel
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Application Descriptor

<?xml version="1.0" encoding="UTF-8" standalone="yes™2?>
<application:>
<infox
<name>3IPECT</ narme >

N </infaox
<oconfiguration>

<working-directory>

<pathr/home/rainer/appes/gsei/twp/ gsel/geels/services/ 3PECT path>
</fworking-directorys>
<input-files:>

</configurations
N <performance:
<performance-parstmeterss

<performance-parameter:
<namerNumbher0f3lices<,/ namer

<mwachine-parameters:
<nurber-of-nodes>
<numbers 1</ nunber >

</machine-parameterss>

“provider-parameters:>
<rompute-resource-manager—-classrat . ac. univie. iss. CHanager</ compute-resource—nanager—class:>
<huzinezaz-model-clazarat.ac.univie. igs..bhm. BusinessMode l</business-mwode 1-c lasas
<business-model-configurations/home/rainer/appz/gse/cont/ payperuse. xml</business-model-configuration>
<performance-model-classrat.ac.univie. igs.apm. PerformanhceMode 1</ performance—mode l-c¢lasa:
<performance-mode l-configurations>/howe/rainer/appe/gse/cont/ IPECT. xml</performance-tmode l-configuration:

</ provider-parameters:

</performancesr
</application>

- GEMSS ¥
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Application Deployment + Registration

—|Deploymenttool — ;’homefrainer;’appzfgsefservicesf!\ . J\

File Optiochs Help
( DD ES It rCunﬁguratiun | &
Deployment:

Context Name |SPECT |

ApplicationD escriptor |3J‘rainerfappzigseIsewiceafSPECTJ‘cunﬂgISPECT.}{mI| =] |:> Applica'rion Descr'ipTor'

~Tomcat

Directory |Ihc-meirainerrappz!jakarta-tnmcat—4.1.2? | D LO CGT'OH

URI |http:J'Icarrie.par.uni\fie.ac.at | E> HOSTing EnVirOnmenT
Username |manager | SeTTings (TomCGT)

Password |“"‘""“'*‘*‘*‘*‘* |

Registration:

~publish to registry

[w] enakle

Registry URI  |hitp:icarry. par.univie. ac.atregistniregsenice Pwsd| E> Regis.rr‘y Ser‘Vice URI

narme valle Edit

serviceclass SPECT Remove I:> Ser‘Vice Par‘ame-rers

Add

[_] enable WS -Security

| Save H Cancel ‘ |

GEMSS%%
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Conclusion

GEMSS is about secure & lawful grid provision of medical
simulation servicesl!

d "processor” of patient data must be known
O restrictions on data management

0 most available 6rid technologies of limited use to GEMSS

Application-level QoS is a key issue in medical context!
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Information Society

GEMSS Partners

- NEC Europe Ltd. (St. Augustin, Germany. Co-ordinator)
- IT Innovation (UK)
- Institute for Software Science (Austria)

- Max-Planck Institute of Cognitive Neuroscience (Leipzig)
- University of Sheffield (UK)

- AEA Technology (UK)

- CRID, Research Centre for Computer and Law (Belgium)
- Advanced Simulation & Design GmbH (Rostock, Germany)

- IDAC Ltd (Ireland)
- Institute of Biomedical Engineering and Physics (Austria)

3.9
8 3

ical Simulation Services Workshop on Grid Application Programming 19th-21th July 2004, Edinburgh



