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Overview ?

Plateforme de Calcul pour les Sciences du Vivant

 |: Grid architecture, the EGEE project
— What is a grid?
— European grid projects, the EGEE project
— Applications
 |l: How to distribute simulations on the grid?
— Installing G4 on the grid
— The pseudorandom number generator
= Fiability of the pseudorandom number generator (PRNG)
= Split the simulations by using non overlapping random sequences
Il : Jobs submissions and datasets management
— Security and confidentiality
— Data services on the grid
— Jobs submission, how to?
— Computing time tests
* |V: Web portal interface
— Functionalities
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A grid architecture
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I: Grid Vision

Plateforme de Calcul pour les Sciences du Vivant

Grid technology allows
scientists:

* access resources
universally

e interact with colleagues
 analyse voluminous data
* shareresults
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I: Grid Vision

Plateforme de Calcul pour les Sciences du Vivant

Incorporates traditional
resources:

° raw compute power
e storage (disk, tape, ...)
e network connectivity

Resources are:
 heterogeneous
 dynamic
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I: Grid Vision

Plateforme de Calcul pour les Sciences du Vivant

Detectors produce huge
amounts of data for
analysis.

Non-traditional resources:

e scientific instruments

e conferencing technologies
— video
— audio

albaot
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I: Grid Vision
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(Ala)y2 - DNA major groove (GC)

Access to data:
 datafiles and datasets
e databases

0 daks
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* replica metadata

* application metadata
Manage data:

e transfer and copy data
* |ocate relevant data
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I: Grid Vision
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Services:

* high-level services to
facilitate use of the grid

— e.g. job brokering

e application-specific
services

— e.g. portals
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I: Grid Vision
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What is the grid?
 Middleware:
— service interoperability

— high-level services to
ease use of grid

e Resources:
— provided by participants
— shared for efficient use
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I: The EGEE project
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* 4 years projects (April 2004-April

2008)
90 leading institutions in 32
countries, federated in regional e CERN g
i ® Central Europes
Grids Francey 4
-' Germany and Switzerland
« 32 M Euros EU funding (2004-5), | ‘:_...._r:‘l_r:elan:;ni UK
O(100 M) total budget e 'orslf('ing. s __
Northem Edaropes
. - . »RRUSSsiag s o
« Aiming for a combined capacity of \ T . e
over 30'000 CPUs (one of the largest  NgueIMUR RSP

International Grid infrastructures | USA
ever assembled) -

5 Petabytes of storage
e ~ 300 dedicated staff
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I: Some grid infrastructures...
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Regional grid in Auvergne:
AuverGri
>800 CPU

= g 8 nodes in

Grid of supercomputers

Middleware Unicore R
5 sites: 190 Teraflops ?

Ss—>3

i

Open Science Grid

Resources partially accessible
through EGEE infrastructure
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 Bioinformatics: Public and private
ligand data base Bubli d ori
- WISDOM [dltj)cll(i:nznso?t:/l/\gtee] MD-simulation
g : :
Speed up the research of drug Q |

discovery against malaria with the in
silico docking aproach

 Medical imaging:

nj ol

R  Structure
optimization

B SIMRIgD crystal structure
= Simulation of 3D MRI images Malaria - depgu
— gPTM3D ).

= Help to diagnostic of cancer by the
collection, production and analysis of
3D images of organs

* Monte Carlo simulations using GATE
for nuclear imaging and radiotherapy _ S
— Computing time reduction

— Utilization of medical images (scans)
for voxelized fantoms in simulations
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Distribute simulations
on the grid
The PRNG
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Il: Installing G4 software
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« RPMs installation
— Build rpms for each installation if necessary for:
= The G4 software

= The CLHEP software, needed for the generation of
pseudorandom numbers in the

= The data analysis softwares such as ROOT, AIDA, etc...
* Register installation packages (rpms)on grid SE

e Send an installation job as « super user » biosgm on each
biomed site

* Install job goal:

— Copy installation packages from SE to CE in the
VO_BIOMED_ SW_DIR path

— Install packages
— Test the installation

Update of the environment variable

— Example for GATE installation: VO-biomed-GATE-3.0.0
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lI: Pseudorandom number

generator (PRNG)

 We choose to work with F.James’ algorithm:
—HEPJamesRandom in CLHEP libraries

Plateforme de Calcul pour les Sciences du Vivant

—Very long period: 2144

—Creation of 900 millions of sub-sequences having a length
of ~ 1030
—Combination of a Fibonacci sequence and an arithmetic
seguence
= Fibonacci sequence:
eEach number is equal to the sum of the 2 previous numbers

eImprovement: Each number is the result of an arithmetic or logical
operation between 2 numbers drew earlier in the sequence..

s, =(S_, S.,)modm
 Pseudorandom number sequences are generated
depending of the initialization of the PRNG.

=> Each simulation must use a non correlated pseudorandom
numbers.
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II: Using a PRNG In G4 simulatio
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1) Set up of an internal table, containing a large number of seeds
(~between 10 and a few hundreds), and the values of a few
Indices (typically two, | and ) pointing to seeds in the table, are
also initialized.

2) The generation of pseudorandom number by combining only
those seeds corresponding to the current values of the indices.

3) The update of the seeds just used and the pseudorandom
generation of new indices to point to other seeds.

e Sequences of random numbers:

e defined by a state (e.g seed and table) that contains all that is
needed to initialize a recurrence formula which enables the
generation of the random sequence.
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II: 3 methods to get pseudorandom

n u m b erS S e ' u e n C eS Plateforme de Calcul pour les Sciences du Vivant
e Leap Frog Method

Xo | Xo J Xo § X3 | Xa ] X5 ] X ] X7 1 Xg | Xg | X1 | Xa1 | X2 | X13 | X1a | Xi5
P, P, P, P, P, P, P; P, P, P, P; P, P, P, Ps

P; = process n°;
x; = i random number in the global sequence

. ThPe Independent Splitting

X1 X2 X3 X4 5

P; = process n°;

P2 | X1 | X2 | Xa | Xa | Xs | x;=i"random number generated from seed x,

x’; = i™ random number generated from seed x’,
x"*; = i™ random number generated from seed x’*,
x’**; = i"™ random number generated from seed x**’
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II: Consumption in random numbers

 Testing the consumption in pseudo random numbers

4 DEQT S I
[ Sty swan —~ 1| Comparison between

seanr || —e=Radiotherapy simulation

- & Muclear medicine simulation different use cases

GOAL: Evaluate the length of
the PRN sequences

RESULT: High level
consumption for
brachytherapy simulations
(ionisations)
 Testing the pseudorandom number generator (PRNG)
— Statistical tests of comparison between PRNG
= 122 statistical tests suggested by Lecuyer
e 36/122 success with the algorithm James Random used by GATE
e 120/122 success with the algorithm Merserne Twister
High level statistical properties for the Merserne Twister PRNG

(period =2 120w Need to test the PRNG on the physics
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|l Status of PRNGs
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« The random numbers generator (RNG) in MC simulations

— Based on deterministic algorithm

" Characteristics: (example for HEPJamesRandom: the GATE RNG)
Very long period RNG: 2144
Creation of 900 million sub-sequences non overlapping with a length of 103°

— Pre-generation of random numbers
" The Sequence Splitting Method

x]l [ x2 | X3 [x4 | xB [x6 |x7 |x8 |x9 |x10|x11 |x12 | x13 | x14 | x15

Status 1 Status 2 Status 3
5 B | : B
status000.rndm statusO001.rndm status002.rndm

" Until now, 2 000 status files generated with a length of 3.101°

Each status file is sent on the grid with a G4/GATE simulation
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Jobs submissions
and
Datasets management
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Retrieving of
output files
from CEs

Scanner
slices:
DICOM
DICOMRT
format

Concatenation

Computing
Element

Image:
text file

_____J
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lll: Access permission and authentication
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e To usethegridin asecure way, you must:
g — Obtain X509 personnal certificate by CA - Who are you?

= 2 keys: public (certificate) and private with password (on your
computer)

= 1 year of validity
— Be part of a Virtual Organization (VO) ‘ What are your rights?
& = Organize people and resources through scientific experience
= Ex: Biomed, Earth observation, HEP VOs: Alice, Atlas, DO, LHCb....

i —
Iy

elfsrevsedt Hsors

: vo-A . YoB .
= VOMS (Virtual Organization Membership Service) service:

« Allows confidentiality between members of the same VO

 Members hierarchy: simple user, software manager, etc...

— Obtain an account on a User Interface (Ul)
Lydia Maigne G4Tutorial - Paris 08-06-2007




Ill: Scope of data services on the grid
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« Simply, DMS provides all operation that all of us are used
to performing

» Uploading /downloading files
» Creating file /directories

» Renaming file /directories

» Deleting file /directories

» Moving file /directories

» Listing directories

» Creating symbolic links

 Note: Files are write-once, read-many
— Files cannot be changed unless remove or replaced
— No intention of providing a global file management system
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lIl: Data Issues and Grid Solutions
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 Resource centers need meet growing demand for
storage

— Storage Element capable to manage multiple disk pools
= Disk Pool Manager (DPM), dCache, CASTOR

 Data is stored on different storage systems
technologies

— Common interface required to hide underlying complexity
= Storage Resource Manager (SRM) — storage management protocol
= GridFTP — secure file transfer

 Datais stored at different locations with separate
namespace

— File catalogue to provide uniform view of Grid data
= LCG File Catalog (LFC)
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Ill: Name conventions (@zlediXY

0
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 Logical File Name (LFN)

— An alias created by a user to refer to some item of data, e.g.
“Ifn:/grid/cms/20030203/run2/track1”

 Globally Unique Identifier (GUID)

— A non-human-readable unique identifier for an item of data, e.g.
“guid:f81d4fae-7dec-11d0-a765-00a0c91e6bf6”

 Storage URL (SURL) or Physical File Name (PFN)

— The location of an actual piece of data on a storage system, e.g.
“srm://pcrd24.cern.ch/flatfiles/cms/output10 1" (SRM)
“sfn://Ixshare0209.cern.ch/data/alice/ntuples.dat” (Classic SE)

« Transport URL (TURL)
— Temporary locator of a replica + access protocol: understood by a SE, e.qg.

“rfio://Ixshare0209.cern.ch//data/alice/ntuples.dat”
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lll: Summary of Icg-utils commands
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Replica Management

lcg-cp Copies a grid file to a local destination

lcg-cr Copies afile to a SE and registers the file in the catalog
lcg-del Delete one file

lcg-rep Replication between SEs and registration of the replica
lcg-gt Gets the TURL for a given SURL and transfer protocol

lcg-sd Sets file status to “Done” for a given SURL in a SRM request
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l: Files submitted @
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REY

Splitting a Monte Carlo GATE simulation of 10 M of events as follow:
¢ 10 simulations generating 1M de particles
¢ 20 simulations generating 500 000 particles
¢ 50 simulations generating 200 000 particles ......

m Other files necessary to launch simulations are produced
automatically

jdl files J
/ jobXXX.jdlI |
Macro files Status files
macroXXX.mac statusXXX.rndm

\—/_

Required files

Lydia Maigne G4Tutorial - Paris 08-06-2007




l1l: JDL files characteristics
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« Job characteristics

"Requirements:
sGATE, G4 software

sRANK:
sthe site with none

Executable = "/bin/sh"; TAG . i e
Arguments = "./scriptO.sh"; sMaxCPUTime waiting JObS’ if it's
StdOutput = "stdO.out"; not the case,
StdError = "stdO.err"; / sthe sites with the
OutputData = { [
OutputFile = “resultO.root” ; largest number of
StorageElement = “grid002.ics.forth.gr” ; free CPUs /
LogicalFileName = “Ifn:/grid/biomed/ROOT” ; ]};
“RetryCount = 3; // /// ///’7 *\\\\
JobType = "normal™: ) _ - If more that one
Type = "Job"; lnpUtData = Ifn:Scan_patlentDUPOND resource matches’ then
InputSandbox = { .
“/home/user/GATEJOB/script0.sh”, the rank is used to
""/home/user/GATEJOB/macro0.mac"" determine which is the
"/home/user/GATEJOB/statusO ;
"/home/user/GATEJOB/Gate -db™ most desirable
""/home/user/GATEJOB/ ac" resource. /
%ClassO.C",
LATClass0.h
};
require ts = (Member("'VO-bpomed-GATE-3.0.0-1",other. ostApplicationSoftwareRunTimeEnvironment)
&&(other ueCEPolicyMaxCPUTiIme>102));
Rank = (other.GlueCEStateWaitingJobs == 0 ? other.GlueCEStateFreeCPUs : —other.GlueCEStateWaitingJobs);
1

G4Tutorial - Paris

Lydia Maigne
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lll: Script files characteristics
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Bash shell
Files readible from any node
csh also accepted

#1/bin/sh
#Script Launching on EGEE
# Cheick Thiam

=Source of the
environment file:

=update of

necessary variables /

#CE_node :
HHH AR R R R R R R R R R R R R R

Hi#H GATE Environment Ht
B R H
#list content of PWD

Is -1 $PWD

echo " GATE Env Configuration ™

source ${VO_BIOMED_SW _DIR}/gate_env_main.sh
export LD LIBRARY_ PATH=$LD LIBRARY_PATH:$VO BIOMED SW DIR/gate/lib/root

echo " GATE Run "

HHEHHHHHEH =Executable

# Launching a simulation # .Macro flle |n parameter
HHHH R

${VO_BIOMED_SW_DIR}/gate/bin/Linux-g++/Gate macro0O.mac

Is -1

echo " ROOT ANALYZE ™ . .
echo " ============= "' 'EXGCUtIOﬂ Of a ROOt anaIySIS
root -b Batch0.C after the G4 simulation

Is -1 N~

echo "™ TEST COPY : test Icg-cr -v -d "
Icg-cr - 1d002.ics.forth.gr -1 Ifn:/grid/biomed/RO0OT/resultO.root --vo biomed file: $PWD/resultO.root

=Copy of results on SE with
creation of an Ifn

Lydia Maigne G4Tutorial - Paris 08-06-2007




lll: Submission of the simulations on the

grid, 2 aproaches

Plateforme de Calcul pour les Sciences du Vivant

 Multiple threading

— By using a Java application that doesn’t take into account the RB
bottleneck, the more the threads are important, the lower the
launching time is ‘ Gain in computing time

3,5

Client oL 3
mu hine 1 File
r
2,5 A
JAVA i
A lient 5 | CE
u 2 1
3 2
CE :
Local 4 8 1,5
databaze i
CE
\ 1
SE
REMA 0,5
U I T T
1 2

—_ By US”"]g the RB Number of threads
= Impossible to increase the multithreading as much as we want
= Sequential acceptance of the jobs from the RB (3s/job treated)

Launching time in minutes

4 10

‘ A good knowledge of the grid RBs is necessary for an optimal submission
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I1l: Submission of the simulations
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Workload analysis:the analysis of the cluster workload is essential

to find the best scheduling policies for the users’ needs

Queue Max CPU (H:M:S}) Max Wall (H:M:S} Max Jobs
Test 0:05:00 0:15:00 130
Short 0:20:00 1:30:00 130 . . .
Long 8:00:00 24:00:00 10 | Queue configuration at LPC site
Day 24:00:00 36:00:00 130
] . [Infinite 48:00:00 72:00:00 130
— The running time

Q M Standard deviati cV . : :

et 370 T = Maximum CPU time: unadapted variable to

Short 1495 12305 8.2 i i

Long | 29432 B o describe the length of a job

Day 6634.8 25489.2 38 = ook at short jObS

Infinite |  10062.2 30824.5 30

— The waiting time

Queue Mean Standard deviation cv Mumber of jobs
Test 333359 148326.4 4.4 45760
Short 1249.7 27621.8 221 81963
Long 5351 53388 99 32879
Day 466.8 g170.7 175 19275
Infinite 1753.9 244398 13.9 49060
— The arrival time
Group |Mean (seconds)| Standard deviation cvV
Biomed 2236 51945 23.22
Dteam 256.2 2385.4 9.31
LHCb 24746 39460.5 15.94
Atlas 28241 60789.4 2152
Dzero 5018.7 50996.6 10.16

Lydia Maigne

G4Tutorial - Paris

=Launch not too short jobs compared to their waiting
factor

*Do not send jobs very often in order that they all
wait together in a queue.

=Execution of long jobs delayed by the scheduler to
run shorter jobs

mactivity peak around midday, 2pm and 4pm

» Moments of interrarival time for each group of
users are very irregularly, distributed and do
not correspond to Poisson processes

08-06-2007




Il Installation status and computing

tests

 |nstallations
— Biomed resources: 115 CEs, 3500 CPUs, 120 TB, 75 users
— Gate.3.0.0 installed on each biomed CE

 Radiotherapy simulation:

Plateforme de Calcul pour les Sciences du Vivant

18000 _

16000 Local : Intel® Xeon™ CPU Local Compu“ng

14000 ;:gcal 260 hours on 3GHz
— 12000 :ig processor
[ m100
E 10000
‘ZT 8000 Grid COmpUtlng:
= 6000 10 hours for 50

4000 partitions

2000

0 . eewm ees
Local 10 20 50 100 . i
Numbers of Jobs GAlN 26 fOI’ 50 JObS Smeltted

« SPECT simulation:
— 1813 Jobs, 24h/job
— Gain=800
(907 days with a 3 GHz CPU)
— Results in 3 days

Lydia Maigne GA4Tutorial - Paris 08-06-2007




lll: Datasets with metadata: the AMGA server

Plateforme de Calcul pour les Sciences du Vivant

AMGA is a metadata service for the Grid.
— Describe file, locate files based on their
contents and simplifies the need

of structured data required by some applications [ [ \ \

AMGA server

AMGA currently supports 4 different database backends

via ODBC drivers. . . . .

Oracle Mysqlpost;(gute
It is a database access service for Grid applications which allows user jobs

running on the Grid to access databases.

* |t provides a Grid style authentication as well as an opaque layer which hides
the differences of the different underlying database systems from the user.

« AMGA is a service sitting between the RDBMS and the user's client
application.

« AMGA intends to provide a replication layer which makes databases locally
available to user jobs and replicate the changes between the different
participating databases.

Lydia Maigne G4Tutorial - Paris 08-06-2007




lll: Example: secure management of medical

Images on the grid

Platéforme de Calcul pour les Sciences du Vivant

Medical images access on the grid
FTP like transfers: GridFTP secured protocol
Metadata access:
Proxy authentication and VOMS authorization
Secured connections using SSL (Secure Socket
Layer):
cryptographic systems to transfer documents
Authorizationb using ACLs (Access Control List)

The AMGA server:

Langages based on SQL

Hierarchical organization of metadata (tree)
Dynamic schemas: add,delete, modify fields
Replication of metadata on other AMGA servers

Lydia Maigne G4Tutorial - Paris 08-06-2007




IV

Web portal interface
to access the grid
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IV: Overview (@ELies

Plateforme de Calcul pour les Sciences du Vivant

Registration and management
of medical images

* Registration and replication
anonym medical images

NN
|

* One logical file name
corresponding to multiple physical
images

Gt Enabind et oo cormnct for s2r Todep ndres Urer ot Sckmarncn
Welcome to BIO Services

* Automatic adding and suppression
of images

* User secured authentication

* Splitting of simulations

* Automatic files creation submitted
to the grid

* Jobs submission

* Jobs management Working station
» Automatic data retrieving Starting of the installation at
(spectrum, isodoses...) Centre Jean Perrin

Lydia Maigne GA4Tutorial - Paris 08-06-2007
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JWelcome to the GENIUS INFN GRID Portal - Microsoft Internet Explorer

€ 5 B E @ e e

)
INFN

u tituto Nazionale
di Fisica Nuclears
Jobs Settings

uP

Create GATE files
Remove GATE files
Make JDLs

powered by
EnginFrame 3.2
compliani with
LCG-2
GRIDIT

€] https://grid-tutor.ct.infn.it/

@eng%frama ccee

. Enabling Grids for

[ ] us E-science in Europe

o
N

Grid Enabled web eNvironment for site Independent User job Submission
-

REB: gilda VO: gilda RLS: GILDA Your Data Logout
Create GATE files

With thiz service it will be createdf/checked your GATE Eeposttory and Setings. If wou choose to perform Eoot Analysis, please
read these few nstruction for your root class files.

Reposttory MNatne [GateRoot |
Foot Analysis % Tes
O o

InputZandbox Files (3 files)

InputDrata I

macro {mac)

Mumber of Partitions

=tatus Files (=Mumber of Partitions)



JWelcome to the GENIUS INFN GRID Portal - Microsoft Internet Explorer
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RLS: GILDA

Your Data
The Job output of https:'ond004 ctnfh #9000/ gdCLEHCwd AWIGIOF gnéd Slew has been successfully retneved in your HOME

TR )
update

Fri Nov
12 grid010.ct.infn.it:2119/jobmanager-
lcgphs-infinite

4 Ihttps:/fgrid004. ct.infn.it:9000/qd CLEHCv4 AMGIQFqné45

14:12:58
2004

Tob execution completed, analysing data now. .

Merging of Eoot files done. . creating graphical output
A1 jobs output have been retrieved in home/margne/ GATE /outputs/gate_job_hst 20041112 143643 Ifthe production was |
less than 3 days age, you can also inspect the output from its copy on the spooler directory gate job hist 20041112 143643
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IV: Functionalities of a web portal for

simulations in medical physics

Plateforme de Calcul pour les Sciences du Vivant

Développements

utilisant des Visualisation »
services web SR e e
(Sept2007- Monte Carlo ~
Sept2008) -

— BB100EIN
E8100884

86100684 P
BE10069% .

Traitement de
curiethérapie e
oculaire Yo

Anonymisation
des images

La visualisation

Radiothérapie .
des résultats

ana Applatviewer : amgaAmgalnterfaes elass

Sebect Dicom metiddita Yo want ko regiuies

SzBEs883
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Lydia Maigne
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des métadonnées

G4Tutorial - Paris

08-06-2007




: How to use it for connections between

hospitals

Plateforme de Calcul pour les Sciences du Vivant

intermédiairé
(2

Station de travail
Poste client

Hoépital 2
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¥ Tl Ty SR Y Y S
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| Welcome to the GATE / Medical imaging platform

Machine
intermédiairé

Lydia Maigne GA4Tutorial - Paris 08-06-2007



References

Plateforme de Calcul pour les Sciences du Vivant

« European grid project
— http://www.eu-egee.org
 Regional grid project: AUVERGRID
— http://www.auverqgrid.fr
* Information system for life sciences on grid: LifeGrid
— http://www.lifegrid.fr
 Tutorial on EGEE
— http://www.eu-egee.org/try-the-grid
e LCG user
— http://lcg.web.cern.ch/LCG/users/users.html
e LCG User Guide
— https://ledms.cern.ch/file/454439//LCG-2-UserGuide.html
« LCG FAQ (pas ajour mais ca aide quand méme)
— https://ledms.cern.ch/file/495216/1/LCG-Faqg.html
« Docs onthe grid
— https://qus.fzk.de/pages/docu.php
« User Support

— http://www.ggus.org/ _
pour soumettre des incidents pour la VO, pour un site...

Lydia Maigne G4Tutorial - Paris 08-06-2007




