Plateforme de Calcul pour les Sciences du Vivant

CEERE

Enabling Grids for

F-crienre in Fiirnne

LPC, PCSV team,
Clermont-Ferrand

Lydia Maigne G4Workshop - 13-09-07 - Hebden Bridge


mailto:maigne@clermont.in2p3.fr
mailto:maigne@clermont.in2p3.fr

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

Il : How to distribute simulations on the grid?
— Installing G4 on the grid

— The pseudorandom number generator

= Split the simulations by using non overlapping random
seguences

Il : Jobs submissions and datasets management
— Jobs submission, how to?

— Computing time tests

— Medical images in the simulations

I\V: Web portal interface

— Functionalities
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I: The EGEE project

Plateforme de Calcul pour les Sciences du Vivant

« 4-year projects (April 2004-April 2008)

« 90 leading institutions in 32 countries,

federated in regional Grids
CERN g

W @ central Eurdpey
. 32 M Euros EU funding (2004-5), Fr.a:’ése ﬂ
| Germany andSwitZerland
O(100 M) total budget __ Afeland 2l UKS: -
WA, JtlyasadiE.
« Aiming for a combined capacity of over g ”é“'_‘_"?'k'“_g
, NorthermEaropepsy
30°000 CPUs (one of the largest WS L o tuadEis
international Grid infrastructures ever R 78 South-EastEurope
assembled) R South-WestEurope 48

b UsA

- 5 Petabytes of storage
« ~ 300 dedicated staff
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I What is a grid?

Information Job Status
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Biomed resources
115 Ces in 27 countries
~3000 CPUs
123 SEs. 21 TB
30 RBs
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1
Distribute simulations

on the grid
The PRNG
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II: Installing G4 software

Plateforme de Calcul pour les Sciences du Vivant

« 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 SEs
- 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: 24

—Creation of 900 millions of sub-sequences having a length
of ~ 10%°

—Combination of a Fibonacci sequence and an arithmetic
seqguence

" Fibonacci sequence:
« Each number is equal to the sum of the 2 previous numbers

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

. :(sl._p ] Si_q) mod m

l

« 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: 3 methods to get pseudorandom

n u m b e rS Se . u e n Ces Plateforme de Calcul pour les Sciences du Vivant
« Leap Frog Method

an X1 Xo 1 X3 b Xg 1 X= § Xc 3 X7 1 Xe | Xo § X130 3 X171 X1o b X913 1 X141 X125
1 P P3 P4 Pr P, P3 P4 PP P, P3 P4 P P2 P
A A A A

P;= process n°;
o .
xi=1 random number in the ¢lobal seauence

- The Independent Splitting
P: X4 X5

P;=process n°;

b b b b b .th
P> X1 X2 X3 X 4 X5 xi =i random number generated from seed xy
’ -th ’
x’i=1i hrandom number generated from seed x’¢
o
P X xh b xs xoa | x0s x”’i=1i random number generated from seed x’’y

th
x’’; =1 random number generated from seed x’’’¢
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II: Consumption in random numbers

Plateforme de Calcul pour les Sciences du Vivant

« Testing the consumption in pseudo random numbers

oy ]| Comparison between

sageqr | —*—Radistherapy simalation

- # - Nuciear 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
« 36/122 success with the algorithm James Random used by GATE
« 120/122 success with the algorithm Merserne Twister
High level statistical properties for the Merserne Twister PRNG
(period =2 19320) ‘ Need to test the PRNG on the physics
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[I; Status of PRNGs

Plateforme de Calcul pour les Sciences du Vivant

« 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 10

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

x1 [x1 [x1 |x1 |x1 |x1

X1 | x2 | X3 [x4 | x5 |x6 [x7 |[x8 |x9 0 1 > 3 4 5

Status 1 Status 2 Status 3
i B i B 1 B
status000.rndm statusO001.rndm status002.rndm

® Until now, 2 000 status files generated with a length of 3.10°

Each status file is sent on the grid with a G4/GATE simulation
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lll: Submission on the grid

@ Submission of GATE amn |

o

Plateforme de Calcul pour les Sciences du Vivant

jdIs to the |
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P15 Sitel
Copy the medical ~ torage
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SE to the CE ng
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Scanner
slices:
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T format

Retrieving of
output files from
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l1l;: Files submitted

Plateforme de Calcul pour les Sciences du Vivant

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 ......

= QOther files necessary to launch simulations are produced
automatically ,

jdl files
jobXXX.jdlI

e

v

. _ Macro files Status files
Required files macroXXX.mac statusXXX.rndm

\/_\/_

| |}

y '
.
.
.
T
e
. %
N
N 77
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l1I: JDL files characteristics
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Plateforme de Calcul pour les Sciences du Vivant

« Job characteristics

Executable = "/bin/sh"; TAG
Arguments "./script0O.sh";

"Requirements:
"GATE, G4 software

"MaxCPUTime

"RANK:

"the site with none
waiting jobs, if it’s
not the case,

StdOutput "stdO.out";

StdError = "stdO.err"; //
OutputData = { [

OutputFile = “resultO.root”

StorageElement = “grid002.ics.forth.gr”

LogicalFileName = “lfn:/grid/biomed/ROOT” ; 1};

RetryCount = 3; // // /////
JobType = "normec™"-

Type = "Job"; InputData = “lfn:Scan_patientDUPOND"”
InputSandbox = {
"/home/user/GATEJOB/scriptO.
"/home/user/GATEJOB/macro0

bi
requi (Member ("¥O-biomed-GATE-3.0.0-1"
&& (oth .GlueCEPolicyMaxCPUTime>102));

"the sites with the
largest number of
free CPUs

/ If more that one
resource matches, then
the rank is used to
determine which is the
most desirable

resource.

er.GlueHostApplicationSoftwareRunTimeEn

Rank = (other.GlueCEStateWaitingJdobs == 0 ? other.GlueCEStateFreeCPUs : -other.GlueCEState

G4Tutorial - Paris

08-06-2007
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lll: Script files characteristics

Plateforme de Calcul pour les Sciences du Vivant

Bash shell "Source of the
Files readible from any node environment file:
csh also accepted "update of

#1/blnss , necessary variables
#Script Launching on EGEE

# Cheick Thiam

#CE_node

i E XSS SRS XSS
##4 GATE Environment #H#
E XSS SIS SIS ST ST S EEEEEET

#1ist content of PWD

l1s -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 "
X EEEEEEESEEEEEEEEEEEEEEERE S "Executable
# Launching a simulation # . .

XSS ESEEEEEEEEEEEEE LR L E "Macro file in parameter
${VO_BIOMED_SW_DIR}/gate/bin/Linux-g++/Gate macro0l.mac

1ls -1

echo " ROOT ANALYZE " ) .
echo " ============= " "Execution of a Root analysis
root -b Batch0.C after the G4 simulation

1s -1 S~

echo " TEST COPY : test lcg-cr -v -4 "
lcg- -d grid002.ics.forth.gr -1 1lfn:/grid/biomed/RO0T/resultl0.root —--vo
biomed file: S$P

"Copy of results on SE with
creation of an Ifn
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l1l: 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
ma: hine 1 File

CE

N
[%,]

[

CE

5
Loca 4 6
database
x CE
SE

REMA

=
(&,

Launching time in minutes

=

=
[2,]

B

1 2 4 10

. By USIng 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)

‘ A good knowledge of the grid RBs is necessary for an optimal submission
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11l: Submission of the simulations

Plateforme de Calcul pour les Sciences du Vivant

- 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 Queue Conf|gurat|on
Long 8:00:00 24:00:00 130 .
D 24:00:00 36:00:00 130
_ The running time |n?-llll'lite 48:00:00 72:00:00 130 at LPC Slte

Q M Standard deviation cv . . .

Test | 310 3736 12 " Maximum CPU time: unadapted variable to

Short 149.5 12305 8.2 P T

Long | 20432 e = describe the length of a job

Day 6634.8 25489.2 38 " | ook at short jObS

Infinite 10062.2 30824.5 3.0

— The walting time *Launch not too short jobs compared to their

Queue Mean Standard deviation| CV Number of jobs Wa|t|ng factor

short | 12197 Sreats 221 P "Do not send jobs very often in order that they all
Lon 535.1 53388 9.9 32879 H H

Dayg 466.8 8170.7 17.5 18275 Walt tog_ether Ina q!'leue'
Infinite | 1753.9 244398 139 49060 "Execution of long jobs delayed by the scheduler

— The arrival time to run shorter jobs

Group |Mean {seconds)| Standard deviation cv .. .

Biomed | 2236 51945 2322 "activity peak around midday, 2pm and 4pm
Dteam 256.2 2385.4 9.31 . : -

Lheb | 24746 204605 1504 " Moments of interrarival time for each group
Atlas | 28241 60789.4 2152 of users are very irregularly, distributed and
Dzero 5018.7 50996 6 10.16

do not correspond to Poisson processes
Lydia Maigne G4Tutorial - Paris 08-06-2007




lll: Installation status and computing

tests

Installations

— 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
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W Local
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1]

Local

10

20 50 100

Numbers of Jobs

SPECT simulation:
— 1813 Jobs, 24h/job
— Gain=800

(907 days with a 3 GHz CPU)
— Results in 3 days

Lydia Maigne

G4Tutorial - Paris

Local computing:
260 hours on 3GHz
processor

Grid computing:

10 hours for 50
partitions

. B

GAIN 26 for 50 jobs submitted
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lll: Example: secure management of medical

images on the grid

ateforme de Calcul pour les Sclences 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 | mages DI COM
Layer): =—
cryptographic systems to transfer documents
Authorizationb using ACLs (Access Control List)

o4 |
4‘, wnsatlon

The AMGA server:

»Database access service for Grid applications
which allows user jobs running on the Grid to
access databases.

Cryptage HTT

» AMGA intends to provide a replication layer c M;age 5=

which makes databases locally available to user GridFTP

jobs and replicate the changes between , %
the different participating databases. .3 \ﬂ
Langages based on SQL ; P X

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
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Plateforme de Calcul pour les Sciences du Vivant

IV

Web portal interface
to access the grid

Lydia Maigne G4Tutorial - Paris 08-06-2007




Registration and management

of medical images

* Registration and replication
anonym medical images

* One logical file name
corresponding to multiple
physical images

* Automatic adding and
suppression of images

¢ User secured authentication
* Splitting of simulations

e Automatic files creation
submitted to the grid

* Jobs submission
* Jobs management

* Automatic data retrieving
(spectrum, isodoses...)

1\V: Overview

Plateforme de Calcul pour les Sciences du Vivant

ClFavoris FMédia 3| 2 b il - =

(SEEn ferius

Grid Enabled web eNvirorsaec for site Independens User job Subissi
Welcome to BIO Services

|
‘ P [Eltermes

Starting of the installation
at Centre Jean Perrin

Working station

G4Tutorial - Paris
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FWelcome to the GENIUS INFN GRID Portal - Microsoft Internet Explorer

€ s BTETIDe * ZEOE T

€] https://grid-tutor.ct.infn.it/

~) @eng%framﬂ ) SGQS(?
, N F N ] E-science in Europe

di Fisica Nucleare

Grid Enabled web eNvironment for site Independent User job Submission
Jobs Settings

up RE: gilda VO: gilda RILS: GILDA Your Data
Create GATE files Create GATE files
Remove GATE files

Make JDLs With this service it will be createdfcheclked yvour GATE Eepository and Setings. If vou choose to perform Foot Analysis, please
read these few mstruction for wour root class files.

-

Logout

powered by
EnginFrame 3.2 Repository Mame [GateRioot
compliant with )
LCG-2 Eoot Analyss * Tes
GRIDIT 1o

InputZandbox Files (3 files)

InputDiata I

macto (mac)

Mumber of Partitions

Status Files (=Mumber of Partitions)




FWelcome to the GENIUS INFN GRID Portal - Microsoft Internet Explorer
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B Jobs Settings Last . .
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Istituto Nazionale
di Fisica Nucleare

Jobs Services
up
Jobs Settings
Jobs Submission

Jobs Quene
GATE job data

powered hy
EnginFrame 3.2
cotpliant with
LCG-2
GRIDIT

- Enabling Grids for
E-science in Europe

(Grid Enabled web eNwironment for site Independent User job Submission

RLS: GILDA Your Data
The Job output of https Vord004 ctomfh £ 9000/ qdCLAH Cwd ARG OF gnéd Skow has been successflly retneved i your HOME

H
update

grid010.ct.infn.it:21195jobmanager-
legphbs-infinite

https://grid004. ct.infn.it:9000/gd CL6HCv4AMG9 QFqgn643

Tob execution completed, analysing data now. .

Werging of Eoot files done. . creating graphical cutput
Al jobs output have been retrieved in home/malgne/ GATE /outputs/gate_job_hst 20041112 143643 If the production was |
less than 3 days ago, vou can also inspect the cutput from its copy on the spooler directory gate job list 20041112 143643
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IV: Functionalities of a web portal for

simulations In medical

Plateforme de Calcu
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I\V: How to use it for connections between
hospitals

Plateforme de Calcul pour les Sciences du Vivant

Hospital 1 ﬁ%ﬁ

Sy 4
TS '
S S

~ o0 intermédiaire

E S

Station de travail
Poste client

Hospital 2

Lydia Maigne G4Tutorial - Paris 08-06-2007




References

Plateforme de Calcul pour les Sciences du Vivant

« European grid project

« Regional grid project: AUVERGRID

« Information system for life sciences on grid: LifeGrid

« Tutorial on EGEE

e LCG user

« LCG User Guide

« LCG FAQ (not current but still useful)

« Docs on the grid

« User Support
_ /
to submit incidents for a VO, a site, etc.
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