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ATLAS GRID INFRASTRUCTURE

e Heterogeneous grid environment based on 3 grids:
LCG/EGEE, OSG and Nordugrid

ie  clit oo
.—. G I e Onﬂn Science Grid / S Rcioy s A e

e Grids have different middle-ware, catalogs to store data, software to
submit jobs

— Hide differences from the ATLAS user
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DISTRIBUTED ANALYSIS MODEL I

The distributed analysis model is based the LHC computing model
e Data is distributed in Tierl/Tier-2 facilities by default
available 24 /7

e user jobs are sent to the data
large input datasets (100 GB up to several TB)

e Results must be made available to the user
potentially already during processing

e Data is added with meta-data and bookkeeping in catalogs
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ATLAS DATA REPLICATION AND DISTRIBUTION

e Event Filter Farm at CERN
® |ocated near the Experiment, assembles data into a stream to
the Tier0

e Tier0 at CERN
® Raw data — Mass storage at CERN and to Tier 1s
® Swift production of Event Summary Data (ESD) and Analysis
Object Data (AOD)
® Ship ESD, AOD to Tierls — Mass storage at CERN
e Tierls distributed worldwide (10 centers)
= ® Re-reconstruction of raw data, producing new ESD, AOD
)} ***10 ® Scheduled, group access to full ESD and AOD
~0meis o Tier2s distributed worldwide (~ 30 centers)
3-5Tier1 ® MC Simulation, producing ESD, AOD — Tier 1s
® On demand user physics analysis
e CERN Analysis Facility
® Analysis
® Heightened access to ESD and RAW/calibration data on demand

e Tier3s distributed worldwide
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DISTRIBUTED ANALYSIS MODEL 11

Need for: Distributed Data Management (DDM)
e Managed by DDM system DQ2 (Don-Quijote 2)

e Automated file management, distribution and archiving throughout
the whole grid using a Central Catalog, FTS, LFCs

e Random access needs a pre-filtering of data of interest
e.g. Trigger or ID streams or TAGs (event-level meta data)

Current situation and implementation

e Data from MC Production System is currently consolidated by
DDM-operations team on all Tierl and then all Tier2 sites

o Analysis model foresees Athena analysis of AODs/ESDs and
interactive use of Athena-aware-ROOT tuples

e Analysis tuple format(s) in enhancement
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DATA REPLICATION STATUS

AOD and NTUP Replication Status (Tier-1s)
« Datareplication period Feb - 19 Jun 2007, DQ2 0.2
¢ Total data volume : 3200+ datasets, 570+Kfiles, 23+TB
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no AODs consolidation within the cloud or/and replication was stopped

Jun 2007 AKlimentov, ATLAS SW WS 5

At DESY-HH trying to replicate all AODs as well
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ANALYSIS COMPARISONS TEVATRON/LHC

Tevatron:
o All data (MC/real data) is available at FNAL

e Single computing center, with additional few sites for MC or data
reprocessing

e use e.g. dOtools to submit jobs local batch system

e Job numbers: 10-100 per analysis cycle
LHC:

e All data distributed to various sites

e CERN, 10 Tierl, ~100 Tier2 sites for reconstruction, MC and
reprocessing

e use grid tools to submit jobs which go to the data

e Job numbers: a few 1000 per analysis cycle
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GRID JOB SUBMISSION

Naive ssumption: Grid ~ large batch system

e Provide complicated job configuration jdl file (Job Description
Language)
Find suitable Athena software, installed as distribution kits in the Grid

Locate the data on different storage elements

Job splitting, monitoring and book-keeping

e etc.

—> Need for automation and integration of various different components
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DISTRIBUTED ANALYSIS

How to combine all these: Job scheduler/manager: GANGA

Ohieetl 4 . Job scheduler
catalog [ |

Job 1 on Site A o(,/
«
- (AL
Job 2 on Site B 2 S
S 5. ©,
L

Job x on Site Z

ftoring
: GRID
cering execution

dataset
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D-GRID PROJECT

6 community projects and D-Grid integration project for a sustainable
Grid infrasturcture in Germany:
DGlI, AstroGrid-D, C3-Grid, HEP-Grid, InGrid, MediGrid, TextGrid
HEP-CG, 3 working packages:

e Data management with Job-Scheduling and Accounting, dCache

e Job monitoring, Error indentification and job steering
e Distributed and Interactive Analysis

Close connection to the LHC experiments and the german Tierl and
Tier2 centers

LMU Munich:

e Distributed and Interactive Grid Analysis
e Gap analysis within D-Grid: ldentify job scheduler candidates and
review needs and existing features
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FRONT-END CLIENT: GANGA

A user-friendly job definition and management tool.

Allows simple switching between testing on a local batch system and
large-scale data processing on distributed resources (Grid)

Developed in the context of ATLAS and LHCb :

e For ATLAS, have built-in support for applications based on Athena
framework, for Production System JobTransforms, and for DQ2
data-management system

e Component architecture readily allows extension

Python framework
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WHO 1S GANGA 7

Ganga is an ATLAS - LHCD joint project

Support for development work from UK (PPARC/GridPP),
Germany (D-Grid) and EU (EGEE/ARDA)

PPAR q El‘id p“ml:: Enabling Grids J_: <CRiD

mputing fo Partic for E-sciencE

Core team
F.Brochu (Cambridge), U.Egede (Imperial), J. EImsheuser (Munich), K.Harrison (Cambridge),
H.C.Lee (ASGC Taipei), D.Liko (CERN), A.Maier (CERN), J.T.Moscicki (CERN), A.Muraru
(Bucharest), W.Reece (Imperial), A.Soroko (Oxford), CL.Tan (Birmingham)

UNIVERSITY OF @ Imperial College
CAMBRIDGE <) London
@%‘@ Ganga is now under GPL

E& UNIVERSITYO!
BIRMINGHAM
-ER-
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GANGA JOB

e Ganga is based on a simple, but flexible, job abstraction
e A job is constructed from a set of building blocks, not all required for

every job

T What to run [
Application
Where to run —

Backend

Data read by application

Input Dataset

Data written by application

Job
[

Output Dataset

Rule for dividing into subjobs

w

plitter

Rule for combining outputs

Merger
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(GANGA BUILDINGBLOCKS

« Ganga has built-in
support for ATLAS and
LHCb

« Component
architecture allows
customization for
other user groups

Remote
repository

Local
repository

monitoring

Johannes Elmsheuser (L

ek
=2 LHCb Other
applications applications

User interface
for job definition
and management

? ATLAS

applications

L

loop

Metadata

catalogues

File
catalogues

Tools for
data
management
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GANGA ATLAS OBJECTS

GangaObject

IDataset IMerger

AthenaOutputMerger

| ISplitter |

AthenaSplitterJob

’ IApplication ‘

IBackend

Analysis

| DQ2Dataset |—{ Dataset in DQ2/DDM ‘
|

I ATLASLocalDataset '— Files on local storage ‘

AthenaMC AthenaMCSplitterJob

Input data

Production

Dataset in DQ2/DDM

Files on local storage ‘

DQ20utputDataset
ATLASOutputDataset

Output data
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GANGA BACKENDS AND APPLICATIONS

e Ganga simplifies running of ATLAS (and LHCb) applications on a
variety of Grid and non-Grid back-ends

LHCb Experiment neutral ATLAS

Gauss/Boole/Brunel/DaVinci ROOT % AthenaMC Athena
(Simulation/Digitisation/ Executable | | (Production) (Simulation/Digitisation/
Reconstruction/Analysis) Reconstruction/Analysis)

US-ATLAS WMS

— Available in Ganga 4.3

************** » Work in progress
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JOB DEFINITION USING ATLAS SOFTWARE 1

e Job definition at command line on local desktop:

athena AnalysisSkeleton_topOptions.py

e Job definition at command line for GRID submission:

ganga athena
--inDS c¢sc11.005320.PythiaH170wwll.recon.AOD.v11004107
--outputdata AnalysisSkeleton.aan.root
--split 3

ce-fzk.gridka.de:2119/jobmanager-pbspro-atlasS
AnalysisSkeleton_topOptions.py

No need to use option —ce, job can also be automatically send to data
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JOB DEFINITION USING ATLAS SOFTWARE 11

Job definition within GANGA IPython shell:

J
J
J
J
N
J
J
J
J
J
J
J

= Job()

.application=Athena()

.application.prepare(athena_compile=False)
.application.option_file=’$HOME/athena/12.0.5/InstallArea/job0Optio:
.splitter=AthenaSplitterJob()

.splitter.numsubjobs = 3

.merger=AthenalOutputMerger ()

.inputdata=DQ2Dataset ()
.inputdata.dataset=’csc11.005145.PythiaZmumu.recon.A0D.v11004103’
.inputdata.match_ce=True

.outputdata=DQ20utputDataset ()
.outputdata.outputdata=[’AnalysisSkeleton.aan.root’]

=LCG()

.submit ()
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SCREENSHOT OF THE IPYTHON SHELL

2D eimsheus@ixplus01

Sitzung  Bearbeiten Ansicht ~ Lesezeichen

Befehlsfenster - Konsole
Einstelungen ~ Hilfle

[Ganga
canga
canga.
Ganga.
[Ganga. Gepev. 1ib. acb
[canga. Ge10ev. Lib. Job
[canga . Ge1pev. 1ib. Job
[canga . GeDev. 1b. Job
ous 1213 1

~GPIDev. 1ib.ach

I [3):

13
[canga. Ge1pev. 1ib. dcb

[Ganga. Ge10ev. Adapters
Ganga . Ge 1Dev. Adapters

Willing job 34
Killing job 34.0

job 34.0 status changed to "killed"
killing job 34.1

job 3.1 status changed to "killed"
killing job 34.2

job 34.2 status changed to "killed"
ob 34 status changed to "killed"

Jiexeckile (*/afs/cern.ch/user/e/elmsheus /split /5320_cern.py’)

ubmitting job 35
submitting job 35.0 to 10G backend
submitting job 35.1 to 1CG backend

mrFo

Ganga. P 1pev.Adapters IEO  subniteing job 35.2 to 1CG backend
141
i 1930k
out 141+ Statistics: 25 jobs
¢ status name  sujobs  application backend backend. actuslcE
i 6 campletea Exscutable 106 ce-fak.gridka.ds:2119/jobnanager-phapro-atlas
i new Executable s
e new Executanle 16
i 5 complerea Executable 105 gridi0.lal.in2p3.fr:2119/jobmanager—pbs-atlas
i 10 completing Executable 106 ce-fak.gridka.dei2119/jobnanager-pbpro-atlas
¢ 12 completed thena 1LSF
i new Executable Local
i 11 campiered ‘Athena Lo
i 15 complecea 2 Athena 16
¢ 16 completed At a 1SF
| 17 campieted athena log da2_testl, GRIDKA, DO2 10GAL, 7233 Athena 166 ce-fak.gridka.de:2119/ cbmanages-pbapro-atias
R new  athena lcg dqz_test2, LYON, g2 10CAL, 5300 Athena 1c6
F 15 completed athens log dq2 tesc2, LYon, D2 LoGAL, 5300 Athens 166 cclogeel 3.4r:2129/ a
¢ 20 completed
22 swniceed s320 3
I submi s
i 26 completed 5145 short
i 27 campletea 3300 3 Achena
i 2 new 5300 Athena
i 20 campieced 5300 3 Athena
i3 killea s1s 10 Athena
i 31 campletea 5145 short s Athena
i 32 suneing 00 2 Athens
i 31 killed 3320 cern 3 Athena
n s 5320 na
[ N2 | N3 [ N4 | s | N6 |
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JOB DEFINITIONS WITH THE GUI

60 I\ serpror
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(GANGA JOBS MONITORED BY THE DASHBOARD

http://dashb-atlas-job.cern.ch/dashboard/request.py/jobsummary

JOB SUMMARY

any user | jobs per user

i 7]
any site -l —
any vosite = ‘william bel/unknown F ]
any oloud Peter Wienemann/unknownt ]
eyl 3 irte Dormikunknown (ST
ganga =
any dataset maria fiascarisunknownt—1
any application P!

b =
k = bill scotyunknonn|
any activity -l
any grid K adam davison/unknownt]
I unk ™ pend [~ un ™ term frederic brochufunknownfl
I~ done ™ canc [~ abort [~ g-unk Pawel Maleckiunknownf
I~ suee [ fail I~ a-unk stephen dallson/unknownt]
[~ donesuccess Chiistos Anastopoulosfunknownf]
007-04-30 00:00:00__to Johannes Eimsheuser/unknown |
[2007-05-06 23.00.00
SO el s60 oo w00 2000 om0 300

bars in the plot number ofjobs
T [] submites I appsucceeded  appfaid  sppunknown  pencing | running [l aborted [ cancelied

current status grid exit status application exit status overall

userl Sub  Unk Pend Run Tem Done Canc Abor Unk Gri% Swc Fal Utk  App% DIS  Overalis
Birte Domnik/unknown 604 O 20 21 M 27 2 105 O 7.7 23 3 125 855 211 5642 4
Brigite Epplunknown © 9 9 9 1 1 o 9 o 10 2 8 o 2 2
Garlos Escobar |banez/unknown 4 o o o & a4 9 9 9 10 4 © @ 10 4 10
Chiistos Anastopoulos/unknown 2 o o o 2 1 4 o o 10 8 8§ 3 S 9 428
Elena Oliver Garia/unknown s o o o 3 3 9o 9o 9o 10 3 o o 10 3 10
Esteban Fullana Torregrosa/unknown 6 o o o & & o 9 9o 1 o & 9 0 9 0
Farida Fassiunknown 6 o o o & & 0 0o o 10 & 0 0 10 & 10
Folkert Koetsveldiunknown s o o © 3 o o 9o 3§ o 2 1 9o e 0 o0
Grant Gorfine 9018/unknown 4 9o o o 4 a4 9o o 9o w0 1 3 o 25 1 2
Jean-Baptiste De vivie de regiefunknown 4 9 9 9 18 18 o 9 o 10 1 3 o 7682 10 788
Johannes Ebkelunknown M9 9 o 9 e 18 0 3 0 9748 21 15 8 5833 21 1765
Johannes Elmsheuseriunknown 4 0o 0o o W4 W 0 0 0 10 13 0 785 1 7857 v
total 8924 0 200 17 8539 7566 502 434 37 9458 4927 1403 2000 7764 4666 56.99
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RESULTS

Download the processed events (root-tuples) to the local desktop:

Number of muons] p_ of muon 1(GeV] P, of muon 2 [Gev] |

04
003
o0z

02
0.0~

I
5 10 15 0 20 40 60 80 1(
m,, [GeV] final [Ge

1 2 3

e () [Gev]

Number of Jets
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USE CASES AT THE LMU MUNICH

e Production of Signal MC sample with AthenaMC

50000 additional events:

event generation: 5 jobs or use already validated evgen samples where
only a small fraction has officially been simulated/reconstructed
simulation: 1000 jobs

reconstruction: 50 jobs

From this exercise a prototype for automatic job submission has
evolved which will eventually will be part of Ganga

Statisics from the dashboard: 11/4-11/6: 79% Grid eff. * 77%
Application eff. = 53% overall eff.

e Distributed Analysis as part of the CSC homework:

process signal and background MC samples at well known and
maintained sites: GridKa, Lyon and LRZ

This involes: SUSY signal, ttbar (5200), Di-boson backgrounds, etc.
Using SUSYView
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CURRENT ATLAS ISSUES

e Data availablity and incomplete datasets
e Newest AOD data has been replicated to many sites by DDM-ops team

¢ Repeated direct input files access problems (Posix 1/0) on Castor,
dCache and DPM storage elements due to various reasons:

e broken ROOT or middleware plugins
e Operational issues, like TURL resolving not working

o glite WMS is now used for analysis
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DISTRIBUTED ANALYSIS TUTORIALS AND SUPPORT

https://twiki.cern.ch/twiki/bin/view/Atlas/GangaTutorial43

Edinburgh (February 1st-2nd )
Milan (February 5th-6th )
Lyon (March 5th-7th)

Munich (March 29th-30th )
Toronto (April 18th)

Bergen (April 27th)

Valencia (May 3rd-4th)

e Ganga User support and Feedback:
hn-atlas-GANGAUserDeveloper@cern.ch
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USAGE STATISTICS

e Over 750 unique users since beginning of the year
e Over 440 ATLAS users have tried Ganga at least once
e About 50 ATLAS Ganga users per week

Unique Users

Number of unique users: 697

Number of users

Week7. Weekd | ] Week 13 Week 15 Weeki7 | Weekid Week 21 Weck 23 Week 25
Feb 2007 i ar 2007 Apr 2007 May 2007 1un 2007
Time - CET
01 Feb 2007 22:00--05 Jul 2007 11,02 4
B ATLAS § LHCD § Others
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DOMAIN STATISTICS

e QOver 50 diffrent domains in the last month

Total number of sessions per domain

OTHER_DOMAINS. 273
‘\\ uibk.ac.at: 105
[phys.sfu.ca: 63]
dur.scotgrid.ac.ulk: L/ S physics.utoronto.ca: 39
[grid_sinica.edutw: 817
5.ihep.su: 2 |
cnet.org: B

uio.no; L5,
ikhefnl 13

matrix.sara.ni: 9.
szk B
__lﬁ_mm_n.

[eti

crcnaf.infnit 113
m

——feemarzs0

physiluni-wuppertal.de: 71
physik.uni-mainz.de: 4 |4/
[nhysilc.uni-freibura.de:

physik.uni-donmund.de: 15
ifh.
_[hep physikuni=siegen.ge:
garching. physik.uni-muenchen
de:536

r.de: 43 |
uste.edu.cn: B4
ihep.ac.cn: 100

05 Jurm 2007 05:00+=05 Jul 2007 15:20
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GANGA USERS 1

* Main Users

* Other activities ¢

t4

[{ ..I ’m
HARP Garfield

med

Academia Sinica

& Genomics Research Center
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GANGA USERS 11

Ganga is used as Grid abstraction layer, also in conjuction with DIANE
e Bioinformatics: Avian flu drug search 2006

o Geant4 regression testing
e Cambridge Ontology: content-based image retrival

The Grid improves efficiency
of Geant4 production cycles

The Ganga/DIANE framework greatly

improved the performance of the Geant4

production. In addition, the run completion CER N COM,PUTER

time is more predictable and allows a N ira \,\/SI 174 1 [ la R
1 > WIL A =)

better planning of the production and less
intervention from the production operator.
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DISTRIBUTED ANALYSIS NEEDS AND CONCLUSIONS

For the distributed analysis it is vital to have:
e Easy interface that does not scare off physicists

e A reliable and robust service of many components

Conclusions
e Growing number of users are using the Grid for analysis,
Still some room to grow
e Have to push analysis to higher Tiers
e Data Management is a central issue for Distributed Analysis

e It might interesting to see how more interactive use of resources will
evolve
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RESOURCES

Homepage:
http://cern.ch/ganga

Links to Documentation, Tutorials, etc.:
http://ganga.web.cern.ch/ganga/workbook/
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