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The ATLAS production system has been successfuligduto run production of
simulation data at an unprecedented scale. Up @@ obs were processed in one day.
The experiences obtained operating the system wralegrid flavours was essential to
perform a user analysis using grid resources. fests of the distributed analysis system
were then performed. In the preparation phase dai® registered in the LHC File
Catalog (LFC) and replicated in external sites. thermain test, few resources were used.
All these tests are only a first step towards thkdation of the computing model. The
ATLAS management computing board decided to integthe collaboration efforts in
distributed analysis in only one project, GANGA.€eTgoal is to test the reconstruction
and analysis software in a large scale Data pramtuctsing Grid flavors in several sites.
GANGA allows trivial switching between running tgsbs on a local batch system and
running large-scale analyses on the Grid; it presigob splitting and merging, and
includes automated job monitoring and output resie

1. Introduction

The primary goal of the distributed analysis is tdp computation power to
individual ATLAS physicists. This is achieved by piding easy access to the
computing resources of the various Grids, in a weat hides most of the
complexities of Grid environments.

The distributed analysis model is included on the ABLé&omputing model [1]
and stipulates that data is distributed in varicosputing facilities. User jobs
are in turn routed depending on the availabilityrefevant data. A typical
analysis job consists of a Python [2] script thatfgures and executes a user
defined algorithm in Athena (ATLAS software framewprkhe script specifies
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the input data and produces one or more files aantaplots and histograms.
The expected volume of data recorded for offlineonstruction and analysis
will be of the order of 1 PB (10 bytes) per year. Due to the size of this
expected data volume it is necessary to use distibresources all over the
world to perform reconstruction and analysis of daéa.

The ATLAS Computing Model covers all aspect of thiemgion. It includes
organized production of simulated data, and algv aealysis. In this paper we
describes our experience running ATLAS distributealysis tools.

The ATLAS production system has been developed t@parthe production of
the experiment. It provides a robust framework xeocate a large number of
jobs in the grid infrastructures.

This experience will allow us to compare the exexuif analysis task using
such a system versus using direct submission tinfrestructure. This activity
was part of the Data Challenges (DC's) that wegamized to validate the
Computing Model to ensure the correctness of tblenieal choices.

The collaboration decided to perform these DC’'shia tontext of the LHC
Computing Grid project, LCG [3], which contains thmajority of ATLAS
resources, but also to use both the middlewaretlamdesources of two other
Grid projects, OSG [4] and NorduGrid [5]. The aintdsprepare the computing
infrastructure for the simulation, processing andlgsis of the LHC data.

1.1. AtlasProduction System
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Figurel. Atlas Production System

The production system [6] is implemented in a modway to enable
ATLAS to use resources out of these three infrasirest All jobs are defined
in a specific schema and stored in a central datab® supervisor agent picks
them up, and sends their definition as an XML mgsga the various executors.
Executors are specialized agents, able to converdThAS specific XML job
description into a Grid specific language. Threeceia's were developed, for



LCG (Lexor and CondorG), NorduGrid (Dulcinea) and O@apone). All the
data management operations are performed usingteakservice, Don Quijote
(DQ) [7]. DQ moves files from their temporary outgacations to their final
destination on some Storage Element and registerdoitation in the Replica
Location Service of the corresponding Grid flavor.u¥hall the copy and
registration operations are performed through asirattion layer provided by
DQ. This allows operating the different replica tagaes of the three Grid
flavors in a similar way.

The ATLAS production system has been successfully usedrun
production jobs at an unprecedented scale for &rsydeployed on about 100
sites around the world. On successful days theme were then 10000 jobs
processed.

2. Distributed Analysis Strategy

ATLAS has adopted a multi-pronged approach to disteith analysis by
exploiting its existing Grid infrastructure (segdre 2).
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Figure2. Various front-end clients are intendegh¢oform distributed analysis on the existing Grid
infrastructure. These front-end are PanDA/Patham&OM and GANGA.

PanDA [8] is a job management system associateth WG designed
specifically for both distributed production andabrsis. PanDA has native
support for the ATLAS Distributed Data Management {@Dsystem allowing
accepting datasets as input and producing datasetstput. PanDA offers users
a comprehensive system view presenting heterogerdistributed resources as
a single uniform resource, accessible via a stahdaterface. It also has
extensive web-based job monitoring and browsingabgities. Panda looks to
GANGA [9] in order to provide a graphical job défion and submission
interface. Pathena is a python script designedutom# analysis jobs to the
PanDA system involving an optional build step (usede can be compiled)
followed by an execution step.



ATCOM [10] was the dedicated graphical user intexfdont-end to the
production system, designed to be used by a fewrexgsers involved in large-
scale organized production of data. It had themiizkto be used for distributed
analysis purposes as well. The ATLAS management congpbbard decided
to integrate the collaboration efforts in distrigditanalysis in only one project,
GANGA. It is a powerful user friendly front-end tfofor job definition and
management. GANGA provides distributed analysisausasy access to the
whole Grid infrastructure. It currently providesawser interface clients: a
Command Line interface (CLI) and a Graphical Useerface (GUI). GANGA
allows switching between testing on a local batgktesn and large-scale
processing on the Grid, and helps to keep tracksarlts.

A job in GANGA is constructed from a set of builditblocks (figure 3). All
jobs have to specify the software to be run (apgibn) and the processing
system (back-end) to be used.
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Figure3. Building blocks for constructing a GANGabj
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2.1. Distributed analysis using the production system and using GANGA

Distribution of data on several sites and localeascto the data is a very
important issue to minimize failures. In total 168 of merged datasets were
used for distributed analysis. The dataset werestexgid at CERN in Logical
File Catalog (LFC) and were replicated in the sieswn in Table 1.

Table 1. Sites where datasets were replicated

Site Storage Element Computing Element
IFIC castorgrid.ific.uv.es Icg2ce.ific.uv.es
Sinica Lcg00123.grid.sinica.edu.t lcg00126.gritica.edu.tw
Cnaf grid007g.cnaf.infn.it gridit-ce-001.cnaf.irifn.

PIC castorgrid.pic.es ce0l.pic.es

MI t2-se-01.mi.infn.it t2-ce-01.mi.infn.it
Cern castorgrid.cern.ch Ixgatel3.cern.ch

RO T2-se-01.romal.infn.it t2-ce-01.romal.infn.it




The algorithm of choice has been g-Ztbar, a heavy Z decaying into
tops in the Little Higgs model. A total of 400 Ansily Object Data (AOD’s)
were produced using the Athena full simulation nhaiach one containing 50
events. The analysis has been performed using thdugtiion system and
GANGA.

Despite the possibility to run analysis jobs via firoduction system, not
all functionalities to support distributed analysisre currently available. In the
following, the technical issues that had to be adgsied are discussed in turn.

A dedicated database was setup for analysis jolseparate private work
from the ongoing production. A generic analysim$farmation was created,
that compiles user code or the user package owdheer node, processes AOD
input files and produces histograms as output. ATO@#d used to define jobs.
It was also used to monitor the status.

To perform an analysis the user has to define la @aasl associated jobs
according to the conventions of the ATLAS productisystem. The task
contains summary information about the jobs to ure (input/output datasets,
transformation parameters, resource and enviroraheatjuirements), while
individual jobs are defined by their specific paedens needed for execution.

We defined the same jobs using GANGA. It provideset of ATLAS-
specific features such as application configuratimmsed on the Athena
framework and input data location based on DDMalh be run either on the
command line, with Python scripts or through a GUBers need to enter just a
few commands to set application properties and #ufobs to run the
application on selected back-ends (Grid flavouroal batch system).

In both cases each job produced three output(fifemple, histogram and log)
stored on Castor based Storage Elements (SE). Thevgresrunning at several
sites and were instructed to save output at orgestBtorage Elements close to
the user. The ROOT package was used to merge tlogtaist output files and
to analyze the results. Finally, after mergingufe4 shows the analysis result.
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Figure 4: %, - tt invariant mass distribution after merging thepu files (GeVunits in the y axis).
All these tests are only a first step towards thkdation of the computing
model and distributed analysis. More realistic dekave to involve many
physicists working in concurrent mode. This requines only progress in the
application, but also progress in the Grid middlewvaand the site
configurations. An example is the ongoing discusgia job priorities in LCG
which should allow the coexistence of productiod aeer analysis activities.

3. Conclusions

The ATLAS production system and GANGA have been usexlibmit physics
analysis jobs to LCG Grid flavor. Using the prodantframework for analysis
has the advantage to profit from the experienctheflarge scale production.
Only limited additional resources were necessarypéoform the required
modifications to support analysis.

For the main test few resources were used in riias. She system was able to
process 10k events jobs in about 10 minutes.fHiigo say that it was difficult
to achieve this performance due to the instabilftthe major components of the
software that were still in a development phaserektbeless we consider this
first test as encouraging and promising. With ttaetsp of the LHC we expect
much more data and resources for analysis willite @available using the grid.
Comparing the production system with GANGA, we cbuabserve a more
robust execution and we were also profiting frore #idvanced monitoring
capabilities of the production system. A drawbaskthat such a system
represents an additional infrastructure elemenichvhas to be operated by the
experiment.

Distributed Analysis is still work in progress. Withe startup of LHC in the
next year we expect a dramatic increase of the \ztane. This will requires
the general ATLAS user to use resources on the gr@tform his analysis.
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