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Abstract

The ATLAS experiment, based at the Large Hadron Collider at CERN, Geneva, is currently
developing a grid-based distributed system capable of supporting it's data analysis activities which
require the processing of data volumes of the order of petabytes per year. The distributed analysis
system aims to bring the power of computation on a global scale to thousands of physicists by
enabling them to easily tap into the vast computing resource of various grids such as LCG, gLite,
OSG and Nordugrid, for their analysis activities whilst shielding them from the complexities of the
grid environment. This paper outlines the ATLAS distributed analysis model, the ATLAS data
management system, and the multi-pronged ATLAS strategy for distributed analysis in a
heterogeneous grid environment. Various frontend clients and backend submission systems will be
discussed before concluding with a status update of the system.

1. Introduction

Based in the European Laboratory for Particle
Physics (CERN) [1], Geneva, the ATLAS
experiment [2] is set to commence its
investigations into proton-proton interactions at
the most powerful particle accelerator in the
world, the Large Hadron Collider (LHC) [3], in
the summer of 2007. Each high energy proton-
proton collision will produce hundreds of
particles in the detector. Highly efficient
software and electronics filter and record
interactions of potential physics interest for
subsequent  analysis. The estimated annual
yield is 10°, corresponding to around 10
petabytes of data.

ATLAS involves a collaboration of more
than 2000 physicists and computer scientists
from over 150 universities and laboratories in
35 countries across 6 continents. In anticipation
of the unprecedented volume of data that will be
generated by the ATLAS detector when data
taking commences, and large-scale simulation,
reconstruction and analysis activities, particle
physicists have adopted Grid technology to
provide the hardware and  software
infrastructure  required to facilitate the
distribution of data and the pooling of
computing and storage resources between
world-wide collaborating institutions. The
ATLAS grid infrastructure currently consists of
three grids: LCG (LHC Computing Grid) [4],
OSG (US-based Open Science Grid) [5] and
Nordugrid (grid project based in the Nordic
countries) [6].

The primary aim of the distributed analysis
project is to bring the power of computation on
a global scale to individual ATLAS physicists
by enabling them to easily tap into the vast
computing resource provided by the various
grids for their analysis activities whilst shielding
them from the complexities of the grid
environment.

This paper begins by outlining the ATLAS
distributed analysis model [7]. It goes on to
describe the data management system adopted
by ATLAS, then details the ATLAS strategy for
distributed analysis [8] in a heterogeneous grid
environment. Various frontend clients will be
introduced followed by descriptions of different
submission systems and their associated grid
infrastructure. The paper concludes by
providing a status update of the ATLAS
distributed analysis system.

2. Distributed Analysis Model

The distributed analysis model is based on the
ATLAS computing model [7] which stipulates
that data is distributed in various computing
facilities and user jobs are in turn routed based
on the availability of relevant data.

A typical analysis job consists of a Python
[9] script that configures and executes a user-
defined algorithm in Athena (the ATLAS
software framework) [10] with input data from
a file containing a collection of potentially
interesting particle interaction information or
events and producing one or more files
containing plots and histograms of the results.
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Figure 1: ATCOM — ATLAS Production System GUI

As with many large collaborations, different
ATLAS physics groups have different work
models and the distributed analysis system
needs to be the flexible enough to support all
current and newly emerging work models whilst
remaining robust.

3. Distributed Data Management

With data distributed at computing facilities
around the world, an efficient system to manage
access to this data is crucially important for
effective distributed analysis.

Users performing data analysis need a
random access mechanism to allow rapid pre-
filtering of data based on certain selection
criteria so as to identify data of specific interest.
This data then needs to be readily accessible by
the processing system.

Analysis jobs produce large amounts of
data. Users need to be able to store and gain
access to their data in the grid environment. In
the grid environment where data is not centrally
known, an automated management system that
has the concept of file ownership and user quota
management is essential.

To meet these requirements, the Distributed
Data Management (DDM) system [11] has been
developed. It provides a set of services to move
data between grid-enabled computing facilities
whilst maintaining a series of databases to track
these data movements. The vast amount of data
is also grouped into datasets based on various
criteria (e.g. physics characteristics, production
batch run, etc.) for more efficient query and
retrieval. DDM consists of three components: a
central dataset catalogue, a subscription
service and a set of client tools for dataset
lookup and replication.

The central dataset catalogue is in effect a
collection of independent internal services and
catalogues that collectively function as a single
dataset bookkeeping system.

Subscription services enable data to be
automatically pulled to a site. A user can ensure

that he/she is working on the latest version of a
dataset by simply subscribing to it. Any
subsequent changes to this dataset (i.e.
additional files, version changes, etc.) will
trigger a fresh download of the updated version
automatically.

Client tools provide users with the means to
interact with the central dataset catalogue.
Typical actions include listing, retrieving and
inserting of datasets.

4. Distributed Analysis Strategy

ATLAS takes a multi-pronged approach to
distributed analysis by exploiting its existing
grid infrastructure directly via the various
supported grid flavours and indirectly via the

ATLAS Production System [12].

Backends Grid
Infrastructure

PANDA| ~ —

clite

Frontends

@

ATCOM

Figure 2: Distributed analysis strategy

4.1 Frontend Clients

Figure 2 shows various frontend clients
enabling distributed analysis on existing grid
infrastructure.

Pathena [13] is a Python script designed to
enable access to OSG resources via the Panda
job management system [14]. It is just short of
becoming a drop-in replacement for the
executable used in the ATLAS software
framework. Users are able to exploit distributed
resources for their analysis activities with the
very minimal inconvenience.
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Figure 3: GANGA - Job definition and management tool

Pathena makes the submission of analysis
jobs to the Panda system a painless two stage
process involving an optional build step (where
user code can be compiled) followed by an
execution step (with built-in job splitting
capabilities). A further merge step is in
development which will allow the resulting
output datasets from split jobs to be
consolidated.

ATCOM [15] is the dedicated graphical user
interface frontend (See Figure 1) to the ATLAS
production system designed to be used by a
handful of expert users involved in large-scale
organised production of ATLAS data. It has
potential to be used for end-user distributed
analysis purposes.

GANGA [16] is a powerful yet user friendly
frontend tool for job definition and
management, jointly developed by the ATLAS
and LHCb [17] experiments. GANGA provides
distributed analysis users with access to all grid
infrastructure supported by ATLAS. It does so
by interfacing to an increasing array of
submission backend mechanisms. Submission
to the production system and ARC are planned
for the not so distant future.

GANGA currently provides two user
interface clients: a Command Line Interface
(CLI) and a Graphical User Interface (GUI)
(See Figure 3). In addition, it can also be
embedded in scripts for non-interactive/
repetitive use. GANGA, due to its need to
satisfy ATLAS and LHCb experiment
requirements (unlike Pathena and ATCOM
which are specialised tools designed for specific
ATLAS tasks), has been designed from the
onset to be a highly extensible generic tool with
a component plug-in architecture. This
pluggable framework makes the addition of new
applications and backends an easy task.

A synergy of GANGA and DIANE [18] (a
job-distribution framework) has been adopted in
several instances. In each instance, GANGA

was used to submit various types of jobs to the
Grid including the search for drugs to combat
Avian flu, regression testing of Geant 4 [19] to
detect simulation result deviations and the
optimisation of the evolving plan for radio
frequency sharing between 120 countries.

A few physics experiments (e.g. BaBar [20],
NA48 [21]) have also used GANGA in varying
degrees while there are others (e.g. PhenoGrid
[22], Compass [23]) in the preliminary stages of
looking to exploit GANGA for their
applications.

GANGA is currently in active development
with frequent software releases and it has an
increasing pool of active developers.

4.2 Production System

The ATLAS production system provides an
interface layer on top of the various grid
middleware used in ATLAS. There is increased
robustness as the distributed analysis system
benefits from the production system's
experience with the grid and its retry and
fallback mechanism for both data and workload
management.

A rapidly maturing product, the production
system provides various facilities that are useful
for distributed analysis e.g. user configurable
jobs, X509 certificate-based access control and
a native graphical user interface, ATCOM.

4.3 LCG and gLite

LCG is the computing grid designed to cater to
the needs of all the LHC experiments and is by
default the main ATLAS distributed analysis
target system. Access to the LHC grid resources
is via the LCG Resource Broker (RB) or
CondorG [24]. The LCG RB is a robust
submission mechanism that is scalable, reliable
and has a high job throughput. CondorG,
although conceptually similar to the LCG RB,
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Figure 4: Panda architecture

has a different architecture. Nevertheless, both
submission mechanisms have been successfully
exploited in recent large-scale ATLAS
production exercises.

glLite [25] is the next generation grid
middleware infrastructure project by EGEE
(Enabling Grids for E-SciencE) [26]. Recent
code base convergence between gLite and LCG
has resulted in gLite 3.0. The gLite RB has
performance enhancements that are of particular
benefit to distributed analysis: efficient bulk job
submissions with improved support for output
result retrieval.

GANGA supports direct analysis job
submission to the CondorG, LCG RB and the
gLite RB.

4.4 Panda

Panda is a job management system associated
with OSG designed specifically for both
distributed production and distributed analysis.
See Figure 4.

Panda has native support for the ATLAS
DDM system allowing it to accept DDM
datasets as input (pre-staging it where required)
and producing DDM datasets as output
(retrievable using DDM tools).

Panda offers users a comprehensive system
view which presents heterogeneous distributed
resources as a single uniform resource
accessible though a standard interface. It also
has extensive web-based job monitoring and
browsing capabilities.

Panda does not have a GUI but it looks to
GANGA to provide it with a graphical job
definition and submission interface. Panda has
made this possible by exposing a useful set of
client API.

4.5 ARC

ARC (Advanced Resource Connector) [27] is
developed by the Nordugrid collaboration and
is based on the Globus Toolkit [28].
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Figure 5: Nordugrid Grid Monitor

The ARC client is a light-weight, self-
contained job submission tool with built-in
highly  customisable resource  brokering
functionality and input / output file staging
facilities. It has an impressive job delivery rate
of approximately 30-50 job deliveries/min
making it potentially useful for interactive (i.e.
responsive) distributed analysis.

As with all other grid flavours, the ARC
client has a comprehensive set of command line
tools for job submission and management. The
web-based Nordugrid Grid Monitor [29]
complements the ARC client by providing
detailed system-wide  job monitoring
information for a// jobs running on Nordugrid
resources.

Although not specifically designed for
distributed analysis, ARC has immense potential
due to it's stability and performance. Certain
issues with data management still need to be
finalised. GANGA is looking to interface with
Nordugrid in the not too distant future.



5. Conclusion

Distributed analysis in ATLAS is still in its
infancy but is evolving rapidly. Many key
components like the DDM system have only
just come online. The multi-pronged approach
to distributed analysis will encourage one
submission system to learn from another and
ultimately produce a more robust and feature-
rich distributed analysis system. The distributed
analysis system will be comprehensively tested
and benchmarked as part of Service Challenge 4
[30] in the summer of 2006.
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