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Abstract

GANGA is a frontend for job definition and management in a distributed environment. It is
being developed in the context of two high-energy physics experiments, ATLAS and LHCb,
but is a component-based system that can readily be extended to meet the needs of other user
communities. GANGA allows the user to specify the software to run, which may include user
code, to set values for any configurable parameters, to select data for processing, and to submit
jobs to a variety of local batch queues and Grid-based systems, hiding Grid technicalities. After
jobs are submitted, GANGA monitors their status, and takes care of saving any output. GANGA
offers a Command-Line Interface in Python (CLIP), possibilities for scripting, and a Graphical
User Interface (GUI), which significantly simplifies basic tasks. This paper describes the job
model and architecture of GANGA, and illustrates GANGA’s main features as a user interface.

1 Introduction

GANGA [1] is a component-based system providing a
user interface for job definition and management in
a distributed environment. It is being developed in
the context of two high-energy physics experiments,
ATLAS [2] and LHCb [3], whose specific needs it ad-
dresses, but offers possibilities for extension and cus-
tomisation that make it potentially interesting for a
wide range of user communities. It is implemented
in Python [4].

ATLAS and LHCb will investigate various as-
pects of particle production and decay in high-
energy proton-proton interactions at the Large
Hadron Collider (LHC) [5], due to start operation
at CERN, Geneva, in 2007. Both experiments will
require processing of data volumes of the order of
petabytes per year, and will rely on computing re-
sources distributed across multiple locations. The
experiments’ data-processing applications, including
simulation, reconstruction and physics analysis, are
all based on the GAUDI/ATHENA C++ framework [6].
This provides core services, such as message log-
ging, data access, histogramming; and allows run-
time configuration via options files. These may be
written in Python, or using a value-assignment syn-
tax similar to that of C4++, and can have consider-
able complexity. The two experiments have devel-
oped different solutions for cataloguing the available
data: the ATLAS Metadata Interface (AMI) [7] and
the LHCb Bookkeeping Database [8].

GAUDI/ATHENA jobs for simulation and recon-
struction typically use software that results from a
coordinated, experiment-wide effort, and is installed
at many sites. The person submitting the jobs, pos-

sibly a production manager, performs the job config-
uration, which involves selecting the algorithms to
be run, defining the algorithm properties and spec-
ifying inputs and outputs. The situation is similar
for an analysis job, except that the physicists run-
ning a given analysis will usually want to load one or
more algorithms that they have written themselves,
and so use code that may be available only in an
individual physicist’s work area.

Several possibilities for exploiting distributed
computing resources, and for processing distributed
data, have been developed using Grid technolo-
gies. These include systems from national and in-
ternational projects, such as LCG (LHC Computing
Grid) [9], EGEE (Enabling Grids for e-Science) [10],
OSG (Open Science Grid) [11], GridPP (UK Com-
puting for Particle Physics) [12] and NorduGrid [13],
and experiment-specific solutions, such as DIAL [14]
in ATLAS and DIRAC [15] in LHCb. The situa-
tion for the user is confusing, in that different sites
hosting data of interest may have adopted different
systems, requiring different commands and job de-
scriptions, and all of the systems continue to evolve.
Also, a user will often wish to run test jobs on local
resources, where debugging is simpler, before sub-
mitting to remote sites, and will prefer not to have
to do different things in the two cases.

GANGA provides a single frontend for submis-
sion to multiple backends, shielding the user from
the uncertainties and technical complications asso-
ciated with data processing in a distributed envi-
ronment. This paper describes the job model and
architecture of GANGA, and illustrates GANGA’s use.
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Figure 1: Schematic representation of the GANGA architecture. The main functionality is divided
between Application Manager, Job Manager and Archivist, and is accessed by the Client through
the GANGA Public Interface (GPI). The client may run the Graphical User Interface (GUI), the
Command-Line Interface In Python (CLIP) or GPI scripts.

2 Ganga job model

Job-related information can be divided into three
categories:

e Application information is information pro-
vided by the user to define the task to be
performed within the job. This can include a
specification of the software to be run, param-
eter values, settings for environment variables,
and definitions of input and output files.

e Backend information is information provided
by the user to define the computing require-
ments for the processing system (backend) to
which the job is to be submitted. This can
include indications of the site, cluster or node
where the job is to run, the amount of memory
needed, the processing time, and the priority
that the job should be assigned.

e System information is information made avail-
able by the processing system to allow track-
ing of a job’s progress. This can include the
job’s identifier within the system, and dy-
namic information on job status and resources
used.

In GANGA, a job is represented by an object that
holds all categories of information. A user directly
sets values for application and backend properties,
whereas the system information is read-only for the
user and is updated periodically within a monitoring
loop where GANGA queries the processing system(s).

In job descriptions for systems such as LCG [9]
and Condor [16], the application information is spec-
ified in a fairly generic way, and typically amounts
to giving the name of a script or binary executable,
a list of values to be passed to the executable as
command-line arguments, and lists of input and out-

put files. This kind of approach has the advantage
that it allows a common description of all appli-
cations in terms of a small number of parameters,
but with the disadvantage that the description con-
tains no information on the roles of the different
command-line arguments and files. It is the user’s
responsibility to ensure consistency between these
and a job’s script or executable. In the context of
distributed computing, there is the added complica-
tion that a script may contain references that are
locally valid, but are meaningless at a remote site.

In GANGA, rather than adopting a generic so-
lution, each type of application is defined by its
own schema. This places in evidence an applica-
tion’s configurable properties, and their meanings,
and ensures that information is, or can be made,
site-independent.

Each of the backends to which GANGA may sub-
mit is similarly defined in terms of a schema. This
allows for differences between backends both in the
user-configurable properties supported and in the
amount, and type, of system information available.

In practice, different types of job, application
and backend are supported in GANGA through plug-
in classes. Classes in a given category must provide
their own implementations of some specific meth-
ods — for example, submit and kill for backend
classes — but can have different properties, defined
through the relevant schema. Intermediary classes
are implemented to take care of processing a job’s
application information and formatting it in a way
appropriate for the backend to which the job is to be
submitted. Users can easily add new plug-in classes,
or suppress the loading of unwanted classes, so that
GANGA can readily be extended or customised to
meet the requirements of different user communi-
ties.



>>> j =
>>>
>>>
>>>

Job( application =
j.application.version =
j.application.optsfile =
j.submit ()

“DaVinci”,
“v12rll”

backend = “DIRAC” )

“DVHLTCore.opts”

Figure 2: Example job submission using CLIP. Here, the user wishes to run the LHCb analysis
application, DaVinci [17], on the experiment’s own distributed processing system, DIRAC [15].
The user selects the version number for the application (v12rll) and the options file to be used
(DVHLT Core.opts), and accepts the default values for the DIRAC backend. Submission is then a

one-line command.

3 Ganga architecture

The main functionality of GANGA is divided among
three core components, corresponding to Applica-
tion Manager, Job Manager and Archivist (Fig. 1).
These communicate with one another through the
GANGA core, and their functionality is made avail-
able through the GANGA Public Interface (GPI).
Users access the GPI through a fourth GANGA com-
ponent, the Client, which provides a Graphical User
Interface (GUI), a shell — the a Command-Line In-
terface In Python (CLIP) — and the possibility to
run GPI scripts. The four components listed are de-
fined in such a way that they could be placed on dif-
ferent hosts, although they can also all be installed
on a single machine.

The Application Manager needs a host where the
environment for running the user’s application is set
up, and the required software is available. This com-
ponent takes a user’s locally valid description of how
an application should be run, and converts it into
a site-independent job representation. This opera-
tion may include translating local path and environ-
ment settings, and identifying user files that must be
shipped with the job.

The Job Manager needs a host that allows sub-
mission to one or more backends. This compo-
nent accepts information provided by the Applica-
tion Manager, creates a wrapper script for running
the specified application on the chosen backend, and
generates any additional job-description files that
the backend requires. It executes job-related com-
mands on behalf of the Client, and also performs
monitoring, periodically querying backends for job
status. The Job Manger automatically retrieves a
job’s output files when the monitoring system indi-
cates that the job is completed

The Archivist, which places no special require-
ments on the host machine, has two main functions.
First, it provides a job repository, which allows job
objects to be stored in a persistent form. Jobs cre-
ated in one invocation of GANGA are accessible in
subsequent invocations, until explicitly deleted, and
the status of jobs in the repository is kept synchro-
nised with the status reported by the monitoring
system. As a second function, the Archivist man-
agers file workspace, providing temporary storage
for job output, and for files that may be shared at
runtime by several jobs.

Details of the Client functionality are given in
the next section.

4 Using Ganga

4.1 Configuration

GANGA has default parameters and behaviour that
can be redefined at startup using one or more config-
uration files, which use the syntax understood by the
standard Python [4] ConfigParser module. Configu-
ration files can be introduced at the level of system,
group or user, with each successive file processed
able to override settings from preceding files.

One important feature of the configuration files
is that they allow selection of the Python packages
that should be initialised when GANGA starts, and
consequently of the modules, classes, objects and
functions that are made available through the GPI.
The configuration files also allow modification of the
default values to be used when creating objects from
plug-in classes, and permit actions such as choosing
the log level for messaging, specifying the location
of the job repository, and changing certain visual
aspects of GANGA.

4.2 GPI and CLIP

The GANGA Public Interface (GPI) is designed as
a high-level, user-friendly Python API for job ma-
nipulation, and may readily be used in script-
ing. GANGA’s Command-Line Interface in Python
(CLIP) is intended as an extension to the GPI, with
enhanced support for interactive operations at the
Python prompt. In the current implementation,
CLIP and GPI are identical, but at a later stage
CLIP may add features such as higher-level short-
cuts and a property-aliasing mechanism.

From CLIP, or after GPI has been imported into
a script, the user has access to functionality deter-
mined by the configuration file(s) used. For exam-
ple, an LHCD user at CERN might have a setup that
would load the plug-ins for the LHCb simulation, re-
construction and analysis applications, for the local
LSF batch system, for LCG [9] and for DIRAC [15].
An ATLAS user might, instead, load the plug-ins
for submitting jobs to DIAL [14], and objects for
accessing the DIAL catalogues for dataset selection.
CLIP and the GPI additionally make available an
object for interacting with the job repository, allow-
ing examination of the stored jobs.

With CLIP or GPI, a user needs give only a
few commands to be able to set application prop-
erties and submit a job to run the application on a
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Figure 3: Screenshots showing components of

the cANGA GUI prototype: main window (bot-

tom left), window for Job-Options Editor (top left), window for querying the LHCb Bookkeeping
Database [8] (top right), and help window (bottom right)

Grid backend (Fig. 2). The output, when ready,
is retrieved automatically. The user is protected
from the technicalities of the submission and output-
retrieval operations, and is spared from working di-
rectly with job scripts and description files, which,
even for fairly simple jobs, can be tens or hundreds
of lines long.

4.3 GUI

Several components have been implemented for a
prototype GUI (Fig. 3). The main window features
three panels, all of which can be resized by the user,
drop-down menus, and a toolbar, with the following
functionality:

e The upper-left panel displays a hierarchy of
folders, which group jobs by state (submit-
ted, running, completed and so on). When
monitoring is activated, job icons are moved
automatically from one folder to another as
the job state changes.

The upper-right panel has content that is de-
pendent on the active selection in the upper-
left panel. When a folder is selected in the
left panel, the right panel displays summary
information for the jobs in the folder. When
a folder is opened in the left panel, and a job
inside the folder is selected, the right panel
displays the job properties.

The bottom panel hosts an embedded Python
shell. This panel allows the user to interact
with GANGA using CLIP commands; echoes

the command executed whenever an action is
performed through the GUI; and displays any
messages sent by GANGA to standard output
and error.

Most job-related operations can be performed
using the toolbar, using the drop-down menus,
or through appropriate selections in the right
and left panels.

Job submission through the GUI involves creating
a job of the required type (accomplished with a
few mouse clicks), filling in application and backend
properties in the form displayed in the upper-right
panel, then clicking on the “Submit” button.

The main window in the prototype GUI is sup-
plemented by other windows, depending on the task
being performed. These additional windows allow
data for analysis to be selected by querying the ex-
periment catalogues; allow examination and modifi-
cation of GAUDI/ATHENA options files using a spe-
cially developed Job-Options Editor (JOE), opti-
mised for working with these kinds of file; and pro-
vide access to online help.

Further development of the GUI is being under-
taken, to move beyond the prototype, taking into
account feedback from trial users. The revised GUI
will build on the functionality of the prototype, but
will be both less cluttered and more dynamic, with
use made of tabs and dockable windows.



5 Summary and outlook

GANGA has been developed in Python as a fron-
tend for job definition and management, providing
a single, easy-to-use interface for running and moni-
toring user-defined applications on a variety of local
batch queues and Grid-based systems, hiding Grid
technicalities. The main functionality is divided be-
tween an Application Manager, which deals with ap-
plication setup, a Job Manager, which deals with
job submission and monitoring, and an Archivist,
which deals with job storage and workspace manage-
ment. Functionality is made available through the
GANGA Public Interface (GPI), and is accessed using
the GANGA Client. The Client provides a Graph-
ical User Interface (GUI), a Command-Line Inter-
face in Python (CLIP), and the possibility to run
GPI scripts.

GANGA specifically addresses the needs of the
ATLAS and LHCD high-energy physics experiments
for running applications performing large-scale data
processing on globally distributed resources. As it
handles different applications and backend process-
ing systems using plug-in classes, which are easily
added, and it offers significant configuration possi-
bilities at startup, GANGA can readily be extended
and customised to meet the requirements of other
user communities.

Work in progress focuses on ensuring the avail-
ability of all plug-in classes required for the applica-
tions and backends of interest to ATLAS and LHCb,
and on developing the GUI beyond the prototype
stage. Trial users have been positive in their re-
sponse to GANGA, which they have used successfully
to submit jobs to both local and remote systems.
Longer-term development efforts will be guided by
feedback from an increasingly large user group.
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