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h i g h l i g h t s

• The workspace implements a framework for Cherenkov Telescope Array data analysis.
• The Science Gateway is integrated with an Authentication and Authorization Infrastructure.
• The Workflow Management System orchestrates applications on different DCIs.
• The Interactive Desktop exposes native GUIs of remote applications.
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a b s t r a c t

The Cherenkov Telescope Array (CTA) represents the next generation of ground-based gamma-ray obser-
vatories. We present a prototype workspace, developed by INAF, that aims at providing innovative solu-
tions for the CTA community. Theworkspace is composed of a science gateway and an interactive desktop
integrated with a federated authentication and authorization infrastructure. The workspace leverages
open source technologies providing web access to a set of tools widely used by the CTA community.
The workflow management system, accessed via the science gateway, allows to run applications widely
used in astronomy and physics researches into distributed computing infrastructures (ranging from
clusters to grids and clouds). These software packages are also available through the interactive virtual
desktop environment to exploit their native graphical user interface. The implemented authentication and
authorization infrastructure is composed by a Shibboleth Identity Provider and a Grouper authorization
solution. The Grouper released attributes are consumed by the science gateway to authorize the access to
specific web resources and the role management mechanism provides the attribute-role mapping.

© 2018 Published by Elsevier B.V.

1. Introduction

The Cherenkov Telescope Array (CTA) project1 aims at building
a new observatory for very high-energy (VHE) gamma rays [1]. The
science goals of CTA are focused in understanding the origin of
cosmic rays and their role in the Universe, the nature and variety
of particle acceleration powered by black holes and in exploring
frontiers in physics (such as the nature and distribution of dark
matter or studies on quantum gravity). CTA [2] will achieve full-
sky coverage by deploying hundreds of telescopes at two sites in
the southern and the northern hemispheres.

To guarantee the smooth running of the complex CTA observa-
tory threemainmanagement elements have been identified: (i) the

* Corresponding author.
E-mail address: alessandro.costa@oact.inaf.it (A. Costa).

1 CTA project web page: https://www.cta-observatory.org/.

Science Operation Centre, which is in charge of the organization
of observations, (ii) the Array Operation Centre, which conducts
the operation, monitors the telescopes and the atmosphere, and
provides all calibration and environmental data necessary for the
analysis, and (iii) the Science Data Centre, which provides and
disseminates data and analysis software to the science community
at large, using common astronomical standards and existing com-
puting infrastructures.

The total data volume to be managed by the CTA Science Data
Centre is of the order of 27 PB/year [3], when all data-set versions
and backup replicas are considered. All levels of data (from the
raw data to the high-level final products) will be archived adopt-
ing/extending the Virtual Observatory (VO) standards, to allow
access and reprocessing. Science gateways2 are a key component

2 ICSG web page: http://www.icsciencegateways.org/.
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of the future digital research environment, enabling researchers to
utilize a global network of interacting digital platforms to access
and share the leading-edge data and tools that are critical for their
research. The ‘‘CTA Science Gateway’’ will provide access for the
scientists to all tools and information related to the data analysis
and handling of observation proposals. It will provide science
products for analysis including data and associated science analysis
tools. Specific interface will be provided for the announcement
of opportunity, for the support of multi-messenger coordination,
and Virtual Observatory access. Finally, additional user support
services based on, for example, a help-desk, documentation or
newsletters will be made available. It is foreseen that individual
scientists using the analysis software made available by CTA can
conduct the high-level analysis of CTA data.

Access to the developed services within the CTA Science Gate-
way and other CTAweb resources will be based on each user’s pro-
file and category (e.g. unsigned user, guest observer, expert user,
consortium user, principal investigator, archive user, pipeline user,
etc.). For such a purpose the Authentication and Authorization
Infrastructure (AAI) plays a key role in the scientific process and
will bewidely discussed in this paper. TheAAI is also a fundamental
part of the workspace described in this work.

The current CTA Science Gateway prototype is implemented as
a set of complementary modules that could extend, for authorized
users, the minimum required services with: workflow handling,
virtualization of hardware, visualization as well as resource dis-
covery, job execution, access to data collections, applications and
tools for data analysis. Three gatewaymodules are being developed
with different aims. The firstmodule is developed by INAF and pre-
sented in this paper, it provides a workflow management system
(WMS) powered by WS-PGRADE/gUSE3 [4], based on the Liferay
platform4 and an added value of this module is a web-desktop en-
vironment (with a VNC-based User Interface). The second module
integrates existing CTA applications in a specific InSilicoLab plat-
form [5] developed by Cyfronet. The last module, developed by the
Observatoire de Paris, is compliant with the Virtual Observatory
standards and it is based on the Django platform.

The INAF prototype workspace is composed of a science gate-
way module and by the Authentication and Authorization In-
frastructure. The science gateway, first introduced in [6], allows
the user to access: (i) a workflow management system with a
customizable graphical web user interface (see Section 2.1); and
(ii) a web-desktop environment (see Section 3) which allows the
use of many software packages for analysis of astrophysical data
exploiting their native graphical user interface. The gateway has
been further developed to enable the processing of the Fermi
Workflow Demonstrator (see Section 4) and connected to the Au-
thentication and Authorization Infrastructure (see Sections 5 and
6). Moreover, the gateway has been combined and integrated with
the other twomodules (implemented independently by the Obser-
vatoire de Paris and Cyfronet) using the shared authentication and
authorization infrastructure and a common menu bar.

2. The INAF CTA science gateway module

The INAF CTA science gateway module,5 aims at providing a
web instrument for high energy astrophysics. It leverages open
source technologies givingweb access to a set of tools and software
widely used by the CTA community. An extended (though not
exhaustive) list6 of tools provided by this technology embrace

3 WS-PGRADE/gUSE web page: http://guse.hu.
4 Liferay web page: https://www.liferay.com.
5 INAF CTA science gateway: http://cta-sg.oact.inaf.it/.
6 List of Software and tools available in the INAF CTA science gateway: http:

//acid.oact.inaf.it/ACID/Included_packages.html.

XANADU software package7 GammaLib,8 & ctools9 Fermi Science
Tools,10 Aladin,11 IRAF.12

The gateway is based on the Liferay platform. Liferay is an
enterprise-level framework, offering both an advanced develop-
ment infrastructure and a flexible content management system.
We used the community edition that is released under an open
source GNU LGPL license. Liferay is a mature enterprise open
source product with a low total cost of ownership. It is univer-
sally recognized as leading technology among portals based on
content management systems13 ; Liferay is moreover used by a
wide community14 These aspects are an important added value
for a technology destined to follow the CTA consortium for its
lifetime. The Liferay platform has a large set of configurations
implementing High Availability (HA) solutions to ensure a reliable
level of operational performances. The resulting Liferay system
will be able to handle the expected number of concurrent users
(up to 1300–1500) and subsequent traffic, and will reduce single
points of failure resulting in a more robust system. Liferay can
also be configured to perform load balancing and clustering at
the server level. Both user profile management and workspace
applications are provided by the Liferay platform and can be easily
improved and customized according to the CTA present and future
requirements [7]. INAF CTA science gateway module provides a
WMS with a customizable graphical web user interface [8] and a
web-desktop environment.

The integrated workflow system (based on WS-PGRADE/gUSE)
seamlessly enables the execution of astronomical and physics
workflows (and jobs) on major platforms such as DIRAC (Dis-
tributed Infrastructure with Remote Agent Control) INTERWARE15

[9], ARC16 (Advanced Resource Connector) [10], Globus17 [11],
gLite18 [12], UNICORE19 (Uniform Interface to Computing
Resources) [13], PBS20 as well as web services or clouds [14].

The web-desktop environment, named Astronomical & Physics
Cloud InteractiveDesktop (ACID) [15], allows to usemany software
packages without any installation on local desktops exploiting
their native graphical user interface. It employs an ad hoc VNC-
based environment that provides each user with a persistent stag-
ing area.

Finally, a common menu bar has been added to allow the
integrationwith the different ‘‘CTA science gateway’’ modules. The
role of the common menu-bar is to (i) standardize the layout of
each module using a shared common Cascading Style Sheet (CSS);
(ii) prompt the userwith a common top-menu that provides access
to each module; (iii) prompt the user with information about
her/his current session: such as username and log-out/log-in fa-
cilities.

The overall architecture of the INAF workspace is depicted in
Fig. 1. The gateway is able to connect with a variety of DCIs thanks

7 XANADU software package: https://heasarc.gsfc.nasa.gov/xanadu/xanadu.
html.
8 GammaLib: http://gammalib.sourceforge.net/.
9 ctools: http://cta.irap.omp.eu/ctools/.

10 Fermi Science Tools: https://fermi.gsfc.nasa.gov/ssc/data/analysis/.
11 Aladin: http://aladin.u-strasbg.fr/.
12 IRAF: http://iraf.noao.edu/.
13 Gartner has named Liferay a Leader for the 7th year in a row (2016): https:
//www.liferay.com/en/company/gartner.
14 Number of Liferay downloads from sourceforge.net: https://sourceforge.net/
projects/lportal/files/stats/timeline.
15 DIRAC INTERWARE web page: http://diracgrid.org/.
16 ARC web page: http://www.nordugrid.org/arc/.
17 GLOBUS web page: https://www.globus.org/.
18 gLite web page: http://cern.ch/glite.
19 UNICORE web page https://www.unicore.eu/.
20 PBS (Portable Batch System) web page http://www.pbsworks.com/.
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