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The Cherenkov Telescope Array 

Concept  
• 2006:  The CTA concept was first proposed to 

the ESFRI committee 
 

• CTA Consortium :  consists of more than 1000 
scientist and engineers. 
 

• More than 160 institutions from 27 countries 
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Note di presentazione
ESFRI  European Strategy Forum on Research Infrastructures
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The CTA Concept 

ASTRI SST-2M at Serra La Nave (CT) 
Work in progress… 

Inauguration on September 24, 2014 

Current systems of Cherenkov telescopes use at most four 
telescopes, providing best stereo imaging of particle cascades 
over a very limited area, with most cascades viewed by only 
two or three telescopes. An array of many tens of telescopes 
will allow the detection of gamma-ray induced cascades over 
a large area on the ground, increasing the number of detected 
gamma rays dramatically, while at the same time providing a 
much larger number of views of each cascade. This results in 
both improved angular resolution and better suppression of 
cosmic-ray background events.   
In a possible design scenario, the southern hemisphere array 
of CTA will consist of three types of telescopes with different 
mirror sizes in order to cover the full energy range. The 
northern hemisphere array would consist of the two larger 
telescope types.   

https://portal.cta-observatory.org/Pages/Home.aspx 

LST  designed to detect showers at low-energy range  < 100 GeV   mirror 
diameter ~23m 
MST core energy range 0.2-10 TeV   mirror diameter ~12m 
SST high-energy range > 10 TeV     

Relatore
Note di presentazione
Artist’s view of the central part of a possible array configuration. 4 LSTs, ~30 MSTs, and ~50 SSTs, at larger distances, scattered over several
square kilometres.
Large, Medium, Small size telescope
LST  designed to detect showers at low-energy range  < 100 GeV   mirror diameter ~23m
MST core energy range 0.2-10 TeV   mirror diameter ~12m
SST high-energy range > 10 TeV    
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The CTA Concept 

HEP-SPEC06 (HS06) is the new HEP-wide benchmark for measuring CPU performance.  
One HS06 is providing a processing capacity of 3600 × 24 × 365 = 31536 kHS06 · sec · year−1. 

Relatore
Note di presentazione
Artist’s view of the central part of a possible array configuration. 4 LSTs, ~30 MSTs, and ~50 SSTs, at larger distances, scattered over several
square kilometres.
Large, Medium, Small size telescope
LST  designed to detect showers at low-energy range  < 100 GeV   mirror diameter ~23m
MST core energy range 0.2-10 TeV   mirror diameter ~12m
SST high-energy range > 10 TeV    
HEP-SPEC
High Energy Physics (HEP) labs,
	



CTA Applications 

CTA LDAP 

CTA IdP 

High Throughput Data Analysis for CTA 

EGI HTC and 
data facilities 

CTA 
resources 

computation 

CTA Science Gateway 

... App. 
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Authentication 

App. 
N Authorization 

Integration Layer 

CTA sites 

InsilicoLab Service Stack gUSE/WS-PGRADE Service   
Stack 

Middleware services set 

Liferay Portlet set Liferay Portlet set 

Middleware services set 
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Hpc (mpi)
Htc (cluster senza MPI)





CTA Science Gateway Prototype 

• A CTA gUSE/WS-PGRADE Science Gateway implemented by INAF.  
 https://cta-sg.oact.inaf.it/ 
• Workflows Sharing (SHIWA repository) 
• Single Sign On:  SAML 2,  Shibboleth. 
• CTA Identity Provider 
• Easy integration with Identity Federation 
• Astronomical & physics Cloud Interactive Desktop (ACID) 
• ACID is an “Application As A Service” &  “Data As A Service”  
• Cloud Data through the use of OwnCloud 
• More than 150 astronomical and physics tools!  
• ACID can be accessed by mobile devices 
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A CTA gUSE/WS-PGRADE Science Gateway has been implemented by INAF. 
	http://cta-sg.oact.inaf.it/
Workflows Sharing (SHIWA repository)
The Single Sign On solution adopted in this Science Gateway is SAML 2:  Shibboleth Identity provider
This allows users to authenticate at CTA Identity Provider and then access the portal.
This technology allows to integrate the portal with an Identity Federation
The CTA gUSE/WS-PGRADE Science Gateway provides the
	  Astronomical & physics Cloud Interactive Desktop (ACID)
This is an “Application As A Service” environment that allows to use many software packages through the  Science Gateway. The users will be able to exploit, the native Graphical User Interface of each application available in the ACID environment.
ACID is also a “Data As A Service”  environment that makes available a seamless  data sharing between the Science Gateway and the user desktop.
More than 150 astronomical and physics tools  are provided by the CTA  WS-PGRADE gateway such as: Ftools, FV,  Proﬁt, Xanadu, Xspec, Xronos, Ximage, DS9, Sextractor, Tempo2, IRAF, IRAF Ximtool, Topcat, Aladin, ROOT, EUTelescope, Geant4....
ACID can be accessed with a dedicated infrastructure by mobile devices
Cloud Data through the use of OwnCloud


http://cta-sg.oact.inaf.it/


Science Gateway 

Computing Resources 

ACID Portlet 

ACID 
 (off-line analysis) 

ACID 
 (Interactive 

analysis) 

Overall Architecture 



Science Gateway 

Overall Architecture 
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Liferay Portal Community Edition is an open source enterprise portal management system  written in Java and distributed under the GNU Lesser General Public License
It supports the JSR 168 standard for portlets development
gUSE/WS-PGRADE is a portal family made for easy define and manage scientific workflows
ACID Astronomical & Physics Cloud Interactive Desktop
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Scalability  

• Tomcat runs the Scientific Gateway. 
• Tomcat is integrated with Apache by AJP 
• This Architecture allows Load Balancing 

AJP 
 

Relatore
Note di presentazione
In our architectural design of the infrastructure the application server (Tomcat 6.0.36 ) runs the Scientific Gateway.
Tomcat is integrated with Apache by using Apache JServ Protocol (AJP) version 1.3. Apache receives the incoming request that is forwarded via AJP to Tomcat, the response will also be sent back to the Apache server via AJP.

Mod_jk



Single Sign On & Security 
– SAML 2  (Security Assertion Markup Language): The standard. 

 
– Shibboleth 

 
– Most widely used in education, government 
– Broadly adopted in Europe 
– The new 2.0 release implements SAML 2 ! 

• Backward compatible with 1.3 
– Free & Open Source 

• Apache 2.0 license 
 

• Identity Provider   
• Service Provider 
• Liferay AAI (Authentication Authorization Infrastructure) 

 
– HTTPS via ssl Certificates issued by a trusted Certificate Authority’s Root 

Certificate: TERENA (Trans-European Research and Education Networking 
Association) 
 
 Shibboleth 

Relatore
Note di presentazione
The Shibboleth project is an implementation of SAML, which is a specification of a protocol that deals with exchange of ASSERTIONS (AKA security TOKENS)
A shibboleth server is an installation that implements the Identity Provider side of the SAML protocol, and it will be able to talk to any Service Provider as long at they both follow the specifications of SAML.

Shibboleth consists of several individual components: the identity provider(IdP), service provider(SP), and discovery service(DS)


Shibbboleth è un pacchetto software open source e standardizzato che ha per obbiettivo il web Single Sign On, molto ricco per quello che riguarda lo scambio degli attributi, basato su standards aperti tra cui, prevalentemente, SAML2.
E’ un sistema federato che supporta l’accesso sicuro a risorse attraverso il web: le informazioni relative all’utente vengono trasmesse dall’Identity Provider (IdP) aziendale al Service Provider (SP) esterno che le prepara per la protezione dei dati sensibili e per l’utilizzo da parte delle applicazioni.
Il processo di autenticazione avviene, in buona sostanza, nei seguenti termini:
a) l’utente richiede la connessione ad una risorsa protetta facendo sì che il SP intercetti la richiesta (la risorsa da proteggere è definita nei files di configurazione del web server che la ospita);
b) il SP, basandosi sulla configurazione di cui sopra, determina a quale IdP far riferimento e quale protocollo utilizzare attraverso un meccanismo di “scoperta” noto come servizio WAYF (acronimo di Where Are You From): la richiesta di autenticazione è così delegata al WAYF che la passa all’IdP selezionato dall’utente;
c) come risultato delle azioni precedenti, una richiesta di autenticazione via browser è inviata dal SP all’IdP selezionato dall’utente: l’IdP decide se l’utente può autenticarsi e quali attributi inviare al SP, scelta questa basata prevalentemente sulle caratteristiche del SP che fornisce il servizio e su quelle dell’attributo principal dell’utente;
d) l’IdP impacchetta e firma i dati che trasmette sotto forma di asserzione SAML al SP che la spacchetta e la decodifica eseguendo poi una serie di controlli di sicurezza per decidere infine se il richiedente abbia o meno diritto di accesso alla risorsa desiderata;
e) infine, se il processo di verifica del punto precedente ha esito positivo, l’utente viene finalmente rediretto alla risorsa richiesta.



Single Sign On  
(Liferay Attribute Management) 

• Auto creation of a new LIFERAY user using 
Shibboleth attributes (email, first name, last 
name) 
 

• Auto update of user information upon login 
 

• Role mapping 
 

 

Relatore
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Liferay AAI (Authentication Authorization Infrastructure)




Supported Cloud Standards 
 

• Since Jan 2014 Direct Cloud Access is provided 
(gUSE version 3.6.2)  
 

• By this feature the user can easily submit jobs 
directly to an accessible cloud. 

 
 

• Any clouds that implements the Amazon EC2 interface 
• (e.g. OpenNebula) are accessible CTA Science Gateway 

Relatore
Note di presentazione
OneFlow
OneFlow allows users and administrators to define, execute and manage multi-tiered applications, or services composed of interconnected Virtual Machines with deployment dependencies between them. Each group of Virtual Machines is deployed and managed as a single entity, and is completely integrated with the advanced OpenNebula user and group management.
OneGate
OneGate allows Virtual Machine guests to push monitoring information to OpenNebula. Users and administrators can use it to gather metrics, detect problems in their applications, and trigger OneFlow auto-scaling rules.

From gUSE version 3.6.2 direct cloud access is provided. 

By this feature the user can easily submit jobs directly to an accessible cloud.
 
This direct cloud access solution doesn’t need any third party brokering for job submission. 

Any clouds that implements the Amazon EC2 interface (e.g. OpenNebula) are accessible CTA Science Gateway

The user just needs a valid authentication to the selected cloud resource provider. 




• ACID 
 
 

• gUse/WS-PGRADE 
 
 

• Liferay  

Overall Architecture 



OpenNEBULA 
 

OneFlow Multi-VM Application 
Deployment 

ACID  
Astronomical & Physics Cloud Interactive Desktop 

ownCloud  
Server 

 
Data & 

Accounts ACI
D 

Server 
ACI
D 

Server 

ACI
D 

Server 

Shared FS & Accounts 

Thanks to the OneFlow component introduced in 
OpenNebula 4.2, related virtual machines can be 
grouped into a Service 
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OneFlow
OneFlow allows users and administrators to define, execute and manage multi-tiered applications, or services composed of interconnected Virtual Machines with deployment dependencies between them. Each group of Virtual Machines is deployed and managed as a single entity, and is completely integrated with the advanced OpenNebula user and group management.
OneGate
OneGate allows Virtual Machine guests to push monitoring information to OpenNebula. Users and administrators can use it to gather metrics, detect problems in their applications, and trigger OneFlow auto-scaling rules.




ACID 
Astronomical & Physics Cloud Interactive Desktop 

• Application Service Provider : 
– It offers more than 150 applications as a service 

accessible by the CTA INAF prototype 
• Data Cloud environment 

– Data Cloud is available to Applications and it is shared 
with your local computer  



Storage (data cloud) 

Thanks to Unison and 
ownCloud the user will 
find his data on CTA 
Gateway 

CTA 
Gateway 

Server 

ownCloud client allows 
end user to share files on 
his desktop or smartphone  



Function and Purpose 

• This CTA Science Gateway  is a web environment 
 

• It is an environment:  Gateway + Data Cloud  
 

• It includes different tools that are necessary for the science 
analysis of CTA data. 
 

• It allows to implement  
• Standard reduction pipelines (OffLine mode ) 
• Real-Time analysis pipelines  (Interactive mode) 
 
 
 
 
 



Offline analysis 

Science Gateway 
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Resources 
gLite, PBS, LSF, GLOBUS, Unicore  

CLOUD …. 

Registry Search, Retrive data, publish Results… 

 
 
 
 
 
 

ACID 
as a DCI 



Workflow Editor &  
Repository   

 
 

• Our Workflows can be 
designed  with the “graph 
editor” We can rely on a 
local and a public workflow 
repository . 
 

• Collaborative environment 
 

 
 
 
 



Science Gateway Features 



Workflows through a Simple 
Interface  

ASM (Application Specific Module)  in ACTION 
 

Workflow submission 

Relatore
Note di presentazione
The portal developers only are aware of the workflow complexity !
The ASM (Application Specific Module) technology allows us to create a simple interface (a portlet) where the workflow creation, submission  and the output  retrieval are easy to access with a single mouse click.
 



Workflows through a Simple 
Interface  



ONLine (Interactive) Analysis 



ACID  
Astronomical & Physics Cloud Interactive Desktop 
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This is the main graphical user interface of ACID




ACID  
Astronomical & Physics Cloud Interactive Desktop 
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The software packages that we can use in ACID environment




ACID  
Astronomical & Physics Cloud Interactive Desktop 

Relatore
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Some of the Graphical User Interfaces of the programs:
DS9 – a program for FITS images and binary tables
Sextractor builds catalogue of objects from an astronomical image
Tempo2 – Pulsar timing package
IRAF – the well known Image Reduction and Analysis Facility. Here we open a terminal session with all environment variables already set.
TOPCAT – Interactive graphical viewer and editor for tabular data.
Aladin Sky Atlas – allows the user to visualize digitized astronomical images. (wait)�In this case we search for M31, Andromeda gàlaxy, and zoom in
ROOT – deleloped by CERN – A complex set of object òriented frameworks 
EUTelescope – also this developed at CERN
GEANT4 – A toolkit developed at CERN for the simulation of the pàssage of pàrticles through matter. Here we see one of many examples contained in ACID
 




Conclusions 
• Standards 

– Java Portlet Specification (JSR168) 
– SAML 2.0 
– WS-PGRADE/gUSE 

• Enlarge the developer community 
• Improve the sustainability of the software 
• An ecosystem of new technologies: 

– Mobile access 
– Federated authentication 
– Workflow engine  
– Cloud services 

• Tailor a product that suits the present and future 
requirements of the CTA community. 
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Note di presentazione
We used a set of wide adopted standards and tools such as Java Portlet Specification (jsr168), SAML 2.0, WS-PGRADE/gUSE, with the aim of enlarging the developer community and improving the sustainability of the software project. This solution provides an ecosystem of new technologies: mobile access, federated authentication, workflow engine and cloud services with an high level of flexibility
in order to tailor a product that suits the present and future requirements of the CTA community.
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