
THE D4SCIENCE INFRASTRUCTURE TO SUPPORT ACADEMIC COURSES 

 
Nadia NARDI(1) - Giampaolo CORO(2) - Pasquale PAGANO(2) 

 
(1) Engineering - Ingegneria Informatica SpA, Rome, Italy  

(2) CNR - National Research Council, Pisa, Italy 

 
 

ABSTRACT 

 

To be able to promote and exploit Data, such as Space Data, 

for societal innovation and education, a clever space  is 

required, rather a training environment, where everything 

needed to successfully support scientists, trainers, trainees 

and students needs to exist. The D4Science e-Infrastructure
1
 

does just this.  

D4Science supports the operation of a large set of 

diverse Initiatives, Communities of Practice, and Projects by 

offering Virtual Research Environments (VREs) and 

Services. It aims to offer trainees remote computational 

facilities to execute experiments and provide facilities to 

visualize datasets and perform analysis. D4Science supports 

academic courses by taking a comprehensive approach to 

what it means to boost education and facilitate knowledge 

bridging between research and innovation. 

 

Index Terms— Education, D4Science, BlueBRIDGE, 

VRE, e-Infrastructure. 

 

 

1. THE EDUCATION LANDSCAPE 

 

Education, together with research and innovation, is one of 

the priorities of EU investments to boost jobs and growth, as 

highlighted by the new European Commission’s political 

guidelines [1]. Its importance is particularly relevant in 

complex scientific contexts, such as observation data 

collected by space-borne and ground-based sensors, which 

have an important impact on societal and economical 

strategies. Education is often performed in university 

courses and through focused training events and workshops. 

These are organised by specialised scientific institutes, and 

address scientists at various stages of their careers. 

Unfortunately, trainees hardly have in their academic 

careers the possibility to work with an operational data 

platform of any type. Experimentations and academic 

project works are often done on simulated environments or 

sample data sets. The role of e-Infrastructures and the 

European Research Area
2
 (ERA) should be regarded also as 
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a means to support scientists during their initial careers in 

Higher Education Institutions (HEI) by allowing students to 

explore such operational environments and gain hands-on 

experience on real scientific challenges. 

 

2. THE D4SCIENCE E-INFRASTRUCTURE 

 

D4Science [2] operates a Hybrid Data Infrastructure that: (a) 

is designed to integrate “resources” from other e-

Infrastructures and commercial vendors by using a system 

of systems strategy, (b) offers unified access to integrated 

resources by abstracting from the underlying e-

Infrastructures, and (c) is called to serve different 

Communities of Practices.  

Born in 2004 from a series of e-Infrastructure projects 

(namely DILIGENT, D4Science I and II), it addresses the 

lack of a data platform to support the manipulation and 

management of Data of any nature by scientists. From 

Digital Libraries in support of Environmental Conferences 

(ESA scenarios in DILIGENT and D4Science) to the 

computational support of world fishery data (FAO scenarios 

in D4Science I and II), the D4Science platform – based on 

the gCube system
3
 – has proven its suitability to support 

Science and Education challenges.  

D4Science connects +2000 scientists in 44 countries, 

integrating +50 heterogeneous data providers, executing 

+13,000 models and algorithms/month; providing access to 

over a billion quality records in repositories worldwide, with 

99.7% service availability. D4Science hosts +40 Virtual 

Research Environments (VREs) [3], [4], [5] to serve the 

biological, ecological, environmental, mining, and statistical 

communities’ worldwide. 

D4Science manages several organizations, mapped as 

Virtual Organizations (VOs), each of which manages 

several sub-communities, mapped as VREs [6]. VOs and 

VREs are hereafter called operational context or simply 

context. 

Each VO and each VRE has: 

 At least one manager who has the responsibility to 

manage the users belonging to his/her contexts.  

 One key used to encrypt/decrypt sensible information 

on the different enabled storage devices and to 
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encrypt/decrypt access credentials stored in the Wallet 

service.  

 A subset of the resources (applications, platforms, 

datasets, hosting nodes, storage devices) that can be 

exploited by the users belonging to that context.  

Users and resources can be assigned and withdrawn at 

any moment to any operational context. Changes are 

immediate without any human intervention. Users can 

belong to several contexts, and resources can be shared 

across operational contexts. 

The D4Science e-Infrastructure is logically composed of 

seven areas: Enabling Layer, Spatial Data Infrastructure, 

OLAP Infrastructure, Storage Infrastructure, Computing 

Infrastructure, Analytical Infrastructure, and Registries. 

Each of the areas exploits several heterogeneous 

technologies integrating more than 500 software 

components. All of them are made interoperable through the 

exploitation of gCube Mediators while common registries 

make resources and data easy to discover. The publication 

of resources and data profiles is performed by Mediators 

that, in a transparent manner to the federated resources, 

perform harmonization and publication realizing a unified 

view of the infrastructure resources. 

D4Science not only offers services that facilitate the 

discovery of resources and data, it offers services for 

seamless access and analysis to a wide spectrum of data 

including biological and ecological data, environmental and 

geospatial data, statistical data and semi-structured data 

from multiple authoritative data providers and information 

systems. 

Services offered include: facilities to manage distributed 

resources efficiently (monitoring, accounting, alerting, 

failure-recovery, scale-in/out); facilities for end-users 

according to the Science 2.0 paradigm (web portal, 

workspace, messaging system, social networking) [7], [8]; 

facilities for efficient data management (data and metadata 

harmonization, metadata generation, data discovery and 

access); facilities for visualizing large datasets (GIS maps, 

graphs, tables); facilities to perform data analysis (Artificial 

Intelligence algorithms; forecasting and signal processing 

methods); facilities to efficiently perform computations on 

large datasets (cloud computing and high-throughput 

computing). These services can be exploited both via web-

based graphical user interfaces and web-based protocols for 

programmatic access, e.g. REST and SOAP. This offering 

complements specific and community-specific applications 

and helps to integrate all of them in a unique VRE. 

All facilities are completely integrated and users/services  

Figure 1- D4Science Architecture 

 

are authorized to exploit them under the limit expressed by 

the policy in turn expressed by the VO/VRE Manager in the 

operational context of the call.  

The authentication of a user is based on Userid and 

password while the identity of a service is based on the host 

certificate. The Authentication service matches information 

received with data contained in the User Store assigned to 

the operational context and returns the response. The 

response could either be a Security Assertion Markup 

Language (SAML) assertion containing authentication 

information and user attributes, or an identity token giving 

permission to get authentication information and user 

attributes if the authentication succeeds, otherwise an error 

message is shown. The module is totally decoupled from the 

rest of the architecture in order to avoid any conflict with 

the federated resources. 

Shibboleth
4
 is used for obtaining web browser Single 

sign-on (SSO) for portal-based authentication, and is 

integrated with the Enabling Layer in order to obtain 

Federated Authentication for services. Federated 

Authentication is here a type of Authentication based on a 

signed SAML Token indirectly referenced in a SOAP 

message, containing the authentication information of a user 

authenticated in the federated and trusted domain. Three 

exploitation models are available to meet the different user 

needs: 

 As a user, you can securely preserve, access (from 

anywhere), and confidentially share your data and 

exploit one or more of the existing applications; 

 As a group of users, you can create your own virtual 

environment and add the applications you need; 

 As a community, you can manage the communities and 

offer them a set of virtual environments.  
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3. THE CHALLENGE 

 

The current situation in different educational institutions is 

very fragmented, heterogeneous and characterised by a lack 

of technological support for scientists, trainers, trainees and 

students. All the steps in preparing courses and workshops 

require manual work, which is repeated each time a new 

course is held. These steps often need the training 

environment to be reset and reconfigured for the next 

course. For example, available data processing services and 

models come under heterogeneous programming languages, 

which usually require installing complex software on users’ 

computers. Furthermore, executing models on users’ data 

usually requires a long phase of data preparation and 

powerful hardware, not always available in the laboratories 

of the institutions. Sharing data, parameters and results of 

experiments is difficult and collaboration between trainers 

and trainees is limited to the duration of the course. The 

requirement here is an instrument that bridges the scientific 

and training environments. 

 

4. THE AMBITION 

 

The services D4Science offers and the VRE-based approach 

can be applied to different scientific and industrial contexts. 

For example, in the BlueBRIDGE project
5
, D4Science 

exploits its environment supporting practical uptake of 

scientific knowledge (in workshops and academic courses), 

by leveraging on its capacity offered. These specific VREs 

for education offer services enabling collaboration and 

integrated access to digital research resources, cross-

disciplinary and cross-community tools, data and services. 

On one hand, it supply’s courses and workshop attendees 

with tools to easily discover and access a rich set of 

structured and high quality data. By using this virtual and 

ubiquitous workspace, attendees can exploit a large variety 

of always up-to-date models to first analyse, compare and 

share resulting datasets, and then to discuss analytical 

processes. On the other hand, the effort spent by trainers to 

prepare the environment for these courses is reduced. This 

largely contributes to boosting training programmes, giving 

them a new volume and a new thematic and geographic 

reach. In addition, service-based VREs provide facilities for 

managing data, parameterizing models and providing 

standard access to them. Furthermore, they offer the 

computational capacity required to run model simulations. 

Enabling transparent access to remote computational 

facilities for executing experiments helps trainees who do 

                                                 
5
 BlueBRIDGE (bluebridge-vres.eu) receives funding from 

the European Union’s Horizon 2020 research and 

innovation programme under grant agreement No. 675680. 

not have access to powerful hardware, but have decent 

bandwidth, to process huge datasets. This facility is crucial 

especially in developing countries, where classes can be 

granted Internet access but not powerful hardware. VREs 

can be opened before and remain open after the events have 

taken place. In this way, course attendees can prepare 

themselves beforehand and, work also after the course, 

continuing experimentation on their own datasets, as in the 

case of a student working on degree theses.  

In order to strengthen communication between trainees 

and trainers and also to facilitate collaboration among 

trainees, the VREs also offer social networking and sharing 

facilities in accordance with the Science 2.0 vision. These 

facilities simplify exchange of opinions, models, datasets 

and results about their research. 

 

5. USE CASE 

 

D4Science facilities can concretely help trainers to setup 

and manage a course. Since a VRE collects individuals that 

are interested in a certain domain, it can also be used as a 

support for a class of attendees (e.g. students, scientists etc.). 

The D4Science VRE creation tools allow adding a 

description to a new VREs and selecting the e-Infrastructure 

resources (applications, databases, data sets, etc.) that the 

VRE services and participants require.  

Once the VRE has been created, D4Science offers the 

VRE manager (i.e. the trainer) web tools to invite attendees 

to subscribe to the VRE. Each subscribing attendee is 

automatically given a private Workspace area, an online file 

system on which he/she can upload private files. This is the 

main tool for data sharing offered by D4Science and the 

trainer can base course material distribution on this facility. 

In particular, VRE participants are automatically provided 

with a special folder (VRE folder) that is shared among all 

the participants. Data either uploaded or saved in that folder 

are automatically shared with the other participants. Outside 

of that folder, one attendee’s data are private, but the 

D4Science Workspace gives the user the option to share 

them with selected colleagues. 

The trainer usually creates a course structure under the 

VRE folder, where course material is uploaded and 

organized. The D4Science sharing mechanisms 

automatically notify the VRE participants as soon as new 

material is available. The VRE folder can be structured also 

before inviting the course participants to join the VRE. 

 Through the VRE creation mechanisms which 

D4Science services and Web applications attendees can use 

is defined. Among these, the trainer can select data mining 

algorithms [9], domain specific models (e.g. stock 

assessment, ecological models etc.) and data preparation 

tools [10] that are compliant with the topics of the course. 

Every D4Science service is have mechanisms and interfaces 

to save data in the Workspace. For example, the result of an 



experiment, the input data and parameters can be saved as 

files on the shared file system. This allows attendees to 

communicate, collaborate and also to produce results for the 

trainers, as a demonstration of their learning achievements. 

In this phase, having D4Science services running the 

computations, reduces the time to configure attendees’ 

experimental setup and facilitate the production of results in 

a timely manner. Attendees may have folders on the 

Workspace shared with the trainer, either prepared by the 

trainer before the course or created by the attendees. When 

attendees save data on that folder, the trainer is 

automatically alerted. This interaction modality allows, for 

example, attendees to do homework after the course and 

eventually send the results of the homework/exam to the 

trainer.  

Finally, a set of social networking facilities is integrated 

with the D4Science VREs. These allow users, for example, 

to post information or to subscribe to other posts. All the 

posts are automatically sent via email to the VRE 

participants. This allows using posts as mailing lists, 

leveraging trainers’ duty to create specific communication 

means for courses.  

The here described use case is still valid if a course 

requires organizing attendees in working groups. The 

scalability of the D4Science solution allows trainers to share 

information with groups of people as well as with one single 

user. In this view, D4Science implements a multi-granular 

approach to teaching. Up to now, this method has been 

applied to several courses managed by the D4Science team 

in European Universities [11] and is going to be applied also 

to courses for scientists in the domain of marine science. 

 

6. CONLUSIONS 

 

The exploitation of Space Data through European Research 

e-Infrastructures for Societal innovation includes the need to 

create the optimal workspaces to create and consume 

academic courses. Education Needs must be given the right 

importance and effort to continuously improve the 

experience for both trainer and trainee.   

D4Science, in-line with Science 2.0, makes state-of-the-

art technologies and infrastructures accessible to education, 

ultimately increasing information-sharing and collaboration, 

also by giving easy access to data and models. Furthermore, 

D4Science promotes the reuse of science (new models, new 

data) in different contexts. It facilitates new models/data to 

be used not only to address scientific challenges, but to 

educate and train new scientists.   
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