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1 Introduction 
 

1.1 Purpose of the document 

The purpose of this document is to provide the evidence of the final architecture of the EVER-EST infrastructure. 
Then, the document aims to show what are the main components of the virtual research environment and 
ŘŜǎŎǊƛōŜ ǘƘŜ !tLΩs and interfaces that allow each of them to interact with the others. It is, by definition, a final 
ǎǳƳƳŀǊȅ ƻŦ 5рΦм ά9±9w-9{¢ !ǊŎƘƛǘŜŎǘǳǊŜέΣ ǿƘƛŎƘ ŀƭǎƻ ŎƻƴǘŀƛƴŜŘ ǘƘŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ŜŀŎƘ ŎƻƳǇƻƴŜƴǘ ŀƴŘ ǘƘŜ 
approach that was going to be followed for its implementation and integration into the system.  

 

1.2 Background 

The current document was not in the original list of project deliverables. It has been formally requested by the 
EU Officer ς Mr. Antonios Barbas ς after the first informal interim review that was held in Brussels, June 2016.  

 

1.3 Document structure  

This introductory chapter has been thought mainly to provide key information to readers that do not belong 
to the EVER-EST technical team in order to provide further information concerning the document objectives 
and background.  

 

The EVER-EST VRE architecture, in Chapter 2, provides a simplified high-level view of the architecture, 
describing from a very high-level perspective the goals and functions.  

 

Chapter 3, the Research Object in Earth Science, provides an overview of the entire mechanism behind the 
adoption of Research Objects in the Earth Science domain: this goes from the functionalities that 
researchers can use from the VRC GUI (described further on in chapter 4), to the backend, to the different 
!tLΩǎ ǘƘŀǘ ǘƘŜ wh-HUB provides to the other components. This chapter is an evolution of the original version 
ƛƴ 5рΦм ŀƴŘ ŦƻŎǳǎŜǎ ƻƴƭȅ ƻƴ ǘƘŜ whΩǎ ŎƻƴŎŜǇǘǎ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΦ !ƭƭ ǘƘŜ ǇŀǊǘ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ±w9 and VRC 
portal and GUIΩs are described in chapter 4.   

 

Chapter 4, Common Services, refers to the category of services that are vital to guarantee the correct 
functioning between the various infrastructure components, and between the infrastructure and the final 
users.  

 

Chapter 5, E-Collaboration services and GUI design, provides details concerning the Content Management 
System (CMS) that shall ensure that the necessary collaboration tools are deployed which shall include 
means to integrate via the support of !tLΩǎ ǘƻƻƭǎ ŦƻǊ όŜΦƎΦύ ǾƛŘŜƻ ŎƻƴŦŜǊŜƴŎƛƴƎΣ ŎƘŀǘ and messaging. 
Additional information shall be provided about specific e-collaboration services that focus on Research 
Objects and that shall be implemented during the project. The initial part of the chapter provides an 
overview of both the VRE and VRC Graphical User interfaces, describing the design approach, the 
functionalities and the interfaces of both components.  

 

Chapter 6, E-Research Services, describes the core technologies that guarantee users to perform their 
research activities. This mainly corresponds to data processing activities and therefore the EVER-EST 
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solution, based on Sandbox Cloud Processing is widely described in all its functionalities and features. The 
second part of the chapter focuses on workflow management and provides information about the workflow 
engines that shall be adopted within the project, in connection to ROHub. The last part of the chapter 
provides a description of which technologies shall ŀƭƭƻǿ ǳǎŜǊǎΩ ǊŜǎŜŀǊŎƘŜǎ ŀƴŘ ŦƛƴŘƛƴƎǎ ǘƻ ōŜ ǇǊŜǎŜǊǾŜŘ ƛƴ ǘƘŜ 
long term.  

 

Chapter 7, E-Learning, describes the technology that shall be adopted to guarantee that e-learning 
capabilities are integrated in EVER-EST.  
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2 The EVER-EST VRE Architecture 

2.1 The architecture in a nutshell 

Figure 1 provides a high-level overview of the EVER-EST VRE architecture.  

 

 
Figure 1 The EVER-EST VRE Architecture 

 

The architecture reflects the organisation of functions across the various layers and with regards to the core 
elements of the design (on the right of the Enterprise Service Bus vertical component) the following can be 
identified:  

 

1. Presentation Layer - on the top part of the architectural diagram - contains the core elements and 
technologies that shall guarantee the availability of those services and functions, which are directly 
used by the different communities. It includes the ROHub, the e-collaboration, e-learning and e-
research services along with the mechanisms for Earth Science data discovery.  
 

2. Service Layer - in the central part of the architectural diagram - provides both generic VRE services 
and Earth Science specific services. These components represent the reasoning engine of the e-
infrastructure and actually orchestrate and manage the services available to the VRE final users.  

 

3. Data Layer - bottom part of the design - references the data holdings made available to the VRCs: 
data is linked and proper means are provided, where feasible, to access it from the VRE. As a default 
setting, data will not be copied or duplicated, but will continue to reside on the ǇǊƻǾƛŘŜǊΩǎ ƭƻŎŀƭ 
servers unless it is directly retrieved by the user. 
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The two components on the left part of the core Architecture design include:  

 

1. The VRE Gateway and the VRC D¦LΩǎ. This is actually the main Gateway used to access the EVER-EST 
services, including public research objects, a deployment of the Jupiter Notebook, KPI 
measurements plus additional on-line training modules made available for guest users. The Gateway 
contains the shortcut to each VRC user interface. While some services and functions can be seen as 
common and transversal to all the VRCs, a set of features and functions are specific for each of the 
communities that shall require an ad-hoc design. The specific features regarding the user interface 
are not described in detail since they are evolving as the system is used and maintained.  
 

2. The Enterprise Service Bus, with particular focus on the services for Security and Identity 
management, as the interaction of each user with the VRE, requires multiple levels of security and 
identity controls across the entire infrastructure (e.g. rights to access the VRE, or to execute a 
process, discover a catalogue, access data, etc.).  

 

 Presentation layer 

 

 
 

Figure 2 Presentation Layer 

 

The EVER-EST VRE infrastructure is RO-centric: it takes advantage of the new concept and paradigm of 
Research Objects to provide features that are applied for the first time in Earth Science during the project. 
Users are able to share their findings in the shape of scientific workflows that can be analysed, executed and 
possibly modified by others - with full respect of Citation, Trust and IPR management issues. The technology 
can be also used to prepare workflows that are executed automatically (e.g. every week or each time new 
data is available) or involve different users within the same organisation.  

The way the infrastructure has been designed allows the full or partial use of its services depending on what 
are the specific constraints of each organisation participating to the project. The following main modules, 
which belong to the Presentation Layer, have been identified:  

 

1. The VRE Portal provides access to the user interfaces made available during the project lifecycle: 
from the Virtual Research Community portals fully customised on VRC needs (see Chapter 5), up to 
the ROHub portal whose functioning mechanisms and APIΩs are widely described in Chapter 3. 

2. E-Collaboration services. A consistent part of the standard services for e-collaboration is guaranteed 
to users by the integration and adaptation of existing COTS. In particular, user and group 
management, and the creation of specific user interfaces is guaranteed by the use of a Content 
Management System application, described in Chapter 5. In addition, the integration - via standard 
!tLΩǎ - of those specific services (e.g. chat, video conferencing, etc.) that emerges from WP3 use 
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cases. Specific RO centric e-collaboration services are available to final users, as in the case of 
Collaboration Spheres described in section 3.4.3.  

3. User interface for Data Discovery, Access and Analysis. It is evident that a consistent part of the 
services available to final users must allow Earth Scientist to perform their everyday operations, 
which normally includes the Earth Science Data Discovery. The user interface component for Data 
Discovery and Analysis is guaranteed by the MEA platform that is described in section 4.4.  

4. E-Learning services are accessible via the Jupiter Notebook technology as described in Chapter 7.  
5. E-Research services are available - on the Presentation Layer - via the workflow management tools 

that shall allow users to create workflow centric Research Objects. Workflow managers are 
described in section 6.2.  
 

 Service layer 

 
Figure 3 Service Layer 

 

As previously described, the service layer is the reasoning engine of the infrastructure. In most cases it 
reflects the backend or the specific implementation of the services available on the presentation layer. With 
respect to the Service Layer the following have been identified:  

 

1. Research Object Digital Library (RODL). It is the backend of the ROHub component and is described 
in section 3.4 

2. Common Services. These services are almost totally hidden to the final users although they are 
essential to guarantee the infrastructure integration and user access rights management.  

3. The Sandbox is the core element that shall guarantee VRE users the capability to perform Cloud 
based processing of Earth Science data. Connected to the workflows engine on the presentation 
layer, it is described in section 6.1.  

4. Preservation services shall be integrated within the RODL. They take advantage of RO concepts but 
also leverage on findings in Earth Science preservation technologies as described in section 6.3.  
 

 Data layer 

 

 
Figure 4 Data Layer 
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This layer manages the discovery and access functionalities to external Earth Science catalogues. This is 
mostly based on the connection to Earth Observation catalogues (as it is the case of FedEO1) and specific 
catalogues as CoCoNet2. Further catalogues based on Open Search Geo and Time Extensions3 can be 
integrated in the future if the need arises in discussions with the user communities.  

                                                           
1 http://wiki.services.eoportal.org/tiki-index.php?page=FEDEO 
2 http://coconetgis.ismar.cnr.it 
3 http://www.opengeospatial.org/standards/opensearchgeo 
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3 Research Objects in Earth Science 

3.1 Overview  

The VRE portal enables scientists in the Earth Science domain with the functionalities to discover, create, 
manage, share, (re) use and preserve the research artefacts related to their use cases or studies through the 
Research Object (RO) concept and tools. This supports their capability in the use of data (known as e-
research functionalities). Such functionalities for RO management could be (loosely) compared to the 
document management functionalities provided by systems like Alfresco CMS (or other similar systems). The 
e-research functionalities provided by the VRE portal also enable users to manage their executable artefacts 
(application, jobs, workflows) and their execution environment.  

The portal enables scientists to collaborate in different modes and to communicate throughout the research 
lifecycle (e-collaboration functionalities), and provides access to training materials and online courses (e-
learning functionalities) to guide future data scientists to overcome the challenges of increasing data 
volumes and support their ability to validate, analyse, visualise, store, and curate the information. 

A major component of the VRE portal is the ROHub system inherited from the Wf4Ever project4, which 
integrates a set of RO services alongside a graphical user interface to provide a holistic solution for RO 
management. In the rest of this section the ROHub and other RO components are described, which together 
with the components described in Chapter 0 address the e-research functionalities, while the e-
collaboration and e-learning components will be described in their respective services sections. 

 

3.2 Research objects overview 

Research Objects are semantically rich aggregations of resources that bring together data, methods and 
people in scientific investigations. Their goal is to create a class of artefacts that can encapsulate our digital 
knowledge and provide a mechanism for sharing and discovering assets of reusable research and scientific 
knowledge5. The RO concept and definition was developed as part of the Wf4Ever project. Below, Figure 5 
depicts a high-level view of the Research Objects concept graphically.  

 
Figure 5 Research Objects specification 

EVER-EST VRE is the first RO-centric native infrastructure leveraging the notion of Research Objects and their 
application in observational rather than experimental disciplines and particularly in Earth Science. The 

                                                           
4 http://www.wf4ever-project.org/  
5 http://www.researchobject.org/ 

http://www.wf4ever-project.org/
http://www.researchobject.org/
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nature of ROs, which are portable units of scientific knowledge, enables the sharing, preservation, reuse, 
communication, etc. of the results in Earth Science domain.  

 

3.3 Research objects management functionalities  

Based on our experience with Research Objects, a number of RO functionalities that shall become part of 
the EVER-EST architecture definition are identified. Some of these functionalities are based on previous 
results, adapted to EVER-EST, plus some new functionality specifically addressing EVER-EST needs. The 
functionalities can be grouped by their nature into four main categories (as depicted in Figure 6):  

 

¶ RO Access & Usage: these functionalities enable consumers (scientists, researchers, other end-
users) to determine the existence, description, location and availability of stored RO resources; 
to request, access and receive (download) ROs and aggregated resources; to edit, create and 
share ROs resources; to visualise, inspect, annotate and comment ROs and aggregated 
resources; to assess and visualise RO characteristics (e.g., quality, impact, etc.). 

¶ RO Data Management & Analysis: these functionalities generate, maintain and provide access 
to added value data derived from, or related to, RO resources (e.g., quality information, 
recommendations, metadata extraction, impact metrics, etc.). 

¶ RO Storage and Preservation: these functionalities provide the underlying mechanisms for the 
storage, maintenance, search, index and retrieval of ROs and aggregated resources, ensuring 
appropriate levels of protection and the preservation of resources.   

¶ RO Lifecycle: these functionalities support the dynamic nature of RO resources, enabling the 
execution of executable RO resources (e.g., workflows), the management of RO evolution, 
including versioning and curation activities, and the provision of monitoring and notification 
mechanisms to ensure the correct preservation of ROs through time. 

 

 
Figure 6 Management functionalities 
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3.4 RO components and APIs 

RO functionalities are realised by a set of services exposing RESTful APIs alongside client applications. A 
service may implement one or several APIs depending on the focus or plurality of the functionality provided, 
and in turn the API is based upon the RO models it uses when storing and operating upon information within 
the service. 

Most of these service components are existing prototypes and few others are developed during EVER-EST 
project. In Figure 7 the APIs implemented by the services are depicted, marking with red those components 
that are not existing at the EVER-EST project kick-off, and with dashed lines the APIs that may be replaced by 
more generic implementations in EVER-EST. The latter is, for example, the case of identity management and 
access control that are replaced by a specific component developed ad hoc for the project and described in 
Chapter 0.  

 

 
Figure 7 Components and API's 

In the following the description of these components is provided, starting with ROHub the main system, 
then the collaboration spheres (a GUI for RO discovery), and then the rest of RO added-value services (most 
of them already integrated in ROHub).  

 

 ROHub 

ROHub is a research object (RO) management platform supporting the storage, lifecycle management, 
sharing and preservation of research findings via ROs. It implements a set of features to help scientists 
throughout the research lifecycle to: (i) create and maintain high-quality ROs that can be interpreted and 
reproduced in the future; (ii) collaborate along this process; (iii)  publish and search these objects and their 
associated metadata; (iv) manage their evolution; and (v) monitor and preserve them supporting their 
accessibility and reusability. 

It can be characterised as follows: 

¶ Holistic approach to scientific content preservation; 

¶ Targets researchers, scientists, students, and enthusiasts, but also supports other stakeholders 
like industry, investors, and publishers; 

¶ Online platform supporting multiple client applications, also supporting local installations; 

¶ Modular and extensible to cover specific domains needs; 
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¶ Non workflow-specific. 

 

The core component of ROHub is the backend service, RODL, which exposes a set of Restful APIs 
implementing the RO model6 to support programmatically access to the provided functionalities (see Section 
4.1.1). The backend can support multiple client applications. ROHub provides by default a reference Web 
application (ROHub portal) exposing all the research object functionalities to the end-users; however, other 
client applications, such as the EVER-EST portals, collaboration spheres, (alpha)myexperiment, and 
command line tool RO Managerrely on ROHub backend.   

 

ROHub also integrates other RO added-value services, at the front and/or back end side, including 
notification, transformation of workflows into research objects, quality and stability assessment, metadata 
enrichment, and exploratory search (see Section 4.1.3). 

 

In the context of the EVER-EST VRE, ROHub backend (RODL) is one of the central middleware components that 
supports (and interacts with) the other components in the architecture. However, the VRE provides two 
frontends to the end-users for using, accessing and managing research objects: the EVER-EST VRE portals (plus 
the specific VRCs portals), and the ROHUB portal. The EVER-EST portal enables scientists of the four VRCs and 
interested users (e.g., citizens) to discover, produce and manage their research work in Earth Observation (EO) 
through the Research Object (RO) and EO tools. This portal is the main entry point to the VRC portals, each of 
them providing a dedicated working environment interface customised to fit the VRC needs. Internally, these 
portals use research objects as the underlying mechanism to manage and preserve their work (interacting with 
RODL through the RO middleware API). However, they abstract the research object terminology and details 
from the user interface in order to enable tailored access to (some of) the research objects management 
capabilities, thus providing an operational oriented interface to research objects. ROHub portal, on the other 
hand, provides an advanced, lifecycle oriented, interface exposing the full set of research object management 
capabilities to the end-users. It is intended for more technical/advanced users that have been already 
familiarised with research objects, or who would like to analyse or manage the research object lifecycle in more 
detail. So, while in the ROHub portal, the user may need to perform multiple individual operations to build a 
research object (create, annotate, add resources, etc.), the EVER-EST portal may encapsulate all these 
operations in a single control. However, ROHub portal can also support inter-VRCs collaboration, for instance, by 
providing richer interfaces to discover research objects and resources based on cross-domain characteristics, or 
by enabling open discussions around them. Moreover, other EVER-EST VRE components like the cloud platform, 
Seafile and jupyter notebooks may interact with ROHub for carrying out some tasks (e.g., execute a workflow in 
a research object, store results in the personal file storage, etc.). 

 

3.4.1.1 ROHub architecture 

At a lower level, ROHub backend (RODL) itself has a modular structure that comprises access components, 
long-term preservation components and the controller that manages the flow of data (see Figure 8). The 
access components include a storage backend, a semantic metadata triplestore, a search & index server, and 
an internal relational database. The storage backend can use a built-in module for storing ROs directly in the 
file system (as the online platform), or it can be based on the digital library system dLibra7, which provides 
file storage and retrieval functionalities, including file versioning and consistency checking.  

                                                           
6 http://wf4ever.github.io/ro/  

7 http://dlibra.psnc.pl/  

http://wf4ever.github.io/ro/
http://dlibra.psnc.pl/
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The semantic metadata are parsed and stored in a triplestore backed by Jena TDB8. The use of a triple-store 
offers a standard query mechanism for clients and provides a flexible mechanism for storing metadata about 
any component of a RO that is identifiable via a URI. 

Additionally, the semantic metadata is indexed in a search & index server based on Solr, enabling the 
implementation of efficient search mechanisms and interfaces. Finally, internal information about the RODL 
state and interactions with other services is stored in a MySQL database. 

The long-term preservation component stores ROs in a secure, replicable storage platform, including 
resources and annotations. Additionally, ROHub supports standard preservation tasks like fixity checking and 
file format decay alerts, but it also monitors the RO quality through time against a predefined set of 
requirements. If a change is detected, notifications are generated as Atom feeds. 

 

 
Figure 8 ROHub backend architecture 

 

 ROHub Interfaces 

 

The architecture principles of Research Objects are the adoption of Linked Data and RESTful approaches. 
Accordingly, a set of APIs services has been built in order to manage ROs and its information following these 
principles. The focus of these APIs was interoperability and compatibility between different software 
components. The API suite includes several specifications for managing different aspects of ROs, including 
the core RO lifecycle and evolution, notifications, recommendations, quality information, workflow-centric 
information, etc. In the following, a brief introduction is provided for each of them, and the reader may refer 
to the full specifications that are publicly available9 for additional information.  

The two main APIs are: 

 

¶ RO API enables the storage and retrieval of ROs and their aggregated resources, as well as 
annotating them. It defines the formats and links used to create and maintain ROs in accordance 
with the RO model, and to specify relations between different resources.  

                                                           
8 https://jena.apache.org/documentation/tdb/  
9 https://github.com/wf4ever/apis/wiki/Wf4Ever-Services-and-APIs  

https://jena.apache.org/documentation/tdb/
https://github.com/wf4ever/apis/wiki/Wf4Ever-Services-and-APIs
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¶ RO evolution API enables the management of the ROs lifecycle. It defines the formats and links 
used to change the RO stage according to the evolution model, as well as to retrieve the RO 
evolution provenance.  

 

Besides the two core APIs the system exposes the following APIs to allow different useful operations: 
 

¶ OpenSearch API enables the searching and retrieval of Research Objects in a standard and 
accessible format. The exposed API implements also the geospatial and time extensions of 
OpenSearch.  

¶ Notification API generates notifications whenever there are events related to Research Objects. 
Notifications are available in an Atom format10 (similar to RSS), and clients are able to poll them 
to check if there is anything new.  

¶ User Management API provides methods for identity management to 
create/retrieve/update/delete users (based on SCIM11 ), and methods for authorisation 
management (based on OAUTH 2.012) to create/retrieve/delete access tokens and to 
register/retrieve/update/delete client applications 

¶ Access control API enables to grant permissions to the research object based on roles and 
modes. User roles can be set as owner, editor and reader, while RO modes can be set as private, 
public and open.  

 

3.4.2.1 ROHub main functionalities 

From the user point of view (i.e., frontend), ROHub provides the following key features: 

¶ Create, manage and share ROs. There are different methods for creating ROs in ROHub: (i) from 
scratch, adding resources progressively; (ii) by importing a pack of resources from other systems 
(currently myExperiment13 platform); (iii) from a ZIP file aggregating files and folders; (iv) by 
uploading local ROs from the command line using RO Manager Tool14. Resources can be added 
and annotated from the content panel that also shows the folder structure. ROHub provides 
different access modes to share the ROs: open, public or private. In the open mode, anyone with 
an account can visualise and edit the RO. In the public mode, everyone can visualise the RO, but 
only users with correct permissions can edit it. In private mode, only users with correct 
permissions can visualise and/or edit the RO.  

¶ Discover, explore and reuse ROs. ROHub provides a keyword search box and a faceted search 
interface to find ROs, as well as a SPARQL endpoint interface to query RO metadata. Another 
option for RO discovery is provided by the Collaboration Spheres, accessible from ROHub, which 
provides an exploratory search interface as described in Section 4.2. It is worth mentioning that 
as part of EVER-EST initiative, RO search capabilities based on geo-referenced criteria has been 
implemented via the OpenSearch endpoint, and a user interface (e.g., map) is provided.  

¶ Assessing RO quality Users can visualise a progress bar on the RO overview panel, which shows 
the quality evaluation based on set of predefined basic RO requirements. When clicked, users 
can visualise further information about the RO compliance. Users can also get more information 
about the quality of the RO from the Quality panel, where they can choose from different 

                                                           
10 https://tools.ietf.org/html/rfc4287  
11 http://www.simplecloud.info/specs/draft-scim-api-00.html  
12 http://oauth.net/2/   
13  http://www.myexperiment.org/home  
14 https://github.com/wf4ever/ro-manager  

https://tools.ietf.org/html/rfc4287
http://www.simplecloud.info/specs/draft-scim-api-00.html
http://oauth.net/2/
http://www.myexperiment.org/home
https://github.com/wf4ever/ro-manager
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templates to use as the basis for evaluating the RO. This functionality integrates the checklist 
evaluation service (see section 3.4.4). Additionally, users can open the RO monitor tool to 
visualise the RO stability and quality throughout time. This tool relies on the stability evaluation 
service (see section 3.4.4).   

¶ Managing RO evolution. From the RO overview panel, users can create a snapshot (or release) 
of the current state of the (live) RO, at any point in time, for sharing the current outcomes with 
colleagues, get feedback, send it to review, or to cite them. Similarly, when the research has 
concluded, they can release and preserve the outcomes for future references. ROHub keeps the 
versioning history of these snapshots, and calculates the changes from the previous one. Users 
can visualise the evolution of the RO from the History panel, and navigate through the RO 
snapshots. Additionally, ROhub enables users to fork an existing RO to facilitate the reuse of 
ROs.  

¶ RO Inspection. ROHUB provides a content navigation panel to traverse the RO content, showing 
information about resource size or number of folder entries. Additionally, from the content 
panel, the user can aggregate additional resources, and create folders. Once a resource is 
selected the metadata associated is displayed, and the users with permissions is able to modify 
(add/edit/remove) annotations, move the resource, or delete the resource itself. 

¶ Workflow annotation and transformation When users select a workflow resource from the 
content panel, they are able to extract workflow metadata and resources. This allows to (i) 
generate the workflow description representation according to the RO model; (ii) retrieve and 
aggregate the workflow sub-components, such as scripts, nested workflows and web services, in 
the main RO; (iii) transform the workflow resource into a workflow bundle. This functionality 
relies on the WF-RO transformation service (see section 3.4.4) and therefore at the moment is 
compatible only with Taverna15 workflows. 

¶ Nested ROs. Scientists can aggregate any type of resources, including links to external resources 
and other ROs. The latter allows aggregating RO bundles, which are structured ZIP files 
representing self-contained ROs that facilitate their transfer and integration with 3rd party tools. 
Taverna, for example, can export provenance of workflow runs as RO Bundles. In ROHub, 
bundles are unpacked into nested ROs, exposing their full content and annotations. Hence, 
scientists can navigate through the inputs, outputs and intermediate values of the run, 
something potentially useful for future reproducibility. 

¶ Preserve and monitor ROs. ROHub includes long-term preservation component that stores 
objects (in a secure, replicable storage platform) and includes monitoring features, such as fixity 
checking and RO quality, which generate notifications when changes are detected. This can help 
to detect and prevent, for instance, workflow decay, occurring when an external resource or 
service used by a workflow becomes unavailable or is behaving differently. Users can visualise 
changes in the RO, regarding the content and quality monitoring in the notification panel and 
they can subscribe to the atom feed to get automatic notifications. This functionality integrates 
the stability evaluation service (see section 3.4.4). 

¶ Semantic enrichment. An RO is enriched automatically (or on demand) with structured 
metadata extracted from its textual content, including the main concepts, domains, lemmas and 
named entities, in order to facilitate its discovery via the faceted/keyword search interfaces. 
Such metadata complements the metadata provided explicitly by scientists, offering a richer, 
machine-readable description of the RO, exploited in the keyword and faceted search interfaces. 
This functionality integrates the RO enrichment service (see section 3.4.4). 

¶ DOI and citation. Now a DataCite (www.datacite.org) DOI allocator, ROHub can assign a DOI to 
the released ROs, enabling citation and stimulating scholarly communication and sharing before 

                                                           
15 http://www.taverna.org.uk/  

http://www.taverna.org.uk/
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actual paper publication. DOI assignment follows RO release after automatically checking that 
the RO Ŧƻƭƭƻǿǎ 5ŀǘŀ/ƛǘŜΩǎ ǇƻƭƛŎƛŜǎ. 

 

A running instance of ROHub is publicly available16 for testing, and a demo video showcasing its 
functionalities is available in YouTube17.  

 

 RO discovery interface: Collaboration Spheres 

The Collaboration Spheres provides an alternative user-oriented interface for RO discovery targeted to 
scientists interested in finding Research Objects based on similarity aspects.  Collaboration Spheres is a web 
user interface for the visualisation of correlation between similar objects (e.g., users, Research Objects) 
based on collaborative filtering and versatile keyword content-based recommendations. It implements a 
visual metaphor based on spheres, which uses concentric circles, where the similarity is represented using 
the distance from the centre of the sphere to the place where the object is shown, and separated circles, 
where different type of information or ranges can be displayed by representing different separated circles. 
In particular, the interface associated to the Collaboration Spheres contains four main spheres: 

 

¶ The User. It displays the active user. 

¶ The Inner Sphere (context of interest). It represents the context of interest. This circle contains 
the users and ROs that are selected or pre-defined by the active user. In order to create a 
context of interest, the inner sphere is populated by drag-and-dropping relevant ROs and users 
from lists ranked by relevance. 

¶ The Intermediate Sphere (model-based recommendation). It represents information associated 
to the recommendation obtained by using the context of interest as input for the 
recommendation techniques. The ROs and members of social network displayed in this sphere 
correspond to suitable items according to the context of interest defined in the previous sphere. 
It follows an inside-outside criterion where the inner part flows towards the outside. At this 
stage the recommendation obtained by this layer uses a content-based recommendation 
approach based on tags and annotations. This is a social-oriented approach and it is based on 
the fact that people are many times more reliable than search engines (άL ǘǊǳǎt my friends more 
ǘƘŀƴ L ǘǊǳǎǘ ǎǘǊŀƴƎŜǊǎΦέ). 

¶ The Outer Sphere (user-based recommendation). It contains recommended ROs and users 
based on past user actions rather than in the information explicitly defined in the context of 
interest. In order to populate this sphere, it also relies on predictive models that provide the 
user with new possible interests. 

 

Figure 9 depicts the functionality of this tool. This tool relies on the recommendation service (see Section 
3.4.3), and thus also on user profiles and social networks around the resources such as the ones provided by 
myExperiment18 platform, the largest public repository of scientific workflows, which also includes social 
features. 

 

The collaboration spheres interface is agnostic from the different similarities calculated by the underlying 
recommenders. Currently it supports the following types of similarities: 

                                                           
16 http://www.rohub.org/  
17 https://youtu.be/TxW2wvreyoQ  
18 http://www.myexperiment.org/  

http://sandbox.wf4ever-project.org/
https://youtu.be/TxW2wvreyoQ
http://www.myexperiment.org/


 
  

 

H2020 ς EINFRA ς 2015 ς 1 Page 25 of 103 
 

 

¶ RO vs. RO. It represents ROs that share common properties. This relation is evaluated by 
analysing the similar or identical tags described in the ROs, and thus, it is classified as content-
based type. 

¶ User vs. User. It represents users that share common interests, and is aimed towards supporting 
information exchange about the domain and the activities being carried out. This relation is 
evaluated by analysing the similarity between tags contained in the user profiles and associated 
information, and thus, it is classified as content-based.  

¶ RO vs. User. It represents the functionalities that are shared with user interest or vice versa. This 
relation is evaluated by analysing the similar or identical tags described in the user profile and 
RO tags (content-based), and by analysing historical/related use of ROs by a user and predicting 
ƴŜǿ ǇƻǎǎƛōƭŜ whΩǎ ƭƛƪŜǎ όŎƻƭƭŀōƻǊŀǘƛǾŜ ŦƛƭǘŜǊƛƴƎ ǘȅǇŜύΦ 

 

 
Figure 9 Collaboration Spheres interface 

 
A running instance of the collaboration spheres is publicly available19 for testing.  
 

  RO added-value services 

The other RO added-value services that generate, maintain and provide access to added value data derived 
from, or related to, RO resources are herein described. Note that these services are also publicly available20 
for testing. 

 

¶ RO checklist service21 provides remote access to the minim-based evaluation of Research Objects, 
used to test for completeness, runnable or repeatability. 

¶ RO stability service22 is based on the evaluation of the RO along time. The service captures concrete 
values provided by the evaluation of the RO in different moments of its evolution or by subjecting 

                                                           
19 http://sandbox.wf4ever-project.org/collab2/index.html  
20 http://sandbox.wf4ever-project.org/  
21 http://sandbox.wf4ever-project.org/roevaluate/ 
22 http://sandbox.rohub.org/decayMonitoring/rest/getStability  

http://sandbox.wf4ever-project.org/collab2/index.html
http://sandbox.wf4ever-project.org/
http://sandbox.rohub.org/decayMonitoring/rest/getStability
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the snapshots of a RO to the checklist evaluation. It allows testing the ability of a Research Object to 
achieve its original purpose after being subject of changes on its resources. The stability service also 
includes a decay monitoring visualisation tool. This interface allows visually monitoring and keep 
track of track of the status of external datasets and web services required for workflow execution. 

¶ RO enrichment service23 generates automatically semantic annotations based on the (textual) 
resources aggregated in order to improve the discoverability and searchability of research objects.  
The annotations are written according to the content description vocabulary 
(https://w3id.org/contentdesc). These annotations are leveraged by ROHub search engine to 
produce more accurate results and to provide new facets to explore the research object collection. 
In addition, the recommender service uses these structured metadata to suggest research objects of 
interest to the users. 

¶ RO recommender service24 ǎǳƎƎŜǎǘǎ ǊŜǎŜŀǊŎƘ ƻōƧŜŎǘǎ ǘƘŀǘ ƳƛƎƘǘ ōŜ ƻŦ ƛƴǘŜǊŜǎǘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǳǎŜǊΩǎ 
research interests. The recommender system follows a content-based approach in the sense that it 
compares the research object content with the user interest to draw the list of recommended items. 
This comparison is based on the annotations added by the semantic enrichment process. The user 
ƛƴǘŜǊŜǎǘǎ ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ ŦǊƻƳ ǘƘŜ ǘƻǇ ŎƻƴŎŜǇǘǎ ƛƴ ǘƘŜ ǳǎŜǊΩǎ ǊŜǎŜŀǊŎƘ ƻōƧŜŎǘǎΦ ¢ƘŜǎŜ ŎƻƴŎŜǇǘǎ ŀǊŜ 
then compared with the concepts that annotate the research objects in the whole collection. The 
user interest can be increased by i) adding specific research objects from other users or ii) adding a 
different scientist. In the former case the main concepts of the research object are added to the 
ǳǎŜǊΩǎ ƛƴǘŜǊŜǎǘǎ ŀƴŘ ƛƴ ǘƘŜ ƭŀǘǘŜǊ ŎŀǎŜ ǘƘŜ ǎŎƛŜƴǘƛǎǘ ƛƴǘŜǊŜǎǘǎ ŀǊŜ ŀŘŘŜŘ ǘƻ ǘƘŜ ǳǎŜǊΩǎ ƛƴǘŜǊŜǎǘǎ.  

¶ RO aggregation tool25 allows researchers to create a new research object with the content of other 
existing research objects or to establish relations with these research objects without copying their 
content. The motivation to generate this tool comes from the fact that the VRCs wanted to group 
bibliographic resources according to event dates and topics 

¶ Scholarly communication services26 harvest research object citation information from Google 
Scholar and Microsoft Academic, which are specialised sites that gather citation information of 
research works in scholarly communications 

¶ Workflow transformation (WF-RO) service27 offers a service that transforms workflows into 
Research Objects. Workflows are often complex data structures that embed data such as their sub-
resources, annotations and provenance. The service described by this API creates a research object 
that exposes these data according to the RO model. 
 

In the previous version of this document, the workflow runner service was introduced. This service provides 
an abstraction layer on top of workflow management systems that support the execution of workflows 
remotely or programmatically, in order to generate research objects that encapsulate the workflow 
execution provenance. Yet in the current implementation the service was only abstracting Taverna server, 
but during the testing it was found that it was not updated with respect to the latest Taverna server version, 
and making such update would require significant effort. In the meantime, it was found out that Taverna 
server already provides the functionality for generating research objects with the workflows execution 
provenance. Hence, it was decided to resign from the workflow runner service and instead use directly 

                                                           
23 http://everest.expertsystemlab.com/ro/enrichment  
24 http://everest.expertsystemlab.com/EverEstSpheres/services/jsonservices/api  
25 http://everest.expertsystemlab.com/rocreation/  
26 http://everest.expertsystemlab.com/scholar/gscholars/write-title -here  & 

http://everest.expertsystemlab.com/scholar/msacademics/write-title -here  

 
27 http://sandbox.rohub.org/wf-ro/  

https://w3id.org/contentdesc)
http://everest.expertsystemlab.com/ro/enrichment
http://everest.expertsystemlab.com/EverEstSpheres/services/jsonservices/api
http://everest.expertsystemlab.com/rocreation/
http://sandbox.rohub.org/wf-ro/
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Taverna server for the EVER-EST VRE. Taverna server implements a lightweight REST API that is also publicly 
available28. 

 

Some of these services & tools are already integrated or accessible from ROHub portal (checklist, stability, 
enrichment, wf-ro), and some other will be available in the near future (recommender, aggregation, and 
scholarly).  

 

 RO and ROHub extensions for Earth Science 

As part of EVER-EST project, a gap analysis has been conducted to identify the necessary updates to be 
implemented in the RO model. This analysis revealed five main areas where the gap between the coverage 
provided by the RO model that far and the needs of the earth scientists were significant: Geographic data, time, 
intellectual property rights, data access policies, and general-purpose information. In some cases, such 
information was not covered at all by the previous version of the research object model (geographic, time, data 
access policies), and in other cases it was not covered with sufficient detail as required by the earth scientists 
(intellectual property rights). The main additions to the model are summarised below: 

¶ Geographical, the coordinates of the region relevant for the research object and the observation it 
represents. 

¶ Time, indicating the time span covered in the observation. 

¶ Intellectual Property Rights, including copyright holder, copyright starting year, type of license and 
attribution. 

¶ Data Access Policy, i.e. the access level and policies under which the research object can be accessed. 

¶ General Metadata, including the main scientific discipline of the research object, the size of the 
resources aggregated by the research object, the submission date when the research object was 
released, its digital object identifier (DOI), the status according to the research object life cycle, and the 
main target community. 

The computational resources covered by the model have also been extended to cover not only scientific 
workflows but also other infrastructure, e.g. virtual machines or dedicated software, frequently used in Earth 
Sciences. Furthermore, earth scientist demanded new types of research objects according to the kind of the 
aggregated resources, and hence the research object types has been extended, to characterise not only 
workflow-centric ones, but also data-centric research objects, service-centric research objects, and 
documentation and bibliographic research objects, and the associated checklists that assess their quality has 
been developed. Finally, the research object lifecycle was extended with a new status (forked), which 
characterises a new branch of the research object derived from the main one. 

 

With respect to the implementation, ROHub already implements the extensions in the model and checklists; 
however, some functionality is still needed to enforce the new metadata if available (e.g., detailed access 
policies). Additionally, ROHub already implements the extended lifecycle model supporting forks, the possibility 
to generate DOIs for snapshots/releases. Moreover, several new RO added value services have been 
implemented, including the RO enrichment service that is also integrated with ROHub, the scholarly 
communication services, the RO aggregation tool, and a new recommender service integrated in the new 
version of the collaboration spheres. 

 

Finally, a brand new RO portal has been implemented as part of EVER-EST project (see Section 4.3). 
 

                                                           
28 http://dev.mygrid.org.uk/wiki/display/tav250/REST+API  

http://dev.mygrid.org.uk/wiki/display/tav250/REST+API
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 The new RO-HUB Portal 

ROHub portal is a web client application providing a comprehensive user interface for the management and 
preservation of research objects (ROs). 

The new portal is based on Play framework providing a lightweight, stateless, web-friendly architecture, and 
angularJS, a structural framework for dynamic web apps. The combined usage of these technologies enables 
creating a modular web application with a set of visual components that can be easily reused in other 
applications.  

The development of the portal was conducted in two parallel threads. The first thread, still ongoing, focussed on 
the implementation of a set of visual components required to implement the existing functionalities available in 
previous portal plus the extensions required for the Earth Science domain. The second thread focused on 
implementing a new portal design based on a usability analysis. 

 

 

 
Figure 3-6 ROHub portal main page (1/3) 
























































































































































