Linking model
Introduction defining context and scope
The role of the semantic linking model is to provide a framework for translating between the different standards used for data and process
specification in the environmental sciences in the context of the ENVRI reference model. This model should provide a formal basis on which to
improve the interoperability of RI services and products, by focusing on the vocabularies used by the ENVRI RIs, feeding into the design of the
abstract architecture for interoperable RIs in general. The model also serves to provide the machine-readable formalisation of the ENVRI
reference model (or at least its concept model).
Ultimately, based on the relevant task (5.3) of the ENVRI+ project, we will need to:
1. Capture the conceptual vocabulary of the ENVRI reference model and the correspondences between different concepts described by
different viewpoints.
2. Define a framework by which existing standards, taxonomies and ontologies can be mapped to the reference model and via the
reference model to each other.
3. Provide tool support for defining new mappings between standards, and for searching the semantic space defined by the resulting
interlinking.
Thus the purpose of the technology review in ENVRI+ from the linking model perspective is to determine what technologies are available for
ontology specification and formal verification, and what technologies exist that could help us to develop new (or adapt existing) tools.
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Analysis of state of the art and trends
Combining all environmental domains into one single RI is neither feasible in development nor manageable in operation. During the past several
years, interoperability between infrastructures has been extensively studied, with different interoperability solutions proposed for different levels of
interoperation: between computing infrastructures (Charalabidis et al. 2012 and Ngan et al. 2011), between middleware (Blair and Grace 2012),
and between computational workflows (Zhao et al. 2006). These solutions iteratively build adapters or connectors between two infrastructures
and then derive new service standards via focusing community efforts. Such iteration promotes the evolution of services in infrastructures, but
cannot fully realize infrastructure interoperability while these solutions only focus on specific layers of the global problem without considering the
overall e-science context (Riedel et al. 2009). Meanwhile, White et al. (White et al. 2012) argued the importance of an ontological reference
model in the development of interoperable services in infrastructure.
The linking framework for ENVRI+ is being founded on semantic web technologies (Berners-Lee et al. 2001), though the core principles are techn
ology-agnostic. Key among these technologies is the Resource Description Framework (RDF) that has come to be used as a generic means to
describe information implanted in web resources; building upon RDF, the Web Ontology Language (OWL) is a knowledge representation
language used to describe ontologies, and is a significant factor in many semantic infrastructure modelling projects (Zhao et al. 2011 and Baldine
et al. 2010). Within ENVRI+, the core of the linking framework would be the OIL-E ontologies, which are described in OWL. OWL is well-used in
the semantic description domain, but limitations of OWL include the inability to describe integrity constraints or perform closed-world querying
(Motik et al. 2006), which might otherwise be useful in (for example) certain well-prescribed areas of the ENVRI reference model. There are also
various problems with dealing with diverse schemas, incomplete metadata and the limitations of query interfaces (Gölitz 2007).
The notion of mapping out the topology of standards in environmental science, research practice and e-infrastructure reflects very much the
linked open data approach. The linked data approach offers certain advantages, such as ensuring openness, shareability and reusability (Ferris
2014). There is however a lack of good tool support for linked data solutions (Enoksson et al. 2009), which is one of the areas that Task 5.3 is
intended to address.
Semantic linking is often investigated in the context of ontology matching, mapping or alignment. The key task is to compare similarity between
entities from different semantic models and measure the similarity distances at different layers: the data layer, comparing data values and
objects; the ontology layer, comparing the labels and concepts of entities; and the context layer, comparing semantic entities with inclusion of
application contexts. We posit that the five viewpoints of the ENVRI reference model are applicable for grouping the different modelling contexts
of concern to environmental science research infrastructures.
Different metadata standards have been observed from those RIs that are in operation, including NASA DIF (Miled et al. 2001) and SensorML in
EMSO, ISO 19115 (ISO 2014) geospatial metadata in SeaDataNet and ISO 19139 (ISO 2007) geospatial XML in EUROGOOS, and a
combination of ISO 19115, INSPIRE and NetCDF-CF based standards in IAGOS (Boulanger et al. 2014). In addition we have observed the use
of Dublin Core (ISO 2009), ISO 19156 (ISO 2011), SeaDataNet Cruise Summary Reports metadata, CERIF (Jeffery et al. 2014), and CSMD.
These standards can be linked via the information viewpoint of the ENVRI reference model and mapped to functional subsystems of RIs. There is
prior work mapping information viewpoint concepts in the reference model to concepts found in those standards (Zhao et al. 2014).

1/3

The typical process for semantic linking involves several iterations of the following steps: 1) preprocessing of features by a small set of excerpts
of the overall ontology definition to describe a specific entity; 2) definition of the search space in the ontology for candidate alignment; 3)
computation of the similarity between two entities from different ontologies; 4) aggregation of the different similarity results of each entity pair,
depending on the algorithms used; and 5) derivation of the final linking between entities using different interpretation mechanisms, including the
analysis of human experts.
The linking component of OIL-E glues concepts both inside ENVRI-RM and between ENVRI-RM and external concepts belonging to outside
vocabularies. The ENVRI-RM ontology only contains a limited set of vocabularies derived from common functionality and patterns, so linking
ENVRI-RM with external RI-specific concepts will enable RI-specific extensions to the ENVRI-RM vocabulary. Similarly, linking ENVRI-RM with
external vocabularies provides bridge between those vocabularies and ENVRI-RM, and indirectly between the vocabularies themselves. Notably,
the internal correspondences between different ENVRI-RM viewpoints (enterprise, information, etc.) can potentially be used to indirectly link
external vocabularies of quite different foci (data, services, infrastructure, etc.).
Distributed applications and systems can be described using published ontologies, permitting services both internal and external to a system to
potentially interact with application components without having had to be explicitly designed to do so, provided that they can process the ontology
used to describe the component.
There already exists work on doing this kind of semantic modelling of computing and network infrastructure, however the modelling of
applications running on cloud platforms is less well-developed—in (Ortiz 2011), the author articulates some of the challenges facing
standardisation of cloud technologies, and the lack of concrete formal models is a major factor. Even outwith the cloud however, information
models for modern computing infrastructure are often lacking in some dimension. For example modern infrastructure modelling languages must
be able to model virtualisation and management of virtualised resources as well as physical resources.
In (Ghijsen et al. 2013), the authors describe the Infrastructure and Network Description Language (INDL), a product of the Open Grid Forum
(OGF) Network Markup Language Working Group (NML-WG). INDL is designed to be extensible, linkable to existing information models, and
technology independent. NDL-OWL (Baldine et al. 2010) provides a Semantic Web model for networked cloud orchestration modelling network
topologies, layers, utilities and technologies. It extends the Network Description Language upon which INDL is based and uses OWL. Meanwhile
(Zhao et al. 2010) presented a workflow planning system called NEtwork aware Workflow QoS planner (NEWQoSPlanner) based on INDL;
NEWQoSPlanner is able to select network resources in the context of workflow composition and scheduling.

The longer-term horizon
The generation of formal descriptions for complex entities is essential for the mechanisation of processes involving those entities—this is not in
question. What is in question is the extent to which different systems can be integrated within common models with shared vocabularies, and to
what extent we must accept the existence of proliferation of alternative models, and thus have to expend effort in bridging between the resulting
heterogeneous concept spaces.

Relationships with requirements and use cases
The linking model is strong tied to the reference model, which provides its core vocabulary. The linking model should also itself contribute
vocabulary and relations that are useful for the interoperable architecture design task.
Regarding use-cases, any of the use-cases might benefit from a linking of formal descriptions, depending on the extent to which the use-cases
cross between domains, or make use of formal descriptions that need linking to the reference model concepts. Particular ENVRI+ cases where
linking between different existing standards and vocabularies might be useful include (see https://envriplus.manageprojects.com/projects/wp9service-validation-and-deployment-1/notebooks/625/pages/324):
Identifying trends in the emergence of mosquito born diseases requires interaction between a number of different data centres and
compute providers.
The description of a national biodiversity data archive centre requires a formal model for how data from a national facility is to be
delivered to and integrated with Europe-wide data providers.
Domain extension of existing thesauri.

Summary of analysis highlighting implications and issues
The question that underlies the semantic linking task is: how do we make it easier to map between different vocabularies? Autonomous mapping
processes are highly error prone, and extremely sensitive to the quality of the underlying taxonomies or ontologies. Manual mapping requires
expert oversight, but can be supported by tools.
The base contribution of a linking model in the environmental science research infrastructure domain is the ability to map out the space of
existing standards, models and vocabularies being used in different datasets, architecture designs, instrument specifications, service profiles, etc.
used by different research communities, and the ability to associate them via the viewpoints of the ENVRI reference model or its successors. This
in and of itself would constitute a useful contribution, since as it stands it requires substantial research to truly understand the full current
research landscape, and even experts’ views are often narrow, focused on a particular domain or a particular geographic region (i.e. the
standards produced within their home continent).
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