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Context and motivations

In the realm of semantic artefacts -a broader term to include ontologies, terminologies, taxonomies, thesauri, vocabularies, metadata schemas and standards-developed with semantic web technologies, SKOS resources are becoming more and more prominent. Typically, since its release in 2009, SKOS (Simple Knowledge Organization System) [START_REF] Miles | SKOS simple knowledge organization system reference[END_REF] , the W3C Recommendation for thesauri and vocabularies, has been widely adopted in multiple domains from environmental sciences e.g., GEMET, to ecosystems research e.g., ANAEE Thesaurus, to agriculture e.g., AGROVOC, social sciences e.g., TheSoz, cultural heritage e.g., UNESCO Thesaurus, or even institutional standardization e.g., EuroVoc Thesaurus. SKOS resources can be semantically very rich -not at the same level that OWL ontologies-especially in the way they regroup and classify concepts with sub-schemes and collections; therefore, specific software needs to be developed to handle and valorize this richness and complexity. One challenge is also to facilitate the cohabitation, interoperation and appropriate use of each type of semantic artefact (SKOS/OWL) in a common shared platform.

Often specific "terminology/vocabulary services" are designed to support a given SKOS thesaurus or set of thesauri such as the NERC vocabulary server, the CESSDA Vocabulary service or Humanum OpenTheso.1 SKOSMOS [START_REF] Suominen | Publishing SKOS vocabularies with Skosmos[END_REF]was certainly the first, and for sure is the most adopted, generic technology to easily deploy vocabulary services for SKOS (multiple) resources. For instance, Loterre, Finto, SHOC Vocabs services, BARTOC (original version) are services based on this technology. 2 Since 2013, the BioPortal ontology repository [START_REF] Noy | BioPortal: ontologies and integrated data resources at the click of a mouse[END_REF] offers basic support for SKOS and now hosts around one hundred of such resources. However, because SKOS was not really adopted in biomedicine, we have not seen a full support of this format in BioPortal. 3Handling SKOS in BioPortal and in the generic version of the OntoPortal technology provided by the OntoPortal Alliance (https://ontoportal.org) being limited, we wanted to enhance this support especially in the context of AgroPortal -a reference vocabulary and ontology repository for agri-food [START_REF] Jonquet | AgroPortal: A vocabulary and ontology repository for agronomy[END_REF] based on the OntoPortal technology-as SKOS is a representation language that has been widely adopted in agri-food. The vision was to also extend this to other projects relying on the OntoPortal technology such as EcoPortal (ecology/biodiversity) and the coming EarthPortal (earth sciences).

Related work and objectives

One limitation of the BioPortal technology was not supporting schemes, collections and SKOS-XL. The portal also is not multilingual [START_REF] Jonquet | Roadmap for a multilingual BioPortal. 4th Workshop on the Multilingual Semantic Web[END_REF] and not capable of integrating mappings between semantic artefacts declared with SKOS mappings properties in the multiple mapping services offered by the technology. The main strength of BioPortal is really to offer a wide range of services (from indexing to browsing, versioning, visualizing, annotation, recommendation, mappings, community notes, etc.) for various types of semantic artefacts, but because the portal was originally developed "for ontologies" with OWL at its core, it was not trivial to make it more SKOS compliant. The richness of supporting multiple formats in addition to OWL (e.g., OBO, UMLS RRF and SKOS) came with some limitations in how these formats were supported. For instance, BioPortal is built to handle classes (owl:Class) and instances but was not necessarily ready to support resources in SKOS where this distinction does not exist (everything is an instance of skos:Concept).

On its side, the SKOSMOS technology, certainly the most advanced for browsing/using SKOS resources at this time supports schemes, collections and SKOS-XL. Plus, its multilingual and the interface simply displays SKOS mappings (but no other mapping services are supported by SKOSMOS). The main strength of SKOSMOS is definitely to support SKOS very well -as it is design for this language-but it comes with the biggest limitation that it is impossible to use SKOSMOS to store and serve semantic artefacts in various representation languages, typically OWL. In some SKOSMOS installations e.g., Loterre, additional possibilities to browse concepts by temporality were added (based on dates metadata at the concept level). This is especially helpful when knowledge resources editors -such as VocBench doesdirectly incorporate dct:created or dct:modified properties when concept are edited.

One big limitation (in BioPortal but also SKOSMOS) that we wanted to address was the capability to browse concepts in an intuitive and easy manner when thesauri would make an extensive use of both schemes and collections. Indeed, there was no innovative way to browse concepts taking into accounts the multiples schemes and collections constructs that are inherently at the core of SKOS.

In the SKOS specification, a scheme (skos:ConceptScheme) is "an aggregation of one or more SKOS concepts" and is typically used to group concepts together with a specific hierarchy (integration to the scheme is done at the concept level with the property skos:in-Scheme). Typically, the thesaurus itself is a concept scheme but it can also include subschemes that would be only part of the thesaurus that one could browse and interact with as with the main thesaurus. SKOS collections "are labeled and/or ordered groups of SKOS concepts" and are typically used to group concepts that "share something in common" (integration to the collection is done at the collection level with the skos:member property). From these constructs and other aspects in the SKOS specification, several questions raised:

• How to distinguish the main concept scheme from other sub-schemes in a unique SKOS source file? This is absent from the SKOS specification but is require typically to extract the right metadata and to distinguish schemes.

•

How to display the hierarchies of any scheme independently or mixed? Considering some hierarchy paths could go through concepts that are not necessarily included in the scheme(s) being browsed.

•

How to display concepts in collections (especially non ordered one)? The typical alphabetical approach (e.g., the approach proposed by SKOSMOS) is not necessarily sufficient when a collection contains a large number of members.

•

How to browse concepts in a thesaurus (or even classes in an OWL ontology) ordered by their dates of creation/modification? So that someone can have a quick look at the temporal evolution of the content of a semantic artefact.

•

How to include SKOS mappings in the "mapping repository" service offered by ontology repositories? We wanted to address these needs while staying as close as possible to the official SKOS specification and not developing any extension or new constructs. Our vision was really to stay as generic and standard as possible. For instance, Loterre has addressed the issue of browsing multiple collections by relying on SKOS resources that would use constructs from SKOS extensions such as ISO-THES or UNESKOS. 4

SKOS browsing in AgroPortal

For SKOS resources, we have completed the AgroPortal model and API to include all the objects in the SKOS specification such as skos:ConceptScheme, skos:Collection, and skosxl:Label. [START_REF] Jonquet | Roadmap for a multilingual BioPortal. 4th Workshop on the Multilingual Semantic Web[END_REF] We have created new user interfaces to visualize these objects in AgroPortal and re-invented how to browse concepts. 6 In summary, users can now:

• Visualize the list of schemes defined in a SKOS resource.7 AgroPortal will also distinguish one main scheme from the others. We recommend developers to use the SKOS resource URI to identify the "main" skos:ConceptScheme and also to type it with owl:Ontology to allows us to distinguish it from the other schemes and extract metadata.

•

Visualize the lists of collections defined in a SKOS resource and count the numbers of concept members. (Fig. 1).

•

Jump to concepts with a autocomplete search box (pre-existing) and visualize concepts with 3 different approaches: o Hierarchical, by selecting the scheme(s) to browse. The hierarchy tree will always refresh to display only the selected scheme(s) and selected collection members will be displayed with specific colors (Fig. 2). Plus, concepts traversed by a hierarchy path that are not necessarily included in the selected scheme(s) are displayed in italic. o By collections, showing alphabetically all the concept members of a selected collection. o Temporal, showing all concepts/classes sorted by date of creation or modification (using dcterms properties). This feature is also available for OWL ontologies (if the source file provides the information). • Visualize SKOS-XL labels to provide information about a reified label (Fig. 3).

• See for every concept, which scheme and collection the concepts belong to. This is trivial for schemes (as defined in the resources by skos:inScheme property) but needs to be computed for collections (we use the property uneskos:memberOf to encode this additional information in our triple-store). • See inside the class/concept mappings tab (Fig. 4) the SKOS mappings explicitly defined in the source file, aside of the other ones in the mapping repository (automatically generated e.g., SAME_URI, LOOM or uploaded by users e.g., REST). They are retrieved in the triple-store and also available in the API as any other mappings.

Conclusion and perspectives

A complete technical trace of what was implemented is available in AgroPortal documentation (releases 2.3 and 2.4). 8 We are currently working with the OntoPortal Alliance to include these features in the main code branch so they become available for other semantic artefact catalogues based on this technology. All together, these features make AgroPortal a fully SKOS compliant platform which is certainly one of the most advanced SKOS browsing technology. Plus, it does that in a platform that can seamlessly handle a large variety of semantic artefacts (typically OWL and SKOS) enabling use cases where multiple knowledge resources are needed. One big step now for AgroPortal is to become multilingual (planned for 2023) as this is required in various communities, especially the ones developing (SKOS) thesauri. 

Supplementary Figures

Fig. 1 .

 1 Fig. 1. Collections defined in the Biodiversity Thesaurus (https://agroportal.lirmm.fr/ontologies/BIODIVTHES/?p=collections).

Fig. 2 .

 2 Fig. 2. Hierarchy of the main scheme in BIODIVTHES while highlighting concepts in 6 different collections with colors.

Fig. 3 .

 3 Fig. 3. The SKOS-XL label "gaeabionta" (synonym of "organisms") in AGROVOC.

Fig. 4 .

 4 Fig. 4. Mappings from different sources (including declared in the source file with skos:exact-Match) for the concept "hydrosphere" in BIODIVTHES.

Respectively: http://vocab.nerc.ac.uk ; https://vocabularies.cessda.eu ; https://opentheso.huma-num.fr.

https://www.loterre.fr ; https://finto.fi ; https://vocabs.sshopencloud.eu/vocabularies ; https://skosmos.bartoc.org.

See for details: https://www.bioontology.org/wiki/SKOSSupport

Respectively http://purl.org/iso25964/skos-thes and https://skos.um.es/TR/uneskos

See AgroPortal's API documentation: https://data.agroportal.lirmm.fr/documentation.

The following features are illustrated in the Supplementary Figures section or can be consulted in the AgroPortal release notes (https://doc.jonquetlab.lirmm.fr/share/d77f1b99-60fb-4fdb-982b-927204f1c1e3).

Good resources in AgroPortal to illustrate are BIODIVTHES, AGROVOC or INRAETHES (available very soon).

https://github.com/agroportal/project-management. Corresponding GitHub issue for traceability and reproducibility is: https://github.com/agroportal/project-management/issues/262.
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