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Abstract
The rapid proliferation of publicly available machine learning resources complicates the identification of relevant
datasets and models. Although numerous repositories provide access to these resources, they rely on heteroge-
neous metadata schemas, which hinders both intra- and cross-repository discovery. In this paper, we present
Datalens, a semantic approach for discovery and exploration of machine learning resources published on the Web.
Datalens combines an OWL ontology and a task-oriented SKOS thesaurus to provide a unified semantic layer
over machine learning metadata, and an RDF knowledge graph instanciating the ontology that describes datasets
and models from the Hugging Face ecosystem. We demonstrate the expressiveness and practical utility of our
approach through the implementation of competency questions into SPARQL queries, whose results support
intuitive exploration and interpretation of machine learning resources by IT researchers and developers.
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1. Introduction

The rapid growth of publicly available machine learning (ML) resources has resulted in an unprece-
dented volume and diversity of datasets and models hosted across repositories such as Hugging Face.
Discovering resources that satisfy specific requirements remains challenging due to heterogeneous
metadata schemas, incomplete descriptions, and platform-specific representations. In particular, ML
tasks, which represent the primary semantic link between datasets, models, and user goals, are often
encoded as flat labels or loosely defined categories, limiting semantic search, multi-criteria exploration,
and interoperability across repositories.

Dataset discovery has received considerable attention in recent years, with surveys highlighting
advances in search strategies, query processing, ranking, and metadata management [1, 2, 3, 4, 5]. Never-
theless, metadata quality remains a major limitation, as descriptions are often incomplete, inconsistent,
and weakly structured [6]. Knowledge Graphs (KG) grounded in Semantic Web standards such as RDF,
RDFS, and OWL, provide a natural foundation for addressing these challenges. Established vocabularies
such as DCAT [7] and PROV-O [8] support interoperable descriptions of datasets and provenance, while
ontologies such as ML-Schema [9] and MLSO [10] model different aspects of the ML lifecycle. In parallel,
KG-based approaches such as HuggingKG [11], MLTaskKG [12], and LinkedPapersWithCode [13] have
demonstrated the value of structured representations for recommendation and resource discovery.

Existing work has proposed either semantic models for representing ML resources and workflows,
or KGs supporting scholarly analysis, recommendation, and graph mining. However, comparatively
less attention has been devoted to semantic representations specifically designed to support the dis-
covery, exploration, and analysis of ML resources within large-scale Web repositories. In particular,
existing approaches provide limited support for jointly exploring heterogeneous metadata, provenance
relationships, usage indicators, and scholarly references through a unified semantic representation.
Datalens addresses this gap by introducing a resource-centric KG that integrates these complementary
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dimensions to support semantic querying, exploratory navigation, and repository-level analysis of ML
resources. Specifically, our contributions are as follows:

• an OWL and SKOS model to describe ML datasets and models, including provenance and discovery-
oriented metadata;

• an RDF KG instantiating the model and describing Hugging Face resources, queryable via a public
SPARQL endpoint; and

• a demonstration of semantic search and exploration of ML resources through SPARQL queries
and interactive visualizations.

2. From User Needs to Competency Questions

The design of our semantic model was driven by competency questions (CQs), elicited via questionnaire
involving six ML practitioners. These CQs represent the requirements that guided our approach. Below,
we present four illustrative CQs covering discovery, exploration, and repository analysis.

CQ1 Which ML resources satisfy a combination of technical, legal, and contextual constraints? This CQ
captures a multi-criteria resource discovery scenario in which practitioners search for datasets
and models by combining heterogeneous metadata dimensions such as task, modality, licensing
conditions, language, size, libraries, or usage indicators. Such queries require the ability to
semantically combine multiple metadata facets within a unified query framework.

CQ2 Which datasets, models, libraries, and publications constitute the ecosystem surrounding a given
ML task? This CQ focuses on the exploration of relationships between datasets, models, tasks,
publications, libraries, and other metadata dimensions. It supports understanding how resources
are organized around particular application domains or task families and enables navigation
across interconnected resources.

CQ3 How are ML resources connected through training, derivation, and reuse relationships? This CQ
captures the dependencies and provenance relationships between ML resources, such as which
datasets were used to train specific models, how datasets derive from other datasets, or how
models evolve through fine-tuning and other transformation processes. Such information provides
valuable insights into the origin, evolution, and downstream use of resources.

CQ4 What insights can be derived from the structure, metadata, and usage characteristics of a large Web
repository? This CQ captures repository-level analysis scenarios. For instance, identifying the
most widely adopted resources, analyzing metadata coverage, studying the distribution of tasks
and modalities, or exploring the prevalence of provenance relationships and licensing conditions.
Such analyses provide insights into the structure, evolution, and quality of the repository.

3. The Datalens (DL) Semantic Model

Figure 1 illustrates the Datalens semantic model, which combines an OWL ontology (DLO) with a SKOS
thesaurus (DLT) to provide an interoperable representation of ML resources and their relationships.
Rather than describing the complete ML lifecycle, Datalens focuses on the metadata required for
semantic discovery and exploration of datasets and models. The ontology builds upon established
vocabularies, including DCAT for dataset description, PROV-O for provenance, Schema.org for software
resources, and SKOS for controlled vocabularies. DLO introduces only the concepts and relationships
required to represent ML-specific semantics that are absent from these vocabularies.
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Figure 1: Overview of the Datalens Semantic Model. Green nodes represent DLO classes for which we defined
a SKOS concept scheme gathering its instances. Blue nodes represent classes and properties from external
vocabularies. Purple nodes represent other DLO classes and properties.

ML Resources Metadata Datasets are represented as instances of class dcat:Dataset, and models
as instances of class dlo:Model, defined as a subclass of schema:SoftwareSourceCode. Both
resource types share common discovery-oriented metadata, including tasks, modalities, software
libraries, popularity indicators, and links to scientific publications. Controlled dimensions such as
modalities, libraries, and size categories are represented through SKOS concept schemes to promote
consistent annotation and semantic querying across repositories.

Provenance Relationships Building upon PROV-O, Datalens distinguishes two complemen-
tary relationships: dlo:wasTrainedOn, linking models to the datasets used for training, and
prov:wasDerivedFrom, describing derivation relationships between datasets or models. Transfor-
mation activities are represented as instances of subclasses of prov:Activity, enabling explicit
representation of operations such as dataset merging, filtering, augmentation, and model fine-tuning.
These provenance links support semantic exploration of resource lineage and reuse.

Task Semantics Existing taxonomies do not explicitly model semantic relationships between high-
level tasks and finer-grained sub-tasks, limiting semantic search and exploration. Thus, we constructed
a SKOS thesaurus from Hugging Face task metadata, enriched with definitions from external knowledge
bases, and organized through inferred and manually refined hierarchical relationships. The resulting
thesaurus comprises 56 task concepts and 74 sub-task concepts linked through poly-hierarchical
skos:broader relations. Within DLO, these concepts are instances of the classes dlo:Task and
dlo:SubTask, which are associated with datasets and models through the properties dlo:hasTask
and dlo:hasSubTask, enabling semantic task-oriented discovery beyond repository-specific labels.

4. DL-based KG for Hugging Face

By using the proposed DL semantic model, we built an RDF KG describing datasets and models
from the Hugging Face repository. Metadata were collected using the platform’s public API, which
resulting JSON contains metadata describing datasets and models, including identifiers, authorship
information, timestamps, usage statistics, tags, tasks, modalities, licenses, and external references
such as PapersWithCode identifiers. We pre-processed and normalized the metadata to align with
the DL semantic model, which includes harmonizing heterogeneous metadata fields, extracting and
restructuring task-related information. To ensure interoperability, known entities are aligned with



external standards: languages are mapped to Lexvo (ISO 639), regions to GeoNames, formats to IANA
media types, and licenses to SPDX or Creative Commons URIs. Data lifting is done via a rule-based
process using xR2RML [14]. The resulting KG comprises 62,148,769 RDF triples1.
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Figure 2: Overview of ML resources description and relationships as represented within the KG.

5. Evaluation and Exploration

Datalens is evaluated through expert validation of the proposed task thesaurus and through the SPARQL
implementation of CQs demonstrating the discovery and exploration capabilities of the resulting KG.
Expert Validation. To assess the semantic validity of the inferred task hierarchy, we conducted

an expert evaluation involving six IT researchers and developers with varying levels of ML expertise.
Participants rated the relevance of each task–sub-task association using a 5-point Likert scale and were
invited to suggest alternative associations. Overall, the proposed hierarchy was positively evaluated,
with most associations considered relevant or highly relevant. Participants’ feedback also helped identify
a small number of associations requiring refinement, leading to improvements of the final thesaurus.

Exploration Scenario. This scenario illustrates how Datalens supports the exploration of provenance
relationships between ML resources, based on CQ3. Additional scenarios covering the remaining CQs
are available through an interactive visualization dashboard at https://wimmics.github.io/datalens/.

Listing 1 presents a SPARQL query retrieving models together with their provenance links. Specifically,
it exploits the prov:wasDerivedFrom property to capture derivation relationships between models
and the dlo:wasTrainedOn property to identify the datasets used for model training. By combining
these complementary relationships, the query supports the exploration of resource lineage, revealing
how models evolve through derivation and how they are connected to the datasets on which they were
trained. In this scenario, we focus on highly downloaded models, restricting the results to resources with
at least 10,000 downloads. The query returned 931 provenance relationships matching these criteria.

Listing 1: SPARQL query to retrieve provenance relationships between models.
SELECT * WHERE {

?model a dlo:Model ; dc:identifier ?modelName ; dcat:landingPage ?modelUrl ;
?rel ?resource ; dlo:downloadCount ?downloads .

VALUES ?rel { prov:wasDerivedFrom dlo:wasTrainedOn } # Relationships of interest

?rel rdfs:label ?relationship. ?resource dc:identifier ?resourceName .

FILTER (?downloads > 10000) # Focus on highly downloaded models }

Figure 3 presents a graph-based visualization of the query results. Gray nodes represent the queried
models, while colored nodes correspond to the resources on which they depend, namely training datasets
(blue nodes) and parent models from which they derive (orange nodes). This visual distinction empha-
sizes the provenance relationships originating from each queried model, facilitating the exploration of

1The KG is queryable via a SPARQL endpoint exposed at https://ns.inria.fr/datalens/sparql

https://wimmics.github.io/datalens/
https://ns.inria.fr/datalens/sparql


both training dependencies and model derivation chains. The visualization further distinguishes the
type of relationship through link colors: red links represent training relationships between models and
datasets, while blue links indicate derivation relationships between models (Fig. 3B). The visualization
reveal trends concerning training relationships (Fig. 3A), e.g., while few models were trained on multiple
datasets, most models appear to be trained on a single dataset.

A B

Figure 3: Visualization of CQ3 query results, showing the relationship between models and datasets in the KG.
A closer look (right) reveals whether the relationship refers to training or derivation.

6. Discussion and Conclusions

Datalens supports the discovery and exploration of ML resources via a semantic approach combining
an OWL ontology, a SKOS thesaurus, and an RDF KG. The proposed approach enables richer resource
exploration than repository-specific keyword search by explicitly representing relationships between
datasets, models, tasks, and provenance. The expert validation and exploration scenarios implementing
the elicited CQs, illustrate the consistency of the proposed ontology and thesaurus, as well as the ability
of the semantic model to support expressive discovery scenarios.

The current KG is instantiated from Hugging Face metadata and therefore inherits the incompleteness
of the source repository, particularly regarding tasks, provenance information, licensing conditions,
and links to scientific publications. Future work will focus on enriching metadata from external sources
and extending the KG to additional repositories to improve coverage and interoperability. We also
plan to evaluate the proposed approach through user studies investigating the usefulness of semantic
exploration for ML resource discovery.

For the sake of reproducibility and reuse by the community, all resources and source code used in
this paper are available at https://github.com/Wimmics/datalens.
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