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Abstract
Linked open data remains difficult to operationalise for software teams when OWL-based models are
documented primarily for ontology engineers rather than for implementers. Furthermore, maintaining
documentation for implementers becomes time consuming when the ontology is under development.
We present ODDToolkit, an open-source Ontology Driven Design toolkit that helps generate developer-
facing artefacts from three inputs: an OWL ontology, a SKOS concept scheme that provides business-
specific names, and a configuration file for developer-specific design choices. The toolkit emits SQL
DDL, Java and TypeScript models, SHACL shapes, diagrams, and documentation. Our design goal
is not to fully automate translation of arbitrary vocabularies, but to achieve repeatable regeneration
of implementation artefacts as an ontology evolves. We summarise the pipeline and report its use
in a Flemish government environmental reporting project, where the generated artefacts supported
implementation, documentation, and validation around a shared ontology as it evolves.
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1. Introduction and Related Work

Linked Open Usable Data stresses that linked data should be consumable by developers [1].
However, in practice, software development teams still struggle to bridge ontology engineering
and software delivery [2, 3]. The documentation burden described in NeOn [4] and later
industrial ontology-engineering work [5] becomes even more challenging when the ontology,
requirements, and the codebase all evolve together.

Existing tooling only partly covers this gap. Widoco, Parrot, and OnToology generate
ontology-centric documentation and evaluation reports [6–8]; other approaches derive specific
artefacts such as UML views [9], object-oriented libraries [10], REST APIs [11], or SHACL
shapes [12]. Broader schema and model-transformation ecosystems, such as the Flemish OSLO
toolchain, also support model-to-artefact workflows [13–15]. What this tooling landscape does
not address is not a single missing generator, but the consistent alignment of ontology semantics,
naming conventions [16, 17], and implementation constraints across several developer-facing
artefacts. Our solution addresses this by keeping a governed OWL ontology as the formal source,
using SKOS to add project-specific developer names, and projecting one enriched representation
to code, SQL, SHACL, diagrams, and documentation in the same regeneration step. Developer
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decisions that are not expressed in the ontology are configured in a single configuration file so
the output remains consistent with the codebase.

Following the ontology-driven design paradigm [18], ODDToolkit was built for projects
where an ontology must stay aligned with developer-facing artefacts (e.g., to prevent unnec-
essary transformations or inconsistencies in the application data model and publication data
model). It addresses three practical needs: a naming layer that projects ontology predicates
to implementation names, a shared pipeline that derives multiple artefacts from one enriched
model, and integration with normal build workflows so regeneration happens together with
ontology changes. The toolkit targets governed ontologies rather than arbitrary third-party
vocabularies and assumes project conventions such as SKOS labels, Hydra IRI templates, and
explicit enough relation semantics for downstream generation.

This scope also implies a number of structural assumptions. ODDToolkit is aimed at on-
tologies under active governance, where a project can provide the necessary information to
derive cardinality constraints, naming and relation semantics. The toolkit therefore prioritises
implementation alignment and regeneration within a controlled development process over full
automation for arbitrary third-party vocabularies.

2. Solution and Implementation

ODDToolkit1 is a standalone CLI that combines an OWL ontology [19], a SKOS concept
scheme [20], and a configuration file capturing the architectural choices of the software devel-
opment teams (e.g., handling primary keys and cardinality). The ontology remains the formal
source model, the SKOS layer provides business or developer-facing names, and all artefacts are
derived from one enriched intermediate representation.

As shown in Figure 1, the pipeline has two phases. In preparation, the toolkit resolves
imports, caches external vocabularies, and applies OWL reasoning with Apache Jena [21]. It
then extracts classes and properties, derives keys from Hydra IRI templates [22], interprets
cardinality constraints from owl:Restriction into a [nmin..nmax] interval per property,
and propagates inverse-property information so relation multiplicities can be reused across
generators: given forward and inverse intervals [a..b] and [c..d], the relation is classified as 1:1,
1:n, m:1, or m:n depending on whether b and d exceed one, which then drives foreign-key
placement and join-table generation. The SKOS mapping is applied at this stage, allowing
the same ontology predicate to be exposed with developer-oriented names that better match
object-oriented and relational conventions [16, 17]. Table 1 summarises how OWL constructs
map to concepts across all generated artefacts.

For example, an OWL class :EmissionPoint can use a Hydra template that specifies which
predicates are used within the URI. ODDToolkit then derives the same composite identity for SQL,
while SKOS can rename predicates such as dct:issued to validFrom and sosa:isHostedBy
to location. Cardinality constraints can also be applied: a [1..1] restriction becomes a
required field and a NOT NULL column while [*..*] relations result in join tables.

This also yields a concrete implementation projection. In SQL, the generated table uses a
composite primary key over uuid and valid_from, with a separate identity table anchoring
1https://github.com/milieuinfo/oddtoolkit

https://github.com/milieuinfo/oddtoolkit


Table 1
Mapping from OWL/vocabulary constructs to generated artefact concepts.

Input construct Detail Generated concept
owl:Class Class / Interface / SQL table / sh:NodeShape
owl:Restriction [nmin..nmax] interval Nullable field / collection type / NOT NULL
hydra:IriTemplate variable mapping Primary key (@Id / PRIMARY KEY)
owl:inverseOf inferred m :n join table / m :1 FK / 1:1 field
skos:Concept owl:equivalentProperty Field / column / property name
rdfs:subClassOf hierarchy Inheritance / interface implementation

foreign keys to the non-temporal uuid so entity identity stays decoupled from entity state
under this versioning pattern; in Java, the same pair becomes the JPA identity while status
remains mandatory and geometry nullable. The same class is also projected to TypeScript and
SHACL, so the developer-facing field names and structural constraints stay aligned across code,
schema, and validation artefacts.

Figure 1: The ODDToolkit processing pipeline.

In generation, the enriched model is projected to multiple outputs. The SQL generator turns
classes into tables, derives composite keys from Hydra variables, and places foreign keys or
join tables from resolved multiplicities; multiple m :n relations between the same table pair are
merged into one join table with an auto-generated discriminator column, avoiding redundant
tables. The Java generator emits JPA-oriented entities, the TypeScript generator produces JSON-
LD-oriented typed models [23], the SHACL generator emits validation constraints from the
same structural rules [24, 25], and the Bikeshed generator creates specification source files that
complement ontology-centric documentation such as Widoco [6, 26]. UML and ER diagrams
are generated from the same model, so decisions propagate to both textual and visual outputs
that can immediately be used in communication with software teams. Changes to the ontology
will automatically propagate to all outputs. Generated artefacts are deterministically sorted and
arranged to enable support version control to track changes in the generated artefacts. This
gives developers a clear view of what changed in the underlying ontology and SKOS mapping,
and how that affects the implementation artefacts.

The Java output also preserves ontology-driven polymorphism where it matters. If an
inherited parent belongs to an external vocabulary namespace and is actually reused as a



Figure 2: RDF/SOSA/SSN/P-PLAN model (left) and ODDToolkit-generated class diagram (right) for the
IED ontology.

relation target by multiple in-scope classes, ODDToolkit emits it as an interface rather than
a concrete class; this is why external concepts such as ssn:System can surface as reusable
interface types in generated code instead of being flattened away.

For these diagrams, OWL class hierarchies are rendered as inheritance arrows; object proper-
ties become directed associations labelled with the SKOS-derived name. As illustrated in Figure 2,
association labels derive from the SKOS concept scheme (e.g. sosa:isHostedBy→ location,
prov:wasAttributedTo→ assignedTo, pplan:isStepOfPlan and pplan:isPrecededBy
→ partOf / precededBy).

The main implementation choice is architectural rather than format-specific: all genera-
tors consume the same prepared model instead of reinterpreting the ontology independently.
This keeps code, schema, validation artefacts, and documentation aligned while allowing new
generators to be added without changing the preparation stage.

In addition to the generated artefacts, ODDToolkit can include traceability information in
the output. By automatically enriching existing software artefacts with links to the underlying
linked data classes and properties, developers can navigate from code to the ontology and back.
This is particularly useful for onboarding new team members or for maintaining the system as
the ontology evolves.

3. Use Case and Observations

We applied ODDToolkit within the ontology engineering lifecycle of a Flemish government
project for environmental reporting. In earlier projects, ontologies used for publication were



CREATE TABLE emission_point_identity (
uuid VARCHAR PRIMARY KEY

);
CREATE TABLE emission_point (
uuid VARCHAR NOT NULL,
valid_from DATE NOT NULL,
status VARCHAR NOT NULL,
geometry VARCHAR,
PRIMARY KEY (uuid, valid_from),
FOREIGN KEY (uuid)
REFERENCES emission_point_identity(uuid)

);

@Entity
public class EmissionPoint

implements ISystem {

@Id private String uuid;
@Id private LocalDate validFrom;

@Column(nullable = false)
private Status status;
private String geometry;

// ...
}

Figure 3: Generated SQL DDL (left) and JPA entity (right) for :EmissionPoint.

often retrofitted to data models that had already been shaped by implementation decisions. For
the IED (Industrial Emissions Directive) and the IEPR regulation [27], we instead started from a
new ontology intended to model industrial processes and their emissions, with implementation
artefacts generated around that conceptual model. This change in approach required a new
workflow for ontology engineers and developers to understand each other’s artefacts.

The ontology reused SOSA [28], P-PLAN [29], PROV-O, and GeoSPARQL, which provided an
interoperable modelling basis but also introduced abstractions and predicate names that were
not immediately aligned with the development team’s implementation vocabulary, a challenge
consistent with prior observations about linked data adoption [2, 3]. This was particularly
visible for developers who needed to understand the IED process model from technology-
facing artefacts rather than from ontology axioms directly. Furthermore, developers were not
familiar with the open-world assumption underlying linked data, in contrast to the closed-world
assumption of the databases and programming languages they normally work with, resulting
in a preference for more traditional artefacts.

The ontology, SKOS concept scheme, and configuration file were maintained in version
control, with the generation pipeline executed in continuous integration so artefacts were
regenerated and communicated on each ontology change. The SKOS concept scheme was
jointly authored by ontology engineers and lead developers, capturing naming decisions that
could not be inferred from the ontology alone; for instance, sosa:isHostedBy was mapped to
location because the only relevant hosting relationship for an emission point in this domain
is between the emission point and its operation location. Design decisions such as the use of
surrogate keys for versioning were captured in the configuration file.

In practice, the generated Java and TypeScript models, as well as the SQL DDL, were used as
implementation starting points. The diagrams supported project documentation, and the SHACL
shapes fed validation and synthetic-data workflows. While the project is ongoing, the generated
artefacts serve as technology-familiar entry points to the IEPR data model, complementing the
formal ontology definitions rather than requiring developers to start from ontology axioms
alone. This observation is not based on a comparative evaluation or developer interviews, but it
illustrates how ODDToolkit can keep implementation, documentation, and validation artefacts
aligned around a shared ontology.



4. Conclusion and Future Work

ODDToolkit presents a practical Ontology Driven Design pipeline that keeps documenta-
tion, validation artefacts, typed models, and schema-oriented outputs aligned around a shared
enriched representation. The environmental reporting project in Section 3 shows that this
workflow can be integrated into a development process and can provide useful implementation,
documentation, and validation artefacts from one source.

The paper does not yet offer a quantitative evaluation of developer productivity, maintenance
cost, or long-term evolution across multiple deployments. However, it demonstrates that
good ontology engineering practices can be leveraged to aid in the generation and upkeep of
documentation that helps developers understand and work with the underlying data models.

Our approach still depends on explicit project conventions, especially SKOS-based naming
and Hydra-based key identification, so its strongest fit remains governed ontologies under
active development. It does not yet solve preservation of customised generated code, migration
of populated databases, preservation of derived indexes or summaries, or partial-update logic.
Future work should therefore focus on interoperability with broader schema ecosystems and a
wider evaluation across projects.

Supplemental Material. ODDToolkit is available on GitHub, including code and website
documentation [30].

Declaration on Generative AI. During the creation of ODDToolkit, the authors used GitHub
Copilot to help with the documentation and development. The authors take full responsibility
for the content in the repository.
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