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Abstract: Scientific workflows increasingly produce structured JSON data that is
easy to exchange but hard to interpret consistently across systems: JSON Schema
validates structure, but carries no Linked Data semantics. We present an RDF Au-
thoring View that extends the open-source JSON Schema editor MetaConfigura-
tor into an integrated, AI-assisted environment for turning existing JSON, YAML,
XML, or CSV data into RDF within a single web interface. Researchers gener-
ate RML mappings with AI assistance, refine the resulting triples, edit JSON-LD
@context definitions with ontology-aware IRI auto-completion, run SPARQL
queries drafted from natural-language hints, and explore the data as an interactive
knowledge graph. Across these steps, the AI drafts artifacts while the researcher
stays in control through an explicit human-in-the-loop review. We demonstrate the
workflow on laboratory data from metal-organic framework (MOF) synthesis, reuse
established vocabularies aligned with the NFDI4Chem ecosystem, and validate the
generated RDF against a SHACL shape.

Keywords: Semantic Web, RDF Authoring, JSON-LD, RML, Knowledge Graph,
Visualization, SPARQL, AI-Assisted, Data Modeling, MetaConfigurator

1 Introduction

The Semantic Web and its Resource Description Framework (RDF) [MM04] aim to improve
interoperability, make semantics explicit, and enable cross-dataset integration [BHL01, JHHH15,
HBC+21]. In practice, however, their adoption is hindered by ontology design effort, identifier
and vocabulary management difficulties, and the complexity of mapping heterogeneous data into
RDF [JHHH15, HBC+21]. Computational experiments and simulation workflows, for example,
produce large volumes of scientific data [CBC+17, WAB+25, VKM+25] that could, in principle,
be modeled and validated directly with RDF-based standards [CWL14, W3C17], yet researchers
still often work with spreadsheets or machine-readable formats such as XML and JSON rather
than native RDF graphs [Pat19, Kou19, BCG20, KJP+20].

Declarative transformation languages such as RDF Mapping Language (RML) make it pos-
sible to convert JSON, XML, or CSV data into RDF [DVC+14]. However, defining mappings,
editing RDF triples, querying resulting graphs, and visualizing them typically requires switch-
ing between several separate tools, and many existing systems focus on only one part of this
workflow [CBI, HTN+14, USC20, Pro, CG, RDF, Red].
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AI-Assisted RDF Authoring from JSON Data

To address this gap, we extend MetaConfigurator1, an open-source web application for schema-
driven structured data editing [NBX+24], with an RDF Authoring View. MetaConfigurator is
primarily a JSON Schema editor, which can also generate a web form for data instance editing,
source code in different programming languages, and documentation based on a schema. Fur-
thermore, it supports importing JSON, YAML, XML, and CSV data and inferring a schema from
them [NPU25]. Regardless of the input serialization, MetaConfigurator represents imported data
internally as JSON. Our extension integrates RML-based transformation to RDF, direct RDF
and JSON-LD @context editing, ontology-aware Internationalized Resource Identifier (IRI)
auto-completion, SPARQL querying, interactive knowledge graph visualization, and AI-assisted
drafting of SPARQL queries and RML mappings from user hints. In this way, MetaConfigurator
evolves from a schema-based data editor into an integrated environment for creating, transform-
ing, querying, and exploring semantically enriched data.

This paper is based on the master’s thesis of Jafarkhani [Jaf26], and documents the full imple-
mentation of the domain-agnostic workflow, demonstrated here with the metal–organic frame-
work (MOF) synthesis data of Neubauer et al. [NEB+26] as a chemistry example. We give a
condensed account of its AI-assisted, human-in-the-loop workflow and of making the resulting
RDF interoperable within the NFDI4Chem ecosystem through established-vocabulary reuse and
SHACL validation. We first introduce the necessary background and the MOF synthesis use case
(Section 2), then present the AI-assisted RDF authoring workflow applied throughout to that use
case (Section 3), discuss its broader implications and positioning (Section 4), and conclude with
its limitations and outlook (Section 5).

2 Background and the MOF Synthesis Use Case

RDF represents information as subject–predicate–object triples whose terms are IRIs drawn from
shared vocabularies, so that the same statement can be interpreted consistently across datasets
and tools [CWL14]. JSON-LD is a JSON serialization of RDF [SKL14]: a @context block
maps the short keys of an ordinary JSON document to full IRIs, which is precisely what turns
familiar JSON into Linked Data without changing its shape. SPARQL is the standard query
language for RDF graphs [PS13].

As a running example in this paper we use laboratory data from the synthesis of metal–organic
frameworks (MOFs) reported by Neubauer et al. [NEB+26]. MOFs are a class of porous ma-
terials with promising applications whose synthetic procedures involve many critical variables
that are often difficult to document and analyze [CWB25, CTJ+26]. To make such procedures
machine-readable, structured JSON formats have recently been proposed [NEB+26, CTJ+26,
WAR+26]. This makes MOF synthesis a representative and demanding test case for our work-
flow: the data is deeply nested and heterogeneous (reagents, ordered procedure steps, and quan-
tities with units), it is authored by chemists rather than RDF experts, and its value for reuse
depends on capturing protocol-level detail with explicit semantics.

For the resulting RDF to be reusable within the German National Research Data Infrastruc-
ture (NFDI), it should reuse established vocabularies rather than mint terms ad hoc. We there-
fore draw on OBO Foundry ontologies [JMO+21] for the domain terms: ChEBI for chemical

1 https://metaconfigurator.org
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entities [HOD+16], and the Core Ontology for Biology and Biomedicine (COB) [OBO25], the
Ontology for Biomedical Investigations (OBI) [BBB+16], the Basic Formal Ontology (BFO)
[ASS15], and the Relation Ontology (RO) [SCK+05] for processes, steps, and their relations,
together with QUDT for quantities and units [QUD25]. Several of these established ontolo-
gies, including ChEBI, OBI, BFO, and QUDT, are also reused by ChemDCAT-AP, the chemistry
metadata profile developed by NFDI4Chem [SKB+20] and NFDI4Cat [WBB+21, SBL+26], so
our output shares its semantic foundations, and all of the OBO and QUDT terms we use can
be resolved through NFDI terminology services (TS4NFDI) [Bas26]. Our data is not itself a
ChemDCAT-AP instance, though: it captures synthesis procedures at the protocol level, whereas
ChemDCAT-AP describes datasets at the metadata level. We revisit this alignment, and validate
the generated RDF against a SHACL shape, in Section 3.5.

3 AI-Assisted RDF Authoring

The RDF Authoring View lets users transform, inspect, edit, query, and visualize RDF directly
within MetaConfigurator. Because RDF is represented internally as JSON-LD, the data must be
in JSON-LD before the RDF-specific features become available; if it is not, the view offers to
convert the currently loaded data. We walk through the workflow on the MOF synthesis data of
Listing 1, which encodes one complete synthesis procedure identified as S-1. Two of its steps
(generating the RML mapping and drafting SPARQL queries) are supported by AI assistance,
and both keep the researcher in control through an explicit review before the result is applied or
executed.

Minor adjustments were made to the source data to support the transformation: for the lists of
steps, the ordering was captured explicitly in a new field, and the unit strings were aligned with
QUDT units. The complete input and all derived artifacts are archived on DaRUS [Neu26].

3.1 From JSON to JSON-LD via RML

The first step converts the JSON into JSON-LD using an RML mapping. In the mapping dialog,
users either paste an existing RML mapping or request a suggestion from the AI assistant by
providing a natural-language hint (for example, which ontologies and terms to use). The sug-
gested mapping is shown in a syntax-highlighted editor for inspection and refinement; a single
action then executes it and produces the JSON-LD serialization. Creating a suitable mapping is
the most demanding part of the workflow.

How the AI assistance works. The RML and SPARQL assistants follow the same hybrid pat-
tern as MetaConfigurator’s existing schema tooling [NUP25]: a prompt is assembled program-
matically and sent to a configurable, OpenAI-compatible chat endpoint, and the textual response
is post-processed before it reaches the user. The model is a user setting; we use gpt-4o for the
minimal and failure cases and gpt-5-mini for the successful detailed mapping and SPARQL
example. Figure 1 shows the building blocks of the RML request. A fixed system message
assigns the assistant its role and states strict RML/Turtle rules (use rml:logicalSource,
construct absolute IRIs via rr:template, map only fields that exist, never invent values),
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{
"Synthesis": [

{
"Hardware": { "Component": [{ "_id": "S-1", "_type": "glass vial" }] },
"Metadata": { "_description": "S-1", "_product": "MIL-88B (Fe)" },
"Procedure": {

"Prep": {
"Step": [
{ "_vessel": "S-1", "$xml_type": "Add", "_amount": { "Unit": "MilliMOL", "Value": 0.4,

"$xml_append": "${Value} ${Unit}" }, "_reagent": "FeCl3", "_order": 0 },↪→
{ "_vessel": "S-1", "$xml_type": "Add", "_amount": { "Unit": "MilliMOL", "Value": 0.4,

"$xml_append": "${Value} ${Unit}" }, "_reagent": "Benzene-1,4-dicarboxylic acid", "_order": 1 },↪→
{ "_vessel": "S-1", "$xml_type": "Add", "_amount": { "Unit": "MilliL", "Value": 4, "$xml_append":

"${Value} ${Unit}" }, "_reagent": "DMF", "_order": 2 }↪→
]

},
"Reaction": {

"Step": [
{ "_vessel": "S-1", "$xml_type": "Sonicate", "_time": { "Value": 30.0, "Unit": "MIN",

"$xml_append": "${Value} ${Unit}" }, "_order": 0 },↪→
{ "_comment": "In: oven", "_vessel": "S-1", "$xml_type": "HeatChill", "_temp": { "Unit": "DEG_C",

"Value": 120.0, "$xml_append": "${Value} ${Unit}" }, "_time": { "Value": 1, "Unit":"DAY", "$xml_append":
"${Value} ${Unit}" }, "_order": 1 }

↪→
↪→

]
},
"Workup": {

"Step": [
{ "_vessel": "S-1", "$xml_type": "WashSolid", "_solvent": "EtOH", "_order": 0 },
{ "_vessel": "S-1", "$xml_type": "Dry", "_temp": { "Unit": "DEG_C", "Value": 120.0, "$xml_append":

"${Value} ${Unit}" }, "_time": { "Value": 1, "Unit":"DAY", "$xml_append": "${Value} ${Unit}" },
"_pressure": { "Unit": "PA", "Value": 0, "$xml_append": "${Value} ${Unit}" }, "_order": 1 }

↪→
↪→

]
}

},
"Reagents": {

"Reagent": [
{ "_id": "FeCl3", "_name": "FeCl3", "_role": "substrate" },
{ "_id": "Benzene-1%252C4-dicarboxylic%2520acid", "_name": "Benzene-1,4-dicarboxylic acid", "_role":

"ligand" },↪→
{ "_id": "DMF", "_name": "DMF", "_role": "solvent" },
{ "_id": "EtOH", "_name": "EtOH", "_role": "solvent" }

]
}

}
]

}

Listing 1: Representative JSON excerpt from the MOF synthesis data entry S-1
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System message
• assistant role + strict RML/Turtle rules

(logical source, absolute-IRI templates, no invented fields)
• few-shot example: input JSON → RML mapping

User message
• representative subset of the input data

(auto-trimmed to ≤64 KB)
• natural-language mapping hint

OpenAI-compatible endpoint
(e.g. gpt-4o or gpt-5-mini)

post-processing: strip code fences

editor: human review & refine

execute mapping → JSON-LD

Figure 1: Anatomy of the AI request for RML mapping generation and the subsequent human-
in-the-loop steps.

followed by a worked input/output example (few-shot). The user message carries a representa-
tive subset of the actual input data together with the user’s hint. Because scientific data can be
large, the subset is produced by a deterministic trimming algorithm that truncates arrays to n and
object properties to 8n entries, halving n from 64 until the serialized subset fits within 64 KB
(or n=2) [NUP25]; this keeps the prompt within context limits while preserving representative
structure. The response is then stripped of Markdown code fences and shown in the editor. No
mapping is applied automatically: the user reviews and edits the draft, and any structural errors
surface deterministically when the mapping is executed.

The built-in assistant is optional: users may iterate with any external LLM service until the
RML satisfies the intended graph structure, then paste the completed mapping into MetaConfig-
urator. The application executes it deterministically and provides the same visualization, editing,
validation, and query facilities, without coupling the reproducible transformation to one LLM
provider.

Mapping quality depends strongly on hint specificity. Figure 2 contrasts results from a mini-
mal and a detailed hint. Both panels show only the subgraph around the first preparation step of
S-1; the detailed mapping covers the complete input.

A minimal hint. Given only “Convert this JSON into RDF”, the assistant returns a valid
mapping that mirrors the JSON tree: it mints ad-hoc predicates and classes from the keys
(ex:hasProcedure, ex:hasPrepStep, ex:amount), keeps amounts as opaque strings,
and attaches reagents as literal names. The result (Figure 2a) is valid RDF but semantically no
more interoperable than the original JSON.

5 / 18



AI-Assisted RDF Authoring from JSON Data

Create a complete mapping without inventing terms from JSON keys. Model syntheses
and steps as planned processes, vessels as devices, and products and reagents as
chemical entities. Treat Prep, Reaction, and Workup separately.

[...]

The synthesis must be the subject of obo:BFO_0000051 and the step must be its
object. For each phase, add a relationship rule that reconstructs both IRIs from
the step record. Do not use parent-map references or cross joins.

[...]

Represent every amount, temperature, time, and pressure as a qudt:Quantity with
a separate qudt:QuantityValue. The step must be the subject of qudt:quantity and
the quantity its object. Only create optional quantities when their field exists.

[...]

Listing 2: Selected passages from the detailed natural-language mapping hint

@prefix rr: <http://www.w3.org/ns/r2rml#> .
@prefix rml: <http://semweb.mmlab.be/ns/rml#> .
@prefix ql: <http://semweb.mmlab.be/ns/ql#> .
@prefix obo: <http://purl.obolibrary.org/obo/> .
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .
@prefix schema: <https://schema.org/> .

<#SynthesisMap>
rml:logicalSource [ rml:source "Data.json" ;

rml:referenceFormulation ql:JSONPath ; rml:iterator "$.Synthesis[*]" ] ;
rr:subjectMap [ rr:template "http://example.org/synthesis/{Hardware.Component[0]._id}" ; rr:class

obo:COB_0000082 ] ;↪→
rr:predicateObjectMap [ rr:predicate schema:identifier ; rr:objectMap [ rml:reference

"Hardware.Component[0]._id" ] ] ;↪→
rr:predicateObjectMap [ rr:predicate rdfs:label ; rr:objectMap [ rml:reference "Metadata._description" ] ] ;
rr:predicateObjectMap [ rr:predicate obo:RO_0000057 ; rr:objectMap [ rr:template

"http://example.org/vessel/{Hardware.Component[0]._id}" ; rr:termType rr:IRI ] ] ;↪→
rr:predicateObjectMap [ rr:predicate obo:OBI_0000299 ; rr:objectMap [ rr:template

"http://example.org/product/{Metadata._product}" ; rr:termType rr:IRI ] ] .↪→
[...]

Listing 3: Subset of the RML mapping focused on synthesis-level hardware and metadata

A detailed hint. A deliberately detailed natural-language hint specifies the target ontologies,
IRI patterns, relationship directions, and handling of optional values (selected passages in List-
ing 2). We have a specific target graph rather than asking the model to invent one; the hint
supplies domain knowledge but no RML/Turtle snippets. Listing 3 shows an excerpt of the re-
sulting mapping, and Figure 2b the RDF it produces: explicitly typed resources connected by
shared predicates, with experimental parameters represented as QUDT quantities and values.

Vocabulary reuse. Following Section 2, synthesis runs and steps reuse the COB planned-
process class, vessels are OBI devices, and products and reagents use ChEBI’s general chemical-
entity class (obo:CHEBI_24431). BFO, RO, and OBI connect these resources; QUDT rep-
resents parameters with numeric values and unit IRIs. Only instance IRIs use the local ex:
namespace; reagents are not resolved to specific ChEBI classes.
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(a) minimal hint
synthesis/S-1

a ex:Synthesis

procedure/S-1
a ex:Procedure

prepstep/S-1_0
a ex:PrepStep

"${Value} ${Unit}" "FeCl3"

ex:hasProcedure

ex:hasPrepStep

ex
:a
mo
un
t

ex:reagent

(b) detailed hint, same subgraph
synthesis/S-1
a obo:COB_0000082

step/prep/S-1-0
a obo:COB_0000082

reagent/FeCl3
a obo:CHEBI_24431

quantity/.../amount
a qudt:Quantity

quantity-value/...
a qudt:QuantityValue

0.4
xsd:double

unit:MilliMOL

BFO:0000051

OBI:0000293

qudt:quantity

qudt:quantityValue

qudt:unit

qu
dt
:n
um
er
ic
Va
lu
e

Figure 2: Matched subgraphs around the first preparation step of S-1, selected from the com-
plete mapping results: (a) ad-hoc ex: terms and literal values from the minimal hint; (b) typed
resources connected by shared OBO terms, with QUDT quantities, from the detailed hint.

3.2 Inspecting and Editing RDF

Once the data is in RDF, the RDF Authoring View supports inspection and editing through two
tabs. Internally, the JSON-LD is parsed into an in-memory RDF store built on rdflib.js
[lin26], whose statements back the table and editing actions. The first tab, Triples (Figure 3),
lists these statements with paging, sorting, column and global filtering, and per-triple editing and
export. Selection is synchronized bidirectionally with the JSON-LD text view: selecting a triple
highlights the matching position in the document, and editing the document rebuilds the store.
Users can also open the SPARQL dialog and graph visualization from this view.

The second tab, Context, edits the JSON-LD @context: the prefix-to-IRI mappings that
ground the document’s short keys (Section 2) and determine which ontologies the data refers to.

The context also drives ontology-aware editing. When a user edits a NamedNode predicate
or object, the triple edit modal opens an Ontology Explorer (Figure 4) that extracts the declared
ontology prefixes and offers their terms for auto-completion. Users can therefore select existing
IRIs from a reused vocabulary instead of typing, mistyping, or inventing them by hand, which is
where much of the interoperability of the resulting RDF is decided.

3.3 Querying with SPARQL and AI Assistance

The RDF graph can be queried with SPARQL in a dialog. Because rdflib.js’s own query
support did not cover the required SPARQL 1.2 draft features, queries are executed with Comu-
nica’s in-browser query engine [Ass26b, Ass26a] against the in-memory store, with debounced
live syntax validation via Sparql.js [Vc26]. As with RML, users can draft a query from a natural-
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Figure 3: Triples tab in the RDF Authoring View.

Figure 4: Ontology Explorer dialog.
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language hint: the assistant assembles a prompt from fixed instructions, a PREFIX block de-
rived from the current graph’s namespaces, and a trimmed subset of the data, and returns a query
for review; a visualization toggle switches the assistant between SELECT output and a graph-
producing CONSTRUCT template. Writing correct SPARQL is a common bottleneck for domain
experts, so this lets them start from an experimental question rather than from triple patterns. As
with mappings, the generated query is a draft that may embed an imprecise predicate or modeling
choice.

Figure 5 shows the full loop on the MOF graph: gpt-5-mini turns a natural-language hint
into a SPARQL query, which is executed to retrieve, for each synthesis, its preparation steps
together with the associated reagents and amounts.

3.4 Knowledge Graph Visualization

The same RDF can be explored as an interactive knowledge graph, rendered with Cytoscape.js
[FLH+16] using a force-directed (COSE-Bilkent) layout. Resources appear as nodes and rela-
tions as labeled, directed edges, with namespace-aware prefix shortening for readability. The
view supports zooming, fit-to-view, node search with type-ahead suggestions, image export, and
clickable term links: a predicate label opens its ontology definition (e.g., obo:BFO_0000051),
and an external object IRI such as unit:MilliMOL opens its QUDT definition, while an in-
ternal reference focuses the corresponding node. Selecting a node reveals its properties in a side
panel and exposes the same authoring actions as the tabular views, so users can refine content
directly from the graph. Large graphs are detected and confirmed before rendering. Because
a graph can also be built from a SPARQL CONSTRUCT result, users can filter a large dataset
semantically (e.g., only Prep-related resources) and visualize just the returned subgraph.

3.5 Where AI Assistance Helps, Where It Fails, and Validation

The AI assistance works well without intervention when the request maps closely to structures
already present in the data and targets a small number of well-known terms: straightforward
SELECT queries (listing entities of a type, or following a single named relation) and direct field-
to-triple mappings are usually correct on the first attempt. It reaches its limits when the semantic
intent is underspecified. With a vague hint the RML assistant produces valid but shallow map-
pings (Section 3.1). Even a fairly detailed hint can go wrong when it names the right ontologies
but leaves the linking underspecified: in our runs, such a hint produced a mapping that joined par-
ents to children without a join condition, so every synthesis was linked to the steps and reagents
of all experiments (a Cartesian product) and the quantity nodes were dropped entirely. Model
choice also mattered: with the same detailed natural-language prompt, gpt-4o reintroduced
cross joins, whereas gpt-5-mini produced a graph that passed our structural checks. The
SPARQL assistant similarly struggles with multi-hop patterns and aggregation. In every case the
design keeps a human in the loop: drafts are shown rather than applied, checked syntactically
(Sparql.js) and, for mappings, semantically at execution time.

Reusing shared vocabularies enables SHACL validation [W3C17]. Our shape (Listing 4)
requires each synthesis with an outgoing has-part relation to have an identifier, label, and step,
and each qudt:QuantityValue to have exactly one number and unit IRI. The 216 generated
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Natural language hint

Retrieve all Prep steps with their reagents and amounts for each
synthesis.↪→

⇓

AI-generated SPARQL query
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#>
PREFIX obo: <http://purl.obolibrary.org/obo/>
PREFIX schema: <https://schema.org/>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
PREFIX qudt: <http://qudt.org/schema/qudt/>

SELECT ?synthesis ?synthesisId ?step ?stepLabel ?position ?reagent
?reagentLabel ?amount ?unit WHERE {

?synthesis obo:BFO_0000051 ?step ;
schema:identifier ?synthesisId .

?step schema:category "Prep" ;
rdfs:label ?stepLabel .

OPTIONAL { ?step schema:position ?position . }
OPTIONAL {

?step obo:OBI_0000293 ?reagent .
?reagent rdfs:label ?reagentLabel .

}
OPTIONAL {
?step qudt:quantity ?quantity .
?quantity qudt:quantityValue ?qv .
?qv qudt:numericValue ?amount .
OPTIONAL { ?qv qudt:unit ?unit . }

}
}
ORDER BY ?synthesis ?position

⇓
Query result (selected columns; IRIs shortened)

Synthesis Step Reagent Value Unit

S-1 prep/S-1-0 FeCl3 0.4 MilliMOL
S-1 prep/S-1-1 Benzene-1,4-dicarboxylic acid 0.4 MilliMOL
S-1 prep/S-1-2 DMF 4.0 MilliL
S-2 prep/S-2-0 FeCl3·6H2O 0.4 MilliMOL
S-2 prep/S-2-1 Benzene-1,4-dicarboxylic acid 0.4 MilliMOL
S-2 prep/S-2-2 DMF 4.0 MilliL

Figure 5: AI-assisted SPARQL workflow in the RDF Authoring View: a natural-language hint
provided by the user is translated into a SPARQL query via AI-assistance, which is then executed
deterministically to produce the query result.
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@prefix sh: <http://www.w3.org/ns/shacl#> .
@prefix obo: <http://purl.obolibrary.org/obo/> .
@prefix qudt: <http://qudt.org/schema/qudt/> .
@prefix schema: <https://schema.org/> .
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .
@prefix ex: <http://example.org/> .

ex:SynthesisShape a sh:NodeShape ;
sh:targetSubjectsOf obo:BFO_0000051 ;
sh:class obo:COB_0000082 ;
sh:property [ sh:path schema:identifier ; sh:minCount 1 ; sh:datatype xsd:string ] ;
sh:property [ sh:path rdfs:label ; sh:minCount 1 ] ;
sh:property [ sh:path obo:BFO_0000051 ; sh:minCount 1 ; sh:nodeKind sh:IRI ] .

ex:QuantityShape a sh:NodeShape ;
sh:targetClass qudt:QuantityValue ;
sh:property [ sh:path qudt:unit ; sh:minCount 1 ; sh:maxCount 1 ; sh:nodeKind sh:IRI ] ;
sh:property [ sh:path qudt:numericValue ; sh:minCount 1 ; sh:maxCount 1 ; sh:datatype xsd:double ] .

Listing 4: SHACL shape used to validate the generated RDF

triples conform under pySHACL [SC26]. This shape can be extended toward the SHACL shapes
shipped with ChemDCAT-AP.

4 Discussion

Semantic Web and Linked Data standards already provide a broad ecosystem for interoperable
data, yet their adoption in research remains limited partly because creating mappings, selecting
vocabularies, and querying RDF require specialist skills [JHHH15, HBC+21]. Research soft-
ware can lower this barrier by making these capabilities accessible to domain experts who are
not Semantic Web developers. MetaConfigurator follows this approach and uses AI in a deliber-
ately constrained role: the model drafts code and other technical artifacts, which researchers can
inspect and revise before they are executed deterministically. This combines the convenience
of generative AI with transparent and reproducible processing [WAB+25]. The chemistry ex-
ample illustrates how the domain-agnostic workflow fits into NFDI: it helps researchers apply
shared vocabulary terms that are resolvable through TS4NFDI [BK23, Bas26] and produces
RDF aligned with vocabularies also reused by NFDI4Chem. Applying the workflow in other
fields would provide further evidence of its generalisability. The scope of MetaConfigurator
can also be clarified in relation to existing tools. Karma and RDF Transform focus on defining
RDF mappings for existing data [USC20, Ate26], whereas CEDAR and LinkML take template-
and model-centered approaches to semantically described data [GOM+17, MSH+26]. Meta-
Configurator combines schema-driven data authoring, RDF transformation and exploration, and
reviewable AI drafting in one environment.

5 Conclusion

This paper presented the RDF Authoring View, an extension of MetaConfigurator that connects
structured data with Semantic Web technologies in a single user interface through RML trans-
formation, semantic editing, SPARQL querying, and interactive KG visualization. Its two AI-
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assisted steps (drafting RML mappings and SPARQL queries) lower the entry barrier for non-
expert users, while an explicit human-in-the-loop review before every apply or execute step keeps
the user in control, and we discussed where this assistance is reliable and where it is not. The
chemistry example based on MOF synthesis data shows that the generated RDF can reuse es-
tablished OBO Foundry and QUDT vocabularies, several of them shared with the NFDI4Chem
ChemDCAT-AP ecosystem, and validate against a SHACL shape.

At the same time, several limitations remain. AI-generated mappings and queries can still con-
tain structural or semantic errors, so human review remains essential; for creating suitable RML
mappings in particular, expert knowledge is indispensable. Scalability is limited by browser-side
processing, especially for large graphs and interactive visualization. High-quality RDF author-
ing still depends on selecting appropriate ontologies, classes, predicates, and identifier patterns,
which remains challenging for non-expert users, which is where vocabulary reuse, ontology-
aware completion, and SHACL validation are meant to help.

Overall, the work demonstrates that user-centered semantic authoring can be embedded into
an existing structured-data editor, providing a foundation for future Semantic Web tooling that is
more accessible, more integrated, and better aligned with practical scientific workflows.
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