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Abstract

The Data Act requires semantic assets to be published transparently and consistently, but leaves open how
integration between heterogeneous participant models should be managed. We address this by implementing a
mapping pipeline that treats mappings as first-class semantic assets. The pipeline introduces two profiles created
in this work: SSSOM"* for conceptual alignment at design time, and JSONata" for executable transformation
logic at run time. A drag-and-drop mapping workflow captures annotated design intent, and an LLM-asssisted
translation workflow performs elicitation, mapping generation, and validation to pass the mapping intent over
to an executable translation request. We evaluated the approach in a transport order matching use case with
independently modeled participant systems. The resulting architecture shows that mappings can be managed as
semantic assets and that separating conceptual alignment from executable transformation logic is a workable and
useful design principle for Eventual Interoperability.
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1. Introduction

The Data Act (Regulation (EU) 2023/2854, article 33) requires that vocabularies, data structures, and
classification schemes are published in a transparent and consistent way. The standardisation request
M/614 relies on the Data Space Support Center (DSSC) Blueprint to operationalise this requirement. It
does so mainly through shared models and gradual convergence. Although this direction is useful, it
does not eliminate the problem for organisations that continue to maintain different message models.

This gap is especially visible in logistics. The sector consists of many small and medium-sized
enterprises (SMEs) that work with existing software, limited IT budgets, and message schemas that
were often created ad hoc for a specific customer or process. Consequently, replacing those schemas
with one shared standard is often unrealistic. If these parties want to cooperate they will need to rely
on an alternative manner of integration such as semantic mappings.

Our motivation is a transport-order matching use case in which carriers seek to jointly plan transport
in order to minimise empty kilometres, without exposing sensitive operational data. Each carrier
expresses orders in its own model, as they do not have the capacity to converge to a standard such as
the Open Trip Model (OTM)!. As such, interoperability depends on translating between models instead
of replacing them.

Colpaert’s notion of Eventual Interoperability [1] offers the following perspective: organisations first
model data in their own context and create alignments later when a concrete business case demands it.
This shifts semantic interoperability from harmonising data models upfront to governing the connections
between them. However, those connections are still rarely managed or recognised as semantic assets in
their own right, either by participants, the Data Act or the DSSC.

We address this gap with an architecture that separates conceptual alignment from executable
transformation logic, i.e. a distinction between mapping and transforming. The design-time side
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captures alignment intent in SSSOM?, the run-time executes JSONata*, an LLM-assisted translation
component connects both. Our contribution is that we show technical feasibility in a logistics pilot and
that it offers a practical way to document, version, inspect and execute mappings.

The remainder of this paper is structured as follows. Section 2 clarifies the distinction between
mapping and transformation and positions our approach with respect to SSSOM and EDOAL. Section 3
presents the architecture and specifies SSSOM™ and JSONata™ used in our pipeline. Section 4 further
explains this by walking through an end-to-end logistics example. In section 5 we evaluate the architec-
ture through implementation to establish if this approach is technically feasible. Section 6 summarises
our contribution and outlines future work and further implications for treating alignments as first-class
semantic assets.

2. Background

The DSSC Blueprint operationalises the Data Act’s transparency requirement through shared models,
vocabulary governance, and discovery between data spaces. That direction is useful, but it does not
eliminate the need to map between message models that remain heterogeneous in practice. Our focus
is on those mappings, especially for syntax-specific serialisations such as XML, JSON, YAML, and CSV
that are not always expressed as Linked Data in RDF.

This is not a new problem. RDF mapping languages such as RML [2] and YARRRML [3] already
address mapping to RDF. Related work also shows that functions matter. Demeester et al. [4] propose a
function hub and ontology so that functions can be reused across implementations.

In their survey on Knowledge Organization Scheme mappings, Dos Reis et al. [5] show that source
models evolve and that maintenance requires substantial human effort. They also note that some
changes appear in naturally described items such as labels and descriptions, while others appear in
formal constraints such as OWL axioms. SeMoX [6] shows how standardisation and tools can support
multiple serialisations and links to global standards. BOMOS [7] offers a similar practical standardisation
governance method and is already used in Dutch government settings.

Albeit from another angle, the literature on vocabulary hubs reaches the same conclusion that
interoperability work is not only about defining standards, but also about continuously managing
mappings between evolving models in practice. Dedecker et al. [8] argue that vocabulary hubs should
support both mapping and vocabulary design by helping users discover reusable data models and avoid
duplicate work. David et al. [9] propose a layered federation approach, although this only partly resolves
the interoperability problem between vocabulary hubs [10]. Semantic Treehouse (STH) [11] is the
vocabulary hub environment used for this paper. It is an open-source, collaborative model-management
environment that supports publishing, versioning, validation, example messages, usage guidance and
generators for different syntaxes. STH uses the approach: open standards in, open standards out. It is
used for both larger international models and for smaller, locally tailored profiles with their own release
cycles. It features a bottom-up wizard, allowing models to be derived from CSV or Excel input data that
can then be mapped to a collective standard. The ~8 communities using STH provide testing grounds
for validating new interoperability solutions such as this mapping approach.

The paper is grounded in design science research. The Hevner et al. guidelines [12] fit the work
because we build an artifact, evaluate it in a relevant setting, and refine it iteratively. Halpin and
Morgan [13] stress expressivity, clarity, examples and validation by non-technical domain experts,
which matches our concern with readable mappings. Alvarez et al. [14] make a similar point when
arguing for a simplified approach that remains compatible with existing standards but is better suited
for SME use. For evaluation, we follow the distinction between ex ante and ex post, and between
naturalistic and artificial settings, from [15]. A naturalistic setting is possible here because the STH
ecosystem has a number of active communities.

This literature leads to the distinction used in the rest of the paper. One layer captures conceptual
mapping intent. Another layer captures executable transformation. The next section explains the full
architecture.



3. Architecture

We divide the architecture into a design-time side and a run-time side. The mapping (design-time)
requires expressiveness over preciseness, whereas the the transformation (run-time) has it the other
way around. The pipeline of our architecture contains three loosely coupled components: A design-time
mapping editor, a run-time message translator, and a translation component that derives an executable
mapping from the conceptual one.

As stated, the components are loosely coupled. Semantic Treehouse (STH) is useful for creating an
SSSOM* mapping, but it is not a hard dependency of the approach. The message translator’s JSONata*
configuration can also be authored without using the full pipeline. However, for clarity of presentation
we describe the components as one end-to-end flow.

3.1. SSSOM*: Conceptual Alignment

For expressing conceptual alignment of two message models, we use SSSOM as the base model and
serialise the result as RDF/Turtle. In STH, mapping designers (from here on called 'user’) can create
relations between fields of two message models through a drag-and-drop interface. Each relation
is stored as an SSSOM mapping entry, where the relation type is expressed with a SKOS predicate,
e.g. skos:exactMatch, skos:closeMatch, or skos:relatedMatch. Mappings can be annotated with
a natural-language description of their intent. This might include lookup logic, value conversion, or
pseudocode. We decided not to require a formalised mapping notation for mapping intent. This choice
keeps the process inclusive, because mapping relations can be understood and reviewed without a
technical background.

SSSOM was chosen because it gives a lightweight, open, and syntax-independent way to express
mappings with explicit provenance, predicates and identifiers. Alternatives such as EDOAL? are
more formal and more ontology-centric. This can be useful for ontology alignment. However, in our
motivational case, the message models are created ad hoc (e.g. from CSV files) and are not necessary
aligned to an ontology.

We use the shorthand SSSOM™ for this constrained profile. This does not describe a new standard,
rather the annotated combination of SSSOM and RDF that stores the transformation intent in human-
readable form.

3.2. JSONata*: Data Transformation

The run-time configuration should be a representation that is directly executable. We chose JSONata [16]
as the expression language and chose to wrap it in a configuration profile that the translator service can
validate and execute. We refer to the shorthand JSONata®, but it is best understood as a JSONata-based
mapping schema rather than as a new transformation language.

JSONata was chosen, because it is declarative, JSON-native, and readable enough for the majority of
implementers who already work with JSON-like data [17]. Compared with alternatives such as JOLT, jq,
or XSLT/XPath, it gives the best balance between structural expressiveness and operational simplicity.

The selection was also pragmatic: JOLT offered limited flexibility for custom logic, jq is primarily a
command-line tool and awkward to embed as a service dependency, and XML-oriented stacks such as
XSLT/XPath add unnecessary complexity for a JSON-first runtime. We therefore use JSONata as the
executable core and place project-specific constraints in the JSONata* profile around it.

3.3. From Design to Run-time

With both profiles in place, the remaining component translates conceptual intent into executable logic.
We implemented a microservice that translates SSSOM* to JSONata™ through a closed-loop workflow:

*https://ns.inria.fr/edoal/1.0/
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Figure 1: End-to-end mapping pipeline. A user creates a conceptual alignment in STH. The translation component
performs elicitations, candidate generation and validation to derive a JSONata* configuration. The run-time
translator then applies the configuration to translate source messages to the intended target format. Session
outcomes and lessons learned are fed back to improve the SSSOM*, input and output specification descriptions.
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1. Elicitation assessment. An LLM evaluates whether the provided context is sufficient to generate
a correct mapping. The input, the context, always contains the SSSOM™ export and may contain
source and target specifications, sample messages, or reference input-output pairs. When the
LLM determines that required information is missing or that a transformation choice cannot be
resolved without making an assumption that could produce incorrect output, it asks focused
clarification questions. The loop continues until the LLM assesses the context as sufficient.

2. Candidate generation and testing. Once context is sufficient, the LLM generates multiple
JSONata™ candidates. Each candidate is tested against a configurable suite of experiments. Each
experiment has a threshold and a direction (minimise or maximise). A candidate passes when all
experiments meet their threshold. The current prototype features one implemented experiment
that measures syntactic validity, with a threshold of zero errors to minimise.

3. Post-test assessment. Before the result is offered to the user, a final LLM evaluates the test
results and mapping to decide whether the passing candidate is acceptable. If not, it can decide to
return to regeneration or re-elicitation to resolve remaining ambiguity.

The state of each session is persisted as a sequence of immutable events. This makes the LLM
interaction inspectable and allows a user to review how the system moved from the conceptual mapping
to the executable result. The full set of tasks of the user are to provide context, answer any questions
and review the generated result.

4. End-to-End Example

To illustrate the pipeline, this section walks through a non-trivial end-to-end example taken from the
transport order use case, based on real data. The mapping connects a carrier-specific order schema to a
universal order model. Rather than describing both models in full, we introduce the relevant fields as
they appear in the mapping.

For this example, we first imported source model, using the bottom-up approach from real dta,
because no schema was provided. Target model was entered into the tool as fit by the use case.Next,
we manually created a mapping in Semantic Treehouse and exported it as SSSOM*. Listing 1 shows
three of its relations. The first maps order.orderNumber to company_reference as an exact match.



Listing 1: SSSOM* sample: a direct match, annotated derivation, and two pairwise entries for a multi-field

relation.

<.

A

.. /Mapping_orderNumber>
a sssom:Mapping ;
owl:annotatedSource
<.../Order/order/orderNumber> ;
sssom:subject_label
"Order/order/orderNumber" ;
owl:annotatedTarget
<.../Order/company_reference> ;
sssom:object_label
"Order/company_reference" ;
owl:annotatedProperty skos:exactMatch ;
sssom:mapping_justification
semapv:ManualMappingCuration ;
owl:versionInfo "final" .

.. ./Mapping_containerOwner>

a sssom:Mapping ;

owl:annotatedSource
<.../Order/order/container/number> ;

sssom:subject_label
"Order/order/container/number" ;

owl:annotatedTarget
<.../Order/container_owner> ;

sssom:object_label
"Order/container_owner" ;

owl:annotatedProperty skos:broadMatch ;

sssom:mapping_justification
semapv:ManualMappingCuration ;

owl:versionInfo "final" ;

rdfs:comment "ISO 6346 container number.

<.../Mapping_dateToOrigin>

a sssom:Mapping ;

owl:annotatedSource
<.../Order/order/stops/stop/date> ;

sssom:subject_label
"Order/order/stops/stop/date" ;

owl:annotatedTarget
<.../Order/stops_time_window/origin> ;

sssom:object_label
"Order/stops_time_window/origin" ;

owl:annotatedProperty skos:relatedMatch ;

sssom:mapping_justification
semapv:ManualMappingCuration ;

owl:versionInfo "final" ;

rdfs:comment "Date of the stop.
For origin: use the first stop
(lowest sequence number)." .

A

.../Mapping_timeToOrigin>

a sssom:Mapping ;

owl:annotatedSource
<.../Order/order/stops/stop/time> ;

sssom:subject_label
"Order/order/stops/stop/time" ;

owl:annotatedTarget
<.../Order/stops_time_window/origin> ;

sssom:object_label
"Order/stops_time_window/origin" ;

owl:annotatedProperty skos:relatedMatch ;

sssom:mapping_justification
semapv:ManualMappingCuration ;

owl:versionInfo "final" ;

rdfs:comment "Time of the stop.
For origin: use the first stop
(lowest sequence number)." .

Use the first four characters
as the container owner." .

The second maps order.container.number to container_owner as a broad match and annotates it
to explain that the first four characters of a container number describe the owner of the container. The
third and fourth entries show how SSSOM* handles a relation that involves multiple source fields. The
origin time window requires both a stop date and a stop time, each is recorded as a separate entry with
an annotation to identify what it is needed for in this multisource relation.

In our example, this SSSOM™ export, together with the specification of the source and target is
given to the translation component. In this iteration, the system determined that there was insufficient
context. As such, it asked focused questions such as “What must the city lookup use as the key?” and
“What must the mapping do when the city lookup fails?”.

Following elicitation, the engine repeatedly tried to generate and assess a correct mapping. After
the third attempt, it achieved a mapping without any syntactic errors that was also sufficient for
the post-assessor. Listing 2 shows a selection of the generated fields. The company_reference is a
direct copy of order.orderNumber. The container_owner is derived with $substring(). The origin
coordinates are resolved by looking up the lowercased city name in an embedded table. The coordinate
reference system is injected as a constant. The time window boundaries are computed by concatenating
the stop’s date and time fields into an ISO datetime string, then offsetting by a configured number of
milliseconds.

5. Implementation and Evaluation

We implemented the proposed architecture in the context of the order matching use case described
in the introduction. The goal of the implementation was to determine whether the architecture is
technically possible and whether it makes mapping implementations more manageable in practice.

The design-time component was implemented and was used to define a complete mapping from
one order model to the target specification. STH has generated the SSSOM™ mappings for this. The
run-time translator is also operational and has processed more than 1,000,000 samples in the pilot
without run-time failures. Encountered issues were caused by mistakes in manually authored mappings
rather than failures in the translator itself.

The separate components were tested, but the fully integrated pipeline is to be tested as future work.
The implemented translation component was verified through ad hoc testing and showed that it can be



Listing 2: J]SONata* sample: selected fields from the generated mapping.

{ "onMissing": "error",
"tables": {
"cities_lat": { "rotterdam": "51.9225", "antwerpen": "51.2213", ... },
"cities_lon": { "rotterdam": "4.4776", '"antwerpen": "4.4117", ... }
s
"fields": [
{ "target": "company_reference"
"source": "order.orderNumber" },
{ "target": "container_owner",
"expression": "$substring(order.container.number, 0, 4)" },
{ "target": "stops_locations.origin.crs"
"constant": "WGS84" },
{ "target": "stops_locations.origin.lat",
"expression": "$number($lookup('cities_lat', $lowercase(order.stops[0].location.address.city)))" },
{ "target": "stops_time_window.origin.start",

"expression": "$fromMillis($toMillis(order.stops[0].date & 'T' & order.stops[0].time) - 3600000)" }

used to translate a non-trivial mapping into a transformation configuration. However, repeated runs
with equivalent inputs do not yet follow a stable path, so the robustness should be further increased for
production use.

Even with that limitation, the pilot yielded useful design lessons. Lookup tables are not exceptional but
recurring, often re-used among multiple field mappings. SKOS relations without additional annotations
do not provide enough information to define meaningful executable transformations. Additional
annotations were expressed as semi-formal code and were shown to be effective, without forcing
users to learn one specific formalisation. Also, error handling and missing-value behavior should be
configurable and explicit. These insights have been incorporated in the architecture described in this

paper.

6. Conclusion and Future Work

The Data Act and related standards (cf. Mandate 614) require semantic transparency through the
publication of semantic assets in a consistent manner. But in reality it is hard to manage the connections
between those inevitably heterogeneous semantic assets. This problem is especially relevant for SMEs,
for example within the logistics domain. We proposed an architecture in which conceptual alignment
is captured in SSSOM™, executable logic is expressed in JSONata*, and an LLM-assisted component
connects both through elicitation, generation and validation.

Through implementation and use case validation we showed that this architecture is technically
feasible and that mappings can be treated as explicit semantic assets. We validated the separate
components with real data and schemas from a logistics use case, also performing run-time translation.
The consistency and robustness of the system should be further increased, by further strengthening
the experimentation suite used for the candidate testing, i.e. input-output-model validation, coverage
checks, synthetic test runs. The treatment of multi-field relations should be improved using native
SSSOM fields. The evaluation of the pipeline itself should be strengthened to include more formal
testing so that further improvements surface more easily. Finally, the pipeline should be combined into
an integrated user experience so that there is one integrated mapping environment for a user, rather
than three separate components.
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A. Description of Custom Profiles

Table 1

SSSOM* fields used in our pipeline.

Field

Description

sssom:mapping_set_id,
sssom:mapping_set_title,
sssom:mapping_date
owl:annotatedSource,
owl:annotatedTarget
sssom:subject_label,
sssom:object_label
owl:annotatedProperty

sssom:mapping_justification
owl:versionInfo
rdfs:comment

Identify and version the exported mapping set.

Point to the source and target schema elements that participate in the

mapping.
Preserve human-readable paths for display and prompting.

Records the mapping predicate, e.g. skos:exactMatch,
skos:closeMatch, or skos:relatedMatch.

States the provenance of the relation, in our examples manual curation.
Captures mapping status, e.g. draft or final.

Stores the human-readable transformation intent used by the transla-
tion component, such as lookup behavior, sequence selection, or value
derivation.

Table 2

JSONata* service request and mapping profile fields.

Field

Description

Service request
messages
mapping
options

One or more source messages to be translated.

The JSONata® mapping configuration to apply.

Runtime options such as output format (JSON, YAML, XML, CSV) and error
behavior.

Mapping configuration
version

tables

onMissing

onError

functions
fields[*].target

fields[*].source
fields[+*].expression
fields[*].constant
preTransform.filters

preTransform. logic
postTransform.filters
postTransform.logic

Declares the mapping schema version.

Embeds named lookup tables accessible through $1lookup().

Missing source field: "error" (default) triggers onError; "ignore" omits
field; "null" writes null. Per-field overridable.

Failed expression: default drops message as errored. action: "skip" omits
the field; action: "fallback" writes a configured value. Per-field overrid-
able.

Inline JS arrow functions callable as $name () in any expression; also loadable
globally at startup.

Target path to write in the output message, using dot notation for nested
objects.

Copies a value directly from the source path.

JSONata expression for derived values, reshaping, or conversions.

Injects a fixed target value.

JSONata filter expressions applied to input messages before field mapping;
excluded messages are recorded with a reason.

JSONata expression that reshapes the input before field mapping.

JSONata filter expressions applied to translated messages before output.
JSONata expression applied to the assembled target object after field mapping.
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