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Abstract

Administrative-law provisions are still published almost exclusively in natural language, forcing every stakeholder
to translate identical rules into bespoke code bases—a practice that invites inconsistency, hampers transparency,
and inflates maintenance costs. Recent work on Digital Twins for Administrative Law (DTAL)[1] suggests that
legislation be issued together with machine-readable ontologies and executable logic, yet guidance on how to
architect such systems remains scarce. In this work we propose a layered reference architecture that separates
(i) the natural-language statute, (ii) a core ontology expressed in OWL, (iii) a configuration layer for mutable
policy parameters, and (iv) an executable-rule layer exposed through a RESTful and MCP facade. Grounded in
design science research, we implemented a proof-of-concept twin of the Upper-Austrian tourism-levy statute
and qualitatively evaluate the twin with legal, software, and public-administration experts. Early results[2]
suggest that ontology-driven twins can reduce duplicate implementations, streamline updates, and enhance legal
certainty, thereby strengthening the Rule of Law in automated decision-making.
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1. Introduction

Administrative law underpins large-scale public services such as taxation, welfare, and licensing, yet
it is disseminated almost entirely in natural language. Each public or private actor must therefore
interpret and encode identical provisions into separate systems, leading to redundancy, opacity, and
divergent outcomes [3, 4]. Frequent amendments amplify the problem: every minor change in tax rates
or thresholds forces cascades of software patches across heterogeneous platforms.

From a Rule-of-Law perspective the stakes are high. Inconsistent software implementations can
jeopardise equality before the law, frustrate judicial review, and erode public trust [5, 6]. Traditional
development pipelines, where jurists paraphrase legislation, engineers translate prose into code, and
jurists then audit outputs, must be repeated for every deployment [4]. Digital-twin engineering, by
contrast, promises a canonical, executable representation of the statute that synchronises with real-world
data in (near) real time [7, 8].

This paper refines the following research question:

Which software-architecture choices best support hierarchical decision-support systems
grounded in ontology-based digital representations of administrative law?

Focusing on the Upper-Austrian tourism levy, we argue that a layered DTAL can minimise contradic-
tory interpretations, enable rapid updates, and serve as a building block for a future system-of-systems
covering entire legislative corpora.
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2. State of the Art

Digital twins (DTs) have progressed from manufacturing origins, where they couple virtual models with
physical artefacts for real-time analytics, to indispensable enablers of smart factories, aerospace mainte-
nance, and city infrastructures [7, 8, 9, 10]. A mature DT stack offers bi-directional data flow, life cycle
traceability, and hierarchical scaling from unit to system-of-systems levels [11]. In parallel, ontology
engineering (OE) provides formal, machine-readable conceptualisations; upper-level ontologies such
as DOLCE and UFO standardise generic categories, while domain-specific legal ontologies—including
FOLaw, LRI-Core, and LKIF-Core—capture statutes, roles, and normative relations [12, 13, 14, 15, 16].
Systematic reviews report a sharp rise in legal-ontology output over the last three decades, propelled
by needs for semantic retrieval, compliance checking, and system interoperability [17].

Research on the intersection of artificial intelligence and law first framed legal reasoning as expert
rules or logic programs [18], then as argumentation over precedent cases [19]. Contemporary strands
aim to publish legislation in executable form: rule-markup standards (LegalRuleML), domain-specific
languages, and smart-contract templates embed deterministic logic alongside traditional prose [20, 21,
22]. Yet, smart-contract tooling, optimised for private bargains, struggles with public-law nuances,
while data-driven language models pose Rule-of-Law concerns by producing probabilistic rather than
authoritative outcomes [5, 3].

Schartum’s model, where jurists verbalise rules, technologists translate them, and both iterate
for validation, still forces every stakeholder to re-implement identical statutes, amplifying cost and
inconsistency [4]. Empirical cases such as Austria’s tourism-levy statute expose this duplication, with
tens of thousands of enterprises encoding the same calculation logic independently.

3. Towards a Layered DTAL Architecture

Drawing on methods used in industry for digital twins [23] and on blockchain-based smart contracts [24,
25], our research posits a four-layer structure for a digital legal twin:

1. Statutory Text: the natural-language law as traditionally published.

2. Ontology: a formal structure encapsulating the law’s semantics.

3. Configuration Model: adjustable parameters which would include the typical axioms of the
ontology (e.g., tax rates, exemption thresholds).

4. Executable Logic: the computational rules for enforcement (e.g., formulae, conditionals).

Such architecture is inspired by the separation-of-concerns principle central to smart-contract method-
ologies, which encourage modular design to allow incremental updates and transparent governance[22].
While certain amendments to legislation only change numeric thresholds or percentage rates, others
require foundational revisions to interpretive definitions. By distinguishing between ontological struc-
tures and configuration parameters, this framework aims to reflect legislative updates systematically,
facilitating improved legal compliance and reduced duplication of coding efforts.

3.1. Selecting a Structure of the Ontology

Existing legal ontologies such as FOLaw [14], LRI-Core [15], and LKIF-Core [16] are primarily designed
to support the way jurists and their expert systems analyze, categorize, and interpret laws. Another
standard that directly targets the expression of normative rules is LegalRuleML, an OASIS specification
that represents the legal logical structure of statutes, regulations, and case law [20]. While these
ontologies are well-suited for legal reasoning and knowledge representation, they are not optimized for
ensuring the Rule of Law in administrative law through automated decision-making.

A fundamental distinction of the DTAL approach for administrative law is that the ontology does
not merely serve as a taxonomic classification of legal concepts but rather as a dynamic, multi-layered
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Figure 1: Software Architecture for Digital Twins of Administrative Law

semantic bridge connecting (1) legislative text, (2) real-world administrative data, and (3) the computa-
tional logic required for implementation. To guide further development, a literature review based on
the methodology of Legal Ontologies over Time: A Systematic Mapping Study [17] for the years 2017 to
2025 is currently being conducted. This review aims to evaluate the structure, scope, and reusability of
existing legal ontologies and to assess their potential integration into the DTAL framework.

3.2. Use Case: Upper-Austrian Tourism Levy

To illustrate the viability of this multi-layered framework, a tourism levy imposed in an Austrian
province serves as a concrete case study. The O6. Tourismusgesetz 2018 levies an annual contribution
on enterprises whose turnover derives from tourism. While assessment is centralised, roughly 29 000
businesses must embed the calculation in their enterprise systems or resort to manual spreadsheets.

The following mathematical formulation captures the legal and economic logic of the contribution
scheme. Let Ube taxable turnover (two-year lag), p, . the rate for sector-municipality class pair, M,
the minimum contribution, and H = €4 280 000 the maximum base. The payable amount T is then given
by the following equation.

T = max( min(pg’c -U, H), Mg’c). (1)

Tables 1 and 2 in the appendix list statutory parameters.

In our proof-of-concept implementation, the ontology is represented using OWL (Web Ontology
Language), as per W3C standards [26]. We also integrated the European Legislation Identifier (ELI) [27]
standard.

The logic layer is the core computational engine of the proof-of-concept law digital twin, implemented
in Python (Stack Overflow Developer Survey 2024) [28] to leverage its flexibility and robust ecosystem.
In an ongoing use-case scenario, the authors trialled a proof-of-concept DTAL implementation using
Prolog, but it proved difficult to grasp for both computer scientists and legal practitioners (evaluation
results will be published soon).

The Logic Layer of the Digital Twin offers one or more services through an interface, for example a
RESTful API, making it accessible to external systems. Additionally, the interaces are published via the
Model Context Protocol (MCP) to connect the DTAL with (agentic) Al applications. All API information
and configuration details are published in the configuration model.



The source code of the use case is published open source on Github: https://github.com/
FlorianSchnitzhofer/digital-twins-administrative-law-tourism-levy

4. Evaluation Plan

Three alternative prototypes in Python and Prolog as well as an XML-based prototpye will be imple-
mented. A focus-group workshop (n = 5-10) with Austrian e-government officials, legal-tech vendors,
and senior jurists will combine live walkthroughs, scenario testing, and a Delphi questionnaire. Data
sources include video transcripts and observation checklists. Findings will iteratively refine architectural
guidelines and produce a practitioner checklist for future DTAL projects.

5. Conclusion

By coupling natural-language statutes with authoritative ontologies and executable logic, DTAL offers
a pragmatic path toward consistent, transparent, and cost-efficient administrative workflows. The
Upper-Austrian tourism-levy prototype demonstrates technical feasibility and sets the stage for broader
system-of-systems integration. Future work will conduct empirical evaluations, extend the ontology, and
explore formal certification pathways to embed DTAL artifacts into legislative promulgation processes.
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Appendix

Table 1
Contribution rates (%).

Table 2
Minimum contributions (EUR).

Group ClassA ClassB ClassC Class St
1 0.50 0.45 0.40 0.40
2 0.35 0.30 0.20 0.20
3 0.20 0.15 0.10 0.10
4 0.15 0.10 0.05 0.05
5 0.10 0.05 0.025 0.025
6 0.05 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00
Group ClassA ClassB ClassC Class St
1 69.00 51.00 34.50 34.50
2 51.00 34.50 34.50 34.50
3-5 34.50 34.50 34.50 34.50
6 34.50 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00
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