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Problem Context - Development in Legal Texts
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Understanding
Law as Code

Van der Bellen
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[1] https://en.wikipedia.org/wiki/File:Digesto_02.jpg [4] Lessig, L. (1999). Code and Other Laws of Cyberspace. New York: Basic Books.
[2] https://pixabay.com/de/photos/martin-luther-reformation-2763458/ [5] Prakken, H., & Sartor, G. (1997). Logical Models of Legal Argumentation. Dordrecht: Kluwer.
[3] https://www.ris.bka.gv.at/Dokumente/BgblAuth/BGBLA_2024_|_12/BGBLA_2024_|_12.pdfsig [6] https://academy.europa.eu/courses/understanding-law-as-code
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Problem Context & Research Question

* Traditional Legal Texts: Laws are published exclusively in natural language, requiring manual
interpretation and multiple, redundant software implementations. The challenge is to automate
decisions based on administrative law (rule-of-law) in a decentralized manner.

* Inefficiencies & Inconsistencies: This manual process leads to inefficiencies, potential errors,
and inconsistent interpretations within business software implementations - challenges that are
exacerbated by frequent legislative changes.

* Automation Challenges: As algorithmic decision-making becomes increasingly integral in
public administration, organizations and in companies, ensuring rule-of-law compliance and
legal certainty through automated systems is more critical than ever.

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

Raz, J. (1977). The Rule of Law and Its Virtue.
Schartum, D.W. (2020). From Legal Sources to Programming Code. Citron, D.K., & Pasquale, F. (2014). The Scored Society: Procedural Due Process for Automated Predictions.
Finck, M. (2022). Automated Decision-making and Administrative Law: A Legal Study. Kelsen, H. (1945). General Theory of Law and State.
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Smart Contracts, Legal Ontologies, Digital Twins

Our Approach is based on the integration of Smart Contracts, with domain-specific tax Ontologies and combining it with
Digital Twins Principles, traditionally known in engineering and manufacturing.

Taxonomy of Digital Twins

A
Level of
Ontology Aim Architecture H
FOLaw designing the architec- nori e, world Integratlon .
TEXT ¢ of ON-LINE for le- lity knowl- (W. Kritzinger et al 2018) Lifecycle
gal problem solving
gal problem solving Phase
F. Tao et al 2019
LRI-Core supporting knowledge physical, mental, roles, abstractions, (F-Tao etal )
acquisition for legal do-  occurrences
main ontologies
OCLNL e-Court concepts anchored in LRI-Core Dl |ta| TWln
MODEL LKIF-Core  Estrella Abstract concepts, basic, legal, g
framework, core and extended
DALOS Consumer  protection  Two knowledge level: Ontological
Consumer Law with the DALOS (reuse of CLO) and Lexical (ontol-
Protection  European project ogy learning from texts) D|g|ta| Shadow
OPJK mapping questions of Main classes: Role, Agent, docu- Retire
junior judges to FAQs  ment, Process, Act .
LOGIC UFO-L LCO based on Robert Ontological patterns Service
Alexy’s Theory of L. Manufacturin
Constitutional Rights, Dlgltal Model g
grounded on UFO Design _
>
TABLE 2.2: A summary of Legal ontologies N N
\3 N4 N L | of
Structure of smart contracts - & & <@ evelo
) . Summary of Legal Ontologies El Ghosh (2017) % % ¥ Hi h
in The Accord Project (2024) RN s\, ierarchy
N S Q @'0 (F. Tao et al 2019)
@
2
SN

The Accord Project. Accord Project Concepts. https://docs.accordproject.org/docs/accordproject-concepts.html. Accessed on: 30.Oktober 2024.

F. Tao et al. “Digital Twins and Cyber—Physical Systems toward Smart Manufacturing and Industry 4.0: Correlation and Comparison”. In: Engineering 5.4 (2019), pp. 653-661. issn: 2095-8099.

W. Kritzinger et al. “Digital Twin in manufacturing: A categorical literature review and classification”. In: IFAC-PapersOnLine 51.11 (2018). 16th IFAC Symposium on Information Control Problems in Manufacturing INCOM 2018.
M. El Ghosh. “Automation of Legal Reasoning and Decision Based on Ontologies (ICAIL’s Doctoral Consortium)”. In: International Conference of Artificial Intelligence and Law. London, United Kingdom, June 2017.
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Digital Twin for Administrative Law -
Software Architecture

The Digital Twin for Administrative Law (DTAL) is a comprehensive, machine-interpretable representation of
the rule-of-law legislation, structured into four layers as inspired by smart contracts

Contains natural language version of the law, preserving its original format
TEXT and historical character. This layer is unchanged by technological demands,
maintaining the law's integrity.

ONTOLOGY Represents semantic context, detailing all stakeholders, legal objects, and
their interrelationships.

MODEL Stores configuration data needed (Axioms) for legal interpretations, such as
income thresholds or tax rates. These parameters inherit properties from the
ontology.

LOGIC Encapsulates the computational logic and decision rules, including

exceptions and specific cases.

Structure of Digital Twin for Administrative Law

Allen, J.: Wrapped and Stacked: ‘Smart Contracts’ and the Interaction of Natural and Formal Language. In: Allen, J. (ed.) Smart Legal Contracts: Computable Law in Theory and Practice. Oxford University Press, Oxford (2022).

Jz JOHANNES KEPLER
UNIVERSITY LINZ



Technical Architecture of a DTAL
(Digital Twin for Administrative Law)
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Use case: Upper Austria Tourism Contribution

Table 1

Table 2

Contribution rat

RIS

Landesrecht Oberfisterreich
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Crfsklass 1 2 3 1 I 7
A 0.3 020 15 00
B 0.3 0,15 0,10 [0
C [ 0,10 005 0.
E 040 [ 0,10 [ 0.0
Soweit in dieser Tabelle der Prozentsatz mit 0,00 festgelegt ist, it kein Tourismusbeitrag zu
entrichten.
(2) Dhe Hachsth dlage je L hmerin brw. Untemehmer und T !

e § 39 Abs. 3 hat die By

Ehmnittlichen Anderungen des von der
verlautharien Verbraucherprcisindex
e Indexzahl um mehr als finf

ng ist der durchschnittliche Ind

: Betrag von der Landesregicnmg vor

ch kundgemacht wurde. Die ncue

10,000 Euro 2 Dic neuen
- b

zum Haushaltsausgleich
jbe Prozentsitz:

4 0.5 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
Minimum contributions (EUR).

Group ClassA ClassB  ClassC  Class 5t
1 69.00 51.00 34.50 34.50
2 51.00 34.50 34.50 34.50
-5 34.50 34.50 34.50

[ 34.50 0.00 0.00

7 0.00 0.00 0.00

TEXT

ONTOLOGY

7 F

class (A, B, C, St)<

("A": [0.50, 0.35, 0.20, 0.15, 0.10, 0.05, 0.00],

"B": [0.45, 0.30, 0.15, 0.10, 0.05, 0.00, 0.00],
"c*: [0.40, 0.20, 0.10, 0.05, 0.025, 0.00, 0.00],
"st": [0.40, 0.20, 0.10, 0.05, 0.025, 0.00, 0.00]

MODEL

"#minimumContributions”>
"#TourismMunicipality”

JXY
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r rce="xsd:string"
Minimum contribution values per municipality class (A, B, C, St)

{"A": [69.00, 51.00, 34.50, 34.50, 34.50, 34.50, 0.00],
"B": [51.00, 34.50, 34.50, 34.50, 34.50, 0.00, 0.00],
"ce: [34.50, 34.50, 34.50, 34.50, 34.50, 0.00, 0.00],
"St": [34.50, 34.50, 34.50, 34.50, 34.50, 0.00, 0.00]}

return (

LOGIC




Use case of tourism levy: Ontology

* The feasibility of integrating with existing legal ontologies is currently being evaluated through a

systematic mapping study on legal ontologies.

<2xml version="1.
vt Acco <rdf:RDF xmlns:

B

http://www.w3.org/2002/07/owl"

http://www.w3.0org/1999/02/22-rdf-syntax-ns#"
http://www.w3.0rg/2000/01/rdf-schema$”

http://www.w3.org/2001/XMLSchema#"

http://data.europa.eu/eli/ontology#"

ttp://www.wikidata.org/entity/"

http://tourismlevy.lawdigitaltwin.com/dtal toursimlevy/oce tourism ontoYogy'>

<rdfs:comment>Ontology for the Upper Austrian Tourism Levy.</rdfs:comment>
<rdfs:seehlso rdf:reso "https://www.ris.bka.gv.at/eli/lgbl/LR-00/2018/94"/
</owl:Cntology>

Classes ——>

<owl:Class rdf:about="#TourismContribution">

<rdfs:label>Tourism Contribution</rdfs:label>

condbton st <rdfs:comment>Mandatory payment made by businesses to support tourism activities.</rdfs:comment>

s sy cisa
</owl:Class>
/- <owl:Class rdf:about="#TaxAuthority">
ey rama <rdfs:label>Tax Authority</rdfs:label>

—®

[—

</owl:Class>

/QE\

<owl:Class rdf:about="#§PrivateAccommodation">

Interconnect with ELI

out="http://tourismlevy.lawdigitaltwin.com/dtal toursimlevy/ooe Jourism ontology">

<rdfs:comment>Provincial office responsible for administering the tourism contribution.</rdfs:comment>

<rdfs:label>Private Accommodation</rdfs:label>
usness acauy «<rdfs:comment>Short-term lodging cffered for a fee in a private dwelling.</rdfs:comment>
</owl:Class>

<owl:Class rdf:about="#TourismBusiness">
et <rdfs:label>Tourism Business</rdfs:label>
<rdfs:comment>Entrepreneur or enterprise that may be liable for the tourism contribution.</rdfs:comment>
<rdfs:seedlso rdf:reso "https: //www.wikidata.org/wiki/Q56342478L/>
——r— - </owl:Class>

—— 3 <owl:Class rdf:abou #TourismMunicipality">
{aratie umover <rdfs:label>Tourism Municipality</rdfs:label>

If possible — connect
with other ontologies
and other DTALs

o
-

<rdfs:comflent>Municipality classified for tourism levy purposes.</rdfs:comments
. = - </owl:Class>

3 <owl:Class r
<rdfs:lal
<rdfs:co

H </owl:Class

frabout="#MunicipalityClass">
el>Municipality Class</rdfs:label>
ent>Classification of a municipality determining levy rates.</rdfs:comment>

k| <owl:Class fdf:about="#ContributionGroup">
<rdfs:lgdbel>Contribution Group</rdfs:label>

PN R Pt P PR SR

Source: https://service.tib.eu/webvowl/#file=ontology ooetourism_levy_minfix.owl

Definitions should be
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Use case of tourism levy:
Al-Chats with an without a MCP DTAL Interface

Maximum Output Length (Tokens)

512
MCP Servers O

Status: Mot Connected

https://dtal-tourism-dvhweqgye0fmeddr.ge

& Authentication (Optional)

Debug Log

Assistant

Docs [F View Code [

How many Euros do | have to pay for the Upper Austrian tourism levy for a “Zimmervermittlung” in
Adiwang with revenue of half a Million Euros a year?

A very specific question!

After researching the topic, | found that the Upper Austrian tourism levy (also known as
“Tourismusabgabe in German) is a tax levied on tourism businesses in Upper Austria

According to the Upper Austrian Tourism Act (06. Tourismusgesetz), the levy is calculated based on the
revenue of the business. For a “Zimmervermittlung” (room brokerage or accommodation agency), the

<<  without DTAL connection the LLM
will guess the tourism levy

levy rate is % of the annual revenue
To calculate the levy, you waould multiply your annual revenue by the levy rat
€500,000 (annual revenue) x % = €500,000 x 0.0045 = €2,250

So, you would have to pay approximately €2,250 per year as the Upper Aust

Maximum Output Length (Tokens)

Docs [ View Code [

LLM with connection to the DTAL  >> MCP Servers O

over a MCP interface.

The result of the prompt was Status:  Connected

calculated by the DTAL and the
result is explained by the LLM

Source: https://playground.ai.cloudflare.com/
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Available Tools (1)

Debug Log

https://dtal-tourism-dvhvcqgyeOfmeddr.c ~ Disconnect

@ Authentication (Optional)

dtal.calculate_ooetourism_levy

[debug] Auth callback

Y
User
512
Assistant
User
v
s
v
listener added. : v

How many Euros do | have to pay for the Upper Austrian tourism levy for a "Zimmervermittlung” in
Adlwang with revenue of half a Million Euros a year?

You have to pay 2000.0 Euros for the Upper Austrian tourism levy.

Enter a message...
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Example of a DTAL Platform to search and
execute DTALs

AIA DTAL Platform

Upper Austrian Tourism Levy Calculator

Calculate the Upper Austrian tourism levy for businesses

Municipality *

£ Last

aaaaaaaaa

updated: 8/31/2024

€2000.00

OOOOOOOO
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Source: https://lawdigitaltwin.com/

Example of a Platform to host all available
digital twins of administrative law.

Features:
» Search for DTALs with filtering

« Execute DTALs within a form view and
get live results

 Get information about MCP and REST
integration

« Download Open Source Code

10



Summary and Future Research

Eut * Evaluate first design decisions (Q4 25) * Developing open-source framework
uture

* Systematic mapping study of legal ontologies * Evaluate DTAL design via focus group sessions.
Research

* Qualitative research on ADM within administrative law * Cross-jurisdictional applicability

2023 2024 2025

Use-Case: Austrian Income Tax
& State Levey - Minerals

Digital Twins of Law in Springer
Book: Der Selbstfahrende Staat

Main Use-Case: State Levey - Tourism
& SMS — Legal Ontologies

XML-based representations of IT-Collective
Agreement failed to meet automation and cost-
reduction targets. Automated reasoning required

a more comprehensive model.

Prototype for a basic digital twin for tax law for a
subset of Austrian income tax regulations was
implemented and is still in evaluation phase.

Use Case implementation of the State levy for
the above-ground extraction of mineral resources
pursuant to the Upper Austrian Landscape Levy

Act is implemented in a digital twin with Prolog.

Main use case implementation: Upper Austrian
tourism levy

A systematic mapping study on legal ontologies
is being carried out.

Requirements for digital twins of administrative
law are gathered by interdisciplinary expert

interviews.

Schnitzhofer, F. (2025) ‘The Self-Driving State: Automated Decision-Making in Modern Governance’. In: Proceedings of the International Symposium for Law and IT 2025, Vienna, Austria, 19—22 February 2025.

Schnitzhofer, F. (2025) ‘Integrating Legal Ontologies and Digital Twin Technology: Enhancing Rule-of-Law-Compliant Automated Decision-Making in Administrative Law'. In: Proceedings of the 22nd Extended Semantic Web Conference
(ESWC 2025), PhD Symposium, Portoroz, Slovenia, 1-5 June 2025. Available at: https://2025.eswc-conferences.org/phd-symposium-program/ (Accessed: 2 June 2025).
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