* X 4
*
* *
***

European
Commission

Hybrid Al to Enhance Legal Drafting
with LEOS

Summary technical report

"

(M

: : L , HyperModelex
Monica Palmlra ’ - SO Longo. and Salvatore Saplenza This project is funded by European Research Council
Department of Legal Studies, ALMA-AI;"University of Bologna GAN® 101055185

December, 2025




EUROPEAN COMMISSION

Directorate-General for DIGIT
Directorate A — Digital Transformation
Unit A.3 — HR & Legislative Solutions

Contact: Willy Van Puymbroeck
E-mail:  Willy.Van-Puymbroeck@ext.ec.europa,eu

European Commission
B-1049 Brussels



EUROPEAN COMMISSION

2025

Hybrid Al to Enhance Legal
Drafting with LEOS

Summary technical report

Directorate-General for DIGIT



Manuscript completed in December 2025
First edition

This document has been prepared for the European Commission however it reflects the views only of the
authors, and the European Commission is not liable for any consequence stemming from the reuse of this
publication.

Luxembourg: Publications Office of the European Union, 2025

© European Union, 2025

The reuse policy of European Commission documents is implemented by Commission Decision
2011/833/EU of 12 December 2011 on the reuse of Commission documents (OJ L 330, 14.12.2011, p. 39).
Unless otherwise noted, the reuse of this document is authorised under a Creative Commons Attribution
4.0 International (CC BY 4.0) licence (https://creativecommons.org/licenses/by/4.0/). This means that
reuse is allowed provided appropriate credit is given and any changes are indicated.

Print ISBN 978-9268-33290-0  d0i:10.2799/4519264 NO-01-25-012-EN-C
PDF ISBN 978-9268-33289-4  d0i:10.2799/1298773 NO-01-25-012-EN-N


https://creativecommons.org/licenses/by/4.0/

Hybrid Al to Enhance Legal Drafting with LEOS

Contents
N | 01 o To LU T o3 1 oY IS USRI 9
3 I = 11 o] g =[P 9
L2, SCOPE ittt 10
1.3. Methodology of hybrid Al ...........oueiiiii e 11
2. Use Cases REFERA and DEFINA ..o 13
2.1. Introduction and Motivation..............cccevvriiiiiiii e 13
2.0 0. REFERA . 13
2.0.2, DEFRINA L e 13
2.2. Dataset for REFERA and DEFINA...........coiiiiii e 14
2.3. Architecture of REFERA and DEFINA ..., 14
2.3.1. References suggestion with REFERA.............ccociiiiiiiiiiee 15
2.3.2. Definition suggestion with DEFINA ... 16
2.3.3. Results of REFERA and DEFINA.........ooiiiiiieeece e 16
2.3.4. Integration in LEOS of REFERA and DEFINA..........ccccoiii i, 17
3. USe Case RECONTA ...t e e et aeee 19
3.1. Introduction and MOotivation................coevviiiiiiie e 19
3.2. Dataset Of RECONTA ... e e 19
S TR T |V (o To [=T o ) il = 4 = O @V 1 21
3.3. Results Of RECONTA .. ..o e e e e e 22
3.4. Representation of the article-recitals graph ..........ccccoooeeviiiiiiiiiiniennn, 22
4. Use Case TRENDS .........oooviiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeee et 27
4.1. Introduction and MOtIVatioN...........ccoovviiiieiiiie e 27
4.2. Reporting REQUITEMENTS ........uuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeieeeeeeeeeeenees 28
4.3. MethodolOgy ......ooiiiiiie e 30
4.4. Extracting information on reporting requirements using RRMV ........... 31
4.5. Linguistic and legal analysis of reporting requirements ....................... 32



Hybrid Al to Enhance Legal Drafting with LEOS

4.6. Semantic taxonomy of reporting requIreMents ............ccccceeeveeeennnnnnnnnns 36
4.7. Templates of reporting reqUIreMEeNtS ..........ccovvveevvviiiiiieeeeeeeereee e 37
4.8. Integration iN LEOS ... 37
4.9. Serialisation i AKNAEU ...........uuuiiiiiiiiiiiiiiiiiiiiiiii. 40
ST O Y [od ¥ 1] o o =SSP 43
6.  REIEIENCES...cco oo 44
7. LISTOF fIQUIES e 47
8. Listoftables. ... 48



Abbreviations

AKN Akoma Ntoso standard of OASIS
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Executive summary

The report presents the outcome of a study funded by the European Commission. The study
sought to improve legislative drafting by developing Al-based microservices that assist
lawyers and policy developers to uphold the rule of law, harmonise the language of
legislation, retrieve relevant accurate legal references, enhance drafting clarity, and
strengthen semantic connections within legal texts. LEOS, an open-source web editor
developed by the European Commission, provides the platform for integrating these Al
enhancements.

This document describes in detail four use cases in which hybrid Al combined with Akoma
Ntoso XML (AKN) is applied to enhance LEOS. The work is done in cooperation with the
European Commission’s DG Informatics (Unit A3) and is supported by the ERC
HyperModelLex - Hyperdimensional Modelling of the Legal System in Digital Society - and
Erasmus+ Jean Monnet LEDS4XAIL - Legal Design and Data Science for Explicable Al in
Legal Domain -projects.

The first use case, REFERA (Reference Embedding Retrieval Assistant), aims to reduce
manual effort and citation errors, by retrieving the most relevant normative references even
from incomplete input. The second use case, DEFINA (Legal Definition Assistant), identifies
fitting legal definitions to ensure consistency and reuse of legal terminology. The third use
case, RECONTA (Recital Connector to Articles), examines the correlation between recitals
and legislative provisions, and suggests a way to record these relations in a machine-
readable format through AKN-XML metadata. The fourth use case, TREND (Template of
Reporting Requirement Engine for Normative Drafting), proposes, based on legal
taxonomies and ontologies, templates for reporting obligations to simplify and harmonise the
drafting of regulatory requirements.

Together, these use cases convincingly demonstrate how Al and semantic annotations in
AKN-XML can be used to improve the quality, transparency, and searchability of legal texts.
The hybrid Al methodology combines symbolic and statistical techniques, uses embeddings,
retrieval-augmented generation, and large language models. The integration of the use
cases in LEOS is through an easy-to-use interface with emphasis on ‘explainability’ of Al-
generated output. Finally, AKN serialisation is used for the structured representation of legal
documents, normative references, and lifecycle metadata such as entry into force and repeal,
creating a robust foundation for interoperability and explainable Al in legislative drafting.



1. Introduction

The report presents the main outcomes of a study on ‘The use of Al in legal drafting.” The
study was funded by the European Commission! and executed in 2025 by the University of
Bologna. Its main aims were to carry-out several proofs of concept of using hybrid Al, in
combination with Akoma Ntoso XML (AKN-XML), in drafting EU legislation, and their
integration in LEOS using micro-services. The study should moreover

e Address the full complexity of legal drafting.
e Contribute to building trust in the use of Al, and
¢ lllustrate the importance and the potential of the use of Al.

The study work has been conducted in cooperation with the DG-Informatics, European
Commission Unit A3 - HR and Legislative Solutions. It is also part of the ERC
“Hyperdimensional Modelling of the Legal System in Digital Society” (HyperModeLex) Grant
agreement ID: 1010551852 and of the Erasmus+ Jean Monnet “Legal Design and Data
Science for Explicable Al in Legal Domain” (LEDS 4 XAIL) Grant No. 1010855763,

1.1. Rationale
Legal drafting is a crucial task in the legislative process in any deliberative assembly. The
goals of the study were to develop Al-based tools and micro-services:

() To support political decision-making.

(i) To guarantee the rule of law.

(i) To ensure adherence to the theory of law principles.

(iv) To assist the harmonisation of language used in specific parts of the legislation
(e.g., definitions), thereby avoiding inconsistencies.

(v) To correctly retrieve relevant parts of the legislative corpora (e.g., normative
references), thereby avoiding errors.

1 DIGIT C.1.004, Purchase order 2024-35337 Use of Al in Legal drafting — Ares (2024)8448887.
2 In this project the Al tools used for embedding AKN-XML structure were developed

3 Inthis project the user interface to explain the results of using the Al tools was developed
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(vi) To facilitate the application of drafting rules, thereby improving quality and clarity.

(vii) To assist the formulation of legislative clauses with all the information in simple
language (e.g., temporal parameters in the reporting requirement), and

(viii) To support the detection of the semantic connection between different parts of the
legislative document (e.qg., recitals connected with related articles).

In the last 15 years, many specialised editors have been developed [1],[2],[3].[4].[24], [25],
[26] to achieve these goals. These make use of Natural Language Processing (NLP),
Semantic Web approaches, symbolic Al based on rules [5], or XML based methods.

LEOS [6] is a most promising web editor for legal drafting. It has been developed by the
European Commission to support its legal drafting, also with the aim of addressing the needs
of the Member States. LEOS is an open-source web editor specific to legal drafting; its
interface is developed using Angular. Its purpose is to be used in every step of law-making.

1.2. Scope

The aims of this study are (i) to design a framework architecture to enhance LEOS with add-
ons that use Al, (ii) to improve the quality of the legal content, (iii) to help legal drafters in
their daily work, and (iv) in general, to assist the law-making process.

The four add-ons provide the following features [7], [8]:

1. Retrieve the most relevant normative references considering the subject of the
bill, using incomplete data (REFERA- REFerence Embedding Retrieval
Assistant). The goal is to reduce manual error-prone work, and to avoid
repetitions in legislative citations [9].

2.  Retrieve the most relevant definition considering the subject of the bill, using a
term (DEFINA- legal DEFINition Assistant). The goal is to maximise the reuse of
similar legal concepts, limit the introduction of new terms, and avoid provisions
that could lead to interpretation problems [10].

3.  Correlate during legislative drafting recitals and normative text using terms
identified as drivers. The goal is to track this correlation with AKN-XML in a
machine-readable manner using metadata (RECONTA- REcital CONnector to
Articles).

4.  Suggest templates of reporting requirements according to a taxonomy defined in
this report and the Reporting Requirement Metadata Vocabulary (RRMV)
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ontology* and propose a semantic annotation in AKN4EU (TREND - Template of
Reporting requirement Engine for Normative Drafting).

The work builds on the results of previous studies on ‘Drafting in the era of digitisation and
Al’ [7], on the ‘SORTIS’ study on regulatory reporting standards® and on the work done on
regulatory reporting requirements developed within the Proof of Concept (PoC) on ‘Context
Aware Legal Verification®. The former developed the RRMV ontology, whilst the latter
explored the integration in LEOS, combining AKN and Resource Description Framework
(RDF), thereby demonstrating the feasibility of automatically capturing reporting
requirements within LEOS.

All four use-cases illustrate the positive impact not only to attain better regulation, but also to
increase transparency and searchability of legal knowledge using authoritative semantic
annotation in AKN4EU (see Figure 1).

Normative Legal
References Definitions

REFERA

Recital-
Articles RECONTA

Legal Reporting
TRENDS RequestTemplates

Figure 1: Four use cases using Al integrated in LEOS.

1.3. Methodology of hybrid Al

The methodology is based on hybrid Al [11], [12], and uses multiple techniques. No new text
(e.g., using LLM or generative Al) is generated. We aim to suggest pertinent, contextual
information. Suggestions are, based on extracting relevant legal knowledge from the legal
corpora, using a similarity index according to the bill parameters [27].

4 See https://interoperable-europe.ec.europa.eu/collection/digital-ready-policymaking/solution/rrmv

5  See https://interoperable-europe.ec.europa.eu/collection/digital-ready-policymaking/news/streamlining-
regulatory-reporting-sortis-project-results

6 See https://interoperable-europe.ec.europa.eu/collection/justice-law-and-security/solution/leos-open-
source-software-editing-legislation/document/proof-concept-context-aware-legal-verification
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We first use the EUROVOC classification and other contextual information provided by users
during drafting (e.g., type of provision). Second, the approach considers the temporal validity
of normative provisions, e.g., excluding those that are repealed, or suggesting the
appropriate version of the consolidated text according to the view date given by the end-
user. Third, we resolve the normative references to include in the model of indexing the text
cited in a recursive way (only the first level), allowing to collect more information, especially
when the description is imperfect in the text and consists only of normative citations toother
provisions (e.g., “For the purposes of this Directive, the definitions laid down in Article 2 of
Directive 2000/60/EC shall apply”). Fourth, context is important for providing relevant output
of the suggestion. E.g., a definition depends on the bill. To illustrate there are many
definitions of ‘accuracy;” which definition to use depends on the document at hand. Fifth, we
use embedding, Retrieval Augmented Generation (RAG), and Large Language Models
(LLM) to support the end-user in drafting. Sixth, the user interface is a fundamental pillar to
guarantee usability, transparency, and ‘explainability’ of the Al behaviour and output [13].
Finally, we use AKN [14] serialisation to structure legal documents, normative references,
metadata of the lifecycle of the document, the date of entry into force/into operation/of repeal.

To learn more on the use of NLP, ‘law first’ and the new concept of Hybrid Al you can consult
[15], [16],[17].[18], [19], [11],[20].
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2. Use Cases REFERA and DEFINA

2.1. Introduction and motivation

2.1.1. REFERA

Normative references are widely used in legislative documents to cite other documents or
provisions which are relevant within the context of the norm. The use of normative
references, however, can lead to errors, if they break the relation between the text and the
cited document. For this reason, we propose a system to suggest the appropriate references
in case of an incorrect or partial text for a given reference. In particular, the system leverages
temporal information, as well as metadata about the documents, to suggest references which
(i) are valid, (ii) into force, (iii) which share the same number as the one provided in the query,
and (iv) refer to documents that have a similar theme to the one specified by the user. As an
example, if the user provides a partial reference of the form “"Regulation 406", the system
will return documents which are in force and share the document number 406. In this case,
a result would be Regulation 406/2010. The user is then able to inspect the title and the
document, and if relevant to incorporate it in the current draft. Furthermore, the tool can help
in using the proper format for citations, since the format changed over the years. Regulations
before 1968 appear as number/yy/EEC; those after 1968 are represented by number/yy and
after 2009 they are written as yyyy/number.

2.1.2. DEFINA

Legal definitions are a sensitive part of the law as they define new legal concepts, introduce
new terminologies, express equivalences between different definitions, and refer to
exceptions in specific cases. In EU legislation, there is usually a clear article called
“Definitions,” but sometimes technical definitions are given in the last part of the act or in the
annexes. Additionally, definitions are sometimes organised in a long list of points and may
be related to each other.

Definitions are composed of three main parts: definiens (term); definiendum (description);
and legal concept (abstract class of concept). The use of the same term in multiple definitions
is frequent, and a term may have a completely different meaning in different domains (e.qg.,
the definition of pollution depends on the domain, like water, energy, industry, etc.). For this
reason, the tool calculates the similarity of a given term (which can also be composed of
multiple words) with the existing, valid, and updated (present in consolidated versions of
documents) definitions in the legal corpus, using the similarity index as a criterion.
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2.2. Dataset for REFERA and DEFINA

The dataset used consists of 10 years of European legislation (2010-2021), i.e., about 15.000
regulations and directives. It was provided by the European Publication Office in Formex 3.0
XML format. We converted all documents in AKN, and using an NLP approach we annotated
the definitions and the normative references. All documents include normative references,
and the dataset includes 899 documents with definitions. For definitions, we considered only
explicit provisions typically titled “Definitions” or where a regular pattern can sufficiently
reliably identify the relationship between a term (definiens) and description (definiendum).
The definitions that include normative references are managed by navigating the link to
include the complete information (e.g., ‘personal data’ means personal data as defined in
point (1) of Article 4 of Regulation (EU) 2016/679).

2.3. Architecture of REFERA and DEFINA

The architecture of our system (see Figure 2) includes an eXist XML database, which
includes all the AKN XML documents and allows the user to query its contents using XPath
expressions. Furthermore, it comprises a relational SQL database which contains a
correspondence between documents and their relevant EUROVOC terms, as these are
found on the CELLAR knowledge graph. Each EUROVOC is also associated with its vector
representation, which is used by the reference suggestion module.

/ | \ Architecture y
existdb (" QuERY Regulation EU 406/2010

Re

:. s gEX .

S 1 = f

@ ~s* AKOMA NTOSO arsing ref <=| #1-ref +EuroVoc fish

structure of Reg. EU 406/2010 Decision 2009 Regulation EU
document syntax ok, valid syntax ok, valid 406/2012 syntax ok,
hydrogen-powered Climate change valid

motor vehicles: score:  score:0,6 seafish

\0#1 score:0,9

e

Indexing

definitions = ——
QUERY applicant 'aut ority
‘ +EuroVoc single market
#2 - def

+ after 2008
3 U&EENE / Directive 2010/24/EU Regulation (EU) 2017/2394

EuroVoc
classification

EuroVoc: EuroVoc:
tax system single market
\ﬁnancial interests infringement of EU law

/QUERY Find in EU Legislation the pertinent
documents with “sea borders”
~ #3-
Embeddings topic _ Directive (EU) 2017/541 on

&Temporal Data / L combating terrorism

Figure 2: The architecture of the enhanced LEOS.




Finally, for the search by topic functionality, a list of vectors representing the title and each
of the articles of each document is memorised as an embedding database. This permits the
activation of the comparison between the topics selected by the user and the vectors of the
title and articles using similarity methods.

2.3.1. References suggestion with REFERA

The input of the reference suggestion provided by the user is composed of a reference and
EUROVOC terms. From this input the module for normative references extracts the
document number and year. These values are compared with the database, and the system
retrieves first the documents that have the same year and number as those provided by the
user. If no document is found, a less stringent criterion is applied, where all documents that
contain the numbers in the query are returned. A final set of references is selected using the
Levenshtein distance [21], a metric used for the comparison of strings. It measures the
number of additions, deletions and substitutions that separate two strings. For both document
number and year, all documents that have a Levenshtein distance of at most 1 are included,
meaning that they contain at most one substitution, deletion, or addition of characters (see
the Figure 3).

%Reference: Regulation
EuroVoc:energy use

References
— Suggestion <«
1)Regulation (EU) Module
2015/1222 -_......,
Regulation (EU) e @ ° |stdb
2011/1227 [ > & .
Regulation (EU) B .
2014/1227

Figure 3: The reference suggestion module.

The refinement of all the selected documents, then, is derived from the EUROVOC terms
the user provided. These EUROVOC terms are compared with the ones associated with
each document included in the selected references. Each EUROVOC, both those which
are provided by the user and those associated with documents, is represented as the sum
of the fastText embeddings [22] of the words composing it. The vector representations of
two lists of EUROVOC are then averaged, obtaining a vector representing the user inputs
and vector representing each document in the database. Finally, the list of proposed
references is sorted by decreasing cosine similarity between each document EUROVOC
and the user-provided terms.
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2.3.2. Definition suggestion with DEFINA

The definition suggestion module (see Figure 4) attempts to leverage information about
prior existing definitions to suggest relevant definitions to the user. First, the system selects
a set of relevant definitions from the user query. This is done using the Lucene information
retrieval tool, which is integrated in the eXist database. This tool allows the user to query
definitions and to provide a list of definitions sorted by relevance. Internally, the system
uses an approach based on term frequency—inverse document frequency (Tf-idf), meaning
that it retrieves definitions that have a nonzero overlap with the user query. Then,
EUROVOC terms in the user query are compared with the ones in the selected definitions,
to provide the user with the most relevant definitions in the desired context.

Term: "Hydrogen"

EuroVoc: "Energy"

Definitions ‘oo ...'
—> Suggestion > '...
Definition:"Hydrogen Sensor" Module L
I‘ ..I

means...

Long title: Commission Regulation Powered by m

(EU) No 406/2010 of 26 April 2010 ... ¢
Partition: art_1__list 1__point_1

Version date: 2010-04-26

Eurovoc: Technical standard,

Pollution contral, Motor vehicle, ...

Figure 4: The definition suggestion module.

2.3.3. Results of REFERA and DEFINA

To assess the performance of the REFERA module, we selected several European
legislative documents that were related to the following EUROVOC terms:

e Energy use.
e Energy efficiency; and

e Energy consumption.

Partial references for these documents were constructed by removing a part of the complete
reference (e.g., Regulation (EU) 2017/1938 —Regulation 19/2017). Then, we performed
three tests for each reference, i.e., by providing the model with one, two or three EUROVOC
terms and the incomplete reference. The order of the terms is the order as presented above,
and we used top 1,5 and 10 accuracy as metrics. The results of this evaluation, presented
in Table 1, show that the model can suggest the correct reference most of the time within the
top 5 suggestions, however only when provided with sufficient EUROVOC terms (at least 2).
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Number Top 1 Top 5 Top 10

of Accuracy | Accuracy | Accuracy
EUROVOC

1 0.20 0.40 0.80

2 0.30 0.70 1.00

3 0.30 0.70 1.00

Table 1: Evaluation for the normative reference suggestions.

To evaluate the DEFINA module, a list of terms that are not defined in EU legislative
documents, along with relevant EUROVOC terms was produced. Both the terms and the
EUROVOC terms are used to retrieve relevant definitions. The definitions that are retrieved
are assessed by legal domain experts (junior researchers) and marked as either “helpful” or
“‘not helpful” for the given term. We then computed the top 5 accuracy, both including
instances where the system does not return any definition and excluding those cases. The
results, presented in Table 2, show that DEFINA can retrieve relevant definitions most of the
time, especially if instances where the system returns a blank output are excluded.

Top 5 Accuracy with “blank” outputs | Top 5 Accuracy without “blank” outputs

0.62 0.72

Table 2: Top 5 accuracy values for definitions and document clustering.

2.3.4. Integration in LEOS of REFERA and DEFINA

We have integrated the micro-services in LEOS via an API. At interface level we added a
panel in the right space of LEOS that shows boxes where to interact with the API. The end
user enters the EUROVOC term, or the definition term or the partial normative citation to be
investigated. The results are shown in Figure 5 and Figure 6 below:
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3. Use Case RECONTA

3.1. Introduction and motivation

Within European legislation, one of the key responsibilities of the drafter is to identify and
establish the relationships between recitals and normative provisions (such as articles). This
relation is fundamental to assist interpretation and enables a more comprehensive and more
accurate understanding of the law. While recitals do not possess binding legal force, they
constitute a crucial interpretative component, as they outline the rationale, principles, and
objectives that underpin the legislative text. Frequently, they also reflect the content of soft
law instruments (e.g., preliminary white papers) arising from negotiations among
stakeholders, the positions of Member States, and the broader policy direction of the
European Commission and other EU bodies. To support this interpretative process, we aim
to automatically link recitals to the corresponding normative provisions in LEOS during the
drafting phase and make these associations machine-readable and natively integrated within
an AKN-XML structure. An additional objective is to establish correlations between recitals
and enabling terms, that function as semantic anchors guiding the identification of relevant
connections.

The goal of the RECONTA module is to produce a classifier that can determine which recitals
are connected to a given article. For this reason, the approach taken is to use a recent
transformer module, ModernBERT-base [23], and fine-tune it with a binary classification task,
to determine whether a recital and an article are related or not. These models consider the
semantics of words in the context in which they are found and are the basis of modern Al
and NLP achievements. The specific model that we selected was chosen to allow for a longer
context window (8k tokens) and because of its low computational cost.

3.2. Dataset of RECONTA
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To train the module, we obtained JSON files available from the https://streamlex.eu
website. We used thirteen regulations concerning he European Digital Strategy and
Cybersecurity with the correspondence between recitals and articles (see Table 3).
These were converted into a single CSV file where each row contains the number and
text of an article, the number and text of a recital, and whether they are related. From
this dataset, we constructed a training, a validation and a test set which were split to
avoid any form of contamination between the training and validation/test sets. To
achieve this, we selected two document types that are the least homogeneous
compared to the training set. We used the Cyber Resilience documents (Digital
Operational Resilience Act’, Cyber Resilience Act®) as the validation set and Cyber
Security documents (Cyber Security Act®) as a test set. The other documents were
used to train the model. The total figures are as follows:

e Training set has 628 articles, 988 recitals.
e Test set has 115 articles, 235 recitals; and

e Validation set has 135 articles, 231 recitals.

Name of Legal Document Number of Articles Number of
Recitals

Artificial Intelligence Act 180 Training
Cyber Resilience Act 71 130 Validation
Cybersecurity Act 69 110 Test
Data Act 50 119 Training
Data GovernanceAct 38 63 Training
Digital MarketsAct 54 109 Training
Digital Operational 64 106 Validation
Resilience Act
Digital ServicesAct 93 156 Training
Directive onMeasures for a 46 144 Test

High Common Level of
Cybersecurity Across the

Union
European HealthData Space 105 115 Training
Regulation
European MediaFreedom Act 29 78 Training

7 See https://eur-lex.europa.eu/eli/reg/2022/2554/oj/eng
8  See https://eur-lex.europa.eu/eli/reg/2024/2847/oj/eng

9  See https://eur-lex.europa.eu/eli/reg/2019/881/oj/eng
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https://streamlex.eu/

Name of Legal Document Number of Articles Number of
Recitals

General DataProtection 173 Training
Regulation
Product LiabilityDirective 24 64 Training

Table 3: Table with acts examined.

3.3 Model of RECONTA

To train our binary classifier, we opted to use a concatenated representation of both
the article and the recital. Formally, given an article A and a recital R:

A=(al,...,a) (3.3.1)
R=(r1,...,rk) (3.3.2)

Where al,...,aandrl, ..., rk represent each token of the article and recital,
respectively. We constructed the following representation for our inputs:

X=COADsPRDPs (3.3.3)

Where s denotes the [SEP] token, which is normally used to separate sentences in
BERT or similar models, while ¢ denotes the [CLS] token, normally used at the
beginning of the input and when performing sequence classification. @ is used to
denote concatenation. Given a model M, the training is then performed using a cross-
entropy loss as follows:

exp(M(X),,)

L(X,Y)=—log Ye
(&.Y) Eilexp(ﬂf(){)i)j

(3.3.4)

Where M (X)i is the prediction obtained using model M on input X for the i-th class,
and C is the total number of classes (two in our case). Y represents the gold
standard labels obtained from https://streamlex.eu. A visualisation of the model
behavior is shown in Figure 7.
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European Union (the
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Related

Figure 7: The RECONTA module.

3.3. Results of RECONTA

Since our dataset is heavily imbalanced (most of the pairs belong to the “nonrelated”
class), we constructed a minibatch which is used during training to contain half
samples annotated as “related,” and the other half annotated as “non-related.” This
was achieved by selecting one “non-related” sample for each “related” sample at
random.

The precision, recall and F1 scores?!? for the two classes, as well as for their macro-
averaged values are shown in Table 4. Due to the high level of imbalance between
the two classes, the performance on the minority (“related”) class is markedly inferior
to that on the majority class. We are currently training a larger model (ModernBERT-
large) to improve the overall performance of the system.

Non Related 0.99 0.99 0.99
Related 0.51 0.45 0.48
Macro Averaged 0.75 0.72 0.73

Table 4: Performance level on the test set.

3.4. Representation of the article-recitals graph

Using the CSV dataset produced in the previous step, we have used KNIME to
calculate the similarity index between articles and recitals that have a value >0,70
and to represent them with a parallel graph (see the Figure 8). In this graph, each

10 F1 score refers to harmonic mean of precision and recall (in classification metrics)
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article relates to the relevant recital using a colored line. Many articles have an index
of similarity very high (>0,90).

NIS2 Directive (Directive (EU) 2022/2555) X X plot
article_num similarity recital_num value axis limits
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B Enable image download
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[
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Figure 8: The RECONTA Parallel Graph Representation.
The next graph presents the same results using a sunburst graph (see the Figure 9).

Clicking on an article, it is possible to see the recitals connected and the percentage
of similarity.
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Sunburst Chart

0.787%

Figure 9: The RECONTA Sunburst Graph.
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The scatter plot graph permits showing the correspondence between articles and
recitals (see Figure 10). Each article in the X axis relates to the recitals in the Y axis.
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Figure 10: The RECONTA Scatter Plot.

This information could be provided to the legal drafter to confirm or disconfirm the
connections and so to officially annotate within AKN the implicit references in an
authoritative manner, using the following structure in the <meta> block:

<analysis ">
<otherReferences "#MonicaPalmirani">
<implicitReference "#art_32" "#recital_127"/>
</otherReferences>
</analysis>

We use analysis because the correlation between articles and recitals is an output of
legal interpretation and there can be many according to the source attribute. In this
case the provenance of the legal interpretation is made by “MonicaPalmirani.”
Different and multiple interpretations are admissible.
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<otherReferences "#FabioVitali">
<implicitReference "#art_32" "#recital_133"/>
</otherReferences>

In this manner, it is possible to filter the fragments of annotation that are subjective
and not objective using the provenance.
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4. Use Case TRENDS

4.1. Introduction and motivation

Reporting Requirements (or Reporting Requests or Review Clauses - hereafter RR)
are legislative provisions that command bodies to execute a task by an entity to
another entity (e.g., from the European Commission to the European Parliament). A
reporting requirement is not a legal obligation from the perspective of the theory of law
[28] because there is no sanction and, consequently, no violation. They are not legal
obligations in the classic meaning (addressed to the citizens, with a penalty) but meta-
norms for managing and monitoring the law-making process within the legal system.
In other words, it is an action addressed to the internal mechanism of the legal
system.!! Often, the RR requires an entity to prepare a report, plan, budget, opinion,
or standard for another entity typically to monitor the implementation of the legislation.

The European Union legislation includes extensive reporting requirements involving a
diverse range of entities (e.g., Member States, Agencies, ...). Metadata plays a
fundamental role in managing the legal knowledge of reporting requirement.'? The
volume of reporting requirements has grown substantially and is a main instrument to
monitor the effectiveness of an act or the implementation of policies. However,
derogations and exceptions [24], and their evolution and modifications over time may
lead to very complex RRs making it difficult for legal experts to know exactly which
reporting requirements apply and which ones are not relevant. Failure to manage this
complexity has a negative impact e.g., on the implementation of the ‘better regulation’
system®® and in general may lead to a less effective legislative European agenda'4.
To mitigate this risk, reporting requirements are continuously monitored and manually
updated by amongst other agencies typically using SQL databases and NLP tools that
scan EU legislation'®. To arrive at a more structured approach, the use of Al tools

11 See the Case study analysis of regulatory reporting practices across the Euro- pean
Commission, https://op.europa.eu/en/publication-detail/-/publication/ 5a5e5b13-e996-11e9-9c4e-
Olaa75ed71al

12 See "The Importance of Metadata for Regulatory Reporting”, Directorate-General for Informatics,
D2 Interoperability, https://interoperable-europe.ec.europa.eu/sites/ default/files/document/2021-
12/Issue%20-%20The%20Importance%200f%20Metadata. pdf

13 Better Regulation: Joining forces to make better laws, COM(2021) 219, 29 April 2021, European
Commission See eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52021DC0219

14 See the "Objectives of the Better Regulation agenda” at https://commission.europa. eu/law/law-
making-process/planning-and-proposing-law/better-regulation_en

15 See for instance, https://commission.europa.eu/system/files/2023-10/Factsheet
CWP_Burdens 10.pdf
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combined with legal ontologies to detect and model the reporting requirements!® was
explored in the Study on Regulatory Reporting Standards (SORTIS) project!’ This
resulted in the development of an ontology for Regulatory Reporting Metadata
Vocabulary (RRMV).18

Here, we extended the use of RRMV and apply it:

4.2.

To identify existing reporting requirements during legal drafting.
To simplify reporting requirements during legal drafting.

To standardise some regular reporting requirements to improve interpretation
and tracking over time; and

To classify the reporting requirements to avoid duplications and reduce the
number of reporting obligations.

Reporting Requirements

A reporting requirement usually has a pattern composed of following basic elements.

Requirement is the fragment of the legislative source structure (e.g., article,
paragraph) in a given version and language (e.g., version updated at 2025-
04-10, in English) that produces at least one Action (e.g., present a report) in
a given time (e.g., by 1 January 2026), where Agents (e.g., European
Commission) are involved playing specific Roles (e.g., addresser).

Action is an event with at least one Agent that is a participant in the action at a
given time.

Agent(s) act some action, addressed to other agents. Each agent plays a
specific role (e.g., addressee, addresser) with a specific role type (e.g.,
reporter, legislator, etc.). The Agent also has a categorisation (e.g., institution,
individual, company, group of individuals, etc.).

TemporalEntitySpec is the specification of a temporal entity with non-zero
extent or duration.

16 See Streamlining regulatoryreporting https://interoperable-europe. ec.europa.eu/collection/better-
legislation-smoother-implementationstreamlining-requlatory-reporting/

17 See the results available at https://interoperable-europe.ec. europa.eu/collection/better-
leqgislation-smoother-implementation/news/ streamlining-requlatory-reporting-sortis-project-

results, https://interoperable-europe.ec.europa.eu/collection/better-legislation-smoother-

implementation/

18 See solution/rrmv
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e Action is Executed and can change the Status of the Action planned (e.g.,
completed or suspended like during the COVID).

e Requirement has a Topic classification (e.g., EUROVOC) that semantically
gualifies the legal context (e.g., Financial).

Here is an example from the Directive 2014/65/EU of the European Parliament and
the Council of 15 May 2014 on markets in financial instruments versioned in 2019%°:

“Art. 51 6. Commission... ESMA shall submit those draft regulatory technical
standards to the Commission by 3 July 2015.”

ESMA is the Agent with the Role of addresser that must function as an Action
(submit) a Results (draft regulatory technical standards) delivered to another Agent

(Commission) in the Role of addressee, at a given time (by 3 July 2015). See Figure
11.

| Agent

Role:Addresser \

Art. 51 Action
6. omissis... (

ESMA shall SlBRif those draft\segulatory

1=l E e El(e CYt0 the Commission by
3 July 2015,

l Event ActionResult

* Directive 2014/65/EU
* http://data.europa.eu/eli/dir/2014/65/0j

Role:Addressee

Figure 11: Art. 51 example.

A more complex case is to monitor the RR over time especially in view of the
cascade implications on the whole legal system. E.g., in Directive 2014/65/EU?°
consolidated on 31 December 2019, paragraph number 9 was inserted in Article 33,
creating a new Reporting Requirements:

“Art. 33 Commission... 9. The Commission shall set up an expert stake-
holder group by 1 July 2020 to monitor the functioning and success of SME
growth markets. By 1 July 2021, the expert stakeholder group shall publish a
report on its conclusions.”

19 http://data.europa.eu/eli/dir/2014/65/2019-12-31

20 http://data.europa.eu/eli/dir/2014/65/2025-01-17
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In this provision, we find two RRs connected to each other by a relationship of
consequentiality. RR1 and RR2 see in Figure 12 where it is evident the connection
with the two RRs.

Version of 11.12.2019
Art. 33 omissis...

RR1 9. The Commission shall set up an expert
stakeholder group by 1 July 2020 to monitor
the functioning and success of SME growth
markets.

RRZ/By 1 July 2021, the experts take holder
group shall publish a report on its
conclusions. —[rclatedlo

Figure 12: Art 33 example.

4.3. Methodology

To identify the patterns, we use a hybrid methodology considering the following:
() linguistic analysis of RRs.
(i) legal analysis of the role of RRs in the legal drafting context.
(i) semantic analysis of RRs.

We already argued that RRs are not a strong obligation type under the legal theory;
however, we can classify RRs following the classification of public law:

e Organisational Norms: These norms establish the framework within which
public power can be exercised. They are foundational to the principle of
legality, ensuring that public bodies have explicitly delegated authority to act.
It is also a pillar of the division of powers.

e Procedural Norms: These norms establish” how-to” of administrative actions,
ensuring fairness, neutrality, and accountability.

In this context RRs are meta-norms, with the purpose to establish organisational and
procedural norms that have side-effects within the European normative system (e.qg.,
provide a report) or in the dialogue with the legal systems of the Member States
(e.g., collect information from the other countries). For this reason, it is fundamental
to distinguish the norms that are commands addressed to private sectors, citizens,
society (external to the legal system process), and the norms that have the given
purpose (teleological norms) to manage the normative system as the set of norms
and procedures to maintain over the time the legal system.
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4.4, Extracting information on reporting requirements
using RRMV

To extract RRs from our dataset, we have used a Hybrid Al tool developed by the
University of Bologna, using embedding database, open LLM, binary classification
first and extracting entities later (see Figure 13) The paper was presented in
ICAIL2025%1,

The architecture is designed to first take the AKN legislative text produced by LEOS
and to analyse each article and each paragraph to binary classify the partition
depending on whether includes a RR. Second, using the RRMV ontology, we extract
the entities. Third, these entities are combined in RDF triples. Finally, we include
inside of the AKN XML the serialisation of the corresponding tagging of the entities
instead of the text (e.g., organisation, event, date, role) and in the metadata the RDF
complete fragment. As a result, the legislative text is neutrally annotated using an
agnostic approach, and the metadata provides an interpretation of this annotation
using RRMV. The separation between metadata and content representation is one
pillar in the AKN methodology to avoid a crystallisation of the legal interpretation
within the content of the official legislative text. Multiple RDF variants are possible to
guarantee a plurality of interpretations, applications, or purposes.

EXTRACTION

3. The Commission shall provide a report to (ML/DL/LLM)
the European Parliament and the Council by p!
—

20 January 2010 on the transparency of e IEEEEE—S .—'__"%"Qt%. P

quarterly financial reporting and statements
by the management of issuers to examine II—
whether the information provided meets the VISUALIZATION .
objective of allowing investors to make an R "
informed assessment of the financial position of |
the issuer. Such a report shall include an impact \
assessment on areas where the Commission MAPPING
considers proposing amendments to this Article.

RRMV

INTEGRATION

Figure 13: Architecture of RR Extraction.

21 3https://sites.northwestern.edu/icail2025/accepted-papers/
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4.5. Linguistic and legal analysis of reporting
requirements

We started to process the 891 reporting requirements of the datasets using the cloud
map (see Figure 14). We can notice thematic words (e.g., food), names of agency
(e.g., ESMA), the name of the type of document (e.g., Regulation), and the name of
institutions (e.g., Commission).

ESMA rl(_;l‘"”’{JI’Y{_;‘;]*:‘HwTﬂ[ ; r
iccordance specifying reportref'—renfe
1dopted Council referred Commlttee standards procedures

Regulation European Parliament Cou

ensure ' M
o CommissionFood
wrded Union application EC Feed established technical

approved Standing aSSISted regulatory meaning q

ft including hereinafter level pr
laboratories r

Figure 14: Cloud words.

Using the same set of reporting requirements, we extracted 259 verbal predicates
with the Stanford NLP entity library and calculated their frequency. We also filtered
those verbs > than 100 items, selecting a list of 25 major verbs: We notice in the
Table 5 verbs’ statistics (see also Figure 15) that ‘submit’ is the most frequent,
followed by ‘develop’.

56 manage
62 consult
63 draw
64 approve
68 promote
70 review
82 specify follow
94 relate
101 carry
56 manage
62 consult
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63 draw
56 manage
62 consult
63 draw
64 approve
68 promote
70 review
82 specify follow
94 relate
101 carry
128 take
134 register
70 review
82 specify follow
94 relate
101 carry
128 take
134 register
136 regard
152 ensure
162 publish
180 adopt
196 implement
207 assess
286 determine
316 establish
369 provide
413 notify
499 refer
668 specify
749 develop
1488 submit

Table 5: Frequency of the most used verbs.

This analysis permits to define groups of verbs according to the linguistic categories
(Table 6). To do this, we used Gemini to identify these linguistic categories.
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Action/Movement draw, carry, take, follow
Creation/Development develop, establish
Information/Communication consult, notify, publish, refer, register, relate,
specify, submit
Judgment/Evaluation approve, assess, determine, regard review
Implementation/Support adopt, ensure, implemezt, manage, promote,
provide

Table 6: Linguistic Categories.

Bar Chart
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Figure 15: Verbs statistics.

After this linguistic analysis, we did a legal analysis to understand the role of these
verbs in the light of the legal drafting techniques dimension. We have also extracted
the most frequent legal sentence to analyse the functions of the RR (see Figure 16):
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Figure 16: Sentences’ statistics.

The analysis of the most frequent sentences is an important input to create the
semantic taxonomy presented in the following paragraph 4.6.

After this step, we created patterns and calculated the frequency to understand
which template to suggest in LEOS (see Figure 17 and Table 7).

<agent> shall <verb> <list> 12

<object> shall be <verb> <agent> <deadline> 17
<agent> shall develop draft implementing technical standards 22
The Commission shall be assisted by <agent> 22
<agent> shall <verb> <deadline> 23

<agent> shall, <deadline>, <verb> 24

confused 27

In order to <verb>, <agent> shall, in close cooperation with 29

<agent>, <verb>
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By <date>, <agent> shall <verb> 83
<agent> shall develop draft regulatory technical standards 85
<agent> shall <verb> 166

Table 7: Patterns and frequency.

Patterns of RR

180
160
140
120
100

80
60
40
> amEannnnmli

Figure 17: Patterns of sentences of RRs.

4.6. Semantic taxonomy of reporting requirements

Based on the above analysis, we identified the following semantic taxonomy of RRs
that reflects the main legal functional categories of RRs inside of European
legislation:

e EU Implementation: reporting requirements for implementing EU legislation.

e Member State Compliance: reporting requirement that involve Member States
to comply with the EU legislation.

e Evaluation/Monitoring/Assessment: reporting requirements that aim to
monitor, determine, evaluate, or assess.

e Plan/Strategy/Coordination: reporting requirements that aim to provide plan,
strategy, coordination between institutions.
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e Transparency/Accountability/Notification: reporting requirements that aim to
notify, inform, provide opinion, communicate or record information.

e Budgetary/Financial Analysis: reporting requirements that define actions
concerning budgetary or financial outcomes; and

e Solution/Achievement/Accomplishment: reporting requirements that aim to
design, implement, document a solution or to provide achievement or
accomplishment.

4.7. Templates of reporting requirements

We notice that there are three most frequent patterns as follows:
e By <date>, <agent> shall <verb>
e <agent> shall develop draft regulatory technical standards

e <agent> shall <verb>

The first pattern is the most complete with <date>, <agent>, <action>. For this
reason, we have implemented this pattern in LEOS as proof-of-concept.

However, we found different variants of the same pattern:

e <agent> shall <verb> to <agent> <objective> of <topic> by <date>
e By <date>, <agent> shall <verb> <object> to <agent> on <topic>

e By <date>, and subsequently every <duration> <unit> thereafter, <agent>
shall <verb> a <object> to <agent> on <topic>

Moreover, as the frequency of the RRs has the European Commission as the
addresser, and European Parliament and the Council as addressees, we formulated
in the LEOS integration a wording to help drafters to follow a clear pattern of
provision.

4.8. Integration in LEOS

The integration in LEOS aims to demonstrate the use of reporting requirements
templates, and subsequently to make the information contained in the reporting
requirement available in AKN4EU and in RDF using RRMV.

We implemented the functionality to qualify the article as a reporting requirement in
LEOS. At first, using the above taxonomy, we can identify the main components of
the reporting requirement and the nature of the legal text being drafted (see Figure
18). Second, we offer a draft text for three common templates:
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Template 1: The Commission shall [verb] to the European Parliament and to
the Council a [object] of [topic or title] by [dd month year]

Template 2: By [dd month year], the Commission shall [verb] a [object] to the
European Parliament and to the Council on [topic or title]

Template 3: By [dd month year], and subsequently every [duration] [unit]
thereafter, the Commission shall [verb] a [object] to the European Parliament
and to the Council on [topic or title].

The following Figure 19 and Figure 20 illustrate the implementation of these
templates and the corresponding RDF automatically generated using Al. We first
select the partition that we intend to draft as a Regulatory Rule (RR), as well as the
specific type of RR. At this stage of the legal drafting process, no textual content is
yet available for analysis. Based on these initial parameters, the system proposes a
template in the LEOS interface, offering three variants derived from the previous
data analysis: (i) a simple sentence, (ii) a sentence starting with the deadline, and
(i) a sentence starting with the deadline and including the duration.

All the information is then processed by an API, which extracts the relevant entities
and serialises them in AKN4EU format. The entities are inserted both into the text of
the provision and into the metadata block of the AKN structure (RDF of RRMV). This
approach ensures that the RDF remains separate from the annotations of the
original text, allowing other end-users (e.g., institutions) to add additional
interpretations without duplicating the text.

« C O & Nonsicuro ht unibo.it I eur B % % ¥ L @ 8 » =

| LEOS Home  support v

ACM | Annotations & document notes
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Figure 18: LEOS - selection of the type of provision.
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This Regulation shall be binding in its entirety and directly applicable in all Member States

Done at Brussels,

For the European Parliament

For the Council
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Figure 19: LEOS - template generation based on the type of provision.

In Figure 19 we can see the automatic creation of the template in the text.
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Figure 20: LEOS - analysis by the Al tool and extraction
of the entities for the formalization in RDF.

In Figure 20 we can see the API elaboration of the text and the extractions of the
semantic entities, according with the RRMV ontology. The two buttons in the box
permit to download the RDF or the completely annotated AKN-XML file.
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4.9. Serialisation in AKN4EU

In this session, we intend to show the output of the serialisation of AKN used in
LEOS template.

First, hereafter we see how the three variants of template are proposed in the AKN
content of the article. You see in the <content> Template 1, 2, 3 proposed as three

separated <p>. Inside the template already offers the tagged content <organization>,
<concept>, <date>:

<article "_akn_article_nUUIqO" "~ ART_REQ"
"__akn_article_tuOre9" "current">
<num "false" "__akn_article_tuOre9_11GSeM"> Article 7 </num>
<heading " _akn_article_tuOre9_ntJv1)"> Requirement </heading>
<paragraph>
<content>
<p>Template 1 The <organization "#EUCommission"> Commission </organization>
shall <concept> [verb] </concept> to the <organization "#EUParliament">
European Parliament </organization> and to the <organization "#EUCoucil">

Council </organization> a [object] of <concept> [topic or title] </concept> by <date
"9999-01-01"> [dd month year] </date>

</p>
</content>
</paragraph>
<paragraph>
<content>
<p>Template 2 By <date "9999-01-01"> [dd month year] </date>, the <organization
"#EUCommission"> Commission </organization> shall <concept> [verb]
</concept> a [object] to the <organization "#EUParliament"> European
Parliament </organization> and to the <organization "#EUCoucil"> Council
</organization> on <concept> [topic or title] </concept>
</p>
</content>
</paragraph>
<paragraph>
<content>
<p>Template 3 By <date "9999-01-01"> [dd month year] </date>, and subsequently
every [duration] [unit] thereafter, the <organization "#EUCommission">
Commission </organization> shall <concept> [verb] </concept> a [object] to the
<organization "#EUParliament"> European Parliament </organization> and to
the <organization "#EUCoucil"> Council </organization> on <concept> [topic or
title] </concept> . </p>
</content>
</paragraph>
</article>

In the <analysis> metadata block we find the RDF serialisation of RRMV inside of
the <otherAnalaysis> sub-block. This permits to other institutions to add further
<otherAnalysis> sub-block with the specification of the provenance using @source.
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In this case the source is cirsfid. The provenance of the semantic annotation is
fundamental to understanding the ‘authoritativeness’ of the RDF assertions:

<analysis source="#cirsfid">
<otherAnalysis source="#cirsfid">
<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlns:rrmv="http://data.europa.eu/2qy/rrmv#">
<rdf:Description rdf:about="https://system.org/example#Requirement1">
<rdf:type rdf:resource="http://data.europa.eu/2qy/rrmv#Requirement"/>
<rrmv:isPartOf rdf:resource="http://publications.europa.eu/resource/celex/test#test" />
<rrmv:hasUri rdf:datatype="http://www.w3.0rg/2001/XMLSchema#tanyURI"> test~*None
</rrmv:hasUri>
<rrmv:produces rdf:resource="https://system.org/example#Requirement1Action1"/>
</rdf:Description>
<rdf:Description rdf:nodelD="N287a3aad04a74a618bb0413b82aaed2c">
<rdf:type rdf:resource="http://www.w3.org/ns/oa#Annotation"/>
<rrmv:hasBody> Template 1 The Commission shall [verb] to the European Parliament and
to the Council a [object] of [topic or title] by [dd month year] </rrmv:hasBody>
<rrmv:hasTarget rdf:resource="https://system.org/example#Requirement1"/>
</rdf:Description>
<rdf:Description rdf:about="https://system.org/example#fRequirement1Action1AgentRole3">
<rdf:type rdf:resource="http://data.europa.eu/2qy/rrmvi#AgentRole" />
<rrmv:withRole rdf:resource="http://data.europa.eu/2qy/rrmv#addressee" />
<rrmv:forAgent rdf:resource="https://system.org/example#fAgent3"/>
</rdf:Description>
<rdf:Description rdf:nodelD="N3085eda5595c4b81b541d3356dac2891">
<rdf:type rdf:resource="http://www.w3.org/ns/oa#tAnnotation"/>
<rrmv:hasBody> by [dd month year] </rrmv:hasBody>
<rrmv:hasTarget
rdf:resource="https://system.org/example#Requirement1ActionlinstantSpecl"/>
</rdf:Description>
<rdf:Description rdf:about="http://data.europa.eu/2qy/rrmv#Role">
<rrmv:hasType rdf:resource="http://data.europa.eu/2qy/rrmv#RoleType" />
</rdf:Description>
<rdf:Description rdf:nodelD="Nee03865adaea468e9f243ealc2ca56ce">
<rdf:type rdf:resource="http://www.w3.org/ns/oa#Annotation"/>
<rrmv:hasBody> Commission </rrmv:hasBody>
<rrmv:hasTarget rdf:resource="https://system.org/example#Agent1"/>
</rdf:Description>
<rdf:Description rdf:about="https://system.org/example#Requirement1Action1AgentRole2">
<rdf:type rdf:resource="http://data.europa.eu/2qy/rrmv#AgentRole"/>
<rrmv:withRole rdf:resource="http://data.europa.eu/2qy/rrmv#taddressee" />
<rrmv:forAgent rdf:resource="https://system.org/examplettAgent2"/>
</rdf:Description>
<rdf:Description rdf:nodelD="N09a29996467c4737a5c10245d6e769ec">
<rdf:type rdf:resource="http://www.w3.org/ns/oa#tAnnotation"/>
<rrmv:hasBody> European Parliament </rrmv:hasBody>
<rrmv:hasTarget rdf:resource="https://system.org/example#Agent2"/>
</rdf:Description>
<rdf:Description rdf:about="https://system.org/example#fRequirement1ActionlIinstantSpecl">
<rdf:type rdf:resource="http://data.europa.eu/2qy/rrmv#tinstantSpec"/>
</rdf:Description>
<rdf:Description rdf:about="https://system.org/example#Agent2">
<rdf:type rdf:resource="http://data.europa.eu/2qy/rrmv#Agent"/>
</rdf:Description>
<rdf:Description rdf:nodelD="Ne3864e4f89b046a1b5f75a90d075caf6">

41



<rdf:type rdf:resource="http://www.w3.org/ns/oa##Annotation"/>
<rrmv:hasBody> [object] of [topic or title </rrmv:hasBody>
<rrmv:hasTarget
rdf:resource="https://system.org/example#Requirement1Action1ActionResult1"/>
</rdf:Description>
<rdf:Description rdf:about="https://system.org/example#Requirement1Action1">
<rdf:type rdf:resource="http://data.europa.eu/2qy/rrmv#Action"/>
<rrmv:atTime rdf:resource="https://system.org/example#Requirement1ActionlinstantSpecl"/>
<rrmv:hasAgentRole
rdf:resource="https://system.org/example#Requirement1Action1AgentRolel"/>
<rrmv:hasAgentRole
rdf:resource="https://system.org/example#fRequirement1Action1AgentRole2"/>
<rrmv:hasAgentRole
rdf:resource="https://system.org/example#fRequirement1Action1AgentRole3"/>
</rdf:Description>
<rdf:Description rdf:about="http://data.europa.eu/2qy/rrmv#tbearer">
<rrmv:subClassOf rdf:resource="http://data.europa.eu/2qy/rrmv#RoleType"/>
</rdf:Description>
<rdf:Description rdf:about="https://system.org/example#fRequirement1Action1AgentRole1">
<rdf:type rdf:resource="http://data.europa.eu/2qy/rrmv#AgentRole" />
<rrmv:withRole rdf:resource="http://data.europa.eu/2qy/rrmv#addresser"/>
<rrmv:forAgent rdf:resource="https://system.org/example#fAgent1"/>
</rdf:Description>
<rdf:Description rdf:nodelD="N2499d898eee54a6095bc047c56e7d0e2">
<rdf:type rdf:resource="http://www.w3.org/ns/oa#tAnnotation"/>
<rrmv:hasBody> Council </rrmv:hasBody>
<rrmv:hasTarget rdf:resource="https://system.org/example#Agent3"/>
</rdf:Description>
<rdf:Description rdf:about="http://data.europa.eu/2qy/rrmv#addressee">
<rdfs:subClassOf rdf:resource="http://data.europa.eu/2qy/rrmv#RoleType"/>
</rdf:Description>
<rdf:Description rdf:about="https://system.org/examplet#tAgent1">
<rdf:type rdf:resource="http://data.europa.eu/2qy/rrmv#Agent"/>
</rdf:Description>
<rdf:Description rdf:about="https://system.org/example#tAgent3">
<rdf:type rdf:resource="http://data.europa.eu/2qy/rrmvi#Agent" />
</rdf:Description>
<rdf:Description rdf:about="https://system.org/example#Requirementl1Action1ActionResult1">
<rdf:type rdf:resource="http://data.europa.eu/2qy/rrmv#ActionResult"/>
</rdf:Description>
<rdf:Description rdf:about="http://data.europa.eu/2qy/rrmv#addresser">
<rdfs:subClassOf rdf:resource="http://data.europa.eu/2qy/rrmv#RoleType"/>
</rdf:Description>
</rdf:RDF>
</otherAnalysis>
</analysis>
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5. Conclusions

We elaborated and demonstrated:

(i) The architecture based on micro-services using RESTful approach to
integrate LEOS web editor with advanced Al functionalities.

(i) The power of Hybrid Al that permits to mitigate risks of Al in legal drafting
domain using Semantic Web technologies (e.g., RRMV ontology and RDF
databases), RAG (e.g., AKN XML repository in eXsist), embeddings, and
the use of LLMs; and

(i) The value of a robust legal-informatics methodology involving an
interdisciplinary group of researchers where Al is used not only to provide a
solution, but also to discover hidden information (e.qg., linguistic patterns)
that is essential to orient Al applications.

Additionally, the work shows how to implement use-cases, where legal, linguistic,
semantic, and technical analysis need to be combined using a solid teleological
approach to produce tangible benefits in the legislative domain relevant for
democracy in our societies.
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Getting in touch with the EU

In person

All over the European Union there are hundreds of Europe Direct centres.
You can find the address of the centre nearest you online (european-
union.europa.eu/contact-eu/meet-us_en).

On the phone or in writing

Europe Direct is a service that answers your questions about the European
Union. You can contact this service:

— by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for
these calls),

— at the following standard number: +32 22999696,

— via the following form: european-union.europa.eu/contact-eu/write-us_en.

Finding information about the EU

Online

Information about the European Union in all the official languages of the EU is
available on the Europa website (european-union.europa.eu).

EU publications

You can view or order EU publications at op.europa.eu/en/publications.
Multiple copies of free publications can be obtained by contacting Europe
Direct or your local documentation centre (european-union.europa.eu/contact-
eu/meet-us _en).

EU law and related documents

For access to legal information from the EU, including all EU law since 1951
in all the official language versions, go to EUR-Lex (eur-lex.europa.eu).

EU open data

The portal data.europa.eu provides access to open datasets from the EU
institutions, bodies and agencies. These can be downloaded and reused for
free, for both commercial and non-commercial purposes. The portal also
provides access to a wealth of datasets from European countries.

49



https://european-union.europa.eu/contact-eu/meet-us_en
https://european-union.europa.eu/contact-eu/meet-us_en
https://european-union.europa.eu/contact-eu/write-us_en
https://european-union.europa.eu/
https://op.europa.eu/en/publications
https://european-union.europa.eu/contact-eu/meet-us_en
https://european-union.europa.eu/contact-eu/meet-us_en
https://eur-lex.europa.eu/
https://data.europa.eu/

= Publications Office
of the European Union



	1. Introduction
	1.1. Rationale
	1.2. Scope
	1.3. Methodology of hybrid AI

	2. Use Cases REFERA and DEFINA
	2.1. Introduction and motivation
	2.1.1. REFERA
	2.1.2. DEFINA

	2.2. Dataset for REFERA and DEFINA
	2.3. Architecture of REFERA and DEFINA
	2.3.1. References suggestion with REFERA
	2.3.2. Definition suggestion with DEFINA
	2.3.3. Results of REFERA and DEFINA
	2.3.4. Integration in LEOS of REFERA and DEFINA


	3. Use Case RECONTA
	3.1. Introduction and motivation
	3.2. Dataset of RECONTA
	3.3 Model of RECONTA
	3.3. Results of RECONTA
	3.4. Representation of the article-recitals graph

	4. Use Case TRENDS
	4.1. Introduction and motivation
	4.2. Reporting Requirements
	4.3. Methodology
	4.4. Extracting information on reporting requirements using RRMV
	4.5. Linguistic and legal analysis of reporting requirements
	4.6. Semantic taxonomy of reporting requirements
	4.7. Templates of reporting requirements
	4.8. Integration in LEOS
	4.9. Serialisation in AKN4EU

	5. Conclusions
	6. References
	7. List of figures
	8. List of tables

