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- document-assisted generation systems, where the software automatically generates 
text that can help judges write judicial documents; 

- speech-to-text applications, allowing the judge to receive the transcript of the hearing 
or courtroom record; 

- risk prediction systems, where the algorithm is able to forecast a possible outcome of 
the case or an aspect related to it, which include compensation and litigation fees. 

Policy-makers worldwide are increasingly recognizing the potential of these solutions and 
have raised government funding for initiatives and projects aimed at integrating AI into the 
judiciary. 

 
3. Objectives 

Against this background, the objectives of the ADELE project were to design a 
methodological framework of legal analytics (LA) for court decisions and to implement it in 
a pilot tool designed for Italian and Bulgarian case law in the fields of Intellectual Property 
Rights (IPR) and Value Added Tax (VAT).  

The first objective was accomplished by designing a LA methodology consisting of: (1) a 
data collection and annotation phase, whereby relevant knowledge was added as metadata or 
machine-readable information to a particular document and integrated with legal ontologies; 
(2) a data processing phase, whereby machine learning and NLP techniques were applied to 
annotated legal texts to extract relevant information, i.e. arguments, claims, citations, 
sections, keywords, and summaries.  

The aforementioned LA framework allowed for the development of the following 
functionalities: 
- ontology-based searches, which provide a search function through a comprehensive 

view of the domain-specific maps with a representation of the most relevant concepts 
and their connections; 

- citation extraction and network analysis, which enables judges to collect useful insights 
from previous judgments that are conceptually or functionally similar and to get a 
complete overview of the operative construction of the law; 

- summary and keywords extraction, enabling the visualization of legal information to 
quickly understand the main factual and legal issues discussed in the decision; 

- argumentation extraction, which allows the extraction of argumentative patterns from 
a decision. This application enables judges to establish the rationale of previous 
judgments and offers a conceptual and argumentative toolkit to make the final decision 
in the case at hand; 

- outcome prediction, that enables the anticipation of what could be the decision to a 
specific case according to past case law. 

In the following paragraphs, the methodology and practical steps taken to create the 
above-mentioned functionalities are discussed, starting with data collection and annotation, 
and then specifying how the data was used for each task presented above. 
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The corpora were annotated using XML text editors, including Sublime Text, NotePad++ 
and Visual Studio Code. Different annotation software (such as Gloss and Inception) was 
also experimented with and some developing with SenTag was also begun. This provided an 
environment for annotating and editing case law using XML tags, with several customized 
functionalities such as a semi-automated guided annotation procedure, a visualization space 
for the argumentative structure of decisions, and an automated agreement procedure.164  

The annotated case law was contained in the ADELE platform as searchable and 
browsable case-law in which annotations can be highlighted through information retrieval 
functions. In addition to that, decisions were used to train the machine learning models for 
outcome prediction and argument mining, as well as to extract case law citations. 

 
5. Citation extraction and network analysis 

Given the large availability of data, the automated analysis of legal texts has become 
increasingly relevant in recent times. Network analysis, in particular, is being employed to 
analyse intricate legal domains by representing legal documents (judgements, statutes, 
regulation) in terms of nodes, i.e. cases, legislative documents, and their corresponding 
relationships or edges, such as citations and normative referrals. A network is particularly 
useful in understanding the overarching structure of a domain, allowing for the identification 
of specific characteristics, including the case most frequently cited, clusters of similar cases, 
which contribute to predictive analysis.165 While most experiments in this field have been 
applied to EU case law, there are still ongoing efforts to apply the same methodology to 
national courts.166  

In the context of the ADELE Project, network analysis in the field of VAT and T&P 
cases was carried out in Italy and Bulgaria. The pipeline included the automated extraction 
of cases and then the development of networks.  

The automated extraction was performed by using a regular expression (regex) algorithm, 
namely a computational procedure used for matching patterns in strings based on pre-
defined language rules. To do that, the first step was to manually detect judicial citation 
patterns, i.e. how judges usually refer to and cite other documents within a case. It was 
noticed, for example, that most Italian cases did not follow a common style of citations, as 
the same document could be referred to in multiple ways. For instance, the court identifier 
could be written fully, shortened, or, in some cases, skipped completely. The same occurs for 
the date. Through trial and error, we attempted to build regular expressions as high-level as 
possible to accommodate the automated extraction of all possible citation styles. For the 
purpose of the project, only citations in specific parts of the original decision text were 
searched, to include only the citations that were relevant in decision making, in particular 
those made by the judge.  

 
164 A. ZERBINATI ET AL., SenTag 2.0: A Cooperative Annotation Tool, in Proceeding of the 21st International Semantic 
Web Conference, CEUR Workshop Proceeding, 2022. 
165 M. DERLÉN, J. LINDHOLM, Goodbye van Gend en Loos, Hello Bosman? Using Network Analysis to Measure the 
Importance of Individual CJEU Judgments, in European Law Journal, 2014, 20.5, 667. 
166 A. LOUIS, G. VAN DIJCK, G. SPANAKIS, Finding the Law: Enhancing Statutory Article Retrieval via Graph Neural 
Networks, January 2023, available at: arXiv:2301.1284; R. WINKELS, J. DE RUYTER, Survival of the Fittest: Network 
Analysis of Dutch Supreme Court Cases, in M. PALMIRANI ET AL. (eds.), AI Approaches to the Complexity of Legal 
Systems. Models and Ethical Challenges for Legal Systems, Legal Language and Legal Ontologies, Argumentation and Software 
Agents, Lecture Notes in Computer Science, Berlin, Heidelberg, Springer, 2012, 106. 
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Once extracted, the citations were converted into a pre-established format: 
[Court][Branch][Date][Case number][Text section]. This made it possible to maintain a 
standard structure, with different elements directly retrieved in the text of the parsed 
document. A similar structure was extracted for legislative citations, while keeping the 
different legal sources in consideration. Unfortunately, citations were extracted only at the 
document level. This was due to the fact that judges, at least in Italy and Bulgaria, rarely refer 
to specific paragraphs of cited decisions in their judgments. For this reason two classes of 
citations could be identified: complete well-formed citations and incomplete ambiguous 
citations. Only complete citations permitted searching for the document and extracting 
additional information on the case, such as additional cited documents. However, in the 
Italian dataset, cited cases were often not publicly available. Unlike in EU law datasets which 
had been worked on previously,167 this grossly limited the possibility of extracting complex 
networks of citations.   

To enhance the output of the system, existing solutions were implemented that could be 
tailored to our use. For the Italian dataset in particular, the Linkoln system was used, a piece 
of open-source software developed at IGSG-CNR (Istituto di Informatica Giuridica e Sistemi 
Giudiziari del Consiglio Nazionale delle Ricerche) for the automated detection and linking of legal 
references contained in legal texts written in Italian.168 With the capabilities of the library, 
which was itself built on the same methodology used (common patterns, regular expressions), 
it was possible to identify most citations and fix those that were still incorrect by modifying 
its output. Another module was then developed to check online sources for the document, 
validate the metadata extracted, and add more if necessary.  

At this point, the extracted citations were ready to be converted to a graph structure and 
analysed further. In particular, the structure was imported into a graph that could be 
visualised. The result, while not very deep, still showed recurring patterns and groups of cases 
with common citations. 

 
167 G. SARTOR ET AL., Automated Extraction and Representation of Citation Network: A CJEU Case-Study, in R. 
GUIZZARDI, B. NEUMAYR (eds.), Advances in Conceptual Modeling, Lecture Notes in Computer Science, Cham: 
Springer International Publishing, 2022, 102. 
168 The software can be found at: https://gitlab.com/IGSG/LINKOLN/linkoln/ 

https://gitlab.com/IGSG/LINKOLN/linkoln/








https://cran.r-project.org/web/packages/textrank/vignettes/textrank.html
https://spacy.io/usage/models
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included automated summaries and key term extraction, citation analysis, ontology 
visualization and search, and the partially automated extraction of arguments. The largest 
doubts pertained to the outcome prediction. 

 

 
Figure 2. Effectiveness of the ADELE modules 

 

 
Figure 3. Usefulness of the ADELE modules 

 
11. Ethics 

During the project, an ethical self-assessment was carried out by the Consortium regarding 
the development of the AI-powered pilot tool. The tool was developed in compliance with 
the EU Ethical Guidelines on AI, adopted in 2019 by the European Commission through 
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