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The efficient organization of diverse disorder cases within a unified memory 

necessitates an adaptable representation. This study introduces an ontology-

based approach for extracting facts from Moroccan legal cases. Leveraging 

ontological frameworks, a comprehensive case architecture is established, 

enabling advanced information extraction. Utilizing rules, patterns, and 

knowledge modeling harmonizes cases and identifies pervasive legal 

concepts. Statistical techniques unveil latent entities within complex legal 

textual discourse. Empirical validation demonstrates proficiency, extracting 

up to 25 regular entities. The rule-based mechanism achieves an F1-score of 

99.5%, highlighting precision, while the statistical extractor achieves an 

88.3% F1-score, revealing concealed entities. This work presents an 

innovative ontology-based paradigm for legal information extraction, 

contributing to advanced knowledge management in the legal domain. 
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1. INTRODUCTION 

The rapid digitization of court judgments and legal cases has generated a vast and ever-growing 

repository of legal knowledge in Arabic. This treasure trove of information presents both formidable 

challenges and immense opportunities for advancing artificial intelligence (AI) systems. While the sheer 

volume and complexity of Arabic legal texts pose significant obstacles to automated processing, the potential 

benefits of harnessing this rich resource are transformative. AI systems equipped with the ability to extract 

legal information from Arabic texts effectively could revolutionize legal research, case-based reasoning, and 

other AI-powered legal applications [1]. 

In early 2023, the Moroccan justice portal Adala [2] launched a groundbreaking digitization 

initiative, meticulously transcribing Moroccan legal cases into a digital format. This significant achievement 

has unlocked new possibilities for research and innovation in the legal domain. Despite adhering to a 

standardized format, the cases in modern standard arabic (MSA) reveal distinctive linguistic features and 

typically span two to five pages, containing complex structural and linguistic markers that judicial personnel 

must navigate to understand and find relevant cases quickly. One approach to address this need is to extract 

legal information from Moroccan legal cases using automated methods [3], [4]. 

Researchers have explored a variety of techniques for legal text information extraction, including: 

− Rule-based approaches: these methods rely on rules and language techniques for information extraction. 

The effectiveness of rule-based systems depends on the quality of handcrafted rules and patterns.  

For instance, Kowsrihawat et al. [5] used regular expressions to summarize Thai supreme court cases. 

Moens et al. [6] employed paragraph classification and sentence analysis to extract data like dates and 

https://creativecommons.org/licenses/by-sa/4.0/
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case names from Belgian legal texts. Zhuang et al. [7] utilized regular expressions and feature dictionaries 

to extract basic case details from Chinese judgment documents. 

− Machine learning approaches: machine learning models can extract more complex information than rule-

based systems but require substantial labeled data for training. For instance, Bach et al. [8] extracted key 

information from Vietnamese transport legal texts using conditional random fields (CRF). Sil and Roy [9] 

introduced a novel machine-learning approach for classifying legal clauses from the Indian Penal Code 

based on support vector machines (SVM). Jasim et al. [10] proposed a framework for automatically 

detecting and identifying argumentative components in Arabic legal texts, employing SVM and random 

forest algorithms. 

− Deep learning models: deep learning models have revolutionized natural language processing (NLP), 

surpassing traditional machine learning methods in various tasks. Son et al. [11] demonstrated their 

effectiveness to identify logical patterns in Vietnamese legal datasets. They experimented with recurrent 

neural network models, including long short-term memory (LSTM) and bidirectional LSTM (Bi-LSTM), 

and their combination with CRFs. Similarly, Chalkidis and Kam-pas [12] devised a system for extracting 

contract elements using a deep learning model, specifically the Bi-LSTM model, which integrated word 

embeddings, part-of-speech tags, and token shape embeddings. Nuranti and Yulianti [13] assessed deep 

learning techniques on Indonesian legal texts, such as CNN, LSTM+CRF, and Bi-LSTM+CRF. Notably, 

the Bi-LSTM+CRF model achieved the highest accuracy in their study. 

− Knowledge-driven approaches: these methods leverage the power of knowledge resources, such as 

ontologies, to improve precision and efficiency in extracting legal information from texts. By 

incorporating domain-specific knowledge, they reduce the dependence on expensive labeled data and 

enhance interpretability. For instance, Buey et al. [14] employed ontologies and keyword-based rules to 

identify relevant information in Spanish legal documents. Araujo et al. [15] constructed a domain 

ontology of legal events to extract information such as formal charges and convictions from Brazilian 

legal texts. Ren et al. [16] proposed an ontology-based and deep learning-driven method for extracting 

legal facts from Chinese legal texts. Thomas and Sangeetha [17] adopted a semi-supervised, knowledge-

integrated pattern-learning approach to extract domain-specific facts from judicial text. 

Legal information extraction (LIE) from Arabic legal texts presents significant challenges owing to 

the intricacies of the Arabic language [18], the limited availability of labeled data, and the fragmented nature 

of legal systems in Arabic-speaking countries. Machine learning (ML) systems are not well-suited for LIE in 

Arabic due to their substantial data requirements for training. Instead, we propose utilizing an ontology and 

rule-based system to extract legal information from Moroccan legal cases in Arabic. 

Our proposed system capitalizes on the Moroccan legal case ontology (MLCO) to organize legal 

cases into predefined logical segments and to extract common entities such as individuals, organizations, and 

dates. The MLCO also serves as the foundation for identifying a vector of associated concepts for each case 

by applying a statistical method. The key contributions of our study include: 

− MLCO: a novel framework addressing both the structural and knowledge modeling aspects of Moroccan 

legal cases. 

− Annotation module: meticulously designed for the legal documents on the Adala portal. This module 

processes legal cases in PDF format, and generates structured XML files enriched with tags for common and 

specific entities, ensuring accurate and comprehensive annotation. 

− Linguistic resources on the NooJ [19] platform include an Arabic dictionary derived from the MLCO and 

morphological and syntactic grammars tailored to the intricacies of the Arabic legal language. 

− Empirical evaluation: a rigorous assessment of our annotation module’s performance, offering valuable 

insights for the research community. 

The remaining sections of the paper are organized as follows: Section 2 sheds light on established 

methodology. Section 3 assesses the performance of the proposed methodology and discusses the results. 

Finally, the paper’s conclusion is in section 4. 

 

 

2. METHOD 

We employed a rigorous methodology to efficiently extract relevant information from Moroccan legal 

cases. This involved a thorough examination of legal case structures and linguistic markers, which was pivotal 

in understanding the nuances of Moroccan jurisprudence. Additionally, the analysis identified key patterns and 

variations within the legal documents, informing the development of specialized modules for information 

extraction. 

 

 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

 Enhancing Moroccan legal cases analysis through ontology … (Kaoutar Belhoucine) 

1083 

2.1.  Corpus description 

Our main source of data is the Adala portal database, which houses Moroccan legal cases [2].  

We focused specifically on cases from the cassation court, curating a subset of 13,259 cases that cover various 

legal domains. This selection aligns perfectly with our ontology-based approach, providing the elaborate legal 

reasoning required for analysis. 

Apprehending the structure of these cases was paramount. In close collaboration with legal experts,  

we identified five key meta-elements that actually capture the logical segments within court of cassation cases: 

− Header: includes case number, type, release date, folder number, and keywords. 

− Principle: represents the essence of the case, encapsulated abstractly. 

− Background/Context: outlines the case’s factual backdrop, capturing events leading to the dispute, a precis 

of the inferior court’s judgment, and the challenged decision. 

− Legal reasoning: this element bifurcates into: 

a. Grounds for cassation: highlights the factual areas of contention raised by the appellant. 

b. Response to the grounds: showcases the judicial counterarguments and legal references underpinning the 

verdict. 

− Conclusion: encompasses the crux and a brief declaration of the judgment’s nature. 

We identified these elements by analyzing linguistic markers, which can manifest as sentences or 

trigger words. These markers act as crucial indicators, signaling the presence of generalized entities or specific 

entities related to the legal subdomain under consideration. Figure 1 provides an example of how these markers 

help us understand legal cases. 

 

 

 
 

Figure 1. Legal case about insolvency proceedings 

 

 

2.2.  Knowledge modeling 

Ontologies have emerged as powerful tools for extracting domain-specific information from textual 

data. Their ability to explicitly represent domain knowledge makes them adaptable across different fields, 

supporting system updates. The effectiveness of ontologies is widely acknowledged in the research, as seen 
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in studies [20], [21], which have applied ontologies to various domain-specific information extraction tasks. 

This trend extends to the judicial domain, as demonstrated by prior research [14]–[17]. In our specific 

context, we have developed a knowledge-driven system that leverages the MLCO in conjunction with a set of 

linguistic rules to extract domain-specific information from Moroccan legal cases. This subsection provides 

an overview of our approach to constructing the MLCO framework and developing the associated extraction 

patterns. 

 

2.2.1. Ontology construction 

The development of domain ontologies adheres to established methodologies, such as DEF5 [22], 

TOVE [23] and the Stanford seven-step [24] methods. These methodologies typically include core steps like 

determining the scope, acquiring knowledge, conceptualizing, implementing, and evaluating the ontology.  

In our research, we employed the Stanford seven-step method to develop the MLCO. Our approach to 

knowledge acquisition and conceptualization was top-down, involving collaboration with legal experts to 

adapt the ontology, initially proposed by [16], to the Moroccan legal context. 

As a result, the MLCO (shown in Figure 2) consists of two primary components: general case 

ontology and statuary ontologies. The general ontology encompasses structural concepts and common 

entities encountered across legal cases. Conversely, statuary ontologies are customized to capture concepts 

and relationships derived from laws (statutes and regulations) and are unique to particular legal domains.  

For instance, concepts like “Court,” “Parties,” and “Governing body” are universally present in the cases and, 

therefore, included in the general ontology. In contrast, terms such as “Insolvency procedure,” “Liquidation,” 

and “Settlement” are exclusive to Insolvency law and are represented within a dedicated statuary ontology 

for Insolvency law. Mathematically, Let O be the MLCO, Og, and Os represent the general case ontology and 

the set of the specific statutory ontologies, respectively. Then, 

 

𝑂 =  𝑂𝑔 ∪  𝑂𝑠  (1) 

 

 

 
 

Figure 2. Schematic representation of the MLCO framework 

 

 

2.2.2. Rule/Pattern identification 

The standardized structure of Moroccan legal cases simplified the process of defining regular 

expressions to extract common information from texts. We identified a set of pattern, leveraging 

characteristics such as keywords, punctuation, position, and recursivity, for capturing the general entities 

specified during ontology development. Their performance was rigorously validated using a representative 

sample of 100 legal cases. Table 1 presents the patterns identified for extracting logical segments. Table 2 

outlines the patterns identified for general entities. 
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Table 1. Linguistic characteristics of logical segments 
Logical segment Start marker End marker Recursiviy 

Header Case number (القرار عدد) Punctuatin No 
The principle Punctuation Punctuatin No 

The context In the name of his majesty the king (باسم جلالة الملك) Punctuatin No 

Grounds Grounds regarding the means/whereby it is lamented (في شأن الوسيلة / حيث ينعى) Punctuatin Yes 
Responses Responses however, since it was reasoned (لكن، حيث عللت / حيث قضت) Punctuatin Yes 

The conclusion The conclusion for these reasons/for these (لأجله، لهذه الأسباب) Punctuatin No 

 

 

Table 2. Trigger words of the identified general entities 
Segment Entity Trigger 

Header Case no. Case number (القرار عدد) 

 Release date Issued on the date (الصادر بتاريخ) 

 Folder no. Number (عدد) 
 Type In the file (في الملف) 

Context Prosec. date Filed an appeal with the court on (تقدم بتاريخ) 

 1st Inst. court An appeal to the court ( المحكمة / بمقال...المحكمة / بمقال للمحكمةمقالا إلى  ) 
 Appel court The judgment issued by...Appeal (الصادر...عن استئناف) 

 Appel no. Appeal number/under appeal number (رقم / تحت رقم) 

 Appel date On the date (بتاريخ) 
Grounds/Responses Provisions By decree/article...from (بمرسوم / مادة...من / فصل...من) 

Conclusion Result With rejection/with annulment (برفض / بنقض) 
 Court Decided by (قضت) 

 Advisors Advisor (عضو) 

 Judge Chief Juge (رئيس) 
 Rapporteur Rapporteur (مقرر) 

 Attorney gen. In the presence of the public prosecutor’s attorney (وبمحضر المحامي العام) 

 Court clerk With the assistance of the court clerk (وبمساعدة كاتب الضبط) 

 

 

2.3.  Annotation module 

The annotation module, depicted in Figure 3, comprises a service that orchestrates a variety of 

linguistic resources to convert legal cases from PDF format into structured XML files enriched with tags for 

common and specific entities. This conversion process is required for further analysis and machine learning 

tasks, as it transforms unstructured legal text into a format that information systems can easily process. 

Additionally, the enriched tags provide valuable context about the legal entities, permitting more accurate 

and efficient information retrieval and analysis. 

 

 

 
 

Figure 3. The annotation module 

 

 

2.3.1. Pre-processing 

During this stage, all PDF cases were converted to word format and normalized for easier 

manipulation. This process involved suppressing special characters and applying replacement rules to certain 

frequently misspelled Arabic letters. For instance, the replacement of the Hamzated forms of Alif (إ ,أ) with 
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Alif (ا), the replacement of non-Alif forms of Hamza (ئ،   the replacement of ,(ء) with the Hamza letter (ؤ 

Ta-Marbuta (ة) with Ha (ه), and the replacement of Alif-Maqsura (ى) with Ya (ي). 

 

2.3.2. Dictionaries 

We developed a custom Arabic-centric dictionary using the NooJ platform, employing the extensive 

terminology provided by the MLCO. This specialized dictionary covers specific concepts from the Arabic 

legal domains, trigger words associated with common entities and trigger words associated with structural 

concepts. NooJ’s dictionary, as shown in Figure 4, integrates inflectional and derivational paradigms for each 

lexical entry, enabling a nuanced comprehension of each word’s morphological, and syntactic facets. 

 

 

 
 

Figure 4. Sample of dictionary entries 

 

 

2.3.3. Morphological grammers 

Based on the work of [25], morphological grammars have been modeled to recognize the constituent 

morphemes of agglutinative forms in Arabic. For instance, the morphological grammar in Figure 5 allows 

identifying the agglutinative word, including the prefixes (definite article (the, ال)), (prepositions (for, ل),  

(by, ب)), and (conjunctions (and, و)), and the suffix (possessive adjectives (his/her/its, ه)). This approach 

enables a comprehensive analysis of Arabic linguistic structures, allowing a deeper interpretation of the legal 

text. 

 

 

 
 

Figure 5. Arabic morphological grammar in NooJ 

 

 

2.3.4. Syntactic grammers 

Subsequent to the identification of regular expressions (subsection 2.3.2), we constructed 

corresponding syntactic grammars using the NooJ linguistic platform. Figure 6 depicts the main syntactic 

grammar, enabling logical segment identification and entity recognition. It comprises five nested grammars: 

header, context, grounds, response, and conclusion. Among these, grounds and response are recurrent 

grammars. Figure 7 provides an example of the conclusion grammar, which permits determining the logical 

segment “conclusion” and identifying all its embedded regular entities, such as the judge, general antony, and 

the judgment. 
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Figure 6. The main syntactic grammar 

 

 

 
 

Figure 7. The conclusion syntactic grammar 

 

 

2.3.5. Case annotation 

After the case preprocessing stage, the annotation module embarks on the following steps: 

− Case labeling: employing the NooJ dictionaries, morphological grammar, and linguistic analysis, the 

system meticulously labels the trigger words and specific entities within the case text. 

− Case segmentation: utilizing the main syntactic grammar, each case is carefully dissected into well-

defined sections, ensuring precise subsequent labeling. 

− Entity recognition: tailored to each section, corresponding syntactic grammars identify and categorize 

distinct entities, encompassing organizations, dates, persons, locations, and specialized legal concepts. 

− XML generation: structured XML files are generated for each case, encapsulating essential elements and 

entities to facilitate subsequent analysis and reasoning tasks. 

 

2.4.  Statistical service 

To present each legal case with a list of associated specific and pertinent entities, we adopted a 

statistical method inspired by [26]. This method utilizes the XML files generated by the annotation module to 

construct a ”concept fingerprint” for each case. The concept fingerprint is derived by calculating concept 

relevance based on two key criteria. 

− Concept frequency in the case: the relevance of a concept can be linked to its frequency of occurrence 

within the document. Concepts that appear more often might be considered more crucial to the 

document’s main subject. 

− Concept depth in the statuary ontologies: the ontology structures knowledge within specific domains.  

A concept’s depth within such an ontology reflects its specificity. Concepts situated deeper in the 

ontology hierarchy tend to be more specific, suggesting a deeper or niche subject in a particular topic. 
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In practical applications, this method can rank concepts by considering their document frequency 

and their depth in the ontology. The highest ranked concepts are then selected for inclusion in the concept 

fingerprint. This method ensures that the fingerprint accurately captures the text’s most pertinent and 

informative entities. Mathematically, we denote the case fingerprint as fk, which consists of a set of specific 

concepts: 

 

𝑓𝑘 = {𝐶1, 𝐶2, … ,  𝐶𝑛} (2) 

 

where, k is the number of the case, C is an extracted specific concept. 

 

 

3. RESULTS AND DISCUSSION 

The performance of our system was rigorously evaluated using two carefully curated datasets, as 

depicted in Figure 8. The first dataset, referred to as dataset 1, consisted of 500 cases spanning from 2016 to 

2023. These meticulously selected cases ensured a diverse range of legal issues. They were targeted to assess 

the rule-based extractor’s ability to identify logical segments and common entities. 

 

 

 
 

Figure 8. Diagram illustrating the testing strategy 

 

 

The second dataset, known as dataset 2, was designed to evaluate the performance of the statistical 

module. It consisted of 140 cases related to insolvency law, which were categorized into three groups: 

settlement proceedings (40 cases), liquidation proceedings (30 cases), and creditor claims (70 cases).  

The topics were chosen due to their centrality to the insolvency law ontology developed for Morocco [27]. 

The cases had been previously manually annotated by a legal expert, providing a valuable baseline for 

comparison. 

In this testing strategy, we employed a combination of three metrics: precision, recall, and F1-score, 

to measure the accuracy and relevance of the extracted information. 

 

Precision = 
No.of legal information correctly extracted

Total no.of legal information extracted by the system
 

 

Recall = 
No.of legal information correctly extracted

Total.no of actual legal information
 

 

F1-score = 2×
Precision × Recall

Precision + Recall
 

 

3.1.  Analysis on dataset 1 

The rule-base extractor demonstrated impressive capabilities in identifying legal information, 

achieving an average precision of 99.96%, recall of 99.07%, and F1-score of 99.5% see in Table 3. However, 

certain challenges remain: 

− The rule-based extractor’s accuracy was particularly high for legal entities such as the court, case number, 

release date, folder number, and folder type. 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

 Enhancing Moroccan legal cases analysis through ontology … (Kaoutar Belhoucine) 

1089 

− Shortcomings were encountered in extracting some legal entities, namely the court of first instance, the 

court of appeal, and assistance of the court clerk, due to their occasional absence in the data. 

− The exact match strategy employed miscategorized a few logical segments during paragraph 

classification. This strategy also impacted the extraction of legal provisions and the prosecution date. 

 
3.2.  Analysis on dataset 2 

For dataset 2, the focus was on evaluating the effectiveness of the statistical approach. The primary 

objective was to assess the consistency between the automatic concept assignments made by the system and 

the manual annotations performed by a legal expert. Concepts deeply integrated into the MLCO ontology and 

frequently appearing in the cases were considered highly relevant. The results are summarized in Table 4. 

The precision rates align with the existing literature [16], [26], ontology-driven methods 

incorporating statistical techniques have demonstrated high precision in various domain. The exhaustive 

representation of the selected topics in insolvency law within the developed ontology has further 

strengthened this accuracy. 

 

 

Table 3. Results of the rule-based extractor on the judicial dataset 
No. Legal entities Precision Rappel F1-score 

1 Header 100 100 100 
2 The principle 100 100 100 

3 The context 100 100 100 

4 The grounds 99.72 99.24 99.47 
5 Response to the grounds 99.66 99.55 99.6 

6 The conclusion 100 100 100 

7 Case number 100 100 100 
8 Release date 100 100 100 

9 Folder number 100 100 100 

10 Folder type 100 100 100 
11 Date of prosecution 99.72 97.44 98.56 

12 The court of first instance 100 98.66 99.32 

13 The court of appeal 100 98.75 99.37 
14 Case number of appel 100 98.68 99.33 

15 Release date of appel 100 98.68 99.33 

16 Legal provision number 100 100 100 
17 Legal provision name 100 97.2 98.58 

18 Judgment result 100 100 100 

19 Court 100 100 100 
20 Chief Juge 100 100 100 

21 Committee 100 95 97.43 

22 Advisors 100 97.5 98.73 
23 Rapporteur 100 97.5 98.73 

24 Attorney general’s 100 100 100 

25 Assistance of the court clerk 100 98.57 99.27 

 Average 99.96 99.07 99.5 

 

 

Table 4. Comparison of annotation precision 
Topics Settlement Liquidation Creditor claims Total (%) 

Annotation precision rate (%) 86.3 87.6 91.2 88.3 

 

 

4. CONCLUSION 

The research successfully establishes a pioneering ontology-based paradigm, particularly for the 

Moroccan legal context. The proposed system combines rule-based and statistical techniques to overcome the 

challenges posed by the diverse and complex nature of legal discourses. Although the exact match strategy 

had some drawbacks, the overall results demonstrate the feasibility and utility of automated legal information 

extraction in Arabic, suggesting many avenues for future improvement: Enhanced logic segmentation: refine 

the rule set and explore adaptive segmentation to address rule-based extractor issues. Expanded ontologies: 

given the success of the insolvency law ontology, develop ontologies for other Moroccan legal domains. 

Adaptive learning models: improve statistical extractor with adaptive learning models that evolve based on 

new data, making the system more resilient to growing legal terminology. Cross-jurisdictional analysis: adapt 

and test system in Arabic legal contexts outside the Moroccan scope to gauge adaptability and performance 

in diverse environments. 
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