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ABSTRACT

In this paper, the growing trend of legal documents and the need for efficient methods for processing and
representing legal knowledge have been investigated. Even though there is significant progress in legal natural
language processing, there is still little research related to Arabic legal documents due to the complexity of the
Arabic language, specific legal terminology, and lack of available resources. Two main contributions are offered by
the paper. First, the comprehensive survey of Arabic and multilingual legal document processing is provided with
the analysis of existing methods for Legal Al, legal ontologies, and knowledge graphs. Second, the Arabic legal
ontology and building a prototype knowledge graph based on Jordanian Labor Law are presented. The proposed
approach provides a foundation for further applications of Arabic Legal Al.
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1 Introduction

Legal texts belong to one of the most complex kinds of writing across the world [3][44]. A great
number of legal texts are produced each day, much of which stays in an unstructured format [3].
Understanding and analyzing the text become complicated in light of the difficult nature of the
legal language, ambiguities in professional vocabulary, and the need for precise thinking in law
[44]. Such issues become even more complicated when applied in practice since errors in the
process can have very serious consequences both legally and socially [32]. Given recent
advancements in artificial intelligence (Al) and natural language processing (NLP), there has
been much effort devoted by researchers in the construction of intelligent legal systems which
could help lawyers perform such tasks as document categorization, legal information searching,
legal argument analysis, summarization, contract analysis, and legal Q&A [3]. While early
research mainly relied on machine learning and manual feature design, the recent efforts have
turned to deep learning and representation learning [8].

On the other hand, Large Language Models (LLMs) have been shown to significantly improve
their understanding of legal language [10][21] thanks to pre-training and fine-tuning on
instructions. They are capable of modeling long contexts, generating summaries, and making
inferences based on legal text [21]. However, LLMs-powered legal systems might be faced with
the problems of factual reliability, domain specificity, explainability, and multilingual
robustness, which are especially important in a specialized setting [5][10]. Simultaneously,
Knowledge graphs (KGs) are a cornerstone representation of legal knowledge containing entities
(people, court, etc.), relations (cites, amends, violates, etc.), and logical rules [20][34]. With their
explainability and support for symbolic reasoning, KGs supplement data-driven models [20].
Thus, the combination of LLMs with KGs can be a good approach towards developing
multilingual Al for the legal field as it combines NLP with legal knowledge and reasoning
[33][34]. While advances have been made within NLP for law concerning English and few other
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languages, there is relatively little exploration in relation to the Arabic legal language [2][19].
There are several challenges when building intelligent and interpretable Arabic legal multilingual
systems. These include linguistic richness, complex morphology, and lack of annotated corpora
[19]. Hence, there is a need to look into solutions to build intelligent Arabic legal multilingual
systems that go beyond monolingual solutions [2]. In this study, the main contributions will be
the following:
- Areview of literature in the field of Arabic legal document processing, legal ontology, and
knowledge graph.
- The development of a domain-specific Arabic legal ontology for Jordanian labor law,
accompanied by a sample prototype KG to demonstrate its applicability
In this systematic review, we will focus only on KG-based approaches covering legal knowledge
representations, legal ontologies, and graph-based legal reasoning. This also includes approaches
combining language models (LM) and KG. List 1 describe an example of part of turtle
representation of the proposed legal ontology.

List 1 Turtle representation of the proposed legal ontology

@prefix ex: <http://example.org/labor#> .

@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .

ex:Employee rdfs:label "Employee"@en, "Muwazzaf"@ar, "Employe" @fr .
ex:Employer rdfs:label "Employer"@en, "Sahib_Amal"@ar, "Employeur"@fr .
ex:Article56 rdfs:label "Article 56" @en, "Al-Maddah_56"@ar, "Article 56" @fr .
ex:worksFor rdfs:label "works for"@en, "ya3mal_lada"@ar, "travaille_pour" @fr .
ex:Ahmad ex:worksFor ex:Factory .

The rest of the paper is organized as follows: In Section 2, the literature review section is given.
Section 2.1 will present the Criteria for Included Studies. In Section 2.2, the systematic review
on KG-related literature will be presented. In Section 3, the proposed ontology is introduced. In
Section 4, discussions will follow. Finally, Section 5 concludes the paper with future directions
while Section 6 the Acknowledgments and Section 7 the References.

2 Literature review

Document processing in the legal domain has moved from simple data storage and keyword-
based search processes to using artificial intelligence for legal reasoning. While traditional
systems do well at document processing, they cannot completely understand legal meanings such
as responsibilities, referencing, timeliness, and legal interpretation, especially when dealing with
multilingual and Arabic legal documents [3]. Therefore, recent research has focused on Al
approaches to legal document management, particularly NLP, LLMs, and Knowledge Graphs.
NLP supports key legal tasks such as document classification, information retrieval, named entity
recognition, citation extraction, summarization, question answering, and legal judgment
prediction [3]. LLMs, in addition, expand these capabilities by enabling more advanced
applications, including legal and contract analysis, clause extraction, and assisted legal drafting;
however, they face challenges related to hallucination, factual reliability, ambiguity, and
interpretability [22]. KGs offer a complementary advantage by presenting legal entities and their
relationships in a structured and understandable way, enabling legal reasoning, semantic
retrieval, and multilingual or cross-jurisdictional knowledge organization [39]. Research papers
related to KG addressed interpretability and the gap in structure through clear and explicit legal
representation using entities, relationships, and ontological schemas. General surveys in this field
provided a general understanding and methodological foundations for refinement, evaluation,
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and maintenance [34]. While legal-domain KG studies demonstrate how structured legal
metadata and semantic links between entities and legislation can be constructed and applied to
applications such as answering legal questions [27][42]. There are also other techniques that deal
with the same problem from different perspectives, such as the paper introduced by [1] that
emphasize the need to integrate semantic understanding with systematic access to knowledge,
since answering legal questions often relies on references, citations, and formal legal concepts
[36] systematically mapped legal research related to NLP from 2015 to 2022, covering tasks
such as classification, summarization, information extraction, and question answering. The study
highlighted the need for curated datasets, ontologies, and organized legal resources, which
supports the role of Knowledge Graphs in explainable legal Al. An overview of recent literature
reviews, as summarized in Table 1. However, in the scope of our paper, we will focus on our
contribution based on the KG related domain.

Table 1 Comparison of selected survey and review papers in the legal domain by paradigm type and primary
focus.

Paper Year Paradigm  Primary Focus
Type
Paulheim [34] 2017 KG KG refinement and evaluation methods.
Sovrano et al. [42] 2020 KG+ Legal knowledge extraction for KG-based QA.
NLP
Muninggar and Krisnadhi [27] 2021 KG Semantic KG construction for legal documents.
Quevedo et al. [36] 2023 NLP Evolution and trends in legal NLP research.
Abdallah et al. [1] 2023 KG+ Legal QA using NLP and KGs.
NLP

2.1 Eligibility Criteria for Included Studies
This review examines current academic literature related to the topics of this research article.
This covers journal papers, conference papers, and selected preprints concerning legal knowledge
representation and legal Al. The used search query was as follows: “ ("Ontology" OR
"Knowledge Graph" OR "KG" OR "Terminology") AND ("Law" OR "Legal") ” . The literature
search was performed using several electronic databases®. These databases were chosen because
they offer comprehensive literature that is related to the topics under consideration. Peer-
reviewed journal and conference papers have been preferred wherever possible. Also, a select
few preprints from arXiv have been taken into account only in cases where they provided
substantial advancements. The following inclusion and exclusion criteria were adopted:

1. Inclusion criteria: Legal-domain studies on ontologies, KGs, terminological resources, Al,
reasoning, question answering, Al integration, and Arabic/multilingual/cross-lingual legal
systems.

2. Exclusion criteria: Non-legal AI/NLP studies, editorials, commentaries, letters, tutorials,
non-technical papers, studies with weak methodology, unavailable full text, or
overlapping/low-contribution preprints

For each reviewed article, key information was analyzed, including the research objective,

representation method, ontology or knowledge graph use, Al techniques, evaluation approach,

and main findings. The papers were then grouped into major themes, enabling the identification
of research trends and methodological differences.

L E.g.: Google Scholar, IEEE Xplore, ACM Digital Library, ScienceDirect, Informatica, and arXiv
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2.2 Systematic review

Recent research in KGs in the legal field reveals a systematic evolution from basic ontology to
graph construction, semantic retrieval, legal aid and integration with modern artificial
intelligence systems. This development is based on studies that focus on formalizing legal
knowledge through ontology construction and conceptual modeling, particularly in Arabic
legal contexts where organized semantic resources are still scarce. In this direction Bouaziz
Mezghanni and Gargouri [6] introduces the semiautomatic learning of an ontology from Arabic
legal documents to build Arabic Panel ontology. The method uses a hybrid approach for
concepts identification based on a linguistic phase that apply morphological and syntactical
grammars followed by a filtering process relying on a machine learning algorithm. The whole
approach exploits the peculiar properties of documents during the learning process. The
learning algorithm is based on semantic, content and structural features. The approach
combines linguistic tools like Nooj [41] to extract the term candidates, and FCA [15] and its
extension RCA [17] to extract hierarchical and transversal relations. The authors aim to develop

a mechanism for reformulating contextual, ontology-based queries to retrieve legal
information.

A complementary effort by Mezghanni and Gargouri [25] that they introduce CrimAr, a hand-
designed ontology of Arab criminal law intended to be the gold standard for evaluating semi-
automatic ontology learning methods in the Arab legal field, where high-quality Ontologies are
rare. The ontology was constructed using a middle-out strategy. Researchers began by selecting

a corpus from the Tunisian Code of Criminal Procedure. Subsequent to the preprocessing of
the text according to the Arabic language and linguistic analysis through NooJ [41], the
resulting concepts were validated by legal experts and structured hierarchically. For structuring
the higher hierarchy, CrimAr reuses top-level concepts of LRI-Core [7], which is an initial
common sense legal ontology, and then translated into Arabic. Afterward, it performs corpus-
based concept refinement downward from top to bottom. The identification of the relations was
done based on extraction using patterns and the distinction between descriptive and normative
law. The performance of the tool is compared with learned Arabic legal ontology (ALO) [6]
using hierarchical similarity score (reported similarity = 0.8) and precision/ recall (= 0.89 and
~ 0.75 respectively). The scores reveal that the resulting ontology has enough consistency to
serve as a reference standard. Based on the findings of previous works, we can conclude that
in order to query the legal knowledge base and apply it in practical cases, it needs to be
formalized into ontologies that reflect legal relations.

Based on this conceptual framework, another line of work focuses on building legal knowledge
graphs directly from legal documents, which leads to the transformation of lengthy judicial texts
into machine-readable graphic representations. Authors in [40] introduced JudgmentGraph, an
ontology-based methodology for constructing legal knowledge graphs (LKGs) from Indian
Supreme Court judgments. The goal is to transform lengthy and unstructured legal opinions into
triples for scholarly analysis and legal reasoning. The process starts with the identification of
named entities in law, that is, the identification of main participants and references, like parties,
judges, court, legislation or clauses, and precedents. Entities are then matched to a legal ontology
that defines legal relation types and constraints on their scope, which guarantees that only
legitimate legal relations are created. Potential relations are created and filtered via
disambiguation based on cues from text, such as distance/proximity scoring of mentions across
sentences and paragraphs, trigger patterns, and rules that remove mutually exclusive relations.
The resulting graph is saved as RDF and can be displayed in the form of graphs. For the
assessment of the model, gold standards were created by manually annotating relations in fifteen
decisions of the Supreme Court; the quality turned out to be very high (precision 81.4%, recall
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88.4%, F1 84.7%), and a qualitative case study illustrated that extracted relations could be
interpreted well, pointing out common mistakes, such as the false connection of legal provisions
to other text elements.

Another area of study is focused on semantic legal retrieval and querying, where the task is not
just limited to storing legal knowledge but also involves searchability, interpretation, and
responding according to user needs. One example is the legal ontology and knowledge-graph
based knowledge graph approach for legal information retrieval presented by Pham et al. [35].
This method combines a legal ontology layer made up of legal concepts, relations, and inference
rules with a knowledge graph layer obtained from legal texts. The intent of this is to improve
semantic retrieval and produce better answers regarding legality than simple keyword techniques.
The model includes a pipeline for legal knowledge extraction, optimization of graph relations or
triples, as well as a query graph matching technique that converts user query into graphs to
retrieve the required legal knowledge in an efficient manner. Evaluation on Vietnamese road
traffic law documents showed that the model performed excellently and achieved a success rate
of approximately 82.6%. When compared with other NLP models (TF-IDF [26], BM25 [37],
TIWS, TPS [23]), the method performs much better. Moreover, this paper also includes
benchmarking of the proposed model against several other LLMs, like ChatGPT-40 [32], and
Gemini 2.5 [16]. The authors state that LLMs do not offer as precise legal answers and that using
ontology and knowledge graph provides more detailed answers grounded in legal articles.

A closely related effort done by Nguyen et al. [29] that they presented the LegalOnto (Legal
Relational Model), a representation that integrates ontology and graphs to capture the semantics
of norm legal documents, going beyond traditional keyword-based or article-based methods. The
core idea is to combine the relational ontology layer- concepts, relationships between concepts,
and inference rules -with the conceptual graph of key legal phrases. This technique allows for the
interpretation of queries by the users based on relations and expanding them through rules. This
representation is used by the authors to develop a new querying technique for the legal
Vietnamese language queries including classification of user queries such as concept definition,
procedure, etc., extraction and expansion of the key phrase by relations, and finally searching
relevant articles and concepts from a structured legal document database. This technique is tested
on the Intelligent Support System for Vietnamese Land Law 2013 where a subset of queries is
used to train the system and assign objectives for each query. Experiments have shown that the
correct legal document can be retrieved with more than 60% accuracy which validates that the
key contribution is in organizing and relating knowledge semantically.

KGs have been used for legal aid in the form of a practical application, using the legal knowledge
to optimize legal operations. According to Wei [43], a KG-based process can be used to generate
better legal documents compared to other methods, showing better results regarding structural
standards. It involves extracting the entities and relationships from legal literature to formulate
case KGs that include entity recognition, relation extraction, and disambiguation. The relations
extracted through KGs are then used to find related facts, thus making the process of document
formulation more coherent. Multiple experiments were conducted in different fields of law, such
as criminal, civil, administrative, and divorce. The comparison was made between the
knowledge-schema and rule-based methods, resulting in better performance and more effective
document generation using the former. In addition, the research showed that dependency on KGs
prevents mistakes and makes the logic of the documents more coherent. Hence, it is important to
create a proper model of legal knowledge and improve the connection with other parts, such as
NLP and information retrieval systems. Moreover, KGs standardize references to all generated
blocks.
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A related applied perspective appears from Eddine Meftah et al. [11] where IALAS (Intelligent
Arabic Legal Assistant System) is an ontology-based search method and consultation system
designed to save the time and effort spent with traditional methods of searching Arabic laws and
regulations. To address the scarcity of Arabic legal knowledge bases, the system combines Arabic
NLP with OWL ontology to enable more concept-level semantic retrieval rather than keyword-
based search. The researchers designed the ontology according to Ontology Development 101
[30] and implemented it using Protégé software [28], whereby they modeled basic classes such
as JudicialLaw, Article, LegalRule, Authority, Sector, Keyword, and OfficialJournal, along with
object/data properties that capture legal lifecycle relationships (e.g., publication, modification,
cancellation, referencing) and article metadata. During runtime, the user enters a text query
through the user interface (implemented using Django [14]). The system then performs Arabic
preprocessing/analysis using CAMeL Tools [31], and issues SPARQL queries over the ontology
via OwlReady2, with SQL.ite to store ontology links/auxiliary resources. The paper provides a
well-defined and functional ontology of Arab law for organizational research, recognizing that
such an endeavor is only a first attempt. The need for developing a broader Arab law knowledge
model becomes apparent in order to increase both efficiency and usability.

The combination of KGs with sophisticated artificial intelligence structures such as LLMs and
multi-agent architectures is a current advancement in the subject matter. An example of such an
approach can be found in Cui et al. [9], where the authors present ChatLaw, a Chinese legal
system that addresses the problem of LLMs' hallucination and improves their performance by
adding three elements, namely: a knowledge graph-enhanced database, MoE-based legal LLMs,
and multi-agents imitating law firm processes. First, the authors collect extensive legal data using
several sources including question-answer pairs and legal advice. They then organized the
knowledge using specialized knowledge graphs. For modeling purposes, Chatlaw selects a top-k
of experts for each token (MoE Transformer) and assigns different experts to each different legal
subfield. This reduces computational costs and increases the model’s ability to recognize
specialized terminology. For publication purposes, they implement a four-role Standardized
Operating Procedure (SOP): Legal Assistant, Legal Researcher with RAG [24], Senior Lawyer,
and Legal Editor. The Assistant fills in missing information on cases by answering questions
posed by the knowledge base, while the Researcher retrieves up-to-date statuses/cases using
retrieval-augmented generation (RAG). The rest of the agents create guidelines and prepare
consulting documents based on safety firewall checks. In practice, the proposed model
outperformed various other models, such as GPT-4 [32] using LawBench [13], by 7.73%, and
the Chinese Unified Legal Professional Qualification Exam, by 11 points. Additionally, it
received better evaluations in terms of aspects relevant to actual consulting, such as
comprehensiveness, validity, guidance, and reliability.

Current studies expand the area of application of knowledge-based legal intelligence to include
regulatory compliance and machine-verifiable legal analysis. Falcarin et al. [12] give a clear
illustration of such studies in terms of their research-preview approach to automating compliance
with regulations in view of NLP and knowledge graphs. In particular, such an innovative
approach is driven by the rapid increase in digital EU regulations (Al Act, NIS2, Cyber Resilience
Act, and DSA) together with high costs and slow progress related to manual audit processes
conducted by legal experts. A key idea includes a compliance architecture for auditors where
regulations and organizational information are translated into knowledge graphs and, thus,
compared with each other. This will allow identifying the differences between them and gaps and
possible breaches; in turn, this will make it easier to draw machine-verifiable conclusions
concerning obligations, capabilities, and prohibitions. Keyword-based or article-based methods
for testing their approach, the authors used a text-to-knowledge conversion tool SPRING [4] and
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knowledge-graph analysis technique Neo4j [38]. Moreover, a knowledge-base generation from
legal texts using LLMs, namely, ChatGPT-40 [32], to extract triples in SPO format was
considered. It turned out that knowledge representations based on SPO triplets resulted in fewer
nodes and better suited text structuring and compliance verification. Further plans for research
involve systematic evaluation using actual regulations and SRS, compliance checking by domain
experts, and GraphRAG [18] and inclusion-based similarity usage for providing more actionable
compliance reports.

3 LegalKG: A Legal Ontology-Driven KG

LegalKG 2 is introduced here, which represents the proposed framework for representing the
knowledge obtained through the analysis of Jordanian laws. The framework utilizes ontologies
as its foundation and focuses mainly on representing the knowledge related to Jordanian labor
laws. The LegalKG framework represents key concepts related to laws including involved
entities, rights, duties, procedures, and semantic connections between them. These goals have
been achieved using knowledge extraction techniques to convert knowledge expressed in
unstructured texts into structured forms suitable for computational applications.

The creation of LegalKG adheres to a seven-stage method discussed in [30], which includes
ontology design. This method consists of the following stages: (1) definition of the domain and
scope; (2) examination of relevant ontologies; (3) listing of relevant terms; (4) class structure
construction; (5) property and relation definitions; (6) constraint identification; and (7)
knowledge base establishment. In this work, this methodology was adapted to develop an
ontology for Jordanian labor law. The development process was also supported and consulted by
a legal expert to ensure that the modeled concepts, relations, and constraints accurately reflect
the legal terminology, interpretation, and practical meaning of the domain. As a result, the
ontology forms the conceptual layer of LegalKG, while the instantiated legal entities and relations
constitute its knowledge graph layer.

Before delving into the details of the LegalKG structure, we will introduce the fundamental
concepts required to understand ontology-driven knowledge graph construction. This includes
the role of ontologies in representing knowledge, the difference between fundamental concepts
such as TBox and ABox layers, and how these terms work together to produce a final product
that presents knowledge in an organized manner.

3.1 Ontologies and knowledge graphs in the legal domain

Ontologies define the fundamental terms, concepts, and relationships within a specific field. In
the legal field, ontologies provide a common conceptual framework for representing entities such
as laws, articles, courts, legal cases, and institutions, and also present the semantic relationships
between them. This helps ensure the accurate interpretation of legal terms and supports the
automation of legal knowledge processing.

Knowledge graphs augment ontologies in that knowledge pertaining to a specific field can be
captured by means of a series of nodes and edges in a graph structure. In the case of legal
knowledge graphs, the nodes can refer to laws, articles, cases, or organizations, whereas the edges
can represent relations such as citation, issued by, or applied to. The graph architecture is
especially well-suited to capturing knowledge in the legal realm since information and
connections within this realm are highly intertwined. Knowledge graphs are better suited than
CSV data or relational tables for capturing semantic connections between data due to their triple
format. Ontology-based knowledge can be divided into two separate but equally important parts:

2 https://github.com/osamagsm/A-Legal-Knowledge-Graph-for-Arabic-
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the Terminological Box (TBox) and the Assertional Box (ABox). While the TBox identifies and
categorizes types of objects and relationships in the domain of interest, the ABox defines
examples of each type found in legal documents. TBox, therefore, reflects the conceptual scheme
of the legal field by defining categories such as Law, Article, Court, and Legal Case as well as
relationships among them like has Article, issued by, and refers to. Thus, the concept of a legal
domain is reflected in the TBox. On the other hand, ABox is a list of examples of each category
mentioned above taken from actual legal texts. Hence, one particular law, article, or decision is
described in the ABox through relationships specified in TBox.

3.2 Our proposal: legal Jordanian ontology

Description

Next, we describe an ontology created for the Jordanian Labor Law, which is the conceptual layer
of our proposed LegalKG. Specifically, the ontology covers the main legal concepts, actors,
structures, and semantic relationships found in the labor law, including the employment relation,
its contractual nature, rights and obligations of the two sides involved, and legal violations
resulting from legal duty breach. The ontology was created after consulting with a legal expert
who contributed towards ensuring the correct identification of main legal entities and their
relations from a semantic point of view.

The presented ontology is a legal-semantic ontology in contrast to document-based ontologies,
as it is not restricted to modeling the structure of laws but includes also legal knowledge captured
in terms of labor parties, contract types, labor parties' rights and obligations, and labor offenses.
Therefore, the ontology serves best as a tool for knowledge organization, legal querying, legal
reasoning, and then knowledge graph construction from Jordanian legal documents.

At the top level, the ontology consists of several overlapping groups, namely the structure of
legal documents, legal authorities, employment parties, types of contracts and agreements, rights,
obligations, and legal violations. Fig. 1 shows a high-level presentation of the categories proposed
through ontology. And Fig. 2 shows a fragment of the proposed ontology indicating the main
classes, some of their subclasses, and certain semantic relationships.

Definition

£ 1 .

Paragraph

I Amendment I [ 'Legal Source’ ]—

i
owl:Thing
0 'Legal Actor' | o Legal Right
‘Labor Domain —
Concept' —D>—
_ _ . Legal Event

'Employment -
Relation’

I

= ‘Legal ‘Legal = ‘Legal * ‘Legal
Condition’ Violation' Consequence' Obligation’

Fig. 1 High-level presentation of the categories proposed through ontology
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Obligation® - )__( ~n
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Fig. 2 Partial view of the proposed ontology for the Jordanian labor law domain, showing the main
classes, selected subclasses, and representative semantic relations among key legal concepts.

Proposed classes

The proposed ontology is based on a two-level semantics approach to organizing Jordanian labor
laws. Specifically, there are two levels involved — the legal source layer and the labor-domain
concept layer. The former allows modeling the textual structure of the law and the latter provides
for modeling the principal concepts of the legal system. Within the legal source layer
LegalSource is used as the main superclass for all legal textual units. The following legal classes
are included here: Law, Article, Paragraph, Definition, and Amendment. Law is the name of the
actual Jordanian labor law. Article and Paragraph serve as its components that structure the law.
Definition class contains legal definitions that can be found in Jordanian labor law, while
Amendment models legal modifications that take place. All classes mentioned above are linked
via hasArticle, hasParagraph, hasDefinition, and amendedBy relations, correspondingly. The
second level of the ontology is presented by LaborDomainConcept class. It includes all of the
principal legal concepts of labor-law domain, such as LegalActor, EmploymentRelation,
LegalRight, LegalObligation, LegalViolation, LegalCondition, LegalConsequence, and
LegalEvent. These classes are required in order to represent semantic meaning behind the text of
the document in question. Actors of labor laws are represented in this ontology by Legal Actor
class that includes subclasses like Worker, Employer, Establishment, and NaturalPerson.
Employment relations are represented by EmploymentRelation class that primarily covers
EmploymentContract with such sub-classes as FixedTermContract, IndefiniteTermContract,
WrittenContract, and OralContract. Relations between actors include isPartyTo, hasEmployer,
and hasWorker relations. Workers’ legal rights and their respective violations will be covered by
LegalRight and LegalViolation classes, correspondingly. In particular, LegalRight class will
cover such subclasses as WageRight, LeaveRight, SickLeaveRight, WeeklyRestRight,
SafeWorkEnvironmentRight, LitigationRight, SocialSecurityRelatedRight, and
EndOfServiceBenefitRight. On the other hand, LegalObligation class represents PayWages,
ProvideSafeWorkEnvironment, AssignAgreedWork, PerformWork, PreserveConfidentiality,
and FollowLawfullnstructions legal obligations. Legal violations are represented by
WageDelay,ArbitraryDismissal,NonProvisionOfAgreedWork,AssignmentOfDifferentWork,
DisclosureOfEmployerSecrets, and WorkNegligence subclasses. Legal events, conditions, and
consequences are also needed to be added to the ontology for covering occurrence of violations
and resulting legal consequences. Finally, it should be noted that some relationships connecting
the two layers are also needed (defines, regulates, regulatedBy, and supportedByArticle). Table
2 illustrates main ontology classes.

Table 2 High-level ontology class groups
Class Group Description
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LegalSource Symbolizes the architectural design of legal texts and resources, consisting
of laws, articles, paragraphs, definitions, and amendments.

LaborDomainConcept Presents the conceptual level of labor law, which comprises actors,
relations, rights, duties, violations, conditions, consequences, and legally
relevant events.

Legal Actor Reflects the key participants of labor law, such as employees, employers,
enterprises, and individuals.

EmploymentRelation Shows labor-related legal relations, which consist of labor agreements and
their basic types (such as fixed-term and indefinite-term, written and oral
agreements).

LegalRight Covers rights recognized in labor law, such as wage rights, leave rights,

social security rights, weekly rest, safe work environment, litigation, and
end-ofservice benefits.

LegalObligation Describes duties imposed on parties, such as paying wages, providing safe
working conditions, assigning agreed work, performing work,
confidentiality, and following lawful instructions.

LegalViolation Models breaches of labor law obligations or rights, including wage delay,
arbitrary dismissal, non-provision of agreed work, and work negligence.

LegalCondition Represents situations affecting interpretation or consequence within the
law, such as discharge without justifiable cause, delays of more than seven
days, contracts, and the status of social security protection.

LegalConsequence Captures legal outcomes and remedies, including compensation, legal
claims, termination of contract, employer liability, disciplinary action, and
end-of-service benefits.

LegalEvent Represents legally relevant events in the employment lifecycle, such as
contract formation, wage payment, dismissal, leave requests, medical
examination, and work injury.

Relations - Object Properties & Data Properties

In order to relate these classes and represent the meaning of Jordanian labor law, the ontology
makes use of a set of object properties and datatype properties. These properties link the legal
source layer with the labor-domain concept layer and allow the ontology to represent both the
structure of the legal text and the legal meaning associated with it.

At the legal source level, the ontology uses structural object properties to model the organization
of the law. The property hasArticle links a law to its articles, while hasParagraph connects articles
to their paragraphs. In addition, hasDefinition links articles to the legal definitions they contain,
and amendedBY connects a law to its amendments. These relations preserve the internal structure
of the legal document and support article-level and paragraph-level referencing.

The ontology also includes bridge relations that connect the textual structure of the law with
labor-domain concepts. The property defines links a legal definition to the concept it defines,
while regulates connects an article to the labor-law concept it regulates. Its related inverse
direction is represented through regulatedBy, which links a legal concept back to the article that
regulates it. Similarly, supportedByArticle connects legal concepts such as rights, obligations,
violations, conditions, and consequences to the articles that provide their legal basis.

Labor relations are represented through properties that connect employment contracts and legal
actors. The property isPartyTo links a legal actor to an employment relation or contract, while
hasEmployer and hasWorker connect an employment contract to the employer and worker
involved in it. These relations allow the ontology to represent the basic structure of the
employment relationship.

Rights, obligations, and violations are connected through semantic relations. The property
violatesRight links a legal violation to the right affected by that violation, while
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breachesObligation connects a violation to the obligation that has been breached. These
characteristics are necessary because they define the relation between illegal behavior and
specific legal rights and obligations. The ontology also includes datatype properties to store
textual and descriptive values. For example, articleNumber records the number of a legal article,
while bodyText stores the textual content of legal sources such as articles or paragraphs. In
addition, Arabic and English labels are provided through annotation properties, allowing the
ontology to support bilingual representation of Jordanian labor-law concepts. Table 3 shows main
ontology relation groups and examples. As illustrated in Fig. 3 the ontology represents labor-law
concepts, their hierarchy, semantic relations, and links to relevant legal articles and paragraphs.

B

* Subclass of
Subciass or -

Fig.3 Illustrative Arabic example from the proposed ontology, showing selected class hierarchy
relations (subClassOf ) and semantic relations among core labor-law concepts.

Table 3 Main ontology relation groups and examples

Relation Group

Description

Examples

Legal text structure

Semantic grounding

Employment relations

Rights and obligations

Violations and parties

Conditions

Consequences

Events and context

Organizes the internal structure of legal
sources, linking laws, articles, paragraphs,
definitions, and amendments.

Connects legal provisions to labor-law
concepts, identifying which articles define,
regulate, or support them.

Represents contractual links between workers,
employers, and employment contracts,
including contract type and form.

Models the rights held by legal actors and the
obligations imposed on them.

Represents violations, the rights or obligations
affected, and the actors involved.

Captures conditions that determine legal
applicability or interpretation.

Links violations or actors to legal outcomes and

remedies.

Represents legally relevant events and the
employment setting in which they occur.

hasArticle, hasParagraph,
hasDefinition

defines, regulates,
regulatedBy

isPartyTo, hasEmployer,
hasWorker

hasRight, hasObligation
breachesObligation,

violatesRight, committedBy

hasCondition, appliesTo

resultsin, entitlesTo

basedOnEvent, occursin-
ContextOf

To illustrate how the proposed ontology works, a simple example is presented in List 2 to show
how abstract concepts are instantiated and connected.
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List 2 Turtle example of the proposed legal ontology.

@prefix : <http://example.org/jordan-labor-law#> .

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
@prefix owl: <http://www.w3.0rg/2002/07/owl#> .

@prefix xsd: <http://Amww.w3.0rg/2001/XMLSchema#> .

‘Worker a owl:Class ; rdfs:subClassOf :Party ; rdfs:label "Worker"@en .

:Employer a owl:Class ; rdfs:subClassOf :Party ; rdfs:label "Employer" @en .
:Agreement a owl:Class ; rdfs:label "Agreement"@en .

:hasAgreement a owl:ObjectProperty ; rdfs:domain :Party ; rdfs:range :Agreement ;
rdfs:label "hasagreement”@en

KG Prototype Construction and SPARQL-Based Validation

An example prototype of the KG was instantiated based on selected concepts and relationships
from the Jordanian labor-law ontology, in addition to some extra operational elements. These
additional elements include entities related to labor inspection, labor law violations,
administrative measures, and monetary sanctions. In order to show the practical validity of the
proposed KG prototype, the validation experiment was done via SPARQL query. Instead of
simple structural inspection of the graph, the focus was on retrieving the semantically connected
legal information with multi-hop relations. To demonstrate this process, one example
competency question was formulated as follows: “What legal consequences, monetary penalties,
and supporting legal articles are associated with a labor-law violation and its corresponding legal
condition?” The above competency question has been translated to SPARQL query List 3. The
SPARQL query starts from a labor-law violation instance and retrieves its related legal condition,
consequences, monetary sanctions, and supporting article, as shown in Table 4. The results
demonstrate that the proposed KG prototype supports multi-hop semantic retrieval and
explainable access to connected legal knowledge.

List 3 SPARQL validation query of the proposed legal KG
SELECT ?violationLabel ?conditionLabel ?consequenceLabel ?minJOD ?maxJOD ?articleNo ?articleTitle
WHERE {
:labor_inspection_violation rdfs:label ?violationLabel ;
:hasCondition ?condition ;
:resultsin ?consequence ;
:supportedByAtrticle ?article .

?condition rdfs:label ?conditionLabel .
?consequence rdfs:label ?consequencelLabel .
?article :articleNumber ?articleNo ;
:articleTitle ?articleTitle .
OPTIONAL {
?consequence :minAmountJOD ?minJOD ;
:maxAmountJOD ?maxJOD .

1}
ORDER BY ?consequenceLabel
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Table 4 Semantic results of the SPARQL query

Violation Condition Consequences Article
alSal dallas O alf A DA A A1) aae sda o) ARA A ) et A ) (M2 N Article 9 — (e ales
sal) shall sy Sl i 8 Janl)
Al i 3 &) 5l Al
D500 50 on del e Y

4 Discussion

Ontologies and knowledge graphs have become important methods for presenting, organizing,
and reasoning about legal knowledge. Unlike traditional methods of managing legal documents,
they provide structured and clear representations of legal terms, entities, and relationships. This
makes them suitable for the legal field, where legal meaning depends on the relationships
between entities, laws, clauses, parties involved, rights, duties, violations, and procedures. This
literature study shows that the contribution of ontologies to the construction of knowledge graphs
is the specification of legal concepts and relations in schemas. Knowledge graphs represent an
expansion of the ontology schema approach by adding legal instances in terms of laws, actors,
rights, duties, case law, events. Ontologies and knowledge graphs can be used in a variety of
applications requiring semantic structuring of data, their retrieval, traceability, and reasoning. It
is noted that there are problems associated with the interoperability and standardization of
ontologies, especially in the area of Arabic law, where the reuse of ontologies, knowledge bases,
and linguistic multilingual resources is not well developed. The main findings of this research
suggest that ontologies and knowledge graphs have a strong potential to enable the presentation
of legal knowledge in an interpretable and machine-readable format. Specifically, ontologies
enable specifying key terms, entities, and relations in the domain, whereas knowledge graphs
build on top of this representation by establishing connections between the concepts specified in
the ontology and real world instances, such as laws, articles, actors, rights, duties, and violations.
The resulting combination of ontology and knowledge graphs enables achieving such benefits as
semantic consistency, interpretability of searches, traceability, and reasoning beyond mere
keyword-based document searches. The developed Arabic legal ontology can also be leveraged
to support different semantic layers in legal applications.

5 Conclusion

This paper examines the current research efforts related to legal documents processing, paying
special attention to legal ontologies and knowledge graphs that serve as legal knowledge
representation. The literature review reveals that legal documents should not be limited to storing
and searching for keywords; rather, they require a comprehensive examination because legal
meaning is established based on structured interrelationships between legal norms, articles,
rights, duties, entities, violations, and legal actions. This implies that ontology- and KG-based
approaches serve as a basis for knowledge organization and structuring.

Based on the literature survey results, the main strengths of using ontologies and knowledge
graphs include ensuring semantic consistency, facilitating explainable searching, improving the
traceability of information, and performing legal inference. On the one hand, legal ontologies
allow modeling legal concepts, while knowledge graphs combine ontologies with legal examples
and relations. On the other hand, the current representation of Arabic legal knowledge is poor;
namely, it lacks reusable ontologies, knowledge bases, benchmarks, and multilingual semantic
resources.

As a result, the study develops an approach to representing Arabic legal knowledge in the form
of ontology and knowledge graph. It includes identifying legal entities, concepts, and document
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templates, along with mapping of laws to legal elements. While this work demonstrates the
feasibility of constructing a knowledge graph prototype from selected provisions of the Jordanian
Labor Law, future work will focus on expanding the graph to encompass the entire legislation.
The resulting large-scale legal knowledge graph would include all articles, legal entities, rights,
obligations, violations, sanctions, and procedural rules, thereby enabling richer semantic retrieval
and more sophisticated reasoning capabilities. Furthermore, automated knowledge graph
construction and population techniques, together with tighter integration with large language
models, will be investigated to support explainable legal question answering and other Arabic
Legal Al applications.
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