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1. INTRODUCTION
The Vietnamese legal

ABSTRACT

Legal information retrieval systems face the challenge of handling diverse legal domains with
varying terminology, document structures, and semantic relationships. This paper presents a
unified ontology-based knowledge graph framework that enables consistent knowledge
representation and retrieval across multiple Vietnamese legal domains. The objective of this
study is to develop a modular architecture that maximizes reuse while accommodating domain-
specific requirements. Our methodology extends the Legal-Onto model with a three-layer
architecture: Core Layer defining fundamental legal document structures based on Vietnamese
legal formatting regulations, Domain Extension Layer providing specialized concept hierarchies
for different legal areas, and Application Layer implementing query interfaces with natural
language processing pipelines. The framework is validated through implementation and
evaluation across three distinct legal domains: Land Law, Electronic Transaction Law, and
Labor Law, comprising 53 legal documents with 1,398 concepts and 5,257 relationships. The
results demonstrate that the unified framework achieves average accuracy of 84.2% and F1-
score of 0.843 across all domains. Cross-domain evaluation reveals that domain-specific
ontology extensions improve retrieval precision by 12.7% compared to generic approaches,
while the shared core structure enables knowledge transfer and reduces development effort by
40% per new domain. In conclusion, the modular ontology architecture effectively balances
reusability with domain specificity, providing a practical foundation for scalable legal
information systems.

© 2026 The Authors. Published by Penteract Technology.
This is an open access article under the CC BY-NC 4.0 license (https://creativecommons.org/licenses/by-nc/4.0/).

system comprises numerous

and knowledge graphs for each legal domain is resource-
intensive and fails to leverage commonalities across domains.

domains, each with distinct terminology, document structures,
and regulatory frameworks. From Land Law governing
property rights to Electronic Transaction Law regulating
digital commerce, and Labor Law protecting worker rights,
each domain presents unique challenges for information
retrieval ~ systems. Traditional keyword-based search
approaches struggle to capture the semantic relationships and
domain-specific nuances essential for effective legal research

(1], [2].
Knowledge graphs built on ontology foundations have

emerged as powerful tools for representing structured domain
knowledge [3], [4]. However, developing separate ontologies
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Vietnamese legal documents share fundamental structural
elements—chapters (Chuong), sections (Myc), articles (Dicu),
clauses (Khoan), and points (Piém)—that can form a unified
representational framework following the structure defined in
Circular 25/2011/TT-BTP [5], [6].

Recent advances in Large Language Models (LLMs) and
Retrieval-Augmented Generation (RAG) have demonstrated
promising results in legal question answering [7], [8].
However, these approaches still face challenges with
hallucination and domain-specific accuracy that knowledge
graph structures can help address [9], [10]. The combination of
ontology-based knowledge representation with modern
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retrieval techniques offers a promising direction for robust
legal information systems.

This paper addresses the challenge of building a unified
ontology-based knowledge graph framework that supports
multiple legal domains while accommodating domain-specific
requirements. Our framework extends the Legal-Onto model
[11] with a modular architecture comprising: (1) a shared core
ontology capturing common legal document structures, (2)
domain extension modules for specialized concepts and
relationships, and (3) a unified query interface enabling cross-
domain retrieval.

The main contributions of this paper include: (1) A
modular ontology architecture that separates core legal
structures from domain-specific extensions, enabling reuse and
maintainability; (2) Comprehensive evaluation across three
Vietnamese legal domains demonstrating the framework's
versatility and effectiveness; (3) Quantitative analysis of cross-
domain knowledge transfer and development efficiency gains
of 40% per new domain.

Relation to previously published work. This manuscript is
related to two previously published studies from the same
broader research program. The first study presented an
ontology-driven knowledge graph integrated with retrieval-
augmented generation for Vietnamese legal question
answering across Land Law, Electronic Transaction Law, and
Labor Law [26]. The second study introduced a self-reflection
mechanism for reducing hallucination in Vietnamese Labor
Law question answering [27]. In contrast, the present paper
focuses on the shared modular framework itself: it formalizes
the three-layer = Core/Domain/Application  architecture,
explains how domain extensions are attached to a reusable
legal-ontology core, quantifies cross-domain reuse and
development-efficiency gains, and reports a harmonized multi-
domain evaluation at the framework level. Accordingly, the
current manuscript should be read as the integrative
architectural paper, whereas the prior publications describe
application-oriented retrieval-generation and quality-control
extensions built on top of related domain-specific components.
Put differently, Reference [26] asks whether a knowledge-

graph-integrated RAG pipeline can deliver accurate, citation-
grounded answers in Vietnamese legal question answering,
Reference [27] asks whether self-reflection can reduce
hallucination in the Labor Law setting, and the present paper
asks whether a shared ontology architecture can support
multiple legal domains efficiently.

2. METHODOLOGY

2.1. Related Work

Legal ontology development has a rich history, with
foundational work by Sartor [12] establishing principles for
structured legal knowledge representation. The LKIF ontology
[13] provides a standardized vocabulary for legal concepts in
European legal systems. For Vietnamese legal systems, Ngo et
al. [5] developed an ontology knowledge map approach, while
Pham et al. [11] created the Legal-Onto model for Vietnamese
traffic law. Dang et al. [14] extended this work by integrating
graph embeddings with ontology structures.

Multi-domain ontology integration remains an active
research area. Hofer et al. [3] surveyed knowledge graph
construction challenges, noting the tension between domain
specificity and reusability. Modular ontology design patterns
[15] offer strategies for managing complexity through layered
architectures. For Vietnamese NLP infrastructure, PhoBERT
[16] provides pre-trained language models, and VnCoreNLP
[17] offers comprehensive text processing capabilities.

2.2. Framework Architecture

The unified Legal-Onto framework adopts a three-layer
architecture designed to maximize reuse while accommodating
domain variations (see Figure 1). The Core Layer defines
fundamental ontology structure based on the Rela-model
formalism, capturing universal Vietnamese legal document
structures that apply across all domains. The Domain
Extension Layer provides domain-specific concept hierarchies
and relationships that extend the core with specialized legal
knowledge. The Application Layer implements the query
interface and NLP pipeline for end-user interaction.

Application Layer

L3 Query Interface NLP Pipeline

Retrieval Engine

Domain Extension Layer

Conclppts: Cone

Land Law|Extension E-Transactig

in Extension

Concppts:

Labor Law|Extensian

Core Ontology Layer

VAN bAn = Chirang Concept Schema:

L1

Document Structure (Core Conaepls.

Relation Schema;

Qore Relations

Fig. 1. Unified Legal-Onto Framework Architecture showing three-layer design with Core Layer, Domain
Extension Layer, and Application Layer
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2.3. Core Ontology Structure

The core ontology follows the Legal-Onto formalism with
enhanced modularity. Formally, the core knowledge base is
defined as: K core = (C core, R core, Rules core), where
C core represents core concepts, R core represents core
relationships, and Rules core defines inference rules. Core
concepts include structural elements common to all
Vietnamese legal documents: Document (Van ban), Chapter
(Chuong), Section (Muc), Article (DPiéu), Clause (Khoan), and
Point (Biém).

Core relationships capture the hierarchical structure:
HAS CHAPTER, HAS_SECTION, HAS_ ARTICLE,
HAS CLAUSE, HAS POINT for structural containment;
REFERS TO  for  cross-references; AMENDS  and
REPLACES for document versioning. These relationships
apply uniformly across all legal domains.

To support legal version control, the AMENDS and
REPLACES relations are modeled as temporal edges rather
than ordinary semantic links. Each Document node stores
version metadata including promulgation date, effective date,
expiry date when available, and an is_current attribute.
AMENDS connects an amending document or provision to the
part of the ecarlier text it modifies, whereas REPLACES
denotes full supersession by a later legal instrument. At query
time, retrieval prioritizes nodes marked as current while
preserving traversable links to historical versions for legal
traceability and audit use.

2.4. Domain Extension Mechanism

Domain extensions inherit from core concepts while
adding specialized attributes and relationships. Formally:
K domain = K core U (C_ext, R_ext, Rules_ext), where the
domain-specific extensions augment rather than override core
definitions. For example, Land Law defines concepts like
"Quyén str dung dat" (Land use rights); E-Transaction
introduces "Chir ky dién ti" (Electronic signature); Labor Law
defines "Hop dong lao dong" (Labor contract).

2.5. Multi-Domain Implementation

We implemented the framework across three Vietnamese
legal domains: Land Law (Luat Pat dai 2024) [18] governing
property rights, Electronic Transaction Law (Luat Giao dich
dién tir 2023) [19] regulating digital transactions, and Labor
Law (B¢ luat Lao dong 2019) [20] protecting worker rights.
Each domain presents distinct characteristics in terminology
and semantic complexity.

The present manuscript consolidates the reusable
architectural elements that underlie our prior domain-specific
implementations and downstream extensions [26], [27]. Its
emphasis is therefore not on re-reporting a single application
pipeline, but on identifying the stable core ontology, the
domain-extension mechanism, and the framework-level reuse
strategy that make multi-domain deployment feasible.

Figure 2: Multi-Domain Knowledge Graph Comparison
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Fig. 2. Multi-Domain Knowledge Graph Comparison showing concept counts and relationship density across domains

2.6. Knowledge Graph Construction

For each domain, we followed a systematic construction
process (see Figure 3): (1) Document parsing using regex
patterns to extract structural elements; (2) Concept extraction
using fine-tuned PhoBERT models [16] for Vietnamese legal
named entity recognition; (3) Relationship extraction through
pattern-based triplet generation; (4) Graph construction in
Neo4j database with domain-specific node labels.

Before regex extraction, the parser performs text
normalization  for  whitespace, numbering  markers,
punctuation, and line breaks to reduce noise introduced by
PDF conversion and OCR. In practice, four categories of
formatting deviation were observed beyond the canonical

Circular 25/2011/TT-BTP pattern: (1) pre-2011 documents
using Roman numerals for section numbering; (2)
implementing regulations that omit intermediate structural
levels and proceed directly from Chapter to Article without
Sections; (3) appended annexes formatted outside the main
legal hierarchy; and (4) multi-document compilations that
restart article numbering at each sub-document. The parser
addresses these deviations through a normalization step
followed by document-type-specific rule sets that select the
most appropriate extraction patterns before hierarchical
parsing.

In Neo4j, shared structural nodes retain common labels
such as Document, Article, and Clause, while domain
concepts are assigned both semantic labels and domain labels
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together with canonical concept identifiers. This namespaced
labeling scheme prevents cross-domain conceptual collision
when similar lexical forms appear in multiple legal domains
but refer to different legal meanings. At query time, domain
isolation is enforced through Cypher query patterns that

244

constrain traversal to nodes carrying the target domain label.
Cross-domain relationships such as REFERS TO and
AMENDS are resolved at the shared structural layer, allowing
cross-document linkage without causing conceptual collision
among domain-specific concepts.

Figure 4: Knowledge Graph Construction Pipeline
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Fig. 3. Knowledge Graph Construction Pipeline: Document Parsing — Concept Extraction — Relationship Extraction — Graph
Construction

3. RESULTS

3.1. Dataset Statistics

Table 1 presents the knowledge graph statistics across
three legal domains. The total dataset comprises 53 legal
documents with 1,032 articles, 1,398 concepts, 5,257
relationships, and 9,293 knowledge graph triplets.

Table 1. Knowledge graph statistics across three legal

domains
Domain Docs Articles Concepts  Relations  Triplets
Land Law 23 456 567 2,134 3,892
E-Transaction 12 187 342 1,247 2,156
Labor Law 18 389 489 1,876 3,245
Total 53 1,032 1,398 5,257 9,293

Note on corpus scope. To avoid ambiguity with the
related application-oriented publication in Reference [26], the
present framework validation uses a stable 53-document core
corpus. Reference [26] reports a slightly broader 56-

document downstream question-answering configuration; the
current manuscript retains the 53-document corpus in order to
preserve a consistent architectural baseline across domains.

3.2. Retrieval Performance

Table 2 shows retrieval performance across domains. Test
queries were collected from legal forums, university courses,
and expert evaluations, totaling 180 queries per domain (540
total). The unified framework achieves consistent performance
with average accuracy of 84.2% and Fl-score of 0.843. All
retrieval experiments in this section use the stable 53-
document framework-validation corpus summarized in Table
1; Reference [26] reports a slightly broader downstream
application configuration. The harmonized 540-query set used
here was assembled for framework-level validation across the
three domains; although some legal topics naturally overlap
with downstream application settings in [26] and [27], the
evaluation objective in the present paper is cross-domain
architectural consistency rather than application-specific or
hallucination-focused benchmarking.

Table 2. Retrieval performance across domains

Domain Accuracy Precision Recall F1-Score
Land Law 83.7% 85.2% 82.4% 0.838
E-Transaction 86.4% 88.1% 84.7% 0.864
Labor Law 82.5% 84.3% 80.9% 0.826
Average 84.2% 85.9% 82.7% 0.843
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Performance Metrics by Domain
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Fig. 4. Performance Metrics and Unified vs Standalone Comparison showing accuracy improvements across all domains

3.3. Ablation and Development Effort

To better explain the reported precision gain and
implementation efficiency, we performed an ablation-style
comparison between a generic core-only configuration and the

full framework with domain-specific extensions. We also
categorized implementation work into reusable core tasks and
domain-extension tasks, enabling approximate person-hour

comparison across domains.

The 40% reduction corresponds to (200 - 120) / 200 and
was estimated by summing contributor-reported hours across
the activity categories listed in Table 4.

Table 3. Ablation of generic core-only retrieval versus retrieval with domain-specific ontology extensions

Precision (Core + Domain

Domain Precision (Core-only) Extension) Gain Main source of gain
Land-right and parcel

Land Law 72.4% 85.2% +12.8% concepts reduced false
matches
Technical terminology and

E-Transaction 75.4% 88.1% +12.7% relation constraints narrowed
candidate subgraphs
Contract and employment-

Labor Law 71.9% 84.3% +12.4% status vocabulary improved
query-to-concept alignment

Average 73.2% 85.9% +12.7% Domain lexicons and relation

filters improved precision

Table 4. Person-hour estimation comparing standalone per-domain implementation and extension within the unified framework

Domain extension within unified framework

Activity category Standalone per-domain effort (hours) (hours)
Ontology modeling and concept curation 52 28
Parser adaptation and normalization rules 28 12
Graph schema and Neo4j configuration 30 14
Query interface and retrieval adaptation 34 22
Domain lexicon, validation, and test queries 32 30
Integration, debugging, and refinement 24 14
Total 200 120
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4. DISCUSSION

The wunified framework consistently outperforms
standalone implementations, with accuracy improvements of
+1.6% (Land Law), +0.6% (E-Transaction), and +1.2% (Labor
Law). These gains stem from the shared core ontology
providing beneficial knowledge transfer across domains.
Electronic Transaction Law achieves the highest performance
(86.4% accuracy) because its concepts are expressed through
relatively technical and standardized terminology, such as
electronic signatures, certification services, and digital
transaction procedures, which makes concept-relation
matching more regular. Two additional factors likely
contribute to this result. First, the E-Transaction corpus is the
most compact among the three domains (12 documents, 187
articles), reducing the retrieval search space and the likelihood
of false matches. Second, many questions in this domain were
phrased in more formal and technically aligned language,
which improves query-to-concept matching precision. Land
Law is moderately more difficult because it contains denser
cross-references and more context-dependent terms tied to
land status, rights, and administrative procedures. Labor Law
presents the most challenges (82.5% accuracy) because it
covers a broader range of question types, including contracts,
benefits, dismissal, obligations, and sanctions, and because
users often formulate labor-law questions in colloquial or
situation-based language rather than in canonical legal terms.
Additionally, Labor Law provisions often involve multi-party
conditional dependencies among employees, employers, trade
unions, and state authorities, which require coordinated
reasoning across multiple provisions. The current retrieval and
ranking pipeline does not yet fully support such sustained
dependency resolution, which further contributes to the lower
accuracy observed in this domain.

Domain-specific ontology extensions improve retrieval
precision by 12.7% compared to generic approaches without
domain customization. As shown in Table 3, the gain is
mainly attributable to three factors: domain-specific concept
vocabularies reduce false matches between semantically
adjacent but legally distinct terms, domain-specific relation
constraints narrow the candidate subgraphs explored during
retrieval, and specialized synonym mappings improve
alignment between user queries and formal legal language.
Development effort analysis reveals significant efficiency
gains: the initial core framework required approximately 200
person-hours, while subsequent domain extensions required
only 120 person-hours each on average, representing a 40%
reduction compared to standalone implementations. These
person-hours were estimated by summing contributor-reported
effort across ontology design, parser adaptation, graph schema
setup, query integration, validation, and refinement tasks, as
summarized in Table 4.

Analysis of retrieval errors reveals three primary
categories: (1) Ambiguous queries (38% of errors) where user
intent spans multiple legal concepts; (2) Cross-reference gaps
(32% of errors) involving provisions that reference decrees,
circulars, or guidance documents not yet incorporated into the
53-document corpus; (3) Terminology variations (30% of
errors) where informal language differs from formal legal
terms. To reduce terminology-variation errors, the NLP
pipeline can be extended with a domain synonym lexicon, a
query normalization stage combining rule-based preprocessing
with contextual paraphrase rewriting, and embedding-based

candidate expansion before graph matching. To address cross-
reference gaps, a planned incremental expansion workflow
consists of three steps: (1) constructing a reference
dependency graph from REFERS TO and AMENDS triples in
the current corpus to identify frequently cited external
documents; (2) retrieving those cited instruments from the
official Vietnamese legal portal (vbpl.vn); and (3) triggering
automated parsing and domain-extension updates for newly
ingested documents. This strategy is intended to expand the
corpus in proportion to actual reference demand rather than
requiring full re-ingestion.

The present manuscript should also be distinguished from
our recent application-oriented publications. Reference [26]
emphasized citation-grounded integration of ontology-driven
knowledge graphs with retrieval-augmented generation for
Vietnamese legal question answering, while Reference [27]
focused on a self-reflection layer for reducing hallucination in
the Labor Law domain. Whereas [26] evaluates system-level
answer accuracy and citation quality, and [27] evaluates
hallucination reduction through iterative refinement, the
present paper evaluates framework-level reusability and cross-
domain development efficiency, which is a complementary
but distinct research question. By contrast, this paper
contributes the unified ontology architecture, the explicit
separation between reusable core structures and domain-
specific extensions, and the cross-domain efficiency analysis
that explains how such downstream modules can be developed
on a common foundation.

5. CONCLUSION

This paper presented a unified ontology-based knowledge
graph framework for multi-domain Vietnamese legal
document retrieval. By separating core legal structures from
domain-specific extensions through a modular three-layer
architecture, the framework achieves both reusability and
domain specificity. The Core Layer captures universal
Vietnamese legal document structures following Circular
25/2011/TT-BTP [6], while Domain Extension Layers provide
specialized concept hierarchies for Land Law, Electronic
Transaction Law, and Labor Law.

Experimental evaluation further demonstrates that the
unified framework maintains consistent retrieval performance
across all three domains, achieving an average accuracy of
84.2% and an Fl-score of 0.843. Compared with standalone
implementations, the unified approach improves accuracy by
0.6-1.6% and reduces development effort by 40% per new
domain. In addition, domain-specific ontology extensions
increase precision by 12.7% relative to a generic core-only
configuration, confirming the practical value of combining
reuse-oriented architecture with specialized domain modeling.

Future work will focus on four directions: (1) Extending
the framework to additional Vietnamese legal domains
including Criminal Law and Civil Law; (2) Implementing
semi-automatic ontology extension mechanisms using LLM-
based concept extraction [22], through a three-stage pipeline:
candidate generation guided by the Core Layer schema,
embedding-based ontology alignment to detect duplicates, and
expert validation before integration; (3) Automatically
expanding the corpus by detecting REFERS TO links and
ingesting cited decrees, circulars, and related legal
instruments; and (4) Integrating the framework with RAG
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systems for enhanced question answering capabilities [23].
This human-in-the-loop extension strategy is intended to
reduce ontology drift while preserving the legal precision
required in multi-domain retrieval systems.

In summary, the novel contribution of this manuscript is
the framework-level unification itself rather than the isolated
publication of downstream modules. This distinction is now
made explicit to clarify the relationship between the current
paper and the previously published extension studies [26],
[27].
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