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Abstract. The use of ontological modeling for the formalization and automation of regulatory 
document processing in the construction industry is explored. The main goal of the study is 
to develop a methodological and technological framework for creating an automated regu-
latory control system. The methodologies for ontology development are reviewed, including 
upper-level ontologies (e.g., Basic Formal Ontology) and domain-specific ontologies (Industry 
Foundation Classes). Approaches for identifying duplications and inconsistencies in regulatory 
documents using knowledge organization models, such as SKOS, are described. Special at-
tention is given to the automation of regulatory statement analysis through the creation of 
"semantic profiles". The application of natural language processing (NLP) technologies and 
large language models (LLMs) is proposed to enhance analysis efficiency. The need for expert 
involvement at the current stage of technological development to verify the obtained results 
is emphasized.

Keywords: ontological modeling, regulatory documents, construction industry, NLP, automa-
tion, semantic inconsistencies, machine learning.

Introduction
This study examines ontological modeling 

applied in the context of regulatory documents 
in the construction industry. Ontologies, which 
originally emerged in philosophy as a tool for 
formalizing existing entities and their relation-
ships within various theories, have been ac-
tively used in several applied fields since the 
late 20th century, including business process 
modeling, knowledge management, and data 
integration [1]. These approaches have found 
their place in areas such as software engineer-
ing, biomedicine, and enterprise management, 
where they help formalize knowledge, improve 
data exchange processes, and automate infor-
mation processing [2].

The relevance of this study lies in the need 
to address the issue of automating the pro-
cessing of regulatory documents in the con-
struction industry, where ensuring strict com-
pliance with regulatory norms plays a key role 

in improving the quality and safety of construc-
tion projects. Regulatory documents contain 
numerous complex and diverse terms, which 
creates challenges in their interpretation and 
compliance control. Ontological modeling can 
provide the structuring of these documents 
and automate their analysis processes, there-
by significantly facilitating knowledge manage-
ment and information exchange between dif-
ferent systems and users.

With the advancement of Natural Language 
Processing (NLP) methods and large language 
models (LLMs), there is a growing opportuni-
ty to significantly enhance the automation of 
regulatory document analysis. The integration 
of ontologies into the regulatory data process-
ing not only promotes the unification of con-
cepts but also simplifies compliance control in 
construction projects, making this area of re-
search highly relevant.

The article by Neuhaus analyzes various 
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definitions of ontology, including Gruber's clas-
sic definition as "an explicit specification of 
a conceptualization". The authors note that 
many definitions violate the clarity rule for 
definitions. An alternative definition is pro-
posed, which takes into account the variabili-
ty of ontologies, the choice of vocabulary, and 
the role of annotations, as well as discussions 
on collaborative ontology development and the 
relationship between ontological conceptual-
ism and realism [3].

Otero-Cerdeira presented a literature re-
view on ontology matching over the past de-
cade, analyzing more than 1,600 articles. The 
study classifies publications to identify trends 
and the distribution of scientific activity, help-
ing new researchers navigate the field and de-
termine promising research directions [4].

The article by Park presents the DocOn-
to methodology for building ontologies based 
on engineering documents, following a "bot-
tom-up" approach. It consists of three stages: 
creating a terminology ontology, integrating it 
with semantic networks, and optimizing it for 
practical application. First-order logic and se-
mantic networks are used for ontology repre-
sentation, along with semantic mapping meth-
ods [5].

The article by Zhong and co-authors pres-
ents a review of the application of ontologies in 
the construction industry based on an analysis 
of Scopus publications (2007-2017). Sciento-
metric methods, including co-authorship and 
cluster analysis, identified four key themes: 
domain ontologies, Industry Foundation Class-
es, automated compliance checking, and BIM. 
The study revealed the evolution of keywords 
from project management to modeling and 
compliance control [6].

The need to develop specialized ontolo-
gies for representing the content of regulatory 
documents is evident, at least because almost 
all upper-level and domain ontologies are de-
scriptive, meaning they focus on describing 
existing instances of objects and processes in 
the world. In contrast, legal ontologies are pre-
scriptive, describing the proper state in which 
certain types of objects should exist in specific 
situations.

Research Goal and Objectives
Ontological modeling has gained the atten-

tion of the scientific community as a tool for 
the formalization and automation of regulatory 
document processing, which is important for 
both governmental and business processes. 
The goal of this article is to study approaches 
to ontology development and assess their po-
tential for automating the control of regulatory 
compliance. To achieve this goal, the following 
objectives were set:

- Conduct a review of existing ontology de-

velopment methodologies applicable to regula-
tory documents.

- Analyze the potential use of ontologies for 
automating compliance control with regulatory 
document requirements.

- Explore modern Natural Language Pro-
cessing (NLP) methods, including large lan-
guage models (LLMs), to assess their applica-
bility for working with regulatory information.

- Identify prospects for the further develop-
ment of ontological modeling and NLP technol-
ogies to address automation tasks in govern-
mental and business processes.

Development of Automation Tools for 
Regulatory Document Content Processing

In the 2000s-2010s, approaches to devel-
oping legal ontologies for analyzing regulatory 
document texts were actively explored. The 
collection "Approaches to Legal Ontologies" [7] 
discusses methods and techniques in this field. 
The chapter "A Complex-System Approach" 
[8] describes a method for building ontolo-
gies that includes defining key terms, estab-
lishing their hierarchy, and analyzing semantic 
relationships between them. This approach is 
based on the empirical analysis of term usage 
without formal logical text analysis, assuming 
a consistent meaning of terms throughout the 
document.

The chapter "The Multi-Layered Legal In-
formation Perspective" [9] addresses the chal-
lenges of ontological formalization of regulato-
ry documents, including semantic drift during 
translations, legislative evolution, and differ-
ences in term usage at national and suprana-
tional levels. The example of EU legislation im-
plementation illustrates the complexities that 
arise even within documents issued by the 
same authority. The authors emphasize the 
need to create multiple ontologies for different 
scenarios and ensure their interoperability.

The chapter "Legal Ontologies: The Lin-
guistic Perspective" [10] presents a classifica-
tion of elements for the semantic description 
of regulatory statements: metadata (authori-
ty, number, date), pragmatic classification (ob-
ligations, prohibitions, permissions), and syn-
tactic structures with logical operators ("if", 
"and", "otherwise"). The role of deontic mo-
dality ("may", "must") and the dependence of 
concepts on the context of legal acts are em-
phasized. The authors highlight the challenges 
of automating meaning extraction due to dif-
ferences in term interpretation across various 
documents.

Large Language Models and NLU
Ontological modeling and machine learning 

(ML) represent different approaches to auto-
mation: ontologies model logical reasoning, 
while ML models empirical reasoning. Ontol-
ogies provide explainable outcomes but re-
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quire significant development effort, whereas 
ML results are difficult to interpret due to their 
probabilistic nature. Large language models 
(LLMs), such as BERT and GPT, have improved 
text processing through contextual word rep-
resentations. Despite their success in logical 
tasks, LLMs require substantial computation-
al resources. A promising direction is their in-
tegration with knowledge graphs and logical 
reasoning to automate regulatory compliance 
control.

The authors of Logic-LM [11] proposed an 
approach where LLMs convert textual descrip-
tions of situations into sets of logical instruc-
tions for decision-making automation. LLMs 
generate ad hoc ontologies with predicates 
and classes to describe problem domains. The 
use of such models simplifies task automation 
but requires high computational resources. 
Available models, such as LLaMA, enable the 
community to use them in projects. Promising 
directions include using embeddings to ana-
lyze the semantic similarity of terms and QA 
models to extract structured information from 
regulatory texts.

Deontic Logics and Rule Representa-
tion in Ontologies

Legal norms express judgments about per-
missions, prohibitions, and obligations, for 
which deontic logics – a subset of modal log-
ics – are used. A key element is the concept 
of subjunctive betterness, which evaluates the 
preference of possible worlds with different 
configurations of objects and processes.

M. Vacura proposes a deontic logic model 
where the central element is a deontic concept 
based on a normative principle from a legal 
source [12]. The concepts are interrelated: 
the obligation of one subject may be the right 
of another. The model describes the behavior 
of agents in situations with specific conditions 
("states of affairs"). Physical objects, such as 
documents, can embody rights and obliga-
tions, for example, tickets or prescriptions.

Legal norms can be formalized using rules, 
for example, through SHACL (W3C) con-
straints, which allow for the representation 
and validation of ontological models with rea-
soner support. A more practical approach is 
implemented in LegalRuleML (OASIS), which 
enables the integration of legal norms into 
RDF/OWL ontological models for efficient legal 
data processing. LegalRuleML describes the 
structure of norms and their interconnections. 
L. Robaldo proposed using SHACL to structure 
norms based on deontic logics, including "rei-
fied input/output logic", which is suitable for 
the automatic control of regulatory compliance 
by extracting data from natural language texts.

LegalRuleML (OASIS) is an extension of 
RuleML for representing legal norms with sup-

port for integration into RDF/OWL ontologies. 
The specification describes the structure of 
norms and their interconnections: The Ref-
erences section contains links to regulatory 
documents, the Context section provides rule 
metadata, including conditions of application, 
and the Statements block forms logical con-
structs with conditions (if) and conclusions 
(then).

Upper-Level Ontologies and Domain 
Ontologies

The BFO ontology, including IAO for in-
formational objects, is widely used for mod-
eling processes and objects. An alternative is 
DOLCE, which relies on natural language cate-
gories, such as "Proposition", but its complex 
structure complicates modeling. For describing 
term hierarchies, SKOS is recommended, as it 
allows grouping concepts by meaning for ana-
lyzing semantic differences.

Among domain ontologies, the IFC library 
is important for describing building structures, 
but it does not cover aspects such as ergo-
nomics and the natural environment. SKOS 
can enhance the formalization of norms by 
linking them to IFC elements. The inclusion of 
common knowledge ontologies helps describe 
spatial relations, but creating a complete mod-
el of all descriptions is not necessary, which 
reduces the workload.

Ontologies for Representing Regulato-
ry Information

Among the existing core ontologies for rep-
resenting regulatory information is the Core 
Legal Ontology, based on the upper-level on-
tology Dolce Ultra Lite. This ontology provides 
classifications of agent roles, types of regula-
tory norms, and sets a semantic framework 
for concepts and their definitions, as well as 
various types of statements (constraints, de-
scriptions, etc.). However, despite its detailed 
description of specific types of statements, this 
ontology is not universal for a broad range of 
norms, making it somewhat eclectic and not 
always suitable for extensive applications. The 
use of this model in Natural Language Under-
standing (NLU) systems would require signif-
icant effort to determine the suitability of its 
elements for specific legal texts.

Another example is the LKIF Core Ontology 
of Basic Legal Concepts, which includes mod-
ules for describing processes, roles, actions 
(including legal actions), as well as norms 
and rules. This model also provides classifi-
cations of statements, modalities, and agent 
roles, making it highly detailed for the analysis 
of legal documents. However, its high level of 
detail complicates the automation of semantic 
analysis and is more suited for analysts cre-
ating models for specific regulatory acts. The 
main purpose of LKIF is to be used in decision 
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support systems based on logical reasoning, 
although the formalization of rules requires a 
significant amount of manual work.

The rule syntax of LKIF, based on Horn 
clauses, allows the formalization of legal state-
ments, but the labor-intensive nature of this 
process makes it unsuitable for efficient au-
tomation. The ontologies under consideration 
are outdated and focus on the roles of agents, 
which limits their applicability to regulatory 
documents in the construction industry, where 
the emphasis is on requirements for physical 
elements.

Despite the absence of a universal ontology 
for the construction industry, elements of the 
listed models can be adapted to create a spe-
cialized ontological model.

Results and Discussion
Automated control of legal norms involves 

two tasks: compliance control and meta-pro-
cessing of norms (classification, structuring, 
search, change management). Compliance 
control requires a detailed domain model and 
the formalization of norms as rules. For me-
ta-processing, a meta-description of norms 
and their contexts without deep detailing is 
sufficient.

A key tool for such tasks is the use of on-
tological specifications, such as RDF/OWL and 
SHACL, recommended by the W3C consor-
tium. However, these tools remain labor-in-
tensive, requiring significant resources for the 
manual formalization of norms and situations. 
Despite significant advancements in Natural 
Language Understanding (NLU), systems that 
existed before the 2020s were unable to fully 

automate the process.
The emergence of large language models 

(LLMs) has opened new prospects for auto-
mation; however, their reasoning capabilities 
remain limited. At the current stage of LLM de-
velopment, these models are not always able 
to generate correct answers to complex que-
ries, as they can "hallucinate" or make errors 
when processing contradictory data. A logically 
complete model of norms and situations using 
LLMs remains unattainable.

The most promising direction for future re-
search is the combination of approaches. This 
involves creating a logically coherent model of 
norms or a meta-model using NLU and LLMs 
for the automatic generation of models based 
on regulatory texts.

All existing approaches to modeling reg-
ulatory information share several important 
aspects: the need for the classification of 
modalities of regulatory statements (such as 
necessity, possibility, prohibition), the classifi-
cation of subjects of regulatory requirements, 
and a conceptual model for describing the sit-
uations to which the norms apply.

Conclusion
Based on the conducted review, the re-

quirements for a regulatory document pro-
cessing system in construction using NLU were 
formulated. The information support includes:

- An upper-level ontology (e.g., BFO) for 
general concepts.

- A domain ontology for the construction 
industry based on IFC.

- An ontology for structuring statements 
and elements of deontic logic.

 
Relationship of elements in the proposed ontologies
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- A terminology ontology based on the 
SKOS model, taking into account contexts and 
correspondence to elements of the domain and 
upper-level ontologies.

The proposed approach involves dividing 
the text of regulatory documents into term 
definitions and norms, with the creation of a 
"semantic profile" for each norm (Figure). This 
"profile" should include a subject, a predicate 
with modality, an object, as well as additional 

elements (circumstances, definitions, etc.).
The formalization should be performed at 

the meta-level without fully detailing each 
situation where the norms apply. The ad hoc 
concepts created during the process, which are 
absent from the model, will be represented by 
the lemma of the corresponding word. These 
concepts may be unique to a specific set of 
documents and will help enhance the model 
during its development.

REFERENCES

1.	 Honderich, T. (Ed.), The Oxford Companion to Philosophy.: Oxford University Press. Retrieved 15 Oct. 
2024, from DOI: https://www.oxfordreference.com/view/10.1093/acref/9780199264797.001.0001/
acref-9780199264797. 

2.	 Calero, C., Ruiz, F., & Piattini, M. (2010). Ontologies for Software Engineering and Software Technology., 
339-339. https://doi.org/10.1007/3-540-34518-3.

3.	 Neuhaus, F. (2018). What is an ontology? arXiv. https://arxiv.org/abs/1810.09171v1
4.	 Otero-Cerdeira, L., Rodríguez-Martínez, F., & Gómez-Rodríguez, A. (2015). Ontology matching: A literature 

review. Expert Syst. Appl., 42, 949-971. https://doi.org/10.1016/J.ESWA.2014.08.032.
5.	 Park, J., Nam, J., Hu, Q., & Suh, H. (2008). Product Ontology Construction from Engineering Documents. 

2008 International Conference on Smart Manufacturing Application, 305-310. https://doi.org/10.1109/
ICSMA.2008.4505663.

6.	 Zhong, B., Wu, H., Li, H., Sepasgozar, S., Luo, H., & He, L. (2019). A scientometric analysis and critical 
review of construction related ontology research. Automation in Construction. https://doi.org/10.1016/J.
AUTCON.2018.12.013.

7.	 Sartor, Giovanni, Casanovas, Pompeu, Biasiotti, Mariangela, Fernández-Barrera, Meritxell, Approaches to 
Legal Ontologies, Springer Science+Business Media B.V. 2011 https://doi.org/10.1007/978-94-007-0120-
5

8.	 P. Mazzega, D. Bourcier, P. Bourgine, N. Nadah and R. Boulet, «A complex-system approach: legal 
knowledge, ontology, information and networks», In Approaches to Legal Ontologies. Theories, Domains, 
Methodologies. G. Sartor, P. Casanovas, M. Biasiotti and M. Fernández Barrera (Eds.), Springer, 2010, pp. 
117-132. DOI:10.1007/978-94-007-0120-5_7

9.	 Boella, G., Rossi, P. (2011). The Multi-Layered Legal Information Perspective. In: Sartor, G., Casanovas, 
P., Biasiotti, M., Fernández-Barrera, M. (eds) Approaches to Legal Ontologies. Law, Governance and 
Technology Series, vol 1. Springer, Dordrecht. https://doi.org/10.1007/978-94-007-0120-5_8

10.	Biasiotti, M.A., Tiscornia, D. (2011). Legal Ontologies: The Linguistic Perspective. In: Sartor, G., Casanovas, 
P., Biasiotti, M., Fernández-Barrera, M. (eds) Approaches to Legal Ontologies. Law, Governance and 
Technology Series, vol 1. Springer, Dordrecht. https://doi.org/10.1007/978-94-007-0120-5_9

11.	Pan, L., Albalak, A., Wang, X., & Wang, W. Y. (2023). Logic-LM: Empowering large language models with 
symbolic solvers for faithful logical reasoning. https://arxiv.org/abs/2305.12295

12.	Vacura, M. (2019). Towards New Ways of Modeling Deontic Concepts in Ontologies. JOWO. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://ceur-ws.org/Vol-2518/paper-CAOS6.pdf



193

Раздел «Строительство. Транспорт»

Нормативтік құжаттарды онтологиялық модельдеу: автоматтандыру тәсілдері 
мен перспективаларын талдау
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Аңдатпа. Құрылыс саласындағы нормативтік құжаттарды формализациялау және өңдеу 
процесін автоматтандыру үшін онтологиялық модельдеуді қолдану мәселесі зерттеледі. 
Жұмыстың негізгі мақсаты – нормативтік актілерді бақылауға арналған автоматтанды-
рылған жүйені құру үшін әдістемелік және технологиялық база әзірлеу. Онтологияларды 
құру әдіснамалары, соның ішінде жоғары деңгейлі онтологиялар (мысалы, Basic Formal 
Ontology) және пәндік онтологиялар (Industry Foundation Classes) қарастырылады. SKOS 
сияқты білімді ұйымдастыру модельдерін қолдану арқылы нормативтік құжаттардағы қай-
талаулар мен қайшылықтарды анықтау тәсілдері сипатталады. Нормативтік тұжырымдар-
ды «семантикалық портреттерін» құру арқылы талдау процесін автоматтандыруға ерекше 
назар аударылады. Табиғи тілді өңдеу технологиялары мен ірі тілдік модельдерді қолдану 
талдаудың тиімділігін арттыру үшін ұсынылады. Қазіргі технологияларды дамыту кезеңін-
де алынған нәтижелерді тексеру үшін сарапшылардың қатысуы қажеттілігі атап өтіледі.

Кілт сөздер: онтологиялық модельдеу, нормативтік құжаттар, құрылыс саласы, NLP, ав-
томаттандыру, семантикалық қайшылықтар, машиналық оқыту.

Онтологическое моделирование нормативных документов: анализ подходов  
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Аннотация. Исследуется использование онтологического моделирования для формали-
зации и автоматизации обработки нормативных документов в строительной отрасли. Ос-
новной целью работы является разработка методологической и технологической базы 
для создания автоматизированной системы контроля нормативных актов. Рассматривают-
ся методологии построения онтологий, включая верхнеуровневые онтологии (например, 
Basic Formal Ontology) и предметные онтологии (Industry Foundation Classes). Описыва-
ются подходы к выявлению дублирования и противоречий в нормативных документах 
с помощью моделей организации знаний, таких как SKOS. Особое внимание уделяется 
автоматизации анализа нормативных высказываний путем построения их «семантиче-
ских портретов». Предлагается применение технологий обработки естественного языка 
и больших языковых моделей для повышения эффективности анализа. Подчеркивается 
необходимость участия экспертов на текущем этапе развития технологий для проверки 
полученных результатов.

Ключевые слова: онтологическое моделирование, нормативные документы, строитель-
ная отрасль, NLP, автоматизация, семантические противоречия, машинное обучение.
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