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Abstract

This paper presents the development of an intelligent question answering system for processing
legislative texts using transformer models. The proposed approach is based on natural language processing
techniques and semantic similarity computation between user queries and normative legal documents. Pre-
trained transformer-based language models, including KazBERT and XLM-RoBERTa, are employed to
generate vector representations of textual data. Semantic similarity between questions and legislative articles
is calculated using the cosine similarity metric, and the most relevant text fragments are selected using an
extractive method. The system is implemented as a modular web-based software solution, enabling scalability
and further model integration. Experimental evaluation conducted on a corpus of legislative acts of the
Republic of Kazakhstan demonstrates satisfactory performance in terms of Accuracy, F1-score, and response
time, confirming the applicability of the proposed system for automated intelligent legal information systems.

Keywords: semantic analysis, intelligent system, question and answer system, natural language
processing, model, artificial intelligence.

Introduction

At the present stage, the rapid development of information technologies has a significant impact
on all spheres of society, including the legal system. The process of digitalization necessitates
expanding access to legislative information and establishing effective mechanisms for its processing
and use. However, the complex structure and formal language of legislative texts make information
comprehension difficult for ordinary users. In this regard, the application of intelligent information
systems in the legal domain has become one of the pressing issues [1].

In recent years, question-answering systems based on Natural Language Processing (NLP) and
artificial intelligence technologies have been developing intensively. Such systems enable the
automatic retrieval and presentation of semantically relevant information by processing user queries
formulated in natural language. Nevertheless, most studies in this field are focused on English or
Russian, while the number of solutions designed to work with Kazakh-language legislative texts
remains limited. The agglutinative nature of the Kazakh language, the scarcity of linguistic resources,
and the lack of sufficiently annotated datasets significantly complicate the development of intelligent
systems for this domain [2].

Materials and Methods

Overview of Intelligent Systems for Processing Legislative Texts

In recent years, intelligent question-answering systems designed for the automated processing
of legislative information have been developing rapidly and have become an essential component of
the digitalization of legal services. The primary objective of such systems is to promptly provide
relevant legal norms, regulatory acts, or interpretations in response to user queries expressed in
natural language. At present, a number of analogous systems are in use at both global and regional
levels.

At the international level, some of the most widely used legal information systems include the
LexisNexis and Westlaw platforms. These systems offer intelligent search mechanisms based on
extensive databases of legislative materials and judicial practice. However, the aforementioned
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platforms operate on a subscription-based model and provide limited support for the Kazakh language
[3].

Systems such as Harvey Al and Casetext (CoCounsel) employ transformer-based large
language models to analyze legal documents, answer legal queries, and process contracts. The main
advantages of these systems lie in their high contextual relevance and accuracy of responses.
Nevertheless, they are predominantly designed to operate in English [4].

In the Republic of Kazakhstan, the adilet.zan.kz portal provides official texts of legislative acts.
However, this portal relies on traditional keyword-based search and does not fully support intelligent
question-answering functionality. A comparative analysis of existing legislative information systems
is presented in Table 1.

Table 1 — Comparative Analysis of Analogous Systems for Legislative Information Processing

No. System Application Supported | Intelligent | Adaptation to | Accessibility
Name Domain Languages QA National
Legislation
1 LexisNexis | International English Yes No Paid
law, case law and other
languages
2 Westlaw Legal search and | English Yes No Paid
analytics
3 Harvey Al Document English Yes No Paid

analysis, legal
advisory services

4 Casetext Legal analytics | English Yes No Paid
(CoCounsel)
5 adilet.zan.kz | Legislative acts | Kazakh, No Yes Free
of the Republic | Russian
of Kazakhstan

Most existing systems are primarily designed for professional lawyers and operate in foreign
languages. From this perspective, the development of a domestic intelligent question-answering
system for processing Kazakh-language legislative information represents a relevant and necessary
scientific and practical task [5].

Description of Data Processing Methods

During the study, the dataset consisted of the current normative legal acts of the Republic of
Kazakhstan. The legal texts were obtained from the adilet.zan.kz portal as the primary data source.

The dataset included key codes and laws in the fields of labor law, civil law, and administrative
law. Legal texts were structured by articles and clauses, with each article considered as a separate
textual unit. Overall, the dataset comprised several thousand legal articles. During the preprocessing
stage, the texts were cleaned of extraneous characters and standardized into a uniform format.

In the development of the intelligent question-answering system, contemporary Natural
Language Processing (NLP) and machine learning methods were applied, taking into account the
specific features of legislative information processing, as summarized in Table 2. The proposed
system is designed to semantically analyze user queries and automatically retrieve the relevant
information from the legislative database [6].
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Table 2 — Data Processing Stages and Methods

No. | Stage Name Method / Algorithm Brief Description

1 Text Tokenization, Standardizing the format of queries and legal
Preprocessing | Normalization texts, reducing linguistic noise

2 Semantic KazBERT, XLM- Creating semantic vector representations of the
Vectorization RoBERTa texts

3 Similarity Cosine Similarity Determining semantic closeness between the
Calculation query and legal texts

4 Answer Extractive Method Directly retrieving the relevant article or excerpt
Generation from the legal text

5 Evaluation of | Accuracy, Fl-score, Assessing the quality of responses and system
Results Time performance

Figure 1 illustrates the overall workflow of the intelligent question-answering system. First, the
user query is received by the system and undergoes the preprocessing stage, during which the text is
cleaned and transformed into a format suitable for further processing.

Evaluation:

perovskites
and DSSC

x Model
Database Preprocessing
—_— Building —l

Publisher API, Tokenization, Word2vec, Materials

chemistry and word cleaning neural networks prediction, first-

physics papers principles, band
structure, PDOS
UV-vis

Figure 1 — Operation algorithm of the intelligent question answer system

In the second stage, the user query and legislative texts are transformed into vector
representations using semantic models. The semantic similarity between the resulting vectors is
calculated using the cosine similarity metric. Legal articles with the highest similarity scores are
selected for answer generation.

At the final stage, the system presents the user with the relevant legal article or a concise excerpt
extracted from the legislative text. Thus, the proposed scheme fully illustrates the data processing and
response generation workflow of the intelligent question-answering system. The system’s operational
algorithm begins with storing data in the database, followed by a preprocessing stage. Based on the
processed data, a model is constructed, and the resulting outputs are subsequently stored in the
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database.

Additionally, the proposed approach ensures a scalable architecture that can be extended to
other branches of law by expanding the legislative dataset. The use of semantic models improves the
robustness of the system when handling linguistically complex and context-dependent legal queries.
Overall, the developed algorithm enhances the accessibility of legislative information for non-expert
users while maintaining acceptable accuracy and response time [7].

Architecture of the Intelligent Question-Answering System

The architecture of the proposed intelligent question-answering system is based on modular and
multi-layered principles. According to the stages presented in Table 3, the architecture covers all key
processes, from receiving a user query to generating a precise response based on legislative
information.

Table 3 — Description of the System Architecture and Its Modules

No. | Layer Name Module Name Brief Description
1 User Interaction | Web/Chat Interface User queries are accepted in natural language.
Layer The interface is user-friendly and does not
require legal expertise.
2 Preprocessing Text Preprocessing and | Text cleaning, tokenization, lemmatization,
Layer Linguistic Analysis and removal of stop words are performed.
3 Semantic Semantic Matching Semantic similarity between the user query
Analysis Layer and legislative texts is determined.
4 Data Storage Legislative Database Normative legal acts of the Republic of
Layer Kazakhstan are stored. Legal texts are
structured by articles and clauses.
5 Result Answer Generation A response is generated and presented to the
Presentation Module user based on the selected legal norms.
Layer

The proposed architectural solution enables future system scalability, supports the integration
of new legislative data, and allows for the incorporation of more advanced artificial intelligence
models, thereby enhancing the overall functionality and adaptability of the system. The layered
architecture ensures clear separation of responsibilities between modules, which improves system
maintainability, facilitates debugging, and supports efficient updates as legal regulations and Al
technologies evolve [8].

Results and discussion

To assess the performance of the proposed intelligent question-answering system, legal queries
formulated in the Kazakh language were used, and the system’s ability to provide correct answers
was evaluated. For the experiment, 50 questions related to common legal issues encountered in
everyday life were selected. For each question, the correct answer in the form of a relevant legal
article or its content was determined in advance.

The evaluation results show that the system demonstrated stable and reliable performance. The
accuracy level reached 82%, indicating that the system was able to correctly answer the majority of
the legislative questions. The F1-score value of 0.81 confirms that the balance between the precision
and completeness of the answers is at a satisfactory level. The average response time ranged from 2
to 3 seconds, which makes the system convenient for practical use.

Overall, the experimental results confirm the effectiveness of the proposed intelligent question-
answering system in processing legislative information. The system was able to identify relevant legal
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provisions based on semantic meaning even when the user queries did not contain exact legal
terminology. This is particularly important for non-expert users, as many citizens are not familiar with
formal legal language, and therefore require intuitive and accessible tools for obtaining legal
information.

In addition, the obtained results indicate that the use of semantic models significantly improves
the system’s robustness when handling linguistically diverse and context-dependent queries. The
system demonstrates the potential to reduce the time and effort required to search for relevant legal
information compared to traditional keyword-based search tools. These findings suggest that the
proposed approach can serve as a practical foundation for developing user-oriented legal information
services in the Kazakh language and can be further enhanced by expanding the dataset and
incorporating more advanced language models.

Conclusion

This study examined the technology for developing an intelligent question-answering system
designed to process legislative information in the state language. The primary objective of the system
is to automatically identify and present relevant legal articles in response to legislative queries
formulated in the Kazakh language.

The experimental results demonstrated that the system is capable of correctly answering the
majority of the submitted queries. Compared to traditional keyword-based search approaches, the
intelligent method proved to be more effective, as it takes into account the semantic meaning of the
user’s question and enables the retrieval of contextually relevant legal norms.

The proposed intelligent question-answering system facilitates access to legislative information
in the state language and can contribute to improving users’ legal awareness. In future work, the
system’s capabilities may be further enhanced by expanding the dataset and integrating generative
response modules, thereby increasing both the coverage and the expressiveness of the provided
answers.
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TPAHC®OPMEPIIK MOAEJIBJIEPII KOJIJTAHY APKBLIBI 3AHHAMAJIBIK
MOTIHAEPII OHJEYTE APHAJIFAH UHTEJJIEKTYAJLIBI CYPAK-JKAVYAIT
KYUECIH 93IPJIEY

Tyiiin

Byn makanana Tpanchopmepiik MoAenbAEpAl KOJNAaHy apKbUIbl 3aHHAMaJIbIK MOTIHIEpAl eHAeyre
apHaJIFaH HHTEJUIEKTYal[bl Cypak-)Kayanm OKyieciH o3ipiey KapacThlpbulafbl. Y CBIHBUIFAH —TOCII
naiianaHymsl cyparbl MEH HOPMAaTHBTIK-KYKBIKTBIK AaKTiJIep apachblHOaFrbl CEMAHTHUKAJBIK YKCACTBIKTHI
AHBIKTAayFa HEeTi3/IeJreH TaOUFK TULACPAL OHJICY 9/1iCTepiHe CyieHe . MoTiHAepAiH BEKTOPJIBIK KOPIHICTEPIH
KaJBITACTBIPY YIIiH anabiH ana okeiThuiraH KazBERT xone XLM-RoBERTa Tpanchopmeprik Timmik
Mozenbaepi naimananpuel. CeMaHTHUKAIBIK YKCACTHIK cosine similarity MeTpuKachl apKbIIbl €CEMNTENil, eH
colikec 3aHHaMaJIBIK MOTiH (pparMeHTTepl SKCTPAKTURTI diC HETI31H e TaHAAJIBII aabiHaAbI. XKyiie MOIYIbIiK
apXUTCKTypara He BeO-Heri3fenreH OarjapiiaMaliblK IIEINM PETiHAEC ICKe achpbulabl. KazakcraH
PecrryOnkachIHBIH 3aHHAMAJBIK, aKTiIepi KOPIYCHIHIA KYPTi3UIreH dKCIEPUMEHTTIK Oaranay HOTHXKemepi
XKYHeHiH nanmik (Accuracy), F1-score sxoHe xayart 0epy yaKbIThl KOPCETKIIITepi OOMBIHIIIA KaHAFaTTaHAPIIBIK
HOTHIKENIEp KOPCETETiHIH ASJeNACHAlI KOHE OHBbl HMHTEIUICKTYyalAbl KYKBIKTHIK aKMapaTThIK KyHenepai
aBTOMATTaHABIPYIa KOJIIaHyFa OOJaThIHBIH KOPCETE].

KinTrik ce3mep: ceMaHTHKANBIK Taljay, MHTEIUIEKTyalIbl Kyie, cypak-Kayar >Kyileci, TaOuru
TiJEpi OHJIey, MO/IENb, )KACAH bl HHTEIIICKT.
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PA3PABOTKA MHTEJJIEKTYAJIBHON BOMTPOCHO-OTBETHOM CUCTEMBI
JJI51 OBPABOTKU 3AKOHOJATEJIBHBIX TEKCTOB C UCITIOJIB3OBAHUEM
TPAHC®OPMEPHBIX MOJEJEN

AHHOTaNUA

B craree paccmarpuBaeTcs pa3pa0OTKa WHTEIUIEKTYyallbHOW BOIPOCHO-OTBETHON CHCTEMBI st
00pabOTKKM 3aKOHOAATENHEHBIX TEKCTOB C HCIOJBb30BaHHEM TpaHChopMepHbIX Mozenei. [Ipemmaraembrit
TIOIXO OCHOBAH Ha METofaxX 0OpabOTKHM €CTECTBEHHOTO SI3bIKA M BBIYHMCIICHHS CEMaHTHYECKOTO CXOICTBA
MEXKJy IOJb30BATEIBCKUM 3allpOCOM M HOPMAaTUBHO-NPABOBBIMHU akTaMu. [l modydeHHus BEKTOPHBIX
MIPEJICTABICHUH TEKCTOB MPUMEHSIOTCS MpenoOydYeHHble TpaHchopMepHbie si3bikoBble Mojenu KazBERT u
XLM-RoBERTa. Orenka ceMaHTHYECKOW OIM30CTH OCYIIECTBISIETCS C HMCIIOIB30BAHUEM METPHKHU COSine
similarity, mocje 4ero pejieBaHTHbIC (PparMeHThl 3aKOHOAATEIIbHBIX TEKCTOB HM3BJICKAIOTCS 3KCTPAKTHBHBIM
METOZIOM. APXUTEKTYpa CUCTEMBI peasin30BaHa B BUE MOIYJIBHOTO BEO-OPHEHTUPOBAHHOTO MPOrPaMMHOTO
peuicHus, 06CCHe‘II/IBaIOHIeFO MaCHJTa6I/IpyeMOCTI) 1 BOBMOXHOCTb MHTErpalu AOTIOJTHUTECIbHBIX MOHeHeﬁ.
OKCTepUMEHTalIbHAS TIPOBEPKa Ha KOPITyCce 3aKOHOMATEIBHBIX akToB Pecmybnukn Kaszaxctan mokasaia, 9ro
paspaboTaHHas crcTeMa 00eCIeunBaeT yIOBICTBOPUTENBHEIE TTOKa3arean To4HOCTH (Accuracy), Fl-score u
BPEMEHU OTKJIMKA, YTO IOATBEP)KIACT €€ NMPUMEHHMOCTbH JJIsI aBTOMAaTU3MPOBAHHBIX WHTEIUIEKTYalbHBIX
MIPaBOBBIX WH(POPMAIIMOHHBIX CHCTEM.

KaroueBbie ca0oBa: ceMaHTHUECKHN aHANM3, WHTEUIEKTyallbHAs CHCTEMa, CHUCTEMa BOIPOCOB U
OTBETOB, 00pa0OTKA €CTECTBEHHOTO SI3BIKA, MOJIENTh, HCKYCCTBECHHBI HHTEIUIEKT.
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