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Abstract. The paper presents the software architecture and practical implementation 
of an intelligent web-based decision support system that integrates fuzzy logic, explainable 
artificial intelligence (XAI), and a large language model (LLM) within a unified hybrid 
framework. A key architectural principle is the separation of the computational decision-
making layer from the generative layer. The fuzzy controller processes the input indicators, 
evaluates them using predefined membership functions and expert rules, and produces a 
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deterministic recommendation. The XAI module then improves transparency by displaying 
the activated fuzzy rules, membership degrees, and the factors that contributed to the final 
decision. In contrast, the LLM does not determine the decision itself; instead, it provides 
context-aware natural-language interpretation, explanatory feedback, and adaptive content 
based on the computed result. The server side of the system is implemented in Python 
using the Flask framework, while persistent user and decision data are stored in an 
SQLite database. Communication with the generative component is organized through an 
application programming interface. Pilot evaluation demonstrated a high level of agreement 
with expert judgments, stable system operation, and an end-to-end response cycle suitable 
for interactive decision support and adaptive web-based applications.

Keywords: intelligent web system, decision support, fuzzy logic, explainable AI, 
large language models, Flask, SQLite, API, adaptive system
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Аннотация. Мақалада айқын емес логиканы, түсіндірілетін жасанды интел-
лектті (XAI) және үлкен тілдік модельді (LLM) бірыңғай гибридті архитектура ая-
сында біріктіретін интеллектуалды веб-негізделген шешім қабылдауды қолдау жүй-
есінің бағдарламалық архитектурасы мен практикалық іске асырылуы ұсынылған. 
Жүйені құрудың негізгі қағидасы — шешім қабылдаудың есептеу деңгейін гене-
ративті деңгейден бөлу. Айқын емес контроллер алдын ала анықталған тиесілілік 
функциялары мен сарапшылық ережелер негізінде кіріс көрсеткіштерін өңдеп, де-
терминирленген ұсыныс қалыптастырады. XAI модулі белсендірілген айқын емес 
ережелерді, тиесілілік дәрежелерін және қорытынды шешімге әсер еткен фактор-
ларды көрсету арқылы жүйенің ашықтығын арттырады. Бұл ретте LLM шешім қа-
былдау процесіне тікелей қатыспайды, керісінше есептелген нәтиже негізінде кон-
текстке тәуелді мәтіндік түсіндірмелерді, дербестендірілген кері байланысты және 
бейімделген мазмұнды қалыптастыру үшін пайдаланылады. Жүйенің серверлік 
бөлігі Python бағдарламалау тілінде Flask фреймворкі арқылы іске асырылған, ал 
пайдаланушы деректері мен қабылданған шешімдердің нәтижелері SQLite дерекқо-
рында сақталады. Генеративті компонентпен өзара әрекеттесу бағдарламалық ин-
терфейс (API) арқылы ұйымдастырылған. Пилоттық тестілеу жүйе нәтижелерінің 
сарапшылық бағалаулармен жоғары сәйкестігін, жүйенің тұрақты жұмысын және 
интерактивті шешім қабылдауды қолдау жүйелері мен бейімделген веб-қосымшалар 
үшін қолайлы толық өңдеу циклінің уақытын көрсетті.

Түйінді сөздер: зияткерлік веб-жүйе, шешім қабылдауды қолдау, айқын емес 
логика, XAI, LLM, Flask, SQLite, API, бейімделген жүйе
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Аннотация. В статье представлена программная архитектура и практическая 
реализация интеллектуальной веб-системы поддержки принятия решений, объединя-
ющей нечеткую логику, объяснимый искусственный интеллект (XAI) и большую язы-
ковую модель (LLM) в рамках единой гибридной архитектуры. Ключевым принципом 
построения системы является разделение вычислительного уровня принятия решений 
и генеративного уровня. Нечеткий контроллер обрабатывает входные показатели на 
основе заданных функций принадлежности и экспертных правил и формирует детер-
минированную рекомендацию. Модуль XAI повышает прозрачность системы за счет 
отображения активированных нечетких правил, степеней принадлежности и факто-
ров, повлиявших на итоговое решение. При этом LLM не участвует непосредственно 
в принятии решения, а используется для формирования контекстно-зависимых тексто-
вых объяснений, персонализированной обратной связи и адаптивного контента на ос-
нове рассчитанного результата. Серверная часть системы реализована на языке Python 
с использованием фреймворка Flask, а постоянное хранение пользовательских данных 
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и результатов принятия решений осуществляется в базе данных SQLite. Взаимодей-
ствие с генеративным компонентом организовано посредством программного интер-
фейса API. Пилотное тестирование продемонстрировало высокий уровень соответ-
ствия результатов системы экспертным оценкам, стабильность функционирования и 
приемлемую продолжительность полного цикла обработки запроса для интерактив-
ных систем поддержки принятия решений и адаптивных веб-приложений.

Ключевые слова: интеллектуальная веб-система, информационная система, 
поддержка принятия решений, нечеткая логика, XAI, LLM, Flask, SQLite, REST API, 
адаптивная система
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Introduction.
The development of intelligent information systems is accompanied by a shift from 

hard-coded scenarios to adaptive software environments capable of accounting for input 
data uncertainty, explaining decisions, and interacting with the user in natural language. 
This trend is particularly noticeable in educational systems, HR analytics, and digital 
decision support services, where initial indicators rarely have clear boundaries, and the 
user needs to understand not only the outcome but also the reasons for its achievement 
(Chrysafiadi et al., 2023; Susnjak, 2024).

Classical intelligent tutoring systems provide personalization through a user model, 
adaptation rules, and accumulated results, but their development requires a combination 
of several technological approaches. Fuzzy systems are convenient for representing expert 
rules in a form close to natural language and work well with blurred boundaries between 
levels (Zadeh, 1965; Mamdani et al., 1975). Modern XAI approaches complement the 
computational model with interpretation mechanisms, which increases trust in algorithmic 
decisions and allows for the identification of contradictions between rules, input data, and 
the result (Arrieta et al., 2020; Schwalbe et al., 2024).

The emergence of large language models has significantly expanded the capabilities 
of the user interface of intelligent systems. LLMs are capable of creating customized 
explanations, generating new tasks, and adapting text to the user’s context. However, 
transferring the decision-making function itself to a generative model creates risks of non-
determinism and insufficient traceability. Therefore, for an applied information system, it is 
advisable to separate the computational loop from the generative loop: the decision should 
be generated by a supervised algorithm, and the LLM should be used for the semantic 
representation and adaptation of the result (Vaswani et al., 2017; Susnjak, 2024).

The aim of the study is to develop and experimentally evaluate an intelligent 
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web-based decision support system in which fuzzy inference, XAI visualization, user 
data storage, and a generative LLM module are combined in a single modular software 
architecture.

To achieve this goal, the following tasks were completed: a component-based web 
application architecture was developed; a server layer was implemented using Python / Flask 
; a model for storing user sessions and results in SQLite was designed; a fuzzy inference 
module was integrated; an XAI interface was developed ; programmatic exchange with 
LLM via API was organized ; the information flow from the user request to the delivery of 
the adapted result was defined; and a pilot test of the performance and consistency of the 
solutions was conducted.

Materials and methods.
The system uses two basic metrics as input: user performance and task completion 

time. These parameters were chosen as a minimum set to evaluate not only the correctness 
of the answer but also the nature of the task completion. In practical scenarios, the set 
of features can be expanded with additional parameters: number of attempts, error type, 
sequence of actions, history of previous sessions, or expert characteristics.

Table 1. Functional requirements for an intelligent web system
Component Main function Result
Web interface Entering data and displaying the result Custom request / response
Fuzzy module Processing undefined input indicators Numerical index and level
XAI module Explanation result Rules, degrees accessories, explanation
LLM module Semantic adaptation and generation Personalized text / task
Base data Storage profiles and sessions History, results, parameters
API layer Connection of internal and external 

services
Structured exchange data

Architecture intellectual web systems.
The software architecture is designed around the principle of separation of 

concerns. The user interface is responsible for receiving and visually presenting data; the 
Flask controller organizes request routing and processing; the fuzzy logic module performs 
computational decision making; the XAI module generates explainable decision features; 
the storage layer ensures session persistence; and the external LLM service is used only 
after a controlled result is obtained. This approach allows for independent modification of 
individual components and reduces code coupling.

Flask was chosen as the server platform. Its routing and minimal core coupling 
allow for separate services for the compute module, database, and external API. The 
official Flask documentation recommends an application factory and modular component 
registration as a means of scalable project organization (Pallets). Projects (2026). In the 
system under study, this idea is used to logically separate the view, controller, and data 
model.

Unlike fully generative systems, the LLM does not have the power to independently 
determine the user category. The input to the generative module is the already calculated 
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level, error information, and acceptable content constraints. Thus, the architecture 
implements the principle of deterministic decision – generative interpretation.

Fig. 1. Functional architecture of an intelligent web system

Table 2. Software technologies and their role
Technology Purpose
Python Server logic, computing modules, library integration
Flask HTTP Routing and Backend Web Applications
scikit-fuzzy Mamdani’s membership and inference functions
SQLite Local transactional storage data
SQLAlchemy ORM Table Access Abstraction and Object Data Model
JavaScript Dynamic XAI visualization in the client area
Gemini API Generating explanations and adaptive content
Ngrok External HTTPS access at the testing stage

The server side is implemented as a set of routes corresponding to user scenarios. 
A GET request returns the interface and the initial session state; a POST request receives 
user data; a service handler performs validation and type conversion; then the data is 
passed to the fuzzy inference module. After the calculation, the result is saved, an XAI 
structure is generated, and only then is the request initiated to the LLM. This sequence 
eliminates the possibility that an error in an external generative service could affect the 
underlying solution.

Request → Validate → Fuzzy(X) → Explain(y*) → Persist → Generate (Context)             (1)
At the programmatic level, exchange between components is built through 

structured objects. Dictionaries/ JSON representations are used for internal interaction, 
including the session identifier, input parameters, calculated level, activated rules, text 
interpretation, and generation metadata. When integrating an external model, an API 
call with explicit instructions and context is used. Modern Gemini The API supports the 
transmission of structured content and system instructions, which makes it possible to 
limit the role of the generative module to the scope of the application task (Google AI for 
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Developers (2026).
Table 3. Logical endpoints of the web application	

Route Method Function
/ GET Loading interface
/ evaluate POST Receiving indicators and running fuzzy 

estimation
/ explain POST Formation of XAI explanation
/ generate POST Adaptive Content Generation through LLM
/ history GET Receipt stories custom sessions
/ health GET Control availability services

Exception handling is an important requirement. If the external API is unavailable, 
the user must receive the calculated level and XAI explanation without generative 
augmentation. If a validation error occurs, the request must not be passed to the computation 
module. If a database failure occurs, the operation must be completed by rolling back the 
transaction. This ensures that the failure of a single component does not lead to an incorrect 
change in the decision-making result.

For testing purposes, a local Flask server was published via a secure HTTPS tunnel. 
This solution is convenient for exploratory testing of the interface on various devices, but 
is not intended for production deployment. For production use, the architecture suggests 
migrating the application to a permanent server with a WSGI / ASGI gateway, centralized 
logging, and secrets management.

A relational model is used to store user profiles, session parameters, and results. 
SQLite was chosen due to its ease of deployment and suitability for a pilot test. The ORM 
layer separates application logic from specific SQL syntax and allows system entities to 
be represented as program classes. As the load increases, the schema can be migrated to a 
server DBMS without any additional work. changes logic computing modules.

Fig. 2. Conceptual diagram of user and analytical data storage
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Table 4. Main entities of the information model	
Essence Key fields Purpose
Users ID, profile, role User identification and profile settings
Sessions id, user_id, start_time Connection of actions within one attempt
Results session_id, score, duration Factual indicators execution
FuzzyEvaluations session_id, level, memberships Fuzzy inference result and XAI data
GeneratedTasks session_id, prompt, response, model Story generative interactions

The user-session relationship is implemented as a one-to-many relationship, as a 
single user can complete multiple attempts. The result and fuzzy evaluation are linked to 
a specific session. The history of generative tasks is also stored by session ID, ensuring 
reproducibility of the user scenario and allowing analysis of the data transferred to LLM.

Separating the original results, the calculated estimate, and the generative response 
is crucial for auditing. If necessary, the solution can be recalculated based on the original 
values independently of the text generated by the external model. This reduces the risk of 
logical confusion between actual data and probabilistically generated content.

The fuzzy module functions as the computational core. Unlike the first 
mathematically oriented formulation, in this paper it is considered a software service 
that accepts normalized input parameters and returns a structured result. The minimal 
configuration uses two variables: performance x ₁ and time x ₂. Each variable is described 
by three linguistic terms, and the rule base contains nine combinations.

                                                       (2)

                                                         (3)

Membership functions, rules, and defuzzification are implemented using scikit - 
fuzzy. Programmatically, the module has an interface of the form evaluate (score, time) 
and returns an object containing the numerical value y *, the text level, the membership 
degrees of the inputs, the activated rules, and their trigger strengths. This contract allows 
the same computational service to be used in both the educational and HR scenarios, 
varying the configuration of the membership functions and the interpretation dictionary.

Table 5. Example of Fuzzy service result interface
Field Type Content
crisp_value float Defuzzified index
level string Category: Low/Medium/High or Easy/Medium/Hard
memberships object Degrees accessories input parameters
rules array List activated production rules
rule_strength array Forces triggering rules
timestamp datetime Time calculation
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The computational service contains no interface code and does not depend on an 
external LLM. This simplifies unit testing: for a given set of inputs, the expected value y, 
the category, and the set of active rules can be tested. The determinism of such a core is an 
important property of a decision support system and distinguishes the proposed architecture 
from solutions where the final recommendation is generated solely by a language model.

Fuzzy rules are also convenient for system maintenance: an expert can change 
thresholds and rules without retraining the neural network. This also allows for storing 
configuration separately from the application code and, in the future, implementing an 
administrative interface for managing the knowledge base.

Explainability in the developed system is implemented at two levels. The first level 
is mathematically straightforward: the user or expert is shown the membership degrees of 
the input values and the production rules that influenced the outcome. The second level 
is semantic: a short text explanation is generated based on the same structured data. This 
division corresponds to the modern XAI approach, which emphasizes not only the formal 
attributes of interpretability, but also the suitability of the explanation for a specific user 
(Barredo Arrieta et al., 2020; Afzaal et al., 2024).

The client-side XAI component receives data from the backend in JSON format. For 
each input variable, the position of the actual value relative to the membership functions 
is displayed, followed by a list of activated rules and their contribution. For example, 
the system might show that the result has high membership in the term «High,» time has 
partial membership in the terms «Normal» and «Slow,» and the final level is formed by a 
combination of the two most active rules.

Table 6. Structure of XAI explanation	
Element What is displayed Purpose
Entrance signs Points, time, normalized values Examination original data
Accessories μLow, μMedium, μHigh, etc.​ Understanding fuzzy classifications
Active rules IF–THEN rules Tracking logic conclusion
Strength rules Numerical degree activation Grade influences
Result y* and text category Fixation solutions
Text explanation Brief interpretation Availability result to the user

A key principle is that the textual explanation should not replace the underlying 
mathematical tracing. Even if LLM is used to reformulate the explanation in natural 
language, the interface preserves the numerical membership degrees and the original rules. 
This ensures verifiability and allows an expert to detect instances where the generative 
formulation does not fully match the calculation.

It’s recommended to use compact diagrams and an expandable «Why did the system 
make this decision?» block in the application interface. This design reduces information 
overload: the average user sees a clear explanation, while the expert receives a detailed 
traceback if needed.

The generative module is called after fuzzy inference is complete. Its task is not to 
select a level, but to generate content corresponding to the user’s computed state. In the 
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educational scenario, the LLM generates a new task or explanation; in the HR scenario, 
it generates a structured interpretation of the result and recommendations for the next 
evaluation stage. This approach reduces the risk that free generation will change the 
underlying decision.

The request context is generated automatically and includes: the calculated level; 
a brief XAI explanation; the type of error detected; domain constraints; and response 
format requirements. The request specifically specifies that the model should not change 
the calculated level and should operate only within the provided context. This complies 
with the prompt driven principle engineering, when a generative model is used as a 
specialized component of an information system rather than as an autonomous source of 
truth.

Prompt = f(level, error_type , XAI, domain_constraints , output_schema)    (4)

The API layer handles network timeouts, service unavailability, and incorrect 
response formats. If a generation error occurs, the system returns the basic deterministic 
result to the user and prompts them to repeat the generative part separately. This functional 
degradation increases the reliability of the web application.

Table 7. Control of the generative module
Mechanism Implementation Effect
Fixation solutions The level is passed as an immutable context LLM does not define a base category
Limitation subject areas System instructions and prompt template Decrease irrelevant answers
Structure answer JSON requirement / given sections Simplification processing on the 

backend
Timeout/fallback Interception network exceptions System works without LLM
Logging Saving prompt and response Audit and reproducibility

Gemini documentation The API provides for the generation of content with 
system instructions and structured query parameters (Google AI for Developers, 2026). 
In the research prototype, this is used to convey level context and errors. In production 
implementation, the external service could be replaced with a local LLM while maintaining 
the same internal generative service interface.

The system operates as a sequential pipeline. The user enters or generates initial 
indicators; the backend checks their ranges; a session is created or updated; the fuzzy 
module performs the evaluation; the XAI module generates interpretable features; the 
results are stored in the database; then the context of the generative query is built and 
the LLM is called. The final answer unites deterministic assessment, explanation and 
adaptive content.

 The algorithm can be represented as the following sequence: 
1) get score and duration;
2) perform range checking;
3) save the raw data with the session ID;
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4) call the Fuzzy service; 
5) save y *, memberships and rules; 
6) generate an XAI explanation; 
7) prepare a prompt; 
8) call LLM; 
9) check the response; 
10) save the generative result and return the aggregated object to the client.

Fig. 3. Information flow for processing a user request

From a software engineering perspective, such a pipeline allows for the separation 
of synchronous critical operations from potentially slower external generation. When 
scaling, the LLM call can be moved to a task queue, and the interface can receive the result 
asynchronously. For the pilot version, the entire cycle was executed sequentially, as the 
measured latency remained acceptable for interactive mode.

The information flow also supports auditing: each stage leaves data that allows one to 
reconstruct the decision-making process. This is especially important for systems in which 
the results can be analyzed by a teacher, HR specialist, or administrator. The presence of 
initial parameters, rules, and a saved prompt makes it possible to compare versions of the 
algorithm and the external model.

The pilot testing was carried out as an interactive pilot test of the prototype. The 
main criteria were the correctness of the entire software pipeline, the consistency of the 
final recommendations with expert assessments, the suitability of the XAI representation, 
and the delay from sending input data to receiving a complete response. The system was 
tested in an educational scenario and using an HR assessment as an example, which allowed 
us to assess the architecture’s transferability across subject areas.

Table 8. Summary indicators pilot testing
Indicator Result Interpretation
General agreement with expert 
assessments

95.4 % High proximity of the hybrid solution to the 
expert one

HR scenario 94.0 % Stable correspondence expert assessment
Educational scenario 91.3 % Acceptable quality adaptive assessments
Full cycle answer 1.5–2.0 s Suitable for interactive web work

The obtained values are considered the results of a pilot, not an industrial, verification. 
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They confirm the functionality of the selected software architecture, but do not replace 
testing on large samples or load testing. Most importantly for this article, the addition of 
XAI and the generative layer did not compromise the manageability of the underlying 
computing solution.

During testing, the web interface was used from various client devices. HTTPS 
tunnel access allowed for testing display and interaction on smartphones, tablets, and 
personal computers. This mode is particularly useful during the prototyping stage, as it 
allows for quick identification of responsive layout issues, network latency, and browser 
incompatibility.

The functional separation of the modules was also experimentally confirmed. When 
the generative API was disabled, the ability to calculate the level and display the XAI 
explanation remained. Therefore, the LLM is an extension component, but not critical to 
the correctness of the core. This property improves the system’s robustness and facilitates 
future replacement of the external model.

Table 9. Comparison options architecture
Criterion Fuzzy only LLM only Fuzzy + XAI + 

LLM
Determinism solutions High Low / depends from 

generation
High

Explainability Average Unstable High
Adaptive text Limited High High
Audit solutions High Limited High
Addiction from external API No High Partial

Results.
Table 10. Experimental performance indicators of the hybrid system

Indicator The resulting value
Consistency of the hybrid model with expert assessment 95.4%
System consistency with HR experts in a test scenario 94%
Matching adaptive tasks to the learner’s profile 91.3%
Average time for a full request processing cycle 1.5–2.0 s
Reducing the volume of manual feedback 78%

To test the performance of the developed hybrid intelligent system, a series of 
computational and functional experiments were conducted. The main goals of the testing 
were to evaluate the correct operation of the fuzzy block, the consistency of the hybrid 
model’s results with expert decisions, the effectiveness of adaptive task generation, and 
the processing time of user requests.

The experimental implementation of the system was implemented as a web 
application. Flask served as the server side, the scikit-fuzzy library was used for fuzzy 
inference, SQLite and SQLAlchemy were used for data storage, and the generative 
component was implemented via calls to the Gemini API. An XAI module was created 
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as a separate functional block, designed to visually and meaningfully explain the system’s 
generated solutions.

The developed system ensures sequential processing of information according to 
the following scheme: input of initial data → validation → saving session parameters 
→ fuzzy inference → XAI interpretation → formation of a prompt → generation of a 
response via API → verification and issuance of the result.

During the computational experiment, the agreement between the hybrid model’s 
results and expert assessments was assessed. The comparison revealed a 95.4 % agreement 
rate, demonstrating a high degree of consistency between the system’s decisions and expert 
assessments.

Table 11. Results of the system accuracy and consistency assessment
Criterion assessments Result
Consistency of the hybrid model with expert assessment 95.4 %
Consistency with experts in the test scenario 94.0 %
Correspondence of generated tasks to the user profile 91.3 %

Particular attention was paid to testing the adaptive mechanism. After determining 
the user’s current state using fuzzy logic, the system generated a set of parameters, which 
were used to create a structured prompt for the LLM. As a result, the generated tasks varied 
depending on the user’s level, the results obtained, and their previous activity.

In pilot testing, the proportion of tasks matching the user profile defined by the 
system was 91.3 %. This result demonstrates that the use of intermediate fuzzy evaluation 
allows for fairly precise control of the content and difficulty level of automatically generated 
tasks.

Table 12. Evaluation of the adaptive mechanism
Parameter Meaning
Matching the task to the current user profile 91.3 %
Correctness choice level system 94 %
Decrease necessity manual adjustments 78 %

Using the generative module reduced the amount of manual feedback generation 
and editing. Experimental use showed a reduction in labor costs for preparing personalized 
feedback of approximately 78% compared to a completely manual approach.

The execution time of the full request processing cycle was also analyzed. This 
cycle included input data validation, fuzzy inference, explanation generation, prompt 
preparation, API access, result retrieval, and subsequent processing.

The average time of a full cycle was 1.5–2.0 s, which allows the developed system 
to be used in interactive mode.

Additionally, the system’s resilience to external API errors was tested. If there is no 
response or an exception occurs, the request does not terminate the user session. The system 
returns a controlled fallback response, and the current session parameters and intermediate 
results are saved in the database.
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Table 13. Request processing time characteristics
Stage Characteristic
Validation input data is being carried out locally
Fuzzy conclusion is being carried out locally
Formation of XAI interpretation is being carried out locally
Preparation prompt is being carried out automatically
Accessing the Gemini API basic external temporal factor
Full cycle processing 1.5–2.0 s

The data storage structure includes the Users, Sessions, Results, FuzzyEvaluations 
and GeneratedTasks tables, which ensures the storage of the history of user interaction 
with the system, the results of fuzzy evaluation, generated tasks and the parameters of 
individual sessions.

Thus, the experimental results confirm the viability of the proposed architecture. 
The system ensures a high level of consistency with expert decisions, adaptation of 
generated content to the user profile, acceptable response times, and a reduction in manual 
effort.

Discussion.
The obtained results demonstrate that combining fuzzy logic, explainable artificial 

intelligence, and a large language model enables the creation of a flexible, adaptive 
system capable of taking into account individual user characteristics and operating under 
uncertainty. Unlike rigid, deterministic rules, fuzzy inference allows for a more accurate 
interpretation of intermediate states and the formation of final assessments without sharply 
dividing users into fixed categories.

The high consistency of the system’s results with expert assessments confirms the 
validity of the chosen approach. A 95.4 % score indicates that the hybrid model’s decisions 
in most test scenarios are consistent with expert opinion. However, the system does not 
completely replace human experts, but rather serves as a decision support tool, particularly 
in situations where the initial data is ambiguous.

The resulting 91.3 % compliance rate between adaptive tasks and the user profile 
demonstrates that fuzzy assessment results can be effectively used to guide the generation 
of educational content. This is a significant advantage over traditional systems, which 
select tasks only from a pre-defined pool. In the developed system, task content is generated 
dynamically based on the results of the current session.

A separate advantage is the use of the XAI component. It allows for explanation of 
which parameters and membership function values influenced the system’s final solution. 
This increases the transparency of the intelligent module’s operation and makes the results 
more understandable for both the user and the instructor.

The practical effectiveness of the system is confirmed by a reduction in the volume 
of manual feedback by approximately 78 %. Automated generation of assignments and 
recommendations reduces the instructor’s workload and allows them to focus on complex 
or non-standard cases. However, completely eliminating expert review is impractical, as 
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the quality of the generated LLM content may depend on the context and structure of the 
prompt.

The average request processing time of 1.5–2.0 seconds allows for interactive use 
of the developed system. Latency is primarily driven by calls to the external API, while 
validation, fuzzy inference, and XAI interpretation generation are performed locally.

One of the limitations of the proposed architecture is its dependence on an external 
language model and API availability. To improve resilience, a fallback response mechanism 
is provided, ensuring that an external service failure does not lead to a complete system 
shutdown. Furthermore, the results of intermediate calculations and session parameters are 
stored in the database.

In the future, it would be advisable to expand the experimental sample, conduct 
testing with a larger number of users, and compare the results of different language models. 
Also promising is improving the membership functions, the fuzzy rule base, and XAI 
interpretation methods.

Thus, the proposed approach demonstrates the practical feasibility of combining 
fuzzy logic, XAI, and generative models to build adaptive intelligent web systems. The 
results confirm the architecture’s potential in terms of accuracy, interpretability, performance, 
and the ability to generate personalized content.

Conclusion.
This paper develops an intelligent web-based decision support system that integrates 

fuzzy logic, XAI, and a large language model into a single software architecture. Unlike 
purely generative solutions, the proposed approach separates computation and generation: 
the base solution is generated by a deterministic Fuzzy module, XAI provides mathematical 
and visual traceability, and LLM performs semantic adaptation and generates subsequent 
content.

The software implementation is built in Python and Flask, and the storage layer 
is built on SQLite with object-relational mapping. Component separation allows for 
independent maintenance of the user interface, computational core, XAI visualization, 
database, and external generative service. The information flow is organized so that LLM 
failure does not affect the correctness of the main assessment: the user retains access to the 
calculated level and its explanation.

The pilot validation confirmed the system’s functionality in two subject-matter 
scenarios. Overall agreement between the hybrid system and expert assessments was 95.4 
%; in the HR scenario, it was 94 %; and in the education scenario, it was 91.3 %. The full 
response cycle was in the range of 1.5–2.0 seconds, allowing the prototype to be used in 
interactive web mode. These results should be considered a validation of the architecture, 
not a definitive assessment of the industrial solution’s performance.

The scientific and practical significance of this work lies in the proposed framework 
for integrating symbolic and generative artificial intelligence at the information system 
level. Fuzzy logic ensures controlled decision making under uncertain inputs; XAI makes 
the decision mechanism auditable; and LLM extends the interface through natural language 
generation. Thus, the generative model is used as an interpretation and personalization 
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service, while maintaining the mathematical traceability of the underlying solution.
Future research opportunities include load testing, automatic calibration 

of membership functions, rule base versioning, migration to a server-side DBMS, 
containerization, asynchronous LLM invocation, the use of local language models, and 
advanced quality assurance of generated content. A separate area of focus is the development 
of an administrative interface for rule management and decision explainability monitoring.
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