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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.
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large language models, Flask, SQLite, API, adaptive system
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AHHoTanusi. Makanaja aifKbIH eMeC JIOTHKaHbl, TYCIHIIPIICTIH KacaH bl HHTEI-
nextti (XAI) sxone ynkeH tingik monenbai (LLM) GipbiaFail THOpUITI apXUTEKTypa asi-
ChIHAA OIPIKTIPETIH MHTEIUIEKTYaJIbl BEO-HET13/1ereH MemiM KaObuIayapl KOIaay Kyi-
eciHiH OarmapiaMaiblK apXUTEKTypachl MEH MPAKTUKAJIBIK ICKE achIPbUTYbl YCHIHBUIFAH.
XKyiieHi KypyablH HETI3ri Karuaachl — MICNIiM KaObUIIAy[IbIH €CenTey JCHIeHiH TeHe-
patuBTi AeHrelaeH 0emy. AWKBIH eMec KOHTPOJUIEp alIblH ajla aHBIKTAJIFaH THUECUIITIK
(GyHKIUSIIapel MEH CapanmiblUIbIK epeXxenep HeTi3iHe Kipic KOpCeTKIITepiH OHIeT, Je-
TEPMUHHPIICHTEH YCHIHBIC KaibTacTeipanbl. XAl Momyni OGeiceHaipiireH ailkelH emec
epexenepal, TUECUTUTIK I9pexKeNepiH KoHe KOPBITHIH/BI LICIIIMIe dcep eTKeH (pakTop-
Jap/bl KOpCeTy apKbUIbI )KYHEHIH alllbIKTBIFBIH apTThipaabl. by perre LLM menrim ka-
ObLI/Iay TPOIIECiHE TiKeNeH KaThICTIAi b, KePICIHIIIe €CEeNTENINeH HOTHKE HETi31H/Ie KOH-
TEKCTKE TAYEJIJI MOTIHAIK TyCiHIipMenepi, nepOecTeHaipiareH Kepi OaillaHbICThI )KOHE
OeliimaenreH Ma3MyHJbl KaJBIITACTHIPY YILIIH Taigananeianel. JKyiHeHiH cepBepItik
6emiri Python Garmapmamanay timinne Flask ¢peiiMBopki apKbuIbI icKe achIpbUIFaH, aj
naiiananymsl JepekTepi MeH KaOblUIIaHFaH menimMaepaiy Hotmxkenepi SQLite nepexko-
pBIHAA cakTanaabl. [ eHepaTHUBTI KOMIIOHEHTIICH ©3apa dpeKeTTecy OarmapiaMaiblK HH-
tepeiic (API) apkputbl yiibIMaacTeipbiiFad. [TMIIOTTRIK TecTiiey Kyiie HOTHXKeIepiHiH
capaniublUIbIK OarayiaylapMeH JKOFapbl COMKECTIriH, )KYHEeHIH TYPaKThl )KYMBICBIH JKOHE
MHTEPAKTHBTI IIEIiM KaObUTAayIbl KOJIAAy JKyienepi MeH OeliMaenTeH BeO-KoChIMIIaiap
YILIiH KOJAJIbl TOJNBIK OHACY UMKIIIHIH YaKbITBIH KOPCETTI.

Tyiiinai ce3nep: 3usTkepik BeO-Kyiie, meriM KaObU1iay sl KOJIAay, ailKbIH eMec
noruka, XAl LLM, Flask, SQLite, API, Geifimmenren xyiie

Joiiexcosnep ywmin: Kypmanrasuesa JI., Enexanosa III., WckakoBa C.,
Komanosa I11., Bynoyn X. 1. (2026). AlikeH emec noruka, XAl skoHe YIIKeH TIIIK MOJIEb-
Jiep Heri3iHe THOPHUITI 3UATKEPIIiK MIeIiM KaObUIaayIbl KOJaay KYHeciH Kypy Tocinaepi
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MOAXO0/IbI K TOCTPOEHUIO T'MBPUIHOM MHTEJUIEKTYAJIBHOM CH-
CTEMBI NOJJEPKXKHU MPUHSATHA PEINEHAI HA OCHOBE HEUETKOHN
JOTHUKH, XAI 1 BOJBIINX SA3BIKOBBIX MOJEJIEHN
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AHHOTanus. B cTarbe npeacraBieHa nIporpaMMHasi apXUTEKTypa U MPAKTUYECKas
peanu3anys HHTEJUICKTYaIbHOW BeO-CUCTeMbI IOACPKKU MPUHATHS pelleHuH, 00beTuHs-
IOLIeH HEYETKYIO JIOTHUKY, 00BbsSCHUMBII HCKYCCTBEHHbIN HHTEIUIEKT (XAI) 1 60b11yIO0 A3b1-
koByto Mojienib (LLM) B pamkax enuHON ruOpUIHON apXUTEKTyphl. KiTtoueBbIM NpUHIMIIOM
IIOCTPOCHUS CUCTEMBI SIBIISAICTCA PA3ACICHUE BBIYUCIUTEILHOIO YPOBHS IPUHATUS PELLICHUN
U TeHepaTUBHOro ypoBHs. HeueTkuil koHTposiep oOpabaTbiBaeT BXOJHBIE MOKA3aTEIN Ha
OCHOBE 33/IaHHBIX (DYHKIMI MPUHAJICKHOCTH U SKCIIEPTHBIX MpaBUiI U (HOpMUpYET AeTep-
MUHHUPOBaHHYI0 peKoMeHaanuo. Monyins XAl nosslmaeT npo3payHOCTb CUCTEMBI 33 CUET
O0TOOpaXEHUsI AaKTUBUPOBAHHBIX HEYETKUX IMPABUJ, CTEHEHEN MPUHAMICKHOCTH U (haKTo-
POB, NOBJIMABIINX HAa UTOrosoe peuienue. Ilpu stom LLM He ydacTByeT HENOCPEIACTBEHHO
B IIPUHATUH PELICHNUS, @ UCTIONb3yeTCs ISl OPMUPOBAHUS KOHTEKCTHO-3aBUCUMBIX TEKCTO-
BBIX OOBSICHEHUH, IEPCOHATM3UPOBAHHOI 00paTHOM CBSA3U M aallTUBHOIO KOHTEHTA Ha OC-
HOBE PaCCYUTAHHOTO pe3yibTara. CepBepHas yacTh CUCTEMBI pealln30BaHa Ha si3bike Python
c ucrniosnb3oBanueM QpeiimBopka Flask, a moctosHHOE XpaHeHHE M0JIb30BaTeIbCKUX JAHHBIX
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Y PE3yIbTaTOB MIPUHATHS PEIICHUH ocyliecTBIsieTcs B 6a3e qanHbix SQLite. Bzanmoneii-
CTBUE C T€HepaTUBHBIM KOMIIOHEHTOM OPTaHW30BaHO MOCPEACTBOM ITPOrPaMMHOIO HHTEP-
¢eiica API. IIunoTHoe TecTUpOBaHUE MPOJEMOHCTPUPOBAIIO BHICOKHI YPOBEHb COOTBET-
CTBUS PE3YJIbTaTOB CUCTEMBI SKCIIEPTHBIM OLIEHKaM, CTAOMIBHOCTD (PYHKIIMOHUPOBAHUS U
IPUEMJIEMYIO MPOJOKUTEIBLHOCTD MTOJIHOTO LIKKJIA 00pabOTKH 3ampoca Aj1si HHTEpaKTUB-
HBIX CHCTEM MOJACPKKU NPUHATHS PEIICHUHN U aJalTUBHBIX BEO-IIPUIOKEHHH.

KuoueBble ciioBa: nHTEIUIEKTyanbHasi BeO-cucTeMa, nHQOpMaIMOHHAs CUCTEMA,
MOJIIEPKKA MPUHATHS perieHui, neuetkas jgoruka, XAl, LLM, Flask, SQLite, REST API,
aJlalTUBHAs CUCTEMA

Jas unmTupoBanusi: Kypmanraszuesa JI., EnexanoBa II., WckakoBa C.,
Konanosa ., brons6rons X.M. (2026). [Togxoasl K mOCTpOEHUIO THOPUAHON MHTEIIEK-
TyaJIbHOW CHCTEMBI MOAJEPKKU MPUHATHS PEIICHUA Ha OCHOBE HEYETKOM Joruku, XAl
U OOJIBLINX S3BIKOBBIX Mojenell / MexayHaponHbIi )KypHal UH(QOPMALIMOHHBIX U KOM-
MyHUKaMOHHBIX TexHomoruit. T. 7. No. 26. Ctp. 219-235. https://doi. org/10.54309/
JICT.2026.2.014. (Ha anrn.).

KoH(uKT MHTEepecoB: aBTOPHI 3asBIISIIOT 00 OTCYTCTBUU KOH()IMKTa UHTEPECOB.

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, XAl 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
; @ model for storing user sessions and results in SQLite was designed; a fuzzy inference
module was integrated; an XAl 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 Structured exchange data
services

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.

Functional Architecture of the Intelligent Web System

Fuzzy Logic
scikit-fuzzy \
Gemini APl
/ LLM Module
User - Flask > XAl
Wiel LN Controller Visualization

SOLite + *  Adaptive Task
SQLAlchemy Generator

*

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

SQLAIlchemy ORM Table Access Abstraction and Object Data Model
JavaScript Dynamic XAl 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 Al 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 XAl 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.

Conceptual Data Storage Scheme

Users Sessions Results
id, prafile, role | id, user_id, start_time 7| session_id, score, time
FurryEvaluations " GeneratedTasks
level, mémberships | prompt, task, model

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.

X=(x1x2),x:1€[0,100], xz € [0, Tmax] (2)

y*=D (Agg ({Rk(®(X)})).k=1,..9 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 vy,
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 XAl 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 XAl explanation

Element What is displayed Purpose

Entrance signs Points, time, normalized values Examination original data
Accessories pLow, uMedium, pHigh, 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 , XAl, 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 Al 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 XAl 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 XAl 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.

Main Information Flow of Request Processing

A Session Fuzzy XAl Prompt AP Verification
Data Input —w Validation [—# Storage HE™ Explanation | | Formation Generation and Qutput

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

HR scenario 94.0 % Stable correspondence expert assessment
Educational scenario 91.3 % Acceptable quality adaptive assessments
Full cycle answer 1.52.0s 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 + XAl +
LLM

Determinism solutions High Low / depends from High

generation

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 1.52.0s
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 XAl interpretation is being carried out locally
Preparation prompt is being carried out automatically
Accessing the Gemini API basic external temporal factor
Full cycle processing 1.5-2.0s

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 XAl 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 XAl
interpretation methods.

Thus, the proposed approach demonstrates the practical feasibility of combining
fuzzy logic, XAl, 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, XAl 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, XAl 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, XAl 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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