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Abstract. The paper addresses the development of an intelligent digital service
for receiving, analysing and routing citizen requests within a Smart City ecosystem,
in which a Telegram bot serves as the primary communication channel. The aim is to
design a service architecture that combines a conversational interface, a multi-step
submission scenario, storage of multimedia attachments, and an automatic thematic
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classification module followed by routing to responsible municipal departments.
The service is built on a finite-state machine, SMS OTP authorisation and an S3-
compatible store; classification quality was compared across three models. On a corpus
of 3,260 Russian-language requests, a RuBERT-class model achieved the highest
quality (accuracy 0.914; F1 0.907), outperforming linear baselines. Simulation of two
processing scenarios showed a reduction of the average time to forward a request to the
relevant department from 26.15 to 6.85 minutes.
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AnHoTtanus. Makanaga Smart City sxkokyieciHe a3aMaTTapAblH OTIHIIITEPIH
KaObUIay, Tagay JkoHEe OarbiTTay yimiH Telegram-0oT e3apa opekeTrecy apHachl
peTiHae malianaHblIaThIH HHTEIUICKTYa bl HU(PIIBIK CEPBUCTI 93ipiaey KapacThIpbI-
naapl. JKyMBICTBIH MaKcaThl — JUAJIOTTIK HHTEPQEICTI, OTIHIMITI Oepy/IiH KOTKaIam-
IIbI CIICHAPHIIH, MYJIBTHMEIUANBIK TIpKEMEIEepIl CaKTayabl KoHE OOpalieHusIapIbl
npoduibai OemiMinenepre KeHiHHEH OaFBITTal OTBIPBIIT ABTOMATTHI TAKBIPBINITHIK KiK-
TEY MOMYJIiH OIPIKTIpETiH CEPBUC APXUTEKTYPACHIH k00anay. CepBUC aKbIPIIBl aBTOMAT,
SMS OTP apkpuibl aBTOpU3aLuUs XKoHE S3-yineciMi KoitMa HeTi3iH/e iCKe achIpbLI-
JIbI; JKIKTEY YII MOJENb YUIIH CaNbICTBIPhULABL. 3260 OpBIC TiNAl OTIHIIITEH TYPaThIH
koprycta RUBERT kimaceiHmarel MOZIeNb €H JKOFaphl cama kepcetTi (accuracy 0,914;
F10,907) »xoHe ChI3BIKTHIK 91ICTEP/ICH aCKII TYCTi. OHACY/IH €Ki CIICHApUIiH MO/IEITh-
ney oOpaieHusHbI TpouIbIl 6exiMre xibepymiH oprama yaksITeiH 26,15-TeH 6,85
MUHYTKA JIEHiH KbICKAPTATBIHBIH KOPCETTI.

Tyiiinai ce3gep: Smart City, yar-60T, >)kacaHIbl HHTEIIJICKT, MOTIH/II aBTOMAT-
TBI XKIKTEY, IIaFBIMAAPIbI OaFbITTAY, CEPBHUCTIK aPXUTEKTypa
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AHHOTauusi. B crarbe paccmarpuBaeTcs pa3paboTKa HHTEIUIEKTYaJIbHOTO
muQpoBoro cepprca nmpuéma, aHajdM3a M MapIIPyTH3AIMKA OOpalleHWH Tpax<1aH B
skocucremMe Smart City. KanamoMm B3auMoJeiCTBUSI C TOJNB30BATEIsIMH BBICTYIAET
Telegram-6ot. Llens paboTel — CHPOEKTHPOBATH APXUTEKTYPY CEpBHCA, 0OBEIUHS-
IONYI0 JUAJIOTOBBIM WHTEep(delic, MHOTOIIATOBBIN CIeHApHUid ToAaYu OOpalleHus,
XpPAaHEHUE MYJIBTUMEAUNHBIX BIIO)KCHHM U MOAYJIb aBTOMAaTHYECKOM TEMaTH4eCKOU
KJIaccu(UKaIUK C MOCIEAYIOMEeld MapupyTu3anreil B mpoQuiIbHbIE MOApa3IeICHHs.
CepBuc peann3oBaH Ha OCHOBE KOHEUHOT'O aBTOMara, aBropusanuu yepe3 SMS OTP u
S3-coBmecTrMOro XpaHunuina. KauecTBo kiiaccuuKanum conocTaBsuioch Ui TPEX
mozeneit. Ha xopryce u3 3260 pycckosi3blaHbIX oOpanieHuii moaens kiaacca RuBERT
nokaszana Haubombiee kadecTBo (accuracy 0,914; F1 0,907), npeB3oiias TuHEHHBIC
MeTobl. MoJenupoBaHye JAByX CIIEHApHeB 00pa0OTKHM MOKA3al0 COKpAIICHHE CPe-
HETO BPEMEHU Tiepeadu 0OpamieHus B MpoQIbHbIN oTnen ¢ 26,15 10 6,85 MUHYTEHL.

KuroueBsle cioBa: Smart City, 4aT-00T, HICKyCCTBCHHBIN WHTEIIJICKT, aBTOMa-
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KoH(JIMKT MHTEepecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBHHM KOH(IUKTA WHTE-
pecos.

@unancuposanue. Jlannoe ucciedosanue npoguuancuposaro Komume-
mom Hayku Munucmepcmea HayKku u evicuie2o obpazosanus Pecnyonuxu Kazaxcman
(epanm Ne BR24993051).

Introduction.

In recent years, the development of the Smart City concept has increasingly
been linked not only to sensor infrastructure and urban data analytics, but also to the
emergence of new digital channels for interaction between residents and government
agencies. Against this backdrop, services that allow for quick reporting of urban issues,
attaching supporting materials, and receiving feedback as the request is processed are
particularly important. For such tasks, interfaces with a low entry barrier, accessibility
on mobile devices, and the ability to automatically process incoming messages are in
demand. Messengers, and Telegram bots in particular, are becoming one of the most
natural user channels and are increasingly being considered as a component of digital
city services (Senadheera et al., 2024; Bono Rossello et al., 2025).

The choice of Telegram as a channel for receiving requests is driven by a few
practical considerations. The platform provides an open Bot API, supports the transfer
of text, photos, videos, and documents, an Inline Keyboard, and conversation status.
It does not require a separate app and is widely used among the region’s population.
These features lower the barrier to entry for residents while simultaneously providing
the developer with a manageable software entry point to which server-side logic and an
analysis module can be connected. Unlike web forms and call centers, the messenger’s
dialog interface allows the user to be guided step-by-step through the application
process, ensuring the completeness of the entered data is verified on the client side.

However, interface convenience is not the only factor in demand. Research on
digital dialogue in smart cities shows that resident satisfaction depends significantly on
the timeliness of responses, the quality of government response, and the effectiveness
of interactions (Shen et al., 2025). Citizens expect not only an accessible channel but
also a noticeable reduction in the initial request processing time, transparency in the
complaint flow, and more accurate recording of its content. Trust in the service itself
plays a comparable role: the preferences of residents and front-office staff are also
determined by the clarity of the operational logic, the accuracy of responses, and the
ability to escalate to a human (Hemesath et al., 2024).

These expectations are driving a shift from passive message reception channels
to intelligent services capable of automatically extracting meaning from text, identifying
the subject of a complaint, and routing it to the appropriate department. Research on
the automation of administrative procedures confirms that artificial intelligence can
reduce routine workloads and speed up the initial processing of requests, but requires
clear framework conditions related to data quality, accountability, and outcome control
(Parycek et al., 2024). This leads to an important conclusion for city services: it makes
sense to design request classification and routing not as an isolated NLP module, but
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as part of a managed service architecture (Rizun et al., 2025).

Data management requirements pose an additional constraint. A complaint
reception service processes personal data, photographs, and video attachments, and
therefore must consider not only the functional and algorithmic properties of Al but
also infrastructural aspects. These include access control, file storage, action logging,
and resilience to leaks and misrouting (Konig, 2021; Panahi et al., 2022). This study
is part of a broader project to create an intelligent city system based on the Internet of
Things and data analytics, in which the complaint reception service serves as a human-
facing channel complementing sensory sources of city data.

A literature review shows that individual areas-Al support for digital
participation, the use of chatbots in local government, automatic complaint
classification, and data security requirements-have been studied in considerable detail.
However, they are typically considered separately. A scenario in which a Telegram
bot serves as the front-end interface for a city service, and an Al module is integrated
into a unified architecture for receiving, analyzing, and routing requests, followed by
experimental evaluation of classification quality, is poorly represented in the literature.
Such solutions are even less frequently evaluated for Russian-and Kazakh-language
request flows in a specific regional context (Rakhimzhanov et al., 2025). This gap
determines the relevance of this study.

The need for automation is increasing as the volume of digital requests
grows. With the expansion of electronic channels, the number of incoming messages
increases, and manual sorting becomes a bottleneck. Operators are forced to read each
request, assign it to the appropriate topic, and select the appropriate department, which
slows response times and increases the risk of errors during peak loads. Transferring
routine sorting to an algorithm allows for human intervention to be retained where it’s
truly needed while simultaneously speeding up the processing of the massive influx
of typical complaints. This combination of automatic classification and the managed
transfer of questionable cases to an operator forms the basis of the proposed service.

The research object is a digital service for receiving and processing citizen
requests in a Smart City environment. The subject of the study is the architectural,
algorithmic, and applied aspects of building a Telegram-based service with intelligent
classification and routing of requests. The goal of the work is to develop an intelligent
service architecture that integrates a dialog interface, service-based request processing,
storage of multimedia attachments, and an artificial intelligence module into a
reproducible model of an urban digital service. To achieve this goal, the following
tasks were solved: designing a service architecture and data model; formalizing a
request submission scenario based on a finite-state machine; implementing a thematic
text classification and routing algorithm; deploying the service in a containerized
environment and conducting functional, load, and usability testing; performing a
comparative evaluation of classification models and assessing the impact of Al routing
on initial processing time. The scientific novelty of this work lies in the integration
of a dialog frontend, a managed service architecture, and a Russian-language request
classification module into a reproducible urban service model, with an experimental
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evaluation of both the classification quality and the applied effect of routing.

Materials and methods.

The proposed approach combines a conversational user interface, a service
architecture for data storage and processing, and an artificial intelligence module for
thematic classification and automatic routing of requests. Methodologically, the work
combines system analysis, design based on service-oriented architecture principles,
design science with prototyping of a working service, formalization of user scenarios
using finite-state machine theory, and experimental comparison of classification
algorithms. This combination of methods allows us to simultaneously consider the
solution at three levels-architectural, algorithmic, and applied-and link engineering
solutions to measurable quality metrics.

The basic service architecture is shown in Figure 1. The entry point is the
Telegram API, through which messages are received by a service bot implemented
according to Clean Architecture principles. Separation into layers of domain, use
cases, adapters, and infrastructure ensures the independence of the request processing
business logic from specific external components and simplifies the replacement of
storage, gateways, and models without rewriting the core. The service bot interacts
with a PostgreSQL relational database for storing requests and metadata, with Redis
for session management, state machine states, and caching, and with S3-compatible
MinlO storage for file attachments. Authorization is performed through an external
SMS OTP service. An administrative web interface is available for employees (Fig. 1).
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Fig. 1. Architecture of the intelligent service for receiving and routing citizen requests

Each component performs a separate function. The Telegram API is responsible
for message delivery and attachment reception; the service bot implements user
scenarios, input validation, and call orchestration; PostgreSQL stores structured request
data and ensures its consistency during concurrent work by employees; Redis stores the
rapidly changing state of a conversation and reduces the load on the database through
caching; MinlO stores photos, videos, and documents, separating binary objects from
relational data; and the administrative web interface provides employees with access to
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the list of requests, their statuses, and attachments. This separation of responsibilities
is consistent with recommendations to consider request classification not as an isolated
module, but as an element of a managed service infrastructure (Rizun et al., 2025).

The administrative web interface is designed for employees and complements
the dialog channel with a processing function. The prototype features a dashboard
with quantitative indicators of the request flow (total number, new, pending, resolved,
and rejected), a breakdown of requests by subject category, a feed of recently received
requests with status and date, and a card for each request with its text, change history,
correspondence, and attached files. The interface supports language switching and
request status management. This set of functions transforms the result of intelligent
classification into a working tool: employees see the proposed category and responsible
department, can confirm or adjust the decision, and track the entire complaint flow.
Linking the dashboard to the same data entities used by the bot ensures a unified view
of the request for both the requester and the operator and supports the transparency of
processing that is essential for trust in city services (Konig, 2021).

The data model includes related entities reflecting the request lifecycle. The
user entity stores the chat ID, phone number, name, interface language, role, and
confirmation flag. A ticket contains a title, text, predicted category, status, responsible
department, model confidence score, and spam flag, allowing the results of the
intelligent analysis to be stored alongside the ticket itself. The ticket files are stored
in a separate entity with a link to the storage object, type, and size, separating the
management of attachments from the text data. User sessions record the current state
of the state machine and the ticket draft, change history and discussion messages
provide audit trails and communication between the requester and the operator, and
department and employee entities define the organizational structure to which tickets
are routed. Having a history and explicitly recording old and new field values increases
the transparency of the complaint flow-a property that has been linked in the literature
to trust in digital city services (Konig, 2021).

The ticket submission scenario is formalized as a deterministic finite-state
machine (FSM) described by a tuple:

AZ(S,E,S,SO,F) (1)

where S is a finite set of states, E is the set of input events (input alphabet), &
the transition function, So is the initial state, F € S is the set of final states. The set of
states and the subset of final states are defined as:

S ={sy,51, -, Sy}, FES )

with the states corresponding to authorization, title and text entry, attachment
loading, confirmation, and call completion. The machine’s response to a single event
is determined by the transition function:
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§:SXE—>S (3)

and for the sequence of events W = ej,e5, ..., €, an extended transition
function is introduced, defined recursively:

5°(s,w-e) =6(6°(s,w),e),6°(s,e) =s (4)

A completed request corresponds to a path from so to one of the states of set F; if
no further event arrives within the waiting time 7, the session is put into an interrupted
state, preventing the accumulation of "stuck" drafts. The set of events £ includes bot
commands (/start, /new, /list, /cancel, /chat), text messages, inline button clicks, and
file uploads with size restrictions. Data completeness control on the machine side
reduces the number of requests without required fields and improves the suitability of
the text for subsequent automatic classification.

After registration, the text of a request x is represented as a numeric vector. For
linear models, TF-IDF features are constructed: the weight of a term ¢ in a request x
is defined by the product of the term frequency and the inverse document frequency,

Wex = tf (£, x) - idf(t),idf (t) = log 1+:;‘(t) (5)

where N is the number of documents in the corpus, and d f(?) is the number of documents
containing term ¢. The resulting vector is subjected to L2 normalization

p(x)

lo(ollz (6)

=

The logistic (softmax) model estimates the posterior probability of each of the
K = 8 categories using linear logits

eZc

s 7

z, =wl% + b, P(c|x) =

A linear support vector machine is trained using the maximum margin principle
in a one-versus-all scheme with a hinge loss function and L2 regularization

min 2 lwell? + € TiL, max(0,1 — ¥ Wl @ (x;) + b)) (8)

The context model of the RUBERT class builds a text representation using the
multi-headed attention mechanism of the transformer
QK

Attention(Q,K,V) = softmax (F:) v (9)
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on top of the aggregated representation, the classification head of which forms
the distribution by categories, and the additional training of the model is performed by
minimizing the cross-entropy:

p = softmax(Wyhicrs) + b,), L = _%Eli\;l YE 1 vic logP(clx;) (10)

The final category of the appeal and the associated confidence assessment are
determined as:

C= arglpgg(P(clx),p = r?é}:xP(clx)

(11)

The routing decision is given by a threshold rule that considers the spam filter
a(x) € {0,1} and the mapping of categories to responsible departments p:C—D:

R=¢(C,p) = u(C) if p = pmin A o(x) = 0;else — operator (12)

If the confidence score exceeds the Pmin threshold and the request is not
marked as spam, it is routed automatically; otherwise, it is passed to an operator for
confirmation. Thus, the Pmin threshold and the o(x) filter jointly regulate the balance
between the proportion of fully automated requests, routing accuracy, and robustness
to noisy messages.

Classification quality is assessed using a K x K confusion matrix M, where
element M;; is equal to the number of requests of category i classified by the model
into category j. The proportion of correct decisions, precision, and recall for category
c are defined as:

TR M. Pr. = Mcc Re. = Mec
TijMij T ¢ T TiMic” €T XM (13)

Accuracy =

The measure balanced in precision and recall and its averaging over classes are
calculated as:

_ 2PrcRe;
= Prc+Re’

F1,

1
Flpacro = X §:1F1c

(14)

Application efficiency is characterized by the share of automatically routed
requests and the average routing time

1 _ 1
AutoRate = ;Ef‘;l 1[p; = Pmin A 0(x;) = 0], T= EZ?‘;l T; (15)
where 1[-] is the indicator function, and T; is the routing time of the i — th
request. This set of metrics links the algorithmic quality of the model with the operational
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effectiveness of the service and is subsequently used in experimental evaluation.

Three approaches of varying complexity were compared as classification
models: logistic regression on TF-IDF features, a linear support vector machine
(Joachims, 1998), and a pre-trained language model of the RUBERT class (Kuratov et
al., 2019). The choice of this particular set reflects a trade-off between interpretability,
training cost, and quality: linear models on sparse features serve as strong and fast
baseline solutions, while the language model evaluates the potential gain from taking
into account context. The choice of RUBERT is due to the fact that the transformer
architecture (Vaswani et al., 2017) and bidirectional pre-training (Devlin et al., 2019)
make it possible to take into account the context and semantics of short Russian-
language phrases typical of appeals; It is also known that retraining such models for a
specific classification task yields a stable increase in quality (Sun et al., 2019; Minaee
etal., 2021).

Text preprocessing included lowercase conversion, deletion of special
characters, and tokenization; TF-IDF features were constructed for the linear models,
and subword tokenization was used for the language model. The corpus was split into
training, validation, and test sets (70/15/15), with the final metrics calculated on the
holdout test set. Cross-validation was used to ensure the robustness of the estimates.
Hyperparameter tuning (linear model regularization coefficient, learning rate, number
of epochs, and batch size for RuBERT) was performed on the validation set. Linear
models, metrics, and splitting procedures were implemented using the scikit-learn
library (Pedregosa et al., 2011). The experiments were performed in a computing
environment with the following configuration: Intel Core 17 processor, NVIDIA
GeForce RTX 3060 graphics accelerator, 16 GB of RAM, Windows 11 operating
system, Python 3.10, pandas 2.2.2, numpy 1.26.4, scikit-learn 1.5.0, matplotlib 3.9.0,
PyTorch 2.3.0, and transformers 4.41.2 libraries. Fixing the versions, random seeds,
and partitioning parameters ensures the reproducibility of the experiment.

The service is deployed in a containerized environment. Bot images,
PostgreSQL, Redis, and MinlO have been prepared; deployment is performed in a
Kubernetes cluster (k3s distribution) with health checks and automatic component
restarts, while the services are isolated on the internal network. The server side is
configured with continuous integration and delivery via GitHub, Telegram update
reception via webhook, secrets and environment parameter management, and logging.
On the data side, a production PostgreSQL instance with applied schema migrations
is used, along with Redis for the state machine, sessions, and cache, and regular
scheduled database backups. This configuration meets the infrastructure requirements
for city services processing personal data and files (Panahi et al., 2022).

The implemented functionality was tested in three areas, corresponding to the
testing phase of the project schedule. Functional testing covered the correctness of state
machine transitions and session expirations, the operation of all bot commands, one-
time code authorization, and compliance with file size limits. Load testing assessed the
service’s resilience under high load, PostgreSQL’s behavior during parallel queries,
and the operation of multiple concurrent FSM sessions. Usability testing focused on
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the usability of inline buttons, the clarity of the status indicator, the correctness of the
bilingual localization, and page-by-page navigation through the ticket list. At the time
of preparation, the bot was deployed in a test environment, SMS OTP authorization was
operational, and file submission, list and archive viewing, discussion mode, bilingual
localization, and file storage in MinlO were implemented.

Since the service processes personal data and user files, the architecture
incorporates security measures that meet smart city data management requirements
(Konig, 2021; Panahi et al., 2022). Employee access is restricted by roles, and login is
confirmed with a one-time code. Text data and binary attachments are separated into
different storage locations: structured information is stored in PostgreSQL, while files
are stored in isolated MinlO object storage, accessed through the service. Request
actions are recorded in the change history, ensuring processing accountability, and
regular backups reduce the risk of data loss. Network isolation of components and
secret management through environmental parameters limit the attack surface. These
solutions align with the principle that a smart city service should be assessed not only
by algorithmic metrics but also by its infrastructural resilience and security (Parycek
et al., 2024).

For the experimental evaluation, a set of metrics from two groups-classification
quality and applied effectiveness-was used (Table 1). Quality metrics characterize the
accuracy of request assignment to a category and the distribution of errors between
classes, while applied metrics reflect the practical utility of the service: average
routing time and the proportion of requests routed without operator intervention. This
composition allows us to consider the service not only as a complaint reception interface
but also as an intelligent component of the city’s digital infrastructure, evaluating it
simultaneously in terms of classification accuracy and operational effectiveness.

Table 1. Evaluation metrics of the intelligent request processing service

Evaluation Group Metric Purpose

Classification Quality | Accuracy The proportion of correctly classified requests

Classification Quality | Precision The accuracy of assignment to a specific
category

Classification Quality | Recall The completeness of request identification by
category

Classification Quality | Fl-score A balanced assessment of classification quality

Classification Quality | Confusion Matrix An analysis of errors between categories

Applied Efficiency Mean Routing Time | The average request routing time

Applied Efficiency Auto-routing Rate The proportion of requests routed without an
operator

To enhance the reliability of the findings, standard validation procedures were
used. Models were compared using a single corpus split with fixed initial values,
eliminating the influence of randomness of splitting on the relative order of methods.
Error analysis complements aggregated metrics by revealing which categories are
confounded, thereby shifting the discussion of quality from the overall quantity
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to the practical consequences of incorrect routing. This set of procedures meets
the requirements for reproducibility and evidence-based evaluation of intelligent
components and allows us to separate consistent differences between models from
random fluctuations.

Quantitative evaluation was conducted in a controlled computing environment
using a corpus of queries. The corpus included 3,260 Russian-language queries with
variable text length, incomplete wording, colloquial expressions, and topics typical of
urban affairs. The queries were distributed across eight categories: road infrastructure,
lighting, garbage collection, housing and utilities, public transportation, yard
improvement, security, and illegal dumping.

Discussion.

The use of chatbots in local and municipal government has emerged as a
distinct field in recent years. Review studies show that such solutions are primarily
used for information, consultation, transactional services, and complaint handling, and
that their successful implementation depends on citizen-centered design, institutional
readiness, and the quality of interactions (Senadheera et al., 2024). Experiments with
the preferences of residents and front-office staff further emphasize that not only
convenience but also public values-response accuracy, the ability to escalate to a human,
and operational logic that meets user expectations-are important for e-government
(Hemesath et al., 2024). These results support the approach chosen in this study, in
which automatic routing complements, rather than replaces, human interaction in
cases of low model confidence.

The second area of research involves text analytics of requests. A review of text
analytics tools in the public sector documents the rapid growth of machine learning,
topic modeling, and short text classification methods. However, it is noted that a
significant portion of solutions remains experimental or exists as separate analytical
modules without tight integration into application services (Rizun et al., 2025).
Research on real-world datasets of complaints confirms that automatic classification
reduces the workload of operators and accelerates subsequent processing. A comparison
of intelligent analysis algorithms on crowdsourced complaints revealed significant
differences in accuracy between k-nearest neighbors, random forest, support vector
machines, and boosting (Madyatmadja et al., 2023); the integration of an attention
mechanism into the task of classifying complaints in government-citizen interaction
systems yielded an increase in quality by taking into account significant text fragments
(Zhang et al., 2025); a mixed-method analysis of complaints to a city hotline confirmed
the dependence of the result on the subject taxonomy and the nature of the messages
(Zhou et al., 2025). Deep learning-based solutions are also applied in urban complaint
mobile applications, where categorization is performed based on the image of the
urban problem (Shama et al., 2024).

For the Russian-language and regional context, a comparison of modern
approaches to complaint classification is particularly revealing: the application of large
language models and instructionally tuned embeddings to public transport complaints
demonstrated performance sensitivity to the choice of model, instruction language,
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and subject taxonomy (Rakhimzhanov et al., 2025). This is consistent with the choice
of a pre-trained Russian-language model of the RuBERT class (Kuratov et al., 2019) in
this study, based on a transformer architecture (Vaswani et al., 2017) and bidirectional
pre-training (Devlin et al., 2019); the accumulated experience of pre-training similar
models and reviews of text classification methods indicate a consistent advantage of
contextual representations over sparse features in tasks with short messages (Sun et al.,
2019; Minaee et al., 2021).

The third area is formed by requirements for data management and security.
Literature on Smart City platforms emphasizes that digital city services cannot be
designed without considering accountability for data processing, transparent rules for its
use, and protection of the digital environment (K6nig, 2021), while systematic reviews
of privacy technologies document a wide range of threats and solutions for protecting
citizens in smart cities (Panahi et al., 2022). Work on the automation of administrative
procedures provides a framework for the responsible use of Al, in which automation
must be accompanied by outcome control and the preservation of human intervention
in disputed cases (Parycek et al., 2024). These requirements are directly reflected in
the architecture of the proposed service-in access control, dedicated file storage, action
logging, and threshold logic that transfers uncertain decisions to the operator.

An architectural approach to digital participation deserves special attention.
Research on the design of Al-enabled civic participation services formulates
principles for constructing collective intelligence architectures in which technological
components are linked to organizational and value requirements (Bono Rossello et
al., 2025). In this logic, the contribution of this work lies not so much in a single
classification model as in the way it is integrated: a dialog frontend, service processing,
data and file storage, and a classification module with threshold routing are assembled
into a reproducible architecture, where each component has clear responsibilities.
This engineering approach, implemented through prototyping, complements the
predominantly analytical research on request classification and brings their results
closer to the conditions of real-world use in municipal services.

Comparison of these areas reveals a significant gap. Al support for digital
participation (Bono Rossello et al., 2025), the use of chatbots in management, request
classification, and data security requirements are considered largely in isolation. There
are significantly fewer studies in which a Telegram bot serves as a front-end interface,
and an Al module is integrated into a single, controlled architecture for receiving,
analyzing, and routing data, with experimental evaluation of quality and processing
time, and these rarely consider the Russian-language regional context. This paper
addresses precisely this gap by considering classification and routing not as a standalone
module, but as an element of a holistic service with a reproducible architecture and
measurable practical impact.

Results.

The structure of the corpus is shown in Figure 2. The largest share of requests
concerned road infrastructure, housing and utilities, and courtyard improvement.
Requests concerning public transportation, safety, and illegal dumping were less
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numerous.

Hadoop delivered stable batch processing but struggled with latency in real-time
tasks due to its disk-based model. Spark excelled in real-time analytics and iterative
machine learning due to in-memory caching. The Hybrid system outperformed both,
combining Hadoop’s storage with Spark’s speed-especially in multi-step workflows-
delivering the fastest and most balanced performance across all tasks (Figure 2).
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Street Lighting [ T
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Yard Improvement [ 170
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Road Infrastructure [ 1 |
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Fig. 2. Distribution of the synthetic request corpus by thematic categories (3,260 in total)

The next step involved comparing three classification models using the
Accuracy, Precision, Recall, and Fl-score metrics (Figure 3). The RuBERT class
model demonstrated the highest quality: accuracy was 0.914, and Fl-score was
0.907. Linear methods-logistic regression on TF-IDF features and linear SVM-were
inferior to the language model, with the support vector machine being closer to it
than logistic regression. The advantage of the transformer model is evident across all
four metrics and is consistent with its ability to account for the context and semantics
of short statements, whereas linear models rely primarily on the co-occurrence of
individual words and are therefore less effective at distinguishing between similar but
substantively different phrases. The balanced Precision and Recall scores of the best
model indicate the absence of a pronounced bias toward certain categories. At the same
time, the gap between the models is moderate, which is important to consider when
choosing a solution for operation: linear methods, with significantly lower training and
inference costs, remain a practically acceptable alternative where computing resources
are limited (Figure 3).

For detailed analysis, Figure 4 shows the error matrix of the best model.
Requests related to roads, housing and utilities, and yard improvement-categories
with relatively stable and specific vocabulary-are recognized most reliably. Pairs of
categories with semantic overlap proved more challenging: «garbage removal» and

«illegal dumps,» as well as «lighting» and «safety.»
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Fig. 3. Comparison of request classification model quality

The nature of the errors suggests that the main source of inaccuracies is not
the rarity of the classes themselves, but the closeness of their verbal expressions, with
residents describing problems of varying severity using similar wording. The practical
conclusion is that quality improvement should be sought not only by increasing the
model’s complexity but also by refining the subject taxonomy: combining difficult-to-
distinguish categories, introducing a hierarchical classification, or adding clarifying
features, such as the geolocation of the request.

Reducing initial processing time has a direct organizational impact. When
request assignment to a category and department selection are performed automatically,
the operator is freed up from the time previously spent reading and manually sorting
each message; the operator is left primarily with uncertain and questionable cases,
filtered by a threshold rule. All other things being equal, this increases front office
throughput and smooths out peak loads when the number of requests increases.
Importantly, however, the gains are not simply a matter of multiplying the average time
by the number of requests: the actual effect depends on the proportion of automatically
routed requests, the error rate and the cost of their correction, as well as the operator
workflow. Therefore, the estimates provided should be considered as an indication of
the potential for workload reduction.

The obtained estimates are consistent with the results of related studies. The
achieved classification quality is at a level characteristic of transformer models on
short Russian-language texts and confirms the feasibility of their use in the task of
topic-based request routing. Unlike studies that consider the classifier as a standalone
analytical module (Rizun et al., 2025; Zhou et al., 2025), in this study it is embedded in
a managed service architecture, which allows us to link model quality with the applied
effect-reduced initial processing time and reduced operator workload. A comparison

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License
61




INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 3 (27).

with approaches based on large language models and embeddings (Rakhimzhanov et
al., 2025) shows that the selected RuBERT model provides a reasonable compromise
between quality and cost for Russian-language request flow, although direct comparison
requires a single corpus and a unified taxonomy.
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Fig. 4. Confusion matrix of the best classification model (row-normalized shares

The distribution of errors across categories is useful to compare with the
corpus structure. The most common categories-roads, housing and utilities, and yard
improvement-are recognized with high recall, as expected given the larger volume
of training examples and more consistent vocabulary. Less-represented categories
are generally classified less reliably, but the reduced recall is determined not only by
their rarity but also by the overlap of wording with adjacent classes. For example,
reports about illegal dumps are most often mistakenly attributed to garbage collection,
and some safety reports are attributed to lighting, as residents often associate dark
areas with a feeling of unsafety. This means that simply aligning the classes in the
training set will not eliminate the majority of errors; refining category boundaries and
incorporating additional report features appears more effective.

To evaluate the practical effect of the Al module, two processing scenarios were
simulated: a completely manual route and a route with intelligent classification and
automatic assignment of the responsible department. The average time to complete the
main stages is shown in Figure 5. Under the simulated conditions, the average total time
to transfer a request to the relevant department decreased from 26.15 to 6.85 minutes-
more than 3.8 times. The distribution of savings across stages is uneven: the time to
register a request remains virtually unchanged, while the main benefit is achieved at
the initial analysis and routing stages, where automatic classification replaces manual
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review, categorization, and department selection. This indicates that the value of the
intelligent module is primarily due to the reduction of operators’ workload on routine
sorting, rather than to the acceleration of user data entry (Figure 5).
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4,00 310 31 37
1,65
- - - L
0,00
Registration Initial analysis and Routing Department
classification assignment

B Manual route (26.15 min) W With Al routing (6.85 min)

Fig. 5. Average request processing time by stage: manual and Al-assisted scenarios

The results should be interpreted considering the limitations of the study. First,
only Russian-language material was considered, while the service supports a bilingual
interface, and the classification quality of Kazakh-language queries requires separate
evaluation. Second, the comparison is limited to three models and does not include
modern approaches based on large language models and instructional embeddings.
Third, the applied time estimates were obtained under model conditions, while the
quantitative metrics from the service’s load testing require separate presentation
on a real infrastructure. These limitations limit the scope of the conclusions and
simultaneously suggest directions for future work.

Conclusion.

This paper proposes the architecture of an intelligent Smart City service
for receiving and routing citizen inquiries based on a Telegram bot using artificial
intelligence methods. The following objectives were achieved: the service architecture
and data model were designed; a request submission scenario was formalized using
a finite-state machine; thematic text classification and a threshold routing algorithm
were implemented; the service was deployed in a containerized environment and
tested through functional, load, and usability testing; a comparative evaluation of
classification models was conducted, and the impact of Al routing on initial processing
time was assessed. Thus, the goal of the paper was achieved.

The results of the simulation experiment showed that the use of Al improves the
quality of initial request classification and reduces routing time compared to manual
processing: on the corpus, the RuUBERT-class model achieved an accuracy of 0.914
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and an Fl-score of 0.907, while the average time to transfer a request to the relevant
department decreased from 26.15 to 6.85 minutes. An error analysis revealed that the
main inaccuracies were not due to class imbalances, but to the semantic proximity of
individual categories, highlighting the role of subject-based taxonomy as a classification
mechanism. It was also established that the choice of the model’s confidence threshold
influences the balance between routing accuracy and the level of service automation.

The scientific significance of this work lies in examining the Telegram bot as
a fully-fledged component of the Smart City digital infrastructure and in integrating
the dialog frontend, managed service architecture, and Russian-language request
classification module into a single, reproducible model with experimental evaluation.
The practical significance lies in the potential application of the proposed approach in
creating municipal request processing services that can improve the availability of city
services, reduce operator workload, and shorten routing times. Further research should
focus on incorporating Kazakh-language and multimodal data (including classification
based on attached photographs), comparison with approaches based on large language
models, and evaluating the service’s performance in production conditions, including
load testing, external quality validation, and integration with the city’s sensor data
sources.

From a practical perspective, the proposed solution demonstrates that
intelligent request triage can be implemented using an accessible technology stack
and integrated into residents’ familiar communication channels, without requiring
them to learn a separate application. The manageability of the confidence threshold
and the preservation of the operator’s role in questionable cases make the approach
applicable to real-world municipal practice, where the cost of erroneous routing is
high. The obtained results confirm the feasibility of further developing the service
from a prototype to production operation, subject to its validation on real data and as
part of a broader city data collection and analysis system.
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