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A NEW APPROACH FOR CREATING CHATBOTS BASED ON THE USE OF FINITE
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Nowadays, the era of waiting in lines, writing official letters, and direct contact with employees of institutions,
establishments, and companies is gradually becoming a thing of the past. Instead, the problem of creating tools that ensure the
development, implementation, and implementation of chatbots and agents, their support, and expansion of functionality, and
scalability, arises.

The main subject of this article is precisely the representation of a chatbot in the form of a state diagram. This
technology, together with the technology of analysis and synthesis of formal chatbot models, constitute important components of
the platform and information systems as a whole for institutions, establishments, and companies of various levels. An analysis of
the possibilities of automata theory has shown the feasibility of using transitional systems and finite automata such as X-automata,
Mealy and Moore automata as chatbot models.

The article describes a general approach to the effective representation of a chatbot in the form of a state diagram,
implemented within the framework of a platform for the development, accumulation, and use of chatbots. As a formal model of a
chatbot, it is proposed to use finite automata of Mealy and Moore, and the transformation of a regular expression, which is based
on the input and output alphabets of the system, to a certain graphic configuration is proposed to be carried out according to
known algorithms for the synthesis of X-automata.

In the case of a formal description of the business process, the corresponding transition system or automaton is formed
on the basis of a decision tree containing pairs <initial state, final state>. If there is no description of the business process, then an
algorithm for synthesizing the corresponding automaton based on a set of necessary lines of behavior/scenarios represented by
regular expressions is proposed.

Based on the synthesis, a ready-made solution for a telegram bot was formed, on the basis of which a telegram bot was
created using the existing messenger software interface and the execution time of a particular line of behavior/scenario for a
specific task "Taxi Ordering". Taking into account the time and sequence of message and response creation, an approach was also
proposed to calculate the chatbot operation time for different scenarios. It was determined that for standard scenarios T1= 204 (s),
72=324 (s), T3=467 (s), T4=80 (s) provided that the response from the data source (web service) on the available car types and
the actual availability of the selected car is received in less than 20 seconds.

Keywords: finite state machine, messenger, chatbot, Telegram, transition system, Mealy automaton, Moore automaton,
X-automaton, synthesis of formal models, synthesis algorithm, natural language, natural language interface.

€srenir BOBK, IOmia I[TOJIYIIAH

Harionansauit TexHiYHMI yHIBepcnTeT YKpainn «KuiBchkuii moniTexHiuAmil iHCTUTYT iMeHi Irops CikopckKkoro»

HOBMH MIIAXIJ 10 CTBOPEHHS YAT-BOTIB HA OCHOBI BUKOPUCTAHHS
TEOPIi CKIHUEHHHUX ABTOMATIB

HuHi, eroxa OYiKyBaHHSA B Yeprax, HarMCaHHs OQILViHuX JIMCTIB, GE3NOCEPEAHbOrO KOHTAKTYBAHHA 3 IPALIIBHUKAMM
YCTaHOB, 3aK1a4i8 [ KOMIIaH¥i OCTYIIOBO BIAXOAUTE B MUHYJIE. HATOMICTb 10CTAE Mpob/ieMa CTBOPEHHS IHCTPYMEHTA/IbHUX 3aC00IB,
LYo 3a6€e3reYytoTb PO3PO6IIEHHS, PEani3aLlito | BIIPOBaMKEHHS YaT-O0TiB Ta areHTiB, iX MigTPMMKY | PO3LUMPEHHS QyHKLIOHA/IbHOCTI
78 MaclTabyBaHHs.

[0/10BHMM 1IPEAMETOM i€l CTaTTi € Came MPELCTAB/IEHHS YaT-60Ta y BUI/ISAl glarpamm CTaHIB. L{a TexHosiorisi pa3oM 3
TEXHOJIONTEND aHal3y | CUHTE3Y (PODMA/IbHUX MOJENEN YaT-60Ta CTaHOB/ISATL BaXJ/MBI CKIAAO0BI MiaThopmu Ta iHGopMaLiviHux
CUCTEM B LII/IOMY [U1 YCTAHOB, 3aK/134IB | KOMIaHIu Pi3HUX PIBHIB. AHA/N3 MOX/MBOCTENH TEOPIi aBTOMATIB [10Ka33B AOL/TbHICT
BUKOPHCTAHHS Y SKOCTI MOAE/IEH HYaT-60TIB TPAH3ULIIMHUX CUCTEM Ta CKIHYEHHNX GBTOMATIB, Takux K X-aBTomaty, astomMatvt Mini 1a
Mypa.

Y crarri onmcaHo 3arasnbHmi migxig 40 eQEKTUBHOIO NMPEACTaB/IEHHS YaT-60Ta y BUI/IS4I Aiarpamu CTaHIB, peasi3o0BaHoI B
pamKkax naatghopmu po3pobIIeHHS], HaKOMNYEHHS | BUKOPDUCTaHHS 4aT-00TiB. Y SKOCTi popMasibHOi MOZEsTi YaT-60Ty 3arpOrnoHOBAHO
BUKOPHCTaHHS CKIHYEHHNX aBToMatis Mini Ta Mypa, a TpaHcgopmaLito peryispHOro Bupasy, B OCHOBI KOO /IeXats BXIAHWA Ta
BUXIGHU a/1QpaBITU CHUCTEMM, [0 NEBHOI rpagidHOI" KOHGIrypaLli MpOoroHyETLCS MPOBOAUTU 38 BIZOMUMM a/irOPUTMAaMU CUHTESY X-
aBToOMaTIB. Y BUNEAKY HASBHOCTI (POpMasibHOro onmcy GI3HEC-NPOLECY BIANOBIAHA TPaH3NLiVHA cuCTeMa abo aBToMar @OPMYETLCS
HA OCHOBI EPEBA BUBEAECHHS PILLEHHS], LLO MICTUTL 1apH<IT04aTKOBMH CTaH,KIHLEBMI CTaH>. AKILO Ormcy Gi3HEC-PpoLecy He ICHYE,
7O 3arpPOIIOHOBAHO a/irOPUTM CUHTE3Y BIGIMOBIAHONO aBTOMATa Ha OCHOBI MHOXWHU [TOTPIGHMUX JIiHIM [TOBEZIHKM/CLEHADIIB,
TIPEACTAB/IEHNX PErYJISPHIUMU BUPA3aMH.

Ha ocHosi npoBegeHoro cnHTe3y 6y/10 CEOPMOBAHE IOTOBE PDIlLIEHHS /151 TEAErpam-60Ty, Ha OCHOBI SKOroO CTBOPEHO
Te/1erpam-60T LU/IIXOM BUKOPUCTEHHS ICHYIOHOrO MPOrpamMHOro IHTEPQHENICY MECEIKEDY | BU3HAYEHO HYAC BUKOHAHHS TOI Yu iHLIOI
JIHIT TOBEAIHKM/CLEHAPIIO A/151 KOHKPETHOI 384a4i «3aMOB/IEHHS TaKCI». BpaxyBaBLum 4ac 1a MoC/IiAO0BHICTL CTBOPEHHS 10BIAOM/IEHb
78 BIAroBiges, Takox 6yB 3arporoHOBaHM Migxiag 418 PO3PaxyHKy 4Yacy poboTv 4aT-60Ta 418 Pi3HUX CUEHaPIB. BU3HaYeHo, LYo
A1 CTarAgapTHux cyeHapiis T1= 204 (c), T2=324 (c), T3=467 (c), T4=80 (c) 3a ymoBu OTPUMAaHHS BIANOBIAI BIA AXEDEIa AaHNX
(Be6 cepBicy) ro HasiBHUM TUIaM aBTOMOGIVIIB Ta aKTUYHIU HasIBHOCTI 06paHOro aBTOMOGINIO MEHLLE HPK 38 20 CEKYH.

KI040Bi C/10Ba: CKIHYEHHWU aBTOMAT, MECCEHKED, YaT-60T, Telegram, TpaH3nuiviHa cuctema, aBTomat Minj, aBToMar
Mypa, X-aBTomMart, cuHTE3 QPOpMasibHUX MOLEEY, 3/IrOPUTM CUHTE3Y, MPUPOAHE MOBE, TPHPOAHO-MOBHUM IHTEDGENC.
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Introduction

The modern level of information technology (IT) development has created conditions for improving human
life in all areas of activity. This is particularly evident in customer service within government institutions, banks,
healthcare facilities, retail companies, and other sectors. To meet the growing needs and expectations of customers,
these institutions and companies often describe their service processes in the form of business processes. This
structured, algorithmic approach allows them to streamline and monitor service delivery, making it faster and more
convenient for citizens. At the same time, it facilitates the informatization and automation of customer service
operations, minimizing the costs associated with training and maintaining staff who assist clients in fulfilling their
needs. One of the key outcomes of this informatization and automation process is the widespread adoption of
chatbots.

In [1], the authors proposed a platform that integrates the development, accumulation, and utilization of
chatbots. This solution unifies user interactions across various messengers, social networks, and information systems
in terms of both content and functional capabilities. The developed platform could be particularly beneficial for
Software as a Service (SaaS) providers and Platform as a Service (PaaS) providers by addressing the shortcomings
of existing decentralized solutions and enhancing the quality of user service.

However, developing such a platform presents a number of intriguing yet complex subproblems that must
be addressed.

Firstly, to enable the rapid development, maintenance, and enhancement of effective and useful chatbots, it
is necessary to create formal models of chatbots along with methods for their analysis and synthesis.

Secondly, given the broad scope of operations in government institutions, banks, healthcare facilities, and
retail companies, chatbots should be viewed as part of a larger information system within these organizations. These
chatbots should be integrated with other system components to define complex behaviors aimed at achieving
specific goals. This requires corresponding formal models and methodologies.

For the third time, for a chatbot to function as an effective online assistant, it must support natural language
communication, understand customer needs, respond to their queries, and provide appropriate services to fulfill their
requests.

Then, the platform should deliver chatbots that are accessible to users accustomed to modern IT
environments, leveraging well-established and widely adopted technologies, such as messaging platforms.
Consequently, an important challenge is to represent chatbots, synthesized as formal models, using BPMN diagrams
that are compatible with well-known messaging systems.

Fifthly, since chatbots often need to perform specific functions—such as data analysis, execution of
actions, monitoring, transmission, reception, storage, and retrieval of information—an essential challenge is the
automated implementation of these functionalities.

And finally, to ensure that the platform retains and enhances the advantages of machine-based systems—
such as ease of deployment, scalability, cost-effectiveness, low latency in customer service, and multilingual
support—it is crucial to address challenges related to automatic code generation based on chatbot activity templates.

Various models, methods, and technologies for solving most of the above challenges have been explored
by the authors in previous studies [2,3], which focus on the development of a platform for chatbot creation,
accumulation, and utilization. This platform represents a complex research object. The primary focus of this paper is
the fourth subproblem—representing a chatbot using BPMN diagrams that are suitable for integration with widely
used messaging platforms. Since this transformation involves the conversion of a state diagram, derived from a
given chatbot description, into a BPMN representation, we will also address the first subproblem by proposing
formal models of chatbots and corresponding methods for their analysis and synthesis.

The rise of messaging platforms and chatbots has introduced new opportunities while simultaneously
creating challenges in representing chatbots as formal models based on states and transitions. The corresponding
technology for chatbot representation using state diagrams, combined with formal model analysis and synthesis
methods, constitutes a crucial component of the chatbot platform and the information systems of organizations.
However, developing such technology requires adequate chatbot models, effective analysis and synthesis methods,
and seamless transformation of state diagrams into BPMN diagrams, ultimately leading to the creation of efficient
applications.

Analysis of recent research and publications

Natural language possesses several characteristics that any analytical system must take into account. One of
the most significant challenges is ambiguity, which includes polysemy (words having multiple meanings) and
homonymy (words that look or sound the same but have different meanings). A single idea can be expressed in
multiple ways, which makes text processing for machine understanding highly complex.

Since text inherently has a complex internal structure, its effective processing requires a mathematical
model. The objective of our research was to develop a robust framework for text processing and its representation in
a structured internal format that ensures clear and accurate interpretation. This challenge has been partially
addressed in prior studies [3,4].

From both theoretical and implementation perspectives, one of the most challenging aspects of chatbot

112 MDKHAPOJITHUI HAYKOBUI JXYPHAJ

«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES», 2025, Ne 1



INTERNATIONAL SCIENTIFIC JOURNAL ISSN 2710-0766
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

development is designing a natural language interface. This complexity arises from the need to convert natural
language texts into an internal representation and vice versa.

Chatbots are generally classified into declarative and predictive types. Predictive chatbots, or selflearning
bots, are built using a combination of artificial intelligence (Al), machine learning (ML), and natural language
processing (NLP) technologies. In such cases, ontological entities are generated by Al and used within the bot's
operational scenarios.

The simplest to implement are declarative chatbots, which rely on predefined conversational patterns.
However, creating high-quality conversational scenarios is far from trivial. Ontological entities for such scenarios
can be defined either manually by the developer, considering the bot’s specific functionality, or automatically
generated using Al. In the latter case, a sufficiently comprehensive dataset is required for training the Al model to
extract relevant ontological entities for scenario construction. Question-and-answer datasets are particularly useful
for chatbot training, and such datasets can be found on platforms like Kaggle or OpenML.

Chatbot development can be approached using Python, along with two key libraries:

* NLTK (Natural Language Toolkit) for natural language processing,

* TensorFlow for building and training machine learning models [5].

Another approach is to use pre-built frameworks and toolkits that facilitate chatbot creation, testing,
deployment, and management. For instance, Bot Framework [6] provides a modular and extensible SDK for
building bots with Al-powered features such as speech recognition, natural language understanding, and question-
answering capabilities.

Recently, libraries that visualize user-agent interaction through graph-based structures have gained
popularity [7,8]. One example is LangGraph, a library from the LangChain ecosystem, designed for agentbased
system development. It helps determine the appropriate actions in response to user requests and enables the creation
of graph-based applications that can be easily modified and expanded for various text analysis tasks.

An effective chatbot design must account for its behavioral aspects, including interactions with both users
and other chatbots. These aspects can be conveniently modeled and implemented using transition systems (TS) [9].
A transition system is formally defined as follows [9, 10]:

A=(ST,ap, s (1)

where S — a finite or infinite set of states,

T — a finite or infinite set of transitions,

a,p — mappings from T to S, assigning each transition t a starting state a(t) and an ending state p(t),

s, — the initial state of the transition system.

Within the scope of our research, given the applicability of transition systems, we aim to define a
methodology for developing graphical schemes that facilitate the construction of chatbot applications. This
methodology is fundamentally based on finite state machine (FSM) theory, enabling structured chatbot design and
implementation.

Purposes of the article

The problem of effectively representing a chatbot as a state diagram must be addressed within a platform
for chatbot development, accumulation, and utilization. As mentioned earlier, a transition system model can serve as
a formal representation of a chatbot. However, this study proposes an approach based on finite-state automata
(FSA), specifically X-automata, Mealy machines, and Moore machines. The choice of this approach is driven by the
need to synthesize a finite-state automaton (FSA) that ensures the required chatbot behavior. Two main cases must
be considered:

In the first case, when formal business process descriptions exist, the corresponding FSA is constructed
based on a decision derivation tree that consists of <initial state, final state> pairs. In this scenario, the models and
methods proposed in [2,3] can be applied. The main tasks are:

1) Transforming the decision derivation tree into a corresponding automaton.

2) Integrating multiple automata, if necessary, when they share identical initial and/or final states.

In the second case, when formal business process descriptions are not available, the FSA is synthesized
based on predefined chatbot behaviors, which are specified using a set of regular expressions.

Presentation of the main material

General Approach to Representing a Chatbot as a State Diagram

The general idea is to identify the user's intent during the interaction with the chatbot. An intent is treated
as a target state of the automaton, which, together with the current state, defines a problem that the chatbot will help
solve. This is achieved by formulating a sequence of questions and analyzing user responses [4]. In other words:
based on the user-provided input, the system must determine the current state of the automaton, which represents the
user’s current situation. It must also identify the target state, which represents the user’s desired situation.This
means locating the user’s position within the finite-state automaton, which is defined by the business process, and
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determining the target position that the user wants to reach.

Additionally, the approach must take into account a hierarchical structure of process descriptions,
following the process — subprocess — operation paradigm.

Hence, there are descriptions of business processes that include descriptions of subprocesses, which, in
turn, include descriptions of operations. In addition to hierarchical connections at each level, they are linked
according to the order of their execution. There are also inputs and outputs of processes, subprocesses, and
operations, conditions, and other components.

An operation, subprocess, and business process will be associated with a state in the automaton. The
implementation of this task will include two key approaches: analysis of transition conditions and analysis of results.
Since the transition between each element in the business process and the automaton is characterized by a certain
condition, as well as the result of execution and a post-condition, they can be analyzed to determine the necessary
position of the user in the graph. It is important to determine the position in the graph that the user wants to reach
and analyze the data received from them to identify which data is missing and within which blocks or child business
processes it can be obtained.

The text in the name of an operation, subprocess, or process defines the action that transfers the automaton
from one state to another. Additionally, the text in the condition name may indicate the user’s intent.

The text in the name of the input and output may also indicate the user’s intent. In general, solving the
problem of natural language interaction between the user and the bot includes two separate subproblems:

1. Recognition of text and its analysis to determine the user's current state.

2. Recognition of voice, its transformation into text, and subsequently, similarly to point 1, the

determination of the user's current state.

The task of determining the user's current state can be solved by identifying key elements that are specific
to a particular vertex in the automaton graph and transition criteria.

When creating the bot itself, we can require the user to provide a description and keywords that will
characterize the current vertex.

Example 1:

User request for ordering a taxi.

To generate a bot, there is a business process defined as follows:

1. Request for entering the starting point.

2. Request for entering the destination point.
3. Request for selecting the car class.

4. Displaying trip information.

5. Payment for the trip.

In the case of points 1-4, the user can provide this information in a single text message. For points 1-4,
keywords, characteristics, or, for example, variable names and their descriptions that need to be filled in can be
added.

A more complex example is a banking system.

As a user, | want to receive a statement for a credit account. Accordingly, as a user, | provide certain
information in the form of a text message or a voice message. Next, it is necessary to determine the vertex whose
result will be obtaining the account statement and the vertex responsible for retrieving account information, identify
the completed and uncompleted steps, and generate the necessary questions to complete the business process.

For chatbots, Telegram is usually used. It is necessary to work with the names of all elements of the
operation, subprocess, and process descriptions: action, result, input, condition.

The classical order:

1. Conduct morphological and syntactic text analysis;

2. ldentify the entities operated by the text;

3. Map the text to ontological entities;

4. Depending on the context, create an instance of the ontological element;

5. Represent the entities interacting with each other.

However, in the context of chatbot interaction, a different approach is required, focused on utilizing
accumulated knowledge and training the system.

Synthesis of formal models for chatbot representation

It is evident that the most crucial aspects from both theoretical and implementation perspectives include the
selection of a formal chatbot model, the development of efficient algorithms for chatbot model synthesis, and the
creation of algorithms for representing synthesized models within well-known messaging platforms.

When addressing this problem, it is essential to consider several widely recognized concepts, primarily
well-established automata theory models, methods for their analysis and synthesis, and their connection to formal
languages. Automata theory models and their synthesis and analysis methods, which are widely used for describing
system behavior, can provide insights for solving our problem.

An analysis of automata theory capabilities has demonstrated the feasibility of using transition systems as
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chatbot models. A similar problem can also be solved by applying finite-state automata (FSA) analysis and synthesis
algorithms, where the synthesis algorithm utilizes a graphical interpretation of a regular expression.

Algorithm for synthesizing a chatbot based on desired behavior lines

Let L be a given set of regular expressions that define behavior lines, or in the context of a chatbot,
scenarios.

It is necessary to synthesize a Mealy automaton, that is, to establish a one-to-one correspondence between
the linear notation of a regular expression and a specific graphical configuration [11]. To achieve this, we define
graphical interpretations for the fundamental operations in the input language L, which in our case represents regular
expressions defining the desired behavior lines for the automaton or the desired chatbot scenarios.

1. We define the graphical interpretation for a single-letter language.

D)o

Fig. 1. Configuration for a single-letter language

2. We define the graphical interpretation for the empty word.

O—— 0
Fig. 2. Configuration for the empty word

3. We define the graphical interpretation for the disjunction operation of two languages L, U L, and two

single-letter languages.
P o —l"'i‘-*

Fig. 3. Configuration for the disjunction of two languages

4. We define the graphical interpretation for the concatenation operation (multiplication) of two
languages L, and L.

o—m G—h—h-o

Fig. 4. Configuration for the concatenation of two languages

5. We define the graphical interpretation for the iteration of language L. The iteration of language L is

represented as L*.
/\ _.O_/.QJD\_‘M—M

D—IID—I*—-O—H:I o

Fig. 5. Configuration for the iteration of a language

Using steps 1-5, we define the steps for transitioning from the graphical configuration of the input language
L to the automaton with its states and transitions.

Step 1. Construct a graphical configuration for the expression 0Le,, where 0 and e, are not alphabet
symbols.

Step 2. Assign natural numbers to all vertices labeled with alphabet symbols from the expression L.

Step 3. The states of the automaton correspond to the vertices that have been assigned numbers, as well as
0 and e0.

Step 4. All edges in the graph that connect states are labeled with the symbols corresponding to the
respective vertex labels. The arcs and paths in the graph define the transition function. Construct the automaton for
the graph obtained in Step 1.

Step 5. Determinize the automaton obtained in this way.
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As shown in [11], if a set of regular expressions is given by equation (2):
L={Ly,Ly, .., Lp} @)

in the same alphabet X, then the process of synthesizing an automaton that accepts the language defined by
these expressions can be reduced to a single regular expression, and Steps 1-5 can be applied to obtain the
automaton.

Algorithms for constructing a finite-state automaton for implementing chatbots based on well-known
messengers

Let a set of regular expressions (2) for the chatbot be given. It is necessary to transform a certain set of
regular expressions L into a state machine representation for the Telegram messenger.

It is necessary to define and specify the key alphabet of input and output words.

Set of input words: i0 —i10.

* 10: Opening the chatbot.

* il: Selecting the departure location.

* i2: Selecting the destination location.

* 13: Selecting the car type.

* i4: Confirming the order.

* i5: Searching for a car.

* 16: Confirming the found car.

* i7: Completing the order.

* i8: Payment not available.

*19: Changing the final destination.

*110: Order canceled.

Set of output words: 00 — 010.

* 00: Chatbot opened.

* ol: Selected departure location saved.

* 02: Selected destination location saved.

* 03: Selected car type saved.

* 04: Confirmation received.

* 05: Car search started.

* 06: Car found and confirmed.

* 07: Order completed.

* 08: Notification of payment unavailability.

* 09: Need to change the final destination.

* 010: Trip canceled.

1. Alphabet definition

The alphabet consists of a set of possible input signals (input words) and corresponding output signals
(output words). They are denoted as:

«1={i0, i1, 12, i3, i4, i5, i6, 17, 18, 19, 110} — set of input signals.

* 0 =1{00, ol, 02, 03, 04, 05, 06, 07, 08, 09, 010} — set of output signals.

2. Definition of the main process

The main process can be described as a sequence of regular expressions corresponding to the correct user
actions:

L, =1i1-01:i2:02:i3-03-i4-04:i5-05-i6-06-i7-07

This expression describes the main sequence of actions: selecting the departure location, destination, car
type, confirming the order, searching for and confirming the car, and completing the order.

3. Adding negative scenarios

To account for negative scenarios, we add alternative expressions:

1. Payment unavailability:

L, =1i4-04-i8-08:i3-03

This expression describes a scenario where, after confirming the order, a payment issue arises, and the user
returns to selecting the car type.

2. Changing the final destination:

L; =15-05:19:09-i2-02

This expression describes a scenario where, during the car search, the user changes the final destination and
returns to selecting the destination location.

3. Trip cancellation:

L, = (i4-04-i10-010) v(i5-05-110-010) v(i6-06-i10-010) v(i7-07-i10-010)

This expression describes scenarios where the user cancels the order at any stage after confirming the

116 MDKHAPOJITHUI HAYKOBUI JXYPHAJ

«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES», 2025, Ne 1



INTERNATIONAL SCIENTIFIC JOURNAL ISSN 2710-0766
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

order, searching for a car, or confirming the car.

ones, ca

4. Combination of all scenarios
The general regular expression describing all possible scenarios, including both the main and negative
n be represented as:
L=LivL,vL;VL,
This expression covers all possible variations of the taxi ordering process, including the standard scenario

and negative scenarios with returns to previous stages.

method.

Main scenarios:

1. Selecting the departure location:

(i1, f(i1)) = (i1, S1)

After entering the departure location p = i1, the automaton transitions to state S1.
2. Selecting the destination location:

(i2, f(i2)) = (i2, S2)

After entering the destination location p = i2, the automaton transitions to state S2.
3. Selecting the car type:

(i3, f(i3)) = (i3, S3)

After selecting the car type p = i3, the automaton transitions to state S3.

4. Confirming the order:

(i4, f(i4)) = (i4, S4)

After confirming the order p = i4, the automaton transitions to state S4.

5. Searching for a car:

(i5, f(i5)) = (i5, S5)

After initiating the car search p = i5, the automaton transitions to state S5.

6. Confirming the found car:

i6, f(i6)) = (i6, S6)

After confirming the found car p = i6, the automaton transitions to state S6.

7. Completing the order:

(i7, £(i7)) = (i7, S7)

After completing the order p = i7, the automaton transitions to state S7.
Negative Scenarios:

1. Payment unavailability or selecting a different car type:

(i8, f(i8)) = (i8, S3)

If payment is unavailable p = i8, the automaton returns to state S3 to select a different car type or payment

2. Changing the final destination:
(19, f(i9)) = (i9, S2)
If the user changes the final destination p = iy, the automaton returns to state S, to update the destination

information.

3. Trip cancellation:

(i10, f(i10)) = (i10, S1)

If the user cancels the trip p = i10, the automaton returns to state S1.

Thus, we obtain the combined transition and output table for the Mealy automaton (Table 1).

Table 1
Table of transitions and outputs of the Milli automaton
State Intup signal Next state Output signal
) i0 s1 00
S1 il S2 ol
S2 2 S3 02
S3 i3 S4 03
S4 i4 S5 04
S4 i8 S3 08
S4 il0 Ss1 010
S5 i5 S6 05
S5 i10 Ss1 010
S5 i9 S2 09
S6 i6 s7 06
S6 i10 Ss1 010
S7 i7 End Event o7
s7 i10 s1 010
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Graphical result of the synthesis (Fig. 6).

il/ol

v

Select Pickup Location @

12/02

Select Destination @

Select Car Type @

‘M

Confirm Order @ . 9

i8
/5/05
O,

Search Car

i10

No Payment Available

i6/06 09
ol0

Confirm Car Change Destination

ol0 \74/07

Cancel Order Complete Order

ol0
End

Fig. 6. State Transition diagram of the Mealy automaton for the ""Taxi ordering" task

ol0

Features of using the Mealy automaton and considering time constraints

Since all events are inherently linked to the time at which they occur, interact within a single scenario,
exchange messages, and return responses, the model can be extended by incorporating time and the sequence of
message generation and responses. The time tis required for the system to generate messages for the user ii must
also be considered, as it is directly related to the interaction of the system with thirdparty web services that the

application needs to operate with. By taking Fig. 6 as the basis and applying the fundamental concepts of sequence
diagrams, we obtain the Time Sequence Diagram for the "Taxi Ordering™ Task (Fig. 7).

SYSTEM
Selecting the Selecting the Selecting the car| | Confirming Searching Confirming the Completing End Paymentnot | [Changing the Trip
departure location ‘desf[‘"a““” the order fora car found car the order’ Event available | [final destination) | canceled
ocatio
- 3
i1 }115 i
— = — — >
2 }125 2
-t === - — — >
i fes i3 tls
1l
O I L
448/i10 }“s 3s 2s tls
tls
-+ 4 - = - - - — = - - — - - — — - — = =4/ = — ] — >
o0 | 115+
-t - === = == — — — Fe = = 4= — = — —|= —— == = = ¢t — >
610 | }t6s
S
6
@6/@—7 7777777777777777777777777 - — %?777 e E
17:
&7 7410 s
vf
C ) I | e S
End End }tﬁs
Event |
Fig. 7. Time sequence diagram for the "'"Taxi ordering" task
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Now, for any scenario described in the Mealy diagram (Fig. 6), its execution time can be determined. For
example, taking the standard scenario, its execution time will be; T1 =t1 +t2 + t3 + t4 + t5 + t6 + t7 +tls + t25 + t3s
+t4s + tbs + t6s + t7s + t8 (s). If the user wants to change the car type in the scenario, the execution time will be: T2
Stl+t2+t3+t4 +t3+t4 +t5+1t6 +t7 +tls + 25 + t3s + t4s + t3s + t4s + tbs +t6s + t7s + t8 (S). A scenario
where the final destination is changed can be executed in:
T3=t1+H2+3+t4+t5+H2+13+14+t5+H6+ 7+t 1S +H2S+H3S+t4S+H5S+125+t35+4S+t55+Ht6S+H75+t8 (s). The "Trip
Cancellation" scenario at the order confirmation stage will execute in: T4=t1+t2+t3+t4+t1s+t2s+t3s+t4 (s).

Results of the experimental study

Based on the conducted synthesis, a ready-made solution was developed in the form of a Mealy automaton
and a BPMN diagram for a Telegram bot (Fig. 8). This was then used to create a Telegram bot by leveraging the
existing messenger API and determining the execution time for various scenarios in the "Taxi Ordering" task (see
Figs. 9-12).

Since bot construction involves not only states and transition conditions but also interactions with users and
third-party web services, the existing chatbot generation system employs BPMN diagrams, as described in [2]. For
the "Taxi Ordering" task, the process model diagram, created by the user to solve the current problem within the bot,
will have the following structure (Fig. 8).

available

Notification
of payment
unavailability

Selecting the
destination
location

Trip canceled

Selecting the start oo Selected departure
departure location location saved

Selected Selecting, car_type Selected Order
destination  the car type cartype confirmation
saved saved

Searching

fora car

-X'GET" hitp:/{{app_u
ycar{ordar_idjso |
arch?start={star{}&de

st={dest)&car_type={ B
car_type)-H Need to change Ca:t:;a.:i:h
‘accept.application/js the final starte
on’ destination
Tnp
canceled
= ©) 3O @) QO
- \/ Order i -
Confimming completion Order

the found car completed
car.
{resp. car litie}

- {resp.car.nurmbe
1} {resp. price)

Fig. 8. BPMN - diagram for chatbot creation

A key aspect of the current work is the synthesis of states based on input and output words, which ensures
the construction of a draft BPMN diagram with all exits and states. However, as of now, the user creating the
chatbot will need to manually define the text of the request sent to the client, determine data sources for retrieving
information on the user's geolocation, available car classes, and route cost calculation. This is because the Telegram
bot serves as an interaction element with the user and must integrate with existing web services within the system
architecture.

In Fig. 9-12, the time was determined by receiving a response from the data source (web service) on the
available car types and the actual availability of the selected car in less than 20 seconds.

Thus, for the taxi-ordering Telegram bot, the following external information is required: the starting and
ending geolocation of the route, available car types for ordering and searching, trip booking, and payment
processing. These elements should be referred to as metadata for Telegram bot synthesis. Metadata cannot be
synthesized or automatically assigned. As a result, it must be provided manually by the user utilizing the software
solution for chatbot automation. A similar situation applies to messages used in the chatbot's communication with
end users. The chatbot synthesis process may determine that at a given stage, a question needs to be asked to the end
user, and a response needs to be received. However, the actual text of the question will require manual adjustment.
Additionally, certain scenarios require that the user's response undergo further processing within the system with
which the final Telegram bot is integrated. Such elements include: generating a payment system link for order
payment; receiving a message from the payment system confirming whether the order was successfully paid or not;
changing the final destination of the route. In other words, the need for metadata in Telegram bot generation
necessitates the inclusion of a BPMN diagram as a fundamental component of the Telegram bot synthesis process in
the proposed software solution.
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@ Taod bot : @ Taxi bot

Yoduy

Pioane solect the plchp location by entarng 841 Please select the pickup location by entering full
addrens or se e address or use the

et bn ol bunrnsen vrw T wnd et S0 B T
o fresy Find local businesses, view maps and et driving directions

in Google Maps

prchup location set

Ploase sefect the destination location by ertenny ful
adrons o une e

P bw sl e are vema e wnd et S0 Gee Tern - »
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Please select the destination location by entering full
address or use the

Find local businesses, view maps and get driving directions
In Google Maps

destiration location set
Ploase select the O type and enter selected a8 & next one

destination location set
Please pay 158 uah buy the

Caw found, driver has conflerned your request.
The Peugoct 301 XA X029 OF will serived ot 7 mirutes

Ordher complete.
Fig. 9. Standard scenario with execution time T1 =204(s)

Fig. 10. "Trip Cancellation" scenario. T4 = 80(s)

If we take a closer look at the system's algorithm for synthesizing Telegram bots, it consists of the
following steps:

1. defining the sets of input and output words;

2. synthesizing a Mealy-Moore automaton based on the sets of input and output words;

3. generating a BPMN diagram with all states and transitions;

4. providing metadata for retrieving information from the system and the user;

5. creating the Telegram bot.

Let’s examine in more detail the transitions between steps 2-3, 3-4, and 4-5.
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Fig. 11. Scenario with a change in the final destination with Fig. 12. Scenario with a change in car type with execution time T2 =
execution time T3 = 467(s) 324(s)
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After synthesizing the Mealy-Moore automaton based on the sets of input and output words, as described in
this paper, the system obtains this automaton in the form of a .json file, which contains vertices and a description of
transitions as an array, specifying the transition, transition condition, and the destination vertex. This automaton
defines all necessary states, points of communication with the user, and corresponding transition conditions.
However, as mentioned earlier, this automaton does not include metadata about the system with which it will
interact. This aspect is the key reason why the automaton is converted into a BPMN diagram using system tools.

During the transition from step 3 to 4, the obtained BPMN diagram contains all transition conditions and
states but requires user intervention to add metadata. For example, in the case of car search, executing this scenario
requires making an API request, receiving a response from the API, processing it, and then deciding whether to
transition to the next state. The result of step 4 is the completion of all metadata, which is necessary for the chatbot
to function correctly within the existing system, in this case, the taxi system.

As a result of the 4-5 transition, we obtain a fully generated chatbot, created by our system, based on the
synthesized Mealy-Moore automaton, which was initially automatically converted into a BPMN diagram, with
added metadata describing the system with which the Telegram bot will interact.

Conclusions

The conducted research has led to several conclusions that are useful for systematizing studies in this
fascinating field.

First, this paper proposes and implements a new approach to building chatbot applications as part of a large
information system. The approach is based on the use of automata theory, methods for their analysis and synthesis,
and their connection with formal languages. Based on this, a state diagram was developed, implementing the
operation of a Mealy finite-state automaton, obtained as a result of transforming a set of regular expressions L,
which define the desired system behavior. Subsequently, using a third-party library, the Mealy automaton was
transformed into a BPMN diagram, which was used to create a chatbot application that visualizes the user's
interaction with the system. By taking into account the time and sequence of message creation and responses, an
approach for calculating chatbot execution time for different scenarios was also proposed. It was determined that for
standard scenarios, the execution times are: T1 = 204 (s), T2 = 324 (s), T3 =467 (s), T3 =280 (s).

Second, the use of this approach allows chatbot developers to modify, generalize, and refine the chatbot
system model during system operation by adjusting the internal representation of information. This is achieved by
modifying the key alphabet of input and output words, which inevitably leads to changes in the set of regular
expressions L and the state diagram that serves as the foundation for chatbot generation.

Third, the proposed approach is characterized by its relative ease of adaptation to other languages.

Among the drawbacks, the following can be noted: the processing algorithm becomes more complex, and
there is a need for a developed ontology.
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