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AUTOMATED WORK WITH FINITE AUTOMATA: A TOOL FOR TEACHING
IN THE ERA OF ARTIFICIAL INTELLIGENCE

The article addresses the problem of maintaining objectivity in student assessment in the context of widespread access
to artificial intelligence tools, particularly large language models such as ChatGPT. The study focuses on the discipline of formal
languages and automata theory, where traditional task formats (transition tables) are easily solved by modern Al models.
The purpose of the work is to develop software for automated generation, determinization, and visualization of finite automata,
enabling rapid creation of individual assignment variants in visual format (transition diagrams). The system includes a random
NFA generator with guaranteed state reachability and controlled transition density, a visualization module with customizable
parameters, a pairwise automaton display function for concatenation and union operations, an assignment variant generator
(20 variants with concatenation, union, and iteration tasks), and an NFA determinization algorithm that reads automata from
text files and visualizes the resulting DFA. Experimental results show that visual format tasks significantly reduce Al solution
success, while student testing confirms reduced Al usage. The developed software can be used in teaching courses on automata
theory and language processors.
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Conponiox T. M. Aemomamusosana po6oma 3i CKIHUEHHUMU ABMOMAMAMU: ITHCIPYMEHMAPIil 0115 HAGUAHHA 8 eNOXy
WMYYH020 inmenexny

Cmamms npucesyena npoonemi 36epedicens 00 €KMUSHOCIMI OYIHIOBAHHS 3HAHb CHIYOEHMIE 8 YMOBAX WUPOKO2O 00CMYNY
00 THCMPYMEHMI8 WmyuHo20 iHmenexkmy, 30kpema eenukux mosuux mooeneii muny ChatGPT. [Jocnioocenns 3ocepedaicene
Ha Oucyuniini «Teopis gopmarvhux moe ma asmomamiey, 0e mpaouyitivi opmu 3a80any (mabauyi nepexoodig) ne2ko
D038 azyiomucs cyuachumu LLII-wodenamu. Memoio pobomu € po3podxa npocpamnozo 3abesneuents 014 A8MOMAMU308AHOT
2eHepayii, demepminizayii ma 8izyanizayii CKiHUeHHUX A8MOMAMI, AKe 003601A€ WBUOKO CTNEOPIOSAIMU IHOUBIOYAIbHI 8apiaHmu
3a60ans y gizyanvhomy gopmami (diaepamu nepexodig). Cucmema gxnouae cemepamop gunaoxosux HKA 3 eapanmogaroro
O0CSICHICMIO CMAKI8 MA KOHMPOLbOBAHOIO WLIbHICMIO nepexoois, MOOYIb Gi3yanizayii 3 HANAWMOBAHUMY NAPAMEMPAMU,
GYHKYII0 NAPHO20 BI00OPAIICEHHS ABMOMAMIE 071 onepayitl KOHKAMeHayii ma arbmepHaAmusly, 2eHepamop 6apianmie 3a60aHs
(20 sapianmis i3 3a60aHHAMU HA KOHKAMEHAYII0, aTbmepHamusy ma imepayin) ma areopumm oemepminizayii HKA, wo 3uumye
agmomamu 3 mexcmosux Qpaiinie i gizyanizye ompumanm? JKA. Exchepumenmansii pe3yiomamu noka3yloms, wo 3a80anHs
¥ ei3yanvHomy Qopmami 3HAUHO 3HUIICYIOMb YChiwHicmb po3e’asyeanna LI, a mecmyeanna na cmyoenmax mc)meepdofcye
SHUMNCEHHA BuKopucmanus. Pospobnene npoepamue 3abesneuenns moxce 6ymu GuKopucmaue y UKIA0aHHi Kypcig 3 meopii
asmomamie ma MOGHUX NpoYecopis.

KitrouoBi  clioBa: CKiHueHHi asmomamu, HeOemepMiHOBAHUL AgmoMam, oOemepminizayis, 2eHepayis asmomamis,
sizyanizayis, wmyynutl inmenexm, ChatGPT, nasuanvnuil npoyec, Python, Jupyter Notebook, graphviz.

Formulation of the problem. In modern educational processes, artificial intelligence (Al) tools, particularly
large language models (LLMs) such as ChatGPT, Claude, Gemini, and others, are becoming increasingly widespread
[7; 8]. These tools demonstrate remarkable capabilities in solving typical academic tasks, creating a serious challenge
for student knowledge assessment systems. This problem is particularly acute in technical disciplines where tasks
are often formalized and can be easily automated [9].

The theory of formal languages and automata is a fundamental discipline in computer science education [1;
4]. Traditional tasks in this course include constructing nondeterministic finite automata (NFA) for given regular
expressions, performing concatenation, union, and iteration operations on automata, as well as NFA determinization
[5]. Research shows that modern Al models can effectively solve such tasks when presented in formalized form,
such as transition tables.

One promising approach to maintaining assessment objectivity is shifting from tabular to visual format
(transition diagrams), which requires students not only to know algorithms but also to possess skills in interpreting
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graphical structures. However, manually creating large numbers of individual assignments with visual automaton
representations is extremely time-consuming for instructors. Thus, the development of tools for automated generation
of such assignments, enabling rapid creation of numerous unique variants, automaton visualization, determinization
demonstration, and pairwise comparison of automata for various operations, is highly relevant.

Analysis of recent research and publications. The impact of artificial intelligence on education has become
the subject of intensive research in 2023-2026. Lo [7] conducted a large-scale study of ChatGPT’s capabilities in
solving academic tasks across various disciplines. The author demonstrates that the model successfully performs
tasks in programming, mathematics, and engineering disciplines, achieving levels comparable to top-performing
students. Bommasani et al. [8] explore the ethical aspects of Al use in education, emphasizing the need to reconsider
assessment methods. The authors propose focusing on tasks requiring critical thinking, creative approaches, and
deep understanding of the material, rather than merely formal application of algorithms.

In the context of teaching automata theory, the research by Rodger and Finley [10] is significant; they
developed the JFLAP educational environment that allows students to interactively work with automata. JFLAP
supports automaton visualization, concatenation, union, and iteration operations, as well as determinization.
However, JFLAP does not offer functionality for automated generation of individual tasks — each automaton must
be entered manually, significantly limiting the ability to create numerous unique variants.

The PySimpleAutomata library [11] provides basic tools for working with automata in Python, including
determinization algorithm implementation. However, it lacks functionality for generating random automata, and its
visualization is limited to DOT format, requiring additional tools for conversion to images. The automata-lib library
[12] implements basic algorithms, but its visualization is even more limited.

The work [3] examines the phases of language processor construction based on automata theory, presenting
practical implementation aspects. The textbook [4] thoroughly covers the theoretical foundations of language
processors and formal languages, providing practical examples of finite automaton implementation. The theses [5]
describe an educational simulator for operations with nondeterministic finite automata, demonstrating visualization
capabilities and interactive work with automata.

Special mention should be made of the textbook [6], which applied the approach of automated generation of
random individual assignment variants for students — in the context of solving differential equations with impulse
action. This approach to creating individual assignments by generating random problem parameters proved effective
and has been adapted in this work for the needs of automata theory.

The system developed in this article extends the ideas from our previous works [3; 4; 5; 6] by adding automated
generation and pairwise visualization.

The problem of automated generation of random automata was studied by Tabakov and Vardi [13], Almeida et
al. [14], who proposed methods for ensuring state reachability and controlling transition density. A recent work by
Baburin and Cotterell [2] provides a detailed analysis of the subset construction algorithm used for determinization,
exploring when it leads to exponential state growth. However, these studies focus on theoretical aspects of generation
and algorithm analysis rather than creating practical educational tools.

Thus, there is a need for the development of tools that combine random NFA generation, their visualization,
automated task variant formation, and determinization, while also providing pairwise automaton comparison for
concatenation and union operations.

The purpose of the article is to develop software for automated generation, determinization, and visualization
of finite automata that enables:

1) generating random nondeterministic finite automata with controlled parameters (number of states, alphabet
size, transition density);

2) visualizing automata as transition diagrams with customizable parameters suitable for inclusion in
educational materials;

3) providing pairwise display of two automata side by side for concatenation and union operations;

4) automatically forming individual assignment variants for students (20 or more variants) with concatenation,
union, and iteration operations;

5) performing NFA determinization with visualization of the resulting DFA;

6) investigating the effectiveness of visual automaton representation as a means of countering automatic task
solving by artificial intelligence.

Presenting main material. To achieve the stated purpose, a software module was developed in Python
using the graphviz library [15] for visualization and [Python.display for displaying results in the Jupyter Notebook
environment. The program consists of four main components: random NFA generator, visualization module,
assignment variant generator, and determinization module.

2.1. Formal definition of finite automata

A finite automaton (FA) is a mathematical model of a discrete system that has a finite number of states and
transitions between them under the influence of input symbols. Formally, an NFA is defined as a quintuple [1; 4]:

A = (Q’ 27 6’ q07 F))
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where:

» (O —finite set of states;

» X —finite alphabet (set of input symbols);

* 5: O x X — 29 — transition function mapping (state, symbol) to a set of possible next states;

* g, € Q- initial state;

* F < Q- setof final (accepting) states.

Unlike a deterministic finite automaton (DFA), in an NFA the transition function can return multiple states
(including the empty set), reflecting behavioral ambiguity. A DFA is a special case of an NFA where, for each pair
(state, symbol), the transition function returns at most one state, i.e., 5: Q x £ — Q.

2.2. Random NFA generator

The developed method for generating random NFAs is based on the principle of ensuring reachability of all
states from the initial state. This is an important property for educational tasks, since unreachable states do not affect
the automaton’s language but may confuse students.

Algorithm 1. Random NFA Generation

Input: number of states n € {3, 4, 5}, alphabet size |Z| € {2, 3}, transition density p = 0.2
Output: NFA A4 = (0, %, 8, q, F)

0« 1{4:95--9,}

.4, q,

. F' < random selection of m states from Q, where m € [2, [n/2]]
. 2 <« random selection of 2-3 symbols from {a, b, ¢, d, f, x, y, z}
. Initialize 8(q, a) < D forallg € Q,a € X

.fori=2ton:

g < random state from {q,, ..., q, |}

. d < random symbol from X

. 8(g,, a) < d(q;, a) U {q,}

10 foreachq € Qanda e

11. foreacht € O, 1+ g

12. if random() < p:

13. d(q, a) < 8(q, a) W {1}

14. return (Q, Z, 8, q,, F)

The key feature of the algorithm is guaranteeing reachability of all states (steps 6-9): for each state g, (i > 2), a
transition is added from some previous state ¢, (j < i), ensuring a path from qo to each state. This eliminates the need
for an additional cleaning stage to remove unreachable states, which is often required in general generation methods.

The choice of parameters n € {3, 4, 5} and |Z| € {2, 3} is determined by educational goals: automata with
3-5 states are sufficiently complex to demonstrate core concepts but not too cumbersome for students to construct
manually. Transition density p = 0.2 provides a moderate amount of nondeterminism — interesting enough for
analysis but not overly complex.

Figure 1 shows an example of a generated NFA with parameters n =4, ¥ = {a, b}.

RN - NV N VO I

b
a

a a
b
Fig. 1. Example of a generated nondeterministic finite automaton (NFA) with four states and alphabet {a, b}

Source: developed by the author

2.3. Visualization module
For automaton visualization, the graphviz library [15] is used, which allows generating graphs in DOT format

and saving them as images. The developed draw_nfa for print() function implements compact automaton display
with customizable parameters:
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» Image size: 6 x 3 inches — optimal for insertion into text and placing two automata side by side on A4 paper;

* Node distances: nodesep = 0.3, ranksep = 0.3 — ensuring compact layout without element overlap;

» Font sizes: 9 pt for edge labels, 12 pt for states — ensuring readability at reduced image size;

* Node shapes: initial state denoted by an invisible vertex with an arrow; final states — double circles; ordinary
states — single circles.

2.3.1. Pairwise automaton display

An important feature of the developed system is the ability to display two automata side by side, which is
necessary for visualizing concatenation and union operations. For this purpose, the display _two_nfas() function is
implemented, performing the following actions:

1. Alphabet alignment: uses the first automaton’s alphabet for the second, ensuring correctness of subsequent
operations. If automata have different alphabets, concatenation and union operations require the same alphabet,
making this alignment critically important.

2. Image generation: calls draw_nfa for print() for each automaton separately with appropriate labels (“A”,
“B”, “C”, “D”, “M*”, “M*”, etc.).

3. Row placement: uses CSS flexbox rules to place two images in a single row with equal spacing (gap:
30 px). Each image occupies 50 % of container width, ensuring symmetric display.

The implementation uses SVG format for images, guaranteeing high quality when scaling and maintaining
sharpness when printing. The CSS rule page-break-inside: avoid prevents splitting the automaton pair between
pages when printing, which is important for maintaining task integrity.

Figure 2 shows an example of pairwise display of two automata with parameters n [1 {3, 4}, X = {f, y}.

f

Fig. 2. Example of pairwise display of two automata
Source: developed by the author

2.4. Assignment variant generator for students

The main functionality of the developed system, focused on practical application in the educational process,
is the automated generation of individual assignment variants. The generate variant() function creates one variant
containing three types of tasks:

1. Concatenation (A - B): students are asked to construct an NFA for concatenation of languages given by
automata A and B, presented as transition diagrams. Concatenation is one of the fundamental operations on regular
languages, and the ability to construct an automaton for concatenation from automata for the factors is an important skill.

2. Union (C U D): students are asked to construct an NFA for the union of languages given by automata C
and D. Union is another fundamental operation that, together with concatenation and iteration, forms the basis for
constructing regular expressions.

3. Iteration (M* and M"): students are asked to separately construct NFAs for Kleene star (M*) and positive
iteration (M*) for a given automaton. These operations allow describing language repetitions and are key to
understanding regular expressions.

For each task type, new random automata with the same alphabet are generated, ensuring correctness of
operations. The alphabet for each task is generated independently, preventing cheating between different task types
within a single variant — the student receiving a variant has a unique set of automata for each task.

The program generates 20 variants, each placed on a separate page using CSS rules page-break-before:
always and page-break-after: always. This allows directly printing the resulting HTML document as a collection of
individual assignments. If necessary, the number of variants can be easily increased by changing the loop parameter.

Figure 3 shows a fragment of the generated assignment collection.
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Variant 4

1. Concatenation (A - B)

4. lteration (M+)

x

start

Fig. 3. Fragment of the generated assignment collection (variant 4)
Source: developed by the author

2.5. Determinization algorithm

An important component of the automata theory course is NFA determinization — converting a nondeterministic
automaton into an equivalent deterministic one. This process demonstrates a fundamental property: the classes of
languages recognized by NFAs and DFAs coincide [1].

The developed system implements a determinization algorithm based on the subset construction method. The
software implementation (file NFA-to-DFA.ipynb) performs the following steps:

1. Reading the input NFA from a text file in transition table format. The first line of the file contains the
alphabet (symbols separated by “|””). Subsequent lines describe transitions for each state. The symbol “— before a
state name denotes the initial state, the symbol “+”” denotes a final state. If a state is both initial and final, a combined
notation is used.

2. Building the DFA state set as subsets of the original NFA states. The initial DFA state is the set containing
only the initial NFA state.

3. Computing transitions for each newly formed set of states for each alphabet symbol. For a given set of
states S and symbol a, the union of sets of states reachable from each state in S by symbol a is computed. If the
resulting set of states T is not yet in the DFA state set, it is added as a new state.

4. Determining DFA final states — those sets that contain at least one final state of the original NFA.

5. Visualizing the resulting DFA using the same visualization module as for the original NFA.

An important feature of the implementation is identifying reachable states after building the DFA. The
algorithm analyzes which DFA states are reachable from the initial state and excludes unreachable states from the
final representation. This allows obtaining a DFA with a minimal number of states equivalent to the original NFA,
which is important for demonstration clarity.

Figure 4 shows the NFA and the equivalent DFA obtained after applying the determinization algorithm.
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Fig. 4. NFA (left) and equivalent DFA (right) after determinization
Source: developed by the author

2.6. Experimental study

To evaluate the effectiveness of the proposed approach, an experimental study was conducted in two
directions: assessment of modern Al models’ ability to solve tasks in different formats, and analysis of the impact of
representation format on student academic performance.

2.6.1. Al testing on different representation formats

To assess the capabilities of modern Al models in solving automata theory problems, a comparative analysis
was conducted using ChatGPT-4 (version from March 2026). A typical task «Construct an NFA for concatenation
of languages given by automata A and B» was presented in two ways:

» Tabular format — automata presented as transition tables, where rows correspond to states, columns to
alphabet symbols, and intersections indicate sets of next states.

* Visual format — automata presented as transition diagrams (Fig. 1), where states are depicted as circles and
transitions as arrows with symbol labels.

Testing was conducted on a sample of 50 different automaton pairs for each task type (concatenation, union,
iteration). Each task was presented to the Al in the corresponding format, and responses were evaluated based on
the correctness of constructing the resulting NFA.

Experimental results showed that in tabular format, the AI demonstrated high efficiency: correct responses
were obtained for the vast majority of tasks across all operation types. This confirms that modern LLMs handle
formalized textual descriptions of automata well.

In visual format, Al success was significantly lower. Even when using image recognition tools integrated
into multimodal model versions, correctly recognizing the automaton structure from transition diagrams proved
challenging. Success was substantially lower even for the simplest tasks. This is because visual representation
requires not only recognition of graphical elements (circles, arrows, labels) but also interpretation of their semantics
as states, transitions, and symbols.

The obtained results confirm the hypothesis that visual automaton representation is an effective means of
countering automatic task solving by artificial intelligence. A student receiving a task as transition diagrams cannot
simply copy it into ChatGPT — they must first independently recognize the automaton structure, requiring deep
understanding of the material.

2.6.2. Student testing

To assess the impact of representation format on academic performance and frequency of Al use, an experiment
was conducted involving students studying the course “Theory of Formal Languages and Automata”. The experiment
involved 24 students, divided into two groups of 12 with comparable previous academic performance:

e Control group received tasks in tabular format (traditional presentation).

+ Experimental group received similar tasks in visual format (transition diagrams), generated by the
developed system.

Students were asked to complete three task types (concatenation, union, iteration). After completing the tasks,
an anonymous survey was conducted regarding Al tool use and satisfaction with the task format.
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Experimental results showed that the average score in the control group was somewhat higher compared to
the experimental group. The difference can be explained by the more effective use of Al tools by students in the
control group.

Task completion time in the experimental group was somewhat longer, which is also expected since students
needed to spend time recognizing automaton structure from diagrams.

Most indicative was the difference in Al use frequency. According to self-report data (confirmed by cross-
analysis of response styles), a significant portion of students in the control group admitted to using ChatGPT or
similar tools for assistance. In the experimental group, this figure was significantly lower. Students explained this by
noting that entering transition diagrams into Al is time-consuming, and the obtained responses often contain errors
due to incorrect automaton structure recognition.

The survey also showed that students in the experimental group rated tasks as more interesting and meaningful
compared to the control group. This indicates that the visual format not only complicates Al use but also increases
student engagement in the learning process.

Thus, the experimental study confirms that using visual automaton representation format is an effective means
of reducing Al use frequency among students while maintaining academic performance at an acceptable level.

2.7. Comparison with existing solutions

The developed system was compared with existing tools based on the following criteria: availability of
random automaton generation, visualization quality, pairwise display support, capability for automated assignment
variant generation, determinization implementation, protection against automatic Al solving, and integration with
Jupyter Notebook.

JFLAP[10]isapowerful educational environment supporting automaton visualization and interactive operation
execution. However, it lacks functionality for automated random automaton generation — each automaton must be
entered manually, making creation of large numbers of individual assignment variants extremely labor-intensive.
Additionally, JFLAP is a standalone application and does not integrate with Jupyter Notebook environments.

PySimpleAutomata [11] provides a library for working with automata in Python, including determinization
implementation. However, its visualization is limited to DOT format, requiring additional tools for conversion to images.
The library does not include random automaton generation functionality, limiting its use for creating large sets of test
examples. Furthermore, representing automata in text format makes them easily accessible for automatic Al solving.

The developed system stands out with a unique combination of functionality:

» random NFA generation with guaranteed state reachability and controlled transition density;

* high-quality visualization in SVG format with customizable parameters for printing;

 pairwise automaton display for concatenation and union operations;

* automated generation of 20 or more individual assignment variants;

* determinization implementation with reachable state identification and result visualization;

* high level of protection against automatic Al solving due to visual format use;

« full integration with Jupyter Notebook, allowing system use directly in the educational environment.

Conclusions. The following scientific and practical results were obtained during this work:

1. A method for generating random NFAs with guaranteed reachability of all states and controlled transition
density was developed. The method’s feature is ensuring reachability by adding transitions from previous states,
eliminating the need for an additional automaton cleaning stage. This method enables creating diverse educational
tasks and experimental samples.

2. Avisualization module for automata as transition diagrams with customizable parameters (size 6 x 3 inches,
node distances 0.3, font size 9 pt for edges) was implemented, providing compact display suitable for inclusion in
educational materials and printing on A4 format.

3. A pairwise display function display two_nfas() was created, providing placement of two automata side by
side with equal spacing and prevention of page breaks. This is critically important for visualizing concatenation and
union operations.

4. An assignment variant generator generate variant() was developed, which automatically forms individual
variants for students. Each variant contains three task types: concatenation, union, and iteration (M* and M*). The
program generates 20 variants with automatic placement on separate pages.

5. An NFA determinization algorithm based on the subset construction method was implemented, with an
additional stage of identifying reachable states. The software implementation (file NFA-to-DFA.ipynb) allows
reading an NFA from a text file in transition table format, building an equivalent DFA, and visualizing the result
with automatic state renaming for ease of perception.

6. An experimental study confirmed that:

— modern Al models (ChatGPT-4) demonstrate high success rates when solving tasks in tabular format;

— 1in visual format, Al success is significantly lower, making it an effective countermeasure;

— using visual format reduces Al use frequency among students with minimal impact on academic
performance;

— students rate visual format tasks as more interesting and meaningful.
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The scientific novelty of the obtained results lies in:

* development of a method for generating random NFAs with guaranteed state reachability adapted for
educational purposes;

+ creation of a comprehensive toolkit for automated generation of individual tasks, pairwise visualization,
and NFA determinization;

» experimental confirmation of visual representation effectiveness as a means of countering Al use in the
educational process.

The practical significance of the work lies in creating software that enables instructors to effectively prepare
individual assignments for students in conditions of widespread access to Al tools, ensuring objectivity of knowledge
assessment. The developed modules can be used in the educational process when teaching the courses “Theory
of Formal Languages and Automata” and “Language Processors” [3; 4; 5]. The software implementation of the
described algorithms is available in an open repository [16].

Prospects for further research in this direction include:

1. Expanding functionality to support other task types (DFA minimization, regular expression conversion,
automaton intersection and complement).

2. Integration with distance learning systems (Moodle, Google Classroom) for automatic variant distribution,
answer collection, and automated verification.

3. Development of methods for automatic verification of completed tasks presented in visual format using
computer vision techniques.

4. Investigation of Al adaptation possibilities for recognizing transition diagrams and development of
corresponding countermeasures to maintain the effectiveness of the proposed approach.

5. Adding export capability to various formats (PDF, LaTeX, HTML) for integration with various document
management systems and publishing platforms.
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