MaTepiann KoHepeHuii«KoMntoTepHi irpy Ta MynbTuMegia SK iHHOBaLiHWIA Migxig 40 KOMYHiKauii- 2025»

. Benuki moBHi mogeni (LLM) reHepytoTb fianoroBi TecTW, AKi [03BONANOTbL 34iNCHIOBATU
(hopMmyBas/ibHe OLLiIHKOBaHHSA Ta 3a6e3nedyroTb MUTTEBUIA igdek [5].

o KOHTEKCTHMIA GaHAMT (NpUHUMN rpanbHoro asTomaty) LinUCB 3giiicHOe afanTuBHe
nepeHanallTyBaHHA Bar y LiNboBIi (yHKLIT, pearytoum Ha YCNILHICTb NPOXOMKEHHS MPOMIKHMX eTanis

(6] TakuMm YuHOM, anroputM MoeaHye fetepmiHoBaHe sapo (ILP/LNS) i3 agantvBHumMu Al-
KOMMOHEHTaMM, WO [03BOJISIE Y PEXUMI peabHOro 4acy nepebyfoByBaT OCBITHIA MapLupyT
KOpu1CTYyBaya.

B1CHOBKW. Y po6OTi 3anponoHOBaHO CUCTEMHO-aHaNITUYHWIA Nigxig 4o nobyaoBuM iHAMBIAYaIbHUX
OCBITHIX TPAEKTOPIM, IKNI BK/KOYaE:

1 MatematnyHy mogens Ha ocHoBi DAG Ta ILP-hopmanizaui.

2. ANIropuTM ONTUMI3aLiT 3 BUKOPUCTAHHAM SIK TOYHUX, TaK i eBPUCTUYHUX METOAIB.

3. IHTerpauito  cyyacHMX IHCTPYMEHTIB LITy4YHOro iHTenekty (CatBoost, LLM, KOHTeKCTHI
6aHanTN).

OTpumaHa cucTema 3abe3nedye MepcoHanisalito HaBYaHHS, MIHIMI3ye KOMHITMBHI Ta 4acoBi
BATPaTX N BofHOYac 36epirae npo30OpiCTb MPUMAHATTA pieHb. Lle CTBOpPHOE nepeaymoBu  Ans
MacLuTabyBaHHA afanTUBHMX OCBITHIX CMCTEM HOBOIO MOKOMIHHSA, AKi BIAMOBIZAOTb BMMOraMm PUHKY
npayi Ta NpUHLMNaM CUCTEMHOr0 aHanisy.
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SOFTWARE AND ALGORITHMICAL IMPLEMENTATION OF THE METHOD OF
CONSTRUCTING THE VORONOG DIAGRAM
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The existing areas ofapplication of the Voronoi diagram were considered, it was determined that
these diagrams are used in quite afew industries, such as cartography, architecture, biochemistry, etc.
The task of implementing this method was formulated. Based on the results of the study of the subject
environment, a list of tasks was determined that were solved to achieve the goal. A detailed analysis of
the subject area was carried out, during which the requirementsfor input and output data were formed
and described. Based on the analysis, an object-oriented model was built. Based on the data obtained in
the analysis process, appropriate mathematical methods for constructing Voronoi diagrams were
formulated. Based on the results of object-oriented design, a toolkit was selected for the software
implementation of the automated system. Requirements for hardware and software were formulated. A
user manual was developedfor the software product that was developed aspart of the research.
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Statement of the problem.

The development of modern technologies leads to increasing automation of processes performed
by humans in various spheres of life, including education, medicine, industry, agriculture, etc. These tasks
are either impossible to solve using simple methods, or their solution will require a significant amount of
time and resources. There are special methods and algorithms for solving such tasks.

The Voronoi diagram is an important tool in solving so many problems. In general, a VVoronoi
diagram is a partition of a plane in which each region of the partition forms a set of points that are closer
to one of the elements of the set than to any other element of the set.

Discretization of the region using Voronoi cells provides a fast search for natural neighbors for a
given point. Searching for natural neighbors based on information about neighboring nodes obtained from
the Voronoi diagram significantly reduces the time required to construct interpolated functions.

Voronoi diagrams are a fairly powerful tool for data visualization and analysis, widely used in
various fields of science and many areas of human activity.

Voronoi diagrams are extremely relevant in modern scientific research and practical applications
due to their versatility and effectiveness in various fields.

They can be applied to any data that can be represented as points in space. This makes them a
universal tool for analyzing data of various natures.

Voronoi diagrams allow you to visualize complex data, making it easier to understand and
analyze. Voronoi diagrams can be used to identify implicit structures and patterns in data, which is
important for making informed decisions.

Voronoi diagrams are used to solve optimization problems, for example, to determine the optimal
location of objects in space.

Voronoi diagrams are a convenient tool that is used in a fairly wide range of scientific disciplines
and practical problems.

Voronoi diagrams:

- help determine the optimal location of stores to minimize competition and maximize
profits;

- used to plan the location of public facilities such as schools, hospitals, etc.;

- help determine the optimal location of base stations to ensure maximum coverage when
solving the issue of optimizing wireless networks.

Versatility, intuitive visualization, and the ability to reveal hidden patterns make \Voronoi
diagrams an indispensable tool for data analysis and informed decision-making.

Based on the above, the goal of the study was formulated, namely, the software implementation of
a system for searching for the closest elements using the Voronov diagram construction method.

The object of the study is an automated system for searching for the nearest elements using the
Voronov diagram construction method.

The subject of research is software development technologies and methods, methods for
constructing a VVoronov diagram.

Presentation of the main material.

Nowadays, there is a wide variety of algorithms specifically for solving computational geometry
problems. However, the scope of application of such algorithms is usually very narrow.

For example, known algorithms for constructing a VVoronoi diagram can be effectively applied
only to points or segments.

However, when solving practical problems, one usually has to deal with more complex geometric
objects that can be defined as points and segments, as well as curves of arbitrary shape.

Constructing a VVoronoi diagram for such geometric objects is a non-trivial task, and therefore the
study of VVoronoi diagrams is reduced to the study of their approximations [1].

A Voronoi diagram is a mathematical object that is not strictly described in this way. The VVoronoi
diagram of a given finite set of points M of a plane (space) is a partition in which each region (\Voronoi
cell) of the given partition forms a set of points that is closer to one of the elements of the set M than to
any other element of this set [2].

The goal of the software implementation of the Voronoi diagram method is to provide a fast
search for natural neighbors for a given point.
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Searching for natural neighbors obtained from the Voronoi diagram significantly reduces the time
required to construct functions.

To achieve the goal, the following was done:

- subject area analysis;

- select the main input and output objects;

- analyze the system limitations;

- choose the necessary algorithm;

- specify external storage;

- display the notation on the sheet.

Conclusions.

During the research, the existing areas of application of the VVoronoi diagram were considered and
it was found that today these diagrams are used in many fields, such as cartography, biochemistry and
architecture.

The method of constructing the Voronoi diagram has applications in many fields, therefore, the
task of implementing this method was formulated.

The goal and objectives of the diploma project have been formulated, the object and subject of the
research have been determined.

Based on the results of the study of the subject environment, a list of tasks was determined that
were solved to achieve the goal.

A detailed analysis of the subject area was conducted, during which the requirements for input and
output data were formed and described.

Based on the analysis, an object-oriented model was built. Based on the data obtained in the
analysis process, appropriate mathematical methods for constructing VVoronoi diagrams were formulated.

The following algorithms were built to implement the methods of system classes:

- area calculation algorithm;

- algorithm for independent point location;

- algorithm for loading data into a file;

- Point editing algorithm.

Based on the results of object-oriented design, a toolkit was selected for the software
implementation of the automated system.

A formalized programming language, namely C#, was chosen as the programming language in the
Visual Studio Code development environment.

Based on the object-oriented model, a software product was created, which is implemented in
accordance with the principles of object-oriented programming and consists of ten classes.

Hardware and software requirements have been formulated. A user manual has been developed for
the software product that was developed as part of this research.

The manual describes the user's capabilities when working with the software product, reveals the
purpose of windows and commands, and provides forms that correspond to the screen.
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3ACTOCYBAHHA OB’EKTHO-OPIEHTOBAHOT MAPAANT MW B PO3POBLII
CTPATEIIYHOI rPN >XAHPY TOWER DEFENSE HA BA3I UNITY
CKPUM/bOHOK C.A4., MOTYAHOBA M.O., MA3YPELb O.B.
(ssskriplyonok@gmail.com, momolchanova@gmail.com, exe.chong@gmail.com)
XMefbHULUBKWIA HaLioHaNbHWIA YHIBEpCUTET

P0o3rngHyTO 3aCTOCYBaHHS 00 EKTHO-OPIEHTOBAHOI Napagurmy NporpamMmyBaHHa nif Yac po3pooKu
cTpaTeriyHoi rpu >kaHpy Tower Defense Ha 6a3i pywisa Unity. OOIT possonuna 3abesneunTy
MOZY/bHICTb, MaCLITab0BaHICTb i 3pYyYHICTb NOBTOPHOIO BUKOPUCTAHHS KOAY, WO € BaXK/IMBUM [N
CKNagHuX irpoBmx NPOEKTIB. [na onucy norikv po6oTu rpu 6yno CTBOPEHO AiarpaMu CTaHis, BapiaHTIB
BUKOPUCTaHHS Ta KnaciB, AKi BM3HAYaldTb OCHOBHI CUCTEMM Ta ixHi B3aeMogil. BnokpemneHo n HTb
KMIOYOBKX KNacis, cepef AKUX LeHTpabHe Micue 3aiimae BattleController, 1o peanisye 0CHOBHI MexaHiKu
6oto.

BcTtyn

O6’eKTHO-OpieHTOBaHa Mapagurma nporpamyBaHHs 3abe3nedye MoAy/bHICTb, MaclTaboBaHICTb i
MOBTOPHE BMKOPUCTaHHA Kogy [1], WO € BaxknmBWMM Mif 4ac PO3POOKM CKMIaAHMX IrPOBUX CUCTEM.
3aBAAKM KOHUenuiaM iHKancynauii, HacnigysaHHA Ta nonimopgizmy OOl f03B0/ISE MOLENHOBATL ITPOBI
00’€KTU SIK He3a/1eXKHi CYTHOCTI 3 B/IaCHOKO MOBELIHKOK, CMPOLLYHOUN NIATPUMKY Ta PO3BUTOK MPOEKTY.

Po3pobka cTpaTeriyHoi rpu >aHpy Tower Defense y cepegosuwi Unity notpebye 4iTKOT
apxiTeKTypn Ta B3aEMOAIT 4mMcneHHUX 06°ekTiB. BukopuctaHHa OOl pa3oM i3 KOMMOHEHTHOH
cuctemoro Unity fae 3mMory CTpyKTypOBaHO OpraHi3yBaTu irpoBi e1eMeHTU, CNPOCTUTM MacluTabyBaHHS
Ta BHECEHHS 3MiH, L0 NiABULLYE e(0eKTUBHICTb CTBOPEHHS IFPOBMX MPOEKTIB [2].

MpoeKTyBaHHA Ta NporpamMHa peanisauis rpu xaHpy Tower Defense Ha 6a3i Unity

[na 3abe3neyeHHs YITKOrO PO3YMiHHSA CTPYKTYpu Ta foriku pobotu rpu 6yno nposefeHO
MPOEKTYBaHHS i OCHOBHMX CUCTEM i B3a€EMOfiN. 3 Ljiet0 METOK CTBOPEHO Aiarpamu CTaHiB (PUCYHOK 1),
BapiaHTIB BMKOPUCTaHHA (PUCYHOK 2), AKi BifobpaxkatoTb MOBefiHKY IrpoBUX 06’€KTIB, CLeHapii
B3aEMOJiT KOPUCTYBaYa 3 CUCTEMOHO.

PucyHok 1- [iarpama CTaHiB noBefiHK/ Bopora
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