PEDEPAT

AKTyaJIbHiCTh TeMH. [3 PO3BUTKOM KOMIT IOTEPHOI 1HXKEHEpii CTalTh
MOMYJIIPHUMH KOMIT' FOT€pH1 irpu — mporpamHe 3a0e3MeueHHs, METOI0 SKOTo €
po3Bara kKopuctyBada. OmHUM i3 crmocobOiB 30epekeHHS HOBU3HM KOHTEHTY Ta
E€KOHOMIT PpOOOTH PpO3POOHUKIB € npoyedypHa eceHepayis, sika CTBOPIOE
HEMOBTOPIOBAaHI TEKCTypH, aymaio, JaHAmadTy, $AKI BIANOBINAIOTH 3aJaHUM
npaBuiiaM. OCKUIBKM camMe MOjeib JIAaHAmAapTy Mae HaWOiIpIui o0csar Ta
HAWBUIII BUMOTH TI0 AKOCTI, CaMe MpoLeAypHa TeHepallis JaHamapTy € HahOIbIIn

BaKJINBOIO 3a1a4CHO.

Jlanamadt € MoaeIUII0 IrpOBOTO MPOCTOPY, SKa CKIIAJAE€ThCS 13 00 E€KTIB
IrpoBOi JIOTIKH, 13 SIKUMHU B3aeMofie kopuctyBad. [lepemimieHHss Ta B3aemMomis i3
nanamwagpToM 3a3Buyail ckinamae 95% irpoBoro uacy. CydacHl aJropuTMH
HpOLEYPHOI TeHepallii 6a3yloThCsl Ha alropuTMax Ipagi€eHTHOrO IIymy, abo Ha
MeToAax cumyssnii (gizuyHux mporeciB. OAHAaK, Taki METOAMKH MPOLEAYPHOI
reHepanii CTBOPIOIOTh HEMEPEKOHJIMBUN JaHAMA(PT 1 € YHUCIOBUMH 3a CBOEIO
npupo0t0. [l CTBOPEHHS SIKICHO HOBOTO ajJrOpUTMY TeHepallii HoTpiOHO 3HalTH

THITWAN TAX1T 70 MPEACTABICHHS JaHUX B aJTOPUTMI.

B ramy3i koMm’toTepHOi MaTeMaTHUKHU ICHY€E JIBI METOAMKHU IMPEACTABICHHS
JaHHX: y SKOCTI AUCKPETHUX CHUMBOJIIB, UM 32 JIONIOMOTOIO alapaTHUX TUIIIB JTAHUX.
AJTOPUTMH CHMBOJIBHOI MaT€MaTHKU BUKOHYIOTh aHaJITHYHI OOYHCIIEHHS 0e3
NOXMOOK OKPYIVICHHS, SIKI BIIACTHBI amapaTHOMY MPEJICTaBICHHIO JIaHUX.
Buxoasiun 3 1pOoro, mepcrieKTUBHUM € BHKOPUCTAHHSA JUCKPETHUX CHUMBOJIB B

SIKOCT1 OCHOBH MOJICJII aJITOPUTMY.

JUis  mapamerpusaiiii CHUMBOJIBHOT ~ MOJETl  ajaroputMy  HEOOXiTHO
BUKOPHUCTOBYBATH AMCKPETHI 3HAYCHHS, CTBOPEHHS MACUBIB TAKOTO TUIY BPY4YHY €

TPYAOMICTKOIO onepailieto. TeKCT, HamUCaHUN MPUPOJHHOI0 MOBOIO, MICTUTh JIMIIIE



JTUCKpETHI, mnpuponHi 3HadyeHHs. CydacHi MeToau OOpOOKM TEKCTy 3J1aTHI
aHATI3yBaTH TPaMATUYHy CTPYKTYpy Ta OOpOOJATH CMHUCIOBUN 3MICT PEUCHHSI.
Tomy s mapameTpu3allii aJroOpuTMy CHUMBOJIBHOI MPOIEAYPHOI TeHeparllii

,Z[OHiJ'IBHO BHUKOPHUCTOBYBATHU CaMC TCKCT.

O0’eKTOM [0CTiIKEHHSI € TPOIEC CHUMBOJIBHOI MPOIETypHOI TeHeparii

Mojienl JanamadTy 3a TEKCTOM TPUPOIHBOI0 MOBOIO.

IIpenmeTomM JocaizkeHHsl € CIOCOOM MpEACTaBIEHHS Ta Moaudikamii

Mojen JanamadTy, BUKOPUCTOBYIOUH 1HPOPMALIiO 13 TEKCTY MPUPOAHBOIO MOBOIO.

MeTra po6OTH: METOI CHUMBOJBHOI MPOLEAYpPHOI TeHepalii, 1o

MapaMeETPU3YEThCA TEKCTOM MPUPOAHBOIO MOBOKO.
HaykoBa HoBHM3HA:

1. 3ampomoHOBaHO METOJ CHUMBOJIBHOI TIPOIEAYPHOI TeHepallii, SKun
omepye TUCKPETHUMH CHMBOJIAMU, 10 BUKOPHUCTOBYE TPUPOIHIA TEKCT B SKOCTI
napamerpa 1 JI03BOJIsiE TEHEPYBATH JIOTTYHO KOHCUCTEHTHUH JlaHamadT Ha OCHOBI
BHU3HAYCHb 00’ €KTIB 13 TEKCTY.

2. 3anponmoHOBAaHO  METOJ  MOPIBHSAJIBHOTO  aHANI3y  aJIrOPUTMIB

IpOLEAYPHOT TeHepallii 3 penpe3eHTaTUBHUM MPEACTaBICHHIM JIaHIagTy.

IIpakTH4yHa HiHHICTH OTPUMaHUX B pOOOTI PE3y/IbTATIB MOJSATAE B TOMY, L0
pPO3pOOJIEHUI aNTOpUTM MPOLEAYPHOI TeHepallii CTBOpIo€ JaHmmadT, SKUH €
OB MEPEKOHJIMBUM Ta JIETIIe MapaMeTpPU3yeThCs, HK JaHAMA(TH KIACHIHHUX
aJITOPUTMIB, 110 JI03BOJIIE€ 3MEHIITUTH BUTPATH Ha PO3POOKY KOMIT IOTEPHHUX 1rop Ta

NOKPAIUTH BpaXXEHHs TPaBLs B TPH.

CTBOpeHHMII METO OIlIHKM aJTOPUTMIB MPOIEIYPHOI TEHEeparlii J03BOJISIE
MIOPiBHIOBATH QJTOPUTMH  PI3HOI ~ TPHUPOIM 33  PEHpPE3CHTATUBHUMHU

Npe/ICTaBICHHAMH 3reHepoBaHoro sanamagty. Taka omiHka € 00’€KTUBHUM



BUPKEHHSIM SIKOCT1 JIaHAmadTy, HOro JOTiYyHOI JOCTOBIPHOCTI, CKJIQJHOCTI Ta

3pYyYHOCTI BUKOPUCTaHHSI.

Amnpobanisi po60oTu. AJTOpUTM CHMBOJIBHOI MPOLIETYpPHOI TeHeparllii Oyia
npejacTaBieHa Ta OOroBoproBajlach Ha HAyKOBIM KOH(EpEHINi MaricTpaHTIB Ta
acmipanTiB “[Ipukmamna maremarnka ta komm totuHT” [IMK-2022 (Kwuis, 21-23
muctonaga 2022 p.). Tesu, Ha Temy “Ipamarvka 3aleKXHOCTEH ISl PEUCHHS
IPUPOTHBOI MOBH‘ TOAABAIMCSA HAa MDKHapoAHy koHdpepenuio «IX Mixnapoana
HayxoBorexniuna Internet-Kondepentiss CyuacHi Metonu, I[Hdopmarriiinae,
[Iporpamae Ta Texniune 3abe3nedenns Cuctem Kepysanns OpranizaiiitHo-

TexHiuaumu Ta TexHonoriuaumu Kommuiekcammy.

PoGora mnpencraBnena Ha 79 apkymiax, MICTUTh TMOCWJIaHHS Ha CIHCOK

BUKOPHUCTAHUX JITEPATYPHUX JHKEPE.

Crpykrypa Ta o0car po6oru. Marictepcka IucepTallis CKIAJa€eTbCs 3

BCTYIY, YOTUPHOX PO3/I1JIIB T4 BUCHOBKIB.

Y 6cmyni mogaHo 3araibHy XapakTEPUCTHKY POOOTH, MpEACTaBiIeHa 1CTOpis

Ta cpepu BUKOPUCTAHHS MPOLIETYPHOT TeHepallii.

Y  nepwomy 3po0JICHO OIVISAJ MOXIUBOCTEH KOMIT IOTEpHOI O0OpOOKH
MPUPOAHHOTO TEKCTY, 3pOOJEHO OMIAN METOMIB CHMBOJIBHUX OOYHCIICHB,
TIOCTABIICHO 33/1a49y Ha CTBOPSHHSI AlTOPUTMY CHMBOJIHLHOI MPOIIEAYPHOI TeHEepaIlii,
MOCTABJICHO 3a7ady Ha CTBOPEHHS METOAWKH OIlIHKH aJTOPUTMIB MPOIIETYPHOI

reHepariii.

Y opyeomy poszaini Oyslo MPOBEACHO aHali3 Ta BUOIp IHCTPYMEHTIB — MOB
nporpaMyBaHHs, 010110TeK peanizaiii aaropuTMy, 0OpaHO CTPYKTYpH NaHUX AJis

IpeICTaBICHHS MOJIEITI.

Y mpemvomy pozaini Oylo OMMCAHO CTBOPEHUN aNTrOpPUTM MPOLEAYPHOL



reHepatlii, Ta CTBOpEHY METOJl IPOLIEYypHOT TeHepaiii.

Y yemeepmomy po3aini Oyno0 BHUKOHAHO TECTYBaHHS HOBOCTBOPEHOTO
aJIrOpUTMYy Ta TPOBEIEHO TMOPIBHSUIBHUIA aHalli3 HOBOCTBOPEHOTO QJITOPUTMY 3

aJTOPUTMaMU 13 KOMEPIINHUX JTOJaTKIB.
VY sucnoskax pencTaBieHi pe3yabTaTi MPOBEACHOI POOOTH.

KurouoBi cjioBa: mpoiielypHa reHepaiiisi, rpamMardka KOHCTITYEHT, rpad,

00poOKa MPUPOIHBOI MOBH.



ABSTRACT

Topicality. With the development of computer engineering, computer games
are becoming popular - software, the purpose of which is to entertain the user. One
of the ways to preserve the novelty of the content and save the work of developers
is procedural generation, which creates unique textures, audio, landscape that meet
the given rules. Since the landscape model has the largest volume and the highest
quality requirements, the procedural generation of the landscape is the most

important task.

The landscape is a model of the game space, which consists of game logic
objects with which the user interacts. Movement and interaction with the landscape
is usually 95% of the game time. Modern procedural generation algorithms are
based on gradient noise algorithms, or on methods of simulating physical
processes. However, such procedural generation techniques create an inconclusive
landscape and are numerical in nature. To create a qualitatively new generation
algorithm, you need to find a different approach to data representation in the

algorithm.

In the field of computer mathematics, there are two methods of data
representation: as discrete symbols, or using hardware data types. Symbolic math
algorithms perform analytical calculations without the round-off errors inherent in
hardware representation of data. Based on this, it is promising to use discrete

symbols as the basis of the algorithm model.

Discrete values must be used to parameterize the symbolic model of the
algorithm, creating arrays of this type manually is a time-consuming operation.
Text written in natural language contains only discrete, natural values. Modern text
processing methods are able to analyze the grammatical structure and process the

semantic content of the sentence. Therefore, it is advisable to use the text itself for



the parameterization of the symbolic procedural generation algorithm.

The object of research is the process of symbolic procedural generation of a

landscape model based on natural language text.

The subject of the research is ways of presenting and modifying the

landscape model using information from the text in natural language.

Research objective: creation of an algorithm of symbolic procedural

generation, which is parameterized by text in natural language.
Scientific novelty:

1. A method of symbolic procedural generation is proposed, which operates
with discrete symbols, uses natural text as a parameter and allows generating a

logically consistent landscape based on definitions of objects from the text.

2. A method of comparative analysis of procedural generation algorithms

with a representative representation of the landscape has been developed

The practical value of the results obtained in the work is that the developed
algorithm of procedural generation creates a landscape that is more convincing and
easier to parameterize than the landscapes of classical algorithms, which will
reduce the costs of developing computer games and improve the player's

experience from the game.

The created method of evaluation of algorithms of procedural generation
allows to compare algorithms of different nature according to representative
representations of the generated landscape. Such an assessment is an objective
expression of the quality of the landscape, its logical validity, complexity and ease

of use.

Approbation of work. The symbolic procedural generation algorithm was



presented and discussed at the scientific conference of master's and postgraduate
students "Applied mathematics and computing" PMK-2022 (Kyiv, November 21-
23, 2022). Abstracts on the topic "Dependency grammar for natural language
sentences" were submitted to the international conference "Modern methods,
information, software and technical support of management systems of

organizational, technical and technological complexes 2022".

The work is presented on 79 sheets, contains links to the list of used literary

sources.

Structure and scope of work. The master's thesis consists of an

introduction, four chapters and conclusions.

The introduction provides a general description of the work, presents the

history and areas of use of procedural generation.

In the first section, an overview of the possibilities of computer processing
of natural text was made, an overview of the methods of symbolic calculations was
made, the task was set to create an algorithm for symbolic procedural generation,
and the task was set to create a methodology for evaluating procedural generation

algorithms.

In the second section, the analysis and selection of tools - programming
languages, algorithm implementation libraries - was carried out, data structures

were selected for the presentation of the model.

In the third section, the created algorithm of procedural generation and the

created methodology of procedural generation were described.

In the fourth chapter, the newly created algorithm was tested and a
comparative analysis of the newly created algorithm with algorithms from

commercial applications was carried out.



The results of the work are presented in the conclusions.

Keywords: procedural generation, constituent grammar, graph, natural

language processing.



