AHOTALIIA

binokonv O.C. HeitpomepeaxeBi MoesIi Ta METOIH MiACUJICHHA CKIHYECH-
HOT'0 aBTOMATA /sl 32124 00Xoxy J1adipuHTIiB — KBasi(dikaliiiHa HayKoBa Mpans
HAa MpaBax PyKOIIHCY.

Huceptaiiis Ha 3100yTTs HAyKOBOTO CTyHeHs JOKTopa (inocodii 3a crie-
uianpHicTiO 122 — Komn’torepHi Hayku. ['any3s 3Hanb 12 [HdopmaliiiiHi TeXHO-
norii. [nctutyT kibepuetuku imeHni B.M. I'mymikosa, Kuis, 2023.

3micT aucepranii. Y BCTymi oOTPYHTOBAaHO aKTyaldbHICTh TEMH, CHOPMY-
JTHOBAHO METY Ta 3aa4i TOCIIKEHHS, PO3KPUTO HAYKOBY HOBU3HY Ta MPAKTUYHY
IHHICTh pOOOTH 1 0COOUCTHIT BHECOK 37100yBava, MPECTaBICHO 3arajibHy Xapak-
TEPUCTHKY AUCEPTAIIii.

VY nepmomy po3aijii JOCTIIKEHO PO3BUTOK IITYYHUX HEUPOHHUX MEPEK,
npoaHaiizoBaHO poOoTH HacTymHux aBropiB B.M. I'mymkos, O.I. IBaxHeHko,
Bonwsdranr Kenep (Wolfgang Kohler), Teonop Xonmc bannok (Theodore Holmes
Bullock), Hxon Kep’ro Exknc (John Eccles), Ixon ¢on Heitman (John von
Neumann), Anan Tiwopiar (Alan Turing), Boppen Makkanox (Warren Sturgis
McCulloch), Bonrep ITitre (Walter Harry Pitts), xetimc Kanbeprcon (James T.
Culbertson), Ixon Xstominre Jxexcon (John Hughlings Jackson), Kapn Jlemuti
(Karl Lashley), Honansa Onmiar ['e66 (Donald Olding Hebb), ®penk Pozen-
onar (Frank Rosenblatt), Txon Makkapti (John McCarthy), MapBin MiHcbkuit
(Marvin Lee Minsky), Haranien Pouectep (Nathaniel Rochester), Knox Illennon
(Claude Shannon), Ans0ept Mopen Attii (Albert Maurel Uttley), ennic ['abop
(Dennis Gabor). ¥ poboTrax BuIlle3a3HaYeHUX BYCHUX BUKJIaJCHI 3arajibHO B1JOMI1
ACIEKTU HEMPOMEPEKEBUX METO/IB i allTOPUTMY HAaBUAHHSI HEUPOHHHUX MEPEK.

[Topsim 3 muM, pO3MISHYTO Ta MPOAHATI30BAaHO OOYMCIIIOBAJIBHI Malllu-
HU JTaOIpUHTHOTO cepeloBUIlA. BBOASTHCS MOHATTS OOYMCIIIOBAjIbHA MAIIHMHA,
oOuKcIIOBalIbHA MalIuHa JIAOIpUHTHOTO cepeloBUIla. Po3MIsaloTbes KI1acHuH1
KOHIISTIIIIT Ta IPUKIIAAX OOYMCITIOBAIbHUX MAIMH: a0OCTPaKTHI Ta IU(POB1 aBTO-
matu 3a B.M. I'mymkoBumM, apromar Mini Ta Mypa, mamnna K.Illenona ta niaxonu
710 aBTOMATIB y JIa0ipuHTI 3a KoHuemniieto JI.bynraxa.

VY yacTuHI aJlrOpUTMH TOIIYKY HUISAXY Y JaOIpUHTI MPOBOJUTHCS OIS
cTpareriii ooxoxy j1abipuHTiB. JloCHiIKEHHS CTpaTeriit Mae 0COONMMBUI XapakTep
y 3ajia4l CUHTE3Y IiJICUJIEHHS CKIHYEHHOTO aBToMara. Buxoasuu 3 Toro, 1o jia-
OIpUHTI PO3B’SI3KM MAaIOTh MHOXKHHY 13 BOCBbMU BH/IIB, TIEPIIA MOJOBUHA 3 HUX HE
nependayae MPUNUHATTS PIllIEHHS, a pyra MOJOBHHA Tependadae MpUUHATTS Pi-
[ICHHSI, TOMY BUXOJSYH 3 IbOTO CKIHYEHHUH aBTOMAT MOBUHEH 3MIHIOBATU CBOE
TIOJIOXKEHHS 3T1JTHO 3 OOpaHO CcTpaTeriero mouryky. Jljis BUSBICHHS Ta JOCTiA-
KEHHSI CTpaTerii MONIIyKy pO3MISAAI0THCS HACTYMHI METOAM 00XOMy J1abipuHTY



JUTS 3HAXODKEHHS LIJTOBOTO CTAHY CUCTEMU: aJITOPUTM OJHIET pyKH Ta allTOPUTM
b.A. TpaxTeHOpoTa 3 BIaCTUBOCTSIMU ONTHUMATIBLHOTO 00XO/TY JIAOIpUHTY.

Kpim 11010, copMynbOBaHO HACTYITHI OCOOIIMBOCTI MIPEICTABICHUX CTPa-
Teriit 06xomy 1abipuHTIB. AJITOPUTM OJIHIET PYKH € OJIHIEIO 3 €JIEMEHTAPHUX CTpa-
Teri 00xoay Ja0IpUHTY 3 METOIO MOIIYKY IIbOBOTO CTaHy. Tako), HETaTUBHHU-
MU pUCaMU aJTOPUTMY € Te, III0 METOIU HE 3aBXK A1 MAIOTh PO3B’SI3KHU Y ITUKIIIYHUX
n1a0ipuHTaX # HEMOXKIIMBO OOYMCIIUTH HEJOCSKHICTh LIJTLOBOTO CcTaHy. MeToj omn-
TUMaIbHOTO 00X01y MabipuHTy b.A. TpaxtenOpora. Jlanuii MeTo rapaHTy€e 3Ha-
XOJDKEHHST HAWKOPOTIIIOTO HUISIXY, BiH 0a3y€ThCs HA MPOCTHUX OIepallisix i Horo Jo-
CUTH JIeTKo peani3yBaru. [lopsia 3 uum, 11eit MeTos Mae MoyiiHOMiadbHy CKIaIHICTh
1 00paxoOBY€ETHCS HA 3BAKCHUX rpadax.

Kpim 1poro, ciiji 3a3Ha4nTy, 1110 HEHpOMepexKeBE MIACUICHHS CKIHUEHHOTO
aBTOMAaTa 3aJIeKUTh BiJ CEPEOBUILA B AKOMY (YHKIIOHY€E JNaHUW MPUCTPIH, BU-
XOZSTYH 3 TOTO, 110 JIAOIpUHTHE CEPEIOBUIIIE MOIIAETHCS HA TPU OCHOBHI BUJIH, &
caMe: IaxoBHH JTa0ipuHT (T0JIe pO30KTE Ha KIIITHHKHA OJHAKOBOTO PO3MIpY), Tpa-
¢doBuil 1abIpUHT (BEpIIMHU 3’ €THYIOTHCS pedpaMu) Ta Ja0IpUHTH JOBUIbHUX CTIH
(ctinu MaroTh (GopMy OBaJliB 20O CIUIalHIB 13 OararbMa BUCTyaMU Ta 3anajuHa-
MH). ABTOp aKIIEHTY€ yBary y 3a/1aqi CHHTE3y MiJCHJICHHS CKIHUEHHOTO aBTOMara
OpIEHTYBaTUCh Ha IIaxXOB1 oAuHapHI Ja0ipuHTH. OIUHAPHUN JaOIpUHT Ma€ Taky
Ha3BYy TOMY, 1110 BIH PO30MBAETHCA HA KIIITUHKHU OJJHAKOBOTO PO3MIpY 1 I JOPOTH
a00 HE TOPOTH BIIBOAWTHCS OJTHA KIIITHHKA.

VY npyromy po3aiii, B paMkax 3a/1a4ui CHHTE3Y IACUICHHS CKIHUEHHOTO aB-
TOMaTa, 10CI1KYIOThCS HEMpOMEpEKeB1 MOJIeI Ta METOAM MiACUICHHS CKIHUCH-
HOTO aBTOMara JJig 3aja4di 00XoAy JIabipHHTY Ha OCHOB1 OJJHOILIAPOBOI Hepome-
peXeBoi MoJIeIl JJIsl 3UUTYBaHHS JA0IpUHTY Yy MiHIMAIbHIA 30H1 OTJISTY.

VY il yacTuH1 3M1MCHIOETHCA CTUCIHMM BUKJIAJ TCOPETUYHUX KOHIICIIIIN.
HaBonsatbest MeToau AOCTiIKEHHS, aHaJI3yETHCSI METOJ] 3BOPOTHOTO PO3MOBCIO-
KCHHS TTOMIJIKH Ta aJTOPUTM HAaBYAHHS, MPOBOJUTHCS TECTYBAHHS AJTOPUTMY
3BOPOTHOTO PO3IMOBCIOMKEHHSI TOMUIIKH, BUKIIAIAIOTHCS PE3YIbTaTH MOZCIIIOBAaH-
HSl Ta 00YHMCIIIOBANIBHOTO €KCIIEPUMEHTY, HABOATHCS I€IKI OOTOBOPEHHS PE3Yilb-
TaTiB. Pe3ynbraToM 1bOT0 pO3/ily € WUMOBIPHICTh KOPEKTHOI Kiacudikamii P, Ha
piBHI 22%.

VY TpeTboMy po3aisi, MOAEIIOETHCS OHOBIIEHA JIBOIIAPOBA HEMpOMepexKeBa
MOJIEeJb MiJICUJICHHSI CKIHUEHHOTO aBTOMAaTa JJIsl 3UMTYyBaHHA JIAOIPUHTY y MiHI-
MaJbHOMY paiioH1 omisiy. Takok MPOBOASTHCS OOUHMCITIOBAIbHI €KCIIEPUMEHTH 31
3MIHEHOIO KIJIbKICTIO HEMPOHIB Y BHYTPIITHBOMY IIapi. Y MpOAOBXKEH1 IBOIIApOBa
HelpoMepekeBa MOJIEIb IMiJICUICHHS! CKIHUEHHOTO aBTOMAaTa BUKOPHCTOBYETHCS
JUTSL 3YMTYBaHHS JTa01pUHTY B 0KoJIi poH HeliMaHa nepiioro nopsiiky, BAKOHYETh-
sl OOUMCITIOBAJIbHUI €KCIIEPUMEHT Ta HABOJATHCS PE3YJIBTAaTH 38 OHOBJIEHUM OKO-
J0M orIsiAy. Takox MPOBOAMTHCS MOPIBHSUIBHUIM aHai3 IBOX OKOJIIB orisiay. Pe-
3yABTaTOM IILOTO PO3ALTY € HMOBIPHICTH KOPEKTHOT Kiacudikarii P, Ha piBH1 95%.



KurouoBsi cioBa: IlItyuni HelipoHHI Mepexi, CKIHYCHHUI aBTOMAT, IiJICH-
JICHHSI CKIHYEHHOTO aBTOMaTa, OOYMCIIIOBaJIbHA MAIllMHA, JA0IpUHT, JJaOIpHHTHE
CepeIOBHIIIE.



ABSTRACT

Bilokon O. S. Neural network models and methods for amplification finite
state machine for tasks of traversing mazes - Qualification scientific work with the
manuscript copyright.

Dissertation for the Doctor of Philosophy degree by specialty 122 -
Computer Science. Field of knowledge — 12 Information technology. V.M.
Glushkov Institute of Cybernetics of the National Academy of Science of Ukraine.
— Kyiv, 2023.

The contents of the dissertation. In the introduction, the relevance of the
topic is substantiated, the purpose and objectives of the study are formulated, the
scientific novelty and practical value of the work and the personal contribution of
the applicant are revealed, and the general characteristics of the dissertation are
presented.

Chapter 1 examines the development of artificial neural networks,
analyzing the works of the following authors: V.M. Glushkov, O.G. Ivakhnenko,
Wolfgang Kohler, Theodore Holmes Bullock, John Eccles, and John von
Neumann. Alan Turing, Warren Sturgis McCulloch, Walter Harry Pitts, James
T. Culbertson, John Hughlings Jackson, Karl Lashley, Donald Olding Hebb,
Frank Rosenblatt, John McCarthy, Marvin Lee Minsky, Nathaniel Rochester,
Claude Shannon, Albert Maurel Uttley, Dennis Gabor. The works of the above-
mentioned scientists describe well-known aspects of neural network methods and
the neural network training algorithm.

Along with this, maze environment computers are described and analyzed.
The labyrinthine environment computers are described and analyzed. The concepts
of a computer and a labyrinthine environment computer are introduced. Classical
concepts and examples of computing machines are considered: abstract and digital
machines by V.M. Glushkov, the Miles and Moore machine, the C. Shannon
machine, and approaches to machines in a maze by L. Buddah.

In the section on algorithms for finding a path in a maze, we review some
strategies for traversing mazes. The study of strategies is of particular importance
in the problem of synthesizing the gain of a finite state machine. Assuming that the
maze solutions have a set of eight types, the first half of them do not involve making
a decision, and the second half involves one. Therefore, the finite state machine
must change its position according to the chosen search strategy. To identify and
study search strategies, the following maze traversal methods are considered to
find the target state of the system: the one-handed algorithm, the B.A. Trachtenbrot
algorithm with the properties of optimal maze traversal.

In addition, the author formulated the following features of the presented
maze traversal strategies. The one-handed algorithm is one of the elementary
strategies for traversing a maze in order to find the target state. Also, the negative
features of the algorithm are that the methods do not always have solutions in cyclic
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mazes and it is impossible to calculate the unattainability of the target state. B.A.
Trachtenbrot’s method of optimal maze traversal. This method guarantees finding
the shortest path, it is based on simple operations, and it is quite easy to implement.
At the same time, this method has polynomial complexity and is computed on
weighted graphs.

In addition, it should be noted that the neural network amplification of a
finite state machine depends on the environment in which this device operates,
based on the fact that the labyrinthine environment is divided into three main types,
namely: a chess maze (the field is divided into cells of the same size), a graph maze
(vertices are connected by edges), and arbitrary wall mazes (walls are shaped like
ovals or splines with many protrusions and depressions). The author emphasizes
to focus on chess single mazes in the problem of synthesizing the gain of a finite
state machine. A single maze has its name because it is divided into cells of the
same size and one cell is allocated for a road or a non-road.

Chapter 2 deals with the problem of synthesizing the gain of a finite state
machine and investigates neural network models as well as methods of finite
automaton gain for the maze traversal problem based on a single-layer neural
network model for reading the maze in the minimum viewing area.

This part briefly presents theoretical concepts. The research methods
are presented, the error backpropagation method and the learning algorithm
are analyzed, the error backpropagation algorithm is tested, the results of the
simulation and computational experiment are presented, and some discussion of
the results is provided. The outcome of this section is the probability of correct
classification of P. at 22%.

In Chapter 3, the next step is to simulate an updated two-layer neural
network for the finite state machine with amplification model for reading the maze
in the minimum viewing area, and computational experiments are conducted with
a changed number of neurons in the inner layer. In the sequel, a two-layer finite
state machine gain neural network model is used to read the maze in the first-
order von Neumann neighborhood, a computational experiment is performed, and
results are presented for the updated viewpoint. A comparative analysis of the two
neighborhoods is also performed. The result of this section is a P, classification
probability of 95 %.

Key words: Artificial neural networks, finite state machine, finite state
machine amplification, computer, maze, maze environment.



