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1. OnrTuMisanist Tonosorii HeMPOHHOI MepeXXi Ha OCHOBI HEPOEBOJIIOLIMHUX aJITOPUTMIB 3 BAKOPUCTAHHSIM

PO3rajly>keHUX 00UMCIIEHb

2. Optimisation of neural network topology based on neuroevolutionary algorithms using distributed computing

Pedepar:

1. O6’exT mocmimKeHHs: mpolec No6ynoBU onTumManbHoi Tonosorii IITHM i3 3actocyBannasm anroputmy NEAT.
[TpenmeT mocyifKeHHs: METOIM, MOZeJli Ta IporpamHi 3acoby napasesnbHoi peasisaliii eTany oLiHKY IPUAATHOCTI
opraniamis y anroputmi NEAT, a Tako>X MeTOAU KiJIbKiCHOI OLIiHKY €(peKTUBHOCT] TAaKOro I1apajeslbHOrO BUKOHAHHSL.
Merta nuceprauiitHoi po60oTu: nokpameHHs eHeKTUBHOCTI anroputMmy NEAT niis nifBUlleHHS MBUAKOCTI HABYaHHS
[ITHM B yMmOBax pecypCHHUX 0OMeXeHb. Y poOOTi pO3IJISIHYTO METO[, ONITUMI3aLlii HEIIPOEBOJIIOLIMHOTO aJITOPUTMY
NEAT, mo 6a3yeTbcst Ha GopMasi3oBaHOMY aHasli3i YaCOBUX BUTPAT €BOJIIOLIMHOrO IIPOLeCy Ta BUKOPUCTAHHI
napa’sesbHOi MOZeJi OL[iHKY IPUAATHOCTI. 3allpONIOHOBAHMI MiJIXiJ, OPi€eHTOBAaHMI HA YCYHEHHS OOUNCIIIOBAJIBHUAX
0OMeXKEHb, I0BSI3aHUX i3 JOMIHYBaHHSM €Tally OLiHKYA IPUAATHOCTI B 3arajbHOMY Yaci BUKOHAHHS alrOpUTmy. ¥

poOOTi OTpUMaHO HOBI HAyKOBi pe3ysbTaTy: 1. Yriepie 3arnponoHoBaHo MogudikoBany monenb Master-Worker niis



napasiesibHOI OLiHKU NpUAATHOCTI B anroputmi NEAT i3 30epekeHHSIM KOPEKTHOCTI €BOJIIOLIMHUX MEXaHi3MiB. 2.
YmockoHaseHo Ta BIlepIne 3alpONOHOBAHO €UHUHN (GopMasi3oBaHNN aHAII TMYHUM MTiJIXil 4O OLiHIOBAaHHS Ta
ONTMMi3alii NPOAYKTUBHOCTI anroputmy NEAT, 110 I'pyHTY€TbCS Ha NTO€JHAHHI ABOX B3a€MOJIOIIOBHIOBAIbHUAX
MOJeJIEN: YAOCKOHAJIEHOI aHAIITUYHOI MOJI€JIi 4aCOBMX BUTPAT HENMPOEBOJIIOLITHOTO IIPOLLECY Ta BIIEPILE
3aMpOIIOHOBAHOI iHTErpasibHOI METPUKU OLiHKU epeKTuBHOCTI anroputmy NEAT. 3. Bnepiue 3aniporioHOBaHO METOJ,
ontumizatii anroputmy NEAT niis nifBuieHHs! LIBUIKOCTI 100YIOBY TOIOJIOTI] IITyYHUX HEUPOHHUX MEPEX, SIKUN
6asyeTbcs Ha iHTerpatii mogesni Master—-Worker 17151 napasnesbHOi OLIiHKM IPUAATHOCTI, @ TAKOXK MOJEJi 4aCOBUX
BUTPAT i iHTErpajbHOI METPUKHU 7151 OLIHKY €(EKTUBHOCTI OTPMMAHUX PillleHb Ta 3arajIbHOI IPOAYKTUBHOCTI
anroputmy NEAT. [IpakTniyHe 3Ha4€HHS OTPUMAHUX PE3yJIbTaTiB: TECOPETUYHI Ta €KCIIEPUMEHTAJIbHI pE3YJIbTaTH
IIO3BOJIMJIN CTBOPUTU €PEeKTUBHI 00YMCIIIOBAbHI IPOLeSypH Ta IPOrpaMHe 3a6e311e4eHHs 1151 IPUCKOPEHHS
HEPOEBOJIIOLIHYX aJITOPUTMIB 6€3 3a/Iy4eHHs CIeliali30BaHMX BUCOKOIIPOAYKTUBHUX-TIIAT(PopM. Peanisanis
BMKOHAaHa MOBOIO nporpamyBaHHs GO 3 BUKOPHCTaHHSIM BOYOBAaHMX MeXaHi3MiB KOHKYPEHTHOI'O IIPOrpaMyBaHHS.
3anpornoHoBaHUI MeTo[, 3abe3redye IPUCKOPEHHs HellpoeBoJoliiiHoro rnpouecy 1o 10-11 pasis nopisHsHO 3
OJIHOIIOTOKOBOIO pearlizallielo Ta MOKe 3aCTOCOBYBATUCS Y 33Jja4ax KEPYBaHHS, POOOTOTEXHIKY, MOJIE/IIOBaHHS Ta
IHIINX IPUKJIANHUX Tayly3gx. Pe3ysbTraty HOCaiIKeHb IPUIHATI 7o BrpoBamKeHHs y II1 «Ykpaincekuii Jlep>KkaBHUM
LenTp Pagiouacror» Ta TOB H'IOTPAYH]I.

2. Object of research: the process of constructing an optimal topology of artificial neural networks using the NEAT
algorithm. Subject of research: methods, models, and software tools for the parallel implementation of the fitness
evaluation stage of organisms in NEAT algorithm, as well as methods for the quantitative assessment of the
efficiency of such parallel execution. Purpose of the dissertation: to improve the efficiency of the NEAT algorithm
in order to increase the training speed of artificial neural networks under resource constraints. The dissertation
investigates a method for optimizing the NEAT neuroevolutionary algorithm based on a formalized analysis of the
time costs of the evolutionary process and the use of a parallel fitness evaluation model. The proposed approach is
aimed at eliminating computational limitations associated with the dominance of the fitness evaluation stage in the
overall execution time of the algorithm. The dissertation presents the following new scientific results: 1. A modified
Master-Worker model for parallel fitness evaluation in the NEAT algorithm is proposed for the first time, while
preserving the correctness of evolutionary mechanisms. 2. An improved and unified formalized analytical approach
to evaluating and optimizing the performance of the NEAT algorithm is proposed for the first time. This approach
is based on the integration of two complementary models: an enhanced analytical model of the time costs of the
neuroevolutionary process and a newly proposed integral metric for evaluating the efficiency of the NEAT
algorithm. 3. A method for optimizing the NEAT algorithm to increase the speed of artificial neural network
topology construction is proposed for the first time. The method is based on the integration of the Master-Worker
model for parallel fitness evaluation, a time cost model, and an integral efficiency metric for assessing both the
quality of the obtained solutions and the overall performance of the NEAT algorithm. Practical significance of the
results: the theoretical and experimental results made it possible to develop efficient computational procedures
and software for accelerating neuroevolutionary algorithms without the use of specialized high-performance
computing platforms. The implementation is carried out in the GO programming language using built-in
concurrency mechanisms. The proposed method provides a speedup of up to 10-11 times compared to a single-
threaded implementation and can be applied in control tasks, robotics, modeling, and other applied domains. The
research results have been accepted for implementation at the State Enterprise “Ukrainian State Center of Radio
Frequencies” and at NewGround LLC.
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Inentudikarop ORCID ID: 0000-0002-7775-6039

JoparkoBa iHdpopmamnist:

IloBHEe HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: Kuischkuil crosmynmii yHiBepcutet imeni Bopuca I'piHueHka
Kopg 3a €APIIOY: 02136554

Micuesnaxo,zm(eunﬂ: ByJ1. BynbBapHO-KynpsiBerka, Kuis, 04053, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: JlenapTaMeHT OCBITH 1 HayKu, MOJIOJi Ta CIIOPTY BUKOHABYOTro oprany KuiBcbKoi MiCbKOi

panu (KuiBcbkoi MicbKoi ilepsKaBHOI afMiHicTpaliii)

Inentudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. lleBuenko Pycnan CepriftoBny

2. Ruslan S. SHEVCHENKO

KBasmigikamis: x.1.1., 01.05.03

InenTudikarop ORCID ID: 0000-0002-1554-2019

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHAHYHOI 0COOH: [HCTUTYT Iporpamuunx cuctem HanjoHanbHoi akazemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05540149

Micuesnaxo,szeﬂnaz npocriekT Akapemika ['nymkosa, 6ya. 40, Kuis, 03187, YkpaiHa

dopma ByacHOCTI: [lepxasna



Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. IBaneHnko IlaByio AHIpiloBUY

2. Pavlo A. IVANENKO

KBasmigikamis: k. ¢.-m. 1., 01.05.03
Inentudikarop ORCID ID: 0000-0001-5437-9763

JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: IHCTUTYT MporpaMHux cucTem HatioHanbHOi akafemii Hayk

YKpainu

Kopg 3a €IPIIOY: 05540149

MicueBHaxo,ereHHﬂ: npocnekT Akanemika ['nymkoBa, 6yx. 40, Kuis, 03187, Ykpaina

dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpainu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoOMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
TOJIOBH paju

Baache IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUIH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTtop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallilo HAyKOBOi

OisSIIBHOCTI

Anpon Ilnnun InnapnoHoBrAY

AHpoH [Tynnun [nnapruoHnosuy

Anyenko Osnena CraHiciaBiBHA

Opuenko TersHa AHaTosiBHA

IOpuenko TeTsHa AHaTOJiiBHA



