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1.187 c., 4 po3g,, 19 puc., 36 Tabn., 2 nox., 124 mxepena. AITTAPATHI OBMEXEHHA], BATATOIIIAPOBUI
TEPLEINITPOH (MLP), TEHETUYHWU AJITOPUTM, IJIMBOKE HABYAHHSI, 3TOPTKOBI HEMPOHHI MEPEXI
(CNN), 3JIUTTS MOJIEJIEN, MAITVHHE HABYAHHS, HEMPOHHI MEPEXI, OITTVMI3ALIIA T'TTEPTIAPAMETPIB,
TTPOPIJIDKYBAHHS, CTUCHEHHS MOJIEJIEN, CYPOTATHA MOJIEJIb, CMA-ES, NUMPY, PYTHON. O6'ekt
IOCIIiIKEHHS — MIPOLECH ONTHUMI3allii IapaMeTPiB Ta CTPYKTYPU HEMPOHHUX MepeX. [IpeIMeT JoCiiKeHHs —
METO/IM Ta aJITOPUTMHU 3aCTOCYBAHHSI €BOJIIOLIITHUX 009K CIIeHDb AJ1S CTPYKTYPHOI ONTUMi3alii, mouyky
rineprnapameTpiB i 3IUTTSI HEMPOHHUX MepesK. MeTa IOoCifiKeHHs — MiiBUIlleHHs1 e(eKTUBHOCTI MpoLeciB
onTUMi3allii NapaMeTpiB Ta CTPYKTYPH HEMPOHHUX MEPEX LIISIXOM PO3POOKH Ta NOCJIiIKEHHS €BOJIOLINHAX
METO/IiB CTUCHEHHS, OIITUMI3allil rineprnapaMeTpis Ta 3JUTTI Mogesiel. Metonu nociimkenHs. Metoau

CHCTEMHOTO aHaJli3y 3aCTOCOBAHO JJ1s1 Kacuikauii nizxonis Ta GpopmysoBaHHS 3aa4. EBosoniliHi asroputmu



6esnepepsHoi ontuMizauii (CMA-ES, nudepeHLianbHa eBOJIOLis, FEHETUYHUIN aJITOPUTM) — 17151 TOIIapOBOTO
PO3NOAiNY PO3PiIKEHOCTI, ONTUMI3allil rineprnapameTpis Ta 3JIUTTS MOAENeH. MeTonu Teopii MaTpuLb
(ampokcumaris ciiny matpuui 'ecce, ABoHaNpasieHa METPUKA CIIOPIIHEHOCTI HEMPOHIB) — [J1s1 OLiHKY BaXKJIMBOCTI
Bar Ta HelipoHis. CyporatHe mogeintoBaHHs (Random Forest) - nyg ontumizauii rinepnapamerpis. Bararopykuii o-
KaliOHMI1 6aHIUT — 17151 KOHTPOJIIO IOCTOBIPHOCTI cyporaty. HenmapamerpuyHa cratucTuka (kputepii pigmana,
Hemesi, BikokcoHa, 6yTcTpan-A0Bipyi iHTepBan) — AJis OLiHIOBaHHS €PEeKTUBHOCTI MeTogiB. ['71nboKe HaBYyaHHS
Ta 00'€eKTHO-OPi€HTOBaHE IIPOrpaMyBaHHs — IJIs1 peasisaliii MpOTOTHUIIIB. AllapaTypa Ta IpOrpaMHe 3a0e3MeYeHHs..
O6uncneHHs BUKOHaHO Ha Apple MacBook Air (M2, 16 I'D), nepeBakHO Ha LIEHTPaJIbHOMY IIPOLECOPi B
OJIHOIIOTOKOBOMY peskuMi. Bukopuctano Python 3.11, PyTorch 2.1 3 6ekernnom MPS, NumPy, SciPy, scikit-learn,
pycma, DEAP ta matplotlib. Pezynbratu. Po3po6eHo anapaTHO-He3ale>kKHy METPUKY O0YMCIII0BaIbHOI BAPTOCTI
RCU, MakcuMasbHUI 3CYB SKOi 32 CTPECOBUX YMOB CTaHOBUTS 14,1 % ropiBHsHO 3 868-959 % 17151 peanbHOTO Ta
IIPOLIECOPHOrO Yacy. Brniepmie 3anpononosano Tpu meroau. Meron TESA-26 BUKOHye NPOPIIKyBaHHS HEMPOHHOI
Mepexi 6e3 3MiHu ii cTpykTypu. YacTka 36epeskeHrx BaroBux KoeQillieHTiB y KOXKHOMY 1Iapi BU3HAYAETbCSI
€BOJIIOLiTHMM IIOIIYKOM, IiCJIs IPOMDXHOIO NPOPiIPKyBaHHS 3HAUYILiCTh KOe(illieHTiB 00UNCII0ETCS IOBTOPHO, @
TaKOXX BPAaxOBY€EThCS WITPad 3a NOBHICTIO €aKTUBOBaHI HEMPOHU. MeTO[I T0Ka3aB HalKpaluil CepeHil paHr
®pinmana 2,04 nopisasiHO 3 Magnitude, WANDA, SparseGPT i RIA Ha 6 Habopax maHux, 12 piBHSX IPOPiIKyBaHHS
Ta 1080 3anmcax. Meton GFCS BUKOHY€ yIIi/IbHEHHS PO3PiIKEeHOI HEMPOHHOI Mepexki. Floro sapo npaigoe
BMKJIIOYHO 3 BaroBUMH Koe(illieHTaMU MOJieJli ¥ He TOTpebye aHi IOBHOTO NTepeHaBYaHHsl, aHi JOCTYIy 10
HaBYaJIbHOI BUOipKU. MeTo, eBOTIOLiIHO BU3HAYAE KiJIbKiCTh HEHPOHIB, SIKi HOLIIBHO 36€perTy B KOXXHOMY L1api, Ta
00'e[IHy€e HaJJIMIIKOBI HEMPOHU 32 CIIOPiHEHICTIO IXHIiX BXiIHMX i BUXiTHUX 3B's13KiB. Lle 3a6e3rneunsio CTUCHEHHS Y
7,6 pasa Ta cepeiHe IPUCKOPEHH Y 1,42 pa3a, a Micjsl KOPOTKOro JOHANAMTYBAHHS SIKICTh 30€pPEXXEHO Ha BCiX 8
Habopax gaHuX. Y MeTOi MOIIYKy rineprnapaMmeTpiB HEMPOHHUX MEPEX €BOJIIOLINHNI aropuTM GopMye Ta
BimOupae MOXKJIMBI 3HaYEHHS rineprapaMeTpiB 6€3 MOBHOTO HaBYaHHS MePEeXi IJ1s1 KOXKHOTO BapiaHTa. JlornoMiskHa
MOJeJib BU3HAUa€ OUiKyBaHe 3HAYeHHs 11isboBOi QYHKIIi 151 cGOPMOBaHMX BapiaHTIB, MiCJIsl YOro Ha peajibHe
HaBYaHH{ I€PEJAETLCA JINILIE OOVH i3 HUX. MeToq peasnizoBaHo y ABox Bapianisax, SACMA-DAC i SACMA-MAB, ki
nocinu 1-2 micug cepeq 9 ninxonis Ha 43 3agavax 3a cepegHimu paHramu 2,47 i 2,95 ta AUCC 0,92571 0,9210.
YIOCKOHAJNIEHO METOJ, 3JIUTTS HEMPOHHUX MEPEX 17151 BUIIAAKY, KOJIM BUXiJTHI MOZ€Jli HaBY€HI Ha Pi3HUX
IiZIMHOXXMHAX KJaciB abo gaHux. 3anpononosanuil meton ENT He ycepenHioe Baru mogesei, a popmye 06'efHaHy
MEpPEXY 3 YaCTMHU HEUPOHIB MEPLIOi Ta APYroi MOAeJIEN, CKIA, SIKOI Ta BHECOK KOXKHOI MOZEJIi [J1s1 Pi3HUX KJIACIB
BM3HAYa€ reHeTUYHUN anroputM. LlinboBa PyHKLis BpaxoBye 4aCTKy IIPaBUJIbHO PO3Ii3HAHUX NIPUKJIAMIB Y BCil
BaJlifaliiixii BUGipLi Ta OKpeMO TOYHICTb [J1s1 Halriplle po3mi3HaBaHoro kiaacy. Posniznano 10 3 10 kiacis i3
toyHicTio 0,749 i 6anancom 0,981, a micns kaniopauii ENT-FT tounicts 3pocna go 0,917, MinimMasnpHa Ky1acoBa
TouHicTb — 10 0,840 3a 6anancy 0,957. EQekTuBHICTb yIIpoBayKeHHs. Pe3ysibTaT BIPOBAIPKEHO Y BUPOOHNYY
nistmpHicTs TOB «CJJ TTpod3s'szok» (E€PIIOY 38061866), mo ninTepxeHo akroM. Metonu TESA-26 i GFCS 'y
CKJIaJli NPOrpaMHOr0 MOAYJIsl CTUCHEHHS HEpOMEPEeKeBUX MoJieslel 3a0e3MeYnin CTUCHEHHS BlIBivi Ta
IIPUIIBUJIIIEHHS] 06POOKY JaHuX noHas 40 % B iHCTpyMEeHTaXxX OIPAaIl0OBaHHS MI0JIbOBUX BUMipPIOBaHb IJIs1
IiarHOCTHKY CTaHy 00'eKTiB 3B's13Ky Ha MOOiIbHUX MpUCTposix. Metogu SACMA-DAC i SACMA-MAB ynpoBazkeHo y
CKJIaJli MOJlyJI1 aBTOMATM30BaHOrO Nii6opy rineprnapameTpis, iIHTETPOBAHOTIO y IIPOLIEC TPEHYBAHHS MOJieielt
KoMIIaHii. ['aly3b BAKOPUCTaHHS — CUCTEMY MALIMHHOI'O HaBYaHHS: CTUCHEHHS HEIPOMEPEeKeBUX MOJesIeN IJ1sl
IIPUCTPOIB 3 06MEXEHMMU 00YMCIIIOBAIbBHUMU PeCypCaMy, aBTOMaTU30BaHuI 106ip rinepnapamerpis (AutoML),

MMOBTOPHE BUKOPUCTAHHS 1 06'efHAHHS MONEpPeIHhO HABYUEHUX MOJIeeN.

2.187 p., 4 chapters, 19 fig., 36 tab., 2 app., 124 references. CMA-ES, CONVOLUTIONAL NEURAL NETWORKS (CNN),
DEEP LEARNING, GENETIC ALGORITHM, HARDWARE CONSTRAINTS, HYPERPARAMETER OPTIMIZATION,
MACHINE LEARNING, MODEL COMPRESSION, MODEL MERGING, MULTILAYER PERCEPTRON (MLP), NEURAL
NETWORKS, NUMPY, PRUNING, PYTHON, SURROGATE MODEL. The object of research is the processes of
optimizing the parameters and structure of neural networks. The subject of research is methods and algorithms
for applying evolutionary computation to structural optimization, hyperparameter search, and neural network
merging. The research objective is to improve the efficiency of parameter and structure optimization processes for



neural networks through the development and investigation of evolutionary methods for model compression,
hyperparameter optimization, and merging. Research methods. System analysis was applied to classify approaches
and define research problems. Evolutionary algorithms for continuous optimization (CMA-ES, differential
evolution, genetic algorithm) - for layerwise sparsity allocation, hyperparameter optimization, and model merging.
Matrix theory methods (Hessian trace approximation, bidirectional neuron affinity metric) - for evaluating weight
and neuron importance. Surrogate modeling (Random Forest) - for hyperparameter optimization. An o-greedy
multi-armed bandit - for surrogate reliability control. Nonparametric statistics (Friedman, Nemenyi, Wilcoxon
tests, bootstrap confidence intervals) - for evaluating method effectiveness. Deep learning and object-oriented
programming - for implementing software prototypes. Equipment and software. Computations were run on an
Apple MacBook Air (M2, 16 GB), mainly on the CPU in single-threaded mode, using Python 3.11, PyTorch 2.1 with the
MPS backend, NumPy, SciPy, scikit-learn, pycma, DEAP, and matplotlib. Results. A hardware-independent
computational cost metric RCU was developed, whose maximum shift under stress is 14.1 % versus 868-959 % for
wall-clock and CPU time. Three methods are proposed for the first time. The TESA-26 method performs pruning
without changing the network structure. The fraction of retained weights in each layer is determined by
evolutionary search, weight saliency is recomputed after intermediate pruning, and a penalty for fully deactivated
neurons is applied. The method achieved the best mean Friedman rank of 2.04 compared to Magnitude, WANDA,
SparseGPT, and RIA on 6 datasets, 12 pruning levels, and 1,080 records. The GFCS method densifies a sparse neural
network. Its core operates solely on the model's weight coefficients and requires neither full retraining nor access
to the training set. The method evolutionarily determines the number of neurons to retain in each layer and
merges redundant neurons by the similarity of their incoming and outgoing connections. This yielded 7.6x
compression and a 1.42x average speedup, and after brief fine-tuning quality was preserved on all 8 datasets. In the
hyperparameter search method, an evolutionary algorithm forms and selects possible hyperparameter values
without fully training the network for each variant. An auxiliary model estimates the objective function value for
generated variants, after which only one is sent for real training. The method is implemented in two variations,
SACMA-DAC and SACMA-MAB, which ranked 1st and 2nd among 9 approaches on 43 tasks with mean ranks of 2.47
and 2.95 and AUCC of 0.9257 and 0.9210. The method for merging neural networks was improved for cases when
source models are trained on different subsets of classes or data. The proposed ENT method does not average
model weights but forms a merged network from part of the neurons of the first and second models, whose
composition and each model's contribution for different classes are determined by a genetic algorithm. The
objective function accounts for the fraction of correctly recognized examples in the entire validation set and
separately for the accuracy of the worst-recognized class. The method recognized 10 out of 10 classes with
accuracy 0.749 and balance 0.981. After ENT-FT calibration, the accuracy increased to 0.917 and the minimum class
accuracy to 0.840, with balance 0.957. Implementation effectiveness. The results were introduced into the
operations of LLC "SD Profzviazok" (USREOU 38061866), per an implementation certificate. TESA-26 and GFCS, as
part of a neural network model compression module, provided twofold compression and over 40 % faster data
processing in tools processing field measurements for diagnosing communication facilities on mobile devices.
SACMA-DAC and SACMA-MAB were deployed in an automated hyperparameter selection module integrated into
the company's model training process. Field of application - machine learning systems: compression of neural
network models for resource-constrained devices, automated hyperparameter selection (AutoML), and the reuse
and merging of pre-trained models.
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