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Purpose and objectives. . The greatest interest in the gradient method in recent years is due to
the fact that gradient descents and their stochastic or randomized variants underlie almost all
modern learning algorithms developed in data analysis [1]. Most optimization algorithms
come from propositions that have access to an exact gradient or hessian. In practice, there is
usually only a noisy or even biased estimate of these values. Almost all deep learning
algorithms are described on sample estimates, by extreme networks, in terms of the use of
mini-packages of learning examples to calculate the gradient. It also happens that the
objective function that minimizes is one that has no computational solution. In this case, there
is usually no computational solution to the gradient calculation problem, and then only the
approximate gradient remains. Such problems most often arise in complex models, for
example, the algorithm of the compared distribution (contractual divergence) offers a method
of approximation of gradient functions of logarithmic plausible mechanical engineering.
Various neural network optimization algorithms have been developed to compensate for
inaccurate gradient estimation. The problem can also be found by choosing a surrogate loss
function that is even more approximate than true. In any case, gradient descents and their
stochastic variants underlie almost all modern learning algorithms. The purpose of the study
is to develop a software tool that allows you to investigate and compare experimentally the
effectiveness of different options for software implementation of algorithms that use the
gradient as the direction of descent. The options involve a variety of methods for constructing
descent directions using a gradient direction..

Object and subject of research. The object of research is the features of software
implementation of algorithms that use the gradient as the direction of descent. The subject of
the research is the issues related to the comparative analysis of the most common and well-
founded technologies of selection and calculation of directions and steps that use algorithms
that correspond to the above scheme.
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Research methods and tools. The main research method that determines the research
technology is the method of computational experiments applied to nonlinear unconditional
optimization problems. Important tools for the implementation of research methods are also
.NET programming technologies, software models for building visual graphical
representations and data aggregation. Research methods are implemented with the help of
programming patterns based on .NET technologies.

Scientific novelty and practical significance of the obtained results. Methods of unconditional
optimization is one of the important directions in engineering practice. The basic numerical
method of unconditional optimization are methods that use the gradient of the function as the
direction of descent.

The software product described in this paper allows to obtain and substantiate
recommendations for the choice of a set of parameters of nonlinear optimization methods.
The recommendations are based on experiments with the most complex functions for descent
methods. Programs based on similar principles and having the above characteristics are not
known.

Keywords: filament, system of serve of filament, directing elements, strainers of filament.

Beryn

Mema i 3a60anus. Ha#6inpmmii iHTEpeC 10 TPaaieHTHOTO METOAY B
OCTaHHIX POKax IOB'SI3aHUH 3 THM, IIO TPAMIEHTHI CITyCKH Ta IX CTOXaCTHYHI
abo paHJOMi30BaHI BapiaHTH JieKaTb B OCHOBI Maike BCIX Cy4YacHHX
aNrOpUTMIB HABYaHHA, po3pobieHnx B aHamizi jgaHux [1]. bBinmemicts
ANTOPHUTMIB ONTUMI3aMii TOXOIUTH i3 TPOIO3HIIH, IO Ma€ AOCTYII IO TOYHOTO
rpanienTy abo reciany. Ha mpakruui 3a3Buyail € nume 3amrymyieHa abo HaBiTh
3MillleHa OIliHKA IMX BEIWYWUH. Maibke BCi alrOPUTMH TIIMOOKOTO HaBUYaHHS
OIUCYIOThCS Ha BUOIPKOBUX OIIHKAX, 3a KpaiHIMH MepekaMH, Y TOMY, IO
TOPKA€ETHCS BUKOPUCTAHHSl ~MiHI-IIaKeTiB HABYAIBHUX HPUKIAAIB UL
obumcneHns rpamieHTa. byBae i Tak, mo migpoBa (YHKINS, sSKa MiHIMI3YE, €
TaKOI0 II0 HE Ma€ OOYMCIIOBAILHOTO PO3B’sI3aHHS. Y TaKOMY BUIIAIKY HE MA€
OOYHMCITIOBAEHOTO PO3B’SI3aHHS  3BMYANHO 1 3aBAaHHS IiIPaXxyHKy Ipaji€eHTa,
a TOJIi 3aTMIIAETHCS JIUIIE allPOKCHMOBAHMH TpamieHT. Taki mpobieMu JacTiie
BCHOTO  BHHHMKAIOTh B  CKIAAHUX  MOJAENSAX, HANPUKIAA, aJrOPUTM
CIIBCTAaBJICHOTO pO3MOJiTY (KOHTPAaKTHBHA JAWBEPTEHIlis]) IPONOHYE METOJ
ampokcuMamii TpamieHTHHUX (YHKIIH JorapudMidHOTO TPaBIOMOAIOHOTO
MamuHOOyyBaHHS. i1 KoMIIeHcanii HeTOYHOI OLIHKK TpajieHTa po3polIieHi
pi3HI aJITrOpPUTMH oNTHMI3alii HEHpOHHHX Mepex. [IpobieMy MokHa 3HaiTH
TaKOX 3a JIONOMOTOI0 BHOOPY cyporaTHoi (yHKIii BTpar, sika Ime OimbIre
amnpoOKCUMY€, YUM iCTUHHA. B Oynp sIKOMy BHIaJKy Tpajli€HTHI CITyCKH Ta iX
CTOXacCTHYHI BapiaHTH JIeXKaThb B OCHOBI Maike BCIX Cy4acHHX aJTOPHTMIB
HaBYaHHA. MeTa IOCTiKEHHS pO3pOOHTH HporpaMHMH 3acid, IO J03BOJISIE
JMOCTITUTH 1 TIOPIBHATH EKCICPUMCHTAIBHO e(EeKTHBHICTh PI3HUX BapiaHTIB
IporpaMHOi peanizaiii aJropuTMiB, 10 BHKOPHUCTOBYIOTh TPaJi€HT B SKOCTI
HaNpsIMKY CITyCKy. BapiaHTu 1oB’s3aHi 3 pi3HOMaHITHUMH METOJaMU OOYI0BH
HAaIpsMKIB CIIyCKY 3 BUKOPUCTAHHSM HalpsMKy, III0 BU3HAYa€ rPaIi€eHT.
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O6’ckm  ma npedomem Odocaioxcennss. (OO’€KTOM  TOCTIDKECHHS €
0c00JIMBOCTI TIPOTPaMHO] peaji3amii aIropuTMiB, III0 BUKOPHCTOBYIOTh TPAIIEHT
B SIKOCTI HampsIMKy cirycky. [IpeaMeTroM nocmifKeHHS € THTaHHS II0B’SI3aHi 3
HOPIBHAJIBHUM aHAII30M HaHOUIBII MONIMPEHUX Ta OOIPYHTOBAaHUX TEXHOJIOTIH
BHOOPY Ta OOYMCIICHHS HAMPAMKIB Ta KPOKiB SKi BUKOPHCTOBYIOTH aJTOPUTMU,
IO BIATIOBIAAIOTH HABECHIN CXEMi.

Memoou ma 3acobu docnioxncenns. OCHOBHUM METOIOM JOCHIHKEHHS, 110
BH3HAYa€  TEXHOJIOTIKO  JIOCHIPKCHHS, € MeTox  OOYHCIIOBAILHUX
eKCIePIMEHTIB, IO 3aCTOCOBYIOThCS JO 3aAad HeNiHiifHOI O0e3yMOBHOI
onrtumizanii. Baxknuei 3acodu 11 peanizamii METOMIB TOCITIHKEHHS 1€ TaKOX
texHosorii mporpamyBanHHs .NET, nporpamui Mmoneni moOyaoBH HAaOYHHX
rpadiuHUX TIpPENCTaBIIEHb Ta arperamis JaHuX. Peami3yloTbes METOIH
JOCIIKEHHsT 3 JIOTIOMOTOI0 IaTepHiB TPOrpaMyBaHHs Ha 0a3i TEXHOJOTii
.NET.

Haykoea nosusna ma npakmuyhe 3HAYEHHS OMPUMAHUX De3VIbMAMIG.
Meroau 6e3yMOBHOI onTHMI3anii OJMH 13 BaXJIMBUX HAIPSMKIB B iH)KEHEPHIH
mpakThii. ba3oBUM 4yMCeNTbHUM METOJOM 0E3yMOBHOI ONTHMI3allii € METOH,
[0 BUKOPUCTOBYIOTH TPAli€HT QYHKITT K HAPSMOK CITyCKY.

Onucanuii B JaHiii poOOTI MPOrpaMHUM MPOXYKT J03BOJISIE OTPUMATH Ta
OOTpyHTYBaTH pEeKOMEHIAIll I BHOOPY CYKYITHOCTI MapaMeTpiB METOIIB
HenmiHiifHOT omTuMizamii. PexoMeHpamii 0a3yloThcss  Ha eKCHEPHUMEHTax 3
HaWCKJIQJHIIIMMU JUIsl METOAIB cycKy ¢yHkuisx. [Iporpamu, mo 6a3yiorses Ha
MOiOHUX MPHUHIUIAX 1 MAIOTh HABEJEHI XapaKTEPUCTUKU HE BiIOMI.

OcHOBHa YacTHHA
[TpeameToM IOCHIIKEHHS € MUTAHHS OB 5I3aHi 3 MOPIBHUILHUM aHAJIi30M

HAMOUTBII MOIIMPEHUX Ta OOIPYHTOBAHHX TEXHOJOTIH BHOOpPY HANpSMKIB Ta
KPOKIB SIKi BAKOPHUCTOBYIOTh QJITOPUTMH, 1110 BIJIIIOBIIAIOTH CXeMi

Xiel = X — /’lk (V'(Xk) + VZ'(Xk)), k :0, 1....

1 HampsIMKA  V'(xy), Ta v,'(x;) BU3HAYA€THCA 3 IOTIOMOTO TPATi€HTY.

s mpoGiteMa € HaWOLTBIT BAXKIIMBOIO (BH3HAYAE KOJIO 3a/1a9 SIKi MOXKYTh
OyTH JOCIHiJKCHi) B HENIHITHOMY INpOorpaMyBaHHI i, B Haml dYac, HE Mae
TEOPETHYHOTO PO3B’S3KYy. TeopeTnuHy SIKICTh aJITOPUTMIB CIIyCKY AJISL 3aaad
HENHIHHOTO MNpOorpaMyBaHHs XapaKTepHU3ylOTh I[apaMeTpoM IO BHU3HAYaE
HacTylHa GopMajbHa 3aJIeKHICTh

j+l

X0 - x#] <= g I - x*|| a6o || X - x*|| <=g [Ix; - x|

HaBenene CchoiBBIAHOIIEHHS  BH3HAYac KJIACH IIBHUIAKOCTI 301HOCTI
anroputMiB. TeopeTHyHa OlliHKA (SKICTh) aJITOPUTMIB HE 3aBXKIH 30IracThes 3
NPaKTUYHUMHK pe3yibTaTaMH 1 e  MiATBEpP/DKEHO NporpaMmoro, mo Oyia
3aIpOIIOHOBaHA.

B [3] Bim3HauyaeThcs 1m0 s 3aBAaHb OC3CYMHIBHOI MiHiMi3arlil
HAWMOMyNAPHIKK 3apa3 € HACcTYmHWH (ZBOKPOKOBWI) BapiaHT IIBHAKOTO
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rpagieHTHOr0 MeTony. OOYHUCICHHS BHKOHYIOTHCS BIAMOBIMHO HaBEICHUM
HIDKYE (hopMyIam

=yt —%Vf{_\'A ),

OO0umCcIIOBaNIbHI €KCIIEPUMEHTH, 110 OYJIM IPOBE/ICHI, HE MiTBEPIMIN 1Ie
TBEPHKCHHSL.

Ha wmamonKy TpaekTopiss 2 BinmoBimae (IBOKPOKOBOMY) BapiaHTY
HIBUJIKOTO TPaliEHTHOTO METO/Y, @ TPAEKTOPist | BU3HAYAE TPAEKTOPIIO BAXKKOTO
HIapuKa.

M ¢yskuii PozeHOpoka eQeKTHBHICT (IBOKPOKOBOTOH) BapiaHTY
MIBUIKOTO TPAJiEHTHOTO METO/TY 3JIC)KHUTh BiJl MOYATKOBOI TOYKH 1 B OLTBIIOCTI
BUIT4JIKIB TipIIe HiX 3 IPOOJICHHSIM KPOKY Ta PETryJIIOBaHHIM KPOKY, HE 3HATHO
BIJIPI3HAETHCS BiJl TPAEKTOPIT 3 MOCTIHHUM KPOKOM.

BucHoBku
Ha ocHoBi aHami3y AaHMX EKCHEPUMEHTAJIBHUX MOCITIIKeHb, MOXKHA
CTBEP/PKYBaTH, L0 HaWOLIbII HaJIMHUMU 3aco0aMu OTPHMAaHHS PE3YNbTATIB €
QITOPUTM 3 PETYIIOBAaHHSAM KPOKY a00 alllOPUTM 3 JIPOOJICHHSIM KPOKY SIKIIIO
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BUKOPUCTOBYETHLCS HOPMOBaHHiI TrpajieHT. B Oyap SKOMy BHIAAKY KpPOK
3aJI0BOJIBHSE TIpaBwily [ osmimireiiHa - ApMiiio: 3HAWTH Take h 10

X1 = X — hf '(x¢), Ta MaIOTB MicIle HEpiBHOCTI

af (), Xk = X)) < f )= f (o)

B, X = X)) > f ()= f (e,

e a, f, 0<a<p <1, — nesxi ¢ikcoBaHi mapamMeTpH.
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