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3mict gumcepramii. Y  BeTymi  OOTpYHTOBAaHO — aKTyalbHICTh — TEMH,
chopMyabOBAaHO METY Ta 3ajayl JAOCHIKEHb, PO3KPUTO HAYKOBY HOBH3HY Ta
MPaKTUYHY LIHHICTH pOOOTH, IPEJICTABIICHO 11 3arajibHy XapaKTEPUCTUKY.

Y po3aini 1 po3mIsTHYyTO OCHOBHI €Tand PO3BUTKY METOAIB HErIaaKol
ONTUMI3AIlli, 30KpEMa METOJIU 3 PO3TATOM MPOCTOPY Ta METOAU PEEPIBCHKOTO THUITY, a
TaKOK IXHE 3aCTOCYBaHHS. JJaHO KOPOTKY XapaKTEPUCTUKY Cy4YaCHOTO CTaHy PO3BUTKY
METO/IB ONTUMI3Allli Ta HABEJEHO HU3KY IyOJIIKallld aBTOPIB, 10 MOr0 OMUCYIOTh.
[IpoanainizoBaHo poOOTH BITYM3HAHMX Ta 3aKOpJAOHHUX ByeHuX: ['acHikoBa O.B.,
I'epmioBuua B.1., lNonemteiina €.1°., laninina FO.M., Jlem’snoBa B.®., €BrymieHka
10.T"., €EpmonbeBa FO.M., €promina L.I., XKagana B.I"., Kypoenka M.I"., 3opkanbiieBa
B.I., HemipoBcekoro A.C., Hecreposa 10.€., Hypmincekoro €.0., Ilomska B.T.,
ITmennunoro b.H., Pxxescekoro C.B., CxokoBa B.A., Crenenka C.I., Cremroka I1.1.,
denoposa B.B., Illopa H.3., lllenakina M.B., FOnmina JI.b., Agmon S., Boyd S.,
Fletcher R., Harchaoui Z., Hestenes M., Karzan F., Kelley J., Kénig H., Motzkin T.,
Pallaschke D., Polak E., Reeves C., Schoenberg I., Shrader R.. ¥V po6orax
BUIIIEHABE/ICHUX aBTOPIB BUKJIAJICHO 3arajJbHOBIOMI IPa/IiEHTHI Ta € -CyOrpaieHTHI
METOAM W aJropuTMHU JUIA PI3HMUX 3aJad ONTHMI3allii, aCleKTH YHCEJIBHOTO Ta
EKCIIEPUMEHTAJILHOTO aHaJi3y aJlTOPUTMIB Ta I1XHE 3aCTOCYBaHHS JO IIMPOKOTO
CHEKTPY MPUKIIAIHUX 33]1a4, a TAKOX HOBITHI aITOPUTMH Ta Mo udikaltii, po3pobiieHi
BIIPOJIOBK OCTAHHIX POKIB.

BuknageHo TeopeTHYHI OCHOBH HHU3KH BIJJOMHX METOJIB  HEIJIaJKOl
ONTHUMI3allli, OMUCAHO TXHIM PO3BUTOK Ta MOKPAIIEHHS pi3HUMHU aBTopamu. Ha ocHOBI

MIPOBEICHOTO OTJIS Y 3p00JICHO BUCHOBKH Ta MOCTABJICHO 3a/1aul JJIsl JJOCII1IKSHHS.
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VY po3aiai 2 po3rasHyTO KIACHYHHUIN CyOTrpalieHTHUN MeTOJ 3 KpokoM [lossika
Ta HOro MoaM(DIKAIIO 11 3HAXOHPKEHHS TOUKH MIHIMYyMY SAPY>KHUX OMYKIUX (PYHKII1H
3 BIJOMUM ONTUMAJbHUM 3HAa4eHHSIM. [l KIIaCUYHOTO CyOTrpaJiieHTHOTO METONY 3
kpokoM [lonsika HaBeqeHO OOIPYHTYBAaHHS MOHOTOHHOCTI 3MEHIIEHHS BIJCTaH1 0

TOYKH MIHIMYMY Ta IIBUIKOCTI 301KHOCTI JIJIsl ABOX THUIB (YYHKINH: JJIs JOBIITEHOT
OmyKJIOi ()YHKI{ MBHAKICTH PiBHA O(l/ \/k) (tyT K — XUTBKICTH iTeparii), IS

omykjoi (YHKIIT 3 TOCTPUM MIHIMyMOM — MIBHAKOCTI T€OMETPUYHOI MpOTpecii.
Knacuunuit cyOrpanientHuid meron 3 kpokom [lojsika yaOCKOHalEHO CKaIspHUM
napameTpoM M>1, skuil siBjisie coOO00 MaKCUMAaJIbHE 3MIIIEHHS IO OMYyKJIOCTI
(yHKIIT, siKe He BifKuaae ToKalisanito Touku X . Lleit mapamerp gae 3Mory BpaxyBaTH
JIesIK1 CrelliaibHI KJIaCu OMyKJIUX (YHKIIM, HAPUKIIAJ, KBaApaTU4HI TIaaKi QPYyHKIII,
nudepeHIiioBHl OJHOPIAHI 3 TMOKa3HUKOM G Tomo. Jlis MoaudikoBaHOTO

napameTpoM M>1 meToay OOrpyHTOBAaHO MOHOTOHHICTH 3MEHIIEHHS BiJCTaH1 J0
TOYKM MIHIMyMYy Ta IIBUAKICTh 301KHOCTI, fKa piBHA O(l/ N/ k) opy MiHIMI3aLii

JOBUTHHOI OMYyKJI01 (PYHKIlI Ta MIBUAKOCTI T€OMETPUYHOI MpOrpecii y BHUIAIKY
MiHIMI3alli omykiaoi  ¢yHKIII 3 TocTpuM MiHiMymMoM. [IpoBegeHO HUBKY
OOYHUCITIOBAIbHUX EKCIIEPUMEHTIB 3 MIHIMI3alil TTAJKUX Ta HEMIAJKUX ApYKHHX
onyknux (yHKIiH 3 BukopuctanHsMm Octave-nporpamu PolyakA, sika peamisye
KJIaCUYHUN CyOrpaJleHTHUA MeTon 3 KpokoM I[lomsika Ta #oro MoauQikoBaHHIA
napametpoM M >1 BapianTt. [lokazaHo, 0 KJIAaCUYHMUIA CYOrpajliEeHTHUNA METOJ 3
kpokoM Ilomsika morpeOye 3HAYHOT KINBKOCTI iTepariiid Jjisg 3HaXOKCHHS TOYKH
MIHIMYMY SpYy>XHOi omnykijoi ¢yHkuii. ITpogeMoHcTpoBaHO, 1m0 MoOAU(IKOBaHUN
napamMeTpoM M>1 mMeTos mpaioe CyTTEBO IIBHUALIE, HIXK KJIACUUYHUN METOJ, TOMY
MOK€ YCHIIIHO 3aCTOCOBYBATHUCH JUJISi MIHIMI3alli CHElaIbHUX KJIACIB OIMyKJIUX
byHKIIIH.

Y po3apini 3 posrnsHyTO CyOrpamieHTHUN Meton 3 KpokoMm [lomska B
NEePETBOPEHOMY MPOCTOP1 3MIHHMX JJIs 3HAXO/KCHHS TOYKU MIHIMyMY SIPYKHUX
omykiux (yHKII 3 BIJOMUM ONTUMAJIbHUM 3HadYeHHsIM. HaBemeHo cxemy

Moaudikarii KIaCHYHOTO CyOrpajiieHTHOTO MeTony 3 Kpokom [lomsika miHIMHUM
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NEPETBOPEHHSAM TIPOCTOPY, SKE BUKOHYETHCS 3 BUKOPUCTAHHSM HEBUPOKEHOI

Matpuili B. OOrpyHTOBaHO MOHOTOHHICTh 3MEHIIIEHHS BIZICTaHI 10 TOYKH MIHIMyMY

Ta MBHUAKICT 301KHOCTI MOAU(]PIKOBAHOTO METONaY, SKa piBHA O(l/ \/k) pu

MiHIMi3aIil JOBUIbHOT OMyKJIO1 (DYHKIIi Ta IIBUJIKOCTI F€OMETPHYHOI mporpecii y
BUIAQJIKY MiHIMI3allii omyKjI01 PYyHKIIIT 3 rocTpuM MiHIMyMOM. MoindikoBaHuN METO
YIOCKOHAJICHO CKAJSIPHUM IMapamMeTpoM M>1 — MakcUMajdbHUM 3MIIIEHHSAM I10
OTYKJIOCTI, IO JTa€ 3MOTY BPaxOBYBAaTH NIESAKI CICIialibHI KJIACH OMYKIUX (DYHKITIH.
OOrpyHTOBaHO MOHOTOHHICTh 3MEHIIICHHS B1ICTaH1 JJO TOYKH MIHIMYMY Ta IIBUJIKICTb
301)KHOCTI TaKOro0 METOAY B BHUIIAJIKy MIHIMI3alli JOBUIBHUX ONMYKIUX (PYHKIIA Ta
omykiaux (GyHKIIH 3 roctpuMm MiHimymoM. Haeemeno Octave-peanizarmito PolyakB
CyOrpalieHTHOrO MeTOoNy 3 KpokoM lloiisika B mepeTBOpeHOMY MPOCTOP1 3MIHHUX 1
napametpoM M>1 Tta ii geranbHuil omuc. IlpoBeneHO HHU3KY OOYHMCIIOBAIBHUX
€KCIIEpUMEHTIB 3 MIHIMI3allli TJaJKUX Ta HETJAJAKUX SPYKHHUX OMYKIUX (DYyHKIIHN 3
BUKoprcTanHsM nporpamu PolyakB. [Tokasano, 1110 cyOrpaii€eHTHUI METO/I 3 KPOKOM
[Tonsika, MoguGiKoBaHUH JIHIMHUM NEPETBOPEHHSM MPOCTOPY Ta mapamerpom m>1
noTpeOye CYTTEBO MEHIIOT KIIBKOCTI 1Tepaliii, Hi’ KJIaCHIYHUN METO IPX MiHIMI3arlii
[NMAJKAX Ta HETIAJKUX SPYKHUX ONYKIWX (yHKIIA, TOMy MOXE YCIHIITHO
3aCTOCOBYBAaTUCh Ha MpakTulll. HaBeneHO uucenbHl pe3yibTaTH OOYHMCIIIOBAIbHUX
€KCIIEpUMEHTIB, SIK1 MIATBEPIKYIOTh €(PEKTUBHICTH ONMMMCAHUX METO/IIB.

VY po3aiii 4 10CHIAKEHO HU3KY CyOrpaJleHTHUX METOAIB 3 NEPETBOPEHHAM

POCTOPY Ta IXHE 3aCTOCYBAHHS IS 3HAXOJUKEHHs L -pO3B’A3KiB CHCTEM JIHIHHUX
piBHsHB pi3HOro TUIy. CHOPMYILOBAHO 3a1a4y 3HAXODKEHHS L, -po3B’sI3Ky cucTeMu

JTHIAHUX PIBHSAHB SIK 3a/1a4y MiHiMi3alii onykioi pyHKIii. Po3risiHyTo y3aranbHeHU
METOJI eJIIICOi/IB Ta HOoro 3arajbHa cxema. HaBegeHo omuc IBOX OMYKIMX 3ajad, Kl
MOHa pPO3B’SA3yBaTH 3 HOr0 BHUKOPHUCTAHHSM. PO3IIsIHyTO 3a1ady BHU3HAYCHHS
napameTpiB JiHIIMHOI perpecii y ¢opmi 3amaui MiHIMiI3alli HErMaaKoi (QYHKII, 110

ABJISE 00010 L -HOPMY HEB’A3KU CUCTEMH JIIHIHHUX PiBHsHB. PO3p0o0IIeHO anroput™

METO/y CJINCOIIB, SIKMI JO3BOJIIE€ PO3B’S3YBaTH 1O 3a7ady JJiS BEJIUKUX 3HAYCHBb

napametpa P=1. [IpoBeaeHO HU3KY OOYHCIIIOBATBHUX EKCIIEPUMEHTIB I TPhOX
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3a71a4  anpoKCUMaIlll CIOCTEpPEeKEeHb, 1[0 MICTITh aHOMaJjii, JIHIHHOKO Ta
KBaIPaTHYHOIO (DYHKIISIMH 32 TOTIOMOTOIO aArOpUTMa Ha OCHOBI METOY €JIICOIMIB.
[IpoBeneHO TOpPIBHSIHHS peE3yJIbTaTiB POOOTH 3aMpONOHOBAHOTO AJITOPUTMa 3
pe3ynbTaTaMi KIACMYHUX METOJiB, IO BIAMOBIJAIOTh 3HAYCHHSIM TMapaMmerpa
p=12,00. Po3pobneHo cxemy 3BeleHHS 3a7adli ampoOKCHUMAIli CIOCTEPEKEHBb
KBaJApaTUYHOIO (DYHKITIEIO J0 3a/1a4ui BU3HAYCHHS MapaMeTpiB JIIHIMHOI perpecii, mo
Ja€  3MOTY pO3B’sI3yBaTH 3ajJadi  ampoKCHMMallii B TIOCTAHOBIII OCTaHHBOI.
3anmponoHOBAaHO AJITOPUTM HA OCHOBI METOMY EJIICOIMIB IS PO3B’S3aHHS 3aaadi

3HaXOKEHHs L -pO3B’A3Ky CHCTeMH JIHIAHUAX DIBHSHB 3 [BOCTOPOHHIMH

0OMEXEeHHAMM Ha 3MiHHI: asiroput™ FOmina — HeMipoBCBKOTO, SIKMii BUKOPHUCTOBYE
H -popmy meTony emincoiniB. HaBeneno tpu dbyHKIII1, 10 MiHIMI3aIlIl SKUX 3BOJUTHCS
3a/laya 3HAXOJ/KEHHS PO3B’SI3KYy CYMICHUX CHUCTEM JIHIWHUX piBHsSIHB. [IpoBeneHo
HU3KY OOYMCIIOBAJIBHUX E€KCHEPUMEHTIB ISl PO3B’SA3aHHS L€l 3a7adyi B TPhOX
IIOCTAaHOBKax 3a JOMNOMOIOI0 KJIAaCHMYHOTO Ta MOAU(IKOBAHOTO NEPETBOPEHHSIM
MpoCTOpy Ta mapameTpomM M >1 cyOrpaaieHTHOrO MeToy 3 KpokoM llosisika, a Takox
amsg2p — cyOrpaai€eHTHOTO METOY, B SIKOMY MEPETBOPEHHS MPOCTOPY BUKOHYETHCS
3a JIOTIOMOTOI0 JIBOX OCTAHHIX CyOTrpajiiEHTIB Ta arperaTHoro BekTopa. Pesymbrartu
€KCIIEPUMEHTIB  MMOKa3yl0Th, W0 3alpONOHOBAHI METOAM MOXHA YCHIIIHO
3aCTOCOBYBATH IS PO3B’SA3aHHS CYMICHUX CHCTEM JIIHIMHUX PIBHSHbD.

VY po3aii 5 po3pobaeHo mporpaMHi peanizallii KIaCHYHOTO Ta MOIU(IKOBAHOTO
MEPETBOPEHHSIM MPOCTOPY Ta MapaMeTpoM M >1 cyOrpagi€eHTHOroO METOAY 3 KPOKOM
[Tomsika moBoro C++. PeanizoBano mpoiiexypu AJjis OOYUCIICHHS 3HaUYeHb (QYHKIIIN Ta
iXHIX CyOrpa/lieHTIB y 3aJIaH1i TOYIIl JJIsI MPUKJIAIIB, 0 PO3TIIAIAINCH Y pO3Iliax 2-
4. HaBeneno nomoMikHI (YHKIIT JUIs 3alyCKy TECTOBHX NPUKIAIIB 3 YKa3aHHX
PO3AUTIB Ta PETyJNIOBaHHS BXIJHUX TMapamerpiB. JlaHo neTanpbHUil oOmuc ycix
PO3pO0IEHUX MpOorpaMHuX (PYHKIIH Ta BKa31BKU MIOJ0 iXHBOTO 3aMyCKY.

KurouoBi cinoBa: cyOrpamientHuii meros 3 kpokom [lomsika, mepeTBOpeHHS

MPOCTOPY, METOA CIICOIAiB, JiHIiHA perpecis, L,-po3s’s3ox cucremn iHIMHEX

PIBHSIHb.



ABSTRACT

Stovba V.O. Subgradient method with Polyak’s step in transformed space. —
Qualifying scientific work as a manuscript.

Dissertation for a Doctor of Philosophy Degree by specialty 113 Applied
mathematics. — V.M. Glushkov Institute of Cybernetics of the National Academy of
Science of Ukraine. — Kyiv, 2020.

The contents of the dissertation. In the introduction the relevance of the
research topic is substantiated, the research purpose and tasks are formulated, the
research scientific novelty and practical value are explained, and its general description
IS presented.

In Chapter 1 the main stages of non-smooth optimization methods development
are considered, including methods with space transformation and Fejer-type methods,
and their applications. Given are brief description of the state of art of optimization
methods development and set of authors’ publications describing it. The works of the
following domestic and foreign scientists are analyzed: Gasnikov O.V., Gershovich
V.1., Holshtein E.G., Danilin Y.M., Demyanov V.F., Evtushenko Y.G., Ermoliev
Y.M., Eremin L.I., Zhadan V.G., Zhurbenko M.G., Zorkaltsev V.I., Nemirovskii A.S.,
Nesterov Y.E., Nurminskii Y.O., Polak E., Polyak B.T., Pshenychny B.N., Rzhevskii
S.V., Skokov V.A., Stetsenko S.1., Stetsyuk P.I., Fedorov V.V., Shor N.Z., Schepakin
M.B., Yudin D.B., Agmon S., Boyd S., Fletcher R., Harchaoui Z., Hestenes M., Karzan
F., Kelley J., Konig H., Motzkin T., Pallaschke D., Polak E., Reeves C., Schoenberg
l., Shrader R.. In publications of the authors above well-known gradient and ¢-
subgradient methods and algorithms for various optimization problems are presented.
Different aspects of numerical and experimental analysis of algorithms, their
applications to wide range of applied problems, and modern algorithms and

modifications developed within last years are given too.
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Theoretical basis of some well-known non-smooth optimization methods is
presented, their development and improvement by various authors is described. Based
on conducted review conclusions are made and problems are set to be investigated.

In Chapter 2 classical subgradient method with Polyak’s step and its
modification were considered for finding minimum point of ravine convex function
with minimal value known. For classical subgradient method with Polyak’s step

monotony of distance decrease to the minimum point and convergence rate for two

types of functions are given: for random convex function the rate equals O(l/ Jk ) (k

— the number of iterations) and for convex function with acute minimum the rate equals
geometrical progression rate. Classical subgradient method with Polyak’s step is
improved with scalar parameter m>1, which is maximal shift on convexity of the
function to be minimized that does not reject localization of the minimum point. This
parameter permits to take into account some special classes of convex functions, for
example, quadratic smooth functions, differentiable homogeneous of degree o, etc.

For the method modified with parameter m>1 monotony of distance decrease to the

minimum point and convergence rate are justified, which equals O(l/\/E) in case of

random convex function minimization and geometrical progression rate if convex
function with acute minimum is minimized. Conducted is set of computational
experiments for minimization of smooth and non-smooth ravine convex functions
using PolyakA Octave program, which implements classical subgradient method with
Polyak’s step and its modification with parameter m>1. It is shown that classical
subgradient method with Polyak’s step requires a great number of iterations for finding
minimum point of ravine convex function. It is demonstrated that the method modified
with parameter m >1 works significantly faster than classical method, so it can be used
for minimization of special classes of convex functions successfully.

In Chapter 3 subgradient method with Polyak’s step in transformed space is
considered for finding minimum point of convex function with minimal value known.
Presented is how classical subgradient method with Polyak’s step can be improved

using linear space transformation, which is implemented with nonsingular matrix B.
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Justified are monotony of distance decrease to the minimum point and convergence

rate of the modified method, which equals O(l/ Jk ) in case of random convex function

minimization and geometrical progression rate if convex function with acute minimum
IS minimized. Modified method is improved with scalar parameter m>1, which is
maximal shift on convexity that permits to take into account some special classes of
convex functions. Justified are monotony of distance decrease to the minimum point
and convergence rate of the method in case of random convex functions and convex
functions with acute minimum are minimized. Presented are Octave program PolyakB
of subgradient method with Polyak’s step and space transformation and parameter
m >1, and its description in detail. Set of computational experiments for minimization
of smooth and non-smooth ravine convex functions using PolyakB was conducted. It
Is shown that subgradient method with Polyak’s step improved with space
transformation and parameter m>1 requires significantly fewer number of iterations
than classical method in case of smooth and non-smooth ravine convex function
minimization, so it can be successfully used in practice. Presented are numerical
computational experiments results, which confirm effectiveness of the methods
described.

In Chapter 4 set of subgradient methods with space transformation are

investigated, as well as their application to finding L -solutions of linear equation
systems. Presented is problem of L -solution finding of overdetermined linear

equation system as convex function minimization problem. Considered is generalized
ellipsoid method and its general scheme. Two convex problems are described, which
can be solved using this method. Considered is linear regression parameters
determination problem as non-smooth function minimization problem. The function is

L,-norm of linear equation system residual. Developed is the ellipsoid method

algorithm that permits to solve this problem for big values of parameter p>1.

Conducted is set of computational experiments for three problems of approximation of
observations containing outliers with linear and quadratic functions using algorithm

based on ellipsoid method. Conducted is work comparison of the algorithm presented
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and classical methods corresponding to parameter values p=1,2,00. Developed is

reduction scheme of problem of observation approximation with quadratic function to
linear regression parameters determination problem, which permits to solve
approximation problems in terms of the last. Presented is the algorithm based on

ellipsoid method for solving of the problem of L -solution finding of linear equation

system with two-sided constraints on variables: Yudin — Nemirovskii algorithm that
uses H -form of the ellipsoid method. Shown are three functions to minimization of
which problem of finding of consistent linear equation system solution can be reduced.
Set of computational experiments was conducted for solving this problem in three
forms using classical and modified with space transformation and parameter m>1
subgradient method with Polyak’s step, and amsg2p — subgradient method, where
space transformation is made using two last subgradients and aggregate vector.
Numerical experiment results show that proposed methods can be successfully used
for solving consistent linear equation systems.

In Chapter 5 C++ program implementations of classical and modified with
space transformation and parameter m >1 subgradient method with Polyak’s step were
developed. Also procedures for calculation of objective function values and their
subgradients at given point for examples from chapters 2, 3, and 4 are implemented.
Additional functions for launching of test examples from chapters mentioned above
and input parameters regulation are presented as well. Moreover, detailed description
of all program functions developed and instructions for their launching are given.

Key words: subgradient method with Polyak’s step, space transformation,

ellipsoid method, linear regression, L -solution of linear equation system.



Cnucoxk nyoJikaniid 3100yBaua

1lybnikayii, 8 iKux onyoOIIKOBAHO OCHOBHI HAYKOSI pe3yibmamu oucepmayii

Crermok, Iletp, Buxktop CtoBba, u Urops Mapteiaiok. 2017. « AnroputM mMetona
AIUTATICOUAOB ISl HAXOXKIEHUs1 Lp-perieHusi CUCTEMbl JIMHEUHBIX YpaBHEHUN.
Teopia onmumanvhux piuens 139—46.

Cremok, [1etp, Buktop CtoB6a, u Anekcanap XKmyna. 2018. «MeTtoa 35muncouioB
U1l HaxoxkaeHus: pewenus nepeonpeneneHHort CJIIAY». Teopia onmumanshux
piwens (17):115-23.

Stetsyuk, Petro, Viktor Stovba, and Zhanna Chernousova. 2018. “Subgradient
Method with Polyak’s Step in Transformed Space”. Optimization and
Applications. OPTIMA 2018. Communications in Computer and Information
Science 974:49-63.

CroBOa, Biktop, Oumnekcanap XKwmyn, Tta Onena KpuBopyuko. 2019.
«ExcniepumenTu 3 cyOrpagieHTHUMH Metojamu [lonsika juisi po3B’sI3yBaHHS
cymicaux CJIAPy». Teopis onmumanvrux piwens (18):81-7.

Creutok, Ilerpo, Bikrop CroOa, Ta Onekcanap Xmyn. 2019. «IIpo mBuakicts
301KHOCTI cyOTrpagieHTHUX MeToiB 3 kKpokoM [lomsikay. Hayk. sichuk Yarceopoo.
yu-my. Cep. mamem. i ingpopm 1(34):94-101.

Creutok, Ilerpo, Ta Biktop CtoBbOa. 2019. «CyOrpagieHTHI METOIH 3 KPOKOM
[Tonsika Ta mporpama amsg2p». Y Cybepadienmui aneopummu ma 3a0a4i Ha
komobinamopHux kougicypayisax. Kuis: YHis. Bua-so [TYJIbCAPU.

CroB0a, Biktop. 2020. «MeTon enirncoiaiB asis 3HaX0KEHHS ITapaMeTpPiB JIIHIHHOT

perpecii». Cybernetics and Computer Technologies (3):14-24.

Iyonixayii, wo 3acseiouyroms anpobayiro mamepianie oucepmayii

1. Cremok, Iletpo, Biktop CroBOa, Ta Irop Maprtuntok. 2016. «Octave-nporpama

dist2p ms posainenns nBox nojienpisy. Marepiaau X1 MixxnapoaHoT HayKOBO-



10

npakTU4HOi KoH(pepeHiii TeopeTuyHi Ta NPHUKIATHI aCMEeKTH Mo0yI0BU
nporpamuux cucreM (TAAPSD’2016), Kuis, ['pynens 5-9, 217-20.
Cremok, Iletp, ['anuna buna, u Bukrop Crosoa. 2017. «MeTtoa 31IuncouoB asis

HaxoXieHus L -pemieHus cucTembl NHHEWHBIX ypaBHeHWiD). Marepianu VIII

Bceykp. Hayk-mipakT. KoH}. 3a MI>XHAPOJHOIO y4acTio [HpopmaTuka Ta cucTeMH1
Hayku (ICH-2017), [TonraBa, bepesens 16-18, 258-64.

Cremok, Iletpo, Ta Bikrop CtoBbOa. 2017. Meton emimncoimiB yisl JIHIHHOT
perpecii. Marepiasmu |V MixHapogHOT HayKOBO-TIPAKTUYHOI KOH(EpeHIii
OOuunciroBaIbHUN 1HTENEKT (pe3ynbTaTd, mpobiemu, nepcrextusu) (Comint-
2017), Kuis, Tpasens 16-18, 314-5.

Stovba, Viktor, and Oleksandr Zhmud. 2018. “The ellipsoid method for linear
regression”. Marepuanbsl 6-i1  MEXAYHapOJHOHM HAydyHOM KOH(epeHuuu
MatemaTuueckoe  MOJENIMPOBaHME, ONTHUMM3AIMS U HUH(POpPMalMOHHBIE
texHosoruu (MMOTI-2018), Kumuusy, Monmosa, Mapt 19-24, 206-8.

CroB0a, Bikrop, Ta Onekcanap Kmyn. 2019. «CyOrpanientauii meton [lonsika y
MEePETBOPEHOMY TMpPOCTOpi 3MiIHHUX». Marepianu IX MiXKXHAPOJAHOI IIKOJIH-
ceMiHapy «Teopiss TpUUHATTS pIlIEHb» y pamMkax MIXKXHAPOJHOTO HAyKOBOTO

cummnosiymy Iutenexryanphi pimenns (IntSol-2019), Yxkropoa, Keitens 15-20,

229-30.



