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4. TonuHa ynuca Ha TOKTOPCKE CTY/HMj€ M HA3UB CTY/IHjCKOT IPOTpaMa JOKTOPCKUX CTYIHja:
JloxTopcke crymuje matemaruke, [IM® Hosu Can, 2014.

III  HACJIOB JOKTOPCKE JUCEPTAIINJE:

Momndukanuje wmeroma IbyTHoBor THma 3a pemaBame CEeMH-TVIATKMX Tpo0iieMa CTOXacTHYKe
ONTHMHM3AITH] e
Modifications of Newton-type methods for solving semi-smooth stochastic optimization problems

IV IPETJIEQ JOKTOPCKE JUCEPTALIUJE:
HaBecTtu kpaTak canpkaj ca Ha3HaKOM Opoja cTpaHHIIA, TIOTJIaBJba, CIIMKA, CXeMa, rpaduKoHa U CII.

Teza mma 189 crTpaHa w monesbeHa je y 7 moriaBiba. HyMepwduku pe3yaTtatu NOOWjeHH y Te3W CY
npukazann Ha 10 ciuka m y 3 Tabeme. Ha kpajy Te3e je mat cmmcak kxopummhene nutepatype ca 107
oubmmorpadckux jemuuuia. [IpBo TOMIaBibe AHMCEpTANMje CAAPKH TpEryie]] KIACHIHHX pe3yliTaTta
MaTeMaTUYKe aHaJW3e, JIMHeapHe aireOpe W TeopHje BepoBaTHONE KOjU Ce KOPUCTE y pa3MaTpamuMa y
Te3u. Y JPYroM MOTIaBJby j€ AT Mperiie]] MO3HATUX pe3yiTara U3 001IacTH HelIMHEeapHe ONTUMU3AIHje, a
Tpehe mornaebe je mocBeheHO OCHOBHUM KOHIIEIITHMA KOJH C€ KOPUCTE Y CEMHU-TIIATKO] ONTHMU3ALUjU. Y
HapeIHOM IIOTJIaBJbY j€ YBEJEH M0jaM MHUHHUMH3ALUje CeMU-TJIaTKe (YHKIHjE aTe Y 0OJHMKY OUYeKUBAaHE
Bpennoctu. [lornasika 5 u 6 mpecTBalbajy OPUTHHAIHY JICO T€3€ U ONKCaHa Cy JeTaJbHUje Y HACTABKY.
[ocnenme MorIaBibe y TE3U CAaPKHU CyMapHe pe3yiiraTe u Moryhe mpaslie aJber HCTPaKUBAbA.

The thesis consists of 189 pages and is divided in 7 chapters. Numerical results obtained in the thesis are
shown on 10 figures and 3 tables. The bibliography of 107 units is given at the end of the thesis. The first
chapter contains an overview of classical results of mathematical analysis, linear algebra and probability
theory which are used in the thesis. The second chapter contains fundamental results on nonlinear
optimization while the concept of semi-smooth optimization are presented in Chapter 3. Minimization of
semi-smooth function stated in the form of mathematical expectation is introduced in Chapter 4. The
following two chapters contain original contributions and are described below. The last chapter contains
conclusions and some possible further research directions.

V BPEJHOBAIGE NOJEJUHUX AEJOBA JOKTOPCKE JUCEPTALIUJE:

JlBa mornamspa IUcepTalMje CaApIKe OPUTHHAIIHE pe3ynatare kKanaunata. CBU pe3ynTaTH ce OJHOCE Ha
npoOjeMe CeMU-IJIATKE CTOXACTUYKE ONTHMH3AIUje, TIC MOJpa3yMeBaMO Ja C€ MHHUMH3UpPA CEMHU-
ratka QyHKIMja [Uba JaTa y OOJMKY MAaTeMaTHYKOT OYEeKWBama, ca WiIH 0e3 orpaHuuema. Y
JIICEPTALUjH CY MPEAToKEeHa TPH alropuTMa KBaszu-tbyTHOBOr Tuma 3a pelaBame OBOI' THIA TpobdiiemMa,
aHaJM3MpaHe Cy TEOPHUjCKe MPETIIOCTaBKe M TOKa3aHa je KOHBEPreHIUja alropuTama roji CTaHJapAHUM
WITH HEITO OJIa)KUM MPETHOCTaBKamMa y OJJHOCY Ha alrOpUTMe JOCTYIHE y JuTepaTypu. Komucuja cmatpa
Jla cy JI0Ka3M TaYyHH U Ja je ePHUKaCHOCT MPEAIOKEHHX METOo/ia MoKa3aHa HyMEPHYKHM pe3yliTaTiMa Ha
PEJIEBAaHTHOM CKYITy TecT (DYHKIIH]a.

Two chapters of the thesis contain original results. All results belong to the area of semi-smooth
stochastic optimization, where we assume that one must minimize a semi-smooth objective function
stated in the form of mathematical expectation, with or without constraints. Three methods of quasi-
Newton type are proposed in the thesis for solving this kind of problems, together with analysis of
theoretical assumptions and their convergence is shown under standard or slightly relaxed assumptions
compared to algorithms available in the literature. The committee believes that the proofs are correct and




that the efficiency of the proposed methods is shown by numerical results on a set of relevant test
examples.

VY mornaeiby 5 cy NIpeayokeHa ABa AITOPUTMa 3a pelllaBambe CeMHU-TTIATKUX NpodieMa 3acHOBaHA Ha
TeHepaIN3alji UIeje CIIEKTPaIHOT CTOXaCTHYKOT IpojeKToBaHOr TpaaujeHTa. Kako je ¢yHumja muba
CeMU-TJIaTKa, TPaJijeHTHN MeTo]] HUje Moryhe MpUMEeHNTH, T€ Cy NPEAJIOKEHH aJrOPUTMH 3aCHOBAHU Ha
CyOrpajiMjeHTHUM TmpaBIuMa. [IprMeHa CHEKTpaJIHOr KOe(HIHMjeHTa Yy OBOM Clly4yajy 3HayajHoO
rnoboJpiasa rnepopmMaHce METOA, Kao My KIaCHYHOM, IJIATKOM CIIy4ajy, jep CIEKTPaIHK KOS(hHILINjeHT
Jlaje MUHUMaJIHy MHpOpMaiujy apyror pena (nHpopmauujy byraosor tuna). [TpBu npeioxxenn Meron,
3acHoBaH Ha CIIC mocTyrmiky, je CKOpo CHI'YpHO KOHBEPIeHTaH 10/ CTaHJapJHUM IIPETIOCTaBKama , ajli
je momaTHO To0O0JpIIaH yBoh)emeM crenududHe TeXHUKE JIMHIjcKor mperpaxuBama y JIC-CIIC metony.
Komucuja cmaTpa 1a HyMEpUUIKA pe3yATaTH JOOWjeHU Ha CKYIy MpoOiieMa KOju MOTHYY U3 MAIIHHCKOT
ydema Mmokasyjy epukacHOCT npeanoxeHnx Metoza, norotoso JIC-CIIC merona.

Chapter 5 contains two algorithms for solving semi-smooth problems based on the idea of spectral
stochastic gradient method. Given that the objective function is semi-smooth one cannot apply the
gradient method and the proposed algorithms are of subgradient type. The spectral coefficient
significantly improves the performance of both considered methods, as is the case in the classical smooth
problems as the spectral coefficient gives a minimal second order (Newton-like) information. The first
method, SPS is almost surely convergent under the standard assumptions, but it is further improved in LS-
SPS by embedding line search techniques into SPS. The committee thinks that numerical results on a set
of problems originating from machine learning show the efficiency of the proposed methods, especially
for LS-SPS.

Jlpyru OpUTHHAIHU METOJ| MPEICTaBJbeH y HMCTOM IOTJIABJbY j€ 3aCHOBAaH Ha aJaNTHBHOM mNoBehamy
BEITMYHMHE y30pKa KOja ce KOPUCTH 3a n3padyHaBame (QyHKIM]je MJba U oroBapajyhux cyOrpaaujeHara y
cinydajy mpobieMa nedHHHCAHOT y OOJIMKY MaTeMaTHYKOT OYEeKHBama, Ka0 M y Ciydajy mpobiema
MUHUMH3AIKje KOHAYHE CyMe (YHKIHUja. ANTOpPUTAM KOPUCTH CKAIMPame CyOrpajujeHTa 4YuMe ce
TEOPHjCKH peaKCcHpa MPETHOCTaBKa O OFPAaHUYCHOCTH CyOTpaaujeHara, uTepaluja u JOMyCTHBOT CKyIIa.
AHain3a KOMIUICKCHOCTH je JlaTa 3a Mpo0JieM KOHAYHUX CyMa. Y aJlfOpUTMY je NedUHHCaHA TeHepaiHa
CTpaTerdja HEMOHOTOHOT JIMHUjCKOT NPETPaKHBamka INTO OMOryhiaBa NMPUMEHY pa3iIHMYUTHX IIpPaBHIIA.
YTHIa] KOHKPETHOI HEMOHOTOHOI TIpaBWJIA j¢ HCTPAXCH Ha HyMEpUYKHUM mpumepuma. Kako je
Je(pUHACAE CICKTPATHOT KOS(HUIMjeHTa Y MOCTYIIAMA Ca MPOMEHJBHBOM BEITMUYMHOM Y30pKa OTBOPEH
mpobsieM, HYMEpUYKH Cy TeCTHpaHe pa3He KOMOWHAIMje HEMOHOTOHMX IIpaBMiIa M ONIHja 3a
HM3padyHaBame CIeKTpaHor Koedunujenta. Kommcnja cMatpa 11a je IpeayioxKeHH MeTO | PeJIeBaHTaH, 1a
je aHanM3a TavyHa W J]a 3Ha4YajHO pellakchpa MPETIOCTaBKE W MPOIIHpYje Kiacy mpodiieMa Ha KojuMma je
METO/1 IPUMEEHHB.

The second new method proposed in this chapter is based on adaptive sample size used for calculation of
the objective function and the corresponding subgradients in the case of problems defined with
mathematical expectation, as well as in the case of problems defined as a finite sum of functions. The
algorithm employs scaling of the subgradient direction and yields relaxation of boundness assumption for
the subgradients, iterates and feasible sets. Complexity analysis is presented for the finite sum problem. A
general line-search strategy is incorporated in the algorithm and hence different line search rules can be
applied without theoretical issues, while the behaviour of different rules is investigated numerically.
Given that the computation of spectral coefficient is an open question in methods with adaptive sample
size, different combinations of line search and spectral step computation rules are tested numerically. The
committee believes that the proposed method is theoretically sound and that it relaxes the assumptions
significantly so that it can be applied on wider class of problems.

[ornassbe 6 je nocseheno MeToay NpHONIMIKHE pecTaypalnuje ca NIPOMEHJBMBOM TauHolhy 3a penaBame
CEeMU-TJIATKUX CTOXAaCTHYKHUX IpobsiemMa. AnropuraMm npubmmkHe pecraypanuje (VP) je mozHatu meron
3a pemaBame NpodiieMa ca OrpaHMyYeHbUMa y KIACHYHOM CIIydajy U YCIEIIHO je€ NPUMEHEH y HHU3Y
aJlropuTamMa 3a pellaBamke CTOXAaCTHYKHX NpodiieMa ca IMPOMEHJFMBOM TauHoIIhy 3a riaTke (yHKIHje
ouba. Y OBOj TE3M je Ne(HHHCAH alropuTaM 3a CEMH-TJIATKe MpobjeMe CTOXAaCTHYKE ONTHMHU3AIHje.
Bennunna y3opka ce oapelhyje amantuBHo, y3umajyhu y o03up Hampenak y CMHUCIY NpUOJIDKaBama




CTallMOHAPHO] TAa4KW M MOTpeOHYy mpenm3HocT. OBHM NPHUCTYNIOM je neduHHCAH HA4MH oapehuBama
BEIMYMHE Y30pKa Koju je crenuduyaH 3a TOCMATpaHW MpoOJieM W ONTHMH3AIMOHW MeEToa, 0e3
XCYPHCTHUKHX eneMeHaTa. [loka3zaHo je na ce qoOmja KiacwdaH pe3ynTar, Kao M 3a riaTtke QyHKIHje -
BEJIMYMHA Y30pKa MM JIOCTHKE IyH y30pak WM ce OeckoHauHO mosehasa, 3aBUCHO 0[] THMa MpodieMa.
Teopujcku je oKa3zaHa CKOpO CHT'ypHa KOHBEPIeHIMja I10Jl CTaHJapAHUM TpeTnocTaBkaMa. Hymepuuku
pesynratH cy nodujeHn anantupameMm kBasu-lbytnosor (B®I'C) npaBuna 3a cemu-riaTke mnpooiieme.
Komucuja Takohe cmMaTpa na je MeTo[ yCIIeIHO UMILIEMEHTHpPaH U yrnopeleH ca penaBaTHUM MeToaama
u3 yureparype kopuctehu TecT (QyHKIMje U3 MAIIMHCKOT yueHha M JIMHEaPHUX CTOXACTHUYKHUX Ipobdiema
KOMIIJIEMEHTapHOCTH.

Chapter 6 is dedicated to the Inexact Restoration (IR) method for solving semi-smooth problems with
adaptive accuracy. IR algorithm is a well know tool for solving smooth constrained problems and it was
already successfully applied in a number of variable-accuracy stochastic methods for the smooth case. In
this thesis the method is extended to the semi-smooth stochastic problems. The sample size is determined
adaptively taking into account the progress towards a stationary point and the computational costs of
needed accuracy. This way, the sample size schedule is defined as a problem-specific optimization-
method-derived rule without any heuristic elements. The theoretical results correspond to the results for
the smooth case - the sample size either reaches the maximal value or grows to infinity - depending on the
type of problem. Theoretically, almost sure convergence is shown under the standard assumptions.
Numerical results are obtained with a quasi-Newton direction (BFGS) adapted to the semi-smooth case.
The committee thinks that the method is well implemented and successfully compared with the relevant
methods from literature on a set of test functions from machine learning and linear stochastic
complementarity problems.




VI CIIMCAK HAYYHHUX U CTPYYHHUX PATOBA KOJH CY OBJAB/JBEHH NJIN
IMPUXBAREHHU 3A OBJAB/BUBAIBE HA OCHOBY PE3YJITATA HCTPA’KUBAIbA Y
OKBHPY PAJIA HA JOKTOPCKOJ JUCEPTALINJNA:

1. N. Kreji¢, N. Krklec Jerinki¢, T. Ostoji¢, Spectral projected subgradient method for nonsmooth convex
optimization problems, Numerical Algorithms (2022), 1-19, (ayrop xopecnonnent Tujana Ocrojuh),
M21la

2. N. Kreji¢, N. Krklec Jerinki¢, T. Ostoji¢, An inexact restoration-nonsmooth algorithm for variable
accuracy for stochastic nonsmooth convex optimization problems in machine learning and stochastic
linear complementarity problems, Journal of Computational and Applied Mathematics (2023), 423,
(ayrop xopecnonnent Tujana Octojuh) M21.

VII 3AK/bYUYIIA OJHOCHO PE3VJITATH UCTPAXKUBAIbA:

[onazehn on yumuHMIE na je GYHKIMjy AaTy y OOJHMKY MaTEeMaTHYKOT OYEKHBamba TOTOBO YBEK
Hemoryhe TauyHO M3padyHaTH, y TE3H Cy MOCMATPAHH ONTHMHU3ALMOHH MOCTYIIM KOjU CE 3aCHHBAjy Ha
anmpokcuManvju (yHKIUje IHJba Y30pauykuM ouekmBameM. [locMaTpaHa QyHKIHMja IWJba j€ M CEMH-
rilaTka, mTo I0JaTHO OoTexaBa mpobneM. JedunucameM M aHann3oM kBa3u-IbyTHOBHX mocTymaka ca
MPOMEHJBUBOM BEIIMYMHOM Y30pKa KOjU CE€ KOPUCTH TPHU AalPOKCHMAIIMjU Y30pAuKUM OYCKHBAHEM,
MOKa3aHO j€ Ja METoJe ca TNPOMECHJPMBOM BEIMYMHOM Y30pKa, 3aCHOBaHE Ha CyOTpaJHjeHTHMa M
CHEKTpPaTHOM KOe(HIMjeHTY, Ka0 M METOJe APYTOr pena, TCOPHjCKH M HyMEpHWYKH yHampelyjy ckym
ayropuTamMa JOCTYIHHX 3a pelllaBame IocMaTpaHux npobiema. TeopHujcku pe3yiaraTH Cy THIIA CKOPO
CUT'YpHE KOHBEPreHILMje y3 CTaHAapAHe WK Oaro peiakcupaHe MPETIOCTaBKE 3a OBY BPCTY MpodieMa.
HmnneMenranuja Metoa 1 OpOjHM HYMEPUYKH PE3yNTaTH MPEACTaB/beHH Yy Te3U MOTBphyjy Teopujcka
pasmarpama M Ha peJICBAaHTHUM IpPHMEpUMa I0Ka3yjy NPeAHOCTH METO/a KOje Cy pe3ysTaT OBE Te3e Y
OJTHOCY Ha paHHje I03HATE METOJIE.

Given that one can almost never exactly compute the value of a function stated in the form of
mathematical expectation, the thesis deals with optimization methods based on Sample Average
Approximation of the objective function. Furthermore, the objective function is semi-smooth which
makes the problem more difficult to solve. Defining and analysing methods of Quasi-Newton type with
adaptive sample size, subgradient directions, and spectral coefficient, as well as second-order methods,
this thesis adds to theoretical sound and numerically tested set of algorithms available for this type of
problems. The implementation and numerous numerical results presented in the thesis confirm the
theoretical findings and demonstrate the advantages of the proposed methods on a set of relevant
examples.

VIIIT OHEHA HAYHWHA IMTPUKA3A U TYMAUYEIHA PE3YJITATA HCTPAKUBAIbA:
ExcrmiImuTHO HaBECTH TMO3WTHBHY WM HETATHBHY OIIGHY HAauyMHA NpPHKa3a M TyMmadema pe3yirara
HCTpaKHBamba.

Ilpuka3 cBUX pe3ynTara HCTPaKHMBama jeé OPraHW30BaH IO JIOTHYKMM ILelIMHama, a (opMmyiaiuja
TEOPHjCKUX pe3yJITaTa je Mperu3Ha 1 MIyCTPOBaHa HYMEPHYKUM PE3yJITaTUMA.

All results are organized in meaningful chapters, the formulation of theoretical results is correct and
illustrated by numerical results.

TexkcT nucepranmje je mpoBepeH y codTBepy 3a AeTeKuujy miarmjapusma iThenticate y bubmmorerm
Jenaptmana 3a maremaTuky u uHpopmaruky IIpupomHo-maremaTwdkor ¢akynrera, ca BpexHomhy
pesynryjyher munekca cnmuynoct 67%. Mako je MHAEKC CIMYHOCTH BHMCOK, Ha OCHOBY pe3yJiTara
nposepe, Komucnja je koHcTaroBana aa je BehnHa MogyaapHOCTH, Be3aHa 3a pajoBe (1Ba 00jaBibeHA U
jelaH y mpoliecy peBH3Hje, ajli JOCTyNaH Kao NPENpHHT), Y KOjuMa je KaHIUIATKHIba KOayTop, a Koju
npuKasyjy pesyiarare mucepranuje. KonkperHo, Hajeehe mnoknaname (12%) mortmue ol Teopujcke
aHaJM3€ M3 TOPENOMEHYTOr NpENpHHTA paja Koju je y mpouecy peBmsmje (n3Bop [1] y UsBemrajy o
IUIarujapusMy) ¥ Koju IpescTaB/ba OPUTHHAIHU JONPUHOC NPUKas3aH y HOIJaBJby 5.2 OBE JOKTOPCKE
mucepranyje. arXiv Bep3uja UcTor paaa (u3Bop [6] y M3BemTajy) moHocn momatHux 3% mpekiamama.
Hpyro wnajsehe moxmaname (11%, m3Bop [2] y W3BemTajy) moTmde o7 TEOpHjCKE aHAIM3Ee U3
OptimizationOnline Bep3uje 00jaB/BEHOT paja KOjH NpEACTaBba OPUTHHAIHH IOTNPHHOC TNPHKA3aH y
noriaespy 5.1 oBe mokTopcke aucepranyje. M3sop [8] y M3Bemrajy npeacTaBiba HCTH Taj pal 00jaBJbeH y




gacommcy M JOHOCH 2% mpexnamama. Teopwjcka aHamm3a Koja Takohe mpencTaBjba OpPUTHHATHU
JOTIPUHOC Te3¢ M3JIOKEH y MOTNIaBJby 6 MoBIa4M jour yKymHo 17% mpeknamama (5% - u3Bop [4], arXiv
Bep3mja pama, 2% - mBop [7], OptimizationOnline Bep3mja pama, 8% - wm3Bop [3], crapa
OptimizationOnline Bep3uja pama, 2% - nzBop [9], pax o6jaBibeH y gacomucy). [Ipexnaname ca u3BopuMa
[5]u [10] (5% u 2%, pecrieKTHBHO) OTHYE O] OCHOBHHX Je(UHHINja U TeopeMa U3 00J1acTH HyMepuiKe
ONTHMU3AlIMje KOjoj MPHIIaajy U HaBeaeHe aucepranuje. OcTaTak Mpekianama ce OJHOCH Ha IOjeaANnHe
omure kopumthene ¢pase n gepunnimje. Crora ce 3akjpydyje Jia je JOKTOpPCKa AUCEepTalija OpUTHHAIHO
ayTopcko naeno kanaupatkumwe Tujane Octojuh. Ca IM3BemrajeM 0 HOAyNapHOCTH YIIO3HATH CY CBH
yiraHoBu Komucuje.

The thesis is checked for similarities with software iThenticate in the library of Department of
Mathematics and Informatics, Faculty of Sciences resulting in 67% of similarity. Although the similarity
index is high, checking the result the committee established that most of the similarities comes from the
papers authored by the candidate (2 published and 1 in the process but available as a preprint) and that
these papers are results of this thesis. In more details, the highest similarity (12%) comes from theoretical
analysis of the abovementioned preprint of the paper in the process (source [1] in the Similarity Report)
which represents original contribution presented in Section 5.2 of this thesis. arXiv version of the same
paper (source [6] in the Report) brings another 3% to similarity index. The second biggest overlap (11%,
source [2] in the Report) comes from theoretical analysis stated in OptimizationOnline version of a paper
that represents original contribution of the thesis presented in Section 5.1. Source [8] represents the same
paper published in journal and brings another 2% of overlap. Theoretical analysis that also represents
original contribution of the thesis stated in Section 6 brings 17% of overlap (5% - source [4], arXiv
version of the paper, 2% - source [7], OptimizationOnline version, 8% - source [3], OptimizationOnline —
the old version, 2% - source [9], journal version of the paper). The overlap with sources [5] and [10] (5%
and 2%, respectively) comes from the basic definitions and theorems from the field of numerical
optimization, which is also the field of the listed theses. The remaining similarities are certain phrases and
definitions that are generally used in this area. Therefore, we conclude that the thesis is an original
contribution of Tijana Ostoji¢. All members of the committee are aware of the similarity check.

Ha ocHoBY HaBeneHOT, KOMICH]ja je JIOHeNa IIO3UTUBHY OLICHY 32 HaYMH NpUKa3a M TyMauema pe3ylrara,
ca 3aKJby4KOM Jla je JIOKTOpCKa JHcepTaldja OPUTHHAIHO ayTOPCKO JIeJ0 KaHIWJaTKumbe TujaHe
Ocrojuh.

Based on the above the committee has positive opinion on the way that results are shown and interpreted
and concluded that the thesis is an original work by Tijana Ostoji¢.

IX KOHAYHA OLHEHA JOKTOPCKE JUCEPTAIIUJE:

EKCHJ’II/II_[I/ITHO HaBCCTH Ja JI1 Z[I/ICGpTaIII/Ija jeCTe nim HI/Ije HalmCaHa Yy CKJIaady ca HaBCICHUM
06pa3HO)KCI-L€M, Kao U J1a JIM OHa CaJApiKU WU HE CaApPKU CBC OUTHE eJIEMEHTE. I[aTI/I jaCHe, MNpeuur3He U
KOHIIU3HE OJATOBOPEC HA 3. u 4. nurame:

1. Jla 1 je mucepranyja HaKMCcaHa y CKiany ca 00pa3iokemheM HaBeICHUM Y IIpHjaBu TeMe?

Jucepranyja je HanmcaHa y CKJIaay ca 00pasioKemeM HaBeICHHM y TIPHjaBU TeMe.
The thesis is written in accordance with the title submission.

2. Jla 1 nucepTanyja caapKy CBe OMTHE eleMeHTe?

Jlucepranyja canpku cBe OWTHE €JIEMEHTE: y YBOJHOM JIeNy je JaTa MOTHBAIMja 3a MpOoydaBame TeMe,
3aTHM je HaBeJIeH Iperyie]] 0O3HATUX Pe3yJITaTa U3 PeleBaHTHUX 00JIaCTH, a OPUTMHAIIHU JOTIPHHOC Te3e je
¢dbopmynrcaH y nBa oOMMHA MOrjaBiba. Te3a ce 3aBpllaBa MPUTOJAHUM 3aKJbYYKOM Y KOM Cy CyMHpPaHH
JIOTIPUHOCH 1 HaBEACHW MOTYNHM TpaBIM JaJheT UCTpakuBama. Ha kpajy Tese je maT mperien KopuiheHe
JUTeparype.

The thesis has all the important elements: introduction part with the motivation, an overview of state-of-
the-art in the relevant field, original contribution presented in 2 long chapters. The thesis ends with
Conclusion chapter consisting of a summary of the results and a list of possible future research directions.
The thesis ends with bibliography.

3. ITo yemy je mucepranyja OpUrMHaIAH JONPUHOC HAYIH?




OpurnHaJIHHA JOIPUHOC HAYIH j€ AaT KPO3 /IBa MOTJIaBJka Te3€ M cacToju ce y cienehem:

1) nmedbunucan je, TEOPHjCKH aHATW3UPAH W HYMEPHYKH HMIUIEMEHTHpPAH METOJ CIEKTPaTHOT
CTOXAaCTHUYKOT CyOrpaanjeHTa, Kao M Hajorpal)eH! MeTO ca JINHU]CKUM MIPETPAKUBAFHEM;

2) MeTOo[I ca aganTUBHOM BEIMYMHOM y30pKa je Mpruiiaro)eH ceMU-TIIaTKUM CTOXaCTHYKHM IPOOIeMUMa 1
MOKa3aHa je KOHBEPreHIMja METoJa IOJ pPEJaKCHpaHWM TEOPHjCKUM MpeTHocTaBkama, mnpaheHa
onrosapajyhoM HyMEpHYKOM UMILIEMEHTAIN]OM U TECTHPAHEM;

3) neduHKCAH je TOCTYIAK THUIA TMPUOIIDKHE PecTaypaluje 3a CEMHU-TJIATKE MPOOJIeMe CTOXaCTHYKOT TUIA
ca MPOMCHJEMBOM BCIUYMHOM Y30pKa M TOKa3aHa je CKOPO CHTYpHAa KOHBEPICHIMja TOJ KIACUYHUM
npeTnocraBkaMa. Meroj je MMIUIEMEHTHpaH npuiarohaBamem kBasu-IbytHoBor npasua (BPI'C) cemu-
TJIATKUM MPOOJICMUMA M aJJallTUBHO] MPEIU3HOCTH.

The original contribution is given in two main chapters and consists of the following:

1) the method of spectral stochastic subgradient is defined, theoretically analysed and numerically
implemented, as well as a further upgraded method with line search;

2) an adaptive sample size method is adjusted to the semi-smooth problems and its convergence is proved
under a relaxed assumption, with the suitable numerical implementation and testing presented in the thesis;
3) a method of Inexact Restoration type for semi-smooth stochastic problems with adaptive sample size is
defined, its almost sure convergence is shown under the set of standard assumptions. The method is
implemented with the quasi-Newton direction (BFGS) adjusted to the semi-smooth and variable sample
size framework.

4. Koju cy HerocTany JucepTalije U KakaB je ’bUXOB YTHIIA] Ha PEe3yJTaT HCTPaKUBamba?

Te3a Hema OMTHHX HCgoCTaraka.

The thesis has no significant drawbacks.

X HOPEJJIOT:

Ha OCHOBY HAaBCJICHOT, KOMI/ICI/Ija IpCJIAKC!

a) J1a ce JOKTOpCKa JycepTanyja MpruxBaTH, a KanauaaTkumby Tujann Octojuh ono6pu oxbpana.
The committee is proposing to accept the thesis and to allow the candidate to defend the thesis.

Hogu Capn, 19. 9. 2023.
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HATIOMEHA: Ynan xoMucHje KOjU HE XEJIM Ja TMOTIHINE W3BEIITa] jep C€ He ClaXe Ca MHIILJbEHEM
BehuHe wiaHoBa KOMHUCH]e, Ty)KaH je Ja YHece y U3BEeIITa)] 00pas3okKeme OAHOCHO Pas3yiore 300T KOjuX He
KEJIH /1a TIOTIIUINE U3BEIITa] U 1a UCTH TOTIHILE.



