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I TOJALIA O KAHJAUJIATY

1. Vme, uMe jegHor poauTesba, Mpe3nume:
Manacnuna (Mopeno) I'peta

2. Jlatym poljema, ommirTuHa, qpxKapa:

13.6.1992. ITuerpacanta, Utanuja

3. Hasus ¢akynrera, Ha3uB TPETXOIHO 3aBPUIEHOT HUBOA CTY/Mja M CTEUYEHH CTPYYHH/aKaIeMCKH

Ha3MB:

Yuusepsuter y ®@upennu, mactep marematuuap, 2018

4. Topmuua ynuca Ha JOKTOPCKE CTYM]€ M HA3UB CTY/IHM]jCKOT IPOTpaMa TOKTOPCKUX CTy IHja:
Jokropcke cryauje matemaruke, [IM® Hosu Can, 2019.
JoxkTopcke cTyauje cy 6mie neo mpojekra Bigmath - Mathematical Challenges for Big Data, European
Union’s Horizon 2020 research and innovation programme under the Marie Sklodowska-Curie grant
agreement No 812912,

III  HACJIOB JOKTOPCKE JUCEPTAIIMJE:

Metozne quctpubynpaHe ONTHMU3AIHje 3a MpodIeMe BENUKAX TUMEH3Hja 0e3 OrpaHnIeHha
Distributed Optimization methods for large scale unconstrained optimization problems

IV IPETJIEJL JOKTOPCKE JUCEPTALIUJE:
Hagectu kparak caaprkaj ca Ha3HaKOM Opoja CTpaHUIIA, NTOTJIABJba, CIMKA, CXeMa, IpaKOHA U CII.

Te3a uma 213 crpana u moxme/beHa je y 7 moriaBiba. Hymepuyku pesyiraTd JAOOHjEHU y TE3H CY
npuka3anu Ha 15 ciuka. Ha kpajy Tese je mat cnmcak kopuiihieHe Jureparype ca 75 oubmuorpapckux
jenmuuna. [IpBo noriaBibe AUcCepTalje CaupKu Mperiel] KIaCHUYHUX pe3yJiTaTa MaTeMaTniKe aHalk3e,
JUHEapHe anreOpe u Teopuje rpadoBa KOju ce KOPUCTE y pa3MarTpamuMa y Te3d. Y APYroM IOraBiby je
JaT Tmperieq MO3HATUX pe3ylTara M3 o0jacTh aucTpubyupane onTumuszanuje. Hapemna uerupu
MIOTJIaBi-a TPENICTaBIhajy OPUTHHAIHU TOTIPHHOC, KaKo je OMHCAHO y HapeOHOM maparpady H3BEIITaja.
[Mocneame Mornasbe y TE3U Caap KU CyMapHe pe3yaraTe i Morylie mpaBlie JaJber HCTPaKUBamba.

The thesis consists of 213 pages and is divided in 7 chapters. Numerical results obtained in the thesis are
shown on 15 figures. The bibliography of 75 units is given at the end of the thesis. The first chapter
contains an overview of classical results of mathematical analysis, linear algebra and graph theory
which are used in the thesis. An overview of the state-of-the-art in the distributed optimization is
presented in the second chapter. The following four chapters contain original contributions and are
described below. The last chapter contains conclusions and some possible further research directions.

V BPEJHOBAIE NIOJEJUHUX JEJOBA TOKTOPCKE JUCEPTAIIUJE:

YertnpH mnoriaBiba AUcepTalyje caapke OpUrHHAIHE pe3ysiatate kaHauaata. CBU pe3ynraTtu ce oJHOCe
Ha mpobieMe AMCTpUOyHMpaHe ONTUMHM3AIMje, TIe MOJpa3yMeBaMoO Ja Ce MUHHMHU3Upa arperaTHa
¢yHKIHja OHMJba HA MPEXH KOMjYTEPCKHX YBOPOBA, MPH YEeMy CBAKH YBOP IOCEAyje CaMmo JIOKATHY
¢yHKOMjy THJba, a TOTPEOHO jeé MUHHMH3HPATH arperaTHy (yHKOWjy IUba. Y AHCEpTAIljH Cy
rocMarpaHa JiBa THIIA KOMjyTepckux mpexa. [IpBu je muctpubyunpana Mpexa Koja je 3ampaBo MOBE3aH
rpad, a KOMyHHKanyja je moryha camo m3meljy 4BOpoBa KOju Cy IIOBE3aHHU rpaHama rpada. [pyru Taum
MpeXe je MacTep-paJHHII MpeXa, Y KOjoj TIOCTOjU IIEHTPATHH YBOP KOjH j€ TMOBE3aH Ca CBUM OCTalIuM
YBOpPOBMMa Mpexe (paJHULIKMa), ajJd YBOPOBU pPajHUIM HHUCY MeljycoOHO moBe3anu. Crora ce y
MUCTPUOYHpPaHO] ONTHMH3AIHUjH, TOPEI TCOPHjCKE aHajIM3e KOHBEPICHIM]C M aHaIM3€¢ pPadyHapCKOT
TpOILIKa MOCTyIKa, Hamehe M NMuTame KOMYHUKAIMOHUX TPOILIKOBAa Kao OMTaH Iapamerap KBaJHMTETa
HYMEpUYKOT ITOCTYIIKA.

Four chapters of the thesis contain original results. All results belong to the distributed optimization, a
framework where we assume that one has to minimize the aggregate objective function on a network of
computational nodes, while each node posseses onlyy his local objective function. Two types of
distributed network are considered in the thesis. The first one is distributed network which is a conected
graph and communication is possible only between nodes that are linked in the graph. The second type is
master-workers network, which has the central node (master) which is conected to all other (worker)




nodes but worker nodes are not mutually connected. Thus in the distributed optimization, besides the
usual theoretical analysis and cost analysis of a method, communication costs appear as an important
parameter of a numerical method.

VY mornaespy 3 je maTo yommreme noctojehe Teoprje 0 KOHBEpPTreHINjH er3aKTHUX METO/1a TIPBOT pefa 3a
pemaBame mpobiemMa AUCTprUOynpaHe ONTHMHU3AIKje 3a ClTydaj KOMyHUKAIIMOHUX Mpeska Koje Cy
IIpOMEHJbHBE Yy BpeMeHy. [Ipenusnuje, mokasaHo je 1a pe3yiraTu 0 KOHBEPTreHIN)H Kilace er3aKTHUX
rpaJMjeHTHUX METO/Ia ca Jy>KHHOM KOpaka Koja je MPOMEHJbHBA [0 BPEMEHY U CIICIU(pHYHA 32 CBAKU
YBOP Y MPEKHU BaKe U 03 MPETIOCTaBKe 0 (PUKCHO] KOMYHHKAIIMOHO] Mpexu. TeopHjcKu pe3ynTar je
WIyCTPOBaH HYMEPUYKHM pPe3yJITaTHMa Ha PEJICBAHTHUM ITPUMEPHMA.

An extension of the existing convergence theory for the exact first order methods for distributed
optimization for the case of communication networks varying in time is presented in Chapter 3. More
precisely, it is shown that the convergence results for a class of exact gradient methods hold in the case of
time varying communication network and node specific stepsizes hold. The theoretical result is illustrated
with numerical tests on relevant examples.

[ornassbe 4 je mocseheno mpubamxkHOM byTHOBOM MeTony y IUCTpUOyHpaHOM OKpyxemy. ledunucan
je mocrynak IbyTHoBor THMa 3a KazHeHy pedopMynalujy npobiemMa AUCTpHOYHpaHe ONTHMHU3AIIN]e KOjH
je y notmyHoctu quctpuOyupad. Hanme, XecujaH ka3HEHOT npobiieMa HMa CTpYKTypy Koja OAroBapa
KOMYHHKAIIHOHO] MPEXH YBOPOBA, all TAYHO pellaBame IbyTHOBOT THHEapHOr cucteMa HUje Moryhe y
JUCTpUOynpaHoM okpyskemy. Ctora je neduHrcan IpUOIMKHY ITOCTYNAK THUIAa HEOKPETHE TayKe 3a
pelaBame JUHEApHOT CHCTEMa jeIHAYMHA y CBaKoj uTepanuju lbyTHoBor Merona. 3aTnm je neduHuCaH
aJIaliTUBHM KOpaK KojuM ce aedrHnucanu npubikau HbyTHOB noctynak riobanusyje. Pen
KOHBEpIeHIIH]je TIOCTYIIKA je JIMHeapaH, CynepinHeapaH Wi KBaJpaTHH, Y 3aBUCHOCTH OJ IPEIU3HOCTH
pemaBama uHeapHOT cuctema. OBaj pe3yiTar je aHaJIoTaH pe3yaTaTy 3a KJIaCHIHH MpobieM
ontumm3anyje. Hakon Tora je neuHIcaH aaropuram 3a oapehuBame Ka3HCHUX MapaMeTapa u
pemaBame HA3a Ka3HEeHUX IMpodiieMa KOjUM ce TIOCTIDKE er3akTHa KOHBepreHnuja. J1o0mjeHn TeopujcKu
PE3YITaTH Cy BEITMKH HCKOPAK Y TEOPHjCKOM CMHCITY, a €UKACHOCT ITOCTYIIKA je HIyCTpOBaHa Ha
peNIeBaHTHUM HYMEPUYKUM ITPUMEPHMA.

Chapter 4 is dedicated to inexact Newton methods in distributed environment. A completelly distributed
inexact Newton method for the penalty reformulation is defined. Namely, the hessian of the penalty
problem has the same structure as the communication network but exact solving of the linear system is
not possible in the distributed environment. Therefore, an inexact method of the fixed point type is
defined to solve the linear system in each iteration of the Newton method. After that an adaptive stepsize
is defined such that the inexact Newton method is globally convergent. The rate of convergence is linear,
superlinear or quadratic, depending on the forcing terms in linear systems. This results is completelly
analogous to the classical result in the centralized case. After that, an algorithm for a seqeunce of penalty
problems is defined, yielding the exact convergence. The obtained results are a significant advancement in
theoretical sense, and the efficiency of the method is illustrated on relevent examples.

ITormasibe 5 je mocBeheHy mpoOiieMy peliaBamby CHCTEMa JIMHEAPHHX jeAHAYMHA Y TUCTPUOYHPaHOM
OKpYXKEeBY Kaja CTPyKypa CHCTEMa jeJHayMHa HE OArOBapa CTPYKTYPH KOMYHHKAlLMOHE MPEXe H
IVpeKTHa TIPUMEHA METOJa THIIa HemOoKpeTHe Tauke HHje Moryha. Ctora je mckopuinheHa craHmapaHa
pedopmynanuja Ha mpocrop Behe auMeH3Mje Wy TOM HPOCTOpPY je AeUHHCAH MTEPAaTUBHH ITOCTYIAK
THUIIa HETIOKpeTHE Tauke. [loka3aHa je KOHBepreHnuja oBako Je(UHICAHOT MOCTYIKA 10/ YCIOBIUMa KOjH
Cy aHaJOTHH YCJIOBUMa Yy KJIACHYHOM CIy4ajy, T€ C€ 3a MPEXy Ca jeJIHUM YBOPOM J100Mjajy KIIACUYHU
pe3ynirTaru, KOHBepreluja Moj YCJIOBOM Jla jé WTepaTHBHa Marpulia 1o HOpMH Mama mo 1. OBuM je
MMOKpUBEHAa TEOpHja KOHBEPreHIMje 3a YUTABY KJIACy TOCTyHaka. AHaJoraH pe3yiTaT je IMOoKa3aH W 3a
clly4yaj KOMyHUKAIIMOHUX Mpea Koje Cy NMPOMEHJbUBE y BpeMeHy. TeopHcjku pe3yiraTu cy norBpheHu
HYMEpUYKUM eKCIIepIMEHTHMa IIPUKa3aHUM Ha Kpajy [OTJIaBiba.

In Chapter 5 of the thesis the problem under consideration is solution of linear systems of equations in
distributed environment when the system structure does not correspond to the communication graphs and
hence the fixed point methods can not be applied directly. Using the standard reformulation to the




augmented space a fixed point iterative method is defined. The convergence result for so defined iterative
method is completelly analogous to the well know results in the classical case and this result is sharp in
the sense that for a 1-node metwork we obtain the classical result, convergence if the norm of the iterative
matrix is smaller than 1. An analogous result is shown for the case of communication network changes in
time. The theroretical results are confimed by relevant numerical examples.

[Nornassbe 6 je mocBeheHO pemaBamy IpoOieMa HajMamUX KBajJpaTa ca PETKOM CTPYKTYpPOM M BEoMa
BCIIMKOM JIUMCH3MjoM. MoTuBalmja 3a oOBaj MpodjeM MoTHYe U3 mpodieMa JUTHTATU3AIN]e
KaTacTapckux Mama y XOoJaHAWjU, Ha KOM je KaHIAMIATKUEba Pajniia TOKOM JOKTOPCKHX CTyIHja y
xommanuju Sious Lime Ltd. ExctpemHO Bennka quMeH3Hja OBOT M CIMYHUX MPOOJeMa YMHH KIACHYHE
MeToac OHTI/IMI/ISaHI/Ije HEIPUMCHJBUBUM, TEC je HEONXOAHO MPUMEHHUTHU MapaJICIHC aJIrOPUTME, OJTHOCHO
pagMTH y MacTep-pajHULN apXUTEKTypH. Y Te3u je NeQUHUCAHO pa3yarame Koje KOPHUCTH DPETKY
CTPYKTYpy TpoOiieMa Tako mITo je JakoOujaH npecirkaBama pa3dujeH Ha OJIO0K-ArjaroHaTHH 1e0 U OJIOK-
BaH/(MjaroHAJIHM 1€0. 3axBasbyjyhu oBakBOM pasnaramy moryhe je negunucaru npubiaxau JleBenoepr-
MapxkapToB HOCTYyIIaK KOjH je MOTOojAaH 3a MapajenHo Ipolecynpame. Hanme, oarosapajyhu cucrem je
pa3JioKeH Ha BHIIE HE3aBUCHUX CHCTEMa KOjH Ce MOT'Y pellaBaTH I1apajeHo, a MacTep 4YBOp NpPHMEHY]e
JIMHHU]CKO MpeTpakuBame Kopuctehu arpernpana peuema 1nojeJMHaYHIX YBOpOBa. 3a 0Bako NeduHHUCaH
MOCTYTaK je TMOKa3zaHa Iyio0asHa KOHBEPreHIWja W aHAJTW3UpPaH je pen JiokaaHe KomepreHmuje. Ilox
CTaH/Iap/IHAM TIPETIIOCTaBKaMa, a y 3aBUCHOCTH O]l pETKOCTH MaTpHuiie JakoOujaHa, MoKa3aHa je JInHeapHa
U CylepiIMHeapHa KOHBEPIeHIHMja MOCTyNKa. TepHjcKH pe3yiNTaTd Cy WIYCTPOBaHM Ha NpPUMEpY ca
MHWJIMOH HETIO3HATHX M MTOKa3aHa je e(UKacHOCT ImapajeNn3aliije MpeioskeHa y TUCepTaju.

Very large scale sparse least squares problems are considered in Chapter 6. Motivation for this problem
comes from the project of digitalization od kadaster maps in the Netherlands as the candidate worked on
that problem during her stay at Sioux Lime Ltd, Eindhoven. Extremelly large dimension of the problem
makes the application of standard methods impossible and it is neccessary to solve th eproblem in parallel
fashion, i.e. in the master-worker framework. The proposed methods is based on the splitting that uses
sparsity of the problem in such way that the Jacobian is splitted into block diagonal and block off-
diagonal matrices. Such splitting further allow uus to define an inexact Levenberg-Marquardt method
suitable for parallel implementation. Namely, the original system of lienar equations in each iteration is
this way separated into a number of mutually independent linear systems that can be solved in parallel,
while th emaster node aggregates the local solutions and performs a line search procedure. Global
convergence is proved, as well as local linear and superlinear convergence depending on the level of
sparsity. The theoretical results are illustrated on an example with one million of variables.




VI CIIMCAK HAYYHUX U CTPYUHHUX PAJJOBA KOJU CY OBJAB/bEHU NJIN
IMPUXBAREHHU 3A OBJAB/BUBAIBE HA OCHOBY PE3YJITATA HCTPAYXKUBAIBA Y
OKBUPY PAJIA HA TOKTOPCKOJ JUCEPTALINJIN:

1. D. Jakoveti¢, N. Kreji¢, N. Krklec Jerinki¢, G. Malaspina, A. Micheletti, Distributed Fixed Point
Method for Solving Systems of Linear Algebraic Equations, Automatica, 134, 2021, M21 (ayrtop
KopecrnioHieHT ['pera Manacrinna)

VI 3AK/bYUYIIN OJJTHOCHO PE3YJITATHU UCTPAKUBAIbA:

VIII OHEHA HAYUHA ITPUKA3A U TYMAYEIBA PE3YJITATA HCTPAYKNBAIBA:
ExCIUIMIUTHO HaBECTH MO3WTHUBHY WM HETAaTHBHY OLEHY HauMHA INpPHKa3a W TyMauema pe3yiTara
HCTPAKUBALA.

Ipuka3 cBUX pe3yiTaTta HUCTPAXUBAKA j& OPraHM30BaH 110 JIOTHYKUM LelrHaMa, a (opmynandja
TEOPUjCKUX Pe3yJiITaTa je Mpelr3Ha U UIIyCTPOBaHA HYMEPHUKUM Pe3yJITaTUMA.

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

TexcT nucepranmje je mpoBepeH y codTBepy 3a AeTekiyjy miarmjapusma iThenticate y bubGnmorern
HenapTtMaHa 3a MareMaTuky W HH(popMmaTuky I[lpupoaHo-maTemarwykor ¢axynrera, ca BpeAHOIIhy
pesynryjyher unnekca ciamanoctu 29%. . Ha ocHOBy pesynrara npoBepe, Komucuja je KoHCTaTOBaNa 1a
je BehiHa Oy JapHOCTH, Be3aHa 3a pajioBe (jenaH 00jaB/bCH U jeJlaH Y TPOLECY PEBHU3H]E, ali JOCTYIaH
Kao preprint), y KojujMa je KaHIUJATKHIba ayTop, a KOju INpHKasyjy pesyirtare auceprauuje. Ocrarak
npeKanama ce OMHOCH Ha mojemuHe ommre Kopuinhene ¢pase. Crora ce 3akpydyje Aa je TOKTOPCKa
JMcepTalija OPUTHMHAIHO ayTOPCKO JeNo KaHaunarkume [pere Manacnuna. Ca M3Bemrajem o
MOy JAPHOCTH YIIO3HATH Cy CBH WiaHOBH KomucHje.

The thesis is checked for similarities with software iThenticate in the library of Department of
Mathematics and Informatics, Faculty of Sciences resulting in 29% of similarity. Checking the result the
committee established that most of the similarities comes from the papers authored by the candidate (1
published and 1 in the process but available as a preprint) and that these papers are results of this thesis.
The remaining similarities are certain phrases that are generally used in this area. Therefore, we conclude
that the thesis is an original contribution of Greta Malaspina. All members of the committee are aware of
the similarity check.

Ha ocHOBY HaBezeHOT, KOMHUCH]ja je JOHeNa IIO3UTHBHY OLIEHY 3a HAYWH NPHKa3a M TyMauema pe3yTaTa,

ca 3aK/by4yKOM Ja je JOKTOpCKa JucepTalldja OPUTMHAIHO ayTOPCKO [0 KaHAuAaTKumbe I'pere
ManacnuHa.

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 Greta Malaspina.

IX KOHAYHA OIIEHA JOKTOPCKE JUCEPTALIUJE:
ExcnmMuuTHO HaBecTH Ja JIM JAMCEpTalMja jecTe WIM HHje HalucaHa y CKJIaJy ca HaBeleHHM
o0pa3noxkermeM, Kao U Jla JIM OHa CaJipKu WM He cagp)Ku cBe OuTHe enemeHTe. /laTw jacHe, Npelu3He U
KOHIIM3HE OJITOBOpE Ha 3. U 4. nuTame:

1. la nu je mucepTanyja HaITUCaHa y CKIaLy ca 00pa3iokelkeM HaBeICHNUM Y TIPHjaBH TeMe?
Hucepranyja je HanMcaHa y CKIIaay ca 00pasioKemheM HABECHUM y TIPHjaBU TeMeE.
The thesis is written in accordance with the title submission.

2. Jla i nucepTanuja caipiKu cBe OMTHE elieMeHTe?

Hucepraiyja campku cBe OUTHE €JICMEHTE: y YBOIHOM ey je JaTa MOTHBAallMja 3a MPOydYaBambe TeMe,
3aTHM je HaBe/leM Iperiie]] II03HaTHX pe3yJITaTa u3 00JIacTH, a OPUTHHAIIHH JIOTIPUHOC Te3e je hopMysucaH
y YeTHpHU moriasjpa. Te3a ce 3aBpllaBa NMPUTOJHUM 3aKJBYYKOM y KOM Cy CYMHUpPaHH NOPHHHOCH H
HaBe/eHN Moryhu npaBmu Jajber HeTpakuBama. Ha kpajy Tese je mat mperies kopuniheHe IuTeparype.
The thesis has all important elements: introduction part with the motivation, an overview of state-of-the-art
in distributed optimization, original contribution presented in 4 chapters. 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. 1o yeMy je AucepTalyja OpUrHHAIAH JOMPUHOC HAYIH?




OpuruHaIHA JOTPUHOC HAYIH j€ AaT KPo3 UEeTHPH TIOTIIaBJha Te3€ U cacToju ce y cienehem: 1) mpommpena
j€ TeopHjcKa aHaIM3a 3a IOCTYIIKE IPBOT pe/ia ca er3akTHOM KOHBEPIeHIIM)OM 3a CIIy4aj KOMyHUKAIMOHUX
Mpeka Koje ce MEHmajy Y BpeMeHy; 2) AeuHuUCaH je MeToa npuoIkHor IbyTHOBOT THIIA ca aJanTHBHOM
JIy’)KUHOM KOpaka M T0Ka3aHa I-eroBa riio0ajiHa KOHBEpPICHIIMja U Op3a JIoOKajHAa KOHBEPIEHIIHja, IMOJ
YCIIOBUMa KOjU Cy TeHepaii3anyja KJIaCHUHUX YCJIOBa Yy LEHTPAIN30BaHO] ONTHMH3ALUjH; 3) neduHucaH
j€ ToCTyTKa TUIa TUCTpHOyHnpaHe (PUKCHE TadKe 3a pelIaBamke CHCTeMa JMHEAPHUX jeJHAYMHA U TIOKa3aHa
KOHBEPIeHI[Mja MOCTYIKa O] YCJIOBMMAa KOjU OArOBapajy KIACHYHMM TBPhEHHMAa Yy HEHTPAIN30BAHO]
ormruMmm3anuju; 4) nepuHUCAH je TapaliellHd IOCTyIaK Tuna npuOmmkHor JleBeHOepr-MapkapmoBor
METOJla 3a pellaBame NMpolieMa HelMWHEApHHX HajMamHMX KBaJpaTa BeOMa BEJIMKE IMMEH3HMje M PeTKe
CTPYKTYpe, MOTHBHCAH IIpOOJEMOM JWTWTalMa3lHje KaTacTapcKUX Mara, II0Ka3aHa je TJobanHa
KOHBEPTeHIIMja MOCTYIIKa Kao ¥ JIOKaJlHa KOHBEpTreHIMja oAroBapajyhe Op3une.

The original contribution is given in four chapters and consists of the following: 1) extended theoretical
analysis for first order methods with exact convergence to the case of time varying communication
networks; 2) an inexact Newton method with adaptive step sizes is defined, global and local convergence is
proved under the conditions that correspond to the conditions in the centralized optimization; 3) a
distributed fixed point method for solving systems of linear equations is defined and its convergence is
proved under the conditions that are analogous to the conditions in centralized optimization; 4) Parallel
inexact Levenberg-Marquardt method for solving sparse nonlinear least squares is defined and analysed,
motivated by the problem of digitalization of cadaster maps, global convergence as well as local
convergence of suitable rate is shown.

4. Koju cy HeocTanu AucepTanyje U KakaB je lbUXOB YTHIIA] Ha Pe3yiITaT HCTPAKIBAmHa?

Te3a HeMa OMTHUX HEIOoCTaTaKa.

The thesis has no significant draw-backs.

X HOPEJJIOT:

Ha OCHOBY HaBCJICHOT, KOMI/ICI/Ija TIPEJIAKC:

a) 1a ce JJOKTOpCKa AcepTanyja MPHUXBATH, a KaHAUIaTy 0J00pH on0paHa;
The committee is proposing to accept the thesis and allow the candidate is allowed to defend the
thesis.

Hosu Can, 13.10.2022.
1. np Hatama Kpxnen Jepunkuh,
BaHpEITHHU Tpodecop

, IPEJICeTHUK

2. np Jyman JakoBeruh, BaHpegHH

opdecop
, YJIaH

3. mpod. mp Harama Kpejuh
, WIaH

4. Prof. Dr. Stefania Bellavia
, WIaH

HAITIOMEHA: Unan kommcHje KOjU HE JKeIH Ja MOTIHIIE W3BEIITaj jep ce He ClaXe ca MUILBEHEeM
BehrHe WiaHOBa KOMHCH]e, Iy’KaH je Ja YHECE Y M3BeIITaj 00pasokKeme OMHOCHO pa3iiore 300T KOjuX He
JKEJIM 113 TIOTTIUINE U3BEIITA] U J1a UCTH TIOTITUIIE.
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	​ I ПОДАЦИ О КОМИСИЈИ
	​ II ПОДАЦИ О КАНДИДАТУ
	IV ПРЕГЛЕД ДОКТОРСКЕ ДИСЕРТАЦИЈЕ:
	​ V ВРЕДНОВАЊЕ ПОЈЕДИНИХ ДЕЛОВА ДОКТОРСКЕ ДИСЕРТАЦИЈЕ:
	​ Четири поглавља дисертације садрже оригиналне резулатате кандидата. Сви резултати се односе на проблеме дистрибуиране оптимизације, где подразумевамо да се минимизира агрегатна функција циља на мрежи комјутерских чворова, при чему сваки чвор поседује само локалну функцију циља, а потребно је минимизирати агрегатну функцију циља. У дисертацији су посматрана два типа комјутерских мрежа. Први је дистрибуирана мрежа која је заправо повезан граф, а комуникација је могућа само између чворова који су повезани гранама графа. Други тип мреже је мастер-радници мрежа, у којој постоји централни чвор који је повезан са свим осталим чворовима мреже (радницима), али чворови радници нису међусобно повезани. Стога се у дистрибуираној оптимизацији, поред теоријске анализе конвергенције и анализе рачунарског трошка поступка, намеће и питање комуникационих трошкова као битан параметар квалитета нумеричког поступка.
	​ 1. D. Jakovetić, N. Krejić, N. Krklec Jerinkić, G. Malaspina, A. Micheletti, Distributed Fixed Point Method for Solving Systems of Linear Algebraic Equations, Automatica, 134, 2021, М21 (аутор кореспондент Грета Маласпина)
	​ VII ЗАКЉУЧЦИ ОДНОСНО РЕЗУЛТАТИ ИСТРАЖИВАЊА:
	​ VIII ОЦЕНА НАЧИНА ПРИКАЗА И ТУМАЧЕЊА РЕЗУЛТАТА ИСТРАЖИВАЊА:
	​ Приказ свих резултата истраживања је организован по логичким целинама, а формулација теоријских резултата је прецизна и илустрована нумеричким резултатима.
	​ All results are organized in meaningful chapters, the formulation of theoretical results is correct and illustrated by numerical results.
	​ Текст дисертације је проверен у софтверу за детекцију плагијаризма iThenticate у Библиотеци Департмана за математику и информатику Природно-математичког факултета, са вредношћу резултујућег индекса сличности 29%. . На основу резултата провере, Комисија је констатовала да је већина подударности, везана за радове (један објављен и један у процесу ревизије, али доступан као preprint), у којијма је кандидаткиња аутор, а који приказују резултате дисертације. Остатак преклапања се односи на поједине опште коришћене фразе. Стога се закључује да је докторска дисертација оригинално ауторско дело кандидаткиње Грете Маласпина. Са Извештајем о подударности упознати су сви чланови Комисије.
	​ The thesis is checked for similarities with software iThenticate in the library of Department of Mathematics and Informatics, Faculty of Sciences resulting in 29% of similarity. Checking the result the committee established that most of the similarities comes from the papers authored by the candidate (1 published and 1 in the process but available as a preprint) and that these papers are results of this thesis. The remaining similarities are certain phrases that are generally used in this area. Therefore, we conclude that the thesis is an original contribution of Greta Malaspina. All members of the committee are aware of the similarity check.
	​ На основу наведеног, комисија је донела позитивну оцену за начин приказа и тумачења резултата, са закључком да је докторска дисертација оригинално ауторско дело кандидаткиње Грете Маласпина.
	​ 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 Greta Malaspina.
	​ IX КОНАЧНА ОЦЕНА ДОКТОРСКЕ ДИСЕРТАЦИЈЕ:
	​ 1. Да ли је дисертација написана у складу са образложењем наведеним у пријави теме?
	​ 2. Да ли дисертација садржи све битне елементе?
	​ 3. По чему је дисертација оригиналан допринос науци?
	​ 4. Који су недостаци дисертације и какав је њихов утицај на резултат истраживања?
	​ Теза нема битних недостатака.
	​ X ПРЕДЛОГ:
	​ На основу наведеног, комисија предлаже:
	​ а) да се докторска дисертација прихвати, а кандидату одобри одбрана;
	​ The committee is proposing to accept the thesis and allow the candidate is allowed to defend the thesis.

