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HACJIOB JOKTOPCKE JUCEPTALIUJE:
IlypoB KoMIJIeMeHT U TeopHja X-MaTpuLa
PhD THESIS TITLE

The Schur complement and H-matrix theory

HNPETJIEJ JOKTOPCKE JTUCEPTALMJE:
Hagectu kparak caapikaj ca Ha3HaKOM Opoja cTpaHa, MOorJaBiba, CIIKKa, lemMa, rpad)uKoHa U CJI.

Y 0B0j TOKTOPCKOj AMCEPTAIMjU MPOyUYaBaHe Cy OpojHE MOTKiIace X-MaTpHUIla U lBbHUXOBE IPUMCHE
y JIOKaJIM3alMji KapaKTEPUCTUUHIX KOPEHa, OLCHhHUBakby HOPME HHBEP3HE MaTPHILIE M, HAPOUUTO,
y ucnuTuBamy cBojctasa LllypoBor kommiemenTa. PasmaTpana je 3aTBOpEHOCT NOjeIMHUX Kilaca
Marpuna Ha [IlypoB KOMIUIEMEHT, Tj. ”HBApHUjaHTHOCT MOjeIMHUX CBOjCTaBa MAaTPHUIIA y OJJHOCY Ha
[ypoB kommnemeHT. [IpencraBibene cy MOoryhHOCTH JIOKaM3anyje U cenapanuje
KapaKTepUCTHYHUX KopeHa LLlypoBor KOMIIEMEHTa, Ha OCHOBY elleMEHAaTa IIOYETHE MaTpHLE, Y
(bopMH BEepTUKAHUX Tpaka U y GOopMH Kpyrosa [ epIIropiHHOBOT THIIA.

Hucepranuja cagpxu 161 crpaHy, ImIecT moriaBiba, jedHy Tabemy U 12 ciuka-TpadukoHa.

Y mpBOM TOTJIaBJBY AT je Mperiie]] HajBaKHUjUX [T0jMOBA, KA0 M MOTHBAIIH]ja 33 NCTPAKUBAIHE.
Hpyro nornassee caipku o3HaTe pesynrare o M-marpunama u X-MaTpulaMa.

VY tpehem mornasiby AaT je mperiie pa3InuuTUX IOTKIaca X-MaTpuIla. Y OBOM IOTTIABJBY Ce
HaJla3e ¥ OPUTHHAJIHU Pe3yJITaTH Ha TeMy KOHCTPYKIIMje cKanupajyhe MaTpuile 1 HOBH YCIIOBH 32
peryJapHoOCT.

VY 4eTBpPTOM IIOIJIaBJbY JaTe Cy HOBE OLIEHE MAKCUMYM HOPME MHBEP3HE MaTpHIle, LITO je Y
MOTIYHOCTH OpUTHHAJIAH JOTIPHHOC.

VY nmeTom nornasby Jaty cy pesyntard o LllypoBom kommiemeHTy. OpuruHaias JOMPUHOC
NIPE/CTaBIbajy pe3YyJITaTH O 3aTBOPEHOCTH HEKHUX Kiiaca Marpuia Ha lllypoB KoMIieMeHT, Kao 1
pe3yJITaTH O JIOKAIM3AIMjH KapakTepucTnyHux kKopeHa lllypoBor komiiemenra.

[Iecto nornasibe caapku 3aKJbydHE HaIIOMEHE.

PhD THESIS OVERVIEW:

In this doctoral dissertation, different subclasses of H-matrices are considered, together with their
applications in eigenvalue localization, construction of bounds for the norm of the inverse matrix
and, above all, in investigation of Schur complement properties. Closure properties of some matrix
classes under Schur complement, i.e., results on invariance of some matrix properties under taking
Schur complements are presented. Possibilities for eigenvalue localization and separation for the
Schur complement, based on the entries of the original matrix, are presented in the form of vertical
bands and in the form of GerSgorin-type circles.

Dissertation is written in 161 pages and consists of six chapters, one table and 12 figures.

In the first chapter, an overview of relevant ideas is given, with motivation for the research.

The second chapter contains well-known results on M- and H-matrices.

In Chapter 3, different subclasses of H-matrices are presented. Original results can be found in
connection with construction of a scaling matrix and new nonsingularity conditions.

In Chapter 4, new bounds for maximum norm of the inverse are presented, which is entirely
original contribution.

In Chapter 5, results on Schur complements are given. Original contribution is presented through
new results on closure properties of some matrix classes under Schur complements and new results
on localization of eigenvalues of the Schur complement.

Chapter 6 consists of concluding remarks.




\% BPEJHOBAIE NOJEJWHUX JEJOBA JTOKTOPCKE JJUCEPTAIIMJE:

Teopuja X-MaTpuIia mpencTaBba BakaH ajaT y OpOjHAM 00acTIMa IPUMCEHCHE THHEapHe
anreope. [Ipobnemu Jlokanu3aipje KapakTepPUCTHYHUX KOPEHa MaTpUIle, KOjH Cy Y TECHOj Be3n
ca QaHAJIM30M CTaOWIIHOCTH JMHAMHYKHX CHCTEeMa, Kao U IIPOOJIeMH OLleHe HOPME HHBEP3HE
MaTpulle H UCIIMTHBAaba KOHBEPTeHIM]e NTEPAaTUBHUX MOCTYIAaKa 32 PElIaBamke CHCTeMa
JIMHEapHHX jeJIHAUYMHA BETMKUX TUMEH3H]ja, YECTO 3aXTeBajy ynoTpeOy pe3ysiraTa pa3BUjeHUX Yy
okBupuMa Teopuje X-marpumna. Ca npyre crpane, IllypoB KOMITIIEeMEHT, KOjU ce jaBjba y OJIOK-
I'aycoBoj eMMUHAIH, IPEICTaBIba MATPHUILY Mamer popMaTa y OJHOCY HA IOYETHY MATPHILY,
ca kojoM je y cnenuuaHoj Be3u. [IpupoHo, MocTaBiba ce MUTAke KOja MaTpUYHA CBOjCTBA
[IypoB KOMIIJIEMEHT Haciel)yje o/ moueTHe MaTPHIIE U IO KOjHM YCIOBHMA.

HcmuruBame cBojcrapa LLlypoBor KOMIUIEMEHTa, KAaKO Y CMHCITY 3aTBOPEHOCTH IMOjeIMHUX Kilaca
Mmarpuia Ha LLlypoB KOMIUIEMEHT TaKo U Y CMHCITY oApeluBama NpeIMMHHAPHUX JIOKATH3aLH]ja
KapaKTepUCTHYHUX KOPEHa OBE MaTpHILIE, IPECTaBJba OCHOBHHU MPaBaLl HCTPAXKUBAbA Y
JMCEePTAIMjH, Y3 HOBE YCIIOBE 3a PEryJapHOCT MaTpPHULIA U HOBE pe3yiTaTe y 001acTH OLeHe HOpMe
MHBEP3HE MaTpPUIIE 32 HEKe KOHKPETHE MOTKIIace Kiace X-MaTpula.

VY npBOM, YBOJTHOM IOTJIABJbY, JAT j& UCTOPHjCKH MPETJie]l OCHOBHUX Hjigja pa3MaTpaHuX y
mucepranyju. OGjaimbeHa jé MOTHBAIHM]ja 32 OBAKBY BPCTY UCTPaXKMBarha KPO3 MPeEriiel IpuMeHa
Teopuje X-MaTpulla y npobiieMruMa HyMepHUKe JHHeapHe anreope.

Jpyro mornassbe caIpxu no3Hare pesyirare o M- u X-mMarpunama. Y IpBoM 0/IeJbKY JaTe Cy
KIacuyHe nedunuimje u TBphema o M-maTpuiiama. Hajpaxkauja kapakrepusanuja X-MaTpuiia, 3a
pa3marpama Jara 'y 0BOj T€3H, jeCTe OHa Koja J1aje Be3y X-MaTpHIa 1 II0jMa CTPOre ijaroHaiHe
nomuHamje (C/I) u oBa kapakTepu3anyja je HaBeIeHa y ApyroM oesbky. Tpehu onesmak
caapxu onmrtHje neuuunuje M- u X-MaTpuna, Koje Cy IpuCyTHE y JIUTepaTypH.

V tpehem mornaeiby HabpojaHe Cy pa3He MOTKIace Kiace X-MaTpHLa, TpylnucaHe y meT
KaTeropuja, Ha OCHOBY IIeT Pa3IMUYUTHX HJeja reHepanmsanuje CI/] cBojcTBa. 3a HEKe of
HaBeJCHUX Kjlaca, y3 KiIacu4yHe Ae(pUHUIMje IpeacTaB/beHe Cy U cKanupajyhe kapakrepuzaryje.
VY tpehem mornapiby, ayTop HaBOJM M HEKE OpUIHHAIHE peynrate. [IpemnoixkeHa KOHCTpyKIHja
ckanupajyhe marpuie 3a [IM- u [1X-marpuiie je OpurnHaiaH TOMPHHOC U IIPUKa3aHa je y
nuceprandju npeu myt. KoHerpykiuja ckanupajyhe marpune 3a Hekpacos u Y -Hekpacos
MAaTpHIIE j€ OPUTHHAJIAH JOIIPUHOC ayTOpa M OBH PE3YJITATH Cy 00jaBJbEHH Y pajay KOjU je HaBEACH
1oJ| peqHUM OpojeM 6 y JIMCTH paJioBa y HapeJHOM Jiesly OBOT u3BewITaja. CBU pe3ynraTtu o
[T1T12-HekpacoB maTpuiiaMa cy OpUrHHAIAH JOIPUHOC ayTopa U 00jaBJbEHU CY Y pajy HOx
penHuM OpojeM 5, rie je oBa MoTkJaca Kiiace X-MaTpHulia 1o IpBH IyT yBeneHa. Hosu ycnos 3a
peryJiapHOCT NpecTaBbeH Kpo3 pesynrare o [11112-cemu-HekpacoB maTpuiiama je opuruHaias
JIOTIPUHOC ayTopa U 'y TE3H je NMPEICTABIbEH IPBU IIyT.

YeTBpTO HOIIABIBE CAIPIKH JIBE BasKHE IPUMEHE NOTKIIaca HaBeIeHNUX y Tpehem nornasspy. [1pBu
0JIeJbaK je y MOTIYHOCTH OPUTHHAJIAH U Y BbeMy CY JlaTe HOBE OLICHE MaKCUMyM HOpMe (HOpMe
0ecKOHaYHO) MHBEp3HE MaTpuIle. AyTOp MpeACTaBJha JBE HOBE HE3aBUCHE TOPHE OLIEHE
MaKCUMyM HOpME MHBEP3HE MaTpHUIIe U II0Ka3yje Kpo3 IpHMepe Aa OBH Pe3yJITaTH IPeCTaBIbajy
3HayajaH JONPHUHOC pe3yiITaTUMa OBOT Tuna Koju Beh nocroje y nmureparypu. Hose onene nare y
JUCEepTaNrjy MOTY ce IPUMEHHUTH M HAa MaTPULIE Ha Koje Beh mo3HaTe oIieHe He MOTy OuTH
npuMerseHe. U BuIiie 011 TOra, 3a MaTpHIle 3a Koje Beh mocToje Heke Mmo3HaTe OleHE Y JIUTepPaTypH,
OBE HOBE OIIEHE MOT'Y JIaTH 00Jbe pe3yJTare, Tj., BpeAHOCTH OJIMKE TauHOj BPEJAHOCTH HOpME
nHBep3a. Hose onieHe HOpMe, IpecTaBIbeHe Y IPBOM OZIeJbKY YETBPTOT MOTJIaBJba, 00jaB/bEHE CY
y pany moj OpojeM 5.V apyrom oniesbKy HCTOT HOTJIaBJba, ayTOp HABOJM ITO3HATE TEOPEME
['epIIropHOBOT THIIA U Pa3MaTpa OJHOC HEKUX JIOKAITU3ALHOHNX CKYIOBa 33 KapaKTePHCTHYHE
KOpEHe MPOU3BOJbHUX KBAAPATHAX MaTPHLA.

V neroM IOIaBIbY ayToOp Aaje pesynrare y Be3u ca lllypoBuM KOMIIEMEHTOM MaTpHIia Koje
Ipunajajy nocMaTpaHiuM NOTKJIacaMa X-MaTpuia. Y IPBOM 0/1eJbKY JIaTH CY OCHOBHH ITO3HATH




pesynraru o lllypoBom KOMIUIEMEHTY, JIOK C€ y IPYrOM OJIeJbKY pa3mMarpa 3aTBOPEHOCT
nojeanHux kiaca marpuia Ha lllypos kommiemeHT. OCHOBHO ITUTakE y OBOM JIEJIy jeCTe Koja Cy
MaTpU4Ha CBOjCTBa MHBapWjaHTHA y ofHocy Ha LllypoB kommiemeHT. Pe3ynraru o 3aTBopeHOCTH
KJIaca 3aCHOBAHMX Ha MApTHULMjU Cy OPUTHHANAH TONPHHOC ayTopa. [Ipu Tome, pe3yiraT o
3arBopeHocTH Kiaca J[3-matpuna u Y -CJIJ] maTpuiia cy o0jaBibeHH y pary Mo peaHUM OpojeM
1, mok cy pe3yaratu o 3aTBopeHocTH kiaca [IM- u [1X-Martpuiia moTmyHO HOBH U IPECTABILEHU
y Te3u npBu myT. OBH pe3ynATaTH Cy OMIITHjU O NOCTOjehrX CPOJHUX pe3yJiTara y JIUTEpaTypH, a
JIOKA3H Cy U3BEJICHH JIPYraurjoM TEXHUKOM, 3aCHOBAHOM Ha CKayupajyhum Kapakrepusaiujama
u3 Tpeher nmornasspa. Pesynraru o 3aTBopeHocTH kiace Y -Hekpacos marpuiia Ha [1lypos
KOMIUIEMEHT Cy OPUTHHAIHY U 00jaBJheHU Y pany KOjH je HaBeleH moa Opojem 2. CBH pe3ynraTa
0 3aTBOPEHOCTH Ki1aca MaTpuiia Ha aujaroHannu [llypoB komiuiemeHT cy opuruHainiu . OBu
pe3yaTatu Cy 00jaBJbeHH Y pady Mmoj OpojeM 2, MpH YeMy Cy pe3ysitaTu o 3arBopeHocTd [IM- u
[MX-marpuua Ha qujaroHanay [llypoB KOMIUIEMEHT MOTIYHO HOBH M HABEJICHU Y TE€3U IIPBH MYT,
kao u pesynararu o [leponoBom kommementy I1X-maTpuna.

Opesbak 3 UCTOT MOTJIaBJba CACTOjU CE Y LEIMHH O HOBHX Pe3yJiTara O JIOKaJIU3alujH |
cemapanujy KapakTepuCcTHIHIX KopeHa matpule LllypoBor kommiemenTa, nomohy egemeHara
MOYETHE MaTpulle. AyTop MpeACTaBJba JiBa THIIA JIoKadu3auuje kopeHa lllypoBor koMIieMeHTa —
BepTHUKaIIHE Tpake U kpyrose [ epuiropunoBor Tuna. CBuU pe3ynratu o kopeHuma [llyposor
KOMITJIEMEHTA Cy OPUTHHANAH JOMPUHOC ayTOpa U 00jaB/beHH CY Y paloOBUMa HABEJCHUM O]
penHUM Opojesuma 3,4 u 6.

Ha camom kpajy mucepranyje, faTe Cy 3akjbydHe HallOMEHE y IECTOM IIOTNIaBJby U JIHUCTA
pedepeHIH.

EVALUATION OF PARTS OF PhD THESIS:

H-matrix theory represents an important tool in different research areas in applied linear algebra.
Eigenvalue localization problems, closely related to analysis of stability of dynamical systems,
problems of determining norm bounds for the inverse and analysis of convergence of iterative
methods for solving large systems of linear equations, often demand the use of results developed
inside H-matrix theory. On the other hand, the Schur complement, that appears in block-Gaussian
elimination, represents a matrix of a smaller format than the original matrix and it is in a specific
way related to the original matrix. Therefore, the natural question is which matrix properties of the
original matrix are inherited by Schur complements and under what conditions. Investigation of
Schur complement properties, on one hand closure properties of some matrix classes under Schur
complement and on the other hand determining preliminary eigenvalue localization for the Schur
complement, represents the main direction of research in this dissertation, together with new
nonsingularity conditions and new results on norm bounds for the inverse, for some special
subclasses of H-matrices.

In the first, introductory chapter, historical development of basic concepts considered in the
dissertation is recalled. Motivation for this type of research is explained through an overview of
applications of H-matrix theory in problems that arise in applied and numerical linear algebra.

The second chapter consists of well-known results on M-matrices and H-matrices. Classical
definitions and statements on M-matrices can be found in the first section. The most important
characterization of H-matrices, for the research done in this dissertation, is the one that gives a
relation of H-matrices to strict diagonal dominance (SDD) and it is recalled in the second section
of the second chapter. The third section recalls a more general definition of M- and H-matrices
that can be found in the literature.

Chapter 3 deals with numerous subclasses of H-matrices, grouped by five different ideas for
generalization of SDD property. For some of these subclasses, together with classical definitions,
different, scaling characterizations are presented. In the third chapter, the author gives some




original contributions. Proposed construction of a scaling matrix for PM- and PH-matrices is an
original contribution given in the dissertation for the first time. Construction of a scaling matrix
for Nekrasov and Y -Nekrasov matrices is original contribution, published in the paper given by
number 6 in the list of papers in the following part of this report. All the results on P1P2-
Nekrasov matrices are original contribution of the author and are published in the paper given
by number 5, where this subclass of H-matrices is introduced for the first time. A new
nonsingularity condition presented through results on P1P2-semi-Nekrasov matrices is
introduced in the dissertation for the first time.

Chapter 4 deals with two important applications of subclasses presented in Chapter 3. The first
section is completely original and deals with determining upper bounds for the maximum
(infinity) norm of the inverse matrix. Two independent upper bounds are obtained and the author
shows clearly through examples that new bounds present an important contribution to results of
this type that already exist in the literature. These new bounds presented in the dissertation work
for some matrices for which already known bounds cannot be applied. Even more, for those
matrices for which there are already some well-known bounds in the literature, new bounds can
work better, meaning that they give, in some cases, a value closer to the exact value of the norm.
Norm bounds presented in the first section of Chapter 4 are published in the paper given by
number 5. In the second section of Chapter 4, the author recalled well-known GerSgorin-type
theorems and considered the relation of some eigenvalue inclusion sets.

In Chapter 5, the author presents results related to the Schur complement (SC) of matrices that
belong to some subclasses of H-matrices. The first section recalls well-known and basic results on
SC, while the second section deals with closure properties of different matrix classes under taking
Schur complements. The main question in these considerations is which matrix properties are
invariant under SC. All the results on SC-closure of partition-based classes are original
contribution of the author. Results on SC-closure of Dashnic-Zusmanovich matrices and Y -SDD
matrices are published in the paper given by number 1, while the results on SC-closure of PM- and
PH-matrices are completely new and presented in the dissertation for the first time. These results
are more general than existing related results in the literature and, moreover, they are obtained
through a different proving technique, based on full scaling characterizations from Chapter 3.
Results on SC-closure of Y -Nekrasov matrices are original contribution, published in paper 2.
Also, all results on diagonal-SC-closure are original contribution of the author and they are
published in the paper given by number 2. Results on diagonal-SC-closure of PM- and PH-
matrices are given here for the first time, as well as results on Perron complements of PH-
matrices.

Section 3 of Chapter 5 consists entirely of original results on eigenvalue localization and
separation for the Schur complement matrix based on entries of the original matrix. The author
considers two different ways of localization — vertical bands and Ger3gorin-type circles.

All the results on eigenvalues of SC are the original contribution of the author and they are
published in papers given by numbers 3,4 and 6.

The dissertation ends with concluding remarks of Chapter 6 and the list of references.
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Vi

VII

3AK/bYUYIIM OJTHOCHO PE3YJITATHU UCTPAKUBAIbBA

VY nucepraluju cy aHaJIM3MpaHe MOTKIace Kiace X-MaTpulla ¥ lbUX0Ba MPUMEHa y podiieMuma
HyMepHUKe JITHeapHe anreOpe, NPBEHCTBEHO y BE3H ca IpoydaBameM cBojcrasa Lllyposor
KomIieMeHTa. OpUrnHaIHU pe3yiITaTH 00jaBJbEHHU CY Y paJloBUMa HEBEJCHUM y PETXOAHOM
0JIEJbKY, a JIFCcepTalija CaIp>KK U pe3yiTaTe Koju J1o caja Hucy objaBbenu. OpuruHaiHa je u cama
TEXHHKa JOKa3MBama Koja Ce 3aCHUBA Ha CKaIMpajyhuM KapakTepu3alijaMa noTkiaca kimace X-
Matpuna. HoBoM TeXHHKOM 100HMjeHH Cy eeTaHTHH]H JOKa3H U 3a HeKa Mo3HaTa TBphema.
I'maBHU pe3ynTaTH y AUCEPTALHjU CY

HOBH YCIJIOBH 3a PETYIApPHOCT, KOjH HCTOBPEMEHO Ae(PHUHHIIY ITOTKIace X-MaTpuia

HOBE OIIEHE MaKCHMyM HOPME HHBEP3HE MaTpHILE

pe3yaTaTy 0 3aTBOPEHOCTH HEKHX Kiaca marpuua Ha lllypoB kommiieMeHT

pe3yiITaTH O JIOKAJIM3ALUjH U Cerapalyjyu KapakTepucTuaHux kopena lllyposor
KOMIUIEMEHTA Ha OCHOBY €JIeMEeHaTa I0JIa3He MaTpHuile, y GOpMU BEPTUKAIHUX Tpaka U y
¢dopmu kpyrosa ["epiropuHoBor Tumna

CONCLUSIONS-RESULTS OF THE RESEARCH:

In this disertation, subclasses of the class of H-matrices are considered and their application in
problems of numerical linear algebra is investigated, especially in connection with Schur
complement properties. Original contribution consists of results published in papers listed in part
V1 of this report. Dissertation also contains some original results that have not been published
before. The technique of proofs is original and based on scaling characterizations for some
subclasses of H-matrices. In this way, more elegant proofs are obtained for some already known
statements, as well.
Main results of the dissertation are
e new nonsingularity conditions that define subclasses of H-matrices
e new maximum norm bounds for the inverse matrix
e results on closure properties of some matrix classes under Schur complement
e results on localization and separation of eigenvalues of the Schur complement based on
entries of the original matrix, in the form of vertical bands and in the form of GerSgorin-
type circles




VIl  OHEHA HAYMHA ITPUKA3A 1 TYMAUYEIA PE3YJITATA HCTPAXKUBAIbBA
ExcruiMiiuTHO HaBeCTH MO3UTHBHY WM HETaTHBHY OLICHY HAUYMHA IIPUKa3a U TyMauerma pe3yirara
HCTPaKMBamba.
Jucepranyja je HanMcaHa IperIeHO U cucTeMaTiyHo. HaBesieHn cy pesieBaHTHU MTO3HATH
pe3yiTaTH y 00JacTH CTpaXKuBama y3 oAroBapajyhu u3bop iaureparype. OpUrHHaiIHU pe3ynraTu
Cy jacHO ()OpPMYJIMCAHH M MIIyCTPOBaHH HyMEPHUKMM NPUMEPHMa, y3 KOMEeHTape o MoryhHocTrma
TIPUMEHE.

VIl EVALUATION OF THE PRESENTATION AND INTERPRETATION OF THE
RESEARCH RESULTS

Dissertation is written clearly and systematically. Relevant well-known results for this research area
are given with the corresponding choice of literature. Original results are presented clearly and
illustrated with numerical examples and remarks on possibilities for applications.

IX KOHAYHA OIIEHA TOKTOPCKE JUCEPTAIIUJE:

EKCIIMIMTHO HABECTH Ja JIK JUCepTallija jeCTe WM HUje HAMMCAHA y CKIIay ca HABEJICHUM
00pasiokemeM, Kao U Jia JIM OHA CaJIPKHU WM HEe Cap)Ku cBe OUTHE ejeMenTe. JlaTH jacHe, Mpelu3He U
KOHIIM3HE OJITOBOpE Ha 3. U 4. IUTamke:!

IX FINAL EVALUATION OF THE DOCTORAL DISSERTATION:

1. Ja mmu je aucepraliyja HaNKMcaHa y CKIAAy ca 00pa3ioKemheM HaBeIEHNM Yy TIPHjaBH Teme?
Jucepranuja je HanucaHa y HOTIYHOCTH Yy CKJIAAy ca 00pa3JloikeheM AaTHM Y NIPHjaBH
TeMe.

Is the dissertation written in accordance with the elaboration stated in the submission of the topic
of the thesis?
The dissertation is written entirely in accordance with the reasoning given in the application.

2. [Ja nu nucepranmja caapxu cBe OUTHE enemeHTe?
Jducepranuja caap:ku cBe OMTHE eJeMeHTe.

Does the dissertation contain all of the relevant elements?
The dissertation contains all the relevant elements.

3. ITo yemy je aucepTaiija OpUrHHANIAH TOTIPHHOC HAYIIN?

OpuruHajiad J10NPUHOC HAYLIH Y OBOj THCEPTAIUjU NPEICTaAB/bajy OPOjHU HOBH pe3yJITaTH y
00J1aCTH UCTPAKNBaKha, KA0 M HOBE TeXHUKeE J0Ka3a, OpUTHHAJAH NPUKA3 TeMe M HOBe
MoryhHocTu npumene.

In what way does the dissertation provide an original contribution to science?

Original scientific contribution in this dissertation is given through numerous new results in
the research area, new proving technique, original presentation of the subject and new
possibilities for applications.

4, Henocraiu nucepranyje v lUXOB YTHIIA] HA PE3YJITAT HCTPAKUBAA
Hema ux.

The shortcomings of the dissertation and their influence on the results of the research
There are none.




X MPEIJIOT:

Ha ocHoBy ykymHe orieHe aucepramyje, Komucuja mpempiaxe:

Ja ce JOKTOpcka aucepranuja ,Illlypo kommiemeHT u Teopuja X-maTpuna“ nmpuxsartu, a
kanauaaTkumwu Maju Henouh ono6pu ogopana.

X SUGGESTION:

Based on the overall evaluation of the dissertation, the Committee suggests:

to accept the dissertation “The Schur complement and H-matrix theory” and to approve the
defence by candidate Maja Nedovi¢.

HABECTU UME U 3BABE YIAHOBA KOMICHUIE
INOTIIMCH YIIAHOBA KOMUCHUJE

1p Mmna Crojakosuh, petoBHE Ipodecop, IPeIceTHUK

np Bmagmvmup Koctuh, Banpennu npodecop, wian

ap Tomasz Szulc, penoBuu npodecop, wian

1p Kcennja JlopociioBauku, TOLEHT, WiaH

np Jbupana LBetkoBuh, pemoBHE mpodecop, MEHTOP

HATIOMEHA: Ynan koMHCH]€ KOjU HE YKEJIU J1a MOTIIHIIE U3BEIITa] jep Ce HE CIaXKe Ca MUILJBEHHEM

BelinHe WiaHOBa KOMHUCH]E, y)KaH je /1a YHece y N3BellTaj 00pa3ioKemhe OJHOCHO pasiore 300T KOjux He
JKEJIM 113 TIOTIIUILE U3BEIIITa].
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