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BPEJHOBAIGE IMOJEJUHUX JEJOBA JOKTOPCKE JUCEPTAIIUJE: (A detailed assessment
of specific parts of the thesis:)

Uneja cendsuy nonyzpyne je penaTHBHO jeJHOCTaBHA, a, ca CTAHOBHUINTA allCTPAKTHE airedpe, M3y3eTHO
NPUpPOJIHA, Ta YyAM Kako OHa HHje paHMje CHCTEeMaTCKH H3ydaBaHa. Hamme, Heke o] Haj3Ha4ajHHjUX
npuMepa TOoJyrpyna y JHUTepaTypu Koje, C jelHe CTpaHe, caMe 10 ceOM IpeACTaBbajy IIUPOKO I0JbE
HaY4YHOT pajJia y TEOpHjH MOJIyrpyIma, a ca Ipyre cTpaHe NpeACTaBIbajy T1aBHY "MHCIIUpANHjy" 3a ancTpakTHa
YOTIITaBabha, YNHE KOHKPETHH O00jeKTH W3 pa3HuX o0nacTu mMaremaruke. TH 00jeKTH MMajy Ha YIJIaBHOM
NIPaBOJIMHU]CKH HauWH JeduHHCaHy ollepalyjy KOMIIOHOBama KoOja je acolMjaTHBHA, Ia TaKO Pe3yiTyjy
CTpPYKTypoM nousryrpyne. Ha npumep, Takse cy:

o mpancgopmayuje (TOTaTHE WIN TapIHjaiIHe), QyHKIHjEe HEKOT cKyma X y camor cebe,

e xeadpamue mampuye, cxBaheHe Kao HayMH pempe3eHTaluje eHmpoMopdusaMa KOHAYHO-

JMMEH3HOHATHOT BEKTOPCKOT IPOCTOPa,
e rpadoBcku dujacpamu, Takohe MO3HATH U KAO MAPTHUIIH]E, T,

Mebhyrum, npobnem HacTaje kana (npupoaHO JeduHKMCaHe) omepanuje KOMIO3MIHMje OBHX oO0jekara
MOKYIIIAMO J1a MPOIIMPUMO, Ha IpUMep, Ha CBe (pyHKIHMje, Ha cBe (IIPaBOyraoHe) MaTpHIle, HA AUjarpame y
KOjiMa JIOMEH M KOJAOMEH HeMajy MCTy IUMEH3Hjy, UTH. Y OBaKBUM CHTyallMjama, KOMIIO3HIIHUja je camo
napuujanHo aepuHucaHa - 1Be (QyHKIHje MOKEMO KOMIIOHOBATH CaMO aKO CE€ KOJOMEH jeJlHEe TOKJIONHU ca
JIOMEHOM JIpyre, a JIBE MaTpUIle caMo ako ce Opoj KoJIOHa MpBe MOKJIONK ca OpojeM BpcTa apyre. Haunn na
ce oBaj mpobieM npeBasulje BOAM MOPEKIIO M3 TEOpHje MPCTeHa, Kpo3 KOHCTPYKIH]Y T3B. MaHOBHX IpCTEHa.
Hamme, motpe6HO je koHCTpyHcaTh moronHy kareropujy C y kojoj he o6jextn koje mocMaTtpamo (¢$yHKIHje,
MaTpuIle, Aujarpamy,...) 3aIpaBo YHHUTH MopduzMe m3Mmely Hexux oOjexara kateropuje C (3a Kareropujy,
OJHOCHO TapiujanHy nonyrpyny C kakemo J1a je JoKaiHo Maid, ako je 3a CBaka JiBa mweHa ofjekTa i,j kimaca
Mopduzama Hom(i,j) ckym). Cana, y onmrem ciy4ajy, ako je i#j, Huje Mmoryhe KOMIIOHOBATH JiBa MOpdu3Ma
u3 Hom(i,j). Ho, unak mocroju 3rojiaH HauuH Ja XOM-CET I00Hje CTPYKTYpy MOIYyrpyle, a TO je 1a ce
¢dukcupa Heku mophusam a uz Hom(j,i), re na ce cama na Hom(i,j) nepunume oneparuja o, ca
X 8,y = xay

3a cBe X,y u3 Hom(i,j), mro je monoBo mopduzam w3 Hom(i,j). Ha taj Haums, neduuucami cMo momxyrpymy
(Hom(i,j), ®,) kojy 30BeMO cenosuy noayzpyna (y OMHOCY Ha €JIEMEHT @).

CnnuHe wieje "CeHOBHY ormepandja"’ MMOjaBJbyjy Ce Yy Ppa3HUM 00JacTHMa MaTeMaTHKE U TEOPH]jCKOT
padyHapcTBa, HIIp. Y TEOPHjU pENpe3eHTalNja, KITaCHIYHUM TpyIliama, TEOpHjH KaTeropuja, TEOpUji ayToMara,
TOIIOJIOTHjH, pauyHapckoj anreOpu, utid. [lodeTHe, pyauMeHTapHE pe3yaTaTe y Be3W CEHIBHY IOIYyrpyra
Tparchopmarmja 1o6uo je Marmi jomr cpeauaoM 1970-uX, amy je MHOTO Mpo0diieMa y Be3u ca BhHUMa OCTallo
HeperreHo. CTora je kKao TJIaBHH IMJb UCTPAKUBAYKOT MPOjeKTa KOjH je Y OCHOBH OBE JUCEPTalHje, U YUjU
pesynraTr OHa TPEACTaBiba, OMIIO MOCTaBJHEHO CHUCTEMAaTCKO M JIETAJbHO H3Y4aBambe CTPYKTYpE CEHIBHY
MOJYTpyNa, Kako y CBOM alCTPaKTHOM, HajoIITHjeM OOJIMKY, TaKO M Y KOHKpeTHHM (Beh MmoMeHyTHM)
JIOKaJTHO MaiuM Karteropwjama. OBnme ce mop "AeTaJbHUM CTPYKTYpHHM H3ydaBameM' TOopa3zyMeBa
onpehuBame CBUX peNeBAHTHUX aiure0apcKUX W KOMOWHATOPHHX WHBAapHWjaHTH OJ WHTEpeca y OIIITOj U
KOMOWHATOPHO] TEOPHWjU TONYTpyla: HIp. KapakTepu3aldja [ pHHOBHX pemanyja u oAroBapajyhux mpen-
ypehema, ommc perymapHHX M WAEMIIOTEHTHHX eleMeHaTa (YKJbydyjyhum cBe eHyMepaTHBHE acIeKTe),
u3padyHaBambe PaHroBa (M HIEMIIOTEHTHHX PAHrOBa, TIE MOCTOje) CAMHUX CEHJIBUY MOJIYrpyIna, HUXOBUX
peryjapHuX MOTIHOJYTpyNa M HAEMIOTEHTHO T'€HEpHCAaHHWX IOTIONYrpyna, MTA. 3a CBE OBE IOJIYIpyIe,
YCIIOCTaBJbajy C€ CTPYKTYpPHE TeopeMe Koje WX IOBe3yjy 3a moiyrpynama engomopdusama oxapeleHe
KaTeropuje, Koje Hajuemhe jecy moiyrpyne HosHare CTpyKType (Noiyrpyne TpHachopmalyja, JHHEapHU
MOHOW/IHY, IMjarpamM HOJIyTpyTie).

HaxoH yBOJHOT IpBOT HOTIJIaBJba y KOME C€ M3JIaKy HJEje U KOHIENTH KOj! Cy OBJI€ Pe3UMHUpaHH, Y APYroM
MOTJIABJbY CE M3JIa)Ke OIILITAa TeOpHja CEHIBHUY MOJIYrpyla, OJHOCHO OHaj IO MaTeMaTHYKOI Marepujaia
JUcepTanije KOju HE 3aBHCH O]l CHeNU(UYHOCTH IMojeIuHHMX KaTeropuja. OBO TMOTriaBibe 3ampaBo
IpeacTaBba MpuKa3 pesynTara paga [1] (Buau cienehy pyOpuky oBor u3Bemraja). Hakon tora, y mpeocrana
TPH TOTJIaBJha OMUCAHU "TIporpaM” je CHCTEMAaTCKH CIIPOBEACH Y TPU (haMUIIHje KOHKPETHUX KaTeropHja - y
KaTeropuju (yHKIMja, KATETOPHUjU MaTpUIla M KaTeropHju aujarpama (maprtummja). Tako, Tpehe mormasibe
KOpecHoHAupa ca paxoM [2], neto ca panom [4], A0k ce y 4ETBPTOM MOINIaBJby, IOTIYHOCTH paju, U3IaxKy
pesynraru pana JonuHka n East-a u3 2018. o kaTeropuju npaBoyraoHux MaTpHLa.

VY karteropujama (QyHKIMja M MaTpula, CBE TpaKEHe HHBapHjaHTe Cy MOTHYHO ojpeleHe, Tako na oBa
JMcepTanyja MpeicTaB/ba KOMIUIETHY M Je(UHUTHBHY pedepeHTHY CTYAH]y CTPYKType oArosapajyhux




cerauy noiyrpyna. Ho, kaja cy y nmuTamy CEHABHY HOJIyTpyIne Koje HACTajy M3 KaTeropwja aujarpama,
ucTpaxkuBama (Koja cy mpe3eHToBaHa y pany [4], OQHOCHO y IIETOM IOTJIaBjby OBE JUCEpTalllje) oKasaa cy
CYIITUHCKU Pa3JIMUUTO anre0apcko IMOHAIlamke y OAHOCY Ha (YHKIMje M MaTpuie. Tako je HOMEHYTH
mporpaM J0 Kpaja peajm30BaH caMoO y ciydajy Kareropuje bpayepoBux amjarpama, IOK 3a ApYTre THIIOBE
oujarpaMa (OmmTe mapTuiyje, mapuujanau bpayepoBu, MonkuHOBH, [loHcoBH, mapuujamau [loHcoBw,...)
BHIIE HE BaXkh cBOjcBTO MMU-mommHammje, koje je Omio rimaBHO opyhe y onpehuBamy CBHX TpaKeHHX
CTPYKTYPHHX W €HyMEpaTUBHHUX IlapaMerapa II0CMaTpaHuX CEHIBHY IOIyrpyna. OBo oTBapa HOBH IIPOCTOP
3a Jajha MCTpaKHBama y OyAyhHOCTH, allil je jacHO Ja aHaJOTHHU mpobieMu (6ap HEKH OJ IHHX) 3a APYre
QjarpaM KaTeropwje caiupke y ceOH Temkohe M3y3eTHO BHCOKE KOMIDIEKCHOCTH, INTO Ca CTAHOBHIITA
anredpe, Tako U eHyMepaTHBHE KOMOMHATOPUKE.

The idea of sandwich semigroups is relatively simple, yet exceptionally natural from the point of view of
abstract algebra, so it is somewhat puzzling that it hasn't been tackled earlier in a completely systematic
fashion. Namely, some of the most important examples of semigroups representing, by themselves, a wide
area of study in semigroup theory, and, on the other hand, being a source of inspiration for abstract
generalisations, are composed of concrete objects from various areas of mathematics. These objects usually
have a more or less straightforwardly defined associative operation, thus resulting in a structure of a
semigroup. For example, these are:

o transformations (total or partial ones), self-maps of a set X,

e square matrices, viewed as endomorphisms of finite-dimensional vector spaces,

e graph-like diagrams (also known as partitions), etc.

However, a problem arises as soon as we try to extend these naturally defined composition operations on
these objects to, say, arbitrary functions, all rectangular matrices, diagrams in which the sizes of the domain
and the codomain are different, etc. In such a setting, the composition is only partially defined - basically,
we can properly compose two function only if the codomain of the first coincides with the domain of the
second; two matrices may be multiplied only if the number of columns of the first coincides with the number
of rows of the second. The idea of how to overcome this problem originates in ring theory, in the
construction of the so-called Munn rings. We need to construct a suitable category C where the considered
objects (functions, matrices, diagrams,...) will in fact be morphisms between some objects of the category C.
(For a category, i.e. a partial semigroup C we say that it is locally small if for any two of its objects i,j the
class of morphisms Hom(i,j) is a set.) Now, in general, if i#j, it is not possible to compose two morphisms
from Hom(i,j). However, there is a convenient way to endow these hom-sets with the structure of a
semigroup: we should fix a morphism a from Hom(j,i), and define an operation e, by
X @,y =Xay

for all x,y from Hom(i,j), which is again a morphism from Hom(i,j). In this way, we have defined a
semigroup (Hom(i,j), e,) called the sandwich semigroup (with respect to the element a).

Similar ideas of "sandwich operations™ appear in various areas of mathematics and theoretical computer
science, such as representation theory, classical groups, category theory, automata theory, topology,
computational algebra, etc. Some foundational results on sandwich semigroups of transformations were
obtained by Magill in the mid-1970s, but his work left quite a number of related open problems. Hence, the
main goal of the research project underlying the present thesis was to conduct a detailed and systematic study
of the structure of sandwich semigroups, both on the most general, abstract level, and also in the already
mentioned concrete categories. Here, by a "detailed and systematic study" we mean determining all the
relevant algebraic and combinatorial invariants of interest in general and combinatorial semigroup theory.
For example, these include characterisations of Green's relations and the corresponding pre-orders, the
description of the regular and idempotent elements (including enumerative aspects), computing the ranks
(and idempotent ranks, where applicable) of the sandwich semigroups themselves, their regular
subsemigroups, idempotent-generated subsemigroups, etc. For these semigroups, structural theorems are
established providing a connection to endomorphism semigroups of corresponding categories, which usually
have a well-known structure (e.g. transformation semigroups, linear monoids, diagram semigroups).

Following the first chapter which introduces the ideas and concepts summarised here, the second chapter
deals with the general theory of sandwich semigroups, that is, the part of the mathematical material of the
thesis independent of the specifics of particular categories. This chapter is actually a presentation of the
results of paper [1] (see publication list below). In the remaining three chapters, the "programme™ just
described is worked through three families of concrete categories - those of functions, matrices, and diagrams




(partitions). In this way, Chapter 3 corresponds to the results published in paper [2], Chapter 5 to the paper
[4], while Chapter 4 presents, for completeness, the results of Dolinka and East from 2018. related to the
category of rectangular matrices, by using the machinery introduced in Chapter 2.

In categories of functions and matrices, all the required invariants are completely determined, so that this
thesis represents a comprehensive and definitive study of sandwich semigroups in these categories. However,
turning to sandwich semigroups arising from diagram categories (with the related results represented in
Chapter 5, i.e. paper [4]), the conducted research demonstrated a fundamentally different algebraic behaviour
compared to those arising from functions and matrices. Thus, the described programme was completely
realised only in the case of Brauer diagrams, while for the other types of diagrams (general partitions, partial
Brauer, Motzkin, Jones, partial Jones,...) fail to yield the key property of MI-domination, which proved itself
to be the main tool in determining all the desired structural and enumerative parameters of the considered
sandwich semigroups. This opens up a wide space for further investigations in the future, but it is already
clear that analogous problems (at least some of them) for other diagram categories entail difficulties of
exceptionally high complexity, both from the viewpoint of algebra, and enumerative combinatorics as well.
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CIIUCAK HAYYHUX U CTPYYHHUX PAJOBA KOJU CY OBJABJbEHU UJIN ITPUXBAREHU
3A OBJABJBUBAIE HA OCHOBY PE3YJITATA UCTPAXKUBAIBA Y OKBUPY PAJA HA
JOKTOPCKOJ TUCEPTALINJN: (The list of the scientific papers and results, published or accepted
for publication, which are based on the research project for the present PhD thesis:)

[1] I. Dolinka, 1. burdev, J. East, P. Honyam, K. Sangkhanan, J. Sanwong, and W. Sommanee,
Sandwich semigroups in locally small categories |I: Foundations, Algebra Universalis 79 (2018),
Article #75, 35 pages. [M22]

[2] |. Dolinka, 1. Purdev, J. East, P. Honyam, K. Sangkhanan, J. Sanwong, and W. Sommanee,
Sandwich semigroups in locally small categories Il: Transformations, Algebra Universalis 79
(2018), Article #76, 53 pages. [M22]

[3] L. Durdev, Sandwich semigroups in locally small categories, International conference
AAA94+NSAC 2017, Novi Sad, 2017, contributed talk. [M34]

[open HaBemeHUX pedepeHIH, PENeBAaHTHO je MOMEHYTH M pax KOjU je y TPEHYTKY IHCama OBOT
W3BEIITaja Ha PEIEH3MjH Yy Yacomucy Kareropwje M23, a Hamasw ce Ha OTBOPCHOM DEIO3UTOPH]jYMY
arXiv.org:

(In addition to the listed references, it is pertinent to mention the following paper which is currently under
review in an international journal of category M23, and is available at the open repository arXiv.org:)

[4] I. Dolinka, 1. Burdev, and J. East, Sandwich semigroups in diagram categories, submitted, 50 pages.
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3AK/bYUYIIM OJHOCHO PE3YJITATU HUCTPAXKUBAIA (Conclusions and results of the
conducted research:)

Kao mwto je panmje peueHo, IlornmaBspa 2,3 n 5 KopecnoHanpajy HaydHUM MyOnuKalyjaMa KaHaunara Ha
KOjlMa Cce 3aCHMBA OBa JHMCEpTalja, Ia Cy TAKO M OPUI'MHAIHKM PE3YJITaTH MCTPaKUBamba IPE3CHTOBAHH Y
cximany ca Tume. Y [ornmasipy 2 u3naxy ce pe3ysiTaTh Be3aHH 3a OIIITE CEHJIBUY IMOJYTPYIe MPOU3BOJEHUX
JIOKJIHO Mayinx Kateropuja. OBJe ce Kao IJIaBHM pe3yiTar Hajupe uznaBaja Teopema 2.2.3 (kapakrepu3zalmja
I'punoBux penanuja). Hus nomohHux pesynrarta koju ciene 6aBu ce I'puHOBUM npen-ypehemuma, a 3aTum
ce pa3marpa mojam ctabwiHocTH, Ja O0u y Ilpomosunuju 2.2.29 Ouna omucana CBOjCTBa T3B. P-ckymoBa u
MPEeKO HUX JaTa KapaKTepH3aldja peryiJapHUX eJeMeHaTa CEHIBHY momyrpyma. Teopema 2.3.8 ommcyje
CEH/IBUY TOJYTPYIIEe U BUXOBE PETyJIapHe MOTIONYTpyIe mpeko cTpykType "pullback" mpomssoma. Teopema
2.3.12 naje OcHOBY 3a €HyMEpaTHBHE pe3yiTare y morieny [ pHHOBHX Kiaca M HAEMIIOTEHATa, JIOK CY
HWIEMIIOTEHTHO F'eHepHcaHe noTnoayrpymne onucane Teopemom 2.3.15. V nmorneny uzpauyHaBamwa paHroBa U
HUAEMITIOTEHTHHUX PAaHTOBa, TJIABHU pe3yNTaTH cy oreHe u3 Teopema 2.4.16 u 2.4.17 koje Mo MPeTIOCTABKOM
MMU-noMuHanMje IOCcTajy er3akTHe Gopmyie.

I'maBHu mpuMep Ha kojeM ce y [Tornasiby 3 crierujanu3yjy OBH OIIITH PE3yITaTH jecy Kateropuje QyHKIHja,
napuyjarHux (GyHKIHMja W HMapUyjalHUX MHjeKTHBHUX (yHKIuja. On MHOTOOpOjHUX pe3ysiTarta U NpUMeHa
n3asajamo Teopeme 3.1.34 u 3.1.39 koje najy TauHe BPEJHOCTH paHrOBa pa3MaTpaHUX CEHJBUY MOJIyrpyrna
TpaHcopMmalnuja U UAEMIIOTEHTHE PAHTOBE BUXOBHX MAEMIIOTEHTHO FeHEepUCaHuX NoTmonyrpymna. Hajsan,
[ormaBibe 5 MOHOBO OOMITyje OPUTHHAIIHUM Pe3yIATaTUMa, aTd OMCMO O BUX M3ABOjwid [Ipomosummjy 5.1.2
KOja J1aje eleraHTaH ONMC CBHUX | pHHOBHX penaruja, 3atuM [Ipomosnnmjy 5.3.8 koja ommcyje P-ckymose y
Kateropuju bpayepoBux nujarpama (mTo omoryhaBa ommc perynapHHX eJIe€MEHaTa, CBE CGHYMEpaTHBHE
pesynrarte WTH.), U, Ha Kpajy, 110 HalleM MUIUbCHY YOEIJbMBO HAJJICIIIN PE3yNTaT Lelie ANCEepTaLyje,
[pono3unujy 5.3.17 y k0joj ce mokasyje na, 3a pasimKy Of IPYruX AWjarpaM KaTeropuja, KaTeropuja
BpayepoBux nmjarpama mma cBojctBo MU-nomuHanuje. OBa YumeHHIA 3aTHM omoryhaBa moOwjame
pesyJnrara y CMUCIY Ta4UHUX PAaHTOBa M UJIEMIIOTEHTHUX PaHTOBa.

As already explained, Chapters 2,3, and 5 correspond, respectively, to the scientific publications of the
candidate on which the present thesis is based, and the contributions are presented here accordingly. Chapter
2 contains the results about general sandwich semigroups in arbitrary locally small categories. As the most
significant results, firstly we would like to single out Theorem 2.2.3 (a characterisation of Green's relations).
This is followed by a series of auxiliary results dealing with Green's pre-orders and the notion of stability.
Proposition 2.2.29 describe the properties of the so-called P-sets, which are then used to characterise the
regular elements. Theorem 2.3.8 provides a structural description of sandwich semigroups and their regular
subsemigroups via pullback products. Theorem 2.3.12 provides the stepping stone for the enumerative results
related to Green's classes and idempotents, while the idempotent-generated subsemigroups are described by
Theorem 2.3.15. The question of computing the ranks and idempotent ranks is tackled in Theorems 2.4.16
and 2.4.17 providing bounds which, under the assumption of MI-domination turn into exact formulae.

The motivating example where all these general results are specialised are the categories of functions, partial
functions, and partial injections, considered in Chapter 3. From an abundance of results and applications, we
single out Theorems 3.1.34 and 3.1.39 supplying exact values of ranks of the considered sandwich
semigroups of transformations and idempotent ranks of their idempotent-generated subsemigroups. Finally,
Chapter 5 is again a source of a number of new, original results; we would like only to mention Proposition
5.1.2 providing an elegant description of all Green's relations, Proposition 5.3.8 describing the P-sets in the
category of Brauer diagrams (which in turn makes it possible to describe regular elements, establish all the
enumerative results, etc.), and, last but not the least, in our opinion the most beautiful result of the whole
thesis, Proposition 5.3.17 where it was shown that the category of Brauer diagrams has the property of MI-
domination - a striking difference in comparison to other diagram categories. Once this fact is proved, it is
possible to obtain results concerning the exact values of ranks and idempotent ranks.




VIl OIIEHA HAYMHA TIPUKA3A U TYMAYEIA PE3YJITATA UCTPAJKUBAIA (Evaluation of
the presentation and interpretation of the results of research:)

JoOmjeHn pe3ynTaTd y AWCEPTAlMjH Cy aKTyelIHH y CaBpPEMEHOj TEOpHjH IONyrpyHa Kao IUCUUTUIMHU
alcTpakTHe anredpe M Ha BHCOKOM TEOPHMjCKOM HHBOY, OPHTMHAIHH Cy, KBaJUTCTHH, M 3HAYajHU 3a
caBpeMeHe TOKOBe Hayke mTo 06e30ehyje peneBanTHOCT Te3e. KomOmHammja anrebapcknx, KOMOMHATOPHHUX
1 KaTETOPHjCKUX METOJa Y HCTpPaKMUBamHMMa IO0Ka3yjy BHCOKY KOMIICTCHIIH]y KaHAWIATa, T€ CIIOCOOHOCT
OBJIafaBaa M IIOBE3MBAKa PA3IMYUTUX 00NacTH MareMmaTHke. [Ipmkas CBHX pe3yiraTa HCTpakKHMBama je
J00pO OpraHM30BaH MO JOTUYKUM IieJIrHaMa, GopMysanuja pe3ynrara je MaTeMaTHYKH NPEeU3Ha, a 1aTe cy
U MHTEpECaHTHE MOTHBAIMje U WIyCTpaluje Kpo3 mpumepe. Tymademe N0OMjeHUX pe3yiraTa jeé KOPEeKTHO
U3BEJICHO, Y3 JIeTaJbHy aHaJIM3Y KOja IpYy’ka OAroBOpe Ha BEJIMKH OpOj NHUTama.

The results presented in the thesis are highly relevant in the modern semigroup theory as a field of abstract
algebra. These results are original and satisfy the highest standards of scientific quality, rigour, and
significance within the contemporary research trends; all of these confirm the position of this thesis within
the considered area. A combination of algebraic, combinatorial and category-theoretical methods used by the
candidate demonstrates a high level of competence and ability to master and connect various areas of
mathematical research. The presentation of the results is well-organised throughout all the chapters, the
formulations of the results are mathematically precise, and these results are properly motivated and illustrated
through interesting examples. The interpretation of the results is conducted correctly, along with a detailed
analysis providing answers to numerous questions arising throughout the development of this project.

IX KOHAYHA OLIEHA JTOKTOPCKE JTUCEPTALIMJE: (The final assessment:)

1. Ja nu je oucepmayuja nanucana y ckaady ca oopasioscerem nasedenum y npujasu meme? (1s the thesis
written in accordance with the elaboration of the research plan, given in the initial application?)

MJa. Tlnan ucTpaKUBAYKOT MPOjEeKTa Y OCHOBHU AMCEpTAllyje, 00pa3iokKeH y MPHjaBU TeMe, je TOCICIHO U
KOXEPEHTHO CITPOBCIICH.

(Yes. The plan of the research project underlying this thesis, as described and discussed in the inital
application, is consistently and coherently carried out.)

2. Ja nu oucepmayuja caopacu cee bumne enemenme?(Does the thesis contain all the necessary elements?)

Ja. ucepramuja caapxu cBe OWTHE elleMEHTe jeHe BHCOKOKBAJIUTETHE JOKTOPCKE Te3e W3 00JacTH
TEOPHjCKEe MaTeMAaTHKeE.

(Yes. The thesis contains all the necessary elements of a high-quality doctoral dissertation in the area of
theoretical mathematics.)

3.  Ilo uemy je oucepmayuja opueunanan oonpunoc wnayyu?(What constitutes an original scientific
contribution of the thesis?)

OpwurvHaian JONPUHOC HAYIM TPEJCTaBhba BEIMKH OpOj HOBHX MAaTeMaTHYKUX pe3yiTaTa (Teopema) Koje
3ajeIHO MPYXkKajy jeman cBeoOyXBaTaH YBUJ Y TEOPHjy CEHABUY MOIYTpyIa, ca HArJlaCKoM Ha anrebapcko-
CTPYKTYpHE 1 KOMOMHATOPHE acIeKTe.

(The original scientific contribution of the thesis is a large number of new mathematical results (theorems)
which provide a comprehensive insight to the theory of sandwich semigroups, with an emphasis on
algebraic-structural and combinatorial aspects.)

4.  Heoocmayu oucepmayuje u rouxoe ymuyaj na pesyimam ucmpasxcusarsa. (List the flaws, if any, of the
thesis, and their impact to the obtained results.)

JHuceprauunja Hema Henocraraka. (We find that the thesis has no flaws.)




X TPEIJOTL: (The summary recommendation of the Committee:)

Ha ocHOBy yKyIHE OIlleHE AMCepTalyje, KOMHCHja MpeJiaxke Ja ce JOKTOPCKa aucepTaldja MPHXBaTH, a
KaHIUAaTy 0400pu ogopaHa.

Based on the summary assessment of the PhD thesis, the Defence Committee recommends acceptance of the
submitted thesis and authorisation for appointing a date of the viva defence.
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