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L HACJIOB MACTEP PAJIA

On Homomorphism-homogeneous and Polymorphism-homogeneous S-metric Spaces

IV HOPEIJIEJd MACTEP PAJJA

Mactep pan ’On Homomorphism-homogeneous and Polymorphism-homogeneous S-
metric Spaces je HamucaH Ha 54 ctpane. Cagpxu 22 ciuke u 20 penpe3eHTaTUBHHUX
pedepeHIm.

Pan je moneseeH y 5 momasspa. Y YBOAYy je Jar KpaTak Mperies KJbyuyHUX pesyirara U3
TEOpHje XOMOMOP(H3aM- U TOTUMOP(HH3aM XOMOTEHHUX CTPYKTypa KOjU Cy HEOITXOJHH 3a
pasymeBame TeMe OBOT paja. Y Ipyrom IOIIaBJby CE€ YBOAM HOTAlMja, KA0 U OCHOBHU
MOJMOBH M3 TEOpHje Mojena u Teopuje rpadoBa koju he Outu kopuimheHH y najbem
tekcty. IlormaBibe ce 3aBpInaBa CEKIMjOM Koja ce 0aBM XOMOTeHOIIhy M CpPOIHUM
¢deHomennMa, koju he OuTH mpoyuaBaHu y OKBUpY Te3e Y Tpehem mnormaBipy,
KaHIUJaTKuba ce (pokycupa Ha moiauMopdu3aM XOMOreHe CTpykrype. Jlar je kparak
nperie] HajBaKHUJUX pe3yaTara U MEeTojJa Koje Cy pa3BHjeHE 3a MPOydYaBame CTPYKTypa
oBor tuma.YeTBpro mormaBbe je MocBeheHO NpoydaBamy U KIacH(UKaIHjH
xoMoMop(dH3aM- U MoJMMOp(dr3aM XOMOTCHHUX METPHYKHUX TpocTopa. HampaBibeHa je
NPUPOJHA MOJIeNIa Y JBE KJIace Y OJHOCY Ha youeHy *-ocoOuHy. JleTasbHO Cy MCTpaKeHU
KOHAauHU U TpeOpojuBO OCCKOHAYHM METPHUYKU IMPOCTOPH ca oBOM ocobmHoM. Kiaca
METPHUYKHUX MPOCTOpa 0e3 OBE 0COOMHE ce MoKa3aja Jaleko KOMIUICKCHHjOM U TEXKOM 3a
Mpoy4YaBame, T€ je Y OBOM CIIydajy JaTa caMmo JeIMMUYHA Kiacu(ukanuja ca OCBPTOM Ha
noBe3aHe rpadoBe MmocMarpane Kao MeTpuuku npocropu. [locnenme norasibe caapxu
JUCTYy OTBOPEHUX NpoOieMa, Kao CMEpHHIEC 3a Oyayhw HCTpaKMBaukH paj y OBOj
obmactu. Ha kpajy pana je HaBeZeHa U peleBaHTHA JIMTEpaTypa Koja jeé KOHCYITOBaHA
TOKOM HM3pajie paja, Teé MOXKEMO 3aKJbyYUTH Ja paj CaJpKd CBE HEOIXOIHE EJIEMEHTE
jemHor mMactep paza.




V  BPEJHOBAIGE NOJEIMHUX JEJIOBA MACTEP PAJTA

Macrtep pan “On Homomorphism-homogeneous and Polymorphism-homogeneous S-
metric Spaces” je 100po CTPYKTyUpaH.

VY mpBe TpH IIaBe Cy HAaBEICHU CBU MIOJMOBH M PE3yJTaTH HEOMXOIHH 32 TIOCTABKY TEME,
Kao M pa3yMeBame TOKa HCTpakuBama. LleHTpaiHu Jeo paja mpeacTaBiba YETBPTO
MOTJIaBJbe KOj€ CAAp>KW OPHTHMHAIIHE Pe3yaTaTe Koje j€ KaHAWAaTKHa J00MIa y TOKY
UCTPXKHUBAYKOT pajia Ha 3a7aToj TeMHU. YTBpHEHO je Ja Cy CBH HajBHILE MpeOpOojuBU
METPHYKHA TPOCTOPH W3 TMpBE IOCMaTpaHe Kilace XomMomopduzam-, OJHOCHO,
nonumopduszam xomorenu. Jlpyra kjaca je mpoydaBaHa nomohy HOBE MeTOje Koja
Mo/ipa3yMeBa TMOBE3UBAkHE METPUUYKHUX MPOCTOpUMA ca oaroBapajyhom Bpcrom rpada,
T3B. CKEJIETOHOM. YBOJE C€ HOBHM IOJMOBHM K-AMCTaHIM M i-CKyNOBa, Kao U IOJMOBH
LIEHTapa 1-CKyNoBa U CPelUlIkhe TauKe 1-CKyIa, YuMe ce oMoryhaBa mpucTyn Koju BOJIU
Ka JIeIMMUYHO] KJIACU(PHUKALUjU MOIUMOpPHU3aM XOMOT€HUX METPHUKHUX MPOCTOpa U y
oBoM ciyuajy. HaBenena nenmumuyHa kinacudukaiyja je Moryha mo ckeneToHna aujaMerpa
HajBUIIE 3 W OxAroBapa JOMETHMMa KOjU Cy JI0 cajJa OCTBapeHH U y KIACUYHOM
(xomMoOreHOM) CiTyuajy.

[TocebHO HarnmamaBamMo Ja je KaHIUAATKUEba CaMOCTANHO (opMmynucana, a MOTOM U
MoKa3aja XUIIOTe3€ KOoje Cy JIOBeJe JI0 TNIaBHOI pe3yaTara OBOT paja, a TO je HaBeleHa
JeNMMUAYHa KiIacuuKalyja moauMoppu3aM XOMOTEHUX METPUUYKHUX mpocTtopa. OBo ce
moceOHO OHOCH Ha JIBa KJbyYHA pe3yaTara koja cy mara y Tephewy 4.44 u Teopemu
4.49.

ITocmarpan je W cioydaj HEMOBE3aHOT CKEJIETOHA W Ty Cy Takol)e H3BEAEHH HEKH
HEeTpUBHUjalIHU 3aKkipyuli. Ha kpajy, pan caapxu u Behu Opoj camocTtanHo u3paheHux
npuMepa CTPyKTypa Koje cy IpoydaBaHe y pajy.

VI. 3AK/bYULU OJHOCHO PE3YJITATH UCTPA’KKUBAIBA

Kanmunatkuma je y paay OAroBopwjia Ha CBa NMUTama Koja Cy OWIa MOCTaB/bEHA Yy
OKBHpY IUIaHA UCTPAXXMBama y MpHjaBH MacTep pana. Pesynratu cy noOujeHH y OKBUPY
HCTPaKMBAYKOT pasia y OKBHPY KOjerT je KaHAWAaTKHba T0Ka3aia H3y3eTHO BUCOK CTETIeH
CaMOCTAJIHOCTH U BEJTUKY 3aWHTEPECOBAHOCT 3a TeMy. KBajuTeT pesynrara 3a10BoJbaBa
YCJIOBE HEONXOAHE 3a 00jaB/bUBAKE Y CTPYYHOM YACOTIHUCY.

IentpanHu pe3yaTar je neluMUYHa Kilacu(ukaimja XomoMopuzam- U nmoirumMopdpuzam
XOMOTE€HUX METPHYKHX MPOCTOPA.

VII. KOHAYHA OHEHA MACTEP PAJIA

OBaj pan caap>xu cBe OUTHE €JIEMEHTE jeIHOT MacTep paja U y MOTIYHOCTH je ypaheH y
CKJIaay ca o1oOpeHoM TeMoM. KanaunaTkumba je KOpUCTHIa M IPABUIIHO LIUTUPAJIA PEJIEBAaHTHY
nuteparypy. CBH IMJBEBHU U3 MPHjaBE Cy UCITYHCHU, a KAaHAUIATKUbA j€ TToKa3alia BeJTUKY
CaMOCTAJIHOCT y IOCTaBJbaby XUIIOTE3a M U3paau JoKa3a. [Ipumepn HaBeseH y pady cy
OpPUTMHAJIHY, a YUTaBa MPOoOJIeMaTHKA je U3HETa Ha jacaH M KOHIM3aH HauuH. Hamomennmo n
7la je pajl TeXHUYKH Jiero ypaleH u J1a je MpUMEeTHO 2 je KaHIUAaTKUba YA0KHUIIa 3HaTHO
BpEME U TPyl U YTEXHUYKE aCIEKTe HEroBe u3pase.




VIII. NPEJJIOI"

Ha ocHoBy ykymHe orieHe, KOMUCH]a TIpeaiaxe aa ce mactep paa "On Homomorphism-
homogeneous and Polymorphism-homogeneous S-metric Spaces” npuxBaru, a KaHJIHIATKUBA

bojanu ITanTuh omo6pu ycmena ondpana.

Hosu Can, 05.06.2019.ronune [TOTIIMCH YIIAHOBA KOMUCHUIE

np Hparan Marnrynosuh, mpeaceHuk

dr Maja Pech, menTop

np Hebojma MynpuHckH, 4iaH

Dr. Friedrich Martin Schneider, unan
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Report on Master’s thesis entitled “On Homomorphism-homogeneous and
Polymorphism-homogeneous S-metric Spaces” by Bojana Pantié

In her thesis, Bojana Panti¢ explores the model-theoretic concepts of homomorphism-
homogeneity and polymorphism-homogeneity, natural variations of classical homogeneity,
for classes of metric spaces, viewed as relational structures in an obvious way.

Subsequent to a brief introduction to the topic, the author provides the necessary
model-theoretic background, including the above-mentioned notions of homogeneity, in
Section 2. A closer inspection of polymorphism-homogeneity (in particular, of obstruc-
tions to this property) is taken in Section 3, with the aid of several examples. The
main part of this thesis is Section 4: here, the author shows how to model metric spaces
as relational structures (with 1-Lipschitz functions as homomorphisms), introduces the
x-property’, proves that countable x-metric spaces are polymorphism-homogeneous, and
then proceeds to a thorough investigation of so-called c-metric spaces (nx-metric spaces
with connected skeletons), leading up to the main Theorems 4.47 and 4.49. These re-
sults are then followed by some consequences for nx-metric spaces without connected
skeletons (Corollary 4.55) and metrically polymorphism-homogeneous graphs (Theo-
rem 4.60). The author concludes by mentioning a few open problems in Section 5.

LAt this point, it should be mentioned in the work that every x-metric space is an ultrametric space.
The latter have been studied with respect to homogeneity by Delhomme-Laflamme—Pouzet—Sauer
(On homogeneous ultrametric spaces, arXiv:1509.04346). Also, there are several papers by Gabriel
Conant, certainly his 2015 PhD thesis, that may be relevant in this context.



This thesis is pretty well written, both in terms of mathematical precision and with
respect to language. I have spotted only some very few misprints, and the presented
results look correct to me. Overall, I consider Bojana Panti¢’s Master’s thesis a very
good piece of work.

Dresden, June 7, 2019

Friedrich Martin Schneider



