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HACJIOB TEME JOKTOPCKE JHCEPTAIIMJE

Hacrios Teme nokTopcke bucumynaumje 3a Kpunkeose Mozene $paszy My THMOIAaNHUX NOTHKS/
AucepTaumje Bisimulations for Kripke models of Fuzzy Multimodal Logics

Hac:i08 Teme 10kTOpCcKe

jle»;ilzraunjc waenrneckom  Bisimulations for Kripke models of Fuzzy Multimodal Logics
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3Bake Dr Miroslav Ciri¢, full professoor
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P. 6p. AYTOp-H, HAC10B, YACONNC, rOAHHA, 6POj BoTYMeEHA, CTPAHKUE Kateropuja

M. Stankovié, M. Ciri¢, J. Ignjatovié, Simulations and bisimulations for fuzzy multimodal
logics over Heyting algebras, FILOMAT (2021), accepted for publication

Y pany ayTopu npoyuarajy a3u MyATHMOAANHY JIOTHKY Haa KOMIIeTHOM XajTurrosom anreGpom M Kpunkeose

Mojienie 3a OBy IOTUKY. YBojena su 1Ba THna cumynaumja (forwardand u backward) u ner Tunosa Gucumynauuja
(forward, backward, forward-backward, backward-forward n perynapue) mely Kpunkeosum moagenuma, kao u
oarosapajytie npecumynauuje ¥ npebucumynaumje, xoje NpeAcTaBbajy cumynaudje u OucuMynaudje ca
ocnabbeHum ycnoBuma. 3a cBaky BpCTy cHmynauuja/ GHCUMynauuja npeacTaBibeH je ehrKacaH ajirOpHTaM Koju
M3pauyHaBa Hajeehy npecuMynauujy/npeGHCHMYNaUKjy TOT THIA, 3aTHM NPOBEPABA /1a T Oha UCTYHABa N0NATHH

YCNOB: aKe MCOywasa, oHOa je To W Hajseha cuMynauuja/OucuMynaudja TOr THMa, HHaue
cuMyaalHje/6McHMynaLMje TOT THNA He NOCTOjM. 3aTHM je AaTa NpHMEHa OBHX anFOpHTaMa Y peXyKLHjH BETHUHHE (M22)
Kpunkeosux mozaena.

In the paper. the authors study fuzzy multimodal logic over complete Haiting algebra and Kripke models for this
logic. Two types of simulations (forwardand and backward) and five types of bisimulations (forward, backward,
forward-backward, backward-forward and regular) among Kripke's models are introduced, as well as the
corresponding presimulations and prebisimulations, which are simulations and bisimulations with weakened
conditions. For each type of simulation/ bisimulation, an efficient algorithm that calculates the maximum
presimulation/prebisimulation of that type is presente. Afterwards, the algorithm checks whether it meets additional
conditions: if it does, then it is the largest simulation/ bisimulation of that type, otherwise there is no
simulation/bisimulation of that type. Then, the application of these algorithms in reducing the size of Kripke models
is given.

M.Stankovié, M. Cirié, J. Ignjatovié, Hennessy-Milner type theorems for fuzzy multimodal
logics over Heyting algebras, JOURNAL OF MULTIPLE-VALUED LOGIC AND SOFT

COMPUTING 39 (2-4) (2022), 341-379.

2 HaxoH yeoljerwsa aBa THNa (ra3u cumynauuja v net THnosa ¢asn Gucumynaunja uamehy Kpunxeosnx monena 3a (M21A)
dasy MyJTHMOZANHE JIOFHKC HAA KOMIIETHHM JsiHcapHo ypehennm XajruHrosum anrebpama, ayTopH cy
npeAcTaBUAM koHuenT cnabe Gucumynausmje.namel)y KpunkeoBux Monena. OBaj KOHLENT C€ MOXKE KOPHCTHTH 3a
H3IpaXkaBatbe CTENEHA JeAHAKOCTH PAaCIUIMHYTHX CKynoBa GopMyna KojH Bake Yy Asa cBeta. Y paay je AokaszaHo
HEKONMKO Teopema XeHecH-Musnueposor Tina. [Ipsa Teopema nokasyje aa ce Hajseha cnaba Guchmynaumja 3a



ckyn nnyc-gopmyia WaMehy KpHnkeosnx Moaena ca KOHa4HMM ClHKaMa Mokjiana ce ca HajBehoM JUPEKTHOM
Gucumynaumjom. [ipyra Teopema 1okasyje aa ce Hajeeha cnaba 6Gucumynauja 3a ckyn muHyc-gopmyna usmely
Kpunkeosnx Mozena ca koHauHUM JOMEHOM MOKNANa ca Hajsehom nospatHoM OucumynaunjoM. Konauto, pehom
TeopeMeM yTBplicHO je noknanawe usmely Hajsehe cnale Gucumynaimje 3a CKyn cBUX MoZamHux ¢opmyna
n3mehy Kpunkeoenx moaena koHauHux creneHa u Hajsehe perynapie GucuMynauuje uamely mHx.

After introducing two types of fuzzy simulations and five types of fuzzy bisimulations between Kripke models for
the fuzzy multimodal logics over a complete linearly ordered Heyting algebra, the authors presented the concept
of a weak bisimulation

between Kripke models. This concept can be used to express the degree of equality of fuzzy sets of formulas which
are valid in two worlds. Several Hennessy-Milner type theorems were proved in the paper. The first theorem
determines that the

greatest weak bisimulation for the set of plus-formulas between image-finite Kripke models coincides with the
greatest forward bisimulation. The second theorem determines that the greatest weak bisimulation for the set of
minus-formulas between domain-finite Kripke models coincides with the greatest backward bisimulation. Finally,
the third theorem determines that the greatest weak bisimulation for the set of all modal formulas between the
degree-finite Kripke models coincides with the greatest regular bisimulation.

HATIOMEHA: ykonuko je kaHauaar o6jasno suuie oa 3 paja, A0ZATH HOBE PelioBe Y OBaj A0 AOKYMEHTa

HCIIYBEHOCT YCJIOBA 3A OJBPAHY XOKTOPCKE JHCEPTAITMJE
Kanaunar ucnywaBa ycnose 3a oiieHy H oaGpaHy AOKTOpCKe AUCepTaluje Koju cy npeasulieHn 3aKkOHOM O JA | HE
BHCOKOM oOpa3oBamwy, CTaTyToM YHuBep3utera u Crarytom Pakyartera.
M3 npunoxeHor ce BHAK Aa je KAaHAMAAT UCTIYHHO CBE yclioBe npeaBuljeHe 3akoHoM o BHucokoM obpasosawby, CtaTyToM
Yuusep3utera u Cratytrom Dakyarera.

From the attached documentation, it is clear that the candidate fulfills all conditions imposed by the Law on Higher
Education, University Regulations and Faculty Regulations.

BPEXHOBABE ITOJEAMHAX AEJOBA JOKTOPCKE JHCEPTAIINJE

Kparak onuc nojeannux aenosa auceprauuje (0o 500 peuu)

Y aucepTauuji cy neduHHcaHa ABa THN2 CMMYNaluja (AMPEeKTHe U TIOBpaTHe) U meT Tunosa Gucumyalija (IHPEKTHe,
MOBpATHE, IHPEKTHO-NOBPATHE, NIOBPaTHO-AUPEKTHE H perynapHe), KOju cy A0OHjeHH HBUXOBOM KOMOMHauUMjoM, H3MEDY
ABa ¢azu Kpunkeosa Mozena 3a Gpasu MynTHMOZaNHy HOTHKY Haa XejTHHroBuM anreGpama. 3aTiM, 3a CBakH O/ TUX THNOBA
CHMYAalKja U GHCHMYaLHja KOHCTPYMCAH alrOPUTaM KOjH TECTHPA NMOCTOjatbe CHMYalKje il OHCUMYaiidje 4aTor Tuna
usmehy nsa Kpunkeoa Mozena. Y ciyuajy kapa cuMmynaumja i GHCHMynaluja nocToju, HCTH anropuTaM H3pauyHasa
Hajehy, HaljleHn cy 1 ycnoBM NOJ KOJUM Ce HaBeAEeHH aNrOpHTMH 3aBpillaBajy Y koHadyHoM 6pojy kopaka. 3aTHM je pelueH
npobnemM  kako peaykosaTH Gpoj cBETOBa Hexor Mofena Tako Ja ce cauysajy opeljeHe ceMaHTHUKE KapaKTEPHCTHKE.
[Tocne tora cy aedunucane cnabe cumynaumje u GUcHMynauuje U gokazaHe cy Teopeme Hennessy-Milner-oBor Tuna.
[Totom cy pazmartpaHa cBojcTBa cnabux cumyanuja u Gucumynaumja koje cy yuudopmte pasu penanuje u gasu dpynkumje.
l[lpeactasmen je anroputaM 3a KOHCTPYKUHM]y AOCTHXHHX (pa3sd CKYMoBa, OKBHPHO je oapeheHa ropwa rpanuua
KOMTUIEKCHOCTH M KOHCTPYHCaH alropuTaM 3a u3pauyHaBatbe c1abux cuMynauuja u GucuMynauuja 3a ripon3BosbHe dasH
CKYNOBE, KOjH 3aCHOBAH Ha MPETXOAHOM ArOpPUTMY.

In the dissertation, two types of simulations (forward and backward) and five types of bisimulations. obtained by their
combination, between two fuzzy Kripke models for fuzzy multimodal logic over Heyting algebras, were defined. Then, for
each of those types of simulations and bisimulations, an efficient algorithm for testing the existence of a simulation or
bisimulation of the given type between two Kripke models was constructed. When such a simulation or bisimulation exists,
the same algorithm calculates the largest one. The conditions under which the mentioned algorithms end in a finite number
of steps have also been found. Then the problem of reducing the number of worlds of an arbitrary model, such that certain
semantic characteristics stay preserved, was solved. Afier that, weak simulations and bisimulations are defined and theorems
of the Hennessy-Milner type are proved. Then the properties of weak simulations and bisimulations which are uniform fuzzy
relations and fuzzy functions were considered. An algorithm for the construction of reached fuzzy sets is presented, the



upper limit of complexi_ty is roughly determined, and an algorithm for calculating weak simulations and bisimulations for
arbitrary fuzzy sets, which is based on the previous algorithm, is constructed.

BPEJHOBAIE PE3YJITATA JOKTOPCKE JJUCEPTAIIHJE

HuBo ocTBapusarba NocTaB/beHUX LHIBEBA U3 NIPHjaBe JOKTOPCKe aucepTaumje (do 200 peuu)

Hucepraunja je y noTnyHoCTH OCTBapHIa UHmeBe npeapuleHe TeMOM, 00panua je y NOTIYHOCTH, TIOJMOBE Pa3iMUUTHX
THNOBA (cnabux) cuMynauuja u Gucumynauuja namelly nsa dasu Kpunkeosa monena 3a gpasu MyaATMMOAANHY NOFHKY Hall
Xejruurosum anrebpama H pe3uaynpaHum mMpexama.

The dissertation completely meets the goals imposed by the theme proposal, thus completely closing the notions of (weak)
simulations/bisimulations between two fuzzy Kripke models for fuzzy multimodal logic over Heyting algebras and complete
residuated lattices.

BpenxoBame 3Hauaja H Hay4HOT JONPHHOCA pe3ysiTaTa aAucepTaunje (do 200 peuu)

Tema je caBpeMeHOr KapakTepa, aKyTe/iHa, ca LWIMPOKAM CEKTPOM MPHMEHA Yy MATEMaTHUX M PAYYHAPCKHM HAayKaMa.
Camum TuM je u 3Hauaj AMCPETALIMje NAJIEKOCekaH, WTO ce MOXeE BUAETH M3 PaloBa Ha KOjUMa ce AucepTauuja Gasupa.
Mertoau kojuma cy MOCTHTHYTH Pe3yaTaTH CY HOBH M OPHIHHANAH CY JONPHHOC KAaAHK/IATa OBOj TEMH.

The topic is modern, with a wide range of applications in mathematics and computer science. The impact of the dissertation
is far reached, which can be seen from the results the dissertation is based on. Methods used to derive the results are new
and are original contribution of the candidate to the topic.

OlleHa caMOCTaJIHOCTH HayYHOT paja Kaaauaara (do 100 peuu)
Kanaunnar je, 1o caga, ny6aMkoBao aBa KoayTopcka Hay4Ha pana, Y KojuMa je npsu aytop. OBuMm je jacHo noTepheHo Aa je
KaHANAAT CaMOCTaJIHO AOLWIA0 0O MNaBHUX pe3yTaTa AUCepTalHje.

The candidate has published two scientific coauthor papers so far, where he is the first author. This clearly verifies that the
candidate has independently obtained the main results in the dissertation.

3AKJBYYAK (00 100 peuu)

Huceprauuja ce 6aBy npoGreMOM KOjU HMa AMPEKTAaH yTHLAj HA AabW pa3Boj Teopuje ¢a3u cHCTeMa, ca NpUMeHaMa y
MaTeMaTHUM W pauyHapckuM Haykama. [TpoOnem Teme aucepranije je KOMIINETHO OKAPAKTEPHCAH U 3aTBOPEH OX CTpaHe
ayTtopa. KaHanaar je 10ka3ao riaBHe pe3yarare AMCepTaumje, Koji Cy HOBH 4 OpHIHHanNaH JONPUHOC 0BOj Hay4HOj obacTH.
Kanauaar je ycrnewlHo Hanucao JOKTOPCKY AMCEpTauujy noa Hacnosom ,bucumynaumje 3a Kpunkeore mogene dazu
MYATHMOJAIHHX JIOTHKA", NpHjaB/beHy Ha [IpHpoaHO-MaTeMaTHUKOM dakynTtery Yuusepautera y Huwy.

The dissertation concerns a topic which has a direct impact on further development of theory of fuzzy systems and its
applications in mathematics and computer science. The problem studied in the dissertation is completely characterized and
closed by the author. The candidate has obtained the main results in the dissertation, which are new and original contribution
to this scientific field. The candidate has successfully completed his PhD dissertation titled “Bisimulations for Kripke models
of Fuzzy Multimodal Logics”, proposed at Faculty of Sciences and Mathematics, University of Nis.
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