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B) 4ie;raruocr KaHArrgara

Pa.{onu uptrj e noc-tse.lruer n:6opa,/peu:6opa
(Haeecntu ce e poc)ooe czpcmatte no rcamezopuja.Ma tB.traua 33. tnu uitcrua 31.1

Kareroplrja 9: opnruuarHH HayqHu paA y HayqHoM qacoflHcy HauIloHaJIHor:Hauaja

l. Marko Dukanovii i Dejan Radi6: Primiena usmjerenih hipergrafova za predstavljanje

funkcionalnih zavisnosti u relacionim modelima, MAT-KOL, XXII (1X2016),61-69

Catremarc

Y paay ie aar nprljeg,ror 3a npeAcraB,'rame $yuxurloHzurHl4x 3aBr.IcHocrl4 n:uefy nolcKyrloBa,

arpn6yra penauuoHr4x rxeMa KoplrrlrrerbeM ycujepeuux xuneprpa$oea. Vcujepenr.r xuneprpa$osr'l

ce rIpeAcl'aB,uajy 6uuapHr.rM MarpuuaMa, [rro 3a rroc,'r,eAuuy orvoryhyje npuu-ieuy 6t'tlcxt'tx

onepaqr'rja Ha rbl4xoBl'll\{ eneMeHTUMa. Pea,lHsosaHH cy l1 llxcKyroBaHH iulroplrrMt4 r<o.lrr na 6a:u

raKBor KoHuelra pjeuanajy oapeleue [po6neMe n: o6rac'ru $yuxqnoua,rHllx 3aBt{cHocrt1. 6

6oaosa

2. S. Brdar, M. Dukanovi6, I. Lalovii: Kornbinatorne igre sa zavr5nicom tipa (pobjeda, poraz)

na konadnim or-grafovima. 119-203,Mat Kol XXI(3) (2015)

Cacremat<

Pa4 npuxa:yje KnacuriHy reopujy urapa ABa nllua Ha KoHar{HL{M l-pad)oBuMa, ca KoHaqH14M

rryreBnMa, 6e: c,lyvajnrix rrore3a tr ca 3aBprxerKoM Tl.{[a (nopa:, no6jeaa). fIpnrca: ce unycrpyje

ua npumjepuMa nrapa c,'rlrrrHrrx llrpu Hr.rn,l.

6 6oaosa

3. M. Dukanovii: Rje5avanje lokacijskog problema ogranidenih kapaciteta pomo6u algoritrna

promjenjivih okolina i algortrna roja destica, lll-129,Mat KoIXXI (2) (2015)

Catcemarc

V paay je npe:euroeaH ,roxaqujcru npo6reu orpaHllqeHux Karra[rilera. 3a pjerlarame osor HII
TeuKor fipo6neMa y paAy cy KopurxreHe Merola npon.je,nneux or\oJu.rHa Ir i\,reroAa rcoja ropucru
poj uecrraqa. llpr.rxa:anra cy u eKcreptrMenrarHr4 pe3ynraru 4o6ujenn nprtntjcuorv oBtix t\'reroAa 3a

pj eulaearue tlo MeHyror olrr4 Mu3au[ouor npo6,r ertr a. 6 6oAosa

Kareropuja 18: Hay.ruu paA Ha cr(yfly Haur{oHaJrHor:lrauaja, IIITaTInaH y:6opllur,iy u3BoAa

paAoBa

l.M. Dukarrovi6, ..Numeridka konstrukcija generalisanih anti Gaus kvadratura". IV Inaternatidka

konferencija Republike Srpske, Trebinje, 2015. I 6ol

2. M. Dukanovii, Varijacione anti Gaus kvadrature", V maternatidka konfbrencija Republike

Srpske, Pa1e,2016. I 6os

Pa4our nocruj e nocneArber lr:6opa/perz:6opa
(Hacecmu cae padoae, damu ruuxoa KpatnaK npuKa3 u 6po.j dodaea czpcmaHlDi no rcametopujaua
u3 qnaHa 33. unu utaua 31.)



Kareroprrja 7: opurrrHa.rHrr Ha\ qHrr pr-t y ertdelte.tt Ha\ qHo\t qacoIIICv ltefyHaponHor
ruavaja

l. Marko Djukanovic. Chlistoph Berger. Giinther R. Raidl. Clhristian Illum.An A* search

algorithn for the constrained longest cornmon subsequence problern.lnformatiot't Processing

Letters. Volume 166, February 2021 . 106041 , ISSN 0020-

0 I 90.https://doi.org/ I 0. I 0 I 6/i.ipI.2020' I 0604 I <Darrop yrnuaja: 0.959

(-a)tcemux

The constrained longest collmon subsequence (CL,CS) problem was introduced as a

specific measure of similarity between molecules. It is a special case of the eonstrained

sequence alignment problem and of the longest common sr.rbsequence (LCS) problem,

which are both well-studied problems in the scientif-rc literature. Finding similarities

between sequences plays an irnportant role in the fields ol lnolecular biology' gene

recognition, pattern matching. text analysis, and voice recognition. al.nong others. The

CI-CS problem in particular represents an interesting measure of similarit,v for molecules

that have a putative structule in comrnon. This paper proposes an exact A* searcl]

algorithrn for effectivell, solving the CLCS problen-r. This A* search is guided by a tight

upper bound calculation fbr the cost-to-go fbr the LCS problem. Our computational study

shows that on various artif-icial and real benchmark sets this algorithnr scales better with

gror,ving instance size and requires significantly less computation time to prove optirnality

than earlier state-of-the-afi approaches fronl the literature.

llpo6ren ycnoB,BeHor 3ajeaHll.rKor no.qHria (CLCS) je yee4eu xao cneunrlr'tuua u.iepa

c,.lr4rrHocrn 3a i\roJreK\'.re. To .ie cneunia,rau c,'r,v.raj yc-rloBJ'beHor [po6reNta ypaBHarba 11

np06neNra uajey,xer la.ie.qHn,lNor nollHrl3a (LCS). rojn c,v.' Ao6po l'l3yuztunt )

nilTepaTyptd. Ha,razterue CItItIHogrtl u:rvef1" HrI30BHtjx CTpyKTypa r'rrpa 6rrrtly ynOr) \'

no,'by r\,roneKynapHe 6no,'ronrje. peKoHcrp.yr.rcae,a reHa, Tpaxerba y3opaKa' reKcryiLIIHe

aHa,Tfi3e, flpeno3HaBarba lJIacoBa. Meby ocTa!'luMa. Oeaj npo6neu rlpeACTaB"ba

r.lHrepecaHrHl, ujepy c:lHrtHocru 3a NIo-rleK)'-ne xo.ie r'ruajy yuerajyhy :aie11ulrux1'

crpHKrypy. Y osoNr paAy ce y pjeuranan l'oeor npoS.reNla npeAnax(e A:ruje:4a rperpara'

llperpara je nolena ycxoM roprL,oN,t fpaHllllo\l nolHara oA pauu.ie u:; t,CS [po6neMa'

Harua ercnepuMeHTzL'tHa cry4uja noxa:1,j1' Ia ce Ha ejerura'txu reHepucaHuM Kao I'1

peaJrHl,rM r4HcraHuaMa oBaj anropnTarvr nouaura 5o,,-ue ca noeehaeaFbeN'l BeJlnqHHe

uHCTaHue r.r :axrjena :navajuuje N,rarte Bper\'reHa 3a nornplinaaue orlrl,lN,laJIHof pjeruerua

H ero 71pyrr4 state-of-the-afi a,l ropt'trlr n u3 JI rlrepary pe.

l2 6oaosa * 0175 = 9 (.rerupu ayropa)

2. Marko Diukanovic, Giinther R. Raidl, Christian Blum. Anytin-re algorithms lor the longest

colnllon palindromic subsequence problem. Cotnputers & Operations Research,Volume 114,

February 2020, 10482'7, ISSN 0305-0548. httpqlldaiEgll0l0l6trqei]0U-]04$2? {Darrop

yruqaja: 4.008

The longest common palindromic subsequence (LCPS) problent aims at frnding a longest

string that appears as a subsequence in each ofa set ofinput strings and is a palindronre at

the same time. The problem is a special variant of the well known longest cotllmon

subsequence problem and has applic;rtions in particular in genomics and biologl'. u'here



strings correspond to DNA or protein sequences and sinrilarities among thern shall be

detected or quantified. We first present a ulore traditional A* search that makes use of an

advanced upper bound calculation lor partial solutions. This exact approach works well for

instances with two input strings ancl, as shor.vn in experiments, outperforms several other

exact methods fiom the literature. Hor,vever. the A* search also has natural limitations

when a larger number of strings shall be considered due to the problem's cornplexity. To

effectively deal with this case in practice, an1'time A* search variants are investigated,

which are able to return a reasonable heuristic solution at almost any time and are expected

to find better and better solutions until reaching a ploven optimum when enough tirne

given. [n padicular a novel approach is proposed in which Any4ime Column Search (ACS)

is interleaved with traditional A *node expansions. The ACS iterations are guided by a new

heuristic function that approximates the expected length ol an LCPS in subproblems

usually much better than the available upper bound calculation. This A *+ACS hybrid is

able to solve small to medium-sized LCPS instances to proven optimality'rvhile returning

good heuristic solutions together with upper bounds for large instances' ln rigorous

experimental evaluations we colnpar. d *+ACS to several other anvtirtre A *search

variants and observe its superiority.

Ilpo6nerra HajApKer sa-i.fHrr.lxor na-[uHApoMcKor iloAH113a (LCPS);arrjena Haila3aK

uajAyxer IIoAHLI3a rcoju je:laje,lul.tuxla 3a cBaKlI ynulrHll crpl'lHr cKyna crpliHroBa' a y HCro

epr.rjeue je r.r ua,ruu4pou. flpoS,reN,t IlpeAcl'aB,'ba cneuuja,irny naprriarrll :o6po no3Haror

npo6neva uajalNer -la.ieLuruxor no-tHnJa il nAra3il nprrrrjene \ Hr\tIll o leHoNlH\la ll

6uoloruju, r4ie crprrHr oilroBapa /JHl{ u,'rri ceKBeHU}l nporenHa. a norpeSHo je uahu

c,rryrqHoc'r uelJy ruHna. [lpno npe:eurrieH,ro rpa]rrIur{oHa,rHy A :ellel^la nperpary xoja

Kopxcrl4 HaIIpeAHy xa,ux1-.laurtjl ropFbtl\ rpaHl.Iqa la napUttjarua pieLuer+,a. Oeaj er:axrnr'r

npilCtyn pa1u Aodpo Ca \.ta3tt\ta xojtl ea.lpxe -lBa CrpllHIa ll. NaNo ie noxa:auo \ HaulHr\l

eKcnepuMeHTxMa, Ha.qiarraBa Hexo"ruKo jlpvrrr\ \rerola I13 -rltrellar\pe. A :enje:Aa Ltlua

trpt4poAHa orpaHuqelLa Karla Ce nocl\larpa aehrt Spol crplltlrOBa ) )'"rla3,v yc,'beA

KoMrrJreKCHocrlr caMor npo6lelra. l],a Srrcrto e(texrtteuo pjeurrr;rr'r oeaj relJepaJlall

npo6,'reu y [paKcu. anytime A :au.ie::ra eaprlaure c\ tr]\ rllBaFte. cnocoSue Aa Bpare

pjeruema fipt{xBar,'bt4Be KBa[ttTere 1'5lt-ro xojerr nperreul. rlic ce over.1-ie.la Ce Ha[a3e

6orua pjeue$a aoK ce He Hahe ontl\ta-rHo picruruo-r,e. \ I nilclnocrABK\ o aoso,'uHoj

Kor.rHrrrHu pecypca. Y ocHoerr. par rrpetnarie HoBIr ttpilcr\n I nojer'r An1'time Colurln

Search (ACS) rarepaunje cy xou6r.ruoBaHe ca K-jracurlHu\t excnaH;tlialta'rsopona y A
:euje:aa rperpa3u. Te ACS urepauu.ie cy aoljeHe HoBoNt xe)'pltcrlitlrorr $yunurljorvr xoja

aflpgKCtIMxpa oqeKutsaHy AyXHHy LCPS-a tlHoro 6O,ue Helo .ilocT)/nHe xauxy,laUuje

ropriqx rpaHtlqa. A* + ACS xu6pug je cnoco6au 4a pujeruu uHcraHUe N{a,le l1 cpeAri,e

Be,'lHqHHe Ao ofl'I'HMyMa, AoK opaha ao6pa xeypHcrLIrIxa pjeueoa cBe ca roprbHNl

fpaHuuaMa 3a 3a ilHcraHue Be.nfiKr,rx grueu:rja. V pr.rroro3HI,lNI eKCnepLIl\{ellrl'1i\'la.

ynopelyjevo A* + ACS xu6plr4 ca HeKoJtrlKo Apyftlx anytime A :euje:4a naptljaHrr't u

noxa:yjeuo cynepl4opHocr Aaror xu6puga.

l2 6oaosa

i. Christian Blum. Marko Djukanovic, Alberlo Santini, FIua Jiang, Chu-Min Li, Felip Manyd,

Glinter R. Raidl. Solving longest corruron subsequence problents via a transfortnation to the

maximum clique problern. Computers & Operations Research, Volume 125. .lanuary

2021,105089,1SSN 0305-0548.https://doi.org/10.1016/j.cor.2020.105089 <Darrop yruuaja: 4.008



Longest cotrlllon subsequence problerns t'lnd rarious applicatictns in bioinfbrrnatics, data

compression and tert editing. just to nallle a 1cri. Eren though nulrerous heuristic
approaches r.vere published in the related litelature tor rranl of the considered problent
variants during the last decades. solrin-g these ploblerns to optinrality'rentains an important
challenge. This is pafticularly the case ii'hen the nurrber and the lengtlr of the input strings
grows. In this work we define a new \\'a)i to transfbnn instances of the classical longest
colrllrlon subsequence problem and of some of its variants into instances olthe rnaxitnum
clique problern. Moreover. we propose a technique to reduce the size of the resulting
graphs.Finally, a comprehensive experimental evaluation using recent exact and heuristic
maximum clique solvers is presented. Nurnerous, so-far unsolved problern instances fiour
benchmark sets taken from the literaturewere solved to optirnality in this way.

llpo6,reua HaJracKa najAyxer :aje4uuuxor noAHr43a (LCS) ua"nalri lvrHore npuvjeue y

6rlor.rH$opnaariluri, KoMnpecujn no4araNa, eAuTr4Barby reKcra. [rro cy caMo HeKe oA rrr{x.
tr4aro nocroje uuoru xevpu.rrr,r{ru4 rL[ropurNrn v rl.nc]lat]pu ta p.ieuaearse LCS
npo6neua Kao r{ }iefoBr..lx saprrjaurrr, Hacra[e v nocibertu]rx HeKoJrrlKo aeqeHuja,
pjeuanarr,e onnx lpo6,reMa et3aKTHo je n ra-fbe Ber'lr.rKu H3a:oB. V ocHoer.t. r:a:oo je
pujeu-rr.rru oBaKBe npo6,leme raaa 6poj Hnr4 Ayxr.rHa crpuHroBa y y"ra3y pacry. Y onon
paAy Mr.r 4e$uuaureuo HoBr{ npucryrr pjeruaaaruy onux npo6,renra rpauc$opnrnLuyhu
HHclaHue Karcl4ttHor LCS npo6,rer\'ra Kao u HeKrrx H,eroBr,rx eaprrjarr f H Ha uHC'raHue

npO6,reua HaJIacKa MaKcHMILIIHe Kn14r{e y [paoy. LIIrasuilJe. npeAnaxeMo Lr TexHtrKV

pe4yxuuje BerHaruHe rpa$ona. Kouauuo, eKCnepr4r\,reHril,'rHa cryAuja xoja Kopr.rcrr.r

cKopaurbe pa:enjeHe ef3aKTHe u xeypucrrlqKe p.leLuasaue npo6Lrenra frpoHarracKa

MaKcrlMaJrHe x,rr.rrce je rtpe3elrroBaHa. Spojne, Ao caAa Hepjc.rueue HFrcraHue r.r3 nureparype
c1 pujcueHe orr rrMilrrHo ua oaaj HarurH.

12 6otona *0.3 = 3.6

4. Marko Djukanovic, Giinther R. Raidl. Christian Blum. Finding Longest Conrmon
Subsequences: Nerv any'tirre A* search results. Applied Soft Corrputing.Volume 9,5, October
2020.106499. ISSN I568-,19.16. https:,''doi.ors Li-ltQI6'i.asoi.l!l!-L?6-l!11 Oaxrop yruuaja:
6.725

The Longest Cornmon Subsequence (LCS)prerbienr ainrs at tinding a longest string that is
a subsequence ol each string tiorn a giren set ol input strinus. This problem has

applications. in particular. in the contert olbiointbnratics. rihere strings represent DNA or
protein sequences. Existing approaches include nulrerous her-rristics. but onl1.'a f-ew exact
approaches. lirrited to rather small probleln instances. Adopting various aspects from
leading heuristics fbr the LCS, rve first propose an eract A*search approach. which
perfornts well in conrparison to earlier exact approaches in the contert of small instances.
On the basis of A* search we then develop two hybrid A* based algorithrns in which
classical A* iterations are alternated with beam search and anytime column search,
respectively. A key feature to guide the heuristic search in these approaches is the usage of
an approximate expected length calculation fbr the LCS of unilorm random strings. Even

for large problem instances these anytime A*variants yield reasonable solutions early
during the search and improve on them over tirre. Moreover, they terminate rvith proven
optimality if enough time and memory is given. Furthermore, they yieldupper bounds and.
thus, quality guarantees when terrninated early. We cornprehensivell, evaluate the proposed

methods usitrg most of the available benchrnark sets frorn the IiterirtLrre and cornpare to the



current state-of-the-ar1 rnethods. In parlicular. our aisirrithrns are able to obtain ner.v best
results fbr 82 out of 117 instance groups. I\4oreorer. in ntost cases they also provide
significantly snraller optimality gaps than other anytirne alqor.ithms.

llpo6leua Ha!.racKa uajayxer:ajeAHrlvxor iloAHn3a (LCS) rpaNlt Aa ce rral1e uaj4yaru
:ajegununu rtolHt43 3a cBe crpr{HroBe Lr3 4aror cKyna crpurrroea. Oeaj npo6-rrernl rlva
npnlrjeuy y 6uour.r$opMarrrIl{. rlje crpuroBH rpencraB"rrajy fll{K r.rJll rrpoletrHcKe

ceKBeHue. [locrojehu rrpr4cryrr14 y pjeuaearul 1x,u1 ,ry.i1 patHC xe]pficnrqKe anropur\{e
aJIu caMo HeKoJ'ruuuHa rbnx ce ruqe er3aKTHor pjerlaaama npo6,reua, xoju cy u Azlrbe

J.ruMr4Tr,rpaHu Ha r.rHcraHue Ma,qux 4r.rnreH:nja. A4anrupajyhH pa3He ac[eKTe aoAehux

xeypucrr.IKa sa LCS paurlje no3Harux H3 nurepar-vpe. oa4je flpeAna,.r(eMo ersarcruy A
:orlje:4a nperpary xoja ce rroKa3arra rrao ua4nrohaH rrpr4cryrr y nopellersy ca paur.r-lr.rn

er3aKTHI,lM nprlcryntzMa y KoHTeKCTy r4HCTaHuil Ma]rLr\ ani\,leu:uja. Ha 6a.lr.r A:nuje';4a
flperpare. oe4ie cy pa:nu-iene 4na A :snje:4a xn6pn4a, y rojeu n'nepHupa-iy A :auje:4a
urepauuje ca beam search u anytime column search rrepaUnjavra, pecrrerrrrBrlo. K,.ryuau
acIIeKT y HaBurr4palsv xeypucrnrrr{e nperpare oBr,rx ilprlcryna je xopuurerse ra-nxv,lauuje
xojou ce aflpor(cr4Mrlpa oqeKlrBaHa AyxHrra LCS,a pa:sr.rjeua rra c,ry.rajunu crpnHroBHMa.
t{ax u Ha HHcraHuaMa BeJrr4Kr4x 4r.rveu;uja, [peAnox(eHr4 A :euie:]Aa xu5pr,r4u npahajy

pjeruen a pa3yMI{e KBur.Jlurere y paH[rM $a:aua rrperpale u [o6o,rruaeajy ra xaxo npujen,te

rpona3r.r. Lllranurue, oBlr arroprrrM14 ynr4jex :aapuanajy ceo.l paA ca Har.racKoM

orITr4MaJrHor pjeLuerua, tloA ycnoBol\,r Aa HM je ocurupaHo .qoBoJ'bHo pecypca. Aa",be. y
cBaKoM rpeHyrKy apahajy ropH,e rpar{LIue, a ca rur\r u rapauquly KBarr{rera npU pauljeu
npeKI"lAy. Ilpe4,roxeHtt Merolu cy eBanyrrpaHu Ha roroBo cB!iM AocrynHuN,r cKyrroBHMa

rlHCTaHUu I..13 nl4Teparype r.r nopef eHI4 ca rperryrsuu state-of--the-art MeroAaMa. V ocHoeH.

npernoxeHrl ilrroprlrMrl epahajy uoea uaj6o,.ta pjeLuena ua 82 oa yxyuo 117 rpyna
14HcraHull. Y ltuoruu clyvajesuua HauH iLqropururr.r spahajy (crarr.rcrn.rxu) 6o,rn
orrTr,rMil[HU fall Heto ApyfH aJrfopHTMrl.

12 Ootosa

Kareropuja l5: uay.tru paA Ha HayqHorr cK)'[],nref1'napoauor:rrauaja, urraMrraH y qie,rnrru

1. Marko Djukanovic, Giinther R. Raidl. Christian Blurn. A Beam search for the Longest
Cotnmon Subsequence Problem Cuided b1, a Novel Approrimate Erpected Length Calculation. In:
Nicosia G., Pardalos P., Umeton R., Giufliida G.. Sciacca V. (eds) Proceedings of LOD 2019
The 5th Confbrence on machine Learning. Optinrization and Data science. Lecture Notes in
Corrputer Science, vol I194, pp 154-167. Springer, Cham, 2019. https://doi.orgi10.lOO1l918-3-
030-37599-7 t4

The longest common subsequence problenr (l-CS) aims a1 fincling a longest string that appears as

subsequence in each of a given set of input strings. This is a well known NP-hard problem which
has been tackled by many heuristic approaches. Among thern, the best perfbrming ones are based
on beam search (BS) but differ significantly in various aspects. ln this paper we colnpare the
existing BS-based approaches by using a common BS framework rnaking the dif-ferences more
explicit. Fufthernrore, we derive a novel heuristic tirnction to guicle BS. which approximates the
expected length of an LCS of random strings. In a rigorous experirlental evaluation we conrpare all
BS-based rnethods from the literature and investigate the impact ol our nerv heuristic guidance.
Results shorv in particular that our novel heuristic guidance leads fieqr-rently to significantll, better



solutions. New best solutions are obtained for a rride range r.ithe eristing benchrnark instances.

flpoS,reua HaJIacKa uajayxer3ajenHn.rKor no-tHrr3a (LC.-\)rpaxrl -la ce Hale uajnyxu:ajegur.rurr.r
noAHr,r3 xoju je:aje4Hr.luxr.r 3a cBe crprlHroBe faror cFi\na crprrljrona. Oeo.ie,1o6po no:Haru NP-

reNax npo6,rev xojn je pjerun anaH Morr.rNl xe\pucrurri\l \lelor.TaNra. Mel1y cenr,r rrun,ta. uaj6o,uu

MeroAr{ cy beam search (BS) oprljeurllcaHr.r, xoju ce rrel11 co5ou pa;,rrrryiy }' MHorr.jr\4 acneKrHMa.
y oBoM paAy nopeA14Mo rpeHyrHo pa:eujene BS npr.Icr'.vne v:t .rHreparype Kopr.rcrehu

[pe.qnoxeHr.{ BS framework. Oe4ie npeAnax(eN{o r.r HoBy xeypucluK,\' tto.ia eoArr nperpary y BS,

3acHoBaHy Ha anpoKcrMarlrajn ouexrieaHe epujegsocrn LCS-a Ha c,ryvajrrHM crprlHlosHN,ra. Y
prrropo3Hr,rM eKCrrep[MeHTr,rMa nopeAUJrr4 cMo cee BS-6a3upaHe MeroAe u3 nlrreparype 14

npoyqaBanr.{ cuo yrr.rqaj HoBe xeyprlcrlrxe. Pe:y,rral.r norca:yjy Aa HoBa xeypucruKa HaBo.qtl

rperpary xa (cralrcrr.r.rrr) 6orlrrna pjeLuemuua Hero .ilpyre xeypucrr4r{e. I-lclea uaj6o-rt,a pjeruersa

cy ao6njeua Ha rxnpoxoM cxyny nocrojehux rpyna 14rrcraHun.

5 6otosa

2. Marko Djukanovic. Gilnther R. Raidl, Christian Blum. A Heuristic Approach fbr Solving the

Longest Common Square Subsequence Problern. In: Moreno-Diaz R.- Pichler F.. Quesada-
Arencibia A. (eds) Proceedings of EUROCAST20I9 - The lTth Computer Aided Systems lheory.

Lecture Notes in Cornputer Science, vol I 2013. pp 429-431 . Springer. Cham, 2019.

https ://doi.or gl 1 0.1007 197 8-3 -03 0-45093 -9 52

The longest common square subsequence (LCSqS) problem. a variant of the longest common

subsequence (LCS) problem, airns at finding a subsequence common to all input strings that is. at

the same titne, a square subsequence. So lar the LCSqS rvas solved onll' fbr trvo input strings. We

present a heuristic approach, based on randomized local search and a hybrid of variable

neighborhood search and beam search, to solve the LCSqS for an arbitrary set ol input strings. The

bearn search trakes use of a novel heuristic estimation of the approximated erpected length of a

LCS to guide the search.

flpo6eua HaJIacKa Hajayxer KBalparHor noAHu3a (LCSqS) .je naprrjrHill ri.racnrrHor npoo,rerra

HanacKa Hajayxer noAHrl3a (LCS), xoja :axrjeea rlloHa-ra3ax rrajlrxer :aje.lulruxor rrolHrr3a

cBr{x crpnHroBay ynzBHoM cxyny xojn rpe6aaa je y ucro nprijelre KBa,iiparHtr no.rHr.t3.7]o ca:a.

oaa.l npoS,reu ie pjeruanaH caMo :a (rrlrccHrl yJa3HH cryn y rioMe c).npric)'rHa gaa crpr,rura. \'
oBoM paAy npeAna)KeMo ABa xeypucrr4qKa npucryrra 3a reHepalH) saprrjaHrl npo6.reua:

xeypucrr.ItrKH rlprlcryrl r<o-jn je 6a:lrpau Ha parlAor\,ru:lr,rpauoj JroKa[Ho npcrl)a3u rr rrr6prr:Hrr

npllcryn variable neighborhood search n beam search (BS) aJrroprlraMa. BS xoprrcru y ceojoj

nperpa3r., HoBy xeypucrrxy xoja arpoKcnMupa oqeKBaHy apnjeguocr LCS-a y naeo!eir1,'

nperpare.

5 6oaosa

3. Marko Djukanovic, Gtinther R. Raidl, Christian Blum. Exact and Heuristic Approaches fbr the

Longest Common Palindrornic Subsequence Problem. In: Battiti R., Brunato M., Kotsireas 1..

Pardalos P. (eds) Proceedings of LION 12 - The l2th Conference l-earning and Intelligent
Optirnization. LectureNotes in Computer Science, vol 11353, pp 199-214. Springer, Charn,20l8.
https://doi.orgl 10.1007 1978-3-030-05348-2 I 8



The longest common palindron-ric subsequence TLCPS. lrobiertr requires to find a longest

palinclrornic stringthat appears as subsequence rr .'.tcir .:rin*: liorrt a -citen set olinput strings. The

algorithrr-rs that can be found in the related literature irr. !pecitlc tbr LCPS probletrs r.vith only two

input strings. ln contrast, in this u'ot'k ue consiclel the ,'eneral case riith an arbitrary nutnber ol'

input strings, which is NP-hard. To solve this problenr \\ e propose a fast greedv heuristic, a bean]

search, and an exact A* algorithrr. Moreover. A+ is ertended by' a sirttple diving mechanism as

well as a combination with beam search in ordel to llnd -tood quality solutions already eal'ly in the

search process. The most impodant t'indings that result t}om the experimental evaluation include

that (l ) A* is able to efficiently fincl proven optimal solutions for smaller ploblern instances. (2) the

anytime behavior of A* can be significantly inrproved by incorporating diving or beatn search, and

(3) bearr search is best frotn a purely heuristic perspective.

[lpo6,reu Ha!.racKa HajAyxer naJ]trHAopMcKor noAHI{3a (LCPS) :axrjeea HtLIIa3aN Haj:iyxer

:ajeur.ruxor noAHH3a crpr4HroBa n3 npor43Bo,fbHor cKyna. Alropttrutt ltojrl ce Hlorl Hahll y

ntrreparypr{ pa:nrarpajy 4arn npo5,reu ca (rnxcr-rHNl yna3HllN,t cK--vnoN,t oA ABa crpt'lHra. Y oeo\'l

paAy MH pa3r,rarpaMo r-eHeparHy saprrjaury npo6neua ca Ilpolt3tsoJbHt'iNI 5po.ft'rvr )na3Ht'lx

crpr.rHroBa. roju je Hfl-rerxax npo6neu. 3a pjeuraeabe oBor npo6reN'la npea,raxeuo 6p':y

noxnenHy xeypuorr4xy, beam search, 14 eBaKTHy A :nrje:aa nperpary. Lllraeuule, A :reuje:aa je

npourr.rpeHa jeAHocraBHt4M npHHuunoM "poFt,erLa" rao u rcou6tlnaur.tjou ca bealn search texHuxol't

Aa 6n ce Harxno p-jeruene 4o6por KBanure'ra aeh y canoM roqerKy nperpare. Haj6Hrurlu

3aK}+yrruH oBor r.rcrpaxl{BarLa AoHeceHa Ha ocHoBy HauIlIx eKcflepuMeHara cy c,'ueAeha (l) A

:nnje:ga rperpala je cnoco6Ha 4a e(tuxacuo pujeruu (no onrr.ruanrrocltt) uHcraHue MarIllx

4ulreH:uja, 2) anytime roHa[rarbe A :nujeraa flperpatc ruloxe 6ltru 3Ha'lajHo ronpaB,'beHa

yxryuyjyhn rrprdHutrM "polbelba" nru bearn search, (3) bearn search je uaj6o,'sr'r qucrl4

xeypucrr.rrrxr.r rpr.rcryu xaA je y rr4rarby pjeuaname LCPS npo6,reua.

5 6oaona

4. Matthias Horn, Marko Djukanovic, Giinther R. Raidl, Christian Blum. On the Use of Decision

Diagrams for Finding Repetition-Free Longest Cornrnon Subsequences. In: Olenev N.. Evtushenko

Y., Khachay M., Malkova V. (eds) Proceedings of OPTIMA 2020 - The I lth International

Conference Optimization and Applications. Lecture Notes in Computer Science, vol 12422, pp

13 4- I 49. Springer, Cham. 2020. https://doi.org/ I 0. I 007/978-3 -03 0-

We consider the repetition-free longest corlmon subsequence (RFLCS) problem. where the goal is

to find a longest sequence that appears as subsequence in two input strings and in which each

character appears at most once. Our approach is to transform a RFLCS instarrce to an instance of
the rnaxirnum independent set (MIS) problem which is subsequently solved by' a rnixed integer

linear programrning solver.To reduce the size of the underlying conflict graph of the MIS problem,

a relaxed decision diagram is utilized. An experimental evaluation on two benchmark instance sets

shows the advantages of the reduction of the conflict graphs in terms of shorter total computation

times and the number of instances solved to proven optirnality. A furlher advantage of the created

relaxed decision diagrams is that heuristic solutions can be ellectively derived. I"or some instances

that could not be solved to proven optimality. new state-of-the-art results r,vere obtained in this

way.

Y osola paAy pa3Marpanao npo6,reM npoHanacxa uajAyxer :aje4uuuxor noAHn3a 6e: noHaeibaba

(RFLCS) uujn je UI4J'b Aa ce uale HajIyxH :a"je4uriunu rloAFItl3 cBllx CrpllHtoBa rl3 ,larol cKvna

TaKo Aa noAHr43 He caAp)r{r4 KapaKrepe xojrr ce no.jaa,nyjy BrIUre oA aBa n\ra v rbe\t\ cartort. Hattt



npucr)'n ce caApxl4 )/ roN'le .ua ce rpaHc$opuuuy llHcraHue RFLCS npo6,'reua y uHCraHue

npo6,,reua MaKc[iMaJ]Hor He3aBr.rcHor cKyna (MIS) toirr je tartnt puierueH Ml4Il pjeurasaueu' !,a

6u ce peayxoBa,rra Beruuuua 4o6ujeunx rpa(ta NllS npo5"te\ta. penaKcupanu gujarpaNlll oAnyKe

cy Koprrrxreur.r. E,xcnepr.rMeHrarlHa ena,r1'aul.tja cnpoBe.feHa Ha AsrljL- Bpcre cKynoBa llHCTaHull

noxa:yje ilpeAHocr oBaKBor rrpr4cryna y pe;ly xulrjrr xoH(t,ltrrr"utlx rpa$oea lxro -ie Aa,'be

pe3ynrr4pa,rro xpahunr BpeN,reHoM lr3BpruaBarua u eehrrrt Spoieu t'tttcrarlull xoje cy onrllNttl,'lHo

pujerueue. !a,,re npe4uogrfl pena6cl4paHux 4u.iarparva oAn]'Ke je Aa cy xeypHCrl'lqKa pjeruema

e$exrusuo rr3BeAeHa. 3a uerce r,rHCTaHue r<oje uracy uor,re 6uru pujeuerre oBuM npl4cryoM. HoBa

Haj6orua xeypucruqxa pjeurerra cy ao6ujeua.

5*0.75 :3.75 6oaona

5. Marko Djukanovic, Christoph Berger, Giinther R. Raidl, Christian Blurr-r. On Solving a

Generalized Constrained Longest Common Subsequence Problem. In: Olenev N.. Evtushenko Y.,

Khachay M., Malkova V. (eds) Proceedings of OP'flMA 2020 - The llth Internatiotral Cont-erence

Optimization and Apptications. Lecture Notes in Cornputer Science, vol12422. pp 5-5-70. Springer,

Cham, 2020. https://doi.org/10.1 007/978-3-030-62867 -3 5

Given a set oltwo input strings and a pattern string, the constrained longest corllllon subsequence

problem deals with finding a longest string that is a subsequence of both input strings and that

contains the given pattern string as a subsequence. This problern has various applications,

especially in computational biology. In this work we considertheNP hard case of the problem in

which rnore than two input strings are given. First, n'e adapt an existing A* search tt'om tr'vo input

strings to an arbitrary nurnber m of input strings (m > 2). With the aim of tackling large problem

instances approximately, we additionally propose a -qreedy heuristic and a beam search. All three

algorithms are compared to an existing approximation algorithrr, from the literature. Beam search

turns out to be the best heuristic approach. matching alrrost all optimal solutions obtained bv A*

search for rather smalI instances.

Hexa je Aar cKyn oA ABa crl-ruHra re je;raH rrarepH crlllHr. npoS-rert HiLlacKa vc,noB-rbeHor

HajAnNer 3ajeAHn.tKor nonHrr3a ce ruqe Ha-racb,a na.]-r),r.er no-tHrlra xojrr ;aj:Hrt'txlt la o6a

crp6Hta rr y rrcro epr.rjeue je nalur.r:1aror flarepH crpuHI'a. Oeaj npoo.re\l Il\1a \lHore npr'rujeue,

noce6uo y paqyHapcxoj 6uororr.rju. y oBoM paA)'r\,nj nocN,tarpa\to aaprr.iaHrr rope Iloi\leHYror

npo6,reua r.4je Iujecro ABa, y y,'rasy je Aar rpol.I3Bo,tau 5po-i crpl{HfoBa (rn } 21. ruro ualr.faje

NP-rexrax npo6neNr. llpuo, un npu,rarofaaauo locrojehy A :nuje:ra tlperpar-\' pa:err.jeuy :a

npo6leu ca rluxcHa ABa yniBHa crpt4Hra. Ca copxou pjeuaaarua ilHCTaHLll1 Be,rllIKIlx 4ralueu:r'rja

arrpoKcyMarr.rBHo, npeAJroNeu je noxJrerrHr.r npr.rcryn ra beam search. Cea rpn aqlop[TMa cy

nopellena ca nocrojehau anpoKcr.rMaluBHrlM a,.rropttrMoM t43 nI4Teparype. 3ax,'syuax

eKgnepuMeHra,rue cr yAr.rje je 4a je Bearn search uaj6o,'br.I llpllcrYn, xo.iu -le cloco6aH Aa noxBaru

KB€lJrr,rrer olTr4MarHr4x pjeuersa Ha roroBo cBr,rM l.tHCTaHuaMa Ha itoiuua je A :nuje:4a flperpara

ycniera aa nahe orlrH\4iurHo pjeuerse.

5*0.75 :3.75 6olosa

6.V. Crnogorac, M. Grbii, M. Dukanovid and D. Mati6. "Clustering of European countries and

territories based on cumulative relative number of COVID 19 patients in 2020," 2021 20th

International Syrnposium INFOTEH-JAHORINA (INFOTEH), 2021, pp. l-6. doi:

https:// I 0. 1 I 09/INFOTEH5 1 031 .2021 .9400670



The coronavirus COVID-,l9 has been af'fected all the crruniri;. ":,.1 
tert'ittlries in 1010. tn this study'

we cluster European countries according to the cuntlllatir e rt.at:r e nutrtrer ol European COVID-19

patients. The clustering is based on pLrblicly arailal.l.- d:rta published at E.uropean Centre for

Disease Prevention and Control website and peltbrme.l b1 three clustering methods: K-ttteans,

agglomerative and BIRCH clustering.Clustering perlortlance. er aluated by Silhouette Coefficient

value, shows satisfying accuracy ofthe obtained clusters. The results presented in this study can be

useful to public health offlcers and practitioners to easier deal ri'ith COVID- 19 challenges

Kopanooupyc je:axearuo cBe 3eM,fbe u repuropuje y 2020. V osol'r ucrpaxuBaH,y x,racrepy.ieuo

eBponcKe 3eM,.be rrpeMa KyMynaruBHoM penaruBHorvr 6pojy naUlljeuara o6o,te,rtlx oA COVID-19'

Kc;racrepoearse je 6a:upaHo Ha jaauo 4ocrynHlrN,r rloAaquMa fl3 European Centre fbr Disease

Prevention and Control ne5 cajra Ha xoje je nprau.lerueHo rpl4 Bpcre NIeToAa: K-means,

Arglomerative u BIRCH anropr4rMu. IIep(ropvrance KnacrepoBalba eBiulyt'lpaHe y3 nouoh

Silhouette xor!r.rqnjeuara noxa:5,iy 3a.!,oBoJr,14By npel.I3Hocr 4o6r.tjeurax n,racrepa.Pe:ynraru

rrpe3eHToBaHLI y oBoM ucrpaxilBarby Mofy 6tlru oA Kopl4crl4 jaaHorll 3ApaBc'IBy y CBpxy JlaKIIIel

4jeronarua nporLIB COVID- I 9.

5*0.75 :3.75 6oaosa

I- BHA eraTHocT KaHAHAaTa:

Ilpuje noc-re4mer n:6oPa: l8+2: 20

IIoc,'r uje rocJbeArt,er u:6oPa:
9+ 12+3.6+12+5+5 F5r 3.75+3.75+3.75
:62.8s
YxynHo 6oAoea Ha HayqHy

4jeraruocr: 20+62.85 : 82.85

yKvrIAH EPOJ EOAOBA HA HAvtIHv
AJEJIATHOCT

O6pa:oaHa 4l e,r aluocr npuj e n oc,rean er u:6opa/per'r:l 6o pa

(Harsecmu cse aKmulHocmu (ny5tuxa4uje, iocmyjt,ttcr rtacmala 11 .11E117711t1c-ttt{;o) L'6fcnluHux no

KQM us q"naua 35.)

Kareropuja I 6: YU6eHlrx la rrpel)'HIlBep]llrerc]lll HIIBo 06paloBa tLat ]ioa]'Top.

EojaH Huxo;rih. Boprec flerxoel.rh. Mapno lilxauouuh. Mt.t-taua I-p5rrh. rr-l'arjaHa 3er1. 35flpxa

ypafeallx 3aAaraxa ca nprrjeuHrrx ucnr4Ta r13 \,rarei\rart{xe. fiprlpo,tuo-NIareNlarl'lrlrcu Saxy,trer,

Yuuaep:urer y Earuoj J1yur. 2016.

I Ipeua .r,rauy 23. Kouuorja ao4ie.ryje 005*2=16o4

IIeT

O6pa:onHa 4je,rarnocr loc,r uje nocneArber il360pa/peu36opa

(Hatsecntu c6e (lKnllguocntu (ny6turcat1uie, ;:r.tcmyj1'htt uctonctco tt .Mettmopcmoo) u (4tci 6odo1a

no rarneeopuja.\le u3 utaua 35.)

Kareropnja 10: gpyru o6,'ruqu rrrefyuapogue capaArbe (xouSepeHUuje, crynowl, paguoHllqe,

e4yxaquja y unocrpaucrny)

Y :earuy capaAHHKa y HacraBr4 (aorcreHr u Br,nrrr4 acucrenr) Ha yHuBep3urerY y Bano-i Jlyuu ap

Mapxo T)yxaHonuh je 4patao njeN6e fls c,'l,enehux rpeAl\4era:

o C.[ MarenaarnKa u uu$opnaaruxa: OcHoBr.r nporpaMldparsa 2; Ea:e rloAaraKa; Ea:e noAararca

1;

O CII TexHnqxo Bacruralle u uHsopuaruxa: l'lurepuer llporpaMl4pane; Be6 4u:ajn;

AocrynHuN,l noaauuMa u n:ejeurajuMa o cnpoBeAeHo-i aurel'lt er)llc-tlara llpnpoaHo-IIpeua
MeN6r.r3aMATCMATT{LIKOI



c,'beAehe flpocjer{He odeHe:

a AraAer,rcrca 20 I 7,'201 8:

I I4urepuer rporpa\rrlpame -1.07

r Ocuosr4 flporpa\rrrpama ] -;.00

I Be6 au:ajn 3.85

a AxaAelrcxa 2020'2021 '.

I Ea:e noaarar.ia 3.82

I Ba:e nolarara 1 5.00

[1poc-ieu Ha oujeHa: J.i5

Ha ocuoel. nptrxa3aHux pe3) -rrara. Kour.lcraiaie fipeMa unauy 25 llpanu,rntaxa o r.r:6opy

HacraBHrrxa rr caparrHr.rKa \' 3BaB,e roat{e,rula KaHAI{Aary 8 6oAosa :la HacraBHuqKe

cnoco6socrrr.

EJIATHOCT KAHAU.IATA:

llpuje noc,t'eArser u:6opa: 1

floc:r uje noc,'beAu,er u:6opa: 8

VrylHo: l+8 - 9

YKYTIAH EPOJ EOAOBA HA OEPA3OBHY
AJEJIATHOCT

Crpyr ua 4i e,r arnocr KaHAnAara n pnj e noc,t egrser n:6o pa/peu :6o pa

(Haaecmtt cGe aKmuBHocmlt czpctnattux t7o xame:opuia,ua tts,r:tLuta 36.)

Kareropuja 22: ocrate npoSecuouaJrHe arcTr.rBHocrr{ Ha Yuueep:r.rrery tr BaH Ynunep:lrrera
xoje 4onpuuoce uosehaby yrJreAa Ynueep:urera (nanecru)

Crpy.rua 4ie,'rarHocr KaHnnAara (nocnra.je noc,'reAlber tn6opa,/perr:5opa)
(Hacecmu cce aKmuzHocmu u 6poj 6odocq cGpcmoHut n() KLlnc,-()pttjata ut q.,ruua 36..)

Herva
llpnje noc,neln er u:6opa: 0

flocruje rrocJ'beAHrer n:6opa: 0
Vr<1nuo: 0

yKyrIAH EPOJ EOAOBA HA CTPyTIHy
AJEJIATHOCT

[ie,raruocr Eonoau

HayuHa 4ieraruocr 82.85

O6pasoena Aie,raruocr 9

Crpyuua 4ierarHocr 0

Yxynuo 91.8s



IIpoQ. ap Aparan Maurh,
1. HayKe r.r 6uouHsopuarzxa

v

nL 3Al{,ib}.rtHo tutlu-hEhE

[Iornuc rrraHoBa Koinuclrje

BaHperHrl nporf ecop, )/ria Ha) .isa oS,tacr il
(parnoj co@raepa), flpr.rpo:Ho-rrarc\rarrr,l
npegcjeauux rcouucuje

IIpoO. Ap Baa4umup peloBHr4 npo(recop, yx(a Fra2. Pavyuapcrno u nu$opuamxa, Marer\{arHHKrJ t|lany,rrer. VHnnepture-r
qr'IaH

''il,
;'i i,, i1; ,..,1i."

1t
tjl

J

v [IJ'IaH

Aoq. ap Mu,raua l-p6uh, .rroueHr,
6uoNu$opuarrzxa (pa:aoj coSrnepa),

v)ka Hayr!Ha oS,racr 14rr$opuaurr
11 p r po;q r-t o * ll are l\,r arll rr K r.t $ arcy,u rer.

tla HaBe!eH Ll I(OHK) pc 3a li l11\ )n i arHo-l HAYKC t1

6nouH$optraru ra ( pa: ao-i coSreepa). -[ iJ. L L I',.!.:. li lrl ae6-cajry
vHH Bep3,rl eTa v [iamoj -ilr uu npxjaeNo uC I e I.r. rf \ 1.ipxo 111'xaa r,nit it Haxos \ IlH,la )
npl4J'IoxeHy goxyueuraqujy, uujuje cagpNaj eBH;feH"HpaH ) oBolr ra:ejerurajy. Koiraucuja rcoHcraryje 4a
KaHrlInar .qp MapKo hyxauoeuh acrYBaBa cBe onure a noce6xe yciroBe npe4er,rlene r{oHKypcoM,
Craryrou Vaunepsnrera y Bawa IIyuN. rao N 3aronou o BHcoKoil,r o6pa:onan y. Kour.rcraja je rzscprira,ra
yBur y 6u6lraorpaQujy KaHAuAara. re rfa.rla rerair,Hy oujeny npaJroxeHr4x HayqHux, o6pasonuux z
crpyqHrzx pe$epeaqrz. cxoAno toue, Korrlucaja Aaje clE'e,lehe 3aKJbyqHo Mr.IluJ.r'e]+,e:

Kaurarar lp Mapxo T)yrcattoellh. je .:anoc.rer ua flpupoglo r,rarer\,raruqr(on Sary,rrer.y yrruaep:urera y
Basoj Jlyul{ ol 2014. fonaHe. 'Ioxolt acr.rcleHrcrof cra)Ka H3BoAuo .ie sjeN6e u: eeher- 6po.ja
urr0opn'taruuxlrx npenMera ua llpupoauo-Marer\4a'r'fiqrolr Saxy,r'rery. Flac.raty (s.ieN6e) rz: noe.iepeHux
flpe.1MeraApNao je caniectro rr oAroBoprro. crcraBrrlu yrJ,re11 crpyltHot.. rro)3,,talror tr upou.jepctrtl palr.rpr(a.
o46paHona Aol(TopcKe ,lracep'r'artu.je na Te.r*ruqron yHr.rBep3nrery y Eeuy., KaH/,Irri{ar rp MapKo bvxaHoerah
je crexao octloBlix ycnoB 3a lla[,e HanpcloBarLe \/ rracranno.j u Ha1,uno.j rcapu.]epu.

YBa,lorv y rocraBJLeHy Aor(yMeHraqr.ijy, Kovacu.ja noHcrarlje 4a .le xalrgnla.r ,qp MapKo byrauoenh
ocrrlapuo :Havajue llayqHe n o6pa:onue pe3\ nl'crc, o,t roju-r cy Hcrc4 o6.lan,r,eHr.r y BpxyHcr(r4M
vrefyllapo,lureM qacollHCl4Ma. Pa4orNlta oer.ian,neulru v epxyHcrrxi\,r uefvuapogrrnM r,rare14arHrrKr.rM r.r

tzu$opl'taruurcHN'l r{acollHclaMa, Kart/lurar .qajc Ha}'.rHH i1onpHHoc y uHTepi.Ir.rcLlfirrjrnFraprrorvr 19r1pyu.i,r,
onepau'loHHx HcrpaxHBaria. rcoie ce HaJIa3u y rrpccjerry lravqHr4y o6,racru N{areMaruKe u nH$opr,raruxc.
llpe.l'roNeuu iL'IroprlrMt4 rojr'rua ce pjerraea.iy NP 'r'er.urr.r npo6,reuu roju rrpoucrrzuv rz: 6r.ioug$opNrar61e
:a1'sranajy:ltauaiHo ru{ecro y rorvleHyrr.lN,r r.ra}'qHHNl o6,racru,r,ra. a rarofe 1xa:1.j1.Ha Lrs}beHuu} /13 1o,-6e
rrayqHor 4je,rotama ua rro.jer,r KaHIHilal. la.je Hayunu ifoirpilrroc y rrol.nyHocru ollroBapa lral,uuo.j od-tacrri rra
r<ojy ce r(aHIluar 6upa y Hacrantrv r]Ko 3Barle.

Ha ocHoBv H3HeCeHOr, Kouucuja eAIroruracHo npeAJraxe HaYq Ito- HilcTlt BHo \t e rrj efi r llprrpo:Ho
MATEMA'TIIqKOf Qarcy,JITCTA YHnsepsurera v Ean oj -rlyulr TA HAH.III]:tT rp \l a pl,io Trr xanoeuh o\ lelrsa6pan v HACTABHHTIKO 3BaIt'e AOUeHTa HA yxy HA\ qH\ oo.racT IlHQoprr:rurroHe HA\ NE

Y Barsoj llyuu, 12.07 .2021 folr{He

J*fc

II
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Y Earuoj llyuu, 12.01.2021. rorttue

IV. I,I3ABOJEHo 3Ax,r,)'ttHo \llllu-1,EttE

florn uc q,raHoBa Kolr rru r i e ca tr:nnoj eu tl M 3aK"L'yu H l'l NI

M14lu,'berbeM

2.


