MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Cryamjcku nporpam: OCHOBHE aKafZemcKe cTyavje nHbopmaTmke

Hasus npeamerta: AHAJ/IU3A U OBPAOA C/IUKA

HactaBHuK: Musiow MBaHoBumh

Cratyc npegmerta: MI360pHM Ha CBMM MOAY/IMMa MacTep akageMCKMX CTyanja MHbopmaTuke

bpoj ECINB: 6

YcnoB: YnucaH oarosapajyhu cemecrap

Lunm npeamerta

Teme/bHO NO3HABakE U Pa3ymMeBatbe HanpeaHUX TeXHUKA 0bpage camnka. OcnocobsbaBarbe CTyAEHATA 3a pellaBarbe
KOMMNEKCHUX peasiHnX Npobnema Be3aHUX 3a AUrnTanHy obpasy CMKe 1 BUAEO CHUMaKa Kopuwherwem TpaaULMOHANTHUX
TEXHUKA M TEXHMKA AyOOoKor yyera.

Ucxop npegmeta

CTyAeHTM NO3Hajy pasnuumTe HanpeaHe MeTOAe U TEXHUKeE Koje ce ynoTpebsbaBajy 3a 0bpaay ANrUTaNHUX CIMKA U BUAEa.
CTyZeHT je Takohe ynosHaT ca MoAeAnMMa M TEXHUKAMA KOje ce KopUCTe 3a U3BpLUaBakbe TUNUYHMX 334aTaka Kao LWTOo cy
KnacuduKaumja cCnKa, UNK geTekumja M npeno3HaBake objekata, npahere objekaTa Ha CHUMLMMA.

CTy[eHTM cy 0cnocob/beHM @ TEXHUMKE PayyHApPCKOr BUAA NPUMEHE Y pellaBatby KOMIMIEKCHUX peanHux npobiema ms
pa3nnymMTnx 061acTN Kao WTO Cy MeaMLMHa, NO/boNpuUBpeaa, EK0A0TUja UTA.

Cappikaj npeamerta

Teopujcka Hacmasa

MpuHuMnu dopmnpatrba cnmke, OCHOBHU GUNTEPU, TPELIXONAUHT TEXHWUKE, pecTopaLmja U PEKOHCTPYKLNjA AUTUTANHUX CINKA,
YKNatbakbe Wyma, AeTeKkumja nsmnua, bMHapHa aHanm3a o6amka, mopdonoLWwKo npouecnpatse, eposuja, aunataumja,
oTBapambe, 3aTBapatbe, AeTeKUnja IMHNja 1 Kpyrosa.

MNMpumeHa Ay6OKMX KOHBONYLMOHMX MperKa Ha Nnpobaeme obpase cavKe - npeno3HaBake objekaTa, KnacudpukaLmja TEKCTypa,
LEeTeKLMja NOKpeTHMX 0bjeKaTa, npahere NOKpeTHUX 0bjeKkaTa, AeTeKumnja 3aHMM/bUBOT NOHallara objekaTta 1 cybjeKkaTa.
YTUUaj apxuTeKType mpexe Ha neppopmaHce mogena, HaunH obyyaBatba, yTULLAj HOpManuM3aLmje U NpeTnpoLecupara,
yyerbe 13 orpaHNYeHor cKyna nogaTaka (TpaHcdep 3Harba, ayrmeHTaumja). MprmeHa y pasamuntum 061acTMma Kao LWTo cy
MeANLMHA, MHXKEeHepCTBO, eK0N0rnja, nosbonpuspesa uUta,

Yno3HaBatbe KOHLEeNTa paga pasiMynTuX NPOrpamckmx OKBMpa 3a UMNJIEMEHTALUM]y anroputama MalMHCKOr yyera (PyTorch,
Tensorflow).

leHepucakbe crKa Kopuwherwem reHepaTMBHUX MOAENA, eBanyalmja, aHaan3a U MHTepnpeTalmja Moaena MalluHCKor
yyema.

Mpakmuy4Ha Hacmaea

Ha npakTuuyHoj HacTasu cTygeHTH he Kpos HK3 Bexx6u y Python okpyxery (OpenCV, TensorFlow/PyTorch), umnaemeHTmpatu
KNacuuyHe anroputme obpage cavke (duatpmparse, cermeHTtaumja, MopdooLKe onepaumje) M caBpemeHe apxuTekType
nay6okKor yuena (CNN) 3a knacudukaumjy, aetekumjy objekata (YOLO) n npahere nokperta.

Kopuctnhe yHanpeps obyyeHe moaene, TeXHUMKe ayrmeHTalmje noaaTtaka u MeTpuKe eBasyaumje, a ctedeHa 3Hatba he
NPUMEHUTUN HA NPAKTUYHUM MPOjEKTUMA U3 OMEHA Kao LUTO CY aHaNM3a MeAULMHCKUX CHMMAKa, NaMeTHa nosbonpuepesa
unm 6e3beHOCHU CUCTEMMU.

JNlutepartypa

1. Rafael Gonzales and Richard Woods. Digital Image Processing, Third Edition. Pearson, Prentice Hall, 2007.

2. lan Goodfellow, Yoshua Bengio and Aaron Courville. Deep learning. MIT Press, 2016.

3. Richard Szeliski. Computer Vision: Algorithms and Applications. Springer, 2010.

4. David Foster. Generative Deep Learning: Teaching Machines to Paint, Write, Compose, and Play. O'Reilly
Media, 2019.

BpojyacoBa aKTMBHe HacTaBe | TeopwujcKa HacTaBa: 2 | MNpakTuyHa HacTaBa: 1+1

MeTope nssohemwa HacTase
MpobaemcKku-opujeHTMCaHa HacTaBa, NPaKTUYHa HacTaBa M Bexxbe y3 codTBEPCKY NOAPLLKY, CAMOCTaIHU Paj CTyAeHaTa,
nomahu 3agaum 1 KoHcynTaumje.

OueHa 3Hawa (makcumanHu 6poj noeHa 100)

NpegucnutHe obasese 70 noeHa 3aBpLWHM UcNUt 30 noeHa

ceMunHapu 35+35 YCMEHU UcnuT 30




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswuha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Ctyamjcku nporpam: MacTtep akagemcke cTyamnje MHpopmaTuke

Hasus npegmeta: APXUTEKTYPA CNELUNIAZTU3OBAHUX NMPOLLECOPA 3A 3AK/bYYUBAHE

HactaBHuK: AnekcaHaap Meyavh

Cratyc npeameTa: M360pHM Ha CBUM MOAYIMMa MacTep aKaJeMCKUX CTyaAnja MHopmaTUKe

bpoj ECINB: 6

YcnoB: YnucaH oarosapajyhu cemecrap

Lunm npeamerta

YNo3HaTK CTyAEeHTE Ca CaBPEMEHMM apXMTEKTYpPaMa aKLenepaTopa 3a ussohere BelTauke MHTeAUTeHUMje, ca aKLLEHTOM Ha
digital in-memory computing napagurmy Kojy npumersyje KomnaHuja D-Matrix. Pa3suTu pasymeBatbe TEXHUYKMX M33308Ba Y
nornesy nateHumje, eHepretTcke epUKACHOCTU U CKANAOBUNHOCTM Y OAHOCY Ha CTaHAApPAHE NpuUcTyne.

Ucxop npegmeta

HaKoH ycnewHo caBnafaHor npeameTa, ctyaeHT he 6utn cnocobaH ga pasyme OCHOBHe NpUHLMMe in-memory v near-memory
payyHahba, Aa 06jacHM apXMUTEKTYPY M HaumH paga D-Matrix Al akuenepatopa (Corsair), Kao 1 Aa ynopean pasnmumre
apxutekType Al akuenepartopa Kao wro cy TPU, GPU un DIMC (Digital In-Memory Computing). Takohe, cTyaeHT he butn y
CTakby Aa CMMYAMpa OCHOBHe pyHKuMoHanHocT DIMC cuctema v Aa aHannsmpa nepdopmaHce 1 orpaHnyerba caBpemeHmx Al
akueneparopa.

Caapikaj npeamerta
Teopujcka Hacmasa

YBog y Al akuenepatope — MoTMBaLMja, noTpebe 1 nsasosu;EHepreTcka ePpuKacHOCT M naTeHUMja Y UHDEPEHUNU BEIUKUX
mogaena;PoH HojmaHCKO YCKO rpsio 1 npenasak Ka in-memory apxvutektypama;NpuHumnu digital in-memory
padyHarba;Anropmutmu ca ceewhy o peTkocTu (sparsity-aware) n ywrteaa pecypca;ApxuTtektypa D-Matrix Corsair
akuenepaTtopa;Anatv 3a mogenvpare u cumynaunjy Al akuenepartopa;Benchmarking LLM moaena Ha pasnnuymtum
apxuTekTypama;lepcnekTnse passoja u npumeHe DIMC pewema

lMpakmuyHa Hacmasa

Yno3HaBar€e ca OKpYyKerem M anatom 3a cumynauujy (NumPy, PyTorch);Cumynaumja MHOXKeHa maTpuLa y MeMopujn
(DIMC);Pa3nuka usmehy KnacmuHor u in-memory cabuparba;MogenoBarbe peTkMx maTpuua M onTMMM3aLmja onepauuja;
YBog y HDL mogenoBatrbe — jegHoctaBaH DIMC moayn;Bepudukauymnja DIMC moayna y Vivado cumynatopy;beHumapkupatrse
nHoepeHumje LLM mogena — CPU vs GPU vs cumynaumja DIMC;Kopuwhere oTBOpeHOr KoAa 1 anaTta 3a akuenepartope
(ONNYX, Triton);MpojeKTHM paa: AM3ajH U cMMyNaLMja aKLenepaTopa 3a jeAaH coj mpexke;AHanusa neppopmaHcu: naTeHuuja,
NPOTOK, NOTPOLWHA;TyAuja caydaja: D-Matrix npuctyn u apxmtekTypa;lpunpema 1 npeseHTaumja npojekara.

Jlntepartypa

1. Hennessy, J. L., & Patterson, D. A.,Computer Architecture: A Quantitative ApproachEl, ISBN: 9780128119051

2. V.Sze,Y.-H. Chen, T.-). Yang, and J. S. Emer, Efficient Processing of Deep Neural Networks. San Rafael, CA, USA: Morgan &
Claypool Publishers, 2020. ISBN: 978-1-68173-831-4.

3. https://www.d-matrix.ai/

BpojyacoBa aKTMBHe HacTaBe | TeopujcKa HacTaBa: 2 | MNpaKTuyHa HacTaBa: 1+1

MeToge ussohera HacTaBe

MpobaemcKu-opujeHTMCaHa HacTaBa, NPaKTUYHA HACTaBa, CaMOCTaIHM Pag CTYAeHaTa, KoHcyaTaumje. KombuHaumja KnacuuHe
HacTaBe ca e-y4erbem U y3 ogrosapajyhy nutepatypy.

MpaKTM4YHa HacTaBa ce 06aB/ba y BUAY 1abOPATOPUjCKMX BEKOM Y PauyHAPCKMM YUMOHULLAMA, Ha KOjUMa CTYAEHTH
CaMOCTa/IHO MK y3 Nomoh acucTeHaTa pelasajy peanHe npobaeme n3 obnactv onTummnsaumje.

OueHa 3Haka (makcumanHu 6poj noeHa 100)

NpegucnutHe obaBese 70 noeHa 3aBpLHM UcNUt 30 noeHa

KOJIOKBUjyMU 30 YCMEHMU UCNuT 30

ceMnHap-u 40




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyamje

Ctyamjcku nporpam: MacTtep akagemcke cTygmnje MHpopmaTuke

Hasus npeameta: YBOKO YYEHE

HacTtaBHuK: bpaHko Apcuh, Bulira Cumuh

Cratyc npegmeTta: ObaBe3HN Ha moayny BeluTauka UHTeAUreHumja, n3bopHM Ha MoAyNy PauyHapcKke Hayke

bpoj ECINB: 6

YcnoB: YnucaH oarosapajyhu cemectap

Lunm npeamerta

OcnocobsbaBakbe CTyAEHATA 33 Pa3yMeBatbe Napaanrme Ay6MHCKOr yuyerba Kao rpaHe MAaLLMHCKOT y4ekba, Koja ce 3acHMBA Ha
npeacTaB/batby NoAaTaka Ha BUCOKOM CTeneHy ancTpakumje. Npeamer yno3Haje CTyAeHTe ca K/byYHUM e/leMeHTMMA
KNACUYHUX N HanpeaHUX HeYyPOHCKUX MpeXKa, TEXHMKama peryaapusaumje n anroputmuma yyema. lNpoyyasajy ce metoae
Ay6OKOr yyera y BaXKHUM NOoAPYYjMMA BELITAYKE UHTENIUTEHLMjE KAo LUTO Cy: NPOrHO3Upakbe, pavyHapcku Bua, obpasa
NPUPOAHUX je3nKa, pasymeBatba roBopa M 3By4HUX curHana. Npegmert nogpasymesa pa3Boj ananKkaumja y MoaepHum
codpTBEPCKMM OKBUPMUMA 3a AYOOKO yyerse.

Ucxop npeamera

CaBnagfaHo rpaameo ocnocobuhe CTyaeHTa: Aa CYWITUHCKU pasyme NpesHOCTU AyOMHCKOT yuyera y O4HOCY Ha afTepHaTUBHE
NPUCTyNe MaLMHCKOT Y4Yerba; Aa OBNAAA TEXHUKAMA ydYera AyOuHCKMX mozena; Aa objacHu noapydja npumeHe oy6oKnx
MOZesa; padyme KaKko O4JlyKe AOHeCeHe Yy NPoLecy An3ajHa a/Ir0OPUTMA YTUYY HA NOHALakbe aNropmMTMa; 4a BpedHyje
MeTpUKe KBasnTeTa Aybokox moaena; Aa AnsajHupa u obnKkyje mogene y jesuumma BUCOKOr HMBOa.

Capprkaj npegmerta

Teopujcka Hacmasa

FpapuBHM enemeHTH Ay6OKOr yuera. YTBphMBarbe maTeMaTMYKOr anapaTta noTpebHor 3a n3yyasarbe MeToAa Ayb6OoKor yuerba
(nvHeapHa anrebpa, BepoBaTHoha 1 Teopuja MHPOPMaLMja, EEMEHTU HYMEPUYKOT U3padyHaBakba, ONTUMU3aLLMOHE
TeXHUKe). ApXUTEKTYpa AY6OKUX HEYPOHCKUX MmpedKa. MoTnyHO noBesaHe HeypPOHCKE MPEXKE - BULLEC/IOjHE apXUTEKType
NPOUECHUX jeANHULA, aKTUBaUMOHe GYHKUMje M anropuTam nponaraumje yHasas. KoHsonyumoHe mpexke. KoHBonyumja,
Le/betbe NnapameTapa, KOHBONYLMOHE PyHKUMje, CTPYKTYMPaHU U3nasu, edpruKacHU KOHBOYLMOHM anroputmn. VGG, ResNet,
MobileNet. CekBeHUujanHu moaenun. PekypeHTHe mpeke, LSTM, mexaHM3am naxme u TpaHchopmepu. lyboko yuerwe
noTkpen/buBarwem. [lyboKko g-yuerbe n PPO. FeHepaTUBHM mopgenu. boaumaHoBe malluHe, ayTOeHKO4EepU, BapujaLMoHM
ayTOEeHKOAEepW, reHepaTMBHE cynapHuUuKe mpexe. MNpaherse state-of-the-art (SOTA) meToaa y Aybokom yuery. MpakTUUHK
ACMNEeKTU TPEHUHIa HEYPOHCKUX MpelKa. [peTpeHuHr, caMoHaarneaHo yyere, PUHO nogellasarbe, NPEHOC 3Hakba, PaHo
3ayCTaB/batbe, TEXHWKE perynapusaLmje 3a HeypoHcKe mpexke. OnTummnsaumja y obyyaBary Ay6GUHCKUX Mpeka (M3a30BK —
HecTajyhu rpagujeHT, cTpaTernje MHUUMjanmsalmje napameTapa, aganTMBHU anropuTmm yderba). Ctpateruje nsbopa
Xunepnapamerapa.

Mpakmuy4Ha Hacmaea

MmnnemeHTaumja metoga Ay6UHCKOT yuerba y nporpamckom jesunky Python nomohy 6ubnmnoteka Tensorflow, Keras u PyTorch.
Pap Ha Bexx6ama nogpasymesa NPMMEHY CTEYEHOr 3Hakba Ha PellaBatbe KOHKPETHUX aKTyeNHUX Npobaema y pasnanunTum
obnacTMma AyOUHCKOT yyera.

JNlutepatypa

1. lan Goodfellow, Yoshua Bengio, and Aaron Courville, Deep learning, MIT Press, 2017.

2. Michael Nielsen, Neural Networks and Deep Learning, Determination press, 2015.

3. Stuart Russel, Peter Norwig, Vestacka inteligencija, savremeni pristup, prevod treceg izdanja, RAF Racunarski fakuletet,
Beograd/ CET Computer Equepment and Trade, Beograd / Portalibris, Beograd, 2011.

4. Tpyna ayTopa, Dive into Deep Learning, oHNajH KibUra gocTynHa Ha: https://d2l.ai/index.html

Bpoj yacoBa aKTUBHe HacTaBe | Teopwujcka HacTaBa: 2 | MpakTuyHa HacTaBga: 2

Metoge nssohera HacTaBe

KombuHaumja KnacuyHe HacTase y3 Kopuwherbe eNeKTPOHCKOr Kypca v y3 HaBedeHy uTepatypy; Y naaHy je 3agasarbe
nomahux 3aaTaka M M3pasa npojekata Kopuwherem anaTta 3a KOHCTPYWCakbe, TPEHUPatbe U TeCTUPatbe HEYPOHCKUX Mpeka.
HacTaga je npo6a1emMcKn-opujeHTMCaHa, AOK ce Ha Bexxbama oueKyje caMocCTajiHM pag CTyaeHaTa.

OueHa 3Haka (MmakcumanHu 6poj noeHa 100)

MNpepgucnutHe obasese 70 noeHa 3aBpLUIHK UCNUT 30 noeHa
ceMnHap-u 35+35 YCMEHU UcnuT 30
HanomeHa:

dakynTeT noceayje HeonxoAHy MHGPACTPYKTYPY 3a peannsaunjy HacTase Ha oBom npeameTy (Tabena 10.2)




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Ctyamjcku nporpam: MacTtep akagemcke cTyamnje MHpopmaTuke

Hasus npepgmeta: TEHEPATUBHA BELUTAYKA UHTETUTEHUUJA

HactaBHuK: 5o6aH CrojaHoBuh, AHa Kannapesuh-Manuwwnh

Cratyc npeameTta: M360pHM Ha CBUM MOAYAMMA MacTep aKaeMCKUX CTyANja MHopMaTUKe

bpoj ECINB: 6

YcnoB: YnucaH oarosapajyhu cemecrap

Lunm npeamerta

CBeobyxBaTHO pa3ymeBatbe reHepaTMBHE BeLTauke MHTenureHumje (FBU) Kpo3s Teopujy, anropuTme 1 NPaKTUUYHY NPUMEHY.
OcnocobsbaBatbe CTyAeHaTa 33 NPUMEHY K/bYYHUX reHepaTUBHUX MOZeNa Kao WTo Cy BapujaumMoHun aytokogepu (VAE),
reHepatmMBHe cynapHuuke mpexe (GAN), andysmoHm moaenu n TpaHchopmepu y pellaBarby peanHux npobaema.

Ucxop npegmeta

CTy4eHTM pa3ymejy OCHOBE MPUHLUUMNE reHePaTMBHE BELUTAUYKE MHTENUTEHUM]je.

CTy4eHTM MOTy NPUMEHUTU FEHEPATUBHY BELUTAYKY MHTENUTEHUM]Y Y PeLlaBakby KOMIMIEKCHUX peanHnx npobiema us pasHux
OOMeHa (TeKcT, CIMKe, BUAEO, 3BYK).

CTyZAeHTM cy yNno3HaTu ca CaBpeMeHUM anaTuma M TeXHUMKama 3a pPa3Boj MoZe/a reHepaTUBHE BELTauYKe UHTENUreHLMje, Kao
M ca HanpeaHMM TEXHUKaMma eBajlyaluje reHepaTUBHUX MOAENA U aHaIM30M nepdpopmaHCK mogena.

CTy4eHTM CYy CBECHM ETUYKUX MPUHLMNA NPUMEHE reHepaTUBHE BELITAYKE MHTEIMreHumje.

Capgp:kaj npegmerta

Teopujcka Hacmasa

OeduHunumja 1 3Havaj reHepaTUBHE BelTauyke HTenureHumje (FBU). Pasnuka nsmehy AMCKPUMUHATUBHUX U TeHEPATUBHUX
mogena. Mogenuparbe auctpmbyunje. Makcummnsaumja BepoAoCTOjHOCTH.

BapujaumoHu aytokogepu (VAE) ca npymeHOM y reHepucarby HOBMX NOAAaTaKa M KOMNPECHjom nogartaka.

leHepaTuBHe cynapHuuke mpexe (GAN): [lyboka KOHBONYLMOHa reHepaTUBHa cynapHuika mpexka (DCGAN), KoHTposa cTuna
y reHepaumju camka (StyleGAN), pasnvka usmehy amuctpubyumja nogataka — Wasserstein gucraHua.

Ondysnonun mogenn. CtabunHa gudysmja. leHepucarbe CMKe Ha OCHOBY TEKCTa.

Mogenu 3a reHepucatbe TekcTa 6a3npaHn Ha TpaHchopMep apXMTEKTYPU. MexaHU3am naxkbe.

ETWUYKM NpMHLMNM NPpUMEHE reHepaTUBHE BELUTaYKe UHTenureHuuje.

lMpakmuyHa Hacmasa

MmnnemeHTaumja pasanunTUX MoLeNa reHepaTMBHE BelTauke MHTeAUreHuumje. MpumeHa pasnymTmX NPOrpamcKmx OKBMpa
33 UMNAEMeHTaLUMjy anroputama mawmHcKor yyera (PyTorch, Tensorflow). Pewasarbe peanHux npobaema Ha OCHOBHY jaBHO
OOCTYMHMX CKyNoBa noAaTtaka. AHanM3a U Tymayere MoAena v anroputama.

Jlntepatypa
1. Sebastian Raschka. Build a Large Language Model (From Scratch). Simon and Schuster. 2024.
2. David Foster. Generative deep learning. O'Reilly Media, Inc., 2022.

Bpoj yacoBa aKTUBHe HacTaBe Teopwujcka HacTaBa: 2 | MpakTuyHa HacTaBga: 1+1

Metoge nssohera HacTaBe
MpobaemcKkn-opujeHTMCaHa HacTaBa, NPakTUYHa HacTaBa M Bexxbe y3 codTBEPCKY NOAPLLKY, CAMOCTaIHM Paj CTy4eHaTa,
nomahu 3agaum 1 KoHcynTaumje.

OueHa 3Hara (MaKcumanHm 6poj noeHa 100)

MNpepgucnutHe obasese 70 noeHa 3aBpLUIHM UCNUT 30 noeHa

cemMmnHap 70 YCMEHU UCnNuT 30




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Ctyamjcku nporpam: MacTtep akagemcke cTyamnje MHpopmaTuke

Hasus npeameta: XEYPUCTUYKE METOAE ONTUMMU3ALIUIE

HacTtaBHuK: Buwira Cumunh, TatjaHa CtojaHosuh

Cratyc npegmerta: MI360pHM Ha CBMM MOAY/IMMa MacTep akafeMCcKMx cTyanja nHbopmatmke

bpoj ECINB: 6

YcnoB: YnucaH oarosapajyhu cemecrap

Lunm npeamerta

CTuuarbe 3Hatba 0 MEeTaxeypPUCTUYKMM METOZaMa Koje ce MOTy NMPUMEHUTU Y peLlaBakby Npobaema jeHOKpUTEPUjYMCKE U
BULLIEKPUTEPUjYMCKe onTumM3aumje. OcnocobsbaBarbe CTyAeHATa 33 pellaBatbe peasHUX ONTUMM3ALMOHMX Npobaema
ynoTpebom meTaxeypucTUYKUX MeToaa.

Ucxop npegmeta

CTyneHTM he pasymeTy NpeaHOCTM U HeAOCTaTKe Pas/IMuNTUX XEYPUCTUYKNX MeToda onTuMmmnsauuje 1 mohu he ga npoueHe
epUKACHOCT, orpaHmnyerba U KBanuTeT pasmuntux metoaa. CtyaeHtu he mohu ga npumeHe cTeyeHa 3Haka 3a PasBoj U
npumMeHy oarosapajyhunx epuKacHUx XeypmucTMUKMX NPUCTyna y pellaBakby PeasiHUX CAOXKEHUX npobiema onTummnsaumje.

Cappikaj npeamerta

Teopujcka Hacmasa

OnTMMMU3aLMoHM Npobaem; MaTeMaTUYKM MOLEN ONTUMMU3AUMOHOT Npobsiema; BpCTe ONTUMM3ALMOHMX Npobaema .
Mpernen meTaxeypmucTMYKMX MeToAa 3a pelaBatbe Npobiema ontummsaumje. MeTaxeypucTMKe: OCHOBHW NOjMOBMY,
NCTOPWMjCKM pa3Boj. OrpaHuyetrba y npobaemmnma ontummsaumje. MNogelwasarbe NnapameTapa MeTaxeypucTUUKUX aNroputama.
JNlokanHa npetpara. CumynvpaHo xnahere. Taby npetpara. [eHeTCKM anroputam.

Buwekputepmjymcka ontummsaumja. Ctpatermje esanyaymje jeAnHKU. TeXHMKE 3a O4prKaBare Pa3HONMKOCTM peLlersa.
Ynotpeba enntnsama. Teopema ,Hema b6ecnnatHor pyyka“.

[eHeTCKM aNropuTMn 3a BULLEKPUTEPUJYMCKY ONTUMU3ALM)Y.

OnTummsaumja pojem yectuua. OnTMMmnsaumja KonoHujom nyena. ONTMmm3aLmja KONOHNjOM MpaBa.

Mapanenusaumja meTaxeypucTUUYKMX anropuTama ontummnsaumje. MmnnemeHTaumja napanenm3oBaHnUX MeTaxeypucTuka.

Mpakmuy4Ha Hacmaea

CTy4eHTM Kpo3 caMocCTaslaH MMNIEMEHTVPAjY PasinuymMTe MeTaxeypucTuyKe MeToae ontummsaumje (cumyampaHo xnahetve,
Taby npeTtpary, reHeTCKM airopuTam 1 eBOIYLIMOHE METOAE) 1 NPUMEHbYjY MX Ha pellaBakbe PeasHUX U CUMYINPaHMX
onTMMM3aLmMoHMX Npobnema. MpakTuuHa HacTaea obyxsaTa Gopmyancakbe MaTemMaTMUYKOr Mogena 3agaTka, u3bop u
nojellasatbe Napamerapa ajaropuTMa, eKCneprumeHTasHo TecTuparoe, nopeherbe neppopmaHcy pPasaMUnTUX MPUCTYNA 1
aHanu3y pesynTtaTa.

Jlntepartypa
1. Michalewicz Z., Fogel D.B., How to Solve it: Modern Heuristics, 2nd Edition, Springer-Verlag, 2004.

2. El-Ghazali Talbi, Metaheuristics: From Design to Implementation, Wiley, 2009.

3. Kalyanmoy Deb, Multi-Objective Optimization using Evolutionary Algorithms, Wiley, 2001.

4. Kochenderfer, Mykel J., Algorithms for Optimization, Cambridge (Mass.); London, 2019.

5. Sean Luke, Essentials of Metaheuristics, soctynHo oHnajH: https://cs.gmu.edu/~sean/book/metaheuristics/Essentials.pdf
BpojyacoBa aKTUBHe HacTaBe | TeopwujcKa HacTaBa: 2 | MpaKTM4YHaA HacTaBa: 2

MeToge ussohera HacTaBe

MpobaemcKku-opujeHTMCaHa HacTaBa, NPaKTUYHA HACcTaBa, CaMOCTaIHM Pag CTYAeHaTa, KoHcyaTaumje. KombuHaumja KnacuuHe
HacTaBe ca e-y4erbem U y3 ogrosapajyhy nutepatypy.

MpaKTM4YHa HacTaBa ce 06aB/ba y BUAY 1abOPATOPUjCKMX BEKOM Y pauyHAPCKMM YUMOHULLAMA, Ha KOjUMa CTYAEHTH
CamMoCTa/IHO MK y3 Nomoh acucTeHaTa pelaeajy peanHe npobaeme n3 obnactv onTummnsaumje.

OueHa 3Hawa (makcumanHu 6poj noeHa 100)

NpegucnutHe o6aBese 60 noeHa 3aBpLWHM UcNUt 40 noeHa

CeMMHapu 30+30 TecT 30

YCMEHU NCnuT 10




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Cryamjckm nporpam: Mactep akagemcke ctygmnje HpopmaTuke

Hasus npegmerta: MALLMHCKO YYEHE

HacTtaBHuK: Bura Cumnh

Cratyc npeamerta: O6aBe3Hu Ha moayny BelTauka nHTennreHumja, n3bopHu Ha moayny PayyHapcKke Hayke

Bbpoj ECMB: 6

Ycnos: YnucaH ogrosapajyhu cemecrtap

LUunmw npeamerta

LUn/b npeameta je ga cTyaeHTMMa NPyXuU HanpeaHO pasymeBake KOoHLenata, MeToAa M TeXHMKA MALLUMHCKOT yyYerba, Kao U
NPaKTUYHe BELWTUHE 33 U3rpaatby, eBasyaunjy U NnpuMeHy moaena y peasHum npobaemuma. MNocebaH aKueHaT je Ha pa3sojy
CNoCcOBbHOCTU KpUTUYKe aHanuze nepdopmaHcn mogena, usbopy OonNTUMaNHUX TEXHUKA U MHTErpaumju pelera y peanHe
anavKauymje.

Ucxop npeamera
CasnagfaHo rpaameo omoryhasa CTyaeHTy Aa:
e Pasyme n ob6jacHM OCHOBHe KOHLeNTe MALIMHCKOT y4erba 1 BPCTE NPUCTYNa.
o EdurKacHO NnpumeHn pyHOaMeHTaIHE aIFOPUTME perpecuje u KnacuduKkaumje Ha npobaeme cpesHe C0KEHOCTU.
o [puMeHM MeToAae HEHAAMNeLaHOT YYetba, YKbYUyjyhu KnactepusaLmjy U aHanmM3sy CAMYHOCTM NogaTtaka.
e Pasyme u npMmeHu cucteme 3a npenopyke
e EBanyupa mogene nomohy oarosapajyhux meTprMka u pumeHn TEXHUKE 33 KOHTPOJY rpeLlKe MoLena.
e [lpaT moaen y NpoAyKLUOHOM OKPYKEHbY.
o KpuTWYKKM aHanun3umpa u ynopehyje pasanumnte moaene, ogayyyje o M3bopy onTMManHoOr MoZena 3a KOHKpeTaH npobsiem.

CaapKaj npeameta

Teopujcka Hacmasa

OCHOBHM KOHUENTU MaLLUMHCKOT y4erba. BpcTe malumHCKor yuyera. Mogen. MMHummnsoBarse rpellke mogena. Mpenpunarohasare un
notnpunarohasare. YHaKpcHa nposepa. PyHKumje rybuTKa. Perynapusaumja. banaHc nsmehy cuctamaTckor oacTynakba U BapujaHce.
Peaykuuja gumeHsnoHanHoctu. EBanyaumja u nsbop mogena. KoHdysmoHa matpmua. CeHanTMBHOCT M cneumdmyHocT. ROC Kpusa. MospL
ncnog ROC kpuse (AUC).

HagrnepaHo yueme. MocTtaska npobnema HagrnesaHor yyera. Mogenu 3acHoBaHM Ha ctabnuma. ObyuyaBarse cTabana og/1yumBamsa.
OpesuBatrbe cTabana ognyumsarsa. MNpeacras/barbe cTabana ogyumnBara y Buay npasuna. CkynHo obyyasare. AdaBoost. Random Forest.
Mertoge Haj6auxux cycega. Pasggajajyhe rpaHuue. MpokneTcTBo AMMEH3MOHANHOCTU. BepoBaTHOCHM moaenun. HansHu bajecoBcku
Knacudukatop. HeypoHcke mpeke. MepLenTpoH, rpamjeHTHU CNyCT, C10jeBU, aKTUBALMOHE byHKUMje.

HeHnaarnepaHo yuere. Knactepmsaumja nogataka. Mepe caMYHOCTM U pacTojarba NogaTaka. Mpunpemare nogaTtaka 3a Knactepmusaumjy.
Hepoctajyhun nogaum. Ckanupatrbe. Hopmanusaumja. lMoHaepucare. Koamparse KaTeropujckmx nogaTtaka. HetunuyHe tauke. LeHTap rpyne.
LeHTpong rpyne.

Cuctemu 3a gaBatrbe npenopyka (Recommender systems). KonabopatusHo duntpupare. Puntpmparbe 3aCHOBAaHO Ha cagpiKajy. XubpuaHe
meToge.

Mpunpema mopena 3a npoAayKumjy. Bep3noHucare nogataka u mogena. MNpahere nepdopmaHcK 1 Ta4HOCTM mogena Kpo3 Bpeme. MLOps
npucTynu 1 Hajbosba npakca.

lMpakmuyHa Hacmasa

MpumeHa codTBEPCKMX anaTa U UMNNEMEHTALM]A pellerba Y NPorpamckom jesuky Python. Pag Ha Bexkbama nogpasymesa npumeHy
CTeYeHOor 3Hakba Ha peLlaBakbe KOHKPETHUX 3a4aTaka Yy AOMEHY HaarneAaHor U HeHaAregaHor MaLlMHCKOT yYerba.

Jlntepartypa

1. Stuart Russel, Peter Norwig, Vestacka inteligencija, savremeni pristup, prevod treéeg izdanja, RAF Racunarski fakuletet, Beograd/ CET
Computer Equepment and Trade, Beograd / Portalibris, Beograd, 2011.

Hastie, Trevor J., The elements of statistical learning data mining, inference and prediction. 2nd ed. New York, 2017.

Aggarwal, Charu C., and Chandan K. Reddy, eds. Data clustering: algorithms and applications. CRC press, 2013.

Bishop, Christopher Michael, Pattern recognition and machine learning. Corrected at 8th printing, New York, 2009.

Danny Friedman, Machine learning from scratch, poctynHo oHnajH: https://dafriedman97.github.io/mlbook/content/introduction.html

uia W

BpojyacoBa aKTMBHe HacTaBe | TeopujcKa HacTaBa: 2 | MpaKTU4Ha HacTaBa: 2

MeTope nssohemwa HacTaee

MpepaBara: NpeaaBatba U AUCKYcUje y3 Kopuwhere MynTUMeanjaNHUX caapiKaja; CTyauje cayyaja.

Bexbe: NpakTUUYHM pag ca anaTMMa 3a e-yderbe, paj Ha NPojeKTUMa; aCUCTEHT MpysKa cBy NoTpebHy nomoh cTyaeHTUMa.
MHTepakTMeHO yyewhe cTyaeHata Koje obyxeaTa M3pady NPOjeKTHUX 3a4aTaka M3 OKBMPa Caapikaja HacTaBHOr npeamerTa.

OueHa 3Hawa (makcumanHu 6poj noeHa 100)

MNpegucnutHe obaBese 70 noeHa 3aBpLWHM UcNut 30 noeHa
nomahu 3agaum 20 YCMEHU UcnuT 30
KOJIOKBUjyM 20

cemMuHap 30




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Ctyamjcku nporpam: MacTtep akagemcke cTyamnje MHpopmaTuke

Hasus npegmerta: MACTEP U36OPHU CEMUHAP

HactaBHuK: 606aH_CrtojaHoBuh, Mapuja Ctanunh, Anekcanaap Meyauh

CraTtyc npegmeta: M360pHM Ha CBUM MOAYNMMA MAcTep akafeMCKMUX cTyauja MHGopmaTnke

bpoj ECINB: 6

YcnoB: YnucaH oarosapajyhu cemectap

Lunm npeamerta

Mactep n360pHM cemmHap ce 6aBu jeAMHCTBEHOM TEMOM jegHe UK Bue 061acTh pavyHAPCKUX HayKa, Koje HUCy yoniiTe
W Ha aZieKBaTaH HauyMH CapiKaHe y Nporpammma ocTasimx npeamerta Ha cTygujckom nporpamy MHbopmaTtuka. NyH Hasme
npegmeTa nopes HasHake Aa je To MacTtep U360pHU CEMUHAP CaapKM U HA3MB TeMe Koja je ceMmHapom obyxsaheHa. Uumb
OBOT NpeaMeTa jecTe yrno3HaBake ca HOBUM MHGOPMALMOHUM TEXHOI0TUjaMa MU MaTEMATUYKUM MeToZama 3a
yHanpehwusare, cTyaeHTy Beh No3HaThX, TEXHO/I0rMja, Koje HUCY obpaheHe y oCcTanMm NpeamMeTMMa U CTULAHbE BeLUTUHA 3a
HUXOBY NPUMEHY Y KOHKPETHMM 3aZaunma, wto he 6UTH BepuPUKOBAHO CAaMOCTATHOM M3PaOM NPOjeKTa.

Ucxop npeamera

CTyneHT je cnocobaH Aa Ha UaycTPaTUBHOM NPUMeEPY NPUKarKe pasyMeBakbe HaunMHA GYHKUMOHMCAHaA, Kao U CnocobHocT
npumeHe MHPOPMaUMOHe TEXHOIOTUje Koja je obyxBaheHa npeameTom.

CTyneHT je cnocobaH fa 06jacHM 1 MHTepNpeTMpa K/byYHe KOHLLENTe, MPUHUMUINE Paja U MEeTOLO0/I0WKE OCHOBE TEXHO/IOTUje
nnn obnactn obyxsaheHe cemmHapom. An3ajHMpa, UMNIEMEHTMPA U TECTUPA GYHKLMOHANHO pellere (codTBEPCKM Moay,
anroputam, CTyamjy cnyyaja) 6asmMpaHo Ha TEXHONOMMjU UnK meToaonormju obyxsaheHoj npeameTtom. EBanympa pesynrare,
pa3moTpu orpaHuYeHa NPUMEHE.

CaapKaj npegmeta

Teopujcka Hacmasa

YnosHaBarbe ca TEeMOM U CMeKTpom npobnema Koju ce mory peluaBaTi. Yno3HaBake ca TEOPUjCKMM OCHOBaMa, MPUHLMNUMA
paga n obnactuma npumeHe TexHonoruje obyxsaheHe npegmeTom. PasjawrbaBarbe NojeAMHaYHMX 3aJaTaka Koje CTyAeHTH
£06ujajy Kao 1 AaBatbe ynyTcTaBa 3a U3pajy NpojekTa.

YBogHa nekuumja: MNpernea v 3Havaj Teme, geduHULMjA K/bYYHUX TEPMUHA, NOBE3MBakbe ca noctojehum 3Harbem ca macTep
ctyamja. Mperneg AocTynHMX ussopa nHdopmaumja (HaydHe H6ase, JOKyMeEHTaLM]ja, OTBOPEHU Kof).

TemaTcke jeauHuue: [eTa/bHa aHanM3a HajBaKHWjUX acrnekata M3abpaHe Teme. POKYyC Ha apXUTEKTYpU, aNropuTtmMUma,
MeTO0N0MMjU NN UCTPAXKUBAYKMM M3a30BUMA.

MnaHupatbe npojekTa: PasjawrbaBatbe 3axTeBa MPOJEKTHOr 3afdaTKa, [AMCKycMja O W3BOA/BUBOCTM, Jodena u/uam
ycarnalwasarbe Tema 3a CeMUHapcKe/NpojeKkTHe pagoBse.

MpakmuyHa Hacmasa: Bexbe, [lpyau 0bauyu Hacmase

JemoHcTpupatbe ynotpebe 1 npumeHe TexHonormnja obyxsaheHux npegmeTom.

Cryauje cnyyaja u gemoHcTtpaumje: NMpahere 1 aHanm3a noctojehux pewera U3 npakce Uan U3 Hay4yHUx pagosa. Mucare un
aHanM3a y30pKa Koaa.

KoHcynTaumje: MHTepaKTUBHE cecunje ycMmepeHe Ha pellaBakbe KOHKPeTHMX Npobaema Ha Koje CTyAeHTU Hannase npu nuspaam
npojekTa. lMpenopyke 3a OTKAarbakbe rpeLiaka U onTMmu3aumnjy.

JNlutepatypa
Mo npenopyum HacTaBHUKA Y 3aBUCHOCTM 04, U3abpaHe Teme.
Bbpoj yacoBa aKTMBHe HacTaBe | Teopujcka HacTaBa: 2 | MpaKTM4yHa HacTaBa: 2

Metoge nssohera HacTaBe
Mpobaemckn opjeHTUCaHa HacTaea. MPojeKTHO OPjEHTMCAHO yUYerbe - LLeIOKYMNHa HacTaBa je ycMepeHa Ka peanusaumimn
NPOjeKTHOr 3a4aTKa. HacTaBHUK MMa y10ry MEHTOPa, MPYsKa CMepPHULLE M NOAPLIKY TOKOM LLe/Ior npoLeca U3page npojexra.

OueHa 3Hawa (makcumanHu 6poj noeHa 100)

NpegucnutHe o6aBese 70 noeHa 3aBpLWHM UcNut 30 noeHa
NpPaKTMYHA HacTaBa 10 YCMEHMU NCNuT 30
KOJIOKBMjyMU 15+15

ceMMHap 30




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswuha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Ctyamjcku nporpam: MacTtep akagemcke cTyamnje MHpopmaTuke

Hasus npegmeta: HANPEAHE TEXHONOIMMJE Y CAJBEP BE3BEAHOCTU

HactaBHuK: AnekcaHgap Meyauh

Cratyc npegmerta: MI360pHM Ha CBMM MOAY/IMMa MacTep akafeMCcKMx cTyanja nHbopmatmke

bpoj ECINB: 6

YcnoB: YnucaH oarosapajyhu cemecrap

Lunm npeamerta

Omoryhutu cTygeHTUMa CTULakbe 3Hakba 0 6e36e4HOCHUM apXMTEKTYPama 3aCHOBAHMM Ha XapABepPCKOj 3alUTUTU U NPUMEHM
BELITayKe MHTENUreHuuMje 3a AEeTeKuMnjy U npesBeHuUmjy cajbep Hanaga. MocebaH ¢okyc je Ha Trusted Control Unit (TCU)
apxuTekTypu dpupme Axiado u zero-trust mogenvma.

Ucxop npegmeta

HaKoH ycnewHo caBnagaHor npegmeta cTyaeHT he 6t cnocoban ga: Pasyme npuHumne root-of-trust u curypHor bytuparsa;
O6jacHn apxutekTypy Axiado TCU uumna u werosy ynory; Kopuctu Al mogene 3a AeTeKuujy aHOManuWja y CUCTEMCKOM
noHawary; AHanusmpa zero-trust 6e3benHocHe apxuTekType; CMMyaupa Hanafe M passuje OcHOBHe Al aeTekTope 3a
npeTke.

Cappikaj npeamerta

Teopujcka Hacmasa

XapaBepcka 6e3begHoct: TPM, HSM, secure boot; YBoa y aetekumjy Hanaga nomohy Al mopgena; Axiado TCU uumn —
apxuTeKkTypa M ynotpeba; [eTekuuja NpeTtn Yy peanHOM BpemeHy; Zero-trust NpucTyn W HeroBa WMNAEMEHTaUM]a;
BesbeagHocT y loT n pbHMm ypehajuma;Open-source Trust pewera — OpenTitan, TrenchBoot; MpuKyn/batbe M aHanM3a
cucTeMckux norosa; Cumynaumja GMpBEPCKMX Hanaga U getekuuja nomohy Al.

lMpakmuyHa Hacmasa

YnosHaBatbe ca TPM2 cumynatopom M anatuma 3a secure boot; KoHourypumja u cumynaumja secure boot npoueca;
MpuKyn/bartbe cuctemMckux norosa (Linux, RPi); Kopuwhetbe Al 3a KnacuduKaumjy perynapHor m HanagHor noHalamba;
TpenuHr Al mogena 3a anomaly detection (Scikit-learn, Keras); NpumeHa getekTopa Ha peasHom cuctemy (Hnp. Raspberry Pi);
Cumynaumja brute-force n DoS Hanaaa; YBog y reverse engineering firmware-a (Ghidra, Binwalk); Ctyauja cnydaja: aHanusa
TCU apxutekType u3 Axiado mokymeHata; MHTerpauyumja zero-trust mogena Ha emynupaHom cuctemy; MpojekTHn pag: Al
6e36eHOCHM areHT Ha pybHom ypehajy; Mpunpema n npeseHTaLMja 3aBpLUHMX NpojeKaTa.

JNutepatypa

1. Sarker, I. H., et al. (2024). Al-Driven Cybersecurity and Threat Intelligence: Cyber Automation and Decision-Making.
Springer. ISBN 978-3031544965.

2. https://axiado.com/

BpojyacoBa aKTUBHe HacTaBe TeopwujcKa HacTaBa: 2 | MpakTMyHa HacTaBa: 1+1

Metoge nssohera HacTaBe

MpobaemcKkn-opujeHTMCaHa HacTaBa, NPaKTUYHa HacTaBa, CaMoCTa/HU paj CTyAeHaTa, KoHcyaTaumje. KombuHaumja KnacuuHe
HacTaBe ca e-y4erbem U y3 ogrosapajyhy nutepatypy.

MpaKTM4YHa HacTaBa ce 06aB/ba y BUAY 1abOPAaTOPUjCKMX BEKOM Y PauyHAPCKMM YUMOHULAMA, Ha KOjUMa CTYAEHTH
CamoCTasIHO UM y3 nomoh acucTeHaTa pelwasajy peanHe npobaeme M3 06aacTm onTumusaumje.

OueHa 3Hara (MaKcumanHm 6poj noeHa 100)

MNpepgucnutHe obasese 70 noeHa 3aBpLUIHM UCNUT 30 noeHa

KOJIOKBMjyMU 30 YCMEHU NcnuT 30

cemMmmnHap-u 40




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Ctyamjcku nporpam: MacTtep akagemcke cTygmnje MHpopmaTuke

Hasus npegmeta: HEYPO-CUMBOJ/IM4KO PAYYHAHE

HacTtaBHuK: TaTjaHa CtojaHoBMN

Cratyc npegmerta: MI360pHM Ha CBMM MOAY/IMMa MacTep akafeMCcKMx cTyanja nHbopmatmke

bpoj ECINB: 6

YcnoB: YnucaH oarosapajyhu cemecrap

Lunm npeamerta

/b npegmeTa je ga ctyaeHTMMma omoryhu pasymeBarbe U NpUMeEHY METOAa KOje MHTErpuLly HEYPOHCKE MPEKE U
CUMBOINYKO 3aK/byuMBarbe pPaam U3rpagte objalrbuBUX, POBYCHUX U GNeKCUBUNHUX UHTEAUTEHTHUX cucTeMa. MNocebaH
aKLLeHaT je Ha NoBe3uBakby AyHOKOr yyerba ca GopmaiHUM NOTUYKUM CUCTEMUMA.

Ucxop npegmeta
CtyneHT he ctehu 3Harba 0 NOBE3MBakby HEYPOHCKUX MPerKa U CUMBOJIMYKOT 3aK/byumBatba M Mohu he ga npumeHu
CaBpeMEeHe Heypo-CMMBOANYKe NPUCTYNE Y pellaBakby KOMMJIEKCHMX Npobaema..

Cappikaj npeamerta

Teopujcka Hacmasa

YBog,y Heypo-cMMBOIMUKY BeluTauky MHTenureHumjy. ctopumja u motusaumja 3a uHterpaumjy. OcHose cumbonmykor
payyHara. McKkasHa n npegmKaTcKa ormka. OnucHe nornke. OCHOBE HEYPOHCKMX MperKa. PeKypeHTHe HEeYPOHCKe Mpexe.
KoHBosyuMoHe mpeske. JTornuke HeypoHcKe mpexe. MapKos/bese HeypoHcke mpexke. DeepProblog Kao npumep anaTa 3a
HeypoCcMmMBUMI0UKO padyHarbe. POBYCHOCT y 3aK/byumBakby. BepudurKaumja HeypoHCKux mpexe nomohy cumboanyKmx
cuctema. MoryhHOCTM MHTepRpeTaLmje HEeYPOHCKUX MpeKa Yy CUMBOIMYKUM cUCTEMUMA U 0BpHYTO. NMpuMeHe y
BM3yenunsaumnjn, obpagm NnpuposHUX jesmka.

lMpakmuyHa Hacmasa

3ajegHUYKO KOHUMMMpPakbe M pa3paga TeEMe U cagprKaja npojekaTa. Ynyhusarbe y KOHUENpe, cpeactsa U MTepaTypy.
MNpahere u ANCKycKja pellerba U pe3ynTaTta TOKOM paja Ha NPOjeKTY U HeroBO AOKYMEHTOBAHE.

CTyLeHTM KPO3 CaMOCTaNlaH UM TUMCKW pag peanusyjy UCTParkMBaUKe U NPOjeKTHe 3a4aTKe Koju obyxBaT3ajy aHanmsy
npobnema Koju 3axTeBa MHTErpaLLMjy CUMBOIUYKUX U HEYPOHCKMX MeToAa, U3bop oarosapajyhux anata u okpyKera (Hnp.
DeepProblog, PyTorch, TensorFlow, Logic Tensor Networks) n umnnemeHtaunjy pewema. AKLEHAT je Ha eKCNepuMeHTaIHOM
TecTMparby 1 nopehetrby pasaMuYUTUX NPUCTYNA, KA0 U Ha aHaN3M JO0OUjeHUX pe3ynTaTa y KOHTEKCTY 06jallbuBOCTH,
pobycHOCTU 1 UHTepnpeTabuAHOCTH cucTema.

JNlutepatypa

Luc De Raedt et al. , Neuro-Symbolic Artificial Intelligence: The State of the Art, arXiv preprint, 2020.

Pascal Hitzler, Md Kamruzzaman Sarker , Neuro-Symbolic Artificial Intelligence: An Introduction, Springer, 2022.
lan Goodfellow, Yoshua Bengio, Aaron Courville, Deep Learning, MIT Press, 2016.

Stuart Russell, Peter Norvig, BewTauka nHtenmreHumnja — Caspemenu npuctyn, CET, beorpag, 2011

3. OrwbaHosuh, H. Kpyaeau, YBoa y Teopujcko padvyHapcTeo, PakynTeT opraHM3aLmMoHMX HayKa, beorpag, 2005.

vkhwNpeE

BpojyacoBa aKTUBHe HacTaBe | TeopwujcKa HacTaBa: 2 | MpaKTuyHa HacTaBa: 1+1

MeToge ussohera HacTase
Ha npefasarbmma ce KOpUCTE KnacuyHe metoae Hactase. Ha Bexkb6ama ce yBexx6aBajy M3N0XKeHN NPUHLMIK, pa3maTpajy ce
o6nactv npumeHe. CamoCTanHO MM TUMCKM PELLaBajy KOHKPETHU npobaemm.

OueHa 3Hara (MaKcumanHm 6poj noeHa 100)

MNpepgucnutHe obasese 70 noeHa 3aBpLUIHM UCNUT 30 noeHa
npakTUYHa HacTasa 10 YCMEHU ncnut 30
KOJIOKBUjyM-U 30

CeMMHap-m 30




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyamje

Ctyamjcku nporpam: MacTtep akagemcke cTygmnje MHpopmaTuke

Hasus npegmeta: O6PALOA U AHANTU3A BEIMKUX KOTMYUHA NOOATAKA

HacraBHuK: AHa Kannapesuh-Mannwunh

Cratyc npeamerta: O6aBe3HM Ha moayny BelwTauka nHTenUreHumja, M3bopHM Ha moayny PauyHapcke Hayke

bpoj ECINB: 6

YcnoB: YnucaH oarosapajyhu cemecrap

Lunm npeamerta
Yno3HaBar€e ca OCHOBaMa CKAaauwTea, obpase 1 aHann3e BesMKe KOIMYMHE nogaTaka Kopuwherem akTyenHux
CcopTBEPCKMX a/1aTa M OKBUPA.

Ucxop npegmeta

CTy4eHT No3Haje 1 pa3yMe CTaHAapAe W TeXHOJIoTMje Koje ce 6aBe cKlaauwTerbem, 06pagomM M aHaIM30M BEJIMKE KONUYUHE
nogataka. CnocobaH je Aa caMoCTa/lHO Kpenpa anankaumjy 3a NoApLKyY o4/1y4MBakby KOja Kao y/1a3 KOPUCTU BENUKY
KOJIMYMHY NogaTaka.

Cappikaj npeamerta

Teopujcka Hacmasa

MaTtemaTnuke ocHoBse. Be3a ca KnacMYHMM NapasenHMm nNporpamuparbem AesbeHe U AucTpubympaHe memopuje. HayuHe u
NnocnoBHe anjukauumje Koje ykbydyjy obpady Benvke KoauvumHe nogaTtaka. KoHuenT MapReduce, werose npegHoct u
orpaHunyetrba. Ckanuparbe y NoSQL 6a3ama nogartaka Kao wto cy MongoDB, Cassandra u Neo4j. OnTumusaumje u xeypuctmke
HajJ BE/IMKOM KO/IMYMHOM nogaTaKka. Knactep padyHapctBo nomohy anata Apache Hadoop, Apache Spark u Hive. HanpeaHa
npumeHa Apache Spark-a nomohy 6ubnmoteka MLib 1 SparkSQL. CTpMnHr anankaumje Kopuwherwem peaosa 3a NOpyKe, Kao
n Apache Kafka.

lMpakmuyHa Hacmasa

Kpeunpare nayctpatmBHmMx anamkaumja npUMeHOM akTyenHux Big Data TexHonormnja. CamocTasHu pa3Boj M Kpenpakbe Kiactep
anaukaumja Kako ynotpebom 6asHor RDD npuctyna y Spark-u, Tako M nosuBarbem pyTMHa M3 6ubanoTeka. CKpunToBakbe
nomohy nporpamckux jesmka Python u R. Mepere 1 ontummsaumja nepdopmaHcu MapReduce annvkauumja. CTPUMWMHT
annaukauvje nomohy pefnosa 3a nopyke u Apache Kafka okBupa. M3paga nnaHa ckanupara. AOMUHUCTpaLMja Knactepa,
KOoHTejHepwu3auuja, Docker n Kubernetes.

Nutepatypa

1. Chodorow, Kristina, MongoDB: The Definitive Guide: Powerful and Scalable Data Storage, O'Reilly Media, Inc., 2013.
2. White, Tom, Hadoop: The definitive guide, O'Reilly Media, Inc., 2012.

3. Spark, Apache, Apache Spark: Lightning-fast cluster computing. URL http://spark.apache.org (2016).

Bpoj uacoBa aKTUBHe HacTaBe Teopwujcka HacTaBa: 2 | MpakTuyHa HacTaBga: 2

Metoge nssohera HacTaBe

Y HacTaBu/yyerby npeamera NpUMerbyjy ce MeToAe aKTMBHOr yderba/HacTase. Nopepg, ex-catedra npegasarba nekuuja u
NabopaTopujckux Bex6OU, NPUMErbYjY Ce MHTEPaKTUBHE METOAE yuetba Y YYMOHULM, Kao M NojeauHaduHe 1 TUMCKe cCamocTasHe
aKTMBHOCTU CTyZeHaTa BaH yymoHuue (y padyHapCKom UeHTpy, 6ubnnoteum, kyhu). UHTEPaKTUBHO yuyerbe ce npumetbyje y
BMAY CaMOCTa/sIHOI pPaja MnojegmHua, KoonepaTMBHOM M KO0abopaTUMBHOr yyera, ydera basupaHor Ha npobaemy, TMMCKOr
paga v u3pagm rpynHux Uam TUMCKMX NpojeKkaTa (cemuHapa).

OueHa 3Hawa (makcumanHu 6poj noeHa 100)

NpegucnutHe o6aBese 70 noeHa 3aspwHU ncnut 30 noeHa
NPaKTUYHa HacTaBa 4 YCMEHU ncnut 30
CEMUHAPCKN pag 30

oabpaHa npojekta 26




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Ctyamjcku nporpam: MacTtep akagemcke cTygmnje MHpopmaTuke

Hasus npeameta: ObPAAOA NPUPOAHUX JESUKA

HactaBHuK: bpaHko Apcuh, MapuHa Ceuyesunh

Cratyc npegmerta: MI360pHM Ha CBMM MOAY/IMMa MacTep akageMCKMX CTyanja MHbopmaTuke

bpoj ECINB: 6

YcnoB: YnucaH oarosapajyhu cemecrap

Lunm npeamerta

Yno3HaBare CTyZeHaTa ca OCHOBHMM KOHLENTUMA MOAEIMParba 3Hakba M 3aK/byYnBarba, Kao U NpUHUMNUMa obpage
NPUPOAHUX je3unKa.

Osaj npeameTt Tpeba ga omoryhu cTyaAeHTMMa Aa CTEKHY Ay6/ba M NOTNYHMja 3Haba O TEXHUKAMA W airopUTMUMA KOju ce
npumersyjy y o6paam 1 aHann3m TeKCTa U MOryhHOCTUMA HUXOBE MPUMEHE Y MPAKTUYHMM CUTyaLMjama.

Ucxop npegmeta

CTy4eHT je y CTakby Aa CaMOCTalHO BpLUM GOpMann3oBake 3Hakba U 3aK/byYnBatkba CPeACcTBMMA MaTeMaTUYKe IOTUKE U
0B/1343a0 je OCHOBHMM MeToAama y obpasm NpUpoLHUX je3unKa.

CTy[eHTM NO3Hajy pas3inynTe HanpegHe MeToae U TeEXHUKe Koje ce ynoTpebsbaBajy 3a 06pagy M aHanM3y TeKCTa.

CTypeHTM cy ocnocob/beHn ga HanpesHe TeEXHUKe AyOOKOr yuyera NPUMEHE Y pellaBakby KOMMIEKCHMX peanHux npobaema
KOju ce TMYy obpaje TeKCTa ca PasNINYMTUX acneKaTa.

Capgp:kaj npegmerta

Teopujcka Hacmasa

CermeHTaumja TEKCTa; Npeno3HaBakbe peyn 1 NpenosHaBakbe peveHnua. Kopnycu n TokeHusaumja. Mopdonowka aHannsa
TEKCTa — IemaTusaumja, ETMKETUPabE BPCTE peyun, n36op CKyna eTmkeTa, CTeMUHT. CTaTUCTUUKM MOLENN je3unKa.
Hopmanusaumja tekcta. OTKNarbare BULIe3Ha4YHOCTU. CMHTaKCHa aHan3a U napcupare. BeKTopcKa penpeseHaumja peyu,
speha peun, TO-NOd.

JleKcnyKa cemaHTuUKa. [leTekumnja eHTUTETa, aHanM3a CEHTUMEHTa, eKCTPaKUMja TepMmUHa, asocmucneHoct, WordNet.
PenauunoHa cemaHTUKa. EKCTpakumja Bese namehy eHTUTETA, CEMAHTUYKO NAPCUpPatbe, 03HAYaBabe CEMAHTUKE Y PEYEHULM.
O6paga Tekcta nomohy Ay60KMX PEKYPEHTHUX HEYPOHCKMX MpexKa, JICTM henuvja. Moaenun 3acHoBaHM Ha TpaHchopmep
apxutekTypu: BERT, VILBERT, RoBERT, ALBERT, Distil BERT uta. MexaHu3am naxe.

[u3ajHuparbe ynuta (Prompt engineering) 3a Benuke jesanuke mogene. Paseoj RAG cuctema, duHo-noaellaBarbe je3anyKnx
mogena. Pa3Boj areHaTa U 60ToBa 3a KoHBep3auujy (Chatbots).

MpumeHe: cymapusalmja TEKCTa, MALIMHCKO NpeBohere, reHepucarbe NPUPOLHOT je3nKa, pasymeBatbe NPUPOAHOT je3nKa,
nuTara 1 0AroBopwu, 4eT-60TOBM.

lMpakmuy4Ha Hacmasa

3ajeHMYKO KOHLMMNMUpPake U pa3paja Teme U cafpiKaja npojekata. Ynyhusare y KOHUeNTe, CpeacTsa U antepaTtypy.
Mpahetrbe 1 AUCKycKja peLlerba U pesyaTaTa TOKOM paja Ha NPOJEKTY U HeroBo AoKyMeHToBare. Kopuwhere nporpamckux
OKBMpa Kao WwTo cy LangChain 1 Lamalndex. Pag ca BekTopckum 6asama nogaTtaka.

JNutepatypa

1. Chris Manning and Hinrich Schiitze. Foundations of Statistical Natural Language Processing. MIT Press. Cambridge, MA:
1999.

2. lan Goodfellow, Yoshua Bengio and Aaron Courville. Deep learning. MIT Press, 2016.

3. Daniel Jurafsky & James H. Martin. Speech and Language Processing. Prentice Hall 2008.

4. Sowmya Vajjala, Bodhisattwa Majumder, Anuj Gupta, Harshit Surana. Practical Natural Language Processing. O'Reilly
Media, 2020.

5. Ruslan Mitkov. The Oxford Handbook of Computational Linguistics, 2nd edition. Oxford Univ. Press, 2014.

6. Sebastian Raschka. Build a Large Language Model (From Scratch). Simon and Schuster. 2024.

BpojyacoBa aKTMBHe HacTaBe TeopwujcKka HacTaBa: 2 | MNpakrTuyHa HacTaBa: 1+1

MeTope nssohemwa HacTaee
Ha npepgaBsarbuma ce KopucTe KnacuyHe metoje Hactase. Ha Bexk6ama ce yBexbaBajy M3N10KeHU NPUHUMMKM, pasmaTpajy ce
ob6nactn npumeHe. CaMocTasHO MAN TUMCKM peLlaBajy KOHKPeTHU npobaemu.

OueHa 3Hawa (makcumanHu 6poj noeHa 100)

NpegucnutHe o6aBese 70 noeHa 3aBpLWHM UcNUt 30 noeHa

ceMnHap-u 35+35 YCMEHU UcnuT 30




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Cryamjckm nporpam: Mactep akagemcke ctygmnje HpopmaTuke

Hasus npegmeta: OABPAHA NOINAB/bA MATEMATUKE

HacTtaBHuK: boraaH MNupkosuh

Cratyc npegmeta: O6aBe3aH Ha CBUM MOAY/IMMa MacTep akafeMCKUX CTyamnja nHbopmaTtuke

Bbpoj ECMNB: 6

Ycnos: YnucaH ogrosapajyhu cemecrtap

LUunmw npeamerta

Yno3HaBatbe CTyfeHaTa ca 0436paHMM MaTeEMATUUYKMM KOHLLENTMMA KOjU CY HEONXOAHW 33 pasyMeBatbe anropmutama
MalLMHCKOr 1 ayboKor yyerba. OBaj npeamet Tpeba Aa omoryhu cTyfeHTMMa Aa cTeKHy Ay6/ba U NOTRYHMja 3Hatba O
MaTeMaTUYKOj NO3a4MHU TEXHMKA U aITOPUTMUMA KOjU Ce NPUMEHbY]Y Y PasinymMTum obnactmma.

Ucxop npeamera

CTyZeHT pasyme M yCrewHo NpumMerbyje maTeMaTUuYKy anapar 13 Bulle 061acT maTemaTuKe (AMHeapHa anrebpa, Hymepuyika
aHanu3a, BepoBaTHoha, CTaTUCTMKA), M Ha Taj HAUYMH je ocnocob/beH Aa cTeyeHa 3Hakba ynoTpebu y o61acTMma mMalnMHCKor
yyerba.

Capgprkaj npegmerta
Teopujcka Hacmasa

OpabpaHu cagp:kaju JinHeapHe anrebpe. MaTpuue, onepauuje ca MaTp1Lama, CONncTBEHe BPEAHOCTU U COMCTBEHU BEKTOPM,
BEKTOPCKMU NPOCTOPU U HopMe. [leKomnosuLmja maTpuue nomohy CUHrynapHUX BPegHOCTH, IeKoMNo3nLmja maTpuue nomohy
COMCTBEHMX BPEAHOCTU U COMCTBEHUX BEKTOPA. TEH30PCKU payyH.

Hymepuuko nspauvyHaBame€. Jakobujesa u XecujaH maTpuue. MpaanjeHTHM cnycT. SlarpaH»KoBa ¢yHKumja. Karush—Kuhn—Tucker
(KKT) npuctyn. YcnoBHa ontummnsauuja. MomeHTymu.

OpabpaHu cagp:kaju Teopwmje BepoBaTHohe. MpocTop BeposaTHohe, dopmyna ToTasHe BepoBaTHohe, bajecoBa Teopema.
JegHoaMMeEH3MOHaNHE M ABOAMMEH3NOHA/IHE C/lyYyajHe NPOMEH/bUBE (AUCKPETHOT U HenpeKkngHor TMna). Hymepuyke
KapaKTEePUCTMKE CAYyYajHUX NPOMEH/bUBMX. 3aKOHM BEIMKUX BpojeBa, LLeHTpaHa rpaHnYHa Teopema. EnemeHTn Teopuje
cyyajHux npoueca (Faycos npouec).

OpfabpaHu caaprKaju cTaTUCTMKe. Y30payKa pacnogena, oLeHe HEMO3HaTMX NapameTapa pacnogene, MeTos MakcmanHe
BEPOAOCTOjHOCTU. TecTnpame xunotesa. Napamertapcku tectosn, AHOBA, MAHOBA. HenapameTapcku TecToBu, Xm-KBagpaT
TecT He3aBucHocTH, Kpackan-Bosimcos TecT. TecToBM 0 Kopenauuju (MupcoHos 1 CnupmaHos). bajecoBa cTaTUCTMKA.

lMpakmuyHa Hacmasa
MpaKTUYHM pag Ha NPMMEHM YCBOjeHOT MaTeEMATUYKOT anapaTta Kpo3 3aJaTke M NoKasHe Bexbe, yrnaBHOM y3 Kopuwhere
nporpamckor jeamka R, 1 anata kKao wto cy MATLAB n Mathematica.

Jlntepartypa
1. F. M. Dekking, C. Kraaikamp, H. P. Lopuhag, L. E. Meester. Modern Introduction to Probability and Statistics. Springer,
2005
. lan Goodfellow, Yoshua Bengio and Aaron Courville. Deep learning. MIT Press, 2016.
. D. Forsyth, Probability and Statistics for Computer Science, Springer, 2018.
. E. Lehman, F. T. Leighton, A. R. Meyer, Mathematics for Computer Science, MIT, 2015
. R. A. Horn, C. R. Johnson — Matrix Analysis, Cambridge University Press, 2012.
. G. H. Golub, C. F. van Loan — Matrix Computations , Johns Hopkins Univ. Press, 2013.
. Rudas, Tamas, Probability theory : #a #primer, Thousand Oaks 2004.

N O N

Bpoj uacoBa aKTUBHe HacTaBe | Teopujcka HacTaBa: 2 | MNpaKTuyHa HacTaBa: 2

Metope nssohera HacTaBe
Ha npepaBartbuma ce KopucTe KnacuyHe meTofe HacTase. Ha Bexkbama ce yBexkbaBajy U3N0KeHW NPUHLMMKM, pasmaTpajy ce
obnactn npumeHe. CaMoCTasHO UAW TUMCKM peLlaBajy KOHKPEeTHU npobaemu.

OueHa 3Haka (MakcumanHu 6poj noeHa 100)

MNpepgucnutHe obasese 70 noeHa 3aBpLUIHK UCNUT 30 noeHa

CeMMHap-m 35+35 YCMEHU UCNuUT 30




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Ctyamjcku nporpam: MacTtep akagemcke cTyamnje MHpopmaTuke

Hasus npegmeta: OAABPAHA NOINAB/bA HYMEPUYKE MATEMATUKE

HactaBHuK: Mapuja CtaHuh

Cratyc npeameTa: M36opaH Ha moayny PauyHapcKe Hayke

bpoj ECINB: 6

YcnoB: YnucaH oarosapajyhu cemecrap

Lunm npeamerta

Temes/bHO MO3HABakbE U pasymeBake Npobnema Hajbos/bMX anpoKcMMaunja, Teopuje OPTOroHANHMX NOJMHOMA U MeToAa 3a
HYMepWYKY UHTerpaunjy. Temes/bHO NO3HaBake U pasyMeBarbe TEOPUje HYMEPUUKUX MeToAa IMHeapHe anrebpe. Hymepwuyko
pelwasarbe 06UYHUX AndepeHLmjanHNX U NapLUMjaHUX jeaHauYMHa.

Ucxop npegmeta

CTyAgeHT je CTEKao HeonxoaHa TeopMjCKa 3Haba 33 pasymeBarbe NpobnemaTuke Koja ce 04HOCKM Ha TeOopWjy OPTOrOHaNHUX
noAnHoma, npobaem Hajbos/bMx anpoKcMmaLmja, HYMEPUUKY MHTErpaunjy, Hymepuuke metoge 3a ogpehuBarbe CONCTBEHMX
BPEAHOCTM M HYMEPWYKO pellaBarbe 06MuHMX gudepeHumjanHUx U napuujanHux jegHaumHa. CTyAeHT je cTeKao 3Hamba
HEeOMnxoHa 3a NporpaMmparbe HyMepuyKMx MeToaa.

Cappikaj npeamerta

Teopujcka Hacmasa

OpToroHanHuU noanMHomu. OnwTe ocobuHe OPTOroHasNHMX NOAMHOMA. KOHCTPYKLMja OPTOroHasHWX NoAMHOMA. KnacuyHu
OPTOroHasIHW NOJIMHOMM.

OnwTtM npobnem anpokcumaumje ¢yHKumja. TUNOBKM anpoKcMmaunoHux o¢yHKumja. KpuTepujymmn 3a anpokcumauujy.
Mpob6aem Hajbo/bMX anpoKcMmaumja.

KBappatypHe ¢opmyne. ViHTepnonaumnoHe KBaapaTtypHe ¢opmyne. KBagpatypHe dopmyne Gauss-oBor Tvna. MeToam 3a
OLLEHYy OCTaTaKa y KBagpaTypHum dopmynama. KoHBepreHuuja KBaapaTypHUX npoLeca.

HymepuuKku metoam nuHeapHe anrebpe. Mpobaemun concTBEHUX BPEAHOCTH.

MpubankHo pelaBartbe 06MUHUX AudepeHuMjanHuX jegHaumHa. JIMHEApHU BULIEKOpayHM meToau. Metoamn PyHre-KyTta.
IpaHWYHK Npobnemu.

HymepuuKo peluaBakbe napumjasHUX jeaHaumnHa.

MpaKTMyHa HacTasa:Bexkbe
MpumeHa cTeYyeHNX TEOPUjCKUX 3Hatba Ha pellaBatbe 3ajaTaka. [porpammnparbe HYMepPUYKUX MeToAa Y NPOrpamcKom nakeTy
Mathematica.

Jlntepartypa

1. T.B. MunosaHosuh, Hymepuuka aHanu3sa, | u Il deo, Hay4Ha Krura, beorpag, 1991.

2. N.C. Cranumuposuh, .B. MunosaHosuh, lfpoepamcku nakem Mathematica u npumeHe, EnekTpoHCKM dakynTerT,
YHusep3utet y Huwy, 2002.

3. T.B. MunosaHosuh, M.A. Kosauesuh, M.M. Cnanesuh, Hymepuyka mamemamuka — 36UpKa peweHux npobsaema,
YHusep3utet y Huwy, 2003.

4. b.JoaHosuh, 1. PagyHoBuh, Hymepunyka aHannsa, MatemaTtunukm dakyntet, beorpaga, 2003.

5. [O.PaagyHosuh, A. Camapuuh, ®. Mapuh, Hymepuuke metoge — 36upkKa 3agataka, Akagemcka mucao, beorpag, 2005.

6. [I.B. MunoeaHosuh, Hymepuyka aHanu3a u meopuja anpokcumauuja, 3asog, 3a yiubeHuke, beorpag, 2014.

Bpoj uacoBa aKTUBHe HacTaBe Teopwujcka HacTaBa: 2 | MpakTuyHa HacTaBga: 2

Metoge nssohera HacTaBe

Peanusaumja npegasarba N0 MoAeNY MHTEPAKTUBHE HacTaBe (HacTaBHe MeTo4e: AUCKYCHja, MeToge NPaKTUYHOT pasa);
aKTMBMpPaHM 061MLM yyerba: BepbanHO CMUCAOHO PeLenTUBHO, KOOMEePaTUBHO yyerbe, MPaKTUYHO yuerbe, MPUMeHa CTeYeHUX
TEOPMjCKMUX 3HAHba Ha pellaBakbe 3aJaTakKa.

OueHa 3Hawa (makcumanHu 6poj noeHa 100)

NpegucnutHe o6aBese 50 noeHa 3aBpLWHM UcNut 50 noeHa

KOJIOKBUjyM-U 25+ 25 NUCMEHW UCcnuT 30

YCMEHU Ncnut 20




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Ctyamjcku nporpam: MacTtep akagemcke cTygmnje MHpopmaTuke

Hasus npeamerta: NMPEACTAB/bAHE 3HAHA U PESOHOBAKE

HacTtaBHuK: TaTjaHa CtojaHoBMh

Cratyc npegmerta: MI360pHM Ha CBMM MOAY/IMMa MacTep akafeMCcKMx cTyanja nHbopmatmke

bpoj ECINB: 6

YcnoB: YnucaH oarosapajyhu cemecrap

Lunm npeamerta

/b npegmeTa je ga CTyAeHTU CTEKHY 3Haka 0 GOpMaHMM MOLENNMMA U MeTOAaMa NpescTaB/batba 3Hakba M ayTOMaTCKor
pe3oHoOBakba, Kao M Aa 0BAaLajy NPUMEHOM JIOTUYKUX CUCTEMA M aITOPUTaMa 33 3aK/byunBatbe Y PasnMumTum obnactuma
BelTayKe MHTeaureHymje.

Ucxop npegmeta

CTyaeHT pasyme ocHoBHe Gpopmannsme 3a NpeacTaB/bakbe 3Haka M METOAE 3aK/byunBatba, YK/byuyjyhu nckasHy,
NpeanKaTcKy, ONUCHY, pa3sHe BepOBaTHOCHe fornke. CnocobaH je Aa moaenyje 3Hakbe MU NPUMEHU a/ITOPUTME 3aK/by4uMBatba Y
KOHTEKCTY BELUTaUYKe UHTeNureHuuje.

Cappikaj npeamerta

Teopujcka Hacmasa

Ynora npeacTs/barba 3Haka Y BELUTAUYKO] MHTENUFeHUMNjU. JIOTUMUYKKM CUCTEMM 33 NpeaCcTaB/batbe 3Haka. MIcKasHa 1
npeamMKaTcka ormKa. ANropMTMM 3a UCNUTUBAKE 3a40B0/bUBOCTM dopmyna. [ejsuc-NaTHam aaropuTam, metoaa pesonyuuje,
meToze Tabnoa. OnucHe IOTMKe M BE3a Ca CEMAHTUYKMM BeboM. PenpeseHTalmja 3Hara ca HeusselwHohy. MoganHe u
TemnopanHe noruke. NpumeHa metoaa Tabnoa y HEKACMUYHMM NOrMKama. BepoBaTHOCHE N0rMKa ca pasitunuTum
onepaTtopuma BepoBaTHoha. ®asu normka. AndonTHO pesoHoBamE.

lMpakmuyHa Hacmasa
3ajeHUYKO KOHUMMMpPakbe U pa3paja TemMe U cagpikaja npojekaTa. Ynyhusarse y KOHLUeNTe, CpeacTsa U iMTepaTypy.
Mpaherbe 1 AUCKyCKja pellerba U pesyaTaTta TOKOM Paga Ha NPOJEKTY U HEeroBo JOKYMEHTOBAHE.

JNlntepartypa

1. 3. OrwaHosuh, H. Kpuaeau, YBoa y Teopujcko padyyHapcTBo, PakynTeT opraHM3aLMoHUX HayKa, beorpaa, 2005.
2. Stuart Russell, Peter Norvig, BewTauka nHtenureHumja — Caspemenn npuctyn, CET, beorpag, 2011

3. R.J.Brachman, H. J. Levesque, Knowledge Representation and Reasoning, Morgan Kaufman Publisher, 2004

4. Silvia Ghilezan, Logic in Computer Science II, Beograd, 2015

BpojyacoBa aKTMBHe HacTaBe TeopujcKa HacTaBa: 2 | MpakTMyHa HacTaBa: 1+1

MeToge ussohera HacTase
Ha npefasarbmnma ce KOpUCTe KnacuyHe metoge Hactase. Ha Bexk6ama ce yBexx6aBajy M3N0XKeHN NPUHLMIK, pa3maTpajy ce
o6nactn npumeHe. CaMoCTasHO MAN TUMCKM peLlaBajy KOHKPeTHU npobaemu.

OueHa 3Hawa (makcumanHu 6poj noeHa 100)

NpegucnutHe o6aBese 70 noeHa 3aBpLWHU Ucnut 30 noeHa
NPaKTUYHa HacTaBa 10 YCMEHU ncnut 30
KOJIOKBUjyM-U 30

CeMMHap-u 30




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Ctyamjcku nporpam: MacTtep akagemcke cTyamnje MHpopmaTuke

Hasus npegmerta: PAYYHAPCKO MOAENTOBAKE U CUMYNALUWUIE

HactaBHuK: 606aH CrtojaHoBuh, AnekcaHaap Meyauh

CraTtyc npegmeTa: M36opaH Ha moayny PauyHapcKe HayKe

bpoj ECINB: 6

YcnoB: YnucaH oarosapajyhu cemectap

Lunm npeamerta

Yno3HaBame CTyaeHaTa ca HanpegHMM MeToAama Pa3Boja PpayyHaAPCKMX MOAena 32 MPUMEHY Y HayLU U UHXKEHepCTBY.
CTypeHTM he ce Kpo3 oBaj NnpeaMeT AeTas/bHO YNO3HATU Ca PavyHAPCKUM MOEeIMMa 3aCHOBAHUM Ha NapLmjasHUM
AndepeHUMjanHUM jeAHAUYMHAMa M NPUHLMNMMA CUMYIaLMja NOHaLWarkba 0BakBMX mogena. CtyaeHTMuma he 6UTH NnpefoyeHn
edekTn n3bopa PasMUUTUX CUMYNALMOHUX aAropmuTaMa Ha Ta4YHOCT M CTaBUIHOCT NPOpPaYyHa, Kao M yTULAj MOYETHUX U
rPaHUYHUX YCI0Ba Ha pelera. MocebHa naxkka buhe nocseheHa BU3yennsaumju, U aHaansm U MHTEpPNpPeTaLnju pesyatata
npopadvyHa. Mopepa Tora cTyaeHTM he UMmaTv NPUAKKY Aa Yyjy U OCHOBHE MOCTAaBKE HEKMX aNTEPHATUBHUX METOAa 3a
cMMynaLmje NPUPOAHUX U APYLITBEHMX NOjaBa, Kao WTo cy heanjckn ayTomaTtu, YeCTUYHE METOAE, UTA,

Ucxop npegmeta

CTyaeHTM cy ocnocob/beHn fa caMoCTaHO Pa3BUjy C/I0KEHe MaTeMATUUKE MOZeNe U Aa KPUTUYKK MHTepnpeTupajy
CONCTBEHE pe3ynTaTte u pesynTate Apyrux. CTyaeHTH cy cnocobHu aa ogabepy BPCTY MoAena Koja je ageKkBaTHa 3a ogpeheHu
npobnem, fa ycnoctase ogrosapajyhu matemaTtmykm moaen, Aa U3BpLue cumynalmja noHawara Mogena, v Aa Busyennsyjy
pesynTtaTe npopayvyHa. CTyAeHTM ymejy Aa M3BpLUE BaaMAaLmnjy mogena nopeherem ca TEOPUCKUM UK EKNEPUMEHTATHUM
pesyntatuma. CTygeHTU cy ocnocobsbeHun Aa n3BpLUe ecTMMaLMjy NapameTapa MoAena Tako 4a OH Aaje Hajbosbe moryhe
NnoK/lanarbe ca eKcnepumeHTaIHUM Mepernuma.

Caapikaj npeamerta

Teopujcka Hacmasa

MpeameT yBoam cTyAeHTe y NPUHLMNE MaTEMATUYKOT MOAEN0Bakba U PaYyHapPCKUX cumynaumja GmU3nykux cuctema
3aCHOBaHMX Ha NapuujanHum audepeHumnjanHum jegHaumHama (M4J). O6bpahyjy ce ocHoBHM TMNoBM MNAJ (ennnTuUKe,
napabosnyke u xmunepboanyKe) 1 KUXoBa NPUMEHa Ha TUMWYHE NpoLece Kao WTo cy Andysuja, NpeHoc TON0Te U TaflacHO
KpeTarbe. Y OKBMPY Kypca pasmatpajy ce: Popmynaumja dusmukor npobnema u eroso npesohere y maTeMaTUukn moaen;
TUNOBM rPAHUYHUX U NOYETHUX yCoBa (Oupuxneosu, HojmaHoBW, POBUHOBM); AHAIMTUYKA peLlera Y jeAHOCTaBHUM
reomeTpujama 1 ycnoBnma; Hymepuuke meTtoae 3a pewasatrbe MNJ: meToaa KoHauyHUx pasnunka (MKP), meToa KOHaYHUX
enemeHata (MKE), meToaa KoHauyHUx 3anpemuHa (MK3); CTabuaHOCT, KOHBEPreHuMja 1 TaYHOCT HYMEPUYKKX Wema; MNprmeHe
Yy MoZenvpatby NPOCTOPHO-BPEMEHCKUX NpoLieca (HNp. ToNJ0THa NpoBoAHOCT, Andy3uja, TpaHCNOPT, BUbpauuje); Yeoa y
aNTepHaTMBHE M XMbpuaHe npuctyne moaennpamy: henmjckm aytomaTn, yectuuHe metoge (SPH, DEM), xubpugHu PDE-areHT
mozenu.

Mpakmuy4Ha Hacmasa: Bexbe, [pyau 06auyu Hacmase

Pag Ha Bexx6ama 1 gpyrum o06mumMma Hactase he nogpasymesaTtv NPUMEHY CTEYEHOT 3Hakba Ha PeLIaBakbe pPeasHux
npobaema y pasamuntum obnactuma. MexaHnukm mogenu. Mpoctmpatrbe TonaoTe (KOHBEKLMja, KOHAYKUMW]a, paaujaumja).
Mpoctupatbe 3arahetba. Mpoctuparse Tanaca. OTNOPHOCT KOHCTPYKLUMja. Bronowku mogenn. PMHaHCHUjCKM Moaeni.
LAVHaMWYKKM cncTemum,

Jlntepatypa
1. Kai Velten. Mathematical Modeling and Simulation, Introduction for Scientists and Engineers, WILEY-VCH Verlag, 2009.
2. Svein Linge, Hans Petter Langtangen. Programming for Computations — Python, Springer, 2016.

BpojyacoBa aKTMBHe HacTaBe | TeopujcKa HacTaBa: 2 | MpaKTM4YHaA HacTaBa: 2

MeTope nssohemwa HacTaee

Teopwjcka HacTaBa ce U3BOAM Y BUAY UHTEPAKTUBHUX, NPOBNEMCKU-OPUjEHTUCAHUX NpesaBakba, TOKOM KOjUX HacTaBHUK
nomohy eNeKTPOHCKUX Npe3eHTaumja U TPAAULMOHANMHUX MeTOAa CTYAEeHTUMA rPajaLmjcKu NpeacTas/ba pasnnuute
npobseme 1 HauMHe HUXOBOr MOAE/I0Batba U pellaBarba. CTyAeHTM aKTUBHO y4YeCTBYjy Y HacTaBu KPo3 AUCKYCHje O
pasnnUYNTUM BapujaHTama pellasarba npobaema u UXOBMM Nocieamuama Ha jeAMHCTBEHOCT M TaYHOCT pPeLlerba, Kao U Ha
edurKacHOCT cumynaumje y nornegy 6psvHe Usspliasakba 1 MEMOPUCKMX 3axTeBa.

MpaKT14YHa HacTaBa ce 06aB/ba y BUAY 1aBOPAaTOPUjCKMX BEXKOM Y pauyHAPCKMM YUMOHULLAMA, Ha KOjUMa CTYAEHTH
CaMOCTa/IHO MK y3 Nomoh acucTeHaTa pellaBajy peanHe npobneme. Pewasare npobnema nogpasymesa pasmatparbe
TEOPMjCKUX NOCTABKM peLlera U Herosy NPakTUYHY MMMIAEMEHTALM]Y Ha padyyHapy.

Mopen KnacuMyHe HacTase y BUAY NpesaBatba U BeX6u, CTyLeHT Y NocebHMM TepMUHMMA MMajy MoryhHOCT KOHCyATauumja ca
HaCcTaBHULMMA M aCUCTEHTMMA Y Be3M ca Npobiemnma y caBnagaBakby rpagmea.




MpupoaHo-maTematunuku dakyntet

i MHOOPMATUKA
YHuep3uteT y Kparyjesuy
Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje
OueHa 3Hama (MmakcumanHu 6poj noeHa 100)
MNpepucnutHe obasese 30 noeHa 3aBpLIHM UcNUT 70 noeHa
AKTUBHOCT Yy TOKY NpeaBara 4 n3paja 3agaTka Ha padyHapy 50
NPaKTUYHa HacTaBa 26 YCMEHU ncnut 20




MpupoaHo-matemaTnyku dbakynTet MH®OPMATUKA
YHusep3uTtet y Kparyjesuy

Papoja lomaHoswha 12, 34000 Kparyjesaly, MacTtep akagemcke ctyanje

Ctyamjcku nporpam: MacTtep akagemcke cTyamnje MHpopmaTuke

Hasus npeamera: CTPYHYHA NMPAKCA

HacraBHuUK:

Cratyc npegmeta: O6aBe3aH Ha CBUM MOAY/IMMa MacTep akageMCKMX CTyanja nHbopmaTtmke

bpoj ECMNB: 3

YcnoB: YnucaH oarosapajyhu cemecrap

Lunm npeamerta

Yno3HaBame CTyaeHaTta ca yca0BMMa U HAYMHOM paga y NpMBPeAHUM OpraHusaumjama, MHCTUTyLMjamMa U yCTaHOBamMa y
Kojuma ce 06aBsbajy NocnoBu U3 061acTM pavyHapCcTBa U MHGOPMALMOHMX TexHoorMja. CTyaeHTH Tpeba aa carnenajy:
rnobanHy opraHM3aumjy n HaunH GyHKLMOHUCAH]a OpraHM3aLmja, MeCcTo U YNOry pauyHCKUX LeHTapa, 3a,aTKe U HbUXO0BO
pelaBatbe, Kao 1 Aa y3my ydewhe y HMXOBOM peLlaBatby.

Ucxop npegmeta

CTyneHT je ocnocobsbeH 3a edUKACHO U YCMELHO YK/by4yMBatkbe Ha NOCA0BMMA M3 061acTM Kojum ce baBe opraHusauuje y
KOjuMma cy obaB/banu NpakKcy, Aa yHanpeae HMBO NPaKTUYHUX 3Haha, Aa U3rpase CNocOBHOCT CHaNlaXKeka y HOBMM YC/I0BUMA
1 Aa nobosbllajy HUBO KOMYHULMpPak-a.

Cappikaj npeamerta
Y okBupy 90 pagHUX caTu CTYAEHT:
- ce yno3Haje ca:
= OopraHusauujom, 3a4aLmMma U HAYMHOM GYHKUMOHMCAba OpraHusaumje
= OpraHu3auMjom U HAYMHOM GYHKLMOHMCAHA PAYYHCKUX LEeHTapa
="  TOKOBMMa MHOPMALMja, HUXOBUM KPEUPAHEM U PYKOBaHtEM
= XapABepcKom v codTBEPCKOM NAATGOPMOM KOoja ce KOPUCTH
=" p3rpaheHnm nHopMmaLMOHUM cUcTEMOM, TeKyhMM 3a4aLMMa 1 NOC/I0BUMA;
- nobuja KOHKpeTHe 3a4aTKe Koje Tpeba camoCTanHO Aa UCNYHMU.

Jlutepatypa

Teopwujcka HacTaBa:

Bpoj 4acoBa aKTUBHe HacTaBe 0

MNpaKTuyHa HacTaBa: 0

Metoge nssohera HacTaBe
MpakKca ce peanusyje y npuepeam A Hay4yHo o6pasoBaHNUM MHCTUTYLMjama, KPO3 CamoCTaiHK pad. CBakoMm CTyAeHTy ce
Aojesbyje jeaaH MeHTop M3 pefioBa 3anoC/IeHMX Y OPraHu3aLmjm y Kojoj ce npakca obassba.

MpoyuyaBarbe NpoLEeca M aKTUBHOCTU NyTEM YBMAA Y AOKYMEHTaUM]y M NPaKTUUYHM pag Ha oapeheHnm nocnosmnma. Ha Kpajy
npaKkce, MeTop M3 opraHu3aLmje faje oueHy o ycrnewHocT obaB/bakba NpaKce, Koja je jeaaH o4 enemeHara y oueHuBakby
ycnewHocTn obas/beHe npakce. HakoH o0baB/beHe npaKkce CTYAEHT Y BUAY CEMUHAPCKOr pada NogHOCKU M3BELWTaj O
COMCTBEHOM Pajy M aKTMBHOCTMMA, a 3aTVM ra npeseHTyje.

OueHa 3Hara (MaKcumanHm 6poj noeHa 100)

MNpepgucnutHe obasese 60 noeHa 3aBpLUIHM UCNUT 40 noeHa
j 6

penoBHO UCNyHaBakbe 0b6aBe3a Ha Npakcu 10 ;gzzemau,ma v 0ADpana cemurapckar 40

cemMuHap 50
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