KnacuouKkauma Ha nHpopmauusTa:
Hueo O, [TLP-WHITE]

PEITYBAVMKA BbATAPUA
3amecmHuk-mMuHucmbp Ha obpazobanuemo u Haykama

3ANOBE ]I

Ha ocnoBanwme un. 131, an. 2, 1. 1 ot 3akona 3a npoeCHOHAIHOTO 00pa3oBaHue U 00yUYeHUE, TPU
Clla3BaHe M3MCKBAaHUATA HA WI. 66, ail. 1 U 2 0T AJMUHUCTPATHBHONPOLECYaTHHSI KOJIEKC, BbB BPb3Ka
C OCHT'YpsIBAaHETO Ha 00y4eHuero mo yueOeH mpeamer u 3amosen Ne PJ109-3194/30.05.2022 r. Ha mu-

HUCTBHPA HAa 00Pa30BAHUETO U HAyKaTa

YTBBPKIAABAM

y4yeOHa mporpama 3a cruernudpuyHa npodecruonasHa MOAroTOBKa MO YUYEOHUS MPEAMET y4eOHa MpaK-
THKAa: EBpUCTHYHN MeTOAM 3a MPOrHo3upauHe, 3a npodecuoHaaHoTo Hampasienue koxa 481 ,,Kom-
NIOTHPHU Hayku®, nipodecus kox 481040 ,,IIporpaMucT Ha M3KYCTBEH MHTEJIEKT, CIIELUAIHOCT
koz 4810401 ,,IIporpamMmupane Ha H3KYCTBEH HHTEIEKT®, CbIJIACHO IIPUIIOKEHUETO.

YyeOHata mporpama Biim3a B cuia ot yueonara 2022 — 2023 roguHa.
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I. ObBLIO NPEJCTABSHE HA YUEBHATA ITPOI'PAMA

VYyebHara mporpama 1o y4eoHa npakTuka: EBpucTHYHU MeTOAU 32 MPOTHO3MPAHE € Tpe/-
HazHaueHa 3a crenuanHocT kog 4810401 , IIporpamMupane Ha U3KYCTBEH MHTENEKT , 3a KOSATO B TUIIO-
BUTE Y4eOHHU IUIaHOBE € MPEIBUICHO M3yUyaBaHETO Ha y4eOHUs MpeaMeT yuyeOHa npakTuka: EBpuc-
TUYHH METO/IH 32 MPOrHo3upane B 29 yueOHHM yaca.

[Tporpamara e pazpaboTeHa B ChOTBETCTBHE ¢ JIbpikaBHUS 00pa3oBaTesieH CTaHAapT 3a IPUI0-
OuBaHe Ha KBaTM(UKAIMS 110 POdecHsTa.

Y4eOHOTO ChIbpKAaHUE B IPOrpaMara € CTPYKTYPUPAHO B LIECT pa3jiena, KOUTO AaBaT Bb3MOXK-
HOCT Ha YYEHUIIUTE Ja MOoTy4aT 3HaHHUs U YMEHHUSI, CBbP3aHU C EBPUCTHUYHUTE aJITOPUTMH, TEXHUTE Ma-
TEMaTUYECKH OCHOBU M HAUMHUTE 33 MPUIIOKCHHUE .

OO0yueHueTo 1Mo npeaMeTa ce U3BbPIIBA BbB B3aMMHA Bph3Ka ¢ YUEOHUS MPEAMET OT 00I1000-
pa3oBaTeliHaTa MOJAroTOBKa ,,MaTeMaTH4eCKd OCHOBH HA MALIMHHOTO caM000y4eHNe U U3KYCTBEH
HHTEJEeKT U mpeamera oT crneurduyHata npodecruoHasHa NoAroroBka — ,,MalIuHHO camMo00y4e-
HHe", KaTo 0OYYCHHETO 110 ,, EBpUCTHYHH MEeTO/IH 32 MPOTHO3UPaHe*, TpsiOBa Ja € cies; 00y4eHUETO
0 TE3U JIBa PEIMETA.

OO0yyeHnuero Mo mpeaMeTa cliefiBa Ja ce U3BBPIIU Ype3 U3MOI3BaHeTO Ha MOAXOAsIIa cpeia 3a

KOMITFOTbPHAa MaTCMAaTHUKa UJIN M3I10JI3BaKi OMOIHNOTEKUTE KBM IMpOorpaMcEH C€3UK.

II. IEJHA HA OBYYEHHUETO I10 YYEBHUS NIPEJIMET

OOyueHneTo Mo npeaMeTa UMa 3a [ell YICHULUTE Ja MPUAOOHIT 3HaHUS 32 MaTeMaTHUYECKUTE
OCHOBHU Ha WHTEIMTEHTHHUTE W MO-CHEIUAIHO Ha caMOo0ydaBamuTe ce COPTyepHH CUCTEMU, KaKTO U
HaYaJIHU YMEHUS 3a MPOCKTHPAHE U pa3padOTBaHe HA CUCTEMH C M3KYCTBEH MHTEJICKT. 3a MOCTUTaHe Ha
OCHOBHAaTa 1e)T Ha o0y4eHrnero mo EBpucTHYHN MeTOaM 32 MPOrHO3UPaHe € HEOOXO0IMMO U3IThITHE-
HUETO Ha CIICTHUTE MOALICIH:

- mpunobuBaHe HA HEOOXOIUMH 32 CHEIHATHOCTTa 0a30BH TEOPETUYHH 3HAHUS B 00IACTUTE: JTH-
HelHa anreOpa, Teopust Ha rpaduTe, TeOpUs Ha BEPOSATHOCTHTE M MAaTEMATHUECKa CTATUCTUKA,
JTUCKPETHH CTPYKTYPU U U3KYCTBEHUS MHTEJICKT;

- pa3OupaHe HA MOHATHETO ,,eBPUCTUKA”;

- pa3OmpaHe Ha CHITHOCTTA HA EBPUCTUYHUTE METO/IM ¥ HErOBUTE OCHOBHH OOJIACTH Ha MPHUIIONKE-
HUE;

- TpuaoOWBaHE Ha 3HAHMS W pa3OWpaHe HA Pa3IUIHU CBPUCTUIHHN METOIN KaTo ,,JIbpBO Ha periie-
nusra® (Decision tree), ,,Cnyuaitna ropa (Random forest), ,,Meton Ha MpaBkute* (Ant colony
method), ,,Meton Ha posika® (Swarm method), ,,Ky meron® (Q-learning method), ,,Meron Ha
oropuuTte Bektopu” (Support vector machine), ,,Merox Ha k-cpennute” (K-means clustering);

- npuaoOuBaHE Ha 3HAHUSA 32 MIOHATHETO ,,fTCHETHYCH aJITOPUTHM '}
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- npuaoOHMBaHE Ha 3HAHMS M YMEHHS 3a MPUIOKEHHE Ha M3KYCTBEHU HEBPOHHU MPEXKH B MPOT-
HO3HH aJITOPUTMU;

- npuaoOuBaHE HA 3HAHUS M YMEHHUS 32 pelllaBaHe Ha 3a/1a4ara 3a MbTyBalus MbTHHK (travelling
salesman) o eBpHCTHYEH METOA “Hail-01M3bK cheen” (nearest neighbour travelling salesman
heuristic approach);

- mnpuaoOHMBaHe Ha 3HaHHMS M YMCHUS 3a pellaBaHe Ha 3aaadara 3a panunara (0-1 knaspack
problem) ¢ eBpUCTUYHH METOJIH;

- TpuaoOMBaHE Ha 3HAHWS M YMEHHS 3a MPOTHO3HMpAHE Ha 0a3aTa Ha KIACH(PHUIMPAIIN U KITbCTe-
pHU3UpAIIA EBPUCTUYHU METOIH;

- yCBOsIBaHE Ha OCHOBHU NMPUHIUIIH HA TPOSKTHUPAHETO M M3TPAKAAHETO HAa CUCTEMH, U3I0I3BAIIN

CBPpUCTUYHU MCTOH.

III. YYEBHO CBbABPXAHUE

1. Pa3npenesieHue Ha y4eOHOTO BpeMe

OOmmsT Opoif yacoBe 1Mo y4eOHUS npeIMeT yuyeOHa NpakTuka: EBpucTHYHM MeTOAU 32 MpPOr-
HO3UPAaHe € ONpe/eeH B TUIIOBUTE yUyeOHHU IJIAHOBE 3a ChOTBETHATA CHEIMAIHOCT B cleluduyHara

HpO(beCI/IOHaJ'IHa IIoAroTOBKaA.

Bapuantu Bapuanr I

YacoBe nmo TUNOB yyedeH mjaan | 29 yyeOHu yaca

Paznukara mexxay Opost Ha ydeOHUTe YacoBe B yueOHUS MJIaH U 00Ul MUHMMAaJeH OpoH, mpe-
BUJIEH B yueOHaTa mporpamMa, ompesesns pesepBa dacose. Te ce pa3npeaesar Mo TeMH B Ha4aloTO Ha

yqe6HaTa roavHa OT YYUTEIIA.

2. Paznenn, TeMu U npenopbunTeieH Opoii yacose

Y4ebHOTO ChIbpIKaHKE € CTPYKTYPHUPAHO B S pazfiena. 3a BCEKH pa3iell ca 3alucaHu MPernopbUn-
TeneH Opol y4eOHM YacoBE U TeMU. Y UeOHUTE YacOBE CE Pa3MpeiesIsiT Mo pa3esii U TEMH B HAYaIOTO
Ha BCsKa ydyeOHa TOJMHA OT YYHUTENsl, B 3aBUCHMOCT OT Bb3MOXKHOCTUTE U MHTEPECUTE HA YUCHUIIUTE,

METOJHUTEC HaA 06yquI/Ie U IJIaHWpaHaTa B YUYHUJIMIITHUA y‘-IC6CH IJIaH pa3smrpeHa HpO(I)CCI/IOHaJ'IHa noa-

T'OTOBKa.
Ne HANMEHOBAHUWE IMpenopbuuTeIeH
: HA PA3JAEJIMTE U TEMUTE Opoii yacoBe
. [MareMaTH4YeCKH OCHOBH HA €eBPUCTHUYHHMTE METOIHU 32 MPOTrHO3UPaHe 5
1.1. |Bexropu u matpunu. Onepanuu ¢ BEKTOpU U MaTPULIU B cpeJia 33 KOMIIOTbpHA
MaT€MaTHUKa UK MMPOrpaMeEH €3UK.
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Ne HANUMEHOBAHUE IIpenopbuuTeneH
HA PA3JIEJIMTE U TEMUTE Opoii yacoBe
1.2. |IIpencraBsue Ha rpadu U IbPBETa B KOMITIOThPHATA MaMeT. MMrnemenTamus 2
Ha anropuTMu 3a ooxoxaane B mupuHa (BFS) u npn6ounna (DFS) Ha e3uk 3a
porpamMHpaHe.
1.3. |BeposiTHOCT — NeUHULINS ¥ OCHOBHU CBOICTBAa. KOMIIOTHPHO H34KCIICHUE HA 1
BEPOSITHOCTH.
Il. |ChuiHOCT HA €eBPUCTUYHHMTE METOAHU 6
2.1.|PemaBane Ha ONTUMHU3ALMOHHY 3a/1a4M Ype3 EBPUCTUUHU METOM - 3aJadaTa 2
3a IbTYBAIIUS THPTOBEIl
59 PemnraBane Ha ONITUMU3AIMOHHY 3a/1a41 Ype3 EBPUCTUYHH METOIH - 3aa4a 3a 2
paHuLaTa
2.3.|PemaBane Ha qpyry ONTHMHU3AIUOHHY 33/1a4H. 2
I11.|OcHOBHM eBPUCTHYHH METOAU 4
3.1.|IIporpaMHa UMIUIEMEHTALIMS Ha IbPBO HA PEIICHUETO U CIIy4allHU TOpH. 2
3.2.|IIporpaMHa UMIUIEMEHTANUA HA METO/Ia Ha MPAaBKHUTE, METOJ] Ha POsIKA U/WITN 1
Ky METoJa.
3.3. |[IporpaMHa UMILIEMEHTALMS HA TEHETUYHHU AITOPUTMH. 1
V.| EBpuCTHYHM MeTOAH 32 KIacHPUKANMSA U KIIbCTEPU3aLus 3
4.1.|ITporpaMHu UMIIJIEMEHTAIIMM HA U3KYCTBEHH HEBPOHHHI MPEKU. 1
4.2.|IIporpaMHa UMITJIEMEHTAIMSI HA METOJ1 HA OTIOPHUTE BEKTOPH. 1
4.3 |IIporpamua ummiemeHTaus Ha Meton Ha k-cpennute (k-means). 1
V. |IIpuio:xkenne HA eBPUCTUYHUTE METOIH 8
51 PopmupaHe Ha JaHHU 38 NPOrHO3MpaHe. JIaHHU C BpEMEBH PesioBe (time- 2
series data).
5.2. | ITpumepHu 3a MPOrHO3UpPAHE YPE3 U3KYCTBEHH HEBPOHHHU MPEXKH. 2
5.3. | IIpumepu 3a MporHo3upaHe ype3 MeToJa Ha OIIOPHUTE BEKTOPH. 2
5.4.|[Tpumepu 3a IpOrHO3UPAHE YPE3 FTEHETUYHU AITOPUTMHU. 1
5.5.|CpaBHeHHe HA €BPUCTUYHUTE METOIM 33 IPOTHO3UPaAHE 1
OO0 MuHMMAJIeH 0poii yacoBe 26
Peseps yacose 3
OB BPOI YACOBE: 29
IV. OYAKBAHU PE3YJTATH OT VYYEHETO - 3HAHHWsSA, YMEHUSA H
KOMIIETEHTHOCTH
B pesynarar ot 00y4eHHeTo yYeHUKBT TpsOBa Jja MpUTEXaBa CICTHUTE 3HaHUS, YMEHUS U KOMIIe-
TEHTHOCTH:
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3Hanus
OO0scHsBA €BOIIOIMOHHH CTPATETUH
Hedunupa npunnunure Ha EBpuctukara
[To3HaBa NpUHIMIIUTE HA TBJIHUTE METOJHU 32 ThPCEHE
N3pexna meTonu 3a ThpCceHe U U3BJIMYaHE Ha HH(MOpMaIus
OrnrcBa METOIUTE 32 THPCEHE B ILPBO | B Tpad
JlepuHMpa MOHITHETO BH3JIH B IHPBO HA THPCECHE
Nmat 6a30BU TE€OpETUYHM 3HAHUS B 00JaCTHTE: TMHEWHA anreOpa, TEOpusl Ha BEPOSATHOCTUTE U
MaTeMaTHYeCKa CTAaTUCTUKA, TEOPHs Ha rpadure, TMCKPETHU CTPYKTYPU M U3KYCTBEHUS MHTE-
JIEKT;
Paz6upar nounsitusra ,,eBpucTUKa’” ¥ ,,0NTHMH3AIMOHHA 3aa4a”;
uMat 0a30BU TEOPETUYHU TMO3HAHUS IO METOAMTE ,,JIbpBO Ha pemenusara”, ,,Cinydaiina ropa”,

»Meton Ha MpaBkuTe”, ,,Metos Ha posika”, ,,Meton Ha Ky”;

Ymenus
[Ipunara areHTHO-OpUEHTHPAH MOJIXOJ] 32 pa3pabOTBaHE HA MHTEJIUT€HTHU CUCTEMU
[Ipunara meaHU METO/IM 32 ThPCEHE 3@ U3BJIMYAHE HA HHPOPMALHs
[Ipunara TepceHe B IMpUHA U AbI0OOYMHA
PemraBa npo0iemu upe3 IbJIHU METOIH 3a ThPCEHE
W3Bnuda nHGOpMaLus upe3 ThpceHe ¢ €IHAKBU Pa3X0Iu
W3rpaxxna maremMaTHdeckd MOZEN MO HPUMEpPHHU JIaHHU, 3a Ja MPOTHO3Mpa WM Ja B3eMe
pelieHne
W3Bnnya 3HaHUSA OT NaHHU
[Ipunara anroputMu 3a pemiaBaHe Ha MpoOJIeMH ¢ OTpaHUYEHUs
KommnerentHocTH
CrniocobeH e J1a reHepHpa CTpaTeruu 3a U3Bian4yaHe, GopMHUpaHe U U3I0J3BaHE HA 3HAHUATA 32
1IEJIEHACOYEHO MOBE/IEHNE B HEM3BECTHU MPOOJIEMHU CUTYaIUH
CriocobeH e caMOCTOATENHO Jia M3IMO0J3Ba €BOJIIOLMOHHU CTPAaTeruu U T€HETHYHU METOAM 32
peliaBaHe Ha MpodIeMu
Hamupa pemenns nsnon3paiku TeopusaTra Ha EKCIOHEHIMATHYSA B3pUB
YMesT 1a U3roTBT NPOTHO3U UPE3 PA3INYHU €BPUCTUYHU METOIU 32 IPOrHO3HUPAHE;
VYcBowin ca OCHOBHY MPUHIMIIN HA IPOEKTUPAHETO U U3IPAXKAAHETO HA CUCTEMH, U3I0I3BALIN

CBPpUCTUYHU MCTOOU,
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V. ABTOPCKMU EKHUII

1. npod. n-p Cotup CotuposB - Yausepcurtet ,,[Ipod. n-p Acen 3narapos*, rp. byprac;

2. pom. n-p Becenmuna Bypesa - YHusepcurer ,,[Ipod. 1-p Acen 3narapos®, rp. byprac;
3. mom. 1-p Tomop Kocragunos - Yausepcurer ,,IIpod. a1-p Acen 3marapos® , rp. byprac;
4.
S)
6
7

. ac. 1-p Cranucnas [Tonos - Yausepcurer ,,IIpod. n-p Acen 3narapos®, rp. byprac;

. nokropant unxX. Ilersp IlerpoB - Yuusepcurer ,,IIpod. n-p Acen 3narapos® , rp. bByprac.
. mar. [anuena Ilennamena — [1I'’KIIHA, rp. byprac
. mar. [Janawna CramaroBa — [II'KIIU, rp. Byprac



