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CbObPXAHUE 1

Hay4yaBaHe

BbnpochT 3a Hay4YaBaHETO € OT obnacTTa Ha HeBporiormsaTa u
ncuxoriornsara.

Hay4yaBaHeTo € 06paTHOTO Ha UHCTUHKTA:
* MHCTUHKTDBLT € reHeTU4YHO 0OYyCNOBEHO NOBEAEHUE;

* Hay4aBaHeToO € noBegeHune, Koeto ce rNnpomMeH4d oT onnTa.

Co-financed by the European Union 3 This Master is run under the context of Action
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CbObPXAHUE 1

3alo HAKOM Hella ce Hay4vaBarT, a Apyrm ca MHCTUHKTUBHN?

* [lpes 1896r. [Ixenmc Mapk bongyvnH, Hem3BecTeH aMmepUKaHCKU
TEOPETUK, Nuie dunocodcka ob3opHa cTtaTusa no Temara.

* B kpaga Ha 80-Te rognHu Ha XX BeK rpyna KOMNOTbPHU cneynanmnctu
pellaBarT, Ye HEroBmMTe pasChbXXOeHMNs MaT MHOro ObLLIO C TsaXHaTa
3afada Qa Hakapart KOMMNTpUTe aa ce oby4vasar.

Co-financed by the European Union 4 This Master is run under the context of Action
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CbObPXAHUE 1

ITnaCTUYHOCT

KaTo y4nm Hello, HMe ce nocTtaBsMe B CeNeKTUBHA cpeaa, KOeTo
JonpuHacsa 3a NosiBABaHETO Ha HOB MHCTUMHKT B Obaelle. HayyaBaHeTo
NnocTeneHHO OTCTbMNBa HA UHCTUHKTA.

MnacTUYHOCT Ha MO3bKa - CNOCOOHOCTTA 3a HacTpolBaHe Ha HepBHaTa
cucTemMa KbM ODKpbXXaBallaTa g cpeaa.

Co-financed by the European Union This Master is run under the context of Action
o e S No 2020-EU-1A-0087, co-financed by the EU CEF Telecom
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CbObPXAHUE 1

Y4yeHe 4ype3 npexmBsaBaHe

YyeHe 4pes npexmBsiBaHe € OCHOBHA CMOCOOHOCT Ha YOBELLKUSA MO3bK.

YyeHeTOo B OMOorMyHa cucrtemMa - OCbLLECTBSIBA Ce Ype3 KopUrmpaHe Ha
CUHaNTUYHUTE BPBb3KN MEXAY HEBPOHUTE U dOPMMPaHE Ha HOBU BPBH3KMW.

[lo BpeMe Ha To3K NpoLec MO3bKbT NOKa3Ba HEMpeKbcHaToO NogobpeHue.

Co-financed by the European Union 6 This Master is run under the context of Action
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CbObPXAHUE 1

HaTpynaHoO Hay4yaBaHe

EBontouus - B onpegeneH CMUCHIT MOXe Ja ce norrnegHe Ha YoBeLLKUS
reHoM KaTo Ha HaTpynaHO Hay4aBaHe, NPoabITKUN0 YeTUPU Munmapaa
rO4VHM.

Co-financed by the European Union v This Master is run under the context of Action
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CbObPXAHUE 2

Hay4yaBaHeTO U Al

N3cneposartenute, 3aHnmaBanu ce ¢ Al, noctaBunn Hay4yaBaHeTO Ha
nuegecran v uenta nMm ctaHana cb3gaBaHe Ha oby4daBalla ce MallMHa C
o0LL0 NpeagHa3Ha4vYeHue.

BHMMaHMETO ce Haco4Ba KbM CMHaANcuTe Mexay HeBpoHuTe. HayyaBaHeTo,
n3rnexaa, € NpomMsiHa B TEXHUTE CBOWCTBA.

Co-financed by the European Union 3 This Master is run under the context of Action
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CbObPXAHUE 2

HM n mo3bKa - cxoacrtBa

e 3HaHuaTa noctbneaT B HM oT okonHaTta cpega v ce u3nonseaTt B
npoueca Ha oby4eHue;

« 3a HaTpynBaHe Ha 3HaHMSA ce npunaraT BPb3K1 MeXay HEBPOHUTE —
CUHaNTUYHKU Terna.

Co-financed by the European Union q This Master is run under the context of Action
o e No 2020-EU-1A-0087, co-financed by the EU CEF Telecom

Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423




MAIACAREU Master programmes in Artificial
Intelligence 4 Careers in Europe

CbObPXAHUE 2

OOby4yeHue Ha HM

EQHa oT Han-BaXkHUTe xapaktepuctukn Ha HM e cnocobHocTa 3a
oby4eHue.

OOy4eHue - aganTupaHe Ha MpexaTa 3a No-4odpo cnpaBsaHE CbC 3agava,
KaTo ce oTymnTaTt NnpuMepHn Habntogenusa. lNpasu ce 3a No-0oobp pesynrtaT
ype3 MUHUMN3NpaHe Ha HabngaBaHUTE rpellkn. TeEXHUYECKN e NpoLec Ha
0bpaboTka Ha BXOOAHO/M3X0AHUTE AaHHU NPU MHOFOKPAaTHO U3Mosi3BaHe Ha
O0yuYnTENHUA anropuTbM U KOpUrMpaHe Ha TernaTta Ha cMHancuTe ao
NOCTUraHe Ha CXOaCTBO.

HM moraTt ga uameHAT n cobcTBeHaTa cu Tononorma - oobycnaes ce oT
drakTa, Ye HeBPOHUTE B YOBELLKNS MO3bK MOCTOAHHO YMUpPAT U NOCTOSAHHO
ce cb3gaBaT HOBM CMHAMTUYECKN BPBb3KN.

Co-financed by the European Union 10
Connecting Europe Facility

This Master is run under the context of Action
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CbObPXAHMUE 3

AnroputMmu 3a odyyeHue

[MpaBMNOTO, MO KOETO ce NPOMEHNAT TernaTta Ha Bpb3KUTe, ce Hapuya
oby4yaBallo NpaBuIIoO UM aNropMTbM Ha MpexarTa.

Haun-4yecTo ce 3ano4yBa CbC CriyvYamHM CTOMHOCTM Ha TbPCEHUTE Terna, a
nocrie nTepaTtuBHO Te ce NMPOMEHAT Taka, Ye Ha criegBallarta CTbhka
HOBUAT N3Xo4 Ha MpeXxaTa aa bbae no-g4odbp OT cTapus.

Co-financed by the European Union
Connecting Europe Facility
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CbObPXAHMUE 3

3aBbpLUEeHO oby4yeHue

« OO6y4eHMeTOo 3aBbpLLBA KOraTo AOMbIAHUTENHUTE HAOMOAEHNS HE
HamansaBaT NMpoLeHTa rPeLLKM.

« [lopwu crieq obydeHne yecTtoTaTa Ha rpeLwukm obmkHoBeHo He e 0.

« AkKo crnep oby4yeHune cTeneHTa Ha rpellkn € TBbpAe BUCOKa, MpexaTa
TpsAbBa aa 6bae npepaboTeHa.

Co-financed by the European Union 12 This Master is run under the context of Action
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CbObPXAHMUE 3

HM cnopen metopga Ha oby4yeHue

* OOy4YeHMU C yuuTen - criean ce pasnukaTta mMexay nonyyeHus u
OYakBaHUS N3xoa Ha Mpexarta (y4mTen 3agaBa ovakBaHUS U3xoa) u
NTEPaTUBHO CE U3BbPLLUBAT KOPEKLIMN Ha Terrnarta Ha BPb3KUTE CbI1acHO
n3dpaHoTO 0by4aBallo NpaBuIo.

* 00Oy4YeHu 6e3 yuuTen - NMnNceaTt gaHHW 3a NpPaBUITHUA N3Xo4 Ha
MpexaTa. Ternara Ha BPb3KUTE CEe HACTPOMBAT Taka, Ye NpeacTaBsHETO
Ha JaHHUTE B MpeXxaTta Aa € Hau-gobpo CcbrinacHO 3agafeHnsa Kputepum
3a Ka4eCTBOTO Ha NpeaCcTaBAHETO.

Co-financed by the European Union 13 This Master is run under the context of Action
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423
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CbAObPXAHMUE 4

HM oOy4yeHu c yuuTten

3aga4vaTta Ha 0Dy4YEHMETO C y4nTEN CE CbCTOU B N3DOP Ha KOHKPETHA
dbyHKUMA a, KOATO ONTMMAanHO anpoKcuMmpa ovakBaHUSA OTFOBOP Y.

N360pbT ce ocHoBaBa Ha MHOXECTBOTO OT N HE3aBMCUMU, PaBHOMEPHO
pasnpegeneHn npumepn 3a obyyeHue.

Heka C(y,a(x,w)) e MsipKa Ha 3arybute nnu HecxoacrtBaTa MexXxay *enaHus

pesynrtaT y, CbOTBETCTBALL, HA BXOAEH BEKTOP X, U OTroBOpa a, reHepupaH
OT oOyyaBallaTta MalluuHa.

Co-financed by the European Union

Connecting Europe Facility

This Master is run under the context of Action
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CbAObPXAHMUE 4

HM oOy4yeHu ¢ yunten - npodbnemm

|/|3B'prLIBaHeTO Ha MaJikKu npomMeHun B 1erriata W " OTKITOHEHNATA b yecTo
HE BOAW OO NpoMAHa Ha erieMeHTnTe oT AaHHUTE 3a o6yL|eH|/|e.

ToBa npasu TpyaHO pas3bupaHeTo Kak ga ce NPOMEHAT Ternara u
OTKITOHEHMATA, 3a Aa ce Nogodpun NPpon3BOAUTENHOCTTA.

This Master is run under the context of Action

Co-financed by the European Union 15
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423
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CbAObPXAHMUE 4

[lo-ussecTHU oby4yaBaluu npaBuna

* npaBuIio 3a oby4yeHne Ha nepcenTpoHa (anropmTbM 3a oby4eHue ¢
domkcmpaHo HapacTBaHe);

* anropuTbm 3a obydyeHne ¢ obpaTHO pPasnpPoOCTpaHEHNE Ha rpeLlKkaTa;

* MPaBUIIO Ha CbCTE3ATENHOTO OOYYEHME;

* Op.

Co-financed by the European Union This Master is run under the context of Action
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CbAObPXAHMUE 4

PYyHKUUA HA NNaBHUTe 3aryowm

AKO nsrnonssamMme pyHKUMA Ha NNaBHU 3aryou (KaTo KBagpaTu4yHaTa)
guadratic loss function, ce oka3Ba fiecHo ga pasbepem Kak ga HarpaBum

Mariky MPOMEHU B Ternara v OTKNOHEHUSATA, Taka Ye Aa NOCTUTHEM
nogobpeHne B 3aryouTe.

[MbpBO ce pokycmpame BbPXy MUHUMU3NPAHE Ha KBagpaTU4YHUTE 3arybu u
cnep TOBa Le n3cnegBame TOYHOCTTA Ha KnacudukaumaTa.

Co-financed by the European Union

Connecting Europe Facility

This Master is run under the context of Action
No 2020-EU-1A-0087, co-financed by the EU CEF Telecom
under GA nr. INEA/CEF/ICT/A2020/2267423
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CbAObPXAHMUE 4

PyHKLUMA 3a NNaBHU 3aryou - KBagpaTtu4ieH Tyn

* W - BCUYKU TEIlTla B MpeXaTa,

b - BCUUKM OTKIOHEHUS; Cw,b) = % E ly(x) — al|*.

n - ooWnAT Opon BxogoBe 3a 00y4YeHMe;

* a - BEKTOPbT Ha n3xoauTe OT Mpexarta, KoraTo X € BbBe[eH, a cymarta e
BbPXY BCUYKM BXOO0BE 3a 00y4eHune x. M13xoabT a 3aBUCK OT X, W U b.

« C - kBagpaTtundHaTa dyHKUUS Ha 3arybute, n3BectHa 1 Kato cpedHa
Keadpamud4Ha epewka nnn MSE.

Co-financed by the European Union 1 This Master is run under the context of Action
o e 8 No 2020-EU-1A-0087, co-financed by the EU CEF Telecom
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CbAObPXAHMUE 4

[[pagneHTHO Oby4yeHue

[TpoekTupaHeTo n obyyeHmeto Ha HM He € MHOro no-pasnuyHo oT
oOy4YeHMETO Ha Apyr Moaen Ha MalMHHO Oby4YeHue C rpaaneHTHO
cnyckaHe.

Haun-ronamara pasnuka mexay nuHenHnte mogenu n HM e, ve
HennHenHocTTa Ha HM kapa Han-uHTepecHuTe yHKUUM Ha 3arybute aa
cTaHaT Heu3nbkHanu. Toea o3HavaBa, 4e HM obukHoBeHO ce oby4aBaT He
ypes pellaBaHe Ha NIMHENHW YypaBHEHUSA, a Ypes3 U3rnoni3saHe Ha
NTepaTuUBHN, DasnpaHn Ha rpagueHT ONTUMM3ATOPU, KOUTO goBexaaT
dyHKUMATa Ha 3aryoute 4o MHOIO HUCKA CTOUHOCT.

Co-financed by the European Union 1 This Master is run under the context of Action
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CbAObPXAHMUE 4

OOy4yeHue 4ype3 obobLEeHME

O6obLweHne — cnocobHOCTTa 3a Nnony4YyaBaHe Ha 06OCHOBaH pe3ynTart Ha
OCHOBaTa Ha JaHHW, KOUTO He ca Ce cpeLlanu B rnpoueca Ha oby4eHue.

ToBa cBOMCTBO No3BonisiBa Ha HM ga peluaBaTt CnoXxHW 3agayn, KOMTo 3a
OageHna MOMEHT ce cuuTaT TPyAHO peLinmMu.

Ha npaktnka aBToHOMHaTa paborta Ha HM He moxe ga obesnevyaBa rotosu
pelleHnsa. Heobxogmmo e Te ga ce MHTerpupar B CNOXXHU CUCTEMM.
KomnnekcHaTa 3agada ce pasgens Ha OTHOCUTESHO NPOCTH
nocriegoBaTenHoCTU, YacT OT KOMTO MOXe Aa ce pelwasat oT HM.

Co-financed by the European Union 20 This Master is run under the context of Action
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CbObPXAHUE 5

HM oby4yeHu 6e3 yuuten (learning without a teacher)

CaMoTO Ha3BaHWe nogyepTaBa OTCbCTBMETO Ha pbKOBOAUTEN,
KOHTpONMpAaLL, NpoLieca Ha HacTposiBaHe Ha Ternosute koeduumeHTn. He
CbLUECTBYBaT U MapKMpaHu NpUMepU, No KOUTO Ce NPoBeXKaa 00y4YeHNeTo.

 Moxem ga otoaenum aBa Metoaa:

» 0by4deHue c nogkpena (reinforcement learning)- dopmmpaHeTo Ha
OTpPa3eHn BXOOQHU CUrHaNu B N3XOOHM Ce U3MbIIHABA B NpoLeca Ha
B3aMMOOENCTBUE C BbHLUIHATA cpeaa, ¢ uen MUMHUMU3npaHe Ha
CKanapHuaT MHOEKC Ha NPON3BOAUTENHOCTTA.

» 0Dy4yeHne Ha ocHoBaTa Ha camoopraHusauusa (selforganized) -
oCblUecTBsIBa ce 0e3 HamecaTta Ha BbHLUEH YYUTEN UITN KOPEKTOP
KOHTponupaly, npoueca Ha oby4yeHune. CblLlecTByBa camMo He3aBMcuma ot
3afadara Mdapka 3a KadyecTBoTO (task-independent) 3a npeacraBaHe, Ha
KOETO € HY>XHO aa ce Hay4un HM, n ceBobogHmnTe napameTpu Ha Mpexara
ce onTUMKU3upar rno OTHOLLEHME Ha Ta3n MApKa.

Co-financed by the European Union 1 This Master is run under the context of Action
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423
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