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naboparopHsbie 3ansaTus: 0 gac.

CamocrositensHas pabora: 48 dac.
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KonmuecTBo KOHTPOJIBHBIX padoT, 3a1aHui: 2

[Iporpammy cocraBui: K.B. Boponrios, 1-p ¢u3.-Mat. Hayk, npodeccop

[Iporpamma obcyxieHa Ha 3acejanuu KadeIpbl MAITUHHOTO 00y4ueHus U udpoBoi rymanuTapuctuku 15.05.2023



AHHOTANMA
B kypce BBomsATcS O0O0O3HAYEHMS! M OCHOBHBIC TIOHSTHA: OOBEKTHI, MNPU3HAKH, (YHKIOUS TOTEPb,
IpezcKa3aTenbHas MOJeNb, MUHUMH3AINs SMIMPHUECKOTO PUCKa, o0ydaromas BbIOOpKa, TeCTOBask BHIOOPKA,
nepeoOyyeHne, CKOIb3SIMUN KOHTpoib. [Ipexxae Bcero paccMarpuBaeTcs JUHEHHAs MOAEIb, KOTOpask UTpaeT
(byHIaMEHTaJbHYI0 pPOJIb B MAIIMHHOM OOy4eHMH. JTO THpocTeimas Mojenb HEWpoHa M OCHOBHOM
CTPOUTENbHBIN ONOK Assi HeHpoHHBIX cered. OOyyarh €€ MOXKHO C IMOMOILIBIO METOAa CTOXACTHYECKOrO
rpajueHra. 3HadeHue HEHPOHHBIX ceTell OOBSACHAETCS M TeM, YTO JI00YyI0 HEeNpephIBHYIO (DyHKLIHIO MOXKHO
NpHUOJIM3UTE € 3aJaHHOH TOYHOCTHIO MHOTOCIOHMHON HEHpOHHOH ceTbto. OOCYXIAlOTCsl HEMPOHHBIE CETH,
MeTosl ux o0ydenus. IlonpoOHO paccmarpuBalOTCs rPaAMEHTHBIE U METPUUECKUE METOAbI KilacCu(uKaimy,
METOJ] OIIOPHBIX BEKTOPOB.
OtnenbHas 4acTh Kypca MOCBSIIEHA MOJIEISIM PErPecCui: MHOTOMEPHOH JINHEHHON 1 HEMHEHHOH.
Kpurepun kadectBa kinaccuukamuu M MeToAbl OTOOpa NMPH3HAKOB — BaKHEWINas 9acTh Kypca. Takxe
HCCJICAYIOTCS JIOTUYECKUE METOJbl KJIAaCCH(PUKALMKU, HCIIONB3YIOIIUE JOTUIECKUE 3aKOHOMEPHOCTH B 3a/1a4e
Kiaccu(ukanmu.
KoMmosnnmoHHble METOBI MAIIMHHOTO O0YUYEHHS JAI0OT HOJIOKUTEIbHBIA KOHCTPYKTUBHBIA OTBET Ha BOIIPOC,
BO3MOXKHO JIM U3 OOJBIIOTO YHCIAa HEHAA&KHBIX AITOPUTMOB ITOCTPOUTH OAWH HAAEKHBIA. — AJNTOpUTM
AdaBoost cTpouT nogo0Hy0 MOCIEN0BaTEIIEHOCTh AITOPUTMOB.
BoccTranoBieHre TIOTHOCTH paclpeneieHus: o BEIOOPKe — BayKHBIA KJIacc 3a/1ad MAallMHHOTO oOyueHus. B
JaCTHOCTH, K HUIM CBOJUTCS IIOCTPOEHUE 0alieCOBCKOTo KiaccupuKaropa.

B koHIIe Kypca oOcyxaaercs 3aja4da KilacTepu3aniu — o0yueHus 0e3 yuuTens.
1. lean u 3apa4un

]_le.]'lb AUCHUIIINHBI

- c(opMHUPOBATH TEOPETHUECKUE U MPAKTHUECKHE 3HAHUA B 00nmacTu 00y4eHHs MAallliH, COBPEMEHHBIX
METO/I0B BOCCTAHOBJIEHUSI 3aBUCHUMOCTEH 10 AMIMPHUYECKUM JaHHBIM, BKJIIOYAs AUCKPUMHHAHTHBIN,
KJIACTEPHBIN U PErpEeCCHOHHBIN aHAJIH3.

33)13‘1]([ JAUCHUIIINHBI
- OCBOHUTb MCTOAbI KOppeKTHOI\/’I (bOpMy.]'II/IpOBKI/I 3a1a4 B TCpPMHUHAX MAallIMHHOT'O O6y‘I€HI/I$I;
- OBJIAZICTh HABBIKAMU MPAKTUYCCKOI'O PCHICHUA 3a/1a4 UHTCIUICKTYAJIbHOTO dHAJIN3a JJaHHBIX.

2. Illepeyens MJIAaHMPYEMBbIX pPe3y/JIbTATOB 00y4eHHs 10 AMCHHUILINHE (MOAY.TI0)
B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATB!

OCHOBHBIC IPUHIIUIIBI ¥ IPOOJIEMATHKY TEOPHH OOYUEHHS MAIIHH;

OCHOBHBIE METOIbI ¥ AJITOPUTMBI PELICHUs 3a4a4 00y4eHUs [0 IpeLe/IeHTaM;
- OCHOBHBIE 00JIACTH IPUMEHEHHS ITUX METOOB M AJITOPUTMOB;
KJIacCH(PUKAINH, KIACTEPU3ALUH U PETPECCUH.

YMETb:
- (hopmann30BaTh MOCTAHOBKY NPUKJIAIHBIX 33/1a4 aHAJIN3a JaHHBIX;
- UCTIONIb30BaTh METO/IbI 00YUYECHHS 110 MPELeIeHTaM JUIs PELICHUs TPAKTHUECKUX 3a/1a4;
- OLICHUBATbh TOYHOCTH 1 3PPEKTUBHOCTD MOIYUYECHHBIX PEIICHUI.
BIIAJICTh:
- OCHOBHBIMH MOHATUSIMHU TEOPUU MALITMHHOTO O0yUYCHHUS;
- HaBBIKAMH CaMOCTOSITEIbHON pabOThI IPU PEIIEHUH TUIIOBBIX 3a/1ay;
- KyJBTYpO# MOCTAHOBKU M MOJICIMPOBAHUS MPAKTHUECKN 3HAUMMBIX 3a/1a4;
- HaBBIKAaMH TEOPETUYECKOTO aHAJIN3a PEAIbHBIX 3a/1a4, PEIIaeMBbIX C TOMOIIBIO aJITOPUTMOB O0YUEHHS
10 MPELEACHTAM.

3. Coaep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

3.1. Paznensl qucnuiuinHbl (MOAYIS) U TPYAOEMKOCTH 110 BUIaM YUeOHBIX 3aHITHN

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.



No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 JluHeliHble METONBl M CTOXACTUYECKUM 3 4
IpaueHT
) HeiiponHble cetm W rpaJWCHTHBIE ) 4
METO/IbI
3 MeTtpuueckie METOIbI KIIACCU(PHUKALNN U ) 4
perpeccuu
4 MeTtoz onopHBIX BEKTOPOB 2 4
5 MHoromMepHas JMHEHHas1 perpeccus 2 5
6 Henuneitnas perpeccus 2 5
7 Kpurepun BbpIOOpa Mozeneil M MeTombl 3 4
0TOOpa MPU3HAKOB
8 Jlorudeckue MeTombI KiIaccu(pUKaIuu 4 4
9 Jluneiinpie KOMIO3ULIKHU, OYCTHHT 2 4
10 BatiecoBckas KJacCU(UKaIus u 4 5
OLIEHUBaHME IUVIOTHOCTH
11 Knacrepusanus u vactuaHoe oO0yueHue 4 5
Hroro wacos 30 48
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 78 yac., 2 3au.en.

3.2. CoxepxaHue TUCHMILIMHBI (MOIYIIS), CTPYKTYPHPOBAHHOE IO TeMaM (pasJiesam)
Cemectp: 1 (Ocennwii)
1. JInHeHbIe METOABI M CTOXaCTUYECKUI TPaJUEHT

» Jluneinpii knaccudukarop, Monenb MakKamnoka-Ilutrca, HempepbIBHBIE aNIPOKCHMAIUH
MOpPOTOBOH (PyHKIIMM MOTEPB.

* Meton croxacTudeckoro rpaauenta SG.
* MeTo/1 CTOXaCTHYECKOTO CpeaHero rpagueHTa SAG.

° 3BpI/ICTI/IKI/IZ HHULMAJIM3anus BCECOB, MNOPANOK IPCAbABICHUSA O6’BGKTOB, BLI60p BCJIIMYMHBI
rpaJuCHTHOIO 11ara, «BBIOMBAHUE» U3 JTOKAJIbHBIX MUHUMYMOB.

* [IpoGiieMa MYJIBTHKOJUTMHEAPHOCTH M TIEpEOOyIeHUs, PEryIIsipH3aius Uik peayKIus BecoB (weight
decay).

° BepOﬁTHOCTHafI IIOCTAHOBKaA 3aJa4u1 KJ'IaCCI/I(i)I/IKaLII/II/I. HpI/IHL[I/IH MakCuMymMa HpaB,I[OHO)IOGI/IfL

* BeposiTHOCTHAst HHTEpIIpETaLUs PETYISPU3ALMHA, COBMECTHOE NPABAONOA0OHE AAHHBIX U MOJEIIH.
[IprHIMO MakCUMyMa anlOCTEPUOPHOM BEPOSITHOCTH.

* ["ayCCOBCKMI U JIAINIACOBCKUI PETYJISPU3ATOPBL.

* Jloructuueckas perpeccus. [IpuHmmn mMakcumyma npaBronogodus u jorapudmuueckas QyHKIHS
norepb. MeToJ, CTOXaCTUUECKOro rpagueHTa s gorapudmuueckoil Gpynkumun noreps. CriiaxkeHHOE
npaBuiio X300a. MHoOrokiaccoBasi JOTHCTHYECKasl perpeccus. Perynspu3oBaHHasi JIOTHCTHYECKAs
perpeccus. KanuOposka [1narra.

2. HelipoHHBIE CE€TU U TPATUECHTHBIC METOIBI

» buonoruueckuii HeripoH, moznens MakKamnoka-ITutrca kak imHeiiHbIi knaccudukarop. OyHKINU
aKTUBALUH.

* [IpoGnema momHOTHL. 3aja4a UCKITFOYaroIiero uik. [lomHoTa NBYXCIOWHBIX ceTel B MPOCTPAHCTBE
OyneBbIX (DyHKIMH.

* AJIropuT™M 00paTHOTO PAaCHPOCTPAHEHHS OIIHOOK.



* bBricTppie MeToapl croxactudeckoro rpamuenta: Ilonmsika, HecrepoBa, AdaGrad, RMSProp,
AdaDelta, Adam, Nadam, nuaronansasiii metos JleenOepra-MapkBapara.

» IIpoGnema B3pbIBa rpaguHeHTa U 9BpUcTUKa gradient clipping.

* Merox ciay4aifHbIX OTKIIOUeHHH HeiipoHoB (Dropout). UaTepnperanuu Dropout.
» OOparupiii Dropout u L2-perymsapusanus.

» @ynknun aktuBanuu ReLU u PReLU. IIpoGiema «napainya» ceTH.

* DBPUCTHKH 11 (YOPMUPOBAHHS HAYAIBHOTO PUOIMKEHUSL.

* MeToa nociioiHON HACTPOMKHU CETH.

* [TonGop CTPYKTYpHI CETH: METOJIBI IIOCTEIICHHOTO YCIOKHEHHS CETH, ONITUMAIIbHOE IPOPESKUBAHNE
HEHpOHHBIX ceTei (optimal brain damage).

3. MeTpuueckue MeTo/Ibl KIacCU(PUKAIIMK U PETPECCHH

* ['MII0TE3bI KOMITAKTHOCTH U HENPEPHIBHOCTH.
* O000MEHHBINH MEeTpUYECKH KIaccu(UKaTop.

* Metoa Ommkaitmux coceneid kNN u ero o6o6mienus. I[logbop yucna k mo KpuTepuio CKoJIb3sIIEro
KOHTPOJISL.

* Meton okna Ilap3eHa ¢ MOCTOSTHHOM U IEPEMEHHOM IUPUHON OKHA.
* MeTo MOTEHITUANBHBIX (PYHKIIUN U €TO CBSI3b C JIMHEHHOW MOJIETBIO KIIACCU(UKAIINN.

° HenapaMeTqueCKaﬂ perpeccus. JIokaabHO B3BEIICHHEIN MCTOJ HAUMCHBIINX KBAaJIPaTOB. ﬂnepHoe
CITIIa’)KMBaHHUC.

*» Onenka Hanapasi-BaTcoHa ¢ MOCTOSIHHOM M TiepeMeHHON MUpUHON okHa. Beibop dyHKIMH siapa u
LIMPHUHBI OKHA CITIa)KMBAHMSL.

* 3azaua oTceBa BeIOpOCOB. PobacTHas HenapaMmerpuyeckas perpeccust. Anroputm LOWESS.

* 3amaua oto60pa TanoHoB. [lonHeli ckonb3smuil KoHTpoabs (CVV), popMyra ObICTPOro BEIYUCICHHUS
st metona INN. [Ipoduinb KOMITAKTHOCTH.

* OTbOp STaJOHHBIX OOBEKTOB HAa OCHOBE MHHHMU3AIUH (YHKIMOHATIA TIOJIHOTO CKOJIB3SIIETO
KOHTPOJISL.

4. MeToz ONTOPHBIX BEKTOPOB

* OnTuManbHas pasaciaroniadg ruriepruioCKOCTb. Ilonsarue 3a30pa MCXKY KilacCaMH (margin).

» Cityyau TUHEHHOM pa3feIMMOCTH U OTCYTCTBUS JIMHEHHON pazaenumocTu. CBsi3b C MUHUMH3ALHEH
PETYIIIPU30BaHHOTO SMIIMPUYECKOTO pucka. KycouHo-nuHeitHas GpyHKIMS TOTepb.

* 3aja4ya KBaIpaTHYHOTO MIPOrPAMMHUPOBAHUS U IBOWCTBEHHAs 3a7ja4a. [[oHATHE OMOPHBIX BEKTOPOB.
* Pexomenparuu 1o Be160py KOHCTaHTHI C.

» Oynknus sapa (kernel functions), cnpsMisioniee IpoOCTpaHCTBO, TeopeMa Mepcepa.

* Crioco0Obl KOHCTPYKTHBHOTO TIOCTpoeHus siiep. [Ipumepsr saep.

* SVM-perpeccusi.

* Perynspuzanuu anst or6opa npusnakoB: LASSO SVM, Elastic Net SVM, SFM, RFM.

* Meton peneBaHTHBIX BEKTOpOB RVM

5. MHOroMepHas JIMHEWHAs! perpeccust

* 3aja4a perpeccuy, MHOroMepHasi JMHEeHHas perpeccusi.

* MeTox HaMMEHBIINX KBAaPATOB, €r0 BEPOSATHOCTHBIM CMBICI M TEOMETPUUECKUIT CMBICII.

* CUHTYIISIPHOE pa3JIoKEeHHE.

* [IpoGnemMbl MyJTBTUKOJUIMHEAPHOCTH U TIEPEOOyICHUSI.

* Perynapusanus. ['peOneBas perpeccus uepes CHHTYISIPHOE Pa3iIoKEHHE.

» Metonst or6opa npusHakoB: Jlacco Tubmmpanu, Elastic Net, cpaBHeHne ¢ rpeOHEBOH perpeccuei.

* Merox maBHBIX KOMIIOHEHT M JeKoppenupymomniee npeodpaszoanue Kapynena-JIosBa, ero cBsisb ¢
CHHTYJISIPHBIM Pa3JIOKCHUEM.

° CHeKTpaHBHBIﬁ moAXoa K pCIICHUIO 3aa9 HAUMCHBIINX KBAAPATOB.
° 33,)_13.‘{1/1 1 MCTOAbl HU3KOPAHTOBBIX MATPHUYHBIX pa3J'IO)KeHHﬁ.

6. Henuneitnas perpeccus



* Meton Heiotona-Padcona, meron Herorona-I'aycca.

* O6o0ménnast agnutuBHas Monenb (GAM): Meron HacTpowku ¢ Bo3BpamieHusMu (backfitting)
Xactu-TuOmupanu.

+ Jloructuueckas perpeccus. MeTos HauMEHbBIIMX KBaJpaToOB C UTEPATHUBHBIM IEPECUETOM BECOB
(IRLS). IIpumep npukinaaHO# 3a1aun: KpeIUTHBIN CKOpUHT. buHapu3anus npuzHakoB. CKOPUHTOBBIE
KapThl U OIICHUBaHKE BEPOSTHOCTH JieonTa. Puck kpemuTHoro nmoprdens 6aHka.

» O606meénHas nuHeiinas mojaensb (GLM). DkcoHeHInaIbHOE CEMEHUCTBO pacipe/ielICHHH.

* HexBamparnunsle ¢QyHKIMH TOTepb. MeToj HamMeHbIMX Moxyneil. KBanTuibHas perpeccus.
[Tpumep npukIagHON 3a1a41: TPOTHO3UPOBAHHUE IOTPEOUTEIBCKOTO CIIpOca.

* PoGactHas perpeccus, GyHKIIUH ITOTEPh C TOPU30HTATLHBIMHA ACUMITTOTAMMU.
7. Kpurepun Be1OOpa Moielield 1 METOIBI 0TOOpa MPU3HAKOB

» Kputepun kadecTBa KiacCU(PUKAIIUN: YyBCTBUTEIBHOCTD U crienuduanocts, ROC-kpuBas u AUC,
TOYHOCTB U ntonHoTa, AUC-PR.

* BHyTpeHHUe 1 BHEIIHUE KPUTEPUU. DOMIIMPUUECKHUE U aHATUTUYECKUE KPUTEPUH.

* CKonp34lIMH KOHTPOJIb, PA3HOBUJIHOCTH 3MIIMPUYECKUX OLIEHOK CKOJB3SLIETO0 KOHTPOJIA.
Kpurepunii HeIpOTUBOPEUYNUBOCTH.

* PazHOBHIHOCTH aHanmUTHYeCKUX OLeHOK. Perymspuzanus. Kpurepuit Axanke (AIC). baiiecoBckuit
nHpopmanronnslii kputepuit (BIC). Ouenka Banauka-UYepBoHeHKHCA.

» CnoxHOCTh 331241 0TOOpa nmpu3HakoB. [TomHbIH epedop.

* Meton no6aBieHus U yJaJeHUs, IaroBasi perpeccus.

* [Touck B m1yOHMHY, METO/I BETBEH U TPAHHIL.

* Yced€HHBII MOUCK B IIUPHUHY, MHOTOPSIIHBIN UTepallMOHHbIN anroputM MI'VA.
* ['eneTndeckuit anroputm, ero cxoactso ¢ MI'YA.

* Ciiyyaitabiit mouck u Ciydaiinbril nouck ¢ aganranuei (CITA).

8. Jlornueckue MeTobI KiaccupuKanun

* [ToHsITHE JTIOrNYECKON 3aKOHOMEPHOCTH.

* [Tapamerpuyeckue ceMelHCTBa 3aKOHOMEPHOCTEH: KOHBIOHKIIMH MTOPOTOBBIX HPABUJI, CHHAPOMHBIE
MpaBUIIa, OIAPHI, THIIEPIUIOCKOCTH.

» IlepeGopHble aNropuTMBl CHHTE3a KOHBIOHKLUMH: CTOXaCTUYECKHM JIOKaJbHBIH TIOMCK,
cTabunH3amnus, peayKIius.

* JIByXKpUTEpHAIBHBIH OTOOpP WHPOPMATUBHBIX 3aKOHOMEPHOCTEH, MapeTo-ONTUMANBHBIN (POHT B
(p,n)-mpocTpaHcTBE.

* Pemaromee aepeBo. XKamHas HuUCXOAAIIAs CTpaTerus «pasfensid W BiacTByi». Anroputm ID3.
Henmocrarku xaHoi cTpaTeruu u crocoOsl ux ycrpaneHus. [Ipobnema nepeoOydeHus.

* BeiBonm kpuTepueB BeTBieHHsA. Mepa HeuucToThl (impurity) pacnpeneneHus. IHTPONUHHBIN
Kputepuii, kputepuil [Hxunu.

* Pegykuus pemaromux AepeBbeB: NpeApenyKIus U noctpenykuus. Aiaroputm C4.5.

* Jlepesns perpeccun. Anroputm CART.

» HeOpesxHble pemmaromiue nepesbs (oblivious decision tree).

* Pemaromuii nec. Ciryuaiinsiii iec (Random Forest).

dakynbTaTUB

» CrarucTuyeckuii Kputepuid MHOOPMATHBHOCTH, TOYHBIM TecT Dumepa. CpaBHeHue obiacrei
IBPUCTHYECKUX M CTAaTUCTUUECKHX 3aKOHOMEPHOCTEH. ACHMNTOTHYECKash JKBHBAJICHTHOCTb
CTaTHCTHYECKOTO ¥ DHTPONHMUHOTO KpHUTepuss HH(POPMATUBHOCTH. Pa3HooOpaszue KpuTepuen
WH(POPMATUBHOCTH B (P,N)-IIPOCTPAHCTBE.

* Pemaromuii nens. burapu3zanys mpu3HakoB. AJTOPUTM pa3dUeHUs 00IacTy 3HAUYSHHH MPU3HAKA Ha
WH(POPMATUBHBIC 30HBI.

* Pemaronuii criucok. XKaaHblil alropuT™ CUHTE3a CIKCKA.
* [IpeoOpazoBaHue pEIIArONIETO JepeBa B PEIIAOIINN CITUCOK.

9. JIuHetHbIE KOMITO3ULIUH, OyCTUHT



* OcHOBHBIE TOHATHA: O0a30BbIM anropuT™M (aJTOPUTMHUYECKUI OIEepaTrop), KOPPEKTHPYIOILas
ornepanusl.

* B3BenienHoe rojI0CoOBaHUE.

» Anroputm AdaBoost. DkcnioHeHIIMaIBbHAs alPOKCUMAIUs TOPOTroBoi (pyHKIMHU moTeps. [Iponecc
MOCIIEI0BATEIBHOTO 00yUeHHs 6a30BBIX ATOPUTMOB. TeopeMa 0 CXOAMMOCTH OyCTHHTA.

*» O6o6marormiast cmocoOHOCTh OyCTHHTA.

* bazoBele anroput™el B OycTrHTe. Pemmatomniye mHu.

* Bapuants! Oyctunra: GentleBoost, LogitBoost, BrownBoost, u npyrue.
» Anroputm AnyBoost.

» Anroputm XGBoost.

* ['paguentHsiii OycTuHT. CTOXaCTHYECKUH IPaJUCHTHBIN OyCTHHT.

10. BaiiecoBckas knaccupuKanus 1 OlleHUBAHNUE TNIOTHOCTH

* [IpuHIMI MakcUMyMa aroCTEPHOPHON BepOsSTHOCTH. Teopema 00 onTUMabHOCTH OaleCcOBCKOTO
Kiaccudukaropa.

* O1IeHUBaHKE TIOTHOCTH PACIIPE/ICIICHHS: TPU OCHOBHBIX TTOIXO0/1A.
» HauBHBII OaiiecOBCKUI KiIacCHPUKATOP.

» Hemapamerpuueckoe OLleHUBaHUE TUIOTHOCTH. SlnepHast oueHka ruiotHocTH Ilapsena-Po3zen6narra.
OpHOMEpPHBIN 1 MHOTOMEPHBIH CITy4Yau.

* MetoJ map3eHOBCKOro okHa. Beibop QyHKIMM siapa. BeiObop mupuHbl OKHA, IEpEeMEHHAS IIMPUHA
OKHa.

° HapaMeTquGCKoe OLICHUBAHUCEC IIJIOTHOCTH. HOpMaJ’IBHBIfI I[HCKpI/IMI/IHaHTHLIﬁ aHaJIn3.

* MHOromMepHoe HOpPMaJbHOE paclpenelieHHe, I'eOMEeTpUYecKass WHTeprperanus. BriOopodyHbie
OLICHKH [TapaMeTPOB MHOTOMEPHOTO HOPMAJILHOTO paclpeeIeHusl.

» KBagparuunslii AUCKpUMHHAHT. Bua pasnensromiei moBepxHOCTH. [1oCcTaHOBOUHBIN alropuTM™m,
€r0 HEJIOCTATKH U CIIOCOOBI X YCTPaHEHHUS.

* JIuneinelii quckpumuHanT @uniepa.

* [Ipo6nemMbl MyJIBTHKOJUIMHEAPHOCTH U TIepeoOydeHusi. Perynspusanus KoBapuauroOHHON MaTpHULIBL.
* [lapameTpuueckuii HAaUBHBIN OalleCOBCKUI Ki1acCU(UKATOP.

» CMechb pacripe/ie/ieHui.

* EM-anroput™ Kak MeTOJ] MPOCTBIX UTEPALIUI ISl PEIIEHUS CUCTEMBI HEJIMHEWHBIX YPaBHEHHH.

* Bo16op uncna komnonentos cMecu. [lomaroBas crparerus. AnpruopHoe pacnpeaenenue Jupuxie.

» CMech MHOTOMEPHBIX HOpMaNbHBIX pactpeneneHuil. CeTb paguanbHbix 0azucHbIX ¢yHKuuil (RBF)
u npuMeHenre EM-anroputMa Juist €€ HaCTPOUKHU.

* Cpasaennie RBF-cetn u SVM c rayccoBckum siipom.
11. Knacrepuzanus u yactTiuuHoe oOydeHne

* [TocranoBka 3amaun kiaactepusanuu. [IpumMepsl npuKIagHbIX 3a1a4. THUITBI KITACTEPHBIX CTPYKTYD.
* [locranoBka 3aaaun Semisupervised Learning, mpuMepbl MPUIOKESHUN.

* ONTHMHU3aLMOHHBIC IOCTAHOBKH 33/1a4 KJIACTEPU3alUU U YACTUYHOTO O0yUEHHS.

» Anroputm k-cpeqanx u EM-anropuTum Juis pa3ieneHus raycCOBCKOM CMECH.

* IpadoBble anropuTMbl KilacTepu3alud. BblgeneHne CBSI3HBIX KOMIOHEHT. Kparwanmimii
HE3aMKHYTBIN IYTb.

» Aaropurm ©OPIJIL.

» Aagroputm DBSCAN.

* ArnomeparuBHas kinacrepuzanms, AnroputM Jlanca-BuibsimMca 1 ero 4acTHbIe Cirydan.
* AJITOPUTM TIOCTPOCHUS IeHIporpaMMbl. OIpeiesIeHue Yrcia KIacTepoB.

» CBoiicTBa CXaTHA/PacTSHKEHHUS, MOHOTOHHOCTH M DPEOyKTUBHOCTH. llceBIokon penyKTHBHOM
BEpPCUU AITOPUTMA.

* [IpocTeie 3BpUCTHYECKHE METOJIBI YACTUIHOTO 00yueHus: self-training, co-training, co-learning.
* TpaHCIYKTUBHBIN METOJ] OMTOPHBIX BeKTOpoB TSVM.

» Auroputm Expectation-Regularization Ha OCHOBE MHOTOKJIACCOBOH pETYISIPU3NPOBAHHOMN
JIOTUCTUYECKON pEerpeccuu.



4. Onucanue MaTepraIbHO-TEXHUYECKOH 0a3bl, He00X0AUMOI /151 OCYlIeCTBJIeHNs 00pPa30BaTeIbHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueGHast aymuTOpHs, OCHALLICHHAS! MYJIFTHMEAHAIIPOEKTOPOM M SKPAHOM.
S.I1lepeyeHb peKoMeHAYeMOM JUTEPATYPHI

OcHoBHas JuTeparypa

1. Maremaru4eckie OCHOBBI MAIIIMHHOTO O0YYCHHUS U MPOTrHO3UPOBAHUS, DJICKTPOHHAS BEPCUS
nedarHoit mybnukaiuu / B. B. Betorua. — Mocksa, MIJHMO, 2014

JomnonHurensHas aureparypa

6. Ilepeyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTEepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://www.machinelearning.ru — npodeccrnonanbHbIi HHPOPMAITMOHHO-aHATUTHYECKUI pecypc,
MOCBSIICHHBII MAIIMHHOMY O0Y4eHHIO, PACIIO3HABAHUIO 00Pa30B M MHTEIUICKTYaJIbHOMY aHAIIU3Y
JaHHBIX.

2. http://shad.yandex.ru — caldT mkosbl aHamu3a JaHHBIX SHJEKCA.

3.
http://www.machinelearning.ru/wiki/index.php?title=%D0%9C%D0%B0%D1%88%D0%B8%D0%B
D%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%
B8%D0%B5 %28%D0%BA%D1%83%D1%80%D1%81 %D0%BB%D0%B5%D0%BA%D1%86%
D0%B8%D0%B9%2C_%D0%9A.%D0%92.%D0%92%D0%BE%D1%80%D0%BE%D0%BD%D1
%86%D0%BE%D0%B2%29

4. Burges C. J. C. A tutorial on support vector machines for pattern recognition // Data Mining and
Knowledge Discovery. — 1998. — Vol. 2, no. 2. — Pp. 121-167.

http://citeseer.ist.psu.edu/burges98tutorial.html.

5. Martin J. K. An exact probability metric for decision tree splitting and stopping // Machine Learning.
— 1997. — Vol. 28, no. 2-3. — Pp. 257-291.

http://citeseer.ist.psu.edu/martin97exact.html.

6. Marchand M., Shawe-Taylor J. Learning with the set covering machine // Proc. 18th International
Conf. on Machine Learning. — Morgan Kaufmann, San Francisco, CA, 2001. — Pp. 345-352.
http://citeseer.ist.psu.edu/452556.html.

7. Schapire R. The boosting approach to machine learning: An overview // MSRI Workshop on
Nonlinear Estimation and Classification, Berkeley, CA. — 2001.
http://citeseer.ist.psu.edu/schapire02boosting.html.

7. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUH 00Pa30BaTeJIbHOIO0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

He npexycmorpeHo.
8. MeTonnueckne yKazaHus AJsi 00y4aHOUIMXCS 0 OCBOEHUI0 TUCUUILTHHBI (MOLYJIs1)

VYeneniHoe ocBoeHHE Kypca TpeOyeT HanmpsokEHHOH CaMOCTOSTENbHOW paboThl acmupaHTta. B
nporpaMmme Kypca MpHUBEICHO MUHHMAJIBHO HEOOXOOMMOE BpeMs Ui PaOdOThI acliMpaHTa HaJl TEMOW.
CamocrosiTenpbHas paboTa BKIIOUAET B CE0s:

— npopaboTKy yueOHOro Marepuana (1o KOHCIIEKTaM JICKIHiA, y4eOHOW W HAyYHOU JINTEpaType);

— TOJTOTOBKY K HNPAKTHYECKUM 3aHATHSM, BBIIOJIHEHHE JOMALIHUX TEOPETUYECKUX U MPAKTHUECKUX
3aJIaHUM;

— MOJTOTOBKY K AH((epeHIIMPOBAHHOMY 3aUeTy.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

nporpaMma acnupaHTypbl: XHUMHUYECKHE HAYKH
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadempa MammHHOTO 00yUYeHUS U IIU(PPOBOI TYMaHUTAPUCTUKA
Kypc: 1

Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

Pa3paborunk: K.B. Bopo#rios, 1-p ¢u3.-Mat. Hayk, npodeccop



1. Iloka3aTe, i OLleHNBAHUS KOMIIETEHIIHH

B PE3YIbTATC U3YUCHUSA AUCHUIIIINHBI «MareMaTuyeckue OCHOBBI MAaIIMHHOTO O6y‘-IeHI/I$I» 06yqafom1/1171c51
JOJIKCH:

3HATh:
- OCHOBHBIE IPUHIMIIEI U TPOOIEMATHKY TEOPUH 0OYUIECHHUS MAIlUH;
- OCHOBHBIE METOJbI U AJITOPUTMBI PEIICHNUs 3a1a4 00yUeHHS 0 MPELEACHTaM;
- OCHOBHbIE 00JIACTH PUMEHEHHS 3TUX METOOB U AITOPUTMOB;
- Kiaccu(puKaH, KJacTepu3alnuu U PErpecCHu.
yMeTh:

- (hopManM30BaTh MOCTAHOBKH MPUKIAJHBIX 33/1a4 aHAJIN3a IaHHbIX;
- ACIOJIB30BaTh METOBI OOYUEHUS 110 IpeLeleHTaM Ul PeIICHHS TPAKTUIECKUX 3a/1ay;
- OLIEHMBATh TOYHOCTh M IP(PEKTUBHOCTH MOTYUECHHBIX PEIICHHH.

BJIaJeTh:

- OCHOBHBIMH HOHSTHSAMH TEOPUU MAIIMHHOTO 00Yy4EHHUS;

- HaBbIKAMH CaMOCTOATEIBHOM paboThl IPH PEeIICHUH TUIIOBBIX 3a7ad;

- KyJIbTypO# IOCTAaHOBKU ¥ MOJIEIMPOBAHUS IPAKTUUECKU 3HAUUMBIX 3a/1a4;

- HaBBIKAMH TEOPETHYECKOTO aHAIIN3a PEAIbHBIX 3a7a4, PEIIaeMbIX C IIOMOIIBIO aJITOPUTMOB O0yUYCHHUS
10 IIpeLEACHTaM.

2. IlepeueHb THNOBBIX (IPUMEPHBIX) BONIPOCOB, 32/IaHUI, TeM /ISl HOATOTOBKH K TeKyIIeMy KOHTPOJII0

[Ipumeps! 3anau

1. 3amana nena oTkasza or kiaccudukanuu. Beimucars MoauduiupoBanayio Gopmyiny 0aiieCoOBCKOTO
KJIaccuQukaTopa.

2. BeiBecTr (hopMyity IMHEHHOTO TUCKPUMUHAHTA IJIs CIIy4dasi HE3aBUCHUMBIX TPU3HAKOB.

3. BeiBecTu ¢opMyny HamBHOTO OalecOBCKOTO Kiaccuukaropa Ui cirydas OMHAPHBIX MPU3HAKOB
(mokazath, 4TO OH JIMHECH).

4. BeiBectu QopMyiy TpagMEeHTHOIO Iara B METOAE JIOTHCTHUYECKOH perpeccuu Ui 3ajaqu
knaccuukanuu ¢ AByms knaccamu. CpaBHUTB € IpaBUiIoM X300a.

5. BeiBectu ¢opmyiy HenapameTpudeckoil perpeccun Hanapas-Barcona.

6. BeiBecTr popmyiy peryssipu30BaHHOTO PEIIeHUs 3a1a4d MHOTOMEPHOM JTMHEHHON perpeccun yepes
CUHTYJISIDHOE Pa3JIoKEHHUE.

7. BeiBecTH TpaJIu€HTHBIN METOJ] 00yUEHUSI B IOTHCTUYCCKON PErpeCcCHH.
8. B uéMm omnuus BHYTPEHHUX U BHEIIHUX KPUTEPUEB?

9. Pa3HOBUJIHOCTU BHEIIHUX KPUTEPHUEB.

10. Pa3HOBUIHOCTH KPUTEPHSI CKOJIB3SIIETO KOHTPOJIS.

[TpumMepsl 3aaHn# IO BBIOOPY MOZAETH U OTOOPY MPHU3HAKOB

1. Yro Takoe kputepuit HempoTuBopeurnBocTu? B 4ém ero Hegocrarku?

2. Y10 Takoe MHOTOCTYIEHYAThIH BEIOOP MOJEIH 110 COBOKYITHOCTH KPUTEPUEB?

3. OcHoBHas wJiest 0TOOpa MPU3HAKOB METOJIOM IMOJTHOTO Tiepedopa. JleHicTBUTENBHO M 3TO MOJHBIN
niepedop?

4. OcHoBHas uzaes 0ToOpa MPU3HAKOB METOAOM J100aBICHUH U NCKIIOUHEHHH.

5. Uto Takoe maroBas perpeccus? MoxKHO 1 €€ HCIIONb30BaTh AJs KiacCu(pUKaINK, B KAaKOM MeToae?
6. OcHoBHas ujest 0TOOpa MPU3HAKOB METOIOM ITOMCKA B TIIyOUHY.

7. OcHoBHas uest 0TOOpa NPU3HAKOB METOAOM IIOMCKA B IIMPHHY.

8. Uto Takoe MI'YA?

9. OcHoBHas uest 0T00pa NPU3HAKOB € IOMOIIBIO TEHETUYECKOTO aJITOPUTMA.

10. OcHoBHas uaes 0T60pa NPU3HAKOB C MOMOIIBIO CIIY4aliHOTO TIOMCKA.

11. B 4ém oTnu4ms cay4aifHOTO MOMCKA OT CIIy4alHOTo IMOUCKA C ajanTanuen?



3. [lepeyens THNOBBIX (MPUMEPHBIX) BOMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. 3anucarp obm1yto Gpopmyny GaitecoBckoro kinaccupukaropa (Hago IOMHHUTH (GOPMYITY).
2. Kakue BbI 3HaeTE TPH MOJIX0Ja K BOCCTAHOBJICHHUIO IUIOTHOCTH PaclpeieieHus! 10 BRIOOpKe?
3. Urto Takoe HaMBHBINA OaiiecOBCKUI KiaccupukaTop?

4. Yrto rtakoe oueHka miotHoctu IlapzeHa-Poszenbnarra (Hamo mnoMHuTH (opmyny). Beimucars
dbopmMyity anropurMma KiaccupHUKalul B METOJIe Map3€HOBCKOTO OKHA.

5. Ha uro BiuseT muprHa OKHa, a Ha 4TO BUJ 4]Ipa B METOJI€ TApP3E€HOBCKOTO OKHA?

6. MuoromepHoe HOpMajbHOE pachpeeneHue (Hago MOMHHTH (opmyiy). BeiBectn dopmyniy
KBaJIpaTUIHOTO TUCKpUMHHAHTA. [Ipr KakoM yCJIOBUHM OH CTAHOBHUTCS JIMHEHHBIM?

7. Ha Kakux NpeAroNoXeHUIX 0COBaH JIMHEHHBIN TMCKpUMHUHAHT Duriepa?

8. Uto Takoe «mpobieMa MYJIBTHKOJUIMHEAPHOCTH», B KaKUX 3ajjadax M MPH HCIOJIb30BAHUU KaKUX
aJIrOpuTMOB OHa Bo3HUKaeT? Kakue ecTh Moaxo/ibl K €€ peneHuro?

9. Uto Takoe «cMech pactpeieiacHuid) (Ha1o MOMHUTE GopMyiy)?

10. Yto Ttakoe EM-anroputm™m, kakoBa ero ocHoBHas ujiesi? Kakag 3amada pemaerca Ha E-miare, Ha
M-mare? KakoB BEpOSTHOCTHBIH CMBICI CKPBITBIX TIEPEMEHHBIX ?

11. HOCJ’IGILOBB,TGJ'IBHOC ILO6aBJ'IeHI/Ie KOMIIOHCHT B EM—aJ’IFOpI/ITMe, OCHOBHasd UACA aJiIroOpUuT™Ma.

12. Yrto takoe croxactuueckuii EM-amroputm, kakoBa OCHOBHas wujes? B u€m ero mpemmyiiecTBo
(xakoii HegocTaTok crannaprHoro EM-anroputMa oH ycTpanser)?

13. Uro Takoe ceTh pajuaibHbIX 0a3UCHBIX (YHKIIAN?
14. Yro Takoe «BBIOpOCH»? Kak ocymecTBusieTcst QuiabTpanus BLIOPOCOB?

Mertpuieckas Kiaccu(puranms

1. Yro Takoe 000OImMIEHHBIN anroput™M kiaccudukanuu (Hajgo moMHUTH Gopmyny)? Kakue BbI 3HaeTe
YaCTHBIC CITydaun?

2. Kak OMPCACIIAACTCA ITOHATHUC OTCTYIIA B MCTPUUCCKUX aJITOpUTMAX Knaccn(’pnxaunn?
3. Yto Takoe OKHO HCpeMCHHOI\/’I IIUPUHBI, B KAKUX CJIyYasax €ro CTOUT HCHOJIB30BaTh?

4. Yro takoe MeTOn MOTeHUUANbHBIX (QyHKumit? Mnes anropurma Hactpoiiku. CpaBHHUTE C METOAOM
paauaibHBIX 0a3UCHBIX QYHKIIWH.

5. 3adeM HyXeH 0TOOpP OTIOPHBIX OOBEKTOB B METPUUYECKUX AITOPUTMaX Kiaccupuranuu?
6. OcuoBHas uzes anropurma CTOJIIIL.
7. Yto Takoe QyHKIUSI KOHKYpeHTHOTO cxoacTBa? OcHoBHast ujes anroputma FRiS-CTOJIII.

8. I[IpuBeanTe mpruMep METPUUYECKOTO AJITOPUTMa KIacCU(pHUKALUK, KOTOPBIH OHOBPEMEHHO SIBISETCS
0alieCOBCKUM KJIACCU(PUKATOPOM.

9. IlpuBeauTe MpUMEp METPHYECKOTO AJITOPUTMA KIIACCH(UKAIINU, KOTOPBI OJHOBPEMEHHO SIBIISCTCS
JUHEHHBIM KJIACCH(PHUKATOPOM.

Jluneiinas xnaccupuKanys
1. Yto Takoe moxaenp MakKamioka-ITutrca (Hago moMHHTE Ghopmyity)?

2. MeTon CTOXaCTHYECKOTO TpajueHTa. Pacmucarh rpaJMeHTHBIA IIar Jiisi KBaApaTHIHON (YHKIUU
MOTEPb U CUTMOUIHON (PYHKIIUM aKTUBALMH.

3. Hepgocrarku Merona SG u kak ¢ HUIMH OOpOTHCSI?

4. Yto Takoe IMHEHHBIA aganTuBHBIN 31eMeHT ADALINE?
5. Yto Takoe npaBuiio X366a?

6. UTo Takoe «COKpaIIeHHe BeCOB»?

7. O60CcHOBaHUE JIOTUCTHYECKON perpeccuu (OCHOBHAS TEOpEMa), OCHOBHBIE MOCHUIKH (3) U CIEACTBUS
(2). Kak BeIpaxaercst arocTepruopHasi BEpOSTHOCTh KIaccoB (HAA0 TIOMHHUTE (OPMYITY).

8. Kaxk BeIpakaeTcst pyHKIHsSI TOTEPh B JIOTUCTHYECKOH perpeccuu (Hao MOMHUTH GopMyIty).

9. JIBe MoTMBAaLMU U TOCTAaHOBKA 3a7a4ld METO/A OMOPHBIX BEKTOPOB. YMETh BBIBECTH HOCTaHOBKY
3agaun SVM (pekoMmeHtyeTcsi HOMHHUTD (POPMYITy TOCTAHOBKHU 3aJa4H).

10. Kakas ¢ynHkuus norepp ucnonsdyercs B SVM? B noructuueckoir perpeccun? Kakue emé
¢byHkMu noteps Bei 3HAeTe?

11. Yto Takoe siapo B SVM? 3adem BBomsiTcs siapa? Jlrobast mu GyHKIUS MOXKET OBITh SIpoM?
12. Kakoe g/1po mOpoKaaeT MOJIUMHAIIbHBIE pa3eaioliie MOBEPXHOCTH?
13. Yro takoe ROC-kpuBas, kak oHa onpenenserca? Kak oHa 3))eKTHBHO BBIYHCTSETCS?



14. B kakux anropuTMmax KiaccH(UKAIMH MOXHO y3HATh HE TOJBKO KIACCOBYIO MPUHAICIKHOCTH
KJIaCCU(PHUIIUPYEMOTro 00bEKTa, HO U BEPOSTHOCTD TOTO, YTO JaHHBIH 00BEKT MPHHAMICIKUT KKIOMY U3
KJIACCOB?

15. KakoB BepoATHOCTHBIH cMBICH peryisipuszanun? Kakue Tunsl peryaspuzaropoB Bel 3HaeTe?
16. Yto Takoe MpUHLMI MAaKCUMyMa COBMECTHOTO NMPAaBAONOA0ONS JaHHBIX U MOJEIH (HaJ0 IIOMHHUTH
bopmyiry)?

Perpeccus

1. Yro Takoe sifiepHOE CTiIaXUBaHUE?

2. Yto ecTh 0011IET0 MEXTY SJIPOM B HENMapaMeTPUIECKOM perpeccuu u siipoM SVM?

3. Ha uTo BiIMsieT lIMpHHA OKHA, a HA YTO BUJ spa B HElapaMeTpUuecKoi perpeccun?

4. Uto Takoe OKHA EPEMEHHOM MINPUHBI, U 3a4€M OHU HY>KHBI?

5. Urto Ttakoe «BBIOpOCH»? Kak ocymecteisiercss (uibTpanus BBIOPOCOB B HemapamMeTpUUECKOH
perpeccun?

6. IlocTaHOBKA 3a71au MHOTOMEPHOM JINHEWHOH perpeccuyd. MarpudHas 3amuch.

7. Uto Takoe cHHTYIsIpHOE pasiiokeHne? Kak oHO wcmonb3yercst Ui pelieHus 3aa4d HAauMEHbBIIUX
KBaIpaToB?

8. Uto Takoe «mpobieMa MyJIbTHKOJUIMHEAPHOCTH» B 3ajladaX MHOTOMEPHOW JHHEWHOW perpeccuu?
Kakue ects Tpu nmoaxoza K e€ ycTpaHeHUIO?

9. CpaBHUTH TpeOHEBYIO pErpeccHi0 W Jiacco. B kakux 3ajauax MPeaNOYTHTENIbHEE HCIIONbh30BaTh
nacco?

10. Kakyro mpoOieMy pemaer MeTo[ IJIaBHBIX KOMIIOHEHT B MHOTOMEpPHOW JMHEWHOW perpeccuu?
3anucarh MaTPUYHYIO IIOCTAHOBKY 334a41 JJIs1 METO/A IIIAaBHBIX KOMIIOHEHT.

11. Kak cBectu 3a7auy MHOTOMEPHOM HENMHEHHON perpeccu K MOCIEAOBATECIBHOCTU JTUHEUHBIX
3a7a4q?

12. Meton HacTpoiiku ¢ Bo3BparieHussMu (backfitting): mocraHoBKa 3a/1a4uu M OCHOBHAsI UJies METOJIA.
13. Kakue MeTo/pI MOCTPOCHHUS JOTUCTHUECKOM perpeccun Bl 3Haere?

14. TlpuBeauTte mpUMepbl HEKBAJPAaTUYHBIX (YHKIMH MOTEph B PETrPEeCCHOHHBIX 3amadax. C Kakon
LIEJIbIO OHU BBOJSTCS?

HeiiponHsie cetu

1. IlpuBeaure mpumep BBIOOPKH, KOTOPYIO HEBO3MOXKHO Kiaccu(pUUupoBaTh 6e3 OmNOOK C MOMOIIBIO
JMHEHHOTo anroputMa Kiaccudukaruy. KakoBa MUHMMasbHast JUIMHA BEIOOPKH, 00s1aatomias JaHHBIM
cBoiictBoM? Kakwue cymiecTByoT crnocoOsl MOAN(UIUPOBATh JTUHEHHBIM aJITOPUTM TaK, YTOOBI JaHHAS
BBIOOpKa CTalla JIMHEHHO pa3enuMon?

2. [Mouemy moGas OyneBa QyHKIUS MpecTaBUMa B BUjie HelpoHHOH ceTn? CKONBKO B HEl clioéB?

3. Meroz obparHoro pacnpocTtpaneHus omnOok. OcHoBHas ujesi. OCHOBHBIE HEJIOCTATKH U CIIOCOOBI
UX yCTpaHCHHSI.

4. Kak MO)XKHO BEIOMpaTh HavyabHOE MPHUOIIKEHNUE B TPAJUCHTHBIX METOJaX HACTPOWKU HEHPOHHBIX
cereit?

5. Kak MOXHO yCKOPHUTH CXOIMMOCTh B TPAJAMEHTHBIX METOJaX HACTPOUKH HEUPOHHBIX ceTei?
6. Uto Takoe nuaronanbHbIN Meto]] JleBenOepra-MapkBapara?

7. YTo Takoe «mapajnd» CEeTH, U KaK ero n30exarh?

8. Kak BpIOMpaTh YKCIIO CIOEB B IPaIUCHTHBIX METOJ]aX HACTPOUKH HEHPOHHBIX CeTen?

9. Kak BbIOMpaTh YKMCIO HEHPOHOB CKPBITOTO CJIOS B IPAJMCHTHBIX METO/AaX HACTPOWKH HEHPOHHBIX
ceTen?

10. B uém 3akiouaeTcsi METOJl ONTHMAIBHOTO MPOPEXXHUBaHUS HelpoHHoi cetn? Kakue HemocraTku
CTaHAAPTHOTO aJrOpUTMa 0OPAaTHOTO PACcIIPOCTPAHEHNUS OMNOOK MO3BOJISIET yCTpaHuTh Metox ODB?

Komro3unmu anropuTMoB KJ1acCUPUKAIUN

1. Jlate ompeneneHue ajJrOPUTMHYECKONH KOMIO3WIMK (MOMHUTH (opmyny). Kakwme Tumbl
KOPPEKTHUPYIOIIUX ONepaiuii Bl 3HaeTe?

2. Kakue Tumsl ronocoBanus Bel 3HaeTe? Kakoii n3 Hux Hanbosnee obumii? (HoMHUTH GOopMyITy)

3. Kak oOHapyXHUTb OOBEKTBHI-BBIOPOCHI TNPH TOCTPOECHUH KOMIIO3ULMHU Kiaccu(UKaTOpoOB Uis
rOJIOCOBAHUSI 110 OOJIBIINHCTBY?



4. Kak obecnieqnBaeTcs pa3aMyHOCTh 0a30BBIX aJTOPUTMOB IPH FOJIOCOBAHUY 10 OOJIBIINHCTBY?
5. Kak obGecnieunBaeTcst pa3iIMIHOCTb OA30BBIX AITOPUTMOB IIPH T'OJIO0COBAHUH MO CTAPIINHCTBY?

6. Kakue BO3MOXHBI CTpaTerMM BBHIOOpA KJIAaccOB 0a30BBIX QJTOPUTMOB MPU TOJOCOBAHUHU IO
CTapIIMHCTBY?

7. Kakue 1Be 3BpUCTHKH JiexkaT B ocHOBe anroputMa AdaBoost?
8. Kak oOHapyxuTh 00bEKTHI-BEIOpOCH B anroputme AdaBoost?
9. HocTouHcTBa U HEnocTaTku anroputMa AdaBoost.

10. OcHoBnas uzaes anropurma AnyBoost.

11. OcHoBHas uzest meTona bagging.

12. OcHoBHas uest METOAA CITy4alHBIX TMOAIPOCTPAHCTB.

13. Uto Takoe cMech IKCIIEPTOB (IOMHUTE (HOopMyITy)?

14. TlpuBenute mpuUMeEpbl BBINYKIBIX (QYHKUOUH morepb. IloueMy CBOMCTBO BBIMYKIOCTH HOMOTAeT
CTPOUTH CMECH IKCIIEPTOB?

Jlornueckue anropuTMsl Kinaccuukayun

1. Yro Ttakoe morudeckas 3akoHOMepHOcTh? IIpuBenuTe mnpHMepbl 3aKOHOMEpPHOCTEH B 3aj1aue
pacro3HaBaHHMs Cliama.

. HacTo ucmonp3yeMble TUIIBI JIOTHYECKUX 3aKOHOMEPHOCTEH.

. JlaiiTe onpeneneHne SICUIIOH-1EIbTa-IOTHYeCKON 3aKOHOMEPHOCTHU (TIOMHUTE (POPMYJIBI).
. JlaiiTe onpeneneHne CTaTuCTHYECKOW 3aKOHOMEPHOCTH (IIOMHUTH (POPMYJIbI).

. CpaBHHTE 00JIACTH CTATUCTUYECKHUX M JOTHYECKUX 3aKOHOMEPHOCTEH B (P,N)-IIIOCKOCTH.
. C xakoli 1ienplo aenaercs OnHapu3anus?

. B uém 3akmouaeTcs npoueaypa OMHapu3auuy Npu3HaKa?

. Kak nmpoucxonut nepe®op B kaJHOM aqropuTMe CHHTE3a HH()OPMATUBHBIX KOHBIOHKIMHA?
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. Kakue xpurepun nHpOpMaTUBHOCTH UCIIONIB3YIOTCS B KaJHOM aJIrOPUTME CUHTE3a NH(OPMATUBHBIX
KOHBIOHKIIMH U oueMy?

10. Kak npucrmocoOuTh >KaaHbIA alrOpuTM CHUHTE3a KOHBIOHKIWU il CHHTe3a WH(POPMATHBHBIX
mapos?

11. Yto Takoe CTOXaCTHUECKHUI JTOKAIBHBIN OUCK?

12. B uém oTnmuwms peaykuuu v ctadbrmnusanun? B u€M uX JOCTOMHCTBA M HEJOCTATKH?

13. Yto Takoe perraromiuii CIiucoK?

14. Kakue kputepnn WH(OOPMATUBHOCTH HCIIONB3YIOTCS PU CHHTE3€ PENIAIONIETo CIIUCKA U TToYeMy?
15. IoCTOMHCTBA ¥ HEAOCTATKHU PEIIAIOIINX CIIHCKOB.

16. Uto Takoe penrarorniee 1epeBo?

17. Kakue kputepnn WH(OOPMATUBHOCTH UCTIONB3YIOTCS IPU CHHTE3€ PEHIAIONIETO ISPeBa U MouemMy?
18. IoCTOMHCTBA U HEAOCTATKU PEIIAIOIIUX JICPEBHEB.

19. 3auem nemaercs peayKIus PENIAFOIINX TePEBbEB?

20. Kakuie ecTh B2 OCHOBHBIX THIIA PEIYKIIUU PEIIAIONINX JePEBHEB?

21. Kak npeoOpa3oBarh pelmariiee AepeBO B PEIIAIONINI CIIHCOK, U 3a4eM ITO JENAeTCs?

22. Yro takoe ADT (alternating decision tree)? Kak npoucxonut nocrpoeane ADT?

23. OcnoBnas uges anroputma KOPA.

24. TloueMy BO3HHUKAaeT IpoOjeMa MPEaNOovYTEeHUs] MPU3HAKOB C MEHBLUIMMH HOMEPAaMU B aJTOPUTME
KOPA? Kak ona pemaetcsi?

25. OcHoBHas unes aaroputma TOMIL.
26. Kakue kputepuu nHOOPMATUBHOCTH UCTIONB3YIOTCS B anroputme TOMII u noyemy?

27. Tlouemy Bo3HHMKaeT mpobieMa ayOnupoBaHus 3akoHOMepHocTel B anroputme TOMII? Kak ona
peaercs?

28. JlocronnctBa 1 HepocTarku ainropurma TOMIL

29. Kak wucnoms3oBath amroputM AdaBoost s mOCTpOeHHSI B3BEIMIEHHOTO TOJIOCOBAaHHUS
3aKOHOMEPHOCTE?

30. Kakoii kputepuit nH(HOpMATUBHOCTH UCTIONB3yeTcs B anroputme AdaBoost?
31. Crpykrypa anropuTma BeraucieHus oreHok (ABO).

32. Yrto Takoe accomuarvBHOe Tpasmiio? [lpuBenuTe mpuMmep accOIMATHBHOTO MpaBuiia B 3ajaye
aHaJin3a NOTPEOUTEIBCKUX KOP3UH.

33. OcHOBHas UAEs AITOPUTMA IIOMCKA aCCOLMAaTUBHBIX paBui APriory.



Krnacrepusamus 1 TakcCOHOMHUS
1. KakoBbI OCHOBHBIE LI KJIacTepU3aluu?

2. OcHOBHBIE TUIIBI KJIACTEPHBIX CTPYKTYyp. [lpuBenute anst Kaxaodl U3 3TUX CTPYKTYp IpUMEp
anropuTMa Kiactepusann, kotopslit st He€ HE nogxonut.

3. B uém 3akmroyaercs aJrOpuTM KpaTdaiiiero He3aMmkHyToro myTtu? Kak ero mcmonb3oBarh AJist
knactepuszanun? Kak ¢ ero momourso onpeaenuTs Yucio kinactepos? Beerna g 310 BO3MOXKHO?

4. OcHoBHas uzes anropurma @opIi.

5. Kak BbIYUMCIAIOTCS IIEHTPHI KiacTtepoB B amroputme PopDi, ecnu 0OBEKTHI — 3JIEMEHTHI
METPUYECKOT0 (He 0053aTeNIbHO TMHEHHOTO BEKTOPHOTO) IPOCTPaHCTBA?

6. Kakue cymecTByoT GyHKLIMOHAJBI KAYeCTBa KJIACTEPU3ALMH U JJIS1 YE€r0 OHU IPUMEHSIOTCS?
7. OcHoBHBIC oTiIMYMs adropurma k-cpeaaux u EM-anropurma. Kro u3 Hux ny4ie u nodemy?
8. OcHoBHas uaes uepapxuyeckoro anroputma Jlanca-Buibsmca.

9. Kakue OCHOBHBIE THUNBI PACCTOSHUM MEXIy KiIacTepaMd TNPUMEHSIOTCS B aJTOPUTME
Jlanca-Bunbsmca?

10. Kakue paccrosHMs MEXy KiacTepaMu, MpuMeHseMble B anroputMe Jlanca-Bunbsmca, sydme u
noyemy?

11. Yro Takoe aernporpamma? Beerma mu €€ MOXXHO TIOCTPOUTH?
12. Kaxoii pyHKIIMOHAN KauecTBa ONTUMHU3HUPYETCs ceThio KoxoneHa? (moOMHUTH popMyity)

13. B 4yem ominuus mpaBui MATKOM M KECTKOW KOHKypeHuuu? B uém mpeumymiectBa MATKOH
KOHKYpEHITUHU?

14. Kak yctpoena camooranusytromiasics kapra Koxonenea?
15. Kak nnrepnperupytorcsa kaptsl Koxonena?

16. TTouemy 3a7a4 ¢ YaCTUYHBIM OOyUYCHHEM BBIIICICHBI B OTACNbHBIN Kiaacc? [TpuBeaute npuMepsl,
KOTJIa METO/IbI KJacCU(HUKAIMU U KJIACTEPU3AIlUK Jal0T HEaJeKBaTHOE PEIICHUE 3aa4i ¢ YaCTHYHBIM
oOyueHueM.

17. Kak mpucnocoOuTh rpagoBbie alropuTMbl KJIACTEPH3ALUH U PELICHUS 33/1aud C YaCTUYHBIM
oOy4eHuem?

18. Kak npucnocobuts EM-anroput Juis penieHns 3a1a4u ¢ YaCTUIHbIM 00y4YeHneM?
19. Kakue criocoObl perieHus 3aa4u ¢ YacTHYHBIM 00y4eHrneM Bri 3HaeTe?

Kpurepun onennBanus
OTJINYHO
10 BcecTopoHHHME, CHCTEMAaTH3MpPOBaHHBIC, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl TUCLMILIMHBI U

yYMEHHE YBEPEHHO NPHUMEHSATh MX Ha MPaKTUKE NPH pEIIeHHMM KOHKPETHBIX 3a/1ad, CBOOOTHOE U
MpaBUILHOE 00OCHOBAaHHUE MPUHSTHIX PEILICHHI;

9 cucremaru3upoBaHHbIC, [IyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl AUCIUIUIMHBI U YMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3aj]lad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
peLIEHN;

8 mryOokue 3HaHMSA Y4eOHOM HMporpamMMbl JUCUUILIMHBI M yMEHHE NMPHMEHSTh MX Ha IMPAKTHKE IPU
pEIIeHUH KOHKPETHBIX 3a]1a4, IpaBUJIbHOE 000CHOBAaHHUE MPUHATHIX PEIICHUH;

XOpOLIO

7 TBEpIO 3HAET MaTepHaj, 'PAMOTHO M IO CYLIECTBY HM3JaraeT €ro, yMeeT NPHMEHATH MOJyYEHHBIE
3HaHUS Ha [IPAKTUKE, HO JIOIYCKAeT B OTBETE WJIM B PELLICHUM 33]a4 HEKOTOPbIE HETOUHOCTH;

6 3HaeT Marepuai, rPaMOTHO M3JIaraeT €ro, yMeeT IPUMEHSThH [O0JyUYEHHbIE 3HAHUS Ha IPAKTUKE, HO
JOITYCKaeT B OTBETE WIIM B PEIICHHUH 33]1a4 HEKOTOPBIE HETOYHOCTH;

5 3HaeT OCHOBHOW MaTephall, [PaMOTHO H3JIaraeT ero, yMeeT NPUMEHSATh IMOJyYCHHBIC 3HAHUS Ha
IIPAKTUKE, HO IOIyCKAeT B OTBETE WU B PEILIEHUM 3a/1a4 HETOUHOCTH;

YIOBJIETBOPUTEIILHO

4 (¢parMeHTapHbIM, pa3pO3HEHHBIH XapakTep 3HAHWH, HEJOCTATOYHO TNPAaBUIBbHBIE (OPMYIUPOBKU
0a30BbIX MOHSATHHA, HApPYLUICHHUS JIOTWMYECKOH IOCIICAOBATEIbHOCTH B HM3JIOKEHUH TPOrPAMMHOIO
Marepuaa, HO Ipy 3TOM OH BJlaJeeT OCHOBHBIMM pa3/ieslaMH Y4eOHOH mporpamMMbl, HEOOXOIUMBIMU
JUIs AanpHeHmero o0y4yeHus 1 MOKET IPUMEHSTh OTYYCHHbIE 3HaHUS 110 00pasily B CTaHAaPTHOU
CUTyalluH;



3 xapakTep 3HaHUI JOCTAaTOYEH A JaJbHEHIIEro 0OyYeHUsI U MOXKET IPUMEHATH IOyYeHHbIC 3HAHUS
1o oOpasiy B CTAaHJAPTHOW CUTYyalluu;

HEYIOBJIETBOPUTEIILHO

2 He 3HaeT OonblIel YacTH OCHOBHOTO COIEpPXAaHUS y4yeOHOW MpOrpaMMbl JTUCHUIUIMHBI, JOITyCKAaeT
rpyobsie OmMOKM B (HOPMYIMPOBKaxX OCHOBHBIX MOHATUH AMCLUMIUIMHBI M HE YMEET IPaBHIBHO
UCII0JIb30BaTh [10JIyUYEHHbIE 3HAHUS IIPU PELIEHUH TUIIOBBIX MPAKTUUECKUX 3a/au.

1 He 3HaeT (HOPMYIMPOBOK OCHOBHBIX HMOHATUN IUCHUIUIMHBI U HE YMEET UCIIOIb30BaTh MOTy4YEHHbIE
3HaHUS IPU PELICHUH TUIIOBBIX IPAKTUYECKUX 3aa4.

4. MeTonnueckue MaTepraJibl, ONpeAesionue MpoueAyphbl OeHUBAHNSA 3HAHMI, YMEHUH, HABBIKOB U
(Wy1M) oNbITA AESITEJILHOCTH

Bo Bpems crmauu nuddepeHMpoBaHHOTO 3a4éTa oOydaronimecs MOTYT TOJBb30BaThCs MPOTPaMMO
JHMCUUILIAHBL, @ TAKKE CIIPABOYHOM JIUTEPaTypOid, BBIYUCIUTEIBHON TEXHUKON, KOHCTIEKTaMH JICKIIUH.



