degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: MaremaTuueckue MOACIN MalllIMHHOI'O 06yquH$[
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: PaZ[I/IOTeXHI/IKa 1 KOMIIBFOTCPHBIC TCXHOJIOTUH

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa MammHHOTO 00yUYeHUs U IU(PPOBOI TYMaHUTAPUCTUKA

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBbI IPOMEKYTOUHOM arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

KonnuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2

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

[Iporpamma obcyxieHa Ha 3acefjanny KadeIpbl MAITHHAOTO 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 xoH1e kypca oOcyxaaercs 3aa4da KjlacTepu3anun — o0yueHus 0e3 yuures.

1. lean u 3apa4un
Heab nucUMMINHBI
- chopMHpOBaTh TEOPETUUECKUE U MPAKTHUSCKHUE 3HAHUS B 00JACTH OOyYEHHUs MAIlllH, COBPEMEHHBIX

METO/I0B BOCCTAHOBJIEHUSI 3aBUCHUMOCTEH 10 AMIMPHUYECKUM JaHHBIM, BKJIIOYAs AUCKPUMHHAHTHBIN,
KJIACTEPHBIN U PErpEeCCHOHHBIN aHAJIH3.

33)13‘11/[ 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. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($91474:0)111%0,€ KOMHGTGHL[I/Iﬁi

Ko 1 HaumMeHOBaHKE KOMIIETEHINH WNnaukaTtopsl JOCTHKEHHUS] KOMIIETEHIIUN
OIIK-2 Cnocoben ucnonb3oBarh copemennsie |OITK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U BBIYMCIIMTENIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHeT B

MpOrpaMMHBIE CPEJICTBA MIPH PelIeHUH 3a1ad  |obnactu (cdepe) npodeccHoHaNbHOMN AesITETbHOCTH
poheCCUOHATBHOM JIeTENLHOCTH, COOTIOnas
TpeboBaHUsg NHOOPMAIIMOHHOW OE30TIaCHOCTH

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATh!
- OCHOBHBIE IIPHHIHIIEI U POOJIEMATHKY TEOPUU 0OYUIECHUS MaIllnH;
- OCHOBHBIE METO/IbI ¥ AJITOPUTMBI PEIICHHS 33/1a4 00yUeHHUS 110 MPELeAECHTaM;
- OCHOBHBIE 00JIACTH IPUMEHEHHS ITUX METOOB M AJITOPUTMOB;
- KJIaccu(UKaluy, KIacTepU3aIii U PErPeCcCHH.

YMETb:

- popMaI30BaTh TOCTAHOBKY MPUKIIAAHBIX 33/1a4 aHAIN3a JaHHbBIX;
- ACTOJIH30BaTh METO/Ibl OOYUEHUS TI0 Tpele/IEHTaM [T PEIICHHS MPAKTUIECKUX 3a]1ay;
- OIIEHUBATh TOYHOCTH ¥ 3(P(PEKTHBHOCTH MMOTYICHHBIX PEIICHUN.

BJIAJIETh:



- OCHOBHBIMHM HOHSTHSAMH TEOPUU MAIIMHHOTO O0Yy4EHMUS;

- HaBbIKAMH CaMOCTOATEIBHOM paboThl IPH PEeIICHUH TUIOBBIX 3a7ad;

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

- HaBBIKAMH TEOPETHYECKOTO aHAIIM3a PEAIbHBIX 3a71a4, PEIIaeMbIX C IIOMOIIBIO aJITOPUTMOB O0yUYCHHUS

IO MpelEeCHTaM.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl tuctMIInHbl (MOYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM Y4eOHBIX 3aHATHI, BKIIIOYas
CaMOCTOSTENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora

| JInHeliHple METOABI M CTOXaCTUYECKUHI 3 3 3
IpaueHT

2 HelipoHHblE ceTM W  TpaagWCHTHBIE 2 > 2
METO/IbI

3 Mertpudeckre MeTob! KiacCu(pUKAuN 1 ) ) )
perpeccun

4 MeTtozn OnOpHBIX BEKTOPOB 2 2 2

5 MHoroMmepHas JIMHEWHas perpeccus 2 2 2

6 Henuneitnas perpeccus 2 2 2

7 Kputepun BbiOOpa Momeneid u MeTOIbI 3 3 3
0TOOpa MPU3HAKOB

8 Jlornueckue MeTobl KiaccupuKanum 4 4 4

9 JluneiiHbie KOMIIO3UIIUHU, OYCTHHT 2 2 2

10 baiiecoBckas knaccuuranus u 4 4 4
OLICHMBAHHE MJIOTHOCTH

11 Knacrepuszanus n vactuanoe obyueHue 4 4 4

Hroro yacos 30 30 30

[ToaroroBka x sK3aMeHy

0 gac.

Oobmas TpynoEMKOCTb

90 ygac., 2 3au.ex.

4.2.

Coneprxanue JUCIUIUIMHBL (MOAYS), CTPYKTYPUPOBAHHOE IO TeMaM (paszesiam)

Cemectp: 7 (OceHnuii)

1. JIuneliHnble METOBI U CTOXACTUYECKUM TpagUeHT

» Jluneitnblii knaccuduxarop, momens MakKamnoka-Ilurrca, HempepbiBHbIE aNNpPOKCHMAIUMH

MOPOTOBOH (PYHKIMH MTOTEPE.

* Metoz croxactudeckoro rpaauenta SG.

* Metoz croxacTudeckoro cpeanero rpaguenta SAG.

* DBpHUCTUKU: WHUIMAIU3AIUS BECOB, IMOPSIOK NPEABSBICHUS OOBEKTOB, BHIOOP BETUYMHBI
TPagueHTHOTO II1ara, «BRIOMBAHME) U3 JOKAIEHBEIX MUHUMYMOB.

* [IpoGiieMa MyJIBTHKOJUIMHEAPHOCTH M TIEPEOOyUEHUs, PEeryiisipu3anns Uik peayKuus BecoB (weight

decay).

* BeposiTHOCTHAst MOCTAaHOBKA 33/a4M KilacCUPUKauy. [[puHIMIT MaKcuMyMa TIPpaBaoo00msl.



* BeposiTHOCTHast MHTEpIIpETALMs PErysipU3alii, COBMECTHOE MPABAONOI00ME JaHHBIX U MOIEIIH.
[IpuHIMI MakcUMyMa arnoCcTEpUOPHON BEPOATHOCTH.

* ["ayccoBCKMIi M TayIaCOBCKUN PETyIsipU3aTOpBI.

» Jloructuueckas perpeccus. llpuHiun Makcumyma npaBaonoaodus u jorapudmuyeckas QyHKIUSL
noteps. MeTo CTOXaCTHYECKOTO IpafueHTa Ajs jJorapupmuueckoil pyHkiuu norepb. CriiaxkeHHOE
npaBuiio X300a. MHoOrokmaccoBasi JorucThdeckas perpeccus. PerynspusoBaHHasl JOTHCTHYECKAS
perpeccust. Kannbposka Ilnarra.

2. HeiiponHble ceTH U rpaJueHTHBIE METOABI

* buonorudeckwuii HevipoH, monenb MakKamnnoka-ITutrca kak nmHeiHbIi knaccudurarop. OyHKIMN
AKTHBaLlUU.

* [IpoGiema nomHOTHL. 3aada UCKITIOYaroIIero win. [1omHOoTa AByXCIOHHBIX CeTeil B POCTPAHCTBE
OyseBbIX (DyHKIIHH.
* AJITrOpuT™M 00PaTHOTO PACTIPOCTPAHEHHS OIUOOK.

* bBricTppie MerToapl croxactuyeckoro rpaguenta: Ilonmsika, HecrepoBa, AdaGrad, RMSProp,
AdaDelta, Adam, Nadam, nuaronanbsHbIi MeTo/] JIeBeHOepra-Mapksapara.

» IIpoGnema B3pbIBa rpaguHeHTa U 9BpUcTUKa gradient clipping.

* Merox ciayvaifHbIX OTKIIOUeHHH HeiiponoB (Dropout). UaTepnperanuu Dropout.
* OOparupiii Dropout u L2-perymsapusanus.

» @ynknun aktuBauu ReLU u PReLU. IIpoGiema «napaiuya» ceTH.

* DBPUCTHKH 11 (YOPMUPOBAHHS HAYAIBHOTO MPUOIMKEHUSI.

* MeToa nociioiHON HACTPOMKHU CETH.

* [TonGop CTPYKTYpBI CETH: METOJBI IIOCTEIICHHOTO YCIOKHEHHS CETH, ONITUMAIIbHOE POPESKUBAHNE
HEHpOHHBIX ceTeit (optimal brain damage).

3. MeTpuueckue MeTo/Ibl KITacCU(PUKAILIMK U PETPECCHH

* ['MII0TE3bI KOMITAKTHOCTH U HENPEPHIBHOCTH.
* O000IMEHHBIH MeTpUYECKHI KIaccuuKaTop.

* Metox Ommkaitmux coceneid kNN u ero o6o6mienus. [logbop yucna k mo kpuTepuio CKoIb3sIIETo
KOHTPOJISL.

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

° HenapaMeTqueCKaﬂ perpeccus. JIokaabHO B3BEIICHHBIN MCTOJ HAUMCHBIINX KBAaJIPaTOB. ﬂnepHoe
CITIIa’)KMBaHHUC.

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

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

* 3amaua otO60pa TanoHoB. [lonHeli ckonb3smuil KoHTpoabs (CVV), popMysa ObICTPOro BEIYUCICHHUS
st metona INN. [Ipoduinb KOMITAKTHOCTH.

* OTbOp STaJOHHBIX OOBEKTOB HAa OCHOBE MHHHMU3AIMH (YHKIMOHATIA TIOJIHOTO CKOJIB3SIIETO
KOHTPOJISL.

4. MeToz OTTIOPHBIX BEKTOPOB

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

» Cityyau TUHEHHOM pa3ieIMMOCTH U OTCYTCTBUS JIMHEHHON pazaenumocTu. CBsi3b C MUHUMU3AIHEH
PETYIIIPU30BaHHOTO SMIIMPHUYECKOT0 pucka. KycouHo-nuHeitHas GyHKIMS TOTepb.

* 3aja4ya KBaIpaTHYHOTO MIPOrPAMMHUPOBAHMS U IBOWCTBEHHAs 3a7a4a. [[oHATHE OMOPHBIX BEKTOPOB.
* Pexomenparuu 1o Be160py KOHCTaHTHI C.

» Oynknus sapa (kernel functions), cnpsMisitoniee 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 pa3JIokKEeHHE.

* [IpobnemMbl MyJIbTHUKOJUIMHEAPHOCTH U TIEPEOOyICHUSI.

* Perynapusanus. ['pebneBas perpeccus uepes CHHTYIISIPHOE Pa3IoKEHHE.

» Metonst oT6opa npusHakoB: Jlacco Tubmmpanu, Elastic Net, cpaBHeHne ¢ rpeOHEBOM perpeccuei.
* Merox IaBHBIX KOMIIOHEHT M JeKoppenupymomiee npeodpaszoanne Kapynena-JIosBa, ero cBsisb C
CHHTYJISIPHBIM Pa3JIOKCHUEM.

* CrieKTpasbHBIN MOIX0/ K PEHICHHIO 33]]a9 HAUMEHBIINX KBaPaTOB.

* 3aa4M ¥ METO/bI HU3KOPAHTOBBIX MATPHYHBIX PA3IOKEHHH.

6. Henuneitnas perpeccus

» Meton Hriorona-Padcona, meron Hetorona-I"aycca.
* O600ménnas agnutuBHas monenb (GAM): merox HacTpoiiku ¢ Bo3BpamieHusiMu (backfitting)
XacTtu-Tubnmpanu.

» Jloructuueckas perpeccusi. MeTox HaUMEHBIIMX KBaJpaTOB C MTEPATHUBHBIM IEPECUETOM BECOB
(IRLS). ITpumep npukiagHON 3a1a4n: KpeIUTHBIA cKOpuHT. bruHapuzanus npuznakoB. CKOPUHTOBBIE
KapThbl U OLICHUBaHHUE BEPOSTHOCTH AedonTa. Puck kpenurHoro noprdens 6aHka.

» O6061ménHas nuHeiHas Moaens (GLM). DkcnoHeHIHaIbHOe CEMEHCTBO pacpeaesiCHIH.

* HekBagparnunble QyHKIHMH TOTepb. MeToJ HauMEeHbIIMX Moxyieill. KBaHTHIIBHAs perpeccus.
[Tpumep npuxaagHON 3a1a4M: IPOTHO3UPOBAHKE MTOTPEOUTENHCKOTO CIPOCa.

* PobactHas perpeccus, pyHKIMU TOTEPh C TOPUZOHTAIBHBIMH ACUMIITOTaMH.
7. Kputepun BbIO0Opa Mojiesiei 1 METObI 0TOOpa MPU3HAKOB

» Kpurepun kadectBa kinaccu(UKaiuu: 4yBCTBUTEIBHOCTS U cnienuduanocts, ROC-kpuBas u AUC,
TOYHOCTH M noaHoTa, AUC-PR.

° BHYTpeHHI/Ie " BHCIIITHUC KPUTCPUHU. BMHI/IpI/I‘leCKI/Ie 1 AaHAJIMTUYCCKUC KPUTCPUU.

* CKONB3ALIMA KOHTPOJIb, PA3HOBUIHOCTH DMIIMPUYECKUX OLEHOK CKOJB3AILIETO KOHTPOJIS.
Kputepuii HennpoTUBOpEYUBOCTH.

* PazHOBHIHOCTH aHanMUTHYECKUX OlIeHOK. Perymsapuzanus. Kpurepuit Akauke (AIC). baiiecoBckuii
uHpopmaunonnbiii kputepuii (BIC). Ouenka Bannuka-YepBoHeHKHCA.

» CoxHOCTh 3a1a41 0TO0pa npu3HakoB. [lomHbIi mepedop.

* Meton 106aBneHNs U yIAICHUs, [aroBas perpeccusl.

* [Touck B m1yOHMHY, METOZI BETBEH U TPaHMLI.

* Yced€HHBIN MOUCK B IUPHHY, MHOTOPSIIHBIN UTEpallMOHHbIN anroputM MI'VA.
* ['eneTnueckuit anroputm, ero cxoactso ¢ MI'VA.

 Ciryuaitabiii mouck u Ciyuaiineiii mouck c aganrtanueid (CI1A).

8. Jlornueckue MeTO/IbI KiTacCU(DUKATINH

* [ToHsATHE JTOTMUYECKOI 3aKOHOMEPHOCTH.

* [TapameTpuueckue cemeiicTBa 3aKOHOMEPHOCTEH: KOHBIOHKIIMK MOPOTOBBIX MPaBWII, CHHAPOMHBIE
IIpaBUJIa, LIapbl, THIEPILIIOCKOCTH.

» [lepeGopHble anrOpUTMBI CHHTE3a KOHBIOHKIUH: CTOXaCTUYECKHH JIOKAIBHBIA IOWCK,
cTabunu3anus, peayKuusl.

* JIByXKpUTEpHATbHBIA OTOOP MH(POPMATUBHBIX 3aKOHOMEPHOCTEH, MapeTo-ONTUMANbHBIN (POHT B
(p,n)-mipocTpaHCTBE.

* Pemarommee aepeso. XKamgnast Hucxomdmias cTparerus «pasmensit u BiacTByi». Anroputm I1D3.
Henocrarku xanHoii cTpateruu u cnoco6sl ux ycrpanenus. [Ipobnema nepeoOydenus.

* BriBon kputTepueB BeTBieHUsA. Mepa HeuyucToThl (impurity) pacnpeneneHusi. DHTPONUHHBIN
KpUTepuii, Kpurepui [[xuHu.



* Penykiust pemaronumx qepeBbeB: IpeapeayKIus U noctpeaykuus. Aaroputm C4.5.
* lepeBns perpeccun. Anroputm CART.

» HeOpexnsbie pematomiue aepeBbs (oblivious decision tree).

* Pemaromuii nec. Ciryuaiinsiit tec (Random Forest).

@DaKyJIbTaTUB

» Craructrueckuii Kputepuii mHpopMaruBHOCTH, ToYHBIH Tect Dumiepa. CpaBHeHHe obOnactei
IBPUCTUYECKUX W CTAaTUCTHUYECKUX 3aKOHOMEPHOCTEM. ACHMIITOTHYECKAs OSKBUBAJIEHTHOCTH
CTaTHCTHUUECKOTO M JHTPONMHHOrO KpuTepus HHPOpMaTuBHOCTH. PasHooOpasme Kpurepues
WH(POPMATUBHOCTHU B (P,N)-IIPOCTPAHCTBE.

* Pemmaromuii nenp. buHapusanus npusHakoB. AJTOpUTM pa3OueHHs 00JacTH 3HaYCHUI IPU3HAKa Ha
WH(POPMATUBHBIC 30HBI.

* Pemaromuii ciricok. XKaHbIi alrOpUTM CHHTE3a CIIHCKA.
* [IpeoGpazoBanue peLIAIOLIETO IepeBa B PEIIAOIININ CITUCOK.

9. JIuneitHble KOMITO3UITUH, OYCTUHT

* OcHOBHBIE TOHATHA: 0a30BBIM aNropuT™M (aJTOPUTMHUYECKUI OIEepaTrop), KOPPEKTHPYIOILAs
ornepanusl.

* B3BenienHoe roj0CoOBaHUE.

» Anroputm AdaBoost. DkcnioHeHIIMaIbHAs allIPOKCUMAIUs TOPOTroBoi (pyHKIMHU moTeps. [Iponecc
MOCIIEI0OBATEIBHOTO 00yUeHHsI 6a30BBIX ATOPUTMOB. TeopeMa 0 CXOAUMOCTH OyCTHHTA.

* O6o6maromiast cmocoOHOCTh OyCTHHTA.

* bazoBele anroput™el B OycTrHTe. Pemmaromniye mHu.

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

» Anroputm XGBoost.

* ['paguentHsiii OycTuHT. CTOXaCTHYECKUH IPaJUCHTHBIN OyCTHHT.

10. BaiiecoBckas knaccupuKanus 1 OlleHUBAHNUE TNIOTHOCTH

* [IpuHIMI MakcUMyMa aroCTEPHUOPHON BEpOSTHOCTH. Teopema 00 onTUMaLHOCTH OaleCcOBCKOTO
Kiaccudukaropa.

* O1leHUBaHKE TIOTHOCTH PACIIPE/ICIICHHS: TPU OCHOBHBIX TTOIX0/1A.
» HauBHbII OaiieCOBCKUI KiIacCHPUKATOP.

» Hemmapamerpuueckoe OLleHUBaHUE TUIOTHOCTH. SlnepHast oueHka riotHocTH Ilap3ena-Po3zen6bnarra.
OpHOMEpPHBIN 1 MHOTOMEPHBIH CITy4Yau.

» MetoJ map3eHOBCKOro okHa. Beibop yHKIMM siapa. BeiObop mMpuHbl OKHA, IEpEMEHHAS IIMPHHA
OKHa.

° HapaMeTpI/I‘-IeCKOC OLICHUBAHUCEC IIJIOTHOCTH. HOpMaJ’IBHBIfI I[HCKpI/IMI/IHaHTHLIﬁ aHaJIn3.

* MHOromMepHoe HOpPMaJbHOE paclpenelieHHe, T'eOMEeTpUYecKass WHTeprperanus. BriOopodHbie
OLICHKH [TapaMeTPOB MHOTOMEPHOTO HOPMAJILHOTO paclpeeIeHusl.

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

* JIuneinelii quckpumuHanT @uniepa.

* [Ipo6nemMbl MyJIBTHKOJUIMHEAPHOCTH U TIepeoOydeHusl. Perynspusanus KoBapuauroOHHON MaTpHUIIBL.
* [lapameTpuueckuii HAaUBHBIN OalleCOBCKUI Ki1acCU(UKATOP.

» CMech pacrpeaeneHui.

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

* Boi6op uncna komnonentos cmecu. [lomaroBas crparerus. AnpuopHoe pacnpeaenenue Jupuxie.

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

* Cpasaennie RBF-cetn u SVM c rayccoBckum simpom.

11. Knacrepuzanus u yactTuuHoe oOydeHne



* [locranoBka 3anauu kinacrepusaluu. Ilpumepsl npukiagHbIx 3a1a4. TUIIBI KIACTEPHBIX CTPYKTYP.

* [locranoBka 3aaaun Semisupervised Learning, mpuMepbl MPUITIOKESHUN.

* 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 Iy Tb.

» Aaropurm ©OPIJIL.

» Aaroputm DBSCAN.

» AriomepaTruBHas Kiactepuzauus, Anroput™ Jlanca-BumnbsiMca 1 ero 4actHsie cirydau.

* AJITOpUTM MOCTPOCHUS ACHAPOrpaMmMbl. OnpeeneHne yucia KIacTepoB.

» CBoiicTBa CKaTHA/pacTSHKEHHSA, MOHOTOHHOCTH M PEOyKTUBHOCTH. llceBIokon penyKTHBHOM
BEpPCUU AITOPUTMA.

* [IpocThie aBpUCTHYECKHE METOJIBI YACTUIHOTO 00yueHus: self-training, co-training, co-learning.

* TpaHCIYKTUBHBIN METOJ] OMTOPHBIX BeKTOpoB TSVM.

» Auroputm Expectation-Regularization Ha OCHOBE MHOTOKJIACCOBOH pETYISIPU3NPOBAHHON
JIOTUCTUYECKON pEerpeccuu.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlEHHAs! MYJIbTUMEANAIIPOSKTOPOM U KPAHOM.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

OcHoBHas 1uTeparypa

1. Maremarnieckie OCHOBBI MAIIIMHHOTO OOYYEHHUS U POTHO3UPOBAHUS, DIEKTPOHHAS BEPCHUS
rievarHoi myonukaruu / B. B. Betorun. — Mocksa, MITHMO, 2014

JomnonHutensHas auTeparypa

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

1. http://www.machinelearning.ru — npodeccrnonanbHbIi HHPOPMALIMOHHO-aHATMTHYECKUN pecypc,
MOCBAIICHHBII MAIIMHHOMY OOY4€HHIO, PACIIO3HABAHNIO 00Pa30B ¥ MHTEIUICKTYaJIbHOMY aHAJIN3Y
JaHHBIX.

2. http://shad.yandex.ru — caiiT mikonsl aHanm3a JaHHBIX SHIEKCA.

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%92.9D0%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.



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Y4eOHas aynuTopus, OCHAIIEHHAS MYITBTUMEINANPOCKTOPOM U IKPAHOM U IOCTYIIOM B HHTEPHET.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca TpUBEICHO MHHHMAaJIbHO HEOOXOoAMMOE BpeMs [uii padoThl CTyAGHTa HaJ TEMOW.
CamocrosiTenbHas padoTa BKIIOUAET B Ce0s:

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

— TOJTrOTOBKY K HNPAKTHYECKHM 3aHATHSM, BBIIOJIHEHHE JOMALIHUX TEOPETUYECKUX U MPAKTHUECKUX
3aJIaHUM;

— MOJTOTOBKY K AH((hepeHIIMPOBAHHOMY 3aUeTy.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: PaanorexHuka 1 KOMIIBIOTEPHBIC TEXHOIOTUU
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadempa MammHHOTO 00yUYeHUS U IIU(PPOBOI TYMaHUTAPUCTUKA
Kypc: 4
KBaJupuKaAnus: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

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



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-2 Cnocoben ucnonb3oBarh coBpemeHnbie |OITK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
WH(POPMALIMOHHBIE TEXHOJIOTHH U BBIUMCIIUTENBHYI0 TEXHHKY M CEpPBUCHI ceTH MHTepHeT B

MPOrpaMMHBIE CPEJICTBA MPY PellicHUH 33ja4  |o0iactu (cdepe) npodeccHoHaNBHON NesITeThHOCTH
npodecCHOHAIBHON IS TeIBHOCTH, COOTIoas
TpeboBaHus WHPOPMAIIMOHHON 0€30MacHOCTH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare m3ydeHus IUCLUIUIMHBI «MaremaTHueckue MOAETH MAIIMHHOTO OOy4eHUus» oO0ydarouuics
JOJKEH:

3HAThb:

OCHOBHBIC IPUHIUIIBI ¥ IPOOJIEMATHKY TEOPHH OOYUEHHS MAIIHH;

OCHOBHBIE METOIbI U AJITOPUTMBI PELICHUs 3a4a4 00y4eHHs [0 IpeLe/ICHTaM;
- OCHOBHBIE 00JIACTH IPUMEHEHHS ITUX METOOB M AJITOPUTMOB;
KJIacCU(PUKAINH, KIACTEPU3ALUH U PETPECCUH.

YMeThb:
- (popmann30BaTh MOCTAHOBKY NPUKJIAIHBIX 33/1a4 aHAJIN3a JaHHBIX;
- UCTIONIB30BaTh METO/IbI 00YUYECHHS 110 MPELeIeHTaM JUIs PELICHUs TPAKTHUECKUX 3a/1a4;
- OLICHUBATbh TOYHOCTH 1 3PPEKTUBHOCTD MOIYUYECHHBIX PEIICHUI.
BJa/IeTh:
- OCHOBHBIMH MOHATUSIMH 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, PEIIaeMBIX C TOMOIIbIO aJITOPUTMOB O0YUEHHS
10 MPELEACHTAM.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

[Ipumeps! 3aga4

1. 3agana neHa orkasa ot Kiaccudukanuu. Beimucars MomudunrpoBanHyo (Gopmyny OaiiecoOBCKOro
Kiaccuduraropa.

2. BeiBecTH (hopMyiTy JIMHEHHOTO JUCKPUMUHAHTA JUIS CJIy4yasi HE3aBUCUMBIX ITPU3HAKOB.

3. BreiBecTn Qopmyny HauBHOTO OaiiecoBckoro kiaccudukaTopa Juis ciydas OWHApHBIX MPU3HAKOB
(moka3ath, YTO OH JIMHECH).

4. BeBectd (opMyly TpaIHEHTHOTO Iara B METOAE JIOTHCTHYECKOH perpeccud Ui 3aiaqd
knaccuduranuu ¢ qByms kaccamu. CpaBHUTH € TipaBUiioM X300a.

5. BeiBectu ¢opmyity HenapameTpudeckoit perpeccun Hamapasi-Barcona.

6. BeiBecTr opMyny peryssipu30BaHHOTO PEIISHUS 3a1a41 MHOTOMEPHOW JTMHEHHOM perpeccun uepes
CUHTYJIIPHOE Pa3JIOKEHHE.

7. BeiBecTH rpaiu€HTHBINA METOJ 00yUeHHsI B IOTHCTUYECKOIN Perpeccuy.
[Ipumepsl 3agaHnii IO BBIOOPY MOAETH U OTOOPY NPHU3HAKOB

1. B uéM omn4us BHYTPEHHUX M BHEUTHUX KpUTEpHEB?

2. Pa3HOBUIHOCTH BHEIIHUX KPUTEPHUEB.

3. Pa3HOBHIHOCTH KPUTEPHSI CKOJIB3AIIETO KOHTPOJIS.

4. Yro Takoe KpuTepuii HempoTuBopeunBoctu? B uém ero Hemoctarku?

5. UTo Takoe MHOTOCTYIIEHYAThIi BEIOOP MOZEIH 110 COBOKYITHOCTU KPUTEPHUEB?

6. OcHoBHas ujesi 0TOOpa MPU3HAKOB METOJOM IMOJHOro nepedopa. [leficTBUTENbHO M 3TO MOJIHBINA
nepedop?

7. OcHoBHas ujiest 0TOOpa MPU3HAKOB METOIOM JJOOABICHUH U UCKITFOYHEHUH.

8. Uto Takoe maropast perpeccusi? MoxHO Ji €€ UCIOIb30BaTh ISl KIIaCCH(HUKAIINHN, B KAKOM MeToie?



9. OcHoBHas ujiest 0TOOpa MPU3HAKOB METO/IOM TOKMCKA B TITyOUHY.

10. OcHoBHas uzaes 0TOOpa MPU3HAKOB METOJIOM TIOMCKA B ITUPUHY.

11. Yro Takoe MI'YA?

12. OcHoBHas uzes 0TOOpa MPU3HAKOB C MTOMOIIIBI0 TEHETHYECKOTO AITOPUTMA.
13. OcHoBHas uzes 0TOOpa MPU3HAKOB C MMOMOIIBIO CITYYaiiHOTO TIOMCKA.

14. B uém oTiimuus crydyailHOTO MOMCKA OT CIIyYaiHOTO TIOUCKa ¢ afanTtainuen?

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

1. 3anucarp obm1yto Gpopmyny GaitecoBckoro kinaccudpukaropa (Hago IOMHHUTH (GOPMYITY).
2. Kakue BBl 3HaeTE TPH MOJIX0Ja K BOCCTAHOBJICHHUIO IUIOTHOCTH PaclpeieIeH s 10 BBIOOpKe?
3. Urto Takoe HaMBHBINA OaiiecOBCKUI KiaccupukaTop?

4. Yro rtakoe oueHka miotHoctu IlapzeHa-Poszenbnarra (Hamo mnoMHuTH (opmyny). Beimucars
dbopmyity anroputMma KiaccupHUKaluy B METOJIe Map3€HOBCKOTO OKHA.

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

6. MuoromepHoe HOpMajbHOE pacmpejeneHue (Hago MOMHHTH (opmyny). BeiBectn dopmyny
KBaJpaTUIHOTO TUCKpUMHHAHTA. [IpH KakoM yCJIOBUHM OH CTAHOBHUTCS JIMHEHHBIM?

7. Ha Kakux NpeAroNoXeHUsIX 0COBaH JIMHEHHBIN TMCKpUMHUHAHT Duriepa?

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

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

10. Yto takoe EM-anroputm™m, kakoBa ero ocHoBHas ujesi? 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 aJiIrOpUuT™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 (YHKIIUN?
14. Yro Takoe «BBIOpoCH»? Kak ocymiecTBusieTcst QuiabTpanus BLIOPOCOB?

Mertpudeckas kinaccudukanusi.

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

2. Kak OMPCACIIAACTCA ITOHATHUC OTCTYIIA B MCTPUUCCKUX aAJITOpUTMAX Knaccn(’pnxaunn?
3. Yto Takoe OKHO HCpeMCHHOI\/’I IIUPUHBI, B KAKUX CJIyYasax €ro CTOUT HCHOJIBE30BaTh?

4. Yro takoe MeTon MOTeHUUaNbHBIX (QyHKumii? Mnes anropurma Hactpoiiku. CpaBHHUTE C METOAOM
paauaibHBIX 0a3UCHBIX QYHKIIWH.

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

8. [IpuBeanTe mpruMep METPUUIECKOTO AJITOPUTMa KiacCU(pHUKALUK, KOTOPBIH OHOBPEMEHHO SIBISETCS
0alieCOBCKUM KJIaCCU(PUKATOPOM.

9. IlpuBeauTe MpUMEP METPHYECKOTO AJITOPUTMA KIIACCH(UKAIINU, KOTOPBIH OJHOBPEMEHHO SIBIISCTCS
JUHEHHBIM KJIaCCH(PHUKATOPOM.

Jluneiinas xinaccupuKarsi.
1. Yto Takoe moxaenp MakKamioka-ITutrca (Hamo moMHHTE hopmyity)?

2. MeTton CTOXaCTHYECKOTO rpajueHTa. Pacmucarh rpaJMeHTHBIA MIar jJiis 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 «COKpaIlIeHHe BeCOB»?



7. O60CHOBaHHWE JIOTUCTHYECKON perpeccuu (OCHOBHAS TEOpEMa), OCHOBHBIE MOCHUIKH (3) U CISACTBUSI
(2). Kak BoIpaxaercs anocTepuopHasi BEpOSTHOCTh KIacCcoB (HAA0 IOMHHUTH (GOPMYITY).

8. Kax BeIparkaeTcst pyHKIHSI TOTEPH B JJOTHCTUYECKOH perpeccu (HaJo NOMHUTH (HopMyIty).

9. /IBe MOTMBAlMM M TIOCTAHOBKA 33Jauyd METOAA OIMOPHBIX BEKTOPOB. YMETh BBIBECTHU HOCTAHOBKY
3agaun SVM (pekoMeHtyeTcs HOMHHUTh (JOpMYITy IOCTAHOBKH 3a]1a4H ).

10. Kakas ¢yHknus norepb ucmonbdyercs B SVM? B noructuueckorr perpeccun? Kakwe emé
¢byHkuuu noteps Bel 3HaeTe?

11. Yro Takoe sapo B SVM? 3auem BBogsTcs sapa? JIrobas mu GyHKIHSI MOXKET OBITh SApOM?
12. Kakoe s1po nopokaaeT NoJuMHaIbHBIE pa3Aessionne HOBEPXHOCTH?
13. YUro takoe ROC-kpuBas, kak oHa onpeaenserca? Kak oHa 3eKTUBHO BBIYHCISETCS?

14. B kakux anropuTmax Kiaccu(UKalul MOXXHO y3HAaTh HE TOJBKO KIIACCOBYIO MPUHAICKHOCThH
KJIacCU(UIIUPYEMOTO 00BEKTa, HO U BEPOATHOCTH TOTO, UTO JIAHHBIA OOBEKT MPUHAJICKUT KAXKIOMY H3
KJIacCcoB?

15. KakoB BepOsATHOCTHBII cMbIcH perynspusanun? Kakue Tumsl perynspusatopoB Bri 3Haere?
16. Uto Takoe NpUHIMI MaKCHMyMa COBMECTHOTO ITPAaBAONON00MS JaHHBIX M MOJENN (HaJI0 TIOMHUTb
hopmyiy)?

Perpeccus.

1. Yto Takoe sipepHOE CriiaKuBaHUE?

2. Uto ecTh 00111eTO0 MEXAY SIPOM B HETTapaMeTPUIECKOH perpeccuu U sijpom SVM?

3. Ha yTo BiIMsieT MprHa OKHA, a Ha YTO BUJ Apa B HEMapaMeTPUUECKOr perpeccuu?

4. Yrto Takoe OKHA NEPEMEHHON IINPUHBL, U 3a4€M OHH HY>KHBI?

5. Yrto Ttakoe «BBIOpOCH»? Kak ocymecteisercs (uibTpaunuss BBIOPOCOB B HemapaMeTPUUECKOH
perpeccun?

6. [TocTanoBKa 3a71a4u MHOTOMEPHOM JIMHEWHOM perpeccun. MarpudHas 3amuch.

7. Uto Taxkoe cuHryisipHOe pasiiokeHue? Kak oHO McIonb3yercs Ajis pelleHMsl 3aaud HauMEHbIINX
KBaJpaToB?

8. Uto Takoe «mpobieMa MyJIBTHKOJUIMHEAPHOCTH» B 33/a4aX MHOTOMEPHOM JHMHEHHOW perpeccuu?
Kakwue ects Tpu mogxona x e€ yCTpaHEHHIO?

9. CpaBHUTH TPEOHEBYIO PErpeccHi0 M Jlacco. B kakux 3amadax NpeArnodYTUTENIbHEE HCIOJIb30BaTh
jacco?

10. Kakyro mpobieMy pemaer MeTo[ IVIaBHBIX KOMIIOHEHT B MHOTOMEPHOW JMHEWHOW perpeccuu?
3anucaTh MaTPUYHYIO IOCTAHOBKY 33344 JJI METO/a [JIABHBIX KOMIIOHEHT.

11. Kak cBectu 3amayy MHOTOMEPHON HEJIMHEWHOM perpeccuu K IMOCIeN0BaTeNbHOCTH JIMHEHHBIX
3amay?

12. Meton HacTpoiiku ¢ Bo3BpaiieHusmu (backfitting): mocraHoBKa 3a1a4u 1 OCHOBHAsI Ui METO/A.
13. Kakue MeTobl MOCTPOSHHS JIOTHCTUYECKOH perpeccur Bel 3Haere?

14. TlpuBeaute npuUMephl HEKBAIPATUYHBIX (DYHKIUH MOTEPh B PETPEeCCHOHHBIX 3amadax. C kakoi
LEJIbI0 OHU BBOIATCS?

HeiipoHnHsle cern.

1. IlpuBenure mpuMep BHIOOPKHU, KOTOPYIO HEBO3MOXKHO KiaccH(UIIMPOBaTh 06e3 OMHOOK C MOMOIIBIO
JMHEHHOTO anropuTMa Kiaccudukanun. KakoBa MUHHMabHast JUTMHA BEIOOPKH, 00J1a1atoniast JaHHBIM
coiictBoM? Kakue CyIiecTBylOT criocoObl MOAN(DHUIMPOBATH JINHEHHBINH alTrOPUTM TakK, YTOOBI JaHHAs
BBIOOpKA CTaJia JMHEHHO pa3euMoi?

2. Ilouemy nmoGast OyneBa QyHKIHS MpencTaBUMa B Bujie HeHpoHHOH ceTn? CKONbKO B Hel clioéB?

3. Metox obpatHOTO pacrpoctpaneHus omuOok. OcHoBHas uzaes. OCHOBHBIE HEAOCTATKH U CIIOCOOBI
WX YCTPaHCHHS.

4. Kak MO)KHO BBIOMpaTh Ha4dadbHOE MPHOIMKEHHE B TPAIUCHTHBIX METOJaX HACTPOWKH HEHPOHHBIX
ceTen?

5. Kak MOXHO YCKOPHUTH CXOAMMOCTh B IPaJUEHTHBIX METOJaX HACTPOWKHA HEHPOHHBIX ceTen?
6. Uto Takoe nuaronanbHbIN Metof JleBenOepra-Mapksapara?

7. Uto Taxkoe «mapajuy» CEeTH, U KaK ero n30exars?

8. Kak BpIOMpaTh 4KCIO CIOEB B rPaJUEHTHBIX METOJaX HACTPOUKH HEHPOHHBIX CeTer?

9. Kak BBIOMpaTh YMCIO HEHMPOHOB CKPBITOTO CIIOS B TPAJAMEHTHBIX METOMAaX HACTPOUKH HEHPOHHBIX
cereit?



10. B uém 3aximroyaeTcsi METOJ] ONTHMAJILHOTO TIPOPEKUBaHUS HellpoHHOU cetn? Kakue HemocTaTku
CTaHJAPTHOTO aJIFOPUTMa 0OPaTHOTO PACIPOCTPAHEHUS OMIMOOK MO3BOJISIET yeTpaHuTh MeTon ODB?

KOMHO3I/IL[I/II/I AJITOpUTMOB KHaCCH(bHKaHHH.

1. Jare omnpeneneHue ajJrOpUTMUYECKOH KOMMO3uiuu (moMHUTH (opmyny). Kakue Tumsl
KOPPEKTUPYIOIIMUX Ollepaluil BbI 3HaeTe?

2. Kakue Tumbl ronocoBanus Bel 3HaeTe? Kakoii n3 Hux Hanbomnee oOmuit? (MOMHUTE (HOpMyITy)

3. Kak oOHapyXHUTh OOBEKTHI-BBIOPOCHI TMPH TOCTPOCHUHM KOMIIO3UIIMU Kiaccu(DUKaTOpoOB JUIs
rOJIOCOBaHUS 1O OOJIBIIMHCTBY ?

4. Kak obecrneunBaeTcs PA3INIHOCTDH 0a30BBIX AJITOPUTMOB IIPU TOJIOCOBAHUU I10 GOHBIHI/IHCTBy?
5. Kak obecrieunBacTcst PA3INIHOCTDH 0a30BBIX AJITOPUTMOB IIPU TOJIOCOBAHUU T10 CTapLHI/IHCTBY?

6. Kakme BO3MOXHBI cTparermd BBIOOpa KIJIAaccOB 0a30BbIX aJTOPUTMOB NPU TOJIOCOBAHHUU II0
CTapUINHCTBY?

7. Kakue nBe 3BpUCTHKH Jie)KaT B ocHoBe anroputMa AdaBoost?
8. Kak o0HapyxuTh 00bEeKTHI-BEIOpOCH B anroputme AdaBoost?
9. locTouHcTBa u HenocTaTku anroputma AdaBoost.

10. OcHoBHas unes anroputma AnyBoost.

11. OcHoBHas uuest merona bagging.

12. OcHoBHas ujies MeTofia CITy4YaHbIX OJIPOCTPAHCTB.

13. Yro Takoe cmech IKcIepToB (MOMHUTE hopmyity)?

14. TlpuBenuTe TpUMEPHl BBIMYKILIX (QYHKIUH morepb. [loueMy CBOMCTBO BBITYKIOCTH MOMOTAeT
CTPOHUTH CMECH IKCIIEPTOB?

Jlornueckue AJITOPUTMBI KﬂaCCI/I(bI/IKaLII/II/I.

1. YUro Takoe normyeckas 3aKOHOMepHOCTL? HpI/IBGI[I/ITe IIPUMCPLBI SaKOHOMepHOCTeﬁ B 3a1a4c
pacCiio3HaBaHus CliaMa.

. HacTo KcIonb3yeMble THIIBI JOTHYECKUX 3aKOHOMEPHOCTEM.

. JlaiiTe onpesienieHre SICUIIOH-/IEIbTa-IOTHIECKON 3aKOHOMEPHOCTH (TIOMHUTEH (POPMYJIBI).
. JlaiiTe onpejienieHNe CTaTUCTHYECKONM 3aKOHOMEPHOCTH (ITOMHUTH (POPMYJIBI).

. CpaBHHTE O0NIACTH CTATUCTHYECKHUX H JIOTHYECKUX 3aKOHOMEpPHOCTEH B (P,N)-TIII0CKOCTH.
. C kakoli 1leNblo Jenaercs OuHapu3ars?

. B uém 3akmodaeTcs npoueaypa OMHapu3anuy npru3HaKa’?

. Kax npoucxoaur nepeGop B *aJHOM aITrOpUTME CHHTE3a HH(OPMATUBHBIX KOHBIOHKIIN?

O 00 3 O L A W DN

. Kakue kpurepnu nH(pOPMaTHBHOCTH HCHONB3YIOTCS B JKaIHOM aJITOPUTME CHHTE3a HH(POPMATHBHBIX
KOHBIOHKLIUH U 1oyemy?

10. Kak npucrnocoOuTh >KagHbI alrOpUTM CHHTE3a KOHBIOHKLUMH Uil CHHTEe3a WH(POPMATUBHBIX
mapoB?

11. Yro Takoe cToXacTU4YECKUl JJOKaIbHBIN TOUCK?

12. B uém oTnnuus peaykuuu u ctabunmzanuu? B 4éM UX J0CTOMHCTBA U HEJOCTATKH?

13. Yto Takoe pemnraromuii Crucox?

14. Kakue kputepun HHHOPMATUBHOCTH UCTIONB3YIOTCS NP CHHTE3€ PEIIAONIero CIIcKa U oueMy?
15. JlocTonHCTBa M HEAOCTATKU PELIAOIIUX CITHCKOB.

16. Uto Takoe perraroiiee 1epeBo?

17. Kakue kputepun HHHOPMATUBHOCTH UCTIONB3YIOTCS MPH CHHTE3€ PENIAONIETo AepeBa U NodeMy?
18. JlocToMHCTBA M HEAOCTATKU PELIAONIUX IEPEBHEB.

19. 3auem nemaercs peayKIus PEIIaloInuX AepeBbEB?

20. Kakue ectb 1Ba OCHOBHBIX THIIA PEIYKIIUU PEHIAONINX JePEBbEB?

21. Kak npeoOpa3oBarh peniaroliee JIepeBo B pEIIaloNfi CITUCOK, U 3a4eM ITO JieaeTcs?

22. YUro takoe ADT (alternating decision tree)? Kak npoucxomut nocrpoeane ADT?

23. OcuHoBHnas unes anroputma KOPA.

24. Tlouemy BO3HMKaeT mpoOiiemMa MPEANOYTEeHHs MPU3HAKOB C MEHBIIMMH HOMEpaMH B aJTOpUTME
KOPA? Kak ona pemaercs?

25. OcnoBHas uges anroputma TOMIL.
26. Kakue kputepuu HH)OPMATUBHOCTH UCHONB3YIOTCS B anroputme TOMII u nouemy?



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

28. JlocronnctBa 1 HepocTarku anropurma TOMIL

29. Kak wucnons3oBath anroputM AdaBoost s mMOCTpOeHHSI B3BEIMIEHHOTO TOJOCOBAaHHUS
3aKOHOMEPHOCTEM?

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

32. Yrto Takoe accommarvBHOoe mpasmiio? IlpuBenuTe mpumep accOIMATHBHOIO MpaBuiia B 3ajaye
aHaJin3a NOTPEOUTEIBCKUX KOP3UH.

33. OcHoBHas uAEs AITOPUTMA IIOMCKA aCCOLMAaTUBHBIX paBui APriory.

Knacrepuszauus u TakCOHOMUS.
1. KakoBbI OCHOBHBIE LIEJTH KJIACTEPU3AIIAN !

2. OCHOBHBIE THUIBI KJIACTEPHBIX CTPYKTYp. [IpuBemute ans Kaxaoll W3 3THUX CTPYKTYp IHpHUMEp
aJropuTMa KiacTepusalnuu, Kotopelil mis He€ HE nmopxonut.

3. B uém 3akmiodaercd ajropuTM Kparyailiiero HezaMmkHyToro myTu? Kak ero wucmonb3oBaTh st
knacrepuzanuu? Kak ¢ ero moMoIsio onpeaennTh Yuciio kiactepos? Beerna mu 310 BO3MOXHO?
4. OcHoBHas uaes anropurma GoplIi.

5. Kak BBIYMCISAIOTCS IEHTPHI KiacTtepoB B amroputme DopDi, ecnu 0OBEKTBI — 3JIEMEHTHI
METPHUECKOTo (He 0043aTeIbHO TMHEHHOTO0 BEKTOPHOT0) IPOCTpaHcTBa?

6. Kaxue cymecTByroT (hyHKIIMOHAJIBI Ka4eCTBa KJIACTEPU3AIMU U IS YE€TO OHU NIPUMEHSIOTCS?
7. OcHoBHBIE OTAMuMs anroputma k-cpenanx u EM-anropurma. Kro n3 HuX nydme u nmouemy?
8. OcHoBHas unesa nepapxudeckoro anroputma Jlanca-Bunibsmca.

9. Kakue OCHOBHBIE THITBI PACCTOSHUN MEXAy KJIacTepaMd TMPUMEHSIOTCS B aJITOPUTME
Jlanca-Bunbsamca?

10. Kakue paccrosiHusl MEXIy KiacTepaMu, NpuMeHseMmble B aaropurme Jlanca-Bumibsmca, nyuiie u
nouemy?

11. Yro Takoe aennporpamma? Beerma mu e€ MOXXHO IOCTPOUTH?

12. Kaxoii pyHKIIMOHAI KauecTBa ONTHMHU3HPYETCs ceThio KoxoneHa? (moMHUTH popMyity)

13. B dem oTiaMuug TMpaBWJI MATKOW W JKECTKOM KOHKypeHIuu? B d4éMm mpenmymiecTBa MSTKOM
KOHKYPEHLUH?

14. Kak yctpoena camooranusyromascs kapra Koxonenea?

15. Kak unTeprperupytorcs kaptel Koxonena?

16. ITouemy 3aa4u ¢ YaCTHMYHBIM OOY4YEHHEM BBIJCICHBI B OT/AENBHBINA Kinacc? [IpuBenure npumepsl,
KOT/Ia METOBI KiIacCU(HUKALUMY U KJIACTePHU3ALUK JAI0T HEaJCKBaTHOE PEHICHUE 337a4i C YaCTHYHBIM
oOy4eHueMm.

17. Kak mpucnocoOuTh rpagoBbie alropuTMbl KJIACTEPH3ALUK U PELICHUS 3ajaud C YaCTUYHBIM
oOyueHuem?

18. Kak npucniocoduts EM-anroputm i peieHus 3aJa4u ¢ YaCTUYHBIM 00ydeHneM?
19. Kakue criocoObl perieHus 3a1a4u ¢ YacCTHYHBIM 00yueHueM Bl 3HaeTe?

[Tpumep OmieToB:

buier 1:
1. 3auem menmaeTcs peAyKIHs pErIaronnX epeBbeB?

2. JlBe MOTHMBalUMM U MOCTAHOBKA 3a/laud METOJa OMOPHBIX BEKTOPOB. YMETh BBIBECTH HMOCTAHOBKY
3agaun SVM (pekoMeH ryeTcs HOMHHUTB (JOPMYITy IOCTAHOBKH 3a]1a4H ).

buner 2:

1. Kak BBIYHCHSIOTCS HEHTPHI KiacTepoB B anroputme DopDdin, ecau 00BEKTHI — 3JIEMEHTHI
METPUYECKOT0 (He 0053aTeNIbHO TMHEHHOTO BEKTOPHOTO) IPOCTPaHCTBA?
2. Kak 0OHapyuTh 00BEKTHI-BBIOpOCH B asroputme AdaBoost?

Kputepun oniennBanus
OTJIIMYHO



10 BcecTopoHHHME, CHCTEMAaTH3MpPOBaHHBIC, IIyOOKHE 3HAHUS y4eOHOH MpOrpamMMmbl TUCLMILIMHBI U
yYMEHHE YBEPEHHO NPHUMEHSATh MX Ha MPaKTUKE MPH pEIIeHHMM KOHKPETHBIX 3a/1ad, CBOOOTHOE M
MpaBUILHOE 00OCHOBAaHHUE PUHSTHIX PEILICHUIA;

9 cucremaru3upoBaHHbIC, [IyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl AUCIUIUIMHBI U YMEHHE YBEPEHHO
MPUMEHATh UX HA MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbBHOE 00OCHOBAHHE MPUHATHIX
peLIEHN;

8 mryOokue 3HaHMS y4eOHOM HMporpamMMbl JUCHUUIUIMHBI M yMEHHE NMPHMEHSTh MX Ha IMPAKTHKE IPU
pEIIeHUH KOHKPETHBIX 3a]1a4, IPaBUJIbHOE 000CHOBAaHHME MIPUHATHIX PEIICHUH;

XOpOIIO

7 TBEpIO 3HAET MaTepHaj, 'PAMOTHO M IO CYLIECTBY HM3JaraeT €ro, yMeeT NPHMEHATH MOJyYEHHBIE
3HaHUS Ha [IPAKTUKE, HO JIOIYCKAeT B OTBETE WJIM B PELLICHUU 33aa4 HEKOTOpPbIE HETOUHOCTH;

6 3HaeT marepuai, rpPaMOTHO M3JIaraeT €ro, yMeeT INPUMEHSTH IIOJyUYEHHbIE 3HAHUS Ha IPAKTUKE, HO
JOITYCKaeT B OTBETE WIIM B PEIICHHUH 33]1a4 HEKOTOPBIE HETOYHOCTH;

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

YIOBJIETBOPUTEIILHO
4 (¢parMeHTapHbIM, pa3pO3HEHHBIH XapakTep 3HAHWH, HEJOCTATOYHO NPaBUIBHBIE (OPMYIUPOBKU
0a30BbIX MOHSATHHA, HApPYLUICHHUS JIOTWYECKOH IIOCIICAOBATEIbHOCTH B HM3JIOKEHUH TPOrPAMMHOIO
Marepuaia, HO IIpH 3TOM OH BJlaJeeT OCHOBHBIMM pa3/ieslaMH y4eOHOH mporpamMMbl, HEOOXOIMMBIMU
JUIs AanpHemero 00y4eHus 1 MOKET IPUMEHSTh OJTYYCHHbIC 3HaHUS 110 00pasily B CTaHAApPTHOU
CUTyalluH;

3 xapakxTep 3HaHHUH JOCTATOUEH Il JAIbHEHIIEro O0yUYeHHUs! K MOXKET MIPUMEHSTh IMOJIyYCHHbIC 3HAHUS
10 00pa3ily B CTaHAAPTHOHN CUTyaluH;

HEYJIOBJIETBOPUTEIHHO

2 He 3HaeT OOJbIIEH YaCTH OCHOBHOTO COACpXaHHUA Y4eOHOW MpOrpaMMbl JUCLUIUIMHBL, JOIIYCKAeT
rpyOble omuOku B (POPMYTMPOBKAX OCHOBHBIX IOHATUI IUCHMIUIMHBI M HE yMEeT IPaBUIBHO
HCIOJIB30BaTh MOyYEHHBIC 3HAHUS MIPU PELICHUN THIIOBBIX MPAKTHUECKUX 3a/1a4.

1 He 3HaeT HOPMYIUPOBOK OCHOBHBIX MOHITUN AWCUUIUIMHBL U HE YMEET MCIIOJIb30BATh MOIYy4YCHHBIC
3HaHUA IPU PELICHUH TUIIOBBIX IIPAKTUYECKUX 3a]ay.

5. MeTtonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

Bo Bpemsi cmaum nuddepeHuMpoBaHHOTO 3adeTa oOydarommecs MOTYT IOJb30BaTbCs HMPOTPaMMOit
JUCLHUIUIMHEL, a TAKKE CIIPAaBOYHOM JIUTEPATY PO, BBIYMCIUTEIIBHOW TEXHUKOM, KOHCIIEKTaMU JIEKIIUIA.



