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YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii
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Nnpo¢uJIb NOATOTOBKH: Undopmaruka
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nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

OIIK-2.1 CrnocoGeH  NpPUMEHSTh  COBPEMEHHBIC
BBIYMCIIMTENIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHeT B
OTIK-2 Crioco6eH HCTob30BaTh COBpeMeHHble |00IacTH (cdepe) IpopecCHOHAIBHO JETeIbHOCTH
WH(POPMALIMOHHBIE TEXHOJIOTHH U OIIK-2.2 3naer u yMeeT TPUMEHATH YHCIIEHHBIC
IPOrpaMMHBIE CPEACTBA IIPU PEIICHHUH 33/1a4  |MareMaTHYeCKUEe METOAbl M NPUKIATHOE IMPOTrpaMMHOE
npo(eCcCUOHAIBHOI esSTeNbHOCTH, coONoas |o0ecrieueHne Ui pelleHus  Hay4yHbIX  3a7a4 B
TpeboBaHMs NH(POPMALIMOHHON 0€30MaCHOCTH  |MpOogeCCHOHANIBHON 00IacTh

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS MHPOPMALMOHHOU
0e30macHOCTH

[MK-2.1 3HaeT NOPUHIMIBI TOCTPOSHUS HAyYHOHW PadOTHI,
MeTonbl cOopa M aHajW3a I[OJIyY€HHOrO Marepualia,
CHOCOOBI apryMeHTaIH

[1K-2 CnocobeH caMOCTOSTEIIEHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTr0O
KOJUUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiyio

[IK-2.2 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBIC
UCCIICZIOBAHMSI CaMOCTOATENIbHO MJIM B KauecTBE WIEHa
(pPyKOBOAMTEIIST) MAJIOTO HAYYHOTO KOJJICKTHBA

[MK-2.3 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyONMKalUK HAYYHBIX CTATeH U y4acTusi B KOH)EPEHIUSIX

3. IlepevyeHpb MIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI
3HaTh:



OCHOBHBIE IPUHINIIBI ¥ IPOOJIEMATHKY TEOPHH O0yUEHHS MAIINH;
OCHOBHBIEC METOJIbI U AJITOPUTMBI PELICHHS 3aa4 00yUeHHsI 110 MPELEeICHTaM;

- OCHOBHEBIE 001aCTH IIPUMEHCHHS 3TUX MECTOHAOB U aJITOPUTMOB;

KHaCCH(bHKaHHH, KJIIaCTCpu3anu U perpeCCruu.

YMETB:
- (hopManM30BaTh MOCTAHOBKH MPUKIAJHBIX 33/1a4 aHAJIN3a IaHHbIX;
- MCIOJIB30BaTh METOABI OOYUEHUS 10 IpeLeleHTaM Ui PeLIeHUs MPAKTUICCKUX 3a7ad;
- OLIEHMBATh TOYHOCTh M IP(PEKTUBHOCTH MOTYUEHHBIX PEIICHHH.

BJIaJIETh:

- OCHOBHBIMH HOHSTHSAMH TEOPUU MAIIMHHOTO 00Yy4EHHUS;

- HaBbIKAMH CaMOCTOATEIBHOM paboThl IPH PEeIICHUH TUIOBBIX 3a7ad;

- KyJITypO# IOCTAHOBKU ¥ MOJIEIMPOBAHUS IPAKTUUECKU 3HAUMMBIX 3a/1a4;

- HaBBIKAMH TEOPETHUYECKOTO aHAIIN3a PEAIbHBIX 3a7ad, PEIaeMbIX C IIOMOIIBIO aJITOPUTMOB O0yUYCHHUS

T10 TpelEeCHTaM.

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

4.1. Paznenbl tuctMIInHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKOCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOSTENIbHYIO padoTy, Jac.

Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora

| JInHeliHple METOABI M CTOXaCTUYECKUHI 3 3 5
IpaueHT

2 HelipoHHblE ceTM W  TpaagWCHTHBIE 2 > 3
METO/IbI

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

4 MeTtozn OnOpHBIX BEKTOPOB 2 2 3

5 MHoroMmepHas JIMHEWHas perpeccus 2 2 3

6 Henuneitnas perpeccus 2 2 3

7 Kputepun BbiOOpa Momeneid u MeTOIbI 3 3 5
0TOOpAa MPU3HAKOB

8 Jlornueckue MeTobl Kiaccu(puKaum 4 4 6

9 Jluneiinbie KOMIIO3UIIUHU, OYCTHHT 2 2 3

10 baiiecoBckas knaccuduranms u 4 4 6
OLICHUBaHME TUIOTHOCTH

11 Knacrepuszanus u vactuanoe oOyueHue 4 4 5

Hroro yacos 30 30 45

[ToaroroBka x sK3aMeHy

30 ygac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.en.

4.2.

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

Cemectp: 5 (Ocennuii)

1. JIuneliHble METOBI U CTOXACTUYECKUM TpagueHT

» Jluneitnblii knaccuduxarop, momens MakKamnoka-Ilurrca, HempepbiBHbIE aNNpPOKCHMAIMH

MOPOTOBOH (PYHKIMH MOTEPE.




* Meton croxactudeckoro rpaauenta SG.
* Metoz croxacTudeckoro cpeanero rpaguenta SAG.

* DBpUCTUKM: WHHLHUAIHM3ALM BECOB, IMOPSIOK HPEIbSBICHUS OOBEKTOB, BHIOOD BEINYMHBI
TPaJIMCHTHOTO I1ara, «BbIOMBAHUE) M3 JIOKATBHBIX MUHHMYMOB.

* [IpoGieMa MyJTBTUKOJUIMHEAPHOCTH | IEPeoOydeHHs, PEeryIsapu3ais Wik peayKuus BecoB (weight
decay).

* BeposiTHOCTHAs MOCTaHOBKA 33/1a4K Kitaccuukanuu. [IpuHIum MakcuMyma npaBJonono0us.

* BeposiTHOCTHast MHTEpIIpETAlMs PEry/sipu3alii, COBMECTHOE MPABAONOI00ME JaHHBIX U MOIEIIH.
[IpuHIMT MakcMMyMa arnoCcTEpUOPHON BEPOATHOCTH.

* ["ayccoBCKMIi M TayIaCOBCKUN PETyIsipU3aTOpBI.

» Jloructuueckas perpeccus. llpuHnun Makcumyma npaBaonoaodus u jorapudmuyeckas QyHKIUSL
noteps. MeTo1 CTOXaCTHYECKOTO IpafueHTa A jJorapudpmuueckoil pyHkiun norepb. CriiaxkeHHOE
npaBuiio X300a. MHoOrokmaccoBasi JJorUcTUYecKas: perpeccus. PerymspusoBaHHasl JOTHCTHYECKAS
perpeccust. Kannbposka Ilnarra.

2. HeiiponHble ceTH U rpaJueHTHBIE METOABI

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

* [Ipo6nema monHOTHL. 3agava UCKIro4aromero uin. [lomHoTa IBYXCIOWHBIX CeTell B MPOCTPAHCTBE
OyneBbIX (DyHKIIH.

* AJITOpUT™M 00PaTHOTO PACTIPOCTPAHEHHS OIUOOK.

* bBricTppie MeToapl croxactuyeckoro rpaguenta: Ilomsika, HecrepoBa, AdaGrad, RMSProp,
AdaDelta, Adam, Nadam, quaronanbsHbIi MeTo] JIeBeHOepra-Mapksapara.

» IIpoGnema B3pbIBa rpaguHeHTa U 9BpUcTUKa gradient clipping.

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

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

* DBPUCTHKH 11 (YOPMUPOBAHHS HAYAIBHOTO IPUOIMKEHUSI.

* MeToa nociioiHON HACTPOMKHU CETH.

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

3. MeTpuueckue MeTo/ bl KITacCU(PUKAILIMK U PETPECCHH

* ['umore3bl KOMIAKTHOCTH U HETIPEPHIBHOCTH.

* O000mMEHHBIH METpUYECKH KIaccu(UKaTop.

* Metoa Ommkaitmux coceneid kNN u ero o6o6mienust. I[logbop yucna k mo KpuTepuio CKoJIb3sIETo
KOHTPOJISL.

* Meton okna Ilap3eHa ¢ MOCTOSTHHOM U IEPEMEHHOM IUPUHON OKHA.

» MeTon noTeHuMa bHbIX (YHKUUN U €r0 CBSI3b C JTMHEHHOW MOJEIBIO KilacCu(UKaIUm.

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

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

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

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

* OT6op STaJOHHBIX OOBEKTOB HAa OCHOBE MHHHMMH3AIMM (DyHKIMOHANA MOJHOTO CKOJIB3SIIETO
KOHTPOJISL.

4. MeToz ONTOPHBIX BEKTOPOB

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

» Cityyau TUHEHHOM pa3feIuMOCTH U OTCYTCTBUS JIMHEHHON pazaenumoctu. CBs3b C MUHUMH3ALHEH
PETYIIIPU30BaHHOTO SMIIMPUYECKOT0 pucka. KycouHo-nuHeitHas GyHKIMS TOTepb.

* 3aj1aua KBaJApaTUYHOIO IPOrPaMMHUPOBAHUS U IBOMCTBEHHAs 3a/1a4a. [IoHsATHE ONOPHBIX BEKTOPOB.



* Pexomenparuu 1o Be160py KoHCTaHTHI C.

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

* Crioco0Obl KOHCTPYKTHBHOTO TIOCTpoeHus siuep. [Ipumepsr saep.

* SVM-perpeccusi.

* Perynspuzanuu anst or6opa npusnakoB: LASSO SVM, Elastic Net SVM, SFM, RFM.
* Meton peneBaHTHBIX BEKTOpOB RVM

5. MHOroMepHas JIMHEWHAs! pErpeccust

* 3aja4ya perpeccuy, MHOroMepHasi JMHEeHHas perpeccusi.

* MeTox HaMMEHBIINX KBAaPaTOB, €r0 BEPOATHOCTHBIM CMBICI M TEOMETPUUECKUI CMBICII.

* CUHTYIISIPHOE pa3JIokKEeHHE.

* [IpoGnemMbl MyJIBTHUKOJUIMHEAPHOCTH U TIEPEOOyICHUSI.

* Perynapusanus. ['peOneBas perpeccus uepes CUHTYIISIPHOE Pa3IOKEHHeE.

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

* Merox IaBHBIX KOMIIOHEHT M JeKoppenupyomniee npeodpaszoanue Kapynena-JlosBa, ero cBsisb C
CHHTYJISIPHBIM Pa3JIOKCHUEM.

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

6. Henuneitnas perpeccus

* Meton Hriotona-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.

» O0o0mEnHas mHerHas Mojienb (GLM). DkcioHeHITMaIhbHOE CEeMEHUCTBO PaCIpe ICICHHIIA.

* HekBagparnunble QyHKIHMH TOTepb. MeToJ HauMEHbIIMX Moxyied. KBaHTHIIBHAs perpeccus.
[Tpumep npukaagHON 3a1a4M: IPOTHO3UPOBAHKE MTOTPEOUTENHCKOTO CIPOCa.

* PobactHas perpeccus, pyHKIMU TOTEPh C TOPU3OHTAIBHBIMH ACUMIITOTAMH.
7. Kputepun BbIOOpa Mojiesieit 1 METObI 0TOOpa MPU3HAKOB

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

° BHYTpeHHI/Ie " BHCIITHUC KPUTCPUHU. BMHI/IpI/I‘leCKI/Ie 1 aHAJIUTUYCCKUC KPUTCPUH.

* CKONB3ALIMA KOHTPOJIb, PA3HOBUIHOCTH DSMIIMPUYECKUX OLEHOK CKOJB3SILIETO KOHTPOJIS.
Kputepuii HennpoTUBOpEYUBOCTH.

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

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

* Meton 106aBneHNs U yIAICHUs, [AroBas perpeccusl.

* [Touck B m1yOHMHY, METOZ BETBEH U TPaHMLI.

* Yced€HHBIN MOUCK B IIUPHHY, 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 JTOTMYECKOI 3aKOHOMEPHOCTH.

* [TapaMeTpuueckue cemeicTBa 3aKOHOMEPHOCTEN: KOHBIOHKIIUN TIOPOTOBBIX MPABHJI, CHHIPOMHBIE
IIpaBUJIa, LIapbl, THIEPIIIIOCKOCTH.

» [IlepeGopHble anrOpUTMBI CHHTE3a KOHBIOHKIUH: CTOXaCTUYECKHH JIOKAIBbHBIA IOWCK,
cTabunu3anus, peayKuusl.



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

* Pemaromee aepeBo. XKamHas HUCXOAAIIAsl CTpaTerus «pasfensid W BiacTByi». AnroputMm ID3.
Henmocrarku xaHoii cTpaTeruu u crocoOsl ux ycrpaneHus. [Ipobnema nepeoOydeHus.

* BeiBonm kpuTepueB BeTBieHHs. Mepa HeuucToThl (impurity) pacmpeneneHus. IHTPONUHHBIN
Kputepuii, kpurepuit [Hxunm.

* Pegykuus pemaroomux AepeBbeB: NpeaApenyKIus u noctpenykuus. Aixroputm C4.5.

* Jlepesns perpeccun. Anroputm CART.

* HeOpexxHble permaromiue nepesbs (oblivious decision tree).

* Pemaromuii nec. Ciryuaiinsiii iec (Random Forest).

dakyNnbTaTUB

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

* Pemaromuii nens. burapu3zanust mpu3HakoB. AJTOPUTM pa3dUeHUs 00IacTy 3HAUYCHHH MPU3HAKA Ha
UH(POPMATUBHBIC 30HBI.

* Pemaronuii criucok. XKagHblil alropuT™ CUHTE3a CIKCKA.
* [IpeoOpazoBaHue pENIArONIETO JepeBa B PEIIAOIINN CITUCOK.

9. JIuneitHbIE KOMITO3ULIUH, OYCTUHT

* OCHOBHBIC TOHSITHS: 0a30BBI aJITOPUTM (ANTOPUTMUYECKHIA OIEPATOp), KOPPEKTUPYIOIIAs
oreparusi.
* B3BenienHoe rojocoBaHUe.

» Anroputm AdaBoost. DkcrioHeHIIMaIbHAS alllTPOKCUMAIINs OPOTOBOH (hyHKIMHU moTeps. [Iporece
MOCJIEI0BATEIBHOTO 00yUeHHsI 6a30BBIX AITOPUTMOB. TeopeMa 0 CXOAUMOCTH OyCTHHTA.

* O6o061maromiast cmocoOHOCTh OyCTHHTA.

* bazoBele anroputmel B Oyctunre. Pemaromnye mHu.

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

» Aaroputm XGBoost.

* ['paguentHsiii OycTuHT. CTOXaCTUYECKUH IPaJueHTHBINA OyCTHHT.

10. baiiecoBckas kinaccuuKanus v OIICHUBAHKUE TJIOTHOCTH

* [IpyHIUIT MakCMMyMa aroCTepHUOPHON BeposTHOCTH. TeopeMa 00 ONTHMAaIbHOCTH 0alieCOBCKOTO
Kiaccuduraropa.

* OueHMBaHUE TUIOTHOCTHU PacHPeIeNICHUs: TPU OCHOBHBIX MO/IXO0/A.
» HauBHbIii OaliecoBckuit kKiaccuuKaTop.

» Hemapamerpuueckoe OlleHMBaHUE TUIOTHOCTH. SliepHast olieHKa tuioTHOCcTH [lap3ena-Po3zenbmnarra.
OnHOMEpHBII 1 MHOTOMEPHBIN CITydyau.

» Meton nmap3eHOBCKOro okHa. Beibop ¢yHKuM sapa. Beibop mupuHbl OKHA, IEpEMEHHAs IIUPHHA
OKHa.

* [TapameTpuueckoe oLleHNMBaHUE IVIOTHOCTH. HOopManbHbIM TUCKPUMUHAHTHBIN aHAJIU3.

* MHoromepHoe HOpPMaJbHOE paclpelesieHue, I'eOMeTpuYecKas HHTeprperanus. Bbibopounbie
OLICHKH MTapaMeTPOB MHOTOMEPHOTO HOPMAJIEHOTO pacIpeeICHusI.

» KBagparnusbelil AUCKpUMHUHAHT. Bua paznensdromeid nmoBepXHOCTH. [1oACTaHOBOUHBIN alropuTM,
€ro HeJJOCTaTKU M CIIOCOOBI MX YCTPaHEHHUS.

* JINHEVHBIA TUCKpUMUHAHT Puiiepa.

* [TpoGiembl MyIBTHKOJUIMHEAPHOCTH U NepeoOyueHus. Perynspuzarus KoBapualMOHHOW MaTpPHUIBL.
* [lapameTpuuecknii HAUBHBIN OalieCOBCKUH KitacCU(UKATOP.

» CMmech pacrpeeseHui.

* EM-aiiropuT™ Kak METOJ IPOCTHIX UTEPALUi JUIsl PELICHHS] CUCTEMbI HEJIMHEMHBIX YPABHEHUN.

* Bei6op uncna komrnonentos cMecu. [lomaroBast crparerus. AnpruopHoe pacnpenenenne Jupuxie.



» CMech MHOTOMEPHBIX HOPMaJIbHBIX pactpeseneHuii. CeTh paauanbHbix 0azucHbIX GyHKIui (RBF)
n npuMeHeHne EM-anropurma juist €€ HacTpONKH.

* CpaBuenue RBF-cetn 1 SVM c rayccoBCKuM siipoMm.
11. Knacrepuzauus u yactuuHoe oOydeHne

* [locranoBka 3agaun knacrepuzanuu. [lpumepsl npukiIagHbIX 3a0a4. THIIBI KIaCTEPHBIX CTPYKTYP.
* [locranoBka 3agaun Semisupervised Learning, npruMepbl NPUIIOKEHUH.

* ONTUMHU3ALMOHHBIE IOCTAHOBKH 3a]a4 KJIACTEPU3allui U YaCTUYHOTO 00yUYEeHHUS.

» Anroputm k-cpenanx n EM-anroputm Ui paszieneHus rayCCOBCKOW CMECH.

* IpadoBble anropuT™Mbl Kiactepu3alud. DBolieneHue CBSI3HBIX KOMIOHEHT. Kparwaimmii
HE3aMKHYTBIN Ty Th.

» Anroputm ®OPIJI.

» Anroputm DBSCAN.

* ArniomeparuBHas kinacrepusaius, Anroput™ Jlanca-Bunbsimca 1 ero 4acTHble cirydam.
* AJNITOpUTM NOCTPOCHHUS AeHAporpaMMsbl. OrpeaeneHne yrcia KJIacTepoB.

» CpoiicTBa CKaTHS/PaCTSHKCHHS, MOHOTOHHOCTH M PEAYKTUBHOCTH. I[IceBIOKOj] penyKTHBHOM
BEPCUH AJITOPUTMA.

* [IpocTeie 3BpUCTHUECKHE METOIBI YaCTUYHOTO 00yuenus: self-training, co-training, co-learning.
* TpaHCcIyKTHBHBII MeTOZ ONIOPHBIX BeKTOpoB TSVM.

* Axroputm Expectation-Regularization Ha 0CHOBE MHOTOKJIACCOBOW pPETYyISIPU3UPOBAHHON
JIOTUCTUYECKOU pErpecCu.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BATEILHOTO
npouecca 1no JUCHUILInHe (MOIYJII0)

VYueGHast aymuTOpHs, OCHALLICHHAS! MYJIFTHMEAHAIIPOEKTOPOM U SKPAHOM.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Maremaru4eckie OCHOBBI MAIIIMHHOTO OOYYCHHUS U MMPOTrHO3UPOBAHUS, DJICKTPOHHAS BEPCUS
nedarHoit mybnukaiuu / B. B. Betorua. — Mocksa, MIJTHMO, 2014

JomnonHurenbHas aureparypa

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://www.machinelearning.ru — npodeccrnonanbHbIi HHPOPMAITMOHHO-aHATUTHYECKUI pecypc,
MOCBSIICHHBII MAIIMHHOMY OOY4eHUIO, PACIIO3HABAHUIO 00Pa30B M HHTEIUICKTYaJIbHOMY 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.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Y4eOHas aynuTopus, OCHAIIEHHAS MYITBTUMEANANPOSKTOPOM U IKPAHOM U IOCTYIIOM B HHTEPHET.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUNIMHBI (MOXYJIs1)

VYeneniHoe 0CcBOeHUE Kypca TpeOyeT HapshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca TpUBEICHO MHHHMAaJIbHO HEOOXOAMMOE BpeMs [uii paboThl CTyAGHTa HaJ TEMOW.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— npopaboTKy yueOHOro Marepuana (1o KOHCIIEKTaM JICKIiA, y4eOHOW W HAyYHOU JINTepaType);

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

— MOJTOTOBKY K DK3aMEHY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: Undopmaruka
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kadeapa MammMHHOTO 00y4YeHHs U HH(PPOBON ryMaHUTAPUCTHKH
KYpC: 3
kBaTuuKkanus: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 5 (0OCeHHUuH) - DK3aMeH

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



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2.1 CnocoOeH  NpUMEHSTH  COBPEMEHHBIE
BBIUMCIIUTENBHYI0 TEXHHKY M CEpPBUCHI ceTH MHTepHeT B
OITK-2 CriocoGeH HCIIonb30BaTh COBpeMeHHbIe |0071acTh (cdepe) NpodecCHOHANBHOM NEITENbHOCTH
MH()OPMALMOHHBIE TEXHOJIOTUHU U OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
MPOrpaMMHBIE CPEJICTBA MIPH PEILICHUH 3aJa4  |MaTeMaTHYeCKHe METOlbl W TPHUKIQJIHOE MPOrpaMMHOE
npodeccuoHaIbHON IeTeNbHOCTH, coOmoast  |o0ecrieueHre  Juisi  PEHIeHWs  HAay4yHbIX  33aJa4 B
TpeboBanua HHPOPMALMOHHOMN Oe30macHOCTH  (podeccHOHaNBLHON 00IacTH

OIIK-2.3 3Haer ocHOBHbIE TpeOOBaHUS WHPOPMAIMOHHON
0e30MacHOCTH

[IK-2.1 3HaeT HOpUHLMIBI MOCTPOEHHUS HAyYHOW PadOTHI,
MeTrogsl cOopa W aHanmM3a TIOJNyYEHHOTO MaTepHala,
cHocoObl apryMeHTallH

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M IPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[MK-2.2 CnocobeH TulaHUpOBaTh ¥ TPOBOJAWTH Hay4dHBIC
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBonuTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH mNpoBOAWTH ampoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIET0BATEIHLCKON paboTh MOCPEICTBOM
TyONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pepeHIuIx

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynbrare m3ydeHus IUCLUIUIMHBI «MaremaTHueckue MOAETH MAIIMHHOTO OOy4eHUus» oO0ydaroumuiics
JOJKEH:

3HAThb:

OCHOBHBIC IPUHIIUIIBI ¥ IPOOJIEMATHKY TEOPHH OOYUEHHS MAIIHH;

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

yMeThb:

- (hopmann30BaTh MOCTAHOBKY NPUKJIAIHBIX 33/1a4 aHAJIN3a JaHHBIX;
- UCTIONIb30BaTh METO/IbI 00YUYECHHS 110 MPELeIeHTaM JUIs PELICHUs TPAKTHUECKUX 3a/1a4;
- OLICHUBATh TOYHOCTH 1 3PPEKTUBHOCTD MOJTYUEHHBIX PEIICHUI.
BJIaJeTh:
- OCHOBHBIMH MOHATUSIMHU TEOPUU MALITMHHOTO O0yUYCHHUS;
- HaBBIKAMH CaMOCTOSITEIbHON paboThI IPU PEIIEHUH TUIIOBBIX 3a/1a4;
- KyJBTYpO# MMOCTAHOBKU ¥ MOJICIMPOBAHUS MPAKTUUECKN 3HAUMMBIX 3a/1a4;
- HaBBIKAaMH TEOPETUYECKOTO aHAJIN3a PEAIbHBIX 3a/1a4, PEIIaeMBbIX C TOMOIIbIO aJITOPUTMOB O0YUEHHS
10 MPELEACHTAM.

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

[Ipumeps! 3aga4

1. 3amana nena oTkasza or kjiaccudukauuu. Beimmucats MopudunupoBannyio Gopmyiny 06aiiecoOBCKOTO
Kiaccuduraropa.

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

3. BreiBecTn Qopmyny HauBHOTO OaiiecoBCKoro kiaccupukaTopa Juis ciydas OWHApHBIX MPU3HAKOB
(moka3zath, YTO OH JIMHECH).

4. BeiBectd (opMyly TpaIHEHTHOTO IIara B METOAE JIOTHCTHYECKOH perpeccud Ui 3aiaqd
knaccudukanuu ¢ aByms knaccamu. CpaBHUTH € TIpaBUiioM X300a.

5. BeiBectu ¢opmyity HenapameTpudeckoit perpeccun Hamapasi-Barcona.

6. BeiBecTr opMyny peryssipu30BaHHOTO PEIISHHS 3aa4d MHOTOMEPHOW JTMHEHHOM perpeccun uepes
CUHTYJIIPHOE Pa3JIOKEHHE.

7. BeiBecTn FpaI[HeHTHBIfI METOA O6y‘-IeHI/I$I B JIOTUCTHYCCKOM perpeccun.



[TpumMepsl 3aaHn# IO BEIOOPY MOZAETH U OTOOPY MPHU3HAKOB

1. B uéM omin4Ms BHyTPEHHUX M BHELIIHUX KpUTEpUEB?

2. Pa3HOBUIHOCTH BHEIIHUX KPUTEPUEB.

3. Pa3HOBUIHOCTU KPUTEPHSI CKOJIB3AIIETO KOHTPOJIS.

4. Yrto Takoe KpuTepuii HempoTuBopeurBoctu? B uém ero Hegoctarku?

5. UTo Takoe MHOTOCTYIICHUYAThI BEIOOP MOJIEIU 110 COBOKYITHOCTH KPUTEPHEB?

6. OcHoBHas wJies 0TOOpa MPU3HAKOB METOJIOM IMOJTHOTO Tiepedopa. JleliCTBUTENBHO M 3TO MOJHBIN
nepedop?

7. OcHoBHas ujest 0TOOpa MPU3HAKOB METOAOM JOOABICHUH U UCKITIOYHEHUH.

8. Uto Takoe maroBas perpeccusi? MoxHO J1n e€ HCIoIb30BaTh IS KJIacCCU(HUKALNHU, B KAKOM MeTone?
9. OcHoBHas ujest 0TOOpa NPU3HAKOB METOIOM [TOMCKA B TITyOUHY.

10. OcHoBHas uzaes 0TOOpa NPU3HAKOB METOJOM TIOMCKA B IIUPUHY.

11. Yro Takoe MI'YA?

12. OcHoBHas uaest 0T60pa NPU3HAKOB C IOMOIIBIO TEHETHUYECKOTO AIITOPUTMA.

13. OcHoBHas uaes 0T60pa NPU3HAKOB C MOMOIIBIO CITY4aliHOTO TIOMCKA.

14. B uém oTnnuus cirydyaifHOTO MOKMCKa OT CIIy4aiiHOTO TIOMCKA C afanTtanuei?

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeACeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

1. 3anucarp oburyto Gpopmyny OaiiecoBckoro Kiaccupukaropa (Haao IOMHHUTE GOPMYITY).
2. Kakue BbI 3HAaETE TPH MOJIX0/IA K BOCCTAHOBJICHHUIO TUIOTHOCTH PacIpeieieHus 0 BRIOOpKe?
3. Uto Takoe HaWBHbIN OaliecOBCKUI KitaccuuKarop?

4. Yrto Ttakoe omeHka tiotHoctu [lap3ena-PoszenbOnarra (Hamo moMHUTH (opmyny). Beimucars
(bopmMyity anroputMma KiacCu(pHUKaul B METOJIC TAp3EHOBCKOTO OKHA.

5. Ha uto Bauser IrprHA OKHA, a Ha 9YTO BUJ A/lpa B MCTO/AC IMap3CHOBCKOT'O okHa?

6. MuoromepHoe HOpMajJbHOE pacmpeneneHue (Hago NOMHUTH (opmyiy). BeiBectu Qopmyriy
KBaJpaTUYHOTO TUCKPUMMHAHTA. [Ipy KakoM yCIOBUHM OH CTAHOBUTCS JIMHEHHBIM?

7. Ha xakux mpeanoyoxeHusIX 0COBaH JTUHEHHBIA JUCKpUMUHAHT Durepa?

8. Uro Takoe «mpobieMa MyJIbTHKOUIMHEAPHOCTH», B KaKHX 3a/adax M HPU HMCIOIb30BAHUU KAKUX
aNropuTMOB OHa Bo3HUKaeT? Kakue ecTb moaxosl K €€ permeHuo?

9. Uto Takoe «cMech pacrpe/eneHuiny (Halo MIOMHUTE GopMyity)?

10. YUro takoe EM-anropurm, kakoBa ero ocHoBHas upiesi? Kakas 3amaua pemaercs na E-mare, Ha
M-mare? KakoB BEpOSITHOCTHBIN CMBICH CKPBITHIX TIEPEMEHHBIX ?

11. [MocnenoBarenbpHOE T0OaBIEHNE KOMIIOHEHT B EM-anropurMe, OCHOBHAsSI UJiesl ITOPUTMA.

12. Yrto takoe croxactuueckuit EM-amroputm, kakoBa ocHOBHasg ujaesi? B uém ero mpemmyiiecTBo
(xaxoit HegocTaTok crangaptHoro EM-anroputma oH yctpaHsier)?

13. YUro Takoe ceTh paanaIbHbIX 0a3UCHBIX (QYHKINN?
14. Yro takoe «BBIOpOCH»? Kak ocymectsisiercs GuibsTpanns BEIOPOCOB?

Mertpuueckas kinaccuuranusi.

1. Yro Ttakoe 00OOIIEHHBIN anroput™M kiaccuukaunu (Hago nmoMHuThH Gopmyny)? Kakue Bbl 3HaeTe
YacTHbIE CiTydan?

2. Kak onpenensiercs MOHATHE OTCTYIA B METPUICCKUX AITOPUTMaXxX Kiaccuduranuu?
3. Uro Takoe OKHO MEePEMEHHOM MIMPHUHBI, B KAKUX CIIy4asiX €ro CTOUT UCHOIb30BATh?

4. Yto Takoe MeToJ| MOTeHIMANbHBIX (yHKUMA? Wnes anroputma HacTpoliku. CpaBHUTE C METOIOM
paananbHBIX 0a3UCHBIX QYHKLIUH.

5. 3aueM HyXeH 0TOOP OMOPHBIX OOBEKTOB B METPUUYECKUX AITOPUTMaX Kiaccupuxkauuu?
6. OcnoBHas unes anroputma CTOJIII.
7. Uto Takoe GyHKIMSI KOHKypeHTHOTO cxonctBa? OcHoBHas unes anroputma FRiS-CTOJIIL.



8. [IpuBeanTe mpruMep METPUYECKOTO aJITOpUTMa KiacCU(pHUKALUK, KOTOPBIH OHOBPEMEHHO SIBISETCS
0aiieCOBCKUM KJIACCU(PUKATOPOM.

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

Jluneiinas xinaccupuKarsi.
1. Yto Takoe moxnenp MakKamioka-ITutrca (Hamo moMHUTE hopmyity)?

2. MeTton CTOXaCTHYECKOTO TpajueHTa. Pacnucarh rpaJMeHTHBIA MIar 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 «COKpaIIeHne BeCOB»?

7. O60CcHOBaHUE JIOTUCTHYECKON perpeccuu (OCHOBHAS TEOpeMa), OCHOBHBIE MOCHUIKH (3) U CIEACTBUS
(2). Kak BeIpaxaercst arocTepruopHasi BEpOSTHOCTh KIacCcoB (HAA0 IOMHHUTE (GOPMYITY).

8. Kaxk BeIpakaeTcst pyHKIHsSI TOTEPh B JIOTUCTHYECKOM perpeccuu (Hago MOMHUTH GopMyIty).

9. /e MoTMBaUMU M MOCTAaHOBKA 337a4ld METO/A OMOPHBIX BEKTOPOB. YMETh BBIBECTH HOCTaHOBKY
3agaunl SVM (pekoMeH1yeTcsi HOMHHUTD (POPMYITy TOCTAHOBKHU 3aa4H).

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

11. Yto Takoe simpo B SVM? 3adem BBomsiTcs siapa? Jlrobast mu GyHKIHS MOXKET OBITh SIpoM?
12. Kakoe g/1po mOpokKaaeT MOIUMHUAIIbHBIE Pa3eaioliue MOBEPXHOCTH?
13. Uro takoe ROC-kpuBas, kak oHa onpenenserca? Kak ona 3))eKTHBHO BBIYHCTSETCS?

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

15. KakoB BepoATHOCTHBIM cMBICH peryisipuzanun? Kakue Tunsl peryaspuzaropoB Bel 3Haere?
16. Yto Takoe MpUHLMI MAaKCUMyMa COBMECTHOTO MPAaBAONOA0OHS JaHHBIX U MOJEIH (HaJ0 IIOMHHUTH
bopmyiry)?

Perpeccus.

1. Yrto Takoe sifiepHOE CTiIaXUBaHUE?

2. Yto ecTh 001ETO MEXTY SJIPOM B HENMapaMeTPUIECKOl perpeccuu u siipoM SVM?

3. Ha uTo BiIMsieT lIMpHHA OKHA, a HA YTO BUJ sAJpa B HelapaMeTpUuecKoi perpeccun?

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

5. Urto Ttakoe «BBIOpOCH»? Kak ocymecteisiercss (uibTpanuss BBIOPOCOB B HemapamMeTpUYECKOH
perpeccun?

6. IlocTraHoBKa 3a1a4u MHOTOMEPHOU TMHEUHOU perpeccuu. MarpruyHas 3anuch.

7. Uto Takoe cuHTYyIsipHOE pasziiokeHne? Kak oHO wcmonmb3yercst Ui pelieHus 3aa4d HAauMEHbBIIUX
KBaIpaToB?

8. Uto Takoe «mpobieMa MyJIbTHKOJUIMHEAPHOCTH» B 3ajladaX MHOTOMEPHOW JMHEWHOW perpeccuu?
Kakue ects Tpu noaxoza k e€ ycTpaHeHUIO?

9. CpaBHUTH TpeOHEBYIO pErpeccHi0 W Jiacco. B Kakux 3ajauax MPeANOYTHTENIbHEE HCIIONh30BaTh
nacco?

10. Kakyro mpoOieMy pemaer MeTo] IJIaBHBIX KOMIIOHEHT B MHOTOMEpPHOW JMHEWHOW perpeccuu?
3anucarh MaTPUYHYIO IIOCTAHOBKY 334341 JJIs1 METO/A IJIABHBIX KOMIIOHEHT.

11. Kak cBectu 3a7auy MHOTOMEPHOM HENMHEHHON perpeccu K MOCIEAOBATECIBHOCTU JTUHEUHBIX
3aja4q?

12. Meton HacTpoiiku ¢ Bo3BpaiieHussMu (backfitting): mocraHoBKa 3a/1a4uu M OCHOBHAsI UJIesl METOJIA.
13. Kakue MeTopI MOCTPOEHHUS JOTUCTHUECKOM perpeccun Bl 3Haere?

14. TlpuBeauTte mpuMepbl HEKBAJPAaTUYHBIX (YHKIMH MOTEph B PETrPEeCCHOHHBIX 3amadax. C Kakol
LEJIbIO OHU BBOJSTCS?

Heliponnsle ceTu.



1. IlpuBenure mpuMep BHIOOPKHU, KOTOPYIO HEBO3MOXKHO KiaccH(UIIMpOBaTh 06e3 OMNOO0K C MOMOIIBIO
JMHEHHOTO anropuTMa Kiaccudukanun. KakoBa MUHHMabHast JUIMHA BEIOOPKH, 00J1a1atonias JaHHBIM
coiictBoM? Kakue CyIiecTByOT criocoObl MOANGHIUPOBATh JINHEHHBIH aJITOPUTM TakK, YTOOBI JaHHAs
BBIOOpKA CTaJa JMHEHHO pa3euMoi?

2. Ilouemy nmoGast OyneBa QyHKIHMS MpencTaBUMa B Buje HeHpoHHOH ceTn? CKONbKO B Hel clioéB?

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

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

5. Kak MOXHO YCKOPHUTH CXOAMMOCTh B TPaJUEHTHBIX METOJaX HACTPOWKHU HEHPOHHBIX CeTen?
6. Uto Takoe nuaronanbHbIN Metof JleBenOepra-Mapksapara?

7. Uto Takoe «mapajny» CEeTH, U KaK ero n3oexarb?

8. Kak BpIOMpaTh 4KCIO CIOEB B rPaJUEHTHBIX METOJaX HACTPOWKH HEHPOHHBIX CETer?

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

10. B uém 3aximroyaeTcsi METOJ] ONTHMAJILHOTO TIPOPEKUBaHUS HellpoHHOU cetn? Kakue HemocTaTku
CTaHJAPTHOTO aJIFOpUTMa 0OPaTHOTO PACIPOCTPAHEHUS OMIMOOK MO3BOJISET yeTpaHUTh MeTon ODB?

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

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

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

3. Kak oOHapyXHUTh OOBEKTHI-BBIOPOCHI TMPH TOCTPOCHUH KOMIIO3UIIMU Kiaccu(DUKaTOpoB IS
rOJIOCOBaHUS 1O OOJIBIIMHCTBY ?

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

6. Kakme BO3MOXHBI cTparermd BBIOOpa KIAaccOB 0a30BbIX aJTOPUTMOB NPU TOJIOCOBAHHUU TI0
CTapUINHCTBY?

7. Kakue 1Be 9BpUCTHKH 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 CIIy4YaHbIX OJIPOCTPAHCTB.

13. Yro Takoe cMech IKcIepToB (HOMHUTE hopmyity)?

14. TlpuBenuTe mpUMEPHl BBIMYKILIX (QYHKIUH Mmorepb. [loueMy CBOMCTBO BBITYKIOCTH MOMOTAeT
CTPOHUTH CMECH IKCIIEPTOB?

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

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

. HacTo KcIonb3yeMble THIIBI JOTHYECKUX 3aKOHOMEPHOCTEM.

. JlaiiTe onpesienieHre SMCUIIOH-/IEbTa-IIOTHIeCKON 3aKOHOMEPHOCTH (TIOMHUTEH (POPMYJIBI).
. JlaiiTe onpesienieHNe CTaTUCTHYECKONW 3aKOHOMEPHOCTH (TOMHUTH (POPMYJIBI).

. CpaBHHTE O0NIACTH CTATUCTHYECKHUX M JIOTHUYECKUX 3aKOHOMEPHOCTEH B (P,N)-TIIIOCKOCTH.
. C kakoli 1lenblo Jenaercs OuHapu3arys?

. B uém 3akmodaeTcs npoueaypa OMHapu3anuy npru3HaKa’?

. Kax npoucxoaur nepeGop B *aJHOM aIrOPUTME CHHTE3a MH(OPMATUBHBIX KOHBIOHKIINN?
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. Kakue kpurepnu nH(pOPMaTHBHOCTH MCHONB3YIOTCS B JKaIHOM aJITOPUTME CHHTE3a HH(POPMATHBHBIX
KOHBIOHKLIUH U 1oyemy?

10. Kak npucrnocoOuTh >KagHbI alrOPUTM CHHTE3a KOHBIOHKLUMH Ui CHHTEe3a WH(POPMATUBHBIX
mapoB?

11. Yro Takoe cToXacTU4YECKU JJOKaIbHBIN TOUCK?

12. B uém oTnuuus peaykuuu u ctabunmzanun? B 4éM UX J0CTOMHCTBA U HEJOCTATKH?

13. Yto Takoe pemnraromuii Crucox?

14. Kakue kputepun HHGOPMATUBHOCTH UCTIONB3YIOTCS NP CHHTE3€ PENIAONIEero CIUCcKa U ToueMy?



15. JlocTonHCTBa M HEAOCTATKU PELIAONIUX CIIHCKOB.

16. Yto 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 Ba OCHOBHBIX THIIA PEIYKIIUU PEHIAONINX JePEBbEB?

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

22. Uro takoe ADT (alternating decision tree)? Kak npoucxomut nocrpoerne ADT?

23. OcuHoBnas unes anroputma KOPA.

24. Tlouemy BO3HMKaeT mpoOiieMa MPEANOYTEHHs MPU3HAKOB C MEHBIIMMH HOMEpaMH B aJTOpUTME
KOPA? Kak ona pemaercs?

25. OcnoBHas uges anroputma TOMIL.
26. Kakue kputepuu HHQOPMATUBHOCTH UCHONB3YIOTCS B anroputme TOMII u mouemy?

27. Ilouemy Bo3HHMKaeT mpobiema ayOnupoBaHHUs 3akoHOMepHocTel B anroputme TOMII? Kak ona
permraercs?

28. JloctonHCcTBa U HeAocTaTku aiaroputma TOMIL.

29. Kak wucnone3oBare anroputM AdaBoost s MOCTpoeHHS B3BEIIEHHOTO TOJOCOBAHHS
3aKOHOMEPHOCTEH?

30. Kakoii kputepuii nHHOpMaTUBHOCTH UCTIONB3yeTcs B anropurme AdaBoost?
31. Crpykrypa anropuTma BbuucieHus oueHok (ABO).

32. Yto Takoe accommarnBHOE mnpaBwio? [lpuBenure mpuMep accONMATUBHOTO MpaBWiIa B 3ajave
aHaJM3a NOTPEOUTEILCKUX KOP3HH.

33. OcHoBHas Ujes aNropuTMa TIOMCKa aCCOMAaTUBHBIX paBui APriory.

Knacrepusamus 1 TakcoHOMHUS.

1. KakoBbI OCHOBHBIE LIEJTH KJIacTepU3alin?

2. OCHOBHBIC THIIBI KJIACTEPHBIX CTPYKTyp. [IpuBemmte i Kaxmoil M3 3THX CTPYKTYp HIpHUMEp
anropuTMa Kiactepusanuu, koropeiid ans He€ HE monxomur.

3. B uém 3akmroyaercs aJrOpuTM KpaTdaiiiero He3amkHyToro myTtu? Kak ero mcmomnb3oBarh AJist
knactepuszanuu? Kak ¢ ero momorursio onpeaenuTs Yucio kinactepos? Beerna au 310 BO3MOXHO?

4. OcHoBHas uzes anropurma @opIi.

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

6. Kakue cymecTByoT GyHKLIMOHAJBI KAYeCTBA KJIACTEPU3ALMH U JJIS1 YEr0 OHU MIPUMEHSIOTCS?
7. OcHoBHBIC oTIIMYMs adropurma k-cpeaaux u EM-anropurma. Kro u3 Hux nydie u nodemy?
8. OcHoBHas uaes uepapxuyeckoro anroputma Jlanca-Buibsmca.

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

10. Kakue paccrosHusl MeXIy KilacTepaMu, IpuMeHseMble B aaropurMme Jlanca-Bunbsamca, nyuiie u
noyemy?

11. Yro Takoe nenaporpamma? Beerna in e€ MOKHO TOCTPOUTH?

12. Kaxoii pyHKIIMOHAN KauecTBa ONTHMHU3HUpYETCs ceThio KoxoneHa? (moMHUTH popMmyity)

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

14. Kak ycTpoena camooranusytomiasics kapra Koxonenea?

15. Kak nnrepnperupytorcsa kaptsl Koxonena?

16. TTouemy 3a1a4u ¢ YaCTUYHBIM OOyUYCHHEM BBIJIICICHBI B OTACNbHBIN Kiaacc? [TpuBeauTe npuMepsl,
KOTJIa METO/IbI KJIacCU(HUKAIMU U KJIACTEPHU3AIIUK Jal0T HEaJeKBaTHOE PEIICHUE 3a7a4i ¢ YaCTHYHBIM
oOyueHueM.

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

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

[Mpumep OuiteToB:



buner 1:
1. 3auem menaeTcs peayKIHs peraronX JepeBbeB?

2. JIBe MOTHMBAaIMU M IOCTaHOBKA 33Jja4d METOAA ONOPHBIX BEKTOPOB. YMETh BBIBECTH HMOCTaHOBKY
3agaun SVM (pexoMeHtyeTcsi HOMHHUTD (POPMYITy TOCTAHOBKU 3aa4H).

buier 2:

1. Kak BBIYMCIAIOTCS WEHTPHI KiactepoB B amroputme DopDi, ecnu 0OBEKTBI — 3JIEMEHTHI
METPHUECKOTO (He 0043aTeNIbHO IMHEHHOTO0 BEKTOPHOT0) IPOCTpaHcTBa?

2. Kak 0OHapy)uTh 00BEKTHI-BBIOpOCH B asroputme AdaBoost?

Kpurepun onennBanus
OTJINYHO
10 BcecTopoHHHWE, CHCTEMAaTH3MpPOBaHHBIC, IIyOOKHE 3HAHUS Y4eOHOH MPOrpaMMbl TUCLMILIMHBI U

yYMEHHE YBEpEHHO NPHUMEHSATh MX Ha MPaKTUKE MPH pEIIeHHMM KOHKPETHBIX 3a/1ad, CBOOOTHOE M
MpaBUILHOE 00OCHOBAaHHUE MPUHSTHIX PEILICHUI;

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

8 mryOokue 3HaHMS y4eOHOM HporpamMMbl JUCHUUILIMHBI M yMEHHE NMPHMEHSTh MX Ha IMPAKTHKE IPU
peIIeHUH KOHKPETHBIX 3a]1a4, IPaBUJIbHOE 000CHOBAaHHME MPUHATHIX PEIICHUH;

XOpOIIO

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 HEKOTOpPbIE HETOUHOCTH;

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

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

YIOBJIETBOPUTEIILHO
4 (¢parMeHTapHbIM, pa3pO3HEHHBIH XapakTep 3HAHWH, HEJOCTATOYHO NPAaBUIBHBIE (OPMYIUPOBKU
0a30BbIX MOHSATHHA, HApPYLUICHHUS JIOTMYECKOH IIOCIICAOBATEIbHOCTH B HM3JIOKEHUH TPOrPAMMHOIO
Marepuaa, HO IpH 3TOM OH BJaJeeT OCHOBHBIMM pa3/ieslaMH y4eOHOH mporpamMMbl, HEOOXOIUMBIMU
JUIs AanbHeero o0y4eHus 1 MOKET IPUMEHSTD OJTYYCHHBIE 3HaHUS 110 00pasily B CTaHAAPTHOU
CUTyalluH;

3 xapakxTep 3HaHHH JOCTATOUEH Il JAIbHEHIIEro O0yUYeHHUsI K MOXKET IPUMEHSTh IOJIyYeHHbIC 3HAHUS
10 00pa3ily B CTaHAAPTHOHN CUTyaluH;

HEYJIOBJIETBOPUTEIHHO

2 He 3HaeT OOJbIIEH YaCTH OCHOBHOTO COACpXaHHUA Y4eOHOHW 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 [IPAKTUYECKUX 3a]ay.

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

Bo Bpems chaum sx3ameHa oOydaromuecss MOTYT HOJIb30BaThCsl MPOTPaAaMMOM JUCLMIUIMHBI, a TaKXKe
CIIPABOYHOM JIUTEPATYPOU, BBIYUCIUTEIIBHON TEXHUKOM, KOHCIIEKTAMH JICKLIUH.



