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

YTBEPXJAEHO
IIpopexTop no yueoHoii padore

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: AHanu3 TaHHBIX U METObI MAIIMHHOTO O0y4eHHS
10 HANPABJICHHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npo¢uib NOArOTOBKHU: VYrpasneHue HHHOBAIMAMU B OM3HECE

Ou3Tex-1kona Ou3Heca BHICOKHX TEXHOJIOTHH
kadenpa nHQOPMATUKH U BBIYUCIUTEIHLHON MaTeMaTHKU

Kypc: 2
KBaJIMpUKALS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 4 (BeceHHul) - nuddepeHunpoBaHHbIil 3a4eT

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuuu: 20 yac.
cemuHapsl: 0 yac.
nabopatopHsbie 3anaTus: 40 yac.

CamocrosrensHas padora: 75 4ac.
Bcero gacos: 135, Bcero 3au. en.: 3

KonnuecTBo KOHTPONBHBIX PadoT, 3a1aHuil: 2

[Iporpammy cocrasuin: T.®. XupbsiHOB, CTapLUIN PENOAABATEIb

[Iporpamma obcyxneHa Ha 3aceqanuu Kadenpsl HHPOPMATUKK U BRIYUCIUTENIbHON MateMaruku 31.08.2023



B xome wu3y4eHHs IHUCUUTUIMHBI

CTYACHTBI

AHHOTANMA

OCBOAT COBpPEMCHHBIC MCTOAbl MAIIXMHHOIO O6y‘ICHPI§I,

HaIpaBJICHHBIE HA PEIIEHNE 3a4a9l BOCCTAHOBIEHHUS 3aBUCUMOCTEN IO SMIIMPUIECKHUM JAHHBIX, KJIaCTEPHBIN
U perpeccHoHHbIN aHanu3. Kypc paccunTan Ha MOCTENEHHOE MOTPYKEHHUE B MPEAMETHYIO 001acTb, HaYMHAs
OT OCHOBHBIX ITOHSTUHN U MPHUBSI3KU K NPUKIIAAHBIM 3aa4aM. bynyT n3moxeHbl MeTpHUUeCcKrue METObI, a TAKKE
JIOTMYECKHEe M JIMHEHHBbIE METOAbl Kiaccupukanuu. B paMmkax Kypca CTyAeHTHI IPUOOPETYT HMpaKkTHYEeCKHe
HABBIKH ITOCTPOCHUS U paOdOTHI C HEHPOHHBIMU CETAMHU.

1. leau u 3apauun

eap AUCUMNIMHBI

- copMHUpPOBaTh TEOPETUUECKHE U MPAKTHUECKUE 3HAHUS B 001aCTH 00y4eHUsI MAIlIUH, COBPEMEHHBIX
METOJIOB BOCCTAHOBJIEHHS 3aBUCUMOCTEH IO AMIUPHYECKUM IaHHBIM, BKIIOYAsl JUCKPUMHUHAHTHBIN,

KJIACTEPHBIN U PETPECCUOHHBIN aHAJIN3.

3agauu AU CHUIIHHBI

- IPaBWIBHO (OPMYIIMPOBATH 3a/1a4y B TEPMUHAX MAIIMHHOTO O0y4eHHMS;

- OBJIaZICTb HABbIKAMHU IIPAKTUYCCKOI'O PCUICHUS 3aaa4 MHTCIJJICKTYaJIbHOI'O aHaJIn3a JaHHbIX.

2. llepevyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-4 Crioco0GeH 0CyecTBISTh JEIOBYIO YK-4.2 Ucnoneiyet COBPEMEHHBIE
KOMMYHHKALUIO B YCTHOH M MIUCBMEHHOM WH(POPMALIMOHHO-KOMMYHHUKAaTUBHBIC cpeacTBa JUTS
¢dbopmMax Ha TOCyJapCTBEHHOM SI3bIKE KOMMYHHKALUH

Poccuiickoii ®enepanyn 1 THOCTPAaHHOM(BIX )

sI3bIKE(ax)

OIIK-4 CriocobeH ocymiecTBIsITh cOOp U OIIK-4.1 Bmageer weTromaMu Hay4HOrO TIOMCKa |

00pabOTKy HayYHO-TEXHUYECKOHN U (MJIIH)
TEXHOJIOTHYECKOH MH(OPMAIIUK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKIIAJHBIX 3349

MHTEJUICKTYaJbHOTO aHajdM3a WHPOPMAIMUA TPU pEIICHHU
3a7a4 npodeccHoHaIBHOM IesITeNbHOCTH

[IK-1 CnocoGeH m1aHupoBaTh U NPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEIMETHOM 001acTH) U (MJIM) TEOPETUICCKHUE
(aHATMTHYECKIE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.8 Bnageer HaBblkKamMH pPabOTBl C COBPEMEHHBIMH
SI3bIKaMU [IPOIPaMMHUPOBAHUS U IPOrPaMMHBIMU ITaKETaMU
JUISl HAYYHBIX pacyeToB

[1K-3 CnocoOeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH IS PELLICHHS 3a]1a4 B
M30paHHOW IPeAMETHOM 00IacTH

[IK-3.2 3naer o6macTy W KPUTEPUHU NPUMEHUMOCTH
UCHOJNb3YEMBIX TEOPETUYECKUX IIOIXOJOB U  yMEHHUE
OLICHUBATh TOYHOCTh MNPHUOJMKECHHBIX aHAIUTHYECKHUX
METOJOB BBIYUCIICHUH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMUILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00Y4aIOIINeCs JOIKHbI

OCHOBHBIC MCTObI U AJITOPUTMBI pCHICHUA 3a/1a4 06yquH${ 1o NpCUCACHTAM;

3HaTh:
- OCHOBHBIE IPUHIMIIEI U TPOOIEMATHKY TEOPUH 0OYUIECHHUS MAIlUH;
- OCHOBHBIE 00JIACTH NPUMEHEHHS ITUX METOJOB U aJTOPUTMOB;
- Kiaccu(puKaH, KJacTepu3alluu U PErpecCHu.

YMETB:

- (hopManM30BaTh MOCTAHOBKH MPUKIAJHBIX 33/1a4 aHAJIN3a IaHHbIX;
- MCIOJIB30BaTh METOBI OOYUEHUS 110 IpeLeleHTaM Ul PeIICHHS TPAKTUIECKUX 3a/1ay;
- OLIEHMBATh TOYHOCTh M IP(PEKTUBHOCTH MOTYUECHHBIX PEIICHHH.

BJIAJIETD:




- OCHOBHBIMHM HOHSTHSAMH TEOPUU MAIIMHHOTO O0Yy4EHMUS;

- HaBbIKAMH CaMOCTOATEIBHOM paboThl IPH PEeIICHUH TUIOBBIX 3a7ad;

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

- HaBBIKaMH TEOPETHYECKOTO aHAJIM3a PealbHBIX 33/1a4, PEIIaeMbIX ¢ TOMOILIBIO AJITOPUTMOB OOYUYEHUS
10 IIpeLEACHTaM.

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
| OcHOBHBIE ~ HOHATUS U NPUMEpPHI ) 4 7
MPUKJIAIHBIX 33724
2 MeTpuueckne MeTOIbI 2 4 7
3 OTOOp MPU3HAKOB, MOCTOCHHE 2 4 7
4 Jlorudeckue MeTombI KiaccupUKaIuu 2 4 7
5 Jluneltabie MeTOBI KITACCUDUKALINN 2 4 7
6 MeToas! OMOPHBIX BEKTOPOB 2 4 7
7 MHoroMmepHas JIMHEWHas perpeccus 2 4 7
8 baiiecoBckast knaccuduxanys 2 4 7
9 Jlormueckas perpeccus 2 4 7
10 |MHorocnoiiHsle HEHPOHHBIE CETH 1 2 7
11 MeTtozas! KacTepru3anuu 1 2 5
Hroro gacos 20 40 75
Iloaroroska k sKk3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 4 (Becennuii)
1. OCHOBHBIE IOHATHUS U IPUMEPHI NPUKJIAIHBIX 33134

» TIlocranoBka 3amad oOyueHus 1o npeneaeHTam. OObeKTH M MpU3HAKU. THIIBI KA OMHApHBIE,
HOMHHAJIbHBIE, TOPSAAKOBbIE, KOJINYECTBEHHBIE.

 Twumnsl 3a7a4: KIaccUPUKALM, perpeccus, IPOrHO3MPOBAHKE, PAHKHUPOBAHHE.

*  OCHOBHBIC TIOHATHS: MOJEIb AJTOPUTMOB, METON OOy4YeHus, QYHKIUS MOTeph U (PyHKIMOHAT
KadecTBa, MPUHIIUIT MUHAMHU3AIMN SMIIMPHYECKOTO PUCKa, 00001arolias CloCOOHOCTD, CKOJIB3SIIAN
KOHTPOJIb.

. JluHeiiHpIe MOIENH perpeccur © Kiaccupukanuu. MeTon HauMEHBIINX —KBaJIpaToB.
[TonuHoMMaNbHAs perpeccust.

* IIpumepsl NpUKIaHBIX 3a/1a4.

® MeTtonuka SKCHCPUMCEHTAJIIBHOIO HMCCIICAOBAHUSA M CpPaBHCHHA aJITOPUTMOB Ha MOJICIIBHBIX U
pCalibHbIX JaHHBIX.

» Konkypcsl o ananusy nansbix kaggle.com. Ilonuron anroputMoB kiaccupuKaum.

*  CRISP-DM — wmexoTpacneBol CTaHAApPT BEACHHS MPOCKTOB HHTEJUICKTYAJIbHOTO aHajn3a
JAHHBIX.




MeTtpuueckue MeTob! KilacCH(pUKaluKN U perpeccuu
 ['mnore3sl KOMIIAKTHOCTH U HEIIPEPHIBHOCTH.
* OO00OUIEHHBII METPUIECKUI KITACCHU(HUKATOP.

* Merop onmxaiimux coceaeit KNN u ero o6o6mienust. [Ton6oop uucna k mo kputTepuo cKoIb3sIIero
KOHTPOJISL.

* Merton okHa ITap3eHa ¢ MOCTOSHHOMN M EPEMEHHON IMUPUHOM OKHA.

* Meroza moTeHIMaNbHBIX (PYHKIHHI U €ro CBA3b C JIMHEHHON MOJIENbIO KIIaCCH(PHUKALINN.

. Henapamerpuueckast perpeccus. JlokanbHO B3BELICHHBIM METOJ HaWMEHBIINX KBaIparoB.
SnepHoe criiaxuBaHUeE.

* Ouenka Hanapas-BarcoHa ¢ mocTosIHHO#M 1 iepeMeHHON mupruHoi okHa. Beibop dyHkuuu sapa.

» 3agava orceBa BeIOpocoB. PobacTHas Hemapamerpudeckas perpeccusi. Anroputm LOWESS.

» 3agava orOopa 3tanoHoB. [loustue orcryna. Anropurm CTOJIIL

* 3agava orOopa npu3HaKoB. JKaJHbIN aJTOPUTM MTOCTPOCHUS METPUKH.

N

. Merpuueckue MeTobl

Jlornueckne MeTozbl KiIacCu(pHUKALUK
» [loHATHE JIOrMYECKON 3aKOHOMEPHOCTH.

+ Ilapamerpuueckue ceMeiicTBa 3aKOHOMEPHOCTE!: KOHBIOHKIMM ITOPOTOBbIX IIPABUJI, CHHIPOMHBIE
MIpaBUIIa, MIapbl, THIEPIIIIOCKOCTH.

. [lepeGopHble anrOpuTMbl CHHTE3a KOHBIOHKLMH: CTOXaCTHYECKUMH JIOKAIbHBIA ITOUCK,
cTabunm3anus, peayKIius.

» JIByXKpUTEpHUAIBHBIH 0TOOp HHOOPMATUBHBIX 3aKOHOMEPHOCTEH, TApeTO-ONTUMANBHBIA (QPOHT B
(p,n)-mpocTpaHcTBE.

* Pemaromee aepeBo. XKangHass HUCXOAAIIAs CTpaTerus «pasfensail u BiaacTByi». Anroputm ID3.
Henmocrarku xaHoii cTpaTeruu u criocooObl ux ycrpaneHus. [Ipobnema nepeoOydeHus.

*  BrBon kpurepueB BeTBieHUS. Mepa HedwcToThl (impurity) pacnpeneneHus. DHTPONWHHBIN
Kputepuii, kputepuil [Hxunm.

* Pemyknms pemraronimx qepeBbeB: MpeApeIyKIus 1 nocTpeaykius. Anroputm C4.5.

» JlepeBbs perpeccun. Anroputm CART.

» HeOpexuble pemraronue nepesbs (oblivious decision tree).

* Pematommii nec. Conyuaiinsiii tec (Random Forest).

dakyNnbTaTUB

*  Craructuueckuii kputrepuii HHGOPMAaTHBHOCTH, TOUHBIA TecT Dumepa. CpaBHeHHEe obmacTei
IBPUCTHYECKUX M CTAaTUCTHYECKHX 3aKOHOMEPHOCTEH. ACHMNTOTHYECKash AKBHBAJIICHTHOCTb
CTaTHCTHYECKOTO M OJHTPONMHHOTO KpuTepuss WHPOpMaTUBHOCTH. Pa3HOOOpasme KpuTepHeB
WH(POPMATUBHOCTH B (P,N)-IIPOCTPAHCTBE.

* Pemarommii nenb. burapu3zanusi npu3HakoB. AJITOPUTM pa30oHeHust 00JacTH 3HAYCHUH MpU3HAKa
Ha UH(OPMATUBHBIEC 30HBI.

* Pemaromuii cnucok. XKagHblil anropuT™ CUHTE3a CIIUCKA.

 IIpeoOpa3oBaHue pemaroIero AepeBa B PeIIAOINi CIIUCOK.

I'panuentHbie MeToaBI 00YUEHHUS

. Jlnneiinelii kiaccudukarop, moxenb MakKammoka-Ilutrca, HempepbIBHBIE anIpOKCHMALUU
MOPOTOBOH (PYHKIMH MOTEPE.

* Merton croxactuueckoro rpagueHta SG.
* Merton croxacTuueckoro cpennero rpaguentra SAG.

*  Yacrable ciywau: anmantuBHbI JmHeiHbIH snemeHT ADALINE, mepcentpon PoszenOnarra,
npasuiio X300a.

° TeopeMa Hosuxosa o CXOOAUMOCTH. I[OKaSaTeJ'IBCTBO TCOPCMBL HosukoBa

° 3BpI/ICTI/IKI/IZ HHUNIMAJIM3anus BCECOB, IMOPAAOK MNPCABABICHHUA 06’LGKTOB, BBI60p BCJIMYHHBI
rpaJuCHTHOIO 11ara, «BBIOMBAHUE» U3 JTOKAJIbHBIX MUHUMYMOB.

*  TIpobGiema MyJbTHKOJUIMHEAPHOCTH W IEpeoOyuUCHHs, PEryspu3aius WIA PEAyKIHs BECOB
(weight decay).
* BeposTHOCTHAs MOCTAHOBKA 3a1auu Kiaccupukanuu. [TpuHIUIT MakcCuMyMa MPpaBIonoa00us.



* BeposiTHOCTHAst HHTEpIPETALUs PETYIIpU3aLUH, COBMECTHOE NPABIONO0A00ME TaHHBIX U MOJEIIH.
[IpuHIMI MakcUMyMa arnoCcTEpUOPHON BEPOATHOCTH.

» T'ayccoBCKHUI U JIAIIACOBCKHM pETyYIIpU3aTOPBHI.

» Jlorucruueckas perpeccus. [IpyHIMD MakcuMyMa MpaBaoIoao0us 1 torapudMudeckast QyHKIUSL
notepb. MeTo CTOXaCTUYECKOTO rpaAueHTa At Jorapupmudeckoil GyHKmu noreps. CriiakeHHOe
npaBuiio X300a. MHorokiaccoBasi JOrHCTHYECKas perpeccusi. PeryispuzoBaHHas JOTUCTHYECKAs
perpeccust. Kannbposka Ilnarra.

3. OT60p NPU3HAKOB, MOCTOCHUE

Meroz OOpHBIX BEKTOPOB
* OnrtuMmanbHas pa3JeNsonas THIepIuiockocTh. [ToHsTHE 3a30pa MeX Ty Kiaccamu (margin).

. Crnydan JMHEHHOW pa3fgenTuMOCTH M OTCYTCTBHS JIMHEHHOW paszgenumoctu. CBsa3p C
MUHUMH3ALHUEH PEryIsipu30BaHHOTO SMITUPUIECKOTO prcka. KycouHo-nuHelHas GyHKUIUS TOTEPh.

. 3amaya KBaJApaTUYHOTO INPOTPAMMHUPOBAHUS M JIBOWCTBEHHas 3ajgada. [loHSATHE OIMOPHBIX
BEKTOPOB.

* Pexomennanuu 1o BeIOOpy koHCTaHTHI C.

» @ynxkmus sapa (kernel functions), cnpsimiisroniee mpocTpaHcTBO, Teopema Mepcepa.

* Cnoco0bl KOHCTPYKTUBHOTO IocTpoeHus saep. Ilpumeps! saep.

* SVM-perpeccus.

* Perymsipuzanuu s or6opa npusHakoB: LASSO SVM, Elastic Net SVM, SFM, RFM.
* Merozx peneBaHTHBIX BEKTOpoB RVM

MHoromMmepHas JMHElHHas1 perpeccus

* 3ajaya perpeccuu, MHOTOMEpHas JINHEHHAs! perpeccHs.

* Metoa HaMMEHBIIUX KBA/IPATOB, €T0 BEPOSITHOCTHBIN CMBICI U TEOMETPUYECKUN CMBICI.
» CuHryIsIpHOE pa3lIoKeHue.

* [IpoGneMbl MyJIbTUKOJUTMHEAPHOCTH U IIEPEOOyUCHMSI.

* Perymspuszanus. I'pebHeBas perpeccust yepe3 CHHTYISIPHOE Pa3lIoKEHUeE.

. Metonsl otbopa mpusHakoB: Jlacco Tubmmpanu, Elastic Net, cpaBHeHune c¢ rpeOHEBOH
perpeccuei.

* Meroz r1aBHBIX KOMIIOHEHT U JIeKOoppenupytoiiee npeodpazoBanue Kapynena-Jlossa, ero cBsizb ¢
CUHTYJISIPHBIM Pa3JIOkKEHUEM.

* CrexTpanbHBIH MMOIX0 K PEIICHUIO 33/1a91 HAUMEHBIITUX KBaIpaToB.
* 3amadd ¥ METOABI HU3KOPAHTOBBIX MAaTPUYHBIX Pa3JIOKEHUH.

4. Jlornyeckue METObI KIacCUPUKAIH

Henuneiinas perpeccust
* Meroxa Hetorona-Padcona, metox Hetotona-I"aycca.

*  OO6o6ménnas aymuruBHas monenb (GAM): meron HacTpoiiku ¢ Bo3BpamieHusmu (backfitting)
Xactu-TuOmupanu.

» Jloructuueckas perpeccus. MeroJ HauMEHBIIUX KBaJIpaToB ¢ UTEPATUBHBIM I1E€PECUETOM BECOB
(IRLS). IIpumep npukinanHoii 3a1a4u: KPEAUTHBIM CKOpUHT. brunapu3zauus npusHakoB. CKOPUHTOBBIE
KapThl U OIICHUBaHKE BEPOSTHOCTH JiedonTa. Puck kpemuTHoro nmoprdens 6aHka.

» O6o06ménnas muneitHast Mmosenb (GLM). DkcroHeHITMaIbHOE CEMENCTBO pacpeieICHHH.

* Heksagparuunsle QyHKIMU TOTepb. MeTon HamMeHbUIMX Monyneil. KBaHTunbHas perpeccus.
[Tpumep npuKIagHON 3a1a41: TPOTHO3UPOBAHHUE IOTPEOUTEIBCKOTO CIIpOca.

» PobacrtHas perpeccusi, GyHKIHMN TOTEPh C TOPU30HTAIBHBIMHA ACUMIITOTAMHU.
[IpornosupoBaHre BpEMEHHBIX PAIOB
» 3ajava MpOrHO3MPOBAHMSI BPEMEHHBIX pAa0B. [IpuMepsl npuiiosKeHHi.

*  DKCIIOHEHIMAJIBHOE CKoMb3smee cpennee. Momens Xombra. Mopens Teitna-Belimka. Monenb
XonpTa-YUHTEpCA.

* AnanTuBHas aBTOPErPECCUOHHAS MOAEIIb.

* Crnepsmuii KOHTpONbHBIN curHan. Moaens Tpurra-Jlnya.

* AnanTuBHas CeNEKTUBHAS MOAENb. AJANITUBHAS KOMIIO3ULIMS MOJIEJIEH.
» JlokanbHas aganTanys BECOB C PEryJsipu3aluei.



Kputepun Bei6opa Mozieneit 1 MeToibl 0TOOpa MPU3HAKOB

*  Kpurepun kadectBa KiacCH(UKAIUU: YYBCTBUTEIBHOCTh M crnenuduaHocts, ROC-kpuBas u
AUC, TounocTts u monaota, AUC-PR.

° BHYTpCHHI/IC 1 BHCIITHUC KPUTCPHU. BMHI/IpI/ILIeCKI/IC " AHAJIMTUYCCKUC KPUTCPUU.

. CKONB3ALIMIA KOHTPOJIb, PA3HOBUAHOCTH HMIHUPHUUYECKUX OLEHOK CKOJNB3SIIEr0 KOHTPOJIA.
Kputepuii HennpoTUBOpPEUUBOCTH.

. PasHoBunHOCTHM aHamuTHYeCcKWX oOleHOK. Perymspuzamus. Kpurepuit Axaumke (AIC).
BaiiecoBckuit nunpopmannonuslii kputepuit (BIC). Ouenka Banuuka-YepBoHeHKHCA.

* ArperupoBaHHbIE 1 MHOTOCTYIIEHUATBIC KPUTEPHUH.

» CrnoxHocTb 3a1a4u 0TO0pa npu3HakoB. [lonHbIl epedop.

* Merozn noGaBiIeHUS U yAAJICHHUS, IIarOBasi pErpeccHsl.

* Ilouck B n1yOuHY, METOJ BETBEW U IPaHUL.

* Yceu€HHBIN OUCK B IIUPHUHY, MHOTOPSIHBINA UTepannoHHbIH anroputM MI'YA.
* T'enernueckuit anroputm, ero cxoactso ¢ MI'YA.

* Cnyuaiinsiii nouck u Ciyvalineiii nouck c aganrauueii (CIT1A).

5. JIuHeHbIE METOABI KIIaCCU(PUKAITUN

baiiecoBckas KJ'IaCCI/I(l)I/IKaLII/ISI 1 OIICHUBAHUC ITIJIOTHOCTHU

 [lpuHIUI MakCUMyMa aroCTEPUOPHON BEpOSTHOCTH. Teopema 00 ONTHMAIBHOCTH 0alieCOBCKOTO
Kiaccuduraropa.

* OreHrBaHKE IUIOTHOCTH PACIIPEICIICHUS: TPU OCHOBHBIX MOAXOA.
» HawuBHblii OaiiecoBckuil KitaccuuKarop.

. Henapamerpuueckoe  OLIEHUMBaHME  IUIOTHOCTU. SlnepHas  OLEHKa  IUIOTHOCTH
[Tap3ena-Pozenbnarra. OnHOMEpPHBI 1 MHOTOMEPHBIN CITy4aH.

* Meton nap3eHoBckoro okHa. Beibop ¢ynknuu sapa. BeiOop mmpuHbl okHa, IepeMeHHast IUprUHA
OKHa.

* [lapamerpruueckoe OLEHUBAHUE TUIOTHOCTU. HOpMaJIbHBINA JUCKPUMUHAHTHBIN aHAJIU3.

*  MHoromepHOe HOpPMAaJbHOE pacHpeneieHue, reoMeTpuyeckas MHTeprperanus. Boibopounsle
OLICHKH MTapaMeTPOB MHOTOMEPHOTO HOPMAJIEHOTO pacIpeeICHusI.

* KsagparnuHslil TuCKpUMUHAHT. Bup pasznaenstomeil moBepXHOCTH. [10ACTaHOBOUHBIN alNTrOpHUTM,
€ro HeJJOCTaTKU M CIIOCOOBI MX YCTPaHEHHUS.

» Jlunelinblii quckpuMuHaHT Ouiepa.

. [TpoGiiembl MYJIBTUKOIJIMHEAPHOCTH M TepeoOydyeHus. Perymspuzamust KoBapHaLMOHHOM
MaTpHIIbI.

 [lapamerpuyeckuii HaMuBHBIN OalleCOBCKHIA KilaccupukaTop.

» CwMmech pacrpe/ieieHHiA.

* EM-anroputM Kak METOM MPOCTHIX UTEPALMH ISl pEIIEHHs] CHCTEMbI HETMHENHBIX YpaBHEHUM.

» Bri0op uncia komnoHeHToB cMecH. lomarosas crparerus. AnpruopHoe pacrpenenenue Jupuxie.

* (CMech MHOTOMEpHBIX HOpPMalbHBIX pacnpeaeneHuid. CeTb paguaibHBIX 0a3UCHBIX (YHKLIUI
(RBF) u mpumenenne EM-anroputma 11t €€ HaCTpOUKH.

* CpaBuenue RBF-cetn 1 SVM ¢ rayccoBCKUM sSIIpOM.

Knacrepuzanus u yactuuHoe 00yueHne

* IlocranoBka 3aaun kiactepusanuy. [IpuMepsl MpUKIaIHbIX 337134, THITBI KIIACTEPHBIX CTPYKTYP.
» [locranoBka 3amaun Semisupervised Learning, mpumepsl MPUIOKESHUH.

* OnTUMHU3aIMOHHBIE TOCTAHOBKY 3a/]1a4 KJIaCTePU3aIlMK U YACTUYHOTO 00yUYeHHsI.

» Anroput™ k-cpenanx u EM-anroputm s paszeneHusl rayCCOBCKOH CMECH.

. I'pacdoBble anropuTMbl KiIacTepu3allid. BuljeneHne CBSI3HBIX KOMIIOHEHT. Kpardaimmmii
HE3aMKHYTBIN IYTb.

» Anroputm ®OPIJL

» Anroputm DBSCAN.

* AmiomeparuBHas kiacrepuzanus, Anroputm JlaHca-BuiibsiMca u ero yacTHBIE CIIydau.
* AJTOpUTM MOCTPOSHHS ACHAPOrpaMMbl. OTpeeneHne yncia KiIacTepoB.

»  CsoiicTBa CKaTHsl/pacTsDKEHHsS,, MOHOTOHHOCTH M PEOYKTUBHOCTH. lIceBmokon peayKTUBHOU
BEpPCUU AITOPUTMA.



* [IpocTble 3BpUCTUYECKUE METOABI YACTHYHOTO 00y4deHus: self-training, co-training, co-learning.
* TpaHCAYKTHUBHBIN METOM OMOPHBIX BEKTOPOB TSVM.

. Anroputm Expectation-Regularization Ha OCHOBE MHOTOKJIACCOBOW pETyISIPU3UPOBAHHOM
JIOTUCTUYECKON perpeccuu.

ITouck ACCOIIMATUBHBIX MTPaBUJI
» Ilonstue ACCONMATUBHOIO MMpaBuJia U €ro CBA3b C IIOHATUCM JIOTHYECKOM 3aKOHOMCPHOCTH.

° HpI/IMepbl NPUKIIAAHBIX 3a4a4: aHaJin3 PbBIHOYHBIX KOP3WH, BBIJACJICHUC TCPMHUHOB U TCMATUKU
TCKCTOB.

. AnroputMm APriori. J[Ba dSTama: MOWCK YacThIX HAO0OPOB W PEKYpCHUBHOE IOPOXKJICHUE
accOLMATUBHBIX NpaBWII. HepocTaTky v myTH yCOBEPIICHCTBOBAaHHS anropuTMa APriori.

» Anroput™m FP-growth. Ilonstus FP-gepeBa u ycinosaoro FP-nepesa. JIBa 3tama moucka yacTbhix
HabopoB B FP-growth: moctpoenne FP-nepeBa u pekypcuBHOE MOPOXKICHUE YaCTHIX HAOOPOB.

» OOmiee mpejcCTaBIeHHE O JUHAMUYCCKUX U HEPAPXUUECKUX METOAAX IMOUCKA aCCOIMATHBHBIX
TIpaBuIIL.

6. MeTozb!l OTTIOPHBIX BEKTOPOB

HeiiponHsie cetu

» buonoruueckuii HelipoH, monens MakKasmioka-IIutrca kak nuHeliHbli knaccudukarop. OyHKINN
aKTUBALUH.

» [IpobnemMa moaHOTHI. 3aj1a4a HCKItoUarolero uin. [lomHoTa JBYXCIONHBIX ceTell B MPOCTPAHCTBE
OyneBbIX (DyHKIMH.

» Teopemsl Koamoroposa, CtoyHa, [opOanst (03 q0Ka3aTenscTBa).
* AnropuT™m 0OpaTHOTO PACIPOCTPAHEHUS ONTHOOK.

* OBpucTUKU: (OPMHPOBAHUE HAYAIBHOTO MPUOIIKEHUSI, YCKOPEHHE CXOAUMOCTH, TUAroHaJbHbBIN
meton JleBenOepra-Mapksapara. [Ipobnema «mapannia» ceTu.

* Merozx nocaoiHON HACTPOUKHU CETH.

. ITogGop CTPYKTYpbl CETH: METOIBl IIOCTEIICHHOTO YCIIOKHEHHS CETH, OINTHMAJbHOE
MpopeKUBaHNE HEMPOHHBIX ceTel (optimal brain damage).

» Heiiponnas cetb Koxonena. Koukypentnoe oOyuenue, crparerun WTA u WTM.

*  Camoopranusyroniascss kapra Koxonena. [IpuMeHeHme Ui BH3yaJbHOTO aHajlW3a JaHHBIX.
HckyccTBo nnTepnperanuu kapt Koxonena.

Hetiponnsle cetu riryOoKoro o0y4eHust

*  boictpeie Metonsl croxactuueckoro rpaguenrta: Ilomska, HecrepoBa, AdaGrad, RMSProp,
AdaDelta, Adam, Nadam.

» IIpoGnema B3pbIBa rpagueHTa U 3BpUcTrKa gradient clipping

* Meron ciy4allHBIX OTKIItOUeHWH HelpoHOB (Dropout). Mutepnperauun Dropout. OOparHbiii
Dropout u L2-perynspu3zarusi.

» ®ynkuuu aktuauuu ReLU n PReLU.

. Ceéprounbie Heiiponnbie cetd (CNN). Cséprounblii HelipoH. Pooling HelipoH. Brioopka
pa3meueHHbIX n300pakeHuit ImageNet.

* Hnes o606menuss CNN Ha 1100bIe CTPYKTYPUPOBaHHBIC JaHHBIC.

»  Pexyppentnrie neiiponnsie cetu (RNN). OOyueHue pexyppeHTHbIX ceTeii: Backpropagation
Through Time (BPTT).

» Cern nonroii kparkoBpeMeHHO# namst (Long short-term memory, LSTM)
7. MHOrOMepHas JIMHEWHAs pErpeccust

. OcHOBHbIE TOHATHS: 0a30BBI ANTOPUTM (AJTOPUTMHUECKUM OIEpaTrop), KOPPEKTHPYIOIas
ornepanusl.

e B3BelreHHoO€e rOI0COBaHUE.

. Anroputv AdaBoost. DKclOHEHIMaNbHAs anmpoKCUMAanus MOPOTOBOH (PYHKIMHU TIOTEpb.
[ponecc mocnenoBarenbHOr0 00yUeHUs 0a30BBIX aNTOPUTMOB. Teopema o0 CXOAMMOCTH OYCTHHTA.

» O6o0miarommas crocoOHOCTh OYCTHHTA.
* bazoBble asropuT™MBI B OycTuHTe. Pemaromye nau.
» BapuanTsl 6yctunra: GentleBoost, LogitBoost, BrownBoost, u apyrue.



* Anroputm AnyBoost.
» ['paauenTnbrii OycTrHT. CTOXaCTUYECKH TPaAMECHTHBINA OyCTHHT.

. IIpocroe ronocoBanue (komuteT OonbimuHCTBA). Ajnroputm ComBoost. Wnentuduxanms
HETUTTUYHBIX 0OBEKTOB (BHIOPOCOB).

 TIpeobpazoBaHue MPOCTOrO rOJO0COBAHKS BO B3BEIICHHOE.
* (O0001EeHre Ha OOJIBIIIOE YHUCIIO KJIACCOB.

* Pemaromuii cicok (KOMUTET CTapUIMHCTBA). AnroputMm oOydenusi. Ctparerus BbIOOpa Ki1accoB
17151 0A30BBIX AJITOPUTMOB.

8. BaitecoBckas kinaccupukars

OBpUCTHYECKHE, CTOXaCTUYECKNE, HETMHEWHbBIE KOMITIO3HUIINH
» CroxacTHueCKre METOJIbI: OITTHHT U METOJ| CITyYaiHBIX MOANPOCTPAHCTB.
* CrnyualiHblil 1ec. AHaINU3 CMEIEHUs ¥ BapyUalliy JJi IPOCTOTO TOJI0COBAHUS.

* CwMmech aropuTMOB (KBa3WJIMHEHHAsI KOMIIO3UIHA), 00JIaCTh KOMIIETEHTHOCTH, IPUMEPH! (PyHKIHI
KOMITETEHTHOCTH.

. Bomyknele ¢yHKuMM TOTepb. MeToAbl MOCTPOEHHS CMecel: IOoCHeNOBaTeNbHbIH U
HEPaApPXUUECKUMN.

 TlocTpoeHue cMecu alropuTMOB ¢ IoMoIbl0 EM-1iogo6HO0TO airopurma.

. Henuneiinass MoHOTOHHasi Koppektupyromias omneparwus. Cnywait knaccuduranuu. Cirydai
perpeccuu. 3agada MOHOTOHU3AMK BEIOOPKH, H30TOHHAS PETPECCHSL.

PanmxxupoBanne
» IlocranoBka 3amauu 00yueHus paHKupoBaHuio. [Ipumepsl.

» JlpusHaku B 3a/aye paHKUPOBAHUS ITOMCKOBOW BBIAUU: TEKCTOBBIC, CCHUIOYHBIC, KIIMKOBHIC.
TF-IDF. PageRank.

» Kpurepun xauectBa pamxupoBanus: Precision, MAP, AUC, DCG, NDCG, pFound.
» Panrosas kinaccudukamnus, OC-SVM.
* Tlonapnsriii mogaxoxa: RankingSVM, RankNet, LambdaRank.

9. Jlornueckas perpeccus

PexoMenarenbHbIe CUCTEMBI

. 3agaun  KOJUTAOOpaTWBHOW  (PUJIBTpAIlMM, TPAaH3aKIMOHHBbIC JIAHHBIE W  MaTpHIla
CyOBEKTHI—OOBEKTHI.

*  Koppensuuonnsie Mertoasl user-based, item-based. 3amaua BoccTaHOBJICHHS MPOITYIIEHHBIX
3Ha4YeHuil. Mephl CX0/ICTBa CYOBEKTOB U OOBEKTOB.

+ JlareHTHBIC METO/IBI HA OCHOBE OM-KiIacTepu3anuu. Anroput™ bpermana.

»  JlaTeHTHblE METOIbl HAa OCHOBE MAaTPHUYHBIX pa3jIoKeHUH. MeTos INIaBHBIX KOMIIOHEHT MJIs
paspexxennbix ganHbIx (LFM, Latent Factor Model). MeTon cTroxacTuyeckoro rpaJieHra.

° HeOTpI/II_IaTeJ'IBHBIG MaTpUYIHbIC PA3JIOKCHUSA. MGTOI[ UCPCAYIOIINXCSA HAMMCHBIINX KBAaJApPaTOB
ALS.

* Monensb ¢ yuérom HesiBHOM nHopMarun (implicit feedback).

* PexoMmenpanuu ¢ y4éToM AOIOIHUTENBHBIX MPU3HAKOBBIX AAHHBIX. JIMHEWHAs W KBaJIpaTU4HAS
perpeccuoHHbIe MojenH, libFM.

*  U3mepenue kadectBa pekoMmeHmanuii. Mepbl pasHooOpasus (diversity), HOBu3HBI (novelty),
MOKpBITHA (coverage), moraanuBocTH (serendipity).

TemaTnueckoe MOAEIMPOBAHNE

* 3ajaya TeMaTU4eCKOro MOJEIUPOBaHUS KOJUIEKLIUH TEKCTOBBIX JOKYMEHTOB.

» BeposiTHOCTHBIN NaTeHTHBIN ceManTH4eckuit ananu3 PLSA. Meroj MakcuMyma mpaBIomnomoous.
EM-anroputm. OnemenTapHas uarepnperauns EM-anropurma.

» JlarentHoe pasmemenue Jupuxiie LDA. Merom MakcuMyma amoCTEPUOPHONH BEPOSTHOCTH.
CriasxeHHasl 4acTOTHAs! OLICHKA YCJIOBHOM BEPOATHOCTH.

»  HebaiiecoBckas untepnperanus LDA u e€ mpeumymiecta. Perynspuzatopsl paspexvuBaHus,
CINIAXKUBAHUS, YACTHYHOTO O0yUEHUSI.

. ANUTHBHAS peryispu3alnns TeMaTWdeckKux Mopeneil. PerymspuzoBanuelii EM-amropurM,
TeopeMa O CTallMoHapHO# Touke (mpuMmenenue ycnoBuit Kapyma—Kyna—Takkepa).



* Panmonansneiit EM-anroputm. OnnaiinoBsiit EM-anropuTtm u ero pacnapaiienrBaHue.
* MynsruMoaanbHas TeMaTudeckasi MOJEIb.

* Perymspuszarops! k1accuuKanuy U perpeccuu.

* Perymspuzaropsl 1eKOppeIrpoBaHHs U 0TOOPA TEM.

* BHyTpeHHUE U BHELIHME KPUTEPUH KaueCcTBa TEMAaTUUECKUX MOJEIIEH.

10. MHOrOCn0IHBIE HEHPOHHBIE CETH

* 3amaua o MHoropykoMm Oanjaute. JXamHble u ancuioH-kaaHble cTpatreruu. Merogq UCB (upper
confidence bound). Crparerus Softmax.

» Cpena 1y SKCIEPUMEHTOB.

* AnanTUBHBIE CTPaT€ruy Ha OCHOBE CKOJNB3SIINX CPENHHUX. MeTos CpaBHEHUS C MOIKPEIICHUEM.
Meron npecnenoBanusl.

* IlocraHoBka 3amadu B ciydae, KOTJa areHT BIWsAET Ha cpeny. LIeHHOCTh COCTOSIHHS Cpenpbl.
IlenHocTh AeHCTBUA.

» JKagnble cTparernu MakCUMU3aLWHU LIEHHOCTH. YpaBHEHHS OoNTUMaNbHOCTH bemiMaHa.

* Merox BpemenHbIX pazHocTeil TD. Merog Q-o0yuenusi.

. I'panuentnas ontummszaumsa crparerud (policy gradient). CBs3p ¢ MakcUMHU3aLUEH
log-nipaBmonomoo6us.

. ITocraHoBKa 3amaun Hpu HaIMuUM HMHGOPMAIMM O cpele B cilydae BblOOpa JeHCTBHS.
KonrexcTHbIil MHOTOpYKHI OaHIUT.

 JluHeiiHasa perpeccuoHHAas MOAEIb C BEpXHEH nqoBepuTenbHoi oneHkoi LinUCB.

* OueHnBaHNE HOBOH CTpATeruy Mo OOJBIIUM UCTOPUUECKUM AAHHBIM.

11. MeToas! Kiactepuzanuu

 TlocraHoBKa 3a/1auu MalTMHHOTO 00y4YeHHs. OCHOBHBIC CTpATETHK: 0TOOP 0OBEKTOB U3 BHIOOPKH U
M3 IIOTOKA, CHHTE3 00BEKTOB.

+ CoMmiumupoBanue 1o HeyBepeHHoCTH. [louemy akTuBHOE 00ydeHHe ObIcTpee aCCUBHOTO.
+ CoMIumpoBaHue 1o HeconiacHio B komurtere. CoKpalieHne NpoCcTpaHCcTBa peeHNH.

+ CoMIUIMpOBaHUE 10 0XKUIAEMOMY N3MEHEHHUIO MOJIETIH.

* CoMIUIMpOBaHUE 10 0XKHUJAEMOMY COKPAILICHUIO OLIMOKH.

* CuHTe3 00BEKTOB [0 KPUTEPUIO COKPAIIEHHS UCIEPCHH.

* BsBemmBanue 1o IIOTHOCTH.

* OueHuBaHME Ka4yeCTBA AKTUBHOTO 00y4EHUs.

* BBezenne u3y4ammmx JCHCTBUH B CTPATETHIO aKTUBHOTO OOy4YeHUH. AJITOPUTMBI g-active U
EG-active.

° HpI/IMeHeHI/Ie O6y‘ICHI/I$I C MOAKPCINICHUCM JI1 AKTUBHOT'O 06y‘leHI/I$I. AKXTHBHOE TOMIICOHOBCKOE
COMIUIMPOBAHUC.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BATEIHLHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa

1. Merogs! pacnio3naBanus [ Tekcer] : yue6. mocobue / A. JI. [openuk, B. A. Ckpunkun .— 4-e u3.,
uctp. — M. : Beicimas mkoina, 2004 .— 261 c.



Pexomennyercs st caMOCTOSITENIEHOTO U3YYCHHUS:

1. Hastie T., Tibshirani R., Friedman J. The Elements of Statistical Learning. Springer, 2014. — 739 p.
2. Bishop C. M. Pattern Recognition and Machine Learning. — Springer, 2006. — 738 p.

3. MepkoB A. b. PacioznaBanue 00pa3oB. BBenenne B MeTojibl cratucTudeckoro ooyuenus. 2011. 256
c.

4. MepkoB A. b. PacrioznaBanune o0pazoB. [loctpoenne u o0yueHre BeposTHOCTHBIX Mojeneid. 2014.
238 c.

5. Koanbo JLIL., Puuapr B. [TocTtpoenue cuctem MammHHOTO 00y4eHus Ha si3bike Python. 2016. 302 c.
6. T'onmoBko B. A. Heliponnsie cetu : OOydyeHnue, opraHu3alus 1 IpUMEHEHUE : yuel. mocobue s
By30B .— M. : UTTPXP, 2001 .256 c.

JomnonHurensHas aureparypa

1. Teopus pacnio3HaBanusi 00pa3oB : Craructuiyeckue Metoasl [ Teker] : yueb. mocobue aist By30B / A.
A. Haran ; M-Bo BbIcHI. U cpenH. criell. oopazoBanus PCOCP, Mock. ¢uz.-texH. uH-T .— M. : MOTU,
1988 .— 84 c. : mn. - 400 oKk3.

Pexomennyercs ansi caMOCTOSITENIEHOTO U3YYCHHUS:

1. Aiiazsu C. A., Byxmradep B.M., EntokoB U.C., Memankun JI.J[. Knaccudukanus u cHbKeHIE
pasmepHocTH. — M. ®duHaHCH U cTatucTHKA. 1989.

2. AiiBazsu C. A., EntoxoB U.C., Memankun JI.JI. UccnenoBanue 3aBucumocteii. — M. duHaAHCH 1
craructuka. 1985.

3. AiBazsu C. A., Mxurapsu B. C. Ilpuxnagnas cTaTUCTHKA U OCHOBBI 9KOHOMETPUKHA. — M.
IOnuTH, 1998.

4. Barun B. H., l'onosuna E. 0., 3aropsiackas A. A, @omuna M. B. JloctoBepHbIii 1
MPaBIONOI00HKIN BHIBO/I B MHTEIUIEKTyaIbHBIX cucTeMax. — M.: ®m3mariurt. 2004,

5. Bamnuk B. H. BoccranoBnenue 3aBiucuMocTtelt o sMnupruueckuM aanHbiM. — M.: Hayka. 1979.
6. Boponros K. B. KoMOuHaTOpHEIH MOAX0 K OlleHKE KauecTBa 00ydaeMbIX aIrOpUTMOB //
Maremarndeckue BOIpOCkl KHOepHETHKH. http://www.ccas.ru/voron.

7. Tonoeko. B. A. Heliponnsle cetu: o0ydenue, opranuzanus 1 npuMmenenue. — M.: UTTPXKP. 2001.
8. 3aropyiiko H. I'. [IpuknaaHbie MeTObI aHaNHM3a JaHHBIX U 3HaHui. — HoBocubupck: UM CO PAH,
1999.

9. 3aropyiiko H. I'., Enxuna B. H., JI6os I'. C. AIropuT™Mbl 06HAPYKEHHS SMIUPHUECKUX
3akoHOMepHoCTe. — HoBocubupck: Hayka, 1985.

10. Baxuenko A. I'., FOpaukosckuii FO. I1. MonennpoBaHue CIOXKHBIX CUCTEM I10
SKCIIEpPUMEHTAIBHBIM JaHHBIM. — M.: Paauo u cBsi3b, 1987.

11. XKypasnés F0.U. Pazanos B.B. Cenpko O.B. PACIIO3HABAHUE. Martemarudeckrue METOBI.
IIporpammuas cucrema. IIlpumenenna. — Mocksa: @asuc, 2006.

12. XKypasnes FO. 1. O6 anrebpanueckoM MoIXo/e K pEIICHUI0 33134 Paclio3HaABAHUS WIH
knaccuuxanuu // [Ipo6nemsr kubepaeruku. — 1978. — T. 33. — C. 5-68.

13. Kazannes B. C. 3agaun knaccudukaiiuu u ux nporpamMmmaoe odecreuenne. — M. Hayka. 1990.
14. Jloycon Y, Xencon P. UucieHHOE penieHue 3a1a4 MeTo/1a HaMMEHbIINX KBagpaTtoB. —M. Hayka.
1986.

15. Marnyc 4. P., Karsies I1. K., [lepecenxnii A. A. DxoHOMeTpHKa: HadaJIbHBINA Kypc. M.: [leno.
2004.
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craructuka. 2000.
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21. Marchand M., Shawe-Taylor J. Learning with the set covering machine // Proc. 18th International
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http://citeseer.ist.psu.edu/schapire02boosting.html.



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

1. http://www.machinelearning.ru — npodeccrnonanbHbIi HHPOPMAITMOHHO-aHATUTHYECKUI pecypc,
MOCBSIICHHBII MAIIMHHOMY OOY4eHHIO, 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

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3YeMbIX NPH OCYLIECTBJICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCUUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIIONB3YIOTCS MYJIBTHUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIHIO
MpE3EHTALNN.

B npouecce camocTosTebHOM PaboThl 00YUaIONIUXCs MPEIIONaraeTcsi HCIOIb30BaHUE TaKUX
nporpaMmHbIX cpeacts, kak WEKA, [Python Notebook u ap.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYeneninoe ocBoeHue Kypca TpeOyeT HanpsHKEHHOM caMOCTOATENIbHOM paboThl cTyaeHTa. B nporpamme
Kypca IIpHUBeIeHO MUHUMAJIbHO HE00X0JMMOe BpeMs 7Sl pabOoThI CTy/IeHTa HaJl TEMOH.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— npopaboTKy yueOHOro Marepuasa (1o KOHCIIEKTaM JICKIMiA, y4eOHOW W HAyYHOU JINTEpaType);
— BBINIOJIHEHUE JIOMAITHUX TEOPETUYECKUX 3aJaHUIA;

— TMOJITOTOBKY K UG GEPEHIIMIPOBAHHOMY 3a4ETYy.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€éMaTruka u (1)I/I3I/IKa
IIpO(l)I(l.]Ib NMOATOTOBKMU: praBJ'ICHI/IC HWHHOBAallUsMU B OusHece

dusrex-1kona Ou3Heca BBICOKUX TEXHOIOTHI

kadeapa MHOOPMATUKU U BBIYUCIUTEIHLHON MaTeMaTHKU
Kypc: 2

KBaJIH(UKALUS: OakanaBp
Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 4 (BeceHnui) - JlnddepeHunpoBaHHbIi 3a4eT

PaszpatGoTunk: T.®. XupbsHOB, CTapIINK MPENOAABATETD



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-4 Crioco0GeH 0CyecTBIATh JICIOBYIO YK-4.2 Ucnoneiyet COBPEMEHHBIE
KOMMYHHKALUIO B YCTHOH M MMCBMEHHOM WH(POPMALIMOHHO-KOMMYHHUKAaTUBHBIE cpeacTaa JUTS
¢dbopmMax Ha TOCYJapCTBEHHOM SI3bIKE KOMMYHHKALUH

Poccutiickoii ®enepanyu 1 THOCTPAaHHOM(BIX )

sI3bIKE(ax)

OIIK-4 CriocobeH ocymiecTBiIsITh COOp U OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |

00pabOoTKy HayYHO-TEXHUYECKOH U (M)
TEXHOJIOTHYECKOH MH(OPMAIINK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKIIAJHBIX 3329

MHTEJUICKTYaJbHOTO aHajdM3a WH(POPMAIMUA TPU pEIICHHU
3a7a4 npodeccHoHaIBHOM IesITeNbHOCTH

[IK-1 CnocoGeH m1aHupoBaTh U NPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEeIMETHOM 001acTH) U (MJIN) TEOPETUIECCKHUE
(aHATMTHYECKHUE ¥ IMUTAIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.8 Bnageer HaBblkKamMu pPabOTBl C COBPEMEHHBIMH
SI3bIKaMU [IPOIPaMMHUPOBAHUS U IPOrPaMMHBIMU ITaKETaMU
JUISl HAyYHBIX pacyeToB

[1K-3 CnocoOeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUM I PELLICHHS 3a/1a4 B
M30paHHON peAMETHOMH 00IacTH

[IK-3.2 3naer o6macTy W KPUTEPUHU NPUMEHUMOCTH
UCHOJNb3YEMBIX TEOPETUYECKUX IIOIXOJOB U  yMEHHUE
OLICHUBAaTh TOYHOCTh MNPHUOJMKECHHBIX aHAIUTHYECKHUX
METOJOB BBIYUCIICHUH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare u3ydeHus: TUCIUILTUHBI «AHAJIN3 AAHHBIX M METOJbl MAIIMHHOTO OOYyYEHUs» OOyJaromuiics

JOJKEH:
3HATh:
- OCHOBHBIE IIPHHIHIIEI U POOJIEMATHKY TEOPUU 0OYUIECHUS MaIllnH;
- OCHOBHBIE METO/IbI ¥ aJITOPUTMBI PEIICHHS 33/1a4 00yUCHHUS 110 MPELeACHTaM;
- OCHOBHBIE 00JIACTH MPUMEHEHHS ITUX METOJIOB U aJTOPUTMOB;
- KJIaccu(UKaluy, KIacTepU3aIiy 1 PErPeCcCHH.
yMeThb:

- (I)OpMaJ'II/BOBaTB IMOCTAaHOBKHU MPUKIIAAHBIX 3a/1a4 aHaJIn3a JaHHbIX;
- UCIIOJIB30BAaTh MECTOABI 06y‘-IeHI/ISI IO peueaAcHTaM AJisd PCHICHUS MPAKTUYCCKUX 3a1a4;
- OOCHUBATbh TOYHOCTh U 3(1)(1)GKTI/IBHOCTB MOJTYyYCHHBIX peIIIGHPIﬁ.

BJIad€Th:

- OCHOBHBIMH MOHATUSIMHU TEOPUU MALIMHHOTO 00YUYCHHUS;

- HaBBIKAMM CaMOCTOSITEIbHON paboThI IPU PEIIEHUH TUIIOBBIX 3a/1ay;

- KyJBTYpO# MMOCTAHOBKU M MOJICIMPOBAHUS MPAKTHUECKH 3HAUMMBIX 3a/1a4;

- HaBBIKAMH TEOPETUYECKOT0 aHAJIN3a PealbHBIX 3a/1a4, PEIIaeMbIX C TOMOUIBIO aJITOPUTMOB O0yUEHHS

10 IpCucACHTaM.

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

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yqe6H0r0 Marcpuajia mpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHsATUA 110 TCMC ITPOULJIOTO 3aHATUA.

4. IlepeyeHb THNOBBIX (IIPMMeEPHBIX) BONPOCOB M TeM /IJ1 IPOBeJAeHHs POME:KYTOYHOH aTTecTaluu

o0yuaruuxcst

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB IS cAaYH AU PepeHIMPOBAHHOTO 3auéTa:

baiiecoBckast knaccuduxanus

1. 3ammcars obmIyro Gopmyiry 6atiecoBckoro Kiraccudukaropa (Haio IOMHUTH (GOPMYITY).

2. Kakwue BEI 3HaeTe TpH IOAXO0JAa K BOCCTAHOBJICHUIO IIJIOTHOCTU PACIPCACIICHUSA 110 BBI60pKe?

3. Uro Takoe HaMBHBIN OaiieCOBCKUI Kiaccudukarop?




4. Yrto Takoe oneHka mioTHocTH [lap3ena-PosenbOnarra (Hamo momHHTH ¢opmyiy). Beimucars
(bopmMyity anroputMma Kiaccu(pHUKaul B METOJIC TAp3EHOBCKOTO OKHA.

5. Ha uto Biauser IIMprUHA OKHA, 4 Ha 4YTO BUJ AApa B METOAC MMAP3CHOBCKOI'O OKHa?

6. MHoroMepHoe HOpMallbHOE pachpeesieHre (Hago NOMHUTH (opmyny). BriBectu Qopmymiy
KBaJpaTUYHOTO TUCKPUMMHAHTA. [Ipy KakoM yCIOBUHM OH CTAHOBUTCS JIMHEHHBIM?

7. Ha xakux npeanojoKeHUsIX 0COBaH JUHEHHBIN AUCKpUMHUHAHT Duriepa?

8. Uro Takoe «mpobieMa MYIBTHKOIIIMHEAPHOCTH», B KaKMX 33/adaxX M MPH HCIOIb30BAaHUU KaKHX
aNropuTMOB OHa Bo3HUKaeT? Kakue ecTb moaxosl K €€ pemeHuo?

9. Uto Takoe «cMech pactupeesieHui» (Hajao MOMHHATH (hopmyiry)?

10. YUro takoe EM-anroputm, xakoBa ero ocHoBHas upaesi? Kakas 3agaua pemaercs Ha E-mare, Ha
M-mrare? KakoB BEpOSITHOCTHBIN CMBICH CKPBITBIX TIEPEMEHHBIX ?

11. [MocnenoBarenbHOE T0OaBIEHUE KOMIIOHEHT B EM-anropurMe, OCHOBHAsSI UJiesl ITOPUTMA.

12. Yto Takoe croxactuueckuii EM-anroputm, xKakoBa ocHOBHas uzaed? B uém ero mpemmyiiecTBo
(xaxoit HegocTarok crangaptHoro EM-anroputma oH yctpaHsier)?

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

MeTpI/I‘leCKaH KJ'IaCCI/I(l)I/IKaL[I/ISI

1. Yro takoe 0000MIEHHBINH anropuT™M Kiaccupukanuu (Hazo moMHuTh Gopmyny)? Kakue BbI 3HaeTe
YacTHbIE CiTydan?

2. Kak ompenensercst HIOHSATHE OTCTYTa B METPUYECKHUX allTOPUTMax KiaccuuKanum?
3. Yro Takoe OKHO MEPEMEHHOMN INPUHBI, B KAKUX CIIy4JasiX €ro CTOUT UCTOJIb30BATh?

4. Yro Takoe METOJ MOTEHIMAILHBIX QyHKIUI? Maes anroputMma HacTpoiiku. CpaBHUTE C METOAOM
paananbHBIX 0a3UCHBIX QYHKLIUH.

5. 3aueM HykeH OTOOp OMOPHBIX OOBEKTOB B METPUUECKUX AITOPUTMaX Kiaccu(rukauuu?
6. Ocnonas unes anroputma CTOJIIIL.
7. Yro Takoe QpyHKIHS KOHKypeHTHOTO cxoncTBa? OcHoBHas unes anroputma FRiS-CTOJIII.

8. IlpuBenuTe mprMep METPUYECKOTO ANTOPUTMA KilacCU(HUKALNHU, KOTOPHIH OJHOBPEMEHHO SIBISCTCS
0alieCOBCKUM KJIACCU(PUKATOPOM.

9. IlpuBeauTe mpUMEp METPUUYECKOTO aITOPUTMA KJIACCU(UKAINU, KOTOPHIH OMHOBPEMEHHO SIBIISCTCS
JIMHEHHBIM KJIACCH(PHUKATOPOM.

Jluneiinas xnaccupukanus

1. Yro takoe moaens MakKamnoka-Ilurrca (Hamo moMHUTE hopmyiny)?

2. Meron croxaCTHUECKOTO TpaaueHTa. Pacmucars rpaJueHTHBIA IIar Juisi KBaApaTHIHOW (DYyHKITUU
MOTEPh U CUTMOUTHON (DYHKITUM aKTHBAIIH.

3. Henocrarku merona SG u Kak ¢ HUMH OOpOTHCS?

4. Yto Takoe nuHeHHbIN aganTuBHbIN 31eMeHT ADALINE?
5. Yro takoe mpasuiio X366a?

6. UTo Takoe «COKpalleHne BECOB)»?

7. OOocHOBaHWE JIOTHCTUYECKOM perpeccnd (OCHOBHAs Teopema), OCHOBHbIE€ TOChUIKH (3) H
cnenctus (2). Kak BeIpaXkaeTcst anilocTepuopHasi BEPOSATHOCTH KJIACCOB (HaI0 IOMHUTE (hOPMYITY).

8. Kak BoIpaxaercsa GyHKUHS NOTEPD B JIOTUCTUUECKON perpeccuu (Haao IMOMHHUTE GOpPMYITY).

9. JlBe MOTHMBalMU U MOCTAHOBKA 33Ja4ll METOJa OMOPHBIX BEKTOPOB. YMETh BBIBECTH IOCTAHOBKY
3agaun SVM (pekoMeH tyeTcs HOMHHUTh (JOpMYITy IOCTAHOBKH 3a]1a4H ).

10. Kakas ¢yHknus mnorteps ucnonsdyercs B SVM? B noructuueckoit perpeccun? Kakne emgé
¢yHkuuu noteps Bel 3HaeTe?

11. Yro Taxoe sapo B SVM? 3auem BBogsTcs sapa? JIrobas mu GyHKIHSI MOXKET OBITh SIpOM?
12. Kakoe s1po nopokaaeT NoJuMHaIbHBIE pa3Aessione HOBEPXHOCTH?
13. Uro Takoe ROC-kpuBasi, kak oHa onpeaensierca? Kak ona 3eKTUBHO BBIYHCISETCS?

14. B kakux ajaropurMmax KiaccH(UKAIMK MOXKHO y3HATh HE TOJNBKO KJIACCOBYIO NMPHHAJUICKHOCTH
KJaccu(pUIupyeMoro 00beKTa, HO ¥ BEPOSATHOCTH TOTO, YTO JaHHBIA OOBEKT MPUHAIIICHKHUT KOKIOMY U3
KJIacCcoB?

15. KakoB BepOsATHOCTHBII cMbIch perynspusanun? Kakue Tumsl perymnspusatopos Bri 3Haere?



16. Uto Takoe MpUHIUIT MaKCUMyMa COBMECTHOTO HpaBI[OHO,Z[O6I/I}I JIAHHBIX ¥ MOJIE/H (HaJ0 MOMHHUTH
popmyiy)?

Perpeccus

. Uto Takoe siiepHOE CriakuBaHue?
. Uto ecTph 0011Ier0 MEXTY SIIPOM B HEMAPAMETPUUIECKON perpeccuu u siupom SVM?

1
2
3. Ha 4ro BnusieT mpuHa OKHA, a Ha YTO BUJ SApa B HEMIAPaMETPUUECKON perpeccuu?
4. Yto Takoe OKHA IEPEMEHHOM IIUPUHBI, ¥ 3a4€M OHU HYKHBI?

5

Uro takoe «BbIOpoch»? Kak ocymectBisercs (uibTpauusi BEIOPOCOB B HEMapaMeTpHUECKON
perpeccun?

6. IlocTaHoBKa 3374l MHOTOMEPHOM JINHEHHOW perpeccun. MaTpudHast 3aluch.

7. Uro Takoe CHUHTYIsIpHOE pasiokeHue? Kak OHO MCIonb3yeTcs Al PEIIeHUs 3aa9i HaMMEHBIINX
KBaJpaToB?

8. Uro Takoe «mpoliieMa MYIBTHKOJUTMHEAPHOCTH» B 3a7adax MHOTOMEpPHOW JIMHEHHOH perpeccuu?
Kakwue ects Tpu mogxona x e€ yCTpaHEHHIO?

9. CpaBHHTH TPEOHEBYIO PErpecCcHi0 U Jlacco. B Kakux 3ajauax MpeNNOYTUTEIbHEE HCIOIb30BaTh
jacco?

10. Kakyro npobneMy pemiaer MeToA IJIABHBIX KOMIIOHEHT B MHOTOMEpPHOW JIMHEHHOH perpeccuu?
3anucaTh MaTPUYHYIO IOCTAHOBKY 33344 JJI1 METO/A [JIABHBIX KOMIIOHEHT.

11. Kak cBectu 3ajayy MHOTOMEpPHOH HENWHEHHOW pEerpeccHuu K MOCIEIOBATENbHOCTH JHHEHHBIX
3agay?

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

14. TlpuBeaute mpuMepbl HEKBAAPAaTUYHBIX (YHKIMN TOTEPh B PErPEeCCHOHHBIX 3amavdax. C Kakoii
LEJIbI0 OHU BBOIATCS?

[Ipumeps! 3anau

1. 3amaHa 1ieHa oTkasa OT Kiaccuukanuu. Beimucars MoaudunupoBanHyio Ghopmyiry 0aiiecoBCKOTO
KJIaccuQukaTopa.

2. BeiBectu (opMyily TUHEHHOTO AUCKPUMHUHAHTA JAJIS CIIy4asi HE3aBHCUMBIX PU3HAKOB.

3. BmiBectu popmynry HanBHOTO OaliecOBCKOTO KiacCHU(UKaTopa JUisl cioydas OWMHApHBIX MPU3HAKOB
(mokazath, 4TO OH JIMHECH).

4. BoBectn (opMyny TpaJMEHTHOTO IIara B METOAE JIOTMCTHYECKOW perpeccud Ui 3aladu
knaccuukanuu ¢ AByms knaccamu. CpaBHUTB ¢ IpaBUiIoM X300a.

5. BriBectu dopmyny HenapameTpuueckoit perpeccur Hanapas-Barcona.

6. BeiBecTu (Gopmylly peryssipu30BaHHOTO PEILEHUs 3aJadd MHOTOMEPHOW JIMHEHHOW perpeccuu
yepe3 CUHTYJISIPHOE Pa3jIoKeHUE.

7. BwiBecTH TpalueHTHBIN MeTOI 00yUYCHHS B JIOTHCTHYECKONW PEerpeccuu.
Br16op Mojenu 1 0T00p MpU3HAKOB

. B 4uéM ominuMs BHyTpEHHUX U BHELIHUX KpUTEpueB?
. PazHOBHIHOCTH BHEIIHUX KPUTEPUEB.
. PazHoBHIHOCTU KpUTEPUSI CKOJIB3SIIET0 KOHTPOJIA.

1

2

3

4. Yro Takoe KpuTepuil HempoTHuBopeunBocTu? B uém ero Hegocrarku?

5. Uro Takoe MHOTOCTYTEHYATHI BHIOOP MOJIEIH M0 COBOKYITHOCTH KpUTEPUEB?
6

OcHoBHas uyes 0TOOpa MPU3HAKOB METOJIOM TOJIHOTO Tiepedopa. JlelCTBUTENBHO JIH TO TIONHBIN
niepedop?
7. OcHoBHas uaest 0T00pa NPU3HAKOB METOIOM JO0ABIECHUH U UCKITIOYHEHUH.
8. Uro Takoe marosasi perpeccusi? MoxXHO Jiu €€ NCIIONIb30BaTh I Kiaccu(UKaluu, B KAKOM MeToje?
9. OcHoBHas uaest 0T00pa NPU3HAKOB METOIOM MOKCKA B TIIyOHHY.
10. OcHoBHas uaes 0TOOpa NPU3HAKOB METOJOM TIOMCKA B LIUPUHY.
11. Yro Takoe MI'YA?
12. OcHoBHas uaest 0T60pa NPU3HAKOB C MIOMOIIBIO TEHETHYECKOTO AITOPUTMA.



13. OcHoBHas uzes 0TOOpa MPU3HAKOB C MMOMOIIBIO CITYYaiiHOTO TIOMCKA.
14. B uém oTiimums crydailHOTO MOUCKA OT CIIyYaiHOTO TIOUCKA ¢ afanTtainuen?

HeiiponHsble cetu

1. TlpuBenute mpuMep BHIOOPKH, KOTOPYIO HEBO3MOXKHO KIacCH(UITMPOBATH O3 OMUOOK C MOMOIIBIO
JMHEHHOTO anropuTMa Kiaccudukanuu. KakoBa MUHUMaNIbHAS JUTHHA BEIOOPKH, 00J1aIatoIas JaHHbIM
coiictBoM? Kakue cymiecTByOT criocoObl MOAN(DHUIMPOBATH JIMHEHHBIN AITOPUTM TaK, YTOOBI JaHHAS
BBIOOpKA CTaJia JMHEHHO pa3ieuMoi?

2. Ilouemy mobast OyneBa (pyHKIHS IpeaCTaBUMa B BUAE HEHpOHHOH ceTu? CKOJIBKO B HEHl c10EB?

3. Metoxa obOparHOTO pacupocTpaneHus omuOok. OcHoBHas ujes. OCHOBHBIC HEIOCTATKU U CTIOCOOBI
WX YCTPaHCHHS.

4. Kak MOXXHO BBIOMpPATh Ha4ajJbHOC MPUOIMIKEHUE B TPAAMEHTHBIX METOIAX HACTPOWKHA HEHPOHHBIX
ceTen?

. Kak MOXXHO yCKOpPHUTH CXOAMMOCTD B TPaAMEHTHBIX METOAAX HACTPOHKN HEUPOHHBIX ceTei?
. Uto Takoe nuaronanbHbIi MeTor JleBenOepra-Mapksapara?

5

6

7. Uto Takoe «mapandy» CeTH, U KaK ero n3oexarnb?

8. Kak BbIOMparh uncio ciio€B B IPpaMEHTHBIX METOAAX HACTPOHKN HEUPOHHBIX ceTei?
9

Kax BeIOMpaTh 4uCIIO HEHPOHOB CKPHITOTO CJIOS B TPATUEHTHBIX METO/aX HACTPONKM HEHPOHHBIX
cereit?

10. B uém 3akmrogaercst METOZ ONTHMAJIBFHOTO MPOpPEKUBaHUS HelpoHHOU cetu? Kakume HemoctaTku
CTaHJAPTHOTO aJIFOPUTMa 0OPATHOTO PACIPOCTPAHEHUs OMIMOOK MO3BOJISET yeTpaHuTh MeTon ODB?

KOMHO3I/IL[I/II/I aAJITOpUTMOB KﬂaCCH(bHKaHHH

1.  [arp ompeneneHue airoOpUTMUYECKOH KOMIO3MIMU (MOMHUTH Qopmyny). Kakume Tumbl
KOPPEKTUPYIOIIMUX Ollepaluil BbI 3HaeTe?

2. Kaxkwue tursl ronocoBanust Bbl 3HaeTe? Kakoii u3 Hux Hanbomnee oOmmii? (MIOMHUATE GOPMYITY)

3. Kak o0OHapyXuThb OOBEKTHI-BEIOPOCHI TPWU MOCTPOCHUM KOMITO3UIIMH KJIACCU(PUKATOPOB JIJIst
TOJIOCOBaHUS 1O OOJIBIIMHCTBY ?

4. Kak obecrieunBaeTcs Pa3IMIHOCTD 0a30BBIX aNr OpPUTMOB IIPpU I'OJIOCOBAHUHU 10 6OJ'IBH_II/IHCTBY?
5. Kak obOecrieunBaeTcs Pa3IMIHOCTD 0a30BBIX AJITOPUTMOB IIPU I'OJIOCOBAHHUU 10 CTapH_II/IHCTBy?

6. Kakue BO3MOXHBI CTpaTeruu BBIOOpa KJIACCOB 0a30BBIX AJITOPUTMOB NPU TOJOCOBAHHM IO
CTapUINHCTBY?

7. Kaxue nBe 3BpUCTHKH JieKaT B ocHOBe anroputMa AdaBoost?
8. Kak oO6HapyxuTh 00beKTHI-BEIOpOCHI B anropurme AdaBoost?
9. Jlocronnctsa u HepocTarku ainropurma AdaBoost.

10. OcHoBHas unes anroputma AnyBoost.

11. OcHoBHas uuest merona bagging.

12. OcHoBHas ujies MeTofia CIy4YaHbIX OJIPOCTPAHCTB.

13. Yro Takoe cmech IKcIepToB (MOMHUTE hopmyity)?

14. TlpuBenute npuUMeEpbl BBIMYKIBIX (QyHKIMN TOTeph. [loueMy CBOWCTBO BBITYKJIOCTH MOMOTAET
CTPOHUTH CMECH IKCIIEPTOB?

Jlornueckue AJITOPUTMBI KﬂaCCI/I(bI/IKaI_II/II/I

1. Yro Takoe norumdeckas 3aKOHOMCpHOCTL? HpI/IBeI[I/ITC OpUMCEPbI BaKOHOMepHOCTeﬁ B 3a1a4c
pacCiio3HaBaHus CliaMa.

YacTo UCHOIB3yEMBIE TUIIBI IOTHYECKUX 3aKOHOMEPHOCTEM.

Jaiite onpeneneHue SNCUITOH-AENbTa-JIOTHIECKON 3aKOHOMEPHOCTH (TIOMHHTD (DOPMYIIBI).
Jaiite onpeeeHue CTaTHCTUIECKOM 3aKOHOMEPHOCTH (TIOMHUTE (POPMYJTBI).

CpaBHHTE 00JIACTH CTATUCTHYECKHUX M JIOTHYECKUX 3aKOHOMEPHOCTEH B (P,N)-TUIOCKOCTH.
C kako# 1enbIo JenaeTcs OnHapu3arms?

B uém 3aximrouaercs nporeaypa OMHapu3anuu npu3Haka?

NI AP

Kaxk npouncxonut nepedop B ’kaJlHOM aJIrOpUTME CUHTE3a MH()OPMATHUBHBIX KOHBIOHKIHN?



9. Kakne xputepun UHPOPMATUBHOCTH HCIOJB3YIOTCS B JKaJHOM aJrOPUTME CHHTE3a
WH(POPMATUBHBIX KOHBIOHKIUN U 11oYeMy?

10. Kak mpucrnocoOuTh >KaaHBI aJITOPUTM CHHTE3a KOHBIOHKIMH [Js1 CHHTE3a HH()OPMATHBHBIX
mapoB?

11. Yro Takoe cTroXacTU4EeCKU JJOKaJIbHBIN IOUCK?

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

13. Yto Takoe pemnraromuii Crucok?

14. Kakue kputepun HHHOPMATUBHOCTH UCTIONB3YIOTCS NP CHHTE3€ PEIIAONIEro CIUCKa U TToueMy?
15. JlocTonHCTBa M HEAOCTATKU PELIAIONIUX CIIHCKOB.

16. Uto Takoe perraroiiee 1epeBo?

17. Kakue kputepun HHGOPMATUBHOCTH UCTIONB3YIOTCS MPH CHHTE3€ PENIAONIETo AepeBa U modeMy?
18. JlocToMHCTBA M HEAOCTATKU PELIAIOIIUX IEPEBHEB.

19. 3auem nemaercs peayKUus PEIaoIIuX A1epeBbEB?

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

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

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

23. OcuHoBHas unes anroputma KOPA.

24. Tlouemy BO3HMKaeT mpoOiieMa MPEeANOYTeHHUs MPU3HAKOB C MEHBIIUMHM HOMEpPaMU B aJTOpPUTME
KOPA? Kak ona pemaercs?

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

27. Ilouemy Bo3HHMKaeT mpobneMa nyOnupoBaHUs 3akoHOMepHocTed B anroputme TOMII? Kak ona
permraercs?

28. JloctonHCcTBa U HeAocTaTku aiaroputma TOMIL.

29. Kak wucnone3oBare anroputM AdaBoost Ui TOCTpOEHHsST B3BEHMICHHOTO TOJIOCOBAHUS
3aKOHOMEPHOCTEH?

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

32. Yto Takoe accommaruBHOE mnpaBwio? [lpuBenute mpuMep accONMATUBHOTO MpaBWIIa B 3ajave
aHaJM3a NOTPEOUTEILCKUX KOP3HH.

33. OcHoBHas Ujes aNropuTMa TIOMCKa aCCOMAaTHBHBIX paBui APriory.
Krnacrepusamus 1 TakCOHOMHUS

1. KakoBbI OCHOBHBIE €M KJIaCTEpU3auu?

2. OcHOBHBIE THIIBI KJIAcTEpHBIX CTPYKTyp. IlpuBeaure nis Kakaod M3 3TUX CTPYKTYyp IpuUMEp
ajropuTMa Kiactepusanu, kotopsli s He€ HE nogxonut.

3. B uém 3akmiodaercss alropuTM Kpardaiinero He3aMmkHyToro mytu? Kak ero mcmonb3oBarh [is
knactepuszanuu? Kak ¢ ero momorursio onpeaenuTs Yucio kinactepos? Beerna au 310 BO3MOXHO?

4. OcHoBHas uzes anropurma OopIi.

5. Kak Beumcasiorcs HEHTpHl KiactepoB B anroputMe PopDi, ecan 00bEKTH — 3IEMEHTHI
METPUYECKOT0 (He 0053aTeNIbHO JTMHEHHOTO BEKTOPHOTO) IPOCTPaHCTBA?

6. Kaxue cymiecTByIOT (yHKIIMOHAIBI Ka4eCTBA KJIACTEPU3ALMU U JIJIsl YeTO OHU MIPUMEHSIOTCS?
7. OcHoBHbIE oTMuKs anroputMa k-cpennux u EM-anropurma. Kro n3 Hux mnydie u nouemy?
8. OcHoBHas uzaes uepapxuieckoro aaropurma Jlanca-Bunbsmca.

9. Kakue OCHOBHBIE THITBI PACCTOSHUN MEXIy KiIacTepaMd TPUMEHSIOTCS B aJTOPUTME
Jlanca-Bunbsmca?

10. Kakue paccTosiHusI MEXIy KilacTepamu, IpHMeHseMble B anroputMme Jlanca-BumbsiMca, stydine u
noyemy?

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

12. Kaxoii pyHKIIMOHAN KauecTBa ONTHMHU3HUPYETCs ceThio KoxoneHa? (moMHUTH popmyity)

13. B yem omimuMa mpaBuiI MSTKOM W KECTKOM KOHKypeHuuu? B uéMm mnpeumymiectBa MSTKOH
KOHKYpEHITUHU?

14. Kak ycTpoena camooranusytomiasics kapra Koxonenea?

15. Kak nnrepnperupytorcsa kaptsl Koxonena?



16. Ilouemy 3agaum ¢ YaCTUYHBIM OOyUYEHHEM BbIIEICHBI B OTAeNbHBINA Kiacc? [IpuBeaure npumepsl,
KOTJIa METOAbI KJIacCU(pUKALMK M KIacTepU3alMy JAl0T HEaJeKBaTHOE PELICHUE 3a7a4l ¢ YaCTUYHBIM
oOyueHueM.

17. Kak mpucrnocoduts rpadoBeie aqropuTMbl KilacTepH3alMU Ul PEIEHUs 3aa4d ¢ YaCTUYHBIM
oOy4eHuem?

18. Kak npucnocobuts EM-anroput Juis penieHns 3a1a4u ¢ YaCTUIHbIM 00y4ueHneM?

19. Kakue criocoObl perieHus 3aa4u ¢ YacCTHYHBIM 00y4ueHneM Bri 3HaeTe?

buner 1
1. Kak ycrpoena camooranusyromiasics kapra Koxonenea?
2. Kak unrepnperupyrorcs kaptel Koxonena?

buner 2
1. [Touemy 3a1a4u ¢ YaCTHYHBIM OOYYECHUEM BBIICTICHBI B OTJICIBHBIN Kiacc?

2. IlpuBenute mnpuMepbl, KOrJa METOIbl KiacCH(UKAMK W KiIacTepHU3allid JaloT HeaJleKBaTHOE
pEIIeHHE 3a/1a91 ¢ YACTUYHBIM 00yJICeHUEM.

burer 3
1.Yrto Takoe nenaporpamma? Beerna i €€ MOXXHO TOCTPOUTH?
2. Kaxkoii ¢pyHKIIMOHAN KauecTBa onTUMHU3UpyeTcs ceTbio Koxonena?

Kpurepun oneHuBaHus
Onenka ommmuno 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHUE,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpamMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha MPAKTHUKE MPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
NPUHATHIX PELIEHUM.
Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSThH UX Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]a4, CBOOOIHOE U MPAaBUIILHOE 00OCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka ommyHO 8§ 06amios - BBICTaBJIETCS CTYAEHTY, II0Ka3aBLIEMYy BCECTOPOHHMUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, FpaMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJIyYCHHBIC 3HAHHA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomio 6 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY U3J1araer ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PEUIEHUH 331349 HEKOTOPBIE HETOYHOCTH.
Ouenka Xopo1o 5 6ajioB - BEICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, IpaMOTHO
U IO CYLIECTBY M3JIAraeT €ro, yMeeT MPUMEHTh MOJIyYEHHbIE 3HaHHUS Ha MPAKTHKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.
OueHka ymOBIETBOPUTENbHO 4 Oaiia - BBICTABIAETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHs JOrMYECKON M0CIe0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE IS AajbHeimero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka ymOBIETBOPUTENbHO 3 Oajia - BBICTABIAETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWW, AOMycKaroulemy omHuOKu B (popMynupoBKax 0a30BbIX NOHSTH,
HapyLIEHUs] JIOTHYECKOM IOCIEe0BaTEeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3aesiaMu yueOHON mporpaMMbl, HEOOXOAUMBIMHU LTSI TajbHEUIIETO 00yUeHHS U
C TPYZIOM IIPUMEHSET [10JyUYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.
OueHka HEyIOBIECTBOPUTENHHO 2 Oajuia - BBICTABISCTCS CTYIEHTY, KOTOPBIIl He 3HAaeT OoJblIel yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOIMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOIYyUYEHHbIC 3HAHUS NPH PEIICHUN
THIIOBBIX 33]1a4.



OrneHka HEYJIOBJIETBOPUTENBHO | 0ajm - BBICTABISETCS CTYIEHTY, KOTOPBIH HE 3HAET OCHOBHOIO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue ommOK B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3a/1ad.

[Tpumep st Guera U3 Tpex BOIPOCOB:

1. Pemarormue CHUCKW: MPUHITUT PabOTHI, CXeMa aJrOPUTMa MOCTPOSHUS MO OOyYaroIIel BRIOOPKE,
CTpaTeruu BpIOOpA KIacCcOB MpH MocTpoeHun. [IpuMepsl 3a/1a4, He peniacMbIX PEeIaroIIiMHU CIIUCKAMHU.
2. Meton omnopHBIX BekTopoB. ONTHMHU3AIMOHHAS 3a/ladya ¢ OIPaHUYCHUSIMH B BUJIE HEPaBEHCTB U
oe3ycnosHas. Omopabie BekTophl. Kerneltrick. Onruvmsanonnas 3amada B S3VM u SVR.

3. Jloructuueckas perpeccus. [IpuHIIMN MakcuMyMa TpaBaonofo0us u jgorapudmudeckas GyHKITISL
norepb. MeToJ] cTOXacTU4eCKOro TpaJIueHTa B IOTUCTUIECKON PETPECCHH.

3a mepBoe 3agaHue cryaeHTt noiydaer ot 0 go 4 Gamios, 3a Bropoe u Tperse — oT 0 g0 3 GayioB 3a
Ka)XJJ0€ B 3aBUCHMOCTH OT IOJHOTHI MPEJICTAaBICHHOrO oTBeTa (pemenus). KommuecTBo HaOpaHHBIX
0aJuIoB OIpenesseT OUeHKY 3a AudepeHurpoBaHHbBIN 3a4ET:

Onenka Habpannsie Oasl

ommyHo (10) 6onee 9

omInYHO (9) 0T 8 10 9 BKIIFOYUTEIBHO

xoporio (8) 0T 7 110 8 BKIFOUUTEITHLHO

xoporio (7) 0T 6 110 7 BKIFOUUTEITHLHO

xoporto (6) 0T 5 110 6 BKITFOYUTEITLHO
YIIOBJIETBOPHUTEIHHO (5) 0T 4 710 5 BKIIIOUUTEIBLHO
YIIOBJIETBOPHUTEIHHO (4) 0T 3 710 4 BKIIIOUUTEIBHO
YIIOBJIETBOPHUTEIHHO (3) 0T 2 710 3 BKIIIOUUTEIBHO

HEYJIOBJIETBOPHUTEIBHO (2) OT 1 10 2 BKIIIOUUTENBHO
HeynosneTBoputenbHO (1) He 6oree 1

5. MeTonuueckne MaTepuaIbl, ONpeIeJsoNIne MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1M) oNbITA AESITEILHOCTH

Bo Bpems mnpoBenmenuss — auddepeHumpoBaHHOro 3au€ra 0O0yvarommecs MOTYT IIOJIb30BaThCS
NpOrpaMMOM JUCLUHUIUIMHBI, a TAaKXE CHOPABOYHOM JIMTEPAaTypoOM, BBIYMCIUTEIBHON TEXHUKOM,
KOHCIIEKTaMH JICKIIHH.

HuddepeHumrpoBanHbIi 3a4ET TPOBOAUTCS B YCTHOH (oOpMe, HO YUNUTHIBAET U TEKYILYIO YCIIEBAEMOCTh
Ha 1a0OPaTOPHBIX PabOTaX, UTOTH CIad 33 aHHH.



