degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))
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HH(OPMATHKH
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IIpO(l)I(IJIb MnoATrOTOBKMU: KOMHBIOTepHBIe TCXHOJIOTHH WU BBIYUCIUTCIIbHAA TCXHUKA
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CamocrositensHas pabora: 30 gac.
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KonnuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2

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

[Iporpamma obcyxneHa Ha 3acefjanny Kadeapbl MAITUHHOTO 00yUYeHHs U ITUPpoBO rymanuTapucTiku 15.05.2021



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.

3agauu AUCUMIIHHBI
* OCBOHUTb METOABI KOPPEKTHOH (POPMYIHPOBKH 3a/1a4 B TEPMUHAX MALTMHHOTO OOYUYCHHUS;
* OBJAJeTh HABBIKAMH IIPAKTUYECKOTO PEIICHU 3a/1a4 HHTEIUIEKTYaIbHOTO aHAIN3a JaHHbIX.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

Koy 1 HanMeHOBaHKe KOMIICTEHIHH WHIMKATOPBI TOCTHKEHUS KOMIIETCHIUH
OIIK-2 Cnocoben ucnonb3osars coppemennbie [OIK-2.1 Cnocoben NPUMEHATh COBPEMEHHBIC
MH(OPMAIIMOHHBIE TEXHOIOTUH U BBIYMCIIMTEIILHYIO TEXHUKY M CEpBHCHI ceTd WHTepHeT B

MIPOTPaMMHBIE CPEJICTBA IPHU PEIISHUH 3a1a4 obmactu (cdepe) mpodeccrHoHaTHHON AeATEIIEHOCTH

po(heCCHOHATEHON EATENBHOCTH, cobmonas |OIMK-2.3 3Haer ocHOBHbIE TPeOGOBAHHS MH(POPMAIMOHHOMN
TpeboBaHusg NHOOPMAIIMOHHOW OE30TIaCHOCTH  |Ge30MacHOCTH

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTH U 0000IIATH
[1K-1 CriocoGen craButh, GopManr30BbIBaTh U |MHOOPMaIMIO 00 aKTyasbHBIX PE3yJbTaTaX MCCIIEOBaHUM B
pelars 3a/1a41, B TOM YUCJIe pa3pabarTbiBath U |PAMKaX TEMAaTHYECKOM 00IacTH CBOEH IpOoQeccCHOHAIbHOM
HCCIIEIOBaTh MAaTEMATHYECKUE MOACIH JIeSITeJIbHOCTH

M3y4aeMBIX SBJICHUN U IPOLIECCOB, CHCTEMHO [IK-1.2 CnocobeH  BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
AHAIIM3MPOBATh HAYYHBIE IIPOOIEMBI, IIOIY4aTh |MaTeMAaTUUECKUE MOIENU IS ONUCAHHMSA  U3YyYaeMbIX
HOBBIE HAYYHbBIE PE3yIbTaThI SIBIICHUI | TPOLIECCOB, OICHUBATh KAueCTBO pa3paboTaHHON
MOJIEIIN

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

OCHOBHBIC IPUHIIUIIBI ¥ IPOOJIEMATHKY TEOPHH 00YUEHHS MAIIHH;

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

YMETb:



- (popmann30BaTh MOCTAHOBKY NPUKJIAIHBIX 33/1a4 aHAJIN3a JaHHBIX;
- HCIOJIb30BaTh METO/bl OOYUEHUS 110 IpeLeleHTaM Ul PeLeHUs IPAKTUYECKUX 3a1ay;
- OLICHMBATbh TOYHOCTH U 3PPEKTUBHOCTD MOJTYUECHHBIX PEIICHUI.
BIIAJICTh:
- OCHOBHBIMH MOHATUSIMHU TEOPUU MAIIMHHOTO O0yUYCHHUS;
- HaBBIKAMH CaMOCTOSITEIbHON pabOThI IPU PEIIEHUH TUIIOBBIX 3a/1ay;
- KyJBTYpO# MOCTAHOBKU M MOJICIMPOBAHUS MPAKTUUECKH 3HAUMMBIX 3a/1a4;
- HaBBIKAMH TEOPETUYECKOTO aHAJIN3a PEAIbHBIX 3a/1a4, PEIIAeMBIX C IOMOIIBIO aJITOPUTMOB O0YUEHHS
10 MPELEACHTAM.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIHHEI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 BBenenne. OCHOBHBIE MOHSTUA WU ) 5 3
IIpUMEpHI IPUKIIAIHBIX 3a/1a4
) JInHeliHple METOABI M CTOXaCTUYECKUHI ) ’ 3
IpaueHT
3 HelipoHHblE CceTM W  TpaJWCHTHBIE 2 > 3
METO/IbI
4 Mertpudeckre MeTob! KiIacCupUKALUN 1 ) ) 3
perpeccun
5 Meton OOpPHBIX BEKTOPOB 2 2 3
6 MHoroMmepHas JJMHEWHas perpeccus 2 2 3
7 Henuneitnas perpeccus 2 2 2
] Kputepun BbiOOpa Momeneid u MeTOIbI ) 5 )
0TOOpa MPU3HAKOB
9 Jlornueckue MeTobl KiaccupuKaum 4 4 2
10 |JIuneiiHbie KOMIIO3UIIUHU, OYCTHHT 2 2 2
1 baiiecoBckas knaccuduranms u 4 4 )
OLICHUBaHME TUIOTHOCTH
12 |Knactepuzanus u 4acTU4HOE 00yUeHHE 4 4 2
Hroro yacos 30 30 30
Iloaroroska k sKk3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 7 (OcenHuit)
1. BBegenne. OCHOBHBIE MOHATHS U IPUMEPHI IPUKIATHBIX 3324
* [locranoBka 3amad oOyueHus: no npeneneHTaM. OObEKTbl W MPU3HAKW. THIBI IIKAX: OMHapHBIE,

HOMHHAJIbHBIE, TOPSAAKOBbIE, KOJINYECTBEHHBIE.
* Tunsl 3a1a4: KIaccuuKanys, perpeccusi, IpOrHo3UpoOBaHUE, PAHKUPOBAHNUE.



* OCHOBHBIC TIOHSTHS: MOJEIb AJTOPUTMOB, METON OOy4YeHHUs, QYHKIHMS NOTeph W (PyHKIMOHAI
KadecTBa, MPUHIIMIT MUHUMH3AIMY SMITUPUIECKOTO PUCKa, 00001Iato1as crocoOHOCTb, CKONB3SIINT
KOHTPOJIb.

» Jlunelinele Mogenu perpeccur U kiaccupukanuu. MeTon HaMMEHBIIMX — KBaAparoB.
[TonuHoMManbHas perpeccust.

* [IpumMepsl IpUKIaaHBIX 3a/1a4.

* MeTonuka OKCIICPUMCHTAJIBHOI'O HCCJICAOBAHUA M CpaBHCHHA aJITOPUTMOB Ha MOJACIIBHBIX U
pCalibHbIX JaHHBIX.

* Konkypcel no ananusy ganusix kaggle.com. Ilonuron anroputmMoB kiaccuukanmu.

* CRISP-DM — wMexoTpacieBoil cTaHAapT BEACHHS NPOCKTOB HHTEJUICKTYaJbHOTO aHaIu3a
JAHHBIX.

2. JluneitHpie METOBI U CTOXaCTUYECKUN TPATUEHT

» Jluneitnpii knaccudukarop, Monenb MakKamnoka-Ilutrrca, HempepbIBHBIE aNNpPOKCHMAIH
MOpPOTOBOH (PyHKIIMM MOTEPB.

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

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

* [IpoGiieMa MYJIBTHKOJUTMHEAPHOCTH M TIEpEOOyIeHUs, PEryJsipr3aius Uik peayKius BecoB (weight
decay).
* BeposiTHOCTHAst TOCTAaHOBKA 3a/a4u Kiaaccupukanuu. [[puHIun MakcuMyMa rpaBaonofo0us.

* BeposiTHOCTHAst MHTEpIIpETaLXsl PETYISAPU3ALNHA, COBMECTHOE MPaBAONOA00ONE JAHHBIX U MOJIEIH.
[IprHIMD MakCUMyMa anlOCTEPUOPHOM BEPOSITHOCTH.

* ["ayCCOBCKMI U JIAINIACOBCKUI PETYJISPU3ATOPBL.

* Jloructuueckas perpeccus. [IpuHmmn mMakcumyma npaBronoqodus u jorapudmuueckas QyHKIHS
norepb. MeTof, CTOXaCTHUECKOro rpagueHTa ais gorapudmuueckoil Gpynkumun noreps. CriiaxkeHHOE
npaBuiio X300a. MHoOrokimaccoBasi JTOTHCTHYECKasl perpeccus. Perynspu3oBaHHasi JIOTHCTHYECKAs
perpeccus. KanuOposka [1narra.

3. HeﬁpOHHBIe CCTHU U I'PaAUCHTHBIC MCTO/bI

» buonoruueckuii HevipoH, monens MakKamnoka-ITutrca kak inHeiiHbIi knaccudukarop. OyHKINU
aKTUBALUH.

* [IpoGnema momHOTHL. 3aja4a UCKITIOYaroIiero uik. [lomHoTa MBYXCIOWHBIX ceTel B MPOCTPAHCTBE
OyneBbIX (DyHKIMH.

* AJIropuT™M 00paTHOTO PACIPOCTPAHEHHS OIIUOOK.

* beicTpeie MeTombl crToxactudeckoro rpamuenta: Ilomska, HecrtepoBa, AdaGrad, RMSProp,
AdaDelta, Adam, Nadam, nuaronansublii Metox JleBenOepra-Mapkpapra.

 [IpoGnema B3pbIBa rpauHeHTa U 3BpHcTHKa gradient clipping.

* Merton ciayuaiiHbIX OTKITIOUeHHH HelpoHoB (Dropout). UnTepnperanuu Dropout.
» OO6parupiii Dropout u L2-perymspusarusi.

» @ynknun aktuBanuu ReLU u PReLU. [IpoGiema «napanmyay ceTH.

* OBPUCTHKH 1151 JOPMHUPOBAHHS HAYATILHOTO MPUOINKEHHS.

* MeToa nociIoiHON HACTPOMKHU CETH.

* [TogOop CTPYKTYpBI CETH: METOJIBI TIOCTENIEHHOTO YCIOKHEHUS CETH, ONTHUMAaIbHOE IIPOPEIKUBAHHE
HEHWpOHHEIX ceTelt (optimal brain damage).

4. MeTpI/I‘ICCKI/Ie METOAbI Knaccn(bmcaunn " perpeccumn

* ['MmoTe3bl KOMIIAKTHOCTH W HETIPEPHIBHOCTH.
* O000IIEHHBI METPUUECKUN KIaccu(UKaTop.

* Meton Ommxkaiimx coceneit KNN u ero o600menus. [logbop urcna k mo KpuTepuro CKOIB3SIIEro
KOHTPOJISL.

* Meton okHa Ilap3eHa ¢ MOCTOSSHHOM M IEPEMEHHOM IMPUHON OKHA.
» MeTon oTeHIUAaIbHBIX (DYHKIIUN U €T0 CBSI3b C JTMHEHHOW MOJICNBIO KacCu(UKaITUH.



* Henapamerpuueckas perpeccusi. JIOkaJlbHO B3BEILICHHBIN METO/I HAMMEHBIINX KBaJApaToB. S iepHoe
CITIAKMBaHUE.

» Onenka Hanapas-BaTcoHa ¢ mOCTOSIHHOM M nepeMeHHON MHUPUHON OKHa. BeiOop (yHkuuum simpa u
UIMPUHBI OKHA CIJIAXKUBaHUS.
* 3ay1aua oTceBa BeIOpOCOB. PobacTHas HenapaMmerpuyeckas perpeccust. Anroputm LOWESS.

* 3ayiaua ot60pa dTanoHoB. [TonHeli ckonb3smuit KoHTpoib (CVV), popMyrna ObICTPOTroO BEIYHCICHUS
i metona INN. [Ipoduinbs KOMIIaKTHOCTH.

* OTOOp STaJOHHBIX OOBEKTOB HAa OCHOBE MHHMMH3AIMH (DyHKIMOHAIA MOJHOTO CKOJIB3SIIETO
KOHTPOJISL.

5. Meron onopHbBIX BEKTOPOB

» OnTuManpHas pa3zensionias THIepIIockocTh. [ToHaTHe 3a30pa Mex Iy KiiaccaMu (margin).

» Cityyau TUHEHHON pa3fAeIuMOCTH B OTCYTCTBUA JUHEHHON pa3aenumMocTd. CBs3b ¢ MUHUMHU3ALUEH
PETYISIPU30BAaHHOTO SMIIMPUIECKOTO prcka. KycouHo-nmuneiHas QpyHKIHS MOTEpPb.

* 3a1aua KBaAPAaTUYHOTO MPOrPaMMHUPOBAHUS U IBOMICTBEHHAs 3a1a4a. [[oHsITHE OTIOPHBIX BEKTOPOB.
* Pexomenpanum no Be160py KoHCTaHTHI C.

» Oynkuus sapa (kernel functions), cnpsamMisiioniee TpoCTPaHCTBO, Teopema Mepcepa.

* CiocoObl KOHCTPYKTHUBHOTO ocTpoeHus aaep. [lpumepsr saep.

* SVM-perpeccusi.

* Perynsipuzaunu ans ordopa npusnakos: LASSO SVM, Elastic Net SVM, SFM, RFM.

* Meton peneBaHTHBIX BeKTOpoB RVM

6. MHOrOMepHas JIMHEWHas perpeccus

* 3ajiaua perpeccuy, MHOroMepHasi JIMHEeHas perpeccusl.

» MeTon HaMMEHBIINX KBaIPAaTOB, €r0 BEPOSTHOCTHBINA CMBICI U TE€OMETPUIECKUI CMBICIL.

* CHHTYJIIPHOE Pa3JioKeHUE.

* [Ipo6nemMbl MyJIBTUKOJUIMHEAPHOCTH U IEPEOOydCHUSI.

* Perynsipuzauus. ['pebHeBas perpeccust uepes CUHTYISIPHOE pa3ioKeHHe.

» Metonst or60pa npusHakoB: Jlacco Tubmmpanu, Elastic Net, cpaBHeHne ¢ rpeOHEBOI perpeccuei.

* MeTon maBHBIX KOMIIOHEHT U AeKoppenupyomee npeodpazoBanue Kapynena-Jlossa, ero cBssb ¢
CUHTYJISIPHBIM Pa3JIokKEHUEM.

* CneKTpaJIbHbIN MOAX0 K PEUICHHUIO 33J]a4i HANMEHbBIIINX KBaJPaToB.
* 3a7a4M ¥ METOIbI HU3KOPAHTOBBIX MATPUYHBIX PA3TIOKEHHM.

7. HenuHeiiHas perpeccust

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

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

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

» O006meénHas nuHeiinas Mojaensb (GLM). DkcroHeHIna bHOE CEMEHUCTBO pacipe/ieICHHH.

* HexBamparnunble ¢QyHKIMH HOTepb. MeToj HamMeHbIIMX Moxyneil. KBanTuibHas perpeccus.
[Tpumep npukIagHON 3a1a41: TPOTHO3UPOBAHHUE IOTPEOUTEIBCKOTO CIIpOca.

* PoGactHas perpeccus, QyHKIUH ITOTEPh C TOPU30HTATLHBIMHA ACUMITTOTAMU.
8. Kputepuu Be1OOpa Mozieneit 1 MeTobl 0TOOpa MPU3HAKOB

» Kputepun kadecTBa KiacCU(UKAIIUN: YyBCTBUTEIBHOCTD U crienupuanocts, ROC-kpuBas u AUC,
TOYHOCTH U ntonHota, AUC-PR.
* BHyTpeHHUe 1 BHENIHUE KPUTEPUU. DMIIUPUUECKHUE U aHATTUTUICCKUE KPUTEPUH.

* CKonp34lIMH KOHTPOJIb, PA3HOBUJIHOCTH 3MIIMPUYECKUX OLIEHOK CKOJIB3SLIETO0 KOHTPOJIA.
Kpurepunii HeIpOTUBOPEYUBOCTH.



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

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

* Meton 106aBieHNs U YIAICHUs, [LAroBas perpeccusl.

* [Touck B m1yOHMHY, METOZ BETBEH U TPaHMLI.

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

 Ciyuaitabiil mouck u Ciyuaiineiii mouck c aganrtanueid (CI1A).

9. Jlormueckue MEeTONbI KiTaccu(PuKaImm

* [ToHsTHE TOTUYECKOI 3aKOHOMEPHOCTH.

* [TapaMeTpuueckue cemeicTBa 3aKOHOMEPHOCTEN: KOHBIOHKIIUN TIOPOTOBBIX MPABHJI, CHHIPOMHBIE
IIpaBuJIa, LIaphl, THIEPILIIOCKOCTH.

» IlepeGopHble anrOpUTMBI CHHTE3a KOHBIOHKIUH: CTOXaCTUYECKHH JIOKAIBHBIA ITOWCK,
crabunu3anus, peayKuusl.

* JIByXKpUTEpHAIbHBIA OTOOP MH(POPMATUBHBIX 3aKOHOMEPHOCTEH, NMapeTo-ONTUMANbHBIN (POHT B
(p,n)-mipocTpaHCTBeE.

* Pemarommee aepeso. XKamgnast Hucxondmias cTparerus «pasmensit u BiacTByi». Anroputm [D3.
Henocrarku xanHoii cTpateruu u coco6sl ux ycrpanenus. [Ipobnema nepeoOydenus.

* BriBon kputTepueB BeTBieHHsA. Mepa HeuyucToThl (impurity) pacnpeneneHusi. DHTPONUHHBIN
KpuTepui, Kpurepui [[xuHu.

* Penykiust pemaronux qepeBbeB: IpeapeayKIus U noctpeaykuus. Aaroputm C4.5.

* lepeBns perpeccun. Anroputm CART.

» HeOpexnrbie pematomiue aepeBbs (oblivious decision tree).

* Pemaromuii nec. Ciryuaiinsiit tec (Random Forest).

@DaKyJIbTaTUB

* Craructrueckuii kKputepuii mHpopMaruBHOCTH, TOoYHBIH Tect Dumiepa. CpaBHeHHe obOnactei
9BPUCTUYECKUX M CTAaTUCTHUYECKUX 3aKOHOMEPHOCTEM. ACHMIITOTHYECKAs OSKBUBAJIEHTHOCTH
CTaTHCTHUUYECKOTO M JHTPONMHHOrO KpuTepus HHPOpMaTuBHOCTH. Pa3HooOpasme Kpurepues
WH(POPMATUBHOCTHU B (P,N)-IIPOCTPAHCTBE.

* Pemmarommuii nenp. buHapusanus npusHakoB. AJTOpUTM pa3OueHHs 00JacTH 3HAYCHHUI TIPU3HAKa Ha
WH(POPMATUBHBIC 30HBI.

* Pemaronuii ciricok. XKaHbIi alrOpUTM CHHTE3a CIIHCKA.
* [IpeoGpazoBanue penIAOLIETo IepeBa B PEIIAOIININ CITUCOK.

10. JIunelinbie KOMIIO3UIIUHU, OYCTHHT

* OcHOBHBIE TOHATHA: 0a30BBIM anropuT™M (aJTOPUTMHUYECKUI OIEepaTrop), KOPPEKTHPYIOILas
ornepanusl.

* B3BenienHoe rojI0CoOBaHUE.

» Anroputm AdaBoost. DkcrioHeHIIMaIbHAS alPOKCUMAIUs TOPOTroBOi (pyHKIMHU moTeps. [Iponecc
MOCIIEI0OBATEIBHOTO 00yUeHHsI 6a30BBIX ATOPUTMOB. TeopeMa 0 CXOAMMOCTH OyCTHHTA.

* O6o6maromiast cmocoOHOCTh OyCTHHTA.

* bazoBele anroput™el B OycTrHTe. Pemmaromniye mHu.

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

» Anroputm XGBoost.

* ['paguentHsiii OycTuHT. CTOXaCTHYECKUH IPaJUCHTHBIN OyCTHHT.

11. baiiecoBckast knaccuuKanys ¥ ONCHHBaHUE TNIOTHOCTH
* [IpuHIMI MakcUMyMa aroCTEPHUOPHON BEpOsSTHOCTH. Teopema 00 onTUMabLHOCTH OaleCcOBCKOTO

KJ'IaCCI/I(l)I/IKaTOpa.
° OI_IGHI/IBaHI/Ie IJIOTHOCTU paCHPCACIICHUA: TPHU OCHOBHBIX ITOAXO0OAA.



» HauBHbIii OaliecoBckuii kKiaccu(uKaTop.

» HemapameTrpuueckoe OlleHMBaHUE TUIOTHOCTH. SepHast olieHKa tuioTHocTH [lap3ena-Po3zen6mnarra.
OnHOMEpHBII 1 MHOTOMEPHBIN CITydyaH.

» Meton nap3eHOBCcKOro okHa. Beibop ¢yHKIuM sapa. Beibop mupuHbl OKHA, IEpEMEHHAs IIHPHHA
OKHa.

* [TapameTpuueckoe oLleHMBaHUE IVIOTHOCTH. HopManbHbIM TUCKPUMUHAHTHBIN aHAJIU3.

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

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

* JINHEVHBIA JTUCKPUMUHAHT Puuiepa.

* [IpoGiemMbl MyIBTHKOJUIMHEAPHOCTH U NepeoOyueHus. Perymspuzaius KoBapualMOHHOW MaTpPHUIBL.
* [lapameTpuuecknii HAUBHBIN OalieCOBCKUH KiTacCU(UKATOP.

» CMmech pacrpeesneHui.

* EM-aJiropuT™ Kak METOJ ITPOCTHIX UTEpALUi JUIsl PELICHHSI CUCTEMbI HEJIMHEMHBIX YPABHEHUN.

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

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

» CpaBuenue RBF-cetn 1 SVM c rayccoBCKuM siipoMm.
12. Knactepu3zanus 1 4acTH4HOE 00ydeHHUe

* [locTanoBka 3agaun knacrepuzaiuu. [pumepsl npuKIagHbIX 3a1a4. THIIBI KIaCTEPHBIX CTPYKTYP.

* [locranoBka 3agaun Semisupervised Learning, npruMepbl NPUIIOKEHUH.

* ONTUMHU3ALMOHHBIE IOCTAHOBKH 33]a4 KJIACTEPU3allui U YaCTUIHOTO 00yUYEeHHUS.

» Anroputm k-cpenaux u EM-anroputm Ui paszneneHus rayCCOBCKOW CMECH.

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

» Anroputm ®OPIJI.

» Anroputm DBSCAN.

* AromepaTuBHas Kiacrepuszanus, Anroput™ Jlanca-Bunbsimca 1 ero 4acTHeIe cilydau.

* AJIrOpuTM NIOCTPOEHUS AeHAporpaMMbl. OlpeneseHue yucia KiacTepos.

» CpoiicTBa CKaTHs/PaCTSHKEHHS, MOHOTOHHOCTH M PEAYKTUBHOCTH. I[lceBIOKOj] penyKTHBHOM
BEPCUH AJITOPUTMA.

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

* Agroputm Expectation-Regularization Ha 0CHOBE MHOTOKJIACCOBOW pETYISIPU3UPOBAHHOM
JIOTUCTUYECKOU pErpeCcCu.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BATEILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueGHast aymuTOpHs, OCHALLICHHAS! MYJIETHMEAHAIIPOEKTOPOM U SKPAHOM.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa

1. Heitponnsie cetu : nmonHbsli Kypc = Neural Networks. A Comprehensive Foundation, [yue6Hoe
nocobue] /Calimon XaiikuH ; [mepeBoa ¢ anrmuiickoro]. Cankr-IletepOypr, Jnanexkruka, 2019

2. Heiiponnsie cetu [Teker] : momHbii Kype / C. Xaiikus ; iep. ¢ annt. H. H. Kyceyinb, A. 1O.
[Ienecrona ; mox pex. H. H. Kyccynbs .— 2-e n3n., ucnip. — M. : Bunesamc, 2006 .— 1103 c.

3. Teopus pacnio3HaBanusi 00pa3oB : CraTuctuyeckue Metoabl [Tekcer] : yueb. mocodue aiist By30B / A.
A. Haran ; M-Bo Bbic. u cpead. crnen. oopazoBanust PCOCP, Mock. ¢us.-rexs. ua-T .— M. : MOTU,
1988 .— 84 c. : un. - 400 3k3.



4. MareMaTn4yecKkue OCHOBBI MAllTMHHOTO 00y4yeHus 1 nporHo3uposanus [Tekcr] / B. B. Brlorus ;
Mock. ¢u3.-TexH. uH-T (Toc. yH-T), JIa0. CTpyKTypHBIX METOAOB aHAIN3a IAaHHBIX B MIPEICKa3aTeILHOM
monenupoanvu (IIpeMoJla6), -t npobiem nepenaun undopmarun uM. A. A. Xapkesnua PAH -
M.MIIHMO,2013

JomnonHurenbpHas auTeparypa
1. Metoap! pacriozHaBanus [ Tekcr] : yue6. mocobue / A. JI. Topenuk, B. A. Cxkpunkun .— 4-¢ u3j.,
uctp. — M. : Beiciias mkona, 2004 .— 261 c.
2. Dxonomerpuka. Hauanbneiii kype [Tekcr] / [. P. Marnyc, 1. K. Kareimes, A. A. [lepecernkuii ;
Axan. HapozmHOro X03s1icTBa npu IIpaBurensctse Poc. ®enepanun - M. Jleno,2007

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

1. http://www.machinelearning.ru — npodeccrnonanbHbIii HHPOPMALIOHHO-aHAIMTHYECKUN pecypc,
MOCBAIICHHBII MAaIIMHHOMY OOY4EHHIO, PACIIO3HABAHNIO 00Pa30B ¥ MHTEIUICKTYaJIbHOMY aHAJIN3Y
JaHHBIX.

2. http://shad.yandex.ru — caiiT mikonel aHanu3a 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%BS5_%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%D]1
%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 MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOIYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

He npenycmorpeno.
9. Metonu4yeckne yKkazaHusi JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO M CHUILTHHBI (MOXYJIs)

YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpsHKEHHOW caMOCTOsTENLHOM padoThl cTyneHTa. B mporpamme
Kypca TIPUBEJACHO MHHHUMAIBHO He0OXoAMMOE BpeMs s pabOThl CTyJeHTa Haja TEMOHU.
CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— MpopaboTKy y4eOHOro MaTepuaia (TI0 KOHCIIEKTaM JISKIHiA, Y4eOHOM 1 HayqHOU JINTeparype);

— TOJITOTOBKY K NMPAaKTHYECKUM 3aHSATHSM, BBIIOJTHEHHE JOMALTHUX TEOPETUYECKUX M MPAKTHUSCKUX
3aJaHUM;

— TMOJITOTOBKY K UG GEPEHIIUIPOBAHHOMY 3a4ETYy.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: HNudopmarrka 1 BEIYUCTUTEIEHAS TEXHUKA

npopuJib NOArOTOBKHU: KomnbroTepHble TEXHOIOTUH U BHIYUCIUTEIbHAS TEXHUKA
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

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2 CnocobeH uconbp30BaTh COBPEMEHHbBIE
MH(OPMAIMOHHBIE TEXHOJIOTUU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IeSTeIBHOCTH, COOTIoas
TpeboBaHus HHPOPMAIIMOHHON 0€30MacHOCTH

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIEHYIO TEXHHKY M CEpBUCHI ceTH MHTepHET B
obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS HMHPOPMALMOHHOU
0e30MmacHOCTH

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJ1a4u, B TOM YUCIIe pa3padaThIBaTh U

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON

HCCJICOA0BAaTh MATEMATUUYECKUE MOJICIIN ACATCIIbHOCTH

M3y4aeMBbIX SBJICHUN U MPOIECCOB, CHCTEMHO I[IK-1.2 Cnocobern  BBIIBUTATH THUIOTE3BI, CTPOUTH

aHAJM3MPOBAaTh HAY4YHbIEC MPOOJIEMBI, IONYYaTh |MaTeMaTHUYeCKMe MOIENU Ul ONUCAHHUSA H3Yy4aeMbIX

HOBBIC HAayYHBIC PE3YIBTAThI SIBIICHUW W TPOIIECCOB, OLIEHWBATh Ka4€CTBO pa3pabOTaHHOM
MOZEIIN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare m3ydeHus QUCHUILIMHBI «MareMaTHyecKrue OCHOBBI MAIIMHHOTO OOy4eHHus» 0oO0ydaromuics
JOJKEH:

3HAThb:

OCHOBHBIC IPUHIIUIIBI ¥ IPOOJIEMATHKY TEOPHH 00YUCHHS MAIIHH;

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

yYMeThb:
- (popmann30BaTh MOCTAHOBKY NPUKJIAIHBIX 33/1a4 aHAJIN3a JaHHBIX;
- UCTIONIB30BaTh METO/IbI 00YUYECHHS 110 MPELeIeHTaM JUTs PELICHUs TPAKTHUECKUX 3a/1a4;
- OLICHUBATbh TOYHOCTH 1 3PPEKTUBHOCTD MOIYUYECHHBIX PEIICHUI.
BJa/IeTh:
- OCHOBHBIMH MOHATUSIMHU TEOPUU MALTMHHOTO 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

IIpumeps! 3aga4a

1. 3amana nena oTkasza oT kjgaccudukauuu. Beimmucats MopudunupoBannyio Gopmyiny 06aiiecOBCKOTO
Kiaccuduraropa.

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

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

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

5. BeiBectu ¢opmyity HenapameTpudeckoit perpeccun Hamapasi-Barcona.

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

7. BeiBecTH rpaiu€HTHBINA METOJ 00yUeHHsI B IOTUCTUYECKOIN PEerpeccuy.
[Ipumepsl 3agaHnil IO BBIOOPY MOAETH U OTOOPY NPHU3HAKOB

1. B uéM omn4us BHyTPEHHUX M BHEUIHUX KPUTEpHEB?



2. Pa3HOBUIHOCTH BHEIIHUX KPUTEPUEB.

3. Pa3HOBUIIHOCTU KPUTEPHSI CKOJIB3AIIETO KOHTPOJIS.

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

5. UTo Takoe MHOTOCTYTICHUYAThI BEIOOP MOJIEIU 110 COBOKYITHOCTH KPHTEPHEB?

6. OcHoBHas wJies 0TOOpa MPU3HAKOB METOJIOM IMOJTHOTO Tepedopa. JlelicTBUTENBHO M 3TO MOJHBIN
nepedop?

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

8. Uto Takoe maroBas perpeccusi? MoxHO Jin e€ HCIoIb30BaTh ISl KJIacCU(UKALNHU, B KAKOM MeTone?
9. OcHoBHas ujest 0TOOpa NPU3HAKOB METOIOM ITOMCKA B TIIyOUHY.

10. OcHoBHas uaes 0TO0pa NPU3HAKOB METOJOM TIOMCKA B LIUPUHY.

11. Yro Takoe MI'YA?

12. OcHoBHas uaest 0T60pa NPU3HAKOB C MIOMOIIBIO TEHETHYECKOTO AITOPUTMA.

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

14. B uém oTnnuus ciry4yaifHOTO MOKMCKa OT CIIy4aiiHOTO TIOMCKA C afanTtanuei?

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

1. 3anucarp oburyto Gpopmyiny OaiiecoBckoro Kinaccupukaropa (Haao IOMHHUTE GOPMYITY).
2. Kakue BBI 3HAaETE TPH MOJIX0/IA K BOCCTAHOBJICHHUIO TUIOTHOCTH PacIIpeieieHus! 0 BRIOOpKe?
3. Uto Takoe HaWBHBIN OaliecOBCKUI Kitaccudukarop?

4. Yrto Ttakoe omeHka tmiotHoctu [lap3eHa-PoszenbOnarra (Hamo moMHUTH (opmyny). Beimucars
(bopmMyity anroputMma Kiaccu(pHUKaul B METOJIC TAp3EHOBCKOTO OKHA.

5. Ha uto Bauser rprHA OKHA, a Ha YTO BUA A/pa B MCTO/C IMap3CHOBCKOT'O okHa?

6. MuoromepHoe HOpMajbHOE pacmpeneneHue (Hago NOoMHUTH (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 HCIOIb30BAHUU KAKUX
aNropuTMOB OHa Bo3HUKaeT? Kakue ecTb moaxosl K €€ pemeHuo?

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

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

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

12. Yrto takoe croxactuueckuit EM-anroputm, kakoBa ocHOBHasg upaes? B uém ero mpemmyiiecTBo
(xaxoit HegocTaTok crangaptHoro EM-anroputma oH yctpansier)?

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

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

1. Yro takoe 00OOIIEHHBIN anroput™M kiaccuukaumu (Hago nmoMHuThH Gopmyiy)? Kakue Bbl 3HaeTe
YacTHbBIE CiTydan?

2. Kak onpenensiercs MOHATHE OTCTYIA B METPUIECKUX AITOPUTMaXxX Kiaccuduranuu?
3. Uro Takoe OKHO MEPEMEHHOM MIMPHUHBI, B KAKHUX CIIy4asiX €ro CTOUT UCIOIb30BaTh?

4. Yto Takoe MeToJ| MOTEeHIMANbHBIX (yHKUWA? Wnes anroputma HacTpoliku. CpaBHUTE C METOIOM
paanaibHbIX 0a3UCHBIX QYHKLIUH.

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

8. [IpuBeanTe MpUMEp METPUYIECKOTO aNTOPHTMA KIACCU(PHUKALUK, KOTOPI OHOBPEMEHHO SIBISETCS
0alieCOBCKUM KJIACCU(PUKATOPOM.

9. IlpuBeauTe MpUMep METPUUYECKOTO AJITOPUTMA KJIACCH(UKAINU, KOTOPbIH OJHOBPEMEHHO SIBIISETCS
JIMHEHHBIM KJIACCH(PHUKATOPOM.

Jluneiinas xnaccupukanus



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

2. MeTton CTOXaCTHYECKOTO TpajueHTa. Pacmucarh rpaJMeHTHBIA IIar Jisi KBaApaTHIHON (YHKIUU
MOTEPb U CUTMOUIHON (PYHKIIUM aKTUBALIH.

3. Hepgocrarku Merona SG u kak ¢ HUIMH OOpOTHCS?

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 KIaccoB (HAZA0 IOMHHUTE (GOPMYITY).

8. Kax BeIpakaeTcst pyHKIHSI TOTEPh B JIOTUCTUYECKOM perpeccu (Hago MOMHUTH GopMyITy).

9. /e MoTMBalLMU U TOCTAaHOBKA 3a7a4ld METO/A OMOPHBIX BEKTOPOB. YMETh BBIBECTH HOCTaHOBKY
3agaun SVM (pekoMeHtyeTcsi HOMHHUTD (POPMYITy TOCTAHOBKHU 3aJa4H).

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

11. Yto Takoe siapo B SVM? 3adem BBomsiTcs siapa? JIrobast mu GyHKIUS MOXKET OBITh SpoM?
12. Kakoe g/1po MOpoKaaeT MOJIUMHUAIIbHBIE Pa3eaioliue MOBEPXHOCTH?
13. Yro takoe ROC-kpuBas, kak oHa onpenenserca? Kak ona 3))eKTHBHO BBIYHCTSETCS?

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

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

Perpeccus

1. Yo Takoe sifiepHOE CTiIaXUBaHUE?

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

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

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

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

6. IlocTaHOBKA 3a717au MHOTOMEPHOM JINHEWHOH perpeccuyd. MarpudHas 3anuch.

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

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

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

10. Kakyro mpoOieMy pemaer MeTo[ IJIaBHBIX KOMIIOHEHT B MHOTOMEpPHOW JMHEWHOW perpeccuu?
3anucarh MaTPUYHYIO IOCTAHOBKY 33a41 JJIs1 METO/IA IIIAaBHBIX KOMIIOHEHT.

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

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

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

HeiiponHsie cetu

1. [IpuBeauTe mpumep BHIOOPKH, KOTOPYIO HEBO3MOXKHO KIACCU(PHIMPOBATH O3 OMMOOK C IOMOIIBIO
JMHEHHOTro anroputMa Kiaccudukaruy. KakoBa MUHMMasbHast JUIMHA BEIOOPKH, 00s1aatomias JaHHBIM
cBoiictBoM? Kakue CymecTByroT criocoObl MOIU(BHUINPOBAT JIMHEHHBIA aIrOPUTM TaK, YTOOBI JaHHAs
BBIOOpKa CTalla JIMHEHHO pa3enuMon?

2. [Mouemy moGas OyneBa QyHKIUS MpecTaBUMa B BUjie HelpoHHOH ceTn? CKONBKO B Hel crioéB?

3. Merop obparHoro pacnpocTtpaneHus omnOok. OcHoBHas ujesi. OCHOBHBIE HEJIOCTATKH U CIIOCOOBI
UX yCTpaHCHUSI.



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

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

7. Uto Takoe «mapajuy» CEeTH, U KaK ero n3oexarh?

8. Kak BpIOMpaTh 4KCII0 CIOEB B IPaJUCHTHBIX METOJaX HACTPOUKH HEHPOHHBIX CETer?

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

10. B uém 3aximroyaeTcsi METOJ] ONTHMAJILHOTO TIPOPEKUBaHUS HeilpoHHOU cetn? Kakue HemocTaTku
CTaHJAPTHOTO aJIFOPUTMa 0OPATHOTO PACIPOCTPAHEHUS OMIMOOK MO3BOJISET yeTpaHuTh MeTon ODB?

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

1. Jare omnpeneneHue ajIroOpUTMUYECKOH KOMMO3uuuu (moMHUTH (opmyny). Kakue Tumsr
KOPPEKTUPYIOIIMUX Ollepaluil BbI 3HaeTe?

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

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 KIJIAaccOB 0a30BbIX alTOPUTMOB NPU TOJIOCOBAHHUU TI0
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 CIIy4YaHbIX OJIPOCTPAHCTB.

13. Yro Takoe cMech IKcepToB (HOMHUTE hopmyity)?

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

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

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

. HacTo KcIonb3yeMble THIIBI JOTHYECKUX 3aKOHOMEPHOCTEM.

. JlaiiTe onpesienieHre SMCUIIOH-/IEIbTa-IIOTHIeCKON 3aKOHOMEPHOCTH (TIOMHUTEH (POPMYJIBI).
. JlaiiTe onpesienieHNe CTaTUCTHYECKOM 3aKOHOMEPHOCTH (ITOMHUTH (POPMYJIBI).

. CpaBHHTE O0NIACTH CTATUCTHYECKHUX M JIOTHUYECKUX 3aKOHOMEpPHOCTEH B (P,N)-TIII0CKOCTH.
. C kakoli 1lenbIo Jenaercs OuHapu3arys?

. B uém 3akmodaeTcs npoueaypa OnHapu3anuy npru3HaKa’?

. Kax npoucxoaur nepeGop B *aJHOM aIrOpUTME CHHTE3a HH(OPMATUBHBIX KOHBIOHKIIN?
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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 cToXacTU4YECKUl JJOKaIbHBIN TOUCK?

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

13. Yto Takoe pemnraromuii Crucox?

14. Kakue kputepun HHHOPMATUBHOCTH UCTIONB3YIOTCS NP CHHTE3€ PEIIAOIIEro CIUCKa U TIoueMy?
15. JlocTonHCTBa M HEAOCTATKU PELIAIONIUX CITHCKOB.

16. Uto Takoe peraroiiee 1epeBo?

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

19. 3auem nemaercs peAyKIus PEIIaloIuX A1epeBbEB?

20. Kakue 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 nocrpoerne ADT?
23. OcuHoBHnas unes anroputma KOPA.

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

25. OcnoBHas uaes anroputma TOMIL.
26. Kakue kputepuu HHQOPMATHUBHOCTH UCHIONB3YIOTCS B anroputme TOMII u noyemy?

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

28. JloctonHCcTBa U HeAocTaTku aiaroputma TOMIL.

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

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

32. Yro Takoe accommarnBHOE mnpaBwio? [lpuBenute mpuMep accONMATUBHOTO MpaBWIIa B 3ajade
aHaJM3a NOTPEOUTEIILCKUX KOP3HH.

33. OcHoBHas Ujes aNropuTMa TOMCKa aCCOMAaTUBHBIX paBui APriory.

Krnacrepusamus 1 TakCOHOMHUS
1. KakoBbI OCHOBHBIE LI KJIacTepU3aluu?

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

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

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 YE€r0 OHU IPUMEHSIOTCS?
7. OcHoBHBIC oTiIMYMs adropurma k-cpeaaux u EM-anropurma. Kro u3 Hux ny4ie u nodemy?
8. OcHoBHas uaes uepapxuyeckoro anroputma Jlanca-Buibsmca.

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

10. Kakue paccrosHHs MEXy KiacTepaMu, MpuMeHseMble B anroputMe Jlanca-Bunbsmca, nydme u
noyemy?

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

12. Kaxoii pyHKIIMOHAN KauecTBa ONTUMHU3HUPYETCs ceThio KoxoneHa? (moOMHUTH popMyity)

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

14. Kak ycTpoena camooranusytomiasics kapra Koxonenea?

15. Kak nnrepnperupytorcsa kaptsl Koxonena?

16. ITouemy 3amaun ¢ 4YacTHYHBIM OOYYEHHEM BBIJCICHBI B OTACIbHBINA Kitacc? [IpuBenute npumepsl,
KOTJIa METO/IbI KJIacCU(HUKAIMU U KJIACTEPHU3AIlUK Jal0T HEaJeKBaTHOE PEIICHUE 3aa4i C YaCTHYHBIM
oOyueHueM.
17. Kak mpucnocoOuTh rpagoBbie alropuTMbl KJIACTEPH3ALUH U PELICHUS 33/1aud C YaCTUYHBIM
oOy4eHuem?

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

Kpurepun onennBanus

Ouenka «3au€T» - BBICTABIAETCS CTYAEHTY, IIOKa3aBIIEMY, KaK MHHHUMYM, (parMeHTapHbIH,
pa3po3HEHHBIN XapakTep 3HaHUK 0a30BBIX MOHSATHI M MPOrpaMMHOIO Marepuaia, KOTOPbId XOTs Obl
cnabo BiaZeeT OCHOBHBIMHU pa3felaMH Y4eOHOM NporpamMMbl, HEOOXOAMUMBIMU JUIS JTaJIbHEHIIEro
00y4eHHs1 ¥ IPUMEHAET MOIyUYCHHBIC 3HAHUS , KAK MUHUMYM, B CTAaHIAPTHOW CUTYyalllu.

Onenka «He3a4€éT» - BBICTABIACTCS CTYACHTY, KOTOPBI HE 3HaeT OOJbIel YacTH OCHOBHOTO
copepkaHusi y4eOHOW NpOorpaMMbl JUCHMIUIMHBI, AOMYyCKaeT rpyOble OmMUOKH B (HOPMYJIHPOBKAX
OCHOBHBIX IIPUHLIUIIOB U HE YMEET UCII0JIb30BaTh [10JyUYEHHbIE 3HaHUS IIPU PEIIEHUH TUIIOBBIX 3a/]au.



[Ipumep BOIIpOCOB 3a1aHuUs:

1. Pemarommue CHucKH: MPUHIMI pabOThI, cXeMa alTOpUTMa MOCTPOCHHUS MO OOydaromeil BEIOOpKE,
cTpareruy BpIOOpa KI1accoB MpH MOCTpoeHuH. [Ipumepsl 3a1a4, He pelaeMbIX PEIArOIMU CIIUCKaMH.

2. Metox omopHBIX BeKTOpoB. ONTHMHU3AIMOHHAS 33/1a4a C OTPAaHUYCHHUSIMHU B BHJIE HEPABEHCTB U
6e3ycioBHas. OnopHeie BekTophl. Kerneltrick. Ontumuszanuonnas 3agada 8 S3VM u SVR.

3. Jloructuueckas perpeccus. [IpuHIMI MakcMMyMa MpaBaonofoOus u jorapupmuueckas QyHKIHS
noTepb. MeTo/1 CTOXaCTUYECKOrO TPAAHEHTA B IOTUCTUIECKON PETPECCUM.

5. MeTonuueckne MaTepuajbl, onpeneasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

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



