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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: MamnHoe o0ydeHue
10 HANPABJIEHUIO: buotexnonorus
npopuiIb NOArOTOBKHU: buotexnonorus

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
kadempa TUCKPETHOW MaTEeMaTUKH

KYpC: 3
KBAJM(PUKAIMA: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 6 (BeceHHui) - JlnuddepeHunpoBaHHbIi 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 0 yac.
naboparopHbie 3aHsaTus: 60 yac.

CamocrositensHas pabora: 75 gac.
Bcero gacos: 135, Bcero 3a4. ex.: 3

KonuecTBo KOHTPONBHBIX pa0oT, 3a1aHuii: 1

[Iporpammy cocraBui: H.A. Bonkos, kana. ¢pu3.-MaT. HayK

[Iporpamma obcyxieHa Ha 3acefianny Kadenpsl AuckpetHoit matematuku 04.06.2022



AHHOTANMA

Kypc 3HakoMUT CTyIEHTOB C COBPEMEHHBIM COCTOSIHUEM MAIIMHHOTO OOY4YeHHS M HCKYyCCTBEHHOI'O
MHTEJJIEKTA: OT KJIACCHYECKHX aJITOPUTMOB 10 IIyOOKOTo OOy4YeHMs M IMOCIEIHUX NOCTHKCHHH B 00IacTH
HCKYCCTBEHHOTO HHTEJIEKTa. B pesynbrare CTyOeHTHl (OPMHUPYIOT YCTOWYMBYIO TEOPETHUECKYIO 0azy H
MPAaKTUYECKUE HABBIKY JUIsI JAbHEHIIIero pa3Butus B oomactu M.

1. lean u 3apa4un
Heab qucUMMIMHBI
chopMHUpOBaTh TEOPETUUYECKHUE W MPAKTHUECKHUE 3HAHUS B 001acTH OOy4YCHHsI MAIllMH, COBPEMEHHBIX

METO/I0B BOCCTAHOBJIEHUSI 3aBUCUMOCTEH 10 AMIMPUUYECKUM JaHHBIM, BKJIIOYAs AUCKPUMHHAHTHBIN,
KJIACTEPHBIN U PErpEeCCUOHHBIN aHAJIH3.

3agauM AUCUMIIHHBI
MpaBUILHO (OPMYIIMPOBATh 3a7ady B TEPMHHAX MAIIMHHOTO OOY4EHUS,
OBJIa/ICTh HABBIKAMH MPAKTHYECKOTO PELICHUS 33124 WHTEIJUICKTYaJIbHOTO aHaIn3a JaHHbIX.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTEIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHeT B
OTIK-2 Crioco6eH HCTob30BaTh COBpeMeHHble |00IacTH (cdepe) IpopecCHOHAIBHOM JETeIbHOCTH
UH(POPMALIMOHHBIE TEXHOJIOTHH U OIIK-2.2 3naer u yMeeT TPUMEHATH YHCIIEHHBIC
IPOTrpaMMHBIE CPEACTBA [IPU PEIICHHUH 33/1a4  |MareMaTHYeCKUEe METOAbl M NPUKIATHOE IMPOTrpaMMHOE
npo(eCcCUOHAIBHOMI esSTeNbHOCTH, coONoas |o0ecrieueHre  [uis  pelIeHus  Hay4yHbIX  3a7a4 B
TpeboBaHMs NH(POPMALIMOHHON 0€30MaCHOCTH  |MpOogeCCHOHANIBHON 00acTh

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS MHPOPMALMOHHOU

0e30MmacHOCTH
[MK-1 CriocoGeH m1aHupoBaTh U MPOBOAUTH [IK-1.9 Bnameer HaBbIKamMu pabOTHI C COBPEMEHHBIMU
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON SI3BIKAMHU [IPOIPAMMHPOBAHUS M TPOTPAMMHBIMU TTaKETaMHU

MPEeIMETHOM 001aCcTH) U (UITM) TEOPETUUECKUE |UIs HAyYHBIX PACUETOB
(aHanUTHYECKUE U UMHUTALIUOHHBIC)
UCCIIeJOBAaHUS

3. IlepeyeHb MIIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHS 110 AMCHUILINHE (MOXY.II0)
B pesynbrare 0cBOHHS AUCLUIIMHBI 00y4aIOIINecs JOIKHbBI
3HaTh:
OCHOBHbBIC IPUHIUIIBI M TPOOJIEMATHKY TEOPHH O0YUICHHUS MAILIMH,
OCHOBHBIE COBPEMEHHBIC METObI OOYYEHHH IO MpeueAeHTaM — KiIacCH(UKalNH, KIACTEPU3ALUN U
perpeccuu.
YMETh!
¢dbopmMann3oBaTh MOCTAHOBKY MPHUKJIAJHBIX 3aa4 aHAIN3a JaHHBIX,
HCIOJIB30BaTh METOABI O0yUEHUS 110 MpeLeIeHTaM Ui PELIeHUs MPaKTUIECKUX 3azad,
OLICHMBATh TOYHOCTH U 3(P(HEeKTUBHOCTD MOITYyUYCHHBIX PEIICHUH.
BJIaJIETh:
OCHOBHBIMU MOHATUSAMH TEOPUH MAIIMHHOTO O0yUEHHS.

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

4.1. Paznenbl nuctMIInHbl (MOIYIIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.



No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
BBenenne B MammHHOE — OOy4YeHHE.
1 MeTpuueckie  ajJropuTMbI,  OILIEHKA 10 13
KauecTBa MoJieieit
2 JIunelinple Monenu 10 12
3 HepeBbs 1 ancamOnu Mozeneit 10 13
4 PaGora c¢ mnpusnHakamu. OrpaHuueHHs 3 12
MAaIIMHHOTO 00y4YeHHUs
5 Bgenenue B ryOokoe o0ydeHwe 10 13
6 OO0yuenne 0e3 yaurens 12 12
Hroro yacos 60 75
IToaroTroBka K sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.
4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 6 (Becennuii)

1. BBC,I[GHI/IG B MAllIMHHOC o6yquHe. MeTpI/I‘ICCKI/IC AJITOPUTMBI, OLICHKA Ka4CCTBa MOILGJIGﬁ

OCHOBHBIE MTOHSATHSI B MAIMHHOM 00yueHunH. O030p NPUIIOKEHNH MalTMHHOTO 00yueHust. O0y4eHue
c yuurenem u 0Oe3 yuutensd. 3agaud: KiaccU(UKALMs, pErpeccHs, KIacTepu3alusi, CHUKECHUE
pa3sMepHOCTH.

Mertpuieckre anroputMbl. Metox Omwkaiimmx coceneit (kNN) B 3agade kinaccupukanuu u
perpeccun. Knmacrepuzauus u anroputm k cpenaux (k means).

BaitecoBckuit moaxoz. [Tonsitue npaBaononoous. HanBaeIl OaliecoBckuii kiraccudurarop.
OTtnoxennas BeiOopka. Kpocc-Banupanus. [lepeoOydyenne n HegooOydenue. [ unepnapamerpsl.

2. JInnelHbBIE MOAEIU

JIuneiinas perpeccus. MeTton HaMMEHbIIMX KBaApaToB. ['paguEHTHBIM CIyCK M CTOXaCTUYECKUI
rpagueHTHBId  crmyck.  IlepeoOyuenme  momenedd.  Perymsapuszammst  TuxonoBa.  Teopema
l'aycca-MapxkoBa. @yHKIIMU IOTEPH B 3a7a4€ PETPECCHUMU.

Jluneiinas knaccudukanus. [lonstTre orcryma. @DyHKIMM TOTeph B 3ajade KIACCUPHUKAIHH.
Jloructuueckas perpeccusi. Meto HaubombIero npasrononodus. Jlorucriuueckast GyHKIUS TOTEPE.
Oynknuu  Softmax, Sigmoid. MuorokiaccoBast kinaccudukanus. Perymspuzanms JTHHEHHBIX
KJ1accu(pUKaTOpOB.

MeTtonpl omeHKH KadecTBa kKiaccudukanuu. Accuracy, Precision, Recall, ROC-AUC, PR-curve,
Confusion matrix.

Merton onopHbix BekTOpoB (SVM). Teopema Kapymma-Kyna-Takepa. /IBoiicTBenHast 3aiada. [Tonstie
onopHbIX BekTopoB. Kernel trick (moamena sinpa). Perynspuzauns B8 SVM.

Merton tnaBHbix komnoHeHT (PCA). Teopema Oxkapra-Snra. SVD-paznoxenue. 3aBUCUMOCTh
OOBSCHEHHOH TUCTIEPCUH OT YMCJIa KOMIIOHEHT.

3. lepeBbs u aHCcamMOnu Mozeneit




Cwmemienne u paszbpoc. Bias-Variance decomposition. HeycroitunBocTh Mojeneli MamdHHOTO
oOyueHwusl.

Pemaromee nepeBo. PexkypcuBHasg mpoleaypa IOCTPOEHHs pemaromero naepesa. Kpurepun
WHPOPMATUBHOCTA B 3ajadye KIACCHU(UKAIMW: DHTPONHIHGIA, JKWHU; B 3ajade perpeccuu.
[lepeoOyuenne pemaromux nepesbeB. lIpyHuHr. Perymspusanus pemamomux 1epeBbeB. AITOPUTMBI
nocrpoenust: ID3, C4.5, C5, CART. Hebunaphsie pemaroniue fepeBbsi. CBS3b pelaonux 1epeBbeB
U JINHEHHBIX MOJEIIeH.

Byrcrpan. Barrunr. Out-of-bag error. Mertoj ciydvaiinbix moanpoctpanctB (RSM). Cnyuaiinsrii jec
(Random Forest). Pazsutne nnen: Extremely Ranfomized Trees. CpaBuenne Random Forest u
Metpudeckux anroputMoB (KNN). Isolation Forest.

CTexkuHT U OJEHAWHT MOJIEIel MAIIMHHOTO 00yUeHHUSI.
Byctunr. Uctopuueckas cripaBka, anroput™m AdaBoost. I'paguentrsiii 6yctunr (GBM).
4. Pabora ¢ npuznakamMu. OrpaHU4eHNs] MAITUHHOTO O0yUYeHMsI

[poknsatue pasmeproctu. No Free Lunch Theorem, Wolpert (Teopema o OecratHbix 00enax).
[punnun “Garbage in — garbage out”.

Tunbel TpU3HAKOB: KOHTUHYyallbHBbIC, OWHApHBIC, KareropuajbHble. Pabora ¢ pa3pekeHHBIMH
npusHakamu. Pabota ¢ npomyckamu.

Pabora ¢ TekcToBeIMU JaHHBIMU. Meriok cioB (bag of words), TF-IDF.

Orenka 3HAYMMOCTH TIpU3HaKoB. Permutation importance, Partial-dependence plots, shap. Recursive
Feature Elimination. LARS.

5. BBenenue B miry6okoe oOyueHue

Ucropnyecknii 3kckypce. MckyccTBeHHbIE HEMpOHHBIE ceTH. Maremarmdeckas MOJENb HEHpoHa
Makkanoka-ITurrca. [Tepcentpon Pozenbnarra. [Ipobiema uckimrodatoniero wim (XOR problem).

OcHoBHBIE MOHATHS B I1yOokoM oOyuennu (Deep Learning). Meton oOparHOro pacipoCTpaHEHHS
ommbku (backpropagation). ®@ynkuun aktuBanuu: Sigmoid, Tanh, ReLU, Leaky ReLU, ELU,
Softmax. [TomHOCBSI3HBIN CITOM.

I'pagnenTHast onTUMHU3AIMS B ITyOOKOM 00y4ueHHU. MeTo/bl, OCHOBaHHBIE HA IPAJUEHTHOM CITyCKE:
Momentum, Nesterov Momentum, Adagrad, Adadelta, RMSprop, Adam, AdamW. Learning rate
decay. HauanbHast nHUIIMAIM3AIMS TAPAMETPOB HEMPOHHOM CETH.

Perynsipuzanuss B HeWpoHHBIX ceTsx. Batch normalization. Instance and layer normalization.
Dropout. Weight decay. AyrMeHTanust JaHHBIX.

Pexyppentubie Heliponnbie cetu. RNN. [IpoGnema 3aryxatomiero rpamuenta (Vanishing gradient).
Mexaum3m namsiti B LSTM u GRU. PexkyppeHTHble HEHpOHHBIE CETH B aHajJM3€ TEKCTOB MU
MIOCJIEI0BATEILHOCTEM.

Ceeprounble HelpoHnble cetn. Omepamms cBepTku. CBeprouHbldi cioit (convolutional layer).
Hopmanuzanus nmanubix. Pooling layer. Ilpobpoc rpaguenta ¢ momouibio skip connections.
Uctopuueckuit 0030p apxuTekTyp U ux ocHOBHBIX cBoiicT: LeNet, AlexNet, VGGNet, GooglLeNet,
ResNet.



Kraccuueckue momxoibl K BEKTOPHU3AIMU TEKCTOB. BEKTOpHOE Mpe/CTaBlICHHUE CIIOB C MOMOIIbIO
HelpoHHEIX ceTel. Word2Vec, GloVe.

CHuXeHHEe pa3MEpHOCTH C TOMOIIbIO HEHPOHHBIX CETeH. ABTOPHKOJEPHI B PA3IMYHBIX 3aAaqyax
(cHMXeHUE pa3MEePHOCTH, (DUITBTPAIIUS IIyMOB, IIOUCK aHOMAITHIA ).
6. O0yuenwuie 6e3 yuures

Knacrepuzanus. Merpuueckuii monxon, amroputMm k-means. Hepapxudeckas KiacTepu3aiysi.
Anroputm DBSCAN.

Metonpl CHMXXKEHHUS pPa3MEpPHOCTH. MHoromepHoe mmkanupoBaHue. Isomap. Locally Linear
Embedding. SNE, t-SNE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! MYJIFTUMEAHAIIPOECKTOPOM M SKPAHOM U AOCTYIIOM B MHTEPHET.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. MammHHOE 00y4eHue: HOBBI UCKYCCTBEHHBIN MHTEIIEKT [Teket]/D. Anmaliaun, -M., U3a. rpynna
"Touxa", 2017

He npexycmorpeno

JomnonHurenbHas aureparypa
He npenycmorpeno

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

1. https://ml-mipt.github.io — caliT ¢ onrcanneM Kypca U CCbUIKAMU Ha JIOTIOIHUTEIIbHBIE PECYPCHI

2. http://www.machinelearning.ru — npodeccruoHanbHbIH HHPOPMAITMOHHO-aHATUTHYECKHUI pecypc,
MOCBSIICHHBII MAIIMHHOMY O0Y4eHHIO, PACIIO3HABAHUIO 00Pa30B M HHTEIUICKTYaJIbHOMY aHAIIU3Y

TAHHBIX.

3. http://shad.yandex.ru — caliT mkonbl aHaau3a JaHHBIX SIHIEKCA.

4.
http://www.machinelearning.ru/wiki/index.php?title=Mammunnoe o0yuenue (kypc_ sekmnuii, K.B.Bop
OHIIOB)

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha 3ansTusx HCIIOJIB3YIOTCA MyHBTHMeHHﬁHLIe TEXHOJIOI'MH, BKIIKO4ad JEMOHCTPALHUIO HpGSCHTaHHﬁ.

B npouecce camocTosTebHOM PabOThl 00YUaIONIMXCs MPEIIONaraeTcsl HCIOIb30BaHUE TaKUX
MPOrpaMMHBIX CpeACTB, kKak git, CLI (command-line interface), Jupyter Notebook u ap.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

VYeneniHoe 0CcBOeHUE Kypca TpeOyeT HapshKEHHON caMOCTOATENBHOM paOboThl cTyeHTa. B mporpamme
Kypca TpUBEACHO MHMHUMAIBHO HeoOXoguMoe BpeMsi s paboThl CTyOeHTa Haja TEMOHU.
CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

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



—BBIIIOJIHECHUEC JOMAITHUX TCOPECTHUICCKUX 3aJIaHUMN.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: buorexnonorus

npopuJib NOArOTOBKHU: buorexnonorus
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadempa TUCKPETHOW MaTEeMaTUKH

KYpC: 3

KBaJupuKaAnus: OaxanaBp

Cemectp, (opMBI IPOMEKYTOUHOH arTecTanuu: 6 (BeceHnui) - JlnuddepeHunpoBaHHbIi 3a4eT

PaszpatGoTunk: H.A. Bonkos, kanj. ¢u3.-mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2.1 Cnocoben IIPUMEHSTh COBpPEMEHHbIE
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-1 CnocoGeH mi1aHupoBaTh U NPOBOAUTH [IK-1.9 Bnageer HaBbikKamMu pabOTBI C COBPEMEHHBIMHU
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI SI3bIKaMU [IPOIPaMMHUPOBAHUS U IPOrPaMMHBIMU ITaKETaMU

MPEIMETHOM 00JacTH) U (WIIN) TEOPETUUECKUE  |/JIs HAyYHBIX PACUCTOB
(aHATMTHYECKIE M IMUTAIIMOHHEIC)
WCCIIeIOBAHUS

2. Iloka3arem OLleHUBAHUS KOMIIeTeHITHHA
B pesynbrare uzydenus qucUIuiiHbl « MalmmmHHOE 00y4YeHHe» 00yJaronuics JOIDKEH:

3HAThb:

OCHOBHBIE IPUHLIUIIBI ¥ IPOOJIEMATHKY TEOPHH 00yUeHHs MAIlMH,
OCHOBHBIC COBPEMEHHBIE METOAbI OOYYEHHH M0 HpeleieHTaM — Kiaccu(ukauuu, KiacTepu3auuu U
perpeccuu.

YMeThb:

(hopManM30BaTh MOCTAHOBKY MIPHUKJIAIHBIX 33J1ad aHAJIM3a IaHHBIX,
HCIOJIh30BaTh METOBI OOYUEHUS 110 TIperie/IeHTaM ISl PelIeHUs IPaKTUIECKUX 3a7ad,
OIICHUBATh TOYHOCTH U 3PHEKTUBHOCTh MOMYUESHHBIX PEIICHUH.
BJIA/IETh:
OCHOBHBIMHU TTOHSITHSIMH TEOPUH MAITMHHOTO O0Y4YEHHUSI.

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

[TocTpoenue crucTeMbl MAIIMHHOTO MEPEBOAA
Peanmuzanus DQN ¢ mamsTeio (experience replay buffer)
Peanmmzauus metona Advantage Actor Critic B cpexne Atari
Krnaccudukanus n cermenTanus n300paxeHuit
[TocTpoenue reHepaTUBHBIX MOJEIEH

MPEYCHb BOMPOCOB IO TEOPMUHUMYMY.

[TocranoBka 3amau oOyueHus ¢ yunreneM (supervised learning).

3anaun oOydenus Oe3 yuutens. Ha3ares XoTs Obl 1Be.

Uro o3HayaeT cBOMCTBO 1.i.d.?

OcnoBHas uzest HauBHOTO baiiecoBckoro knaccudukaropa. B uém ero HauBHOCTH?
3anummure GOopMyIBl 1JI MOACTH JTUHEWHON PErPecCHi U JUIsl CPeTHEKBAAPATUIHON OLINOKH.

S =

3anumure GopMyiy Ul OJHOTO IIara TpaJueHTHOro ciycka. Kak MogudunupoBars rpaiueHTHBIN
CITYCK JIJIsl OY€Hb OOJIBIIION BBIOOPKHU?

7. Yto Takoe mpagonogodue, METOJ MAaKCHMAaIBHOTO MpaBaononoous? SBnsercs nu mpapaonogooue
BEPOSITHOCTBIO?

8. Uro Takoe kpocc-Banmuganus? Ha uto BiuseT KoinyecTBo OJIOKOB B KpOcC-BaIUAALNAN?
9. Uro rakoe nepeodyueHue u HegoobyueHne? Kak ux MOXHO AeTEKTHPOBAThH?

10. Yem rumepmapamMeTrpsl OTIMYAOTCA OT mapameTpoB? Uro sBHsSeTcss mNapaMeTrpaMu U
rureprapamMeTpamMmu B JMHEUHBIX MOJENAX U B PELIAIOIIUX JEPEBbAX?

11. Yro Takoe perynspusanusi? Yem Ha npaktuke ominuaercs L1-perynspusamnus ot L27



12. YuureiBaercs iu koddduipent capura wOB perynsipuzarope? [Touemy?

13. Ilouemy nuHEHHBIE MOIETH PEKOMEHAYETCS IPUMEHATh K BBHIOOPKE C HOPMHUPOBAHHBIMU
3HAYCHUSIMH [TPU3HAKOB?

14. 3anummure dhopmyiy 1 IMHEWHOW MoAeNH Kiaccudukauud. Yto takoe orctyn?

15. Yro Takoe TOUHOCTH 1 NoAHOTA? [loyemMy Hy)KHO YyUHTHIBAaTh UX BMecTE?

16. B 3amaue OunHapHOW KiaccupuKamuy JOJS OJHOTO Kiacca cocTaBisioT 95% BeiOopku. Kakwue
METPHUKH Pa3yMHO HCIIOJIB30BATh ISl OLIEHKH paboThl Mozenn? mouemy?

17. Yro Takoe ROC-AUC? Kak noctpouts ROC-kpuByo?

18. 3amummure (QYyHKIMOHAN JOTHCTHYECKOW perpeccuu. Kak OH CBsI3aH ¢ METOJOM MaKCHMyMa
rpaBaonooous?

19. N nest meToga OMOPHBIX BEKTOPOB (B ciiyyae pa3aeIuMOil BHIOOPKH).

20. OnumuTe XaJHbIH aJITOPUT MOOYUEHUS PEIIAIOLIEero Aepena.

21. Ilouemy ¢ TOMOLIBbIO PEIIAIOLICTO AEpeBa MOXKHO AOCTHYb HYJIEBOM OIIMOKM Ha OOydaromed
BBIOOpKE 0€3 MOBTOPSIONINXCS OOBEKTOB?

22. Ecnu B nUCT AepeBa nonaau 0ObEeKThl Pa3HbIX KJIACCOB, TO KaKKe Mpe/ICKa3aHns Hy>)KHO BbIJIaBaTh B
atoM jucte? [louemy?

23. Kakoe mpexacka3aHue HYKHO BbIJaBaTh B JIUCTE JEpeBa B 3a/au€ PETPecCHd €CIU MBI
munnmuszupyem MSE? a B ciiyuae MAE?

24. Yro takoe bagging?

25. YUro takoe ciaydarHbn jec? YeM OH OTIIMYaeTcst OT OATTHHTra HaJl PENIAIONUMHU JEPEBbIMHU?

26. Kak B rpaiueHTHOM OycTHHTE 00y4aroTcs 6a30BbIE aNTOPUTMBI?

27. 3auem HyxeH backprop, 4To Takoe IpoU3BOHAS BEKTOPA 110 BEKTOPY?

28. Onummmre npuHIMI padotel cBEpToUHOTO ciost (CNN).

29. B ueM HeOOCTaTKU IIOJIHOCBSI3HBIX HEWPOHHBIX ceTell Kakas MOTHUBalUsl K MCIIOJIb30BaHMIO
CBEPTOUHBIX ?

30. Onumure npuHUMI PaboThl 6a30BOro pekyppeHTHOro ciaos (RNN).

31. Yro takoe dropout?

32. Kak dropout u batch normalization MEHSIFOT cBO€ MOBeIEHHUE MIPH IKCILTyaTallMi MOJIEIH (B PEKUME
inference)?

33. 3anumuTe NOCTaHOBKY 3aJadl B METO/E IVIaBHBIX KOMIIOHEHT.

34. Kak paboraer meron k-means?

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
oOyuaroumuxcst

1. 3amaun oOyuenmss mo mpeneneHTaMm. Supervised, unsupervised u semi-supervised oOydeHue.
[Monsarus nepeoOyuenus u odbodmaroniel cnocoonoct. CkoNb3sMUNA KOHTPOIb (cross-validation).

2. Metpuueckue anroputmbl kiaccupukanui. OO600MEHHBIN METPUIECKUI KIIacCU(HUKATODP, TTOHATUE
orcryna. Metox Ommxaiimmx coceneit (KNN) u ero o6oOmenwus. [lombop umcia k mo kputeputro
CKOJB3sIero KoHTposss. Oroop atanoHHbIX 00bekTOB. anroputM CTOJII. OyHKIHS KOHKYPEHTHOTO
cxoxctsa (FRiS).

3. [locTpoenne MeTpuk U oTOOp Npu3HaKoB. CtangapTHBIE MeTpuKU. OLleHNBaHUE KaueCTBa METPUKHU.
[poknsTre pazmepHocTH. JKaiHbIH anrOpUT™M 0TOOPA MPU3HAKOB.

4. Jlormueckue 3akoHoMepHOCTH. CTarucTrueckuii kpurepuit nHpopmaruBaocTH I ¢ (¢, X 1): cmbic n
CIIOCOOBI BEIYUCIICHUS. DHTPOIUIHBIA KpUTEPHiA HH)OPMAaTHBHOCTH — WH(POPMAIIMOHHBIA BBIMTPHIIIT
[Gain ¢ (¢,X 1 ). MuoroknaccoBbie BapuaHThl KputepueB. Mumexkc Gini. 3amgada nepebopa
KOHBIOHKUMH. “IpagueHTHBIA” anroputM CHHTE3a KOHBIOHKLIMN M €ro YacTHBIC CIIydau: >KaJHbIA
QJITOPUTM, CTOXaCTUYECKHUH JIOKAJIbHBIM MOUCK, CTAOMIIN3AINS, PEIyKIHUs.

5. bunapuzanus NpU3HAKOB, aJTOPUTM BbIIENEHHS HH()OPMATHBHBIX 30H. Pemiaroniye CHUCKH.
Pemarome nepeBbs: mpuHuun pabotel. Pa3OueHue mpocTpaHcTBa OOBEKTOB Ha IOIMHOXKECTBA,
BBIJC/ISICMble  KOHBIOHKIMSIMH ~ TepMHHANIbHBIX BepmmH. AnroputMm ID3.  Ilpe-mpyHunr u
noct-npyHuHr. RandomForest.



6. Jluneitnas xnaccudukanus. HenpepblBHbIE anmpOKCHUMAaUM MOPOroBO (YHKUMU moTepb. Meton
MUHHMU3AIUKA  alllPOKCUMHUPOBAHHOTO »MmmOupuyeckoro pucka. SG, SAG. Cs3p MUHUMH3ALUU
anMmpOKCUMUPOBAHHOTO 3MIIMPUYECKOTO PHUCKa M MAaKCUMHU3ALMH COBMECTHOIO MPaBIONOJO0MS
naHHbIX W Mmoxpenu. Perymspmszamums (11, 12, elasticnet). BeposTHOCTHBIN CMBICT pEryisipH3aTOpPOB.
[Ipumeps! pa3nuuHbIX QYHKLIUN TOTEPh U KIACCU(PUKATOPOB. DBPUCTHUECKUN BBIBOJ JOTHCTUYECKOM
(YHKIIUU TIOTEPB.

7. Meton omopHBIX BeKTOpOB. ONTHMH3AaLMOHHAS 3ajada C OTPaHMYCHHUSIMA B BHJIC HEPAaBEHCTB H
6esycioBHas. Onopabie BekTophl. Kerneltrick. Ontumusanuonnas 3agada B8 S3VM u SVR. SVM u
Oecrpu3HaKOBOE MAlIMHHOE 00y4YeHre Ha mpuMepe saaep rpadoB u Kiaccupukanuy BepIinH rpada.

8. 3ajmaya CHMXKEHMs pPa3MEPHOCTH IIPOCTPAHCTBA IpU3HAKoB. Mies Merona INIaBHBIX KOMIIOHEHT
(PCA). Ca3p PCA u cunrynspHoro pasioxeHusi Marpuilsl npusHakoB (SVD). Beruncnenne SVD B
MIPOCTPAHCTBAX BHICOKON Pa3MEPHOCTH METOIOM cToxXacTudeckoro rpaauenta (SG SVD).

9. MHoroMepHas JIMHElHas perpeccus. 'eoMeTpuuecknii ¥ aHAIMTUYECKU BbIBOJ. Perymsapusanus B
3agaue perpeccun. Hemapamerpuueckas perpeccus. @opmyna Hanapas-Barcona. PerpeccuonHbie
JIEPEBbSI.

10. BaiiecoBckas kinaccupukanus u perpeccusi. @yHKIMOHAI pUcKa U (yHKIMOHAJ CPEIHEro PHCKA.
OntumanbHbIi OaliecoBCKH Kiaccu(UKaTop U TeopeMa 0 MUHUMH3ALUK cpegHero prcka. HausHbIi
0aliecoBCKUi KilacCU(UKATOP.

11. BoccraHoBneHHE IUIOTHOCTH: IapaMETPHUECKU M HemapaMeTpHYecKuil mnoaxod. Meron
[Tap3eHoBckoro okna. Ilapamerpuueckuil noixoa Ha IpUMEpPe HOPMaJIbHOIO JUCKPUMUHAHTHOIO
aHanusa. JIuHenHelii quckpumMuHaHT Ouniepa.

12. 3agagya mTPOTHO3MPOBAHUS BPEMEHHOTO psifa, NPUMEpHl 3a7ad. AJanTHBHBIE AaJITOPUTMBI
MIPOTHO3UPOBAHUA:  JKCIIOHEHIMAIBHOE  CIIaXuBaHWe, wmoaenu  bpayna,  Teitna-Belimxka,
Xonbra-Bunrepca. [Ipeumyiectsa 1 HEAOCTAaTKH aJallTUBHBIX AJITOPUTMOB IIPOTHO3UPOBAHMU.

13. Monenmu ARMA, ARIMA, a Takxe perpecCHOHHbIE METOMbI PELICHUs 3aJa4ll MPOTHO3UPOBAHUS
BpeMEeHHOro psaa. Kommosunuu aJanTUBHBIX aJIrOPUTMOB: celekuus, kxomnosunus, JIABP,
arperupyromui alropyuTM.

14. 3anmaua knactepusanuu. ArrioMepaTiBHas W AMBH3WOHHAs Kiactepu3anus. Anroputmsl k-Means,
k-Means++. Kiacrepuzanuss ¢ mnomompto EM-anroputma (0e3 BbeiBoma M-mara). Dopmyna
Jlanca-Yubsamca.

[Mpumep OuiteToB:

buner 1:

1. DTamnbl HOCTPOECHUS MOJEIN: TPEHUPOBKA, BAJIUAIMA, TeCTUpOBaHHEe. Poib kaxoro sramna.
[lepeobyuenue.

2. Perynspuzanmsi HeWipoHHBIX cereit: Dropout, Batch Normalization. Pa3auna B moBeseHuu mpu
o0yuYeHHHU ¥ Tpe/ICKa3aHuN

buier 2:

1. Jloructudeckas perpeccrs. DKBHBAICHTHOCTh PEIICHUH, MONYYSHHBIX METOJOM MaKCHMaJbHOTO
MPABONO00US I MUHUMH3AIINHY JIOTUCTHYECKON (DYHKIIUU TIOTEPh

2. Unes merona tnaBHbiX koMmmoHeHT (PCA). Ceszb PCA ¥ CHHTYISIPHOTO pa3ioKeHUS MaTpHUIlbI
npuszHakoB (SVD).

Kputepun onennBanus
OTJIIMYHO

10 BcecTOpoHHHE, CHCTEMAaTH3HPOBAaHHbIEC, ITyOOKHE 3HAHUS y4eOHOH HporpaMMbl AUCLUIUIMHBI U
YMEHHE YBEPEHHO MNPUMEHATh MX HAa MPAKTUKE IPH PEHICHUH KOHKPETHBIX 3a/1ad, CBOOOIHOE H
MPaBWIbHOE 000CHOBaHNE MIPUHATHIX PELICHUIH;

9 cucremaruzupoBaHHbIE, NIyOOKHE 3HAHUS Yy4eOHOW MpPOrpaMMbl AUCUUILUIMHBL U YMEHHE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHSTHIX
PpELICHMUI;

8 mryOokue 3HaHUS y4eOHOW MpPOrpaMMbl AMCUMIUIMHBI M YMEHUE NMPUMEHATh MX Ha MPAKTHKE MPH
peLIeHNN KOHKPETHBIX 3aJ1a4, IPaBHIIbHOE 000CHOBAHUE MTPUHSATHIX PEIICHHH;

XOpOLIO



7 TBEpAO 3HAET Marepuai, IPaMOTHO M IO CYIIECTBY H3J1araer €ro, yMeeT IPUMEHSTh NOJIy4YeHHbIE
3HAHMS HA MTPAKTHKE, HO JOITYCKAET B OTBETE WM B PEIICHUH 337a4 HEKOTOPBIE HETOYHOCTH;

6 3HaeT mMarepuasl, rPaMOTHO M3JIaraeT €ro, yMeeT NMPUMEHAThH MOJyYECHHbIE 3HAHUS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 33a4 HEKOTOPbIE HETOYHOCTH;

5 3HaeT OCHOBHOM MaTepual, IpaMOTHO M3/araeT €ro, ymMeer NPUMEHATh I10JyYCHHbIC 3HAaHUS Ha
MIPaKTUKE, HO AOITYCKAET B OTBETE WM B PEIICHUH 3a7ja4 HETOYHOCTH;

YIOBJIETBOPUTEIBHO
4 ¢parMeHTapHbIM, pa3pO3HEHHBIH XapakTep 3HAHWH, HEJOCTATOYHO NpPaBUIbHBIE (OPMYIUPOBKU
0a30BBIX TOHATUH, HAapyIIEHHs JIOTHYECKOH MOCIEOBAaTEIbHOCTH B H3JIOKEHHH HPOTrPaMMHOIO
Marepuaina, HO IPH 3TOM OH BJIaJeeT OCHOBHBIMH pa3lesiaMu y4eOHOH IporpaMmbl, HEOOXOOUMBIMHU
JUIS TaJIbHeHIero o0y4eHns: 1 MOKeT IPUMEHSTh IOJTyYeHHbIE 3HaHUS 110 00pa3ily B CTaHAAPTHOU
CUTYyalluy;

3 xapakTep 3HaHUIl JOCTAaTOYEH A JaTbHEHIIEro OOydeHUsI U MOXKET IPUMEHSATH MOJyYeHHbIC 3HAHUS
1o oOpasiy B CTAaHJAPTHOW CUTYyallnu;

HEYIOBJIETBOPUTEIILHO
2 He 3HaeT OonblIeH YacTH OCHOBHOTO CONIEpPXAaHUS y4yeOHOW MpOrpaMMbl JTUCHUIUIMHBI, JOIyCKAaeT
rpyobie OmMOKM B (HOPMYIMPOBKaxX OCHOBHBIX MOHATUH AMCLUMIUIMHBI M HE YMEET IPaBHIBHO
UCII0JIb30BaTh [10JIyUYEHHbIE 3HAHUS IIPU PELIEHUH TUIIOBBIX MPAKTUUECKUX 3a/au.

1 He 3HaeT (HOPMYIMPOBOK OCHOBHBIX HMOHATUH IUCHUIUIMHBI U HE YMEET UCIIOIb30BaTh MOTy4YEHHbIE
3HAHUS IPU PELICHUH TUIIOBBIX MIPAKTUYECKUX 3a]a4.

5. MeTonuueckune MaTepuasbl, onpeaeasionie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

ITpu nposenennn uddepenupoBaHHOro 3adera oOydaromiemycs npenocrasisercss 30 MHUHYT Ha
noarorosky. Onpoc oOydaroierocs mo OWiIeTy He T0JKEH NPEBbIAaTh ABYX aCTPOHOMHUYECKHUX YacOB.
Bo Bpemss mnpoBenenus anddepeHUIHpPOBaHHOTO 3adeTra OOydYalolIMecsi MOTYT IOJb30BaThCS
[IPOrpaMMOM TUCLUILIUHBI.



