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 JUCHHUIIMHE: MamuaHoe 00ydeHue
10 HANIPaBJIEHHIO: IIpuknaanas matemarnka u “H(QOpPMATHKA
npo¢ujib NOArOTOBKHU: IIpuknaagHast MaTeMaTHKa, KOMITBIOTEPHBIC HAYKH W HHKEHEPUS

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kadeapa MammMHHOTO 00y4YeHHs U HH(PPOBOH ryMaHUTAPUCTHKH

KYpC: 3
KBAJM(PUKAIMA: OaxanaBp

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

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

CamocrositensHas pabora: 90 gac.
[ToaroroBka x sk3ameny: 30 yac.
Bcero gacos: 180, Bcero 3au. en.: 4

KonnuecTBo KOHTPONBHBIX PadoT, 3a1aHuil: 2

[Iporpammy cocrasuin: P.I'. Heiliues, crapmuii npenogaBareib

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl MAIMHHOTO 00yyeHus u nudposoi rymanutapuctuxu 04.06.2020



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 KOMHeTeHL[I/Iﬁi

Ko 1 HanmMeHOBaHKE KOMIIETEHIINH WNnaukaTtopsl AOCTHKEHHUS] KOMIIETCHIIUN
OIIK-2 Cnocoben ucnonb3oBarh copemernsie |OITK-2.1 CrnocoGeH  TpPUMEHSTh  COBPEMEHHBIC
MH()OPMALMOHHBIE TEXHOJIOTUHU U BBIYMCIIMTEIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHeT B

MpOrpaMMHBIE CPENICTBA IIPH PEeLIeHUH 3a1ad  |obnactu (cdepe) npodeccHoHaNbHON AesITeTbHOCTH
poheCCUOHATBHOM JIeTENILHOCTH, COOTIOnas
TpeboBaHUg MHOOPMAIIMOHHOW OE30TIaCHOCTH

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynberare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:
OCHOBHbBIC TIPUHIIUITEI M TTPOOJIEMATHKY TeOpHH 00YUICHHUS MAIIIWH,
OCHOBHBIE COBPEMEHHBIE METOIbI 00yUeHHUU IO MpeIreIecHTaM — KIAacCU(UKAIUY, KIIaCTePU3aIlluu 1
perpeccuu.
YMETh:
(hopManM30BaTh MOCTAHOBKY MIPHUKJIAIHBIX 33J1ad aHAJIM3a JIaHHBIX,
HCIOJIB30BaTh METOBI OOYUEHUS 110 TIperie/IeHTaM ISl PelieHUs TPaKTUIECKUX 3a71ad,
OIICHUBATh TOYHOCTH U 3PHEKTUBHOCTh MOMYUESHHBIX PEIICHUH.
BJIAJICTh:
OCHOBHBIMHU TIOHSITHSIMH TEOPUH MAITMHHOTO O0Y4YEHHUSI.

4. Conep:xanue JUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO paboTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTsr pabora

BBenenne B MammHHOE — OOyueHHeE.
1 MeTpuueckie  ajJroOpuTMbI,  OILIEHKa 4 4 14
KadyecTBa Moese

JInHenHbIe MOJEITH 6 6 20

3 JlepeBbst U aHCaMOIH MoJienen 6 6 20




Pabdora ¢ mnpumzHakamu. OrpaHudeHUs
4 6 6 22
MAaIIMHHOTO 00y4YeHHUs
5 Bgenenue B ryOokoe o0ydeHwme 6 6 14
6 OO0yuenne 0e3 yaurens 2 2
Hroro yacos 30 30 90
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 180 gac., 4 3au.ex.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 5 (Ocennuii)
1. BBengenue B MammHHOE 00yueHre. MeTpruuecKkue alnropuTMBbl, OLIEHKA KadyecTBa MoJieseit

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

Mertpuieckre anroputMbl. Metox Ommwkaiimmx coceneit (kNN) B 3amade kinaccupukanuu u
perpeccun. Knacrepuzauus u anroputm k cpenaux (k means).

BaitecoBckuit moaxoz. [lonsitue npaBaonono6us. HanBaeIl OaliecoBckuii kiraccudurarop.
OTtnoxennas BeiOopka. Kpocc-sanmunanus. [lepeoOyduenne n HegooOydenue. [ unepmnapamerpsl.

2. JInnelHbBIE MOAEIU

JIuneiinas perpeccus. MeTton HauMMEHbIIMX KBaApaToB. ['paguMEHTHBIM CIyCK M CTOXaCTUYECKUI
rpagueHTHBId  crmyck.  IlepeoOyuenme  momenedd.  Perymsapuszamust  TuxonHoBa.  Teopema
l'aycca-MapxkoBa. @yHKIIMU OTEPH B 3a7a4€ PETPECCHUMU.

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

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

Merton onopHbix BekTOopoB (SVM). Teopema Kapyma-Kyna-Takepa. /IBoiicTBenHast 3aiada. [Tonstie
onopHbIX BekTopoB. Kernel trick (moamena sinpa). Perynspuzaunus B8 SVM.

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

3. lepeBbs u aHCcamMOnu Mozeneit

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

Pemaronmee nepeBo. PexkypcuBHasg mpoleaypa IOCTPOEHHs pelaromero naepesa. Kpurepun
WH(POPMATUBHOCTA B 3ajadye KIACCH(UKAIMW: DHTPONHIHGIA, JKMHU; B 3ajade perpeccuu.
[lepeobyuenue pemraromux nepesbeB. lIpyHuHr. Perymspusanus pemamomux 1epeBbeB. AJITOPUTMBI
nocrpoenust: ID3, C4.5, C5, CART. Hebunaphsie pemaroniue aepeBbsi. CBS3b pelaonux 1epeBbeB
U JINHEHHBIX MOJEIIeH.



Byrcrpan. barrunr. Out-of-bag error. Merton ciyuwaiineix nmoxnpoctpancts (RSM). Cnyuaiinslii jec
(Random Forest). Pazsutne mnen: Extremely Ranfomized Trees. CpaBuenne Random Forest u
MeTrpudeckux anroputMoB (KNN). Isolation Forest.

CrekuHT ¥ OJICHIVHT MOJIeNIeH MAIIMHHOTO O0YYCHHS.
Byctunr. Ucropuueckas cripaBka, anroput™m AdaBoost. ['paguentnsiii 6ycrunr (GBM).
4. Pabora ¢ npuzHakamMu. OrpaHu4eHUs] MAIIMHHOTO 00y4YeHUs

[Ipoxmstue pasmeproctu. No Free Lunch Theorem, Wolpert (Teopema o GecruiaTHbIXx 00emax).
[Mpuanun “Garbage in — garbage out”.

Tunbsl NpU3HAKOB: KOHTHHYaJIbHBbIE, OWHApHBIE, KareropuaiabHble. Pabora ¢ pa3pexeHHBIMH
npusHakamu. Pabora ¢ mpomyckamu.

Pab6ora c TekcToBeIMU gaHHBIMU. Memiok cioB (bag of words), TF-IDF.

Onenka 3Ha4MMOCTH Ipu3HaKoB. Permutation importance, Partial-dependence plots, shap. Recursive
Feature Elimination. LARS.

5. BBeznenue B nirybokoe oOyueHue

Hcropuuecknii 3kckypce. VMcKyccTBEHHbIE HEHMPOHHBIE ceTH. MaremMaTudeckas MOZENb HEMpOoHa
Makxkanoka-IIurrca. [lepcentpon Pozen6narra. [IpoGiema uckimrouatomero win (XOR problem).

OcHoBHBIC TOHATHS B T1yOokoM oOyuenun (Deep Learning). Meron oOparHOro pacipoCTpaHEHHS
omnbku (backpropagation). ®@ynkuum akrtuBanuu: Sigmoid, Tanh, ReLU, Leaky ReLU, ELU,
Softmax. [TonHOCBSA3HBII CO.

I'pagrieHTHAs ONTHMHU3AIKSA B TIIyOOKOM OOydYeHHH. MeTO/bI, OCHOBAHHBIC HA I'PAJMCHTHOM CITYyCKE:
Momentum, Nesterov Momentum, Adagrad, Adadelta, RMSprop, Adam, AdamW. Learning rate
decay. HauanpHas uHUIMATM3AIMS TAPAMETPOB HEHPOHHOM CETH.

Perynspuzauuss B HelipoHHBIX ceTsx. Batch normalization. Instance and layer normalization.
Dropout. Weight decay. AyrMeHTarvst JaHHBIX.

Pexyppentnsie Heliponnsie cetu. RNN. [Ipobnema 3atyxatomero rpanuenta (Vanishing gradient).
Mexannsm mamsiti B LSTM u GRU. PexyppeHTHble HEHpOHHBIE CETH B aHAJM3€ TEKCTOB U
MOCJIEI0BATEIbHOCTEH.

Ceeprounble HedpoHHble ceTd. Omepaums cBepTkd. CBepTouHblii cioil (convolutional layer).
Hopmamuzanust manubix. Pooling layer. IIpoOpoc rpaguenta ¢ momormipio 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.

CHuXeHHe pa3MEpHOCTH C TOMOIIbIO HEHPOHHBIX CETeH. ABTOPHKOJEpPHI B PA3IMYHBIX 3aAaqyax
(cHMXeHUEe pa3MEePHOCTH, (GUITBTPAIIUS IIyMOB, IIOMCK aHOMAITHA ).

6. O0yuenwuie 6e3 yuurens



Knacrepuzanusi. Merpuueckuii monxoyn, amroputMm k-means. Hepapxudeckas KiacTepu3aiysi.
Anroputm DBSCAN.

Mertonpl CHMXXKEHHS pPa3MEpPHOCTH. MHoromepHoe mkanupoBaHue. Isomap. Locally Linear
Embedding. SNE, t-SNE.

5. Onucanue MaTepuaJbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIEeHHS 00pa30BATEILHOIO
npouecca 1no JUCUMILInHe (MOLYJII0)

Y4eOHas aynuTopusi, OCHAIIEHHAS MYITBTUMEINANPOCKTOPOM U IKPAHOM U IOCTYIIOM B HHTEPHET.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI
OcHoBHas JTEparypa
1. MammnanaOe 00yuenue [ Texct]/X. bpunk, [Ix. Puuapnc, M. ®@esepond, Real-World Machine
Learning, -CII6., [Turep, 2017

JomnonHurensHas aureparypa

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

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

2. http://www.machinelearning.ru — npodeccruoHanbHbIH HHPOPMAITMOHHO-aHATUTHYECKHUI pecypc,
MOCBSIICHHBII MAIIMHHOMY O0Y4eHUIO, PACIIO3HABAHUIO 00Pa30B M HHTEIUICKTYaJIbHOMY aHAIIU3Y

TAHHBIX.

3. http://shad.yandex.ru — caliT mkonbl aHau3a JaHHBIX SIHIEKCA.

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

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o JMCuMILIMHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUN.

B nporiecce camocTosTeNbHOM PabOThl 00YYarOLIHXCs TPEIIIONAraeTCs UCTIOb30BaHUE TAaKUX
MPOrpaMMHBIX CpecTB, kak git, CLI (command-line interface), Jupyter Notebook u ap.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpsHKEHHOW caMOCTOsTENILHOM padoTHl cTyneHTa. B mporpamme
Kypca TpHUBEJACHO MHHHUMAIBHO He0oOXoAMMOE BpeMs s pabOThl CTyJeHTa Haja TEMOH.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— npopaboTKy yueOHOro Marepuaia (0 KOHCIEKTaM JeKIHH, yueOHOM U HayYHOH JINTepaType);
—BBITNIOJTHEHHNE TOMAIIHUX TEOPETUUECKUX 3aJaHHM.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: IIpuknaagHas MaTemMaTHka, KOMIIBIOTEPHBIE HAYKH W HHKEHEPHS
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kadeapa MammMHHOTO 00y4YeHHs U HH(PPOBON ryMaHUTAPUCTHKH

Kypc: 3

KBAJM(PUKAIMA: OaxanaBp

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

PaszpatGoTunk: P.I'" Heitues, cTapmmii npenoiaBaTeiib



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-2 Cnocoben ucnonb3oBarh coBpemeHnbie |OITK-2.1 CrocoGeH  TIPUMEHSITh ~ COBPEMEHHBIC
WH(POPMALIMOHHBIE TEXHOJIOTHH U BBIUMCIIUTENBHYI0 TEXHHKY M CEpPBUCHI ceTH MHTepHeT B

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

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare n3ydeHus AUCIUTUIMHBL «MalmHHOEe 00yUueHHe» 00yUaroNHiCs JOKCH:

3HATb:

OCHOBHBIE TIPUHIIUIIEI K TPOOJIEMaTHKY Teopur 00ydeHHUs MAIIHH,
OCHOBHBIC COBPEMEHHBIE METO/IBI OOYYCHUH IO TpeleieHTaM — Kiaccu(uKanuu, KiacTepu3aiud U
perpeccuu.
yMeTh:
(hopManM30BaTh MOCTAHOBKH MPUKIIAHBIX 33724 aHAHN3a JaHHbIX,
KCITIOJIb30BaTh METOMIBI OOYUYCHHSI 110 TPeLieCHTaM JIJIs pEeIIeHUS MPaKTUYSCKUX 3ajad,
OILICHUBATh TOYHOCTH U 3PPEKTUBHOCTH MMOTYUCHHBIX PEIICHHH.
BJIAJIeTh:

OCHOBHBIMHU INOHATUAMHA TCOPHUU MAIIMHHOI'O O6y‘-IeHI/I$I.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

ITocTpoeHne cucTeMbl MAIMHHOTO TIEPEBOA
Peanmzanus DQN c¢ namsteio (experience replay buffer)
Peanmzanus metona Advantage Actor Critic B cpene Atari
Knaccuduxanus u cermeHTanus n300paxeHui
[TocTpoeHune reHepaTuBHBIX MOAECIIEH

[PeYeHb BONIPOCOB MO0 TEOPMHUHUMYMY.

[MocranoBka 3a1a4 o0yuenus ¢ yuuresnem (supervised learning).

3anauu oOydenus 6e3 yuutens. Ha3Bars XoTs ObI JBe.

Yro o3Hauaet cBOMCTBO i.i.d.?

OcHoBHas uzest HauBHOTO baiiecoBckoro knaccudukaropa. B 4ém ero HauBHOCTB?
3anumure GOpMYIbI U1 MOJISIIN IMHEHHON PErpecCHy U Ul CPeIHEKBaIPaTUIHON OIIHOKY.

3anmummmmre GopMyiy JUIS OJHOTO IIara rpaJueHTHOro ciycka. Kak MogudumupoBaTs rpajiueHTHBIN
CITyCK JIJIsl OYCHB OOJIBIIIOW BEIOOPKHU?

AN

7. Yto Takoe mpazonogodue, METol MakCHUMAJIbHOTO IpaBaononodus? SBmsercs nu mpasaonogodue
BEPOATHOCTHIO?

8. Uro Takoe kpocc-Banmuanus? Ha uto BiuseT Konn4ecTBo OJIOKOB B KpOCC-BIHAAINN?
9. Uro takoe nepeodyucHre U Heqoo0yueHrne? Kak ux MOXHO JIeTEKTHPOBATh?

10. Yem rumepmapameTpbl OTIMYAIOTCA OT mapameTpoB? Uro sBisieTcss mapaMeTpamMu U
TUIeprapamMeTpamMy B JMHEHHBIX MOJIENAX U B PEIIAIOIINX JEPEBbAX?

11. Yto Takoe perynspuzaunsi? Yem Ha npaktuke otnuyaercs L1-perynspuzanus ot L2?
12. YuursiBaercs nmu ko3 dunuent capura w0B perynsipuzarope? [louemy?

13. Tloyemy nHMHEWHBIE MOAEIH PEKOMEHAYETCS NPUMEHITh K BBIOOPKE C HOPMHPOBAHHBIMU
3HAYEHUSMH MPU3HAKOB?

14. 3anumure dhopmyity Ui JMHEWHOW MOJIeNH Kitaccudukanun. Yo Takoe orcrym?
15. Yto Takoe ToyHOCTH U nosHOTa? [loueMy HyHO y4UTBHIBaTh UX BMECTeE?

16. B 3amaue OmHapHOW Kiaccu(UKalMU IOJIS OTHOTO Kiacca cocTaBistoT 95% Boibopku. Kakue
METPHUKH Pa3yMHO UCIIOJIL30BATh ISl OLICHKH paObOThI MozeH? ouemy?

17. Yrto Takoe ROC-AUC? Kak noctpouts ROC-kpuByro?




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

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

20. OnumuTe XaJHbIH aJITOPUT MOOYUEHUS PEIIAIOLIero Aepena.

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

22. Ecnu B nUCT AepeBa monaau 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€ PErpecCHd €CIU MBI
munnmMusupyem MSE? a B ciiyuae MAE?

24. Yro takoe bagging?

25. Uro takoe ciaydarHbn jec? YeM OH OTIIMYaeTcst OT OATTHHTa HaJl PEHIAIONUMHU JEPEBbIMHU?
26. Kak B rpaiueHTHOM OycTHHTE 00y4aroTcs 6a30BbIE alTOPUTMBI?

27. 3auem HyxeH backprop, 4To Takoe Ipou3BOJHAS BEKTOPA 110 BEKTOPY?

28. Onummwmte npuHIMI padotel cBEpToUHOTO ciost (CNN).

29. B uyeM HENOCTAaTKU IOJHOCBSI3HBIX HEWPOHHBIX CETeH Kakash MOTHBALUS K HCIOJIb30BAHUIO
CBEPTOYHBIX ?

30. Onumure npuHIMI PaboThl 6a30BOro pekyppeHTHOTo ciaos (RNN).
31. Yro takoe dropout?

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

33. 3anummuTe MOCTAaHOBKY 33/1a4H B METO/IE TIaBHBIX KOMIIOHEHT.
34. Kak paboraer meron k-means?

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM JIJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

1. 3amaun oOyuenmss mo mpeneneHTaMm. Supervised, unsupervised u semi-supervised oOydeHue.
[Monsarus nepeoOyueHus u odbodmaroniel cnocoonoct. CkoNb3sMIUNA KOHTPOIb (cross-validation).

2. Metpuueckue anroputmbl kiaccupukanun. OO600MEHHBIN METPUIECKUI KIIacCU(HUKATOP, TTOHATUE
orcryna. Metox Ommxaiimmx coceneit (KNN) u ero o6oOmenwus. [lombop umcia k mo kputeputo
CKOJB3siIero KoHTposss. Oroop atanoHHbIX 00bekTOB. anroput™M CTOJII. OyHKIHS KOHKYPEHTHOTO
cxoxctsa (FRiS).

3. [NocTpoenne mMeTpuk 1 oTO0p npu3HakoB. CranmapTHbie MeTpUKH. OIICHUBAHNE Ka4eCTBA METPHKH.
[poknsTre pazmepHocTH. XKaHbIH anrOpuT™M 0TOOPA MPHU3HAKOB.

4. Jlormueckue 3akoHoMepHOcTH. CTaructrueckuii kpurepuit uHpopmaruBaocTH I ¢ (¢, X 1): cmbict n
CHOCOObI BEIUYMCIICHUS. DHTPONUIHBIN KPUTEPH HHPOPMATUBHOCTH — MH(OPMALIMOHHBIN BBIUTPBILI
[Gain ¢ (¢,X 1 ). MuoroknaccoBbie BapuaHThl KputTepueB. Mumekc Gini. 3agada nepebopa
KOHBIOHKUMH. “IpagueHTHBIA” anroputM CHHTE3a KOHBIOHKLIMN M €r0 YacTHBIC CIIydau: >KaJHbIA
QJITOPUTM, CTOXaCTUYECKHUI JIOKAJIbHBIM MOUCK, CTAOMIIN3AINS, PEIyKIHUs.

5. bunapuzanus NpU3HAKOB, aJTOPUTM BbIIENEHHS HH()OPMATHBHBIX 30H. Pemiaroniye CHIUCKH.
Pemarome nepeBbs: nmpuHuun pabotel. Pa3OueHue mpocTpaHcTBa OOBEKTOB Ha IOIMHOXKECTBA,
BbIIESIEMblE  KOHBIOHKLUMSAMHU TEPMUHAIBHBIX BepminH. AnroputMm ID3. Ilpe-npynuHr u
noct-npyHuHr. RandomForest.

6. Jluneitnas xnaccudukanys. HenpepbiBHbIE aNMpOKCHMAIIUN MOPOTOBOM (YHKIUK MOTeph. MeToj
MUHUMH3AIHUK allpPOKCUMUPOBAHHOTO smnupuueckoro pucka. SG, SAG. CBs3p MHUHUMH3ALHU
anIpoKCUMUPOBAHHOTO AMIIUPUYECKOTO pPHCKA M MaKCUMH3allMM COBMECTHOTO IIPaBIONOA0OUs
naHHbIX W Mmopenu. Perymspuszaums (11, 12, elasticnet). BeposSTHOCTHBII CMBICT pEryisipu3aToOpOB.
[MpumMepsl pa3nuvHbIX QYHKIWH TOTEPh U KIACCUPUKATOPOB. DBPUCTHUECKUN BHIBOJ JIOTHCTUYECKOM
(YHKLINHU TIOTEPB.

7. Meton OmopHBIX BeKTOpoB. ONTHMHU3AIMOHHAS 3a/ladya ¢ OTPAaHMUYCHHUSMH B BHJEC HEPABEHCTB U
oe3ycnoBHas. Omopuele BekTophl. Kerneltrick. Ontumuzanmonnas 3amgaqa B S3VM u SVR. SVM u
Oecnpu3HaKOBOE MaIIMHHOE 00ydeHue Ha puMepe sizep rpados 1 Knaccudukanuy BepIinH rpaga.

8. 3amaya CHMXEHHSA Pa3MEPHOCTH IPOCTPAHCTBA NPU3HAKOB. Mest mMeroga TIIaBHBIX KOMIIOHEHT
(PCA). Crazp PCA u cuHTYnsipHOTO pasiokeHus: Marpullpl npu3HakoB (SVD). Beruncnenne SVD B
MPOCTPAHCTBAX BHICOKOM pa3MEPHOCTH METOIOM cToxacTuueckoro rpaguenra (SG SVD).



9. MHoroMepHas JIMHElHas perpeccus. 'eoMeTpuuecknii U aHAIMTHYECKU BbIBOJ. Perymsapusanus B
3agaue perpeccur. Hemapamerpuueckas perpeccus. @opmyna Hanapas-Barcona. PerpeccuonHbie
JIEPEBBSL.

10. BaiiecoBckas kiaccupukanus u perpeccusi. @yHKIHMOHAI pUcKa U (QyHKIMOHAJ CPEIHEro PHCKA.
OntumanbHbIi OaliecoBCKM Kiaccu(UKaTop U TeopemMa 0 MUHMMH3ALUK cpeaHero pucka. HausHbIi
0aliecoBCKUI KiIacCU(UKATOP.

11. BoccraHoBneHHE IUIOTHOCTH: TMapaMETPUUECKU M HeMapaMeTpHuYecKuil mnoaxod. Meron
[Tap3eHoBckoro okna. Ilapamerpuueckuil noixoa Ha IpUMEpPe HOPMaJIbHOIO JIUCKPUMUHAHTHOIO
aHanusa. JIunenHelii quckpumMuHaHT duniepa.

12. 3agaga mTPOTHO3MPOBAHUS BPEMEHHOTO psifa, NPUMEpHl 3afad. AJanTHBHBIE AaJITOPUTMBI
MIPOTHO3UPOBAHUA:  JKCIIOHEHIMAIBHOE  CIaXuBaHWe, wmoaenu  bpayna,  Teitna-Belimxka,
Xonbra-Bunrepca. [Ipeumyiiectsa 1 HEAOCTAaTKH aJallTUBHBIX AJITOPUTMOB IIPOTHO3UPOBAHHU.

13. Monenmu ARMA, ARIMA, a Takxe perpecCHOHHbIE METOMbI PELICHUs 3aJa4l MPOTHO3UPOBAHUS
BpeMEeHHOro psaa. Kommosunuu aJanTUBHBIX aJIrOPUTMOB: celekuus, xomnosuuus, JIABP,
arperupyromui aaropruTM.

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

[Tpumep 1 PK3aMEHAIIMOHHOTO OWIIETa U3 TPEX BOIPOCOB!
1. Dranbl HOCTPOEHHSI MOJICIIH: TPEHUPOBKA, BAJIUIALINS, TECTHPOBaHUE. PoJb Kak1oro Jrara.
[lepeobyuenue.

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

3. Jloructuveckasi perpeccus. DKBHBAJICHTHOCTh PEIIECHUH, MOMYyYEHHBIX METOIOM MaKCHUMAaJbHOTO
MPaBIONOI00US I MUHUMH3AIINY JIOTUCTHUECKON (DYHKIIUU TIOTEPh

Kpurepun onennBanus
OTJINYHO
10 BcecTopoHHHWE, CHCTEMAaTH3MpPOBaHHBIC, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl TUCLMILIMHBI U

YMEHHE YBEpEHHO NPHUMEHSATh MX Ha MPAaKTUKE MPH pEIIEHHMM KOHKPETHBIX 3a/ad, CBOOOTHOE U
MpaBUILHOE 00OCHOBAaHHUE MPUHSTHIX PEILICHUIA;

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

8 mryOokue 3HaHMSA y4eOHOM HMporpamMMbl JUCHUUIUIMHBI M yMEHHE NMPHMEHSTh MX Ha IMPAKTHKE IPU
peIIeHUH KOHKPETHBIX 3a]1a4, IPaBUJIbHOE 000CHOBAaHHUE MPUHATHIX PELICHUH;

XOpOLIO

7 TBEpIO 3HAET MaTepHaj, PAMOTHO M IO CYLIECTBY HM3JaraeT €ro, ymMeeT NPHUMEHATH MOJyYEHHBIE
3HaHUS Ha [IPAKTUKE, HO JIOIYCKAeT B OTBETE WJIM B PELLIEHUM 33a]a4 HEKOTOpPbIE HETOUHOCTH;

6 3HaeT marepual, rPaMOTHO M3JIaraeT €ro, yMeeT INPUMEHSTH [IO0JyUYEHHbIE 3HAHUS Ha IPAKTUKE, HO
JOIYCKAaeT B OTBETE WIIM B PEIICHHUH 33]1a4 HEKOTOPBIE HETOYHOCTH;

5 3HaeT OCHOBHOW MaTephall, TPaMOTHO H3JIaraeT ero, yMeeT NPUMEHSATh IMOJyYCHHBIC 3HAHUS Ha
IIPAKTUKE, HO IOIIyCKAeT B OTBETE WU B PEILIEHUH 3a/1a4 HETOUHOCTH;

YIOBJIETBOPUTEIILHO

4 ¢parMeHTapHbIM, pa3pO3HEHHBIH XapakTep 3HAHWH, HEJOCTATOYHO NPaBUIbHBIE (OPMYIUPOBKU
0a30BbIX MOHSATHHA, HApPYLUICHHUS JIOTWMYECKOH IOCIICAOBATEIbHOCTH B HM3JIOKEHUH TPOrPAMMHOIO
Marepuaa, HO IIpHd 3TOM OH BJaJeeT OCHOBHBIMM pa3/ieslaMH y4eOHOH mporpamMMbl, HEOOXOIUMBIMU
JUIs AanbHemero 00y4eHus 1 MOKET IPUMEHSTh OJTYYCHHbIC 3HaHUS 110 00pasily B CTaHAApPTHOU
CUTyalluH;



3 xapakTep 3HaHUI JOCTAaTOYEH A JaJbHEHIIEro 0OyYeHUsI U MOXKET IPUMEHATH IOyYeHHbIC 3HAHUS
1o oOpasiy B CTAaHJAPTHOW CUTYyalluu;

HEYIOBJIETBOPUTEIILHO

2 He 3HaeT OonblIel YacTH OCHOBHOTO COIEpPXAaHUS y4yeOHOW MpOrpaMMbl JTUCHUIUIMHBI, JOITyCKAaeT
rpyobsie OmMOKM B (HOPMYIMPOBKaxX OCHOBHBIX MOHATUH AMCLUMIUIMHBI M HE YMEET IPaBHIBHO
UCII0JIb30BaTh [10JIyUYEHHbIE 3HAHUS IIPU PELIEHUH TUIIOBBIX MPAKTUUECKUX 3a/au.

1 He 3HaeT (HOPMYIMPOBOK OCHOBHBIX HMOHATUN IUCHUIUIMHBI U HE YMEET UCIIOIb30BaTh MOTy4YEHHbIE
3HaHUS IPU PELICHUH TUIIOBBIX IPAKTUYECKUX 3aa4.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1M) oNbITA AESITEJILHOCTH

3a mepBoe 3afaHue CTyAeHT monyyaet ot 0 no 4 6amioB, 3a Bropoe u Tperbe — oT 0 1o 3 OamioB 3a
Ka)X[J0€ B 3aBUCHUMOCTH OT ITOJHOTBHI IPEACTaBICHHOro oTBeTa (pemreHus). KommuecTBo HaOpaHHBIX
0aJIoB OIpeaesIseT OLUEHKY 3a IK3aMEH.

IIpu nmpoBenenun 3k3ameHa oOyuaromiemycsi npepocrasisercs 30 MHHYT Ha HOAToToBKY. Ompoc
oOyuarorerocs o Oniery He JOJKEH MPEBbIIIATh IBYX aCTPOHOMHYECKUX YacCOB.

Bo Bpems npoBeieHUs 9K3aMeHa 00y4aroIuecst MOTYT MOJIb30BaThCs IPOrPaMMOM AUCIUITIIHHBL.



