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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPUKJIATHONH MATEMATHKH H
HH(}OpPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JUCHHUIIMHE: MamuaHoe 00ydeHue
10 HANIPaBJIEHHIO: IIpuknaanas matemarnka u “H(QOpPMATHKA
npo¢ujib NOArOTOBKHU: WcKycCTBEHHBIN HHTEIUIEKT U OOJIBINE JaHHBIC

CereBoe o0yueHue
Kadeapa TMCKPETHON MaTeMaTHKH

KYpC: 3
KBAJM(PUKAIMA: OaxanaBp

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

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

CamocrostenbHas paborta: 120 gac.

Bcero gacos: 180, Bcero 3au. ef.: 5

[Iporpammy cocraBui: P.I. Heitues, crapimuii mpenoiaBareib

[Iporpamma obcyxieHa Ha 3acefianny Kadenpsl AuckpeTHoit matematuku 30.08.2022



AHHOTANMA

Kypc 3HakoMUT CTyIEHTOB C COBPEMEHHBIM COCTOSIHUEM MAIIMHHOTO OOY4YeHHS M HCKYyCCTBEHHOI'O
MHTEIJIEKTA: OT KJIACCHYECKHX aJITOPUTMOB 10 IIYyOOKOTo OOydYeHMs M IMOCIEIHUX NOCTHKCHHH B 00IacTH
HCKYCCTBEHHOTO HHTEJIEKTa. B pesynbrare CTyAeHTHl (OPMUPYIOT YCTOWYMBYIO TEOPETHUECKYIO 0azy H
MPAaKTUYECKUE HABBIKY JUIsI JAbHEHIIIero pa3Butus B oomactu M.

1. lean u 3apa4n
Heab qucUMMIMHBI
chopMHUpOBaTh TEOPETUYECKHUE W MPAKTHUECKHUE 3HAHUS B 001acTH OOy4YCHHsI MAIllMH, COBPEMEHHBIX

METO/I0B BOCCTAHOBJIEHUSI 3aBUCHUMOCTEH 0 AMIMPUUYECKUM JIaHHBIM, BKJIIOYAs AUCKPUMHHAHTHBIN,
KJIACTEPHBIN U PErpEeCCHOHHBIN aHAIH3.

3agauM AUCUMIIHHBI
MpaBUILHO (OPMYIIMPOBATh 3a7ady B TEPMHHAX MAIIMHHOTO OOY4EHUS,
OBJI3/ICTh HABBIKAMH MPAKTHYECKOTO PELICHUS 33124 WHTEIJUICKTYaJIbHOTO aHaIn3a JaHHbIX.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

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

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

OIIK-3.1 IlpumeHsieT 3HAHUS OCHOBHBIX MaT€MaTHYECKUX
METOJIOB U BJIa/IeeT HaBBIKAMH MX aJalTalldu IJs perieHus

OIIK-3 CriocoGeH UCIoNb30BaTh U KOHKPETHOH NPUKII/IHOM 3a/1a4u

ajanTUpoBath cymecTBytone Marematndeckue|OIMK-3.2 PazpabartbiBaeT U peanu3yeT anrOpUTM pEIeHHUs

METO/Ibl ¥ CUCTEMBI IPOrPAMMHUPOBAHUS IS MPUKIIAAHON 3a1auu

pa3paboTKH U peanu3aliy alrOPUTMOB OIIK-3.3 JleMOHCTpUpYET NPAKTHYECKUH OMBIT PEIICHHUS

PELICHUS IIPUKIIaZIHbIX 3a/1a4 NPUKIAAHBIX  3aJad C  HMCHOJb30BAaHHUEM  CUCTEM
MPOrpaMMHUPOBAHUS u CHEIMATTU3NPOBAHHOTO

MPOrPaMMHOTO 00ecTIeueHUs

3. IlepeyeHb MIIAHMPYEMBIX Pe3yJIbTATOB 00y4YEeHHS 110 AMCHUILINHE (MOAYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbBI
3HaTh:
OCHOBHbBIE IPUHIUIIBI M TPOOJIEMATHKY TEOPUH 00YUCHHUS MAIllMH,
OCHOBHBIE COBPEMEHHBIC METObI OOYYEHHH IO MpeueAeHTaM — KiIacCH(UKalNH, KIACTEPU3ALUN U
perpeccuu.
YMETh!
¢dbopmMann3oBaTh MOCTAHOBKY MPHUKJIAJHBIX 3aa4 aHAIN3a JaHHBIX,
HCIOJIB30BaTh METOABI 00yUEHHS 110 MpeLeIeHTaM Ui PeLIeHUs TPaKTUIECKUX 3a7ad,
OLICHMBATh TOYHOCTH U 3(P(HEeKTUBHOCTD MOITYyUCHHBIX PEIICHUH.
BJIaJIETh:
OCHOBHBIMU MOHATUSAMH TEOPUH MAIIMHHOTO O0yUEHHS.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJ€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

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

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.

Jlextiun | Cemunapsr | JlaGopat. paGoOTHI pabora




BBenenne B MmammHHOE — OOy4eHHe.
1 MeTpuueckie — aarOpUTMBI,  OLIEHKA 4 4 20
Ka4eCcTBa MOZACIIEH
2 JInHEHHEBIC MOJEITH 6 6 20
3 JlepeBbs ¥ aHCaMOIM MOJIENIEH 6 6 20
4 Pabora ¢ mnpusHakamu. OrpaHuueHUs 6 6 20
MAaIIMHHOTO OOY4eHUs
5 Beenenue B my6okoe 00ydeHue 6 6 20
6 OO0yueHue 6e3 yunurens 2 2 20
Hroro yacos 30 30 120
OO01mas TpynoEMKOCTh 180 yac., 5 3au.en.

4.2. CopaepxaHue TUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 5 (Ocennwii)
1. BBesieHne B MammHHOE 00yueHre. MeTpruuecKkre alropuTMBbI, OIIEHKA KauecTBa Mojieieit

OCHOBHBIE [TOHATHS B MAIMHHOM 00yueHHH. O030p NpUIIOKEHNH MalmMHHOTo 00yueHus. OOyueHue
c yuuteneM u Oe3 yuuTens. 3agaduM: KiIacCU(UKALMS, perpeccHs, KilacTepu3alus, CHIKECHHE
Pa3MEpHOCTH.

Mertpuueckue anroputmbel. Mertox Ommwkaimumx coceneil (kNN) B 3amaue kinaccupukanuu u
perpeccun. Knmacrepuzanus u anroputm k cpenaux (k means).

BaiiecoBckuit mogxon. [lonstue npaBmaononodus. HausHeli OaiiecoBckuil KiaccuhukaTop.
Otnoxennas BeiOOpka. Kpocc-Banmunanus. [lepeoOydyenne u HepooOydenue. ['unepmnapamerpsl.

2. JInnenHble MOIEITH

JImneintnas perpeccus. MeTon HaWMMEHBIIMX KBaApaToB. | pagueHTHBIA CIYCK M CTOXaCTHYECKHM
rpagveHTHBId  cmyck.  [lepeoOyuenme  momenedd.  Perymspuszammst  TuxonoBa.  Teopema
I'aycca-MapxkoBa. @yHKIIMK OTEPH B 337]a4€ PETPECCHH.

Jluneiinas knaccudukanus. IlonsTue orcryma. @DyHKUMM TOTephr B 3ajade KIACCU(PHUKAIHH.
Jloructnueckas perpeccusi. Mero Haubombero npasrononodus. Jlorucrtuueckast GyHKIUS TOTEPb.
Oynkumu  Softmax, Sigmoid. MuorokiaccoBast kinaccudukauus. Perymspuzanus JIHHEHHBIX
KJ1accu(pUKaTopoB.

Mertonsl onleHKH KadecTBa kinaccudukanmu. Accuracy, Precision, Recall, ROC-AUC, PR-curve,
Confusion matrix.

Merton onopHbix BekTopoB (SVM). Teopema Kapyma-Kyna-Takepa. J[BoiictBeHHas 3anauda. [lonsitue
onopHbIX BekTopoB. Kernel trick (momgmena sinpa). Perynspuzanus B SVM.

Meton mnaBubix KommoHeHT (PCA). Teopema Oxkapra-fura. SVD-paznoxenue. 3aBUCHMOCTH
00BSCHEHHOHN JHCIIEPCUU OT YUCIIA KOMIIOHEHT.

3. lepeBbs u aHCAMOIH MOJIENeH

Cmemenune u paszbpoc. Bias-Variance decomposition. HeycroitunBocts Momenell MamnmHHOTO
o0yd4eHusI.




Pemaromee gepeBo. PexypcuBHas mnpoueaypa NOCTpoeHMs peliaroiiero Jnepesa. Kpurepuu
WH(POPMATUBHOCTH B 33jJade KIACCHU(PHUKAUWW: SHTPONMIiHBIA, [[KWHM; B 3amaue perpeccuu.
ITepeobyuenue pemaronux aepesbeB. [IpyHunr. Perynspusanns pemamonmx 1epeBbeB. AITOPUTMbI
nocrpoenust: ID3, C4.5, C5, CART. HeOunapusie pemaromniue aepeBbsi. CBA3b pelIaomuX 1epEeBbEB
U JIMHEWHBIX MOJEIIEH.

Byrcrpan. barrunr. Out-of-bag error. Meron ciyuvaiineix nmoxnpoctpancts (RSM). Cnyyaiinblii jec
(Random Forest). Pazsutne mnen: Extremely Ranfomized Trees. CpaBuenne Random Forest u
Metpudeckux anroputMoB (KNN). Isolation Forest.

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

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

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

PaGora 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. MaremaTudeckas MOZENb HEMpOoHa
Makxkanoka-IIurrca. [lepcentpon Pozen6narra. [IpoGiema uckimrodatomero min (XOR problem).

OcHoBHBIC TOHATHS B T1yOokoM oOyuenun (Deep Learning). Meton oOparHOro pactpoCTpaHEHHS
omnbku (backpropagation). ®@ynkuum akrtuBanuu: Sigmoid, Tanh, ReLU, Leaky ReLU, ELU,
Softmax. [TonHOCBS3HBIH COI.

I'pagrieHTHAs ONTUMHU3AIKSA B TIIyOOKOM OOyuYeHHH. MeTO/bl, OCHOBAHHBIC HA IPAJMCHTHOM CITYyCKE:
Momentum, Nesterov Momentum, Adagrad, Adadelta, RMSprop, Adam, AdamW. Learning rate
decay. HauanbHas uHUIMATM3AIMS TAPAMETPOB HEUPOHHOM CETH.

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

Pexyppentnsie Heliponnsie cetu. RNN. [Ipobnema 3atyxatomero rpanuenta (Vanishing gradient).
Mexannsm mamsitu B LSTM u GRU. PexkyppeHTHble HEHpOHHBIE CETH B aHAM3€ TEKCTOB U
MOCJIEI0BATEIbHOCTEH.

Ceeprounble HedpoHHble ceTd. Omepaums cBepTkd. CBeprouHblii cioil (convolutional layer).
Hopmamuzanust manubix. Pooling layer. IIpoOpoc rpaguenta ¢ momomibio 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 ceTed. Word2Vec, GloVe.



CHuxeHue pa3MEpHOCTH C IIOMOIIBIO HEHPOHHBIX CeTeH. ABTOHKOJEpPHl B PA3IMYHBIX 3ahaqax
(cHMXeHHE pa3MEePHOCTH, (QUIIBTPALIUS IIIyMOB, IIOMCK aHOMAJIH).

6. Obyuenue 6e3 yunurens

Knacrepuzanus. Merpuueckuil monxon, amroputMm k-means. Hepapxuueckas Kiacrepusanys.
Anroputm DBSCAN.

MeTonsl CHWXKEHHUS pPa3MEpPHOCTH. MHoromepHoe mkanupoBanue. Isomap. Locally Linear
Embedding. SNE, t-SNE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMON AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlCHHAs! MyJIbTUMEANAIIPOSKTOPOM U 3KPAHOM U JOCTYIIOM B HHTEPHET.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI
OcHoBHas 1uTeparypa
JlononHuTeNbHAS TUTEpATypa

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 PECypPChI

2. http://www.machinelearning.ru — npodeccruoHanbHbI HTHPOPMAITMOHHO-aHATUTHYECKHUI pecypc,
MOCBSIICHHBII MAIIMHHOMY OOY4eHUIO, PACIIO3HABAHUIO 00Pa30B M MHTEIUICKTYaJIbHOMY 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 NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJII0OYasl lepeYeHb He00X0AUMOr0 NPpOrpaMMHOI0 oldecredeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTALUN.

B nporiecce camMocTosTENbHOM PabOThl 00YYarOLIHXCs TPEIIONAraeTCs UCTIO30BaHUE TAaKUX
MPOrpaMMHBIX cpecTB, kKak git, CLI (command-line interface), Jupyter Notebook u ap.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHCIHUIIINHBI (MO)_Iy.Tlﬂ)

YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpsHKEHHOW caMOCTOsTENLHOM padoThl cTyneHTa. B mporpamme
Kypca TpUBEJACHO MHHHUMAIBHO He0OXoAMMOE BpeMs s pabOThl CTyJAeHTa HajJ TEMOHU.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— npopaboTKy yueOHOro Marepuaia (0 KOHCIEKTaM JeKIHH, yueOHOM 1 HayYHOH JINTepaType);
—BBITNIOJTHEHHNE JOMAIIHUX TEOPETUUECKUX 3aJaHHM.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [MpuknanHas MmaremMaTHKa 1 HHPOpPMATHKA
npo¢uIb NOArOTOBKH: HckyccTBeHHBI HHTEIUIEKT U OOJIbIINE JaHHBIE
CereBoe o0yueHue
Kadeapa TMCKPETHON MaTeMaTHKH
Kypc: 3
KBaJIH(UKALUS: OakanaBp

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

PaszpatGoTunk: P.I'" Heitues, cTapmmii npenoiaBaTeiib



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3.1 IlpumMeHseT 3HAHUS OCHOBHBIX MaTe€MaTHUYECKHX
METO/IOB U BJIaJiCeT HABBIKAMHU MX aJalTalWy JUIsl PELLCHHS

OIIK-3 CriocoOeH cTonp30BaTh U KOHKPCTHOM MPUKIALHOM 331841

ajanTUpoBath cylectByroume Maremaruueckue | OIIK-3.2 PazpabarsiBaeT 1 peanusyeT aaropuTM pereHHs

METO/bl U CUCTEMBI IPOTPAMMHUPOBAHUS JIJIS MIPUKJIaHON 3a7a4u

pa3paboTKK U peanu3aliy alropuTMOB OIIK-3.3 JlemOHCTpHpPYeT NPAKTHYECKHI OMBIT pPEUICHUS

PCIICHUA MPUKIAAHBIX 3a4a4 MPUKIIATHBIX 3a7a4 C HUCIOJIb30BaHUEM CUCTEM
MIPOTPAMMHPOBAHUS u CIIEeIUATN3UPOBAHHOTO

nporpaMmMHOIO obecreueHus

2. Iloka3arein OLleHUBAHUS KOMIIEeTeHITHH
B pesynbrare uzydeHnus qucUIuiiHb « MammmHHOE 00y4YeHHe» 00yJaronuics JOIDKEH:

3HAThb:

OCHOBHBIE IPUHLIUIIBI ¥ IPOOJIEMATHKY TEOPHH 00yUeHHs MAIlHH,
OCHOBHBIE COBPEMEHHBIE METOAbI OOYYECHHH IO HpeleieHTaM — Kiaccu(ukauuu, KiacTepu3auuu U
perpeccuu.

YMeThb:

(hopManM30BaTh MOCTAHOBKY MIPHUKIIAIHBIX 33J1ad aHAJIM3a IaHHBIX,
HCIOJIB30BaTh METOBI O0YYEHUS 110 Tperle/IeHTaM ISl PelieHUs TPaKTUIECKUX 3a7ad,
OIICHUBATh TOYHOCTDH U 3PHEKTUBHOCTh MOMYUESHHBIX PEIICHUH.

BJIaJeTh:

OCHOBHBIMH TOHSITHSIMH TEOPHH MAIIMHHOTO O0y4EHUSI.
3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

[TocTpoenue crucTeMbl MAIIMHHOTO MTEPEBOAA
Peanmuzanus DQN ¢ mamsTeio (experience replay buffer)
Peanmmuzauusa metona Advantage Actor Critic B cpexne Atari
Krnaccudukanus n cermenTanus n300paxeHui
[TocTpoenue reHepaTUBHBIX MOJEIEH

MPEYCHb BOMPOCOB IO TEOPMUHUMYMY.

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

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

Uro o3HauaeT cBOMCTBO 1.i.d.?

OcnoBHas uzest HauBHOTO baiiecoBckoro knaccudukaropa. B 4ém ero HauBHOCTH?
3anummure GOopMyIbl U1 MOACTH JTUHEWHOW PErpeccuy U JUIsl CPeTHEKBAAPATUIHON OMINOKH.

S =

3anumure GopMyiy Ul OJHOTO IIara TpajueHTHOro ciycka. Kak MoguduupoBars rpaiueHTHBIA
CITYCK JIJIsl OY€Hb OOJIBIIION BBIOOPKHU?

7. Uto Takoe mpagonoaodue, METOJ MAaKCHMAaIBHOTO MpaBaonono0us? SBnsercs nu mpapaonogooue
BEPOSITHOCTBIO?

8. Uro Takoe kpocc-Banmuanus? Ha uto BiuseT KoinuecTBo OJIOKOB B KpOcC-BaIUAALNAN?
9. Uro takoe nepeodyueHue u HegoobyueHne? Kak ux MOXHO IeTEKTHPOBATh?

10. Yem rumepmapamerpsl OTIMYAIOTCA OT napameTpoB? Uro sBiseTcss mnapaMeTrpaMu U
rurepnapamMeTpamMmu B JMHEUHBIX MOJENAX U B PELIAIOIINX JEPEBbAX?

11. Yro Takoe peryaspusamnusi? Yem Ha npaktuke ominuaercs L1-perynspuszamus ot L2?
12. YuureiBaercs iu koddduiuent capura wOB perynsipuzarope? [Touemy?

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

14. 3anummure dpopmyiy 1 IMHEWHOW MoAeNH Kiaccudukauud. Yto takoe orcryn?




15. Yto Takoe ToyHOCTH U nosiHOTa? [loueMy HyHO y4UTBHIBaTh UX BMECTeE?

16. B 3amaue OmHapHOW Kiaccu(UKalMU IOJIS OTHOIO Kiacca cocTaBisioT 95% Boibopku. Kakue
METPUKH Pa3yMHO UCIIOJIb30BaTh AJIsl OLEHKU paOdoThl MOAeI? moyemy?

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

18. 3anummure (QyHKIMOHAN JIOTMCTHYECKOM perpeccud. Kak OH CBsi3aH ¢ METOJOM MaKCHMyMa
MPaBIONO00uS ?

19. Unes meTojia OMOPHBIX BEKTOPOB (B cliyyae pa3ieiIrMOi BHIOOPKH).

20. OnumuTe )aJHBIH ATOPUT MOOYUEHUS PEIIAONIEero AepeBa.

21. TloueMy ¢ TIOMOIIBIO pEMIAIONIETO JEpeBa MOXKHO JOCTHYb HYJIEBOW OINMOKM Ha OOydaromed
BBIOOpKE 0€3 MOBTOPSIOLINXCS 0OBEKTOB?

22. Ecny B IUCT JiepeBa MOMain 0OBEKTHl Pa3HbIX KJIACCOB, TO KaKME MPEACKa3aHusl HYyKHO BbIIaBaTh B
stoMm jucte? [louemy?

23. Kakoe mpeackasaHue HYKHO BbIaBaThb B JIMCTE JiepeBa B 3aJau€ PErpeccHu €ciId MbI
muHuMH3npyeM MSE? a B cnyqyae MAE?

24. Yro takoe bagging?

25. Uro Takoe cirydarHbIN Jiec? UeM OH OTIUYaeTcs OT OATTHHTA HaJl PEIIAIONTIME JIEPEBhIMU?

26. Kak B rpagueHTHOM OycTHHTE 00y4aroTcs 0a30BbIe aJrOpUTMBI?

27. 3auem Hy>xeH backprop, 4To Takoe Ipou3BOAHAS BEKTOPA 110 BEKTOPY?

28. Onumwure npuHOu padotel cBEproyHOro cios (CNN).

29. B ueM HeOOCTAaTKM TMOJHOCBSI3HBIX HEWPOHHBIX CeTEH Kakash MOTHBalUsl K HCIIOJIb30BaHHIO
CBEPTOUHBIX?

30. OnumrTe NPUHIMIT PaOOTHI 6a30BOTO peKyppeHTHOTO ciiosi (RNN).

31. Yro takoe dropout?

32. Kak dropout u batch normalization MEHSIFOT CBO€ MOBE/IEHHUE MTPH IKCILTyaTaIli MOJICIH (B PEKUME
inference)?

33. 3anumuTe NOCTaHOBKY 3aJa4l B METO/E IIaBHBIX KOMIIOHEHT.

34. Kak paboraer meron k-means?

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

1. 3amaun oOyueHust mo mpeneneHtaMm. Supervised, unsupervised u semi-supervised oOyueHwue.
[TonsTus nepeobyuenus u obodmaromnieit criocooroctTr. CKONMB3sImuil KOHTPOIH (cross-validation).

2. Metpudeckue anroputmbl kinaccupukanui. OO00IEHHBI MeTpHYECKH KiTacCu(UKaTop, MOHATHE
orcryna. Meron Ommxaitmux coceeid (kNN) u ero o6o0menus. [Togbop umcma k mo xpurepuro
CKOJB3simIero KoHTposst. Otoop stanoHHbIX 00bekToB. anroputM CTOJII. dyHKuMsS KOHKYpEHTHOTO
cxoactra (FRiS).

3. [ocTpoenne MeTpuk U oTOOp Npu3HakoB. CtaHgapTHBIE MeTpUKU. OTICHUBaHUE KAueCTBA METPUKH.
[MpoxusaTie pazmepHocTH. JXKaaHbIH anropuT™ 0TOOpa MPHU3HAKOB.

4. Jlornueckue 3akoHOMepHOCTH. CTarucTruueckuil Kpurepuit uadopmaruaoctu I ¢ (¢, X 1): cmbicn u
CHOCOOBI BEIYMCIICHUSI. DHTPONUIHBIN KPUTEPHA HHPOPMATUBHOCTH — HH()OPMAITMOHHBINA BBIUTPBITI
IGain ¢ (¢, X 1 ). MHorokiaccoBble BapuaHThl KputepueB. Wuzaekc Gini. 3amaua nepebopa
KOHBIOHKIMH. “I'paeHTHBIN” anropuTM CHHTE3a KOHBIOHKIMN M €ro 4YacTHBIE CIydyau: XKaJHbIN
QITOPUTM, CTOXaCTUYECKHUH JOKaJIbHBIN MOMCK, CTAOMIN3ALMS, PEIYKIIHA.

5. buHapuzanusi NPU3HAKOB, alTOPUTM BbLACICHHUA HWH(POPMATHUBHBIX 30H. Pemmaromiye CHOUCKH.
Pemrarome  niepeBbsi: mpuHIUN paboThl. Pa3OueHune mpocTpaHCTBa OOBEKTOB Ha IMOJMHOXKECTBA,
BBIJICNIAEMBIE KOHBIOHKIMSAMHM TEPMHHAIBHBIX BepmMH. Anroput™ ID3. Ilpe-npyHuHr u

noct-npyHuHr. RandomForest.

6. Jluneitnas xnaccudukanus. HenpepbiBHbIE anmpOKCHUMAMK MOPOroBO (yHKUMK moTepb. Meton
MUHHMU3AIMKA  alllPOKCUMHUPOBAHHOTO »MmnOupuyeckoro pucka. SG, SAG. Cs3p MUHUMH3ALUU
aNMpOKCUMUPOBAHHOTO 3MIIMPUYECKOTO PHUCKa M MAaKCUMHU3ALMH COBMECTHOIO MPaBIONOJOOMS
naHHbIX W Mmoxpenu. Perymspmszamums (11, 12, elasticnet). BeposTHOCTHBIN CMBICT pEryisipH3aTOpPOB.
[Ipumeps! pa3nuuHbIX QYHKLIUN TOTEPh U KIACCU(PUKATOPOB. DBPUCTHUECKUN BBIBOJ JOTHMCTUYECKOM
(YHKIIMU TIOTEPB.

7. Meton omopHBIX BeKTOpOB. ONTHMH3AaLMOHHAS 3ajada C OTPaHMYCHHUSIMHU B BHJIC HEPAaBEHCTB H
oeszycioBHas. Onopable BekTophl. Kerneltrick. Onrtumuzanuonnas 3agada B S3VM u SVR. SVM u
Oecrpu3HaKOBOE MalIMHHOE 00y4YeHre Ha puMepe saep rpadoB u kiaccupukanuy BepIinH rpada.



8. 3amaya CHMXEHHSA Pa3MEPHOCTH IPOCTPAHCTBA NpPU3HAKOB. 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 JMHelHas perpeccus. [ eomeTpuiueckuil U aHaIMTUYECKUN BbIBOJ. Perymspusanus B
3amade perpeccur. Hemapamerpuueckas perpeccuss. ®opmyna Hanmapas-Barcona. Perpeccrnonssie
JIepEBbA.

10. BaitecoBckas knaccuuranusi u perpeccusi. OyHKIMOHAN pUcKa U QyHKIHMOHAI CPETHEro pUCKa.
OntuManbHbIi OaliecoBckuii kKiaccuukaTop U TeopeMa 0 MUHUMH3AIMK cpeHero prcka. HauBHbIH
0aliecOBCKUIl KilacCU(pHUKATOP.

11. BoccraHoBieHHE TUIOTHOCTH: TMapaMETPUUYECKHl H HemapaMeTpHuecKuil moaxon. Meroxq
[lap3enoBckoro okna. Ilapamerpuueckuii MmoAaxox Ha NpUMEpe HOPMAJbHOIO IUCKPHUMHUHAHTHOTO
aHanu3a. JIunelHslil quckpuMuHanT Ouiepa.

12. 3agaya NPOTrHO3MPOBAHUS BPEMEHHOTO psila, NPUMEpPHl 3a4ad. AJaNnTUBHBIC aJTOPUTMBI
[POTHO3UPOBAHMS:  SKCIOHEHUMAJbHOE  CINIaKuBaHue, Monenu  bpayna,  Telina-Beimxka,
Xonbra-Bunrepca. [lpenmyiiecTsa 1 HeJOCTATKU aJallTUBHBIX AJITOPUTMOB ITPOTHO3UPOBAHUSL.

13. Mogenmu ARMA, ARIMA, a Takxe perpecCHOHHbIE METOJbl PEIIeHHs 33Ja4i MMPOTHO3UPOBAHUS
BpEeMEHHOro psaa. KoMmmosumuum amanTWBHBIX alrOPpUTMOB: ceiekuus, kommosunus, JIABP,
arperupyronui airopuTMm.

14. 3anaua kmactepuzanuu. ArrioMeparvBHas U AMBU3HOHHAs Kiactepusanus. Anroputmsl k-Means,
k-Means++. Knactepuzanust ¢ mnomompio EM-amroputma (6e3 BbeiBoga M-miara). ®opmyna
Jlanca-Yunnssamca.

[Mpumep U1 IK3aMEHAIIMOHHOTO OMIIeTa U3 TPEX BOIMPOCOB!
1. DTamsl HOCTPOCHUST MOJICITU: TPEHUPOBKA, BAJTUIAIHS, TECTUpOBaHKHE. Poib Kaxmoro srarma.
[lepeobyuenue.

2. Perynspusarus HeiipoHHbIX cereil: Dropout, Batch Normalization. Pasauma B moBexpennu mpu
00y4eHHUU U MpeCKa3aHUH

3. Jlorucruueckas perpeccusi. DKBUBAJIEHTHOCTb PEILEHUH, MOJyYEHHBIX METOJOM MAaKCHUMAaJIbHOIO
MPaBIONOA00HUS 1 MUHUMH3ALHHY JIOTUCTHUECKON (DYHKIINUHU TIOTEPh

Kputepun oniennBanus
OTJIIMYHO

10 BcecTOpoHHHE, CHCTEMAaTH3HPOBAaHHbIC, ITyOOKHE 3HAHUS Y4eOHOH HpOrpaMMbl AUCLUIUIMHBI U
YMEHHE YBEPEHHO MNPUMEHATh MX HAa MPAKTUKE IPH PEHICHWH KOHKPETHBIX 3a/4ad, CBOOOIHOE H
MPaBWIbHOE 000CHOBaHNE MIPUHATHIX PELICHUIH;

9 cucremaruzupoBaHHbIE, TNIyOOKHE 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, IPaBHIbHOE 000CHOBAHUE MTPUHATHIX PEIICHHH;

XOpOLIO

7 TBEpAO 3HAET Marepuai, IPaMOTHO M IO CYIIECTBY H3J1araer €ro, yMeeT IPUMEHSTh NOJIy4YEeHHbIE
3HAHMS HA MTPAKTHKE, HO JOITYCKAET B OTBETE WJIM B PEIIEHUH 337ja4 HEKOTOPBIE HETOYHOCTH;

6 3HaeT Marcepurajl, rpaMOTHO M3JIaraCT €ro, yMeCT NpUMCHATH MOJYUCHHBIC 3HAHUA Ha IMPAKTHUKE, HO
AOITYCKACT B OTBETC WJIM B PCUICHUU 3aJa4 HEKOTOPbIC HETOYHOCTH,

5 3HaeT OCHOBHOW MaTepual, IPaMOTHO M3J1araeT €ro, ymMeer NPUMEHSATh I1O0JyYCHHbIC 3HAaHUS Ha
MIpaKTUKE, HO AOITyCKAET B OTBETE WM B PEIICHUH 3a7]a4 HETOYHOCTH;

YAOBJIICTBOPUTCIIEHO



4 (¢parMeHTapHbIM, pa3pO3HEHHBIH XapakTep 3HAHWH, HEJOCTATOYHO NPaBUIBHBIE (OPMYIUPOBKU
0a30BbIX MOHSATHHA, HApPYLUICHHUS JIOTWYECKOH IOCIICAOBATEIbHOCTH B HM3JIOKEHUH TPOrPAMMHOIO
Marepuaia, HO IpH 3TOM OH BJaJeeT OCHOBHBIMM pa3/ieslaMH y4eOHOM mporpamMMbl, HEOOXOIMMBIMU
JUI AanpHemero o0y4eHus 1 MOKET IPUMEHSTh OJTYYCHHbIC 3HaHUS 110 00pasily B CTaHAapPTHOU
CUTyalluH;

3 xapakxTep 3HaHHH JOCTATOUEH ISl JAIbHEHIIEro O0ydYeHHUsI K MOXKET IPUMEHSTh IOJIyYCHHbIC 3HAHUS
10 00pa3ily B CTaHAAPTHOHN CUTyaluy;

HEYJIOBJIETBOPUTEIHHO

2 He 3HaeT OOJbIIEH YaCTH OCHOBHOTO COACpXaHHUA Y4eOHOW MpOrpaMMbl JUCLUIUIMHBL, JOIIYCKAeT
rpyOble omuOKkM B (HOPMYTMPOBKAX OCHOBHBIX IOHATUI IUCHMIUIMHBI M HE yMEeT IPaBUIBHO
HCIOJIb30BaTh MOyYEHHBIC 3HAHUS IIPU PELICHUN THIIOBBIX MPAKTHUECKUX 3a/1a4.

1 He 3HaeT HOPMYIUPOBOK OCHOBHBIX MOHITUN AUCUUIUIMHBL U HE YMEET MCIIOJIb30BATh MOIYy4YCHHBIC
3HaHUA IPU PELICHUH TUIIOBBIX IIPAKTUYECKUX 3a]ay.

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

3a mepBoe 3ajanue CTyAeHT monydaet ot 0 1o 4 6amioB, 3a Bropoe u Tperhe — oT 0 1o 3 6amioB 3a
KaX/10€ B 3aBHCHMOCTH OT IOJHOTHI NpeICTaBIeHHOro oTBera (pemienus). KomumuectBo HabpaHHBIX
0aJIoB OIpeeNsieT OLECHKY 3a YK3aMEH.

[lpu mpoBeneHnn sk3amMeHa oOydaronemycsl npeaocrasisercs 30 MHHYT Ha ToAroToBKy. Ompoc
oOyyaromierocs o OuieTy He TOJHKEH MPEeBBIIATh ABYX aCTPOHOMHUYECKUX YacOB.

Bo BpCEMs IIPOBCACHUSA 5K3aMCHaA o6y%uomneca MOTYT ITOJIb30BATbCA nporpaMMoﬁ JAUCIMITIIIMHBI.



