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: IIpoexTupoBanue u pa3padoTka KOMIDICKCHBIX OU3HEC-TIPUIIOKECHHNA

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: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

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

[Iporpamma obcyxieHa Ha 3acefannyu Kadeapbl MAITUMHAOTO 00y4ueHus u udposoi rymanutapuctuku 02.06.2023



AHHOTANMA

Kypc 3HakoMUT CTYOEHTOB C COBPEMEHHBIM COCTOSHHEM MAIIMHHOTO OOy4YeHUs] W HMCKYCCTBEHHOIO
MHTEIJIEKTA: OT KJIACCHMYECKHX AJTOPUTMOB J0 IIIyOOKOro oOy4eHHs M MOCIEAHUX JOCTHKEHHH B 00lacTu
HCKYCCTBEHHOTO HHTeIUIeKTa. B pesynbrare crygeHThl (GOpPMUPYIOT YCTOHMUMBYIO TEOPETHYECKYIO 0asy W
MPAaKTUYECKUE HABBIKY JUIsI JAbHEHIIIero pa3Butus B oomactu M.

1. lean u 3apa4un
Heab qucUMMIMHBI
- c(hopMHpOBATH TEOPETHUECKHUE U MPAKTUICCKUEC 3HAHUS B 001acTH 00ydYeHUS MallliH, COBPEMEHHBIX

METO/I0B BOCCTAHOBJIEHUSI 3aBUCHUMOCTEH 1O AMIUPUUYECKUM JIaHHBIM, BKJIIOYAs AUCKPUMHHAHTHBIN,
KJIACTEPHBIN U PErpEeCCUOHHBIN aHAJIH3.

3agauM AUCUMIIHHBI
- IPaBUJIBHO (POPMYIIMPOBATh 33a4y B TEPMUHAX MALTHHHOTO O0YUYCHHUS;
- OBJIaZICTh HABBIKAMHU MPAKTUYECKOTO PELICHNS 3aa4 MHTEIJICKTYaIbHOTO aHalIM3a JaHHBIX.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

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

OIIK-2.1 CriocobeH  NpPUMEHSTb  COBPEMEHHBIC
BBIYHMCIIMTENIBHYIO TEXHUKY U CEpBHCHI ceTu VIHTepHeT B

OTIK-2 Crioco6eH HCTob30BaTh COBpeMeHHble |00IacTH (cdepe) IpopecCHOHAIBHOM JETeIbHOCTH

UH(POPMALIMOHHBIE TEXHOJIOTHH U OIIK-2.2 3naer u yMeeT TPUMEHATh YHCIEHHBIC
MPOrpaMMHBIE CPEACTBA IIPU PEIICHUH 33/1a4  |MareMaTHYeCKHEe METOAbl W IPHKIAJHOE IPOrPaMMHOE
Ipo(eCcCUOHAIBHOMI IeTeNbHOCTH, coOMoast |o0ecreueHre Uil peUIeHUs  Hay4yHbIX  337ad = B
TpeboBaHMs NH(POPMALIMOHHON 0€30MaCHOCTH  |MpOogeCCHOHANIBHON 00acTh

OIIK-2.3 3naer ocHOBHble TpeOGoBaHMsS HH(POPMALMOHHON
0e30MmacHOCTH

[IK-2.1 3Haer npuHIUIB TMOCTPOEHUS HAYYHQIROOTHI,
MeToabl cOopa M aHajM3a TMOJNyYEHHOTO Marepuana,
CHOCOOBI apryMeHTaIH

I1K-2 Crnoco0OeH caMOCTOITENBHO UIN B
Ka4yecTBe uJieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U IMTPOBOIUTH

[IK-2.2 CnocoGeH IulaHUPOBaTh M MPOBOAWTH HAYUYHBIC
UCCJICZIOBAHUSI CaMOCTOSTENIbHO WM B KauecTBE WIEHa
(pPyKOBOAMTEIST) MAJIOTO HAYYHOTO KOJJICKTHBA

Hay4HBIE UCCIICIOBAHUS U UX arpoOaluio
[MK-2.3 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB

Hay4YHO-UCCIIE0BATEIbCKON paboTsl MTOCPEICTBOM
MyOIMKAIlMK HayYHbBIX CTaTel M yJacTusl B KOH(EPEeHINAX

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATh:
- OCHOBHBIE IPUHIIUIIBI M TPOOJIEMATHKY TE€OPHH 00yUEHHS MAIIHH;
- OCHOBHBIE COBPEMEHHBIE METO/bI 0OyUEHHH 10 MpeleeHTaM — KJacCHU(PHUKaLNK, KIacTepU3aluU 1
perpeccuu.

YMETb:
- (hopmann30BaTh MOCTAHOBKY NPUKJIAIHBIX 33/1a4 aHAJIN3a JaHHBIX;
- HCIOJIb30BaTh METO/bl OOYUEHUS 110 IpeLeleHTaM Ul PeLeHUs IPAKTUYECKUX 3a1ay;
- OLICHUBATbh TOYHOCTH U 3PPEKTUBHOCTD MOIYUEHHBIX PEIICHUI.

BJIaJICTh:

- OCHOBHBIMHU NOHATUAMU TCOPHUHU MAITNUHHOTO O6y‘IeHPIH.

4. Coaep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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




TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
BBenenne B MammHHOE — OOydYeHHeE.
1 MeTpuueckie  ajJroOpuTMbI,  OIIEHKA 4 4 6
KauecTBa MoJieeit
2 JIunelinsle Monenu 6 6 8
3 JHepeBbs 1 ancamOnu Mozeneit 6 6 8
4 PaGora ¢ mnpusHakamu. OrpaHu4YeHUs 6 6 3
MAaIIMHHOTO 00y4YeHHUs
5 Beenenue B iryOokoe oOyueHue 6 6 8
6 OO0yuenne 0e3 yaurens 2 2 7
Hroro yacos 30 30 45
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoéMKOCTb 135 gac., 3 3au.en.
4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszaeiam)

Cemectp: 5 (Ocennuii)

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

OcHOBHBIE MTOHATHS B MAaIMHHOM 00y4deHnd. O030p MpUIIoKEHUH MaIMHHOTO 00y4eHusi. OOydyeHne
c yuureneM M 0e3 yuuTens. 3ajaud: KIAcCH(HKaLUWs, PErpeccus, KiIacTepu3alusi, CHUKCHHE
pa3sMepHOCTH.

Mertpuieckre anroputmbel. Meton Ommkaiimux coceneir (kKNN) B 3amaue kiaccupukanud u
perpeccun. Knacrepuzauus u anroputm k cpenaux (k means).

BaitecoBckuit moaxoz. [lonsitue npasnonono6us. HanBaeIl OaliecoBCckuii Kiraccudurarop.
OTtnoxennas BeiOopka. Kpocc-Banunanus. [lepeoOyduenne n HegooOyuenue. [ unepmnapamerpsl.

2. JInnelHbBIE MOAEIU

JIuneiinas perpeccus. MeTton HaMMEHbLIMX KBaApaToB. ['paguEHTHBIM CIyCK M CTOXaCTUYECKUI
rpagueHTHeId  crmyck.  IlepeoOyuenme  mopmeneid.  Perymspusaums  TuxonoBa.  Teopema
l'aycca-MapxkoBa. @yHKIIMHU IOTEPH B 3a7a4€ PETPECCHUMU.

Jluneiinas xnaccudpukanus. I[lonstue orcryma. @DyHKIMM MOTeph B 3a7a4ye KIACCH(HKAINU.
Jloructuyeckas perpeccusi. Meto HaubombIero npasrononodus. Jlorucriuueckast GyHKIUS TOTEPE.
Oynknuu  Softmax, Sigmoid. MuorokiaccoBast kinaccudukanus. Perymspuzanms JTHHEHHBIX
KJ1accu(pUKaTOpOB.

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

Merton onopHbIX BekTopoB (SVM). Teopema Kapyma-Kyna-Takepa. JIBoticTBenHas 3aqa4a. [lonstue
onopHbIX BekTopoB. Kernel trick (moamena sinpa). Perynspuzauus B8 SVM.

Merton tnaBHbix komnoHeHT (PCA). Teopema Oxkapra-fAnra. SVD-paznoxkenue. 3aBUCUMOCThb
OOBSCHEHHOH TUCTIEPCUH OT YMCJIa KOMIIOHEHT.




3. lepeBbs u aHCcamMOnu Mozeneit

Cwmemnienne M paszbpoc. Bias-Variance decomposition. HeyctoitunBocTh Moneneld MalldHHOTO
oOyueHwusl.

Pematromee nepeBo. PexkypcuBHas mpornenypa NOCTPOEHHMS pemarpmero aepesa. Kpurepun
WHPOPMATUBHOCTA B 3ajiade KIacCH(PHUKAIMU: DSHTPONMUKHBINA, JIKWHHM; B 3agade perpeccu.
[lepeoOyuenue pemaromux nepeBbeB. [IpyHunr. Perynspusanus pemarommx qepeBbeB. AJIrOpUTMbL
noctpoenust: ID3, C4.5, C5, CART. He6unapusie pemarorue jaepeBbs. CBsA3b pPelIatoNIuX JIEPEBbEB
U JINHEHHBIX MOJEIIeH.

Byrcrpan. Barrunr. Out-of-bag error. Meton ciyuaitneix noanpoctpancts (RSM). Cryuaiinslii jec
(Random Forest). Pa3zsutne upen: Extremely Ranfomized Trees. CpaBmenme Random Forest u
Metpudeckux anroputMoB (KNN). Isolation Forest.

CTekuHT U OJICHAWHT MOJIEIel MAIIMHHOTO O0yYeHHUSI.
Byctunr. Uctopuueckast cripaBka, anroput™m AdaBoost. I'paguentasiii 6yctunr (GBM).
4. Pabora ¢ npuznakamMu. OrpaHU4eHUs] MAITUHHOTO O0yYeHMSI

[poknstue pasmeproctu. No Free Lunch Theorem, Wolpert (Teopema o GecrarHbix obefax).
[punnun “Garbage in — garbage out”.

Tunbel TPU3HAKOB: KOHTUHyalIbHBIC, OWHApHBIC, KaTeropuajbHble. PaboTa ¢ pa3pekeHHBIMU
npusHakamu. Pabota ¢ npomyckamu.

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

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

5. BBenenue B miry6okoe oOyueHue

Ucropnyecknii 3kckypce. MckyccTBeHHbIE HEHpOHHBIE ceTH. MareMmarndeckass MOAENIb HEMpoHa
Makkanoka-ITurrca. [Tepcentpon Pozenbnarra. [Ipobiema uckimrodatoniero wim (XOR problem).

OcHoBHbIe MOHATHA B TiryookoM oOydenuu (Deep Learning). Meton oOpaTHOTO pacnpocCTpaHEHHS
ommnbku (backpropagation). ®@ynkuuu aktuBammu: Sigmoid, Tanh, ReLU, Leaky ReLU, ELU,
Softmax. [TomHOCBSI3HBIN CITOM.

I'paguenTHast onTUMHU3aIKs B ITyOOKOM 00y4yeHnu. MeTo/bl, OCHOBaHHBIC HA I'PAJIMCHTHOM CITyCKe:
Momentum, Nesterov Momentum, Adagrad, Adadelta, RMSprop, Adam, AdamW. Learning rate
decay. HauanbHast nHUIIMAIM3AIHS TAPAMETPOB HEMPOHHOM CETH.

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

Pexyppentnbie Heliponnsie cetu. RNN. [Ipo6nema 3aryxatomiero rpaguenta (Vanishing gradient).
Mexaum3m namsatd B LSTM u GRU. PekyppeHTHBIE HEHPOHHBIE CETH B aHajW3€ TEKCTOB U
MIOCJIEI0BATEILHOCTEM.



Ceeprounble HelpoHnble ceTn. Omepamus cBepTkd. CBeprounblii cioit (convolutional layer).
Hopmanuzanus nanubix. Pooling layer. IlpoOpoc rpaamenta c¢ mnomompto skip connections.
Uctopuueckuit 0030p apxuTekTyp W nx ocHOBHbIX cBoicT: LeNet, AlexNet, VGGNet, GoogLeNet,
ResNet.

Kraccuueckue moaxoabl K BEKTOPH3AIMU TEKCTOB. BeKTOpHOE NpencTaBiIeHUE CIOB C MOMOIIBIO
HelpoHHbIX ceTeir. Word2Vec, GloVe.

CHmKeHHEe Pa3MEPHOCTU C IMOMOILIBI0 HEHPOHHBIX CeTed. ABTOPHKOIEPHI B Pa3IMYHbBIX 3ajadax
(cHMWXEHHE pa3MEPHOCTH, (PHIBTPALIUS ITYMOB, TIOUCK aHOMAJIHK ).
6. Obyuenue 6e3 yunurens

Knacrepuzanus. Merpuueckuii moaxod, auroputM k-means. HMepapxuyeckas KiacTepU3aLusl.
Anroputm DBSCAN.

Mertonpl CHWXKEHUS pasMepHOCTH. MHoromepHoe mikanupoBanue. Isomap. Locally Linear
Embedding. SNE, t-SNE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlEHHAs! MyJIbTUMEANAIIPOSKTOPOM U 3KPAHOM U JOCTYIIOM B HHTEPHET.
6.IlepeyeHnb pexoMeHYeMOM JIMTEPATYPHI

OcHoBHas nuTeparypa

1. Mamunanoe obyuenue [ Teker]/X. bpunk, [Ix. Pugapac, M. @esepoind, Real-World Machine
Learning, -CII6., ITutep, 2017

JomnonHutenbsHas auTeparypa

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

1. https://ml-mipt.github.io — caliT ¢ onricaHneM Kypca U CChbUIKAMHU Ha JIOTIOHUTEILHBIE PECypChI

2. http://www.machinelearning.ru — npodeccrnoHanbHbIii HTHPOPMATIOHHO-aHAIMTHYECKUN pecypc,
MOCBAIIEHHBII MAIIMHHOMY OOY4EHHIO, PACIIO3HABAHNIO 00Pa30B ¥ MHTEIUICKTYaJIbHOMY aHAJIN3Y

JTAHHBIX.
3. http://shad.yandex.ru — caiftT nrkoisl aHanu3a NaHHEIX SIHIEKCA.

4.
http://www.machinelearning.ru/wiki/index.php?title=Mammuanoe o0yuenne (xypc seknuii, K.B.Bop
OHIIOB)

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nekunoHHBIX 3aHATHIX HCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPALHIO
MpEe3EHTALUN.

B npouecce camocTosTebHOM PabOThI 00YUaIONIUXCs MPEIIONaraeTcsi HCIOIb30BaHUE TaKUX
MPOrpaMMHBIX CpeACTB, kKak git, CLI (command-line interface), Jupyter Notebook u ap.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)



YcnemHoOe 0CBOCHHE Kypca TpeOyeT HapsKEHHONW caMOCTOSTEILHOM padoThI CTy/leHTa. B mporpamme
Kypca TIpUBEJICHO MHUHUMAILHO HEOOXomMMoe Bpemsl Juis pabdoThl CTyleHTa HajJ TEMOHU.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— npopaboTKy yueOHOro Marepuaia (0 KOHCIEKTaM JIeKIHH, yueOHOM 1 HayYHOH JINTepaType);
— BBINOJIHEHHE JJOMAITHUX TEOPETUUECKUX 3aaHNM.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: [IpoektupoBanue u pa3paboTKa KOMIUIEKCHBIX OM3HEC-TPUIIOKEHHIMA
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kadeapa MammMHHOTO 00y4YeHHs U HH(PPOBON ryMaHUTAPUCTHKH

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-2.1 CrocobeH  TMPUMEHSITH  COBPEMEHHBIC
BBIYHCIIMTEIFHYIO TEXHUKY W CEpBHCHI ceTu VIHTepHeT B
OITK-2 CriocoGeH HCIIonb30BaTh COBpeMeHHbIe |0071acTh (cdepe) NpodecCHOHANBHOM NEITENbHOCTH

MH()OPMALMOHHBIE TEXHOJIOTUHU U OIIK-2.2 3HaeTr W yMeeT MNPUMEHATb YUCICHHBIC
IIPOrpaMMHBIE CPEICTBA IIPU PEIICHUM 330a4  |MaTeMaTHYeCKUe METOAbl U IPHUKIAJHOE IPOrpaMMHOE
npodeccuoHaIBHON I TeNbHOCTH, coOnoiast  |o0ecrieueHre Uil PeUIeHUs  HAay4YHbIX  33jad B
TpeboBanua HHPOPMALMOHHOMN Oe30macHOCTH  (podeccHOHaNBLHON 00IacTH

OIIK-2.3 3naer ocHOBHBIC TpeOoBaHUs HH(POPMAITMOHHON
0e30MacHOCTH

[IK-2.1 3HaeT npUHOUIBI MIOCTPOCHHUA HAYYHQPROOTHI,
MeTrogsl cOopa W aHamu3a IOJMYYEHHOTO MaTepualia,
cHocoObl apryMeHTallH

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M IPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.2 Cnoco0eH IUIaHUPOBaTh W TPOBOJAWUTH HAYYHBIC
HCCIICAOBAHMUS CaMOCTOSTEIbHO MM B KaueCcTBE WICHA
(pyxoBonuTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH mpoBOAWTH ampoOaIio pe3yJIETaTOB
HAYYHO-HCCIIET0BATEIHLCKON paboTh MOCPEICTBOM
TyONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pepeHIuIx

2. Iloka3zare/i OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare u3ydeHus JUCIUIUIMHBI «MalmHHOEe 00yUYeHHe» 00yUaroHiCs JOKCH:

3HATb:

- OCHOBHBIE PUHITUIIBI U IPOOJIEMATHKY TEOPUU OOYUSHUS MAIIIVH;
- OCHOBHBIE COBPEMEHHBIC METOJIbl O0yUEHHUH TI0 Tpelie/lecHTaM — KIacCH(PHUKAINK, KIAaCTepU3aIHU 1
perpeccuu.
yMeTh:
- (popManmzoBaTh MOCTAHOBKY MPUKIIAIHBIX 3a/1a4 aHAJIN3a JaHHBIX;
- HCTIOJIB30BATh METOABI 00YUEHUS TI0 MPETIe/ICHTaM JIJISI PEIISHUS TPAKTHIESCKUX 3a]1a4;
- OIICHUBATh TOYHOCTH ¥ APPEKTUBHOCTD TOJTYICHHBIX PEIICHUH.
BJIAJIeTh:
- OCHOBHBIMH TTOHATHSIMU TEOPUHU MAITMHHOTO 00YYCHHUS.

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

[TocTpoeHne cucTeMbl MAIMHHOTO TIEPEBOA
Peammzanus DQN c¢ mamsteio (experience replay buffer)
Peanmzanus metona Advantage Actor Critic B cpene Atari
Knaccuduxkanus u cermeHTanus n300paxeHui
[TocTpoeHne renepaTuBHBIX MOACIIEH

IPeYeHb BONIPOCOB MO TEOPMHUHUMYMY.

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

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

Yro o3Hauaet cBOMCTBO i.i.d.?

OcHoBHas uest HauBHOTO baiiecoBckoro knaccudukaropa. B 4ém ero HauBHOCTB?

3anummre GOpPMYIbI U1 MOJICIIN JIMHEW HOU PETPECCUH U [T CPEIHEKBAIPATUYHON OIINOKH.

AN

Sanummre GopMyiy /Ui OIHOTO Iara rpajueHTHoro crnycka. Kak MoauduimpoBars rpaJueHTHBINA
CITYCK JIJIsl O4€HB OOJIBIITIOW BHIOOPKH?

7. Yto Takoe mpamomnopobue, METOJ MaKCUMAJIBHOTO MpaBaononodusi? Ssisercs im npasmonogodue
BEpPOATHOCTHIO?

8. Uro Takoe kpocc-Banmuanus? Ha uTo BiuseT Komn4ecTBo OJIOKOB B KpOcC-BIUAAINN?




9. Uro takoe nepeodyucHre U HeooOyueHrne? Kak nx MOXHO JIeTEKTHPOBATh?

10. Yem rumepmapameTpbl OTIMYAIOTCA OT mapameTpoB? Uro sBisieTcss mapaMeTpamMu H
rUrnepnapamMmeTpamMu B JUHEHHBIX MOJIENISAX U B PEIIAIOIINX ICPEBbAX?

11. Yto Takoe perynspuzaunsi? Yem Ha npaktuke otnuydaercs L1-perymspuzanus ot L2?
12. YaureiBaercs mu ko3 dunment casura wOB perynspuszarope? [louemy?

13. Tloyemy nHMHEWHBIE MOJAEIH PEKOMEHAYETCS NPUMEHSTh K BBIOOPKE C HOPMHPOBAHHBIMU
3HAYEHUSMH MPU3HAKOB?

14. 3anumure dhopmyIty JUist THHEWHOW MOeTH Kiaccudukanuu. Yto Takoe orctymn?
15. Yto Takoe ToyHOCTH U nosiHOTa? [loueMy HyHO y4UTHIBaTh UX BMECTe?

16. B 3amaue OuHapHON KiaccupUKaluU JOJS OJHOTO Kiacca cocTaBisioT 95% BeiOopku. Kakue
METPHUKH Pa3yMHO UCIIOJIb30BATh ISl OLICHKH paObOThI MozeH? ouemy?

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

18. 3amummre QyHKIMOHAN JOTHCTHUECKOoperpeccuu. Kak OH CBsi3aH ¢ METOJOM MaKCHMyMa
MPaBIONO00uS ?

19. Unes MmeTojia OMOPHBIX BEKTOPOB (B cliyyae pa3iaeiIrMOi BHIOOPKH).

20. OnumuTe )KaJHBIH ATOPUT MOOYUEHUS PEIIAONIero Aepena.

21. TloueMy C TOMOIIBIO PEIIAIOIIETO JepeBa MOXHO JIOCTHYL HyJieBOMIOKH Ha 0O0ydaromieu
BBIOOpKE 0€3 MOBTOPSIOLINXCS 0OBEKTOB?

22. Ecnu B TUCT JepeBa Nonand 00bEeKThl pa3HBIX KJIaCCOB, TO KaKHe MPEACKa3aHus Hy>KHO BbIIaBaTh B
stoMm jucte? [louemy?

23. Kakoe mpenckazaHue HYXHO BbIaBaTh B JIHCTE€ JepeBa B 3a/ade€ pPErpeccHH eCiId MbI
muHuMH3npyeM MSE? a B cnyqyae MAE?

24. Yro takoe bagging?

25. Uro Takoe cirydanHbId jiec? Uem OH oTiMyaeTcst OT O3TTHHTA HaJ/l PENIAOIIUMU JSPEBhIMU?
26. Kak B rpaguenTHOM OycTrHTE 00y4aroTcs 6a3oBble aJrOpUTMBbI?

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

28. Onumwure npuHOu padotel cBEpToyHOro ciost (CNN).

29. B dYeM HEIOCTAaTKH MOJHOCBS3HBIX HEHPOHHBIX CETe Kakas MOTHBALUS K HCIIOIb30BAHHIO
CBEPTOUHBIX?

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

31. Yro takoe dropout?

32. Kak dropout u batch normalization MEHSFOT CBO€ MOBEJICHHE TIPU IKCILTyaTalluyd MOAETH (B PeKUME
inference)?

33. 3anummuTe MOCTAaHOBKY 3a/1a4M B METOIC TIABHBIX KOMITOHCHT.

34. Kak paboraer meron k-means?

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

1. 3amaun oOyueHwst mo mpenereHTaM. Supervised, unsupervised m semi-supervised oOydeHue.
[TonsTus nepeodydenus u ododmaromnieit criocoorocTr. CKOMb3sImuil KOHTPOIH (cross-validation).

2. Metpuueckue anropuT™bl Kiaccuuranun. OO0OMEHHBI METPUIECKHI KIIacCU(UKATOP, TIOHITHE
orcryna. Meron Ommxaiimux cocefeid (kNN) u ero o6o0menus. [Togbop umcma k mo xpurepuro
CKOJB3sIIero KoHTposst. OT6op 3TanoHHbIX 00bekToB. anroput™M CTOJIII. OyHKIHMS KOHKYPEHTHOTO
cxoactra (FRiS).

3. [MocTpoenne MeTpuk u oTOOp NMpu3HakoB. CTanmaprHbie MeTpukn. OleHUBaHNE KaueCTBA METPUKH.
[MpoxusaTie pazmepHocTH. JXKaaHbIH anropuT™ 0TOOpa MPHU3HAKOB.

4. Jlornyeckue 3akoHOMepHOCTH. CratucTudeckuil kpurepuid nHpopmaruBHocTH I ¢ (¢, X 1): cMbicn u

CHOCOOBI BEIYMCIICHUS. DHTPONUIHBIN KPUTEPHA HHPOPMATUBHOCTH — HH()OPMAIIMOHHBINA BBIUTPHIII

IGain ¢ (¢,X 1 ). MnoroknaccoBele BapuanThl KpurepueB. Muaekc Gini. 3amaua mnepebopa
M9

KOHBIOHKIMH. “IpaeHTHBIN” aJrOPUTM CHHTE3a KOHBIOHKIIMM M €ro YacTHBIE CIIy4au: >KaJHBIN
QITOPUTM, CTOXaCTUYECKHUH JOKaJIbHBIN MOMCK, CTAOMIN3ALMS, PEIYKIIHA.

5. buHapuzanusi NpHU3HAKOB, aJITOPUTM BBIIEICHUS HMH(OPMATHBHBIX 30H. Pernaromume CHUCKH.
Pemraromue nepeBbsi: mpuHIUN paboTel. Pa3OueHune mpocTpaHCTBA OOBEKTOB Ha IMOJMHOXKECTBA,
BBIJICNIAEMBIE KOHBIOHKIMAMHM TEPMHHAIBHBIX BepmnH. Ausroput™m ID3.  Ilpe-npyHuHr wu
noct-npyHuHr. RandomForest.



6. Jluneiinas xinaccudukanus. HempepriBHbIE anmpokcuManuy MOPOroBod (GpyHKOUHM moTeps. Meton
MUHHMU3AIUKA  alllPOKCUMHUPOBAHHOTO »MmmOupuyeckoro pucka. SG, SAG. Cs3p MUHUMH3ALUU
aNMpOKCUMUPOBAHHOTO SMIIMPHUYECKOTO PHUCKA M MAaKCUMH3alMH COBMECTHOTO HPaBAONOA0OHs
NaHHbIX W moxenu. Perymspusamust (11, 12, elasticnet). BeposSTHOCTHBI CMBICI PEryIISIPH3aTOPOB.
[Ipumeps! pa3nuuHbIX (GYHKUUH MOTEPh U KIACCH(PHUKATOPOB. DBPUCTUUYECCKUI BBIBOJ JIOTUCTUYECKON
(YHKIIUU TIOTEPB.

7. Meton omopHBIX BeKTOpoB. ONTHMHU3ALMOHHAS 3ajada C OTPaHMYCHHUSMU B BHUJE HEPABEHCTB U
6esycioBHas. Onopable BekTophl. Kerneltrick. Onrumuzanuonnas 3agada B S3VM u SVR. SVM u
Oecrpu3HaKOBOE MAlIMHHOE 00y4YeHre Ha mpuMepe saaep rpadoB u Kiaccupukanuy BepIinH rpada.

8. 3amaya CHMXKEHHS Pa3MEPHOCTU IIPOCTPAHCTBA IpU3HAKoB. Mies Meroja INIaBHBIX KOMIIOHEHT
(PCA). Css3p PCA u cunrymnsipHoro pasnoxkeHust Marpuibl npuszHakoB (SVD). Beraucnenne SVD B
MIPOCTPAHCTBAX BHICOKON Pa3MEPHOCTH METOIOM cToxXacTudeckoro rpaauenta (SG SVD).

9. MHoroMepHas JnHelHas perpeccus. [eoMeTpudecKknii 1 aHaTUTUYECKUH BbIBOA. Perymsipusanus B
3agaye perpeccun. Hemapamerpuueckass perpeccus. ®@opmyna Hapapas-Barcona. PerpeccuonHble
JIEPEBbSI.

10. baitecoBckast knaccudukanus u perpeccus. OyHKIMOHAT pUcKa M (PyHKIMOHAJ CPEIHEro pUcKa.
OntumManbHbIi OaiiecoBCKUU Kiaccu(UKaTOp U TeopeMa O MUHHUMM3ALKUU CpeAHero pucka. HauBHbIN
0aliecoBCKUi KilacCU(UKATOP.

11. BoccraHoBneHHE IUIOTHOCTH: IapaMETPHUECKU M HemapaMeTpHYecKuil mnoaxod. Meron
Ilap3eHoBckoro okHa. Ilapamerpuueckuil HOAXOA Ha NpUMEpPE HOPMAIbHOIO JUCKPUMUHAHTHOIO
aHanusa. JIuHenHelii quckpumMuHaHT Ouniepa.

12. 3agaya TPOTHO3MPOBAHUS BPEMEHHOTO psjAa, MpUMEpHl 3aAad. AJaNTUBHBIE aJNTOPUTMBI
MIPOTHO3UPOBAHUA:  JKCIIOHEHIMAJIBHOE  CIIakWBaHWe, Moaenu  bpayna,  Telna-Belimxka,
Xonbra-Bunrepca. [Ipeumyiectsa 1 HEAOCTAaTKH aJallTUBHBIX AJITOPUTMOB IIPOTHO3UPOBAHMU.

13. Mogenmu ARMA, ARIMA, a Ttakxke perpecCHOHHBIE METOMbI PEIIEHUS 3a/1a4id NMPOTHO3UPOBAHUSA
BpEMEHHOro psaa. KoMmosunuu aJanTUBHBIX aJIrOPUTMOB: cenlekuus, kommnosunus, JIABP,
arperupyromui alropyuTM.

14. 3anmaua knactepusanuu. ArrioMepariBHas W IUBU3HOHHAs Kiactepu3anus. Anroputmsl k-Means,
k-Means++. Kiactepuzanuss ¢ mnomomsio EM-amropurma (6e3 BwiBoma M-mara). ®dopmyna
Jlanca-Yubsamca.

[Tpumep U1 SK3aMEHALIMOHHOTO OMIIeTa U3 TPeX BOIMPOCOB!

1. Dranbl HOCTPOEHHST MOJICIIH: TPEHUPOBKA, BAJIUIALINS, TECTUPOBaHUE. PoJb Kak1oro Jrara.
[lepeobyuenue.

2. Perynspuzanusi HelipoHHbIx cereii: Dropout, Batch Normalization. Pa3aunia B moBeneHun mpu
o0yuYeHHHU ¥ Tpe/ICKa3aHuN

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

Kpurepun onennBanus
OTINYHO
10 BcecTopoHHHME, CHCTEMAaTW3UPOBaHHBIC, IIyOOKHE 3HAHUS Y4eOHOH MpOrpamMmbl JUCLMIUIMHBI U
YMEHHE YBEpEHHO NPHUMEHSATh MX Ha IPAKTUKE NPH PEIICHUH KOHKPETHBIX 3ajad, CBOOOAHOE H
MpaBUILHOE 00OCHOBAaHHUE MPUHSTHIX PEILICHUIA;
9 cucremaru3nupoBaHHbIC, ITyOOKHE 3HAHUS Y4eOHOM MporpaMMbl TUCHUIUIMHBI M YMEHUE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad4, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
peLIEHN;

8 mryOokue 3HaHMS y4eOHOW NMporpamMMbl AUCHMIUIMHBI U YMEHUE NPUMEHATh UX HA NPAKTUKE HPU
pEIIeHUH KOHKPETHBIX 3a]1a4, IpaBUJIbHOE 000CHOBAaHHUE MPUHATHIX PEIICHUH;

XOPOILO
7 TBepaO 3HAET Marepual, IPaMOTHO U MO CYIIECTBY M3JIaraeT €ro, yMeeT MPUMEHSATH MOJTy4YCHHbIC
3HaHMA Ha MPAKTHKE, HO JOITyCKAeT B OTBETE WJIM B PEIICHHHU 33/1a4 HEKOTOPbIE HETOUYHOCTH;

6 3HaeT marepuaj, rpaMOTHO M3JIaraeT €ro, yMeeT IPUMEHSTh NOJyUYEHHbIE 3HAHUS Ha IPAKTHKE, HO
JOIYCKAaeT B OTBETE WIIM B PEIICHHUH 33]1a4 HEKOTOPBIE HETOYHOCTH;



5 3HaeT OCHOBHOM MaTepuall, [PaMOTHO M3JIaraeT €ro, yMeeT IPHUMEHATh IOJIY4YEHHbIE 3HaHMs Ha
MIPaKTUKE, HO AOITYCKAET B OTBETE WM B PELICHUH 3a7ja4 HETOUHOCTH;

YIOBJIETBOPUTEIBHO

4 (¢parMeHTapHbIM, pa3poO3HEHHBIA XapakTep 3HAHUM, HEAOCTATOYHO MpaBHIIbHBIE (DOPMYIMPOBKH
0a30BBIX TMOHATUH, HAPYIIEHHWS JIOTHYECKOH MOCJIEIOBaTeJIbHOCTH B M3JI0KEHHHM MPOrPaMMHOTO
Marepuaina, HO MPpHU 3TOM OH BIIAZIeeT OCHOBHBIMH pa3ieiiaMH y4eOHOW MporpaMMbl, HEOOXOIUMBIMU
IS TasibHeHIero o0y4eHns: 1 MOKeT IPUMEHSTH IOJTyYeHHbIE 3HaHUS 110 00pa3ily B CTaHAAPTHON
CUTYyalluy;

3 xapakTep 3HaHUI JOCTAaTOYEH JUIS JajJbHENIIero o0y4eHust 1 MOJKET IPUMEHSATH [TOTy4YEeHHbIC 3HAHHS
o oOpasiy B CTAaHJAPTHOW CUTYyalluu;

HEYIOBJIETBOPUTEIILHO

2 He 3HaeT OOJIbIIEH YaCTH OCHOBHOTO COAEP)KaHMs y4eOHOM MporpamMMbl AWMCIMIUIMHBI, JOIMYCKaeT
rpyosie ommOKH B (HOPMYJIMPOBKAX OCHOBHBIX MOHSATHH IUCHMIUIMHBI U HE YMEET MPaBHIIBHO
UCII0JIb30BaTh [10JIyUYEHHbIE 3HAHUS IIPU PELIEHUH TUIIOBBIX MPAKTUUECKUX 3a/au.

1 He 3HaeT GOPMYIUPOBOK OCHOBHBIX MOHATHI AMCLUIIMHBI M HE YMEET HCIOJIb30BaTh MOTy4YEHHbIE
3HaHUS IPU PELICHUH TUIIOBBIX IPAKTUYECKUX 3a1a4.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIypPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

3a mepBoe 3agaHue cTydeHT noiydaer ot 0 go 4 Gamios, 3a Bropoe u Tperse — oT 0 g0 3 GayioB 3a
Ka)XJJ0€ B 3aBUCHMOCTH OT HOJIHOTHI MPEJICTaBICHHOrO oTBeTa (pemeHus). KommuecTBo HaOpaHHBIX
0aJIoB OIpeaesIseT OLUEHKY 3a IK3aMEH.

[Ipu nmpoBenenun sk3ameHa oOyuatomemycst npepoctasisiercss 30 MUHYT Ha moOarotoBky. Ompoc
oOyuarorerocs o Onnery He JOJKEH MPEBbIIIATh IBYX aCTPOHOMHUYECKUX YacCOB.

Bo Bpems npoBeieHuUs 9K3aMeHa 00y4aroIuecst MOTYT MOJIb30BaThCs POrPaMMOM AUCIUITIIHHBL.



