degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTesibHOe
y4peKIeHHe BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PM3UKO-TEXHUYECCKUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXKXKAEHO

JupexTop pu3TeX-IIKOJIBI
NPUKJIATHONH MATEMATHKH H
HH(OpPMATHKH

A.M. Paiiroponckuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)
10 JMCHMILIMHE: [puxiagapie MOIEIN MAIIMHHOTO O0y4eHUs

NporpaMMa acnupaHTypbl: MareMaTnka U MEXaHHKa

kadeapa MammMHHOTO 00y4eHHs U HH(PPOBON ryMaHUTAPUCTHKH

Kypc: 1

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsbl: 0 yac.
naboparopHsbie 3ansaTus: 0 gac.

CamocrositensHas pabora: 48 dac.
Bcero gacos: 78, Bcero 3ad. ef.: 2

KonmuecTBo KOHTPOJIBHBIX padoT, 3a1aHui: 2

[Iporpammy cocTaBui: K.B. Bopo#rios, 1-p ¢u3.-mat. Hayk, ipodeccop, mpodeccop

[Iporpamma obcyxieHa Ha 3acefjanui KadeIpbl MAITUHHOTO 00y4ueHus U udpoBoi rymanuTapuctuku 22.05.2023



AHHOTANMA

B Kkypce mnpuBOmATCS NpHUMEphl NPUKIATHBIX 3aja4 KJIacCH(UKALWU, PETPEecCHH, pPaH)KUPOBAHUS.
PaccMarpuBaeTcst METOABI TPOTHO3UPOBAHUS BPEMEHHBIX PSJIOB, IOUCK aCCOLMATUBHBIX NPaBUI, HEMPOHHBIE
ceTu NIyOoKoro o0y4eHusl, 3BPUCTUUECKUE, CTOXaCTUUECKUE, HETMHEHHbIE KOMIIO3UIIHH.

Taxke Kparko OOCYXKIAIOTCSI HEKOTOPBIE BOIPOCHI METOJIOJIOTHH MAITMHHOTO OOYyYeHUs:: OCOOCHHOCTH
peanbHBIX JaHHBIX, MexoTpacieBoil cranmapt CRISP-DM, opranuzanusi BEIMUCIATEIHHBIX KCIIEPUMEHTOB.
Brigensrorcss MHOTOYMCIIEHHBIE CXOJICTBA M B3aMMOCBS3M MEXIY pPAa3IMYHBIMM METOAAMH MAIIMHHOTO
o0yueHus1, 00CYXKTAOTCS HIIEH PAa3HOOOPa3HBIX THOPUTHBIX TIOAXOOB.

1. leau u 3apa4u

eap AUCUMNIMHBI

- cOopMHUPOBATh TEOPETUIECKHUE U NMPAKTUYECKNE 3HAHHUA B 00JacT 00y4eHUs] MallllH, COBPEMEHHbIX
METOJOB BOCCTAHOBJIEHHSI 3aBUCUMOCTEN IO SMIMPHUYECKUM JAHHBIM, BKIIIOYas ITUCKPUMHUHAHTHBIN,
KJIACTEPHBIN U PETPECCUOHHBIN aHAJIN3.

3agaun AU COMIIHHBI
- OCBOUTbH METObI KOPPEKTHOM (HOPMYIHPOBKH 331a4 B TEPMUHAX MAIIMHHOTO O0yUCHHMS;
- OBJIaJIETh HABBIKAMHU IIPAKTUYECKOIO PELIEHUs 3a]ad MHTEJJIEKTYaIbHOTO aHalIn3a JaHHBIX.

2. [lepeyeHb MUIAHUPYEMBIX Pe3y/IbTATOB 00y4YeHHs MO JUCHMILIHHE (MOIY.II0)
B pesynbrare 0cBOHUS AUCHUIIMHBI 00y4alOIINeCs JOIKHbBI
3HAThb!

OCHOBHBIE IPUHIUIBI ¥ IPOOJIEMATHKY TEOPHH O0yUEHHS MAIINH;

OCHOBHBIEC METOJIbI U AJITOPUTMBI PELICHHS 3aa4 00yUeHHsI 110 MPELEeICHTaM;
OCHOBHBIE 00JIaCTH IPUMEHEHUS 3THX METO/IOB U aJlTOPHUTMOB;
KJIacCHU(PHKALINH, KJIIACTEPU3aLlUN U PETPECCUH.

YMETB:
- (hopManM30BaTh MOCTAHOBKH MPUKIAJHBIX 33/1a4 aHAJIN3a IaHHbIX;
- MCIOJIB30BaTh METOBI OOYUEHHS 110 IpeLeleHTaM Ul PeIICHHS TPAKTUIECKUX 3a/1ay;
- OLIEHMBATh TOYHOCTh M IP(PEKTUBHOCTH MOTYUEHHBIX PEIICHHH.
BJIaJIETh:
- OCHOBHBIMH HOHSTHSAMH TEOPUU MAIIMHHOTO O0Yy4EHHUS;
- HaBbIKAMH CaMOCTOATEIBHOM paboThl IPH PeIICHUH TUIIOBBIX 3a7ad;
- KyJIbTypO# IOCTAaHOBKU ¥ MOJIEIMPOBAHUS IPAKTUUECKU 3HAUUMBIX 3a/1a4;
- HaBBIKAMH TEOPETHYECKOTO aHAIIM3a PEAIbHBIX 3a7a4, PEIIaeMbIX C IIOMOLIBIO aJITOPUTMOB O0yUYCHHUS
IO IIpeLeACHTaM.

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

3.1. Pazgensl qucuuiuinHbl (MOAYIS) U TPYAOEMKOCTH 110 BUAaM YUeOHBIX 3aHITHN

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 [Iporno3upoBanre BpeMEHHBIX PSAIOB 4 6
2 [Touck accoMaTuBHBIX MPaBUII 2 4
3 Hetiponnsle cetu riry0oKoro oOy4eHust 4 6
4 BBpHCTEmeCKHe, CTOXaCTUUYECKUE, 4 6
HeJMHEHHbIE KOMITO3UINH.
5 PanmxxupoBanne 2 4
6 PexomennarenbHBIC CHCTEMBI 2 4




7 Temarngeckoe MonEeTUpPOBaHNE 4 6
8 OO0yueHue ¢ TOAKpeIUICHUEM 4 6
9 AxTuBHOE 00yueHHe 4 6
Uroro wacos 30 48
[ToaroTroBka K sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 78 yac., 2 3au.en.

3.2.  CoxepxaHue TUCHMILIMHBI (MOIYIIS), CTPYKTYPHPOBAHHOE IO TeMaM (pasJiesam)
Cemecrtp: 2 (Becennuit)
1. IIporuo3upoBaHe BPEMEHHBIX PsI/IOB

* 3ajada IPOrHO3UPOBAHUSI BPEMEHHBIX psA0B. [IpuMeps! NpuiloKeHUH.

*  DKCIIOHEHIMAIbHOE CKoyb3siiee cpeanee. Moaens XonbTa. Monens Teiina-Beimka. Monenb
XonbTa- YuHTepca.

* AganTHuBHAs aBTOPErPECCHOHHAS MOJIEIb.

* Cnensmuunii KOHTpONbHBIN curHail. Mogens Tpurra-Jluya.

* ApanTuBHAas CENEKTHBHASI MOJEb. ATalITUBHAS KOMITO3ULIAA MOJEIEH.
+ JlokanpHas ajanTtanus BECOB C PETYISpU3aLUEH.

2. ITouck accouMaTUBHBIX MPABUI

* [Tonstue ACCOIMMATUBHOTIO ITpaBHJia U €T0 CBA3b C IIOHATHEM JIOTHYECKOM 3aKOHOMCPHOCTH.

° HpI/IMepBI MPUKJIAAHBIX 3a4a4: aHaJIn3 PBIHOYHBIX KOP3WH, BBIJACJICHUC TCPMHWHOB M TCMATUKU
TCKCTOB.

* AmroputM APriori. JIBa 2JTama: MOMCK 4YacThIX HaOOpOB W PEKYpCHUBHOE TOPOXKJCHHE
accOLMATUBHBIX NpaBWII. HelocTaTky v My TH yCOBEPIICHCTBOBAaHHS anroputMa APriori.

» Anroputm FP-growth. Ilonstus FP-nepesa u ycnosaoro FP-pepeBa. /lBa srana moucka 4acThIX
HabopoB B FP-growth: moctpoenne FP-nepeBa u pekypcuBHOE MOPOXKICHUE YaCTBIX HAOOPOB.

» OOImee TpejaCTaBICHWE O JAMHAMUYECKHX M HEPAPXUUYECKUX METO/AaX IOHMCKA acCOIUATUBHBIX
TIpaBuIIL.

3. HeiiponHsie ceTH IIyOOKOro o0ydeHus

» Caéprounsie He#poHHble cetn (CNN). Cséprounsiii HedpoHn. Pooling Heiipon. Bribopka
pa3meueHHbIX n300pakeHuii ImageNet.

* CBEpTOYHbIEC CETH AJISI CUTHAJIOB, TEKCTOB, rpadoB, UIP

* Pexyppenrnbeie Heliponnsie cetm (RNN). OOydenue pekyppeHTHbIX ceteii: Backpropagation
Through Time (BPTT).

* Cetu gonro#t kpatkoBpemeHnHoi namstu (Long short-term memory, LSTM).

* Pexyppentnas cetb Gated Recurrent Unit (GRU).

* ABTOKOIMPOBIIVKH. BEKTOpHBIE IPECTaBICHUS TUCKPETHBIX JaHHBIX.

 Ilepenoc oOyuenus (transfer learning).

» Camoo0byuenue (self-supervised learning).

» T'eneparuBHble cocTs3arenbhble ceTd (GAN, generative eadversarial net).

4. 3BpI/ICTI/I‘{eCKHG, CTOXaCTHYCCKUC, HCJIMHCHHBIC KOMIIO3HIINH.
» CToxacTHYCCKHUE MCTOABI: OSITHHT U METOA CHy‘laﬁHLIX MoANpPOCTPAHCTB

. [Ipocroe romocoBanue (xkomureT OonbminHCTBa). Anroputm ComBoost. Upentuduxanms
HETUITUYHBIX 00BEKTOB (BEIOPOCOB).



* [IpeoGpazoBaHue MPOCTOrO TOJIOCOBAHUS BO B3BEIICHHOE.

* O00061IeHHe HA OOJIBIIOE YHCIIO KJIACCOB.

* CityJaifHbIii Jiec.

* AHanm3 CMEIeHHs U BapUaIiK JUIs IPOCTOTO TOJI0COBAHUSI.

* Cmech anropuTMOB (KBa3HJIMHEIHAs KOMIO3HUINS), 00JIaCTh KOMIETEHTHOCTH, IpUMeps! (PyHKINIH
KOMITETEHTHOCTH.

° BBIHYKIIBIG (I)YHKL[I/II/I MOTCPhb. MGTOI[LI ONOCTPOCHUMA CMeceH: HOCJ'IeILOBaTeHBHBIﬁ nu I/Iepapanecm/lf/i.
° HOCTpOCHI/Ie CMCCH AJITOPUTMOB C TIOMOIIBIO EM—HOILO6HOFO ajiropuTMma.

5. PamxupoBanue

* [TocranoBka 3ama4n 00y4eHHs paHXUpoBaHuIo. [IpuMepsr.

» [Ipu3Haku B 3ajade PaH)KUPOBAHMS ITOMCKOBOW BBIJAYM: TEKCTOBBIC, CCBHUIOYHBIC, KIMKOBBIC.
TF-IDF. PageRank.

* Kputepuu kadectpa pamxuposanusi: Precision, MAP, AUC, DCG, NDCG, pFound.

* PanroBas knaccudukanus, OC-SVM.

* [Tomapnsrit moxxon: RankingSVM, RankNet, LambdaRank.

6. PexoMeHgaTeNbHBIE CHCTEMEI

* 3ay1aun KomabopaTHBHOM (QUIBTpaIMK, TPAH3AKIIMOHHKIC JJAHHBIC U MAaTPHIIA CYOBEKTHI - OOBEKTHI.

» Koppensiuonnsie Metoabl user-based, item-based. 3amaua BoCCTaHOBIIEHHS TPOIYIICHHBIX
3HaYeHUH. Mepbl CX0CTBA CyOBEKTOB H OOBEKTOB.

* JlaTeHTHEIC MECTOABI HA OCHOBC 6I/I—KJ'IaCT€pI/I3aLII/II/I. AJIl"OpI/ITM BperMaHa.

 JlateHTHBIE METOIBI Ha OCHOBE MATPUYHBIX pa3IOKCHWH. MeToJ IIaBHBIX KOMIIOHEHT IS
paspexxennbix ganHbix (LFM, Latent Factor Model). MeTon cToxacTH4ecKoro rpajicHra.

* HeorpunareabpHble MaTpUYHBIE PA3JIOKEHU. METO/ YepeayoLIMXCsl HAMMEHBIINX KBapaTtoB ALS.
* Mogensb ¢ yuétom HesiBHOM nHpopmanmu (implicit feedback).

* PexomeHpanuy ¢ y4€TOM JONOJHHUTENBHBIX IIPU3HAKOBBIX NaHHBIX. JIMHEHHAs U KBaJpaTU4yHas
perpeccuoHHbIe MoJenH, libFM.

» U3mepenue kadectBa pexkoMeHmauuid. Mepbl pasHooOpasusi (diversity), HOBu3HBI (novelty),
MOKpBITHA (coverage), moraanuBocTH (serendipity).

7. TemaTndyeckoe MOAEIUPOBAHUE

® 321,[13‘-13 TEMATUYCCKOIo MOACIMPOBAHUS KOJIJICKIUU TEKCTOBLIX JOKYMCHTOB.

* BeposITHOCTHBIH JIaTeHTHBIM ceMaHTHyeckuil aHanmu3 PLSA. Meron mMakcuMyma mpaBaomono0ust.
EM-anroputm. OnemenTapHas uarepnperauns EM-anropurma.

» JlatentHoe pasmenieHue upuxie LDA. Merom Makcumyma amnoCTEpUOPHOM BEPOSTHOCTH.
CrnaxeHHast 4aCTOTHAs OLIEHKA YCIIOBHOM BEPOSITHOCTH.

» HebaiiecoBckass muTepnperaimuss LDA u e€ mpemmyinectBa. Perymspuzaropsl pa3pexuBaHus,
CIJIAXKUBAHUS, YACTHYHOTO O0y4EHUSI.

* AJIUTHBHAs pEryIsipU3alus TeMaTUYeCcKuX Moaeneil. PerynspusoBanueiii EM-anroputMm, Teopema
0 cTalroHapHo Touke (mpuMeHenune ycnoBuit Kapyma—Kyna—Takkepa).

* Patmonansabiii EM-anropurM. OnnaitHoBEIN EM-anropuT™ u ero pacnapasuienBaHue.
» MynbTUMO/Ia/IbHAs TEMAaTHUECKasl MOZAEIIb.

* Perynsapusaropsl Ki1acCupUKalul U perpeccum.

* Perynsapusaropsl JeKoppenupoBaHus 1 0TO0pa TeM.

* BHyTpeHHHe 1 BHEIIHUE KPUTEPUU KaueCcTBa TEMATUUYECKUX MOJEIEH.

8. O0yueHue ¢ MoIKperIeHUEM
* 3agaya o MHOropykoMm Oanamre. XKamueie u sncwioH-xkaaHeie crpareruu. Meton UCB (upper

confidence bound). Crparerus Softmax.
* Cpena 1u1st SKCIEpUMEHTOB.



* AJlanTUBHBIE CTPATETUH HA OCHOBE CKOJNIB3SIIIMX CPEAHUX. METOa CpaBHEHMS C MOJIKPEIICHHEM.
Meron npecneaoBaHusl.

» IlocraHoBKka 3afauM B ciydae, KOrJa areHT BIMsAET Ha cpedy. LIEeHHOCTh COCTOSIHMSA CpEIbl.
IleHHOCTh ACHCTBUS.

* KanHble cTpaTerun MakCUMHU3alMy IEHHOCTU. YpaBHEHUs ONTUMalIbHOCTU bennmana.

* Meton BpeMeHHbIX pazHocteld TD. Mertox Q-o0y4eHust.

* [IpamuentHast ontumuzanms crparerun  (policy gradient). CBs3p ¢ MakcHMH3anuen
log-nnpaBnononobus.

* [locTanoBka 3a7a4u pyu HATMYUK KHGOPMALIMK O Cpele B ciydae BbiOOpa aericTBus. KoHTeKkCcTHBIN
MHOTOPYKUH OaH/IHT.

» Jlunelinas perpeccroHHasi MOJIENb C BEpXHEH JoBepuTeNbHOM oneHkoi LinUCB.

* OnieHUBaHNE HOBOH CTpaTeruy Mo OOJIBIINM HCTOPHUECKUM JAHHBIM.

9. AxTrBHOE O0y4eHUE

* [locranoBka 3aja4u MamMHHOTO 00y4deHuss. OCHOBHBIE CTpaTETHH: 0TOOP 0OBEKTOB U3 BHIOOPKH U
U3 TIOTOKA, CHHTE3 0OBEKTOB.

* CoMIUIMPOBAHUE MO HeyBepeHHOCTH. [ToueMy akTHBHOE 00ydeHHe ObICTPEE MACCHBHOTO.

* CoMIUIMPOBAHUE MO HeconTacuio B komurere. COKpalleHHe MPOCTPAHCTBRA PEIICHUH.

* CoMIUTMPOBAHUE MO OKUIACMOMY U3MEHEHHUIO MOJICITH.

* CoMIUIMPOBAHUE MO OKUACMOMY COKPAIICHUIO OIITHOKH.

* CuHTEe3 00BEKTOR 110 KPUTEPHIO COKPAIICHUS JUCIICPCUH.

* B3BenmBanue 110 MIOTHOCTH.

* OlLeHUBAHNE KAYeCTBA AKTUBHOTO O0yUCHUSI.

* Brenenue u3ydammux JEHCTBHH B CTPATETHI0 aKTUBHOTO OOYYCHHWH. AJITOPUTMBI €-active u
EG-active.

* [IpumeHeHne 00y4eHUsI C MOAKPEIUICHUEM JIJIsl aKTUBHOTO OOy4eHUsl. AKTHUBHOE TOMIICOHOBCKOE
COMILTUPOBAHUE.

4. Onucanue MaTepraIbHO-TEXHUYECKOI 0a3bl, HEOOX0AUMOI 1JIs1 OCYIIeCTBJICHUs 00pPa30BaTeJIbHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlEHHAs! MYJIbTUMEANAIIPOSKTOPOM U KPAHOM.
S.11epedyeHb peKOMEHAYEMOM JIUTePaTyphl

OcHoBHas 1uTeparypa

1. Maremaruieckie OCHOBBI MAIIIMHHOTO OOYYEHHUS U POTHO3UPOBAHUS, DIEKTPOHHAS BEPCHUS
rievarHoi myonukaruu / B. B. Betorun. — Mocksa, MITHMO, 2014

JomnonHurenbsHas auTeparypa

6. Ilepeuyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH "UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

1. http://www.machinelearning.ru — npodeccrnonanbHbIi HHPOPMAIOHHO-aHATMTHYECKUN pecypc,
MOCBAIICHHBII MAIIMHHOMY OOY4€HHIO, PACIIO3HABAHNIO 00Pa30B M MHTEIUICKTYaJIbHOMY aHAJIN3Y
JaHHBIX.

2. http://shad.yandex.ru — caiiT mikosnel aHanm3a 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



7. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX IPH OCYLeCTBJICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Heo0xonnmoe ob6opynoBaHue 1Jis JIEKIUN: KOMIBIOTEP U MYJIBTUMEIUITHOE 000pya0BaHuE (ITPOEKTOP,
3BYKOBasi CHCTEMA).

8. MeToanyeckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

YcnemHoe 0CBOEHHE Kypca TpeOyeT HanmpsHKEHHOW caMOCTOsTENLHOM padoThl cTyneHTa. B mporpamme
Kypca TPHUBEJACHO MHHHUMAJIBHO HE0OXoAMMOE BpeMs s pabOThl CTyJeHTa Haja TEMOHU.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— ipopaboTKy ydeOHOTO MaTepurana (110 KOHCIIEKTaM JICKIIUH, Y4eOHO! 1 HaydyHOU TUTepaType);

— TOZITOTOBKY K MPAKTHUECKUM 3aHSATHSAM, BBIMOJHCHHUE NOMAIIHUX TEOPETHUCCKUX M MPAKTHUCSCKHUX
3aIaHUM;

— MOJITOTOBKY K UG GEPEHIIMPOBAHHOMY 3a4ETYy.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

nporpaMma acnupaHTypbl: MaremaTuka 1 MEXaHUKa
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadempa MammHHOTO 00yUYeHUS U IIU(PPOBOI TYMaHUTAPUCTUKA
Kypc: 1

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT

Pa3zpaGoTunk: K.B. Bopo#rios, 1-p ¢u3.-mat. Hayk, ipodeccop, mpodeccop



1. Iloka3aTe, i OLleHNBAHUS KOMIIETEHIIHH
B pesynbrare uzydenus quctuiuinabl «[[pukiaiHbie MO MAIIMHHOTO O0YYEeHUS» 00YUarOIIHIACs TOJIKEH:

3HATh:
- OCHOBHBIE IPUHIMIIBI U IPOOIEMATHKY TEOPUU OOYUYEHHUS MAIlliH;
- OCHOBHBIE METO/IbI ¥ aJITOPUTMBI PEIICHHS 33/1a4 00yUeHHUS 110 TPELeAECHTaM;
- OCHOBHBIE 00JIaCTH NPUMEHEHHS STHX METOJOB U aJITOPUTMOB;
- KJIaccu(UKalNK, KIACTEPU3aIMN U PETPECCHH.
YMeThb:
- (popmann30BaTh MOCTAHOBKY NPUKJIAIHBIX 33/1a4 aHAJIN3a JaHHBIX;
- UCTIONIB30BaTh METO/IbI 00YUYEHHS 110 MPELeIeHTaM JUIs PELICHUs TPAKTHUECKUX 3a/1a4;
- OLICHUBATh TOYHOCTH U 3PPEKTUBHOCTD MOIYUEHHBIX PEIICHUI.
BJa/IeTh:
- OCHOBHBIMH MOHATUSIMHU TEOPUU MAIIMHHOTO O0yUYCHHUS;
- HaBBIKAMH CaMOCTOSITEIbHON pabOThI IPU PEIIEHUH TUIIOBBIX 3a/1ay;
- KyJBTYpO# MOCTAHOBKU M MOJICIMPOBAHUS MPAKTHUUECKH 3HAUMMBIX 3a/1a4;
- HaBBIKAMH TEOPETUYECKOTO aHAJIN3a PEAIbHBIX 3a/1a4, PEIIaeMBbIX C TOMOIIbIO aJITOPUTMOB O0YUEHHS
IO MPELEACHTaM.

2. IlepeyeHb TUNIOBBIX (IPUMEPHBIX) BONMPOCOB, 3aJaHUI, TeM JI MOATOTOBKH K TEKYIeMY KOHTPOJIIO

. 3aga4ya mpoOrHO3UpOBaHMsI BPEMEHHBIX pAI0B. [IprMepsl npuitosKeHHi.
. AjanTHBHAsI aBTOPErPECCUOHHAS MOJIEIb.

1

2

3. AI[aHTI/IBHaSI CCIICKTUBHAsA MOACIIb. A,I[aHTI/IBHaH KOMIIO3HUIIUA Moneneﬁ.

4. Ilonsarue ACCOIMATUBHOIO IMpaBuJia U €ro CBA3b C IIOHATHUCM JIOTHYECKOM 3aKOHOMCPHOCTH.
5

HpI/IMepLI NPUKJIAAHBbIX 3a4da4: aHaJIu3 PBIHOYHBIX KOP3UH, BBIACICHHUC TCPMHUHOB W TCMATUKU
TCKCTOB.

6.  Anroputm APriori. JIBa 2JTama: TOMCK 4YacThIX Ha0OpPOB M PEKYPCHBHOE TIOPOXKIICHHE
accOLMATUBHBIX paBWII. HelocTaTky v myTH yCOBEPIICHCTBOBAaHHS anropuTMa APriori.

7. OOmee mpeAcTaBlICHUWE O AMHAMHUYECKHX M HEPAPXHMUYECKHX METOJaX IOMCKa acCOLMATHBHBIX
IIpaBUIl.

8. CBEpTOUYHBIC CETH ISl CUTHAJIOB, TEKCTOB, TpadoB, UTP.

9. ABTOKOIMPOBIIMKH. BEKTOpHBIE IPEeCTAaBICHUS JUCKPETHBIX JaHHBIX.
10. TTepenoc oOy4enus (transfer learning).

11. Camoo0yuenue (self-supervised learning).

12. CroxacTndeckue METOIbI: OTTHHT ¥ METOJ CITYYalHBIX MOAMPOCTPAHCTB.
13. TIpeoOpazoBanue MPOCTOTO rOJIOCOBAHMUS BO B3BEIICHHOE.

14. O6001menne Ha OONBIIOE YHCIIO KIIACCOB.

15. CayyaitHbiii jec.

16. Beimmykible ¢QYHKOUM TOTEpPh. MeTOnbl TOCTPOSHHUS CMECei: TOcCJeNoBaTeNbHbIA U
epapXu4ecKuil.

17. IlocTpoeHue cCMeCH alTOPUTMOB € TTOMOIIBI0 EM-110100HOTO asroputma.
18. IlocTanoBka 3aga4un 00ydeHHs paHKUpOBaHUIO. IIpumepsl.

19. MynpTMOAalIbHAs TEMaTHYECKasi MOZIETb.

20. Perynspu3zaropsl KilacCH(QHUKALNU H PETPECCHU.

21. Perynsapu3zaropsl JeKOpPEIUPOBaHUS U 0TOOPA TEM.

22. BHyTpeHHHE 1 BHEITHUE KPUTEPUH KauyECTBA TEMATUYECKUX MOZEIIEH.

23. 3agaya o MHOTOpyKOM Oanamte. JXKamHbie w 3mcuioH-)afgHble crpareruu. Metog UCB (upper
confidence bound). Crparerus Softmax.

24. Cpena 11t 9KCTIEPUMEHTOB.

3. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst



1. DOkcroHeHIMaNbHOE CKONb3smiee cpeanee. Momens Xonbra. Mogpens Teitna-Belimxa. Monens
XomnbTa-YuHrepca.

2. Crepsmumii KOHTPOIBHBIN curHan. Moaens Tpurra-Jlnya.
3. JlokanpHas afanTanus BECOB C PEryIIApU3aLieH.

4. Anroputm FP-growth. Ilonsarus FP-nepeBa u ycnoBHoro FP-nepesa. [IBa sTama momcka 4acThIx
HabopoB B FP-growth: moctpoenne FP-nepeBa u pekypcuBHOE MOPOXKICHUE YACTHIX HAOOPOB.

5.  Cséprounsie Heiiponnbie cetn (CNN). Caéprounsiii HelipoH. Pooling Helipon. Bwibopka
pa3meueHHbIX n300pakeHuit ImageNet.

6. Pexyppenrnsie Heiponnsle cetn (RNN). OOydenue pekyppeHTHBIX cerell: Backpropagation
Through Time (BPTT).

7. Cetu nonroii kparkoBpemeHnHoi namst (Long short-term memory, LSTM).
8. PekyppentHnas cetb Gated Recurrent Unit (GRU).
9. TeneparuBHble cocTszarenbHble ceTH (GAN, generative eadversarial net).

10. Tlpoctoe romocoBanue (komuteT OonbimHCTBA). Anroputm  ComBoost. Waentudukarus
HETUTTUYHBIX 0OBEKTOB (BBIOPOCOB).

11. Ananus CMCHICHUS U Bapualyu JJIs1 IMPOCTOr0 roJioCOBaHUs.

12. Cmech anropuTMOB (KBa3WJIMHEHHAS KOMIIO3UIHS ), 00JacTh KOMIIETEHTHOCTH, IPUMeEPhl (yHKLUI
KOMIIETEHTHOCTH.

13. Ilpu3Haku B 3ajade pPaHKUPOBAHUS IOMCKOBOM BBIAAUU: TEKCTOBBIE, CCHUIOYHBIE, KIIMKOBBIC.
TF-IDF. PageRank.

14. Kpurepuu xadectBa pamxuposanus: Precision, MAP, AUC, DCG, NDCG, pFound.
15. PanroBas knaccudukanus, OC-SVM.
16. Tomapusiii mogxom: RankingSVM, RankNet, LambdaRank.

17. 3amaun KoTabOpaTMBHOW (HMIBTPALMU, TPAH3AKIMOHHBIC JaHHBIE W MaTpHIa CYOBEKTHI -
O0OBEKTEI.

18. Koppensiimonnsie MeToabl user-based, item-based. 3agada BOCCTaHOBJIEGHHUS TPOMYHICHHBIX
3HaYeHUH. Mepbl cX01CcTBa CyOBEKTOB H OOBEKTOB.

19. JlarenTHBIC METOABI HA OCHOBE OU-KiIacTepuzaunu. Anroput™ bpermana.

20. JlateHTHBIE METOIBI Ha OCHOBE MATPUYHBIX DPAa3IOKEHHHA. MeETOI TIaBHBIX KOMIIOHEHT JUIs
paspexxennbix ganHbix (LFM, Latent Factor Model). MeTon cToxacTH4ecKoro rpajicHra.

21. HeorpuuarenbHble MaTpU4HbIE Pa3jIOKEHUs. MeTox uYepedyoLIUXCsl HauMEHbIIUX KBaJparoB
ALS.

22. Mogens ¢ yuérom HesiBHOM nHpopmamu (implicit feedback).

23. PexoMeHIanuu ¢ y4€TOM JOMOJHUTEIBHBIX MPU3HAKOBBIX HaHHBIX. JIMHEWHas W KBaJpaTU4Has
perpeccroHHble Moz, libFM.

24. W3mepenue KadecTBa pekoMeHaanui. Mepbl pasHooOpaszus (diversity), HOBH3HBI (novelty),
MOKpBITHA (coverage), noraanuBoctu (serendipity).
25. 3amaya TeMaTHYECKOrO MOJICITUPOBAHUS KOJUICKIIMHA TEKCTOBBIX JJOKYMEHTOB.

26. BeposSTHOCTHEIN JIaTeHTHBIH ceMaHTH4Yeckuil aHanu3 PLSA. Merton mMakcumyMa mpaBaoIoo0us.
EM-anroputm. DnemenTtapHas uarepnperanus EM-anropurma.

27. JlatrentHoe pasmemenue [Hupuxne LDA. MeTtox MakcumMyMma amocCTepHOPHONW BEPOSTHOCTH.
Cryia’xeHHas 4acTOTHAs OLCHKA YCIIOBHOM BEPOATHOCTH.

28. HebaiiecoBckas mutepnperauuss LDA u e€ mpeumymectBa. Perynsipuszatopbl paspe:KuBaHHA,
CIIQKUBAHUS, YACTHYHOTO O0Y4EHHS.

29. AnnuTuBHas ~— peryaspu3anus TeMmaTHdecKux Mogneneil. PerymsapuzoBanubii EM-anroputwm,
TeopeMa 0 cTallMOHapHOH Touke (mpuMeHenue ycnoBuil Kapyma—Kyna—Takkepa).
30. Paunonansusiit EM-anroputm. OnnaiiHoBblii EM-alropuT™ 1 ero pacrnapajieuBaHue.

31. ApanTuBHBIE CTpaTeTHH Ha OCHOBE CKOJIB3AIIMX CpeJHMX. MeTon CpaBHEHUS C MOAKPEIICHHUEM.
Meron npecnenoBanusl.

32. IlocraHoBKa 3aja4u B ciyyae, KOTAa areHT BIUSET Ha cpedy. LIeHHOCTh COCTOSHUSI Cpenpbl.
IlenHocTh AEHCTBUA.

33. JKagHble cTpareruu MaKCUMH3aluH [IEHHOCTH. YPaBHEHHS ONTUMAJIBHOCTH bemMaHa.

34. Meton BpemeHHbIX pazHoctelt TD. Mertox Q-o6yueHust.

35. TIpapmentHas ontummzanus crparerud  (policy gradient). CBsi3pb ¢ MakcUMH3anMen
log-nipaBmonomoous.

36. IloctaHoBKa 3ajaud NpU HaIWYUKM HHPOPMAIMM O CpeAe B Cilyyae BBIOOpa JeHCTBUSL.
KonrexcTHbIil MHOTOpYKHI OaHIUT.



37. Jluneiinas perpeccUOHHas MOJIENb C BEpXHE JoBepuTenbHoi onerkoit LinUCB.

38. OueHnBaHue HOBOH CTPATETUH TIO OOJIBIIIMM UCTOPUICCKUM JIAHHBIM.

39. IlocraHoBKa 3a7ja4l MAITMHHOTO 00y4eHusi. OCHOBHBIE cTpareruu: oT00p 0OBEKTOB U3 BHIOOPKU U
U3 MIOTOKA, CHHTE3 00BEKTOB.

40. CommmupoBaHue 10 HeyBepeHHocTH. [louemy akTuBHOE 00ydeHue ObICTpee MacCUBHOTO.

41. CommmupoBaHue 10 Hecoracuio B komutere. CoKpalleHue MpoCTPaHCTBA PELICHUH.

42. CoMIIMpoBaHueE IO OXKHUIAEMOMY U3MEHEHHIO MOJIEIIH.

43. CoMIIUpoBaHKE IO OKHUIAEMOMY COKPALICHUIO OIIUOKH.

44. Cunre3 00BbEKTOB IO KPUTEPHIO COKPALLICHHSI JUCTIEPCHH.

45. B3BemuBaHue Mo IIOTHOCTH.

46. OueHuBaHUE KaueCTBa aKTUBHOTO 00YYCHUSI.

47. BBeneHre W3yYarOIIUX ACHCTBUM B CTPATErHI0 aKTUBHOTO OOy4YeHHH. AJTOPUTMEI €-active U
EG-active.

48. IlpumeneHne oOy4eHHs C TMOIKPEIUIEHUEM Ul aKTUBHOTO OOy4yeHHs. AKTHBHOE TOMIICOHOBCKOE
COMILIMPOBAHUE.

Kpurepuu onieHuBaHus
Ouenka ommyHo 10 0amwioB - BBICTABISETCS  CTYICHTY, IIOKAa3aBIOIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCLUIIMHBL, TPOSBIAIOIIEMY
MHTEpeC K JaHHOW MPEAMETHOH 001acTH, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPYECKU
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PEIICHUH.
Ouenka ommMyHO 9 OamwioB -  BBICTABISETCA  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3a7a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, IIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHnH, ¢ HEKOTOPBIMU HEI0UeTaMHu.
Ouenka xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILECTBY H3JIaraeT €ro, yMeeT NPUMEHSTh IOJYYCHHbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.
OmeHka Xopoio 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYILECTBY M3JIaraeT ero, yMeeT NPUMEHATh NOIyuYeHHbIC 3HAHUS Ha MPAKTHKE, HO JIONyCKaeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPbIE HETOYHOCTH.
OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
W 10 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.
OueHka ynoBIETBOPUTEIbHO 4 Oania - BBICTABISETCS CTYIACHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHIbHBIC (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapyLIEHUs JOTNYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUH MIPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jeibl yU4eOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NaJbHEHWIIero oOydeHHs, U
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka ynOBIETBOPUTEIbHO 3 Oama - BBICTABISIETCS CTYIACHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMMOKA B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0OBAaTENbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pa3JeliaMi yueOHOU MPOrpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYalHH.
OueHka HEyIOBJIECTBOPUTENIHHO 2 Oajula - BHICTABIIAETCS CTYACHTY, KOTOPBIA HE 3HAaeT OOJIbIIeH 4acTH
OCHOBHOTO COJCp)KaHUsl y4eOHOH MpOorpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCII0JIb30BaTh IOJyYeHHbIE 3HAHHS NPH PEIICHUN
THUIIOBBIX 33/1a4.
OreHKa HEYNOBIETBOPUTEIBHO | 0ayml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
coziep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3ajad.



4. MeTonnuyeckue MaTepuaJbl, ONpeaesonue Npoueayphbl OlleHUBAHNSA 3HAHMIN, YMEeHHI, HABBIKOB M
(W) onbITA AESATEJIbHOCTH

Bo Bpemss mnpoBenenus auddepeHUIHpPOBaHHOTO 3adera OOydalolIMecss MOTYT IOJb30BaThCS
NpOrpaMMOM JUCLHMIUIMHBI, a TakXe CIPaBOYHOM JIMTEPATYPOM, BBIYMCIUTEIBHOW TEXHUKOM,
KOHCIIeKTamMH JieKuuil. JJuddepeHnpoBanHblii 3a4e€T TPOBOAUTHCS MTyTEM OPTaHU3aUH CIICHUAIBHOTO
OIIpoca, NPOBOIUMOTO B YCTHOM (hopme.



