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AHHOTANMA

Kypc mnoceaméH pa3HooOpasHBIM MPHUIOKEHUSAM MAIIMHHOTO OOydeHus. BHauane paccMaTpuBaroOTCs
CTaHJapTHBIC 3aJauu (KiIaccuUKalms, perpeccus, kiacrepusaiusi) u npocteie Monenu: kNN, naive bayes,
linear regression, TuHEIHBIE aHCAMOIK JepeBbeB U T.A. OTAETHEHO 00CYKIAIOTCS MHCTPYMEHTHI, ¢ TIOMOIIIBIO
KOTOPBIX JTH 33/1a4d MOKHO pelllaTh: MMTOHOBCKUE Onbnmuoreku pandas u sklearn.

Muoro BHMMaHMs yaenserca OyCTHHTY M ero o0oOmeHusM. JIMHeiiHble Mopjenu paccMaTpHBAIOTCS Ha
npuMepax paboThl C MPU3HAKAMH U3 TEKCTOB U ¢ one-hot-encoding.

Haércst 0030p akTyaJbHBIX apXUTEKTYp HEHPOHHBIX CETEH JUIsl pelIeHus 3a1a4, B YACTHOCTH, KOMIILIOTEPHOTO
3penus. Takke 00CyKAar0TCA NPUIOKEHUS] METOAOB O0yueHus1 Oe3 yuuTens, peKOMEHaTelbHbIEe CUCTEMBI U
paboTa ¢ JaHHBIMH PA3HOU IPUPOIBI.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

c(hOpMHPOBATH TEOPETUYECKUE M MPAKTUUCCKHE 3HAHWUA B O0JACTH OOyuYeHHs] MalluH, COBPEMEHHBIX
METO/I0B BOCCTAHOBJIEHUSI 3aBUCHUMOCTEH 10 AMIMPUUYECKUM JaHHBIM, BKJIIOYAs AUCKPUMHHAHTHBIN,
KJIACTEPHBIN U PErpEeCCHOHHBIN aHAJIH3.

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

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

Koy 1 HanMeHOBaHKe KOMIICTEHIHH WHIMKATOPBI TOCTHKEHUS. KOMIIETCHIUH
OIIK-2 Cnocoben ucnonb3osars coppemennbie |OIK-2.1 Cnocoben NPUMEHATh COBPEMEHHBIC
MH(OPMAIIMOHHBIE TEXHOIOTUH U BBIYMCIIMTEILHYIO TEXHUKY M CEpBHCHI ceTh WHTepHeT B

MIPOTPaMMHBIE CPEJICTBA MPHU PEIISHUH 3a1a4 obmactu (cdepe) mpodeccrHoHaTbHON AeATEIIEHOCTH

po(heCCHOHATEHON AEATENBHOCTH, cobmonas |OIMK-2.3 3Haer ocHOBHbIE TPeOGOBAHMS MH(POPMAIMOHHOMN
TpeboBaHusg HHOOPMAIIMOHHOW OE30TIACHOCTH | Ge30mMacHOCTH

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
[1K-1 CrocoGen craButh, GopManr30BbIBaTh U |MHOOPMaIMIO 00 aKTyasbHBIX PE3yJbTaTaX MCCIIEOBaHUM B
pelars 3a/1a41, B TOM YUCJIe pa3pabarTbiBath U |PAMKaX TEMAaTHYECKOM 00IAacTH CBOEH IpOoQeccCHOHAIbHOM
HCCIIEIOBaTh MAaTEMATHYECKIUE MOACIH JIeSITCIILHOCTH

U3y4aeMbIX SBICHUN U TPOLECCOB, cUCTEMHO  |[TK-1.2  CmocoGeH  BBIABUTATh  THIIOTE3bI, CTPOUTH
aHAJM3MPOBATh HAy4YHBIE IIPOOJIEMBI, IOIYYaTh |MAaTeMAaTHYECKUE MOJEIM JUIA  ONMCAHUS  M3YYaeMbIX
HOBBIE Hay4YHbIEC PE3yJIbTaThl SIBJICHUI U MIPOIIECCOB, OLICHUBATh KA9€CTBO pa3paboTaHHOMN
MOJENN

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

OCHOBHBIE TIPUHIIUIIEI B TPOOJIEMaTHKY Teoprur 00ydeHHUs MAIIHH,
OCHOBHBIC COBPEMEHHBIE METO/BI OOYYCHUHU IO TpeleieHTaM — Kiaccu(ukanuu, KiacTepu3aiud 1
perpeccuu.

YMETB:
¢dbopmMann3oBaTh MOCTAHOBKY MPHUKJIAJHBIX 3aa4 aHAIN3a JaHHBIX,
HCIOJIB30BaTh METOABI O0yUEHHS 110 MpeLeIeHTaM Ui PeLIeHUs MPaKTUIECKUX 3azad,
OLICHMBATh TOYHOCTH U 3(P(HEeKTUBHOCTD MOITYyUCHHBIX PEIICHUH.




BJIAJIETh:
OCHOBHBIMH TIOHSITHSIMHA TEOPHH MAIIMHHOTO O0Yy4eHUSI.

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

4.1. Paznenbl nuctMIiInHbl (MOYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 BBenenune:  OCHOBHBIE  TOHATUS U 4 4 7
MPOCTHIE METOIBI
2 Pemaromue nepeBnst u ancamOnu 6 6 10
3 JInHEHHEBIC MOJIEITH 6 6 10
4 HeliponHsle cetn 6 6 6
5 OO0yuenne 0e3 yaurens 4 4 6
NPUIIOKECHUH MaIIuHHOT
6 00630p pUIIOXKE oro 4 4 6
oOy4eHus
Nroro yacos 30 30 45
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue AUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 8 (Becennuit)
1. BBeneHue: OCHOBHBIC TIOHATHUS U TIPOCTHIC METO/IbI

OcHoBHBIE TOHSATHA. [IpuMepsl HWCHONB30BaHUS MAIIMHHOTO oOydeHusi. KiroueBble MOHATHS.
Supervised u unsupervised learning. Crannmaptaeie 3ajaun (kjJaccuuKanusi, perpeccus,
knacrepuzanust). [Ipocteie mogenu (kKNN, naive bayes, linear regression), KOpOTKO O T€X MOAESIX,
KOTOpPbIE YacTO HCIOJB3YIOTCSI Ha MPAKTHKE - JIMHEHHbIE M aHCAMOIM JepeBbeB (OCHOBHAS HIEA).
OneHka KayecTBa - KpOcCcC-BaJlMAaLUs, KpUBbIE OOydeHHUs, IepeoOydyeHue M HeJo0OydeHHe, Kak
JETeKTUPOBaTh, HICTOPUU M3 MPAKTHKH. Kak BO3HUKAIOT M KaK PEIIaloTCs ONTUMH3ALMOHHBIC 33/1a41
B MammHHOM o0yueHuHu. HemHoro 06 mactpymentax: Python, numpy, scipy, matplotlib

MeTpuKkH, NpU3HAKH M MHCTPYMEHThl. MeETpHKM KadyecTBa B CTaHAAPTHBIX 3ajadax. V3BrneueHue
MPU3HAKOB (Ha MpUMeEpe TEKCTa, U300paKeHMH, 3ByKa) U MpeaoOdpaboTka MpU3HAKOB (Ha Ipumepe
paboThl C pa3peKCHHBIMH M KaTeropuajbHbIMU TpHu3Hakamu). Pa3bop mpumepoB 3amad: c
00CyXIIeHHEeM METPUK KauecTBa, CIOCOOOB OIEHKM KadyecTBa, HEOOXOAWMBIX JaHHBIX U
W3BJIEKAEMbIX IPU3HAKOB. MHCTPyMEHTHI, C IMOMOLIbI0 KOTOPBIX 3TH 3aJa4d MOXHO peEIIaTh:
nuTOHOBCcKHE Oubnmmoreku pandas u sklearn. Jlemoncrpaums: pandas, sklearn: datasets, metrics,
cross_validation, trees.

2. Penrarorie nepeBbs U aHcaMOITH

Pewmaromue nepeBbs

- KaKk paboTaeT yke MOCTPOEHHOE pelIaroliee AepeBo;
- 3aj1a4a KJI1acCU(UKAIIMK U PETPECCHH;

- PEKYpPCUBHOE IIOCTPOEHUE JEPEBbLEB:




-- kputepun uH(popMaruBHOCTH, information gain - misclassification, SHTpONUHHBIA KPUTEPHIA,
nHaeke Gini;

-- IUCKpUTH3aLus / OMHApU3aIHsl IPU3HAKOB, pad0Ta C KaTeropHaIbHBIMU PH3HAKAMH;

-- paboTa C MpoIyIIeHHBIMU 3HAYCHUSIMH;

-- CTpUXKa JiepeBbeB (pruning);

- IPEUMYILECTBA U HETOCTATKH JICPEBHEB;

- OLIEHKA Ba)KHOCTH NPH3HAKOB;

- rexandeckue 3ametku (ID3, C4.5, C5.0, CART)

AHCaMOIH penIanux 1epeBbEB

- Bias-Variance Trade-off

- borrunr (Bagging = Bootstrap Aggregation), CBsI3b KOppesLUs MEXIy OTBETaMH MOJeNed U
KaueCTBOM MOJIENH B O3TTHHTE.

- Vnyumenus 6srruara: RSM, Pasting, cnyuaitnerii tec (Random Forest), Extremely Randomized
Trees (mpeBapaieHne HEYCTOYMBOCTH JICPEBHEB U3 HEAOCTATKA B IPEUMYILECTBO)

- Byctunr (Boosting), AdaBoost 1 00001ienus

- Stacking u Blending

Boosting, state-of-the-art anropurmsr

- TOHKOCTH peaji3aiuu boosting

- obomnene o Gradient Tree Boosting / GBDT / GBM / MART

- 9BPUCTUKH ONTHMH3AIUH U state-of-the-art anropurmer (xgboost, lightgbm, ...)

3. JInueltHBIC MOACITH

Jluneiinbie momenu. Wpess nwHeliHoW kimaccudukanmu. HacTpoiika mnapamMeTpoB JHHEHHOTO
knaccuukaropa: (QyHKIMM TOTEpb, onTUMH3auuoHHble 3amauu. Gradient Decent u Stochastic
Gadient Decent. Perymsipuzamus: 11, 12, elastic net. CranmapTHble JWHEHHBIE KiacCH(UKATOPHI.
Jluneiinas perpeccus: BeIpasKeHHE JUIsl BBIYUCICHHS BECOB, peryaspusanus (rpebHeBasi perpeccus u
nacco). [lpumepsl mpUMeHEHUs JIMHEHHBIX MOJeNied: padoTa ¢ TpU3HAKAMH W3 TEKCTOB W C
one-hot-encoding (3aomHo ynomsinyTh npo hashing trick). bubnauorexku nyis mocTpoeHus TMHEHHBIX
Mmopeneit: sklearn.linear model, liblinear, vowpal wabbit.

Jloructudeckas perpeccust 1 SVM. Jlorucruueckast GyHKIUS TOTEPh, KaK K HEH MOXHO MPUUTH (U3
TpeOoBaHMl K BUAY (YHKUMM M W3 JKEJaHUS OleHMBaTh BeqndyuHbl oT 0 mo 1, moxokue Ha
BepoaTHocTH). Log loss. Makcumu3anus IUpUHbI pa3iesoniell oJI0Chl, ONITUMHU3AaLMOHHAs 3a]a4a
B SVM s 3anaun knaccudukanuu. bedycioBHas ontumu3anuonHas 3aa4a. JIBoicTBeHHas 3a1a4a
c BeiBogioM. Kernel trick. Pamunansnoe sapo (RBF).

JIOTIOJTHUTEbHBIE TEMBI

SVM  nmns  perpeccun. MynbsrukinaccoBeie SVM  u  joructuueckas perpeccusi.  [lpumepst
ucnonb3oBanusi.  OmHokmaccoBbii  SVM.  Ilpumepsl  ucnosib3oBanus.  (OnmuoHanbHO)
Semi-supervised Monudukanuu TMHEHHBIX Monenel (S3VM, entropy regularizer).

4. HelipoHHble ceTH

HelipoHHsble ceTn Kak cyneprno3unus Moaeneil. lctopuueckuii sSkcKypce.
Maremarndeckasi Mozienb HelipoHa, npodinema XOR.

Mexanu3m obpatHoro pacupoctpaneHus omnOku (backpropagation). Mnes u MatemaTrka oOy4eHuUs
HEUPOHHBIX CETEM.

Mexanmu3mbl ontuMuzanuu. CToxacTHYecKuid TpaaueHT W ero Bapuanuu (adagrad, momentum,
nesterov momentum, adadelta, rmsprop, adam).

0030p cinoeB ¥ (QYHKIHMHA aKTHBALMK B HEHPOHHBIX CETAX (MOJHOCBSA3HBIN, CBEPTOYHBIN, dropout,
batchnorm etc.)

[MpoGnema nepeoOydeHus, peryaspu3anus HEHPOHHBIX CETeH.

CBepTouHble HEHPOHHBIC CETH Ui 3aJaydl aHaju3a H300paKCHUM: MPUHIMIT PabOThI, METOIbI
oOyueHwusl.

O030p aKTyalbHBIX APXUTEKTYp HEHPOHHBIX CETEH AJIA pEICHHUS 3a7a4 KOMITBIOTEPHOTO 3PCHUS
(Computer Vision).

PekkypeHTHBIE HEMPOHHBIE CETH.

00630p knaccuueckorr RNN-cell, LSTM, GRU.



PexyppeHTHBIC HEHPOHHBIE CETH B 3aj[a4€ aHaJIN3a CUTHAJIOB M €CTECTBEHHOTO S3bIKA.
I'eneparuBHbie Monenu Ha ocHOBE RNN.
Mexanu3m BHUMaHus (Attention mechanism) B 3ajjaue MalIMHHOTO TIEPEBO/IA U APYTUX 3aj1adax.

CBepTouHBle HEHPOHHBIE CETH B 3agadax OOpabOTKM TEKCTa, CpPaBHEHHE C PEKyPPEHTHBIMH
HEHPOHHBIMH CETAMHU.

5. Obyuenue 6e3 yuurens

[IpeobpazoBanne Npu3HAKOB

Dimensionality Reduction: PCA, SVD, t-SNE, MDS

Embedding Manifold (overview)

Latent Models: LDA

3anaua KiacTepusaluu

1. Craructuueckue anroputMel: EM, k-means+ dbscan+?

2. I'padhoBbie anrOpUTMBI KIIACTEPHU3AINH, BHIJICIICHAE CBA3HBIX KOMIOHEHT. (Anroputm FOREL)
3. AmomeparuBHas kinactepuzanus, Anroputm Jlanca-Bunbsimca, mocTpoeHue IEHAPOrPaMMBIL.
Omnpenenennie Yucia KIacTEPOB.

CBoiicTBa cokaTHsl/pacTsDKEHHs, MOHOTOHHOCTH M PEYKTHBHOCTH.

JlonionHUTEIBHBIE TEMBI

1. Camoopranusyromiasics kapra Koxonena

JPyTHE MOIXO/bI K BU3yaJIN3aINH

2. RBM

3. ABTO3HKOZIEPHI

6. O030p MPUIIOKEHNH MAITUHHOTO 00yUYCHMUSI

PexomeHaTenbHbIE CHCTEMBI

PaGora ¢ TekcTaMu M TeMaTHYeCKOe MOCINPOBAaHHE
Pabora ¢ nuzobpakeHusiMu

Pabora ¢ TaHHBIMH B HHILYCTPHH

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHNS 00pa30BaTEILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueGHast aymuTOpHs, OCHALLICHHAS! MYJIETHMEAHAIIPOEKTOPOM U SKPAHOM.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Maremarnyeckas craructuka [Tekcr] : [yueOnuk s By3oB] / A. A. bopoBkoB .— [3-e u3n., ucmp. ]
— M. : ®uszmariut, 2007 .— 704 c.

JlononHuTeNbHAS TUTEpATypa
1. Maremarudeckast craructuka [ Teker] : yueb. mocodue ais By30B / A. A. Haran, O. I. Top6aues, C.
A. T'y3 ; Mock. ¢pusuko-TexH.us-T (roc.yH-T .— M : M3 Ilpecc, 2004, 2005 .— 160 c.
2. llpuknagnas craructuka. [lpunouns! u npumepst [ Teker] : [y4ue0. mocoOue st By3os] / J. Koxke, O.
Cuenn ; ep. ¢ aunn. E. B. Uenypuna ; nox pen. FO. K. bensiera .— M. : Mup, 1984 .— 200 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://www.machinelearning.ru — npodeccrnonanbHbIi HHPOPMAITMOHHO-aHATUTHYECKUI pecypc,
MOCBSIICHHBII MAIIMHHOMY O0Y4eHHIO, PACIIO3HABAHUIO 00Pa30B M HHTEIUICKTYaJIbHOMY aHAIIU3Y
JaHHBIX.

2. http://shad.yandex.ru — caldT mkosbl aHamu3a JaHHBIX SHJEKCa.



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%B5_%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%D1
%86%D0%BE%D0%B2%29

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOIb3yeMBbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

B nporiecce camocTosTENpHOM PabOThl 00YYarOLIHXCs TPEIIONAraeTCs UCTIOb30BaHUE TaKUX
nporpamMmHbIX cpeacT, kak WEKA, IPython Notebook u ap.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCIHUIIINHBI (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:

— ipopaboTKy ydeOHOTo MaTepurana (110 KOHCIIEKTaM JICKITUH, Y4eOHO! 1 HaydyHOU TUTepaType);

— MOJTOTOBKY K MPAKTUYECKUM 3aHSTHSM, BBIIOJIHCHUE JOMAITHUX TEOPETUYECKHUX U MPAKTUYCCKUX
3aIaHHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: HNudopmarrka 1 BEIYUCTUTEIEHAS TEXHUKA

npopuJib NOArOTOBKHU: KomnbroTepHble TEXHOIOTUH U BHIYUCIUTEIbHAS TEXHUKA
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadempa MammHHOTO 00yUYeHUS U IIU(PPOBOI TYMaHUTAPUCTUKA

Kypc: 4

KBaJupuKaAnus: OaxanaBp

Cemectp, (opMBI IPOMEKYTOUHOH aTrTecTanuu: 8 (BeCEHHUN) - DK3aMeH
PaspaGorunkm:

K.B. BopoH1ios, 1i-p ¢u3.-MaT. Hayk, mpodeccop
P.I'. HeitueB, acCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2 CnocobeH uconbp30BaTh COBPEMEHHbBIE
MH(OPMAIMOHHBIE TEXHOJIOTUU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IeSTeIBHOCTH, COOTIoas
TpeboBaHus HHPOPMAIIMOHHON 0€30MacHOCTH

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIEHYIO TEXHHKY M CEpBUCHI ceTH MHTepHET B
obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS HMHPOPMALMOHHOU
0e30MmacHOCTH

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJ1a4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCAaHMA H3y4aeMbIX
SIBICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHON
MOJENN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare nzyuenus auctuiuinHbl «IIpunoxkenns MammHHOTO 00y4eHHs» 00yUaroUHics TOIKEeH:

3HATb:

OCHOBHBIE IPUHLIUIIBI U IPOOIEMATHKY TEOPHH 00yUeHHs MAaIlHH,
OCHOBHBIE COBPEMEHHBIE METOAbI OOYYCHHH M0 HpeleneHTaM — Kiaccu(ukauuu, KiacTepu3aluu U

perpeccuy.

yMeThb:

(bOpMaJ'II/BOBaTL IMOCTAaHOBKHU MPUKJIAAHBIX 3a/1a4 aHaJIn3a JaHHbIX,
HCIIOJIB30BaTh METOJAbI 06y‘-IeHI/I$I 1o npeucacHTam JJist peICHUA PAKTUICCKUX 3a/1a4,
OICHUBATbh TOYHOCTH U 3(1)(1)6KTI/IBHOCTB MOJIY4YCHHBIX pemeHHﬁ.

BJIaJeTh:

OCHOBHBIMH IMOHATHUAMHU TCOPUH MAIIUHHOT'O 06yquH$[.

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

C HCJIBIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_[I/IMI/IC$I yqe6H0r0 Marcepuraja InpoOBOAUTCH YCTHBII\/’I OorpocC B
HavaJi€ 3aHsATUA 110 TCMC ITPOULJIOTO 3aHATUA.

4. IlepeyeHb THNOBBIX (IIPMMeEPHBIX) BONPOCOB M TeM /IJ1l IPOBeJAeHHs POME:KYTOUHOI aTTecTaluu

o0yuaruuxcst

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

2. Metpuueckue anroputmbl kiaccupukanur. OO600MEHHBIN METPUIECKUI KIIacCH(HUKATODP, TTOHATHE
orcryna. Metox Ommxaiimmx coceneit (KNN) u ero o6oOmenwus. [lombop uncia k mo kputeputo
CKOJB3sIero Koutposss. Oroop atanoHHbIX 00bekTOB. anroputM CTOJII. OyHKIMS KOHKYPEHTHOTO

cxoxctsa (FRiS).

3. [locTpoenue MeTpuk U oTOOp Npu3HaKoB. CTaHgapTHBIE MeTpuKU. OLleHNBaHUE KaueCTBA METPUKHU.
[poknsTre pazmepHocTH. JKaiHBIH anrOpUT™M 0TOOPA MPHU3HAKOB.

4. Jlormueckue 3akoHoMepHOCTH. CTarucTrueckuii kpurepuit uHpopmaruBaocTH I ¢ (¢, X 1): cmbIict n
CHOCOObI BEIUYMCIICHUS. DHTPONUIHBIN KPUTEPH HHPOPMATUBHOCTH — MH(OPMALIMOHHBIN BBIUTPBILI
[Gain ¢ (¢,X 1 ). MuoroknaccoBbie BapuaHThl KputepueB. Mumexkc Gini. 3amgada nepebopa
KOHBIOHKUMH. “IpagueHTHBIA” anroputM CHHTE3a KOHBIOHKLIMN M €r0 YacTHBIC CIIydau: >KaJHbIA
QJITOPUTM, CTOXaCTUYECKHUH JIOKAJIbHBIM MOUCK, CTAOMIIN3AINS, PEIyKIHUs.




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

6. Jluneitnas xnaccudukanys. HenpepblBHbIE almpOKCHMAIIUN MOPOTOBOM (YHKIUK MOTeph. Metos
MUHUMH3AIHUK allpPOKCUMUPOBAHHOTO smnupuueckoro pucka. SG, SAG. CBsi3p MHUHUMH3ALHU
aNIpoKCUMUPOBAHHOTO AMIIUPUYECKOTO pPHCKA M MaKCUMH3allMM COBMECTHOIO IIPaBIONOA0OUs
naHHbIX W Mmopenu. Perymspuszaums (11, 12, elasticnet). BeposSTHOCTHBII CMBICT pEryisipu3aToOpOB.
[MpumMepsl pa3nuvHbIX QYHKIHWH TOTEPh U KIACCU(PUKATOPOB. DBPUCTHUECKUN BHIBOJ JIOTHCTUYECKOM
(YHKLINU TIOTEPB.

7. Meton onopHbIX BeKTOpoB. ONTHMMHU3ALMOHHAS 33Jaya C OIpPaHUMYEHUSIMM B BHUJIE HEPAaBEHCTB U
oe3ycnoHas. Omopuele BekTophl. Kerneltrick. Ontumuzanmonnas 3amgaqa B S3VM u SVR. SVM u
Oecrpu3HaKoOBOE MallIMHHOE 00ydYeHrEe Ha TpuMepe siaep rpadoB U KiaccupuKauy BepinH rpada.

8. 3amaya CHMKEHHSA Pa3MEPHOCTH IMPOCTPAHCTBA NPU3HAKOB. Mest mMeroga TIIaBHBIX KOMIIOHEHT
(PCA). Cra3p PCA u cuHTynsipHOTO pasiokeHus: Marpullpl npu3HakoB (SVD). Beruncnenne SVD B
MIPOCTPAHCTBAX BHICOKOW Pa3MEPHOCTH METOIOM CTOXacThu4eckoro rpaauenta (SG SVD).

9. MHuoromepHas JMHelHas perpeccus. ['eomeTpuieckuil U aHaNIUTUYECKUN BbIBOJ. Perymspuzanus B
3amaye perpeccud. Hemapamerpuueckas perpeccus. ®opmyna Hanapas-Barcona. Perpeccuonubie
JIepEBbA.

10. BaitecoBckas knaccuuranusi u perpeccusi. OyHKIMOHAN pUcKa U QyHKIHMOHAI CPETHEro pUCKa.
OntuManbHbIN OaliecoBckuii kiaccuukaTop U TeopemMa 0 MUHUMH3AIMK CpeHero prcka. HanBHbIH
0aliecOBCKUIl KilacCU(pHUKATOP.

11. BoccraHoBieHHE TUIOTHOCTH: TMapaMETPUYECKH | HemapaMeTpHuecKuil moaxon. Meroxq
nap3eHoBckoro okHa. [lapamerpuueckuii MoAXoA Ha MpUMEPE HOPMAIBHOTO JIUCKPUMHHAHTHOTO
aHanu3a. JIunelnslil quckpuMuHanT Ouiepa.

12. 3agaya NPOTrHO3MPOBAHUS BPEMEHHOTO psiJa, NPUMEpPHl 3a4ad. AJaNnTUBHBIC aJTOPUTMBI
[POTHO3UPOBAHMS:  SKCIOHEHUMAJbHOE  CINIaXKuBaHue, Monenu  bpayna,  Telina-Beimxa,
Xonbra-Bunrepca. [lpenmyiiecTsa u HeJOCTATKU aJallTUBHBIX AJITOPUTMOB ITPOTHO3UPOBAHMSL.

13. Mogenu ARMA, ARIMA, a Takxe perpecCHOHHbIE METOJbl PEIIeHHs 33Ja4l MMPOTHO3UPOBAHUS
BpEeMEHHOro psaa. KoMmmosumum amanTWBHBIX alrOPUTMOB: ceiekuus, kommosunus, JIABP,
arperupyrouui airopuTMm.

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

[Tpumep sK3aMeHAIMOHHOTO OMITeTa:

1. Pemaroriye criucKu: MPUHIUIT paOOTHI, CXeMa alrOpUTMa MOCTPOEHUS Mo oOydaromiel BhIOOpKE,
CTpaTeruy BpIOOpA KIAcCOB MpH MocTpoeHun. [IpuMepsl 3a/1a4, He peniaeMbIX PeIaroIIiMHU CIIACKAMHU.
2. Meton omopHbIX BekTopoB. ONTHUMH3AIMOHHAS 3a]ladya C OTPAaHUYCHUSIMHA B BHUJIC HEPAaBEHCTB M
oe3ycnosHas. Omopaeie BekTophl. Kerneltrick. Onruvmsanonnas 3amada B S3VM u SVR.

3. Jloructuyeckas perpeccus. [IpuHImMI MakcuMyma TpaBIonoAo0us u jorapudmudeckas QyHKIUS
norepb. MeToJ] cTOXacTU4eCKOro TpaJIueHTa B IOTUCTUIECKON PErPECCHH.

Kpurepun onennBanus

Onenka ommyHO 10 OamioB - BBICTABISIETCS CTYACHTY, IIOKa3aBIIEeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 00OCHOBAaHHE
HPUHATHIX PELLICHAMN.

Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka OmIMYHO 8§ Oa/uIOB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.



OHGHKa XOpouIo 7 0alI0B - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, yMeCcT NPUMCHATH IIOJIYUCHHBIC 3HAHWA Ha IMPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOpo1Io 5 0aIoB - BEICTABISAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MaTCpuall, rpaMOTHO
" IO CYHICCTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IIPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OneHka ymoBIETBOPUTENbHO 4 Oaiya - BBICTABISIETCS CTYIEHTY, MOKa3aBIIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieiibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEeHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

OreHka yIOBICTBOPUTEIbHO 3 Oamia - BBICTABISIETCS CTYICHTY, MOKa3aBIIEeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B M3JIOKEHUH IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMmbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1rieHKa HEYIOBIECTBOPUTENBHO 2 0aluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(bOpMyITHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THIIOBBIX 33]1a4.

OueHKa HEyIOBJIETBOPUTENBHO | 0aii - BBICTABISCTCS CTYACHTY, KOTOPbIH HE 3HAET OCHOBHOIO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITupoBKax
0a30BBIX HOHATHH JUCLHUILIMHBI U BOOOIIE HE MMECT HAaBBIKOB PEIICHHS THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

[lpu mpoBeneHnn sk3amMeHa oOyudaroremycsl npeaocrasisercs 30 MHHYT Ha ToAroToBKy. Ompoc
oOyyaromierocs o OuieTy He O0JHKEH NPEeBBIIATh ABYX aCTPOHOMHUYECKUX YacOB.

Bo BpCEMs IMPOBCACHUSA SK3aMCHaA o6y%uomneca MOTYT ITOJIb30BATbC nporpaMMoﬁ JAUCIUITIIMHBI.



