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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
2IPOKOCMHYECKUX TEXHOJIOTHIi

C.C. HeroasieB

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

Mo JMCHUIJINHE: MammaHOe 00y4eHne

10 HANIPABJIEHMIO: WNudopmarika v BEIYUCIUTENLHAS TEXHUKA

npo¢uib NOATOTOBKHU: IIporpaMmHast HHXEHEPUS
IepeaoBasi UHKXEHEPHA IIKOJa PaJloJIOKAMK, PaJIUOHABUTallUH U IPOTPaMMHOU
HWHXKCHCPUU
Kaq)e;[pa TEXHOJIOTHH HOPOCKTUPOBAHUSA CIIOKHBIX TCXHUYCCKUX CUCTCM

Kypc: 4

KBAJM(PUKAIMA: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
7 (ocennuit) - JInddepeHnmpoBaHHbIi 3a4eT

8 (BeceHHHUI) - DK3aMeH

AynutopHbIxX yacoB: 120 Bcero, B TOM 4ucIe:
nexuuu: 0 yac.
cemuHapsl: 60 gac.
nabopatopHbie 3aHsaTus: 60 yac.

CamocrositenpHas pabora: 165 gac.
[ToaroroBka x sx3ameny: 30 yac.
Bcero gacos: 315, Bcero 3au. en.: 7

KonmnuecTBo KOHTpONBHBIX padoT, 3ananuil: 4

[Iporpammy cocrasuin: K.B. BopoHios, kanj. ¢pus.-mar. Hayk, nmpodeccop

[Iporpamma obcyxeHa Ha 3aceqanuu Kadenpbl TEXHOIOTUN MPOSKTUPOBAHUS CIOKHBIX TEXHUYECKUX CHCTEM
04.06.2020



AHHOTANMA

JucuurumHa "MamuHHOe oOyueHue" HampaBieHa Ha (QOPMUPOBAaHUE Yy CTYJACHTOB TEOPETUYECKUX U
MPAaKTUYECKUX 3HAHUS B 00JacTu 0Oy4eHHUs! MAIIMH, COBPEMEHHBIX METOIOB BOCCTAHOBJICHUS 3aBUCUMOCTEH
10 SMIIUPUYECKUM JTaHHBIM, BKJIIOYAs TUCKPUMHHAHTHBIN, KIIACTEPHBIA M PErPECCHOHHBIN aHaJIN3.

1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

- C(I)OpMI/IpOBaTB TCOPCTUYICCKUC U MTPAKTUYCCKUC 3HAHUA B obmacTu O6y‘-ICHI/I$I MalinH, COBPCMCHHBIX
METOJ0B BOCCTAHOBJICHUSI 3aBUCUMOCTEH I10 SMIIMPUYCCKUM JaHHBIM, BKJIHO4Yasd HHCKpHMHHaHTHLIﬁ,

KJIACTEPHBIN U PErpPEeCCUOHHBIN aHAJIH3.

33]13‘[1/[ JAUCHUIIINHBI

- IPaBUJIBHO (POPMYIIMPOBATh 33a4y B TEPMUHAX MALTHHHOTO O0YUYCHHUS;

- OBJIAZICTh HABBIKAMU MPAKTUYCCKOI'O PCHICHUA 3a/1a4 MHTCIUICKTYAJIbHOTO daHAJIN3a JJaHHBIX.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($91474:0)11170,€ KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMH

I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-2 CriocobeH ucronb30BaTh COBPEMEHHbBIE
MH(OPMAIIMOHHBIE TEXHOJIOTHU H
IPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IeSTeIBHOCTH, COOTIoas
TpeboBaHus HHPOPMAIIMOHHON 0€30MacHOCTH

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTENIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHeT B
obmactu (cdepe) mpodeccrnoHaTHLHON AEATSIIEHOCTH

OIIK-2.2 3naer u yMeeT TPUMEHATH YHCIIEHHBIC
MareMaTH4ecKue METOAbl W MNPHUKIAJHOE MPOrpaMMHOE
obecrieueHMe I PEUIEHWs  HAay4yHBIX  337ad B

npodeccruoHanbHOM 00IacTH

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS MHPOPMALMOHHOU
0e30macHOCTH

OIIK-3 CriocobeH cocTaBisITh U 0QOpMIISTH
Hay4HbIC U (UJIM) TEXHUYECKHE
(TEeXHOIOTHYECKUE, MHHOBAITMOHHBIC) OTICTHI
(my6nuKanym, MPOeKTHI)

OIIK-3.1 3Haer ocHOBHBIE TpaBwiIa OGOPMIICHHS HAYYHBIX
MyOIMKAMi U HAYYHO-TEXHUYECKOH TOKYMEHTalWH, B TOM
YHUCIE€ C MCHOJIb30BAaHMEM MPUKIAJHOTO IPOrPAaMMHOTO
o0ecrnieyeHHs

OIIK-3.2 Brnageet Ha MpakTHUKE METOMOJIOTHEH COCTABICHUS
HAYYHO-TEXHUYECKHUX OTYETOB (IIPOCKTOB)

OIIK-3.3 Bnazmeer MeTogaMu BU3yalbHOTO U TpauuecKoro
MPEICTABICHUS PE3yNbTaToB Hay4HOM
(Hay4YHO-TEXHUYECKON, MHHOBAIIMOHHONW TEXHOJIOTHYECKON)
JESITEIbHOCTH B BUJIE OTYETOB, HAyYHBIX ITyOIMKaLIUT

OIIK-4 CriocoOeH oCyIIeCcTBIATE COOp U
00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON HH(POPMAIHH JIJIsl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJHBIX 33129

OIIK-4.2 3HaeT OCHOBHBIE UCTOYHUKU HAyYHO-TEXHUYECKOU

u (W) TexHoJOorMYeckod wuHpopManmuu B OONACTH
npodecCHOHAIBHON IS TeTbHOCTH
OIIK-4.1 Brnageer weTromaMM Hay4HOrO TIOMCKa |

MHTEJUICKTYaJbHOTO aHaln3a MH(OPMAIMH IPH PEUICHUU
3a7a4 npodeccHoHaIBHOM IesITeNbHOCTH

OIIK-4.3 VYMmeer cocTaBiATh aHHOTAlMM, pedeparsl,
oubnuorpaduyeckue mepeyHr W 0030pbl WHPOpPMALIUU B
o0sacTu cBoei mpoeccuoHaIbHOM e TeIbHOCTH

OIlK-4.4 Bnaneer HaBbIKaMU pPabOTHI C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMU CETAMU C LIEJIBIO MOMyYEHUsI, XpaHEHUS U

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U MPUKIATHBIX
HCCIIeJOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,

00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOM)
uHpopMannun

OIIK-5.3 CnocobeH k mpo¢eCCHOHANBHON 3KCILTyaTalun
COBPEMEHHOMN 3KCIIEPUMEHTAIbHOMN
Hay4YHO-HCCIICI0BATEIBCKOM
(M3MEpUTENHHO-aHATUTHYECKOH M TEXHOJOTHYECKOM)

anmaparypsl




MaTeMaTHYEeCKHE METOBI MCCICIOBAaHUN 1 OIIK-5.2 O6mamaeT cHOCOOHOCTBIO K OCBOEHHIO HOBEIX
paboTars Ha COBPEMEHHOM SKCIIEPUMEHTAIILHOW [3HAHUHA HAa OCHOBE M3YyUYEHUs JIUTEPaTyphl, HAyUHBIX CTaTeH

HAay4YHO-HCCIIEI0BaTEIbCKOM, U JIPYTUX UCTOYHUKOB
M3MEPUTENIbHO-aHATTUTHIECKOH 1 OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
TEXHOJIOTUIECKOI aIlaparype) obnmactu TEOPETUYECKUX u JKCIEPUMEHTAJIbHBIX

HCCIICAOBAaHMH U pa3paboToK

3. IlepeyeHb MVIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHS 110 AMCHUILINHE (MOXY.II0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00y4alOIINeCs JOIKHbI
3HaTh:
- OCHOBHBIE NIPUHIMIIEI U TPOOIEMATUKY TEOPUU 0OYUIEHHUS MAIlUH;
- OCHOBHBIE METO/bI U AJITOPUTMBI PEIICHNUS 3a1a4 00yUeHHS 0 MPELEACHTaM;
- OCHOBHBIE 00JIACTH NPUMEHEHHS ITUX METOJOB U aJTOPUTMOB;
- Kiaccu(puKaH, KJacTepu3allu U PerpecCHu.
YMETh!
- (hopManM30BaTh MOCTAHOBKH MPUKIAJHBIX 33/1a4 aHAJIN3Aa IaHHbIX;
- ACINOJIB30BATh METOBI OOYUEHUS 110 IpeLeleHTaM Ul PeICHHS TPAKTUIECKUX 3a/1ay;
- OLIEHMBATh TOYHOCTh M 3P(PEKTUBHOCTH MOTYUEHHBIX PEIICHHH.
BJIaJIETh:
- OCHOBHBIMH HOHSTHSAMH TEOPUU MAIIMHHOTO O0Yy4EHMUS;
- HaBbIKAMH CaMOCTOATEIBHOM paboThl IPH PEeIICHUH TUIIOBBIX 3a7ad;
- KyJIbTypO# IOCTAaHOBKU ¥ MOJICIMPOBAHUS IPAKTUUECKU 3HAUMMBIX 3a/a4;
- HaBBIKAMH TEOPETHYECKOTO aHAIIM3a PEAIbHBIX 3a7a4, PEIIaeMbIX C IIOMOIIBIO aJITOPUTMOB O0yUYCHHUS
IO IIpeLeACHTaM.

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

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

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| OcHOBHBIE ~ INOHATUA U IPUMEPHI 6 4 12
MPUKJIAIHBIX 33724
) Jlornueckue MeTombl KiaccU(UKALUH. 6 4 24
I'paguenTHbIC METO/IBI O0Y4EHUS
3 Meron OIIOPHBIX BEKTOPOB. 6 6 14
MHoromepHasi TUHEHHas perpeccust
Henuneitnas perpeccus.
4 [Iporno3upoBaHue BpEMEHHBIX PSIOB. 6 ] 13
Kputepun BbiOOpa Momeneid u MeTOIbI
0TOOpa MPU3HAKOB
baiiecoBckas knaccuduranus u
5 olLIeHUBaHME IUIOoTHOCTU. Knacrepuzanus 6 3 12
u  vactuyHoe  oOyudeHue.  [lomck
ACCOLMATUBHBIX MPaBUII
6 Heliponnble cetu. HelipoHHBIE ceTH 6 6 15
TyOOKOTO O0y4eHUs
7 Jluneiinbie KOMIIO3UIIUHU, OYCTHHT 4 4 12
OBpHUCTUYECKUE, CTOXaCTUUYECKUE,
8 HEeJIMHEHHBIC KOMITO3HITHH . 4 6 13
PamxupoBanue




PexomennarenbHble CUCTEMBI.
9 6 4 12
TemaTnueckoe MOAETUPOBAHKE
10  |OOy4eHHe ¢ TOJKPEIUICHHEM 6 6 26
11 AkTtuBHOE 00yueHue 4 4 12
Hroro yacos 60 60 165
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 315 gac., 7 3au.ex.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 7 (OcenHuit)
1. OCHOBHBIE IOHATHUS U IPUMEPHI NPUKJIAIHBIX 33134

* IlocranoBka 3aaa4y 06y‘{6HI/I$I o nmpeucacHTam. OOBEKTH U MNPpHU3HAKU. Tuner mkam: 6I/IHapHI:Ie,
HOMHHAJIbHBIC, MTOPAAKOBBIC, KOJIMYCCTBCHHBIC.

 Twumnsl 3a7a4: KIaccUPUKALM, perpeccus, IPOrHO3UPOBAHKE, PAHKHUPOBAHHE.

*  OCHOBHBIC MOHSATHS: MOJEIH AJITOPUTMOB, METO OOy4eHUs, (QYHKIHS MOTeph U (PyHKIMOHAT
KadecTBa, MPUHIIMIT MUHUMH3AIMY SMITMPUYECKOTO PUCKa, 00001Iato1as crocoOHOCTb, CKONB3SIINT
KOHTPOJIb.

. JluHeiHbIE MOJENM perpeccud W Kiaccuukamuu. MeTox HaWMEHBIIMX KBaJIpaToB.
[TonuHOoMMaNBbHAs perpeccust.

 Ilpumeps! NpUKIIAAHBIX 3aad.

® MeTtonuka SKCICPUMEHTAJIIBHOIO HCCJICAOBAaHUS W CPABHCHUA aJITOPUTMOB Ha MOACJIBHBIX U
pCalbHbIX JaHHBIX.

» Konkypcsl o ananuzy nansbix kaggle.com. I[lonuron anroputMoB kiaccupUKaIyy.

. CRISP-DM — wMexoTpaciieBoil CTaHIapT BEACHUS MPOEKTOB HMHTEIUICKTYaJIbHOTO aHaJIu3a
JAHHBIX.

Mertpudeckre MeToabl KilacCu(UKALUU U PErpeccuu

* J'Unore3sl KOMIAKTHOCTH U HENPEPHIBHOCTH.

* OO00OUIEHHBII METPUIECKUI KITACCHUPHUKATOP.

» Meron Ommxaiimx coceneit KNN u ero o606menwst. [Togdop uncia k mo kpurepuro CKoJb3s1IIero
KOHTPOJISL.

* Merton okHa I[Tap3eHa ¢ MOCTOSHHOMN M IEPEMEHHON IMUPUHOM OKHA.

* Meroa moTeHUMANbHBIX (PYHKIHHA U €ro CBA3b C JIMHEHHON MOJIENbIO KiIacCCH(PHUKALINH.

. Henapamerpuueckast perpeccus. JlokanbHO B3BELICHHBIM METOJ HaWMEHBIINX KBaIparoB.
SnepHoe criiaxuBaHUeE.

* Ouenka Hanapas-BarcoHa ¢ mocTosIHHOM 1 iepeMeHHON mupruHoi okHa. Beibop dyHkuuu sapa.

» 3agava orceBa BIOpocoB. PobacTHas Hemapamerpudeckas perpeccusi. Anroputm LOWESS.

» 3agava orOopa 3tanoHoB. [loustue orcryna. Anropurm CTOJIIL

* 3agava orOopa npu3HaKoB. JKaJHbIN aqTOPUTM MTOCTPOCHUS METPUKH.

2. Jlornyeckue METO/IbI KIacCUPHUKAMU. [ palueHTHBIE METO/IbI O0yUCHHS

Jlornueckne MeTozbl KIacCupHUKaLIK

» [loHATHE JIOrMYECKON 3aKOHOMEPHOCTH.

» [lapamerpuueckue cemeiicTBa 3aKOHOMEPHOCTEMN: KOHBIOHKIIUY I0POTOBBIX IIPaBUJl, CUHIPOMHbIE
MpaBUIIa, MIapkl, THIEPIIIIOCKOCTH.

. [lepeGopHble anrOpuTMbl CHHTE3a KOHBIOHKLMH: CTOXaCTHMYECKUH JIOKAIBbHBIA IIOHCK,
cTabuIM3anus, peayKIius.

» JIByXKkpuTepuaIbHBIH 0TOOP MHPOPMATHBHBIX 3aKOHOMEPHOCTEH, MapeTO-ONTUMAIBHEI GPOHT B
(p,n)-mpocTpaHcTBE.



* Pemaromee nepeso. JKagnas HHCXOASAIIAs CTpaTeTUs «pasfeisil U BmacTByi». Anroputm [D3.
Henocrarku xanHoii cTpateruu u cioco6sl ux ycrpanenus. [Ipobnema nepeoOydenus.

*  BeiBox kputepueB BeTBieHHA. Mepa HeuncToThl (impurity) pacnpeneneHus. DHTPONUIHBIHN
KpuTepuid, Kpurepui [[xuHu.

* Pexykums pemrarommx AepeBbeB: NMpeApeayKIus u noctpenykuus. Anroputm C4.5.

» Jlepesbs perpeccun. Anroputm CART.

» HeOpexnble penratomnue epeBbs (oblivious decision tree).

* Pemaronmii tec. Cnyuaiinsiii tec (Random Forest).

@DaKyJIbTaTUB

»  CrarucTu4eckuii Kputepuii MHPOPMATHBHOCTH, TOYHBIN TecT @umepa. CpaBHeHHe obnactei
IBPUCTUYECKUX M CTAaTUCTHUYECKUX 3aKOHOMEPHOCTEM. ACHMIITOTHYECKAs OSKBUBAJIEHTHOCTH
CTaTHCTHUUECKOTO M AHTPONMHHOrO KpuTepus HHPOpMaTuBHOCTH. Pa3HooOpasme Kpurepues
UH(POPMATUBHOCTHU B (P,N)-IIPOCTPAHCTBE.

* Pemaromumii nenb. bunapuzanus npusHakoB. AJTOpUTM pa30HeHUs: 00JacTy 3HAYCHUH MpU3HAKa
Ha NHPOPMATHUBHBIC 30HBI.

* Pemarommii crincok. JKagHblii aqroputM CUHTE3a CIIUCKA.
* IIpeoOpa3oBaHne pemaromero AepeBa B pelaronii CIIUCOK.
I'papgnenTHbIC METO/BI O0Y4EHUS

. Jlunelineii knaccupukarop, moxenb MakKamnoka-Ilurrca, HenmpepbIBHBIC AammpoOKCUMAIHH
MOpPOTOBOH (PyHKIIMH MOTEPB.

» Merton croxactuueckoro rpagueHTa SG.
» MeTox croxacTuueckoro cpemnero rpaguerTra SAG.

*  Yacrable ciaywau: amantuBHbIM JmHeiHbIH snemeHT ADALINE, nmepcentpon PoszenOmarra,
npasmiio X300a.

* Teopema HoBukoBa o cxonumocTtH. Jloka3aresnbcTBo TeopeMbl HoBukosa

. OBpPUCTHKH: WHUIMATN3AIMs BECOB, MOPSAAOK MPEABSBICHHUS OOBEKTOB, BHIOOpP BEITUYMHBI
TPagueHTHOrO II1ara, «BBIOMBAHME) U3 JOKAIEHBIX MUHUMYMOB.

*  IIpoGnema MyIBTUKOJUIMHEAPHOCTH M IEpeoOydYeHHS, PEryiaspu3alids WIA PEIyKLIUs BECOB
(weight decay).

* BeposTHOCTHAs MOCTaHOBKA 3a/1a4 Kiaccupukanuu. [IpuHIMn MakcuMyMa mpasIonoaoous.

* BeposiTHOCTHAst HHTEpIPETALUs PETYIAPU3aLUI, COBMECTHOE NPABIONOA00ME TAaHHBIX U MOJEIIH.
[IpuHIMI MakcUMyMa arnoCcTEpUOPHON BEPOATHOCTH.

» T'ayccoBCKHUI U JIAIIACOBCKHM pETyNIIpU3aTOPBHI.

» Jloructuyeckas perpeccus. [IpuHiun MakcumyMa npaBaonofgo0ust u jorapudmudeckas GyHKIUS
notepb. MeTo CTOXaCTHYECKOTO IpafueHTa Ajs jJorapupmuueckoil pyHkiuu norepb. CriiaxkeHHOE
npaBuiio X300a. MHoOrokmaccoBasi JorUCTHYECKas: perpeccus. PerynspusoBaHHasl JOTHCTHYECKAS
perpeccust. Kanubposka Ilnarra.

3. MeTox onopHBIX BEKTOPOB. MHOTOMEpPHAs TUHEIHAs perpeccus

Mertoz OOpHBIX BEKTOPOB
» OnrtumanbHas pa3JeNsonas THIepIuiockocTh. [ToHsTHE 3a30pa MeX Ty Kiaccamu (margin).

. Cnydyan JWHEWMHOW pa3fgeNTuMOCTH M OTCYTCTBHUS JIMHEHHOW pazgenuMoctu. CBa3p C
MUHUMH3ALHUEH PEryIsipu30BaHHOTO SMITUPUIECKOTO prcka. KycouHo-nuHelHas GyHKUIUS TOTEPh.

. 3amaya KBaJpaTUYHOTO NPOTPAaMMHPOBAHMS W JBOMCTBEHHAs 3amada. [lOHATHE OMOPHBIX
BEKTOPOB.

* Pexomennanuu 1o BeiOOpy koHCTaHTHI C.

» @ynxkmus spa (kernel functions), cnpsimiisroriee mpocTpaHcTBo, Teopema Mepcepa.

* Cnoco0bl KOHCTPYKTUBHOTO IocTpoeHus siaep. Ilpumeps! saep.

* SVM-perpeccus.

» Perymsipuzanuu s or6opa npusHakoB: LASSO SVM, Elastic Net SVM, SFM, RFM.

* Merozx peneBaHTHBIX BEKTOpoB RVM

MHoromMepHas JTMHEHHas1 perpeccus

* 3azmaya perpeccuu, MHOTOMEpHas JINHEHHAs perpeccHs.

* Meron HaMMEHBIIUX KBA/IPATOB, €T0 BEPOSITHOCTHBIN CMBICI U TEOMETPUYECKUN CMBICI.
* CuHryIsIpHOE pa3lioKeHue.



* [IpoGneMbl MyJIbTUKOJITMHEAPHOCTH U IIEPEOOyUCHHUSI.
* Perymspuszauus. ['peGHeBast perpeccus 4epe3 CHHTYIISIPHOE pa3iIoKeHHUE.

. Mertonel otoopa mnpusHakoB: Jlacco TuOmmupanu, Elastic Net, cpaBHeHue c¢ rpeOHEBOU
perpeccuei.

* Meron mIaBHBIX KOMIIOHEHT U JieKoppenupytomiee npeodpaszoBanue Kapynena-Jlossa, ero cBsizb ¢
CUHTYJISIPHBIM Pa3JIokKEHUEM.

* CrexTpanbHBIH MMOIX0 K PEIICHUIO 33/1a91 HAUMEHBIITUX KBaIPaToB.
* 3amadd ¥ METOABI HU3KOPAHTOBBIX MAaTPUYHBIX Pa3JIOKEHUH.

4. Henunuelinas perpeccus. [IpornosupoBanne BpeMEHHBIX psijioB. Kpurtepuu BhIOOpa Mojenei u
MeTOAbI 0TOOpa MPU3HAKOB

Henuneitnas perpeccus
» Meton Herorona-Padcona, metox Herotona-I"aycca.

*  O6o6ménnas agmutuBHas monenb (GAM): meron HacTpoiiku ¢ Bo3BpauieHusMu (backfitting)
XacTtu-Tubnmpanu.

» Jloructuueckas perpeccus. MeToJ HAMMEHBIINX KBAaJIPaTOB C UTEPATHBHBIM IEPECUETOM BECOB
(IRLS). ITpumep npukiagHON 3a1a4n: KpeIUTHBIA cKOpuHT. bruHapuzanus npuznakoB. CKOPUHTOBBIE
KapThbl U OLICHUBaHHUE BEPOSTHOCTH AedonTa. Puck kpenutHoro noprdens 6aHka.

* O0600ménnas nuneitHas Mmoaesb (GLM). DkcrioHeHIIMaIbHOE CEMENCTBO pacipeaeIeHHA.

*  HexkBagparnynaeie (QyHKIMH MOTeph. MeToJ HaMMEHBIIMX Mopayiel. KBaHTWIIbHAs perpeccus.
[Tpumep npukaagHON 3a1a4M: MPOTHOZUPOBAHKE MTOTPEOUTENHCKOTO CIPOCa.

* PoGacthas perpeccust, GyHKIMH TOTEPb C TOPU30HTAIBHBIMU ACUMIITOTAMH.
[IporaosupoBaHue BpEMEHHBIX PsI0B
* 3ajada IPOrHO3UPOBAHUSI BPEMEHHBIX pA0B. [IpuMeps! NpuiloKeHUH.

*  DKCIIOHEHIMAIbHOE CKoyb3smiee cpeanee. Moaens Xonbra. Monens Teiina-Beimka. Monenb
XomnbTa-YuHTepca.

* AanTUBHAs aBTOPETPECCUOHHAS MOJENb.

» Crnepsiimuii KOHTPONBHEIN curHaN. Mopens Tpurra-Jlnya.

* AmanTuBHAS CENCKTHUBHAS MOACIL. AJANTUBHAS KOMIIO3UIIUS MOACICH.
+ JlokanbHas aganTanus BECOB C PEryisapu3anuci.

Kpurepun Bei6opa Mozeneil 1 MeTobl 0TOOpa MPU3HAKOB

* Kpurepun kadecTtBa KiIacCHU(pUKAIMU: YYBCTBUTEINBHOCTHh M crienuduuHocTh, ROC-kpuBas u
AUC, tounocts 1 nonnora, AUC-PR.

* BHyTpeHHUE U BHELIHUE KPUTEPUU. DMIUPUIECKUE U aHAIUTHUECKUE KPUTEPUH.

. CKonp3s1IMH KOHTPOJIb, PAa3sHOBUIHOCTU SMIMPUYECKUX OLEHOK CKOJIB3SIIETO0 KOHTPOJIS.
Kpurepunii HeIpOTHBOPEUUBOCTH.

. Pa3HOBUAHOCTH aHAJIWTHYECKUX OLEHOK. Perymapuzanus. Kpurepmii Axaumkxe (AIC).
BatiecoBckuit nnpopmanmonnstii kputepuit (BIC). Onenka Banuuka-UYepBoHeHKHCA.

* ArperupoBaHHbIE U MHOI'OCTYIIEHUATbIE KPUTEPUU.

» CrnoxHOCTb 3aJ1auu 0TOOpa npu3HakoB. [lonHbI epedop.

* Meron no6aBieHus U ylaieHus, IaroBas perpeccusi.

* [louck B iIyOWHY, METOJ] BETBEW U IPAHUII.

* VYceu€HHBIN MOUCK B MIMPUHY, MHOTOPSAIHBIA UTEPALIMOHHBIN anroput™ MI'YA.
» Tenernueckwuii anroputM, ero cxoactso ¢ MI'VA.

* Cnyuaiineiii nouck u Ciyvaiineiii nouck c aganranueit (CITA).

5. BaiiecoBckas kinaccuukanus 1 olleHUBaHUE IUIOTHOCTH. Kitactepuzaiius u 4acTH4HOE 00y4eHHE.
ITonck acconMaTUBHBIX MPaBUII

baiiecoBckas Knaccn(’pm(auna 1 OIICHUBAHUC ITIJIOTHOCTHU

 [IpuHIMI MakCUMyMa allOCTEPUOPHOM BEPOATHOCTH. Teopema 00 ONTHMAIBHOCTH 0alieCOBCKOTO
Kiaccudukaropa.

* OreHHBaHKE IUIOTHOCTH PACIIPE/ICIICHUS: TPU OCHOBHBIX MTOAXO0A.
* HawuBHblii GaiiecoBckuil KitaccupuKarop.



. Henapamerpuueckoe  oOLiEHUMBaHME  IUIOTHOCTHU.  SlnepHas  OLEHKa  IUIOTHOCTH
[Tap3ena-Pozenbnarra. OnHOMEPHBIM 1 MHOTOMEPHBIN CITy4aH.

* Merozn nap3eHOBCKOro okHa. BeiOop ¢yHkuuu siapa. BeiOop mupuHbl OKHA, IEpeMeHHas! IHPHHA
OKHa.

» [lapamerpruueckoe OLEHUBAHUE TUIOTHOCTU. HOpMaJIbHBINA JUCKPUMUHAHTHBIN aHAIU3.

*  MHzoromepHoe HOpMalbHOE paclpeielieHue, reoMeTpruuecKasl WHTeprperanus. Brioopounble
OLICHKH MTapaMeTPOB MHOTOMEPHOTO HOPMAJIEHOTO pacIpeeICHusI.

* KBagpatuunslii TUCKpUMUHAHT. Buj pazpensronieil noBepxHOCTH. [10CTaHOBOUHBIN aIrOpuUTM,
€r0 HEJIOCTATKH U CIIOCOOBI UX YCTPaHCHHUS.

» Jlunelinblii quckpuMuHaHT Ouiepa.

. [TpoGieMbl MyNBTUKOIIMHEAPHOCTH W mepeoOyueHus. Perymspusanns KoBapHAIllMOHHOM
MAaTpHIIbI.

 [lapamerpuueckuii HauBHBIN OalleCOBCKHIA KiaccupukaTop.

» CwMmech pacrpe/ieieHHiA.

* EM-anroputM Kak METOJ MPOCTHIX UTEPALMH ISl pEIIEHHS] CHCTEMbI HETMHEMHBIX YpaBHEHUM.

» Bri0op uncia komnoHeHToB cMecH. llomarosas crparerus. AnpruopHoe pacrpenenenue Jupuxie.

*+ CMmecb MHOTOMEpHBIX HOpPMAalIbHBIX pacrpeneneHuid. CeTb paauanbHBIX 0a3UCHBIX (YHKLUN
(RBF) u npumenenne EM-anroputma 11t €€ HaCTpOUKH.

* CpaBuenue RBF-cetn 1 SVM ¢ rayccoBCKUM sS,IpOM.

Knacrepuzanus u yactuuHoe 00yueHne

* IlocranoBka 3aaun kiactepusanuy. [IpuMepsl MpUKIaIHbIX 33729, THIIBI KIIACTEPHBIX CTPYKTYP.
» TlocranoBka 3amaun Semisupervised Learning, mpumepsl MPUIOKESHUH.

* OnTUMHU3aIMOHHBIE TOCTAHOBKY 3a/]1a4 KJIACTePU3aIlMK U YACTUYHOTO 00yUYEHUSI.

» Anroput™ k-cpenanx u EM-anroputm jams paszeneHusl rayCCOBCKOH CMECH.

. I'pacdoBeie anropuTMbl KiacTepu3anud. BbieneHne CBS3HBIX KOMIOHEHT. Kpardaimmii
HE3aMKHYTBIN IYTb.

» Anroputm ®OPIJL

» Anroputm DBSCAN.

* AmiomeparuBHas kiacrepuzanus, Anroputm JlaHca-BuiibsiMca 1 €ro yacTHBIE CIydau.
* AJTOpUTM MOCTPOEHHS ACHAPOrpaMMbl. OTpeeneHne yicia KiIacTepoB.

»  CgoiicTBa CKaTHs/pacTsDKEHUs,, MOHOTOHHOCTH M pelyKTHBHOCTH. IlceBmokon penyKTHBHOM
BEpPCUU AITOPUTMA.

* [IpocTble 3BpUCTHYECKUE METOBI YaCTHYHOTO 00y4deHus: self-training, co-training, co-learning.
* TpaHCAYKTHBHBIN METO/ OMOPHBIX BEKTOPOB TSVM.

. Anroputm Expectation-Regularization Ha 0OCHOBE MHOTOKJIACCOBOW pETyISIPU3UPOBAHHOM
JIOTUCTUYECKON pEerpeccuu.

ITouck ACCOINMATUBHBIX MTPaBUJI
» Ilonstue ACCONMATUBHOIO MMpaBuJia U €ro CBA3b C IIOHATHUCM JIOTHYECKOM 3aKOHOMCPHOCTH.

° HpI/IMepBI OPUKIIAAHBIX 3a4a4: aHaJlu3 PbBIHOYHBIX KOP3WUH, BBIACJICHUC TCPMHUHOB U TCMATHUKU
TCKCTOB.

. AnroputMm APriori. JlBa dJTama: MOWCK YacThIX HA0OPOB W PEKYPCHUBHOE IOPOXKIACHUE
accOLMATUBHBIX paBWII. HelocTaTky v My TH yCOBEPIICHCTBOBAaHHS anroputMa APriori.

» Auroputrm FP-growth. [lonarus FP-nepeBa u ycnoBHoro FP-nepesa. J[Ba sTamna moucka 4acTbIX
HabopoB B FP-growth: moctpoenne FP-nepeBa u pekypcuBHOE MOPOXKICHUE YACTHIX HAOOPOB.

» OOmiee mpejcCTaBlIeHHE O JUHAMUYCCKUX U HEPAPXMUCCKUX METOAAX IMOMCKA aCcCOIMATHBHBIX
TIpaBUIIL.

Cemecrtp: 8 (Becennuit)
6. Heiiponnsie cetu. Hefiponnsle cetu riry6okoro oOydeHus

Heiiponnsie cetu

» buonorunueckuii Heitpon, moaens MakKamnnoka-IIurrca kak nuHelHbl kKnaccudukaTop. OyHKINN
aKTUBALUH.

» IIpobnema momHOTHL. 3aa4a UCKIIIOYAOMIETo Wi, [loMHOTa IBYXCIOWHBIX CETel B MPOCTPAHCTBE
OyneBbIX (DyHKIMH.



» Teopemsl Konmoroposa, CtoyHa, [opOaHnst (6e3 toka3arenbcTsa).
* AITOpUTM OOpPaTHOTO PacTPOCTPAHEHUS OMIHOOK.

* DOBpuctuku: GpopMHpOBaHHE HAYAIBHOTO NPUOIMKEHUS, YCKOPEHHE CXOJUMOCTH, JHaroHaIbHbINA
meton JleBenOepra-Mapksapara. [Ipobnema «mapannua» cetu.

* MeTox MocnoiHON HACTPOMKH CETH.

. [lonGop CTPyKTypbl CcETH: METOABl IOCTEIIEHHOIO YCIOKHEHHUS CETH, ONTHMAaJbHOE
MpOpeKUBaHNE HEMPOHHBIX ceTel (optimal brain damage).

* Heiiponnas cetb Koxonena. Koukypenrnoe oOyuenune, crparerun WTA u WTM.

. Camoopranmsymomascs kapra Koxonena. IlpuMeHnenue jisi BU3yalbHOTO aHaju3a aHHBIX.
HckyccTBo naTepnperanuy kapt KoxoneHa.

Hetiponnsie cetr rmy0OKOro 00ydYeHMs

. Brictprie Metonmbl croxactuueckoro rpamuenta: Ilomska, HecrepoBa, AdaGrad, RMSProp,
AdaDelta, Adam, Nadam.

 [IpoGnema B3pbIBa rpagueHTa U 3BpUcTrKa gradient clipping

*  Meron cnyvaiiHbIX OTKItOueHWH HelpoHoB (Dropout). Muatepnperanmun Dropout. OOparHbIit
Dropout n L2-perynspuszanusi.

» Oyukiuu aktuBauuu ReLU u PReLU.

. Cséprounsie Heiponnbie cetd (CNN). Cséprounsiii HelipoH. Pooling neiipon. Bribopka
pa3meueHHbBIX n300pakeHuii ImageNet.

* Unes o606menuss CNN Ha 1r00ble CTPYKTYpPHPOBaHHBIC JTaHHBIC.

*  Pekyppentnsie Heliponnbie cetr (RNN). OOyuenme pekyppeHTHBIX cereit: Backpropagation
Through Time (BPTT).

» Cern nonroii kparkoBpeMeHHO# namsat (Long short-term memory, LSTM)
7. JluHeiHbIE KOMITO3ULIUH, OyCTUHT

. OcHOBHBIC TIOHATHS: 0a30BBI aNTOPUTM (ITOPUTMHUYECKUN OIEeparop), KOPPEKTUPYIOMmas
oreparusi.
e B3BenreHHoe roaocoBaHue.

. Anroputm AdaBoost. DkcrioHeHIManbHas amnmpoKCUMAIVsi TOPOTOBOWM (QYHKIUHM TIOTEPb.
[Ipouecc nocnenoBarensHOro 00yueHus 0a30BBIX aJrOPpUTMOB. Teopema o CXOOUMOCTH OyCTHHTA.

» OO6oOmaromas crrocoOHOCTh OyCTHHTA.

* ba3zoBsle asiroputMebl B OycTtuHre. Pemaromye nau.

» BapuanTtsl 6yctunra: GentleBoost, LogitBoost, BrownBoost, u apyrue.

* AnroputM AnyBoost.

» I'papuentHslii OycTuHTr. CTOXaCTUYECKHUM IPaAUECHTHBINA OyCTHHT.

. [Ipoctoe ronocoBanue (komuter OompmmHCTBa). Anroputv ComBoost. Wnentuduxanms
HETUITHYHBIX 00BEKTOB (BEIOPOCOB).

* IIpeoOpa3oBaHne MPOCTOTO rOJIOCOBAHUS BO B3BELIEHHOE.

* O6006mueHne Ha 00JIBIIOE YHCIIO KIIACCOB.

* Pemaromuii ciucok (KOMUTET CTapIIMHCTBA). AnroputMm oOydenusi. Ctparerus BhIOOpa Ki1accoB
JUIs1 0a30BbIX AITOPUTMOB.

8. 3BpI/ICTI/ILIeCKI/IG, CTOXaCTHYCCKUC, HCJIMHCHHBIC KOMIIO3HIINH . PaH)KHpOBaHI/Ie

9BpI/ICTI/ILIeCKI/Ie, CTOXaCTHYCCKHUC, HEJIMHCITHEIC KOMITIO3UIIN
» CroxacTHYCCKHUE MCTOOBI: OBITHHT U METOL CHy‘IaﬁHBIX noAIIPOCTPAHCTB.
° CJ'Iy‘lafIHLIfI nec. Ananms CMCHICHUS U Bapualiyu JJIs1 MPOCTOr0 roJioCOBAHUA.

» CmMech aropuT™MOB (KBa3HJIMHEHHAS KOMITO3UIHS ), 00JIACTH KOMIIETEHTHOCTH, IPUMEPHI PyHKIUIHA
KOMIIETEHTHOCTH.

. Beimyknbeie  GyHKIMH TOTeph. MeTOABI TOCTPOEHHUS CMecel: TMOCIeI0BaTeNbHbIN U
epapXu4ecKuil.

° HOCTpOeHI/Ie CMCCH AJITOPUTMOB C TIOMOIIIBIO EM—HO,Z[O6HOFO ajiropurma.

. Henuneitnass MOHOTOHHast Koppektupytomas onepanus. Cnydail knaccuduranuu. Cirydait
perpeccu. 3aaua MOHOTOHU3AIMH BBIOOPKH, H30TOHHAS pErpeccusl.

PamxupoBanue



* [locranoBka 3a/1auu 00y4eHUs paHKupoBaHuio. [IpumMeps.

* llpusHaku B 3ajaue PaH)KUPOBAHUS MOMCKOBOH BBIAAYU: TEKCTOBBIE, CCHUIOYHBIC, KIIMKOBBIE.
TF-IDF. PageRank.

» Kpurepun xauectBa pamwxkupoBanus: Precision, MAP, AUC, DCG, NDCG, pFound.
» Panrosas knaccudukanus, OC-SVM.
* Ilonapusrnii nogxoxa: RankingSVM, RankNet, LambdaRank.

9. PeKOMGHILaTGHLHBIe cucteMbl. TeMarudeckoe MOACIINPOBAHUC

PeKOMeHI[aTeJ'IBHBIC CHCTCMbI

. 3agaun  KOJUTADOpaTHBHOW  (MIBTPALMKM, TPAH3aKIMOHHBIC JAHHBIE ¥  Marpula
CYOBEKTHI—OOBEKTHI.

*  Koppensuuonusie Metoapl user-based, item-based. 3ajgada BoccTaHOBIEHHS MPOMYIICHHBIX
3HaYeHUH. Mepbl cX0CcTBa CyOBEKTOB H OOBEKTOB.

» JlaTeHTHEIC METOABI HA OCHOBEC 6I/I-KJ'IaCTCpI/I3aL[I/II/I. A.TIFOpI/ITM BperMaHa.

» JlareHTHBIE METOABI HAa OCHOBE MATPUYHBIX PA3JIOKEHHA. METON IJIaBHBIX KOMITOHEHT ISt
paspexxennbix ganHbix (LFM, Latent Factor Model). MeTon cToxacTH4ecKoro rpajicHra.

* HeorpunarenbHble MaTpuuHble pas3iiokeHHs. MeTol depenyroluxcsi HauMEHbIINX KBaJpaToB
ALS.

* Mogensb ¢ yuérom HesiBHON nHopmManun (implicit feedback).

* PexoMeHnmanmu ¢ y4éToM JOMOJHUTEIbHBIX NPU3HAKOBBIX TaHHBIX. JIMHEHHAs W KBaJpaTudHas
P J
perpeccuoHHble Moz, libFM.

*  H3mepenue kauecTBa pekomMeHaanuii. Mepbl pasHooOpasus (diversity), HoBH3HBI (novelty),
MOKpBITHSA (coverage), noraanuBoctu (serendipity).

TemaTuueckoe MOACIINPOBAHUC
° 3a;[aqa TCMATHYCCKOTO MOACIMPOBAHUSA KOJUICKIIUU TCKCTOBBIX JOKYMCHTOB.

* BeposTHOCTHBIN JIATEHTHBIN ceMaHTH4Yeckuii ananu3 PLSA. MeTtox MakcumMyMa mpaBoTIon00ws..
EM-anroputm. DnemenTtapHas uarepnperanus EM-anropurma.

» JlarentHoe pasmenienue upuxie LDA. Meron makcumMyma amoCTEpUOPHONH BEPOATHOCTH.
Cryia’xeHHas 4acTOTHAs OLCHKA YCIIOBHOM BEPOATHOCTH.

*  HebaitecoBckas muTepnperamust LDA n e€ mpeumyiectBa. PerysisipuzaTopsl paspexuBaHus,
CIIAKUBAHUS, YACTHYHOTO 00Y4EHHS.

. AnouTHBHAS peryispusalus Temarudeckux wopeneil. PerymspuzoBanusiii EM-amroputm,
TeopeMa 0 cTallMOHapHOH Touke (mpuMeHenue ycnoBuil Kapyma—Kyna—Takkepa).

» Pammonaneueiii EM-anroputm. OnnaitnoBeiii EM-anroputm u ero pacnapauieiuBaHHe.
* MynsTUMOaNBHAS TEMAaTHYECKasi MOZAEIb.

 PerynsipuzaTtopsl KilacCU(pHUKALUN U PETPECCHH.

* PerynsipuzaTtopbl 1eKOppenrpoBaHus U 0TOOpa TeM.

* BHyTpeHHME U BHEUIHHE KPUTEPUH KaueCTBA TEMATHYECKUX MOJEIIEH.

10. OGyueHue ¢ MogKperIeHuEM

* 3amaua o MHOropykoMm Oanamte. JKagHble u sncuioH-kanHble crparerud. Merog UCB (upper
confidence bound). Crparerus Softmax.

» Cpena st SKCIIEPUMEHTOB.

* AnanTuBHBIE CTPaTerMy Ha OCHOBE CKOJB3SIIUX CPeNHUX. MeTos CpaBHEHUS C MOIKPEIIICHHEM.
Meron npecneaoBaHusl.

* IlocraHoBKa 3amauuM B Cily4ae, KOIJa areHT BIMSET Ha cpedy. LIeHHOCTh COCTOSHMS Cpembl.
IlenHOCTH ACHCTBUS.

» JKannsle crparernu MakCUMU3alluy LIEHHOCTU. YpaBHEHUs ONTUMaJIbHOCTH bemiMaHa.

* Meroa BpeMeHHBIX pazHocTeit TD. Mertoa Q-o0y4eHusl.

. I'panuentnas ontummzanms crpareruu  (policy gradient). CBs3p ¢ MakcuMH3anuen
log-npaBnononobus.

. [locTanoBka 3amauyu NpH HaTUUMKM WHGOpMAMKM O Cpelde B ciaydae BbIOOpa ACHCTBUS.
KoHTeKkcTHBII MHOTOPYKHI OaH/THUT.

 JluneitHas perpeccHOHHas MOJIETb C BEpXHEH noBepuTenbHOl orneHkoi LinUCB.



* OreHrBaHKHE HOBOW CTPATErHH 1O OOJIBIIMM UCTOPHYECKUM JaHHBIM.
11. AxtuBHOE 00Oy4eHHE

» [locraHoBKa 3a/1a4u MAIIMHHOTO 00y4eHusi. OCHOBHBIE CTpaTeruu: 0TOOP OOBEKTOB U3 BEIOOPKH U
U3 TIOTOKA, CHHTE3 OOBEKTOB.

» CoMIuTMpoOBaHKE N0 HEYBEPEHHOCTH. [loueMy akTHBHOE 00yUYCHHE OBICTPEE MACCUBHOTO.

» CommuupoBaHue 1o Hecornacuio B komutere. CokpallieHne MpOCTPAaHCTBA PEIICHUH.

*  CoMIUTUPOBAHKE IO OXKUTACMOMY U3MEHECHHIO MOJICITH.

*  COMIUTUPOBAHKE IO OKHUIAEMOMY COKPAIICHHUIO OIHOKH.

* CunTe3 00BEKTOB MO KPUTECPHUIO COKPAILCHHUS TUCTICPCHH.

* BspemmBanue 10 INIOTHOCTH.

* OllcHUBaHUE KaYeCTBA AaKTUBHOTO O0yUYCHMUS.

* Bgeenenue u3yyammux JCHCTBHN B CTPATErHI0 aKTUBHOTO OOYYCHHMHU. AJITOPUTMBI g-active U
EG-active.

» [lpumeHeHue oOyueHHs C MOAKPEILICHUEM JJIsi aKTUBHOTO O00yueHHs. AKTUBHOE TOMIICOHOBCKOE
COMILTUPOBAHUE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlEHHAs! MYJIbTUMEANAIIPOSKTOPOM U KPAHOM.
6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa
1. Teopus pacnio3HaBanusi 00pa3oB : Craructuiyeckue Metoasl [ Tekcer] : yueb. mocobue asst By30B / A.
A. Haran ; M-Bo BbIcHI. U cpenH. criell. oopazoBanus PCOCP, Mock. ¢uz.-texH. uH-T .— M. : MOTU,
1988 .— 84 c. : mn. - 400 k3.

JomnonHutensHas auTeparypa

1. locToBepHBIii U TIPaBIOIOAO0OHBIN BEIBOJ] B HHTEIUIEKTYaIbHBIX cucTeMax [Tekct] / B. H. Barusn [u
ap.] - M.@uzmariut,2004

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

1. http://www.machinelearning.ru — npodeccrnonanbHbIi HHPOPMAITMOHHO-aHATUTHYECKHUI pecypc,
MOCBSIICHHBII MAIIMHHOMY OOY4eHUIO, 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, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha zamsaTusax HCTIOJIB3YHOTCA MYHBTHMeﬂHﬁHLIe TCXHOJIOTUH, BKIIFOYad ACMOHCTpAIUIO HpeSCHTaL{Hﬁ.

B nporiecce camocTosTeNbHOM PabOThl 00YYarONIHXCs TPEIIIONAraeTCs UCTIOb30BaHUE TAaKUX
nporpamMmHbIX cpeacT, kak WEKA, IPython Notebook u ap.

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



YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpsHKEHHOW caMOCTOsTENILHOM padoTHl cTyneHTa. B mporpamme
Kypca TpUBEJACHO MHHHUMAIBHO He0oOXoAMMOEe BpeMs s pabOThl CTyJAeHTa Haja TEMOHU.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— npopaboTKy yueOHOro Marepuaia (1o KOHCIICKTaM JICKIUiA, y4eOHOM U HAyYHOU JINTEpaType);

— TOITOTOBKY K MPAKTHUECKUM 3aHSATHSAM, BBIMOJHCHHUE NOMAIIHUX TEOPETHUCCKUX M MPAKTHUCSCKHUX
3aJaHUM;

— MOJTOTOBKY K UG GEPEHIIUPOBAHHOMY 3a4ETy M dK3aMEHY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: IIporpammuas nHXEeHEpHs

nepeaoBasi HHKeHepHast LIKOJIa PaJUOIOKALH, PAJUOHABUTALIMN U TPOrPAMMHON
UH)XEHEpUU

Kadeapa TEXHOJIOTUI MPOEKTUPOBAHMS CIIOKHBIX TEXHUYECKUX CHCTEM
Kypc: 4
KBaJIMpUKALUS: GakanaBp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
7 (ocennwuil) - luddepeHnpoBaHHblii 3a4€T

8 (BeceHHuit) - Jxk3aMeH

Pa3zpatGoTunk: K.B. BopoH1os, kanz. ¢pu3s.-Mar. HayK, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2 CriocobeH ucrnonbp30BaTh COBPEMEHHbBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U
MPOrpaMMHBIE CPEACTBA MIPU PEIICHUHN 33134
poheCCUOHATBHOM JIeTENILHOCTH, COOTIOnas
TpeboBaHUg MHOOPMAITMOHHOW OE30TIaCHOCTH

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

OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
MaTeMaTHYeCcKue METOAbl U IPUKIAJHOE IPOrpaMMHOE
o0ecrieyeHne Al pelIEHHs  HAyYHBIX  3aJad B

npodeccuoHaIbHON 00nacTu

OIIK-2.3 3Haer ocHOBHbIE TpeOOBaHUS WHPOPMAIMOHHON
0e30MacHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0QOpMIIAT
Hay4HbIC U (MJTM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(myOnMKanum, MpoeKThI)

OIIK-3.1 3Haer ocHOBHbIE MpaBuiIa O0GOPMIICHUS HayYHBIX
MyOIMKaUi 1 HAyYHO-TEXHUUYECKOH TOKyMEHTaluH, B TOM
YHUCcle C HCIONB30BAaHUEM MNPHUKIATHOIO TMPOrPaMMHOIO
obecrieueHus

OIIK-3.2 Brnageet Ha MpakTHUKE METOAOJIOTHEN COCTaBICHUS
HAy4YHO-TEXHUYECKHX OTYETOB (IIPOECKTOB)

OIIK-3.3 Bnageer meTogamMu BU3yaJbHOTO U TpadudeCcKOro
MIpeCTaBICHUS pe3yapTaToB Hay4qHOU
(Hay9IHO-TEXHUYECKOH, MHHOBAIIMOHHOW TEXHOJOTHYECKOH )
JeSITETLHOCTU B BUJIE OTYETOB, HAYYHBIX IMyOIHKAIINH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (HJITH)
TEXHOJIOTHYECKOH MH(OPMAIIUK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJHBIX 3329

OIIK-4.2 3HaeT OCHOBHbIE HCTOUHUKH HAYYHO-TEXHHYECKOI

u (wiM) TexHoJOrHmYeckod wuHpopMauud B OOJACTH
npodeccuoHaIBHON 1S TeTbHOCTH
OIIK-4.1 Bnameer MerogaMM HAay4yHOTO TIOMCKA H

MHTEJUICKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoOHaNbHON AEATEIbHOCTH

OIlK-4.3 VYMmeeT cocTaBiATh aHHOTAIMH, pedeparsl,
oubnuorpaduyeckue mepeyHr u 0030pbl MHPOPMALUHU B
o0JacTu cBoei mpodeccuoHaIbHOM JIeATeNbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTBl C KOMIIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NOJyUEHUs], XpaHEHUs U

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYECKHE METObI HCCIICIOBAHUN 1

paboTars Ha COBPEMEHHOM dKCIIEPUMEHTAITLHON

Hay4HO-UCCJIEI0BAaTEIbCKOM,
M3MEpPUTENbHO-aHATUTUYECKON U
TEXHOJOTHYECKOH ammaparype)

00pabOTKM Hay4yHOW (TEXHHYECKOH, TEXHOJOTHYECCKOMN)
nHpopMaIun

OIIK-5.3 CnocobeH k mpodeCCHOHANBHOW JKCILUTyaTaIluu
COBPEMEHHOI IKCTIEPUMEHTAIBHON
HAay4HO-UCCIEI0BATEIbCKON
(M3MEpUTETHbHO-aHATUTUYECKOW W TEXHOJIOTHYECKOM)

anmaparypsl

OIIK-5.2 OO0OmnazaerT CIOCOOHOCTHIO K OCBOEHHIO HOBBIX
3HAHWU HA OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U JIPyTUX UCTOYHUKOB

OIIK-5.1 CmocobeH pemark TOCTAaBICHHBIE 33Jlaud B
obnactu TEOPETUUCCKUX u IKCIIEPUMEHTAIBHBIX
HCCIICIOBAHMI U pa3paboToOK

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynbrare u3ydeHus JUCIUTUIMHBI «ManmHHOEe 00yUueHHe» 00yUaroHiCs JOKCH:

3HATb:

- OCHOBHBIE NIPUHIMIIEI U TPOOIEMATHKY TEOPUU O0OYUIEHHUS MAIlUH;

- OCHOBHBIE METOJbI U AJITOPUTMBI PEIICHUS 3a1a4 00yUeHHS 0 MPELEACHTaM;
- OCHOBHBIE 00JIACTH NPUMEHEHHS ITUX METOJOB U aJTOPUTMOB;

- Kiaccu(puKay, KJacTepu3alnuu U PEerpecCcru.

yMeTh:




- popMaI30BaTh TOCTAHOBKY MPUKIIAAHBIX 33134 aHAIN3a JaHHbBIX;
- ACTIOJIH30BaTh METO/Ibl OOYUEHUS TI0 TpEele/IEHTaM IS PEIICHHS MTPAKTUIECKUX 3a]1ay;
- OIIEHUBATh TOYHOCTH ¥ 3(P(PEKTHBHOCTH MMOTYICHHBIX PEIICHUN.

BJIaJeTh:

- OCHOBHBIMH MOHATUSIMHU TEOPUU MAIIMHHOTO O0yUYCHHUS;

- HaBBIKAMH CaMOCTOSITEIbHON pabOThI IPU PEIIEHUH TUIIOBBIX 3a/1ay;

- KyJBTYpO# MOCTAHOBKU M MOJICIMPOBAHUS MPAKTUUECKH 3HAUMMBIX 3a/1a4;

- HaBBIKAMH TEOPETUYECKOTO aHAJIN3a PEAIbHBIX 3a/1a4, PEIIAeMBIX C IOMOIIBIO aJITOPUTMOB O0YUEHHS
10 MPELEACHTAM.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0
Heiiponnsie cetu

1. IlpuBeaute mpumMep BHIOOPKH, KOTOPYIO HEBO3MOXHO KJIACCH(PHUUIMPOBATH 06€3 OMIMOOK € MOMOIIBIO
JMHEHHOTo anroputMa Kiaccudukanuy. KakoBa MUHMMasbHast JUIMHA BEIOOPKH, 00s1agatomias JaHHBIM
cBoiictBoM? Kakwue cymiecTByroT cnocoOsl MOAUGUIUPOBATh JTUHEHHBIM aJITOPUTM TaK, YTOOBI JaHHAS
BBIOOpKa CTalla JIMHEHHO pa3euMon?

2. Tlouemy mobast OyneBa GpyHKIHSI TpecTaBUMa B BUjie HEHPOHHOH ceTu? CKOJIBKO B HEl clI0EB?

3. Meroz oOpaTHOro pacrpoctpaneHus omnook. OcHoBHast uaes. OCHOBHbBIE HEIOCTATKU U CIIOCOOBI
UX YCTpaHCHUSI.

4. Kak MOXXHO BBIOMpATh HadajdbHOE MPHUONIKEHUE B TPAJMCHTHBIX METOAAaX HACTPONKUA HEHPOHHBIX
cereit?

. Kak MO)XHO yCKOpUTBH CXOMUMOCTH B TPAJIMEHTHBIX METOZaX HACTPOHKH HEHPOHHBIX ceTeit?
. Uto Takoe nmuaronanbHbIi MeTof JleBenOepra-Mapksapara?

5
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7. Urto Takoe «mapaniud» CETH, U KaK ero u30exarn?

8. Kak Bb1OMparh 4ncio coEB B IPpaJMEeHTHBIX METOAaX HACTPOHUKN HEWPOHHBIX ceTei?
9

Kak BbIOMpaTh YUCIIO HEHPOHOB CKPBITOTO CJIOSI B TPAJMEHTHBIX METOAAaX HACTPOWKH HEHPOHHBIX
ceTen?

10. B uém 3akiiouaeTcsi METOJl ONTHMAIBHOTO MPOPEXHUBaHUS HelpoHHo# cetn? Kakue HemocraTku
CTaHAAPTHOTO aJrOPUTMa OOPATHOTO PACcIIPOCTPAHEHNUS OMNOOK MO3BOJSIET yCTpaHuTh Metox ODB?

Komro3unmu anropuTMoB KJlacCUpUKAINN

1. Jlatb ompeneneHue alrOpUTMUYECKONH KOMITO3UIMH (MOMHHTH ¢opmyny). Kakue Tumbl
KOPPEKTUPYIOIINX ONepaliii BbI 3HaeTe?

2. Kaxkwue turmsl ronocoBanus Bbl 3HaeTe? Kakoi n3 HuX Hanbosnee oOmmid? (MOMHUTE GOPMYITY)

3. Kak o0OHapyxuThb OOBEKTHI-BHIOPOCHI MpPH IMOCTPOCHHUHM KOMIIO3ULUHN KiIaccu()UKATOPOB IS
rOJIOCOBAHUS 110 OOJIBIINHCTBY?

4. Kak obecrieunBaeTcsi pa3IMIHOCTh OA30BBIX AITOPUTMOB IIPH T'OJIOCOBAHUH MO OOJIBIINHCTBY?
5. Kak obecrieunBaercst pa3InyHOCTb 0A30BBIX AJITOPUTMOB ITPU TOJI0COBAHUH IO CTAPIIMHCTBY?

6. Kakue BO3MOXHBI CTpaTermu BBIOOpa KJIacCOB 0a30BBIX AJTOPUTMOB IPH TOJOCOBAHUH 10
CTapIIMHCTBY?

7. Kakwue nBe 3BpHCTHKH Jiexkar B ocHOBe anroputma AdaBoost?
8. Kak obHapyxuth 00beKTHI-BEIOpOCHI B anropurme AdaBoost?
9. HocrounctBa u HepocTarku airopurma AdaBoost.

10. OcHoBnas uzaes anropurma AnyBoost.

11. OcHoBHas uzest merona bagging.

12. OcHoBHas Uaest METOAA CITy4alHBIX TMTOAIPOCTPAHCTB.

13. Uto Takoe cMech IKCIIEPTOB (IOMHUTE (HOopMyITy)?

14. TlpuBenute mpuUMeEpbl BBINYKIBIX (QYHKUOUH morepb. IloueMy CBOMCTBO BBIMYKIOCTH HOMOTAeT
CTPOUTH CMECH IKCTIEPTOB?

Jlornueckue anropuTMsl Kinaccuukanyum



1. Yro Ttakoe yormueckass 3akoHoMepHOcTh? IlpuBenuTe mHpuUMepsl 3aKOHOMEPHOCTEH B 3amaue
pacro3HaBaHHMs Cliama.

YacTo UCTIOIb3yeMbIE THITHI JIOTHYECKIX 3aKOHOMEPHOCTEH.

JlaiiTe onpe/ieneHne SICUIIOH-IeTbTa-TOTHIECKON 3aKOHOMEPHOCTH (TOMHUTH (hOPMYJIBI).
JlaiiTe onpe/ieneHne CTaTUCTHYECKON 3aKOHOMEPHOCTH (TIOMHUTH (POPMYIIBI).

CpaBHuUTE 00JIACTH CTATHCTUYECKHUX M JIOTHYECKUX 3aKOHOMEPHOCTEH B (p,n)-TIIOCKOCTH.
C kaxoii 1enbIo JienaeTcst OnHapu3aus?

B uém 3akirrouaeTcs nporienypa OuHapu3aiyu npu3Haka?

Kax npoucxoaut rnepedbop B xaJHOM aIrOpUTME CUHTE3a HH(POPMATHBHBIX KOHBIOHKITAN?

e e i

Kakue xpurepuun uWHPOPMATUBHOCTH HCHONB3YIOTCS B JKaJHOM alTOpPUTME CHHTE3a
MH(QOPMATUBHBIX KOHBIOHKIMH U 1odeMy?

10. Kak npucrmocoOuTh >KaaHbI alrOpuTM CHUHTE3a KOHBIOHKIWU i CHHTe3a WH(POPMATHBHBIX
mapos?

11. Yto Takoe CTOXaCTHUECKHUI JTOKAIBHBIN MOUCK?

12. B uém oTnmumst peaykuuu v ctadbrminsanun? B u€M uX JOCTOMHCTBA M HEJOCTATKH?

13. Yto Takoe peraromuii CIiucoK?

14. Kakue kputepun HH(OOPMATUBHOCTH HCIIONB3YIOTCS MPU CHHTE3€ PEIIAIONIET0 CIIUCKA U TToYeMy?
15. IoCTOMHCTBA ¥ HEAOCTATKHU PEIIAIOIINX CIIHCKOB.

16. Uto Takoe penraroiiee 1epeBo?

17. Kakue kputepnn WH(OOPMATUBHOCTH UCTIONB3YIOTCS PU CHHTE3€ PEHIAIONIETO ISpeBa U MoueMy?
18. IoCTOMHCTBA ¥ HEAOCTATKU PEIIAIOIIUX JICPEBHEB.

19. 3auem nemaercs peayKIus PENIArOIIUX IePEBbEB?

20. Kakuie ecTh 1Ba OCHOBHBIX THIIA PEIYKIIUU PEIIAIONINX JePEBHEB?

21. Kak npeoOpa3oBarh pelariiee AepeBO B PEIIAIONINI CIIHCOK, U 3a4eM ITO JENAeTCs?

22. Yro takoe ADT (alternating decision tree)? Kak npoucxonut nocrpoerane ADT?

23. OcnoBnas uges anroputma KOPA.

24. TloueMy BO3HHUKaeT IMpoOjeMa MPEeANOvYTeHUs] MPU3HAKOB C MEHBLUIMMH HOMEPaMU B aJTOPUTME
KOPA? Kak ona pemaetcsi?

25. OcHoBHas unes aaroputma TOMIL.
26. Kakue kputepuu nHOOPMATUBHOCTH UCTIONB3YIOTCS B anroputme TOMII u noyemy?

27. Tlouemy Bo3HHMKaeT mpobieMa ayOnupoBaHus 3akoHOMepHocTel B anroputme TOMII? Kak ona
peaercs?

28. JlocronnctBa 1 HepocTarku ainropurma TOMIL

29. Kak wucnoms3oBath amroputM AdaBoost s mMOCTpOoeHHsSI B3BEIMIEHHOTO TOJOCOBAaHHUS
3aKOHOMEPHOCTEM?

30. Kakoii kputepuit nH(HOpPMATHBHOCTH UCTIONB3yeTcs B anroputMme AdaBoost?
31. Crpykrypa anropuTma BeraucieHus oreHok (ABO).

32. Yrto Takoe accommarvBHOe Tpasmiio? IlpuBenuTe mpuMep accOIMATHBHOTO MpaBuiia B 3ajaye
aHaJin3a NOTPEOUTEIBCKUX KOP3UH.

33. OcHOBHas Hjiesl aNTropuTMa IMOUCKa ACCOIMMATUBHBIX MpaBwil APriory.
Knacrepuszanus u TakCOHOMUS

1. KaxoBbI OCHOBHEIC OCIn KJ'IaCTCpI/I3aI_II/II/I?

2. OcHOBHBIE THIBI KJIACTEPHBIX CTPYKTyp. llpuBenure 1uIsi KaKAOH M3 3TUX CTPYKTYp IMpHUMEp
aJropuTMa KiacTepusauuu, Kotopeiil mis He€ HE nmopxonut.

3. B uéMm 3akirouaercs aNrOpUTM Kparyailliero He3aMKHyToro myTu? Kak ero mcrmoip3oBarh AJst
knacrepuzanuu? Kak ¢ ero moMoIsio onpeaennTh Yuciio kiactepos? Beerna mu 310 BO3MOXHO?

4. OcnoBHas unes anroputma @opO.

5. Kak BBUHCISIOTCS IEHTPHI KiactepoB B anroputve DopIm, eciu OOBEKTHI — 3JIEMEHTHI
METPHUECKOTO (He 0043aTeNIbHO IMHEHHOTO BEKTOPHOT0) IPOCTpaHCcTBa?

6. Kakue cymecTByIoT (yHKIMOHANBI KaUeCTBa KIACTEPU3aLUH U TSl YeTO OHU MPUMEHSIOTCS?
7. OcHoBHbIe oTIM4Ms anropurMa k-cpenanx u EM-anropurma. Kro 3 Hux mydre u nogemy?
8. OcHoBHas uaes uepapxudeckoro anroputma Jlanca-Bunbsamca.

9. Kakne OCHOBHBIE THIIBI PACCTOSHUN MEXAy KiacTepaMH IPUMEHSIOTCS B alTOpUTME
Jlanca-Bunbsamca?



10. Kakue paccrosHMsI MEXy KiacTepaMu, MpuMeHseMble B anroputMe Jlanca-Bunbsmca, sydme u
noyemy?

11. Yro Takoe nenaporpamma? Beerna in e€ MOKHO OCTPOUTH?

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

ITepeueHb KOHTPOIBHBIX BOMPOCOB IS cllauk AuddepeHIIMpOBaHHOTO 3a4eTa 1 HK3aMeHa:

1. 3anucars o01Iyr0 Gopmyny OaiiecoOBCKOTO Kilaccudukaropa (Hajo IOMHHTE (GOpMYITY).
2. Kakue BBI 3HAETE TPH MOJX0AA K BOCCTAHOBJICHUIO TUNIOTHOCTH PACIIPEEIICHUS 110 BBIOOPKE?
3. Yo Takoe HauBHBIN 0alieCOBCKHUI KilacCH(PHUKATOP?

4. Yrto Takoe oneHka mioTHocTH [lap3ena-PoszenbOnarra (Hamo momHHTH ¢opmyiy). Beimucars
(bopmMyity anroputMma KiacCu(pHUKaul B METOJIC TAp3EHOBCKOTO OKHA.

5. Ha uto Biauser HIMprUHA OKHA, 4 Ha 4YTO BUJ AApa B MCTOAC MMAP3CHOBCKOI'O OKHa?

6. MHoroMepHoe HOpMallbHOE pachpeesieHre (Hago MOMHUTH (opmyny). BeiBectu Qopmymiy
KBaJpaTUYHOTO TUCKPUMMHAHTA. [Ipy KakoM yCIOBUHM OH CTAHOBUTCS JIMHEHHBIM?

7. Ha xakux npeanojoKeHUsIX 0COBaH JUHEHHBIN AUCKpUMHUHAHT Duriepa?

8. Uro Takoe «mpobiema MyIbTHKOUIIMHEAPHOCTHY, B KaKMX 3aJja4aXx M IPH HCIIOIb30BAHHM KAKHX
aNropuTMOB OHa Bo3HUKaeT? Kakue ecTb moaxosl K €€ permeHuo?

9. Uto Takoe «cMech pactupeelieHni» (Hajao MOMHHATE (hopmyiry)?

10. YUro takoe EM-anroputm, kakoBa ero ocHoBHas upiesi? Kakas 3amaua pemaercs na E-mare, Ha
M-mare? KakoB BEpOSITHOCTHBIN CMBICH CKPBITBIX TIEPEMEHHBIX ?

11. [MocnenoBarenbpHOE T0OaBIEHNE KOMIIOHEHT B EM-anropurMme, OCHOBHAsI UJiesl ITOPUTMA.

12. Yrto takoe croxactuueckuit EM-anroputm, kakoBa ocHOBHasg uaesi? B uém ero mpemmyiiecTBo
(xaxoit HegocTarok crangaptHoro EM-anroputma oH yctpaHsier)?

13. YUro Takoe ceTh paanaIbHbIX Oa3UCHBIX (QYHKINN?
14. Yro takoe «BBIOpOCH»? Kak ocymectsisiercs GpuibTpanns BEIOPOCOB?

15. Yro Takoe 000OMWIEHHBIN anropuT™ Kiaccudukauuu (Haxo moMHUThH Gopmyny)? Kakue Bbl 3HaeTe
YacTHbIE CiTydan?

16. Kak onpezaensieTcst MOHSITHAE OTCTYNA B METPUUYECKUX aITOPUTMaX KIIacCH(HUKAINN?
17. Yto Takoe OKHO TIEpPEMEHHOM IUPHUHBI, B KAKUX CIIy4asX €ro CTOMT UCIIOJIb30BaTh?

18. Uro Takoe MeTox moTeHIMANbHBIX QyHKIUI? Uaes anroputma Hactpoiiku. CpaBHUTE C METOJOM
paanaibHBIX 0a3UCHBIX QYHKLUH.

19. 3auem Hy>keH 0TOOp OMOPHBIX OOBEKTOB B METPUUECKHX aJITOPUTMax Kilaccupukauu?
20. OcuoBnas uaest anropurma CTOJIII.
21. YUro taxoe pyHKIMS KOHKYpeHTHOro cxonctBa? OcHoBHas uaes anroputma FRiS-CTOJIIL

22. lpuBeanTe MpUMEP METPUIECKOTO allTOPUTMA KJIaCCH()UKAIIMU, KOTOPBIH OTHOBPEMEHHO SIBIISIETCS
0alieCOBCKUM KJIACCU(PUKATOPOM.

23. IIpuBeauTe MpUMeEp METPUUECKOTO aJrOpUTMa KiIacCU()UKAIMK, KOTOPBIH OJHOBPEMEHHO SIBIISETCS
JIMHEHHBIM KJIAaCCH(PHUKATOPOM.

24. Yro takoe moaens MakKamnoka-IIurrca (Hamgo moMHUTE hopmymy)?

25. MeTtoJ CTOXacTHYECKOro IpaiueHTa. Pacnucars rpaiieHTHBIN MIar AJis KBaJpaTUYHOW (yHKUIUH
MOTEepPh U CUTMOMIHON (PyHKIIMY aKTHUBALIUH.

26. Henocrarku merona SG 1 kak ¢ HUMU 00pOThCs?

27. YUrto Taxkoe NTUMHENWHBIN aganTuBHbIN 21eMeHT ADALINE?
28. Urto Takoe mpasuiio X360a?

29. Yto Takoe «COKpalieHue BeCOB»?

30. OGocHOBaHME JIOTHCTHYECKOW perpeccnu (OCHOBHAsh TeopeMa), OCHOBHbIE TOCBUIKH (3) o
cnenctus (2). Kak BeIpaXkaeTcst anilocTepruopHasi BEPOSATHOCTH KJIACCOB (HAI0 IOMHUTE (hOPMYITY).

31. Kak BoIpaxaercs ()yHKUMS NOTEPD B JIOTUCTHUECKON perpeccuu (Haa0 IOMHHUTH (OpMYITY).

32. J/IBe MOTHBAaLlMU W MOCTAHOBKA 3aJa4ll METOJA OMOPHBIX BEKTOPOB. YMETh BBIBECTH IOCTAHOBKY
3agaun SVM (pekoMeH tyeTcs HOMHHUTh (JOpMYITy IOCTAHOBKH 3a]1a4H ).

33. Kakas ¢yHknus mnorepb ucmonsdyercs B SVM? B noructuueckorr perpeccun? Kakme emé
¢yHkuuu noteps Bel 3HaeTe?

34. Yro takoe siapo B SVM? 3auem BBoasatTcs siapa? Jlrobast mu GpyHKIHS MOKET OBITh sIIpOM?



35. Kakoe a/1po mopokKaaeT MOJIMMHUAIIbHBIE Pa3eaioliue MOBEPXHOCTH?
36. Uro takoe ROC-kpuBas, kak oHa onpenensierca? Kak ona 3))eKTUBHO BBIYHCTSETCS?

37. B Kakux ajaropurMmax kKiaccu(UKauy MOXXHO y3HAaTh HE TOJBKO KIIACCOBYIO NMPUHAICKHOCTH
KJIacCU(pHUIUPYyEeMOro 00BbEKTa, HO U BEPOSTHOCTD TOT'0, YTO AAHHBIN O0OBEKT MPHHAMICKUT KKIOMY U3
KJ1accoB?

38. KaxoB BepoATHOCTHBIH cMbICH peryisipuszanun? Kakue Tunsl perynaspuszaropos Bel 3Haete?

39. Yro Takoe MpUHLMI MAaKCUMyMa COBMECTHOTO MPAaBAONOA0OHS JaHHBIX U MOJENH (HaJg0 IIOMHHUTh
opmyry)?

40. Yro Takoe siiepHOE CTIaKUBaHHe?

41. Yrto ectpb 00I1I€TO MEXKIY SAPOM B HelMapaMeTPHUECKON perpeccuu u siapom SVM?

42. Ha 4ro BIusET MMPUHA OKHA, & HA YTO BUJ SApa B HEMIApaMeTPUUYECKOM perpeccuu?

43. Yrto Takoe OKHA NMEPEMEHHON IIUPHHBI, U 3a4€M OHU HYKHBI?

44. Yto Takoe «BBIOpoCH»? Kak ocymectBisercs (uibTpanusi BHIOPOCOB B HemapamMeTpHUUECKOH
perpeccun?

45. ITocTaHoBKa 3a7a4l MHOTOMEPHOM JINHEHHOW perpeccun. MaTpuiHast 3aluch.

46. Uro Takoe CHHTYIApHOE pasnoxeHnue? Kak oHO wcmonbp3yercs [l peleHus 3aJa4il HAMMEHbBIINX
KBaIpaToB?

47. Yto Takoe «mpobieMa MYJIbTUKOJUTMHEAPHOCTH» B 3ajjadaX MHOTOMEpPHOW JTUHEHHOU perpeccuu?
Kakue ects Tpu nmoaxoza K e€ ycTpaHeHUIO?

48. CpaBHUTH TPEOHEBYIO perpeccuro M jacco. B Kakux 3amgadax NpeArnoYTHTEIbHEE MCIOIb30BATh
nacco?

49. Kakyio mpo0OneMy peliaeT MeToJl IMIaBHBIX KOMIIOHEHT B MHOTOMEpPHOW JIMHEWHOH perpeccuu?
3anucarh MaTPUYHYIO IIOCTAHOBKY 334a41 JJIs1 METO/A IIIAaBHBIX KOMIIOHEHT.

50. Kak cBecTu 3amauy MHOIOMEpPHON HEIMHEHHON pPErpeccuH K IMOCIEAOBATEIbHOCTU JUHEUHBIX
3amayq?

buner 1
1. Kak npucniocoouts EM-anroputm st penieHus 3a1a4u ¢ YaCTHYHBIM 00y4eHUueM?
2. Kakue criocoOsl peneHns 3aJa4u ¢ YaCTUIHbIM 00y4ueHneM Bui 3HaeTe?

buner 2

1. TTouemy 3amauu ¢ YACTHUYHBIM OOyUYCHHEM BBIJCICHBI B OTACIbHBIN Kiacc? [IpuBenuTe mpuMepsl,
KOTJIa METO/Ibl KacCU(pUKAIMK U KJIACTEpU3alliH JIAIOT HEaJeKBaTHOE PEICHHE 3a7]a9yl ¢ YaCTHYHBIM
oOyueHueM.

2. Kak mpucrnocoouth rpadoBbie aarOpUTMbl KJIACTEPHU3AMU JUIS PEIICHUS 3aa4d C YaCTHUYHBIM
oOy4eHuem?

buner 3
1. Kak ycTpoeHa camooranusyoiascs kapra Koxonenea?
2. Kak unrepnperupyrorcs kaptel Koxonena?

buner 4
1. Kaxoit GpyHKIIMOHAT KauecTBa ONTUMH3UpYeTcs ceTbio KoxoneHna? (MOMHUTE GOpMYITy)

2. B dyem omTiMuMg TpaBWI MATKOW M >KECTKOW KOHKypeHImu? B uém mpeumymiectBa MSATKON
KOHKYPEHLUH?

Kpurepun oneHuBaHus

Onenka ommuno 10 OGamnoB - BBICTABIISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCLUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JTaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
INPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIECHU.

Onenka oOmMYHO 9 Oa/uioB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NMPH PElICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.



Ouenka ommyHO 8§ 0OamioB - BBICTABIISICTCS  CTYACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TTyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PELICHHH KOHKPETHBIX 3aj]ad4, IPaBUIbHOE 000CHOBAaHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BHICTABISETCS CTYJCHTY, €CJIM OH TBEPAO 3HAET Marepuaj, IPaMOTHO H IO
CYIIECTBY H3JIaraeT €ro, ymMeeT NPUMEHSATh IOJYYCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoio 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYLIECTBY M3JIaraeT e€ro, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka XopoIo 5 6ajuIoB - BBICTABISCTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yIOBICTBOPHTENbHO 4 Oamga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapYILECHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO MPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeiibl y4eOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NalbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOW MpOorpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIEeH YacTH
OCHOBHOTO COJCpKaHUsl y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS ITPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYIOBJICTBOPUTENBHO | Oayunr - BBICTABIACTCS CTYICHTY, KOTOPBHIH HE 3HA€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3aj1au.

[Tpumep U1 SK3aMEHALIMOHHOTO OMIIeTa U3 TPeX BOIMPOCOB:

1. Pemaroniue CrMcKW: MPUHIUI pabOThI, cXeMa ajJropuTMa MOCTPOCHHS 10 oOyuaromield BBIOOpPKe,
cTpareruy BeIOOpa KI1accoB MpU MOCTpoeHUH. [IpuMepsl 3a/1a4, He pelaeMbIX PEIIAOIIMU CITUCKaMH.
2. Merox omopHbIX BeKTOpOB. ONTHMHU3AIIMOHHAS 33]a4a C OTPAaHMYCHUSMH B BHJEC HEPAaBEHCTB U
6e3ycioBHas. OnopHelie BekTophl. Kerneltrick. Ontumuszanunonnas 3agada 8 S3VM u SVR.

3. Jloructuyeckas perpeccusi. [IpuHIMn MakcuMyma nmpaBIonofoOus M jgorapupmudeckas QyHKIUS
norepb. MeTo CTOXacTUYECKOTO I'PaIMeHTa B JIOTHCTHYECKOH PErpecCcHu.

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 NpeICcTaBlIeHHOro oTBera (pemienus). KomumuectBo HabpaHHBIX
0aJIoB OIpeesIeT OLEHKY 3a IK3aMEH:

Ornenka HaGpannbie 6amis

omiuuHo (10) oosee 9

oTIugHO (9) oT 8 10 9 BKIIFOUUTEITLHO

xoporo (8) 0T 7 10 8 BKIIFOUUTEILHO

xoporo (7) 0T 6 710 7 BKIIFOUUTEILHO

xoporo (6) 0T 5 710 6 BKIIFOUUTEIHLHO
YIIOBJIETBOPUTEIHHO (5) 0T 4 110 5 BKITIOYUTETHHO
YIIOBJIETBOPUTENHHO (4) oT 3 110 4 BKIIIOYUTETHHO
YIOBIETBOPUTENHHO (3) OT 2 110 3 BKIIIOYUTEIHHO

HEYJIOBJIETBOPHUTENBHO (2) OT 1 70 2 BKIIOUUTEIHHO
HeynosneTBopuTenbHO (1) He Gonee 1



5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

Bo Bpemst mpoBeneHus sx3ameHa 1 quddepeHmpoBaHHOro 3aueTa 00yqaronmecss MOryT M0JIb30BaThCs
MpOrpaMMOM JHCLMIIIMHBL, a TaKkKe CIPAaBOYHOM JINTEPATypOil, BBIYMCIUTEIBHON TEXHUKOM,
KOHCIieKTamMH Jiekiuid. JluddepeHnupoBaHHbId 3a4eT MOXET MPOBOJAMTHCS IO WTOTaM TEKyIlen
YCIIEBAEMOCTH W CIauM 3aJaHUM WIM IMYTEM OpraHM3aliM CHEUAJIBHOIO OIpoca, MPOBOJUMOIO B
ycTHOH (hopme. DK3aMeH MPOBOAUTHCS IyTEM OPraHU3aLUM CIIEIHAIbHOTO ONpOca, MPOBOAMMOIO B
yCcTHOM (popme.



