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

YTBEPXJAEHO
IIpopexTop no yueoHoii padore

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

0o JUCHHUIJINHE: MeTo1bl BBIIYKJIOW ONTUMHU3ALUN
10 HANIPABJIEHMIO: NHpOKOMMYHHKAIIMOHHBIE TEXHOJIOTHH U CUCTEMBI CBSI3U
npo¢uib NOATOTOBKHU: TeeKOMMYHUKAIIMOHHBIE CETH U CUCTEMBI

®usrex-mkoia Pannorexuuku n Kommneiorepasix TexHonoruii
kadeapa nmpodiem nepenadu HHGOPMAIMK U aHATTN3a TaHHBIX

Kypc: 1
KBaJIMpUKALS: MarucTp

Cemectp, hopMbl IpOMEXKYTOUHOH arTecTauuu: 1 (ocennuil) - JuddepennupoBannslii 3a4eT

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
Jekuuu: 15 gac.
ceMuHapsl: 15 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrostensHas padora: 15 gac.

Bcero gacos: 45, Bcero 3au. ef.: 1

[Iporpammy cocraBui: A.B. Hazun, 1-p ¢us.-mar. Hayk, mpodeccop

[Iporpamma obcyxneHa Ha 3acefianny kKadeapsl npobieM nepenaadn HHPopMaIuu u aHanmza ganaeix 20.04.2020



AHHOTANMA

B kypce mpenmnomnaraercsi, YTO CTYACHTBI YK€ 3HAKOMBI C 3JIEMEHTaMH BBITYKIIOTO aHaiu3a (B YaCTHOCTH, C
npeobpasoanneM Jlexannpa—@eHnxenss W TOHATHEM CyOrpajlieHTa BBIMYKIOW (YHKIHMH) W Teopuen
BeposiTHOCTe. M3yuaercss meTon 3epkanbHOro crycka (M3C) mpu BO3MOXKHOCTH HaOMIONATh TPAagUCHT, a
MHOIZIa W 3HA4YeHue IeneBoil GpyHkuuu (opakyn 1-ro mopsaka), HpeACTaBISIOINN co0oil HeTpuBHAIbHOE
0000111eHre cTaHAapTHOTO TpaaneHTHoro Meroaa. [lokaspiBaercs a3dpdexruBHOCTs M3C B Kiacce BBITYKIIBIX
HEeNeBbIX (YHKIMH ¢ 3aMKHYTBIM BBIITyKJIBIM MHOXECTBOM orpanuueHuid. [logxon pacrnpocTpaHsercss Kak Ha
JeTEPMUHUPOBAHHBIC, TAK M HA CTOXAaCTHMYECKWE BBIMYKJIbIE 33/a4d, a TAKKe HA MHHHMAKCHBIC 3aJa4d C
BBIMYKJIO-BOTHYTOMW 11eeBoi (yHKIuel. B kadecTBe mMpUMEpOB paccMaTpUBAETCs CTOXacTUYECKas 3ajava o
MHOTOpPYKOM OaHauTe (C JOKa3aTelbCTBAMH BEpXHEH M HIKHEHW IpaHUll), a TAaKkKe 3a7ada O HaXOKICHUU
[JIaBHOTO COOCTBEHHOTO BEKTOpa CTOXAacTUYecKoW Marpuilsl (3amada PageRank), u 3amaua OuHapHOI
knaccuuxanuu (oOyueHue ¢ yuurenem). Kypc HOCHT TeopeTHUECKUH XapaKTep W HampaBlieH Ha CTPOTHE
[IOCTAHOBKU M MaTeMaTUUYECKUE 10Ka3aTeIbCTBA.

1. lean u 3apa4n

]_le.]'ll) JAUCHUIIINHBI

M3y4yeHne CcTyaeHTaMH OCHOBHBIX METOOB U aJrOPUTMOB BBINYKJIOW ONTHMHU3AIMK (KaK IS
JNeTEPMUHUPOBAHHBIX, TAK M JUISI CTOXaCTUYECKHX 3aJad), BBUSICHEHHE WX CIIOXHOCTH (TI0 YHCIY
UTEepalUi, rapaHTUPYIOIEMY 3alaHHYO0 TOUHOCTb ONTUMYMa) U UX IIPUMEHEHUE B TAKUX 3aJayax Kak
PageRank, mammaHOTrO 00y4eHus, B 3a/1a4€ O MHOTOPYKOM OaHIUTe.

3agaun AUCHUILUITHHBI
- TONYYEHHUE MPEACTABICHHI O COBPEMEHHBIX PEKYPPEHTHBIX METO/IaX BBITYKJIOH ONITUMH3ALINH;
- 00OCHOBaHHE CIIOKHOCTH METOIOB — YHWCIIA MTEPAIMid, TapaHTHPYIOIIEr0 33aJaHHYI0 TOYHOCTH
ontumyMa (1o QyHKIIHN);
- 3HAKOMCTBO C COOTBETCTBYIOILIMH METOAMH pELICHHs 3a/a4 MaluHHOro o0y4enus, PageRank, o
MHOTOPYKOM OaHJHTE.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYallUil HA OCHOBE
CHCTEMHOTO TI0JIX0/1a, BEIpa0aThIBATh
CTpaTeruro AeUCTBUI

YK-1.2  OcymecTBisieT TMOUCK BapHaHTOB
MOCTAaBIICHHONH  TpoOJIeMHOW  CUTyallud  Ha
JIOCTYITHBIX UCTOYHUKOB MHGOPMAITUU

peleHust
OCHOBE

YK-4 CriocoGeH MpUMEHSITh COBPEMEHHbBIE
KOMMYHHKATHBHBIC TEXHOJIOTHH, B TOM YHCJIC
HA UHOCTPaHHOM(BIX) sI3bIKe(aX), IS
aKaJIeMUYECKOro U MpoQecCHOHaTBEHOTO
B3aNMOJCHCTBUS

VYK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENICTBA
WH(POPMALMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M PO(eCcCHOHAIBHOTO B3aNMOAEHCTBHS

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HPUOPUTETHI COOCTBEHHOM JEATEIILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

YK-6.1 YmMmeer pemarp 3a/1aud COOCTBEHHOTO JIMYHOCTHOTO
u  npoecCHOHANBHOTO  Pa3BUTHS,  ONPENENATh |
peann30BbIBaTh MPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM JIESTENBHOCTH

VK-6.2 OueHuBaer CBOI ACATECIBHOCTH, COOTHOCHUT IICJIH,
CHOCOOBI M CpPEICTBa BBIMOJHEHUS JIESTEILHOCTH C €6
pe3yabTaraMu

OIIK-1 CriocobeH npecTaBIsuTh COBPEMEHHYIO
Hay4YHYIO KapTUHY MUpPA, BBISBISATh
€CTECTBCHHOHAYYHYIO CYIIHOCTh MPOOIIeM
cBOEH po¢eCCHOHAIBHON NesITeTbHOCTH,
OTIPEJIENATh YTH UX PEIICHUS 1 OIICHUBATh
3((HEKTUBHOCTH CJISITAHHOTO BHIOOpA

OIIK-1.1 3HaeT W cmocoOeH — HCIOIL30BaTh B
npoecCHOHaNBHON JCATENIEHOCTH (PyHAaMEHTAIIBHBIE U
MPUKIIAJHbIE HAy4YHbIC 3HAHUS B OONACTH €CTECTBEHHBIX
HayK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIEJOBaHUA B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH




OIIK-2 CriocobeH peann30BbIBaTh HOBBIE OIIK-2.2 Bmageer HaBbIKAMH  pealu3aliil  HOBBIX
MPUHIIMITBL ¥ METOJIBI HCCIICAOBAHNUS MPUHLMIIOB M METOJOB HCCIIEJOBAaHUS B COBPEMEHHBIX
COBPEMEHHBIX MH(OKOMMYHHUKAIMOHHBIX MH()OKOMMYHHKAIIHOHHBIX CUCTEMAX M CeTAX

CHCTEM M ceTell pa3IMyHbIX TUIIOB MEpeaadH,
pacrmpeneneHus, 00padOTKU U XpaHEHHS
uHpopMaun

OIIK-3 Cnocoben npuodperars, obpadareiBars |OITK-3.1 Ymeer WCTIONB30BaTh COBpPEMEHHBIC
Y MCIOJIB30BaTh HOBYIO MH(OPMAIIHIO B CBOCH |MH(POPMAIMOHHBIC U KOMITBIOTEPHBIE TEXHOJIOTHH, CPEACTBA
HpeIMETHOM 001acTH, IpeAIaraTh HOBbIC UIeH |KOMMYHUKALMH ~ NPU  TOMCKE  HAayYHO-TEXHHYECKOIl
U TIOJIXO/IbI K PELICHUIO 3a1a4 CBOCH nH(pOpMaNnH B CBOEH MPO(ECCHOHATIBHOM ACATEIEHOCTH

npo(heCCHOHANTLHOM ESTENEHOCTH

3. [lepeyens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCIHILUINHE (MOYJII0)

B pe3ynbrare 0CBOCHUS AUCIMIUTMHBI 00yYatOINecst JOJDKHBI

3HATh:
- OllMCaHME Kjacca BBHIMYKIBIX 337ad ONTHMH3aLUMHM (KaK JETEPMHHUPOBAHHBIX, TaK H
CTOXAaCTHYECKHX );
- OCHOBHBIC PEKypPEHTHBIC METO/IbI BBITYKJIOW ONTUMH3AIMU U X CII0XKHOCTB;
- KOHKPETHBIC aJTOPUTMBI MPSIMO-JBONCTBEHHON ONTUMH3ALUH, TIPEIHA3HAYCHHBIC JIsi MAIIHHHOTO
o0yd4eHusI.

YMETb:
- (opmymupoBaTh 3a7a4M BHITYKIONH ONTHMHU3AIINY;
- OIMCHIBATh COBPEMEHHBIC METOIbl W QJITOPUTMBI BBINYKJIOW ONTHMHU3AIMH, B YACTHOCTH,
IPSIMO-/IBOMCTBEHHOTO TUTIA;
- 00OCHOBBIBATH CIIOXKHOCTh YKa3aHHBIX METOJIOB (II0 YHCITy UTEPALHii);
- MOJTb30BAaThCSl OCHOBHBIMHU IPSMO-ABOMCTBEHHBIMU aJTOPUTMAMHU BBITYKJIOW ONTHMH3ALINH,
IIMPOKO MCHOJIB3YEMbIMH JUIS 33184 MAIIMHHOTO O0y4eHHSI.

BJIQJICT!
- HaBBIKOM OCBOEHUsI 0OJIBIIOro 00beMa HH(pOpPMAIUH;
- HaBBIKaMH [TOCTaHOBKH HAYYHO-UCCIIEIOBATEIbCKUX 33/1a4 U HAaBBIKAMH CaMOCTOSTEIBHOM PaOOTEHI.

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

4.1. Pa3nenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUeOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YUeOHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 AnTanTUBHBIA A3C. 3amaua o ) > 3
MHOTOPYKOM OaHHTe.
BBenenue: BBIIyKJIble MHOXECTBA H
2 (GyHKUINH. OneMeHTHI BBIITYKJIOTO 2 2 3
aHaJIM3a.
3 3amaua PageRank. 3amaga OunapHOi 3 3 3
KIaccu(ukanmu.
3amaya  BBINYKJIOM  CTOXaCTHYECKOMH
4 ONTUMU3ALIUH. YacTHBIN ciyvai 3 3 3
napameTpoB M3C.
5 Meron o»maunconnoB, HMmes wMertona 2 > 3
3epKaJILHOTO CITyCKa.
6 Mogenp yepHoOro smuka. Merox LeHTpa 3 3
TSKECTH.
Hroro yacos 15 15 15




[ToaroroBka k sK3aMeHy

0 gac.

Oobmas TpynoEMKOCTb

45 ygac., 1 3au.ex.

4.2. Cogep:xaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 1 (Ocennuii)

1. ApantuHb A3C. 3agada 0 MHOTOPYKOM OaHAWTE.

ApantuBaelii A3C (1o 000O0IIEHHOW TemImeparype), ero BEepXHssl TpaHHuLa U CIOKHOCTb. Jlpyrue
BapUaHThI IPSAMO-IBOMCTBEHHBIX MeTO0B. OOCYyKIeHHE.

3amaua o mHOropykoMm Oanamre. [lpumenenme ontmmusanmonHoro moxaxona u M3C. ITlomyuenue
BepxHel rpanunpl. CpaBHEHUE ¢ U3BECTHONM MH(POPMALMOHHON HUKHEN TPaHULICH.

2. BBC,E[GHI/IGI BBIITYKJIBIC MHOKCCTBA U (bYHKI_H/II/I DIIEMEHTBI BBIITYKJIOTO aHAJIN34a.

BBeznenue: BBIMYKIbIE MHOKECTBA M (YHKIMH. 3anada BBITYKJIOW ONTHMHU3AIMU (B N-MEPHOM
npocrtpancTie). [IpuMepsl: MamHHOE 00yUeHHe, KiIaccu(BUKaIUs ¢ yIUTeleM, PErpecCHsl.

DJeMeHTHl  BBIITYKJIOTO aHalM3a: TEOpeMbl O pasfeleHud, 00 OMNOPHOM TI'MIEPIUIOCKOCTH,
OTIpeJIeNIeHUE U CYLIeCTBOBaHHE CyOTrpainueHTa. YCIoBUs ONTUMAIBHOCTH 1-ro mopsaka.

3. 3amaua PageRank. 3amada OuHapHO# Kaccudurarmm.

3amaua PageRank kak oneHHBaHHE IIIaBHOTO COOCTBEHHOTO BEKTOPa CTOXAaCTHUYECKOW MAaTpPHLIBL.
CaeneHue K 3ajjaue BIMYKIION onTuMu3anuu u npuMmenenrne M3C.

3amaua OuHapHOW Kiaccupukanuu ¢ yuurteneM: npumeHeHne M3C isi MUHUMH3AIHUA OUIHMOKH
KJIacCU(DUKAIIMK Ha BBIMYKIION 000JI0UYKE «ITPOCTHIX)» MPABIII Pa3ACICHUS.

4. 3amaua BBITYKIION CTOXaCTHUECKOW onTuMu3anuu. YacTHbli ciaydaii napamerpoB M3C.

3azaua BBITYKJIONH CTOXaCTMUECKON ONTUMU3ALMU HA 3alaHHOM KOMIIAKTe C OpPaKyJoM 1-ro nopsixa.
M3C u ero ananu3. Ilonartue mnpokcu-QyHKIuM depe3 mpeobpasosanue Jlexxanapa-Denxens.
[TapameTp CHIIBHOM BBITYKIIOCTH.

Yactaelit ciiydaii napamerpoB M3C; nonHocThio pekyppeHTHbINH anroput™m 3C (A3C), ero BepxHAd
TpaHuIla U CIOXKHOCTh. JloKa3arenbcTBa.

5. MCTOI[ OJIJIUIICON 0B, I/I,I[CH MCTOZa 3CPKAJIIBHOTO CITYyCKa.

MeTOZ[ QJIJIMIICON 0B, €TI0 CBOMCTBA M CI0XKHOCTb.

Unest metona 3epkansHoro ciycka (M3C). [Tapamerpsl MeTona: UCXoMHas U ABOHCTBEHHAST HOPMBEI,
MOTEHIMal OTOOPaKEHHS CONPSHKEHHOTO MPOCTpPaHCTBA M ycioBue Jlummmna Ha TpaaueHt.
[Ipumeps! (¢ qoKa3aTeNbCTBAMU).

6. Mogenp yepHOTO sirka. MeTon 1eHTpa TSAKEeCTH.
Monens gepHoro smuka. ITonstue o6 opakyne, €ero CiIOKHOCTH, O METOJAE ONTHMHU3ALMU U €ro

cioxkHocTd. O030p METOIOB U PE3YIIBTATOB.
Mertox nieHTpa TskecTu. Jloka3arenbCTBO BepXHel rpaHuiibl. CIOKHOCTh METOA.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HE00XOXMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

JI0CKa, HOYTOYK ¥ MyJIBTUMEIUITHOE 000pyI0BaHue (TPOSKTOP WITH MJIa3MECHHAS TIAHETIh ).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI



OcHoBHas nuTeparypa
1. Beeaenue B ontummzanuio [Tekct] : [yue6. mocobue mis By3oB] / b. T. [Tonsik .— M. : Hayka, 1983
—384c.
®onp auTeparypsl 6a30B0i Kadeapsl (OpraHu3aLiy):
2. Hemmuposckwii A.C., FOqun 1I.b. CnoxHocTs 33124 1 3ppeKTHBHOCTh METOIOB ONTUMH3AIHN. M.
Hayxka, 1979. C. 384.
3. Hecrepos [O.E. Benenue B Beinykiyto ontumuzanuio. M.: 2010.

JlononHuTenbHAs TUTEpaTypa
®onp auTeparypsl 6a30B0i Kadeapsl (OpraHu3aLiy):
1. Tutorial: Mirror Descent Algorithms for. Large-Scale Deterministic and Stochastic Convex
Optimization. Arkadi Nemirovski.
http://www.ttic.edu/colt2012/download/COLT-Mirror-Descent-Tutorial. pdf
2. Hazun A.B., [Tonsk B.T. PannoMu3npoBaHHbII anropuT™M HAX0XKACHUSI COOCTBEHHOTO BEKTOPa
CTOXaCTHYECKON MaTpHIIbI ¢ IpUMEHEeHHEM K 3aaaue PageRank // ABromaruka u tenemexanuka. 2011.
Bpm. 2. C. 131-141.
3. N. Cesa-Bianchi and G. Lugosi. Prediction, Learning, and Games. Cambridge University Press,
2006.
4. P. Auer, N. Cesa-Bianchi, Y. Freund, and R. Schapire. The nonstochastic multiarmed bandit
problem. SIAM Journal on Computing. 2002. 32:48-77.
5. Kiwiel, K.C., Proximal Minimization Methods with Generalized Bregman Functions, SIAM J.
Control Optim., 1997. Vol. 35. N 4. P. 1142-1168.

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

1. http://lib.mipt.ru — snexrponHas Oubianoreka Pusrexa.
2. http://www.edu.ru — ¢penepanpabIii TopTan «Poccuiickoe oOpa3zoBaHue.
3. http://benran.ru — OubaMOTEKA 10 €CTECTBEHHBIM HayKaM Poccuiickoit akaieMun Hayk.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o JMCuMILInHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUN.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3yyaromuid IUCUUIUIMHY, JODKEH C ONHOW CTOPOHBI, OBJIAACTh OOIIMM TMOHSITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.
B pesynbrare u3ydeHus IQUCLUIUIMHBI CTYAEHT JOJDKEH 3HATb OCHOBHBIE OIIPENENICHUs, MOHSITHS,
AKCHOMBI, aJITOPUTMBI.

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHON caMOCTOsATENbHOM paboThl cTyJeHTa. B nporpamme
Kypca TpUBEACHO MHUHUMAJIbHO HEOOXomuMoe Bpemsl [uis paldoThl CTyleHTa HajJ TEMOH.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHME U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAaHHOMN JINTEPATYPBI,

— TpopaboTKy ydeOHOro marepuaia (IO KOHCIIEKTaM JICKIHH, y4eOHOH M Hay4dyHOW JuTeparype),
[IOJTOTOBKY OTBETOB HA BOIPOCH], IPEIHA3HAYEHHBIX JUISI CaMOCTOATEJILHOTO  M3Y4EHHS,
JOKa3aTeNbCTBO OTAEIBHBIX YTBEPKACHHN, CBOICTB;

— MOATOTOBKY K TU(PEpEHINPOBAHHOMY 3a4ETYy.

PykoBOACTBO M KOHTPOJNb 3a CaMOCTOSATENBHOM paboTON CTygeHTa ocymiecTBisieTcss B (opme
UHAUBUYaJIbHBIX KOHCYJIbTALUM.



BaxxHo 10oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAYyeT OOpamiarbesi 3a KOHCYJIbTAlUAMH K
JIEKTOPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: NHpoKOMMYyHHUKAIMOHHBIC TEXHOJIIOTUN U CUCTEMBI CBS3H
npopuJib NOArOTOBKHU: TeneKOMMYHUKAIIMOHHBIE CETH U CUCTEMBI
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadenpa nmpobiem repenadn HHGOPMAIIUY U aHAIIN3A JTAHHBIX
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

Pa3paborunk: A.B. Hazun, 1-p ¢us.-mar. Hayk, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.2 OcymiecTBisger MNOUCK BapHaHTOB
MOCTAaBJICHHOH  NpoOJIEMHOW  CHUTyalluu Ha
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

peleHus
OCHOBE

YK-4 CriocobGeH mpuMeHSITh COBPEMEHHbBIE
KOMMYHHKATHBHBIE TEXHOJIOTHH, B TOM YHCIIE
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT
aKaJIeMHYECKOTO M PO(eCcCHOHAIBEHOTO
B3aUMOJICHCTBUS

VYK-4.4 CrniocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
MH(QOPMAIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
aKaJIeMUYECKOTO U MPO(EeCCHOHAIEHOTO B3aUMOJCHCTBUS

YK-6 CriocobeH onpeessTh U peaan30BhIBaTh
MPUOPUTETH COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOIICHKH

YK-6.1 Ymeer pemars 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pa3BUTHS,  ONPENeNsTh |
peaTn30BhIBATH MIPUOPUTETHI COBEPIICHCTBOBAHUS
cOOCTBEHHOM AEATENHHOCTH

VK-6.2 OueHuBaeT CBOIO JIESTEIHLHOCTb, COOTHOCHUT LIE/H,
CIIOCOOBI W CPEJICTBA BBITIONHEHUS JACATEILHOCTH C e
pe3ynbTaraMu

OIIK-1 CrtiocoOeH npeaCcTaBIsITh COBPEMEHHYIO
HAy4HYIO KapTHHY MHpPA, BBISBIATh
€CTECTBEHHOHAYYHYIO CYLIHOCTh MPOOIIeM
cBOEH POQeCCHOHATBHOM JesITeTLHOCTH,
OIIPEACISTh MyTH UX PEIICHHS U OLICHUBATh

3¢ GEKTUBHOCTH CIEITaHHOTO BhIOOpa

OIIK-1.1 3HaeT HW  CIOCOOEH  HCHOJB30BaTb B
npoeCCUOHANBHON JeSITeIbHOCTH (YHJAaMEHTaJIbHBIE U
MPUKJIAIHBIE HAyYHBIE 3HAHWS B OOJACTH €CTECTBEHHBIX
HayK

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00JAaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2 CriocobeH peann30BbIBaTb HOBBIE
HPUHINIIBI ¥ METOJBI HCCIIEAOBAHUS
COBPEMEHHBIX HH(OKOMMYHHKAIMOHHBIX
CHCTEM U CeTeH Pa3IMYHbIX TUIIOB MepelayH,
pacnpenenenus, 00pabOTKU U XpaHEHHS
nHpopMaIuu

OIIK-2.2 Bmameer HaBbIKAMU  peajm3allid  HOBBIX
MPUHIIUIIOB M METOJOB MCCIEAOBAHUS B COBPEMEHHBIX
MH()OKOMMYHUKAITMOHHBIX CHCTEMaX U CETAX

OIIK-3 Criocoben npuobperars, 00padaTbIBaTh
Y HCIIONIb30BaTh HOBYIO HH(OPMAIIHIO B CBOCH
IpeJIMETHOM 00J1acTH, MpeaaraTh HOBbIE HICH
U MTOAXOIBI K PEIICHHUIO 33124 CBOCH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-3.1 YMmeer HCITIOJIb30BaTh COBPEMEHHBIE
MH()OPMALMOHHBIE U KOMIIBIOTEPHBIC TEXHOJIOTHH, CPEACTBA
KOMMYHHKAIIMi ~ TpU  TIOMCKE  HAyYHO-TEXHUYECKOH
nHpOpMaInu B CBOeH MpodeccHoHaTLHON AeITETbHOCTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pe3YIbTAaTC N3YUYCHUA JUCIIUITIIMHBL «MCTO,Z[BI BBIHYKHOﬁ OIITUMH3 AN 06y‘lalOH.IPII>iC9[ JOJIKCH:

3HAThb:

- OIMMCAaHHC KJACCa BBIIMYKJBIX 3a4a4 OHNTUMH3AllUun (KaK ACTCPMUHUPOBAHHBIX,

CTOXaCTUYCCKHX);

TaKk H

- OCHOBHBIC PCKYPPCHTHBIC MCTO/IbL BBIHYKHOﬁ OINITUMH3ALIMN U UX CIIO)KHOCTD,
- KOHKPETHBIC aJITOPUTMBbI HpHMO-HBOﬁCTBeHHOﬁ ONITUMU3ALNU, NPECAHAZHAYCHHBIC 11 MAIIMHHOIO

oOyueHwusl.
YMeThb:

- (opmynupoBaTh 3a7a41 BHITYKIONH ONTHMHU3AIINY;
- OMHCHIBATH COBPEMEHHBIE METOABl M AITOPUTMBI BBHIMYKJIOH ONTHMU3ALUH, B YaCTHOCTH,

HpHMO-HBOﬁCTBeHHOFO THUIIA,

- 00OCHOBBIBATh CJIOKHOCTb YKa3aHHBIX METOAOB (10 YMCITy UTEpaLnii);
- II0JIb30BaThCsl OCHOBHBIMU IPSIMO-ABOMCTBEHHBIMHM QJITOPUTMAaMM BBIIYKJIOH ONTHMU3ALUY,
LIMPOKO UCIIOIB3YEMBIMU JJIS 33/1a4 MAIIMHHOTO O0y4eHUsI.

BJIaJd€Th:

- HaABBIKOM OCBOCHUS OOJBIIOr0 00beMa HH(bOpMaHHH;
- HaBBbIKaMH IMOCTAaHOBKH HAYYHO-HUCCJICAOBATCIIbCKUX 3a/1a4 1 HaBbIKaMH1 CaMOCTOSITEIIbHOM pa6OTLI.




3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJIIO

C menplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJje 3aHATUS 110 TeME IPOIUIOHN JIEKIIMK WU B KOHIIE 3aHATHUSA IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JJISI IPOBeAEeHHUA NIPOMEKYTOYHOM aTTecTalluu
o0y4yarommxcst

ITepeueHb KOHTPOIBHBIX BOMPOCOB ISl cliauu AU dHepeHIMPOBaHHOTO 3a4eTa:

1. OmnpeneneHus BBITYKJIOIO MHOXECTBA M BBINYKIOW (PYHKLMH; CTPOTHE BBITYKJIbIE MHOXECTBA H
(GyHKIMY; CHIIBHO BBIMYKJble (QyHKIMH. 3aa4a BRITYKJIOW ONTHMHU3AIMK HAa 3aJaHHOM MHOXKECTBE B
KOHEYHOMEpPHOM  mpocTpaHcTBe. DopMynupoBKa 3ajad  MalIMHHOTO  OOyudeHHs, OWHapHOM
KIacCH(PUKAIMKM C YYHWTENeM U JIMHEHHOW perpeccuy Kak 3a/add BBIMYKIOH ONTHMU3AIHH.
Bosmoxnble BapuaHThl 3THX 3a1a4: Support Vector Machines (SVM) u Hinge Loss B knaccudukanum,
MHK, rpe6neBast perpeccus u LASSO aiist perpeccum.

2. DopMynuMpOBKa TEOPEMBI O Pa3AeiieHHHd U TEOPEeMBbl 00 OMOPHON rumnepruiockoctu. Onpenenenne
cyOrpasneHTra; COOTBETCTBYIOLIAasi TEOpEMa O CYLIECTBOBAaHMM M JI0Ka3aTelbCTBO. BaskHOCTH 3amad
BBIMYKJIOW ONTUMH3ALMH. YCIOBUS ONITUMAIIBHOCTH 1-T0 mopsaka.

3. ITlonsatue uwepHoro smwuka U opakyna. llopsgok opakyna. [loHsiTHe MeToga ONTHMH3AIUH.
CHoXXHOCTB OpaKysa U MeToja; noHsatue o aedexre merona (perper). O CTPyKTYPHOH ONTHMHU3ALINU.
Kparkuit 0030p METOI0B 1 pe3ybTaTOB BHIMTYKIONH ONTHUMHU3ALINY.

4. ®opmyaupoBKa METO/IA IIEHTpa TshKecTH. McXomHble MpeArnoaoKkeHns o 3a1ade 1 opakyie. Teopema
o nedexre mMerona (0 BEpXHEH TIpaHMIE); 0KA3aTeIbCTBO C MCIOJIB30BaHUEM JIeMMBI ['proHOayma.
CII0’)KHOCTH METOJIA M €TO Pean3yeMOCTh.

5. Jlemma 00 OTCEYEHMH DIUIMIICOMJA IUIOCKOCTBIO, NPOXOIAIICH dYepe3 ero LeHTp. Merox
3JUIUIICOMJIOB, €TO CBOICTBA: CIOKHOCTh U TPYIOEMKOCTb.

6. Tlomstue o wmerone 3epkanbHOro crnycka (M3C) B HempepblBHOM BpeMeHU. McxomHoe
COIPSDKEHHOE BEKTOPHBIE MPOCTPaHCTBa B R™n, McxomHas W JBOMCTBEHHAs HOPMBI, MOTEHLUUAIBHOE
INIafKoe OToOpaskeHHe compsukeHHoro mpoctpancTBa grad W m ycno-Bue Jlummmna (Ha rpagueHT
noreHiuana grad W). Ilpumep ¢ eBKIMOOBHIMM HOPMaMd M KBaJpaTHYHBIM MOTEHIMAJIOM,
npuBoasumii M3C k craHzapTHOMY CyOrpaJieHTHOMY METOZY.

7. 3amava BBINYKJIOHW CTOXaCTHUYECKOW ONTHMH3AMM HAa 33JaHHOM KOMIIAKTE C OpaKyJIoM
rpaguentHoro Tuma. M3C (B AMCKpeTHOM BpeMeHM) U ero aHamu3. [IpeoOpazoBanue
Jlexxannpa-®Denxens. [Tapamerp o6o0menHoit Temneparypel. OnpezencHre NpokcH-QyHKIUU V, ee
CBSI3b C MOTEHIMAJIBHBIM OTOOpaKEHUEM COMPSDKEHHOIO MPOCTPAHCTBA HA JIOMYCTHMOE MHOXKECTBO.
[MapameTp cHIIBHO BBITTYKIIOCTH MPOKCU-QYHKIMK U CBS3b ¢ yciaoBueM Jlummmia Ha grad W. [pumep
ONTUMH3ALMM Ha CTaHIAPTHOM cHUMIUIeKce. [Ipokcu-(QyHKUMS SHTPONMIHOTO THIA, €€ CBOWCTBA
BBIITYKJIOCTHU 10 OTHOIIEHMIO K HOpMeE B | 1; cooTBeTcTBYyIOIIEe peoOpazoBanue Jlexanapa-Denxens
(c mapameTpom 00001IeHHOH TeMIiepaTypbl) U npsiMoe 000CHOBaHUE yclIOBHs JIMMmuia Ha rpaiueHT.

8. Bri0op nocnenoBarenbHOCTEN KO3(dULIMEHTa YCUIIEHUS U 00OOIIECHHON TeMIIepaTyphl: YacTHBII
ciydaii mapametpoB M3C; momHocthio pekyppeHTHbIH anmroputM 3C (A3C), mokazarenbcTBO €ro
BepXHEW TpaHUIBl (nedekra), CIOKHOCTh u TpymoeMkocTh A3C. OO0o0meHne MeTofa Kak
psSIMO-ABOMCTBEHHBIM. lIpumep onTuMu3anuM Ha 3aJaHHOM €BKJIMIOBOM IIAape C KBaApPaTHYHOMH
npokcu-pynknuei: A3C Kak aJropuTM MpOeKLUnHU cyOrpagreHTa.

9. ApantuBHbli A3C (10 00001IEHHON TeMIlepaType W MOCTOSHHOM KO3(Q(MHUIHMEHTOM YCHIICHUS).
VYcnoBue 0 paBHOMEPHO OrpaHUYEHHON HOpME CyOrpajineHTa MUHUMM3H-pyeMON (DyHKIMH MOYTH
HaBepHoe. TeopemMa O BepxHEH rpaHule, JoKa3areabcTBO. CpaBHeHHME C HIDKHEH TpaHULeH
Hemuposckoro-lOauna  (6e3  ngokazarenbctBa).  CrnokHocte  A3C.  Jlpyrue — BapuaHTHI
MPSIMO-/IBOMCTBEHHBIX aJITOPUTMOB.

10. CroxacTuueckas 3ajadya 0 MHOTOpykoM OaHaute. IlpuMeHeHHE ONTHMHU3AaLMOHHOIO TMOAXOJa
anroput™Ma 3C C LENBI0 CHHTE3a PAaHIOMHU3UPOBAHHON CTpaTeruu, MHUHUMH3MpYIOmeH (yHKIUO
cpeanux notepb. [lomyuyenne Bepxueit rpanuisl (nedekra Gpynknun noteps). CpaBHEHHE C U3BECTHON
nHGPOPMAIMOHHON HIXHel rpanuiel (Auer et al., 2002) 6e3 noka3areiabCcTBa.

11. 3amaua PageRank kak 3ajmaua oLEHUBaHHMS IJIABHOIO COOCTBEHHOTO BEKTOPa CTOXaCTHUECKON
Mmarpuibl. CBeZieHHE K 3a/1ade BBIMTYKJIOH CTOXaCTHYECKOW ONTUMH3ALUU C OPAKyJIOM I'PaJAHEHTHOTO
tuna. [Ipumenenne M3C ¢ npokcudyHKuuei suTponuitHoro tuna. Pannomusuposannsie A3C.



12. 3ajmadya OuHApHOM KIacCH(UKAIIUK C YYHUTENIEM, CBEJCHHE K 3ajlade BBIMYKIOW CTOXaCTHYECKON
ONTUMH3ALMK Ha CcTaHgapTHOM cumiuiekce. llonwstue wu mnpumepsl ¢QyHkumii  Qu-pucka:
JKCMIOHEHIIMANIbHbIE, ucnoias3yemble B SVM, wu gjorut-notepu. Ilpumenenne M3C s
online-MUHUMHU3ALUN CPEeIHETO (PU-pHUCKa HA BBIMYKIIONW 000JI0UKE pelIaroIInX NpaBui (T.e. Ha Kiiacce
arperMpoBaHHBIX PEIIAIONINX MPaBUiI). SIBHAS HEACUMIITOTHYECKAsi BEPXHSI I'PaHHUIIA.

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEOHOHM MpOrpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 Oa/IoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHME,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI M YMEHUE YBEPEHHO
IPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPAaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATh IOIy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYECHHBIEC PE3YIIBTATHI.
Ouenka xopoo 6 6ajIoB - BBICTABISAECTCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepuall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
Onenka ynoBieTBOpuTeNnbHO 4 Oaiia - BBICTABISIETCS CTYIACHTY, MOKa3aBleMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuaa, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka yaoBIETBOpUTENbHO 3 Oajuia - BBICTABISIETCS CTYIACHTY, MOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynrpoBKax 0a30BBIX HOHSTHH,
HapylIEHUs] JIOTUYECKOH IMOCIeJ0BaTeIbHOCTH B H3JIOKEHUH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy yueOHOH IMporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHON CUTYalHH.
OneHka HeyIOBIETBOPUTENIBLHO 2 0aluia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COAEp)KaHUsI y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JOIyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYNOBIETBOPUTENbHO 1 Oaiim - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAaeT OCHOBHOTO
cozep)kaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOK B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIeJsONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

JuddepeHnmpoBaHHbIN 3a4€T MPOBOIUTCS B YCTHOH Qopme.

[Tpu npoBenenun muddepeHnpoBaHHOr0 3adera olydaromemycs npenocrtasisercs 20 MHHYT Ha
noAroToBKy. Onpoc o0ydaromierocst MpoBOAUTCS B TedeHne 30 MUHYT.

Bo Bpems mpoBenenust auddepeHIHpoBaHHOTO 3adera OOydYarommecs MOTYT —MOJIb30BaThCS
HPOrpaMMO¥ TUCIMIUINHEL



