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

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: MCTO,I[BI BBIHYKJ'IOI\/’I OIITUMH3AlINH
0 HANIPaBJICHUIO: I/IH(l)OpMaTI/IKa W BBIYHUCIIMNTCIIbHAA TCXHUKA
IIpO(l)I(lJIb MnoATrOTOBKMU: HpI/IKJ'IaI[HaH MareéMaTuKa 1 I/IH(l)OpMaTI/IKa

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa npobiem nepenadu HHGOPMALMK U aHATTN3A TaHHBIX

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMbI IPOMEXKYTOUHOM arTecTanuu: 1 (ocenuuit) - JluddepeHpoBanHbiii 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 60 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: A.B. Hazun, a-p ¢uz.-mar. Hayk, npodeccop

[Iporpamma obcyxaeHa Ha 3aceqanuu kKadenpsl npodneM nepeaadn HHPopManuu 1 aHaim3a ganHeix 01.02.2024



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

- MU3y4YEHHUE CTYAEHTAaMU OCHOBHBIX METOAOB M AaJIOPUTMOB BBIIYKJIOW ONTUMHU3AUMM (KaK Jis
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-1.1 Ananuzupyet npoOIeMHYI0 CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  NpOOJIEMHONW  CUTyalldd Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(POPMALHH

aHaJM3 MPOOIEMHBIX CUTYalluii Ha OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-1.3 Pa3pabarsiBaeT CTpaTEeruo JOCTHKEHUS
[IOCTABJICHHON 1€ Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpEeNBHUIA PE3YIbTaT KaXkIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIAHUPYEMOMU
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

OIIK-1.1 3maer w® cHocoOGH  HCIONB30BaTh B
npoeCCUOHANBHON  JeSTeNbHOCTH  (yHIaMeHTalbHbIC
HAy4HbIC 3HAHUS ¥ HOBBIC HAyYHBIC TPUHIMITBI U METOJBI
WCCIIeZIOBAHUM B 001acTH MHPOPMATHKH M BEIYMCITUTEIBHON
TEXHUKHU

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
HAyYHBIX 3HAHWI B 00JIaCTH HH(H)OPMATHKU U
BBIYMCIIUTENBHON TEXHUKN

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUA B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
WH(POPMATUKU ¥ BBIYMCIUTEIBHON TEXHUKU M CIIOCOOCH UX
OPUMEHATh TPU  pEIIeHHH 3agad  Npo(dhecCHOHATIBHOM
NesITeTbHOCTH




[MK-1.1 3HaeT OpUHIUNBI MOCTPOCHHUS HAYYHOH pPabOTHI,
Merogsl cOopa W aHanM3a TIIOJMyYEHHOTO MaTepHalia,
CIOCOOBI apryMEHTAlluy; BIIaJECT HABBIKAMH IIOATOTOBKU
Hay4YHbIX  0030poB,  myOinukanuii,  pedepatoB  u
oubnuorpaduil MO TEMaTWKe MPOBOJAMMEBIX HCCIICAOBAHUIMA
Ha PYCCKOM M aHIJIMICKOM SI3BIKE

IIK-1 I'oTOB K BKIIIOUYEHHIO B
npodeccruoHaabHOE COOOIIECTBO; CIIOCOOCH

MIPOBOAMTH IOJT HAYYHBIM PYKOBOJCTBOM
JIOKaJIbHBIC UCCJIEIOBaHUS HA OCHOBE
CYIIECTBYIOIINX METOOB B KOHKPETHOM
o0mactu mpoeccruoHaTbHOM JesSTENBHOCTH

[IK-1.2 Ymeer pemarp Hay4yHbIE 33aJa4d C TOHUMaHHEM
CYLIECTBYIOIIUX TMOAXOAOB K BEpUPHUKALMKU MOAETEH
HIPOrpaMMHOTO 00ecHeyeHus B CBA3M C IOCTaBJICHHOM
LEJBIO U B COOTBETCTBUH C BEIOPAHHOW METOIUKON

[IK-1.3 Hmeer mnpakTU4YEeCKUH ONBIT BBICTYIUIECHUA H
HAyYHOW apryMeHTaly MpH aHajiu3e OOheKTa HAyYHOU M
npo¢ecCHOHANBHON e TeNbHOCTH

3. [lepeyens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCHHILUINHE (MOIYJII0)

B pe3ynbrare 0CBOCHUS AUCIMIUTMHBI 00yYaOINecst JOJDKHBI

3HATh:
- OllMCaHMe Kiacca BBHIMYKIBIX 337ad ONTHMH3aLUMHM (KaK JETEPMHHUPOBAHHBIX, TaK H
CTOXAaCTHYECKHX);
- OCHOBHBIC PEKypPEHTHBIC METO/IbI BBITYKJIOW ONTUMH3AIMU U X CIIOXKHOCTB;
- KOHKPETHBIC aJTOPUTMBI MPSIMO-JBONCTBEHHON ONTUMH3ALUH, TIPETHA3HAYCHHBIC JIsi MAIIUHHOTO
o0yd4eHusI.

YMETb:
- (opmynupoBaTh 3a7a4M BHITYKIONH ONTHMHU3AIINY;
- OIMCHIBATh COBPEMEHHBIC METOIbl W QJITOPHTMBI BBIIYKJIOW ONTHUMHU3AIMH, B YaCTHOCTH,
MPSIMO-/IBOMCTBEHHOTO TUTIA;
- 00OCHOBBIBATH CIIOXHOCTh YKa3aHHBIX METOJIOB (II0 YHCITy UTEPALHiA);
- MOJTb30BaThCSl OCHOBHBIMHU IPSMO-ABOMCTBEHHBIMU aJTOPUTMAMHU BBITYKJIOW ONTHMH3ALINH,
IIMPOKO MCHOJIB3YEMbIMH JUIS 33184 MAIIMHHOTO O0y4eHHSI.

BJIQJICT!
- HaBBIKOM OCBOEHUsI 0OJIBIIOro 00beMa HH(pOpMAIUH;
- HaBBIKaMH [TOCTAaHOBKH HAYYHO-HCCIIEIOBATEIbCKUX 331a4 U HAaBBIKAMH CaMOCTOSTEIBHOM PaOOTEHI.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJCHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTh 0 BUJIaM YUEOHBIX 3aHATHH, BKIIFOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 AnTanTUBHBIA A3C. 3amaua o 5 10
MHOTOPYKOM OaHHTe.
BBenenue: BbIMyKIIbIE MHOXECTBA U
2 (GyHKUIMH. OneMeHTHI BBIITYKJIOTO 5 10
aHaM3a.
3 3amaua PageRank. 3amaga OunapHOi 5 10
KIaccu(ukanmu.
3amaya  BBINYKJIOM  CTOXaCTHYECKOMH
4 ONITUMU3AIIUH. YacTHBIN ciyvai 5 10
napameTpoB M3C.
5 Merton o»maunconnoB, HMmes wMertona 5 10
3epKaJIbHOTO CITyCKa.




6 Mognenp yepHoOro smuka. Merox LeHTpa 5 10
TSKECTH.

Hroro yacos 30 60

Iloaroroska k sKk3aMeHy 0 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)
1. AnmantuBHbd A3C. 3agaga 0 MHOTOPYKOM OaHIWTE.

ApantuBaelii A3C (o 000O0IIEHHOW TemImeparype), ero BepXHssl TPaHHuLa U CIOKHOCTb. Jlpyrue
BapUaHThI IPSAMO-IBOMCTBEHHBIX MeTO0B. OOCYyKIeHuE.

3amaua o mHOropykoMm Oanamre. [lpumenenme ontmmmsanmonHoro moxxona u M3C. ITlomydenue
BepxHel rpanunbl. CpaBHEHUE ¢ U3BECTHOW MH(POPMALMOHHON HUKHEN TPaHULICH.

2. BBC,E[GHI/IGI BBIITYKJIBIC MHOKCCTBA U (bYHKI_H/II/I DIIEMEHTBI BBIITYKJIOTO aHAJIU34.

BBeznenue: BBIMYKIbIE MHOKECTBA M (YHKIMH. 3ajada BBITYKJIOW ONTHMHU3AIMU (B N-MEPHOM
npocTtpancTie). [IpuMepsl: MalmHHOE 00yUeHHe, KiIaccu(BUKAIUS ¢ yIUTENEM, PErPECCHSI.

DJieMeHTHl  BBIITYKJIOTO aHalM3a: TEOpeMbl O pasfeleHud, 00 OMNOPHOM T'MIEPIUIOCKOCTH,
OTIpeJIeNIeHUE U CYLIeCTBOBaHHE CyOrpainueHTa. YCIoBUs ONTUMAIBHOCTH 1-ro mopsaka.

3. 3amaua PageRank. 3amada OuHapHO# Kaccudukarmm.

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

3amaua OuHapHOW Kiaccupukanuu ¢ yuurteneM: npumeHeHne M3C il MUHUMH3AIHUA ONIHMOKH
KJIacCU(DMKAIIMY HA BBIMYKIION 000JI0UYKE «ITPOCTHIX)» MPABIII Pa3aeICHUS.

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

3azaua BBITYKJIONH CTOXaCTMUECKON ONTUMU3ALMM HA 3alaHHOM KOMIIAKTe C OpPaKyJoM 1-ro nopsixa.
M3C u ero ananu3. Ilonarue mnpokcu-QyHKIuM depe3 mpeodpazosanue Jlexxanapa-DeHxens.
[TapameTp CHIIBHOM BBITYKIIOCTH.

UYactaelit ciydaii napamerpoB M3C; nonHocThio pekyppeHTHbINH anroput™ 3C (A3C), ero BepxHAd
rpaHuIla U CIOXKHOCTh. JloKa3arenbcTBa.

5. MCTOI[ OJIJIUIICOU 0B, I/I,I[CH MCTOZa 3CPKAJIbHOTO CITYyCKa.

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

Unest metona 3epkansHoro ciycka (M3C). [Tapamerpsl MeToa: MCXoMHAs U ABOHCTBEHHAST HOPMBEI,
MOTEHIMal OTOOPaKeHHS CONPSHKEHHOTO MPOCTpPaHCTBA M ycioBue Jlummmua Ha TpaaueHt.
[Ipumeps! (¢ qoKa3aTeNbCTBAMU).

6. Mogenp yepHOTO sirka. MeTon 1eHTpa TSKEeCTH.
Monens gepHoro smuka. ITonstue o0 opakyne, €ero CiIOKHOCTH, O METOJAE ONTHMHU3ALMU U €ro
cioxkHocTd. O030p METOIOB U PE3YIIBTATOB.

MCTO,I[ HCHTpPA TAKCCTH. I[OKa3aTeJ'IBCTBO BerHeﬁ T'paHUIIbL. CHO0XHOCTB METOAA.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIEeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)




JI0CKa, HOYTOYK ¥ MyJIBTUMEIUITHOE 000pyI0BaHue (ITPOSKTOP WITH MJIa3MECHHAS TIAHETIh ).
6.IlepeyeHns pexoMeHyeMOii JTUTEPATYPbI

OcHoBHas nuTeparypa
1. Beaenue B ontummzanuio [Tekct] : [yue6. mocobue mis By3oB] / b. T. [Tonsik .— M. : Hayka, 1983
—384c.
®onp auTeparypsl 6a30B0i Kadeapsl (OpraHUu3aLiy):
2. Hemmposckwii A.C., FOqun JI.b. CnoxHocTh 33124 1 3pPeKTHBHOCTh METOIOB ONTUMH3AIHA. M.
Hayxka, 1979. C. 384.
3. Hecrepos [O.E. Benenue B Beinykiyto ontumuzanuo. M.: 2010.

JlononHuTenbHAS TUTEpATypa
®onp auTeparypsl 6a30B0i Kadeapsl (OpraHu3aLim):
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.
Bemm. 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
JJIS1 OCBOCHUS] JUCUMILIUHBI (MOLYJIs1)

1. http://lib.mipt.ru — snexrponHas Oubianoreka Ousrexa.
2. http://www.edu.ru — ¢penepanpabIii TopTan «Poccuiickoe oOpa3zoBaHue.
3. http://benran.ru — OubIMOTEKA 110 €CTECTBEHHBIM HayKaM Poccuiickoit akaieMun Hayk.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUMN.

9. MeToauyeckue yKazaHus AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3yyaromuid IUCUUIUIMHY, JODKEH C ONHOW CTOPOHBI, OBJIAACTh OOIIMM TMOHSITHHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pesynbrare u3ydeHus IOUCLUIUIMHBI CTYAEHT JOJDKEH 3HATb OCHOBHBIE OIIPENENICHUs, MOHSITHS,
AKCHOMBI, aJITOPUTMBI.

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHON caMOCTOsATENbHOM paboThl cTyleHTa. B nporpamme
Kypca TpUBEACHO MHUHUMAIBHO HEOOXomuMoe Bpemsi [uis paldoThl CTyleHTa HajJ TEMOH.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHUE U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAHHOMN JINTEPATYPBI,

— TpopaboTKy ydeOHOro marepuaia (IO KOHCIIEKTaM JICKIHH, y4eOHOH M Hay4dHOW JuTeparype),
[IOATOTOBKY OTBETOB HA BOIPOCH], IPEJHA3HAYEHHbIX JUISI CaMOCTOSATEJILHOTO  M3Y4EHHS,
J0Ka3aTeNbCTBO OTAEIBHBIX YTBEPXKACHH, CBOICTB;

— MOATOTOBKY K TU(PEpEHINPOBAHHOMY 3a4ETYy.

PykoBOACTBO W KOHTPOJNb 32 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)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa npobiem nepenadu HHGOPMaLMK U aHATTU3A TaHHBIX
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 ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA

MOCTABICHHON IIEIM KaK ITOCJIEIOBAaTeILHOCTE IIIaros,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHHE HA  BHEIIHEE  OKPYXEHUE  IUIAHUPYEMOU
JESATENbHOCTH W Ha B3aMMOOTHOLIEHHUS YYaCTHUKOB 3TOM
JIeATCIbHOCTH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX

HAy4HBIX 3HAHUH B 00J1aCTH HHGOPMATUKU U
BBIYUCIIUTEIILHON TEXHUKU

OIIK-1.1 3gaeT W cmocobeH  HCIOJIL30BaTh B
nmpo)eCCUOHANFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS ¥ HOBBIC HAy4YHBIC MPUHIMITEI U METOJbI
rccienoBaHuil B 00macTi MHHOPMATHKY U BEIYUCITUTEIIEHON
TEXHUKHU

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIEIOBaHUA B 00IAaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MH()OPMATUKU U BBIYUCIUTEIBHON TEXHUKH M CIIOCOOECH MX
OPUMEHATh TpPHU PpElIeHWH 3agad  [po¢eCCHOHANBHOM
JeSITeIbHOCTU

IIK-1 I'0TOB K BK/IIOUEHUIO B
npodeccruoHaIbHOE COOOIIECTBO; CIIOCOOCH
MPOBOJUTH T10J] HAYYHBIM PYKOBOJICTBOM
JIOKQJIBHBIE UCCIIEMOBAHUSI HA OCHOBE
CYIIECTBYIOIIUX METOIOB B KOHKPETHOM
obyiacT Mpo(heCCUOHATBHOMN IEATEILHOCTH

[MK-1.1 3HaeT OPUHIUNBI MMOCTPOCHHUS HAYYHOH pPabOTHI,
Merogsl cOopa W aHamM3a TIIOJMyYEHHOTO MaTepHalia,
CIOCOOBI apryMEHTAlluy; BIIaJECT HABBIKAMH IIOATOTOBKU
Hay4YHbIX  0030poB,  myOinukanuii,  pedepatoB  u
oubnuorpaduil MO TEMaTWKe MPOBOJAMMEBIX HCCIICAOBAHUIMA
Ha PYCCKOM M aHIJIMICKOM SI3BIKE

[IK-1.2 VYMmeer pemarp Hay4dHbIE 33aJa4d C TOHUMaHHEM
CYLIECTBYIOIIUX TMOAXOAOB K BEpUPHUKALMKU MOAETEH
HIPOrpaMMHOTO 00ecHeyeHus B CBA3M C IOCTaBJICHHOM
LEJBIO U B COOTBETCTBUH C BEIOPAHHOW METOIUKON

[IK-1.3 Hmeer mnpakTU4YEeCKUH ONBIT BBICTYIUIECHUA H
HAyYHOW apryMeHTalUy NP aHaiu3e OObeKTa HAyYHOU U
npo¢ecCHOHANBHON eI TeNbHOCTH

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynbrare n3ydeHus AUCIUTUIMHBL «METOBI BHITYKIION ONTUMHU3AIUI 00YYaIOIUICS JOKEH:

3HATb:

- OIMMMCaHUC KJacCa BBINYKJBIX 3a4a4 OINTUMH3alUA (KaK ACTCPMHUHHUPOBAHHBIX, TaK U

CTOXaCTH‘leCKI/IX);

- OCHOBHBIE PEKYPPEHTHBIE METO/IbI BBITYKJIONH ONTUMHU3ALMU U UX CIIOXKHOCTb;
- KOHKDETHBIE aJITOPUTMBI NPSAMO-IBONCTBEHHON ONTUMHU3alWH, NpeAHa3HAYECHHBIE ISl MAIIMHHOTO

o0yd4eHusI.
yMeThb:

- (i)OpMy.]'II/IpOBaTL 3agadu BBIHYKHOﬁ OIITUMH3AIIHH
- OIMUCBIBATL COBPEMCHHBLIC MCETOAbI MW AJITOPUTMBI BBIHyKJIOﬁ OIITUMH3allMM, B YaCTHOCTH,

HpﬁMO—ﬂBOﬁCTBeHHOFO THIIA,

- 000CHOBBIBAaTh CJI0)KHOCTb YKa3aHHBIX METO/IOB (II0 YHCITy UTEpaLHii);
- MIOJIb30BAThCS OCHOBHBIMHM MPSMO-JBOWCTBEHHBIMH AJITOPUTMAaMHU BBINYKJIOW ONTHUMM3ALHNH,
IIMPOKO MCHOIb3YEMBIMH JUTS 33124 MAITMHHOTO 00yYeHUsI.

BJA€Th:




- HaBBIKOM OCBOEHUsI 0OJIBIIOro 00beMa HH(pOpMAIUH;
- HaBBIKaMU [TOCTAaHOBKH HAYYHO-HCCIIEIOBATEIbCKUX 33/1a4 U HAaBBIKAMH CaMOCTOSTEIBHOM PaOOTEHI.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylleMy KOHTPOJII0

C 1enpl0 KOHTPOJS OCBOCHHS OOYYaIONUMUCS y4eOHOTO Marepualia MPOBOAUTCS YCTHBIM OMpPOC B
HayaJie 3aHsATHS 110 TEME MIPOIION JICKIUH UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[TepeueHb KOHTPOIBHBIX BOMPOCOB ISl craun AuddepeHIMpOBaHHOTO 3a4eTa:

1. OmnpeneneHusi BHIIYKIOTO MHOXKECTBA M BBITYKJIOW (DYHKIIMH; CTPOTUE BBIIYKJIBIE MHOKECTBA H
(GYHKIMK; CHIIBHO BBIMYKJIbIe (QyHKIMH. 3aa4a BBITYKJIOW ONTHMHU3AIMKA HAa 3aJJaHHOM MHOXKECTBE B
KOHEYHOMEPHOM  mpocTpaHcTBe. (DOpMyIHpoOBKa 3ajad  MAIIMHHOTO  OOydYeHus, OWHapHOU
KJIaCCU(HUKAUK C YYHUTENIeM U JIMHEHHOW perpeccMr Kak 3a/add  BBITYKIOH ONTUMH3ALUH.
BosMmoxHble BapuaHThl 3TUX 3a1a4: Support Vector Machines (SVM) u Hinge Loss B knaccudukaium,
MHK, rpeGneBast perpeccus u LASSO anst perpeccun.

2. ®opMynupoBKa TEOPEMBI O pa3AeiIeHUH U TeopeMbl 00 OMOPHOM rumepriockocTH. OnpeneneHue
CyOrpagueHTa; COOTBETCTBYIOLIAas TEOpEeMa O CYIIECTBOBAHMHU U JI0KAa3aTelbCTBO. BaXHOCTH 3amau
BBIITYKJIOW ONTUMHU3AIMU. YCIOBHS ONTHMAIBHOCTH 1-ro mopsaka.

3. Ilonstue uepHoro simuka W opakyna. [lopsnok opaxyna. IloHsTue Meroma ONTUMHU3ALMH.
CHoXXHOCTH OpaKylia U MeTojia; oHsATue o jgedekre merona (perper). O CTPYKTYPHOH ONTHMU3ALINH.
Kparkwuii 0030p METOIOB U PE3yJIbTaTOB BHIMYKJIONH ONTUMH3ALHH.

4. ®opMmynaupoBKa METO/a IIEHTpa TshkecTH. McxoqHble mpeanoaokeHus o 3a1ade 1 opakyse. Teopema
0 nedekre merona (0 BEpXHEH TIpaHHIE); TOKAa3aTeIbCTBO C MCIOJNB30BAHUEM JIeMMBI [ proHOayma.
CIIO’)KHOCTH METOJIa U €T0 Pean3yeMOCTh.

5. Jlemma 00 OTCEYEHMH DIUIMIICOMJA TUIOCKOCTBIO, TPOXOIAIICH dYepe3 ero IeHTp. Merox
ITUIICOU]IOB, €TO CBOIMCTBA: CIIO)KHOCTh M TPYAOEMKOCTb.

6. Ilomsatue o merome 3epkanbHoro cmycka (M3C) B HempepslBHOM BpemeHH. HcxomgHoe wu
CONPsDKEHHOE BEKTOPHBIE MPOCTpaHCTBA B R™n, ncxomHas m JBONCTBEHHAs HOPMBI, MOTCHIUAIBLHOE
DIIagKoe OTOOpaskeHHe compspkeHHoro npoctpancTBa grad W m ycno-Bue Jlummmna (Ha rpagueHT
noreHnmana grad W). Ilpumep ¢ eBKIMIOBBIMH HOpPMaMHM U KBaJpaTHYHBIM ITOTEHIIMAJIOM,
npuBogsinii M3C k craHIapTHOMY CyOTrpaJIieHTHOMY METOJY.

7. 3apmaya BBINYKJIOH CTOXaCTUYECKOW ONTHMHU3AIlMM Ha 3aJaHHOM KOMIIAKT€ C OpPaKyJIoM
rpaguentHoro Tuma. M3C (B JAHMCKpEeTHOM BpeMeHH) W ero aHamm3. [IpeoOpazoBanHue
Jlexxanppa-®enxens. [lapamerp 0600menHoil Temneparypel. OnpeneneHue NpokcH-QyHKUUU V, ee
CBSI3b C MOTCHLUAIBHBIM OTOOPAKEHHEM COINPSKEHHOTO MPOCTPAHCTBA HAa JOIMYCTHMOE MHOXECTBO.
[TapameTp CHIIBHOH BBITYKJIOCTH MPOKCHU-(PYHKIIMU U CBsI3b ¢ ycnoBueM Jlummmna Ha grad W. [Ipumep
ONTUMU3AIMHA HAa CTaHIAPTHOM CHMIUIEKce. [Ipokcu-QyHKIUS SHTPONUMHOTO THIA, €€ CBOWCTBA
BBIIYKJIOCTHU 10 OTHOILEHHUIO K HOpMe B |_1; coorBercTBytomee npeoOpasoBanue Jlexannpa-denxens
(c mapameTpoM 0000IIEHHOH TeMIiepaTyphl) U IpsiMoe 000CHOBaHUE yCIIOBH JIMMIIUIA HA TPaIUEHT.

8. Bwi0op mocnenoBarenbHoCTEel KO3 dHIIMEHTa YCUIIEHNST U 00OOIIEHHON TeMIeparyphl: YacTHBIH
ciydail mapametpoB M3C; momHocTbio pekyppeHTHbId anroputM 3C (A3C), nokas3arenbCcTBO €ro
BepXHEH TpaHunbl (nedexra), cIokHOCTh H  TpymnoemMkocTh A3C. OO0o0meHne MeToma Kak
IpsSIMO-/IBOMCTBeHHBIA. [Ipumep onTuMH3anuy Ha 33JaHHOM CBKJIMAOBOM IMIape C KBaJApaTHYHOMN
npokcu-pynkmuei: A3C Kak aqropuT™ MPOEKIUU cyOrpareHTa.

9. ApnantuHbli A3C (10 0000IIEHHON TeMIlepaType W MOCTOSHHOM KO3(Q(UIIMEHTOM YCHIICHUS).
VYcnoBue 0 paBHOMEpPHO OTPaHMYEHHOW HOPME CyOrpagueHTa MUHHUMH3H-PYeMOH (QYHKIUH MOYTH
HaBepHOe. Teopema O BepxHeWl rpaHuie, [0KazaTenbcTBO. (CpaBHEHHE C HW)KHEW TrpaHHIleH
Hemuposckoro-lOouna  (6e3  nmokaszarenbctBa).  CnoxkHocts  A3C.  Jlpyrue — BapuaHTHI
HPSMO-ABOMCTBEHHBIX aJITOPUTMOB.

10. CroxacTuueckasi 3ajilaua 0 MHOTOpyKoM Oanaure. [IprMeHeHHMe ONTHMU3AIMOHHOTO TOAXO0/a W
anroputMa 3C C HeNbl0 CHHTE3a PaHAOMHU3UPOBAHHON CTpaTernd, MUHUMHM3HPYOLIEH (yHKIHIO
cpennux noreps. [lomyyenne BepxHeil rpanuis! (aedexra GyHkuun norepsb). CpaBHEHHE ¢ U3BECTHOM
nH(pOPMALIMOHHON HIKHEW rpaHuuei (Auer et al., 2002) 6e3 noka3areiabCcTBa.

11. 3agaua PageRank kak 3amaua OICHMBaHMS IVIABHOTO COOCTBEHHOTO BEKTOpA CTOXACTHUYECKOM
Marpulpl. CBelleHHE K 3a/a4e BBIMTYKJIOH CTOXAaCTHYECKOW ONTHMU3ALMU C OPaKyJIOM I'PaJWEHTHOIO
tuna. [Ipumenenne M3C ¢ npokcudyHKIueH sHTponuitHoro THIa. Pannomuzuposannbie 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



