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AHHOTANMA

OcHOBHasl LIeTb Kypca — O3HAKOMHTH CIIyIIaTeNied ¢ OCHOBHBIMUA METOIaMH MaTeMaTHUECKOW ONTHMU3ALIUH,
a TaKkkKe C COBPEMEHHBIMH METOIAMH ONTHMH3AIMH, NPUMEHSEMbIMH B aHAIHW3€ JAaHHBIX U MaIIMHHOM
o0y4eHnu. B yacTHOCTH, MBI TOIPOOHO U3YYHUM OCHOBHBIE METOJIBI MIEPBOTO MOPS/IKA, CIIOCOOBI BhIOOpA I1ara
B METOJIaX, CTOXaCTHYECKHE METO/IBI repBoro nopsiaka (SGD u ero MHOTOYHMCIICHHBIE BapUalllH), @ TAKKE UX
NPUMEHEHUsT K 3ajJayaM pacrpenen€HHOro oOydeHus. B Kypce CyliecTBEeHHOE BHHMAHHUE YACISACTCS
TEOPETUYECKUM TapaHTHSAM CXOIUMOCTH METOJOB Ul PAa3IMYHbBIX 33]1a4, BOIIPOCAM ONTUMAILHOCTH METO/IOB

1 MX TPaKTU4eCcKOi 3 HEKTUBHOCTH.
1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

MO3HAKOMUTL CTYACHTOB C COBPCMCHHBIMU

MCTOAAaMHM ONTUMHU3AIIUKU JJIA pPCIICHHUA 3aaad,

BO3HHUKAIOMIMX B MAallMHHOM 06y‘-IeHI/II/I, C UX TCOPECTHUYCCKHUMU U MPAKTUICCKUMU CBOMCTBaMHU U
HAay4YUThb UX MPABUIIbHO IIPUMCHATH MCTOJAbI OIITUMU3AIIUU JIA PpCHICHUA 3a1a4 MAllIUHHOT'O O6yLIGHI/I$I.

33]13‘[1/[ JAUCHUIIINHBI

1. ITo3HakOMHTH CTYyACHTOB C COBPCMCHHBIMM MCTOAAaMH ONTUMHU3ALUK JIA pPCHICHUA 3a[ad,
BO3HHKAIOUIMX B MallMHHOM O6y‘-I€HI/II/I, C UX TCOPECTUUCCKHUMU U MMPAKTUICCKUMU CBOMCTBaMHU.

2. Hay‘H/ITL CTYACHTOB INPAaBUJIBHO NPHUMCHATH MCTOAbl ONTHUMU3AUWUKU JId PCHICHHA 3aAda4, B TOM
YUCJIIC OPCACIATh HauboJjee noaxoaAmue METoAbl AJid pCHICHUSA KOHKPCTHBIX 3a1a4.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO HA (bOpMI/IpOBaHI/Ie CIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN

I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYallUil HA OCHOBE
CHCTEMHOTO TT0JIX0/1a, BEIpa0aThIBATh
CTpaTeruro AeUCTBUI

VYK-1.1 Ananuzupyer npoOJIEeMHYIO CUTYaLHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymiecTBisier TOWCK BapHaHTOB  pELICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyalldd Ha  OCHOBE
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

YK-1.3 Pa3pabarsiBaeT CTpaTEeruro JOCTHKEHUS

[IOCTABJICHHON 1eJIM Kak I10CJIE0BaTeIbHOCTh I11aroB,
NpeaBUAS PE3YNbTaT KaKIOro M3 HHUX U OLEHHUBas HX
BIMSIHUE HAa  BHEIIHEE  OKPY)XEHHE  IUIaHUPyEeMOI
JEATEIBHOCTH W Ha B3aUMOOTHOILIEHUS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00sacTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 3HaeT W cHocoOEGH  HCIONb30BaTh B
npo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 00600mars ¥ KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIIECJOBAHUII B 00IacTh
npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXANCLIUIIMHAPHBIC CBS3U B OOJIACTH
MareMaTHK W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHnn 3a/1a4 NpoQecCHOHATBHON AEATENbHOCTH

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CHCTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOEHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HATb.




OCHOBHBIE BH/bI 33]]a4 MALIMHHOTO O0y4€HHS; OCHOBHBIE CEMEWCTBA aJITOPUTMOB, UCIIOJIB3YEMBIX IS
peleHus 3a7a4 Kiaccu(pUKalMK, PErPEecCUy, KIacTepU3aluu; cocoObl 0TOOpa MPHU3HAKOB, IMOUCKA
MH(POPMATUBHBIX NPU3HAKOB, CO3JaHMS HOBBIX NPHU3HAKOB; CBOMCTBA Pa3iIMYHBIX METPHK KauyecTBa,
($yHKUMH IOTEph U CIIOCOO0B BaIHJAIHH.

YMETB:
CaMOCTOSITEJIBHO peIlaTh 3a/auydl aHaju3a JAaHHBIX C HCIOJb30BaHHEM s3bika Python; momb3oBarbes
MaTeMaTHYeCKUMH TaKeTaMH, MakeTaMu BHU3yalM3alliu, MakeTamu Iirybokoro oOyudenust B Python;
CTpOWTH HelpoHHbIe ceTH ¢ moMotsio Keras, Tensorflow, Pytorch.

BJIaJIETh:
HaBBIKAMH BHIOOpA MOIENM, METPUKM M CHoco0a BalMalMM AJIi KOHKPETHOW 3aJayd; HaBbIKAMH
ucnons3oBanust Python n BHemHMX 6MOMMOTEK IS peleHNs 3a/1a4 aHAIU3a JaHHbIX.
MarepuanbHo-TexHHUYECKas 0a3a: KOMIIBIOTEPHBIN Kiacc.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIINHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 Bgenenne 2 6
) [lonsTne O  YHCIEHHBIX  METOAAx 4 6
ONITHUMU3AINN
3 JIuHeliHble METOObl ©  METPUYECKUE 4 6
METO/IbI
4 Meron Herotona 5 6
5 3anaun c peryasipusanueii, 5 6
MPOKCHMAJIBHBIN orepaTop
[IpokcrmainbHbIN CTOXaCTUYECKUI
6 rpagueHTHBIN ciryck (SGD) B obmHOCTH 5 6
CTaTbu
OOuwmii B3I HA ONTUMAIBHBIE METOABI
7 HEBBIIYKJIOW  ONTHMH3ALUUA  [EPBOTO 5 6
nopsiaKa
3 Baﬂatmu ONTHMHU3AIMM HAa MHOXECTBAaxX 5 6
MPOCTON CTPYKTYPHI
Hwxuue OLICHKH CIIO)KHOCTH
JIETePMUHUPOBAHHBIX METO/IOB IIEPBOIO
9 nopsiika At MAUHUMH3AIHUKA TIAJAKHX/HE 5 6
IMAJKUX BBITYKJIBIX U CHIBHO BBITYKJIBIX
byHKIHIA, TIIAJKHX HEBBIITYKJIBIX
byHKINH
10 Bsenenne B pacrpeneiEHHy 0 5 6
ONITHMU3ALHIO
Hroro wacos 45 60
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)



Cemectp: 1 (Ocennwii)
1. Beenenue
CBs3b ONTUMHU3AIIMY M aHAJIN3A JAHHBIX, CTATHCTUKH.
2. [loHsATHE O YUCIEHHBIX METOJaX ONTUMHU3AINH

Monens u€pHOro SIIMKA, CIOKHOCTH 3aaad onTuMu3anuu. Kiacesl 3agau ontummsanuu. CuiibHO
BBIITYKJIbIC 33/1a4M, BBINYKJIbIC (BBIPOXKACHHBIC) 3a/laud, HEBBITYKIbIE 3aqa4yd. nankue, Hermagkue
3agaun. OCHOBBI MAaTPUYHO-BEKTOPHOTO AU (epeHIHpoBaHNsA. YCIOBUS ONTUMAIBHOCTH TIEPBOTO U
BTOPOTO MOpsaKa, cyonanddepeHnnan u ero CBOMCTBa.

3. JIuHeliHbIe METOMIBI U METPUUECKUE METOABI

Metonsl OJHOMEPHOW MHUHHMH3ALMK (METOA JUXOTOMHH, METOH 30J0TOr0 CEYCHHS, METOJ
®ubonayun). MeTonsl MaJIOMEPHON ONTHUMHU3ALMH: METOJ LIEHTPOB TSKECTH, METOJ HIUIUIICOHIOB.
Merton rpaguentHoro criycka. CriocoOsl BeiOOpa mara B Merogax. Hauckopeimmii cyck. [Ipasuiio
Apmuxo, mpaBwio lomacreiina, mpaswio HecrepoBa. AnanTtuBHBIM crmoco0 BbeiOopa mIara.
ComnpsikeHHbIE HampaBiieHUs. MeToll CONPSKEHHBIX TPaJUEHTOB Al MUHUMHU3AIUN KBaIPATUIHBIX
¢dbyHKIMHA. MeTo conpspKEHHBIX TPATUCHTOB TSl PEIICHHS 3a/1ad BRIMYKJIOH ONTUMH3aud. MeToa
Tsoxenoro mapuka [lomsika. YCKOpeHHBIH TpagueHTHBIA MeTo[ (B pa3HBIX BapHaHTaxX: METO[
Hecrepoga (Nesterov momentum), THHEHHBINA KaILTUHT, METOJI TOJJOOHBIX TPEYTOTHHHUKOB).

4. Meron Herotona

KsazunptoronoBckue metojibl (BFGS u LBFGS). Meton HproToHa ¢ KyOHu4eckoid peryinsipu3aiici.
5. 3amauu ¢ peryisipusalie, MpoOKCUMalbHBIN OnepaTop

[IpoxcumanbHbIil rpaguenTHBIN ciryck U FISTA.

6. IlpoxcuManbHBIN cTOXacTUYECKH TpaaueHTHbBIH ciyck (SGD) B o0mHOCTH cTaThn

Metonst penykuuu puctiepcun: SVRG, SAGA, Loopless-SVRG kak wactebiii ciywait SGD.
Munu-6arumsr. Yenosusi cuiibHoro (SGC) m cnmaboro (WGC) pocta, cBsi3b ¢ over-parametrized
models. CxogumocTts yckoperHoro SGD B mpenmonoxenun SGC.

7. O6H_H/II\/’I B3IJI44 HA OIITUMAJIBHBIC MCTO/IbI HGBBIHYKHOﬁ ONITUMU3AalUU IIEPBOI0 MOPAAKA

Hespimykinass ontumuzanusi: o0l B3IAL Ha ONTUMAJIbHBIE METOIBI HEBBITYKIOH ONTHUMHU3ALUU
nepBoro nopsiaka (rpaaueHtHsid cnyck, SGD u SPIDER). AnantuBHbIE CTOXaCTHYECKHE METOIbI:
Momentum SGD, Adagrad, Adadelta, RMSprop, Adam. HoBblif BapuaHT aganTUBHOTO MO pa3Mepy
mara u pazmep 6arua SGD.

8. 3alaun onTUMM3AIMN HA MHOXKECTBAX MPOCTON CTPYKTYPhI

Juseprennust bpsrmana. Merog TpoeKnuM TpagueHTa, METOA 3epKaJIbHOTO CIiycka. Merox
ycioBHoro TpaaueHTa (Opank-Bynbda). [Ipumep 3amaun MUHUMH3AIHMN KBaJIpaTHYHOW (BOpMBI C
pa3peKEHHOM MOJIOKUTEIBHO ONPEICIICHHON MaTpUIIeH Ha eIMHIYHOM CUMILICKCE.

9. HwxH1E OLEHKH CIOKHOCTH JAETEPMUHUPOBAHHBIX METOJOB MEPBOT0 MOPAJIKA 111 MUHUMHU3ALHH
INAJKUX/HE TAAKUX BBITYKJIbIX H CHIIBHO BBIITYKJIBIX (DYHKIMH, ITIaJKUX HEBBITYKIbIX (yHKINH



NP-CnoXHOCTP 3a7jau HEBBIMYKJIOW HEMIAAKOM ONTHMM3ALUU, CBSA3b C NP-CIOKHOCTBIO 3a1aud O
KaMHsX. HmwxHHE oLeHKH rmo0allbHOW ONTHUMH3ALMK, KOHLEHIHS COMPOTHBISIOLIETOCS OpaKyia.
HuxHye OLIEHKH CIIOKHOCTU B CTOXaCTHYECKOM ONTHMU3ALUM IIEPBOIO MOPs/IKA, HUKHUE OLIEHKU
CIIO)KHOCTH METOJIOB TEPBOrO TMOpPSAKAa A MHUHUMHU3aUMU cyMM. ONTHMajbHBIE METOABI ISt
muHuMm3anuu cymm: Katyusha, MiG, SSNM (mmajkue BBIMYKIIBIH U CHIBHO BBIMTYKIIBIA CITydan).
OnTuManbHbIe METOABI 715 OOIIEH 3a/1auM CTOXaCTUYECKOM ONTHUMHU3ALMU: CTOXaCTUYECKUI BapHaHT
Metona HecrtepoBa ¢ MHUHH-OaTYMHTOM (TJIaJKWH BBIMYKJIBIA W CWJIBHO BBIMYKIBIA CIIy4an),
CTOXaCTHYECKUH 3epKaJIbHBIN CITyCK (HEIIaAKUi BBITYKJIBIM U CUJIBHO BBITYKJIBIN CITy4an).

10. Breaenue B pacnpene€HHYI0 ONTUMU3ALNI0

LenTtpanu3oBanHass W JelEHTpalM30BaHHas onTuMmuszauus Ha npumepe SGD. CnocoOsr
YMEHBIICHHS 3aTPaT Ha KOMMYHUKAIUK: criapcu(UKaIus, KBaHTU3aIus u (hegaeparnBHoe 00yUueHue.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

KommeioTep 1 MmynsrumenuitHoe 000pynoBaHue (IIPOEKTOP).
6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Croxactnueckuit ananu3 B 3aga4ax [Tekcr]: U.1 / mox pen. A. B. 'acaukoBa; M-Bo 00pa3oBaHus 1
Hayku P®D, Mock. ¢u3.-texH. uH-T (Toc. yH-T) - MM®THU,2016

2. Beenenue B ontumu3aiuio [Teker] / B. T. Ionsk - MJIEHAH/1,2014
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1. T'acauxoB A.B. CoBpeMeHHBIE YHCICHHBIE METO/IbI ONITUMU3ALNH. MeTOl yHHUBEPCAIbHOTO
rpagueHTHoro cnycka. — M.: MOTH, 2018. - 241 c. 2-e u3n.
https://arxiv.org/ftp/arxiv/papers/1711/1711.00394.pdf

2. Tlpe3eHTaly K HEKOTOPBIM YaCTSIM Kypca JOCTYIHBI IO CChUIKE (HanOOoIee BaKHBIMHU SBIISTIOTCS
npe3ertanuu 1-4) https://www.mccme.ru/dubna/2017/courses/gasnikov.html

3. Boyd S., Vandenberghe L. Convex optimization. — Cambridge University Press, 2004.

4. Bubeck S. Convex optimization: algorithms and complexity / Foundations and Trends in Machine
Learning. — 2015. - V. 8, N 3—4. — P. 231-357.

5. Nemirovski A. Advanced Nonlinear Programming // Lectures, ISyE 7683 Spring 2019. — URL:
https://www2.isye.gatech.edu/~nemirovs/Trans_ ModConvOpt.pdf

6. Nesterov Yu. Lectures on convex optimization. — Springer, 2018.
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2-e u3a., nepepad. u non. — M. : Hayka, 1988 .— 549 c.
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1986
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®onp auTeparypsl 6a30B0i Kadeapsl

1. Nocedal J., Wright S. Numerical optimization. — Springer, 2006.

2. Esrymenko FO.I. Ontumuzanus u ObicTpoe aBToMaTHueckoe auddepennupopanue. — M.: BI] PAH,
2013. — 144 c. — URL: http://www.ccas.ru/personal/evtush/p/198.pdf

3. TacuukoB A.B. Ontumu3anus u aHanu3 AaHHbIX // Kypc nekiui B A JpITeHCKOM TOCYJapCTBEHHOM
yHuBepcutere. — KaBkazckund Maremarnieckuu ueHTp, 26—30H0s10ps 2018 r. — URL:
https://www.youtube.com/playlist?list=PLVdkoATzj9WQM9IkWYzdED3aBVW3FrnU64

4. https://github.com/amkatrutsa/MIPT-Opt

5. http://nbviewer.jupyter.org/github/merkulovdaniil/mipt_optimization/tree/master/
https://www.youtube.com/playlist?1list=PLQSHEO58cjmMuDtDHOcu3ASh7QIVUiawG Buneo
JIEKIIUN 10 aHaJlornyHoMYy Kypcy 2018 rona



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

He HUCIOJIb3YIOTCA

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

Ha 3aHATHSIX UCTIONB3YIOTCSI MYJIBTUMEINIHBIC TEXHOJIOTUH, BKIIIOYAst AEMOHCTPALHIO TIPE3CHTALIUH.
JHuctpubytus Anaconda.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_Iy.Tlﬂ)

Metonuueckre peKOMEHAAUN MO3BOJISIIOT CTYACHTY ONTHUMalbHBIM 00pa3oM OpPraHM30BaTh MPOLECC
oOyueHnus. B paboueii mporpamMMe MpHBEIEHO MPUMEPHOE paclpesielicHHEe 4YacoB ayIUTOPHOH U
BHEAYAUTOPHOMN HArpy3KH MO Pa3IMYHBIM TEMaM JaHHOW AVCIMILIAHEL.

Jjis ycTemHoro OCBOCHMS JAaHHOM AMCUUIUIMHBI CTYIEHTY HEOOXOIUMO MOCEIIATh JEKIUNU U
CEMMHAPCKUE 3aHsTHU,



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPaBJIEHHIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npo¢ujib NOATOTOBKH: KommproTepHOE MoziennpoBanne (GPU3MIECKUX MPOIECCOB
dusTex-urkona ApokocMuueckux TexHomoruit
Kadeapa BEIYUCIUTEIBHON (PU3UKU

Kypc: 1

KBaJU(PUKAHA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaspaGorunkm:

A.B. T'acHukoB, A-p pu3.-Mar. HayK, JOLIEHT
3.A. TopbyHoB

M.1O. [JanninoBa

A.B. Poro3un



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 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 SHaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBHOW ~ NIeATeNhbHOCTH  (PyHIaMEHTaIbHBIC
Hay4HbIC 3HAHUS B 001acTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cmocoben 00001maTs ¥ KPUTHYECKH OILEHUBATh
OIBIT M PEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
poeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKH ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

[IK-1 CnocoGen craBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBbIE HAYUYHbIE PE3yJIbTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydeHus qUCIUIUIMHE « ONITUMU3ANNS B MATUHHOM 00yUYEHUN 00yJatONIUNCs JOKEH:

3HATh:
OCHOBHBIC BHJIBI 33714 MAIIMHHOTO 00YYEeHHS; OCHOBHBIE CEMEHCTBA AJITOPUTMOB, HCIIOIb3YyEMbIX IS
pemeHns 3a1ad KiIacCU(pUKALUMK, PErPecCHuH, KJIACTEPHU3ALUH; CIOCOObl 0TOOpa MPU3HAKOB, MOHMCKA
WH(POPMATUBHBIX MPU3HAKOB, CO3JAHMs HOBBIX NPU3HAKOB; CBOMCTBA PAa3IMYHBIX METPUK KauecTBa,
(YHKIMH TIOTEPh U CITOCOOO0B BaHIAIHH.

YMeThb:
CaMOCTOATENBHO pellaTh 3aJadd aHaJn3a JaHHBIX C HCIOJb30BaHHEM s3bika Python; monb3oBarbes
MaTeMaTHYeCKUMHU TaKeTaMH, MakeTaMH BU3yaJIM3allld, NakeTamu IiyOokoro oOydenus B Python;
CTpOUTH HelpoHHble ceT ¢ nomomlsio Keras, Tensorflow, Pytorch.

BJa/IeTh:
HaBBIKAMM BBIOOpa MOJENH, METPHKH M croco0a BalMIaluu Ui KOHKPETHOW 3a/1audl; HaBBIKAMH
ucnonb3oBanus Python n BHemIHMX OMONIMOTEK Ui peLIeHNs 3aad aHaIn3a JaHHbIX.
MarepuanbHo-TexHIUECKas 6a3a: KOMIBIOTEPHBIN Kiacc.

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0

TunoBbie KOHTPOJIBHBIE 3a/IaHUS

1. CBs3p ONTUMHU3ALIMY M aHAJIM3a JAHHBIX, CTATUCTHKH

2. TlonsATHE O YHUCIEHHBIX METOAAX ONTHUMHU3aLMU. Mojenbp 4EPHOro SIIMKA, CIOKHOCTh 3aiad
ornrrumm3ari. CHIIBHO BBITTYKIJIBIE 33]1a4d, BBIMYKIIBIE (BRIPOXKICHHBIC) 3a]au, HEBBIMYKIIbIC 3aa4u.
Imagkue, Hernamkue 3agadd. OCHOBBI MaTPUYHO-BEKTOPHOTO JTU(PQPEPEHIMPOBAHUS. YCIOBHUS
ONITUMAJILHOCTH TIEPBOTO M BTOPOTO MOPsIIKa, CyoaudQepeHan u ero CBOMCTRa.




3.  YHumopjanbHble (GYHKIWU OJHOW MepeMeHHOW. MeTonbl OMHOMEPHOW MWHUMH3AIMU (METO
JUXOTOMHH, METOZ 30J0TOro ceueHus, meron ®ubonauunm). Meroasl MajioMepHOW ONTHUMHU3ALWU:
METOJ] IEHTPOB TSHKECTH, METO IUIUICOnA0B. MeTtoa rpagueHTHOro ciycka. CriocoOsl BeIOOpa miara
B Mmetopax. Hawnckopeimmii cryck. IlpaBuno Apmuxo, nmpaswio lonacrelina, npasuwino Hecteposa.
AnantuBHbIN crioco6 BbiOopa miara. ConpspkeHHbIE HarpaBieHus. MeTo CONpPSKEHHBIX I'PaJIneHTOB
JUIE MAHUMH3ALUHA KBaJAPaTU4HbIX (QyHKIMA. MeTon CONpsDKEHHBIX TPaJIMEHTOB Ui PEeIeHHs 3aaad
BBIMYKJIOW OoNTHMHU3alMu. Metoa Tspkenoro mapuka [lonsika. YCKOpeHHBIH TpaaueHTHBIH Meton (B
pasHbix BapuaHrtax: meron Hecreposa (Nesterov momentum), TMHEHHBIH KAIUIMHI, METOJ HMOAOOHBIX
TPEYTOIHHHUKOB).

4. 3amaurd ONTHUMHU3ALMKM Ha MHOXECTBAaX MpPOCTOM CTpyKTyphl. JuBeprenuus bparmana. Merton
MPOEKLUUH TPaJAUEHTa, METOJ 3epKaJIbHOTO ciycka. Meron ycnoBHoro rpanuenta (®Ppank-Bymnbda).
[MpumMep 3a1aun MUHUMU3AIUK KBaJIPaTHYHOW (POPMBI C Pa3peKCHHOH MOIOKHUTEIHHO OINpeseieHHON
MaTpulledl Ha EJUHUYHOM CHMIUIEKCEe. 3ajayd C peryssipu3alnueil, NPOKCUMAIbHBIA OIepaTop.
[IpoxcumanbHbIi rpaguenTHBIN ciryck U FISTA.

5. TlpokcuManbHBI CTOXaCTHYECKHH TrpagueHTHBI cnyck (SGD) B obmHOCTH crarhu. MeToubl
penykmmu auctnepcuu: SVRG, SAGA, Loopless-SVRG kak dactabiil ciydait SGD. MuHu-6aTuuHr.
Yenosust cunbHOTO (SGC) M cnaboro (WGC) pocra, cBsa3b ¢ over-parametrized models. CxoguMocTb
yckopernHoro SGD B npennonoxenun SGC.

6. HmwxHHe OLICHKH CIOXXHOCTH ACTEPMUHUPOBAHHBIX METOJOB IEPBOTO MOPAIKA JJIsl MUHUMHU3ALUH
IMAJKUX/HE TIAAKUX BBIIYKIBIX M CHJIBHO BBIMYKIBIX (DYHKIUH, TNIQJAKUX HEBBIMYKIBIX (DYHKIHH.
NP-ClIO)XHOCTh 3a/1ad HEBBITYKIOW HEMIAAKOW ONTHUMH3alMH, CBA3b ¢ NP-CIOXKHOCTBIO 3a1adu o
KaMHsX (c oOcyxmeHueMm jeraneil 00 SKCIMOHEHIIMAILHOCTH BecoB). HukHHME OLEHKH ToOaNbHOM
ONTUMH3ALMH, KOHLEHIHS CONPOTHUBIISIOMIETOCS OpaKyia. HwxHue OuLEHKH CIOXHOCTH B
CTOXaCTMYECKOM ONTHMU3ALMHM IIEPBOIO IOPSJIKA, HI)KHUE OLIEHKHM CJIOXKHOCTU METONOB IEPBOIO
nopsiAKa Juis MUHMUMHU3auuu cyMM. OnTUManbHble METOIBI 11 MUHAMU3anuu cymM: Katyusha, MiG,
SSNM (tnagkue BBIMYKIBIH M CHJIBHO BBIMYKJIBIA ciy4an), (TIAQAKUA HEBBITYKIBIH Ciydaid).
OnTuManbHble METOABI AJIsl OOIIeH 3aJa4ll CTOXaCTUYECKOM ONTHMHU3ALUU: CTOXaCTUYECKUI BapUaHT
Metona HecrtepoBa ¢ MuHHM-OardvHroM (IJIaJKUH BBIMYKJIBIA W CHJIBHO BBIMYKIBIA ClIy4an),
CTOXaCTHMYECKUH 3€epKajJbHBIA CIyCK (HENIAAKUN BBIIYKIBIA M CHWIBHO BBINYKIIBIA CIIydan).
OnTtumanbHOocTh SGD B maAKoM HEBBIITYKIIOM CIy4ae.

7. Hesbimykiast onTuMHU3anus: OOLIIMHA B3I Ha ONTHMAJIbHBIE METO/BI HEBBIMYKIONH ONTHMHU3ALNU
MEPBOTO TIOpSAIKA. ANanTHUBHBIE cToxacthdyeckue Metoabl: Momentum SGD, Adagrad, Adadelta,
RMSprop, Adam (u3noxxenue Ha ypoBHe 0030pa Cebacthsina Pronepa; nemocrarku Adadelta, Adam u
RMSprop. HoBblii BapuaHT alaiTUBHOTO IO pa3Mepy miara u pa3mep Oarya SGD.

8. BmemeHue B pacnpenen€HHYI ONTHMMHU3ALMIO: LIEHTPAJU30BaHHAsA M JIELEHTpaIU30BaHHAs
ontummzanys Ha npumepe SGD. CriocoObl yMEHbIIEHHs 3aTpaT Ha KOMMYHUKAIUH: criapcuuKaus,
KBaHTU3aIUs U (hefieparnBHOE 00yUCHHE.

9. Meron Herotona. Keazunntoronosckue metonbl (BFGS u LBFGS). Meron HeioToHa ¢ kyOnueckoi
peryisipuzanueit

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeAeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

[IpumMeps! TUIIOBBIX BOIIPOCOB

1. IloHATHE O YUCIIEHHBIX METOJAX ONTUMU3ALUU

2. JluneitHpie METOIBI U METPUUECKIE METOJIBI

3. Meron Herorona

4. 3agaum ¢ peryasipusanuei, IpOKCUMaIbHBIN OIepaTop

5. IlpokcuManbHBIN cTOXacTUYECKH rpaaueHTHbBIH ciyck (SGD) B o0mHOCTH cTaThu

[Mpumeps! OueToB
1. OGmuii B3MIsA Ha ONTUMAJIbHBIE METOABI HEBBITYKIIONH ONTUMHU3ALMHU NIEPBOTO TOPSIKA
2. 3aga4yy ONTUMHU3ALKN HA MHOXKECTBAaX MPOCTOM CTPYKTYPHI

3. HuxHME OLIEHKM CIIOXKHOCTU AECTEPMUHUPOBAHHBIX METOAOB IIEPBOIO IOPsAKA Ui MUHUMU3ALUU
[JIaJIKAX/HE IIaJKAX BBIMYKIBIX U CHIIBHO BBIMYKIIBIX (YHKIUH, IIaJKUX HEBBITYKIbIX (yHKIMNA

4. BBC,I[GHI/IG B pacnpenenéHHon OIITUMH3ALIUIO

Kputepun oniennBanus



ommyHo (10) - BbICTaBIAETCS CTYOCHTY, IIOKa3aBIIEMy BCECTOPOHHME, CHCTEMAaTH3MPOBaHHbBIC,
n1yOoKHe 3HaHHS y4eOHOM MPOrpaMMBbl JUCHUILIMHBI M YMEHUE YBEPEHHO MPUMEHATh X HA MPAKTHKE
MIPH PELICHUH KOHKPETHBIX 3ajad, CBOOOJHOE U MPpaBUIIbHOE 000CHOBAaHUE MIPUHATHIX PELICHUH.
omn4HO (9) - BBICTaBIsIETCA CTYACHTY, IOKa3aBIIeMy CBOOOJHOE ONEPUPOBAHHUE 3HAHUSAMHU YUeOHOU
[IPOrpaMMBbl AUCLUILIMHBI, BHIIOJHEHUE 33JaHUN TBOPUECKOIO XapaKTepa.

OTIIMYHO (8) - BBICTABJIACTCA CTYACHTY, IIOKAa3aBHICMY BJIAACHUC IMIPOrpaMMHBIM y‘{e6HBIM
MarepuajioM C HAJINMYUEM HECYIICCTBCHHBIX omubOK B I[CI‘/'ICTBI/IHX, CaMOCTOATCIIbHO HCIIPABIISICMBIX
ydamumces.

xopoto (7) - BBICTAaBISAETCS CTYACHTY, €CIIM OH TBEPAO 3HAET Marepuaj, rPaMOTHO U IO CyLIECTBY
M3J1araeT ero, yMeeT IPUMEHSTh MMOJyYCHHbIC 3HAHUS Ha MPAKTHKE, HO JOIYCKAeTCs B OTBETE I B
pelIeHnH 3a1a4 HEKOTOPbIE HETOYHOCTH.

xopouio (6) - BBICTABISIETCS CTYACHTY €CJIH OH OCO3HAeT BOCHPOM3BEICHUE MPOTPAMMHOTO Y4eOHOTO
Marepuana, B TOM YHCJIE€ M DPa3IMYHON CTENEHU CIOKHOCTH, C HECYIIECTBEHHBIMH OLIMOKaMH,
3aTpyIHEHUS B IPUMEHEHUH OTACIbHBIX HaBBIKOB.

xopomo (5) - BBICTAaBIAETCS CTYISHTY €CIH TEOPETHYECKOE COAEP)KAHHE OCBOCHO HE MOJIHOCTHIO,
HEKOTOpBIE TPAKTHYECKHE HAaBBIKM C(POPMHUPOBAHBI HEIOCTATOYHO, B HEKOTOPBIX CIy4asx OBbLIH
JOIYTIEHBI ONTHOKH.

YAOBJIETBOPUTEIBHO (4) - BBICTABIACTCS CTYICHTY, [TOKa3aBIleMy (hparMeHTapHbIH, pa3pO3HEHHBIN
XapakTep 3HAaHUH, HEIOCTATOYHO TMPaBHJIbHBIC (QOPMYIUPOBKH 0a30BBIX TOHITUH, HapyIICHHS
JIOTUYECKOH TTOCIIeJOBATEIbHOCTH B M3JIOKEHUHM MPOrPAaMMHOIO Marepuasa, HO IPU 9TOM OH BajeeT
OCHOBHBIMH pa3/iellaMu Y4eOHOH MporpaMMbl, HEOOXOIUMBIMHU JIISl TAIIHEHIIETO O0yYeHUSI 1 MOXKET
NPUMEHSTH [TOJTyYCHHBIC 3HAHUS 110 00pasily B CTaHIAPTHOW CUTYaIHH.

YIOBJIETBOPUTENBHO (3) - BBICTABISIETCS CTYACHTY B Cllydae OOJBIIOTO KOJIWYECTBA HENOYETOB U
HETIPaBUJIbHBIX OTBETOB, a TAK)Ke MACCHUBHOM paboTe B XOxe 3aHATHH, MHOTHE ydeOHBbIC 3aJaHUs He
BBITIOJIHEHBI.

HEYIOBJICTBOPUTENBHO (2) - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJNBINEH YacTH OCHOBHOTO
cojiepkaHusi y4eOHOW TpOTrpaMMbl JTUCIMIUIMHBI, JOMycKaeT rpyOble OmUOKH B (HOPMYIMPOBKAX
OCHOBHBIX TOHATHI TUCHUIUIMHBI M HE yYMEET HCIOJB30BaTh IOJNYYCHHBIC 3HAHUS TPH PEUICHUU
THUIOBBIX MPAKTHYECKUX 3a/1a4.

HEY/OBJIETBOPUTENbHO (1) - BBICTABISETCS CTYACHTY, KOTOPHI HE OCBOMJ TEOPETUYECKOE |
MPaKTHYECKOE COIEpIKaHue Kypca, BCE BBIIIOJIHEHHbBIC yUeOHBIC 3aIaHHs COIEPIKAT rpyObIe OMINOKH.

5. MeTonuueckne MaTepuasbl, onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

Bo Bpewmst mpoBeneHus OLleHHBaHHsI 00y4YaroIrecss MOTYT TI0JIb30BaThCsl MPOrPAMMON TUCIUILUINHEI, a
TaKKe KOHCIIEKTaMH JICKITHH.

OtreHKa BBICTABIISICTCS IyTEM OPraHM3allH CICHUAIBLHOTO ONpOoca, MPOBOJUMOTO B YCTHOH (opme
(BpeMs Ha mOATOTOBKY He Oonee 60 MUHYT, BpeMsi Ha OTBeT He Oonee 30 MUHYT).



