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[IpakTuueckoe 3atanue 3: Heryrajikas n ycJIoBHAasT ONITUMMA3AINS.

Cpoxk caaqam: 7 ampens 2017 (23:59).
A3pik nmporpammMmupoBanus: Python 3.

1 Ajaroputmsl

1.1 CyOrpa/ueHTHBII MeTO/,

Cy6rpaIneHTHBII METOJ] — ITO METOJI PellieHnsi 6e3yCJIOBHON HErIa KON 3a/[a9r OIITHMU3AIINN

min ¢(z),
rae ¢ : R — R — Boinykiias Gyakius (e obs3arensuo auddepennupyemast).

Urepaius cyGrpajiueHTHOrO METOJIA 3aKII09AETCA B [IIare U3 TeKyIeil TOUKY Ty B HanpassieHuu (JIi06oro)
anTu-cyorpagmenta ¢’ (zy). [Ipm 9TOM, MOCKONBKY [IJIsl HETJIAJKUX 3a/a9 HOpMa cyOrpammenta ||¢ (zy)||2 He
ABJIAETCA MHAMOPMATUBHOM, CyOrpaIueHTHBIA METO UCIONb3YeT B KAYeCTBE HAIIPABICHUS HOPMUPOBAHHBIN
sexctop ¢ (zx)/ |6/ ()]l

¢ (k)

B FZE I

Jtst cXoamMOoCTH MeTOa HEOOXOANMO, YTOOBI JJIMHBI IIIaroB oy yYObIBaJIM K HYJIIO, HO HE CJIUIIKOM OBLICTPO:
oo
ap >0, ap —0, g Qp = 0Q.
k=0

OO6bIYHO JJIMHBI [IATOB BLIOUPAIOT 110 HpaBwiy o = «/vk + 1, tae o > 0 — HeKOTOpasi KOHCTAHTA.

Hy2KHO OTMETUTD, ITO IOCIENOBATEIBHOCTD (T )50 5, IOCTPOEHHAS CyOrpaiNeHTHBIM METOIOM, MOKET He
ObITh PEJIAKCALIMOHHOMN 1I0CIIe0BATEILHOCTBIO Jyist (DYHKIMK ¢, T. €. HepaBeHCTBO P(Tky1) < ¢(x)) MoxKeT HE
BBINIOJTHATLCS. 1103TOMY B CyOrpaJleHTHOM MeTO/e B KauecTBe pe3ysibrara paboTsl nocse N urepanmii MeTosa
BMECTO TOYKH &y BO3Bparnaercs Touka yy = argmin{¢(z) : ¢ € {zg,...,rn}} (. €. U3 Bcex NpOGHBIX TOUEK
T}, TOCTPOCHHBIX METO/IOM, BHIONPAETCS Ta, B KOTOPOii 3HaYeHne (DyHKINHE OKA3a0Ch HAMMEHBITIM ).

1.2 IIpokcumasibHBIN TPAANEHTHBIN METO/

[TpokcuMAaTBbHBIN IPAIUEHTHBIA METOJ UCTIOIB3YETCS JJIs MUHUMU3AINA KOMNOSUMHOLEL PYHKUUL:

¢(z) := f(x) + h(z),

rae dynkmust f @ R™ — R menpepbisro guddepennupyemast, a dyakmus h : R” — R semykiaas (He
obs13aTenbHO muddepeHnupyemast) U J0CTATOYHO TIPOCTAsL.

Iox npocmomot dyakuuu h oIpasyMeBaeTcs TO, 9TO JJIsd ITON (DYHKIMN BO3MOXKHO 3 (DEKTUBHO BbI-
YUCJIUTH IPOKCUMAJILHOE 0TOOparKeHne

. 1
Prox; (x) = argmin |ah(y) + =[ly — /3|
ye]Rn 2

13&L{6THM, 9TO B HpaKTH‘{ECKOﬁ peasindanuu MeToJa MJId BbIYHUCJIEHHUA pe3yJjbTaTa Yy CaMUu TOYKH I(Q,...,T )N XPaHUTb B
IIaMdATU HE HYXKHO.



rge x € R", o > 0. Hanpumep, s h(x) = ||z]j1 npokcuMaibHOoe 0TOOparkeHne MOXKET OBITh BBIYUCIIEHO
AHAJMTUYECKH HE3ABUCUMO JTd Kazk1oil u3 koopauHat 1 < ¢ < n:

T +o, x; < -—aq,
[Proxi, (z)]i = € 0, |lzi| < a,

T, — o, IT;> Q.
Wrepalys IpOKCUMAJILHOIO MPAJUEHTHOIO METOa UMeeT CJeAyIOmuil BuI:
ay
Tpy1 = Proxy* (z, — ap V f(zy)),

rue V f(xx) — rpaguent dbyuxiyu f Touke T, a g > 0 — (I0/KHBIM 00pa30M BbIOpaHHAs) JJIMHA [IATA.

1.2.1 Cxema HecrepoBa aJjisi moabopa AJIMHBI IIara

Ureparust TpOKCHMAJIBHOTO IPAJIMEHTHOIO METO/IA MMEET CJIeLYIONuil reoMmeTpuyaeckuii cMbicii. Eciu rpa-
JueHT GyHKIun f ymnosaeTsopseT ycaosmio JImmmuma ¢ xkoHcTanTo# Ly > 0, To naa mobeix z,y € R™ n
L > Ly cipaseinmBa OIEHKa,

By) < F(@) + V@)~ 2) + Ly 2l + hly) = ma(y: ), (1)

KOTOpasl sIBJIsIeTCsl TOYHON B TOUKe y = x. Beibpas & = xp, L = Lj := 1/ay, noaydaem, aro urepanus
IPOKCUMAJIBHOTO TPAJIMEHTHOIO METO/Ia B TOYHOCTU COOTBETCTBYET MUHUMU3AIMY DyHKImH my, (5 Tx):

Tp1 = argminmy, (y; k).
yeR”
Ecau Ly > Ly, 10, cornacuo onenke (1), 3Hauenne GyHKIUN ¢ B HOBOI TOUKE T41 YMEHDBIIAETCS OTHO-
CHUTEJIBbHO 3HAYEHHs B CTapoil Touke ¢(r)) 10 KpaiiHeil Mepe Ha Beanduny my, (Tgy1;Tk) — O(xg):

O(xrt1) < mp, (Trs376) (S o(Tn))- (2)

Oxa3bIBaeTcsl, 9TO UMEHHO 5TO HEPABEHCTBO, a He ycsoBue Ly > Ly orBedaeT 3a CXOIUMOCTb IIPOKCUMAJILHOIO
IPAJIMEHTHOTO MeTosa. 1109ToMy Myist 10A00pa KOHCTAHTHI Ly (MM, SKBUBAJIEHTHO, JUIMHBI IAara () Ha
TeKyIneil urepanuu k MOXKHO HCIIOJIB30BATD CJIEYIONLYIO IPOCTYIO IIPOIE/YyPY JHHEHHOrO IOUCKA: HAYATH C
HEKOTOPOro 3HavYeHus L U yBeJUYUBATD €r0 B JBa Pa3a, OKa He BBIIOJTHUTCH HEPABEHCTBO (2). 3amMeTum, 910
3Ta IPOLeLypPa OIpeeseHa KOPPEKTHO: KaK TOJIBKO 3Hadenne L IpeBbicuT Ly, HepaBeHCTBO (2) 06s3aTesIbHo
Oy/ieT BBIMIOJHEHO B CHJIY JIUHINUINEBOCTH Tpajuenta Gyukmun f. O xoncranre Ly yaoOHO IyMaTh Kak O
«JIOKaJIbHOM» KOoHCcTaHTe Jlummmia rpajguenta dyakmun f.

ITockonbpKy Kaxkj10e IpOoOHOE 3HAYEHIE KOHCTAHTHI L TpebyeT OJIHOTO BhIYuCeHusE (PYHKIUH @, TO YNCIIO
uTepanuit JMHEHHOrO ONCKa HEOOXOMMO, 110 BO3MOXKHOCTH, COKPATUTD. J[JIs1 9TOro mMeeT CMbICST HHUIHAIH-
3upoBaTh 3HadYeHNEe L1 C HOMOIIBIO y2Ke HalJeHHOro 3HaueHus Lj. ECTecTBEHHBIM BapHaHTOM sIBJISICTCS
nuunpanusanyusd Lgy1 = L. OgHako B 3TOM ciiydae KOHCTaHTHI Ly Bceryia Oy/LyT TOJBKO YBEJUIHBATHCH
7 HHUKOTJIa HEe YMEHBIATHCs; ITO IJIOXO, IMOCKOJIbKY IPU IIPOYNX PABHBIX JIydIlle BbIOpAaTh 3HadYeHne L Kak
MOYKHO MEHBIIe, UTO Oy/JeT COOTBETCTBOBATH GOJIBIIEMY IMIArY U GOJBIIEMY MIPOTPECCY B ONTUMU3AIMA (B
HEKOTOPBIX ODJIACTSX MPOCTPAHCTBA JIOKAJIbHAsI KOHCTaHTa JIWmimuia MoyKeT ObITh MEHbBIIE, YeM B 0bJia-
CTH, CoflepzKalleil HAad4a IbHyI0 TOYKY MeTozia). Takum oOpa3oM, 9TOObI KOHCTAHTHI JIUIIIIKIEA Ha COCEIHUX
ureparusax ObuM OJIM3KK, HO TAKXKE CO BPEMEHEM MOIJIM YMEHbBINAThCsl, B cxeme HecTepoBa BBITOHSIETCST
unnimanusanusd L1 = Ly /2.

WTorossrii aaropuTM nmpoKCHMAaJIbHOIO I'PAINEHTHOIO METO/Ia ¢ HOAOOPOM JJIMHBI mara 1o cxeme Hecre-
poBa npescrasied B aaropur™e 1. 3nech Ly > 0 — mapamerp Mmerosna (HUXKHsisS OIEHKA Ha TJI00AJIBHYIO
koHcrauTy Jlummuna Ly); ero Bcerna MOXKHO BbIOpaTh pasHbIM exuuune (Lo = 1) 6e3 IpHHINIHAILHOIO
yiepba Jjisi CXOAMMOCTH METOJIA.

MozkHO 1MoKa3aTh, YTO, HECMOTPS HA TO, YTO HA OTIAEIbHBIX UTEPAINAX TPOKCHMAJIHHOTO IPAJIMEHTHOrO
MEeTOJ[a MOKET BBIIOJIHATHCS MHOIO IMArOB JIMHEHHOTO IIOUCKA, CPEJHEee YHCJIO BhIYUCIeHUN (DYHKINUA ¢ 3a
UTEpaNuio PABHO JBYM (3amanue 3.2).



AnaroputMm 1 IIpokcnMasibHBIN TPAIMEHTHBI METO/] ¢ TIOA00POM JTHHBI mara 1o cxeme Hecreposa

Bxoa: Hauanbaast Touka rg € R, HauaabHas olleHKa KOHCTaHTHI Jlumnmmuma Ly > 0.
1: L+ Ly
2: for k=0,1,... do
while True do
y < argmin, mp (y; v,
if ¢(y) < mp(y;z) then
break
end if
L+ 2L
end while
10: Tyl <Y
11: L + max{Loy, L/2}
12: end for
Beixoa: Ilociemmsist BeIIuCIEHHAS TOYKA, T,

© % N>R W

1.3 Meroa 6GapbepoB

Memood bapvepos (Takzke HA3BIBAEMBII MeModoM 6HYMPeHHed MOUKY WA MEMOJOM SHYMPEHHUT WMPA-
f08) sIBIIIETCS METOJOM PEIICHUsI YCJIOBHBIX 33129 ONTUMU3AIUYU C OIPAHUYCHUSIMU BUJA HEPABEHCTB:

IIlTIIlf(.’L‘) s.t. gi(z) <0, i=1,...,m, (3)

viae f,91,---,9m : R" = R — nBaxel menpepbiBHO juddepennupyembie yukiun, r € R™ — meneBast
repeMeHHasl.

1.3.1 Obumaa uges

OcHoBHag ujes MeroJa 6apbepoB 3AK/IOYAETCA B CBEJEHUU UCXOJHON yCJIOBHOHM 3amaquu (3) K mocie-
JOBaTEbHOCTU CHEIUAJbHBIM 00Pa30M MOCTPOEHHBIX OE3YCJOBHBIX 3a/1ad, PEINeHNs KOTOPBIX CXOIATCH K
PEIIEHUIO UCXOTHON YCJIOBHON 3a/1a9u. DTO JIEJIAETCS € TOMOIBIO 6aphepHOit hyHKITHN.

[Iycts @ — MHOXKECTBO, 3a/1aBaeMoe (DYHKIIMOHAIBHBIMUA OIPAHUIEHUIMUA (1, - . - 5 G !

Q:={zeR":gi(r) <0 mmaeeex 1 <i < m}.

Bapveproti pynryuet; (mm dynryued snympennux wmpados) mig MHOKeCTBa () HazbiBaeTcs j0bast GhyHK-
musg ¥ @ int @Q — R, onpejenennas Ha BHYTPEHHOCTH MHOXKECTBa () M SIBJISIIOIIASCSA JOCTATOYHO TJIAJIKOIA,
KoTOpas obsagaer bapveprvim ceolicmeom: V(xr) — 400 npu UPUOIMKEHUN T K IPAHUIE MHOXKecTBa ()
U3HYTPH.
Nmest B pacriopsizkeHun 6apbepHy0 (DYHKIINIO, OIIPEIe/ UM JJIst Kaxk0ro ¢ > 0 BcroMoraTebHyo (QyHK-
nuo ¢ @ int QQ — R mo dpopmyite
¢i(x) :=tf(x) + V(z).

OxkasbiBaercs, 410 1pu ¢ — +00 Touka (1) CXOAUTC K MHOXKECTBY DElleHuii NCXOAHOH ycIoBHOM 3a1auu (3).
O6oznasmm z(t) := argmin, ;o ¢¢(x). Muoxkectso Touex {x(t) : t > 0} HA3BIBACTCH YEHMPAALHBIM NYMEM.
Taxkum 06pa3oM, Jisl PelleHns NCXOHON yeaoBHON 3a1aun (3), MOXKHO HCIIOJIB30BATEH CJIEJYIONLYIO CLEMY
omceaestcusanus nymu (OHa 2Ke U eCTh MeTOoH 6apbepos).



Ob6mias cxema meroia 6apbepoB
1. Beibparh HagaabHOE MpubIMKeHne To € int () 1 HaYadbHBIH mapamerp tg > 0.
2. Ha xaxmoit nrepamun k > 0:

(a) BeramcanTb TOUKY

Thy1 = argmin ¢y, (y), (4)
y€int Q

HCIIOJIb3y HeKOTOprIU/I METO/ 683y(}JIOBHOI71 OIITUMU3aIIUHN C Ha4YaJbHOII TOYKON Tk.

(b) ¥YBenuuntp napamerp t: BBIGPATh ty4+1 > i (4106BI B uTOTE tf — +00).

1.3.2 Penrenue BcrioMoraTeJibHOM 3a1a4u

3aMeTnM, 9TO 3a/1a49a OINTHMU3AIIN, BOSHUKAIONAS Ha KaxKI0i HUTepalun MeTo1a 6apbepoB B PeaIbHO-
CTH SIBJISIETCST «De3yCJIOBHOI», HECMOTPs Ha IMPUCYTCTBUE B 9TOi 3aade ycaosus x € int Q. [elicrBure/ibHO,
3a cueT OapbEPHOTO CBOICTBA 1eieBast PYyHKIU ¢y CTPEMUTCS K +00 MPU MPUOINKEHNN K TPAHUIIE MHOYXKE-
cTBa (), IOSTOMY HUKAKON «Pa3yMHBII» METOJ ONTUMUZAINY JIOCTATOYHO OJIM3KO K T'PAHUIE MHOYXKeCTBa ()
HUKOT/[a He TOIONIeT, 1, C TOUYKHA 3PEHUs CAMOTO METOa, IejieBasd (MYHKIM KaK Obl 3ajlaHa BCIOAy. TeM He
MeHee, 3/1eCh HEOOXOIMMa OIIpe/iesIeHHasl aKKyPATHOCTD.

Hamnpumep, IycTs Jijlsi pellieHnst BCIIOMOTaTeIbHON 3a1a4u (4) NCIoIb3yeTcst MEeTO/I CIIyCKa: CHAYAJIA Yo i=
Tk, Jajiee Ha Kaxkoi urepanuu ¢ > 0 crpouTcs HanpasieHue ciycka dg € R™ nna dynknuu ¢, B TOUKe Yy,
" BBIIIOJIHAETCA miar

Yer1 i= Ye + apdy,

e ay > 0 — piuHa mara. [TockosbKy MeToJ1 6apbepoB 110 TOCTPOEHUIO BCerjia paboTaeT ¢ BHYTPEHHUMU
TOYKAMU MHOXKeCTBa () (OTCIONa M aJbTepHATHBHOE HA3BAHUE — METO[| BHYTPEHHEH TOYKH), TO JJisd BCEX
docmamoyHo MAAEHLKUL IJIMH IMAroB (i HOBAsl TOUKA Yp4+1 Oy/I€T IPUHAJIEXKATH MHOXKECTBY (), & 3HAYEHUE
dyHKIUU ¢4, B ITON TOUKE YMEHBIINTCS II0 CPABHEHHIO C TeKyIueil Todkoi yy. OmHAKO, eciiu JJIMHA Inara
(y BBIOpAHA CAUUWKOM OOALULOT, TO TOUKA Ypy1 MOMKET BOOOINE OKa3aThCs 3a MpeJejaMi MHOXKeCTBa () —
TaKoe BIIOJIHE MOXKET IIPOM30NTH IIpU TOA00pE Iara B CTAHJIAPTHOM aJINOPUTME JIMHEHHOro rmoucka. IrTobbr
n36eKaTh ITOM MPOOJIEMBI, CTAHIAPTHYIO IPOIEIYyPY JUHEHHOIO MOMCKA HEOOXOIUMO MOAU(MUIMPOBATh —
3alPETUTD €if BEIYUC/IATh (DYHKIINIO B TOYKAX 32 MPEJIeaMi MHOXKECTBaA, ().

CorytacHO OIpeIeSIeHII0 MHOXKECTBA (Q, aT00bI yp+ad, € int @, mymHa mara « > 0 M0JIKHA YI0BJIETBOPITH
CJIeJIYIONIEN crcTeMe HEPABEHCTB:

gi(ye + adg) <0, 1<i<m.

Hawubousiee mpocro ara cucrema perraercss B TOM CJIydae, KOIJIa MHOYXKECTBO () SIBJISIETCS IIOJINIIPOM, T. €.
Koraa DYHKIUH g1, ..., gy sBagiotcs adbdunrmbmnvm: g;(r) = ¢l — s;. B 9TOM cTydae coOTBETCTBYyIOMA
CUCTEMAa HEPABEHCTB BBITVISITUT CJIEJYIONUM 00pa3oM:

oF (ye +ady) <si,  1<i<m.

PackpbiBasi ckoOKH, TIOJTyYaeM
(¢l d)e < si—qlye, 1<i<m. (5)

TTockosIbKY TIO MOCTPOEHWIO TOYKA Yy — BHYTDEHHsIsI, TO BCE MPaBble YaCTH B 9TUX HEPABEHCTBAX CTPOrO
HOJIOKHUTENIbHbIE. 3HAYMT, ey Jyia Hekoroporo 1 < i < m koaddunuent gl dy < 0, To cooTBeTCTBYIOMEe
HEPaBEHCTBO beccoepxkare/ibHo (MocKoIbKy a > 0). Beegem obosnadernne

Ir:={1<i<m:qld >0}
Torna cucrema (5) sKBUBaJIEHTHA CJIe/LyIOIEil cucTeMe:

(qdeg)a < 8 — qiTyg, 1 € Iy.



3ameTuM, 9TO Ternepb Bce KO3MMOUIUMEHTHI IPU (¢ CTPOTO HOJOKUTEIbHBIE, TIO3TOMY 3aKOHHO Pa3eJIuTh:

Si —quyz

a <
qfd;

i € Iy.

I‘I&KOHGI_[7 IIOCJIETHIOIO CUCTEMY MO2KHO IIE€PEIIMCAaTh B BHJE OJHOI'O CKaJIAPHOTO HEpaBEHCTBa:

T

, . . si—qly

a < o™, re o™ ;= min ZTidz
i€le gy Ay

HNTak, cOrmacHo IpoBeIEHHBIM BLIKIAIKAM, BCE NOIyCTUMbIE JJIHHBI IIAroB ¢ JIexKaT B uHTepsaie [0, o),

T. €. B TIPOTIeJlype TUMHEHHOTO TOMCKa HUKOTAa Heslb3d OpaTh mar o > ap'**. Hampnmep, ecom ns mogbopa
JUIMHBI TIara UCIIOJIb3yeTCsl MPOIeAypa O9KTPEKUHIa, TO B 9TOM CJIydae €INHCTBEHHAs MOAMMpUKAINs, KOTO-
PYIO HY>KHO CJIeJIaTh [I0 CPABHEHUIO CO CTAHJAPTHBIM CIydaeM, — 9TO U3MEHUTh HAYAJIbHYIO IIPOOHYIO JIUINHY
mara: BMECTO IIPeXKJie UCIIOJIb3yeMOTr0 3HAYEHUS ag Telepb HY2KHO MCIIOJIb30BATh 3HAYEHUE

&) = min{ay, >},

riae 0 < 6 < 1 — nexkoropas koucranTa (Hanpumep, 0.99).

1.3.3 IlosanHas cmenuduKausa MeTOaA

K macrosimemy MOMEHTY cxema MeTojia OapbepoB BCe €Ile JOBOJILHO abCTPaKTHAS, U UMEETCs HECKOJIHLKO
BOIIPOCOB, Ha KOTOPbIE HY2KHO OTBETUTh:

1. Kak numenuo BeiOupars bapbepayo dyHrmuoo U7

2. Kaxkoit MeTos 6e3ycI0OBHON ONTHMH3AIMH HYKHO HCIIOJIH30BaTh JJIs PEIIeHns BHYTPEHHel 3a/a4du, u
KaKOBa JIOJIZKHA OBITH TOYHOCTH €€ PEeIICHUsI !

3. Kakasi KOHKPETHO JIOJI?KHA OBITH CTpATEerdsi YBEJUUIEHUsI ITapaMeTpa t B CXeMe OTCJICKUBAHUST [Ty TU?!

CrepBa oTBeTHM Ha TIepBbIe JBa Bopoca. HecMoTpst Ha TO, 9TO THIIOTETUYIECKN B METOJIe OaphepoB MOXK-
HO WCIIOJIb30BATH JIIOOYI0 KOMOUHAINIO 6aphepHOl (DYHKIINK U MeTOa 6e3yCJIOBHOM MUHUMU3AIINY, HanboJiee
3 dbekTUBHON (KaK ¢ TOYKM 3PEHUsT TEOPUU, TAK U IIPAKTUKH) OKA3LIBAETCS CBA3KA A02apuPMuieckozo Ha-
pbepa u memoda Hvromona. Jlorapudmvmaeckuit 6apbep B 00IIeM BUJE UMEET BT

U(z) = — Zln(—gi(x))

B kadgecrBe xpumepus ocmanosxu B merome Hbioroma B sTOM 3amannu Bam mHy»KHO Oymer MCIOIB30BATH
CTaHJAPTHBI KpuTepuil 110 HOpMe I'paJineHTa 1eseBoil MyHKIMN (KOTOPBIA UCIIOJIB30BAJICA B IIPEIbLILY X
3a/IaHUSIX )

IVt (welll3 < €innerl| Ve, (z0)13,

LJ€ Einner > 0 — HEKOTODBIH ImapaMerp, KOTOPbIil 0ObIYHO BBIOMPAETCS JIOBOJILHO MAJEHLKUM (HAIIPUMED,
10~7), 9T0 COOTBETCTBYeT MPAKTHYECKH TOYHOMY PelIeHHI0 BHYTpPeHHel 3a71aun (B BBITYKJIOM CIydae). 3a-
MEeTUM, 9TO MOCKOJBKY B KadeCTBe aJrOpUTMa MUHUMU3AIUU UCIOJb3yeTcs: MeTon HbioToHa, a craproBas
TOYKA BBIOMPAECTCS IOCTATOYHO «XOPOIIEii», TO MaJIEHBKOE 3HAUEHUE Ejpper COBCEM HE MTPEJICTABIISIET HUKAKON
npobJieMbl JIst MeToia (HAOMHUM, 9TO MeTos HBIOTOHA NMeeT JIOKAJIbHYI0 KBAJPATHIHYIO CXOJUMOCTD ).

Yo KacaeTcs MOCJIEHETO BOIIPOCa O CTPATEIMH YBEJINUCHHS TapaMeTPOB tf, TO 3/IeCh UMEETCsI HECKOJIb-
ko 3dderTuBnbx crparernii. Camas mpocTas m3 HUX, KOTOPYO BaMm Hy2KHO OyJIeT UCIOJb30BATH B 3TOM
3aJIAHUU, COCTOUT B MMOCTOSTHHOM AUHETHOM YECAUHEHUL:

ti41 = Vi,

rje v > 1 — nocrosinHast KoHCcTaHTa (00bvHO TIopsiaka 10-100).



2 Moaean
2.1 Mogear LASSO

Mogens LASSO siBjisiercst ojiHO# U3 CTaHIaPTHBIX MOJIejell JinHeliHo# perpeccun. Vmeercs obydaromast
BoiGopka ((a;,b;))™,, tae a; € R™ — BekTOp NpU3HAKOB i-ro 00bekTa, a b; € R — ero perpeccnonHoe
3HAYEHUE. 3aJa49a 3aKJI0YAeTCs B IIPOIHO3UPOBAHUN PErPECCHOHHOIO 3HAYEHHUS bpeyw [JIs HOBOI'O OObEKTA,
[IPEJICTABIEHHOI0 CBOMM BEKTOPOM IIPU3HAKOB Upeyw -

B mozmenn LASSO, kak u B 11060 MOjie/n JTMHEHHONW Perpeccuu, MPOrHO3UPOBAHNE BBIIOJIHSIETCS C I10-
MOIIBIO JINHEHHON KOMOMHAIIMY KOMIIOHEHT BEKTOPA ¢ ¢ HEKOTOPBIMU (PUKCUPOBAHHLIMEU KOI(DPUIIMEHTAMU
zeR™

b(a) :=a’z.

Kosdpdbumnuenrts! x apidorcs napaMerpaMu MOJIEJIN U HACTPAUBAIOTCH C IIOMOINBIO PEIIeHUs CJIeIyIOmeit
ONTUMU3AIMOHHON 3a/1a4u:

m

. 1 T 2 . . 1 2 .
o) =5 > (alw—b)? + Ag a5l = 5 1Az = blJ3 + Ally — min. (6)

=1

3nech A > 0 — koadbdunnent peryaspusanun (napaverp mozpesn). Ocobernoctsio LASSO sBisieTcst nemoss-
30BaHUe UMEHHO {1-peryispusanun (a He, HAIpUMeD, {o-peryssipusaimn). Takasi peryssipu3alysi I03BoJIsieT
HOJIYYUTh PAa3PEKEHHOE DEIleHue. B PaspeKeHHOM pelleHuH T* 9acTh KOMIOHEHT pasHa Hyso. (MoxkHO
nokazaThb, uTo npu A > ||ATb||» Bce KommonenTe! 6yayT HysnesbiME). HymeBbie Beca COOTBETCTBYIOT MCKJTIO-
YEHUIO COOTBETCTBYIOIIUX [PU3HAKOB U3 MOJIE/IN (IPU3HAHUE X HEHHMDOPMATUBHBIMHE).

2.2 JIBoiicTBeHHad 3aJja4ya M KPUTEPUil OCTAHOBKU

ITepenumem 3asa4y (6) B CiieyIONeM SKBUBAJEHTHOM BUJIE:

. L2
camin {310+ Aol s Az b= 2. ™

Mo2KHO TIOKa3aTh, 9TO JBOUCTBEHHOI 3a1adeil K 3amaue (7) sBiasercs

Lo 7 T
e {13 = 0 47l < 2 %)
HER™ 2

Takum 00pa3oM, MMesl B PaclOpsIZKEHHHU JIOIMyCTUMYIO JIBOMCTBEeHHyIO TOUKy 4 € R™, T. e. TaKylo 4TO
| AT 11]| o < A, MOYKHO BBLIMHC/UTD CJIE/TyIONLYIO OIEHKY /Il HeBA3KH B 3a1a4e (6):

! 1
(@) = ¢" < Sl Az = b5 + Alalh + Slpll3 + 0" = n(, ), (9)

Besmunna 1)(z, 1) HA3BIBAETCS 3a30POM 080UCMBEHHOCTIU ¥ OOPAIIAETCS B HOJb B ONTHMAJIBHBIX PEIEHMUSIX
x* n p* 3amaa (6) n (8). 3amernm, UTO penreHnst £ U ¥ CBA3AHBI MEXKJy COOOI CIIETYIOIIM COOTHOIIEHHEM:
Ax* — b= p*. Tlostomy jyist (PUKCHPOBAHHOTO & €CTECTBEHHBIM BBIOOPOM COOTBETCTBYIOIIETO fi ByJIeT

, A
w(x) := min {1, TAT Az = )]

Taxoit BbIGOp ObecrednBaeT CTpeMIICHNE 3a30pa ABOHCTBeHHOCTH 7)(, (4(x)) K HYIIO IpU & — ¥, ITO I03BO-
JISIeT UCIOJIb30BaTh ycyoBue n(x, i(x)) < € B Ka4eCTBe KPUTEPUsT OCTAHOBKH B JIIOOOM HTEPAIIMOHHOM METOJIe
perrenns 3aaa4n (6).

B 9TOM 38/]aHNK BCe PACCMATPUBACMBIE METO/IBI JOJIKHbI HCIOJIB30BATH KPUTEPHIl OCTAHOBKY 110 3a30DY
npoticteennoctu 1)(x, p(z)).

}(Ax—b).

o0



2.3 CsBeneHme K IJIaJIKOI yCJIOBHOI 3aJaYe ONTUMU3AIUN

Brinosinus sxkBuBaeHTHOE IpeobpazoBanme 3aja4du depe3 Hairpaduk, 3agady (6) MOXKHO mepenucaTh B
BHJIC TJIaIKON YCJIOBHOI 3a1a4u:

1
min {2||Ax —b||2 + 1gu} s.t. r=u, x> -—u (10)

re z,u € R" u 1, :=(1,...,1) € R”. Dra 3anaua asisercsd 3auadeil QP, u ee MOKHO periarb, HAIPUMED, €
TIOMOIIHIO MeTOo/1a 6aphepoB.

3 @opMyJaMpoOBKa 3aJTaHUS

Ckauaiire KO/Ibl, ITpUJiaraeMble K 3a/IaHUIO:

https://github.com/mihaha/hse-optimization-course/tree/master/task3

Otu dailael comepKaT TPOTOTHUITE (DYHKINM, KOTOpble BaMm HyKHO Oymer peasm3oBars. HekoTopsre mporte-
JIyPBI y2K€ 9aCTHIHO WJIU MTOJIHOCTHIO PEAN30BAHBI.

Peasnsyiire cybrpaauentusiii Mmeroy (pyHkuus subgradient_method B Mo/yse optimization).

Peanusyiite Hernaakuit opaxysn jyuisi ysknuu (6) (kaacesl LeastSquaresOracle u LassoNonsmoothOracle
B MojyJie oracles).

Peasinzyiite nporneiaypy Bblaucienus 3asopa asoiicrsennoctu (9) (bynknus lasso_duality_gap B Moiyie
oracles).

PeanuzyiiTe mpokcuMaIbHbBIN IPaINEHTHBIN METOT, (beHKL[I/IH proximal_gradient_descent B MOayse opt imization).

Peanusyiite KoMosuTHbli opakys st dyskiun (6) (kiaacest L1RegOracle n LassoProxOracle B Moyiie
oracles).

Beimummure jgist 3agaqu (10) BcnomoraresibHyo QyHKIUIO ¢f(T, u), MUHUIMU3UPYEMYIO B MeTOJle 6apbepoB.
Beimmmmre cucreMy JMHEHHBIX ypaBHEHHIl, 33Jal0NIy0 HBIOTOHOBOCKOe Hampasienue di = (df,d}). Ilpen-
JIO)KUTE CBOH CIOCOD pelieHust 3TON CUCTEMbl M IIPOKOMMEHTUPYHTE €ro JOCTOMHCTBA W HejocTaTku. Jlis
TeKyIel Touku (z,u) u HapaBjeHus dy OlpeJe/nTe MAKCUMAJILHYIO JOIYCTUMYIO JMHy mara «. Kakyio
HAYAJIBHYIO TOUKY (T, Up) MOXKHO BBIOPATH sl METOJA 6apbepoB?

Peasnzyiite meroy 6apbepos juis 3agaqu (10) (byukius barrier_method_lasso B Mouyse optimization).
Juist moxbopa [UiMHBL [Iara Ha BHYTPEHHHX WTepanusx ucrnodb3yiite Gaxrpexunr. (He 3abyabre BoiGpaTh
HAYAJbHOE 3HAYEHME JJIMHBI [1ara PABHBIM €MHULE, €CJM OHO JOIIYyCTUMO. )

HpOBe,ILI/ITe 9KCIIEPUMEHTBI, OIIMCAHHbIC HHUZKE. Hamumure oruer.

3.1 3SkcnepumeHT: BpIOop AJmHBI MIara B cyOrpaJIu€HTHOM MeTOJie

Uccnemnyiite paboTy CyOrpaueHTHONO METO/Ia B 3aBUCUMOCTH OT BBIOOpA KOHCTAHTHI (g B (pOpMyJIe Jijis
e mara. QbsizaTesibHO TONPOOYyiiTe pa3nyHble Ha9aIbHBIE TOYKH.

3.2 kcnepument: CpejiHee YncIIO UTEepanuii JuHeiiHoro moucka B cxeme Hecre-
poBa
st HpOKCUMAJIBHOIO METO/A OCTPOUTH rpaduK CyMMAPHOrO (KyMMYJIATUBHOIO) YUCJIA UTEPAIMil JIu-

HEWHOr0 TONCKA B 3aBUCHMOCTH OT HOMepa uTepanuu. /leficTBUTEIHHO I CpegHee TUCTI0 UTEPAInil TUHEeH-
HOI'O IIOMCKa HE IIPEBBINIAET (HpI/IMepHO) nByx?


https://github.com/mihaha/hse-optimization-course/tree/master/task3

3.3 Okcnepument: CpaBHeHUE METO/I0OB

[IpoBecTn 3KCIIEpUMEHTATIBLHOE CPABHEHHE TPEX PEAJU30BAHHLIX METOOB JIJIsl PA3IUIHBIX 3HAYEHUN TUC-
Jla TIEPEMEHHBIX N, PACCMOTPETh, Kak muHUMyM, caydan n < 100 u n > 1000. Kakwme meromsr 6vicTpee
JocTuraloT Hu3Koit Tounoctn (¢ = 1072), a kaxme Bbicokoit (¢ = 10710)?

Suauerne Ko3PUIUEHTa PETYIAPU3aAIIA A BHIOPATh CTaHIaPTHBIM oOpaszomM: A = 1.

Jlyist cpaBHeHUsI MeTOJIOB pucoBarh rpaduku 1) Yucia uTepanuil TPOTUE TAPAHTUPYEMON TOYHOCTH IO
3a3opy Asoiicreennoctu (9) u 2) peajbHOrO BpeMeHH paboThl IPOTHUB 3a30pa aBoiicrBennoctu. g 3a3opa
JBOMCTBEHHOCTH HCIIOJIB30BATH JIOTAPU(PMUAIECKYTO MIKAJTY.

4 OdopmieHne 3aaHNA

PesynbraToM BBITOTHEHUS 33 aHUS ABJISIOTCS
1. ®aitnel optimization.py u oracles.py ¢ peaJn30BaHHBIMUA METOJAMHU U OPaKyJIaMU.

2. TosHble UCXO/HBIE KOJBI JIJIsi IPOBE/IEHNs] IKCIIEPUMEHTOB U PUCOBaHUs Beex Ipadukos. Bce pesyiib-
TaThI JIOJIPKHBI OBITH BOCIIPON3BOANMBbIME. EC/in BBI HCIOIb3yeTe CIydaiiHoCcTh — 3adukcupyiite seed.

3. Oruer B popmare PDF 0 mpoBeaeHHBIX HCCIETOBAHUSIX.

Brimosmmennoe 3aJlaHne cJaeyeT OTIIpaBUTh NMUCbMOM Ha IIOYTY cBOel I‘pyHHI:J2 C 3ar'0JIOBKOM

IIpakTudeckoe 3amanue 3, Pamuausa Ums.

SajiaHue cjelyerT IPUCHUIATH TOJIBKO OJIMH Pa3 ¢ OKOHYATEIHHBIM BAPUAHTOM.

Kaxkplii mpoBeieHHBII SKCIepuMeHT caeyer oOPMUTH KakK OTAebHbIN pasuen B PDF nokymente (Ha-
3BaHUe Pa3Jiesia — HA3BaHUe COOTBETCTBYIOIIETO IKCIepUMeHTa). JIJIst KayKI0ro sKClIepruMeHTa HeoOXO[MMO
CHAJaJIa HAIMCATD €ro OMMCAHNe: KaKne (DYHKIIUN ONTUMU3UPYIOTCS, KAKIM 00pa30M IeHepUPYIOTCsl JaHHBIE,
KaKWe METOIbl U C KAKUMU IapaMeTPaMy HCIOIb3yIoTcs. Jlaiee MO/IKHBI OBITH MPEICTABICHBI PE3YJIBTATHI
COOTBETCTBYIOIIETO IKCIEPUMEHTa — TpaduKy, TabuIbl U T.1. HakoHerl, mocje pe3ybTaToB 9KCIEePUMEHTA
JIOJ2KHBI OBITH HAIMCAHBI BaIu BBIBOIBI — KaKas 3aBUCHMOCTD HAOJIIOIAETCS U [TOYeMYy.

Baxkno: Oruer He JIOJIKEH CO/lepXKaTh HUKAKOrO Koja. Kakiblil rpaduK JI02KeH ObITh ITPOKOMMEH-
TUPOBAH — YTO HA HeM M300parKeHO, KaKWe BBIBOJBI MOXKHO CIEJIaTh U3 9TOro sKcrepumenta. Obs3are/ibHO
JOJIKHBI OBITH MOAIMCAaHbI Ocu. Kcju Ha rpad ke HAPUCOBAHO HECKOJBKO KPUBBIX, TO JOJIZKHA OBITH JIETCHIA.
CaMmu JINHUU CJIEyeT PUCOBATH JOCTATOYHO TOJCTBIME, YTOOBI OHU OBLIA XOPOIIO BUIUMBIMH.

5 IlpoBepka 3ajianus

ITepen ormpaBkoit 3amanus 0bs3aTeILHO yoeauTech, 9To Baia peajn3arius MPOXOIUT aBTOMATHIECKHE
npedsapumenvHsle TECThl presubmit_tests.py, BbIaHHBIE BMecTe ¢ 3ajanueM. st 970ro 3amycture Ko-
MaHTy

python presubmit_tests.py

Baxkno: Qaitn ¢ Tectamu MoxkeT um3MeHUTbCsi. [lepesr oTmpaBkoit 00st3aTe/IbHO yOeIuTeCh, ITO BAIIa
Bepcus presubmit_tests.py — mocienuad.

Baxkno: Pemenns, koropbie He OyIyT IIPOXOJNTH TECThI presubmit_tests.py, OyAyT aBTOMATHYIECKH
orerensl B 0 6assos. Ilposepsromuit ne Oyer pasdbuparbesd, modemy Bamr koj He paboraer m yutarh Bamn
OTYET.

Ornenka 3a 3ajanne Oy/IeT CKJIAJBIBATHCS U3 JIBYX YaCTei:

2Tnst 141 rpynmer: opt.homework+141@gmail.com. st 142 rpymmsr: opt.homework+142@gmail.com. [Ijmsi 145 rpymms::
opt.homework-+145@Qgmail.com.



mailto:opt.homework+141@gmail.com
mailto:opt.homework+142@gmail.com
mailto:opt.homework+145@gmail.com

1. IlpaBuibHOCTD U 3DHEKTUBHOCTD PEATUZOBAHHOTO KOA.
2. KauecrtBo ordera.

IIpaBunbHOCTL U 3 PEKTUBHOCTL PeaTN30BAHHOTO KOJ/Ia OYy/IeT OINEHUBATHCA ABTOMATUYECKH C MTOMOIIHIO
HE3aBUCUMbBIX TECTOB (OTJIMUHBIX OT MPEJBAPUTEIBbHBIX TecToB). KadecTBo oruera Gyer oleHuBATHCS PO~
BepsitoruM. [Ipu 9TOM OIeHKa MOXKEeT OBITh CYObEKTUBHON U AIEJISIIUN HE TIOJJIEYKUT.

3a peaan3auio MOAMMDUKAIII aJTOPUTMOB W XOPOIIUE IOIMOJHUTE/IbHBIE SKCIEPUMEHTHI MOTYT OBITH
HAYUCJIEHbI JOMOJTHATEIbHBIE OasTbl. Hauucsenmne 3Tux 6aII0B ABJISIETCS CYObEKTUBHBIM 1 OE3aTIe LISITIOH-
HBIM.

BaxkHo: IIpakTuueckoe 3aaHIe BBITIOJHIETCST CAMOCTOATENbHO. EC/IM BbI OJIyYnIIN IIeHHBIE COBETHI (110
peaJiu3aluy Wi IPOBEJEHUIO IKCIEPUMEHTOB) OT JPYIOro CTYAEHTA, TO 00 ITOM JOJKHO OBITH IBHO HAIIM-
caHO B OoT4ére. B mpOTHBHOM Cllydae «IIOXOXKWE€» PEIeHUs CUMTAITCS ILIATMATOM U BCe 3aJeifiCTBOBAHHBIE
CTYJIEHTBI (B TOM YHCJIE T€, y KOI'O CIHCAn) OyIyT CypOBO HAKA3AHDI.
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