Meroppt onrumusanun (PKH BIIID, 2017).
[TpakTaeckoe 3a1anue 1.
Tema: MeTojbl rpaJIneHTHOrO ciiycka 1 HbioToHa.

Cpox cmaqm: 22 despass 2017 (23:59).

Azpik mporpammuposanus: Python 3.

1 Ajaroputmsl

1.1 Meroapl cnycka: ObIasg KOHIIENITUS

PaccmarpuBaem 3amaqy ritakoit 6€3yCJI0BHON ONTUMIT3AINN:

min f(z).

MeTOﬂbI CIIyCKa UTE€PAaTUBHO CTPOAT IIOCJIEA0BATC/JIBHOCTD TOYECK {xk}kzo IO IIPpaBUJTY
Th+1 = Tk + apdy.

Yucmo k = 0,1,... HazpBaerca nomepom umeparyuy metoma. Ckamsap «p > 0 Ha3pBaeTcs JAuMOU waed,
a BekTOp di, € R™ HazpIBaeTca nanpasseruem noucka. B meromax ciycka Tpebyercsi, 9TOObI HAIIpABJIEHUE
oncka, dy, SIBJISLIOCH HANPABACHUEM CNYCKa st GYHKIUU f B TOUKE Tk, T. €. yJIOBIETBOPSIIO HEPBEHCTBY

Vi(zr) T d <O0.

B srom ciiygae MOXKHO rapaHTHPOBATH, YTO JJIs BCEX JOCTATOYHO MAajIeHbKUX (v 3HadYeHue GpyHKIuud f B
HOBO#1 TOYKE Tf4] YMEHBIINUTCH:

f(xrg1) < flog).

Ob6mast cxema MeTo[a CITyCKa IIPUBEJIEHa HUXKe:

AaropurMm 1 ObGmiasa cxema METOZa CIIyCKa
Bxox: Hawanbaas Todka To; MAKCHMAJbHOE IUCJIO uTeparmit K.
1: for k< 0to K —1do
2 (Bw3sos opaxyaa) Beraucaurs f(xy), V f(zy) u op.
3 (Kpumepuii ocmanoeky) Eciin BbInoHeH KpuTepuii OCTAHOBKE, TO BBIXO/I.
4: (Boruucaenue nanpasaenus) Boraucaurs Hanpasienue cuycka d.
5
6
T

(JTuretinoii nouck) HallTu HOAXOAILYTO JJINHY IIAara (u.
(Obrosaenue) xpi1  xp + apdy.
end for
Bruixoxa: Ilocnennsas BEIYUCICHHAS TOYKA, Tk

1.2 Kpwurepuii ocTaHOBKHI

W neayibHbIM KpUTEPHEM OCTAHOBKE B METOJIE SIBJISIETCA IPpOBepKa yesaoBus f(xg)— f* < &, rae f* — Muumasib-
Hoe 3navenne dyHknun f, a € > 0 — 3a7aHHAd TOYHOCTH. TaKOfl KPUTEPHUil 11e7eCO00PA3HO UCIIOIH30BATh,
ecym onTUMalibHOe 3Hadenne Gyuknun f* n3sectHo. K coxkasennio, 3a94acTyio 3T0 He TaK, ¥ MOITOMY HYKHO



UCIIOJIb30BATDL JIPYroit Kpurepuit. Hanbosiee momy/IsspHBIM sIBJISIETCS KPUTEPHUit, OCHOBAHHBIN Ha HOpME I'pa-
mmenta: |V f(zr)||3 < & Ksaspar 3/1ech cTaBaT 3a TeM, 9To i «XOPOIHX» (DYHKIH{I HEBA3Ka 110 DyHKIIN
f(xr) — f* umeer Tor e nopsiok, uro u ||V f(xy)||3, a ne HVf(xk)HgﬂHaanMep, eciu ||V f(zg)|2 ~ 1072,
to f(x) — f* ~ 10710, Hakomen, iyt TOro, 9TOOBI KPUTEPHil He 3aBUCET OT TOTO, W3MepsieTcs 1 (DyHKIs
f «B MeTpax» wiam «B Kujaomerpax» (T. e. He M3MeHsuIcd 1pu 1epexoje or dbyskuun f K dynknuu tf, rie
t > 0), TO UMeeT CMBICJI UCIIOJIB30BATH CJIEYIONINHA OTHOCUTEIbHbI BAPDUAHT KPUTEPHS:

IV f(z1)l3 < el Vf(@o)ll3, (1)

rie € € (0,1) — 3a7aHHast OMHOCUMEALHAA TOTHOCTE. TakuM 06pa3oM, KPUTEPHUI OCTAHOBKH rapaHTu-
PyeT, 94TO MeTOJl yMEHBITAT HadaabHyo HeBasKy ||V f(xo)||2 B €71 pas. B sTom 3ajamum Bam myzxuo Gymer
BO BCeX MeTOJIax HCIOJb30BaTh Kpurepuii ocranosk ([I).

1.3 JIunHeiinwlii mouck

PaccvarpuBaercsa dyukims
or(a) == f(zr + ady).

3amernm, 9TO

¢j,() = Vf(zk + ady) " dy.

[ockombKy dj siBASETCA HampasaerneM ciycka, To ¢ (0) = V f(x;,)Tdy, < 0.
VcesoBueM ApMUXO JJIS (¢ HA3bIBAETCH BDLIIOJEHUE CJICTYIONEr0 HEPABEHCTRA:

dr(a) < ¢x(0) + crag)(0),

rae ¢; € (0,0.5) — HeKOTOpasi KOHCTAHTA.
st moncka TOUKM (v, yIOBIETBOPSIONIEH yCIOBHIO APMUXO0, OOBITHO UCTIOIB3YIOT CJIELYONLYIO IPOIELY DY
— MeTo, ApobiieHust mara (69KTPeKUHr ):

Asaroputm 2 Backtracking

Bxon: Qysxmusa ¢ : Ry — R. Haganbaasa Touka: a,(co).

0
1: 04(—0[](6)

2: while ¢y (a) > ¢(0) + ca¢)(0) do
3: o af2.
4: end while

Brixoa: o

«AmanTuBHBITY METOI TOAOOPA IIara 3allOMAHAET BEJIMUUHY (Vf, HARIEHHYIO HA TEKYIIel nTepalun u Ha

CJIEJYTOIIell UTEPAINY HAYNHAET IIPOIELYPY APOOJIEHUS C 04,(;21 = 20.

Cunpnble ycioBus Bynbda:
Pr(@) < ¢(0) + 1y (0)
9% ()] < eale(0)]
3aecw ¢1 € (0,0.5), ¢a € (¢1,1).
CaMocCTOoATeThHO PEean30BbIBATD CXEMY JIJIsl CHIBHBIX ycjoBuit Bynnda we myxmo. Ucnomnsyiite 6ub-
smoreunyto peanusanuio (byHkuus scalar_search_wolfe2 u3 momynst scipy.optimize.linesearch). B

" 0 "
HeUr Ha4daJibHasd JJIMHa IIara Oz](C ) aBTOMATHUYI€CCKHU BBI6I/IpaeTCH paBHOU 1.

I Hampumep, 5T0 BEPHO [JIf CHIIBHO-BBIMYKJIBIX (DYHKIHH C JIMIIIHIEBBIM [PAJICHTOM.



1.4 TI'paagueHTHBIN CILyCK

I'pammenTHBIl cIyck:
Tr1 = ok — gV f(z))

MozkHo paccMaTpuBaTh KaK METOJ CIYCKa, B KOTODOM HAIIPpaBJIEHUE IIONCKA dj, PABHO aHTUTPAJUEHTY
—V f(zy). Anuua mara oy BHIOMPAETCs C MOMOIILIO JIMHEHHOIO HOMCKA.

1.5 Meroa HeioroHa

Meron HeroToHa:
Tpp1 = 2, — [V f ()] IV f ().

s metona HpioToHA OYeHb BarXKHO MCIOIB30BATDH €IMHUIHBIN IAr (i = 1, 9TOOBI 00ECIIeYNTh JIOKAIIb-
HYIO KBaJPATHIHYIO CXOAUMOCTh. [lo9TOMY B ajropurmMax JIMHEIHOTO MOUCKA HYKHO BCEIJIa MEPBBIM JI€JIOM
IpobOBATh €IMHUIHBIN mmar. Teopusi rapaHTHPYeT, YTO B 30HEe KBAIPATHIHON CXOAMMOCTH MeTojia HbioToHa
eIMHUYHBIA 11ar GygeT yJIoBaeTBopaATh yeaosusM Apmuxo/Bybda, u mosroMy aBroMarndecku OyueT mpu-
HUMAaTbCA. Ec/iu e uHUYIHbBIA 1mar He yJaoBieTBopseT yeaosusaM Apmuxo,/Bynbda, To aqropurmbl JuHeHHOrO
[TOWCKA, €r0 YMEHBINAT U, TEM CaMbIM, obecredar TJIo0aabHyI0 CXOAUMOCTL MeToa Hborona.

Boruncienne Hotoronosekoro nanpasienus d, = —[V2f(xy)] 71V f(zx) sxBUBaIenTHO pemmennio JmHeii-
HOI CHUCTEMBbl YpPaBHCHUIA:

V2 f(xp)dy = =V f(xp).

Ecsii reccnan — TOJIOXKHATETLHO onpejiesiéaas Matpura: V2 f(xy) = 0, TO Ipe/IoITHTeLHBIM METOIOM
peIlleHnsT TAKOi CHUCTEMBI SBJISIETCH pa3.aodicerue XO0AeyK020, KOTOPpOe TakxKe, KaK u MmeTof Laycca, pabo-
taer 3a O(n?) HO sABIsgETCS BRIMUCIETETBHO Goee 3hbdeKTHBHBIM. Ec/m MaTpuIia CHCTeMbl He ABJIAeTC
TIOJTOKUTE/IHHO OIPEJIEIEHHOMN, TO METO ], XOJIEIIKOTO CMOYXKET OOHAPYKUTH U COOOITUTEH 00 TOM.

1.6 OnruMusaiusi BEIYUCJIEHU

Pacemorpum cayuaii f(z) = ¢(Ax).
B sTom ciyuae

Vi(z) = ATV (Az).

st TUHEHHOTO TTOnCKA:

o) = b(Azy + aAdy),  ¢'(a) = Vi(Azy, + aAdy)T Ady,.

Asropurm 3 O6mias cxema Meroja ciycka st f(z) = ¢(Ax)

1: for k<~ 0to K —1do

2: (Busos opaxyaa) Boraucomts f(xy) = ¢(Azy), V£ (zr) = ATV (Azy) u np.

3: (Bouucaenue nanpasaenus) Beraucaurs Hanpasienue cuycka dy.

4: (Tunetino nouck) HaltTu moaxoAsamIy o JUInHY TIara oy:

5: Boruncmurs ¢(0) = (Axy), ¢'(0) = Vip(Azg)? Ady.

6: Boraucauts ¢(ay) = (Azg + g Ady), ¢' (1) = V(Azy + a1 Ady)T Ady,.

T ..

8: Boramemrs ¢(as) = Y(Azg + asAdy), ¢'(as) = Vp(Axy, + asAdy)T Ady.

9: (Ob6nosaenue) i1 < xp + Asdy. > Axpy1 = Axg + asAdg
10: end for

Takum obpa3oM, B XOPOIIeil pean3aluu J0J2KHO ObITh B CPeJHEM JIUIIh JIBa MATPUIHO-BEKTOPHBIX IIPO-
U3BeJIeHNs: OIH0 — uTOOBI Bhruuc/uTh rpajuent ATV (Azy), Bropoe — urobbr Boraucauts Ady. Cavu
MaTPUYIHO-BEKTOPHBIE MPOU3BEJIeHUSA ALy MOXKHO MEPECYNTHIBATE, UCHONb3Ysd Ad.



2 Moaean

2.1 /JIByxkJjaccoBasi JIOTUCTHUYECKAasl perpeccus

Jlorucruaeckas perpeccust SBJISETCs CTAHJIAPTHON MOJIEIBIO B 331a4axX Kiaaccudukanuu. J[jis IpocToThl pac-
CMOTPUM JIUIIh CJIy4aii OnaapHoi Kiaccudukannu. HedopmanibHo 3a1a1a GOpMyIUpyETCs: CIIELyOIIM 00-
pasom. Nmeercst obyuatomias Beibopka ((a;, b;))™, cocrosias u3 m BEKTOPOB a; € R™ (HA3BIBAEMbIX Npu-
3MaKAMU) I COOTBETCTBYIONMX nM quces b; € {—1,1} (ma3bBaeMmbIx kaaccamu). HyKHO mocTpouts asro-
put™ b(+), KOTOPBIi J1Jist IIPOU3BOJILHOIO HOBOI'O BEKTOPA [IPU3HAKOB (. ABTOMATHYECKH OIIPEIEJIUT ero KJace
bla) € {-1,1}.

B Mogiesn JIorueTuaeckoil perpeccuu onpeiesieHue KIacca BhIIOJHAETCS [0 3HAKY JIMHEHHONW KoMOuHaAIun
KOMIIOHEHT BEKTOPa ¢, ¢ HEKOTOPBIME (PUKCHPOBAaHHBIME KO3 duimentamu x € R™:

b(a) := sign(a’z).

Kosdpdbumnuenrs: x gpisdiorcs napamMerpaMu MOJIEIN U HACTPAUBAIOTCH C IIOMOINBIO PEIIeHUs CJIeIyIOmei
ONTUMU3AIMOHHON 33/1a4N:

1 — A
in{ — Y In(1 —bial Zlxl3 b,
28 | 2 L+ exp(—bia ) + Gl

riae A > 0 — koaddurnmenT perynsipusanuu (apamMeTp MOJIENH).

2.2 PazHocTHas mpoBepka rpaJnueHTa U reccuaHa

HpOBepI/ITb IPaBUJIbHOCTHb PeaIUu3allii IIOJCYEeTa I'PaJueHTa MOXKHO C IIOMOIIBIO KOHCYHBIX pa3Ho<:Te171:

IV f ()]s ~ flx+e1e;) — f(ﬂﬂ)7

€1

rue e; = (0,...,0,1,0,...,0) — 4-ii 6asucHBLl OpPT, & £7 — JOCTATOYHO MAJIEHBKOE IIOJIOKUTEJILHOE YUCIIO:
€1 ~ \/Emach, TVI€ Emach — MalmuHHas TourocThb (=~ 10716 g Tuma double).
Broprie nmpousBoimbIe:

f(x + e0e; + e0e)) — [z +e2e;) — flw 4 e2e5) + f(x)
€3

(V2 f(2))i; ~

31ech €9 ~ ¥/Emach-

3 @opmMyaupoBKa 3aJIaHUS

CxkauaiiTe KOJIpbl, IPUJIAraeMble K 3aJIaHUIO:

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

Or1u dailiel comepKaT IPOTOTHUIIEI (DPYHKIINI, KOTOpble BaMm Hy»KHO Oyjer peasm3oBarb. Hekoropsle mporie-
JyPbl y2Ke YaCTUYHO WJIM HOJHOCTBHIO PEaM30BaHBbI.

PeanusoBarh MeToj| rpajaneHTHOrO ciycka (dbyHkuust gradient_descent B Mozyse optimization) u mpo-
neaypy JUHEHHOI'O HOUCKa (MeTOJ_L line_search B kjracce LineSearchTool B MojyJie optimization).

Pexomenmarusi: /liis nmoucka TOUKH, yA0BJIETBOPSIONIEH CHIILHBIM yCa0BuAM Byuibda, Bocrob3yiiTech 61o-
sguoreunoit dyukimeit scalar_search_wolfe2 u3 Moaysns scipy.optimize.linesearch. Oxnako ciejyer
MMeTb B BHJLy, UTO y 3T0# Oubsmoreunoil MyHKIMN UMeeTCs OIUH HEJOCTATOK: OHA MHOTJA HE CXOIUTCH U
Bo3Bpamaet 3uadenne None. Eciu 6ubnmorednsiit meTos Bepiyst None, TO 3aIllyCTHUTE TIPOIEAYPY APOOTeHUS
mara (69KTPEKUHT) JIJIs TTOMCKA TOYKH, YIOBJIETBOPSIONIEH yeaoBuio Apmuxo.


https://github.com/mihaha/hse-optimization-course/tree/master/task1

3 Ionyuurs GOPMyIIbI /I IPAJIUEHTa U reccrana (PyHKIUHN JIOTHCTUIECKOH perpeccur. BolucaTh uX B OTYET
B MaTPHUYHO-BEKTOPHOI (popMe ¢ MCHOIL30BaHUEeM MO3JIEMEHTHBIX (PYyHKIHUil, HO 6e3 KaKuX-JIu00 CyMMHpPO-
BaHmii. Tak>Ke BBINMCATHL B OTYET BBHIPAXKEHUE ISl CaMOi (DYHKIIMU JIOTUCTHIECKON PErpeccuy B MATPHTHO-
BeKTOPHOI hopme (6€3 ABHBIX CyMMHUPOBAHUIA).

4 PeasmuzoBarb opakyJl jioructudeckoil perpeccun (kiacc LogRegl20racle B Mogyiie oracles). Takke jmone-
JIaTh PEAJIM3AIII0 BCIOMOraTeIbHoi byHKnun create_log_reg_oracle B Momyie oracles.

3ameuanue: Peanmsaiust opakyJia JI0/2KHA OBITH MOJTHOCTHIO BEKTOPU30BAHHOI, T. €. KOJI HE JIOJI2KEH COJIeP-
KaTh HUKAKAX TTAKJIOB.

3ameuanue: Bamr Ko J0/KeH O/JIEP:KUBATh KaK IJIOTHbIE MATPUIILI A THIIA Np.array, Tak U pa3perkeH-
HblEe TUIA SCipy.sparse.csr_matrix.

3ameyanue: Hurjie B IpOMEXKYTOUHBIX BBIUHC/AEHUSAX HE CTOMT BBIUYHC/ISTH 3HAUEHUE exp(—biasz), nHavIe
MOXKET IIPOM30iTH IeperojiHeHne. BMecTo 3TOro ciie/lyeT HAIPAMYIO BBIYUCIISATH HEOOXO/IMMbIE BEJIMYNHBI C
HOMOIIBIO CIIEIMAIN3UPOBAHHBIX JIJIst 5TOr0 dyHKIuiA: np . logaddexp auist In(1+exp(-)) u scipy.special.expit
s 1/(1 4 exp(+)).

5 PeasmzoBaTh 10/CUYeT PA3HOCTHBIX NPOM3BOAHBIX (byHKImy grad_finite_diff u hess_finite_diff B mo-
nysne oracles). IIpoBepurh NpaBUJIBHOCTH DeaJIM3alUyU [OCYETa TPAIUEHTA U TeCCUAHA JIOIHCTHIECKOrO
OpaKyJya ¢ MOMOIIBIO PEATU30BAHHBIX PyHKIHI. 15T 9TOTO cremepupyitTe HEOOTBITYIO MOAEIHHYIO BHIOOPKY
(Marpuiy A u BekTOp b) M cpaBHUTE 3HAYEHMs, BbIJaBaeMble MeTojaMu grad u hess, ¢ COOTBETCTBYIOIIUMU
Pa3HOCTHBIMU AIIIPOKCUMAITUAMI B HECKOJIBKUX ITPOOHBIX TOYKaX .

6 Peann3oBaTh ONTHMHU3NPOBAHHBIN OPAKYJI JIOTHCTHYECKOH PErPECCUH, KOTOPHIN 3aIIOMIHAET IIOCTIETHIE MATPUIHO-
BEKTOpHbBIE TpousBelenus (kinacc LogRegl20ptimizedOracle B Moysie optimization). Ourumusuposan-
HBIl OPAKYJI OTIINYIAETCSI OT OOBIMHOIO B CJIEJYIONUX TPEX IYHKTAX:

(a) IIpu mocsieoBaTeIbHBIX BBIYUCIICHUSAX 3HadYeHnst GyHKImn (MeTo func), rpaguenta (Meron grad) u
reccuana (Meros hess) B OfHON U TOM K€ TOYKE T, MATPUIHO-BEKTOPHOE NpOU3BeaeHne Az He BbIImC-
JIFIETCsl TIOBTOPHO.

(b) B uponeaypax func_directional u grad_directional BBIIOJHSIETCH IPEIIOICIET MATPUIHO-BEKTOPHBIX
npousBenennii Ax u Ad. Eciu a1 nporie /1y pbl BHI3BIBAIOTCS TOCIET0BATEIHHO JIJIsT OJJHUX U TEX YKe 3HaA-
YeHUil TOYKM & U/ UK HAIIpaBJIeHus d, TO MAaTPUIHO-BEKTOPHbIe IipousBeienus Az u/mwiu Ad 3aH0BO He
BbIunCJsores. Eco nepest BBI30BOM miin 1ocje Bbi3oBa func_directional u/mim grad_directional
[PUCYTCTBYIOT BbI30BBI func u/uim grad u,/miam hess B Toii »Ke caMoif TOUKe &, TO MATPHUIHO-BEKTOPHOE
mpousBeJieHne Ax He JOMKHO BBIUUCISATHCS TOBTOPHO.

(¢) Meronpt func_directional u grad_directional 3amoMWHAIOT BHYTpHU ce0sl MOCJETHIOID TECTOBYIO
TOUYKY & := & + «ad, a TaK»Ke COOTBETCTBYIOIEE 3HAUEHNE MATPUIHO-BEKTOPHOIO IpousBeieHust Ax =
Az + aAd. Ecim nanee omua m3 mporeayp func, grad, hess, func_directional, grad_directional
BBIBBIBAETCA B TOYKE &, TO COOTBETCTBYIOIIEE MATPUYHO-BEKTOPHOE IpOU3BejeHne AL 3aHOBO HE BbI-
YUCIACTC.

7 Peanuzosars meroxn Hbrorona (dbyHkims newton B MozyJie optimization).

Bameuanne: [l oncka HapasiieHusi B MeToje HbIOTOHA He HY»KHO B SIBHOM BHJIe 00DAINaTh reccuad (¢
oMoInbio GyHkiuu np . linalg. inv) WJTH UCIIOJIE30BATH CAMbBIH OOt METOI JIJIsT PEIIEHNUsT CUCTEMBbI JIMHEH -
HBIX ypaBHeHuil (numpy.linalg.solve). Bmecro sToro ciemyer ydaectb TOT (akT, 9TO B PACCMATPUBAEMOI
3a/a49e TeCCUaH ABJIACTCA CUMMETPUYHON ITOJIOZKUTEJIBHO OIPEJICJICHHON MaTPHUIEeil 1 BOCIIOJIb30BaAThCA Pas3-
soxenneM XoJerkoro (Gysknuu scipy.linalg.cho_factor u scipy.linalg.cho_solve).

8 IlpoBecTn sKCcrIEpUMEHTHI, ONMCaHHbIEe HIKe. Hamnmncars order.



3.1 Dkcnepument: TpaekTopusa rpaJMEeHTHOTO CITyCKA HA KBaJApPaTUYHOU (DPyHK-
187071

IIpoananu3zupyiiTe TPAEKTOPHUIO IPAJHUEHTHOIO CIIyCKa JJIsl HECKOJIbKIX KBAIIPATUIHBIX (DYHKIIMIA: TPUILY Mati-
Te JBe-TPU KBAJIPATUIHBIE deymephvie (DYHKIMM, HA KOTOPBIX paboTa MeToma OyIeT OTINIAThCS, HapucyiiTe
rpaduKu ¢ JUHASIMA YPOBHA (DYHKIUI U TPAEKTOPUSIMHU METOIOB.

[MompoGyiiTe oTBeTUTH HA Ciemyomuii Bopoc: Kax omauvaemcs nosederue memoda 8 3a6uUcUMOCUY 0M
YWUCAG 0OYCAOBAEHHOCTNU PYHKUUU, Su60Pa HANAALHOT MOWKY U CMPame2ul 6ubopa waza (KOHCTNAGHMHAA
cempamezus, Apmuzo, Byasvd)?

Jlisi pucoBaHusi JIMHUN YPOBHSI MOXKETE BOCIIOJIb30BaThbCst (pyHKIMeil plot_levels, a Jijisi PUCOBAHUSI
TpaeKTopuil — plot_trajectory u3 daiiia plot_trajectory_2d.py, IPUIATAIONIETOCs K 33/ IAHUIO.

Tak>ke obpaTuTe BHUMaHNE, ITO OPaKysa KBaapaTtndHoit ¢pyukimn QuadraticOracle yke peann30oBaH B
mozyite oracles. On peammsyer dynximo f(z) = (1/2)z7 Az — bT2, tne A€ ST, b e R™.

3.2 DSkcnepument: CTparerusi BbIOOpa JJIMHBI Iara B I'PaJMEHTHOM CIIyCKe

UceneioBaTh, Kak 3aBUCHT IIOBEJIEHUE METO/A OT CTPATErMU MOA00Pa IIara: KOHCTAHTHBIN mar (IonpoboBaTh
pa3JInYHbIE 3HAYEHUS ), GIKTPIKUHT (HOIPOGOBATH PA3JINIHbIE KOHCTAHTHI ¢), ycaoBus Byibda (monpobosBarh
Pa3JIMYHBIE [IAPAMETPDI C3).

Paccmorpure kBagparndnyo GyHKIMIO U JOIHCTHYECKYIO PEMPECCUIO ¢ MOZEIbHBIMU JAHHBIM (CreHepu-
POBaHHBIMHE CJLy4ailHO).

3amycrure st 9TUX (YHKIUNA IPAJMEHTHBIN CIIYCK C Pa3HBIMHU CTPATErMsIME BbIOOpPA Iara u3 00Hol u
mot Jtce HAYAAbHOT TOYKU.

Hapucyiite kpusbie cxomumocTu (HeBsi3ka 110 (GyHKIuU B JorapudMUIeCcKOoil NIKaJje IIPOTUB YUC/Ia UTepa-
uii — U KBaAPATHIHON (PYHKIINN, OTHOCHTEJIBHBIN KBAIPAT HOPMbBI IPA/INEHTa B JIOrapudMUIECKON MIKaJe
[IPOTHB YUCJIA UTE€PAIUIl — JIJIsl JIOTUCTUIECKOH Perpeccun) Ijls Pa3HbIX cTpaTeruii Ha odnom rpaduke.

[TorpobyiiTe pa3Hble HadaabHbIe TOYKU. OTBETHTE Ha BOIpOC: Kakas cmpameaus 6bi60pa wia2a A8AAEMCA
camoti aywwet?

3.3 DkcnepumeHT: 3aBUCUMOCTH YMCJIA UTEPAIUil TPAANEHTHOTO CILyCKa OT YHC-
Jila 00yCJIOBJIEHHOCTY M Pa3MEPHOCTHU ITPOCTPAHCTBA

Wccnenyiire, Kak 3aBUCAT YUCJIO UTePAIUil, HEOOXOIUMOE TPAIUEHTHOMY CILYCKY JJIsl CXOJIUMOCTH, OT CJIEITy-
IOIUX JBYX [apaMeTpoB: 1) ducia o0yC/IOBJIEHHOCTH K > 1 onTuMusupyeMoil GyHKIUU U 2) pasMepHOCTH
IPOCTPAHCTBA N ONTUMU3UPYEMBIX [IEPEMEHHBIX.

st 9TOTO JUTs1 33/TAHHBIX TIAPAMETPOB N M K CTeHEPUPYHTe CIydaifHbIM 06pa3oM KBaIPATHIHYIO 3a/a9y
pasmMepa n ¢ 9ucJaoM OOYCJIOBJIEHHOCTH K U 3allyCTUTE Ha Hell IPAJIMEHTHBINA CIYCK ¢ HEKOTOPO (puKcupo-
BaHHON TpebyeMoii TOYHOCTBI0. 3aMepbTe Yucsio urepanuii T'(n, k), KOTOpoe OTpeGoBAIIOCh CJIeIaTh METOJLY
JI0 cXOAUMOCTH (yCIHENIHOMY BBIXOZY 110 KPUTEPHUIO OCTAHOBKN ).

Pekomenmarusi: [Iporie Bcero cremepupoBaTh CIyYailHyI0 KBaJPaATHIHYIO 3aJa9y pasMepa 1 ¢ 3aJiaH-
HBIM 9HCJIOM 0OYCIOBIEHHOCTH K CleyIomuM obpasoM. B xauectse maTpuipr A € ST} ynobno B3aTh Ipo-
cro auaroHasnbnyio marpuly A = Diag(a), y KOTOpOil auaroHaJbHble 3JE€MEHTHI CIeHePUPOBAHBI CJIyIaiiHO
B npenenax [1, k|, npuaem min(a) = 1, max(a) = k. B kadectBe BekTOpa b € R™ MOXKHO B35ITH BEKTOD
CO CJIyYaiiHBIMU 3jIeMeHTaMu. J[naroHajibHble MaTPUIIBI YI0OHO PACCMAaTPUBATH, ITOCKOJIBKY C HUMH MOXKHO
adpdexkTuBHO paboTaTh Jaxke Mpu OONBIIUX 3HAYEHUAX N. Pekomenyercs xpanuth maTpuily A B dopmare
pa3peKeHHoll IuaroHaJbHoil MaTpupsl (cM. scipy.sparse.diags).

Sadukcupyiite HEKOTOpOe 3HaUYeHHE paszMepHocTH n. Ilepebepure pasziudHbIe YUCIa 00YCIOBIEHHOCTH
K 110 ceTke u moctpoiite rpaduk sasucumoctu T(k,n) nporus k. [TOCKOIBKY KaxKIbIil pa3 KBaJpaTHIHAS
3aJila9a TeHepUPYeTCs CIydailHbIM 00pa3oM, TO IIOBTOPHUTE 3TOT IKCIEPUMEHT HECKOJIBKO pa3. B pesyibrare
JJ1s1 (PUKCUPOBAHHOIO 3HAYEHUS Ny Bac J0JKHO N0y IuThCH 1IeJI0€ CeMeCcTBO KpuBbIx 3asucumoctu 1'(k,n)
or k. Hapucyiite Bce 911 KpUBBIE OJHUM U TEM K€ IIBETOM JJIsl HAIVISIIHOCTH (HAIPUMED, KPACHBIM ).



Teneps yBeaumybTe 3HAUEHUE N ¥ IIOBTOPUTE IKCIIEPUMEHT CHOBA. BBI JOJIKHBI IIOJIYyYUTH HOBOE CEMENCTBO
kpusbix T'(n', k) nporus k. HapucyiiTe ux BCe OJHMM U T€M K€ IIBETOM, HO OTJIIMIHBIM OT IPEIbILYIIETO
(mampuMmep, CUHUM).

[ToBTOpUTE 3Ty IIPOIIEMYPY HECKOJIBKO Pa3 s APYTUX 3HAYEHUIT 1. B UTOTre MOJIZKHO MOy YU ThCS HECKOIh-
KO Pa3HBIX CEMENCTB KPHUBLIX — 4YaCTh KDPACHBIX (COOTBETCTBYIOIIUX OJHOMY 3HAYEHUIO 7)), 4aCTh CUHUX
(COOTBETCTBYIONMX JIPYIOMY 3HAYEHUIO 71), YACTh 3€JIEHbIX U T. .

ObparuTe BHUMaHUE, YTO 3HAYEHUs] PA3MEPHOCTU 7. UMEET CMBICJ Iepeduparh IO JIorapudMUIecKoi
cerke (mampumep, n = 10, n = 100, n = 1000 u T. x.).

Kakne BBIBOJIBI MOYXKHO C/Ie/IaTh U3 IOy YCHHON KAPTUHKA!

3.4 DxcnepumeHnT: OnTUMHU3aIs BHIYUCJIEHUI B IPAJUEeHTHOM CILyCKe

CpaBHUTDH IpaUEHTHBIN CIIyCK Ha JIOTUCTHIECKON PErPEeCCUH J1ist OOBITHOTO OPAKYJIa U ONMTUMU3UPOBAHHOTO.
B kawecTBe BBIOOPKHU HCIIOIB30BATH MOZEIbHYIO ¢ pa3dmepavu m = 10000, n = 8000. IIpumep remeparnun
MOJIEJTbHON BBIOOPKHU M3 CTAHJIAPTHOIO HOPMAJIBLHOTO PACIIPE/ICICHNUS:

np.random.seed (31415)

m, n = 10000, 8000

A = np.random.randn(m, n)

b = np.sign(np.random.randn(m))

Koadduipent perynsipusanmn BeIOpaTh CTAHIAPTHBIM A = 1/m.
[Tapamerpsl MeTOZa B3ITh PABHBIMA IapaMeTpaMm 1o ymoadanuto. Hagaabayo Touky BeIOpaTh g = 0.
HapucoBars rpadukmn:

1. 3aBucCUMOCTb 3HAYCHUS (byHKLLI/II/I OT HOMEpa uTepanuu.

2. 3aBUCUMOCTD 3HAUYCHUS (l)yHKL[HH OT peaJIbHOI'O BpeMeHHn pa6OTI>I MeTOo/1a.

3. BaBuCHMOCTL OTHOCHTEJbHOTO KBaspata HopMbl rpaauenta ||V f(zx)|3/||V f(z0)|3 (B morapudmme-

CKOIi TITKaJIe) IPOTUB PEAJbHOTO BPEMEHU PabOTHI.

IIpu sToM 06a MeToma (¢ OOBIYHBIM OPAKYJIOM U C ONTHMU3UPOBAHHBIM) HY?KHO PHCOBATH HA OJHOM U TOM
Ke Tpaduke.
O0ObsicHUTE, IOUEMY TPAEKTOPUU 0DOUX METOJOB Ha IIEPBOM I'PadUKe COBIAIAOT.

3.5 Dkcnepument: Ctparerusi Bbibopa AauHBI miara B merojzie HpioTrona

TosropuTe sxcrepumenT (3.2) co cpaBHEHHEM CTpaTernii BHIGOpa Iara Ha JIOTHUCTUIECKOH PErpeccun ¢ Mo-
JIeJIbHOI BBIOOPKOH, HO juist MeTona Heiotona. Kakasa cmpamezus pabomaem ayvuwe 6cezo?

CpaBHHTE ¢ aHAJIOTUYHBIM KCIIEPUMEHTHOM JIJIsI TPAJNEHTHOrO cirycka. Hapucyiite KpuBble CXOAMMOCTH
JJIst 000OUX METOJIOB Ha OJHOM rpaduke.

3.6 SKCHepI/IMEHTZ CpaBHeHI/Ie MEeTOAO0B IpaMeHTHOro CIiyCKa Hn Hriorona na
peaJ’IbHOI.;I 3aga4de JIOTUCTUYECKOM perpeccun

CpaBHUTb METOIBI I'PAJMEHTHOrO cirycka u HploToHa Ha 3a1ade oOydeHUs JIOTUCTUYECKON perpeccuu Ha
peaJIbHbIX JAHHBIX.

B kadecTBe peasibHBIX JAHHBIX UCIOJB3YUTE CJIEIYIONIHEe TPU HAOOpa C caiita LIBSVME w8a, gisette n
real-sim. Koaddurment perynsipusanyun 1 Ha9aJbHYI0 TOUKY B3STh CTaHIAPTHBIM obpasom: A = 1/m. B
KavecTBe OPAKyJia UCIOIB3YHTE ONTUMU3UPOBAHHYIO BEPCHUIO JIOTUCTUYIECKOTO OPAKYJIA.

[Tapamerpnl 060MX METOIOB B3STh PABHBIMH IapaMeTpaM 110 yMoJdaHuio. HadajbHyo TOYKY BHIOpATH
To = 0.

2http://www.csie.ntu.edu.tw/"cjlin/libsvmtools/datasets/.
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ITocTpouTs rpaduki CXONUMOCTA CJIEAYIONINX JIBYX BUJIOB:

1. 3aBucuMocTh 3HaUeHUsT DYHKIUK OT PEAJbHOTO BPEMEHH PabOThl METOJIA.
2. 3aBUCHMOCTL OTHOCUTEJIHLHOTO KBajpata HopMbl rpajuenta ||V f(zy)||3/||V f(z0)||3 (B morapudmue-

CKOfi TITKaJIe) IPOTUB PEAIbHOTO BPEMEHU PabOTHI.

IIpu srom oba Merona (rpajueHTHbI ciryck U HbI0TOH) Hy?KHO pUCOBATH HA OJHOM M TOM K€ I'paduKe.

Pexkomenmarnust: JIrob6oit Habop manubix ¢ caitta LIBSVM mpencrasiisier u3 cebs Tekcrosslit daitn B dhop-
mare svimlight. YTo0bI canraTh Takoit TEKCTOBBIH (haili, MOXKHO HCIOIB30BATEH (DyHKIMIO load_svmlight_file
u3 Mouyiis sklearn.datasets. Ob6parure BHUMaHUE, YTO 9Ta (QYHKIMs BO3BPAIAET MATPHUIYy B dopmare
scipy.sparse.csr_matrix, mostoMy Barmia peasusariust JJOTUCTUYIECKOTO OPaKyJla JOJKHA MOJIEPKIBATH
TaKue MaTPUIIHL.

4 Odopmiaenune 3aaHust

PesynbraTom BbllOHEHNS 3a1aHUST SBJISIIOTCS
1. ®aiinpl optimization.py u oracles.py ¢ peaju30BaAHHBIMUA METOIAMU U OPAKYyJIAMHU.

2. Tommble nCXOmMHBIE KOJBI JJIsI TIPOBE/ICHUs SKCIIEPUMEHTOB U PUCOBaHUs Bcex rpadukos. Bee pesyib-
TaTBI IOJIKHBI OBITH BOCIIPON3BOAnMbIME. Eciin BbI ncmoib3yere cirydaiiHocTs — 3adukcupyiite seed.

3. Oruer B popmare PDF 0 mpoBeaeHHBIX UCCIEI0BAHUSIX.

Beimosaennoe 3aJlaHue CJaedyeT OTIIPpaBUTh IIMCHbMOM Ha IIOYTY cBoeit I‘pyHHBﬁ C 3ar0JIOBKOM

IIpaktudeckoe 3amanne 1, Pavmmmsa Nmst.

3asanne cjeyeT TPUCHLIATH TOJBKO OJWH Pa3 C OKOHYATETHHBIM BAPUAHTOM.

Kaxkplii 1poBeIeHHbBI 9KCIEPUMEHT clieyeT obOPMUTH Kak OTAeabHbl pasuen B PDF nokymente (Ha-
3BaHME pasjiesia — Ha3BaHUE COOTBETCTBYIOIIErO KCIepuMenTa). Jljist KarXKIoro sKCIepuMenTa HeobX0MuMO
CHaJaJIa HAIMCATD ero ONKUCaHKe: KaKue (PYHKIIUN OIITUMU3UPYIOTCS, KAKUM 00pa30M IeHepUPYIOTCsl JaHHBIE,
KaKWe MeTObl M C KAKUMU IIapaMeTpaMy HCIOJIb3ytoTcs. Jlajiee MOJKHBI OBITH MTPEJCTABIEHBI PE3YJIBTATHI
COOTBETCTBYIOIIErO IKCIIepuMenTa — rpadukn, Tabauisl u T.1. HakoHer, mocje pe3yabTaToB IKCIePUMEHTA
JOJIKHBI OBITH HAIMCAHBI Baimu BBIBOIBI — KaKas 3aBHCHUMOCTH HAOJIIOIAETCH U MOYEMY.

Baxkno: Oruer He JI0JZKEH CO/epKaTh HUKAKOro Koja. Kaskablil rpaduK I0KeH ObITH IPOKOMMEH-
THPOBAH — YTO Ha HEM H300pa’keHo, KaKhe BBIBOJBI MOXKHO CJeJIATh U3 9TOro dKcnepumMenTa. Obsg3aTesbHO
JIOJIZKHBI OBITH MOJIIICAaHbI Ocu. Kcjtu Ha rpaduKke HAPUCOBAHO HECKOJIBKO KPUBBIX, TO JOJIZKHA OBIThH JIETEHIA.

5 IlIpoBepka 3ajianus

Ilepen ormipaBkoit 3aanus 00ss3aTeIbHO yOenuTeCh, YT0 Barra peaan3ariust TpOXOAUT aBTOMATHIECKUE Nped-
8apumMeNvHbIE TECTH presubmit_tests.py, BbIIAHHBIE BMECTE C 3aJaHueM. J[Jis 9TOT0 3aIlyCTUTe KOMAHTY

nosetests3 presubmit_tests.py

Baxkno: Qaiinn ¢ Tectamu MoXKeT n3MeHHThCA. [lepes oTmpaBKoil 00s13aTesIbHO yOEIUTeCh, UTO Balla
Bepcud presubmit_tests.py — mocieaHsis.

Baxkno: Pemenns, koropbie He OyIyT IPOXOJNTH TECThI presubmit_tests.py, OyayT aBTOMATHYIECKN
orerensl B 0 6asos. Ilposepsromuit ne Oymer pasdbuparbesd, modemy Bamr koj He paboraer u yurarh Bamn
OTYeT.

Ouenka 3a 3aganue (13 10 6aioB) OyueT CKIAIBIBATHCA U3 JBYX dacTeii:

3Jlma 141 rpymmer: opt.homework+141Qgmail.com, s 142 rpymmost: opt.homework+142Q@gmail.com. s 145 rpymmsr:
opt.homework-+145Qgmail.com.
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1. IlpaBuibHOCTD U 3DHEKTUBHOCTD PEATUZOBAHHOTO KOA.
2. KauecrtBo oryera

IIpaBunbHOCTL U 3 PEKTUBHOCTL PeaTN30BAHHOTO KOJ/Ia OYy/IeT OINEHUBATHCA ABTOMATUYECKH C MTOMOIIHIO
HE3aBUCUMbBIX TECTOB (OTJIMUHBIX OT MPEJBAPUTEIBbHBIX TecToB). KadecTBo oruera Gyer oleHuBATHCS PO~
BepstouM. [Ipu 3TOM OIeHKa MOXKET OBITh CyObEKTUBHOM M AIIIEJISIITUI HE TTO/[JIEXKUT.

3a peasmzanuio Moau@UKAIUI aJrOPUTMOB M XOPOIIHE JIONOJIHATEIbHbIE SKCIEPUMEHTH MOI'YT OBITH
HAYHUCJIEHbI JOMOIHUTEbHBIE Gasuisl (10 +3 6asuios). Hauucienne stux 6asuioB sBisieTcst CyObEKTUBHBIM 1
Oe3ale/IISIIMOHHBIM.

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 or4uére. B mpoTUBHOM cilydae <«IIOXOXKHe» PEIIeHUs CUNTAIOTCS IJIarMaToOM M BCe 33/1efiICTBOBAHHbBIE
CTYJIEHTBI (B TOM YHCJIE T€, y KOI'O CIHCAn) OyIyT CypOBO HAKA3AHDI.
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