Metompr onTuMuzaruu B MarraHHOM o0yaennn, BMK+®usrex, ocenn 2017
IIpakTudyeckoe 3aganme 1: Meroabl rpagneHTHOro cinycka m HbioToHa.

Cpok cuaun: 4 okrsabps 2017 (cpena), 23:59 myua BMK
6 oxrsa6ps 2017 (uarauna), 23:59 mia Pusrexa

1 AJaropurmbi

1.1 Meroapl cnycka: O01asg KOHIIENITUS

PaccmarpuBaem 3asa4dy riaikoit 6€3yC/IOBHON ONITUMU3BAIIIN:

min f (7).

MeTomdpl CIIycKa UTEPATUBHO CTPOST IIOCJIEA0BATEILHOCTE TOUEK (X )7° o u3 R™ 1o mpaBuil
k=0
Th+1 = Tk + apdy.

Yucmo k = 0,1,... Ha3zbIBaeTcs Homepom umeparuu Metona. Cramsap ap > 0 HasbiBaeTcs daunoll waza,
a BeKTOp di € R™ HasbIBaeTCsa nanpasaenuem noucka. B Meromax ciycka Tpedbyercs, 9TOObI HAIIPaBJICHUE
oncka, dy, SIBJISLIIOCH HANPAGACHUEM CnYcKa i GYHKIUU f B TOUKE Tk, T. €. YIOBIETBOPSIIO HEPBEHCTBY

<Vf(])k), dk> < 0.

B srom ciiygae MOoxKHO rapaHTHPOBATH, YTO JJIs BCEX JOCTATOYHO MAajIeHBKUX (v 3HadYeHWe (GpyHKIuu f B
HOBOI1 TOYKE Tf4] YMEHBIINUTCSH:

f(xrg1) < flog).

Ob1mast cxema MeToja CILyCKa IIPUBEIEHa HUMKE:

AaropurMm 1 OO6miasi cxeMa MeToJa CILyCKa
Bxoa: HauasbHasg ToUKa xg; MaKCUMaJbHOE YKCJIO ureparuii K.
1: for k< 0 to K do
2 (Buwizos opaxysa) Beraucnurs f(xy), Vf(xy) n op.
3 (Kpumeputi ocmanoeky) Eciin BblliosHeH Kpurepuii OCTAHOBKH, TO BBIXOI.
4 (Buinucaenue nanpasaerus) BoraucanTs HAIpaBIeHUe CIyCKa dj.
5: (Tunetino nouck) HaltTu moaxo-mIyo JyInHy 1ara .
6
T

(O6rosaenue) xpy1  xp + apdy.
end for
Broixon: Ilocienusisi BEIYMCIEHHAS TOYKA T

1.2 Kpwurepuii octTaHOBKHI

N neanbHBIM KpUTEpPUEM OCTAHOBKHM B METOJE SIBJIAETCA TPOBepKa yciosus f(xg) — f* < &, tme f* —
MHUMaJIbHOEe 3Hadenune ¢yukiuu f, a € > 0 — 3amaHHas TOYHOCTb. 1aKOil KpUTEpHil 1esiecoo0pa3Ho Mc-
[0JIB30BaTh, €CJIM ONTUMaJbHOE 3HadeHue GyHKImH f* mssecrno. K coxkasennio, 3a49aCcTyio 3TO He Tak, U
MO3TOMY HY?KHO UCHOJIb30BATh JIpyroi kpurepunii. HanGosiee MOy IgpHbIM ABJISETCH KPUTEPHii, OCHOBAHHBII
na HopMme rpajuenta: |V f(zx)||3 < & Ksajpar 3iech craBaT 3a TeM, 9TO Jis «XOPOMUX» (YyHKIMi HeBs3-
ka 1o dbynxuun f(zy) — f* umeer ToT ke nopsinok, uro u ||V f(xk)|3, a we |V f(xy)|2;! nanpumep, eciau
|V f(zk)|l2 ~ 1075, To f(zx) — f* ~ 10710, Haxomer, myis Toro, ITo66 KpUTEPHit He 3aBUCEN OT TOTO, H3Me-
pstercst n GYHKIMSA f «B METpax» WM «B KWJIOMETpax» (T. €. He U3MEHsJICS TIPU Tiepexojie oT QyHKIwn [
K dysxyn tf, rae t > 0), To UMeeT CMBIC UCIOJIB30BATh CIIEAYIONUI OTHOCUTE/bHBI BADUAHT KPUTEPHSI:

IVF (i)l < ]|V (o)lI3, (1.1)

1Hanpumep, 5T0 BEpHO IS CHIIBHO-BBIMYKJIBIX (DYHKIIHH C JIAIIIAIEBBIM [PaJAEHTOM.




rae € € (0,1) — 3amanHas omuocumenvHas TOUHOCTL. Takum o6pasom, kpurepnii ocraHosku (1.1) rapanTu-
pyer, 4To MeToJ| YMEeHbITHT HauabHyto HesasKy ||V f(zo)|l2 B €71 pas. B srom samanun Bam myskHO Gymer
BO BCEX METOJIaX MCIIOJIb30BaTh Kpurepuii octanosku (1.1).

1.3 JIuHeiltubIii mouck

PaccmarpuBaerca QpyHKIHS

¢k(a) = f(CUk + dek)

3amMernm, 9TO

Pr() = (Vf(zp + ady), d).

TockonbKy dj, siBsiercst HanpasieHneM ciycka, 1o ¢'(0) = (V f(zy), di) < 0.
VcnoBueM ApMUXO sl (¢ HA3BIBAETCS BBIIOJICHAE CJIELYIONIETO HEPABEHCTBA:

ér() < 9r(0) + 1y, (0),

rae ¢ € (0,0.5) — HeKOTOpasi KOHCTAHTA.
JI71s1 HoncKa TOUKY (v, yAOBIETBOPSIOIIEH YCIOBUIO APMIXO, OOBITHO HCIOIB3YIOT CJIELYIONIYIO IPOLELYPY
— MeToJ| JpobJieHust mara (G9KTPEKUHT):

AaroputrMm 2 Meron apobsienns mrara

Bxon: Oyuknus ¢ : Ry — R. Haganbnaa Touka: a,(co).

1: o < a,(ﬂ())'
2: while ¢y (a) > ¢(0) + ca¢,(0) do
3: @ a/2.
4: end while
Broixom: «

«AlanTuBHBINY MeTOJ, [oI00pa Iara 3alOMUHAET BEJIUYUHY (), HAWJIEHHYIO Ha TEKYIell uTepaiud 1

o 0
Ha CJIEIYIOIIEeH UTepalud HAYNHAET IPOIEIYPy ApobJeHus ¢ ozgc +)1 1= 2q,. Uckmouenne 371eCb COCTABIIAIOT
HBIOTOHOBCKHE W KBa3WHBIOTOHOBCKHE METOIBI — B 9TUX METOIaX IPOIELyPy APOOTeHNS ITara BCeraa Hy 2KHO

Ha4YMHATH C a(o) =1
p =L

CusnbHble yciaoBusi Bynbsda:
Pr(a) < ¢(0) + cray,(0)
|65 (a)] < 2|97 (0)]
Baecs ¢1 € (0,0.5), ca € (c1,1).
CaMocCTOATeIFHO PEAN30BbIBATD CXEMY JIJIsi CUIBHBIX ycsoBuit Byneda we myxno. Ucnoms3yiite 6ub-
JmoTednyio peaymzanuio (pyaknus scalar_search_wolfe2 u3 Momysis scipy.optimize.linesearch). B

. 0 .
HEeU HavdaJibHad IJIMHA Iara Ol’(c ) AaBTOMATHUYECKU BI)I6I/IpaeTCH paBHOU 1.

1.4 TI'pagmeHTHBII CIIyCK

I'pagmenTHBIN cyck:
Tpr1 =z — axV f(xk)

MoxkHO paccMaTpuUBaTh KaK METOJI CIIyCKa, B KOTOPOM HAIIpaBJCHUE TOUCKA dj PABHO AHTUTPATUEHTY
—V f(xy). dnuna mara o BIOMPAETCS ¢ MOMOIIBIO JIMHEHHOIO HOUCKA.



1.5 Meroa HsioTroHa

Meton, HeroTona:
Tpp1 = zp — ap[V2f(2k)] TV (21).

st metoma HbroToHA OYeHD BasKHO MCHOJIB30BATDH €IMHUIHBIN Iar o = 1, 9T00BI 00eCTIeTUTh JTOKATb-
HyIO KBaJI‘paTI/I“IHyIO CXOJJUMOCTD. HOSTOMy B aJ'[FOpI/ITMaX JIMHEMHOI'O IIOUCKAa, Hy}KHO BCeraa HepBI)IlVI JAeJIOM
IpoOOBATH eIMHUIHBIN ar. Teopust rapaHTUPYeT, 9TO B 30HEe KBaJIPATUYIHON CXOIUMOCTH MeToa HbioToHa
eIMHUYHBIA 11ar GyueT yJaoBaeTBopaATh yeaosusM Apmuxo/Bynbda, u mosromy aBroMarndecku OyueT mpu-
HUMAaTbCdA. Eciu e uHUYHbBIA mar He yJoBjieTBopseT yejaosusaM Apmuxo,/Bynbda, To anropurmb juHeiHOrO
[IOMCKa €ro yMEHBIIAT U, TeM CaMbIM, obecrieuaT JI00a/IbHYI0 CXOANMOCTh MeToda HbioToHa.

Boruncienne Hutoronosekoro nanpasienust d, = —[V2f(xy)] 71V f(zx) sxBUBaNeHTHO pemennio JuHeii-
HOI CUCTEMBbl YpPaBHCHUIA:

V2 f(wr)di = =V f (zi).

Ec/mi Teccnan — MOTOXKHUTEIBHO onpeienénaasa MaTpuma: V2 f(xy) = 0, To IpemodTHTebHBIM MeTOIOM
peIleHnsT TaKOi CHUCTEMBI SBJISETCS pasdaodicenue X0AeyKoz0, KOTOpOe TakKe, Kak u MeTof Laycca, pabo-
taer 3a O(n?), HO ABJIAETCA BBHIUMCIUTENBHO Gosee 3hbeKTHBHBIM. Ec/im MaTpula CHCTeMbI He SBJISTCS
[TOJIOYKUTEIBHO OIPEIEJIEHHON, TO MeTOJ1, XOJIEIIKOTO CMOXKeT OOHAPYKUTH M COOOITUTH 06 3TOM.

1.6 (Bouycnas yacts) OnTuMunsanusi BbIYUCICHUN

Pacemorpum ciyyvaii f(x) = ¢(Ax).
B srom ciayaae

Vi(z) = ATV (Az).

st TuHeHOTO TonCKa:

P(a) = P(Azy + aAdy), ¢’ (o) = (VY (Azy, + aAdy,), Ady,).

Anropurm 3 O6mast cxema Meroga ciycka s f(z) = ¢(Ax)
: for k+0to K —1do
(Busos opaxyaa) Boraucouts f(xy) = ¢(Azy), V£ (zr) = ATV (Azy) u up.
(Buinucaenue nanpasaerus) BoraucanTs HapaBIeHne CIycKa dj.

1
2
3
4 (Tunetino nouck) HaltTu moAXoAAIIy0 JUIMHY THAara ou:
5: Boranciurs ¢(0) = ¢(Axy), ¢'(0) = (Vip(Axy), Ady).
6:
7
8
9

Borancants ¢(ay) = Y(Axy, + a1 Ady), ¢'(aq) = (V(Axy, + a1 Ady), Ady).

Berancaurs ¢(as) = (Azy + asAdy), &' (as) = (Vi(Axy, + asAdy), Ady).
(Ob6nosaenue) cpi1 < xp + Qsdy. > Az = Axy + asAdy
10: end for

Takum obpa3om, B XOPOITeil pean3anun J0JKHO ObITh B CPeIHEM JIUITh JIBa MATPUIHO-BEKTOPHBIX IIPO-
U3BEJEHUs: ONHO — 9TOOBI BBramcanTh rpajguent ATV (Azy), Bropoe — urobnr Boraucauth Ady. Cavn
MaTPUIHO-BEKTOPHbBIE MPOU3BeJIeHNs Axy MOXKHO MEPECINTHIBATE, UCIOIb3Ysd Ad.

2 Mopaemm

2.1 /JIByxkJjaccoBasl JIOTUCTHYECKAasl perpeccus

Jloructuaeckasi perpeccust siBjisieTCsi CTaHAAPTHON MOJIEIBIO B 3a1a9ax Kiaccudukanuu. s mpocTtoTs
paccMOTpUM JIAIIG caydait Ounapuoit Kiaccudukanun. Hedbopmaabao 3amada dopmymupyercs ciieLyonumm



obpasom. Mmeercs obyuatomas BboiGopka ((ag, b;)),, cocrosimas U3 m BeKTOpoB a; € R"™ (Ha3bIBaEMBIX
NPU3HAKAMU) U COOTBETCTBYIOIMX uM umncena b; € {—1,1} (maseiBaeMbIx Kaaccamu). Hyxkno mocrponts
asroput™ b(-), KOTOPBIii JIJIsl TPOU3BOJILHOTO HOBOT'O BEKTODA IIPU3HAKOB ¢, ABTOMATHYECKH OIPEJEUT €ro
kiace b(a) € {—1,1}.

B Mozes JI0rncTHEecKoii perpeccun OnpeIesieHIe KJIacca BBIIOIHSIETCS 110 3HAKY JIMHEIHOH KOMOUHAIINY
KOMIIOHEHT BEKTOPA G C HEKOTOPBIME (DUKCUPOBAHHBIME Koddbdurmenramu x € R™:

b(a) := sign({a, x)).

Kosddbumuenrtsr x spisiorcs mapaMmerpaMu MOJIEIN U HACTPAUBAIOTCS C IIOMOINBIO PEIIeHUs CJIeIyIOmei
OIITUMUBAIMOHHON 3a/la4u:

1 & A g
iR | 2 1+ explbido ) + Gl

rae A > 0 — koadduruent peryispusanuu (IIapaMeTp MOJEJIN ).

2.2 PazHocTHas mpoBepka rpaJueHTa W reccuaHa

IIpoBepuTh TPaBUWILHOCTH pean3aIuy MoJICUYeTa I'PAJINEHTa MOYXKHO C TOMOIIBI0O KOHETHBIX Pa3HOCTEN:

€1

rue e; ;= (0,...,0,1,0,...,0) — 4-if 6asucHbLl OpPT, & €1 — JOCTATOYHO MAJEHLKOE IIOJIOKUTEJIbHOE YUCIIO:
€1 ~ \/Emach, TVI€ Emach — MaImaHHasg TouHOCTh (=~ 10716 17191 THIIA double).
Bropsie npousBoHbIe:

flx + e2e; +e2e5) — f(x + e2e;) — f(a + e2e5) + f(2)
=

[V2f ()]s ~
31ech €9 ~ ¥/Zmach-

3 @opmMyaupoBKa 3aJIaHUS

CkaugaiiTe KOZIbI, IpAJIaraeMblie K 3aaHUIO:

https://github.com/arodomanov/cmc-miptl7-opt-course/tree/master/taskl

Ot dailabl conepzKaT IPOTOTAIILI HKIU, KoTopble BaMm HyzKHo Oyner peajm3oBarh. Hekoropble nporie-
b
JIyPBI YK€ YaCTUYHO MJIN IIOJIHOCTHIO PEAJIM30BAHBI.

PeasinzoBarh MeToz rpajuentHoro cuycka (dbynkuus gradient_descent B Mogysie optimization) u mpo-
Lelypy JmHeiiHoro moucka (Meron line_search B kiacce LineSearchTool B Momysie optimization).

Pexomennarus: st moncka TOYKH, YIOBIETBOPSIONIEH CIIIBHBIM yCa0BusAM Byibda, Bocmosb3yiirech 6ub-
smoreunoii dyHkImer scalar_search_wolfe2 u3 Momysst scipy.optimize.linesearch. Ognako ciegyer
UMeThb B BHJY, YTO y 3TOU OmbsmoTevdHOH (DYyHKIMU MMeeTCs OJIMH HEJIOCTATOK: OHA MHOTJIA He CXOJIUTCH U
BO3BparaeT 3Hadenne None. Ecian 6ubsmorednsii MeTo 1 Beprys None, TO 3allyCTUTE IIPOIELyPY ApoOIeHMs
nrara (G9KTPEKUHT) JJis TIOUCKA TOYKH, YAOBJIETBODSIONIEH yeaoBuio ApMuxo.

TloryauTs hbopMysIbl Jijis TPaIeHTa U reccuana (MyHKIINT JJOTUCTUYIECKOH perpeccuu. Boinucars uX B OTYET
B MaTPHYHO-BEKTOPHOH (popMe? ¢ UCIOIb30BAHIEM IIO3JIEMEHTHBIX (DYHKIIUI, HO 6€3 KAKHX-JIHO0 CYyMMIPO-

2B MaTpuyuHO-BEKTpPHOI hOpMe JIOMyCKAETCs MCIIONb30BAHUE OTEPAIHii MATPUYHOTO CJIOYKEHHUS / TPOU3BEICHHU, YMHOKEHUA
Ha CKaJIsAp, TPAHCIIOHUPOBAHUS, CTAHAAPTHOTO CKAJISPHOIO MPOM3BEACHUS, TOJIEMEHTHOTO IpousBeieHus (npouseedenue Ada-
M@pa; CUMBOJI ), a TaK»Ke IIPUMEHEHHsI KO BCEM 3JIEMEHTaM BEKTOpPa HEKOTOPOii ckassipHoil dynkuun. Kpome sroro, momycka-
€TCsl UCIIOJIb30BAHUE CTAHIAPTHBIX MATPUIL/BEKTOPOB (3aJaHHOrO pa3Mepa): eMHuIHast MaTpuna I, Hysnesasa Marpuna Op, xn,
HyJ1eBO#i BeKTOp Op, BEKTOp M3 Beex efuHuly 1, := (1,...,1).


https://github.com/arodomanov/cmc-mipt17-opt-course/tree/master/task1

Bannii. TakzKke BBIINCATH B OTYET BbIpaXKeHUE JJIsI caMOil (PYHKIIUU JIOTUCTUYECKON PErpeccuu B MaTPUIHO-
BEKTOPHOI (hopme (6e3 SABHBIX CYMMUDPOBAHHUIA).

PeanuzoBarh opakys joructudaeckoil perpeccun (kiaace LogRegl20racle B Mojyie oracles). Takxke mose-
JIATH PeaJIn3allio BCIIOMOraTesIbHON (yHKIuN create_log_reg_oracle B MoiyJe oracles.

3ameuanue: Peanmuzanus opaky/ia J0IKHA ObITH TOJTHOCTHIO BEKTOPU30BAHHOI, T. €. KOJI He JTOKEeH COJIep-
KaTh HUKAKUX IUKJIOB.

3ameuanue: Bam Ko 10o/KeH MOIEPKNBATH KaK IUIOTHBIE MATPHUIBI A THIIA np . array, Tak U pa3perKeH-
HBIC TUIA SCipy.sparse.csr_matrix.

3ameuanue: Hurye B IpOMEKYTOYHBIX BBIYUCICHUAX HE CTOUT BBIYUCAATH 3Hadenue exp(—b;{(a;, x)), una-
e MOYKeT ITPOU30UTH TEPETIOTHEANE. BMECTO 3TOTO CJIeTyeT HAIPSIMYTO BEIMUCIISATE HEOOXOMUMBIE BETMIUHBL C
[OMOIIBIO CHIEIUATN3NPOBAHHBIX JIJIst 3T0oro GyHKImii: np . logaddexp 1yist In(1+exp(+)) u scipy. special.expit
st 1/(1 4 exp(+)).

Peann3oBaTh mojcueT pasHOCTHBIX MPOM3BOAHBIX (byHkiun grad_finite_diff m hess_finite_diff B mo-
nyne oracles). IIpoBepuTh NPABIIBHOCTH PEAJM3AINH MOJICUETA TPAJMEHTa U TeCCHAHA JIOTHCTHIECKOTO
opaKyJia ¢ MOMOIIBIO0 peaan30BaHHbIX GyHKIm. [[71s 9TOr0 cremepupyiite HEOOJIBILYIO MOJETBLHYIO BHIOOPKY
(Marpuiy A u BekTOp b) U cpaBHUTE 3HAYEHMs, BbIIABaEMble MeTojaMu grad u hess, ¢ COOTBETCTBYIOIIUMU
Pa3HOCTHBIMU AITPOKCAMAIUSIMI B HECKOJIBKUX ITPOOHBIX TOYKAX .

Peasimzosars meron Helorona (dynkius newton B MoJyse optimization).

3ameuanmue: /Iy noucka HanpasjeHusd B MeTojge HbIOTOHA HE HY>KHO B sIBHOM BHJe 00paIiarh reccuaf (c
omoInbio Gyukiuu np . linalg. inv) WJIH UCIIOIHE30BATH CAMBIH OOt METOI JIJIsT PEITEHNsT CUCTEMBbI JIMHEH-
HBIX ypaBHeHuil (numpy.linalg.solve). Bmecro sToro ciemyer yduects TOT (akT, 9TO B PACCMATPUBAEMOI
3a/a49e TeCCUaH ABJIAeTCA CUMMETPUYHON ITOJIOZKUTEJILHO OIPEJIeJICHHON MaTpPHUIEed U BOCIIOJIb30BATHCA Pa3-
noxkerneM Xosenkoro (dyHKmn scipy.linalg.cho_factor u scipy.linalg.cho_solve).

IIpoBecTn sKCIIEpUMEHTHI, OTTUCaHHbIe HIKe. Harmmcars oTwer.

(Bomycnas acrb) Peann3osars oNTUMU3NPOBAHHBIHA OPAKYJI JIOTUCTHYECKONR PEIPECCHU, KOTOPBIN 3al0MUHA~
T TI0CJIe/IHIE MATPUIHO-BEKTOPHBIE Ipon3Be/ieHns (Kiacc LogRegL20ptimizedOracle B Mosyse optimization).
OnTUMHI3IPOBAHHBINA OPAKYJI OTJIMYAETCH OT OOBIYHOIO B CJIEAYIONIUX TPEX IIyHKTaX:

1. TIpu nocsesoBaTesIbHBIX BbIUMCIeHNsX 3HavYeHust dyHkuun (Merox func), rpaauenta (Meroxn grad) u
reccuata (Meroj; hess) B OJIHOI U TOii JKe TOUKE T, MATPHIHO-BEKTOPHOE ITpOn3Be/ieHne Ax He BBIUHC-
JIFAETCs TIOBTOPHO.

2. Boponenypax func_directional m grad_directional BEIIOJHAETCS MPEANONCIET MATPUIHO-BEKTOPHBIX
npousBenennii Ax u Ad. Eciu a1 nporie iy pbl BHI3BIBAIOTCS TOCIEI0BATEIHHO JIJIsT OJHUX U TEX YKE 3HaA-
YeHU TOYKM & U/ UM HAIIpABJIeHUs d, TO MATPUIHO-BEKTOPHbIE IipousBelenus Az u/mwiu Ad 3aH0BO He
BbluncJsiores. Eciu nepe BbI30BOM miin 1ocje Bbi3oBa func_directional u/miu grad_directional
[PUCYTCTBYIOT BbI30BHI func u/uim grad u,/miam hess B Toif ¥Ke caMoif TOUKe &, TO MATPHUIHO-BEKTOPHOE
npousBejicHre Ax He JIOJIZKHO BBIYHCJIATHCS TOBTOPHO.

3. Meronsr func_directional u grad_directional 3allOMHUHAIOT BHYTPH Ce0s IOCJIEIHIOI0 TECTOBYIO
TOUYKY & := & + ad, a Tak»Ke COOTBETCTBYIOIIEE 3HAYEHNE MATPUIHO-BEKTOPHOIO IpousBeieHust AL =
Ax + aAd. Ecim nanee oguaa u3 nponeiayp func, grad, hess, func_directional, grad_directional
BBIBBIBAETCSA B TOYKE &, TO COOTBETCTBYIOIIEE MATPUYHO-BEKTOPHOE Ipou3BejeHne AZ 3aHOBO HE BbI-
YUCJIAETCA.



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

[Ipoananu3upyiiTe TPaeKTOPUIO I'PAIUEHTHOIO CIIyCKa JJjis HECKOJIBKUX KBaJPATHIHBIX (DYHKIUI: IpU-
JyMaiiTe JBe-TPU KBaPaTUIHbIE deymephbie (DYHKINN, HA KOTOPBIX paboTa MeToJa OyIeT OTJINIATHCS, Ha-
pucyiite rpaduku ¢ JuHUAME yPOBHS (DYHKIIANA U TPACKTOPUSIMU METOJIOB.

[MompoGyiiTe oTBeTUTH HA Ciemyomuii Bopoc: Kax omauvaemces nogederue 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
mogyste oracles. On peaymsyer dynkmumio f(x) = (1/2)(Ax, x) — (b,z), tne A€ S}, b€ R™.

3.2 DkKcnepuMeHT: 3aBUCUMOCTH YHCJIA UTEPAIUil TPAANEHTHOTO CILyCKa OT YHC-
Jia 00yCJIOBJIEHHOCTY M Pa3MEPHOCTHU ITPOCTPAHCTBA

UccrnenyiiTe, Kak 3aBUCUT YHCJIO UTEPAIUil, HEOOXOIMMOE IPAIUEHTHOMY CIIYCKY JIJIsI CXOJIUMOCTH, OT CJIe-
JIYIOIIUX JIBYX NapaMeTpoB: 1) uncia o0yCIoBJIeHHOCTH £ > 1 onTuMusupyeMoit byHKIUN U 2) pasMepHOCTH
[IPOCTPAHCTBA i ONTUMU3UPYEMbIX IePEMEHHBIX.

st 3TOTO JJTsI 33TAHHBIX TTAPAMETPOB N U K CTeHEPUPYHTe CIydaifHbIM 06pa30M KBAJIPATHIHYIO 3889y
pasmMepa n ¢ 9ucJIoM OOYCJOBJIEHHOCTH K U 3allyCTUTE Ha Hell IPAJUEHTHBIA CIYCK ¢ HEKOTOPOH (huKcupo-
BaHHO{1 TpeGyeMoil TOYHOCTBIO. 3aMepbre Yncso urepanuii 1'(n, k), KOTopoe IoTPeGOBATIOCH CIeJIATh METOLY
JI0 cXOAUMOCTH (YCIIENIHOMY BBIXOJLY II0 KDUTEPUIO OCTAHOBKH).

Pexkomenmarnusi: [Ipore Bcero cremepupoBarh CIydailHy0 KBIPATUIHYIO 3a/1a9y pasMepa 1 C 3a/1aH-
HBIM 9HCIOM OOYCJIOBJIEHHOCTH K CeAylomuM obpazom. B xadgecrse marpumpr A € S, ymo6HO B34TH IpPO-
cro auaroHasnbuyio marpury A = Diag(a), y KOTOpOil uaroHaJbHble 3JEMEHThI CIeHEPUPOBAHBI CJLyYaiiHO
B npexesax [1, k], npuaem min(a) = 1, max(a) = x. B xadecrse Bekropa b € R™ MOXKHO B3fATb BEKTOD
CO CJIyYaiiHBIMK 3JjleMeHTaMu. J[naroHajibHble MaTPUIIBI YI0OHO PaCcCMaTPUBATH, ITOCKOJIBKY C HUMU MOXKHO
3¢ deKTUBHO paboTaTh Jake IMpH OOJIBIINX 3HAYEHUsIX n. PekoMeHyercsi XpaHuth MaTpuity A B popmare
pa3peKeHHOM JIMaroHaJbHON MaTpuIpl (cM. scipy.sparse.diags).

SadukcupyiiTe HEKOTOpOEe 3HadYeHUEe pa3mepHocTH n. llepebepure pazamdHbIe YUCIa 00YCIOBICHHOCTH
K 10 ceTKe u mocTpoiire rpaduk 3aucumoctu T'(k,n) nporus k. [IocKOIbKY KayKiblii pa3 KBaJpaTHuHAsI
3a/1a9a TeHEPUPYETCs CIIyIallHbIM 00pa3oM, TO MOBTOPUTE ITOT IKCIEPUMEHT HECKOJbKO pa3. B pesyibrare
Jst GUKCUPOBAHHOTO 3HAYEHHUsI 1 Y Bac JIOJIZKHO MOy IUThCSI [ETI0€ CeMeHCTBO KPUBBIX 3aBucuMoctu 1 (K, n)
or k. Hapucyiite Bce 9Tu KPUBBIE OJHUM U TEM K€ IIBETOM JJI HAIVISIIHOCTH (HAIIPUMED, KPACHBIM ).

Teneps yBemubTe 3HAYEHUE N ¥ TOBTOPUTE IKCIEPUMEHT CHOBA. BBI JTOJIZKHBI TOJIYYUThH HOBOE CEMENCTBO
kpusbix 1'(n', k) mporus x. HapucyliTe mx BCe OTHUM W TeM K€ IBETOM, HO OTJIMIHBIM OT MPEIBIIYIIETO
(HampuMep, CHHUM).

[ToBTOpUTE 3TY IIPOIIE/YPY HECKOJIBKO Pa3 Jjisl APYyTIUX 3HAYeHHii 1. B uTore q0JI2KHO [IOJLY YA ThCS HECKOJIhb-
KO Pa3HbIX CEMEHCTB KPHUBLIX — YaCTh KPACHBIX (COOTBETCTBYIOMIUX OJHOMY 3HAYECHUIO 7)), 9aCTh CUHUX
(COOTBETCTBYIONUX JPYrOMY 3HAYEHUIO 71), YACTDH 3€JIEHBIX U T. .

Obparure BHUMAaHUE, YTO 3HAYEHUS] PA3MEPHOCTH 7T WMEET CMBICJ MepebupaTh Mo JorapudMuIecKoi
cerke (mampumep, n = 10, n = 100, n = 1000 u T. x.).

Kakue BBIBOJIBI MOYKHO CJIeJIaTh U3 TOJIyYEHHON KapTUHKA?!

3.3 Okcnepument: CpaBHeHUE MeETOA0B T'paaumeHTHOro ciycka m Hpilorona Ha
peasbHOI 3ajlade JIOTUCTUYECKOIl perpeccun

CpaBHHUTB METOJIbI I'PAJIMEHTHOrO CIIycka u HbloToHa Ha 3ajiade 00ydeHMs JIOTUCTHIECKOU perpeccuu Ha
peaJbHBIX JTaHHBIX.



B KauecTBe peasbHBIX JAHHBIX HCIOJB3YiiTe cirexyionue Tpu Habopa ¢ caitra LIBSVM?3: wa, gisette u
real-sim. KoaddurpenT peryispusanum B3sTh CTaHIAPTHBIM o6pasom: A = 1/m.

[TapameTpsl 060MX METOJOB B3sITh PABHBIMH IIapaMeTpaM [0 yMOJTJ9aHuio. HadaabHyI0 TOYKY BBIODATH
o = 0.

[TocTpouTs rpaduKu CXOIUMOCTH CJIEIYIONIX ABYX BUIOB:

(a) 3aBucumocTb 3HaUEHUsI (DYHKIUU OT PEAJIbHOIO BpeMeHU paboThl METOJA.

(b) 3aBHCHMOCTL OTHOCHTETBLHOTO KBajpaTa HopMmbl Tpajmenta ||V f(xk)||3/||V f(xo)||3 (B morapudbmire-

CKOI1 IIKaJie) IPOTUB PEAJbHOr0 BPEMEHH PabOThL.

IIpu srom oba Merona (rpajueHTHBIN ciryck U HbIOTOH) Hy?KHO puCcOBaTh Ha OJHOM K TOM YKe I'padukKe.
yKa)KI/ITe B OTYEeTE, KaKOBa CTOUMOCTDL UTEpAIlUN U CKOJIBKO IIaMATH Tpe6yeTC${ KazKJIOMy H3 METO/I0B B
3aBHCHMOCTH OT [apaMeTpoB m (pa3Mep BBIGOPKHU) U n (Pa3MEPHOCTH IPOCTPAHCTBA). IIpH OlEHKe UCIIoJIb-
gyitre Horaruio O(-), CKPBIBAIONLYIO BHYTpPHU ce0s abCONIOTHBIE KOHCTAHTEL.
Kaxkwue BBIBOJBI MOXKHO CJIejIaTh MO Pe3yJIbTaraM 3Toro sKcmepumenta? Kakoit m3 MeTooB Jydine u B

KaKUX CUTYaIUsX !

Pekomenmanusi: JIroboit Habop manubix ¢ caiita LIBSVM npejcrasiisier u3 cebst TekcToBbIN (haiin B dpop-
mate svinlight. Yrobbl canTaTh TaKOi TEKCTOBBIH bailil, MOYKHO NCHOJb30BaTh (hyHKIMo load_svmlight_file
u3 Moxayiisi sklearn.datasets. Obparure BHUMaHUE, 9TO 3Ta (DYHKIWS BO3BpAIAET MaTpuily B dopmare
sScipy.sparse.csr_matrix, mostomy Barmmra peanuzarnus JIOTHCTHIECKOTO OPAKYyIa JTOJ2KHA, MO/ IEPKUBATH
TaKne MaTPHUIIbI.

3.4 (Bouycnas yactp) Dkcnepument: OnTuMusanusi BBIYUCIEHUN B IPAIUEHT-
HOM CITyCKe

CpaBHHUTD I'DAJUEHTHBIN CIIYCK H& JIOTUCTUYECKON PErpeccuu jisi OOBIYHOIO OpaKyJia U ONTHUMU3HPOBaH-
HOTO.

B kadecTBe BBIOOPKHU MCIOIB30BATH MOJEIbHYIO ¢ pasmepamu m = 10000, n = 8000. IIpumep reneparuu
MOJIEIbHONM BBIOOPKH U3 CTAHJAPTHOTO HOPMAJIHLHOTO PACIIPEICICHUS:

np.random. seed(31415)

m, n = 10000, 8000

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

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

Koaddurment perynsipusanuy BbIOpaTh CTaHAAPTHBIM A = 1/m.
[TapameTpsl MeTO/Ia B3SITh PABHBIME [IapaMeTrpaM 1o ymMoadanuio. HadaapHyo Touky BeIOpaTh g = 0.
Hapucosars rpacduku:

(a) 3aBucumocTb 3HaUEHUsT (DYHKIUU OT HOMEPA UTEPAIUN.
(b) 3asucumocTb 3HaUeHUs (DYHKIMA OT PEATHHOIO BpeMeHH paboThl METOJIA.

(c) BaBucMMOCTB OTHOCHTEILHOTO KBajpaTa HopMmbl rpajguenta ||V f(zx)||3/[V f(z0)||3 (B morapudmuye-
CKOii TIKaJjIe) IPOTUB PeaIbHOrO BPEMEeHU PaboTHhI.

IIpu sToM 06a MeToma (¢ OOBIYHBIM OPAKYJIOM U ¢ ONTHMU3UPOBAHHBLIM) HY?KHO PHCOBATH HA OJHOM U TOM
Ke rpaduke.
ObmbsicHuTe, MOYEMy TPAECKTOPUU OOOUX METOJIOB HA MEPBOM TpadUKe COBIIAJIAIOT.

Shttp://www.csie.ntu.edu.tw/"cjlin/libsvmtools/datasets/.


http://www.csie.ntu.edu.tw/~cjlin/libsvmtools/datasets/

3.5 (Bonycnas yacts) dkcunepument: Crparerus BbIGOpa JJIWHBI I1ara B rpajau-
€HTHOM CITyCKe

HNccnenoBarh, KaK 3aBUCAT MOBEJIEHUE METOJa OT CTPATEruu Moja0opa Iiara: KOHCTAHTHBIN mar (Hompo-
6oBaTh PA3JIMYHbIE 3HAUECHUS ), OIKTPIKUHT (IOIPOBGOBATH PA3JIMIHbIE KOHCTAHTHI ¢), yciaoBusa Bynbda (mmo-
1poboBaTH PA3JIMIHbIE IAPAMETDDL C3).

Paccmorpure kBasparndnyo GyHKIMIO U JOIUCTHYECKYIO PEMPECCHUIO ¢ MOZEIbHBIMU JIaHHBIM (CreHepu-
POBAHHBIMHE CJLy4ailHO).

3amycrure Jijisi 9TUX (PYHKIUNA IPAJMEHTHBIA CIIYCK C Pa3HBIMHU CTPATErHsSME BbIOOpA Imara u3 00Hol u
mot Jice HAYAAbHOT TOYKU.

Hapucyiite KpuBble cxoguMocTu (OTHOCHTEIbHAS HEBs3Ka 110 DYHKIMU B JIOrapiudMUIecKoil IKaje mpo-
TUB 9HCJIa UTEPAIUI — [jId KBaJAPATUIHON (DYHKIMK, OTHOCUTEIbHBIH KBAIPAT HOPMBI I'PAJMEHTa B JIOTA-
pudMUYeCKOil IKae IPOTHB YNCJIa UTePANUil — JJIsl JJIOTUCTHYECKO Perpeccun) Jyisi pa3HbIX CTPATEruil Ha
odHom rpaduke.

[TonpoOyiiTe pasubie HavabHbe ToUuku. OTBeThTE Ha Bopoc: Kakas cmpameaus 6b60pa wiaea ABAACMCA
camoti aywued?

3.6 (Bonycnas yacts) Dkcrnepument: Crparerusi BbI6Opa JJIAHBI IIara B METOe
Hruroroua

[ToBropuTe 3KCHEpUMEHT 3.5 CO CpaBHEHHWEM CTpaTEruili BbIOOpa IMara Ha JIOTHCTUYECKON PErpeccuu C
MOJIeJIbHOM BBIOOPKOI, HO A1t Merona Heiorona. Kakas cmpameaus pabomaem ayvue ece2o?

4 Odopmiaenne 3aaHust

PesysbraToM BBIIOIHEHNS 33/IaHUS SIBIISTIOTCS
(a) Daiinbl optimization.py u oracles.py ¢ peaJu30BaHHBIMU METOJIAME U OPaKyJIaMH.

(b) IMonuble UCXOIHBIE KOBI JJisl IPOBEJEHUS YKCIIEPUMEHTOB U pUCOBaHUs Bcex rpadukos. Bee pesyib-
TaTBI OJKHBI OBITH BOCIIPON3BOANMbIME. Eciin BbI ncmosib3yere cirydaiiHocTh — 3adukcupyiite seed.

(¢) Oruer B dpopmare PDF 0 npoBeieHHBIX uCC/IeI0BAHUSIX.

Kaxiplii 1poBeIeHHbBII 9KCIEPUMEHT clieyeT obOPMUTH Kak OTAeabHbl pasuen B PDF nokymente (Ha-
3BaHME pasjiesia — Ha3BaHUE COOTBETCTBYIOIIErO KCIepuMeHTa). [ljist KaXKIoro sKCIepuMenTa HeoOX0MuMO
CHaJaJIa HAIMCATD €ro ONMCaHKe: KaKre (PYHKIIUN OIITUMU3UPYIOTCS, KAKUM 00pa30M IeHepUPYIOTCsl JaHHBIE,
KaKWe MeTObl U C KAKUMU IIapaMeTpaMy HCIIOJIb3yioTcs. Jlajee MOJKHBI OBITH MTPEJCTABIEHBI PE3YJIBTaThHI
COOTBETCTBYIOIIErO IKCIepUMeHTa — rpadukn, Tabmipst u T. 1. HakoHerr, mocie pe3y/ibTaToB IKCIEPUMEHTA
JOJIKHBI OBITh HAIMCAHBI Baimu BBIBOIBI — KaKas 3aBHCHUMOCTH HAOJIIOIAETCH U MOYEMY.

Baxkno: Oruer He JI0JKEH CO/epXKaTh HUKAKOrO Koja. Kaskiablil rpaduK I0KeH ObITH IPOKOMMEH-
THPOBAH — YTO HA HEM HM300pa’keHo, KaKhe BBIBOJBI MOXKHO CJEJIATh U3 9TOro dKcnepumMenTa. Obsg3aTesbHO
JIOJIZKHBI OBITH MOJIIMCAaHbI Ocu. Kcju Ha rpaduKke HAPUCOBAHO HECKOJIBKO KPUBBIX, TO JOJIZKHA OBITH JIEMEH IA.
CaMu JIMHUU CJIeIyeT PUCOBATH JOCTATOYHO TOJICTBIMHU, YTOOBI OHU OBLIM XOPOIIO BUIUMBIMH.

5 IIpoBepka 3agaHusa

[Tepen ormpaBkoil 3ajaHust 00si3aTEILHO yOeuTech, 9To Balia peaju3aiius IPOXOIUT aBTOMATHYIECKHE
npedsapumenvrvie TeCTbl presubmit_tests.py, BblJIaHHbIE BMecTe ¢ 3ajanueM. st 3Toro, B 3aBUCUMOCTH
OT TOTO, PEAJM30BbIBAJIN I Bbl OOHYCHYIO 9aCTh WJIM HET, 3AILyCTUTE OHY U3 CJIEILYIONINX KOMAH]T:

(a) st 6a30Boit yacTn (IPOBEPSIOTCS TOJBKO OA30BBIE TECTHI):



nosetests3 presubmit_tests.py

(b) Hdusa 6onycHoii qacTu (IpOBEPSIOTCS KAaK G6Aa30BbIe, TaK U OOHYCHBIE TECTHI):

nosetests3 presubmit_tests.py -a ’bonus’

Baxkno: Qaitn ¢ Tectamu mMoxker m3meHUTbCs. [lepen ormpaBkoit 00s3aTebHO yOeIuTeCh, 9TO BAIA
Bepcud presubmit_tests.py — mocieaHss.

Baxkno: Pemenust, koropbsle He OyJyT IIPOXOJNUTH TECTHI presubmit_tests.py, OyayT aBTOMATHYECKU
orerensl B 0 6asioB. Ilposepsitomuii He OyIeT pa3dbuparhcsi, modeMmy Bamr ko He paboraer m yutarh Bamn
OTYET.

Ornenka 3a 3a7anne OyIeT CKJIAIBIBATHCA U3 IBYX JaCTE:

(a) IIpaBunbaocTb U 3(PHEKTUBHOCTD PEATUBOBAHHOIO KOJIA.
(b) KauecrBo oryera

IIpaBubHOCTE M 3 HEKTUBHOCTD PEATU30BAHHOTO KOHA OYIEeT OIEHUBATHCH ABTOMATHIECKHU C IIOMOIIBIO
HE3aBUCUMbBIX T€CTOB (OTJIMYHBIX OT IIPEIBAPUTENbHBIX TecToB). KadecTBo ordyera 6yeT OIEeHUBATHCS IIPO-
BepsonuM. IIpu 9TOM OIleHKa MOXKET OBbITh CYObEKTUBHON U AIIEJISIINN He HOJJIEXKUT.

3a peaymszaruio MoaAUQPUKAIMI aJrOPUTMOB U XOPOIIUE JOMOJHUTEIbHBIE SKCIIEPUMEHTHI MOT'YT OBITH
HA4YMCJIEHBI JIOTOJHATE/IbHBIe 6ajibl. Haunciienne 9mux 6aJLIOB SBJIsSIETCS CyObeKTUBHBIM U Oe3aI1e IS0 H-
HBIM.

Baxkuo: [Ipakruueckoe 3a/laHue BBIIOJIHIETCA CAMOCTOATEIbHO. EC/iu BbI 10JIy YU/l EHHbIE COBETHI (110
peaJin3aluy Ik IPOBEJEHNIO IKCIEPUMEHTOB) OT JIPYIOro CTYJEHTa, TO 06 ITOM JIOJXKHO OBITH sIBHO HAIIW-
caHO B OT4éTe. B IPOTUBHOM Cilydae «IIOXOXKM€» PEIeHHs CUMTAIOTCH IJIATMATOM U BCe 3a/1efiCTBOBAHHbBIE
CTYJIEHTHI (B TOM YHCJIE Te, Y KOTO CIUCATN) OyyT CypPOBO HAKA3AHBL.
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