Kypc: Metoanbl ontuMmuzanuu B MAImmHHOM 00y4denuu, oceHb 2016 BMK MI'V

[IpakTaeckoe 3ajganue 2.
[TpoaBuHyTHIE METOIBI OE3YCIOBHON OITUMU3AIIIH.

Hauano BeinmosiHenus 3aganus: 6 okTsops 2016 1.
Cpok caaum: 19 cenrsabps (cpena), 23:59.
Cpena agd BbIIoJHeHUd 3aiaHus: Python 3.

1 Mogenab AByXKJIaCCOBOIi JIOTUCTUYECKOI perpeccun

PaccmarpuBaercs 3a1ada kiaccudukanuy Ha JBa Kiacca. Vmeercs obyvatomnas seibopka D = {(z;, vi) }' .,
rie z; € R — BekTop mpusHakos i-ro obbexTa, a y; € {—1,+1} — ero meTka Kiacca. 3ajada 3aK/TIOUACTCH B
IPEJICKA3AHIT METKH KJIACCA Ypew JJIA HOBOIO OOBEKTA, MPEICTABICHHOTO CBOMM BEKTOPOM IPU3HAKOB Tpey -

B Mozmenu jormeruuecKoil perpeccuu npeicKa3anne MeTKH KJIAcca BBIIOJIHAETCS [0 3HaKy JIMHEHHOH (byHK-
87048

T

y(@) = sign(x T w),

rae w € R — mapamMerpsl MoJe/n, HACTPANBAEMBIE B IIPOIECCE OOy ICHHS.
OO0yueHne MoJIEIN OCYIIECTBIISIETCS ¢ TIOMOINBI0 MUHUMUBAINH CJIEAYIOMmel (pyHKIUN IOTEePh:

. A
Flw) = S (1t exp(—gia w) + S w3 (1)
=1

Snecs A > 0 — 3ajaBaeMblil ToJIb30BaTe/IeM KO(MMUIUEHT peryspusanuu. Vcrnogb30BaHne perysspu3aiun
[I03BOJIIET CHU3UTH BEPOSATHOCTH HePe0dyIeHUs aJropuTMa.

2 Merox L-BFGS

PaccmarpuBaerca 3agatia 6€3yC/IOBHON ONMTHMU3AIII

min f(z),
rie GyHKIus f sIBJISIeTCsT BCIOAY HEIPEPBIBHO MuddEpeHITIPYEeMOii.
Kaxnast ureparus meroja L-BFGS 3akirodaercss B IOCTPOEHUU HAIIPABJIEHUsS CITyCKa dj U IIara B 9TOM
HaIpPaBJICHUN:
Tht1 = Tk + apdg,

rie o > 0 — puna mara. OcHobnas pabora Ha urepanuu L-BFGS zarpaunBaercs Ha MocTpoeHne HAIPaBJICHUS
d. Hust sroro B Meroze coxpausiercst ucropust Hy = {(Sg—s, Yk—i) }1rq U3 HOCTEAHUX M (THIHYIHOE 3HAYEHUE
m = 10) BeKTopmﬂ

Sk ‘= Tk+1 — Lk,

Yk =V f(zre1) = V().

[To nmerorieiicst nCTOpUN BBIYUCIEHNE HAIIPABJIEHUS df, OCYIIECTBJISIETCS C IIOMOIIBIO CJIEIYIOIIETO aJITOPUTMA:

Ipu k < m ucropus Hj, cocTout u3 k BEKTOPOB.



1d<+ —Vf(xk),

2 fori=k—1,...,k—mdo
3 | i (5] d)/(s] i)

4 d < d — ouy;;

5 end

6 d < ((s{_196-1)/(Wi_19k—1))d;
7fori=k—m,...,k—1do
8 | B (w'd)/(s]vi);

9 d < d+ (a; — B)ss;

10 end

11 return d

3 Herounslii meron HeroToHa
PaccmarpuBaerca 3agatia 6€3yC/IOBHON OMTUMU3AIIT

min f(x 2
wmin f(2), 2)
rae byHKous [ SIBJISIETCS BCIOAY JIBAXKIbl HEIPEPBIBHO JIu(dEPEHITNPYEMOIA.
Meton HoroTona cTpouT mocaeaoBaTeIbHOCTb TOYEK Ty, CXOSIIYIOCT K PEIIeHrIO 3aadn . Kazkpas ure-
panusa metosa HeoToHa mMeeT BUT
Thtl = Tk + ogdy.

HaHpaBJIeHI/Ie niara dk HaXOJUTCA U3 CJIe,H,yIOH_LefI CHUCTEMBbBIL ﬂHHeﬁHbIX ypaBHeHI/IfI:
Hydy = =V f(xk), (3)

rne H, = H ,;r = 0 — reccuan dbyHKIUU f B TOYKe T (WM €ro NOJOXKUTENHLHO ONPE/IEIEHHAs AIIITPOKCUMAITHS ).
Hmaa 1mara oy, BRIOMPAETCsT ¢ TOMOIIBIO ITOMCKA IO MIPSIMOiA.

B merounom merone Hbiorona cucrema peliaeTcst ¢ IIOMOIILI0O METOJA COIPSYKEHHBIX I'PaJIneHTOB. B
9TOM cJIydae caMa MaTpuila Hjp MeTomy He Hy»KHA, a Hy»KHa TOJIBKO IMPOIEAypa YMHOXKEHUsI MaTpulibl Hj Ha
pou3BoJIbHLINA BekTOp v € R™. Kpome Toro, He mMeer OGOJIBIIIONO CMBICJIA PEIIATh CUCTEMY CHUJIBHO TOYHO,
ecJm TeKyH_IaH TOYKa T} HaXOJUTCA ITAaJICKO OT OHTI/IMyMa.. HOSTOIVIy O6bIIIHO METO/ COIIPAXKEHHBIX I'PaJUeHTOB
OCTAHABJIMBAIOT, KAK TOJLKO HeBsizKa 1 (d) := Hyd + V f(xy) ymoBierBopsieT yCaoBuo

lre(@ < nelIV f ()] (4)

[Mocaenosarensrocts {n;}, M € (0, 1), Ha3BIBaeTCst opcupyrouets nocaedosamesbHocmvio 1 OOBITHO BHIOUpPA-

eTCsl CJIEIYIONINM 00Pa30oM:
e i=min {0.5,\/[V @]l }

Takoit BBIOOD 7)) rapaHTUPYeT CyHEePJIHHEHHYI0 CKOPOCTh CXOJUMOCTH METO/IA.

Cremyer OTMETUTD, ITO PAHHUIT BBIXOJ U3 METOA COIPSKEHHBIX T'PAJIUEHTOB 110 YCJIOBUIO , BOODIIIE TOBO-
ps, He TapaHTUPYET TOT0, YTO HalijIeHHOe HAlpaBJjienue dy OyJeT HanpaBjeHueM CilycKa pyHKIUU f B TOUKE Tf
(B omytmrume oT TOUHOrO perenust —H, v f(xp) cucremsr (3))). TTosromy mocsie BbIXOa U3 METO/IA CONPSIKEHHBIX
IPaJIMEeHTOB HY?KHO JIOTIOJHUTEIHHO IPOBEPATD, YAOBJIETBOPSET Jin dj, YCIOBUIO d;—gk > 0, U ecq HET, TO CHOBA
3aIyCTUTH METOJ, CONPS2KEHHBIX I'PAAUEHTOB, HO TeIleph YK€ U3 HAYAJbHOU TOYKU dj U C MEHLIITUM 3HAYEHU-
eM 7 (Hanpumep, ymMeHbIIUTH 7y B 10 pa3). Takyro npolie/ypy Hy?>KHO HOBTOPSITH JIO T€X 110D, MOKa dj He CTaHeT
HAIIPABJIEHUEM CIIyCKa (UTO FapaHTUPOBAHHO PAHO WJIU MO3JHO IPOU30HIET).



4 @®opMyJIUPOBKa 3a/IaHUA

1. Peanmm3oBarh CTaHIAPTHBIN METO COIIPSYKEHHBIX I'PAINEHTOB 11 PEIIEHUs] CUCTEMbI IMHEHHBIX yPABHEHUI
Az = b 115l CHMMETPHYHOM TIOJIOKITEILHO OlpeeseHHoil marpuip A = AT > 0.

2. McenenoBaTh CKOPOCTH CXOIUMOCTH PEAIM30BAHHOIO AJTOPUTMAa B 3aBUCHMOCTH OT YHCJIa 00YCIOBICHHO-
¢t K := Amax(A)/Amin(A) MaTpunsr cucrembl. st 37010 BHIGPATH HECKOJIBKO CUIBHO OTIHYAOIIIXCSI
3HAYEHUI Kk U JUJIA KazKJOr0o U3 HUX:

(a) CreHepupoBaTh HECKOJIBKO CJIyYaiiHbIX Marpuil A ¢ COOCTBEHHBIMU 3HAYEHUSIMU, PABHOMEPHO Pac-
[peJIeJIeHHbIMY Ha MHTepBase |1, k|, u ciaydailHbIX npaBbix dacTeil b.

(b) IMocrpourh rpaduku CXOAMMOCTH METO/A COIPSIKEHHBIX I'DaJUeHTOB ({so-HOPMa HEBSI3KH [IPOTHB
qHC/Ia UTepaluii) st KaxKJI0il creaepupoBanHoil mapsl (A, b).

Bce kpuBble cxoamMocTH HyKHO pHCOBAThH Ha OHOM rpaduke. Jag KaxKaI0ro (GUKCHPOBAHHOTO K BCE
KpUBbIE JOI2KHBI IMETh OJIMHAKOBBIN ITBET, JJIsI PA3HBIX K WCIOIb3YIOTCI pas3Hble IIBeTa. B mTore ToKeH
MOJIyIUTHCS OJAUH rpaduK ¢ HAOOPOM KPUBBIX I KAXKIOTO K.

Pekomengamus: Ciyvaiiayio cummerpudnyio marpuity A € R™ " ¢ 3ajannbiv criekTpoM s € R™ MoxKHO

Cr'€eHEpUpPOBaTh, UCIIOJIb3Yy4d CIIEKTPaJIbHOE PA3JIOZKEHUE:

(a) CrenepupoBarh CIy9aiiHyI0 OPTONOHAJBHYIO MATPUIly . DTO MOXKHO CJIEJIATh € OMOIIBIO KOMAHIbI
sp.linalg.orth(np.random.randn(n, n)).

(b) Honoxurs A :=QSQT, rae S := Diag(s).

Pexomenpmarusi: YTo0bl HOJIyYUTh KPACHBYIO KAPTHHKY, JIydIlle PUCOBATh KPHUBBIE OHOIO IIBETA C IPO-
3padHOCTBIO. JIJIs1 9TOro MOXKHO HCIOJIBL30BATH IapaMeTp alpha B dyHKnusx Tuma plt.plot (mampmumep,
alpha=0.8).

3. PeanuzoBaTh ciiemyroriye mporeIyphl JJisd JJOTUCTUIECKOH perpeccuu:

(a) Ilporemypa Berancienust 3uadenus dbyHkiwn norepsb f(w) u ee rpajguenta V f(w).

(b) Tponemypa ymuoxenus reccuana V2 f(w) Ha TpOM3BOIBHbIN BEKTOD v.

Peanmuzatms kaxk 01t mpoIe 1y pbl J0KHA ObITH BEKTOPU30BAHHOM, T. €. KOJI He JTOJI2KEH COIEPYKATD HUKAKUX
muKJI0B. Takke 3anpermaercs GOpMUPOBATH B MAMSITH KaKue-1u00 JOMOJHATEIbHBIE MATPUIIBI (HAIPIMED,
ILI/I&FOH&.HI:)HI)IG). Ha,HI/IcaHHbH;'I KO JOJIZKEH KOPPEKTHO pa,6OTa,Tb KaK C IIJIOTHBIMU JaHHBIMU, 3aJJaHHBIMUA B
00brMHOM (POpMATE NUMPY-MACCHBA, TAK I C PA3PEXKEHHBIMA JAHHBIMHY, 3aJaHHbIE B (hOpMAaTE pasperKeHHOI
scipy-CSR-maTpuiin.

4. ITpoBepuTh NMPaBUIBLHOCTD PEATUIAINY OJCUETa TPAJANEHTA U JIeUCTBUS recCHaHa Ha BEKTOP C MOMOIIBIO
KOHEYHBIX Pa3HOCTEM:

flx+eae) — f(z)

V()i = ,
o (5)
flx + eav + e2e;) — f(x + e2v) — fa + e2¢;) + f(x
[VZf(fL')U]l ~ ( ’L) ( . ) ( 1) ( )
€
riae e; == (0,...,0,1,0,...,0) — ¢-it GasuCHBIL OpPT, a €1, €2 — JOCTATOUHO MaJ€HbKHE IOJIOKUTEIbHbIE

GHCTA: €] ~ \/€machy €2 ~ /€mach, TI€ €mach — MAIIMHHAS TOYHOCTD (R 10716 st THma double). /st sToro
HY2KHO CP€HepUpOBaTh HEOOJIBIINYIO MOJEIbHYIO BBIOOPKY D M MPOBEPUTH BBINOJHEHHE COOTHOMIEHU ([5))
JUIS BCEX § B HECKOJIBKUX MPOOHBIX TOYKAX & U V.

5. PeanuzoBaTh ciieyroIue METOb:



(a) Hesuneiinsiit MeTos conpsizkeHHBIX IpaueHToB (Bepenst laii-lOann);
(b) Metrox L-BFGS;

(¢) Herounsriii meros, HeroToHa.

,HJIH BbI60pa JJIMHBI [ITara BO BCEX METO/aX HUCIIOJIb30BaThb CUJIbHBIE YCJIOBUA ByJIb(ba.

Pexkomenmarnms: JI1s 1moncka TOYKH, YIOBJIETBOPSIONIEH CHUIBHBIM YCJIOBUSIM Byibda, MOXKHO HCIIOJb-
3oBaTh Oubmoreunyio ¢ynkiuio line_search_wolfe2 u3 Moiayss sp.optimize.linesearch. Ompnako
CJIeJIyeT OTMETUTH, UTO B SCipy MCIOJIB3yeTCd HEMHOTO Apyroit mHTepdeiic s paboThl ¢ ONTUMU3UPY-
eMoit (pyHKIMe: IpemoaraeTcs, YTO MOJACYeT 3HATYECHUA (PYHKIIUNA U IPAINEHTa PEeajn30BaH B PA3HDLIX
nporejypax, a He B ojHON (Kak B roM 3ajanuu). [losromy st 3amycka line_search_wolfe2 BHyT-
PH CAMOCTOSITETHLHO PEATM30BAHHOT'O METO/Ia ONTUMU3AINN, TPUHUMAIOINIETO Ha BXOJ func — mporeaypy,
BBIYHUC/ISIIONLYIO 3HAYeHNEe (DYHKINKY U €€ TPAJIMEHT, — HY?KHO HCIIOJIb30BaTh KOJ CJAEIYIONEro BUIA:

func_f lambda x: func(x) [0]
func_g = lambda x: func(x) [1]
alpha = line_search_wolfe2(func_f, func_g, x, d, g, cl=c2, c2=c2)[0]

OHako, HECMOTPsI HA CBOIO MPOCTOTY, Y TAKOT'O PEIeHUs] €CTh CYIIECTBEHHBIN HEJI0CTATOK: MOCKOJIBLKY
BHYTpH line_search_wolfe2 npakTu4yecku B KaxKJ10# To4YKe BoI3biBaroTcA U func_f, n func_g, To B uTore
nporeypa func Oyzer BbI3BaHa B J[Ba pasa 0oJble pas, ueM Moryia 06l (6y/b B scipy Apyroii naTepdeiic).
Y100BI yCTPAHUTD STOT HEJOCTATOK, CJIEIYeT JOMOJHUTEBHO Peajn30BaTh CIEIUAIbHBIN KIacCc-00epTKY,
KOTOPBIil OyJieT 3aII0MUHATH BHYTPH cebsi TOCIIEIHIO TOYKY X_last, B KOTOPOii Obljla BbI3BaHA IIPOIIELY-
pa func, a TakxKe BbIXOJ out_last 3TOil IPOIEIYPhI; IPU KaXKJIOM OCIeayiomeM Ber3oBe func(x) Oymuer
CHadaJIa MIPOBEPATHCS, COBIIAIAIOT JiU X U Xx_last, u ecam 7a, TO BMeCTO Bbr3oBa func(x) Oymer BO3Bpa-
meHo out_last, a ecjiu HeT, TO OyIeT BBIOJHEH BbI30B func(x) u mepe3anucaHbl 3HaUYeHUSA X_last u
out_last:

class FuncWrapper:
def __init__(self, func):
self.func = func
self.x_last = None
self.out_last = None
def __call__(self, x):
if self.x_last is None or not np.all(self.x_last == x):
self.out_last = self.func(x)
self.x_last = np.copy(x)
return self.out_last

Nwmesa B pacnopsizkennu Kiacc FuncWrapper, MOXKHO HaIUCATb CJIEIYIONINI KO/ JJisT BBHI30BA IIPOIEY Db
line_search_wolfe2, KOTOpPBI Temephb Oy/IeT BLITOJIHITE JIUIIb OJUH BBI30B func B KaxKI0# TOYKE:

func_wrapper = FuncWrapper (func)

func_f = lambda x: func_wrapper (x) [0]

func_g = lambda x: func_wrapper (x) [1]

alpha = line_search_wolfe2(func_f, func_g, x, d, g, cl=c2, c2=c2)[0]

6. CpaBHUTH TpU peaju30BaHHBIX METOJa Ha 3a/ade 00yIeHUsl JIBYXKJIACCOBOM JJOTHCTUIECKON PErpeccuu Ha
peaJIbHBIX JAHHBIX. PaccMOTpeTh mpu 9TOM cUTyaruu Majoro uncia mnepeMeHHbix (d < 300) u 6osbimno-
ro (d 2 5000)ﬂ [Tocrponts rpaduku CXOAMMOCTH CJIEAYIONUX JABYX BHIOB: 1) HeBsizka (110 dyHKIUN)
IPOTHB YHUCJA BbI30BOB OpakyJa; 2) HeBsA3Ka (10 (DYHKIMHU) MPOTUB PEATLHOro BpemeHu paborbl. Koad-
unmeHT peryisipusanuu U HadaJ bHYIO TOUYKY B3sTh CTaHJIAPTHBIM obpasoM: A = 1/n, wy = 0.

2JImst KasKIOM M3 9THX CHTYAI[Mil PACCMOTPETH, B HIeaIe, (xkak MuHEMyM) 2-3 pasHbIX HAGOPA JAHHBIX.



Pexkomengamus: Peajibable gaHHbIe MOXKHO B34Th C caiiTa LIBSVMEL Jlioboit HaboOp JAaHHBIX C caiiTa
LIBSVM mnpejcrapisier u3 cebst TeKCTOBBI daitn B popmare svimlight. Yrobb!l caurars TaKO# TEKCTOBBIIT
daits, MOKHO MCI0JIB30BaTh MyHKIHMIO load_svmlight_file u3 momynst sklearn.datasets.

7. Hamucars oruer B popmare PDF ¢ onncanmem Bcex mpoBemeHHBIX MCCJIETOBAHMIMA.

5 Odopmiaenue 3agaHUA

PesysibraToM BbINOJIHEHUs 3a/iaHust ABJIsOTCA 1) pdf-oTder 0 NpOBEJIEHHBIX MCC/IeJIOBAHUSIX, 2) ZIp-apXUB,
coJiep2Kalinii Bce HeoOXOIMMbIe UCXOHbIE KOJIbI: optim. py, lossfuncs.py u special.py. Boinosnennoe 3ajanue
cJleJlyeT OTIPABUTH IIUCBMOM II0 aJipecy bayesml@gmail.com ¢ 3arosoBkom

«|[BMK MOMO16| Bananue 2, Pamunims Umsti».

VoenurenbHasi Ipockba MPUCHLIATEH BBITOJHEHHOE 33 IlaHIE TOJIBKO OIUH Pa3 ¢ OKOHYATETHHBIM BapUaHTOM.

IN'paduk cxomUMOCTH AJITOPUTMa, OINTUMHU3AIUH JIOJIYKEH [TOKA3bIBATH 3aBUCUMOCTD HEBSA3KU OT UUCJIa BHI3OBOB
opakysia (Wi peaabHOro BpemeHH paboThl). Bo Bcex rpadukax 10/7KHA HCIOIB30BATHCS JorapudMIaecKast
mKaJIa Jjis HeBsi3Ku. 1lpu cpaBHEHWEN Pa3MYIHBIX METOJIOB HA OIHOW M TOH Ke 3ajatde KPUBBIE CXOJUMOCTHU
9TUX METOJIOB HY2KHO PUCOBATDH Ha OTHOM rpadure; TaKnuM 00pa30M, KaxK bl rpaduK J0/2KEH COOTBETCTBOBATH
OTJEIBHOM 3a/iade U COMEPKATh HECKOJIBKO KPUBBIX, COOTBETCTBYIOIINX PA3HBIM AJITOPUTMAM.

[TockoIbKY MTpOBEPKA PEAJM30BAHHBIX aJrOPUTMOB OyIeT OCYIIEeCTB/ISITHCS B IIOJYABTOMATHIECKOM PEXKUME,
BCe peau30BaHHbIe (DYHKIINH JOJKHBI CTPOI'O0 COOTBETCTBOBATH IIPUBEIEHHBIM HUKE IIPOTOTUIIAM M KOPPEKTHO
samyckarbest B Python 3 (a e Python 2!). ITpoBepurh Hasmune Bcex HEOOXOAUMBIX (DYHKIMIA, a Tak»Ke UX
COOTBETCTBHE TPEOYEMBIM ITPOTOTUIIAM MOYKHO C IMTOMOIIBIO CIIEIUAJILHOTO cKpuliTa check_submission_ass2.py,
BBIJIABAEMOI'0 BMECTE C TEKCTOM 34 IaHMUSI.

6 IIpororunbl dbyHKIMI

1. MeToj cONpsI?KEHHBIX TPaJIMEHTOB JIJIsT PEIIEHNsT CUCTEMbI JIMHEHHBIX ypaBHeHuit Az = b:

Mogyib: optim

DyHKINA: cg(matvec, b, x0, tol=le-4, max_iter=None, disp=False, trace=False)

Ilapamerpsr: | matvec: callable matvec(x)
QyHKIINA YMHOXKEHUS MATPUIIBI CUCTEMBI Ha MTPOU3BOJILHBIN BEKTOD X.
[Ipuanmaer:
X: np.ndarray
BekTop pasmepa n.
Bosspairmaer:
ax: np.ndarray
[Tpouseenenne MaTPUITHI CUCTEMBI HA BEKTOP X, BEKTOP pasMepa n.
b: np.ndarray
[IpaBast yacTb cucTeMbI, BEKTOP pa3Mepa Nn.
x0: np.ndarray
HavajipHasi TOUKa, BEKTOP pa3Mepa 1.
tol: float, ounuoOHAJJILHO

TouHoCTb 110 {o-HOpMe HeBa3Km: norm(A x_k - b, infty) <= tol.

%http://wuw.csie.ntu.edu.tw/~cjlin/libsvmtools/datasets/.
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max_iter: int mym None, onmuoHaJILHO
Maxkcumasibaoe qucjo ureparuii meroga. Eciu None, TO 10/I0KUTH PaBHBIM 1.
disp: bool, onnuoHAJIbLHO

OtrobparkaTh IpOrpecc MeToAa 0 WTepanusaM (HOMep HTepaliH, TeKylnas HOpMa
HEBSI3KH W IIP.) WJIM HET.

trace: bool, onmmmoHaJBHO

CoxpaHsaTh TPAEKTOPHUIO METO/Ia, JIjIsl BO3BpaTa UCTOPUM WJIM HET.

Bosepar:

x_sol: np.ndarray
Haiinennoe perenue cucTeMbl, BEKTOP pa3Mepa Nn.
status: int
Craryc BBIXO/Ia, IHCIIO:
0: perienne HaIEHO C 3aJITAaHHON TOYHOCTHIO tol;
1: mocTUrHYTO MaKCUMaJIbHOE YUCJIO UTEPAITU.
hist: dict, Bo3Bpalaercsa TOJIbLKO eciau trace=True
Ucropus nporecca ontumuzaiuu 10 urepamusM. CiioBapb €O CJIEYIONIMEI TOJISMU:

norm_r: np.ndarray

Hopwma Hesizku || Az — b||so 110 nTeparmsim.

2. Opakys GyHKIMU I0Tephb JOrucTudeckoii perpeccun (|1)):

Monynb:

lossfuncs

DyHKINS:

logistic(w, X, y, reg_coef)

ITapamerpsr:

Bosspar:

w: np.ndarray
Touka BeIMHCIIEHHS, BEKTOP pa3Mepa d.
X: np.ndarray min sp.sparse.csr_matrix
Marpuiia Tpu3HAKOB pa3sMepoB n X d.
y: np.ndarray
MeTKn KJ1accoB, BEKTOpP pa3Mepa 1, COCTOAIuiT u3 sjemenTos {—1, +1}.
reg_coef: float
Kosddunuent perynsapusamnum A > 0.
f: float
SHaveHne GyHKINU B TOUKE W.
g: np.ndarray

I'pamguent GpyHKIMT B TOUYKE W, BEKTOP pasmepa d.

3. YMHOXKeHHue reccuana (PyHKIMH JIOTUCTHIECKON perpeccun Ha IIPOU3BOJILHBIN BEKTOP:

Mogyib: lossfuncs
OyHKIHS: logistic_hess_vec(w, v, X, y, reg_coef)
[Tapamerpst: | w: np.ndarray

Touka BbIUHCHEHUS, d-MEPHBII BEKTOD.

v: np.ndarray




BekTop, Ha KOTOPBIIl YMHOYKAETCS T'eCCHaH, d-MepPHBIil BEKTOP.
X: np.ndarray uiu sp.sparse.csr_matrix

Marpuiia Ipu3HaKoB pa3MepoB n X d.
y: np.ndarray

MeTKu KJ1accoB, BEKTOp pasMepa 1, COCTOsIuii u3 sjemenTos {—1, +1}.
reg_coef: float

Koaddumuent peryssipuzamum A > 0.

Bosspar:

hv: np.ndarray

Bexrop V2 f(w)v.

4. Ho,zgcqu I'paJueHTa U ,ZLefICTBI/IE{ recCuaHa Ha BEKTOP C IIOMOIIBIO KOHETHBIX paBHOCTeIU/Ii

Monynb:

special

O yHKITNA:

grad_finite_diff (func, x, eps=1le-8)

ITapamerpsr:

func: callable func(x)
QyHKINA, TPAIUEHT KOTOPOH HY?KHO BBITUCIUTD.
[TpuanMmaeT:
X: np.ndarray
AprymeHT GyHKIINNA, BEKTOD pasMepa n.
Bosspairmaer:
f: float
Suavenre PYHKIINA B TOUKE X.
x: np.ndarray
Touka, B KOTOPOIf HY?KHO BBIYUC/IUTH I'PAJIUEHT, BEKTOP pa3Mepa Nn.

eps: float, onuuoHaaIbHO

Yuciio €1 B hopmyiie (9)).

Bosspar:

g: np.ndarray

Omenka rpajguenta 1o dhopmyiie (D), n-MepHBI BEKTOD.

Momyiib:

special

DyHKIHS:

hess_vec_finite_diff(func, x, v, eps=le-5)

IIapamerpsr:

func: callable func(x)
QyHKIWS, y KOTOPOH HY>KHO BBIYUC/IUTDH [IPOU3BEJIEHNE T'eccuaHa Ha BEKTOP.
[TpuanMaeT:
x: np.ndarray
AprymenT QpyHKINH, BEKTOP pasMmepa n.
Bosspamaer:
f: float
Suadenne GYHKIUN B TOUKE X.
X: np.ndarray
Touka, B KOTOPOIf HY?KHO BBIYUC/IUTH T'€CCUAH, N-MEPHBI BEKTOP.

v: np.ndarray




BekTop, Ha KOTOPBINT HY?KHO YMHOYXKUTDL TE€CCUAH; pa3Mep BEKTOpa Nn.

eps: float, onnuoHaJJIbLHO
Yucno €2 B hopmyiie .

Bosspar:

hv: np.ndarray

Omnenxa V2 f(z)v o dopmyre (), Bekrop pasmepa n.

5. Henumeitupiit MeTO/T COMPSI?KEHHBIX I'PAINEHTOB:

Monynb:

optim

DyHKINSA:

ncg(func, x0, tol=le-4, max_iter=500, cl=le-4, c2=0.1, disp=False,
trace=False)

ITapamerpsr:

func: callable func(x)
Opakyn MEHEMU3UPYEMO#l (DYHKITUH.
[Tpuanmaer:
X: np.ndarray
Touka BBIMHICIEHNSI, BEKTOPa, pa3Mepa n.
Bosspairmaer:
f: float
3uadenne PYHKINA B TOUKE X.
g: np.ndarray
I'pajinenT dyHKIMM B TOUKE X, BEKTOpa pa3Mepa 7.
x0: np.ndarray
Hagampnasa Touka, BEKTOp pa3Mepa n.
tol: float, onmuoHaJIbLHO
TowumocTsb o {o-HOpME TpaauenTa: norm(nabla f(x_k), infty) < tol.
max_iter: int, ommmMOHAJJIBHO
MakcumabHOE YUCT0 UTEPAIUH METOIA.
cl: float, omnuonaJbHO
3HaveHne KOHCTAHTHI ¢| B YCIOBUSIX Byibda.
c2: float, ommonaJgbHO
3HaveHne KOHCTAHTHI Co B yCIoBUsSX Byibda.
disp: bool, onIUOHAJIBLHO

OT1obpazkarh Iporpecc MeTo/Ia 1o UTepanusM (HOMep UTepalii, YiCI0 BHI30BOB Opa-
KyJia, 3HadeHne (byHKIMHA, HOpMa MPAJIMEHTA U TID.) UM HET.

trace: bool, onmuoHaJBHO

COXpaHHTb TPaCeKTOPUIO METO/Ja JAJId BO3BPpaTa MCTOPUU UJIN HET.

Bosspar:

x_min: np.ndarray

Hatinernnas Touka MUTHIMYMa, BEKTOD pa3Mepa n.
f_min: float

Suavenne GYHKIUA B TOYKE X_min.
status: int

Craryc BBIX0J1a, YUCIIO:

0: pemenue HaiiJIeHO C 3aJaHHON TOYHOCTBHIO tol;
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1: mocTurnyTo MakcuMaJsbHOE YUCJIO UTEPAIUil UM BBI30BOB OPaKyJIa.
hist: dict, Bo3Bpamaercd TOJbKO ecjin trace=True
Ucropust mporiecca ontuMuzanuu o urepanusm. CloBapb €O CIETYIONNMHA TTOJISIMIE:
f: np.ndarray
Suavenne GyHKIINA.
norm_g: np.ndarray
{oo-HOPMA I'DAJINEHTA.
n_evals: np.ndarray
CyMMapHOe 9UCJIO BBI30BOB OPaKysia HA TEKYIIHI MOMEHT.

elaps_t: np.ndarray

Peanbroe BpeMst, poiieHHOE ¢ HAYAJIA ONTHMUI3AIIIN.

6. (L-BFGS) Ilponenypa HaxoxK/IeHusT HalpaBaeHus dy:

Momyns: optim

QyHKITIS: 1lbfgs_compute_dir(sy_hist, g)

[Tapamerpsr: | sy_hist: collections.deque

Ucropust Hy, CTPYKTYpa JaHHBIX «JIeK». Kaxkpiil sjement sy_hist[-i] (1. e. i-ii cupa-
Ba) — 910 mapa (Sg_, Yp—;) U3 JBYX JIEMEHTOB TUIIA Np.ndarray pasMepa n.

g: np.ndarray

Ipapuent V f(z)) B TekyIueil Touke T, n-MEPHBI BEKTOP.

Bosspar: d: np.ndarray

Hanpasienue cuycka merosa L-BFGS, BekTop pasmepa n.

7. Ilpororunsr dyukiuu 1lbfgs mis meroma LBFGS momrocThio moBTOpsieT mpoTtoTun GQyHKINA NCE 38 UC-
KJIIOYEHUEM CJIEIYIONNX JABYX IyHKTOB:

(a) B 1bfgs umeercsd JONOJHUTEIbHBINA ONIMOHAJILHBIN HapaMeTp M, yKa3bIBAIOMINN pa3Mep HCTOPUH,
UCIIOJIB3YEeMO METOIOM (T.€. YUCJIO0 XPaHUMBIX nap (Sg,yx)). [1o ymoaganuio m=10.

(b) B 1bfgs mo ymosrganuio ¢2=0.9.

8. Herounbrii meron HbioTona:

Mogymb: optim

DyHKINA: hfn(func, x0, hess_vec, tol=le-4, max_iter=500, cl=le-4, c2=0.9,
disp=False, trace=False)

ITapamerpsr: | func: callable func(x)
Opakyn MEHEMU3UPYEMO#l (PYHKIIUH.
[TpuanMmaeT:
X: np.ndarray

Touka BbIYKCIIEHUs, BEKTOP pa3Mepa n.
Bosspairmaer:
f: float

SHaveHne PYHKIINA B TOUKE X.




g: np.ndarray
I'paguenT GyHKIMT B TOYKE X, BEKTOP pa3Mepa n.
x0: np.ndarray
HawanpHast ToUKa, BEKTOpP pasMepa 1.
hess_vec: callable hess_vec(x, v)

DyHKIWs yMHOKEHUsI Teccuana, (MM ero almpoKCUMAIN) B TOYKE X HA IPOU3BOJIb-
HBIA BEKTOp V.

[Tpuanmaer:
X: np.ndarray
Touka BBIYHC/IEHUS, BEKTOD pa3Mepa 1.
v: np.ndarray
BekTop nj1st ymMHOXKeHUsT pa3mMepa n.
Bosspamaer:
hv: np.ndarray
IIpoussejienue reccuana Ha BEKTOD V, BEKTOD pa3Mepa n.
tol: float, oUIMOHAJIBHO
TounocTb 110 £oo-HOPME TpajuenTa: norm(nabla f(x_k), infty) < tol.
max_iter: int, OUIMOHAJIBHO
MaxkcnmaabHOe IUCTI0 UTEPAITIT METOA.
cl: float, onmuoHaJbHO
3HaveHne KOHCTAHTHI ¢] B yCI0oBUsX Byibda.
c2: float, omnuonajbHO
3HaveHre KOHCTAHTDI ¢2 B yciaoBusax Byibda.
disp: bool, onnuoHaabLHO

OrobparkaTh IPOrpecc MeToJIa o ureparusiM (HOMep UTepAIiH, TUCJIO BHI30BOB Opa-
KyJ1a, 3Hadenne GyHKINA, HOpMa IPAJINEHTA W IIP.) WA HET.

trace: bool, onmuonajabHO

CoxpaHsTh TPAeKTOPHUIO METOIA JIJIsT BO3BpATa NCTOPUU UJIU HET.

Bosspar:

x_min: np.ndarray
Haiinennast Touka MUHEMYMa, BEKTOD pa3Mepa n.
f_min: float
Suavenre PYHKIUA B TOYKE X_min.
status: int
Craryc BbIX0JIa, YUCIIO:
0: pemenne HaliIEHO C 33/IaHHONU TOYHOCTBIO tol;
1: moCTUrHYTO MaKCHUMAJJIBHOE THCJIO NTEPAIHii.
hist: dict, Bo3Bpalaercsa TOJIBKO eciau trace=True
Ucropust mporecca ontumusaiuu 1o ureparusaM. CjioBapb €O CJIEIYIOINIMEI TOJISIMU:
f: np.ndarray
Suavenune QyHKINAH.
norm_g: np.ndarray

{oo-HOPMAa IPAJINEHTA.
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n_evals: np.ndarray
CymMMmapHOe 1ncJio BbI30BOB opakysia (cymma func n hess_vec) Ha TeKyIMil MOMEHT.
elaps_t: np.ndarray

Peanbnoe Bpewmsi, mpolijieHHOE ¢ HAaYAIa OTMTHMHU3AIIIH.
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