Kypc: Meroapr onrumusaliuun B MammaaoM oby4denuu, ocerb 2016 BMK MI'Y

[IpakTmaeckoe 3aganue 4.
MuHuMmu3anust cyMMbl (OYHKIINIL.

HauaJjio BpinostHeHus 3aganus: 14 gexaops 2016 1.
Cpok caaum: 28 nekabpsi (cpena), 23:59.
Cpena a4 BbIIoJHEeHUd 3aiaHug: Python 3.

1 KpaTrkoe onucanmue 3aJlaHUA

B srom 3azanun Bam npejiaraercs peaan3oBaTh U IIPOTECTUPOBATH JIBA HOMYJISIPHBIX METO/IA JIJIs MUHIMH-
sanuu cymmbl dyukimii: SGD (Stochastic Gradient Descent) u SVRG (Stochastic Variance Reduced Gradient).
TectupoBanue Hy?>KHO Oy/eT IPOBECTH Ha CJIEAYIOMIX JABYX MOJE/SAX U3 00JIACTH MAIIMHHOIO 00ydeHus: 1) Jo-
IUCTUYECKAsl perpeccust; 2) aBTOKOJAMPOBINUK (ryiyboKasi HefipoHHast ceThb). B 1mepBoM ciydae onTuMHU3UpyeMast
dbyHKIUS ABISIETCS BBILYKJION, BO BTOPOM — HEBBIMYKJI0i. OJMH 13 BOIPOCOB, Ha KOTOPHIl Bam HyzkHO Oyaer
OTBETUTH [0 OKOHYAHUH BBIOJHEHUS 3aJ[aHusi — €CTh JIM CyIIECTBEHHAs] SMIIMPUYECKAsT PA3HUINA B [OBEJICHUN
mero10B SGD/SVRG na BBIMYKII0i 1 HEBBITYKJION 3a1a9ax?!

2 Heobxonumasi Teopus

2.1 3amaya MUHUMU3ANUU CyMMbI (PYyHKITUIT

PaccmoTrpum 3aj1ady 6€3yC/IOBHON MUHUMHU3AIUN CYMMbI (OYHKITHN:

n
. 1
min < f(z) == fi(z) ¢, (1)
zeR? n —
=1

re f; : RT — R — auddepennupyenmbie dbyHKIIT (He 0bsI3aTesIbHO BBIILYKJIBIE).

Bynem cauraTh, 9TO 0 CTpyKTYype PyHKIUii f;, KpOME TOr0 U4TO OHHU SIBJIAIOTCA JOCTATOYHO IVIAJKAMUI, HIYEro
He U3BeCTHO (T. e. f; 3a/laHbI B BUJIE «9IEPHOIO sIIUKa» ). Bce, 9TO JIOCTYIHO, — 9T0 UNKPEMEHMAALHVLT 0OPAKYA
nepeozo nopadka — CIeNaTbHAS TPONELYPA, KOTOpas 0 3aJaHHOMy HEmekcy i € {1,...,n} u Touke = € RY
Bosspammaer (f;(x), Vfi(x)) — 3nauenue u rpajguent dbyHKIME f; B TOUKe x. 3aja49a COCTOUT B TOM, YTOOBI HANTH
IPHUOIMZKEHHOE PEeIIeHIe 3a KaK MOXKHO MEHBIIIEe YUCJIO BBI30BOB OPaKyJIa.

2.2 MeToabl MUHUMU3AIANA CyMMbI OYHKITUI

OmnieM J1Ba MOIYJISIPHBIX MeTo/Ia, Jisi perennust 3a1a49u ((1)).

2.2.1 Metox SGD

Merox SGD siBiisitercst paHIOMU3UPOBAHHBIM aHAJIONOM METOJa TI'PAIUEHTHOro ciiycka. reparust meroma
uMeeT CJeAYIOUNA BUI;
Tht1 = Tk — higr,
I7e gr — CTOXACTUYECKUN TpajueHT (pyHKIMNA f B TOYKE T, T. €. CIyJaflHblil BEKTOD, YAOBJIETBOPSIONIHI CBOTi-
crBy Hecmeniennoctu E g = V f(z), a hy — JAeTepMUHUPOBAHHASI TIOJIOKUTEJbHAS JJINHA IIATA.

TunuaubiM BEIGOPOM CTOXACTHYECKOro IpajnenTa B 3a1a4e (1) asisiercs gy = V fi, (2 ), T1€e HHIEKC i), TeHe-
pHpyercsi CaydaiiHo (He3aBUCHMO Ha KaKJIOi UTepalyn) u3 paBHOMEPHOro pacupeesaenus #a {1,...,n}. B arom



caydae CJI0XKHOCTH nreparmu meroga SGD B n pas MeHbIlle, YeM CJIOKHOCTH HTEPAIMH METO/1a IPaIueHTHOrO
CILyCKa, IIOCKOJIbKY TpeOyeTCsi COBEPIINTh JIMIIb OJUH BBI30B opakyJa, a He n. (Tem He MeHee, BazKHO IOHMMATH,
9TO IIPHU STOM UHCJIO0 UTEPAIUil, KOTOPhIe HY?KHO BBITOJIHATE MeTony SGD s mocTrzkenns 3aJaHHOM TOIHOCTH,
MOZKeT ObITh Ha MOPSIKN OOJIbIIE, YeM COOTBETCTBYIONIEE YUC/I0 UTEPAIUil Jjisi METO/Ia I'PAJIUEHTHOrO CIIYCKA. )

Cy1mecTByeT HECKOJIBKO CTpaTeruil mjisi BeIOOpa [JIMH IMaroB hy, a Tak:ke pOPMUPOBAHUS BBIXOIHON TOUKN
B meroze SGD. B mannom 3amannn Bam npejraraercst ucno/ib30BaTh MOCTOSIHHYIO JUIMHY miara hy = h, a B
KaJecTBe BBIXOJIHON TOUYKH OpaTh CpellHee BCeX Ip. lakasl cxeMa CTPOro oOOCHOBaHA JJIsl BBIILYKJION OITHMIE-
3allid; HACKOJIBKO XOPOIIO OHa OymeT paboTaTb B HEBBLIIYKJIOM Cllydae — 3TO BaM Ipemjaraercs IIpOBEPUTH
IKCIIEpUMEHTaJIbHO.

[TceBmoxkon meroma SGD mpuBeseH B aJiropurMme

AaropurMm 1 Meron SGD
Bxona: Hauambhaast Touka xq; auciao ureparnuit K; qanra mara h.
1: for k< 0to K —1do
2 BeiGpars iy ~ Unif{l,...,n}
3: Tht1 < T — hvflk (a:k)
4: end for
Brixon; ﬁ Zszo Tk

2.2.2 Meroag SVRG

Ocnonas ujes Merogaa SVRG 3akiouaercss B BIOOpe «60j1€e XOPOIIEero» CTOXaCTUYECKOrO I'PAJIUEHTa, JIJIst
dyHKINN , geM npocro V fj, (xy). defictBuTesbHO, HECMOTPsT Ha TO, 4TO olieHKa V fj, (z)) sABJIseTcs HecMe-
mennoit, ee auctepcus E ||V f;, (zx) — V f(2x)||3 MoxeT 6bITh 10cTaTOMHO GOJBINOH U HUKAK HE YMEHBIIATLCH C
yBEJIMYCHAEM YHCJIa uTepanuii k.

JIist yMEHbIIEHUS JUCIIEPCUE CTOXACTUIECKOro rpajuenTa B Metoje SVRG ncnonb3yercs cieayonuii mpuem.
PuKcUpyeTcs HEKOTOpas TOYKa I, MPEJACTABIIIONAA CO00 TeKyIee NpUbINKEHHOE PEIICHUE 381491 . Hanee
BbITIOJIHsIETCsT M ureparmii Meroga SGD (rae m — napamerp mMeroja, 0ObIMHO HOPsiKa 2n), 3aIyIIEHHOIO U3
TOYKH () = &, B KOTOPOM B Ka4deCTBe CTOXaCTHYECKOIo rpajuenta BMecto V fj, (1) HUcHosib3yercs

9k = Vflk (xk) - vfzk ('i') + Vf(.i') (2)

Ba cuer toro, yro EVf; () = Vf(Z), BeKTOp g} HO-IIpeKHEMY SBIISIETCSI HECMEIIEHHON OIEHKOM IOJIHOTO
rpaguenta V f(xy). Homommurensnoe ciaaraemoe —V f; (Z) + Vf(Z) upusBano yMeHLIINTH JUCIEPCHIO STOM
orenku. [lo okonuanuu m ureparuiit To9ka & U3MEHSETCH Ha HOBOE IPUOJIMKEHHOE PEIleHre — Pe3y/IbTaT paboThl
meroga SGD (B Hamewm ciydae 910 ﬁ Y heo k), — H HPOILECC IOBTOPSIETCsI CHOBA (IIPOMCXOIUT IIEPE3AILYCK).
B urore, 6arogapst Takum mepesaryckam, muctiepcns E ||gr — V f(xy)||3 mocrenenno ymenbuaercst u B mpejiedte
JIOCTUTAET HYJISI.

Takum obpaszom, meton, SVRG npejicrasiisier coboii JBYXypPOBHEBYIO CXeMy (CM. ajIrOpUTM . Ha Buemnaux
urepanuax (Ha3bIBAEMbBIX cMaduAMU) TPOUCXOAUT OOHOBJIEHHE TOYEK & U MOJACYET TOJHBIX rpagncHToB V f(Z).
Ha BHYTpeHHUX uTeparusix BBIIOJHSIOTCS marn Merona SGD, Hcrosb3yomero «CKOppeKTUPOBAHHY0» OIEHKY
CTOXaCTHIECKOTO IPAJIMEHTa, .

Samernm, 9TO O0IEe YUCIO0 BBI3OBOB OpaKysa BHyTpu oiHO# crajguu meroma SVRG cocrasmisier n + 2m.
Ecim 3nagenue m BuIOpaHO HOPSIIKA N, TO «CPEIHAA CA0KHOCTEL urepanuny Meroaa SVRG umb B HeOOIbIIOE
YHCJIO Pa3 MPEBOCXOJIUT COOTBETCTBYIOILYIO CJIOXKHOCTL B Merose SGD (Hanpumep, eciiu m = 2n, TO 9T0 YUCIIO
paBuo (n +4n)/(2n) = 2.5).

Ob6cymum BoIOOp uimHbl mara h B Merore SVRG. CorjiacHo TeopermdeckoMmy aHajiuzy, h ciejyer BbIOU-
parb nopsijka 0.1/L f, tie Ly — xoncranta Jlunmmna naa rpaguenta Gynknun f. B onpeieieHHBIX CHTyaIusxX
(HanpuMep, B 3aJadaX MUHUMHI3AIUN SMINPHYECKOTO PHUCKA THIIA JIOTUCTHYECKOI perpeccun) KoHCTaHTy L ¢
BBIUUC/IUTE HeCJ0KHO. OHAKO J1j1st GoJiee CJIOXKHBIX (DyHKIHi 5Ta mHMOpMAaIusi 0OBITHO HEJIOCTYITHA, U 3JeCh



Anaroputrm 2 Meron SVRG

Bxoa: HauanbHas Touka xg; 4MCJIO cTaguil S; NpOomozKUTEJIbHOCTh CTaIud 1m; IJIuHa I1ara h.
L gt i)
2: for s+ 1to S do

3: g° % > i1 Vfi(@®)
4: 378 — z°
5: for k< 0tom—1do
6: Bei6pars if ~ Unif{l,...,n}
T: gp < Vi (zg) — Vi (2°) + 5°
8: Ty « x), — hgy
9: end for
10: e oS g
11: end for
Boixom: #°H!

JKeJIaTeIbHO UMETh CHeIHaJbHYIO IIPOIeIypy JNHAMIYECKON PeryaupoBKH oneHkn KoncTanTwl Ly, K coxaire-
HUIO, HIKAKUX TEOPETHIECKH 0DOCHOBAHHBIX IIPOIIEJLY D, OCYIIECTBIISIONINX 3Ty PErYIUPOBKY, A MeTona SVRG
He cymiecTByeT. Tem He MeHee, 3/1eCh MOXKHO IPEJIJIOKUATH CJIEJIYIONLYI0 9BPUCTUKY, KOTOPasi OCHOBAHA Ha CXeMe
HecrepoBa miist mogbopa cOOTBETCTBYIOIIEH OIEHKN B METO/Ie TPAMEeHTHOrO cirycka (cM. IIpakTudeckoe 3amamme
3). Ilycre yxke nMeeTcst HekoTOpasi oleHKa L KOHCTaHTHI Ly, 1 Ha TeKyIreil nTepaliiui ObLI BHIODAH UHIEKC G-
CHauaJia BBIIOJIHSAETCS «IPOOHBI» mar x <— x — hg, Merona SVRG ¢ jymnoit mara h = 0.1/L. lasee Bbraunc-
JgeTcsd 3HadeHne GYHKIUN f;, B HOBOI TOUKE T 1 IPOBEPAETCs, COOTBETCTBYET JI OHO TOMY, UTO IPEICKa3bIBaCT
onerka Jlunmmra s GyHKnuu f;, B Toukax Xy u x. Ecim Her, To KOHCTaHTa L yJBauBaeTCs, U IPOIECC IIOBTO-
psiercsi. Ecm fa, To HOBasi TOUKa T IPHHEMAETCS (T)1 — ), a KoHCTanTa L yMmenbmaercs B 21/ pas (4robbi
MAaKCUMAJIbHOE YMEHbIIIEHHE 32 OJ[HY CTa/MI0 — AHAJIOl OJHOI MTepAIN I'PAMEeHTHOIO CIIyCKa — COCTABHJIO 2).
[Tcesnokon meroma SVRG ¢ ajantusabiM mo00poM KoucTaHTh Jlummua npusese B aaropurme |3, (Hackonbko
XOPOIIIO 3Ta SBPUCTUYECKAsT MPOIeIypa paboTaeT Ha IpakTHKe — BaM MpejCcTONUT BBISICHUTD IIPU BBIIIOJHEHUN
9TOrO 3a/IaHusl. )

2.3 Moaenn JOrucTu4ecKoil perpeccu m aBTOKOANPOBIINKA
2.3.1 JIByxkKJaccoBasl JIOTUCTUYECKAs perpeccus

Jlorucruueckast perpeccust siBJISIETCsl CTAHIAPTHON MOJIEJIBIO B 331adax Kiaccudukaiuu. s mpocToThl pac-
CMOTPHM JINIIL CiIydail bunapHoit kiaaccudukamuu. Hedopmanbuo 3amada GopMyIupyeTcs: CIeayonmM odpa-
som. Umeercst obyuatomas suibopxa ((a;, b)), cocrosimast u3 n BekTopos a; € RY (HasbaeMbix npushakamu)
u coorBercTBytomux uM unces b; € {—1,1} (nasbBaembix kaaccamu). HyxxHo nocrpouts aaropurs b(-), KoTo-
PBIi JIJIs1 TPOM3BOJILHOIO HOBOI'O BEKTOPA MPU3HAKOB @ aBTOMATHYECKH olpeaeauT ero kiacc b(a) € {—1,1}.

B Mo/ie/11 JIOTUCTHYIECKOT PErpeccun ONpejiesIeHre KJIacca BBIOJHSAETCs 10 3HAKy JIMHEHHONH KOMOMHAIMN
KOMIIOHEHT BEKTOPA & ¢ HEKOTOPBIMH (PHKCHPOBAHHBIME Koddbdummentamn = € RY:

b(a) :=sign(a' ).

KosddumumeHTs! & SBASIOTCA TapaMeTpaMi MOJEIN U HACTPAUBAIOTCA C IOMOIIBIO PEIIeHUsI CAeIYIONel OmTH-
MU3AIMOHHON 3a/1a4m:

1 — A
g& n;ln(1+€XP(_bz‘a;rx))+QHCUH% 7 (3)

riae A > 0 — koaddurpenT peryasgpusanun (mapaMerp Mojesn). Tobbl IpejIcTaBuTh 3a1ady B dopme (1),
J0CTATOMHO 3a/1aTh byHKIUN f; ceyiomum obpasom: f;(z) := In(1 + exp(—bia] z)) + 5 z|3.



AsgropurMm 3 Meron, SVRG ¢ aganTuBHBIM 110AO0POM KOHCTAHTHI JIumua,
Bxon: HauanbHas Touka xg; YUCIO CTa AN S; IPOIOJKATEILHOCTL CTAIUN M; HadyaabHas OIEHKA KOHCTAHTHI
JIummmuna, L.

1: i‘l — X
2: L+ Ly
3: for s+ 1to S do
4§ Iy V@ES)
5: :B(S) +— z°
6: for k<~ 0tom—1do
7: Beibpars if, ~ Unif{l,...,n}
8: 9 < Vi (z3) — Vi (2°) + g°
9: repeat
10: x + z; — (0.1/L)g;
1: if fir (x) > fir (23) + Vfiz (z3) T (z — 23) + 5|z — 2}]|3 then
12: L+ 2L
13: end if
14; until fiz (2) < fiz (23) + V fir (23) " (& — 23) + 5z — 233
15: T @
16: L + max{Lg, L/2"/™}
17: end for
18 2 A a
19: end for
Beixom: 751

2.3.2 ABTOKOIUPOBIIUK

ABTOKOIUPOBINUK — 3TO ClieNUaIbHas HeHPOHHAsSI CeTh, UCIIOJIb3yeMast JIJIst 00y JeHusl TIPeICTaBIeHuil, 00bIU-
HO C HEJBIO COKpaIleHns pasmepHoctn. HedopManbHo 3amaua 00yvIeHust IpeJCTaBIeHUil COCTOUT B TOM, ITOODI
0 3aJaHHOil obywalomieil BbOOpke (a;)_;, rue a; € RP (upusHaxkoBoe ommcanne i-ro o0beKTa), MOCTPOUTH
Ko/mpytonyto GyHknuo (aaropurm) ¢ : RP — RY', BbinoNHsIONIEl Ipe0bpa3oBaHIe IPU3HAKOB (kosmpoBaHue).
OrmumeM Kak paboraeT aBTOKOAUPOBIIUK. OOO3HAYUM YHC/IO CJIOEB ABTOKOJIUPOBIIUKA Yepe3 S, a YHCJIO
HelipoHoB Ha k-m cioe depes di (1 < k < s). (CormacHo muzaiiny di = ds = p.) Marpuipl BecoB 0603HAIMM
aepes Xj, € R%+1xd% (1 <k < s—1), a noaHablil CIUCOK HapaMeTPOB aBTOKOIUPOBIINKa (Habop u3 s — 1
marpun) depes X = (Xy,..., Xs_1). Ilycrs na Bxog nomaercst Bekrop a € RP. Torna snavenust z(a; X) € R
HA CJI0SX ABTOKOJMPOBINUKA BBIYUC/ISIOTCS MOCIEIOBATENIBHO 110 CJIEAYIONM PEKYPPEHTHBIM (hOpMyIaM JIist
k=1,...,s— 1
z1(a; X) := a,
up+1(a; X) = Xpzi(a; X)),
zi1(a; X) 1= opp1 (upt1(a; X))

35ech Og41 : R+ — R+ — gekoropbie (rmasikue) dyHKImn (Ha3bIBaeMble GKMUBAUUAMU ), KOTOPBIE OCY-
IeCTBIISAIOT (HeJMHelHble) npeobpa3oBanusi BX0J0B. Bekrop zs(a; X) ¢ camMoro mocseHero cJjiosi Ha3bIBAETCS
BBIXO/IOM.

[Tapamerpsl X aBTOKOJMPOBIIUKA HACTPAUBAIOTCS C IEJIBIO CIENATh BBIXOJ Zs(a; X ) TMOXOKUM Ha BXOJ, .
J1s1 9TOTO peraeTcsl Caemyomast ONTUMI3AIINOHHAs 3aa9a;

. 1 ¢
o %ans(ai;)()—aing. (4)
- 1yeeeyrs— -
Xj,eR%+1 % =

Kax Tosibko mapamerpsl X HaCTPOEHbI, B Ka4ecTBe KOAUpyomei GyHKIuu ¢(+) MOKHO B35Th JIOOYIO 13 (DyHKIHi



2k (+; X)) ¢ moboro npomeskyrounoro ciost k € {2,...,s — 1}.

Yro0bI TIEpENIICATD 331aTY B OoJiee TpaJuImoHHOM opme, nepeitieM 0T MUHUMA3AIUN 110 HaDOpy MaT-
purt X = (X1,...,Xs-1) K MUHIMH3AIUA IO OJHOI BEKTOPHON II€PEMEHHOIN = € RY, rne d := Zz;ll dpdi+1 —
oblIee YMC/I0 HapaMeTPOB aBTOKOIMPOBIIUKA. I 9TOro HyKHO BBECTH HEKOTOPOE B3aUMHO-OJIHO3HAYHOE 0TO0-
paKeHune MeXKTy MHOYKECTBaAMU XZ:I R%*+1%d y RY, Banammum 910 0TOOparkeHne ¢ MTOMOIIBIO ITOC/IEJOBATEIHLHOM
IPYIIUPOBKY MaTpull Xy B OJUH (JIJINHHBINA) BEKTOD:

pack(X) := (vec(X1),...,vec(Xs_1)) € R,

rye vec(:) — omeparusi BbITSITUBAHUS MATPUIIBI B BeKTopg. Jlerko BuzeTh, uro pack(-) meificrBuresbHO 3aaeT
B3aMMHO-OJHO3HATHOE OoToOpaxkenue: st Jjioboro x € R® Bcerma maiimercsi, n mpu TOM €IWHCTBEHHbIH, HabOP
MaTpur, X € Xi;ll R Z+1 %k takoii, uro pack(X) = x. Takum ob6pazom, Kk onepaiuu pack(:) cymecrsyer ob6par-
Hast orreparust; obosuadnM ee depe3 unpack(-). B urore, 3amaay MOZKHO MePeNncaTh 3KBUBAJIEHTHBIM 00pa3oM

B CJIEIYIONIEM BHJIE:
n

. 1
i, 5 3 s unpack(a) - il (5)

Honoxus f;(x) := 3| 2s(a;; unpack(z)) — a;||3, nonyuum npencrasnenue sanaun (5) 5 sune (I).

3 @PopMyaIMpoOBKa 3aJaHUS

1. Bamnporpammuposars metosibl SGD u SVRG.

Bameuanume: Ob6parure BHUMaHUE, YTO B KauecTBe BBIXOAHBIX ToueK B Merogax SGD/SVRG wucnomnbsy-
IOTCsI CPEJIHME IIOUCKOBBIX TOYEK T, & HE CaMU 3TH TOYKH. VIMEHHO 3TU CpeJHWe W HY>KHO IepeaBaTh
B KauecTBe X_out B mporeaypy logger.record_point (cM. paszen . (B merone SVRG sroruposanue
HY?KHO [IPOU3BOJIUTH Ha KaKJION UTeparuy BHY TPEHHEro IUKJIA. )

2. BocnpousBecTu nmpuMephl ¢ JIOTUCTHIECKON perpeccueil m aBTOKOIUPOBIIIUKOM U3 pa3iesia
3. PaccmoTpumMm cremyrorire KOHMUTY DA SKCIIEPUMEHTA.

(a) TecroBasi dyukius: Jlorucrudeckas perpeccusi (GyHKITMOHAI ) Ha HabOpax JAaHHBIX wja (MpH-
Mep U3 pasjesia u a9a u3 LIBSVMH Koaddurment perysipusaiuu cradgaprabiii: A = 1/n.
Havaabuaga Touka: xg = 0.

(b) TecroBasi dynkmusi: Asrokoauposuuk (byHakiponas (5))) Ha (HOpMUPOBAHHBIX) JAHHBIX digits U3
scikit-learn ¢ AByMs BapmanTaMyu apXUTEKTYPBI:

i s=3, di =d3 =64, dy =2, o2(z) =z, o3(x) = sigm(z) (upumep u3 pazznena[5.3).

ii. s=05, dy =ds =64, dy =dy =30, d3 =2, o3(x) =z, oo(x) = o4(x) = o5(x) = sigm(x),
rae sigm(z) = 1/(1 4+ e *) — curmonyuas dyukuus. (Ilogpasymesaercs, uro Bce dbyukiuu o;(-)
JefiCTBYIOT TI09JIEMEHTHO, KaK B IpHuMepe n3 paszena [5.3])
Hauanbaasi Touka: xg ~ N (0, I;) (caydaitaast Touka U3 CTAHZAPTHOIO HOPMAJLHOIO PACIIPEIee-
HUISA).

Jltst Kaxkaoi u3 9TUX KOH(MUTYpAIHii:

(a) Iocrpours rpaduxn CXO,ZLI/IMOCTI/IH meroma SGD B zaBucumocTu or jumHbl mara h. (Juauny mara
nepebpaTh M0 SKCIOHEHIINATBHOI CeTKe. )

"Bemr A € R™*™, 1o vec(A) — 3T0 BEKTOp pa3Mepa mn, COCTABJICHHbIH u3 cTo6moB Marpuiusl A. Hampumep, ecmn A € R?X3,
to vec(A) = (a11, a1, a12, a2, a1, azs) € RO.

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

3Tlon epadpuramu croduMoOCMu TOIPA3yMEBAIOTCS 1) 3aBUCHMOCTD 3HadeHH:A (TIOJHOM) (DYHKIMH OT SIOXHU; 2) 3aBUCHMOCTD (J10-
rapudma) HOpMbI rpajueHTa (II0JHONH PYHKIUK) OT SMOXH.


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

(b) Hapucosars Ha oxuom rpaduke meron SGD (¢ myureit qmnoit mara) nporus SVRG.

(¢) Hocrpours rpaduku cxomumocru meroga SVRG B 3aBucumMocT or napamerpa m (4ucJIOo UTeparuit

BHYTPEHHETO IHKJIA).

Kakne BbIBO/IBI MOXKHO CJI€/IaTh?

4. Hanucarb oTdeT ¢ OIMCAHUEM BCEX IPOBEIECHHDBIX I/ICCJIG,ZLOBaHI/IIL/'I.

4 IIporoTunsbl peajm3yeMbIX (PyHKIU

Meroan onTuMusannn, KOTopble BaM HeoOxoauMo pean3oBarh, OyayT paboTaTh ¢ PyHKIMOHATIAMN BHIA
¢ nomoribio obbekTa fsum (abcrpakTHOro) Kiaacca FuncSum. O6bekT fsum cojep:kut BHyTpu cebst noJsie n_funcs,
XpaHsiiee 9uciao GyHKnuilt n, a Takke meroq call_ith(i, x), KOTOpBI HPUHIMAET HA BXOJ YHCIO i (THIA
int) u BekTOp X (THIA np.ndarray pasmepa d) u Bozpaiaer napy (fi, gi), rie fi (tuma float) — 3HaueHue

dyukunn fi11(x), a gi (Tuna np.ndarray pasmepa d) — cooTBeTCTBYOMUA rpajueHt V fiy(x).

3ameuanue: Ob6paTure BHIMaHKE, 9TO B MeToe call_ith mcrosb3yercs CABUHYTasl HyMepallns 10 CpaBHe-
HUIO C TEKCTOM 9TOTO 3aIaHUsT: ITOOBI IOJIYIUTh (PYHKIUIO f1 HY>KHO HCIIOJIb30BATh WHJIEKC 1=0, pyHKIHUO fo —
uHaekc i=1 um T. AO.

Ot Bac Tpebyercst peam3oBaTh CeayoIne (OyHKIAN:

1. Merog SGD (anropurw [1)):

Monynb:

optim

DyHKINA:

sgd(fsum, x0, n_iters=1000, step_size=0.1, trace=False)

ITapamerpsr:

fsum: FuncSum
Onrumusupyemasi GyHKIWmsI, 00beKT Kiaacca FuncSum (cM. Bbe).
x0: np.ndarray
Hawanbunas Touka xg € R
n_iters: int, OoNmuoOHAJILHO
YHucyo nreparuiit K meroza.
step_size: float, onnuoHaIbHO
JmHa mara h.
trace: bool, onmuonajabHO

OrciiexkuBaTh IPOrpecc MeToa JJjisl BO3BpaTa NCTOPUHU HJIM HET.

Bosspar:

x_out: np.ndarray
[TpubamkenHoe pemnienue (pe3yiabrar PaboThl METOA).
hist: dict, Bo3Bpamaercd TOAbKO ecau trace=True
Wcropus nporecca onruMuszanun. CiioBapb CO CJIEAYIOMUMU TOJISIMIA:
epoch: np.ndarray
Howmep snoxu: {cymmaproe 9ucio BbI30BOB opakyna} / {ducio dyukmumii n}.
f: np.ndarray
3HadeHme MOJHON (DyHKIUH.
norm_g: np.ndarray

(Beckoneunast) HopMa TrpajeHTa HOJIHON DyHKIWH.




SHaueHust 1OJefl B HCTOPUHM JOJKHBI OBbITh coryiacoBaubl: hist[’f’]1[j] u
hist[’norm_g’] [j] paBHBI COOTBETCTBEHHO 3HAYEHUIO WM HOpPMe TI'DaJHMeHTa IOJI-
HOWl (YHKIUH B TEKyIIeM NIPHOJIV2KEHHOM peIIeHuU X_out, IOJYyUYEeHHBIM CILYCTSI
hist[’epoch’] [j] smox.

2. Merox SVRG ¢ aganTuBHbIM 11060POM JITMHEIL THara (aaropurm :

Mogymb: optim

DyHKIINA: svrg(fsum, x0, n_stages=10, n_inner_iters=None, tol=le-4, trace=False,
L0=1)

ITapamerpor: | fsum: FuncSum

Onrunmusupyemast dbyHkius, 00beKT Kiracca FuncSum (cM. BbIIe).
x0: np.ndarray

Hauasbnas Touka zo € RY.
n_stages: int, omnuoHaJIbLHO

Yucyio cragumii S.
n_inner_iters: int mim None, ONmImoHaJIBHO

Yucno BuyTpennux nreparuit m. Kcau None, To B3ATb paBHBIM 27.
tol: float, onmuoHnajbHO

TouHOCTB JJIs1 KpUTEPUsT OCTAHOBKU: ecyl ||§]|oo < tol, To BbIXOI.
trace: bool, onmuonajabHO

OrciiexxuBaTh IPOrpecc MeToa JJjisl BO3BpaTa UCTOPUHU MJIM HET.
LO: float, onnuoHaJIbHO

Hauanbnasa OIl€HKa KOHCTaHTBI ﬂHHHII/IL[&.

Bosepar: x_out: np.ndarray
[Tpubsinzkennoe perrenue (pesyabraT paboThl METOJA).

hist: dict, Bo3Bpamaerca TOJIbKO ecjm trace=True

Ucropus nporecca onrnmusanuu. [losHocTsio anasorndao hist B sgd (cM. BbiIme).

5 IlIpumepsnl

5.1 ®dopmMupoBaHUWE NCTOPUUN BHYTPU METOI0B

Bmecre ¢ Tekcrom 9TOro 3ajiaHus Takyke BblIaerTcs daitan logutils.py, comepxkamuii (yxKe peasn3oBaH-
HbIE) BCIIOMOraTesibHble KIacchl FuncSumWrapper u Logger. DTu Kjacchl y06HO HCIIOIB30BATh BHYTPH METOJIOB
OIITUMUBAIIHN JIJIs OTCJIEXKNBAHUA WX nporpecca (1 GpopMUpoBaHus UCTOPHUK). PAaccMOTpUM Kak 3TO JIeIaeTcs.

B camoM HauaJsie KoJla MeTO/a ONTHMU3AIMN HY?KHO HAIIMCATD CJIEAYIONINEe CTPOYKH:

from logutils import FuncSumWrapper, Logger

fsum = FuncSumWrapper (fsum)
logger = Logger (fsum)

B pesymnbrare sroro nepemennas fsum (onTuMu3upyemMasi (DYHKINST) [EPE3AUINEeTCs Ha HOBBI OOBEKT KJIacca
FuncSumWrapper. DTOT HOBBIl 00BEKT MOJHOCTHIO MOBTOPsieT (bYHKIIMOHAJ MCXOAHOIO 0ObeKTa (T. €. COIEPIKUT
nosie n_funcs m MeTos call_ith) 3a UCKJIIOYEHUEM TOI'0, YTO Tellepb IIPU KazKJIOM BbI30Be Meroha call_ith




CYETYNK CYMMApPHOTO YHCJIa BBI30BOB OPaKyJ/ia aBTOMATHYECKU YBEJIUYUBAETCS HA OJUH. TakK»ke 37eCh COo3Jia-
€Tcsl HOBBI BCIOMOraTe/bHBIN 00beKT logger, KOTOPHBIil Oy/leT OCYIIECTBIATH JIOI'MPOBAHUE ((bopMHpOBaHI/Ie
UCTOPUN).

Jlyist TOro, 94TOObI 3aIIUCATh B KCTOPUIO OYEPEJIHYIO0 TOUKY X_out (Tuiia np.ndarray), UCIOJIb3YETCsl KOMAH 1A

logger.record_point (x_out)

Meron record_point paboraer cieayromum odopa3oM. Bo-1iepBbIX, IpoBepseTcs, CKOJIBLKO MIPOIILIO BEI30BOB 0pa-
KyJIa ¢ MOMEHTa, TIOC/IeIHel 3anucn B ucropuio. Ecan mocratodno (4uro omnpeensiercs napamerpom record_freq
BHYTpU logger), TO BBIINOJIHSETCs] BBIYUC/IEHIE 3HAUEHUSI U IPAJIMEHTa MOJIHOM (DYHKIMU B TOYKE X_out U Ipo-
UCXOUT A00aBJIEHNEe 3AMICH B HCTOPHIO. B mpoTuBHOM citydae (ec/iu Hoc/IeIHsIs 3aich Obla HeJJABHO) HITIEro
He npoucxoauT. TakuMm obpa30M, HECMOTpsI HA TO, UYTO KOMaHJa record_point MOXKeT BBI3bIBATHCSI OUEHb Ua-
cro (HalpuMmep, Mocje KaXKJI0ro BbI30Ba opakyia, Kak B Meroje SGD), B JieficTBUTEILHOCTH 3a1IUCh B HCTOPHIO
POKMCXOJIUT TOPA30 pexke (1o yModaHuio oauH pa3 B sn0xy). (Takoe nmosejienune Tpebyercsi u3 coobpazkeHuii
s dexTuHoCcTU. [TOoCKONBKY BBIMHUCICHUE TTOJTHON (DYHKINKA 3aHUMAET JOCTATOIHO OOJIBITOE BpeMs 10 CpaBHE-
HUIO CO BpeMeHeM paboTsl ojHoi ureparmu MetogoB SGD/SVRG, To cxema, B KOTOpOIt HCTOpUST JIHCTBATEILHO
OGHOBIIsIETCsT Ha, KazK 011 nrepalyn, paboraia Obl «BEIHOCTH». )

Hakonerr, 1To6bl u3Biedsb u3 logger ucropuio Merona (yxe ¢cOpMUPOBAHHYIO B COOTBETCTBHH € TpeboBa-
HUSIMU K OPOTOTHUIIAM ), Hy?KHO BOCIOJIb30BaThCsl METOIOM get_hist:

hist = logger.get_hist()

5.2 Jlorucrtuveckasi perpeccus

Qaitsr logistic.py COMEPXKUT MPOIEAYPHI i paboThI C JIOTUCTHYECKO perpeccueil.
[Ipumep zarycka merogoB SGD u SVRG na manubix wdae nu3z LIBSVM:

from sklearn.datasets import load_svmlight_file
from logistic import LossFuncSum
from optim import sgd, svrg

# Load training data
A_train, b_train = load_svmlight_file(’wba’)

# Create function object
fsum = LossFuncSum(A_train, b_train, reg_coef=1/A_train.shape[0])

# Set up starting point
x0 = np.zeros(A_train.shape[1])

# Run SGD
x_sgd, hist_sgd = sgd(fsum, x0, n_iters=10*fsum.n_funcs, step_size=0.01, trace=True)

# Run SVRG
x_svrg, hist_svrg = svrg(fsum, x0, n_stages=2, trace=True)

O1eHnTh KavIeCcTBO MOMYIeHHON TOUKEN X_sgd MOXKHO C TOMOIIBIO TECTOBOW BBLIOOPKM:

from logistic import predict_labels

# Load testing data
A_test, b_test = load_svmlight_file(’wba.t’, n_features=A_train.shape[1])




# Define auxiliary function for evaluating accuracy
def calc_error(x):

b_hat = predict_labels(A_test, x)

err = np.mean(b_test != b_hat)

return err

# Evaluate ‘x0¢ and ‘x_sgd®

print(’Initial error: %g’ % calc_error(x0))
print (’SGD result: %g’ % calc_error(x_sgd))
print (’SVRG result: %g’ % calc_error(x_svrg))

Ecsin Bce peannzoBano MpaBUIbHO, TO PE3YIBTAT JIOJKEH OBITH IPUMEDPHO TAKUM:

Initial error: 0.969946
SGD result: 0.103585
SVRG result: 0.103886

I'paduku cxOmUMOCTH MOXKHO HAPUCOBATH CJIELYIONTUM 00Pa30M:

# Function value vs epoch

plt.figure()

plt.plot(hist_sgd[’epoch’], hist_sgd[’f’], linewidth=4, label=’SGD’)
plt.plot(hist_svrg[’epoch’], hist_svrg[’f’], linewidth=4, label=’SVRG’)
plt.xlabel(’Epoch’)

plt.ylabel (’Function value’)

plt.grid()

plt.legend()

# Gradient norm vs epoch

plt.figure()

plt.semilogy(hist_sgd[’epoch’], hist_sgd[’norm_g’], linewidth=4, label=’SGD’)
plt.semilogy(hist_svrg[’epoch’], hist_svrg[’norm_g’], linewidth=4, label=’SVRG’)
plt.xlabel(’Epoch’)

plt.ylabel(’Gradient norm’)

plt.grid()

plt.legend()

5.3 ABTOKOAMPOBIIUK

Daitn autoencoder.py COAEPKUT TPOIEAYPHI st pabOThI ¢ ABTOKOIUPOBIITUKOM.
[Tpumep zarycka meroga SGD nHa manubix digits u3 scikit-learn:

from sklearn.datasets import load_digits

from scipy.special import expit

from autoencoder import LossFuncSum, n_params_total
from optim import sgd

# Load data

digits = load_digits()

A = digits[’data’]

labels = digits[’target’]




# Normalize values into segment [0, 1]
A=A / np.max(A)

# Define (element-wise) identity function and its derivative
linfun = (lambda x: x)

dlinfun = (lambda x: np.ones_like(x))

# Define (element-wise) sigmoid function and its derivative
sigmfun = expit

dsigmfun = (lambda x: expit(x) * (1 - expit(x)))

# Describe autoencoder architecture

arch = {
’n_layers’: 3, # Number of layers: s
’sizes’: [64, 2, 64], # Layer sizes: d_1, d_2, d4_3
>afuns’: [linfun, sigmfun], # Activation functions: sigma_2, sigma_3

’dafuns’: [dlinfun, dsigmfun], # Derivatives of act. functions: sigma_2’, sigma_3’

# Create function object
fsum = LossFuncSum(A, arch)

# Set up starting point
np.random. seed (0)
x0 = np.random.randn(n_params_total(arch))

# Run SGD
x_sgd = sgd(fsum, x0, n_iters=10*fsum.n_funcs, step_size=0.1)

OnenuThb Ka4ecTBO MOIYIEeHHON TOUKN X_sgd MOXKHO CJIEYIOMIM 00pa30M:

from autoencoder import compute_vals, unpack

# Define auxuiliary function for plotting results of autoencoder

def plot_result(x, arch, title, digits=[3, 4, 7], colors=[’r’, ’b’, ’g’1):
X_list = unpack(x, arch)
Z_list compute_vals(A, X_list, arch) [0]

Z = Z_list[arch[’n_layers’]//2] # middle layer

plt.figure()

hs = []

for dig, col in zip(digits, colors):
mask = (labels == dig)
h = plt.scatter(Z[0, mask], Z[1, mask], color=col, s=50, alpha=0.5)
hs.append (h)

plt.title(title)

plt.legend(hs, [’Digit %s’%dig for dig in digits], scatterpoints=1)

# Plot results

plot_result(x0, arch, ’Initial approximation’)
plot_result(x_sgd, arch, ’SGD result’)
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Initial approximation

Digit 3 Digit 3
12 Digit 4 |1 St @ g Digit 4 |

Digit 7 ol Digit 7 ||
10| s

SGD result

&o

Puc. 1: Pesynbrar KoupoBanust BeKTOPOB JTHHBL 64 13 Habopa JMaHHBIX digits B BEKTOPHI pa3Mepa 2 (TOUKM Ha
mtockocrn). CrieBa: mapaMeTpbl paBHbI o (HMKAKON ONTHMU3AINK); CIIPABA: NapaMeTpPbl HANJIEHBI ¢ IIOMOIIBIO
onrumusanuu Merogom SGD.

Ecim Bce peasmm30BaHO IIPpaBUJIbBHO, TO Brr JOJIZKHBI ITIOJIYIUTHb KapTHUHKHU, ITOXO02KHE Ha PUC.

6 Odopmienne 3agaHMs

Pesynbrarom BeInoHEHNS 3aanus aBisiorcs 1) order B hopmare PDF ¢ ommcannem npoBeieHHBIX nccie-
noBanuit u 2) daitn optim.py, comepxamuii ucxomubie Koabl MeTogos SGD u SVRG. Boeinosnennoe 3ajanue
cJIelyeT OTIPABUTDH IMMUCHMOM IO ajpecy bayesml@gmail.com ¢ 3aro/ioBkom

[BMK MOMO16| Bazanue 4, ®avunus Vims
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