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1 Ajaroputmsl

B sTom 3amannn Bce paccMaTpuBaeMbie aJrOpUTMBL Oy/IyT PeInaTh OO0 3a1ady HeJIMHEHHON 6e3yCIoB-
HOII ONITUMU3AIAN:

min f(z),

rae dyaknus f : R™ — R saBjsiercst JOCTATOYHO IIAIKOI.

1.1 Mertoa conpsa>kKeHHBIX I'PaANEHTOB

MeTo/1 CONpsIKEHHBIX TPAJINEHTOB SIBJISIETCSI UTEPAIIMOHHBIM METOJOM (HETOUHOIO) DEIeHHs CHCTEMbI
JIMHEHHBIX ypaBHEHNU

rne AeSh wbxecR™
O6o3naunM HeBsA3KY Ha k-M 1mare depes gy := Axy — b.
Urepanus merona:
g{gk

dy.
dT Ady, "

Thy1 = Tk +
HaHpaB.HeHI/IH IEePECUYUTHhIBAIOTC IO IPABUJIY:

T
gk+1gk+l

dk}a
nggk

diy1 = —gry1 +

e do := —gp.

3aMeTrM, YTO METOy caMa MaTpulla A He Hy»KHa, a Hy»KHa IIPOLEeLypPa yMHOKEHHSI 3TOH MaTPUIIBI Ha
HpOI/IBBOﬂbeIﬁ BeKTOp. 9TO ABJIdeTCd OJJHUM M3 OCHOBHBIX IIpeHMyIILeCTB MeTO/1a Ha/l TOYHbIMU HpOL[eJIypal\/H/I
Tuna MeTona l'aycca mim pasyioxkeHusi XO0JIEIKOro.

Baxkno: B adderTuBHO peaansamnumn MeTo1a, JOKHO OBITh JIUITh 00H0 MATPUIHO-BEKTOPHOE ITPOU3BE-
JeHHE 38 UTEPALNIO.

B kadecTBe KpuTepusi OCTAHOBKH OOBIYHO HCIIOJIB3YIOT TECT

[ Ay, — bll2 < e[|b]]2-

1.2 VYceuennslii meroa HeioTona

Hanomuum, 9ro 06brunbiii (gemidupoBanibit) Meros Hbi0TOHA UTEPATUBHO CTPOUT MOC/IEI0BATEIHLHOCTD
TOUeK (Z)7, 1O CIAEAYIOMEMY IPABHILY:

Tpt1 = T + apdy,
rjae HaHpaBJIeHI/Ie ITIOUCKa d}g HaXOJUTCd U3 CﬂegyIOH_LefI CUCTEMBI HHHeﬁHBIX ypaBHeHI/II7I:

V2 fay)dy, = =V f(zy). (1)



Bnecw V2f(xy) € Sty — reccuan' GyHKIMH f B TOUKe Xj. JIJMHA Mmara ¢, BEIGHPAETCS C IIOMOIIBIO JIHHElI-
HOT'O MTONCKA.

B yceuennom merosie Hototona? cucrema (1) permaercs ¢ OMOIIBIO METOIa CONPSZKEHHBIX IPaJMeHToB. B
3TOM cirydae cama marpuna V2 f () MeTomy He HyKHa, a Hy>KHA TOTBKO MPOTIEyPa YMHOKEHNs MATPUTILI
V2 f(x)) Ha mpomsBobHEIH BekTOp v € R™. Kpome Toro, He mMeeT GOJIBIIOTO cMbICIa permarh cuctenmy (1)
OYEHDb TOYHO, €CJIM TEKYINAs TOYKA T HAXOJUTCH JAJIEKO OT ONTUMyMa. [103TOMY OGBIMHO METO/I CONPSAKEH-
HBIX T'Pa/IHEHTOB OCTAHABJIMBAIOT, KAK TOJIBKO HeBsa3Ka 1y (d) := V2 f(xy,)d+V f(z1) yI0oBIETBOPSET YCIOBUIO

[rr(d)ll2 < nellV £ (2r)ll2- (2)

Tocnenosarensrocts 7y, € (0, 1), HazbiBaeTca gopcupyroweti nocaedo6amesbHOCMbI0 U OOBIYHO BHIOUPAETCsI

CJIeIYIOIIUM 00pa30oM:
Nk := min{0.5, /|| V f (zx) |2}

Takoit BIOOp TapaHTHPYET JIOKAJILHYIO CBEPXJIMHEITHYIO CKOPOCTH CXOAMMOCTH METOJ/a B HEBBIPOXKIEHHOM
cydae.

CueflyeT OTMETUTD, YTO PAHHUN BBIXOJ|, U3 METOJA COUPSZKEHHBIX I'PAJUEHTOB 1O ycjaoBuio (2), Boobie
TOBOpsi, HE TapaHTHUPyeT TOTO, YTO HAlJIeHHOe HaIlpaBiieHne dj OymeT HampaB/eHHeM CIycKa yHKIum f
B Touke 7) (B ommume ot Tounoro pemenus —[V2f(xy)] "tV f(zy) cucremsr (1)). ostomy mocse BbIxoza
73 METOJIa COIPSI?KEHHBIX TPAJIMEHTOB HYXKHO JIOTIOJHUTEIHHO MPOBEPSTDH, YJIOBJIETBOPSET JHU djf YCJIOBUIO
dEV f(zr) < 0, u ecam HeT, TO CHOBA 3AIyCTUTH METOJI CONPSYKEHHBIX TPAJIMEHTOB, HO Telephb yKe U3 Ha-
YaJbHONU TOYKM df U C MEHBIIUM 3HadeHueM 1), (Haupumep, yMeHbmuTh 7 B 10 pa3d). Takyo npouemypy
HY?KHO [IOBTODLATDH JIO T€X IOP, 1I0Ka dj HEe CTaHeT HANPABJIEHUEM CIIyCKa (4TO rapaHTUPOBAHHO DAHO HJIA
[O3/IHO [IPOMU30IiIeT).

Buumanwme: jijisi KOHCUCTEHTHOCTH PEAJU3aliii B KA9eCTBe HAYAJILHOIO MPUOJINYKEHUs] B METOJIE COIIPSI-
JKEHHBIX IPAJIMEHTOB (apryMeHT x0) PEeKOMEHJIyeTCsl UCI0Jb30BaTh TouKy —V f(x))

3ameTuM, ITO B yceueHHOM MeTojie HpioToHa, Tak ke, Kak u B 0Obr9HOM MeToze Hbiorona, BaykHO Ha-
YUHATH JUHEHHBIA ITIOUCK C a}(€0) = 1. B nmpotuBHOM C/Iydae HUKAKOH JIOKAJIHHON CBEPXJIMHEHHON CXOTUMOCTH
MOYKET U He OBbITh.

1.3 Meroa L-BFGS

Meton BFGS npuna/iiexkuT KIaccy K6a3uhbiomono6Ckur METOJI0B, KOTOPbIE HA KaXKJOM Iare ammpoK-
CUMUPYIOT HacTosmmil reccuan V2 f(x)) ¢ MOMONIBbIO HEKOTOPO# MATpHIbl Bj M BHIOMPAIOT HallpaBJeHue
cirycka dy, Kak pelleHne CJeLyomeil cucreMbl (aHAJIOMMYHON HBIOTOHOBCKOI ):

e —1

Bkdk = —Vf(xk) = dk = —Hka(xk), rae Hy, .= Bk .

Hanpime, u3 TeKyIeit TOUYKNA &y, KaK OOBIYHO, BBITOJIHSIETCS IIar B 9TOM HAIIPABJICHUN:
Tpr1 = Tp + apdy,

riae o > 0 — JymHa mara, HacTpamBaeMas C MOMOIIBIO JIMTHEIHOTO ITONCKA.
OcHoBHas paboTa Ha KaxXIOW UTepalny KBa3WHBIOTOHOBCKOTO METOMa 3aTPAadHBAETCS Ha IOCTPOCHUE
aIMTpPOKCUMAITNN T€CCUaHa W BBIYUCIEHNN HAITPABJIEHUS TTONCKA.

Hauwmnaa ¢ By = I, aJropuT™ MepecYUTHIBAET AIMIPOKCUMAIIUIO IeccraHa o npasuiy Byy; = By +
Ui, tine U — HeKOoTOpoe HU3KOpaHToBoe obOHOBJeHmMe. Masienbkuit panr U HEoOXOIUM JijIsi TOCTPOEHUS
abdexTHBHOI TpoIeaypLI BRIYHCIeHId 00paTHoil MaTpunnl Hy 1 = B, jl = (Br +Up)" L.

13 1ecy mpeanonaraercs, ato reccuan V2 f(xy) sABISETCS MOMOKATETLHO onpeaeneHnsiM. OHO U3 JTOCTATOMHBIX YCIOBHI
JIsS 9TOTO — CTPOrasi BBIIYKJIOCTb dpyHKImu f. Eciu reccuan V2 f(x),) 0Ka3aJcs He HOJIOXKHUTENHHO OIPENEIEHHBIM, TO OOBIYHO
k ;
BBIINOJIHAIOT ero Moaudukanuio. B sTom 3aganun Mbl He OyZeM pacCMaTpPUBATL MOAUMUKAIINNA [E€CCHAHA.
2Tak>Ke U3BECTHOM KakK Beszeccuarmbili memod Hvromona i Hemowrwti memod Huromona.



KonkperHnbiit Buj 00HOBIIeHUs1 Uy, ciieyeT 13 BBIIOJHEHUs] HECKOJIbKUX TpeboBanuii. OCHOBHOE U3 HUX —
ypasrenue cexyuwels: Bry1 (g1 — xx) = Vf(2r41) — Vf(ag), cupasennamsoe ist Bcex KBa3MHBIOTOHOBCKHX
METOJIOB.

OJHOrO 9TOTO ypaBHEHUsI HEJIOCTATOYHO, YTOOBI OMHO3HAYHO ONPEIeJUTh Bjii1. KOHKpeTHYIO KBa3u-
HBIOTOHOBCKYIO CXEMY IIOJIyYalOoT C IIOMOINBIO HAJIOXKEHHS Ha AIIPOKCHUMAIINI0 MEeCCHaHa JIOIMOJIHUTEIbHBIX
TpebOBaHNUIA.

HawuGoJiee monyJIsipHbIM U YCTOMYMBBIM Ha IIPaKTUKe siBjsiercst npasuio BFGS (Bpotdena- Daemuepa-
Toavdgapba-Illanro).

O6o3HanM:

Sk 1= Tyl — Tk,

yr = Vf(rpr1) — Vf(zg).

Torma, cxema mepecuéra BFGS:

By,sis} By WYL
Biy1 = Bi — k Yl

st Bysy, yl s’
Hiw1 = (I — prsiyi ) Hi(I — prysi, ) + prsesy, »
e pi = 1/(yi sk).

Meron, L-BFGS sBisitercss momudukarmeit meroga BFGS mis ciryuaes, Korja He ymaaércs IOMECTHTH
matpury Hj, B mamsars. [l sToro, B Metose coxpansiercss ucropus Hy = ((Sx_i, Yr—q))f_; u3 mocmemmux ¢
BEKTOPOB® Si, U V.

ITo umMeromeiics UCTOPUM IPOUCXOANT HETOYHOE BOCCTaHOBJIeHE MaTpullbl Hy u3 cxembl BFGS u BbIunc-
Jienne Hosoro Haupasienus dy = —HV f(xzy).

B addexTuBmHOM Bujie 3Ta MPOIEIypa 3AMCHIBACTCS CJIEIYIONIM 00PA30M:

AnroputrMm 1 Beraucienne vanpasisienust noucka di B merone L-BFGS

1. d+ —Vf(xg)

2. fori=k—-1,...,k—{do
8 i+ (s7d)/(sTyi)

4: d+—d— py;

5: end for

6: d < ((Sszk—l)/(ygqyk—l))d
7. fori=k—¢,....,k—1do
8 B (vl d)/(sTy)

9: d <+ d+ (u; — B)s;

10: end for

11: return d

1.4 PasHocTHas IIpoBepKa IIPOM3BeIeHNs recCCuaHa Ha BEKTOP

IIpoBepuTh HPABHIBHOCTE OJCYETA IIPOU3BEICHHsI Teccuana V2 f (x) € S™ Ha 3amaHHBI BeKTOp v € R"
MOXKHO C TIOMOIIBIO KOHEYHBIX Pa3HOCTE:

f(z+eqv+e2e;) — f(x+ e2v) — fa + e2e;) + f(x)

2
[V f(x)v]l ~ 2 )
€3
ree; = (0,...,0,1,0,...,0) — i-it Ga3UCHBI{ OPT, & €2 ~ ¥/Emach, TJI€ Emach — MAITHHHAS TOIHOCTD (&~ 10716

[t Tria double).

3TIpu k < £ ucropust Hy, cocrout u3 k map. Tummranoe snagenne £ = 10.



2 @opMyJIMPOBKA 3aJTaHUS

1 Cxkauaiite KO/IbI, IIpHUJIaraeMble K 3a/IaHUIO:

https://github.com/mihaha/hse-optimization-course/tree/master/task2

Ot dailssl comepKaT IPOTOTUIIB PYHKIU, KOTOpbie BaM Hy2KHO Oy/ieT peajin3oBarsk. HeKoTOpbIe poriery-
PBI y2Ke 9aCTUYIHO WJIM TIOJTHOCTHIO peam3oBanbl. OOpaTnuTe BHUMAHUE, YTO PEAJU3AINIO KJIACCOB JIMHEHHOTO
TIONCKa U OPAKYyJa JIOTUCTHIECKON perpeccun Bol MoxkeTe B34Th 3 Barmeil peasmsanuu mepBoro mpakTude-
CKOI'O 33/IaHUS.

2 PeasusyiiTe MeTo| CONPsKEHHBIX I'paaueHToB (byHKIMs conjugate_gradients B Mojyse optimization).

3 Jlna opaxysa jorucrtuueckoil perpeccun (kiace LogRegl20racle B mojyie oracles) peanmsyiiTe MeTOM
hess_vec, BBIIOJHSAIONNNI YMHOXKEHIE TecCaHa Ha 3aJaHHBII BEKTOD.

3ameuanue: Bam Kos 10/KeH MOJIEPXKUBATH KaK IJIOTHBIE MATPHUIBI A THIIA np . array, Tak U pa3perkeH-
HbIE TUNA SCipy.sparse.csr_matrix.

3ameuanue: Eciin 1pu BBIIOJIHEHHH [I€PBOrO IPAKTHUIECKOIO 33aHUs BBl JOMOTHUTEIHHO DPEaIHM30BbI-
BaJM ONTUMHU3MPOBAaHHBIH opakysn (kmacc LogRegl20ptimizedOracle), To 700aBbTe PEATM3AINIO METOMA
hess_vec B 9TOT KJlacC TOXe.

4 PeasyusyiiTe 1moJcYeT Pa3sHOCTHOHN allIpPOKCHMAIMU IIPOU3BEJCHUs TI'eCCHaHa Ha 3aJaHHblil BekTOp (dDyHK-
g hess_vec_finite_diff B momyse oracles). C IOMOIIBIO PEATM30BAHHON IIPOIELYPbI IPOBEPHTE IIPa-
BHJIBHOCTD DPeaJIM3alluu MeToia hess_vec joructudeckoro opaxysa. Jljas 9Toro crenepupyiite HEOOJBIITYIO
MOJIEJIbHYIO BBIOODKY M CpaBHUTE 3HAYEHHS, BbIJaBaeMble METOJOM hess_vec, C COOTBETCTBYIOIIAMH Pa3-
HOCTHBIMU AIMTPOKCUMAIIASAMHI B HECKOJIBKUX MTPOOHDBIX TOYKAX.

5 Peamusyiite ycedennniit metos; HbioTona ((byHKLLI/IH hessian_free_newton B MoayJe optimization). IIpu
peaJiu3aiuy 3TOr0 MeToJla MCIOJIb3YATEe CBOI0 PEANU3AIMI0 METOa COIPIYKEHHBIX IpaaueHToB (byHKIMs
conjugate_gradients).

6 Peasuzyiite meron L-BFGS (bynkuus 1bfgs B Momyse optimization).
7 IlpoBemuTe SKCIEPUMEHTHI, ONMCAHHbIe HIKe. Hamumure order.

8 (BonycHast gacTh st akcrepumenTa 2.4) Peanusyiite npomemnypy, BBIUACISIONIY IO AHAJIATHIECKAH MUHIMYM
MHOTI'OMEPHO# KBaIpaTUIHOM (DYHKIMH 110 33 [AHHOMY HAIIPABJIEHUIO (MeTo,a minimize_directional B KJjac-
ce QuadraticOracle B MoayJe oracles). DTa mporeaypa gajiee OyIeT UCIOIb30BATHCS B JIUHEITHOM MTOUCKE
(kmacc LineSearchTool B Momysie utils) jyis BBIYUC/IEHUS ONTUMAJIBHON JUIMHBI IIAra HA KBAJADATUIHON

byHKINN.

2.1 SKCHepI/IMeHT! 3aBUCHUMOCTh YHCJIa I/ITepaHI/Iﬁ MeTOoJa COIIpA2KEeHHBbIX I'pa-
JANEeHTOB OT 4YHuCJia 06YC.TIOB.TIGHHOCTI/I n pasMEepHOCTHU IIPOCTPAaHCTBa

[IpoBeuTe SKCIIEPUMEHT, AHAJOTHIHBIA COOTBETCTBYIONIEMY SKCIIEPUMEHTY C IPAJUEHTHBIM CIIyCKOM W3
[IEPBOT0 PAKTHIEeCKOro 3amanus. CpaBHUTE Pe3yJbTaT METO/A COINPSKEHHBIX T'PAJUEHTOB C PE3yJIBTATOM
IPAJINEHTHOrO ciTycka. Kakue BBIBOIBI MOXKHO CIIEIATH !

2.2 DxkcnepumeHT: Beibop pasmepa ucropuu B Mmetoae L-BFGS

Uccnenyiire, kak Biauser pasmep ucropuu B metoqe L-BFGS na mosenenue merosa.

[Ipex e Bcero, oneHnTe pa3Mep TpebyeMoil maMsaTh U CJIOXKHOCTh urepanun merofa L-BFGS B 3aBucu-
MOCTH OT pasmepa ucropuu ¢ U pa3MepHOCTU pOCTpaHcTBa 7. (31ech He HYXKHO YUUTBHIBATH CJIOKHOCTH
opakxyJa. )



https://github.com/mihaha/hse-optimization-course/tree/master/task2

PaceMoTpuTe HECKOIBKO BAPHAHTOB BAPUAHTOB BBIOOpa pa3mepa ucropun (Hanpumep, £ =0, £ =1,0 =5,
¢ =10, £ =50, £ = 100) u nocrpoiite ciaemyomue rpaduku:

1. 3aBUCHMOCTH OTHOCHTEJILHOTO KBajipaTa HopMbl rpajuenta ||V f(xr)|3/||V f(xo)||3 (B morapudmue-
CKOIl IIKaJjIe) IPOTUB HOMEPa UTEPAIHUH.

2. BaBHCUMOCTL OTHOCUTEIBLHOTO KBajpata Hopmbl rpajumenta |V f(zg)||3/(|V f(z0)||3 (B morapudmmte-
CKOUl MIKAJIe) IIPOTUB PEAJLHOIO BPEMEHH DAOOTHL.

TIpu sTOM pa3Hble BApHAHTHI BHIOOPA pa3Mepa UCTOPUU HYKHO PUCOBATH HA OJHOM U TOM Ke Tpaduke.

B kagectBe TecTOBOI DYHKIME BO3BMHUTE JIOTHCTUIECKYIO PErPECCUIO C {o-Perysisipu3aTopoM Ha JTaHHBIX
gisette mmm news20.binary c caitra LIBSVM?. Kosdbdurument peryaapusaiuy 1 Haua bHyIo TOUKY BhIGepuTe
cTaHAapTHBIM obpasoM: A = 1/m, a9 = 0.

Kaxwue BBIBOJIBI MOYKHO c/es1aTh?

2.3 xkcnepumMeHT: CpaBHEeHIE METO/IOB Ha peaJibHOII 3a/la4e JIOTUCTUYIECKOI pe-
rpeccun

Cpasaute yceuennsniit Mmeros Hetorona, meron L-BFGS u rpajguenTHBI cilyck Ha peajibHOI 3asade Jio-
TUCTUYECKON perpeccuu. B KadecTBe peasibHBIX JAHHBIX HUCIOJB3YUTE CJIeIyIONe HabOPhl JAaHHBIX C caiiTa
LIBSVM: w8a, gisette, real-sim, news20.binary, rcvl.binary. Koadduruent peryaspusanuu BO3bMUATE CTAH-
naprabiM: A = 1/m. [Tapamerpsl Bcex MeTOJOB BO3bMUTE PABHBIM I1apaMerpaM 1o ymoadanuto. Havanbuyio
TOYKY BbIOepuTe g = 0.

[TocTpoiite cieaytoriye rpaduK:

1. 3aBucumocTh 3HaYeHUsT (DYHKIUU IIPOTUB HOMEPA UTEPAIUH METOIA.
2. BaBucuMoCTb 3HaUYEHUsT (DYHKIUNA IPOTUB PEATBHOIO BpEMEHU PabOTHI.

3. 3aBHCUMOCTB OTHOCUTENILHOTO KBaspaTa Hopmbl rpamenta ||V f(zx)||3/(|V f(z0)||3 (B morapudbmme-
CKOHl IIKaJI€e) IIPOTUB PEATLHOIO BPEMEHH DAOOTBI.

IIpu aTOM BCe Tpu MeTO/a HYy»KHO PUCOBATH HA OJJHOM U TOM K€ rpaduke.
Kaxkue BBIBOJBI MOXKHO CJIejIaTh MO Pe3yJIbTaraM 3Toro sKcrnepumenta? Kakoit m3 MeTooB Jiydine u B
KaKUX CUTYaIUsX?!

2.4 (Bonycnasi yactp) dkcriepuMmenT: CpaBHEHNE METO/IA COMPSIXKEHHBIX I'PAJIU-
entoB u L-BFGS na kBagparn4dHoil dpyHKIINNI

CpaBHuTE METOJ, CONPsizKeHHbIX IpauenToB u Meros, L-BFGS na kBapaTnvaHoit cTpOoro BIMYKJIOH DyHK-
[An:

flx) = %mTAx — bl z e R",

rne AeS}, nbeR"

s sToro crenepupyiitTe ciaydailHbIM 00pa3oM Iapy KBaJPATUYHBIX (DYHKIHI U 3allyCTHTE HA KaXXJOM
u3 Hux 0ba MeTona (U3 OFHON U TOM ke HauabHOH Toukm). ITocTpoiiTe rpaduKyu CXOIUMOCTH B TEPMUHAX
€BKJINJIOBOI HOPMBI HEBA3KM Ty, := Az — b (B jorapudmudeckoii mkase) nporus Homepa urepanuu. [lpu
9ToM 00a MeToJ/ia HapHCyiiTe Ha OJHOM M TOM Ke I'paduke, HO PA3HBIMH JIMHUSME: OJIMH — CILJIOIIHBIM,
JAPYyroil — IyHKTUPOM.

Baxkno: Ilockonpky yHKIMS KBaJApaTH4YHAs, TO B ITOM CJIydYae JJIs IIPOU3BOJIBHOIO METOJ[ CIIyCKa
T+l = T + agdi MOXKHO GHAAUMUYMECKY BBIYUCIUTh HAWIYUIIYIO JUIMHY IIara aj = argmin,sq f(xg +
ady,). BeIIummre B 0TYeT COOTBETCTBYIONIEE BHIPAYKEHHE IS (v, 3aMETHM, UTO B METOJE COIPSYKEHHBIX

4http://www.csie.ntu.edu.tw/~cjlin/libsvmtools/datasets/.


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

IPa/IEHTOB aBTOMATHYECKU HCIIOJIb3YeTCd ONTHMAaJIbHasd JuinHa Imara. [losTomy, 4To0OBI cpaBHEeHHE OBLIO
gecTHBIM, B MeTojie L-BFGS Tak:ke ncnosp3yiiTe TOUHBIH JUHEHHDBIN TOUCK.

Kak ornmuarorca rpaduku stux meronoB? Ilomnpobyiite BbIOparh Apyrue 3HaUeHUs pa3Mepa HCTOPUN
B Meroge L-BFGS (B wacrHocru, noupobyiite kpaitaue ciaydan ¢ = 1 u £ = 0). Mengerca ju npu 310oM
gro-aubyab? Kak Bel MoxkeTe 00bsICHUTH [IOJIyYeHHBIE PE3YJIbTaThl?

2.5 (Bonycnasi yactb) dkcriepumenT: Kakass TOYHOCTh onTUMHU3ANNU HY>KHA B
peayIbHBIX 3agadax?

B peasbabIX 337a9ax neseBast QYHKINs, KOTOPas ONTHMU3UPYETCS METOAAMU ONTUMUI3AINN, KaK IIpa-
BHJIO, HE fBJISI€TCs KOHEYHBIM KPUTEPUEM KadecTBa pelenus 3aja4du. Hanpumep, paccMoTrpum 3a7ia4dy Kiac-
cuduKaIM U MOJENb JIOTUCTUYECKOH perpeccuu. B 3toMm ciiydae onrumusupyeMoil (pyHKIUEN siBJIseTcst
Jlorucrudeckas pyHKIus norepb. OIHAKO caMo 3HAYEHUe JIOTUCTHIECKONW (DyHKIUU MOTEPb, ¢ TOYKU 3pe-
HUsI PEIeHnsT 3aIa90 KJIacCu(DPUKAIINT, TPEJICTABIIAET MaJjIo HHTEpeca. A 9To, JelCTBUTEHHO, TIPEICTABIISIET
WHTEpPEC — ITO, HAIPUMED, MPOIEHT OMMOOK MPH KJIACCUMPUKAINN Ha TeCTOBO# BbIOOpKe. Bo3mukaer ecre-
CTBEHHBII BOIIPOC: KaK BJIMSET TOYHOCTH ONTHUMU3AINU 11€JIeBONl (DYHKIUKA HA UTOrOBOE KAYECTBO PEIIEeHUsT
camoii 3amaamn?

B sTom skcnepumenTe Bam nipesjiaraercs uccieoBaTh TOT BOIIPOC s 3a/1a9u OMHAPHOIN Kiraccuuka-
A7 ¥ MOJIEJIN JIOTUCTUIECKOI perpeccun ¢ fo-peryssipu3atopoM. s 95Toro BeIOEpuTe HECKOJIBKO PEAbHBIX
HabOPOB JTAHHBIX U BBIMOJIHUTE CJIEAYIONINI SKCIIEPUMEHT.

Bosbmure s11060ii Metox onrumuszaiuu (Hanpumep, L-BFGS) u sanycrure ero (ma obyuaroieii BbIGOpKe)
¢ Pa3HBIME IapaMeTpaMu TpebyeMoit TounocTu® €. JIJIs KasK/I0ro € BO3BMUTE HTOIOBYIO TOUKY &, KOTOPYIO
BEPHYJI METOJI, ¥ CPABHHUTE KAYeCTBO IIPOIHO3a JIOTUCTUYECKON PErpeccuu brest = sign(AtestTtest) € UCTUH-
HBIMU 3HAYEHUSIMUA METOK biest. [lpy cpaBHEHUN MCHOJB3YyiiTe MPONEHT OMUOOK — CPeHee UHUCJIO TO3UITHA,
B KOTOPBIX BEKTOPBI byegy U Btest oTnndaiorcsa. Hapucyiite rpadpuk 3aBUCHMOCTH MPOIEHTA, OMMUOOK ITPOTHUB
TOYHOCTHU ONTUMU3AIMH € (B jorapudmudeckoii mkase). Kosddunuent peryisapusanyuu u Ha4aabHy0 TOIKY
BO3bMHTE CTaHIAPTHBIME: A = 1/m u xp = 0.

B uem pasHuia mMexxgay MaJIeHBKON TOYHOCTBIO onTuMu3anuu u 6osibinoit? Kakne BBIBOIBI MOXKHO Clle-
JaTh?

Pexkomenmanus. [Tapamerp € umeer cMbIcs mepebpaTh MO JIOrapudMUIECKOl CeTKe: OT CaMOil MaJjeHb-
Kol TognocTu £ = 1 (HMKaKO ONTUMU3AIMI, BEDHYTh HAYAJILHYIO TOUKY () JI0 caMOil GOJIbIIOi TOYHOCTH
e =107% wm ¢ = 10~® (onTuMm3HpOBATL DYHKIMIO 10 «MATTHHHOMN» TOTHOCTH).

3 Odopmiaenne 3agaHus

Pe3ysibraToM BBIIOJIHEHNS 33/IaHUS SIBJISIOTCS
1. ®aiiner optimization.py, oracles.py utils.py ¢ peaJM30BAHHBIMA METOIAMU U OPAKYJIAMU.

2. TlosHble MCXOMHBIE KOJBI JJIs TIPOBE/ICHUs SKCIIEPUMEHTOB U PHCOBaHUs Bcex rpadukos. Bee pesyib-
TATBI JIOJIKHBI OBITH BOCIPOU3BOIUMBIMU. KCJIM BBI HCIOJIB3YETE CIydaiiHOCTh — 3adukcupyiite seed.
3. Oruer B dopmare PDF o npoBeeHHBIX HCCIIEIOBAHUSIX.

BhInosiHenHoe 3a/IaHue CJIeyeT OTIPABUTH IIHCHMOM Ha MOuTY cBoeil rpynmbi® ¢ 3arooBKoM

IIpakTudeckoe 3amanne 2, Pavmmmsa Nms.

5SHamoMuuM, 4To BO Beex Haimmx MeTonax ontumusaimu € € (0,1) 3a/a6T OTHOCHTEIBHYIO TOYHOCTD TIO KBAJIPATY HOPMBI
rpamenta: [[VF(2)[3 < £V £(z0)]3.

6 Ina 141 rpynmer: opt.homework-+141@Qgmail.com. st 142 rpymmost: opt.homework+142@gmail.com. Jas 145 rpymmsr:
opt.homework+145@gmail.com.
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Sajianue cjelyeT IPUCHUIATH TOJIBKO OJUH Pa3 ¢ OKOHYATEIHHBIM BAPUAHTOM.

Kaxkip1ii IpoBeIeHHBII SKCIIepUMeHT cieiyeT oOPMUTH KakK OTAeabHbIN pasdjien B PDF jgokymente (Ha-
3BaHME pa3jesia — HA3BAHUE COOTBETCTBYIONIErO IKCIEPUMEHTA). JIjist KaXKI0ro 9KCIEePUMEHTa HEOOXOMUMO
CHAJYaJIa HAMMMCATD €r0 OMMCAHNE: KaKne (PYHKIINNA ONMTUMU3UPYIOTCH, KAKIM 00pa30M TeHepUPYIOTCsT JaHHBIE,
KaKWe MeTOIbl U C KAKUMU IIapaMeTPaMU HUCIIOIb3yIoTcs. Jlasiee MO/KHBL OBITH IPECTABICHBI PE3YJILTATHI
COOTBETCTBYIOIIErO dKCIIepuMenTa — rpadukn, Tadsauisl 1 T.1. Hakowerr, mocjie pe3yapTaToB IKCIEPUMEHTA
JIOJIZKHBI OBITH HAIMCAHBI Balu BBIBOJIBI — KaKasl 3aBUCUMOCTDH HAOJIIONAETCS U TTOYEMY.

Baxkno: Oruer He JI0/XKeH CO/EpXKATh HUKAKOrO Koja. Kaxkblil rpaduk JI07KeH ObITh TPOKOMMEH-
THUPOBAH — YTO HA HEM M300pParKeHO, KAKWe BBIBOJBI MOXKHO CIEJIATh U3 9TOro dKcrepumenta. Obsg3aTesibHO
JOJIYKHBI OBITH MOAIICAHbI Ocu. Kcin Ha rpadrke HAPUCOBAHO HECKOJIBKO KPUBBIX, TO JOJZKHA OBITH JIETEHJIA.
CaMmu JINHUU CJIEyeT PUCOBATH JOCTATOYHO TOJCTBIME, YTOOBI OHU OBLIA XOPOIIO BUIUMBIMH.

4 IlIpoBepka 3ajaHus

ITepen ormpaBkoit 3amanus 0bsA3aTeIbHO yoequTech, 9To Bama peajn3arius TPOXOIUT aBTOMATHIECKIE
npedsapumenvusle TECThl presubmit_tests.py, BbIaHHbIE BMecTe ¢ 3ajanueM. st 91010 3amycture Ko-
MaHLy

python presubmit_tests.py

Baxkno: Qaitn ¢ Tectamun MoxkerT m3MeHUTbcsi. [lepesr oTmpaBkoit 00s3aTebHO yOeIUTECh, ITO BAIA
Bepcud presubmit_tests.py — mocienHss.

Baxkno: Pemenust, koropble He OyJIyT IPOXOJNTH TECTHI presubmit_tests.py, OyayT aBTOMATHYECKN
orerenbl B 0 6asoB. [Iposepstomniuit e OymeT pasdupaThbcs, modemy Barn Koji He paboTaeT W YnTaTh Barn
OTYeT.

Ouenka 3a 3aganue (13 10 6aioB) OyueT CKIAIBIBATHCA U3 ABYX dacreii:

1. IIpaBunabHOCTD U 3D HEKTUBHOCTH PEATU30BAHHOIO KOJIA.
2. KagecTtBo oTuera.

IIpaBunbHOCTD U 3D DEKTUBHOCTD PEAIU30BAHHOIO KOIA OyHeT OLEHUBATHCH ABTOMATHYECKU C IIOMOIIBIO
HE3aBUCHMBIX TeCTOB (OTJIMYHBIX OT MPEBAPUTEIbHBIX TecToB). KadecTBo ordyera Gy/eT OleHUBATBCS PO~
BepatomuM. IIpu sToM oneHnka MOXKeT OBITh CyObLEKTHBHOU W AIlleIANNN He IOMJICXKAT.

3a peasmsaiuio MonudUKanuil aJropuTMOB U XOPOIINE JIOMOJTHUTEIbHbIE SKCIIEPUMEHTBI MOIYT OBITH
HAYMCJIEHBI JIOMOJHUTE bHBIE Gasuibl (10 +4 6asuios). Hauuncienne stux 6asuios siBisieTcst CyObeKTUBHBIM 1
6e3aITeIAIIHNOHHBIM.

Bakno: IIpakTuueckoe 3aaHue BBIIOJHIETCS CAMOCTOSATEIbHO. ECIN BBl OJIyYHIIH [IEHHBIe COBETHI (110
peau3anny WK IPOBEJICHHUIO SKCIEPUMEHTOB) OT JPYTOro CTYAEHTa, TO 00 9TOM JIOJZKHO OBITH SIBHO HAIIH-
caHO B oTuéTe. B IPOTUBHOM cilydae «IIOXOXKHE» peIleHHd CUYUTAIOTCHA IIATUATOM H BCe 3a1efICTBOBAHHBIC
CTYJIeHTHI (B TOM YHCJIE Te, Y KOTO CIUCATN) OyyT CypPOBO HAKA3AHBL.
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