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AHHOTANUA

Ontummzatop Lion, pa3paborannsiii B 2023 rony, odnagaer yHU-
KaJIbHBIMM MeXaHM3MaM{ OOHOBJIEHHs [TapaMeTpoOB, OTJIMYAIOIIH-
MHUCSI OT TPaOULMOHHBIX onTtumm3aTopoB SGD, Adam, uro 00y-
CJIaBJIMBAET aKTyaJbHOCTh €ro MoJApOOHOro M3ydyeHus. B naHHO#
paboTe IpOBOANTCS UCCIIEI0BaHNE BIMSHISA TUIEplIapaMeTpoB OIl-
TIMHU3aTopa Lion Ha oOydeHWe HEHpPOHHBIX ceTeill. DKCHEepUMEHT
CTaBUTCS C WCIOJIb30BaHUEM CETOK I'MIeprnapamMeTpoB Ha Jarace-
tax Titanic, Mushroom, Spambase u Monenu AByXCJIOHHON HEil-
ponnoii cetu ¢ ReLU u Dropout. Pe3ynbraTsl skcriepumMeHTa 1o-
Ka3aJM CYIIEeCTBEHHOE BIIMSHUE Psifia TUIIepIIapaMeTpoB Ha UTOTO-
BYI0 MOZie/Ib. [loydyeHHble JaHHbIe U3 UCCIIEJOBAHUS MOTYT OBITh
TOJIE3HBI TIPY MTPAaKTHYECKOM NTPUMEHEHNH onTuMu3aTopa Lion ams
r1y60KOro 00y4YeHHsi HePOHHBIX CETeil.

BBegenue

Crpoc Ha HEHPOHHBIE CETU C KaXIbIM T'OJIOM TOJbKO pacTéT [|l|], u BMecTe ¢
HHMM BO3pacTaioT TpeOOBaHMs K MX CKOpocTH 00ydenus 1 3¢ pextusHocTH [2] [5].
B cBolo ouepenp, arropuTMbl ONTUMHU3ALMK HEHPOHHBIX CETEH MO3BOJSIOT HO0-
CTHYb OoJiee BHICOKHMX Pe3y/IbTaTOB B KAUECTBE YCKOPEHHs 00y4eHHs M TOBBILIe-
HUSA KadyecTBa uTorosoi moxaenu [3] [6].

OpHUM U3 TaKUX aJrOPUTMOB ONTUMH3AIMU sBsgeTcs Lion — ontumuzaTop,
paspaborannsiii B 2023 rogy komanjoii Google Brain ¢ ucrosnb3oBaHremM aBTo-
MaTHU3MPOBAHHOTO TOKMCKa anroputMoB. KinoueBoe orimume Lion ot 6onee Tpa-
JWIOHHBIX QJITOPUTMOB ONTUMU3AINH, TakuxX Kak Adam u SGD, 3axkmovaeTcs B
MCIIOJb30BaHNM 3HAKa TEKYINEero rpaiueHTa 1 MOMEHTa B KauecTBe OOHOBJICHUS
MapaMeTpoB, UTO MO3BOJISIET JOCTUYb MEHBIINX 3aTpaT Mo maMsTu [4].

B pamkax naHHO#T paOOTHI POBOAMTCS MCCJIEOBAaHUE BIMSHUS TUIlEpIiapa-
MeTpoB onTuMK3aTopa Lion Ha TOYHOCTH Npe/iIcKa3aHus, a Takke cpaBHeHue Lion
C MOMYJISIPHBIM aJITOPUTMOM onTuMu3auu AdamW, sIBIASIOIMMCS MOOU(HKAI-
et anroputma Adam.
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CpaBnenue Lion ¢ AdamW

AdamW u Lion — 370 ABa COBpEMEHHBIX ONTUMHU3ATOpa, KOTOPHIE MIPEICTaB-
JISIOT pa3Hble MOAXO/bI K OOHOBJICHHIO TAPaMETPOB HEHPOCETH.

Onrtumuzatop AdamW siBisieTcst afanTUBHBIM MeTO0M 00yueHus1. Ero kiio-
yeBasi ujes JIeKUT B BBIYMCJICHUHU MEPBOTO MOMEHTA 111y U BTOPOTO MOMEHTA Uy
C LIEJIbI0 TTOCTIeYIOIIEro OOHOBJICHHS HAIpaBJIEH!s U BEJIMYMHBI [TApaMETPOB aJl-
roputMma. B yacTHOCTH, BbIUMCIIEHNE TTapaMeTpa MOJEH € BBIISIANT CIIEAYIONM
o0pazom:

my

NTE:

rie 0;_1 — mapaMeTp MOJIEM Ha TPeJIbIyIIeM Inare; §; — mapaMmeTp MoJesu
Ha TEeKYILEM Ilare; 7; — CKOPOCTh OOYUYEHHUsI; M; U Uy — COOTBETCTBEHHO MEPBbIi
Y BTOPOi MOMEHTbI IPA/IMEHTA; € — HeOOJIBIIIOE YUCIIO [Isl U30eKAHUS AeICHHsT HA
HOJIb; A — CKOPOCTb 3aTyXaHHsI BECOB.

B oriimune ot AdamW noxnxon Lion sinsietcs 6osee 3pheKTUBHBIM U MeHee
TpynoéMkrM. OH 3aKJTI0YaeTCs B OTCJICKUBAHUM HANpaBlieHUst OOHOBJNIeHUs. Ero
KJIIOUEBOE Pa3jMyue KPOETCs B TOM, YTO OH 3aMEHsIET MACIITAOUPOBAHHBIE 3HA-
YeHHs FPaIUEHTa Ha UX 3HAK, CJIEAYOIIM 00pa3om:

O = 01 — e ( + Ai—1),

my = Bimy_1+ (1 — B1)Vof(0r), (D
Ory1 = 0p — ne(sign(my) — A;—1), 2

rae 51 — K03(ppUIMEHT SKCIOHEHIMATBHOTO CIIaXMBAHUS TPAqUCHTA; sign(my)
— HarpasJieHre OOHOBJIeHUs (110 3HaKY); f — (PyHKIIUS OTepb.

XapakTepucTuka Lion AdamW
Hert(¢puxkcuposannsiii | Ja(ucnonb3yercs
AJIanITUBHOCTh @ P Ha( . Y
1ar) BTOPOIl MOMEHT)
CraxuBaHue 31, TOJIBKO 3HaK b1, B2
3arpartsl Mo NamATH | XpaHeHue [ Xpaunenue 31, B2
BrrauciuresnbHbIe
3HaK Kopens, nenenue
Harpy3KH

Tab6muma 1: CpaBHenne AdamW u Lion

TakuM oOpa3om, aaropuT™M onTUMu3alMU Lion mpeacrasiser coboit 3¢-
(pekTHBHYIO aNbTEpPHATUBY MOIYJISPHBIM AJITOPUTMAM ONTUMH3ALUM, TAKUM Kak
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AdamW wu npyrue. OcoOblii MHTEpeC BHI3BIBAIOT €r0 IHIeprnapameTpsl: Koapdu-
IIMEHT SKCMOHEHIIMAIBHOTO CIVIaKUBaHUA IpajueHTa(/31 ), CKopocTb 00ydeHus(n),
CKOPOCTb 3aTyXaHHs BeCOB(\).

QKCHepI/IMeHTaJILHOG HCcCJeJ0BaHuEe BJIUAHUA
rumneprnapamMeTpoB orITuMu3aTopa Lion Ha ToyHOCTD

B pamkax pa®oThl ObUT MPOBEAEH SKCIEPUMEHT C LIEbI0 OIEHKH TOYHOCTH
(prkcHpOBaHHOI MOJIEJH, HCIIONB3YIOMIel onTuMH3aTop Lion Kak ¢ mapaMeTpamMu
0 YMOJIYAHHIO, TaK U C TMIIepIapamMeTpamu, No00paHHBIMU C TIOMOIIBIO epedo-
pa 1o CeTKe rureprnapamMeTpoB.

B skcneprmMeHTe OblIa peaii30BaHa HeifipoceTeBasi MOJIe)Ib Ha OCHOBE OUOJIHO-
teku PyTorch. ApxuTtekTypa Mozenu npeAcTaBisieT CoO00 MPOCTYIO TIOIHOCBS3-
HYIO HeHpOCeTh, BKJIIOYAIOIIYIO CIIeIYIONIe KOMIIOHEHTHI: BXOIHOM CIOi; (pyHK-
uus aktuauuu ReLU; cioif Dropout; BeIXOIHOI CJ101.

I'unepriapamMeTphbl MOZIEM ObLIM 3a/1aHbl 3apaHee U OCTaBaIMCh (DUKCHPOBAH-
HBIMU Ha TIPOTSIKEHUM BCeX SKCIIEPUMEHTOB. EMUHCTBEHHBIMU BapbUPYEMbIMU Be-
JIMYMHAMHY OBUTH THIIepIIapaMeTphl ontuMusaropa Lion: 51 — koaddunmeHT sxc-
MOHEHITNAIBHOTO CIIIAKUBAHUS TPAIUCHTA; 7); — CKOPOCTh OOYYEHHUS; A — CKOPOCTb
3aTyXaHHs BECOB.

B nccrenoBanny nucnonp30BaKch JaTaceTsl: Titanic, Spambase, Mushroom.

Titanic gatacer cocrout u3 891 3anucu u 12 npusHakoB. KioueBas 11eyb Mo-
JIeJTH, UCTIONb3YIOIeil TaHHBII 1aTaceT, ONMpeeIINTh, BBIKII JIU KOHKPETHBII e~
JoBek win HeT. OCHOBHBIC MPU3HAKYU JIaTaceTa: IOJ YeIOBeKa; Kiacc Omrera —
3HAaYeHHe TaHHOTO TOJISl OAWH M3 BAPUAHTOB: MEPBHI KJlacc, BTOPOH KJlacc, Tpe-
THIA KJ1acC; BO3PACT; CTOMMOCTDb OWJIETa; TIOPT OTIIPABJICHHUS] — 3HAUYCHUE JAHHOTO
nosist oimH U3 BapuanToB: [llepOyp, Kuncrayn, CayTtremnroH.

Spambase natacet cocrout u3 4601 3anucu u 57 npusHakos. KioueBas nesb
MOJIEJIH, UCTIOJB3YIOIIEil JAHHBIA JaTACET, ONPEICIIUTh, SBJISACTCS JIM MIUCHMO CITa-
MoM win HeT. OCHOBHBIC NPU3HAKH JIaTaceTa JENSATCS Ha HeCKOJIbKO TPYIIL: Ya-
CTOTHI CJIOB — YaCTOTa BO3HIUKHOBEHUSI HanOosiee XapaKTePHBIX IJIs ClIaMa CJIOB
B IIUCbME, 4aCTOThI CUMBOJIOB — coaepma}me ClieaJIbHbIX CUMBOJIOB B TEKCTE;
CTATUCTHKA MO JJIMHE CJIOB — pa3/IMYHbIEe JJTMHBI TIOC/IEA0BATEIbHOCTEH 3ariaB-
HBIX OYKB.

Mushroom patacer coctout u3 8124 3ammcein u 22 npusHakos. KioueBas
1eJb MOJISIH, UCTIONb3YIOIIeil JaHHBI aTaceT, ONpeNeiTh, SABJISIETCS i rpud
STOBUTHIM. Bce mpu3HaKky jataceTa SIBJISIOTCS KaTerOpHaabHBIMUA, OHH COCTOSIT
U3 crucKa 3HayeHuidt. OCHOBHbIE MTPU3HAKMU: 3arax; I[BET CIIOpP; I[BET IUIACTUHOK;
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pa3mep IUTACTHHOK; 00pa30BaHKe CHHSIKOB; THUIT HOKKH; IIBET IUISATKH; cpea 0Ou-
TaHUsI.

SKCHEepUMEHTAJIbHOE MCCIIe0BaHNEe MPOBOAMWIOCH C HCITIOIB30BAHUEM IBYX
CEeTOK THIeprapaMeTpoB: OHa — OOJIbIIEro pasMepa W IpeAHa3HaueHa AJs Ma-
JIOro JaraceTa, 4YToObl BpeMst 00y4YeHHUs1 COOTBETCTBOBAJIO OOYUECHHIO Ha OOJIBIINX
Jaracerax ¢ MEHbIIUMU 110 Pa3Mepy CETKaMU.

IepBas ceTka ucnonp3oBaack A1 fatacera Titanic, oHa cocrosina u3 20 3Ha-
YEeHWH M0 KakJOMYy I'MIeprapameTpy ontuMusaropa Lion, 4to B cymme cocTas-
nser 8000 xkomOuHanmii. E€ 3HaYeHHsT BApbHPOBAIICH CJIENYIOIMM 00pa3oM:

* K03((PUIKUEHT IKCIOHEHINAIBHOTO CTIAKUBaHUSA rpagueHTa [51: ot 0.8 1o
0.98;

* CKOpOCTb 06y4eHus 7;: oT 5 - 107° g0 1072;
* CKOpOCTb 3aTyxaHusi BecoB A: ot 0 go 0.1.

Brtopas ceTka ucnonb3oBanach i gatacetoB Mushroom, Spambase, ona co-
crosi1a u3 10 3HaueHuii o Kaxx oMy rureprapameTpy ontumusatopa Lion, uto B
cymme coctasnseT 1000 komOuHanmit. E€ 3HaueHNs BapbHpOBAIMCH CIIEAYIONAM
o0pazom:

* K03((PUIKEHT SKCIOHEHITNAIBHOTO CTJIaKUBaHUSA rpaaueHTa [51: ot 0.8 mo
0.99;

* CKOpOCTb 00y4eHus 7;: oT 1075 10 1072;
* CKOpOCTb 3aTyxaHus BecoB A: ot 0 g0 0.1.

B paMkax sKCIepuMEeHTAbHOrO MCCIeJOBaHKs UCIONb30BaNach KOHMUrypa-
1us onTumusatopa Lion ¢ runeprnapameTpamu, yCTAHOBJIEHHBIME 110 YMOJTYAHUIO:

* K03(pPULMEHT IKCIOHEHIIMATILHOTO CrilakuBaHus rpajauenta f: 0.9;
* CKOpOCTb 06yueHus 1;: 1074;

* CKOpOCTb 3aTyXaHHs BecoB \: 0.

Takke B KaueCcTBe METPHKH KauecTBa ObUIa MCIONB30BaHa METpHKa Accuracy
(ToYHOCTH) MpeAcKa3aHus KITIOUeBOH epeMeHHOI B Kak oM U3 gatacetoB. OHa
MOJICUUTHIBAETCS C IOMOIIBIO ClIeAYIoNed (hOpMYJIbL:

TP+ TN

A =
Y = T PITN+ FP+ FN’
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rie TP — WCTUHHO TOJIOKUTEJIbHBIE: MOJIENb MPABHIBHO TpeJicKa3aa Imo-
JIOXKUTENbHBIA KJ1acc, TN — UCTUHHO OTpUIATEIbHBIC: MOJIE/Ib IPABUIIBHO TIpeI-
CKa3aJia OTpULIATE bHBIA Ki1ace, ' P — JI0XKHO MOJNOKHUTEIbHBIE: MOJIe)b OMO0Y-
HO IIpeJicKa3aia MOJIOKUTENIbHBIN Kiacc, F'N — JIOXHO OTpULIaTesbHbIe: MOJETh
OIMOO0YHO MpecKa3ajla OTPULIATE bHBIHA Klacc.

DKCHEPUMEHT 0Ka3aJl, YTo JJIsl CPeIHUX U OONBIIMX JaTaceTOB PE3y/IbTaThl,
TMOJIyYeHHBIE C MCIOJIb30BAaHUEM T'MIIEpPIIapaMeTPOB 10 YMOTYAHHIO, OTJIMYAIOTCS
OT HaWJTyulllei KOMOMHAINH, HallIeHHOH B Ipoliecce IMOKCKa, He 6osee yeM Ha 0.5
nporieHTa. Tak TOYHOCTh MOJEJIM AJIs laTaceTa Spambase oKa3aaach CleLyIoIeil:

* Lion c runepnapameTpamu o ymomdanuo: 0.93268;
* Lion c nyummeil kKomOMHanuen u3 ceTku runepnapameTpoB: 0.93702;
 mpupoct Tounoctu: 0.00434.

TouHocTh MoAenn s Aaraceta Mushroom, B OT/IMYMe OT JaTacera Spambase,
CHU3MJIAChH, YTO, BEPOSITHO, OOYCJIOBIEHO OrPaHUYEHHBIM Pa3MEPOM HCIOJb3Ye-
MOI1 CETKU TUneprapaMeTpoB:

* Lion ¢ runepmapameTpamu o ymomyanuio: 0.98708;
* Lion ¢ nyuieit kKomOMHanuei u3 ceTku runepnapaMeTpon: 0.98154;
* mpupoct Toyroctu: —0.00554.

OpHaxo B X0/ie 9KCIIepHMEHTa C UCIIOIb30BaHueM JaTaceTa Titanic, pe3ysbTa-
THI YJIyUIIMIACH OoJiee YeM Ha 22.5 nporieHTa. Tak TOYHOCTh MOJIE/ M Ha JaHHOM
JaTacete okazajach Clieyloueil:

 Lion ¢ runepnapamerpamu 1o ymondanuio: 0.67832;
* Lion ¢ nyurieit komOuHaIueii u3 cetku runeprnapametpon: 0.83217;

* mpupoct ToyHoctu: 0.15385.

3akaodyeHue

OCHOBHO}1 pe3ynbTaT pabOTH 3aKJI0YAETCs B KOMIUIEKCHOM 9KCIIEPUMEHTAIb-
HOM HCCJIEJOBaHNY BJIMSIHUS KJIIOUEBBIX THIIEPIIapaMeTpoB onTuMu3aTopa Lion Ha
Ka4ecTBO 00YyUeHHUsI HEMPOHHBIX ceTeil Ha MPUKJIAAHBIX 33a7a4ax, YTO MO3BOJISAET
pacHMpUTh TOHUMaHKE ero MPaKTUYECKOro MOTeHIMala B CBeTe HeJlaBHeil 1my6-
JIMKAIY aJrOpUTMa.
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ViydiieHne pe3yJabTaToB B IEPBYIO OYepe/ib 00YCJIOBJIEHO YBEJINYEHUEM Pa3-
Mepa CeTKH I'MIepIrapamMeTpoB, U Kak CJIeJICTBUE, yBEJINUYESHUEM KOJIMYECTBA BO3-
MOXXHBIX KOMOMHAIMI runepriapameTpoB. Ha ocHOBaHMM pe3y/bTaToOB IKCIEPH-
MEHTa MOXHO YTBEpXKZaTh, UTO THIEpHapaMeTpsl onTtumumsatopa Lion cymie-
CTBEHHO BJIMSIIOT HA TOYHOCTb MOJIEJIH, OCOOCHHO B YCJIOBUSIX OTPAHUYEHHOT 0 00b-
€Ma JJaHHBIX. DTO MOKa3bIBaeT BaXKHOCTh HACTPOWKHU TUIIEpIIapaMeTPOB ONTHUMH-
3aropa Lion npu paboTe ¢ MaJbIMM 1aTaceTaMH.
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