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ONITUMU3AIIUS HEMPOHHBIX CETEM:
METO/Ibl U UX CPABHEHUE HA ITPUMEPE
UHTEJUIEKTYAJIBHOTO AHAJIN3A TEKCTA

10.B. Topxynoea, /1.B. Munosanoe

B pesynemame uccredosanus 6vlio paspabomano npoepamm-
Hoe obecneueHue, peanuszyloujee pasiuiHvle Al20PUMMbL ONMU-
MU3ayuu HeupoHHLIX cemell, NO380aUBUIEe NPOBECMU UX CPAGHU-
MenbHblll AHAIU3 N0 KaYecmey onmumusayuu. B cmamve noopobno
Paccmampuearomes UCKyccmeeHHblie HelupoHHble cemu U Memoobl
UX ONMUMUZAYUU. KBAHMOBAHUE, 00Pe3KA, OUCMUNIAYUSA, PA3LONHCE-
nue Taxepa. Onucanvl aneopummbvl u UHCMPYMEHMbL ONMUMUIAYUU
HeUPOHHBIX cemell, NPOBeOeH CPAGHUMENbHbIU AHAIU3 PAZTUYHBIX
Memooo08, npeumyuecmea u HedoCMamxu, NpUeedensl paciemHole
3HAYEHUS U OAHbL PEKOMEHOAYUY NO UCNONL3OBAHUIO KAHNCO020 U3
Memooos. Onmumusayus paccmampueaemcs Ha 3a0ade Kiaccugu-
Kayuu mekcmos, Komopule Obliu npeodsapumenbHo no020mos1eHbl
K 0bpabomke: uzeneyenvl NPUSHAKU, bIOPAHBL U 0OYUeHbl MO,
Hacmpoenvl napamempsi. Ilocmasnennas 3a0a4a peanuz08ana npu
nomMowju mexHonN02ull: A3vika npozpammuposanus Python, ¢peiim-
sopka Pytorch, cpeowl paspabomku Jupyter Notebook. Ilonyuennvie
pe3yIbmamsl MO2ym 0blmb UCNONb30BAHbL 8 YeAX IKOHOMUS GbIYUC-
JUMeNbHbIX MOWHOCMeU NPU COXPAHEeHUU Kayecmed pacno3Ha8anusl
u Kaaccugpuxayuu.
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yus,; corcamue U yCKOpeHue HeUpOHHbIX cemetl;, KAaccugukayus mex-
cma, keanmosauue, pasnodxcenue Taxkepa; OucmunIaYus
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NEURAL NETWORKS OPTIMIZATION:
METHODS AND THEIR COMPARISON BASED OFF
TEXT INTELLECTUAL ANALYSIS

J. V. Torkunova, D.V. Milovanov

The research resulted in the development of software that imple-
ments various algorithms of neural networks optimization, which
allowed to carry out their comparative analysis in terms of op-
timization quality. The article takes a detailed look at artificial
neural networks and methods of their optimization.: quantization,
overcutting, distillation, Tuckers dissolution. Algorithms and opti-
mization tools of neural networks were explained, as well as com-
parative analysis of different methods was conducted with their
advantages and disadvantages listed. Calculation values were giv-
en as well as recommendations on how to execute each method.
Optimization is studied by text classification performance. pecu-
liarities were removed, models were chosen and taught, parame-
ters were adjusted. The set task was completed with the use of the
following technologies: Python programming language, Pytorch
framework and Jupyter Notebook developing environment. The
results that were acquired can be used to reduce the demand on
computing power while preserving the same level of detection and
classification abilities.
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Beenenue

HUckycctBennsie neiiponnsie cetdl (MHC) cranoBsiTes Bce Oomnee ax-
TyaJIbHBIMU B COBPEMEHHOM MHpE OJ1aroapsi iX CioCOOHOCTH YUUTHCS
Ha OOJIBIIMX M CIIOKHBIX HA0OOpaxX AaHHBIX U I€JIaTh TOYHBIE IPOTHO3BI
wn knaccudukanuu [1, 9]. MHC — 310 TN anropuT™Ma MaIIimHHOTO
00yUeHHs1, KOTOPBI CMOZICIIMPOBAH TI0 00pasIly CTPYKTYpbI U QyHKIMN
YesioBedeckoro Mo3ra. OHM COCTOSIT U3 CIIOEB B3aUMOCBSI3aHHBIX Y3JI0B
WIN «HEHPOHOBY, KOTOPBIE 00padaTHIBAIOT U MEPENAI0T HHPOPMAITHIO.

OpnnuM u3 ximodeBsx npeumyiiects MHC sBiserca ux croco6-
HOCTh y4YHUTbCS Ha JaHHbIX. OHU MOTYT aBTOMAaTH4ECKU BBISBISTH
3aKOHOMEPHOCTH M B3aMMOCBSI3M B OOJBIIMX M CIOXKHBIX Habopax
JAHHBIX, KOTOPBIE HAXOAATCS 3a MpeaeiaMi 9eJIOBEYECKIUX BO3MOXK-
HOCTel. DTO JenaeT ux 0COOCHHO MOJIe3HBIMH B TAKHX 00JIACTSIX, KaK
pacro3HaBaHue H300paKeHUH, pacro3HaBaHUE pedd U 00paboTKa
€CTECTBEHHOTO SI3bIKA, I7I€ BXOIHBIC JAHHBIC HE CTPYKTYPUPOBAHBI U
WX TPYAHO 00padarsiBaTh TPAAUIUOHHBIME MeToamu [6, 12].

Eme onqaum npenmymecreom MHC siBnsiercst ux rudkocth. Heit-
POHHBIE CETH MOXKHO CIPOEKTUPOBATH U OOYUMTH YIS PELICHUS IIU-
POKOTO KpyTa 3aJa4, TAKhX Kak perpeccus, Kiaccu(puKaIus 1 Kiacre-
puzanus. VX Taxke MOXKHO NMPUMEHSTH B CHEHApHAX o0yueHus Oe3
YUUTEIIS ¥ ¢ yuuTeneM. DTa THOKOCTD JIeIaeT UX YHUBEPCATIbHBIM HH-
CTPYMEHTOM, KOTOPBIII MOXKHO aJalTUPOBATh K Pa3IMYHBIM 00JIaCTAM
u npunoxernsMm. Kpome toro, UHC MoxHO MCTOnb30BaTh B coyeTa-
HUM C JAPYTMMH METOJAMH MAaIlMHHOTO OOy4eHUsI, TAKUMH KakK 00y-
YEeHHUE ¢ NOAKPEIJICHUEM, IS pelieHHs eie 0ojiee CI0KHbBIX 3a1ad.
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MarepuaJjibl 1 METOIbI

ITo Mepe Toro Kak HEHPOHHBIE CETH CTAHOBATCS BCe OOJIee CIIOXK-
HBIMH U IPUMEHSIIOTCS K OOJIBIITMM HA0OpaM JIaHHBIX, PACTET MOTPeO-
HOCTh B 3()(eKTHBHBIX U OBICTPBIX Mozensx. OOUH U3 MOIXOI0B K
PELICHUIO ATOM 3aJ1a4l — C)KaTUE U YCKOPEHUE HEHPOHHBIX CETEH.

Cyxarre HEHPOHHBIX CeTed OTHOCHTCS K MPOIECcCy YMEHBIIEHUS
pa3Mepa MOAENTH MPHU COXPAaHEHUM WIH YIY4YLIEHUH €€ MPOU3BOJIU-
TENBHOCTH. DTO MOXET OBITh JIOCTUTHYTO C MOMOIIBIO PA3INYHBIX
METOOOB, TAKHUX KaK 06pe31<a, KBAaHTOBAHUEC U TUCTUIIIALINSA 3HAHUH.
CoxpallleHUe BKJIIOUACT B ce0s yJIaIeHUEe HEHYKHBIX COSIMHEHUHN WITN
Y3JIOB B CETH, B TO BpeMs KaKk KBaHTOBaHHE BKJIIOYAET B ce0sl yMEHb-
[IIeHNEe KOJIMYeCcTBa OUTOB, NCIIOB3yEMBIX JUIS TIPEACTABIICHHS BECOB
1 aKTUBAIUN CeTH. JIUCTUIUISINSI 3HAHUH BKITIOYAET B ce0s1 oOydcHIe
HEeOOIBILON CETH, MMUTHPYIOLIEH TTOBeIeHHE OOJbIICH CEeTH.

OmHAM W3 KITIOUEBBIX TPEUMYIIECTB CHKaTHs HEHPOHHBIX ceTeil
SIBJIACTCSA CHUXKCHHEC Tpe6OBaHHﬁ K XpaHWJIUIy U naMAaTv, 4TO MO-
JKET MPUBECTH K Oosiee OBICTPOMY BBIBOJY M CHIIKEHHIO DHEPIoIo-
TpeOnenus. KpoMe Toro, cxarble MOAENH JIeT4e pa3BepThIBATH Ha
YCTPOICTBax C OTpaHHMYEHHBIMU pecypcaMy, TaKHX KaK MOOWIIbHBIE
Teﬂe(i)OHBI U BCTPOCHHLIC CHUCTEMBI. B HCKOTOPLIX CJIydasaX CKaTbIC
MOJICTI MOT'YT Jja’ke IPEB30MTH CBOM OoJiee KPyIHbIE aHAJIOTH O1aro-
Japs yIydieHHOMY 0000IIEeHIIO ¥ YMEHBIICHHIO ITepeo0ydeHus [4].

AKTyanmbHOCTb CKaTHsI U YCKOPEHHS HEWPOHHBIX CETeH OueBU-
Ha B MX TMOTEHIHAJE JUIS MOBBILEHHUS d(PPEKTUBHOCTH, CKOPOCTH H
MTPOM3BOIUTEIBHOCTH Mojiesiell. Pa3paboTka METOI0B CKATUS M YCKO-
peHust HeoOxoauMa TSl pean3alnny BCero MoTeHIraia HeHPOHHBIX
ceTel 1 00ecIeueHus TOro, YTO0LI UX BIUSHUE OLLIO MOJE3HBIM JIIsS
o01ecTBa.

OnHako ecTh U PoOIEeMBl, CBSI3aHHBIE CO C)KATHEM M YCKOPEHHUEM
HEHpOHHBIX ceTeil. OnHOoM U3 IpobIeM ABISIETCS KOMIPOMHCC MEXKTY
pa3MepoM MOAETU U MPOU3BOIUTENBHOCTHIO. XOTS CKAThle U YCKO-
pEeHHBIE MOJIETT MOTYT OBITh MEHBIIIE U OBICTPEEe, OHU TAKKE MOTYT
OKa3bIBaTh HETaTUBHOE BIUSHUE HA TOYHOCTH HJIIMA CIIOCOOHOCTH K
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00001IeHH0. YPaBHOBEIIMBaHNE 3TOTO KOMITPOMUCCA SBIISIETCS KITFO-
9eBBIM (PaKTOPOM TIPH IPUMEHEHHH 3TUX METOAOB [7, 8].

Hpyroit nmpobneMoii sIBIsieTCsl CIOKHOCTh pean3alii METO/IOB
CKaTHs U yCKOpeHHsl. Pa3nmuuHble METOIBI MOTYT MOTPeOOBATh CIICLH-
AITBHBIX 3HAHUH U OTIBITA, & ONITUMAIIBHBIN MTOIX0]] MOJKET pa3indaTh-
Csl B 3aBHCHMOCTH OT KOHKPETHOTO BapuaHTa MCIIOJIb30BaHUSI U Ha-
0opa nanHbeIx. KpoMe Toro, UCronab30BaHUE alnaparHOro yCKOPEHHUs
MOXKET TOTPeOOBaTh UHBECTHIINN B CIICIIUAIM3UPOBAHHOE 000PYIIO-
BaHME U HHOPACTPYKTYPY.

B 1nenoM axkTyanbHOCTb CXaTWsl U YCKOPEHUS HEMPOHHBIX CETEH
3HAYUTENbHA, TaK KaK 9TO MO3BOJISET MCIIOJIb30BaTh HEHPOHHBIE CETH
B OoJiee IIMPOKOM CHEKTpPe MPHIOKEHHH, BKITIOYas T€, KOTOPBIE Tpe-
OyroT 3 GeKTHBHBIX U OBICTPHIX Mozelei. HecMoTps Ha mpobiemsl,
CBSI3aHHBIE C 3TUMHU METOAAMH, ITPOAOIKEHHNE UCCIEI0OBAHUIN U pa3pa-
0OTOK B ATOH 0OJIACTH MMEET BasKHOE 3HAUCHHE IS PealTu3alliil BCe-
ro MOTEHIMalla HEHPOHHBIX CETeH B Pa3IMYHBIX OOJACTSX, a TaKKe
JUISL 00ECTICYCHHS TOTO, YTOOBI MX BIUSHHE ObUIO ATHYHBIM U I1OJIC3-
HBIM 1151 001mecTBa. CymecTBYeT HECKOIBKO METOAOB ONTHMHU3AIHH
HEUpOHHBIX ceTel. PaccMoTpuMm HX.

KBanroBanue — 310 mpouecc CHIKEHUSI TOUHOCTH BECOB U aKTH-
BalMii HEHPOHHBIX CETeW Al YMEHBLICHUS MX TpeOOBaHUH K BbI-
YUCIIEHUSM U TamsATH. KBaHTOBaHME MOXHO NPUMEHATH K BecaM H
aKTUBAIMAM HEHPOHHBIX ceTeld. KBaHTOBaHHE BECOB BKIIIOUAET MPE/I-
CTaBJICHHE BECOB C MEHBIINM KOJMYECTBOM OMTOB, B TO BpEMS Kak
KBAaHTOBaHHWE AKTUBAIIMH BKJIFOYACT CHUKCHHWE TOYHOCTH 3HAYCHHM
aktuBannu [ 13].

Hannbiii MeTon sBisieTcst 9PPEKTUBHBIM METOJIOM CHU)KEHHS BBI-
YHUCIUTEIBHON CIOKHOCTH M TPeOOBAaHMK K MaMSATH HEMPOHHBIX Ce-
Teil. Hanpumep, 8-OmTHOE KBaHTOBaHHWE C (DHKCHPOBAHHOW TOUKOM
MOYKET CHHU3UTh TPeOOBaHMA K MaMATH CBEPTOYHBIX HEHPOHHBIX Ce-
Teil 10 4 pa3 Ge3 CyLIECTBEHHOTO CHMKEHHUSI TOYHOCTH. TOUHO Tak
YK€ KBAHTOBAHHE TI0 CTETICHH JBOWKH MOXKET 00ECIICUNTh JIBYKPATHOE
YCKOpEHHE BPEMEHH BBIBOJIA C HE3HAYUTEIHHOM IMOTepeil TOUHOCTH.
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BaxHO OTMETHTB, YTO NOIYJISIPHBIE HHCTPYMEHTHI JJ1s1 pa3padoTKu
HEUPOHHBIX CETEH YacTo He MOMICP)KUBAIOT HCITOJIB30BaHUE Tpadu-
YECKOI0 MPOoIECccOopa 1Jisl yCKOPEHUS BBIUMCIEHUH HEHPOHHBIX CETEH,
KOTOpbIe OBIJIM KBAHTOBAHBI. XOTs, B 3aBUCUMOCTH OT HCIOJIb3yEeMOM
peanu3anuy KBAaHTOBAHUS, JOMYCKAeTCsS BO3MOXKHOCTH HCITOJIb30Ba-
HUS Tpaduyeckoro mporeccopa ¢ OnpeieIEHHBIME OrPaHUICHUSIMH
1 HIOAHCAMH.

D¢} PexTHBHOCTh KBAHTOBAHUS 3aBUCUT OT apXUTEKTYPhI HEUPOH-
HOW ceTH, Habopa JNaHHBIX M KOHKPETHOTO HCIOJIB3YEeMOTO METo/a
KBaHTOBAaHHA. HaanMep, KBAaHTOBAaHHUE MOXKET UMECTh 6OHI)IHGC BJIN-
STHHE Ha TOYHOCTH JUISI CIIOKHBIX apXUTEKTYp, TAKUX KaK PEKypPpEHT-
HbIE HEPOHHBIE CETH, YeM JIJIS POCTHIX APXUTEKTYP, TAKUX KaK Heil-
POHHBIE CETHU C NPSMOM CBS3BIO.

HectpykrypupoBaHnHas oOpe3ka BECOB BKIIIOUACT B ce0s yaneHHe
OTHEIFHBIX BECOB C HEOONBITUME BEIIMYMHAMHU WM MX OOHYIEHHE,
YTO YMEHBIIAET KOJMYECTBO MapaMeTpoB B CETH. JTOT THII 00pe3-
KN MOXCT BBIIIOJIHATBCA UTCPATHUBHO BO BpEMA O6y‘-IeHI/I51 nin 1nmociljie
oOydyeHus cetu. lTeparnBHOE COKpallleHHE BECOB BKJIFOUAET B ceOs
COKpaIleHne HeOONBIIOT0 MPOIEHTa BECOB Ha KaKIOW HWTEpalluH,
0Oy4eHUsI CETH C OCTaBIIMMUCS BECaMH M MOBTOPEHHUE Mpolecca /10
TEX TOp, TTOKa He Oy/IeT TOCTUTHYT JKEIaeMblii YPOBEHb Pa3pEKEHHO-
ctu. CokpamieHne Beca mocie o0ydeHus BKIIIOYaeT B ce0s ynajaeHne
OIPEJICNICHHOTO MPOIICHTa BECOB M3 MOJIHOCTHIO O0YYEeHHOH CeTH U
nocruenyomiee 00yudeHHE OCTABIIMXCS BECOB JUIS BOCCTAHOBIICHHS
MTPOU3BOIUTEIEHOCTH.

OO0Ope3Ky MOXKHO paccMaTpuBaTh Kak (OpMy peryisIpH3alIliu, KO-
TOpasi IpeNICTaBIsAeT COOOH METOJ, UCTIONB3yEMBIH JUTS ITPeI0TBpallle-
HUSI Iepeo0yUYeHHUs B MOJEIISIX MallMHHOTO 00ydeHus. Perynspusanus
BKITIOUaeT B ce0st oOaBIeHne mrpapHOro wieHa K (GyHKIUHA TOTepb,
YTOOBI HO6YI[I/ITB MO/JICJIb UMCTh MCHBIIWE BECA NJIKM MCHBLLIC IMapame-
TpoB. OOpe3ka IocTUraeT aHaJOTMYHOTO d(PQEeKTa 3a CUeT YMEHbIIe-
HUS KOJIMYECTBA COSIMHEHNH W/MIH HEUPOHOB B CETH, YTO MOYXKET TIpe-
JIOTBPATUTH 1epeoOydeHHe U MIOBBICUTH CTIOCOOHOCTH K 0000IIEHUIO
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Kpome Toro, 0Ope3ky Takxke MOXXHO HCIOIB30BaTh B COUCTAHHUH
C IPYTUMH METOJAMH PETYIsIpHU3allid, TaKUMU Kak weight decay,
dropout u batch normalization. Weight decay BkirouaeT B ce0s Ji0-
OaprieHUe MWITPAPHOTO WieHa K (PYHKIUU MOTEPh, KOTOPAsk MOOIIPSICT
Maible Beca, dropout cirydaiiHeIM 00pa3oM OTOpachIBae€T HEKOTOPHIE
HEUPOHBI BO BpeMs OOyUYeHHUs, YTOOBI TPEIOTBPATUTH MEepeoolyde-
HUe, a batch normalization HopManM3yeT aKTHBALMIO KAXKJIOTO CIOs,
YTOOBI MTPEIOTBPATUTH MPOOJIEMBI C MICYE3HOBEHHEM M B3PHIBOM T'pa-
JeHTa. BMecTe ¢ cokpalieHreM 3TH METOJIbI MOTYT ellie OOJIbIIIe 1Mo-
BBICUTB MMPOU3BOJUTENLHOCT M HA/ICKHOCTh HEHPOHHBIX CETEH.

[IpuHMMas BO BHUMaHHE MPHUBEIEHHBIC BBIIIE apryMEHTBI, MOXK-
HO TOBOPHUTH O TOM, 9TO 00pe3Ka — 3TO XOPOIINN METO/T yMEHBIICHHUS
pasMepa, CIOKHOCTH U BBIYMCIUTEIbHON CTOUMOCTH HEMPOHHBIX Ce-
TEH TpU COXpaHEHUH MX MMPOU3BOAUTEIbHOCTH. COKpaIleHHe MOKET
BBITIOTHATHCS UTEPATUBHO BO BpeMs 00yUYeHHs WIIH TTOcie 00ydeHHS
CeTH W MOXET BKIIOYaTh y/lajeHHUE BECOB, HEMPOHOB MM CIIOCB U3
cetn. Kpurepun oOpe3ku MOryT ObITH OCHOBAaHBI Ha BETMUMHAX WIIN
YYBCTBUTEIBHOCTH BECOB, HEHPOHOB HIN GMIETPOB. OOpE3Ky Takke
MOKHO HCTIOJB30BaTh B COYETAHNN C APYTUMH METOAAMH PETYISPH-
3allUy 17151 1aTbHEHIIIET0 MTOBBIIICHUS TIPOU3BOIUTEILHOCTH U HAICK-
HOCTH HEHpOHHBIX ceTell. HakoHel, cokpalieHue MOXeT TO3BOJIUTD
pa3BepThIBaHWE HEHPOHHBIX CeTel Ha MepuepUHHBIX YCTPOICTBAX,
YTO MOXET MOBBICUTH d3PPEKTUBHOCTh M CKOPOCTh OTKJIMKA.

JucTminisinugs, TakKe U3BECTHAS KaK JUCTUIUISINS 3HAHUH, MPe-
CTaBIISIeT COOOI METOT ITepeIadr 3HAHUH 13 OOJTBIION CIIOKHOW HEWPOH-
HOW CeTH, N3BECTHOH KaK CETh YYHTENb, B MEHBIITYIO U 00JIee MPOCTYIO
HEHPOHHYIO CETh, N3BECTHYIO KaK CeTh yueHHUK. Llenb mucTuuismm —
COXPaHHUTh TPOU3BOJUTEIILHOCTD CETH YUUTEIIS IPH YMEHBIICHUHN pa3-
Mepa ¥ BEIYUCIUTEIBHOW CTOMMOCTH CeTH y4eHuKa [ 14].

OcHoBHas HJesl IUCTHILISIHA COCTOUT B TOM, YTOOBI HAYYHUTh CETh
yUeHHKa UMUTHPOBATh MOBEACHHUE CETH YUMTENs. DTO JOCTUTACTCS
myTeM OOy4YeHHs CETH YYeHUKa TaKUM 00pa3oM, 9TOOBI OHA OJJHOBpE-
MEHHO perrajia JBe 3aJadd, IepBOH 3amadeii OyaeT sSBISATHCS Tpe-
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CKa3aHMEM LICJIEBOM METKH Ha0Opa JaHHBIX U (YHKLUUEH OMHMOKN MO-
XKET ObITh NIePEeKPECTHON-IHTPONNEH MEX Iy IPAaBUIbHBIM OTBETOM U
Mpe/ICKa3aHueM MOJIeNI yUeHHUKa, BTopas 3a/1aua 3aKiIio9aeTcs B MU-
HUMU3ALUU PA3HULBI MEXJy OTBETOM MOJENN YYEHHKA M YUUTE.
Taxum oOpazoMm HEHpOHHOU ceTH OyneT HeOOXOIUMO pelaTh OIHO-
BPEMEHHO J[BE 3a/1a4H, Mpe/ICKa3aHre MPaBUIHLHOTO OTBETA M MOBTO-
peHus npesckazanus Moaenu yaurens [15].

Juctnmianus uMeeT psAj NPeuMyLIeCTB Iepesn TpaJuLUOHHBI-
MU MeToamMH 00y4ueHus. Bo-TepBbIX, ero MOKHO MCTIONB30BaTh IS
YMEHBIIEHHsI pa3Mepa U BIYUCINUTENbHBIX 3aTpaT HEHPOHHBIX ceTel
IIpY COXPAaHEHHU HUX MPOU3BOIUTENBHOCTH. BO-BTOPBIX, €r0 MOYKHO
HCIOJIB30BaTh IJISl HOBBIMICHUS MPOU3BOJUTEIBHOCTH HEOOIBIINX
HEHPOHHBIX CeTel, y KOTOPBIX MOXKET HE XBATUTh MOILTHOCTH IS 3a-
XBaTa BCEH COOTBETCTBYIOIEH MH(OpMaLUU B JAaHHBIX. B-TpeThux,
€r0 MOYKHO HCIOJIb30BATh I Mepelaul 3HaHUH MEXTy pa3IHuHbIMU
TUIIAMHA HEHPOHHBIX CETEW, HapUMEp, MEXIYy CBEPTOUHON HEUpPOH-
HOM CeThI0 U peKyppeHTHOM HelfpoHHOH ceTbio [10, 11].

Takum 00Opa3om, mpuHUMAas BO BHUMAaHWE IMPHUBEAECHHBIC BBILIC
apryMeHTBI, CTOUT OTMETUTh, YTO AUCTHIIISALMS — 3TO MOIIHAS U
COBpEMEHHAsl TEXHUKA JJIs TIepeiaun 3HaHUN 13 OOJIBIION CIIOXKHON
HEHPOHHOW CETH B MEHBIIYIO U 0Ooliee MPOCTYH) HEHPOHHYIO CETh.
KauecTBo HTOrOBOI MOJENN YYEHHKA 3aBUCUT OT CIIOKHOCTH MOCTAB-
JICHHOH 3a/1auy, KOJMYEeCTBa MapaMeTpoB M KauecTBa MOJIENIN yUHTe-
751, 3a7a4a HaXOXKJCHHs OaniaHca MEXIy KadeCTBOM M YMCIIOM Iapa-
METPOB CETH 0CO00 BakHA AJIs1 ATOro Meroxa. lloTeHnumanbHO 3TOT
METOZ, MOYKET JaTh BIIEYATIIUTEIILHBIEC PE3YIIBTATEI.

Coxatue HEUPOHHOW CETH C MOMOIIBI0 MaTPUYHOM JIEKOMITO3U-
UM — 9TO METOA, KOTOPBIA BKJIIOYAET B ceds pa3OMEHHE BECOBBIX
MaTpHLl HEHPOHHON ceTH Ha 0O0JbIIOE YMCIIO 00Iee MEJIKUX MaTpULL.
OTO MOXET MOMOYb YMEHBIINTH KOJUYECTBO MapaMeTpoB B CETH U
caenath ee Oosnee A3PpPEeKTUBHOMN ¢ TOUKU 3peHUs BEIUUCIEHH |8, 9].

Hcnonp3oBaHne METOROB Ul CKAaTHS U YCKOPEHHs padOThl HEl-
POHHBIX CEeTel MpHUMEHsSIACh MPH PEIICHUH 3a/ladu OWHApHOM Kiac-
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cUUKAINH TEKCTOB C MCIIOJIb30BaHNE HEHPOHHOW CETH C apXHUTEKTY-
poit BeRT na omnHakoBOM HaOOpe MaHHBIX IS KaXKIOTO M3 METOIOB
ONITUMH3ALIUH.

Knaccuduxkarmst Tekcra — 310 3amada 00pabOTKH €CTeCTBEHHOTO
si3pika (NLP), koTopas BKiIodaeT B ce0s KiTacCH(DHUKAITIIO TEKCTOBBIX
JOKYMEHTOB TI0 3apaHee OINpeIeTICHHBIM KaTeropusiM. JTa 3a1a4a uc-
MIOJIL3YETCS B PA3IMYHBIX MPUIOKEHUIX, TAKUX KaK aHAIIU3 HACTPOC-
HUH, QUIbTpaIys criaMma, MOJISITMPOBaHNE TEM U MHOTOE JIPYTOE.

CymiecTByeT HECKOIBKO CIOCOOOB pEeIICHUsS 3amad Kiaccuguka-
UM TEKCTa, B TOM YHUCIIE!

MeTonbl Ha OCHOBE TpPaBHJ. DTOT MOAXOMA BKJIIOUACT CO3JaHHE
Habopa MPaBHII WM IBPHUCTHK, KOTOPHIE MOXKHO HCTIONB30BaTh IS
knaccuukanuu Tekcra. Harmpumep, oCHOBaHHBIN HA PaBUIIaX METOJ
(buIBTpanKy criaMa MOXET BKIIFOYATh IMOUCK OIPE/ICIICHHBIX KITF0Ye-
BBIX CJIOB WJIM MIA0JIOHOB B TEKCTE.

Mertozpl MalIMHHOTO OOYYEHUS: 3TOT IMOJXOJ BKIIOYAeT B ceOs
oOydeHHe ajlropuTMa MAaIIWHHOTO OOy4eHHWs sl Kiaccu(uKaiuu
TEKCTa Ha OCHOBE MPU3HAKOB, N3BJICUEHHBIX U3 TeKcTa. [Ipumepsr ai-
TOPUTMOB MAIIMHHOTO OOYYEHHs, MCITONB3YyEeMbIX IS KIAacCH(UKa-
LIUM TEKCTA, BKJIFOUAIOT JIEPEBbs PELICHUN, METOl HauBHOTO baiieca,
MaIlMHBI OMOPHBIX BeKTOpoB (SVM) 1 Mozaenu rrybokoro oOy4eHus,
TaKkne Kak peKyppeHTHble HelipoHHbIe ceTH (RNN), HelipoHHBIE ceTn
¢ MexaHm3MoM camo-BHUMaHus (Transformer).

['mOpunHBIe METOABI: STOT MOAXON COYETaeT B ceOe METOIbI Ha
OCHOBE TIPaBWJI U MAIIMHHOTO OOYYEHHs /ISl TOBBIMICHUS TOYHOCTH
3amaun Kkinaccudukanuu. Hampumep, THOPUIHBI METOA MOXET HC-
MOJIb30BaTh METOJl HAa OCHOBE MPaBWII JUIs (DUIBTPAIlMH OYEBHIHBIX
CJIy4aeB cllama, a 3aTeM UCIIOJIb30BaTh allTOPUTM MAIIMHHOTO 00y4e-
HUS JUTS KITACCH(PUKAITAN OCTABIITHXCS COOOIICHHM.

PaccMmoTpum 1aHHBIE METO/IBI IPUMEHHUTENLHO K TIPOOJIEME HHTEII-
JIEKTYyallbHOTO aHaiu3a TekcTa. O4eBHIHO, YTO Mpekae yem odpabda-
THIBaTh TEKCTBI, MACCUBBI TEKCTOBBIX JTAHHBIX HEOOXOJAUMO IMOATOTO-
BUThH JIOJDKHBIM 00pa30M M BBIIIOTHUTH Psijl padoT, 8 IMEHHO:
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— IpeaBapUTENbHYI0 00paOOTKY AaHHBIX: OYMCTKY U MTOATOTOBKY
JAHHBIX Ul aHAJINW3a, B YaCTHOCTH, YJaJICHHE CTOII-CJIOB, BBbI-
JieTICHHEe TeKCTa WM JIEMMAaTH3aIIMIo TEKCTa, a TakKe mpeodpa-
30BaHKE TEKCTa B CTAHJAAPTHBINA (hopMar.

— HM3BJEYCHUE IPU3HAKOB: BBIOOp HanOosiee PeJeBaHTHBIX HpU-
3HAKOB M3 TEKCTA, KOTOPbIE MOKHO HCIIOIB30BaTh JUIsl KIIACCH-
(uKanuu, B 4aCTHOCTH, YaCTOTY CJIOB, N-TPAMMBI U MOJICIIUPO-
BaHHE TEMBI.

— BBIOOp MOJIETH M 00yYeHHe: BBIOOP MOIXOISIIETO ajlrOpuT™Ma Ma-
LIMHHOTO 00yUYeHUs U ero oOyueHre Ha pasMedeHHOM Ha0ope J1aH-
HbIX. [IpOM3BOAMTENBHOCTD MOIEII MOYKHO OLICHUTH C TIOMOILBIO
TaKMX TTOKa3aTelIeh, KaKk TOYHOCTD, TIOJTHOTA M orieHKa F1.

— HACTpOWKa mapameTpoB: TOYHAS HACTPOMKY MapamMeTpoB ajiro-
pUTMa MalIMHHOTO OOYYEHUs ISl TIOBBILICHUS €r0 TPOU3BOIM-
TEJILHOCTH Ha TECTOBBIX JIaHHBIX [2, 3].

Junst peanu3anyu M o0yueHHsT HEHPOHHBIX CETEH HCIIONB30BaJICS
MOMYJISIPHBIN B HacToswiee BpeMsi GppeiimBopk - PyTorch. B mannoii
peanu3anyy NpeacTaBiIeHbl Kak 0a30BbIe CJIOM HEHPOHHBIX CETEH, TaK
1 COBPEMEHHBIE apXUTEKTyphl. [y 00yueHHsT MOJKHO HCIIOIb30BaTh
MHOYKECTBO TOTOBBIX (DYHKIWH MOTEPB, IS PEIICHUsT Pa3INIHBIX 3a-
Ja4 ¥ ONTHMHU3aTOPBI, UCIIONB3yeMble IJIsi ONTUMAJIBLHOTO OOHOBIIC-
HUS BECOBBIX KOA(PPUITEHTOB HEUPOHHBIX ceTeir. OO0paboTKa u mpH-
BeJICHUE JAaHHBIX B HEOOXOMMMBIN (opMar MPOUCXOIUT TaKKe IMPH
MTOMOIIH JAHHOTO (peiiMBOpKa.

[lepen HauaOM NpUMEHEHHSI METOJJOB ONTUMHU3ALMHU CETEH, HE0O-
XOIUMO 00yUIUTE 6a30BYIO BEPCUIO MOJIEIH, C KOTOPO#t OymeT cpaBHU-
BaThCS KAUECTBO U OBICTPOACHUCTBHE ONTUMU3UPOBAHHBIX HEHPOHHBIX
cereil. KauectBo Oynet mamepsthest 3HaueHneM F1 merpuku. Taxoke
JaHHbBIe OyTyT pa30UTHI HA JIBE YaCTH, HAa OJHON YacTH JaHHBIX OyJeT
MIPOUCXOANTh O0yUYEeHHE MOJIeNH, a Ha BTOPOH M3MEpsThCa e€ Kade-
ctBo. Habop ans oOyuenust Oyner Oomblue, 4eM Al TECTUPOBAHHUS
cetu. CooTHoIIEHHE pa3Mepa Habopa 1 00yueHHs K Habopy AJs Te-
CTUPOBAHUS COCTaBIsET 4 K 1.
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st oOHOBNICHHSI TApaMETPOB HEHPOHHOM ceTH, a Takxke e 00y-
YEHUS UCTIONB3yeTCs (DYHKIINS OMHOKU TOTEPh, ITO OMTHOKHA MEXKITY
MPOrHO3UPYEMBIM BLIXOJOM CETH WU MCTUHHBIM BBIXO/I0M. B 3agadyax
KJIaccu(UKaluy LEedb COCTOUT B TOM, YTOOBI MpelacKa3aTh METKY
KJ1acca AJisl JaHHOTO BXOZA.

Jyis 00ydeHust BRIOpaHHON MOojIei i OYy/IeT UCIIOIb30BAThCS OJIHA U3
CaMbIX MIUPOKO MCIMOIb3YeMbIX (PYHKIHHA NOTEPh I 3a7a41 KIacCH-
¢ukaunu. IlepexpectHas sHTponMKHAs TOTEPs: HTO HaMOOJIEe YacTo
ncrnoibp3dyeMast (QyHKIHS OTeph uId 3a1a9 kinaccupukarmmn. OHa n3-
MEpsIET pa3sHUIly MEXKIY IPEICKA3aHHBIM PACIPEACICHUEM BEPOATHO-
CTel M HCTHMHHBIM paclpeielieHIEeM BepOSTHOCTEM.

BaxxHo BbIOpaTh NOAXOAAILYIO (QYHKIHMIO HOTEPh IS 3a1a4K Kiac-
CU(HKALIUK, UCXOIS U3 XapaKTepa JaHHBIX ¥ JKeIIAeMOTO pe3yJibTaTa.
Bri6op hyHKIMY OTEpPh BIMSET HA ONTHMU3ALUIO HEMPOHHOH CETH
MOXET IOBJIUATH HA TOYHOCTH IPOTHO30B.

Best pa3pabotka Opi1a pomsBezeHa B cpeze — Jupyter Notebook. Jupyter
Notebook —3T0 HHTEpaKTUBHAS BEIMUCIIUTEIIBHASI Cpe/ia, KOTOpast TI03BOJIsI-
€T MOJIb30BATeNISIM CO3/1aBaTh 1 OOMEHUBATHCS JIOKYMEHTAMH, COICPKalIi-
MH JKMBOH KOJI, yPaBHEHHs1, BU3yaJIM3alli{ U OINCATEIIbHbIN TEKCT.

Bb16op aprymMeHToB 715t 00y4eHHs] MOJIENTH OCYIECTBISIETCS! IIPH T10-
Moty TrainingArgumets. OHO HEOOXOAMMO TSl cO3AaHNS (PyHKIMOHANA,
OTBEYAIOIINI 3a 00y4deHue HelpoHHOU cetr. B Trainer mepemaém Hel-
POHHYIO CETh, ApTYMEHTBI 00y4eHHs U JaHHbIe. UTOObI 3aITyCTUTh TPO-
Hecc 00y4eHHs1 HeOOXOTMUMO BbI3BaTh QYHKIHIO train() y oObexra trainer.

[Tocie oOydeHust MOZIeNTH U OLICHKH €€ KauecTBa U ObICTPOACHCTBHS
MO)XHO TIEPEXOIUTh K ONTUMM3AIMU ATOM HelpoHHOH cetu. [locie
KKIOT0 METOa ONTUMH3AINH OIICHKA KadyeCTBa M OBICTPONCHCTBH
OyzieT IPOMCXOANTH Ha TeX e JaHHBIX, YTO U JUIsl HCXOIHOH MOZIENH.

Pe3yabrarsl

Jis KaXKI0T0 M3 paHee ONMMCAHHOTO METOo/a ObLIO 3aMEPEHO Kaue-
CTBO PEUICHHUs 3aja4d OMHAPHOM KiIacCH(PUKAIMK, pa3Mep MOJENIU B
MB, a taxke e€ OBICTPOACUCTBHE HA ICHTPATHHOM H TpaduIecCKOM
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mporieccopax. [1o BO3MOXKHOCTH, YacTh METOJOB KOMOMHHPOBAJach
Ipyr ¢ apyrom. KomOnHamms MeTo0B MPOUCXOMIIA TTOCIEI0BATEIhb-
HO, B OIIPCACIICHHOM IOPSAAKE, BEb HCKOTOPLIC METOAbI JIYUIIC ITPpU-
MEHHTB TOJIBKO MOciie 00ydeHus Mojien. Pe3ynbrarsl paboThl METOIOB
ONITUMU3AIIH 0ToOpakeHsl B Tabmure 1. KBanToBaHME TIPOUCXOMNIIO
B (hopmaT qint8, M3-3a YEro UCIOJIL30BaHUE IPaPHUSCKOTO TpoIieccopa
HEJIOCTYITHO, TIOTOMY JUJIsl TJAHHOTO METOJ[a HET JaHHBIX 10 OBICTPO-
JIEMCTBUIO C IPUMEHEHHEM Tpa(uyIecKoro mporeccopa

Tabruya 1.

CpaBHHTeHLHbIﬁ AHAJIU3 PEe3yJabTaTOB IPUMEHEHUS METOA0B ONITUMHU3AIIUU

Pa3mep

CkopocTh Ha

CkopocTh Ha

Ombka
Meron MOJIEITH Fl rpaduueckoM | IEHTpaTbHOM
(MB) IIpolLeccope, C. | MPOLECcope, C.
Be3 mpumenenust 711 0,966 0,036 1,51
ONTHMM3ALNN
KBanToBanune 454 0,966 - 1,18
JIMHEWHBIX CIIOEB
KBanToBaHMe TUHEHHBIX 179 0,966 - 0,13
CJIOEB U CJI0SI BEKTOPHO-
TO MPECTABICHUS CIIOB
Pasnoxenune Takepa 385 0,966 0,036 0,78
Pasnoxenue Taxepa u 109 0,967 - 0,817
KBaHTOBAHHUE CJIOSI BEKTOP-
HOTO TIPE/ICTABICHHS CJIOB
Jluctumsims 10,3 0,952 0,005 0,12
KBanroBanue AuCTHILIH- 2,68 0,952 - 0,105
POBaHHOM MoJIeNH
Paznoxenne Takepa 3,43 0,951 0,02 0,11
Ha IUCTHJUIMPOBAHHOM
MOJIEITH
Paznoxenne Takepa u 1,69 0,958 - 0,1
KBaHTOBAHHUE CJIOS BEK-
TOPHOTO MPE/ICTABICHUS
CJIOB [UTS AUCTHILTUPO-
BaHHOW MOJIEIHN
O0pe3ka 598 0,975 0,029 1,15

WHorna, nociae NpuMEeHEHUsT METOAa ONTUMH3AIUH, yIy4Ilaioch
Ka4eCTBO MOJEIH, 3TO IPOUCXOAWIO MO ciydaiiHOCTH. IIpuunHoil
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3TOMY MOXeET OBITh MaJblii 00beM Habopa JaHHBIX. Pe3ynbraTsl MeTo-
JIOB MOTYT OTJINYATHCS IIPH UCTIONB30BAHNUY PA3IMYHBIX TEXHUYECKUX
YCTPOMCTB, a TaKXKe JPYruX HAOOPOB JaHHBIX U apXUTEKTyp HEUPOH-
HBIX CETEH.

Jannas Tabnuua HOCUT CPaBHUTEJIBHBIM XapakTep Ui METOIOB
MeX/1y cOO0H B OIMHAKOBBIX YCIOBHSIX.

O0cy:x1eHue pe3ybTaToB

B manHoi#i cTarbe OBLITN PAaCCMOTPEHBI M PEaT30BAHBI METOBI OTI-
TUMU3AIIN HEUPOHHBIX CETEH, KOTOPHIE MTO3BOJISIOT PACIIUPUTD MIPU-
MEHEHHE HEUPOHHBIX ceTel. JTa 3a/1a4ya aKkTyajJbHa U OUYCHb Ba)KHA B
HAaCTOSIIee BpeMs, HEHPOHHBIC CETH MPUMEHSIOTCS MHOTHMH KOMTIa-
HUSIMH, BHE 3aBHCUMOCTH OT €€ pa3Mepa U UCIIOIb30BAHHE MTOT00HBIX
METOIOB TI03BOJISIET COKPATHTh PECYPCHI, HEOOXOIUMBIE JIJIsl KCILTya-
Taluy HEUPOHHBIX ceTell. Kax bl U3 3TUX METOI0B UMEET CBOM IIpe-
AMYIICCTBA U HEMOCTAaTKA. BO3MOKHOCTh KOMOWHAIIMM HEKOTOPHIX
METOZIOB MUMEIOT OOJIBIIIOE BIMSHHE HA UTOTOBBIM pa3Mep CeTH U e
OBICTpONIEHCTBHE.

3akjroueHue

PesynbraTtoM BBINOIHEHUS TaHHOU PaOOTHI SBISICTCS Pealn30BaH-
HBIE METO/IbI ONTHMH3AIMHA HEUPOHHBIX CETeH, a TaKKe CPAaBHHUTEIb-
HbBIM aHAJIU3 ATUX METOJI0B. Peanu3ainus mpoucxousia Ha A3bIKE IIPO-
rpaMmmMupoBaHus Python u B OCHOBHOM HCHOJIB30BAUCh CIICAYIOIIHE
nakeTsl: pytorch, transformers, pandas.
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