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2. KognpoBaHue n npe6bpasoBaHue AaHHbIX

2.1. BBegeHue

HeWpoHHble ceTn cnocobHbl 06pabaTbiBaTb AaHHbIE, MOMYYEHHbIE U3 CaMblX pa3HbiX MCTOYHMKOB. OaHAKO,
AaHHble JOMKHbI 6bITb NpeAcTaBneHbl B onpeaeneHHoM dopmaTe. bonee Toro, BUA npeacTaBneHus

[aHHbIX OKa3blBaeT CyLECTBEHHOE BMsSHME Ha X0 0byyeHus ceTn. CnefoBaTenbHO, OYeHb BaXKHO BblibpaTb
MeTO/ NOArOTOBKM AaHHbIX (KOAMPOBAHUS) nepea npeabsiBNeHneM mx cetn. PaspaboTtka cxembl

KOAMPOBaHMSI AaHHbIX BbIMOMHSAETCS nepes c6opoM AaHHbIX, TakK Kak Ba)KHO 3HaTb, YTO Bbl cobupaeTeck aenatb
C AaHHbIMM eLle A0 TOro, Kak oHu ByayT NonyyeHbl.

Ans Toro, 4To6bl 06YUNTb MHOrOCMOMHBIN NepuenTpoH (MIM) pelieHnio onpeaesieHHoN 3aaaqu, 3aaada

A0SKHa 6bITb CHOpMyNMpoBaHa B TEPMUMHAX HAabopa BXOAHbIX BEKTOPOB U aCCOLMMPOBAHHBIX C HUMM

3TaNOHHbIX BbIXOAHbIX 3HAYEHWI (3TANOHOB). Ha NpakTuKe 3Ta peKoMeHAAUMs Mano YTo AAET Mpu

nocTaHoBke NpobsieM, KOTopble MOryT 6biTb peLleHbl C MOMOLLbIO MP, Tak Kak 3aKoAMpOBaTh MOXHO BCE. B

3TOM pasjenie NpeacTaBneH 0630p NoAX0A0B K BbIGOPY METOAOB KOAMPOBAHUS Afs HEMPOHHO-CETEBbIX NMPOEKTOB
a B NoCneaytoLmx pasgenax 3To noaxoasl obcyxaatoTtcst 6onee noapo6Ho.

CnepyeT pasnuuaTb Npoueaypy KOAMPOBaHWUS AaHHbIX, NMOA KOTOPOM MOHUMAIOT Npouecc npeobpasoBaHus
CbipblX (HEO6PaboTaHHbLIX) AaHHBIX K BUAY, YAO6HOMY ANsi TPEHMPOBKM CETU, U Npoueaypy
npeobpa3oBaHnsi AaHHbIX, NOA KOTOPOKN MOHMMAKOT MaHWUMYMPOBaHME UMK CbiPbIMU AaHHBIMK UK

MX KOAMPOBAHHbLIMWU 3KBMBaNeHTaMu. MNpeobpazoBaHme MOXET 6biTb UCNONBb30BAHO ANSt TOrO, YTO6bI
BbIAEIUTb HEKOTOPbIE aCMEKTbI AaHHBIX UM HaMbonee BaXXHbIE 3NEMEHTbI AAHHbIX. 3TO MOXET ObITb
CAENaHo HanpuMep Ansi NpeACTaBNEHUS AaHHBIX MEHbLIMM KOMIMYECTBOM pa3MepHOCTEN UK APYruM
TUNOM npeacTaBneHus. Ncnonb3oBaHue npeobpasoBaHns Pypbe SBASETCS OAHUM U3 MPUMEPOB

Takoro MNpeobpasoBaHus. KoanpoBaHWe AaHHbIX MOXET BbITb MCNONBb30BAHO Moc/e Npeobpa3oBaHus, Tak
KaK KOAMpOBaHMWE - 3TO MpoLeaypa, C NMOMOLLbIO KOTOPOM aHHbIE MPUBOASTCS K BUAY, B KOTOPOM OHM
MOTYT MUCMOJIb30BaTbCS CETbIO.

2.1.1. Ba NpUHUMNA NpeACTaB/IEHUs AaHHbIX B HEMPOHHbIX CETAX

Mpu BbIGOPE NpeacTaBneHusl AaHHbIX ANS MX MCMOMb30BaHMS B CETU He06x0AMMO MMeTb B BUAy ABa
npuHUMna (acnekra) - KONIMYECTBO NepeMeHHbIX (onpeaenseT pa3MepHOCTb AaHHbLIX) U COAEpPXKaTeNIbHOCTb
[aHHbIX (copepXXaHne uHgopMauumn, KOTOpyto HeobxoanMo Nony4YMTb C MOMOLLbLIO CeTh). U3

CO0BPAYKEHMIN CNOXXHOCTN N CKOPOCTU 06paboTkK YacTo 6biBaeT HEO6XOAMMO MUHUMU3NPOBATb

KOJIMYECTBO NepeMeHHbIX (BXOAHbIX U BbIXOAHbIX) C KOTOPbIMK ByaeT paboTaTh ceTb. [1pobnembl Takxke MoryT
6bITb CBSA3aHbI C pa3pelleHneM npeabsiBAseMblX AaHHbIX: YeM Bbile pa3peLleHne, TeM CrIoXKHee A0/MKHa 6biTb
CeTb 1, CnegoBaTenbHO, BO3pacTaeT BpeMsl TPEHMPOBKM M KOMIMYECTBO AaHHbIX, HEO6X0AMMBIX ANs
TPEHUPOBKMW. TO NPMBOAUT HAC K BTOPOMY acnekTy NpeacTaBfieHns TPEHUPOBOYHbIX AaHHbIX -

SICHOCTb, COAEpXXaTeNbHOCTb. MNPy OrpaHMYEHMM KONMYECTBa BXOAHLIX NepeMeHHbIX, BO3HMKAET
HeobXoAMMOCTb 06ecneunTb, YTOObI NCMOSb3YEMbIE NMEPEMEHHBIE COAEPXKANM MH(POPMaLMIO, AOCTAaTOYHYHO
Aans Toro, 4tobbl 06ecneunTb obyyeHue ceTu.



2.1.2. MNoaroroBKa AaHHbIX

Mpu noaroToske Ha60pa CbIpbIX BXOAHbIX AaHHbIX ANnd TPEHUPOBKU Hel\;lpOHHOl\/i CETUN HYXHO
BbIMOJIHUTb CneayWwne Wwarnu:

1.

Knaccudpumkauma gaHHbIX nNo TMny. Kaxabiii BXOA UK BbIXOA HEMPOHHOM CETU MOXKET U3MEHSATLCS M0
HenpepbIBHbIM 06pa3oM, NMH0 NpeACTaBNATb HABOP AUCKPETHLIX 3HAYEHWUIA. TN KaXXAoWM NepeMeHHOM
Heob6x0ANMO MAEHTUMMUMPOBATb, TaK KaK KaXablih TUM TpebyeT CBOEro noaxoaa Npu KOAMPOBaHWM.
BbluncneHme rnob6anbHON CTaTUCTUKKU. [Nl HEKOTOPbIX METOAOB NOArOTOBKM AaHHbIX HE06X0AMMO 3HaTb
CTaTUCTMYECKME CBOMCTBA KaXaoM NepeMeHHOM, UCMOoNb3yeMon ANs TPEHNPOBKW. [nsi HENPEepbIBHbIX AAHHbIX
LOMKHbI ObITb BbIYUCIEHBI CPeAHEeEe 3HaYeHVe, CTaHAAPTHOE OTKIOHEHNE, MAaKCUMYM U MUHUMYM. [nsi
AMCKPETHbIX AaHHbIX HEOOX0AMMO ONpeaenuTb KOMIMYECTBO PasNYaloLWMXCs ClyYaeB (3Ha4YEHMN, KOTopble
MOXET NPUHMMATb KaXxaasl U3 NEPEMEHHbIX UM KaTeropum, U3 KOTOPbIX OHM BblbUpatoTcs).

. YaaneHue BblI6pocoB. [1eBAHOCTO NATb NPOLEHTOB AaHHbIX, pacnpeaeneHHbIX N0 HOPManibHOMY 3aKOHY,

HaxoaaTCsl BHYTpW MHTEpBana OrpaHNUYeHHOro YABOEHHbIM 3HAYEeHMEM CTaHAAPTHOrO OTK/TIOHEHNSI B OKPECTHOCTM
cpeaHero 3HayeHus. UcknoyeHne 13 pacCMOTPEHUS AaHHbIX, HAXOASALWMXCS BHE YKa3aHHOro MHTepeana
ABMSETCS NPOCTENLLNM CNOCOOOM yaaneHus BbiIOpocoB. YaaneHue Bbi6pocoB cnocobCcTByeT bosiee ycnelHoMy
06y4yeHuio ceTn. Ecnm xe 3T 3HauYeHUs SBNAOTCS NPUHLMIMANbHBIMKU ANS UCCneayeMon 3aaayumn, Toraa AaHHbIe
LO/KHbI 6bITb KOANPOBaHbI M cobpaHbl TakMM 06pa3oM, YTOObI MPaBUIbHO OTOBPa3nTb UX BaXKHOCTb.
Konnuecrso TpeHUpPOBOUHbIX AaHHbIX. CylLecTBYeT MHOXECTBO (DakTOpOB, B/IMSIOWMX Ha KOSIMYECTBO
AaHHbIX, HEO6X0AMMbIX ANS TPEHNPOBKM ceTU. OAMH U3 rnaBHbIX (AaKTOPOB - PAa3MEPHOCTb AaHHbIX. YeM 6onblue
nepeMeHHbIX, TeM 6onbLle AaHHbIX TpebyeTca Ans TPeHMPOBKKU ceTu. DTa npobnema MoXeT 6bITb pelleHa nmbo
yBenuyeHvneM Habopa AaHHbIX, MO0 yMEHbLUEHNEM UX PA3MEPHOCTW.

MocTpoeHune BbI6GOpKU U3 Habopa AaHHbIX. 15 oveHb 60/bWKMX HABOPOB AAHHLIX HE BCeraa MoXHO
BbIMOJTHATL KOMMJIEKCHBIN aHann3 Ha NOTHOM Habope. B Takux ciyyasx AOMyCTUMO NMOCTPOUTL ClTyYanHyHo
BbIOOPKY M3 AaHHbIX, HA OCHOBaHWMWM KOTOPOM U CAeNaTh 3aKo4YeHUst O MeToAe NpeaBapUTenbHOM 06paboTku
AaHHbIX. Bbibopka AomKHA OblTb CyYaiHON, AOMKHA BKOYATh AaHHbIE CO 3HAYEHMSIMM M3 BCEro AMana3oHa
M3MEHEHMSI U BKJIIOYATb AOCTAaTOYHO AaHHbIX, YTOObI ObITb penpe3eHTaTUBHOM. Mocne NOCTpoeHMst BbIGOPKM
Heob6x0aMMO CpaBHUTL CpeHee 3HauYeHVe 1 AMana3oH U3MEHEHUS C aHaNorMYHbIMY MapaMeTpamMu NOSIHOMo
Habopa, 4Tobbl y6eanTbCs B TOM, YTO BbIBOpKa BbINOSIHEHA NpaBubHO. Cneaytowme npoueaypbl MOryT 6bITb
BbIMOJIHEHbI HA BbIBOPKe, @ He Ha NOMHOM Habope AaHHbIX. TeM He MeHee ceTb HeobX0aAMMO TPEHNPOBATb Ha
nosiHoM Habope AaHHbIX.

MpoBepka kauecTBa. [1/1s NOCTPOEHNS XOPOLLIO CHalaHCMPOBaHHOM MOAENM BaXKHO, YTOObI pacnpeaeneHne
TPEHUPOBOYHbLIX AAHHbLIX 66110 rMaakmM. XKenaTenbHo TakKe BbIMOHUTL CTAaTUCTUYECKUE TeCTbl, YTObbI
y6eanTbCst B TOM, YTO AaHHbIE CoAepaT MHQOPMaUmMIo, AOCTAaTOYHYIO ANsi PELUEHNS MOCTaBMIEHHON 3aAauMn.
MoHv)keHne pa3MepHOCTU. HelipoHHasi ceTb C 6OMbLUMM KOMIMYECTBOM BXOAHbIX 3/IEMEHTOB COAEPXKUT
60nbLLOE KONMYECTBO BeCOBbIX koadduumeHToB (Becos). CeTb € 60MbLUNMM KONNMYECTBOM BecoB TpebyeT (MHoraa
3KCNOHEeHLUManbHO) 60MbLLIOMN0 KONNYeCTBa TPEHUPOBOUYHbIX AaHHbIX. AHANOMMYHO, TeopUs AMCKPeTU3aLmMK
yTBEPXAAET, YTO MMEeeT MeCTO 3KCNOHEeHLUManbHas 3aBUCMMOCTb MEXAY Pa3MepPHOCTbIO AaHHbIX U KOTIMYECTBOM
TOYEeK ANCKPeTU3aLUmMmM A1 KOPPEKTHOrO ONMCAHUS AaHHbIX. YMEHbLUEHWe KONMYecTBa BXOAOB CETU NO3BONSET
MCMoNb30BaTh MEHbLUE AaHHbIX, obecrneymBasl NPUEMIEMbIN YPOBEHb CTOXXHOCTU CETU.

LikannpoBaHue AaHHbIX. BbiXoaHble JaHHbIEe AOMKHBI ObITh LWKanuposaHbl (Npeobpa3oBaHbl) K AnanasoHy,
KOTOpbIN COOTBETCTBYET AMana3oHy BbIXOAHbIX 3HAYEHMIN COKMMatoLen PyHKLUMN aKTUBaLMKN BbIXOAHOIO COS.
CurmonpanbHas MyHKUMS, HanpuMep, UMeeT AnanasoH BbIXOAHbIX 3HaveHui oT 0 Ao 1. YacTto bbiBaeT ya06HbIM
NMPUBECTM BXOAHbIE AaHHbIE K TOMY e Anana3oHy. LLKanvpoBaHme MOXET 6biTb IMHEWHBIM WY HENMHENHBIM, B
3aBMCMMOCTM OT pacnpeaeneHust AaHHbIx. Hanbonee 4acTto ncnonb3yemMble MeToAb! WKAIMPOBAHUS - IMHENHOE,
norapudmMmnyeckoe n "Msarkoe" (softmax). MoXHO TaKxe pa3aenvTb AaHHble HA HECKOBbKO AMana3oHoB C
pasnMyHbiMK hakToOpaMu LLKaNMPOBAHMSI.

KoaupoBaHue paHHbIX. ECin gaHHbIe 66111 npeobpa3oBaHbl, MOXET BO3HUMKHYTb HEO6X0AMMOCTb KOAMPOBATb
nx nepeg npeabsisiieHneM cetu. LLIkannmpoBaHHble YMCIEHHbIE AaHHbIE MOMYT 6bITh MCMOJIb30BaHbI
HenocpeacTBEHHO, MO0 Nocne AONONHUTENBHOMO NpeobpasoBaHms. KaTeropuiiHble AaHHbIE BCceraa Heobxoammo
KoAMpoOBaTb.

2.2. Knaccndmkaumsa gaHHbIX No TMny

Bce gaHHble MOXHO pa36VITb Ha ABa 60MbLUMX Kacca - YNCNEHHbIE U KaTeFOle)lIHble. YncneHHble faHHble
3TO AaHHblE, KOTOPbIE HEMPEPLIBHO N3MEHAIOTCA B HEKOTOPOM AMana3oHE U K KOTOPbIM NMpUMeEHNMO

NOHATUNE PaCCTOAHUA (pa3HOCTM) Mexay ABYMA 3HAYEHUAMUN. KaTeropMaanble AdHHbIE HE MOryT 6bITb
BbICTPOEHbI B HeﬂpeprBHbIVI paAa, KaXxgoe 3Hav4yeHne ANCKPETHO U HEBO3MOXXKHO BBECTU NOHATUE PaCCTOAHUA.



PaccMOTpUM, KakuM 06pa3oM MOXXHO KOAMPOBATb YMCa U KaTEropun, a TakxkKe KakuM 06pa3oM MOXHO
TPaKTOBaTb YMC/A KaK KaTeropum ¢ UCMosb30BaHWEM PACLUMPEHHOrO KOANPOBaHMS. PaccMOTpuM
crieumarnbHbIi Clyyaid, Koraa Bbibop Mexay KoAMpOBaHWEM YMcen pacnpeaenieHHbIM (Kak YnMcioBble
BESIMYMHDBI) UMK NOKasbHbIM (C PacLUMPEHHbIM KOAMPOBAHUEM) METOAAMU HE CTOJb OYEBMAEH. ITO Cily4yan
LenbIX Yncen. XoTs Mbl U OTMETUIU, YTO BEJIMUMHBI, KOTOPbIE ONWUCLIBAIOTCS HENPEPbLIBHBIM HAGOPOM
3HaYeHWI, HeobXoAMMO pacCMaTPUBaTb Kak YMCNIEHHbIE, OAHAKO YacTo AaHHble, NPeACTaBNEHHbIE

LEeMbIMM YMCIaMM U YOOBNETBOPSIOLWME YKa3aHHbIM KpUTEPUSM NPeanoYTUTENBHO KOAMPOBATb Kak KaTeropuu.

B kauecTBe NpMMepa pacCMOTPUM NEPEMEHHYIO, OMUCHIBAIOLLYIO KONMYECTBO AeTeir. OHa MOXKET NPUHMMATb
TOMbKO Liesble 3HauYeHust - 0,1,2,3: 1 KaXeTcs HenpepbiBHON. OAHAKO, AMana3oH 3HaYEeHMWIi OYEHb Y3KUI

1 APO6HbIE 3HAYEHNS 6ECCMBICTIEHHDI. MICNOMb3ysi CXEMy pacLUMPEHHOrO KOAMPOBaHMS, KOTOpast
XapaKTepusyeTcsl 3HaYeHNsIMM akTuBaumm 0 1 1, MOXHO npeobpa3oBaTb OAHY YMCIEHHYIO NEPEMEHHYIO B
Habop KaTeropuasnbHbIX NepeMeHHbIX. OUEBMAHO, UTO AMANA30H U3MEHEHMSI A0MKEH 6bITb 3apaHee U3BECTEH,
Tak Kak Mbl 6y1EM MCMONb30BaTb OAHY €AMHULY Ha 3HAUYeHWe, HO TaKoe NpeacTaBieHNE NEPEMEHHOM
obnagaeT psaoM NpenMyLLeCTB.

Bo-nepBbIx, O4EBMAHON CTAHOBUTCS AMCKPETHasi NPUMPOoAa PasHOCTEN MexXay umcnamu. M3mMeHeHve
BEJIMYMHBI YMCNa TeNepPb BHOCUT U3MEHEHMSI 6osiee YeM B OAHO M3MEPEHME B MOAENN, UTO obneryaer
3a/layy pasaenieHns BXOAHOrO NPOCTPaHCTBA. Bo BTOPLIX, €C/iN NepeMeHHas SIBASIETCS BbIXOAHOW
NepeMeHHO, CETb BbIAAET BENMUMHBI, COOTBETCTBYIOLIME BEPOSTHOCTU TOFO, YTO OTBETOM SIB/SIETCS KaXKaast
13 3aflaHHbIX BO3MOXKHOCTEW. ITO NOKa3bIBaeT HaM, B KaKOW CTEMEHN Mbl MOXXEM [0BEPATb BbIXOAaM

ceTn. HakoHel, UCKNoYeHa BEPOSITHOCTb NOMyYeHMsi 6eCCMbICIEHHBIX OTBETOB TWNa - Yncio aeten = 0,3.

Hey,EI,OGCTBO npeacrtaBneHns uenbix 4ncen B Buae KaTeFODMl\;I COCTOUT B YBENINYEHNN pa3MeEpa CETU
n, CNIEQOBATENBbHO, Tpe6yeTc;| 6onbLue BPEMEHUN Ha TPEHUPOBKY CETU U 60bLUe AaHHbIX A1 TPEHUPOBKMW.

2.3. McxoaHble cTaTUCTUYECKUE BbIYUCIIEHUS

HekoTopble MaHUMYNAUMM C AAHHBIMW, KOTOpbIe ByayT 06CyXAaTbCsl, TPEGYIOT BbIUYMCIEHUS
NPOCTENLIMX CTaTUCTUYECKMX MEP TPEHNPOBOYHOIO Habopa AaHHbIX. Cpean HUX: CpefiHee 3HaUYeHMe,
MaKCMMyM, MMHUMYM, CTaHAAPTHOE OTK/IOHEHUE B C/Ty4ae YMCEHHBIX AaHHbIX U KOJIMYECTBO Pa3fIMYHbIX
BEJIMUMH (KaTeropuit) B Cllydae KaTeropuasbHbIX AaHHbIX.

2.3.1. YpaneHue Bbi6bpocoB

BennumHbl, KOTOpble CAMLLKOM Aaneku OT CPeAHero 3HaYeHns NepeMeHHON, MOryT OKa3aTb B/IMSIHUE Ha
CeTb, KOTOpPOE He afeKBaTHO OLWMOKe, KOTOPYIO OHM BbI3bIBAOT. ITOT 3hdEKT NPOSABNSETCA CUNBHEN,

€Ccnn BblIbpoChl 06yCnoBEHbI WYMOM. 10 3TOM NpUYMHE XenaTenbHO yaansTb Takme BblIbpochl A0

Haudana TpeHMpoBkn. CpeaHee 3HauYeHe U BeIMUMHa CTaHAAPTHOMO OTK/IOHEHUS MOryT 6bITb MCMONb30BaHbI
AN BbISIBNIEHMS] U yAaneHus BbIBPOCOB 13 TPEHNPOBOYHOrO Habopa AaHHbIX. BeIGpOCHI - 3TO BEMUMHBI,
KOTOpblE C/IULIKOM AasfiekKn OT CpefHero 3HayeHus U KOTopble MOryT MPUBOAUTbL K HENPOMOLUMOHASIbHO
60nbLIOMY 3dEKTY B NpoLecce TPEHNPOBKN. BbIBPOCHI - 3TO 3HaYEHMS, KOTOPbIE Nexar Janee, Yem 3a
3aAaHHOE YMCNO CTaHAAPTHBIX OTKIOHEHMI OT cpeaHero. [1Ba CTaHAAPTHLIX OTKIOHEHMS] OXBaTbIBAlOT

95% HOpMasbHO pacnpeaenéHHbIX AaHHbIX, @ TP CTaHAAPTHbLIX OTK/IOHEHUS1 OXBaTbiBalOT 99%. B

KayecTBe KpuTepusi BbI6poca 4acTo UCMOb3yeTcs Kputepun 2,5.

Cne,u,yeT NMOMHUTbL, YTO €CJZIn HEKOTOPbIE NEPEMEHHBLIE B 3aJJ,aHHOl71 nape BXOA-BbIX0O4 ABNAKOTCA Bbl6pOC3MM,

TO HEO6XOAMMO UCKOYUTL U3 pacCMOTpEHNA BECb NMpUMEP. OTO KaXKeTCH 04EeBMAHbLIM, HO ecnn

NEpPEMEHHBbIE XPaHATCA B Pa3HbIX cbaﬁnax, TO nerko 06 3Tom 3abbiThb U YOannTb AaHHbIE U3 nepeMeHHoﬁ B

OAHOM q)aﬁne, OCTaBUB COOTBETCTBYHOLWNE BESIUYNHBI B APYTrOM cbaﬁne. MNMocnepcTeus TAKOW OLLNGKM
3aKJTI04alkoTCA B TOM, YTO BEKTOPbI CTAHOBATCA HECOIMNaCoBaHHbIMU, a Bawn faHHble cTaHOBATCS HenpaBWJIbHbIMW.

OnucaHHasi Bbille NPOCTelLlas MeToANKA YAaNEHMS BbIGPOCOB OrpaHMYeHa TeM, YTO OHa paboTaeT Ans Kaxaou
M3 NepeMeHHbIX He3aBUCKMMO, B TO BPEMSI Kak BbIBPOC MOXET TPAKTOBATbCS Kak Henpuemnemasi

KOMOMHaLWsS BENMYMH, KOTOpble, Byayumn B3ITbIMM MO OTAEbHOCTM, HE BbIXOAAT 3a Npeaesibl 3aaHHOro
KpUTEPUS!, HO B KOMBMHALIMM BbIXOAST 3a Npeaenbl 061aka HopManbHO pacrnpeaenéHHbIX AaHHbIX. Takue
BbIGPOCHI YaCcTO OO6HAPYXXMBAOTCS Ha rpachuke NepBbIX ABYX UM TPEX FMaBHbIX KOMMOHEHT HAabopa AaHHbIX,
TaK YTo ecnv Bbl Bcepbé3 03aboyeHbl yaaneHeM BbIGpOCOB M Bbl yBEPEHbI, YTO OHW NPUCYTCTBYIOT B AAHHbIX,
TO HEO6XOAMMO BbIMOSIHATL TaKOW aHanms.

Ecnu faHHbIX Mano, To yAaneHHas BENMYMHA MOXKET 6biTb 3aMEHEHA HEKOTOPOM APYroi BENIMYMHOW: MpW
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Mpu noaroToske Ha60pa CbIpbIX BXOAHbIX AaHHbIX ANnd TPEHUPOBKU Hel\;lpOHHOl\/i CETUN HYXHO
BbIMOJIHUTb CneayWwne Wwarnu:

1.

Knaccudpumkauma gaHHbIX nNo TMny. Kaxabiii BXOA UK BbIXOA HEMPOHHOM CETU MOXKET U3MEHSATLCS M0
HenpepbIBHbIM 06pa3oM, NMH0 NpeACTaBNATb HABOP AUCKPETHLIX 3HAYEHWUIA. TN KaXXAoWM NepeMeHHOM
Heob6x0ANMO MAEHTUMMUMPOBATb, TaK KaK KaXablih TUM TpebyeT CBOEro noaxoaa Npu KOAMPOBaHWM.
BbluncneHme rnob6anbHON CTaTUCTUKKU. [Nl HEKOTOPbIX METOAOB NOArOTOBKM AaHHbIX HE06X0AMMO 3HaTb
CTaTUCTMYECKME CBOMCTBA KaXaoM NepeMeHHOM, UCMOoNb3yeMon ANs TPEHNPOBKW. [nsi HENPEepbIBHbIX AAHHbIX
LOMKHbI ObITb BbIYUCIEHBI CPeAHEeEe 3HaYeHVe, CTaHAAPTHOE OTKIOHEHNE, MAaKCUMYM U MUHUMYM. [nsi
AMCKPETHbIX AaHHbIX HEOOX0AMMO ONpeaenuTb KOMIMYECTBO PasNYaloLWMXCs ClyYaeB (3Ha4YEHMN, KOTopble
MOXET NPUHMMATb KaXxaasl U3 NEPEMEHHbIX UM KaTeropum, U3 KOTOPbIX OHM BblbUpatoTcs).

. YaaneHue BblI6pocoB. [1eBAHOCTO NATb NPOLEHTOB AaHHbIX, pacnpeaeneHHbIX N0 HOPManibHOMY 3aKOHY,

HaxoaaTCsl BHYTpW MHTEpBana OrpaHNUYeHHOro YABOEHHbIM 3HAYEeHMEM CTaHAAPTHOrO OTK/TIOHEHNSI B OKPECTHOCTM
cpeaHero 3HayeHus. UcknoyeHne 13 pacCMOTPEHUS AaHHbIX, HAXOASALWMXCS BHE YKa3aHHOro MHTepeana
ABMSETCS NPOCTENLLNM CNOCOOOM yaaneHus BbiIOpocoB. YaaneHue Bbi6pocoB cnocobCcTByeT bosiee ycnelHoMy
06y4yeHuio ceTn. Ecnm xe 3T 3HauYeHUs SBNAOTCS NPUHLMIMANbHBIMKU ANS UCCneayeMon 3aaayumn, Toraa AaHHbIe
LO/KHbI 6bITb KOANPOBaHbI M cobpaHbl TakMM 06pa3oM, YTOObI MPaBUIbHO OTOBPa3nTb UX BaXKHOCTb.
Konnuecrso TpeHUpPOBOUHbIX AaHHbIX. CylLecTBYeT MHOXECTBO (DakTOpOB, B/IMSIOWMX Ha KOSIMYECTBO
AaHHbIX, HEO6X0AMMbIX ANS TPEHNPOBKM ceTU. OAMH U3 rnaBHbIX (AaKTOPOB - PAa3MEPHOCTb AaHHbIX. YeM 6onblue
nepeMeHHbIX, TeM 6onbLle AaHHbIX TpebyeTca Ans TPeHMPOBKKU ceTu. DTa npobnema MoXeT 6bITb pelleHa nmbo
yBenuyeHvneM Habopa AaHHbIX, MO0 yMEHbLUEHNEM UX PA3MEPHOCTW.

MocTpoeHune BbI6GOpKU U3 Habopa AaHHbIX. 15 oveHb 60/bWKMX HABOPOB AAHHLIX HE BCeraa MoXHO
BbIMOJTHATL KOMMJIEKCHBIN aHann3 Ha NOTHOM Habope. B Takux ciyyasx AOMyCTUMO NMOCTPOUTL ClTyYanHyHo
BbIOOPKY M3 AaHHbIX, HA OCHOBaHWMWM KOTOPOM U CAeNaTh 3aKo4YeHUst O MeToAe NpeaBapUTenbHOM 06paboTku
AaHHbIX. Bbibopka AomKHA OblTb CyYaiHON, AOMKHA BKOYATh AaHHbIE CO 3HAYEHMSIMM M3 BCEro AMana3oHa
M3MEHEHMSI U BKJIIOYATb AOCTAaTOYHO AaHHbIX, YTOObI ObITb penpe3eHTaTUBHOM. Mocne NOCTpoeHMst BbIGOPKM
Heob6x0aMMO CpaBHUTL CpeHee 3HauYeHVe 1 AMana3oH U3MEHEHUS C aHaNorMYHbIMY MapaMeTpamMu NOSIHOMo
Habopa, 4Tobbl y6eanTbCs B TOM, YTO BbIBOpKa BbINOSIHEHA NpaBubHO. Cneaytowme npoueaypbl MOryT 6bITb
BbIMOJIHEHbI HA BbIBOPKe, @ He Ha NOMHOM Habope AaHHbIX. TeM He MeHee ceTb HeobX0aAMMO TPEHNPOBATb Ha
nosiHoM Habope AaHHbIX.

MpoBepka kauecTBa. [1/1s NOCTPOEHNS XOPOLLIO CHalaHCMPOBaHHOM MOAENM BaXKHO, YTOObI pacnpeaeneHne
TPEHUPOBOYHbLIX AAHHbLIX 66110 rMaakmM. XKenaTenbHo TakKe BbIMOHUTL CTAaTUCTUYECKUE TeCTbl, YTObbI
y6eanTbCst B TOM, YTO AaHHbIE CoAepaT MHQOPMaUmMIo, AOCTAaTOYHYIO ANsi PELUEHNS MOCTaBMIEHHON 3aAauMn.
MoHv)keHne pa3MepHOCTU. HelipoHHasi ceTb C 6OMbLUMM KOMIMYECTBOM BXOAHbIX 3/IEMEHTOB COAEPXKUT
60nbLLOE KONMYECTBO BeCOBbIX koadduumeHToB (Becos). CeTb € 60MbLUNMM KONNMYECTBOM BecoB TpebyeT (MHoraa
3KCNOHEeHLUManbHO) 60MbLLIOMN0 KONNYeCTBa TPEHUPOBOUYHbIX AaHHbIX. AHANOMMYHO, TeopUs AMCKPeTU3aLmMK
yTBEPXAAET, YTO MMEeeT MeCTO 3KCNOHEeHLUManbHas 3aBUCMMOCTb MEXAY Pa3MepPHOCTbIO AaHHbIX U KOTIMYECTBOM
TOYEeK ANCKPeTU3aLUmMmM A1 KOPPEKTHOrO ONMCAHUS AaHHbIX. YMEHbLUEHWe KONMYecTBa BXOAOB CETU NO3BONSET
MCMoNb30BaTh MEHbLUE AaHHbIX, obecrneymBasl NPUEMIEMbIN YPOBEHb CTOXXHOCTU CETU.

LikannpoBaHue AaHHbIX. BbiXoaHble JaHHbIEe AOMKHBI ObITh LWKanuposaHbl (Npeobpa3oBaHbl) K AnanasoHy,
KOTOpbIN COOTBETCTBYET AMana3oHy BbIXOAHbIX 3HAYEHMIN COKMMatoLen PyHKLUMN aKTUBaLMKN BbIXOAHOIO COS.
CurmonpanbHas MyHKUMS, HanpuMep, UMeeT AnanasoH BbIXOAHbIX 3HaveHui oT 0 Ao 1. YacTto bbiBaeT ya06HbIM
NMPUBECTM BXOAHbIE AaHHbIE K TOMY e Anana3oHy. LLKanvpoBaHme MOXET 6biTb IMHEWHBIM WY HENMHENHBIM, B
3aBMCMMOCTM OT pacnpeaeneHust AaHHbIx. Hanbonee 4acTto ncnonb3yemMble MeToAb! WKAIMPOBAHUS - IMHENHOE,
norapudmMmnyeckoe n "Msarkoe" (softmax). MoXHO TaKxe pa3aenvTb AaHHble HA HECKOBbKO AMana3oHoB C
pasnMyHbiMK hakToOpaMu LLKaNMPOBAHMSI.

KoaupoBaHue paHHbIX. ECin gaHHbIe 66111 npeobpa3oBaHbl, MOXET BO3HUMKHYTb HEO6X0AMMOCTb KOAMPOBATb
nx nepeg npeabsisiieHneM cetu. LLIkannmpoBaHHble YMCIEHHbIE AaHHbIE MOMYT 6bITh MCMOJIb30BaHbI
HenocpeacTBEHHO, MO0 Nocne AONONHUTENBHOMO NpeobpasoBaHms. KaTeropuiiHble AaHHbIE BCceraa Heobxoammo
KoAMpoOBaTb.

2.2. Knaccndmkaumsa gaHHbIX No TMny

Bce gaHHble MOXHO pa36VITb Ha ABa 60MbLUMX Kacca - YNCNEHHbIE U KaTeFOle)lIHble. YncneHHble faHHble
3TO AaHHblE, KOTOPbIE HEMPEPLIBHO N3MEHAIOTCA B HEKOTOPOM AMana3oHE U K KOTOPbIM NMpUMeEHNMO

NOHATUNE PaCCTOAHUA (pa3HOCTM) Mexay ABYMA 3HAYEHUAMUN. KaTeropMaanble AdHHbIE HE MOryT 6bITb
BbICTPOEHbI B HeﬂpeprBHbIVI paAa, KaXxgoe 3Hav4yeHne ANCKPETHO U HEBO3MOXXKHO BBECTU NOHATUE PaCCTOAHUA.

2.2.1. KogupoBaHue Lesnbix Yncersn



O KOPPEKTHOCTU NPOM3BEAEHHOIO MOHMKEHNS pa3MepHOCTU BXOAHbIX AaHHbLIX. [MpakTnyeckoe
npenMmyLlecTBo METOAA COCTOMUT B TOM, YTO HE Tpe6yeTc;| NMPUMEHEHNA CNOXHbIX MaTEMATUYECKUNX MpoLeayp.

Bbi6op KaTeropmii BbIXOAHbIX 3TaJIOHOB

KonmuecTBo BbIXOAHbIX KIACCOB MOXHO YMEHBLUUTL C UCMOJIb30BaHWEM aHaNN3a, OCHOBAHHOIO Ha
BbIYMCIIEHUM SHTPONMK. MOCKObKY BbIXOA ONPEAENnseT KaX /iy KaTeropuio Kak ANCKPeTHOe cobbiTue,

Mepa NpeAckasyeMoCTU KaXKaoi KaTeropum MOXeT 6bITb YBENTMUEHA HA OCHOBE aHaNMN3a SHTPONum

Ka)KI0ro BbIXOAa, MOJTyYEHHOro MNPy aHanmse KaXzaoro Bxoaa. KaTeropum ¢ BbICOKMMU 3HQUEHWUSIMU SHTPOMUA
Xy>Ke MoAAalTCs NpeackasaHnio. MeToabl, OCHOBaHHbIE HA aHaNMU3e 3HTponuu, 6onee Noapo6HO

6yayT pacCMOTPEHbI B MOCNEAYOLMX [N1aBax.

Bbi60p BXOAHbIX NEPEMEHHbIX Ha OCHOBE aHa/in3a SHTPONUM.

Battiti [12] noka3an, Kak MOXXHO MCNO/b30BaTb TEOPUIO MHGOPMaLMK Ans Bbibopa Habopa BXOAHbIX
3HAYEHUIN HEMPOHHOW CeTU. Bbluncnssa B3anMHy0 MHGPOPMaLIMIO MeXAY KaXaoN BXOAHON NepeMeHHOM U
HabopOM 3TaNIOHHBIX BbIXOAOB TPEHMPOBOYHOIO HAabopa AaHHbIX, OH YKa3as Ha BO3MOXHOCTb

Bbl6Opa eAMHCTBEHHOM 0COBEHHOCTM C HanbonbLUEN Npeacka3aTenbHON CNOCOBHOCTLIO ANst BbIXOAOB.
Cnepytowme ocobeHHOCTM MOryT 6biTb 0TOBpaHbl MO ABYM KpuTepusiM. HoBasi 0CO6EHHOCTb MOXET
NpeackasaTbh KOe YTO O BbIXOAAX, HO OHA HE MOXET MpeAckas3aTb HAYEro CyLLeCTBEHHOro 06 yxe
BbIOGpaHHbIX BXOAHbIX NepeMeHHbIX. JpyruMu crioBaMm, HoBasi MepeMeHHas AO/MKHA CoAepXKaTb YacTb
B3aMMHOWN MHOPMaLMKM C BbIXOAAMM, KOTOPbIE A0MKHbI 6bITb CO3AaHbI CETbIO, HO MEHBLLYHO YacTb
B3aMMHOW MHOPMaLMKM C NePEMEHHBIMMU, yXKe BblIOpaHHbIMU B Ka4ecTBe BXOAOB ceTu. Mcnonb3ys
NpPeaNoXeHHbI METOA MOXHO Bbl6paTb HAabop HE3ABMCUMbIX NEPEMEHHBIX, KOTOPbIE XOPOLLIO
NpeAcKasbiBalOT BbIXOAHbIE AaHHbIE. MeToA He ONTUManbHbIM, HO NO3BOJISIET AOBUTLCS XOPOLIMX pPe3yibTaToB
3a KOPOTKOE BpeMsi. BbiNMonHEHNE CTPOrmMX BblYUCIIEHMI, HEOHX0AMMBIX ANst BbI6Opa ONTUManbHOMO
Habopa nepeMeHHbIX HEOCYLLECTBUMO C TOUKM 3PEHMSI BO3MOXXHOCTEN KOMMbIOTEPOB.

MpuMeHeHne NHMOPMaLMOHHOW TEOPUU ANt ONTUMM3ALIMK JaHHbIX ByaeT onncaHo fanee (pasaen 5.3.2).

2.4.2. NMpoeKTUpoBaHUE B NPOCTPAHCTBO C MEeHbLUENW Pa3MEPHOCTbIO
FnaBHble KOMMOHEHTHI

Hanbonee o6WMM METOAOM YMEHbBLLEHUS KONIMYECTBA BXOAHbIX NEPEMEHHLIX SIBNSETCS BblAENEHNE

rNaBHbIX KOMMOHEHT U3 UCXOAHOro Habopa AaHHbIX. [ocne Toro, Kak BblYMCeHa KOBapyaUMOHHas
MaTpuLa, MOXXHO KOMBUHMPOBATL Napbl NEPEMEHHBIX C BLICOKMMM 3HAYEHUSIMW KOBApPUAHTHOCTU TakuUM
06pa3oM, YTO6bl HOBbIE MEPEMEHHbIE OMMUCBLIBAIN UCXOAHbIE AAHHbIE KaK MOXHO MOJSIHEE. DTO 3KBUBAJIEHTHO
TOMY, KaK €c/in 6bl Mbl HAQPUCOBANMN PErPECCUOHHYIO KPUBYHO HA@ OCHOBE MCXOAHbIX AaHHbIX M NPeACTaBUIm
HOBYIO TOYKY KaK pacCTOsiHUE BAOJb 3TOM nnHUK. MoBTOpMB 3Ty npoueaypy N pa3 ans N - MepHoro

Habopa AaHHbIX, MOJTyYMM HOBbIN HAabOp TOYEK, KOTOPbIE XOPOLLUO OMUCHLIBAIOT UCXOAHbIE AAHHbIE, HO B
APYron cucteMe koopavHaT. MpenMyLLecTBO HOBbLIX KOOPAMHAT COCTOUT B TOM, YTO Mbl MOXEM YNOPSiAOYUTD
HOBbIE KOOPAMHATbLI MO OTHOLIEHMIO K BapnabenbHOCTM B MCXOAHOM Habope AaHHbIX. Mbl MOXEM MPOCTO
0T6pPOCUTb NUCXOAHbBIV HAbop AaHHBIX.

MMonHoueHHOe NOHWXKeHMe pa3MEePHOCTU C NOMOLLbLI0 MeToAa rMaBHbIX KOMMOHEHT BO3MOXHO Npw
MCNOIb30BaHMN KOBApWALMOHHON MaTpuULbl U MpK 3TOM NoJsly4aeM Habop BEKTOPOB, Ha3blBaeMbIX
CO6CTBEHHBIMU BEKTOPaMM, KOTOpPbIe MOTYT 6biTb MCMONb30BaHbl B Ka4eCTBE HOBOW CMCTEMbl KOOPAMHAT,
Ha KOTOpYto 6yaAyT CNpOEKTUPOBaHbl UCXOAHbIE AaHHble. COBCTBEHHbIE BEKTOPbI CYXaT 0CSIMU HOBOM
cucTeMbl KoopanHaT. Kaxxabii COBCTBEHHbIM BEKTOP XapaKTepu3yeTcs ANIMHON, KOTopasi Ha3blBaeTcs
CO6CTBEHHBIM 3Ha4YeHneM. MpoLEeHTHOE OTHOLLEHME CyMMbl BCEX COBCTBEHHBIX 3HAYEHWI, KOTOpOe
SIBNSIETCA BKIAAOM OTAENbHON BEIMUMHBI NOKa3biBaeT HaM MPOLEHTHOE OTHOLLEHWE Bapuaumu AaHHbIX,
KOTOPblE BbIYMCIIEHbI /151 COOTBETCTBYIOLLErO BEKTOPa. XOPOLUMI anropuTM UCMoNb30BaHUs MMaBHbIX
KOMIMOHEHT onucaH B kHure Numerical Recipes [77].

Morris [67] 06paTui BHUMaHWE Ha TO, YTO 3TOT METOA UMEET HEAOCTATOK, 0BYCNOBMEHHBIN TEM, YTO 3TO
NMHENHBIN MeToA. Tak YTO NpY MNOMbITKE UCMOSIb30BaTh €0 NPU aHaNIU3€e HENNHENHOWN CUCTEMbI MOXKHO
MoNy4YnTb HENpPaBubHbIE pe3yfbTaThl. ITa NPobremMa UMEET MECTO B TEX Cllydasix, Koraa UMEeM eno

C HENMMHENHOCTAMU BO BXOAHBIX AaHHbIX. B cnyyae, koraa BXoAHbIE AaHHbIE NIMHENHbI, HO UX CBSI3b C
BbIXOlaMM SABNSETCA HENTMHENHON, NPOB/IEMbI HE CYLLIECTBYET.

ABTO-accoumaTUBHbIE CETHU



ABTO-accoUMaTUBHas CETb SIBMSETCA pelleHneM npobnembl, NoaHaTon Morris [67], U NpeacTaBnsieT cobor NErkui
B MCMO/b30BaHUMN HENIMHENHbI METOA. TOT METOA BK/IIOYAET MOCTPOEHNE MHOMOC/IOMHOIO MEPLENTPOHA,

B KOTOPOM B KaueCTBe 3Ta/IOHHbIX BbIXOAO0B UCMOMb3YOTCS BXOAbl. Takas CETb C OAHUM CKPbITbIM C/IOEM,

YMCIO 3/1EMEHTOB B KOTOPOM MeHbLUE YeM KOMIMYECTBO BXOAOB, MOXKET 6biTb UCMO/b30BaHa Ans

BblAENEHUSI (IKCTPAKLMM) OCOBEHHOCTEN BO BXOAHBIX AaHHbIX. 3HAYEHMs1 BECOBbIX KO3MULMEHTOB CKPLITOro
CNosi MOXHO MCMOJIb30BaThb Kak BXOZAbl ANl OCHOBHOW CETU. ITa npoLueaypa OT/IMYAETCS OT NPOCTOro
A06aBNEeHNS ONONHUTENBHOO C/1051 B CETb, KOTOPbINM 6bl AEMCTBOBA KaK 3KCTPAKTOP 0COBEHHOCTEN, TeM,

YTO TPEHMPOBATH OTAESbHYIO AaBTO-acCOLMATMBHYIO CETb nerye. Mpu 3TOM KOIMYECTBO BECOB OCHOBHOM

CETU CHMXKAETCS 3 CYET YMEHbLUEHUS Pa3MEPHOCTM BXOAHbIX AAHHbIX.

HenocraTku npoeKTMpoBaHUS AaHHbIX

Ecnu BxoaHble AaHHble 6binn Npeobpa3oBaHbl K ApyroMy Habopy nepeMeHHbIX, TO BO3HUKAIOT TPyAHOCTH

B MHTEPMNPETALMMN BbIXOAHbIX aHHbIX CETU MO OTHOLIEHWUIO K UCXOAHBIM BXOAHBIM AaHHBIM. 9TO 0CO6EHHO BaXXHO
B TEX C/yyasix, Koraa BO3HMKAET HEO6X0AMMOCTb MCMOJb30BaTh BbIXOAHYH MHGOPMALUMIO ANst TOro, YTo6b
BHECTU U3MEHEHUS BO BXOAHbIE laHHbIE.

MHOrm1e TuMbl AaHHbIX HECYT YKa3aHWsl Ha CNocob YMEHbLIEHUS pa3MeEPHOCTW. HanpuMmep, 3ByK v apyrue
BOJIHOBbIE MPOLIECCHI MOTYT 6bITb MOABEPrHYTHI MPeobpa3zoBaHnto Dypbe, NOC/E YEro MOXHO MCMOMb30BaTb
TONbKO KOMMOHEHTbI U3 3aZlaHHOM NOMOCkI YacToT. M306paxeHnst MOXXHO CErMEHTUPOBATL U 3aTeM
KOAMPOBaTb. TEKCTOBbLIE AAHHbIE O OAAX MOTYT 6bITb NEPEKOAMPOBAHbI B MEHbLLEE KOIMYECTBO KaTErOpuii:

2.5. lllkannpoBaHue AaHHbIX

Mbl y>kKe OTMETU/IN TO 06CTOSTENBCTBO, YTO 3TASIOHHbIE 3HAYEHMS BLIXOLOB CETU C CUrMOMAANBHOM

(YHKUMEN AOMKHBI NEXaTb B AMANa3oHe OT HyNs A0 eAnHMUbL. [pUUMHOI 3TOro SBNISIETCS TO, YTO

BbIXOA CMrMOMAANbHOW (DYHKLMM NEXUT B YKa3aHHOM AManasoHe. Bbixoabl pasnuyHble GyHKUMIA akTUBaLmMm
nexat B pas/iMyHbIX AManasoHax. Hanpumep, BbIXoAHbIE 3HAYEHUSt DYHKLMM rMnepbonMyeckoro TaHreHca nexar
B AManasoHe oT -1 0 1. BbixoAHble 3HAYEeHUs IMHENHON (PYHKLUMM HE OrpaHUYEHBI.

B nepBbix ABYX Clyyasix HEOBX0AMMO, @ B MOCNEAHEM XeNaTebHO LKaMPoOBaTb AaHHbIE TakKMM 06pa3oM,
4TO6bl OHM HE BbIXOAMSIM 3a Npeaenbl COOTBETCTBYIOLWMX AMANa3oHoB. HECMOTPS Ha TO, UTO BXOAHbIE
3N1EMEHTbI 06bIYHO JSIMHENHDI, TEM HE MEHEE XKeNATeNbHO LWKaNMpoBaTh AaHHble nepes TpeHMpoBkon. OgHo
U3 NPeMMyLLECTB AaHHOW onepaLyum COCTOUT B TOM, YTO NPU €€ BbINOSHEHUN Mbl ByAeM BbIHY>XAEHbI
NPUMEHSTb HEKOTOPblE 6a30Bble CTaTUCTUYECKME NpoLeAypbl, KacatoWwmecst pacnpeaeneHus
TPEHWMPOBOYHbIX AAHHbIX U YCTPAHEHMS BNIUSIHUS BbIGPOCOB B TPEHMPOBOYHOM Habope AaHHbIX.

[pyras npuymHa Ans BbINONHEHUS LUKaNMPOBaHMs AaHHbIX, UK npuBeaeHns K GUKCMpoBaHHOMY

AvanasoHy, COCTOUT B TOM, YTO MOXET MMEeTb MecTa CMTyaumsl, KOraa, Harnpumep, ogHa nepeMeHHas U3MeHseTcs
B AnanasoHe oT 10000 go 100000, a gpyras B guanasoHe ot 0,3 o 0,6. OYeBMAHO, YTO OLLIMOKM,
00yCnoBfieHHble BIMSIHUEM NEPBOI NepeMEHHON ByayT CuibHeE BNMSITb HA TPEHMPOBKY, YeM

oLINBKM, 06YCNOB/IEHHBIE BTOPOW, U3MEHSIOLLENCS B Y3KMUX Npeaenax. Obecneums, YTobbl KaXkaas n3
NepeMeHHbIX M3MeHsINacb B Npeaenax 04HOro Avanas3oHa, Mbl 06ecneynM paBHOE BIMSIHUE KaXKaoM

N3 NepPeMeHHbIX Ha M3MEeHeHMe BECOB B MpoLecce TPEHUPOBKM.

B cnyyae BXoAHbIX 3/1EMEHTOB NpeAcTaBnseTcs uenecoobpasHbiM 06ecneunTb, YTobbl 3HaUYEHMs,
nepeaaBaeMble Ha BXOAbl MEPBOro CKPLITOrO C10s1 HAXOAMNWCH B Npeaenax AnanasoHa BXOAHbIX
3HaYeHUIN (PYHKLUMIN aKT1BaLMM COOTBETCTBYIOLLErO Cosi. NSt 3SNEMEHTOB C CUrMOMAANbHbIMMI
(PyHKUMSMM Anana3oH BXOAHbLIX 3HAYEHWUM 0T-5 A0 5. B AENCTBUMTENBHOCTU, HET OCTPON HEO6X0AMMOCTH
CTPOro BblAEPXXUBaTb yKa3aHHbIE AManasoHbl, Tak Kak BeCOBble KOIPHUUMNEHTbI U CMELLEHNS CABUIAlOT
BXOAHbIE 3HAYEHNS A0 KOPPEKTHbIX 3HAYEHWI, COOTBETCTBYIOLMX BXOAAM CUrMOMAANbHbIX (DYHKLMA
CKPbITOro €105, 3aiaya 3Ha4YMTENbHO YMPOLLAETCS, €CNIM BXOAHbIE 3HAUEHUSI HEBETUKU U
XapaKTepU3ytoTCs HyeBbIM CpeaHUM. 1o 3TOM NpUUYMHE, a TakXKe No NPUYMHaM, ONMCaHHbIM

Bbllle, NPeACTaBNSAETCS pa3yMHbIM HOPMMPOBATb KaXAYyl NEPEMEHHYIO K HYNIEBOMY CpeAHeEMY U
€AVHWYHOMY CTaHAAPTHOMY OTKJIOHEHMIO.

2.5.1. JInHelHOe WKaJIMpoBaHue

npOC'I'el\/IIUJVIl\;I METOA COXKaTuda AaHHbIX B 3aJaHHYIO 061acTb U3MEHEHUSI COCTOMUT B BblAENIEHUN
MaKCUManbHbIX 3HAYEHUIN U AeneHunn. Ecnn B KavecTse TpeGYEMOFO Anana3oHa Bbl6paH Anana3oH OT HyNA
00 edVHUUbI, TorAa KaXxayro BennuuHy V nogennm Ha auManasoH ee U3MeHeHus, 4TObbI nony4ynTb HOBYIO



BeNMUMHY S. ITa npoueaypa obnagaer TeM NpemMMyLLECTBOM, YTO COXPAHSIET COOTHOLLEHMSI MeXAY
BeNMUYMHaMW. JIMHeNHoe WKanMpoBaHue paboTaeT XOpOoLLO B TeX C/lyyasX, Koraa AaHHble
pacnpefeneHbl paBHOMEPHO MO Anana3oHy M3MeHeHus. MNpuMeHeHne NMHENHOO LWKaIMPOBaHNS K
AaHHbIM, KOTOpble pacnpeaesneHbl HepaBHOMEPHO, UM coaepXXaT BbIOpOCh!, MPUBOAUT K TOMY, YTO
AaHHbIe OKa3bIBAKOTCA pacnpeeneHHbIMU B O4EHb Y3KOM AnanasoHe.

Ecnn Habop AaHHbIX C MaKCMMarbHbIM 3HAYEHNEM tnas( vy, }, MUHUMA/bHBIM 3HAYeHUeM minf vy 7 ,
CPeAHUM 3HAYEHWEM ¥ W CTAaHAAPTHLIM OTK/IOHEHWEM ¢F, YAOBNIETBOPSIET CIEAYIOLMM YCIIOBUSIM:

max( vy )< (¥ +Ag,) v mn(v, )= (¥ -dg,),
TO MOXET 6biTb UCMONb30BaHO IMHENHOE LUKaNNPOBaHMe.

MapameTp A onpeaensieT KoNMYeCTBO CTaHAAPTHbLIX OTK/IOHEHUI OT CPEIHErO, NPU MNPEBbILLEHNN
KOTOPbIX BEMMYMHA CUATAETCSA BbIGPOCOM M UCK/IIOYAETCS U3 paccMoTpeHus. Ecnn BbI6POCOB HET, TO
NIMHENHOE LWKANMPOBAHNE MOXET BbIThb YCMELIHO NPUMEHEHO. JIMHENHOE LWKANMPOBAHUE BEMMYNHBI v

B MEPEMEHHYIO S, pacnpefeneHHyo B AnanasoHe oT 0 40 1 MOXHO OCYLLUECTBUTb C MOMOLLbIO (DOpMybi:

_ v~ vy )

max( vl...:u) - II]JI]( vl...:re)
ObpaTtHoe npeobpasoBaHne U3 s B ¥ MOXET ObITb BbIMMCIIEHO B COOTBETCTBUM C POPMYOMN:
v =rn +simazx(y, ) —mind v )

MepeMeHHasi MOXET 6biTb HOPMANM30BaHaA K HYNIEBOMY CPEAHEMY 3HAUEHMIO U €AUHUYHOMY
CTaHAAPTHOMY OTKJIOHEHMIO C MOMOLLbIO ceaytoLlelt hopMy/ibl:

vy
S=

&y

2.5.2. Markoe (Softmax) wKanupoBaHue

MonesHbIM METOAOM OKaTUS CllyYaliHO pacnpeaenieHHbIX AaHHbIX B NpeAenbl NOAXOASLEro AMana3oHa
SIBNSIETCS UCMONb30BaHMe YHKLMM, U3BECTHOM MOA Ha3BaHMEM "softmax”. 3Ta (yHKUMS NOXoxa Ha
CTaHAAPTHYIO CUrMoMAANbHYIO (DYHKLMIO, UCMOMNb3yeMyto B KayecTBe (DYHKLUMM aKTMBaLUMK. B HEMPOHHOM
CETU CMELLEHMS 06ecrneumBatoT, YTobbl AaHHbIE LWKANMPOBANNCh B HYXKHbIN AMANasoH COKMMaloLLei
YHKUMM akTMBaumMu. Mpy Mcnonb3oBaHuK yHKLMKM "softmax” cTeneHb CKaTUS KaXAon U3 BXOAHbIX
BEJIMYMH 3aBUCUT OT TOr0, HACKOJbKO 3TV BENMYMHbI Janekn OT CPeAHEro 3HaYeHus (CTeneHb okatus
BEJIMYMH, JaNeKnX OT CPeAHEro 3HayeHust 60sblue, YeM CTEMNEHb OKaTUSl BENMYMH, BNU3KMX K

CpeAHeMy 3HAYeHMWIO) U OT CTaHAAPTHOrO OTK/IOHEHMSI HAabopa AaHHbIX (YeM 6osblue CTaHAApPTHOe
OTKJIOHEHMe, TeM 60sblUe CTEMEHb OKaTUS).

Ecim ¥ - cpenHee 3HauYeHue BeNNYMHBI, MOANEXALLEN WKANNPOBAHMIO, F, - CTAHAAPTHOE OTK/IOHEHME, 1

- KOJIMYECTBO CTaHAAPTHbIX OTK/IOHEHMIA OT CPEAHEro, NPY KOTOPOM [AaHHbIE A0/MKHBI NMOMAaCTb Ha

NMHENHBIN YYaCTOK OKUMatoLLEN YHKUMK, @ v - BENIMYMHA, NOANEXaLlas WKaIMpoBaHUo, "softmax” dyHKkums
S MOXET 6bITb NpeACTaB/ieHa B CiefyloLEM BUAE:

p= V)
1%
25
1
g= —
1+2

Bbi6Op BENMMUMHBI A 33aBUCUT OT BaXXHOCTU [@HHbIX, pacnpeaeneHHbIX BAanu ot cpeaHero. [ns
HOPMasbHOro pacnpeaeneHns A =2, npu 3ToM 95% [AaHHbIX NOMNAAAT Ha JIMHENHBINA YUACTOK (DYHKLIMM.



Mpu A =3 99% AaHHbIX NOMAAAT HA JIMHEWHbIN Y4aCTOK (PYHKLMN.

O6paTHoe nNpeobpas3oBaHNE K UCXOAHOW BESIMYMHE:

A log —1+L
. 1-2
=t

T
Cnepyet cobntogatb OCTOPOXHOCTb MPU BbIYMCIIEHUM STOrO BbipaXKeHUs NPy 3HaYeHNsX s, 6IM3KNX K eanHuLe.

BennumHebl, KOTOpble Aanekun OT CpeaHero 3HaYeHUs, OKMMAOTCS CUIIbHEE B SKCMOHEHUMAIbHON 3aBUCMMOCTH
OT OTK/IOHEHUS OT cpeaHero. PyHKkumMa “"softmax” nepeBoanT BCE BENNYMHLI, KOTOPbIE BLIXOAAT 3a

npeaesnbl 3a4aHHON 06/1acTH, K 3HaUYeHMsIM, 6IN3KUM K HYO UK K eauHuue. Ecnmn ncxoaHble

JaHHble pacrnpegeneHbl paBHOMEPHO, TO BCE 3HaYeHusl ByayT HaxoaMTbCS B Npeaenax Tpex

CTaHAAPTHbLIX OTK/IOHEHWI OT cpeaHero. TakuM 06pa3oM yHKUMS "softmax” MOXeT CKaTb MOJHbIV

ANaNasoH M3MEHEHWUS AaHHbIX B ANANa30H JIMHEMHOrO U3MEHEHMSI IMHEMHOMN YacTn CKMMatoLLEen

yHKUMK. T03TOMY HET HEOHX0AMMOCTM BbIBMPaTbL MEXAY IMHEMHOMN U "softmax" dyHKUMAMK, TaK Kak
yHKUMS "softmax" U NMHENHAs SKBUBANEHTHbI B C/ly4ae MCMOIb30BaHMsl C paBHOMEPHO

pacnpeaeneHHbIMU AaHHbIMU.

Cne,u.yeT cobntoaatb OCTOPO>XHOCTb NMpU UCMOJIb30BaHNA CO3aHHOMN CETU Ha HOBbIX AaHHbIX, TakK Kak
BEMMYUHBI, KOTOPbIE 6y,EI,YT BbIXOAUTb 3a Kpad AMana3oHa TPEHNPOBOYHbLIX AaHHbIX 6y4EI,YT CXaTbl B
Anana3oH Mexay Hy}'IéM n eﬂMHMLleﬁ, 4YTO NPUBEAET K HEMPABUIbHOMY PE3Y/IbTaTy UHTEPNONALNN.

Tak Kak cpeaHee 3Ha4vyeHne U ancnepcna MMEKOT CMbICT TO/IbKO AJid HOPMaJibHOro Uin
paBHOMEPHOIo pacnpeaeneHna AaHHbIX, 3TOT METOA HE obecneunt NpaBWJibHbIX PE3YNbTATOB AJ1A
AaHHbIX, pacnpegeneHne KOTopbiX Aa/1EKO OT HOPMaJlibHOrO.

CneumanbHble METOAbI LWKAJIMPOBaHUSA.

Ecnun nsBecTHa nonHas MHdopMaumsi 0 pacnpeaeneHnn AaHHbIX, TO Mbl MOXEM CAENaTh CO3HATENbHbIN BbIGOP
TUNa Wkanupyowen GyHKuMKn. Ins TakKux MCTOYHUKOB AaHHbIX, KaK SHEPreTUUYECKME CrEKTPbI,

XapaKTepHO fiorapudMmyeckoe pacnpeaenenve. bonbluas YacTb 3HAYeHUI cocpefoToUeHa B6M3N CpeaHero,
HO MMeeTCst HE6O/bLIOE KOMMYECTBO SKCMOHEHLMANbHO BO/bLUMX 3HAUYEHMI. B Takux cnyvasx
norapudMuyeckas hyHKUMS LWKAIMPOBaHUS MO3BOSIUT M36eXaTh NOTEPU 6OMbLUMX 3HAYEHWI. TaKUM
CnocoboM MoryT 6biTb LKaNMPOBaHbl AaHHbIE, MAaKCMMasIbHOE 3HAYEHWE KOTOPbIX MPEBLILAET SKCMOHEHTY

OT cpeaHero (mazx( x) = e ). JlorapudMmuyeckas hyHKUMA LWKAIMPOBAHNA MOXET BbITb NPeACTaBeHa B BUAE:

_ loglv) —logly_,)
logimaz( v, , 1) ~loglmmni v, )]

[ns norapudMmUYecKn LWKaIMPOBaHHOW BENMYMHBI 06paTHOe Npeobpa3oBaHNE MOXET ObITb
BbIMOSIHEHO CneayowmM 06pas3om:

x = logimin( vy, J) — a(legimin v, 20 + sllog{maz( v, ,)1)

V=a

OyeBMAHO, YTO TaKOe LUKAIMPOBaHWE NMPUMEHMMO SINLLb B TOM Ciyyae, ecnv 60sblume 3HaYeHust (KoTopble
6yayT OKaTbl B AManasoH, KOTOPbIA 3HAYUTENbHO MEHbLUE UX HauasbHbIX 3HAYEHMWIN) HE HECYT

OCHOBHOW MHopMaLUmmn 06 nccneayemom npouecce. Ecnim xe 6onblune 3Ha4YeHNS ABASIOTCS BaXKHbIMU, TO
nyyiiein Moaenbto 6yaeT NMMHENHOE LWKaNMpOBaHUE.

BaMsiHMe HeNIMHEMHOro LWKAaJIMPOBaHUA HAa TOYHOCTb MoAeNun

HenoctaTkoM UCNONb30BaHUA HENMHENHbIX LKANUpPYoLWmMX MYHKLUUIA SBASETCS TO, YTO OHW BHOCST B

[aHHble HOBblE CBOWCTBA, KOTOPbIX HE 6b1N10 B UCXOAHBIX AAHHbIX. Mbl OﬁCY)K,ClaJ'IM BaXXHOCTb
paBHOMEPHO pacnpeaeneHHoro TpeEHMPOBOYHOIO Ha60pa Ans co3faHuns KOppeKTHOI)'I, CnocobHol K



0606LeHn0 Mogenn. s Takux Cly4YaeB IMHENHOE LWKANMPOBAHUE SBMSIETCS OYEBUAHBIM BbIOOPOM, Tak
KaK pacrnpeaeneHne TPeEHMPOBOYHOIro Habopa AaHHbIX SBNSIETCS paBHOMEPHbIM. BTopas

0CO6EHHOCTb MUCMOMb30BaHUSI HETMHENHONO LUKAIMPOBaHWsi COCTOMT B TOM, YTO OHO YBE/IMYMBAET
acdekT ancbanaHca B TPEHMPOBOYHBIX AaHHbIX MOCPEACTBOM IPyNNMPOBKN PEAKO PACroNIOXKEHHbIX TOYeK
AaHHbIX B PaBHOMEpHble, MeHee BbipaXKeHHble rpynmbl. C Apyro CTOPOHbI, MPY 3TOM MOXET 6bITb
nocTpoeHa 6osiee ToYHasi MoZenb 061acT, B KOTOPOW AaHHbIE Pa3peXeHb!.

LLikanupoBaHue k 60see y3KkOMy AUana3oHy

Kak Mbl BUAENM paHee, 3HaUYEHNUS BbIXOOB CETU C CUrMOMAANbHbIMU YHKUMAMK MonagatoT B AvManasoH
3HQUYEHUI OT HyNA [0 eAMHMULbI. TakK YTo Aaxxe ecny 60sblune BENMYMHBI BXOAHBIX 3HAYEHMI NonagatoT B
paboumnit AnanasoH, NPOU3BOAHAS CUrMoMAANIbHON YHKLMM CTPEMUTCA K HY/O. 3TO NPUBOAUT K
cneaytowen npobneme. ECnm 3TaNoHHbIE 3HAYEHNS BbIXOAOB CETU PaBHbI HYJIHO UIN eAMHULE, TO 3TU
3HAYeHUs1 MOTyT 6bITb AOCTUIHYTHI MPU OYEHb 6OMBLIMX 3HAYEHUAX BXOAOB. BO3MOXHbIA METO/ YCTPAHEHNS
3TOW NPO6/1EMbI COCTOUT B TOM, YTO6bl YCTaHAB/MBATL AMANasoH 3TaNIOHHbIX 3HayeHuii ot 0.1 Ao 0.9.
OpaHako Takoe NpUBNVXKEHME HENb3S UCMOJb30BaTh NpY peLleHnn 3ada4 KaTeropmsaumn. Kpome Toro,
BO3HMKaET NpobieMa, CBsi3aHHasi C TEM, YTO Y CETU MOSIBISAETCS BO3MOXHOCTb BblaBaTb 3HAUYEHWS,
KOTOpblE BbIXOAST 3@ Npeaesbl Anana3oHa 3TaNoHHbIX 3HauyeHul, (Hanpumep 0.95).

2.5.3. O6paTHoOe LIKanupoBaHue

OueBWHO, YTO ANS NPaBUIbHOW MHTEPMPETALIMM 3HAaYEHUI, MOSTYYEHHBIX Ha BbIXOAE CETU, UX
HeobX0IMMO NPUBECTU K HauasIbHOMY IMana3oHy 3HaYeHUN, T.€. NPOM3BECTU 06paTHOE LLIKAIMPOBaHWE.
Jliobas wkanupyowas GyHKUMS A0MKHA UMETb 06paTHYIO C TEM, YTOObI MOXHO ObINIO BbIYMCIIUTD
NcxoaHble 3Ha4YeHusl. Hanpumep, akcnoHeHUManbHas MyHKUMS SBASIETCS 06paTHON MO OTHOLLEHWIO

K norapudgmmyeckon dyHkUnn. O6paTHOE LLKATMPOBAHMUE HET HEOOXOAMMOCTU MPUMEHSTb K BXOAHBIM
3HAYEHNAM, €C/IN OHM UCMOSb3YIOTCA TOSILKO ANS NOSyYEHUs pe3ynbTaTtoB. OgHaKo, ecnm HEOXOAMMO
MPOBECTW aHanM3 NOIYYEHHbIX Pe3yNbTaTOB Ha OCHOBE BXOAHbIX AaHHbIX, TO 06paTHOE LKaNMpoBaHue
BXOAHbIX AaHHbIX HEO6X0AUMO.




CeMuHapbl O6y4yeHne JnyeHs BaHue MaTtepwuanbl a pym erncrTpay Matlab
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3. MocTpoeHue cetn

3.1. BBepeHue

MocTpoeHne HeMPOHHOW CEeTU — dKCMEepPUMEHTANIbHbIN MPOLIECC U AaXKe B KaKOM-TO CTEMEHMN NMOXO0X Ha anxuMmuio. HecmoTps Ha
Heo6X0AUMOCTb 3KCNEPUMEHTUPOBAHUS, NP pa3paboTke CETU MOXHO cAenaTh HEKOTOPble AOCTAaTOYHO HaAeXHble NpeAcKa3aHus
noBeAeHUs CeTU C TEMU UM MHbIMU NapaMeTpamu. OCcHoBHasi NpobaemMa Npu KOHCTPYMPOBaHUWN CETU COCTOUT B BbiBOpe ONTUMasnibHOro
YPOBHS CNOXHOCTU. CNIOXHOCTb CeTU, Kak Mbl YBUAWUM Aarnee, MOXET 6blTb ONTMMU3NPOBaHa pasinyHbIMK criocobamm.



3. MocTpoeHue cetn

3.2. NpoekTUpoBaHMe MHOroc/IOMHOro nepuenTtpoHa (MM)
3.2.1. PasMep cetn

MpY NPOEKTUPOBaHUN HEMPOHHOM CeTU HEeO6X0AMMO B MEPBYIO OYEpEeab PEWNTL BOMPOC O KOJIMYECTBE CI0EB M KONMYECTBE
3/1eMeHTOB (HEMPOHOB) B KaxAoM cnoe. MocKobKy KOIMYECTBO BXOAHbLIX U BbIXOAHbLIX 3/IEMEHTOB OMNPEAEnsoTCs CBOMCTBAMU BXOAHbIX
1 BbIXOAHbIX AAHHbIX, Mbl HAYHEM UCCNEfOBaHUE apXUTeKTypbl MM c onpesaeneHus pasMepa CKpbITOro Cros.

3.2.2. PasaMep CKpbITOro ciosi

MMeeT MeCTO KOMNPOMMUCC MEXAY TOYHOCTbIO M 0606LatoLen CNOCOBHOCTLIO CETU, KOTOPbIN MOXHO ONTUMU3NPOBaTb NOCPEACTBOM

Bbl6Opa KONMYECTBa CKPbITbIX 3/1EMEHTOB ANSl IaHHON ceTU. KOMUYeCcTBO CKPbITbIX 3/1EMEHTOB C OAHOW CTOPOHbI AO/KHO 6bITh

[O0CTaTOYHbIM AS11 TOro, YTo6bl pelmnTb NOCTaBAEHHYO 3aZady, a C APYron He AO/MKHO 6biTb CAUWKOM 60bLINM, YTOObI

obecneynTb Heo6xoANMYH0 0606LLaloLLYI0 CMOCOBHOCTL. MOXHO paccMaTpMBaTh BeECOBble KO3 dULUMEHTbI KaK AOMOSHUTESbHbIE YNeHbl

Wnu napameTpbl GyHKUMK. Tak, eciv HeobxoaMMo f06aBUTb YsieH 6oee BbICOKOrO NMopsiika B KBaapaTUYHYH MOAesb Af1sl CII0XHOro
BXOAHOI0 CUrHana, To Mbl AO/KHbI YBEMUNTL KOJIMYECTBO BECOBbIX KO3 dULMEHTOB B CETU. TaK Xe, Kak Mbl MOXEM MOAENMPOBATbL KPUBYIO
C OAHOW TOYKOI NOBOPOTa BKJIOUYEHMEM B MOAESb UfieHa X2 , (415 ABYX TOUYEK NoBOpOTa HEO6XOAMMO BKJIOUYEHME UieHa x3)

€AMHCTBEHHbI CKPbITbIA C/OM cnoco6eH MoAenMpoBaTbh OAHY TOUYKY MOBOPOTa B AaHHbIX. TO e CrnpaBeasiMBo U 4N rpaHuL B

3afavax knaccudukaumm. Yem 6onblue KpMBbIX M TOYEK MOBOPOTa BO BXOAHbLIX AAHHbIX, TeEM 60JiblUee KOJIMYECTBO CKPbITbIX

3/1eMeHTOB TpebyeTca ANns NOCTPOEHUS MOAENN.

He cywecTtByeT npocToro crnocoba ans onpeaeneHuna HeobxoANMOro yncna CKPbITbIX 3/1eMEHTOB ceTu. Kak Mbl BUAenu Bbllle, Bbl60p
3aBUCUT OT MHOIUX CbaKTOpOB. Ha HEKOTOPbLIX U3 HUX OCTAHOBUMCA HUXKE.

Psia npoTuBopeuunBbix TpebOBaHUI HakNaAblBAETCsl HAa KOIMYECTBO BECOBbIX KO3 dUUNEHTOB ceTn. Bo-nepBbix, He06X0aMMO

MMeTb AOCTaTOYHOE KOSIMYECTBO AaHHbIX AN TPEHUPOBKMN CETU C BbIBpaHHbIM KO/IMYECTBOM BECOBbIX KO3 dULMEHTOB. Konmuectso
BECOB YaCTUYHO 06YCNOBIEHO KOIMYECTBOM BXOAHbIX U BbIXOAHbIX 3/1IEMEHTOB U, CleA0BaTe/IbHO, METOAO0M KOAMPOBKM BXOAHbLIX U
BbIXOAHbIX AaHHbIX. Bo- BTOpbIX, HEO6XOAMMO UMETb AOCTAaTOYHOE KOJIMYECTBO BECOB, YTOOblI COXPaHWUTbL MHPOPMaLMIO, 3aK/TIOHEHHYIO
B obyyvatoweM Habope faHHbIX. BepxHuii npegen HeobxoaMMoro KonnyecTsa BeCcoBbiX KO3MDdULNEHTOB 3aBUCUT OT TOr0, HAaCKOJIbKO
MosHbIM sIBNSieTCa MHOopMauMoHHOe HamnosHeHne obyyatowero Habopa AaHHbIX. Bonee paspexeHHoe npeacTasneHne byaer
TpeboBaTb MeHbLUEro KOMYecTBa BECOB. DTOT aKT NexXUT B OCHOBe npobnembl nepeobyyeHus (overfitting). Mbl He MOXeM NpocTo
Bbl6paTh TEOPETUYECKUIA MaKCUMYM YMCa BECOBbIX KO3 @PULMEHTOB, TaK Kak B 3TOM C/lyyae CeTb Hay4uTCs UMeTb AEeN0 TOSIbKO C
TEMMW [aHHbIMW, KOTOpble MPeAbABASANNCD B NPOLecce TPEHUPOBKHK, U, NO3TOMy obobliatolias cnocobHocTb ceTn 6yaeT cnaboit. B aTom
CcMbicnie BbIGOp pasmepa CKpbITOro CNOs 3aBUCUT OT peLlaemMon 3ajayun. HekoTopble ceTu, HanpuMmep ceTb A0S pelleHns 3ajayun
OKaTUS AaHHbIX AO/HKHA UMETb CKPbITbIN C/I0M, MEHbLUWI NO pa3Mepy, YeM BXOAHOW CNOWN.

Ecnu ansa cornacoBaHusi CIOXHOCTU CETU C KOJTMYECTBOM BXOAHbIX NapaMeTpoB HEO6X0AMMO YBENMNUYUTb KONIMYECTBO 06yYaloLwWwmnX AaHHbIX,
TO HeobxoauMo nmbo cobpaTb 6onblie faHHbIX, MO0 NPUMEHUTbL OAMH U3 METOAOB paclunpeHuns Habopa AaHHbIX.

Kak Mbl YBUAMM HUXeE, PSAOM UccneaoBaTesiell npeanoxeHsl GopMysibl AN1S1 BbIYUCIEHUS OFpaHUYEHNIn Ha pa3Mepbl CKPbITbIX CrloeB. Mbl
TakXe yBUAMM, HaCKOJIbKO CU/TbHO pasfiMyaloTCsl 3TU FpaHuLbl NPy NCMOMb30BaHUN pa3HbiXx MeTofoB. Kaxaas dopMyna siBnseTcs He
6onee, 4eM OPMEHTMPOM N HE UCK/IOYAET UCMONb30BaHUA MeToAa Npob u owmnbok.

Cy>KalowWascsa Wan paclunpsAIoOWasca CeTb?

MepBoe pelleHne, KOTOpoe HeO6X0AMMO NMPUHSATL NPU BbIGOPE YMCNa CKPbITbIX 31IEMEHTOB, COCTOUT B TOM, 4TO6bl BbIOGpaTh, 6yaeTt nun
CeTb Cyxatolencs (KoSIM4YecTBO 3/1EMEHTOB B CKPbITOM C/I0€ MeHbLUE, YEM KOJIMYECTBO BXOAHbIX 3/IEMEHTOB) UIU

pacwupsioulerica (HaobopoT). Ans 3agaun M3BneYeHUs MHPOPMaUMM U3 BXOAOB C Liesibio 0606LWEHNST NN CHUXEHUS Pa3MEPHOCTH
MaccuBa AaHHbIX, HE0H6X0AMMO UCMONb30BaTb CYXAMLLYHCA CETb.

Xopowuit npyMep MCMoNb30BaHWUs CyXaloLlencs ceTn npueeaeH B paboTte Cotrell et. al. [26] no cxaTuto nsobpaxeHuit. OHKU B3sU
Habop n3o6paxeHuii u noganu nux Ha Bxos MM c eANHCTBEHHbBIM CKPbITbIM C/TI0OEM U BbIXOAHbBIM CI0EM, KOTOPbIV CoAepKan CTO/IbKO

)K€ 2/1EMEHTOB, YTO M BXOAHOWM cnoi. CKpbITbI CNOM coAepxan MeHbllee KOJIMYeCTBO 3/IEMEHTOB, YeM BXOAHOW cnon. KoagnpoBaHHas
BEpCUS Kaxxaoro usobpaxeHus nojaBanacb Ha BXOZ CETWU, U TOYHO TaKoe Xe KOAMPOBaHHOE M306paxKeHne UCNosib30Banoch B

KayecTBe 3TasioHa. TakuM 06pa3oM, CETb MCMOMb30BaNa MeHbLUEE KO/IMYECTBO CKPbITbIX 3/IEMEHTOB AJA NMpeAcTaBleHus usobpaxeHus B
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6onee ©xaToM BuAe. 3HAYEHUS BbIXOAOB CKPbITOrO C/I0Si MOXHO U3BJIE€Yb U UCMOMb30BaTb KaK CKaTyl BEPCUIO U306paxkeHus, ns
KOTOPOW MO3)Xe MOXHO BOCCTAHOBUTb UCXOAHYIO BEPCUIO, BOCMONb30BaBLUMCL HABOPOM COXPAHEHHbIX BbIXOAHbLIX BECOB CETU.
AHaNOMMYHbIN NOAX0L MOXHO WUCMNOMb30BaTh A BbIUMCNEHUS MaBHbLIX KOMAOHEHT U3 Habopa AaHHbIX, @ TakXXe 3TO XOPOoLUNi

crnocob yMeHbLUeHUst pa3MepPHOCTU AaHHbIX nepes TpeHnpoBkoi MI. Hanpumep, B BbilleNpUBEAEHHOM MpUMepe CxaTble Bepcum
M306paXKeHMn MOXHO MCNOMb30BaTh A/11 TPEHMPOBKN HOBOW CETU, KOTOPas AOJIKHA OCYLLECTBUTb Knaccudukaumio nsobpaxeHnii. 3Ta
HoBasi ceTb 6yZleT coaepXaTb MeHbLUEE KOJTMYECTBO BXOAOB, U, COOTBETCTBEHHO, MEHbLUEE KO/IMYECTBO BECOB, YEM CETb As
06paboTkM HecxKaTbIX N306paxKeHN.

KonnyecTBO CKpbIThbIX 3/1EMEHTOB 3aBUCUT OT KOJIMYECTBA BXOAHbIX 31eMeHTOB. CyLllecTBYeT BEPXHSIS rpaHuLa, KoTopasi 6onblue,

YeM KONMYECTBO BXOAHbIX 3/IEMEHTOB. DTa BEPXHAS rpaHuLa MOXET 6biTb BblYMC/IEHA B NMPEAMNOSIOKEHUN, YTO KaXKAbI BXOAHOM

BEKTOp A0NXeH 6biTb 0TO6paXxkeH CKpbITbiIM cnoeM 6e3 notepu nHdopmaumn. Ecnm xe Heob6xoaMMO BblaeneHne Kakmx-nnb6o ocobeHHocTen,
Kak 3To 06Cy»XAanochb Bblle, TO KOIMYECTBO CKPbITbIX 3/1eMEHTOB AO/MKHO 6bITb MeHbLUe. YeM Bbiwe TpeboBaHMS K pa3fiMvyeHunio

6113KNX BXOAHbIX BEKTOPOB, TeM H6onee pacxoasawencs fosmkHa 6bITb CeTb M TeM HUXe ee 0boblarlas cnocobHOCTb.

3.2.3. AHanUTU4YecCKoe BblYUC/IEHue pa3Mepa ceTn

B cneaytownx pasgenax 6yayT npeactaBfieHbl cOO6paXeHUs, KOTopble NoMoryT B Bbibope pasmepa ceTu. He cyliecTByeT npocToi ¢popMynbl,
1 He BCeraa CyLlwecTByeT eAMHCTBEHHO NMpaBWibHbIA OTBET. PasMep ceTn onpeaensietTcss psaaoM GakTopos, HEKOTOPbIE U3 KOTOPbIX

MOXHO JIErKO YYecTb, @ HEKOTOpble HET. B crnefytolem pasgene o6cyxaaloTcst pakTopbl NepBOro TMNa, YTO Xe KAacaeTcsi BTOPbIX, TO MoKa
Mbl He 6yAeM MpUHMMaTb UX BO BHUMaHWMe.

B3anMOCBA3b CKPbITbIX 2JIEMEHTOB C BXOAHbIMU 3JIEMEHTaMM

Hecht-Neilson [45] ans BblUNCNEHUS BEPXHEW IPaHULbl YNCNa CKPbITbIX 3/IEMEHTOB MCMNONb30Bas Teopemy Konmoroposa,

KOTOpas yTBEPXKAAET, UTO tobas hyHKUMS N NEPEMEHHbIX MOXET 6biTb NpeAcTaBfieHa Kak Cyneprnosvumns 2n+1 oAHOMEPHbIX hYHKUMIA.
DTa rpaHuua h paBHa yABOEHHOMY UMCNY BXOAHbIX 3/IEMEHTOB i MOC eAnHULA. ApyrMMu cnoBaMm, HET HUKAKOro CMbicna
Bbl6MpPaTh KOJIMYECTBO CKPbITbIX 3/IEMEHTOB 60/bLIMM, YEM YABOEHHOE YMCI0 BXOAHbIX 3/IEMEHTOB.

h3itl (3.1)

Girossi and Poggio [39] o6paTtnan BHMMaHWe Ha To, 4YTo TeopeMa KonMoropoBa TpebyeT, 4Tobbl hyHKUUM BbIGMpannch Ans
Ka»[0ro KOHKpPETHOro ciy4yas, B TO BpeMs, Kak B HEMPOHHOW ceTu DYHKUMU (PUKCUMPOBaHbI U NapaMeTpu3oBaHbl. OHU Takxe
obpatunn BHMMaHMe Ha TO, YTO HENPOHHAsA CeTb TpebyeT NCNOoNb30BaHUSA rnagkmux dyHKUWI Ansa Toro, 4tobbl obecneunTb
Heobxoaunmyo obobaroLlyto cnocobHocTb. Teopema Konmoroposa 3Toro He rapaHTupyet. OgHako Kurkova [56] cuuTtaert, yTo,

NMOCKO/IbKY HEMPOHHAs CEeTb SIBNSIETCA TOMbKO anmnpoKCcMMaumeit, ykasaHHble npobieMbl He ABASIOTCS CYLECTBEHHbIMM.
Kurkova nepedopmynmpoBan TeopeMy KosiMoOroposa B TepMUHAX NOCAEA0BATENbHOCTM CUIMOUAHBIX DYHKLMWIA.

CyLecTBYIOT MeTOAbl YMEHbLUEHNS Ppa3MepHOCTU BXOAHbIX A@HHbIX, €CNn 3TO Heobxoaumo. Caenas 3TO, Mbl MOXEM YMEHbLLWUTb
CNOXXHOCTb CETU.

Yuer KonuuecTtsa o6yyarowmx gaHHbIX

Kak Mbl y)xe 3HaeM, HEMPOHHbIE CETM 3TO MOAENN, OMUCbIBAaEMble C MOMOLLbI0 Habopa NapaMeTpoB, Ha3blBAEMbIX BECaMu, Un
BecoBbIMK KoathduumneHTamun. Upadhyaya and Eryurek [110] Ans BblUMCAEHUS BEPXHEN rpaHuLbl TpebyeMoro KoiMyecTsa

BECOBbIX KO3(PDULMEHTOB 0 UCMOJb30BaNM TOT (HAKT, YTO KOJIMYECTBO NapaMeTpoB, HEO6XOANMbIX ANsi KOAUPOBaHUS P
61HapHbIX NocneaoBaTenbHOCTEN PaBHO logg F . B cootBeTcTBMU C [110]

w=ilog, p (3.2)

HelipoHHas ceTb Takoro pasmepa byaer koampoBaTb Nt060N BekTOp obyvatowein nocnenoBaTesibHOCTM, Tak YTO w - abCONOTHbIN
MaKCUMYM A9 Yymcna BecoBblX KoadduumneHTos. Ona npobnem, Tpebyowmnx 0606LeHNs, paBEHCTBO crieayeT 3aMeHUTb HEPaBEHCTBOM
Nnpu onNMcaHUW BEpPXHEN rpaHunubl. JTa Teopus NpUMeHNMa Aaneko He Bceraa, Tak kak 6MHapHoe npeacTaBfieHue UCnosb3yeTcst
[0CTaTOYHO peako. Konnyectso BEKTOPOB, KOTOPblE NMoAsiexaT KOAMPOBaHUIO C MOMOLLbIO HEMPOHHOM CeTU, He Bceraa paBHO
KOJIMYECTBY TPEHMPOBOYHbIX TOYEK UM KONMYECTBY KaTeropuit. bonee npaBuibHbIM 6yAeT cuMTaTh B TEPMUMHaxX Konnvectsa obnacren,
Ha KOTOpble AO/HKHO 6bITb pa3buTo MPOCTPAHCTBO BXOAOB A5 khaccudukaumm Kaxzaon U3 TpeHMPOBOYHbIX ToUek. YeM 6onblue
CKPbITbIX €4MHUL, COAEPXUT CETb, TEM Bnnxe Mbl NOAOKMAEM K NOCTPOEHMUIO CpaBoYHOM Tabnnubl Nnap oby4yatowmx AaHHbIX.

Widrow and Lehr [118] paccmoTpenu ToT akT, 4To ANa ceTu knaccmbukaumm Koanmy4ecTBo TPEHMPOBOYHbIX BEKTOPOB, Ha
KOTOPbIX MPOM3BOANTCS 0byuyeHne, oTobpaxxaeTcsl B YMC/IEe BbIXOAHbIX €4MHUL, ceTU. YpaBHeHue

gip = gloggg (3.3)

ONMUCbIBAET pe3ynbTUpytowmne rpaHnLbl YNcna BeCoB B CETU.

Mo oTHOWEHMIO K pa3Mepy o6yualolleil NnocsefoBaTeNIbHOCTU U ownbke

Baum and Haussler [13] nokasanu, BeposTHO, MNPOCTENLLYIO OLEHKY AN UCMOMb30BaHNs Ha NpakTuke. Monaras rpaHuLb

ownbok [] = £ = = , KONNYECTBO TPEHNPOBOUHBIX NPUMEPOB AO/KHO BbITb NPUBIUZNTENBHO PaBHLIM KOMMUYECTBY BECOB

CeTW, YMHOXEHHOMY Ha 06paTHy BeNNYMHY ownbkn. Hanpumep, Ans npeaenbHoi ownbky € =0.1 HEO6X0AMMO UCMOJIb30BaTh
ob6yyatoLLlyto nocseaoBaTe/ibHOCTL B 10 pa3 60sbluyto KONMYeCcTBa BECOB. DTa 3aBMCMMOCTb OMUCLIBAETCS GOpMYSIoN:
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B> (3.4)

| &

MpUYNHON TOro, YTO BEINMYMHA OLUIMOKM UrpaeT 3HAUYUTENbHYIO PO/b, CBSI3aHa C COOTHOLWIEHMEM Mexay obobuiatolert cnocobHOCTbIO

M TOYHOCTbIO. Manas owmnbka nepeobyyeHHON CETU HE MOXET CYMTATbCS YCNEXOM TPEHUPOBKU. YpaBHeHME 3 MOKa3biBAET HaM, YTO ecnu
Mbl XX€MaeM UCMOob30BaTh 60Mbllee KOIMYECTBO BECOB YEM TO, KOTOPOE MOXET 3amnofIHUTb Habop AaHHbIX, Mbl AOSXHbI OCTAHOBUTLCS
npu 6onbluel owmnbke obyyeHmns ansa Toro, 4Tobbl coxpaHuTb o6o6LLatoLy0 CNOCO6HOCTb. DTO BbIHYXAAET HAC XepTBOBaTb TOYHOCTbIO
B Nonb3y obobuatouien cnocobHOCTU ceTu.

Tak Kak KOIMYeCTBO BXOAHbIX N BbIXOAHbIX 3/IEMEHTOB B 60/bLUNHCTBE CcnydaeB onpeaenseTcs 3apadven, nerko onpeaennTb
BblpaXxeHune, onuncblBatoLllee KOJIMYECTBO BECOB B TEPMUHAX KOIMYECTBA CKPbITbIX €ANHUL B MOJTHOCBSI3HOW O,D,HOHaﬂpaBJ'IeHHOVI cetn c
OAHWUM CKPbITbIM C/TOEM:

h=—1 (3.5)

BnusHue ypoBHSA WyMa B obyuyaroueM Habope gaHHbIX

Weigend [116] obpaTun BHMMaHue Ha TO, 4TO 4YeM 6osblue YpOBEHb LyMa B AaHHbIX, TeM 60/blUe PUCK TOro, YTO CeTb CMOAENMpYeT
MMeHHO wWwyM. Ecnun paHHble He coaepxaT LWyMa, TO HET HUKaKoro pucka nepeobyyeHus, Tak Kak HeT obbekTa Ans nepeobyyeHus
(overfitting). MNMpu noBbIWEHNN YPOBHSA WyMa B AaHHbIX 3 dEKTUBHBIN pa3Mep Habopa AaHHbIX YMEHbLUAETCS U LAHChI

nepeoby4yeHns yBenmMuMBaloTCA. YKasaHHble 3aKOHOMEPHOCTW NPUBOAAT K 3aK/IIOHEHUIO, YTO HEO6X0AMMO MCMONb30BaTb TEM

MeHbLUee KOSIMYECTBO CKPbITbIX eAnHuL, YeM 6onblue WyMa B AaHHbIX. Kak Mbl yBUAMM HWXe, AobaBneHune WwyMa K AaHHbIM ABASETCS
OAHWM M3 METOA0B YMEHbLUEHNS PUCKAa BblyYMBaHUs N060ro wyma, NpucyTCTeytoLlero B obyyatolemM MaccMBe 1 Mbl TaKkxXe YBUAWUM, YTO
Mo OTHOLIEHMIO K COOPY AaHHbIX, €CAIN YBEMUYMBAETCSH YPOBEHD LyMa B AaHHbIX, HE06X0AMMO yBENnMUnBaTb U pasMep MaccvBa AaHHbIX.

3ak/loueHMe No KOJIMYECTBY CKPbITbIX 3JIEMEHTOB
Mpu BbIGOPE KOMMYECTBA CKPbITbIX 3/1EMEHTOB:

. Hukoraa He BbibupaiiTe h 6onblue, YEM YABOEHHOE KOJIMYECTBO BXOAHbIX 3/1IEMEHTOB.
. Bbl MoXxeTe 3arpy3uTb p 06pa3oB no | 31eMeHTOB B KaXA0M B jlogj 7# CKPbITbIX 3/IEMEHTOB. Tak 4TO HUKOrAA HE UCMONb3YiiTe Bosblue.
Ecnn HeobxoamnMo o6ecrneunTb BbICOKYO 0606LatoLLyo cCnocobHOCTb, BbIGUpanTe 3HAUMTENIbHO MEHbLLEE KOJIMYECTBO CKPbITbIX 3/IEMEHTOB.

. Y6eauTecb, UTO KONMYECTBO 06yyvatoLMxX AaHHbIX MO KpaliHel Mepe B % pa3 6osblue KONMYecTsa BecoB B Balueit cetu.

. BbisiBneHue ocobeHHOCTeN TpebyeT MeHbLUEro KOMYecTBa CKPbITbIX eANHNUL, YeM BXoaoB. Ecnu Bbl 3HaeTe, UTO pa3aMepHOCTb AaHHbIX
MOXeT 6bITb YMeHbLUEeHa, UCNOMb3YyNTe MEeHbLIee KOSIMYECTBO CKPbITbIX eAMHULL.

. Mpun 06yyeHnn Ha 6ecCcTpyKTYPHbIX BXOAax HEO6X0AMMO, YTO6bl KOIMYECTBO CKPbIThIX eANHUL, Bbl110 6osblue, YeM KOIMYECTBO BXOAOB. Ecnmn
Habop AaHHbIX He nMeeT obLwMX CBONCTB, HEOH6XOANMMO MCMOb30BaTb 60MbLUE CKPbITbIX €4MHUL,.

. KonnuectBo CKpbITbIX €4NMHUL, HEO6XOAMMBIX ANS peLleHus 3aaay knaccudukauum, yBennymBaeTcs C yBesiMyeHneM yncna knaccos. bonee
TOYHO, KOonM4yecTBa obnacrein, Ha KOTopble AO/IKHO 6biTb pa3aeneHo NPOCTPaHCTBO BXOAOB sBNsieTcst 6onee BaxHbIM hakTOpOM, Yem
KOJIMYECTBO KJ1TaccoB caMo no cebe.

. WmeeT MecTo B3anMouckaoyatoLwas cea3b Mexay 0606LwatolmmMm cBOMCTBaMuM (MeHbLUE eANHNL) U TOYHOCTbIO (6oblue eanHuL), KoTopas
cneumduyHa Ana KaXXaoro NpuioXeHus.

. Bonbwas cetb TpebyeT 60nbLUEr0 BPEMEHN AN TPEHUPOBKMU.

Kak Mbl YBUAUM, NPUYMHOM OFpaHUYEHUSI KONIMYECTBA CKPbITbIX C/I0EB B CETU SIBNAETCS TO, YTO HEOH6XOAMMO COXPaHUTb

obobwaroLlyto cnocobHocTb ceTn. CnoxHasa mogenb He 0606LaeT Tak Xe XOpoLo, Kak npoctas, HO AoCTaTovyHas. Mbl MOXEM OLEHUTb,
VNCXOAS U3 BbILENPUBEAEHHOMO, Psii OFrpaHUYEHUI Ha pasMep CKPbITOro /10t U HEKOTOPblE UHTYUTMBHbIE COOBPaxXeHUsl, OCHOBaHHbIe
Ha cneunduke pewaemon npobaemsbl.

3.2.4. KOHCTPYKTUBHbIE aIrOPUTMbI

Bbino peanvsoBaHo 60/bLIOE KOIMYECTBO MOMbITOK MOCTPOEHUSI HEMPOHHbIX ceTel ¢ go6aBneHneM Unm yaaneHneM CKpbITbiX

aneMeHTOoB. lNpocTenunii MeTos COCTOUT B TOM, YTOObl HayaTb C KOJIMYECTBA 3/IEMEHTOB Ha OAWH MEHbLUEro HUXHEN rpaHuLbl 1
TpeHMpoBaTb ceTb A0 CTabunmnsaumm owmnbku. MNocne aToro 4o6aBUTL eLle OAWMH CKPbITbIA 3/1IEMEHT C MasibiM BECOM U MOBTOPSATb Nnpoueaypy
[0 Tex nop, noka owmbka Ha HeE3aBMCMMOM TeCcTe He HayHeT yBennumBaTbCs. Ho Ha 3TOM NyTu cywecTByeT psg npobneM. [naBHas

M3 KOTOPbIX COCTOUT B TOM, YTO HOBblE BECa UCKA3AT CETb HACTO/NbKO, Y4TO 6b1N10 6bl Nyylle HavyaTb CHOBA, YEM OCTaBaTbCs B

Bbl6paHHOM 06n1acTn NpocTpaHCcTBa BECOB.

Nepapxuueckoe KOHCTpyMpoBaHue

CyuiecTByeT MHOroO METOOB MEPapPXMUYECKOro KOHCTPYMPOBaHUs, Takux Kak upstart algorithm [37] 1 MeTo4 KackaZHbIX KOppensiuuim
[35]. Upes, nexawias B OCHOBE MepapxM4yecKux ceTen 3akdaeTcs B TOM, YTo A06aBnseTcs NoAgYMHEHHbIN y3en, 4Tobbl

CKOPPEeKTUPOBaThb OWNEKY OCHOBHOro. TakuUM NyTeM MOXeT 6biTb MOCTPOEHO AePeBO BUHAPHbLIX 3aKTHOYEHUI ANa ABYX
3/1eMEHTOB, A06aBNSEMbIX AN KOPPEKTUPOBKU ABYX TUMOB BO3MOXHbIX BUHAPHbIX OWINGOK. Takme CETU He SBNSOTCS
MHOTOC/IOMHBIMU MEepLUENTPOHAMMU.

Ao6aBneHne HOBbIX BECOB U 3aMopa>xmBaHue CtTapbiX

Refenes [79] npeanoxun anroputM, HasbiBaeMblit CLS+, COrnacHO KOTOPOMY CHauyasia CTpOMM CeTb C MasibiM KOJIMYECTBOM

CKPbITbIX 3/IEMEHTOB, @ 3aTeM A06aBMSEM CTO/IbKO CKPbITbIX 3/IEMEHTOB, CKOJIbKO MoTpebyeTcs. [Ans 6bICTPoi CXOAMMOCTM MpoLecca
06yyeHMs HeobxoanMo, YTO6bI CTapble BECa 3aMOpaXKMBasinCh, a 406aBASNNCE HOBblE OT NPeAbIAYLLEr0 CKPbITOrO 3/eMeHTa K
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,D,OﬁaBJ'IFIeMOMy. Cnepyet cobnopaTb OCTOPOXXHOCTb, TaK KaK HOBblE BeCa TPEHUPYIOTCA TOJIbKO Ha OoCTaBLUENCS YyacTu

o6yqatou.|.e17| nocnenoBaTeNnbHOCTU. Tak YTO KaXabli CKprTbIVI 3JIEMEHT OTBEYAET 3a NOAMHOXECTBO o6yqarou.lero MaccuBa. Refenes
HEe CCblNaeTcsa Ha He3aBUCUMble TECTbl, KOrAa AenaeT 3ak/lo4yeHe 0 TOM, eCTb I HeO6X0AMMOCTb A06aBNASATbL HOBbIN 3/1EMEHT. 3T0, a
TaKXe HeCTaHAapTHada npoueaypa TPEHNUPOBKU N apXUTEKTYpPa MELWaT WMPOKOMY MCNONb30BaHUIO 3TOMO0 anropuTMa.

3.2.5. AnHaMuyeckoe ao6baBneHune u yganeHme

Bartlett [10] ncnonb3yeTt MHPOPMAUMOHHO-TEOPETMYECKOE NPUBAMXKEHNE ANS AMHAMUYECKOro pacrnpeaeneHms anemeHToB. Ero
anropuTM CTapTyeT C MUHMMasIbHOrO KOSIMYECTBa 3/IEMEHTOB U TPEHMPYET A0 cTabununsaumm owmnbku. B aToil Touke B CKPbIThIN

cnoi aobaBnsieTcst HOBbIN 3/1EMEHT C MasibiM CllyYaliHbIM BECOM M TPeHMpOBKa npogosnxaeTcs. Mpouecc noBTopsieTcs A0 TeX nop,

rnoka fobaBneHne HOBOro 3/1IEMEHTa HE NPUBEAET K YBEIMYEHUIO CTabununsmposaBLlUlencs OWNGKN. B HEKOTOPbLIN MOMEHT B TeYeHMne

3TOW npoueaypbl 3/1EMEHT MOXET 6bITb YAaNeH, eC/IN OH HE HECEeT AOCTaTOYHOW MHMOPMaLUN O BbIXOAHbLIX 3TasloHaxX CeTU.

3T0 MHPOPMaLMOHHOE CoaepXaHUE BbIYMCIAETCS C UCMOIb30BAHUEM Mepbl SHTPONMU LLIEHHOHa MeXAay CKPbITbIM 3/IEMEHTOM U
TpebyeMbIMK BEIMUMHAMM HA BCEM BbIXOAHOM C/I0€ MUHYC U36bITOYHOCTb 3TOr0 3/1IEMEHTA MO OTHOLIEHUIO K APYTUM CKPbITbIM 3/IEMEHTaM.

WNHdbopMauus, 3aknioueHHas B HEKOTOPOM y3ne, & , 3aBUCUT OT BEPOSTHOCTEN P(g:l NosIBNEHNS KaXaon 13 #2 BO3MOXHbIX

BbIXOAHbIX KapTUH E w© onpenensieTcs Gopmynomn

H(x) = > P(g)(log,(P(g))) (3.6)

g=0

CoBMecTHasi MHdOopMauma Mexay ABYMsi SneMeHTamMn X u ¥ onpepensercs Kak

Hix,y)==2 > Plg.)(log,(Plg.h)) @7

E=il =il

rae m — KoNM4ecTBO BO3MOXHbIX KapTUH h ANS 3nemMeHTa y u P(g, .32:' - BEPOSATHOCTb YTO 3NeMeHT X MNopoAUT KapTuUHy g a 3/1EMEHT

¥ nopoauT KapTuHy j .

3areM Heo6X0AMMO BbIYMCINTL 3aBUCUMOCTb MEXAY OABYMS S/1€MEHTaMU, U(x,y} :

Hx)+ Hiy) - Hixy)
Hix)+ Hiy)

Uix,a=2( ) (3.8)

Ecnun Mbl 0603HauYMM B3aMMOCBA3b MEXAY CKPbITbIM 3/1IEMEHTOM X U BbIXOAHbIM 3/IeMeHTOM ¥ Kak HG'(x,y} , @ B3aMMOCBSI3b MexXay

ABYMs CKpbITbIMU criosmu kak ST [ x, ¥) Toraa BaxwHocTb yana £ X moxeT 6biITb BbiuMCNEHa Kak:

Hzy=> HO(x.y)— > HH(xp) (3.9)
¥

I =y

T.e. cyMMa B3aMMOCBSI3eil MeXAY CKPbITbIM 3/1EMEHTOM U BbIXOAHbLIM C/IOEM MUHYC CYMMY B3aMMOCBSI3€M MEXAY CKPbITON eanHMLENR 1
[APYroi cKpbITON eaMHuuein. CKpbITas eAMHNLA C HaUMEHbLLIEN BaXXHOCTbIO 6YAET UCK/IIOYEH U3 CETU.

Ecnu BbIXxoAHbIE [aHHble CETU NPEeACTaBsATCA HE B AUCKPETHOM BUAE, @ B BUAE HEMPEPLIBHOM, TO ANANa30oH 3TUX HErpepbIBHbIX
3HaAYeHUN HeobXxoaAMMO pasbuTb Ha OoTpesku, Hanpumep 0-0,1; 0,1-0,2 1 T.A4., @ BEPOATHOCTU NoMafaHusa BEINYUH B 3TU

OTpEe3KM BbIYUCASATCS C UCMONb30BaHUEM ypaBHeHUS (3.6). BbluMcieHMe SHTPONUK, OCHOBaHHOM Ha 06ydyeHuu, SBNsSeTcs
npoueaypow, TpebytoLlein MHOro BbIYUMCAUTENbHbBIX PECYPCOB.

Bartlett He TecTupoBan ceTb Ha HE3aBUCMMOM TECTOBOM Ha60pe, TaK KaK eMy He Tp66OBaJ'IOCb cospaBaTb CeTb € obobwatouen
CNOCcO6HOCTbI0. DTO MOXeT 6bITb ncnpaBneHo NocpeacTsoM BblYUCIEHNUA 3HAYUMOCTU IJIEMEHTOB Ha KOHTPOJIbHOM Ha60pe AaHHbIX, a
HE€ TOJIbKO Ha TECTOBOM.

B kauyectBe 60nee NnpocToro, HO MeHee 3 HEKTUBHOINO METOAA, MOXHO MCMNOb30BaTb T.H. METOA OTCEYEHUS BECOB, 3aK/ovatowmimncs

B YAa/IeHMM BECOB C OYeHb MasibiMU 3HAaYEHUSIMU. TakoW MeToA BXOAWUT B MPOTMBOPEYME C LeNblo CO34aHUs CeTU C ManbiMU BecaMmun Ans
TOro, 4yto6bl NOCTPOMTL 0606 ALY Moaenb. Bonee 3chdEKTUBHBIN METOA OTCEYEHUS — METOA OMNTMMAIbHOINO NOBPEXAEHUS MO3ra
(Optimal Brain Damage). TOT MeTo4 OCHOBaH Ha OLEeHKe BAIUAHUS BHOCMMbIX MU3MEHEHMI Ha OWMOKY. Beca yaansaioTca TOIbKO B TOM
cnyyae, ecnu Ux yaaseHue npuBoAUT K HE3HAUYUTENIbHOMY YBEJIMYEHUIO OLUMOKU.

0O6cy)xaeHne “"KOHC_TPYKTUBHbIX" ceTeu

MpakTnyeckoe pykoBoACTBO [31] oTMeYaeT, YTo “3a0poBas” HEMPOHHaa ceTb AoskHa obnaaate HabopoM BECOBbIX

K03 bUUNEHTOB, pacrnpeaefieHHbIX N0 HOPMasbHOMY 3aKOHY B OKPECTHOCTWU Hynsi. [lpyrMMu croBamu, CeTb, B KOTOpOW 6onbLuas
4acTb BecoBbIX KO3 DUUNEHTOB MMeeT 6onbluMe 3HaYeHUs, He aBnsSeTca “340poBON” ceTbto. TO ecTb, CyLecTBYeT ONacHOCTb, YTO
aNropuTM KOHCTPYMPOBaHUSA CeTU, 0COBEHHO, eC/iv OH BK/IOYAEeT NpoLeaypy yAaneHUs ManbiX BECOBbIX KO3 dULUMEHTOB, NpuBeaet

K co3gaHuio “He3aopoBoi ceTn”. OaMH U3 BO3MOXHbIX NyTer 0601TU 3Ty NpobaemMy COCTOMT B OrpaHUYeHnn BECOBbIX KO3 DUUNEHTOB U

B f06aBNEeHMN HOBbIX KakK TOIbKO nocneaHue LOCTUTHYT HEKOTOPOro NOPOroBOro 3Ha4YeHUsi. DTO MOXET NPUBECTU K HACbILEHWIO
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BECOBbIX KO3(PPUUMEHTOB, HO 3TO HE NpeacTaBnsieT 60/bLION ONacHOCTH.
3akJ/iloueHMe No asiIropuTMaM KOHCTPYMPOBaHUA CETU

PaspaboTka “KOHCTPYKTUBHbIX” HEMPOHHbIX CETEN B HACTOsILLEee BpeMsa HaXOAMUTCS B TaKOW CTaaumn, Koraa npeanaraercsl MHOXeCTBO
BapWaHTOB apXUTEKTYpbl CETEN, HO MPWU 3TOM KaxXKAblh UX 3TUX BapMaHTOB TeCTUpyeTCcs Ha HebOoNbLIOM KoNnYecTBe 3a4ad Uan, 4YTo elle
XyXe, pa3pabaTbiBalOTCa BapuaHTbl A5 peLleHns ToNbKOo oAHOM npobnembl. M o4eHb CoXHO caenatb obobuatouime BbIBOAbI.

M

NTak, npu NocTpoeHnn “KOHCTPYKTUBHOM"” CETU Mbl AONXKHbI BblibpaTh:

. byaeM nn Mbl CTPOUTb MepapXmnyecKyto CeTb UM CTaHAAPTHbIA MHOMOC/OMHbIN NepuenTpoH?

. ®uKcmpoBaHbl CTapble Beca Uau HeT nepes aobaBneHneM HOBbIX?

. ByayT nu nonepeyHble COeANHEHUS MEXAY CKPbITbIMU 3neMeHTaMm? Ecnun aa, To 370 yxe He byaeT cTaHAapTHbIM MHOMOC/IOMHBIM
nepuenTpoHOM.

. Kak Mbl 6yaeM npMHUMaTh peleHne 0 HE06X0ANMOCTU YAaNeHUS CKPbLITOFO 3/1IEMEHTA, U KaKoW 3/1EMeHT ByaeM yaanaTb?

. Kakum o6pasom Mbl 6yaem yctaHaBNuBaTb BeCOBble KO3 DULMEHTbI MEXAY HOBbIMU CKPbITbIMW 3N1eMeHTaMu? ByayT N OHKU cny4variHbIMu
nnn 6yayT yCTaHOBMEHbI C YHYETOM OWN60K?

. Kak Mbl y3HaeM, Korga Hy>HO OCTaHOBUTLCS, U Kak Mbl byaeM Bo3BpallaTbCs 06paTHO, eCnun OKaxeTcs, YTo A06aBfeHO CULWKOM MHOro
3/IEMEHTOB?

. Ha yeMm 6yneTt oCHOBbIBaTbCS YBEPEHHOCTb B TOM, YTO MMeloLleecss HE60MbLLOE KOTMYECTBO BECOBLIX KO3(PPULMEHTOB B CaMOM aene
COOTBETCTBYET ONTUMasbHOW KOHMUrypaumm?

. MoxeM nn Mbl OrpaHUYnTb YBEIUYEHNE HEKOTOPOro KoJInyecTsa BECOB?

[anee Mbl yBUAMM, YTO HaUNYYLWNA NyTb AOCTUXEHUSI ONTUMaNbHOro Habopa BECOBbIX KOI®DULMEHTOB COCTOUT B TOM, YTO 6bl MOCTPOUTH
CeTb C pa3MepoOM CKpbITOrO €051, KOTOPbIN onpeaenseTcs npaBuaaMmM U 3HaHMEM HEKOTOPOI anpuvopHOI MHbOpMaUUK O AaHHbIX,
TpeHMpoBaTb ee N TecTMpoBaThb ee. ECnu pe3ynbTaT He onpaBAbiBaeT OXUAAHUN, obpaTUTe BHMMaHWE Ha OLWMBGKN TPEHUPOBKU U
TeCTUpOBaHUs Ans Toro, YTobbl NepecMoTPeTb pa3Mep CKPbITOro C/osi, a 3aTeM Ha4yHUTE CHOBA C HOBbIMW MasibiIMK CllydaliHbIMK

BecaMu. TONbKO TakmMM nyTeM Bbl cMOXeTe NonyyYnTb XopoLo cbanaHCMpoBaHHOE peLleHne 1 cMoxeTe n3bexaTb oWmnboK B

BblI6Ope NpaBUILHOIO anroputMa ansa pewenuns Bawen npobnemsbl.

Huxe nepeuyncneHbl npocTeiwme Npu3Hakm KOPpPeKTHOM HEPOHHO-CETEBON MOAENN:

. Ecnu owmnbka TpeHnpoBkM Mana, a owmnbka TeCTUPOBAHUS BeMKa, 3HAYUT CETb COAEPXUT CAINLLIKOM MHOIO BECOBbIX KO3 ®DULMEHTOB.

. Ecnun v ownbka TpeHNpoBKM, 1 owmnbKa TECTUPOBAHUS BEIMKWU, 3HAYUT BECOBbIX KO3 DULMEHTOB C/IULLIKOM Maro.

. Ecnu Bce BecoBble kK03 PULUMEHTbI O4EHb HOMbLLME, 3HAYUT BECOBbIX KO3 ®DOULNEHTOB C/IMLLKOM Maro.

. [JobaBneHne BecoB He NaHaues; ecnu Bbl cuMTaeTe, YTO BECOBbIX KOI(P@PUUMEHTOB AOCTAaTOYHO, NoAyManTe 0 APYyrnx NnpuymnHax ownbok,
HanpuMmep HeaOCTaTOYHOE KONMYEeCTBO 06y4YatoWmX AaHHbIX.

. He pobaBngiiTe CAMWKOM MHOIO BECOBbIX KO3 DULMEHTOB, YTO Bbl HE NEpPeCcTyYNUTb NpeaesnoB, YCTAHOBNEHHbIX B 3.2.2.

. W HakoHeL, 4TO OYeHb BaXKHO, HayasbHble BECOBble KOIMDDULMEHTbI A0/KHbI 6biTb CyYalHbIMM N HEGONbLWMMKN MO BENNYMHE (CKaxeM
Mexay +1 un -1).

3.2.6. O6o6watowan cNoCO6HOCTb U TOYHOCTb: Apyrue MeToabl

Ripley [83] nonaran, 4To KOJIMYECTBO CKPbITbIX 3/1IEMEHTOB MEHee BaXKHO, YeM 06bl4HO MofaratoT, U YTO Bbl MOXeTe A0CTUYb

XOPOLWUX pe3ynbTaToB MyTeM UCMOSb30BaHMUA APYrMX METOA0B. JTO NMOSIHOCTbIO COrlacyeTcsl C No3uumnen, NpeacTaB/ieHHON B

HacTosiLen KHUre, KoTopas yCTaHaBMBAET, YTO C/IOXHOCTb MOAENWN ONpeaenseTcs Ha Kaxaou cTaauMy npoekTa u, 4to 6b110 bl
owmnbkon nonaratb, YTO BbIGOP KOPPEKTHOIO KOMMYECTBA CKPbITbIX eAUHUL, FapaHTUpYeT KOPPEKTHOCTb npoekTa. MpocTenwmin

MeToa ybeauTbCcs B npueMneMmom yposHe o6obuaroLllein cnocobHOCTM COCTOUT B TOM, 4TO Bbl NepUoanMYECcKM TECTUPOBATb CETb Ha
HE3aBMCMMOM KOHTPOSIbHOM MHOXECTBE AaHHbIX U OCTaHOBUTb TPEHUPOBKY, KakK TO/IbKO OWwnbKa 3TOro TeCTMPOBaHMA HaYHET BO3pacTaThb.
3710 Hanbosnee MOLWHbIA METOA, OA4HAKO, MPM 3TOM yBEMYMBAETCA KaK BpeMsi TPEHMPOBKM, Tak U HE06XoANMOe KOJIMYECTBO AaHHbIX.
[anee 6yaeTt onucaH psg 6o1ee TOHKUX METOAOB.

3.2.7. llo6aBneHune perynsapmusyrowero 4ieHa

Ewe oaHO TeXHMYECKOEe pelleHne COCTOUT B UCMOSIb30BaHUM PeryisipusyroLlero YyieHa B pyHKUUM owmnbok onpeaeneHHoOn Takmum
06pasoM, YTo6bl OrpaHMUMBATbL CIIOXKHOCTb PeLleHUs, Kak NpaBuio, NyTeM orpaHUYeHus BennYmH BecoB. CeTb C MEHbLUMMMU
3HaYeHUsIMN BECOBbIX KO3 dunumeHToB byaeT obnagaTtb Ny4dwmMm obobluarowmmm ceolicteamMu. Mpoctenwmin cnocob

nobaBneHnst perynspmsyowlero YieHa cCoCToUT B TOM, YTO6bl USMEHUTbL Mepy OWKNBKU Tak, YTobbl MCNOSIb30BaHME 60MbLINX
BECOBbIX KO3 PULUMEHTOB paccMaTpUBanoch Kak owmnbka onpeaeneHHoro copta. YeM cunbHee Bo3pacTaeT BECOBOM KO3 ULMEHT,
TeM 60Jiblie CTaHOBUTCS ownbKa, U 3TO NPUBOAUT K BbIGOPY MPOCTENLLEro N3 BO3MOXHbIX peLleHUI Ana AaHHOro Habopa AaHHbIX U,
Takmm obpasom, ynydwaetcs obobiatowias cnocobHOCTb.

Mpn BHECEHUWN perynsipusytoLllero yieHa B GyHKUUIO OLIMB0K HEMPOHHOW CeTU cneayeT NPUHATL BO BHUMaHue

TPEHUPOBOYHAs NOCNeAoBaTeIbHOCTb Kakoro pasmepa 6bi1a ncnonb3oBaHa npu obyyeHnn. ITo CBA3aHO C TeM, UYTO addeKT

perynsipysauumn yMeHblIaeTcsl MpornopLuuoHaibHO pa3Mepy TPEHWPOBOYHON MOCNeA0BaTEeIbHOCTU AaHHbIX. Takxe HeobxoanmMo

MMETb BO3MOXHOCTb KOHTPOJIMPOBATb CTEMEHb Perynsipusauny u yBeamunsaTb BEIMYMHY OLWIMGKU NPOMNOpLMOHAbHO KOJIMYECTBY BECOB B CETHU.

3TO paccMOTpeHMe NpMBOANT Hac K HOBOM YHKUMM OWMOBOK, NpeacTaB/IeHHON ypaBHEHUEM:

A
reg _emor=2-5" a.‘rf
r

)
i

roe A - napametp perynapusauum, ' - pasmep TPeHUPOBOUHOW MOCNEA0BATENLHOCTH,

m; - BeCOBOW KO3pPULMEHT, | - MHAEKC. BenmumnHa nosnHoi owmnbKM MOXeT 6bITb BblUMCAEHa CleayoLWMM 06pa3oM:
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arroy = arrar +.?"é‘g_é‘.?".?"ﬂ.?"z-

roe é'.?".?"ﬂ.?"i - owmnbkKa, Bbl4UCNEHHAsA OAHUM U3 CTaHAAPTHbLIX CnocoboB.

3710 YpaBHEHNE BBOAUT €Lle OAUH NapaMeTp, KOTOprIﬁ MOXHO HacTpauBaTb: NapaMeTp perynspmsaunm A . Yem 6onblue BennYnHa A ,
TEM Bbllle CTEMNEHb perynapmsaummn. A npuHMMaeT 3HadeHus ot 0 Ao 1. Kopoye rosops, 3TOT METO/ YBE/INYMBAET BENIUYNHY
ownbkun nponopuMoHanbHO CyMMe KBaapaToB BecoB ceTu. pun Bo3pacTaHMM BECOB BO3pacTaeT owmnbka.

Ao6aBneHne WyMa 3KBUBAJSIEHTHO perynspusauvm

B cnyuae, ecnu Bawe nporpamMmmHoe obecrnedyeHne He NOAAEPXKMBAET CrielmabHbIX METOAOB perynsapusanmn, MoXHO

ncnosib3oBaTh fobaBrieHne WyMa K TPEHMPOBOYHbLIM AaHHbBIM. B cnyyae, ecnv Ans KaxAoro TPEHMPOBOYHOIO NPOX0oAa UCMOJIb3YHTCS
HOBble 3Ha4YeHMS LWYMOBOWN KOMMOHEHTHI, Y CeTu He byaeT waHcoB nepeobyumnTtbcsa. Yem 6onblie fob6aBneHo wyma, TeM Bbllle

6ynet obobwatowas cnocobHocTb ceTu. Bishop [16] nokasan, kakmMm obpa3om gobaBneHne wyMa K TPEHUPOBOYHOM

nocnefoBaTe/IbHOCTM 9KBUBAJIEHTHO BBEAEHUIO perynsipusaumm TUXOHOBA. PerynsipmsaumoHHbI YneH, Cnofib30BaHHbIN Bishop, ocHoBaH
Ha ToM dakTe, uTo AobaBfeHune WyMa K BXOAY NpUBEAET K U3MEHEHWIO BbIXOJa, KOTOPOEe OnpeAenseTcs CTPYKTypoOi caMol ceTw.

3P PeKT BAMAHNA HebObLIOro n3MeHeHns Bxoaa (06ycnosneHHbI Ao6aBneHneM LWyMa) Ha BbIXOAbl ONpeaenseTcs npon3sBoaHOM
BbIXOAHbIX CUFHANIOB MO OTHOLWIEHMUS KO BXOAHbIM.

MpenMyLLecTBOM AAaHHOrO MEeToAa ABSETCS BO3MOXHOCTb BapbUpoBaHMs napametpa A. ToT e 3hdeKT MOXET 6biTb MosyyeH
nocpeacTBOM UCMOJIb30BaHMA QYHKLUUN aKTUBALMWM BO BXOAHOM C/I0€, KOTOPblE BO3MYLLAIOT BXOAHbIE 3HAYEHMS Ha

BeSIMUYNHY, NPONOPLMOHaNbHYIO A Nepes nepefaveit CMrHana K CKpbITOMy C/10t0. BXoAHble 3/1eMeHTbl, Kak NpaBuio, He coaepxat
PYHKUMU aKTUBaALMKU, OHM NPOCTO NepeaatoT BXOAHbIE BENUYMHBI, C YYETOM BECOBbIX KO3 MHULMEHTOB, K CKPLITOMY C/oto. B
M3BECTHOM CMbIC/ie, Nitobas WwKanupytowas dyHKUNUS, KOTopas MPUMEHSIETCS K AaHHbIM 40 UX NPeAbsBIEHUS CETU, SKBUBAJIEHTHA
dYHKLMM aKTMBaLMKN BXOAHOIO 35ieMeHTa. EAMHCTBEHHas pa3Huua COCTOUT B TOM, YTO AaHHble MOTyT 6biTb U3MEHEHbI NNLb
oAHaXAbl, NOPOXAast HOBbI HAaBop AaHHbIX, U NPWU 3TOM YMEHbLUAETCA KOIMYECTBO BblYUCIEHUI B X0A€e 06y4yeHus.

Ecnu AaHHble yxe 6bl1M HOpMUPOBaHbI 10 AMana3oHa Mexay O 1 1, B 3TOM c/yyae A npeacTaBnsieT u3 cebs OTHOLEHWE curHan/wyMm. XoTs
A\ SIBASIeTCA AONOSIHUTE/IbHBLIM NMapaMeTpoM Bbi3bIBalOLMM HEKOTOPYIO HEOMpeAeeHHOCTb Npu BbiI6ope, ero 40CTaTouHO

JIerko KOHTponnpoBaTh. Hauas ¢ 60/bwmx 3HaveHuit (Hanpumep 0.1) yMeHbLIAeM KaXablii pas, Koraa owmnbka nepectaeT YMeHbLLATLCS,
[0 Tex nop, rnoka olwmnbKa Ha KOHTPOJIbHOM MacCUMBE He Ha4yHeT Bo3pacTaTb. TakMM 06pa3oM MOXHO MOJyUNUTb peELLEHUE.

CnepyeT caenaTb ABa BaXHbIX 3aMevyaHuns:

1. Pa3Hble 3Ha4YeHus WyMa A0/KHbI 406aBNSATLCS K KaXA0oW BeMUYMHE KaXAbl pa3, Koraa oHa UCMonb3yeTcsl ceTbio. HepoctaTtouHo npocTo
co34aTb HOBbIV HAbOp TPEHMPOBOYHbIX AaHHbIX, K KOTOPOMY Ao6aBneH wyM. LLlyMm fonxeH Ao6aBNsSTLCS AMHAMUYECKM B npolecce
obyyeHuns.

2. MNpwu pobaBneHnn WyMa K TPEHMPOBOYHbIM AAaHHbLIM HEOOXOAMMO COXPaHsTb CpeAHee 3HaYeHe AaHHbIX. [pyruMn cnoBamun LWyM AOKEH
obnagatb HyneBbIM cpegHMM. He 3abyabTe ybpaTb WyM nNpu TecTupoBaHuu!

CxumMatolas hyHKUMS MOXET 6biTb MCMOMIb30BaHa B KayecTse PyHKUMM aKTUBaLMKU BXOAHOrO cnos. LyM gomkeH 6biTb go6aBneH nocne
TOro, Kak [aHHble 6blI HOPMUPOBAHbI, YTOBbI COXPAHUTb aMMAUTYAY NOCTOSAHHOMN A/ BCEX MEPEMEHHbIX.

Mpoueaypa BBOAA W NOCNEA0BaTE/IbHOMO YMEHbLIEHUS LWyMa B Npouecce 06yyeHns CETU MOXET 6biTb MCMONb30BaHa Kak CpeAcTBO
NpOTWB 3axBaTa CeTU JIOKaNbHbIMU MUHUMYMaMu. LLyM 3chheKTUBHO CrnaxuBaeT Mesikue NUKK B OlWnBKe, KOTOPble HE MOXEeT
NpeoaosieTb anropuT™ obyyeHus.

3.2.8. KonimuecTBO CKPbITbIX C/10€B

CeTb, KOTOpasi COCTOUT BCEro U3 BXOAHOMO U BbIXOAHOMO C/loeB 6€3 CKpbITbIX C/I0EB U3BECTHA KakK JIMHENHbIV NepLenTpoH.

MepuenTpoHbl CNOCO6HLI MOAENMPOBAaTb TOIbKO JIMHEWHbIE PYHKLUN M UCMONb3YIOTCS O4eHb peako. M 3To He Bceraga onpaBaaHo, Tak Kak
OHM obecrneunBaloT YHUBEPCabHYIO JIMHEHYIO annpoKCUMaLmMio, YTO YacTo U TpebyeTcs Ans KOHKpeTHOM 3ajauun. o Tex nop, noka Bbl
He ybeauTech B TOM, 4TO Balwa npobnema cylwecTBEHHO HENIMHENHA, MMEET CMbIC/ MOMbITaTbCS PELUNTL €e C MOMOLLbIO

JIMHEWHOrO nepuenTpoHa. OYyHKUMA eAMHCTBEHHOIO CKPbLITOrO CM0S 3aK/o4aeTcs B TOM, YTO6bl NepekoanpoBaTh BXOAHOE
npeacraBneHne TakmuMm ob6pasom, YTObbl MONYUUTb TNHENHYIO KapTy ANS BbIXOAHOrO npeacTaBfeHns. MHOrocnorHbI nepuenTpoH

C €ANHCTBEHHbIM CKPbITbIM C/I0EM SIBNIIETCS MEPLENTPOHOM Ha BepLUMHE SIMHeapusupytoweln GyHKLMN.

Kurkova [56] ncnonb3osan Teopemy Konmoroposa, 4tobbl nokasaTb, YTo Nt0b6as GyHKUUSA MOXKeT BbiTb annpoKCUMUPOBaHa

C MCMNoNIb30BaHMEM, MO KpanHeln Mepe, yeTblpex cnoes. Hecht-Neilson [45] noka3an, YTo A4OCTAaTOYHO TPEX, HO KOHCTaTUpoBas, YTo

B peasibHOWN CeTU UCMonb3oBaHne 60/blIEero KoIMYecTsa ClI0eB NPUBOANT K YMEHbLUEHMIO CYMMapHOro KOJIMYeCTBa 3/IEMEHTOB B
CKpbITbIX CNOsIX. AHanM3 ony6/nMKOBaHHbIX pe3y/bTaToB, 04HAKO0, YKa3biBaeT Ha TO, YTO ANs peleHnst 60NbLINHCTBA NPaKTUYECKUX
3ajay AOCTaTOYHO OAHOro0, NHOrAa ABYX CKPbITbIX CcnoeB. MNprUymMHa Takoro HECOOTBETCTBUSA TEOPUM U NPAKTUKN NTEXUT, NO-BUAUMOMY B
TOM, YTO C/IOXXHOCTb peasibHblX Npo6aeM HaMHOro MeHblLUe, YeM 3TO TeopeTUYECKN BO3MOXHO.

3.2.9. ®YHKUMMN aKTUBaLUMN

DOYHKUMS aKTUBaUMM 3N1IeMeHTa (HelpoHa) CYMMUPYET B3BELLEHHbIE BXOAbl OT BCEX NPUCOEAMHEHHbIX 3/IEMEHTOB U CXKUMAET UX B
3afaHHbIV AManasoH 3Ha4yeHuin. DTOT AManasoH BblibupaeTcsa paBHbiM 6o (0 ; — 1_, nmbo ( -1; +1). NMpu 3TOM 60sibINE 3HAYEHUS
BCerga CKMMaloTCs TakMM 06pasoM, UTO OHM BHOCAT yMeHbLIalowWmiicsa Bknaa. Mo 3Toi npuumMHe, a Takxxe noTtoMy, Y4To CeTb

[O/KHA MOAENMPOBATb HENTMHENHbIE MPOLECChl, PYHKLMU aKTUBALUKN AOSIKHbI 6bITb HEJIMHENHBIMMU.

Hanbonee yacTo ncnonb3yercs noructuyeckas dyHKLUMs, KoTopas AonXHa obnaaatb creaylowmMmy cBoicTeamu. Bo-nepsbix,

CKUMaTb BXOAHbIE 3HaYeHUsi B AvManas3oH oT 0 Ao 1 W, BO-BTOPbIX, MPOU3BOAHAs AO/XHA Cabo U3MEHSTLCS Ha KaXAoM M3 Kpaes AnanasoHa
1 CUJIbHO U3MEHSITbCA B cepeavHe AnanasoHa. B kauecTBe Takux dyHKUMIA ncnonb3yoTcs nMbo nornctmyeckas gyHkuus, nnéo

dyHKUMA rMnepbonnyeckunii TaHreHc.
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Jloructnyeckas dyHKLus
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HE CMMMETPMYHA, YTO MPUBOAUT K HEKOTOPOMY YBEIMUYEHUIO BPEMEHW TPEHNPOBKUW. Mpon3BoaHasa 3Tol GyHKUMK:
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®DyHKUMA rMnep6onnyecknii TaHreHc
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g
J(x) = tanh(x) = e

HeueTHas MYHKLUMS, YTO HECKOJIbKO YBENUYMBAET CKOPOCTb TPEHUPOBKMU.
Obe dyHKLUMM Ha3bIBAOTCS CUrMomMAanbHbIMU GyHKUMAMM 6Gnarogapsa ux S-obpasHoli dopmMe.

Morris [67] cuMTaeT, YTO OAMH M3 CKPbITbIX 3/1IEMEHTOB BCEraa AO/IKEH 6biTb IMHENHbIM. DTO CBA3aHO C TEM, YTO 60/bLNHCTBO
npo6/aeM UMeT NIMHENHbIE KOMMOHEHTbI N OUEHb Ba)XHO MPOMOAENMPOBaTL NPSAMYIO IMHUIO CIOXKEHNEM HECKOJSIbKUX
B3BELLEHHbIX HEIMHEMHbIX DYHKUMIA. JIUHEHAn QYyHKLMSA aKTUBALMM NPOCTO CYMMUPYET BXOAALLME B3BELIEHHbIE BEUUYNHBI U
AENUT pesynbTaT Ha HEKOTOPYH KOHCTAHTY.

OTMETUM, YTO MOXHO M3MEHSITb HAKMOH (PYHKUWUI, U TaKMM 06pa30OM U3MEHSITb CKOPOCTb, C KOTOPOW OHW MpUBAMXKATCS K UX
MaKCMMasibHbIM 3HaY€HUSAM, BBEAEHNEM MOCTOSHHOMO YieHa. DTOT YieH BAUSET Ha Pe3KOCTb rpaHuL, B ceTu Knaccudukauumn. Ecnm dyHkumns
C KpPYTbIM Hak/IOHOM nocrne oby4yeHns obecneumBaeT pasgeneHume AByx obnacrei ¢ BeposTHOCcTaMM 0.9 1 0.1, TO Ta Xe CeTb,
TPEHUPOBaHHaA Ha TOW e 3aZlaye, HO C MEHbLIMM HaKIOHOM (YHKUMKN akTMBauumm, obecneunT pasgeneHme asyx obnacremn c
BeposaTHOCTAMM 0.7 1 0.3 npu TOM Xe BXoae.

JlnHelHas, noructmyeckas m (byHKLI,VIﬂ rmnep60nmquKMl7| TAHreHC NokKa3aHbl Ha PUCYHKe.
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BepTukanbHas oCb NpeAcTaBAsET BbIX04, @ rOpU3oHTanbHas BxoA. OTMETUM, YTo dyHKLMA tanh uMeeT Ty xe dhopMy , 4To U
noructuyeckas @yHKUMUsS, HO U3MeHsieTcsl B npedenax oT -1 Ao +1. Kak npaBuno, coBpeMeHHble KOMMbIOTEPbI BbIYUCASIOT PYHKLMIO
tanh 6bicTpee, YeM norucTuyeckyto. [ipyroe npemmyLiecTso dyHKUMM tanh COCTOUT B TOM, YTO OHa U3MEHsIeTCs B AuanasoHe oT -1 Ao
+1. YacTto 6biBaeT He06Xx0A4MMO HOpPMMPOBATL 0byyYarLWnii Habop AaHHbIX TakMM 06pa3oM, YTo6bl cpeHee 3HayeHue 6bi10 paBHO O
npy e4AMHUYHOM CTaHAApTHOM OTK/IOHeHMW. Takasi HOpMUPOBKA BO3MOXHA TOMIbKO C MYHKLMEN akTUBaLMmK, KoTopasi cnocobHa
NpUHMMaTb OTpULUATENbHbIE 3HAUeHMs. M HakoHeLl, Kak Mbl YBUAWM Aanee, HedeTHas PyHKUMS, Takas kak tanh, obecneunsaeTt 6onee
6bICTpoe 0byyeHue, YeM HECUMMETPUYHas forncTmyeckas yHKuus.

AnnapatHoe paccMoTpeHue

OnpefeneHHbIM NperMyLecTBOM 06/1a4atl0T CETU, KOTOpble AOMYCKalT annapaTHyo peanusauuio. MNpu 3ToM HekoTopble PyHKLNN

Jlerko peanusyoTcs annapaTHo, a HeKOTopble C TPYAOM. B yacTHOCTU, noructuyeckas yHkuns 6onblue NoaXOAUT Ans

annapaTHon peanusaunn. PyHkUMS tanh MOXeT 6bITb Kak BbluMCNeHa, TaK U NpeacTaBneHa B Buae Tabnuubl 3HadYeHui. MocnegHui
BBapuaHT 6onee 6bICTPbI, HO TpebyeT AONONHUTENbHbIX PACX0A0B Ha NaMsaTb. HeKOTopble KOMMepYeckn AOCTYMHbIe HEMPOHHO-CeTEBbIE
UMbl NOALAEPXKMUBAIOT TOSIbKO HEKOTOPbIE TUMbI PYHKLMIA aKTUBaLuu.

3.2.10. Mepbl ounb0ok

Llenb TpeHMPOBKM HEMPOHHOM CETU COCTOUT B TOM, YTO6bl MMHUMU3UPOBATb OWIMEKY, KOTOpasi BOSHMKAET Ha KaXKOM BbIXOLHOM 3/1eMeHTe



Ha TPEHUPOBOYHOM MHOXECTBe AaHHbIX. Tak Kak owmnbka MOXeT 6blTb NONOXUTENBHON MK OTpuUaTenbHOM, Hac byaeT
MHTEepecoBaTb BeMUYNHA OLUMGKM NPpU U3MEPEHUM CPeAHEl TOYHOCTU CeTU Kak Lenoro. 3Hak OWMNOKM BaXeH vLb Toraa, Koraa
BbIUNCIISIETCS UHAMBUAYaNbHas ownbKa MeXay KOHKPETHbIM BbIXOAOM CETU U STasloHHbIM 3HauyeHueM. Beca fomxHbI
MoaMdUUMpPOBaTLCSA TaknuM 06pas3oM, YTOObl BEMUYMHA OLWNOKKN Bbina 6an3Kka K HyJto.

CyLiecTByeT Tpy Tvna ownbok, KOTopble Hac MHTepecytoT. MNepBbiii TUM — olWM6Ka €ANHUYHOIO BbIXOAHOIO 3/1IEMEHTa, KoTopas
HeobxoauMa Ans peanusauuu npoueaypbl 06paTHOro pacnpocTpaHeHust ownbkn. BTopoli TN — owmnbka BCew ceTh Npu KOHKPETHOM
BXOAHOM CUTHane, KoTopas laeT HaM MHMOPMaLMIO O TOM, HACKOIbKO NPaBWJIbHbIM SIBASIETCA OTBET CETU B AaHHbIA MOMEHT BPEMEHMU.
TpeTuii TN — cpeaHss ownbka CeTn, BblUMCNEHHAs NOC/e NpeabsiB/ieHMsa Bcero Habopa TPEHMPOBOYHbIX AaHHbIX, KOTopas
rnokasblBaeT HAaCKOJIbKO XOPOLIO CEeTb YCBOWIa 3aKOHOMEPHOCTU Habopa TPEHUPOBOUHbLIX AaHHbIX. MocneaHss ownbka npeacTaBnsieT
cobon ycpeaHeHHoOe No BceMy Habopy TPEHUPOBOUHbIX AAHHbIX 3Ha4YeHne OoWnBKN BTOPOro Tuna. Tak Kak BTOPOW TUM OWNGKK

YacTo BbIYMCASIETCS KaK paccTosiHue (MoAy/ib), TO 3HaYeHWe 3ToW oWwnbKKN BCeraa nosioXUTENbHO U ee ycpeaHeHue He Tpebyer
BbIYNCNEHUS aBCONOTHBLIX 3HAYEHUN.

B 4OMOSIHEHME K ABYM YPOBHSIM Mepbl OLIMG0K, ONUCAHHbIX Bbile, CYLECTBYIOT HECKONbKO MHAMBUAYANbHBIX Mep OWNBoK, KOTopble
MOryT 6bITb MCMOJIb30BaHbI. KaXxaas n3 HUX onpeaensieTcsi KOHKPETHbIMU TpeboBaHMAMKU K CETU. Yalle BCEro UCMosb3yeTcss Mepa OWnbKu
B BME NMPOCTOW pa3HOCTU Mexay 3HaYEeHWEM 3TasloHa M 3HaUEHUEM COOTBETCTBYHLLErO BbIXOAa CETU AN KaXA0ro BXOAHOMO 3HAaYeHUs
13 TPEHUPOBOYHOW NOCNEeA0BaTENBHOCTHU:

SrFOF, =i Ty

roe f!- - 3TANIOHHOE 3Ha4YeHne ANna i-ro Bbixoaa, ﬂi - TEKyLWlee 3Ha4YeHne Toro Xe Bbixoaa.

Onsa Toro, 4tobbl BbIYUCIUTD 0LL|VI6Ky BCEro BbIXOAHOIO C/fios, Mbl MOXEM TPaKTOBATb 3Ta/IOHbl N BbIX0Abl KaK TOYKU B
MHOFOMEPHOM MPOCTPAHCTBE U BbIYUC/ATb PACCTOSIHUE MeXAy HUMWU. PaccTosHue Mexay ABYMS TOUKaMU BbIUMCNSETCS Kak
KBa,ClpaTHbII7I KOpPpE€Hb U3 CYMMbl KBaApaToB paBHOCTeI7I KoopAuHaT. Owwnbka Bbixoaa cetTu ¢ N BbIXOAHbIMU 3N1€eMEeHTaMun paBHa
KBaZApaTHOMY KOPHIO U3 CYMMbl KBaApaTOB OLWMOOK KaXXA0ro BbIXOAHOIO 3/1eMEHTa:

grroy =

Takas owunbka nsBecTHa kak kBaapatuyHas owmnbka (RSE - root squared error). OgHa 13 pa3HoBuaHocTen RSE - weighted RSE
- B3BeleHHasa owunbka (nog TepMUHOM “Bec” B JaHHOM c/ly4yae NMoHMMAEeTCs He 3HAaYeHUs BECOB CeTU, a Mepa BaXXHOCTH,
NMPUCBOEHHAs KaXXA0My U3 TPEHUPOBOYHbIX MPUMEPOB):

erran = W (8 — ;).

C kaxZablM MPMMEpPOM TPEHMPOBOYHOIO Habopa AaHHbIX CBA3biBAaeTCs BeC W, KOTOPbI yKa3blBaeT Ha 3HA4YMMOCTb AaHHOro npuMepa, uim
Ha ero “KayecTBo”. 3HayeHMs BECOB AO/MKHbI fIexaTb Mexay O n 1. RSE onpeaensercs B 3TOM ciyyae no dopmyne:

errary; =

[ns 3agay kaTteropmsaumm MOXHO YCTaHOBWUTb MOPOr, TaK, YTO6bl BbIXOAbl BbIXOAHbIX 3/1IEMEHTOB MPUHUManK 3HadyeHns nnéo O
(He NpUHAANEeXWUT AaHHOMY KJaccy), NMbo 1(NpUHAANEXUT AaHHOMY KJaccy). DTO AO/KHO 6bITb cAenaHo nocsne Toro, Kak
BblYMC/IeHa owmnbKa, YTOoObl 3HAaYEHWUSI MepPbl OWIMGKN HE NPUHMMANM 3HadYeHu unu O unun 1. nsa Bbl4UC/IEHUS Mepbl OLMOKKN
HEeAO0CTaTOYHO 3HaTh “Aa” unu “HeT”, Heo6X0ANMO BbIYUCNUTL pa3Mep OTKIOHEHUS.

B HEKOTOpbIX Cly4Yasix NpPeacTaBAseTcs He06X0ANMbIM ONpeaennTb OWNGKY B TEPMUHAX KOHKPETHON 3a4aun, Ans pelleHns
KOTOPOW CKOHCTPYMpOBaHa CeTb.

3.2.11. YCTaHOBKM 3HAaUYEHUA CKOPOCTU 06yuyeHUss 1 MOMeHTa

CKOpOCTb 06y4YeHUs, N U1 MOMEHT, O ONMpeaensatT xapakTep MoandMKaunmn BecoBbiX KoaddunumeHToB B npouecce obyyeHns. Oba

napaMeTpa UCNoNb3yTCA NpU NPpUMEHEHUN NMpaBUn OGyHeHMﬂ. n onpeaendaeTr 40Nk BbIYNCNEHHOM OWNOKMN, KOTOpasa Aa€T BKAa4
B U3MeHeHne BecoB. MOMEHT o , CBA3aH C BEIMUYNHOM NpeablayLie KOPPEKTUPOBKM BECOBOIO KoadduLumneHTa. 3HaveHne

Kaxaomn KOPPEKTUPOBKU BECOBbIX KOSCDCDI/ILlMeHTOB 3anoMMHaETCs AJ1s1 UCNOJIb30BaHUS B nNocreaynwmx umknax. NMpasuno
MOLI,VICbMKaLl,MM BE€COB C Y4ETOM MOMEHTOB BKJIHOYAET YNEH, I'IpOI'IOleMOHa]'IbeII‘/ﬁ npeabliaywieMy UsSMEHEHUIO BecCa.

BblCOKMe 3HauYeHus n obecneynBatoT 6biCTpoe 0byyeHne, HO YBENUYMBAIOT PUCK OTKJIOHEHUSI OT PeLleHns C NoCNeayoLnuMm
OCUMNNALUMSMU BOKPYT HEro. HM3Kme 3HaYeHus N yCTPaHsoT 3Ty NpobieMy, HO MPUBOAAT K 3aMeAsieHuIo npoLecca obyyeHus.
BbICOKME 3HAUYEHUSI O YMEHbBLUAIOT PUCK 3axBaTa SI0KasibHbIMU MUHUMYMaMu, HO YBENTMYMBAIOT PUCK NMPOCKAKNBAHUSA pelleHuns
C nocneayowmnMm oCLMNNSALMAMU aHANOMMUYHO CUTYaLMK C BbICOKUM 3HAYEHWNEM 1) .

HaunHas c 6onblworo 3HayeHus n (ckaxem 0.75) yMeHbLUAlOT ero Ao (ckaxem) 0.25 un 3atem o0 0.1 ecnu ceTb HauMHaeT
ocumnnmpoBatb. Hertz [46] npeanaraert yctaHaBnvMBaTh A8 O BeAUUUHY 0.9 4To6bl NOAABUTL OCLUMANISLMW NMPU BbICOKMX 3HAYEHUSIX I .

Mpu 3ToM 3pdeKTMBHOE 3HaUYeHne ckopocTu obydeHns 6yaet I .I"I:l - El':l . BoNbWKHCTBO NpMMepoOB B HacTosIWEen KHUre

NCMNOJNIb3YIOT 3HAYEeHUA & = I:IQ n ?? = [:]25 . Tonbko B Tex cry4yasx, Koraa o4eBmaHo, 4YTo TpeﬁleTCﬂ Apyrue 3HadyeHusa, nnam



€C/N BO3HUKanun I'Ip06J'IEMbI [ 06y‘-I8HVI8M CETU Mbl NbITAaZIMCb NCNONb30BaTb APYrne 3Ha4yeHusa.

MpoTMBOpeYns, BO3HMKAIOLWME NPU NOMbITKaX OAHOBPEMEHHOIO YCTPAaHEHUSI MPOCKaKMBaHWUSA peLLeHust 1 3axBaTa JI0KaslbHbIMM
MWHUMYMaMu O4YEBUAHbBI, HO CNeaytoLMe NpoCcTble 3BpUCTUYECKME NpUBUAa 6yAyT NONE3HbI:

1. Ecnu owwnbka YMEeHbLUaeTca MeANEHHO, HO PpaBHOMEPHO, MOXHO YBEUYUTb N U O.

2. Ecnu owmnbka ocumnmnanpyeT B OKpeECTHOCTH HeKOTOpOVI TOYKHM, YMEHbLUEHNE N NMOMOXET CETU AOCTUYUDb 3TON TOUYKWU. YBENNYEHUE nuina
MOXET 3aCTaBUTb CETb NPEOAO0SIETL OCUMNNIALNUN N NPOAOIIXKNTD 06yquMe, HO He BcCeraa.

3. Ecnm owmnbka He u3MeHseTcs, 3Ha4YnT, No BCEM BUAMMOCTM Bbl gocturam peweHunsa. Bceraa COXpaHﬂI‘/'ITe KOMWUKO BECOBbLIX KOBquJVILI,I/IeHTOB B
3TOWN TOukKe npexae, 4em Bbl nonbiTaeTecb M3MEHUTbL NapaMeTpbl B MOMbITKE 3aCTaBUTb CETb NPEoA0sETb NJATO U NMPOAOIIKUTL 06yqume.



CeMuHapbl O6y4yeHne JnyeHs BaH MaTtepwuanbl a pym

3. MocTpoeHue cetn

3.3. TpeHMpoBKa HEUPOHHbIX CEeTeN

Mocne Toro, Kak HEMPOHHAs CeTb Co3A4aHa U HAabop AaHHbIX AN TPEHUPOBKM MOArOTOBNEH, CETb MOXHO TPeHWpoBaTb. Ha npakTuke, Kak
Mbl YBUAUM Janee, He06X0AMMO MOCTPOUTb U TPEHUPOBATb HECKO/IbKO BapMaHTOB HEMPOHHbLIX CETEW Ha MOArOTOB/IEHHOM
Habope TPEHMPOBOUYHbIX AaHHbIX, Npexae YyeM 6yeT NosyyeHo yAOBNETBOPUTENBHOE peLleHME.

3.3.1. C yero HauaTtb

HecMoTpsi Ha TO, UTO B NpeablayLmMx pasaenax npuBeAeHbl nNpaBuaa, KOTopbIMU CieAyeT pyKOBOACTBOBATLCS NMPU MPUHATUMN
PasfINYHbIX peLleHNit OTHOCUTENTbHO NapaMeTpoB CETU, CYLLECTBYET 3Tan NpoeKTUPOBaHUS CETU, KOTOPbI TpebyeT MCMOb30BaHUS
mMeToaa npob n owmnbok. Mbl focTurnm aToro atana. Mpu NOCTpoeHne HEMpOHHOW ceTun Ans Nbon, aaxe BeCbMa TPUBNANBHOWN
3ajauu, noTpebyeTcs NOCTPOUTL HECKONbKO HEMPOHHBIX CETEN PasfIMyHOM C/IOXHOCTU, UCMbITaTb HECKONIbKO BapuaHToB Bblibopa
TOYKMN OCTAHOBKMW MNPV TPEHWPOBKE CETU, CTApTOBaTb C Pas/IMUHbIX HayasbHbIX 3HAaYEHUI BECOBbIX KO3 MULMEHTOB. Kaxayto ns aTux
ceTell cneflyeT COXpaHwWTb, MPOTECTMPOBaTb, NPoaHaaM3MpoBaTh C TeM, YTO6bl HaKoHeL, BbibpaTb Hanbonee noaxoasiuyto. Mol

yXe paccMoTpenu Kak MOXHO MpeoAosieBaTb JIoKalbHble MUHUMYMbl NMyTeM BblbOpa 3HaYe€HUs MOMEHTa, KakK COXPaHsiTb KOMUW BeCOoB
nepea TeM, Kak caenatb 3T70. Kaxablil Tako Npoxos NopoXAaeT HOBYIO CeTb, U MOIYT BO3HUKHYTb C/TIOXHOCTU, ecnu ¢aiinos
pe3ynbTUPYIOLLMX BECOB HET MOA PYKOMN.

EaMHCTBEHHOE OKOHYaTenbHoe peweHne MoxXeT 6bITb Bbl6paHO M3 MHOXEeCTBa CeTel, CO34aHHbIX B npouecce TpEHNPOBKU, NN Xe
Bbl60p MoXeT 6bITb cAenaH Ha ocHoBe 3KCI'IepTHOl71 OUEHKMN.

3.3.2. PeXXMMbl TPEHUPOBKU: NOC/eAOoBaTe/bHbIi UM NaKETHbIN

Mpouenypa npeabsiBNeHUs ceTn Bcero Habopa TPEHUPOBOYHbIX AaHHbIX Ha3blBaeTCs 3Noxoi. Tak Kak 3agadeit HEMPOHHOM ceTu
SABNISIETCS YMeHbLUeHne cpeaHel owmnbkn Ha BceM Habope TPeHUPOBOYHbIX AaHHbIX, Takas npoueaypa sBASeTCs yAaYyHbIM

BapWaHTOM MOJlyYeHUs1 CYMMapHOW OWM6KM MO BCEM BbIXOAHbIM 3/1EMEHTaM U BCEM TPEHMPOBOYHbIM AaHHbIM. [ocne 3aBepLUeHUs OfHOW
3MNOXWN BbIYNCNSETCA eANHCTBEHHAasa ycpeaHeHHas owmnbka u ceTb MOAMMDULIMPYETCS B COOTBETCTBMM C 3TOW OWMOKONM. DTOT pexum
TPEHWPOBKUN U3BECTEH KaK MaKEeTHbIN pexunM 06ydeHusl. ANlbTEPHATUBHbIM K MaKETHOMY PEXUMY, T.H. MNOCNeA0BaTeNbHbIA PeXum
(pattern mode), 3akno4aeTcs B TOM, YTO MoandUKaALMS BECOB CETU NPOU3BOAUTCS MOC/Ee NPeabsBEeHNs KaXxaoro u3

NpUMepoB TPEHNPOBOUHOW MOCNEA0BATENbHOCTU.

Bbl60p Mexay ABYMSA BapuaHTaMu HE NMpoCT, U pa3Huua B 3¢)¢)8KTMBHOCTVI TOro UM MHOro pexnMa 4acTto 3aBUCUT OT CI'IeLlVId)I/IKVI
pemaeMoﬁ 3ajayun. I'IpM Bbl60pe peXuMa TpEHNPOBKK CneayeT pyKoBOACTBOBATLCA Creayownmn COO6pa)KeHVI9IMVIZ

. [MakeTHbIN pexum TpebyeT MeHbLIEro KoMMyecTsa MoandUKaLnin BECOB U, NO3TOMY, SIBJISIETCS CyLLECTBEHHO 6onee 6bICTPbIM.

. [pu ncnonb3oBaHWM NakeTHOro pexuMma obecrneunBaeTcs 60ee TOYHOE BblUMCIIEHNE N3MEHEHWUI B BECOBbIX KO3 dUUMEHTaXx.

. NaKeTHbI peXxnM OTHOCUTCSA TOMbKO K MOACTPOMKE BECOB; HEO6XOAMMO 06ecneunTb 06paTHOe pacnpocTpaHeHue oWnBKN. Kaxabli anemMeHT
[LOJIXKEH MO3TOMY Hakan/ivMBaTb CBOE TeKyllee cpeAHee; Npu 3TOM K ceTu aobasnseTcs TpeboBaHune o6naaaTb BO3MOXHOCTAMU HAKOMIEHUS.

. MNakeTHbIV pexxum 6onee NoaBepPXXeH 3axBaTy B JIOKaNbHble MMHUMYMbI MO CPABHEHWUIO C MOC/EL0BATENbHbIM PEXUMOM.

. MNpwv npoekTUpoBaHMe CeT 4YacTo HeobXoAMMO TPEHMPOBATb HECKO/IbKO BapMaHTOB CETeN Ha OAHMX M TeX Xe AaHHbIX, Npexae yem byaer
HalAeHo yA0BNEeTBOpUTE/IbHOE pelleHne. TpeHMpoBKa B PasfiMiHbIX pexunMax Xopowuii MeTos pasHoo6pasuTb yCoBUS TPEHUPOBKK MpU
BbI6OpE ONTUMAIbHOMO PELLUEHUS.

3.3.3. YcKopeHue npouecca TpeHMPOBKU

Mbl y)xe paccMOTpenu, KakuM o6pasoM MOXHO Bbi6paTb napamerp |:| nepes TPEHUPOBKOWM CeTU. TakKe MOXHO ANHAMUYECKU

NnoAcTpavBaTh 3TOT NapaMeTp B MpoLecce TPEHUPOBKU AN TOro, YTO6bl B KaKOW-TO CTEMEHM YCKOPUTb NpoLecc. YacTo xenaTesibHO, XOTS U
He HeobXoAMMO, C KaxKablM BECOM CETU CBA3aTb OTAE/bHbINM NapaMeTp. TO yBEMUNBAET BPEMS BbIYMCIIEHUI, CO3AAET COXKHOCTM

ANSi TPOrpaMMMpPOBaHUs U CTabUIbHOCTU CETU W, NMO3TOMY, TakKoi CNocob MOXeT 6biTb MCMOb30BaH TOIbKO B TeX Ciyvasx, Koraa

Apyrue MeToabl He MpUBOAST K ycnexy. Cneayowme HabnoaeHUs MOTyT NMOMOYb NPU YCKOPEHUM TPEHUPOBKU CETU.

. Ecnu paHHbIV Bec nocnenoBaTeNbHO U3MEHSIETCA B OAHOM U TOM Xe HanpasJ/IEHUU ANS HECKOJ/IbKMX NocnenoBaTesbHbIX Hpe,q'bHBHEHMVI,
MOXHO YBEMNYUTb CKOPOCTb 06yqum| ANnsa AaHHoro Beca. EctectBeHHO, 3TO Tpe6yeT MCNONb30BaHNA HE3AaBUCUMbIX NMapaMeTpoB o6yquvm
ANnAa Ka)xaoro eBeca.



. HaobopoT, ecnun Beca M3MEHSIIOTCS B pasfiMyHbIX HanpaBieHnsaX Ha nocneaoBaTesibHO NpeabsiBAsSEMbIX NpUMepax, Ux napameTpbl 06yyeHuns
[OMKHBI 6bITb YMEHbLLEHbI.

. Ecnm noBepxHOCTb OWNBOK OYEHb MJI0CKas, Toraa CKOpoCcTb 06yyeHnss MOXeT 6bITb yBeNnYeHa. DTO npocTeliee npaBuio MOXET ObiTb
NPUMEHEHO KOrJa MCMoJIb3yeTCsl TONIbKO €AUHCTBEHHbIV NapameTp obyyeHus.

. Korpa owwnbka 6onblias, Mbl MOXEM MO3BOSIUTL 60/bLUME N3MEHEHWNSI BECOB.

. Kak TobKO ownbKa yMEHbLUUTCS, Mbl LOMKHbI BbINOAHSATL 60/1ee TOHKYI0 MNOACTPOMKY.

OTMeTUM, 4YTO UCNONb30BaHME MOMEHTa aBToMaTuyecku obecneunsaeT apdeKkT, AOCTUraeMbli B NepBbIX ABYX pa3saenax, 6e3
U3MEHEHUA NAapaMETPOB o6yqu|/|9|.

HabnioaeHus, caenaHHble Bbile, MOTYT NPUMEHATLCS MOHEMHOrY. JpyruMu cloBamMu, napaMeTpbl 06yYeHNS MOFYT U3MEHSTLCS

OT NpeabsBNEHUS K NPeabsBAeHUI0, HO Nto6oe eanHUUHOe NpeabsiBieHme 6yaeT okasbliBaTb TObKO cnaboe BAMSIHWE Ha CKOPOCTb
06yuyeHus. Takoit KOHTPONb BBOAUTCS UCMOSb30BaHWEM elle 0AHOMo NapaMeTpa, KOTOpbIi yCTaHaBAMBAET pasMep Liara U3MeHeHus
napameTpa obyyeHus. MpeacTaBnsieTcs pa3yMHbIM 3a4aTb OrpaHUYeHUs Ha napameTpbl 06yyeHust. OHU He MOryT AOCTUraThb
HY/NEBbIX 3HAYEHU, TaK Kak B 3TOM C/lyyae npouecc 06yyeHns 0CTaHOBUTCS.

MHOrMe NporpaMmMHble NakeTbl MOAETMPOBAHNS HEMPOHHbLIX CETel NpesycMaTpuBaloT BO3MOXHOCTb AMHAMUYECKON NOACTPOVKHM

napameTpa obyyenusi. CrneayeT 3anOMHUTL, YTO Te XKe CaMble MEXaHWU3Mbl, KOTOPblE YCKOPSAIOT ABMXKEHME CETU K PELIeHUIo, TaKkxe

MOrYT NPUBOAUTL K NMOMAZAAHMIO U 3aCTPEBaHMI0 CETU B SIOKASIbHOM MUHMMYyMe. Kak Mbl y)Xe 0TMeyanu, OAuH U3 BO3MOXKHbIX

TaKTUYECKMUX NOAXOA0B B PELLUEHUN 3TOM Npo6eMbl COCTOUT B TOM, UTO6bl 3aMOMHUTL BECa, YBEINYUTL NapaMeTpbl 06yUYeHUs A0 MakCMMyMa
1 MeAJIEHHO YMEeHbLLATb UX B HAAEXAE, YTO CETb “BbIMPbIFHET” U3 JIOKANIbHOM0 MMHMMYMa UM NPOAOCIIXUT 0bydeHne. Ecnun xe Takas

TaKTWKa MNOJIHOCTbIO PaspyLWT peLleHne, TOrAa OHO MOXET 6biTb BOCCTAHOB/IEHO Ha OCHOBE COXPaHEHHbIX BECOB.

[lpyrue 3aMeTKu No yCKOPEHUIO

BbIsI0 NOKa3aHo, YTO CETM C HeYeTHbIMU QYHKLMAMM akTBauumn obyyatoTcs 6bicTpee, YeM CeTU C HECUMMETPUYHLIMK DYHKLUAMM
aKTMBaUMM. DyHKUMA sBRseTcs HeueTHol, ecnn f [ —Xx) = — f (x) . NpeasaputensHoe koanposaHue 1 WkanuposaHue

TPEHMPOBOYHbIX AaHHbIX MPUBOANUT K YBEIMYEHUIO CKOPOCTU TPEHUPOBKW MO CPaBHEHMIO C TPEHWMPOBKOM Ha MCXOAHbLIX AaHHbIX, TakK Kak B
3TOM C/lyYyae MCMOoJb3yeTCcsl CeTb MeHbLUEro pa3Mepa. BpeMsi MoXeT 6biTb YMEHbLUIEHO, eC/IM Mbl HAYHEM C NMpOoCTelLen Moaenu,
MOCTEMEHHO YCNOXHAS €€ A0 AOCTUXEHMUS ONTUMasbHOrO COOTHOLWEHMS TOYHOCTU M obobLuatouieri cnocobHocTH.

M HakoHeLl, CTOMT paccMOTpeTb, Kak Bbl 3arpyxaeTte npoueccop. Kaxablini npoueccop paboTtatowmii B cpeae Windows gonyckaeTt
BO3MOXHOCTb TPEHUPOBKM CETU B (POHOBOM pexuMe, KOraa Ha KOMMbloTepe 3anyLleHbl Apyrue NpunoXeHus. OTO yBenMymBaeT

BpeMsl TPEHWPOBKN U 3aMeanseT paboTy Apyrux nporpamMMm. HelMpoHHas ceTb B npoLecce TPEHMPOBKM OYEHb CUSIBHO 3arpyxaeT
npoueccop, NpakTUYeCKN He OCTaB/IsAsl BO3MOXHOCTEN AN napanfienbHoi paboTel Apyrnx nporpamMM. MNosaToMy oveHb XenaTenbHo, YTo6bl
AN TPEHUPOBKM HENPOHHOW CETU UCMOMb30BaTb OTAENbHYIO MallnHY.

OnNTMManbHOM TaKTUKOW SIBNSIETCA UCMOJIb30BaHME HOYHOMO BPEMEHW U BbIXOAHbLIX AHEN AN TPEHUPOBKU HEMPOHHbLIX CETEW.
3.3.4. Korpa octaHaB/iMBaTb TPEHUPOBKY

ECTb MHOrO NpUYMH ANS TOro, YTo6bl MMETHL NPOCTOE NPaBUIIO KakK Y3HaTb, Koraa HE06X0AMMO OCTaHOBUTbL TPEHMPOBKY ceTU. Bo-
nepBbIX, anropuTM 06paTHOro pacnpoCTpPaHEHUst He rapaHTUpPyeT CXOAMMOCTU. [IpyrMMu CroBaMu, HeMb3st OXUAATb AOCTUXKEHMUSA
TakoW KOHMbUrypaunm BecoB, KoTopas obecneymTt abCcontoTHbI MUHUMYM OWNMGKKN. BO BTOPbIX, HAMMeHbLUAsi BO3MOXHas owmnbka
AN151 3alyMAEHHbIX aHHbIX He HyJlb, U Mbl HE MOXEM 3apaHee 3HaTb ee BeNn4YnHy. W nocnegHee, npoueaypa o6paTHOro
pacnpocTpaHeHus paspaboTaHa ANs YMEHbLUEHUS OWNEKM TPEHUPOBKU, B TO BPEMS KaK Halla Lieflb COCTOUT B YMEHbLUEHUMU
owmnbkmn o606LeHns.

C y4yeToB BbllEeNnpuUBeAeHHbIX 3aMeyaHuii, Mbl MOXXEM KOHCTATMPOBaTb, YTO HEMPOHHAs CceTb obydyeHa (T.e. AOCTUIrHYTa Takas Touka,
Janee KOTOpOW Hesb3s AOCTUTHYTb HUKAKUX YAyYLLEHWI), eC/iv YAOBNETBOPSETCA OAUH UK 6onee 13 cneayowmx Kputepues:

. YcpeaHeHHas owmnbka TPEHUPOBKW AOCTUIa 3apaHee 3alaHHOWN BEIMYMHBI.
. CpegHsas owmnbka TPEHUPOBKU HE YMEHbLUAETCA, UIN YMEHbLUAETCA HE3HAYUTENBHO.
. CpeagHasa ownbka He3aBMCMMOIro TeCcTa HauYMHaeT Bo3pacTaTh, YKa3biBas Ha Hayano nepeobyyeHus.

3.3.5. Mepbl ""300pOBbLA"’ CETH

Hapsigy ¢ HabniogeHueM 3a noBeaeHWeM OLWMOKM CETU, MOXHO COCPEAOTOUYNTb BHUMaHME Ha “340poBbe” CeTU C TOUKMU 3peHus
pacnpeneneHns 3Ha4yeHU BeCoBbIX KO3 PULNEHTOB.

FMcTorpaMmbl BECOBbIX KO3(P(PULMEHTOB

Mbl BUAENN, 4To ANs AOCTUXEeHWUS obobLuatroLert cnocobHOCTN ceTn, HeobxoanMMo, YTOObl 3HaYEeHNS BECOBbIX KO3 MULIMEHTOB OblIN
ManbIiMuU. ITOT dakT No3BosseT HaMm chopMynpoBaTb MPOCTON KPUTEPUI “300p0OBbS” CETU, KOTOPLIN U3BECTEH KaK rmcrorpamma
BecoB. 'McTorpaMma BecoB MOKa3blBaeT KOSIMYECTBO BECOB CETU, YUbW 3HAYEHWSI MOMNajaloT B 3a4aHHbIA UHTEpBar.

MocTpoeHue rmcrorpammbl BECOB

MMcTorpamMma MoXxeT 6bITb NpeAcTaBfieHa B CTaHAApTHOM BUAe Kak cTonbuoBas AvarpamMma. [as nocTpoeHUs rmcTorpammbl
HeobXxoAMMO BbIUNC/IUTL AMana3oH U3MEHEHUs BECOB CETU, Pa3buTb ero Ha NoaamanasoHbl (40CTaTovyHO Ha 10) M BbIYMCAUTD
KOSIMYECTBO BECOB, KOTOPbIE MoMaaaloT B KaXAblii U3 NoAAMANaA30HOB.

AHanus ructorpaMmmbl Becos

&

MMcTorpamMma “340poBON” CeTM MMeeT NiaBHbli MakCMMyM B 0651aCTV ManbiX aMnanTys (B OKPECTHOCTW Hyns), yKasbiBasi, Y4To
60/bLINHCTBO BECOBbIX KO3I(PDULMEHTOB HEBENUKU. SICHO, YTO ManoBEPOATHO, 4TOObI HEKOTOpbIe Beca obpallanmcb B HyNb. MMcTtorpamma



C NMMKaMM Ha KpasiX Anana3oHa M3MeHeHMs yKa3blBaeT Ha BEPOSTHOCTb NepeobyyeHunsi. BenmymHbl BECOB 3aBUCST OT BMAA
GbYHKUMK aKTUBaLMK. B3rnsaHyB Ha pUcC. MOXHO 3aMeTUTb, YTO BbIXOA CUrMOMAANbHOM YHKLUMM 6IM30K K HYIO UK K eauHuLe
npu AManasoHe BXOAHbIX 3Ha4YeHui bonee, yem 5.

N3MeHsseMOoCTb rMCTOrpaMM BEeCOB

BHMMaTenbHbIN YnTaTenb (MnM YntaTenb, 3HAKOMbI/ C TMCTOrpaMMaMun) OTMETUT, UTO HETPEHUPOBAHHAs CeTb C MafbiMU C/lyYanHbIMU
BeCaMW LeMOHCTpUpYeT “340pOBYI0”, XOTS U CIULLKOM Y3KY FrMCTOrpaMmy. MNoaToMy npeacTtaBisieT MHTepecC oueHKa AUCnepcum
rmcTorpaMmmel B npouecce obyyeHus cetn. Beca, KoTopble HEe ABUrAOTCS OT UX HavanbHbIX COCTOSIHUIA, HE MOryT AaBaTb 60/1bLIOr0 BKAa4a
B pelleHune (ecnun, KOHeYHO, OHW He OKasanucb NPaBWiibHbIMK NPU MHULUManNn3aummn). Ecnv HU OAMH M3 BECOB CETU HE U3MEHWICS

MO OTHOLUEHMIO K HaYaslbHOMY COCTOSIHUIO, 3HAYUT CceTb He 06yumnnacb. HayanbHble Beca A0MKHbI 6biTb CyYaHbIMU BETMYMHAMK B
AnanasoHe oT -1 Ao +1. “3g0poBasi ceTb A0/IKHA MMETb Beca C MaKCMManbHOW aMnanTyaon okono 10. Ha puc. npeacrtasnieHbl

06pasubl XOPOLUMX U MIOXMX TMCTOrpamMm.
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