ANbTEPHATUBHbIN CMNOCOB OBYYEHUA MHOIOCIIOMHbIX HEWPOCETEW MNPAMOIO
PACMNMPOCTPAHEHUA B 3AOAYE PACINO3HABAHUA OBPA30B

KoneHtbes C.B.
CapaTtoBcKkuii rocyaapCTBEHHbIA TEXHUYECKUIA YHUBEPCUTET

Ha cerogHs Hambonee 4acTo McCMonb3yembld B LIENsX oby4yeHWs ceTu anroputMm obpaTHoro
pacnpocTpaHeHns CTpagaeT CBOEN MeANUTENbHOCTBI M HE rapaHTMPOBAaHHbLIM YCMNEXOM pacrno3HaBaHUS
NCKaXXeHHbIX obpa3oB npu uudcdpoBon ob6paboTke curHanos. Kpome TOro, ocrtaeTcss HeodYeBUMAOHOW
3aBMCMMOCTb MEXAy KONMYECTBOM HEMPOHOB B CKPbITLIX CMOSAX MOAENMU N KONMYECTBOM pacrno3HaBaeMbiX
CeTblo 00pa3oB, a TakKe TOYHOCTBLIO MX pacrno3HaBaHus. Takke, CeTb B pe3dynbTaTte 00y4eHUs C NOMOLLbIO
anroputma obpaTHOro pacnpocTpaHeHusi (M  MHOTFOYUCIIEHHbIX €ero  moaudmkauun), Ha 3Tane
pacno3HaBaHusa obpa3oB B curHane HadnmHaeT BecTu cebsa HenpeackasyeMo. B pesynbtaTe Ha Bbixoge
CETU NPV pacrno3HaBaHWM MOSABMATCSA 0Opasbl, KOTOPbIM €€ HUKTO He obydvan WM He pacno3HakrTCH
CUrHamnbl OYeHb MOXOXMEe Ha aneMeHTbl obyyarowen Bbibopku. NMpu 3agaHnm Gonee CTPOrMx OrpaHUYeHUn
Ha KayecTBO 0By4yeHMsl, caM MPOLLECC TPEHNPOBKU CETU MOXKET 3aTSHYTbCS Ha HEONPEAENEHHbIN CPOK.

MpegnaraeTca anroputm, NO3BONAKOWMA n3bexaTb BCEX ITUX HEMPUATHOCTEN, a KpoOMe TOro,
3apaHee, Ha aTane MNpPOEKTMPOBaHWUS MOAENW, 3HATb CKOMbKO MNOTpedyeTcss B HeW HEeMpoHOB Anis
KOHKpeTHOro ob6bema oby4vatoLLmx obpasos.

ANropuT™M  COOEPXWUT 3NEMeHTbl  ODy4eHWsi, 4YeM-TO TOXOXME Ha MeTodbl BCTPEYHOro
pacnpocTpaHeHus.

Cmodl axodwar

. Heliponog Crgrmudd cmoti
BrLxmuanil
il axodwey [ -
obparos

Codepmeum m

TRy

Codepaecum k Codemmeum k
maliponag RElTONOS

Puc. 1. Tononorus HenpoceTw.

MeTon obpaTHoro pacnpoctpaHeHus owwnbku [1] (back propagation) ocHoBaH, hakTudecku Ha
MHOrOMEPHON aHTUrpagMeHTHON ONTUMM3AaUMM CUHaNTUYECKUX BECOB CETW B COOTBETCTBUMM C Habopom
obyyatoLen BbIGOPKM — Map BXOAHbLIX 06pa3oB M COOTBETCTBYIOLLUMX UM XefaeMblX BbIXOOHbLIX 3HaYeHWUM
cetn. MeTog Xe BCTpeyHOro pacnpocTpaHeHusi [2] (counter propagation) OCHOBaH Ha OTbICKaHUU
Koppensauuu nap 3tmx obpasosB obyyvarollen BbIOGOPKM (BXOAHLIX U COOTBETCTBYIOLUUX UM «KenaembiX»
BbIXOAHbIX).

Paccmotpum cutyaumio, korga y Hac ummeetcsa k obpasoB B obyuaiouwen Bbibopke. [Mpuyem
Kaxkgomy «BXoAHOMY» o0b6pasy Vi cooTBeTCTBYEeT oauH BbixogHou obpas Di (i = 1..k). B kaxgom BXOAHOM
obpase cogepxutca m anemeHToB (Vij — j-Tbll 3NEeMeHT i-ro BXogHoOro obpasa), a B KaXAOM BbIXOOHOM
obpase cogepxumTcsa n aneMeHToB (Dij — j-TbI aneMeHT i-ro BbIxogHoro obpasa).

3agada pacnosHaBaHUS CeTM CBOAUTCHA K TOMY, YTOObl COMOCTaBUTb WCKaXXEHHOMY BXOOHOMY
o6pa3sy Pi, noxoxemy Ha OguH M3 BXOOHbIX OOpa30B, COOTBETCTBYHOLUN €My «XKeraembli» BbIXOLHON
o6pas, npuyem 310 ByaeT He obA3aTenbHO OAMH U3 BbIXOAHbLIX 06pa3oB obyvatolleln BbIGOpKM, a ckopee
KOMOUHaLUMsA n3 Heckonbkux Di, B COOTBETCTBUMN CO CTEMEHBIO UCKaXkeHMs Pi no oTHoLIeHuto K Vi.

PaccmoTtpum, Takke Tononoruio cetn (cMm. puc. 1). 3To 0BblYHbIA «NEPCENTPOH» — MHOrOCMNOMHas
CETb NPSIMOro pacnpoCTPaHEHUS.

Ana kaxporo cuHantTuyeckoro seca w; Oyaem nomaratb, YTO | — 9TO WHOEKC HeWpoHa u3
npeablayLWwero cros, a j — 9To MHAEKC HENPOHa, KOTOPOMY MPUHAANEXUT BEC Wi;.

B takom cnyyae atan o6y4eHuss COCTOUT M3 LLAroB:
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1. CuHanTuyeckme Beca HEMPOHOB BXOAHOrO Crosi MPUMHMMAKT 3Ha4YeHWst B COOTBETCTBMM C
BblpaxkeHnem wj = Vji. 3To o3HauaeT, 4To Beca codepxat B cebe «cnefbl» BXoAHbIX 06pa3os obyqatoLuen
BbIOOPKM.

2. CuHanTuyeckme Beca HEMPOHOB BbIXOOHOMO CIOSA MPUHUMAOT 3HAYEeHMSI B COOTBETCTBUU C

BblpaxeHnem w; = Dij. OTo o03Ha4aeT, 4TO Beca cofepxaTr B cebe «crnedbl» BbIXOAHbIX 06pa3oB
obyyaroLen BoIGOPKN.

3. CuvHanTuyeckme Beca HEWPOHOB CKPbITOMO CrOsi MPUHUMAOT  3HAYeHWs, MO  CyTb,
KO3 PULMEHTOB KOPPENSUNN SNEMEHTOB BXOAHbIX U BbIXOAHbLIX 00pa30B. BbipaxeHne ans HUX MMeeT
BUA;
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MepBas u3 atnx cdopmyn, No cyTu, onpegenser KoadduUMEHT NpUCyTCTBUSA j—To obpasa BO
BXOOHbIX 3HA4YeHUSAX CeTu, Toraa Kak BTopas onpefensieT Ko3@ULNEHT «MNOXOXECTU» BXOAHOro obpasa
Ha i—TbI obpas.

BbixogHOe 3HayeHue KaXgoro HempoHa pacCyYUTLIBAETCA B COOTBETCTBUM C  BbIP&KEHUEM:

p
Outj =F (I n, EN”)—UE roe F — doyHKUMA orpaHuyeHus, U — nopor, In; — BXo[Hble 3HavyeHus Ans

HelpoHa, wj — ero cMHanTu4yeckue Beca, p — KONM4ecTBO BXOAOB HEMPOHA, a | — HOMeP HenpoHa B croe.

Kak npaBumno, BbIOOp yHKLUN OrpaHUYEHNst OCTaeTCsa Ha YCMOTpeHMe pa3paboTymka, Tak YTo BCe
npvBeAeHHblEe 34eChb BblpaXXeHUs Ans NoAcYeTa HavanbHbIX 3Ha4YeHU BecoB B3sThbl 6e3 ee yyeta. lNopor
Yyalwle BCEro B MPaKTUYECKUX MoAensix Toxe He umcnonb3yetcs. CobCTBEHHO roBopsi, JaHHasd MOAerb
MOXET MUCMOSb30BaTbCA Kak MPOCIonka B «bonee MHOroCrnonHOM» CEeTU MPOU3BONbHOM Tononorun. Ecnm
MCMoONb30BaTb MOPOr  WMAM  OrpaHuuuMTenbHyl0  yHKUMIO B 9TOW  Mogenwn, TO  HeobxoauMmo
MOAKOPPEKTUPOBAaTbL HaYarbHbIe 3HaYEHNS BECOB Wi B BbILLEyKa3aHHbIX TPeX NyHKTax.

WUTtak, nepBbin Cnovi HEWpPOHOB BblYMCNAET KO3(PMULMEHTLI KOppensumMm 3adaHHoro B npoLecce
pacnosHaBaHuWsi BXOOHOro obpasa Pi C¢ kaxabiM BXOAHbIM 00pas3om Vi M3 «3TanoHHOW» oby4vatoLlen
BbIBOpPKN.

[anee no atum koadpdULMEHTAM CKPbITbIA CMON BblUCASET KOIDPULMEHTHI MPUCYTCTBUSA BO
BXOOHbIX 3HauyeHusix Pi kaxgoro m3 Kk BxogHbix obpasoB Vi obydarowen BbiGOpkM (kKoadhduumeHTt
«MPUCYTCTBUSA» — 3TO, MO CYTU, BbIXOS, K&XKA0ro U3 HEMPOHOB CKPLITOrO Cros).

M yKe no 9TMM [JdaHHbIM BbIXOOAHOW CfIOM  MNOACYMTLIBAET peanbHbIl  BbIXO4 CeTw,
CKOMOVHMPOBaHHBLIN M3 BCeX BbIXOAHbIX ob6pa3oB Di obydvatowen BbIGOPKM, B COOTBETCTBUN C
KO3 PULMEHTOM MPUCYTCTBUSA KaXKOOro U3 HUX.

Mexnay Tem, rapaHTUpOBaHO, YTO MNpu NosiBNeHnn obpasosB Pi, MakCMManbHO YNCIIEHHO «MOXOXUX»
Ha Vi, BbIxoAbl ceTn 6yayT MakcumarnbHO Noxoxu Ha Di.

Kak BnagHoO 13 puc. 1, Ha BCto Mmogenb TpebyeTtca 2-k + n HenpoHoB ¢ k-(k + m + n) cMHanTu4eckumm
cBsA3AMU. OTO, KOHEYHO, TpebyeT HeMarnbIx 3aTpaT OnepaTMBHOM NaMATW, OAHAKO B3aMEH Mbl MOfy4YyaemM
BO3MOXHOCTb 0By4nTb €e BCEM HYXHbIM OBpa3am BbIGOpPKM 3a OAMH pas, He npuberad K UTepaLMoHHbIM
npoLeccam.

Camoe ygobBHoe, 4TO MoOcne 3TOro AaHHyl MOAEeNb MOXHO AoofyyaTb NO CBOEMY YCMOTPEHMIO
nobbIM AOCTYMHLIM METOAOM, B TOM YMCre U MeTOAO0M 0BpaTHOro pacnpocTpaHeHus OLMBKN.

Kpome Toro, goobyyeHne MOXHO TOXe ONTMMMU3NpPoBaTh. Kak BUAHO M3 BbILLEOMUCAHHOIO, MOAeNb
TpebyeT 3HauMTenbHbIX 3aTpaT MamsATM (B OCHOBHOM Ha CKpbIThI crnow). Bcneactsue aToro, npwu
[oobydeHun, korga MOSIBUNICS HOBbINM 0Opas, KOTOPOMY HYXHO HaTpPEHUpPOBaTb CETb, Mbl MOXEM MOWTK
OBYMSI MyTAMU:

1. Ecnu HexBaTkum onepaTtuBHOW MaMATM Yy HAC HET WM CpaBHUTENbHO Mano obpas3oB B
obGyvatowen Bbibopke, To NpocTto AobaBnsieM HOBbIV 00pa3 kKak camMoCTOATENbHbIA. [1pn 3TOM B CKPbIThIN
cnon pobaenseTcsa elwe OAMH HENPOH; A0OaBNSATCA CUHANTUYECKUE CBS3M C HAM B BXOOHOW, CKPbITLIA U
BbIXOOHOW CIou, Beca B KOTOPbIX YCTaHABMMBAKTCA B COOTBETCTBUM C BblpaXXEHUAMU ONsl MHULManm3aumm
COOTBETCTBYIOLLMX Wi, OMNCAHHbIX BbILLE.

2. Ecnu xe onepatMBHas namatb B geduuuTte unvM KonvyectBo obpasoB B obyvaroLlen
BbIOOpKE 4MCNO HeManoe, TO MOXHO MOCTYNUTb NO aHanorum ¢ obydyeHuem kapT KoxoHeHa, a MMEHHO:
HUKaKnX HEMPOHOB He [06aBNATb, @ CMECTUTb «aKLEHT pacrno3HaBaHUSA» B MOMb3y TOro (Mnu Tex) obpasos
Vi, Ha KoTopble MOXOX HOBbIN (go6aBnsemblnn) obpas Pi, nponopuMOHanbHO €ro  «MNOXOXeCTU».
Hocturaetcs 310 NyTeM YMHOXEHWUs OuaroHasnibHbIX BECOB CMHANTMYECKOW MaTpuubl CKPbITOrO CIosi Ha
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BENNYMHY 3TOW CaMOMN «MOXOXKECTU». DTy «MOXOXKECTb» MOXHO paccyuTbiBaTb MO pasHoMy. Kpome Toro,
MOXHO He yMHOXaTb BCEe AMaroHasbHble 3Ha4YeHWsi BECOB Wj , a MocyutaTb MX CyMMY MOCTOSIHHOM
BENNYMHOW U NepepacnpenenvTb 3TN 3Ha4YEeHNs BECOB B COOTBETCTBUM C KOIPDULIMEHTOM CXOXKECTMU.

MpeanoXeHHbIN anropuTM MO3BOSSIET CHU3UTb BPEMEHHbIE 3aTpaTbl HA 0Oy4eHMe HEWpOCETU W,
KpOMe TOro, MOXET WCMOoNb30BaTbCA B 3adadyax pacrnos3HaBaHusi obpasoB M obpaboTku umMdpoBbIX
CUrHanoB, B YacTHOCTM WX SKCTPanonsiuuM WM BOCCTAHOBMEHUSI WCKaXKEHHbIX («3aLlyMIIEHHbIXY)
Y4aCTKOB.

Jlutepartypa
1. YoccepmeH ®. HenpokomMnbioTepHasa TexHuka: Teopusa n npaktuka. — M.:Mup, 1992. — 301 c.

2. Hecht-Nielsen R. Counterpropagation Networks: Proceedings of the IEEE International Conference
on Neural Networks, I, IEEE Press, New York, NY, pp. 19-32, 1987

([TTT# (TTTT]




4-a MexxayHapoaHasa KoHdepeHuns DSPA-2002

ALTERNATIVE WAY OF TRAINING MULTILAYER FEEDFORWARD NEURAL NETS IN A TASKS OF
PATTERN RECOGNITION

Kolentev S.

The algorithm of back propagation that used very often in last days has some serious
disadvantages. Such as lower speed of training iteration process, not guaranteed successful recognition of
patterns, that net was already trained, during the digital signal processing. Besides, the dependence
between a number of neurons in a net and number of training set patterns is not obvious. Quality of
recognition is also uncontrollable.

Net after a training process by algorithm of back propagation (and it's variants) behaves itself
unpredictable during a recognition. For example it can converge results to a patterns which it has never
trained before, or in another way — it can't recognize a pattern that it was trained. And if we will set up a
more restriction for quality of training process, the time of iterations will be unpredictable.

We presenting the algorithm, that allow us to avoid all these troubles, and besides, beforehand, on
stage of designing models, we’'ll know how much neurons in it's structure must be, depending on a number
of training patterns. This algorithm contains elements, that look like counter propagation methods.

The algorithm of back propagation [1] based on multidimensional antigradient optimization of neural
net synaptic weights according to a set of training patterns (pairs of input and corresponding desired
outputs). Method of counter propagation [2] based on calculation of correlation of those pairs of patterns
(pairs of input and corresponding desired outputs).

Let us consider that we have training set with k pairs of patterns and each input pattern Vi contains
m elements, each output desired pattern Di consist of n elements. Each one input pattern Vi corresponds to
one of output patterns Di. Thus the task of recognition is follow: to match noised («damaged») signal
pattern Pi with all trained set input patterns Vi depending on their similarity to Pi and combine the output
signal with several Di, corresponding these similarities.

The main idea is that: the first layer outputs contains a correlation coefficients of processing pattern
Pi and each input pattern Vi of training set. After that by these coefficients the hidden layer calculates a
coefficient of influence of each Vi on output result. And finally we get on outputs of output layer a
combination of all output training patterns Di, depending on these influence coefficients.

Thus the resulting model of network will be contain 2-k +n neurons and k-(k + m + n) synaptic
connections. And the training process will not include any iteration processes.

Another advantage of this algorithm — the net after that can be re-trained even by method of back
propagation, in case of need, to add a new patterns in net's knowledge base.

Described algorithm allow us to lower time of neural network training and, besides, can be used in
a tasks of pattern recognition and digital signal processing, in such tasks that prediction of time series or
restoring of noised signals.
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