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B BacTOJl~ee spe:Wr itc:eyccTBeBBble BeiipoH:Bbiec'eTH :Haxop;KT nm:poxoe npnMeBe- -

. 'BHe B Me:op;ne' {pw.Jn'IeCKOrO BK~nepHMeHTa {1,. 2)~ 0HH HC~OJTh3YIOTCJl KaK ~JIJl 
-nocTpoeBHJiHBTeJIJieKTYa.JibHhiX TpnrrepoB.B:biCOKOrO ypoBHK, nOOBOJIJliO~HX :ripOBO

p;liTb a<M}eKTliBHYI<> Ali<:KpHMim~HIO <{loHOBLIX co6hi'l'11ii B peanbBOM speMeHll a~cnec 
pHMeBTa, TaK lf B oap;a'Ia.X o6pa60TKll axcnepm.{eHTaJibH:biX p;aHHLIX, .TaKliX KaK' pac

nooHaB~me TpaeKT_opuii '!aCTll~, BOCCTaBOBJieHlle Mace, H~~iiTH<{lli:Ka~liJl riepBli"'BbiJc 
K/llnH BTOpli'IH~X sepiUliH lf T.p;. . . - '" < < --.· .. . -' ··: •· ~ I 

Hail:6onbmee, 'pacnpocTpaHeHlle ~rony<lllnll !dH:or~cnoii:HL~e feed forward ~eTu ; 
(4;-5): .Hll.CTpoii~a TaKmc'ceTeH Ha KOBKpeTHYIO oap;~"'Y peanuoyeTCJl nyTeMIIX oGy~ 

_. "'eHliK, p;nil qero;xax npaBllliO, llcnori.b3yeTCK.anroimTM back-propagation [3, 6), 
_. npep;cTaBJIJlKl~Hii 'co6oii: rpap;lle~THhiH MeT~p;. 'liccnep;OBaHliJl aTor~ anropliTMa ( CM. 

HlllKe)'noxaoaim, 'ITO c ero noMO~biO He yp;aeTCK p;o6liTbCJi xopomeroKa'1eCTBa-o6y-'. 

~e:Hmr ~eTll, K~Topoe oco6e~HO salKHO p;JIK Taxllx oa~aq axcnepm.ieHTaJihHoii <{lliOliKll; -

rp;e MaJIOBepo1ITH:ble-CO 6L~Tli1I B:blp;eJIKIO'l'CJi ·Ha .nop;aBJIRIO~eM ·<{loRe OT KOHKypupy!O-
. . - - . . 

~liX npo~eccos: , , . . , . . • 
C M'a-reMaTn"'ecxoii'To~xuopeHliK npo~ep;ypao6y'1eHli1I feed forward ceTucso

.p;HTCK :K oap;a'Ie M~HliMHO~HH KBap;paTli"'HOrO <{lyHK~HOHaJia [3]. B HaCTOH~e-ii: p~-
6oTe Hccnep;osa.H anrop~TM o6y'1eHHK Jia ociiose MeTop;a Hbi<>Toila, · npoaeAeHo ero · 

, cpasHeHlle c MeTop;aMH · nepsoro · nopKp;ia · H ~aiOTCK- pexoi-1eHp;a:tiHn no nx ncnonboo-
- ··- , •• > ·, ._ .,. • • 

BaHliiO. . 1
-

~·' .. _ 

c. 1 . rlo~TaH~BKCl. 3a~aqH 
Ll ApxHTeKTypa ueipouuoi c~T~ 

• ''; • • _,·""'. • • -- _: -. f ..: - --. < ' • ' ' 

F:eed forward ceTb COCTOHT Ho HeCKOJlhKliX CJIOeB: BXOp;Horo, Ha KOTOphlH nop;aioTCJl . ~ . . - . . ./ . . : -:..-- ~ __ , ~ '· . . 
aHaJIIIOHpyeM:ble p;aHHMe, Op;Horo liJIH HeCKOJlbKliX CKp:biT:biX lf BMXOp;Horo, C KOTOporo 

.CHHMaeTcil peoyJI~TaT. . . - -

BL~xop;HoMy .cnr:Hany oTBe"'aeT <{lyHx~.a y: 

Yi =f(a;), 

h; ={· J(a;) 
- ,x; 

a;= L,w;;h;. + 9;, 
j. 

p;JIK CKp:biT:biX CJIOeB, 

p;JIK BXOp;Hor,o CJIOH0 



,, 

3p;ec& xi - p;aHHDie,nop;a.BaeMhle Ha.Bxop; ceTH, wii- Beca cBroeiiHeHpoHoB, 8; -
noporH, T ,:__ "TeMnepaTypa", g :- nepexop;HM cpymu~HK. HaMH HcnollbOoB~acb ne-

pexop;~a.s: cpyHKQIDI ~Hp;a . ." ' 
1 

, . , , . . , · · · 

, g(:y) = 2(1 ttanh(x)), 
·----~-

3ap;a'Ia.' o6y'!eHIDi ceTH cocTonT B Haxo:lK~eHHH BeCOB ~; MmM~mHpYJO~HX cpJH~, · 
, xQHOHaJI aHepr~m · · · · , , , , · 

,' E = ~ I:(!7(p)•_f(P))2., 
. .2 p . • . 

rp;e p = 1, .. ;, Ntra~n, Ntrain -' '!HcJroo6~~~~ o6p~~oB,f- ~eJJ:e:ecie OHa~~HHe 
BhlXO)l;HOrO CHrHaJia CCTH; ;' .. \ . ~ 

CeTb nporpaMMHposanac:b Ha IBM PC AT386 /486 B cpep;e NDP. [7] c HcnonwO: 
BaHHeM naxeTa JETNET 2.0, paopaooTaHHOro B YHimepcHTere : JlyHp;a [6]. 

~ \ •• • < ' ' 

L2 3a)l;a~a iinaccucJ)J.i~a~uu ',d' 

HeiipoHHaJI ceT& Hcnon&OyeTCll p;llll x~~ccHcpHxa~ co6blTHH, npep;cTa.BllliiO~Hx,co-. 
6oii cny'laHHble Bbl6opxH 1m p;syx nepexpblsarorh~Cli pacnpep;eneHHH c nnoTiwcTlli.m • 

· f 1 H } 2• Boo&MeM ceT& .. c '!HcnoM sxop;Hbix :HeiipoHoB, pa.BHblM paoMepHoCTH co6~~ 
THll, H c op;Hm.i BblXO)l;~blM HeiipoHOM. B rrpo~ecc~ o6y'!eHHll HaBXOp; CCTliliO)l;~TCJl 

' '·· L ' .. • • • " ' ' 

Bbl6opxa, cop;ep:lKa~a.s: pa.BHble KOJIH'ICCTBa C06blTHH o60HX copTOB. 3ap;ap;HM BeJIH-; 
'IHHY ~ene:Boro cHr:Hana paBHOH 0 p;llll co6blTHH 1m pacnpep;eneHmi h Ii.1 p;llll co6blTHH: 
1m pacnpep;en~iiHKf2: ~ · · . · . .., . . · · • . 

BBO~ll o6ooHa'!eHHe y = F( w; X) n nepexop;ll K HenpepmHo~y npep;eny, nony'IRM 
' - < ~ • -. ~ 

· E~= J ((F('t;~))2 J;(x) + (1~_:: F(w,x))2c!2(~)) ·dx. 
.'- ' . . . -· . .... ' 

.. 06ooHa'!HM <iepeo ·/ 

:" 
. !2(x) , 

opt(x)::= !I(x)+h(x)' 
• > <"'"" f~ ~ . , · .. 

D = {xlf(x) = h(i) + h(x) 'I- 0}., 
\ ·~---/' - ' 

Torp;a, 

·.~(opt'+€)= E(opt) +j €(x)2f(~·)dx. 
. . . 

-:' 
.. '-~- . - ' . 1 -"· J - _._ ,_ ;. _.:.._:_ •• : -

!Jsop;ll isD.HopMy y = (f y2(x)f(x)dx )~, CBO)l;H!,! oap;a'IY, MIIHHMIID~HH E. x oa-. 
p;a'!e Bhl'lHCJlCHWl cpyHK~HH y(x ), 6JJH:lKaHIIIeH K opt. Ilop; Ka'!eCTBOM \6y'!eHUK op;ecb 
UOHHMaeTCll TO'IHC!CTb MllHIIMl'IO~Hn cpyHK~HOHaria. E. Q..J:eBHp;H'a, :.rTo, UOBblliiaJI 

Ka'!eC'l'BO o6y'!CHHll HCHpOHHOH CCTH,Mmim<! nOliJ'IHTb 6ollb!lle HH:cpopMa~UH 96 aHa-
liiiD.HpyeMblX pacnpep;eneHHKX. . ... 

B HacTOll~eH p"a6oTe B, xa'!eCTBe. pacn~ep;eneHnH / 1 . H f 2. ucno~bOY~TCll MHoro-
MepHhle rayccna.Hbl. ' 
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2 · MeToJibl nepsoro nop.B:AICa 

B ~opHT~e Back-propagation (BP), onH:c~oM B [3],'npo~ep;ypa Bbl'IHCJICHHll_ · 
BCCOB COCTOHT B Cllep;YJO~CM: 

. ;: Ha'!aJibHblC BeCaBbl6HpaiOTCll Cl!J'la.iim,ni o6paaOM liD p~~~MepHoro p~npe-' 
· p;eneHHKHa HHTepBane [-w0;wo], · . . 

2. nonpa.BKH K BeCaM onpep;ellliiOT~ liD 'COOTHOIIICHWl 
""" 

/ 

·BE . . . 
. "'·· =d·h. ~ij' '' j,-

Awn =;: -:-rf\1 E~ + a~Wn-1, 
d· _ { (y;- t;)f'(a;)- /];Jill BbtXo)l;HOrO ~Oll, 
-·' -: Lk dkw~nf'(a;). p;llll cxpblTblX cnoeB. •· 

: 0TliH'D!:e aTorci _ anropHTMa _ OT rpa~HeHTHoro · cnycxa cocTOHT. B TOM, 'ITO .\J En 
Bbl'IHCllliCTCll Ha nop;MHmKeCTBe BCCH B~6opxH, cop;ep:lKa~eMN ci6paoxios; a.TaK:lKe 
B Ham'IUH MOMCHTa a, li:rparo~eM ~CJ,:lKaYIO pom; npli MHlm:MIIDRwm ospa::lKHi.nc cpyH-
K~HH [3]. . · .·.·· ·· - . -· .•.. - ·. 1 .· · : · ·• 

8cpcpeKTHBHOCTb anropnTMa BP · CHlibHO Oa.BHCHT aT 'napaMeTpOB _ ceTH, p;llll Bbl-

66pa xoTopblx cno:lKHo ccpopMJn:KposaT& 'leTKHe xp'IITep~. Mo:lKHo Tollbxo.npep;rro-
. ~HTb pllp; Ka'leCTBCHHbiX coo6pa:lKCHHH, npHBep;CHHhlX HU:lKe. . . 
: . OnTHMaJI~HblH paoMep CCT~ MO~HO. nop;o6paTb HCXO)l;ll Ho' reoMeTpHH oap;a'IH. 

·~eM cno:lKHeeo6nacT&; xoTopyro p;o~:lKHaorpaHH'IHTb ceT&[4], TeM 6oJI&IIIHH Hy:lKeH 
paoMep., ,I(llll peiiiCHWl MHOrHX oap;a'Il Tpe 6JIOTCll He60JibiiiHe CCTH, a p;OUOliHHTeJib- . 
Iioe yBenH'!eHHe <illcna ieiipoil:oB He y~y'lwae; xa'leCTBa o6y'!eHllir. · . - ·· -.. · , 

. IIapa.MeTp N p;on:lKeH jrp;oBJieTBOPliTb ycnosu!O N~<. Ntrai~· 8cpcpexTimHoCTb 
CCTH UOBbliiiaeTCll, CCliH N o6pao~OB p;~ O'Iepep;Horo ~ara Bhi6HpaiOTCll cny..jaiiHhiM 
o6pa.:3o:M. hapa.MeTp w0 He ciiep;yeT 6paT& 6n~mxHMx Hynro, Ho~oa Toro, 'IT·o.'E(iJ) 
6onee ospa:lKHa B oxpecTHOCTH HYlill, u cun~H:o oTliH'IHhiM o'i Hyllll; Tax xax Hop:Ma 
r'pap;HeHTa M~:lKeT.6blTb o<ieH& Mana. IIapaMeTp r]"o6~'lim.nop;6HpaeTCll aMimpn'Ie- · 

cxir. PaoyMHO yMeH&IIIaTb 17 npll yseim'IeHnH pamiepa CeTH H '!Hcna o6y'!aro~nx 
o6pao~O,B. ITo Mepe npH6nu:lKemUI x' MHHHMJMY ~enecoo6paoHO y:MeHbiiia~b 1] H yBe

liH'IHBaTb T, '!To orpaHH'IHBaeT·xone6aHHll Bhlxop;imro cnrHana so BpeMB: o6y'!eHnll. 
Hpo~ep;ypa HOMeHe:Hrur 17 He Hri;nieT npH aT~M cy~ecTBCHHOH pon~. : . '- · 
· Cnep;yeT oT~eTHT&, ':LTO cpyHx~u~ E ~6bl'!Hci He HMeeT 'leTxo Bblpa:lKeHHblX Jio- · 

xali&Hhlx MHHHMyMos, 'ITO o6ecrre'IHBaeT cxop;~MocTb Mefop;~ -~ · peiiieHuiO. : 

'AnropHTM BP n~pexop;HT B MeTop; rpap;HeHTHoro cnycxa rip~ N = Ntrain H 0: = 0. 
'B. aToM Cl!J'lae' npo~ecc o6y'!eHHll npoTexaeT. o'!eHhMep;neHHo. Ilap~eip 17 npHxo

)l;HTCll. sbJ:6upaT& Ma.libi~· a nonbl;Ka oiqiep;enliTb 17 nyTeM MHHHMHO~H E( 17) H~ 
miTepsane 0 <. 8 :;; · TJ ·:;; 1 c ~noMo~biO nop;nporpaMM E04J AF HliH .• E04ABF ·~ro 
naxeTa NAG [8] He. BliWlCT .OaMeTHO Ha 'xa'!eCTBO. proyJI&TaTa: I):>ap;ueHTHblH. cnycx 

MO:lKCT 6blTb ~enecoo6paoeH TOlibKO B OKpCCTH~CTH MHHHMyMa,Tax KaK o"H xapax-. 
Tep~royeTcH MCHbi.uUMH KOlie6aHWlMH. --- _ ·.. • . '.. . . · · . . . 

1 B "'aCTHOCTH, :no OTHOCHTCJI K 6orrhWHHCTBY oaAa"' MHoroMepuoro aHarrHoa AaHHhiX B o6rracTH 

lf>trnHKH BJ,lCOKHX 3HeprHH . . . . 
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XoTi! anropHTM BP ~ocT~To'IHo~eKTHBeH; CJie)l;yeT OTMeTHTb ero He~ocT~'-rKn: 
'·' • • • ' -. ' ~ < • ~. 

e MeTO~ He ofiec~e'IHB~T BbiCOK~H ;O'IHO~TH MHHmd.~~; . 

e. napa.MeTpbi CeTH 'IaCTO npHXO~HTCi! rio~6npaTb ~MnHpli'IeCKHM nyTeMj 
'' > • • r ~ • 

e ~OCTaTO'IHO CJIO:lKHO ycTaHOBHTb MOMeHT. • non~aHHi! · B . OKpeCTHOCTb Mm- , 

.MYMa; •,, 

e HOpMa•rpa~HeHTa.y6biBaeT M~neHHO H, KaK npaBHlD, OKa;JbiBaeTCi! CHnbHO 

~TnH'IHOH OT: ~yni!, 'ITO 'npruw~T K 6o?IU~ KOne6aHlli!M. 

I. 

3 · Me.TOAbi BToporo nop.s:J:(xa 

·3~1 MeToA HhiOToHa 
'. . ' ' -

-/ ' .... 

B MeTo~e Hb~ToHa nonp~;Kn K Be caM BLI'Incni!IOTCi! ~ro Bbipa:iKeHHi! 

,·f:.cj =::-TJ("V2E)-:1'\1E,: 

r~e 'reccHaH '\72E on'pe~eni!eTci! cne~yiO~HM-o6pan.oM, 

·. ·[pE: · , oh; · aa; : , =d;--+--h;. 
.. {)w;jOWm~ . OWmn . OWmn 

', 

':' /, 

MeTO~ ~Ka3biBaeTCi! HenpnMeHRMbiM ~mi paccMaTp~BMMOH oa~a'IH, TaK' KaK rec-, 
. .. . .. .._. -- ' .. ' .· ' :"'" ' .. 

CllaH OHaKonepeMeHeH,,a·B OKpeCTHOCTll MHHHMyMa llO'ITll BblpO:lK~eH. . . 
. YKa:lKeM 'Ha O~Hyno BOOMO:lKIWCTeH BbipO:lK~elllli! B 'cny~ae,Kor~a ceT:b'ncnonl>~ 
oy~T~i! ~mi: ~nac~ll:cpn:Ka~Hn ~Byx pacnpe~eneHRH, o6ml'~aro~nx pa~nanl>Hoi:' c~MMe-
Tpiiei: C o6~n:MxieHTpOM. . . '· ·· .. · . ' ·· .. ·. · . 

· 3a.MeTnM, 'ITo ·F(w; i} = F{w1 • i,: .. ,w~ ·.x,w0 ); r~e wi:..:: no~BeKTop; cocToa:

~ni: 'no BecoB, ~e~y~nx OT BXO~HbiXHeiipoH~B K' i-oH 'cKpbiTOMY HeHpoHy, a Wo -
Bee ocTanbHhle Beca: ,n:eifcTBYil ml. d; M~TpH~eH apa~eima: cii~TeMhl Koop~n:Ha~ U, 

, nony'IHM B .He~pepbiBHOM' npei:\ene ' ' •, 

E(wi) =jF(w',:t)di'c= J F(Uw}, .. :,dwn.:~o,Ui)dx~j F(~,x)dx= E(~). 
' ' . ·, .. · . :;- ; .... · ,_·_,. '\· 

Kor~a yron Bpa~eHHi! cTpeMnTCi! K HyniO, 11M:eeM wn:.:.:. w, E(wn} = E(w). . 
· CTporo' ro~pa:, MnHnMyM He. i!~na:eTca: rionHocTbi? Bblpo:lK~eHHbiM,. ogHa.Ko Ma

, Tp~a '\72 E npn npn6nH:lKCHllll K MHHHMYMY 'cTaHOBHTCa nnoxo o6yCJIOBITeHHOH;, Th~ 
nn'IHble OH~'IeHHi! 'IliCJia' o6y~oaneHHOCTH IAimax/IAimin (A-~o6c-iBe~Hble nHa-.ie~na:} 
cocTaaruinn i03 B_ TO'IKe Ha<Jaix~Horo n{m6nn:lKeHHi! u Aoxognnn ~o 105 --' 106 (n:H:or/ia 
ga:lKe ~o"1012 ) B OKpecTHOCTir MllHHMyMa. . . , . 

lfcnOnbOOBaHHe p~ryna:pmJ~IUI [10) 

D.w = -TJH,-1 A *.'\1 E, , 
-

/ 
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,~ r 
H::: A*A+aii'VEII2

, A= '\12E, 
- . '------- / -.' , 

o6ecne'IUBaeT:· c:x:ogliMO~"I'b TOnbKO npll 6o1Ihlllirx a (a ;:; 1) ll ~e ~aeT nY<JIUero 

Ka<JeCTBa,. <JeM rpa~ueHTHbiH cnycK. IlpH aTOM MaTim~a H oKaoLIBaeTCi! .BecbMa 
mioX:~ o6ycnoBneHHoH, Kor~a peryMpiroyiO~M· go6aBKa npH6nn:)KaeTcH K H)'niO. 8~o 
· i~ llOOBOnReT o6paTliTb MaTp~ C npHeMneM<lH TO'IHO~TbiO. - . 

~. • • .. • • • < • ~ 

3;.2 MeT~p; H&i<>To~a c ~oppeK~ueireccuaHa · 
B . Tex ~ CJiy-.ialoc, Korga r~-;cnaH- He o6nagaeT ~ocTaTO'IHO xopomHMH cBOHCTBaMH, · 

HCllOnbOyeTCi! 'MeTog·"·. 
-·D.w =--.TJH-1'\lE, 

/ 

rge•H. i!,BnReTCi! nonO:lKHTenbHO onpeAeneHHOH ll xopomo 'o6yCJic>BneHHOH 'MaTpn~ei:: 
. Ilpn ~TOM B'.enfqae, Korga 11('\72 E)-111.> A B Manoi: o~pecTHocTn MnHirMyMa; rge k 

. " . ' . • . . . , . I 
- HeK6Topoe. 7'1aKCH~~Ho npneMJ!eMoe oHa'Ieline, H f+ '\72 E npn npn6nn:lKeHH~ K 

MnHHMyMy, 
. : MaTp~aH Bbl6npaixacb B Bn~e [9] 

· H = '\72 E + p.l; 

;~ejt TaKOBO, 'ITO co'6~TBeHHble1 il~~'IeHHR H ;:::: h s o:, Xopomne. ~'eo'yni.;a;bl gaeT 
Bbl6op h = 1? Ilpn~TO~ H·HBnReTCR C:lKHMaio~nM onepaTop'aM:. : ', .. ' • 

_ II!lir TJ oixpegena:nc~ c noMO~biO ogH<iM~p~oH MHHHMm3a~nn E(TJ} (eM: paogen 2), 
. 'tTo He OKa3biBaeT :la.MeTHOro Bnlli!HHi! Ha CKOpOCTb o6y'IeHHR, TaK-KaK-OCHOBHOe 
. BpeMa: naTpa'IliBaeTcR Ha Bbl'IHCJieHne reccmi.Ha; KaK npaBnno, cia6n~no~uit. mara 
B pai:oke 1 CBHgeTCnbCTBye; o' non.aga~Hll B OKpeCTHOCTb MH~m.iyMa: I . ' ' 

. · JJ:na: Bbt:IH~rreim~ 1] ygo.6Ho ncnonbOOBaTi; anropnTM [11) .. 
- ' -, .. -; ·' -, . . ' . -

• '"·~ 1 

B < TJnf.1,::;. 1. - ;_ 

·,rge ryo AOCiaTO~HO wmo: OgHaKO ~TO He~K01IbKO oaMeg~a:e; CKOpOCTb o6y'IeHHR. 

. K gocToHH~TBa.M Me;oga M:~:lKHOOTHec;u <:Hep;yio~ee:~ · · · 

"""' 

e. aTOT MeTOA o6ecne'IHBaeT Ka'IeCTBO o6y<JeHHR,· npaKTli'IeCKH He~OCTmKHMOe C 

noMO~biO BP; aTo npoRBna:eTCR B Benn'Imie own6Ku E n B HopMe rpagneHTa; 

' --
• MeTog nooBOna:eT pemaTb 6onee cno:lKHble oaga'IH, B .'JaCTHOCTH, pao~ena:Tb' 

cnnbHO nepeKpbiBaiO~neca: pacnpegeneHna:, H genaTb Ha~e:lKHble npeAcKaoaHHi! 
rio M:<Uioi: Bbl6opKe; ' . . · · .. . 

e napa.MeTpbi, o6y<JeHHR nog6n:paiOTCi! aBTOMaTH'IeCKU. 

.5 



•).,, 

K He;o;ocTaT~aM· MeTo;o;a cn~eT oTJi:ecTH 6om.mu:e BLPmcnH;em.Hi.Ie oaTpaTI:.l~ 
Ecnu:.;o;lll[BP Tpe6yeT~ nwTh nopx;o;xa n u: BpeMll nops:;o;xa n x Ntrain Ha JCa,)J(;o;oii: 
anoxe, rp;e n - ~HCJIO BeCi:>B, TO }l;ml HOBOro anropHTMa Heo6xo;o;u:Ma DaMJITb nOpllp;ICa · 
n 2 H BpeMll n 2 X Ntrain (np:o: ri .(:: · Ntrain)• OT~eTHM, "'TO CKOpOCTb o6y"'emU He 

- - - ~ - u - .. " - - _. . :·- -. . 

:o:rpaeT peiDa.IOII\eH pon:o:, ecnu: CeTb HCDOJibi3YeTCll MHOroxpaTHO. . 

4 · CpaBHeHHe anropHTMOB o6y.qeHH.B: : · , 

HanoMHHM, "'TO feed-forward ceTb HcnOJibl3yeTCll ;o;lll[ KJiaCcH~~H p;Byx painpe- · 
;o;eneHHH. B Ta6~e 1 ni>e;o;cTa.BJiem.i: xap~TepHCTHKH pao~ MeTop;oB o6y"'e- , 
HHll ;o;lll[ xoHcpmyp~HH ceTH 2-:-6-1 co cne;o;yiOII\HMH napaMeTpaM:o:: w0 = 0.5, T = 1; 
H ;o;lll[ BP: 7]o = 0.1, a-:-= 0.~, N .= 10. · ' · 

;"• 
·· ~Ta6nu:~:~a 1 

·XapaxTepHCTHKH pa13JIH"'HhiX anropHT!IdOB 06Y"feHHll feed. forward CeTH 
_:.-" -~ . . ' . -

' ... ' " 

MeTo;o; IlpHMep Ntrain Limit Epoch Einin · .. IIY'EII 
BP 1/0.3' 1000 76,1 7 0.160* '1.0 .-' 20 ', 

· .NW ~ ·~. 

7 0.155* 0.047. ' . ,\ ' ~ 

GRAD 107 0.161* 0.48 --
REG. " - 0.159* 0.0014 - .... 
BP ~1/0.7. 1000' 58,5' . 52 0.235' .2.0 -40, 
NW 4 0.229 0.13 

·BPI 1/0:8. 1000 ,55,3 .- 0.242 4.0-40 
NW. .. ' . 6 0.238 0.092 
BP · ;' 1/0.3 100 76,1 - 19 ' 0.144 0.4-4.0 
NW ., 

17 0~138 0.065 ,. 

BP ·; 1/0.5 > '100 66,1 L - 0.182 0.2-5.0 
NW ' . 

... 25 - 0.142 '' 0.26 
BP · 1/0.3 ' 5000 ,76,1 '· . 4' . 0.164 3.0'- 60 
NW· .. 7 0;163 0.10 

3;o;ec~ BBe;o;e~br cne;o;~ll\He o6~Ha~eHnll: BP'- back-propagation, GRAD - ~
CThiH rpa;o;n~HTHhli cnycK, 'NW- MeTOIJ;_HbiOTOHa c Koppexriileii: ~eccnaHa, REG 
.-' MeToiJ:· HhiOTo:Ha c perynxpmJ~neii: (;rrpnMeHiieMhli nocne ;o;ocT:o:)KeHHll oKp.ecTHo- · 
cTn MHHHMjTMa c m:iMOII\hiD BP), IlpnMep::::. ~T8.HIJ:~PTH:i.re oTimoHeHim pan~~:elll[eMhiX 
IJ;BjTMepHhiX raycCHaHOB {MaTeMaTH"'eCKHe mKUIJ:aHHll Bl3l1Thl 'paBHbtMHHYJIIO); Limit 
- 6aii:eCOBCKHH npe~~:en pacnOOHaBRHHll, EpOch - "'Ucno :mox, oa: KOTopoe ceTh IJ:OCTH
raeT 6aii:ecoBcKoro npe~~:ena pacnooHaBRHHll u: ciooilnnonpyeTCll, Emin - :HanMeHbniee 

. . I. -· .... · . 

6 

o-:·) 

-1 

IJ:OCTHraeMoe oaJ00 (* - oa 1000) anox 13Ha"'eHne cf>YHK~ om:o:6KH, IJ:~~HHOeHa 
Ntrain> IIV Ell - HOpMa rpa~~::o:eHTa B KOHJ:Ie o6y"'eHHll. . - ' ' 

H!l. pnc.'1 noKBoaHI:.l xpnhle o6y"'eHHll }l;lll[ BP H MeTOIJ:a HhiOTOHa: 

0 . ,.... . ~- . . 

l'·~<_ ., ------. '~:_ '_.·_ -_:· .. -.. -. ·--~ 
..g . - _'--· - -~·- . -. ~ .- ' .. ·- --: .. ·a : .. -. -.. : . . , -- . 

~0.60 

2 
0 .g 

.·u; 
(1)0.50 
0 

·-u 
u 

b 

.. ~E 
·~ ~.·":.·-· .. ·" ..... ·.·.:_ ----.· .'·-,'- ·.:~ ... ·. 

~ . - ·.-: _· -..... --~--. - _· .: - .- .:-·' ' 

~0.40 - , - . . . ' .. ~ 
u 0 ·20·---. 40 -~60 80 - 100 ~o . .w l ... : 2\l", ;, · k ""st>' ab"'" ,6o 

Leaimirig epochs :--· Learning·, epochs 

P'u:c.l. 3aBn~HMO~;b IJ:~liH npaBHJibHO pacnci'oHa.mllitx c~6hiTnH 
~~T :HoMepa erro~no6~eHHll IJ:li.II npit~epa 1/0:7 npn Ntrain = 1000: 

' ~~a).BP, 6) MeTOIJ: HhiOTOHa. . ·· · 

,:· '':· 

. 3~KJIIo'"'leHHe .··· 

-.. · 

--...<>r'-· 

ProyJih:raTI:.l cpaB~eHHll p~JIH"'HhiX anropnTMOB o6Y"feHHll MHcitocnoiiHhiX feed for-
. wardceTeH Mo-KHo rrpocyiD.!npoBaTb ~Jie~J;yiO~HM o6paaoM:·. . . ' . 

' " ~ " . . .,. 

L II pH onTHMaJibHOM Bhl6op~ napaMeTpOB ceTH anropHTM,·BP nooBOJI.IIeT ;p;o

CT~"'h oKpeciH:ocTn MHHnMyMa ~~:oBoJibHo' 6hlcTpo n c MHHHManb'HbiMn 3aTpa-. 
I '1 .. ' ,• I '. - U: ,.· ', .·'· --"· .'·· '- ' , 1. •_ . • ".' 

0
. ' ' 

TaMil onepaTMBH~H."aMJI~H. . . . . 

2. MeTOIJ: rpa~~:n,eHTl!Or~ c~ycKa ~:~~ecoo6paoHO npnMe~Tb TOJibKO nocne IJ:OCTH-
• :JKeHHll oxpeCTHOCTH MHHHMjTMa. "' ' . . ' . : . . . . . ·.;' . ' I 

· 3: 'IncThii MeTOIJ: HhiOToHa :HenpHMeHHM ~~:nx paccMaTpnBaeMoro 1macca oa~J:a"'. 

4. MeTOIJ:. HbiDTOHa c. Kopp~KJ:I~eii: reccn8.H~ Tpe6ye'i.' GoJibJliHx ~a;pa~ ~"'HCJI~-
. 'TeJihHhiX pecypcoB; "'eM BP·, OIJ:HaiCO oH o6ecne~HBaeT ny"'mee Ka"'eCTBO o6y- · 

' . . 
."'eHHJI H npOII\e B ;HCTIOJIWOBaHHH;· 

'ThKnM o6paooM, MO:lKHO c~~:enaTh BhiBOIJ:, 'ITo anropnTM BP xopolll IJ:llll 6oJibliiHX 
ceTei, ncnonwyeMhiX npu: pacno3HaBa~Hll cnoJKHI:.lX o6paooB, ·a .MeTOIJ: HhiOT.OHa c 
xoppe:K~:~neli reccn~H:a -·~~:nx He6oJihmnx ceTeli, oT KoTophlx Tpe6yeTcll MaiCCHMaJih- · 

~ . . . _ ... - . . ' . . 

Hall TO"'HOCTb pacnOOHaBaHH.II. . 
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11BaHoB B.B., IIyaHHHH 11.B.; ITyp3Bp;op:xc B. .IIJ 1-93-317 
AnropHTM o6y11eHIDI HeiipoHHoii cerH Ha ocHoBe Merop;a HbiOTOHa · · ' ' 

PaccMOTpeHH MeTOAhl 1:-ro H 2-ro nop5~p;Ka M.si o6y11eHH.si MHoroc.n:oiiHoii 
HeHpoHHOH CeTH «feed-forward» THna. IJpep;JlO:x<.eH aJiropHTM Ha OCHOBe MeTOp;a 
HbiOTOHa H npoBep;eHo ero cpaBHeHHe c OOhi'IHhiM Merop;oM «back-propagation». 
IloKa3aHo, 'ITO npeAJJo:x<.eHHHH a.n:ropHTM o6ecne'IHBaer 6onee BhiCOKoe Ka'le
CTBO OOytleHIDI • .IJ:aHH peKOMeHp;a~H ITO HCITOJib30BaHHIO paCCMOTpeHHhiX Me
TOJI;OB. 

Pa6oTa BhlnOJIHeHa B Jia6oparopHH Bhi'IHCJIHTeJibHOii TeXHHKH H aBroMa
TH3au;HH 0115111. 

. 

llpenpHHT Ofu.eAHHeHHoro HHCTmyra ll,llepHbiX Hccne,IIOBilHHA. ,ny()Ha, 1993 
' .. . . . ' 

Ivanov V.V., Puzynin I.V., Purevdorj B. 011-93-317 
A N ewton-1'ype Neural Network Learning Algorithm . 

. Ffrst and second-order learning methods for feed-forward multilayer 
networkS are considered. A Newton-type algorithm is proposed and compared 
with the common back-propagation algorithm. It is shown that ·the proposed 
algorithm provides better learning quality. Some recommendations for their 
usage are given. 

The investigation· has been pedormed at the Laboratory of Computing 
Techniques and Automation, JINR. · • 
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