TeopeTnyeckun matepuan K rnabopatropHomn paborte Ne5
OBYXCINOWHbLIN NEPCENTPOH

1. OrpaHU4eHHOCTb OAHOCNIOMHOro NepcenTpoHa

Kak yxe ormeuanoch panee, ®.Pozenbnarty ynamoch oOyduTh CBOH mep-
CENTPOH pacro3HaBaTh OYKBBI ajipaBUTa. DTO ObLT KOJOCCAIBHBIN ycrex: Jurek-
T POHHOE YCT POHCT BO, CO3JaHHOE 110 00pa3y H M0J00HIO YeJ0Be4eCKOro Mo3ra,
00yHeHHOE IMOJOOHO HEeJIOBEKY, YCIHCIIHO MOJE/HPOBAJIO HHT €JUICKT YaJlbHbIC
@ yVHKIHA Ye/I0BeKa. DTO ObLI yCIeX B MO3HAHUU CaMOM MPUPOIBI YEIOBEYECKOTO
MbIIUIEHUSI. MO3r Hadall packpbiBaTh CBOM TalHbI. [losBUIach BO3MOMXKHOCTh HC-
CIIEZIOBaTh MO3T METOJaMH MOJEIUPOBAHUS, HE MpUOeras K CIOXKHEHIINM aHTHU-
I'YMaHHBIM U MaJIO YTO JAIOIIMM HaTYpPHBIM dKCIIEpUMEHTaM. DTO ObLIa ceHcalus,
IPUKOBaBINasg K ce0e BHUMAHHE MBICISIIUX JIoJell Bcero mupa. Kasamoch, 4To
KJIFOU K MHTEJUIEKTY ObLT HAlJIEH U MOJIHOE BOCIIPOU3BEICHUE YEIIOBEYECKOTO MO3-
ra 1 Bcex ero (pyHKUMH — BCEero JUIb Bompoc BpemeHu. [lucarensm-panractam,
YYEHBIM, WHXEHEpaM, OW3HECMEeHaM, MOJUTUKAM BHUJACIHUCH CaMble DAy KHbIC
NEPCHEKTUBBl MPAKTHYECKOT0 MPUMEHEHUS W€ HCKYCCTBEHHOI'O HHTEIIEKTA.
[TpaButenscTtBO CoenuueHHbix 1lITaToB AMEpUKH BBIIETUIO KPYIHBIE CyOCHIUN
Ha Pa3BUTHE HOBOTO NEPCHEKTUBHOIO HAYYHOI'O HANPABIICHU.

Kitacc pemaembIx HelpoceTsaMHu 3anau pacmupsiica. Ho mo mepe pacmmpe-
HUSl (PPOHTA HAYUYHBIX MCCIIETOBAaHUI MOABISLINCH TpyAHOCTH. HeoxunanHo oka-
3aJI0Ch, YTO MHOTHE HOBBIE 33/1a4M MEPCENTPOH PEMNUTh HE MOr. [IpuuemM »Tu HO-
BbIE 33J]a4M, BHEIIHE HUYEM HE OTIIMYAIUCH OT T€X, C KOTOPBIMU NEPCENTPOH YC-
NENIHO CIpaBiisics paHee. Bo3HMKIAa HEOOXOIUMOCTh OOBSICHEHHS MapaioKCOB,
ri1yOOKOTO aHallM3a U CO3/1aHUs TEOPETUUECKON 0a3bl HEHPOUH(OPMATUKH.

Crnenyromuili neproJ UCTOPUH UCKYCCTBEHHOTO MHTEJUIEKTa Hayaycs ¢ Mo-
aBlieHusT B 1969 TI. KHHArM JBYX M3BECTHBIX AMEPUKAHCKHMX MaTEMaTHUKOB
M Muuckoro w C.Iladiiept a «llepcenTpoHb». ABTOPBI 3TOM KHUTHM MaTeMaTh4e-
CKH CTPOro JOKa3aJid, YTO MCHOJb30BABIIMECS B TO BPEMS OJIHOCIOMHBIE MEPCEI-
TPOHBI B MPHUHIIMIIE HE CIIOCOOHBI pellaTh MHOTHE IpocThie 3anaun. OnHy U3 Ta-
KHUX 3aj]a4, BOIICIIIYI0O B HCTOPUIO HEMPOMH(OPMATHKHU TOJ Ha3BaHHUEM IpoOIie-
Mbl «Mckmrogatomero MJIM», Mbl paccMOTpUM 1MOpOOHO.

«Uckmrouaromee MJIN» — 3To normyeckast GyHKIUS IBYX apryMEHTOB, Ka-
KIBIA U3 KOTOPBIX MOXET UMETh 3HAUEHUE «MCTUHHO» JHOO0 «10kHO». CaMa oHa
IPUHUMAET 3HAYEHUE «UCTUHHO», KOI/Ia TOJIBKO OJWH U3 ApIyMEHTOB MMEET 3Ha-
YEeHUE «MCTHUHHOY». BO BCeX OCTaNbHBIX Cilydasx 3Ta (QyHKIMS NPUHUMAET 3Haye-
HUE «JIO0XKHO». EciM 3aKonMpoBaTh 3HaYEHUE «HUCTUHHO» €OUHULEH, a 3HAUYCHUE



«JIO0XKHO» — HyJIeM, TO TpeOyeMoe COOTBETCTBUE MEXIY apryMeHTaMmu X,, X, H

caMoil pyHKIIMEH Y MOKHO TMPEJICTAaBUTh B BUjE Taba. 1, Ha3bpIBaeMou Tabimiien

UCTUHHOCTH JIOTHYECKOU (PYHKITUH.

Tabonuma 1

Tabnuna ucruaHOCTH Norudeckoit pyakuuu «Acknrouaromee NJIN»
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3amaya COCTOUT B TOM, YTOOBI HAy4YUTbCA MOAenupoBath pyHkuuoo «Hc-
kirouaroniee MJIN» ¢ moMoupo OJHOHEUPOHHOIO MEPCENTPOHA C ABYMS BXOIaMU
X; U X, ¥ ogHUM BbIXooM Y (puc. 1). Ilpu BeImOTHEHNY 1a00pPaTOPHOI PabOTHI
Nel Bbl yke mbITAIUCh PEIIMTD 3TY 3a/1a4y MyTeM MoA00pa 3HAUeHU CUHANTHYe-
CKUX BeCcOB W;, W, u mopora 0, ogHako caenaTh 3T0 Bam He ynmanoch. Bam He
YAAJIO0Ch 3TO CAENaTh, XOTA B JIPYIUX CIy4Yasx, P MOACIUPOBAHUU JIOTUUECKUX
byukiuit «» u «JIN», y Bac npo6iem He BOZHUKAIO.

Buemne pynkunun «y», «MJIN» u «Uckmouaromee UJIN» mano yem otinu-
4aroTcs APYr OT jApyra, 1 Bam ObuUI0 HE MOHATHO, MouyeMy Barn oHOHEMpPOHHBIN
MEPCENTPOH YCTENIHO CIPABIISIICS ¢ MOACIMPOBAHUEM JBYX MEPBHIX (YHKIIHM, a C
MOJICJIMPOBAHUEM TPEThEH (PYHKIIMU OH CIIPABUTHCS HE MOT.
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Puc. 1. OnHOHEWPOHHBIN IEPCENTPOH C ABYMS BXOJaMHU U OJHUM BBIXOJIOM

st oOBbsICHEHHsSI H3TOro Mapajokca aMEpPUKAHCKUMU MaTeMaTHUKaMu
M.Munckum u C.Ilaiineprom Obuta npeioxkeHa reoMeTpuieckas HHTepIpeTalus,
cocrosimias B cienyomeM. OHU MPeaaoKuiIi n300pa3uTh Ha KOOPAMHATHOM MIIOC-

KOCTH Xl’ X2 BCC BO3MOXXHBIC KOM6I/IHaLII/II/I BXOJHBIX CUTHAJIOB B BHJC YCTBIPCX



touek: A, B, C, D, xak noka3zano Ha puc. 2. Touka A nmeer koopauHaTsl X, =0,
X, =0; Touka B mmeet koopaunatel X, =0, X, =1 u T.4. coracHo Ta. 2.
Taonuma 2

Tabauua ncruHHOCTH Jornyeckoi pynkuun «Uckarouarwmee UIN»,
nomoHeHHas Taukamu A, B, C, D
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Torma B Touke A BBIXOJ MEPCENTPOHA Y JOKEH OBITh paBEH HYIIO, B TOY-

ke B — emunure, B Touke C — enuuuiie u B Touke D — Hyr0.

0

Puc. 2. I'padnueckas uaTepnperanus K 0ObSICHEHUIO TPOOIEMBI
«cxmouaromiero NJIN»

Kak nHam u3BectHO (cM. Hampumep Jaboparophyto padoty Nel), marematu-

yeckuil HelpoH Mak-Kamnoka — [1uttca, n3o0pakeHHbI Ha puc. 1, ocyliecTBIseT
npeobpazoBaHue

S =Wy X +WoXy; (1)
1 ecimu S>0;

= (2)
0, ecitm S <0,

3amenuM B ypaBHeHuu (1) S Ha O:



W, X, +W,X, =0. (3)
Ecau B aTOM YPaBHCHNH BCIINYHNHBI Xl u X2 CHuTaTh NCPCMCHHBIMHU, a 6,
W, 1 W, — KOHCTaHTaMH, TO Ha KOOpHHHaTHOﬁ IJIOCKOCTH X;, X, pacCMaTpuBac-

MO€ ypaBHEHHE M300pa3uTCs B BUJIE MPSIMON JIMHUU, TIOJIO)KEHHE U HAKJIOH KOTO-
poil onpenensoTcs 3HaueHuAMH KodpduureHToB W;, W, u nopora 0. J{ns Bcex

TOYCK IINIOCKOCTH Xl’ X2, JCXKaIlIuX Ha ATOH JIMHWUH, BBIINIOJHACTCA PAaBCHCTBO

S =0 u nostomy, coriacHo Gopmyie (2), BBIXOJ NEPCENTPOHA PABEH CIAMHHUIIC.
Jlj1g ToueK, JeKaIUX BbIIIE YKa3aHHOM JIMHUU CyMMa W, X; + W, X, OoJblie yem 0,

u nodtomy 1o ¢opmyiam (1)-(2) BbIXOA mEpcenTpOHa TAKKE PaBEH CIUHHMIIC, A

U1 TOYEK, JIEKAIUX HYKE JTOW JIMHMM, cymMma WX, +W,X, MEHbIIE 4eM O, u

BBIXO/] MIEPCENTPOHA paBeH HyI0. [loaToMy JIMHHIO, N300pAKAIOIIYIO0 YpaBHEHUE
(3), HA3BIBAIOT HOPO2OBOL NPAMOIL.

A Ternepb nmocMoTpuM Ha Ta6d. 2. CorytacHo 3Toi Tabsmie B Toukax A u D
BBIXO/ TTIEPCENTPOHA JIOJDKECH OBITh HYJIEBBIM, a B Toukax B u C — equanyabsiM. Ho
JUISL 3TOTO HAJI0 PACHOJIOXKUTh MOPOTOBYIO MPSIMYIO Tak, 4ToObl Touku A u D ne-
YKaJIW HIDKE TOU JMHUH, a Toukd B u C — BBIIIe, 94TO HEBO3MOXKHO. DTO 3HAYUT,
YTO, CKOJIBKO OBbI MepCEeNnTPOH HU 00y4dau, Kakue Obl 3HAUCHUS HU MPUAABAIH €TI0
CHUHANTUYECKUM BecaM M MOPOTy, MePCEnTPOH B MPUHIUIIE HE CIIOCOOEH BOCIIPO-
U3BECTH COOTHOUIEHUE MEKIY BXOJAMH U BBIXOJIOM, TpeOyeMoe TaOauIell HCTUH-
HocTH QyHkiuu «Mckmouatomee NJIN».

[Tomumo mpobsiemsr «Hckmrouaromero MJIM» M.Munckuit u C.Ilaitnept
MIPUBEIH PSII IPYTUX 3a/1ad, B KOTOPBIX TOYKH, U300paKAIOIINE BXOJHBIC CHUTHA-
JIbl, HE MOTYT OBITh pa3JieJeHbl TOPOTOBOM MPSAMON (B MHOTOMEPHBIX CIIydasX —
IUIOCKOCTBIO, TUIEPIIOCKOCTRIO). Takue 3a1auu MOTyYHSId Ha3BaHUE JUHELHO He-
Pazoenumblx.

[Tocne Beixona B cBer kHuru M.Munckoro u C.ITaitnepra «llepcentpoHsny
BCEM CTaJIO SICHO, YTO aKTUBHO MPEANPUHUMABIINECS B TO BPEMs MOIBITKA 00Y-
4aTh MEPCENTPOHBI PEIICHUI0O MHOTHX 33]1a4, KOTOPbIe, KaK 0Ka3aJ0Ch, OTHOCATCSA
K KJIACcCy JIMHEMHO Hepa3leIuMbIX, C CaMOro Hayana ObLIM OOpeyeHbl Ha MPOBAJL.
Ot0 ObLIa MmycTas TpaTa BpeMEHH, CUJT U (PMHAHCOBBIX PECYPCOB.

—————————————————————————————— KOpOTKO O rMaBHOM -----------------mmommemmmoom
OOHOHEMPOHHBIN NEPCENTPOH B IPUHIIUIIE HE TO3BOJISIET MOJIEIUPOBATH JIO-
rudeckyto pyukiuto «ckmogaromee NJIN» u pemars apyrue JUHEHHO Hepasjie-

JIUMBIC 3aJa4U.



2. PeweHne npobnembl «Ucknrovarowero UMN»

[TosiBnenne xuuru M.Munckoro u C.Ilaitnepra «IlepcenTpoHb» BbI3BaIO
10K B HaydHOM Mupe. CTporue MareMaTH4eCKHe JoKa3aTeabcTBa M.MHHCKOro n
C.Ilaitnepra Obun Heys3BUMBI. BeceoOmmuii 3HTy3Ma3M CMEHHIICS HE MEHee BCeoO-
MM [IeCCUMHU3MOM. B razerax ctanu mosiBISITHCS KPUTHUECKUE CTAaThU C COOOIIIe-
HUSMH O TOM, YTO YUYEHBIE MYKH B CBOMX HMCCIIEJOBAaHUAX 3aLUIM B TYIHK, BITyC-
TYI0 M3pacxo/I0BaB OTPOMHBIE IOCyJNapCTBEHHbIE AcHbru. I[IpaButensctBo CLIA
HEMEIJICHHO MPEKpaTHiio (GUHAHCHUPOBAHHE HEUPONPOEKTOB M MPUCTYIUIIO K TO-
MCKaM BHUHOBHBIX. BU3HECMEHBI, TOTEPSABIINE HAJEKAY BEPHYTH BIIOKECHHBIC Ka-
MUTAJIbl, OTBEPHYJIUCH OT YUCHBIX U HeliponHpopMaTuka Obljia npeaana 3a0BEHHUIO,
nuBIIeMycs oonee 20 JerT.

Tem He MeHnee, paOoThl B 00JaCTU HEMPOCETEBBIX M HEHPOKOMIIBIOTEPHBIX
TEXHOJIOTUI TPOJOJIKAIUCH OTACIbHBIMU SHTy3WacTaMHu. PaboThI MPOa0IKaAIUCh
B 3aCEKPEUYCHHBIX HAy4HO-UCCIEeN0BATENbCKUX MHCTUTYTax Coerckoro Corosza,
OTZIEJIEHHOTO B TO BpeMsl OT 3araja «kejle3HbIM 3aHaBecoM». He umes unpopma-
UM O HACTPOCHHUAX 3apyOEKHBIX KOJIJIET, COBETCKUE yUEHBIE CIIOKOHHO MPOJI0JI-
KaJIW 3aHUMAaThCs 3aXBaTUBIIEH WX yMbl TEMOU U K Hadaiy 80-X IT. YIUBUIN MU
paKkeTaMH M CaMmoJIeTaMH, YIPAaBISBIIMMUCA KOMIIBIOTEPAMH HOBOTO IMOKOJEHUS —
HelpokommbioTepaMu. COBETCKME KOMIBIOTEPHI, B OTIMYHE OT aMEPUKAHCKHX,
CTOMKO MEPEHOCHJIM JOBOJBHO CEPhE3HbIE MOBPEXKICHUS, MPOAOKas paboTaTh B
CJIO’KHBIX YCJIOBHUSIX, YTO OBLJIO OCOOCHHO BaXKHO ISl 0OBEKTOB BOCHHOTO Ha3Ha-
YyeHHs. BBISIBWIOCH €111€ OJJHO CBOWCTBO HEUPOKOMITBIOTOPOB, YHACIIEIOBAHHOE OT
MO3ra — CBOMCTBO J/CUBYYECU.

CoserckuM yueHbiM C.O.Mkpmuanom OBUIO TOKa3aHO, YTO C IOMOIIBIO
MHOTOCJIOMHBIX TEPCENTPOHOB MOKET OBbITh CMOJENMpPOBaHa JI00ast JOoruveckas
GbyHKIMSI, €CM TOJIBKO M3BECTHA ee jiormdeckas dopmyna. bonee toro, um Obu1
pa3paboTaH crenuaibHbli MaTEeMaTUYECKUU ammapar, MO3BOJSIOIIUNA KOHCTPYH-
poBaTh Takue nepcentponsl. Okazanock, uro npobdiema «lckmouatomero NJIN»,
SBUBLIASICS. KAMHEM IPETKHOBEHUS MJii OJHOHEHPOHHOIO MEPCENTPOHA, MOXKET
OBITH paspenieHa ¢ MOMOIIbI0 HEUPOHHOU CETH, COCTOSIICH M3 TpeX HEHPOHOB —
TEXHEHPOHHOT0 IEPCENTPOHA, H300paXEHHOTO Ha puc. 3.



Puc. 3. Heiliponnas cetb, Monenupytomas ¢yHKIHO
«Uckmoyaromee NJIN»

Pabota »Toro mepcentpoHa MPOUCXOAUT MO CIEAYIONIEMY alITrOPUT-

MYy.
Hetipon Ne I
S; =0,5x X, +(-0,5) x X,;
1, ecnu S, >6;
1= { 0, ecmu S, < 0.
Heuipon Ne 2:
S, =(-0,5) x X, + 0,5 X,;
1, ecnu S, >6;
Y2 :{0, eciu S, <0.
Hetipon Ne 3:

S;=1xy, +1xy,;
B 1, ecnmu S;=0;
$2= 0, ecin S;3<0.

3agaBiiich 3HaueHueM nopora 0 = 0,5 u 3amnoaHUB ¢ MOMOIIBIO TUX (Pop-

MyJ Tab. 3, JIETKO yOeIUThCS, UTO TPEXHEHPOHHBIN MEPCENTPOH YCIEIIHO MOJE-
aupyet pynkuuto «Mckmouaroree UJIN».

TaOnuma 3
IIpouecc popMupOBaHHUS CUTHAJIOB B TPEXHEHPOHHOM IEepCenTPoOHe

Xy X2 S, S, Y1 Yo S Y3 y
0 0 0 0 0 0 0 0 0
0 1 -0,5 0,5 0 1 1 1 1
1 0 0,5 -0,5 1 0 1 1 1




BnocneacTun ObUT0 TIOKA3aHO, YTO U JIPYTUE JTUHEHHO HEpas3AeIuMbIe 3a-
nauu, npuBefeHHble B kHure M.Munckoro u C.Ilaiinepra, MOTYT OBITh PEIIIEHBI C
MOMOIIBI0 HEUPOCETEN, COIEPKAILMX OJIUH UM HECKOJBKO CKpblmblX HEUPOHHBIX
CJIOEB, T.€. CIIOEB HEMPOHOB, PACHOJIOKEHHBIX MEXKJY BXOIHBIM M BBIXOJIHBIM
CJIOSIMU.

MHuorue uccneoBaTesid MOHUMAJM, YTO HY’KHO CO3/1aBaTh HelipoceTu OoJiee
CJIOKHOW apXUTEKTYPHhI, COJIEPAKAIIUE CKPBITHIE CIIOU HEUPOHOB, HO HE MPEICTaB-
JSIM, Kak Takue ceth oOydarh. IIpaBunma Xe66a u ux o0oOIIeHHE — AeibTa-
MPABUJIO, TOJUIUCH TOJNBKO ISl KOPPEKTUPOBKU CUHANTHUYECKUX BECOB HEMPOHOB
BBIXOJIHOTO CJIOSI, TOTJA KaK BOIPOC O HACTPOMKE MapamMeETPOB CKPBITHIX HEMPOH-
HBIX CJIOEB OCTABAJICSI OTKPBITHIM.

------------------------------ KOpoTKO 0 rMaBHOM -----------------mommmmmooeam
Jlornueckyto ¢pynkiuto «Mckmouaromee NJIN» moxer MoaeaupoBaTh HEll-
POHHas CETh, COCTOAIIAS U3 TPEX HEUPOHOB, U300pakeHHas Ha puc. 3.

3. Anroputm obpaTHOro pacnpocTtpaHeHUs ownbKu

O¢ddexTuBHBI ANITOPUTM OO0YUYEHUS MHOTOCIOWHBIX TMEPCENTPOHOB, OT-
KPBIBIIUI yTh X MTUPOKOMY MPAKTHUYECKOMY MTPUMEHEHHUIO, CTAJl U3BECTEH TOJIb-
ko B 1986 r. Omaromaps mnyOmukammsm /[ Pymenvxapma, I Xunmona wn
P.Bunvamca. inest 3Toro aaroputMa 3akio4aeTcsi B TOM, YTO OIIMOKH HEHPOHOB
BBIXOJTHOTO CJIOsl €, = 0. — Y. MCIONB3YIOTCS 7Sl BBIYUCICHUS OIIMOOK HEMPOHOB,
PACIIOJIOKEHHBIX B CKPBITHIX CIOSIX. 3HAUEHHS OIIMOOK KaK Obl pacIpOCTPaHSIOTCS
OT BBIXOJTHOTO CJIOSI HEHPOHOB BOBHYTPh CETH OT IMOCJIEIYIONTUX HEHPOHHBIX CJIO-
eB K npenpiaynmMm. OTcro/la Ha3BaHUE METOAA aleOpUmMOoM 0OPAmMHO20 pAcnpo-
cmpanenusi omuodku (back propagation).

NHTEepecHO OTMETUTH, YTO aJITOPUTM 0OPATHOTO PACTIPOCTPAHCHUS OIMIUOKH

OBLI MpeJIOKEeH Ha OAWH ToJl paHee B pabotax A.llapxkepa u A.Jle-Kana, n3nan-
HBIX HE3aBUCHMMO OJIHAa OT Jpyroil. bonee toro, eme B 1974 r. 3TO0T npocTtou u
W3SIIITHBIN aropyuT™ ObLI 3ammuineH /1. Bepbocom B €ro JOKTOPCKOW JAUCCEPTAIUU.
OpHako TOrJa OH OCTAJICS HE3aMEUYEHHBIM, U TOJIBKO CITyCTs Oojiee JECSATH JIeT

OBLT «IIEPEOTKPHIT» 3aHOBO U MOJYYHJI BceoOIee mpusHaHue u npumenenue. Oc-



TaJIUCh HE3aMEUYEHHBIMU U PabOThl COBETCKHUX YUEHBIX, €IIe paHblle pa3padarbi-
BaBIIUX MOJOOHBIE AJITOPUTMBI B CBOMX 3aCEKPEUEHHBIX MHCTUTYTaX M YCIIEUIHO
IPUMEHSBIINX UX IPU MOCTPOESHUHU CUCTEM YIIpaBJIEHHsI OOBEKTaMU BOEHHOTO Ha-
3HA4YECHUS.

PaccmoTpuM mzero aiaroputMa oOpaTHOTO PacIpOCTPAHEHUs OLIMOKH, IO-
MBITABIIUCH OOOOIIUTE JIebTa-IPABWIIO HA CiIydall OOyUEeHHSI 08YXCIOUHO20 TIEP-
centpoHa, nMmeromero N BxonoB, | BBIXOJIOB U cKkpbimblii C10M U3 J HEHPOHOB
(puc. 4). DTOT MEPCENTPOH HA CAMOM JIeJIe UMEET TPH CJI0S, OJHAKO B JTUTEpaType
€ro Ha3bIBAIOT JBYXCIIONHBIM, TOCKOJIBKY HEHMPOHBI BXOJHOTO CIIOSI HIMEIOT BCETO
OJIMH BXOJl, HE MMEIOT CHHANTHYECKUX BECOB M HE BBIMOJHSAIOT CYMMHUPOBAHUS
BXOJIHBIX CUTHAJIOB, a JIMIIb MEPEAAI0T OAUH €IMHCTBEHHBIN BXOJAHON CUTHAJ HEil-
POHAM CJIEIYIOIIETO CIIOSL.

AJTOpUTM KOPPEKTUPOBKH CHHANTHYECKUX BECOB HEMPOHOB BBIXOJIHOTO
CJIOSl OCTaBUM TaKUM XK€, KaK JJIsi OJHOCIOWHOTO mepcenTpoHa (cM. 00001meHHoe
JeNbTa-TIPABUIIO: TEOPETHUUECKUN MaTepual K JlabopatopHou padote Ned), zame-

HHB X] Ha y]

W (t+1) = wy; (t) + Awg;; 4)
AWij :T]Siyj; (5)
;i =Yi(l-yi)(di —Vi)- (6)

Puc. 4. [IByxcnoitnsiii mepcentpor ¢ N Bxogamu, | Beixomamu
U CKPBITHIM cJIoeM U3 J HeilpoHOB



CuHanTHyeckre Beca HEMPOHOB CKPBITOTO CJIOSI MOMBITAEMCSI KOPPEKTUPO-
BaTh C MOMOIIIBIO BCE TeX ke (JOPMYJI, B KOTOPHIX WHAEKC | 3aMEHUM Ha |, a UH-

JIEKC ] 3aMEHHMM Ha MHJEKC N
AW, =18 X, ; (7)
0;=y;d-y;)d;-vyj). (8)
IIpu MCIOaB30BaHUM ATHX (POPMYJI BO3HHKAET BOIPOC O BBHIYHCIICHHH HEH-

ponHo# oumbku (d; —Y;), KoTOpas AJist CKPBITOro ciost HeusecTHa. Mest aBTo-

POB paccMaTpUBaEMOro aJropuTMa COCTOsUIa B TOM, YTOOBI B KauecTBE STOM
OIIMOKHU HCIOJIb30BaTh CyMMapHbIE HEHPOHHBIE OMIMOKHU C BBIXOJHOTO CJOS, TMO-

MHOKCHHBIC Ha CHJIbl COOTBETCTBYIOIINX CUHAIITHYCCKHUX CBHBGP’I, T.C.
|

(dj_yj)zzsiwij : 9)
i=1
I/ITaK, JJIA CKprTOFO CJIOA OKOHYATCJIBHO NMEEM
AWjy =10 Xy} (10)
|
8=y (L-y;) 2 3w . (11)
i=1

Hcnone3yst 3Ty MIEH0, HECIOKHO PaclucaTh ajJrOpUTM 0OpaTHOTO pacipo-
CTpaHEeHUS OMIMOKH 1St OOYYEeHHS TTePCENTPOHA, UMEIOIIETO MPOU3BOIHHOE KOJIH-
4EeCTBO CKPBITHIX ciioeB. OMHAKO MPEXIe OTMETUM, YTO MBI OyJeM HCIIOJIb30BaTh
HEHPOHBI, UMEIONUE CUTMOUIHYIO aKTUBAIIMOHHYIO (DYHKIHIO (CM. TeopeThde-
CKHUW MaTepuall K JiabopaTopHoil padore Ned), U BBHIMOTHSIONINE ONEPAIHIO CyM-
MHUPOBAHUS C YIETOM HEUPOHHOTO CMEIIEHUS (CM. TEOPETUUECKUI MaTepuall K Jia-
6oparopHoii padote Nel):

J
S =D WX, . (12)
=0

3mecb W, — BeC JONOJHUTEIBHOTO BXOZAa |-TO HEHpOHA, UMHUTHUPYIOIIUI €ro

CMCIICHHEC bi ,d XO =1 — BeauuMHa cUTHaNa JOIIOJTHUTCIIbHOI'O BXOA4.



k-1 k k+1

Puc. 5. Muorocnoiinsiii mepcentpon (MLP — MultiLayerPerseptron)

AnTOpuUTM 00paTHOrO PacHpoCTpaHEHUs OLIMOKU pacHHIIeM JJjIsi MHOTO-
CJIOHOTO TepCenTpOHa, MMEIOIIEro BXOAHOW ciioi K =0, HECKOIBKO CKPBITHIX
cioeB k =1, 2, ..., K =1 u Beixoano#i cioit kK = K (puc. 5).

HelipoHbl BXOAHOTO CJIOS HE BBINOJHSAIOT MaTEMaTUYECKUX IMpeoOpa3oBa-
HUH, a JUIIb NEPEAAI0T BXOJHBIE CUTHAIBI HEMPOHAM IEPBOTO ciod. byaem nosna-

rathb, 4YTo Kaxaplil K-ii cioit conepxxut H) HeiiponoB. Takum oOpas3om, mepcen-
tpoH umeer N = H, BxogoB u M = Hy BbIxonoB. B anropurme Oyznem ucmnosub3o-
BaTh CJICAYIONIME 0003HAYCHHUS: | — MOPSIKOBBIA HOMEp HelipoHa K -ro ciosi; | —
nopsakoBeiii HoMep Heripona (K —1)-ro cios; | — mopsakoBeiii HOMEp HeWpoHA
(k +1) -ro cios (cM. puc. 5, BHH3Y).

Ilac 1. Nanumanusaiysa CHHAIITUYECKUX BECOB U CMEILICHUN.
B muknmax mo k=1,2,..,.K; i=12,..,H,; j=0,12,..,H,_; cuHanTHye-

CKHUM B€CaM H CMCIICHUAM Wl(Jk) JaTYNKOM cnyqaﬁHbe YU CCJI IPUCBANBAIOTCA Ma-

JIbIC BEJIMYUHBI, HAIPUMEp, U3 HHTepBaia oT —1 10 1.
Hlaz 2. OtkpeiTre ukia mo =1, 2, ...,Q . IIpeacraBnenue u3 o0ydaromiero

MHOJKECTBA TIPUMEPOB OYEPEIHOTO BXOJHOTO BEKTOpa X, = (X, Xy, ...,XN)q U CO-
OTBETCTBYIOIIEIO €My JKEJIaeMOTO BBIXOJIHOTO BEKTOpa Dq =(d,,d,, ...,dM)q, IDIS

g — HOMep IpuMepa B 00y4arolieM MHOKECTBE.

Ilaz 3. TIpssmoil npoxoJ.



B mukmax mo k=1,2,..,K; 1=12,.., H, BBIUUCIAIOTCS BBHIXOJIHBIC CHT-

HaJIBI | -TO HelpoHa B K -M cioe

0 _ (Z Wiy 1)} (13)

(k-1) _ ()

rie y(o) =Xj; %=1, Y
IHlaz 4. O6paTHBIN TPOXOI.
B mukmax mo k=K,K-1,...,1; i=12,..,H,; j=0,12,.., H,_; Bbunuc-

JISIFOTCS CUHAIITUYECKHME Beca Ha HOBOM dIOXE

=1, BBIXOJIHBIE CUTHAJIBI IEPCENTPOHA Y; =

w9t +12) = wi () + Aaw (14)
rie
AW = )y D (15)

npuyeM s BeixoaHoro ciost K = K cormacho (8)

58 =y, (- y)(d; - i),

a JUIS BCEX APYTUX CKPBITHIX ¢lIoeB coryacHo (11)

Hk+l
k k k k+1 k+1
309 =y - ) 3, oD

1=1
Ilaz 5. 3akpbiTHE LMKIA IO (.

Hlaz 6. IloBTOpeHue maroB 2 — 5 HEOOXOAMMOE KOJIUYECTBO pa3s.

Bekropsl 00y4atomux npumepos X, u D, Ha waze 2 anroputmMa 00bIYHO
MPEACTABIIAIOTCA MOCIEA0BATENBHO OT EPBOTO J0 MocieaHero, T.e. =12, ...,Q,
rie Q — obmee xommyecTBO TpuMepoB. Hampumep, B ciiydae pacmo3HaBaHUS

OykB pycckoro andasura Q =33. Ilocne Toro, Kak s KaXI0ro o0ydyarolero

npuMepa OyayT CKOPPEKTHPOBaHBI BECOBbIE KOX((UIIMEHTHI MEpCenTpoHa, T.€.
waeu 2—4 OyayT MoBTOpeHbI 33 pasa, Ha uiaze 6 aATOPUTMA BBIYUCIISIETCS CPEIHE-
KBaJIpaTHU4YHAas OIINOKa, yCpeTHEHHAs 10 BCEM 00y4aroUIM MpUMeEpam:

ZZ( v 2 ) (16)

q—l i=1

I[Tomumo CpeHHeKBaHpaTI/IqHOﬁ OIMOKH MOJKET OBITh TaKKe OLICHCHA Mak-
CUMAJIbHAA PA3HOCTb MCIK/AY KCJIACMbIM W IMPOTHO3HBIM (TO, YTO BBIYMCIIWII IICP-

CENTPOH) BbIXOJaMU MEPCENTPOHA:

& = max|(d; - yi\)q); i=1,2,..M; g=12,...,Q. (17)



WTepannoHHbIi poLEce, 3aAaBaeMblil waeom 6, 3aKaHYMBAETCS MOCIE TO-
ro, Kak omuoka €, Beraucisiemas no ¢opmynam (16) wum (17), nocturuer 3agan-
HOW BEIWYMHBI, JUOO Korjga OyAeT JOCTUTHYTO IPEAEIbHOE KOJIMYECTBO 3I0X
oOyueHnus. B pesynbrare nepcentpoH 00y4HTCS BBITOJIHATH HY)KHOE OTOOpaKeHHE
0000 BXOAHOTO BEKTOpa X, Ha BBIXOAHON BEKTOp Y, OTIIMYAIONIMICS OT JKe-

naeMoro Bekropa D, Ha HEKOTOPYIO MalyrO BEIMYHHY.

[lepBbIM anropuTMoM OOyYeHHsS HEHPOHHOM ceTH ObUIM TpaBuiia XeOoOa,
NpeIHAa3HAYCHHBIC JJI1 OOY4YEHHUs OJHOCIIOWHOTO IMEpCenTpOoHa C HEHpOHAMHU,
UMEIOIIUMH CTYTICHYaThle aKTUBAIIMOHHBIE (PyHKIMU. 3aTeM OBbLIO BBEIIEHO TMOHSI-
THE HEHPOHHON OIMOKH KaK pa3HHUIBI MEXly TpeOyeMbIM BBIXOZ0OM Helpona d. u

€ro peajbHbIM 3HaueHueM Y,. B pe3ynpraTe aJiropuT™M oOyuyeHUsl NEpCENnTpoHa C

noMOIUIbI0 TpaBuil Xe60a ObuT 0000IIEH B BUIE alrOpUTMa JieibTa-mpaBmia. B
UTEPALMOHHBIX (OPMyJiaXx ajiropuTMa JebTa-paBuiIa MOSABHICA KOd()uImeHt
CKOPOCTH OOYYEHHS 1), TIO3BOJISIONINI BIUATH HA BEIMUYNHY UTEPAIIMOHHOTO II1ara.
3areM ObLTa TIPEIJIOKEHA CUTMOWIHAS aKTHBAIIMOHHAS (QYHKIHS U OBUIO BBEIACHO
MOHSATUE KBAJPAaTHYHOW OmMMOKH 0OydeHUs mepcentpoHa. B pesynbrare mosBu-
J0Ch 0000IIEHHOE AeNbTa-MPABUIIO, PEATHU3YIOIIEE METO/ TPATUESHTHOTO CITyCKa U
MIO3BOJISIOMINN paboTaTh HE TONBKO ¢ OMHAPHBIMH, HO U C HETIPEPHIBHBIMH CHTHA-
JaMu. AJTOpUTM OOpPaTHOTO PACTIPOCTPAHCHHsSI OMIMOKH SIBISCTCS CIETYHOIIUM
00001eHrneM 0000IIIEHHOTO JAeNIbTa-IIpaBujia U M03BOJISIET 00y4YaTh HE TOJIBKO OJI-
HOCJIOMHBIE, HO U MHOTOCJIOMHBIE TIEPCENITPOHBI.

4. Buabl akTUBaUMOHHbIX PYHKLUN

B coBpeMeHHBIX HEHPOHHBIX CETSX M HEHpolakeTax HauboJee 4acTo Mpu-
MEHSIOTCS CIIETYIOIINE BUbI aKTUBALIMOHHBIX (PYHKITHIA.

IloporoBbie akTuBanMoOHHbIe PyHKUMH (PyHKUMHU-cTyneHbKH). [lopo-
TOBbI€ aKTUBAIMOHHBIE (PYHKIIMH-CTYIIEHHKH MOTYT UMETh KaK HECUMMETPUYHBIN
(puc. 6, a), Tak U CUMMETPUYHBINA (puc. 6, 6) OTHOCUTENHHO Hayala KOOPJMUHAT
BU].



VY 4
1 1
0 S 0 S
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Puc. 6. I[loporosbie akTUBaLIMOHHBIE (PYHKIIMU-CTYIEHBKU

VX aHalmMTHYECKOE MPEACTABICHHE COOTBETCTBEHHO JIIs pUC. 6,a U puc. 6,0:
1, ecim S >0; 1, ecim S >0;

y= 0, ecitm S <0; y= —1, ecim S <0,

[
rac S= inwi , IpUYEM XO =1 — BeJIWYMHA CUTHAaja JOIIOJIHUTCIIbHOI'O BXOA4, a
i=0

W, — €ro Bec, IMUTHPYIOUINI HEHpPOHHOE cMeleHne b (KoTopoe paBHO MOPOTyY

qyBCTBUTEIBLHOCTH HEHPOHA, B3SITOMY C POTHUBOIOJIOKHBIM 3HaKOM: b =—0).

CryneH4aTple akKTUBAIIMOHHBIE (DYHKIIMA OOBIYHO MCIIONB3YIOTCS B 3a/1adax
pacnio3HaBaHusi o0Opa3oB. [lepcenTpoHbl CO CTyNeHYAaTbIMU AKTHUBALMOHHBIMU
(GYHKIUSIME MOTYT 00ydaThbCs C MOMOIIBIO MpaBuil Xe0ba M JenbTa-paBuia.
O060011eHHOE JIe]bTa MPABUIIO U AJITOPUTM OOPATHOTO PACHPOCTPAHEHUS OLUIUOKH
JUTsl 00YYEHUST TaKUX MEPCENTPOHOB HE TOMITCS, TaK KaK B 3TU aJITOPUTMBI BKITO-
YaloT HaXOXKIACHUE MPOU3BOJHBIX OT aKTUBAMOHHBIX (QYHKUUNA, YTO HEBO3MOKHO
TUTsl QYHKITUN, UMEIOIIUX Pa3phIB.

Jluneiinble akTuBanuoHubie pynkuuu. Ha puc. 7,a npencrarnen rpadux
JMHEHHOW aKTUBAIIMOHHOUN (PYHKITUN

y=S.

O06u1acTb U3MEHEHUs ATOM PYHKIIMU HEOTpaHUYECHHA.

Takue akTuBarMoHHBIC QYHKIIMA OOBIYHO TPUMEHSIOTCS B HEHPOHAX BXO/I-
HOTO ciiosi. OHU TakXke HEIUI0X0 paboTaloT MPHU PEIICHUU MPOCTHIX JTUHEHHO pas3-
JENUMBIX 3a/1ad, IPUYeM ¢ OOYYEHHUEM TaKUX MEPCENTPOHOB MOTYT CIPABIISATHCS
JITOPUTMBI JIeJIbTa-IIpaBuia, 0000IIEHHOTO JIeJbTa-NIpaBuiia U alrOpUTM 00pat-
HOTO PaCIPOCTPAHCHUSI OIITHOKH.

WHorna npuMeHsI0T JIMHEHbIe aKTUBAIIMOHHbIE (YHKIIUU C OTPAaHUYEHHON
00JacThio m3MeHeHUsI (puc. 7, 6):



-1 ecmm S<-1
y=<S, ecnmu —1<S<1
I, ecim S >1

a O

Puc. 7. JIuneiiHbie akTUBAIMOHHBIC ()YHKIIUU C HEOTPAaHUYCHHO ()
U orpaHuyYeHHOH (0) 001acTIMU U3MEHEHUS

Curmonanbie akTuBanuoHHble pynkumnu. Ha puc. 8,a nsodpaxen rpaguk
CUTMOUJHOM (DYHKIMH, 3aJaHHON YpaBHEHUEM

y = 1
1+e%
a Ha puc. 8,0 — rpaduk QyHKIINH, 3aJaHHOW YpaBHEHHUEM
1_ e—OLS
Y=—"5"
1+e™®

B sTux ypaBHeHHAX KO3PPUIIMEHT o BIMSIET HA YroJl HAKJIOHA JIMHUK K OCH S .
AHaJIOTUYHBIA TMPEACTaBICHHOMY Ha IOCIEAHEM TpapuKe BHJI HMEIOT

2
¢yHKIMM apKkTaHTeHca Y =—arctgoS u runepbonmmyeckoro TanreHca Yy = tanhaS ,
T

oS
a TAKXKE (PYHKHI/IH y = m, KOTOpBIe TO2KE€ HA3bIBAKOT CUI'MOUWJIHBIMU.

+ |0

.y “ .y

1 -1

| S S

-1

a
O

Puc. 8. CurmouHbIe aKTUBAIIMOHHBIC (DYHKIIMH C HECUMMETPUYHOH («)



Y CUMMETPUYHOMH (0) 00J1aCTAMU U3MEHEHUS

[lepcenTpoHbl € CUTMOMIHBIMH AKTHBAIMOHHBIMU (YHKLIHUSIMH XOPOIIO
00y4aroTcs ¢ MOMOIIBI0 AITOPUTMA OOPATHOTO PACIPOCTPAHEHHS OIIMOKH, a TaK-
K€ C MOMOILBIO JIeNIbTa MpaBuja U 0000IIEHHOIO JieibTa-MpaBuiia (€ciau nepcern-
TPOH OJTHOCIIOWHBIH).

Jlorapudmuueckne akTuBanmuoHHble pynxkuun. Ha puc. 9 npeacrasieH
rpaduk aKTUBAIMOHHOM (PYHKIIMU, 33 JaHHOW ypaBHEHUEM

y=In(S++/S?+1) . (18)

B otnuume ot curMouaHO#M dTa PyHKIMS UMEeT HeOTPaHWYCHHYIO 00J1acTh
u3MeHeHus. lHoraa 3To ynoOHo, T.K. HE TpeOyeTcss MacTabupOBaHMsI BBIXOIHBIX
CUTHAJIOB IepcenTpoHa (moapodHee 00 3TOM CM. TEOPETUYECKUI MaTepuai K Jia-
ooparopHoit padote Ne8). KpoMe Toro, morapupmMuyueckue aKkTuBaIlmOHHbIE (PyHK-
UM TIO3BOJISIIOT M30eraTh HexenaTeabHoro 3dQexrta, Ha3BIBAEMOTO napaiuiem
cemu — TOTepEl YyBCTBUTEIBHOCTH CETH K BapHAIMSIM BECOBBIX KOI(PPUITUCHTOB
U, KaK CJIEJICTBUE, 3aMHUpaHKE Mpolecca 00yYeHHs MPH TOMATaHUU B3BEIICHHBIX
CYMM BXOJIHBIX CHUTHAJIOB HEHpOHa B 00JacTh HACHIIMICHUS CUTMOUIBI (CM. TaKKe
naboparopHyo padoty NeS§).

Y

“nl

Puc. 9. Jlorapupmuyeckasi akTHBalMOHHAST (PYHKIIHS
PaaunanbHo-0a3ucHble akTUBalMOHHbIE GyHKHUU. B 1iocienHee BpeMms
MOJIY9arOT PACTPOCTPAHCHUE HEUPOCETH, HEUPOHBI KOTOPHIX UMEIOT aKTHBAITUOH-
Hele QyHKIMU B hopme dyHkimu ["aycca (cm. puc. 10):
52
y=e 26° ’
rae S = HX - CH — €BKJIMJIOBO PACCTOSIHHE MEXKIY BXOJHBIM BEKTOPOM X H YeH-

mpom akmusayuonuou @yukyuu C; G — mapaMmeTp rayccoBOi KpHUBOMW, Ha3hIBAEC-
MBI wupunou okua. Takue akTUBAUMOHHBIE (YHKIMHU HA3bIBAIOT paoudaibHoO-
oaszucnvimu (RBF), a cootBercTByromue HeliponHsie cetn — RBF-cemsimu. Meto-
bl 00yuenuss RBF-cereil, ux mpeumyIecTsa U HEJOCTATKH B HalleM y4eOHOM
Kypce HE pacCMaTpHUBAIOTCSI.
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Puc. 10. PagnansHo-6a3ucHas akTUBAITMOHHAS ()yHKITHS

OTMmeTuM, 4TO BCE MPUBEICHHBIC BBIIIE aKTHUBALIMOHHBIE (YHKIUH, 33 HC-
KJIFOUEHHUEM TIOPOTOBOM U KyCOYHO-JIMHEWHOM, SIBJIIOTCS HEMIPEPBIBHO U PepeH-
nupyembiMu. JInHeiHas QyHkuus u jorapupmudeckas GyHKIUS BBIIOTHSIOT Mpe-
o0pa3zoBaHre OECKOHEYHOIO0 BXOJIHOI'O MHOKECTBA 3HAYEHUMN IMEPEMEHHBIX S B
OECKOHEYHOE MHOXKECTBO IepeMeHHbIX Y . [loporoBbie akTUBalMOHHBIE PYHKIIUU

npeoOpa3yroT MHOKECTBO 3HaUCHH S B OMHapHble MHOKecTBA Y =0 u Y =1 unu
y=-1wu y=1. OcranbHble aKTUBAIIMOHHBIE ()YHKIIMH MPE0OPa3yI0T OECKOHEUHOE
BXOJIHO€ MHOXKECTBO 3HAUYEHM S B OrpaHUYECHHbIC BBIXOJHBIE MHOMXECTBA!
ye(0,1), ye(-11) u y e (0,1]. Or Buaa ucnosp3yeMbIX aKTHBALMOHHBIX (DYHK-
Uil 3aBUCAT (YHKIIMOHAIBHBIE BOZMOKHOCTH HEMPOHHBIX CETEH, a Takke BbIOOD
CIIOCOOOB MX O0y4EHHUS.

------------------------------ KOpOTKO O FMaBHOM ---------------mmmmmommmmee o
AXTHBaNMOHHBIE (YHKIUH OCYIIECTBIIIOT NpeoOpa3oBaHUE B3BEIICHHOM
CYMMBI BXO/IHBIX CUTHAJIOB HEWPOHA B €r0 BBIXOJHOHM curHai. OT BHJIa aKTHBAIH-
OHHBIX (YHKIHUI 3aBUCAT (D)YHKIMOHAIBbHBIE BO3MOXKHOCTH HEWPOHHBIX CETEH, a
Tak»Ke BBIOOP CIIOCOOOB UX 00YUYEHHUS.
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