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HenpoHHbIe ceTn

OEHOPHUTI

AKCOHBLI

TENO HEWpPOHA

CHHANCbI OBHKEHWEe UMNYNbCa

HepBHas cuctemMa 4yenoBeka, MOCTPOEHHas
N3 3JIEMEHTOB, Ha3blBaeMbIX HEMPOHaMMWU,
NMMeeT OLLEeIOMJIAIOLLYIO0 CJIOXXHOCTD.
Okosio 10 HenpOHOB Yy4aCTBYIOT B
npuMmepHo 10 nepepatlowinx CBA3AX,
nMerLwmnx oamHy metp n bonee.
YHUKasIbHON CNOCOBHOCTLIO HEMPOHA
agnseTcs npuem, obpaboTka n nepenaya
3/IEKTPOXNMNYECKUX CUTHANOB MO
HEPBHbIM MYTHAM, KOTOpPble 06pa3yoT




HenpoHHble ceTun

® NeHapuTbl MOYT OT Tesla HEPBHOW
KNETKN K APYrMM HEMPOHAM, r4e OHU
NPUHNMAIOT CUTHaJ1bl B TOYKaX
coeIMHEHUS, Ha3blBaeMbIX CUMHAMNCaAMMW.

® NMpWHATBIE CMHANCOM BXOAHbIE CUTHabI
NoABOOATCA K Tenly HeMpoHa. 34eCb OHW
CYMMUPYIOTCA, MPUYEM O4HUN BXOAbl
CTPEMSATCH 8036yJJ,I/ITb HEeNpoH, apyrue -
BOCMPENATCTBOBATb €ro BO36y>KJJ,EHI/HO

® Korga cymMapHoe B030y>XAeHune B Tese
HeNpoHa NpeBbIliaeT HEKOTOPbLIN Nopor,
HeWpoH BO30y>XAaeTCs, Nocbisias rno
aKCOHY CUrHan OPYruM HEMpoHam.



MIckycCcTBEeHHbI HENPOH

® HeMpoOH COCTOUT N3 3JIEMEHTOB TPEX TUMOB:
YMHOXXUTEJIeM (CMHarncos), cymmaTopa 1
HeJIMHeUHOoro npeobpasoBartens.

BxogHele  CHHanTu4eckwe Brok bnok HenuHenHoro BeixogHowW
CUrHanel Beca CYMMWPOBAHWNA npeodpazoraHWA CUrHan
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ICKyCCTBEHHbIN HENPOH

® CuvHanchbl OCYLWECTBAAIOT CBA3b MeXay
HenpoHaMMnN, YMHOXXaloT BXOOHOW CUrHaN Ha 4Yncno,
XapakKTepusyrLliee cuay CBda3un (Bec cumHanca).

¢ CyMMaTOp BbINMOJIHAET CJI0XKEHWNE CUIHAJIOB,
NOCTYMNatoLWMX NO CUHAMTUYECKNM CBA3AM OT
OPYrX HEMPOHOB, N BHELUHUX BXOOHbIX CUITHAJI0B.

® HenunHenHbIN Npeobpa3oBaTenb peaansyeT
HeNINHeNnHYto YHKUWNIO OQHOIro aprymMeHTa-
BbiXO4a CyMMaToOpa.

® 3Ta PyHKUUSA Ha3biBaeTC PYHKLMEN aKTUBALLUMU
NN nepepnatToyHou pyHKUMEeun HenpoHa.



NIcKyCcCTBEHHbI HENPOH

AnroputMm padoThl:

® HenpoH nony4aeT Habop (BeKTop) BXOOHbIX CUTHAJIOB.

® B TeJsie HENPOHa OLLeHMBAeTCsad CYMMapHoe 3HavyeHune
BXOOHbIX CUTHA0B.

® KaXKObl BXO XapaKTepunsyetcsa HEKOTOPbIM BECOBbLIM
KO3(hpuLMeHTOoM, onpenensaownum Ba>XKHOCTb
nocTynatroLwen no Hemy nMHopmMaunm (HENMPOH He
MPOCTO CYMMUPYET 3Ha4YeHnsa BXOOHbIX CUrHaJIoB, a
BblYNCIAET CKandapHoe npon3BeneHne BeKtTopa BXOOHbIX
CUIrHas 0B N BEKTOPA BECOBbIX KO3(PpPULUMNEHTOB).

® HENPOH hopMUPYET BbIXOAHOW CUFHA, NHTEHCUBHOCTb
KOTOPOro 3aBUCUT OT 3HAYEHUNSA BbIYUCIIEHHOI O
CKaJIAPHOro npon3BeneHus.

® Ecnnm oHO He npeBbIllaeT HEKOTOPOro 3a4aHHOro
rnopora, To BbIXOAHOW CUrHasn He hopMmnpyeTCcs BOBCE -
HENPOH «He cpabaTbiBaeT». 6



MaTeMaTn4yeckasa Mmoaenb

HENPOHA axonm  Gomancn
S —wa +b

y = f(S)

Auenka
HerMpoHa

AKcoH Bbixoa

® B obulemM cnyyae BXOOHOWU CUrHaN, BeCOoBble
Ko3(pPpUuMeHTbI 1 CMeLLeHue MOryT NpuHnMaTb
OENCTBUTESNbHbIE 3HAYEHNA, @ BO MHOMMX NPaKTUYECKUX
3a/lavyax- HEKOTOpble PUKCMPOBAHHbIE 3HAYEHNS.

¢ Bbixop (y) onpenenseTtcsa BuaomM (pyHKLUM aKTUBaALLUMU
N MOXXET BbITb KaK AENCTBUTEJIbHbIM, TaK U LLEJbIM.

® Ha BxopHOM curHan (s) HenmHenHbIn npeobpa3oBaTesb
oTBe4YaeT BbIXOAHbIM curHanom f(s), KkotTopbin
npencrtaBaseT cobon BbIXO4 HENPOHA.



OYHKLNN aKTUBaL MWK
HenpoHa F(<)
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® OpoHon n3 Hanbonee pacnpoCTPaHEHHbIX
ABNAETCA HeJIMHENHAs DYHKLUNSA aKTUBALIMK C
HaCbILWEHNEM, TaK Ha3blBaeMas JIOrMcCTu4Yeckasn
DYHKUNSA NN CUTMOMA,



OYHKLUNN aKTUBaL WK
HenpoHa F(s)
F(s) =

1+e-as

® [pn yMeHbLUEeHUN @ curMompa, CTaHOBUTCH
bonee nosiornm, B npenese a=0 BblIPoOXXOaACb B
FTOPU30OHTAaJNIbHYO NHUIO Ha yYpoBHe 0,5;

® npu yBeINYEHUN @ curmoua npmbnmxaeTcs K
BUAOY MYHKLUUN e JUHNYHOIO CKayka C
HEKOTOPbIM MOPOroM.

® W3 BblpaxxeHuda gsisga curmomaa o4eBUaOHO, 4YTO
BbIXOAQHOE 3Ha4YeHne HeNpoHa NeXxuT B
nunana3oHe (0,1).

® [lna Npoun3BOAHOW CUEMPUARION (YKL BEPHO

cnepnyrouiee CoorTHoweHune:



OYHKLUMN aKTUBaLNK
Hel\/llr;\- s~ [/ ~\

0.5 sigm(x) = 1

-0.5

1-e™*
tanh( x) =
J (X) 1+e7%*
-1 I
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® [lpyron LWMpPOKO UCMNosb3yeMou aKTUBALLMOHHOW
byHKUMen asnsgeTca runepdbonm4ecknin TaHreHc.
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OYHKLUNN aKTUBaL WK
HenpoHa F(s)

shr eT—e T e2_1
thoe = — = = —
ch x ef | g et 1
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® MopnobHO norncTnHeckom OyHKLNM
rmnepbonyecknnm TaHreHc IBNAeTCs S-
obpa3Hon hyHKLMEN, HO OH CUMMETpPUYEH
OTHOCUTENIbHO Havyasna KoopaunHaT, U B To4ke 0
3Ha4YeHne BbIXOOHOIo CUrHana PaBHO HYJIO.

® B oT/im4me oT NOrnCTrUYeCcKom pyHKLNMK
rmnepbonn4yecknm TaHreHc rNpuHNMaeT
3Ha4YeHMs pa3IMYHbIX 3HAaKOB, YTO OKa3blBaeTCH
BbIFrOAHbLIM O/14 pada CeTewu.
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DYHKUMN aKTUBaL NN
HenpoHa F(s)
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® NnepepaTto4vyHada PyHKLKMA ceTn Xondunaa. Tun
BXOHOMO N BbIXOOHOIMO0 CUrHAMI0B: BUNnosisspHblie
(+1 wn -1).
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http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Hopfield's_net.png
http://upload.wikimedia.org/wikipedia/commons/7/73/Signum.svg

Mooenb HEMPOHHOWN CeTwW.
[lepcenTpoH.

® MepcenTpOH, NN NepuenTpoH (aHra. perceptron oT nar.
perceptio — BocnpundaTne; Hem. perzeptron) —
MaTeMaTun4deckasa n KoMnbloTepHad Moaesnlb BOCNPUATUA
NHpopMaunnm Mo3rom (kmbepHeTmnyeckass Moaesib Mo3ra),
npennoxeHHaa ®psaHkoM Po3eHbnaTtTom B 1957 roay un
peann3oBaHHas B BUAE 3/1eKTPOHHOU MallnHbl «MapK-1»
B 1960 ropny.

® MepuenTpoH CTaJl OAHOM U3 NepBbIX MOopeseun
HeupoceTeum, a «Mapk-1» — nepsbiM B MUpe
HEeVPOKOMMbIOTEPOM.

® HecmoTps Ha CBOIO NPOCTOTY, NepLenTpoH cnocobeH
oby4aTbCA 1 pelaThb J0BOJIbHO CJIOXKHbIE 3a4a4u.

® OcHOBHada MaTeMaTu4yeckas 3ajada, C KOTOPOW OH
CrnpaB/iIseTCcs, — 3TO JIMHENHOe pa3gesieHne nobblix
HeJIMHENHbIX MHOXXECTB, TakK Ha3blBaeMoe obecneyvyeHune
IMHENHOW cenapabenbHOCTN.
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HenpoHHble ceTu

[MepcenmponHsie

MepcenTpoH - O4UNH CJION
NCKYCCTBEHHbIX HENPOHOB,
Yy coegNHEeHHbIX C MOMOLLbIO
BECOBbIX KO3(p(PNUNEHTOB C
MHO>XeCTBOM BXOOB.

Ha BXxOoA4bl NOOAOTCA BXOOHbIE
CUrHanbl, MOCTynatouwime
¥s nanee no cMHancam Ha
HENPOHbI, KOTOpPble 0bpasytoT
e VNHCTBEHHbIN CZI0N 3TOWN
ceTw.

Xq X5...-N3BE€CTHbIE 3Ha4Y€eHNA, Y,,
Y,- onpegendaemMble 3Ha4€HNA

Y>

n
Yi =f(§xj Wﬁ), j=1...3.

f(x) = 1 Ha BbIxoO4ax ceTun popMUNpPYyoTCA
+e & BbIXOA4HbIE CUTHaAbI

1
f'(x)=a f(x)(1- f(x) 14




MaTeMaTndyeckas mogesnb paboThl
HenpoHa B cny4yae ecqim F nmeet BUA

XKECTKOWN CTYMNMeHbKW
® PaboTa BCex ceTen CBOAUTCA K KJlacCudpmnkaumm
(0600 EeHNIO) BXOOHBIX CUTHAMOB,
NPUHagAeXawmx Nn-MepHOMY rmneprnpoCcTpPaHCTBY,
N0 HEKOTOPOMY YNUCY K1aCCOB.

® C MaTeMaTU4eCKOW TOYKUN 3peHnsa 3TO NponucxoanT
nytem pasbneHmna runepnpocTpaHCcTBa rurnep-
MJOCKOCTAMMU (3anucb Ansg cayyas oaHOC/IONHOIO
nepuenTpoHa)

® Kaxxnas nonydyeHHasa obsiactb apndetcd ob6n1acTblo
orpeneneHnsa oTaesibHOro Knacca. Yucno Takmx
Knaccos asa ogHon HC nepuenTpoHHOro Tuna He

NG e T D, kE:@./mh — Y CJ1I0 BbIXOLOB CeTW.
i=1
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MaTtemaTndyeckas mogenb paboTbl HEMPOHA B
cnyydyae ecnm F nmeeTt BUA XXECTKOW CTYNEeHbKU

® C MaTeMaATUYECKOWN TOYKMN 3PEHNA OTO
nponcxoaunT nytem pasdbmneHuns
rMnepnpocTpaHCTBa rMNeprnjoCKOCTAMMN.
Ka>kpnasa nonyyeHHast o06n1acTb ABNSETCSH
o6J1acTbio onpegesieHnsa oTAesIbHOro KJjlacca.

® Hncno Takmx KnaccoB Os1d nepcenTpoHa He
npeBbilWaeT 2m, roe m - YNCJ1I0 ero BbIXOO0B.

® [1o cyTn, HENPOHHAA CETb UIN NMEePCENnTPOH - 3TO
aJIrOPUTM, UCMOJIb3YIOLWNIN YpaBHEHNE
NIMHENHOro HepaBeHCTBa (IMHENHOro dunbTpa),
C MOMOLLbIO KOTOPOro MOXXHO MPUYUNCTINTb
nccnenyembin 06 bEKT K TOMY N MHOMY KJaccy
Nnn, HaobopoT, NCKIOYNTb €ro N3 3Toro Camoro
Knacca o0 beKTOB.
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MaTtemaTndyeckas mogenb paboTbl HEMPOHA B
cnyydyae ecnm F nmeeTt BUA XXECTKOW CTYNEeHbKU

® TeoMeTpUYECKUN NJIOCKOCTb ONMUCLIBAETCHA JIMHENHbIM
YpaBHeHMeM. Hanpumep, B TpexMepHOM MpPOoCTPaHCTBe
YpaBHEeHMe MJI0CKOCTU OTHOCUTENbHO KoopaunHaT X, Y n Z

nMmeet BUAO:
AX+BY+C-Z+D =0

® KoopaunHaTbl BCEX TOYEK, PACMOJIOXKEHHbBIX MO OAHY
CTOPOHY OT MJIOCKOCTW B 3TOM MPOCTPAHCTBE,
Yy OB/IETBOPSAOT HEPABEHCTBY:

AX+BY+C-Z+D>0

® CooTBETCTBEHHO, BECOBbIE KOI(PPULIMEHTLI B
HepaBeHCTBE HEMPOHHOW CETU - 3TO KOHCTAHTbI, KOTOpPLIE
3a4al0T ypaBHeHUe HEeKOMU NJIOCKOCTU B MHOFOMEpPHOM
NPOCTPaHCTBE MNPY3HaAKOB 06bEKTOB. A C NOMOLLbIO
CaMOro HepaBeHCTBa MOXXHO TOYHO onpenennTb, Jie _
N 3TN 06BbEeKTbI MO OOHY UM MO APYrYyto CTOPOHY 4/\

3a0aHHOW MJIOCKOCTM.
17



HenpoHHble ceTwu

® B MHOrOCJZIOMHbIX CETAX HEeWPOHb
00beaUHAITCA B CJI0W.

® Cnon coaoep>XNT COBOKYMHOCTb He --.n.y -..“,
C e 4UHbLIMU BXOL4HbIMU CUTHaNaMl ,;::\_'/‘\.

® Yncno HenmpoHOB B csioe MoXKeT bt
mo6b|M N He 3aBUCUT OT KoJim4ecT
HEMPOHOB B APYrnx Cnosx.

® OnpepeneHue 4Yucsia CKpbITbIX C/lI0€B
U YMCJla HEUPOHOB B KaXkKA,0M cJioe Ans
KOHKPEeTHOM 3aj4a4m aBnsaeTcs
HecdbopMaJsZIbHOMU 3a4a4en.

® HenpoHbl onpeneneHHbIM 06pa3omM coeanNHEHbI
Apyr C Apyrom n C BHeLWHen cpeaon C NOMOLLbIO
CBA3en, onpenendemMbiX BECOBbIMU
Koa(ppuumeHTamn.

® BHellHMe BXOOHble CUIHaslbl MOAATCSA Ha BXOAbI
HEMPOHOB BXOOHOIO CJ/104, @ BbIXOA4AMUN CEFU
ABJISIOTCS BbIXOOHbIE CUTHa bl ocaenHero cJos.




HenpoHHble ceTun

® ObyyeHne HC MOXKeT BECTUCh C yYuTenem
nnn 6es3 Hero.

® B nepBOM CJly4yae ceTu npeabsaBsioTCS
3HAYeHUA KaK BXOOHbIX, TaK U
XKenaTesibHbIX BbIXOAHbIX CUTHAJIOB, U OHa
No HEKOTOPOMY BHYTPEHHEMY aJiropuTMy
NoACTPauBaeT Beca CBOUX CUHAMTUYECKUX
CcBsA3en.

® Bo BTOpoM csiy4ae Bbixoabl HC
dbopMNPYyOTCA CaMOCTOATENIbHO, a Beca
N3MEHSIOTCS NO aJIFOPUTMY,
YYUTbIBAOLLEMY TOJIbKO BXOOHbIE U
NPON3BOAHbIE OT HUX CUTHANbI.
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HenpoHHble ceTu: oby4vyeHune C yynrtesnem

[Mpouecc PYHKUMNOHNUPOBAHNA HEUPOHHON CETU 3aBUCUT
OT BEJINYUH CUHAMNTUYEeCKNX CBA3eN (3Ha4YeHna wij).

A\

Obyuenue ¢ yuumenem: 019 3a0GHHOL cPYKMypu cemu, coombemcmbyrousell
Kaxoii-nubo gadaue, neobxoduMo naiimu onmumanvhue uawenus beex Gecobux

KoadpPpuyuenmob dna nekomopozo nabopa uzbecmuunx gnavenuti 6x0do6 u buxodob

(0byuarouue npumeput).

N

v

|

Oby4yeHne HENMPOHHON CeTU ABNSAETCS 3aJa4en
MHOroMepHON oNTUMM3aLUNN, ONA peleHNd KOTOPOoW
NCMOJIb3YIOTCA CyLlecTBYLWMe onTUMN3aLNOHHbIE
MeToAbl.

OT KayecTBa 0by4eHnsa 3aBUCUT CMOCOBHOCTbL CceTun
pelwaTb NoCcTaBNleHHble Nepea HeEW 3ala4n BO BPEMS
PYHKLMNOHUNPOBaAHUSA.
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HenpoHHble ceTun: obydeHune C yqynTtenem
Anroputm obyyeHus:

® LLUAI 1. 3apaTb cxoAHble 3Ha4YeHUsa BeCOBbIX KO3 (PULNEHTOB
(cny4anHble 3Ha4YeHUns).

¢ WATI 2. NMogaTb Ha BXOo4bl 0OWH U3 BXOOHbLIX BEKTOPOB,
KOTOpble CeTb A0J/IKHa Hay4YUTbCA pa3sindyaTb, U BbIHUC/INTbL €e
BbIX0[ (noo4yepenHOo B C/yHanHOM nopsake npeabasnaoTCs
BCe BO3MOXXHble BXO4Hble BEKTOpPA).

® UIAI 3. Ecnum BbIXoO NpaBW/bHbIN, MepenTn Ha war 4. NHave
-MoanprynpoBaTb Beca rno HEKOTOPOMY MpaBuy.

® War 4. Uukn c wara 2, Noka ceTb He nepecTaHeT owmnbaTbCA.

K coxkaneHuto, Henb3s 3apaHee onpenennTb YUCNo nTepauun,
KOTOopble NoTpebyeTcs BbINOJIHUTL, @ B HEKOTOPbLIX CAyYasx U
rapaHTUPOBATb MOJIHbIN yCrex.
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AnropntmMm obpaTHOro
PaCNPOCTPaHeHNs oWnNbKH

MeToa 00paTHOr0 pacipoCTpaHeHUs
OLLMOKU TIpe/II0’KeH HeCKOJIbKUMU
aBTOpaMu He3aBUCUMO B 1986 1. 1114
MHOI'OCJIOWHBIX CeTeu C TPSIMOU
nepegauei curHasa (feed-forward).

MHoroc/iovHasi HeMpOHHasl CeTh
criocobHa OCyIeCTB/ISTh JIFo0oe
O0TOOpa’keHUe BXOOHBIX BEKTOPOB B
BBIXO/IHBIE



Anropntm obpaTHOro pacnpocTpaHeHns oWnbKu
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AnropntmMm obpaTHOro
PaCNPOCTPaHeHNs oWnNbKH

[lesib 00yueHHss COCTOUT B MO00Pe TaKKX 3HAUeHHI BECOB U IS
C/I0€B CeTH, UTOObI ITPU 3aJaHHOM BXOJHOM BEKTOpE X MOJIYUYUTh Ha
BBIXO/le 3HAUeHUsI CUTHAJIOB y,, KOTOpbIe C TpeOyeMOl TOYHOCTBIO

OyZyT cOBMazZiath C OXXUAaeMbIMU 3HaueHusimu d, sl =1, 2,..., M.

Ec/mm paccMaTpuyBaTh € JMHAYHBIM CUTHAJI KaK OZHY U3 KOMIIOHEHT
BXO/JJTHOI'O BEKTOpa X, TO Beca CMell[eHHsI MOXKHO J00aBUTh B
BEKTOPbI BECOB COOTBETCTBYIOIINX HEHPOHOB 0001X coeB. [1pu
TaKOM T0/IX0/le BBIXOJIHOW CHUTHAJI i-T0 HEMPOHA CKPBITOIO CJI0S
OMNMCHIBAETCS (PYHKIIMEH

N
— 1
u, —f[ > wl.(j)xj]
Jj=0

B KOTOpOY MHJeKC 0 COOTBeTCTBYeT CMeLLIeHUIO, TIpUYeM
u, =1, x,=1.



AnropntmMm obpaTHOro
PaCNPOCTPaHeHNs oWnNbKH

B BbIXOZHOM CJioe [-i1 HeMpOH BbipabaThiBaeT BbIXOIHOM
CUTHaJI, orpe/ie/isieMbIM Kak:

(K
v=t[ S| =1 S o Swipx

3 opMyJibl , MIpHBeIEHHOM BhIIIIE, C/IEAYeT, UYTO Ha
3HaueHHe BbIXOJHOI'0 CUTHaja B/IUSIOT Beca 0001X
C/I0€B, TOI/la KaK CUTHa/lbl, BbIpabaThiBaeMble B
CKPBITOM CJIO€, He 3aBUCAT OT BECOB BbIXOJHOT'O CJIOS.



Anropnt™M obpaTHOro pacnpocTpaHeHnsa oWnbKn

AnropmtTmM oOpaTHOro pacnpocTrpaHeHUs OoLUUOKM -
NTEPATUBHbLIN rPaANEHTHbIN aNropnTM o0by4HeHnd, KoTopbIn
NCMNONb3YyeTCH C uesbio MUHUMU3aUnMn cpegHekBaopaTUYHOro
OTKJIOHEHNA TeKyLWKUX oT TpebyeMblX BbIXO40B MHOMOCIONHbIX
HEeWPOHHbLIX CeTen C nocsieaoBaTesSibHbIMU CBA3AMW.

Ha Ka)X[Oo0M wware aaroputMa Ha BXo[ CeTU nooYyepenHo
noaatoTcs BCe obyvalwme npuMmepbl, peasibHble BbIXOOHbIE
3HaYeHNsA ceTn cpaBHUBAOTCA C TpebyeMbIMN 3HAYEHUSAMU, U
BbluncnseTcsa owmnbka.

3HaueHme owmnbkKn, a TakKe rpagneHTa NoBePXHOCTN oWNBOoK
NCMONIb3yeTCHa OJ19 KOPPEKTUPOBKWU BECOB, NMOCJIE Yero BCe
OENCTBUA NOBTOPSAIOTCA.

[MpoLecc obyyeHnsa npekpawaeTcsa nmMbo Korga NponaeHo
ornpenesneHHoe KOQIMYeCcTBO Waros oby4vyeHus, nnubo Koraa
onbKa OOCTUTHET HEKOTOPOro onpeaeseHHOro Masioro ypoBHS,



Anropntm obpaTHOro pacnpocTpaHeHns oWnbKu

CorJiacHO MeTOony HaUMEHBIIINX KBa/IpaTOB,
MUHUMM3UpYeMOH 1iefieBoM  (pyHKiMer omnbku HC

ABJIAETCHA Be/IMUMHA.

-
V==

rge yY — peajlbHOE BBLIXOJHOE COCTOSIHWE HeHpOHa j
BBIXOAHOTO C/10 N HEeMpPOHHOW CeTU IIpU IIo/laue Ha ee
BXO/IbI p-T0 00pa3a;

dj, — ujeasbHOe (JKelaemMoe) BBLIXOJHOE COCTOSHUE

3TOr0 HeMpOHa.

CyMMHpOBaHMe Be/IeTCs TI0 BCeM HeMpPOHaM BbIXOJHOIO
C/10s1 1 110 BceM oOpabaThiBaeMbIM CeTbIO 00Opa3am.
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Anropntm obpaTHOro pacnpocTpaHeHns oWnbKu

MuHUMM3aLMsl BeJleTCs MeTOJIOM TI'pPaJMeHTHOTO CITyCKa, YTO

O3HayvaeT MOJCTPOMKY BeCOBBIX KO3(M(OUIIMEHTOB CJieAYyOIUM

obpa3zom: %E
i=1,2,...,n; j=1,2,...,p,

34eck wi; — BeCOBOU KO3((PULIMEHT CUHANITUYECKOH CBSA3H,
COeIUHSIONIEN 1-bI HEMPOH CJI0s N-1 C j-bIM HEUPOHOM CJIOA N,
a— K03 duiieHT cKopocTu obyueHusi, 0< X <1,

E — cpeHeKBaipaTHUHasl OlIMOKa CeTH [iJI1 OJHOT'O 13 p
o0Opa3oB, onpepenseMas 1o Gpopmy.ie:

r» _

JEZ—Zl;Ev—qb‘
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ANropmnTMm obpaTHOro
pacnpocTpaHeHns oWnbKK

® ANropnTM 0O6pPaTHOro PacnpoCcTPaHeHUS —
crnocob yCKOpPEeHHOro pac4yeTa KOMMOHEHT
rpadneHTa.

® Npesa meTona B TOM, 4TOObI NMpenctaBuTb E B
BUOE CNOXHON DYHKLUNN K
nocnenoBaTesIbHO pacCyYnNTaTb YaCTHbIE
npom3Boqule nog)o%;_\layne,ﬂnﬂ CJTIOXKHOW

cpyHKLWWlﬂ“
v, v, ds. dv,
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Anropntm obpaTHOro pacnpocTpaHeHns oWnbKu
m

1 2
EFw == yl_dl —
2
[=1
2
| R k 2
= 591=1 foiqw w o —d =
1 2

_ m k 2 n 1
—59%1=1 foiqw, fojqw. & —d

1) )
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Anropntm obpaTHOro pacnpocTpaHeHns oWnbKu
m

1 2
Fw =5 y —d =
2
=1
2
| R k 2
=591=1 fooiw v —d =

_1 m k 2 n 1
= 591=1 fooiiw f Oj=1W; & —d

1) 1151 BeCOB BBIXO/IHOT'O CJIOS

2 2
oOF df s d8l2 df s
27 = Y —d 5 = Y —d 5 U
ow,, ds, dw,, ds,
2
2 2 2 df s
s) :szl w;,” u;  IlycTs: 5; ) = y; — d; dslz
z
Tor,qaa—E 5l<2>u2-

o '?) —
l7
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AJTIFOPNTM 00pPaTHOIro pacnpoCcTpaHeHus
OLLINOKIN

2) [1711 BeCOB HEMPOHOB CKPBITOT'O CJIOS

m m 2 1
OF i dy; du, p df s 5 df s
; = yl_ldu' T = Y —ay 5 Wy T
w;; 1 i dw; - ds, ds,
OE (1)
dw.} _&L >
ij
2 1
(1) m df s o df s;
rned. =0 —d W, =
e o, z1\yz l sz le 7]
Y
5.2
l
_gm. 52 Qdfsil_m(SZ 9
— 01=19;, w; T =010, W, Y
1
df s ,
— 4]
ds. ! '
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Anropnt™ obpaTHOro pacnpocTpaHeHnsa owWmnbKn

1. Ilogath Ha BXOJAbI CeTHM OAWH M3 BO3MO’KHBIX 00pa3oB U B
pexxrmMe 00bIYHOro (pyHKIMOHMpoBaHusg HC, Korga cuUrHasbl
pPacCrpOCTPaHAOTCd OT BXOAOB K BbIXOJAaM, pacCUMTaTh 3HAUEHMS
TOC/IeIHUX.

2. Paccuutats 8™ 1151 BBIXOIHOTO CJIOS.

(N) _ /
0; " = Yj—dj y;

Paccuurath u3MeHeHUs Beca Aw

N) (N—1
3. Paccunrats O™ u Aw™ 111 BCeX OCTaJIbHbIX coeB, n=N-1,...1.
(n) _ (n) (n+1) =~ n+l
0, =1 5]' W; 4
+1
Dw;; n+1 = —77(5]@ )yz.(n)
4. CkoppekTrpoBarth Bce Beca B HC

RS g5 — o =

5. Eciu o1mbka ceTu cyirjecTBeHHa, IepelTH Ha ar 1.

™ croa N
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HenpoHHble ceTu

NMpobnembsl:

® B npouecce obyvyeHns 60nbLUNE NONOXKUTESIbHbIE
NN oTpnuaTesibHble 3Ha4YEeHUA BECOB MOTYT.
CMeCTUTb paboyyto TOYKY Ha cMurMmonagax HEMPOHOB
B 06J71aCTb HacCbILLEeHNS.

® Manble BenM4Hbl MPON3BOAHON OT JIOTNCTUYECKOW
PYHKUMN MOTYT NPUBECTU K OCTaHOBKe oby4deHuns.

® INpnuMmeHeHNe MmeToda rpaagneHTHOro Crnycka He
rapaHTUpyeT HaxoxaeHus rnobasbHOro
MUHUMYMa UeneBon PyHKLNWN.

® lNpunpalweHna BecoB 1, caenoBaTesibHO, CKOPOCTb
oby4eHnsa Ons HaxXxoXXOeHUS SKCTpeMyMa O0J1IKHbI
ObiTb 6€CKOHEYHO MaJibiIMU, OJHAKO B 3TOM CJly4ae
obyyeHune bygeT NnponcxoanTb HEMPUEMJIEMO
Me/1eHHO.

® CnnwkoMm 6osiblune KOPPEKLIMN BECOB MOTYT
NPUBECTU K MOCTOSAHHOM HEYCTONYNBOCTWU
npouecca obyyeHus.
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HenpoHHble ceTu

NMpobnemMmsbl 0000LLEHUA N NepeobyYeHus
HEMPOHHOMU CeTM:

ObobuweHue - cnocobHOCTb HEMPOHHOWN CeTU
nenaTtb TOYHbIA NPOrHO3 Ha AaHHbIX, HE
npuHaaneXXxawmx ncCXogHomMmy obyyaroLemy
MHO>XEeCTBY

Nepeoby4yeHue - YypesMepHO TOYHAA NOArOHKaA,
KOTOpas MMeeT MeCTO, ec/m aJiropnTMm obyyeHus
paboTaeT CJNLKOM J0JIro, a CeTb C/INLLKOM
C/I0OXKHa ON18 Takowu 3a4aydn niam onas nMetoLwerocs
obbemMa OaHHbIX.

CeTun c 601bLLIMM HNCISIOM BECOB MOAENNPYIOT
bonee cnoXxKHble PYyHKLNN N, CnenoBaTesibHO,
CKJIOHHBbI K nepeoby4eHuto.

CeTun xe c HeboNbLUNM YNCIOM BECOB MOIYT
OKa3aTbCA HEOOCTAaTO4YHO rMOKMMU, 4TOoDbbI

CINANDINMNMAOANIZANNADATL 14NN/ DODAOADIACIANANDNCT AN



[lepeobyyeHne cetn

I OwuGka Ha TPEHHpO-
BEOYHOM HaGope

=

CPEAHAA
OlIHMBEKA

- OwuMBKa HA TECTOBOM
HaGope

[Mocne 3TOH TOYKH HEHPOCETh
HAYHHAET 3AN0OMHHATEL TPEHH-
POBOYHBIH HABOP.

>
ANOxH —>

[KOAHUYECTBO NPEABABAEHHWHA BCEID
TPEHHPOBOYHOID HABOPA)
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HenpoHHble ceTu

Bosiee cno)KHas ceTb AaeT MeHbLUYIO OWNBOKY, HO 3TO MOXET
CBNOEeTe/IbCTBOBATb HE O XOPOLUEM KavyecTBE MO4eNIn, a O
nepeoby4yeHnn ceTu.

icnonb3yeTca TeCcToBas KPOCC-NpoOBEpPKa - pe3epBupyeTcs
4acTb oby4atouien BbIOBOPKM, KOTOPAs UCNosib3yeTca ANs
HEe3aBUCMMOro KOHTPOJIA pe3yJsbTaTa B Xo4e anropnTma.

[lo Mmepe obyyeHnsa cetum owmnbka obyvyeHunsa ybbiBaeT, Kak U
ownmbkKa Ha TeCToBOM MHOXecTBe. Ecninm e TecTtoBad owmnbka
nepecTtana ybbiBaTb NN Aa)ke CcTasla pacTu, To CeTb Havala
C/INLIKOM B/IM3K0O annpoOKCUMUPOBaTb AaHHbIE
(nepeoby4mnack) n obyvyeHue cnenyeTt oCTaHOBUTD.

CnenyeT yMEHbLWNTb YNCNO CKPbITbIX 9/IEMEHTOB U/UNn
cnoes, 6o ceTb ABNAETCA C/INIKOM MOLLHOWN A8 OaHHOM
3aa4m.

Ecnn obe owmnbkm (0byvyeHNsa n Kpocc-npoBEPKN) He
OOCTUrHYT AOCTAaTOYHOro Masioro ypoBH4, TO nepeobyyvyeHuns
He NPou30LLUJ10, a CeTb, HAaNpPoOTUB, ABNIAETCA HELOCTATO4YHO
MOLLLHOM OJ19 MOOEe/IMPOBaHNA NMEKLLENCH 3aBUCUMOCTN.
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HenpoHHble ceTn

® Ko/IM4ecTBO CKPbITbIX HENPOHOB CUJIBHO 3aBUCUT OT
KosimyecTBa (pakToB oby4atowen Beibopkn. Ecnm
obyyatowaga BbiIbopka Mana, a KOJIM4EeCTBO HENPOHOB
BeJINKO, TO CeTb Ha4YMHaeT "3anoMnHaTbh" PaKThl
(nepeobyyeHune).

® ObpaTHasa cnTyaunsa MOXXeT NMPUBECTU K TOMY, YTO CeTb
HUKOrga He oby4unTcs.

® [1nAa peweHns 3ada4ym o Koan4yecTtee HEMPOHOB B
CKDbITOM CJZI0o€ U ba3lMepe obvyarllen BblbobKU

Konn4yecTBo oby4vaouwmx MakToB F: | KonmyecTBo CKPbITbIX HEMPOHOB H:

2*(l+H+0)<=F<=10*(1+ L _ _ L
H+0), fﬂ/ellO |-O<=H<=F/2-1-0,

roe:
| - KONIMYECTBO BXOO0B CETH, | - KOIN4ECTBO BXOL0B CeTH,
F - KONn4ecTBO (PaKTOB

H - Konn4ecTBO CripATaHHbIX -
HENpPOHOB, oby4atoulen BbIbOpKHY,

O - KONMYeCcTBO BbIXOO0B CETWU. O - KOJIN4eCTBO BbIXOA0B CETU.
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Hel‘/’laE)OHHble ceTun

dlbl pellueHnd NpakTuyeckux 3agayd € mcnoJyib3opaHuemMm HevlpOHHbIX
ceTen.

1. ®opmManusauuns 3agaydu: onpeneneHne rnpobsiemsl 1 BbIGOP
BEKTOpa NnapameTpoB

OnpenennTb, KAKOM CMbIC/ BKN1aAblBA€TCSH B KOMMNOHEHTbI BXOAHOMO
BeKTOpa X. BXooHOM BEKTOP A0JIKEH comepKaTb hopMann3oBaHHOE
ycnoBue 3a4a4n, T.e. BCIO MHPopMaLmio, Heobxoanmyto Os
NoJsly4YeHns oTBeTa.

BblOpaTb BbIXOAHOW BEKTOP Y TaknuM obpa3om, 4Tobbl ero
KOMMOHEHTbI CoAep»XaJiu NOJIHbIN OTBET MOCTaBJIEHHOW 3a4a4n.

2. OnpeﬂeneHme N NOAroToBKa MCXOOHbIX OaHHbIX.

3. Mpeobpa3oBaHusA U aHAIM3 UCXOOHbIX AAaHHbIX
(MacwTabupyeMocCcTb AaHHbIX, Mpeobpa3oBaHNE Ka4yeCTBEHHbIX
OAHHbIX B YACJ/IOBbIE, MPOBEPKA KOPPETNPYEMOCTU, aHAN3
nepnoanyHocCTN).

3agaHne CTPYKTYpPbl ceTun

Oby4eHne cetn (AMHaMMU4YeCKoe CoKpalleHne owmnbky obydeHuns,
KOHTPOJIb "300p0BbA" CEeTU, BKJIDYEHNE LLYMOB B 0by4vatoLwnin
rnpouecc, u3MeHeHne nopsagka Habopa obyyatowmx pakToB).

6. Vcnonb3oBaHue ceTtu

T
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HenpoHHble ceTn. PelmeHne
3aau.

® Ilna noNHOUWEHHOoro u 6bicTporo odbyyeHma cetu
Haubosnee 3HaAaYMMbIM ABJIAETCA afleKBaTHoOe
npencrtaBJsieHue BXOAHbLIX U oby4yalowunx
DaHHbIX. [TpaKTN4eckn BO BCeEX CJIy4asX
npegcTtaBneHme ceTu "CblpbixX" AaHHbLIX NMPUBOAAT K
HeyCToON4YnMBOMY O0BYy4YEeHNIO N 3HAYNTENbHOW OLLINbKe
BbIXxoOa. bonee toro, cetb MoXxeT BoobLLE HUKOr A a
He Hay4YNTbCHA TOMY, YTO NOCJIe COOTBETCTBYIOLLMNX
Mep N3y4YaeTCs CeTbo MPaKTUYeCKN MITHOBEHHO.

® K OCHOBHbIM Npeobpa3oBaHUAM NCXOOHbIX OaHHbIX
OTHOCATCA MacWTabunpyemMocTb AaHHbIX, MPOBEpPKa
KoppesnpyemoCcTun, aHanms nepunognyHocTun. Nx uenb
obnerynTb HEeMpoceTeBOU MOAENN MOUCK
PYHKLMOHANBHOW 3aBUCUMOCTU MeXX4y BXOAHbIMU U
BbIXOOHbIMN BEJIMYNHAMMN.
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HenpoHHbIe ceTu

dopmMannsaumnsa 3agadn: onpenesneHne npobnemsl 1 BbI6Op
BEKTOpa NapamMeTpoB

MHOTr0C/IOMHBIN TIePLENTPOH MOXKeT PaCCUMTHIBATh BbIXOJHOM BEKTOP Y
nysi J1I000ro BXOJHOTO BeKTOpa X, T.e. JlaBaThb 3HaueHWe HEKOTOpOM
BekTopHOl PpyHKiMKM y = f ( x ) . CnegoBarenbHO, yC/IOBHe 000U 3aau,
KoTopass MO)KeT OBbITb IIOCTaB/eHa TIepLeNTPOHY, JO/DKHO —SIBASITbCS
MHO>KeCTBOM BEKTOPOB X' ... X’.

PemrenyieM 3aiaur 6yeT MHOKECTBO BEKTOPOB V' ... V7,

y'=f(x’),rnes = 1.. p — HOMep MHpeIbABIeHHOr0 00pasa.

Bce, uTo crmocobeH caenath MNepLENTPOH — 3T0 CHOPMHUPOBATH
OoTOOpakeHHe

X > Ynana Vxe X,

MHO>XeCTBO BEKTOPOB X ...X° — popManu308aHHoe ycao8ue 3adayl, a
MHOYKECTBO V... Y — (pOpMAIU308aHHOE pelleHue.

3a/aua hopmanu3aiiyu, T.e. BbiIbopa CMbIC/Ia, KOTOPbIM Ha/e/ITFOTCS
KOMITOHEHTBI BXO/JHOT'O Y BbIXO/IHOTO BEKTOPOB, MTOKA PeIlaeTCsl TOJbKO
ye/I0BEKOM Ha OCHOBE TIPAKTUUECKOr0 OTbITa. JKeCTKHUX peLienToB
(hopMa3aLyu [1Jisi HeMPOHHBIX CeTeM I0Ka He CO3/aHo.
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HeVIpOHHbIe CeTW NMpumepsbl hopmannsaunm 3agad

1. 3adaua knaaccugukayuu.
ITycTb ecTh HEKOTOPBIM 00BEKT, KOTOPBIM XapaKTepH3yeTCsl HeCKOIBKUMU ITapaMeTpaMu
X1..Xp. ITycTh Takke ectb M KiaccoB 06beKkToB, C1..CM. Mbl HabmozaeM 00BEKT U MOXKEM
paccuuTaTh WIA W3MEPUThb ero mnapaMeTpbl. BekTop X XxapakTepusyeT Ha0/II0/[aeMbIi
00BEKT:
2l
Lo
X= *

Ln S
Ha ocHoBanuu BekTOpa X MBI JIO/DKHBI PeIlUTh, K KAKOMY K/IacCy OTHEeCTH OOBEKT, T.e.
BbIOpaThb Cm, K KOTOPOMY TIPHUHAJJIEXKUT 00BEKT, XapaKTepu3yeMblii HAOOpOM TapaMeTpoB
X.

Pernienve 3a/jauv MOKHO MPeACTaBUTh B BU/I€ BEKTOPA:

M S
37eChb C;;— BEPOSITHOCTD, C KOTOPOM 00BEeKT OTHOCUTCS K Kiaccy Cm .
Ecnu paccmaTtpuBath ¢, Kak BEPOSITHOCTH, TO JOJIKHBI BBITIOHATHCS YC/10BUS (1).
0<¢, <1 oM_ ¢, =1 (1)
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HenpoHHble ceTn. PelueHune
%@(QH " cnoco® ¢opmanusanum 3a/ja4n

KJaacCu(puKauu (HeKOPPEKTHbIN)

IIyCcTb y CeTHU TOJBKO OJIMH BbIXOJ, U ITYCTb €r0 CMBbIC/I
— HOMep KJjacca m AJjs BeKTopa p, NpeAbsB/JIeHHOr0 Ha
BXO/I€.

C/iefoBaTe/IbHO, CETh 0OyUaeTcs 3aBUCUMOCTU m(Pp).

Ecu obyueHMe MpOIIIOo YCIIeIIHO, TO KOr/la Ha BXO/I
CeTU MOJAaH BEKTOP P, XapaKTepU3YIOIIUi 00BEKT, Ha
BbIXO/le OyZeT MoyueHO YMC/I0 M, U TIPUHHUMAaeTCs
peleHre O MPHUHA/IJIEXXHOCTH P K Knaccy Cm.
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HenpoHHble ceTn. PelmeHne
3a4au.

i Py @
(=l

-Pl

Puc. . [pumep weoppex muol Kaaccupuayui.

[ycTb TpebyeTcs pa3nenntb 06beKTbl MO ABYM
npu3Hakam, pl, p2, Ha Tpu Knacca, m=1, m=2, m=3.
Ecnn BXOOHOM BEKTOP P NPUMET 3HAYEHUE,
0603Ha4YeHHOE XNPHOWN TOYKOWN, TO BbIXO CETU, NMPWU
npaBuabHOM o0by4yeHun, NpuMeT 3HavYeHne m=2, T.e.
06beKkT byoeT oTHeCeH K Knaccy 2, COBepLUeHHOo
Henoaxoaslemy.
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HenpoHHble ceTn. PelleHune
3a4au.

® NlaHHOe sABJiIeHUe BO3HUKaeT MU3-3a TOro, 4YTo
CeTb CKJIOHHA MHTEPMNOJINPOBATb BXOAHbIE U
BbIXOAHble OaHHbIE.

® Ecnn yHKUUM aKTUBaAL WKW MNJ1aBHble, BECOBbIE
KO3 (PUNLIMEHTHI HE CINWIKOM bosbLUne, U
KOJIN4YeCTBO CJZI0EB He CJZINLLKOM BeJINKO, TO
BbIXO[ CETU TOoXe byneT rnaakum v
HenpepbIBHbLIM.

® Nna 6nnsknx p oynyT nony4vyeHbl 61M3KMe /m Ha
Bbixoae. Ho npu peweHnn 3agadun
Knaccudpumkaumm (Korga ncnosb3yrTcs
KaTeropumasbHble aHHble) Takoe OonyLleHne
bbiBaeT HeBepHbIM. OTClO4a HeNnpaBUJibHOE
pelwleHmne.

® Y106l N36E)XKaTb OLIMOOK, HYXXHO NMPUMEHUTb
aopyruve crnocobbl hopmanmsaynun.



HenmpoHHble ceTn. PewleHne 3aaau.

® [lycTb 3agaHa pyHKUMA, onpenesieHHasa Ha MHTepBase
BpemeHun 0...t,, roe {, — Tekyllee 3Ha4yeHne BpeMeHMN.

TpebyeTcsa npenckasaTtb 3Ha4YeHUe PYHKUUN Npu ¢ > ¢, .

® YT106bI NPUMEHNTBL MHOIOCNIONHLIVA NepuUenTpPoOH O/1S
NPOrHO3MpPOBaHUA, BpeMsa NpnaoeTca QUCKPeTU3npoBaTh.

o By,ﬂ,eM CiNTaTb N3BECTHbIMN 3HAYEHNA (byHKLI,I/II/I B MOMEHTbI

BpeMEHN:
;I-:r =f I-r'!'-:r I
x=f l-r'!'-:r - Ljtl ]
x,=flty—6,—8,) =X, Ei_l_ =10,
x, = flt,—0,—..0,)

bynem npenckasbiBaTb 3Ha4YeHNE PYHKLUUN B MOMEHT
BpeMeHun (t0 + 80) gna 60 > 0.

00 Ha3bIBaeTCA NHTepBaJIOM MNPOrHo3npoBaHuMA. PelueHnem
3afa4m bygem cymntaTb 3HadeHue f (t0 + 60)=y.
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HenmpoHHble ceTn. PewleHne 3aaau.

Ha HC 3aga4va nporHo3npoBaHMa oopmManinisyeTcsa 4yepes
3aja4y pacno3HaBaHusa obpa3os.

[1aHHblE O MPOrHO3NPYyEMOUN NepPeMEHHON 3a HEKOTOPbIN
NPoOMe)XYTOK BpeMeHn obpa3ytoT obpa3, KJlaCcC KOTOPOro
onpenenseTcd 3Ha4eHneM NPoOrHo3npyemMmom nepemMeHHoOun
B HEKOTOPbIN MOMEHT BPEMEHW 3a npegenamMmy 4aHHOro
NpoMe)xyTKa T.e. 3Ha4YeHneM nepemMeHHoOn 4yepes
NMHTepBa1 MPOrHO3MpPoOBaHUA.

MeTop OKOH NpeanoslaraeT NCMoJib30BaHNE ABYX OKOH
Wi n Wo ¢ puKCMpoBaHHbLIMKX pa3MepamMm n 1 m
COOTBETCTBEHHO.

DTN OKHa, CNOoCobHbI MepemMellaTbCa C HEKOTOPbLIM
LLlaroM rno BpeMeHHOW nocsieaoBaTesIbHOCTU
NCTOPUYECKNX OaHHbIX, HA4YMHaAA C MepBOro 3J1IeMeHTa, "
npegHa3HayeHbl ANnd AoCcTyna K AaHHbIM BpeMeHHOro
pana, npuyem nepsoe okHo Wi, Mosy4mB Takme OaHHble,
nepepnaeT nx Ha BXo4 HEMPOHHOW ceTun, a BTopoe - Wo -
Ha BbIXOA.

[Monyyatowancs Ha KaxkaoM ware napa: Wi -> Wo
MCMONb3YyeTCs Kak 3/ieMeHT obyyatoLlen BbiIOopKy
(pacno3HaBaeMbln 06pa3, nnn HabnwoaoeHue).

47



HenmpoHHble ceTn. PewleHne 3aaau.

® (T(yCT]I?Ge)CTb NaHHble 0 eXxeHedeNlbHbIX Npoaa>kax
100 94 90 96 91 94 95 99 9598 100 97 99 98 96 98
® 3apagpuMmn =4, m=1,s=1.

® C nomMmoLwbio MeTo4a OKOH OJ19 HEMPOHHOW CeTr
byneT creHepupoBaHa cieaytolasa odbyyatoLas
BbibOpKa:

100 94 90 96 -> 91
94 90 96 91 -> 94
90 96 91 94 -> 95
96 91 94 95 -> 99
91 94 95 99 -> 95
nT.0.

® Kaxxabi crefyowmm BeKTop nojly4yaeTcs B
pe3ynbTaTe caBura okoH Wi n Wo BnpaBo Ha oauH
3N1eMEeHT (s = 1).
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HenmpoHHble ceTn. PewleHne 3aaau.

AnnpoxkcuMayunsi MHOroMepHoH
PDPYHKUNYN (BOCCTaHOBJIEHHE 3HaYeHNH).

PaccCMOTPUM MHOIFOMEPHYI0 PYHKLNIO Y =
f(x), roe BekTop y nMmeeT NO KOMMOHEHT, a
BeKTOp X — NI KOMMOHEHT.

CamMbin npocTton crnocob hopmanmsaumm —
ncronb3oBaTtb ceTb € NI Bxogamum n NO
BbIXO4aMW.

KOMIMOHEHTbl BEeKTOpa X NnoaarTcAa Ha BXo[,
cetTn, y — CHUMalOTCA Ha BbiXO4eE.

CeTb oby4yaeTcs Ha N3BECTHbIX 3HAYEHUNAX
dyHkunn f.
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NMpenodbpaboTka BaHHbIX
MakcumMmnsayuna sHTPONMM Kak Lesb
npenobpaboTKy

PaccMoTpUM  MPOU3BOSTbHYHD  KOMMOHEHTY HOPMUPOBAHHBIX  (MpenodpaboTaHHbIX) AaHHbIX X

K

— ~
CpepHee KONMWYECTBO WMHMOPMALMW, MNPUHOCKMONA KaXAbIM MPUMEPOM X, , PaBHO SHTPOMAW

pacrpefeneHnst 3HauyeHin 3TO KOMMOHEHTDI H(SEJ.). Ecnn 3T 3Ha4YeHus CcocpeaoToMeHbl B

OTHOCUTENBHO HEQOMbLLIO 0OMacT EAUHNYHOIO MHTEPBaNA, MHAOPMALMOHHOE COAEPKaHNE TaKO
KOMMOHEHTBI Mario. B npesene Hynesoii SHTPOMWK, KOrfa BCe 3HAaYEHUS epeMEHHON COBMaatoT, aTa

NepeMeHHasi He HECET HUKaKoi MHcbopMaLmMn. HanpoTus, eCriM  3HaYeHMst MepemMeHHon X °

PABHOMEPHO pacnpeneneHbl B E€OWHWYHOM WHTEpBane, WHMOPMaUMs Takoh nepemMeHHON
MaKCUMarbHa.

OOLLWA NprHLMN Npeao0paloTkA fiaHHbIX AN 00YHeHMs, Takum 00pasoM, COCTOUT B MakcuMU3aLmM
SHTPONMA BXOZOB W BbIXQHOB. OTAM MPUHLMMOM CrEdyeT pyKOBOACTBOBATHCA M HA dTane
KOAMPOBaHVA HEYACTIOBBIX NEPEMEHHBIX.
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NMpenodbpaboTka BaHHbIX
MaKcrMun3saunma sSHTPONNN Kak LUesb
npenobpaboTkn

Tk HeYMCNOBLIX NnepemMeHHbIX

MOXHO BbiEMMTS B3 OCHOBHLIX TUMA HEYVCTIOBLIX MEPEMEHHBIX YIOPAO0YEHHBIE (HA3HIBAEMBIE
TakKe OPAUHALHBIMU - OT @HIM. order - NOPSAOK) U KamezopuarbHble. B 0Boux criyyasx nepemeHHas

OTHOCUTCA K OAHOMY 113 ANCKPETHOMO Habopa KIaccos {(’] e ) Ho B nepBsoM Cly4ae aTH Kracchl

YNOpARo4EHbl - WX MOXHO paHxupoeamb. ¢, ~ ¢, ~...~ € , TOiLa KaK BO BTOPOM TakKas

VTIOPSA04EHHOCTL OTCYTCTBYET. B Ka4ecTse npimepa ynopsaaoHeHHbIX nepeMeHHbIX MOXHO NpvBeCTU
CpaBHUTENbBHbIE KATEMOPWIA: MIIOXO - XOPOLUO - OTMMYHO, M MEANEHHO - ObICTpo. KareropianbHble
NEpEMEHHbIE NPOCTO 0003HaHAOT QAVH W3 KNacCcoB, ABMAKITCS UMEHaMU KaTeropui. Hanpumep, ato
MOTYT ObITb MMeHa MtoAel Ik HasBaHWA LBETOB: OenbIv, CUHUIA, KpaCHbIN.
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ANFOPUTM KOOAMPOBAHUS OPANHASIbHbIX
nepemMeHHbIX.

OpOuHanbHble NEPEMEHHEIE Oonee OnM3m K YMCrOBOM HOpME, T.K YMCNIOBOA psg, Takke
yropsAoqeH. COOTBETCTBEHHO, ANA KOAMPOBaHNA TaKkWX MepeMeHHbIX OCTaeTCA MLb NOCTaBUTL B
COOTBETCTBME HOMEpaM KaTeropuid TakMe WCTOBble 3HaYeHWd, KOTOpble  COXpaHAanu  Obl
CYLLECTBYHOLLYHO YropsinoHeHHoCTb. EcTecTBeHHO, npy aToM MmeeTcs Oonbllad cBoboda Bbidopa -
M00aA MOHOTOHHAA (oyHKLWA OT HOMEPA KNacCa NOPONIAET CBOM Cnocod KoAMpoBaHMA. Kakas xe 13
BECKOHEHHOMO MHOO0BPA3MS MOHOTOHHBIX (OYHKLMIA - HAMTYHLLEA?

B COOTBETCTBIM C V3NONEHHBIM BbiLLE OOLLMM MPUHLIAMOM, Mbl AOIDKHbBI CTPEMUTLCA K TOMY, 4TODb
MaKCAM3/POBaTD SHTPOMUK 3aKOAMPOBAHHBIX AAHHBIX. TTPY UCTIONB30BaHAA CUrMOMAHBIX COYHKLIAA

aKTVIBaLIA BCE BbIXOAHbIE 3HaYEHNS NEXKaT B KOHEYHOM MHTEPBATE - 0ObMHO [U, 1] il [— 1, 1] 3

BCEX CTATUCTMECKAX (DYHKLMA PaCrPELEneHns, ONPeneneHHbIX Ha  KOHEYHOM MHTEpBane,
MaKCMabHOW SHTPONVE 0BnafaeT PaBHOMEPHOE PaCnPELEnEHME.

[PUMEHNTENBHO K AAHHOMY Criyyak0 3TO NOAPasyMEBAET, YTO KOAUPOBaHNE NEPEMEHHBIX Y/CTIOBLIMA
3HYEHUAMUA [JOMKHO MPUBOAWTL, MO BO3MOMHOCTW, K PaBHOMEPHOMY 3anonHeHUO EquHIMHOM
VHTEpBana 3aKo4UPOBAHHBIMK MpMepPamit. (3axBaTbiBas 3a04HO W 3Tan HOPMUPOBKK.) [p TakoM
criocobe  “OUMpoBKA’ BCE MpiMepbl OyayT HECTW MPUMEPHO OAWHAKOBYK WHPOPMALWOHHYHO
Harpysky.
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ANrOpPUTM KOOANPOBAHUSA OPAUNHABbHbIX
NepeMeHHbIX.

® EAVHNYHBINM OTpe30K pa3bmBaeTca Ha N
OTPEe3KOB (M0 YNCAY KNACCOB) C ANMHAMM,
NPONOpPLUOHANBHBIMU YNCAY NPUMEPOB
KaXZA0ro kaacca B obyyatouieu Boibopke:

Ax = Pk/Pl

* rae Py - uncno npumepos knacca K, a P -obuiee
4MCI0 NPUMEPOB.

 LleHTp KaXxa0ro Takoro otpeska byger
ABNATLCSA YNCNIEHHBIM 3HAYEHUEM A9
COOTBETCTBYIOLLErO OPAMHANIBHOIO K/1acca
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ANropnT™M KOONUPOBAHUS OpANHAJIbHbIX
nepeMeHHbIX

P, £ F
= — .I'il'l. - N — _3
f'i".)il e A = {,_ g 7
Ay Aq Az
———————————————————————————




KogunpoBaHMe KaTeropmasibHblX
nepemMeHHbIX

® KaTeropuajibHble NEPEMEHHbIE TaK)XXe MOXHO 3aKOANPOBaThb
KaK OpAVHaNbHbIE, MPOHYMEPOBAB NX MPON3BOJIbHLIM 06pa3oM.

® OpHakKo, Takoe HaBsA3blBaHWE HeCYLLEeCTBYOLLEN
yNnopsiI04EHHOCTU TONIbKO 3aTPYAHUT peLleHmne 3aaa4u.
OnTuManbHoe KOANPOBAHNE HE OO/IKHO UCKaXKaTb CTPYKTYPHbI
COOTHOLLUEHU MeXay Kiaccamun,. Ecnm knaccel He

YyropanoYeHbl, TAKOBa e A0J/KHA OblTb N CXeMa KOOUPOBaHUA.

® Haunbonee ecTeCTBEHHOW BbIrNAOUT N Yalle BCEro
MCMOJIb3yeTCA Ha NpakTUKe ABOMYHOE KOANPOBaHWNe, KOraa
MMEHa N KaTeropun KoaMpyTCcs 3HAYEHNAMU N BUHAPHBIX
HENPOHOB, MPUYEM

nepsad KaTeropusa koanpyertcsa kak (1,0, ...,0),
BTOpasa KaTteropua koaunpyetca kak (0,1,...,0) n T.40. BnnoThb A0
N- HOW: (0,...,0,1).

MO>XHO NCMOJIb30BaTb OUNONSAPHYIO KOOAUPOBKY, B KOTOPOWN HYN
3aMeHSATCA Ha -1.

Jlerko ybeaonTbcs, 4TO B TaKON CUMMETPUYHON KOONPOBKE
PACCTOAHUA MeXAYy BCEMUN BEKTOPaAMUN-KATEropusaMm paBHblI.
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HopMupoBka u npepnobpaborTka
AAHHbIX

® Kak BxoOoamMu, TakK 1 BbIXOgaMN HENPOCETU
MOryT ObITb COBEPLUEHHO PA3HOPOAHbIE
BEINYNHbI. O4eBNOHO, YTO pe3yJibTaThl
HEMpPOCEeTEBOro MOAE/IMPOBAHNSA HE OO0JIKHbI
3aBNCETb OT €AUNHUL, U3MEPEHUNSA 3TUX
BEJINYNH.

A NMeHHO, 4TOObl CeTb TPaKTOBasla UX
3Ha4YeHnsa egnHoobpa3HO, BCe BXOOHbIE U
BbIXOQHbI€ BEINYNHbI OO/IXKHbI ObITb
npuBegeHbl K eAUHOMY - e AUHNYHOMY -
MacLlTaby.

KpoMe Toro, oJigd noBblLUEHNA CKOPOCTU U
KayecTBa oby4yeHus nose3Ho npoBecTu
OONOJIHUTENbHYI0 NPenobpabdboTKy AaHHbIX,
BbIpaBHUBAIOLLLYIO pacnpeneseHne 3Ha4YeHnn
elle 0o dTana oby4eHus.
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HopMmupoBKa u npenodbpadoTka

DAaHHbIX

® NMpuBeneHme gaHHbIX K eAMHNYHOMY MacluTaby
obecne4ymBaeTCcsd HOPMUPOBKOW Ka>K 40
nepemMeHHOW Ha Anana3oH pa3bpoca ee
3Ha4YeHunwn.

® B npoctenwieME- "~ " _ .~ JINHENHoOe
npeobpa3oBaHUEX, =

i i.min

f.max f.min

JInHenHasa HOPMMPOBKA ONTUMAJIbHA,
Korpga 3Ha4eHUs nepeMeHHOU MJIOTHO
3anoJIHAIOT onpeaesnieHHbIN NHTepBal.
Ho nogobHbIn "npsaMoONIMHENHBIN" NoaXo/
NnpMMeHUM fasieko He Bcerga. Tak, ecnm B
OAHHbIX MMETCA OTHOCUTEJNIbHO peakune
BbIOPOCHI, HAOMHOIO NpeBbIWatoLWmne
TUMNNYHLIA Pa3dpoc, NMEHHO 3TN BbIDPOCHI
ornpenenAaT CorjacHo npeabigyLwen
hopmyne macwitab HOPMUPOBKUN. ITO
npuBedeT K TOMYy, 4HTO OCHOBHas Macca
3HaYeHNN HOPMUPOBAHHOW NEPEMEHHOW 57
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HopMmupoBKa u npenodbpadoTka

A AdHHbIX
® HopMMpoOBKa Ha OCHOBE CTAaTUCTUYECKUNX XapaKTepUcCTuk

'[AHHbIX, TaKMe Kak cpegHee n oucnepcus:

. X, —X o1&, , 1 &, _\2
X = , x;E_Zx; , O =—— (x —x)
P P-1 I I
=1 =1

OpnoHako, Tenepb HOPMUPOBAHHbIE BEJINYNHBLI HE MpUHaanexxaT
fapaHTMPOBaHHO eaNHNYHOMY UHTepBany, bosiee Toro,
MaKCUMasibHbIN pa3bpoc 3Ha4YeHUN NepemMeHHOW 3apaHee He
n3BecTeH. nd BXOOHbIX OaHHbIX 3TO MOXET OblTb U HE Ba>XHO, HO
BbIXO[Hble NepeMeHHble OyayT NCMOJIb30BaTbCA B Ka4yecTBe
3TaJIOHOB 151 BbIXOAHbIX HEMPOHOB.

B cny4dae, ecnin BbIXOAHbIE HEMPOHbI - CUTMOUAHbIE, OHU MOTYT
MPUHMMaTb 3Ha4YeHMA NULb B e JUHUYHOM Anana3oHe. YTobbl
YyCTAaHOBUTb COOTBETCTBUE Mexay oby4atowen BoIbOpKOn n
HEepPOCEeTbIO B 3TOM CJly4yae HeobxoOMMOo orpaHnYunTh 4
W3MEHEHNSA NMEPEMEHHbIX. o
EcTecTBEHHbIN BbIXO,EI, N3 3TON CVITyaLI,I/II/I NCrosib3a@Ba
m--—--%°—--—""-=- ) aKTUBaLMM TexX ;

H %.; :f[xx _x:)’ f(a) 1 — 30BaHKNeE

o l+e

!




Oby4yeHne 6e3 yynrtens
Anropuntmbl 0byvyeHnsa Xebba

® Mpouecc obyyeHund, Kak N B ciydyae obydeHuns
C yynTenem, 3aKJryaeTcs B noacTpanBaHNN
BECOB CMHAMNCOB.

® [loacTponKa CMHaMNCoOB MOXKeT MPOBOANTbLCH
TOJIbKO Ha OCHOBaHMN NMHGopMaLnu,
OOCTYMNMHOWN B HENPOHE, TO eCTb ero
COCTOSAHUSA N Y)Ke NMEeIOLLNXCHA BECOBbIX
KOO PUNLIMEHTOB.
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Oby4yeHne 6e3 yynrtens
Anropuntmbl 0byvyeHnsa Xebba

CurHanbHbI MeToa 0by4eHMa Xebba 3aknovyaeTca B
N3MEHEHWNW BECOB MO C/eaylLwemy npaBuny:

(1) wo)=w.(@—D+eo- 10 7

roe
® y-1) - BpIXOOHOE 3Ha4YeHne HenpoHa i cnos (n-1),
® y/” - BbIXOOQHOE 3HaYeHNe HeNpoOHa j Cylos n;

® wy(t)n w/t-1) - BECOBOM KOI(PPULMEHT CMHaNCa,

COeNHSALWEro 3T HEUPOHLI, Ha nTepaunax t n t-1
COOTBETCTBEHHO;

® - KOI(hPUNUMEHT CKOPOCTU 0byyeHus.
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Oby4yeHne 6e3 yynrtens
Anropuntmbl 0byvyeHnsa Xebba

,EI,VlcpqaepeHumaanbu?l MmeTo  obydeHna Xebba
w. () =w(r—D+a [ .fj—l .f—1jH HOERYS .;—13]

o yrI(t)wn y(t-1)- BbIXOOHOE 3Ha4YeHne
HenpoHa i c/1od n-1 COOTBETCTBEHHO Ha
ntepaunax t n t-1;

® ym(t)wn y(t-1)- To Xe camoe Ana HENPOHaA |
cs104 n.

® cunbHee Bcero oby4aroTCHd CMHAnMCHI,
coeguHALWME Te@ HENPOHLI, BbIXO4bl KOTOPbIX
Hanbosiee AUHAMUYHO N3MEHWUJTUCL B CTEPOHY
VBeJIMYeHUNS



Oby4eHune 6e3 yyntens
AnropnTtmbl oby4yeHns Xebba

¢ 1. Ha ctagun nHnymnanmsaunm scemMm BeCoBbIM KO3(pdpuuneHTam
npucBamBatoTCa HebobLUME CNyYanHble 3Ha4YeHUs.

® 2. Ha BxoAbl ceTu nogaeTcsa BXxoaHon obpas, n curHanbsl Bo36yxaeHus
pPacrnpoCcTpaHATCA MO BCEM CJI0AM COrJjlacHO NpuHumMnam
KJlaccuyeckux npsamonoToyHbix (feedforward) ceten, To ecTb Ons
Ka>X[0ro HempoHa paccYnUTbiBaeTCH B3BeLeHHasd CyMMa ero BXo40B, K
KOTOPOW 3aTeM NPUMEHAETCH aKTuBaUMOHHas (MepegaTto4yHas)
pyHKUMA HEeWpOHa, B pe3yJibTaTe 4ero noJsiy4yaeTcsa ero BbIxogHoe
3HadeHune y, i=0...M.-1, roe M. - 4yncso HenpoHoB B csioe i; n=0...N-1, a

N - 4YnCno cnoeB B CeTMu.

® 3. Ha 0CHOBaHUM MOJIy4EHHbIX BbIXOOHbIX 3HAaYE€HNN HENPOHOB MO
dopmyne (1) unm (2) Npon3BOANTCA N3SMEHEHNE BECOBbIX
KO3(hPpULUNEHTOB.

® 4., Unkn c wara 2, noka BbIXOOHble 3HA4YEHUNS CETU He
3aCTabnnm3npyoTcs € 3a4aHHON TOYHOCTbIO.

® [MpumMeHeHMe 3TOro HOBOro criocoba onpeneneHns 3aBepLleHns
oby4yeHus, OT/INYHOro OT UCMNOJIb30BaBLUEerocs ass cetun obpaTHOro
pacrnpocTpaHeHuns, obycnoBaeHO TeM, YTO NOACTPANBAEMbIE 3HAYEHUS
CUHANCOB PaKTUYECKN He OrpaHMNYeHbI. 62

® Ha BTOpPOM LUare umksia nonepemMeHHo npeabaBnasaoTcs Bce obpasbl U3
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HenpoHHasa ceTb KOXOHeHa

CaMoopraHn3yroLwnecs Kaprbl
(Self Organizing Maps - SOM), pa3paboTaHHbIe

T. KoxoHeHoM [Kohonen, 1982], npeacTaBnsatoT cobon
MOLLIHbIW @aHAIMTUYECKUA NHCTPYMEHT,

obbeanHsaWnM B cebe nBe OCHOBHbIE NMapaanrMmsl
aHanus3a -

° KJlacTepusaumunto

c npoeunposaHne, 1T.e. BU3yaJinsaaumto MHOIMroMeEPHbLIX
AaHHbIX Ha MJIOCKOCTW.

CeTb KOXOHeHa pacrno3HaeT KJlacTephbl B
MHOIMOMEPHbIX 00Yy4atoLWMX AaHHbIX 1 OTHOCUT BCE
OaHHble K TeM NN NHLIM KJlacTepaM, UCMNOoJ1b3y4

aJITOPUTM MPOELINPOBAHNA C COXPaHEHNEM
TOoMnosAorn4yeckoro nonobus.

[pn 3TOM Te 31eMeHThl BbIBOPKK, KOTOPbIe
HaXoO4ATCA B OTHOCUTENIbHON 61M30CTU B MCXOAHOM
MHOFOMEPHOM MPOCTPAHCTBE, OKa3bIBAOTCHA PAAOM U
B MPOCTPAHCTBE C 6os1ee HN3KOW Pa3MEPHOCTbIO.
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HenpoHHasa ceTb KoxoHeHa ApXnUTeKkTypa

CeTb KoxoHeHa nmMeeT BCero aBa

CJI0S: BXO4QHOM N BbIXOL4HOM, COCTABNEHHbIN N3
paanasibHbIX HEUMPOHOB YNOPAO0YEHHON
CTPYKTYpPbI! (BbIXOOHOWN CJION Ha3bIBAlOT

TaK>XXe C/10eM TOMoJIOrn4YeCKoOH KaprTsbl).

K-kosr " 7~
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HenpoHHasa ceTb KOXOHeHa

* I‘I oL,ecc obyyeHus, Kak n B cay4vae
O0y4YeHMNSA C yYnTenem, 3akyaeTcs B
noacTpanBaHNM BECOB CUHAMNCOB METOL0OM
nocsiefoBaTeslbHbIX MPUBINXKEHN Ha
OCHOBAHWUW NUX 3HAYEHUIN OT NpeabliayLLen
nTepauunu.

® Oby4yeHumne cBOOANTCA K MUHNMU3AL NN
Pa3HULbl MeXAY BXOOHbIMU CUTHaNaMun
HenpoHa N BeCOBbIMU KO3 punumeHTamm
ero CMHancos.

® KoppeKTnpyoTCca TOJIbKO BECa HENPOHA-
nodeanTens (HeMpPoHOB, NeXXallnXx B
HEKOTOPON OKPECTHOCTUN HENPOHa-
nobeountens)
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HenpoHHasa ceTb KOXOHeHa
Anropntm oby4yeHus

® Ha cTaguun HMLmManmsaLmm BcemM BeCOBbIM KO3bPurLMeHTam
npucBavBatoTcs HebobLuMe CayYanHble 3HAYEHUS.

* Ha Bxogbl CeTM NnogaeTcs BXOAHOM 06pas3

* V13 Bcero BbIXo4HOro c/1051 BblbMpaeTcs HEMPOH — HEMPOH-
nobeauTenn, 3HaYEHUSA CUHANCOB KOTOPOIrO MaKCUMA/IbHO
NOXOANAT Ha BXOAHOM 0bpa3

* /lna Hero ocyw,ecTBASIETCSA NOACTPOMKA BECOB CMHAMCOB C
npumeHeHneM GopMybl

w;i(t) = w;i(t —1) + alx; —w;(t — 1))

JTa, Tak Ha3blBaeMasn, akkpeANTaLLNA MOXET CONPOBOXAATbHCS
"3aTOpMaXKmMBaHMeM" BCeX OCTa/IbHbIX HEMPOHOB CNOSA 1 BBEAEHNEM
BbIOpaHHOIro0 HeMpoHa B HacbllweHne. VIHbIMM cnoBamu, B Xxoae obyyeHus
MoANPULMPYETCA He TONbKO HEUPOH -"nobeagnTent”, HO, B MeHbLLEN
CTeneHu, n ero cocesm N3 HeKOTOPOU OKPECTHOCTMW.

 Llnkn noBTopseTcs ¢ wara 2, rae nonepeMeHHo nNpeAbsBASOTCA
BCe 06pa3bl U3 BXOAHOr0 Habopa Noka BbIXOAHble 3HaYeHUsA ceTu
He ByayT cTabnansnpoBaHbl € 3a,aHHON TOYHOCTbIO. 66



HelpoHHasa ceTb KoxoHeHa
Bbibop HenpoHa-nobegnTens

® Pacuet ckansipHoro npovsBeseHNsA BeKTOPa BECOBbIX
KO3$PULMEHTOB C BEKTOPOM BXOAHbIX 3HAYEHUM (YPOBEHb
BXOZHOro0 BO3byxaeHus). MakcMManbHoOe NponsBeseHne gaet

BbIMIPABLUNN HEUPOH.
m

S; = in wii = |lx|| - ||WJ|| COSQ
i=1
* PacyeT pacctoaHMa Mexay 3STUMU BEKTOPaMK B M-MepHOM
NPOCTPAHCTBE, r4e M — pa3Mep BeKTOPOB. B aHHOM cayyae,
"nobexaaeT" HeMPOH C HAMMEHbLUMM PACCTOSTHUEM.

D.= 3 (x —w,)"
]

rae
j — MHAEKC HEMPOHA, | — MHAEKC BXOAQ, Wj;—BeC CMHanca
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HenpoHHasa ceTb KOXOHeHa §
HopManunsaumsa BXOAHbIX 3HA4YEHUI

®pu ncnonb3oBaHUM 06yYeHMs No anropmnTmy KoxoHeHa Ha
CTaANUM MHULMANN3ALUN CYLLECTBYET NPAKTMKA
HOpMasM3aLmn:

* BXOAHbIX 06pa3oB

x]—xj/\/zl 1 xl

* Ha4va/IbHbIX 3HA4YEHNW BECOBbIX KOIPPULNEHTOB

_ K
Wij = Wij/\/Zl:lwlzj
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HenpoHHasa ceTb KoxoHeHa
CMbIcn 0byyeHud

W, =W, +a[x—-Ww,]

3aKpenuTb 3a Ka)KablM KIacCoM 06beKTOB OAUH
HenpoH 09



HenpoHHasa ceTb KOXOHeHa

® JamedaHune 1 NHorpa CANLWIKOM Y4acTo
noJsiydatowme akkpeantTaunmio HENPOHbI
NMPUHYONTENIbHO UCKI0YaloTCA N3
paccMoTpeHunsd, 4Tobbl "ypaBHATL NpaBa" BCcex
HenpoHoB cnod. [1poCcTennn BapnaHT Takoro
aJIrOpUTMa 3aKJIlo4aeTCsa B TOPMOXKEHUNN
TOJIbKO 4YTO BblIpaBLUEro HenpoHa.

® 3amevyaHmne 2 PazmMmep OKPEeCTHOCTU N CKOPOCTb
obyyeHuns - cyTb PYHKLINN, 3HAYEHUSA KOTOPbIX
YMEHbLLIATCH CO BpeEMEHEM

[Mocne BbIbOpa HEMPOHA j C MUHUMaJIbHBIM PacCToAHNEM
D.oby4aeTcs He TONIbKO 3TOT HEMPOH, HO KU ero coceau,
PACnosioXKeHHble B OKpecTHocTM R.

BennynHa R Ha nepBbiX nTepaunsax od4eHb bonbluas, Tak
4TO 0Bby4aloTCA BCE HENPOHbI, HO C TEYEHUEM BPEMEHN
OHa YMEeHbLUaeTCs A0 HyNs.

Taknm obpasom, yeM bvxe KoHel, oby4deHuns, Tem
TOYHee onpenenaercsa rpynrna HeMpPoOHOB, OTBEYalOLLNX

Ka>X[0oMYy KJjslaccy obpa3o0B.
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HelpoHHas ceTb KoxoHeHa
MeTon BbiNyK/10A KOMOUHaL MK

NHuymanmsauns BeCoBbiX KOIPMPUUNEHTOB CNyHYaHbIMU 3HAYEHUAMU
MO>XET MPUBECTU K TOMY, 4YTO

1)
2)

Pa3Jin4dHbl€ KJ1aCCbl, KOTOPbIM_COOTBETCTBYHIOT MNMJIOTHO
pacripenejieHHble BXOAHble 06pa3b|, COJIbIOTCA UJN, HaO60pOT,

p83,ﬂ,p06ﬂTCﬂ Ha OOMOJIHNTEJIbHbIE NMOAKJ1aCChbl B CJly4Hae 6AN3KNX
O00pa30B OAHOIO N TOIro e KJiacCca.

CyTb MeToAa BbIMYyKJ/ION KOMBUHaAL MM CBOAUTCSH K TOMY, YTO

BXOAHble HOPMann3oBaHHble 06pa3bl NoABepratoTCs

npeobpa3oBaHMUIO: 1
v,=a(f) -+ (1 -alt) —

Afm

rae x;- i-ad KOMNoHeHTa BXOAHOro obpasa, m - obuiee 4yncno ero
KOMMOHEHT, (t)- KoapdpuumeHT, N3MEHALWNNCA B NnpoLecce
o0y4eHnsa OT HynA 0O eAUHMULbI, B pe3y/ibTaTe Yero BHa4asie Ha
BXOAObl CETN NMOAAI0TCH NPAaKTUYeCKM OAUMHAKOBbIe 0bpa3sbl, a C
Te4yeHneM BpeMeHUn OHU BCe 6oJiblie CXOAATCA K UCXOOHbIM.

BecoBble KO3(p(PULIMEeHTbl YCTaHaBJINBAKOTCA Ha LWare
NMHNUMaNn3aunm paBHbIMN BeNYNHE

] _
rne - pa3MepPHOCTb BEKFOPa BECOB OJ1A HENPOHOB

NHULIMANN3NPYEMOr0 CIosW!
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HenpoHHasa ceTb KOXOHeHa

Ha ocHoBe MeToZa 00y4YeHs KOXOHEHa CTPOATCH

HEeMpPoOHHbIe ceTn ocoboro Tuna - Tak Ha3biBaeMble

camMmoopraHusyouimecsa CTpykTypsl - self-organizing

feature maps

® YHMKaNbHOCTb MeToOa CaMoopraHn3yroLLNXCH
KapT COCTOUT B Npeobpa3oBaHMM N-MepPHOro
NPOCTPaHCTBa B AByxXMepHoe. [IpuMmeHeHune
OBYXMEPHbIX CETOK CBA3aHO C TeM, 4YTO
cyuiecTtsyeT npobnema oTobparkeHus
NPOCTPaHCTBEHHbIX CTPYKTYpP bosbLuen

Pa3MepHOCTW.

® Nmeqa Takoe npencTaBsieHNe gaHHbIX, MOXXHO
BM3YyaJibHO onpeaesinTb Hann4me unu
OTCYTCTBME B3aMMOCBA3U BO BXOAHbIX OaHHbIX.

® HenpoHbl KapTbl KOXOHeHa pacnonaratoy, B Buae
OBYXMEepPHOW MaTpulbl, packpallnBaT 3Ty



HenpoHHasa ceTb KOXOHeHa

KavyecTBO NpoeunmpoBaHNd MHOIrOMEPHbIX OaHHbIX Ha
NJ0CKOCTb AocTuraetca B SOM Ha HECKOJIbKUX YPOBHSAX:
COXpaHeHue Tonosiornu (T.e. Ha MHOXXeCTBaX TOo4YeK
NCXOOHbIX OAaHHbIX 1 HEMPOHOB 0OY4YEHHOW CETU CTPYKTYpa
cocefCTBa OOMHaKOBa), COXpaHeHMe nopagka (T.e.
PACCTOAHNA MeXAY 3KBUBAJIEHTHbIMU MapaMun To4ek

Npono LWIOHaJ'LbeI) N,COXpPaHeHne MeTpUYeCKnX CBONCTB
| Wt@ﬁ% P RY ot RsaHErea.

pe3ynbTaTe 00y4yeHUs
npuobpeTaeT CBOWCTBA
YNopsAo4eHHON CTPYKTYPbI, B
 KOTOpPOW Be/INYNHbI CUHAMNCoB
' HEePOHOB MNaBHO MEHSAITCS

' BOOJIb IBYX U3MEPEHMIA.
'LiBeT 1 pacnosioxeHune

' (pparmeHTOB OBYMEpPHON
PeLLeTKN NCNob3yeTcsa A 5
'aHa/M3a 3aKOHOMEepPHOCTEN, XS E —
%CBHBbIBaeMbIX C KOMMNOHEHTaMM ' Hitpon
'Habopa AaHHBbIX.

‘B 4acTHOCTU, C KaXKAbIM y3/10M
(HerpoHOM) MoOryT 3
accouMmMpoBaTbhCH NIOKasibHble




HenpoHHasa ceTb KoxoHeHa lNpunMeHeHMne

® CamoopraHusyroLwnecs KaprTbl MOTYT
NCMOJIb30BAaTbCA OJ1A pelleHNd TakKux 3a4a4y, Kak
MoLeNMpoBaHue, NPOrHo3npoBaHne, NONCK
3aKOHOMepHoCcTen B BobLLINX MacCuBax AaHHbIX,
BbliBJIeHMe HabopoB HE3aBUCUMbIX MPU3HAKOB U
cKaTume nHgopmMauunun.

® Hamnbonee pacnpocTpaHeHHOEe NMPUMEHEHNE ceTen
KoxOHeHa - pewleHune 3aga4m Knaccudpumnkaumm des
yuynTend, T.e. Kanactepusauum.

® HanoMHWUM, 4TO NpPuU TakKoW NMOCTaHOBKE 3adayn HaM
naH Habop 06BbEKTOB, KaXXA0MY U3 KOTOPbIX
CoMocTaBJsIeHa CTpokKa Tabnunubl (BEKTOP 3HAYEHUI
npu3HakoB). TpebyeTca pa3dbutb ncxogHoe
MHOXXECTBO Ha KJ1acCChl, T.e. ANda KaXa0ro obbekTa
HaAaWTW KNacc, K KOTOPOMY OH MPUHAOJIEXUT.

® Pa3Bepno4HbIX aHanuU3 paHHbIX. CeTb KOxoHeHa
crnocobHa pacno3HaBaTb KJaCcTepbl B JaHHbIX, a
TaK)Xe yCcTaHaBnmBaTb D/IM30CTb KN1AaCCOB. TakyMm
obpa3oM, Nosib3oBaTeEsIb MOXKET YJIYHYLLUNTb CBOE



HenpoHHasa ceTb KoxoHeHa lNpunMeHeHMne

® Ecnun B gaHHbIX pacno3HaHbl KJ1acChbl, TO X MOXXHO
0603Ha4YNTb, NOCNIEe Yero ceTb CMOXXET peLwaTb
3a4a4um Knaccudukauum.

® Cetn KoxoHeHa MO>XHO UCMOJ1Ib30BaTb N B TeX
3a4a4aX Knaccnpukaunm, roe Kaacchbl y>xe 3agaHbl, -
Torna npemmyuiLecTso 6ygeT B TOM, YTO CETb CMOXET
BbIABUTb CXOACTBO MeXAy pa3/In4YHbIMN KJlaCcCaMMu.

® ObOHapy>XeHue HOBbIX ABNeHUn. CeTb KoxoHeHa
pacno3HaeT KnacTepbl B 0byYalowmx AaHHbIX U
OTHOCUT BCe AaHHble K TeEM UM NHbIM KJlaCcTepaM.
Ecnun nocne 3Toro ceTb BCTPETUTCSH C Habopom
OAaHHbIX, HEMOXOXXNUM HN Ha OOUNH N3 N3BECTHbIX
obpa3uoB, TO OHa He CMOXET KJaccudpnunpoBaTb
Tako Habop N TeM CaMbIM BbIABUT €ro HOBU3HY.
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HenpoHHble ceTn Xondunga n XaMMUHTra

® B ceTax naHHOro Bnaa BecoBble KO3(PPULIMEHTDI
CMHAMCOB PaCCYUTbIBAOTCSA TOJIbKO O4HaXX bl
nepen HavYasioM PYHKUMOHNPOBaAHNA CeTU Ha
OCHOBe UH(popMaumnmnm 06 obpabaTbiBaeMbIX
OaHHbIX, 1 BCe obyyeHune ceTmn CBOANUTCA MMEHHO
K 9TOMY pacyeTy.

® C ogHOWN CTOPOHLI, NpeabsaBJiIeHNEe arnpuopHoOun
NMHOPMaALIMN MOXHO pacLUeHnBaTb, KakK MOMOLLUb
YYUTENSA, HO C APYron - CeTb PaKTU4YeCKM NpPoCTO
3aroMmnHaeT obpasubl 4O TOro, Kak Ha ee BXxoA
MOCTYMNaloT peasibHble AaHHble, 1 HE MOXKeT
N3MEeHATb CBOE nosBeaeHune, Mo3TOMY FroOBOPUTL O
3BeHe obpaTHOM CcBA3N C "MUpoM" (yuntenem) He
NPUXoOunTCA.

® N3 ceTenn c nogobHon nornkom paboTbl Hanbonee
N3BECTHbI CeTb Xondunaoa n ceTb XaMMUHTra,
KOTOpPble 0ObIYHO NCNOJIL3YIOTCA A4
OpraHmM3aumm accoumaTuBHOU NaMAaTUn. -,



HenpoHHble ceTu Xondwnnga n XasMMUHra
3ajadva «accoumnaTuBHOW MaMATU>»

® I3BecTeH HEKOTOpPbLIN Habop ABOUNYHbBIX
CUrHanoB (n3o0bpa>keHnin, 3ByKOBbIX
OLMPPOBOK, NPOYNX AAHHbIX, ONUCbIBAOLLNX
HeKne 0bbLEKTbI NN XapPaKTEPUCTUKN
NnpoLeccoB), KOTOpPble CHNTAKTCH
00pa3LL0BbIMW.

® CeTb OO/1KHA YMeTb 13 NMPOU3BOJILHOIO
HengeasbHOro CMrHana, NodaHHOro Ha ee
BX0a, BblaenanTb ("BCAOMHUTBL" MO YaCTUYHOW
NMHOPMaLIMK) COOTBETCTBYIOLWNA 0bpa3el
(ecqivn Takou ecTb) nnm "gaTb 3aKa4YeHue" o
TOM, YTO BXOAHble JAHHbIE HEe
COOTBETCTBYIOT HM O0HOMY 13 06pa3L0B.

® Ecnn, HanpuMmep, CUrHanbl NpencTaBnalT
coboin Hekne nsobpa>keHusd, To, oTobpa3vs B
rpapmuyeckom Buae gaHHbIe C BbiXoOa CeTu,
MOXXHO ByneT yBuaeTb KapTUHKY, NOJIHGLCTLIO
coBrnajatoLlyto ¢ oaHON 13 00pa3LoBbIX (B



HenpoHHasa ceTb Xono

ApXUTEKTypa

obpartHan cBAlb

mnaa

Y

|

[ S =

@ .
- ®

¢ :
X (n)
: S
Bxop

 §

.y,

Buixoa
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HenpoHHasa ceTb Xondwunaa

® B obwem cnyyae, ntobon cnrHan MoXXeT 6biTb ONMcaH
BEKTOPOM

X = (X4 ... X, ), roe x, paseH nmbo +1, nnéo -1, n -

4YMNCJ10 HEMPOHOB B CETU U PA3MEPHOCTb BXOAHbIX U
BbIXOJHbIX BEKTOPOB.

® 0603Ha4ymMM BeKTOp, onucbiBatoWwmn k-bin obpasel,
4yepe3 Xk, a ero KOMMNOHEHTbI, COOTBETCTBEHHO, - XK,
k=1...m, m - yucsno obpa3yos.

® Korpa ceTb pacno3HaeT (uan "BCNOMHUT") KakKom-
nnoo obpaseL, Ha OCHOBE NMpeabAB/IEHHbIX €N
OaHHbIX, ee BbIXoAbl OyayT cooep>XaTb MMEHHO €ro,
ToecTb Y = Xk, roe Y - BEKTOP BbIXOAHbIX 3HAa4YeHUN
cetn: Y = (y;, ..., Y,).

® B NpOTUBHOM C/ly4ae, BbIXOJHON BEKTOP HE COBMaaeT
HN C oaHMM 06pa3L0BbIM.
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HenpoHHasa ceTb Xondunoa
NHnumnannsayuns

® Ha cTagnn nHnynannsaynm cetm BecoBble
KO2(h(PMUNEeHTbl CMHarNCcoB yCTaHaB/IMBAOTCA
crnenyowmm obpas3om:

S i i
W, ==

® 30ecb i U j - MNHOEKCbl, COOTBETCTBEHHO,
npeacnHanTUYeCcKoro n NOCTCUMHANTUNYECKOro
HEeNPOHOB;

® XK XF-I-bl 1 |-blA 3N1IEMEHTbI BEKTOPA K-0ro
obpa3sua. 80



HenpoHHasa ceTb Xondgunoa
OYHKLUMOHUPOBaHME

1. Ha BxoAbl ceTn nogaeTcsd HeU3BECTHbIN CUrHal. PaKTUYyecku
ero BBOJ_OCyLleCTBNAETCA HenocpeacTBeHHON YCTaHOBKOU
3HAa4YeHNN aKCOHOB:

yi(0) = xi, i =0...n-1,
nosTomy ob03HavyeHne Ha cxeMe CeTV BXOOHbIX CUMHArNCoB B
SIBHOM BUOE HOCUT YUCTO YCJIOBHbIN XapaKTep. Honb B CKOOKe

crnpaBa OT Yi O3Ha4YaeT HYJ1IeEBYIO UTepauuio B LnKe paboTol
ceTw.

2. PaCC‘-IVITbIBaIETCFI HOBOE COCTOSIHME HENPOHOE
= . i=0...n-1 1
sAp+D =" w..(p J
N HOBblE 3HAaYEeHNS aKCOHOB 0

J'J.}‘u+]:] =fls(p+1)
roe /- aktTuBauMoOHHada PYHKLWA B BUOE CKaAYKd.

3. lNpoBepKa, NU3IMEHUINCH 1N BbIXOAHble 3HAYEeHUS aKCOHOB
3a nocnegHiow nTepaunto. Ecnm ga - nepexon K FIyHKT¥I 2,
NHa4ve (ecnum BbIxoObl 3acTabnnmsampoBannce) - KoHeu,. Tpw
3TOM BbIXOOHOW BEKTOpP npencrtassseT cobonm obpasedu,
Hanyywmm obpa3omM COYETAOLWMNCA C BXOAHbIMU AaHHbIMW.
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HenpoHHasa ceTb Xondgunoa
OYHKLUMOHUPOBaHME

® NHoroa ceTb He MOXXeT NpPoBeCTr
pacrno3HaBaHWe 1 BblJAET Ha BbiIXoae
HecywecTByOLWMM obpas.

® 3T0 cBSAA3aHO C npobnaemonm orpaHN4YeHHOCTU
BO3MOXHOCTen cetun. Ona cetn Xondwunaa
4YMCNO 3arMoMnHaeMbiX 06pa3oB M He O0J1IKHO
npeBbiaTb BENYNHBI, MPUMEPHO PABHOMN
0.15n.

® Kpome TOro, ecnn gBa obpasa A n b cnnabHO
NOX0XXWN, OHWN, BO3MOXXHO, 6yAyT Bbi3blBaTb Y
CeTn nepekpecTHble accoumaLImmn, To ecTb
npenbsaBaeHNe Ha BXObl CETU BEKTOpa A
npuBeneT K NosBJIEHNIO Ha ee BbIXOdaX
BekTOpa b n HaobopoT.

® CeTb MOXET 3aBEpPLUNTb UIN NCNPaBUTb
obpa3, HO HE MOXXeT accoLnnpoBaTh
nosy4YeHHbI obpas c opyrnum obpasom



HenpoHHasa ceTb Xondgunoa
OYHKLUMOHUPOBaHME

® [lycTb MeeTCq HEUPOHHASA CEeTb
pa3mMmepHocTbio N=100, B MaTpuLly CBA3EN
3anncaH Habop 4epHoO-6enbiXx KapTUHOK (—1 —
YeépHbIN uBeT, +1 — 6enbin), cpean KoTopbIX
ecTb n3obpa>keHne cobaydku.

® Ecnn yCcTaHOBUTbL Ha4daJlbHOE COCTOodAHME ceTu
6M3KNM K 3TOMY BEKTOPY (PUCYHOK C/ieBa,

NCKa>XEHHbIN 06pa3), TO B Xo4e ANHAMUKN
HeMNOHHASA CeTh ROCCTAHORUT UCXONHOE

N3

MCKaxEHHbIA oDpas 3TanoH
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HenpoHHasa ceTb XaMMUHra

® Korgoa HeT HeobXo0AMMOCTMN, 4TOObI CeThb B
SIBHOM BUAe BblgaBasa obpa3el, TO eCTb
OOCTATO4YHO, CKakeM, noJsiydaTb HOMep
obpa3ua, accounaTMBHYIO MaMATb YCNELIHO
peann3syeTt ceTb XaMMUHra. [laHHaa ceTb
XapakTepusyeTcs, No CPaBHEHUNIO C CETbIO
Xongunnaoa, MeHbWMMK 3aTpaTaM Ha NaMATb U
06BbEMOM BbIHNCAEHNN

® Npesa paboTbl ceETU COCTOUT B HAaX0XXOEeHUN
PACCTOAHNA X3MMUHIa OT TECTUPYEMOro
obpa3a o Bcex ob6pasLioB.

® PaccTtosaHmeMm XaMMUHIra Ha3blBaeTCd YMNCIIO
oT/AnYaoLWmxcad 6utos B AByX BUHaAPHbIX
BEKTOpax.

® CeTb oosKHa BblibpaTb 0bpa3ey ¢
MWHWMAJIbHbIM PAacCTOAHNEM XOMMUHIa 0,0
HEeNn3BeCTHOro BXOAHOIro CUrHana, B
pe3ysibTaTe 4yero byaet akTUBU3NPOBaAHs4
TOJIbKO OMH BbIXOL CETU, COOTBETCTBYIOLL NN



HenpoHHas ceTb XaMMUHIa
ApXnUTekTypa

CeTb COCTOUT U3 OBYX
cnoes. [lepBbln N BTOPOW
CJ1ION UMeT Mo m

a Y, HEWPOHOB, rae m - 4Yncso
obpa3LoB.

HewnpoHbl NepBOro csos

MMeIT Mo N CUHArMCOB,

COeNHEHHbIX CO

BXOOaMWu CeTu

(obpasyowmmm

.Y (PUKTUBHLIN HYJIEBOW
caon).

HenpoHbl BTOPOro csos
CBA3aHbl Mexxay cobown
NHIMBUTOPHBIMI
(oTpuuaTenbHbIMU

Bxoa 1 cnoi 2 cnoi Bexon  0oOpaTHbLIMK)
CUHaNTUYeCKUMN
CBA3AMMN. 85
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HenpoHHasa ceTb XaMMUHra
ANropnT™™ PYyHKLMOHNPOBaHUA

® Ha cTagun nHnynannsaunmm BeCoBbIM
KoaghpumnumneHTam nepsoro caos 1 nopory
aKTUBALMOHHON PYHKLUN NMPUCBaANBAOTCH
cnenyiotine 3HaveHus:
T , i=0...n-1, k=0...m-1

I,.=n/2 k=0.m-1
® 3pecb xf - i-bin aneMeHT k-oro obpasua.

® BecoBble KO3DULIMEHTbI TOPMO3ALLUX CMHAMNCOB
BO BTOPOM cJioe bepyT paBHbIMU HEKOTOPOW
BenmimHe 0 < < 1/m. CnHanc HenpoHa,

CBA3aHHbIN C ero XXe akCoHoM nmeetT BecC +1.
86



HenpoHHasa ceTb XaMMUHra
ANropnT™™ PYyHKLMOHNPOBaHUA

® 1. Ha Bxoabl ceTu nogaetca Hem3BeCTHbIN BeKTop X = {x.:i=0...n-1},
NCXoas U3 KOTOPOro PacCHYUTLIBAOTCA COCTOAHNSA HEMPOHOB NEPBOro
cnod (BEpXHUM NHOEKC B CKOBKax yKa3bliBaeT HOMepP C/oK):

o | .
. b , /=0...m-1
VW= = + T,

o
' ' —

® Tocne 3TOFO.I'LIOJ'Iy‘-IeHHbIMI/I 3Ha4YeHNAMN NHNUNAJTN3NPYIOTCA
3Ha4€HNA aKCOHOB BTOPOIo CJ104:

v =y, j=0..m-1
¢ 2. Bbl4NcnnTb HOBblIE COCTOAHNA HEMPOHOB BTOPOIro CJ104

o | X
s p+D)=v(p) - v (prk= 7 =0_m-1
N 3HAYEHUSA X aKCOHOB: -

v p+1 =af[ :.::Eéu+1 ] i=0_m—1
o AKTMB%LMOLH 9 (f)yH una flnmeeT BMA nNopora, NnpuyemMm sennyunHa F
NOJIXXHa bbiTb A4OCTAaTOYHO Bosibwion, 4TOOLI JItoObie BO3ZMOXXHbIE
3HA4YEeHUSA aprymMeHTa He NPUBOANIN K HACbILLEHNIO.

¢ 3. TllpoBepunTb, N3MEHUINCb NN BbIXObl HEMPOHOB BTOPOro €105 3a
nocnenHiow ntepaumnto. Ecnm oa - nepenaun K wary 2. lHavye - KoHel,.
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HenpoHHasa ceTb XaMMUHra

® SamevyaHme Ponb NepBOro c/os BeCcbMa YCJ/I0BHA:
BOCMOJIb30BaBLUNCb OAMH pa3 Ha ware 1
3HAYEHUAMUN ero BeCOBbIX KOI(PDOULIMEHTOB, CETb
bonbLie He obpallaeTcsd K HEMY, MO3TOMY
nepBbIA CJION MOXKET bbITb BOODOLLE NCKJTIOYEH U3
ceTun (3aMeHeH Ha MaTpuULLly BECOBbIX
KO3(pPULINEHTOB).

88



	Лекция 1
	Нейронные сети
	Нейронные сети (2)
	Искусственный нейрон
	Искусственный нейрон (2)
	Искусственный нейрон (3)
	Математическая модель нейрона
	Функции активации нейрона F(s)
	Функции активации нейрона F(s) (2)
	Функции активации нейрона F(s) (3)
	Функции активации нейрона F(s) (4)
	Функции активации нейрона F(s) (5)
	Модель нейронной сети. Персептрон.
	Нейронные сети (3)
	Математическая модель работы нейрона в случае если F имеет вид
	Математическая модель работы нейрона в случае если F имеет вид (2)
	Математическая модель работы нейрона в случае если F имеет вид (3)
	Нейронные сети (4)
	Нейронные сети (5)
	Нейронные сети: обучение с учителем
	Нейронные сети: обучение с учителем (2)
	Алгоритм обратного распространения ошибки
	Алгоритм обратного распространения ошибки (2)
	Алгоритм обратного распространения ошибки (3)
	Алгоритм обратного распространения ошибки (4)
	Алгоритм обратного распространения ошибки (5)
	Алгоритм обратного распространения ошибки (6)
	Алгоритм обратного распространения ошибки (7)
	Алгоритм обратного распространения ошибки (8)
	Алгоритм обратного распространения ошибки (9)
	Алгоритм обратного распространения ошибки (10)
	Алгоритм обратного распространения ошибки (11)
	Алгоритм обратного распространения ошибки (12)
	Нейронные сети (6)
	Нейронные сети (7)
	Переобучение сети
	Нейронные сети (8)
	Нейронные сети (9)
	Нейронные сети (10)
	Нейронные сети. Решение задач.
	Нейронные сети (11)
	Нейронные сети Примеры формализации задач
	Нейронные сети. Решение задач. (2)
	Нейронные сети. Решение задач. (3)
	Нейронные сети. Решение задач. (4)
	Нейронные сети. Решение задач. (5)
	Нейронные сети. Решение задач. (6)
	Нейронные сети. Решение задач. (7)
	Нейронные сети. Решение задач. (8)
	Предобработка данных Максимизация энтропии как цель предобработ
	Предобработка данных Максимизация энтропии как цель предобработ (2)
	Алгоритм кодирования ординальных переменных.
	Алгоритм кодирования ординальных переменных. (2)
	Алгоритм кодирования ординальных переменных
	Кодирование категориальных переменных
	Нормировка и предобработка данных
	Нормировка и предобработка данных (2)
	Нормировка и предобработка данных (3)
	Обучение без учителя Алгоритмы обучения Хебба
	Обучение без учителя Алгоритмы обучения Хебба (2)
	Обучение без учителя Алгоритмы обучения Хебба (3)
	Обучение без учителя Алгоритмы обучения Хебба (4)
	Нейронная сеть Кохонена
	Нейронная сеть Кохонена Архитектура
	Нейронная сеть Кохонена (2)
	Нейронная сеть Кохонена Алгоритм обучения
	Нейронная сеть Кохонена Выбор нейрона-победителя
	Нейронная сеть Кохонена Нормализация входных значений
	Нейронная сеть Кохонена Смысл обучения
	Нейронная сеть Кохонена (3)
	Нейронная сеть Кохонена Метод выпуклой комбинации
	Нейронная сеть Кохонена (4)
	Нейронная сеть Кохонена (5)
	Нейронная сеть Кохонена Применение
	Нейронная сеть Кохонена Применение (2)
	Нейронные сети Хопфилда и Хэмминга
	Нейронные сети Хопфилда и Хэмминга Задача «ассоциативной памяти
	Нейронная сеть Хопфилда Архитектура
	Нейронная сеть Хопфилда
	Нейронная сеть Хопфилда Инициализация
	Нейронная сеть Хопфилда Функционирование
	Нейронная сеть Хопфилда Функционирование (2)
	Нейронная сеть Хопфилда Функционирование (3)
	Нейронная сеть Хэмминга
	Нейронная сеть Хэмминга Архитектура
	Нейронная сеть Хэмминга Алгоритм функционирования
	Нейронная сеть Хэмминга Алгоритм функционирования (2)
	Нейронная сеть Хэмминга (2)

