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CeMuHapbl O6y4yeHne JnyeHs BaHue MaTtepwuanbl a pym erncrTpay Matlab

Blocksets
Bxoa

H0.M.Macno6oeB '"CBoiicTBa U NnapaMeTpbl HEMPOHHOW ceTu Kak o6bekTa MATLAB"
ApxuTeKTypa cetu

3TW CBOMCTBA OnpeaensitoT KOIMYECTBO NoA06BbEKTOB CeTU (TakMX KakK CIoM, BbIXOAbl, 3TaslOHbl, CMELLEHUS U Beca), U KakuM 06pa3oM OHU
06beanHATCA B CETb.

. numlnputs - onpeaensieT KOIMYECTBO BXOAOB CETH.

net.numlnputs - MOXeT NMPUHUMaTb 3Ha4YeHNs O UK MOOXUTENIbHOE YNCNO.

lMosicHeHne.

KonunyectBa BXOAOB CETU U pa3MePHOCTb BXOAa pa3Hble Belwmn. Konnyectso BXOAOB OonpeAenseT, CKONbKO rpynn BEKTOPOB NPUHUMAET CeTb
B KayecTBe BXOAOB. Pa3MepHOCTb Kaxaoro Bxoaa (T.€. KONMYECTBO 3/1EMEHTOB B KaX0OM BEKTOPE) ONpeaensieTcs pa3MepHOCTbO BXoAa
(net.inputs{i}.size). BONbWNHCTBO ceTel UMeeT OAUH BXOA, pa3MepHOCTb KOTOPOro onpeaenseTcs nocTtaBieHHOM 3aa4den.

ConyTtcTByroumne 3¢ppeKTsi.

Jioboe n3mMeHeHne 3TOro CBOMCTBa NPUBOAMUT K U3MEHEHUIO pa3Mepa MaTpuLbl, ONpeaensioLlen CBS3m BXoA0B CO cnosmu, (net.
inputConnect) 1 pasamMep MaccuBa syeek BXOAHbIX NoaobbekToB (net.inputs).

. numlLayers - onpeaenseT KoNM4ecTBo C/0EB CETU.

net.numLayers - MOXeT NPUHNUMaTb 3Ha4YeHnsa oT O A0 060ro NOSOXKUTENBHOMO LLENOoro.

ConyTtcTByromne 3¢pheKTsi.

Jtoboe n3MeHeHne 3TOro CBOMCTBA npMBOAUT K UBMEHEHUIO pa3Mepa KaXxaon 13 6yJ'IeBbIX MaTpuLl, KOTOpPbIE ONpeaeNAaAoT CBA3U MeXay
cnoamu:

net.biasConnect

net.inputConnect

net.layerConnect

net.outputConnect

net.targetConnect

N UBMEHAKT Pa3MEPHOCTU KaXaAoro N3 MaCCMBOB A4YeeK CTPYKTYp noao6bEKTOB, UbM pa3Mepbl 3aBUCAT OT KOSI4eCcTBa CNOEB:

net.biases

net.inputWeights

net.layerWeights

net.outputs

net.targets

A TaKXe U3MeHseT pa3Mepbl KaXXaoro U3 HacTpanBaeMblX NapaMeTpoB:
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net.IW
net.LW
net.b
. biasConnect - onpegenser, Kakme C10M UMEIOT CMELLEHUS.

net.biasConnect - MOXeT NpuHMMaTL 3HadyeHus bynesoi matpuubl Nix1, rae N, — konudectso cnoes (net.numLayers). Hannume (nnn
OTCYTCTBME) CMeLleHuns y i-ro cnosa onpegensetcs 1 (unum 0) B: net.biasConnect(i)

ConyTtcTBytowmne s¢hpeKTsbi.

Jtoboe n3mMeHeHne 3TOro CBOMCTBa BAUSIET HA HaNU4Yne UM OTCYTCTBUE CTPYKTYP B Maccmee siueek cMeleHui (net.biases) un, B Hanmumm
WM OTCYTCTBUM B MacCMBE 3/1IEMEHTOB BEKTOPOB CMelleHni (net.b).

. inputConnect - onpegenser, Kakue cnov 061a4akoT CBA3SAMU CO BXOAAMMU.

net.inputConnect — onpegenset bynesy Matpuuy N, x N;, rae N} — KonMyecTBo cfioesB cetu (net.numlLayers), a N; — KOIM4eCTBO BXOZ0B
cetu (net.numlinputs). Hannuyme (MK OTCYTCTBUE) CBA3M i — IO CNOS C j — M cnoem onpegensietca 1 (unum 0) B net.inputConnect(i,j).

ConyTtcTBytowmne 3¢ppeKTsbi.

Jioboe n3mMeHeHne 3TOro CBOMCTBa BAUSET Ha HanU4ne UM OTCYyTCTBME CTPYKTYP B MaccmBax sveek noaobbekToB BXOAHbIX BecoB (net.
inputWeights) n Ha Hanuumne nnu oTCyTCTBME MaTpUL, B MacCuBe siyeek BXoAHbIX BecoB (net.1W).

. layerConnect - onpefensieT Kakue C/ou CBsi3aHbl C APYrMMU CNOSMU.

net.layerConnect - onpegenset bynesy matpuuy N; X Ny, rae Ny — KonnmyecTBo cnoes B ceTu (net.numLayers). Hannune (unu otcytcrene )
CBS3K K 1-ro cnos c j-m crnoem onpegenserca 1 (unm 0) B net.layerConnect(i,j).

ConyTtcTBytowme 3¢ppheKTsi.

Jtoboe n3mMeHeHne 3TOro CBOMCTBA BANSAET HA HaNWYNE AN OTCYTCTBUE CTPYKTYP B Maccmeax sveek noaobbekToB BecoB cnoes (net.
layerWeights) n B Hanuumn nnam oTCyTCTBMW MaTpuL B Maccmee ssHyeek Becos cnoeB (net.LW).

. outputConnect - onpeaensieT Kakme Clion reHepupyIoT BbIXOAbl CETHU.

net.outputConnect — 3agaeTcs B Buae matpuubl bynesbix 3HaveHnin 1 x N, rae N - Konn4yecTso cfoes B ceTn (net.numLayers). Hannuune
(nnun oTcyTCcTBME ) BbiXOAa OT i-ro cnos onpegenserca 1 (uamn 0) B net.outputConnect(i).

ConyTtcTBytomne 3¢ppheKTsi.

JTiobble U3MEeHEeHMS 3TOro CBOMCTBa 6yAyT BAUATbH HA KOJIMYECTBO BbIXOAOB ceTu (net.numOutputs) v HannumMe Uan OTCYTCTBUE CTPYKTYp B
MaccuBe siyeeK BbIXOAHbIX NOA06LEKTOB (net.outputs).

. targetConnect - onpefensieT Kakne Crom CBA3aHbl C 3TasoHaMu.

net.targetConnect - 3agaetcs B Buae matpuubl bynesbix 3HaueHuin 1 x N, rae N — Konm4yecTso cnoes B ceT (net.numLayers). Hanuune
(nnKn oTCYyTCTBME ) 3TASIOHHOrO 3HAaYeHUs, CBA3AHHOIO C i- M cnoeM onpegenserca 1 (Maun 0) B net.targetConnect(i).

ConyTtcTByroumne 3¢ppeKTsi.

JTobble M3MEeHEHMS 3TOro CBOMCTBa 6yAyT U3MEHSTb KOJIMYECTBO 3TAJIOHHbIX 3HAYEHU ceTn (net.numTargets) U HannumMe Unn oTCyTCTBME
CTPYKTYp B MaccuBe si4YeeK 3TasloHHbIX Noao6bekToB (net.targets).

. numOutputs (TONIbKO A1 YTEHUSA) - YKA3bIBAET CKOJIbKO BbIXOA0B UMEET CeTb.

net.numOutputs - BO3BpaLlaeT 3Ha4YeHne, COOTBETCTBYIOLWEE KONMYECTBY €AMHUL, B MaTpuLe BbIXOAHbIX coeAuHeHnn: numOutputs=sum
(net.outputConnect).

. numTargets (TO/IbKO A1 YTEHUSA) - YKA3bIBAET CKOSIbKO 3TaNOHHbIX 3HaYeHU UMeeT ceTb.

net.numTargets - BO3BpallaeT 3Ha4YeHne, COOTBETCTBYOLWEE KONMYECTBY €AMHUL, B MaTpuue COeAMHEHUI C 3TaNoHaMn: numTargets=sum
(net.targetConnect).

. numlnputDelays (TONbKO AN YTEHUS) - YKA3bIBAET KAKOE KOJIMYECTBO BPEMEHHbIX LIAr0B NOCAEAHUX BXOLOB AO/KHO 6biTh
peannsoBaHo Afsi TOro, YTobbl CMOAENNPOBATL CETh.



net.numinputDelays - Bo3BpaLlaeT 3Ha4YeHMe BEINYMHbI MaKCUMabHOM 3a4ePXKKN, CBA3aHHOM C BXOAHbIMU BECaMU CETU:
numlinputDelays = 0;

for i=1:net.numLayers

for j=1:net.numlinputs

if net.inputConnect(i,j)

numlinputDelays = max( ...

[numInputDelays net.inputWeights{i,j}.delays]);

end

end

end

. numLayerDelays (TO/bKO A1 UTEHUA) - YKa3blBAET KaKoe KOJINYECTBO BPEMEHHbIX LWAros Noc/ieAHUX BbIXOA0B AO/HKHO 6bITb
peann3oBaHo ANns Toro, 4Tobbl CMOAENMPOBATbL CETb.

net.numLayerDelays - Bo3BpallaeT 3Ha4YeHNe BE/IMUYNHbI MaKCMMasibHOM 3aepXKKN, CBA3aHHON C BeCaMu C/I0eB CEeTU:
numLayerDelays = 0;

for i=1:net.numLayers

for j=1:net.numLayers

if net.layerConnect(i,j)

numLayerDelays = max( ...

[numLayerDelays net.layerWeights{i,j}.delays]);

end

end

end



CeMuHapbl O6y4yeHne JlnueHsnpoBaHue MaTtepwuanbl Ka dopym

H0.M.Macno6oeB ""CBoiicTBa U NnapaMeTpbl HEMPOHHOW ceTu Kak o6bekTa MATLAB"
CTpyKTypa noao6bekTo

3Tu cBoicTBa onpeaensarT MaCCuBbl A4EEK CTPYKTYP, KOTOPblE onpeaendarT KaXAbl U3 BXOLOB CETU, C/I0OU, BbIXOAbl, 3TANIOHbI, CMELLEHUS
n BeCa.

. iNputs - cOAEepPXUT CTPYKTYPbl CBOWCTB AS1S1 KaXA0ro U3 BXOAOB CETH.

net.inputs - MmaTpuua N; X1 siyeek BXOAHbIX CTPYKTYP, rae Ni- 4ucno Bxoaos cetm (net.numinputs).

CTpyKTypa, onpeaensiowas CBOMWCTBaA i-ro ceTeBoro Bxoaa, onpegeneHa B: net.inputs{i}
. layers - conepXuT CTPYKTYpbl CBOIWCTB AJ1S1 KaXXA0ro U3 CI0EB CETU.

net.layers - MaccuB N; X1 fA4eeK BXOAHbIX CTPYKTYp, rae Nj- uncno cnoes cetn (net.numLayers).

CTpyKkTypa, onpegenstowas CBOMCTBa i-ro cnos onpegeneHa B: net.layers{i}.
. outputs - COAEPXUT CTPYKTYPbl CBOMNCTB A/151 KaXA0ro U3 BbIXOA0B CETU.

net.outputs - MaccuB 1xN; s4eeK BXOAHbIX CTPYKTYp, rAe Nj- unucno cnoes cetu (net.numlLayers).

CTpyKTypa, onpeaensiowas CBOMCTBa i-ro Bblxoaa, onpeaeneHa B: net.outputs{i}
€C/IN COOTBETCTBYIOLLEE BbIXOAHOE coeanHeHune net.outputConnect(i)- 1 (unm 0):.
. targets - COAEPXMUT CTPYKTYPbl CBOMACTB A/ KaXA0ro U3 3TasIOHOB CETU.

net.targets — MmaccuB 1xN; sueeKk BXOAHbIX CTPYKTYp, rae N;- uncno cnoes cetu (net.numLayers).

CTpyKTypa, onpefensiowas CBOMCTBa 3TasloHa CBA3aHHOIO C i-bIM cnoeM (UK HyneBas MaTpuua) onpegeneHa B: net.targets{i} ecnm
COOTBETCTBYIOLLIEE BbIXOAHOE coeamHeHune net.targetConnect(i) - 1 (uau 0).

. biases - cooepXuT CTPYKTYpbl CBOWCTB AN KaXA0ro U3 CMELLEHUI CeTu.

net.biases - MaccmB N;x1 siueek, rae N;- umcno crnoes cetTu (net.numlLayers).

CTpyKkTypa, onpegensiowas CBOMNCTBa CMeLLeHn i-ro cnos (Mnun Hyneesas maTpuua) pacnosioxeHa B: net.biases{i} ecnu cooTBeTcTBYIOLEE
coeanHeHne ans cMmelweHnus net.biasConnect(i) - 1 (unm 0).

. inputWeights = coaep>XuT CTPYKTYpbl CBOMCTB A5 KaXA0ro U3 BXOA4HbIX BECOB.

net.inputWeights - maccus NxN; fueek, rae Nj- umcno cnoes cetu (net.numLayers), a N; - 44csio BXoAoB ceTu (net.numlinputs).

CTpyKkTypa, onpegenstowas CBOMCTBa BECOB K i-My €105 OT j ro cnos (Mnu Hynesas mMatpuua) onpegeneHa B: net.inputWeights{i,j}, ecnm
COOTBETCTBYIOLLEe coeanHeHne Bxoaa net.inputConnect(i,j) - 1 (mam 0).

. layerWeights - coaepXuT CTPyKTYpbl CBOICTB AN KaXXAOr0 U3 BECOB C/0S CETU.

net.layerWeights - maccus NxN, siueek, rae Nj- uncno cnoes cetu (net.numlLayers).
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CTpyKkTypa, onpegenstowas CBOMCTBa CBSA3eN i-ro cnos ¢ j M cnoem (MNun Hyneesas maTpuua) onpegeneHa B: net.layerWeights{i,j}, ecnu
COOTBETCTBYOLWANA CBA3b cnos net.layerConnect(i,j) - 1 (unm 0).
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H0.M.Macno6oeB '"CBOMCTBa U NapaMeTpbl HEMPOHHON ceTU Kak o6bekTa MATLAB"
DyHKUUUN

STW CBOWNCTBa onpeaensioT anropuTMbl, KOTOpble UCMOMb3YITCA NpY aaanTauny, UHULMaNn3aunm, TPEHMPOBKE U OLEHKe ee
DYHKUMOHMPOBaAHUS.

. adaptFcn - onpeaensieT pyHKUNIO, KOTOpas 6yAeT ncnonb3oBaHa ANs aganTauum ceTu.
net.adaptFcn - 3agaeTcs B BuAe Ha3BaHus MYyHKLMM afanTauumn CeTU U3 HacTosiwero Tynbokca:
trains - dyHKLMA aganTaumMm BeCOB U CMELLEHUN.
DyHKUNS aganTauum ceTU UCMOosb3yeTcsl, YTOObl BbINMOMHUTL aAanTaUMio BCAKUI pa3, Koraa Bbi3biBaeTcs adapt:
[net,Y,E,Pf,Af] = adapt(NET,P,T,Pi,Ai)
ConyTtcTByoume 3¢ppheKTbi.

Bcsikuid pas, Koraa 3To CBOMCTBO M3MEHEHOo, NapaMeTpbl aganTtauun cetu (net.adaptParam) ycTaHaBIMBAOTCS TakuM 06pasoM, YTobbl
coaepxaTb NapaMeTpbl U 3HAYEHUS MO YMOMYAHUIO HOBOW DyHKUMN.

. initFcn - onpegenseT dGyHKUMIO, UCMONb3YyEMYIO AN MHULMANM3aLMM MaTpUL, BECOB N BEKTOPOB CMELLEHWUI CeTU.
net.initFcn - 3agaeTca B BMAe Ha3BaHMs GYHKLUUM MHULUMANN3aunmn CeTn M3 HacTosiwero Tynbokca:
initlay - pyHKUMSA MHUUManM3auum BECOB U CMELLEHUN.
QOYHKUMSA MHULMANM3aUMmM CETU NCMOMb3YETCS, YTO6bI BbINOMHUTL MHULMANN3aLMIO BCAKUIA pas, KOraa Bbi3biBaeTCs init:
net = init(net)
ConyTtcrByrowme 3¢ppeKTsbi.

Bcsikmin pas, korga 3To CBOMCTBO M3MEHEHO, napaMeTpbl ceTu (net.initParam) ycTtaHaBnMBaloTCa TakuM o6pa3oM, 4Tobbl cogepxaTb
napameTpbl U 3HAYEHWSI MO YMOYAHWUIO HOBOW YHKLIMK.

. performFcn - onpeaensieT GyHKUMIO, UCMOMIb3YEMYIO A5t OLEHKM (DYHKLMOHUPOBAHUS CETU.

net.performFcn - 3ajaeTcs B BUAE Ha3BaHUA QyHKUMKN DYHKLMOHMPOBAHUA CETU U3 HacToswwero Tyn6okca:

®YHKUMU DYHKLUMOHUPOBaHUS

mae CpenHsis abcontoTHas ownbka

mse CpenHsis KBagpaTuyHas owmnbka
msereg CpeaHsis kBagpaTuuHas owmnbka w/reg
sse CyMMapHas KBagpaTuyHas owunbka

DyHKUNA PYHKLUMOHNUPOBAHUSA CETU UCMNONb3YETCS, YTOObI BbIYNCAUTL OLEHKY DYHKLMOHMPOBaAHWUSA CETU BCAKUW pa3, KOraa Bbl3blBaeTcs
train:



[net,tr] = train(NET,P,T,Pi,Ai)
ConyTtcTByrowme 3¢ppeKTsb.

Bcsikuid pas, Koraa 3To CBOMCTBO M3MEHEeHOo, napameTpbl ceTu (net.performParam) ycTaHaBAMBalOTCA TakuM 06pa3oM, YTobbl coaepxaTtb
napaMeTpbl ¥ 3HAYEHUsl MO YMONYAHWNIO HOBOW PYHKUMMU.

. trainFcn - onpeaenseTt GyHKLMIO, UCMONb3YEMYIO ANl TDEHUPOBKU CETU.

net.trainFcn - 3ajaeTca B BuAe Ha3BaHWa QYHKLMU TPEHUPOBKU CETU U3 HAcTosALWero Tynbokca:

OYHKLNN TPEHNPOBKU

trainb MakeTHas TpeHMpPOBKA C UCNOMb30BaHMEM MpaBua 0byyeHust Ans BECOB U CMeLLeHUI
trainbfg TpeHupoBKa CeTH C UCMosib30BaHMEM KBa3n —HbOTOHOBCKOro Metoga BFGS
trainbr Perynapusaunsa Bayesian

trainc Mcnonb3oBaHne npupaweHnin LMKIMYeckoro nopsiaka

traincgb MeToa cBfi3aHHbIX rpaaneHTos lMayanna-buna (Powell-Beale)

traincgf MeToa cBsizaHHbIX rpaaneHToB ®netyepa-Mayanna (Fletcher-Powell)
traincgp MeTopa cBsi3aHHbIX rpaaneHToB MNMonaka-Pubupa (Polak-Ribiere)

traingd MeToA rpagMeHTHOro cnycka

traingda MeToa rpagMeHTHOro cnycka ¢ aganTtMBHbIM 06yyeHnem

traingdm MeToa rpaAneHTHOro cnycka c y4eToM MOMEHTOB

traingdx MeToa rpaAMeHTHOro Cnycka C y4eTOM MOMEHTOB M C aAanTuBHbIM 06yyeHnem
trainlm MeTtop JleBeHb6epra-Mapkapa (Levenberg-Marquardt)

trainoss OAHOCTYNEeHYaTbI MeToA, CeKyLUnX

trainr MeToa cnyyanHbIxX npupalieHni

trainrp ANropuTM yNpyroro o6paTHOro pacnpocTpaHeHus

trains MeToa nocnepoBaTenbHbIX NpUpaLlleHui

DYHKUNSA UCNONb3YeTCsl, UTO6bl TPEHMPOBATL CETb BCAKMI pas, KOraa Bbi3blBaeTcs train:
[net,tr] = train(NET,P,T,Pi,Ai)
ConyTtcTByroumne 3¢ppeKTsi.

Bcsikui pa3, Korga aTo CBOWCTBO M3MEHEHO, napameTpbl ceTn (net.trainParam) ycTaHaB/AMBAOTCA TaknM 06p830M, 4YTO6bI coaepxxaTtb
napaMeTpbl U 3HA4YEHUA NO YMOSTYaHUIO HOBOM beHKLI,VIVI.



CeMuHapbl O6y4yeHne JnyeHs BaHue MaTtepwuanbl a pym

H0.M.Macno6oeB '"CBoiicTBa U NnapaMeTpbl HEMPOHHOW ceTu Kak o6bekTa MATLAB"
MapameTpbl

. adaptParam - onpegensieT napaMeTpbl N 3Ha4YeHUs TeKyLLI,eVI q)yHKLI,VIVI adantauuu.

net.adaptParam - nons 3Toro CBOMCTBA 3aBMCAT OT Tekylueil PpyHKunn agantauumn (net.adaptFcn). Bbi3oBUTE BbILLEYMOMAHYTYIO CChIIKY,
4TO6bI YBMAETL NOAA TeKyllen dyHKLMM ajanTaunn.

Bbi3oBuTe help Ha TekyLlyto dhyHKUMIO aaanTaumm, 4Tobbl NONYyUNTb ONMCaHWe Kaxaoro us nonew: help(net.adaptFcn).
. initParam - onpepensieT napamMeTpbl U 3HAYEHNS TeKyLlel PYHKLUMM MHMLManM3auum.

net.initParam - Nons 3TOro cBOMCTBa 3aBUCAT OT TeKyllen dyHKUUK nHnunanmnsaumm (net.initFcn). Bbi30BUTE BbIEYNOMSIHYTYIO CCbLIKY,
4To6bI YBMAETHL NoNs Tekywen dyHKUuMM agantaumu.

Bbi3oBuTE help Ha TeKyLLyo DyHKLUMIO MHMLManu3auumn, 4Tobbl MoNy4YnTb onNncaHne Kaxaoro u3 nonei: help(net.initFcn)
. performParam - onpeaensieT napameTpbl U 3HaYeHUs TeKyLllen PYHKUUN PYHKLMOHUPOBAHUS.

net.performParam - Mo/ 3TOro CBOMCTBA 3aBUCAT OT TeKylluel hyHKUUU dyHKLMOHWPOBaHUs (net.performFcn). BbizoBuTe
BbILIEYMNOMSIHYTYIO CCbIIKY, YTOBbI YBUAETb NOMS Tekylelh GYyHKUMN dDYHKLUMOHUPOBaHMS.

Bbi3oBuTe help Ha TekyLyo PYHKLUMIO PYHKLUMOHUPOBAHUS, YTOBbI MONYYNTL ONUCaHWe Kaxaoro us nonen: help(net.performrFcn)
. trainParam - onpenensieT napaMeTpbl U 3HAaYEHUS TeKyLlel PYHKLUUN TPEHNPOBKN.

net.trainParam - Nons 3TOro CBOWCTBa 3aBUCAT OT TeKyLlel PyHKLUMN TpeHMpoBKkK (net.trainFcn). BbiI3oBUTE BbILLEYNOMSAHYTYIO CCbIIKY,
4TO6bI YBMAETL NOAA TeKylen dyHKLUMU DYHKLMOHUPOBAHUS.

Bbi3oBuTe help Ha TeKyLLyto DYyHKLMIO TPEHUPOBKM, YTOBbI MONYYNTb ONMCaHNe Kaxxaoro us nosnei: help(net.trainFcn)



CeMuHapbl O6y4yeHne JnyeHs BaHue MaTtepwuanbl a pym

MartemaTuka\Neural Network Toolbox

H0.M.Macno6oeB ""CBoiicTBa U NnapaMeTpbl HEMPOHHOW ceTu Kak o6bekTa MATLAB"
3HauyeHUs BECOB U CMELLeHU#

3Tu cBoicTBa onpeaensarT MO,EWICbVILI,VIpyeMbIe napaMeTpbl CETU. MaTpULbl BECOB N BEKTOPbI CMeLLeHNI.

. IW - onpepenset MaTpuLbl BXOAHbIX BECOB.

net.IW — MaccuB NxN; siueek, rae Nj- uncno cnoes B ceTu (net.numlLayers), a Ni- Yncno BxoAos cetu (net.numinputs).

MaTpuua BecoB 4715 CBSA3M i O €105 C j M BXOAOM (MNnu Hynesas MmaTtpuua []) onucbiBaetcs B: net.IW{i,j}, ecnn cooTBeTCTBYlOLEE BXOAHOE
coeauHeHue. net.inputConnect(i,j)- 1 (unm 0).

MaTpuua BeCoB UMeeT KOJIMYECTBO CTPOK, PaBHOE pa3Mepy Cfos, K KOTOPOMYy oHa oTHocuTcs (net.layers{i}.size). CoaepXuT KONMYeCcTBo
cTonbuoB paBHOE NPOU3BEAEHUIO PA3MEPHOCTM BXOAA Ha KOJIMYECTBO 3aJepPXeK, acCOLMMPOBAHHbIX C BECOM:

net.inputs{j}.size * length(net.inputWeights{i,j}.delays)

3TW pa3Mepbl MOTYT Takxe 6bITb nony4yeHbl U3 CBOWCTB BXOAHbIX BECOB:

net.inputWeights{i,j}.size

. LW - onpeaensieT MaTpuubl BECOB CBA3El MexAy C/OsSIMU.

net.LW - maccuB N; xN; aveek, rae Nj- uncno cnoes B cetn (net.numLayers).

MaTpuua BecoB A/15 CBA3M i O €/10s. € j M cnoeM (unu Hynesas maTtpuua []1) npeacrasneHa B: net.LW{i,j}, ecnu cooTBeTCcTBYIOLLEE
coeanHeHune cnos net.layerConnect(i,j) - 1 (vnum 0).

MaTpuua BeCoB MMEET KONMYEeCTBO CTPOK, paBHOE pa3Mepy €05, K KOTOpOMYy oHa oTHocuTcsa (net.layers{i}.size). CoaepXuT KOnM4ecTso
cTonbuoB paBHOE NPOU3BEAEHWNIO PA3MEPHOCTUN C/OS HA KOIMYECTBO 3aJepXeK, aCCOLUMMPOBAHHbBIX C BECOM:

net.layers{j}.size * length(net.layerWeights{i,j}.delays)

STW pa3Mepbl MOryT Takxe 6bITb MOMyYeHbl U3 CBOWCTB Beca Cos:

net.layerWeights{i,j}.size

. b - onpegensier BeKTOpbl CMELEHWIA ANS KaX40ro C/105 CO CMELLEHUNEM.

net.b - maccmB N, x1 auveek, rae Nj- uncno cnoes B cetn (net.numLayers).

BekTop cMelweHus ang i-ro cnos (unu Hynesasa(nycraa) matpuua [1) onpeneneH B net.b{i} ecnn cooTseTcTBYIOLEE COEANHEHME CMELLEHNSA
net.biasConnect(i)- 1 (unn 0).

Yuncno sneMeHTOB B BEKTOPE CMeELLEeHWUs BCeraa paBHO pa3Mepy CNos, C KOTOpbIM OH cBa3aH (net.layers{i}.size). 3T0T pa3mep MoxeT
Takxe 6blTb NOsy4YeH N3 CBOMUCTB cMelleHus: net.biases{i}.size.



CeMuHapbl O6y4yeHne JnyeHs BaHue MaTtepwuanbl a pym

H0.M.Macno6oeB ""CBoiicTBa U NnapaMeTpbl HEMPOHHOW ceTu Kak o6bekTa MATLAB"
Apyrue cBoicTBa

EAvMHCTBEHHOE Apyroe CBOMCTBO - CBOWCTBO AN A@HHbIX MOSb30BaTENS.

. userdata - 370 cBolCTBO 0becneumBaeT MecTo A5 Nonb3osaTenen, YTobbl 406aBUTb NOb30BaATENLCKYO MH(OPMAaLINIO O CETH.
net.userdata
Tonbko oaHo none npeaonpeaeneHo. OHO COAepPXUT cekpeTHoe cooblueHne BceM nonb3osaTtensm Neural Network Toolbox:

net.userdata.note



CeMuHapbl O6y4yeHne JnyeHs BaHue MaTtepwuanbl a pym

H0.M.Macno6oeB '"CBoiicTBa NoA06bEKTOB HEMIPOHHOW ceTn"
Bxopabl

3T CBOMCTBa onpeaensitoT CTPYKTYpYy i-ro ceTeBoro Bxoga. - net.inputs{i}

. range - onpegensieT AnanasoHbl U3MEHEHUS] KaXA0ro U3 3/1IEMEHTOB i-ro BXxoAa CeTu

net.inputs{i}.range - 3HaueHne 3TOro CBOMCTBA MOXET 6biTb YCTAHOB/IEHO B BUAE MAaTpULibl , rae - 4YMCNO 3/1EMEHTOB BX0OAA

(net.inputs{i}.size), N KaxAabli aneMeHT B cTonbue 1 MeHblUe YeM 3NEeMEHT, CneayowWwmin 3a HUM B cTonbue 2.
Rx2 R

Kaxpas j-aa cTpoka onpefensieT MMHMManbHOE U MakCUMasibHOe 3Ha4YeHUs j-ro BXOAHOro 3/1EMEHTA, B ClieayloweM rnopsake:
net.inputs{i}(j,:)
Ucrnonb3oBaHue.

HeKOTOpre d)yHKLI,VIVI MHUUMannsaunm Ncnonb3yrT AMana3oHbl BXOAHbIX 3HaYeHUN ANs BblYUCIEHUS COOTBETCTBYHOLWMNX HaYalibHbIX
3Ha4YeHnn MaTpuL BXOAHbIX BECOB.

ConyTtcTBytromne 3¢pheKTsi.

Bcsikuit pas, Koraa 4Mcno CTpoK B 3TOM CBOWCTBE U3MeEHSsieTCsl, pa3MepHOCTU BXxoaoB (net.inputs{i}.size) nameHsaoTcs Takum obpasom,
4TO6bI M36EeXaTb HecooTBETCTBMI. KonnyecTso BeCOBbIX KO3 dULMEHTOB Kaxaoro Beoaa (net.inputWeights{:,i}.size) n pasamepHocTn nx
BecoBbIX MaTpuy (net.IW{:,i}) Takxe naMeHsaTCS.

. size - onpefensieT YMCNO 3/1EMEHTOB B i-OM BXOAE CeTU
net.inputs{i}.size - MOXeT NpUHMMaTb 3Ha4YeHne O UInN NONOXUTENbHOE Lesloe YMCNOo.
ConyTtcTBytoumne s¢ppeKTsi.

Bcsknin pas, korga 3To CBOMCTBO U3MEHEHO, Anana3oHbl Bxoaos (net.inputs{i}.ranges), BxogHble Beca (net.inputWeights{:,i}.size) n
MaTpuubl BecoB (net.IW{:,i}) M3MeHAIOT pa3mMepHOCTN 4YTO6bI n3bexaTb HECOOTBETCTBUN.

. userdata - npefocTaBAsieT MecTo ANs nonb3oBaTtenen, 4Tobbl BBECTU AOMONHUTENBbHYIO MHpOpMaumio 06 i-M Bxoae ceTu.
net.inputs{i}.userdata
OpHo none npegonpeaeneHo. OHO coaepXxuT cooblieHne Ko BceM nosb3osaTensaM Neural Network Toolbox:

net.inputs{i}.userdata.note



CeMuHapbl O6y4yeHne JnyeHs BaHue MaTtepwuanbl a pym

H0.M.Macno6oeB '"CBoiicTBa NoA06bEKTOB HEMiPOHHOW ceTn"
Cnoun

OTW CBOMCTBA OnpeaenstoT CTPYKTYPY Kaxaoro i-ro cnos cetv - net.layers{i}

. dimensions - onpeaensiet Gpusmyeckme pasmepsbl i-ro c/10si HERPOHOB. BO3MOXHOCTb YNOpPAA0OUMBaTb HEMPOHBI €105 MHOFOMEPHbIM
cnoco6oM BaxHa AN CaMOOPraHU3yLWNXCs KapT.

net.layers{i}.dimensions - MoXeT 6bITb MPUCBOEHO 3HAYEHME BEKTOPA-CTPOKU U3 HYNIel U MONOXMUTENbHbIX LeNblX 31eMeHToB. pu 3ToM
npovssefeHne BCeX 3/1EMEHTOB paBHO YNCNy HenpoHoB B cnoe (net.layers{i}.size).

Ucrnosb3oBaHue.

Pa3zMepHOCTM €0S NCNOAb3YIOTCS, YTO6bI BbIYMCAATL NO3MLMKM HENPOHOB B croe (net.layers{i}.positions) ¢ NOMOLLbIO PYHKLWUSA TONONOIMUK
cnos (net.layers{i}.topologyFcn).

ConyTtcTBytoumne 3¢ppeKTsi.

Bcskuin pas, korga 3To CBOMCTBO U3MEHeEHO, pa3mepsbl cnoes (net.layers{i}.size) nameHaoTcs, 4tobbl nsbexarb HecooTBeTCTBUMNA. MMo3numnm
HelipoHoB B cnosx (net.layers{i}.positions) n pacctosHua mexay HeripoHamu (net.layers{i}.distances) Takxe MoanPUUNPYIOTCS.

. distanceFcn - onpeaenseT GYHKUMIO, UCNOMNb3YEMYIO AN BbIYNCNEHUS PACCTOSAHMS MexXAay HelpoHamu B i-oM cnoe (net.layersq{i}.
distances) no ux nosuumuam B cnoe (net.layers{i}.positions). PaccTossHns mMexay HepoHaMn UCNONb3YIOTCS
CaMOOpPraHu3yLWNMKUCS KapTaMmu.

net.layers{i}.distanceFcn - Ha3BaHue 60N PYyHKUMN paccTosHUSA, U3 Habopa GyHKUMI Tynbokca:

QYHKUNN pacCTOSHUM

boxdist PaccTosiHue mexay ABYMS BEKTOpPaMU MOSIOXEHUS.
dist BecoBas dyHKkuua EBknmaoBa paccTossHUA
linkdist CBsizaHHas PyHKUNSI pacCTOSAHUS

mandist BecoBas dyHKUMA paccTosiHus MaHxeTTeHa

ConyTtcTBytoumne 3¢ppeKTsi.

Bcskuin pas, korga 3T0 CBOMCTBO U3MEHSIETCS, pacCTosHME Mexay HeipoHamu cnos (net.layers{i}.distances) moanduumnpyetcs.

. distances (ToNbKO AN YTEHUS) - onNpeaenseT pacCTosHUA Mexay HempOHaMM B i-OM cnoe. 311 PaCCTOAHUA NCNONb3YOTCA
CaMOOpPraHM3yrnLwnMnca Kaptamu.

net.layers{i}.distances - Bo3BpalyaeT 3HayeHne pesysbTaTa NpUMeHeHnsa pyHKunn pacctosHusa cnos (net.layers{i}.distanceFcn) k
nosuumam HerpoHos cnos (net.layers{i}.positions)

. initFcn - 3TO CBOMCTBO onpefenseT GyHKLUUIO MHULManM3aLumm, UCNOb3yeMYIO AN MHULMANU3aumm i-ro cnos, B cnydvae, ecnm
byHKUMA nHULUManmnsaumm cetn (net.initFcn) — initlay.

net.layers{i}.initFcn - HazBaHWe NO60I DYHKLUMMN MHULManM3aumnm cnosa ns Tynbokca.

<DyH KU nHnumannsauum cnos



initnw OyHKUMSA MHMUManusaunn Hryen-Bugpoy (Nguyen-Widrow)

initwb DYHKUMSA MHMLUMANN3auum no Becam U CMeLeHnam

Ecnu ycTtaHoBNneHa pyHKLUMS MHMUMaNM3aumm cetu initlay, To GpyHKLUMS yKasaHHas 3TUM CBOMCTBOM WMCMOJb3YyeTcs, YTo6bI
MHWLMANM3NPOBaTbL BECa U CMeLLEeHMUs C/I0si B C/lydae, Korga Bbi3biBaeTcst dhyHKUMS init:

net=init(net)

. netlnputFcn - 3TO CBOWCTBO OnpeaenseT UCMob30BaHNe BXOAHOW (YHKLMM CETU ANA BblUMCIEHUS i-r0 BXOAA C/os CeTU
3aaBaeMOro B3BELIEHHbIMM BXOAAMU U CMELLEHUSAMMU.

net.layers{i}.netlnputFcn — Ha3BaHue N60N BXOAHOM PyHKLUMN ceTu 13 Tynbokca.

BxogHble dpyHKUMKN ceTu
netprod DOYHKUMSA NPOM3BEAEHMS BXOA0B

netsum DYHKLUMSA CYMMUPOBaHUS BXOLOB

BxoaHas yHKUMS CETU UCNONb3YeTCS ANA MOAENNPOBAHUSA CETU, KOrAaA Bbi3blBAeTCH PYHKUMS sim:

[Y,Pf,Af]=sim(net,P,Pi,Ai)

. positions (TONbKO AN YTEHUS) - 3TO CBOWMCTBO onpeaenseT nosmuumn HEVIDOHOB B i-OM cfioe. OTU NO3MLUUM UCMONb3YHTCA
CaMOOpPraHM3yrnLwWnMnNCa Kaptamu.

net.layers{i}.positions - BO3BpallaeT 3Ha4YeHne pesynbTaTta NpMMeHeHns pyHkumMn Tononorum cnos (net.layers{i}.topologyFcn) k
nosuumam pasmepHoctu cnosa (net.layers{i}.dimensions).

paguyeckoe npescTaBneHue.
Wcnonb3yiite plotsom, 4To6bl HAPUCOBaTb KapTUHY PACNOSIOXKEHUSI HEMPOHOB CNOS.

Hanpumep, ecnv HeMpoHbI MEPBOro C/0s CeTU pasMellleHbl ¢ pa3MepHocTaMu (net.layers{1}.dimensions) = [4 5] n ®yHKUMS TONOAOrMK
(net.layers{1}.topologyFcn) = hextop, TO NO3MLUNUM HENPOHOB PACMNOIOXeHbI TakK, KakK NoKa3aHOo Ha pPUCYHKe, NOSIyYeHHOM B pe3ynbTaTte
BbIMO/THEHUSA PYHKUNN:

plotsom(net.layers{1}.positions)



Meuron Positions
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. size - onpeaensieT YNCNO HENPOHOB B i-OM Crloe.

net.layers{i}.size - MOXXHO NpucBanBaTb 3HAa4YeHUA O N MNONOXMUTENBHOE LieNI0e YNCIO.

ConyTtcTBytromne 3¢ppheKTsi.

Bcakuin pas, Koraa 3To CBOMCTBO U3MEHSIETCS, pa3Mepbl BXOAHbIX BECOB K coto (net.inputWeights{i,:}.size) BecoBbIX KO3I(PPULMNEHTDI K
cnoto (net.layerWeights{i,:}.size), unu ot cnosa (net.inputWeights{i,:}.size), a Takxe cmeweHunii cnosa (net.biases{i}.size) nsmeHsoTcs.

PasMepHocTK cooTBeTCTBYIOWMX BecoBblX MaTpul (net.IW{i,:}, net.LW{i,:}, net.LW{:,i}) n cMeweHnin (net.b {i}) Takxe namMeHsaTCS.

M3MeHeHMe 3TOro CBOMCTBa TakXXe U3MeHseT pa3Mep Bbixoga cnosl (net.outputs{i}.size) n pasmepHocTb BekTOpa 3TanoHa (net.targets{i}.
size) ecnn OHW NPUCYTCTBYIOT.

HakoHeu, Koraa 3To CBOMCTBO U3MEHEHO, pa3MepHOCTb HelipoHoB cnos (net.layers{i}.dimension) yctaHaBnmMBaeTCcsa Ha TO Xe caMoe
3Ha4yeHue. (3To NpUBOANT K OAHOMEPHOMY PacrnosioXXeHno HenpoHoB. Ecnu TpebyeTcs apyroe pacnonoxeHue, yCTaHOBUTE CBOMCTBO
pa3MepHOCTN HeNnocpeaCTBEHHO, BMECTO TOro, YTobbl MCNOMb30BaTh Size.)

. topologyFcn — 3T0 CBOMCTBO onpeaensieT PyHKUMIO, NCMOSb3YEMYIO ANSt BbIYUCIEHWUS MO3ULNIA HEMPOHOB i-ro CNos No
pa3mepHocTaM cnos (net.layers{i}.dimensions).

net.topologyFcn - Ha3BaHue Nb6oi dyHKUMM Tononornn ns Tynbokca

Tononornyeckune yHKUNK

gridtop Tononoruyeckas GyHKUMA B BUAE CETOUHOMO C/osi
hextop Tononoruyeckas dyHKUMA B BUAE reKcaroHaabHoOro cnos
randtop Tononorunyeckas dyHKUMS B BUAE CydaliHOro cos

ConyTtcTByrowme 3¢hpeKTsb.

Bcsikmin pas, korga 3To CBOMCTBO M3MEHSIETCS, No3muumn HelpoHoB cnos (net.layers{i}.positions) mogmndbunumpytoTcs.

Ipagpnueckoe npescrassieHue.



Ncnonb3yiiTe plotsom, 4Tobbl HApNCOBaTb KapTUHY PacnosioXeHUst HEMPOHOB CoS.

HanpumMep, ecnv HelpoHbI NEPBOro CNOS CETU pa3sMelleHbl ¢ padmepHocTamu (net.layers{1}.dimensions) = [8 10] 1 dyHKUMS TONOAOIMN
(net.layers{1%}.topologyFcn) = randtop, TO NO31LMN HENPOHOB PaCMOIOXKEHbI TaK, Kak NoKa3aHo Ha pUCyHKe, MoJsly4YeHHOM B pe3ysnbTaTe
BbIMO/THEHUS PYHKUNN:

plotsom(net.layers{1%}.positions)
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. transferFcn - aTa dyHKUUS onpeaensieT hyHKUMIO akTMBaLMK, UCMOb3YEMYHO ANS BbIYMCIEHUS BbIXOAA i-rO C/I0S1 MO U3BECTHOMY
BXOAY C/OS.

position|2,i)

(K] 1 2 3 4
position(1,i)

net.layers{i}.transferFcn - kayecTBe 3TOM PYHKLMU MOXHO UCNONb30BaTb N0OY0 DYHKUMIO akTuBauum us Tynbokcea:

DOYHKLUUN aKTUBaLUK

compet KoHKkypupytowas dhyHKUMSA aKkTMBauum

hardlim CryneHyaTas GyHKUMUSA aKTMBaLUK

hardlims CTyneHyaTasi cMMMeTpuyHasa dyHKUUS akTuBaumm

logsig CurmonaHas (normctmyeckas) dyHKLMA akTuBauumn

poslin MonoxuTenbHas NMHeNHas PyHKUNSA aKTMBaUumm

purelin NnHelrHas dyHKUMS akTMBaunn

radbas PaananbHas 6asucHas dyHKUMS akTMBaLMm

satlin Hacbiwatowascs dyHKUMs akTmBaumm

satlins CuMMMeTpUYHan HacblWatloLlwascsa AMHenHas dyHKLMa akTuBaumm
softmax DyHKUNS aKTUBaLWUM, YMEHbLUAIOLWAsa AMana3oH BXOAHbIX 3HAaYEHUIN
tansig DYHKUNSA aKTUBaLUN rMnepboanyecKunii TaHreHe

tribas TpeyronbHasi GyHKUMS aKTUBaLUm



DyHKUNSA aKTMBALMKN UCMNONb3yeTCs, 4Tobbl MOAENMpPOBaTh CETb KOMAa Bbl3blBAETCA PYHKLUMS sim:
LY,Pf,Af] = sim(net,P,Pi,Ai)

. userdata - 3TO CBOWCTBO npeaocrtaBndeT Mecto and nonb3oBartenen, 4Tobbl BBECTH AOMNOHUTENTbHYIO MHd)OpMaLlMIO 06 i-M cnoe
ceTun.

net.layers{i}.userdata
OpHo none npenonpeaeneHo. OHO coaepXxuT coobuieHme Ko BceM nonb3osaTtensam Neural Network Toolbox.

net.layers{i}.userdata.note



CeMuHapbl O6y4yeHne JnyeHs BaHue MaTtepwuanbl a pym

H0.M.Macno6oeB ""CBoiicTBa NoA06bEKTOB HEMIPOHHOK ceTn"
Bbixoabl

. size (TONbKO ANSA YTEHWUA) - BO3BPALLAET YNC/IO 3/IEMEHTOB B i-M BbIXOAE CNOs

net.outputs{i}.size - Bo3BpallaeT pa3mep i-ro cnos (net.layers{i}.size)

. userdata - 3TO CBOWCTBO npeanocrtaBndeT MecTto and nonb3oBaTtenemn, 4Tobbl BBECTU AOMNOSTHUTENTbHYHO VIHCbOpMaLLVI}O 06 i-M cnoe
ceTn.

net.outputs{i}.userdata

OpHo none npenonpeaeneHo. OHO COAEPXUT coobuieHme ko BceM nonb3oBatensM Neural Network Toolbox.

net.outputs{i}.userdata.note



CeMuHapbl O6y4yeHne JnyeHs BaHue MaTtepwuanbl a pym

H0.M.Macno6oeB '"CBoiicTBa NoA06bEKTOB HEMIPOHHOW ceTn"
STanoHbI

. size (TONbKO ANA YTEHUS) - BO3BPALLAET YNCNO 3/1EMEHTOB B 3TasIOHE i-ro €nos
net.targets{i}.size - Bo3Bpawiaet pa3mep i-ro cnos (net.layers{i}.size)

. userdata - 3TO CBOWCTBO npeanocrtaBndeT MecTto and nonb3oBaTtenemn, 4Tobbl BBECTU AOMNOSTHUTENTbHYHO VIHCbOpMaLLVI}O 06 aTanoHe i-
Fo cno4a ceTu.

net.targets{i}.userdata
OaHo none npegonpeaeneHo. OHO coAepXuT cooblieHne ko BceM nonb3osatensm Neural Network Toolbox.

net.targets{i}.userdata.note



CeMuHapbl O6y4yeHne JnyeHs BaHue MaTtepwuanbl a pym

H0.M.Macno6oeB '"CBoiicTBa NoA06bEKTOB HEMIPOHHOW ceTn"
CMelleHus

. initFcn - 3To CBONCTBO onpeaenseT MYHKLUMIO, UCMOMb3YEMYHO AN MHUUMANN3aUnmM BEKTOpa CMELLEHUI i-ro Cros B criyyae, ecnu
ncnonb3yerca MYHKUUA MHULUMann3aumm cetu initlay n dyHKUMa nHnumanmnsaumm cnos - initwb

net.biases{i}.initFcn — 3agaeTca B BuAe Ha3BaHUS QYHKUMM MHULMANM3aUUmM CMELLEHN U3 HacTosLlWwero Tynbokca:

DOYHKUMN MHMUMANM3ALMM CMELLEHUI

initcon “Co3HaTenbHaa"” GyHKUMS MHMLKaNu3aumm
initzero MHuumanmsaumsa c yCTaHOBKOW HyNeBbIX 3HAYEHUI CMELLEHMIA U BECOB
rands MHnumanmsaymsa ¢ yCTaHOBKON CMMMETPUYHbIX CllyYaHbIX 3HAaYEeHM BECOB M CMeLLEeHUN

3Ta PYHKUMS NCNONb3YyeTCs, YTOObl BIYNCASATL HavalbHOE 3HaYeHne BeKTopa cMelleHnit ans i-ro cnos (net.b{i}), npu BbI30Be init B TOM
cnydae, Koraa B kadectse dyHKUMM MHMLUManm3aunm cetn (net.initFcn) BbibpaHa initlay n B kayectse GyHKUMN MHULMANU3aLMM i-ro cnos
(net.layers{i}.initFcn) BbibpaHa initwb.

net = init(net)

. learn = 310 CcBOMCTBO onpeaensieT, 6yAeT NN U3MEHEH i-1i BEKTOP CMeLleHuns B npouecce obyyeHns n agantauunu.

net.biases{i}.learn — MoxeT 6bITb YyCTaHOBNEH B O unu 1, paspewas uam 3anpewas Mmoaudukaumio cMeLweHunii npm Boizose dyHKUM adapt
nnu train:

[net,Y,E,Pf,Af] = adapt(NET,P,T,Pi,Ai)

[net,tr] = train(NET,P,T,Pi,Ai)

. learnFcn - 3To CBOWCTBO onpeaenseT MyHKLMIO, UCMONb3yeMYIo AN MOoaudMKaLmMmM BEKTOPa BECOB i-ro Cos B npouecce
TPEHUPOBKM, B Cllyyae, ecnn B KayecTBe yHKUMM TPEHWPOBKM CETU BbiGpaHbl trainb, trainc, uam trainr a Takxke B npouecce
afjanTaumu, ecnv B Kayectse MyHKUMM aganTtaumny cety BolibpaHa trains.

net.biases{i}.learnFcn — Ha3BaHue GyHKUNKN 0ByUyeHUs U3 HacTosiwero Tynbokca.

®YHKUMKN 06yUeHUs

learncon Obyuatowasa GyHKUNS CMeLLeHnI

learngd Obyuyatowas dyHKUMS rpafMeHTHOro cnycka

learngdm Obyuatowas dyHkums Xa66a

learnp Obyyatowas dyHKUMA CMELWEHU U BECOB NepLenTpoHa

learnpn Obyuatowwas GyHKLMS HOPManM30BaHHbIX CMeLLEeHWI 1 BECOB NepLenTpoHa
learnwh Mpasuno obyueHns Ynapoy-Xodbda (Widrow-Hoff)

DyHKUMA 06ydeHna moambnumpyert i-n BekTop cMewweHns (net.b {i}) npu Bbi3oBe train, B cnyyae, ecnm B kayectse MYHKUUM TPEHNUPOBKHN
(net.trainFcn) BbI6paHbl trainb, trainc, nam trainr, a Takxe npwu Bbi3oBe adapt, ecnun B kayecTse dpyHKUMKM agantaunmn (net.adaptFcn)
BblbpaHa trains.



[net,Y,E,Pf,Af] = adapt(NET,P,T,Pi,Ai)

[net,tr] = train(NET,P,T,Pi,Ai)

ConyTtcTByroume 3¢hpeKTsb.

Bcsikmnin pas, korga 3To CBOMCTBO M3MEHEHO, NapaMeTpbl 06yyeHuns cMeweHuii (net.biases{i}.learnParam) ycTaHOBNMBAKOTCA TakKuUM
o6pa3omM, UTobbl cogepxaTb MO U 3HAYEHUS MO YMOMYaHUIO HOBOW DYHKLMN.

. learnParam - 3TO CBOWCTBO onpeAensieT napaMeTpbl 3Ha4YeHUs obyyeHnss ansa Tekylen pyHKLUMN 06yUYeHns CMeLWeHni i-ro cros.

net.biases{i}.learnParam

Mons 3Toro cBOMCTBa 3aBUCAT OT TeKylen pyHKUMn 0byyeHuns (net.biases{i}.learnFcn). Bbi3oBMTE BbiLEYNOMSHYTYH CCbIJIKY, YTO6bI
03HaKOMUTLCA C NOMSIMU TeKyluel dyHKLMU 0byueHuns.

Bbi30oBMTE CcripaBKy Ans TeKylen dyHKUuMM 0byyeHus, UTobbl NoNyYnMTb ONMCaHWe KaXaoro U3 rnonemn:
help(net.biases{i}.learnFcn)

. size (TONbKO ANS YTEHUA) - BO3BpaLLaeT pa3Mep BeKTopa CMeLleHus i-ro cros.
net.biases{i}.size —Bceraga Bo3spawiaeT pa3mep i-ro cnos (net.layers{i}.size).

. userdata - 3TO CBOWCTBO NpeaocTaBasieT MecTo Ansa nosb3oBaTenen, YTobbl BBECTM AOMOSHUTENBbHYIO MHGOpMaLmio 06 3TanoHe i-
ro Crosi ceTw.

net.biases{i}.userdata
OpHo none npenonpeaeneHo. OHo coaepXxuT coobuieHne Ko BceM nonb3osaTtensaM Neural Network Toolbox.

net.biases{i}.userdata.note



CeMuHapbl O6y4yeHne JnyeHs BaHue MaTtepwuanbl a pym

H0.M.Macno6oeB '"CBoiicTBa NoA06bEKTOB HEMiPOHHOW ceTn"
BxopaHble Beca

. delays - 3T0 CBOMCTBO onpeaensieT AUCKPETHYIO 3a4ePXKKYy MeXAy j-M BXOAOM U ero Ko3pduumneHToM cBsizu (BECOM) C
i — M crnoem.

net.inputWeights{i,j}.delays — MOXeT npuHMMaTb 3Ha4YeHNe B BUAE BEKTOPA-CTPOKM U3 HYNEeN AN LenblX NONOXUTENbHbIX YMcen.
ConyTtcTByrome 3¢ppheKTsi.

Bcsikuit pas, Korga 370 CBOMCTBO M3MeHeHO, pa3mep BecoB (net.inputWeights{i,j}.size) n pazmepHocTb MaTpuubl BecoB (net.IW{i,j})
TaKXe N3MEHSTCS.

. initFcn — 3To0 CBOMCTBO onpeaenseT GyHKLUMI0, UCMOMb3yeMYIO ANS MHMUMANn3aLumMm MaTpuLbl BECOBbIX KO3(hdULMEHTOB (BECOB)
MeXAy j-M BXOAOM U i-M C/I0eM, B C/lyyae Korgaa B KayecTBe MYHKLUMWM MHMLMaNM3aLmMm CeTn Ncnonb3yeTcs initlay a B kayectee
GbYHKLUUM MHULMANM3aUnMK i-ro cnos Mcnonb3yeTcs initwb.

net.inputWeights{i,j}.initFcn - 3agaetca B Buae HasBaHus GyHKUMM MHULManM3auum Beca M3 HacTosiwero Tynbokca.

CDyH KU nHnumanmsaumm BeCcoB

initzero MHnumanmsaumsa ¢ yCTaHOBKOW HyJIeBbIX 3HAYEHMIN BECOB U CMELLEHNI

midpoint MHnumanmsaumsa ¢ yCTaHOBKOW CpefHNX 3Ha4YeHU BeCoB

randnc MHuumanmsaumsa ¢ yCTaHOBKOW HOPMasiM30BaHHbIX 3HAaUYEHMN CTONOLO0B BECOBbIX MaTpUL.
randnr MHnumanmsauma ¢ yCTaHOBKOW HOPManuM30BaHHbIX 3HAaYEHW CTPOK BECOBbIX MaTpuL.
rands MHuumManmsaumsa ¢ yCTaHOBKON CMMMETPUUHbIX CllyYalHbIX 3HAYE€HUI BECOB U CMELLEHNNA.

3Ta PYHKLMSA UCNONb3YETCH, ANS BbIYNCIIEHNSA UCXOAHOM MaTpULbl AN BECOBbIX KO3(PdPUUMEHTOB (BECOB) MEXAY j-M BXOAOM M i-M CloeM
(net.IW{i,j}) koraa Bbi3aBaHa dyHKLMSA init B TOM cny4vae, eciv B KayecTBe PyHKUUN MHMUmnanmsaumm cetn (net.initFcn) ncnonbsyercs
initlay a B kayecTBe yHKLMM MHMLManM3aumm i-ro cnos (net.layers{i}.initFcn) ncnonesyetcs initwb.

net = init(net)

. learn - 310 cBOWCTBO onpefensieT 6yAeT M MaTpuyLa BECOB K i-My C/00 OT j-ro BXoJa U3MEeHEeHa B npouecce obyyeHus u
apanTaumu.

net.inputWeights{i,j}.learn - yctaHaenmBaetcs B O unu 1, paspeluas uim 3anpeiias MoamduKaLunio BECoB B npoLiecce obyyeHns, ecnm
BbI3BaHbl adapt nau train.

[net,Y,E,Pf,Af] = adapt(NET,P,T,Pi,Ai)
[net,tr] = train(NET,P,T,Pi,Ai)

. learnFcn - 3To cBOMCTBO onpeaensieT dyHKUMIO, UCMONb3YEMYHO A5 MoAUDMKALMM MaTpULbl BECOB K i-My C/IOK OT j-ro BXoaa B
npoLecce TPEHUPOBKU, B CllyYae, eC/M B kayecTBe (PyHKLMN TPEHUPOBKM CETU BbiGpaHsbl trainb, trainc, nau trainr a Takxe B
npouecce agantauuu, ecnv B kayectse QyHKLMKW aganTauum ceTu BoibpaHa trains.

net.inputWeights{i,j}.learnFcn - 3apaetcsa B Buae Ha3BaHMa PyHKLUKN 06y4eHMsa BECOB M3 HacTosLero Tynbokca



DyHKUMKN 0ByyeHns BeCoB

learngd Obyuyatowas dyHKUMS rpafMeHTHOro cnycka

learngdm Obyuvatowas PyHKUNS rpagneHTHOro cnycka C y4eToM MOMEHTOB
learnh Obyuyatowas dyHkuma Xa66a

learnhd Obyuatowas dyHkuma Xab66a c yyeTom 3aTyXxaHus

learnis Obyuatowasn GyHKums instar

learnk Obyuatowas dyHkuma KoxoHeHa

learnivl Obyuatowas dyHkums LVQ1L

learniv2 Obyuyatowas dyHkums LVQ2

learnos Obyuyatowas dyHKumMsa outstar

learnp Obyuyatowas dyHKLUMS CMELWEHUI U BECOB NepLenTpoHa

learnpn Obyuvatowas GyHKUNS HOPMANIM30BaHHbIX CMELLEHMIA U BECOB NepLenTpoHa
learnsom Obyuatowasn GyHKUNS CaMOOpraHU3yoLWwencs KapTbl BECOB
learnwh Obyuatowas dyHkumna Ynagpoy-Xodda (Widrow-Hoff)

DyHKUNSA 06yyeHnss MoanduumMpyeT BECOBYIO MaTpuuy i-ro cnos ot j-ro exoga (net.IW{i,j}) npu Bbi3oBe train, B cyyae, ecin B Kavyectse
dyHKUMKN TpeHnpoBkK (net.trainFcn) Bbi6paHsbl trainb, trainc, nnwm trainr, a Takxe npu Bbi3oBe adapt, ecnn B KayecTse GyHKLUN
afjantaumun (net.adaptFcn) BbibpaHa trains.

[net,Y,E,Pf,Af] = adapt(NET,P,T,Pi,Ai)

[net,tr] = train(NET,P,T,Pi,Ai)

. learnParam - 3To CBOWCTBO onpeaensieT napaMeTpbl U 3HaYeHUsl 06ydeHns ans Tekyllein GyHKLMM 06yyeHus Beca i-ro cnos oT j-
ro BXoaa.

net.inputWeights{i,j}.learnParam - nona 3Toro CBOMCTBa 3aBUCAT OT TeKyluenh pyHKUMN 0bydeHuns (net.inputWeights{i,j}.learnFcn).
O6paTuTech K BbILEYNOMAHYTON CCbl/IKe YTOObl YBMAETb NONS TeKyLlen GyHKUNN 0BydeHuns.

BbizoBuTe help Ha Tekywern dyHKUMM 06yyeHnst, YTobbl NONYUNTb ONMCaHME KaXXAoro U3 Mnosnen:

help(net.inputWeights{i,j}.learnFcn)

. size (TONbKO AN YTEHMS) - 3TO CBONCTBO onpeaensieT pa3MepHOCTb MaTpULbl BECOB i-ro Cnos OT j-ro Bxoda CeTu.

net.inputWeights{i,j}.size - oHO Bcerga yctraHaBnMBaeTcsa B BMAE ABYX3/1IEMEHTHONO BEKTOPa-CTPOKM, YKa3blBatoLWEro YNCNo CTPOK U
cTonbuoB cooTBeTCcTBYOWEN MaTpuubl BecoB (net.IW{i,j}). MepBbii anemMeHT paBeH pa3mepy i-ro cnos (net.layers{i}.size).

BTOpOW 3/1eMEHT paBeH MPOM3BEAEHMIO A/IMHbI BEKTOPOB 3aepXXeK BECOB HA pasMep j-ro BXo4a.

length(net.inputWeights{i,j}.delays) * net.inputs{j}.size

. userdata - 3TO CBOWCTBO NpeaocTaBnseT MecTo AN nofib3oBaTenen, 4Tobbl BBECTM AOMOSHUTENBbHYO MHpOpMaumio 06 3TanoHe i-
ro crnosi ceTw.

net.inputWeights{i}.userdata

OpHo none npenonpeaeneHo. OHO coaepXxuT coobuieHme Ko BceM nonb3osatensam Neural Network Toolbox.

net.inputWeights{i}.userdata.note

. weightFcn - 3To CBOICTBO onpeaenseT hyHKUUIO, UCMOSIb3YEMYIO A5 MPUMEHEHMUSI K BECaM OT BXOAA K j-My C/0H0.

net.inputWeights{i,j}.weightFcn - 3agaeTcs B Buae Ha3BaHUsA PyHKUUN BECOB U3 HacTosLero Tynbokca

BecoBble dyHKUMMU

dist EBKINAOBO paccTosiHne



dotprod BecoBas yHKLUMS B BUAE CKANSPHOro NpoU3BeaeHuUs

mandist BecoBas dyHKUMS — paccTosiHne MaHxeTTeHa
negdist BecoBas yHKUMA — OTpuUaTeNbHOE paccTosHue
normprod HopMmupoBaHHOe ckansipHoe npousBeaeHue

BecoBble PYHKLNN UCMONL3YIOTCS, KOrAa Bbi3blBaeTca PyHKUUSA sim A8 MOAENMPOBaHUA CETU.

LY,Pf,Af] = sim(net,P,Pi,Ai)



CeMuHapbl O6y4yeHne JnyeHs BaHue MaTtepwuanbl a pym

H0.M.Macno6oeB '"CBoiicTBa NoA06bEKTOB HEMiPOHHOW ceTn"
Beca cnoes

. delays — 3T0 CBOWCTBO onpefensieT AUCKPETHYIO 3aZlePXKy MeXAy j-M C/oeM 1 ero Koa@duumneHToM CcBs3n (BECOM) C i — M C/I0eM.
net.layerWeights{i,j}.delays — MOXeT NpMHMMaTb 3Ha4YeHWe B BUJE BEKTOPA-CTPOKU U3 HYNel UK LenblX NOMOXUTENbHbIX Yncen.

. initFcn - 3To CBOWCTBO onpeaenseT MYHKLUMIO, UCMONb3yEMYIO AN MHULMANM3aumMm MaTpuLbl BECOBbIX KO3(PdUUMEHTOB (BECOB)
MeXAay j-M CNOEeM U i-M CNOoEeM, B C/lyYae Koraa B Kayectse PyHKUMN MHULMANU3aumMm CeTU ncnonb3yeTtcs initlay a B kayectse
DYHKLUUM MHULMANM3aUnMK i-ro cnos Mcnonb3yeTcs initwb.

net.layerWeights{i,j}.initFcn - 3apaeTtcs B BuAe HasBaHUA PyHKUMN MHULMANN3aLMK Beca U3 HacToswero Tynbokca.

DYHKUMN MHMUMANN3aLMnN BECOB

initzero MHnumanmsaumsa ¢ yCTaHOBKOW HyJeBbIX 3HaYE€HMN BECOB U CMELLEHNN

midpoint MHuumanmsaumsa ¢ yCTaHOBKOW CpefHUX 3HauYeHu BeCoB

randnc WNHuumanumsaums ¢ ycTaHOBKOW HOPMasiM30BaHHbIX 3HAYEHW CTON6LOB BECOBbIX MaTpuL.
randnr MHuumManmsaumsa ¢ yCTaHOBKOW HOPManM30BaHHbIX 3HAYEHWU CTPOK BECOBbIX MaTpuLL.
rands MHnumanmsaumsa ¢ yCTaHOBKOW CMMMETPUYHbIX C/lyYalHbIX 3HAYEHUIA BECOB U CMELLEHUN.

3Ta PYHKUMS NUCNONb3YeTCs, ANS BbIYNCIEHMNS NCXOAHON MaTpuULbl 4515 BECOBbIX KO3(MMULNEHTOB (BECOB) MeXAY i-M C/I0eM U1 j-M CnoeM
(net.LW{i,j}) koraa Bbi3BaHa dyHKUMSA init B TOM cny4dae, ecnv B KayecTse PyHKUMU MHULManmn3aumm cetn (net.initFcn) ncnonb3yetcs
initlay a B kayectBe dyHKUUM MHMUManu3aumm i-ro cnos (net.layers{i}.initFcn) ncnone3syercs initwb.

net = init(net)
. learn - 370 cBONCTBO onpeaensieT 6yaeT M maTpuua BECOB K i-My C/0K0
OT j-ro cnos n3MeHeHa B npouecce obyyeHns v agantauun.

net.layerWeights{i,j}.learn - yctaHaBnmBaetcs B 1 nnu 0, paspeluas nim 3anpewas Mmoambukauuo BeCoB B npouecce obyyeHus, ecnm
BbI3BaHbl adapt nnu train.

[net,Y,E,Pf,Af] = adapt(NET,P,T,Pi,Ai)
[net,tr] = train(NET,P,T,Pi,Ai)

. learnFcn - 3To CBOWCTBO onpeaenseTt GyHKLMIO, UCMONb3YEMYIO ANsl MOAUDMKaLMKM MaTpULbl BECOB K i-My C/IOH0 OT j-ro C/os B
npouecce TPEHNPOBKM, B Cllydae, ecin B KauecTBe PpyHKLUMM TPEHMPOBKM CETU BbIGpaHsbI trainb, trainc, vnu trainr a Takxe B
npolecce agantauun, ecnv B KayecTse dyHKLMM aganTaumm ceTu BolibpaHa trains.

net.inputWeights{i,j}.learnFcn - 3agaetca B Buge Ha3BaHua QyHKLUUKM 06yveHUs BECOB M3 HacTosLero Tynbokca

®yHKUMKN 0byyeHns Becos
learngd Obyuatowas GyHKLUMSA rpaAneHTHOro crnycka

learngdm Obyyatowas dyHKUMS rpaaMeHTHOro Cnycka C Y4eTOM MOMEHTOB



learnh Obyuatowasn dyHKuna Xab6ba

learnhd Obyuyatowas dyHkuma Xabba c yyeTom 3aTyxaHus

learnis Obyuyatowas dyHKumMs instar

learnk O6yuatowas dyHkuma KoxoHeHa

learnivl Obyuatowas dyHkuma LVQ1L

learniv2 Obyuatowas dyHkums LVQ2

learnos Obyuyatowas dyHKumMa outstar

learnp Obyuvatowias yHKUMS CMELLEHUIA U BECOB NepLenTpoHa

learnpn Obyuvarowasa PyHKUNS HOPMaSM30BaHHbIX CMELLEHMI U BECOB NepLenTpoHa
learnsom Obyuyatowas dyHKLUMSA CaMOOpraHU3YoLWeEeNCcs KapTbl BECOB

learnwh O6yuyatowas dyHkuma Ynapoy-Xodda (Widrow-Hoff)

DyHKUMA 06ydyeHns moamduumMpyeT BECOBYIO MaTpuuy i-ro cnos ot j-ro cnos (net.LW{i,j}) npu BbI30Be train, B cny4dae, eCiv B KayecTse
dyHKUUKM TpeHnpoBkK (net.trainFcn) BbibpaHbl trainb, trainc, nam trainr, a Takxe npu Bbi3oBe adapt, ecnn B KayecTse pyHKUNN
afjantaummn (net.adaptFcn) BbibpaHa trains.

[net,Y,E,Pf,Af] = adapt(NET,P,T,Pi,Ai)

[net,tr] = train(NET,P,T,Pi,Ai)

. learnParam - 3T0 CBOWCTBO onpeaenseT napaMeTpbl U 3Ha4YeHUs 0byyeHuns ans Tekywen dyHKunm obyvyeHns Beca i-ro cnos or j-
ro Cnos.

net.layerWeights{i,j}.learnParam

Mons 3TOro CBOMCTBA 3aBUCAT OT TeKyLen PyHKUMN 0ByyeHuns

(net.layerWeights{i,j}.learnFcn).

BbizoBuTe help Ha Tekyweln dyHKUMM 06ydYeHns, 4Tobbl NONYUYUTb ONMCAHNE KaXAoro 13 rnosewn.

help(net.layerWeights{i,j}.learnFcn)

. size (TONbKO ANa YTEHMS) — 3TO CBOWCTBO onpeaenseT pa3MepHOCTb MaTPULLbl BECOB i-ro CNos OT j-ro Cnos ceTu.

net.layerWeights{i,j}.size - ycTaHaBnnBaeTcs B BUAE ABYX3/IEMEHTHOIrO BEKTOPa-CTPOKM, YKa3blBaloLero Y1Ccno CTpok n ctonbuos
cooTBeTcTBYoWeN MaTpuubl BecoB (net.LW{i,j}). MNepBblt aneMeHT paBeH pa3Mmepy i-ro cnos (net.layers{i}.size).

BTOpOWV 3/1eMEHT paBeH MPOU3BEAEHMIO AJIMHbI BEKTOPOB 3a€PXXEK BECOB HA pasMep j-ro cios.

length(net.layerWeights{i,j}.delays) * net.inputs{j}.size

. userdata - 3TO CBOWCTBO NpeaocTaBasieT MecTo AN nofb3oBaTenen, YTobbl BBECTM AONONHUTENBbHYIO MHdOopMaumio 06 (i,j)-Becax
cnoes.

net.layerWeights{i}.userdata

OpHo none npenonpeaeneHo. OHO coaepXxuT coobuieHme Ko BceM nonb3osatensam Neural Network Toolbox.

net.layerWeights{i}.userdata.note

. weightFcn = 370 cBOICTBO onpeaensieT MYHKUUIO, NCNONb3YEMYIO AN MPUMEHEHUS K BECaM OT i-ro Cnos K j-My Cnoto.

net.layerWeights{i,j}.weightFcn - 3aaaeTtca B Buae Ha3BaHua GyHKLMN BECOB U3 HacTosuero Tynbokca

BecoBble dyHKUMMU
dist EBKNINAOBO paccTosiHune

dotprod BecoBas dyHKUMA B BUAE CKansapHOro nponsseaeHuns



mandist BecoBasi dyHKLMA — paccTossHWe MaHxeTTeHa
negdist BecoBas dyHKUMA — OTpuUaTesibHOE paccTosiHue

normprod HopMupoBaHHOe ckansipHoe rnpousseaeHune

Becosble (DYHKLI,VIVI MCNOJb3YTCA, KOrAa BbI3bIBAETCS SiM ANS MOAEIMPOBaHUS CEeTU:

LY,Pf,Af] = sim(net,P,Pi,Ai)



Bo mepBbIX N0 3TOMY MHOr0 MHdOPMaLun Ha opyMe N B MHTEPHETE, BO BTOPbIX BOMPOC CANLIKOM 061N Ha
Hero MoXHo oTBeTUTb HC TONNLKO M YMEIT YTO annpoKCMMmMpoBaTb d-un.

Hy a ecnu no peny:

1) Bepete B npaByto pyky MatLAb

2) neBov HabupaeTe cneayloLWmMn Koa,

{i; be3 noacBeTkM

1: |X=0: 0. 1: 10;

Y=sin(X);

net = newff([0 10],[5 1],{'tansig" 'purelin'});
net=train(net, X Y);

X2=1: 0. 15: 8;

Y2=si m(net, X2);

pl ot (Y2);

RN ORI

OTO ABYC/I0iHAsA HEMPOCETb NPSIMOr0 PacnpoCTpPaHEeHUs C curMonaasnbHOM (yHKUMEN CKPbITOro Cnos
KOTOpas annpoKCcuMmMpyeT dyHKUMI0 sin(X)

415 6osiee CNOXHbIX onepauunii BaM HyXHO no4yuTaTb nnTtepaTtypy no HC Tuna KanaHa...

http://forum.vingrad.ru/forum/s/df5732e4ee7b26281aa...9952369d6e/topic-184562/anchor-entry1333540/0.html [12.03.2008 13:53:02]
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