NMPUMEP CO3AHUA OAHOHAMPABJIEHHOWU CETWU

Llenb 3aHATMA — NPOAEMOHCTPMPOBATL OCHOBHbIE 3Tanbl peanmsaumm
HEWPOHHO-CETEBOro noaxoaa A/ peleHnss KOHKpeTHOW 3aaa4yn. MoXHOo
BblAENNTb 4 OCHOBHbIX 3Tana:

1. NoarotoBKka AaHHbIX ANS TPEHUPOBKU CETMU.

2. Co3paHue ceTw.

3. ObyueHune ceTn.

4. TecTupoBaHue ceTu.

5. MogenunposaHune cetun. (Micnonb3oBaHMe ceTu A5 peLleHns NoCTaBNeHHOMN
3a4a4un.)

B kauecTBe nNpuMepa pacCMOTPUM CNEeAYIOLLYO 3a4auy:

o o S
3ap,aH MaCCuUB, COCTOAWNN N3 HECKOJIbKUX 3HaAYEHUNN d)YHKLI,MM y=Ce

(5>0) Ha nHTepBane (0,1). Co3aaTb HEMPOHHYIO CETb TaKYl, YTO Npu BBOAE
3TMX 3HAYEHUN Ha BXOAbl CETU HA BbIXOAax Mosiyyanmcb 6bl 3HaUYEHUS
napameTtpos C, Au S.

1. MoarotoBka AaHHbIX AN 06yuyeHUn ceTun

B nepsyto ouepenb Heob6xoaMMO onpenennTbCs C pa3MepHOCTbIO BXOAHOMO
MaccuBa.

BblbepeM KONMYeCTBO 3HaUYeHn GyHKUMM paBHbiM N=21, T.e. B KayecTBe
BXOAHbIX BEKTOPOB MacCMBa MCMNOJib3yeM 3Ha4YeHUsa QYyHKUMU Y B TOUKaX
x=0.05; ...1.0. Ang obyyeHns cetn Heobxoanmo cchopMmnpoBaTb MaccuB
BXOAHbIX BEKTOPOB ANs pa3finyHbiXx Habopos napameTpoB C, A n S. Kaxabin
Habop 3TUX NapaMeTpoB SBASETCSH BEKTOPOM-3TasIOHOM AN
COOTBETCTBYHOLWEro BXOAHOIO BEKTOPA.

ANns noagroToBKM BXOAHOIMO M 3TAJIOHHONO MacCMBOB BOCMOJ/Ib3yeMCS
cneaoyrowmMm anroputMom. Beibnpaem cnydamHbiM 06pa3oM 3Ha4YeHUs
KOMMOHEHT BeKTopa — 3TasnoHa C, A U S 1 BblYNCNSAEM KOMMOHEHTbI
COOTBETCTBYIOLLEr0 BXOAHOrO BekTopa. NoBTopsaem 3Ty npoueaypy M pas u
nosiydyaeM MaCcCuB BXOAHbIX BEKTOPOB B BMAE MaTpuubl pa3aMepHOCTbi0O NXM u
MaCcCuB BEKTOPOB — 3Ta/IOHOB B BMAE MaTpuLbl pa3MepHOCTbIO B HalleM
cnydae 3xM. lNMony4yeHHble MAaCcCUBbI Mbl MOXEM MCMNOJIb30BaTb A8 06ydeHus
ceTw.

Mpexae 4yeM npuctynaTb K GopMmMpoBaHuto obyyatoLmx MaccMBOB
Heo6X0ANMO ONMpPeAEUTbCA C HEKOTOPbIMU CBOMCTBAMN MacCUBOB.

1. nana3oH naMeHeHuns napametpos C,A S. BuibepeM ananasoHbl
nameHeHuns napametpoB C,A,S paBHbiMu (0.1, 1). 3HadeHuUsd, 6nnskue
K O 1 caM 0 UCKIOUYMM B CBA3M C TeM, 4YTO PyHKUMS HE onpeneneHa
npn S=0. BTopoe orpaHnyeHne cBA3aHO C TeM, YTO Npu
MCNOMIb30BAHNM TUMNYHbBIX NepeaaToYHbiX MYHKUMIM XKenaTenbHo,
4TO6bl KOMMNOHEHTbLI BXOAHbIX U BbIXOAHbIX BEKTOPOB HE BbIXOAWUN 33
npeaenbl gnanasoHa (-1,1). B ganbHenweM Mbl NO3HAKOMUMCS C



MeT0AaMuU HOPMUPOBKN, KOTOPbIe NO3BONSAKT 0601NTHN 3TO
orpaHuyeHue.

2. KonnyecTtBo BXOAHbIX U 3TANIOHHbIX BEKTOPOB BblI6EPEM paBHbIM
M=100. 2Toro gocrato4Ho ans obyyeHus, a npouecc obydyeHuns He
3aiMET MHOro BPEMEHM.

TecToBble MacCMBbl M 3TaNOHbl NOAMOTOBMM C MOMOLLbIO MPOrpaMMbl masl:
% dopMupoBaHMe BXOAHbIX MaccuBoB (BXoAHOM MaccuB P) un (3TanoHbl T)

P=zeros(100,21);
T=zeros(3,100);
x=0:5.e-2:1;
fori=1:100
c=0.9*rand+0.1;
a=0.9*rand+0.1;
s=0.9*rand+0.1;
T(1,i)=c;
T(2,i)=a;
T(3,i)=s;
P(i,:)=c*exp(-((x-a)."2/s));
end;

P=P',

C noMouwbto 3TOM Nporpammel popmupyetcsa Mmatpuua P n3 M=100 BXoAHbIX
BEKTOPOB-CTONOLO0B, KaXAbl N3 KOTOPbIX CPOPMMPOBAH N3 21 TOYKMK
NCXOAHOM PYHKLMM CO CNy4YanHO BblOpaHHbIMW 3HAYEHUSAMM NapaMeTpPoB
C,A,S, n matpuua T aTtanoHoB 13 100 3TanoHHbIX BEKTOPOB-CTONH6LOB,
KaXAblh U3 KOTOPbIX COOPMUPOBAH U3 3 COOTBETCTBYHIOLWMNX 3TANOHHbIX
3Ha4yeHunn. MaTtpuubl P n T 6yayT ncnonb3oBaHbl Npu obyvyeHnn ceTu.
CnepyeTt OTMETUTb, YTO MPU KaXKAOM HOBOM 3anycKe 3TOW nporpamMmmbl 6yayT
dopMmpoBaTbCsi MaccmBbl C HOBbIMW 3HAYEHUSAMMN KOMMNOHEHTOB BEKTOPOB,
KaK BXOAHbIX, TaK WU 3TANOHHbIX.

2. CozpaHune cetm

Boobue, BbIbOp apXUTEKTYpbl CETU A8 peleHns KOHKPETHOM 3a4a4u
OCHOBbIBAETCSH Ha onbiTe pa3paboTumka. Mo3TOMY NpeasioXXeHHas HUxXe
apXuUTeKTypa CeTn ABNseTCA O4HMM BapuMaHTOM U3 MHOXECTBA BO3MOXHbIX
KOHMUrypaumn.

[ns peweHnsa NOCTaB/IeHHON 3aaauun chopMMpyeM TPEXCNONHYIO CETb
obpaTHOro pacnpocTpaHeHus, BKAOYaKwLWwyt 21 HEMpOH BO BXOAHOM Crioe
(NoO YMcny KOMMNOHEHT BXOAHOIMO BEKTOpA) C NnepeaaTtodHon dpyHKumen logsig,
15 HenpoHOB BO BTOPOM CJl0€e C nepeaaTtoyHon pyHkumnen logsig n 3
HEMPOHa B BbIXOAHOM csioe (MO YMCy KOMMOHEHTOB BbIXOAHOMO BEKTOpPA) C
nepepnaTtoydHon dyHkumen purelin. Mpu 3ToM B KayecTse obyyaroLwero
anroputMma BblbpaH anroputm Levenberg-Marquardt (trainlm). 31oT
anroputMm obecneumBaeT bbiCTpoe 0byyeHune, HO TpebyeT MHOro pecypcos. B
cnydyae, ecnv Ans peanmsaumum 3TOro afiropMTMa He XBaTUT OonepaTUBHOMN



naMmaT, MOXXHO MCNOMb30BaTb Apyrue anroputmsbl (trainbfg, trainrp,
trainscg, traincgb, traincgf, traincgp, trainoss, traingdx). No ymonyaHuio
ncnonb3yetcs trainlm. YkasaHHas ceTb popMMpyeTcs C NOMOLLbIO

npoueaypsbl:
net=newff(minmax(P),[21,15,3],{'logsig' 'logsig' 'purelin'},'trainim');

MepBbIn apryMeHT - MaTtpmua Mx2 MMHUManbHbIX 1 MAKCUMabHbIX 3HAYEHUN
KOMMOHEHT BXOAHbIX BEKTOPOB BbIYUCASETCA C MOMOLLbIO NpoLleaypbl
minmax.

Pe3ynbTaToM BbiNOAHEHUS npouenypbl newff sensetcs o6bekT — HeMpoHHas
ceTb net 3agaHHOM KoHpUrypaummn. CeTb MOXXHO COXPaHUTb Ha AMCKe B BUAE
mat. ¢arnna c NOMOLLbID KOMaHAbl Save U 3arpy3mTb CHOBA C MOMOLLbIO
KoMaHabl load. Bonee noapobHyt0 MHpopMaumio 0 npoueaype MOXHO
NONy4YnTb, BOCNO/Ib30BaBWMCb KOMaHaon help.

3. O6byuyeHune cetn

Cneanyrowmn war — obyyeHne cosgaHHou ceTu. lMNMepen obyyeHnem
HeobxoAnMOo 3a4aTb NapaMeTpbl 06yyeHus. 3agaeM PYHKLUMIO OLLEHKM
dYHKUMOHNPOBAHUS SSe.

net.performFcn="sse’;

B 3TOM cnyyae B KayecTBe OLEHKMW BbIUMCASETCA CYMMa KBaApaTUYHbIX
OTK/IOHEHWI BbIXOA0B CETU OT 3TAJIOHOB. 3alaeM KPUTEPUN OKOHYAHMUS
0by4yeHunsa — 3Ha4YeHMne OTKIOHEHUS, NpU KOTOPOM obyuyeHne byaeTt cumtTaTbCs
3aKOHYEHHbIM:

net.trainParam.goal=0.01;

3apaeM MakcMManbHOEe KONMYeCcTBO UMKI0B 0byyveHuns. MNMocne Toro, Kak
6yaeT BbIMOJIHEHO 3TO KOMIMYECTBO UMKNOB, 0byveHne byaeT 3aBepLUeHO:

net.trainParam.epochs=1000;
Tenepb MOXHO HauyMHaTb 0by4yeHue:
[net,tr]=train(net,P,T);

Mpouecc 06yyeHus nnncTpupyetcs rpadmMkoM 3aBUCUMOCTM OLEHKM
(pyHKLUMOHMpPOBaHMS OT HOMepa LUukna obydyeHus.
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Taknm obpa3om, obyuyeHue ceTn OKOHYEeHO. Tenepb 3Ty CeTb MOXHO
CoOXpaHuTb B anne nnl.mat:

save nnl net;

4. TectTupoBaHue ceTu

Mepen TeM, Kak BOCMOJ/Ib30BATbCS HEMPOHHOM CeTbio, HeobxoamMmMo
nccnenoBaTb CTerneHb A0CTOBEPHOCTU pe3ysbTaTOB BblYMC/IEHUN CETU Ha
TEeCTOBOM MacCCMBe BXOAHbIX BEKTOPOB. B KayecTBe TeCTOBOro Maccmea
Heo6XoANMMO MCNONb30BaTb MAacCUB, KOMMNOHEHTbl KOTOPOro OT/INYAalTCS OT
KOMMNOHEHTOB MacCcMBa, UCMOJSIb30BAHHOIo Ans 0byyeHuns. B HaweM cny4dae
ANs NoNy4vYeHmns TeCToBOro Maccuea AOCTAaTOYHO BOCMOJIb30BATbCA elle pas
nporpamMmMon masl.

[Ans oueHKM AOCTOBEPHOCTU pe3yNibTaToB paboTbl CETU MOXHO
BOCMOJ/Ib30BaTbCA pe3y/bTaTaMn perpecCMOHHOro aHanm3a, Noay4YeHHbIMU
NpW CpaBHEHUM 3TANOHHbIX 3HAYEHUIN CO 3HAYEHUSMU, MOSTYYEHHbIMU Ha
BbIXO4€e CeTU Koraa Ha BXo4 NnoAaHbl BXOAHble BEKTOPbI TECTOBOrO MacCcuBa.
B cpene MATLAB ansa 3T1oro MOXHo BOCMNO/b30BaTbCs MyHKUMeN postreg.
Cnenyrowmn Habop KoMaHA UANOCTPUPYET ONMUCAHHYIO Npoueaypy:

>> masl - co3gaHue TectoBoro Mmaccmea P

>> y=sim(net,P); - o6bpaboTka TecToBOro maccmea

>> [m,b,r]=postreg(y(1,:),T(1,:)); - perpecCCUOHHbIN aHanNn3 pe3ynbTaToB
o6paboTku.

CpaBHeHme KOMMNOHeHTOB C 3TanOHHbIX BEKTOPOB C COOTBETCTBYHOLLNMU
KOMMOHEHTAaMMN BbIXOAHbIX BEKTOPOB CeTU. BUAHO, YTO BCE TOYKM Nernu Ha
npaAMyro, 4TO roBOpPUT O I'IpaBVIﬂbHOﬁ pa60Te CeTNn Ha TECTOBOM MaCCHUBE.
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>> [m,b,r]=postreg(y(2,:),T(2,:));

< Daa Foints
— Beds Linear Fit
- AT

>> [m,b,r]=postreg(y(3,:),T(3,:));
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Kak BUAHO N3 pPUCYHKOB, Halla CeTb OT/IMYHO peLlaeT NoCTaBAeHHYIO 3a4a4y
AN9 BCeX TpeX BbIXOAHbIX napameTpoB. CoxpaHMM obydyeHHyto ceTb het Ha
avcke B ann nnl.mat

save nnl net

5. MoapenupoBaHue cetu. (Ucnonb3oBaHue cetTu Ans
peweHnsa NoCTaB/IEHHOM 3ajaun)

Ans Toro, 4tobbl NpUMEHNTb 06YYEHHYIO CeTb AN 06paboTKM AaHHbIX,
HeobxoAnMMO BOCMO/Ib30BATbLCA (PYHKUMEN Sim:

Y=sim(net,p);

rae p — Habop BXoAHbIX BEKTOpoB, Y — pe3ynbTaT aHanmsa B Buae Habopa
BbIXOAHbIX BekTOopoB. Hanpumep, nyctb C=0.2, A=0.8, S=0.7, Toraa
p=0.2*exp(-((x-0.8).72/0.7));

MoacTtaBMB 3TOT BXOAHOWM BEKTOP B Ka4yeCTBe aprymeHtTa @yHKUMM sim:
Y=sim(net,p)

Monyunm:

Y —

0.2048 (C)

0.8150 (A)

0.7048 (S)

>>

YTo BecbMa 6113KO K npaBuibHOMY pe3ynbTaTty (0.2; 0.8; 07).



