I'masa4
MAKET NEURAL NETWORKS TOOLBOX

4.1. Haznauenne markera Neural Networks Toolbox

lTarker Neural Networks Toolbox (meitponmble cern) comepmur
CPelICTBa [JIA NPOEKTHPOBAHNA, MOIENIUPOBaHNA, 00YIeHUA U HCIOMb-
30BaHNfA MHOMKECTBA M3BECTHBIX MapagirM ammapara HCKYCCTBEHHBIX
ueifporubrx cereli (MHC), or 6a30BEIX Momenmeil mepcenTpoHa I0 ca-
MBIX COBPEMEHHBIX acCONMATHBHBIX I CaMOOPraHM3YHIIMXCH CeTeil.
[Maker momer OLITH WCHONBb30BAH [JA peIleHUA MHOMECTBA DPa3HO-
00pa3HbIX 3amavya, TARUX Kak 00paboTKa CUT'HANOB, HeIWMHEHOe yIpa-
BileHNe, QUHAHCOBOE MOIeINpPOBaHIe I T. .

Hnda rammIoro THNa apXUTEeRTYphl U obyuatornero aaropurma MHC
nMeloTcA QYHKITNN MHANHATH3aN, 00yYeH A, afanTalni, CO3NaHnuda
1 MOIeTNPOBaHUA, TeMOHCTPANN U MPUMephl TPUMEeHeHU .

4.2. 0030p dyurnuii makera Neural Networks Toolbox

B cocraB marera Neural Networks BxomaT 6omee 150 pa3sanyHbIX
(hyHEIUiT, 06pa3yd coboii cBoeoOpasHbIil MAKPOA3LIK MPOTrpaMMUPOBa-
HUfA ¥ II03BOJAA MOJb30BATENI0 CO3laBaTh, 00yuyaTh W HCHOIb30BaTh
cambrie pasianunbie HC. C momornbio KoMaHIbD

» help nnet

MOMHO MOIYyYHTh epeueHb BXONANINX B narer dhyHruuii. Hasa mo-
JIYYeHUdA CIPABKHU 10 000 QYyHRINN MOMKHO HCIONb30BaTh KOMAaHIY

» help uma_oyuruuu

HaHHbIe GYHKIUE 10 CBOEMY Ha3HAYeHUIO NeNATCA Ha PAI IPYIII.
Paccmorpum ocHOBHBIE U3 HEX.

4.2.1. Oynruuu akTHBaUMK (MepenarouHbie YHEIMH) U CBA3AH-
HbIe ¢ HUMHU QYHRUMU

compet(X) — QyHKINA KOHRypeHIHN — B KauecTBe apryMeHTa
MCTOMAB3YeT MATpuly X, CTOJOIBI KOTOPOW accOMMUPYIOTCA € BEKTO-
pamu BX0IOB. BosBpaiaer pa3pekeHHYI0 MaTpuly ¢ eluHUYHBIMU
plleMeHTaMM, WHIEKChl KOTOPBIX COOTBETCTBYIOT HMHIEKcaM Hamboib-
LINX 37TeMeHTOB KamIoro cToubia.
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Mpumep

» X =[0.9 -0.6;0.1 0.4;0.2 -0.5;0 0.5];
» compet(X)
ans =

(1.1) 1

(42) 1

B ¢opme compet(code), rue nepemerntas code MOEeT NTPHHIMATH
3navenus 'deriv’ (um# npoussounoii gyHkuun), ‘name’ (nosnoe ums),
‘output’ (1namnason Berxona), ‘active’ (Bo3MomHELl 1aTa30H BXON0B).

» compet ('name’)

ans =
Competitive
» compet(output’)
ans =
0 1

» compet ("active’)
ans =

-Inf Inf

Haunasa (yHruuA ucnonbsyerca npu co3panuu HC co cioem «co-
PeBHYIOUINXCAY HeifpoHOB (Kak, HANpHMep, B CETAX BCTPEUHOTO pac-
MPOCTpaHeHNA).

hardlim(X) — moporoBasa ¢yHRIHA akTHBanuN ¢ moporoM 6 = 0;
apryMeHT MMeeT TOT e CMBICJI, YTO W IJA TpPeIbIayleli KOMaHIbI.
Bosspaiaer MaTpuiy, pasmMep KOTopoil paBeH pasMepy MaTpHIlbl X,
a sueMeHThl nMetorT 3HaveHud (0 wiam 1 — B 3aBHCHMOCTH 0T 3HAKa
COOTBETCTBYOIIEr0 3eMeHTa X.

Mpumep
» X =10.9 -0.6;0.1 0.4;0.2 -0.5;0 0.5];
» hardlim(X)
ans =
1 0
1 1
1 0
11

B ¢opme hardlim(code) Bosspataer nHdopMaIiio, aHATOTHIHY IO
paccMOTpeHHoiT miA KoMaHIbl compet.
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hardlims(X) — snaroBag wian curHatypHas QyHKINA aKTHBAINH;
neficteyer Tak me, kak gynrnusa hardlim(X), o BosBpamiaer 3Haue-
Hua —1 uanm +1.

logsig(X) — curmompmanbHada mormeTmdeckad GyHENEA. Bosspa-
1raeT MaTrpuuy, JieMeHThl KOTOPOi ABIAITICA 3HaYeHUAMU JIOTUCTU-
veckolt GpyHruuH (cM. Tabm. 2.1) OT apryMeHTOB — 3JIEMEHTOB Ma-
Tpuibl X.

poslin(X) — Bosspamiaer marpuuy 3HaueHHil TOSyIHHEeHOM
¢yurmun (tadm. 2.1).

purelin(X) — BosBpaimiaer MaTpuiy 3HaueHHH THHEHHON (QyHE-

unu agruBanuu (rabm. 2.1).
radbas(X) — BosBpaljaer MaTpuily 3HaueHui pagnanbHoil 6asuc-
Hoil pynrumn (raba. 2.1).
satlin(X) — BosBpamaer MaTpuuy 3HaueHWH TOTyIMHEAHON PyHK-
W ¢ HackieHneM (Taba. 2.1).
satlins(X) — BosBpamaer MaTpuily 3HaueHHi JUHeiiHOM QyHRINNT
¢ HacwlenneM (rabm. 2.1).
softmax(X) — BosBpallaer MaTpuIly, HIEeMEHTHI KOTOPOil BbIuu-
CHATCA 1o GopmyiTe
exp ()
N
> exp (z4))
=1
rome N — 4YHCII0 CTPOK MaTpUIbI-apryMeHTa X.
tansig(X) — BosBparuaer MarTpuny 3HaueHUH CUTMOMIANbHOI (TH-
nepGonuveckuii TaHreHc) GyHKIUA (cM. Tadm. 2.1).
tribas(X) — BosBpalaer MaTpuIily 3HauYeHUil TPEYrOHbHON (QyHK-
unu IpHHaLIeRHOCTH (CM. Tabdm. 2.1).
dhardlim(X,Y) — npousBogtas nmoporoBoil GyHKIUN aKTHBAIWH.
AprymenTaMu ABJAKTCA MaTpula BXOA0B X M MaTpHIa BLIX0OHOB Y
MAaTpUILI UMeIOT OIMHAaKoBbIil pasmep. Bosppalaerca mMaTpuma TOro
e pasMepa ¢ HYJIeBBIMHU DIeMeHTaMHU.

dhardlms(X,Y) — npousBontad 3HaKOBONH (QYHKINN aKTHBAINM
(em. Tabx. 2.1). Bosspairaerca MaTpHua ¢ HyIeBLIMUI HileMeHTaMH.
dlogsig(X,Y) — mpousBomHad CHTMOHTAIbBHOI JIOTUCTHYECKOT

¢yuruunn. Bospamjaercsa Marpuia ¢ smementaMu y;; (1 — y;;).

Mpumepnt
» X =[0.1; 0.8; -0.7];
» Y =logsig(X)

0.5250
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0.6900

0.3318
» dY_dX = dlogsig(X,Y)
dY_dX =

0.2494

0.2139

0.2217

dposlin(X,Y) — npoussonnas nonynuueitnoi ¢pyuruun. Bosspa-
HiaeTcsa lVldlpl/lLId C dJlUlVlt'Hllel/l paBHbll\/ll/l eNnHuie 0Jid COOTBEICTBEH-
HBIX TOJOMUTENbHBIX HIeMEHTOB MaTpHIbI-apryMeHTa Y W PaBHBIMH
HYII0 B MPOTHBONOJOMHOM ClIydae.

dpurelin(X,Y) — npousBonHasa auHeliHONW QYHRINH aKTHBAINH.
RﬂQRHHITTHPT(‘ﬁ MZTT)I/IHa C eMUHUYHBIMI 2JTeMeHTaMMN.

dradbas(X,Y) — TpOM3BONHAA palHalbHON 0as3ucHONl (QYHRUMHK
(cm. rabm. 2.1). Bosppaiaercda MaTpuua ¢ SIeMeHTaMH —22;;Y;; .

dsatlin(X,Y) — BosBpalaer Marpuiy 3HaueHuii 1poUSBOIHOMN M0~
JynuHeiHON QYHKIUM ¢ HacbIlleHUeM (Taﬁﬂ. 2.1). JneMeHThLI TaKoi
MaTPHUIBI — eIUHUILI, eClIH COOTBETCTBEHHBIE ATeMeHTHl MaTPUILl Y
npuHamyeskar unrepany (0,1), u HyIu B IPOTHBONOIOMHOM CaAyUae.

dsatlins(X,Y) — BosBpammaer MaTpuily 3HaueHWT NPOU3BOLHOMN
nuHeiiHOH (YyHRUUE ¢ HacbimleHumeM (rabim. 2.1). DiIeMeHTHI Taxoii
MaTpHIBI — eINHAILI, €CIH COOTBETCTBEHHBIE ATeMeHTHl MaTpUALLl Y
npuHamiemxar uaTepsany (—1, 1), 1 HyIu B IPOTHBOIOIOKHOM Cilydae.

dtansig(X,Y) — Bosspauiaer marpuiy 3HaueHuil NpOU3BOMHON
CUTMOMIANbHOM (pyHKINM — runepboinyeckoro Tanrerca (raou. 2.1).

JneMeHTHI HToif MATPUILI ONMpPeNeNAaioTcA BhIpameniem | — y?j

dtribas(X,Y) — Bosppamraer mMarpuuy 3HaUeHHH NpPOU3BOMHON
TpeyromabHOit GyHKRINYN aktuBanuu (Tabm. 2.1). JmeMeHTHI HTOf Ma-
TPHUILL ONPeNedAIorca Beipamenuem: 1, ecan —1 < y;; < 0; —1, ecin
0 < y;; <1; 0B NpOTUBONONOKHOM CiIydae.

4.2.2., Oyuruuu obyseHua HefipoHHbIx cerefi. [lo3BondAiorT ycra-
HaBJIWBaTh airopuTM ¥ mapamerpbl obydenus HC 3amammoit KoHbu-
Iypaliu 1o jRellaHWuio ModTb3oBaTend. B rpymnmy BXomuT ciaemyroiine

(pyHEINA.

[net f'l'-l — trainhfolnet PAd. T1.A1.Q. TS ‘7‘7 r[“f\ — dhvarnug o0v-
[net,tr] = trainbfg(net,Pd,T1,A1,Q,TS,V PYHRINIA O0Y

YeHHHA, pealu3yollasd Pa3HOBHIHOCTh KBABHHBIOTOHOBCKOTO aIroPUT-
Ma obpaTHoro pacupocrpatenus omnbkn (BFGS). Aprymentsr ¢pyHK-
M

net — uma obyuaemoii HC,

Pd — naumenoBaHue MaccuBa 3alepimaHHBLIX BXOIOB 00yuaroliei
BBIOOPKH,

TI — maccuB 1eeBbIX 3HAUEHNT BBIXOIOB,
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Al — Marpulla HaualbHbLIX YCJIOBHUIl BXOTHBIX 3alepiker,

Q — KommuecTBO O0YYAMOIINX Map B OTHOM IiTRIe 00ydeHndA (pas-
Mep «Iaukm»),

TS — BeKTOp BpeMeHHBIX HHTEPBaOB,

VV — mycroit ([]) MaccuB uam MaccHB IPOBepOYHBIX TaHHBIX,

TV — mycroii ([]) MaccuB MM MaccHB TECTOBBIX NaHHBIX.

@OyHRUKA Bo3Bpallaer 00yUeHHYH HeiipoHHYH ceTh net m Habop
3anuceil tr 1A Kamioro nukiaa obyyenus (tr.epoch — Homep nukia,
tr.perf — Teryuiaa omubra obyuenud, tr.vperf — reryiaa ormmnbka
IJTA TPOBEPOYHOI BLIOOpKH, tr.tperf — Terymiaa ommubra MIA TecTo-
BOIt BLIGOPKN).

[Ipouece obyvyeHHsA NMPOMCXONUT B COOTBETCTBHE CO 3HAUCHUAMUI
CUHEAYIOWMUX 1apaMerpoB (B CKOOKaX IpUBENEHbl 3HAYEHUH 110 yMOJl-
aHUIO):

net.trainParam.epochs (100) — 3anaxnHoe KOIHYeCTBO LUKIOB 06y-
YeHUH,

net.trainParam.show (25) — RomTuYeCTBO NMKIOB IJIA TOKA3a MPO-
MERYTOUHBIX Pe3yibTaToB,

net.trainParam.goal (0) — uenesas omrnbka o6ydeHus,

net.trainParam.time (0o0) — maxcumaibHOe BpeMs 00y4eHHH B
CeRyHIax,

net.trainParam.min_grad (107%) — nenesoe 3navenme rpanuenra,

net.trainParam.max fail (5) — makcuManbHO momycTHMad KpaT-
HOCTH TPeBbIIIeHUs OMIUOKK MPOBEPOYHOIT BHIOOPKH 10 CPaBHEHUIO C
TOCTUTHYTBIM MUHUMAIbHBIM 3HaUCHIEM,

net.trainParam.searchFen (“srcheha’) — nma nenonnsyemoro on-
HOMEPHOTO alrOpuTMa ONTHMHU3AlUNN.

CTPYRTYPBI U pa3Mepbl MacCHBOB:

Pd — NoxNixTS— wierounniii MaccuB, KamIblil 37TeMeHT KOTO-
poro P{ijts} ectp Marpuua DijxQ,

TI — NIXTS — wruerounsrii MacCUB, KamIblii J3IeMEeHT KOTOPOTO
P{i,ts} ectp marpuua VixQ,

Ai — NIXLD — raerouHbrii MaccuB, Ramiblil 31eMeHT KOTOpPOTo
Ai{i,k} ects mMaTpuma SixQ,

rie

Ni=net.numinputs (kommuecTBo BX0I0B ceTn),

NI=net.numlLayers (romuuectBo ee cioes),

LD =net.numLayerDelays (kommuecTBo coeB 3amepmin),

Ri=net.inputsi.size (pa3mep i-ro Bxoma),

Si = net.layersi.size (pasmep i-ro cmof),

Vi=net.targetsi.size (pa3mep memxeBoro BeKTopa),

Dij=Ri*length(net.input Weightsi,j.delays).
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Ecau maccuB VV — He mycToit, T0 OH HOJEEH UMeTh CTPYKTYpY,
ompeneTaeMyIo ClIeNyIOINMA KOMITOHeHTaMI:

VV.PD — 3anep#anHnble 3HaueHUA BX0JIOB TPOBEPOYHOIT BLIOOPKH,

VV.TI — ueneBnie 3navenus,

VV.Ai — nHavaibHBIe BXOJIHbIE YCIOBHA,

VV.Q — KonuvecTBO IPOBEPOYHBIX AP B OMHOM I[HKIe 00yIeHnHA,

VV.TS — BpeMeHHbIe HHTePBAIbLI MTPOBEPOUHOI BHIOOPKHU.

ITH mapaMerphl HCHOIb3YIOTCA IJIA 3alaHUA OCTaHOBaA Tpolecca
00yueHUA B CJIyYaAX, KOUNa OMINOKA IJIA IPOBEPOYHOI BBIOOPKH He
YMeHBIIaeTCA WU HaYMHaeT BO3PACTaTh.

CTpyRTypy, aHAIOTHYHYIO CTPYKType MaccmBa VV, mMeeT Mac-
cus TV.

nanauuag B chonue tra
AaHHaH B (OpME Lra

BO3Bpalllaer A 3HAYCHHI apryMeHTa, COOTBeTrcTBeHHO, 'pnames’ u
'pdefaults’, nmena napamerpoB 06yueHUA U KX 3HAYCHHA 10 yMOJIYa-
HUIO.

Husa ucnonb3oBanua dyurinun B HC, onpenendeMbix moib3oBaTe-
e, He0OXOIHUMO:

1) ycranoBuTh napamerp net.trainFen =’trainbfg’ (npu sTOM nA-
paMeTphl alropruTMa OYAYT 3amaHBl M0 YMOTYAHHUIO);

2) ycTaHOBHUTH TpebyeMble 3HaUeHHA MapaMeTpoB (net.trainParam).

IIpouecc 0byueHns 0CTaHABIMBACTCA B CJIydyae BhINOIHEHUA J1060r0
U3 CIeNYIOIINX yCIOBHi:

® NPEBBIIIIeHO 3aNfaHHOe KOIMYeCTBO IIKJIOB 00yUeHnA
(net.trainParam.epochs),

® NPEeBhIIIEHO 3alaHHOe BpeMdA 00yueHud
(net.trainParam.time),

e ouinbKa 00yueHuUs cTaja MeHbIlle 3ajaHHol
(net.trainParam.goal),
(

e I'DaIieHT CTal MeHbllle 3aTaHHOTO
net.trainParam.min_grad),

e Bo3pacTaHWe OMINOKN MPOBEPOUHON BBHIGOPKM 10 CPABHEHUIO C
TOCTUTHYTBIM MIHHUMAIbHBIM TPEBBICHI0 3afaHHOe 3HaUeHIe
(net.trainParam.max_fail).

Mpumep
»P=[012 34 5]; % 3agasue BXomHOI0 BeKTOpa
»T=[000111]; % 3aganue ueneBoro BeKTOPa
» % CoszaHue U TeCTHpOBAaHUE CETH
» net = newff([0 5],[2 1],{’tansig’,'logsig’},’traincgt’);
» a =sim{net,P)
a=
0.0586 0.0772 0.0822 0.0870 0.1326 0.5901
» % OGyueHHe ¢ HOBEIMM IapaMeTpaMH U IOBTOPHOE TeCTHPOBAHUE
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» net.trainParam.searchFen = ’srchcha’;

» net.trainParam.epochs = 50;

» net.trainParam.show = 10;

» net.trainParam.goal = 0.1;

» net = train(net,P,T);

TRAINCGF-srchcha, Epoch 0/50, MSE 0.295008/0.1,
Gradient 0.623241/1e-006

TRAINCGF-srchcha, Epoch 1/50, MSE 0.00824365/0.1,

As 1 n n1marrr /1. n0e
Uldulﬁllb uU. Ullz)ddd/ 1€-uuv

TRAINCGF, Performance goal met.
» a =sim(net,P)
a=

0.0706 0.1024 0.1474 0.9009 0.9647 0.9655

B nmammnom mpumepe cosnannasa muorocioiinag HC, obyuennas c
yCTaHOBKaMH II0 yMOJTYaHWMIO, BHadaje NoKasaja INIOXOH pesylbTaT
oTobpameHs odyyaiollell BLIGOPKI, HO NOCIe U3MEeHEeHUA TapaMeTpoB
U TOBTOPHOTO 0DYUYEHUA CeTH Pe3yIbTaT CTall BIOJHE MPHEMIEMbIM.

[net,tr] = trainbr(net,Pd,TLAL,Q,TS,VV) — (yHKuuA, peanusy-
folllas Tak Ha3biBaeMblli BaiiecOBCRUTT MeTON 00YUeHHA, CYIITHOCTD KO-
TOPOT0 3aKJII049aeTcsA B MOACTPOike BECOB M CMeIleHHi ceTH Ha 0CHOBe
anropurma Jleenbepra—MaprBapara. HaHHBIH aaropu™™ MUHUMU3U-
pyeT KOMOUHALNIO KBaIpaTOB OIING0K I BecoB ¢ BHIGOPOM HaMIyUIIeil
Taroil (174 MOMyYeHNA HAMIYIIINX 0006IIa0IINX CBOIICTB ceTn). JTa
npouenypa usBecTHa Kak BafiecoBckas peryiaspusanus, OTKyga cle-
nIyeT Ha3BaHUE MeTola.

ApryMeHTsI, mapaMeTpsl, Bo3BpalliaeMble BeJIUYMHBI M HCIOIb30-
BaHIle — Takue e, Kak y npembinyineit pyurunn. CkasaHHoe ocTa-
ercAl B CHJle JIJIA BCeX OCTAIbHLIX (PYHRIUH TaHHOI TPy

[net,tr] = trainegb(net,Pd,TI,A1,Q,TS,VV) — QyHKIHA 00y ueHIA
HC, peanusyiotniasg pasHOBUIHOCTH alTOPUTMa CONPAMEHHBIX T'pali-
eHT10B (TaK HasbiBaeMmblil Meron Powell-Beale).

[net,tr] = trainegf(net,Pd,TI,Ai,Q,TS,VV) — Qyuruus obyuenus
HC, peanusyioiiiasg pasHOBHIHOCTh ajTOPHTMa 00PaTHOTO Pacupoctpa-
HeHUf OIIHOKH B coYeTaHWW ¢ MeTomoM onTuMmusanmn Dreruepa—
Moysana.

[net,tr] = trainegp(net,Pd, TI,A1,Q,TS,;VV) — 10 me, uto B npe-
IOBIIYIIeM ciydae, HO HCTIOb30BAHIEM MeTOILa Polak—Ribiere.

[net,tr] = traingd (net,Pd,TI,A1,Q,TS,VV) — (yukuus, peanusy-
I0lasd  «KJIaCCHYeCKUily  aJropuT™ 06pPaTHOTO paclpoCTpaHeHHs
OIINOKU.

[net,tr] = traingda(net,Pd,TI,Ai,Q,TS,VV) — 10 e, uT0 B npe-
IBIIYIIEM cliydae, HO ¢ afamntanueil Kod(Quimenta ckopocTu obyde-
HUA.
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[net,tr] = traingdm(net,Pd,TI,A1,Q,TS,VV) — Qyuruusd, peanu-
3ytorias MOIU(PUIMPOBAHHBIN AlTOPUTM 00PATHOTO PACIPOCTPAHEHH
OIIUOKU ¢ BBeTCHHOI «HHEePIHOHHOCTBIOY KOPPEKIHN BeCOB U CMelle-
HU.

[net,tr] = traingdx (net,Pd,TI,A1,Q,TS,VV) — ¢yuruHNA, peanu-
3yloriad KOMOMHUPOBAHHBIN alropuT™ 00yUeHUs, 00HeInHAIINIT
0COGEHHOCTH ABYX BBIIICNPHUBEICHHBIX.

[net,tr] = trainlm(net,Pd,TI,A1,Q,TS,VV) — nannaa QyHsumus
BO3BpalllaeT Beca W cMeleHus HC, UCHONb3yA aIrOPUTM ONTUMU3a-
nuu JleBenbepra—MapkBapira.

[net,tr] = trainoss(net,Pd,TI,A1,Q,TS,VV) — ¢yuruus, peanu-
3yiollad pasHOBUIHOCTh aJlOPHTMa OOPAaTHOrO pPaclpocTpaHeHusd

OITTUBRTT ¢ WeTOIT,AORATITOM MOTOTa COMYTITTINY
CHIVORYM € HCHUALSOBalliCM MCTO4a CCRyLInX.

[net,tr] = trainrp(net,Pd,T1,Ai,Q,TS,VV) — (yuruna, pearnsy-
f0Tlasg Pa3HOBHIHOCThL AllTOPUTMa 06PATHOTO PACIPOCTPAaHEHHUA OTTHO-
KM, Tak Ha3bIBaeMbIil YIPyruil aaropuT™ 06paTHOr0 pacipocTpaHeH s
(resilient backpropagation algorithm, RPROP).

[net,tr] = trainseg(net,Pd,T1,Ai,Q,TS,VV) — naunad QyHRIHA
Bo3Bpallaer Beca u cMemenna HC, mcmonbsya aaroputM MaciuTabu-
PYeMbIX CONPFMKEHHBIX TPalieHTOB.

[net,tr] = trainwb(net,Pd,TI,A1,Q,TS,VV) — naunasa (QpyHsumus
KOPPEeKTHPYeT Beca W CMeIIeHHs CeTH B COOTBETCTBUU C 3amaHHOf
(pyHK1Mell 00yueHUA HellpOHOB.

[net,tr] = trainwb1(net,Pd,TI1,A1,Q,TS,VV) — 10 me, uro u npe-
ABIIYIIasg QYHKIMA, HO OJHOBPEMEHHO Ha BXOJ CeTU NpelbABIfAerc
TONBKO ONUH BEKTOP BXOMA.

[net,Ac,El] = adaptwb(net,Pd,T1,A1,Q,TS) — ¢QyHKIUA amanta-
uuu Beco u cumernienuit HC. Mcnomb3yercsa coBMecTHO ¢ (GyHRIUAME
(em. Hume) newp u newlin. Bosspaiaer MaccuB BbIX0IOB cioeB Ac
u MmaccuB omnbor cioen EI.

4.2.3. Oyuruuu Hacrpoiiru cioeB HetiponoB. DyHRIUW TaHHOI
IPYINBI ABIAIOTCA BCIIOMOTAaTeNbHBIMIE TPU PaboTe ¢ HEKOTOPBIMIE pac-
cmorpensbiMu  Gynkuuavmu  obyuenus HC  (manpumep, trainwb,
trainwbl, adaptwb), a Takme ucnonb3yrorcAa npm HacTpoiikax oi-
HOCTOITHBIX HeifpoceTeBBIX CTPYKRIYP (mepcenTpoHoB, cioes Koxonena
T.1.).

[dB,LS] = learncon(B,P,Z,N,A,T,E,gW,gA ,D,LP,LS) — hyuruua
HacTPOITKI BeCOB € BBeIEHIEM «IyBCTBa CIPABeIINBOCTUY (CM. BEIIIE).
AprymeHTo:

B — Sx1 BerTop cMernennii,

P — 1xQ Bxonuoii BeKTop,

Z — Sx(Q Marpuila B3BeIIeHHBIX BXOIOB,
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N — SxQ maTpuiia BXOIOB,

A — SX(Q maTpuia BEIXOMHBIX BEKTODOB,

T — SxQ Marpulla uejleBbIX BEKTOPOB CIIOH,

E — SxQ marpuna omubox,

gW — SXR rpanuent rpurtepus 3G GeKTUBHOCTH 0 OTHOIIEHIIO
K BEKTOPY BeCOB,

gA — SXQ rpanuent rpurtepus 3¢ (HEeKTHBHOCTH 10 OTHOIIEHIO
K BEKTODY BBIXOIA,

D — SxS marpuna paccrosnuit MemIy HelipoHaMu,

LP — napamerp obyuenns, LP =[],

LS — cocroanue obyuenns, B Hauame — |[].

BosBpaiaembie BendamHBbI:

dB — Sx1 Berrop u3MeHeHuil BecoB (WM cMelleHuit),

LS — HoBoe cocrodgHue 06yueHHUA.

@Oyuruua B Gopme learncon(code) BosBpaiaer cienywinyio uH-
(popmanuio:

npn aprymente 'pnames’ — nvena mapamerpos obyuenus,

npu 'pdefaults’ — 3Hauenua mapamMeTpoB M0 yMOTYAHUIO,

npn 'needg’ — 1, ecaim sra Ppynkuna ucnomabsyer gW nim gA.

Asroput™ BBINOIHEHUA (YHKIHE CHAYala BHIYHCIHET «UyBCTBO
CpaBelINBOCTHY HeifpoHa mo Beipamenuio ¢ = (1-Ir)*e+lr*a, a yie
3aTeM KOPPEKTHPYeT BeC B COOTBETCTBHIE C (hOpMyIoil

b = exp(1-log(c))-b.

Mpumep

»a=rand(3,1);

»b=rand(3,1);

»1p.Jr = 0.5; % 3amamue mapamerpa obyyeHusn

»dW_learncon( []3[]7[]737[] [] [] [] [],Ip,[])
dW =

0.3449

0.7657

0.5405

learngd — (yHRUMA KOppeKINH BeCOB M CMeNIeHWi, pealn3yio-
masg IpajideHTHBIH alropHTM ONTHMHU3alNH.

Januce: ) )

[dW,LS] =learngd(W,P,Z,N,A,T,E,gW,gA,D,LP,LS)

[db,LS] = learngd(b,ones(1,Q),Z,N,A,T,E,gW,gA,D,LP,LS)

info = learngd(code)

Onuncanne. Aprymentnl dynkmmm: W — MaTpulla BecoB WIH
BEKTOp CMeIlleHHd, 0CTalbHbIe apryMeHThl — Kak y Mpelbiayeil GyHk-
IHH.

Bosspammaemble napaMeTpbl — Kak Y IpeNbLIylneil (GpyHRINM.
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learngdm — (QyHKIMA TpPaKTHYECKN aHAJOTMYHA TpelbiAyIieil,
HO HCIOMb3YeMBbIH allOPUTM ONTHMEU3AIMH — TPalHeHTHLIH MeTol ¢
VHePINOHHO COCTaBJIA0IIe.

[dW,LS] =learnh(W,P,Z,N,A,T,E,gW,gA ,D,LP,LS) — ¢dyuruus
KOPPeRINH BeCOB, UCTOIb3YIONIaa MpaBuio Xedba, B COOTBETCTBUU C
KOTOPBIM Beca KOpPpPeKTHPYITCcs 1o Bhipamenuio dw =Ir*a*p’.

[dW,LS] =learnhd(W,P,Z,N,A, T ,E,gW,gA,D,LP,LS) — ¢pyurnua
peaim3yer MOTH(HUKAINI0 TpaBuia Xebba, MPH KOTOPOM KOPPEKTH-
POBEa BECOB OCYIIeCTBIACTCA 110 COOTHOIIeHHI0: dw = Ir*a*p’-dr*w.

[dW,LS] = learnis(W,P,Z,N,A,T,E gW,gA ,D,LP,LS) — pyurmua
MOICTPONHKI BECOB «BXOIHON 3Be3nnly (Heiipona cios ['poccbepra),
peanusytomuiad Beipaenne: dw =lr*a*(p’-w).

[dW,LS] =learnk(W,P,Z,N,A,T,E,gW,gA,D,LP,LS) — pyurmua
MONCTPOITKI BECOB CIIOA HOXOHeHa peanusyioiiias BbIpamenue dw =
=Ir*(p’-w), ecim a£ 0, u 0 B IPOTHBONOIOKHOM CIIyUae.

[dW,LS] =learnlvl(W,P,Z,N,A, T ,E,gW,gA,D,LP,LS) u

[dW,LS] =learnlv2(W,P,Z,N,A, T ,E,gW gA,D,LP,LS) — }yHk-
MK HACTPOMKHU ceTeil BCTPEYHOTO PaclpoCTpaHeHU .

[dW,LS] =learnos(W,P,Z,N,A, T ,E,gW ,gA,D,LP,LS) — (pyuruus
HACTPOUKN HelipoHa THla «BBIXOIHAA 3Be3/lay, pealusyioliasd BbIpa-
menne: dw=Ir*(a-w)*p’.

[dW,LS] = learnp(W,P,Z,N,A,T,E,gW,gA,D,LP,LS) — dpynrmuus,
peasu3yIonias alropuTM 00yYeHHs MepcenTpoHa.

[dW,LS] =learnpn(W,P,Z,N,A, T ,E,gW,gA,D,LP,LS) — 10 e,
4TO W NpembIIyliad (pyHRINA, HO ¢ HOpMaau3alnmell BXomoB. bBomee
3¢ derTuBHa TP GOIBINNX U3MEHEHUAX BXOTHBIX CUTHAJIOB.

[dW,LS] =learnsom(W,P,Z,N,A,T,E,gW,gA,D,LP,LS) — {pyuk-
KA 00yYeHUA caMOOPraHHu3YIOIIIXCA KapT.

[dW,LS] =learnwh(W,P,Z,N,A,T,E gW,gA D, LP,LS) — ¢yHur-
¥ 00yUeHNd, peanusyloiasd Tak Ha3blBaeMblil anroputm Bumposa—
Xodpa (Widrow—Hoff), ocnoBanHbIil Ha cooTHOLIEHHN

dw=Ir*e*pn’ u nsBecTHLI Takme, Kak AeTbTa-TPABHUIO WIN Tpa-
BUJI0 HAUMEHBIITNX KBalpaToB.

4.2.4. Oyuruuu omHoMepHo#t omrumusauuu. DyHKIUM TaHHOMN
PPYIILI MOMHO PaccMarTpuBaTh Kak BCHOMOrarelbHble ANd QyHRUM
06y11eH1/1ﬂ HeflpOHHBIX ceTeil. Pealnsyor pasinyuHble alrOPUTMbL O1I-
HOMEpPHOTO TONCKa.

srehbae — ¢yHkumMA peanu3yer Tak Ha3LIBAeMBbIil alrOPUTM Tepe-
6opa c Bo3sparamu (backtracking).

srchbre — dyHkuMA peanusyer KOMOMHUPOBAHHBINH MeTON ONTH-
MH3aUNN, 00beTUHAIINI MeTol 30JI0TOT'0 CeYeHUA M KBaIpaTH4HYIO
MHTEPIONANNIO.
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srcheha — dyHnrumA peanusyer pa3HOBHIHOCTH MeTONA OMTHUMU-
3alil ¢ IpUMeHeHneM KyOuuecKoil HHTepIoIAlNH.

srchgol — dyHkIMA peanusyer MeTon 3070TOTO CeYeHHA.

srchhyb — ¢dyurnusa peanusyer KoMOMHHPOBAHHLIT METON ONMTH-
MH3aUNN, 00beIUHAIOIMINI METOI TUXOTOMUN 1 KyOMYeCKYI0 HHTePIOo-
JALHIO.

4.2.5. OyHRUNH MHAULUHATH3AUMU caoeB u cMmerieHuit. [nda mMHo-
IUX HeiflpOHHBIX ceTeil 3TanoM, MpenBapAOIINM IPOIeNyPy UX 00yue-
HUf, ABIAETCH Tall HHUIHAIN3aUUuy (3alaHiA HEKOTOPLIX — 00BIYHO
BBIOWpaeMBIX CIyuaifHBIM 06pa3oM) BecoB W cMermenuii cern. Takas
MHUIWATU3AL A BBINOJIHACTCA C TTOMOILIBIO (DYHRIUN TaHHON I'PYyNIbL.

initeon(S,PR) — ¢yHRIUA, ycTaHaBIUBAIONIAA CMeIeHUA Heli-
POHOB B 3aBHCUMOCTH OT CpeqHero BLIXoma HeffpoHa. ApPryMeHTBHI:
s — roauvecrso Hefiponos, PR = [Pmin Pmax] — marpuua (c asyms
cronbuaMn) MUHMMAIbHBIX U MaKCUMAaIbHLIX 3HAYeHHH BXONOB, N0
ymonuanuio [1 1]. Bosspartiaer Bektop cMerenuit. Menoabayeres co-
BMeCTHO ¢ KoMmaroil learncon.

Mpuwmep

» b =initcon(3)

b=

8.1548

8.1548
8.1548

initzero — (GyHKIMA 3aTaHuA HYIeBbIX HAYalbHBIX 3HAUCHUT Be-
caM WM CMeIlleHHAM. APryMeHTHI Te e, YTO W Y TpeIbIayIeil Ko-
MaH Ibl.

midpoint(S,PR) — dyHRINA HHUIHATN3ANNH, YCTaHABIHBAIOIIAA
Beca B COOTBEICTBHU CO CPeIHUME 3HAYEHUSMH BXOIOB.

randne(S,R) — qyHRuNA 3amaHnA MaTpUILl BecoB. BosBpaliaer
MaTpuiy pazmepa SXR co cayuaitHeiMu HreMeHTaMu, HOPMaJIH30BaH-
HYTO 10 CTO/6maM (BEKTOPHI-CTOMOIBI NMEIOT eTNHUIHYIO IIHHY ).

randnr(S,R) — 1o e, uTo TpenbIAyIIan GYHKINA, HO BO3BpAlaeT
MaTpHUIy BECOB, HOPMaJM30BAHHYIO 110 CTPOKaAM.

rands — (QYHRINHA WHENMHAQTH3AIHN BecoB/CMelleHnl 3aiaHueM
X clydaliHBIX 3HaveHWH 3 muamasona [—1, 1].
3amnuce:

W =rands(S,PR)

M =rands(S,R)

v =rands(S)

Onucanme. AprymeHtsl Te e, 4T0 W 1A GyHKUUK initcon;
sHaveHne R 1o ymomuanmio —1. Bosspaiaercd Mmarpuiua cooTBer-
CTBYIOIIIEr0 pasMepa.
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4.2.6. OyHEIUY co3TaHuA HelpoHHBIX cerelt
network — QyHEKINA co3manma HellpoHHOIT ceTH TMOTb30BaATElNA.

3amnuce:
net = network
net =

network(numInputs,numLayers,biasConnect,inputConnect,
layerConnect,outputConnect,target Connect)

Onucanne. QPyHRIUA Bo3BpalllaeT CO3TAHHYIO0 HEHPOHHYIO CeTh
¢ MeHeM net 1 co clefyI0IINMN XapaKkTepUCTHEAaMU (B CKODKAX JaHbI
3HAYEHUH 10 YMOJTYAHHIO):

numInputs — ronnyecrso Bxonos (0).

numLayers — roauyecrso caoes (0),

biasConneet — 0ysieBCKUil BEKTOp € YMCIOM HIEMEHTOB, PaBHBIM
KOIIMYeCTBY ClI0eB (HyIn),

inputConnect — GyneBckad Marpuila ¢ YHCIOM CTPOK, PaBHBIM
KOJIMYECTBY CI0€B, W YHCIOM CTOJOIOB, PABHBIM KOJIUYECTBY BXOIOB
(i),

layerConnect — OyieBckad MaTpuia ¢ YHCIOM CTPOK M CTOJIOIOB,
PaBHBIM KOIHMYECTBY ClIOeB (Hyin),

outputConnect — OyeBCKIiT BEKTOP-CTPOKA C YHCJIOM BIIEMEHTOB,
PaBHBIM KOIMYeCTBY CloeB (HYIH).

targetConnect — Bekrop-cTpora, Takad e, Kak IpeibIIyIIasg
(mymm).

net = newc(PR,S,KLR,CLR) — ¢yuruuna coznanus cuaod Hoxo-
Hera. DYHKINA UCTOTL3YeT apryMeHTHI:

PR — RX2 Marpuuy MUHUMAaJIbHBIX U MaRCHMAalIbHBIX 3HAYEHN
1A R BXOTHBIX DIIeMEHTOB,

S — umcao HelipoHOB,

KLR — w03 punnent odyvennsa Koxonera (mo ymomuanmuio 0.01),

CLR — ko3 puimeHT «crmpaBemmmBoctiy (mo ymomdannio 0.001)

7 Bo3Bpalmaer cioii KoxoHneHa ¢ 3amaHHBIM HMEHEM.

net = newcf(PR,[S1 S2...SNI],TF1 TF2...TFNI,BTF,BLF,PF) —
GyHRUWA co3maHuA pasHoBuaHocTH MHOrociaoiinoit HC ¢ obparHbiM
pacnpocTpaHeHIeM OmuOKN — Tak Ha3biBaeMmoii Kackamuoii HC. Ta-
Kafg ceTh comepmuT CKPuITBIX NI cioeB, mcmonb3yer BxomHble GYHK-

nun Tuna dotnred u netsum. WHUNHWANUZ3NHS COTH OCVIHIeCTBASOTCT
ouy T2 dotprod I netsum, NHUNNANIN3alNd CeTH OCYLIeCTB C

(yHRUUeH initnw.

Apry™MeHTHI QyHKIIUI:

PR — RX2 mMaTpuiia MUHUMAIbHBIX U MAaKCHUMATbLHBIX 3HAYeHU I
R BXomHBIX 37eMeHTOB,

Si — paswmep i-ro ckpsiToro cios, nas NI cioes,

TFi — ¢QyHRUIUA akTUBaUUY HE{iPOHOB i-TO CJI0A, 1O YMOIYAHWIO
"tansig’.
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BTF — ¢ynkuusa obydyenus ceru, mo ymoayanuio 'traingd’.

BLF — ¢yuruua HacTpOUKN BecoB W CMeIIeHHil, T0 yMOTIaHHIO
’learngdm’.

PF — (Qyukuus omubku, mo ymonyanuio ‘mse’.

Mpumep

»P=[012345678910];

»T=[01234321234];

» net = newcf([0 10],[5 1],’tansig’ 'purelin’); % Cosmarue HoBOIL cern

» net.trainParam.epochs = 50; % 3amanue koaMyecTBa HUKIOB
obyueHna

» net = train(net,P,T); % O6yuenne HC

TRAINLM, Epoch 0/50, MSE 7.77493/0,

TRAINLM, Epoch 25/50, MSE 4.01014e-010/0,
Gradient 0.00028557/1e-010

TRAINLM, Epoch 50/50, MSE 1.13636e-011/0,
Gradient 1.76513e-006/1e-010

TRAINLM, Maximum epoch reached, performance goal was not met.

» Y =sim(net,P); % Hcnoaszosanue HC

» plot(P,T,P,Y ’okv) % I'padpudeckan mwmocTpauya paboTsl ceTH

Ha puc. 4.1 rouramu orobpameHbl BieMeHThI 00yyartoleil BBIOOPKH,
JIMHIe — BBIXOJ CeTH.
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net = newelm(PR,[S1 S2...SNI|,TF1 TF2...TFNI,BTF,BLF,PF) -
GYHRUWA cO3NaHUA ceTn JaMaHa. APryMeHTHI — TaKue e, Kak U ¥
Tpensinyineit GyHKINT.

net = newff(PR,[S1 S2...SNI],TF1 TF2...TFNI,BTF,BLF,PF) —
(yHRIMA co3laHusA «KiIaccuyeckoity Muorocioiinoit HC ¢ o6yuyennem
M0 MeTony 06paTHOr0 PacnpoCTPaHeHUsA OIIHOKH.

net = newfftd(PR,ID,[S1 S2...SNI],TF1 TF2...TFNI,BTF,BLF,
PF) — 10 ke, uTo U mpembinyiias GYHRINA, HO ¢ HATHIHEM 3amep-
MeR 10 BXomaM. [HOmoMHUTeTbHLI apryMeHT 1D — BeKTOP BXOMHBIX
3ajlepHeK.

net = newgrnn(P,T,spread) — pyurius coznanus 06061IeHHO-Pe-
[PECCUOHHON ceTH. APryMeHThI:

P — RxQ marpuua { BXxouHbix Bek1opos,

T — SxQ maTpuna Q meneBLIX BEKTOPOB,

spread — orkinonenue (no ymonuanuio 1.0).

net = newhop(T) — ¢yukuuA cosnanua cern Xonpunra. Ucmomab-
3yeT TONHKO OTMH apryMeHT.

T — RXQ wmarpuinia Q memeBEIX BEKTOPOB (3HaUeHWA HIIEMEHTOB
NOJRHBI OBITH +1 miu —1).

net = newlin(PR,S,ID,LR) — ¢QyHKuuA co3maHmA ciod JuHeil-
HBIX HeHPOHOB. ApPryMeHTHI:

PR — RX2 mMaTpuiia MUHUMAaIbHBIX U MAaKCHMATbLHBIX 3HAUEHU I
g R BXOTHBIX AIIeMEHTOB,

S — 4WCIT0 HIeMEeHTOB B BBIXOLHOM BEKTOpeE,

ID — Bexrop Bxonmoit 3anepmkkn (no ymomadanuio [0]),

LR — rosdduument obyuenus (mo ymordanuto 0.01).

Bosspatiiaerca HOBBIH JuHeHHDINH CT0ii.

[Ipu 3anucu B popme net = newlin(PR,S,0,P) ucnoanayeres apry-
MEHT

P — marpuiia BXOMHBIX BEKTOPOB,

BO3BpalllaeTcA JTUHEHHBI CI0i ¢ MaKCUMallbHO BO3MOMHBIM KO-
3 GuIneHTOM 06yUeHWA Npu 3amaHHoil P.

net = newlind(P,T) — (yHKIUA NPOEKTHPOBAHUA HOBOIO JHHE( -
Horo cnod. lanHad QYHKINA Mo MaTpUIlaM BXOTHBIX W BBIXOMHBIX
BEKTOPOB METOIOM HaWMEeHBINNX KBaIpaTOB OMpenelser Beca U CMe-
menns gunetinoin HC.

net = newlvq(PR,S1,PC,LR,LF) — @QyHKIUA CcO3TaHUA CeTH
BCTPEYHOT0 PACIPOCTPAHEHNA.

AprymeHTo:

PR — RX2 mMaTpuiia MUHUMAaIbHBIX U MAaKCHMATbHBIX 3HAUeHNT
R BXOmHBIX 3TeMEHTOB,

S1 — 4mcio CKPBHITHIX HEWpOHOB,
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PC — S2 nieMeHTOB BekTOpa, 3aiaiolnX IOJIH MPUHANIEKHOCTH
K Pa3lUYHLIM KIaccaMm,

LR — rosdpduunment odyuyenus, no ymonavanuo 0.01,

LF — ¢yurmusa obyuenns, mo ymonyauuio 'learnlv2’.

net = newp(PR,S,TF,LF) — (yHEIUA cO3TaHUA TepcenTpoHa.

AprymeHThI:

PR — RX2 marpuna MUHUMAaIbHBIX U MAaKCHMAaJbHBIX 3HaYeHMU
R BXomHBIX 37€MeHTOB,

S — uucao HelipoHOB,

TF — ¢(yHKnuA akTuBannu, no ymoadanuio 'hardlim’,

LF — ¢(yurinus o6yyenus, no ymomndanuio ‘learnp’.

net = newpnn(P,T,spread) — (pyHKUUA cO3MaHUA BEPOATHOCTHOT
HC. ApryMeHTBHI — Kak y QyHKIUM newgrnn.

net = newrb(P,T,goal,spread) — (ynkuus cosganus cern c pa-
nUHanbHBIME 6a3ucHbiMu diaeMmentamu. Aprymentst P, T, spread —
TakWe me, Kak Y yHKINN newgrnn; apryMeHnT goal — 3amamHas cpen-
HeKBaJIpaTHUHaA OUINOKa.

net = newrbe(P,T,spread) — QpyHKINA cO3MaHNA CETH C PATTalb-
HBIMU 6a3WCHLIMHI BlleMEeHTaMH ¢ HYyJAeBoll OIINOKON Ha obyvaltoiieit
BbLIOODEKe.

net = newsom(PR,[D1,D2,...], TFCN,DFCN,OLR,OSTEPS,TLR,
TND) — ¢yHRUUA co3naHuA camMoobyvarlieficA KapThl ¢ apryMeH-
TaMuI:

PR — RX2 mMaTpuiia MUHUMAIbHBIX U MAaKCHUMATbLHBIX 3HAYEHU I
R BXomubIX 37eMeHTOB,

I — pasmepsr i-ro ciod, Mo yMmomuanuio [5 8],

TFCN — tononornyeckas GpyHRUUA, 10 yMoiryanuio ‘hextop’,

DFCN — ¢yukuudg paccrognud, no ymonxyanuio 'linkdist’,

OLR — rosddunueHT 06yueHNA Has3wl yIOPANOUNBAHUA, IO YMOT-
varuio 0.9,

OSTEPS — ugncno mraroB Ga3sl ynopATOUHBaHUA, IO YMOTIaHIIO
1000,

TLR — rosdpunnent odbyuenus da3bl HaCTPOIKHI, 10 YMOTUaHUIO
0.02,

TND — paccroAanue 1y (asbl HACTPONKH, 0 yMoTYaHUO 1.

4.2.7. Oyuruuu npeobpasoBanua BxomnoB ceru. DyHRINM TaHHO
IPYIIBL Npeobpa3yloT 3HaueHUd BXOIOB € UCI0Jb30BaHUEM ollepaluit
YMHOKEHUA WIN CYMMUPOBAaHUA.

netprod(Z1,Z2,...) — Bo3BpalllaeT MaTPHIY, HIEMEHTHI KOTOPOIl
onpenensloTCA Kak NPOU3BENeHUA HIeMEeHTOB BXONHBIX BEKTOPOB U
cmerennit. Aprymentsl Z1,Z2,... — MaTpHIBI, YbW CTOIOIBI acco-
MUMPOBAHBI ¢ BXOTAMHU HIH CMellleHUAMH.
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Mpumepsnt
»z1=[124;341];

» i =netprod(z1,z2)
n—

-1 4 8

15 -24 1
»b=[0; -1];

» n=netprod(z1,z2,concur(b,3)) % Oyuruua concur(b,3) cozzaer 3 xo-
NUM BEKTOPA CMeILeHHA
n=
0 0 0
15 24 -1
netsum(Z1,Z2,...) — 10 e, YTO B IPEIBIAYIIEM CTyuae, HO BMECTO
YMHOMKEHNA HCIONb3yeTCA CyMMHUpPOBaHHe.
dnetprod(Z,N) — BosBpalaer MaTpuily 3HaUeHil TePBOH MPOM3-

BOIHOIT BX0MIOB, peobpasoBanubix pyHkmueli N = netprod(Z1,22,...).

Mpumep
»Z1=10; 1; -1];
» 22 =[1; 0.5; 1.2];
» N =netprod(Z1,Z2)
N=
0

0.5000

-1.2000
» AN_dZ2 = dnetprod(Z2,N)
dN_dZ2=

_— o

dnetsum(Z,N) — 10 e, uT0 ¥ B NOpeNbIIyLIEeM clIyyae, HO MO
OTHOIIIEHWIO K QpyHRINY netsum(Z1,Z2,...).

4.2.8. OyHKIUU BecoB U paccTogHUl

boxdist(pos) — ¢yHRUUA onpeneneHuds boX-pacCTOAHNA MeKILY
HefipoHaMu B cioe. VMeer oIWH apryMeHT pos-MaTpHIy pas3mepa
N XS, 3IeMeHTB KOTOpOfi ONpeseNAoT KOOpANHATHI HeifipoHOB, BO3-
BpalllaeT MaTPHILY pasMepa SXS paccroAnuit. PaccroAnuda (3meMeHThbI
BO3Bpall[aeMOH MaTpPHUIbI) BEIYUCIATCH 110 BHIPameHUIO:

D;j = maz(abs(P; — Pj)), rie P; n P; — Bextopsl, cofepmarine
KOOPIMHATHI HEiPOHOB ¢ U j.
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Mpumep
» pos =rand(3,4) % CiuyuaiiHoe pasMemenue 4-X HEHPOHOB B 3-MepHOM
NPOCTPAHCTBe (TeHepauMA CIyYaiiHol MaTpHUEL 3 X 4)
pos =
0.8600 0.4966 0.6449  0.3420
0.8537 0.8998 0.8180 0.2897
0.5936 0.8216 0.6602 0.3412
» d =Dboxdist (pos)

0 0.3635 0.2151 0.5639

0.3635 0 0.1614 0.6100
0.2151 0.1614 0 0.5282
0.5639  0.6100 0.5282 0

dist — (pyHRUNUA BBIYHCIEHUA eBRINIOBA PACCTOAHUA.

3anmncho:

Z = dist(W,P) — BosBpaimiaer MaTpuiy, 5TeMeHThI KOTOpoii ABIA-
I0TCH eBKIINIOBBIMI PACCTOAHUAMHE MeRIy CTPOKaMu (BeKTOpaMu) Ma-
rpunbl W u cronbuamu Marpuubl P (MaTpuubl 10JKHBL IMETh COOT-
BETCTBYIOLIHE Pa3Mephbl).

D =dist(pos) — B rakoil Gopme QpyHEUNA aHATOTMYHA DYHKIUH
boxdist(pos) 3a Tem HcrIIOUEHWEM, YTO BO3BpAlllaeTcAd MaTpHUIla €B-
RIAUTOBBIX PACCTOAHMIA.

negdist(W,P) — ¢yHKINA HIeHTHYHA TPeTBINYIIel, HO 3leMeHThI
BO3BpalllaeMoil MaTpHUIIbl ABIAOTCA eBRIMIOBBIMY PACCTOAHUAMU, B3A-
THIMH CO 3HAKOM MUHYC.

mandist(W,P) — ¢yHEIUA aHamormyHa TpeABINyIIel, HO Hie-
MEeHTBEI BO3BpalllaeMoil MaTpPHIBI ABIAIOTCA pacCTOAHWAME 1o Mamn-
XJTTEHY, KOTOPOe IJIfl BEKTOPOB X M Y ONPEeIeIAeTCA COOTHOLIEHTeM:
D =sum(abs(x — y)).

linkdist(pos) — ¢yHRUUA onpeneneHys THHEHHON0 PacCTOAHA
Mem Iy HelipoHamu B cioe. Anamornuna ¢pyuHrnnn boxdist, otnnuasch
0T TocTenHell anTOPUTMOM ONpeNeTeHud PacCTOAHNIA:

D;; =0, ecin 1 = j;

D;; =1, ecnn eBRINIOBO paccTogHNe Mexny F; u P; MeHble nin
paBHoO 1;

Dij = 2, ecau cymectsyer k takoe, 4t0 Dj, = Dy; = 1;

D;; = 3, ecin cymecrsyior k1 u k2 rakue, uro Dy = Dyyge =
= Dpoj = 1;

D;; = N, ecan cymectsywor k1, k2, ..., kN rakue, urto D;iy =
=Drpe=...= Dpn; = 1;

D;; = S, ecii He BBINOIHEHO HU OJHO U3 NPeIbLIYIIUX yCIOBUI.

dotprod(W,P) — ¢yuruua npuganna Bxoram P HeroTophIx Be-

coB W. Bossparitaer marpuny Z = W*P.
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normprod(W,P) — dyHKiuA aHamoruuyHa mpenbIAYIIAil, HO Ka-
JRIBIN 37eMeHT BO3BpalllaeMoii MaTpPUILI NOTMOIHUTEILHO NeJIUTCA Ha
CYMMY 3JIeMEHTOB COOTBETCTBYIOIIETO CTOJ6IIAa-COMHOMUTENA MaTpH-
usl P.

4.2.9. Oyuruun pasMelneHusa HelipoHoB (Tomoioruueckue GyHE-
uuu). OyHRIWH TaHHOW TPYNIBI UCTOMAB3YIOTCA MPH CO3TAHUH CaMO-
OpPraHu3yIIINXCcA KapT.

gridtop(dim1,dim2,...,dimN) — ¢yuriua pasmemennsa N cioes
HelipOHOB B y3ilaX peryiaapHoil npAMoyroibHoit N-MepHOil pereTku.
dim1,dim2,...,dimN — uucno HelipoHoB B cioax. Bosspaiaer ma-
Tputy, comepikainyo N crpok u (dimlxdim2X...xdimN) cron6mos
¢ KOOpAMHATaM# HejipOHOB.

Mpumep

» pos = gridtop(2,3)

pos =
01 0 1 0 1
o 0 1 1 2 2

hextop(dim1,dim2,...,dimN) — ¢yHKINA aHATOTHYHA TPETHINY-
1ieit, HO pa3MelieHne HefipOHOB TPOUBBOAUTCA B y3JdaX TeRCarOHalb-
HOil (IIeCTUYrOMbHOI) pelleTKIL.

Mpuwmep

r

» pos = hextop(8,5); plotsom(pos)
(em. puc. 4.2).
randtop(dim1,dim2,...,dimN) — anamornuna QyHRIHH

gridtop(dim1,dim2,...,dimN), Ho KoopIUHATHI HeilpOHOB BBHIOU patOTCA
ciyyaiiHbIM 06pa3oM.

Mpuwmep

pos =randtop(16,12); plotsom(pos)
(em. puc. 4.3).

4.2.10. DyHRUNH UCHOIL30BAHUA HefipoHHEIX cerei

[Y,Pf,Af] = sim(net,P,Pi,Al) — dyuruus, Mogenupyioias pabory
HelipoHHOiT cetn. AprymeHTh: net — umd ceru, P — ee Bxomsr, Pi —
MacCHB HaUYalbHBIX YCTOBUil BXOTHBIX 3alepmer (M0 YMOTIYaHHUIO OHH
HysmeBbIe), Al — MacCHB HaualbHBIX YCIOBHI 3amepmer oA Helipo-
HOB (10 yMoOIYaHUIO OHH HyleBble). DyHRINA Bo3BpalllaeT B3HAYEHHA
BBIX0MOB Y 1 MacCHBBI KOHEYHBIX YCIOBHI 3ameprmex.
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Puc. 4.2. Pesyabrar Bormonsenns komamns! hextop(8,5)

A"#" “3’\ d

.&,";“:’\
v \M‘b
‘ dus

Puc. 4.3. Pesynbrar Bbinonaenua komariel randtop(16,12)
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Aprymentor Pi,Al, PfAf ucnonbsyorcea T0IbKO B ciiydyasx, Korua
ceTh MMeeT 3allePKKI [0 BXOMaM WU 10 CIOAM HeiipOHOB.

CrpyrTypa DaHHBIX apryMeHTOB:

P — wmaccus pasmepa Nix TS, ramubrii snement koroporo P{i,ts}
ABIfgercA Matpuieit pasmepa RixQ.

Pi — maccus pasmepa NixID, kamasrit smement koroporo Pifik}
(i-it BXom B MoMmeHT ts = k — ID) aABaserca marpnueit pasmepa RixQ
(70 yMOIYaHUIO — HOIb).

Ai— wmaccus pazmepa NIX LD, rammsrit snement roroporo Ai{ik}
(BBIXOM i-T0 oA B MoMeHT ts = k— L) ABndAerca maTpuieii pagmepa
SixQ (mo ymomyaHHI0 — HOIB).

Y — macens pazmepa NOXTS, ramasrit anement roroporo Y{i ts}
ABIAeTcA Marpuieii pasmepa UixQ.

Pf — wmaccus pasmepa NixID, wammsrit smement roroporo Pf{ik}
(i-it Bxom B moment ts = TS + k — ID) ABnderca marpuueil pasmepa
RixQ.

Af— maccuB pasmepa NIX LD, ramnsrit smement roroporo Af{ik}
(BbIXOX i-TO cioa B MoMeHT ts = TS 4 k — LD) saBuserca marpuueit
pasmepa SixQ, mpu 3TOM

Ni=net.numlInputs — KonuyecrBo BXOIOB CeTH,

Nl=net.numLayers — KoJInuecTBO ee CJI0E€B,

No = net.numQutputs — KoIuYeCcTBO BLIXOIOB CETH,

ID = net.numInputDelays — Bxommunie 3amepmiin,

LD = net.numLayerDelays — 3anepmru cios,

TS = Number of time steps — uiciI0 BpeMeHHBIX HHTePBAJIOB,

Q = Batch size — pa3mep Habopa momaBaeMbIX BEKTOPOB,

Ri=net.inputs{ i }.size — pasmep i-ro BeKTOpa BXOIA,

Si=net.layers{ i }.size — pasmep i-ro cimos,

Ui=net.outputs{ i }.size — pasmep i-ro BeKkTOpa BLIXOJA.

net = init(net) — QyHKUMA WHAUHAIM3WDYET HEHPOHHYIO CeTh C
uMeHeM net, ycTaHaBIUBag Beca W CMEIIEHUf CETH B COOTBETCTBUU C
ycranoBkamu net.initFen u net.initParam.

[net,Y,E,Pf,Af] = adapt(net,P,T,Pi,Ai) — ¢yHkuud amanraiuu
HC. BrimomHsger amantanyi ceTd B COOTBETCTBHEU C yCTAHOBKAMU
net.adaptFen u net.adaptParam. 3necs E — omubru cern, T —
LeeBble 3HAUEHHA BBIXOOB ([0 YMOJIYaHHIO — HOJIb); OCTAlbHBIE
apryMeHThl — Kak y KOMaH/bI sim.

[net,tr] = train(net,P,T,Pi,Ai) — (yukiua ocyliecTsisger odyue-
uue HC B coorBercTBru ¢ yeranoBramu net.trainFen u net.trainParam.
3nech tr — wHMOPMAUNA 0 BHINOTHEHNH Tponecca o0yueHnd (KomIu-
YeCTBO NIMKIOB I COOTBETCTBYIOIIAA OIINOKA 06yUeHHA).
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disp(net) — (yHRuNA BO3BpallaeT pa3BepHYTYIO MH(OPMAIUIO 0
cTpykType u cBoiictBax HC.
Mpuwmep
»net =newp([-1 1; 0 2],3); % Cosmanue HC tuna mepcenrpox
» disp(net)
Neural Network object:
architecture:
numlInputs: 1
numLayers: 1
biasConnect: [1]
inputConnect: [1]
layerConnect: [0]
outputConnect: [1]
targetConnect: [1]
numOutputs: 1 (read-only)
numTargets: 1 (read-only)
numInputDelays: 0 (read-only)
numLayerDelays: 0 (read-only)
subobject structures:
inputs: {1x1 cell} of inputs
layers: {1x1 cell} of layers
outputs: {1x1 cell} containing 1 output
targets: {1x1 cell} containing 1 target
biases: {1x1 cell} containing 1 bias
inputWeights: {1x1 cell} containing 1 input weight
layerWeights: {1x1 cell} containing no layer weights
functions:
adaptFcen: ’adaptwb’
initFen: ‘initlay’
performFcn: ‘mae’
trainFen: ‘trainwb’

parameters:
adaptParam: .passes
initParam: (none)
performParam: (none)
trainParam: .epochs, .goal, .max fail, .show,
.time

weight and bias values:
IW: {1x1 cell} containing 1 input weight matrix
LW: {1x1 cell} containing no layer weight matrices
b: {1x1 cell} containing 1 bias vector

other:
userdata: (user stuff)
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display(net) — To e, uTO mpembIAYIIAA KOMaHIa, HO HOMOJIHM-
TeJIbHO BO3BpalllaeT MMA HelipOHHOI ceTH.

4.2.11. I‘pa@)n'{eclme dpymﬂum

hintonw{W,maxw,minw) — (QyHKIUA BO3BpalllaeT Tak HasblBae-
MBIl XUHTOHOBCKH T'paduK MaTPHUIBI BECOB, MPU KOTOPOM KaimIblit
BecoBoil ko3¢ pulMeHT oToOpamaeTcd KBagpaToM C IIIOLIANbIO, MPO-
TMOPINOHANBHOI BeTMYNHe TaHHOTO Ko3(duinenta. 3Hak 0Tobpama-
eTcH ”'Rﬂ"l"n\/l 'R"RQWT\Q’T‘Q

AprymeHTHI:
W — maTpuiia BeCOB, maXxw i minw — MUHUMaJlbHOE i MaKCH-
MaJbHble 3HaueHHA ee koI (PUINeHTOB (MOIyT He 3alaBaTbCH).

» W =rands(2,3)
W=
-0.8842 0.6263  -0.7222
-0.2943  -0.9803 -0.5945
» hintonw (W)
(em. puc. 4.4).

Puc. 4.4. Mumoctpanua ® BeinoaHenuto Gpyaknun hintonw

hintonwbM(W,b,maxw,minw) — To e, 4T0 I TpenbIIyIIad GyHK-
WA, HO Ha Tpaduke 0TOOPaRAIOTCA He TONBKO Beca, HO U CMeIlleHHU .
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plotbr(tr,name,epoch) — ¢QyuruUMA Bo3Bpaliaer rpapuKn H3Me-
HeHUA KpuTepus kavectBa HC B mpolecce o0yueHUA MpU WCIOIb30Ba-
uin baitecoBckoro mMetona (cM. BbIlie).

AprymeHTHI:

tr — 3anuch npouecca obyuenus, name — nma HC, epoch —
KOIIMYeCTBO IHKIOB 00yueHus (0 YMOIYaHUI0 — IJIHHA 3alUCH 06Y-
YeHH).

Opumep

»p=[-1:.05:1];

» t = sin(2*pi*p)+0.1*randn(size(p));

» net = newff([-1 1],[20,1],{’tansig’,’purelin’ }’trainbr’);
% Cosnanue HOBOIL cerH

» [net,tr] = train(net,p,t); % Obyuenue ceru

TRAINBR, Epoch 0/100, SSE 228.933/0, SSW 21461.7,
Grad 2.33e+002/1.00e-010, #Par 6.10e+001/61

TRAINBR, Epoch 25/100, SSE 0.235423/0, SSW 211.044,
Grad 9.43e-002/1.00e-010, #Par 1.35¢+001/61

TRAINBR, Epoch 50/100, SSE 0.240881/0, SSW 121.647,
Grad 1.87¢-001/1.00e-010, #Par 1.23e+001/61

TRAINBR, Epoch 75/100, SSE 0.239867/0, SSW 116.884,
Grad 1.62e-002/1.00e-010, #Par 1.22¢+001/61

TRAINBR, Epoch 100/100, SSE 0.239762/0, SSW 116.871,
Grad 9.60e-003/1.00e-010, #Par 1.22¢+001/61

TRAINBR, Maximum epoch reached.

» plotbr (tr)

(em. pumc. 4.5).

plotep(w,b,e) — (hynrumusA oT06pamaer NO3UINN BECOB U CMeIle-
Huii #a noBepxHoctu omubrr HC.

AprymeHTbI:

w, b, € — Cc00TBeTCTBEHHO, MaTPHUILI BECOB, CMEIIeHH W OILIN-
6ox. BosBpammaercs BeKTOp, MCMONb3yeMBIil NI TPONOTMEHUA Tpa-
¢ura, coanannoro gynriueii plotes (CM. HI/I}I’ie).

plotes(wv,bv,e,v) — (yHKIuA Bo3Bpalaer rpadik MOBEPXHOCTH
OIINOKN OTHOBXONOBOTO HelipoHa.

AprymeHThI:
wv, bv — coorBercTBeHHO, HabOpHI 3HaUeHHI Beca U CMEIIEHHUA
HeifpoHa, € — MaTpulla 3HaYeHUl OMIMOKEM, V — ONMIUA BHUIa H30-

opamennsa (mo ymomxuaumio, [—37.5, 30]). Ucnonn3oBanme QpyHRINK
unaocrpupyer puc. 4.8 (cM. HIme).

plotpe(W,b) — ¢yHRUUA Bo3Bpalmiaer rpaduk JTHHUN pelleHNd
ISl TIepCenTpoHa.
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AprymeHToI:

W — wmarpumna BecoB, b — Bekrop cmemnennii. Hcnoabayerca
coBMecTHO ¢ pyukuueii plotpv (cM. Hume).

plotperf(tr,goal,;name,epoch) — Bo3Bpairaer rpadur M3MeHeHA
rputepuda ravecrBa HC B mpoiecce obyuennsa. Aprymentsr: tr — 3a-

Puc. 4.5. Pesyabrar Bemonaenusa ¢pyusunn plothr(tr)

THCh poliecca obyueHnsd, goal — 1eneBoe 3HaveHne KpuTepHsA, name —
uma H(, epoch — roamuecTBo NHKIOB 06yUeHus.

plotpv(p,t) — ¢yHKIUA Bo3Bpalaer rpaduueckoe 0TOGPaKEHITE
BXONHBLIX P U IIeIeBBIX t BEKTOPOB TepCenTpoHa.

Mpumep

»p=[0011;0101];

»t=[0001];

» plotpv(p,t)
(em. puc. 4.6).

plotsom(pos) — (ynkuusa Bo3Bpamaer rpaguyecKoe npeacTabie-
HITe DPacToNOKeHNA HeiflpOHOB B CaMOOPTaHU3YIOIINXCA Kaprax (cM.
Oyuruyuu pasMeuieHud HelpoHos, pic. 4.2, 4.3).

plotv(M,t) — ¢yHknuA rpaguyeckoro n306pameHns BEKTOPOB.
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Puc. 4.6. Pesyabrar ucnonbsosanua dpyakuum plotpv(p,t)

Puc. 4.7. Pesyabrar ncnoansosannsa ¢pyusuun plotv(M,t)
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AprymeHToI:

M — wmarpuia ¢ IByMA CTPOKaMH, CTONOIBI KOTOPOil accomnmpo-
BaHbLI ¢ BeKTOpaMu, t — omiud, 3amaiomiasa THI JUHUH.

Mpumep

» plotv([-.4 0.7 .2;-0.5 .1 0.5],”-")

(em. puc. 4.7).

plotvee(M,C,m) — ¢pyHKIHA TpaduvecrOro n306pameHnA BEKTO-
POB PA3HLIMHU I[BETAMH.

AprymeHTHI:

M — wmarpuia ¢ AByMA CTPOKAMIE, CTOJIGIBI KOTOPOH accoluupo-
BaHbl ¢ Bekropamu, C — cTpoka 3alaHHA 1[BETOB, M — THI TOYeK,
VKa3bIBAIOLIUX KOHIBI BEKTOPOB (10 yMOIYaHUio +).

4.2.12. llpoune byHruuU

errsurf(p,t,wv,bv,f) — Qyuruus, Bosspamaoas MaTPUIy 3Ha-
YeHHil MOBePXHOCTH OMIMO0K HelpoHa ¢ OMHUM BXOIOM U OTHHUM BbI-
XOIOM B B3aBUCHMOCTH OT 3HaueHHUil Beca U CMeIleHHuA. APryMeHTHI:

P — BeKTOp 3HaYeHWI BXOMa,.

t — BexTOp 3HavYeHUi BLIXOMA,.

WV — Habop 3HaueHNil Beca HelipoHa,.

bv — nabop 3HaueHWIT CMelIeHUA.

f — nasBanue peanusyeMoll (QYHKIMI akTHBalLUU (CTPOKA).

Pasmep BosspalaeMoit MaTpuubl = (KonnuecTBo 3HadeHuil bv)x
X (KRosnyecTBo 3HAYeHUH Wv).

Mpumep

»p=[-6.0-6.1 -4.1 -4.0 +4.0 +4.1 +6.0 +6.1];
»t=[+0.0 +0.0 +.97 +.99 +.01 +.03 +1.0 +1.0];
»wv =-1:.1:1; bv =-2.5:.25:2.5;

» es = errsurf(p,t,wv,bv,logsig’);

» plotes(wv,bv,es,[60 30])

(em. puc. 4.8)

maxlinlr(P) — Bo3Bpaiiaer MakcuMaNbHY0 BeAUYUHY KOd(Puiu-
eHTa 00yueHUA IJIA JWHeHHOro ciod HelipoHoB. 3mech P — marpuua
BXOIIOB.

[Tpu 3anucu B popme maxlinlr (P, bias’) dpyHrumA BosBpaimaer Mak-
CUMATBHYIO BeTHUNHY K03 DUIneHTa 00yIeHUA NI JTNHEHHOTO C0A
HeffpOHOB CO CMeIleHneM.

gensim(net,st) — (QyHRUNA TeHepupyeT HeifpocereBoii 60K
Simulink (em. puc. 4.9) nna nocrenytomero monenuposanusa HC cpen-
CTBaMW 3TOTO TaKeTa.
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Mpumep

» net = newff([0 1],[5 1]); % Cozmamue Hosoiit HC
» gensim (net)

Puc. 4.8. Mmmocrpaunsa ¥ npumMepy BbinoaHeHns GyHRunn errsurf

Input 1

pi1}

0

=

Puc. 4.9. Pesyabrar Bbinonnennsa GpyHRIuN gensim
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initlay(net) — QpyHRIMA WHUIHATIH3ANUH ClI0EB HellpOHHOIT ceT.
B kauecrse aprymenta ucnonbsyer umsa (unentudurarop) net HC.
Bosspaiaer HeitpoHHYO ceTb, cllon HefipOHOB B KOTOPOIl HHUIHAIN-
3MPOBaHbBI B COOTBETCTBUN ¢ hyHKIHeil net.Jayers{ i }.initFen. B dop-
Me initlay(code), rie ctporoBas mepemernHasa code MoOEeT MPUHEMATh
snavenns 'pnames’ nian ‘pdefaults’ Gpynruns posspamaer nndopma-
M0 0 MeHaX WJIH 0 3HAUeHHUAX 10 YMOIUYAHUIO TapaMerpoB WHUIH-
anu3annm.

initnw(net,i) — GYHKINA HHUIHATH3ANWH cjlodA ¢. Bo3Bpairaer
HC, Beca u cMelleHHA B i-M cI0e KOTOPOii 0GHOBJIEHBI B COOTBETCTBHH C
aaropurMom uHunuanusannu Nguyen-Widrow (rak, 4To 30HbBI «BIIH-
AHMAY KamIOT0 HelipoHa B Cil0e pacmpereleHbl PaBHOMEDHO).

initwb(net,i) — mouTH To e, UTO B MPETBIMYIEM CIyYae, HO Beca
1 CMeIeHUd I-I'0 ClI0A WHUINUHATU3UPYIOTCA B COOTBETCTBHH C UX C00-
CTBEHHBIMU (DYHKIMAMU HHUALITAIU3AIH.

ddotprod — ¢dyHEIUA onpeneneHUd MPOU3BOTHON OT pesyiabTaTa
Z ymHomeHusd maTpuibl BecoB W Ha MaTpuiy BxomoB P.

3anuch:

dZ_dP =ddotprod('p’,W,P,Z)

dZ_dW =ddotprod('w’,W,P,Z)

Mpumepsn

»W=[0-10.2;-1.11 0];

» P =[0.1; 0.65 -0.2];

» Z = dotprod(W,P) % Brruucnenue npoussenerua Z=W*P

-0.6400

0.4900
» dZ_dP = ddotprod('p’,W,P,Z)
dZ_dpP =

0 -1.0000 0.2000

-1.1000 1.0000 0
» dZ_dW = ddotprod(’w’,W,P,Z)
dZ_dw =

0.1000

0.6000

-0.2000

4.3. llpuMepsl co3TaHUA U HCHOJb30BAaHHA HelfpOHHBIX ceTeli

4.3.1. Hefipounsre cern miaa annporcumauuu ¢yurumii. (Cosma-
num oboburento-perpeccuonnyio HC ¢ mvenem a mis annpokcuManun
(pyHEIUM BHAIA

y = 2% ma orpesre [—1, 1], HCNONB3YA cJIeIyIoIINe DRCIEPHMeH-

Ta/JdbHbIe TaHHbIe:
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z=[-1-0.8 —0.5 —0.200.10.30.60.91],

y =1[10.64 0.25 0.04 0 0.01 0.09 0.36 0.81 1].

[Ipouenypa co3nanua u ucnonb3oanua nanuoit HC omucbiBaerca
CIeYIUM 06pa3oM:

»P=[-1-0.8-0.5-0.200.10.30.6 0.9 1]; % 3amanue BXoXHEIX 3HAYCHUIL

»T=[10.64 0.25 0.04 0 0.01 0.09 0.36 0.81 1]; % 3amarze
BEIXOTHBIX 3HAYCHUE

» a=newgrnn(P,T,0.01); % Cozmanue HC ¢ orxmxonerneM 0.01
Nt Tna n” naoanAn o0l 07 N .
» 1 —Dllll\d,L'U-U =U.i =U.9 U.1 U-oJ} /0 UIIPUC 114

Y=
0.8200 0.6400 0.0400 0.0900 0.8100

Rak BumHO, TOUHOCTH aNNpOKCHMANUK B TaHHOM Clydyae MOTYYH-
Jlach He 0YeHb BBICOKOIA.

Mo HO MOTMBITATHCA YIYUYIINTh KauecTBO allPOKCUMANUK 3a CUeTr
nmoabopa BeJTHYHHBI OTKIOHEHHUA, HO B YCJOBUAX NpHUMepa IpHeMe-
MBbIii pesylibTaT JIerko T0CTUTAeTCA MyTeM NPUMeHeHUA CeTH ¢ paiiallb-
HBIMU 6a3WCHBIMH HIeMeHTaMMI:

» a=newrbe(P,T);

»Y =sim(a,[-0.9 -0.7 -0.3 0.4 0.8]) % Omnpoc HC

Y_

0.8100 0.4900 0.0900 0.1600 0.6400

Co3maHHyio ceTb MOKHO COXPAHUTD I TOCTENYIONIEro HCTOTb30-
BaHIA HabOPOM B KoMaHIHOIT cTpoke save(’a’); npu sroM Oy1er cosnan
¢aitn a.mat, T.e. daitn ¢ umenem HC u pacmmpenwem mat. B mo-
CIeIYOIINX ceancaxX paboThl COXPAHEHHYI0 CeTh MOMHO 3arpPy3UTh,
ucnoabsysa gyuruuio load(’a’). Ecrectsento, nonycrumel Bce apyrue
(hopMBI 3anucu oneparopon save 1 load.

Paccemorpum Temeph aHaJTOTHUYHYO 3alady, HO C HCIOIb30BaHUEM
aunednoit HC.

[lycrb srcnepuMenTaibiasg HHGOPMalUA 3alaHa 3HAYCHUAMU:

z=[+1.0 +1.5 +3.0 —1.2],

y=[+0.5 + 1.1 +3.0 — 1.0].

[Iponecc cosmanus, obyyennsa u ucnoab3oBanudA aunerinoit HC c
uMeHeM b MIIIOCTPUPYeTCA NpUBeleHHbBIME QyHRIUAMY U puc. 4.10.

»P=[+1.0 +1.5 +3.0 -1.2];

» T =[+0.5 +1.1 +3.0 -1.0];

» maxlr = maxlinlr (P,’bias’); % Onpenerenue BeaMIMHLI

k03¢ prrenTa obyueHmA

» b=mnewlin([-2 2],1,[0],maxlr); % Coamanue muueiiroit HC ¢
uMenHeM b

» b.trainParam.epochs = 15; % 3amauue romryecTsa LHKIOB
obyueHnA

» b =train(b,P,T); % O6yuenue HC

TRAINWB, Epoch 0/15, MSE 2.865/0.

TRAINWB, Epoch 15/15, MSE 0.0730734/0.
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TRAINWB, Maximum epoch reached.
»p=-1.2;
»y —51m( ,p) % Ompoc cern

Puc. 4.10. Namenenne ommbKu ceTn B mpouecce ee 06yYeHus

4.3.2. lIporuosupoBanne snavenu#t npouecca. Paccmorpum renepb
tarofi npumep. Ilpennomomum, 4ro uMeercsa curxai (pyHKUUA Bpe-
MeHH), OnUChIBaeMblil coorHotenneM x(t) = sin (47t), koropbiii mox-
BepraeTcs quckperusdannn ¢ uHreppaioMm 0.025c.

[locTponm nuHettHy0 HefipOHHYIO CeTh, MO3BONAIONIYIO TTPOTHO3MU-
poBaTh OyIyllee 3HaUEHIE MOTOOHOT0 CHTHANA M0 5 penbInymumM. Pe-
LIeHre TaHHON 3ajauyy UIII0CTPUpPYeTcs HUMKe.

» £ =0:0.025:5; % 3amamme muamazoxa BpeMeHH oT 0 70 5 ceKyHI

» x =sin(t*4*pi); % IlpenckasniBacMblil cHTHAT

» Q =length(x);

» % CoamaHue BXOZHEIX BEKTODOB

» P =zeros(5,Q); % Coamanue Hynesoit Marpuus: P

» P(1,2:Q) =x(1,1:(Q-1));
» P(2,3:Q) =x(1,1:(Q-2));
» P(3,4:Q) = x(1.1:(Q-3));
» P(4,5:Q) =x(1,1:(Q-4)):
» P(5,6:Q) =x(1,1:(Q-5));
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Puc. 4.11. Vcxomspiit curHa ¥ TpOrHO3

Puc. 4.12. Ommubra nporsosa
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» s =newlind(P,x); % Coanmarue Hopoit HC ¢ uMeneM s

»y =sim(s,P); % Pacuer mporaosupyeMsix 3HaveHUi

» % Cosmanue rpadUKoB UCXOXHOTO CHTHAIA U MPOTHO3A

» plot(t,y,t,x,”")

» xlabel(’Bpema’);

» ylabel(’Ilporaos - Curnax +');

» title(’Boixon cern U meficTBUTENbHEIE 3HAUCHUA');

» % Pacuer u cozmanue rpaduka ommbKK MpPoOrHoO3a

» € =X-y;

» plot(t,e)

» hold on

» plot ([min(t) max(t)],[0 0],":x”)

vhold off

» xlabel("BpeMa’);

» ylabel(’Oumbra’);

» title(’Curnan ommbru’);

B nanmowm cayuae cerh codmaBasach ¢ TOMOIILIO GyHKIHN newlind,
TpU KOTOPOIi He TpebyercA momoiHUTeNbHOro 0byyenua. Cyna mo rpa-
(puKaM pe3yibTaToB, NpUBeleHHBIX Ha puc. 4.11 u 4.12, TouHOCTH MpO-
rao3a ¢ ucnoiab3oBanueM anuefinoit HC MomHO cunrarh Xoporureii.

4.3.3. UenonbsoBanue cioa Koxonena. Paccmorpum 3amauy aBro-
MAaTHIeCKOTO BBIABIEHNUA (B pemiMe 00yIeHNA 6e3 yInTeNd) MeHTPOB
RJIacCTepOB BXONOB [JA IBYMEPHOTO cJydasd C HCIOJIb30BAaHUEM CIOA
Hoxonena (cios «copeBHylomuxcery Heiiponos). Pemenne namnoi 3a-
nauy MpUBelNeHO HUKE.

» X = [[) 1; 0 1]; % 3amanue TUATIA30HOB BO3MOKHOT0 TOJI0KCHUS LCHT]OB
KJIAcTEPOB

» % 3amanue mapaMerpoB 1A MoIeTHPOBAHHA HCXOIHBIX JAHHBIX,

» % mpuHagmemammx 8 KxaccaM (KmacrepaM)

» clusters = 8;

» points = 10;

» std_dev =10.05;

» P =nngenc(X,clusters,points,std_dev); % Monemuposarue
BXOTHBIX JAHHBIX

» h=mnewc([0 1;0 1],8,.1); % Coananue cxon Koxonena

» h.trainParam.epochs =500; % 3azanue KoIudecTBa IHKJIOB
obyueHnA

» h=init(h); % Hmnmamisania ceti

» h = train(h,P); % O6yuenne cern

»w=hIW{1};

» % BriBon rpadura MCXOZHBIX JAHHBIX M BEIABICHHEIX LHEHTPOB Kia-
CTEPOB

» plot(P(1,:),P(2,:),"+1");

» hold on; plot(w(:,1),w(:,2),’0b’);

» xlabel("p(1));
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» ylabel("p(2)");
»p=[0; 0.2]; % 3anmarme HOBOr0 BXOIHOI0 BEeKTOpa
»y =sim(h,p) % Ompoc cern
YY=
(3,1) 1
Pabory obyuenHoit cern uimwocrpupyer puc. 4.13 u pesyabrar ee
onpoca (KoTopbiii Beigaercs B opMe paspemen ol Marpulbl). B ycio-

Puc. 4.13. Vcxonnble naHHBIE U BBIABIEHHBIE IEHTPHI KJIACTEPOB

BHUAX NpHMepa NPeIbABIeHHBI BEKTOP OTHECEH K TPeThbeMy Kiaccy
(rmacrepy).

4.3.4. Cerb Xonduiana c nyma Hetiponamu. Paccmorpum cerb Xom-
(puiga, UMEIOIIYIo ABa HelpoHa M [IBa yCTONYMBBIX COCTOAHMUA, 0TO-
opamaeMbrx Bexropamu [1 — 1] u [—1 1]. IIpencraBum 5TH BEKTOPEL C
TOMOIIBI0 puc. 4.14, BELIBOIMMOTO TPOTpaMMoii

» T=[+1-1; -1 +1];

» plot(T(1,:),T(2,:),'v*’)

» axis([-1.1 1.1 -1.1 1.1]);

» title(IIpocrparnctso Berropos HC Xondumma’);

» xlabel("a(1)’);

» ylabel("a(2)’);

Cosnanum cers Xonguana (c umenem H) u mpoBepum ee pabory,
TogaB Ha BXOMI BEKTOPDI, COOTBETCTBYIOIIIE YCTOMYMBBIM ToUKaM. Fcim
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Puc. 4.14. VYeroituusbie Toukn cetn Xonduiaza

Puc. 4.15. Pesyabrar paborbr cern Xomnpuina
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ceTh paboTaeT MPaBUILHO, OHA NOJKHA BHIPAOOTATh ITH KE BEKTOPHI
0e3 KaKUX-1100 M3MeHeHuit.

» H=newhop(T); % Coznanue HC Xonpuana

» [Y.PfAf]=sim(H,2,[],T);Y % Onpoc cern Xonpunga

Y:

1 -1
-1 1

Rar Bumno 3 pesyabTata ompoca, ceTh paboraer mpaBuabHo. Ilo-
mamiM Temepb Ha ee BXOI MPOU3BONBHBIN BEKTOP.

» a={rands(2,1) }; % 3aganue cayyaiiHoro BexTOpa

» [y, Pf,Af]=sim(H,1 50,{ },a);

» plot(T(1,:), T(2,:),'v*’)

»axis([-1.1 1.1 -1.1 1.1]);

» record = [cell2mat(a) cell2mat(y)];

» start = cell2mat(a);

» hold on;

» plot(start(1,1),start(2,1),’bx’,record(1,:) record(2,:))

» xlabel(’a(1)’); ylabel(’a(2)’);

» title(’Pesynsrar paborsr cern Xompunga’);

Pesynbrar namwocrpupyerca puc. 4.15.

4.3.5. Kanaccudpuranua ¢ momominio mepcentpona. Cienyromimit
NpuMep WILTIOCTPUPYET pellleHne 3aMaull RiIacCuPUKalNU ¢ MOMOIIbIO
mepcentpoHa. VlcxomHble BXOMHBIE BEKTOPHI (C yKa3aHWeM WX TpH-
HaIIemHOCTH K ONHOMY U3 IBYX KJIaccOB) U pe3yiIbraT HacTpOilKu
nepcentpona (¢ umexneM My_net) npencrasienst Ha puc. 4.16.

» % 3amaHue BXOXHBEIX BEKTOPOB ¢ yKazaHHEM UX MPUHALICKHOCTH

» % 0mHOMY M3 IBYX KIACCOB

»P =[-0.5-0.5 +0.3 -0.1;-0.5 +0.5 -0.5 +1.0];

»T=[1100];

» plotpv(P,T); % I'paduueckoe npencraBieHre HCXOTHBIX
BEKTOPOB

» % CozmaHue mepCcenTpoHa ¢ yKazaHHEM TPAHUL, H3MEHEHHUE
BX010B U 1 He#poHOM

» My_net =newp([-1 1;-1 1],1);

»yE=1;

» My_net =init(My_net); % Unmmanmuzampa nepcentpoHa

» % OpraEuzauuda UMKIAa aTanTUBHON HACTDPOHKH MepCenTpoHa

» % ¢ BBIBOMOM rpaduka pasmeIAOmeH THHUA

» while (sse(E))

[My_net,Y,E] = adapt(My_net,P,T);
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linehandle = plotpe(My_net.IW{1},My_net.b{1});
drawnow;
end;

Puc. 4.16. Vcxonabie BXOAHBIE BEKTOPHI U PasieAONIad IHHUA

4.3.6. AnanrtusHbil auHefiHbi mporues. B mpenwinymiem npu-
mepe HacTtpoiika HC mpousBonuiach agantusao. OTnuune Takoil Ha-
CTPOIKM OT BBINMOJHAEMOM, HaIpUMep, ¢ TOMOILIbIO MeTola 06paTHOro
pacnpocTpaHeHUd OMINOKM, 3aKJII04AeTCA B TOM, UTO BEKTOPbI 00yya-
tolefi BBIOOPKM MOCTYNAlOT Ha BXOJ CETH He BCEe OIHOBPEMEHHO», a
N0CIeI0BaTeIbHO, 110 ONHOMY, IPH 3TOM IOCJe IpeNbABJIeHNA ouepel-
HOT'0 BEKTOPa NIPOM3BONNTCA KOPPEKTUPOBKA BeCOB U CMeIleHnil 1 Mo-
#eT ObITh MPOU3BENeH OMPOC CeTH, 3aTeM Bce MOBTOpsAeTcA. ATanTuB-
Had HacTpolika ocobenHo ymobua npu pabore HC B «peanbHOM» Mac-
mitabe BpeMeHH.

Pacemorpum npumep 3amaum ¢ nporHo3upoBaHueM 3HaUYeHU CUr-

n e a =) a

wana (o B noenurinvimum
NGuia (00 J GPOLDLL Y L

HacTPOKNU.

[IpennonomumM, 4T0 MCXONHBIN CHTHAJN ONpelelieH Ha HHTepBaje
Bpemern or 0 go 6c¢, mpu srom npu 0 < ¢ < 4c¢ OH ONUCHIBaercs
coorHotrenneM z(t) = sin(4nt), a mpu 4 < ¢t < 6¢ — cooTHOIIEHTEM
z(t) = sin(8nt). ['padur Takoro curnama npusemen Ha pic. 4.17.

» timel = 0:0.05:4; % or 0 mo 4 ceryHnm

» time2 = 4.05:0.024:6; % ot 4 mo 6 cexynm

amaurenmam) ¢ WeNoIL2ona oM YRarammoil
M ondulnani ) L uliliansUnaniiCi yRasannini
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Puc. 4.17. I'padur mporxHosmpyemoro curHaia

Puc. 4.18. Vcxommbrii curaan u mporaos
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» time = [timel time2];

» % T onpemenser HCXOTHBIA CHTHAIL:

» T = con2seq([sin(timel*4*pi) sin(time2*8*pi)]);

» % T'padur HcXogHOTO CHrHAIA:

» plot(time,cat(2,T{:}))

» xlabel(’Bpema’);

» ylabel("Hcxomsmsiii curnan’);

» title('IlporaozsupyeMsiii curnan’);

[l mporHo3a 3HaueHUit cUrHama co3ganiM arHeiHyo HC.

» % BxomHoii 1 ueneBoii MPOTHO3UPYEMBIH CUTHAL 0THHAKOBLL:

»yP=T;

» % Sa,z;anne Ko03d puLHeHTA 00yUeHUA

»Ir=0.1;

» % Jlna nporHoza HCMOAB3YIOTCA 5 MPEXBITYINX 3HAYCHUIH

»delays=[12 3 4 5];

» % Coamamue u HacTpoiika muHetHol HC

» net = newlin(minmax(cat(2,P{:})),1,delays,Ir); % Cozmanue HC

» [net,y,e] = adapt(net,P,T); % AmanTusnas Hactpoiisa cetn

» % I'paduru HCX0XHOTO CHTHAIA U MPOTHO3A

» plot(time,cat(2,y{:}),time,cat(2,T{:}),”--")

» xlabel(’Bpema’);

» ylabel("IIporxozupyeMsrii curnar’);

» title("Mcxommpiii curHanx u nporxHos’);

Wcxonublit curHal U MPOTHO3 A HTOr0 MpUMepa MpUBEeTeHbl Ha
puc. 4.18. Kar BumHo u3 pmc. 4.18, monyyeHHBIN Pe3yabTaT MOMKHO
CUNTATh YIOBIETBOPUTEIBHBIM.

4.3.7. Ucnonn3oBanue cern dnmana. Paccmorpum 3amauy BoccTa-
HOBJIEHUA (OPMBI CHTHAIA C WCMOIbL30BaHUEM PeryppeHTHOM cetn -
mana. IlycTh uMeercd ABa CHHYCOMTAIbHBIX CHTHAIA — OIUH C eIH-
HUYHOI aMIJIUTYROM, Ipyroif — ¢ aMIINTYno#l, paBHOIl IByM:

pl =sin(1:20);

p2 =sin(1:20)*2.

IlycThb 1eseBbIM CUTHAIOM OyIeT CUTHAI, COCTABIEHHbIH 13 X aM-
MIIUTY THBIX 3HAYCHWH

t1=ones(1,20);

t2=ones(1,20)*2

IpHU HTOM JaHHble aMIUINTYABI YepeayloTcA, Tak YTO BXONHBIE 1
leJieBbie 3HAUEHUA MOTYT ObITh NpeACTaBIeHbl B (hopMe

p=[pl p2 pl p2J;

t=[t1 t2 t1 t2].

[Ipeobpasyem 9Tu 3HAUCHUA B MOCIEI0BATEIBHOCTH:

Pseq =con2seq(p);

Tseq = con2seq(t).
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[locne 3TOro MoOMHO HeMOCPEICTBEHHO TepeiiTh ¢ NPOEKTUPOBAHUIO
HC. B pacemarpuBaemoit ciyyae unMeeM, OUeBHIHO, ONMH BXOI H OTUH
BBIXOl, T.€. B CEeTH NOJ#HBI NPUCYTCTBOBATh ONUH BXOIHOl HileMeHT
U OIUH BbIXOHTHOW HefipoH. Yucio HelipoHOB B CKPBITOM CJI0O€ MOMKET
OBITH, BOOOIIIe TOBODPA, MIOOLIM (OHO 3aBUCHT OT CIOMHOCTH 3aladul);
mpuMeM, 4To 3TOT cioii comepmur 10 HeiipoHoB. [lanbHeililee pere-
HUe 3ajauydl WJIJTI0CTPUpPYyeTcA HUMme, TPpH AToM Ha puc. 4.19 mpuse-
neH rpaduk u3MeHeHUd OIIMOKU ceTH B Npollecce ee 0byueHUd, a Ha
puic. 4.20 — pe3yabTaThl TECTHPOBAHNA CETH.

» % 3amaHue MCXOTHBIX TAHHBIX

» p1 =sin(1:20);

» t1 = ones(1,20);

» p2 =sin(1:20)*2;

» t2 = ones(1,20)*2;

»p=[p1 p2 pl p2J;

yt=[t1 t2 t1 t2];

» Pseq = con2seq(p);

» Tseq = con2seq(t);

» % Cozmamme ceTrt JIMaHa ¢ THAMA30HOM BX0IA [-2, 2], 10
HelipoHaMU

» % CKPEITOTO €JI0A, OMHUM BHEIXOTHBIM HEHDOHOM,

» % dyHEuUMel akTUBAMH B BHIE THIEP0OIHMYECKOT0 TAHTEHCA

» % maaA HefPOHOB CKPLITOTO CI0A, JMHEHHOH QyHRIUe
ARTHBALHT

» % nma BEIXOTHOTO HeitpoHa, GyHKIMeCH 06yueHIA ¢ agamTamHet

» % woad puumenra obyuenusn

» net = newelm([-2 2],[10 1],{’tansig’,’purelin’},’traingdx’);

» % 3amanue mapaMerpos 00ydyeHHA:

» net.trainParam.epochs = 500; % Yucno uuknos obyueHusn

» net.trainParam.goal = 0.01; % lenepoe a3nauenme QpyHrumn
OLIMOKH

» net.performFcn ="'sse’; % 3amanue puma Gpyarumy ommbxm

» % O6yuenue ceru. Ilo yMoT4aHUIO P OMERYTOUHbIE Pe3yIbTATEI 06yde-
HUA

» % BEIBOZATCA Yepes 25 UMKIOB

» [net,tr] = train(net,Pseq,Tseq);

TRAINGDX, Epoch 0/500, SSE 443.798/0.01,

Gradient 387.439/1e-006

TRAINGDX, Epoch 25/500, SSE 22.1356/0.01,
Gradient 7.76533/1e-006

TRAINGDX, Epoch 50/500, SSE 20.0141/0.01,
Gradient 2.17503/1e-006
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Puc. 4.19. smenenne ommbku ceTst B mpoluecce 06yueHNA

Puc. 4.20. PesyabraThl TecTUpOBaHUA CeTH
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TRAINGDX, Epoch 75/500, SSE 18.9825/0.01,
Gradient 1.26454/1e-006

TRAINGDX, Epoch 100/500, SSE 15.8484/0.01,
Gradient 9.11439/1e-006

TRAINGDX, Epoch 125/500, SSE 15.1932/0.01,
Gradient 2.92454/1e-006

TRAINGDX, Epoch 150/500, SSE 15.1337/0.01,
Gradient 2.72534/1e-006

TRAINGDX, Epoch 175/500, SSE 14.9634/0.01,
Gradient 2. 75817/1e-006

TRAINGDX, Epoch 200/500, SSE 14.3391/0.01,
Gradient 3.06463/1e-006

TRAINGDX, Epoch 225/500, SSE 14.2136/0.01
Gradient 3. 24916/1e-006

TRAINGDX, Epoch 250/500, SSE 14.1567/0.01,
Gradient 3.26074/1e-006

TRAINGDX, Epoch 275/500, SSE 14.0799/0.01,
Gradient 3.1542/1e-006

TRAINGDX, Epoch 300/500, SSE 13.7704/0.01,
Gradient 3.27526/1e-006

TRAINGDX, Epoch 325/500, SSE 12.6771/0.01,
Gradient 3.72479/1e-006

TRAINGDX, Epoch 350/500, SSE 12.1381/0.01,
Gradient 5.86736/1e-006

TRAINGDX, Epoch 375/500, SSE 12.315/0.01,
Gradient 3.92575/1e-006

TRAINGDX, Epoch 400/500, SSE 12.1414/0.01,
Gradient 3.89053/1e-006

TRAINGDX, Epoch 425/500, SSE 11.1606/0.01,
Gradient 3.93421/1e-006

TRAINGDX, Epoch 450/500, SSE 8.91345/0.01,
Gradient 5.55002/1e-006

TRAINGDX, Epoch 475/500, SSE 8.56053/0.01,
Gradient 3.87387/1e-006

TRAINGDX, Epoch 500/500, SSE 8.34089/0.01,
Gradient 3.7055/1e-006

TRAINGDX, Maximum epoch reached, performance goal was
not met.

» % IocTpoenue rpadpuka QyHKIMH ONIHOKH

» semilogy (tr.epoch,tr.perf);

» title(’Cymma kpamparos ommbok cern Jdmmana’);

» xlabel ('Iuxmunr’);

» ylabel(’Cymma kBagparos ommbor’);

» % Tectuposanue cern
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» a =sim(net,Pseq);

» time = 1:length(p);

» time = 1:length(p);

» plot(time,t,’- -’ time,cat(2,a{:}))

» title(’PeaynnTarsl TecTupoBanusa ceru’);

» xlabel("Bpema’);
» ylabel(’3anammsie 3navenun - - Borxox cern ---')
4.3.8. 3anaua gnacenduranny: NPUMEHEHUE Ce

CHPNRANNN . DPHUMEHEH

npocrpanenuda. llpennonomum, nocraBieHa cneﬂyHnuaH saﬂau Rjac-
cuduranuu: 3anaH Habop u3 10 BeKTOPOB, MpelNcTaBIeHHBIX B BHIE
CTOJ01I0B MAaTpHILBI

[3 =2 =2 00 0 0 2 2 3

01—121—1—21—10J’

a TaKkmke 3alaH BEKTOP-CTPOKA, YKa3bIBAIOIIN{ NPUHANJIERHOCTh Kak-
IIOTO BEKTOpa K OMHOMY M3 IBYX KJIacCOB:

Te=[1112222111].

Tpebyerca: mocrpouTh aBTOMaTHUecKHil KiaccupuKaTOp MOM06-
HBIX BEKTOPOB, UCNOJIb3YH NPUBEIeHHbIe JaHHbIe KaKk 00yualollyo Bbl-
OODpKY.

Pemrenne nomobmoit 3anaun npoBeneM ¢ IpuMeHeHeM CeTH BCTPed-
HOT'0 pacnpocTpaHeHUd Tak, Kak HTO NOKa3aHO HUMe.

»P=[-3-2-20000 +2+2 +3; 0 +1-1 +2 +1-1-2 41 -1 0];

»C=[1112222111];

» T =ind2vec(C); % Ilpeobpazosanme serropa C B marpuuy T ¢ xyma
CTPOKaMH

» % CozmaHue HOBOH CETH BCTPEUHOTO PaclpocTPaHeHUA Tpebyer 4-x Ia-
pamMerpos:

» % 1) MAaTpULBI MUHIMATFHEIX U MAKCUMAIbHEIX 3HAYCHUH
BXOJHEIX 9JI€MEHTOB,

» % 2) uncna CKPHITBIX HEHPOHOB,

» % 3) BerTOp C 3:IEMEHTAMM, YKA3HIBAIOLIMMH TOII0 Ka/EI0r0 H3 KIacCOB,

» % 4) BexmuuHEL K03 duHenTa o0yyeHu

» net = newlvq(minmax(P),4,[.6 .4],0.1); % Cosxamue ceru

» net.trainParam.epochs = 150; % 3amanue umcaa UUKIOB
obyueHHnA

» net.trainParam.show = Inf; % 3amper na oimauy
TIPOMERYTOUHBIX Pe3yIbTATOB

» net = train(net,P,T); % Ooyuenne HC

TRAINWB1, Epoch 150/150

TRAINWBI1, Maximum epoch reached.

sy Y = c'!m"’ln" P) ¥ Tocrunopaiiie cotT
= SHIICU,r ;) /U 1CCTHPOBANHC CCTH

Y=
1 11 0 o0 0 0 1 1 1
o 0 0 1 1 1 1 0 0 O

P=
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HKar BuIHO M3 pe3yIbTATOB TeCTUPOBAHUSA, KIacCHUKALUA Die-
MeHTOB 00yvaroliell BEIGOPKH IPOHU3BeieHa TOYHO (TPH NePBLIX U TPH
NOC/IeIHNX BEeKTOpa OTHECeHLI K NMepBOMY KJaccy, OCTalbHBIe — KO
BTODOMY ).

4.3.9. Co3manne W HCMOIbL30BAHHME €CAMOOPraHU3yIollelcd KapThI.
Rak ormevamoch, camMoopraHmsymommnecd KapThl MOMKHO paccMaTpH-
BaThb KaK YyCOBEPIIEHCTBOBAHHYIO MONU(HUKALUIO CJIOA KOHKYPHUPYIO-
mux Hefiporos (cios Hoxomena). Or nociepmero mamuorit Bug HOC
OTIINYAeTCA TeM, UYTO:

1) HeHpOHBI pacHpenelaTCH HEKOTOPBIM 1POCTPAHCTBEHHBIM 00-
pasom (10 ONHOMY M3 Tpex BO3MOMKHBIX BapuUaHTOB: B y3Iax NPAMO-
YTOMBHOMN PeIIeTKN, TeKCArOHAMbHON peleTRI Wil CIyIaiHo);

2) Ha HTame caMo0byUeHNA KOPPEKRTHPYIOTCA Beca He TOIBKO Heifpo-
Ha-«mobenuTeNsA», HO U TPYINLI Hef{POHOB B €r0 HEKOTOPOil mpocTpaH-
CTBEHHOIl OKPeCTHOCTH.

Ha3nauenus caMoOpraHU3yIOMINXCA KapT Takoe me, Kak U y CI0fA
Koxonena — BbIfAiBIIeHME B pemiMe caM0O00yUeHHHA EHTPOB KIacTepoB
BXOJHBIX BEKTOPOB.

Co3nanue U UCMOIL30BaHNEe CaMOOPraHU3YIOIIENCcA KapThl PaccMo-
TPUM Ha IpUMepe RiacTepuU3aluyd [IBYMEPHLIX BEKTOPOB (HCXOLHBIE
laHHble TpHUBeleHbl Ha puc. 4.21).

» P =rands(2,1000); % 3amanue cayuaiiHBIX IByMEPHBIX
BXOOHBIX BEKTOPOB

» plot(P(1,:),P(2,:),’+r’) % BusyambHoe uzobpameHne BXOOHBIX
BEKRTOPOB

» Cozmanme HC ¢ 5X 6 = 30 HeiipoHaMI; Bce YCTAHOBKH — II0
YMOTYAHHIO

» net = newsom([0 1; 0 1],[5 6]);

» net.trainParam.epochs = 1000; % 3aganue yucia MHKIOB
HaCTPOMKHU

» net.trainParam.show = 200; % 3agaxue mepuoqIHOCTH
BEIBOZA HH( opMALIHI

» net = train(net,P); % Hacrpoiira cern

TRAINWBI1, Epoch 0/1000

TRAINWB1, Epoch 200/1000

TRAINWB1, Epoch 400/1000

TRAINWB1, Epoch 600/1000

TRAINWBI, Epoch 800/1000

TRAINWBI1, Epoch 1000/1000

TRAINWBI1, Maximum epoch reached.
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Puc. 4.21. Ucxogubie nanmbie

Puc. 4.22. BriABieHHbIe NeHTPEI KIaCTEPOB
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» plotsom (net.iw{1,1},net.layers{1}.distances); % BriaBaenusie
HEHTPEL KIACTEPOB

»p=[0.5; 0.3];
» a =sim(net,p) % Ompoc cern
a—

(11,1) 1

IIpenwaBaennblii Ha drane rTectupoBanus Bexrop orHecen HC
11-my raaccy.
BriaBnennbie neHTpsl RAACTEPO

Hpyrume npuMepsl IOCTYTHEL Yepe3 riaaBHoe Mernio MATLAB HyHKT
Help/Examples and Demos, pasnen Toolboxes/Neural Networks).

neTeTanTaTLT wa nuae A 9
npeiacrabii€dbl Ha pUc. 4.2

4.3.10. HcmonbsoBanue Simulink npu mocrpoenuu HedipoHHBIX
cerei. Ilaker Neural Network Toolbox comepmuT pam 610K0B, KOTO-
pbie 1160 MOTYT GBITH HENOCPEICTBEHHO HCIOIb30BaHbI IUIHA MOCTPOe-
HUA HelipOHHBIX ceTeil B cpere Simulink, nubo npumeHaTbheAd BMecTe
¢ paccMOTpeHHoil BbIlle (hyHKIHeH gensim.

Has BRI30Ba OTMeueHHOW Habopa OIIOKOB, B KOMaHIHON CTpPORe
Heo0XomnMo HabpaTbh KoMaHIy neural, mocie BBRIMOMHEHHA KOTOPBIit
noABiaAercd okHo Bupa puc. 4.23. Hamubrii 13 mpencraBleHHBIX Ha

Transter Functions  Net Input Funtions We.gmrunmons§

Neural Network Toolbox Block Librany
Copyright (c) 199298 by The Mathiods, Inc.

Puc. 4.23. OcHosHbIe Hefipoceresble 6a0ku Simulink

puc. 4.23 670K0B B CBOIO Ouepelb fABIfAercd HaGopoM (bubamoreroil)
HeROTOphIX 6s0k0B. Paccmorpum nx.

Brnoku pyHKUuUit akTuBanuu (Transfer Functions).
IIBoiiHOM mMIeTYOR JeBoif KHONKKN MbIIIN Ha 6oke Transfer Functions
NPUBOAKT K NOABJIeHHI0 6ubanoTery GpyHKruui akruBauun (puc. 4.24).
Ramnprit u3 srux 0710KOB maHHON 6uOIMOTERN TpeobpasyeT nomaBae-
MBbIii Ha HEro BEKTOP B COOTBETCTBYIOII NI BEKTOD TOI e pa3sMepHOCTH
(tabar. 2.1).

Bunoku nmpeodpasoBanusa BxonoB cetu. [IpoBona anamno-
TUYHYIO pacCMOTpeHHoit onepanuio, Ho ¢ 0qokoM Net Input Functions,
npuieM K 6ubsinorere 6/okoB Bupa puc. 4.25.
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Dnokn nanHoii OmbIMOTERM peanmu3ylOT pPaccMOTPEHHbIe BBIIIe
(yHKIUM Tpeobpa3oBaHUA BXOIOB CETH.

N e eV R

compet  hardlim  hardlims  logsig  poslin purelin

i radbas satlin satling softmax  tansig tribas

Puc. 4.24. Bubauorera pyHRIUN akTUBanAN

bBranoku BecoBBIX KO3ppuumeHTOB. TouHO Tak me (HO
LIeJIKadA J1eBOH KHOMKOI MBILTH N0 HKOHKe ¢ Hanmucbio Weight Func-

-

dulprod negdlsl nulmpmd

netsum netprod

Puc. 4.25. bubmmorera Puc. 4.26. Bu6morera 610%0B Be-

6i0K0B  TpeobpasoBa- COBBIX KO3()pUIHEHTOB
HUI CUTHAJIOB

tions) npunem k 6ubnauorere GinoroB (puc. 4.26), pealusyoUIUX HEKO-
TOpble (DYHRIMM BECOB U PacCTOAHMIL.

OTMernM, 4TO MpPH 3alaHUM KOHKPETHBIX YHCIOBLIX 3HAUYEHWUI,
IpH ONepalyu CO BCeMU MPUBeIeHHbIMI OI0KaMu BBHIY 0C0beHHOCTe(l
Simulink BekTOpBI HEOOXOAMMO MPEICTABIATL Kak CTOIOIDLI, a He Kak
cTpord (Kak HTO OBLIO IO CHX TOD).

QopmupoBanue HeiipoceTeBBIXx Monenei. OcHoBHO
¢yHrumeil nasa dopMupoBaHue HelipocereBbIX Momeneif B Simulink
ABIAercA (DYHRIUA gensim, 3amichiBaeMad B (opme

gensim(net,st),
rie net — ums coznannoit HC) st — nunrepran puckperusanuu (ecinu
HC 1e nmeer 3amepsker, acCONNNPOBAHHLIX C €€ BXOTAMU WIIH CIOAMH,
3HaUeHIe TaHHOTO apryMeHTa yCTaHaBIMBaeTcA paBHBIM —1).

B rauectBe mpumepa mcmomb3oBanuA cpemcTB Simulink paccmo-
TPUM CIeNYIOMIuii.

[lyctb BxomHOIl W MeneBoil BEKTOPHI MMEIOT BUI

=[12345];
=[13579].



4.3. Ipumeprr co3faHUA H HCIOJIB30BAHUA HEHPOHHBIX CETEIl 161

Coznangum nuneiinyio HC u nporecrupyem ee:
»p=[12345];

»t=[13579];

» net = newlind(p,t);

» y =sim(net,p)

1.0000 3.0000 5.0000 7.0000 9.0000
3arem 3amyctum Simulink xomammoit
» gensim(net,-1)
JT0 mpHBemeT K OTKPBITHIO 6I0K-nmarpamuer (puc. 4.27).

pil}  wil}

Neural Network

Puc. 4.27. Cosnanuasa HefipocereBad Moxenasb Simulink

[InA mpoBeneHNA TecTHPOBAaHHA MOIENN IeTKHEM IBaIbl IO Je-
Boit mroHKe (¢ Hanmmenio Input 1, T.e. Bxom 1), uro mpusemer &
OTKPBITHIO THAIOr0BOTO OKHa (puc. 4.28).

Block Parameters: pil}

Puc. 4.28. Imamorosoe okHo 3amanua sxoga HC

B namnoMm caywae 6mor Input 1 ABidercA cTaHIapTHBIM OJIOROM
3anannA koHcTaHThl (Constant). avennm 3HaueHHe M0 yMOTIaHHIO
na 2 u Hammem rHomky OK. 3arem mammem wHOMKy Start B meHnio
MoIenupoBaHuA. Pacuer HOBOro 3HaUeHNA CeThbIO MPOU3BONUTCA IpaK-
THYecKN MTHOBeHHO. [I71A ero BEIBOTA HEOOXONWMO IBaKIBI MIEIRHYTH
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MBIIIBEO 10 TpaBoii nkoHke (Daoky y(1)). Pesyibrar Berunciaenuii oto-
opamaerca puc. 4.29 — oH paBeH 3, Kak H TpedyeTcd.

1

Puc. 4.29. Oxno ¢ Beixogom HC

OrMernn, UTO, IBamIbl LIEJNKAA J€BOH KHOMKON MBIIIH 10 OI0KY
Neural Network, sarem — no 6ioxy Layer 1, MO0 NOIYYHTL Je-
TAILHYIO TpaduuecKyio HHGOPMALIIO 0 CTPYRType cetn (pic. 4.30).

( cozanaHHOf CEThI0 MOFKHO IPOBONUTEL PA3IMUHbBIE JKCIEDIMEHTHI,
BoaMoknbie B cpene Simulink; Boofiie ¢ mOMOIILI0 KOMAHILI gensim
OCYIIeCTRIAETCA HHTEr PalluA CO3MAHHBIX Helipocereii B 6I0K-THAar pan-

pit} Delays 1

Puc. 4.30. Crpyrrypa cosgarsoit HC

MBI 3TOID MAKeTa — ¢ HCIOJAb30BAHHEM HMEIOIIHXCH PH 3TOM HHCTPY-
MEHTOB MOIeJINpPoOBaHUA pa3- JHUHBIX cHcTeM (HampuMep, BCTpaHBa-
HIe Heﬁl)OCETEBOl"O peryiaTopa B CHCTeMY YIIpaBJeHHA H MOIeJIHpo-
BaHHE NOCHetHel u . 1.).





