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C34. EnunnyHasi QyHKIIMS aKTHUBAIMK C KECTKUM OrpaHudeHuem hardlim.
Ota QyHKLHUS OMUCBHIBAETCS] COOTHOIIEHUEM

a = hardlim(n) = 1(n)

u paBHa 0, ecnmu n <0,

u paBHa 1, ecnun > 0.

[Toctpoum rpaduk 3Toi QyHKIMH B Tuana3oHe 3HAYeHUH BXoJa OT -5 10 + 5:
n=-5:0.1:5;

plot(n,hardlim(n), 'b+:"');

C34. JIunelinas ¢GyHKUUS aKTUBALUU purelin.
Ota QyHKLHUS OMUCBIBAETCS] COOTHOIIEHUEM
a = purelin(n) = n.

[Toctpoum rpacduk 3Toi pyHKIMHU B [Uara3oHe 3HAUCHHUH BXoa OT -5 10 + 5:
n=-5:0.1:5;

plot(n,purelin(n), 'b+:"');

C34. Jloructnueckast GyHKIHs aKTUBAIMH [0gsig.
Ota (yHKIHUS OMHUCHIBAETCS COOTHOIIEHUEM
a = logsig(n) = /(1 + exp(-n)).

OHa NmpUHAANICKUT K KJIACCY CHUTMOUIANBHBIX (DYHKIUM, U €e apryMEeHT MOXKET

IpUHUMATh JII000€ 3HAYEHHE B JAMAINa30HE OT -0 10 100, a BBIXOJ H3MEHsSeTcs B
nuanazoHe ot 0 mo 1. bmarogaps cBoiicTBy auddepeHunpyemoctu, 31a (QyHKIUSA

4aCTO HCIHOJB3YETCA B CCTAX C O6y‘-IeHI/IeM Ha OCHOBC MCTOIA 06paTHOFO

pacnpocTpaHeHHsI OIUOKH.

[Toctpoum rpaduk 3Tol PyHKINHU B TUATa30He 3HAYSHHUH BX0a OT -5 10 + 5:
n=-5:0.1:5;

plot(n,logsig(n), 'b+:"');

C42. ®opmupoBaHUE APXUTEKTYPbl HEHPOHHOM CETH.
Crenyromuii onepaTop cO34aeT CeTh ¢ MPSAMOM Nepenavel CurHana
net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'traingd') ;

gensim(net)

OTa ceTh HUCIIOJIB3YCT OJHWH BCKTOP BXOJa C ABYMS JJICMCHTAMU, WUMCHOIIHUMU

JOTYCTUMBbIE TpaHuIlbl 3HaueHui [-1 2] u [0 5];

- umeeT 2 ci10s ¢ 3 HelipoHaMH B IEPBOM cjioe U 1 HeHPOHOM BO BTOPOM CIIOE;
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- ucmoib3yeMble (YHKIMM aKTHBALMU: tansig - B mepBoM cioe, purelin — Bo
BTOPOM CJIOE;

- ucnojib3dyemasi GpyHKIHs oOydeHus traingd.

C42. Nnnnmanu3anus HEHPOHHOM ceTu.

[Tocme Toro kak cgopMUpOBaHA ApPXHTEKTypa CETH, IODKHBI OBITH 3aJaHbI
HavalbHbIC 3HAUYEHHUS BECOB U CMEILEHUH, I UHBIMU CIOBAMH, CETh JIOJDKHA OBITH
MHUIMaNIn3upoBaHa. Takas mpoueaypa BBINOJNHSETCA C MOMOIIBI0O METOAA init JUIs

00BEKTOB Kjacca network. Or[epaTop BBI30Ba 3TOT'O ME€TOJa UMECT BU
net = init(net);
Ecimu MBI XOTHM 3aHOBO HWHULIMAJIM3UPOBATh BCCa U CMCHICHUSA B IICPBOM CJIOC,

ucnonb3ys GyHkuuio rands, TO ClieyeT BBECTHU CJEAYIOLIYIO MOCJIEI0BATEIbHOCTh

OIEPaTOPOB:
net.layers{l}.initFcn = 'initwb';
net.inputWeights{1l,1}.initFcn = 'rands';
net.biases{1l,1}.initFcn = 'rands';
net.biases{2,1}.initFcn = 'rands';

net = init (net);

C43. MoaenupoBaHHe CETH.

Cmamuueckas HelipoHHAs cemb XapaKTePU3yeTcsl TEM, UTO B €€ COCTAB HE BXOMST
JIUHUY 33JICPKKHA U OOpaTHBIE CBS3H.

PaCCMOTpI/IM OI[HOCJIOI\/’IHYIO CECTh C I[BYXBHGMGHTHBIM BeKTOPOM BX0Ja H
TUHEWHOW (yHKIHMEH akTuBamuu. J[ns 3amaHus TakoW ceTH mpeaHa3HaueHa M-
(GYHKIMA newlin, KOTOpas TpeOyeT yka3aTb MUHMMAaJIbHOE U MaKCHUMAaJbHOE 3HAYCHHS
JUISL KKIOTO W3 DJJIEMEHTOB BXOJla; B JaHHOM Ciydyae OHH paBHBI —1 u 1,
COOTBETCTBEHHO, a TAK)KE KOJMYECTBO CJIOEB, B JAHHOM ciryyae 1.

®opMUPOBAHUE OJHOCIOMHOW JIMHEHHON CETH net ¢ JBYXAJIEMEHTHBIM BXOIHBIM

CUTHAJIOM CO 3Ha4€HUsAMH OT -1 110 1:
net = newlin([-1 1;-1 1],1);
OmnpenenuM BecOBYIO MaTpuily U cmemieHue, paBHbIMH W = [1 2], b = 0, u

3aJ1aJIMM 3TH 3HAYECHUSI, UCIIOJIb3YsI OITUCAHUE CTPYKTYPBI CETH
net.IW{1,1} = [1 2];
net.b{l} = 0;

[Ipeanonoxum, YTO HA CETh MOMAETCS CICAYIOIIas IOCJIEeI0BATeIbHOCTh W3

YCTBIPECX BECKTOPOB BXOda
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[Tockonbky CeTh cTaTU4ecKas, MOKHO neperpynnupoBaTh Ty
M0CJIeI0BATEIbHOCTD B CJIEAYIOLINH YMCIOBOI MacCuB

P=[-1001; 0 -11-1];

Tenepb MO’KHO MOJENNPOBATh CETh

A = sim(net,P)

-1 -2 2 -1

PesynpTar cremyer uHTEpmpeTHpoBaTh ciedyroomuM obOpa3zom. Ha Bxox cetu
MOAAETCs TIOCIIEIOBATEILHOCTh U3 4 BXOJHBIX CUTHAJIOB, U CETh T€HEPHUPYET BEKTOP
BbIXOJa U3 4 DJIEMEHTOB.

Jlunamuueckasn HetiponHas cemv XapaKTEPU3YETCS TEM, YTO B €€ COCTaB BXOJSAT
JTUHUM 3aJIep>KKU W/ UiIu oOpaTHbIe CBs3H. Korma ceTb CONEpIKUT JIMHUU 3aJCPHKKH,
BXOJl CETH CJIEAYET PAaCCMATPHUBATh KaK MOCJIEA0BATEIbHOCTh BEKTOPOB, IMOJaBAEMBIX
Ha CETh B ONPE/ICIICHHbIE MOMEHThI BPEMEHH.

Coznanue ogHOCIONHOM JTMHEWHON CeTH C JIMHUEH 3aaepkku [0 1]:

net = newlin([-1 1],1,[0 1]);

3agaauM CIEeIYIONIY0 MaTPUILy BECOB W=[1 2] U HYJIEBOE CMEIICHHUE:

net.IW{1l,1} = [1 2];

net.biasConnect = 0;

[Ipeanonoxxum, 94TO BXOIHAS TTOCIIEIOBATEILHOCTh UMeeT Bun {-1, -1/2, 1/2, 1} n

3agaauM €€ B BUAC MaCCHUBa A4YCCK
P={-1-1/2 1/2 1};
Tenepb MOKHO MOJEJIUPOBATH CETh, UCIIONb3YsI METOA SIm:
A = sim(net,P)
A =
[-1] [-2.5000] [-0.5000] [2]

Ecan Te xe cambie BXOAblI mOAaTb Ha CCTb OJHOBPCMCHHO, TO MOJJYYUM

COBEPIIICHHO WHYIO peakiuio. J{Jist 3Toro copMupyeM CiaeayroIHi BEKTOP BXoaa
P=[-1-1/2 1/2 1];
ITocne MOZICIINPOBAHUSA TTOJIYHACM
A = sim(net,P)
A =
-1.0000 -0.5000 0.5000 1.0000
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Pe3ynprar Takoi ke Kak, €Cau MPUMEHUTh KaXKIbli BXOJ K OTAEJIIBHOW CETH U
BBIUUCIIUTH €€ BbIX0. [[0CKOIbKY HaYalIbHBIE YCIIOBHS JJIs1 2JIEMEHTOB 3aIla3bIBaHUS
HE YKa3aHbl, TO IO YMOJIYaHUIO OHU IIPUHATHI HYJIEBBIMHU. B 3TOM Cilydae BBIXOJ CETH

paBeH

-1 -1/21/2 1
1 2] =[-1-1/2 1/2 1].
0 0 0 0

Eciu  TpeOyercss  MoienupoBaTh — peakUui0  CeTH AN HECKOJbKHX
MOCIIEZIOBATEIbHOCTEH CUTHAIIOB Ha BXOJIE, TO CIIeIyeT CPOPMUPOBATH MACCUB STUEEK,
pa3Mep KaXIOoW M3 KOTOPBIX COBIAAAET C YWCIOM TaKHX IOCIEI0BATEIbHOCTEH.

[Tycts, HamipuMep, TpeOyeTCs IPUIOKUTH K CETH JBE IMOCIIEA0BATEILHOCTH

(=[], p1 () =[=1/2], ;) =[1/2], pi(4)=[l];
p2() =01, p2(2)=[1/2], p2(3)=[-1/2], pr(H =[-1].

Bxon P B 3TOM ciy4ae HOJKeH OBITh MAacCHBOM S4YEEK, KaKaas U3 KOTOPBIX
COJZICPIKUT JIBa 3JIEMEHTA I10 YKCIIy II0CIIEI0BATEIbHOCTEN
P={[-1,1],[-1/2,1/2],[1/2,-1/2],[1,-1]};
Teneps MOKHO MOZIEIUPOBATH CETH:
A = sim(net,P); cat(l, A{:})
ans =
-1.0000 1.0000
-2.5000 2.5000

-0.5000 0.5000
2.0000 -2.0000
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C52. Apnanranyst HBUPOHHBIX CETEH.

Cmamuueckue cemu.
Bocnonb3yemcss  cienyronied  MOAENbIO  OJAHOCJIOWHOW JIMHEWHOW CeTH ¢
JBYXAJIEMEHTHBIM BEKTOPOM BXO/Ia, 3HAYEHUsI KOTOPOT0 HAXOIATCS B MHTEpBae [—1

1] 1 HyneBBIM MapaMeTPOM CKOPOCTH HACTPOUKHU
clear

net = newlin([-1 1;-1 1],1, O, O0);
TpeOyercss amanTupoBaTh MapaMeTpbl CeTH Tak, 4ToObl OHAa ¢dopMHUpoBaa

J'II/IHGﬁHYIO 3aBUCHUMOCTH BHJa
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Tlocneoosamenvhuiii cnocod.
PaccmoTpuMm  ciyualt  moclieZioBaTENBHOTO — TPEACTaBICHUsS  oOydaromien
MOCJICZIOBATEIILHOCTH. B 3TOM cilydae BXOIBI M IEJIEBOM BEKTOpP (DOPMHUPYIOTCS B

BUJE MaccuBa Gopmarta cell

P = {[-1; 11 [-1/3; 1/4] [1/2; 0] [1/6; 2/3]};
T = {-1 -5/12 1 1};
Pl = [P{:}], T1=[T{:}]
P1 =
-1.0000 -0.3333 0.5000 0.1667
1.0000 0.2500 0 0.6667
T1 =

-1.0000 -0.4167 1.0000 1.0000

Chauana 3a/1aluM CeTh C HYJIEBBIMHM 3HAUEHUSIMU HayaIbHbIX BECOB U CMELIEHUI

net.IW{1l} = [0 O],

net.b{l} = 0;

BbeinonHUM OAMH LUK aJanTaldd CETH C HYJEBBIM HapaMeTpPOM CKOPOCTH
HaCTPOMKU:

[netl,a,e] = adapt(net,P,T);

B sTom ciydae Beca HE MOAMGHUIIUPYIOTCS, BBIXOABI CETH OCTAIOTCS HYJIEBBIMHU,
MOCKOJIbKY TapaMeTp CKOPOCTHM HACTPOWKM paBEeH HYJIO, aJalTallikd CETH He
MIPOUCXO/IUT. [TorpemHocTn COBITAJAIOT co 3HAYCHUSIMU [EJIEBOU

IIOCIIEA0BATCIIBHOCTU
netl.IW{l, 1}, a, e
ans =

0 0

0] 0] 0] 0]

[-1] [-0.4167] [11 [11
3a,Z[a,HI/IM 3HA4YCHHUA IMapaMCTPOB CKOPOCTU HaCTpOﬁKH 1 BE€COB BXOJda U CMCILICHUA
net.IW{1l} = [0 0];
net.b{l} = 0;
net.inputWeights{1l,1}.learnParam.lr = 0.2;
net.biases{1l,1}.learnParam.lr = 0;
BpInosiHMM O1MH IUKII HACTPOUKH:
[netl,a,e] = adapt(net,P,T)
netl.IW{l, 1}, a, e

ans =
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0.3454  -0.0694
[0] [-0.1167] [0.1100] [-0.0918]

[-11 [-0.3000] [0.8900] [1.0918]
Teneph BBITOIHUM IOCIIEIOBATENBHYIO aIalTAllUI0 CETH B TeueHne 30 IUKIIOB:
net = newlin([-1 1;-1 1],1, O, 0);
net.IW{1l} = [0 O];
net.b{1l} = 0;
3aganuM 3HAYEHUS TAPAMETPOB CKOPOCTH HACTPOMKM JJii BECOB BXoAa U

CMEIICHUA
net.inputWeights{1l,1}.learnParam.lr = 0.2;

net.biases{1l,1}.learnParam.lr = 0;

P = {[-1; 1] [-1/3; 1/4] [1/2; 0] [1/6; 2/3]1};
T = {-1 -5/12 1 1};
for i=1:30,
[net,a{i},e{i}] = adapt(net,P,T);
W(i,:)=net.IW{l,1};
end

mse (cell2mat (e{30}))
ans =

0.0017
Beca nocne 30 nukios:
W(30,:)
ans =

1.9199 0.9250
cell2mat (a{30})
ans =

-0.9944 -0.4086 0.9566 0.9301

cell2mat (e{30})
ans =

-0.0056 -0.0081 0.0434 0.0699

[Toctpoum rpaduku 3aBUCUMOCTH 3HAY€HUN BBIXOJAOB CETH U BECOBBIX

KO3 (HUIIMEHTOB B 3aBUCUMOCTH OT YHCIIAa UTEPAIUil:
subplot(3,1,1)
plot(0:30,[[0 O O O] ;cell2mat(cell2mat(a'))],'k')
xlabel(''), ylabel ('Bmxogms a(i)'),grid
subplot(3,1,2)
plot(0:30,[[0 O]; W],'k")
xlabel(''), ylabel('Beca BxomoB w(i)') ,grid
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subplot (3,1, 3)

for i=1:30, E(i) = mse(e{i}); end

semilogy(1:30, E, '+k"')

xlabel (' HOuknw'), ylabel ('Ommbxa') ,grid

I'pynnosoii cnocob.

Paccmorpum ciyvai TPYIIIOBOTO MPENCTABIIEHUS oOyuarorei

MOCJIEIOBATEIBHOCTH. B 3TOM cily4ae BXOIBI M IIENICBOW BEKTOP (OPMHPYIOTCS B

BUJe MaccuBa Gopmata double:

clear
[-1 -1/3 1/2 1/6; 1 1/4 0 2/3];
[-1 -5/12 1 1];

P

T

OCHOBHOM ITUKJI aJJaNITAIliU CETH BBITIISIUT CJICTYIONIUM 00pa3oM:
net3 = newlin([-1 1;-1 1],1, 0, 0.2);
net3.IW{1l} = [0 O];
net3.b{1l} = 0;
net3.inputWeights{1l,1}.learnParam.lr = 0.2;
EE = 10; i=1;
while EE > 0.0017176
[net3,a{i},e{i},pf] = adapt(net3,P,T);
W(i,:) = net3.IW{1l,1};

EE = mse(e{i}):

ee(i)= EE;
i = i+1;
end

PesynbraToM ajantanuu SBIAIOTCA CIENyIOIIME 3HAa4eHUs KOI((UIMECHTOB,

3HAYEHUU BBIXOJOB U CPEIHEKBAIPATUUECKON MOTPEIIHOCTH alanTalliu
W(63,:)
ans =
1.9114 0.8477
cell2mat (a(63))

ans =
-1.0030 -0.3624 1.0172 0.9426
EE = mse(e{63})
EE =
0.0016
mse (e{1})
ans =
0.7934
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IIpouenypa ajganTanuu  BBIXOJOB M IIAPAMETPOB  HEMPOHHOM  CeTH

WJUTFOCTPHUPYETCS TpauKamu:
subplot(3,1,1)
plot(0:63, [zeros(1,4); cell2mat(a')],'k') % Puc.3.2,a
xlabel(''), ylabel('Bmxogmsr a(i)'),grid
subplot(3,1,2)
plot(0:63,[[0 O]; W],'k') % Pnc.3.2,6
xlabel(''), ylabel('Beca Bxomos w(i)') ,grid
subplot(3,1,3)
semilogy(1:63, ee,'+k') $ Puc.3.2,B
xlabel ('Umuxne') , ylabel ('Ommbxa') ,grid

C56. JInHaMU4YeCKHEe CETH.

OTH CeTH XapaKTepU3ylTCs HAIUYUEM JIMHUM 3aJ€pKKW, M ISl  HUX
MOCIIEI0BATEIHLHOE MIPEICTABICHUE BXOIOB SABJISICTCS] HANOOJIEE €CTECTBEHHBIM.

Tocneoosamenvhwiii cnocod.

OOpatuMcsi K JTUHCHHONH MOJEIM HEWPOHHOW CETH C OAHHM BXOJOM M OJHUM
3JIEMEHTOM 3ama3/iblBaHus. Y CTAaHOBUM HAYAJIbHBIE YCJIOBUS Ha JIMHUM 3aJCPKKHU, A
TAKXE€ JJI1 BECOB M CMEIICHUS PABHBIMU HYJIIO; a MapaMeTp CKOPOCTH HACTPOUKH
paBHbIM 0.5.

clear

net = newlin([-1 1],1,[0 1],0.5);

Pi = {0};

net.IW{1l} = [0 O];

net.biasConnect = 0;

UToObl MPUMEHUTH MOCIEAOBATEIBHBINA CIIOCO0 aanTaIiy, IPEeICTaBUM BXOMbBI U
LIEJIM KaK MaCCHUBBI SYEEK

P=({-1/2 1/3 1/5 1/4};

T ={ -1 1/6 11/15 7/10};

[TonpiTaemcst amanTupoBaTh ceTh (HOPMUPOBATH HYXKHBIM BBIXOJ Ha OCHOBE
CJHEAYIOLIETO COOTHOLLIEHHS

y(t) = 2p(t) + p(t-1).

HcnonezyeM s stoi nenu M-dyHKIuio adapt ¥ OCHOBHOHM IMKJ afamnTanud
CETH C 3aJJaHHOM MOTPEITHOCTHIO:

EE = 10; i = 1;

while EE > 0.0001

[net,a{i},e{i},pf] = adapt(net,P,T);
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W(i,:)=net.IW{1l,1};
EE = mse(e{i});
ee(i) = EE;
i=1i+1;
end
Cerp anmantupoBaiach 3a 22 uukia. Pe3ynbrarom ajantanuu Npu 3aJaHHOM

MOrp€IIHOCTU  ABJIAIOTCA  CICAYIOIUMC  3HAYCHUA K03(1)(1)I/IHI/IGHTOB, BBIXOJ0B

HEHPOHHOM CeTH U CpeHEKBaIPATUYECKOM MOTPEIIHOCTH
wW(22,:)
ans =
1.9830 0.9822
a{22}
ans =

[-0.9896] [0.1714] [0.7227] [0.6918]
EE

EE =
7.7874e-005

[Toctpoum rpaduku 3aBUCUMOCTH BBIXOJIOB CUCTEMBI U BECOBBIX KO3(DPHUIIMEHTOB

OT 4HcCJia IUKJIOB o6yqu1/151:
subplot(3,1,1)
plot(0:22, [zeros(1,4); cell2mat(cell2mat(a'))],'k') % Puc.3.3,a
xlabel(''), ylabel('Bmxogms a(i)'),grid
subplot(3,1,2)
plot(0:22,[[0 O]; W],'k') % Puc.3.3,6
xlabel(''), ylabel('Beca BxomoB w(i)') ,grid
subplot(3,1,3)
semilogy(l1:22,ee,'+k') % Puc.3.3,B
xlabel ('Uuxne') , ylabel ('Ommbxa’') ,grid

C58. ObyueHne HEHPOHHBIX CETe

Cmamuueckue cemu.

Bocnonb3zyemMcss MOAENbI0 OJHOCIOMHOW JIMHEMHOM CETH € JIBYXAJEMEHTHBIM
BEKTOPOM BXOJa, 3HAYEHHUS KOTOPOrO HaxonATcs B uHTepBaie [—1 1] u HylIeBbIM

rapaMeTpoM CKOPOCTH HACTPOMKH, KaK 3TO ObLIO JUIs Cllydast afanTaluu:
clear
net = newlin([-1 1;-1 1],1, O, 0);
net.IW{1l} = [0 O];
net.b{l} = 0;

10
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TpeOyercst 00y4nuTh MapaMeTphl CETH TakK, YTOOBI OHAa (hopMHpOBaNa JIMHEHHYIO

3aBUCUMOCTH BH/Ia
t= 2p1 + P -
Tocneoosamenvhwiii cnocobd.

[TpeacraBuM 00yUaromIyIo MOCIEAOBATEILHOCTH B BUJIE MACCUBOB SIYEEK
{[-1; 11 [-1/3; 1/4]1 [1/2; O] [1/6; 2/31}:
{-1 -5/12 1 1};

P

T

Tenepsr Bce rOoTOBO K 00y4eHHIO ceTu. bymeMm o0ydath ee ¢ moMoImipio (PyHKIUN
train B Teuenue 30 1mwmknoB. [lns oOydeHUss W HACTPOWKH MMapaMeTpOB CETH

ucronb3yeM (QyHKIUH trainwb u learnwh, cooTBeTCTBEHHO.
net.inputWeights{1l,1}.learnParam.lr = 0.2;
net.biases{l}.learnParam.lr = 0;
net. trainParam.epochs = 30;

netl = train(net,P,T);

TRAINB, Epoch 0/30, MSE 0.793403/0.
TRAINB, Epoch 25/30, MSE 0.00373997/0.
TRAINB, Epoch 30/30, MSE 0.00138167/0.
TRAINB, Maximum epoch reached.

[TapameTpsl ceTu nocie 00ydeHHs paBHbI CIEAYIOIIUM 3HaYCHHUSIM

w
W =

netl.IW{1l}

1.9214 0.9260
y = sim(netl, P)

[-0.9954] [-0.4090] [0.9607] [0.9376]
EE = mse([y{:}]-[T{:}])
EE =

0.0014

I'pynnosoii cnocoo.

Jiist 3TOrO0 TMpeACcTaBUM OOYYAOIIYI0 MOCJIEIOBATEIBHOCTh B BHJIE MAacCHBOB
dopmara double array:

P=([-1-1/3 1/2 1/6; 1 1/4 0 2/3];

T = [-1 -5/12 1 1];

netl = train(net,P,T);

TRAINB, Epoch 0/30, MSE 0.793403/0.
TRAINB, Epoch 25/30, MSE 0.00373997/0.

11
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TRAINB, Epoch 30/30, MSE 0.00138167/0.
TRAINB, Maximum epoch reached.

[TapameTpsl ceT nocie 00y4yeHHs paBHbI CIEAYIOIIUM 3HaYCHHUSIM

W = netl.IW{1l}
W =
1.9214 0.9260
y = sim(netl, P)
y:

-0.9954 -0.4090 0.9607 0.9376
EE = mse(y-T)

EE =
0.0014

Jlunamuueckue cemu.

OOyueHue AWHAMHYECKUX CETEH BBIMONHICTCS AaHAJOTHYHBIM 00pazoM ¢
HUCIIOJIB30BaHUEM METOa train.

Tlocnedosamenvuwiii cnocod.

OO6patuMcsi K JTMHEHHONW MOJENN HEUPOHHOH CEeTH C OAHMM BXOJOM M OJHUM
9JIEMEHTOM 3aIa3/(bIBaHMSI.

YcTaHOBUM HayalbHBIE YCIOBHS JJs DJIEMEHTA 3amas[bIBaHus, BECOB U

CMEIIEHUS, PABHBIMH HYJIIO; TApaMETp CKOPOCTH HACTPOIKH, paBHBIM (.5.
clear
net = newlin([-1 1],1,[0 1],0.5);
Pi = {0};
net.IW{1l} = [0 0];
net.biasConnect = 0;

net. trainParam.epochs = 22;
UYToOBl MPUMEHHTD MOCIICIOBATEIBHBIA CIIOCO0 OOYUCHWMSI, TPEACTABUM BXOIBI U
ICJIN KaK MAaCCUBBI AYECK

{-1/2 1/3 1/5 1/4};
T=4{-1 1/6 11/15 7/10};

P

HcnonszyeM ains aToi nenu M-pyHKIuio train
netl = train(net, P, T, Pi);

TRAINB, Epoch 0/22, MSE 0.513889/0.
TRAINB, Epoch 22/22, MSE 3.65137e-005/0.
TRAINB, Maximum epoch reached.
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HapaMeTpH CCTH I1I0CJIC OGy‘-IGHI/ISI PpaBHBI CJICAYOIIUM 3HAUYCHUAM
W
W =

netl.IW{1l}

1.9883 0.9841
y = sim(netl, P)

[-0.9941] [0.1707] [0.7257] [0.6939]
EE = mse([y{:}]-[T{:}])
EE =

3.6514e-005

['paneHTHBIE aITOPUTMBI O0YUCHHUS.

C67. Anroputm GD.

Anroput™ GD, wiu anropuTM rpaJiMEHTHOrO CIYyCKa HCIOJNb3YEeTCs ISl TaKou
KOPPEKTUPOBKHU BECOB M CMEIICHH, YTOOBI MHHUMU3HPOBATh (DYHKIIMOHAI ONTUOKH,
TO €CTh O0ECleYuTh IBMKEHHE MO TOBEPXHOCTH (PyHKIMOHAIAa B HaIpaBIICHUH,
MIPOTHUBOIIOJIOKHOM TPaJIMECHTY (YHKIIMOHAJIA TT0 HACTPAUBAEMBIM MapaMeTpaM.

PaccMoTpuM JBYXCIOHHYIO HEWPOHHYIO CETh MPSAMOM Mepelayd CHUrHaia ¢
CUTMOMJIAJIbHBIM U JIMHEWHBIM CJIOSMH JJis OOy4YeHHsT €€ Ha OCHOBE MeEToja

00paTHOIr0 PacIpPOCTPaHEHUs OLIHMOKU

clear

net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'traingd') ;

Ilocneoosamenvhas adoanmayusi.

UToOBl MOATOTOBUTH MOJIEIL CETH K MPOIEAYpPEe IMOCISAOBATEIBHON aganTaluu
Ha ocHoBe anmroputMa GD, HeoOxommmo ykaszaTe psi mapameTpoB. B mepByro
ouepenb, 9T0 WM (GYHKIUM HAcTpouku learnFcn, cooTBeTcTBYyIOIIEE aaropuTMy

I'PaJIMEHTHOTO CIIyCKa, B JAHHOM ciy4ae — 3To M-dynkuus learngd:
net.biases{1l,1}.learnFcn = 'learngd';
net.biases{2,1}.learnFcn = 'learngd';
net.layerWeights{2,1}.learnFcn = 'learngd';

net.inputWeights{1l,1}.learnFcn = 'learngd';

C ¢yskmueit learngd cBsi3aH JMIIb ONWH TApaMmeTp CKOPOCTH HACTPOUKH Ir.
Tekymue npupaiieHusi BECOB U CMEIICHUN CETH OMPENeSIOTCS YMHOKEHHEM JTOTO
napaMmeTrpa Ha BEKTOp rpaaueHTta. Uem Oosple 3HaueHHE MapaMeTpa, TeM OoJiblie

npUpalieHre Ha TeKylled urepauuu. Eciau mapameTrp CKOpOCTH HAaCTPOWKH BBIOpaH

13
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CIIUIIKOM OOJBIIMM, QITOPUTM MOXKET CTaTh HEYCTOWYHMBBIM; €CJIHM Iapamerp

CJIMIIKOM MaJl, TO aJITOPUTM MOXKET HOTpe6OBaTB JJIMTCIIBHOT'O CUCTA.

[Tpu BbIOOpe ¢yHKuMHU learngd MO yMOJNYaHMIO yCTAHABJIMBAETCS CIEAYyIOIIEe
3HaYEHHE IapaMeTpa CKOPOCTH HACTPOHKHU

net.layerWeights{2,1}.learnParam
ans =

Ir: 0.0100

YBenuuuM 3HaueHHEe 3TOro napamerpa 1o 0.2

net.layerWeights{2,1}.learnParam.lr = 0.2;

Msl Temeph NOYTH TOTOBBI K OOyueHuio cetu. Octanoch 3agaTh oOydaroliee

MHOKECTBO. JTO MPOCTOE MHOKECTBO BXOJIOB U IEJICH ONpeaeNnuM CJeayIonum
obpazom

p=1[-1-122;0505];
t

[-1 -1 1 1];

[TockonbKy HCIONB3yeTCs IMOCIEAOBATENbHBIN CIIOCO0 00ydeHHs, HEOOXOIUMO

mpeoOpa3oBaTh MACCUBBI BXOJIOB U II€TICH B MACCHBBI STUCCK
p = num2cell(p,1);

t = num2cell (t,1);

[Tocnennuit mapamerp, KOTOpPBIA TpeOyeTCs yCTAaHOBUTH IMPU MOCIEAOBATEILHOM

o0y4eHuu, 3TO YUCIIo mpoxoaoB net.adaptParam.passes

net.adaptParam.passes = 50;

Teneppb MOXXHO BBINOJIHUTH HACTPOHKY MapaMeTpoB, MCIOIb3Ys MPOLEAYpPY
ajanrtauuu

[net,a,e] = adapt(net,p,t);

UtoObl TIpOBEpHUTH KadyecTBO OOyYEHUsS, TMOCIAE OKOHYaHUA OOydYeHUs
CMOJICTTUPYEM CETh.

a = sim(net,p)

a =

-1.0127 -0.9960

1.0189 0.9813
mse (e)

ans =

2.4546e-004

I'pynnoeoe obyuenue.

st oOydenust cetm Ha ocHoBe anroputMa GD HeoOXxogmmo wucmonab30BaTh M-

¢ynkmmio traingd B3ameH ¢yHkuuu HacTpodku learngd. B sTtom ciywae Her

14
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HEOOXOUMOCTH 3a/1aBaTh HMHIWBUIYyallbHbIE (QYHKIUH OOyYEHHUs [UIsl BECOB U
CMEIIIEHUH, a TOCTATOYHO YKa3aTh OJHY 00ydJaromiyto (pyHKIHIO JJIsl BCeH ceTu.
BHOBb co3manuM Ty K€ JABYXCIOWHYK) HEMPOHHYKO CETh MPSAMOW Iepenayu
CUTHaja C CHUTMOMJAJIbHBIM M JIMHEHHBIM CJOSAMH JUJIsi OOy4YeHHs IO METOIY
00paTHOTO PacCIpPOCTPAHCHUS OIIUOKU
net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'traingd') ;
Oyuknwms traingd XxapakTepu3yercs CICIYIOINIMMH TapaMeTpaMHu, 3aJaHHBIMU 10
YMOJIYaHUIO

net.trainParam

ans =
epochs: 100
goal: O
Ir: 0.0100

max_fail: 5

min_grad: 1.0000e-010
show: 25
time: Inf

YCTaHOBUM HOBBIE 3HA4YCHHS MapaMeTpoB OOYyuYEeHHs, 3aaguM OOydYaroulyro

MOCJIeI0BATEIILHOCTH B BUJIe MaccuBa double u BeITTOTHUM miporierypy oOydeHus
net.trainParam.show = 50;
net.trainParam.lr = 0.05;
net. trainParam.epochs = 300;
net. trainParam.goal = le-5;
p=1[-1-122;050 5];
t=1[-1-111];
net = train(net,p,t); % Puc.3.8
TRAINGD, Epoch 0/300, MSE 0.300839/1e-005, Gradient 0.884133/1le-
010
TRAINGD, Epoch 507300, MSE 0.00576418/1e-005, Gradient
0.0975344/1e-010
TRAINGD, Epoch  100/300, MSE 6.76541e-005/1e-005, Gradient
0.0109646/1e-010
TRAINGD, Epoch  121/300, MSE  9.98702e-006/1e-005, Gradient
0.00422134/1e-010
TRAINGD, Performance goal met.

C69. Anroputm GDM
BHOBB paccMOTpHM JBYXCIIOMHYIO HEHPOHHYIO CETh MPAMOU Mepelayu CUTHala ¢

CUTMOUIANIBHBIM U JTMHEWHBIM closiMu (pHc. 3.7)
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clear
net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'traingdm') ;

Ilocneoosamenvras adoanmayusi.

YroObl MOATOTOBUTH MOJIENIb CETH K MpPOIEeNype MOCIeNOBATEIbHOM aganTaiuy Ha
ocHoBe anroput™Ma GDM, He0OX0MMO yKa3aTh psJl mapameTpoB. B nmepByro ouepenp,
5T0 uMs GyHKIMU HAcTporku learnFcen, cooTBeTCTBYIOIIEE ANTOPUTMY TPAIUEHTHOTO

CIyCKa ¢ BO3MYIIIEHUEM, B TAaHHOM ciTydae — 310 M-dynkuus learngdm:
net.biases{1l,1}.learnFcn = 'learngdm';
net.biases{2,1}.learnFcn = 'learngdm';
net.layerWeights{2,1}.learnFcn = 'learngdm';
net.inputWeights{1l,1}.learnFcn = 'learngdm';
C sroil pyHKIMEH CBsA3aHO JBa MapaMeTpa - mapaMeTp CKOPOCTH HACTPOWKH Ir u
MapaMeTp BO3MYILIEHUS mC.
[Tpu BbIOOpe (yHKIMM learngdm Mo ymMonMyaHHIO YCTaHABIUBAIOTCS CIEAYIOIINE

3HAYEHUS ITUX MapaMEeTPOB

net.layerWeights{2,1}.learnParam

ans =
Ir: 0.0100
mc: 0.9000

YBenuunM 3HaYeHHEe napameTpa ckopocTa o0ydenus 1o 0.2

net.layerWeights{2,1}.learnParam.lr = 0.2;
Msbl Temeps MOYTH TOTOBHI K oOydeHHIO cetu. Ocranoch 3aaarh oOydaroriee

MHOKECTBO U KOJIMYCCTBO IIPOXOAOB, paBHOC 50.

p=1[-1-122;050 5];

t=1[-1-111];

p = num2cell(p,1);

t = num2cell(t,1);
net.adaptParam.passes = 50;

tic, [net,a,e] = adapt(net,p,t); toc
elapsed time = 4.78

a, mse(e)

elapsed_time =
3.4600

elapsed_time =
4.7800
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[-0.9889] [-1.0007] [1.0182] [0.9917]
ans =
1.3116e-004

OTH  pe3ynbTaThl CpaBHMMBI C pe3yibTaTamMu paboTsl anroputma GD,
PaccMOTPEHHOT'O paHee.

I'pynnosoe obyuenue.

AnpTEpHATUBON TMOCJIENOBATEIBLHON afanTalluu SBJISETCS TPYIIOBOE oOydeHue,
KOTOpOE€ OCHOBAHO Ha MPUMEHEHUH (YHKIMHU train. B 3ToM pexxnme napameTpsl ceTu
MOIUGUIMPYIOTCS TOJNBKO TIOCIE TOrO, KaK peajn30BaHO Bce oOOydaroree
MHOJKECTBO, U TPAJAMEHTHI, PACCUMTAHHBIC IJIs KaXKIOTO DJIEMEHTa MHOKECTBA,
CYMMHUPYIOTCS, YTOOBI ONIPEEIUTD MPUPALLICHHSI HACTPAUBAEMbIX ITapaMETPOB.

s o6yuenus cetu Ha ocHoBe anroputmMa GDM HeoOxoaumo ucnonb3oBaTh M-
¢byskmmo traingdm B3ameH (yHKuuu HacTpoiiku learngdm. Pasnmuume sTHX ABYX
byHKIMH cocTouT B ciaenyiouieM. AnroputMm (yHkuuu traingdm cymmupyet
IPaJUEHThl, pAcCUWTAHHbIE Ha KaXIOM LUKIE OOy4yeHHs, a [apaMeTpbl
MOIUGUIMPYIOTCA TOJBKO IOCIE TOro, Kak Bce oOydaroliue JaHHble OyayT
npencrasieHsl. Eciu npoBeneno N UKIOB 00y4YeHHS W sl GYHKIIMOHATA OIIMOKU

OKa3aJI0OCh BBINOJHCHHBIM YCJIOBUE Jy >1.04J,_;, TO mapaMeTp BO3MYILICHHS mC

CJICAYCT YCTAHOBUTL B HYJIb.

BHOBb 00OpaTuMCs K TOH K€ CeTH

clear

net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'traingdm') ;

@ynkius traingdm XxapakTepu3yeTcs CIEAYIONMMH MTapaMeTpaMu, 3alaHHBIMHU 110
YMOJIYaHUIO

net.trainParam

ans =
epochs: 100
goal: O
Ir: 0.0100
max_Tfail: 5
mc: 0.9000
min_grad: 1.0000e-010
show: 25
time: Inf
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[To cpaBHenuto ¢ ¢yHkuueit traingd 31eck 700aBISETCS TOJIBKO OAMH MapaMeTp

BO3MYIIICHHA mMC.

Y CcTaHOBUM cielyIoIne 3HaueHHs! MapaMeTpoB 00yUeHHS
net. trainParam.epochs = 300;

net. trainParam.goal = le-5;

.05;

.9;

net.trainParam.show = 50;

p=1[-1-122;050 5];

t=1[-1-111];

net.trainParam.lr

0
net.trainParam.mc = 0

net = train(net,p,t);
TRAINGDM, Epoch 0/300, MSE 1.93032/1e-005, Gradient 3.53636/1e-010

TRAINGDM, Epoch 507300, MSE 0.0176601/1e-005, Gradient
0.202784/1e-010

TRAINGDM, Epoch  100/300, MSE  0.000838074/1e-005, Gradient
0.0350156/1e-010

TRAINGDM, Epoch  146/300, MSE  9.1672e-006/1e-005, Gradient
0.00361773/1e-010

TRAINGDM, Performance goal met.
Ha puc. npuBener rpaduk W3MEHEHHs] OIMMOKM OOYUYEHHUS B 3aBHCHMOCTH OT

YHCJia BBIITOJIHCHHBIX ITUKIIOB.

a = sim(net,p)

a =
-0.9949 -1.0027 1.0011 1.0014
[Tockonpky HauyanbHbIE BECa M CMEIICHHUS HWHULMAIU3UPYIOTCS CIlydailHbIM
o0pa3om, rpaduKu OMKUOOK MOTYT OTJIMYATHCSA OT OJHOM peanu3aluu K Jpyroil u ot

rpadukoB Ha puc. 3.8-3.9 kaury.

C72. Anroputm GDA

BHOBB 00patumMcs K TOH ke HeHpOHHOU ceTH (puc. 3.7), HO OyJIeM UCIOJIb30BATh
¢yskuuio oOyuenus traingda

clear

net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'traingda');

OyHkmwus traingda XxapakTepu3yercs CIeIyONIME MapaMeTpaMu 10 YMOTYaHHIO:

net.trainParam

ans =

epochs: 100
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goal: O
Ir: 0.0100
Ir _inc: 1.0500
Ir_dec: 0.7000
max_fail: 5
max_perf_inc: 1.0400
min_grad: 1.0000e-006
show: 25
time: Inf
YCcTaHOBHM CIIEAYIONINE 3HAYCHHS STUX [TAPAMETPOB M BBITIOJTHUM O0ydYCHHE:
net.trainParam.epochs = 300;
net. trainParam.goal = le-5;
net.trainParam.lr = 0.05;
net.trainParam.mc = 0.9;
net.trainParam.show = 50;
p=1[-1-122;050 5];
t=1[-1-111];
net = train(net,p,t); % Puc.3.10
TRAINGDA, Epoch 0/300, MSE 8.20691e-006/1e-005, Gradient
0.0024486/1e-006
TRAINGDA, Performance goal met.
Teneps BBITOIHUM MOJCIMPOBAHUE 00YUEHHON HEHPOHHOMN CETH:
a = sim(net,p)

-0.9989 -1.0007 0.9955 1.0032

C73. Anroputm Rprop

Anroput™m Rprop ucnons3yer ¢pyHKIu0 o0yueHus trainrp

clear

net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'trainrp')

@OyHKIMS trainrp XapakTepusyeTcs CICAYIOUMMH NapaMeTpamH, 33JaHHBIMU 10
YMOJIYaHUIO:

net.trainParam

ans =
epochs: 100
show: 25
goal: O
time: Inf

min_grad: 1.0000e-006
max_fail: 5
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delt_inc: 1.2000
delt_dec: 0.5000
delta0: 0.0700

deltamax: 50
Ycranosum CICAYIOIHNEC 3HAUCHUA OTUX MMAPaMCTPOB:
net.trainParam.show = 10;
net. trainParam.epochs = 300;
net.trainParam.goal = le-5;
p=1[-1-122;050 5];
t=1[-1-111];
net = train(net,p,t); % Puc.3.11

TRAINRP, Epoch 0/300, MSE 2.27506/1e-005, Gradient 3.27134/1e-006
TRAINRP, Epoch 10/300, MSE 0.0190078/1e-005, Gradient 0.28722/1e-

006
TRAINRP, Epoch 20/300, MSE  6.80914e-005/1e-005,
0.0217624/1e-006
TRAINRP, Epoch 23/300, MSE 6.8422e-006/1e-005,
0.00289721/1e-006
TRAINRP, Performance goal met.
a = sim(net,p)
a =
-0.9957 -1.0019 0.9995 1.0023

AJ'IFOpI/ITMBI MCTOJa COIPAKCHHBIX I'PaIMCHTOB.

C76. Anroputm CGF
Anroputm CGF ucnonb3yet GpyHKIHI0 00ydenus traincgf

clear

Gradient

Gradient

net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'traincgf') ;

@Oyukuus traincgf Mo yMoI4aHHIO XapaKTepu3yeTcs CIEAYIOIUMU TapaMeTpamMu:

net.trainParam

ans =
epochs: 100

show: 25

goal: O
time: Inf

min_grad: 1.0000e-006

max_fail: 5
searchFcn: "srchcha*®
scale_tol: 20
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alpha: 0.0010
beta: 0.1000
delta: 0.0100
gama: 0.1000
low_lim: 0.1000
up_lim: 0.5000
maxstep: 100
minstep: 1.0000e-006
bmax: 26

YcranoBuM CIICAYIOHNEC 3HAUCHUA TapaMETPOB:
net.trainParam.epochs = 300;
net.trainParam.show = 5;

net. trainParam.goal = le-5;
p=1[-1-122;050 5];
t=1[-1-111];

net = train(net,p,t); %Pmuc.3.12

TRAINCGF-srchcha, Epoch 0/300, MSE 0.711565/1e-005,
1.7024/1e-006

TRAINCGF-srchcha, Epoch 5/300, MSE 0.000975456/1e-005,
0.0253333/1e-006

TRAINCGF-srchcha, Epoch 10/300, MSE 3.06365e-005/1e-005,
0.00748491/1e-006

TRAINCGF-srchcha, Epoch 12/300, MSE 7.50883e-006/1e-005,
0.00189117/1e-006

TRAINCGF, Performance goal met.

a = sim(net,p)

a =

-1.0021 -0.9963 1.0029 0.9981

C78. Anroputm CGP

Anroputm CGP ucnons3yer ¢pyHkuuto o0yueHus traincgp

clear

Gradient

Gradient

Gradient

Gradient

net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'traincgp');

N3MeHnM yCTaHOBKY CHEAYIOIIUX [TAPAMETPOB:
net. trainParam.epochs = 300;

net.trainParam.show = 5;

le-5;
p=1[-1-122;050 5];
t=1[-1-111];

net.trainParam.goal

net = train(net,p,t); %Puc.3.13
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TRAINCGP-srchcha, Epoch 0/300, MSE 3.6913/1e-005, Gradient
4.54729/1e-006

TRAINCGP-srchcha, Epoch 5/300, MSE 0.00160249/1e-005, Gradient
0.077521/1e-006

TRAINCGP-srchcha, Epoch 8/300, MSE 9.42009e-006/1e-005, Gradient
0.00863694/1e-006
TRAINCGP, Performance goal met.
a = sim(net,p)
a =
-1.0042 -0.9976 0.9975 0.9972

C79. Anroputm CGB

PaccmoTpuM paboTy 3TOro ainroputMa Ha MpUMepe ciaeayroeil HepoHHOU ceTu:
clear

net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'traincgb') ;

N3MeHnM yCTaHOBKY CIEAYIOIINUX MTapaMeTPOB:

net.trainParam.epochs = 300;

net.trainParam.show = 5;

net. trainParam.goal = le-5;

p=1[-1-122;050 5];

t=1[-1-111];

net = train(net,p,t); % Puc.3.14

TRAINCGB-srchcha, Epoch 0/300, MSE 1.65035/1e-005, Gradient
2.94633/1e-006

TRAINCGB-srchcha, Epoch 5/300, MSE 0.000813691/1e-005, Gradient
0.0222647/1e-006

TRAINCGB-srchcha, Epoch 10/300, MSE 0.000142255/1e-005, Gradient
0.00672937/1e-006

TRAINCGB-srchcha, Epoch 15/300, MSE 1.38893e-005/1e-005, Gradient
0.00260293/1e-006

TRAINCGB-srchcha, Epoch 16/300, MSE 7.09083e-006/1e-005, Gradient
0.0025014/1e-006

TRAINCGB, Performance goal met.

a sim(net,p)

a
-0.9985 -0.9987 0.9961 1.0030

C80. Anroputm SCG

Anroputm SCG ucnosb3yeT QyHKIHIO 00ydeHHsI trainrp
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clear
net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'trainscg') ;
OyHKIUA trainrp 1Mo yMOJIYaHUIO XapaKTePU3yeTCs CIASAYIONIMMHU TapaMeTpaMHu:

net. trainParam

ans =
epochs: 100
show: 25
goal: O
time: Inf

min_grad: 1.0000e-006
max_fail: 5
sigma: 5.0000e-005
lambda: 5.0000e-007
N3MeHnM yCTaHOBKM HEKOTOPBIX MapaMeTPOB:
net.trainParam.epochs = 300;
net.trainParam.show = 10;
net. trainParam.goal = le-5;
p=1[-1-122;050 5];
t=1[-1-111];
net = train(net,p,t); %$Puc.3.15
TRAINSCG, Epoch 0/300, MSE 1.71149/1e-005, Gradient 2.6397/1e-006
TRAINSCG, Epoch 10/300, MSE 8.2375e-005/1e-005, Gradient
0.0100708/1e-006
TRAINSCG, Epoch  12/300, MSE  1.58889e-006/1e-005, Gradient
0.00321225/1e-006
TRAINSCG, Performance goal met.
a = sim(net,p)
a =
-1.0007 -1.0009 1.0022 0.9994

KBa3snMHBIOTOHOBEI AJITOPUTMBI

C81. Anroputm BFGS

Anroput™m BFGS ucnons3yer ¢pyHkuuto oOyuenus trainbfg

clear

net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'trainbfg') ;

YctanoBuM — mapaMeTpsl  oOywaromieil  mpoueAaypsl 1O aHaJOTUHU
MPEILIECTBYIOIUMHU TPUMEpPaMHU:

net.trainParam.epochs = 300;

net.trainParam.show = 5;
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net.trainParam.goal = le-5;
p=1[-1-122;05 0 5];
t=1[-1-111];

net = train(net,p,t); %Puc.3.16

TRAINBFG-srchbac, Epoch 0/300, MSE 0.469151/1e-005, Gradient
1.4258/1e-006

TRAINBFG-srchbac, Epoch 5/300, MSE 0.00212634/1e-005, Gradient
0.0981181/1e-006

TRAINBFG-srchbac, Epoch 10/300, MSE 2.12166e-005/1e-005, Gradient
0.0119488/1e-006
TRAINBFG-srchbac, Epoch 12/300, MSE 2.687e-007/1e-005, Gradient
0.000475672/1e-006
TRAINBFG, Performance goal met.
a = sim(net,p)
a =
-0.9994  -1.0007 0.9998 1.0003

C82. Anroputm OSS

Anroputm OSS ncrnosib3yer QyHKIIUI0 00y9IeHHS trainoss

clear

net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'trainoss');

YcraHoBuM — mapaMmeTpel  OOydaromieli  mpoueaypel 1O aHAJIOTUU ¢
MPEAIECTBYOIIUMU IPUMEPAMH:

net. trainParam.epochs = 300;

5;

net. trainParam. show
net.trainParam.goal = le-5;
p=1[-1-122;050 5];

t=1[-1-111];

net=train(net,p,t); %Puc.3.17
TRAINOSS-srchbac, Epoch 0/300, MSE 2.15911/1e-005, Gradient
3.17681/1e-006

TRAINOSS-srchbac, Epoch 5/300, MSE 0.315332/1e-005, Gradient
1.12347/1e-006
TRAINOSS-srchbac, Epoch 10/300, MSE 0.0294864/1e-005, Gradient
0.553976/1e-006

TRAINOSS-srchbac, Epoch 15/300, MSE 0.000315263/1e-005, Gradient
0.0220646/1e-006

TRAINOSS-srchbac, Epoch 20/300, MSE 1.26224e-006/1e-005, Gradient
0.000784773/1e-006
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TRAINOSS, Performance goal met.
a = sim(net,p)
a =
-0.9987 -1.0006 0.9986 1.0010

C83. Anroputm LM

Anroputm LM ncnons3yer ¢pyHkmmo oOydeHus trainlm:

clear

net = newff([-1 2; 0 5],[3,1],{'tansig', 'purelin'}, 'trainlm')
@ynKIus trainlm M0 yMOIYaHHUIO XapaKTepU3yeTCs CIEAYIONIMHE apaMeTpaMu:

net. trainParam

ans =
epochs: 100
goal: O
max_fail: 5
mem_reduc: 1
min_grad: 1.0000e-010
mu: 0.0010
mu_dec: 0.1000
mu_inc: 10
mu_max: 1.0000e+010
show: 25
time: Inf

YcraHoBuM — mapameTpsl  oOydaromied — mpomeaypbl [0 aHAJOTHH ¢

MPEALIECTBYIOIIUMUA TPUMEPAMU:
net.trainParam.epochs = 300;
net.trainParam.show = 5;
net. trainParam.goal = le-5;
p=1[-1-122;050 5];
t=1[-1-111];
net = train(net,p,t); %$Puc.3.18

TRAINLM, Epoch 0/300, MSE 2.99886/1e-005, Gradient 7.55892/1e-010
TRAINLM, Epoch 4/300, MSE 4.88189e-009/1e-005, Gradient
0.000243573/1e-010
TRAINLM, Performance goal met.
a = sim(net,p)
a =

-1.0000 -1.0000 1.0001 1.0000
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Pacumpenue BO3MOXKHOCTEH npoueayp 00yueHus.

C89. IlepeobyueHue.

Paccmorpum  Heliponnyto cetb Ttuma 1-30-1 ¢ 1 Bxomom, 30 CKpbITBIMU
HelpoHaMu U 1 BBIXOJOM, KOTOPYIO HEOOXOJUMO OOYUYHThH amMpOKCUMHPOBATh
(GYHKIMIO CHHYCA, €CJIM 3aJaHbl ee NMPHOIMKEHHbIE 3HAYeHUs, KOTOPbIE MOIYyYEHBI
KaKk CyMMa 3HAueHUH CHUHyca M CIy4allHbIX BEJIMYUH, pAaclpeAesieHHBIX II0

HOPMaJIbBHOMY 3aKOHY
clear
net = newff([-1 1],[30,1],{'tansig', 'purelin'}, 'trainbfg');
net.trainParam.epochs = 500;
net.trainParam.show = 50;
net. trainParam.goal = le-5;
p = [-1:0.05:1];
t

sin(2*pi*p)+0.1l*randn(size(p))
tl = sin(2*pi*p);
[net,tr] = train(net,p,t); %$Puc.3.19

TRAINBFG-srchbac, Epoch 0/500, MSE 7.31152/1e-005, Gradient
14.7762/1e-006

TRAINBFG-srchbac, Epoch 50/500, MSE 0.000354095/1e-005, Gradient
0.00393802/1e-006

TRAINBFG-srchbac, Epoch 100/500, MSE 1.86929e-005/1e-005, Gradient
0.000200169/1e-006

TRAINBFG-srchbac, Epoch 105/500, MSE 9.84507e-006/1e-005, Gradient
0.000336686/1e-006

TRAINBFG, Performance goal met.

Jlis Toro yToOB! YOEAUTHCSA, UYTO B JAHHOM CIIy4yae Mbl CTAJIKUBAEMCSI C SIBIICHUEM
nepeoOydeHusi, TMOCTPOMM  TpadUKd  anmpoKCUMUpyeMoW  QyHKOuH,  ee

HpI/I6J'II/I)KCHHHX 3HAYCHUH U pe3yJibTaTa alllipOKCUMAllUU:
an = sim(net,p);
figure(l); plot(p,t,'+',p,an,'-',p,tl,"':"') % Puc.3.20

legend ('Bxox', 'Brxon','sin(2pi*t)'); grid on

C91. Metogp perysipu3zaiuu.

Paccmotpum HelipoHHytO ceTh Tumna 1-5-1 ¢ 1 BXo1oM, 5 CKpBITHIMU HEWpOHAMU U
1 BBIXOOM. DTa CeTh UCHONB3YET T€ K€ THUIBl HEHPOHOB, KaK U MPEbIayIas CETh,
HO KOJIMYECTBO CKPBITBIX HEUPOHOB B 6 pa3 MEHbIE, MPEACIbHOE KOJIUYECTBO

UKIIOB 00yueHus cokpaiiero a0 100, a mapametp perymispusanuu paseH 0.9998.
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clear

net = newff([-1 1],[5,1],{'tansig', 'purelin'}, 'trainbfg') ;
net. trainParam.epochs = 100;

net. trainParam.show = 50;
net.trainParam.goal = le-5;
net.performFcn = 'msereg';
net.performParam.ratio = 0.9998;
p=[-1:0.05:1];

t = sin(2*pi*p)+0.l1l*randn(size(p))

tl = sin(2*pi*p);

[net,tr] = train(net,p,t); %$Pmuc.3.21,a

TRAINBFG-srchbac, Epoch 0/100, MSEREG 1.44168/1e-005, Gradient
4.02109/1e-006

TRAINBFG-srchbac, Epoch 50/100, MSEREG 0.00943887/1e-005, Gradient
0.00377816/1e-006

TRAINBFG-srchbac, Epoch 1007100, MSEREG 0.00747179/1e-005,
Gradient 0.00630789/1e-006

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

an = sim(net,p);

figure(1l); plot(p,t,'+',p,an,'-',p,tl,':"') % Puc.3.21,6

legend ('sxon', 'Brixoxn', 'sin(2pi*t)'); grid on

ABTOMaTHYECKas PEryJISIpU3ALIUSL.

BHoBb oOOpatumcsi k HeWpoHHOW cetu Tuma 1-20-1, mpeaHa3HaYeHHOW ISt
pElIeHUs 3a/1a4M anmpoKCUManuu (GyHKIIMKA CUHYCA.

clear

net = newff([-1 1],[20,1],{'tansig’', 'purelin'}, 'trainbr')

OyHKIHs trainbr IO yMOTYaHHUIO XapaKTePU3YeTCs CICAYIOIIUMHU MTapaMeTpamMu:

net.trainParam

ans =
epochs: 100

show: 25

goal: O
time: Inf

min_grad: 1.0000e-010
max_fail: 5
mem_reduc: 1
mu: 0.0050
mu_dec: 0.1000
mu_inc: 10
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mu_max: 1.0000e+010
YcraHoBUM CICAYIOMHNEC 3HAUCHUA OTUX IMMApaMCTPOB:
net = newff([-1 1],[20,1],{'tansig', 'purelin'}, 'trainbr')
net. trainParam.epochs = 50;
net. trainParam.show = 10;
randn ('seed',192736547) ;
p=[-1:.05:1];
t = sin(2*pi*p)+0.1l*randn(size(p)) ;s
net = init (net);
net = train(net,p,t); % Puc.3.22
TRAINBR, Epoch 0/50, SSE 69.5303/0, SSw 21463.6, Grad
1.19e+002/1.00e-010, #Par 6.10e+001/61
TRAINBR, Epoch 10/50, SSE 0.0765763/0, SSW 6859.43, Grad 8.53e-
003/1.00e-010, #Par 3.40e+001/61
TRAINBR, Epoch 20/50, SSE 0.0602212/0, SSW 5018.79, Grad 3.18e-
001/1.00e-010, #Par 3.43e+001/61
TRAINBR, Epoch 30/50, SSE 0.0577611/0, SSW 4530.75, Grad 1.59e-
002/1.00e-010, #Par 3.38e+001/61
TRAINBR, Epoch 40/50, SSE 0.0761021/0, SSW 2622.33, Grad 7.98e-
002/1.00e-010, #Par 3.17e+001/61
TRAINBR, Epoch 50/50, SSE 0.0800647/0, SSW 2355.29, Grad 3.70e-
002/1.00e-010, #Par 3.13e+001/61
TRAINBR, Maximum epoch reached.
[TocTponm rpaduku uccaeayembIx (yHKITHMA:
an = sim(net,p); tl = sin(2*pi*p);
figure(1l); plot(p,t,'+',p,an,'-',p,tl,"':"') % Puc.3.22

legend ('Bxox', 'Brxon','sin(2pi*t)'); grid on

C94. ®opmupoBaHHe MPEICTABUTEILHON BEIOOPKH

Cdopmupyem oOyuaroliee MOAMHOKECTBO Ha MHTEpBajle BXOAHBIX 3HaYEHUH OT -
1 1o 1 c marom 0.05 B Buze cyMMbl GYHKIHMU CHHYCA M MOTPEIIHOCTH, OIHCHIBAEMOM
CIIy4ailHOM BEJIWYMHOM, pACHpEACICHHONM MO HOPMajJbHOMY 3aKOHY C JHCHEpPCUEH

0.01
clear
p=[-1:0.05:1];
t = sin(2*pi*p)+ O0.l*randn(size(p));
3areM cdopMHUpyeM KOHTPOJIBbHOE TMOAMHOXeCTBO. OmpenenuMm BXOIbl B

nuamazone ot —0.975 no 0.975 m 4ToOBI caenaTh 3amady OoJjiee PEATTMCTUYHOM,

N100aBUM HEKOTOPYIO MIOMEXY, paclpeleIeHHYIO 10 HOPMAJIbHOMY 3aKOHY

v.P = [-0.975:.05:0.975];
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v.T = sin(2*pi*v.P)+0.1l*randn(size(v.P));

TecToBO€ MOAMHOXKECTBO B JAHHOM IIPUMEPE HE UCIIOIb3YETCS.

BHoBb copmupyem HeiiporHyio cetn Tuma 1-20-1 um oOyuum ee. OOpatute
BHUMaHHE, YTO KOHTPOJIbHOE ITOIMHOKECTBO B BUJIE MACCUBA CTPYKTYpPBI IlepeaaeTcs
¢byHKIIMA 00ydYeHHsI B KayeCTBE HIECTOTO BXOJHOTO Tapamerpa. B maHHOM ciydae
ucnoinb3yeTcs o0ydaromas GyHKuus traingdx, XoTs MOXKeT ObITh IPUMEHEHA U JTH00ast

apyrast QyHKIUs 00ydeHHS
net = newff([-1 1],[20,1],{'tansig', 'purelin'}, 'traingdx');
net. trainParam.epochs = 300;
net. trainParam.show = 25;
net = init(net);
[net,tr] = train(net,p,t,[],[],v); % Puc.3.24
grid on

legend (' kOHTPONBEHOE MNOIMHOXECTBO', 'ofyuawimee NOIMHOXECTBO ')

TRAINGDX, Epoch 0/300, MSE 12.9244/0, Gradient 20.8895/1e-006
TRAINGDX, Epoch 25/300, MSE 0.500121/0, Gradient 0.978807/1e-006
TRAINGDX, Epoch 50/300, MSE 0.191717/0, Gradient 0.32784/1e-006
TRAINGDX, Epoch 75/300, MSE 0.0734146/0, Gradient 0.116014/1e-006
TRAINGDX, Epoch 100/300, MSE 0.0218068/0, Gradient 0.0437681/1le-
006

TRAINGDX, Epoch 125/300, MSE 0.00574346/0, Gradient 0.0485314/1le-
006

TRAINGDX, Epoch 130/300, MSE 0.00574346/0, Gradient 0.0485314/1le-
006

TRAINGDX, Validation stop.

[Toctpoum rpadukn uccueayemMbIx GyHKIHA

an = sim(net,p);
tl = sin(2*pi*p);
figure (2); plot(p,t,'+',p,an,'-',p,tl,':"') % Puc.3.25

legend ('Bxogn', 'Brxon', 'sin(2pi*t)'); grid on
C96. IIpenBaputenpHas 00pabOTKa M BOCCTAHOBJICHHE JTAHHBIX.

Perpeccuonnsliii ananus.

CJ'ICI[}’IOHIaSI MOCJICA0OBATCIIbHOCTL OIICPATOPOB IMOACHACT, KaK MOKHO BBIIIOJTHCH
pel"peCCI/IOHHBIﬁ aHaJIu3 A1 CCTH, HOCTpOCHHOﬁ Ha OCHOBC TIIpoLCAYpPHI C

MpephIBAaHUEM 00YUYCHUS

clear
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p = [-1:0.05:1];

t = sin(2*pi*p)+ O0.l*randn(size(p))

v.P = [-0.975:.05:0.975];

v.T = sin(2*pi*v.P)+0.1l*randn(size(v.P));

net = newff([-1 1],[20,1],{'tansig', 'purelin'}, 'traingdx');

net.trainParam.show = 25;

net. trainParam.epochs = 300;

net = init (net);

[net, tr]=train(net,p,t,[]1,[],V)"
grid on

legend (' kOHTpPONBHOE MOOMHOXECTBO',6 'ofyuawlee IOIMHOXECTBO')

TRAINGDX, Epoch 0/300, MSE 8.33909/0, Gradient 13.9129/1e-006
TRAINGDX, Epoch 25/300, MSE 1.48273/0, Gradient 2.00314/1e-006
TRAINGDX, Epoch 50/300, MSE 0.361276/0, Gradient 0.543845/1e-006
TRAINGDX, Epoch 75/300, MSE 0.0769917/0, Gradient 0.147463/1e-006
TRAINGDX, Epoch 100/300, MSE 0.0181576/0, Gradient 0.0458443/1le-
006

TRAINGDX, Epoch 125/300, MSE 0.00440005/0, Gradient 0.0691844/1e-
006

TRAINGDX, Epoch 138/300, MSE 0.00427574/0, Gradient 0.033685/1le-
006

TRAINGDX, Validation stop.

a = sim(net,p); % MomemmpoBaHMe ceTwu
figure (2) ;
[m,b,r] = postreg(a,t), grid on

m =
0.9894
b =
-0.0092
r =
0.9956

[Tpumep mporierypbl 00ydeHusl.

Tpebyercst pa3paboTaTh BBIYUCIMTENBHBIM WHCTPYMEHT, KOTOPBIA MOXKET
ONpPEIEATh YPOBHU JIMIHUIHBIX COCTABIIAIONIMX XOJIECTEPUHA Ha OCHOBE M3MEPEHUI
crieKTpa KpoBH. Mimeercs cratuctuka usmepeHus 21 mokasaress JIMIUIHOTO CIEKTpa

kpoBu s 264 manuentoB. Kpome toro, u3BectHsl ypoBHHU hdl, 1dl u vld]l munugasix
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COCTAaBJIAOIINX XOJCCTCPHHA, OCHOBAHHBIX Ha CCIlapalilii CbIBOPOTKH. HGO6XOHI/IMO
OTIPEICNUTh COCTOATEIBHOCTh HOBOTO cloco0a aHajau3a KPOBHU, OCHOBAHHOTO Ha
U3MEpPEHUH €€ CIIEKTpa.

JlaHHbIe M3MEpEeHWl CHeKTpa [OJDKHBI ObITh 3arpyxeHbl W3 MAT-¢aiina

choles_all u moxBepruyThl pakTOpHOMY aHATIHU3Y
clear, load choles_all
[pn,meanp, stdp, tn,meant,stdt] = prestd(p,t);
[ptrans, transMat] = prepca(pn, 0.001) ;

B sTOM ciy4ae cOXpaHSIOTCS TOJBKO T€ KOMIIOHEHTBI, KOTOpPbHIE OOBSCHSIOT
99.9 % wusmenenuii B Habope AaHHbIX. [IpoBepuM, CKOJIBKO K€ KOMIIOHEHTOB W3

NEPBOHAYAJIbHBIX 21 ABISIOTCS COCTOSTEILHBIMH

[R,Q] = size (ptrans)
R =

264

OxaspIBaeTcs, 4To BCEro 4.
Tenepr chopMupyemM u3 HCXOIHOW BBIOOPKH 0Oydaroliee, KOHTPOJIbHOE U
TECTOBOE MHOXecTBa. /[l 9TOr0 BBIACTUM IMOJIOBUHY BBIOOPKH IJisi O0YyYaroIero

MHOECTBA Pir ¥ MO YETBEPTH JJI1 KOHTPOIBHOTO V U TECTOBOTO t
iitst = 2:4:Q;
iival = 4:4:Q;
iitr = [1:4:Q 3:4:Q];
v.P = ptrans(:,iival); v.T = tn(:,iival);

t.P = ptrans(:,iitst); t.V = tn(:,iitst);

ptr ptrans(:,iitr); ttr = tn(:,iitr);

Tenepr HeoOxomumo chopmMupoBaTh M OOYyYHTh HEHUPOHHYIO CeTh. byaem
HUCIOIb30BaTh CETh C 2 CJIOIMHU, C (bYHKI_II/ISIMI/I AKTUBAIlMU: B CKPBITOM CJIOC -
runepOOIMYeCKUd TaHTEHC, B BBIXOJHOM CJIo€ - JIMHEWHas ¢yHkums. Takas
CTpyKTypa 3(¢eKTUBHA M pelIeHHs 3aJad anmnpoKCUMaluu W perpeccuu. B
Ka4yeCcTBE HAYaAJbHOTO MPUOIIKEHUS YCTAHOBUM S5 HEHPOHOB B CKpbITOM ciioe. CeThb

JI0JDKHA UMETh 3 BBIXOJHBIX HEHpPOHA, OCKOJIBKY onpenaesieHo 3 nenu. /s oOyuenus

npuMeHuM anroputm LM
net = newff (minmax (ptr),[5 3],{'tansig' 'purelin'},'trainlm')

[net, tr]=train(net,ptr,ttr,[],[],Vv, L)

31



Notebook "Heuponnvie cemu”

net =

Neural Network object:

architecture:

numlnputs: 1

numLayers: 2

biasConnect:
inputConnect:
layerConnect:
outputConnect:
targetConnect:

numOutputs:
numTargets:
numlnputDelays:
numLayerDelays:

[1; 1]
[1; O]
[0 0; 1 0]
[0 1]
[0 1]

1 (read-only)
1 (read-only)
0 (read-only)
0 (read-only)

subobject structures:

inputs:
layers:
outputs:
targets:
biases:
inputWeights:
layerWeights:

functions:

adaptFcn:
initFcn:
performkFcn:
trainkcn:

parameters:

adaptParam:
initParam:
performParam:
trainParam:

weight and bias

other:

{1x1 cell} of inputs

{2x1 cell} of layers

{1x2 cell} containing 1 output

{1x2 cell} containing 1 target

{2x1 cell} containing 2 biases

{2x1 cell} containing 1 input weight
{2x2 cell} containing 1 layer weight

"trains”
"initlay"

mse
"trainlm”

-passes

(none)

(none)

.epochs, .goal, .max_fail, .mem_reduc,
-min_grad, .mu, .mu_dec, .mu_inc,

.mu_max, .show, .time

values:

{2x1 cell} containing 1 input weight matrix
{2x2 cell} containing 1 layer weight matrix
{2x1 cell} containing 2 bias vectors

userdata: (user stuff)
TRAINLM, Epoch 0/100, MSE 1.66603/0, Gradient 576.465/1e-010
TRAINLM, Epoch 12/100, MSE 0.314181/0, Gradient 88.4175/1e-010
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TRAINLM, Validation stop.

OOyueHne OCTaHOBJIEHO, IOTOMY YTO KOHTpPOJIbHAs OIIMOKa B 5 pa3 MpeBbICHIIA

omnOKy o0yuenus. [loctpoum rpaduku Beex ommbdok

figure (2)
plot(tr.epoch,tr.perf,'-', tr.epoch,tr.vperf,'--"',tr.epoch,tr.tperf,"':");
legend ('O6yuenne', 'Kourposnw', 'llpoBepxa'); grid on %Puc.3.27

[TorpenHocTy MpOBEPKU HAa TECTOBOM M KOHTPOJIBHOM MHOXKECTBaxX BeIyT ceOs
OJIMHAKOBO, U HET 3aMETHBIX TCHCHIINN K Iepeo0ydSHHIO.

Tenepb cneayeT BBINOIHUTH aHAIU3 peakiuu ceTH. Mcmois3dyem Bech Habop
TaHHBIX (0OyuYeHHe, MPU3HAHUE BHIOOPKH MPEJCTaBUTEILHOW M TECTOBBIN) M OLIEHUM
JIMHEHHYIO DPETPECCHUI0 MEXKIY BBIXOAAMHM CETHU U COOTBETCTBYIOIUMMM LEISAMH.

CHayaJia Hy’KHO NepeiTH K HECHOPMaJIM30BaHHBIM BBIXOJ[aM CETH.

an = sim(net,ptrans); % MogenmpoBaume ceTu

a = poststd(an,meant,stdt); % BoccTaHOBJIEeHME BHXOIOB
t = poststd(tn,meant,stdt); % BoccraHoBIeHMe uenemn
for i=1:3
figure (i)
[m(i) ,b(i) ,r(i)] = postreg(a(i,:),t(i,:)); % Pacuer perpeccumu
end

[Teprie nBa Bhixoma cetu (hdl u Idl cocraBnsromue) XOpoIIO OTCIEKHUBAIOT
IIEJIEBOC MHOXKECTBO, 3HaYeHHe OMm3ko K 0.9, M 3TO 03HAYaeT, YTO AT JIUIHIHBIC
XapaKTePUCTHKU MOTYT OBITh OMpECNICHbI TI0 U3MEPEHUsIM CIIeKTpa KpoBH. Tperuit
BbIXx0J1 (vldl cocraBnsromnias) BocCTaHABIMBACTCS MI0XO0 (KOADOUIIMEHT KOPPEIAIun
okoJio 0.6), ¥ 3TO 03HAYAET, UTO PEIICHHE 3a/1a4H TOJDKHO OBITH TPOIOHKEHO.

MOXHO HCIONB30BATh JPYTYIO apXHUTEKTYypy CETH, YBEIHYUTH KOJIUYECTBO
HEHPOHOB B CKpPHITOM clioe (0OJbIIe CKPBITBIX CIIOEB HEWPOHOB)  WIIHU
BOCIIOJIB30BaThCSl  METOAOM  PETyJISIpH3alMd. XOTS MOXKET OKa3aThCs, 4TO
BOCCTaHOBJICHHE cocTaBisitoniei vldl Ha ocHOBe W3MepeHus CIieKTpa KPOBH BOOOIIE

HECOCTOATCIIBHO.

I'n1aBa 4. IlepcenTpoHbI

C104. Mopaenb nepcenTpoHa.
OyHKIUSA
clear

net = newp ([0 2],1);
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CO34acT MEPCCIITPOH € OAHOIJICMCHTHBIM BXOAOM U OJHUM Hef/’lpOHOM; Juaria3oH

3HauyeHui Bxozaa - [0 2].

OnpenenyM HEKOTOpbIE MapaMeTphl IEPCENTPOHA, HHULMAIU3ZUPYEMBIE I10
YMOIYaHHUIO.

Beca 6xoo00s:
inputweights = net.inputweights{1l,1}
inputweights =
delays: O
initFcn: "initzero”
learn: 1
learnFcn: "learnp”
learnParam: []
size: [1 1]
userdata: [1x1 struct]
weightFcn: "dotprod®

3aMeTuM, 4TO (YHKIMS HACTPOWKM MEPCENTPOHA MO0 yMOJYaHUIo — learnp; BXox
(YHKIIMY aKTUBAIIMH BBIYHCISETCS C MIOMOMIBIO ()YHKIIUU CKAJSIPHOTO MPOU3BEICHHS
dotprod; ¢dbyHKIIMS MHULIMATH3AIUH INitZEero UCMONb3yeTCs A YCTAaHOBKHU HYJIEBBIX

Ha4daJIbHBIX BCCOB.

Cmewenus:

biases = net.biases{1l}

biases
initFcn: "initzero”
learn: 1
learnFcn: "learnp”®
learnParam: []
size: 1
userdata: [1x1 struct]

HeprILHO YBUACTD, UYTO HAYAJIbHOC CMCUICHUC TAKXKC YCTAHOBJICHO B HOJIb.

C105. MoaenupoBaHue epcenTpoHa.
PaccMoTpuM OIHOCIOWMHBINA NEPCENTPOH C OJHHUM JBYXJJIEMEHTHBIM BEKTOPOM

BXO0J4, 3HAUYCHUS SJICMCHTOB KOTOPOI'0 USMCHAIOTCS B AUAIIA30HE OT -2 a0 2

clear, net = newp([-2 2;-2 2],1);
ITo YMOJIYaHHUIO B€Ca U CMCIICHUC PAaBHLI HYJIIO U TJIA TOTO, I-ITO6I:I YCTaHOBHUTb

JKeJaeMble 3HAYCHUS, HEOOXOIMMO TTPUMEHHUTD CIEAYIOIINE OTepaTOPhI
net.IW{l,1}= [-1 1];
net.b{1l} = [1];
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B sToM ciyuae pasnenstonias THHUS UMEET BH/T
L: -p; tp.+1 =0.
U COOTBETCTBYET puc. 4.1.

gensim(net) % Puc.4.4

CrpykTypHas cxema MOJIeJU TIepCcenTpoHa MoKazaHa Ha puc. 4.4

netum

hardlim a1

Puc. 4.4

Tenepp omnpenennM, Kak OTKIMKAeTCsl CEThb Ha BXOAHbBIE BEKTOpHl pl u p2,
PacrosoKeHHbIE N0 pa3Hble CTOPOHBI OT Pa3ACAOLIEH JINHUU:

pl = [1; 1];
al = sim(net,pl) % MomemmpoBaHMe ceTm net c BxomHmM BekTOpoM pl
al =

1
p2 = [1; -1];
a2 = sim(net,p2) % MomenmpoBaHMe ceTM net C BXOOHEIM BEKTOPOM Pp2
a2 =

0

[TepcenTpoH NpaBUIBHO KJIACCU(PHUIIMPOBAT 3TH JBA BEKTOPA.
3aMeTuM, YTO MOXHO ObUIO ObI BBECTH IOCJIEIOBATENBHOCTH JBYX BEKTOPOB B

BHJIE MACCHUBA SYEEK U MOJIIYUYUTh PE3YIbTAT TAKXKE B BUJIE MAaCCHUBA AYEEK
p3 = {[1; 1] [1; -1]}

a3 = sim(net,p3) % MomemmpoBaHMe ceTm net npm BxomHOM curHane p3
p3 =

[2x1 double] [2x1 double]
a3 =

[11 0]

C106. Muunumanu3zanus napaMeTpos.
JUi1 OTHOCIOMHOIrO IEpCenTpOHa B KadyeCTBE MapaMeTpPOB HEHPOHHOW CeTH B
o01ieM ciay4ae BBICTYNAIOT Beca BXOJOB M cMmelleHHd. JlomycTum, 4To co3laeTcs

MEPCCIITPOH C ABYXIJICMCHTHBIM BEKTOPOM BXO4da U OJJHUM Hef/'IPOHOM

clear, net = newp([-2 2;-2 2],1);
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3anpocuM XapakTEpUCTUKA BECOB BXOJAa
net.inputweights{1l, 1}
ans =
delays: 0O
initFcn: “initzero”
learn: 1
learnFcn: "learnp”
learnParam: []
size: [1 2]
userdata: [1x1 struct]
weightFcn: "dotprod®

N3 srtoro cmucka ciemyer, 4yTo B KadecTBE (YHKIMM WHHUNUAIU3AIMU TI0
YMOJYaHUIO MCIONb3yeTcs (YHKIMA initzero, KoTopas MPHCBAaWBaeT BecaM BXOJa
HyJIeBbIe 3Ha4eHUS. B 3TOM MOXHO yOeauThCs, €M M3BJIeYb 3HAYCHUS HIICMEHTOB

MaTpulbl BCCOB U CMCIICHUA

wts = net.IW{1l,1}, bias = net.b{l}
wts =

0 0
bias =

0
Tenepb NEPpCyCTaHOBHUM 3HAUCHUA DJICMCHTOB MaTpHUIibl BECOB U CMCIICHUSA
net.IW{1l,1} = [3, 4]; net.b{l} = 5;
wts = net.IW{1l,1}, bias = net.b{l}
wts =

3 4
bias =

5

Jnst Toro 4toObl BEpHYThCS K IE€PBOHAYAIBHBIM YCTAaHOBKAM IapaMeTpPOB

MepCenTpoHa, U nMpeAHa3HaueHa QyHKIUA init

net = init(net); wts = net.IW{l,1}, bias = net.b{l}
wts =

0 0
bias =

0

MOXHO M3MEHHTH CITIOCO0, KaKUM WHHUIHAIM3HPYETCS MEePCENTPOH C MOMOIIBIO
¢dbyHkimu init. s 3TOro JOCTATOYHO WM3MEHHUTH THUI (DYHKIHMA WHHUIIMATU3AIUH,

KOTOPBIC NPUMECHSAIOTCA IJIs1 YCTAHOBKH II€PBOHAYAIIBHBIX 3HAYCHHUI BECOB BXOI0B U
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cmemennii. Hanpumep, Bocrmonb3yeMcst pyHKIMEH MHUIManu3anuu rands, KOTopas
YCTaHABJIMBAET CIIy4YaiHble 3HAYCHMs 1apaMETPOB IEPCENTPOHA.
% 3anath GyHKIMY UHULAATU3ALUN BECOB U CMEIIECHUI

net.inputweights{1l,1}.initFcn = 'rands';

net.biases{1l}.initFcn = 'rands';

% BBINOIHUTS HHUIMATU3AIMIO PAHEE CO3/IaHHON CETH C HOBBIMHU (DYHKLUSMHU
net = init (net);

wts = net.IW{1l,1}, bias = net.b{l}

wts =

-0.1886 0.8709
bias =

-0.6475

Bunno, 9To Beca 1 cMeleHUs BBIOpAaHbI CITy4ailHbIM 00pa3oM.

C108. IIpaBusia HaCTPOUKHU MapaMeTPOB MEPCENTPOHA.

PaccmoTrpuM mpocToii mpuMep MEepCenTpoHa € E€AUHCTBEHHBIM HEHPOHOM U
JBYX3JIEMEHTHBIM BEKTOPOM BXO0]1a

clear, net = newp([-2 2;-2 2],1);

Onpenenum cmenienue b paBasM 0, a BEKTOp BecoB W paBHBIM [1 -0.8]

net.b{1l} = 0;

w=[1l -0.8]; net.IW{l,1} = w;

OO0yuaroree MHOXXECTBO 33JJaIMM CJICTYIONIUM 00pa3oM

p=[1; 2]; t = [1];

Monenupysi mepcenTpoH, paccuyuTaeM BBIXOJ W OIIMOKY Ha TEepBOM Iiare

HAaCTPOMKHU

a = sim(net,p), e = t-a

Hcnonb3ys M-QyHKUMIO HAacTpoWKM mMapaMeTpoB learnp, Haiinem Tpebyemoe
U3MEHEHNE BECOB

dw = learnp(w,p,[ 1,[ 1,[ 1,0 1,e, 0L 1,0 1,[1)
dw =
1 2

Tora HOBBINM BEKTOP BECOB IIPUMET BUJL
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w + dw

2.0000 1.2000

C110. ITpoueaypa amanranuu.

. BHOBB chopMupyem mMoiens nepcenTpoHa, n300pakeHHOTo Ha puc. 4.5

clear, net = newp([-2 2;-2 2],1);
BBenem nepBbiii 2IeMEHT 00y4aroero MHOXKECTBa

p = {[2; 2]}; t = {0};
YcTaHoBUM mapameTp passes (4UCIo MPOXO0B), PaBHBIM 1, ¥ BBIIOJIHUM OJIMH IIIar
HAaCTPOWKHU

net.adaptParam.passes = 1;

[net,a,e] = adapt(net,p,t); a,e

a=

[11

[-11

CKOppeKTHpOBaHHbBIE BEKTOP BECOB M CMEILIEHUE PAaBHbI

twts = net.IW{l,1}, tbiase = net.b{l}
twts =

-2 -2
tbiase =

-1

OTO CcOBHAazaeT ¢ pe3yibTaTaMH, MOJYYEHHBIMU IIPH Py4yHOM pacyere. Tenepb
MOYKHO BBECTH BTOPOM 3JIEMEHT O0Yy4arolIero MHOXKECTBA U T.J., TO €CTh MOBTOPUTH
BCIO MPOLEYPY PYUYHOI'O CUETA U IIOJYUYUTH TE K€ PE3YIbTATHL.

Ho Mo0xHO 3Ty paboTy BBINOJHUTH aBTOMAaTHUYECKH, 3a7aB cpa3y Bce oOydarolee
MHOKECTBO U BbIIIOJIHUB OJWH IIPOXOJ

clear, net = newp([-2 2;-2 2],1);

net.trainParam.passes = 1;

p = {[2;2] [1;-2] [-2;2] [-1;1]};

t {010 1};

Teneps 00y4nM ceTb.
[net,a,e] = adapt(net,p,t);

Bo3zBpamiaroTcst BBIXO M OITHOKA

a, e
a

[11 [11 0] 0]
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[-1] 0]l 0]l [11
CKOppEKTUPOBAHHBIE BEKTOP BECOB U CMEIICHUE PABHBI
twts = net.IW{l,1}, tbiase = net.b{l}
twts =
-3 -1
tbiase =
0

Mogenupys NOITy4eHHYIO CETh 110 KaKI0MY BXOJY, TOJYyUYUM

al = sim(net,p)

al =
Lol Lol [11 [11
MoxHO yOemUTBhCS, YTO HE BCE BBIXOABI PAaBHBI LIEJIEBBIM 3HAYCHHSIM OO0YYaroOIIero
MHO’KECTBA. DTO 03HAYAET, YTO CIEIYET MPOAOIKUTh HACTPOUKY MEPCENTPOHA.

BrinosHuM enie oMH UK HACTPOUKHU

[net,a,e] = adapt(net,p,t); a, e

0] 0] 0] [11

Lol [11 Lol Lol
twts = net.IW{1l,1}, tbiase = net.b{l}

twts =

-2 -3
tbiase =

1
al = sim(net,p)
al =

0]l [11 0]l [11
Terneps pelieHre COBIAIAET C IEEBBIMU BBIXOJAMU 00YYarOIIEr0 MHOKECTBA, U BCE

BXOAbI KJ'IaCCI/Iq)I/II_II/IPOBaHLI IMpaBUJILHO.

I'nmaBa 5. JInHeliHBIE CeTH

C117. Co3manue MOIeIu JUHEHHON CETH.
JIvuHeiHy10 ceTh ¢ OJHUM HEMPOHOM, MOKa3aHHYI0 Ha puc. 5.1, MOXHO CO31aTh

CIIETYIOIIMM 00pazomM
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clear, net = newlin([-1 1; -1 1],1);

HepBBIfI BXO,Z[HOP’I APTYMCHT 3aa€T AHUAIla30H HU3MCHCHUA 3JICMCHTOB BCKTOPA
BXOJla; BTOPOM apryMeHT YKa3bIBa€T, YTO CETh HMEET EIMHCTBEHHBIM BBIXOJ.
HauanbHrie Beca u CMCHICHUC 110 YMOJYAHUTO PABHBI HYJIIO.

HpI/ICBOI/IM B€CaM U CMCHICHUIO CIICAYIOUC 3HAYCHHUA

net.IW{1l,1} = [2 3]; net.b{l} =[-4];

Tenepp MOXHO NPOMOJEIUPOBATH JMHEMHYIO CE€Th Uil CIEIYIOIIETO
IIPEaBbIBICHHOIO BEKTOpAa BX04a

p = [5/6];

a

sim(net,p)

24
C118. O6y4ueHne TUHEHHOMN CETH.

[Ipouenypa HaCTpONKH.
B oTnnyme OoT MHOTMX ApPYruX CEeTel HAacTpOMKa JMHEWMHOW CeTH JJIsl 3aJaHHOTO
00y4aroIIero MHOKECTBa MOXKET ObITh BBITIOJHEHA MOCPEICTBOM IMPSIMOTO pacydera C

ucrnonb3oBanueM M-dynkiuu newlind.

[IpenmonokuM, 4YTO  3aJaHbl  CIEAYIOIIWE  BEKTOPBI,  MPUHAIEKAIINE
oOyyJaromeMy MHOXXECTBY

clear, P = [1 -1.2]; T = [0.5 1];

[TocTpoum THHEHHYIO CETh U MPOMOJEIUPYEM €€

net = newlind(P,T); net.IW{l,1}, net.b

Y = sim(net, P)

ans =
-0.2273
ans =
[0.7273]
Y =

0.5000 1.0000

BrIxo1 ceTr COOTBETCTBYET 11€JIEBOMY BEKTOPY.

3aganuM CleNyIUd JMana3oH BECOB M CMELIEHUH, pacCUUTaeM KpUTEpUi
KayecTBa 00yUEHUs U IOCTPOUM €ro JIMHUU YPOBHSL:

w_range=-1:0.1: 0; b range=0.5:0.1:1;

ES = errsurf(P,T, w_range, b range, 'purelin');

contour (w_range, b _range,ES, 20)
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hold on
plot(-2.2727e-001,7.2727e-001, 'x') % Puc.5.4.
hold off

Ha rpaduke 3HaKoMm ""X" OTMEYEHBI ONTHMAJLHBIC 3HAYCHHS BECA W CMEIICHUS

JUIA JaHHOU CETH.

C120. IIpouenypa oOyudeHus.

OOpatuMcsi K TOMY K€ MPUMEPYy, KOTOPBIH HCTIOIB30BAICS MPU PACCMOTPEHUN
MPOLEAYPHI aJaNTalUU, ¥ BBIIIOJIHUM IPOLEAYPY O0yUEeHHUS.

clear, P = [1 -1.2];% BekxTOop BXOHOB

T= [0.5, 1]; % BekTop uenemn

% MakcumaJibHOe 3HaYeHHe mapaMeTpa o0yueHust

maxlr = 0.40*maxlinlr (P, 'bias');

% Co3nanue JMHEIHOH ceTH

net = newlin([-2,2],1,[0],maxlr) ;

% Pacuer pyHKIIUM KPUTEPUS KaYeCTBa

w_range=-1:0.2:1; b _range=-1:0.2:1;

ES = errsurf(P,T, w_range, b_range, 'purelin');

% IlocTpoeHue MOBEPXHOCTH (PYHKIMU KPUTEPHS KayecTBa

surfc(w_range, b_range, ES) % Puc.5.5,a)

Ha puc.5.5,a mnocrtpoeHa moOBepXHOCTh (YHKIMM KpUTEpHs KadecTBa B
IIPOCTPAHCTBE MMapaMeTpoB ceTu. B mpouecce 00ydeHus TpaekTopus 00yueHus 0yier
nepeMeniaTbCs M3 HAYaJbHOM TOYKM B TOYKY MHUHHMMYMa KpHUTEpUs KadyecTBa.
BeImonHUM  pacueT W MOCTPOMM TPACKTOPUIO OOYYeHHs IJIMHEHHOH ceTH i

3aJaHHBIX HaYaJIbHBIX 3HAYCHUM Beca M CMEIICHUS.

% Pac4er TpaekTOpHu 00y4eHHHU
x = zeros(1,50); y = zeros(1,50);
net.IW{1l}=1; net.b{l}= -1;
x(1l) = net.IW{l}; y(1) = net.b{l};
net.trainParam.goal = 0.001;
net. trainParam.epochs = 1;
% 11uKJI BRIYMCIICHUS BECOB M CMEIIICHUS JUIS OJTHOM MOXHU
for i = 2:50,
[net, tr] = train(net,P,T);
x(i) = net.IW{1l};
net.b{l};

y (i)

end
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TRAINB, Epoch 0/1, MSE 5.245/0.001.
TRAINB, Epoch 1/1, MSE 2.049/0.001.
TRAINB, Maximum epoch reached.

TRAINB, Epoch 0/1, MSE 2.049/0.001.
TRAINB, Epoch 1/1, MSE 0.815178/0.001.
TRAINB, Maximum epoch reached.

TRAINB, Epoch 0/1, MSE 0.815178/0.001.
TRAINB, Epoch 1/1, MSE 0.330857/0.001.
TRAINB, Maximum epoch reached.

TRAINB, Epoch 0/1, MSE 0.330857/0.001.
TRAINB, Epoch 1/1, MSE 0.137142/0.001.
TRAINB, Maximum epoch reached.

TRAINB, Epoch 0/1, MSE 0.137142/0.001.
TRAINB, Epoch 1/1, MSE 0.0580689/0.001.
TRAINB, Maximum epoch reached.

TRAINB, Epoch 0/1, MSE 0.0580689/0.001.
TRAINB, Epoch 1/1, MSE 0.0250998/0.001.
TRAINB, Maximum epoch reached.

TRAINB, Epoch 0/1, MSE 0.0250998/0.001.
TRAINB, Epoch 1/1, MSE 0.0110593/0.001.
TRAINB, Maximum epoch reached.

TRAINB, Epoch 0/1, MSE 0.0110593/0.001.
TRAINB, Epoch 1/1, MSE 0.00495725/0.001.
TRAINB, Maximum epoch reached.

TRAINB, Epoch 0/1, MSE 0.00495725/0.001.
TRAINB, Epoch 1/1, MSE 0.00225533/0.001.
TRAINB, Maximum epoch reached.

TRAINB, Epoch 0/1, MSE 0.00225533/0.001.
TRAINB, Epoch 1/1, MSE 0.00103897/0.001.
TRAINB, Maximum epoch reached.

TRAINB, Epoch 0/1, MSE 0.00103897/0.001.
TRAINB, Epoch 1/1, MSE 0.000483544/0.001.
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TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

Maximum epoch reached.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.
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TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

TRAINB,
TRAINB,

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.

Epoch 0/1, MSE 0.000483544/0
Performance goal met.
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TRAINB, Epoch 0/1, MSE 0.000483544/0.001.
TRAINB, Performance goal met.

TRAINB, Epoch 0/1, MSE 0.000483544/0.001.
TRAINB, Performance goal met.

TRAINB, Epoch 0/1, MSE 0.000483544/0.001.
TRAINB, Performance goal met.

TRAINB, Epoch 0/1, MSE 0.000483544/0.001.
TRAINB, Performance goal met.

TRAINB, Epoch 0/1, MSE 0.000483544/0.001.
TRAINB, Performance goal met.

TRAINB, Epoch 0/1, MSE 0.000483544/0.001.
TRAINB, Performance goal met.

TRAINB, Epoch 0/1, MSE 0.000483544/0.001.
TRAINB, Performance goal met.

TRAINB, Epoch 0/1, MSE 0.000483544/0.001.
TRAINB, Performance goal met.

TRAINB, Epoch 0/1, MSE 0.000483544/0.001.
TRAINB, Performance goal met.

TRAINB, Epoch 0/1, MSE 0.000483544/0.001.
TRAINB, Performance goal met.

% IlocTpoeHue JMHUIT YPOBHSI H TPACKTOPHUH 00y4YeHUH
clf, contour(w_range, b_range, ES, 20), hold on

plot(x, y,'-*'), grid on, hold off, % Puc.5.5,6

Ha puc. 5.5, 6 cumBosamu "*" oTMedeHBI 3HAUCHHUS Beca U CMEIICHUS Ha KaXKJIOM
mare oOydYeHHUs; BHIHO, 4TO NpuMepHO 3a 10 maroB mpu 3aJaHHON TOYHOCTH
(moporoBoe 3HaueHue kpurepus kadectBa) 0.001 momyumm w = -0.22893, b =
0.70519. OT0 cornacyercs ¢ pelIEeHUEM, [TOJIyYEHHBIM C UCIIOJIb30BAHUEM ITPOLIETYPBI

aJanTalny.

Ecnu He crpouth Tpaekropuu mporecca OOydeHHs, TO MOXKHO BBINIOJHUTH

o0yueHne, 00paTUBIINCH K M-(yHKIMH train TOJIBKO OJUH pas3:
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net.IW{1l}=1l; net.b{l}= -1;

net.trainParam.epochs = 50;
net. trainParam.goal = 0.001;
[net, tr] = train(net,P,T);

net.IW, net.b

TRAINB, Epoch 0/50, MSE 5.245/0.001.
TRAINB, Epoch 11/50, MSE 0.000483544/0.001.
TRAINB, Performance goal met.

ans =
[-0.2289]

ans =
[0.7052]

Ecau noBeicuth TouHOCTH 00yueHus o 3uadenus 0.00001, To monyyum cienyromue

pE3yJIbTATHI
net.trainParam.goal = 0.00001;

[net, tr] = train(net,P,T);
net.IW, net.b
TRAINB, Epoch 0/50, MSE 0.000483544/1e-005.
TRAINB, Epoch 6/50, MSE 5.55043e-006/1e-005.
TRAINB, Performance goal met.
ans =
[-0.2279]
ans =
[0.7249]

IloBhIllIECHME TOYHOCTHM Ha JBa nopsaaKka HNpUBOAUT K YTOUYHCHHRO 3HAYCHUH

apaMeTpoB BO BTOPOM 3HAKe.

C122. [IpumeHeHne TUHEHHBIX CETEH.

3anaya knaccuuKani BEKTOPOB.

OmnpenenuM JTUHEHHYIO CETh C HAYalbHBIMU 3HAYEHUSMH Beca U CMEIICHUS,
HCIIOJIb3YEMBIMHA 110 YMOJYaHHUIO, TO €CTh HYJIEBBIMHU; 3aJaguM JOIyCTUMYIO
MOTPEIIHOCTh 00y4YeHus, paBHyto 0.1:

clear, p=1[21 -2 -1;2 -2 2 1]; t=[01 0 1];

net = newlin( [-2 2; -2 2],1);

% Wannmanuzanus JUHEHHON CETH ¢ IBYMsI BXOJaMHU U OJIHUM BBIXOJIOM

net.trainParam.goal= 0.1;

[net, tr] = train(net,p,t);
TRAINB, Epoch 0/100, MSE 0.5/0.1.
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TRAINB, Epoch 25/100, MSE 0.181122/0.1.
TRAINB, Epoch 50/100, MSE 0.111233/0.1.
TRAINB, Epoch 64/100, MSE 0.0999066/0.1.
TRAINB, Performance goal met.

[ToporoBoe 3HaueHHe (PyHKIMM KadyecTBa JOCTUTAeTCs 3a 64 1ukia oOydeHus, a

COOTBETCTBYIOIIHE MapaMETPhI CETU IPUHUMAIOT 3HAYCHUS

weights = net.iw{l,1}, bias = net.b(1)

weights =
-0.0615 -0.2194
bias =
[0.5899]

BrImorHuM MoIeMpoBaHie CO3JaHHOM CETH C BEKTOPaMH BX0J1a U3 00ydaroniero

MHOJKECTBA U BBIYUCIIUM OIIHOKH CETH
A = sim(net, p)

err = t - sim(net,p)

0.0282 0.9672 0.2741 0.4320
err =

-0.0282 0.0328 -0.2741 0.56800
3aMeTHM, YTO IOTPEIIHOCTH CETH BeCbMa 3HAa4YuTENbHBL. llombiTka 3anmate
OO0JIBLITYI0 TOYHOCTh B JAHHOM CITyyae HE MPUBOJAUT K LI, TOCKOJIBKY BO3MOXHOCTH

JINHEMTHOM CETH OrpaHUYEHBI.

C124. ®unpTpanus cursana.

PaccMOoTpuM KOHKpeTHBIH mpuMep LU(PpOBOro (GuiIbTpa, NpeACTAaBICHHBIH Ha

puc. 5.8.
Bxon Jluneiinbiii nudpoBo# GUIBTP
P e —— r — N

0 =p) Y .

D

n(7) a(?)
Py =p1) g ¥ M A >
w
v 12
D T b(?)
1

Py(1) = p(t-2) wis

v
a = purelin(Wp+b)
Puc. Omuoka! Tekcr

YKa3aHHOT'O CTHJISI B IOKyMeHTe OTCYTCTBYeT.. ]
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[Ipeanonoxum, 4TO BXOJHOM CUTHAI MPUHUMAET 3HAUEHUs B Auana3zoHe ot 0 1o
10, u copMupyem JTMHEHHYIO CETh C OJJHUM BXOJIOM M OJHHM BBIXOJOM, MCIIOJIb3YsI
M-pynkiuto newlin:

clear, net = newlin([0,10],1);

Beenewm JI3 ¢ AByms TakTamu 3ama3IbIBaHUS

net.inputWeights{1l,1}.delays = [0 1 2];

ONpEIEIUM CIEAYIOIINE HAYaJIbHbIE 3HAYEHUSI BECOB U CMEILIEHHUS

net.IW{1l,1} = [7 8 9]; net.b{l} = [0];

3aJaiiM HayalbHbIC YCIOBHS JIJIsl TMHAMUYECKUX OJIOKOB JIMHUU 33JI€PKKH

pi ={1 2}

pi =
[11 [2]

[TocnenoBarenbHOCTh WX 3aJaHUS CJEBa HAMpPaBO COOTBETCTBYET OJIOKaM
3ama3pIBaHus, PACIIONOKEHHBIM Ha PHUCYHKE CBEPXYy BHH3. OTHUM 3aBEpIIAcTCs
(dhopMUpOBaHHE CETH.

Tenepb ompenenrM BXOJHOW CUTHAJ B BUJE CIECAYIONIEH MOCIEIOBATEIHLHOCTH

3HAYEHUN

p = {345 6}

31 [41 51 6l
Y TIPOMOJIETTUPYEM 3Ty CETh

[a,pf] = sim(net,p,pi)

a =

[46] [70] [94] [118]

pf =
[5] 6]

I[JISI TOTO I-ITO6I>I MOJIYUUTh JKCJIIACMYIO TOCICAOBATCIBHOCTh CHIHAJIOB Ha
BBIXOJIE,  HEOOXOAMMO  BBIIIOJHHUTH  HACTPOHKY  COPMHUPOBAHHOW  CETH.
[Ipenmonoxum, 94To 3a7aHa CleIyIoIas KejlaeMas MOoCIeI0BaTeIbHOCTh JJIsl BBIXOa
¢dbunpTpa

T = {10 20 30 40};

BeinonHum HacTpoiKy mapaMeTpoB, UCIIOJNIb3Ys MPOLEeaypy aaantanuu adapt u 10

[IUKJIOB O0YYECHUSI.
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net.adaptParam.passes = 10;
[net,y,E pf,af] = adapt(net,p,T,pi); % lpouenypa ajanTaumum
BBIBG,I[@M IIOJIYUYCHHBIC 3HAUYCHUA B€COB, CMCHICHUA U BBIXOAHOT'O CUIHajla:

wts = net.IW{1l,1}, bias = net.b{l}, y

wts =
0.5059 3.1053 5.7046

[11.8558] [20.7735] [29.6679] [39.0036]
Ecnu nponomkuTe mpouenypy HacTpOWKH, TO MOXHO €lle TOuHee NMPHOIU3UTH

BBIXOJHOM CUTHAJ K KEITaeMOMY
net.adaptParam.passes = 500;

[net,y,E,pf,af] = adapt(net,p,T,pi); ¥y

y =
[10.0043] [20.0018] [29.9992] [39.9977]

Takum oOpa3om, JHHEHHBIE AMHAMUYECKHE HEHPOHHBIE CETH MOTYT ObITh

aZlalTUPOBAHbI JJI peIleHUs 3aJad (UIbTPAalMM BPEMEHHBIX CUTHasoB. Jlns cereit

Takoro kiacca uacto wucnonsdyercs HasBanue ADALINE (ADaptive Llnear

NEtwork) — agantTupyemble THHEHHBIE CETH.

C125. Ilpeackazanue curHasnia.

[Tonpobyem mnpumenuts cetb ADALINE nns npenckasanust 3HaueHUN

JIETEPMUHUPOBAHHOTO mporiecca p(t). O6parumcs k puc. 5.9.
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Bxon IH{ppoBOH GHILTY
N N

e(t)

n[!}ﬂ? alt)

Hactpotika Becos

b

\ J
a = purelin(Wp+b)

Puc. Omuoka! Texer yka3aHHOr0 cTHISA B IOKYMEHTE OTCYTCTBYeT..2

HekoTopelii curHal MOCTyMaeT Ha JIMHUIO 33JIPKKH TaK, YTO HAa €€ BBIXOJE
dbopmupyrorcs 2 curnana: p(t-1), p(t-2). Hactpoiika ceTn peanu3yeTcsi ¢ TIOMOIIBIO
M-dyukun adapt, KoTopas U3MEHsIET apaMeTphbl CETH Ha KaKIOM IIare ¢ IENbIO
MHUHHMH3UPOBATH MOTpentHoCTh e(t) = a(t) - p(t). Eciu 3Ta morpemHocTs HyseBas, TO
BBIXOJl ceTh a(t) TouHO paBeH p(t), U CEThb BBHIMOJHSAET MPEICKA3aHUE JIOJKHBIM
o0Opazom.

Hwxe npuBeneH cueHapuid, KOTOPBIM MpeJHA3HAYEH JUIs PELICHHS 3aJayu
MpeJcKa3aHusl CUTHalla Ha OJMWH Iar BIepeln. BXogHOW aeTepMUHUPOBAHHBIN
MpoliecC TOJy4eH B pe3yjbTaTe IMPOXOXKACHHUSI CTYNEHYaTOro CHUrHaja dYepe3
KoJiebaTeIbHOE 3BEHO.

[Tockonbky st hopMHUPOBAHUS BXOJIa MPUMEHEHO TUHAMUYECKOE 3BE€HO BTOPOTO
nopsiika, To B cett ADALINE Gyner ucnonb3oBana JI3 ¢ aByms OgokaMu. 3amuiiem

CHEAYIOLINN CLIEHAPUI U1l PELIEHU 3a1a4U [IPEACKa3aHUsl CUTHAJIA.
clear
sys = ss(tf(1,[1 1 1])); % $opMumpoBaHMe KoJebaTeNbLHOT'O BBEHa
% Peakuusi Ha CTyneHYaTOE BXOJHOE BO3AeHCTBHE
time = 0:0.2:10;
[y,time] = step(sys,0:0.2:10);

% ®opMupoBaHHe 00YYAKOIIET0 MHOKECTBA

P y(1l:length(time)-2)"';

t

y(3:length(time)) ';
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time = time (1l:length(time)-2);
% MopMupoOBaHUEe HEIIPOHHOM ceTH
net = newlin([-1 1],1,[1 2]);
P

num2cell (p) ;
T

num2cell (t) ;

% HacTtpoiika HelipOHHOM ceTH
pi = {0 0};
net.adaptParam.passes = 5;
[net,Y,E,Pf,Af] = adapt(net,P,T,pi);
Yl = cat(1,Y{:});
% IlocTpoenue rpapukos
figure(l), plot(time,¥1l,'b:',6 time,p,'r-'), grid on
xlabel ('Bpemsi, c'), ylabel ('Ilpoueccs')
title ('OByueHme HeMpPOHHOM ceTu')
% MopenupoBaHue HEH{POHHOM CeTH
X = sim(net,P);
x1l = cat(1,x{:});
figure(2), plot(time,x1l,'b:+', time,p,'r-o'),grid on,
legend ('mBrxoxn', 'Bxonm')
Haiinennble 3HaueHUsI BECOB U CMEILICHUST PABHBI
net.IW{1l,1}, net.b
ans =
0.3343 0.3182
ans =
[0.3585]

I'naBa 6. PagnanbHble 0a3ucHBIE CETH

C134. PaguansHas 6a3rcHas CETh C HYJIEBOW OIIMOKOM
[Tpumep co3nanus, 00y4eHUs U MOJICTUPOBAHHUS:
clear, P = -1:.1:1;
T = [-.9602 -.5770 -.0729 .3771 .6405 .6600 .4609
-.2013 -.4344 -.5000 -.3930 -.1647 .0988 .3072
.3449 .1816 -.0312 -.2189 -.3201];

figure (1), plot(P,T,'*r',6 'MarkerSize', 4, 'LineWidth',2),

grid on, hold on

% Co3gaHue ceTn

net = newrbe (P,T); % CosmaHme pamgmMayibHOM 6aBSMCHOM ceTHn
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Warning: Rank deficient, rank = 13 tol = 2.2386e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrbe.m (designrbe) at
120

In C:\MATLAB6P1\toolbox\nnet\nnet\newrbe.m at line 103

net.layers{l}.size % Umcyio HEMPOHOB B CKpPETOM CJIO€

ans =
21
% MonenupoBaHue ceTu
V = sim(net,P); % BekxTOps Bxoma M3 ob6ydammero MHOXeCTBa
plot(P,V,'ob', 'MarkerSize',5, 'LineWidth',2)
p =[-0.75 -0.25 0.25 0.75];

v = sim(net,p); % HOBII BeKTOp BxXOona
plot(p,v, '+k',6 'MarkerSize',10, 'LineWidth',2)

xlabel ('P, p'), ylabel('T, v') %Puc.6.4

C135. UrepanmonHas npoueaypa GopMUpPOBaHHUS CETH.

[Tpumenum QyHKIHIO newrb 1715 co3aHus paaruaIbHONW 0a3HUCHON CETH:

P=-1:.1:1;

[-.9602 -.5770 -.0729 .3771 .6405 .6600 .4609 .1336

-.2013 -.4344 -.5000 -.3930 -.1647 .0988 .3072 .3960
.3449 .1816 -.0312 -.2189 -.3201];

T

plot(P,T,'*r',6 'MarkerSize', 4, 'LineWidth',2), hold on
% Co3nganue cetTu
GOAL = 0.01; % JonycTmMoe BHaueHMe OQYyHKIMOHAJIa OWMOKM
net = newrb(P,T,GOAL); % CospmaHme pamgmMaibHOM 6aBMCHOM ceTHu
net.layers{l}.size % Umcyio HEMPOHOB B CKpPHTOM CJIO€
NEWRB, neurons = 0, SSE = 3.69051
ans =

6
% MopaenupoBanue cetu
V = sim(net,P); % BekTopr BxOoma M3 obydamlero MHOXeCTBa
plot(P,V,'ob', 'MarkerSize',5, 'LineWidth',2)
[-0.75 -0.25 0.25 0.75];

P

v

sim(net,p); % HoBm BexTOp BXOAa
plot(p,v, '+k', 'MarkerSize',10, 'LineWidth',2), grid on
xlabel('P, p'), ylabel('T, v') %Puc.6.5,a
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C137. Ilpumeps! paguaibHbIX 0a3UCHBIX CETEH.
Jemonctpanmonssiii npumep demorbl wumIOCTpHpYyeT MpUMEHEHHE pajnuaibHOM
0a3MCHOM ceTW JUIsl pELIeHHs 3aJayd  anmnpoKcuManuu (YHKIMM OT OJHOU

[IEPEMEHHOM.

[IpeacraBum QyHKIHIO f(X) CIETYIOMAM Pa3I0KEHHEM

N
f(x)= Zai(ﬂi (x), (Ommobka! Teker
i=1

YKa3aHHOI'0 CTHJISI B IOKYMEeHTe OTCYTCTBYeT..])

rae @{x)— paauanpHas 6a3ucHasi QyHKITHS.
Torma waes anmpoKcUMManMU MOXET OBITh TNpeICcTaBiIeHAa TpaduvecKu
clieAylomM 00pa3oM. PaccMOTpUM B3BEHICHHYIO CYMMY TpPeX paIualbHBIX

0a3uCHBIX (QYHKIIHH, 3aJaHHBIX Ha UHTepBase [-3 3].

clear, p = -3:.1:3;

al = radbas(p);
a2 = radbas(p - 1.5);
a3 = radbas(p + 2);

a = al + a2*1 + a3*0.5;

figure (1), clf,

plot(p,al,p,a2,p,a3*0.5, 'LineWidth',1.5) ,hold on

plot(p,a, 'LineWidth',3, 'Color',[1/3,2/3,2/3]) ,grid on,

legend('al','a2',6'a3*0.5','a"')

[Tpuctynum k QopmupoBaHUIO paauanbHON OaszucHoi cetu. Cdopmupyem
oOyyarolee MHOXKECTBO U 3aJIaJIuM JOMYCTHUMOE 3HauYeHHe (DyHKIMOHAJIa OMIMOKH,

paBHoe 0.01, mapameTp BIUSHHS OIpeaeauM paBHBIM | u OyaeM HCHOJIB30BAThH

WUTEPaAIMOHHYIO TIpoleypy GOpMUPOBAHUS paIuaibHON 0a3UCHOM CeTH
P=-1:.1:1;

T = [-.9602 -.5770 -.0729 .3771 .6405 .6600 .4609 .1336
.2013 -.4344 -.5000 -.3930 -.1647 .0988 .3072 .3960
.3449 .1816 -.0312 -.2189 -.3201];

GOAL = 0.01;

SPREAD = 1;
net = newrb (P,T,GOAL,SPREAD); % CosmaHue ceTu
net.layers{l}.size % Umcyio HENPOHOB B CKpPHTOM CJIO€
NEWRB, neurons = 0, SSE = 3.69051
ans =

6
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Jnsg 3amaHHBIX DapaMeTpPOB HEHPOHHAs CETb COCTOMT M3 6 HEMpPOHOB U
o0ecrieunBaeT  CIEAYIOIIME  BO3MOXKHOCTH  alMIPOKCHUMAIlMM  HEJIMHEHHBIX
3aBUCUMOCTEH mocie oOydenus. Mogaenupys chopMUPOBaHHYIO HEHPOHHYIO CETh,
MOCTPOUM aNMpPOKCUMAIIMHHYIO KpuBYH0 Ha uHTepBaie [-1 1] ¢ marom 0.01 mus

HEJIMHEWHON 3aBUCUMOCTH.
figure (1), clf,
plot(P,T, 'sr',6 'MarkerSize',8, 'MarkerFaceColor','y")

hold on;
X =-1:.01:1;
Y = sim(net,X); % MomesnmpoBaHmMe ceTHu

plot(X,Y, 'LineWidth',2), grid on % Puc. 6.7

B nemonctpanmonnsix mpumepax demorb3 u demorb4 wuccnenyercs BiusHUE
napamerpa SPREAD Ha cTpykTypy panuanbHON Oa3uCHOM CeTH W KauecTBO
anmpokcuMaiuu. B gemoHcTpanmoHHOM mpumepe demorb3 mapaMmerp BIHSHUS
SPREAD ycranosnen paBHeiM 0.01. DTO o03Ha4aeT, 4TO IHMANAa30H MEPEKPBHITHUS
BXOJIHBIX 3HaueHui cocrasiueT auib +0.01, a mockonbKy 00y4arouiye BX0o/bl 3a1aHbl
¢ wmHTepBaioM 0.1, TO BXOAHbIC 3HAYeHUS (YHKOWSIMH aAKTUBAlUA HE

MEPCKPBIBAOTCA.
GOAL = 0.01;
SPREAD = 0.01;
net = newrb (P,T,GOAL,SPREAD) ;
net.layers{l}.size $ UmMcyno HEMPOHOB B CKPHITOM CJOe
NEWRB, neurons = 0, SSE = 2.758
ans =
19

OTO NPUBOAUT K TOMY, UTO, BO-TIEPBBIX, YBEIUYMBAECTCS KOJIMUYECTBO HEHPOHOB
CKpBITOTO cJ10s1 ¢ 6 10 19, a BO-BTOPBIX, HE 0OecTieunBacTsi HEOOXOIUMOH TIaAKOCTH

annpokcUMUpyemMoil QpyHKuun
figure(2), clf,
plot(P,T,'sr',6 'MarkerSize',8, 'MarkerFaceColor','y")

hold on;
X =-1:.01:1;
Y = sim(net,X); % MomesnmpoBaHmMe ceTHu

plot(X,Y, 'LineWidth',2), grid on % Puc. 6.8
[Tpumep demorb4 wusutrOCTpUPYET NMPOTUBOMOIOXKHBIM Clydail, KOrja mnapaMmerp
Brussausi SPREAD BeiOupaercst 7ocTatogHO OOJBITUM (B JaHHOM mpuMepe — 12 unun

Ooublie), TO BCce (DYHKIMHM aKTHBALIMU MEPEKPBIBAIOTCSA U KXl 0a3uCHBIN HEHpOH
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BBIIaCT 3Ha4YeHHE, OM3Koe K 1, s BCceX 3HAYEHUH BXOAOB. JTO MPHUBOJIUT K TOMY,

YTO CeTh HE pearupyeT Ha BXOAHbIC 3HaueHus. DyHkius newrb Oyaer mbITaThes

CTPOUTH  CETb,

BBIYHCIINTCIBHBIX HpO6J’I€M.
GOAL = 0.01; 12;

newrb (P, T,GOAL, SPREAD) ;

SPREAD =
net =
net.layers{l}.size
NEWRB, 0, SSE = 3.6997
Warning: Rank deficient, rank = 5 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 5 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 5 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 5 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 5 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 5 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at

neurons =

Warning: Rank deficient, rank = 5 tol =
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In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 5 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 5 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 5 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 6 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 5 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 5 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 5 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 6 tol = 2.1368e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2)
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Matrix is close to singular or badly scaled.
Results may be inaccurate. RCOND = 5.304273e-020.
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> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2) at line
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at line 200
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
Warning: Rank deficient, rank = 5 tol = 2.2386e-014.
> In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (solvelin2) at line
243
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m (designrb) at line 200
In C:\MATLAB6P1\toolbox\nnet\nnet\newrb.m at line 130
ans =
21

B mporuecce BbluMCIEHUE BO3HHMKAIOT TPYJHOCTH C OOpallleHueM Marpuil U o0
9TOM BBIIAIOTCS MPEAYNPEKICHUS; KOJUYECTBO HEMPOHOB CKPBITOTO  CIIOS
yCTaHaBIMBAaeTCs paBHbIM 21, a TOYHOCTh AaNNPOKCHMALMU  OKa3bIBaeTCs

HEJIOIYCTUMO HU3KOM
figure (3), clf,
plot(P,T, 'sr', 'MarkerSize', 8, 'MarkerFaceColor','y')
hold on;
X =-1:.01:1;
Y

sim(net,X); % MomenupoBaHMe ceTHu

plot(X,Y, 'LineWidth',2), grid on % Puc. 6.9

BriBoa M3 BBINOJHEHHOTO UCCIEIOBAHUS COCTOMT B TOM, YTO MapameTp BIUSHUS
SPREAD cnenyer BbIOMpaTh OOJNBIIMM, YeM IIar pa30MEHUs MHTEpBaja 3aJaHMs
oOyJarorei MmociieIoBaTeIbHOCTHA, HO MCHBIIMM pa3Mepa camoro mHrepBana. s
JaHHOW 3amaud 3TO oO3HAvaeT, uro mapameTp BiausHUS SPREAD nomkeH ObITh

oouiblie 0.1 u MeHbI1IE 2.

C140. Cetu GRNN.

Hns co3manust HeiiponHoit cetm GRNN mnpennasHaueHa M-GyHKIHS newgrnn.
3amaauM creayloliee o0yJaromee MHOKECTBO BEKTOPOB BXOJIa U IIEJIEH U MOCTPOUM

cetb GRNN
clear, P =[4 5 6]; T = [1.5 3.6 6.7];
net = newgrnn(P,T) ;

net.layers{l}.size $ UmMcyno HEMPOHOB B CKPHTOM CJOe

ans =
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Orta ceTh UMeeT 3 HEWpOHa B CKPHITOM cioe. [IpoMoaenupyeM OCTPOEHHYIO CETh

CHayaJsia Juisi OAHOTO BXOJ4, a 3aTeM JUIs IOCJIEI0BAaTEIbHOCTH BXOJ0B U3 MHTEpBaja
[47]

p=4.5; v = sim(net,p);

pl = 4:0.1:7; vl = sim(net,pl)

figure (1), clf

plot(P,T,'*g',p,v,'or',pl,vl,'-b', 'MarkerSize',b 8, 'LineWidth',2)

grid on % Puc.6.11

JemoHcTpanmonnas mporpamma demogrnl wmmmoctpupyer, kak cetu GRNN
pemaoT 3amaun anmpokcumanuu. OmpenenuMm oOyuarolee MHOXECTBO B BHIIE
maccuBoB P u T.

clear, P=[12345678]; T=[01232121];

[Ipumem 3Hauenune napamerpa BiausHUs SPREAD HeMHOro MeHbIIMM, Ye€M IIar
3alaHusl  apryMeHta (QyHKIuM (B JaHHOM ciaydae 1), 4YTOOBI MOCTPOUTH
anmnpOKCUMUPYIOILYI0 KPUBYIO, OJM3KYIO K 3alaHHbIM ToukaMm. Kak Mbl yxe BUIEIH
panee, d4eM MeHblle 3HaueHue mapamerpa SPREAD, Tem Ommke Touku
arMnpoOKCUMHUPYIONIEH KPUBOM K 3aJaHHBIM, HO TEM MEHEE IJIaJKOW SIBJISETCS caMa
KpuBas

spread = 0.7;

net = newgrnn(P,T, spread) ;

net.layers{l}.size % Umcyio HENPOHOB B CKpPHTOM CJIO€

ans =
8

A = sim(net,P);

figure (2), clf,

plot(P,T,'*b', 'markersize',10), hold on,

plot(P,A,'or', 'markersize',10); grid on % Puc.6.12

MO,I[CJ'H/IpOBaHI/IC CCTHU AJIA Ouaria3oHa 3HAYEHUI ApryMmeHTa IMO3BOJILACT YBUACTDH
BCIO alllTPOKCUMUPYIOIIYIO KPUBYIO, TPUYEM BO3MOKHA IKCTPAMOJISIUS 3TOM KPUBOM

3a MPEACIIbl obnactu ee OIIPCACIICHUA. I[J'IH 9TOro 3aJaaAnM HUHTCPBAJI apryMCEHTa B

nuarma3one [-1 10]
P2 = -1:0.1:10; A2 = sim(net,P2);
figure(3), clf, plot(P2,A2,'-b','linewidth’',2) % Puc.6.13

hold on, plot(P,T,'*r', 'markersize’',10), grid on
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C144. Cetu PNN.

Hnst co3manus HeviponHod cetu PNN mpennaznaueHa M-QyHKIus newpnn.
Onpenenum 7 caeayrommx BEKTOPOB BXOJa U COOTHECEM KaXIblil U3 HUX K OJTHOMY
n3 3 KJIaccoB

clear, P = [0 0;1 1;0 3;1 4;3 1;4 1;4 3]'; Te=[112 2 3 3 3];

Bekrop Tc HazoBeM sexkmopom unoekcos kiaccos. ITOMy UHIACKCHOMY BEKTOPY
MOXHO TOCTaBUTh B COOTBETCTBHE MAaTpHIy CBA3HOCTH T B BHIE pa3peKeHHOU

MaTpHULbl BUAa
T = ind2vec (Tc)
T =
1.1
1.2)
2.3)
(2,4)
@3.5)
(3.6)
3.7 1

S

KOTOpasi ompefenseT MPHUHAJJICKHOCTh IMEPBBIX ABYX BEKTOPOB Kiaccy 1, IBYyxX

MOCIEAYIOIUX— KIaccy 2 U Tpex mocienHux — knaccy 3. ITonnas matpuna T nmeer

BUT
T = full(T)

1 1 0 0 0 0 0

0 0 1 1 0 0 0

0 0 0 0 1 1 1

Maccusl P u T 3agator oOyuaroniee MHOXECTBO, YTO IO3BOJISIET BBIIOJIHHUTH
dbopmMHupoBaHHE CETH, TPOMOJCIHPOBATH €€, HCIONb3YysS MacCUB BXOJOB P,
YAOCTOBEPUTHCS, UTO CETh MPAaBUIBHO PEUIaeT 3a4auy Kilaccu(uKalul Ha 3JeMEHTax
oOydJaromero MHOXXECTBa. B pe3ynprare MOAETHpPOBaHUS CeTH (HopMUpyeTCs
MaTpulla CBS3HOCTH, COTBETCTBYIOLIAasi MAacCUBY BEKTOPOB BXoja. (s Toro 4roObl

npeoOpa3oBaTh ee B MHACKCHBIN BEKTOP, NpeHazHadeHa M-pyHkus vec2ind.
net = newpnn(P,T) ;

net.layers{l}.size % Umcno HeMpoHOB B ceTum PNN

ans =
7

Y = sim(net,P); Yc = vec2ind(Y)
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Yc =
1 1 2 2 3 3 3
Pe3ynbpTar moaTBepKIaeT NPAaBUILHOCTD PEIICHUS 33]a4H KIIaCCU(UKAIINH.
Brimonanm kiaccudukanuio HEKOTOPOro Habopa MPOU3BOJBHBIX BEKTOPOB P, HE
MPUHAISKANINX 00yJaroIeMy MHOXKECTBY, UCIIONB3Ys paHee Co3AaHHy o ceTh PNN
p=1[13; 01; 52]"';
Brinonsss MmojenupoBaHue CETH I 3TOTO HaOopa BEKTOPOB, MOTydaeM
a = sim(net,p); ac = vec2ind(a)
ac =
2 1 3
®parmMeHT JIEMOHCTPALMOHHOM MPOrpaMMBbl demopnn1 MO3BOJISIET
MIPOWLTIOCTPUPOBATH PE3YJIbTaThl KJIacCU(UKAIIUU B TPaPUIECKOM BUIE
figure(l), clf reset, drawnow
pl = 0:.05:5; P2 = pl;
[P1,P2]=meshgrid(pl,p2); pp = [P1(:) P2(:)];
aa = sim(net,pp'); aa = full(aa);
m = mesh(P1l,P2,reshape(aa(l,:),length(pl),hlength(p2)))
set (m, 'facecolor',[0.75 0.75 0.75], 'LineStyle', 'none') ;
hold on, view(3)
m = mesh (P1l,P2,reshape(aa(2,:),length(pl),hlength(p2)));
set (m, 'FaceColor',[0 1 0.5], 'LineStyle', 'none') ;
m = mesh(P1l,P2,reshape(aa(3,:),length(pl),length(p2)))
set (m, 'FaceColor',[0 1 1], 'LineStyle', 'none');
plot3(P(1,:),P(2,:) ,ones(size(P,2))+0.1,'."', 'MarkerSize',b20)
plot3(p(1,:),p(2,:),1.1*ones(size(p,2)),'*"', 'MarkerSize',b10,...
'"Color',[1 0 0]), hold off, view(2)
Pesynbrarhl kinaccuuKauy IpencTaBlIeHbl Ha puc. 6.15 U moKa3bIBarOT, 4TO 3

BEKTOpPa, OTMEYCHHBIEC 3BE3/I04YKaMu, Kinaccuuuupyrotcs cetbio PNN, cocrosiieii u3

7 HEMPOHOB, aOCOTIOTHO MPABUIIHHO.

I'nmaBa 7

C149. Cnout Koxounena.

®opmupoBanue ciosi KoxoHeHa BBITONIHAETCS € MOMOINBI0 M-QYHKIMH newc.
IIpenmnonoxum, 4To 3aJaH MaccuB U3 4 BYX3JEMEHTHBIX BEKTOPOB, KOTOpBIE HAJO

pasacinTh Ha ABa Kjiacca.

clear, p=[.1 .8 .1 .9; .2 .9 .1 .8]
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p:
0.1000 0.8000 0.1000 0.9000
0.2000 0.9000 0.1000 0.8000

B sTtomM mpocTtom mnpuMepe HETPYAHO YBUAETh, UTO OJHA TMapa BEKTOPOB
pacnionoskena BOimm3u Touku (0,0), a apyras — BOmm3u touku (1, 1). Chopmupyem
cnoit KoxoHeHa ¢ 1ByMs HelpoHaMH AJIsl aHau3a IBYXAJIEMEHTHBIX BEKTOPOB BXOJAa
¢ Auamna3zoHoMm 3HayeHu# ot 0 10 1

net = newc ([0 1; 0 11,2);

[lepBbIif apryMeHT yKa3bIBA€T JUANa30H BXOJHBIX 3HAYEHUH, BTOPOM ONpeAesieT
KOJINYCCTBO HGﬁpOHOB B cioe. HauanpHble 3HAUEHUSI 3JIEMCHTOB MaTpulbl BECOB
3aJ1al0TCsA KaK CpelHee MaKCUMalbHOIO M MHUHHMAJIbHOTO 3HA4Y€HHWIl, TO €CTh B
LIEHTPE MHTEpBaja BXOJHBIX 3HAUYCHUI; 3TO PEATU3YETCs 110 YMOIYAHUIO C TIOMOIIbIO

M-¢yukuu midpoint mpu co3ganuu ceTu. Y 0eaumMcs, 4To 3TO ACHCTBUTEIBHO TaK
wts = net.IW{1l,1}
wts =
0.5000 0.5000
0.5000 0.5000

Onpenenum xapakTepucTuku ciosi Koxonena
net.layers{1l}
ans =
dimensions: 2
distanceFcn: **°
distances: []
initFcn: “initwb*
netlnputFcn: "netsum”
positions: [0 1]
size: 2
topologyFcn: “hextop®
transferFcn: "compet”
userdata: [1x1 struct]

W3 »sToro ommcaHusi cieayer, 4YTO CEThb HCHOJb3yeT (GYHKIHUIO EBKIMI0BA
paccrostaus dist, QpyHKIUIO MHUIMAIM3AlMK initwb, QyHKUIUIO 00pabOTKH BXOAOB
netsum, GyHKIIMIO aKTUBAIMKM compet U (yHKIIUIO OMMUCAHMSI TOMOJIOTHH hextop.

XapaKTepUCTUKHU CMELICHUH CIIEyIOLINe

net.biases{1l}

ans =

initFcn: “initcon*®
learn: 1
learnFcn: "learncon®
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learnParam: [1x1 struct]
size: 2
userdata: [1x1 struct]

CwMmenienus 3a1ar0Tcs PyHKIHEH initcon U 171 MTHUIIMATU3UPOBAHHON CETH PaBHBI
net.b{1l}
ans =

5.4366

5.4366

OyHKIMeH HacTpoiiku cMmeleHui sBiseTcst GyHkuus learncon, obecnieunBaromas
HaCTPOMKY C y4E€TOM IapaMeTpa aKTUBHOCTH HEMPOHOB.

DneMeHTBl CTPYKTypHOW cxembl cios KoxoHeHa mokas3aHel Ha puc. 7.2, a-6 u
MOTYT OBITH MTOJTyYEHBI C TIOMOIMIBIO OTIepaTopa

gensim(net)

OHM HarIAJHO TMOSICHAIOT APXUTEKTYPY M (DYHKLUHMH, MCIOJIb3yeMblE NpU
noctpoeHuu ciosi Koxonena

Obyuenue cemu

Pearmzyem 10 nukioB oO6y4enust. J{iist 5TOro MOKHO MCHOIB30BATh (DYHKIMH train
wiu adapt

net. trainParam.epochs = 10; net = train(net,p);

net.adaptParam.passes = 10; [net,y,e] = adapt(net,mat2cell(p))
TRAINR, Epoch 0/10

TRAINR, Epoch 10/10

TRAINR, Maximum epoch reached.

3aMeTuM, 4TO JUIs CeTeH ¢ KOHKYPHUPYIOIIUM CJIOEM IO YMOTYaHHUIO HUCIOIb3YeTCs
oOyuatomas ¢yHkIMs trainwbl, KoTopas Ha KaXIOM IUKJIE OOyuYeHHs CIy4aiHO
BbIOMpPAET BXOJHOM BEKTOp M NPEABABISET €ro CETU; MOCIEe ITOro MPOU3BOAUTCS
KOpPPEKLMS BECOB U CMEILICHUMU.

BrimomHM MoenupoBaHue CETH Tociie 00ydeHus
a = sim(net,p); ac = vec2ind(a)
ac =

2 1 2 1

Buanm, uto ceth 00yuyeHa KiIacCH(UKAIMM BEKTOPOB BXOJa Ha JBa KJacTepa:
NEepBbI pacrosioxkeH B okpecTHOcTH Bekropa (0, 0), BTopoil — B OKpPECTHOCTH

BekTopa (1, 1). PesynbpTupytomiue Beca U CMEIIEHUs paBHBI
wtsl = net.IW{1l,1}, bl = net.b{l}
wtsl =
0.6161 0.6161
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0.3673 0.3839
bl =

5.4366

5.4365

C153. ITpumep.
ChopmupyeM KOOpIMHATHI CIy4aHBIX TOYEK M TMOCTPOMM IUIaH HX

PACIIOIOKCHHA Ha IIJIOCKOCTU:

clear, ¢ = 8; n = 6; $ UuMcno KJIacTepoOB, BEKTOPOB B KjacTepe

d = 0.5; % CpemHekBagpaTHMueCKOoe OTKJIOHEHME OT LeHTpa KijacTepa

x = [-10 10;-5 5]; % ImanaBoH BXOQOHHX BHAUYEHMUMI

[r,q] = size(x); minv = min(x')'; maxv = max(x')"';

v = rand(r,c) .*((maxv - minv)*ones(1l,c) + minv*ones(l,c));
t = c*n; % Umcimo Touek

v = [vvvvvvVv]; v=vtrandn(r,t)*d; % KoopamHaTi TOYek

P =v;

figure(l), clf, plot(P(1,:), P(2,:),'+k') % Puc.7.3
xlabel ('P(1,:)'), ylabel('P(2,:)'), hold on, grid on

[IpuMeHNM KOHKYPHPYIOIIYI0 CETh W3 BOCBMH HEWPOHOB i TOTO, YTOOBI

pacnpeacimTh UX MO KilacCaM
net = newc([-2 12;-1 6], 8 ,0.1);
w0 = net.IW{1l}; b0 = net.b{l}; c0 = exp(l)./b0;
[Tocne oOydenus B TeueHue S50 UKIOB MOIYYUM
tic, net.trainParam.epochs = 50;
[net,TR] = train(net,P); toc
w = net.IW{l}; bn = net.b{1l}; cn = exp(l)./bn;
TRAINR, Epoch 0/50
TRAINR, Epoch 25/50
TRAINR, Epoch 50/50
TRAINR, Maximum epoch reached.
elapsed_time =
20

Hanecem Ha rpaduk BEKTOpOB BXOJa IIEHTPHI KIACTEPU3AIUU U OTMETHUM HX

KpPacHBIMU KPY>KOUKaMHU:
plot(w(:,1),w(:,2),'or"),

title ('BekToOpH BxOZa M LIEHTPH KjacTepusaumm')
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C155. Kapra Koxonena.

Co3ganue ceTu.

Jns co3manus camoopranusyroleiics kapTel KoxoHeHa mnpeaycMoTpeHa M-
¢bynkims newsom. Jlomyctum, d9to TpeOyeTcs co3maTh CeThb ISl 00padOTKH
JIBYX3JIEMEHTHBIX BEKTOPOB BX0/1a C JUAMa30HOM M3MEHEHHs 31eMeHTOB oT 0 10 2 u
ot 0 o 1, coorBeTcTBeHHO. [Ipeanonaraercs UCIOIB30BATh MEKCArOHAIBHYIO CETKY
pasmepa 2x3. Torma mist GopMHUpOBaHUS TaKOW HEHPOHHOW CETHU JTOCTATOYHO

BOCIIOJIb30BaTLCA OIIEPATOPOM
clear, net = newsom([0 2; 0 1], [2 3]);
net.layers{1l}
ans =
dimensions: [2 3]
distanceFcn: "“linkdist*®
distances: [6x6 double]
initFcn: "initwb*
netlnputFcn: "netsum”
positions: [2x6 double]
size: 6
topologyFcn: "hextop®
transferFcn: "compet®
userdata: [1x1 struct]

W3 aHanm3a XapaKkTEpUCTHK O3TOH CETH CIIEAYyeT, YTO OHa HCIOJb3YeT IO
YMOITYaHHIO TeKCArOHALHYIO TOMoJIoTHI0 hextop u pyHknuto paccrosiaus linkdist.

st oOy4eHwus ceTu 3aJaiuM ciaeayronme 12 1ByX3IeMeHTHBIX BEKTOPOB BX0/1a
PpP=1[0.10.31.21.11.81.70.10.31.21.11.81.7;
0.2 0.10.30.10.30.21.81.81.91.91.7 1.8];

IToctpoum Ha TOmorpauyeckoil KapTe HayajabHOE PpACMOIOKEHHE HEHPOHOB

KapThbl Koxonena n BCpPUIMHBI BEKTOPOB BXO4a

figure (1), clf,

plotsom(net.iw{l,1},net.layers{1l}.distances), hold on
plot(P(1,:),P(2,:),'*k', 'markersize’',10), grid on $(pmc. 7.11)

OOyueHue cetu

3aaauM KOTMYEeCTBO IIUKIIOB 00y4yeHus, paBHbIM 200

tic, net.trainParam.epochs = 200;

net = train(net,P); toc

figure(2), plot(P(1,:),P(2,:),'*', 'markersize',10), hold on

plotsom(net.iw{l,1},net.layers{1l}.distances)
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TRAINR, Epoch 0/200
TRAINR, Epoch 100/200
TRAINR, Epoch 200/200
TRAINR, Maximum epoch reached.
elapsed_time =
14.6100

[TonoxxeHne HEHMPOHOB M WX HyMepalus ONPEIeNseTcs MacCHBOM BECOBBIX

BCKTOPOB, KOTOpLIfI AJI JaHHOT'O IpuMepa UMECT BU

net.IW{1l}

ans =
1.2009 1.8200
0.7003 1.4810
1.0334 1.0099
0.4370 0.5749
1.5505 0.2334
1.0627 0.2000

Ecnu nmpomoznenupoBath kapTy KoxoHeHa Ha MaccuBe 0OydarolmIMX BEKTOPOB

BX0/1a, TO OyJIET MOJy4YeH CICTYIONTUH BBIXOJ CETH

a sim(net,P)

a
4.
4.2)
(6.3)
(6.4)
(5.5)
(5.6)
.7
2.8)
1.9
(1,10)
(1.1
(1,12)

P R R R R R R R R R R

=

Ecnu copmupoBats npou3BOIBHBIN BEKTOP BX0Ja, TO KapTa KoxoHeHa 1o/mkHA

yKa3aTh €ro MpUHAJIKHOCTh TOMY UM HHOMY KJIacTepy

sim(net, [1.5; 1])

@3,1) 1

C165. OnnomepHas kapta KoxoneHa.

Paccmorpum 100 1BYX37€MEHTHBIX BXOAHBIX BEKTOPOB €IMHUYHOM JUIMHBI,

pacrnpenesieHHbIX paBHOMEPHO B mipeaenax ot 0° mo 90°.
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clear, angles = 0:0.5*%pi/99:0.5*pi;

P = [sin(angles); cos(angles)];

figure(l), clf, plot(P(1,1:10:end), P(2,1:10:end),'*b'),

hold on, grid on

Ha rpaduke BXOAHBIX BEKTOPOB CHMBOJOM * OTMEUEHO MOJOXEHHE KaKIOTO
ACCATOro BEKTOpaA.

Cdopmupyem camoopranusyromrytocss kapty KoxoHeHa B BHUAE€ OJHOMEPHOTO

cinost u3 10 HEHPOHOB U BHITIOJIHUM 00ydeHHe B TeueHue S0 HUKIOB
net = newsom ([0 1;0 1], [10]);
net.trainParam.epochs = 50;
tic, [net, tr] = train(net,P); toc
a = sim(net,P);
plotsom(net.IW{1l,1},net.layers{1l}.distances) % Puc.7.13,a
figure(2), clf, bar(sum(a')) % Puc.7.13,6
TRAINR, Epoch 0/50
TRAINR, Epoch 25/50
TRAINR, Epoch 50/50
TRAINR, Maximum epoch reached.
elapsed_time =
36.1500

Certb MOATrOTOBJICHA K KIIACTCPpU3AlMU BXOJHBIX BCKTOPOB. OHpG[[GJII/IM, K KakKOMYy

Kiactepy Oynet otTHeceH BekTop [1; 0]
a = sim(net,[1;0])
a=

(10,1) 1

Kax u cnenoBano oxujaTh, OH OTHECEH K Ki1acTepy ¢ Homepom 10.

C166. JIBymepHas kapta Koxonena

DTOT TpuUMeEp AEMOHCTPUPYET oOydeHue AByMepHou kapThl Koxonena. CHauana
co3/1aIuM 00yJaroIInii HA0Op CITy4YaltHBIX ABYMEPHBIX BEKTOPOB, DJIEMEHTHI KOTOPHIX
pacrnpenesieHbl 10 paBHOMEPHOMY 3aKOHY B uHTepBasie [-1 1].

clear, P = rands(2,100);

figure(l), clf, plot(P(1,:),P(2,:),'+') % Puc.7.14

Jns knactepuszanMd BEKTOPOB BXOJa CO3[IaIUM CaMOOPTaHU3YIOUIYIOCS KapTy
Koxonena pasmepa 3x4 ¢ 12 HelipoHaMu, pa3MeIIEeHHbBIMU Ha TeéKCaroHaJIbHOM CETKe

net = newsom([-1 1; -1 1]1,[3,41);

net.trainParam.epochs = 20;

tic, net = train(net,P); toc
TRAINR, Epoch 0/20
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TRAINR, Epoch 20/20
TRAINR, Maximum epoch reached.
elapsed_time =
15
figure(l), clf, plotsom(net.IW{1l,1},net.layers{l}.distances)

OHpeI[CJ'II/IM MMPUHAMJIC)KHOCTh HOBOTO BCKTOpa OJHOMY H3 KJIIACTCPOB KaAPThI

Koxonena

a = sim(net,[0.5;0.3])

hold on, plot(0.5,0.3,"'*k")

a =

4,1 1

[TpomopenupyeM oOydeHHyl0 KapTy KoxoHeHa, WCHONB3ys MAacCUB BEKTOPOB
BX0J1a

a = sim(net,P);

figure (2), clf, bar(sum(a')) %$Puc.7.16

C169. LVQ-cern.

Coszoanue cemu.

Imom npumep npasunvno paoomaem ¢ eepcuu MATLAB 5.3 (R11), oonako 6
eéepcuax MATLAB 6, 6.1 (R12, R12.1) on evinoansaemca nenpasunvuo. Iosmomy
6 Hudcecneoyrouiem mekcme onepamopwol a3vika MATLAB ne oghopmnensvt ¢ euoe
aueex eéxooa HC Notebook. Ilonv3oeamenio HeoOX00uUMO 3mMO bINOJIHUMD
CamocmoamesnvHo.

[Tpennonoxum, uyto 3agaHo 10 BEKTOpoOB BXona, U HEOOXOIMMO CO3/aThb CETh,
KOTOpasi, BO-NEPBBIX, TPYNNUPYET 3TH BEKTOpa B 4 KiacTepa, a BO-BTOPBIX,
COOTHOCHUT 3TH KJIACTEPHI K OJTHOMY M3 JIBYX BBIXOJHBIX Ki1accoB. JlJist 3TOrO ciexyer
ucnonb3oBatb LVQ-ceTh, NepBblii KOHKYPUPYIOIIUI CI0M KOTOpOH uMeeT 4 HeilpoHa
10 YUCITy KJIACTEPOB, a BTOPOI JIMHEHHBIN CJI0M — 2 HEWPOHA 0 YUCITY KIJIACCOB.

3anaaum 00yJarolyo MOCiIeI0BaTeIbHOCTh B CIEAYIONIEM BUIE

clear, P=[-3-2-2 0000 223;01-121-1-21-10];

Tce=[1112222111];

U3 cTpykTypbl oOydaromiei MmociaeI0BaTENbHOCTH CIEIyeT, 4TO 3 MEepBBIX U 3
MOCJIEIHUX €€ BEKTOpa OTHOCATCS K Kiaccy 1, a 4 mpOMEXYTOYHBIX - K Kiaccy 2.
[TocTpoum pacrnonoxeHue BEKTOPOB BX01a:

I1 = find(Tc==1); I2 = find(Tc==2);

figure(l), clf, axis([-4,4,-3,3]), hold on

plot(P(1,I1) ,P(2,I1),'+xr")
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plot(P(1,I1I2),P(2,I2),'xb') %$Puc.7.18

[TpeoOpa3yeM BekTOp MHAEKCOB TC B MAacCHUB LIE€JIEBBIX BEKTOPOB

T = full (ind2vec(Tc))

T =
1 1 1 0 0 0 0 1 1 1
0 0 0 1 1 1 1 0 0 0

[IporieHTHBIE 1O BXOJHBIX BEKTOPOB B KakaoM kiacce paBHbl 0.6 u 0.4,
COOTBETCTBEHHO. Temeph MOJATrOTOBJICHBI BCE JaHHBIC, HEOOXOAMMBIC JUIS BBI30BA
¢dyHkimu newlvg. Be13oB MokeT OBITh peaan30BaH ¢ WCIOJb30BAHUEM CIICIYIOIIETO
oreparopa

net = newlvqg(minmax(P),4,[.6 .4],0.05,'learnlv?’');
net.inputWeights{1l}

Ilpoyedypa 0byuenus

Jns oOydeHus cetu mpuMeHUM M-(yHKIuUIO train, 3a1aB KOJMYECTBO LIUKIIOB
oOyuenwusi, paBHbiM 2000, 1 3HaueHne TapameTpa ckopoctu ooyderus 0.05

net.trainParam.epochs = 2000;

net.trainParam.show = 100;

net.trainParam.lr = 0.05;

tic, net = train(net,P,T); toc

B pesynprare oOyueHUs TMONYYHM CIEAYIOIIME BECOBBIE KOAPDUIIUCHTHI

HGprOHOB KOHKYPHUPYIOIIECTO CJI0sA, KOTOPBIC OIPCACIAIOT IIOJTOXCHUSA LECHTPOB
KJacTepu3anuu

V = net.IW{1l,1}

ITocTponM KapTHHY pacnpeneseHus BXOAHBIX BEKTOPOB M0 KilacTepaM

I1 = find(Tc==1); I2 = find(Tc==2);

figure (1), axis([-4,4,-3,3]), hold on

Pl = P(:,I1); P2 = P(:,I2);

plot(P1(1,:),P1(2,:),"'+k")

plot(P2(1,:),P2(2,:),'xb")

plot(V(:,1),V(:,2),'or')% Puc.7.19

B cBOoro ouepenp, MacCMB BECOB JIMHEWHOIO CJOsI YKa3bpIBaeT, KakK LEHTPHI
KIIaCTCpU3aluu pacrpeaCIdrOTCs IO KilaccaM

net.LW{2}

YroObl mpoBepUTh (PYHKIMOHUPOBAHHE CETH, IOAAJUM Ha €€ BXOJ MAacCHB

oOyyJaronux BeKTopoB P

Y = sim(net,P), Yc = vec2ind(Y)
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Tenepb NMOCTPOMM TpaHHUIly, PA3IENAIONIYI0 OOJACTH TOYEK, MPHHAICKALIIX
IBYM KiaccaM. JIJi 3TOro MOKpPOeM CETKOM IPSMOYTOJIbHYIO 00acTh M ONpPENeTuM
IIPUHAJJIEKHOCTD KaXK10M TOUKM TOMY WJIM MHOMY Ki1accy. TeKCT COOTBETCTBYIOLIETO

CIleHapHs ¥ BCIIOMOTaTebHON M-(QyHKIIMH IPUBEJICH HUXKE
x = -4:0.2:4;

y = -3:0.2:3;

P = mesh2P(x,y);

Y = sim(net,P);

Yc = vec2ind(Y) ;

Il = find(Yc==1); I2 = find(Yc==2);

plot(P(1,I1) ,P(2,I1),'+k'), hold on

plot(P(1,I2) ,P(2,I2),'*b') %$Puc.7.20
Texker M-dyHkun HeobxoauMo pazMecTuTh B manke work cuctemst MATLAB
function P = mesh2P(x,y)

$ BrluMCJIeHMe MacCHBa KoopAMHAT npﬂMOYI‘OJ‘[bHOﬁ CeTKn

[X,Y]= meshgrid(x,y)
P = cat(3,X,Y);

[n1,n2,n3] = size(P);
P

permute (P, [3 2 1]);
P = reshape (P, [n3 nl*n2]);

Pesynbrar paboThl 3TOrO CcIrieHapuWs mpeactaBieH Ha puc. 7.20. 3mech ke
OTMEUEHBI BEIYUCIIEHHBIE PAHEE LIEHTPBI KJIACTEPU3aLUH 17151 CUHTEe3upoBaHHOU LV Q-
ceTU. AHalIM3 PUCYHKa MOATBEP)KIAET, UTO TPaHMLIA MEKIY OOJIACTAMU HE SBISAETCS
IIPSAMOY JINHUEN

Hapsny ¢ mponenypoit o0yueHus, MOXHO PUMEHUTh U NMPOLEAYPY aJalTalluyu B
teuenue 200 mukioB st 10 BekTopoB, uto paBHOCHIbHO 2000 1uKiIaM o0y4YeHHs ¢

WCIIONh30BaHueM (PYHKITMH train.

net.adaptparam.passes = 200;
O6yqa}omaﬂ NOCJICA0BATCIIbHOCTE IIPHU HCIIOJIb30BAHHUU CI)YHKI_II/II/I adapt JOJDXHA

6I>ITI> npeacTaBjiCHa B BUAC MACCHUBOB SIYCCK
clear, P=[-3-2-2 0000 223;01-121-1-21-107];
Tc=[1112222111];
T = full (ind2vec(Tc))
net = newlvqg(minmax(P) ,4,[.6 .4]);

Pseq = con2seq(P) ;

Tseq = con2seq(T) ;
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net = adapt(net,Pseq,Tseq) ;
net.IW{1l,1}

[IpoMosmenupyeM ceThb, HCIOJIb3YsS MacCHB BXOJHBIX BEKTOpPOB oOOydaroen

IIOCJICAOBATCIbHOCTHU
Y = sim(net,P);

Yc = vec2ind(Y)

Pe3ynbraThl HaCTpPONKM MapamMeTpoB CETH B MpOIEcce alanTaldd MPaKTHUYECKU
COBIIAJAIOT C pe3yJIbTaTaMU O0yUEeHHUSL.

EnuncTBeHHOE, YTO MOKHO OBLIIO OBl HAaIOMHUTH HPU ATOM, YTO NMPH OO0YUYCHUU
BEKTOpPBbl BXOJla BBIOMPAIOTCS B CIIy4aHOM MOpPAJKE U MOITOMY B HEKOTOPBIX
cilydasix 00y4eHue MOXKET J1aBaTh JyUIlINe Pe3yIbTaThl, UeM aJanTausl.

MoxHo Obw1O OBl M IpoOLEAYpY aJanTalM pPeaqu30BaTh C MCIOJIb30BaHHEM
CIIyJalHOH TMOCIIEJOBATEIbHOCTA BXOJOB, HAIpUMeEp, CICAYIONIMM 00pa3oM.

Chopmupyem 2000 cmyqaifHBIX BEKTOPOB M BBIMIOJIHUM JIMIIb OWH ITUKJ aanTariu
TS = 2000;
ind = floor(rand(1l,TS) *size(P,2))+1;

Pseq con2seq(P(:,ind)) ;

Tseq con2seq(T(:,ind)) ;

net.adaptparam.passes = 1;
net = adapt(net,Pseq,Tseq) ;
net.IW{1l,1}

Y = sim(net,P);

Yc = vec2ind(Y)

I'1aBa 8

C175. Ceru DnmMana.

Cerp DnmMaHa HcciaeayeTcss Ha INMpUMEpPE 3alaud ACTEKTHUPOBAHUS aMIUIMTYIbI
rapMoOHUYECKoro curHana. IlycTb H3BECTHO, YTO Ha BXOJ HEUPOHHOM CETH
MOCTYMalOT BBIOOPKKM M3 HEKOTOporo Habopa cuHycoun. TpeOyercs BBIICIUTH
3HA4YEHUs aMIUTUTY] 3TUX CUHYCOUJ,.

Jlanee paccmarpuBaroTcsi BRBIOOPKU M3 HaOOpa IByX CHHYCOM[ C aMIuiuTyaamu 1.0
n2.0:

pl
P2

sin(1:20);
sin(1:20)*2;

HCJ'IGBI)IMI/I BbIXOJaMU TaKOM CETH SIBIISIOTCS BCKTOPbI

tl = ones(1,20);
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t2 = ones(1,20)*2;

Cdopmupyem HabOp BEKTOPOB BX0/1a U LIEIEBBIX BBIXOJIOB

[P1 p2 pl p2];
[tl t2 t1 t2];

p
t

Cdopmupyem 00ydaromyo Mocie0BaTeIbHOCTh B BUJIE MACCUBOB SUEEK
Pseq = con2seq(p);

Tseq = con2seq(t) ;

Cozoanue cemu

Just co3manus cetu DnmaHa npenHazHadeHa M-dynkuus newelm. Pemaemas
3amada TpeOyeT, 4yToObl CeTh DMaHa Ha KaKJIOM Iare HaONIOACHUS 3HAYCHUH
BBEIOOPKHU MOTJIa BBISIBUTH SIUHCTBEHHBIN €€ MapaMeTp — aMIUTUTYAY CHHYCOUIBL. JTO

03HAyYaeT, YTO CETh JOJKHA UMETh OIUH BXOI M OAUH BBIXO/I:
R = 1; % Uucino »3JIeMeHTOB BXOIa

S2 = 1;% Umcio HEMPOHOB BHEIXOOHOI'O CJIOS
PexyppeHTHBIN C0i MOXXET MMETh JI000€ YHCIO HEHPOHOB M YEM CIIOXKHEE
3ajada, TeM OoJplllee KOMUYECTBO HelpoHoB TpeOyercs. OcraHoBumcs Ha 10

HEHpPOHAX PEKyPPEHTHOTO CIIOS

S1 = 10;% UMcio HEMPOHOB PEKYPPEHTHOI'O CJIOS
DleMeHThl BXOJa I JaHHOH 3aJadyd M3MCHSIOTCS B aHama3oHe oT-2 mo 2. s
06yquI/m HCIIOJIB3YCTCA METO I'PaAMCHTHOI'O CITyCKa C BOBMYILICHHUEM U anaHTauneﬁ

napameTpa CKOpOCTH HACTPOMKH, peaan30BaHHbIN B Buae M-dyHkuuu traingdx
net = newelm([-2 2],[S1 S2],{'tansig', 'purelin'}, 'traingdx') ;

gensim(net)

Obyuenue cemu.

Jns oOydenust cetn DnmaHa ucnoib3yercs M-¢ynkius train. Ee BXogHbIMH
apryMeHTaMH SIBJISIIOTCA oOydaronue nocienoBareiabHocTH Pseq u Tseq, B kauecTBe
MeToZa OOY4YeHHs HCIIOJIb3YeTCsl METOA OOpaTHOIO PACIpOCTPAHEHUS OIIUOKH C
BO3MYIIECHHUEM U aJlalTalueld nmapamerpa CKOpoCcTH HACTpouku. KoinuecTBo UKIOB
oOyuenust mpunumaercss paBHbIM 1000, mepuoOIMYHOCTH BBIBOJA pe3yibTaToB —20

[IMKJIOB, KOHEYHAas morpentHocth o0ydenus 0.01:
net.trainParam.epochs = 1000;
net.trainParam.show = 25;
net. trainParam.goal = 0.01;
[net,tr] = train(net,Pseq,Tseq);
TRAINGDX, Epoch 0/1000, MSE 5.54748/0.01, Gradient 9.68599/1e-006
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TRAINGDX,
006
TRAINGDX,
006
TRAINGDX,
006
TRAINGDX,

0.0289263/1e-

TRAINGDX,
006

TRAINGDX,
006

TRAINGDX,

0.0602147/1e-

TRAINGDX,
006
TRAINGDX,
006
TRAINGDX,
006
TRAINGDX,
006
TRAINGDX,
006
TRAINGDX,

0.0846544/1e-

TRAINGDX,

0.0646931/1e-

TRAINGDX,

Epoch 25/1000, MSE 0.351376/0.01, Gradient 0.603403/1le-
Epoch 50/1000, MSE 0.272563/0.01, Gradient 0.127855/1e-
Epoch 75/1000, MSE 0.250764/0.01, Gradient 0.0547544/1e-
Epoch 10071000, MSE 0.238683/0.01, Gradient
006
Epoch 125/1000, MSE 0.22393/0.01, Gradient 0.364115/1e-
Epoch 15071000, MSE 0.220146/0.01, Gradient 0.185611/1e-
Epoch 17571000, MSE 0.217272/0.01, Gradient
006
Epoch 20071000, MSE 0.15495/0.01, Gradient 0.184134/1le-
Epoch 225/1000, MSE 0.113434/0.01, Gradient 0.200365/1e-
Epoch 25071000, MSE 0.0604263/0.01, Gradient 0.08513/1e-
Epoch 275/1000, MSE 0.053735/0.01, Gradient 0.135704/1e-
Epoch 30071000, MSE 0.035034/0.01, Gradient 0.17518/1e-
Epoch 32571000, MSE 0.0297003/0.01, Gradient
006
Epoch 35071000, MSE 0.024135/0.01, Gradient

006
Epoch 37571000, MSE 0.0234717/0.01, Gradient

0.048488/1e-006

TRAINGDX,

Epoch 40071000, MSE 0.0345563/0.01, Gradient

0.101825/1e-006

TRAINGDX,

Epoch 42571000, MSE 0.0565671/0.01, Gradient

0.298326/1e-006

TRAINGDX,

0.0997117/1e-

TRAINGDX,

0.0843978/1e-

TRAINGDX,

0.0702556/1e-

TRAINGDX,

0.0507589/1e-

Epoch 45071000, MSE 0.0483179/0.01, Gradient
006

Epoch 47571000, MSE 0.0466496/0.01, Gradient
006

Epoch 50071000, MSE 0.0450599/0.01, Gradient
006

Epoch 52571000, MSE 0.0412523/0.01, Gradient
006
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TRAINGDX, Epoch 55071000, MSE 0.0362202/0.01, Gradient
0.0372358/1e-006

TRAINGDX, Epoch 57571000, MSE 0.0300758/0.01, Gradient
0.0201178/1e-006

TRAINGDX, Epoch 60071000, MSE 0.0260255/0.01, Gradient
0.214156/1e-006

TRAINGDX, Epoch 62571000, MSE 0.0251267/0.01, Gradient
0.128905/1e-006

TRAINGDX, Epoch 65071000, MSE 0.0245318/0.01, Gradient
0.0354351/1e-006

TRAINGDX, Epoch 67571000, MSE 0.0239542/0.01, Gradient
0.0166466/1e-006

TRAINGDX, Epoch 700/1000, MSE 0.0224075/0.01, Gradient
0.0146542/1e-006

TRAINGDX, Epoch 725/1000, MSE 0.0209583/0.01, Gradient 0.18643/1e-
006

TRAINGDX, Epoch 750/1000, MSE 0.0199925/0.01, Gradient
0.045114/1e-006

TRAINGDX, Epoch 77571000, MSE 0.0197382/0.01, Gradient
0.020261/1e-006

TRAINGDX, Epoch 800/1000, MSE 0.0191773/0.01, Gradient
0.0131769/1e-006

TRAINGDX, Epoch 82571000, MSE 0.0175978/0.01, Gradient
0.012473/1e-006

TRAINGDX, Epoch 85071000, MSE 0.0174953/0.01, Gradient
0.123555/1e-006

TRAINGDX, Epoch 875/1000, MSE 0.017082/0.01, Gradient 0.043115/1e-
006

TRAINGDX, Epoch 90071000, MSE 0.0168296/0.01, Gradient
0.0103317/1e-006

TRAINGDX, Epoch 925/1000, MSE 0.0162647/0.01, Gradient
0.00979225/1e-006

TRAINGDX, Epoch 95071000, MSE 0.0161786/0.01, Gradient
0.134446/1e-006

TRAINGDX, Epoch 97571000, MSE 0.0158085/0.01, Gradient
0.0564908/1e-006

TRAINGDX, Epoch 1000/1000, MSE 0.0157046/0.01, Gradient
0.0103259/1e-006

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

Ilposepxa cemu

bynem  ucnonp3oBaTh Ui TNPOBEPKHM  CETH  BXOABl  oOywaromien

IIOCIC0BATCIIBHOCTH
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figure (2)

a = sim(net,Pseq);

time = 1l:length(p);

plot(time, t, '--', time, cat(2,a{:}))

axis([1 80 0.8 2.2]), grid on %Pmc.8.3

OO6namaer 1M MOCTpOEHHast ceTb DiMaHa cBOMCTBOM 0000mieHus? IlompoGyem
IIPOBEPUTH 3TO, BBHIIIOJHUB CIIEIYIOIINE UCCIIEIOBAHUS.

Ilomanum Ha ceThb Ha60p CHUTHAJIOB, COCTaBJICHHBIA M3 ABYX CHHYCOUT C

amuutyaamu 1.6 u 1.2, coOOTBETCTBEHHO
p3 = sin(1:20)*1.6;
t3 = ones(1,20)*1.6;
p4 = sin(1:20)*1.2;
t4d = ones(1,20)*1.2;
pg = [p3 p4 p3 p4l;
tg = [t3 t4 t3 t4];
pgseq = con2seq(pg) ;
figure (3)
a = sim(net,pgseq) ;
time = 1l:length(pg) ;
plot(time, tg, '--', time, cat(2,a{:}))
axis([1 80 0.8 2.2]) %Puc.8.4

grid on

C181. Ceru Xonduina.

Tpebyercst pa3paborare ceTh Xomnduiamga ¢ ABYMS yCTOHYMBBIMA TOYKAMU B

BEPILIMHAX TPEXMEPHOro KyOa

T=[-1-11;1-11]"
T =

-1 1

-1 -1

1 1

Cunmes cemu

BeImomHUM CHHTE3 ceTH, UCTIONb3y s M-pyHKIHu0 newhop
net = newhop(T) ;

gensim(net)
VY nocroBepumcsi, 4TO pazpaboTaHHAs CETh UMEET YCTOWYMBBIC COCTOSIHUSA B 3THUX
ABYX TOYKax. Brimoaaum MOZICIIMPOBAHUC CCTU Xoncbmma, IIpUHAB BO BHHUMAHUC,

YTO 3Ta CETh HE MMEET BXOJOB M COAEPKUT PEKYPPEHTHBIA CJIOW; B 3TOM Ciydae
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IIEJIEBbIE BEKTOPHI OINPENENIAIOT HayalbHOE COCTOSIHME CJI0si Al, a BTOPOW apryMeHT

(YHKIIMH SIM OMPEEsIETCS] YHCIIOM TEJIEBBIX BEKTOPOB
Ai = T;
[Y,Pf,Af] = sim(net,2,[],Ai1); Y

C186. [Ipumep.

PaccmoTtpum cets Xonduiuaa ¢ 4eTHIpbMs HEWpPOHAMH W ONpEIeTuM 4 TOUYKU

paBHOBECHUS B BUJAC CIICAYIOIICTIO MAaCCHUBA LICJICBBIX BEKTOPOB

T=1[1-1; -1 1; 1 1; -1 -11"
T =

1 -1 1 -1

-1 1 1 -1

Ha pHUC. IIOKa3aHbI 3TU 4 TOYKHU PaBHOBCCHUA Ha IIJIOCKOCTU COCTOSIHUH CETH
Xondwunma

figure(l), clf, plot(T(1,:), T(2,:),'*r') %$Puc.8.7

axis([-1.1 1.1 -1.1 1.1])

title ('Touxkm paBHOBecwusl cermum Xondmunma')

xlabel('a(l) '), ylabel('a(2)')

Paccuntaem Beca u cMmeneHus MOAU(PUIIMPOBAHHON ceTn Xomnduinaa, UCIONIb3YI0
M-dynkuuio newhop

net = newhop(T) ;

W= net.LW{l,1}

b = net.b{1l,1}
W =
1.1618 0
0 1.1618
b =
1.0e-016 *
0
-0.1797

[TpoBepum, npuHaANEKAT JIU BEPIINHBI KBaapaTa ceTH Xonpuiaa:
Ai =T;
[Y,Pf,Af] = sim(net,4,[],A1)

Y =
1 -1 -1
-1 1 1 -1
PF =
1
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Af =
1 -1 1 -1
-1 1 1 -1
Kak u cinenoBano 0)KuaaTh, BEIXOABI CETH PaBHBI LIEIEBBIM BEKTOPAM.

Teneps npoBeprM MOBEIECHUE CETU IIPU CIIyYalHBIX HAYAJIbHBIX YCIOBHUSX.
figure(l), clf, plot(T(1,:), T(2,:),'*r', 0,0,'rh'"),
hold on, axis([-1.1 1.1 -1.1 1.1])
xlabel('a(l) '), ylabel('a(2)"')
new = newhop (T) ;
[Y,P£f,Af] = sim(net,4,[],T);
for i =1:20
a = {rands(2,1)};
[Y,Pf,Af] = sim(net,{1,20},{},a);
record = [cell2mat(a) cell2mat(Y)];
start = cell2mat(a);
plot(start(1l,1) ,start(2,1), 'kx',record(1l,:),record(2,:))

end
I'naBa 9

Anmpokcumanus 1 GUIbTpaIys CUTHAJIOB.

C188. IIpeackazanue cTalluOHAPHOTO CUTHAA.

3amaH TapMOHMYECKHMW CHTHal1 ¢ KpyroBoi wuacrotod 4ml/c (2Tm) wu
JUIMTEJIBHOCTBIO 5 ¢. JIMCKpeTHbIl curHayn T mojlydeH B pe3yJibTaTe KBaHTOBaHUS
HCXOJIHOTO cUTHaa 1mo BpeMenu ¢ yactoroi 40 ' (takT nuckpernoctu 0.025 ¢)

time = 0:0.025:5; T = sin(time*4*pi) ;

stairs(time,T) ;

axis ([0 5 -1 1]), xlabel('time, c'), ylabel('T'")

Cdopmupyem oOyuarolee MHOXKECTBO —CIICAYIOIIUM oOpa3oMm. BxomHas
nocnenoBarenbHOCTh P1 onpenenena Ha unrepsaie ot 0 10 1 ¢ u umeer anuny Ql, a
KKIbIH BEKTOp BXOJa COCTOMT U3 TISITH KOMIIOHEHTOB, COOTBETCTBYIOIIHMX
3ama3AbIBAloONIMM 3HaueHusM curHana T; meneBoit Bektop T1 chopmupoBan u3
3HaueHu#l curHasa T, HauMHasg C IIECTOrO; KOHTPOJBHOE IOJIMHOXKECTBO T2

dbopMupyercs U3 3HaueHui curnana T Ha uHTEepBane oT 3 10 5 ¢
Q = length(T); h = 0.025; Q1 = 1/h;
Pl = zeros(5,Q1);
P1(1,1:Q1) T(1,1:Q1);
P1(2,2:Q1) T(1,1:(Q1-1));
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P1(3,3:Q1) = T(1,1:(Q1-2));
P1(4,4:01) = T(1,1:(Q1-3));
P1(5,5:Q1) = T(1,1:(Q1-4));

Tl = T(1,6: (Q1+5)); T2 = T(1,3/h:Q);

CeTtb AJI pCIICHUA 3TOU 3aa4Yu OJOJIX)KHaAa COCTOATH U3 OAHOT'O HeﬁpOHa C IIIAThIO
BXOJaMM:

net = newlind(P1,T1l); gensim(net) % Puc. 9.2

Brimonaum IMMPOBEPKY CCTH, HCIIOJIb3Y s BXOIHYIO II0CJIEA0BATCIIBHOCTD
O6y‘IaIOHIeFO MOAMHOXECTBA U CpaBHUBAA BBIXOH CETH C (baKTI/IIIeCKI/IM 3HA4YCHUEM
CurHaima T

figure(l), clf, Q1 = 40;

a = sim(net,P1(:,1:01)); tl1 = 6:Q1+5;

plot(time(tl) ,a,'*r', time(1:Q1+5),T(1,1:Q1+5))

xlabel ('Time, c¢'); grid on
[TpoBepum paboTy ceTH, UCIONIB3YsI KOHTPOILHOE MHOXECTBO T2. Onpeaenum JmHy
BXOJHOU nocnenoBarenbHocTd N1, paBHyt0 20, ¥ TOCTPOUM PEAKIIMIO CETH:

N1l = 20;

Tt = T2(1,1:N1);

P2(1,:) = Tt(1,:);

P2(2,2:end) = Tt(1l,l:end-1);
P2(3,3:end) = Tt(1l,1:end-2);
P2(4,4:end) = Tt(1l,1l:end-3);
P2(5,5:end) = Tt(1l,1l:end-4);

a = sim(net,P2);

figure (2), clf

hl = plot(time(l:size (P2, 2)-5), a(l:end-5), '*'); hold on

h2 = plot(time(l:size (P2, 2)-5), Tt(6:end), 'r'); grid on
BbluuciauM  MOTpEemIHOCTh  CETH, HCMHOJB3Ysl HMHPOPMAIMIO M3  OMHCAHUS

rpaduueckux oovekToB Line ¢ neckpunropamu hl u h2
yl = get(hl,'YData'); y2 = get(h2,'¥YData');
minlength = min(length(yl), length(y2)):;
e = yl(l:minlength) - y2(l:minlength);
nre = sqrt(mse(e))
nre = 0.4774

C192. CnexeHune 3a HECTAIIMOHAPHBIM CUTHAJIOM.
3amana guckpeTHas BIOOpKa T M3 rapMOHHYECKOTO CHUTHANA JJIUTEILHOCTHIO 6 C,

4acTOTa KOTOPOro yABauWBaeTcs Mo wucreueHun 4 c. Yacrora KBaHTOBAHWS s
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uHTepBana Bpemenu ot 0 10 4 ¢ cocrasiser 20 I'u, a 1 nunTepsana ot 4.05 10 6 ¢ -
40 I'no.

timel = 0:0.05:4; time2 = 4.05:0.025:6; time = [timel time2];

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

[Tockonbky Mpu CUHTE3€ CeTH OYyIyT HCIOJb30BAThCS alalTUBHBIE aTOPUTMbI
HacTpoWkH, chopMupyem obydaromryro nocienoBareabHocTh {P, T} B Bume maccusa
Sq4€eK, NpH HTOM I[OCIEAOBATEIIBHOCTh BXOAOB P noipkHa coBmagate ¢
MOCIIEI0BATEIHLHOCTRIO 1IETIEeBBIX BBIX00B T (3a1aua ciaexxeHus):

T = con2seq(T); P = T;

[TocTporm rpaduk TapMOHUYECKOM IMOCIICIOBATEILHOCTH:

figure(l), clf, plot(time, cat(2,P{:}))

Jnst pemieHuss 3amadyd  BOCMOJB3YyEMCS OAHOCIOMHOW JIMHEMHOW HEUpOHHOU
CeThI0, KOTOpasi MpeJCKa3blBa€T TEKylllee 3HAaYe€HUWE CHTHajla 1o S5 ero
MPEALIECTBYIOINM 3Ha4eHUsAM. CeTh COCTOUT TOJBKO M3 OJHOTO HEMpOHA, TaK Kak
TpeOyeTCs TOJNBKO OJTHO 3HAUEHHUE BBIXOJHOTO CUTHANA T, KOTOpoe reHepupyercs Ha
KakaoM mare. s co3maHus TakoW ceTH mpenHa3HayeHa M-yHkums newlin;
napaMeTp CKOPOCTH HAaCTPOMKH BbIOepeM paBHbIM 0.1:

lr = 0.1;

delays = [1 2 3 4 5];

net = newlin (minmax(cat(2,P{:})),1,delays,1lr);

[net,a,e] = adapt(net,P,T)
CdopmupoBaHHast HEHPOHHAs CETh UMEET CIICAYIOITNE BECOBbIE KO OUIIMEHTHI 1

CMCIICHHUEC

net.IW{1l}, net.b

ans =

Columns 1 through 4

0.3942 0.1068 -0.1559 -0.3148
Column 5
-0.3452
ans =
[-4.5457e-006]

[TocTponMm rpaduk BEIXOJTHOTO CUTHAJIA M CPABHHUM €TO C IICJICBBIM:
y = sim(net,P); figure(l), clf
plot(time,cat(2,y{:}), time,cat(2,T{:}),'.r') % Puc.9.10
axis ([0 6 -1.5 1.5]), grid on

[TocTpoum Takxke rpaduk CUTHAIA OITHOKH
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figure(2), clf, plot(time,cat(2,e{:})), grid on $ Puc. 9.11

C194. MoaenupoBaHue CTallMOHAPHOTO (PHIIBTPA.

OIHO W3 MOJE3HBIX MPUMEHEHUN HEUPOHHBIX CETEH — ATO CO3JAaHuE MOJEeH
ANHAMHUYCCKUX CHUCTEM II0 Ha6JIIOI[aCMBIM BXOOHBIM W BBIXOJHBIM CHUI'HaJlaM U HUX
MIPUMEHEHHUE IS TIOCTIEAYIOIIETO MOICIUPOBAHUS TAKHX CHCTEM.

JomyctuMm, 9TO0 Ha BXOJ (UIbTpa MOJAETCS BXOAHOM cuUTHAI Buaa 1(t) =
sin(10*sin(t)*t), 3amannbIii MaccuBoM 3HaueHH R ¢ TakTom kBanToBanus 0.025 ¢ Ha

UHTEpBaje 5 ¢
time = 0:0.025:5;
R = sin(sin(time) .*time*10) ;
figure(l), clf, plot(time,R)
axis ([0 5 -1 1]); grid on

Onpenenum GUIBTP BTOPOTO MOPsIKA, (PYHKIIMOHUPOBAHKE KOTOPOTO B CUCTEME
MATLAB omnuceiBaetcs cneaytromieit M-dyHkimei

Y = filter([1 0.5 -1.5],1,R);
¥ TIOCTPOUM TpavK CUTHAJIA Ha €TO BBIXOJIE:

figure(2), clf, plot(time,Y), axis([0 5 -2 2]); grid on

3amada HEMPOHHOU ceTH — CHOPMHUPOBATH TAKYIO JIMHEHHYIO MOJIETh, KOTOpas B
mporecce 0O0y4deHus OmpeeNseT mapaMeTpbl GUIbTpa, a 3aTEM HCIOJB3YeT HX IS
MOJICTTMPOBAHMS TPU MPOU3BOJIbHBIX 3HAYEHUAX BXO/A.

OmpenenyiM  CIEAYIONIYI0O OOYyYalollyl TOCIEIOBATEIBHOCTh: B KAauecTBE
1eJIeBoro Beixoza T mpumeM MaccuB Y, a BXOJIHYIO MOCJI€IOBATENbHOCTD P 3amanum

Ha OCHOBE TEKYILETO U JABYX NPEALIECTBYOIMIMX 3HaYeHU Bxoaa R

T =Y, Q = size(R,2); P = zeros(3,Q);
P(1,1:Q) = R(1,1:Q);

P(2,2:Q) = R(1,1:(Q-1));

P(3,3:Q) = R(1,1:(Q-2));

Heiiponnas ceTb 10KHA UMETh TOJIBKO OJMH HEWPOH, TOTOMY UTO JUHAMUYECKAs
CUCTEMA HUMCCT TOJIBKO OJIHWH BBIXOJ. HeﬁPOH JOJIDKEH HUMCTH TpI/I BXOzaa, ‘ITOGBI
MOJIyYUTh TEKYIIMH W JBa 3ama3AblBalONIMX 3HAYCHHUS BXOJHOTO CHUTHama. M-

¢ynkms newlind mo3BoJIsIeT BBINOJIHUTDG CUHTE3 TaKOH HEHPOHHOM ceTh

net newlind(P,T); net.IW{l}, net.b
ans =

1.0000 0.5000 -1.5000
ans =

[-3.5239e-017]
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HetpyaHo ybeauThesi, 4TO CETh TOYHO OMpeAeIsieT napaMeTpbl GUIbTpa.

Jlost MIPOBEPKU (YHKIIMOHUPOBAHUS ceTtu nogaguM BXOJIHYIO
MOCJIEA0BATEIBHOCTD P M CpaBHUM € LIEJIEBOM MOCIIEN0BATENBHOCTHIO T

a = sim(net,P); figure(l), clf

plot(time,T, 'Color', [0 0.8 0.8], 'LineWidth',3) ,hold on

plot(time,a, 'k'), grid on, axis([0 5 -2 2]); % Puc.9.14

CeTb BBINOJHSET TOCTaBICHHYIO 3agady. [lorpemHocTs MozaenupoBaHUs
HAaXOOUTCA B MpEAesiaX TOYHOCTH KOMIIBIOTEpA MNPH BBIYMCICHHSAX C IUIABAIOLICH
TOUYKOM

e = T-a;

figure(2), clf, plot(time, e), grid on % Puc.9.15

C197. MogenupoBaHHie HECTAITMOHAPHOTO (PUIBTpA.

Ha Bxonm ¢unpTpa momaercs BXomHOW curHan Buma r(t) = sin(8sin(4t)*t),
3aaHHbId MaccuBOM 3HaueHH R ¢ TakTom kBantoBanus 0.005 ¢ Ha uHTEpBase 6 ¢

timel = 0:0.005:4; time2 = 4.005:0.005:6; time = [timel time2];

R = sin(sin(time*4) .*time*8); figure(l), clf,

plot(time,R), axis([0 6 -1.1 1.1]); grid on

HecranmonapHblii JIMHEHHBIA (QUIBTP MOXET OBITh TMPEACTABICH B CHUCTEME
MATLAB cnenyromum o6pazom

stepsl = length(timel) ;

[Y1l,state] = filter([1 -0.5],1,R(1l:stepsl))

steps2 = length(time2) ;

Y2 = filter([0.9 -0.6],1,R((1:steps2)+stepsl), state); Y = [Y1l ¥Y2];

figure(2), clf, plot(time,Y), grid on

OmpenenyiM  CIEAYIONIYI0 OOYYalollyl TOCIEIOBATEIBHOCTh: B KAauecTBE
1esieBoro Beixosa T mpumeM MaccuB Y, a BXOJIHYIO MOCJIEIOBATENbHOCTD P 3amanum
Ha OCHOBE TEKYILEro M NMPEAIIECTBYIOLIEro 3HaueHnil Bxoaa R. [{ns ucnonp3oBaHus
QITOPUTMOB aJanTalli TPEACTaBUM OOydYalolue IOCIeA0BATeIbHOCTH B BHUJC
MAacCHBOB SYEEK

T = con2seq(Y),; P = con2seq(R) ;

Cetp co3maercsi ¢ TOMOIIBIO (DYHKIIMH newlin, KOTOpasi TeHEPHPYET Beca W
CMEUIEHUE JIJIsl TIMHEWHOTO HellpoHa ¢ AByMs Bxogamu. Ha Bxoae cetu ucnosb3yercs
JIUHUS 33J€pKKU Ha 1 TakT; mapaMeTp CKOPOCTU HACTPOMKHU NPUHAT paBHBIM 0.5

lr = 0.5; delays = [0 1];
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net = newlin (minmax(cat(2,P{:})),1,delays,1lr);

[net,a,e] = adapt(net,P,T);
CdopmupoBanHas HEUpOHHAS CETh UMEET CICAYIOIINE BECOBBIE KOI(PDHUIIUESHTHI 1

CMCUICHUC
net.IW{1l}, net.b
ans =
0.9000 -0.6000
ans =
[-3.1400e-013]

HetpyaHo yOeaWTbes, 4YTO OHH COOTBETCTBYIOT KO3 (HUIIMEHTAM BTOPOTO
¢bunbTpa.

[TocTponm rpaduk MOrPENTHOCTH CETH

figure(2), clf, plot(time, cat(2,e{:})), grid on % Puc. 9.18

N3 ananmusa rpaduka criemyer, 4TO HEHpOHHOW cetm TpeOyercs 2.5 ¢ s
HACTPOMKHM Ha peakiuio nepBoro puinbtpa u HeMHOrUM Oomee 0.2 ¢ I HACTPOUKHU
Ha peakIuio BTOporo (QuibTpa. DTOro OOBACHIETCS TeM, 4YTO (HaKTHUYECKUE
HACTPOWKM TMapamMeTpoB CETH CTAllMOHAPHBI W COOTBETCTBYIOT 3HAYCHUSIM

rapaMeTpoB BTOPOTO (GUIIBTpA.

C199. PacnioznaBanue o0pasoB.

TpeOyercst co3maTh HEHMPOHHYIO ceTh [UIsi pacro3HaBaHUS 26 CHUMBOIIOB
JaTUHCKOTrO andasuTa. B kauecTBe JaTuyMKa MPEANONaraeTcsl UCIO0JIb30BaTh CUCTEMY
pacrno3HaBaHusl, KOTOpask BHIOIHSET OLU(POBKY KaXKIOTO CHMBOJIA, HAXOISAILIETOCS B
noJie 3peHusi. B pesynbrare KaXablii CMMBOJI OyIE€T MPEICTaBJIEeH 11a0JI0OHOM pa3Mepa
5x7. Ilpoextupyemass HEHpPOHHas CETh JOJDKHA TOYHO pACHO3HABaThb HJCaJIbHbBIC
BEKTOpPHl BXOJla U C MAaKCHMaJIbHOM TOYHOCTHIO BOCHPOM3BOJUTH 3allyMJICHHbBIE
BEKTOpHI. M-QyHKIIUS prprob onpenensieT 26 BEKTOPOB BX0/a, KaXIbIH U3 KOTOPBIX
COICpPKHUT 35 3JIEMEHTOB, 3TOT MAaCCHB Ha3bIBaeTCs aighasumom. M-QyHKIHS
dbopmupyeT BbIXOJIHBIE TepeMeHHbIe alphabet u targets, KoTOpbie OIpeACNSIOT
MacCUBHI andaBUTa U [ETEBBIX BEKTOPOB. MaccuB targets onpeaensercs Kak eye(26).

OmnpenenuM mabiIoOH JUIsi CHMBOJIA A, KOTOPBIN SIBISETCS MEPBBIM 3JIEMEHTOM

anaBuTa
clear, [alphabet, targets] = prprob;
i =1; ti = alphabet(:, i);
letter{i}

reshape(ti, 5, 7)'; letter{i}
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ans =

R P R R OO O
O O Fr O Fr Kk O
O 0OFr OO0 O
O O Fr O Fr kL O
R P B R OO O

Hnuyuanuzayus cemu

Br1zosem M-aiin prprob, koTopslii popMupyeT MaccuB BeKTOpoB Bxoaa alphabet
pazmepa 35x26 c maGioHamMH CHUMBOJIOB aji(paBUTa M MACCHB LEJIEBBIX BEKTOPOB

targets:
[alphabet, targets] = prprob;
[R,Q] = size(alphabet); [S2,Q] = size(targets);
JIByxcloifHasi HEMpOHHAas CeTh CO3JaeTCs C MOMOIIbIO KoMaH bl newft.
S1 = 10;
net=newff (minmax (alphabet), [S1 S2],...
{'logsig' 'logsig'}, 'traingdx');
net.LW{2,1} = net.LW{2,1}*0.01;
net.b{2} = net.b{2}*0.01;

gensim(net)

Obyuenue 6 omcymcmeuy wyma

CeThb mepBOHAYAILHO 00y4YaeTcsi B OTCYTCTBUHU IIyMa ¢ MAaKCHMaJIbHBIM YHCIIOM
nukinoB obOyuenus — 5000, nub0 [0 OCTHDKEHHUS JIOMYCTUMOM — cpemHeit

KBa/IpaTUYHOM MOTrpenIHoCcTH, paBHoii 0.1
P = alphabet; T = targets;
net.performFcn = 'sse'; net.trainParam.goal = 0.1;
net. trainParam.show = 20; net.trainParam.epochs = 500;
net.trainParam.mc = 0.95;

[net,tr] = train(net,P,T); %Puc.9.23

TRAINGDX, Epoch 0/500, SSE 168.447/0.1, Gradient 46.0382/1e-006
TRAINGDX, Epoch 20/500, SSE 25.7528/0.1, Gradient 1.9299/1e-006
TRAINGDX, Epoch 40/500, SSE 25.2952/0.1, Gradient 0.415125/1e-006
TRAINGDX, Epoch 60/500, SSE 25.5128/0.1, Gradient 0.3371/1e-006
TRAINGDX, Epoch 80/500, SSE 25.5261/0.1, Gradient 0.339056/1e-006
TRAINGDX, Epoch 100/500, SSE 25.4204/0.1, Gradient 0.407/1e-006
TRAINGDX, Epoch 120/500, SSE 24.8589/0.1, Gradient 0.594/1e-006
TRAINGDX, Epoch 140/500, SSE 23.0034/0.1, Gradient 0.723414/1e-006
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TRAINGDX, Epoch 160/500, SSE 14.4322/0.1, Gradient 1.29897/1e-006
TRAINGDX, Epoch 180/500, SSE 1.62053/0.1, Gradient 0.482638/1e-006
TRAINGDX, Epoch 199/500, SSE 0.0903872/0.1, Gradient 0.0562929/1e-
006

TRAINGDX, Performance goal met.

Obyyenue @ npucymcmsuu uyma

UToOBI CIPOEKTUPOBATH HEHPOHHYIO CE€Th, HE YYBCTBUTEIBHYIO K BO3JICHCTBHUIO
nryma, o0ydyuM ee ¢ IPUMEHEHHEM JBYX HJCalbHBIX U JBYX 3allyMJICHHBIX KOIUH
BeKTOpoB aindaBurta. lleneBbie BEKTOPHI COCTOAT M3 YETHIPEX KOMHIl BEKTOPOB.
3airyMIIeHHbIE BEKTOPBI UMEIOT IIyM co cpenHum 3HadeHuem 0.1 u 0.2. 3to obyuaer
HEHPOH MPaBUWJIbHO Paclo3HABaTh 3alIyMJIEHHBIE CUMBOJIBI B TO K€ BPEMS XOPOIIIO
pacrno3HaBaTh UJI€aIbHbIE BEKTOPHI.

[Tpu oOGyueHuu ¢ IIyMOM MaKCHUMAaJbHOE YHCJIO LUKIOB OOy4YEHUS COKpPATHM JI0

300, a ToMyCTUMYIO OTPEIIHOCTh yBennyuM 10 0.6
netn = net; netn.trainParam.goal = 0.6;
netn. trainParam.epochs = 300;

T = [targets targets targets targets];
for pass = 1:10
P = [alphabet, alphabet,
(alphabet + randn(R,Q)*0.1),
(alphabet + randn(R,Q)*0.2)];
[netn,tr] = train(netn,P,T);

end $ Puc.9.24

TRAINGDX, Epoch 0/300, SSE 4.38727/0.6, Gradient 3.91707/1e-006
TRAINGDX, Epoch 20/300, SSE 2.44694/0.6, Gradient 1.70548/1e-006
TRAINGDX, Epoch 40/300, SSE 1.93829/0.6, Gradient 0.880157/1e-006
TRAINGDX, Epoch 60/300, SSE 1.26772/0.6, Gradient 0.620832/1e-006
TRAINGDX, Epoch 80/300, SSE 0.743827/0.6, Gradient 0.285485/1e-006
TRAINGDX, Epoch 89/300, SSE 0.595819/0.6, Gradient 0.201143/1e-006
TRAINGDX, Performance goal met.

TRAINGDX, Epoch 0/300, SSE 1.69802/0.6, Gradient 2.60629/1e-006
TRAINGDX, Epoch 20/300, SSE 1.10048/0.6, Gradient 0.780206/1e-006
TRAINGDX, Epoch 40/300, SSE 0.91056/0.6, Gradient 0.516545/1e-006
TRAINGDX, Epoch 60/300, SSE 0.712442/0.6, Gradient 0.284097/1e-006
TRAINGDX, Epoch 73/300, SSE 0.597462/0.6, Gradient 0.196257/1e-006
TRAINGDX, Performance goal met.
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TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,

TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,

TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,

TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,

TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,

TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,

TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,
TRAINGDX,

Epoch 0/300, SSE 1.84056/0.6, Gradient 3.45909/1e-006
Epoch 20/300, SSE 1.0796/0.6, Gradient 0.935168/1e-006
Epoch 40/300, SSE 0.833965/0.6, Gradient 0.581924/1e-006
Epoch 60/300, SSE 0.599226/0.6, Gradient 0.295716/1e-006
Performance goal met.

Epoch 0/300, SSE 1.60648/0.6, Gradient 2.3488/1e-006
Epoch 20/300, SSE 1.07786/0.6, Gradient 0.902587/1e-006
Epoch 40/300, SSE 0.862175/0.6, Gradient 0.456114/1e-006
Epoch 60/300, SSE 0.701691/0.6, Gradient 0.271165/1e-006
Epoch 74/300, SSE 0.592602/0.6, Gradient 0.188876/1e-006
Performance goal met.

Epoch 0/300, SSE 3.77602/0.6, Gradient 4.17101/1e-006
Epoch 20/300, SSE 1.73397/0.6, Gradient 2.35782/1e-006
Epoch 40/300, SSE 0.985143/0.6, Gradient 0.749831/1e-006
Epoch 60/300, SSE 0.699861/0.6, Gradient 0.364809/1e-006
Epoch 71/300, SSE 0.594703/0.6, Gradient 0.226427/1e-006
Performance goal met.

Epoch 0/300, SSE 1.42439/0.6, Gradient 2.20268/1e-006
Epoch 20/300, SSE 0.886985/0.6, Gradient 0.784242/1e-006
Epoch 40/300, SSE 0.702066/0.6, Gradient 0.433875/1e-006
Epoch 54/300, SSE 0.594342/0.6, Gradient 0.318662/1e-006
Performance goal met.

Epoch 0/300, SSE 2.09651/0.6, Gradient 3.81564/1e-006
Epoch 20/300, SSE 0.991083/0.6, Gradient 1.83845/1e-006
Epoch 40/300, SSE 0.652035/0.6, Gradient 0.526766/1e-006
Epoch 49/300, SSE 0.597725/0.6, Gradient 0.519457/1e-006
Performance goal met.

Epoch 0/300, SSE 0.923138/0.6, Gradient 1.46303/1e-006
Epoch 20/300, SSE 0.690035/0.6, Gradient 0.571227/1e-006
Epoch 36/300, SSE 0.597901/0.6, Gradient 0.448717/1e-006
Performance goal met.

Epoch 0/300, SSE 3.00343/0.6, Gradient 2.66202/1e-006
Epoch 20/300, SSE 2.10058/0.6, Gradient 1.27402/1e-006
Epoch 40/300, SSE 1.32981/0.6, Gradient 1.08293/1e-006
Epoch 60/300, SSE 0.841513/0.6, Gradient 0.605556/1e-006
Epoch 76/300, SSE 0.599021/0.6, Gradient 0.247759/1e-006
Performance goal met.
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TRAINGDX, Epoch 0/300, SSE 3.92135/0.6, Gradient 4.29976/1e-006
TRAINGDX, Epoch 20/300, SSE 2.68635/0.6, Gradient 1.74033/1e-006
TRAINGDX, Epoch 40/300, SSE 2.19335/0.6, Gradient 0.95226/1e-006
TRAINGDX, Epoch 60/300, SSE 1.76432/0.6, Gradient 0.439475/1e-006
TRAINGDX, Epoch 80/300, SSE 1.48833/0.6, Gradient 0.207324/1e-006
TRAINGDX, Epoch 100/300, SSE 1.32874/0.6, Gradient 0.103221/1e-006
TRAINGDX, Epoch 120/300, SSE 1.2109/0.6, Gradient 0.0501167/1e-006
TRAINGDX, Epoch 140/300, SSE 1.12095/0.6, Gradient 0.0461831/1le-
006

TRAINGDX, Epoch 160/300, SSE 0.348182/0.6, Gradient 0.958822/1e-
006

TRAINGDX, Performance goal met.

Ilosmoproe obyuenue 6 omcymcmeuu wyma

[TockonbKy HeifpoHHast ceTh 00ydanach B MPUCYTCTBHU IIyMa, TO UMEET CMBICI
MOBTOPUTH €e 00ydeHue 0e3 Iryma, 4ToObl rapaHTUPOBATh, YTO UJCATBHBIC BEKTOPHI

BXO0/1a KIaCCU(PUIIUPYIOTCS MPABUIBLHO.
netn. trainParam.goal = 0.1;
netn. trainParam.epochs = 500;
net. trainParam.show = 5;

[netn, tr] = train(netn,P,T);

TRAINGDX, Epoch 0/500, SSE 0.348182/0.1, Gradient 0.958822/1e-006
TRAINGDX, Epoch 20/500, SSE 0.289733/0.1, Gradient 0.661362/1e-006
TRAINGDX, Epoch 40/500, SSE 0.236086/0.1, Gradient 0.272537/1e-006
TRAINGDX, Epoch 60/500, SSE 0.195025/0.1, Gradient 0.117262/1e-006
TRAINGDX, Epoch 80/500, SSE 0.166933/0.1, Gradient 0.0653886/1le-
006

TRAINGDX, Epoch 100/500, SSE 0.142052/0.1, Gradient 0.0398789/1e-
006

TRAINGDX, Epoch 120/500, SSE 0.1158/0.1, Gradient 0.0258157/1e-006
TRAINGDX, Epoch 132/500, SSE 0.0985149/0.1, Gradient 0.0199491/1le-
006

TRAINGDX, Performance goal met.

Dphexmuenocmov GyHKYUOHUPOBAHUS CUCTEMbL

D¢ ¢dexkTuBHOCT, HEWPOHHON ceTh OyAeM OLEHUBATh CIEAYIOIUM 00pa3oM.
PaccMoTpuM aBe CTPYKTYpHl HEHPOHHOU ceTh: ceTh 1, 0OyYeHHYIO Ha HIeaTbHBIX
MOCNEOBAaTEeIbHOCTAX, W ceTb 2,  OO0yuYeHHY0  Ha  3allyMJICHHBIX
nocienoBarenbHOCTIX. llpoBepka (QyHKIMOHMpOBaHUS TnpomsBoguTcs Ha 100

BEKTOpaxX BXOJa MPH Pa3IMYHBIX YPOBHAX IIyMa.
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[TpuBenem parmeHT creHapuii appcrl, KOTOPBIN BBIMOTHAET 3TH ONIEpaLun
tic, noise_range = 0:.05:.5; max test = 20;
networkl = []; network2 = []; T = targets;
for noiselevel = noise_range
errorsl=0; errors2=0;
for i=1l:max test

P

alphabet + randn(35,26) *noiselevel;
A

sim(net,P) ; AA = compet(A);
errorsl = errorsl + sum(sum(abs(RAA - T)))/2;
An = sim(netn,P); AAn = compet(An) ;

errors2 = errors2 + sum(sum(abs(AAn - T)))/2; echo off

end
networkl = [networkl errorsl/26/100];
network2 = [network2 errors2/26/100];
end
toc

elapsed_time =
26.2000

TecTupoBaHUe pearmsyeTcs cieayomuM oopazoM. [llym co cpemnum 3HadYeHHEM
0 u crangaptHbIM oTKJIOHeHHEM OT 0 10 0.5 ¢ marom 0.05 goGaBisieTcs K BEKTOpaM
Bxoma. Jlms kaxgoro ypoHs myma Qopmupyercs 100  3anmrymiieHHBIX
IOCJIENOBATENLHOCTEN I KakKIOTO CHMBOJIA M BBIYHMCISAETCS BBIXOI CETH.
BeixogHol curHan oOpabareiBaeTcss M-(yHKImeld compet ¢ TOH IENbIO, YTOOBI
TOJILKO OOWH u3 26 5SIeMEHTOB BeKTopa Bbixona Ilocie »Toro oleHuBaeTcs
KOJIMYECTBO ONIMOOYHBIX KJIACCU(PUKAIINN U BRIYUCIISICTCS TTPOIISHT OIITHOKH.

CootBercTByIONMI Tpad@UK MOTPEIIHOCTH CETH OT YPOBHA BXOJHOTO IIIyMa

MoKasaH Ha puc. 9.25.
figure(1l) ,clf
plot(noise_range,networkl*100,'--', noise_range,network2*100) ;
grid on

[TpoBepum paboTy HEHPOHHOHN CETH Ui pacro3HaBaHHUs cuMBOJIOB. Chopmupyem

3allyMJIEHHBI BEKTOP BXOJa i1 CUMBOJA J:
noisyJ = alphabet(:,10) + randn(35,1)*0.2;

plotchar (noisyJd); % Bamymnenusnt cmMmBon J (pmuc.9.26)

A2 = sim(net,noisyJ); A2 = compet (A2) ;
answer = find(compet (A2) == 1)

plotchar (alphabet (:,answer)); % PacnosHaHHIM CuUMBOX J
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answer = 10
Heiiponnas cets Beienuia 10 mpaBUIIbHBIX 2JIEMEHTOB U BOCCTAHOBUIJIA CUMBOJ J

0e3 onoOoK.

I'maBa 11

Mopenu ceteit

C245. NETWORK
Ilpumep:

Coznmaanm 1mabaoH HEMpPOHHOW ceTu ¢ AByMs Bxodamu (numlnputs = 2), tpems
cinosmu (numLayers = 3) u clieayOnMMUA MaTPUIIAMU CBSI3HOCTH:

BiasConnect = [1; 0; 0] pazmepa numLayersx1;

inputConnect =[1 1; 0 0; 0 0] pazmepa numLayersxnumInputs;

layerConnect=[0 0 0; 1 0 0; 0 1 0] pazmepa numLayersxnumLayers;

outputConnect = [0 0 1] pasmepa 1x numLayers;

targetConnect = [0 0 1] pazamepa 1x numLayers.
net = network(2,3,[1; O0; 0],[1 1; 0 O; 0 O],[0 O O; 1 0 O; O 1 07,

[0 0 1], [0 O 11);
gensim(net) % Puc.11.1

BBenem nuauM 3a7epkKu A1 BXoA0B 1 1 2, a Takxke Juis ciios 3

net.inputWeights{1l,1}.delays = [0 1];
net.inputWeights{1l,2}.delays = [1 2];
net.layerWeights{3,2}.delays = [0 1 2];

gensim(net)

YcTraHoBUM mapameTpbl HEHPOHHOM CETH M BEKTOPOB BXOAA:
[0 1];

[0 1];

net.inputs{1l}.range

net.inputs{2}.range
net.b{1l}=-1/4;
net.IW{1l,1}

[ 0.5 0.5 ]; net.IW{1,2} = [ 0.5 0.25];

net.LW{2,1} = [ 0.5 ];
net.LW{3,2} = [ 0.5 0.25 1];
P=[0.51; 1 0.5];

gensim(net)
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C248. NEWP

Co3nath nepcenTpoH ¢ OJJHUM HEMPOHOM, BXOJIHOM BEKTOP KOTOPOrO MMEET JBa
OJICMCHTA, 3HAUCHHUA KOTOPBIX HE BBIXOAAT 3a MPCACIbI JUala3oHa:

clear, net = newp([0 1; 0 1],1);

gensim(net) % Puc.1l1.6

Ornpeaenum clIeyIonTyo MOCiIeI0BaTeIbHOCTh ABYXJIEMEHTHBIX BEKTOPOB BXO/a
P, cocraBnennpix u3 0 u 1:

P = {[0; O] [0; 1] [1; O] [1; 11};

OO0yuum mepcenTpoH BemonHATE onepanuo JIOTMYECKOE U. C aroit nensio

JJIA IIOJIHOT'O Ha6opa BXOIHBIX BEKTOPOB C(i)OpMI/IpyeM MOCJIEJOBATEIBbHOCTD 1IeIeH
Pl
T1

cat(2, P{:}); Tl = num2cell (P1(1,:)&P1(2,:))

0]l o]l 0]l [11
[IpumenuMm npouenypy aganTaluu, yCTAHOBUB YHUCIIO MTPOXOI0B paBHBIM 10:
net.adaptParam.passes = 10; net = adapt(net,P,T1l);
BekTop BecoB U cMeIIeHrne MOKHO OMPEIEIUTh CISAYIONUM 00pa3oM

net.IW{1l}, net.b{l}

Takum 06pa3om, pa3aensronias JUHUS UMEET BU
L:2p; +p.—-3=0.

[IpoMozenupyeM CHPOEKTHUPOBAHHYIO HEMPOHHYIO CETh, MOJaB BXOJHYIO

o6yqa10u1yro oCJIICA0OBATCIIbHOCTD

Y sim(net,P)

0] 0] 01 [11

Hacrpolika napameTpoB CETH BBIIIOJIHEHA IIPABUIIBHO.
OO6yunm nepcentpoH BeimoaHATh onepanuio HEMCKIJTFOUAKOUIEE NUJIN.
C »TOH menplo JUIS TOJHOTO Habopa BXOAHBIX BeKTOpoB P cdopmupyem

OCJIEN0BATEILHOCTE IeJIEH

P1

cat(2, P{:}); T2 = num2cell(P1(1, :) | P1(2, :))

T2 =
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0] [11 [11 [11

[Ipumenum npouenypy oOydeHus, ycCTaHOBUB YUCIIO LIUKIIOB paBHbIM 20:
net. trainParam.epochs = 20; net = train(net,P,T2);

TRAINC, Epoch 0/20

TRAINC, Epoch 2/20

TRAINC, Performance goal met.

BekTop BecoB u cMEIIeHHE MOYKHO OIPEACIIUTD CIETYIONUM 00pa3zoM

net.IW{1l}, net.b{l}, net.IW{l}, net.b{l}

ans =
2 2
ans =
-2
ans =
2 2
ans =
-2

Takum 06pazom, pa3aensronias JUHUS UMEET BU
L: 2p; +2p,—2=0.

IIpomonenupyeM CHPOCKTUPOBAHHYK) HEUPOHHYIO CEThb, IIOAAB BXOIHYIO

00ydJaronryto mocjie10BaTeIbHOCTh

Y

sim(net,P)

0] [1] [1] [1]

O6yquI/Ie n HaCTpOﬁKa CCTU BBIITOJIHCHBI ITPABUJIBHO.

C250. NEWLIN

CdopmupoBaTh TUHEHHBIN CIIOH, KOTOPBIA IS 3aJaHHOTO BXOJ1a BOCIIPOU3BOIUT
3a/1aHHBIA OTKJIUK CHCTEMBI.

ApXHUTEKTypa JUHEHHOIO cios: JuHMS 3aaepkku tumna [0 1 2], oauH HEHpoH,
BEKTOp BXOJa C 3JIEMEHTaMM M3 Auarnas3oHa [-1 1], mapameTp CKOpOCTH HACTPONKH

0.01.
net = newlin([-1 1], 1, [0 1 2], 0.01);
gensim(net) %Puc.11.7

Chopmupyem crnenyronme o0ydaromuye Mocie0BaTeIbHOCTH BEKTOPOB BXOJa U

Leau

PL={0-1110-11001}; T1={0-1021-10101};
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P2 ={10-1-11110-1};T2={(21-1-20221 0};
Bremonaum OGy‘ICHI/Ie, HCIOJIB3Ys TOJIBKO OGy‘I&IOH.II/Ie IIOCJICA0BATCIIbHOCTH Pl n

TI1:

net = train(net,P1,T1);

TRAINB, Epoch 0/100, MSE 0.9/0.

TRAINB, Epoch 25/100, MSE 0.0959309/0.

TRAINB, Epoch 50/100, MSE 0.0298875/0.

TRAINB, Epoch 75/100, MSE 0.0108788/0.

TRAINB, Epoch 100/100, MSE 0.00403078/0.

TRAINB, Maximum epoch reached.

COOTBETCTBYIONIUE 3HAYEHUS BECOB U CMEIICHUS CIETYIOIINE

net.IW{1l}, net.b{l}

ans =

0.9198 0.9301 -0.0876
ans =

0.0396

BeImomHUM MoJienMpoBaHUE CETH JUISi BCEX 3HAYCHUH BXOMAa, OOBEIMHSIONINX

BekTopbl P1 u P2

Y1l = sim(net, [P1 P2]);

Tenepb BBHIMOTHUM OOy4YeHHE CETH HAa BCEM OOBEME OOYYalOMIMX JIaHHBIX,
COOTBETCTBYIOIIEM 00beIMHEHNIO BeKTOpoB Bxoaa {[P1 P2]} u BexTopos neneit {[T1
T2]}.

net = init(net);

P3 = [P1 P2]; T3 = [Tl T2];

net.trainParam.epochs = 200;

net.trainParam.goal = 0.01;

net = train(net,P3,T3);

TRAINB, Epoch 0/200, MSE 1.47368/0.01.

TRAINB, Epoch 25/200, MSE 0.0478548/0.01.
TRAINB, Epoch 50/200, MSE 0.0438463/0.01.
TRAINB, Epoch 75/200, MSE 0.0437006/0.01.
TRAINB, Epoch 100/200, MSE 0.0436917/0.01.
TRAINB, Epoch 125/200, MSE 0.0436911/0.01.
TRAINB, Epoch 150/200, MSE 0.0436911/0.01.
TRAINB, Epoch 175/200, MSE 0.0436911/0.01.
TRAINB, Epoch 200/200, MSE 0.0436911/0.01.
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TRAINB, Maximum epoch reached.

B stom cmyuae mpouemypa OOy4eHHs HE JOCTHraeT NpeaelbHONH TOYHOCTU B
teueHne 200 mMKIOB OOydeHHs W, CyIs TO BUAY, KPUBOW HMEET CTaTHYECKYIO
OLINOKY.

3HaueHHUs BECOB U CMeH_ICHI/Iﬁ HECKOJBbKO U3MCHAIOTCA
net.IW{1l}, net.b{l}
ans =
0.9242 0.9869 0.0339
ans =
0.0602
Pe3ynbTaTsl MoaenupoBaHysl IPEACTABIEHBI B BUJIE 3aBUCUMOCTH Y 3.
Y3 = sim(net, [P1 P2]);
figure (1), clf, plot(cat(2,Y1{:}),'r'), hold on, grid on
stairs(cat(2,T3{:}),'k'), plot(cat(2,¥3{:}),'b")

C253. NEWLIND

Tpebyercs cdhopMHUpOBaTh JMHEHHBIA CJIOH, KOTOPBIA oOOecrmeyuBaeT st
3aJjaHHOTO BX0ona P Bixox, 6nm3kuii k nenu T, eciiu 3agaHbl ciaenyromue o0yvaromnue
IIOCJIEI0BATEILHOCTH

P=20:3; T=[0.02.04.15.9];

AHanu3 JaHHBIX TOJACKA3bIBACT, YTO TpeOyeTcss HAaWTH anmpoOKCHUMUPYIOIIYIO

KpUBYI0, KOTOpasi OiM3Ka K 3aBUCUMOCTH ¢ = 2p. IIpuMeHeHne NUHEHHOTO Clos

LIND B nanHOM city4ae BIIOJIHE OIIPABAAHO.

net = newlind(P,T); gensim(net) % Pumc.11.11

3HaueHUs BECOB U CMELICHUI paBHBI
net.IW{1l}, net.b{l}
ans =

1.9800

ans
0.0300

Brimonanm MoaenupoBanue cOPMUPOBAHHOTO JTMHEHHOTO CIIOS
Y = sim(net,P)
Y =

0.0300 2.0100 3.9900 5.9700
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MHOTOCJIONHBIE CETH.

C255. NEWFF
Co3ngate HEHPOHHYIO CeTh, 4YTOObI OOeCHeuuTh CleAylollee OToOpaXKeHue

OCJIeJ0BAaTEILHOCTH BX0oAa P B mmociietoBaTeIbHOCTD Liejiel T

P=[012345678910];, T=[01234321234];
ApXUTEKTypa HEMPOHHOW CETH: IBYXCIIOMHAS CETh C MPSIMOW Mepeaadyeil CUrHana;
NIEPBBI CJI0H - 5 HEHPOHOB ¢ (yHKIMEN aKTUBAIMHY tansig; BTOPOH cioii - 1 HeWpoH ¢

dbyHkuei aktuBanuu purelin; nuama3zon uamenenus sxoza [0 10].
net = newff ([0 10],[5 1],{'tansig' 'purelin'});
gensim(net)
BrimomHIM MoieTupoBaHUe CETH M IIOCTPOUM TpadUKH CUTHAIIOB BBIXO/IA U TIEJTH:
Y = sim(net,P); figure(l), clf
plot(P, T, P, ¥, 'o'), grid on %Puc.11.13
OO0yunMm ceTh B TeueHue 50 IUKIIOB:
net.trainParam.epochs = 50;
net = train(net,P,T);
TRAINLM, Epoch 0/50, MSE 0.0154002/0, Gradient 0.190957/1e-010
TRAINLM, Epoch 25/50, MSE 0.0153319/0, Gradient 0.0398632/1e-010

TRAINLM, Epoch 50/50, MSE 0.0153054/0, Gradient 0.017265/1e-010
TRAINLM, Maximum epoch reached, performance goal was not met.

Brimonaum MoaenupoBanue cHOPMHUPOBAHHOW JBYXCIOWHOM CETH, HCIOJB3YS

00y4aroIy 0 OCTIe0BATEIFHOCTh BX0OAA
Y = sim(net,P);

figure(2), clf, plot(P,T,P,Y,'o'), grid on % Puc.11.15

C258. NEWFFTD
Co3ngate HEHPOHHYIO CeTh, 4YTOObI O0OECHeuuTh CleAyIollee OTOoOpaXKeHHue

IOCJIeJ0BAaTEILHOCTH BX0oAa P B mmociiemoBaTeIbHOCTD Liejier T
P={1001101000011001};
T {1 -1010-11-100010-101};

ApXUTEKTypa HEHPOHHOW CETU: ABYXCJIONHHAs CETh C MPSIMOM Mepeaauell curHaia
u nuHuel 3aaepxxku [0 1]; mepBblit cnoif - 5 HeHPOHOB ¢ PyHKIIMEH akTUBaIMK tansig;
BTOpO# cioii - 1 HelipoH ¢ QyHKOmeW akTHBamuu purelin; AWama3oH H3MEHEHHS

Bxoza [0 10].

net = newfftd ([0 1],[0 1],[5 1],{'tansig' 'purelin'});

gensim(net)

92



Notebook "Heuponnvie cemu”

OOyunuMm cetb B TeueHue 50 IMKIOB U MPOMOJAETHPYEM, HCIIONB3YS B KayecTBE

TecTa 00yJaroIyo MoCcae0BaTeIbHOCTh BXO/IA:
net.trainParam.epochs = 50;
net = train(net,P,T); Y = sim(net,P)
TRAINLM, Epoch 0/50, MSE 3.10515/0, Gradient 40.7492/1e-010
TRAINLM, Epoch 4/50, MSE 5.31364e-031/0, Gradient 1.09916e-014/1le-
010
TRAINLM, Minimum gradient reached, performance goal was not met.

Y =

Columns 1 through 3

[1] [-1.0000] [-3.8858e-016]
Columns 4 through 6

[1] [1.9429e-015] [-1.0000]
Columns 7 through 9

[1] [-1.0000] [-3.8858e-016]
Columns 10 through 11

[-3.8858e-016] [-3.8858e-016]
Columns 12 through 14

[1] [1.9429e-015] [-1.0000]
Columns 15 through 16

[-3.8858e-016] [1]

C260. NEWCF

CozmaTh KackaJHyl0O HEMpPOHHYIO CeTh, UTOObI OOECHme4HTh CleAyrolee
0TOOpaXCHHE MOCIICIOBATEILHOCTH BX0/1a P B mocienoBaTeIbHOCTH meneit T:

P=[012345678910];, T=[01234321234];

ApXUTEeKTypa HEHPOHHOM CETH: KacKaJHas JABYXCJIOWHAasE CEThb C TMPsSIMOU
nepefadeii curHaia; MepBbIM CIOH - 5 HEWpOHOB ¢ (QyHKUMEH aKkTUBAIMM tansig;
BTOpOH ciioi - 1 He#lpoH ¢ (yHKIOMEH akTuBanuu purelin; auama3oH U3MEHEHUS
Bxoza [0 10].

net = newcf ([0 10],[5 1],{'tansig' 'purelin'});

gensim(net)
OO0yuum cetb B TedeHne 50 IUKIIOB:

net. trainParam.epochs = 50; net = train(net,P,T);

TRAINLM, Epoch 0/50, MSE 3.01162/0, Gradient 96.4205/1e-010

TRAINLM, Epoch 19/50, MSE 1.63682e-024/0, Gradient 1.1003e-012/1e-
010

TRAINLM, Minimum gradient reached, performance goal was not met.
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BpimosHMM  MOJEnMpoOBaHHME  KACKAJHOW JBYXCIOWHOW CETH, HCIOJb3YyS
00y4arolyIo IOCIe10BaTeIbHOCTh BXOAA
Y = sim(net,P);

figure(l), clf, plot(P,T,P,Y,'or'), grid on
Paouanvnvie 6azucuvie cemu

C263. NEWRB

Co3mamuM  paavalibHy0 0a3MCHYI CeTh IS Cleayled oOydaromei
MOCIIEI0BATEILHOCTHY NIPU CpeiHel KBaapaTuyHoi ommoku 0.1:

P=0:3; T=[0.02.04.15.9];

net = newrb(P,T,0.1); net.layers{l}.size

gensim(net)

NEWRB, neurons = 0, SSE = 1.80858
ans =
3
CdopmupoBanHasi panuanbHas Oa3WcHas ceTb MMeeT 3 HelipoHa ¢ (yHKuIuen

aktuBaruu radbas.

Brimonaum MOZCIIMPOBAHUC CCTU JJIsI HOBOI'O BXOa

figure (1), clf,

plot(P,T,'*r',6 'MarkerSize',2, 'LineWidth',2), hold on

V = sim(net,P); % BekTopr BxOma M3 obydamero MHOXECTBa
plot(P,V,'ob', 'MarkerSize',8, 'LineWidth',2), grid on

Pl = 0.5:2.5; Y = sim(net,Pl)

plot(P1,Y,'+k', 'MarkerSize',10, 'LineWidth',2)% Pmc.11.21

1.0346 2.8817 5.5053

C265. NEWRBE
CozmaguM paauanbHyt0 0a3HUCHYIO CeTh C HYJIEBOM OIIMOKON i clemyromen

o0yuJaroImiei mocie0BaTeIbHOCTH:

P=0:3; T=1[0.02.04.15.9];

net newrbe (P,T) ; net.layers{l}.size

ans
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CdopmupoBanHasi paauanbHas Oa3WcHas CeTh C HYJEBOW OmMOKON umeer 4
HelpoHa B nepBoM cioe. CpaBHUTE C MPEABIAYIIUM CIy4aeM, KOrJla YUCIIO HEMPOHOB
OBLIO PaBHO TPEM.

Brinosnum MoaenupoBaHue CETH JI HOBOTO BXoJa

figure(l), clf, plot(P,T,'*r',6 'MarkerSize',2,'LineWidth',2)
hold on, grid on

V = sim(net,P); % BekTops Bxoga M3 ob6yuamero MHOXeCTBa
plot(P,V,'ob', 'MarkerSize',8, 'LineWidth',2)

Pl = 0.5:2.5; Y = sim(net,Pl)
plot(P1l,Y, '+k', 'MarkerSize',10, 'LineWidth',2)% Puc.11.22

1.0346 2.8817 5.5053

C267. NEWGRNN
Co3znmaanm 0000IICHHYIO PETPECCHOHHYIO CETh ¢ BXOJaMu P 1 mesmu T:
P=20:3; T=1[0.02.04.15.9];
net = newgrnn(P,T); gensim(net)
BBITIOTHUM MOJIETMPOBAHKE CETH JIJIT HOBOT'O BXOJIa M IIOCTPOUM TpaduK:
figure(l), clf, plot(P,T,'*r',6 'MarkerSize',2,'LineWidth',2)
hold on, grid on
V = sim(net,P); % BekxTOpr Bxoma M3 ob6yduammero MHOXeCTBa
plot(P,V,'ob', 'MarkerSize',8, 'LineWidth',2)
Pl = 0.5:2.5; Y = sim(net,Pl);
plot(P1l,Y, '+k', 'MarkerSize',10, 'LineWidth',2)% Puc.11.25
Y
Y =
Columns 1 through 4
0.8104 1.3759 2.1424 3.0300

Columns 5 through 7
3.9030 4.6345 5.1615

sim(net, 0:0.5:3)

W3 ananu3a pe3ynbTaToOB MOJAEIMPOBAHUS CIELYET, YTO HA TPAHMIIAX MHTEpBalla
PacXOKIEHUs CyLICCTBEHHBI.
Ecnu ymesnbminTh 3HaueHue napaMerpa BiausHus a0 0.1, TO MBI HOIy4YuM

AIIpOKCUMALI IO BBICOKOH TOYHOCTH

net = newgrnn(P,T,0.1); Y = sim(net, 0:0.5:3)

Y =
Columns 1 through 4
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0.0000 1.0000 2.0000 3.0500
Columns 5 through 7
4.1000 5.0000 5.9000

C269. NEWPNN

3amada knaccuUKaIMU ONpeiesieHa MHOXKECTBAaMH BXoJla P M MHJEKCOB Kjacca
Tc:

P=[1234567]; Tc=1[1232231];

Nunekcsl knacca mpeoOpazyeM B BEKTOp Iiesie U chopMUpyeM BEpOSTHOCTHYIO
HEUPOHHYIO CETh:

T = ind2vec (Tc) ;

net = newpnn(P,T); gensim(net)

Brimmonaum MOJCIIMPOBAHUC CCTU, UCIIOJIb3Y s 06}"18.}0]]_[66 MHOXECTBO BXOA0B

Y = sim(net,P); Yc = vec2ind(Y)

1 2 3 2 2 3 1

Camoopeauusyiomuec;z cemu

C271. NEWC

3anagum MaccuB Bxoja P B BUJie yeThlpex JIBYyX3JIEMEHTHBIX BEKTOPOB:

p=1[.1 .8 .1 .9; .2 .9 .1 .8];

HeoOxomumo ompenenuts IEHTPH TPYNIHUPOBaHUS (KIACTEPH3AIMU) ONM3KUX
BEKTOPOB. B 3TOl 3amaue MHTYUTHBHO $ICHO, YTO CYILECTBYET ABa TaKHUX LEHTpA.
[Toatomy chopmupyem cioit KoxoHeHa ¢ 1ByMsi HEMpOHaMU M ONpPEAEIUM JTHana3oH
pacIoyIokKeHUs1 BXOJHBIX BEKTOPOB B uHTEepBasie [0 1].

net = newc ([0 1; 0 1],2); gensim(net)

BrimonHuM HacTpoiKy mapameTpoB CJI0s, YTOOBI PELIUTh 3a1ady JAJs 33JaHHOTO

BXO0Ja

net = train(net,P);

TRAINR, Epoch 0/100

TRAINR, Epoch 25/100

TRAINR, Epoch 50/100

TRAINR, Epoch 75/100

TRAINR, Epoch 100/100

TRAINR, Maximum epoch reached.

HeHTpH KJIaCTCpUu3alnu pacroJIOKCHBI B TOUYKAX
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net.IW{1l}

0.8031 0.8031
0.1536 0.1969

HOCTpOI/IM Ha IIIIOCKOCTH BXOJHBIX BEKTOPOB TOYKH KJIACTEpHU3alK U CaMH

BXOAHBIC BCKTOPLI
figure (1), clf,
plot(P(1,:),P(2,:)','+b', 'MarkerSize',8, 'Linewidth',2) % Puc.7.3
title (' BexkTopm BxOma'), xlabel('P(1,:)'), ylabel('P(2,:)")
hold on, grid on, axis ([0 1,0 1])
plot(w(:,1), w(:,2)', 'or', 'MarkerSize',8, 'Linewidth',2)

MozenupoBaHHe CETH C OTPEACTICHHEM OJM30CTH MPOBEPSEMBIX TOUEK K IIEHTPaM

KJIIaCTCpU3aliuu MOKHO pCaJIM30BaATh CICAYOIIHUM O6p330M
Pl = [0.2:0.1:0.7; 0.2:0.1:0.7]

Y = sim(net,Pl); Yc = vec2ind(Y)

P1 =
Columns 1 through 4
0.2000 0.3000 0.4000 0.5000
0.2000 0.3000 0.4000 0.5000
Columns 5 through 6
0.6000 0.7000
0.6000 0.7000
Yc =

C273. NEWSOM
3ajaH ciaydyalHBI BEKTOpP BXO0Ja, JJIEMEHTbl KOTOPOIO pAacHOJIOKEHbl B
muanazonax [0 2] u [0 1]. [locTpouth NByMEpHYIO CaMOOPraHU3YIOUIYIOCS KapTy

KoxoHnena ¢ gyuciom HeitpoHoB [3 5] mist kiraccuUKaii BXOIHBIX BEKTOPOB:
P = [rand(1,400)*2; rand(1,400)];
net = newsom ([0 2; 0 1],[3 5]); gensim(net)
ITocTponM Tonosioruro ABymMepHOU kapTbl KoxoHeHa
figure (1), clf,
plotsom(net.layers{l}.positions), grid on %Pmumc.11.29

3arem peanusyercss mpouenypa oOydenus. Cienyer OTMETUTb, YTO IMPOLEAypa

AJTATCA AJOCTATOYHO OOJIIr0, IMMO3TOMY IJIA UITHOCTPALMU OTrPaHUYIUMCH 3 OUKJIaMUn:

net.trainparam.epochs = 3; tic, net = train(net,P); toc
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figure(2), clf, plot(P(1,: ),P(2,: ),'.g',6 'MarkerSize',b10)
hold on, plotsom(net.iw{l,1},net.layers{1l}.distances)
TRAINR, Epoch 0/3
TRAINR, Epoch 3/3
TRAINR, Maximum epoch reached.
elapsed_time =
10.3800
[Tpomoaenupyem oOyueHHyto kapTy KoxoHeHa Ha MaccuBe BEKTOPOB BX0/1a
a = sim(net,P);

figure(2), clf, bar(sum(a')) %$Puc.11.31
Cemu — knaccuguxamopovl 6X00HbIX 8eKMOPO8.

C276. NEWLVQ

BeKTopLI BxoJia P 1 BBIXOOHBIE KJIACCHI TC, NpEACTABJICHHBIC HUXKE, OIIPCACIIAIOT

3amauy Kinaccudukanuu, kotopas Oyaer pemena LVQ ceTbio:
P=[-3-2-200 0 O0+2 +2 +3; 0 +1 -1 21 -1 -2 +1 -1 O0];
Te=1[1 1 122 2 2 1 1 1];

IleneBbie kaccel Tc mpeoOpasyeM k 1eneBbiM BekTopaMm T, cozmamum ceth LVQ

co BXxogamu P, 4eTslppMs HeipoHaMu U JA0JIsMU pacnpenenenus rno kiaaccam [0.6 0.4]
T = ind2vec(Tc);
net = newlvqg(minmax(P) ,4,[.6 .4]); gensim(net) %
Brimonaum o0yueHue cetu:
net = train(net,P,T);
TRAINR, Epoch 0/100
TRAINR, Epoch 2/100
TRAINR, Performance goal met.
IIpoMonenupyeM ceTb Ha BEKTOPE BXO1a
Y = sim(net,P); Yc = vec2ind(Y)
Yc =
Columns 1 through 7
1 1 1 2 2 2 2
Columns 8 through 10
1 1 1

Pexyppenmnvie cemu

C277. NEWLM

3amagum BXoja P B BHIE CIydailHOH OyJIeBOH IMOCIICIOBATEILHOCTH U3 HYJICH U

CAHMHHUI, BBIXOAOM CCTH [OOJIXKHaA OBITH Takas 6yneBa OCJIEIOBATEIBHOCTL T,
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9JICMCHTBI KOTOpOfI MMPUHHUMAIOT 3HAYCHUC 1 Tompko B TOM cjIydyac, Koraa B

MOCJIEIOBATEIILHOCTH P BCTPETWIIMCH JIBE €IMHUIIBI TTOIPSII;

P = round(rand(1l,20))
T = [0 (P(l:end-1)+P(2:end)==2)]
P =
Columns 1 through 7
0 1 0 0 0 1 1
Columns 8 through 14
1 1 0 0 0 1 0
Columns 15 through 20
1 0 0 1 1 0
T =
Columns 1 through 7
0 0 0 0 0 0 1
Columns 8 through 14
1 1 0 0 0 0 0
Columns 15 through 20
0 0 0 0 1 0

Tpebyercs TOCTPOUTH CETh, KOTOpash pacro3HaeT BO BXOJHOM CHUTHaje JBE
eAUHUIBI, cieayomue noapsan. CHayana 3TH MOCIEAOBATEIbHOCTU NPEICTaBUM B
BUJIE MACCHBOB SYCCK:

Pseq = con2seq(P); Tseq = con2seq(T) ;

Co3maguM ceTh ODJIMaHa ¢ JUama3’oHoM BxoxHoro curHaia or 0 mo 1 ¢ 10
CKPBITBIMH U OJJHUM BBIXOJIHBIM HEPOHAMU:

net = newelm ([0 1],[10 1],{'tansig',6 'logsig'}); gensim(net)
3ateM 00yYyWM CceThb C JOMYCTUMOW cpeaHed kBaapatuyHoit ommoOkoi 0.001 u

CMOJEIUPYEM €€:

net. trainParam.goal = 0.001; net.trainParam.epochs = 1000;

net = train(net,Pseq,Tseq) ;

Y = sim(net,Pseq); Y1l = seq2con(Y);
round (T-Y1{1})

TRAINGDX, Epoch 0/1000, MSE 0.187402/0.001, Gradient 0.189387/1le-
006

TRAINGDX, Epoch 25/1000, MSE 0.1745/0.001, Gradient 0.176499/1e-
006

TRAINGDX, Epoch 50/1000, MSE 0.143774/0.001, Gradient 0.152248/1le-
006

TRAINGDX, Epoch 75/1000, MSE 0.0774428/0.001, Gradient
0.128802/1e-006

E
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TRAINGDX, Epoch 100/1000, MSE 0.0225923/70.001, Gradient
0.0456008/1e-006

TRAINGDX, Epoch 125/1000, MSE  0.00349329/0.001, Gradient
0.00901132/1e-006

TRAINGDX, Epoch  140/1000, MSE  0.000923021/0.001, Gradient
0.00261185/1e-006

TRAINGDX, Performance goal met.

E =
Columns 1 through 7
0 0 0 0 0 0 0
Columns 8 through 14
0 0 0 0 0 0 0
Columns 15 through 20
0 0 0 0 0 0

C280. NEWHOP

Co3mamum cetp Xonduiga ¢ AByMS YCTOWYHMBBIMH TOYKAaMH B TPEXMEPHOM

MPOCTPAHCTBE
clear, T=[-1 -11; 1 -1 1]1"';
net = newhop(T); gensim(net)
HpOBepI/IM, YTO CETh YCTOﬁqHBa B 3TUX TOYKaX M HUCIIOJIB3YyCM HX KaK Ha4aJIbHBIC
YCJIOBHA AJId JIMHUU 3aJICPIKKH. Ecnu cetn yCTOﬁqHBa, MOXHO OKHIOaThb, YTO BBIXO/bI

Y OyayT Te ke camble

Ai = T; [Y,Pf,Af] = sim(net,2,[],Ai); ¥

Y =
-1 1
-1 -1
1 1

TakuM oOpa3oM, BepIIMHBI THUIEpPKyOa SBISAIOTCS YCTOMYMBBIMU TOYKaMU
paBHOBecHs ceTH Xonduiaa.

[TpoBeprM CXOMMOCTB CETH MPH MPOU3BOIBHOM BXOTHOM BEKTOpE Ai
Ai = {[-0.9; -0.8; 0.71};
[Y,Pf,Af] = sim(net,{1 5},{},Ai); Y{1}
ans =

-1

-1

1

Cetp Xondunna obecrednna nepexon K yCTOWYNBOMY TOJIOKEHHIO paBHOBECHS,

OmkaiiieMy K 3alaHHOMY BXOJY.
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OyHKIMU aKTUBALIMU

Ilepcenmpon

C282. HARDLIM

WNudopmanus o pynkiun aktuBanuu hardlim:
name = hardlim('name')

dname = hardlim('deriv')

inrange = hardlim('active')

outrange = hardlim('output')

name =
Hard Limit
dname =
dhardlim
inrange =
0 0
outrange =
0 1
3amaauM  CleQyIOmMi BEKTOp BXOAa (YHKUMH AaKTHBAlMU C IKECTKHUMHU
OTPAaHUYCHUSAMM JUISl CJIOS M3 3 HEHPOHOB M PACCUMTAEM BEKTOPHI BbIXOJa A U

npousBonHoi dA dN:

N = [0.1; 0.8; -0.7]; A = hardlim(N), dA dN = dhardlim(N,A)
A =

1
dA dN =

0

0

0

C283. HARDLIMS
WNudopmanus o pyHkiun aktuBauu hardlims:
name = hardlims('name')

dname = hardlims ('deriv')

inrange = hardlims ('active')
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outrange = hardlims ('output')

name =
Symmetric Hard Limit

dname =
dhardlIms
inrange =
0 0
outrange =
-1 1

3amaguM CIENyIONIMi BEKTOpP BXOJa CHMMETPUYHOM (YHKIMM aKTUBALUU C
KECTKUMH OTPAaHUYEHHUSMH IS CTI0SI U3 3 HEMPOHOB U PACCUUTAEM BEKTOPHI BBIXOJIA

A u npouzBognoit dA_dN:

N = [0.1; 0.8; -0.7]; A = hardlims(N), dA dN = dhardlms(N,A)
A =

1

-1

dA_dN =

0

0

0

Jlunetinvie cemu

C284. PURELIN

Nudopmanus o GpyHKIMM akTuBamu purelin:
name = purelin('name')

dname = purelin('deriv')

inrange = purelin('active')

outrange = purelin('output')

name =

Linear

dname =

dpurelin

inrange =
-Inf Inf
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outrange =
-Inf Inf

3amaauM ciaeayouil BEKTOp BX0a TUHEHHONW (YHKIIMH aKTUBALMU IS CIOS U3

3 HEHpPOHOB M paccYMTaeM BEKTOPHI BBIXOAa A 1 npou3Boanoit dA_dN:

N = [0.1; 0.8; -0.7]; A = purelin(N), A dN = dpurelin(N,A)
A =
0.1000
0.8000
-0.7000
A _dN =
1
1
1

C285. POSLIN
WNudopmanus o GpyHKIHH akTUBaImu poslin:
name = poslin('name')

dname = poslin('deriv')

inrange = poslin('active')

outrange = poslin('output')

name =
Positive Linear

dname =
dposlin
inrange =

0 Inf
outrange =

0 Inf

3amaguM  CIIEAYIOMIMKA BEKTOP BXOAA IOJIOKHUTEIHLHOW JUHEHHONW (yHKINUN
aKTHBAIlMM JUIA CJIOS W3 3 HEWPOHOB M pACCUMTACM BEKTOPBI BBIXOJAa A H

npousBonHoii dA dN:

N = [0.1; 0.8; -0.7]; A = poslin(N), dA dN = dposlin(N,6A)
A =
0.1000
0.8000
0
dA_dN =
1
1
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C286. SATLIN

WNudopmanus o GpyHKIMK akTuBaimu satlin:
name = satlin('name')

dname = satlin('deriv')

inrange = satlin('active')

outrange = satlin('output')

name =

Saturating Linear

dname =
dsatlin
inrange =

0 1
outrange =

0 1

3aganuM  CIEAYIONIMH BEKTOP BXOJa JIMHEWHOW (YHKIMH aKTUBAllUU C
OTPaHUUYEHUSIMU Ui €0l U3 3 HEWpPOHOB M PAcCCUMTAaEM BEKTOPHI BbIXOAa A H
npous3BoaHoM dA dN:

N = [0.1; 0.8; -0.7]; A = satlin(N), dA dN = dsatlin(N,3)

A =
0.1000
0.8000

0
dA_dN =
1
0

C288. SATLINS
WNudopmanus o GpyHKIMM akTuBaimu satlins:
name = satlins('name')

dname = satlins('deriv')

inrange = satlins('active')

outrange = satlins('output')

name =

Symmetric Saturating Linear
dname =

dsatlins
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inrange =
-1 1
outrange =
-1 1

3amaauM  cIeAyIOMMKA  BEKTOpP BXOAAa CHMMETPUYHON JUHEWHOW (YyHKIMU
aKTHBAIlMM C OTPAHWYCHUSIMH Ul CIOS W3 3 HEHpPOHOB M pacCYUTaeM BEKTOPHI

BbIxos1a A u npousBogHoit dA dN:

N = [0.1; 0.8; -0.7]; A = satlins(N), dA dN = dsatlins(N,A)
A =
0.1000
0.8000
-0.7000
dA_dN =
1
1

Paouanvrvie bazuchvie cemu

C289. RADBAS

WNudopmanus o pyHKIHH aktuBamu radbas:
name = radbas ('name')

dname = radbas('deriv')

inrange = radbas('active')

outrange = radbas ('output')

name =

Radial Basis

dname =
dradbas
inrange =

-2 2
outrange =

0 1

Crnenyromas mocineaoBaTeIbHOCTh KOMaH A co3/aeT rpaduk (GyHKIUN aKTUBALIUU
radbas:

n = -3:0.1:3; a = radbas(n);

figure (1), clf, plot(n,a), grid on

3amaauM CIeAyomuid BEKTOp BX0Aa paaralibHON 0a3uCHON (DYHKIIMHM aKTHBAIUU
IUIS 105 U3 3 HEMPOHOB U pacCYMTaeM BEKTOPHI Bbixoaa A u npou3Boanoi dA dN:

N
A =

[0.1; 0.8; -0.7]; A = radbas(N), dA dN = dradbas(N,A)
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0.9900
0.5273
0.6126
dA_dN =
-0.1980
-0.8437
0.8577

C290. TRIBAS

Nudopmanus o pyHkum aktuBanu# tribas:
name = tribas ('name')

dname = tribas('deriv')

inrange = tribas('active')

outrange = tribas ('output')

name =

Triangle Basis

dname =
dtribas
inrange =

-1 1
outrange =

0 1

[Toctpoum rpaduk GyHKIMH aKTUBAIMH tribas:
n=-2:0.1:2; a = tribas(n);
figure(l), clf, plot(n,a), grid on

3amaauM cienyromuii BEKTOp BX0/a TPEYTOIbHOM (DYHKIIMK aKTUBALUK JJIS CIOS

13 3 HEHPOHOB U paccYMTaeM BEKTOPHI Bbixona A u mpousBoaHoi dA dN:

N = [0.1; 0.8; -0.7]; A = tribas(N), dA dN = dtribas(N,3)
A =

0.9000

0.2000

0.3000
dA_dN =

-1

-1

1

CaMoozpzanyfou;uec;l cemu

C292. COMPET
WNudopmanus o GyHKIMM aKTUBALMK compet:

name = compet('name')
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dname = compet('deriv')
inrange = compet('active')

outrange = compet ('output')

name =
Competitive
dname =
inrange =
-Inf Inf
outrange =

0 1
3amaauM CIEQyIOIUil BEKTOp BXOJAa KOHKypUpylomed (yHKIMH aKTHBaIUH,

BBIYHUCJIIMM BBIXOJ U NIPEACTABUM BXOABI M BBIXOAbI B BUIC CTOJ'I6HOBBIX auarpaMm
n = [0; 1; -0.5; 0.5]; a = compet(n);
figure(l), clf
subplot(2,1,1), bar(n), ylabel('n')
subplot(2,1,2), bar(a), ylabel('a')

C293. SOFTMAX

WNudopmanus o pyHKIMM akTUBAlMU SOftmax:
name = softmax('name')

dname = softmax('deriv')

inrange = softmax('active')

outrange = softmax('output')

name =

Soft Max

dname =

inrange =
-Inf Inf

outrange =
0 1

3amaguM CIEAYIOIUKA BEKTOp BXOJa KOHKYPHPYIOMIeH (YHKIMM aKTUBAUUA C
MSATKAM MaKCUMYMOM, BBIYUCIIMM BBIXOJ M IPEJICTABUM BXOJbl M BBIXOJBI B BHIC

CTOJIOIIOBBIX AMArpaMm
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n = [0; 1; -0.5; 0.5]; a = softmax(n);
figure(l), clf

subplot(2,1,1), bar(n), ylabel('n')
subplot(2,1,2), bar(a), ylabel('a')

Pexyppenmuvie cemu

C294. LOGSIG
WNudopmanus o GpyHKIMM akTUBaAIMK logsig:
name = logsig('name')

dname = logsig('deriv')

inrange = logsig('active')

outrange = logsig('output')

name =
Log Sigmoid

dname =
dlogsig
inrange =
-4 4
outrange =
0 1

[Toctponm rpaduk GyHKIMM akTUBAIMK logsig:

n = -5:0.1:5; a = logsig(n);

figure(l), clf, plot(n,a), grid on

3amaauM clenyromuii BEKTOp BXOJA JIOTHMCTUYECKON (YHKIMM aKTHBALUU IS

CJ10s U3 3 HEWPOHOB M PACCUUTAEM BEKTOPHI BbIX0aa A u mpou3BogHor dA dN:

N = [0.1; 0.8; -0.7]; A = logsig(N), dA dN = dlogsig(N,A)

0.5250
0.6900
0.3318

dA_dN =
0.2494
0.2139
0.2217

C296. TANSIG
WNudopmanus o GyHKIIMHM aKTUBAIMK tansig:

name = tansig('name')
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dname = tansig('deriv')
inrange = tansig('active')

outrange = tansig('output')

name =
Tan Sigmoid

dname =
dtansig
inrange =
-2 2
outrange =
-1 1

Crnenyromas mociaeI0BaTEIbHOCTh KOMaH] CTPOUT TpaduK (QYHKIMH aKTUBALIUU
tansig:

n = -3:0.1:3; a = tansig(n);

figure(l), clf, plot(n,a), grid on

3aganuM  CIEAYIONIMH BEKTOpP BXOAa THUMEPOOTUYECKON TaHTCHIIMAIbHON
(GYHKIMU aKTUBALMU JUIS closl M3 3 HEMpPOHOB M paccuMTaeM BEKTOPHI BhIXOAA A U
npou3BonHoii dA dN:

N = [0.1; 0.8; -0.7]; A = tansig(N), dA dN = dtansig(N,6A)

0.0997
0.6640
~0.6044

dA dN =
0.9901
0.5591
0.6347

Cunantuueckue GpyHKIUU
@yHKL!MM 636eUUBAHUA upaccmo;muli
C298. DOTPROD

Breraucioum BCKTOP B3BCHICHHBIX BXOIOB Z, C€CJIM 3aJaHBbI CJIy‘I&fIHLIG MaTpuna

BecoB W 1 BekTop Bxoja P:

W = rand(4,3), P = rand(3,1); P'
Z = dotprod(W,P); Z'
W =

0.5786 0.8690 0.1990
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0.0143 0.3324 0.3554
0.6843 0.5951 0.4652
0.8174 0.8755 0.3119
ans =
0.0856 0.3270 0.1833
ans =
0.3702 0.1751 0.3384 0.4134

Omnpenenum umst M-(yHKIMHM, KOTOpas BBIYUCISAET MPOU3BOJHYIO B3BEIIEHHON

(GYHKIIMY B BUJIE CKAISAPHOTO TPOU3BEICHUS

df = dotprod('deriv')
df =
ddotprod

Bruncinum npous3BoAHbIE CKAIPHOTO IIPOU3BEACHUS 110 KaXKIOMY apryMEHTY

dZ_dP = ddotprod('p',W,P,Z)
dZ_dw = ddotprod('w',W,P,Z)
dz_dp =

0.5786  0.8690  0.1990
0.0143  0.3324  0.3554
0.6843  0.5951  0.4652
0.8174  0.8755  0.3119

dzZ_dw =
0.0856
0.3270
0.1833

C299. NORMPROD

Onpenenum ciy4aliHyl0 BecOByI0 Matpuily W U BeKTop Bxoaa P u paccunraem
COOTBETCTBYIOILNN B3BELIEHHBIN BXOJ Z:

W = rand(4,3), P = rand(3,1); P'

Z = normprod(W,P); Z'

W =
0.7504 0.3715 0.3784
0.7498 0.8191 0.5556
0.2033 0.3740 0.2942
0.7711 0.4528 0.4704
ans =
0.6137 0.9855 0.4298
ans =

0.4876 0.7423 0.3055 0.5528
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C300. DIST

Bpruncirm BEKTOp B3BELIEHHBIX BXOJOB Z, €CIIM 3a/JaHbl CIy4YalHbIE MaTpULa

BecoB W pasmepa 4x3 u BekTop Bxona P pazmepa 3x1:

1)

rand(4,3); P = rand(3,1);
Z
7 =

0.7709
0.7344
0.9168
0.4496

dist(W,P)

PaccmoTpuM ceTh ¢ Tomosiorueu, Ajisi KOTOPOM 3ajaHa ciydailHass maTpuia

koopauHat it 10 HelipOHOB B TPEXMEPHOM IIPOCTPAHCTBE:
pos = rand(3,10) ;
figure (1), clf, plotsom(pos)
PaccunTaem maTpuily €BKIMAOBBIX PACCTOSIHUN MEKy HUMMU:
D = dist(pos)
D =
Columns 1 through 4
0 1.1593 0.4322 0.6111

1.1593 0 0.7624 0.9547
0.4322 0.7624 0 0.5944
0.6111 0.9547 0.5944 0

0.5083 1.0085 0.3617 0.7094
0.8022 0.4755 0.4894 0.4819
0.8231 0.9197 0.6729 0.3889
0.5363 0.8468 0.2398 0.8280
0.6459 0.6005 0.2508 0.5793
0.6291 0.8130 0.4113 0.4157
Columns 5 through 8

0.5083 0.8022 0.8231 0.5363
1.0085 0.4755 0.9197 0.8468
0.3617 0.4894 0.6729 0.2398
0.7094 0.4819 0.3889 0.8280

0 0.7149 0.6493 0.3683

0.7149 0 0.4978 0.6846
0.6493 0.4978 0] 0.8611
0.3683 0.6846 0.8611 0

0.4189 0.3303 0.5338 0.3930

0.3993 0.4132 0.2775 0.5846
Columns 9 through 10

0.6459 0.6291
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0.6005 0.8130
0.2508 0.4113
0.5793 0.4157
0.4189 0.3993
0.3303 0.4132
0.5338 0.2775
0.3930 0.5846

0 0.2916
0.2916 0

C302. NEGDIST

Bpruncirm BEKTOp B3BELIEHHBIX BXOJOB Z, €CIIM 3aJaHbl CIy4YalHbIE MaTpULa

BecoB W pasmepa 4x3 u BekTop Bxona P pazmepa 3x1:

W = rand(4,3); P = rand(3,1);
Z = negdist (W,P)
7 =

-0.2495

-0.6759

-0.6959

-0.3220

C303. MANDIST

Bpruncirm BEKTOp B3BEHIEHHBIX BXOJOB Z, €CIW 3aJaHbl CIy4alHbIE MaTpULa

BecoB W pasmepa 4x3 u BekTop Bxona P pazmepa 3x1:

W = rand(4,3); P = rand(3,1);

Z = mandist (W, P)
7 =
1.1527
0.8322
0.5810
0.8248

PaccmoTpuMm ceTth ¢ Tomosioruei, [uis KOTOpPOM 3adaHa ciydailHas MaTpHla

koopauHat it 10 HelipOHOB B TPEXMEPHOM MPOCTPAHCTBE:
pos = rand(3,10);
figure (1), clf, plotsom(pos)
PaccunTaem maTpuily €BKIMAOBBIX PACCTOSHUN MEXKy HUMMU:
D
D =
Columns 1 through 4

0] 1.4762 1.2734 1.7250
1.4762 0 1.0259 1.1297

mandist (pos)
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1.2734 1.0259 0 0.4516
1.7250 1.1297 0.4516 0
1.0001 0.5871 0.9674 1.3264
1.5999 0.5968 0.7643 0.9726
1.5179 0.6554 0.9023 1.1435
1.9948 0.7160 1.1132 1.1711
1.2926 1.5432 0.5173 0.5361
1.0572 0.4190 0.7406 1.1921
Columns 5 through 8

1.0001 1.5999 1.5179 1.9948
0.5871 0.5968 0.6554 0.7160
0.9674 0.7643 0.9023 1.1132
1.3264 0.9726 1.1435 1.1711

0 0.8495 0.9874 1.1058

0.8495 0 0.2168 0.3950
0.9874 0.2168 0 0.5011
1.1058 0.3950 0.5011 0

1.4847 1.0976 1.0155 1.4925
0.2881 0.5613 0.6993 0.9376
Columns 9 through 10
1.2926 1.0572
1.5432 0.4190
0.5173 0.7406
0.5361 1.1921
1.4847 0.2881
1.0976 0.5613
1.0155 0.6993
1.4925 0.9376
0 1.2304
1.2304 0

C305. BOXDIST

IlycTe 3amaH MaccuB Cily4aWHBIX KOOpPAMHAT TPEXMEPHOTO IPOCTPAHCTBA, B

KOTOpBIX pa3menieHbl 10 HelpoHOB.

pos = rand(3,10);

figure(1l), clf, plotsom(pos)

TpebyeTcst BBIMMCIUTh MACCUB MAaKCUMAJIbHBIX KOOPIMHATHBIX CMEILEHUH MEXIy
STUMHU HEHPOHAMMU:

d = boxdist (pos)

d =
Columns 1 through 4
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0 0.3489 0.6079 0.6925

0.3489 0 0.7883 0.6322
0.6079 0.7883 0 0.2023
0.6925 0.6322 0.2023 0

0.5053 0.6620 0.6220 0.6318
0.6334 0.3989 0.7898 0.7598
0.4530 0.6334 0.1549 0.3527
0.6165 0.3256 0.6768 0.6865
0.3630 0.2419 0.8707 0.7146
0.5207 0.7011 0.6201 0.6299
Columns 5 through 8

0.5053 0.6334 0.4530 0.6165
0.6620 0.3989 0.6334 0.3256
0.6220 0.7898 0.1549 0.6768
0.6318 0.7598 0.3527 0.6865

0 0.6635 0.6192 0.5456

0.6635 0 0.7472 0.2296
0.6192 0.7472 0 0.6739
0.5456 0.2296 0.6739 0

0.7444 0.6407 0.7158 0.5675
0.2628 0.7026 0.6173 0.5006
Columns 9 through 10
0.3630 0.5207
0.2419 0.7011
0.8707 0.6201
0.7146 0.6299
0.7444 0.2628
0.6407 0.7026
0.7158 0.6173
0.5675 0.5006
0 0.7835
0.7835 0

C306. LINKDIST

ITycts 3amaH MaccHMB CIy4alHBIX KOOPIMHAT TPEXMEPHOTO IPOCTPAHCTBA, B
KOTOpbIX pa3menieHbl 10 HelipoHoB. TpeOyeTcs BBIYMCIUTH MAacCHB PACCTOSHUHN
CBSI3M MEXIY dTUMH HEUPOHAMH:

pos = rand(3,10);

figure(1l), clf, plotsom(pos)
d

linkdist (pos)
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Columns 1 through 7

0 1 1 1 1 1 1
1 0 1 1 1 1 1
1 1 0 1 1 1 1
1 1 1 0 1 1 1
1 1 1 1 0 1 2
1 1 1 1 1 0 1
1 1 1 1 2 1 0
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
Columns 8 through 10
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
0 1 2
1 0 1
2 1 0

(pyHKL;Mu HAKONJIeHU:

C307. NETSUM

Beraucante QyHKINMIO HAKOIUICHWS TMOTEHIMANA ISl CIACAYIOIIMX B3BEIICHHBIX

BXOJO0B:

z1 =112 4; 3 41]; 22 =1[-1 2 2; -5 -6 1];

N = netsum(Z1,Z2)
N =
0 4 6
-2 -2 2

BbruucnuTh (QyHKIMIO HaKOIUIEHUs ¢ y4eToM BekTopa cMmeuieHus b. ITockonbky
MaccuBbl Z1 u Z2 cOCTaBJICHBI U3 TPEX BEKTOPOB, TO C MOMOIIbIO (DYHKIIMHA CONCUr
JIOJKEH OBITh CO3/1aH MAacCHB U3 TPEX KOMHUM BEKTOpa CMEIEHUs b A TOro, 4ToObl

BCC pa3MCPHOCTH COBIIaaIN:

b = [0; -1]; N = netsum(Z1,2Z22,concur (b,size(21,2)))
N =

0 4 6

-3 -3 1
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Onpe,uenHM ABC BCCOBBIX MAaTpHUIIbI BXOAa AJId CJIOSA C TPEMA HeﬁpOHaMI/I:

zl = [0; 1; -1]1; 22 = [1; 0.5; 1.2];
Beruuciute BXxox HelipoHa N ¢ moMompio (QyHKIMHM netsum W 3aTeM HalTh

MMPONU3BOAHBIC 11O KAKAOMY U3 B3BCHICHHBIX BXOOB!:

N = netsum(Z1,Z2)

dN dzZl = dnetsum(Z1,N)
dN dzZ2 = dnetsum(Z2,N)
N =
1.0000
1.5000
0.2000
dN_dz1 =
1
1
1
dN_dz2 =
1
1
1

C309. NETPROD

Brerauciauts (1)yHKI_II/IIO HAKOIUICHUA JIA CIICAYIOIINX B3BCIICHHBIX BXOIOB:

z1=[12 4; 3 41]; 22 = [-1 2 2; -5 -6 1];

N = netprod(Z1,z2)
N

-1 4 8
-15 -24 1

BbrarcnuTh QyHKIMIO HAKOTUICHUS ¢ YYETOM BekTopa cMmemieHus b. ITockombky
MaccuBbl Z1 u Z2 cocTaBleHBl U3 TPEX BEKTOPOB, TO C MOMOLIbIO (YHKIIMH concur
JOJDKEH OBITh CO3/IaH MAaCCHUB M3 TPEX KOMUW BEKTOpA CMEIICHHS b 11 TOTO, 4TOOBI

BCC pa3MCPHOCTH COBIIAAAIN:

b = [0; -1]; N = netprod(Z1,Z2,concur (b,size(21,2)))
N =

0 0 0

15 24 -1

Ornpenenum 1Ba B3BEIICHHBIX BXOJIa JJISI CJIOSI C TPEeMsI HEHpOHAMU:

Zzl = [0; 1; -1]; 22 = [1; 0.5; 1.2];
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Boruuciute Bxoa HeiipoHa N ¢ momomisio (yHKIMHM netprod u 3areM HaiTu

IMPONU3BOAHBIC 110 KAXKAOMY M3 B3BCHICHHBIX BXOO0B!:
N = netprod(Z1,22); N'
dN dzZl = dnetprod(Z1l,N); dN dzl'
dN _dz2

dnetprod(Z2,N) ; dN_dz2'
ans =
0 0.5000 -1.2000
Warning: Divide by zero.
> In C:\MATLAB6P1\toolbox\nnet\nnet\dnetprod.m at line 43
ans =
NaN 0.5000 1.2000

ans =
0 1 -1

QyHKIIMY WHULUATU3AIUN

C310. INIT
CdopmupoBaTh TEpCenTpPOH C OJHUM HEUPOHOM, BXOJ KOTOPOTO HUMEET 2

3JIEMEHTA CO 3HaYeHHMSAMH B auamna3onax [0 1]u [ -2 2]:

net = newp ([0 1; -2 2], 1);
net.initFcn
net.layers{l}.initFcn
net.inputWeights{1l}.initFcn
net.biases{1l}.initFcn
ans =
initlay
ans =
initwb
ans =
initzero
ans =
initzero
BLIBG,I[GM 3HAYCHHA YCTAHOBJICHHBIX BECOB U CMeH_IeHI/II\/‘Ii
net.IW{1l,1}, net.b{1l}
ans =

0 0
ans =

0

OO0yuuM HepcenTpoH Ha CIASAYIONUX 00YJIAOIINX MHOKECTBAX
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P=[0101; 0011]; T=1[00O01];

net = train(net,P,T); net.IW{l,1}, net.b{l}
TRAINC, Epoch 0/100

TRAINC, Epoch 6/100

TRAINC, Performance goal met.

I[J'IH TOr0 YTOOBI BO3BpaTUTBCA K HA4YaJlbHBIM 3HAUCHHUSAM BCCOB U CMCIHCHHP'I,

XapaKTepHBIX IS JAHHOM CeTH, U MpeHa3HaYeHa GyHKIUA init :
net = init(net); net.IW{l,1}, net.b{l}

ans =

ans =

C314. INITZERO

HpI/ICBOI/ITB HYJICBBIC 3HAUCHUA MATPUILIC BECOB U BCKTOPY CMCUICHUSA IJId CJI0A C 5
HeﬁpOHaMH N BCKTOPOM BXOJa, 3JIEMCHTBI KOTOPOro IMPUHHMAIOT 3HAYCHUSA B

nuamazonax [0 1], [-2 2]:
W = initzero(5, [0 1; -2 2]), b = initzero(5, [1 1])

W =
0 0
0 0
0 0
0 0
0 0
b =
0
0
0
0
0

C315. MIDPOINT

[IpucBouTh HyJIEBbIE 3HAUEHUS MATPHUIIE BECOB U BEKTOPY CMEIICHHUS IS CJIOS C 5
HEWpOHAMU U BEKTOPOM BXOJla, 3JIEMEHThl KOTOPOTr0 NPUHUMAIOT 3HAYECHHS B

nuanazonax [0 1], [-2 2]:
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=
I

midpoint(5,[0 1; -2 2])

0.5000
0.5000
0.5000
0.5000
0.5000

o O O O O

C316. RANDS

Chopmupyem ¢ mnomompio (yHKIHA rands MacCUBBI CIIyYalHBIX BEIHMYUH

Pa3IMYHBIX Pa3MEPOB:

v = rands (4)
M = rands(2,3)
W = rands(4,[0 1; -2 2])
Vv =

0.9003

-0.5377

0.2137

-0.0280
M =

0.7826 -0.0871 0.6428

0.5242 -0.9630 -0.1106
=

0.2309 -0.6475

0.5839 -0.1886

0.8436 0.8709

0.4764 0.8338
C317. RANDNC
Cdopmupyem cydaitHbIi MacCUB M3 YE€THIPEX HOPMUPOBAHHBIX TPEXAIEMEHTHBIX

CTOJIOIIOB:

M = randnc(3,4)

-0.1499 -0.2452 -0.6491 0.2650
0.6575 0.5220 -0.5343 -0.5817
-0.7384 -0.8169 -0.5415 -0.7690

C318. RANDNR

Cozagum ciyyaiiHyl0 MaTpHIly M3 TPEX HOPMHPOBAHHBIX YETHIPEXIIEMEHTHBIX

CTpOK:
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=
I

randnr (3,4)

-0.6415 0.5715 0.4582 0.2278
0.5866 -0.0808 0.0598 0.8036
-0.0957 -0.1419 -0.5186 -0.8377

C318. INITCON
HavanbHble 3HaYCHUS CMELICHUN PACCUUTAEM JUIA CJIOS ¢ 5 HEHPOHAMM:

b
b

initcon (5)

13.5914
13.5914
13.5914
13.5914
13.5914

OyHKIMY afjanTaluy U 00ydeHus

Qyuxyuu aoanmayuu

C325. TRAINS

CoznaTh Ha OCHOBE MEPCENTPOHAa HEHPOHHYIO CETh C BEKTOPOM BXOJa U3 ABYX
AJIEMEHTOB CO 3HAUYCHUSMH W3 JHara3oHa [-2 2] v BEINOTHUTH aIallTUBHOE O0yUYeHUE,
WCIIONB3Ys (DYHKITUIO trains:

®opMHpOBaHUE NIEPCENTPOHA:
net = newp([-2 2;-2 2],1);

®opmMupoBaHue BEKTOPOB BXOJa U LIEIH:
P = {[2;2] [1;-2] [-2;2] [-1;1]}; T = {[O0] [1] [O] [11};

AJnlanTiBHOE 00yUY€HHE C UCTIOJIH30BAHUEM TPEX IIUKJIOB:
net.adaptFcn = 'trains'; net.adaptParam.passes = 3;

[net,a,e]=adapt(net,P,T); a
a =
O] [1] 0] [1]

Boixon cetw mocne ananTUBHOTO OOY4Y€HUS TOJHOCTHIO COBHAAAET C BEKTOPOM
LIEJICH.

CdopmupoBaTh TUHEHHYIO THHAMHYECKYI0 HEHPOHHYIO CETh C OJTHUM BBIXOJIOM,
nuHUen 3aaepxkku Ha Bxoje [0 1], nuana3oH u3MeHeHus 3JaeMeHTOB Bxona [-1 1] u
aganTUBHO OOy4HTH ee 3a 80 mpoxo10B ¢ mapameTpoM ckopoctr ooydenus 0.01.

DOpMUPOBAHUE CETH:
net = newlin([-1 1],1,[0 1],0.01);
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®opMHUpOBaHKE BEKTOPOB BX0/1a U LIETIH:
P1={0-1110-11001};T1={0-1021-10101};

AnanTtuBHOE 00y4eHHE:
net. trainFcn="'trains'; net.trainParam.passes = 80;

[net,TR]=train (net,P1,T1);

MOL[GJIHpOBaHI/IC CCTHU IIPU 3a1aHHOM BXOJC:
Y = sim(net,P1l); Y = [Y{:}]

Y =
Columns 1 through 4
0.0201 -0.9411 0.0282 1.9344
Columns 5 through 8
0.9732 -0.9411 0.0282 0.9732
Columns 9 through 10
0.0201 0.9813

Pesynprar MomenupoBaHuss OMM30K K Bekropy Ineneid. llpu  aTom

CpEeIHEKBaIpaTHIECKas OMMOKa COCTABIISIET

E

mse (Y-[T1{:}])

0.0015

Qyukyuu 0oOyuenus

C331. TRAINB

CdopmupoBaTh AMHAMUYECKYIO TUHEHHYIO HEHPOHHYIO CETh C OJHUM BBIXOJIOM,
nuHUEH 3aaepKku Ha Bxoje [0 1], nuamna3oH u3mMeHeHus dJaeMeHTOB Bxona [-1 1] u
aJanTuBHO 00yuuTh ee 3a 200 IUKIOB ¢ mapaMeTpoM ckopocTi ooyuenus 0.01.

DOopMUPOBAHHE CETH:
net = newlin([-1 1],1,[0 1],0.01);

®opmMupoBaHue BEKTOPOB BXOJa U LIEH:
PL={0-1110-11001};T1=4{({0-1021-10101};

['pynnoBoe o0yueHnue:

net. trainFcn="'trainb'; net.trainParam.epochs = 200;

[net,TR]=train(net,P1,T1);

TRAINB, Epoch 0/200, MSE 0.9/0.

TRAINB, Epoch 25/200, MSE 0.0999258/0.
TRAINB, Epoch 50/200, MSE 0.0146419/0.
TRAINB, Epoch 75/200, MSE 0.00216069/0.
TRAINB, Epoch 100/200, MSE 0.000318915/0.
TRAINB, Epoch 125/200, MSE 4.70722e-005/0.
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TRAINB, Epoch 150/200, MSE 6.94794e-006/0.
TRAINB, Epoch 175/200, MSE 1.02553e-006/0.
TRAINB, Epoch 200/200, MSE 1.5137e-007/0.
TRAINB, Maximum epoch reached.

Brinmoaaum MOZACIIMPOBAHUC CCTHU NTPHU 3aIlaHHOM BXOIC!:
Y = sim(net,P1l); Y = [Y{:}]

Y =
Columns 1 through 4
0.0002 -0.9994 0.0003 1.9993
Columns 5 through 8
0.9997 -0.9994 0.0003 0.9997
Columns 9 through 10
0.0002 0.9998

Pesynmbrar  mopmenupoBaHust OnmM30K K Bekropy —uenei.  Ilpm

CpCAHCKBAAPATHYICCKAA OIIIMOKA COCTABIIAET

E

mse (Y-[T1{:}])

E =
1.5137e-007

C334. TRAINC

9TOM

CdopmupoBaTh HEHPOHHYIO CE€Th Ha OCHOBE MEPCENTPOHA C OJHUM BBIXOAOM U

BEKTOPOM BXO/[1a U3 JABYX 3JIEMEHTOB, IPUHUMAIOIIMX 3HAUYEHUS B Auana3one [-2 2].

DopMUPOBAHUE CETH:
net = newp([-2 2; -2 2],1);

q)OpMI/IpOBaHI/Ie BCKTOPOB BXOJa U LCIIN:
P=[2 1-2-1; 2-2 2 11; T=[0 1 0 1];

O6yquI/Ie C HUKIIMYCCKUM IIPEACTABIICHUEM BXOda:
net. trainFcn="'trainc';

[net,TR]=train (net,P,T);

TRAINC, Epoch 0/100
TRAINC, Epoch 3/100
TRAINC, Performance goal met.

Brinoanum MOZACIIMPOBAHUC CCTU ITPHU 3aJIaHHOM BXOIC!:
Y = sim(net, P)

0 1 0 1

Haiinem 3HadyeHnst BECOB U CMEIICHMUS
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net.IW{1,1}, net.b{l}

ans =
-2 -3
ans =
1
C337. TRAINR

CdopmupoBaTh CaMOOPTaHU3YIONIYIOCS HEHPOHHYIO CETh MM pa3ficlieHus
BEKTOPOB BXOJla Ha JIBa KJjlacca. BEKTOpbI BXOAa COCTOSAT M3 ABYX AJIEMEHTOB CO
3HaueHussMu u3 auana3zoHa [0 1]. Cerb umeeT ABa BbIxoJa (IO YMCIY KJIACCOB) U
o0yd4aeTcst ¢ TOMOIIBI0 PYHKIIUH traint.

DOpMUPOBAHUE CETH:
clear, net = newc ([0 1; 0 1], 2);

®opMHpOBaHUE BEKTOPOB BXOA:

p=1[.1.8 .1 .9; .2 .9 .1 .8];

OOyueHue ¢ MUKITUIECKIM MPEACTaBICHUEM BXOA:
net. trainFcn ='trainr';
net = train(net,P);
TRAINR, Epoch 0/100
TRAINR, Epoch 25/100
TRAINR, Epoch 50/100
TRAINR, Epoch 75/100
TRAINR, Epoch 100/100
TRAINR, Maximum epoch reached.

BoimonHuM MozenupoBaHUE CETH, M 3HAUYEHUS BBIXOJA IpeoOpasyeM B HMHJIEKCHI

KJI1aCCOB:

Y = sim(net,P); Yc = vec2ind(Y)
Yc =
2 1 2 1

Tpaouenmusvie arcopummoi 00yyenus

C344. TRAINGD
3amanbl cAeAyONIMe 00yJaroIIre Mmocaea0BaTeIbHOCTH BX010B P u neneit T:
P=[012345]; T=[000111];
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ITockonbKy COOTBETCTBHE MEXAY BXOJOM M LIEJIBI0O HOCHUT SIBHO BBIPaKEHHBIN
HEJTMHEHHBIN XapakTep, TO OyJeM HCIOIb30BaTh HEHPOHHYIO CETh C HEJTWHEHWHBIMU
CUTMOUJANLHBIMA (YHKIIUSMU aKTHBAllMH. BbIOEpeM BYXCIONHYI HEHPOHHYIO
CeTh C MpsAMOM Mepenadeil curHaiga; B MEPBOM CIIO€ MCIIOIb3YyeM 2 HEWpoHa ¢
¢dyHKIMel akTUBaMyU tansig, a BO BTOpoM - 1 HelpoH ¢ ¢pyHkumel aktuBanuu logsig.
Jlst o0ydenwus ceTr mpuMeHUM GyHKIHIO traingd.

DOpMUPOBAHUE CETH:
net = newff ([0 5],[2 1],{'tansig',6 'logsig'},'traingd')

OOyuenwue cetu:
net.trainParam.epochs=1000; net.trainParam.show=50;
net. trainParam.goal = 0.01;
[net,TR] = train(net,P,T);
TRAINGD, Epoch 0/1000, MSE 0.015653/0.01, Gradient 0.0317272/1le-
010
TRAINGD, Epoch 50/1000, MSE 0.0151675/0.01, Gradient 0.0305964/1le-
010
TRAINGD, Epoch 10071000, MSE 0.0147153/0.01, Gradient
0.0295528/1e-010
TRAINGD, Epoch 150/1000, MSE 0.0142928/0.01, Gradient
0.0285863/1e-010
TRAINGD, Epoch 20071000, MSE 0.0138969/0.01, Gradient
0.0276881/1e-010
TRAINGD, Epoch 250/1000, MSE 0.0135251/0.01, Gradient 0.026851/1le-
010
TRAINGD, Epoch 300/1000, MSE 0.013175/0.01, Gradient 0.0260685/1e-
010
TRAINGD, Epoch 35071000, MSE 0.0128447/0.01, Gradient
0.0253352/1e-010
TRAINGD, Epoch 40071000, MSE 0.0125324/0.01, Gradient
0.0246461/1e-010
TRAINGD, Epoch 450/1000, MSE 0.0122366/0.01, Gradient
0.0239972/1e-010
TRAINGD, Epoch 500/1000, MSE 0.011956/0.01, Gradient 0.0233848/1le-
010
TRAINGD, Epoch 550/1000, MSE 0.0116892/0.01, Gradient
0.0228057/1e-010
TRAINGD, Epoch 600/1000, MSE 0.0114354/0.01, Gradient 0.022257/1e-
010
TRAINGD, Epoch 65071000, MSE 0.0111935/0.01, Gradient
0.0217363/1e-010
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TRAINGD, Epoch 700/1000, MSE 0.0109625/0.01, Gradient
0.0212413/1e-010

TRAINGD, Epoch 750/1000, MSE 0.0107419/0.01, Gradient
0.0207702/1e-010

TRAINGD, Epoch 800/1000, MSE 0.0105308/0.01, Gradient 0.020321/1le-
010

TRAINGD, Epoch 85071000, MSE 0.0103287/0.01, Gradient
0.0198922/1e-010

TRAINGD, Epoch 900/1000, MSE 0.0101349/0.01, Gradient
0.0194824/1e-010

TRAINGD, Epoch 937/1000, MSE 0.0099965/0.01, Gradient
0.0191906/1e-010

TRAINGD, Performance goal met.

BrinosHum MoaenupoBaHuE CETH:
Y
Y =
Columns 1 through 4
0.1034 0.0460 0.0968 0.8716
Columns 5 through 6
0.8966 0.8968

sim(net,P)

C346. TRAINGDA
3amanbl cAeAyONIMe 00yJaroIIre Mocaea0BaTeIbHOCTH BX010B P u neneit T:

clear, P=[01 23 45];, T=[000111];

ITockOIBKY COOTBETCTBHE MEXAY BXOJOM M LIEJIbI0 HOCHUT SIBHO BBIPAKEHHBIN
HEJTMHEWHBIN XapakTep, TO OyJeM HCIOIb30BaTh HEHPOHHYIO CETh C HEITWHEWHBIMU
CUTMOUJANBHBIME (YHKIUSMU aKTUBAllMU. BpiOepeM BYXCIONHYIO HEHpPOHHYIO
CeThb C MpsAMOI Iepenayell cuUrHaia; B IMEPBOM CJIO€ MCHOJIb3yeM 2 HEWpOHa C
byHKIMEH akTHBalMM tansig, a BO BTOPOM - | HEHpoH ¢ (GyHKIMEH aKTHBAINH
logsig. lnst o0y4yenus cetu mpuMeHUM (QyHKIuIo traingda.

DopMUPOBAHUE CETH:
net = newff ([0 5],[2 1],{'tansig',6 'logsig'},'traingda')
OOyuenwue cetu:

net. trainParam.epochs = 500; net.trainParam.goal = 0.01;

[net,TR] = train(net,P,T); grid on

TRAINGDA, Epoch 0/500, MSE 0.428879/0.01, Gradient 0.133123/1e-006
TRAINGDA, Epoch 25/500, MSE 0.419751/0.01, Gradient 0.143599/1e-
006
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TRAINGDA, Epoch 50/500, MSE 0.379232/0.01, Gradient 0.169519/1e-
006

TRAINGDA, Epoch 75/500, MSE 0.0778148/0.01, Gradient 0.110517/1e-
006

TRAINGDA, Epoch 100/500, MSE 0.033615/0.01, Gradient 0.0718189/1e-
006

TRAINGDA, Epoch 125/500, MSE 0.0209789/0.01, Gradient 0.074307/1le-
006

TRAINGDA, Epoch 150/500, MSE 0.0141581/0.01, Gradient
0.0685576/1e-006

TRAINGDA, Epoch 167/500, MSE 0.00993758/0.01, Gradient
0.0257991/1e-006

TRAINGDA, Performance goal met.

BreiBenem rpaduk u3MeHEHHs TapameTrpa CKOPOCTHM HACTPOWKH B Ipolecce

o0y4YeHus:
figure (2), clf, plot(TR.1lr, 'LineWidth',2), grid on
title('llapaMeTp CKOPOCTM HaCTPOMKM')

xlabel ('Uncno uMKIIOB')

Brmomaum MOJCINPOBAHUC CCTU!

Y = sim(net,P)

Y =
Columns 1 through 4
0.0216 0.0303 0.1558 0.8271
Columns 5 through 6
0.9506 0.9596

C348. TRAINGDM
3amanbl cIeAyONIMe 00yJaroIIre Mocaea0BaTeIbHOCTH BX010B P u neneit T:

clear, P=[0123 45];,; T=[000111];

[TockonbKy COOTBETCTBHE MEXAY BXOJOM U LIEIBI0O HOCUT SIBHO BbIPaKEHHBIN
HEJIMHEWHBIN XapakTep, To OyJeM HCIOJb30BaTh HEUPOHHYIO CETh C HEIHMHEWHBIMU
CUTMOUJANBHBIME  (QYHKIUSMU aKTUBallMU. BpiGepeM [BYXCIIONHYI0O HEHpOHHYIO
CeThb C MNPsAMOHM Iepenayeil CUrHajia; B IEPBOM CJIO€ MCHOJIb3yEM 2 HEWpOHa C
dbyHKIMEH akTUBaMM tansig, a BO BTOPOM - | HEHpOH ¢ (QyHKIMEH aKTHUBAIMH
logsig. lns oOydyeHus cetu mpuMeHHM (YHKIMIO traingdm M yBETUYHUM Mapamerp
ckopocTu HacTpouku 10 0.1.

DOpMUPOBAHUE CETH:

net = newff ([0 5],[2 1],{'tansig',6 'logsig'},'traingdm') ;
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OOyuenwue cetu:

net. trainParam.epochs = 500; net.trainParam.goal = 0.01;
net.trainParam.lr = 0.1;

[net,TR] = train(net,P,T);

TRAINGDM, Epoch 0/500, MSE 0.394818/0.01, Gradient 0.718973/1e-010
TRAINGDM, Epoch 25/500, MSE 0.0108355/0.01, Gradient 0.024793/1le-
010

TRAINGDM, Epoch 50/500, MSE 0.0103841/0.01, Gradient 0.0266315/1e-
010

TRAINGDM, Epoch 59/500, MSE 0.00994986/0.01, Gradient
0.0249995/1e-010
TRAINGDM, Performance goal met.

Brinosnum MoaenupoBaHue CETH:
Y = sim(net,P)
Y =
Columns 1 through 4
0.0741 0.0436 0.1312 0.8831
Columns 5 through 6
0.8964 0.8965

C351. TRAINGDX

3amanbl CAeAyONIME 00yJaroIIre MocaeA0BaTeIbHOCTH BX010B P u neneit T:

P=[012345]; T=[000111];

[TockonbKy COOTBETCTBHE MEXKIY BXOAOM U LIEIbI0 HOCUT SIBHO BbIPAXKEHHBIN
HEJTMHEWHBIN XapakTep, TO Oy/JeM HCIOIb30BaTh HEHPOHHYIO CETh C HEJTWHEWHBIMU
CUTMOMJAIbHBIMU (DYHKIMSIMHM aKTHBaLUHU. BpiGepeM ABYyXCIOWHYI0 HEMPOHHYIO
CeTb C NPsAMOW Tepenadeil CUrHajia; B MEPBOM CIIOE HMCIONB3yeM 2 HEHpoHa C
byHKIMeH akTUBaluy tansig, a BO BTOpoM - | HelpoH ¢ QpyHkIuen akTuBammu logsig.
Jnst o0y4yeHus cetu npuMeHNM QyHKIHIo traingdx.
dopMUpOBaHUE CETH:

net = newff ([0 5],[2 1],{'tansig',6 'logsig'},'traingdx')

OOyuenue ceTu:

net. trainParam.epochs = 500; net.trainParam.goal = 0.01;

[net,TR] = train(net,P,T);

TRAINGDX, Epoch 0/500, MSE 0.416432/0.01, Gradient 0.61579/1e-006
TRAINGDX, Epoch 25/500, MSE 0.30052/0.01, Gradient 0.457879/1e-006

127



Notebook "Heuponnvie cemu”

TRAINGDX, Epoch 50/500, MSE 0.125779/0.01, Gradient 0.353204/1le-
006

TRAINGDX, Epoch 75/500, MSE 0.0136136/0.01, Gradient 0.0293882/1e-
006

TRAINGDX, Epoch 90/500, MSE 0.00995653/0.01, Gradient
0.0227043/1e-006
TRAINGDX, Performance goal met.

BLIBGI[CM l"pa(l)I/IK HU3MCHCHUA TITapaMeTpa CKOPOCTU HaCTpOﬁKH B IIponecce
O0ydYeHUS:

figure(2), clf, plot(TR.lr, 'LineWidth',2), grid on

title ('llapaMeTp CKOPOCTM HACTPOMKM')

xlabel ('Uucno umxiIoB')

Brmonanm MOJCIMPOBAHUC CCTU:

Y = sim(net,P)

Y =
Columns 1 through 4
0.0796 0.0404 0.1178 0.8777
Columns 5 through 6
0.8928 0.8929

C353. TRAINRP

3anaHbl ciaeayrolme o0yJaroue nocienoBaTenbHoCcTH BXxo10B P u neneit T:
P=[012345], T=[00O0111]1;

ITockonbKy COOTBETCTBHE MEXAY BXOJOM M LIEJIBI0O HOCHUT SIBHO BBbIPAKECHHBIN
HEJTMHEHHBIN XapakTep, TO OyJeM HCIOIb30BaTh HEHPOHHYIO CETh C HEJIWHEHWHBIMU
CUTMOUJANGHBIMA (YHKIIUSMU aKTHBAIlMH. BbIOEpeM BYXCIOHHYI HEHPOHHYIO
CeTh C MpsAMOM Mepenadeil curHaia; B MEPBOM CIIO€ MCIIOIb3YyeM 2 HEWpoHa ¢
¢dbyHKIMel akTWBalUM tansig, a BO BTOpPOM - | HEeWpoH ¢ ¢yHKUMEH aKTUBAILUH
logsig. [{ns oOy4eHus: ceTu mpuMeHUM (YHKIHIO trainrp.

DOpMUPOBAHUE CETH:
net = newff ([0 5],[2 1],{'tansig',6 'logsig'},'trainrp');
OOyuenwue cetu:
net.trainParam.epochs = 50; net.trainParam.show = 10;
net. trainParam.goal = 0.01;

[net,TR] = train(net,P,T);

TRAINRP, Epoch 0/50, MSE 0.46999/0.01, Gradient 0.140837/1e-006
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TRAINRP, Epoch 9/50, MSE 0.00869996/0.01, Gradient 0.0321288/1le-
006
TRAINRP, Performance goal met.

Brinosnum MoaenupoBaHue CETH:

Y

sim(net,P)

Y =
Columns 1 through 4
0.0365 0.0340 0.0686 0.8333
Columns 5 through 6
0.9065 0.9079

Aneopummol Memooa cOnpANCeHHbIX 2pAOUEHMO8

C356. TRAINCGF

3anaHbl ciaeayrolme o0yJaroue nocienoBaTenbHoCTH BXo10B P u neneit T:

P=[012345]; T=[000111];

[TockonabKYy COOTBETCTBHE MEXIY BXOJOM M IIEJIbI0 HOCHUT SIBHO BBIPAKEHHBIN
HEJTMHEHHBIN XapakTep, TO OyJeM HCIOIb30BaTh HEHPOHHYIO CETh C HEJWHEWHBIMU
CUTMOUJANGHBIMA (YHKIIUSMU aKTHBAIlMH. BbIOEpeM NBYXCIONHYIO HEHPOHHYIO
CeTh C MpPsAMOM Mepenadeil curHaia; B MEPBOM CIIO€ MCIIOIb3YyeM 2 HEWpoHa ¢
¢dbyHKIMeH akTWBalUM tansig, a BO BTOpPOM - | HeWpoH ¢ (yHKUMEH aKTUBAIUH
logsig. [{ns oOydeHus: cet npuMeHUM GyHKIuo traincgf.

DOpMUPOBAHUE CETH:

net = newff ([0 5],[2 1],{'tansig',6 'logsig'},'traincgf')

OOyuenwue cetu:

net.trainParam.epochs = 50; net.trainParam.show = 10;
net. trainParam.goal = 0.001;

[net,TR] = train(net,P,T); grid on

TRAINCGF-srchcha, Epoch 0/50, MSE 0.165524/0.001, Gradient
0.293981/1e-006
TRAINCGF-srchcha, Epoch 6/50, MSE 0.000964101/0.001, Gradient
0.00271925/1e-006
TRAINCGF, Performance goal met.

Brinosnum MoaenupoBaHue CETH:

Y

sim(net,P)
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Columns 1 through 4

0.0077 0.0121 0.0524 0.9579
Columns 5 through 6

0.9760 0.9780

C358. TRAINCGP

3anaHbl ciaeayrome o0yJaromue nocienoBaTenbHoCTH BXxo10B P u neneit T:

P=[012345]; T=[000111];

[TockonbKYy COOTBETCTBHE MEXIY BXOJIOM M IEJIbI0 HOCHUT SIBHO BBIPAYKEHHBIN
HEJTMHEHHBIN XapakTep, TO OyJeM HCIOIb30BaTh HEHPOHHYIO CETh C HEJWHEHWHBIMU
CUTMOUJANGHBIMA (YHKIIUSIMU aKTHBAIlMH. BbIOEpeM BYXCIONHYIO HEHPOHHYIO
CeTh C MpsAMOM Mepenadeil curHaia; B MEPBOM CIOE MCIOIb3YyeM 2 HEWpoHa ¢
¢dbyHKIMEH akTWBalUM tansig, a BO BTOpPOM - | HEHpoH ¢ (yHKUMEH aKTUBAIUH
logsig. [{ns oOydeHus: cetu npuMeHUM (QYHKITHIO traincgp.

DOpMUPOBAHUE CETH:

net = newff ([0 5],[2 1],{'tansig',6 'logsig'},'traincgp')
OOyuenwue cetu:

net.trainParam.epochs = 50; net.trainParam.show = 10;

net. trainParam.goal = 0.001;

[net,TR] = train(net,P,T); grid on

TRAINCGP-srchcha, Epoch 0/50, MSE 0.394041/0.001, Gradient
0.721591/1e-006

TRAINCGP-srchcha, Epoch 4/50, MSE 0.00026955/0.001, Gradient
0.00334169/1e-006
TRAINCGP, Performance goal met.

Brinosnum MoaenupoBaHue CETH:

Y

sim(net,P)

Y =
Columns 1 through 4
0.0062 0.0051 0.0374 0.9912
Columns 5 through 6
0.9938 0.9938

C361. TRAINCGB

3amanbl CAeAyONIME 00yJaroIIre MocaeA0BaTeIbHOCTH BX010B P u neneit T:

P=[012345]; T=[000111];
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ITockonbKy COOTBETCTBHE MEXAY BXOJOM M LIEJIBI0O HOCHUT SIBHO BBIPaKEHHBIN
HEJTMHEHHBIN XapakTep, TO OyJeM HCIOIb30BaTh HEHPOHHYIO CETh C HEJTWHEHWHBIMU
CUTMOUJANLHBIMA (YHKIIUSMU aKTHBAllMH. BbIOEpeM BYXCIONHYI HEHPOHHYIO
CeTh C MpsAMOM Mepenadeil curHaiga; B MEPBOM CIIO€ MCIIOIb3YyeM 2 HEWpoHa ¢
¢byHKIMeH akTWBalUM tansig, a BO BTOpPOM - | HEHpoH ¢ (yHKUMEH aKTUBAIUH
logsig. [{ns oOydeHus: cetu npuMeHuM (yHKIHIO traincgb.

DOpMUPOBAHUE CETH:
net = newff ([0 5],[2 1],{'tansig',6 'logsig'},'traincgb')
OOyuenwue cetu:
net.trainParam.epochs = 50; net.trainParam.show = 10;
net. trainParam.goal = 0.001;

[net,TR] = train(net,P,T); grid on

TRAINCGB-srchcha, Epoch  0/50, MSE 0.42501/0.001, Gradient
0.558356/1e-006

TRAINCGB-srchcha, Epoch 4/50, MSE 0.00025582/0.001, Gradient
0.00131645/1e-006

TRAINCGB, Performance goal met.

BrinosHuM MoaenupoBaHue CETH:
Y
Y =
Columns 1 through 4
0.0151 0.0150 0.0323 0.9950
Columns 5 through 6
0.9977 0.9977

sim(net,P)

C363. TRAINSCG

3amansl crneayionme o0yJaromue IociIeJ0BaTeIbHOCTH BX010B P u neneit T:
P=[012345]; T=[000111];

[TockonbKy COOTBETCTBHE MEXKIY BXOJOM W IEIbI0 HOCUT SIBHO BBIPAYKCHHBIN
HEJTMHEHHBIN XapakTep, TO OyJeM HCIOIb30BaTh HEHPOHHYIO CETh C HEIHMHEHHBIMU
CUTMOMJAILHBIMUA (DYHKIMSIMH aKTHBAallMU. BpiOepeM ABYXCIOWHYI0 HEHPOHHYIO
CeTh C MpAMOW IepeAadell CUTHalA; B TNEPBOM CIIOE HCIONB3yeM 2 HEHpoHa C
byHKIMEH akTUBaMyU tansig, a BO BTOPOM - 1 He#poH ¢ ¢pyHKImel akTuBanuu logsig.
Jlns oOydenus cetu mpuMeHuM (QyHKIUIO trainscg.

DOopMUPOBAHUE CETH:

net = newff ([0 5],[2 1],{'tansig', 'logsig'},'trainscg');
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OOyuenwue cetu:

net. trainParam.epochs = 50; net.trainParam.show = 10;
net. trainParam.goal = 0.001;

[net,TR] = train(net,P,T); grid on

TRAINSCG, Epoch 0/50, MSE 0.184004/0.001, Gradient 0.345587/1e-006
TRAINSCG, Epoch 10/50, MSE 0.00179225/0.001, Gradient
0.00384079/1e-006

TRAINSCG, Epoch 12/50, MSE 0.000755243/0.001, Gradient
0.00273395/1e-006

TRAINSCG, Performance goal met.

Breimonaum MOJCINPOBAHUC CCTU:

Y = sim(net,P)

Y =
Columns 1 through 4
0.0077 0.0129 0.0381 0.9526
Columns 5 through 6
0.9820 0.9830

Keaszunvromonosuol aneopummbl 06y’{€HZ/I}l

C365. TRAINBFG

3anaHbl ciaeayrome o0yJaroue nocienoBaTenbHoCTH BXxo10B P u neneit T:

P=[012345]; T=[000111];

[TockonbKYy COOTBETCTBHE MEXIY BXOJIOM M IIEJIbI0 HOCHUT SIBHO BBIPAKEHHBIN
HEJTMHEHHBIN XapakTep, TO OyJeM HCIOIb30BaTh HEHPOHHYIO CETh C HEJIWHEWHBIMU
CUTMOUJANGHBIMA (YHKIIUSMU aKTHBAIlMH. BbIOEpeM BYXCIONHYIO HEHPOHHYIO
CeTh C MpsAMOM Mepenadeil curHaia; B MEPBOM CIIO€ MCIIOIb3YyeM 2 HEWpoHa ¢
¢byHKIMel akTUBalUM tansig, a BO BTOpPOM - | HeWpoH ¢ (yHKUMEH aKTUBAIUH
logsig. [{ns oOy4eHus: cetu npuMeHUM GyHKIHIO trainbfg.

DOpMUPOBAHUE CETH:

net = newff ([0 5],[2 1],{'tansig',6 'logsig'},'trainbfg')

OOyuenwue cetu:

net.trainParam.epochs = 50; net.trainParam.show = 10;
net. trainParam.goal = 0.0001;

[net,TR] = train(net,P,T); grid on
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TRAINBFG-srchbac, Epoch 0/50, MSE 0.475987/0.0001, Gradient
0.339126/1e-006

TRAINBFG-srchbac, Epoch 10/50, MSE 0.00426485/0.0001, Gradient
0.0770971/1e-006

TRAINBFG-srchbac, Epoch 13/50, MSE 5.71314e-006/0.0001, Gradient
0.000107212/1e-006

TRAINBFG, Performance goal met.

Breimmonaum MOJCINPOBAHUC CCTU:

Y sim(net,P)
Y =
Columns 1 through 4
0.0000 0.0000 0.0006 0.9944
Columns 5 through 6
0.9989 0.9990

C368. TRAINOSS

3amanbl CAeAYONIME 00yJaroIIre Mocaea0BaTeIbHOCTH BX010B P u neneit T:

P=[012345]; T=[000111];

ITockOIbKY COOTBETCTBHE MEXAY BXOJOM M LIEJIbI0 HOCUT SIBHO BBIPAKEHHBIN
HEJTMHEWHBIN XapakTep, TO OyJeM HCIOIb30BaTh HEHPOHHYIO CETh C HETWHEWHBIMU
CUTMOUAANBHBIME  (YHKIUSMU aKTUBAllMU. BpiOepeM BYXCIOIHYIO HEHPOHHYIO
CeTh C MpsSMOM Tepenaueil CUTHalla; B TEPBOM CJIO€ HCHOJb3yeM 2 HEWpoHa C
byHKIMEH akTHBalMM tansig, a BO BTOPOM - | HEHpoH ¢ (GyHKIMEH aKTHBAINH
logsig. lnst 00y4yeHus cetTn mpuMeHNM (DYHKITHIO trainoss.

DopMHUPOBAHUE CETHU:

net = newff ([0 5],[2 1],{'tansig', 'logsig'},'trainoss');

OOyuenwue cetu:

net. trainParam.epochs = 50; net.trainParam.show = 10;
net. trainParam.goal = 0.0001;

[net,TR] = train(net,P,T); grid on

TRAINOSS-srchbac, Epoch 0/50, MSE 0.468812/0.0001, Gradient
0.199095/1e-006
TRAINOSS-srchbac, Epoch 10/50, MSE 0.0080093/0.0001, Gradient
0.116508/1e-006
TRAINOSS-srchbac, Epoch 20/50, MSE 0.00339965/0.0001, Gradient
0.0136916/1e-006
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TRAINOSS-srchbac, Epoch 26/50, MSE 4.15302e-005/0.0001, Gradient
0.000220306/1e-006
TRAINOSS, Performance goal met.

Brinosnum MoaenupoBaHue CETH:

Y

sim(net,P)

Y =
Columns 1 through 4
0.0002 0.0002 0.0031 0.9875
Columns 5 through 6
0.9935 0.9936

C370. TRAIMLM

3amanbl CAeAyONIMe 00yJaroIIre MocaeA0BaTeIbHOCTH BX010B P u neneit T:

P=[012345];,; T=[000111];

ITockOIBKY COOTBETCTBHE MEXAY BXOJOM M ILIEJIbI0 HOCHUT SIBHO BBIPAKEHHBIN
HEJTMHEWHBIN XapakTep, TO OyJeM HCIOIb30BaTh HEHPOHHYIO CETh C HEJTWHEWHBIMU
CUTMOUJANBHBIME (YHKIIUSMU aKTUBAllMU. BpiOepeM BYXCIONHYIO HEHPOHHYIO
CeTh C MpsSMOW Tepenauell CUTHalla; B TEPBOM CJIO€ HCHOJb3yeM 2 HEWpoHa C
byHKIMEH akTHBalMM tansig, a BO BTOPOM - | HEHpoH ¢ (GyHKIMEH aKTHBAINH
logsig. lnst o0y4yeHns cetn npuMeHNM (QyHKIUIO trainlm.
®opMHUpPOBAHUE CETHU:

net = newff ([0 5],[2 1],{'tansig',6 'logsig'},'trainlm')

OOyuenwue cetu:

net. trainParam.epochs = 50; net.trainParam.show = 10;
net. trainParam.goal = 0.0001;

[net,TR] = train(net,P,T); grid on

TRAINLM, Epoch 0/50, MSE 0.463676/0.0001, Gradient 1.60204/1e-010
TRAINLM, Epoch 10/50, MSE 0.000125314/0.0001, Gradient
0.00115041/1e-010

TRAINLM, Epoch 11/50, MSE 1.68681e-005/0.0001, Gradient
0.000171152/1e-010

TRAINLM, Performance goal met.

JIaHHBIF aJArOpUTM WMEET aJaNTHUBHBIA MapaMeTp mu, H3MEHEHHE KOTOPOIro
MMOCTPOCHO B BUjIE Ipaduka:

figure(2), clf, plot(TR.mu, 'LineWidth',2), grid on
title ('llapamMeTp agmanTauumm')
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xlabel ('Unucno umxioB')

Breimmonaum MOJCINPOBAHUC CCTU:

Y

sim(net,P)

Y =
Columns 1 through 4
0.0006 0.0006 0.0049 0.9924
Columns 5 through 6
0.9970 0.9970

C373. TRAINBR

PaccmoTpuMm 3ajmady anmpoKCHMMAalUMM CUHYCOMJAJIBHOW (YHKLMH, KOTOpas
3alIyMJIeHa HOPMAJIbHO PacipeeIeHHBIM IIyMOM:

P=[-1:.05:1]; T = sin(2*pi*P) + 0O.l*randn(size(P));

Cdhopmupyem ams penieHns 3Toi 3a1a4u IBYXCIOWHYIO HEHPOHHYIO CETh MPSIMON
nepefayu curHana. Bxoj cetw mpuHHMMaeT 3HaueHHMs B aAuamnazoHe ot —1 mo 1.
[lepBorit cnoit umeer 20 HEWpOHOB ¢ (QYHKIMEH aKTUBAIMH tansig, BTOPOM ciioi
UMeeT OIWH HeWpoH ¢ (yHkumel aktuBammu purelin . B kxadectBe oOyuaromieit
UCTIONB3yeM (YHKIHIO trainbr.

DopMUpPOBaHUE CETU
net = newff([-1 1],[20,1],{'tansig’', 'purelin'}, 'trainbr')
OOyuenwue cetu:

net. trainParam.epochs = 50; net.trainParam.show = 10;

net = train(net,P,T); grid on

TRAINBR, Epoch  0/50, SSE  35.495/0, SSW  21461.6, Grad
6.54e+001/1.00e-010, #Par 6.10e+001/61

TRAINBR, Epoch 10/50, SSE 0.165045/0, SSW 3033.99, Grad 2.17e-
001/1.00e-010, #Par 2.94e+001/61

TRAINBR, Epoch 20/50, SSE 0.186866/0, SSW 1579.57, Grad 3.73e-
001/1.00e-010, #Par 2.56e+001/61

TRAINBR, Epoch 30/50, SSE 0.202243/0, SSW 988.328, Grad 1.13e-
001/1.00e-010, #Par 2.24e+001/61

TRAINBR, Epoch 40/50, SSE 0.215021/0, SSW 677.114, Grad 4.84e-
002/1.00e-010, #Par 1.99e+001/61

TRAINBR, Epoch 50/50, SSE 0.226781/0, SSW 389.632, Grad 1.32e-
001/1.00e-010, #Par 1.64e+001/61

TRAINBR, Maximum epoch reached.
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BrimoHM MoieTupoBaHue CETH M IIOCTPOUM TpadUKH UCCIEeTyeMbIX (PYHKITUN
Y = sim(net,P);
figure(2), clf, hl=plot(P,Y, 'LineWidth',2);
hold on, set(hl,'Color',[1/2,1/2,0])
plot(P,T, '+r',6 'MarkerSize', 6, 'LineWidth',2), grid on

legend ('srxoxn', 'Bxon')

@yHKZ/;Z/H/l OYEeHKU Kadecmea 05y’{€Hu}l

C377. SSE

[Tomyunm nHOpPMALIHIO O JTaHHON (PYHKIINH U €€ TIPOU3BOIHOM:
sse('name'), sse('deriv'), sse('pnames')

ans =

Sum squared error
ans =
dsse
ans =

8

Chopmupyem  ABYXCNOWHYI0 HEMpPOHHYIO CeTh MpSIMON  mepeaayu

OJIHOZJIEMEHTHBIM BXOJ0M, U3MEHsoIMUMcA B auamna3one [—10 10], kotopas umeert 4

CKpBITHIX HEHpOHA ¢ (pyHKIMEH akTHBalUK tansig 1 1 HEWpOH Ha BbIXOJIE C (PyHKIUEH

akTuBaruu purelin :

net = newff([-10 10],[4 1],{'tansig’', 'purelin'});

3aganuM BEKTOPBI BXO/A U LieNen
P=1[-10-50510]; T=[0011 1];
[TpoMogenupyeM UCXOAHYIO HEHPOHHYIO CETh U BEIYUCIUM €€ OIIHOKY
Y = sim(net, P); E = T-Y
E =
Columns 1 through 4
-1.5958 -1.1879 1.3390 1.7340
Column 5
2.6642
Brruuciaum GyHKIIMOHA KauyecTBa Sse

net.performFcn = 'sse'; perf = sse(E)

perf =
15.8554
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Tenepb BHIYUCIUM TPaIMEHTHI (PYHKIIMOHATA KaYeCTBa.

['pamuenT QyHKIIMOHANIA TTO BEKTOPY OIIMOKH BBIYHCIISICTCS CICTYIONIUM 00pa3oM

dPerf dE = dsse('e',/E)

dPerf_dE
Columns 1 through 4
-3.1916  -2.3757 2.6779 3.4681
Column 5
5.3284

Jns  BelUMCIEHMN TrpaaveHTa (yHKIMOHANa 1O BEKTOPY HacTpauBaeMBbIX

napaMeTpoB chOpMUPYEM 3TOT BEKTOP, KOTOPBIH 0OBEAMHSAET BECa U CMEILICHHUS CETH

X = [net.IW{l}; net.b{1l}]"'

X =
Columns 1 through 4
0.5600 -0.5600 0.5600 0.5600
Columns 5 through 8
-5.6000 1.8667 1.8667 5.6000
['paguent GyHKIMOHANIA TIO BEKTOPY MapamMeTpoB

dPerf dX = dsse('x',E, X)

dPerf _dX =
Columns 1 through 7
0 0 0 0 0 0 0
Column 8
0

DTOT rpalueHT pPaBeH HYJIEBOMY BEKTODPY, MOCKOJbKY (DYHKLIHMOHAJ KayecTBa HE

3aBHICHT SIBHBIM 00Pa30M OT MapaMeTpPOB CETH.

C378. MSE
[Tonmyunm nHbOpMAIHIO O TaHHOK (QYHKINU U €€ TIPOU3BOIHOM:

mse('name'), mse('deriv'), mse('pnames')

ans =
Mean squared error
ans =
dmse
ans =

O
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Chopmupyem  AByXCNOWHYIO HEMpPOHHYIO CeTh MpsSAMOHl  mepemadn ¢
OJIHOZJIEMEHTHBIM BXOJO0M, U3MEHsoMMMcA B auamna3one [—10 10], kotopas umeert 4
CKpBITHIX HEHpOHA ¢ (pyHKIMEH akTHUBaluy tansig 1 1 HeWpOH Ha BbIXoJIE C (PyHKIUEH

akTuBaruu purelin :
net = newff([-10 10],[4 1],{'tansig’', 'purelin'});
3aganuM BEKTOPBI BXO/A U LieNen
P=[-10-50510]; T=[00111];
[TpomoaenupyemM UCXOAHYIO HEMPOHHYIO CETh M BHIUMCIIUM €€ OIUOKY

Y = sim(net, P); E = T-Y

E =
Columns 1 through 4
0.8520 0.8881 2.1218 3.0940
Column 5
2.2752
Bbruncium GyHKIMOHAT KauecTBa mse
net.performFcn = 'mse'; perf = mse (E)
perf =
4.1533

Tenepb BHIYUCIUM I'paiueHTH! (PYHKIMOHAIA KaYyecTBa.
Jlsist BEIYUCIICHHSI TPAIHEHTOB C(HOPMUPYEM BEKTOP HACTPAMBAEMBIX ITapaMETPOB

(Beca u cMmenieHus):
X = [net.IW{1l}; net.b{1}]"
['paguenTt GyHKIMOHANIA IO BEKTOPY OIMIMUOKU BBIYUCISETCS CIEAYIOMUM 00pa3oM
dPerf dE = dmse('e',E,X,perf)
dPerf _dE =
Columns 1 through 4
0.3408 0.3553 0.8487 1.2376
Column 5
0.9101
['pamueHT QyHKIIMOHANA TTO BEKTOPY HACTPAUBAEMbBIX MTAPAMETPOB:

dPerf dX = dmse('x', E, X)

dPerf _dX =
Columns 1 through 7
0 0 0 0 0 0 0
Column 8
0
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OTOT IpaJMeHT PaBEH HYJEBOMY BEKTOPY, MOCKOJIbKY (DYHKIIMOHAI KayecTBa HE

3aBHCHT SIBHBIM 00Pa30M OT IMapaMeTPOB CETH.

C379. MSEREG

[Tomyunm nHMOPMALIHIO O TaHHON QYHKIIMH U €€ MPOU3BOIHOMN

msereg('name') , msereg('deriv'), msereg ('pnames'),
msereg ('pdefaults')

ans =

Mean squared error with regularization

ans =
dmsereg
ans =

"ratio”
ans =

ratio: 0.9000

OTO eAMHCTBEHHBIN (YHKIMOHAl KadecTBa, KOTOPBI COCTOMT U3 JBYX
CJIaraeMBIX: CPEIHEKBAAPATUICCKON OMIMOKU ¢ BECOM ratio m mrpadHOi (yHKIUH,
OLICHHBAaEeMOM CYMMOI KBaJpaToOB BECOB M CMEIICHHI ¢ BecoM 1-ratio.

Chopmupyem  ABYXCNOWHYIO HEHpPOHHYIO CETh MpSIMOH  mepemadm ¢
OJIHORJIEMEHTHBIM BXOJOM, U3MeEHsomuMcs B aAunana3zone [—10 10], koropas umeer 4
CKpBITBIX HEHpOHA ¢ (PYHKIMEH aKTHBAaNWK tansig 1 1 HEWpOH Ha BBIXOJE C (PyHKITHEH
aKTuBaluu purelin:

net = newff([-10 10],[4 1],{'tansig', 'purelin'});

3aganuM BEKTOPHI BXO/A U Lienen

P=[-10-50510];, T=[00111];

[Ipomonenupyem UCXOAHYIO HEHPOHHYIO CETh U BHIYUCIIMM €€ OLITHOKY
Y
E =
Columns 1 through 4
-1.9956 -1.7524 0.0534 0.9007
Column 5
1.2061

sim(net, P); E = T-Y

Bbruncnum ¢yHKIMOHAT KauecTBa msereg

net.performFcn = 'msereg'; net.performParam.ratio = 0.9;

perf msereg (E,net)

perf =
2.2333
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Tenepb BHIYUCIUM TPaIMEHTHI (PYHKIIMOHATA KaYeCTBa.

Jyist BEIYUCIIEHHSI TPAIUEHTOB C(HOPMUPYEM BEKTOP HACTPAMBAEMBIX TapaMETPOB
(Beca u cmenieHus):

X = [net.IW{l}; net.b{1l}]"'

X =
Columns 1 through 4
0.5600 -0.5600 0.5600 0.5600
Columns 5 through 8
-5.6000 1.8667 1.8667 5.6000

['panuenT yHKIIMOHANA IO BEKTOPY OIIMOKH BBIUUCIAETCS CIEAYIOIMINUM 00pa3oM
dPerf dX = dmsereg('e',E,X,perf,net.performParam)
dPerf _dX =
Columns 1 through 4
-0.7184 -0.6309 0.0192 0.3243
Column 5
0.4342

I'paguent ¢yHKIMOHANIA IO BEKTOPY MapaMeTpoB

dPerf dX = dmsereg('x',E,X,perf,net.performParam)

dPerf _dX =
Columns 1 through 4
-0.0140 0.0140 -0.0140 -0.0140
Columns 5 through 8
0.1400 -0.0467 -0.0467 -0.1400

OTOT rpaJueHT HE paBeH HYJIEBOMY BEKTOPY, MOCKOJIbKY (YHKIIMOHAN KadecTBa

3aBHCHT SIBHBIM 00Pa30M OT MapaMeTPOB CETH.

C381. MAE

[Tomyunm nHpOpMAIHIO O TaHHOK (PYHKIUU U €€ TIPOU3BOTHON

mae('name'), mae('deriv'), mae('pnames')

ans =

Mean absolute error
ans =

dmae

ans =

O

140



Notebook "Heuponnvie cemu”

Chopmupyem  AByXCNOWHYIO HEMpPOHHYIO CeTh MpsSAMOHl  mepemadn ¢
OJIHOZJIEMEHTHBIM BXOJO0M, U3MEHsoMMMcA B auamna3one [—10 10], kotopas umeert 4
CKpBITHIX HEHpOHA ¢ (pyHKIMEH akTHUBaluy tansig 1 1 HeWpOH Ha BbIXoJIE C (PyHKIUEH

akTuBaIuu purelin:

net = newff([-10 10],[4 1],{'tansig’', 'purelin'});

3aganuM BEKTOPBI BXO/A U LieNen

P=[-10-50510]; T=[00111];

[TpomoaenupyemM UCXOAHYIO HEMPOHHYIO CETh M BHIUMCIIUM €€ OIUOKY

Y = sim(net, P); E = T-Y

E =
Columns 1 through 4
0.3265 0.0113 0.6208 -0.3710
Column 5
0.1998
Brerurcnum GyHKITMOHAT KayecTBa mae

net.performFcn = 'mae'; perf = mae (E)

perf =
0.3059

Teneppb BbIUUCIUM IpaiueHThl PyHKIIMOHAIA KaYeCTBa.
Jlnis BIYUCIIEHUsI TPAJUEeHTOB C(HOPMUPYEM BEKTOP HAaCTpaMBAEMbIX MapaMeTpPOB

(Beca u cMmerneHus):
X = [net.IW{l}; net.b{1l}]"'
X =
Columns 1 through 4
0.5600 -0.5600 0.5600 0.5600
Columns 5 through 8
-5.6000 1.8667 1.8667 5.6000
['pagueHTt QyHKIMOHANA IO BEKTOPY OIMMUOKU BBIUYUCISETCS CIEAYIOIUM 00pa3oM
dPerf dE = dmae('e',{E},X); [dPerf dE{:}]
ans =
1 1 1 -1 1
I'pamuenT dhyHKIIMOHAA TTO BEKTOPY MMapaMeTpOB
dPerf dX = dmae('x',{E},{X})
dPerf _dX =
0

DyHKYUU HACMPOTIKU NAPAMEMPOS

141



Notebook "Heuponnvie cemu”

C383. LEARNP

Omnpenenum ceTh co CIy4YailHBIMH BEKTOpPAaMH BXO0J1a P U OIIHUOKH €:

p = rand(2,1); e = rand(3,1);

Br130B (hyHKIIMU learnp MOKHO OpPraHW30BaTh CIIECIYIONIMM 00pa3oM, MOCKOIBKY
HE BCE BXOJHbBIC apTyMEHTHI TPEOYIOTCA IS BHI30BA 3TON (DYHKITUH:

dw = learnp([]1,p,[1,I[1,[1,[1,e,01,[1,01,01,[1)
aw =

0.0252 0.0198

0.0156 0.0123

0.1798 0.1412

C384. LEARNPN

Onpeznenum ceTh coO CIy4yailHBIMH BEKTOpPAaMH BX0J1a P U OLINOKH €:

p = rand(2,1); e = rand(3,1);

Bb130B QyHKIIMEU learnpn MOXHO OpraHHW30BaTh CIEAYIOMKUM 00pa3oM, HOCKOJIBKY
HE BCE BXOJHbIE apryMEHThI TPeOYIOTCS /171 BBI30Ba 3TON (DYHKIMU:

dw = learnpn([],p,[1,[1,[1,[1,e,[1,01,01,01,1[1)

dw
0.4122 0.1003
0.3301 0.0803
0.6055 0.1473

C385. LEARNWH

OnpenenuMm ceTb CO CIy4YalHBIMM BEKTOpaMHM BXOJa P W OIIMOKH € C 2-
AJIEMEHTHBIM BXOJIOM M TPEMsI HEMpOHAMU 1 TTapaMeTPOM CKOPOCTH HACTPOHKH Ir:

p = rand(2,1); e = rand(3,1); 1lp.1lr = 0.5;

Br130B QyHKIIMN learnwh MOXHO OpraHH30BaTh CAEAYIOUIUM 00Pa30oM, OCKOIBKY
HE BCE BXOJHBIC apTyMEHTHI TPEOYIOTCS JIJIsl BBI30BA 3TOW (DYHKIIUU:

dw = learnwh([],p,[],[1,[1,[1,e,[1,[1,[1,1p,[])

daw =
0.0071 0.0042
0.3130 0.1875
0.1695 0.1015

142



Notebook "Heuponnvie cemu”

C387. LEARNGD

JonycTuMm, 4YTO Ha HEKOTOPOM IlIare HAcTPOMKH cilosi ¢ 3 HEWpOHaMU U
JIBYX3JIEMEHTHBIM BXOJOM M3BECTEH CIy4alHbIA BEKTOp IpaaueHTa gW, a mapameTp
CKOPOCTH HaCTpPOMKH 3aJ1aH paBHbIM 0.5:

gW = rand(3,2); 1lp.1lr = 0.5;

Torma BbI30B (yHKIME learngd MOXKHO OpraHU30BaTh CIEAYIOMIMM 00pa3oM,
MIOCKOJIbKY HE BCE BXOJHbIE apryMEHThI TPEeOYIOTCS /7Sl BbI30Ba 3TON (YHKIMU:

dw = learngd([]1,[1,[1,[1,[1,[1,[1,9W,[]1,[]1,1p,[])

aw =
0.3077 0.3691
0.3960 0.0881
0.4609 0.2029

C388. LEARNGDM

JomycTuMm, 4YTO HAa HEKOTOPOM Ilare HAacTpOMKM ciios ¢ 3 HeWpoHaMu U
JBYX3JIEMEHTHBIM BXOJ0OM M3BECTEH CIIy4aiHbli BEKTOp rpagueHTa gW, a mapameTpbl

CKOPOCTH HaCTPOMKU U BO3MYILEHHUS 3a/1aHbl paBHBIMU 0.6 1 0.8, COOTBETCTBEHHO:
gW = rand(3,2); 1lp.1lr = 0.6; lp.mc = 0.8;
Tornma BeI30B (yHKIMM learngdm MOXKHO OpraHW30BaTh CIEAYIONIUM 00pa3oM,

MOCKOJIBKY HE BCE BXOHbIE apryMEHTHI TPEOYIOTCS /7Sl BBI30Ba 3TOU (DYHKIIMU:

1s = []; [4aw,1s] = learngdm([],[],[1,[1,[1,[1,[1,9W,[]1,[]1,1p,1s)
daw =
0.5613 0.5362
0.5501 0.0347
0.2462 0.2117
Is =
dw: [3x2 double]
1s.dw
ans =

0.5613 0.5362
0.5501 0.0347
0.2462 0.2117

C389. LEARNLV1

Onpenenum caoi HEMPOHHOM CETH C JABYXAJIEMEHTHBIM BXOJIOM U Tpems
HEIpOHaMU CeTh CO CIy4YalHBIMM MacCHUBaMM BXOJa P, BECOB W U BBIXOJa a; 3313 IUM

TaKXe rpaJleHT PYHKINOHAJA M0 BEIXOMY A U mapaMeTp CKOPOCTH HACTPOMKH Ir:

p = rand(2,1); w = rand(3,2);
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a = compet (negdist(w,p));
gA = [-1;1;1]; 1p.1lr = 0.5;
BeoB ¢ysHkmuu learnlvl MOXHO OpraHu3oBaTh CIEAYIONIUM  00Opa3oM,

MOCKOJIBKY HE BCE BXOHbIE apryMEHTHI TPEeOYIOTCS /17151 BBI30Ba 3TOU (DYHKIIMU:

dWw = learnlvl(w,p,[],I[]1,a,[1,[1,[1,9RA,[]1,1p,[])
aw =
0 0
0 0
-0.3072 0.0945

C391. LEARNLV2
Onpenenum cia0ii HEMPOHHOM CETH C JBYXAJIEMEHTHBIM BXOJIOM U Tpems
HEHPOHAMU CETh CO CIIy4YalHBIMU MacCHBaMU BXOJla P, BECOB W M BBIX0OJIa a; 3aaJUM

TaKXe rpaJueHT (PYHKIHNOHAJA M0 BEIXOY A U mapaMeTp CKOPOCTH HACTPOUKH Ir:

P

n

rand(2,1); w = rand(3,2);

negdist(w,p); a = compet(n);

gA = [-1;1;1]; 1p.1lr = 0.5; lp.window = 0.25;

BeoB ¢QyHkmum learnlv2 MOXHO OpraHu3oBaTh CIEAYIONIUM  00Opa3oM,
MOCKOJIbKY HE BCE BXOJ/HBIE apTYMEHTHI TPEOYIOTCS AJIsi BEI30BA 3TOM (PYHKIIHH:

dWw = learnlv2(w,p,[],n,a,[]1,[]1,[1,9A,[]1,1p,[])

daw =
-0.2149 0.1641
0 0
0.2254 -0.1108

C392. LEARNK

Onpenenum cnoii KoxoHeHa ceTH C JBYXAJEMEHTHBIM BXOJIOM U TpPeMs
HEHpOHAMHU CO CIyYaHBIMM MAacCHBaMH BXOJa P, BECOB W U BBIXOJa a; 3a1aguM
TaKKe TapaMeTp CKOPOCTH HACTPOUKH Ir:

p = rand(2,1); a = rand(3,1); w = rand(3,2);
lp.1r = 0.5;

Be3oB ¢ynkiun learnk MOXHO OpraHM30BaTh CIEAYIOUIMM 00pa3oM, MOCKOJIBKY

HE BCE BXOJIHbIE apTyMEHTHI TPeOYIOTCs /1JIs BBI30Ba 3TOW (DYHKIMU:

dw = learnk(w,p,[],[1,a,[1,[1,[1,[1,[1,1p,[])

aw =
-0.0884 -0.0187
-0.3146 0.1216
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-0.1501 0.1838

C394. LEARNCON
Onpenenum  cioit KoxoHeHa ceTM C JABYXJIEMEHTHBIM BXOJOM M TpeMms
HEWpPOHAMU CO CIy4YalHBIMH MACCHUBAaMH BBIXOJA a, BEKTOpa cMeuieHu# b; 3amanum

Tak)Ke mapaMeTp CKOPOCTH HACTPOKy Ir:
a = rand(3,1); b = rand(3,1);
lp.1r = 0.5;

Be13oB ¢yHkium learnk MOXHO OpraHu30BaTh CIEAYIOLUIMM 00pa3oM, HOCKOJIBKY

HE BCE BXOJHBIC apTyMEHTHI TPEOYIOTCS JIJIsl BBI30BA STOW (DYHKIIHU:

db = learncon(b,[],[],[1,a,[1,[1,[1,[1,[1,1p,[])

db =
0.2902
0.5015
0.1399

C395. LEARNIS
Omnpenenum cioii KoxoHeHa ¢ IByX3JE€MEHTHBIM BXOAOM M TPEMsI HEHPOHAMU CO
CIIy4allHBIMU MacCHBaMHU BXOJa P, BECOB W M BBbIXOJA a; 3aJaJUM TAKXKE IapamMeTp

CKOPOCTH HACTPOUKH Ir:
p = rand(2,1); a = rand(3,1); w = rand(3,2);
lp.1r = 0.5;

Br3oB gyHKIIMM learnis MOXKHO OpraHHU30BaTh CICIYIONIAM 00pa3oM, MOCKOIBKY

HE BCE BXOJIHbIC apTyMEHTHI TPEeOYIOTCS /7Sl BBI30Ba 3TOW (DYHKIIMU:

dw = learnis(w,p,[]1,[]1,a,[1,[1,[1,[1,[1,1p,[])

0.0866 -0.1146
-0.0862 -0.1876
-0.0367 -0.0836

C396. LEARNOS

Onpenenum ciioii KoxoHeHa ¢ ABYXAJI€MEHTHBIM BXOJIOM U TpeMsl HEUPOHAMH CO
CIIy4ailHBIMH MacCHMBaMHU BXOJla P, BECOB W U BBIXOJa a; 3a/IaJlUM TaKXe MapaMeTp

CKOpPOCTH HACTPOUKH Ir:
p = rand(2,1); a = rand(3,1); w = rand(3,2);
lp.1r = 0.5;
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Bb130B ¢yHKIMU learnos MOKHO OpraHM30BaTh CIEAYIOIUM 00pa30M, HOCKOJIBKY

HE BCE BXOJHbBIE apTyMEHTHI TPeOYIOTCA IS BHI30BA 3TON (PYHKIUH:

dW = learnos(w,p,[],[1,a,[1,[1,[1,[1,[1,1p,[])
aw =

0.0055 -0.0042

-0.0521 -0.0244

0.0272 0.0262

C397. LEARNSOM

Onpenenum kapty KoxoHeHa ¢ pacnosiokKeHUEeM HEHPOHOB Ha IeKcaroHajabHOMU

CeTKe pa3Mepa 2x3, a TakKe pacCTOSIHUS MEXAY HHUMH; 3aJaJuM ClydaliHble

MacCHBBI BXOJa P, BBIXO/Ia a4 U BECOB W, a TAKXKE IapaMeTPhl IIPOLELypbl HACTPOUKH.

p = rand(2,1); a = rand(6,1); w = rand(6,2);

pos = hextop(2,3); d = linkdist(pos);

lp.order 1r

lp.tune 1r

BezoB  QyHKIIMM

0.9; lp.order_steps = 1000;
0.02; 1lp.tune nd = 1;

learnsom MOXHO OpraHM30BaTh CIECAYIOIMUM 00pa3oM,

MOCKOJIBKY HE BCE BXOHbIE apryMEHTBI TPEeOYIOTCS /17151 BBI30Ba 3TOU (DYHKIIMU:

ls = []; [dW,1ls] = learnsom(w,p,[],[],a,[],[1,[1,[]1,d,1p,1s)
daw =
-1.0999 1.4042
0.3702 -0.4255
0.4251 1.0936
-0.8669 0.7965
-0.6354 0.0720
0.5719 0.7607
Is =
step: 1
nd_max: 2

C399. LEARNH
OnpenenrM HEUPOHHYIO CETh C IBYX3JIEMEHTHBIM BXOJIOM M TpEMS HEHpOHaMH cO
CIIy4allHBIMM MacCHBaMH BXOJa P M BBIXOJA a; 33J1alUM TaK)Xe MapaMeTp CKOPOCTH

HACTpOIKH Ir:
p = rand(2,1); a = rand(3,1);
lp.1r = 0.5;

Be13oB ¢yHkiuu learnh MOXHO OpraHu30BaTh CIEAYIOLUIMM 00pa3oM, HOCKOJIBKY

HE BCE BXOJHBIC apTyMEHTHI TPEOYIOTCS JIJIsl BBI30BA 3TOW (DYHKIIHUU:
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dw
dw

learnh([],p,[1,[1,2,[1,01,01,01,01,1p,[])

0.2319 0.0320
0.1367 0.0189
0.0994 0.0137

C400. MAXLINLR
3agaguM 4YKMCIOBOM MAacCUB BXOJZla, COCTOSIIIMH M3 YETBIPEX IBYXAJIEMEHTHBIX

BeKTOPOB MU BBIYUCIIUM MAKCHUMAJIBHBIC 3HAYCHUIA HapaMeTpa CKOpOCTI/I HaCTpOﬁKH
JUTSL IMHEMHOU ceTH 0€3 U CO CMEILIEHUEM:

P=[12-47; 0.1310 6];

lr = maxlinlr (P) %Be3 cMeumweHHus:
1lr = 0.0069
lr = maxlinlr (P, 'bias') %Co cmMeumeHmMeM
Ir =
0.0069
Ir =
0.0069
Ir =
0.0067

C401. LEARNHD
Onpenenum ceThb co ciaydyailHbIMU BXoA0M P, BeixogoM A u Becamu W 118 ciiosi ©

2-3NIEMEHTHBIM BXOJIOM W TpeMs HEHpOHAMHM; 3a[JauM TaKXKe MapaMeTpbl CKOPOCTH
HacTpoukH Ir u 3aTyxanue dr.

p = rand(2,1); a = rand(3,1); w = rand(3,2);
lp.1r = 0.5; 1lp.dr = 0.05;

Br13oB pynkmmu learnhd MoxHO opraHM30BaTh CIEAYIOMIAM 00pa3oM, MTOCKOIBKY

HE BCE BXOJHbIE apTyMEHTHI TPeOYIOTCs /1J1s BBI30Ba 3TOW (DYHKIMU:

dw = learnhd(w,p,[1,[1,a,[1,[1,[1,[1,[1,1p,[])

0.0736 0.0618
0.0317 0.0187
0.1174 0.0576

DyHKYUU 00OHOMEPHO20 NOUCKA

C404. SRCHGOL

3amaHbl BEKTOPHI BXOJa P U 1eiei t, Tpedyercst chopMHpOBaTh HEHPOHHYIO CETh,

BBIXOJbI KOTOpOfI OJIU3KH K 3aJaHHBIM O CIIAM:
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p=1[012345]; t=1[000111];

BeiOepeM apXuTeKTypy MABYXCIOWHOW ceTH ¢ MpsMOil mepenadyeid CUrHaia;
3amanuM nuana3oH BxoaoB oT 0 mo 10, mepBblil cioit mMeeT 2 HelpoHa ¢ QyHKIueH
aKTHBalMU tansig, BTopoit — 1 HelpoH ¢ ¢yHkumein aktuBauuu logsig. Mcnomb3zyem

¢byskmn o0yuyeHus traincgf u morcka oJHOMEpPHOTO dKcTpemMmyMa srchgol.
net = newff ([0 10],[2 1],{'tansig',6 'logsig'},'traincgf')
net. trainParam.searchFcn = 'srchgol';
net.trainParam.epochs = 50; net.trainParam.show = 10;
net.trainParam.goal = 0.0001;
net = train(net,p,t); grid on
a = sim(net,p)

TRAINCGF-srchgol, Epoch 0/50, MSE 0.486862/0.0001, Gradient
0.0813759/1e-006

TRAINCGF-srchgol, Epoch 9/50, MSE 1.90795e-010/0.0001, Gradient
1.77906e-008/1e-006

TRAINCGF, Performance goal met.

a =
Columns 1 through 4

0.0000 0.0000 0.0000 1.0000
Columns 5 through 6
1.0000 1.0000

C405. SRCHBRE

3aaHbl BEKTOPHI BXOJa P U 1enel t, Tpedyercst chopMupoBaTh HEHPOHHYIO CETh,
BBIXO/Ib KOTOPOU OJIM3KU K 3aJJaHHBIM IIEJISIM:

p=[012345]; t=[000111];

BribepeM apXuTekTypy ABYXCIOWHOM ceTH ¢ MpsIMOM Iepepayedl CUTHajia;
3amaauM nuana3oH BxoaoB oT 0 mo 10, mepBblil cnoii umeeT 2 HelpoHa ¢ GyHKIuEH
aKTHBAIMU tansig, BTOpoi — 1 HelpoH ¢ ¢yHkumei aktuBanuu logsig. Mcnoms3zyem

¢byHkimu o0yuenus traincgf u moricka 0JHOMEpPHOT0 SKCTpeMyMa srchbre.
net = newff ([0 10],[2 1],{'tansig',6 'logsig'},'traincgf');
net.trainParam.searchFcn = 'srchbre';
net.trainParam.epochs = 50; net.trainParam.show = 10;
net. trainParam.goal = 0.0001;
net = train(net,p,t); grid on

a = sim(net,p)
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TRAINCGF-srchbre, Epoch 0/50, MSE 0.464364/0.0001, Gradient
0.0566042/1e-006

TRAINCGF-srchbre, Epoch 10/50, MSE 0.000607763/0.0001, Gradient
0.00140522/1e-006

TRAINCGF-srchbre, Epoch 15/50, MSE 7.54063e-005/0.0001, Gradient
0.000251973/1e-006

TRAINCGF, Performance goal met.

a =
Columns 1 through 4

0.0023 0.0027 0.0156 0.9861
Columns 5 through 6
0.9986 0.9989

C406. SRCHHYB

3aaHbl BEKTOPHI BX0Ja p | 1ieneld t, TpedyeTcst chopMupoBaTh HEUPOHHYIO CETh,
BBIXOJIBI KOTOPOI OJIM3KH K 3aJaHHBIM IIEJISIM:

p=[012345]; t=[000111];

BriGepem apXUTEKTypy IBYXCIOWHOW CETH C TpSIMOM Tepenadel CuUrHaia;
3a7auM nuana3oH BxoaoB oT 0 mo 10, mepBblil cioit uMeeT 2 HelpoHa ¢ QyHKUIUEH
aKTUBAIMU tansig, BTOpou — 1 HelpoH ¢ ¢pyHknuei aktuBanuu logsig. Mcnonb3yem

¢byHkumu o0yueHus traincgf u nmorcka oJHOMEpPHOTo 3KcTpemyMa srchhyb.
net = newff ([0 10],[2 1],{'tansig',6 'logsig'},'traincgf');
net. trainParam.searchFcn = 'srchhyb';
net.trainParam.epochs = 50; net.trainParam.show = 10;
net.trainParam.goal = 0.0001;
net = train(net,p,t); grid on

a = sim(net,p)

TRAINCGF-srchhyb, Epoch 0/50, MSE 0.297493/0.0001, Gradient
0.211072/1e-006

TRAINCGF-srchhyb, Epoch 7/50, MSE 6.47144e-016/0.0001, Gradient
3.86955e-014/1e-006
TRAINCGF, Performance goal met.

a =
Columns 1 through 4
0.0000 0.0000 0.0000 1.0000
Columns 5 through 6
1.0000 1.0000
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C408. SRCHCHA

3aaHbl BEKTOPHI BX0Ja p | 1ieneld t, TpedyeTcst chopMUpoBaTh HEUPOHHYIO CETh,
BBIXO/IbI KOTOPOU OJTM3KHU K 3aIaHHBIM TEJISIM

p=[012345]; t=[000111];

BriGepem apXWUTEKTypy IBYXCIOWHOW CETH C TPSIMOM Tepenayell CurHaia;
3aauM nuana3oH BxoaoB oT 0 no 10, mepBblil caoit uMeeT 2 HelpoHa ¢ QyHKUIUEH
aKTUBaIMu tansig, BTopoil — 1 HelipoH ¢ ¢yHKIHMeld aktuBaruu logsig. Mcnonb3yem
¢bynkuuu o0yueHus traincgf u nmorcka ogHOMEpHOro 3kcTpemymMa srcheha.

net = newff ([0 10],[2 1],{'tansig',6 'logsig'},'traincgf');

net.trainParam.searchFcn = 'srchcha';

net.trainParam.epochs = 50; net.trainParam.show = 10;

net.trainParam.goal = 0.0001;

net = train(net,p,t); grid on

a = sim(net,p)

TRAINCGF-srchcha, Epoch 0/50, MSE 0.466016/0.0001, Gradient
0.054143/1e-006

TRAINCGF-srchcha, Epoch 9/50, MSE 8.2629e-005/0.0001, Gradient
0.000961218/1e-006
TRAINCGF, Performance goal met.

a =
Columns 1 through 4
0.0084 0.0090 0.0185 0.9996
Columns 5 through 6
1.0000 1.0000

C409. SRCHBAC
3amaHbl BEKTOPHI BXOJa P U Lieiei t, TpedyeTcst chopMHpOBaTh HEHPOHHYIO CETh,

BBIXO/bI KOTOpOfI OJIM3KHU K 3aJaHHBIM LI CJIAM:

p=[012345]; t=[000111];

BriGepem apXUTEKTypy IBYXCIOWHOW CE€TH C TPSIMOM Tepenadeldl CuUrHaia;
3aaauM uana3oH BxoaoB oT 0 no 10, mepBblil cioit uMeeT 2 HelpoHa ¢ QyHKUIUEH
aKTUBaIMU tansig, BTopoil — 1 HelipoH ¢ ¢yHKIuel aktuBaruu logsig. Mcnonb3yem

¢byHkuuu o0yueHus traincgf u nmorcka oHOMEpPHOTo 3KcTpemyMa srchbac.
net = newff ([0 10],[2 1],{'tansig',6 'logsig'},'traincgf');
net.trainParam.searchFcn = 'srchbac';

net.trainParam.epochs = 50; net.trainParam.show = 10;
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net.trainParam.goal = 0.0001;
net = train(net,p,t); grid on

a = sim(net,p)

TRAINCGF-srchbac, Epoch 0/50, MSE 0.427245/0.0001, Gradient
0.147317/1e-006

TRAINCGF-srchbac, Epoch 9/50, MSE 7.04485e-005/0.0001, Gradient
0.00175321/1e-006

TRAINCGF, Performance goal met.

a =
Columns 1 through 4
0.0049 0.0049 0.0052 0.9813
Columns 5 through 6
0.9993 0.9993

Macmma6up06aﬁue U 80CCMAHOBACHUE OAHHBIX

C410. PREMNMX

Crnenyromiue oneparopsl BHIIOJHAIOT HOPMUPOBKY JaHHBIX TakK, YTOObI 3HAUEHUS

BXO/Ia U LIeNIK Tonaaany B unrepsan [-1,1]:

p=1[-10 -7.5 -5 -2.5 0 2.5 5 7.5 10];
t=1[0 7.07 -10 -7.07 0 7.07 10 7.07 O0];
[pn,minp,maxp, tn,mint ,maxt] = premnmx(p,t)
pn =

Columns 1 through 4
-1.0000 -0.7500 -0.5000 -0.2500
Columns 5 through 8
0 0.2500 0.5000 0.7500
Column 9
1.0000
minp =
-10
maxp =
10
th =
Columns 1 through 4
0 0.7070 -1.0000 -0.7070
Columns 5 through 8
0 0.7070 1.0000 0.7070
Column 9

151



Notebook "Heuponnvie cemu”

mint =
-10
maxt =
10

C411. PRESTD

3amana cienytomas oOydaroliasi MOC/Ie0BaTEIbHOCTh BEKTOPOB BXO/a U IIeNeH.
TpeOyeTcst BHINOIHUTH €€ MPUBEACHHE K HOPMAJIbHOMY 3aKOHY pacHpelesIeHus C

napamerpami [0 1]

[-0.92 0.73 -0.47 0.74 0.29; -0.08 0.86 -0.67 -0.52 0.93];
[-0.08 3.4 -0.82 0.69 3.1];

p
t

[pn,meanp,stdp, tn,meant,stdt] = prestd(p,t)

pn =
Columns 1 through 4
-1.3389 0.8836 -0.7328 0.8971
-0.2439 1.0022 -1.0261 -0.8272
Column 5
0.2910
1.0950
meanp =
0.0740
0.1040
stdp =
0.7424
0.7543
th =
Columns 1 through 4
-0.7049 1.1285 -1.0947 -0.2992
Column 5
0.9704
meant =
1.2580
stdt =
1.8982

C412. PREPCA

3aganuM MacCHB JIBYX?JIEMEHTHBIX BEKTOPOB BXOJ1a M BBHIMIOJHUM UX (DaKTOpHBIN
aHalIM3, YyIEpKHUBasi TOJBKO T€ KOMIIOHEHThl BEKTOpa, MAUCHEPCHS KOTOPBIX

npesbiaet 2% obuieit aucnepcun. CHavana ¢ moMoupio GyHKIUU prestd npuBenem
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BXOAHBIC HOAHHBIC K HOPMAJBHOMY 3aKOHY paclnpcacCiICHUus, a 3aTéM NPUMCHHUM

dbyHKIHIO prepea.
P=[-1.5 -0.58 0.21 -0.96 -0.79; -2.2 -0.87 0.31 -1.4 -1.2];
[pn,meanp,stdp] = prestd(P)

pn =
Columns 1 through 4
-1.2445 0.2309 1.4978 -0.3785
-1.2331 0.2208 1.5108 -0.3586
Column 5
-0.1058
-0.1399
meanp =
-0.7240
-1.0720
stdp =
0.6236
0.9148
[ptrans, transMat] = prepca(pn,0.02)

ptrans =
Columns 1 through 4
1.7519 -0.3194 -2.1274 0.5212
Column 5
0.1738
transMat =
-0.7071 -0.7071

C413. POSTMNNMX

B osTtoM mpumepe cHauana ¢ TOMONIBIO (YHKIHH premnmx BBITOJHSIETCS
MacmTabupoBaHue OOydaromeld MOoCaeA0BaTeIbHOCTH K auarna3ony [-1 1], 3aTem
co3maercs U oOydaeTcss HEMpPOHHAs CETh MPSMOW MepeAayd, BBIMOTHICTCS €€

MOJICJIMPOBAHNE U BOCCTAHOBJICHUE BBIXOa C IIOMOINIBIO0 (DYHKITUK postmnmx.

P =[-0.92 0.73 -0.47 0.74 0.29; -0.08 0.86 -0.67 -0.52 0.93];
t =[-0.08 3.40 -0.82 0.69 3.10];

[pn,minp,maxp, tn,mint ,maxt] = premnmx (P, t) ;

net = newff (minmax(pn),[5 1],{'tansig' 'purelin'},'trainlm');
net = train(net,pn,tn); grid on

an = sim(net,pn)
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TRAINLM, Epoch 0/100, MSE 4.01275/0, Gradient 12.3803/1e-010
TRAINLM, Epoch 5/100, MSE 4.2096e-026/0, Gradient 6.29848e-013/1e-
010

TRAINLM, Minimum gradient reached, performance goal was not met.

an =
Columns 1 through 4
-0.6493 1.0000 -1.0000 -0.2844

Column 5
0.8578
a = postmnmx (an,mint,maxt)
a =

Columns 1 through 4

-0.0800 3.4000 -0.8200 0.6900
Column 5

3.1000

C414. POSTSTD

B »stoM mpumepe cHavama ¢ mnomouibio (QyHKuMu prestd BBIIOJIHSETCA
MaciITabupoBaHue oOOydarolleld IOCIeN0BaTEIbHOCTH K HOPMAJIbHOMY 3aKOHY
pacnipenenenus ¢ napamerpamu [0 1], 3areM co3maercss U o0yuyaeTcs HEHpPOHHAsI CETh
NpsIMOW Tepeiayy, BBINOJIHAETCS €€ MOJEIUPOBAHUE U BOCCTAHOBJIEHHME BBIXOJA C

noMolIIbpo GyHKIUHU poststd.
p = [-0.92 0.73 -0.47 0.74 0.29; -0.08 0.86 -0.67 -0.52 0.93];
t = [-0.08 3.40 -0.82 0.69 3.10];
[pn,meanp,stdp, tn,meant,stdt] = prestd(p,t);

net newff (minmax (pn), [5 1],{'tansig' 'purelin'},'trainlm');

net train (net,pn,tn); grid on

an = sim(net,pn)

TRAINLM, Epoch 0/100, MSE 2.34864/0, Gradient 9.59914/1e-010
TRAINLM, Epoch 4/100, MSE 1.24883e-022/0, Gradient 4.5772%e-
011/1e-010

TRAINLM, Minimum gradient reached, performance goal was not met.

an =
Columns 1 through 4
-0.7049 1.1285 -1.0947 -0.2992
Column 5
0.9704
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w
I

poststd(an,meant, stdt)

a =
Columns 1 through 4
-0.0800 3.4000 -0.8200 0.6900
Column 5
3.1000

C415. POSTREG

B nmanHOoM mpumepe ¢ momomipio (yHKIMH prestd HOpMaTU3yeTcss MHOXKECTBO
OoOydYaloUmMx JaHHBIX, Ha HOPMAIW30BAaHHBIX JAaHHBIX BBIYUCISIOTCS TJIAaBHBIC
COCTaBJISIIONINE IPeoOpa3oBaHMsA, cO3MaeTcs W o0ydaeTcss CeTh, HCIONB3YS pca
JlaHHBIE, CETh MOJENUpyeTCs. 3aTeM BBIXOJA CETH ¢ MOMOIIbI0 (QyHKUuH poststd
JICHOPMAIM3YeTCsl ¥ BBIYUCISETCS JIMHEHHAsh pPErpeccusi MEXIy BBIXOJOM

(HCHOpMaJ'II/ISOBaHHLIM) CCTHU U LICJIMU, YTOOBI IMPOBCPUTH Ka4UCCTBO O6y‘ICHI/I${ CCTH.
P =[-0.92 0.73 -0.47 0.74 0.29; -0.08 0.86 -0.67 -0.52 0.93];

T [-0.08 3.40 -0.82 0.69 3.10];

[pn,meanp,stdp, tn,meant,stdt] = prestd(P,T) ;
[ptrans, transMat] = prepca(pn,0.02);

net newff (minmax (ptrans), [5 1],{'tansig' 'purelin'},'trainlm');

net train (net,ptrans,tn); grid on

an = sim(net,ptrans)

TRAINLM, Epoch 0/100, MSE 1.06854/0, Gradient 6.56843/1e-010
TRAINLM, Epoch 4/100, MSE 7.84424e-030/0, Gradient 3.0485le-
015/1e-010

TRAINLM, Minimum gradient reached, performance goal was not met.

an =
Columns 1 through 4
-0.7049 1.1285 -1.0947 -0.2992

Column 5
0.9704
a = poststd(an,meant, stdt)
a =

Columns 1 through 4

-0.0800 3.4000 -0.8200 0.6900
Column 5

3.1000
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figure (1), clf
[m,b,r] = postreg(a,t), grid on $ Puc.11.61

m =
1.0000
b =
5.0387e-016
r =
1

C417. TRAMNMX

Crnenyromue oneparopbl MacITaOUPYIOT OOYyYaloOIIy0 IOCIEA0BATEIbHOCTh K

nuamnasony [-1 1], bopMupyroT u 00ydaroT HEHPOHHYIO CETh MPSIMOIl Iepeaun

p=[-10 -7.5 -5 -2.5 0 2.5 5 7.5 10];
t=1[0 7.07 -10 -7.07 0 7.07 10 7.07 0];
[pn,minp,maxp, tn,mint ,maxt] = premnmx(p,t)

net = newff (minmax(pn),[5 1],{'tansig' 'purelin'},'trainlm');

net = train(net,pn,tn); grid on

TRAINLM, Epoch 0/100, MSE 0.685331/0, Gradient 10.0713/1e-010
TRAINLM, Epoch 10/100, MSE 6.32948e-022/0, Gradient 4.72377e-
011/1e-010

TRAINLM, Minimum gradient reached, performance goal was not met.

Ecnu B nanpHeiimem K 00yueHHOH ceTr OyyT MPUII0KEHBI HOBBIE BXOJIbI, TO OHU
JOJDKHBI  OBITh MacImTaOMpPOBaHBl C TOMOIIBIO (GyHKIHMH tramnmx. Beixom cetu

J0JKEH OBITh BOCCTAHOBJICH C IIOMOLIBIO (PYHKIIMU postmnmx.

P2 = [4 -7]; pn = tramnmx (p2,minp,maxp) ;

an sim(net,pn)

an =
0.9440 0.0067
a = postmnmx (an,mint,maxt)

9.4399 0.0671
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C417. TRASTD
Crnenyromue omeparopbl MaclITaOUPYIOT OOYyYaloIyl0 IMOCIEA0BATEIbHOCTh K

HOpPMaJIBHOMY 3aKOHY pacripezaesieHus ¢ nmapamerpamu [0 1], opmupytot u oOydaror

HEHPOHHYIO CETh IPSMOM Iepeayun

p
t

[-0.92 0.73 -0.47 0.74 0.29; -0.08 0.86 -0.67 -0.52 0.93];
[-0.08 3.4 -0.82 0.69 3.1];

[pn,meanp,stdp, tn,meant,stdt] = prestd(p,t);
net = newff (minmax(pn),[5 1],{'tansig' 'purelin'},'trainlm');

net = train(net,pn,tn); grid on

TRAINLM, Epoch 0/100, MSE 4.09289/0, Gradient 14.841/1e-010

TRAINLM, Epoch 5/100, MSE 5.42342e-032/0, Gradient 1.24667e-
015/1e-010

TRAINLM, Minimum gradient reached, performance goal was not met.

Ecnu B nanpHelinieM k 00y4eHHOM ceTH OyIyT NMPUIOKEHBI HOBBIE BXO/IbI, TO OHU
JOJKHBI OBITH MacIITaOMpPOBaHbI ¢ MOMOIIBIO QyHKIMH trastd. Beixon cetu momkeH

OBITH BOCCTAHOBJICH C TIOMOIIIBIO PYHKIHH poststd.
p2 = [1.5 -0.8; 0.05 -0.3];
pn = trastd(p2,meanp,stdp) ;

an sim(net,pn)

an
1.1259 -0.9903
a = poststd(an,meant, stdt)

3.3951 -0.6218

C418. TRAPCA
Cremyronye omnepaTopsl BBITTOIHSIIOT TJIAaBHBIA (DAKTOPHBIN aHanmM3 oOydvaromiein
MOCJICAOBATCIIBHOCTH, YIACPKHUBAA TOJBKO TC KOMIIOHCHTBI, KOTOPBLIC HMCIOT

JMCTIEPCHIO, TTpeBbIIIaonyto 3HaueHue 0.02.
P

[-1.5 -0.58 0.21 -0.96 -0.79; -2.2 -0.87 0.31 -1.40 -1.20];

t [-0.08 3.4 -0.82 0.69 3.1];

[pn,meanp, stdp, tn,meant,stdt] = prestd(P,t);
[ptrans, transMat] = prepca(pn,0.02)
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ptrans =
Columns 1 through 4
1.7519 -0.3194 -2.1274 0.5212
Column 5
0.1738
transMat =
-0.7071 -0.7071

net = newff (minmax (ptrans),[5 1],{'tansig' 'purelin'},'trainlm');

net train (net,ptrans,tn); grid on

TRAINLM, Epoch 0/100, MSE 3.14416/0, Gradient 8.99022/1e-010
TRAINLM, Epoch 7/100, MSE 1.80389e-027/0, Gradient 2.06364e-
014/1e-010

TRAINLM, Minimum gradient reached, performance goal was not met.

Ecnu B nanpHeiimem k cetd OyIyT MPUIIOKEHBI HOBBIE BXOJbI, TO OHU JOJKHBI
OBITh MacIITAOMPOBAHBI ¢ TIOMOIIBIO (YHKIMH trastd u trapca. Beixon cetn momkeH
OBITH BOCCTAHOBJICH C TIOMOIIIbIO (PYHKITHH poststd:

p2 = [1.50 -0.8; 0.05 -0.31;

P2n = trastd(p2,meanp, stdp) ;

p2trans = trapca (p2n,transMat)

p2trans =
-3.3893 -0.5106

sim(net,p2trans)

an

an =
-0.9733 0.9177
a = poststd(an,meant, stdt)

a =
-0.5895 3.0000

Bcnomozamenvuvie pynxyuu

C420. CALCA

COB,HaI[I/IM HHHeﬁHym CC€Th C OAHUM BXOAOM, UBMCHAIOIIMUMCA B AHAIIa30HC OT 0
1o 1, Tpemst HelipoHaMu 1 TMHKUEH 3aIepKKU Ha BXoJie ¢ napamerpamu [0 2 4]; B cetn

UCIIOJNIb3YeTCsl OOpaTHas CBS3b ¢ TUHHEH 3anepxku [1 2] (puc. 11.62).
net = newlin([O0 1],3,[0 2 4]); net.layerConnect(l,1) = 1;
net.layerWeights{1l,1}.delays = [1 2];
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gensim(net)
Brruncinum BCKTOp 3alla3JbIBAOIHUX BXOIAOB Pd, €CJIM 3a/laHbl peain3alus
BEKTOpa Bxoaa P mus 8 1I1aros 1o BPEMEHU, BEKTOP HAYaJbHBIX YCIOBUH Ha JUHUHU

3aJIep>KKH BX0/10B Pi:
P={00.10.30.60.40.70.20.1};
Pi = {0.2 0.3 0.4 0.1}; Pc = [Pi P];
Pd = calcpd(net,8,1,Pc)

Pd(:,:,1) =

[3x1 double]
Pd(:,:,2) =

[3x1 double]
Pd(:,:,3) =

[3x1 double]
Pd(:,:,4) =

[3x1 double]
Pd(:,:,5) =

[3x1 double]
Pd(:,:,6) =

[3x1 double]
Pd(:,:,7) =

[3x1 double]
Pd(:,:,8) =

[3x1 double]

Chopmupyem BEeKTOp Ha4dallbHBIX YCJIOBUW HA JIMHUU 33JICPKKU BBIXOJA CJIOS JUIS

KaXXJ0ro U3 TPEX HEUPOHOB:
Ai = {[0.5; 0.1; 0.2] [0.6; 0.5; 0.2]};
[Tpumensist pyHkmio calca, paccynuTaeM CUTHAIBI B CJIOE HAa Ka)KIOM BPEMEHHOM

mare TS:
[Ac,N,LWZ,IWZ,BZ] = calca(net,Pd,Ai,1,8)
Ac =
Columns 1 through 2
[3x1 double] [3x1 double]
Columns 3 through 4
[3x1 double] [3x1 double]
Columns 5 through 6
[3x1 double] [3x1 double]
Columns 7 through 8
[3x1 double] [3x1 double]
Columns 9 through 10
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[3x1 double] [3x1 double]
N =
Columns 1 through 2
[3x1 double] [3x1 double]
Columns 3 through 4
[3x1 double] [3x1 double]
Columns 5 through 6
[3x1 double] [3x1 double]
Columns 7 through 8
[3x1 double] [3x1 double]
wz(:,:,1) =
[3x1 double]
Lwz(:,:,2) =
[3x1 double]
wz(:,:,3) =
[3x1 double]
Lwz(:,:,4) =
[3x1 double]
Lwz(:,:,5) =
[3x1 double]
Lwz(:,:,6) =
[3x1 double]
wz(:,:,7) =
[3x1 double]
Lwz(:,:,8) =
[3x1 double]
wz¢:,:,1) =
[3x1 double]
wz(:,:,2) =
[3x1 double]
wz¢:,:,3) =
[3x1 double]
wz(:,:,4) =
[3x1 double]
wz¢:,:,5) =
[3x1 double]
wz(:,:,6) =
[3x1 double]
wz¢:,:,7) =
[3x1 double]
wz(:,:,8) =
[3x1 double]
BZ =
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[3x1 double]

C422. CALCALI

COS,HaI[I/IM HHHeﬁHym CC€Th C OAHUM BXOAOM, U3MCHAIOIINMCA B AHAIIa30HC OT 0
1o 1, Tpemst HelipoHamMu ¥ TMHKUEH 3aIepKKU Ha BXoJie ¢ napamerpamu [0 2 4]; B cetn

UCTIOJNIb3YEeTCsl OOpaTHas CBSA3h ¢ TUHHEH 3aaepxku [1 2] (puc. 11.62).
net = newlin([0 1],3,[0 2 4]); net.layerConnect(l,1) = 1;
net.layerWeights{1l,1}.delays = [1 2]; gensim(net)
Breruricnum BekTOp 3ama3fbplBalOIIMX BXOJ0B Pd, ecnm 3amaHbl peamm3aius

BeKTOpa BxoAa P 1y 3 miaroB mo BpEMEHH, BEKTOP HAYaJIbHBIX YCIOBUUA Ha JIMHUHA

3aJIep>KKH BXOJI0B Pi:
P={(00.10.3}; Pi={0.2 0.3 0.40.1};
Pc = [Pi P]; Pd = calcpd(net,3,1,Pc)

Pd(:,:,1) =
[3x1 double]
Pd(:,:,2) =
[3x1 double]
Pd(:,:,3) =
[3x1 double]
Cdhopmupyem BEeKTOp Ha4dallbHBIX YCJIOBUW HA JIMHUU 33JICPKKU BBIXOJA CJOS JUIS

KaXJ0T0 U3 TPEX HEUPOHOB
Ai = {[0.5; 0.1; 0.2] [0.6; 0.5; 0.2]};
[Tpumensiss pyHkuuro calcal, paccuuraeM CUTHajibl B CIIO€ Ha MEPBOM IIIare 1o

BpPEMEHHU:

[Al1,N1,LWZ1,IWZ1,BZ1] = calcal(net,Pd(:,:,1),Ai,1l)

Al =

[3x1 double]
N1 =

[3x1 double]
Lwz1 =

[3x1 double]
Iwz1i =

[3x1 double]
Bz1 =

[3x1 double]

Teneps MOXKHO BBIUMCIUTH HOBBIE COCTOSIHMS Ha JI3, mcmonb3ys MaccuBbl Al 1

A, " paCCUUTATb CUTHAJIBI CJIOSA Ha BTOPOM IIare 1o BpCMCEHU
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Ai2 = [Ai(:,2:end) Al];
[A2,N2,1LWZ2,IWZ2,BZ2] = calcal(net,Pd(:,:,2),Ai2,1)

A2 =

[3x1 double]
N2 =

[3x1 double]
Lwz2 =

[3x1 double]
wz2 =

[3x1 double]
Bz2 =

[3x1 double]

C423. CALCPD

CozaauM JIMHEHHYI0 CETh C OAHMM BXOJOM, U3MEHSIOUMCS B Auana3one ot 0
10 1, TpeMst HelipoHaMu 1 TMHUEN 3aJIep>KKU Ha Bxojie ¢ napamerpamiu [0 2 4]

net = newlin([0 1],3,[0 2 4]); gensim(net)

Breruricnum BekTOp 3ama3fplBalOIIMX BXOA0B Pd, ecnm 3amaHbl peamm3aius
BeKTOpa Bxoja P 1iis 3 maroB no BpeMeHU U BEKTOpP HAYaJIbHBIX YCIOBUI Ha JIMHUU
3anepxkku Pi:

P={00.10.3}; Pi={0.20.30.40.1};

3amna3apIBalolMe BXOJbl (3HAUEHHUS BXOJIOB IOCIIE MPOXOXKIACHHS Yepe3 JUHUIO
3aJIepP’KKH) PaCCUMTHIBAIOTCA C MOoMoIIblo0 (GyHKIUU calcpd mocne ux oObeIuHEHUS B

BeKkTOp Pc
Pc = [Pi P]; Pd = calcpd(net,3,1,Pc)

Pd(:,:,1) =

[3x1 double]
Pd(:,:,2) =

[3x1 double]
Pd(:,:,3) =

[3x1 double]

Tenepb MOXXHO IPOCMOTPETH 3HAYCHHA 3alla3AbIBAlOINX BXOJOB AJId ABYX IICPBBIX

maroB

Pd{1,1,1}, Pd{1,1,2}

ans =
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0.4000
0.2000
ans =
0.1000
0.1000
0.3000

C424. CALCE

CozaauM JIMHEHHYI0 CETh C OAHMM BXOJOM, U3MEHSIOIUMCS B Auana3one ot 0
10 1, ABymst HelipoHaMH U JIMHUEH 3aJepKKU Ha BXxoJe ¢ napamerpamiu [0 2 4]; B cetn
UCIOJIb3yeTCsl oOpaTHas CBA3b C TUHUEH 3aaepxku [1 2]:

net = newlin ([0 1],2,[0 2 4]);
net.layerConnect(1l,1) = 1;
net.layerWeights{1l,1}.delays = [1 2]; gensim(net)

Breruricnum BekTOp 3ama3fbplBalOIIUX BXOJ0B Pd, ecnm 3amaHbl peamm3anus
BeKTOpa BxoAa P 1y 5 miaroB mo BpeMEHH, BEKTOP HAYaJIbHBIX YCJIOBUUA Ha JIMHUH
3aJIep>KKH BXOJI0B Pi:

P=4{00.10.30.60.4}; Pi = (0.2 0.3 0.4 0.1};

Pc = [Pi P]; Pd = calcpd(net,5,1,Pc);

Cdhopmupyem BEKTOp HadyalbHBIX YCIOBHHM Ha JIMHUU 33/I€PKKH BBIXOJA CIIOS JUIS
Ka)XJI0TO U3 JIByX HEMPOHOB U PACCUUTAEM CUTHAJIBI B CJIOE Ha 5 [Iarax 1o BPEMEHHU:

Ai = {[0.5; 0.1] [0.6; 0.5]1};

[Ac,N,LWZ,IWZ,BZ] = calca(net,Pd,Ai,1,5);

Onpenenum 1enau ciaost Juist AByX HEMPOHOB I KAXIO0T0 U3 5 BPEMEHHBIX 11aroB

Y paccuMTaeM OIIUOKH CIOs:

Tl = {[0.1;0.2] [0.3;0.1], [0.5;0.6] [0.8;0.9], [0.5;0.1]1};
El = calce(net,Ac,T1,5)
EI =

Columns 1 through 2
[2x1 double] [2x1 double]
Columns 3 through 4
[2x1 double] [2x1 double]
[2x1 double]
[TpocmoTpuM ommOku ciiost 1 Ha BpeMeHHoM Iare 2:
E1{1,2}

ans =
0.3000
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0.1000

C425. CALCEI

CozaauM JIMHENHHYI0 CETh C OAHMM BXOJOM, U3MEHAOIMMCS B Auana3oHe ot 0
10 1, IByMsi HEMpOHAMU W JIMHUEH 3aJIepKKHU Ha BXoje ¢ mapameTpamu [0 2 4]; B ceTn
UCTIOJIBb3YEeTCsl 00paTHAs CBA3b C JIMHUEH 3aepxku [1 2]:

net = newlin ([0 1],2,[0 2 4]);
net.layerConnect(1l,1) = 1;
net.layerWeights{1l,1}.delays = [1 2]; gensim(net)

Brruricnum BekTOp 3ama3fplBalOIIMX BXoAoB Pd, ecnm 3amaHbl peamm3anus
BEKTOpa Bxoaa P mis 5 miaros no BpeMeHM, BEKTOP HA4ajbHBIX YCIOBUM Ha JIMHUU
3aJIep>KKH BX0/10B Pi:

P=4{00.10.30.60.4}; Pi = {0.2 0.3 0.4 0.1};

Pc = [Pi P]; Pd = calcpd(net,5,1,Pc);

Cdhopmupyem BEKTOp HadyajbHBIX YCIOBHM Ha JIMHUU 33/€P’KKHM BBIXOJA CIIOS JUIS

KaXJ0r0 U3 IByX HEMPOHOB M PACCUMTAEM CUTHAJIBI B CJIOE HA 5 11arax 1o BpeMEHU:
Aji = {[0.5; 0.1] [0.6; 0.5]1};
[A1,N1,LWZ1,IWZ1,BZ1] = calcal(net,Pd(:,:,1),Ai,1l)

Al =

[2x1 double]
N1 =

[2x1 double]
Lwz1 =

[2x1 double]
Iwz1 =

[2x1 double]
BZ1 =

[2x1 double]

Onpenenum 1eau Caost JUisl IBYX HEHPOHOB IS KAXIO0TO U3 5 BPEMEHHBIX I11aroB

H paccuuTacm OIIIMOKY CJI0g Ha IEpBOM HIare:

Tl = {[0.1;0.2] [0.3;0.1], [0.5;0.6] [0.8;0.9], [0.5;0.1]};
El
El =

[2x1 double]

calcel (net,Al1,T1(:,1))

[TpocMoTpuM OLIMOKY €105l HA IEPBOM HIare:
E1{1}

ans =
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0.1000
0.2000

Teneps MOXKHO BBIYMCIUTH HOBBIE COCTOSIHUS Ha JI3, ncmonb3yst MaccuBbI Al U A,
Y PacCUMTaTh CUTHAJBI CJIOSl HA BTOPOM IlIare 1o BpeMeHu

Ai2 = [Ai(:,2:end) Al];

[A2 ,N2,1LWZ2,IWZ2 ,BZ2] = calcal(net,Pd(:,:,2) ,Ai2,1);

El = calcel(net,A2,T1(:,2)); EL1{1}

ans =
0.3000
0.1000

C426. FORMX

COSI[a,I[I/IM OHHOCHOﬁHym CCTh C TPpEM: HeﬁpOHaMH " IBYX3JICMCHTHBIM BEKTOPOM

BXOJIa CO 3Ha4YCHUSAMH u3 auama3zonHoB [0 1] u [-1 1]:
net = newff ([0 1; -1 1],[3]); gensim(net)

BriBenem 3Ha4YeHHUI MaCCUBOB BECOB U CMEIICHUH:

b = net.b, b{l}
b =
[3x1 double]
ans =
-3.8200
-1.1587
-1.3436
iw = net.iw, iw{l}
iw =
[3x2 double]
ans =

2.7902 -1.9834
2.3173 -2.1301
-2.1626 -2.1704

lw = net.lw

Iw =

O0benMHUM MacCHBBI BECOB M CMEIICHHH B 00N BEKTOP
x = formx (net,net.b,net.iw,net.1lw); x'

ans =

Columns 1 through 4
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2.7902 2.3173 -2.1626  -1.9834
Columns 5 through 8

-2.1301 -2.1704 -3.8200 -1.1587
Column 9

-1.3436

C428. GETX

Co3anum OJJHOCIIONHYIO CETh C TPEMS HEMPOHAMU U JBYX3JIEMEHTHBIM BEKTOPOM
BXOJ1a CO 3HAaYCHMAMHM U3 auarna3zonoB [0 1] u [-1 1]:

net = newff ([0 1; -1 1],[3]); gensim(net)

BriBeneM 3HaueHMsI MACCUBOB BECOB U CMEIIICHUM:

net.iw{l,1}, net.b{1l}

ans =
-1.0809 -2.3639
4.7917 -0.3739
-1.9788 -2.2138
ans =
2.9653
-2.3959
-1.4355

ITH XK€ 3HAYCHUS MOKHO BEIBECTH B BUIC O6L€,I[I/IH6HHOI‘O BCKTOpA, KOTOpI:Iﬁ

COJICPKUTCS B OIIUCAHUU HEUPOHHOU CETHU:

x = getx(net); x'

ans =
Columns 1 through 4
-1.0809 4.7917 -1.9788 -2.3639
Columns 5 through 8
-0.3739 -2.2138 2.9653 -2.3959
Column 9
-1.4355

C428. SETX
CoziaauM OJHOCIOWHYIO CETh C TpeMsl HEHPOHAMU U JIBYX3JIEMEHTHBIM BEKTOPOM

BXO0JIa CO 3HaUYCHUSAMH U3 nuana3oHoB [0 1] u [-1 1]:
net = newff ([0 1; -1 1],[3]); gensim(net)

net.iw, net.b

ans =
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[3x2 double]
ans =
[3x1 double]

Cetb nuMeeT 6 BeCOBBIX KOOPPUIIMEHTOB U 3 IEeMEHTa CMEIIEHUMN, TO €CTh BCero 9
3HaUYCHUM. 3aJaiuM HSTHUM DJIEMEHTAaM CJydaliHble 3HAYCHUS M BKJIIOYUM HX B

OITMCaHUuE HeﬁpOHHOﬁ CCTHU:
net = setx(net,rand(9,1));
ITH 3HAYE€HUS MOKHO BBEIBECTH Ha 9KpaH € MOMOIIb0 KOMAaHIbI
getx (net)
ans =
0.6252
0.7334
0.3759
0.0099
0.4199
0.7537
0.7939
0.9200
0.8447

C429. CALCPERF

Co3gaauM JIMHEHHYIO CETh C OJIHUM BXOJOM, U3MEHSIOIMMCS B auanazone ot 0
1o 1, ABymst HelipoHaMU U JIMHUEH 3aJep>KKU Ha BXoJie ¢ mapameTrpamiu [0 2 4]; B cetn
WCIIONB3YeTCsl 0OpaTHas CBsI3b ¢ JTMHUEH 3a1epxku [1 2]:

net = newlin ([0 1],2,[0 2 4]);
net.layerConnect(1l,1) = 1;
net.layerWeights{1l,1}.delays = [1 2]; gensim(net)

Berumcnum  BeKTOp 3ama3fpIBaOIIMX BXOJOB Pd, ecnm 3amaHbl peanmm3aius
BEKTOpa BxojAa P nis 5 maroB mo BpeMeHH, BEKTOP HAyaJbHBIX YCIOBHI Ha JTUHUU
3aJIepP>KKH BXOJI0B Pi:

P={00.10.30.60.4}; Pi = {0.2 0.3 0.4 0.1}; Pc = [Pi P];

Pd = calcpd(net,5,1,Pc);
chopMUpyeM BEKTOp HAa4YaJIbHBIX YCJIOBHHA Ha JIMHUW 3aJICPKKU BBIXOAA CIIOS IS
Ka)XJI0TO U3 JIByX HEHPOHOB U MacCHUB BEKTOPOB LieJIel Ha 5 miarax 1o BpEMEHHU:

Ai = {[0.5; 0.1] [0.6; 0.5]1};

Tl {[0.1;0.2] [0.3;0.1], [0.5;0.6] [0.8;0.9], [0.5;0.11};

H3Bneuem O6’[>C,I[I/IH6HHLII\/'I BCKTOD BECOB 1 CMEIICHUI U3 ONMCAHUS CETU

X = getx(net);
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Berurcnum GyHKIIMOHAT KA4€CTBA U CUTHAJIBI B CETH
[perf,El,Ac,N,BZ,IWZ,LWZ] = calcperf (net,X,Pd,Tl1,Ai,1,5);
BriBeiem 3HaueHus (pyHKIIMOHAIA Ka4eCTBAa M MACCHBA OMIMOOK CIIOS
perf, cat(2, E1{:})
perf =
0.2470
ans =
Columns 1 through 4
0.1000 0.3000 0.5000 0.8000
0.2000 0.1000 0.6000 0.9000
Column 5
0.5000
0.1000

C430. CALCGX
Co3gaauM JIMHEHHYIO CETh C OJIHUM BXOJOM, U3MEHSIOIIMMCS B auanazone ot 0
1o 1, ABymst HeipoHaMU U JIMHUEH 3aJep>KKU Ha BXoJie ¢ mapamerpamiu [0 2 4]; B cetn

HCIIONB3YeTCsl 0OpaTHas CBsI3b ¢ TMHUEH 3anepxku [1 2]:
net = newlin([O 1],2,[0 2 4]);
net.layerConnect(1l,1) = 1;
net.layerWeights{1l,1}.delays = [1 2]; gensim(net)
Berumcnum  BeKTOp 3ama3fbplBalOIIMX BXOJOB Pd, ecnm 3amaHbl peanmm3ainus

BCKTOpPa BXOoda P nns 5 maros 1o BPEMCHHU, BCKTOP HAYaJIbHBIX YCJIOBI/Iﬁ Ha JIMHUH

3aJIep KK BX0J10B Pi:
P={00.10.30.60.4}; Pi = {0.2 0.3 0.4 0.1}; Pc = [Pi P];
Pd = calcpd(net,5,1,Pc);
Chopmupyem BEeKTOp HAaYaJIbHBIX YCJIOBUW Ha JIMHUH 33JICPKKU BBIXOJA CJIOS JUIS

KaxXZI0ro u3 AByx HeﬁpOHOB 1 MaCCUB BECKTOPOB ueneﬁ Ha 5 marax 1o BpPCMCHU:
Ai = {[0.5; 0.1] [0.6; 0.5]};

Tl {[0.1;0.2] [0.3;0.1], [0.5;0.6] [0.8;0.9], [0.5;0.11};

H3BneueM U3 onmcaHus CETH O6’L€I[I/IH6HHBII71 BCKTOpP BCCOB U CMeH_[eHI/If/’I CCTHU U

BbIYUCIIUM (bYHKHI/IOHaJ'I KadyeCcTBa U CUT'HAJIbI CCTU

X = getx(net);

[perf,El,Ac,N,BZ,IWZ,LWZ] = calcperf (net,X,Pd,Tl1,Ai,1,5);

B 3akmouenue wucmosnbdyeM (QyHKIUIO calcgx, 4ToOBl BBIYUCINTH TPAJACHT
¢byHKIIMOHANA IO 00BEAMHEHHOMY BEKTOPY BECOB U CMEILICHUH:

[gX,normgX] = calcgx(net,X,Pd,BZ,IWZ,LWZ,N,Ac,El,perf,1,5); gX'

ans =
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Columns 1 through 4
0.1720 0.1540 0.0600 0.0420
Columns 5 through 8
0.0780 0.0800 0.0120 0.0240
Columns 9 through 12
0.0100 0.0200 0.0460 0.0320
Columns 13 through 16
0.0320 0.0140 0.4400 0.3800
normgX
normgX =
0.6440

C432. CALCJX

CozaauM JIMHEHHYI0 CETh C OAHMM BXOJOM, U3MEHAOIUMCS B Auana3oHe ot 0
10 1, IBymsi HEMpOHAMU W JIMHUEH 3aJIepKKHU Ha BXoje ¢ mapameTpamu [0 2 4]; B ceTn
UCTIOJIBb3YEeTCsl 00paTHAs CBA3b C JIMHUEH 3aepxku [1 2]:

net = newlin ([0 1],2, [0 2 4]); net.layerConnect(l,1l) = 1;

net.layerWeights{1l,1}.delays = [1 2]; gensim(net)

Breruricnum BekTOp 3ama3fplBalOIIMX BXOA0B Pd, ecnm 3amaHbl peamm3aius
BEKTOpa BxoAa P 11 5 miaroB mo BpeMEHH, BEKTOpP HAYaJbHBIX YCIOBUUA Ha JIMHUH
3aJIep>KKH BXOJI0B Pi:

P={00.10.30.60.4}; Pi = {0.2 0.3 0.4 0.1}; Pc = [Pi P];

Pd = calcpd(net,5,1,Pc);

3amaauM ABa HaYaIbHBIX 3HAYCHUS 3ama3/IbIBAIONINX BBIXOJIOB CJIOS JISl KAXKI0TO
W3 ABYX HEHPOHOB U LEJH CJIO0S ISl ABYX HEMPOHOB HAa MMSATh IIAaroB MO BPEMEHH:

Ai = {[0.5; 0.1] [0.6; 0.5]1};
TlL = {[0.1;0.2] [0.3;0.1], [0.5;0.6] [0.8;0.9], [0.5;0.11};

N3Bnedyem u3 onucaHus ceTH OOBEIUHEHHBIN BEKTOP BECOB M CMEIICHHUI CETH U
BBIYHCIINM (I)YHKI_II/IOHaJI KadcCTBa U CUT'HAJIbI CCTU

X = getx(net);
[perf,El,Ac,N,BZ,IWZ,LWZ] = calcperf (net,X,Pd,Tl1,Ai,1,5);

Tenepp MOXXHO TPUMEHHTh (QYHKUIUIO calcjx, YTOObI BBIUUCIUTH SKOOHMAH

(hyHKIIMOHAJIa KaueCcTBa 1Mo 00beTMHEHHON MaTPHIIE BECOB U CMEIICHUH
jX = calcjx(net,Pd,BZ,IWZ,1LWZ,N,Ac,1,5);

figure(l), clf, spy(jX)
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C433. CALCJEJ)

COB,HaI[I/IM HHHeﬁHym CC€Th C OAHUM BXOAOM, U3MCHAIOIINUMCA B AHAIIa30HC OT 0
10 1, IBymsi HEMpOHAMU W JIMHUEH 3aJIepKKHU Ha BXoje ¢ mapameTpamu [0 2 4]; B ceTn

UCTIOJIBb3YEeTCsl 00paTHAs CBA3b C JIMHUEH 3aepxku [1 2]:
net = newlin([0 1],2, [0 2 4]); net.layerConnect(l,1l) = 1;
net.layerWeights{1l,1}.delays = [1 2]; gensim(net)
net.iw, net.lw, net.b
ans =
[2x3 double]
ans =
[2x4 double]
ans =
[2x1 double]

JlanHast ceTb UMeeT 16 HacTpauBaeMBbIX MMapaMETPOB: 6 3JIEMEHTOB BECOBOM MaTpPUIIbI
BXOJIa, 8 3JIEMEHTOB BECOBOM MaTpHUIbl B OOpaTHOM CBSI3M M 2 3JIEMEHTa BEKTOpa
CMEILCHHUA.

Bbruncium  BekTop 3amasabiBaromiux BxoaoB Pd, eciam 3amaHsl peanuzanus
BEKTOpa Bxoaa P mis 5 maroB no BpeMeHM, BEKTOP HA4aJbHBIX YCIOBUM Ha JIMHUU
3aJIepKKHU BX0J10B Pi:

P={00.10.30.60.4}; Pi = {0.2 0.3 0.4 0.1}; Pc = [Pi P];
Pd = calcpd(net,5,1,Pc);

3a,Z[aHI/IM JABa Ha4YaJIbHBIX 3HAYCHHUA 3alla3AbIBAIOIIMX BBIXOAOB CJI0A AJIA KaXXKAO0I'0

W3 ABYX HEMPOHOB U LEJH CIOS ISl ABYX HEMPOHOB HA 5 IIaroB MO BPEMEHH:
Ai = {[0.5; 0.1] [0.6; 0.5]};
Tl {[0.1;0.2] [0.3;0.1], [0.5;0.6] [0.8;0.9], [0.5;0.11};

N3Bnedyem u3 onucaHus CeTH OOBEIUHEHHBIN BEKTOP BECOB M CMEIICHUI CETH U
BBIYHUCTUM (YHKIIMOHAJ Ka4eCTBA U CUTHAJBI CETH

X = getx(net) ;

[perf,El,Ac,N,BZ,IWZ,LWZ] = calcperf (net,X,Pd,Tl1,Ai,1,5);

B 3akmiouenue ucnosnwp3dyem ¢yHKuuio calcjejj, 3agaB kKodhGUIHUEHT YKOHOMUU
MaMsTH PaBHBIM 2

tic, [Jje,jj,normje] = calcjejj(net,Pd,BZ,IWZ,1LWZ,N,Ac,E1,1,5,2);

toc, figure(l), clf, spy(je)

elapsed_time =

0.7700
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Pesynbratel OyayT OOWMHAKOBBIMM TIpH JIOOOM 3HaueHUH Ko3(dduumenra
OSKOHOMHUHM TIaMSTH, OJHAKO BpeMs BBIYMCICHHH OyAeT pacTu. YBeIWIuM

KO3 PHUIHUEHT SKOHOMUH MaMATH 10 3HaYCHUS 4:
tic, [Jje,jj,normje] = calcje]j]j(net,Pd,BZ,IWZ,LWZ,N,Ac,E1,1,5,4);
toc, figure(2), clf, spy(je)
elapsed_time =
0.9800

Onepayuu ¢ maccueamu OAHHbIX

C436. CELL2MAT
C={[1 2] [3]; [45; 6 7] [8; 91};
figure (1), clf, cellplot(C), M = cell2mat(C)

M =
1 2 3
4 5 8
6 7 9

C437. COMBVEC

Paccmorpum cnenyronme 2 BoiOopku Pl m P2 m paccunraem 0O0beaMHEHHYIO
BEIOOpKY P:

Pl =112 3; 45 6]; P2 =1[7 8; 9 10];

P = combvec (Pl,P2)

P =
1 2 3 1 2 3
4 5 6 4 5 6
7 7 7 8 8 8
9 9 9 10 10 10

Ho6asum BEIOOPKY P3

P3 = [4 5 6];
P = combvec (P, P3)

Columns 1 through 7

1 2 3 1 2 3 1
4 5 6 4 5 6 4
7 7 7 8 8 8 7
9 9 9 10 10 10 9
4 4 4 4 4 4 5
Columns 8 through 14

2 3 1 2 3 1 2
5 6 4 5 6 4

7 7 8 8 8 7 7

171



Notebook "Heuponnvie cemu”

9 9 10 10 10 9 9
5 5 5 5 5 6 6
Columns 15 through 18
3 1 2 3
6 4 5 6
7 8 8 8
9 10 10 10
6 6 6 6

C438. CON2SEQ, SEQ2CON

[TpeobOpasyem uucnoBoit MaccuB P pazmepa 2x3, COOTBETCTBYIOIIMN IPYIIIOBOMY
MPEACTABICHUIO JaHHBIX, B MacCUB siueek S pasmepa 1x3, comepxamniux YUCIOBHIC
MaccuBbl pa3zMmepa 2x1 M COOTBETCTBYIOIIMN MOCIEI0BATEIILHOMY IPEICTaBICHUIO

JTAHHBIX:
P=1[142; 25 3]; S = con2seq(P)
S =
Columns 1 through 2
[2x1 double] [2x1 double]
[2x1 double]

[TpeoOpasyem maccuB stueek P pasmepa Qx1, comepkamimx MacCHBBI pazMepa
Rxm*TS, KxoTOpbIii COOTBETCTBYET CTPYKTYpE IPyIIIOBOrO MPECTABICHUS, B MACCHUB
sueek S pasmepa QxTS, comepkammx MacCcUBbl pasMepa Rxm, W KOTOpBIi

COOTBETCTBYET CTPYKTYPE MOCIIEOBATEIHLHOTO MPEACTABICHUS TaHHBIX.

P
S

{ [1 2; 12]; [3 4; 3 4]; [5 6; 5 6] }; S = con2seq(P,2)

[2x1 double] [2x1 double]

[2x1 double] [2x1 double]

[2x1 double] [2x1 double]
DTOMy MacCUBY COOTBETCTBYET CIEAYIOLIEE ONMUCAHUE
cell2mat(S), figure(l), clf, cellplot(S)

ans =

a o w w kP
o OO M MADNDN
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[Tpeobpazyem maccuB sueek S pazmepa QxTS, comepkanux YUCIOBBIE MACCHBBI
pasmepa Rxm, B maccuB siueek P pasmepa Qx1 . Ilpu aToM Kaxknas siaeiika CoOaep>KUT

YHCIIOBOM MaccuB pazmepa Rxm*TS:.

S = {[1; 1] [5; 4] [1; 2]; [3; 9] [4; 1] [9; 8]}
P = seg2con(S)
S =
Columns 1 through 2
[2x1 double] [2x1 double]
[2x1 double] [2x1 double]
[2x1 double]
[2x1 double]
P =

[2x3 double]
[2x3 double]

ChopmupyeM  4uCIOBOM  MacCuB P,  COOTBETCTByIOmIMN  T'PYNIIOBOMY

Hp €ACTAaBJICHUIO
P = cell2mat (P)
P =

© W Fr PP
=~ b~ O
o ©O© N

C439. CONCUR
@yHKIMS concur CO3JaeT TPU KOMHUU BEKTOpa CMEIICHMs AJis JAHHOTO CIIOS

HEUPOHHOU CETH:

b =[1; 3; 2; -1]; B = concur(b,3)

B =
1 1 1
2 2 2
-1 -1 -1

JIByxcioliHas HEWpOHHAs CEThb MMEET 2 BEKTOpa CMEIICHMS, KOTOpPBIC IS

npuUMeHeHHs pyHKIHUU concur He0OX0UMO 0ObETUHUTH B BEKTOP sTUE€EK
bl = [1; 3; 2; -1]; b2 = [3; 2; -1]; b = {bl; b2}
B = concur (b, 3)
b =
[4x1 double]
[3x1 double]
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[4x3 double]
[3x3 double]

C440. IND2VEC, VEC2IND

[TpeoOpazoBaTh BEKTOP UHICKCOB KIACCOB B MATPHILy CBSI3HOCTH

ind = [1 3 2 3], vec = ind2vec(ind), vec = full (vec)
ind =
1 3 2 3
vec =
,n 1
G3.2) 1
(2,3) 1
@G3.4) 1
vec =
1 0 0 0
0 0 1 0
0 1 0 1

[TpeoOpa3oBaTe MaTpHILy CBSI3HOCTH B BEKTOP MHJIEKCOB KJIACCOB

vec =[1000; 0010; 0101];

ind vec2ind (vec)

ind

C441. MAT2CELL

[TpeoOpa3zoBate 4rciaoBoit MaccuB M pa3mepa 3x4 B MacCUB sYCEK C pa3OUCHHEM
mrow = [2 1], ncol =12 1]:
[1 23 4; 56 7 8; 910 11 12];
C = mat2cell (M, [2 1],[1 2 1])

M

C =
Columns 1 through 2

[2x1 double] [2x2 double]
[ 9] [1x2 double]
[2x1 double]
L 12]

[C{1,:}; C{2,:}]

ans =
1 2 3 4
5 6 7 8

9 10 11 12
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C441. MINMAX

Beraucnuth MUHHUMAaJIbHBIE W MaKCHUMAaJIbHBIC 3HAYCHUS JJIEMCHTOB B CTpOKax

MaccuBa P:
P=[012; -1 -2 -0.5]; pr = minmax(P)
pr =
0 2.0000
-2.0000 -0.5000

C442. NORMC, NORMR
Hopmuposats matpuity M no ctpokam u cTosionam
M= [12; 3 4];
normr (M) , normc (M)
ans =
0.4472 0.8944
0.6000 0.8000
ans =
0.3162 0.4472
0.9487 0.8944

C442. PNORMC

BrITTOTHUTE ICEBAOHOPMUPOBKY CTOOIIOB MaTPHIIBI
M= [0.10.6; 0.3 0.1];

pM
pM

pnormc (M)

0.1000 0.6000
0.3000 0.1000
0.9487 0.7937

C443. QUANT
OxpyrauTthb 31emMeHThl MaccuBa P ¢ TounocThio 110 0.1
P = [1.333 4.756 -3.897]; qP = quant(P,0.1)
qpP =

1.3000 4.8000 -3.9000

C443. SUMSQR
BbruncauTh CyMMy KBaJIpaToOB BCEX AJIEMEHTOB MaccuBa M:

M

[ 1 2 3; 45 6]; s = sumsqr (M)

s
91

I'paguyeckue ymuiumor
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C443. PLOTV
OT0Opa3uTh BEKTOPHI B BUJIE TUHUN

P=[-0.4 0.7 0.2, -0.5 0.1 0.5];
figure(1l), clf, plotv(P,'-'); grid on %Puc.11.64

C444. PLOTVEC
OT1006pa3uTh BEKTOPHI BX0J1a B BUJIE MAPKEPOB

P

[ 0.1000 1.0000 0.5000 0.7000
-1.0000 2.0000 0.5000 0.1000
1.0000 0.1000 0.7000 0.5000] ;
t = minmax(P)'; figure(l), clf, axis(t(:)'), c=[1 2 3 4]"';

plotvec(P,c,'o'), grid on %$Puc.11.65

C445. PLOTPV

OT1006pa3uTh BEKTOPHI BXOJ1a U 1€l MepCenTpoHa B BUJE MapKEpOB
P=[0011; 0101; 1001]; T=[000 1];

figure (1), clf, plotpv(P,T),grid on,

title ('BekTopn BxOmOB M uenemn') %$Puc.l1l1l.66

C446. PLOTPC

OnpenenrM BEKTOpPbl BXOAOB M L€l W oToOpa3uM HX B JIBYMEPHOM
MMPOCTPAHCTBC BXOAOB

P=[0011; 01 01]; T=1[000O01];

figure(1l), clf, plotpv(P,T), grid on, hold on

COS,[[aI[I/IM MEPCCIITPOH C BXOAaMU P , 3ala/IUM TIPOU3BOJIbHBIC 3HAUYCHUSA BCCaM U

CMCHICHUAM U MMOCTPOUM PA3ACIAIOIIYIO JUHUIO B ITPOCTPAHCTBEC BXOJOB!:

net = newp (minmax(P),1) ;

net.iw{l,1} = [-1.2 -1]; net.b{l} = 1.3;

h = plotpc(net.iw{l,1},net.b{1});

set(h, 'Color',[1/2,1/2,0], 'LineWidth',2)

[TocTponv pasaensonyo MI0CKOCTh B TPEXMEPHOM ITPOCTPAHCTBE

P=[0011; 0101; 1001]; T=1[000 1];

figure(1l), clf, plotpv(P,T), grid on, hold on

CJ'IG,ZLYIOH_II/IG (by'HKI_[I/II/I CO3MAa0T MNEPCeUTpOH C BXOAdaMH, COOTBCTCTBYIOIIUMU

3HAYCHHUAM BCKTOpa P, HasHa4YaroT 3HAYCHUA €ro BCCaM UM CMCUHICHUAM H CTPOSAT

pasacArOmy o MIOCKOCTb:
net = newp (minmax(P),1);
net.iw{l,1} = [-1.2 -1 -0.5]; net.b{1l} = 1.3;
h = plotpc(net.iw{l,1}, net.b{1l});
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C448. HINTONW

3aganuM CaydaiiHyl0 MaTpUIly BECOB M IMOCTPOUM JJIsl HEe JuarpamMmy XHUHTOHA,

HCIIOJIB3Ys 3HAUCHUA NOMMOJTHUTECIBHBIX apIr'YMEHTOB 110 YMOJIYAaHUIO

W = rands(4,5); hintonw(W), % Puc.11.69

C449. HINTONWB

3agaguM CilydailHble MaTpUIy BECOB M BEKTOP CMENIEHUM W MOCTPOUM JJISI HUX
;[HarpaMMy XI/IHTOHa, I/ICHO.HI:By}I 3HAYCHHUA AOIIOJIHUTCIIBHBIX apI‘yMCHTOB 110

YMOJYaHUIO
W = rands(4,5); b = rands(4,1);
hintonwb (W,b), % Puc.11.70

C450. PLOTPERF

3anagum 8 3HaUeHHM BeKkTOopa BXxoaa P, cooTBeTcTByromMiA UM BekTop ueneit T, a
TaKX€ KOHTPOJIBHOE IMOJAMHOXKECTBO B BUJi€ BEKTOpoB VV.P u VV.T:

P=1:8;, T = sin(P); VV.P = P; V.T = T+rand(1,8)*0.1;

Co3ganum 1 00y4YHM JIBYXCIOWHYIO CETh IPAMOM nepeaayu ¢ 4-Ms HelpoHaMu B
MepBOM CJIo€ ¢ (PyHKIMEW aKTHUBalUM tansig ¥ OJHUM HEUPOHOM BO BTOPOM CJIOE

Takxe ¢ (yHKIMEH aKTUBALIUY tansig
net = newff (minmax(P),[4 1],{'tansig',k 'tansig'});
[net,tr] = train(net,P,T,[],[],VV); grid on
TRAINLM, Epoch 0/100, MSE 1.45434/0, Gradient 2.89033/1e-010
TRAINLM, Epoch 25/100, MSE 0.358863/0, Gradient 0.12179/1e-010
TRAINLM, Epoch 50/100, MSE 0.0103365/0, Gradient 0.0194758/1e-010
TRAINLM, Epoch 70/100, MSE 0.00721783/0, Gradient 0.0138325/1e-010
TRAINLM, Validation stop.

B mporueece BbIMONHEHNS TMPOLEIYPHI train Ui TOCTPOCHUS rpaduka TOYHOCTH
o0OydeHus Takxke nmpuMensercs GyHkuus plotperf 1 Bo MHOTHX cily4asix TOro ObIBaeT
JOCTaTOYHO JUIS OLIEHKU TPOIIETypPBI O0yUSHHS.

Opnako ¢yskius plotperf mo3Bosnser ohopMuTh rpaguKu pe3ynbTaToB 00yUeHUs
U 10 3aBEepIICHUH STOW TPOUEAYPHl, HCHOJB3Ys IOMOJHUTEIbHBIC APTyMEHTHI.
Hampumep, BbimonmHss oOy4YeHHWE C MPEIeTbHOM TOYHOCTBIO, 3aJaHHOM IO
YMOJYaHUIO, Ha 3aKIIOYUTEIBHOM rpaduke MOXKHO yKa3aTh TpeOyeMylo TOYHOCTh U

OLICHUTH AJIUTCIIbHOCTD OGy‘lCHI/IH

plotperf (tr, 0.005) %$Puc.11.71

177



Notebook "Heuponnvie cemu”

C451. ERRSURF, PLOTES

BbraucnuTh ¥ mocTpouTh rpaduk NOBEPXHOCTH OMIMOKH JIJIsl HEHpoHa
p=1[032]; t=1[0.40.8];

wv = -4:0.4:4; bv = wv;

ES = errsurf(p,t,wv,bv,'logsig');

plotes (wv,bv,ES, [60 30]) % Puc.11.72

C452. PLOTEP

[TocTpouth TpaekTopuro 00y4eHHUs B IPOCTPAHCTBE HACTPAMBACMBIX TAPAMETPOB.
Script-daiin, TpUBENEHHBI HIKE, OIMHUCHIBACT CIEHAPUN TMOCTPOCHHS] TaKOU
TPACKTOPUHU. DTOT CIEHApUii HEOOXOAMMO CKOIMPOBATH W BHITIOJHUTH B pabouem

okHe cucteMbl MATLAB:

Script

% Bapmanme obyuawuen NOCJIeNOBaTeJIEHOCTHU
P=1:8; T = sin(P);

% IllocTpOeHMe IOBEPXHOCTM OUMGOK

w_range = -1:0.2:1; b range = -1:0.2:1;

ES = errsurf(P, T, w_range, b _range, 'purelin');
plotes(w_range, b_range,ES);

% dopMMpPOBaHMEe HEMPOHHOM CeTHn

maxlr = 0.40*maxlinlr (P, 'bias');

net = newlin([-2 2], 1, [0], maxlr);

% BamaHme HauvaJBHOM TOYKMU

subplot(1l, 2, 2);

h = text(sum(get(gca, 'xlim'))*0.5,
sum(get(gca, 'ylim'))*0.5, '*Ykaxmre TOuky*') ;
[net.IW{1l,1} net.b{1l}] = ginput(l)

delete (h) ;

% IlocTpoeHMe TpaeKTOpPMUM OB6YydUeHMs

limiting = net.trainParam.epochs;

limloop = limiting+l;

net. trainParam.epochs = 1;

net.trainParam.goal = .001;
net.trainParam.show = Inf;

h = plotep(net.IW{1l}, net.b{l}, mse(T-sim(net, P)));
[net, tr] = train(net, P, T);

r = tr;

epoch = 1; cont = 1;

while (length(r.epoch)<limloop & cont)
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epoch =

epoch+1;

[net, tr]=train(net, P, T);

if length(tr.epoch)>1

h = plotep(net.IW{1l,1}, net.b{l},

r.epoch =
r.perf

r.vperf =

r.tperf
else

cont = 0;
end;

end; % Puc.1l1.73

[r.epoch epoch];

[r.vperf NaN];
[r.tperf NaN];

Hupopmayus o cemu u ee mononozuu

C454. DISP, DISPLAY

[r.perf tr.perf(2)];

tr.perf(2), h);

Coztaaum nepcenTpoH U BBIBEAEM Ha DKpaH €ro CBOMCTBA:

net = newp([-1 1; O

net =

2],3); display (net)

Neural Network object:

architecture:
numlnputs:
numLayers:
biasConnect:
inputConnect:
layerConnect:
outputConnect:
targetConnect:

numOutputs:
numTargets:
numlnputDelays:
numLayerDelays:

1

1

[1]
[11
0]
[11
[1]

1 (read-only)
1 (read-only)
0 (read-only)
0 (read-only)

subobject structures:

inputs:
layers:
outputs:
targets:
biases:
inputWeights:
layerWeights:
functions:
adaptFcn:

{1x1
{1x1
{1x1
{1x1
{1x1
{1x1
{1x1

cell}
cell}
cell}
cell}
cell}
cell}
cell}

of inputs
of layers

"trains”
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initFcn: "initlay

performFcn: "mae

trainFcn: "trainc”®
parameters:
adaptParam: .passes
initParam: (none)
performParam: (none)
trainParam: .epochs, .goal, _-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)

C455. PLOTSOM

PaccmoTpum crmocoOb1 0ToOpaskeHus! ABYMEPHBIX U TpeXMepHbIX kapT KoxoHeHa;
U 3TOro ¢ nomombio M-¢pyHeuuun gridtop paccunTaeMm CeTKy ¢ HPSIMOYTOJIbHOM

TOIOJIOTHEN
pos = gridtop(4,3);
figure(l), clf, plotsom(pos),
title ('Mosuumm HeMpoHOB') , grid on %$Puc.11.74,a
Jns oroOpaxkeHust IByMepHO# KapThl KOXOHEHa B MPOCTPAHCTBE BECOB 3313 MM

Cly4dailHyto matpuiy BecoB W paszmepa 12X2 ¥ BBIYMCIMM MaTpUILy paccTosiHuil D

Ha BHIOpaHHOI ceTke
W = rand(12,2); D = dist(pos);
figure (2), clf,
plotsom(W,D), title('llosMumm HEMPOHOEB B NPOCTPAaHCTBE BECOB'),
grid on %Puc.11.74,6
BrinosHuM aHamoruyHble MOCTPOSHHUS JJIsI TpPEXMEPHOU KapThl KoxoHeHa
pos = gridtop(4,3,3);
figure(l), clf, plotsom(pos), plotsom(pos)
title ('losuumm HeMpoHOB'), grid on $Puc.11.75,a
D = dist(pos); W = rand(36,3);
plotsom(W, D), figure(2), clf,
plotsom(W,D), title('losuumum HENPOHOB B INPOCTPaHCTBE BECOB'),

grid on %$Puc.11.75,6
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C457. GRIDTOP
Paccuntars moJIO)KEHHS HEHPOHOB Ha 4-MEPHOH CETKE ¢ NpPSIMOYTOJbHOMN

TOMOJIOTHEH pazmepa 5x4x3X2 U BBITIOJHUTD MOMBITKY MTOCTPOUTH rpaduk
pos = gridtop(5,4,3,2);
figure(l), clf, plotsom(pos), plotsom(pos)
title ('losuumm HeMpoHOB'), grid on $Puc.11.76

Warning - PLOTSOM only shows first three dimensions.
Warning - PLOTSOM only shows Ffirst three dimensions.

C457. HEXTOP
Paccunrarh mnosokeHHsT HEHPOHOB Ha 3-MEpPHOW CETKE C TIeKCaroHalbHON

Tonojorueit pazmepa 5x4x3 ¢ 60 HefipoHaMH U TOCTPOUTH TpadUK UX PACIIONIOKESHUS
pos = hextop(5,4,3);
figure (1), clf, plotsom(pos), plotsom(pos)

title ('Mosuumm HeMpoHOB'), grid on $Puc.11.77

C458. RANDTOP
Paccunrare mnosoxeHHss HEHPOHOB Ha 3-MEpPHOW CETKE C TIeKCaroHalbHON

Tonojorueit pazmepa 5x4x3 ¢ 60 HefipoHaMH U TOCTPOUTH T'padUK UX PACIIONIOKESHUS
pos = randtop(5,4,3);
figure (1), clf, plotsom(pos), plotsom(pos)

title('Nosuumm HempoHoB'), grid on %Puc.11.78

MopenupoBanue HEHPOHHBIX ceTell U cuctema Simulink

DYHKYUU MOOCTUPOBAHUS CemU

C459. SIM

Co3manuM HEHPOHHYIO CETh MEPCENTPOHA C OJHUM CJIOEM U JABYXDJIEMEHTHBIM
BXOJIOM C uana3oHoM 3HaueHui [0 1] 1 oqHUM HEeHpOHOM

net = newp ([0 1;0 1],1);

Tenepp  MOXHO  MPOMOJEIMPOBATH  MEPCENTPOH, IMOAaBas  Pa3IUYHbIC
MOCTE0BATEIbHOCTH BEKTOPOB BXO/Aa: OAUH BEKTOP C ABYMS AJIEMEHTaMU, TpyIna u3
JBYX BEKTOPOB C TpeMsl 3JIEMEHTAMH, MOCJIEI0BATEIbHOCTh M3 3 BEKTOPOB, UYTO

COOTBETCTBYET Pa3IMYHBIM (JOpMaM MPECTABICHUS JaHHBIX
pl = [.2; .9]; al = sim(net,pl)
p2 =[.2 .5 .1 ;.9 .3 .7]; a2 = sim(net,p2)

p3 = {[.2; .91 [.5; .3] [.1; .71}; a3 = sim(net,p3)
al =
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a2 =

a3 =
[11 [11 [11

B nanHoM ciyuae B KauecTBE pe3yJibTaTa BHIBOJSATCS TOJIBKO BBIXO/bI HEHPOHA.

Co31aauM TUHAMUYECKYIO0 OJHOCIIOMHYIO JIMHEHHYIO CETh C JBYMs HEHpPOHAMHU,
TPEXDJIEMEHTHBIM BXOJOM C JIMana3oHOM 3HaueHud [0 2] m nuHUel 3aJepKKU Ha
pxozae [0 1]:

net = newlin([0 2;0 2;0 2],2,[0 11);

JluHelHbIl cI0W MOJEIUpPYETCs C TOCIENOBATEIbHOCThIO W3 JIByX BEKTOPOB

BXO0Ja, JUIA 3aJaHHBIX 10 YMOJIYaHHUIO HAYAIBHBIX YCIOBUS Ha JIMHUAX 3aI€PKKU
pl = {[2; 0.5; 1] [1; 1.2; 0.1]1};
[vl,pf] = sim(net,pl)
yl =
[2x1 double] [2x1 double]
pf =
[3x1 double]

3aTeM 3TOT CJIOW MOJEIUPYETCS €Ie JJisg 3 BEKTOPOB, MCIOB3Ys COCTOSHUS Ha

DJIEMEHTAX 3aJEP)KKHU KaK HOBBIC HaYaJIbHBIE YCIIOBUS
p2 = {[0.5; 0.6; 1.8] [1.3; 1.6; 1.1] [0.2; 0.1; O]}
[v2,pf] = sim(net,p2,pf)
y2 =

Columns 1 through 2
[2x1 double] [2x1 double]
[2x1 double]
pf =
[3x1 double]

Co3mamuM  JABYXCIOMHYIO C€Thb OJMaHa C OJHODJIEMEHTHBIM BXOJOM C
nuamna3zoHoM 3HaueHui [0 1], umeromnyto 3 HeiipoHa ¢ QyHKIMEH akTUBalUU tansig B
cioe 1 u 2 Hevipona ¢ pyHknmer akruBarnmu purelin B cioe 2. Cerb DiiMaHa UMeeT

nuHuto 3aaepxku [0 1] mpu nepexoae ot cnod 1 k cioro 2:

net = newelm ([0 1],[3 2],{'tansig’', 'purelin'});

Cetp Monenupyercs Uil TPEXIIEMEHTHOIO BEKTOpa BXO0/a, UCIOJIb3Ys 3aJaHHbIE
10 YMOJIYaHHUIO HaYaJIbHBIC YCIOBHS HA JTUHUM 3a1CPIKKU

pl = {0.2 0.7 0.1};

[vl,pf,af,e,perf] = sim(net,pl)

yl =
Columns 1 through 2
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[2x1 double]
[2x1 double]
pf =

[2x1 double]

Empty cell array: 1-by-0

af =
[3x1 double]
[2x1 double]
e =
Columns 1 through 2
[2x1 double]
[2x1 double]

perf =
0.5221

[e{:}]

ans =
0.3072 0.7206
0.7558 0.8468

[2x1 double]

0.7108
0.8517

BreimonHuMm elie oguH mar MOZACIIMPOBAHUA, HO TCIICPb AJISI UCTBIPECXIJICMCHTHOT'O

BCKTOpa BXOJa, HCIIOJIb3YyAd

HaYyaJIbHbIEC yCIIOBUS
p2 = {0.1 0.9 0.8 0.4};
[yl,pf,af,e,perf] =
yl =

Columns 1 through 2
[2x1 double]
Columns 3 through 4
[2x1 double]

pf =

COCTOsIHMA Ha JJIEMCHTaxX 3aJICPpKKHM KaK HOBBIC

sim(net,p2,pf, af)

[2x1 double]

[2x1 double]

Empty cell array: 1-by-0

af =
[3x1 double]
[2x1 double]
e =
Columns 1 through 2
[2x1 double]
Columns 3 through 4
[2x1 double]
perf =
0.6336
[e{:}]
ans =

0.7274 0.7144

[2x1 double]

[2x1 double]

0.7448 0.7554
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0.8536 0.8453 0.8526 0.8568

Tocmpoenue mooenetl HelporHbIX cemell

C465. GENSIM

Co3mamuM  OMHOCIOMHYIO JIMHEHHYIO CE€Th, pEATM3YIOUIyI0  CleayIolee
COOTHOIIEHUE MEXKAY BXOJOM U LETBIO

P=[12345]; T=1[135709];

net = newlind(P,T);

st Toro uToObI chOpMHUPOBATH S-MOJIENb STOU CETH, UCIIONIb3YeM KOMaHIy

gensim(net,-1) %$Puc.11.84

Tenepb paccCMOTPUM MIPUMEP MOACITUPOBAHUS TUHAMUYECKOM ceTu. OOpaTuMces K

CETH aﬂMaHa, CBSI3aHHOM C JACTCKTUPOBAHUEM aMINIUTY bl TAPMOHHUYCCKOI'0 CUTHAJIA.

Cdopmupyem u 00yuuM ceTh DIIMaHa

clear, pl = sin(1:20); p2 = sin(1:20)*2;
tl = ones(1,20); t2 = ones(1,20)*2;

P = [Pl p2 pl p2]; t = [tl t2 t1 t2];
Pseq = con2seq(p); Tseq = con2seq(t);

R = 1; % Uucino »JIeMeHTOB BXoma

S2

1;% Uncio HEMPOHOB BHXOINHOI'O CJOS

Ss1 10;% UmMcio HENpPOHOB PEKYPPEHTHOI'O CJOsI

net = newelm([-2 2],[S1 S2],{'tansig', 'purelin'},'traingdx');

net. trainParam.epochs = 500; net.trainParam.show = 25;

net. trainParam.goal = 0.05;

[net,tr] = train(net,Pseq,Tseq);

TRAINGDX, Epoch 0/500, MSE 9.2038/0.05, Gradient 21.0604/1e-006
TRAINGDX, Epoch 25/500, MSE 0.322819/0.05, Gradient 0.533849/1e-
006

TRAINGDX, Epoch 50/500, MSE 0.269378/0.05, Gradient 0.174894/le-
006

TRAINGDX, Epoch 75/500, MSE 0.219944/0.05, Gradient 0.14799/1e-006
TRAINGDX, Epoch 100/500, MSE 0.0492742/0.05, Gradient 0.162553/1e-
006

TRAINGDX, Performance goal met.

gensim(net)
Coznmagum S-monenb 3ToW ceTd, nomnonHuB ee 6iokom To Workspace, koTopslit
MO3BOJISIET 3aIMCaTh PE3yJIbTaThl MOJEIUPOBAHMS B BHUJIE MacCHMBa yout B pabouyro

obmacth cuctembl MATLAB (puc.11.88, a).
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3anaB 3HaueHHe BXoaHOro curpana (puc. 11.89,a), BBINOIHMM MOAETHpPOBAHUE
CETH W BBIBEJEM pE3yJbTaT B BHUJE IpaduKa M3MEHEHHs BBIXOAA CETH, UCIOJIb3Ys

naHHbIE U3 padoueit obrmactu cuctemsl MATLAB.

stairs(tout(l:5:end) ,yout) %$Pmuc.11.89,6

C470. GENSIMM

Chopmupyem M-daitn ans S-monenu cetn dnmana
Pl = sin(1:20); p2 = sin(1:20)*2;

tl = ones(1,20); t2 = ones(1,20)*2;

P = [Pl p2 pl p2]; t = [tl t2 t1 t2];
Pseq = con2seq(p); Tseq = con2seq(t);

R = 1; % Uucino 3JIeMeHTOB BXoza

S2

1;% UnMcio HEMPOHOB BHXOIHOI'O CJOS

S1

10;% UmMcio HENpPOHOB PEKYPPEHTHOI'O CJOSsI
net = newelm([-2 2],[S1 S2],{'tansig', 'purelin'},'traingdx');

netelm = gensimm(net)

netelm
C:\WINDOWS\TEMP\matlab_nnet\tp354077.m

Brienem tekct M-daiina:

type (netelm)

function [perf,EIl,Ac,N,LWZ,IWZ,BZ] = tp354077(net,Pd,Ai,TI,Q,TS)
%TP354077 Temporary network simulation file.

%

% [perf,ENl,Ac,N,LWZ,IWZ,BZ] = tp354077(net,Pd,Ai,T1,Q,TS)

% net - Neural network.

% Pd - numlnputs-by-numLayers-by-TS cell array of delayed
inputs.

% Al - numLayers-by-numLayerDelays cell array of layer delay
conditions.

% TI - numLayers-by-TS cell array of layer targets.

% Q - number of concurrent simulations.

% TS - number of time steps.

% returns:
% perf - network performance:

% EI - numLayers-by-TS cell array of layer errors:

% Ac - numLayers-by-(numLayerDelays+TS) cell array of layer
outputs:

% N - numLayers-by-TS cell array of net inputs:

% Lwz - numLayers-by-numLayers-by-TS cell array of weighed

layer outputs:
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% 1wz - numLayers-by-numlnputs-by-TS cell array of weighed
inputs:
% BZ - numLayers-by-1 cell array of expanded biases:

% Input weights
IWl_1 = net.IW{1,1};

% Layer weights
LWl 1 = net.LW{1,1};
LW2_1 = net.LW{2,1};

% Biases

QOnes = ones(1,Q);

B1 = net.b{1}(:,Q0nes);
B2 net.b{2}(:,Q0nes);
BZ = {B1; B2};

% Signals

El = cell(2,TS);

Ac = [A1 cell(2,T9)];
N = cell(2,TS);

Wz = cell(2,1,TS);
LWz = cell(2,2,TS);

for ts=1:TS;
tsc = ts + 1;

% Simulate Layer 1

Iwz{1,1,ts} = 1W1_1*Pd{1,1,ts};
Lwz{1,1,ts} = LW1_1*Ac{l,tsc-1};
N{1,ts} = IWz{1,1,ts}+LWz{1,1,ts}+B1;
Ac{l,tsc} = tansig(N{1l,ts});

% Simulate Layer 2

Lwz{2,1,ts} = LW2_1*Ac{l,tsc};

N{2,ts} = LWz{2,1,ts}+B2;

Ac{2,tsc} = N{2,ts};

EI{2,ts} = TI{2,ts} - Ac{2,tsc};
end;

perf = mse(El,net,net.trainParam);
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