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? W — BeKTOp BeCOB;
72— CYMMUPYIOLWLMIN BAOK;
? NET — BbIxoA.
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? NET — npomeXyTouHbIM BbIXOA,;
? F — akTuBaumoHHasa byHKUMS;
2 OUT — BbixoA.

AKTUBaUMOHHAA GYHKLMSA AOAXKHA MMETb OrpaHUYEHHOE
MHOeCTBO 3Ha4yeHuM, K npumepy [0;1]. 2To HeobxoaMMoe
YCAOBUE AASl HOPMaAU3ALLUM BbIXOAHOTO 3HAYEHMUSI.



OCHOBHBIE ITOHSATHUSI.
[IpuMephl aKTHUBAILMOHHBIX (DYHKITHH.

? EAMHUYHbBIN CKAYOK MAM XKeCTKas noporosas PpyHKLMS




OCHOBHBIE ITOHSATHUSI.
[IpuMephl aKTHUBAILMOHHBIX (DYHKITHH.

? /\MHEeMHbIX NOPOTr UAU TUCTEPE3UNC




OCHOBHBIE ITOHSATHUSI.
[IpuMephl aKTHUBAILMOHHBIX (DYHKITHH.

7 Curmouma




OCHOBHBIE ITOHSATHUSI.
[IpuMephl aKTHUBAILMOHHBIX (DYHKITHH.
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OCHOBHBIE TTOHATHUA.
He#tponHasa cetb. OOQHOCAOMHAL CETh.
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7 X — BXOAHOWM BEKTOp;
? Wij — BEC, ONPEAEAEHHbBIN AASl 3HAYEHUSA X, Y HEMPOHa Y;

? Y — BBIXOAHOW BEKTOP.



OCHOBHBIE ITOHSATHUSI.

HeupoHHad ceTb. MHOrocAomiHad CETh.
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OOy4yeHHne CeTH.
AATOPUTM.

2 O0ydeHHe ceTu 00paTHOro pacIpOCTPaHECHUS TPEOyeT
BBIIOJIHCHUS CICIYIOIIUX OICPaIUiA:

1. BpIOpaTh ouepeaHy0 00yYaroIlyo Imapy U3 00y4aromero
MHOJ>KECTBA; I10JIaTh BXOAHOM BEKTOP Ha BXOJI CETH.

2. Bpraucants BbBIXO/ CCTH.

3. BpIUMCINTB Pa3HOCTH MEXKAY BBIXOJIOM CETHU U TPEOYyEMbIM
BBIXOZOM (I1I€JIEBBIM BEKTOPOM O0yYaroIIei Iaphl).

4. TlogkoppeKTHpOBaTh Beca CETHU TaK, YTOObBI MUHUMHU3UPOBATh
OIITHOKY.

5. IloBtOpsTh Iaru ¢ 1 1o 4 Ajs KaxxJa0ro BEKTopa o0y4aromiero
MHOKECTBA JI0 TeX IOp, OKa OIIKMOKAa Ha BCEM MHOKECTBE HE
AOCTUTHET IPUEMJIEMOTO YPOBHSI.



OOy4yeHUe CETH.
AATOPUTM (IIPOOOAIKEHUE).

? HoBoe 3HauyeHue BecoB cumnTaeTcsa no popmyae:
Wpq = Wq +16,0UT

? TA€ p U g— HOMepa HEMPOHOB.

7 AAS BBIXOAHOIO CAOS:
8 = OUT(1 — OUT)(T — OUT)

? rae T —>xeaaembit pesyabtaT,a OUT([-OUT) —

NMPOM3BOAHAS CUTMOMAA.
7 AAS OCTaAbHbIX CAOEB:

§ = OUT,;(1- OUT,;) Zé‘q Wy

B



Pabora B makere MATLAB.
[loaroroBka ob0y4armnIuX BbEIOOPOK

? CKpMNT € onncaHMeM nuccaeAyeMom GyHKLUM
[Z Editor - D:\MatLab\bin\Lab3\for_neuro.m

- | for_neurom | + |

1 | function y = for neuro(x)
2 == y = tan(x).*x-1/3;

X = -end

? ['eHepaums BbIBOpOK

Workspace OGN Command Window

Name ~ Value New to MATLAB? See resources for Getting Started.

ﬁx x81 double >> x=[0.2:0.01:1);
Iy 1x81 double >> y=for neuro (x):
>> nntool




4. Neural Network/Data Manager (nntool) - O X

I Input Data: W Networks :. QOutput Data:
Q Target Data: x Error Data:
%) Input Delay States: (%) Layer Delay States:

5 Export... & Delete ) Help @ Close




I avla b 11annC1C 1IviNn\11/M\D).
MMOopT JaHHBIX U CO34aHUE HEMPOHHOU

% Import to Network/Data Manager — O X

r Source Select a Variable Destination

@ Import from MATLAB workspace

|(no selection) l Name

oad from disk file x
O Load f disk fil y

MAT-file Name Import As:

Network

Browse... (® Input Data

(O Target Data

O Initial Input States
O Initial Layer States
(O Output Data

(O Error Data




4 Neural Network/Data Manager (nntool) . O X
l‘ Input Data: W Networks ! Output Data:
X
x Error Data:
¥) Input Delay States: ¥) Layer Delay States:
Open... S Export... b 4 Délete @ Help @ Close




7 Create Network or Data - X

Network Data
- Name
________________ =
Network Properties
Network Type: Feed-forward backprop v
Input data: X v
Target data: y v
Training function: TRAINLM  ~
Adaption learning function: LEARNGDM v
Performance function: MSE v
Number of layers: 2
Properties for:

Number of neurons: |5
Transfer Function: TANSIG

@ View [ Q Restore Defaults l




Pabora B makere MATLAB.
[lapaMeTpbl HEUPOHHOU CETH.

?

?

Network type — cnncok ceten, AOCTYMNHbIX AASl pabOThI.

Input Data, Target Data — AaHHble, npeAcTaBAsIIOLWME
BXOAHOM U1 BbIXOAHOW BEKTOPbl COOTBETCTBEHHO.

Training function — oby4aiowasn ¢pyHKLMS (MO YMOA.
mMeToA onTummusauum AeseHbepra-Mapkapa).
Adaptation learning function - ¢pyHKuUS,
oTBevaloLas 3a OOHOBAEHME BECOB U CMELLLEHUM CEeTU B

npouecce obyyeHUs (MO YMOA. METOA FPAAMEHTHOIO
Criycka)

Performance function - ¢yHKuUUA oLeHKM KavecTBa
oby4yeHus (Mo YMOA. cCpeAHEKBaAPaTUYHAsA oMbKa)

Number of layers — uncao croeB cetu



Pabora B makere MATLAB.
[lapaMeTpbl HEUPOHHOU CETH.

? Number of neurons — yncao HelipoHoB.
> Transfer function — akTuBauMoHHaa GyHKUMUS.



Pabotra B makere MATLAB.
HeupoHHad CeTk.

Hidden Layer Output Layer




4. Neural Network/Data Manager (nntool) - O X
l' Input Data: :. Output Data:
X
e Target Data: x Error Data:
y
\¥) Input Delay States: \¥) Layer Delay States:
& Import... @? New... I LD Open... L @ Export... x Delete @ Help Q Close




Pabotra B makere MATLAB.
Ob0yuyeHHe HEUPOHHOM CETH.

¥ Network: net

Training Info  Training Parameters

Training Data

Inputs

Targets

Init Input Delay States
Init Layer Delay States

(zeros)

(zeros)

ulate Adapt Reinitialize Weights View/Edit Weights

Training Results
Outputs
Errors

Final Input Delay States
Final Layer Delay States

- O X
net_outputs
net_errors
net_inputStates
I net_layerStates
re . |
’ h Train Network |




Pabotra B makere MATLAB.
Ob0yuyeHHe HEUPOHHOM CETH.

¥ Network: net — O X

View Train Simulate Adapt Reinitialize Weights View/Edit Weights

Training Info  Training Parameters

showWindow ivtrue _’ mu 1e-07 ‘
showCommandLine %_f_»q!_sg ‘ mu_dec ‘91 [
show 25 | mu_inc 10 |
epochs 1000 \ mu_max \16006000660—‘
time Inf

goal ,0 ‘

min_grad i1e-07

max_fail 1000

‘ E Train Network \




Pabora B makere MATLAB.
[TapameTpnbl 0OOy4yeHHsI HEUPOHHOMN CETH.

2 showWindow — BbiBoA npoLecca obyyeHus B rpadpUHECKOM peXxXUMe.

? showCommandLine - BbiBOA npouecca o6yyeHUss B KOMAHAHYIO
CTPOKY.

? show - nepuoa obHoBAeHUA rpaduKa KpUBOM 0ByUYeHUS, BbIpaXKEHHbIN
YMCAOM 3MOX

? epoch — uncao anox, no npowecTsnn KOTOpbIX 0by4YeHUe 3aKaHYMBAETCS.
? time — BpeMs, MO UCTe4YeHUM KOToporo obyyeHne npekpalaeTcs

? goal — 3HayeHne GyHKLUK ONBKK, MPU KOTOPOM LieAb BYAET cUMTaTbCS
AOCTUTHYTOM.

?  min_grad — MMHUMaAbHbIN FPaAUEHT.

2 max_fail — MakcumaabHOE yncao ownbok.
? MU - HA4aAbHOE 3Ha4YeHWe mu.

? mu_dec - Ko3pdunumeHT ybbIBaHUSA MU.

?  mu_inc - Ko3pPULUMEHT BO3pacTaHUA mu.
?  MuU_max - MaKCMMaAbHOE 3HavyeHMe mu.



Neural Network

Hidden Layer Qutput Layer

: Algorithms-

Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainim)
Performance: Mean Squared Error (mse)

| Calculations: MEX

- Progress

Epoch: 0
Time: :00:
Performance: 0.200 0.00
Gradient: 650e-05
Mu: 1.00e-07 | 1.00e-09 | 1.00e+10

Validation Checks: 0 1000

-Plots

Performance (plotperform)

Training State (plottrainstate)

Regression (plotregression)

Plot Interval: ' ‘ o ~ 1epochs

v Maximum epoch reached.

6 Stop Training ’ 6 Cancel




4 Neural Network/Data Manager (nntool)

.' Input Data:

X

Q Target Data:

\

\¥) Input Delay States:

’ QOutput Data:

net_output

x Error Data:

net_errors

) Layer Delay States:

& Import... §Z‘3 New...

m Open...

S Export...

x Delete

@ Help

0 Close




Pabotra B makere MATLAB.
OKCIIOPT OJaHHBIX.

4 Export from Network/Data Manager — O X

Select Variables

Y

net
net_output
net_errors

Select one or more variables. Then [Export] the variables
to the MATLAB workspace or [Save] them to a disk file

Select All Select None & save & Close




Pabora B makere MATLAB.
[locTpoeHue rpaduKoOB.

2 plot (X, y);
? hold on;

7 plot (x, net_output, ‘0’);
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4 Neural Network/Data Manager (nntool)

. O
.' Input Data: :. Output Data:
x1
Q Target Data: x Error Data:
@ Input Delay States: QD Layer Delay States:
& Import... 7 New... D Open... S Export... &8 Delete @ Help @ Close
4




Pabotra B makere MATLAB.
[IpoBepKa HEMPOHHOU CETH.

@ Network: net

View Tlain Simulate Adfipt Reinitialize Weights View/Edit Weights

Simulation Results

Simulatfit

Inputs

Init Input Delay States
Init Layer Delay States
Supply Targets
Targets

x1

(zeros)

(zeros)

(zeros)

Outputs
Final Input Delay States
Final Layer Delay States

Errors

— O X
net_output]
net_inputStates
net_layerStates
net_errors
= |
Simulate Network




4 Neural Network/Data Manager (nntool)

. O
I Input Data: :. QOutput Data:
x1 net_outputl
Q Target Data: x Error Data:
%) Input Delay States: (%) Layer Delay States:
@ Import... %I{? New... @ Export... x Delete @ Help o Close
4




Pabotra B makere MATLAB.
[IpoBepKa HEMPOHHOU CETH.

®

Value

Ix1 network
1x81 double
Ix16 double
1x81 double
Ix16 double
1x81 double

Command Window

>>
>>
>>
>>
>>

Jx >>

New to MATLAB? See resources for Getting Started.

X1=[0.3:0.04:0.9]);

nntool

plot (x1,for neuro(xl)):
hold on;

plot (xl,net_outputl, 'o'):;
nntool






