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load" Input”,"Target”; % loading input & output
samples fTile

y=Target;% x => inputvector 4*1000

x=Input;% y => output vector 1*1000

ns = 700;% num of train samples

nt = 300;% num of test samples

ni = 4;% number of iInputlayer neurons
nh = 9;% number of hidden layer nerouns

no = 1;% number of output layer neurons

epoch =100;% nymber of epochs

msge = [];:;% mean square error for training
samples
t _msge=[];:;% mean square error for testing
samples

alpha =0. 01;% learning rate

Da = y(1:ns);% output samples for network
training

Dt = y(ns+l:end);% output samples for network
testing



pa = x(:,1:ns);% input samples for network
training
pt = x(:,ns+l:end);% input samples for network

testing

d f1 = zeros(nh,nh);% hidenlayer function
derivative
d f2 = zeros(no,no);% output layer function

derivative

wl = rand(nh,ni)*1-0. 5;% weight initialization
w2 = rand(no,nh)*1-0. 5;

bl= rand(nh,1)*1;% biras initialization
b2= rand(no,1)*1;

for epochs=1:epoch
error = [];% training error
for 1=2:ns% loop to train the network
% feedforward
in = x(:,1);
nl = wl*in+bl;
al = tansig(nl);% hidden layer output
n2 = w2*al+b2;
a2 = purelin(n2);% network output
Y(i) = a2;



error = [error,Da(i1)-a2];
e = Da(i)-az2;

% backpropagation
d f2 = 1;
S2 = d_f2*e;

delta w2 = (alpha)*S2*al-;

w2 = w2+delta w2;% output layer wight update
delta b2 = (alpha)*S2;

b2 = b2+delta _b2;% output layer bias update

d 1 =diag(ones(size(al))-al. "2);
S1 = d f1*w2"*S2;

delta wl = (alpha)*S1*in-;

wl = wl + delta wl;% hidden layer wight update
delta bl = (alpha)*S1;

bl = bl+delta bl;% hidden layer bias update

end
msge = [msge,mse(error)];% msge => mean square

error

t _error = [];% testing error



Yt = []:;% network test output

for 1=1:length(pt)% loop to test the network
in = pt(:,1);
nl = wl*in+bl;
al = tansig(nl);% hidden layer output
n2 = w2*al+b2;
a2 = purelin(n2);% network output
t error = [t _error,Dt(i)-a2];
Yt = [Yt,a2];
end
% error ploting
t _msge(epochs) = mse(t _error);
subplot(2,1,1)
plot(msqge)
title("MSE error for training data®)
subplot(2,1,2)
plot(t_msge)
title("MSE error for testing data®)

drawnow

end
mse_error = mse(error)

t _msge = mse(t_error)



% output plotting

figure

plot(Y);hold on;plot(Da, "red");
title("Outputs for training data & target®)
figure

plot(Yt);hold on;plot(Dt, “"red");
title("Outputs for testing data & target”)

% errors

Error CALC(Dt,Yt);
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load®" Input”,"Target”; % loading input & output
samples fTile

y=Target;% x => inputvector 4*1000

X=Input;% y => output vector 1*1000

ns = 700;% num of train samples

nt = 300;% num of test samples



ni = 4;% number of inputlayer neurons
nh = 9;% number of hidden layer nerouns

no = 1;% number of output layer neurons

epoch =100;% nymber of epochs

msge = []:% mean square error for training
samples
t_msge=[];% mean square error for testing
samples

alpha =0. 01;% learning rate

Da = y(1:ns);% output samples for network

training

Dt = y(nstl:end);% output samples for network

pt

d

testing

pa = x(:,1:ns);% input samples for network
training
x(z,ns+l-zend);% input samples for network

testing

d f1 = zeros(nh,nh);% hidenlayer function

derivative

2 = zeros(no,no);% output layer function

derivative



xr= zeros(nh,1);% hidden layer input

wl = rand(nh,ni)*1-0. 5;% weight initialization
w2 = rand(no,nh)*1-0. 5;
wr = rand(nh,nh)*1-0. 5;

bl= rand(nh,1)*1;% bias initialization
b2= rand(no,1)*1;

for epochs=1:epoch
error = [];% training error
for 1=2:ns% loop to train the network
% feedforward
in = x(:,1);
nl = wl*In+wr*xr+bl;
al = tansig(nl);% hidden layer output
n2 = w2*al+b2;
a2 = purelin(n2);% network output
Y(1) = az2;
error = [error,Da(1)-a2];
e = Da(ir)-az2;
% backpropagation
d f2 = 1;
S2 = d_f2*e;



delta w2 = (alpha)*S2*al-;

w2 = w2+delta w2;% output layer wight update
delta b2 = (alpha)*S2;

b2 = b2+delta _b2;% output layer bias update

d f1 =diag(ones(size(al))-al. "2);
S1 = d f1*w2"*S2;

delta wl = (alpha)*S1*in-;

wl = wl + delta wl;% hidden layer wight update
delta bl = (alpha)*Si;

bl = bl+delta bl;% hidden layer bias update

delta wr = (alpha)*S1*xr*®;

wr = wr+delta wr;%feedback layer wight update

Xr = al;% new feedback I1nput

end

msge = [msge,mse(error)];% msqge => mean square
error

t _error = [];% testing error

Yt = []1:% network test output

Xr_t = zeros(nh,1);

for 1=1:length(pt)% loop to test the network



in = pt(:,1);

nl = wl*in+bl+wr*xr_t;
al = tansig(nl);% hidden layer output
n2 = w2*al+b2;
a2 = purelin(n2);% network output

t _error = [t _error,Dt(1)-a2];

Yt = [Yt,a2];

Xr t = al;
end

% error ploting

t _msge(epochs) = mse(t _error);
subplot(2,1,1)
plot(msqge)
title("MSE error for training data®)
subplot(2,1,2)
plot(t_msge)
title(°"MSE error for testing data“®)

drawnow

end
mse_error = mse(error)
t _msge = mse(t_error)
% output plotting
figure
plot(Y);hold on;plot(Da, "red");
title("Outputs for training data & target”)



figure
plot(Yt);hold on;plot(Dt,"red”);
title("Outputs for testing data & target”)

% errors

Error_ CALC(Dt,Yt);
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load" Input”, "Target”; % loading Input & output
samples fTile

y=Target;% x => inputvector 4*1000

X=Input;% y => output vector 1*1000

ns = 700;% num of train samples

nt = 300;% num of test samples

ni = 4;% number of Inputlayer neurons
nh = 9;% number of hidden layer nerouns

no = 1;% number of output layer neurons



epoch =100;% nymber of epochs

msge = [];% mean square error for training
samples
t _msge=[];:;% mean square error for testing
samples

alpha =0. 01;% learning rate

Da = y(1:ns);% output samples for network
training
Dt = y(ns+l:end);% output samples for network

testing

pa = x(:,1:ns);% input samples for network
training
pt = x(:,ns+l:end);% input samples for network

testing

d _f1l = zeros(nh,nh);% hidenlayer function
derivative
d f2 = zeros(no,no);% output layer function

derivative

xr= zeros(no,1);% hidden layer input



wl = rand(nh,ni)*1-0. 5;% weight initialization
w2 = rand(no,nh)*1-0. 5;
wr = rand(nh,no)*1-0. 5;

bl= rand(nh,1)*1;% biras initialization
b2= rand(no,1)*1;

for epochs=1:epoch
error = [];% training error
for 1=2:ns% loop to train the network
% feedforward

in = x(:,1);

nl = wl*in+wr*xr+bl;

al = tansig(nl);% hidden layer output
n2 = w2*al+b2;

a2 = purelin(n2);% network output
Y(i) = a2;

error = [error,Da(i1)-a2];

e = Da(i)-az2;

% backpropagation
d f2 = 1;
S2 = d_f2*e;

delta w2 = (alpha)*S2*al-;
w2 = w2+delta w2;% output layer wight update



delta b2 = (alpha)*S2;
b2 = b2+delta b2;% output layer bias update

d_f1 =drag(ones(size(al))-al. "2);
S1 = d_fFf1*w2"*S2;

delta wl = (alpha)*S1*in-;

wl = wl + delta wl;% hidden layer wight update
delta bl = (alpha)*Si;

bl = bl+delta bl;% hidden layer bias update

delta_wr = (alpha)*S1*xr-";

wr = wr+delta_wr;%feedback layer wight update

Xr = a2;% new feedback input

end

msge = [msge,mse(error)];% msge => mean square
error

t _error = [];% testing error

Yt = [1:% network test output

xr_t = zeros(no,1);

for 1=1:length(pt)% loop to test the network
in = pt(:,1);



nl = wl*in+wr*xr_t+bl;
al = tansig(nl);% hidden layer output
n2 = w2*al+b2;
a2 = purelin(n2);% network output

t _error = [t _error,Dt(1)-a2];

Yt = [Yt,a2];

Xr_ t = az2;
end

% error ploting

t_msge(epochs) = mse(t_error);
subplot(2,1,1)
plot(msqge)
title("MSE error for training data")
subplot(2,1,2)
plot(t_msge)
title(°"MSE error for testing data®)

drawnow

end
mse_error = mse(error)
t _msge = mse(t_error)
% output plotting
figure
plot(Y);hold on;plot(Da, "red");
title("Outputs for training data & target®)

figure



plot(Yt);hold on;plot(Dt, “"red”);
title("Outputs for testing data & target®)

% errors

Error_ CALC(Dt,Yt);
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u = 2*rand(1,1001)-1;
y(1) = 0;
y(2) = 0;
for 1=2:1001
a = 1.753*y(1)-0.819*y(i-1)+0.012*u(1);
b = 0.011*u(i-1)/(1+y(i-1)"2);
y(i+l) = atb;
end
Input =
[u(2:1001);u(1:1000);y(2:1001);y(1:1000)];
Target = y(3:1002);
save” Input®, "Target”;
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function Error_ CALC(Y,YHAT)



NMSE = 100*((sqrt(sum((Y-
YHAT) .~2)))/sgrt(sum((Y-mean(Y(:)))-"2))) ;
FITNESS = 100-NMSE ;

RMSE = sqrt(sum((Y-YHAT) .~2)/length(Y)) ;
MAE = (sum(abs(Y-YHAT))/length(Y)) ;

MBE = (sum((Y-YHAT))/length(Y)) ;

disp([°NMSE 1s : ° num2str(NMSE) "% ;
disp(["FitNess is : " num2str(FITNESS) “%"]) ;
disp([°RMSE i1s : ° num2str(RMSE)]) ;
disp(["MAE 1s : " num2str(MAE)]) ;

disp(["MBE 1s : " num2str(MBE)]) ;

end
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