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%{

// //
// //
// File Name: BP3.m 2018.05.16-2018.05.24 //
// //
// Backward Propagation //
/] y=x1%*x2 //
// //
// //
%}

function BP3()
clear;

%%%% preparation



yer

ayer

ayer

%% Output file
fp_out = fopen('BP3_out.csv',

%% Input Data

Ninp = input("Input Ninp (eg.
Nhid = input("Input Nhid (eg.
Nout = input("Input Nout (eg.
Ntrn = input("Input Ntrn (eg.
Nstd = input("Input Nstd (eg.

eps = input("Input eps (eg. O.

ethod

mber

val = input("Input val (seed of rand ...

fprintf("¥n");

fprintf("Ninp = %d¥n", Ninp);
fprintf("Nhid = %d¥n", Nhid);
fprintf("Nout = %d¥n", Nout);

fprintf("Ntrn = %d¥n", Ntrn);
fprintf("Nstd = %d¥n", Nstd);
fprintf("eps = %12.6fW¥n", eps)
fprintf("val = %12.6fWn", val)
fprintf("¥n");

fprintf(fp_out, "Ninp =, %dW¥n"
fprintf(fp_out, "Nhid =, %dW¥n"
fprintf(fp_out, "Nout =, %d¥n"
fprintf(fp_out, "Ntrn =, %dW¥n"
fprintf(fp_out, "Nstd =, %d¥n"

fprintf(fp_out, "eps =, %12.6f¥n", eps);
fprintf(fp_out, "val =, %12.6f¥n", val);

fprintf(fp_out, "¥n");
rand ("seed", val);

%% input and output vectors

xinp = zeros(Ninp,1);
yinp = zeros(Ninp,1);
xhid = zeros(Nhid,1);

vhid = zeros(Nhid,1);
xout = zeros(Nout,1);
yout = zeros(Nout,1);

%% weight matrices

w');

2) = ")
3 ="
1) - H)
100) = ")
500) = ")
2)=")

’

’

, Ninp);
, Nhid);
, Nout);
, Ntrn);
, Nstd);

% No. of neurons in input la
% No. of neurons in hidden 1
% No. of neurons in output 1
% No. of training data

% No. of training or study
% step in steepest descent m

eg. 1) = ") % value of seed of random nu

%

%
%
%
%
%
%

value of seed of random number

input to neurons in input layer
output from neurons in input layer
input to neurons in hidden layer
output from neurons in input layer
input to neurons in output layer
output from neurons in output layer



wIH = zeros(Ninp,Nhid); % weight between input and hidden neur
ons

wHO = zeros(Nhid,Nout); % weight between hidden and output neu
rons

dwIH = zeros(Ninp,Nhid); % increment of wIH

dwHO = zeros(Nhid,Nout); % increment of wHO

%% initial value of weights

for 1 = 1: Ninp
for j = 1: Nhid
wlH(i,j)=0.1*rand(); % initial value of wIH
end
end

for i = 1: Nhid
for j = 1: Nout
wHO(i,j) = 0.1*rand(); % initial value of wHO
end
end

%% print out of initial value of weights

fprintf(fp_out, "initial value of weight¥n")
fprintf(fp_out, "i, j, wlHWn")
for 1 = 1: Ninp
for j = 1: Nhid
fprintf(fp_out, "%d, %d, %12.6f¥n", i, j, wIH(i,j))
end
end
fprintf(fp_out, "¥n")

fprintf(fp_out, "i, j, wHO¥n")
for 1 = 1: Nhid
for j = 1: Nout
fprintf(fp_out, "%d, %d, %12.6f¥n", i, j, wHO(i,j))
end
end
fprintf(fp_out, "¥n")

%% train data

xinpTD = zeros(Ntrn,Ninp); % No. of input data for training
tTD = zeros(Ntrn,Nout); % No. of teach data for training

% generation of training data
o

% input data

for p = 1: Ntrn



for (i = 1: Ninp)
xinpTD(p,i) = rand();
end
end

% teach data
for p = 1: Ntrn
for (i = 1: Nout)
tTD(p,i) = xinpTD(p, 1)*xinpTD(p,2);
end
end
o e

%% print out of train data

fprintf(fp_out, "train dataln")
fprintf(fp_out, "input dataln")
fprintf(fp_out, "p, ")
for 1 = 1: Ninp

fprintf(fp_out, "i = %d, ", i)
end
fprintf(fp_out, "¥n")
for p = 1: Ntrn

fprintf(fp_out, "%, ", p)

for 1 = 1: Ninp

fprintf(fp_out, "%d, ", xinpID(p,i))

end

fprintf(fp_out, "W¥n")
end
fprintf(fp_out, "¥n")

fprintf(fp_out, "teach datalin")
fprintf(fp_out, "p, ")
for 1 = 1: Nout
fprintf(fp_out, "i = %, ", i)
end
fprintf(fp_out, "¥n")
for p = 1: Ntrn
fprintf(fp_out, "%d, ", p)
for 1 = 1: Nout
fprintf(fp_out, "%d, ", tTD(p,i))
end
fprintf(fp_out, "¥n")
end
fprintf(fp_out, "W¥n")

%%%% training

dl1t0 = zeros(Nout,1);

% random number between 0 and 1

%y =x1* x2



dltH
dltl

zeros(Nhid, 1);
zeros(Ninp,1);

fprintf(fp_out, "stdy, err_trnf¥n");

xstd = zeros(Nstd/10,1);
yerr = zeros(Nstd/10,1);

for istd

1: Nstd

itmp = mod(istd,10);
if (itmp == 0)

end

itmpl = floor(istd/10);
xstd(itmpl) = istd;

esum = 0.0;

for

p = 1: Ntrn
for 1 = 1: Ninp

xinp(i) = xinpTD(p,i);
end

for 1 = 1: Ninp
yinp(i) = xinp(i);

end

xhid = wIH' * yinp;

vhid = fout(xhid); % colum vector 1is transfered to row vecter
yhid = yhid'; % return to column vector

xout = wHO' * yhid;

yout = fout(xout); % colum vector is transfered to row vecter
yout = yout'; % return to column vector

%% backward error propagation

% output layer
for j = 1: Nout

d1t0(j) = yout(j) - tTD(p,j);
end

% hidden layer
for j = 1: Nhid
d1tH(j) = 0;
for 1 = 1: Nout
dItH(j) = dlItH(j) + d1tO(1)=yout (1)*(1-yout(1))*wHO(j,1);
end
end

%% correction of weight

% correction of weight weight wHO
for 1 = 1: Nhid



for j = 1: Nout
dwlO(i,j) = —eps*d1t0(j)*yout (j)*(1-yout(j))*yhid(i);
wHO(i,j) = wHO(i,j) + dwHO(i,j);
end
end

% correction of weight weight wIH
for 1 = 1: Ninp
for j = 1: Nhid
dwIH(i,j) = —eps*dltH(j)*yhid(j)*(1-yhid(j))*yinp(i);
wlH(i,j) = wIH(i,j) + dwIH(i,j);
end
end

esum = esum + d1tO(1)=d1t0(1); % sumof errors
end

err_trn = sqrt(1/Ntrn*esum); % root mean square error
if (itmp == 0)
yerr(itmpl) = err_trn;
fprintf("%d, %12.6fWn", istd, err_trn);
fprintf(fp_out, "%d, %12.6fWn", istd, err_trn);
end
end
fprintf("¥n")
fprintf(fp_out, "Wn")

%% plotting of error
plot(xstd', yerr'); % error plotong
xlabel ('Repetition of Study'); ylabel('Root Mean Square Error');

fprintf("err = %12.6f%¥n", err_trn)
fprintf(fp_out, "err = %12.6f¥n", err_trn)
fprintf("¥n")

fprintf(fp_out, "¥n")

%%%% testing
%%% testing 1 ... testing of 1000 data
esum = 0;

fprintf(fp_out,
for i1 = 1: 1000

ii, x1, x2, v, y_exctin")

% generation of test data
xinp(1) = rand(); % input of x1
xinp(2) = rand(); % input of x2

% input layer



rs

for 1 = 1: Ninp
yinp(i) = xinp(i);
end

% hidden layer
xhid = wIH' * yinp;
yvhid = fout(xhid);
vhid = yhid';

% output layer

xout = wHO' * yhid;

yout = fout(xout);

yout =yout'; % estimation of x1 and x2

esum = esum + (yout—xinp(1)#*xinp(2))*(yout—xinp(1)*xinp(2));

% print out of result

% sumof erro

fprintf("%d, %12.6f * %12.6f = %12.6f¥n", ii, xinp(1l), xinp(2), yout(1l))

fprintf(fp_out, "%d, %12.6f, %12.6f, %12.6f, %12.6f¥n",
i1, xinp(1), xinp(2), yout(1l), xinp(1)*xinp(2))
end
fprintf(fp_out, "Wn")

err_test = sqrt(1/1000*esum); % root mean square error

fprintf("testing 1 ... 1000 input datalin")

fprintf(fp_out, "testing 1 ... 1000 input dataln")
fprintf("err_test = %12.6fWn", err_test)

fprintf(fp_out, "err_test = %12.6f ... 1000 dataWn", err_test)
fprintf("¥n")

fprintf(fp_out, "¥n")

%%% testing 2 ... input from keyboard

fprintf("testing 2 ... input from keyboardin")
for 11 = 1: 1000

% input of test data from keyboard
xinp(1) = input("Input x1 (eg. 0.2 ... 1000 to quit) = ");
if (xinp(1) >= 1000) % breake of keyboard input
break
end
xinp(2) = input("Input x2 (eg. 0.8) ="); % input of x2

% input layer

for 1 = 1: Ninp
yinp(i) = xinp(i);

end

% input of x1



% hidden layer
xhid = wIH' * yinp;
yvhid = fout(xhid);
vhid = yhid';

% output layer

xout = wHO' * yhid;

yout = fout(xout);

yout =yout'; % estimation of x1 and x2

% print out of result
fprintf("%12.6f * %12.6f = %12.6fW¥n", xinp(1), xinp(2), yout(1l))
fprintf(fp_out, "%12.6f * %12.6f = %12.6fW¥n", xinp(1), xinp(2), yout(1))
end
fclose(fp_out);

endfunction

%% %%

function retval = fout(x)
% Sigmoid function
retval = 1/(1+exp(-x));
endfunction

%% %%
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