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function demo_mlp_learning()
syms c   % adaptable parameters in an MLP network
M=20;d=2;
% initialization 
c0=rand(1,M*(d+1)+M+1)*2-1;
size(c0)
% preparation of training data
% uniform sampling
% Substitute to the target function g
z=rand(100,2)*2*pi-pi; 
y=g_sin(z(:,1),z(:,2));  
plot3(z(:,1),z(:,2),y,'.');

h = g_hat2(z(:,1),z(:,2),c0,M);

% Levenberg-Marquardt method
options = optimoptions('fsolve','Algorithm', 'levenberg-marquardt')
% specification of a nonlinear system for MLP_learning
f = @(c)learning_mlp(c,z(:,1),z(:,2),y,M);
% apply fsolve
% Verification of c_zero
c_zero = fsolve(f,c0,options);
mean((learning_mlp(c_zero,z(:,1),z(:,2),y,M)).^2)
mean((g_hat2(z(:,1),z(:,2),c_zero,M)-y).^2)

% testing phase
z_test=rand(100,2)*2*pi-pi; 
y_test=g_sin(z_test(:,1),z_test(:,2));  
mean((g_hat2(z_test(:,1),z_test(:,2),c_zero,M)-y_test).^2)
end



% testing phase
z_test=rand(100,2)*2*pi-pi; 
y_test=g_sin(z_test(:,1),z_test(:,2));  
mean((g_hat2(z_test(:,1),z_test(:,2),c_zero,M)-y_test).^2)



data with noises
• Training data


• paired predictors and desired targets


• A desired target is the response of a target function to a 
predictor


•  A target could be added with a white noise


• Testing data


• paired predictors and desired targets oriented from the 
target function that generates paired training data



Excercise
• Revise your Levenberg-Marquardt learning


• Learning built-in parameters of MLP subject to training 
data


• Report the mean square error for training 


• Verifying trained MLP with testing data


• Report the mean square error for testing


• Compare the two mean square errors	  



Large-scaled training data

• Levenberg-Marquardt learning should be verified with 
large scaled training data


• Enlarge training data 


• Training time versus data size



Architecture
• MLP : multilayer perceptrons


• BRF : radial basis functions


• Convolutional neural networks


• Revise your Levenberg-Marquardt learning for RBF neural 
networks


• Revise your Levenberg-Marquardt learning for Convolutional 
neural networks
























function demo_mlp_learning()
syms c   % adaptable parameters in an MLP network
M=3;
% initialization 
c0=rand(M,M)*2-1;
size(c0)
% preparation of training data
% uniform sampling
% Substitute to the target function g
A=ones(3,3)/9;
B=ones(4,4); 
y=conv2(A,B);
size(g_hat(A,B))
size(y)

% Levenberg-Marquardt method
options = optimoptions('fsolve','Algorithm', 'levenberg-marquardt')
% specification of a nonlinear system for MLP_learning
f = @(c)learning_cnn(c,B,y);
% apply fsolve
% Verification of c_zero
c_zero = fsolve(f,c0,options)
mean(mean((learning_cnn(c_zero,B,y)).^2))
end

% a nonlinear system for MLP_learning
function F = learning_cnn(c,B,y)
F = conv2(c,B);
F =F-y;
end

function h = g_hat(c,B)
    h=conv2(c,B);
end









syms c   % adaptable parameters in an MLP network
M=3;
% initialization 
c0=rand(M,M)*2-1;
size(c0)
% preparation of training data
% uniform sampling
% Substitute to the target function g
A=ones(3,3)/9;
B=ones(4,4); 
y=conv2(A,B);
size(g_hat(A,B))
size(y)

% Levenberg-Marquardt method
options = optimoptions('fsolve','Algorithm', 'levenberg-marquardt')
% specification of a nonlinear system for MLP_learning
f = @(c)learning_cnn(c,B,y);
% apply fsolve
% Verification of c_zero
c_zero = fsolve(f,c0,options)
mean(mean((learning_cnn(c_zero,B,y)).^2))
end

% a nonlinear system for MLP_learning
function F = learning_cnn(c,B,y)
F = conv2(c,B);
F =F-y;
end

function h = g_hat(c,B)
    h=conv2(c,B);
end





% a nonlinear system for CNN_learning
function F = learning_cnn(C,A,y)
filter_no = size(C,3);
    F=0;
    for i=1:filter_no
        F=F+tanh(convn(A,C(:,:,i)));
    end
F =F-y;
end

function h = cnn_my(A,B)
    filter_no = size(B,3);
    h=0;
    for i=1:filter_no
        h=h+tanh(convn(A,B(:,:,i)));
    end
end
function h = cnn_hat(C,A)
    filter_no = size(C,3);
    h=0;
    for i=1:filter_no
        h=h+tanh(convn(A,C(:,:,i)));
    end
end

function demo_fsolve_CNN()
syms c   % adaptable parameters in an MLP network
M=3;filter_no=2;
% initialization 
c0=rand(M,M,filter_no)*2-1;
size(c0)
% preparation of training data
% uniform sampling
% Substitute to the target function g
A=rand(28,28,100);
B=rand(M,M,filter_no)*2-1
y = cnn_my(A,B);
size(y)

% Levenberg-Marquardt method
options = optimoptions('fsolve','Algorithm', 'levenberg-marquardt')
% specification of a nonlinear system for MLP_learning
f = @(c)learning_cnn(c,A,y);
% apply fsolve
% Verification of c_zero
c_zero = fsolve(f,c0,options)
mean(mean(mean((learning_cnn(c_zero,A,y)).^2)))
end



Applicability of Levenberg-
Marquardt method for learning CNN

• LM method is verified for learning CNN


• A simple CNN is composed of K=2 filters in the first 
hidden layer. The convolution results are transferred by 
the tanh function and added to form the final output.


• The input is a 3-ary matrix. The matrix size is 28x28x100. 
There are 100 28x28 input patterns.


