
% gda09_06
%
% E(m) for several 2D non-linear problems
% Supports Figure 9.4
 
clear all;
 
% auxiliary parameter z
N = 11;
zmin = 0;
zmax = 1.0;
Dz = (zmax-zmin)/(N-1);
z = zmin + Dz*[0:N-1]';
za = z.^0.10;
zb = z.^0.20;
 
% 2D grid of model parameters m1 and m2
% variable m1
Mg1 = 101;
m1min = 0;
m1max = 1;
Dm1 = (m1max-m1min)/(Mg1-1);
m1 = m1min + Dm1*[0:Mg1-1];
 
% variable m2
Mg2 = 101;
m2min = 0;
m2max = 1;
Dm2 = (m2max-m2min)/(Mg2-1);
m2 = m2min + Dm2*[0:Mg2-1];
 
% Case 1
 
% true model
m1true = 0.4;
m2true = 0.6;
 
% true data
dtrue = ((m1true-0.2)*za-((m2true-0.3)*zb).^2).*z;
 
% observed data is true data plus random noise
sd=0.1;
dobs = dtrue + random('Normal',0,sd,N,1);
 
% tabulate error on the grid, keeping track of
% minimum error along the way
E=zeros(Mg1,Mg2);
Emin=1e10;
Emini=1;
Eminj=1;
for i=[1:Mg1]
for j=[1:Mg2]
    dpre = ((m1(i)-0.2)*za-((m2(j)-0.3)*zb).^2).*z;
    e = dobs - dpre;
    E(i,j) = (e'*e);
    if( E(i,j)<Emin )
        Emin=E(i,j);
        Emini=i;
        Eminj=j;



    end
end
end
 
fprintf('Emin %f at %f %f\n', Emin, m1(Emini), m2(Eminj) );

Emin 0.065949 at 0.530000 0.790000

 
% plot error surface E(m1,m2)
figure(1);
clf;
set(gca,'LineWidth',3);
set(gca,'FontSize',14);
colormap('jet');
hold on;
axis( [m1min, m1max, m2min, m2max] );
axis ij;
imagesc( [m1min, m1max], [m2min, m2max], E );
plot( m2(Eminj), m1(Emini), 'wo', 'LineWidth', 3 );
xlabel('m2');
ylabel('m1');

% Figure 9.4 Prediction error (colors) as a function of two model parameters, m1 and m2.
% (E) A single solution, with the minimum occurring within a nearly flat valley. 
 
% Case 2
 
% true model parameters
m1true = 0.4;
m2true = 0.6;



 
% true data
dtrue = sin(12*pi*(m1true-0.5))*z+(m2true*z).^0.5;
 
% observed data is true data plus random noise
sd=0.1;
dobs = dtrue + random('Normal',0,sd,N,1);
 
% Tabulate error E(m1,m2) on the grid, searching
% for the point of minimum error along the way
E=zeros(Mg1,Mg2);
Emin=1e10;
Emini=1;
Eminj=1;
for i=[1:Mg1]
for j=[1:Mg2]
    dpre = sin(12*pi*(m1(i)-0.5))*z+(m2(j)*z).^0.5;
    e = dobs - dpre;
    E(i,j) = (e'*e);
    if( E(i,j)<Emin )
        Emin=E(i,j);
        Emini=i;
        Eminj=j;
    end
end
end
 
fprintf('Emin %f at %f %f\n', Emin, m1(Emini), m2(Eminj) );

Emin 0.068936 at 0.240000 0.920000

 
% plot error surface E(m1,m2)
figure(2);
clf;
set(gca,'LineWidth',3);
set(gca,'FontSize',14);
colormap('jet');
hold on;
axis( [m1min, m1max, m2min, m2max] );
axis ij;
imagesc( [m1min, m1max], [m2min, m2max], E );
plot( m2(Eminj), m1(Emini), 'wo', 'LineWidth', 3 );
xlabel('m2');
ylabel('m1');



% Figure 9.4 Prediction error (colors) as a function of two model parameters, m1 and m2.
% (F) Many well-separated solutions.
 
 


