
% gda09_13
%
% Plots a simple Normal p.d.f. p(x1,x1) with a parameteric
% curve superimposed and then samples the p.d.f. under the
% curve and makes a second plot of p.d.f. as a function of
% arc-length s along the curve. In this version, the curve
% is very smooth and p(s) is bell-shaped.
% Supports Figure 9.11
 
% 2D grid in (x1,x2)
 
clear all;
 
% variable x1
Nx1 = 101;
x1min = 0;
x1max = 5.0;
Dx1 = (x1max-x1min)/(Nx1-1);
x1 = x1min + Dx1*[0:Nx1-1]';
 
% variable x2
Nx2 = 101;
x2min = 0;
x2max = 5.0;
Dx2 = (x2max-x2min)/(Nx2-1);
x2 =x2min + Dx2*[0:Nx2-1]';
 
% parameters for a Normal pdf
P1=zeros(Nx1,Nx2);
x1bar = 2.25;
x2bar = 2.08;
bar = [x1bar, x2bar]';
sx1 = 0.5;
sx2 = 1.0;
C1 = diag( [sx1^2, sx2^2]' );
CI1 = inv(C1);
DC1 = det(C1);
norm1 = (1/(2*pi)) * (1/sqrt(DC1));
 
% tabulate the Normal pdf on the grid
for i=[1:Nx1]
for j=[1:Nx2]
    x =[x1(i), x2(j)]' - bar;
    P1(i,j) = norm1*exp( -0.5 * x'*CI1*x );
end
end
 
% axis for parametric curve
Ns = 51;
smin = 0;
smax = 5.0;
Ds = (smax-smin)/(Ns-1);
s = smin + Ds*[0:Ns-1]';
 
% parameric curve
x2p = 1+s+sin(2*pi*s/smax)-2*(s/smax).^2;
x1p = s;
 
% pdf along parameteric curve



ipx1 = 1+floor((x1p-x1min)/Dx1);
ipx2 = 1+floor((x2p-x2min)/Dx2);
% insure indices in range
i=find(ipx1<1);
ipx1(i)=1;
i=find(ipx1>Nx1);
ipx1(i)=Nx1;
i=find(ipx2<1);
ipx2(i)=1;
i=find(ipx2>Nx2);
ipx2(i)=Nx2;
Ps=zeros(Ns,1);
% evaluate P at indices
for i = [1:Ns]
    Ps(i) = P1(ipx1(i), ipx2(i));
end
 
% maximum along curve
[Pmax, ismax]=max(Ps);
x1smax = x1p(ismax);
x2smax = x2p(ismax);
smaxP = x1smax;
 
% plot of 2D pdf
figure(1);
clf;
set(gca,'LineWidth',3);
set(gca,'FontSize',14);
colormap('jet');
hold on;
axis( [x1min, x1max, x2min, x2max] );
axis ij;
imagesc( [x1min, x1max], [x2min, x2max], P1 );
plot( x2bar, x1bar, 'wo', 'LineWidth', 3 );
plot( [x2bar, x2bar], [x1min, x1min+0.1], 'w-', 'LineWidth', 3 );
plot( [x2min, x2min+0.1], [x1bar, x1bar], 'w-', 'LineWidth', 3 );
plot( x2p, x1p, 'w-', 'LineWidth', 3 );
plot( x2smax, x1smax, 'ko', 'LineWidth', 4);
plot( [x2min, x2smax], [x1smax, x1smax], 'w:', 'LineWidth', 2);
plot( [x2smax, x2smax], [x1min, x1smax], 'w:', 'LineWidth', 2);
xlabel('x2');
ylabel('x1');



% Figure 9.11 (A) The estimated solution xest (black circle) is at the point on the surface f(x) = 0
% (white curve) where the [AU Note: was “a priori”] prior probability density function (colors) attains
% its largest value.
 
% plot of 1D pdf (along curve)
figure(2);
clf;
set(gca,'LineWidth',3);
set(gca,'FontSize',14);
hold on;
axis( [smin, smax, 0, 0.3] );
axis xy;
plot( s, Ps, 'b-', 'Linewidth', 3 );
xlabel('s');
ylabel('P(s)');
 
plot( [smaxP, smaxP], [0, 0.03], 'k-', 'LineWidth', 3);
plot( smaxP, Pmax, 'bo', 'LineWidth', 3);
 
% calculate mean of distribution
norm = Ds*sum(Ps);
Ps = Ps/norm;
smean = Ds*sum(s.*Ps);
plot( [smean, smean], [0, 0.02], 'k-', 'LineWidth', 3);



% Figure 9.11 (B) The probability density function p(x1) evaluated along the surface, as a
% function of position x1. As the function is nonnormal, its mean 〈x1〉 may be distinct from its mode
% (although in this case they are similar). MatLab script gda09_13. 


