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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 complicated and p(s) is bimodal.

Supports Figure 9.12
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2D grid in (x1,x2)

% variable x1

Nx1 = 101;

x1min = 0;

X1lmax = 5.0;

Dx1 = (x1lmax-x1min)/(Nx1-1);
x1 = xImin + Dx1*[0Q:Nx1-11"';

% variable x2

Nx2 = 101;

x2min = 0;

x2max = 5.0;

Dx2 = (x2max-x2min)/(Nx2-1);
X2 =x2min + Dx2*[0:Nx2-1]1"';

% paameters for a Normal pdf p(x1,x2)
Pl=zeros (Nx1,Nx2);

xlbar = 2.25;

x2bar = 2.08;

bar = [xlbar, x2bar]';

sx1l = 0.5;

sx2 = 1.0;

Cl = diag( [sx1"2, sx272]' );

CI1 = inv(Cl);

DC1 = det(C1);

norml = (1/(2*pi)) * (1/sqrt(DC1l));

% tabulate the Normal pdf on the grid
for i=[1:Nx1]
for j=[1:Nx2]
x =[x1(i), x2(j)]' - bar;
P1(i,j) = norml*exp( -0.5 * x'*CIl*x );
end
end

% axis for parametric curve

Ns = 101;
smin = 0;
smax = 5.0;

Ds = (smax-smin)/(Ns-1);
s = smin + Ds*[0:Ns-1]"';

% parameric curve (carefully tuned to be aestetically complciated)
x2p = 1+s+sin(2*pi*s/smax)-(2*(s/smax).A2)+0.3*exp(-0.5*((5-2.3).A2)/(0.1A2))-0.3*exp(-0.5*((5
X1lp =

% pdf on parameteric curve
ipx1 1+floor((x1lp-x1min)/Dx1);
ipx2 1+floor((x2p-x2min)/Dx2);



% insure indices in range
i=find(ipx1l<l);
ipx1l(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) = P1l(ipx1(i), ipx2(i));
end

% maximum along curve
[Pmax, ismax]=max(Ps);
x1lsmax = x1lp(ismax);
X2smax = x2p(ismax);
smaxP = x1lsmax;

% 2D plot of p(x1,x2) with curve superimposed
figure(l);

clf;

set(gca, 'LineWidth',3);

set(gca, 'FontSize',14);

colormap('jet');

hold on;

axis( [x1min, x1lmax, x2min, x2max] );

axis ij;

imagesc( [x1min, x1lmax], [x2min, x2max], Pl );
plot( x2bar, xlbar, 'wo', 'LineWidth', 3 );
plot( [x2bar, x2bar], [xlmin, x1min+0.1], 'w-',
plot( [x2min, x2min+0.1], [xlbar, xlbar], 'w-',
plot( x2p, x1lp, 'w-', 'LineWidth', 3 );

plot( x2smax, xlsmax, 'ko', 'LineWidth', 4);
plot( [x2min, x2smax], [xlsmax, xlsmax], 'w:',
plot( [x2smax, x2smax], [x1min, xlsmax], 'w:',
xlabel('x2");

ylabel('x1");
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% Figure 9.12 (A) A highly nonlinear inverse problem corresponds to a complicated surface f(x)
% (white curve).

% 1D plot of p(s)

figure(2);

clf;

set(gca, 'LinewWidth',3);

set(gca, 'FontSize',6 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);
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% Figure 9.12 (B) The probability density function p(x1l) evaluated along the surface, as a fur
% of position x1. It may have several peaks, and as it is nonnormal, its mean (x1) may be disti
% its mode.



