STA5106:  Dr. Srivastava

Homework 4

Jaime Frade


1. 

OUTPUT   %to display variables

>> load hw3c_dat.mat

>> whos

  Name        Size              Bytes  Class     Attributes

  X         200x100            160000  double              

  y         200x1                1600  double

(a)

(i) Find the sample covariance matrix C 

OUTPUT

>>covariance = Cov(X)

(ii) Compute the singular value decomposition (SVD) of C to obtain the orthogonal matrix U 

([U,S,V] = svd(X) produces a diagonal matrix S of the same dimension as X, with nonnegative diagonal elements in decreasing order, and unitary matrices U and V so that X = U*S*V').
OUTPUT
>> [U,S,V] = svd(covariance)
 
(iii) Set U1 to be the ﬁrst d columns of U 

OUTPUT

>>U1 =U(:,1:10)

iv) deﬁne X= XU1.

OUTPUT

>> X1 = X*U1
(b) Now solve for the coeﬃcients 
OUTPUT
>> b = multilinreg(X1,y)

b =

  -1.074246475689229

  -1.768803339766948

   0.103995851378360

   0.363285989089155

  -0.386387913937695

   0.496460463446647

  -0.862278562017916

  -1.395317673919767

   0.018537789075906

  -1.006355988254308

(c)  Compute the sum of squares of error
OUTPUT
>> sse = (norm(y-X1*b))^2

sse =

    1.130853648333638e+003



Compute and plot the SSE for values of d ranging from 10 to 100 in the steps of 10.

OUTPUT
>> a1 = [10 20 30 40 50 60 70 80 90 100]

a1 =

    10    20    30    40    50    60    70    80    90   100

>> b1 = zeros(1,10)

b1 =

     0     0     0     0     0     0     0     0     0     0

>> sseplot(X,y, 10,a1,b1)

b1 =

  1.0e+003 *

  Columns 1 through 6

   1.130853648333638   0.764345279714724   0.440732053997771   0.368127671571441   0.301161070585707   0.231333529662689

  Columns 7 through 10

   0.134913323346826   0.066181556125977   0.020619729204690   0.000000000000000
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CODE
function p=sseplot(X,y,d,a1,b1)
for i=1:10
C=cov(X);
[U,V,D]=svd(C);
U1=U(:,1:d);
X1=X*U1;
b=multilinreg(X1,y);
sse=(norm(y-X1*b))^2;
b1(i)=sse;
d=d+10;
end

b1

plot(a1,b1);
2.  LDA

OUTPUT

(a)
The U (U_hat) matriX is 

U_hat =

    0.0129

    0.0211

    0.0165

(b)

The projected Z Matrices

Z_X1

ans =

    0.1751

    0.0546

    0.1083

    0.4152

   -0.0400

    0.2051

    0.1058

    0.1454

    0.2488

   -0.0069

Z_X2

ans =

    0.1601

    0.0425

    0.2952

    0.2319

    0.4566

    0.3490

    0.4402

    0.1147

    0.1818

    0.2265

Z_X3

ans =

    0.3696

    0.5680

    0.3604

    0.2762

    0.6174

    0.1217

    0.6018

    0.6033

    0.6782

    0.4049

Z_X4

ans =

    0.5125

    0.7845

    0.3761

    0.7063

    0.6413

    0.7765

    0.8060

    0.6736

    0.9076

    0.6886

Z_X5

ans =

    0.7048

    0.8150

    0.7401

    0.5809

    1.0145

    0.7779

    0.7681

    0.7580

    0.5209

    0.8743
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CODE

%Discriminat  Analysis
%Program does Fisher Discriminant analysis.
%initiates a 3-D matrix with observations and classes in n dimensions 
%Find U by picking the column vectors corresponding to largest eignenvalues
%in the generalized SVD
load HA4b_dat;
whos
num_class_obs = 10;
num_total_obs = 50;
X1 = [];
for i=1:10,
    X1 = [X1 X(:,1,i)];
end
X1;
X2=[];
for i=1:10,
    X2=[X2 X(:,2,i)];
end
X3 = [];
for i=1:10,
    X3 = [X3 X(:,3,i)];
end
X4 = [];
for i=1:10,
    X4 = [X4 X(:,4,i)];
end
X5 = [];
for i=1:10,
    X5 = [X5 X(:,5,i)];
end
mean_t1 = mean(X1')';
mean_X1 = [mean_t1(1,1)*ones(1,10);mean_t1(2,1)*ones(1,10);mean_t1(3,1)*ones(1,10)];
X1_s = (X1-mean_X1)*(X1-mean_X1)';
mean_t1 = mean(X2')';
mean_X2 = [mean_t1(1,1)*ones(1,10);mean_t1(2,1)*ones(1,10);mean_t1(3,1)*ones(1,10)];
X2_s = (X2-mean_X2)*(X2-mean_X2)';
mean_t1 = mean(X3')';
mean_X3 = [mean_t1(1,1)*ones(1,10);mean_t1(2,1)*ones(1,10);mean_t1(3,1)*ones(1,10)];
X3_s = (X3-mean_X3)*(X3-mean_X3)';
mean_t1 = mean(X4')';
mean_X4 = [mean_t1(1,1)*ones(1,10);mean_t1(2,1)*ones(1,10);mean_t1(3,1)*ones(1,10)];
X4_s = (X4-mean_X4)*(X4-mean_X4)';
mean_t1 = mean(X5')';
mean_X5 = [mean_t1(1,1)*ones(1,10);mean_t1(2,1)*ones(1,10);mean_t1(3,1)*ones(1,10)];
X5_s = (X5-mean_X5)*(X5-mean_X5)';
Sw = X1_s+X2_s+X3_s+X4_s+X5_s;
mu = num_class_obs*(mean_X1(:,1)+mean_X2(:,1)+mean_X3(:,1)+mean_X4(:,1)+mean_X5(:,1))/num_total_obs;
Sb = (mean_X1(:,1)-mu)*(mean_X1(:,1)-mu)'+(mean_X2(:,1)-mu)*(mean_X2(:,1)-mu)'+(mean_X3(:,1)-mu)*(mean_X3(:,1)-mu)'+(mean_X4(:,1)-mu)*(mean_X4(:,1)-mu)'+(mean_X5(:,1)-mu)*(mean_X5(:,1)-mu)';
d=1;
[V,D]=eig(Sb,Sw)
[m,n] =size(V);
disp('The U (U_hat) matriX is ');
U_hat = V(:,(n-d+1):n)
disp('The projected Z Matrices');
z_X1=U_hat'*X1;
disp('Z_X1');
z_X1'
z_X2=U_hat'*X2;
disp('Z_X2');
z_X2'
z_X3=U_hat'*X3;
disp('Z_X3');
z_X3'
z_X4=U_hat'*X4;
disp('Z_X4');
z_X4'
z_X5=U_hat'*X5;
disp('Z_X5');
z_X5'
P=U_hat*inv(U_hat'*U_hat)*U_hat';
z_X1_hat = P*X1;
z_X2_hat = P*X2;
z_X3_hat = P*X3;
z_X4_hat = P*X4;
z_X5_hat = P*X5;
figure(1)
plot3(X1(1,:), X1(2,:), X1(3,:),'r*');
grid on
hold on
plot3(X2(1,:), X2(2,:), X2(3,:),'r*');
plot3(X3(1,:), X3(2,:), X3(3,:),'r*');
plot3(X4(1,:), X4(2,:), X4(3,:),'r*');
plot3(X5(1,:), X5(2,:), X5(3,:),'r*');
aXis equal
hold off
title('Projected Raw data in');
Xlabel('X-aXis');
ylabel('y-aXis');
zlabel('z-aXis');
figure(2)
plot3(z_X1_hat(1,:),z_X1_hat(2,:),z_X1_hat(3,:),'r*');
grid on
hold on
plot3(z_X2_hat(1,:),z_X2_hat(2,:),z_X2_hat(3,:),'b*');
plot3(z_X3_hat(1,:),z_X3_hat(2,:),z_X3_hat(3,:),'g*');
plot3(z_X4_hat(1,:),z_X4_hat(2,:),z_X4_hat(3,:),'k*');
plot3(z_X5_hat(1,:),z_X5_hat(2,:),z_X5_hat(3,:),'c*');
title('Projected  data on principal aXis');
Xlabel('X-aXis');
ylabel('y-aXis');
zlabel('z-aXis');
3.

OUPUT
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CODE

%Do principal components to project this X to a m*d space and then 
%analyze data in a lower dimension
%Do principal components to project this X to a m*d space and then 
%analyze data in a lower dimension
d=[3];
load HA4c_dat.mat
K=cov(X);
[V,S,Vtrans] = svd(K);
for i=1:length(d),
    disp('This is d = '); disp(d(i));
    U = V(:,1:d(i));
    Z=X*U;
    figure(1)
    Image1 = reshape(U(:,1),28,23);
    imagesc(Image1)
    axis equal;
    colormap(gray)
    title('figure is for the first principal direction');
    figure(2)
    Image2 = reshape(U(:,2),28,23);
    imagesc(Image2)
    axis equal;
    colormap(gray)
    title('figure is for the second principal direction');
    figure(3)
    Image3 = reshape(U(:,3),28,23);
    imagesc(Image3)
    axis equal;
    colormap(gray)
    title('figure is for the third principal direction');
end
pause;
close all
%================================================
image1 = X(:,1)';
for i=1:11,
    d= 10*(i-1)+1;
    U = V(:,1:d);
    X_hat = X(1,:)*U*U';
    figure(4)
    subplot(3,4,i);
    image1 =reshape(X_hat(1,:),28,23);
    imagesc(image1)
    axis equal
    colormap(gray);
    title(['d = ', num2str(d)]);
end
Image1 =reshape(X(1,:),28,23);
subplot(3,4,12);
imagesc(image1)
title(['orginal image']);
