
Both diagonalization and QR factorization have wide application in applied settings in conditions when 
numerical error or computational cost is an issue. Another decomposition of a matrix, the singular value 
decomposition, is also useful and informative. 

Let A be a    matrix with then there exist matricies

                         

                           

   
     

        
                                                       

Such that       

Where          and       
   ,  which are called singular values of  and are the square roots of 

the positive eigen values of    or    , which are the same. Usually ordered from greatest to least 
down the diagonal. 

The columns of  are the orthogonal and normalized eigen vectors of    which are called the left 
singular vectors of  ordered to be paried up with   

The columns of  are the orghogonal and normalized eigen vectors of    which are called the 
right singular vectors of  ordered to be paried up with   

Example: Find the singular value decomposition of    
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Applications of the SVD

Image Compression: We can think of the image above as a matrix where we assign a gray scale 
intensity to each pixel position. So we have a matrix of numbers between 0 and 255. 

If you recall, in the matrix  is ordered with the largest singular values first ang going down from 
there. Our SVD product can be written in the form

                
           

             
 

From this we might note that if the smallest singular values are very small, they don't contribute 
much information to     So what would happen to the image if we throw away some of terms being 
scaled by small singular values?

                 
   is      so        is    the same as  

So we might say:            
           

             
 

Where    keeping in mind that              

In matlab matrix multiplication notation keeping the first 10 terms would read

U(:,1:10)S(1:10,1:10),V(:,1:10)'
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Keeping only 10 singular values

U(:,1:10)S(1:10,1:10),V(:,1:10)'

Keeping only 50 singular values

U(:,1:50)S(1:50,1:50),V(:,1:50)'

Keeping only 100 singular values

U(:,1:100)S(1:100,1:100),V(:,1:100)'

Original 562X562
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The condition number of a matrix

The condition number of a matrix  is      
    

    
      This number gives a sense of how terrible an inversion of a matrix 

might be!

This condition number is huge!
We would expect any inversion to be 
horrible!

The Singular Value Decomposition (SVD)

   New Section 1 Page 6    



Why do we have th   proble ?  Let'  th  k about   vert  g the SVD ver  o  of A… 
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