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(1) Determine SVD of the matrix A       ( show all your work ) 
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 (2) The singular value decomposition of B is  
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B    

Express B as the sum of rank-one matrices: 
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(3) The QR factorization of A is: 
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A  

Solve the least square problem Ax = b where [ ]Tb 111=  
_________________________________________________________________________________ 
 
(4) Let  nmRA nn >∈ × ,     
     a) Explain why the rank of  A  is exactly the number of its nonzero singular values 
    b) If TVUA Σ=  is a singular value decomposition, what are the singular value decomposition of TA , +A     
              [Note that mnRA ×+ ∈  , TT AAAA 1)( −+ = ] 
______________________________________________________________________________________ 
 
 (5) Let  nmRA nm >∈ × ,  be such that 

22
xAx =  for all nRx∈ . Show that  A  has orthonormal columns;   

       that is, that n
T IAA = . 

______________________________________________________________________________________ 
 
 (6) Suppose the  matrix nmRA 22 ×∈  has the form 
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         where nmRAA ×∈21 ,  are nonzero matrices. Show that 
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_____________________________________________________________________________________ 
 
BONUS:  
 
Given  nmRA nm >∈ × ,   and  a nonzero vector mRv∈ . The following algorithm overwrites A  with  HA  
where vvvvIP TT /2−=   

 
)row.house(  ][function A,vA =  

      vvT/2−=β  
      vAw Tβ=  
      TvwAA +=  
 

Count how many flops are required for this algorithm. Write your answer in terms n and m. 
[A flop is a floating point operation. Each addition, subtraction, multiplication, division or square root 
counts as one flop.] 
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