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Homework number: 2

Homework Title: Exercise 2.24

Problem description:

Verify that the dominant term in the operation count (number of multiplications or number of additions) for Gauss-Jordan elimination for a matrix of order n is n^3/2.

Problem solution:

Consider the following matrix A:

A11  A12 ….. A1n B1
A21  A22 ….. A2n B2

     .

    .

     .

    .

     .

    .

An1  An2 ….. Ann Bn

After performing the Gauss-Jordan algorithm on A we get A1:

A11*   0      …..  0       C1
  0     A22*  …..  0       C2

   .
          .

   .
          .

   .
          .

  0       0      ….. Ann*   Cn

Analyze the Gauss-Jordan algorithm (here written in MatLab style): 

b=[ B1  … Bn]’;
A=[ A11  A12 ….. A1n; … ; An1  An2 ….. Ann]';

n=size(A);

A=[A b] % construct the augmented matrix

for k=1:n % for each except the last column k

  for i=1:n % scale column k by A(k,k), except the diagonal entry

    if (i~=k) A(i,k)=A(i,k)/A(k,k); end
  end

% don't perform complete multiplication but only elements that change
  for i=1:n % for unreduced part of matrix (all rows except one)

   if (i~=k) 

     for j=k+1:n+1 % remaining columns

       A(i,j)=A(i,j)-A(i,k)*A(k,j);

     end

  A(i,k)=0; % annihilate used nondiagonal elements  

end

  end

end

A % this A is now our final A1  
Results:

By analyzing the algorithm we can easily calculate the complexity:

(k=1:n*[ (i=1:n-1*1 + (i=1:n-1*((j=k+1:n+1*1)}] = (k=1:n* [(n-1) + (n-1)*(n-k+1)] = 

= (k=1:n*[n-2+n2- k*(n+1)] = (n2 + n -2)*n - (n+1)n(n+1)/2  = n3/2-5*n/2 

· O(n^3/2)

Discussion and Comments:

Writing down the source code of an algorithm (i.e. in MatLab) and analyzing the code directly is much easier to do and for sure easier to understand for others.  

