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Abstract 
 

A simple and direct process is derived to compute the determinant of any square matrix of high 
order. The approach involves successive applying the matrix order condensation algorithm.  A 
computer program listing in MATLAB is included and examples for finding the determinant of 
a given 7x7 matrix are given here for illustration. 

Keywords: Matrix determinant, matrix inversion, co-factor expansion, QR decomposition, gauss 
elimination, polynomial division. 

 

1 Introduction 
 
The algorithm is developed for the matrix order condensation. By successive applying this 
algorithm, the determinant of any high order matrix may readily evaluated. It is very simple, 
efficient and direct, comparing to the familiar approaches, such as co-factor expansion, Gauss 
elimination, QR decomposition, etc. 
 

2 Algorithm for Matrix Order Condensation  
 
From a given matrix A(n)

 of order  n, after arbitrary drawing the selected l sets of cross-lines,  the 
pivot matrix A(l)  of order l and the condensed matrix  A(m)   or  Ao

(m)   of order m (= n – l)  are 
generated, such that  
 

det(A(n))  =  det(A(l)) 1 - (n - l) 
* det(A(m)),    or 

 
det(A(n))  =   det(A(l)) 

* det(Ao
(m)). 

 
The pivot matrix A(l)  is directly obtained with elements at the l x l cross-points of the l sets of cross-
lines, provided that det(A(l)) is not equal to zero.  The condensed matrix A(m)  is then created with 
entries at the m x m un-crossed out locations, where each entry must be replaced by a computed 
determinant formed by (l+1) x (l+1) cross-points of the (l+1) sets of cross-lines ( l at the selected, 
plus 1 at its entry location).  And finally the nominal condensed matrix Ao

(m) is computed: 
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Ao
(m) = A(m) / det (A(l)),        or 

 
det(Ao

(m)) = det(A(m)) / det (A(l)) m. 
 

3 Typical Examples 
 
The evaluation of the determinant of a given 7 x 7 matrix is given here for illustration.  For 
comparison of feasibility, two computing schemes are presented: (1) in terms of 2x2 determinants, 
and (2) in terms of 3x3 determinants. 
.  
(1)  Find  7x7  determinant,  in terms of  2x2  determinants. ( l = 1 ) 
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(2)..Find  7x7  determinant,  in terms of  3x3  determinants. ( l = 2 ) 
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4 Computer Program Listing  
 
A compact computer program listing in MATLAB is listed as follow: 
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               funct ion detM = det_L(M)  
               %       Finding determinant of  square matr ix by Condensation 
      %       F C Chang     updated   04/12/2014 
      Z =  [  ] ;   M, ;  
          for  k =  1:size(M,1),  
      m = s ize(M,1), ;  
      pq = input( 'select  rows and cols :   [p;q]  =  ' ) ;  
      p = sor t(pq(1, :) ) ;   
      q = sor t(pq(2, :) ) ;  
      e  = ( -1)^sum(pq(: )) ;   
      L =  length(p) ;  
      W = M(setdif f (1:m,p) ,setdi f f (1:m,q)) , ;  
      V = M(se tdi f f (1:m,p) ,q) , ;  
      U = M(p,setdi f f (1:m,q)) , ;  
      R = M(p,q) , ;                  
      IR = inv(R), ;  
      dR = det(R), ;  
      Z =  [Z,dR*e] ;  
            i f  m <= L,  break,  end;   
      M = W-V*IR*U, ;  
           end;         
      detM = prod(Z) ; Z, ;  
 

5 Remarks and Conclusion 
 
The determinant of any given high order matrix can be readily computed by successively applying 
the matrix order condensation algorithm. This approach is the extension of the method given by 
[1] and Chio’s method [2] is the special case of the presented algorithm with l = 1. It is especially 
useful for hand computation. 
 
Comparing the two schemes in the example, we note that, excluding any elementary arithmetic’s 
operations, such as addition, subtraction, multiplication, and division, it needs 6 steps and 91 (= 
36+25+16+9+4+1) 2x2 determinant computations for scheme 1, while it requires only 3 steps and 
35 (= 25+9+1) 3x3 determinant computations for scheme 2. However, it is concluded that the 
scheme 1 is better choice, since the number of multiplications needed is just only 2 for every 2x2 
determinant comparing to 12 for every 3x3 determinant.  
 
The required multiplications for finding an n x n determinant are in the order of order of n !  by 
using the classical methods of Leibniz’ formula or Laplace’s formula.  It is found, however, that 
the multiplication/division operations required for scheme 1 are merely 1/3 n(n-1)(2n-1) , that is 
much less then n3 operations need for the product of any two n x n matrices. 
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