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ABSTRACT: Given any real or complex non-singular square matrix, the inverse of the matrix can be found
efficiently.
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l. INTRODUCTION
To reduce the computational complexity of matrix inversion, which is the majority of processing in
many practical applications, efficient algorithms for calculating the inverse of an arbitrary nonsingular matrix
are presented. Based on the algorithms presented by F. C. Chang [1-3] and some related research [4-5], this
compact algorithm may improve the time complexity and provide an even greater computational savings. The
following are the algorithm, source code and some typical example with simple error checking.

1.  ALGORITHM
The presented algorithm consists of the following steps:

Step 1 Initialization:
Let M be a non-singular n x n matrix. Let | be an n x n identity matrix.

n = lengthM); I = eye(n); N = [1l:n]; M= M-I; W= I;

Step 2 lterative operations:

for k = 1:n; K = [1l:k];
W(N,K) = W*(I(N,K)-M(N,k)*W(k,K)/(1+W(k,N)*M(N,k)));
end;

Step 3 Output:
Print out the result of the inverse of M, which is W.

1. MATLAB SOURCE CODE

function W = inv_fcz (M)
Compute the inverse of non-singular square matrix
Error checking: W*M = I

oe

oe

n = length(M); N = [1l:n]; I = eye(n); M= M-I; W= I;

for k = 1:
W (N, K)
end;

;7 K= [1:k];
W* (I(N,K)-M(N,k)*W(k,K)/ (1+W(k,N)*M(N, k)));

[yl
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IV. TYPICAL EXAMPLES

» format short
» n=7, M=magic(n), W=inv_fcz (M), ck=W*M,

n =
7
M =
30 39 48 1 10 19 28
38 47 7 9 18 27 29
46 6 8 17 26 35 37
5 14 16 25 34 36 45
13 15 24 33 42 44 4
21 23 32 41 43 3 12
22 31 40 49 2 11 20
W =
0.0008 0.0008 0.0212 -0.0195 -0.0021 0.0041 0.0004
-0.0021 0.0241 -0.0195 0.0012 0.0004 0.0008 0.0008
0.0212 -0.0191 0.0004 -0.0021 0.0037 0.0008 0.0008
-0.0170 0.0008 0.0008 0.0008 0.0008 0.0008 0.0187
0.0008 0.0008 -0.0021 0.0037 0.0012 0.0207 -0.0195
0.0008 0.0008 0.0012 0.0004 0.0212 -0.0224 0.0037
0.0012 -0.0025 0.0037 0.0212 -0.0195 0.0008 0.0008
ck =
1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
»
»
»
»
» n=4, M=magic(n)+i*hilb(n), W=inv_fcz (M), ck=W*M,
n =
4
M:

16.0000 + 1.00001 2.0000 + 0.50001 3.0000 + 0.33331 13.0000 + 0.25001
5.0000 + 0.50001i 11.0000 + 0.33331 10.0000 + 0.25001 8.0000 + 0.20001
9.0000 + 0.33331 7.0000 + 0.25001 6.0000 + 0.2000i 12.0000 + 0.16671
4.0000 + 0.25001 14.0000 + 0.20001i 15.0000 + 0.1667i1 1.0000 + 0.14291

W:
0.0285 - 0.57391 -0.0849 - 1.72121 0.0130 + 1.72161 0.0336 + 0.57381

-0.1084 - 1.72101 0.4432 - 5.16541 -0.1881 + 5.16481 -0.2349 + 1.72201
0.0868 + 1.72121i -0.4125 + 5.16571 0.1869 - 5.16581 0.2859 - 1.72241

-0.0166 + 0.57401i -0.0340 + 1.72171 0.1353 - 1.72251 -0.0160 - 0.57431i

ck =
1.0000 + 0.00001 0.0000 + 0.00001 0.0000 + 0.00001 0.0000 + 0.00001
0.0000 + 0.00001 1.0000 + 0.00001 0.0000 + 0.00001 0.0000 + 0.00001
0.0000 - 0.00001 0.0000 + 0.00001 1.0000 + 0.00001 0.0000 + 0.00001
0.0000 + 0.00001 0.0000 + 0.00001 0.0000 + 0.00001 1.0000 + 0.00001

»
»
»
»
» n=150, M=randn(n)+i*rand(n); W=inv_fcz (M); erck=norm(W*M-eye(n)),

n =
150
erck =
2.4075e-011
»
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V. CONCLUSION
The stability and speed of computation to get the desired matrix inverse in an algorithm is related to the

total number of elementary multiplication/division operations. For a given square matrix of order n, the total
number of EMDO used for the presented compact code is computed to be (n4+n3+2n2+2n) /2.

It is also worth noting that the line inside the for loop of this function may also be replaced by

W(K,N)=(I(K,N)-W(K, k) *M(k,N)/(1+M(k,N)*W(N, k))) *W.

MATLAB simulations show that these algorithms are valid.

Acknowledgement is given for the useful discussions and comments provided by Dr. F.C. Chang, Allwave
Corporation, California.
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