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Abstract

Based on the facts that determinants and matrices have extensive

application in scientific research and that in this technology epoch al-

most all different researches and simulations are made using computer

systems, we present a comparison of the time duration for calculat-

ing cornice determinants through computer systems. In this paper,

we develop computer functions for calculating determinants using the

Laplace expansion method, Gjanbalaj-Salihu’s method, and Salihu’s

SemiDiagonal Method. We compare the time duration for the execu-

tion of these functions to calculate the final result of the determinant.

1 Main definitions and lemmas

The Determinant of a n× n matrix, is the sum:

det(A) = |A| =
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ranging over the symmetric permutation group Sn, where

εj1,j2,...,jn =

{

+1, if j1, j2, . . . , jn is an even permutation

−1, if j1, j2, . . . , jn is an odd permuation
(1.2)

Definition 1: Every determinant having the second row and (n − 1)th
row, as well as the second column and (n− 1)th column except the first and
last elements of these rows/columns, is called the cornice determinant [1].

Lemma 2: Suppose that A is a matrix of order n × n. Fix row i and
column j for every i, j ∈ {1, 2, . . . , n} [2]. The determinant of a matrix A
can be calculated as follows:

|A| =
n

∑

i‘=1

ai‘j|Ci‘j| =
n

∑

j‘=1

aij‘|Cij‘| (1.3)

Lemma 3: Every cornice determinant |An×n|, n × n, (n ≥ 5) can be
computed by reducing the order of the determinant by four [1]:

|An×n| = (a12a21an,n−1an−1,n − a12a2,nan,n−1an−1,1 − a21an2an−1,na1,n−1+
(1.4)

+a1,n−1a2,nan2an−1,1) · |A(n−4)×(n−4)|

Lemma 4: Every cornice determinant can be transformed into the semi-
diagonal determinant and the result can be calculated using formula below
[3]:

|An×n| = a12 · a21 · bn−1,n−1 · bnn · |A(n−4)×(n−4)| (1.5)

where

bn−1,n−1 = an,n−1 −
a1,n−1 · an2

a12

bnn = an−1,n −
a2,n · an−1,1

a21

|A(n−4)×(n−4)| =
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2 Computer comparison of determinants cal-

culation methods

For computer computation of the duration of the determinant calculation,
we used a computer with the characteristics presented in Table 1:

Table 1: Computer characteristics used to simulate the calculation of
determinants:

Name: Lenovo
Model: Ideapad 700-15ISK
CPU: Intel Core i7 6700HQ 2.6Ghz
RAM: 16 GB DDR4
GPU: FULL HD Display 15.6” 1920x1080,

nVidia GTX 950 4096 mb dedicated graphics
HDD: 256 GB SSD

while the software used for this simulation is presented in table 2:

Table 2: Computer tools used for determinant calculation simulation:
OS Windows 10 Pro 64-bit, Version 1703 (OS Build 15063.483
Software MATLAB, Version 9.0 (R2016a), 64-bit (win64)

2.1 Comparison between: Laplace, Gjonbalaj-Salihu
and Salihu’s SemiDiagonal

To compare cornice determinant calculations among: Laplace, Gjonbalaj-
Salihu and Salihu’s SemiDiagonal, we use the following functions:

function d = det Laplace(A)
[m,n] = size(A); % matrix size; check if it is square
if m ∼= n disp(’Matrix A is not square, cannot calculate the determi-

nant’)
d = 0;
return
end
if n == 1
d = A;
return
elseif n == 2
d = A(1, 1) ∗ A(2, 2)− A(1, 2) ∗ A(2, 1);
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return

end

w = 1; d = 0;

for i = 1 : n

if i == 1

d = d+ w ∗ A(1, i) ∗ det Laplace(A(2 : n, 2 : n));

elseif i == n

d = d+ w ∗ A(1, i) ∗ det Laplace(A(2 : n, 1 : n− 1));

else

d = d+ w ∗ A(1, i) ∗ det Laplace(A(2 : n, [1 : i− 1, i+ 1 : n]));

end

w = −w; % alternating sign of the weight

end

function d = det Cornice(A)

[m,n] = size(A); % matrix size; check if it’s square

if m ∼= n disp(’Matrix A is not square, cannot calculate the determi-
nant’)

d = 0;

return

end

if n == 1

d = A;

return

elseif n == 2

d = A(1, 1) ∗ A(2, 2)− A(1, 2) ∗ A(2, 1);

return

elseif n == 3

d = det(A);

return

elseif n == 4

d = det(A);

return

end

d0 = det Laplace(A(3 : n− 2, 3 : n− 2));

if d0 == 0

d = 0; % to avoid dividing by zero

else
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d = (A(1, 2)∗A(2, 1)∗A(n, n−1)∗A(n−1, n)−A(1, 2)∗A(2, n)∗A(n, n−
1) ∗A(n− 1, 1)−A(2, 1) ∗A(n, 2) ∗A(n− 1, n) ∗A(1, n− 1) +A(1, n− 1) ∗
A(2, n) ∗ A(n, 2) ∗ A(n− 1, 1)) ∗ d0;

end

function d = det SemiDiagonal(A)
[m,n] = size(A); % matrix size; check if it is square
if m ∼= n disp(’Matrix A is not square, cannot calculate the determi-

nant’)
d = 0;
return
end
B(n− 1, n− 1) = A(n, n− 1)−A(1, n− 1) ∗ A(n, 2)/A(1, 2);
B(n, n) = A(n− 1, n)−A(2, n) ∗ A(n− 1, 1)/A(2, 1);
if n == 1
d = A;
return
elseif n == 2
d = A(1, 1) ∗ A(2, 2)− A(1, 2) ∗ A(2, 1);
return
elseif n == 3
d = det(A);
return
elseif n == 4
d = det(A);
return
end
d0 = det Laplace(A(3 : n− 2, 3 : n− 2));
if d0 == 0
d = 0; % to avoid dividing by zero
else
d = A(1, 2) ∗ A(2, 1) ∗B(n− 1, n− 1) ∗B(n, n) ∗ d0;
end

n = m×m; % matrix rank
A = [m×m]
disp(’Calculation of Cornice Determinants using Gjonbalaj-Salihu’s’)
tic d1 = det cornice(A) toc
disp(’Calculation of Cornice Determinants using Laplace Method’)
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tic d2 = det Laplace(A) toc

disp(’Calculation of Cornice Determinants using Salihu‘s SemiDiagonal’)

tic d3 = det SemiDiagonal(A) toc

Executing the last function we get the results in Table 3, expressed in
seconds:

Table 3: Comparison of Execution time of cornice determinant calcula-
tion using: Laplace Method, Gjonbalaj-Salihu, and Salihu’s SemiDiagonal:

Order of
Determinant

Laplace
Gjonbalaj-
Salihu

Salihu’s
SemiDiagonal

1 2 3
5× 5 0.000402 0.000117 0.000113
6× 6 0.002432 0.000610 0.000362
7× 7 0.012245 0.010810 0.000792
8× 8 0.084689 0.000711 0.000436
9× 9 0.694358 0.000573 0.000339
10× 10 6.530343 0.002588 0.002418
11× 11 70.400784 0.012100 0.011520
12× 12 1301.954964 0.077508 0.072570

Difference
1-2 1-3 2-3
0.000285 0.000289 0.000004
0.001822 0.002070 0.000248
0.001435 0.011453 0.010018
0.083978 0.084253 0.000275
0.693785 0.694019 0.000234
6.527755 6.527925 0.000170
70.388684 70.389264 0.000580

1301.877456 1301.882394 0.004938

From table 3, observe that the Gjonbalaj-Salihu’s method is executed 82%
faster than the Laplace method, Salihu’s SemiDiagonal Method is executed
93% faster than Laplace method and 29% faster than the Gjonbalaj-Salihu’s
method.
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2.2 Comparison between: MATLAB det function, Gjonbalaj-

Salihu and Salihu’s SemiDiagonal

To compare cornice determinants calculation among: MATLAB det function,
Gjonbalaj-Salihu, and Salihu SemiDiagonal, we use:

n = m×m; % matrix rank
A = [m×m]
disp(’Calculation of Cornice Determinants using Gjonbalaj-Salihu’s’)
tic d1 = det cornice 1(A) toc
disp(’Calculation of Cornice Determinants using Matlab Det Function’)
tic d2 = det(A) toc
disp(’Calculation of Cornice Determinants using Salihu‘s SemiDiagonal’)
tic d3 = det SemiDiagonal 1(A) toc

For better comparison, the functions det cornice 1 and det SemiDiagonal 1
are the same with det cornice and det SemiDiagonal, with the following dif-
ference in row 20 respectively 22 are d0 = det(A(3 : n−2, 3 : n−2)); instead
of d0 = det Laplace(A(3 : n− 2, 3 : n− 2)); ,

From execution of last function we get the results as provided in Table 4,
expressed in seconds:

Table 4: Comparison of Execution time of cornice determinant calcula-
tion using: Matlab det function, Gjonbalaj-Salihu, and Salihu’s SemiDiago-
nal:

Order of
Determinant

Matlab
”det”

Function

Gjonbalaj-
Salihu

Salihu’s
SemiDiagonal

Difference

1 2 3 1-2 1-3 2-3
5× 5 0.000570 0.000465 0.000433 0.000105 0.000137 0.000032
6× 6 0.000516 0.000369 0.000361 0.000147 0.000155 0.000008
7× 7 0.000502 0.000393 0.000367 0.000109 0.000135 0.000026
8× 8 0.000179 0.000178 0.000154 0.000001 0.000025 0.000024
9× 9 0.000229 0.000222 0.000197 0.000007 0.000032 0.000025
10× 10 0.000533 0.000397 0.000369 0.000136 0.000164 0.000028
11× 11 0.000348 0.000277 0.000244 0.000071 0.000104 0.000033
12× 12 0.000282 0.000269 0.000253 0.000013 0.000029 0.000016

From Table 4, observe that the Gjonbalaj-Salihu’s method is executed 15%
faster than the MATLAB det function, Salihu’s SemiDiagonal Method is
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executed 22% faster than Matlab ”det” function and 8% faster than the
Gjonbalaj-Salihu’s method.
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