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 In this work, a numerical method for interpolating the covariance matrix of solution for 
Laplaceps equation under random correlated boundary conditions is proposed,  illustrated and 
implemented.  Computationally, the proposed approximation method is programmed in Matlab 
and tested on two and three dimensional problems. For larger scale problems, a domain 
decomposition approach is suggested.  In the result, the numerical model determined 
approximate solution of covariance matrix effectively.  The maximun absolute percent error 
with respect to an exact solution generated by the direct Fourier method is 0.162017.  Besides, a 
single PC can handle the numerical model only on small domain sizes especially on three-
dimensional problem, the maximum number of variables in the related linear equation system is 
106 variables.  Furthermore, a domain decomposition method applied to the model results in an 
increasing time consuming of a single computing facility. The time consuming increased, 
whereas the iteration used in the calculation of the model decreased.       
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P���U���E����@�������������P��  TU>���E����@U�@�����������UP�> 4 ��� 6 TU���]�
�����cG
���� 2 ��� 3 ��
�
�����U��   
 

�����������
�����<��e���������
��� 

 

 ������P�]E��S^�@
P�����>������!��F�@
�����(Numerical methods) ���]FP]����������B�
�_�>�����������U�@E���U@
��`���^�����b �`UP]� ���T��>� (2544) TU>�����>���!���P
������F�@��	 ��!����������
��(Elliptic partial diferential equation)����>A�]��A�����������
���������b��U@`UPU�@
��`��� ̂
 
  �E���������������U�^@�U��]� 2 ��
� U�@��^ 

 

0
),(),(

2

2

2

2

=
∂

∂
+

∂

∂

y

yx

x

yx φφ                                                   (1) 

 
 TU>��� ( )yx,φ  �S� wc@��F��
����S��@������E�>
��Z�>]��B������
���>�E�
	��� U�@Z� ��� 1 
 
 E����^����@>��>�A����@�����
��@�cG
������a�F��@u ��������U������� ∆  ]����
T�����U���
 x ��� y  �C�@E�`UP
���@���bA��FS���UP�>E	U
��(Grid point)U�@��U@]�Z� ��� 1  �����^@
������F�@��	 ��!�>��>]������ (1) 
P�@bA����@]
P�>A�]��A�
��`���AP������E	U
�� TU>]������^�����>�
��!�B�
��@�S���S��@ (Finite difference method: FDM) bA������]FP]����
�B��_�>TU>������
��@�cG
��P�@
P� TU>]���^������	 ��!�>��>���U����@]������(1) 
P�@bA�������E����	���
��>���������U�� n ��@ ( )xf ������E�>���E	U ax =  U�@�� ̂
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( ) ( ) ( )( ) ( )( ) ( )( )nn
axaf

n
axafaxafafxf −++−′′+−′+= )(2

!

1
...

2

1              (2) 

  
 E������� (2) E��
Q�`UP���wc@��F�� ( )xf �����b
����`UPTU>����AP���wc@��F�������	 ��!�
��@wc@��F��  f   � E	U a  ]�@����E�>��^������������wc@��F��TU>��	�����>������E�bA�]FP� �>@ 
 

 
 

F����� 1  ������@>��>�A����@�����
�cG
������a�
���@����
���>�� S��]FP�����!����B�
��@  
               �S���S��@ 

 

��	 ��!����U�� 0 bC@ ���U�� 2 ������^���S��@E�� ���U�� 3 E�bC@���U�� n  ������P�>���E������b

�U��^@`UPbP� x  ��� a  �����]��P������u ( 0→<− εax ) ]������@�U�>����������������
wc@��F�� f  � E	U ∆+x  ��� ∆−x  �����b������`UPTU>����AP���wc@��F�������	 ��!���@
wc@��F�� f    � E	U x   �C�@���������TU>]FP��	�����>�����������b��U@`UPU�@��^ 
 

( ) ( ) ( )( ) ( )( )2

2

1
∆′′+∆′+≅∆+ xfxfxfxf                                      (3) 

 

( ) ( ) ( )( ) ( )( )2

2

1
∆′′+∆′−≅∆− xfxfxfxf                                      (4) 

y  

x  
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 �������� (3) ��� (4) E�`UP�����������	 ��!����U�� 2 � E	U x U�@��^ 
 

( ) ( ) ( ) ( )
( )2

2

∆

−∆−+∆+
≅′′

xfxfxf
xf                                         (5) 

 
 E������� (1) �����	 ��!��F�@
�������@wc@��F������_���> � T�����U���
 x  ��� y ]Uu ]�
�A����@�����
��@�cG
������b���>�TU>]FP������� ��!�E������� (5) `UPU�@��^ 
 

( ) ( ) ( )
( )

( ) ( ) ( )
( )

0
,2,,,2,,

22
≅

∆

−∆−+∆+
+

∆

−∆−+∆+ yxyxyxyxyxyx φφφφφφ        (6) 

 
 E�U�A������ (6) ]
�� �����	 ��!��F�@
�������@wc@��F������_���> � 
���
��@ x  ��� y  ]Uu 
�����b��U@`UPU�@��^ 
 








 ∆−+∆++∆−+∆+
≅

4

),(),(),(),(
),(

yxyxyxyx
yx

φφφφ
φ                   (7) 

 
 E��wc@��F������_���>TU>������]������(7)  ��S����������@wc@��F��U�@�����]�
T�����U���
 x  ��� y ]Uu �@]�Z� ��� (1) Z�>]
P�@S���`�������������
�U�C^� 
��������E	U
��
Z�>]���@�A����@�����
�cG
������b������
�`UPE�������P����������F�@��P� TU>]FP
�����>���!��������^��������E�
�����]�T�����U���
 x  ��� y � E	U
��Z�>]���@�A����@��

�cG
��A���P���������PE��@ 
  
 ��^@���̂������>���!�E�������������������!�Z� ]������P����������F�@��P�U�@����� 
>�
���>��@�F�� �����>���!�������E�U��������(Gauss elimination method) �����>���!���@�����-
F���U�@(Gauss-Jordan method) �����>���!���������
�����B�B��(Matrix-Inverse) �����>���!����
�>�������>A(LU decomposition method) �����>���!�����>����TF����� �����>��������^��
���>�T���(Jacobi iteration method) �����>���!��������^����������-`��U� (Gauss-Seidel 
iteration method)  ��� �����>��������^�����B�����������S���S��@ (Successive over ~ Relaxation 
method: SOR) ��a�
P� TU>]�@����E�>��^�����>��������^����� SOR bA���S�������]FP ��^@��^
��S��@E�������>���!��������^��U�@�������������
�U���
���������̂��
���(Weighting factor)]
P���
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������ S��]
P����������A���P��A����
��`��C^� �C�@�������^��U�@������
�����������P���������
���U]
G� �����^@@��>
��������U�H?�T���������E����^�����P���������UP�>�����>���!����
����^����^>�@F��>�U����B�U ��U������UE������cU��H �����S����������
����@���������TU>
������������^��E�B��� !��A���P��A����
�������PE��@��@��������� �C�@�����>���!� SOR �������U
]����������U�@
��`���^ TU>]���^�������@�A����@�����
�cG
������a�F��@�����E�����E	U
��
(Gird size) ���U m × n  U�@Z� ��� 2 

 
F����� 2  ������@�A����@�����
�cG
������a�F��@�����E�����E	U
��(Gird size) ���U m × n    
  
 E����^���������	 ��!��F�@
�������@wc@��F������_���>]������ (7) �@]�E	U
��Z�>]���@
�A����@�����
�cG
�]�Z� ��� 2 Z�>]
P�@S���`�������`U�����Q� (Dirichlet boundary condition) 
�C�@E�`UP������������
���
�����Z�>]��A����@�����
�cG
� ),( jiφ  Z�>]
P�@S���`���������^@ 

(0, 0) 

(0, 1) 

(0, 2) 

(0, 3) 

(0, n-1) 

(0, n) 

(1, 0) (2, 0) (3, 0) (m-1, 0) (m, 0) 

(m, 1) 

(m, 2) 

(m, 3) 

(m, n-1) 

(m, n) 

(1, 1) 

(1, 2) 

(1, 3) 

(1, n-1) 

(1, n) 

(2, 1) 

(2, 2) 

(2, 3) 

(2, n-1) 

(2, n) 

(3, 1) 

(3, 2) 

(3, 3) 

(3, n-1) 

(3, n) 

(m-1, 1) 

(m-1, 2) 

(m-1, 3) 

(m-1, n-1) 

(m-1, n) 

x  

y  
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4 UP���S� ),0( jb , ),( jmb , )0,(ib  ��� ),( nib  TU> i ��� j �S�
���
��@]����T�����U���
 x  
��� y  ]�Z� ��� 2 �����^@ mi ...,,3,2,1= ��� nj ..,,3,2,1=   
 

     
4

))0,1()2,1()1,0()1,2((
)1,1(

bb +++
=

φφ
φ  

 

     
4

))0,2()2,2()1,1()1,3((
)1,2(

b+++
=

φφφ
φ  

             . 
             . 

     
4

))0,1()2,1()1,2()1,((
)1,1(

−+−+−+
=−

mbmmmb
m

φφ
φ  

  

     
4

))1,1()3,1()2,0()2,2((
)2,1(

φφφ
φ

+++
=

b  

 

     
4

))1,2()3,2()2,1()2,3((
)2,2(

φφφφ
φ

+++
=  

                . 
              . 

      
4

))1,1()3,1()2,2()2,((
)2,1(

−+−+−+
=−

mmmmb
m

φφφ
φ  

 

            
4

))2,1(),1()1,0()1,2((
)1,1(

−++−+−
=−

nnbnbn
n

φφ
φ  

 

            
4

))2,2(),2()1,1()1,3((
)1,2(

−++−+−
=−

nnbnn
n

φφφ
φ  

              . 
 . 

4

))2,1(),1()1,2()1,((
)1,1(

−−+−+−−+−
=−−

nmnmbnmnmb
nm

φφ
φ        (8) 
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 TU>��PE��@��P������>���!��������^����� SOR `UPbA�U�U���@E�������>���!��������^��
��������-`��U�� S��]
P���U��
������A���P��A�B��� !������PE��@�A@�C^� TU>���b��@�̂��
�����@������
������`UPE���������^�����^@]
��������� U�@��^�� S��@��>���������������P�]E��������� (8) EC@bA�
������UP�>�����>���!��������^����������-`��U�U�@��^ TU>]���^�����@S���`������
P����
���
�����
Z�>]� (
�����UP���P�>�S���@����� (8)) 
P�@bA����
�U�C^����� E����^�]��������^�����
��
��� )1,1(φ  E�bA�������E��
��������������� (�@S���`������
P� ����@S���`�������) UP������S�
��@����� ���]��������^���U�>������^
����� )1,1(φ  (bA���������P�) E�bA���@���
��`�� S��]FP]�
���������
����� )1,2(φ  �C�@��^�
��U�@�����E�bA�������
������	�
��E�bC@
����� 

)1,1( −− nmφ  EC@E���^��	U���������]��������^����� E����^���^�
���P�@
P�E�bA��������^��
]��������^��
��`�E�����
�����Z�>]�(
�����UP���P�>�S������)E��A���P��A�B��� !������PE��@��@
��������� �>��@`��Q
�������>���!��������^����� SOR �
�
��@E�������>���!��������^�����
�����-`��U�
�@�����������
�U
���������̂��
���]
P���
�����]��������^�����^@�������]
�� ����
�S� 
 

),()1(),(),(
11 jijiji kkk φωωφφ −+= ++                                        (9) 
    

 TU>
��>� k  ����������^����� k  ��� ),(
1 jik+φ  ��a�������������`UPE���������^�����^@]
��

UP�>�����>���!���������-`��U� ��� ω  �S� 
���������̂��
��� (Weighting factor) �C�@�����
��
���@ 0 bC@ 2 
�� ω = 1 �����>���!���^E����>��a������>���!���������-`��U� 
�� ω  �����
��
���@ 1 bC@ 2 ��P� ����� (9) ]
P����
��>���E�� ����̂��
����@��B��� !�]
���������������C^�
��S��@E��B��� !�]
�������@�A���P��A�B��� !����bA�
P�@� S��]
P����A���P���a�`�`UP��Q�>��@�C^� �����F����^
��@���^@EC@bA����>������a����B������� (Over-relaxation) ]���@
�@�P��
��ω  �������
���@ 0 bC@ 1 
������>������a����B������
��� (Under-relaxation) �����(9) E�
��>bC@���F��>��P���������]�
������B��� !������@���U����A����]
P�A�������P��A�B��� !������PE��@ ���
���]���@�����
� ���ω  ���]FP
TU>��
��������
���@ 1 bC@ 2 � S��]
P���U����A���P��A�B��� !������PE��@��Q��C^� �>��@`��Q
����� ω  ���U�
����	UE��
�
��@`�
�����H����@�cG
� TU> ω = 1.2 ���E�bA����`�]FP]������P
�B��_�>
TU>��������@�����������(���T��>�, 2544)  
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 ]�@����E�>��^B��� !������PE��@��@���������E��A���P���S���������Q�
�B�
��@����A�����@
B��� !�]��������^���������]
��������P�>�����������B�U ��U���>��`UP(Stopping tolerance) ����
�S� 
 

ε
φ

φφ
<×

−
+

+

%100
),(

),(),(

1

1

ji

jiji

k

kk

 

 
 TU>
��>� k  �S� �������^�� ��� ),(

1
ji

k+φ  ��U@bC@�����@
����� � E	U
��
���
��@ i
��� j ]����T�����U���
 x  ��� y ]��������^����� k + 1 ��� ε  �S��������B�U ��U���>��`UP 
���E����^]�����������E����@��@
����������UTU������]
G� ��� ���
������S��@�U�>���

���>����E��`��� �>@ ����E�������B����E����@U�@����� U�@��^������>���!����@����TU���EC@
bA������]FP]������P�cG
��P�@
P� 
 

��������������9����NL��� 

  
 TU>����`��cG
������TU������U]
G�
�S��cG
�����A����@�����
�cG
�����������P�� 
�����>���!����@����TU���bA������]FP]������P�cG
�U�@�����(Ehart et al., 2006) TU>�_ ������
TU��������U]
G�E�����
�����]�����������F�@��P���@���E����@�F�@
�������E�������� 
�C�@�����P���������U�@�������E��P`�������S��@E����U���������b��@��� ���
������S��@
�U�>�`��� �>@ � UP�>�

	���̂����>���!����@����TU���EC@bA������]FP]������P�cG
��P�@
P� TU>
���@�A����@�����
�cG
�]
G������a�TU���>��>
��>TU��� E����^���P�����������@�
���
TU���>��>TU>����������� TU>����`������>���!����@����TU�����a���!������������!�Z� �����S��
bA����`�������B���������� ���
����������(Parallel computer system) TU>�����>���!�
���@����TU����������U�S� ���@�����A����@�����
��@�cG
�]
G�
�S�TU���]
G�]
P���>��a�
TU���>��>
��>u TU��� TU>�
���TU���>��>E�bA��>����E�����TU>�����
���>�(Artificial 
boundary) U�@������@����TU��������U@]�Z� ��� 3 �C�@TU���]
G�bA��>������a�TU���>��> 4 
TU��� �����S��@E����� ���
������S��@�U�>���
���>����E��`��� �>@ ����E���P�����������@
TU���]
G� U�@��^������������@�
���TU���>��>EC@bA��������>�TU>����������� 
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���������wc@��F������_���>���
��������������]� 2 ��
������b���`UPU�@��^�
�����
������]�Z� ��� 4  TU>]���^�������
�U�@S���`������� ���
�U��������
P���@
��������E	U
��
Z�>]���@TU���>��> ������
�U��������
P���@
�����]������
���>� E����^������������@
��
�������_���>���E	U
��Z�>]���@TU���>��>TU>����������� TU>]FP������� ��!�]������ (7) 
Z�>]
P�@S���`�����������@S���`������
P�������
�U`�P�P�@
P� 
��@E�������������@
��������E	U
��
Z�>]���@TU���>��>��P� ��^�
��
��`��S� ������	@�@S���`���������
���>�]
P]
���C^� TU>
������E����^@
��������E	U
������>A�F�U��������
���>� ���
��������E	U
��]������
 

 

 
  

F����� 3  ������@����TU���]��cG
� 2 ��
� 
  

���>�UP�>�����@U�@������� ��!�]������ (7) �P�>����	U
�����]������
���>����bA�������	@��P�

P�@bA������
��E�������A���P� TU> �E����E���������Q�
�B�
��@����A�����@B��� !�]����
����^���������]
�� bP��������Q�
�B�
��@����A�����@
�����]������
���>��	�
��������P�>�������
����B�U ��U���>��`UP ����
��>����������������]��
���TU���>��>`UP�A���P��A�B��� !����
��PE��@ ]���@
�@�P��
���������Q�
�B�
��@����A�����@
�����]������
���>�
��]U
��
�C�@�����
��������������B�U ��U���>��`UP �����S������������@TU���>��>���
�����U�@�������a����F��
�>A�>�@`���A���P� U�@��^�
�����]������
���>��P�@
P�
P�@bA���@����`���a��@S���`���������@
TU���>��>������^@ ������������^��E�����
�����]������
���>��	�
��������������Q�
�B�
��@
����A�����@B��� !�]��������^���������]
�� ������P�>�����������B�U ��U���>��`UP 

y

x  L  

L
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 ���E����^���������wc@��F������_���>]��cG
� 3 ��
� �����b���`UP]������@�U�>����
TU>���@�A����@�����
��@�cG
������a� 4 TU���>��>U�@Z� ��� 5 TU>��^�
�������P����
�������@�
���TU���>��>]��cG
� 3 ��
� �����b������`UP
����^�
��U�@Z� ��� 4 �F�����     
                                     

 
 

F����� 4  ��^�
�������������@�����>���!����@����TU������
���wc@��F������_���> 
             �����: Kamiya et al. (1996a) 

�����
P� 

���
�U��������
P���@wc@��F������_���>���
���
�����Z�>]���@�
���
TU���>��> ���
�U�@S���`������� ������
�U�@S���`������
���>� 

TU������ 1 
������wc@��F��
����_���>Z�>]�

TU��� 

TU������ 2 
������wc@��F��
����_���>Z�>]�

TU��� 

TU������ 3 
������wc@��F��
����_���>Z�>]�

TU��� 

TU������ 4 
������wc@��F��
����_���>Z�>]�
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F����� 5  ������@����TU���]��cG
� 3 ��
� 

 
���E����^]���������A����@�����
�cG
�����������P�� TU���]
G�
P�@bA����@�����a�

TU���>��> ���TU���>��>U�@�����������E����a�
P�@]FP�����>���!�
�B��_�>��@���
����@
���������
�
��@��� �F��TU���>��>TU���
�C�@������E����a�
P�@]FP�����>���!�`w`�
��������
� 
(Finite element method) ]������P
�B��_�>��@�cG
� ���]�����U�>����TU���>��>���TU���

P�@]FP�����>���!�B�
��@�S���S��@ ��a�
P�  

 
 

 
 
F����� 6  TU���]
G�bA����@�����a�TU���>��> D1 ��� D2 ����P��������TU> Γ1 ��� 
               Γ2  �S� ���������TU���>��>�P�������� 
�����: Glimsdal et al. (2004)     

D2 D1 

Γ1 

Γ2  

z  

x  

y  

D1 D2 

D3 D4 
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E���

	B��P�@
P������>���!����@����TU������TU���>��>�P��������(Overlapping 
domain) `UPbA���������>	�
�]FP��P�cG
�U�@�����U�@E� �`UP]� Glimsdal et al. (2004) TU>���@
�����A����@�����
�cG
������a� 2 TU���>��>����P��������U�@Z� ��� 6 TU>E	U
�������U@UP�>
�@���`�����@��S�E	U
��]�TU���>��> D1 ]�����U�>����E	U
�������U@UP�>�@������@��S�E	U
��
]�TU���>��> D2 ���]��������TU���>��>��^@��@��
���
��@��@E	U
��`��
�@��� ���������	�@
���
������������
���>�(
���������P����)]
P]
���C^������b���`UPTU>������E��E	U
��
�P�@���>@U�@Z� ��� 6 TU>E	U
�������U@UP�>�@�����@�@�����P����(E	U
����TU���>��> D2 ���
�A���F�)̂ bA�������E��E	U
���P�@���>@��TU���>��> D1(E	U
�������U@UP�>�@���`�����@����
�A���F�^���) 

 
]������@�U�>������������!� FDM ���]FP]����������wc@��F������_���>�P�@
P������b

���>	�
�]FP]����������wc@��F�����������������`UP�F����� TU>��!����]������P�@wc@��F��
��������������������b��U@`UPU�@]�
���P�b�U`�  
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���	���������� 

 

 d
���	 

 

1.  ���������	
���
����� 
     1.1  	������������	 Microsoft Windows XP  

                1.2  �
����	���������� Intel Pentium 4 ������Q� 3.40 GHz  
     1.3  �
���������� 512 MB 
     1.4  ��������� Hard disk drive 80 GB 
 
2.  �� �
!�	
 
      2.1  T������ MATLAB 7.1 
 

 �������  

  
 ��S��@E�����B��
]��	
�
�������������U���S���������>��P�@ ���]
P�����P�������
����� S��
�
�����Z�>]���@�A����@�����
�cG
�
P�@���Z�>]
P�@S���`@���������`�������� ����
�S��@S���`�������������������������������������������>��P�@ U�@��^������P�������
����� S��
�
�����Z�>]���@�A����@�����
�cG
�EC@`��`UP�>A���������P
�����_���>� �>@�>��@�U�>� 

���
��������������������������������@
�����Z�>]���@�A����@�����
�cG
�
E�
P�@bA�������
�UP�> TU>��a�����������U���������������������@
�����
�������@
( ],cov[ φφ ) �Q�S������������( ][φV )  
 
 ]�@����E�>��ŵc@��F�����������������bA���P�@�C^�UP�>�����>���!�wA���>�� ��^@��^wc@��F��
���������������U�@�����E�bA�������UP�>��!��F�@
����� Z�>]
P�@S���`������������a�����	�����
��������� ��!�����(Random and correlated boundary condition) TU>���>	�
�E��������P�]E
 S^�?����@���������wc@��F������_���> UP�>�

	��^��!����]����������
�wc@��F������
�����������EC@bA���U@`�P����A�������������
�wc@��F������_���> �����^@�����U��@�����>���!�
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���@����TU������
���������wc@��F�����������������`UPbA���U@`�P]�
���P���^UP�> ��^@��^��!�
���������wc@��F��������������������wc@��F������_���>��^@]��cG
� 2 ��� 3 ��
� �����b
��U@`UPU�@��^ 
 
 1.  ���
��������jk9�	G�������
�
�������D�
kE�� 2 ���� 
 

  �E���������������U�^@�U��]� 2 ��
�]������ (1) ]��A����@�����
�cG
�U�@Z� ��� 7
�C�@B��_�>����`���@wc@��F������_���>���
��������������U�^@�U��]������ (1) �����b��U@`UP
U�@��^ 
 

)cossin()(),( 4321 ykcykc
xk

ec
xk

ecyx +⋅−+=φ                         (10) 
 

TU> 4321 cccc  ��� k  �S� ����@��� ��^@��^����@����
�����^��a�����@����_ ����������b
������
�`UPZ�>]
P�@S���`�����������@���(Deterministic boundary condition) U�@��^ 

 
1.  �@S���`�������UP����  ( )Lx,φ , Lx ≤≤0  
 
2.   �@S���`�������UP�����@   ( )0,xφ , Lx ≤≤0  
 
3.  �@S���`�������UP���P�> ( )y,0φ , Ly ≤≤0  
 
4.  �@S���`�������UP����� ( )yL,φ , Ly ≤≤0  
 
]����������
�wc@��F�����������������Z�>]
P�@S���`������������a�����	�������

������� ��!����� ]���^���� �E���������������U�^@�U����@�����(1) ]� 4 TU���U�@��U@]�
����� (11) �������� (12) U�@��^ 
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yx φφ                                               (11) 

 

0
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=
∂
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∂

∂
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yx

x

yx φφ                                              (12) 

 
 � S��������U��]�������������>� ),( 111 yxφ  ]��A���@ 1φ  ������>� ),( 222 yxφ  ]�
�A���@ 2φ   

 
 

 

 

 

 

 

 

 

 

 

F����� 7  wc@��F��
����S��@ ( )yx,φ  � E	U]Uu ���E�>
��Z�>]��B������
���>�E�
	��� 
  

E����^� ��������(11) �A��������� (12) E�`UP������F�@��	 ��!�>��>���U�� 4 U�@��U@
U�@
��`���^ 
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∂∂
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∂
+

∂∂

∂
+

∂∂

∂

yyxyyxxx

φφφφφφφφ                             (13) 

 
 E��������� ��!���@�����U
��> ][][],cov[][ 212121 φφφφφφ EEE ⋅+=⋅  
��@E�� 
���>	�
�]FP
��U��������������U
��>����@�P�@��@����� (13)  �A�]
����@����� (13) 
�����b���>�]
P�>A�]��A�U�@
��`���^ 
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y  
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],cov[],cov[],cov[],cov[

yyxyyxxx

φφφφφφφφ
 

 

0
][][][][
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2

2

2

1

1

2

2

1

1

2

=



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



∂

∂
+

∂

∂
⋅








∂

∂
+

∂

∂

y

E

x

E

y

E

x

E φφφφ
                                    (14) 
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],cov[],cov[],cov[],cov[
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2
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21
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21
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21

4
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21

4

=
∂∂

∂
+

∂∂

∂
+

∂∂

∂
+

∂∂

∂

yyxyyxxx

φφφφφφφφ             (15) 

 
 �cG
��������F�@��P�(Linear boundary value problem) �����b��P`UPTU>]FP�����>���!�wA-
���>��(Fourier method) TU>����>
�����@�	������T ��F��(Principle of superposition) �C�@B��_�>
��@�cG
��������F�@��P�E�bA����>�]
P�>A�]��A���	��� E����^�E�U�A���	�����@B��_�>�P�@
P�
]
P�>A�]��A���@��	���wA���>�� �
�]����������cG
�����������P�����E�U�A�B��_�>]
P�>A�]��A���@
��	���wA���>���Q`�������b���`UP�F����� U�@��^������ (15) �����b��P`UPTU>
�@TU>]FP�����>���!�
wA���>��U�@��U@]������ (16) (17) (18) ��� (19) TU>]����̂������
�U]
P 
 

)()()()(],cov[ 2222111121 ygxfygxf=φφ                                     (16) 
 

 E����^� ��������(16) ��P�`�]������ (15) �C�@`UP������� ��!�U�@�� ̂
 

+′′′′+′′′′ )()()()()()()()( 2222111122221111 ygxfygxfygxfygxf  
 

0)()()()()()()()( 2222111122221111 =′′′′+′′′′ ygxfygxfygxfygxf                   (17) 
 

 ��������(17) 
��UP�> ����� (16) ���
��@E��E�U�A� E��]������ �A�]
����@�����
�����b��U@`UP]��A�B��A�U�@��^ 
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
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
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
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xf                                (18) 
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 U�@��^� B��_�>����`���@wc@��F��������������������
��������UP���������b��U@
`UP]��A����
��`���^ 
 

( )⋅+⋅





 +=

−

1241232121 cossin)],cov[ 1212 ykcykcxkecxkecφφ  

 

( )
23823765 cossin2424 ykcykcxkecxkec +⋅






 +

−           (19) 

 
 TU>��� 3217654321 kkkccccccc  ��� 4k  �S� ����@��� ��� 314 kkk −=  ]�
�����^�cG
�
����>A���������P
�����@���]������(19) �C�@ E����@����@���U�@������P���C^��>A����
�@S���`����������]
P��  ��@̂��^��a�����������U����`������!�����_ ���E��E@]������P
�����@����P�@
P�  
UP�>�

	���̂�!��F�@
�����EC@��a���!������>�]FP]����
�B��_�>TU>��������@�cG
�TU>�_ ��
]���@�����
�  ]�@����E�>��^�����>���!� FDM `UPbA���������>	�
�]FP]����
�B��_�>TU>������
��@�cG
���^ TU>]���^�
P����>	�
�]FP��	�����>���������U�� 2 � S��
������	 ��!�TU>��������@
wc@��F������_���>���
��������������U�^@�U��]������ (1) �C�@�A��������APE�����U���@�����
U�@����������b��U@`UPU�@����� (7) 

 
 ]������@�U�>������	 ��!�>��>���U�� 4 ��@wc@��F�����������������]������ (15) 
�����b������`UP TU>]FP��	 ��!�>��>���U�� 2 ]������ (5) �����P�`�]������ (15) �C�@

��@E�����E�>������ E����P� �A�]
����@����� (15) �����b��U@`UPU�@��^  
  

+∆+∆+≅ )],(),,({cov[)],(),,(cov[ 222111222111 yxyxyxyx φφφφ  
 

             +∆−∆−+∆−∆+ )],(),,(cov[)],(),,(cov[ 222111222111 yxyxyxyx φφφφ    
 

             +∆+∆−+∆+∆+ )],(),,(cov[)],(),,(cov[ 222111222111 yxyxyxyx φφφφ   
 

             +∆−∆−+∆−∆+ )],(),,(cov[)],(),,(cov[ 222111222111 yxyxyxyx φφφφ  
 

             +∆+∆−+∆+∆+ )],(),,(cov[)],(),,(cov[ 222111222111 yxyxyxyx φφφφ  
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             +∆−∆−+∆−∆+ )],(),,(cov[)],(),,(cov[ 222111222111 yxyxyxyx φφφφ  
 

             +∆+∆−+∆+∆+ )],(),,(cov[)],(),,(cov[ 222111222111 yxyxyxyx φφφφ  
 

             −∆−∆−+∆−∆+ )],(),,(cov[)],(),,(cov[ 222111222111 yxyxyxyx φφφφ  
 

             −∆−−∆+ )],(),,(cov[4)],(),,(cov[4 222111222111 yxyxyxyx φφφφ  
 

             −∆−−∆+ )],(),,(cov[4)],(),,(cov[4 222111222111 yxyxyxyx φφφφ  
 

             +∆−−∆+ )],(),,(cov[4)],(),,(cov[4 222111222111 yxyxyxyx φφφφ  
 
             −∆+∆− )],(),,(cov[

222111
yxyx φφ −∆+ )],(),,(cov[4 222111 yxyx φφ   

 
                   )16/()]},(),,(cov[4 222111 −∆−yxyx φφ                                                         (20) 

 
 �����������@wc@��F�������������������
���@�A�E	U ),( 111 yxφ  ��� ),( 222 yxφ  ]�
����� (20) ��a����������E�������������������
���@�A�E	U�	��A����E	U ),( 111 yxφ  ��� 

),( 222 yxφ  U�@��U@]�Z� ��� 8 
 
 ��^@���̂����(19) ��� ����� (20) �����b��P`UP��S���@S���`������������a�����	�������
������� ��!�������@�A�E	U���B�������@�A����@�����
�cG
���^@ 10 �@S���`�
��`���^bA����
�U�C^� 
    
 1.  �@S���`�������UP���P�>���UP���P�> )],0(),,0(cov[ 2211 yy φφ , 21 , yy∀  
 
 2.  �@S���`�������UP���P�>���UP�����  )],(),,0(cov[ 2211 yLy φφ , 21 , yy∀  
  
 3.  �@S���`�������UP���P�>���UP����  )],(),,0(cov[ 2211 Lxy φφ , 21 , xy∀  
  
 4.  �@S���`�������UP���P�>���UP�����@  )]0,(),,0(cov[ 2211 xy φφ , 21 , xy∀  
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 5.  �@S���`�������UP��������UP�����  )],(),,(cov[ 2211 yLyL φφ , 21 , yy∀  
  
 6.  �@S���`�������UP��������UP����  )],(),,(cov[ 2211 LxyL φφ , 21 , xy∀  
 
 7.  �@S���`�������UP��������UP�����@  )]0,(),,(cov[ 2211 xyL φφ , 21 , xy∀  
 
 8.  �@S���`�������UP�������UP����  )],(),,(cov[ 2211 LxLx φφ , 21 , xx∀  
 
 9.  �@S���`�������UP�������UP�����@  )]0,(),,(cov[ 2211 xLx φφ , 21 , xx∀  
 
 10.  �@S���`�������UP�����@���UP�����@   )]0,(),0,(cov[ 2211 xx φφ , 21 , xx∀     
 

 

F����� 8  ������������wc@��F�� )],(),,(cov[ 222111 yxyx φφ  
 
 ]�@����E�>��^wc@��F�����������������]������(21) �����H����a����`������
� 
(Asymmetric covariance) �����S� ],cov[)],cov[ 1221 φφφφ ≠  �C�@����`������
�U�@�������@B�
]
P���������������]����E����@�F�@
�����������`������
�UP�> U�@��^������������� ��!�
UP�����@EC@bA���������>	�
�]FP� S������]
Pwc@��F�������������������@���E����@������
����
� 
 

),( 111 yxφ
 ),( 111 yx ∆−φ  ),( 111 yx ∆+φ  

),( 111 ∆−yxφ  

),( 111 ∆+yxφ  

),( 222 yxφ
 ),( 222 yx ∆+φ  ),( 222 yx ∆−φ  

),( 222 ∆−yxφ  

),( 222 ∆+yxφ  

Lxx ≤≤ 21 ,0  ���  Lyy ≤≤ 21 ,0  
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2

],[cov],[cov
)],cov[ 12

*

21

*

21

φφφφ
φφ

+
=  

 
 TU>��� ],[cov 21

* φφ  ��� ],[cov 12

* φφ  �S� wc@��F��������������������`������
� 
  
 � S��]
P���U������P�]E���U��C^� �E�������������
�wc@��F�����������������
TU>�����������b��U@`UPU�@��^�
��
��`���^ 
 
 ��^�
����� 1  ���@>��>�A����@�����
�cG
�����@�����������P�@���U m ���>�����U n  
�����a�
���@�����E�����E	U
�����U (m+2) ×( n+2) ]Uu U�@Z� ��� 9 TU>��P��C���U@bC@B�����
��@�A����@�����
�cG
�   
 

  

F����� 9  ������@�A����@�����
�cG
�UP�>E�����E	U
�����U (m+2) ×( n+2) ]����
�wc@��F�� 
                 ��������������� 
 
   

(m+1, n+1) y  

x  
(0, 0) (1, 0) (m-1, 0) (m, 0) 

(0, 1) 

(0, n-1) 

(0, n) 

(1, 1) 

(1, n-1) 

(1, n) 

(m-1, 1) 

(m-1, n-1) 

(m-1, n) 

(m, 1) 

(m, n-1) 

(m, n) 

(m-1, n+1) 

� 

� 
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 ��^�
����� 2  ���
�U����@���]�B��_�>����`���@wc@��F�����������������]� 2 ��
�
(����� (19)) �C�@E�`UPB��_�>����
�@� S�����`���P�@�@S���`������������a�����	�������
������� ��!�������^@ 10 �@S���`� �S� )],0(),,0(cov[ 2211 yy φφ  )],(),,0(cov[ 2211 ymy φφ  

)],(),,0(cov[ 2211 nxy φφ     )]0,(),,0(cov[ 2211 xy φφ  )],(),,(cov[ 2211 ymym φφ  
)],(),,(cov[ 2211 nxym φφ    )]0,(),,(cov[ 2211 xym φφ  )],(),,(cov[ 2211 nxnx φφ  

)]0,(),,(cov[ 2211 xnx φφ  ��� )]0,(),0,(cov[ 2211 xx φφ  
 
 ��^�
����� 3  ���
�U��������
P����
��������������������
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6.  UP���P�> ���UP�����@ ( ) ( )]0,,,,,0cov[ 222111 yxzy φφ , 2211 ,,, yxzy∀  
 
7.  UP����� ���UP�����  ( ) ( )],,,,,cov[ 222111 zyLzyL φφ , 2211 ,,, zyzy∀  

),,( 1111 zyxφ  

),,( 1111 ∆−zyxφ  

),,( 1111 ∆+zyxφ  

),,( 1111 zyx ∆+φ  ),,( 1111 zyx ∆−φ
 

),,( 1111 zyx ∆+φ  

),,( 1111 zyx ∆−φ  

),,(
2222

zyxφ  

),,(
2222

∆−zyxφ  

),,(
2222

∆+zyxφ  

),,(
2222

zyx ∆+φ  ),,(
2222

zyx ∆−φ  

),,(
2222

zyx ∆+φ  

),,(
2222

zyx ∆−φ  

��� Lzyx ≤≤ 222 ,,0  Lzyx ≤≤ 111 ,,0  
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8.  UP����� ���UP��
�P�  ( ) ( )],,,,,cov[ 222111 zLxzyL φφ , 2211 ,,, zxzy∀  
 
9.  UP����� ���UP��
��@  ( ) ( )],0,,,,cov[ 222111 zxzyL φφ , 2211 ,,, zxzy∀  
 
10.  UP����� ���UP����  ( ) ( )],,,,,cov[ 222111 LyxzyL φφ , 2211 ,,, yxzy∀  
 
11.  UP����� ���UP�����@   ( ) ( )]0,,,,,cov[ 222111 yxzyL φφ , 2211 ,,, yxzy∀  
 
12.  UP��
�P� ���UP��
�P� ( ) ( )],,,,,cov[ 222111 zLxzLx φφ , 2211 ,,, zxzx∀  
 
13.  UP��
�P� ���UP��
��@ ( ) ( )],0,,,,cov[ 222111 zxzLx φφ , 2211 ,,, zxzx∀  
 
14.  UP��
�P� ���UP����  ( ) ( )],,,,,cov[ 222111 LyxzLx φφ , 2211 ,,, yxzx∀  
 
15.  UP��
�P� ���UP�����@ ( ) ( )]0,,,,,cov[ 222111 yxzLx φφ , 2211 ,,, yxzx∀  
 
16.  UP��
��@ ���UP��
��@ ( ) ( )],0,,,0,cov[ 222111 zxzx φφ , 2211 ,,, zxzx∀  
 
17.  UP��
��@ ���UP���� ( ) ( )],,,,0,cov[ 222111 Lyxzx φφ , 2211 ,,, yxzx∀  
 
18.  UP��
��@ ���UP�����@ ( ) ( )]0,,,,0,cov[ 222111 yxzx φφ , 2211 ,,, yxzx∀  
 
19.  UP���� ���UP���� ( ) ( )],,,,,cov[ 222111 LyxLyx φφ , 2211 ,,, yxyx∀  
 
20.  UP���� ���UP�����@ ( ) ( )]0,,,,,cov[ 222111 yxLyx φφ , 2211 ,,, yxyx∀  
 
21.  UP�����@ ���UP�����@  ( ) ( )]0,,,0,,cov[ 222111 yxyx φφ , 2211 ,,, yxyx∀  
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 ]������@�U�>�����cG
� 2 ��
� wc@��F�����������������]������ (31) ��a����`��
����
� U�@��^�wc@��F�����������������]������(31) EC@
P�@bA������������P]
P���U����
����
�� S�����`�]FP]������������@���E����@ U�@��U@]�T��������� 2 ]�Z��B��� 
���E����^]�����������E����@�F�@
��������]FP]�������������wc@��F�����������������
�P�@
P������U]
G�E���� ���
���� �>@���S��@�U�>�`����
���>����E��� �>@ ����E�]FP]����
������B��P��A��
�����^ U�@��^������>�������@����TU���EC@bA���������>	�
�]FP� S����P�cG
�
�P�@
P� 
 

3.  ���
���d��	DGI��������������9����NL���D����
��������jk9�	G�������
�
������� 

 
 ]�@����E�>��^�����P�����
�B��_�>TU>��������@wc@��F�����������������
���
����������������a��cG
��������P�� TU>�_ ���������TU��������U]
G����
P�@]FP�����>�
��!����@����TU�����P���F��>]������P�cG
� E����������P���P�@
P������>���!����@����TU���
���TU���>��>�P�������� (Overlapping domain) EC@bA���������>	�
�]FP]�������wc@��F��
�����������������^@]��cG
� 2 ��� 3 ��
� TU>�A����@�����
�cG
�bA����@>��>�����a� 4 
TU���>��>����P��������U�@��U@]�Z� ��� 12 TU>��PE��@��P�����������P����������@TU���>��>
E����a�
P�@������	�E	U
��]
P�P�>����	U���������a�`�`UP ��^@��^� S�����
>�U��� >�����@
��� ���
������]FP]���������� ]�����U�>����E�����E	U
������P�>U�@������������]
P�������
���U���S���]��������������C^� (Min and Yang, 2006) �>��@`��Q
������������U���S���`��`UP
�U�@����`���S��E�����E	U
�� (]����������TU���>��>�P��������) ����C�̂ �
���S��E	U
���P�@
P���
E�������P�]��P��C�@
�C�@��@E�����E	U
��]�TU���>��> ����������U���S���E�������P�>����	U 
U�@��^�@����E�>��^EC@��S��]FPE	U
��]����������TU���>��>�P��������E����� 2 E	U
��������^� ��^@��^� S��
���
>�U
���>����E����@��� ���
��� TU>���>	�
�]FP��^@]��cG
� 2 ��� 3 ��
�  
 
 ���������wc@��F�����������������]��cG
� 2 ��
� �A����@�����
�cG
�bA����@
�����a� 4 TU���>��>U�@Z� ��� 12 �����S�������������������Z�>]�TU���]
G�
P�@bA�������
�>�E����� ���E����^��S��@E��wc@��F��������������������bA���P�@�C^�E�������>���!�wA���>����
�	�����
�`������
� U�@��^����������������������������EC@
P�@bA����������A���@TU���
>��>�	��A������a�`�`UP �C�@]������^��������������������
���@E	U���A�TU���>��>��^@ 16 �A�TU��� 

��`���^
P�@bA�������
� 
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 1.  �A�TU���>��> D1D1 
 
 2.  �A�TU���>��> D1D2  
 
  3.  �A�TU���>��> D1D3 
   
       4.  �A�TU���>��> D1D4  
 
 5.  �A�TU���>��> D2D1 
 
 6.  �A�TU���>��> D2D2 
  
 7.  �A�TU���>��> D2D3 
 
 8.  �A�TU���>��> D2D4 
 
 9.  �A�TU���>��> D3D1 
 
 10.  �A�TU���>��> D3D2 
 
 11.  �A�TU���>��> D3D3 
 
 12.  �A�TU���>��> D3D4  
 
 13.  �A�TU���>��> D4D1  
 
 14.  �A�TU���>��> D4D2  
 
 15.  �A�TU���>��> D4D3       
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 16.  �A�TU���>��> D4D4 
                                     

 
F����� 12  ������@�A����@�����
�cG
������a�TU���>��>����P��������]��cG
� 2 ��
� 

                     
��^@��^�����������������
���@E	U���A�TU���>��>��^@ 16 �A�TU��������b������`UPU�@

��^�
��]�Z� ��� 13 TU>]���^�������
�U��������
P���@wc@��F��������������������
���
��
���Z�>]���@�
����A�TU���>��>��� ���
�U�@S���`������� E����^��@S���`��
�����^E�bA�]FP]�
��^�
�����������wc@��F��������������������
���
�����Z�>]����A�TU���>��>��@̂ 16 �A�
TU���TU>����������� TU>]FP������� ��!�]������ (20) E����^�������������������]��
�
���A�TU���>��>��^@ 16 �A�TU���E�bA������P���a�TU���
���������^@ ��^@��^� S��������	@�������
��������������
���
�����Z�>]���@�A����@�����
�cG
���^@
�U]
P]
���C^� �P�>����	U

��E�������A���P���@������������������Z�>]�TU���]
G� TU>
��E�������������Q�
�
B�
��@����A�����@B��� !�]��������^���������]
��������P�>�����������B�U ��U���>��`UP
�S�`�� 
bP��������Q�
�B�
��@����A���U�@������P�>�����������B�U ��U���>��`UP �����S������������@
���E����@�A���P��A�B��� !������PE��@ ]���@
�@�P��bP��������Q�
�B�
��@����A�����@�������
�����������Z�>]���@TU���]
G�
��]U
��
�C�@ �������������������B�U ��U���>��`UP �����S�
���������>�@`���A���P� U�@��^�TU���]
G�
P�@bA����@�����a��A�TU���>��> 16 �A�������^@ ��@̂��^� S��
��@�������������������������������`UP`��������^��������^@ ������������^��E�����B��� !�
E��A���P�  

D1 D2 

D3 D4 

����������P����������@TU���>��> 

E	U
�� 

�����
���>� 

L  

L  

x  

y  
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F����� 13  ��^�
����������������>���!����@����TU������
���wc@��F����������������� 

�����
P� 

���
�U��������
P���@wc@��F��������������������
���
�����
Z�>]���@�
���TU���>��>��� ���
�U�@S���`������� 

������
�

�����
Z�>]���
D1D1   

��^��	U 

�>�TU���]
G������a� 16 �A�TU���>��> ��P���@���
�������������������`�>�@�A�TU���>��>�U�� 

�A���P� 

`���A���P� 

����A�TU���>��>��^@ 16 �A���P���a�TU���]
G� 


��E�������A���P�
��@wc@��F������
�����������

Z�>]�TU���]
G� 

������
�

�����
Z�>]���
D1D2   

������
�

�����
Z�>]���
D1D3   

������
�

�����
Z�>]���
D1D4   

������
�

�����
Z�>]���
D4D4   

 

.   .   . 
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���>��@������������wc@��F������������������������>	�
�]FP�����>���!����@����
TU������TU���>��>�P��������]��cG
� 2 ��
� �����b��U@`UPU�@��^ 

 
��^�
����� 1  ���@>��>�A����@�����
�cG
�����@�����������P�@���>�����U 4 
���>

�����a�
���@�����E�����E	U
�����U 6×6 U�@Z� ��� 14 TU>��P��C���U@bC@B�������@�A����@
�����
�cG
�  

 
 ��^�
����� 2  ���
�U����@���]�B��_�>����`���@wc@��F�����������������]� 2 ��
�
(����� (19)) �C�@E�`UPB��_�>����
�@� S�����`���P�@�@S���`������������a�����	�������
������� ��!�������^@ 10 �@S���`� �S� )],0(),,0(cov[ 2211 yy φφ  )],4(),,0(cov[ 2211 yy φφ  

)]4,(),,0(cov[ 2211 xy φφ     )]0,(),,0(cov[ 2211 xy φφ  )],4(),,4(cov[ 2211 yy φφ  
)]4,(),,4(cov[ 2211 xy φφ    )]0,(),,4(cov[ 2211 xy φφ  )]4,(),4,(cov[ 2211 xx φφ  
)]0,(),4,(cov[ 2211 xx φφ  ��� )]0,(),0,(cov[ 2211 xx φφ  TU>��� { }4,3,2,1,,, 2211 ∈yxyx  

 

 
 

F����� 14  ������@�A����@�����
�cG
������a� 4 TU���>��>����P��������Z�>]
PE�����E	U
�� 
                    ���U 6 × 6 

 

y  

x  

(1, 4) 

(1, 3) 

(1, 2) 

(1, 1) 

(1, 0) (0, 0) (2, 0) (3, 0) (4, 0) 

(0, 1) 

(0, 2) 

(0, 3) 

(0, 4) 

(2, 1) 

(2, 2) 

(2, 3) 

(2, 4) 

(3, 1) 

(3, 2) 

(3, 3) 

(3, 4) 

(4, 1) 

(4, 2) 

(4, 3) 

(4, 4) 
D1 D2 

D3 D4 

(3, 5) 

(-1, 1) 

(1, -1) 

(5, 3) 

(2, 5) (5, 5) 

(-1, -1) 
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 ��^�
����� 3  ���
�U��������
P����
��������������������
���@
��������E	U
��
U�@
��`���^ 
 
 3.1  ���
�U��������������������
���@
��������E	U
����B�������@�A����@�����

�cG
�(E	U
������P��C�) ���
��������E	U
��Z�>]���@�A����@�����
�cG
�TU>���
�U]
P�����
�����
P������������@������
�C�@ 
 
 3.2  ���
�U��������������������
���@
��������E	U
��Z�>]���@�A����@�����

�cG
�UP�>�����@ TU>���
�U]
P����������
P������������@������
�C�@    
 
     3.3  ���
�U��������������������
���@
��������E	U
����B�������@�A����@
�����
�cG
�(E	U
������P�����A�) ���
��������E	U
��]Uu ]��A����@�����
�cG
�]
P�����
�>
��
��������A�>�(
�����`����������� ��!��������) ��^@��^��S��@E�����������������������������
��@���
P�@����>��P�@���
��������B����� �F�� �����������������������������
���@
��������
E	U
��(1, 1) ��� (3, 4) 
P�@������E������������������	��A�E	UTU>���E	U
��(1, 1) ��� (3, 4) 
U�@Z� ��� 8 �����S���������������������
���@
��������E	U
�� (3, 5) ���
��������E	U
��]Uu 
P�@
bA����
�U]
P�������������A�>� ��a�
P� 
         
 ��^�
����� 4  ���@�����A����@�����
�cG
������a� 4 TU���>��>U�@Z� ��� 14  TU> S^�������
���@��S�����������P����������@TU���>��> ��^@���̂��
�U]
P�
���TU���>��>���������������
�P��������������	�E	U
��E����� 2 E	U TU>TU���>��>��^@ 4 TU���>��>������	�E	U
��
U�@
��`���^ 
 

TU���>��> D1 �����
P������^��	U���E	U
�� (-1, 1) ��� (3, 5) 
�����U��  
 

TU���>��> D2 �����
P������^��	U���E	U
�� (1, 1) ��� (5, 5) 
�����U�� 
 

TU���>��> D3 �����
P������^��	U���E	U
�� (-1, -1) ��� (3, 3) 
�����U�� 
 

TU���>��> D4 �����
P������^��	U���E	U
�� (1, -1) ��� (5, 3) 
�����U�� 
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 ��^�
����� 5  ������
���������������������@
������������
�cG
�E��@(�����
P����
E	U
�� (0, 0) �����^��	U���E	U
�� (4, 4)) �����S� ��������������������������
���@
�������
TU���>��>���������	�E	U
��U�@��U@
��`���^ 
 

TU���>��> D1 �����
P������^��	U���E	U
�� (0, 1) ��� (3, 4) 
�����U��  
 

TU���>��> D2 �����
P������^��	U���E	U
�� (1, 1) ��� (4, 4) 
�����U�� 
 

TU���>��> D3 �����
P������^��	U���E	U
�� (0, 0) ��� (3, 3) 
�����U�� 
 

TU���>��> D4 �����
P������^��	U���E	U
�� (1, 0) ��� (4, 3) 
�����U�� 
 
 TU>���������
���������������������
���@
��������A�TU���>��>�P�@
P������b
������`UPTU>]FP������� ��!�]������ (20) U�@�� ̂
   
 1.  �A�TU���>��> D1D1 �F��  )]2,1(),2,0(cov[ 21 φφ  
 
 2.  �A�TU���>��> D1D2  �F��  )]4,4(),2,0(cov[ 21 φφ  
 
  3.  �A�TU���>��> D1D3  �F��  )]1,1(),2,0(cov[ 21 φφ  
   
 4.  �A�TU���>��> D1D4  �F��  )]1,3(),2,0(cov[ 21 φφ   
 
 5.  �A�TU���>��> D2D1  �F��  )]2,1(),3,1(cov[ 21 φφ  
 
 6.  �A�TU���>��> D2D2  �F��  )]4,4(),3,1(cov[ 21 φφ  
 
 7.  �A�TU���>��> D2D3  �F��  )]1,1(),3,1(cov[ 21 φφ  
 
 8.  �A�TU���>��> D2D4  �F��  )]1,3(),3,1(cov[ 21 φφ  
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 9.  �A�TU���>��> D3D1  �F��  )]2,1(),0,0(cov[ 21 φφ  
 
 10.  �A�TU���>��> D3D2  �F��  )]4,4(),0,0(cov[ 21 φφ  
 
 11.  �A�TU���>��> D3D3  �F��  )]1,1(),0,0(cov[ 21 φφ  
 
 12.  �A�TU���>��> D3D4  �F��  )]1,3(),0,0(cov[ 21 φφ   
 
 13.  �A�TU���>��> D4D1  �F��  )]2,1(),0,4(cov[ 21 φφ   
 
 14.  �A�TU���>��> D4D2  �F��  )]4,4(),0,4(cov[ 21 φφ   
 
 15.  �A�TU���>��> D4D3  �F��  )]1,1(),0,4(cov[ 21 φφ        
 
 16.  �A�TU���>��> D4D4  �F��  )]1,3(),0,4(cov[ 21 φφ  
 
 ��^�
����� 6  ����A�TU���>��>��^@ 16 �A�TU���>��>�������P�UP�>���������^@ �C�@E�`UPTU���
]
G������E	U�����
P������^��	U���E	U
�� (-1, -1) ��� (5, 5) 
�����U��       
 
 ��^�
����� 7  ]FP�����>���!��������^��TU>���������^��E�����������������������
��
���@
�������E	U
��]���^�
����� 6 �	�
������A���P� U�@��U@]�T��������� 3 ]�Z��B��� 

 
]������@�U�>�������������wc@��F��������������������
��������������]�

�cG
� 3 ��
� �����b���`UPTU>���@�A����@�����
�cG
������a� 4 TU���>��>U�@Z� ��� 5 TU>���
TU���>��>�
���TU���>��>�P��������UP�>E�����E	U
�� 2 E	U ]����H���U�>����Z� ��� 12 TU>
��^�
�������������@�����>���!����@����TU������TU���>��>�P�������������b���>	�
�]FP
E��Z� ��� 13 �����^@���������wc@��F��������������������
���
�����Z�>]���@�A�TU���>��>
�����b������`UPE��������� ��!�]������ (33) U�@��U@]�T��������� 4 ]�Z��B��� 
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��S��@E��]�@����E�>��^�����>���!����@����TU���bA�������B������ ���
���� �>@
���S��@�U�>� �C�@���������]�TU���>��>`��`UPbA�������TU>�����
�����TU>��PE��@(
�����]�
TU���>��>�
���TU���>��>�����b
�U
�����`UP)  �����^@��� ���
���
P�@���@
���>����E��`�PE��

�������@�	�TU���>��> �C�@���]
P��� ���
�����U���>Z� �>��@�
Q����]����������B��P��A�
��@TU���>��>���
�C�@���]U UP�>�

	���̂ S����P�cG
��P�@
P�
�����]��
���TU���>��>
��@E�����
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P�@bA�����C���Q����
�����`�P]�`w�� .mat ���
��@E�����
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��P�
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P�@bA������E��
���>����E����@��� ���
��� TU>�
�S�`�P� �>@�
�`w�����
��Q����
�������@TU���>��>`�P������^� ���]�����E����a�
��������bA���Q����`�P]�`w��U�@�����E�
bA�UC@�����]FP]����������]��
����������^�� TU>�������E��`w�� .mat �����Q�
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<������J���	 

 
<� 

 

]�@����E�>��^���E����@�F�@
��������
���������B��_�>��@�����������`UPbA���P�@
�C^� TU>]FP������E�>��	�����>���������U�� 2 ]����
���	 ��!�TU>��������@����� ��^@��^
� S�������	 ��!�U�@�������]FP]����������wc@��F������_���>���wc@��F�����������������U�@
��U@]������ (7) (20) (32) ��� (33) TU>����@������E����a���@B��_�>����`�]������ (10) (19) 
(22) ��� (31) `UPbA����
�U�C^�� S����P�@B��_�>����
�@ ��^@��^� S�����B��_�>����
�@U�@�������
��a��@S���`����������
�������� (7) (20) (32) ��� (33) ������`�]FP]�������������
�����
Z�>]���@�A����@�����
�cG
� TU>�A����@�����
�cG
������H����a��B������
���>�E�
	������
����@����
���>�UP���������������>��]��
���TU������U L  �C�@����>��TU���U�@�����bA����@>��>
UP�>E�����E	U
��(Grid size) ���U n × n ��� n × n × n ]��cG
� 2 ��� 3 ��
�
�����U�� 
���E����^�����>���!��������^����� SOR �����������
�U���
���������̂��
���]
P���
�����`UPbA�
��������>	�
�]FP]������P����������F�@��P���@���E����@  TU>���������U�@�����E��A���P�
��S��B��_�>TU>������]��������^�����^@�������]
�����������Q�
�B�
��@����A����P�>�����������
B�U ��U���>��`UP  
 

]�@����E�>��^����UQ��cG
�
����>A�������������B��_�>��@wc@��F�������������
�������
�������������� ������������B��_�>��@wc@��F������_���>���
��������������
��a��cG
����`UPbA��C�H�TU>�����E�>E�������� 
���
�@����E�>��^`UP�����!����������B��_�>��@
wc@��F������_���>���
�����������������C�H�����U��� � S����a� S^�?��]�������>	�
�]FP� S��
��P�����
�B��_�>TU>��������@wc@��F��������������������
�������������� �C�@B�
�_�>TU>��������@wc@��F������_���>���wc@��F�������������������@
�����Z�>]���
�A����@�����
�cG
�`UPbA����������>����>����B��_�>����
�@(����� (10) (19) (22) ��� (31) 
�����������
�U����@�����P�) TU>��E	U����@��� S��������
��������U���S�������>A�]��A���@
�������Q�
�B�
��@����A��� �C�@���E����@`UPbA��U���]�T������ MATLAB ����� ���
���
������Q� CPU ���U 3.40 GHz ��� RAM ���U 512 MB  
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����9��� 1  ���������wc@��F������_���>]��cG
� 2 ��
� 
 

 
 
 
 
 
 
 


�����������
��� = 1.2 
�������B�U ��U���>��`UP = 0.000005 
L = 0.1 
 
 

 

 

 

 

���U���U E���������������^�� �������]FP 
����B�U ��U�P�>����	U 

(%) 
����B�U ��U�A@�	U 

(%) 
����B�U ��U�_���> 

(%) 
5×5 15  < 1 ������ 0.0000044111 0.0000072960 0.0000053433 
25×25 783 < 1 ������ 0.0000000208 0.0000011783 0.0000005332 
125×125 21,006 1 ���� 4 ������ 0.0000000096 0.0000010072 0.0000004152 
625×625 532,048 10 F���T�@ 30 ���� 14 ������  0.0000000001 0.0000010004 0.0000004067 
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����9��� 2  ���������wc@��F������_���>]��cG
� 3 ��
� 
 

 

 

�����������
��� = 1.2 
�������B�U ��U���>��`UP = 0.000005 
L = 0.1 
 
 
 

���U���U E���������������^�� �������]FP 
����B�U ��U�P�>����	U 

(%) 
����B�U ��U�A@�	U 

(%) 
����B�U ��U�_���>  

(%) 
5×5×5 35 < 1 ������ 0.08428552 0.36244551 0.21293101 

15×15×15 492 3 ������ 0.00899020 0.46461480 0.20916624 
45×45×45 5,108 2 ���� 58 ������ 0.00097039 0.48787299 0.20740308 

135×135×135 49,420 11 F���T�@ 2 ���� 56 ������ 0.00010683 0.49468184 0.20682425 
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����9��� 3  ���������wc@��F�����������������]��cG
� 2 ��
� 
 

���U���U E���������������^�� �������]FP 
����B�U ��U�P�>����	U 

(%) 
����B�U ��U�A@�	U 

(%) 
����B�U ��U�_���> 

 (%) 
5×5 192 < 1 ������ 0.085829 0.140679 0.102439 
10×10 3,466 10 ������ 0.029900 0.142977 0.085486 
15×15 17,076 8 ���� 20 ������ 0.015236 0.146810 0.080174 
20×20 52,500 55 ���� 04 ������ 0.009350 0.146406 0.077604 
25×25 125,460 6 F���T�@ 25 ���� 10 ������ 0.006376 0.147197 0.076091 

 

�����������
��� = 1.2 
�������B�U ��U���>��`UP = 0.0000005 
L = 0.1  
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����9��� 4  ���������wc@��F�����������������]��cG
� 3 ��
� 
 

���U���U E���������������^�� �������]FP 
����B�U ��U�P�>����	U 

(%) 
����B�U ��U�A@�	U 

(%) 
����B�U ��U�_���>  

(%) 
5×5×5 208 14 ���� 2 ������ 0.080767 0.154495 0.101184 
6×6×6 478 1 F���T�@ 30 ���� 07 ������ 0.058842 0.145411 0.094214 
7×7×7 936 7 F���T�@ 19 ���� 14 ������ 0.044140 0.161983 0.089174 
8×8×8 6,225 31 F���T�@ 12 ���� 15 ������ 0.034128 0.156403 0.085396 

 

�����������
��� = 1.2 
�������B�U ��U���>��`UP = 0.000005 
L = 0.1  
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 ]���������A����@�����
�cG
������U]
G���� ���
������S��@�U�>���
���>����E��`��
� �>@ ����E�������B������������@���E����@ U�@��^������>���!����@����TU���EC@bA������
���>	�
�]FP TU>���@�A����@�����
��@�cG
������a� 4 TU���>��> �C�@B�����U������E����@
����������>	�
�]FP�����>���!����@����TU�����P�������������wc@��F������_���>���wc@��F������
����������������b��U@`UPU�@
���@��� 5 ~ 8 U�@�� ̂
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

49 
;;k; 
����9��� 5  ���������wc@��F������_���>]��cG
� 2 ��
� �������>	�
�]FP�����>���!����@����TU��� 
 

 
 
 
 
 
 
 


�����������
���= 1.2 
�������B�U ��U���>��`UP= 0.000005 
L = 0.1 
  
 
 
 
 
 

���U���U E���������������^�� �������]FP 
����B�U ��U�P�>����	U 

(%) 
����B�U ��U�A@�	U 

(%) 
����B�U ��U�_���>  

(%) 
5×5 23 < 1 ������ 0.0000045940 0.0000077859 0.0000060290 
25×25 1,126 27 ������ 0.0000001514 0.0000101200 0.0000047960 
125×125 28,803 41 ���� 36 ������ 0.0000000344 0.0000576988 0.0000241157 
625×625 35,681 22 F���T�@ 55 ���� 16 ������ 0.0000002043 0.1166937947 0.0468896257 
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����9��� 6  ���������wc@��F������_���>]��cG
� 3 ��
� �������>	�
�]FP�����>���!����@����TU��� 
 

 

 

�����������
��� = 1.2 
�������B�U ��U���>��`UP = 0.000005 
L = 0.1  
 
 
 
 
 
 

���U���U E���������������^�� �������]FP 
����B�U ��U�P�>����	U 

(%) 
����B�U ��U�A@�	U 

(%) 
����B�U ��U�_���>  

(%) 
5×5×5 24 < 1 ������ 0.02651350 0.05145599 0.03625609 

15×15×15 420 14 ������ 0.00321756 0.05576967 0.02551091 
45×45×45 4,431 22 ���� 58 ������ 0.00035592 0.05615801 0.02190013 

135×135×135 41,877 87 F���T�@ 31 ���� 53 ������ 0.00003949 0.05620841 0.02074268 
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����9��� 7  ���������wc@��F�����������������]��cG
� 2 ��
� �������>	�
�]FP�����>���!����@����TU��� 
 

 

 

�����������
��� = 1.2 
�������B�U ��U���>��`UP = 0.005 
L = 0.1 
 
 
 
 
 
 

���U���U E���������������^�� �������]FP 
����B�U ��U�P�>����	U 

(%) 
����B�U ��U�A@�	U 

(%) 
����B�U ��U�_���>  

(%) 
5×5 148 2 ������ 0.86022 0.141428 0.102880 
10×10 2,446 31 ���� 19 ������ 0.029923 0.143682 0.085740 
15×15 11,860 9 F���T�@ 16 ���� 05 ������ 0.015242 0.147480 0.080370 
20×20 36,231 77 F���T�@ 43 ���� 07 ������ 0.009352 0.147063 0.077776 
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52 
  

����9��� 8  ���������wc@��F�����������������]��cG
� 3 ��
� �������>	�
�]FP�����>���!����@����TU��� 
 

���U���U E���������������^�� �������]FP 
����B�U ��U�P�>����	U 

(%) 
����B�U ��U�A@�	U 

(%) 
����B�U ��U�_���>  

(%) 
5×5×5 204 2 F���T�@ 10 min 46 ������ 0.080777 0.154571 0.101218 
6×6×6 455 11 F���T�@ 22 ���� 06 ������ 0.058845 0.145462 0.094232 
7×7×7 876 47 F���T�@ 27 ���� 19 ������ 0.044141 0.162017 0.089185 
8×8×8 1,528 161 F���T�@ 34 ���� 21 ������ 0.034128 0.156430 0.085403 

 

�����������
��� = 1.2 
�������B�U ��U���>��`UP = 0.005 
L = 0.1  
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���E����^� S������>����>�������!�Z� ��@���E����@Z�>]
PE�����TU���>��>���
�
�
��@��� ���������wc@��F������_���>]��cG
� 2 ��
�EC@bA��������a��cG
�
���>��@]�����C�H� 
TU>���@�A����@�����
�cG
������a��B������
���>�E�
	��������a�TU���>��>���U�������E�����      
n × n TU���>��> �C�@B��������>����>������b��U@`UPU�@
���@��� 9 
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����9��� 9  �������>����>�������!�Z� ��@������@TU���>��>]����������wc@��F������_���>]��cG
� 2 ��
�  
 

 
 
 
 
 
 
 
 

���U���U��@TU���
��� = 841×841 
�������B�U ��U���>��`UP = 0.000005 

�����������
��� = 1.2 
L = 0.1 
 
  

E����� 
TU���>��> 

���U���U 
��@TU���>��> 

E�������� 
�������^�� 

�������]FP 
����B�U ��U�P�>����	U  

(%) 
����B�U ��U�A@�	U 

 (%) 
����B�U ��U�_���> 

(%) 
9 281×281 54,818 59 F���T�@ 12 ���� 05 ������ 0.00000021 0.20700326 0.08477370 
16 211×211 51,987 63 F���T�@ 08 ���� 44 ������ 0.00000048 0.24053419 0.09855944 
25 169×169 52,612 72 F���T�@ 29 ���� 35 ������ 0.00000001 0.23273895 0.09567423 
36 141×141 51,494 81 F���T�@ 02 ���� 23 ������ 0.00000021 0.24693786 0.10167499 
49 121×121  51,630 94 F���T�@ 25 ���� 11 ������ 0.00000065 0.24517897 0.10123608 
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��J���	 

 
 TU>����`���S������>����@TU���bA����@>��>UP�>E�����E	U
�� (Grid size) �������C^� 
���������>U]����������>�������C^� �������U���S���]����������
P�@������U�@
�����U��
����B�U ��U )(

2hO ∆ TU> h  �S� F��@��@����>�����bA����@>��> (Step size) �C�@E��
���@��� 1- 9 
E��
Q�`UP������E����@�F�@
����������b������B��_�>��@�����������`UP�>��@��
������!�Z� Z�>]
P�����>���!��������^����� SOR TU>����������Q�
��������U���S����A@�	U�>A���� 
0.162017 �������Q�
� ]�
���@��� 8 Z�>]
PE�����E	U
�����U 7×7×7 ���E����^��������>����@
���E����@]����������B��_�>]�
���@��� 1- 9 >�@�C^�����������B�U ��U���>��`UP TU>���
����B�U ��U���>��`UP>��@�P�> ����������U���S���]������������@���E����@>��@�P�>�@
��
`�UP�> �
�]�����@��	�
�C�@�������B�U ��U���>��`UP���������P�>U�@������������]
P��� ���
���

P�@���������^����P����������������C^�UP�>�F�����  
 
 ��S��@E��]����E����@�F�@
��������]FP������wc@��F�����������������]��cG
� 2 
��� 3 ��
� �A����@�����
��@�cG
�bA����@>��>UP�>E�����E	U
�����U n × n ��� n × n × n 

�����U�� UP�>�

	���̂����P����������F�@��P�
P�@����>��P�@���
��������������������]�
���������E����� n4 ���  n6 
�����]��cG
� 2 ��� 3 ��
� 
�����U�� U�@��^����E����@U�@�����
EC@�����b�U���`UP�_ ��]���������cG
���E�����E	U
���P�>������^� TU>�_ ��]��cG
� 3 ��
�
U�@E��
Q�`UPE��
���@��� 4 ��� 8 TU>E�����E	U
������������	U������ ���
���
�C�@���S��@�����b
��@���`UP �S� 8 × 8 × 8 
�S� ��U��a�
�����]�����������F�@��P�E����� 106 
����� >��@`�����
��^���S�����>	�
�]FP�����>���!����@����TU�����P�����cG
��P�@
P� ��� ���
���>��@
P�@]FP����]�
���������B�����C^� ��^@��^��S��@E�������>���!����@����TU������TU���>��>�P�����������]FP
]�@����E�>��^
P�@�����������	@���
������	�
����@�
���TU���>��>]��
����������^�� ���
�����>���!��������^�� SOR E�
>	U�����������S��
�����U�@������	�
���A���P� E�����

	����������
�P�@
P�bC@��P���E����@�����b���������B��_�>`UP����>����S��@E�������������	@����P��A��	�

��]��	�TU���>��>]��
����������^�� �
�]�����@��	�
�C�@�����>���!����@����TU���U�@�������B�
���]
P��� ���
���
P�@]FP����������B����UP�>�F����� 
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 E��B����������]�
���@��� 5-8 E��
Q�`UP������E����@�������>	�
�]FP�����>���!����@
����TU��� ]FP����]����������� ����C^�E�����E����@�������>�@`����������>	�
�]FP�����>���!�
���@����TU��� (B����������]�
���@��� 1-4)  �C�@�������� ����C^�U�@�������a�B���E��������
��� ���
���
P�@]FP��������
�C�@]�����S�����
�S���@
���P��A���
���@TU���>��>UP�>�����@ 
�>��@`��Q
��bP����E����@������>	�
�]FP�����>���!����@����TU���bA����`�������B�������
��� ���
����������E��@ TU>]FP��� ���
���1 ���S��@������B������������@ 1 TU���>��> 
(������������wc@��F�����������������) �C�@E������U���E�����������������@���
������wc@��F��������������������E�����E	U
�����U 15×15  ����]����������
��������
�������������
���@
��������A���@TU���>��> 1 �A� ��� ���
���
P�@]FP����������������� 19 
���� 22 ������ / E���������������^�� 
�S���� ���
���]FP����]����������B���^@
�U 37 ���� 
59 ������ �C�@��P�>
��B��U���]�
���@��� 7 ���E����^]��������E�����TU���>��>��E��������
�C^�Z�>]
P�A����@�����
�cG
����U�����U�� U�@B�����U���]�
���@��� 9 E��
Q�`UP���
�������U���S��������U@]��A���@�������Q�
�B�
��@����A���`��E����a�
P�@������U�@����`���S��
E�����TU���>��>� ����C^� �
���a�!���U�������������@�������������C^���S��E�����TU���>��>
����C^� ��^@��^��S��@E��������TU���>��>��E���������C^���� ���
���>���
P�@]FP����]�����S�����

�S���@
���P��A���
���@TU���>��>UP�>�����@����C�̂UP�>�F����� U�@��^������>���!����@����TU���
]�@����E�>��^EC@���@>��>�A����@�����
�cG
������a� 4 TU���>��>������^�                 
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 ]�@����E�>��^���E����@�F�@
�������������>���!����]FP]������P
�B��_�>TU>������
��@�����������Z�>]
P�@S���`������������a�����	�������������� ��!�����`UPbA�������C�H� 
TU>�����>���!�U�@�������a���!������������!�B�
��@bA��U������B��_�>����
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function cov_approx=covariance(qqqq) 
 
tic 
start=datestr(now); % Marking starting time of calculation 
% -------------------------INPUT VARIABLE ------------------------ 
% Setting any constant in exact solution 
c1=1; c2=1; c3=1; c4=1; c5=1; c6=1; c7=1; c8=1; k1=2; k2=1; k3=1; k4=k1-k3; 
  
%Setting number of grids to form nxn array 
n=27; 
% Setting Lenght of x and y axis 
% x1=0,...,(j-3)*delta,...,L y1=0,...,(i-3)*delta,...,L 
% x2=0,...,(b-3)*delta,...,L y2-0,...,(a-3)*delta,...,L 
 
L=0.1; 
stt=0.0000005;    % Stopping tolerance of Relaxation method 
delta=L/(n-3); 
% Setting weighting-factor of Relaxation method 
WF=1.2;     % 0 < WF < 2 
exactV=inline('( c1*exp(sqrt(k2)*x1)+ c2*exp(-sqrt(k2)*x1) )*  
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           ( c3*sin(sqrt(k2)*y1) + c4*cos(sqrt(k2)*y1) )* 
            (c5*exp(sqrt(k4)*x2)+c6*exp(-sqrt(k4)*x2))* 
           ( c7*exp(sqrt(k3)*y2) + c8*exp(-sqrt(k3)*y2) )',  
             'x1','y1','x2','y2','c1','c2','c3','c4','c5','c6','c7','c8','k1','k2','k3','k4'); 
 

% To find covariance at boundary points, using exact solution is required 
for i=1:n 
    for j=1:n 
        for a=1:n 
            for b=1:n 
                x1=(j-2)*delta;     y1=(i-2)*delta;     x2=(b-2)*delta;     y2=(a-2)*delta; 
                             
              %Setting innitial guessing value for covariance of inner grids 
                    cov(i,j,a,b)=10;                       
              if i==1|j==1|a==1|b==1|i==n|j==n|a==n|b==n 
                    cov(i,j,a,b)=0;            
               
               % Setting boundary conditions by using exat solution  
              elseif (j==2&b==2)                              % 1) Left&Left                    
                     cov(i,j,a,b) =exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);                   
              elseif (j==2&a==n-1)|(i==n-1&b==2)             % 2) Left&Lower or Lower&Left 
                     cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);                   
              elseif (j==2&b==n-1)|(j==n-1&b==2)             % 3) Left&Right or Right&Left 
                     cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);                    
              elseif (j==2&a==2)|(i==2&b==2)                 % 4) Left&Upper or Upper&Left 
                      cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);                     
              elseif (i==n-1&a==n-1)                          % 5) Lower&Lower 
                     cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4); 
                     
              elseif (i==n-1&b==n-1)|(j==n-1&a==n-1)         % 6) Lower&Right or Right&Lower 
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                     cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);  
              elseif (i==n-1&a==2)|(i==2&a==n-1)             % 7) Lower&Upper or Upper&Lower 
                    cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);  
              elseif (j==n-1&b==n-1)                          % 8) Right&Right 
                     cov(i,j,a,b) =exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);  
              elseif (j==n-1&a==2)|(i==2&b==n-1)             % 9) Right&Upper or Upper&Right 
                    cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);  
              elseif (i==2&a==2)                              % 10) Upper&Upper 
                    cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4); 
              end                 
            end 
        end 
     end 
end 
  
 % To generate symmetry covariance at boundaries of rectangular box 
  for i=1:n 
      for j=1:n 
          for a=1:n 
              for b=1:n 
                  if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|   

        (j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)|(j==n-1&a==n-1)|  
        (i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)|(j==n-1&a==2)|(i==2&b==n-1)|  
        (i==2&a==2) 

                      cov(i,j,a,b)=(cov(i,j,a,b)+cov(a,b,i,j))/2; 
                      cov(a,b,i,j)=cov(i,j,a,b); 
                  end 
              end 
          end 
      end 
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  end 
   
 % Ussing Successive over-relaxation method to find covariance of inner grids 
 err=1+stt; 
 iteration=0; 
 
 while err>stt 
     err=0; 
        for i=2:n-1 
            for j=2:n-1 
                for a=2:n-1 
                    for b=2:n-1 
                         
         cov_new=( cov(i+1,j,a+1,b) + cov(i+1,j,a-1,b) + cov(i+1,j,a,b+1) + cov(i+1,j,a,b-1) +   

              cov(i-1,j,a+1,b) + cov(i-1,j,a-1,b) + cov(i-1,j,a,b+1) + cov(i-1,j,a,b-1) +   
              cov(i,j+1,a+1,b) + cov(i,j+1,a-1,b) + cov(i,j+1,a,b+1) + cov(i,j+1,a,b-1) +  

cov(i,j-1,a+1,b) + cov(i,j-1,a-1,b) + cov(i,j-1,a,b+1) + cov(i,j-1,a,b-1) ~ 
4*cov(i+1,j,a,b) -4*cov(i-1,j,a,b) -4*cov(i,j+1,a,b) -4*cov(i,j-1,a,b) ~ 
4*cov(i,j,a+1,b)-4*cov(i,j,a-1,b) -4*cov(i,j,a,b+1)-4*cov(i,j,a,b-1) )/(-16.0); 
 

       % Unchange boundary conditions                      
         if  (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)|(j==n-1&a==n-1)| 
(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)|(j==n-1&a==2)|(i==2&b==n-1)| 
(i==2&a==2)  

              cov_new=cov(i,j,a,b); 
          end 
        
       err=((abs(cov_new-cov(i,j,a,b))*100)/cov_new )+err; 
       cov(i,j,a,b)=WF*cov_new+(1-WF)*cov(i,j,a,b); 
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                    end 
                end 
            end 
        end 
        iteration=iteration+1; 
 end 
  
stop=datestr(now); % Marking ending time of calculation  
t1=toc; 
tot=sec2hms(t1); 
 
% ---------------------FINDNIG AN ERROR OF THE MODEL ----------------------------- 
% EXACTSOLUTION 
for i=1:n 
        for j=1:n 
            for a=1:n 
                for b=1:n 
                x1=(j-2)*delta;    y1=(i-2)*delta;    x2=(b-2)*delta;    y2=(a-2)*delta; 
                cov_exact(i,j,a,b) =exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4); 
                end 
            end 
        end 
end 
 
%  To generate symmetry covariance of an exact solution 
 for i=1:n 
      for j=1:n 
          for a=1:n 
              for b=1:n 
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                      cov_exact(i,j,a,b)=(cov_exact(i,j,a,b)+cov_exact(a,b,i,j))/2; 
                      cov_exact(a,b,i,j)=cov_exact(i,j,a,b);                 
              end 
          end 
      end 
  end 
     
app=cov(3:n-2,3:n-2,3:n-2,3:n-2); 
exact=cov_exact(3:n-2,3:n-2,3:n-2,3:n-2); 
abs_error=(abs(app-exact)*100)./exact; 
 error=reshape(abs_error,1,(n-4)^4); 
min_error=min(error); 
max_error=max(error); 
average_error=mean(error); 
  
% ------------------------To save an output into file cov_app2D.txt------------------------------------ 
fid=fopen('cov_app2D.txt','a'); 
fprintf(fid,'---------------------------------------------------------------------\n'); 
fprintf(fid,'n= %-5.2f\n',n); 
fprintf(fid,'Stopping Tolerance= %-2.10f\n',stt); 
fprintf(fid,'Iteration= %-5.2f\n',iteration); 
fprintf(fid,'\n'); 
 
 % Showing solution 
for i=[3,n-2] 
    for j=[3,n-2] 
        for a=[3,n-2] 
            for b=[3,n-2] 
                x1=(j-2)*delta;    y1=(i-2)*delta;    x2=(b-2)*delta;    y2=(a-2)*delta; 
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                fprintf(fid,'cov[t1(%-2.8f, %-2.8f), t2(%-2.8f, %-2.8f)]= %-3.5f\n',  
            x1,y1,x2,y2,cov(i,j,a,b));                

           end 
        end 
    end 
end 
  
fprintf(fid,'Starting time:\n'); 
                    fprintf(fid,'%s\n',start); 
fprintf(fid,'Ending time:\n'); 
                    fprintf(fid,'%s\n',stop); 
fprintf(fid,'-----------------------------\n');                     
fprintf(fid,'\n'); 
fprintf(fid,'Min Error:   %-3.6f  percent\n',min_error); 
fprintf(fid,'Max Error:   %-3.6f  percent\n',max_error); 
fprintf(fid,'Avg Error:   %-3.6f  percent\n',average_error); 
fprintf(fid,'Total time:  %f  \n',tot); 
fprintf(fid,'---------------------------------------------------------------------\n'); 
fclose(fid) 
end 
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function cov_approx_3D=cov_matrix(a) 
 
% From Laplace's equation in 3D an exact solution can be shown in the 
% following form 
%   cov[t1(x1,y1,z1), t2(x2,y2,z2)] =  ( c1*exp(sqrt(k2)*x1)+ c2*exp(-sqrt(k2)*x1) )* 

( c3*exp(sqrt(k3)*y1) + c4*exp(-sqrt(k3)*y1) ) *  
( c5*exp(sqrt(k4)*z1) + c6*exp(-sqrt(k4)*z1) )* 
( c7*sin(sqrt(k5)*x2) + c8*cos(sqrt(k5)*x2) )* 
( c9*exp(sqrt(k6)*y2) + c10*exp(-sqrt(k6)*y2) )* 
( c11*exp(sqrt(k7)*z2) + c12*exp(-sqrt(k7)*z2) ); 

tic 
start=datestr(now); % Marking starting time of calculation 
 
% -------------------------INPUT VARIABLE ------------------------ 
% Setting any constant in exact solution 
c1=1; c2=1; c3=1; c4=1; c5=1; c6=1; c7=1; c8=1; c9=1; c10=1; c11=1; c12=1;  
k1=3; k2=1; k3=1; k4=k1-k2-k3; k5=2; k6=1; k7=k5-k6; % where k1>k2+k3 and k5>k6  
  
%Setting number of grids to form n x n array 
 n=7; 
 
% Setting Lenght of x, y and z axis 
% x1=0,...,(j-2)*delta,...,L    y1=0,...,(i-2)*delta,...,L    z1=0,...,(k-2)*delta,...,L 
% x2=0,...,(b-2)*delta,...,L    y2=0,...,(a-2)*delta,...,L    z2=0,...,(c-2)*delta,...,L 
 
L=0.1;  L is length of domain in x1, y1, z1, x2, y2 and z2 direction  
delta=L/(n-3); 
stt=500;   % Stopping tolerance of Relaxation method 
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% Setting weighting-factor of Relaxation method 
WF=1.2;      % 0 < WF < 2 
 
exactV=inline(' ( c1*exp(sqrt(k2)*x1)+ c2*exp(-sqrt(k2)*x1) )* 

( c3*exp(sqrt(k3)*y1) + c4*exp(-sqrt(k3)*y1) ) *  
( c5*exp(sqrt(k4)*z1) + c6*exp(-sqrt(k4)*z1) )* 
( c7*sin(sqrt(k5)*x2) + c8*cos(sqrt(k5)*x2) )* 
( c9*exp(sqrt(k6)*y2) + c10*exp(-sqrt(k6)*y2) )* 
( c11*exp(sqrt(k7)*z2) + c12*exp(-sqrt(k7)*z2) )',  
'x1','y1','z1','x2','y2','z2','c1','c2','c3','c4','c5','c6','c7','c8','c9','c10','c11', 
'c12','k1','k2','k3','k4','k5','k6','k7'); 
 

% Using exact solution in finding boundary conditions 
 for i=1:n 
    for j=1:n 
        for k=1:n 
            for a=1:n 
                for b=1:n 
                    for c=1:n 
                x1=(j-2)*delta;              y1=(i-2)*delta;                z1=(k-2)*delta; 
                x2=(b-2)*delta;  y2=(a-2)*delta;               z2=(c-2)*delta; 
                                
                % Setting innitial guess value for inner grids 
            cov(i,j,k,a,b,c)=100; 
              
   
            if i==1|j==1|k==1|a==1|b==1|c==1|i==n|j==n|k==n|a==n|b==n|c==n 
                cov(i,j,k,a,b,c)=0; 
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                % Setting boundary conditions from exat solution 
            elseif (j==2&b==2)                        % 1) left&left   
                cov(i,j,k,a,b,c) = exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

 k1,k2,k3,k4,k5,k6,k7);   
          

            elseif (j==2&b==n-1)|(j==n-1&b==2)       % 2) left&right or right&left 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7);   
           

            elseif (j==2&a==n-1)|(i==n-1&b==2)       % 3) left&front or front&left 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7); 
            
            elseif (j==2&a==2)|(i==2&b==2)           % 4) left&rear or rear&left 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7); 
             
            elseif (j==2&c==n-1)|(k==n-1&b==2)       % 5) left&upper or upper&left 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7); 
             
            elseif (j==2&c==2)|(k==2&b==2)           % 6) left&lower or lower&left 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7); 
             
 
 
            elseif (j==n-1&b==n-1)                   % 7) right&right 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7); 
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            elseif (j==n-1&a==n-1)|(i==n-1&b==n-1)   % 8) right&front or front&right 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7); 
             
            elseif (j==n-1&a==2)|(i==2&b==n-1)       % 9) right&rear or rear&right 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7); 
             
            elseif (j==n-1&c==n-1)|(k==n-1&b==n-1)  % 10) right&upper or upper&right 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7); 
                        
            elseif (j==n-1&c==2)|(k==2&b==n-1)       % 11) right&lower or lower&right 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7); 
             
            elseif (i==n-1&a==n-1)                    % 12) front&front 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7); 
             
            elseif (i==n-1&a==2)|(i==2&a==n-1)      % 13) front&rear or rear&front 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7); 
 
 

             
            elseif (i==n-1&c==n-1)|(k==n-1&a==n-1)  % 14) front&upper or upper&front 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7); 
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            elseif (i==n-1&c==2)|(k==2&a==n-1)      % 15) front&lower or lower&front 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

   k1,k2,k3,k4,k5,k6,k7); 
             
            elseif (i==2&a==2)                        % 16) rear&rear 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12,  

       k1,k2,k3,k4,k5,k6,k7); 
             
            elseif (i==2&c==n-1)|(k==n-1&a==2)       % 17) rear&upper or upper&rear 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 
       k1,k2,k3,k4,k5,k6,k7); 
             
            elseif (i==2&c==2)|(k==2&a==2)           % 18) rear&lower or lower&rear 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

  k1,k2,k3,k4,k5,k6,k7); 
             
            elseif (k==n-1&c==n-1)                    % 19) upper&upper  
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

   k1,k2,k3,k4,k5,k6,k7); 
             
            elseif (k==n-1&c==2)|(k==2&c==n-1)      % 20) upper&lower or lower&upper 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

   k1,k2,k3,k4,k5,k6,k7); 
 
 

             
            elseif (k==2&c==2)                        % 21) lower&lower 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

   k1,k2,k3,k4,k5,k6,k7); 
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            end                
                    end 
                end 
            end 
        end 
    end 
end 
  
% To generate symmetry covariance at boundaries of rectangular box 
for i=1:n 
    for j=1:n 
        for k=1:n 
            for a=1:n 
                for b=1:n 
                    for c=1:n 
                        if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|  

(i==n-1&b==2)|(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)| 
(k==n-1&b==2)|(j==2&c==2)|(k==2&b==2)|(j==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&b==n-1)|(j==n-1&a==2)|(i==2&b==n-1)| 
(j==n-1&c==n-1)|(k==n-1&b==n-1)|(j==n-1&c==2)|(k==2&b==n-1)| 
(i==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(i==n-1&c==n-1)| 
(k==n-1&a==n-1)|(i==n-1&c==2)|(k==2&a==n-1)|(i==2&a==2)| 
(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)|(k==2&a==2)| 
(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                            cov(i,j,k,a,b,c)=( cov(i,j,k,a,b,c)+ cov(a,b,c,i,j,k) )/2.0; 
                            cov(a,b,c,i,j,k)=cov(i,j,k,a,b,c); 
                        end 
                    end 
                end 
            end 
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        end 
    end 
end 
   
% Ussing Successive over-relaxation method to find covariance of inner grids 
err=1+stt; 
iteration=0; 
  
while err>stt 
err=0; 
for i=2:n-1 
    for j=2:n-1 
        for k=2:n-1 
            for a=2:n-1 
                for b=2:n-1 
                    for c=2:n-1 
 
 cov0=( cov(i+1,j,k,a+1,b,c)+ cov(i-1,j,k,a+1,b,c)+ cov(i+1,j,k,a-1,b,c)+ cov(i-1,j,k,a-1,b,c)+  

cov(i+1,j,k,a,b+1,c)+ cov(i-1,j,k,a,b+1,c)+ cov(i+1,j,k,a,b-1,c)+ cov(i-1,j,k,a,b-1,c) + 
cov(i+1,j,k,a,b,c+1)+ cov(i-1,j,k,a,b,c+1)+ cov(i+1,j,k,a,b,c-1)+ cov(i-1,j,k,a,b,c-1)+ 
cov(i,j+1,k,a+1,b,c)+ cov(i,j-1,k,a+1,b,c)+ cov(i,j+1,k,a-1,b,c)+ cov(i,j-1,k,a-1,b,c) + 
cov(i,j+1,k,a,b+1,c)+ cov(i,j-1,k,a,b+1,c)+ cov(i,j+1,k,a,b-1,c)+ cov(i,j-1,k,a,b-1,c)+ 
cov(i,j+1,k,a,b,c+1)+ cov(i,j-1,k,a,b,c+1)+ cov(i,j+1,k,a,b,c-1)+ cov(i,j-1,k,a,b,c-1)+ 
cov(i,j,k+1,a+1,b,c)+ cov(i,j,k-1,a+1,b,c)+ cov(i,j,k+1,a-1,b,c)+ cov(i,j,k-1,a-1,b,c)+ 
cov(i,j,k+1,a,b+1,c)+ cov(i,j,k-1,a,b+1,c)+ cov(i,j,k+1,a,b-1,c)+ cov(i,j,k-1,a,b-1,c)+ 
cov(i,j,k+1,a,b,c+1)+ cov(i,j,k-1,a,b,c+1)+ cov(i,j,k+1,a,b,c-1)+ cov(i,j,k-1,a,b,c-1)-
6*cov(i+1,j,k,a,b,c) -6*cov(i-1,j,k,a,b,c) -6*cov(i,j+1,k,a,b,c) -6*cov(i,j-1,k,a,b,c)-
6*cov(i,j,k+1,a,b,c) -6*cov(i,j,k-1,a,b,c) -6*cov(i,j,k,a+1,b,c) -6*cov(i,j,k,a-1,b,c)-
6*cov(i,j,k,a,b+1,c) -6*cov(i,j,k,a,b-1,c) -6*cov(i,j,k,a,b,c+1) -6*cov(i,j,k,a,b,c-1) )/(-36);  
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                 % Unchange boundary conditions                      
       if   (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)|(j==n-1&a==2)| 
(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)|(j==n-1&c==2)|(k==2&b==n-1)| 
(i==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)| 
(i==n-1&c==2)|(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)| 
(i==2&c==2)|(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)| 
(k==2&c==2)  

            cov0=cov(i,j,k,a,b,c); 
       end 
        
            err=( (abs(cov0-cov(i,j,k,a,b,c))*100)/cov0 )+err; 
            cov(i,j,k,a,b,c)=WF*cov0+(1-WF)*cov(i,j,k,a,b,c);                                                     
         
                    end 
                end 
            end 
        end 
    end 
end 
 
iteration=iteration+1; 
end 
  
 
 
stop=datestr(now); % Marking ending time of calculation  
t1=toc; 
tot=sec2hms(t1); 
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% ---------------------FINDNIG AN ERROR OF THE MODEL ----------------------------------- 
% EXACTSOLUTION 
for i=1:n 
        for j=1:n 
            for k=1:n 
                for a=1:n 
                    for b=1:n 
                        for c=1:n 
                x1=(j-2)*delta;    y1=(i-2)*delta;    z1=(k-2)*delta; 
                x2=(b-2)*delta;    y2=(a-2)*delta;    z2=(c-2)*delta; 
 
                cov_exact(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,  

           c10,c11,c12,k1,k2,k3,k4,k5,k6,k7);                 
                        end 
                    end 
                end 
            end 
        end 
end 
 
% To generate symmetry covariance of exact solution 
for i=1:n 
    for j=1:n 
        for k=1:n 
            for a=1:n 
                for b=1:n 
                    for c=1:n 
                            cov_exact(i,j,k,a,b,c)=( cov_exact(i,j,k,a,b,c)+ cov_exact(a,b,c,i,j,k) )/2.0; 
                            cov_exact(a,b,c,i,j,k)=cov_exact(i,j,k,a,b,c);                         
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                    end 
                end 
            end 
        end 
    end 
end 
     
app=cov(3:n-2,3:n-2,3:n-2,3:n-2,3:n-2,3:n-2); 
exact=cov_exact(3:n-2,3:n-2,3:n-2,3:n-2,3:n-2,3:n-2); 
aps_error=(abs(app-exact)*100)./exact;  
error=reshape(aps_error,1,(n-4)^6); 
min_error=min(error); 
max_error=max(error); 
average_error=mean(error); 
 
% --------------------------To save an output into file cov_app_3D.txt ------------------------------- 
fid=fopen('cov_app_3D.txt','a'); 
fprintf(fid,'\n');  
fprintf(fid,'n= %-5.2f\n',n); 
fprintf(fid,'Stopping Tolerance= %2.10f\n',stt); 
fprintf(fid,'Iteration= %-5.2f\n',iteration); 
fprintf(fid,'\n'); 
 
 % Showing solution 
for i=[3,n-2] 
    for j=[3,n-2] 
        for k=[3,n-2] 
            for a=[3,n-2] 
                for b=[3,n-2] 
                    for c=[3,n-2] 
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                        x1=(j-2)*delta;     y1=(i-2)*delta;     z1=(k-2)*delta; 
                        x2=(b-2)*delta;    y2=(a-2)*delta;     z2=(c-2)*delta; 
                fprintf(fid,'cov[t1(%-2.8f, %-2.8f, %-2.8f), t2(%-2.8f, %-2.8f, %-2.8f)]=  

%-3.5f\n',x1,y1,z1,x2,y2,z2,cov(i,j,k,a,b,c));  
                    end 
                end 
            end 
        end 
    end 
end 
 
fprintf(fid,'-----------------------------\n');                     
fprintf(fid,'\n');            
fprintf(fid,'Starting time:\n'); 
                    fprintf(fid,'%s\n',start); 
fprintf(fid,'Ending time:\n'); 
                    fprintf(fid,'%s\n',stop); 
fprintf(fid,'-----------------------------\n');                     
fprintf(fid,'\n'); 
fprintf(fid,'Min Error:   %-3.6f  percent\n',min_error); 
fprintf(fid,'Max Error:   %-3.6f  percent\n',max_error); 
fprintf(fid,'Avg Error:   %-3.6f  percent\n',average_error); 
fprintf(fid,'Total time:  %f',tot); 
fprintf(fid,'\n---------------------------------------------------------------------'); 
fprintf(fid,'\n---------------------------------------------------------------------'); 
  
fclose(fid) 
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function cov_approx=cov_dom_app(xxxx) 
 
% An exact solution of Laplace's equation in 2-D can be shown in the following form 
% cov(i,j,a,b) = ( c1*exp(sqrt(k2)*x1) + c2*exp(-sqrt(k2)*x1) )* 
%                 ( c3*sin(sqrt(k2)*y1) + c4*cos(sqrt(k2)*y1) )* 
%                ( c5*exp(sqrt(k4)*x2) + c6*exp(-sqrt(k4)*x2))* 
%                ( c7*exp(sqrt(k3)*y2) + c8*exp(-sqrt(k3)*y2) ); 
  
 start=datestr(now); % Marking starting time of calculation 
 tic 
 
% ------------------------ INPUT VARIABLES -------------------------------- 
% Setting any constants in exact solution 
c1=1; c2=1; c3=1; c4=1; c5=1; c6=1; c7=1; c8=1; k1=2; k2=1; k3=1; k4=k1-k3; 
  
%Setting n-by-n array of whole domain 
n=7;      % In order to equalise grid number in each sub-domain,n must be odd number 
N=ceil(n/2);  % Setting NxN array of each sub-domain 
  
% Setting length(L) of X and Y axis of whole domain 
L=0.1; 
LD=L/2;      % Setting length(LD)of X and Y axis of each sub-domain 
delta=L/(n-3); 
stt=0.0000005;    % Setting stopping tolerance 
 
% Setting weighting-factor of Relaxation method 
WF=1.2;      % 0 < WF < 2 
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 % ------------------- FINDING COVARIANCE IN EACH SUB-DOMAIN --------------- 
exactV=   inline ('( c1*exp(sqrt(k2)*x1)+ c2*exp(-sqrt(k2)*x1) )* 

( c3*sin(sqrt(k2)*y1) + c4*cos(sqrt(k2)*y1) )* 
(c5*exp(sqrt(k4)*x2)+c6*exp(-sqrt(k4)*x2))* 
( c7*exp(sqrt(k3)*y2) + c8*exp(-sqrt(k3)*y2) )',  
'x1','y1','x2','y2','c1','c2','c3','c4','c5','c6','c7','c8','k1','k2','k3','k4'); 

  
%  |--------|--------| 
%  |   D1  A2  D2    | 
%  |----A1--|----A3--| 
%  |   D3  A4  D4    | 
%  |--------|--------| 
 

% Using exact solution in finding boundary conditions 
 for i=1:n 
    for j=1:n 
        for a=1:n 
            for b=1:n 
                x1=(j-2)*delta;    y1=(i-2)*delta;    x2=(b-2)*delta;    y2=(a-2)*delta; 
                             
              %Setting innitial guessing value for covariance of inner grids 
                    cov(i,j,a,b)=10;                    
               % Setting boundary conditions by using exat solution  
               if i==1|j==1|a==1|b==1|i==n|j==n|a==n|b==n 
                     cov(i,j,a,b)=0;  
               elseif (j==2&b==2)                              % 1) Left&Left                    
                     cov(i,j,a,b) =exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);                   
              elseif (j==2&a==n-1)|(i==n-1&b==2)             % 2) Left&Lower or Lower&Left 
                     cov(i,j,a,b) =exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);                   
              elseif (j==2&b==n-1)|(j==n-1&b==2)             % 3) Left&Right or Right&Left 
                     cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);                    
              elseif (j==2&a==2)|(i==2&b==2)                 % 4) Left&Upper or Upper&Left 
                      cov(i,j,a,b) =exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4); 
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              elseif (i==n-1&a==n-1)                          % 5) Lower&Lower 
                     cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);                     
              elseif (i==n-1&b==n-1)|(j==n-1&a==n-1)         % 6) Lower&Right or Right&Lower 
                     cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);  
              elseif (i==n-1&a==2)|(i==2&a==n-1)             % 7) Lower&Upper or Upper&Lower 
                    cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);  
              elseif (j==n-1&b==n-1)                          % 8) Right&Right 
                     cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);  
              elseif (j==n-1&a==2)|(i==2&b==n-1)             % 9) Right&Upper or Upper&Right 
                    cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);  
              elseif (i==2&a==2)                              % 10) Upper&Upper 
                    cov(i,j,a,b) = exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4);                                                                 
              end                 
            end 
        end 
     end 
end 
 
%    To generate symmetry covariance at boundaries of rectangular box 
        for i=1:n 
            for j=1:n 
                for a=1:n 
                     for b=1:n                        
                            cov(i,j,a,b)=(cov(i,j,a,b)+cov(a,b,i,j))/2; 
                            cov(a,b,i,j)=cov(i,j,a,b);                          
                     end 
                end 
            end 
        end 



 

82 
 

 % To Divide whole domain into 4 sub-domain  
for i=1:n 
    for j=1:n 
        for a=1:n 
                for b=1:n 
                     
                        if      (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=1&b<=N+2) 
                      covD1D1(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                      covD1D2(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                      covD1D3(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                      covD1D4(i,j,a,b)=cov(i,j,a,b); 
                        end                         
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=1&b<=N+2)                        
                      covD2D1(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                      covD2D2(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                      covD2D3(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                      covD2D4(i,j,a,b)=cov(i,j,a,b); 
                        end                        
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                        if  (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=1&b<=N+2)  
                      covD3D1(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                      covD3D2(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                      covD3D3(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                      covD3D4(i,j,a,b)=cov(i,j,a,b); 
                        end                         
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=1&b<=N+2) 
                      covD4D1(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                      covD4D2(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                      covD4D3(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                      covD4D4(i,j,a,b)=cov(i,j,a,b);  
                        end 
                end 
        end 
    end 
end 
save('CD1D1.mat', 'covD1D1')     % Saving variables covD1D1 into file CD1D1.mat  
save('CD1D2.mat', 'covD1D2')     % Saving variables covD1D2 into file CD1D2.mat 
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save('CD1D3.mat', 'covD1D3')     % Saving variables covD1D3 into file CD1D3.mat 
save('CD1D4.mat', 'covD1D4')     % Saving variables covD1D4 into file CD1D4.mat 
  
save('CD2D1.mat', 'covD2D1')     % Saving variables covD2D1 into file CD2D1.mat 
save('CD2D2.mat', 'covD2D2')     % Saving variables covD2D2 into file CD2D2.mat 
save('CD2D3.mat', 'covD2D3')     % Saving variables covD2D3 into file CD2D3.mat 
save('CD2D4.mat', 'covD2D4')     % Saving variables covD2D4 into file CD2D4.mat 
  
save('CD3D1.mat', 'covD3D1')     % Saving variables covD3D1 into file CD3D1.mat 
save('CD3D2.mat', 'covD3D2')     % Saving variables covD3D2 into file CD3D2.mat 
save('CD3D3.mat', 'covD3D3')     % Saving variables covD3D3 into file CD3D3.mat 
save('CD3D4.mat', 'covD3D4')     % Saving variables covD3D4 into file CD3D4.mat 
  
save('CD4D1.mat', 'covD4D1')     % Saving variables covD4D1 into file CD4D1.mat 
save('CD4D2.mat', 'covD4D2')     % Saving variables covD4D2 into file CD4D2.mat 
save('CD4D3.mat', 'covD4D3')     % Saving variables covD4D3 into file CD4D3.mat 
save('CD4D4.mat', 'covD4D4')     % Saving variables covD4D4 into file CD4D4.mat 
save('Ccov.mat', 'cov')      % Saving variables cov into file Ccov.mat 
 
% To clear the variables in each sub-domain from the memory  
clear covD1D1 covD1D2 covD1D3 covD1D4 covD2D1 covD2D2 covD2D3 covD2D4 covD3D1   
         covD3D2 covD3D3 covD3D4 covD4D1 covD4D2 covD4D3 covD4D4 cov       
 
% --------------To calculate covariance of each sub-domain----------------- 
err=1+stt; 
iteration=0; 
while err>stt 
            % Calculating covariance between inner grid of each subdomain 
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            % 1) D1D1 
            load ('CD1D1.mat', 'covD1D1') 
            load ('Ccov.mat', 'cov') 
            for i=2:N+1 
                  for j=2:N+1 
                      for a=2:N+1 
                          for b=2:N+1 
                               
                        covD1D1(i,j,a,b)=( covD1D1(i+1,j,a+1,b) + covD1D1(i+1,j,a-1,b) + 
covD1D1(i+1,j,a,b+1) + covD1D1(i+1,j,a,b-1) + covD1D1(i-1,j,a+1,b) + covD1D1(i-1,j,a-1,b) + 
covD1D1(i-1,j,a,b+1) + covD1D1(i-1,j,a,b-1) + covD1D1(i,j+1,a+1,b) + covD1D1(i,j+1,a-1,b) + 
covD1D1(i,j+1,a,b+1) + covD1D1(i,j+1,a,b-1) + covD1D1(i,j-1,a+1,b) + covD1D1(i,j-1,a-1,b) + 
covD1D1(i,j-1,a,b+1) + covD1D1(i,j-1,a,b-1) -4*covD1D1(i+1,j,a,b) -4*covD1D1(i-1,j,a,b) -
4*covD1D1(i,j+1,a,b) -4*covD1D1(i,j-1,a,b) -4*covD1D1(i,j,a+1,b)-4*covD1D1(i,j,a-1,b) -
4*covD1D1(i,j,a,b+1)-4*covD1D1(i,j,a,b-1) )/(-16.0); 
                        % Unchange boundary conditions  
                               
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-
1&b==2)|(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)|(j==n-1&a==n-
1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)|(j==n-1&a==2)|(i==2&b==n-
1)|(i==2&a==2) 
                        covD1D1(i,j,a,b)=cov(i,j,a,b);       
                              end 
                          end 
                      end 
                  end 
            end 
            save ('CD1D1.mat', 'covD1D1') 
            save ('Ccov.mat', 'cov') 
            clear covD1D1 cov 
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            load ('CD1D2.mat', 'covD1D2') 
            load ('Ccov.mat', 'cov') 
            % 2) D1D2 
            for i=2:N+1 
                  for j=2:N+1 
                      for a=2:N+1 
                          for b=N-1:n-1                               
covD1D2(i,j,a,b)=( covD1D2(i+1,j,a+1,b) + covD1D2(i+1,j,a-1,b) + covD1D2(i+1,j,a,b+1) + 
covD1D2(i+1,j,a,b-1) + covD1D2(i-1,j,a+1,b) + covD1D2(i-1,j,a-1,b) + covD1D2(i-1,j,a,b+1) + 
covD1D2(i-1,j,a,b-1) + covD1D2(i,j+1,a+1,b) + covD1D2(i,j+1,a-1,b) + covD1D2(i,j+1,a,b+1) + 
covD1D2(i,j+1,a,b-1) + covD1D2(i,j-1,a+1,b) + covD1D2(i,j-1,a-1,b) + covD1D2(i,j-1,a,b+1) + 
covD1D2(i,j-1,a,b-1) -4*covD1D2(i+1,j,a,b) -4*covD1D2(i-1,j,a,b) -4*covD1D2(i,j+1,a,b) -
4*covD1D2(i,j-1,a,b) -4*covD1D2(i,j,a+1,b)-4*covD1D2(i,j,a-1,b) -4*covD1D2(i,j,a,b+1)-
4*covD1D2(i,j,a,b-1) )/(-16.0); 
 
                        % Unchange boundary conditions                            
                   if      (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|    

           (j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|  (i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)| (i==2&a==2) 

                        covD1D2(i,j,a,b)=cov(i,j,a,b);       
                     end 
                          end 
                      end 
                  end 
            end 
            save ('CD1D2.mat', 'covD1D2') 
            save ('Ccov.mat', 'cov') 
            clear covD1D2 cov 
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            load ('CD1D3.mat', 'covD1D3') 
            load ('Ccov.mat', 'cov')  
            % 3) D1D3 
            for i=2:N+1 
                  for j=2:N+1 
                      for a=N-1:n-1 
                          for b=2:N+1                               
 covD1D3(i,j,a,b)=( covD1D3(i+1,j,a+1,b) + covD1D3(i+1,j,a-1,b) + covD1D3(i+1,j,a,b+1) + 
covD1D3(i+1,j,a,b-1) + covD1D3(i-1,j,a+1,b) + covD1D3(i-1,j,a-1,b) + covD1D3(i-1,j,a,b+1) + 
covD1D3(i-1,j,a,b-1) + covD1D3(i,j+1,a+1,b) + covD1D3(i,j+1,a-1,b) + covD1D3(i,j+1,a,b+1) + 
covD1D3(i,j+1,a,b-1) + covD1D3(i,j-1,a+1,b) + covD1D3(i,j-1,a-1,b) + covD1D3(i,j-1,a,b+1) + 
covD1D3(i,j-1,a,b-1) -4*covD1D3(i+1,j,a,b) -4*covD1D3(i-1,j,a,b) -4*covD1D3(i,j+1,a,b) -
4*covD1D3(i,j-1,a,b) -4*covD1D3(i,j,a+1,b)-4*covD1D3(i,j,a-1,b) -4*covD1D3(i,j,a,b+1)-
4*covD1D3(i,j,a,b-1) )/(-16.0); 
 
                        % Unchange boundary conditions                              
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)| (i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                        covD1D3(i,j,a,b)=cov(i,j,a,b);       
                       end 
                          end 
                      end 
                  end 
            end 
            save ('CD1D3.mat', 'covD1D3') 
            save ('Ccov.mat', 'cov') 
            clear covD1D3 cov 
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            load ('CD1D4.mat', 'covD1D4') 
            load ('Ccov.mat', 'cov') 
            %4) D1D4 
            for i=2:N+1 
                  for j=2:N+1 
                      for a=N-1:n-1 
                          for b=N-1:n-1                               
 covD1D4(i,j,a,b)=( covD1D4(i+1,j,a+1,b) + covD1D4(i+1,j,a-1,b) + covD1D4(i+1,j,a,b+1) + 
covD1D4(i+1,j,a,b-1) + covD1D4(i-1,j,a+1,b) + covD1D4(i-1,j,a-1,b) + covD1D4(i-1,j,a,b+1) + 
covD1D4(i-1,j,a,b-1) + covD1D4(i,j+1,a+1,b) + covD1D4(i,j+1,a-1,b) + covD1D4(i,j+1,a,b+1) + 
covD1D4(i,j+1,a,b-1) + covD1D4(i,j-1,a+1,b) + covD1D4(i,j-1,a-1,b) + covD1D4(i,j-1,a,b+1) + 
covD1D4(i,j-1,a,b-1) -4*covD1D4(i+1,j,a,b) -4*covD1D4(i-1,j,a,b) -4*covD1D4(i,j+1,a,b) -
4*covD1D4(i,j-1,a,b) -4*covD1D4(i,j,a+1,b)-4*covD1D4(i,j,a-1,b) -4*covD1D4(i,j,a,b+1)-
4*covD1D4(i,j,a,b-1) )/(-16.0);                  
                              
                       % Unchange boundary conditions 
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                        covD1D4(i,j,a,b)=cov(i,j,a,b);       
                        end 
                          end 
                      end 
                  end 
            end 
            save ('CD1D4.mat', 'covD1D4') 
            save ('Ccov.mat', 'cov') 
            clear covD1D4 cov 
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            load ('CD2D1.mat', 'covD2D1') 
            load ('Ccov.mat', 'cov') 
            %5) D2D1 
            for i=2:N+1 
                  for j=N-1:n-1 
                      for a=2:N+1 
                          for b=2:N+1                                                      
covD2D1(i,j,a,b)=( covD2D1(i+1,j,a+1,b) + covD2D1(i+1,j,a-1,b) + covD2D1(i+1,j,a,b+1) + 
covD2D1(i+1,j,a,b-1) + covD2D1(i-1,j,a+1,b) + covD2D1(i-1,j,a-1,b) + covD2D1(i-1,j,a,b+1) + 
covD2D1(i-1,j,a,b-1) + covD2D1(i,j+1,a+1,b) + covD2D1(i,j+1,a-1,b) + covD2D1(i,j+1,a,b+1) + 
covD2D1(i,j+1,a,b-1) + covD2D1(i,j-1,a+1,b) + covD2D1(i,j-1,a-1,b) + covD2D1(i,j-1,a,b+1) + 
covD2D1(i,j-1,a,b-1) -4*covD2D1(i+1,j,a,b) -4*covD2D1(i-1,j,a,b) -4*covD2D1(i,j+1,a,b) -
4*covD2D1(i,j-1,a,b) -4*covD2D1(i,j,a+1,b)-4*covD2D1(i,j,a-1,b) -4*covD2D1(i,j,a,b+1)-
4*covD2D1(i,j,a,b-1) )/(-16.0);                        
                              
                      % Unchange boundary conditions         
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                        covD2D1(i,j,a,b)=cov(i,j,a,b);       
                       end 
                          end 
                      end 
                  end 
            end 
            save ('CD2D1.mat', 'covD2D1') 
            save ('Ccov.mat', 'cov') 
            clear covD2D1 cov 
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            load ('CD2D2.mat', 'covD2D2') 
            load ('Ccov.mat', 'cov') 
            %6) D2D2 
            for i=2:N+1 
                  for j=N-1:n-1 
                      for a=2:N+1 
                          for b=N-1:n-1                               
 covD2D2(i,j,a,b)=( covD2D2(i+1,j,a+1,b) + covD2D2(i+1,j,a-1,b) + covD2D2(i+1,j,a,b+1) + 
covD2D2(i+1,j,a,b-1) + covD2D2(i-1,j,a+1,b) + covD2D2(i-1,j,a-1,b) + covD2D2(i-1,j,a,b+1) + 
covD2D2(i-1,j,a,b-1) + covD2D2(i,j+1,a+1,b) + covD2D2(i,j+1,a-1,b) + covD2D2(i,j+1,a,b+1) + 
covD2D2(i,j+1,a,b-1) + covD2D2(i,j-1,a+1,b) + covD2D2(i,j-1,a-1,b) + covD2D2(i,j-1,a,b+1) + 
covD2D2(i,j-1,a,b-1) -4*covD2D2(i+1,j,a,b) -4*covD2D2(i-1,j,a,b) -4*covD2D2(i,j+1,a,b) -
4*covD2D2(i,j-1,a,b) -4*covD2D2(i,j,a+1,b)-4*covD2D2(i,j,a-1,b) -4*covD2D2(i,j,a,b+1)-
4*covD2D2(i,j,a,b-1) )/(-16.0);                           
                              
                       % Unchange boundary conditions         
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                        covD2D2(i,j,a,b)=cov(i,j,a,b);       
                       end 
                          end 
                      end 
                  end 
            end 
            save ('CD2D2.mat', 'covD2D2') 
            save ('Ccov.mat', 'cov') 
            clear covD2D2 cov 
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            load ('CD2D3.mat', 'covD2D3') 
            load ('Ccov.mat', 'cov') 
            %7) D2D3 
            for i=2:N+1 
                  for j=N-1:n-1 
                      for a=N-1:n-1 
                          for b=2:N+1                               
covD2D3(i,j,a,b)=( covD2D3(i+1,j,a+1,b) + covD2D3(i+1,j,a-1,b) + covD2D3(i+1,j,a,b+1) + 
covD2D3(i+1,j,a,b-1) + covD2D3(i-1,j,a+1,b) + covD2D3(i-1,j,a-1,b) + covD2D3(i-1,j,a,b+1) + 
covD2D3(i-1,j,a,b-1) + covD2D3(i,j+1,a+1,b) + covD2D3(i,j+1,a-1,b) + covD2D3(i,j+1,a,b+1) + 
covD2D3(i,j+1,a,b-1) + covD2D3(i,j-1,a+1,b) + covD2D3(i,j-1,a-1,b) + covD2D3(i,j-1,a,b+1) + 
covD2D3(i,j-1,a,b-1) -4*covD2D3(i+1,j,a,b) -4*covD2D3(i-1,j,a,b) -4*covD2D3(i,j+1,a,b) -
4*covD2D3(i,j-1,a,b) -4*covD2D3(i,j,a+1,b)-4*covD2D3(i,j,a-1,b) -4*covD2D3(i,j,a,b+1)-
4*covD2D3(i,j,a,b-1) )/(-16.0); 
                              
                         % Unchange boundary conditions         
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                       covD2D3(i,j,a,b)=cov(i,j,a,b);       
                      end       
                          end 
                      end 
                  end 
            end 
            save ('CD2D3.mat', 'covD2D3') 
            save ('Ccov.mat', 'cov') 
            clear covD2D3 cov 
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            load ('CD2D4.mat', 'covD2D4') 
            load ('Ccov.mat', 'cov') 
            %8) D2D4 
            for i=2:N+1 
                  for j=N-1:n-1 
                      for a=N-1:n-1 
                          for b=N-1:n-1                               
covD2D4(i,j,a,b)=( covD2D4(i+1,j,a+1,b) + covD2D4(i+1,j,a-1,b) + covD2D4(i+1,j,a,b+1) + 
covD2D4(i+1,j,a,b-1) + covD2D4(i-1,j,a+1,b) + covD2D4(i-1,j,a-1,b) + covD2D4(i-1,j,a,b+1) + 
covD2D4(i-1,j,a,b-1) + covD2D4(i,j+1,a+1,b) + covD2D4(i,j+1,a-1,b) + covD2D4(i,j+1,a,b+1) + 
covD2D4(i,j+1,a,b-1) + covD2D4(i,j-1,a+1,b) + covD2D4(i,j-1,a-1,b) + covD2D4(i,j-1,a,b+1) + 
covD2D4(i,j-1,a,b-1) -4*covD2D4(i+1,j,a,b) -4*covD2D4(i-1,j,a,b) -4*covD2D4(i,j+1,a,b) -
4*covD2D4(i,j-1,a,b) -4*covD2D4(i,j,a+1,b)-4*covD2D4(i,j,a-1,b) -4*covD2D4(i,j,a,b+1)-
4*covD2D4(i,j,a,b-1) )/(-16.0); 
                                                    
                         % Unchange boundary conditions         
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                        covD2D4(i,j,a,b)=cov(i,j,a,b);       
                      end       
                          end 
                      end 
                  end 
            end 
            save ('CD2D4.mat', 'covD2D4') 
            save ('Ccov.mat', 'cov') 
            clear covD2D4 cov 
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            load ('CD3D1.mat', 'covD3D1') 
            load ('Ccov.mat', 'cov') 
            %9) D3D1 
            for i=N-1:n-1 
                  for j=2:N+1 
                      for a=2:N+1 
                          for b=2:N+1                               
covD3D1(i,j,a,b)=( covD3D1(i+1,j,a+1,b) + covD3D1(i+1,j,a-1,b) + covD3D1(i+1,j,a,b+1) + 
covD3D1(i+1,j,a,b-1) + covD3D1(i-1,j,a+1,b) + covD3D1(i-1,j,a-1,b) + covD3D1(i-1,j,a,b+1) + 
covD3D1(i-1,j,a,b-1) + covD3D1(i,j+1,a+1,b) + covD3D1(i,j+1,a-1,b) + covD3D1(i,j+1,a,b+1) + 
covD3D1(i,j+1,a,b-1) + covD3D1(i,j-1,a+1,b) + covD3D1(i,j-1,a-1,b) + covD3D1(i,j-1,a,b+1) + 
covD3D1(i,j-1,a,b-1) -4*covD3D1(i+1,j,a,b) -4*covD3D1(i-1,j,a,b) -4*covD3D1(i,j+1,a,b) -
4*covD3D1(i,j-1,a,b) -4*covD3D1(i,j,a+1,b)-4*covD3D1(i,j,a-1,b) -4*covD3D1(i,j,a,b+1)-
4*covD3D1(i,j,a,b-1) )/(-16.0); 
                             
                         % Unchange boundary conditions         
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                        covD3D1(i,j,a,b)=cov(i,j,a,b);       
                       end       
                          end 
                      end 
                  end 
            end 
            save ('CD3D1.mat', 'covD3D1') 
            save ('Ccov.mat', 'cov') 
            clear covD3D1 cov 
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            load ('CD3D2.mat', 'covD3D2') 
            load ('Ccov.mat', 'cov') 
            %10) D3D2 
            for i=N-1:n-1 
                  for j=2:N+1 
                      for a=2:N+1 
                          for b=N-1:n-1                               
 covD3D2(i,j,a,b)=( covD3D2(i+1,j,a+1,b) + covD3D2(i+1,j,a-1,b) + covD3D2(i+1,j,a,b+1) + 
covD3D2(i+1,j,a,b-1) + covD3D2(i-1,j,a+1,b) + covD3D2(i-1,j,a-1,b) + covD3D2(i-1,j,a,b+1) + 
covD3D2(i-1,j,a,b-1) + covD3D2(i,j+1,a+1,b) + covD3D2(i,j+1,a-1,b) + covD3D2(i,j+1,a,b+1) + 
covD3D2(i,j+1,a,b-1) + covD3D2(i,j-1,a+1,b) + covD3D2(i,j-1,a-1,b) + covD3D2(i,j-1,a,b+1) + 
covD3D2(i,j-1,a,b-1) -4*covD3D2(i+1,j,a,b) -4*covD3D2(i-1,j,a,b) -4*covD3D2(i,j+1,a,b) -
4*covD3D2(i,j-1,a,b) -4*covD3D2(i,j,a+1,b)-4*covD3D2(i,j,a-1,b) -4*covD3D2(i,j,a,b+1)-
4*covD3D2(i,j,a,b-1) )/(-16.0); 
                              
                         % Unchange boundary conditions         
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                        covD3D2(i,j,a,b)=cov(i,j,a,b);       
                              end             
                          end 
                      end 
                  end 
            end 
            save ('CD3D2.mat', 'covD3D2') 
            save ('Ccov.mat', 'cov') 
            clear covD3D2 cov 
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            load ('CD3D3.mat', 'covD3D3') 
            load ('Ccov.mat', 'cov') 
            %11) D3D3 
            for i=N-1:n-1 
                  for j=2:N+1 
                      for a=N-1:n-1 
                          for b=2:N+1                               
covD3D3(i,j,a,b)=( covD3D3(i+1,j,a+1,b) + covD3D3(i+1,j,a-1,b) + covD3D3(i+1,j,a,b+1) + 
covD3D3(i+1,j,a,b-1) + covD3D3(i-1,j,a+1,b) + covD3D3(i-1,j,a-1,b) + covD3D3(i-1,j,a,b+1) + 
covD3D3(i-1,j,a,b-1) + covD3D3(i,j+1,a+1,b) + covD3D3(i,j+1,a-1,b) + covD3D3(i,j+1,a,b+1) + 
covD3D3(i,j+1,a,b-1) + covD3D3(i,j-1,a+1,b) + covD3D3(i,j-1,a-1,b) + covD3D3(i,j-1,a,b+1) + 
covD3D3(i,j-1,a,b-1) -4*covD3D3(i+1,j,a,b) -4*covD3D3(i-1,j,a,b) -4*covD3D3(i,j+1,a,b) -
4*covD3D3(i,j-1,a,b) -4*covD3D3(i,j,a+1,b)-4*covD3D3(i,j,a-1,b) -4*covD3D3(i,j,a,b+1)-
4*covD3D3(i,j,a,b-1) )/(-16.0); 
                           
                         % Unchange boundary conditions         
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                        covD3D3(i,j,a,b)=cov(i,j,a,b);       
                              end             
                          end 
                      end 
                  end 
            end 
            save ('CD3D3.mat', 'covD3D3') 
            save ('Ccov.mat', 'cov') 
            clear covD3D3 cov 
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            load ('CD3D4.mat', 'covD3D4') 
            load ('Ccov.mat', 'cov') 
            %12) D3D4 
            for i=N-1:n-1 
                  for j=2:N+1 
                      for a=N-1:n-1 
                          for b=N-1:n-1                              
covD3D4(i,j,a,b)=( covD3D4(i+1,j,a+1,b) + covD3D4(i+1,j,a-1,b) + covD3D4(i+1,j,a,b+1) + 
covD3D4(i+1,j,a,b-1) + covD3D4(i-1,j,a+1,b) + covD3D4(i-1,j,a-1,b) + covD3D4(i-1,j,a,b+1) + 
covD3D4(i-1,j,a,b-1) + covD3D4(i,j+1,a+1,b) + covD3D4(i,j+1,a-1,b) + covD3D4(i,j+1,a,b+1) + 
covD3D4(i,j+1,a,b-1) + covD3D4(i,j-1,a+1,b) + covD3D4(i,j-1,a-1,b) + covD3D4(i,j-1,a,b+1) + 
covD3D4(i,j-1,a,b-1) -4*covD3D4(i+1,j,a,b) -4*covD3D4(i-1,j,a,b) -4*covD3D4(i,j+1,a,b) -
4*covD3D4(i,j-1,a,b) -4*covD3D4(i,j,a+1,b)-4*covD3D4(i,j,a-1,b) -4*covD3D4(i,j,a,b+1)-
4*covD3D4(i,j,a,b-1) )/(-16.0); 
                            
                         % Unchange boundary conditions         
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                        covD3D4(i,j,a,b)=cov(i,j,a,b);       
                              end             
                          end 
                      end 
                  end 
            end 
            save ('CD3D4.mat', 'covD3D4') 
            save ('Ccov.mat', 'cov') 
            clear covD3D4 cov 
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            load ('CD4D1.mat', 'covD4D1') 
            load ('Ccov.mat', 'cov') 
            %13) D4D1 
            for i=N-1:n-1 
                  for j=N-1:n-1 
                      for a=2:N+1 
                          for b=2:N+1                               
covD4D1(i,j,a,b)=( covD4D1(i+1,j,a+1,b) + covD4D1(i+1,j,a-1,b) + covD4D1(i+1,j,a,b+1) + 
covD4D1(i+1,j,a,b-1) + covD4D1(i-1,j,a+1,b) + covD4D1(i-1,j,a-1,b) + covD4D1(i-1,j,a,b+1) + 
covD4D1(i-1,j,a,b-1) + covD4D1(i,j+1,a+1,b) + covD4D1(i,j+1,a-1,b) + covD4D1(i,j+1,a,b+1) + 
covD4D1(i,j+1,a,b-1) + covD4D1(i,j-1,a+1,b) + covD4D1(i,j-1,a-1,b) + covD4D1(i,j-1,a,b+1) + 
covD4D1(i,j-1,a,b-1) -4*covD4D1(i+1,j,a,b) -4*covD4D1(i-1,j,a,b) -4*covD4D1(i,j+1,a,b) -
4*covD4D1(i,j-1,a,b) -4*covD4D1(i,j,a+1,b)-4*covD4D1(i,j,a-1,b) -4*covD4D1(i,j,a,b+1)-
4*covD4D1(i,j,a,b-1) )/(-16.0); 
                            
                         % Unchange boundary conditions         
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                        covD4D1(i,j,a,b)=cov(i,j,a,b);       
                              end             
                          end 
                      end 
                  end 
            end 
            save ('CD4D1.mat', 'covD4D1') 
            save ('Ccov.mat', 'cov') 
            clear covD4D1 cov 
             



 

98 
 

            load ('CD4D2.mat', 'covD4D2') 
            load ('Ccov.mat', 'cov') 
            %14) D4D2 
            for i=N-1:n-1 
                  for j=N-1:n-1 
                      for a=2:N+1 
                          for b=N-1:n-1                              
covD4D2(i,j,a,b)=( covD4D2(i+1,j,a+1,b) + covD4D2(i+1,j,a-1,b) + covD4D2(i+1,j,a,b+1) + 
covD4D2(i+1,j,a,b-1) + covD4D2(i-1,j,a+1,b) + covD4D2(i-1,j,a-1,b) + covD4D2(i-1,j,a,b+1) + 
covD4D2(i-1,j,a,b-1) + covD4D2(i,j+1,a+1,b) + covD4D2(i,j+1,a-1,b) + covD4D2(i,j+1,a,b+1) + 
covD4D2(i,j+1,a,b-1) + covD4D2(i,j-1,a+1,b) + covD4D2(i,j-1,a-1,b) + covD4D2(i,j-1,a,b+1) + 
covD4D2(i,j-1,a,b-1) -4*covD4D2(i+1,j,a,b) -4*covD4D2(i-1,j,a,b) -4*covD4D2(i,j+1,a,b) -
4*covD4D2(i,j-1,a,b) -4*covD4D2(i,j,a+1,b)-4*covD4D2(i,j,a-1,b) -4*covD4D2(i,j,a,b+1)-
4*covD4D2(i,j,a,b-1) )/(-16.0); 
                              
                        % Unchange boundary conditions         
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                        covD4D2(i,j,a,b)=cov(i,j,a,b);       
                              end        
                          end 
                      end 
                  end 
            end 
            save ('CD4D2.mat', 'covD4D2') 
            save ('Ccov.mat', 'cov') 
            clear covD4D2 cov 
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            load ('CD4D3.mat', 'covD4D3') 
            load ('Ccov.mat', 'cov') 
            %15) D4D3 
            for i=N-1:n-1 
                  for j=N-1:n-1 
                      for a=N-1:n-1 
                          for b=2:N+1                              
covD4D3(i,j,a,b)=( covD4D3(i+1,j,a+1,b) + covD4D3(i+1,j,a-1,b) + covD4D3(i+1,j,a,b+1) + 
covD4D3(i+1,j,a,b-1) + covD4D3(i-1,j,a+1,b) + covD4D3(i-1,j,a-1,b) + covD4D3(i-1,j,a,b+1) + 
covD4D3(i-1,j,a,b-1) + covD4D3(i,j+1,a+1,b) + covD4D3(i,j+1,a-1,b) + covD4D3(i,j+1,a,b+1) + 
covD4D3(i,j+1,a,b-1) + covD4D3(i,j-1,a+1,b) + covD4D3(i,j-1,a-1,b) + covD4D3(i,j-1,a,b+1) + 
covD4D3(i,j-1,a,b-1) -4*covD4D3(i+1,j,a,b) -4*covD4D3(i-1,j,a,b) -4*covD4D3(i,j+1,a,b) -
4*covD4D3(i,j-1,a,b) -4*covD4D3(i,j,a+1,b)-4*covD4D3(i,j,a-1,b) -4*covD4D3(i,j,a,b+1)-
4*covD4D3(i,j,a,b-1) )/(-16.0); 
                           
                        % Unchange boundary conditions         
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                        covD4D3(i,j,a,b)=cov(i,j,a,b);       
                              end        
                          end 
                      end 
                  end 
            end 
            save ('CD4D3.mat', 'covD4D3') 
            save ('Ccov.mat', 'cov') 
            clear covD4D3 cov 
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            load ('CD4D4.mat', 'covD4D4') 
            load ('Ccov.mat', 'cov') 
            %16) D4D4 
            for i=N-1:n-1 
                  for j=N-1:n-1 
                      for a=N-1:n-1 
                          for b=N-1:n-1                               
covD4D4(i,j,a,b)=( covD4D4(i+1,j,a+1,b) + covD4D4(i+1,j,a-1,b) + covD4D4(i+1,j,a,b+1) + 
covD4D4(i+1,j,a,b-1) + covD4D4(i-1,j,a+1,b) + covD4D4(i-1,j,a-1,b) + covD4D4(i-1,j,a,b+1) + 
covD4D4(i-1,j,a,b-1) + covD4D4(i,j+1,a+1,b) + covD4D4(i,j+1,a-1,b) + covD4D4(i,j+1,a,b+1) + 
covD4D4(i,j+1,a,b-1) + covD4D4(i,j-1,a+1,b) + covD4D4(i,j-1,a-1,b) + covD4D4(i,j-1,a,b+1) + 
covD4D4(i,j-1,a,b-1) -4*covD4D4(i+1,j,a,b) -4*covD4D4(i-1,j,a,b) -4*covD4D4(i,j+1,a,b) -
4*covD4D4(i,j-1,a,b) -4*covD4D4(i,j,a+1,b)-4*covD4D4(i,j,a-1,b) -4*covD4D4(i,j,a,b+1)-
4*covD4D4(i,j,a,b-1) )/(-16.0); 
                             
                        % Unchange boundary conditions         
                      if (j==2&b==2) | (j==2&a==n-1)|(i==n-1&b==2)| (j==2&b==n-1)|(j==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(i==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==n-1)|(i==n-1&a==2)|(i==2&a==n-1)|(j==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(i==2&a==2) 

                        covD4D4(i,j,a,b)=cov(i,j,a,b);       
                              end        
                          end 
                      end 
                  end 
            end 
            save ('CD4D4.mat', 'covD4D4') 
            save ('Ccov.mat', 'cov') 
            clear covD4D4 cov             
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%       Composing each sub-domain into whole domain to check convergent condition 
 load('CD1D1.mat', 'covD1D1')     % Loading variables covD1D1 from file CD1D1.mat  
load('CD1D2.mat', 'covD1D2')     % Loading variables covD1D2 from file CD1D2.mat 
load('CD1D3.mat', 'covD1D3')     % Loading variables covD1D3 from file CD1D3.mat 
load('CD1D4.mat', 'covD1D4')     % Loading variables covD1D4 from file CD1D4.mat 
  
load('CD2D1.mat', 'covD2D1')     % Loading variables covD2D1 from file CD2D1.mat 
load('CD2D2.mat', 'covD2D2')     % Loading variables covD2D2 from file CD2D2.mat 
load('CD2D3.mat', 'covD2D3')     % Loading variables covD2D3 from file CD2D3.mat 
load('CD2D4.mat', 'covD2D4')     % Loading variables covD2D4 from file CD2D4.mat 
  
load('CD3D1.mat', 'covD3D1')     % Loading variables covD3D1 from file CD3D1.mat 
load('CD3D2.mat', 'covD3D2')     % Loading variables covD3D2 from file CD3D2.mat 
load('CD3D3.mat', 'covD3D3')     % Loading variables covD3D3 from file CD3D3.mat 
load('CD3D4.mat', 'covD3D4')     % Loading variables covD3D4 from file CD3D4.mat 
  
load('CD4D1.mat', 'covD4D1')     % Loading variables covD4D1 from file CD4D1.mat 
load('CD4D2.mat', 'covD4D2')     % Loading variables covD4D2 from file CD4D2.mat 
load('CD4D3.mat', 'covD4D3')     % Loading variables covD4D3 from file CD4D3.mat 
load('CD4D4.mat', 'covD4D4')     % Loading variables covD4D4 from file CD4D4.mat  
load ('Ccov.mat', 'cov') 
 
err=0; 
for i=2:n-1 
      for j=2:n-1 
          for a=2:n-1 
                  for b=2:n-1 
                       
                            if      (i>=1&i<=N)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=1&b<=N) 
                          cov_new(i,j,a,b)=covD1D1(i,j,a,b); 
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                            elseif  (i>=1&i<=N)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=N&b<=n) 
                          cov_new(i,j,a,b)=covD1D2(i,j,a,b); 
                            elseif  (i>=1&i<=N)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=1&b<=N) 
                          cov_new(i,j,a,b)=covD1D3(i,j,a,b); 
                            elseif  (i>=1&i<=N)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=N&b<=n) 
                          cov_new(i,j,a,b)=covD1D4(i,j,a,b);                     
                            elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=1&b<=N)                         
                          cov_new(i,j,a,b)=covD2D1(i,j,a,b);  
                            elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=N&b<=n) 
                          cov_new(i,j,a,b)=covD2D2(i,j,a,b);  
                            elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=1&b<=N) 
                          cov_new(i,j,a,b)=covD2D3(i,j,a,b); 
                            elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=N&b<=n) 
                          cov_new(i,j,a,b)=covD2D4(i,j,a,b);                         
                            elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=1&b<=N) 
                          cov_new(i,j,a,b)=covD3D1(i,j,a,b);   
                            elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=N&b<=n) 
                         cov_new(i,j,a,b)=covD3D2(i,j,a,b); 
                            elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=1&b<=N) 
                          cov_new(i,j,a,b)=covD3D3(i,j,a,b); 
                            elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=N&b<=n) 
                          cov_new(i,j,a,b)=covD3D4(i,j,a,b);                     
                            elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=1&b<=N) 
                          cov_new(i,j,a,b)=covD4D1(i,j,a,b);  
                            elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=N&b<=n) 
                          cov_new(i,j,a,b)=covD4D2(i,j,a,b); 
                            elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=1&b<=N) 
                          cov_new(i,j,a,b)=covD4D3(i,j,a,b); 
                            elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=N&b<=n) 
                          cov_new(i,j,a,b)=covD4D4(i,j,a,b);  
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                              end 
                              
                      % Ussing Successive over-relaxation method   
                        err=( (abs(cov_new(i,j,a,b)-cov(i,j,a,b))*100)/cov_new(i,j,a,b) )+err; 
                        cov(i,j,a,b)=WF*cov_new(i,j,a,b)+(1-WF)*cov(i,j,a,b); 
                               
                  end 
          end 
      end 
  end 
  iteration=iteration+1;  
  
  % To Update covariance in each sub-domain  
for i=2:n-1 
    for j=2:n-1 
        for a=2:n-1 
                for b=2:n-1                     
                     
                         if      (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=1&b<=N+2) 
                      covD1D1(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                      covD1D2(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                      covD1D3(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                      covD1D4(i,j,a,b)=cov(i,j,a,b); 
                        end  
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                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=1&b<=N+2)                        
                      covD2D1(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                      covD2D2(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                      covD2D3(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                      covD2D4(i,j,a,b)=cov(i,j,a,b); 
                        end                       
                        if  (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=1&b<=N+2)  
                      covD3D1(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                      covD3D2(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                      covD3D3(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                      covD3D4(i,j,a,b)=cov(i,j,a,b); 
                        end                         
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=1&b<=N+2) 
                      covD4D1(i,j,a,b)=cov(i,j,a,b); 
                        end 
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                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                      covD4D2(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                      covD4D3(i,j,a,b)=cov(i,j,a,b); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                      covD4D4(i,j,a,b)=cov(i,j,a,b);  
                        end 
  
                end 
        end 
    end 
end 
 
save('CD1D1.mat', 'covD1D1')     % Saving variables covD1D1 into file CD1D1.mat  
save('CD1D2.mat', 'covD1D2')     % Saving variables covD1D2 into file CD1D2.mat 
save('CD1D3.mat', 'covD1D3')     % Saving variables covD1D3 into file CD1D3.mat 
save('CD1D4.mat', 'covD1D4')     % Saving variables covD1D4 into file CD1D4.mat 
  
save('CD2D1.mat', 'covD2D1')     % Saving variables covD2D1 into file CD2D1.mat 
save('CD2D2.mat', 'covD2D2')     % Saving variables covD2D2 into file CD2D2.mat 
save('CD2D3.mat', 'covD2D3')     % Saving variables covD2D3 into file CD2D3.mat 
save('CD2D4.mat', 'covD2D4')     % Saving variables covD2D4 into file CD2D4.mat 
  
save('CD3D1.mat', 'covD3D1')     % Saving variables covD3D1 into file CD3D1.mat 
save('CD3D2.mat', 'covD3D2')     % Saving variables covD3D2 into file CD3D2.mat 
save('CD3D3.mat', 'covD3D3')     % Saving variables covD3D3 into file CD3D3.mat 
save('CD3D4.mat', 'covD3D4')     % Saving variables covD3D4 into file CD3D4.mat 
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save('CD4D1.mat', 'covD4D1')     % Saving variables covD4D1 into file CD4D1.mat 
save('CD4D2.mat', 'covD4D2')     % Saving variables covD4D2 into file CD4D2.mat 
save('CD4D3.mat', 'covD4D3')     % Saving variables covD4D3 into file CD4D3.mat 
save('CD4D4.mat', 'covD4D4')     % Saving variables covD4D4 into file CD4D4.mat  
save('Ccov.mat', 'cov')          % Saving variables cov into file Ccov.mat 
 
clear covD1D2 covD1D3 covD1D4 covD2D1 covD2D2 covD2D3 covD2D4 covD3D1 covD3D2  
         covD3D3 covD3D4 covD4D1 covD4D2 covD4D3 covD4D4 cov  
  
end 
 
% To compose each sub-domain into whole domain 
load('CD1D1.mat', 'covD1D1')     % Loading variables covD1D1 from file CD1D1.mat  
load('CD1D2.mat', 'covD1D2')     % Loading variables covD1D2 from file CD1D2.mat 
load('CD1D3.mat', 'covD1D3')     % Loading variables covD1D3 from file CD1D3.mat 
load('CD1D4.mat', 'covD1D4')     % Loading variables covD1D4 from file CD1D4.mat 
  
load('CD2D1.mat', 'covD2D1')     % Loading variables covD2D1 from file CD2D1.mat 
load('CD2D2.mat', 'covD2D2')     % Loading variables covD2D2 from file CD2D2.mat 
load('CD2D3.mat', 'covD2D3')     % Loading variables covD2D3 from file CD2D3.mat 
load('CD2D4.mat', 'covD2D4')     % Loading variables covD2D4 from file CD2D4.mat 
  
load('CD3D1.mat', 'covD3D1')     % Loading variables covD3D1 from file CD3D1.mat 
load('CD3D2.mat', 'covD3D2')     % Loading variables covD3D2 from file CD3D2.mat 
load('CD3D3.mat', 'covD3D3')     % Loading variables covD3D3 from file CD3D3.mat 
load('CD3D4.mat', 'covD3D4')     % Loading variables covD3D4 from file CD3D4.mat 
  
load('CD4D1.mat', 'covD4D1')     % Loading variables covD4D1 from file CD4D1.mat 
load('CD4D2.mat', 'covD4D2')     % Loading variables covD4D2 from file CD4D2.mat 
load('CD4D3.mat', 'covD4D3')     % Loading variables covD4D3 from file CD4D3.mat 
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load('CD4D4.mat', 'covD4D4')     % Loading variables covD4D4 from file CD4D4.mat  
  
  for i=1:n 
      for j=1:n 
          for a=1:n 
                  for b=1:n 
                       
                          if      (i>=1&i<=N)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=1&b<=N) 
                        cov(i,j,a,b)=covD1D1(i,j,a,b); 
                          elseif  (i>=1&i<=N)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=N&b<=n) 
                        cov(i,j,a,b)=covD1D2(i,j,a,b); 
                          elseif  (i>=1&i<=N)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=1&b<=N) 
                        cov(i,j,a,b)=covD1D3(i,j,a,b); 
                          elseif  (i>=1&i<=N)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=N&b<=n) 
                        cov(i,j,a,b)=covD1D4(i,j,a,b);                     
                          elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=1&b<=N)                         
                        cov(i,j,a,b)=covD2D1(i,j,a,b);  
                          elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=N&b<=n) 
                        cov(i,j,a,b)=covD2D2(i,j,a,b);  
                          elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=1&b<=N) 
                        cov(i,j,a,b)=covD2D3(i,j,a,b); 
                          elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=N&b<=n) 
                        cov(i,j,a,b)=covD2D4(i,j,a,b);                         
                          elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=1&b<=N) 
                        cov(i,j,a,b)=covD3D1(i,j,a,b);   
                          elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=N&b<=n) 
                        cov(i,j,a,b)=covD3D2(i,j,a,b); 
                          elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=1&b<=N) 
                        cov(i,j,a,b)=covD3D3(i,j,a,b); 
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                          elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=N&b<=n) 
                        cov(i,j,a,b)=covD3D4(i,j,a,b);                     
                          elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=1&b<=N) 
                        cov(i,j,a,b)=covD4D1(i,j,a,b);  
                          elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=N&b<=n) 
                        cov(i,j,a,b)=covD4D2(i,j,a,b); 
                          elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=1&b<=N) 
                        cov(i,j,a,b)=covD4D3(i,j,a,b); 
                          elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=N&b<=n) 
                        cov(i,j,a,b)=covD4D4(i,j,a,b);  
                          end                        
                
                  end 
          end 
      end 
  end 
clear covD1D2 covD1D3 covD1D4 covD2D1 covD2D2 covD2D3 covD2D4 covD3D1 covD3D2  
         covD3D3 covD3D4 covD4D1 covD4D2 covD4D3 covD4D4   
stop=datestr(now);  % Marking ending time of calculation 
t1=toc; 
tot=sec2hms(t1); 
 
% ---------------------FINDNIG AN ERROR OF THE MODEL ----------------------------- 
%     EXACT SOLUTION 
        for i=1:n 
                for j=1:n 
                    for a=1:n 
                        for b=1:n 
 
                        x1=(j-2)*delta;    y1=(i-2)*delta;    x2=(b-2)*delta;    y2=(a-2)*delta;                         
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                        cov_exact(i,j,a,b) =exactV(x1,y1,x2,y2,c1,c2,c3,c4,c5,c6,c7,c8,k1,k2,k3,k4); 
                        end 
                    end 
                end 
        end 
 
        %    To generate symmetry covariance of an exact solution 
        for i=1:n 
            for j=1:n 
                for a=1:n 
                     for b=1:n                        
                              cov_exact(i,j,a,b)=(cov_exact(i,j,a,b)+cov_exact(a,b,i,j))/2; 
                              cov_exact(a,b,i,j)=cov_exact(i,j,a,b);                          
                     end 
                end 
            end 
        end 
  
app=cov(3:n-2,3:n-2,3:n-2,3:n-2); 
exact=cov_exact(3:n-2,3:n-2,3:n-2,3:n-2); 
abs_error=(abs(app-exact)*100)./exact;  
error=reshape(abs_error,1,(n-4)^4); 
min_error=min(error); 
max_error=max(error); 
average_error=mean(error); 
 
% ----------To save an output into file cov_dom_app2D.txt -------------------------------- 
fid=fopen('cov_dom_app2D.txt','a'); 
fprintf(fid,'---------------------------------------------------------------------\n'); 
fprintf(fid,'n= %-5.2f\n',n); 
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fprintf(fid,'Stopping Tolerance= %2.10f\n',stt); 
fprintf(fid,'Iteration= %-5.2f\n',iteration); 
fprintf(fid,'\n'); 
 
 % Showing solution 
for i=[3,n-2] 
    for j=[3,n-2] 
        for a=[3,n-2] 
            for b=[3,n-2] 
                x1=(j-2)*delta;    y1=(i-2)*delta;   x2=(b-2)*delta;    y2=(a-2)*delta; 
                fprintf(fid,'cov[t1(%-2.8f, %-2.8f), t2(%-2.8f, %-2.8f)]=  

%-3.5f\n',x1,y1,x2,y2,cov(i,j,a,b));               
           end 
        end 
    end 
end 
  
fprintf(fid,'-----------------------------\n'); 
fprintf(fid,'Starting time:\n'); 
                    fprintf(fid,'%s\n',start); 
fprintf(fid,'Ending time:\n'); 
                    fprintf(fid,'%s\n',stop); 
fprintf(fid,'\n'); 
fprintf(fid,'Total time:  %f  \n',tot); 
fprintf(fid,'-----------------------------\n');                     
fprintf(fid,'\n'); 
fprintf(fid,'Min Error:   %-3.6f  percent\n',min_error); 
fprintf(fid,'Max Error:   %-3.6f  percent\n',max_error); 
fprintf(fid,'Avg Error:   %-3.6f  percent\n',average_error); 
fprintf(fid,'---------------------------------------------------------------------\n'); 
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fclose(fid) 
 
% To delete file that save variable D1D1-D4D4 from disk 
delete CD1D1.mat CD1D2.mat CD1D3.mat CD1D4.mat CD2D1.mat CD2D2.mat CD2D3.mat 
CD2D4.mat CD3D1.mat CD3D2.mat CD3D3.mat CD3D4.mat CD4D1.mat CD4D2.mat 
CD4D3.mat CD4D4.mat Ccov.mat 
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function cov_approx=cov_dom_app3D(xxxx) 
 
% From Laplace's equation in 3D an exact solution can be shown in the 
% following form 
%   cov[t1(x1,y1,z1), t2(x2,y2,z2)] =  ( c1*exp(sqrt(k2)*x1)+ c2*exp(-sqrt(k2)*x1) )* 
%                                    ( c3*exp(sqrt(k3)*y1) + c4*exp(-sqrt(k3)*y1) ) * 
%                                       ( c5*exp(sqrt(k4)*z1) + c6*exp(-sqrt(k4)*z1) )* 
%                                        ( c7*sin(sqrt(k5)*x2) + c8*cos(sqrt(k5)*x2) )* 
%                                        ( c9*exp(sqrt(k6)*y2) + c10*exp(-sqrt(k6)*y2) )* 
%                                 ( c11*exp(sqrt(k7)*z2) + c12*exp(-sqrt(k7)*z2) ); 
 start=datestr(now);  % Marking starting time of calculation 
tic 
% ------------------------ INPUT VARIABLES -------------------------------- 
% Setting any constants in exact solution 
c1=1; c2=1; c3=1; c4=1; c5=1; c6=1; c7=1; c8=1; c9=1; c10=1; c11=1; c12=1;  
k1=3; k2=1; k3=1; k4=k1-k2-k3; k5=2; k6=1; k7=k5-k6; % where k1>k2+k3 and k5>k6 
  
%Setting n-by-n array of whole domain 
n=7;      % In order to equalise grid number in each sub-domain,n must be odd number 
N=ceil(n/2);  % Setting NxN array of each sub-domain 
% Setting length(L) of X and Y axis of whole domain 
L=0.1; 
LD=L/2;      % Setting length(LD)of X and Y axis of each sub-domain 
delta=L/(n-3); 
stt=0.0000005;    % Setting stopping tolerance 
% Setting weighting-factor of Relaxation method 
WF=1.2;      % 0 < WF < 2 
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 % ------------------- FINDING COVARIANCE IN EACH SUB-DOMAIN --------------- 
exactV=inline('  ( c1*exp(sqrt(k2)*x1)+ c2*exp(-sqrt(k2)*x1) )* 

( c3*exp(sqrt(k3)*y1) + c4*exp(-sqrt(k3)*y1) ) * 
( c5*exp(sqrt(k4)*z1) + c6*exp(-sqrt(k4)*z1) )* 
( c7*sin(sqrt(k5)*x2) + c8*cos(sqrt(k5)*x2) )* 
( c9*exp(sqrt(k6)*y2) + c10*exp(-sqrt(k6)*y2) )* 
( c11*exp(sqrt(k7)*z2) + c12*exp(-sqrt(k7)*z2) )', 
'x1','y1','z1','x2','y2','z2','c1','c2','c3','c4','c5','c6','c7','c8','c9','c10','c11','c12','k1', 
'k2','k3','k4','k5','k6','k7'); 
 

%      /--------/--------/| 
%     /  D1    /   D2   / | 
%    /--------/--------/| | 
%   /   D3   /   D4   / |/   
%  /--------/--------/| /   
%  |        |         |/   
%  |--------|-------- |   

% Using exact solution in finding boundary conditions 
for i=1:n 
    for j=1:n 
        for k=1:n 
            for a=1:n 
                for b=1:n 
                    for c=1:n 
                x1=(j-2)*delta; y1=(i-2)*delta; z1=(k-2)*delta; 
                x2=(b-2)*delta; y2=(a-2)*delta; z2=(c-2)*delta; 
                 
                % Setting innitial guess value for inner grids 
              cov(i,j,k,a,b,c)=100;                
            if i==1|j==1|k==1|a==1|b==1|c==1|i==n|j==n|k==n|a==n|b==n|c==n 
                 cov(i,j,k,a,b,c)=0; 
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                % Setting boundary conditions by using exat solution 
            elseif (j==2&b==2)                         % 1) left&left   
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);            
            elseif (j==2&b==n-1)|(j==n-1&b==2)        % 2) left&right or right&left 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (j==2&a==n-1)|(i==n-1&b==2)        % 3) left&front or front&left 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);            
            elseif (j==2&a==2)|(i==2&b==2)            % 4) left&rear or rear&left 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (j==2&c==n-1)|(k==n-1&b==2)        % 5) left&upper or upper&left 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (j==2&c==2)|(k==2&b==2)            % 6) left&lower or lower&left 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (j==n-1&b==n-1)                    % 7) right&right 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (j==n-1&a==n-1)|(i==n-1&b==n-1)    % 8) right&front or front&right 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (j==n-1&a==2)|(i==2&b==n-1)        % 9) right&rear or rear&right 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7); 
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            elseif (j==n-1&c==n-1)|(k==n-1&b==n-1)   % 10) right&upper or upper&right 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);            
            elseif (j==n-1&c==2)|(k==2&b==n-1)        % 11) right&lower or lower&right 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (i==n-1&a==n-1)                     % 12) front&front 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (i==n-1&a==2)|(i==2&a==n-1)        % 13) front&rear or rear&front 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (i==n-1&c==n-1)|(k==n-1&a==n-1)   % 14) front&upper or upper&front 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (i==n-1&c==2)|(k==2&a==n-1)        % 15) front&lower or lower&front 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (i==2&a==2)                         % 16) rear&rear 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (i==2&c==n-1)|(k==n-1&a==2)        % 17) rear&upper or upper&rear 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (i==2&c==2)|(k==2&a==2)            % 18) rear&lower or lower&rear 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (k==n-1&c==n-1)                     % 19) upper&upper  
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7); 
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            elseif (k==n-1&c==2)|(k==2&c==n-1)        % 20) upper&lower or lower&upper 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7);             
            elseif (k==2&c==2)                         % 21) lower&lower 
                cov(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,c10,c11,c12, 

k1,k2,k3,k4,k5,k6,k7); 
            end  
                
                    end 
                end 
            end 
        end 
    end 
end 
  
% To generate the symmetry covariance at boundaries of rectangular box 
for i=1:n 
    for j=1:n 
        for k=1:n 
            for a=1:n 
                for b=1:n 
                    for c=1:n 
                        if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-
1&c==2)|(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)| 
(i==2&c==2)|(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)| 
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(k==2&c==n-1)|(k==2&c==2) 
                            cov(i,j,k,a,b,c)=( cov(i,j,k,a,b,c)+ cov(a,b,c,i,j,k) )/2.0; 
                            cov(a,b,c,i,j,k)=cov(i,j,k,a,b,c); 
                        end 
                    end 
                end 
            end 
        end 
    end 
end 
  
% To Divide whole domain into 4 sub-domain  
for i=1:n 
    for j=1:n 
        for k=1:n 
            for a=1:n 
                for b=1:n 
                    for c=1:n 
                     
                        if      (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=1&b<=N+2) 
                    covD1D1(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                    covD1D2(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                    covD1D3(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                    covD1D4(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 



 

118 
 

                        end                          
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=1&b<=N+2)                        
                    covD2D1(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                    covD2D2(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                    covD2D3(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                    covD2D4(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end                        
                        if  (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=1&b<=N+2)  
                    covD3D1(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                    covD3D2(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                    covD3D3(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                    covD3D4(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end                        
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=1&b<=N+2) 
                    covD4D1(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                    covD4D2(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
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                        end 
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                    covD4D3(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                    covD4D4(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                    end 
                end 
            end 
        end 
    end 
end        
save('CD1D1.mat', 'covD1D1')     % Saving variables covD1D1 into file CD1D1.mat  
save('CD1D2.mat', 'covD1D2')     % Saving variables covD1D2 into file CD1D2.mat 
save('CD1D3.mat', 'covD1D3')     % Saving variables covD1D3 into file CD1D3.mat 
save('CD1D4.mat', 'covD1D4')     % Saving variables covD1D4 into file CD1D4.mat  
save('CD2D1.mat', 'covD2D1')     % Saving variables covD2D1 into file CD2D1.mat 
save('CD2D2.mat', 'covD2D2')     % Saving variables covD2D2 into file CD2D2.mat 
save('CD2D3.mat', 'covD2D3')     % Saving variables covD2D3 into file CD2D3.mat 
save('CD2D4.mat', 'covD2D4')     % Saving variables covD2D4 into file CD2D4.mat  
save('CD3D1.mat', 'covD3D1')     % Saving variables covD3D1 into file CD3D1.mat 
save('CD3D2.mat', 'covD3D2')     % Saving variables covD3D2 into file CD3D2.mat 
save('CD3D3.mat', 'covD3D3')     % Saving variables covD3D3 into file CD3D3.mat 
save('CD3D4.mat', 'covD3D4')     % Saving variables covD3D4 into file CD3D4.mat  
save('CD4D1.mat', 'covD4D1')     % Saving variables covD4D1 into file CD4D1.mat 
save('CD4D2.mat', 'covD4D2')     % Saving variables covD4D2 into file CD4D2.mat 
save('CD4D3.mat', 'covD4D3')     % Saving variables covD4D3 into file CD4D3.mat 
save('CD4D4.mat', 'covD4D4')     % Saving variables covD4D4 into file CD4D4.mat 
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save('Ccov.mat', 'cov')     % Saving variables cov into file Ccov.mat 
 
% To clear variables in each sub-domain from the memory  
clear covD1D1 covD1D2 covD1D3 covD1D4 covD2D1 covD2D2 covD2D3 covD2D4 covD3D1 
covD3D2 covD3D3 covD3D4 covD4D1 covD4D2 covD4D3 covD4D4 cov 
% --------------To calculate covariance of each sub-domain----------------- 
err=stt+1; 
iteration=0; 
while err>stt 
            % Calculate covariance between inner grid of each subdomain 
            % 1) D1D1 
            load ('CD1D1.mat', 'covD1D1') 
            load ('Ccov.mat', 'cov') 
            for i=2:N+1 
                for j=2:N+1 
                    for k=2:n-1 
                        for a=2:N+1 
                            for b=2:N+1 
                                for c=2:n-1 
                                
covD1D1(i,j,k,a,b,c)=( covD1D1(i+1,j,k,a+1,b,c)+ covD1D1(i-1,j,k,a+1,b,c)+ 
covD1D1(i+1,j,k,a-1,b,c)+ covD1D1(i-1,j,k,a-1,b,c)+covD1D1(i+1,j,k,a,b+1,c)+  
covD1D1(i-1,j,k,a,b+1,c)+ covD1D1(i+1,j,k,a,b-1,c)+ covD1D1(i-1,j,k,a,b-1,c) + 
covD1D1(i+1,j,k,a,b,c+1)+ covD1D1(i-1,j,k,a,b,c+1)+ covD1D1(i+1,j,k,a,b,c-1)+  
covD1D1(i-1,j,k,a,b,c-1)+covD1D1(i,j+1,k,a+1,b,c)+ covD1D1(i,j-1,k,a+1,b,c)+ 
covD1D1(i,j+1,k,a-1,b,c)+ covD1D1(i,j-1,k,a-1,b,c) +covD1D1(i,j+1,k,a,b+1,c)+  
covD1D1(i,j-1,k,a,b+1,c)+ covD1D1(i,j+1,k,a,b-1,c)+ covD1D1(i,j-1,k,a,b-1,c)+ 
covD1D1(i,j+1,k,a,b,c+1)+ covD1D1(i,j-1,k,a,b,c+1)+ covD1D1(i,j+1,k,a,b,c-1)+  
covD1D1(i,j-1,k,a,b,c-1)+covD1D1(i,j,k+1,a+1,b,c)+ covD1D1(i,j,k-1,a+1,b,c)+ 
covD1D1(i,j,k+1,a-1,b,c)+ covD1D1(i,j,k-1,a-1,b,c)+covD1D1(i,j,k+1,a,b+1,c)+  
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covD1D1(i,j,k-1,a,b+1,c)+ covD1D1(i,j,k+1,a,b-1,c)+ covD1D1(i,j,k-1,a,b-1,c)+ 
covD1D1(i,j,k+1,a,b,c+1)+ covD1D1(i,j,k-1,a,b,c+1)+ covD1D1(i,j,k+1,a,b,c-1)+  
covD1D1(i,j,k-1,a,b,c-1)-6*covD1D1(i+1,j,k,a,b,c) -6*covD1D1(i-1,j,k,a,b,c) -
6*covD1D1(i,j+1,k,a,b,c) -6*covD1D1(i,j-1,k,a,b,c)-6*covD1D1(i,j,k+1,a,b,c) ~ 
6*covD1D1(i,j,k-1,a,b,c) -6*covD1D1(i,j,k,a+1,b,c) -6*covD1D1(i,j,k,a-1,b,c)-
6*covD1D1(i,j,k,a,b+1,c) -6*covD1D1(i,j,k,a,b-1,c) -6*covD1D1(i,j,k,a,b,c+1) -
6*covD1D1(i,j,k,a,b,c-1) )/(-36);                         
                      % Unchange boundary conditions  
                      if   (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD1D1(i,j,k,a,b,c)=cov(i,j,k,a,b,c);       
                      end 
                              end 
                            end 
                        end 
                    end 
                end 
            end 
            save ('CD1D1.mat', 'covD1D1') 
            save ('Ccov.mat', 'cov') 
            clear covD1D1 cov 
             
            load ('CD1D2.mat', 'covD1D2') 
            load ('Ccov.mat', 'cov') 



 

122 
 

            % 2) D1D2 
            for i=2:N+1 
                for j=2:N+1 
                    for k=2:n-1 
                        for a=2:N+1 
                            for b=N-1:n-1 
                                for c=2:n-1 
                               
covD1D2(i,j,k,a,b,c)=( covD1D2(i+1,j,k,a+1,b,c)+ covD1D2(i-1,j,k,a+1,b,c)+ 
covD1D2(i+1,j,k,a-1,b,c)+ covD1D2(i-1,j,k,a-1,b,c)+covD1D2(i+1,j,k,a,b+1,c)+  
covD1D2(i-1,j,k,a,b+1,c)+ covD1D2(i+1,j,k,a,b-1,c)+ covD1D2(i-1,j,k,a,b-1,c) + 
covD1D2(i+1,j,k,a,b,c+1)+ covD1D2(i-1,j,k,a,b,c+1)+ covD1D2(i+1,j,k,a,b,c-1)+  
covD1D2(i-1,j,k,a,b,c-1)+covD1D2(i,j+1,k,a+1,b,c)+ covD1D2(i,j-1,k,a+1,b,c)+ 
covD1D2(i,j+1,k,a-1,b,c)+ covD1D2(i,j-1,k,a-1,b,c) +covD1D2(i,j+1,k,a,b+1,c)+  
covD1D2(i,j-1,k,a,b+1,c)+ covD1D2(i,j+1,k,a,b-1,c)+ covD1D2(i,j-1,k,a,b-1,c)+ 
covD1D2(i,j+1,k,a,b,c+1)+ covD1D2(i,j-1,k,a,b,c+1)+ covD1D2(i,j+1,k,a,b,c-1)+  
covD1D2(i,j-1,k,a,b,c-1)+covD1D2(i,j,k+1,a+1,b,c)+ covD1D2(i,j,k-1,a+1,b,c)+ 
covD1D2(i,j,k+1,a-1,b,c)+ covD1D2(i,j,k-1,a-1,b,c)+covD1D2(i,j,k+1,a,b+1,c)+  
covD1D2(i,j,k-1,a,b+1,c)+ covD1D2(i,j,k+1,a,b-1,c)+ covD1D2(i,j,k-1,a,b-1,c)+ 
covD1D2(i,j,k+1,a,b,c+1)+ covD1D2(i,j,k-1,a,b,c+1)+ covD1D2(i,j,k+1,a,b,c-1)+  
covD1D2(i,j,k-1,a,b,c-1)-6*covD1D2(i+1,j,k,a,b,c) -6*covD1D2(i-1,j,k,a,b,c) -
6*covD1D2(i,j+1,k,a,b,c) -6*covD1D2(i,j-1,k,a,b,c)-6*covD1D2(i,j,k+1,a,b,c) ~ 
6*covD1D2(i,j,k-1,a,b,c) -6*covD1D2(i,j,k,a+1,b,c) -6*covD1D2(i,j,k,a-1,b,c)-
6*covD1D2(i,j,k,a,b+1,c) -6*covD1D2(i,j,k,a,b-1,c) -6*covD1D2(i,j,k,a,b,c+1) -
6*covD1D2(i,j,k,a,b,c-1) )/(-36); 
                        
                        % Unchange boundary conditions  
                       if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
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(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)| (i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD1D2(i,j,k,a,b,c)=cov(i,j,k,a,b,c);       
                       end 
                              end 
                            end 
                        end 
                    end 
                end 
            end 
            save ('CD1D2.mat', 'covD1D2') 
            save ('Ccov.mat', 'cov') 
            clear covD1D2 cov 
             
            load ('CD1D3.mat', 'covD1D3') 
            load ('Ccov.mat', 'cov') 
            % 3) D1D3 
            for i=2:N+1 
                for j=2:N+1 
                    for k=2:n-1 
                        for a=N-1:n-1 
                            for b=2:N+1 
                                for c=2:n-1 
                               
 covD1D3(i,j,k,a,b,c)=( covD1D3(i+1,j,k,a+1,b,c)+ covD1D3(i-1,j,k,a+1,b,c)+ 
covD1D3(i+1,j,k,a-1,b,c)+ covD1D3(i-1,j,k,a-1,b,c)+covD1D3(i+1,j,k,a,b+1,c)+  
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covD1D3(i-1,j,k,a,b+1,c)+ covD1D3(i+1,j,k,a,b-1,c)+ covD1D3(i-1,j,k,a,b-1,c) + 
covD1D3(i+1,j,k,a,b,c+1)+ covD1D3(i-1,j,k,a,b,c+1)+ covD1D3(i+1,j,k,a,b,c-1)+  
covD1D3(i-1,j,k,a,b,c-1)+covD1D3(i,j+1,k,a+1,b,c)+ covD1D3(i,j-1,k,a+1,b,c)+ 
covD1D3(i,j+1,k,a-1,b,c)+ covD1D3(i,j-1,k,a-1,b,c) +covD1D3(i,j+1,k,a,b+1,c)+  
covD1D3(i,j-1,k,a,b+1,c)+ covD1D3(i,j+1,k,a,b-1,c)+ covD1D3(i,j-1,k,a,b-1,c)+ 
covD1D3(i,j+1,k,a,b,c+1)+ covD1D3(i,j-1,k,a,b,c+1)+ covD1D3(i,j+1,k,a,b,c-1)+  
covD1D3(i,j-1,k,a,b,c-1)+covD1D3(i,j,k+1,a+1,b,c)+ covD1D3(i,j,k-1,a+1,b,c)+ 
covD1D3(i,j,k+1,a-1,b,c)+ covD1D3(i,j,k-1,a-1,b,c)+covD1D3(i,j,k+1,a,b+1,c)+  
covD1D3(i,j,k-1,a,b+1,c)+ covD1D3(i,j,k+1,a,b-1,c)+ covD1D3(i,j,k-1,a,b-1,c)+ 
covD1D3(i,j,k+1,a,b,c+1)+ covD1D3(i,j,k-1,a,b,c+1)+ covD1D3(i,j,k+1,a,b,c-1)+  
covD1D3(i,j,k-1,a,b,c-1)-6*covD1D3(i+1,j,k,a,b,c) -6*covD1D3(i-1,j,k,a,b,c) -
6*covD1D3(i,j+1,k,a,b,c) -6*covD1D3(i,j-1,k,a,b,c)-6*covD1D3(i,j,k+1,a,b,c) ~ 
6*covD1D3(i,j,k-1,a,b,c) -6*covD1D3(i,j,k,a+1,b,c) -6*covD1D3(i,j,k,a-1,b,c)-
6*covD1D3(i,j,k,a,b+1,c) -6*covD1D3(i,j,k,a,b-1,c) -6*covD1D3(i,j,k,a,b,c+1) -
6*covD1D3(i,j,k,a,b,c-1) )/(-36); 
                         
                        % Unchange boundary conditions  
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)| (i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD1D3(i,j,k,a,b,c)=cov(i,j,k,a,b,c);      
                      end 
                              end 
                            end 
                        end 
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                    end 
                end 
            end 
            save ('CD1D3.mat', 'covD1D3') 
            save ('Ccov.mat', 'cov') 
            clear covD1D3 cov 
             
            load ('CD1D4.mat', 'covD1D4') 
            load ('Ccov.mat', 'cov') 
            %4) D1D4 
            for i=2:N+1 
                for j=2:N+1 
                    for k=2:n-1 
                        for a=N-1:n-1 
                            for b=N-1:n-1 
                                for c=2:n-1 
                               
covD1D4(i,j,k,a,b,c)=( covD1D4(i+1,j,k,a+1,b,c)+ covD1D4(i-1,j,k,a+1,b,c)+ 
covD1D4(i+1,j,k,a-1,b,c)+ covD1D4(i-1,j,k,a-1,b,c)+covD1D4(i+1,j,k,a,b+1,c)+  
covD1D4(i-1,j,k,a,b+1,c)+ covD1D4(i+1,j,k,a,b-1,c)+ covD1D4(i-1,j,k,a,b-1,c) + 
covD1D4(i+1,j,k,a,b,c+1)+ covD1D4(i-1,j,k,a,b,c+1)+ covD1D4(i+1,j,k,a,b,c-1)+  
covD1D4(i-1,j,k,a,b,c-1)+covD1D4(i,j+1,k,a+1,b,c)+ covD1D4(i,j-1,k,a+1,b,c)+ 
covD1D4(i,j+1,k,a-1,b,c)+ covD1D4(i,j-1,k,a-1,b,c) +covD1D4(i,j+1,k,a,b+1,c)+  
covD1D4(i,j-1,k,a,b+1,c)+ covD1D4(i,j+1,k,a,b-1,c)+ covD1D4(i,j-1,k,a,b-1,c)+ 
covD1D4(i,j+1,k,a,b,c+1)+ covD1D4(i,j-1,k,a,b,c+1)+ covD1D4(i,j+1,k,a,b,c-1)+  
covD1D4(i,j-1,k,a,b,c-1)+covD1D4(i,j,k+1,a+1,b,c)+ covD1D4(i,j,k-1,a+1,b,c)+ 
covD1D4(i,j,k+1,a-1,b,c)+ covD1D4(i,j,k-1,a-1,b,c)+covD1D4(i,j,k+1,a,b+1,c)+  
covD1D4(i,j,k-1,a,b+1,c)+ covD1D4(i,j,k+1,a,b-1,c)+ covD1D4(i,j,k-1,a,b-1,c)+ 
covD1D4(i,j,k+1,a,b,c+1)+ covD1D4(i,j,k-1,a,b,c+1)+ covD1D4(i,j,k+1,a,b,c-1)+  
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covD1D4(i,j,k-1,a,b,c-1)-6*covD1D4(i+1,j,k,a,b,c) -6*covD1D4(i-1,j,k,a,b,c) -
6*covD1D4(i,j+1,k,a,b,c) -6*covD1D4(i,j-1,k,a,b,c)-6*covD1D4(i,j,k+1,a,b,c) ~ 
6*covD1D4(i,j,k-1,a,b,c) -6*covD1D4(i,j,k,a+1,b,c) -6*covD1D4(i,j,k,a-1,b,c)-
6*covD1D4(i,j,k,a,b+1,c) -6*covD1D4(i,j,k,a,b-1,c) -6*covD1D4(i,j,k,a,b,c+1) -
6*covD1D4(i,j,k,a,b,c-1) )/(-36); 
                          
                              
                       % Unchange boundary conditions 
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)| (i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD1D4(i,j,k,a,b,c)=cov(i,j,k,a,b,c);       
                      end 
                              end 
                            end 
                        end 
                    end 
                end 
            end 
            save ('CD1D4.mat', 'covD1D4') 
            save ('Ccov.mat', 'cov') 
            clear covD1D4 cov 
             
            load ('CD2D1.mat', 'covD2D1') 
            load ('Ccov.mat', 'cov')             
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            %5) D2D1 
            for i=2:N+1 
                for j=N-1:n-1 
                    for k=2:n-1 
                        for a=2:N+1 
                            for b=2:N+1 
                                for c=2:n-1 
                                                       
 covD2D1(i,j,k,a,b,c)=( covD2D1(i+1,j,k,a+1,b,c)+ covD2D1(i-1,j,k,a+1,b,c)+ 
covD2D1(i+1,j,k,a-1,b,c)+ covD2D1(i-1,j,k,a-1,b,c)+covD2D1(i+1,j,k,a,b+1,c)+  
covD2D1(i-1,j,k,a,b+1,c)+ covD2D1(i+1,j,k,a,b-1,c)+ covD2D1(i-1,j,k,a,b-1,c) 
+covD2D1(i+1,j,k,a,b,c+1)+ covD2D1(i-1,j,k,a,b,c+1)+ covD2D1(i+1,j,k,a,b,c-1)+  
covD2D1(i-1,j,k,a,b,c-1)+covD2D1(i,j+1,k,a+1,b,c)+ covD2D1(i,j-1,k,a+1,b,c)+ 
covD2D1(i,j+1,k,a-1,b,c)+ covD2D1(i,j-1,k,a-1,b,c) +covD2D1(i,j+1,k,a,b+1,c)+  
covD2D1(i,j-1,k,a,b+1,c)+ covD2D1(i,j+1,k,a,b-1,c)+ covD2D1(i,j-1,k,a,b-1,c)+ 
covD2D1(i,j+1,k,a,b,c+1)+ covD2D1(i,j-1,k,a,b,c+1)+ covD2D1(i,j+1,k,a,b,c-1)+  
covD2D1(i,j-1,k,a,b,c-1)+covD2D1(i,j,k+1,a+1,b,c)+ covD2D1(i,j,k-1,a+1,b,c)+ 
covD2D1(i,j,k+1,a-1,b,c)+ covD2D1(i,j,k-1,a-1,b,c)+covD2D1(i,j,k+1,a,b+1,c)+  
covD2D1(i,j,k-1,a,b+1,c)+ covD2D1(i,j,k+1,a,b-1,c)+ covD2D1(i,j,k-1,a,b-1,c)+ 
covD2D1(i,j,k+1,a,b,c+1)+ covD2D1(i,j,k-1,a,b,c+1)+ covD2D1(i,j,k+1,a,b,c-1)+  
covD2D1(i,j,k-1,a,b,c-1)-6*covD2D1(i+1,j,k,a,b,c) -6*covD2D1(i-1,j,k,a,b,c) -
6*covD2D1(i,j+1,k,a,b,c) -6*covD2D1(i,j-1,k,a,b,c)-6*covD2D1(i,j,k+1,a,b,c) ~ 
6*covD2D1(i,j,k-1,a,b,c) -6*covD2D1(i,j,k,a+1,b,c) -6*covD2D1(i,j,k,a-1,b,c)-
6*covD2D1(i,j,k,a,b+1,c) -6*covD2D1(i,j,k,a,b-1,c) -6*covD2D1(i,j,k,a,b,c+1) -
6*covD2D1(i,j,k,a,b,c-1) )/(-36);                          
                              
                      % Unchange boundary conditions         
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2) |(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
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(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)| (i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD2D1(i,j,k,a,b,c)=cov(i,j,k,a,b,c);       
                       end 
                              end 
                            end 
                        end 
                    end 
                end 
            end 
            save ('CD2D1.mat', 'covD2D1') 
            save ('Ccov.mat', 'cov') 
            clear covD2D1 cov 
             
            load ('CD2D2.mat', 'covD2D2') 
            load ('Ccov.mat', 'cov') 
            %6) D2D2 
            for i=2:N+1 
                for j=N-1:n-1 
                    for k=2:n-1 
                        for a=2:N+1 
                            for b=N-1:n-1 
                                for c=2:n-1 
                               
covD2D2(i,j,k,a,b,c)=( covD2D2(i+1,j,k,a+1,b,c)+ covD2D2(i-1,j,k,a+1,b,c)+ 
covD2D2(i+1,j,k,a-1,b,c)+ covD2D2(i-1,j,k,a-1,b,c)+covD2D2(i+1,j,k,a,b+1,c)+  
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covD2D2(i-1,j,k,a,b+1,c)+ covD2D2(i+1,j,k,a,b-1,c)+ covD2D2(i-1,j,k,a,b-1,c) + 
covD2D2(i+1,j,k,a,b,c+1)+ covD2D2(i-1,j,k,a,b,c+1)+ covD2D2(i+1,j,k,a,b,c-1)+  
covD2D2(i-1,j,k,a,b,c-1)+covD2D2(i,j+1,k,a+1,b,c)+ covD2D2(i,j-1,k,a+1,b,c)+ 
covD2D2(i,j+1,k,a-1,b,c)+ covD2D2(i,j-1,k,a-1,b,c) +covD2D2(i,j+1,k,a,b+1,c)+  
covD2D2(i,j-1,k,a,b+1,c)+ covD2D2(i,j+1,k,a,b-1,c)+ covD2D2(i,j-1,k,a,b-1,c)+ 
covD2D2(i,j+1,k,a,b,c+1)+ covD2D2(i,j-1,k,a,b,c+1)+ covD2D2(i,j+1,k,a,b,c-1)+  
covD2D2(i,j-1,k,a,b,c-1)+covD2D2(i,j,k+1,a+1,b,c)+ covD2D2(i,j,k-1,a+1,b,c)+ 
covD2D2(i,j,k+1,a-1,b,c)+ covD2D2(i,j,k-1,a-1,b,c)+covD2D2(i,j,k+1,a,b+1,c)+  
covD2D2(i,j,k-1,a,b+1,c)+ covD2D2(i,j,k+1,a,b-1,c)+ covD2D2(i,j,k-1,a,b-1,c)+ 
covD2D2(i,j,k+1,a,b,c+1)+ covD2D2(i,j,k-1,a,b,c+1)+ covD2D2(i,j,k+1,a,b,c-1)+  
covD2D2(i,j,k-1,a,b,c-1)-6*covD2D2(i+1,j,k,a,b,c) -6*covD2D2(i-1,j,k,a,b,c) -
6*covD2D2(i,j+1,k,a,b,c) -6*covD2D2(i,j-1,k,a,b,c)-6*covD2D2(i,j,k+1,a,b,c) - 
6*covD2D2(i,j,k-1,a,b,c) -6*covD2D2(i,j,k,a+1,b,c) -6*covD2D2(i,j,k,a-1,b,c)-
6*covD2D2(i,j,k,a,b+1,c) -6*covD2D2(i,j,k,a,b-1,c) -6*covD2D2(i,j,k,a,b,c+1) -
6*covD2D2(i,j,k,a,b,c-1) )/(-36);                               
                               
                       % Unchange boundary conditions         
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)| 

(i==n-1&b==2)|(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)| 
(j==2&c==2)|(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)| 
(i==n-1&b==n-1)| (j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)| 
(k==n-1&b==n-1)|(j==n-1&c==2)| (k==2&b==n-1)|(i==n-1&a==n-1)| 
(i==n-1&a==2)|(i==2&a==n-1)|(i==n-1&c==n-1)| (k==n-1&a==n-1)| 
(i==n-1&c==2)|(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)| 
(i==2&c==2)|(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)| 
(k==2&c==2) 

                        covD2D2(i,j,k,a,b,c)=cov(i,j,k,a,b,c);       
                      end 
                              end 
                            end 
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                        end 
                    end 
                end 
            end 
            save ('CD2D2.mat', 'covD2D2') 
            save ('Ccov.mat', 'cov') 
            clear covD2D2 cov 
             
            load ('CD2D3.mat', 'covD2D3') 
            load ('Ccov.mat', 'cov') 
            %7) D2D3 
            for i=2:N+1 
                for j=N-1:n-1 
                    for k=2:n-1 
                        for a=N-1:n-1 
                            for b=2:N+1 
                                for c=2:n-1 
                               
 covD2D3(i,j,k,a,b,c)=( covD2D3(i+1,j,k,a+1,b,c)+ covD2D3(i-1,j,k,a+1,b,c)+ 
covD2D3(i+1,j,k,a-1,b,c)+ covD2D3(i-1,j,k,a-1,b,c)+covD2D3(i+1,j,k,a,b+1,c)+  
covD2D3(i-1,j,k,a,b+1,c)+ covD2D3(i+1,j,k,a,b-1,c)+ covD2D3(i-1,j,k,a,b-1,c) 
+covD2D3(i+1,j,k,a,b,c+1)+ covD2D3(i-1,j,k,a,b,c+1)+ covD2D3(i+1,j,k,a,b,c-1)+  
covD2D3(i-1,j,k,a,b,c-1)+covD2D3(i,j+1,k,a+1,b,c)+ covD2D3(i,j-1,k,a+1,b,c)+ 
covD2D3(i,j+1,k,a-1,b,c)+ covD2D3(i,j-1,k,a-1,b,c) +covD2D3(i,j+1,k,a,b+1,c)+  
covD2D3(i,j-1,k,a,b+1,c)+ covD2D3(i,j+1,k,a,b-1,c)+ covD2D3(i,j-1,k,a,b-1,c)+ 
covD2D3(i,j+1,k,a,b,c+1)+ covD2D3(i,j-1,k,a,b,c+1)+ covD2D3(i,j+1,k,a,b,c-1)+  
covD2D3(i,j-1,k,a,b,c-1)+covD2D3(i,j,k+1,a+1,b,c)+ covD2D3(i,j,k-1,a+1,b,c)+ 
covD2D3(i,j,k+1,a-1,b,c)+ covD2D3(i,j,k-1,a-1,b,c)+covD2D3(i,j,k+1,a,b+1,c)+  
covD2D3(i,j,k-1,a,b+1,c)+ covD2D3(i,j,k+1,a,b-1,c)+ covD2D3(i,j,k-1,a,b-1,c)+ 
covD2D3(i,j,k+1,a,b,c+1)+ covD2D3(i,j,k-1,a,b,c+1)+ covD2D3(i,j,k+1,a,b,c-1)+  
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covD2D3(i,j,k-1,a,b,c-1)-6*covD2D3(i+1,j,k,a,b,c) -6*covD2D3(i-1,j,k,a,b,c) -
6*covD2D3(i,j+1,k,a,b,c) -6*covD2D3(i,j-1,k,a,b,c)-6*covD2D3(i,j,k+1,a,b,c) ~ 
6*covD2D3(i,j,k-1,a,b,c) -6*covD2D3(i,j,k,a+1,b,c) -6*covD2D3(i,j,k,a-1,b,c)-
6*covD2D3(i,j,k,a,b+1,c) -6*covD2D3(i,j,k,a,b-1,c) -6*covD2D3(i,j,k,a,b,c+1) -
6*covD2D3(i,j,k,a,b,c-1) )/(-36); 
                               
                         % Unchange boundary conditions         
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)| (i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                       covD2D3(i,j,k,a,b,c)=cov(i,j,k,a,b,c);      
                      end 
                              end 
                            end 
                        end 
                    end 
                end 
            end 
            save ('CD2D3.mat', 'covD2D3') 
            save ('Ccov.mat', 'cov') 
            clear covD2D3 cov 
             
            load ('CD2D4.mat', 'covD2D4') 
            load ('Ccov.mat', 'cov') 
            %8) D2D4 
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            for i=2:N+1 
                for j=N-1:n-1 
                    for k=2:n-1 
                        for a=N-1:n-1 
                            for b=N-1:n-1 
                                for c=2:n-1 
                               
 covD2D4(i,j,k,a,b,c)=( covD2D4(i+1,j,k,a+1,b,c)+ covD2D4(i-1,j,k,a+1,b,c)+ 
covD2D4(i+1,j,k,a-1,b,c)+ covD2D4(i-1,j,k,a-1,b,c)+covD2D4(i+1,j,k,a,b+1,c)+  
covD2D4(i-1,j,k,a,b+1,c)+ covD2D4(i+1,j,k,a,b-1,c)+ covD2D4(i-1,j,k,a,b-1,c) 
+covD2D4(i+1,j,k,a,b,c+1)+ covD2D4(i-1,j,k,a,b,c+1)+ covD2D4(i+1,j,k,a,b,c-1)+  
covD2D4(i-1,j,k,a,b,c-1)+covD2D4(i,j+1,k,a+1,b,c)+ covD2D4(i,j-1,k,a+1,b,c)+ 
covD2D4(i,j+1,k,a-1,b,c)+ covD2D4(i,j-1,k,a-1,b,c) +covD2D4(i,j+1,k,a,b+1,c)+  
covD2D4(i,j-1,k,a,b+1,c)+ covD2D4(i,j+1,k,a,b-1,c)+ covD2D4(i,j-1,k,a,b-1,c)+ 
covD2D4(i,j+1,k,a,b,c+1)+ covD2D4(i,j-1,k,a,b,c+1)+ covD2D4(i,j+1,k,a,b,c-1)+  
covD2D4(i,j-1,k,a,b,c-1)+covD2D4(i,j,k+1,a+1,b,c)+ covD2D4(i,j,k-1,a+1,b,c)+ 
covD2D4(i,j,k+1,a-1,b,c)+ covD2D4(i,j,k-1,a-1,b,c)+covD2D4(i,j,k+1,a,b+1,c)+  
covD2D4(i,j,k-1,a,b+1,c)+ covD2D4(i,j,k+1,a,b-1,c)+ covD2D4(i,j,k-1,a,b-1,c)+ 
covD2D4(i,j,k+1,a,b,c+1)+ covD2D4(i,j,k-1,a,b,c+1)+ covD2D4(i,j,k+1,a,b,c-1)+  
covD2D4(i,j,k-1,a,b,c-1)-6*covD2D4(i+1,j,k,a,b,c) -6*covD2D4(i-1,j,k,a,b,c) -
6*covD2D4(i,j+1,k,a,b,c) -6*covD2D4(i,j-1,k,a,b,c)-6*covD2D4(i,j,k+1,a,b,c) ~ 
6*covD2D4(i,j,k-1,a,b,c) -6*covD2D4(i,j,k,a+1,b,c) -6*covD2D4(i,j,k,a-1,b,c)-
6*covD2D4(i,j,k,a,b+1,c) -6*covD2D4(i,j,k,a,b-1,c) -6*covD2D4(i,j,k,a,b,c+1) -
6*covD2D4(i,j,k,a,b,c-1) )/(-36); 
                               
                               
                         % Unchange boundary conditions         
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
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(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD2D4(i,j,k,a,b,c)=cov(i,j,k,a,b,c);       
                      end 
                              end 
                            end 
                        end 
                    end 
                end 
            end 
            save ('CD2D4.mat', 'covD2D4') 
            save ('Ccov.mat', 'cov') 
            clear covD2D4 cov 
             
            load ('CD3D1.mat', 'covD3D1') 
            load ('Ccov.mat', 'cov') 
            %9) D3D1 
            for i=N-1:n-1 
                for j=2:N+1 
                    for k=2:n-1 
                        for a=2:N+1 
                            for b=2:N+1 
                                for c=2:n-1 
                              
covD3D1(i,j,k,a,b,c)=( covD3D1(i+1,j,k,a+1,b,c)+ covD3D1(i-1,j,k,a+1,b,c)+ 
covD3D1(i+1,j,k,a-1,b,c)+ covD3D1(i-1,j,k,a-1,b,c)+covD3D1(i+1,j,k,a,b+1,c)+  



 

134 
 

covD3D1(i-1,j,k,a,b+1,c)+ covD3D1(i+1,j,k,a,b-1,c)+ covD3D1(i-1,j,k,a,b-1,c) + 
covD3D1(i+1,j,k,a,b,c+1)+ covD3D1(i-1,j,k,a,b,c+1)+ covD3D1(i+1,j,k,a,b,c-1)+  
covD3D1(i-1,j,k,a,b,c-1)+covD3D1(i,j+1,k,a+1,b,c)+ covD3D1(i,j-1,k,a+1,b,c)+ 
covD3D1(i,j+1,k,a-1,b,c)+ covD3D1(i,j-1,k,a-1,b,c) +covD3D1(i,j+1,k,a,b+1,c)+  
covD3D1(i,j-1,k,a,b+1,c)+ covD3D1(i,j+1,k,a,b-1,c)+ covD3D1(i,j-1,k,a,b-1,c)+ 
covD3D1(i,j+1,k,a,b,c+1)+ covD3D1(i,j-1,k,a,b,c+1)+ covD3D1(i,j+1,k,a,b,c-1)+  
covD3D1(i,j-1,k,a,b,c-1)+covD3D1(i,j,k+1,a+1,b,c)+ covD3D1(i,j,k-1,a+1,b,c)+ 
covD3D1(i,j,k+1,a-1,b,c)+ covD3D1(i,j,k-1,a-1,b,c)+covD3D1(i,j,k+1,a,b+1,c)+  
covD3D1(i,j,k-1,a,b+1,c)+ covD3D1(i,j,k+1,a,b-1,c)+ covD3D1(i,j,k-1,a,b-1,c)+ 
covD3D1(i,j,k+1,a,b,c+1)+ covD3D1(i,j,k-1,a,b,c+1)+ covD3D1(i,j,k+1,a,b,c-1)+  
covD3D1(i,j,k-1,a,b,c-1)-6*covD3D1(i+1,j,k,a,b,c) -6*covD3D1(i-1,j,k,a,b,c) -
6*covD3D1(i,j+1,k,a,b,c) -6*covD3D1(i,j-1,k,a,b,c)-6*covD3D1(i,j,k+1,a,b,c) ~ 
6*covD3D1(i,j,k-1,a,b,c) -6*covD3D1(i,j,k,a+1,b,c) -6*covD3D1(i,j,k,a-1,b,c)-
6*covD3D1(i,j,k,a,b+1,c) -6*covD3D1(i,j,k,a,b-1,c) -6*covD3D1(i,j,k,a,b,c+1) -
6*covD3D1(i,j,k,a,b,c-1) )/(-36); 
                               
                         % Unchange boundary conditions         
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1) |(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD3D1(i,j,k,a,b,c)=cov(i,j,k,a,b,c);       
                      end 
                              end 
                            end 
                        end 
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                    end 
                end 
            end 
            save ('CD3D1.mat', 'covD3D1') 
            save ('Ccov.mat', 'cov') 
            clear covD3D1 cov 
             
            load ('CD3D2.mat', 'covD3D2') 
            load ('Ccov.mat', 'cov') 
            %10) D3D2 
            for i=N-1:n-1 
                for j=2:N+1 
                    for k=2:n-1 
                        for a=2:N+1 
                            for b=N-1:n-1 
                                for c=2:n-1 
                               
 covD3D2(i,j,k,a,b,c)=( covD3D2(i+1,j,k,a+1,b,c)+ covD3D2(i-1,j,k,a+1,b,c)+ 
covD3D2(i+1,j,k,a-1,b,c)+ covD3D2(i-1,j,k,a-1,b,c)+covD3D2(i+1,j,k,a,b+1,c)+  
covD3D2(i-1,j,k,a,b+1,c)+ covD3D2(i+1,j,k,a,b-1,c)+ covD3D2(i-1,j,k,a,b-1,c) + 
covD3D2(i+1,j,k,a,b,c+1)+ covD3D2(i-1,j,k,a,b,c+1)+ covD3D2(i+1,j,k,a,b,c-1)+  
covD3D2(i-1,j,k,a,b,c-1)+covD3D2(i,j+1,k,a+1,b,c)+ covD3D2(i,j-1,k,a+1,b,c)+ 
covD3D2(i,j+1,k,a-1,b,c)+ covD3D2(i,j-1,k,a-1,b,c) +covD3D2(i,j+1,k,a,b+1,c)+  
covD3D2(i,j-1,k,a,b+1,c)+ covD3D2(i,j+1,k,a,b-1,c)+ covD3D2(i,j-1,k,a,b-1,c)+ 
covD3D2(i,j+1,k,a,b,c+1)+ covD3D2(i,j-1,k,a,b,c+1)+ covD3D2(i,j+1,k,a,b,c-1)+  
covD3D2(i,j-1,k,a,b,c-1)+covD3D2(i,j,k+1,a+1,b,c)+ covD3D2(i,j,k-1,a+1,b,c)+ 
covD3D2(i,j,k+1,a-1,b,c)+ covD3D2(i,j,k-1,a-1,b,c)+covD3D2(i,j,k+1,a,b+1,c)+  
covD3D2(i,j,k-1,a,b+1,c)+ covD3D2(i,j,k+1,a,b-1,c)+ covD3D2(i,j,k-1,a,b-1,c)+ 
covD3D2(i,j,k+1,a,b,c+1)+ covD3D2(i,j,k-1,a,b,c+1)+ covD3D2(i,j,k+1,a,b,c-1)+  
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covD3D2(i,j,k-1,a,b,c-1)-6*covD3D2(i+1,j,k,a,b,c) -6*covD3D2(i-1,j,k,a,b,c) -
6*covD3D2(i,j+1,k,a,b,c) -6*covD3D2(i,j-1,k,a,b,c)-6*covD3D2(i,j,k+1,a,b,c) ~ 
6*covD3D2(i,j,k-1,a,b,c) -6*covD3D2(i,j,k,a+1,b,c) -6*covD3D2(i,j,k,a-1,b,c)-
6*covD3D2(i,j,k,a,b+1,c) -6*covD3D2(i,j,k,a,b-1,c) -6*covD3D2(i,j,k,a,b,c+1) -
6*covD3D2(i,j,k,a,b,c-1) )/(-36); 
                               
                         % Unchange boundary conditions         
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD3D2(i,j,k,a,b,c)=cov(i,j,k,a,b,c);      
                      end 
                              end 
                            end 
                        end 
                    end 
                end 
            end 
            save ('CD3D2.mat', 'covD3D2') 
            save ('Ccov.mat', 'cov') 
            clear covD3D2 cov 
             
            load ('CD3D3.mat', 'covD3D3') 
            load ('Ccov.mat', 'cov') 
            %11) D3D3 
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            for i=N-1:n-1 
                for j=2:N+1 
                    for k=2:n-1 
                        for a=N-1:n-1 
                            for b=2:N+1 
                                for c=2:n-1 
                               
 covD3D3(i,j,k,a,b,c)=( covD3D3(i+1,j,k,a+1,b,c)+ covD3D3(i-1,j,k,a+1,b,c)+ 
covD3D3(i+1,j,k,a-1,b,c)+ covD3D3(i-1,j,k,a-1,b,c)+covD3D3(i+1,j,k,a,b+1,c)+  
covD3D3(i-1,j,k,a,b+1,c)+ covD3D3(i+1,j,k,a,b-1,c)+ covD3D3(i-1,j,k,a,b-1,c) + 
covD3D3(i+1,j,k,a,b,c+1)+ covD3D3(i-1,j,k,a,b,c+1)+ covD3D3(i+1,j,k,a,b,c-1)+  
covD3D3(i-1,j,k,a,b,c-1)+covD3D3(i,j+1,k,a+1,b,c)+ covD3D3(i,j-1,k,a+1,b,c)+ 
covD3D3(i,j+1,k,a-1,b,c)+ covD3D3(i,j-1,k,a-1,b,c) +covD3D3(i,j+1,k,a,b+1,c)+  
covD3D3(i,j-1,k,a,b+1,c)+ covD3D3(i,j+1,k,a,b-1,c)+ covD3D3(i,j-1,k,a,b-1,c)+ 
covD3D3(i,j+1,k,a,b,c+1)+ covD3D3(i,j-1,k,a,b,c+1)+ covD3D3(i,j+1,k,a,b,c-1)+  
covD3D3(i,j-1,k,a,b,c-1)+covD3D3(i,j,k+1,a+1,b,c)+ covD3D3(i,j,k-1,a+1,b,c)+ 
covD3D3(i,j,k+1,a-1,b,c)+ covD3D3(i,j,k-1,a-1,b,c)+covD3D3(i,j,k+1,a,b+1,c)+  
covD3D3(i,j,k-1,a,b+1,c)+ covD3D3(i,j,k+1,a,b-1,c)+ covD3D3(i,j,k-1,a,b-1,c)+ 
covD3D3(i,j,k+1,a,b,c+1)+ covD3D3(i,j,k-1,a,b,c+1)+ covD3D3(i,j,k+1,a,b,c-1)+  
covD3D3(i,j,k-1,a,b,c-1)-6*covD3D3(i+1,j,k,a,b,c) -6*covD3D3(i-1,j,k,a,b,c) -
6*covD3D3(i,j+1,k,a,b,c) -6*covD3D3(i,j-1,k,a,b,c)-6*covD3D3(i,j,k+1,a,b,c) ~ 
6*covD3D3(i,j,k-1,a,b,c) -6*covD3D3(i,j,k,a+1,b,c) -6*covD3D3(i,j,k,a-1,b,c)-
6*covD3D3(i,j,k,a,b+1,c) -6*covD3D3(i,j,k,a,b-1,c) -6*covD3D3(i,j,k,a,b,c+1) -
6*covD3D3(i,j,k,a,b,c-1) )/(-36); 
                              
                         % Unchange boundary conditions         
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
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(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD3D3(i,j,k,a,b,c)=cov(i,j,k,a,b,c);      
                      end 
                              end 
                            end 
                        end 
                    end 
                end 
            end 
            save ('CD3D3.mat', 'covD3D3') 
            save ('Ccov.mat', 'cov') 
            clear covD3D3 cov 
             
            load ('CD3D4.mat', 'covD3D4') 
            load ('Ccov.mat', 'cov') 
            %12) D3D4 
            for i=N-1:n-1 
                for j=2:N+1 
                    for k=2:n-1 
                        for a=N-1:n-1 
                            for b=N-1:n-1 
                                for c=2:n-1 
                              
covD3D4(i,j,k,a,b,c)=( covD3D4(i+1,j,k,a+1,b,c)+ covD3D4(i-1,j,k,a+1,b,c)+ 
covD3D4(i+1,j,k,a-1,b,c)+ covD3D4(i-1,j,k,a-1,b,c)+covD3D4(i+1,j,k,a,b+1,c)+  
covD3D4(i-1,j,k,a,b+1,c)+ covD3D4(i+1,j,k,a,b-1,c)+ covD3D4(i-1,j,k,a,b-1,c) + 
covD3D4(i+1,j,k,a,b,c+1)+ covD3D4(i-1,j,k,a,b,c+1)+ covD3D4(i+1,j,k,a,b,c-1)+  
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covD3D4(i-1,j,k,a,b,c-1)+covD3D4(i,j+1,k,a+1,b,c)+ covD3D4(i,j-1,k,a+1,b,c)+ 
covD3D4(i,j+1,k,a-1,b,c)+ covD3D4(i,j-1,k,a-1,b,c) +covD3D4(i,j+1,k,a,b+1,c)+  
covD3D4(i,j-1,k,a,b+1,c)+ covD3D4(i,j+1,k,a,b-1,c)+ covD3D4(i,j-1,k,a,b-1,c)+ 
covD3D4(i,j+1,k,a,b,c+1)+ covD3D4(i,j-1,k,a,b,c+1)+ covD3D4(i,j+1,k,a,b,c-1)+  
covD3D4(i,j-1,k,a,b,c-1)+covD3D4(i,j,k+1,a+1,b,c)+ covD3D4(i,j,k-1,a+1,b,c)+ 
covD3D4(i,j,k+1,a-1,b,c)+ covD3D4(i,j,k-1,a-1,b,c)+covD3D4(i,j,k+1,a,b+1,c)+  
covD3D4(i,j,k-1,a,b+1,c)+ covD3D4(i,j,k+1,a,b-1,c)+ covD3D4(i,j,k-1,a,b-1,c)+ 
covD3D4(i,j,k+1,a,b,c+1)+ covD3D4(i,j,k-1,a,b,c+1)+ covD3D4(i,j,k+1,a,b,c-1)+  
covD3D4(i,j,k-1,a,b,c-1)-6*covD3D4(i+1,j,k,a,b,c) -6*covD3D4(i-1,j,k,a,b,c) -
6*covD3D4(i,j+1,k,a,b,c) -6*covD3D4(i,j-1,k,a,b,c)-6*covD3D4(i,j,k+1,a,b,c) ~ 
6*covD3D4(i,j,k-1,a,b,c) -6*covD3D4(i,j,k,a+1,b,c) -6*covD3D4(i,j,k,a-1,b,c)-
6*covD3D4(i,j,k,a,b+1,c) -6*covD3D4(i,j,k,a,b-1,c) -6*covD3D4(i,j,k,a,b,c+1) -
6*covD3D4(i,j,k,a,b,c-1) )/(-36); 
                               
                         % Unchange boundary conditions         
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD3D4(i,j,k,a,b,c)=cov(i,j,k,a,b,c);      
                       end 
                              end 
                            end 
                        end 
                    end 
                end 
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            end 
            save ('CD3D4.mat', 'covD3D4') 
            save ('Ccov.mat', 'cov') 
            clear covD3D4 cov 
             
            load ('CD4D1.mat', 'covD4D1') 
            load ('Ccov.mat', 'cov') 
            %13) D4D1 
            for i=N-1:n-1 
                for j=N-1:n-1 
                    for k=2:n-1 
                        for a=2:N+1 
                            for b=2:N+1 
                                for c=2:n-1 
                               
covD4D1(i,j,k,a,b,c)=( covD4D1(i+1,j,k,a+1,b,c)+ covD4D1(i-1,j,k,a+1,b,c)+ 
covD4D1(i+1,j,k,a-1,b,c)+ covD4D1(i-1,j,k,a-1,b,c)+covD4D1(i+1,j,k,a,b+1,c)+  
covD4D1(i-1,j,k,a,b+1,c)+ covD4D1(i+1,j,k,a,b-1,c)+ covD4D1(i-1,j,k,a,b-1,c) + 
covD4D1(i+1,j,k,a,b,c+1)+ covD4D1(i-1,j,k,a,b,c+1)+ covD4D1(i+1,j,k,a,b,c-1)+  
covD4D1(i-1,j,k,a,b,c-1)+covD4D1(i,j+1,k,a+1,b,c)+ covD4D1(i,j-1,k,a+1,b,c)+ 
covD4D1(i,j+1,k,a-1,b,c)+ covD4D1(i,j-1,k,a-1,b,c) +covD4D1(i,j+1,k,a,b+1,c)+  
covD4D1(i,j-1,k,a,b+1,c)+ covD4D1(i,j+1,k,a,b-1,c)+ covD4D1(i,j-1,k,a,b-1,c)+ 
covD4D1(i,j+1,k,a,b,c+1)+ covD4D1(i,j-1,k,a,b,c+1)+ covD4D1(i,j+1,k,a,b,c-1)+  
covD4D1(i,j-1,k,a,b,c-1)+covD4D1(i,j,k+1,a+1,b,c)+ covD4D1(i,j,k-1,a+1,b,c)+ 
covD4D1(i,j,k+1,a-1,b,c)+ covD4D1(i,j,k-1,a-1,b,c)+covD4D1(i,j,k+1,a,b+1,c)+  
covD4D1(i,j,k-1,a,b+1,c)+ covD4D1(i,j,k+1,a,b-1,c)+ covD4D1(i,j,k-1,a,b-1,c)+ 
covD4D1(i,j,k+1,a,b,c+1)+ covD4D1(i,j,k-1,a,b,c+1)+ covD4D1(i,j,k+1,a,b,c-1)+  
covD4D1(i,j,k-1,a,b,c-1)-6*covD4D1(i+1,j,k,a,b,c) -6*covD4D1(i-1,j,k,a,b,c) -
6*covD4D1(i,j+1,k,a,b,c) -6*covD4D1(i,j-1,k,a,b,c)-6*covD4D1(i,j,k+1,a,b,c) ~ 
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6*covD4D1(i,j,k-1,a,b,c) -6*covD4D1(i,j,k,a+1,b,c) -6*covD4D1(i,j,k,a-1,b,c)-
6*covD4D1(i,j,k,a,b+1,c) -6*covD4D1(i,j,k,a,b-1,c) -6*covD4D1(i,j,k,a,b,c+1) -
6*covD4D1(i,j,k,a,b,c-1) )/(-36); 
                               
                         % Unchange boundary conditions         
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD4D1(i,j,k,a,b,c)=cov(i,j,k,a,b,c);      
                       end 
                              end 
                            end 
                        end 
                    end 
                end 
            end 
            save ('CD4D1.mat', 'covD4D1') 
            save ('Ccov.mat', 'cov') 
            clear covD4D1 cov 
             
            load ('CD4D2.mat', 'covD4D2') 
            load ('Ccov.mat', 'cov') 
            %14) D4D2 
            for i=N-1:n-1 
                for j=N-1:n-1 
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                    for k=2:n-1 
                        for a=2:N+1 
                            for b=N-1:n-1 
                                for c=2:n-1 
                               
 covD4D2(i,j,k,a,b,c)=( covD4D2(i+1,j,k,a+1,b,c)+ covD4D2(i-1,j,k,a+1,b,c)+ 
covD4D2(i+1,j,k,a-1,b,c)+ covD4D2(i-1,j,k,a-1,b,c)+covD4D2(i+1,j,k,a,b+1,c)+  
covD4D2(i-1,j,k,a,b+1,c)+ covD4D2(i+1,j,k,a,b-1,c)+ covD4D2(i-1,j,k,a,b-1,c) + 
covD4D2(i+1,j,k,a,b,c+1)+ covD4D2(i-1,j,k,a,b,c+1)+ covD4D2(i+1,j,k,a,b,c-1)+  
covD4D2(i-1,j,k,a,b,c-1)+covD4D2(i,j+1,k,a+1,b,c)+ covD4D2(i,j-1,k,a+1,b,c)+ 
covD4D2(i,j+1,k,a-1,b,c)+ covD4D2(i,j-1,k,a-1,b,c) +covD4D2(i,j+1,k,a,b+1,c)+  
covD4D2(i,j-1,k,a,b+1,c)+ covD4D2(i,j+1,k,a,b-1,c)+ covD4D2(i,j-1,k,a,b-1,c)+ 
covD4D2(i,j+1,k,a,b,c+1)+ covD4D2(i,j-1,k,a,b,c+1)+ covD4D2(i,j+1,k,a,b,c-1)+  
covD4D2(i,j-1,k,a,b,c-1)+covD4D2(i,j,k+1,a+1,b,c)+ covD4D2(i,j,k-1,a+1,b,c)+ 
covD4D2(i,j,k+1,a-1,b,c)+ covD4D2(i,j,k-1,a-1,b,c)+covD4D2(i,j,k+1,a,b+1,c)+  
covD4D2(i,j,k-1,a,b+1,c)+ covD4D2(i,j,k+1,a,b-1,c)+ covD4D2(i,j,k-1,a,b-1,c)+ 
covD4D2(i,j,k+1,a,b,c+1)+ covD4D2(i,j,k-1,a,b,c+1)+ covD4D2(i,j,k+1,a,b,c-1)+  
covD4D2(i,j,k-1,a,b,c-1)-6*covD4D2(i+1,j,k,a,b,c) -6*covD4D2(i-1,j,k,a,b,c) -
6*covD4D2(i,j+1,k,a,b,c) -6*covD4D2(i,j-1,k,a,b,c)-6*covD4D2(i,j,k+1,a,b,c) ~ 
6*covD4D2(i,j,k-1,a,b,c) -6*covD4D2(i,j,k,a+1,b,c) -6*covD4D2(i,j,k,a-1,b,c)-
6*covD4D2(i,j,k,a,b+1,c) -6*covD4D2(i,j,k,a,b-1,c) -6*covD4D2(i,j,k,a,b,c+1) -
6*covD4D2(i,j,k,a,b,c-1) )/(-36); 
                               
                        % Unchange boundary conditions         
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 



 

143 
 

(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD4D2(i,j,k,a,b,c)=cov(i,j,k,a,b,c);       
                      end 
                              end 
                            end 
                        end 
                    end 
                end 
            end 
            save ('CD4D2.mat', 'covD4D2') 
            save ('Ccov.mat', 'cov') 
            clear covD4D2 cov 
             
            load ('CD4D3.mat', 'covD4D3') 
            load ('Ccov.mat', 'cov') 
            %15) D4D3 
            for i=N-1:n-1 
                for j=N-1:n-1 
                    for k=2:n-1 
                        for a=N-1:n-1 
                            for b=2:N+1 
                                for c=2:n-1 
                               
covD4D3(i,j,k,a,b,c)=( covD4D3(i+1,j,k,a+1,b,c)+ covD4D3(i-1,j,k,a+1,b,c)+ 
covD4D3(i+1,j,k,a-1,b,c)+ covD4D3(i-1,j,k,a-1,b,c)+covD4D3(i+1,j,k,a,b+1,c)+  
covD4D3(i-1,j,k,a,b+1,c)+ covD4D3(i+1,j,k,a,b-1,c)+ covD4D3(i-1,j,k,a,b-1,c) + 
covD4D3(i+1,j,k,a,b,c+1)+ covD4D3(i-1,j,k,a,b,c+1)+ covD4D3(i+1,j,k,a,b,c-1)+  
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covD4D3(i-1,j,k,a,b,c-1)+covD4D3(i,j+1,k,a+1,b,c)+ covD4D3(i,j-1,k,a+1,b,c)+ 
covD4D3(i,j+1,k,a-1,b,c)+ covD4D3(i,j-1,k,a-1,b,c) +covD4D3(i,j+1,k,a,b+1,c)+  
covD4D3(i,j-1,k,a,b+1,c)+ covD4D3(i,j+1,k,a,b-1,c)+ covD4D3(i,j-1,k,a,b-1,c)+ 
covD4D3(i,j+1,k,a,b,c+1)+ covD4D3(i,j-1,k,a,b,c+1)+ covD4D3(i,j+1,k,a,b,c-1)+  
covD4D3(i,j-1,k,a,b,c-1)+covD4D3(i,j,k+1,a+1,b,c)+ covD4D3(i,j,k-1,a+1,b,c)+ 
covD4D3(i,j,k+1,a-1,b,c)+ covD4D3(i,j,k-1,a-1,b,c)+covD4D3(i,j,k+1,a,b+1,c)+  
covD4D3(i,j,k-1,a,b+1,c)+ covD4D3(i,j,k+1,a,b-1,c)+ covD4D3(i,j,k-1,a,b-1,c)+ 
covD4D3(i,j,k+1,a,b,c+1)+ covD4D3(i,j,k-1,a,b,c+1)+ covD4D3(i,j,k+1,a,b,c-1)+  
covD4D3(i,j,k-1,a,b,c-1)-6*covD4D3(i+1,j,k,a,b,c) -6*covD4D3(i-1,j,k,a,b,c) -
6*covD4D3(i,j+1,k,a,b,c) -6*covD4D3(i,j-1,k,a,b,c)-6*covD4D3(i,j,k+1,a,b,c) ~ 
6*covD4D3(i,j,k-1,a,b,c) -6*covD4D3(i,j,k,a+1,b,c) -6*covD4D3(i,j,k,a-1,b,c)-
6*covD4D3(i,j,k,a,b+1,c) -6*covD4D3(i,j,k,a,b-1,c) -6*covD4D3(i,j,k,a,b,c+1) -
6*covD4D3(i,j,k,a,b,c-1) )/(-36); 
                               
                        % Unchange boundary conditions         
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==2)|(i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD4D3(i,j,k,a,b,c)=cov(i,j,k,a,b,c);       
                      end 
                              end 
                            end 
                        end 
                    end 
                end 
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            end 
            save ('CD4D3.mat', 'covD4D3') 
            save ('Ccov.mat', 'cov') 
            clear covD4D3 cov 
             
            load ('CD4D4.mat', 'covD4D4') 
            load ('Ccov.mat', 'cov')               
            %16) D4D4 
            for i=N-1:n-1 
                for j=N-1:n-1 
                    for k=2:n-1 
                        for a=N-1:n-1 
                            for b=N-1:n-1 
                                for c=2:n-1 
                               
covD4D4(i,j,k,a,b,c)=( covD4D4(i+1,j,k,a+1,b,c)+ covD4D4(i-1,j,k,a+1,b,c)+ 
covD4D4(i+1,j,k,a-1,b,c)+ covD4D4(i-1,j,k,a-1,b,c)+covD4D4(i+1,j,k,a,b+1,c)+  
covD4D4(i-1,j,k,a,b+1,c)+ covD4D4(i+1,j,k,a,b-1,c)+ covD4D4(i-1,j,k,a,b-1,c) + 
covD4D4(i+1,j,k,a,b,c+1)+ covD4D4(i-1,j,k,a,b,c+1)+ covD4D4(i+1,j,k,a,b,c-1)+  
covD4D4(i-1,j,k,a,b,c-1)+covD4D4(i,j+1,k,a+1,b,c)+ covD4D4(i,j-1,k,a+1,b,c)+ 
covD4D4(i,j+1,k,a-1,b,c)+ covD4D4(i,j-1,k,a-1,b,c) +covD4D4(i,j+1,k,a,b+1,c)+  
covD4D4(i,j-1,k,a,b+1,c)+ covD4D4(i,j+1,k,a,b-1,c)+ covD4D4(i,j-1,k,a,b-1,c)+ 
covD4D4(i,j+1,k,a,b,c+1)+ covD4D4(i,j-1,k,a,b,c+1)+ covD4D4(i,j+1,k,a,b,c-1)+ 
 covD4D4(i,j-1,k,a,b,c-1)+covD4D4(i,j,k+1,a+1,b,c)+ covD4D4(i,j,k-1,a+1,b,c)+ 
covD4D4(i,j,k+1,a-1,b,c)+ covD4D4(i,j,k-1,a-1,b,c)+covD4D4(i,j,k+1,a,b+1,c)+ 
 covD4D4(i,j,k-1,a,b+1,c)+ covD4D4(i,j,k+1,a,b-1,c)+ covD4D4(i,j,k-1,a,b-1,c)+ 
covD4D4(i,j,k+1,a,b,c+1)+ covD4D4(i,j,k-1,a,b,c+1)+ covD4D4(i,j,k+1,a,b,c-1)+  
covD4D4(i,j,k-1,a,b,c-1)-6*covD4D4(i+1,j,k,a,b,c) -6*covD4D4(i-1,j,k,a,b,c) -
6*covD4D4(i,j+1,k,a,b,c) -6*covD4D4(i,j-1,k,a,b,c)-6*covD4D4(i,j,k+1,a,b,c) -6*covD4D4(i,j,k-
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1,a,b,c) -6*covD4D4(i,j,k,a+1,b,c) -6*covD4D4(i,j,k,a-1,b,c)-6*covD4D4(i,j,k,a,b+1,c) -
6*covD4D4(i,j,k,a,b-1,c) -6*covD4D4(i,j,k,a,b,c+1) -6*covD4D4(i,j,k,a,b,c-1) )/(-36); 
                               
                        % Unchange boundary conditions         
                      if (j==2&b==2)|(j==2&b==n-1)|(j==n-1&b==2) |(j==2&a==n-1)|(i==n-1&b==2)|  

(j==2&a==2)|(i==2&b==2)|(j==2&c==n-1)|(k==n-1&b==2)|(j==2&c==2)| 
(k==2&b==2)|(j==n-1&b==n-1)|(j==n-1&a==n-1)|(i==n-1&b==n-1)| 
(j==n-1&a==2)| (i==2&b==n-1)|(j==n-1&c==n-1)|(k==n-1&b==n-1)| 
(j==n-1&c==2)|(k==2&b==n-1)|(i==n-1&a==n-1)|(i==n-1&a==2)| 
(i==2&a==n-1)|(i==n-1&c==n-1)|(k==n-1&a==n-1)|(i==n-1&c==2)| 
(k==2&a==n-1)|(i==2&a==2)|(i==2&c==n-1)|(k==n-1&a==2)|(i==2&c==2)| 
(k==2&a==2)|(k==n-1&c==n-1)|(k==n-1&c==2)|(k==2&c==n-1)|(k==2&c==2) 

                        covD4D4(i,j,k,a,b,c)=cov(i,j,k,a,b,c);       
                       end        
                                end 
                            end 
                        end 
                    end 
                end 
            end 
            save ('CD4D4.mat', 'covD4D4') 
            save ('Ccov.mat', 'cov') 
            clear covD4D4 cov 
             
             
%       Composing each sub-domain into whole domain to check convergent condition 
 load('CD1D1.mat', 'covD1D1')     % Loading variables covD1D1 from file CD1D1.mat  
load('CD1D2.mat', 'covD1D2')     % Loading variables covD1D2 from file CD1D2.mat 
load('CD1D3.mat', 'covD1D3')     % Loading variables covD1D3 from file CD1D3.mat 
load('CD1D4.mat', 'covD1D4')     % Loading variables covD1D4 from file CD1D4.mat 
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load('CD2D1.mat', 'covD2D1')     % Loading variables covD2D1 from file CD2D1.mat 
load('CD2D2.mat', 'covD2D2')     % Loading variables covD2D2 from file CD2D2.mat 
load('CD2D3.mat', 'covD2D3')     % Loading variables covD2D3 from file CD2D3.mat 
load('CD2D4.mat', 'covD2D4')     % Loading variables covD2D4 from file CD2D4.mat  
load('CD3D1.mat', 'covD3D1')     % Loading variables covD3D1 from file CD3D1.mat 
load('CD3D2.mat', 'covD3D2')     % Loading variables covD3D2 from file CD3D2.mat 
load('CD3D3.mat', 'covD3D3')     % Loading variables covD3D3 from file CD3D3.mat 
load('CD3D4.mat', 'covD3D4')     % Loading variables covD3D4 from file CD3D4.mat  
load('CD4D1.mat', 'covD4D1')     % Loading variables covD4D1 from file CD4D1.mat 
load('CD4D2.mat', 'covD4D2')     % Loading variables covD4D2 from file CD4D2.mat 
load('CD4D3.mat', 'covD4D3')     % Loading variables covD4D3 from file CD4D3.mat 
load('CD4D4.mat', 'covD4D4')     % Loading variables covD4D4 from file CD4D4.mat  
load ('Ccov.mat', 'cov') 
  
err=0; 
  for i=2:n-1 
      for j=2:n-1 
          for k=2:n-1 
              for a=2:n-1 
                  for b=2:n-1 
                      for c=2:n-1 
                       
                            if      (i>=1&i<=N)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=1&b<=N) 
                        cov_new(i,j,k,a,b,c)=covD1D1(i,j,k,a,b,c); 
                            elseif  (i>=1&i<=N)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=N&b<=n) 
                        cov_new(i,j,k,a,b,c)=covD1D2(i,j,k,a,b,c); 
                            elseif  (i>=1&i<=N)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=1&b<=N) 
                        cov_new(i,j,k,a,b,c)=covD1D3(i,j,k,a,b,c); 
                            elseif  (i>=1&i<=N)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=N&b<=n) 
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                        cov_new(i,j,k,a,b,c)=covD1D4(i,j,k,a,b,c);                     
                            elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=1&b<=N)                         
                        cov_new(i,j,k,a,b,c)=covD2D1(i,j,k,a,b,c);  
                            elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=N&b<=n) 
                        cov_new(i,j,k,a,b,c)=covD2D2(i,j,k,a,b,c);  
                            elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=1&b<=N) 
                        cov_new(i,j,k,a,b,c)=covD2D3(i,j,k,a,b,c); 
                            elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=N&b<=n) 
                        cov_new(i,j,k,a,b,c)=covD2D4(i,j,k,a,b,c);                         
                            elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=1&b<=N) 
                        cov_new(i,j,k,a,b,c)=covD3D1(i,j,k,a,b,c);   
                            elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=N&b<=n) 
                        cov_new(i,j,k,a,b,c)=covD3D2(i,j,k,a,b,c); 
                            elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=1&b<=N) 
                        cov_new(i,j,k,a,b,c)=covD3D3(i,j,k,a,b,c); 
                            elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=N&b<=n) 
                        cov_new(i,j,k,a,b,c)=covD3D4(i,j,k,a,b,c);                     
                            elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=1&b<=N) 
                        cov_new(i,j,k,a,b,c)=covD4D1(i,j,k,a,b,c);  
                            elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=N&b<=n) 
                        cov_new(i,j,k,a,b,c)=covD4D2(i,j,k,a,b,c); 
                            elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=1&b<=N) 
                        cov_new(i,j,k,a,b,c)=covD4D3(i,j,k,a,b,c); 
                            elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=N&b<=n) 
                        cov_new(i,j,k,a,b,c)=covD4D4(i,j,k,a,b,c);  
                              end 
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                      % Ussing Successive over-relaxation method   
                      err=( (abs(cov_new(i,j,k,a,b,c)-cov(i,j,k,a,b,c))*100)/cov_new(i,j,k,a,b,c) )+err; 
                      cov(i,j,k,a,b,c)=WF*cov_new(i,j,k,a,b,c)+(1-WF)*cov(i,j,k,a,b,c); 
                      end 
                  end 
              end 
          end 
      end 
end 
iteration=iteration+1; 
 
   % To Update covariance of each sub-domain  
for i=2:n-1 
    for j=2:n-1 
        for k=2:n-1 
            for a=2:n-1 
                for b=2:n-1 
                    for c=2:n-1                     
                     
                         if      (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=1&b<=N+2) 
                    covD1D1(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                    covD1D2(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                    covD1D3(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                    covD1D4(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
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                        end                          
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=1&b<=N+2)                        
                    covD2D1(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                    covD2D2(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                    covD2D3(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=1&i<=N+2)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                    covD2D4(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end                         
                        if  (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=1&b<=N+2)  
                    covD3D1(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                    covD3D2(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                    covD3D3(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=1&j<=N+2)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                    covD3D4(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end                         
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=1&b<=N+2) 
                    covD4D1(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
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                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=1&a<=N+2)&(b>=N-2&b<=n) 
                    covD4D2(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=1&b<=N+2) 
                    covD4D3(i,j,k,a,b,c)=cov(i,j,k,a,b,c); 
                        end 
                        if  (i>=N-2&i<=n)&(j>=N-2&j<=n)&(a>=N-2&a<=n)&(b>=N-2&b<=n) 
                    covD4D4(i,j,k,a,b,c)=cov(i,j,k,a,b,c);  
                        end 
                    end 
                end 
            end 
        end 
    end 
end 
 
save('CD1D1.mat', 'covD1D1')     % Saving variables covD1D1 into file CD1D1.mat  
save('CD1D2.mat', 'covD1D2')     % Saving variables covD1D2 into file CD1D2.mat 
save('CD1D3.mat', 'covD1D3')     % Saving variables covD1D3 into file CD1D3.mat 
save('CD1D4.mat', 'covD1D4')     % Saving variables covD1D4 into file CD1D4.mat  
save('CD2D1.mat', 'covD2D1')     % Saving variables covD2D1 into file CD2D1.mat 
save('CD2D2.mat', 'covD2D2')     % Saving variables covD2D2 into file CD2D2.mat 
save('CD2D3.mat', 'covD2D3')     % Saving variables covD2D3 into file CD2D3.mat 
save('CD2D4.mat', 'covD2D4')     % Saving variables covD2D4 into file CD2D4.mat  
save('CD3D1.mat', 'covD3D1')     % Saving variables covD3D1 into file CD3D1.mat 
save('CD3D2.mat', 'covD3D2')     % Saving variables covD3D2 into file CD3D2.mat 
save('CD3D3.mat', 'covD3D3')     % Saving variables covD3D3 into file CD3D3.mat 
save('CD3D4.mat', 'covD3D4')     % Saving variables covD3D4 into file CD3D4.mat  
save('CD4D1.mat', 'covD4D1')     % Saving variables covD4D1 into file CD4D1.mat 
save('CD4D2.mat', 'covD4D2')     % Saving variables covD4D2 into file CD4D2.mat 
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save('CD4D3.mat', 'covD4D3')     % Saving variables covD4D3 into file CD4D3.mat 
save('CD4D4.mat', 'covD4D4')     % Saving variables covD4D4 into file CD4D4.mat  
save('Ccov.mat', 'cov')          % Saving variables cov into file Ccov.mat 
clear covD1D2 covD1D3 covD1D4 covD2D1 covD2D2 covD2D3 covD2D4 covD3D1 covD3D2 
covD3D3 covD3D4 covD4D1 covD4D2 covD4D3 covD4D4 cov   
end 
  
% To compose each sub-domain into whole domain 
load('CD1D1.mat', 'covD1D1')     % Loading variables covD1D1 from file CD1D1.mat  
load('CD1D2.mat', 'covD1D2')     % Loading variables covD1D2 from file CD1D2.mat 
load('CD1D3.mat', 'covD1D3')     % Loading variables covD1D3 from file CD1D3.mat 
load('CD1D4.mat', 'covD1D4')     % Loading variables covD1D4 from file CD1D4.mat  
load('CD2D1.mat', 'covD2D1')     % Loading variables covD2D1 from file CD2D1.mat 
load('CD2D2.mat', 'covD2D2')     % Loading variables covD2D2 from file CD2D2.mat 
load('CD2D3.mat', 'covD2D3')     % Loading variables covD2D3 from file CD2D3.mat 
load('CD2D4.mat', 'covD2D4')     % Loading variables covD2D4 from file CD2D4.mat  
load('CD3D1.mat', 'covD3D1')     % Loading variables covD3D1 from file CD3D1.mat 
load('CD3D2.mat', 'covD3D2')     % Loading variables covD3D2 from file CD3D2.mat 
load('CD3D3.mat', 'covD3D3')     % Loading variables covD3D3 from file CD3D3.mat 
load('CD3D4.mat', 'covD3D4')     % Loading variables covD3D4 from file CD3D4.mat  
load('CD4D1.mat', 'covD4D1')     % Loading variables covD4D1 from file CD4D1.mat 
load('CD4D2.mat', 'covD4D2')     % Loading variables covD4D2 from file CD4D2.mat 
load('CD4D3.mat', 'covD4D3')     % Loading variables covD4D3 from file CD4D3.mat 
load('CD4D4.mat', 'covD4D4')     % Loading variables covD4D4 from file CD4D4.mat 
  
  for i=1:n 
      for j=1:n 
          for k=1:n 
              for a=1:n 
                  for b=1:n 
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                      for c=1:n 
                       
                          if      (i>=1&i<=N)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=1&b<=N) 
                      cov(i,j,k,a,b,c)=covD1D1(i,j,k,a,b,c); 
                          elseif  (i>=1&i<=N)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=N&b<=n) 
                      cov(i,j,k,a,b,c)=covD1D2(i,j,k,a,b,c); 
                          elseif  (i>=1&i<=N)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=1&b<=N) 
                      cov(i,j,k,a,b,c)=covD1D3(i,j,k,a,b,c); 
                          elseif  (i>=1&i<=N)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=N&b<=n) 
                      cov(i,j,k,a,b,c)=covD1D4(i,j,k,a,b,c);   
                   
                          elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=1&b<=N)                         
                      cov(i,j,k,a,b,c)=covD2D1(i,j,k,a,b,c);  
                          elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=N&b<=n) 
                      cov(i,j,k,a,b,c)=covD2D2(i,j,k,a,b,c);  
                          elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=1&b<=N) 
                      cov(i,j,k,a,b,c)=covD2D3(i,j,k,a,b,c); 
                          elseif  (i>=1&i<=N)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=N&b<=n) 
                      cov(i,j,k,a,b,c)=covD2D4(i,j,k,a,b,c); 
                         
                          elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=1&b<=N) 
                      cov(i,j,k,a,b,c)=covD3D1(i,j,k,a,b,c);   
                          elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=1&a<=N)&(b>=N&b<=n) 
                      cov(i,j,k,a,b,c)=covD3D2(i,j,k,a,b,c); 
                          elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=1&b<=N) 
                      cov(i,j,k,a,b,c)=covD3D3(i,j,k,a,b,c); 
                          elseif  (i>=N&i<=n)&(j>=1&j<=N)&(a>=N&a<=n)&(b>=N&b<=n) 
                      cov(i,j,k,a,b,c)=covD3D4(i,j,k,a,b,c); 
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                          elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=1&b<=N) 
                      cov(i,j,k,a,b,c)=covD4D1(i,j,k,a,b,c);  
                          elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=1&a<=N)&(b>=N&b<=n) 
                      cov(i,j,k,a,b,c)=covD4D2(i,j,k,a,b,c); 
                          elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=1&b<=N) 
                      cov(i,j,k,a,b,c)=covD4D3(i,j,k,a,b,c); 
                          elseif  (i>=N&i<=n)&(j>=N&j<=n)&(a>=N&a<=n)&(b>=N&b<=n) 
                      cov(i,j,k,a,b,c)=covD4D4(i,j,k,a,b,c);  
                          end 
                      end 
                  end 
              end 
          end 
      end 
  end 
   
clear covD1D2 covD1D3 covD1D4 covD2D1 covD2D2 covD2D3 covD2D4 covD3D1 covD3D2 
covD3D3 covD3D4 covD4D1 covD4D2 covD4D3 covD4D4    
stop=datestr(now);  % Marking ending time of calculation 
t1=toc; 
tot=sec2hms(t1); 
% ---------------------FINDNIG AN ERROR OF THE MODEL ----------------------------- 
%     EXACT SOLUTION 
        for i=1:n 
                for j=1:n 
                    for k=1:n 
                        for a=1:n 
                            for b=1:n 
                                for c=1:n 
                        x1=(j-2)*delta; y1=(i-2)*delta; z1=(k-2)*delta; 
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                        x2=(b-2)*delta; y2=(a-2)*delta; z2=(c-2)*delta; 
                        cov_exact(i,j,k,a,b,c) =exactV(x1,y1,z1,x2,y2,z2,c1,c2,c3,c4,c5,c6,c7,c8,c9,  

     c10,c11,c12,k1,k2,k3,k4,k5,k6,k7); 
                                end 
                            end 
                        end 
                    end 
                end 
        end 
 
        %    To generate symmetry covariance of an exact solution 
        for i=1:n 
            for j=1:n 
                for k=1:n 
                    for a=1:n 
                        for b=1:n 
                            for c=1:n                        
                              cov_exact(i,j,k,a,b,c)=( cov_exact(i,j,k,a,b,c)+ cov_exact(a,b,c,i,j,k) )/2.0; 
                              cov_exact(a,b,c,i,j,k)=cov_exact(i,j,k,a,b,c); 
                            end 
                        end 
                    end 
                end 
            end 
        end                     
  
app=cov(3:n-2,3:n-2,3:n-2,3:n-2,3:n-2,3:n-2); 
exact=cov_exact(3:n-2,3:n-2,3:n-2,3:n-2,3:n-2,3:n-2); 
abs_error=(abs(app-exact)*100)./exact; 
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error=reshape(abs_error,1,(n-4)^6); 
min_error=min(error); 
max_error=max(error); 
average_error=mean(error); 
 
% ------------------To save an output into file cov_dom_app3D.txt ----------------------------------- 
fid=fopen('cov_dom_app3D.txt','a'); 
fprintf(fid,'---------------------------------------------------------------------\n'); 
fprintf(fid,'n= %-5.2f\n',n); 
fprintf(fid,'Stopping Tolerance= %2.10f\n',stt); 
fprintf(fid,'Iteration= %-5.2f\n',iteration); 
fprintf(fid,'\n'); 
 % Showing solution 
for i=[3,n-2] 
    for j=[3,n-2] 
        for k=[3,n-2] 
            for a=[3,n-2] 
                for b=[3,n-2] 
                    for c=[3,n-2] 
                        x1=(j-2)*delta; y1=(i-2)*delta; z1=(k-2)*delta; 
                        x2=(b-2)*delta; y2=(a-2)*delta; z2=(c-2)*delta; 
                fprintf(fid,'cov[t1(%-2.8f, %-2.8f, %-2.8f), t2(%-2.8f, %-2.8f, %-2.8f)]= %- 

3.5f\n',x1,y1,z1,x2,y2,z2,cov(i,j,k,a,b,c));  
                    end 
                end 
            end 
        end 
    end 
end 
fprintf(fid,'-----------------------------\n');                     
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fprintf(fid,'\n');          
fprintf(fid,'Starting time:\n'); 
                    fprintf(fid,'%s\n',start); 
fprintf(fid,'Ending time:\n'); 
                    fprintf(fid,'%s\n',stop); 
fprintf(fid,'-----------------------------\n');                     
fprintf(fid,'\n'); 
fprintf(fid,'Min Error:   %-3.6f  percent\n',min_error); 
fprintf(fid,'Max Error:   %-3.6f  percent\n',max_error); 
fprintf(fid,'Avg Error:   %-3.6f  percent\n',average_error); 
fprintf(fid,'Total time:  %f ',tot); 
% ------------------------------------------------------------------------- 
fprintf(fid,'\n---------------------------------------------------------------------'); 
fclose(fid) 
% To delete file that save variable D1D1-D4D4 from disk 
delete CD1D1.mat CD1D2.mat CD1D3.mat CD1D4.mat CD2D1.mat CD2D2.mat CD2D3.mat 
CD2D4.mat CD3D1.mat CD3D2.mat CD3D3.mat CD3D4.mat CD4D1.mat CD4D2.mat 
CD4D3.mat CD4D4.mat Ccov.mat 
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