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Abstract

      This paper is concerned with the prediction ofnonstationaryspatial

stochastic process by the multivariate approach which is known as

universal cokriging.
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This approach is a generalization of kriging because universal cokriging

depends on the underlying variable as well as other variables named as

the secondary variables. These variables have a considerable effect on

the process of prediction.

      In this work we obtained the final formulas of the prediction
equations system through the derivation of universal cokriging
equations in the form of matrices. The obtained universal cokriging
equations  are  quiet  similar  to  the  known  equations  system,  and
summarise clearly the spatial weights and prediction error variance.
The obtained equations system is applied to a real data which represent
two variables which areelevation of water(primary variable) and depth
of well(secondary variable)in Wana district in Ninavah governorate in
north of Iraq.The results obtained are very encouraging, very near to the
real values, and with minimum cokriging variance. We compute eight
spatial predictions together with error variance of prediction. All
algorithms are programmed by Matlab_7.12 package.
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)kriging ()

(CokrigingPrimary Variable

Secondary Variables

.Chiles and

Delfiner (1999).

Universal Cokriging

.
{Z (x): x R 	, p = 1,2,3			 = 1,2, … … , }

D.

Z (x) = Z (x )Z (x )Z (x )	… … …		Z x 	 = 1,2, … … ,

Z (x)Primary VariableZ (x)= 2,3, … … ,

Secondary Variables.

	Zr:
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Z = (	Z (x )Z (x ) … Z (x )			Z (x )Z (x ) … Z (x )		…

… …		Z (x )Z (x ) … Z (x )) 																																																… … … (1)

Webster (2007) .Weights Vector) (

= 	…	 	…	 			… … …			 	…	

x D

Z (x )

Z (x ) = Z x = Z Z															 … … (2)

Cross Semivariogram Function(h):

(h) =
1
2

Z x Z x + h Z (x ) Z (x + h)( )

r(h)

		 	, = 1,2, … , 				,				 = 1,2, … , r 					… … … (3)

Memarsadeghi(2004)

hr(h)

Z x 	, Z x + hZ (x ), Z (x + h)h .

Diggle and Ribeiro (2007)

Z (x) = Z (x))

 (:
(h) (h)

=
1
2

Z x Z x + h( )

r(h) 																																			… … … (4)

Chiles and Delfiner (1999).

2-                    Universal Cokriging

Drift

  Z(x) = m(x)
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O = (	0	) ×

= 1		 = 1,2, … … , 	 = 1,2, … … , r

  = 1,2, … … … , F )(

Z (x) y )( Z (x) O

. 	

F =
f 			,			 = 1
0 	,			 1 	 	 F = f 	 = 1 , = 0		

1			 … … (5)
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F 		 	 = 1,2, … ,.
f = (	f f 		… … …		f 	) = (	1			f 	…	 f 0 0 	…	0 … …	0 0 		…	0 )

E(Z ) = f = f 					,				E Z E(Z) F = f 	

fxZ (x)			,			 =
1,2, … … … ,

)2012.(

Z Z

Var Z Z = E(Z Z) = E f (x ) (F )

= E (x ) x

= E x (x )

1
2 E x (x )

)2008.(

,						 = E x (x ) = E x (x )

E( (x ) ) = 2

E( (x ) ) = 2

= 2 							 … … … (6)
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= 	

= 		 , = 		 =
	, = 1,2, … , 			,			 = 1,2, … , r

= 	…	 	…	 			… … …			 	…	

Z = (Z (x )Z (x )		… Z x Z (x )	… Z x 	… … …		Z (x )	… Z (x ))

S)(5)(

:
S = 2 + 2( f )N																																																															 … … … (7)

NZ (x)		 = 1,2, … … ,

N = (	N N 	…		N N N 	…	N 	… … … N N 	…		N )

r × rZ
r × 1

Nf× 1Fr ×

.

S)(7) (
S

+ 2 + 2FN = 0					 					 + FN					 … … … (8)

FN																																																																		 … … … (9)

SN

S
N = 2( f ) = 0					 				 F = f 					… … … (10)

(5).Dubrule (2003)

(9)(10)
N = (f F)(F F) 																					… … … (11)

(11)(10)

F(F F) (f	 F )								… … … (12)
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(12)(2)Z

Z Z

+ (f F)(F F) F Z																																				 … … … (13)

(8)(6)(10)

:

FN																																																																																																		 … … … (14)

)(11)(9) ((15)
= + (f F)(F F) F

F(F F) ( F ) 																																																	… … … (15)

3-:Application Representation

Universal Cokriging)29

 ( /.(42 47 10

42 44 25 )(36 32 11 36 29 15 )  

22,3Elevation of Water

Depth of Well

.

))2010((.:

)1 :(

)()(

238.5	245	42 46 14 	36 30 59 	1W
239.4	246	42 46 43 	36 30 58 	2W
237.4	24142 46 16 	36 30 45 	3W
238.3	24242 46 05 	36 30 44 	4W
239	24342 46 01 	36 30 58 	5W

241.2	24742 46 10 	36 30 15 	6W
241.3	24842 44 52 	36 31 00 	7W
234.6	23742 46 32 	36 29 46 	8W
235	23842 46 12 	36 29 53 	9W

235.7	23942 46 4 	36 29 45 	10W
236.1	24042 46 50 	36 29 45 	11W
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237.4	24142 45 26 	36 30 12 	12W
237.8	24142 45 	04 	36 30 20 	13W
239.8	24342 45 26 	36 30 48 	14W
237	24142 45 53 	36 30 00 	15W

237.9	24242 45 41 	36 30 33 	16W
240.6	24742 	46	01 	36 31 01 	17W
241.2	24842 45 46 	36 30 58 	18W
241.3	24842 45 32 	36 30 59 	19W
237	24242 45 47 	36 30 07 	20W	

238.5	242	42 45 23 	36 30 27 	21W	
240	242	42 45 02 	36 30 43 	22W	

236.3	240	42 46 12 	36 30 04 	23W	
237.7	241	42 46 00 	36 30 41 	24W	
241.5	250	42 44 59 	36 31 18 	25W	
241.4	249	42 45 15 	36 31 20 	26W	
241.4	249	42 45 25 	36 31 21 	27W	
241.3	249	42 45 38 	36 31 20 	28W	
237.7	245	42 46 31 	36 30 58 	29W	

:

36 30 59 				 				36 +
30
60 +

59
3600 = 36.51638

F 	, F

x , x
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h(x , x ) = 6378 cos sin( )sin( ) + cos( )cos( )cos( )
x = ( )			,

x = ( )				,
	 Longitude	coordinate 	

	 latitude	coordinate 	

Waller and Gotway (2004).

:
(36.51638 22 7) 180 = 0.6376

(4)(h)(h)

(3)(h)

)

(

) (

:
)2 :(

( )
1.745	3.500	1.105	23	0.287	0.092-0.482	
3.093	6.139	1.961	61	0.676	0.482-0.871	
3.821	8.550	2.289	69	1.066	0.871-1.260	
4.878	9.575	3.155	73	1.455	1.260-1.650	
6.997	13.675	4.117	74	1.844	1.650-2.039	
10.568	18.811	6.671	53	2.234	2.039-2.428	
13.866	24.462	8.428	27	2.623	2.428-2.818	
26.176	44.366	15.865	15	3.012	2.818-3.207	
29.608	51.250	17.771	6	3.402	3.207-3.596	
28.07049.50015.9995	3.7913.596-3.986	
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)

( .

Power Model)

 () (Cross variogram

Soares et al. (2008):
(h) = + 	h 			,				 < 2			,			 		 	

Nugget Effect .Rivoird et al. (2000) P. 21

:
) ((h) = 0.355 +	h .

)       ((h) = 2.8 +	h .

          (h) = 1.8 +	h .

0.3552.81.81.51.21.2

Z) (Z)(Z)

 (.

	

:

= 		

		
= 0.355 +	h . 1.8 +	h .

1.8 +	h . 2.8 +	h . 	,			 = = 0.355 +	h .

2.8 +	h .
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h .)1 (

		(29 × 29)		(29 × 29)(29 × 29)

)(	(29 × 1).

Z(1)

Z = 	 	 	 	
			= (238.5					239.4			 … … 			237.7						245					246		 … … 			245)

F(58 × 6)

F = F 	 O
O F 	

, F = F =
1 0.7467 0.637587
1 0.7469 0.637582

1 0.74686 0.637582 ( × )

	 , O = O

= (0)( × )

F = FO = O) (

Z) (Z)

.(

)(

(13)Z

(15))3 (

(5).

)3 :(

0.0000	1	0.3550000027	238.499	238.5	1W
0.0000	1	0.3550000011	239.400	239.4	2W
0.0000	1	0.3550000028	237.400	237.4	3W
0.0000	1	0.3549999994	238.300	238.3	4W
0.0000	1	0.3550000014	239.000	239	5W
0.0000	1	0.3550009254	241.200	241.2	6W
0.0000	1	0.3550000015	241.299	241.3	7W
0.0000	1	0.3550000009	234.600	234.6	8W
0.0000	1	0.3550009249	235.000	235	9W
0.0000	1	0.3550000022	235.700	235.7	10W
0.0000	1	0.3550000004	236.100	236.1	11W
0.0000	1	0.3550000026	237.399	237.4	12W
0.0000	1	0.3550000004	237.799	237.8	13W
0.0000	1	0.3550000001	239.800	239.8	14W
0.0000	1	0.3549999998	237.000	237	15W
0.0000	1	0.3549999991	237.900	237.9	16W
0.0000	1	0.3550000007	240.599	240.6	17W
0.0000	1	0.3550000004	241.200	241.2	18W
0.0000	1	0.3550000012	241.300	241.3	19W
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0.0000	1	0.3550000010	237.000	237	20W	
0.0000	1	0.3550000008	238.500	238.5	21W	
0.0000	1	0.3549999997	240.000	240	22W	
0.0000	1	0.3550000011	236.299	236.3	23W	
0.0000	1	0.3549999996	237.700	237.7	24W	
0.0000	1	0.3550000003	241.500	241.5	25W	
0.0000	1	0.3550000002	241.400	241.4	26W	
0.0000	1	0.3550000007	241.400	241.4	27W	
0.000010.3550000017	241.299	241.3	28W	
0.0000	10.354999999237.700237.729W	

Z

Z

1

) (11)

 (0

(5) .

)(

)(

(13).

)4(.
)4 :(

0.000	1	0.391	235.657	(42 46 12 )=42.77	(36 30 00 )=36.5	1	
0.000	1	0.391	235.292	(42 46 08.4 )=42.769	(36 29 49.2 )=36.497	2	
0.000	1	0.405	240.915	(42 45 53.9 )=42.765	(36 31 01.1 )=36.517	3	
0.000	1	0.397	238.022	(42 45 43.2 )=42.762	(36 30 35.9 )=36.51	4	
0.000	1	0.401	241.338	(42 45 28.7 )=42.758	(36 31 01.1 )=36.517	5	
0.000	1	0.401	235.006	(42 46 37.2 )=42.777	(36 29 45.5 )=36.496	6	
0.000	1	0.407	238.309	(42 45 18 )=42.755	(36 30 25.1 )=36.507	7	
0.000	1	0.390237.907(42 46 08.4 )=42.769(36 30 46.8 )=36.5138	

) (

(15).

Z

.
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1 (

%%%%%  %%%%%
clc
clear
format long
%%%%%  %%%%%
z1=[238.5;239.4;237.4;238.3;239;241.2;241.3;234.6;235;235.7;23
6.1;237.4;237.8;239.8;237;237.9;240.6;241.2;241.3;237;238.5;24
0;236.3;237.7;241.5;241.4;241.4;241.3;237.7];
z2=[245;246;241;242;243;247;248;237;238;239;240;241;241;243;
241;242;247;248;248;242;242;242;240;241;250;249;249;249;245]
;
u1=[30;30;30;30;30;30;31;29;29;29;29;30;30;30;30;30;31;30;30;3
0;30;30;30;30;31;31;31;31;30];
u2=[59;58;45;44;58;15;00;46;53;45;45;12;20;48;00;33;01;58;59;0
7;27;43;04;41;18;20;21;20;58];
v1=[46;46;46;46;46;46;44;46;46;46;46;45;45;45;45;45;46;45;45;4
5;45;45;46;46;44;45;45;45;46];
v2=[14;43;16;05;1;10;52;32;12;04;50;26;04;26;53;41;01;46;32;47;
23;02;12;00;59;15;25;38;31];
%%%%  %%%%
e=size(u1);
e=e(1,1);
for i=1:e
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     u(i)=36+(((u1(i)*60+u2(i))/3600));
v(i)=42+(((v1(i)*60+v2(i))/3600));

end
%%%%  %%%%%
%%  v (  (  u ( ) %
figure(1)
plot(v,u,'+','LineWidth',1.5,'MarkerEdgeColor','k')
text(v(1),u(1),' 1');
text(v(2),u(2),' 2');
text(v(3),u(3),' 3');
text(v(4),u(4),' 4');
text(v(5),u(5),' 5');
text(v(6),u(6),' 6');
text(v(7),u(7),' 7');
text(v(8),u(8),' 8');
text(v(9),u(9),' 9');
text(v(10),u(10),' 10');
text(v(11),u(11),' 11');
text(v(12),u(12),' 12');
text(v(13),u(13),' 13');
text(v(14),u(14),' 14');
text(v(15),u(15),' 15');
text(v(16),u(16),' 16');
text(v(17),u(17),' 17');
text(v(18),u(18),' 18');
text(v(19),u(19),' 19');
text(v(20),u(20),' 20');
text(v(21),u(21),' 21');
text(v(22),u(22),' 22');
text(v(23),u(23),' 23');
text(v(24),u(24),' 24');
text(v(25),u(25),' 25');
text(v(26),u(26),' 26');
text(v(27),u(27),' 27');
text(v(28),u(28),' 28');
text(v(29),u(29),' 29');
%%%%  %%%%
u=(u*22/7)/180;
v=(v*22/7)/180;
%%%%  %%%%
for i=1:e
    for j=1:e
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h(i,j)=(6378)*(acos(sin(u(i))*sin(u(j))+cos(u(i))*cos(u(j))*cos(v(i)-
v(j))));
        zz1(i,j)=z1(i)-z1(j);
        zz2(i,j)=z2(i)-z2(j);
    end
end
%%%%  %%%%
ma=h(1,2);
k=0;
for i=1:e-1
    for j=i+1:e

k=k+1;
        if h(i,j)> ma
            ma=h(i,j);
            max=[i j];
            maximum=[ma max];
        end
    end
end
%%%%  %%%%
mi=h(1,2);
k=0;
for i=1:e-1
    for j=i+1:e

k=k+1;
        if h(i,j)< mi
            mi=h(i,j);
            min=[i j];
            minimum=[mi min];
        end
    end
end
%%%%% 10  %%%%%%
m=10;
r=ma-mi;
l=r/m;
h1=h;
for s=1:10

k1(s,1)=mi+s*l;
kk=1;

zzz1(s,1)=0;
zzz2(s,1)=0;
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zzz12(s,1)=0;
    for i=1:e-1
        for j=i+1:e
            if h1(i,j)<=k1(s,1)
               mm(s,kk)=h(i,j);

h1(i,j)=2*ma;
zzz1(s,1)=zzz1(s,1)+ zz1(i,j)^2;
zzz2(s,1)=zzz2(s,1)+ zz2(i,j)^2;
zzz12(s,1)=zzz12(s,1)+ zz1(i,j)*zz2(i,j);
qq1(s,1)=(1/(2*kk))*zzz1(s,1);

               qq2(s,1)=(1/(2*kk))*zzz2(s,1);
qq12(s,1)=(1/(2*kk))*zzz12(s,1);

kk=kk+1;
           end
           n(s,1)=kk-1;
        end
    end
hh(s,1)=k1(s)-(l/2);
end
%%%%  %%%%
figure(2)
plot(hh,qq1,'--*')
title ('Semivariogram of z1')
figure(3)
plot(hh,qq2,'--*')
title ('Semivariogram of z2')
figure(4)
plot(hh,qq12,'--*')
title ('Cross semivariogram of z1 and z2')
 …………………………………………………………………………

2 (
%  %
clc
clear
format long
%%%%%  %%%%%
z1=[238.5;239.4;237.4;238.3;239;241.2;241.3;234.6;235;235.7;23
6.1;237.4;237.8;239.8;237;237.9;240.6;241.2;241.3;237;238.5;24
0;236.3;237.7;241.5;241.4;241.4;241.3;237.7];
z2=[245;246;241;242;243;247;248;237;238;239;240;241;241;243;
241;242;247;248;248;242;242;242;240;241;250;249;249;249;245]
;
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u1=[30;30;30;30;30;30;31;29;29;29;29;30;30;30;30;30;31;30;30;3
0;30;30;30;30;31;31;31;31;30];
u2=[59;58;45;44;58;15;00;46;53;45;45;12;20;48;00;33;01;58;59;0
7;27;43;04;41;18;20;21;20;58];
v1=[46;46;46;46;46;46;44;46;46;46;46;45;45;45;45;45;46;45;45;4
5;45;45;46;46;44;45;45;45;46];
v2=[14;43;16;05;1;10;52;32;12;04;50;26;04;26;53;41;01;46;32;47;
23;02;12;00;59;15;25;38;31];
%%%%  %%%%
%  v (  (  u ( ) %
e=size(u1);
e=e(1,1);
for i=1:e

u(i)=36+(((u1(i)*60+u2(i))/3600));
v(i)=42+(((v1(i)*60+v2(i))/3600));

end
%%%%  %%%%
u=(u*22/7)/180;
v=(v*22/7)/180;
%%%%%  %%%%%
r1=0.355;
r2=2.8;
r3=1.8;
%%%%  %%%%
u=u';
v=v';
O=[v u];
O1=ones(e,1);
E1=[O1 O];
E2=zeros(e,1);
E11=[O1;E2];
E22=[E2;O1];
zL1=[z1;z2];
E=[E1 E2 E2 E2;E2 E2 E2 E1];
for b=1:e
u0(b)=u(b);
v0(b)=v(b);
f=[1;v0(b);u0(b);0;0;0];

for i=1:e
h0(i,1)=(6378)*(acos(sin(u(i))*sin(u0(b))+cos(u(i))*cos(u0(b))*cos(
v(i)-v0(b))));
c10(i,1)=r1+((h0(i,1))^1.5);
c20(i,1)=r2+((h0(i,1))^1.2);
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for j=1:e
h(i,j)=(6378)*(acos(sin(u(i))*sin(u(j))+cos(u(i))*cos(u(j))*cos(v(i)-
v(j))));
c1(i,j)=r1+((h(i,j))^1.5);
c2(i,j)=r2+((h(i,j))^1.2);
c3(i,j)=r3+((h(i,j))^1.2);
end
end
c=[c1 c3;c3 c2];
c01=[c10;c20];
z(b,1)=z1(b);
LL=(c^(-1))*(c01-E*((E'*(c^(-1))*E)^(-1))*(E'*(c^(-1))*c01-f));
ZL1(b,1)=c01'*(c^(-1))*zL1+(f'-c01'*(c^(-1))*E)*((E'*(c^(-1))*E)^(-
1))*E'*(c^(-1))*zL1;
QL1(b,1)=(c01'*(c^(-1))+(f'-c01'*(c^(-1))*E)*((E'*(c^(-1))*E)^(-
1))*E'*(c^(-1)))*(c01-E*((E'*(c^(-1))*E)^(-1))*(f-E'*(c^(-1))*c01));
o(b,1)=LL'*E11;
oo(b,1)=LL'*E22;
ez(b,1)=abs(z(b,1)-ZL1(b,1));
end
zqo1=[z1 ZL1 ez QL1 o oo]
 …………………………………………………………………………

3 (
% 8  %
clc
clear
format long
%%%%%  %%%%%
z1=[238.5;239.4;237.4;238.3;239;241.2;241.3;234.6;235;235.7;23
6.1;237.4;237.8;239.8;237;237.9;240.6;241.2;241.3;237;238.5;24
0;236.3;237.7;241.5;241.4;241.4;241.3;237.7];
z2=[245;246;241;242;243;247;248;237;238;239;240;241;241;243;
241;242;247;248;248;242;242;242;240;241;250;249;249;249;245]
;
u1=[30;30;30;30;30;30;31;29;29;29;29;30;30;30;30;30;31;30;30;3
0;30;30;30;30;31;31;31;31;30];
u2=[59;58;45;44;58;15;00;46;53;45;45;12;20;48;00;33;01;58;59;0
7;27;43;04;41;18;20;21;20;58];
v1=[46;46;46;46;46;46;44;46;46;46;46;45;45;45;45;45;46;45;45;4
5;45;45;46;46;44;45;45;45;46];
v2=[14;43;16;05;1;10;52;32;12;04;50;26;04;26;53;41;01;46;32;47;
23;02;12;00;59;15;25;38;31];
%%%%  %%%%
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%  v (  (  u ( ) %
e=size(u1);
e=e(1,1);
for i=1:e

u(i)=36+(((u1(i)*60+u2(i))/3600));
v(i)=42+(((v1(i)*60+v2(i))/3600));

end
%%%%  %%%%
u01=[30;29;31;30;31;29;30;30];
u02=[00;49.2;01.1;35.9;01.1;45.5;25.1;46.8];
v01=[46;46;45;45;45;46;45;46];
v02=[12;08.4;53.9;43.2;28.7;37.2;18;08.4];
e1=size(u01);
e1=e1(1,1);
for i=1:e1

u0(i,1)=36+(((u01(i)*60+u02(i))/3600));
v0(i,1)=42+(((v01(i)*60+v02(i))/3600));

end
figure(1)
plot(v,u,'+',v0,u0,'*r')
text(v(1),u(1),' 1');
text(v(2),u(2),' 2');
text(v(3),u(3),' 3');
text(v(4),u(4),' 4');
text(v(5),u(5),' 5');
text(v(6),u(6),' 6');
text(v(7),u(7),' 7');
text(v(8),u(8),' 8');
text(v(9),u(9),' 9');
text(v(10),u(10),' 10');
text(v(11),u(11),' 11');
text(v(12),u(12),' 12');
text(v(13),u(13),' 13');
text(v(14),u(14),' 14');
text(v(15),u(15),' 15');
text(v(16),u(16),' 16');
text(v(17),u(17),' 17');
text(v(18),u(18),' 18');
text(v(19),u(19),' 19');
text(v(20),u(20),' 20');
text(v(21),u(21),' 21');
text(v(22),u(22),' 22');
text(v(23),u(23),' 23');
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text(v(24),u(24),' 24');
text(v(25),u(25),' 25');
text(v(26),u(26),' 26');
text(v(27),u(27),' 27');
text(v(28),u(28),' 28');
text(v(29),u(29),' 29');
text(v0(1),u0(1),' 1');
text(v0(2),u0(2),' 2');
text(v0(3),u0(3),' 3');
text(v0(4),u0(4),' 4');
text(v0(5),u(05),' 5');
text(v0(6),u0(6),' 6');
text(v0(7),u0(7),' 7');
text(v0(8),u0(8),' 8');
title ('Study Area')
%%%%  %%%%
u=(u*22/7)/180;
v=(v*22/7)/180;
u0=(u0*22/7)/180;
v0=(v0*22/7)/180;
%%%%%  %%%%%
r1=0.355;
r2=2.8;
r3=1.8;
%%%%  %%%%
u=u';
v=v';
O=[v u];
O1=ones(e,1);
E1=[O1 O];
E2=zeros(e,1);
E11=[O1;E2];
E22=[E2;O1];
zL1=[z1;z2];
E=[E1 E2 E2 E2;E2 E2 E2 E1];
ee=size(u0);
ee=ee(1,1);
for b=1:ee
f=[1;v0(b);u0(b);0;0;0];
for i=1:e
h0(i,1)=(6378)*(acos(sin(u(i))*sin(u0(b))+cos(u(i))*cos(u0(b))*cos(
v(i)-v0(b))));
c10(i,1)=r1+((h0(i,1))^1.5);
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c20(i,1)=r2+((h0(i,1))^1.2);
for j=1:e
h(i,j)=(6378)*(acos(sin(u(i))*sin(u(j))+cos(u(i))*cos(u(j))*cos(v(i)-
v(j))));
c1(i,j)=r1+((h(i,j))^1.5);
c2(i,j)=r2+((h(i,j))^1.2);
c3(i,j)=r3+((h(i,j))^1.2);
end
end
c=[c1 c3;c3 c2];
c01=[c10;c20];
LL=(c^(-1))*(c01-E*((E'*(c^(-1))*E)^(-1))*(E'*(c^(-1))*c01-f));
ZL1(b,1)=c01'*(c^(-1))*zL1+(f'-c01'*(c^(-1))*E)*((E'*(c^(-1))*E)^(-
1))*E'*(c^(-1))*zL1;
QL1(b,1)=(c01'*(c^(-1))+(f'-c01'*(c^(-1))*E)*((E'*(c^(-1))*E)^(-
1))*E'*(c^(-1)))*(c01-E*((E'*(c^(-1))*E)^(-1))*(f-E'*(c^(-1))*c01));
o(b,1)=LL'*E11;
oo(b,1)=LL'*E22;
end
zqo1=[ZL1 QL1 o oo]


