MARUIN
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auf 1 15unsuvdn ( Main Program)

%*******-k*********************‘k*ﬁ:*************************************

$This is a program tec solve the boundary problem

$By using Quadrtic element MQOBEM51

$We use 10-point Gaussian quadrature method to compute
$integration values

%********************‘k***********************************************

% Set ep(g) and w(g) values for 10~point Gaussian quadrature
%*****************-k-k****-k-k*******************************************
ep=[0.973906528517172;-0.973906528517172;0.865063366688985; -~
0.865063366688985;0.679409568299024;0.679409568299024;0.4333953%4
129247;-0.433395394129247;0.1468874338981631;-0.1488743389816317];
w=[0.066671344308688;0.066671344308688;0.149451349150581;0.1494513491
50581;0.219086362515982;0.219086362515982;0.2692667192309996;0.2692
66719309996;0.295524224714753;0.295524224714753];

%*****’*******-k*-k*****************************************************

% Receive the input data and compute coordinate matrix
%*********-k-k***-A-*-k***************************************************
disp(' Welcome to QABEM51 program')

n=input ('Enter the number of boundary node: '};

X=coorx(n});

Y=coory(n};%coordinate of boundary nodes
U-k-k-k*-k*****-k************************-k-k'k******************************
Hhat=matrixhg(n,X,Y,ep,w); % This is the matrix H-hat

G=matrixgg(n,X,Y,ep,w); % This is the matrix G
%*******************************************************************

oL

input known values of U and Q on boundary of square
EE R R R R R R R R R R R R R R e R o O o e S S S T S S S TR e I T S R S e

e

N=ncode (n) ;
t=ncodv(Y,n)

hhkhdhkhkdhhhkdhhkdhdhhbhkhkhrhhhAhhkhdAr A b A hhkrdhkrbhdbhtdhdbrbrrbhdrohkdhhrrrohdhbdkdrhdhhsd

oe

o0

Changing an system of equation to be in form

Ax=B
and solve to obtain the unknown values of U and Q
%*******************************************************************
A=cheql (N, Hhat, G, t,n);
b=cheqr (N, Hhat, G, t,n);
B=b*t;
XX=(inv (A)}) *B; % XX is x in Ax=B
%*************************************-k-k*-k-k*************************
Show the matrix U and Q
%***********.*‘k-k-k*****************************7***********************
U=matrixu(t,n,XxX);
O=matrixqg{t,n,XX);
nod=1:1:n;
node= (nod') ;
disp(l***********-ie-k************************************ L )

disp(' node X Y u deriv.")

ae

o@

o
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for i=l:n
solu{i,l)=node(i,1);
selu(i,2)=X{i,1);
solu(i,3)=Y{i,1);
solu(i,4)=0{i,1);
solu(l 5) Q(l 1);

end

solu

%***************-k-k*~k************************************************

% Next, we start to compute for internal nodes
%*********************'k****-k~k***************************************

g step 1 : input the data to compute -=——=ww---
disp('***************'k**'k*'k'k"k'k*************************')
l=input{' Enter the number of internal nodes: ');

nl=l;

disp('Next ,input the coordinate(X,Y) of each int ncde')
disp(l-k**********~k*******~k*****************************l)

for i=1:1
fprintf ('X-coordinate of node %.0f is',i};

Xinl{i)=input(': '});

fprintf('¥~-coordinate of node %.0f is',i):
Yinl{i)=input(': "}:

end

Xin=Xinl"';
Yin=Yinl';
——————— step 2 : Construct matrix H and G ====-—m———-
both H2 and G2 are constructed in the same
way to construct Hhat and G
H2=matrixhg2{n,1,X%,Y,¥Xin,Yin,ep,w);
G2=matrixggZ(n,l,X,¥,Xin,Yin,ep,w);
% —-— step 3 : compute the solutions at each int node --
Usol=0.5((G2) * (Q)-(H2} * (U)};
MLBEMS1=mlbem(n,1l,nl,X,Y,Xin, Y¥in,ep,w);
for i=1:1
Uvalex(i,l)=1+Xin(i}+2*Yin(i);
end
for i=1:1
Error(i,1l)=0
Errorqg(i,l)=abs(Uvalex{i,1l)-Usol(i,1));
Errorl{i,l)=abs(Uvalex(i,1)-MLBEM51 (i, 1));

oe oo

o

end
disp{'——===-mm—=- The sclutions are shown as follows —-—————=——=——- ')
nod=1l:1:1;
node= (nod') ;
disp({' node " X Y U-MLBEMS51 U-MQBEM51 U-Exact EL EQ")}
for i=1:1
solul(i,1l)=node(i,1);
solul (i, 2)=Xin{i,1);
solul (i, 3)=Yin(i,1);
solul (i, 4)=MLBEM51(1,1);
solul (i,5)=Usol{i,1};
solul (i, 6)=Uvalex (i, 1);
solul(i,7)=Errorl(i,1l);
solul (i, 8}=Errorqg(i,1);
end
solul

disp( Phhkhkokhhhhhhhhdhhdhhdbhhhdh b hk bbbk a kA A A A A AR Ak AR T AT hh ok h ke khhkhhwhr ! )

8117117077777/ 7/7  Graph of Normal derivative ///////7////7/77/77
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D=1:1:1;

Subplot(2,1,1);
plot(D,Usol,'m—O',D,Uvalex,'b“s',D,MLBEMSl,'g—*','LineWidth',Z);
xlabel {'Node") ;ylabel{'Solution of u'};

grid on '

title ('Solution of u from MQBEM51 and MLBEM51');
legend('MQBEMSl','Exact','MLBEMSl');
Subplot(2,1,2);

plot (D, Errorg, 'm-0',D,Errorl, 'g-*', 'LineWidth',2);
axis([0.9 4.1 -0.005 0.02])

xlabel ('Node');ylabel ('Error');

grid on

title('Error of u from MQBEM51 and MLBEM51')'
legend('Error-Q', 'Erroxr-L');

%******-k************************************‘k***-k-k**********‘k********

$This is a program to solve the boundary problem for Ex 5.2

%$By using Quadrtic element MQBEMb52 ‘

$We use 1l0-point Gaussian quadrature method to compute

$integration values
%‘k**********************'k'k*******************************************

% Set eplg) and w(g) values for l0-point Gausslan gquadrature
%******************'k*******************-k'k****************************
ep=[0.973906528517172;-0.973906528517172;0.865063366688985; -
0.865063366688985;0.679409568299024;0.679409568259024;0.433395394
129247;-0.433395394129247;0.,148874338981631;-0.148874338981631];
w={0.066671344308688;0.066671344308688;0.149451349150581;0.1494513491
50581;0.219086362515982;0.219086362515982;0.269266719309996;0.2692
667193099%86;0.295524224714753;0.295524224714753] ;
%***-k****************************************************************
% Receive the input data and compute coordinate matrix
%****************************‘k***************************************
disp(' Welcome to QABEM52 program') -
n=input ('Enter the number of boundary node: ');
X=coorx(n);
Y=coory(n);%coordinate of boundary nodes
%*****************************************~k-k*************************
Bhat=matrixhqg{n,X,Y,ep,w); % This is the matrix H-hat
G=matrixggq(n,X,Y,ep,w); % This is the matrix G

%*****************-k******************************v*******************

o0

input known values of U and ¢ on boundary of square
Ak kKA Rk Ak A A A Ak AR Ak AR R A KA F R R KNI AT AT AR A A A A A A Ak hr Ak A A kA h Ak Ak ARk T kAR kK
N=ncocde (n) ;

t=ncodv (Y,n);%will be used in computing B of Ax=B steps
bR RS R S S SRR ESRE R R AR EEEE RS EEEEEREEEREEREREEEEREEREREE R EE R R R

e

e

o

Changing an system of equation to be in form
Ax=R
% and solve to obtain the unknown values of U and Q
%*************************************-k*****************************
A=cheql (N, Hhat, G, t,n};
b=cheqr (N, Hhat, G, t,n);
B=b*t;
XX={inv(A))*B; % XX 1s x in Ax=B

GRkFFkkhhkkkkhhkdhkhkdhhhkkdhkhkhdhddrkkhkkhrkhkrhkhhhkhkrbhkhkhkhrrhhrhdhkhhhkrkrhkddrrhk

~ Show the matrix U and Q

2
o
%-k LR R R R R R R R R o I et N et S S N T Y R Y PR N N g U A T O T e
U

=matrixu(t,n,XX):

a0
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Q=matrixqg(t,n,XX):
nod=l:1:n; '
node=(nod');
disp('*************************************************")
disp (' node X Y u deriv, ')
for i=l:n

solu(i,l)=node{i,1);

solu(i,2)=xX(1,1);

solu(i,3)=Y (i, 1);

solu(i,4)=U(i,1);

solu(i, 5)=0Q(i,1);
end
solu
%*************-k-k-Jr************************************************fr**

% Next, we start to compute for internal nodes
%*********************************-k**-k-k-k-k***************************

§ —mm———- step 1 : input the data to compute —==—===m===
disp(l*************************************************|)
l=input (' Enter the number of internal nodes: ');

nl=1;

" disp('Next ,input the coordinate(X,Y) of each int node')
disp( '*************************************************l)

for i=1:1
fprintf{'X-coordinate of node %.0f is',i):

Xinl{i)=input(': ');

fprintf{'Y-coordinate of node %.0f is',i);
Yinl(i)=input(': ");

end

Xin=Xinl"';

Yin=Yinl"';

——————— step 2 : Construct matrix H and G -—————————-
both H2 and G2 are constructed in the same

way to construct Hhat and G

H2=matrixhg2(n,1,X,Y,Xin, Yin,ep,w);
G2=matrixgg2(n,l,X,Y,Xin,Yin,ep,w);

& --- step 3 : compute the solutions at each int node --
Usol=0.5* ((G2)*{Q)-(H2)*(U));
MLBEMS2=mlbemn(n,1,nl,X,Y,Xin,Yin, ep, w);

aC oP

oe

for i=1:1
Uvalex (i, 1)=300-50*Xin (i) ;
end
for i=1:1
Error (i, 1)=0;
Errorqg(i, l)=abs (Uvalex(i,1)-Uscl(i,1));
Errorl (i, 1l)=abs(Uvalex (i, 1)-MLBEM52(i,1));
end
disp('-===-—===—----- The solutions are shown as follows ——————===n '
nod=1:1:1;
node= (nod"') ;
disp('node X Y U-MLBEM52 U-MQBEM52 U-Exact EL EQ")
for i=1:1
solul (i, 1)=node(i,1);
solul(l 2)=Xin(i, 1);
solul (i,3)=Yin(i,1):
solul(1,4)=MLBEM52(1'1);
solu1(1,5)=Usol(1 1);
solul (i, 6)=Uvalex! (i, 1),
solul (i, 7)=Errorl(i,1):
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solul (i, 8)=Errorqg(i,1l};
end
solul
disp{
s////77070777777/// Graph of Normal derivative ///////7//7/7/7/7/777
D=1:1:1;
Subplot(2,1,1);
plot (D, Uscl, 'm~0',D,Uvalex, 'b-s*, D, MLBEMS52, 'g-*"', 'LineWidth', 2} ;
xlabel ("Node')};ylabel ('Sclution of u');
grid on
title('Sclution of u from MQOBEMS52Z and MLBEMS5Z ');
legend('MQBEM52', 'Exact', "MLBEM52 '} ;
Subplot(2,1,2); .
plot (D, Errorg, 'm-0',D,Errorl, 'g-**, 'LineWidth', 2) ;
axis([0.9 5.1 -0.2 4]) :
xlabel{'Node');ylabel ('Exror'};
grid on
title ('Error of u from MQBEM52 and MLBEM52'};
legend('Error-Q', 'Error-L");

l***********************************************************’)

%********************************************************************

$This is a program to solve the boundary problem for Ex 5.3
$By using Quadrtic element MQBEM53

%We use 1l0-point Gaussian quadrature method to compute
$integration wvalues :

%********************************************************************

% Set ep(g) and w(g) values for 10-point Gaussian quadrature

]
%********************************************************************

ep=[0.873906528517172;-0.973906528517172;0.865063366688985; ~
0.865063366688985;0.679409568259024;0.679409568299024;0.433395394
126247;-0.433395394129247;0.148874338981631;-0.1488743389816317;

w=[0.066671344308688;0,066671344308688;0,149451349150581;0.1494513481
50581;0.219086362515982;0.219086362515882;0.269266719309996;0.2692
66719309996;0.295524224714753;0.295524224714753] ;

%********************************************************************

% Receive the input data and compute coordinate matrix
%********************************************************************
disp(' Welcome to QABEM53 program')

n=input {"Enter the number of boundary nocde: ');

X=coorx{n); .

Y=coory(n); %coordinate of boundary nodes
%********************************************************************
Hhat=matrixhqg(n,X,Y,ep,w); % This is the matrix H-hat

G=matrixgqg(n,X,¥Y,ep,w); % This is the matrix G
%**‘k**************************‘k*************************************

oe

input known values of U and Q on boundary of square
%*******************************************************************

N=ncode(n);‘

t=ncodv (Y, n);%will be used in computing B of AxX=B steps
PR R E R EEE SRR SR ERE S SRR SRR A RRESE SRR REEESERREREEEEE L SEEEES TR EEREEE R R LRSS

(=1

oP

Changing an system of equation to be in form
Ax=BR ’
and solve to obtain the unknown values of U and Q
E R T R o R T e e I I e S S e I I e T e e
A=cheql (N, Bhat, G, t,n};
b=cheqgr (N, Hhat, G, t,n};
B=b*t;

o

oo o
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XX={inv (A) )*B; $ XX is x in Ax=B
%*******************************************************************

Show the matrix U and Q

kkkkdkhkdhkhkkkkkhkkkkk kbbb hhhdkdhh kb kb oAk dh ok hk kb bk hdhhkhdhhkkrhdhrhhkxrrhhhx

<\

=matrixu{t,n,XX);
Q=matrixg(t,n, XX);
nod=1:1:n;
node=(nod');
disp(|*************************************************l)
disp (" node X Y u deriv."')
for i=l:n :
solu(i,l)=ncde (i, 1};
solu(i,2)=X(i,1);
solu(i,3)=Y(i,1};
solu(i,4)=0(i,1);
solu(i,5)=Q(i,1);
end
solu

%*******************************************************************

% Next, we start to compute for internal nodes
%*******************************************************************

§ step 1 : input the data to compute —-——————-=-
disp(l*************************************************l)
l=input (' Enter the number c¢f internal nodes: ');

nl=1;

disp ('Next ,input the coordinate(X,Y) of each int node')
disp(l*************************************************')
for i=1:1

fprintf ("X-coordinate of node %.0f is',i};
X¥inl(i)=input{(': ');

fprintf('Y-coordinate of nede %.0f is',i};
Yinl(i)=input(': ');

end

Xin=Xinl';

Yin=Yinl';

——————— step 2 : Construct matrix H and G ———==wwwa——
both H2Z and G2 are constructed in the same

% way to construct Hhat and G
HZ2=matrixhg2(n,1,X,Y,¥Xin,Y¥in,ep,w);
G2=matrixgg2(n,1l,X,Y,¥in,Yin,ep,w);

% -—- step 3 : compute the solutions at each int node --
Usol=0.5*((G2)*{Q)-(HZ)*(U)); :
MLBEM53=mlbem(n, 1,nl,X,¥Y,¥Xin, Yin, ep, w) ;
Uvalex=[0.432028;0.540529;0.432028;0.345349;0.250000;0.176531;0.09541

o

o

4];
for i=1:1
Error{i,1}=0;
Errorg({i,l)=abs (Uvalex (i, 1)-Usol{i,1));
Errorl{i,l)=abs (Uvalex(i,1)-MLBEM53(i,1));
end
disp({'=~—==m—= The solutions are shown as follows =—————=m——- ")
nod=1l:1:1;
node=(nod") ;
disp (' node X Y U-MLBEMb5 3 U-MQBEMS53 U-Exact
EL EQ")
for i=1:1

solul (i, l)=node{i, 1)
solul (i, 2)=Xin(i,1);
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solul (i, 3)=Yin(i,1);

solul (i, 4)=MLBEM53(i,1);

solul(i,5)=Uscl{i,1l};

solul (i, 6)=Uvalex(i,1);

solul (i, 7)=Errorli(i,1);

solul(i,B)=Errorg(i,1);
end

solul
diSp ( e e R R R R R R R R S R R )

$///7//7/7/7////7/7/// Graph of Normal derivative //////7////7///7/77
D=1:1:1; :
Subplot(2,1,1};

plot (D, Usocl, 'm~-0',D,Uvalex, 'b-s',D,MLBEMS3, "g-*"', 'LineWidth", 2);
%xlabel ("Node') ;ylabel ('Solution of u');

grid on '

title ('Solution of u from MQBEMS53 and MLBEM53 ');
legend{'MQBEM53", "Exact', "MLBEM53"');

Subplot(2,1,2);

plot (D, Errorqg, *m~0',D,Errorl, ‘g-*"', 'LineWidth', 2);

axis([0.9 7.1 -0.001 0.005])

%xlabel ('Node') ;ylabel ("Exrror');

grid on :

title('Error of u from MQBEM53 and MLBEM53'};

legend('Error-Q', 'Exrror-L'});

%**************~k‘k****************************************************

$This is a program to sclve the boundary preblem for Ex 5.4
%$By using Quadrtic element MQBEM54

$¢We use 10-point Gaussian quadrature method to compute
$integration wvalues

%**************************************************‘k‘k‘k***************

% Set ep(g) and w{g) values for 10-point Gaussian quadrature
%************************************-k**-k-***********—*****************
ep=[0.973906528517172;-0.973906528517172;(0.865063366688985; -
0.865063366688985,;0.679409568299024;0,679409568259024;0.433395394
129247;-0.433355394129247;0.148874338981631;-0.148874338981631];
w=[0.066671344308688;0.066671344308688;0.149451349150581;0.1494513491
50581;0.219086362515982;0.219086362515982;0.269266719309996;0.2692
66719309996;0.285524224714753;0,295524224714753] ;

FGhAchhhbhkkdkkkhkkdkkb bk bk bbb hkhkhhhhhkdhdh ko hrd bbb bk k ok ko k kk ko k& hkk &k ok d ok

% Receive the input data and compute coordinate matrix
%**********-k*********************************************************
disp(' Welcome toc QABEM54 program')

n=12; .

XK=[0;1:;2;2;2;2;2;1;0;0:;0;01;
¥Y=[0;0;0;1;2:3;4;4;4;3;2;1];%coordinate of boundary nodes
%*********************** ********************************************

;
*
Hhat=matrixhg(n,X,Y,ep,w); % This is the matrix H-hat
G=matrixgg(n,X,Y,ep,w); % This is the matrix G
%**********************k*********************************************

% input known values of U and Q on boundary of square
%************************k************-k-k***k-k*********,****************
N=ncode (n) ;

t=ncodv (Y,n};3%will be used in computing B of Ax=B steps
~k**************-k-k-k-k********************-k-k-k-k-k***********************

o

o

Changing an system of equation to be in form
Ax=B

oe
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% and solve to obtain the unknown values of U and Q
0*******************************************************************

KJ

A=cheql (N, Hhat, G, £, n);
b=cheqr (N, Hhat,G,t,n};

B=b*t;

XX=(inv (A) } *B; % XX is x in Ax=B

Q*******************************************************************

Show the matrix U and O
********************'k**********************************************

o0 oo

U=matrixul(t,n,XX);

QO=matrixqg(t,n,XX);

nod=1l:1:n;

node=(nod");

dlsp( l*************************************************')
disp(' node X Y ‘ u deriv.')
for i=l:n

solu(i,l)=ncde (i,1);

solu(i,2)=X(i,1};

solu(i,3)=Y(i,1};

solu(i,4)=U0(i,1)});

solu(i,5)=0(i,1}):

end :
solu
%*******************************************************************

% Next, we start to compute for internal nodes
%*******************************************************************

% ——————- step 1 : input the data to compute --—--—-=--
dlsp('*************************************************')
l=input (' Enter the number of internal nodes: ');

nl=1;

disp('Next ,input the coordinate(X,Y} of each int node')
disp( '*************************************************‘)
for i=1:1

fprintf ('X-coordinate of node %.0f is',i};

Xinl(i)=input(': ");

fprintf{'Y-coordinate of node %.0f is',i});
Yinl (i)=input(': ');

end

Xin=Xinl';

Yin=Yinl"';

~~~~~~~ step 2 : Construct matrix H and G - ——————————
both HZ and G2 are constructed in the same

way to construct Hhat and G
Ho=matrixhgZ(n,1,X,Y,Xin,Yin,ep,w);
GZ=matrixgqZ(n,l,X,Y,Xin,¥Yin,ep,w);

$ --- step 3 : compute the solutions at each int node —-
Usol=0.5% ((G2)* (Q) - (HZ2)*(U));
MLBEM54=mibem(n,1l,nl,X,Y¥Y,Xin,Yin, ep,w);

ol oe

aP

for i=1:1
Uvalex(l,l)=X1n(1)”3—3*X1n(1)*Y1n(1)“2;
end
for i=1:1
Exrror (i, 1)=0;
Errorq(i,l)=abs(Uvalex(i,1)-Usol(i, 1))
Errorl (i, l)=abs(Uvalex (i, 1)-MLBEM54 (i, 1));
end ‘
disp({'=-—m==————- The solutions are shown as follows —————==mmom-- ")

nod=1l:1:1;



63

node=(nod"'); :

disp('node X Y U-MLBEM54 U-MQBEM54 U-Exact EL EQC")
for i=1:1

solul{i,1l)=node(i,1);

solul (i, 2)=Xin(i,1);

solul (i,3)=Yin(i,1);

solul (i, 4)=MLBEM54 (1,1);

solul(i,5)=Usol(i,1);

solul (i, 6)=Uvalex{(i,1l);

solul (i,7)=Erroxrl{(i,1l);

solul (i, 8)=Errorg(i,1l);

end i

solul
disp( '*****-k***-k************************************************'***l')

$//1///7////////// Graph of Noxrmal derivative //////////1////
D=1:1:1;

Subplot(2,1,1);

plot(D,Usocl, 'm-0',D,Uvalex, 'b-s',D,MLBEM54, "g~*"', 'LineWidth',2);
xlabel ('Node');ylabel ('Solution of u'); ’
grid on :

title('Solution of u from MQBEM54 and MLBEM54');

legend ( 'MQBEMS54 "', 'Exact', "MLBEMS54"') ;

Subplot(2,1,2); ]

plot (D,Errorqg, 'm~-0°, D, Exrrorl, "g-*', "LineWidth', 2);

axis{[0.9 7.1 -0.03 0.36])

xlabel ('Node');ylabel ('Erxor');

grid on I

title('Error of u from MQBEM54 and MLBEM54'}:

legend ('Error-Q', 'Error-L"');

Gh A K kdkdk ok hok ok ok koA kok ok okokokok kok ok ok ko ok de e ok e ok e ok o ke o e ok ok ok o ke ke e ke ok ok e ok ok ke ke ok ok gk ok sk ok ke ok ok ok ke ok

$This is a preogram to solve the boundary problem feor Ex 5.5

%By using Quadrtic element MQBEM55

$We use 10-point Gaussian quadrature method to compute

$integration values
%********************************************-k***********************

% Set ep(g) and w{g) values for 10-point Gaussian quadrature
%***********************************************************-}:******-}e*
ep=[0.973906528517172;-0.973906528517172;0.865063366688985; -
0.865063366688985;0.,679409568299024,;0.679409568299024;0.433395394
129247;-0.433395394129247;0.148874338981631;-0.148874338981631];
w=[0.066671344308688;0.066671344308688;0.149451349150581,;0.1494513491
50581;0.219086362515982;0.219086362515982;0,269266713309996;0.2692
66719309996;0.295524224714753;0.2955242247147531];

R e o e e e S e S o Sk T

% Receive the input data and compute coordinate matrix
%****************-k**********************-}r****************************
disp{' Welcome to QABEM5S5 program')

n=input ('Enter the number of boundary node: '});

X=coorx (n);

Y=coory(n);%coordinate of boundary nodes
%***************************************-k********-********************
Hhat=matrixhg(n,¥X,Y,ep,w); % This is the matrix H~hat
G=matrixgg(n,X,¥Y,ep,w); % This is the matrix G
%-k******-k-k********************~k~k~k~k*‘k‘k-k*‘k-k***************************

% input known values of U and Q on boundary of square
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%-k-k********************************:@r*********-k-k-k********************

N=ncode (n};
t=ncodv (Y, n);%will be used in computing B of Ax=B steps
***************************-k-k*-k*************'***********************

e

Changing an system of equation to be in form

Ax=B
and solve to obtain the unknown values of U and Q
%************************************************-*******************
A=cheql (N, Hhat,G,t,n);
b=cheqr (N, Hhat,G,t,n);
B=b*t; )
XX=(inv{A)) *B; %2 XX 1s x in Ax=B
[ E L R R R e R R E R R e R R R 22 R R R R E T S R R R R R R LR E R SR R LS SRS SRS
Show the matrix U and Q
%*‘k***********i—*****************************************************
U=matrixu(t,n,XX);
Q=matrixqg(t,n,XX};
nod=1:1:n;
node={nod') ;
disp("*******-k*-k-k**-k******-k****************************l )

o0

oo oo

oe o

disp("' node X Y u deriv.')
for i=1:n ‘
solu(i,l)=node(i,1):
solu(i,2)=X(i,1):
solu(i 3)=Y(1 1);
solu(i,4)=U0(i,1);
solu(i,5)=0Q(1,1):
end
solu

%************************-k-k*-k-k'k***'A-**-k***-ﬁr**************************

% Next, we start to compute for internal nodes .
%****************************-k-k*********-k-k**************************

§ —————- step 1 : input the data to compute ---——-—-----
disp(l************************************************* L] )
1=input (' Enter the number of internal nodes: ');

nl=1;

disp({'Next ,input the coordinate(X,Y) of each int node')
disp('***********-k***************i\—*********************')
for i=1:1

fprintf ('X-coordinate of node %.0f is',1);
Xinl(i)=input{': '}):

fprintf ('Y-coordinate of node %.0f is',i);

Yinl (i)=input(': '}

end

Xin=Xinl';

Yin=Yinl"';

§ - step 2 : Construct matrix H and G ——==—————-=

o®

beth H2 and G2 are constructed in the same

way to construct Hhat and G
HZ=matrixhqg2(n,1,X,Y,Xin, Yin, ep,w);
G2=matrixgqg2(n,l,X,Y,Xin,Yin,ep,w);

% --- step 3 : compute the solutions at each int node ~--
Usol=0.5* ((G2)* (Q)-(H2)* (U)});

MLBEM55=mlbem (n,1l,nl,X,Y,Xin, Yin, ep,w);

for i=1:1

Uvalex (i, l)=Xin{i)"2-Yin(i)"2;

o

end
for i=1:1
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Exrror (i, 1)=0;

Errorq( ,1)=abs (Uvalex (i, 1)~-Usol (i, 1))

Errorl (i 1)= bs (Uvalex (i, 1)~MLBEM55(i,1})};
end
disp('-————=====—- The solutions are shown as follows ~—————————= ")
nod=1:1:1;

node=(nod"') ;
disp(' node X Y U~MLBEM55 U-MQOBEM55 U-~Exact EL EQ")
for i=1:1

solul{i,l)=node(i,1};
solul (i, 2)=Xin(i,1);
solul{i,3)=Yin(i,1):
solul (i, 4)=MLBEM55(i,1);
solul (i, 5)=Usol(i,1);:
solul (i, 6)=Uvalex (i, 1);
solul (i, 7)=Errorl(i,1);
solul (i, 8)=Errorqg(i,1);

end

solul

disp('************************-k*********************************'k-k*l)

$//1777700777777/77/  Graph of Normal derivative ////////7 7077777
D=1:1:1;

Subplot(2,1,1); »

plot (D, Usol, 'm-0',D,Uvalex, ‘b-s', D, MLBEM55, 'g-*", 'LineWidth', 2);
xlabel ('Node');ylabel {'Solution of u'}; '

grid on

title('Sclution of u from MQOBEM55 and MLBEMSS');

legend {'MQBEM55', 'Exact', '"MLBEM55"') ;

Subplot(2,1,2):;

plot (D,Errorqg, 'm-0',D, Errorl, 'g-*', 'LineWidth"', 2} ;

axis([0.9 5.1 -0.001 G.o004])

xlabel('Node');ylabel ('Error');

grid on ‘

title{('Error of u from MQBEM55 and MLBEMSS5');

legend('Exrrcr-Q', 'Error-L");

%***'k-k***'k*********************************'k-k****************‘k*******
$This is a program to solve the boundary problem for Ex 5.6

$By using Quadrtic element MQBEM56

$We use 10-point Gaussian quadrature method to compute

$integration values
%*******************Jc***********************7‘:************************

$ Set epl(g) and w(g) values for 10-point Gaussian quadrature
%***************-k****************************************************

ep=[0.973906528517172;~-0.973906528517172;0.865063366688985; -
0.865063366688985;0.679409568299024;0.679409568299024;0.433355394
129247;-0.433395394129247;0.148874338981631;-0.148874338981631];

w={0.066671344308688;0.066671344308688;0.149451349150581;0.1494513491
50581;0.219086362515982;0.212086362515982;0.269266719309996;0.2692
66719309996,;0.295524224714753;0.295524224714753];

FFhhhrhkdhhdhhhhhhhkkhkhkhdhhkhdhdhh bk kbbb bhbdhhkdhkhkhkkdhrdbdhhdrrbk bk hdhrdd

% Receive the input data and compute coordinate matrix
%************-k***********************‘k***‘k***************************
disp(' Welcome to QOABEMS6 program')

n=input ('Enter the number of boundary node: ');

X=coorx (n};

Y=coory{n);%coordinate of boundary nodes
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%-k*****************‘k******‘k****k*‘k***‘k**k*****'ﬁ‘r**‘k*k*******************
Hhat=matrixhqg(n,X,Y¥,ep,w); % This is the matrix H-hat
9

G=matrixgg(n,X,Y,ep,w); 2 This is the matrix G
e b S R I I R 2 S S T T S S S b S I S R A S g 3 S I S

o

input known wvalues of U and Q on boundary of sguare
Ahkkhkdhhkdkbhhhrhhkhhhhhbhdhdhhdhhhdhhhhhh ki & kd ok ok kk k ok ko ok ok kok ok & Kk ok ok v o ok ok ok o o o ok ok ke ok

oe oo

N=ncode (n);
t=ncodv(¥,n);%will be used in computing B of Ax=B steps
dhkhkhkkkhkhkhkhkdkhkhkhkhkhdbhhdhhrbdhhdhdhdrhhhhbrbhkhroddbdbhbhk A rb bk A A AT A AR * AR AR ARk kK

Changing an system of equation tc be in form

Ax=R

and solve to obtain the unknown values of U and Q
kA hkkhkhrrhkr ARk bk hhkFhh bk bk hkh kb Ak hk Ak kAR T Ak Ak Fhd bk bk hhdhkhhkhkhkhhhkddhhhhx
A=cheql (N, Hhat, G, t,n};
b=cheqr (N, Hhat,G, t,n);

af oP o &0 oC

B=b*t;

XX={inv (A)) *B; $ XX is x in Ax=B
%*******************************************************************
% Show the matrix U and Q

C

ﬁ*******************************************-}************‘k**********

U=matrixu(t,n,XX);
Q=matrixqg(t,n,XX);
nod=l:1:n;
node={nod') ;
disp('************-k************-{r******'*****************-'
disp("' node X Y u deriv.')
for i=1:n '
solu(i,l)=node(i,l);
solu(i,2)=X(i,1);
solu(i,3)=Y(i,1);
solu(i,4)=0(4i,1);
solu(i,5)=0(1i,1};
end
solu |
%***********************************************************-k-k******

Next, we start to compute for internal nodes
R e R o i i e i e e L gt N T L R PP Y Y S AR TRV I

o0 op

§ —————— step 1 : input the data t¢ compute —-------——-
disp(V****-A-*:k********************************1‘«********* ¥ )
1=input (' Enter the number of internal nodes: '};

nl=1;

disp ('Next ,input the coordinate(X,Y) of each int node')
disp(' L L Tt NP RN SN NI M M M M | )

for i=1:1 ‘
fprintf ('X~coordinate of node %.0f is',i);

Xinl{i)=input(': ");

fprintf({'Y-coordinate of node %.0f is',i);
Yinl(i)=input(': ');

end

Xin=Xinl';

Yin=Yinl';

R step 2 : Construct matrix H and G -—-—-——-—m—mw-
both H2 and G2 are constructed in the same

way to construct Hhat and G
HZ2=matrixhqg2{n,1,X,Y,Xin,Yin, ep,w};
GZ=matrixggZ(n,1,X,Y,¥in,Yin,ep,w);

% -—- step 3 : compute the sclutions at each int node -—-
Usol=0.5% ((GZ)* (Q) - (H2)*(U)}); ‘

ae o
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MLBEMS6=mlbem{n,1l,nl,X,Y,Xin, Yin, ep, w);
for i=1:1
Uvalex (i, 1l)=Xin(i)"2+Yin(i)*(1-Yin{i)):
end
for i=1:1
Error{i,1)=0;
" Errorg(i,l)=abs(Uvalex(i,1)-Uscl(i,1}}:
Errorl (i, 1l)=abs (Uvalex(i,1)-MLBEM56(i,1));

end

disp('===~m—————- The solutions are shown as follows -—---m——————== ')
nod=1:1:1; '

node=(nod'); ]

disp (' node X Y U-MLBEM56 U-MQBEM56 U-Exact EL EQ")
for i=1:1

solul{i,l)=node{i,1};
solul (i, 2)=Xin({i,1};
solul{i,3)=Yin(i, 1);
solul (i, 4)=MLBEM56G(i,1)};
solul{i,5)=Usol(i,1);
solul (i, 6)=Uvalex(i,1l};
solul{i,7)=Errorl{(i,1};
end

solul
disp( '*******************************************‘***************l)

$//7/0771177/777// Graph of Normal derivative //////7//7/7//7717
D=1:1:1;

Subplot({2,1,1).;

plot{D,Usol, 'm-0',D,Uvalex, 'b~-s',D, MLBEM56, 'g-*"', 'LineWidth', 2} ;
xlabel {'Node') ;ylabel ('Solution cf u');

grid on

title('Solution of u from MQBEM56 and MLBEM56'});

legend ("MOBEM56', "Exact ', "MLBEM56"') ;

Subplot(2,1,2);

plot {D,Errorq, 'm-0',D,Errorl, 'g-*', *LineWidth', 2);

axis([0.9 9.1 -0.00005 0.0009])

xlabel {'Node') ;ylabel {'Error');

grid on ,

title ('Error of u from MQBEMS56 and MLBEM56'):;

legend('Error—-Q', 'Error-L"');

%************-k-k*-k***~k-k*********************************k**************

$This is a program to solve the boundary problem for Ex 5.7
$By using Quadrtic element MQBEMS57

%We use 10-point Gaussian quadrature method to compute
integration values

%*******'k-k-k*-k********************************************************

% Set ep(g) and w(g) values for 1l0-point Gaussian quadrature
%********************************************************************

ep=[0.973906528517172;-0.973906528517172;0.865063366688985; ~
0.865063366688985;0.679409568299024;0.679409568299024;0.433395394
129247;-0.433395394129247;0.148874338981631;-0.148874338981631];

w=[0.066671344308688;0.066671344308688;0.149451349150581;0.1494513491
50581;0.219086362515982;0.219086362515982;0.269266719309996;0.2692
©6719308996;0.295524224714753;0.2955242247147537;

R R R e e R R R R R R R )

% Receive the input data and compute coordinate matrix
%***********‘************************-}:********‘k***********************
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disp(' Welcome to QABEM57 program')
n=input { "Enter the number of boundary node: '};
for 4i=l:n

X(i,1l)=2*cos ((i-1)*2*pi/n);

Y{i,1l)=2*sin((i~-1)*2*pi/n);
end
%*****************-k*****************************************‘k********
Hhat=matrixhq(n,X,Y,ep,w}; % This is the matrix H-hat

G=matrixgq(n,X,¥Y,ep,w); % This 1s the matrix G
Codkkkkkokkhkkkhkdk kb b rd bk rhhk bk hhkhkkkhkrk kAR AR h ok ko hh bk hk kb dh bk khkkkhkkkxk

o

input known values of U and Q on boundary of square
B e T e R R d b I I S S R R R RS EE L EEE RS R EE R LRSS

oo e

N=ncode (n) ;
t=ncodv(Y¥,n);%will be used in computing B of Ax=B steps
Fhkhkhkkhkhkkkhkhkhhhkhhrdrdhhdhhbhhhbdhdhbhkhrhrhhhhrhrrrhhhhbhbhhhdhhhhhdhhkhddhih
Changing an system of equation to be in form
Ax=B
and solve to obtain the unknown values of U and Q
R R R R R R R R RS SR N AN E SRR SRS E RS LS R EEEEEREE SRR R R R R R E L ST RS SR &S EE R EE
A=cheql (N, Hhat, G, t,n);
b=cheqr (N, Hhat, G, t,n};
B=b*t;
XX=(inv (A))*B; ' % XX is x in Ax=B

%********************-Jr-fc**************************************-k-k*-k*-k-k

Show the matrix U and Q
%****************-k-)r*-i--k**********************************************

a0 P d° o oo

op

U=matrixu(t,n, XX);
Q=matrixqg(t,n,XX);
nod=1:1:n;

node={nod"') ;
disp(l***************************************.**********I)

disp (' node X Y u deriv.')
for i=1l:n
solu(i,l}=node{i, 1);
solu(i,2)=X(i,1);
solu{i,3)=Y(i,1);
solu{i,4y=U0(4i,1);
solu{i,5)=Q(i,1);
end 1
solu

%***********-k-k**********************-k-k***********************‘k******

Next, we start to compute for internal nodes
E o o R a0 3 b 0 0 At 0 I L g R g S g R - S R LR U MY PR R A A P K

o0 o

F ——————- step 1 : input the data to compute ~=—-——-——-
disp(V************************************************* U)
I=input (' Enter the number of internal nodes: ");

nl=1;

disp('Next ,input the coordinate{X,Y) of each int node')
disp(l**********‘k**************‘k***********************I)
for i=1:1

fprintf ('¥-coordinate of node %.0f is',1i);
Xinl(i}=input(': "});

fprintf ('Y-coordinate of node %.0f is',i);
Yinl(i)=input(': ');

end

Xin=Xinl"*;

Yin=Yinl';

g —————-- step Z : Construct matrix H and G -~~-——————-
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% both HZ and G2 are constructed in the same
% way to construct Hhat and G
H2=matrixhg2(n,l,X,Y,¥Xin,Yin,ep,w);
G2=matrixgqg?(n,1,X,Y,Xin, Yin, ep,w);
% --- step 3 : compute the solutions at each 1nt node --
Usol=0.5%((G2)*(Q})~(HZ2)*(U)):
MLBEM57=mlbem{n,l,nl,X,Y,Xin, Yin, ep,w);
for i=1:1
Uvalex (i, 1)=Xin(i)+Yin(i);
Exactl(i,1)=0;
end
for i=1:1
Error(i,1)=0;
Errorg(i,l)=abs(Uvalex(i,1)-Usol (i, 1));
Errorl(i,l)ﬁabs(Uvalex(i,l)—MLBEM57(i,l));

end

disp{'—-———==-—-- The soclutions are shown as follows ——=——ew—eemmcen ")
nod=1:1:1;

node=(nod'};

disp({'node X Y U-MLBEM57 U-MQBEM57 U-Exact EL EQ')
for i=1:1 ' ‘

solul(i,l}=node{i,1);
solul{i,2}=Xin{i,1):
solul{i,3)=Yin{i,1l);

{1
solul{i, 4)=MLBEM57 (1i,1);
solul(l 5)=Usol{i,1);
solul (i, 6)=Uvalex (i, 1};
solul (i, 7)=Errorl(i,l);
solul (i, 8)=Errorg(i,l);
end
solul

dlsp('************************************************************t)

s/ 07007/ Graph of Normal derivative //////77/0777777
D=1:1:1;

Subplot (2,1,1); :

plot (D,Uscl, 'm-0', D, Uvalex, 'b-s',D,MLBEM57, "g~*"', "LineWidth', 2);
xlabel ("Node') ;ylabel ('Solution of u'}:

grid on

title('Solution of u from MQBEM57 and MLBEM57');

legend ('MQBEMS7', 'Exact', '"MLBEM57') ;

Subplot(2,1,2);

plot (D, Errorg, 'm-0',D,Errorl, 'g~-*', 'LineWidth', 2);

axis{[0.9 4.1 -0.002 0.01151])

xlabel ('Node') ;ylabel ("Error'});

grid on

title{'Error from MQOBEMSE7 and MLBEM57');

legend{'Error-Q', 'Error-L");
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%********************************************************************

$This is a program toc scolve the boundary problem for Ex 5.8

$By using Quadrtic element MQBEMS58

$We use 10~ p01nt Gaussian guadrature method to compute

$integration values

%**********-A-*-k-k*-*****************************************************

% Set epl(g) and w(g) values for 10-point Gaussian gquadrature

%*******************-}r**********************-k*************************

ep=[0.973906528517172;-0.973906528517172;0.865063366688985; ~
0.865063366688985;0.679409568299024;0.679405568299024;0.433395394
129247;~0.433395394129247;0.1468874338981631;-0.148874338981631];

w=[{0.066671344308688;0.066671344308688;0.149451349150581;0.14594513491
50581;0.219086362515982;0.219086362515982;0.269266719309996;0.2692
66719309996;0.295524224714753;0.295524224714753];

%*‘k*********************‘k******‘k**********-k-i:-k************************

% Recelve the input data and compute coordinate matrix
%********************************************************************

disp{' Welccme to QABEM58 program')

n=60;

X=[0;0.2;0.4;0.06;0.8;1;1.2;1.4;:1.6;1.8;
2;2.2;2.4;2.6;2.8;3;3.1;3.2:3.3:3.4;3.5;3.6;
3.7:;3.8:3.9;4;4;4;4;4;4;3.8;
3.6;3.4;3.2;3.0;2.8;2.6;2.4;2,2:2:1.8;
1.6;1.4;1.2;1;.8;.6;.4;.2;0;0;
0;0;0;0;0;0;0;0];

¥={0;0;0;0;0;0;0;0;0;0;

0;0;0;0;0;0;.46;.6;. .8;
.87;.92;.95;.098;. 99,1 l 2:;1.4;1.6;1.8;
2:2:2:2;2:;2:2:2:2;2;
2;2;2;2:2:;2:2:2:2:2;2;
1.8;1.6;1.4;1.2;1;0.8;0. 6 0.4:;0.27;

%********************************-k'k**********************************

Hhat=matrixhq(n, X, Y, ep, w)

; % This is the matrix H-hat
G=matrixgq(n,X, ¥, ep,wW); % This is the matrix G

%******************************i—********************************-k-k-k*

% input known values of U and Q on boundary of square
%*****-k-k-k*k-k*********************************************************

N=ncode (n) ;

t=ncodv(¥Y,n);%will be used in computing B of Ax B steps
hhkkhdhhhhkA A hhhkhhhhhhdhhhhkbdrd bbbk rh b bk rrrdbbhohtbdhkhhhkkhddkhdddhdhdhk

o

oe

Changing an system of equation to be in form
' Ax=B

and solve to obtain the unknown values of U and @
E R R i g S e R g S PR Y Y i N L Y QN SNt S A PRI
A=cheql (N, Hhat, G, t,n);
b=cheqr (N, Hhat, G, t,n};
B=b*t;
XX=(inv (A}) *B; % XX is % in Ax=B

P R R R e R R

Show the matrix U and Q
%**********-k-k*************************‘******************************
U=matrixu(t,n,XX);

Q=matrixg(t,n,X¥);

nod=1:1:n;

node={nod"');

diSp( T **********************************************‘k*‘k| )

a2

of oo

o

disp ("' node X Y u deriv.")
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for i=l:n
solu(i,l)=node(i,1);

solu(i,2)=X{i,1);
solu(i,3)=Y(i,1):
solu(i,4)=0(i, 1});
solu(i,5)=0 (1 1};
end
solu

FGhhhkdhkhhhkdhhhhhhdhhhdhkhdhhdhhdhdddhbhhhhkhddhhdhhkhkbhhhhhhhrhkhkhkhkh kb kdk

o

Next, we start to compute for internal nodes
%*******************************************************************

——————— step 1 : input the data to compute ~--——————
disp('*************************************************I)

aoP

i1=input (' Enter the number of internal nodes: ');

ni=1;

disp('Next ,input the coordinate(X,Y) of each int node')

disp('***k*********************************************’)

for i=1:1

fprintf ('X-coordinate of node %.0f is',i);

Xinl(i)=input(': '};

fprintf('Y-coordinate of node %.0f is',i);

Yinl(i)=input(': ');

end

Xin=Xinl';

Yin=Yinl';

——————— step 2 : Construct matrix H and G --—=-—————=n

both H2 and G2 are constructed in the same

way to construct Hhat and G

H2=matrixhg2(n,1,X,¥Y,Xin,Yin,ep,w);

GZ2=matrixgg2({n,l1,X,Y,Xin,Yin,ep,w);

% —--- step 3 : compute the solutions at each int node ~-

Usol=0.5* ((G2)* (Q)~(H2)* (U} );

MLBEM58=mlbem (n, 1,nl, X,Y,Xln,Yin,ep,w);

Uvalex=[0.245695;1.745666;0.196042;0.875023];

for i=1:1
Error (i, l)=
Errorq(l 1)

1)

o oe

o9

0;
=abs (Uvalex(i,1)-Usol (i, 1));

Errorl (i =abs (Uvalex (i, 1)-MLBEM58(i,1));
end
disp({'—=———==c-—o—uu The solutions are shown as follows =———==~———-—- ")
nod=1:1:1;
node=(nod"') ;
disp (' node X Y U-MLBEMS7 U—MQBEM57 U~-Exact EL EQ")
for i=1:1
solul (i, l}=node(i,1);
solul(i,2)= 1n(1 1);
solul (i,3)=Yin(i,1);
solul (i, 4)=MLBEM58{i, 1);
solul{i,5)=Usol(i,1);
solul (i, 6)=Uvalex(1,l);
solul (i, 7)=Errorl(i,1);
solu1(1,8)—Errorq(i,1);
end
solul

disp(f*******%*****************************************************')

o///////////////// Graph of Normal derivative ///////////////
D=1:1:1;
Subplot(2,1,1);
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plot(D,Usol,“m-O”,D,UvalexF”b—s“,D,MLBEMSB,Vg—*“y'LineWidth',Z);
xlabel ('Node');ylabel {'Solution of u'});

grid on

title('Solution of u from MQBEM58 and MLBEM58');
legend ( '"MQBEMS58', 'LINBEM', "MLBEMS58"') ;
Subplot(2,1,2);

plot (D,Errorg, 'm-0',D,Exroxrl, 'g-*", 'LineWidth', 2);
axis([0.9 4.1 -0.002 0.006])

xlabel ('Node') ;ylabel ('Error');

grid on '

title('Error of u from MQBEMS58 and MLBEM58'});
legend('Erroxr-Q', 'Exrror-L');

Q ek de ke ek deok ok ok Sk sk S ok e ok ke ok sk ok ok ok o ke ok ke ook e ok ok ok e e ok ok gk ok ke ok e gk ok o ok ke ok ke e ok ok ke ok ok ok ok A ok ok ok ok ok

$This is a program to solve the boundary problem for Ex 5.9

$By using Quadrtic element MQBEM59

$We use 10-point Gaussian quadrature method to compute

%integration values

PR RS S R R R R R R R R ERE R R SRR REELEEEEREEEAAEAESEEEEEEEREEREEERMEEESEEEEEEREEERES

% Set ep(g) and w(g) values for 10-point Gaussian quadrature

o********************************************************************

ep=[{0.973906528517172;-0.973906528517172;0.865063366688985; -
0.865063366688985;0.679409568299024;0.679409568229024;0.433395394
129247;-0.433355394129247;0.148874338981631;-0.,148874338981631];

w=[0.066671344308688;0.066671344308688;0.149451349150581,;0.1494513491
50581;0.219086362515982;0.215086362515982;0.269266719309996;0.2692
66719309996;0.295524224714753;0.285524224714753];

%*****************'k**************************************************

% Receive the input data and compute coordinate matrix
%********************************************************************
disp(' Welcome to QABEM5S program')

n=20;
¥X=[10.0200;15;20;25;29.98;29.993;27.716;21.213;11.48;0.628;0;0;0;0;0;
0.2090;3.8260;7.0710;9.238;9.997};
¥Y={0;0;0;0;0;0.628;11.48;21.213;27.716;29.993;29.98;25;20;15;10.02;9.
997;9.238;7.071;3.826;0.209];
%********************************************************************
Hhat=matrizhq(n,X,Y,ep,w); % This is the matrix H-hat

G=matrixgg(n,X,Y,ep,w); % This is the matrix G
%*******************************************************************

ae

input known values of U and Q on boundary of square
-%*-k*************************-k********-ﬂ:**-}:***************************

N=ncode (n) ;

t=ncodv({¥,n);%will be used in computing B of Ax=B steps
***********-k*‘******************************************************

o

e

Changing an system of equation to be in form
Ax=BR
and solve to obtain the unknown values of U and @
%****************-):-}:*******‘k*‘k***************************************
A=cheql (N, Hhat, G, t,n) ;
b=cheqgr (N, Hhat, G, t,n);
B=b*t;
X¥=(inv(A))*B; % XX is x in Ax=B

%************:k***-k**************************************************

Show the matrix U and Q

o

o

o
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%*************************i—*i—*******************************‘k‘k******

U=matrixu(t,n, XX);
QO=matrixqg(t,n, ¥X);
nod=1i:1:n;
node={nod"'};
disp('******************-fc******************************')
disp{’ node X Y ua deriv.')
for i=l:n

solu{i,l)=node (i, 1l);

solu{i,2)=X{i,1);

solu(i,3)=Y({i,1);

solu(i,4)=0(i,1);

solu(i,5)=0(i,1);
end
solu
%*******************************************************************

% Next, we start to compute for internal nodes
%*******************************************************************

o

——————— step 1 : input the data to compute —--—--——--——-
disp('*******************’******************************')
l=input ("’ Enter the number of internal nodes: ');

nl=l; .
disp('Next ,input the coordinate(X,Y) of each int node')
dlsp( LR R R R R e I o R R R R R R I I I O S R I A | )
for i=1:1

fprintf ("X-coordinate of node %.0f is',1i);

Xinl (i)=input(': "'):

fprintf ('Y-cocrdinate of node %.0f is',i);
Yinl(i)=input(': '):

end

Xin=Xinl"';
Yin=Yinl'; .
——————— step 2 : Construct matrix H and G -———————-—-~
both H2 and G2 are constructed in the same
way to construct Hhat and G
H2=matrixhqg2(n,1,X,Y,Xin, Yin, ep,w);
GZ2=matrixggZ(n,l1,X,Y,Xin, ¥in,ep,w);
% ——— step 3 : compute the solutions at each int node --
Usol=0.5*((G2) * (Q)- (H2)* (U} );
MLBEM58=mlbem(n,1,nl,X,¥,Xin, Yin, ep, w) ;
Uvalex=[621.1442;621.1442;621.1442];
for i=1:1

Error (i, 1)=0;

Errorqg{i,l)=abs (Uvalex{i,1)=-Usecl (i, 1));

Errorl (i, l)=abs (Uvalex{i, 1)-MLBEMZ9(i,1)};

o® oP

oL

end

disp('=———m——mmm The sclutions are shown as follows -----
________________ ] ) N
nod=1:1:1;

node={(nod"'}:;

disp('node X Y U-MLBEM510 U-MQBEM510 U-Exact EL EQ'")
for i=1:1

solul(i,1)=node(i,1);
solul(i,2)=Xin({i,1);
solul (i, 3)=Yin(i, 1);
solul (i, 4)=MLBEM59 (i, 1);
solul(i,5)=Uso0l(i,1);
sclul (i, 6)=Uvalex (i, 1});
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solul({i,7)=Errorl(i,1l):
solul (i, 8)=Errorqg(i,1):;
end

solul
disp( IR R SRS AR RS S S S RER S SSS AR AR E R EEE SRR AR EEEEEEESEEEEEEEEEE RS SRR )

/7717740777777 7/7/ Graph of Normal derivative //////7/7/7/7/7/7/7777
D=1:1:1;

Subplot(2,1,1);

plot (D,Usol, 'm-0',D,Uvalex, 'b~s',D,MLBEM5S, 'g—*"', "LineWidth', 2);
xlabel ('Node') ;yiabel ('Solution of u');

grid on

title('Solution of u from MQBEM59 and MLBEMS59');

legend({ '"MQBEM59', 'Exact ', "MLBEM59") ;

Subplot(2,1,2);

plot (D,Errorg, 'm-0',D,Errcrl, 'g-*", "LineWidth', 2);

axis([0.9 3.1 -2 20])

xlabel ('Node') ;ylabel ("Error'");

grid on :

title{'Error of u from MOBEMS59.and MLBEM59') ;

legend('Error-Q', '"Exror-L");
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aauh 2 Iilsunsaeios (Subrotines)

G e de ke ok ko ke e ke ok ok Sk koo ok ke sk ke R ok R sk sk ok ke b gk sk sk sk o e ke e e R o ok ke gk e ko ok ok ok ok ke o ok ok R ok R ok ok ek e ok ok ke ke ke

function [X]=coorx{n)

%

k=n/4;

X=zeros(n,1l};

for i=1l:k
X{(141)=X(i+1)+{(i/k)*1;

end

for i=k+2:2*k+1
X(1)=1;

end

for i=2:k
X(2%k+i)=X (k= (i=2));

end

hkhkdhhkkkdhdhhdhdhhbhhhhkhhhhkkhbhbhdhbhkkrhkhhbhhhdhkhhhhhkbhbhrbhrrrrhkkrh ik dkdkk

Ghhdddhdhkdhdkdhdekhhdhkhdhhbhbhkhhkhhdhhbhdhdkdhhhkhhhdhhdhhddhhhhhhhkhkhhkhhdwkkk

function [Y]=coory(n)

k=n/4;
Y=zeros(n,1};
for i=1l:k
Y(k+{i+1) )=Y(k+(i+1))+(i/k)*1;
end
for i=2+k+2:3*k+1
Y{i)=1;
end
for

i=2:%
Y(3*k+ (1))=Y (2*k~(i=-2));
end

%-:l-*******************************************************************

%*****************************************k**********‘k****************

function [N]=ncode(n)

o

N{i})=0 means at node i the walue of ¢ is known
N(i}=1 means at node i the value of U is known

N=zercs(n,1l);

k=n/4;

for i=1:k
N(i)=0;

end

for i=k+1:2*k
N({i)=1;

end

for i=2*k+1:3*%k
N(i)=0;

end

for i=3*k+1:n
N{i)=1;

end

%*******-k************************************************************
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%**-}r*****************************************************************

function [t}=ncodv{¥,n)

k=n/4;

t=zeros(n,1l):;

for i=1l:k
t(iy==-2;

end

for i=k+1:2*%k
t{i)=2+2*Y (1)

~

end _

for i=2+*k+1:3%k
t{i)=2;

end

for i=3*k+1:n
t(i)=1+2*Y (1) ;

end
%*********J:**********************************************************

G & F k& ok ok ok ok ok ke k A ok ok ok e o ok e ok e ok ke ke e ke ke ok ke ok e ke ke ok e o ok sk ke ok e ok ke ke ke sk ok Rk ke ok ok ke ok ke ok ok ok vk ok ok ok k&

function [Ul=matrixu(t,n,XX)
U=zeros(n,1);

=n/4;

for i=1:k
U(i)=XX(1i);

end

for i=k+1:2*k
U(i)=t(i);

end

for i=2*k+1:3*k
U(i)=XX (i)

end ‘

for i=3*k+l:n
U{i)=t(i):

end

GhAhhk bk hkhkdkhhhhhhhdhddhdhdhdhhhdkddhhkdhhdhkh hdhhkhdhhkkkkdkkdkkkkkkkhdokdxdkd k sk

%********************************************************************

function [Ql=matrixqg(t,n,XX)
O=zeros(n,1);

k=n/4;

for i=1:k
Q(iy=t{i);

end

for i=k+1:2*%k
Q{1)=XX{(1i);

end

for 1=2*k+1:3*k
Q(i)=t(i);

end

for i=3*¥k+1l:n

end
%****************************************-k-k**************************



77

%****'}c********-k******************************************************

function [x]l=matrixx(X,n)
X=zerosi(n,1);
$ Compute x middpoint of each element (see p.39 Davies )
for i=1:n-1
g{iy=x(i)+(X(i)+X(i+1))/2;
end
x{n)=x{n}+(X{n)+xX(1}))/2;

Qhkhkkdkokokkwdkdkhdhdhbhkhhkdhhhhhhkhrhhdddhhbddddhhkhhhhhhhhhhhhhdhhhhbhbhhhrik

%*******-k*************'************-A—**********************************

function [y]l=matrixy(¥,n)
y=zeros(n,1l); :
% Compute y middpoint of each element (see p.39 Davies )
for i=1:n-1"
yii) =y (1) +(Y(1)+Y (i+1))/2;
end
y(n)=y(n)+{¥Y(n)+Y(1))/2;

%******************-}c***************‘k*********************************

%*-k****-k*************************************************************

% Construct distance matrix d{(i,]) (=distance from node i to an
element 7) '
function [d]l=dist(n,X,Y)
d=zeros (n);
for i=l:n

for j=1:n-1

ax=X(3+1)-X(3);

ay=Y (3+1)-¥(3)
=0

if abs(ax)>=0.0001

ta=(ay/ax);

d(i,j)=abs (ta*X (i)=Y (1)+Y(j)~ta*X{j))/ (sqrt(ta2+1));
else

d(i,j)=abs (X{1)-X{3)):
end

end
end
for i=1l:n
ax=X(1)~X(n);
ay=Y(1l)-Y(n);
if abs(ax)>=0.0001
ta=(ay/ax);
d{i,n)=abs({ta*X(1)-Y(i)+Y(n)-ta*X(n))/(sqgrt(ta”2+1));
else
d(i,n)=abs(X(i)-X{n));
end
end

%****************************-k***-}.—****-ﬁc******************************

FGhrdhhhhhhdhhhbhhhhdhrhhkh bbbk kb k kb k kb bk dA AR A A rA ko hhhdoh e dodk ok dosok bk ok ke k& ko k ok

% Ceonstruct distance matrix d(i,j) (=distance from node i to an
element 7J) '

function [din]=distin{n,nl,Xin,Yin,X,Y)

din=zeros(nl,n);

for i=1l:nl
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for j=1:n-1
ax=X(j+1)-X(3);
ay=Y (j+1)=-Y(3):
if abs({ax)>=0.0001
ta=(ay/ax);
din (i, j)=abs(ta*¥in(i1)-Yin(i)+Y(J}~-
ta*X(j) )/ (sgrti(tar2+1));
else
din(i,j)=abs (Xin(i)-X(j)):
end
end
end
for i=1:nl
ax=X(1l)-X{n);
ay=Y(1l)-Y{(nj;
if abs(ax)>=0.0001
ta=(ay/ax);
din(i,n)=abs(ta*Xin(i)~Yin(i)+Y(n)-
ta*X(n))/(sqrt(ta”2+1));
else
din(i,n)=abs(Xin(i)-X(n));
end

end
%*******************************-k*-k***-k*-i--i--k**************************

%************3\:*************************-k*-k***************************
function L=lenet (n,X,Y)
L=zeros(n,1l);
for j=2:n-1 _
L{J)=L(3)+sqrt ((X(F+1}-X(3) )} "2+ (Y (J+1)=-Y () )"2);
end
L{n)=sgrt ({(X(1)-X(n))"2+(Y(1)-Y{(n))"2};
L{l)=sgrt ({X(2)-X(1))"2+(¥(2)-Y(1)})"2);

Grrkrhk bk hhhhhdkhhdhdkhdhdhhdhhdhkdhddhhhdhhkkkkdkrkhd kb bddhrrhbdrkdhhhdhhdhkdhhkkk

Ghhddhhhhdhhhhhhhhrhhdhhrhhhbrhdbhhhrhkhkhhdh bk rhrdrhkhrdhdrahhhhbdrhhdhrhi

function [Usoll]l=mlbem(n,1l,nl,X,Y,Xin,Yin,ep,w)
%****************-k****‘k**********************************************

]

% Receive the input data and compute coordinate matrix
%************************************~k*******************************
x=matrixx{X,n);
y=matrixy(Y,n);
%**************'k*'k*********‘k**********‘k****-k********************Je***
% Construct distance d(i,j) from a node i to an element j

and 1(j) is a lenght of element j
***********************7\'*~k*'k**~k************************************
d=dist (n,X,Y);
L=lenet(n,X,Y);

%-k******************************************9‘(***********************

o

=5

$Construct the matrix H and G for solving equation system HU=GQ
%***************‘k*******************************************
Hhat=matrixh(n,X,¥,x,y,d,ep,w;L}; % This is the matrix H-hat
G=matrixg(n,X,Y,x,v,d,ep,w,L); % This is the matrix G '
N=ncode {n) ; :
t=ncodv(Y,n);%will be used in computing B of Ax=B step
%**-k-k-k******_-k-k-k-k*'k'k**************************************************
Changing an system of equation to be in form

Ax=B

oo

o0



79

% and solve to obtain the unknown values of U and Q
%*********«k**************-k************************«k***************
A=cheql (N, Hhat, G, t,n);

b=cheqgr (N, Hhat, G, t,n);

B=bh*t;

XX=(inv(A)) *B; 2 XX is % in Ax=B

%**************************************9{*********************

% Show the matrix U and Q
%***********************************************-k************
U=matrixu(t,n,X¥);

O=matrixg(t,n,XX);

%***********-k-k*******-k****************************************

% Next, we start to compute for internal nodes
%**********1\-**-k**********************************************

5 —-m——- step 1 : input the data to compute —-————-——--
din=distin{n,nl,¥Xin, ¥in,X,Y);
HZ=matrixh2(n,nl,X,Y,Xin,Y¥in,x,y,din,ep,w,L);
G2=matrixg2(n,nl,X,Y,¥Xin,Yin, x,y,din,ep,w,L};

§ —————— step 3 : compute the solutions at each int node —==-=-
Usoll=(1/(2*pi))*{(G2)*(Q)~-(H2)*(U});

%***************‘***7‘:*************************************************

Ghhhhhhdkhddhdhdhhhbhhdhhhhhdhhkhhkhkhkhkdkbkhhkhbhkhddhhhdhrhrbhhbhhdhhhhdrhhdhhk

function {Hhat]=matrixhg(n,X,Y,ep,w)

%*******************-k******************************************

Hhat=zeros (n);

% Next we shall construct H-hat by condidering in 3 parts

% first for R(i,j+1), second for R{i,j} and three for R(i,j-1)

We use 1l0-point Gaussian quadrature method to compute

for g=1:10

Fl(g)=0.5*((ep(qg)
F2(g)=1- (ep(g)) ~2;
F3(g)=0.5*({ep(qg)

o

)~2-ep(g));

)"2+ep(g) )}
end
%************************* j:l AhkdkhkhkhkAhdhkhhhdhdhdhkdhdhkdhhkhkdrk
for i=l:n
for j=1
§ **** first consider for R(i,j+1)
for g=1:10
A=X () =2*X (§+1)+X (+2) ;
B=0.5*(X{J+2)-X(J));
C=Y () -2*Y (F+1)+Y (§+2) ;
D=0.5* (Y (J+2)~Y (F)};:

Jco (g)=sgrt ( (A*ep(g)+B) ~2+ (C*ep(g)+D)"*2);

xl(g):X(j)*Fl(g)+X(J+1)*F2(g)+X(j 2)*F3(g);

y1l{g)=Y(])*F1l(g)+Y (J+1) *F2 (g)+Y (j+ )*F3(g);
1(g

R2ijl(g)=(X(i)-xl{g)) 2+ (¥ (l) -y
dxds (g)=A*ep (g)+B;

-

dyds (g)=C*ep(g) +D;

nx (g)=(dyds (g)) /Jco(g}:

ny(g)=-(dxds (g))/Jco(g)

dudx (g)=x1(g)-X(i); dudy(g)=yl(g)-Y(i);
func(g)=nx(g) *dudx (g) +ny (g} *dudy (g) ;
S1{g}=(func(g)*Jco(g)*w(g)*Fl(g))/R2ijl{q);

end
ssl=sum(S1l};
% **** next consider for R(i,])



for g=1:10

A=X (n)-2*X(J)+X(3+1);
B=0.5*{X{3+1)-X(n));
C=Y (n)-2*Y(§)+Y (§+1);

D=0.5*(Y{j+1)-Y(n));
Jco(g)=sqrt ((A*ep(g)+B) "2+ (C*ep(g)+D} "2} ;
x1(g)=X{n)*Fl{g)+X(J)*F2(g)+X(J+1)*F3(qg);
yi(g)=Y(n)*Fl{g)+Y(3)*F2(g)+¥{j+1)*F3 (g}
R2ij1(g)=(X(1)=-x1(g)} "2+ (Y (i)-y1(g))"2;
dxds (g) =A*ep (g)+B;
dyds (g) =C*ep (g)+D;
nx{g)=(dyds (g)) /Jco(g);
ny(g)=-(dxds (g)) /Jco(g);
dudx (g)=x1(g)-X{i); dudy(g}=yl(g)-Y(i);
func(g)=nx(g) *dudx (g) +ny (g) *dudy (g) ;
S2 (g)={(func{g) *Jco(g) *w(g) *F2 (g) ) /R21j1(g):
end
ss2=sum(S2);
$**** next consider for R(i,j-1)
for g=1:10
=X (n-1) -2*X (n) +X (§) ;
B=0.5* (X(J)=-X(n-1)};
C=Y(n-1)-2*Y(n}+Y(j}:
D=0.5*(Y(3}-Y(n-1)});
Jco(gl=sgrt ( (A*ep(g)+B) "2+ (C*ep(g)+D)"2);
x1(g)=X(n~-1)*F1(g)+X(n) *F2(g}+X(j}*F3{g);
y1l{g)=Y(n-1)*Fl(g)+Y(n)*F2 (g)+Y(F)*F3(g);
R21j1(g)=(X(i)-x1(g))"2+(Y(i)-yl{g))~2
dxds (g)=A*ep(g)+B;
dyds(g) C*ep(g)+D:
x(g)=(dyds(g))/Jco(qg);
ny(g)
(
(

=-{dxds(g))/Jco(qg);
‘dudx g)“Xl( y=X(i); dudy (g)=y1l{g)-Y(i);
func (g)=nx(g) *dudx (g) +ny (g) *dudy (g) ;
S3{g)= (func(g)*Jco(g)*w(g)*F3( YY/R21j1{g):
end

553=sum{S83);
%*-}:******************************-k*******'k************************
Hhat (i,3)=~0.5* (ssl+ss2+ss3) /pi;
end
end
%-k-k*-k*******_************** j=2 LR R o R I S S AR ]
for i=l:n
for j=2
% **** first consider for R(i,j+1)
for g=1:10
A=X(3)-2*X(J+1)+X{J+2);
B=0.5* (X{j+2)-X(J}}:
C=Y (F)-2*Y(j+1L)+Y (J+2);
D=0.5* (Y {(3+2)-Y(])):
Jeo(g)=sqrt((A*ep(g)+B) "2+ (C*ep(g)+D)"2);
®L(g)=X(J)*FL(g)+X(j+1)*F2 (g)+X(J+2)*F3(qg);
yi(gy=Y(J)*Fl(g)+Y(j+1)*F2 (g )+Y(j+2)*F3(Q);
R2131(g)=(X (1) -x1(g)) "2+ (Y (i)-yl(g))"
dxds (g )—A*ep(g)+B,
dyds{g)=C*ep(g)+
nx(g)={(dyds (qg) )/Jco g);:
ny (g)=-{(dxds (g) ) /Jco(g);



dudx (g)=x1 (g) -X(i); dudy{g)=yl(g)-Y{i};
func (g) =nx(g) *dudx (g) +ny (g) *dudy (g) ;
S1{g)=(func(g)*Jco(g) *w(g) *F1{(g)}/R2ijil{qg);
end
ssl=sum{S1);
% **+%* next consider for R({i,])
for g=1:10
A=X(J-1)-2*X(3)+X(j+1);
B=0.5* (X (J+1)-X(3-1)):
C=Y(j-1)-2*Y (J)+Y {j+1);
D=0.5* (Y (3+1)-Y(j~1)};
Jco(g)—sqrt((A*ep(g)+B)“2+(C*ep(g)+D)A2),
x1(g)=X(j- l)*Fl(g)+X(J)*F2(g)+X(j+l)*F3(g);
yi(g)=Y(J-1)*Fl{g}+Y{J}*F2 (g)+Y (J+1) *F3(qg);
R21j1{g)=(X(1i}-x1(g}) 2+ (Y (i)~yl(g))"2;
dzds (g)=A*ep (g) +B;
dyds (g) =C*ep (g) +D
nx(g)={dyds(g})/Jco(qg);
ny(g)=-(dxds (g))/Jco(g)
dudx (g)=x1(g)-¥(i); dudy (g)=yl(g)-Y(i);
func(g)=nx(g) *dudx (g) +ny(g) *dudy (g) ;
52(g)={func(g)*Jco(g)*w(g)*FZ(g))/R2ij1(g);
end
ss2=gum{S2);
g*¥*** next consider for R({i,j-1)
for g=1:10
B=X(n)-2*X(J-1)+X(3);
B=0.5*(X(})-X(n)};
C=Y{n)-2*Y(J-1}+¥Y{(3);
D=0.5*(Y(])-Y(n));
Jco (g)=sqrt ({A*ep(g)+B) "2+ (C*ep(g)+D)"2);
xl(g)mX(n)*Fl(g)+X(j 1)*F2(g)+X(j)*F3(qg):
y1l(g)=Y(n)*Fl(g )Y (- 1)*F2(9)+Y(])*F3(g).
R21j1(g)=(X(i)~x1(g))"2+ (Y (i) -yl{g))~
dxds (g) =A*ep(g) +B
dyds(g) =C*ep (g} +D;
x(g)=(dyds(g))/Jco(g);
y(g)=-(dxds(g))/Jco{g);
dudX(q) =x1(g)-X{i): dudy (g)=yl(g)-Y(i);
func (g) =nx (g) *dudx {(g) +ny (g) *dudy (g} ;
83{g)=(func(g)*Jdco(g)*w(g) *F3(g) ) /R2i31{g);
end
ss3=sum{S3);
%*-k*****-k**************************-ie-k*****************************
Hhat (i,J)=-0.5* (ssl+ss2+ss3) /pi;
end
end
%****************** j=3...n_2 **************************************

for i=1:n

for j=3:n-2
% ***x first consider for R{i,j+1}
for g=1:10
A=K () =2*X (J+1)+X (+2);
B=0.5* (X(j+2)~X(3));
C=Y(3)-2*Y (J+1)+Y (5+2)
D=0.5% (Y (§+2)-Y(3));
Jco(g)—sqrt((A*ep(g)+B)A2+(C*ep(g) D)Y"2);
x1(g)=X(J) *F1(g) +X (3+1) *F2(g) +X (3+2) *F3 (g) ;



5]

nd

yi(g)=Y (J)*FL{g)+Y{(j+1)*F2{g)+Y (§+2)*F3(qg);
R2ij1(g)=(X(1)-x1(g))"2+(Y(i)-yl(g))"2;
dxds (g)=A*ep(qg) +B;

dyds (g) =C*ep (g) +D;
nx{g}=(dyds(g))/Jco(g):
ny{g)=-(dxds{g))/Jco(qg};

dudx (g)=x1{g)-X(i); dudy (g)=yl{g)-Y(i);
func{g)=nx(g) *dudx (g) +ny {(g) *dudy (g) ;
S1(g)=(func(g) *Jco(g) *w(g) *F1(g)) /R2ij1(g);

ssl=sum(S1l);
***k% next consider for R(i,])
for g=1:10

A=X (§-1)=2*X (§)+X (§+1);
B=0.5* (X (§+1)~X (§-1));
C=Y (§=1)=2%Y (§)+Y (§+1) ;
D=0.5*% (Y (§+1) =Y (§-1)); :
)+D}"2);

Jeo(g)=sgrt{ (A*ep(g)+B) "2+ (C*eplg
®1l(g)=X(J-1)*Fl(g )+X(J)*F2(g)+X(J+l)*F3(g).
yI{g)=Y (3-1)*F1(g)+Y (J)*F2 (g)+Y (J+1)*F3(g);
RZijl{g)=(X{i)=xl(g)) "2+ (¥ (i)~-yl(g))"2;

dxds (g) =A*ep (g) +B;

dyds (g)=C*ep (g) +D;

nxz (g)=(dyds (g) } /Jco(qg);

ny (g)=-{(dxds{(g))/Jco(qg);

dudx (g)=x1{g)-X(i); dudy (g)=y1{g)-Y(i);
func(g)=nx{g) *dudx (g} +ny (g) ~dudy (g) ;
S2(g)={(func(g)*Jco(g) *w(g) *F2 (g) ) /R2ijl{g);

' end

ss2

=sum(S2);

g**** next consider for R(i,j-1)
for g=1:10

(<]

nd

A=X(§-2) -2*X (3=1)+X (3) ;
B=0.5% (X (§)-X(j-2))

C=Y (3-2)=2*Y (5-1)+¥ (3) ;
D=0.5% (Y (3)-¥(3-2));

Jeco{g)=sgrt { (A*ep(g)+B}" 2+(C*ep(g)+D) 2);
21 {g)=X({J-2)*F1(g)+X (j-1) *F2 (g)+X{J) *F3 (g} ;
yi{g)i=¥(j-2)*Fl(g)+Y(]-1)*F2 (g )+Y(3)*F3(g)
R21j1(g)=(X(i)-x1l(g)) "2+ (¥ {i)~-yl{g))"
dxds (g)=A*ep (g)+B;
dyds(g) =C*ep (g) +D;

( y=(dyds (g)} /Jco (g} ;

g)=-{ dxds{ ))/Jco{g);

dudX(g) ( y-XA{1); dudy (g)=yl{g)=-Y(i);
func (g)=nx(g) *dudx (g} +ny (g) *dudy (qg) ;
S3(g)=(func(g) *Jco(g) *w(g) *F3 (g} ) /R2ij1(g);

ss83=sum(S83);
%*********************************-k*************‘k***********

Hhat (i,]j)=-0.5*%(ssl+ss2+5s83) /pi;

end
end

82

G & Kok ke e e ok ok ke ke ke ke ke kook ok ok ok ok ok ok j: Ne-] KFhkkkkkokkk Ak kkhhkhkkhhkkkdhddkdkhod dedk bk ks k k&

o

o

for i=1:n"

when j=2,

. .n=2

for j=n-1
**%% first consider for R({i,j+1)



for

end
ssl

g=1:10

A=X(J)~2*X (J+1)+X (1)

B=0.5*% (X(1)-X(]));

C=Y (3)=2*Y (j+1)+Y (1) ;

D=0.5%(Y(1)-Y(3));

Jeo{g)=sqrt ({A*ep(g)+B) "2+ (C*ep(g}+D)"2);
21 (g)=X{J)*FL{g)+X (J+1) *F2 (g)+X {1} *F3(qg);
yl(g)=Y (3} *Fl(g)+Y{j+1)*F2(g)+Y {1} *F3(q);
R2ijl(g)=(X(i)-x1(g) ) 2+(Y(i)-yl(g})"2;
dxds (g)=A*ep (g) +B;

dyds (g)=C*ep{qg) +D;

nx (g)={(dyds(g))/Jco(g};

ny (g)=~(dxds (g} ) /Jco (qg);

dudx (g)=x1(g)-X(i}; dudy (g)=yl(g)-Y{i);
func (g)=nx (g) *dudx (g) +ny (g) *dudy (g) ;

51 (g)=(func(g)*Jco(g)*w(g) *Fl(g))/R2ijl(qg);

=sum({S1};

**** next consider for R(i,j)

for

g=1:10
A=X(j-1)-2*X () +X (j+1);
B=0.5* (X (j+1)-X{j-1));

=Y (j~1)-2*Y (J)+Y {(+1);
D=0.5% (Y (3+1)=-Y(j3-1));

Jco(g)=sqgrt {{A*ep(g)+B)"2+{C*ep(qg)+D)*2);
x1(g)=X(J-1)*FL{g)+X(J)*F2{g)}+X (F+1} *F3(q);
y1(g)=Y(j~1)*Fl(g)+Y (J)*F2(g)+Y(j+1}*F3(qg);
R2ij1(g)=(X(1)-x1(g)) "2+ (Y (i) -yl (g))"2;
dxds (g)=A*ep(g)+B;

dyds (g)=C*ep(g)+D;

nx (g)=(dyds(g)}/Jco(qg);
ny(g)=-{(dxds (g} ) /Jco(qg):

dudx (g} =x1(g)~X{i); dudy (g) =yl (g)~Y(i};
func (g)=nx(g) *dudx (g) +ny (g) *dudy (g) ;
S2(g)=(func{g)*Jcol{g)*w(g) *F2(g))/R2ij1(g);

end
s82=sum(S2);
¥¥*x* next consider for R(i,j-1)

for

end

ss53=
%********-k-k***********-k***************-k************************‘k‘k**

g=1:10
A=X(]J-2)=2*X{J-1)+X(]) ;
B=0,5* (X{1)-X(j-2)):
C=Y (§-2)=2%Y (§-1)+Y (3} ;
D=0.5*(Y(j)-¥(j-2));

Jeo(gl=sqrt ((A*ep (g)+B) “2+ (C*ep (g) +D) ~2) ;
x1(g)=X(3-2)*F1(g)+X (j-1) *F2 (g) +X (j) *F3(q) ;
yI(g)=Y(J-2)*F1(g)+Y(j-1)*F2(g) +Y(j)*F3(g),
R2ij1l(g)=(X(1)-xl(qg)) 2+ (¥ (i)-yl{g))"

dxds (g)=RA*epl{g) +B;

dyds (g)=C¥*ep (g) +D;

nx{g)=(dyds(g))/Jco(g);

ny(g)=- (dxds ))/Jco{g);

dudx (g)=x1(g)-X(1i); dudy (g)=yl(g)-Y(i);
func(g )= % (g) *dudx (g) +ny (g) *dudy (g) ;
S3({g)=(func(g)*Jco(g) *w(g) *F3(g)) /R2ijl(g);

sum{(S3);

Hhat {i,])=~0.5% (ssl+ss2+ss3) /pi;

83



end
end
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for i=1l:n

% when j=2...n-2

for 3=n

§ **** first consider for R(i,j+1)

for

g=1:10
A=X{(])-2*X(1)+X (2} ;

B=0.5*(X(2)-X(j));

C=Y (§)=2*Y (1)+Y(2);

D=0.5*(Y(2)-Y(J))+
Jeo{g)=sqgrt({(A*ep{g)+B) "2+ (C*ep(g)+D)"2);
x1(g)=X(3)*F1{g)+X (1) *F2(qg)+X(2)*F3(g);
yi{g)=Y(3)*FL{g)+Y (1) *F2{g)+Y (2) *F3{q);
R2ij1(g)=(X(i)-x1(g)) "2+ (Y (1)-y1l(g))"2;
dxds (g} =A*ep (g) +B;

dyds (g)=C*ep (g) +D;

nx (g)=(dyds (g))/Jco(g):
ny{g)=-(dxds (g} ) /Jco(qg):

dudX(g)-xl(g)-X(i): dudy (g)=yl(g)~¥(i);
func (g)=nx(g) *dudx (g) tny (g) *dudy (g) ;-
Sl(g)—(func(g)*Jco( )*w{g)*Fl(g))/R2ij1l(g);
end -
ssl=sum(S1l);
§ **** pext ccnsider for R(i,]}
for g=1:10

A=X (j=-1)=2*X{J)+X(1);

B=0.5*{X({1)-X{j-1)):

C=Y (J-1)-2*Y(j)+Y(1);

D=0.5*(Y(1})-Y(3-1));
Jco(g)=sqrt ( (A*ep(g)+B) *2+ (C*ep (g)+D) "2} ;
x1(g)=X(]-1)*F1(g)+X(J)*F2(g)+X{1)*F3(qg);
yI(g)=Y (J-1)*FL(g)+Y () *F2(g)+Y (1} *F3(g)};
R2ij1(g)=(X(1)-xl(g)) 2+ (Y (i)-yl(qg)}"2;
dxds (g)=A*ep (g) +B;

dyds (g)=C*ep (g) +D;

nx{g)=(dyds (g} }/Jco(g);
ny(g)=-(dxds (g} }/Jco(g);
dudX(g)—xl(g)—X(i); dudy (g)=yl(g)-Y(i);
func{g)=nx(g) *dudx (g) +ny (g) *dudy (g} ;

S2(g)= (funC(g)*Jco{g)*W(q>*F2(g))/R2ijl(g);

end
ss2=sum({S2);
g***x* next consider for R(i,3-1}

for

g=1:10

A=X(F-2)-2*X(§-1)+X (3}
B=0.5*(X(j)-X(j-2));

C=Y{j=2)-2*Y (3~1)+Y (F);
D=0.5*(Y(])-Y(]j~2));
Jco(g)=sqart{{A*ep({g)+B) "2+ (C*ep(g)+D) ~2);
x1(g)=X{]J~2)*FL{g)+X(j~1)*F2 (g)+X(J) *F3 (g) ;
y1l(g)=Y{(J-2)*F1(g)+Y{(§-1)*F2 (g)+Y(J) *F3(g);
R2171(g)=(X(1)~-x1l(g) )2+ (Y (1) -yl(g))"2;
dxds(g)—A*ep(g)+B,

dyds (g)=C*ep(g) +
nx{g)=(dyds (g ))/Jco(g)
ny {g)=-(dxds (g))/Jco(g);
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dudx (g)=x1(g)-X(1); dudy (g)=yl{g)-Y(i);

func(g)=nx(g) *dudx (g) +ny (g) *dudy (g) ;

53 (g)=(func(g}*Jco(g) *w(g) *F3(g) )} /R2ijl(qg);
end '
ss3=sum(S3);

%********************************************************************
Hhat (i,])=-0.5*(ssl+ss2+ss3) /pi;

end
end
for i=1:n
Hhat {i,1i)=0;
end
% Next we consider Hhat's values when i=j
Hhatl=sum (Hhat');
for i=l:n
Hhat (i, i)=-Hhatl(1,1i);

end
%*******-k**-k-k*********—***********************************************

%********************************************************************
function [H2]=matrixhqg2(n,1,X,Y,Xin,Yin, ep,w)
H2 zeros{l,n):
Next we shall construct H2 by condidering in 3 parts
first for R{i,j+l), second for R{i,3) and three for R{i,3-1)
We use 10-point Gaussian quadrature method to compute
%********************************************‘************************
for g¢g=1:10
F1(g)=0.5*%((ep(g))"2~ep(g});
F2(g)=1-(ep(g))"2;
F3(g)=0.5*((ep(g))"2+ep(g)}:

o° oo

e

end
%************************* ]=1 ******************************‘k****
for i=1:1
% when j=2...n-2
for j=1
% **** first consider for R(i,j+1)

for g=1:10
A=Y () =2*X (§+1)+X (+2) ;
B=0.5* (X(§+2)-X(}));
" = (0 B ¥ el 4 (el 1 L 2L
D=0.5* (Y (§+2)-Y(3))
Jeo{g)=sgrt ((A*ep(g)+B) "2+ {C*ep(g)+D)"2);
xl(g)=X(j)*F1(g)+X(j+1)*F2(g)+X(j+2)*F3(g);
y1(g)=Y (3)*FL(g)+Y (3+1) *F2 (g) +¥ (3+2) *F3(g) ;
R2i31(g)=(Xin(i}-xl(g)) 2+ (Yin(i)-y1(g))~2;
dzxds {(g)=A*ep (g)+B;
dyds(g)wc*ep(g)+D;
g)=(dyds { ))/JCO(g);
( )=-(dxds (g} ) /Jco(g};
dudx(
(
)

g)—xl( )-Xin(i); dudy(g)=y1( y=Yin(i);
func g)=nx(g) *dudx (g) +ny (g) *dudy (g) ;
1{g}=1{fun ( 1 *Jco(g) *w{g)*Fl{g))/R21ij1l(qg);

end
ssl=sum(S1);
§ **** next consider for R(i,j)
for g=1:10
A=X{n)-2*X{J)+X (]+1);
B=0.5* (X {j+1)~X{(n));



%*************************

[

B

C=Y (n)=2*Y (§)+Y (§+1);
D=0.5*(Y{j+1}-Y(n));
Jco(g)=sqrt((A*ep(g)+B)A2+(C*ep(g)+D)“2);
x1{g)=X(n}*Fil(g)+X(J)*F2(g)+X(j+1)*F3(g);
y1(g)=Y(n}*Fl(g)+Y(J)*F2(g)+Y (j+1}*F3(g);
) Fal

R2ij1(g)=(Xin(i)-x1(g)) "2+ (Yin(i)-yli(g))"2;
dxzds (g)=A*ep(g) +B;
dyds )=C*ep(g)+D;

(g
x(g)=(dyds{(g))/Jco{g};
y(g)=-(dxds(g})/Jco(g);

{

{

)

dudx g)—xl g)y-Xin{i); dudy (g)=yl{g)-Yin({i);
func (g)=nx(g) *dudx (g) +ny(g) *dudy (g} ;
82(g)= func{g)*Jco(g) w(g)*F2(g))/R2ij1l(g};

end

ss2=sum(S$2) ;
$**** next consider for R(i,]-1)
for g=1:10

end

A=X(n-1)-2*X(n)+
B=0.5* (X (j)=-X(n-1
C=Y{n-1}-2*Y(n)+Y
D=0.5*(Y(3)-Y(n~1
Jco (g)=sqrt({(A*ep(g)+B) "2+ (C*ep(g)+D)"2);
2l (g)=X{n-1)*F1 (g)+X(n) *F2 (g} +X () *F3(g);
y1{g)=Y{n-1)*F1{(g)+Y(n)*F2(g)+Y(J)*F3(qg);
R2ijl{g}=(Xin{i})-xl{g}) 2+ (Yin(i)-y1l(g))"2
dxds (g)=A*ep (g} +B;

dyds (g)=C*ep (g) +D;

nx(g)={(dyds(q))/Jco(qg);

ny (g)=-(dxds {g) ) /Jco(g);

I

x(7)
)l
J)e
)

VAVA

dudx (g} =x1(g)-Xin(i); dudy{g)=y1(g)-Yin(i);

func(g)=nx{g) *dudx (g)+ny (g) *dudy(qg) ;
53 (g)=(func(g)*Jco(g}*w(g) *F3(g))/R2ijl(qg);

ss3=sum{83);
%************************************************i—*******************

HZ2 (i,])=-0.5*%(ssl+ss2+ss53)/pi;

end
end

for i=1:1
when j=2...n-
for j=2

2

% ***% first consider for R{i,j+1)
for g=1:10

A=X(§)=2*X (3+1) 4% (5+2) ;
B=0.5* (X(3+2) -X(3)) ;
C=Y () =2%Y (J+1} +Y (§+2) ;
D=0.5*% (Y (342} -Y (3)) ;

Jeo{g)=sqgrt ((A*ep(g)+B) "2+ (C*ep(g)+D)"2);
x1(g)=X ()} *FL(g)+X (J+1) *F2 (g)+X (J+2) *F3 (g) ;
ylig)= Y(j)*Fl(g)+Y(J+l)*F2(g)+Y(j+2)*FB(g),
R21j1{g)=(Xin(i)-xl(g)) 2+ (Yin(i)-yl(g))"2;
dxds(g)=A*ep(g)+B,

dyds {(g)=C*ep (g) +D;

nx(g}=(dyds (g)) /Jco(g);

ny (g)=-(dxds {g))/Jco(qg);

dudx (g)=x1(g)-Xin(i}; dudy (g)=yl(g)-Yin(i);

)
func(g)=nx(g) *dudx (g) +ny (g) *dudy (g) ;

]=2 Akkkdkhkhhhhhkhkhhdkdkhkdhddkdhkhdkdkbddhdkdkdkkhhk
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S1(g)={func{g)*Jco(g)*w({g)*F1(qg))/R2ijl(qg);
end
ssl=sum{S1l);

*%%%* next consider for R(i,j)

for g=1:10
A=X{(j-1)-2*X(3)+X{3+1):
B=0.5% (X (j+1)~-X(3-1));
C=Y (J=1)-2*Y(J)+Y (j+1} ;"
D=0.5* (Y (§+1)-Y(3-1}));
‘Jco(g)=sqrt ((A*ep(g)+B) “2+ (C*ep(g) +D) ~2);
xl(g)=X(j- l)*Fl(g)+X(j)*F2(g)+X(j+l)*F3(9)
yl(g)=Y(j- 1)*Fl(g)+Y( )*E2(g}+Y (j+1)*F3(g);
R2ijl(g)=(Xin(i)-x1(g))"2+(Yin(i)~yl(g))"2;
dxds(g)=A*ep(g)+B
dyds (g)=C*ep (g} +D
nx{g)=(dyds(g}) /Jco(qg);
ny({g)=-(dxds{g))/Jco{qg);

dudx (g)=x1(g)-Xin({i); dudy(g)=yl(g)-Yin(i);

func(g)=nx(g) *dudxz (g) +ny (g) *dudy (g) ;

82 (g)=(func(g)*Jco(g) *w(g)*F2 (g)) /R2ij1(qg);
end
ssZ2=sum(S2) ;

G**** next consider for R(l,] 1)

for g=1:10
A=X(n)-2*X{j-1)+X(3):
B=0.5*(X{J)-X(n));
C=Y (n)-2*Y (j=-1)+Y(3):
D=0.5*(Y(j)~Y{(n)):
Jeo({g) =sqrt ({A*ep(g)+B) "2+ (C*ep (
x1(g)=X{n)*Fl{g)+X(j~1)*F2 (g)+X(
y1l{g)=Y(n)*F1(g)+Y(j-1)*F2(g)+Y(
R2ijl(g)=(Xin(i}~x1(g) )2+ (¥in(i
dxds (g)=A*ep(g) +B;
dyds (g)=C*ep(g)+D
nx(g) {(dyds {g))/Jco(g);
(dxds (g} ) /Jco (g} ;

g)+D)
J1*F3
j)*F3
)—y1(

g)
dudx(
func(
53{qg)
end

ss3=sum(S3);

q)
g)=nx(g) *dudx (g) +ny (g) *dudy (g) ;
=(func (g} *Jco(g) *w(g) *F3(g) ) /R21ij1(qg);

=x1(g)-Xin(i); dudy (g)=yl{g)-Yin(i

87

%************-k******************************************************

end

end

H2(i,j)=—O.5*(ssl+ss2+ssS)/pi;

%********************- j:3_n_2 **************'x*********************‘k*
for i=1:1
when j=2.,.,.n-2

ge

for

J=3:n-2

**%k first consider for R(i,j+1)

for g=1:10
B=X{j)- 2*X{F+L)+X (J42) ;
B=0.5* (X (j+2)~X(]))
C=Y(J)-2*Y(J+1)+Y(j+2);
D=0.5* (Y (3+2)-Y(3)):
Jco(g)=sqrt((A*ep(g)+B)“2+(C*ep(g)+D)“2);
xl(g)=X(j)*Fl(g)+X(j+l)*F2(g)+X(j+2)*F3(g);
yl(g)=Y(j)*Fl(g)+Y(j+1)*FZ(g)+Y(j+2)?F3(g);



end

g8

R2ij1(g)=(Xin(1)-x1(g)) "2+ (Yin(i)-yl(g})"2;

dxds (g)=RA*ep (g) +B;

dyds (g)=C*ep (g) +D;

nx(g)={(dyds (g) ) /Jco(g);

ny{(g)=-(dxds{g))/Jco(g}:

dudx {g)=x1(g)-Xin(i); dudy(g)=yl{g)-Yin(i);
func{g)=nx{g) *dudx (g) +ny (g) *dudy (g) ;
S1(g)={func{g) *Jco(g) *w{g) *F1{g))/R2ijl{qg);

ssl=sum(Sl);
§ **** next consider for R{i,j)

for

end

g=1:10

A=X (j-1)=2*X () +X (§+1);
B=0.5* (X (§+1})-X(3j-1});

C=Y (j=1)-2*Y (J)+Y (J+1);

D=0.5*(Y (j+1)~-Y (J~-1));
Jco(g)=sgrt ( (A*ep(g)+B) "2+ (C*ep(g)+D) "2
x1{g)=X(]-1)*F1(g)+X(]j)}*F2(g)+X(j+1)*F3
yi{g}=Y(j-1)*Fl(g)+Y¥{(]j)*F2(g)+Y(j+1)*F3
R2ij1(g)=(Xin(i}-x1(g)) "2+ (Yin(i)-yl(qg)
dxds (g)=A*ep(g) +B;

dyds (g)=C*ep (g) +D;

nx{g)={(dyds (g))/Jco(g);

ny{g)=-{(dxds (g)}/Jco(g);

dudx (g)=x1(g)~Xin (i} dudy (g)=yl(g)-Yin(i);
func(g)=nx(g) *dudx (g) +ny (g) *dudy (g} ;
S2(g)={func(g)*Jdco(g) *w(g) *F2(g}}/R2ijl{g);

)
{g)
(g)
)/\2-

H
2
I
!

ss2=sum(S2);
g***% next consider for R{i,j-1)

for

end

583=

g=1:10

=X(j-2)-2*X(J~-1)+X(3);

B=0.5* (X(J)-X(j-2));

C=Y{j-2)-2*Y (3-3)+¥{3);
D=0.5*(Y(3)-Y(J-2));

Jeo(g)=sqrt ((A*ep(g)+B) "2+ (C*ep(g)+D)"2);
x1(g)=X(3-2)*FL(g)+X (J-1)*F2 (g) +X () *F3(q)
yl(g)=Y(J-2)*FL{(g)+Y (J-L)*F2(g)+Y (J)*F3(qg}:
R2ijl{g)=(Xin(i)-x1(g}}"2+(Yin(i)-yl(qg))"2;
dxds (g)=A*ep(qg)+B;

dyds (g)=C*ep(g)+D;

nx (g)=(dyds (g) ) /Jco(g);

ny (g)=-(dxds (g} ) /Jco(qg);

dudx (g) =x1 (g} -Xin(i); dudy (g) =yl (g)=Yin(i);
func (g)=nx(g) *dudx (g) +ny (g) *dudy (g} ;

83 (g)=(func(g) *Jco(g) *w(g) *F3(q)) /R2ijl(g);

sum{S3};

Gowhok ek dedkok de ok k ok kok ek ok ke ke ok ok ke ki ok ek ok ok ok K Rk ok Kk ek T e e sk ke ke ok sk ok ke sk sk ok ok ke ke ke ok ok ok ok ok ok

H2 (i,])=-0.5*(ssl+ss2+s83) /pi;

end
end

%**************k***** j: 11 hkkok ok ok ok ok ok ok ok ok ok ok ok ok ek ke ok kR ok ke ok ok R ok ok ok ek ok ok ek ok ok

for i=1:1

o

ov

for

when Jj=2...n-2
for j=n-
**** first consider for R(i,j+1)

1

g=1:10
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A=¥X{])-2*X (J+1)+X(1);

B=0.5*(X(1)-X(j));

C=Y(j)=2*Y {(j+1)+Y(1);

D=0.5*(Y(1)-Y(3)):

Jdco(g)=sqrt ( (A*ep(g)+B) "2+ (C*ep(g)+D)"2);
x1 (g)=X{J)*F1(g)+X(J+1) *F2{g)+X (1) *F3(qg) ;
yI(g) =Y (J)*FL(g)+Y (J+1)*F2(g)+Y (1) *F3 (g);
R2ij1{g)=(Xin(i)-x1(g))*2+(Yin(i)-yl{(g))
dxds (g)=RA*ep(g) +B;

dyds (g)=C*ep{g) +D;

nx (g)=(dyds(qg)) /Jco(g);

ny (g)=-(dxds(g)) /Jco(g);

dudx (g)=x1(g)-Xin(i}; dudy(g)=y1l(g)=-Yin(i);
func(g)=nx (g} *dudx (g} +ny (g) *dudy (g) ;
S1(g)=(func(g)*Jco{qg)*w(g)*Fl{g))/R2ijl{qg);

D> we Ne s

2;

end
ssl=sum(S1);
% **** next consider for R(i,])
for g=1:10
A=X(J-1)-2*X () +X(j+1);
B=0.5*(X{(j+1)-X{j-1));

C=Y (j-1)-2*Y(J)+Y(3+1);
D=0,5*(Y(3+1)-Y(j-1));
Jco(g)=sqrt((A*ep(g)+B)A2+(C*ep(g)+D)“2);
21(g)=X(J-1)*F1(g)+X (J)*F2(g)+X (§+1) *F3(qg);
yI(g)=Y(J-1)*F1(g)+Y(J)*F2(g)+Y {j+1)*F3(g);
R21j1(g)=(Xin(i)-x1(g)) "2+ (Yin (i} -yl (g} )"2
dxds (g)=A*ep (g} +B;
dyds (g)=C*ep (g) +D;
nx (g)=(dyds (g} ) /Jco(qg);
ny{g)=-(dxds(qg) ) /Jco(g):
dudx (g)=x1(g)-Xin(i}; dudy (g)=y1(g)-Yin(i);
func(g) =nx(g) *dudx (g) +ny {g) *dudy (g) ;

52 (g)=(func(g)*Jco(g) *w(g) *F2 (g) ) /R2ij1(qg);
end ‘
ss2=sum(S2) ;
F*x*¥** next consider for R{i,j-1)
for g=1:10
A=X(]J-2)~2*X(3~-1)+X(]) ;
B=0.5*(X(J)-X{j-2));
C=Y(J-2)=2*Y (3-1)+Y(]);
D=0.5*(Y (J)-Y(Jj-2));
Jco(g)=sqrt((A*ep(g)+B)A2+(C*ep(g)+D)“2);
x1{g)=X(J-2)*Fl(g)+X(j-1) *F2(g)+X (1) *F3(q) ;
yl(g)=Y(j~2)*Fl(g)+Y(j—1)*F2(g)+Y(j)*F3(g);
R2ij1(g)=(Xin(i)-x1{g))"2+(Yin(i)-yl(g)) 2;
dxds (g)=A*ep{g) +B;
dyds (g)=C*ep(g) +D
nx(g}=(dyds (g))/Jco(qg);
ny(g)=-{dxds(g)}/Jcoig);
dudx (g)=x1(g)-Xin{i); dudy (g)=yl{(g)-Yin(i);
func(g) X (g g) *dudxz (g) +ny (g) *dudy (g) ;
3(g)=(func(g)*Jco(g)*w(g) *F3(g)) /R2ij1(g);
end
ss3=sum{S3);
%*****-k-k-k***********************‘k*********'ir*************************
HZ2(1,3)=-0.5*(ssl+ss2+ss3) /pi;
end



end

Ghhkhkkhhkhkhhdhhhhhdhhkhhhk j= T F Rk e e vk ke ke e e e ke ok ok ke sk ok ke ok ok ok ok ok ke e ok ok ke sk ok ke ok ok ok

for i=1:1
% when j=2..
for j=n

n-2

% **** first consider for R(i,j+1)

for

end
ssl
& **** next con
for

en
ss
F**** next co
for

g=1:10
A=X(])-2*X (1)

B=0.5%(X(2)-X(j));

C=Y(])-2*Y({1)+Y(2);

D=0.5%(Y(2)-Y{j));

Jeco (g)=sgrt ({A*ep(g)+B) "2+ (C*ep(g) +D) "2);
x1{g)=X{j)*F1{(g)+X (1} *F2 (g)+X(2)*F3(q);
yl{g)=Y{j)*F1(g)+Y (1) *F2 (g)+Y(2) *F3(g);
R2ijl(g)={(Xin(i)-x1(g)) "2+ (Yin(i)-yl(g))"2;
dxds (g)=R*ep(g) +B;

dyds (g)=C*ep(g)+D;

nx(g)=(dyds(g))/Jco(qg);

ny(g}=-{(dxds (g})/Jco(qg);

dudx (g) =x1(g)-Xin(i); dudy(g)=yl(g)~Yin{i);
func (g) =nx (g) *dudx (g) +ny (g) *dudy (g} ;
Sl(g)=(func{g) *Jco(g) *w(g) *Fl (g)) /R2ij1(qg);

+X(2);
{3

=gum({Sl);

sider for R(i,j)

g=1:10

A=X{3-1)-2*X(j)+X(1);

B=0.5*(X(1)-X(j=1));

C=Y (§-1)-2*Y (J)+Y(1);

D=0.5*(Y(1)=Y(3~1));

Jco (g)=sqgrt ((A*ep(g) +B) "2+ (C*ep(g)+D)~2);
21 (g)=X(J-1)*Fl(g)+X(J) *F2{g) +X (1} *F3(g);
yI(g)=Y(3-1)*F1(g)+Y(j) *F2{g)+ ( )*F3(g);
R21j1(g)=(Xin(i)-xl(g))"2+(Y¥in(i)-yl(g))"2
dxds (g)=A*ep(g)+B;

dyds (g)=C*ep (g}+D;

nx (g)=(dyds (g))/Jco(g);
ny{g)=-{dxds{(qg))/Jco(g);

dudx (g)=x1{g)-Xin(1i); dudy (g) =yl (g)-Yin(i);
func (g)=nx(g) *dudx (g} +ny (g) *dudy (g) ;

82 (g)=(func (g} *Jco(g) *w(g) *F2 (g) ) /R2ij1l(g);
d
2=sum(82) ;
nsider for R{i,j-1)

g=1:10 .
A=X(3-2)-2*X(3-1)+X(]) ;
B=0.5*(X(3)-X(j-2));

C=Y (j-2)-2*Y (3-1)+Y () ;

D=0.5%{Y (§)~Y(3=2));

Jco (g)=sqrt ( (A*ep(g)+B) ~2+ (C*ep (g) +D) ~2) ;

x1(g)=X(j-2)*Fl(g)+X(j-1)*F2(g)+X () *F3(qg);
YI(@Y=Y (3=2)*FL{g)+Y (J-1) *F2 (g)+Y(J) *F3 (g) ;
R21j1(g)=(Xin(i)-x1(g))"2+(Yin(i)~y1l(g))"2;

dxds ( )HA*ep(g)+B

dyds( =C*ep (g)+D;
x(g)= (dde(g))/Jco(g);
y{gl=-{dxds (g))/Jco(g):
.dudX(g) =x1(g)-Xin(i}; dudy (g) =yl (g)-Yin(i);

S0
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func(g)=nx(g)*dudx(g)+ny(g)*dudy(g);
53(g)=(fun0(g)*Jcc(g)*W(g)*FS(g))/R2ijl(g);
end
8s3=sum(S3);
%********************************************************************
H2(i,j)=-0.5*(ssl+ssZ+ssB)/pi;
end

function [G]=matrixgq(n,x,Y,ep,w,L)
%******************************-lr*****-k*******************************
G=zeros(n); , :
% Next we shall construct G by condidering in 3 parts
% first for R(i,3+1), second for R{i,J) and three for R(i,5-1)
% We use 10-point Gaussian guadrature method to compute
%***********************************************************‘k*k******
for g=1:10
F1(g)=0.5*((ep(g))~2-ep(q));
F2(g)=1-(ep(g}}"2;
F3(g)=0.5*((ep(q) ) *2+ep(qg));
end _
%-k*****************i—****** j:l ************************************

for i=1:n

for =1
% **4*x first consider for R(i,j+1)
for g=1:10
OREX(J) -2*K (§+1) +X (§42) ;
B=0.5* (X (J+2)=X(3)):
C=Y(j)~2*Y(j+l)+Y(j+2);
D=0.5* (Y (§+2)-Y(5));
Jco(g)=sqrt((A*ep(g)+B)“2+(C#ep(g)+D)A2);
xl(g)=X(j)*F1(g)+X(j+l)*F2(9)+X(j+2)*F3(g);
yl(g)=Y(j)*Fl(g)+Y(j+l)*F2(g)+Y(j+2)*F3(g);
RZijl(g)=Sqrt((X(i)-XI(g))“2+(Y(i)-yl(g))“2);
1f i~= :
Sl(9)=(—0.5*Jco(g)*W(g)*Fl(g)*log(RZijl(g)))/pi;
S51=0;
else .
dxds=—0.5*(3*X(j)—4*X(j+1)+X(j+2));
dyds=—0.5*(3*Y(j)-4*Y(j+l)+Y(j+2));
jacobl=sqrt((dxds)A2+(dyds)A2);
581=(jacobl) /pi;
red(g)=0.5*(1tep(g));
852(g)=~0-5*w(g)*log(red(g))*(jacobl)/pi;
Pl(g)=(—0.5*Jco(g)*w(g)*Fl(g)*log(RZijl(g)))/pi;
51(g)=Pl(g)-532(qg) ;
end
end

ssl=sum(S1)+551;
§ **%* next consider for R(i,7)
for g=1:10 '
A=X(n)—2*X(j)+X(j+1);
B=O.5*(X(j+l)—X(n)):
C=Y(n)~2*Y(j)+Y(j+1);
DzO.5*(Y(j+1)~Y(n));



92

Jco(g)=sgrt((A*ep(qg JtB)Y "2+ (C*ep (g) +D) ~2) ;
x1{g)=X(n)*F1{ )+X(j *F2(g)+X{j+1)*F3(q) ;
yI(g)=Y(n)*F1(g)+Y (3)*F2(g)+Y (§+7) *F3(g ;

( g))

)
)i
)i
)

R21j1(g)=sqrt ((X(1)-x1(g}) "2+ (¥ (i)-y1( ~2);

if i~=j
52(g)=(—0.5*Jc0<g)*w(q)*E2(g)*loq(RZijl(g)))/pi;
S51=0;

else

dxds=0.5* (X (§+1)-X{n));
dyds=0.5*% (Y {(j+1)-Y(n));
jacobl=sqrt ( (dxds)~2+ (dyds) "2} ;
SS1=(jacobl)/pi;
red(g)=abs (ep(qg));
§82(g)=-0.5*w(g)*log{red(g))*(jacobl) /pi;
P2 (g)=-0.5*Jco(g) *w(g) *F2 (g) *1log (R2ij1 (g} ) /pi;
82(g)=P2(g)- SS2(qg};
end
end
ss2=sum{S2)+SS1;
$**** next consider for R{i,j-1)

for g=1:10
A=X{n-1)-2*X (n)+X{3j);
B=0.5% (X(j)-X{n-1));
C=Y (n-1)-2*Y(n)+Y(j);
D=0.5*(Y(3j)-Y (n-1));
Jco(g}=sqrt((A*ep(g)+B)“2+(C*ep(g)+D)“2

)i
xl(g)=X(n-1)*Fl(g) X(n)*F2(g)+X(j)*F3(q);
yl(g)=Y(n l)*Fl(q)+Y(n)*F2(g)+Y(j)*F3( ) ;
R2i31(g)=sqrt ((X(i)-x1(g)) "2+ (¥ (i)-yl{g))~2);

if i~=j
S3(g g)=-0.5*Jco(g) *w(g) *F3(g) *log (R2ijl(g)) /pi;
581=0;

else

dxds=0.5* (X (n-1) =4*X (n)+3*X(j))
dyds=0.5% (Y (n-1)-4*Y (n n)+3*Y(3));
jacobl=sqrt((dxds)“2+(dyds)“2),
SSl1=(jacobl) /pi;
red(g)=0.5*{l-ep(g));
SS3(g)=—0.5*w(g)*log(red(g
P3{g)=-0.5*Jco{qg) *w(g) *F3 |
S3(g)=P3{g)~ 853(g);

))*(jacobl) /pi;
g) *log(R2ij1(g)) /pi;

end
end
ss3=sum(S3)+SS1; 7
%********************************************************************
G(i,j)=(ssl+ss2+s553);
end
end
%************************* j:2 ************************************
for i=1:n
for j=2
% ¥*x* first consider for R(i,j+1)
for g=1:10
A=X(J)-2*X(F+1)+X(]+2);
B=0.5* (X (J+2)-X(3)):
C=Y{(j)~ 2*Y(3+1)+Y(j+2)
D=0.5*% (Y (342)~Y(3)) ;
Jco(g)=sqrt((A*ep(g)+B)A2+(C*ep(g)+D)A2);
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x1(g)=X(3)*FL(g)+X (J+1) *F2{g) +X (j+2) *F3 (qg)
yL{g)=Y(3)*F1(g}+Y(j+1)*F2 (g)+Y (j+2) *F3(g)
) A

R2ij1(g)=sqrt ((X(1)-x1(g)) 2+ (Y (i)-y1(qg))"2);

if i~=7

else

end
end

Sl(g)=(—0.5*Jc0(g)*w(g)*Fl(g)*log(RZijl(g)))/pi;
551=0;

dxds=-0.5*% (3*X () ~4*X (J+1)+X (j+2) ) ;
dyds=~0,5%(3*Y(J)-4*Y {j+1)+Y (]+2));
jacobl=sgrt ( {(dxds) "2+ (dyds)*2);

SS1=(jacobl) /pi;

red(g)=0.5*(1+ep(qg)):

882 (g)=-0.5*w(g) *log(red(g))* (jacobl) /pi;
Pl(g)=(-0.5*Jco (g} *w(g) *F1 (g} *log {(R2ij1(g) )} /pi;
Sl(g)=Pl(g)-852(g) ;

ssl=sum(S1)+8S1;
$ **** pext consider for R{i,j)

for g=1:

if

10

A=X(J-1)-2*X{(3)+X(j+1);
B=0.5* (X (Jj+1)-X(3-1));

C=Y (§-1)=2%¥ (3)+Y (j+1) ;
D=0.5% (Y (j+1)-Y (§~1));
Jco(g)=sqrt((A*ep(g)+B)A2+(C*ep(g)+D)A2);
xl(g)=X(j“1)*F1(g)+X(j)*F2(g)+X(j+l)*F3(g);
y1(g)=Y(3=1)*F1(g)+Y (3} *F2(g)+Y(j+1)*F3(g);
R21j1(g)=sqrt ((X(i)-x1(g)) 2+ (Y(i)-yl(g))" 2);
1~=7 \
S2(g)=(-0.5*Jco(g) *w(g) *F2(qg) *Log{(R2ij1l(qg))) /pi;
551=0;

else

dxds=0.5* (X (j+1)-X(j-1}));
dyds=0.5% (Y (§+1) =Y (§-1));
jacobl=sqgrt ( (dxds) ~2+ (dyds) ~2) ;
S881=(jacobl) /pi;

red(g)=abs (ep(g}};

§82(g}=~0.5*w(g) *log(red(g)) * (jacobl) /pi;
P2(g)=—0.5*Jco(g)*w(g)*FZ(g)*log{RZijl(g))/pi;
52 (g)=P2(g)- S52(q);

end

end

ss2=sum{S52)+5S1;
$**** pext consider for R{i,j-1)

for g=1:

10
A=X(n) =2*X(J-1)+X(3);

B=0.5*(X(3}-X(n));:

C=Y(n)=2*Y(J-1)+Y (J);

D=0.5*(Y{(j)-Y(n));

Jco (g) =sqrt ( (A*ep (g)+B} ~2+ (C*ep(g) +D) ~2) ;
x1{g)=X(n) *F1(g)+X(J~1)*F2 (g)+X(j) *F3(q);
y1{g)=Y(n)*F1(g)+Y(J-1)*F2(g)+Y () *F3(g);
R2ij1(g)=sqgrt ((X{i)-x1(g)) 2+ (Y(i)-yl{g))"2);

if i~=g

S3(g)=—0.5*Jco(g)*w(g)*F3(g)*log(R2ij1(g))/pi;
$81=0; , ‘

else

dxds=0.5% (X (n) ~4*X (I-1)+3*X (7)) ;
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dyds=0.5* (¥ (n)=4*Y (j-1)+3*Y (]} );
jacobl=sqgrt { (dxds) "2+ (dyds) *2);
3S1={jacobl) /pi;
red{g)=0.5*(1-ep{qg)):
583(g)=-0.5*w(g)*log(red(g))*{jacobl) /pi;
P3(g)=-0.5*Jco (g} *w(g) *F3 (g) *log(R2ij1{qg)) /pi;
S3(g)=P3(g)- S83(g):
end
end
s83=s3um(S3)+S581;
0**********-k************************************************‘k*******
G(i,J)=(ssl+ss2+s583);
end
end
%‘k****************** j=2_(n...2) *******‘****************************
for i=1l:n
for 3=3:n-2
% *x** first consider for R(i,j+1)
for g=1:10
BA=X(§)}-2*X (J+1)+X (§+2) ;
B=0.5*(X(3+2)-X(3)):
C=Y (§) =2*Y (§+1) +Y (3+2) ;
D=0.5* (Y (§+2)-Y(3)):
Jco(g)=sqrt((A*ep(g)+B)A2+(C*ep(g)+D)A2);
x1(g)=X{(J)*F1l(g)+X{j+1)*F2(g) +X (j+2) *F3(qg) ;
Y1(g)=Y (3)*F1(g)+Y (F+1)*F2 (g) +Y (3+2) *F3(q) ;
R2131 (g)=sqrt {(X(i)-x1(g)) "2+ (Y(i)~y1l{g))~2);
if i~=j
§1(g)=(~0.5*Jco(g) *w(g) *F1(g) *1log(R2ij1(qg))) /pi;
S81=0;
else
dxds=-0.5% (3*X (j) -4*X (J+1)+X(j+2})
dyds=~0.5% (3*Y (§) —4*Y (J+1)+Y (3+2) ) ;
jacobl=sqrt((dxds)A2+(dyds)*2);
SS1l=(jacobl) /pi;
red(g)=0.5*%(1l+ep(qg));
SSZ(g)=—O.5*w(g)*log(red(g))*(jacobl)/pi;
Pl(g)=(—0.5*Jco(g)*w(g)*Fl(g)*log(R2ijl(g)))/pi;
S1i(g)=Fl{g)~-5852(g) ;
end
end
ssl=sum(S1)+S81;
% **** next consider for R(i,7)
for g=1:10
=X{(J-1)=2%X (J)+X(3+1) ;
B=0.5* (X {j+1)-X(3-1));
C=Y{j-1)=-2*Y (] YAY (J+1);
D=0.5* (Y (j+1)~Y(3-1));
Jco(g)= =sqrt ( (A*ep (g )+B)"2+(C*ep(g)+D)"2
x1(g)=X{(j-1)*Fl{g)+X(])*F2 (g )+X(j+1)*F3(g),
y1(g)=Y(3-1)*F1{g)+Y (] )*F2(g)+Y(J+1}*F3(g),
R21i31(g)=sqrt ((X(1i)-x1l(g)) 2+ (Y (i)~y1l(g))"2);
if i~=j
82 (g)=(-0.5*Jco(g) *w(g) *F2{g) *log (R2i31(qg) )} /pi;
581=0;
else
dxds=0.5% (X (j+1)-X(j-1));
dyds=0.5* (Y(3+1)-Y(j-1));
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jacobl=sgrt ( (dxds) ~2+ (dyds) ~2);
881=(jacobl) /pi;
red(g)=abs({ep(qg)):
552 (g)=~0. S*W(g)*log(red( y)*(jacobl) /pi;
P2 (g)=-0.5*Jco{g)*w(g)*F2(g) *log(R2ij1 (g} ) /pi:
S2(g}=P2(g)- 882(q)};
end
end
ssZ2=sum{S2)+551;
§*+*** next consider for R(i,j=1)
for g=1:10
A=X(§-2)-2*X(3-1)+X(3);
B=0.5* (X(j)-X(3-2)):
C=Y{j-2)-2*Y(j-1)+¥(7);
D=0.5* (Y ({3)~-Y(]-2));
Jco (g)=sqrt ((A*ep{g) +B) "2+ (C*ep{g)+D)"2);
x1(g)=X(J-2)*Fl{g)+X(J-1)*F2(g) +X{J) *F3(qg)
y1(g)=Y(3-2) *F1(g)+Y (§-1) *F2 (g) +Y () *F3(q) ;
R2431(g) =sqrt ((X(1)-x1(g)) "2+ (¥ (1) -y1(g)) "2}
Aif i~=]
83(9)—-0.5*Jco(g)*w(g)*FB(g)*log(RZijl(g))/pi;
$S1=0; .
else
dxds=0.5* (X (j=2) -4*X (-1} +3*X () );
dyds=0.5* (Y (J-2)-4*Y(J-1)+3*Y (3)):
Jacobl=sgrt ( (dxds) ~2+ {dyds)"2) ;
SSl={(jacebl) /pi;
red(g)=0.5*(l-ep(g));
5383(g)=-0.5*w(g) *log(red(g))*(jaccbl) /pi:
P3(g}=-0.5%Jco{g)*w(g)*F3(g) *1og(R2ij1l(qg)) /pi;
S53(g)=P3(g)- S53(qg);
end
end
ss3=sum(S3}+S81;
%****************************************************************
G(i,j)=(ssl+ss2+553);
end
end
%************************* jzn_l B R o a2 2 I SR TR Uy
for i=1:n
for j=n-1
§ *¥** first consider for R(i,j+1)
for g=1:10
=XA{J)-2*K{J+1)+X (1) ;
B=0.5*{X{1)-X(])):
C=Y (§)~2*Y (j+1)+Y (1)
D=0.5*(Y(1)-Y(3});

Jeo(g)=sgrt {(A%ep (g)+B) "2+ (C*ep(g)+D) "2} ;

x1(g)=X(J)*F1l(g)+X{(j+1)*F2(g)+X (1) *F3 (g} ;

yl(g)=Y(j)*Fl(g)+Y(j+1)*F2(g )+Y(l)*F3(g),

RZijl(Q)=Sqrt((X(i)-xl(g))“2+(Y(l) 1{g))1"2);

i1f i~=]
Sl(g)=(—0.5*Jco(g)*w(g)*Fl(g)*log(RZijl(g)))/pi;
551=0;

else

dxds=-0.5* (3*X (J)-4*X {(F+1)+X (1)) ;
dyds=-0.5% (3*Y (J)-4*Y (3+1)+Y (1))
jacobl=sqgrt ( {dxds)*2+ (dyds) "2} ;
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SS1l=(jacobl)} /pi;

red(g)=0.5* (1+ep(g));

552 (g)=-0.5*w({g) *log{red(qg)) * (jacobl) /pi;
Pl(g)=(-0.5*Jco(g)*w(g) *Fl(g)*log(R2ijl(g)))/pi;
S1(g)=Pl{(g)-882(q) :

ssl=sum(S1)+S51;
§ **** next consider for R{i,j)

for g=1:

if

10

=X (J~1)=2*X (F)+X(F+1) ;

B=0.5* (X (j+1)-X(j-1));

C=Y (j-1)-2*Y (J)+Y (J+1);
D=0.5* (Y (j+1)~Y{(j-1)});
Jco(g)=sqrt((A*ep(g)+B)“2+(C*ep(g)+D)“2);
x1(g)=X(3-1)*F1(g)+X(J) *F2(g)+X (J+1) *F3(g) ;
V(@)=Y (3-1)*F1(g)+Y () *F2(g)+Y(3+1)*F3(qg);
R2ij1(g)=sqrt ((X(i)-x1(g)) 2+ (Y (i}-yl(g))"2);
1~=]
52(g)=(~0.5%Jco(g) *w(g)*F2(g) *1log (R2i31(g)})/pi;
SS1=0;

else

dxds=0.5% (X (§+1) ~X (§-1) ) ;
dyds=0.5% (Y (§+1)~Y(§-1));
jacobl=sgrt ( (dxds) "2+ (dyds) ~2) ;
SS1=({jacobl) /pi;

red(g)=abs(ep(g)):

882 (g)=~0.5*w(g) *log(red(qg))* (jacobl) /pi;

P2 (g)=-0.5*Jco(g) *w(g) *F2 (g) *log (R2i91(g)) /pi;
52 (g)=P2(g)- S52(qg); ‘

end

end

ssZ=sum(S2)+551;
g**** next consider for R(i,j-1)

for g=1:

10
B=X(J-2)-2*X(]71) +X (3}
B=0.5*(X{7)-X(3-2));
C=Y(j—2)—2*Y(j—l)+Y(j);
D=0.5*(Y(J)-Y(j~2))

Jco (g) sqrt((A*ep(g)+B ) "2+ (C*ep (g)+D)"2);
®1(g)=X(3-2)*F1{g)+X (j~1)*F2{g )+X(j)*F3(g)
y1{g)=Y(j=2)*FLl(g)+Y(§-1)*F2( +Y(])*F3(g),
R2iji(g)=sqrt( (X (1) xl(g))A2+( (L)-yl{g))"2);

1f i~=j

else

end

53(g)=-0.5*Jco(g) *w(g) *F3 (g) *log (R21j1(g)) /pi;
881=0;

dxds=0.5% (X (j=2) -4*X (§-1) +3*X (3) )
dyds=0.5% (Y (3-2) —4*Y (§-1)+3*Y () )
jacob1=sqrt((dxds)A2+(dyds)A2);
S81=(jacobl) /pi;

red(g}=0.5%(l-ep(g});

533 (g}=-0.5*w(g)*log(red(g))* (jacobl) /pi;
P3(g)=~0.5*Jco(g)*w(g)*F3(g)*log(RZijl(g))/pi;
S3(g)=P3(g)~ SS83(g);

ss3=sum(S3)+S881;
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G(i,j}=(ssl+ss2+ss53);
end
end .
%********************** j:n R R R o o S I S g b 0 S b S R T
for i=1:n
for j=n
% **** first consider for R(i,j+1)
for g=1:10 '
A=X (J)-2*X(1)+X(2);
B=0.5*(X(2)-X(J)):
C=Y(J)-2*Y(1)+¥(2);
D=0.5%(Y(2)-Y(J));
JCO(g)=sqrt((A*ep(g)+B)“2+(C*ep(g)+D)“2);
x1{g)=X(J)*Fl{g)+X(1)*F2{g)}+X(2) *F3(g)};:
yl{g)=Y(J)*Fl{g)+Y(1)*F2(g)+Y(2) *F3{qg)};
R2ij1(g)=sgrt ((X(i)-x1(g)) 2+ (Y(i)-yl(g))"2);
if i~=j3
81{g)=(-0.5*Jco({g)*w(g}*F1{g)*log(R21j1(g)))/pi;
$51=0;
else &
dxds=-0.5% (3*X () -4*X(1}+X(2));
dyds=-0.5* (3*Y (J)-4*Y(1)+Y(2));
Jjacobl=sqgrt ( (dxds) "2+ (dyds)"2);
SS1={(jacobl) /pi;
red(g)=0.5*(1t+ep(g));
552 (g)=-0.5*w(g) *log(red(g)) * (jacobl) /pi;
Pi{g}=(-0.5*Jco(g) *w (g} *F1(g)*log(R2ij1(qg}})/pi;
S1{g)=Pl(g)-S52(g) ;
end
end
ssl=sum(S1l)+SS51;
% **** next consider for R(i,7])
for g=1:10
=X (J-1)-2*X{j)+X (1) ;
B=0.5*(X(1)—X(j~l));
C=Y(J-1)-2*Y(J)+Y(1);
D=0.5*(Y(1)-Y(j-1))
Jeco(g)=sqrt ( (A*ep(g) +B) "2+ {C*ep(g) +D) "2);
xl(g)&X(j—l)*Fl(g)+X(j)*F2(g)+X(l)*F3(g),
yl(g)=Y(j~l)*Fl(g)+Y(j)*F2(g)+Y(l)*F3(g)
)

R2i31(g)=sgrt ((X(i)-xl(qg))" (D) -yvi(g)r)y~2y;
if i~=j
S2(g)=(-0.5*Jco(g) *w(g) *F2(g) *1log (R2ij1{(qg))) /pi;
S51=0;
else -
dxds=0,5% (X(1)-X(j=-1));
dyds=0.5* (Y (1)-Y(j~-1));
jacobl=sqrt ((dxds) "2+ (dyds)*2);
S881=(jacobl) /pi;
{g

red(g)=abs (ep

552(g)=-0.5*w(g

P2 (g)=-0.5*Jco(g

S2(g)=P2(g)- 582
end

y):

g) *log(red(g))* (jacobl) /pi;
)*W(g)*FZ( )*log(R2ijl(qg})/pi;
(g}

end
ss2=sum{S2}+381;
%**%* next consider for R{i,j-1)
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for g=1:10
A=X{J-2)-2*X(j~1)+X(3);
B=0.5*(X{(j)-X(j-2});
C=Y(j—2)—2*Y(j~l)+Y(j);
D=0.5*(Y(j)-Y(3-2}}):
Jeo(g)=sqrt ((A*ep (g} +B) "2+ (C*ep(g)+D}"2);
x1(g)=X(3-2}*F1(g)+X(J-1)*F2 (g) +X(J) *F3(qg) ;
yl(g)=Y(j-2)*F1(g)+Y¥(j- Ly*F2 (g)+Y () *F3(qg)
R21ij1{g)=sqrt ( (X(1)-x1(g)) 2+ (Y (i)-yi(g)}"2};
if i~=7j
§3(g)=-0.5*Jco(g) *w(g) *F3(g) *1log(R2ij1(qg) ) /pi;
S51=0;
else
dxds=0.5* (X (§-2)=-4*X (J-1)+3*X(j));
dyds=0.5% (Y (j-2) -4*Y (§=1)+3%Y(3) ) ;
jacobl=sgrt ({dxds) "2+ (dyds) *2);
581=(jacobl) /pi:
red{(g)=0.5*(1-ep(g)):
583 (g)=~0.5*w(g) *log(red(g))* (jacobl) /pi;
P3(g)=-0. 5*JCO(g)*W(g)*F3( }*log(R2ijl{qg))/pi;
83(g)=P3(g)- SS3(qg):
end
end
ss3=sum(S3)+351;
%***********************************************************‘k********
G(i,j)={(ssl+ssZ2+3s53);
end
end

%****************-k-k**************************************************
function [G2]=matrixgq2(n,1,X,Y,Xin,Yin,ep, w)
%-k****************************************-k**************************
G2=zeros (l,n);

Next we shall construct G2 by condidering in 3 parts

first for R(l,j+l), second for R({i,]j) and three for R(i,j-1}

We use 1l0-point Gaussian quadrature method to compute
********************************************************************

of oP ov

(=5

for g=1:10
Fl( ) 0 5*((ep(g))“2—ep(g));
2(g -{ep(g}))"2;
3(g ) 0 5*((ep(g))~2+tep(qg));
end
%*k*********************** jzl ok ok ok kk ke k k ok ok ko k ok ke ok k ok kK Kk ok ok ok kK K vk ok ke e o ok ke ok ok
for i=1:1
% when j=2...n-2
for j=1
§ **** first consider for R(i,3+1)
for g=1:10
A=X(5)=2*X(F+1)+X (j+2);
B=0.5* (X (j+2)~X(J))
C=Y (J)-2*Y (J+1)+Y (42} ;
D=0.5*% (Y (§+2)-Y (§})

Jeo (g)=sqgrt ((A*ep (g)+B) 2+ (C*ep(g) +D) ~2) ;
21(g)=X(J) *F1(g)+X {j+1)*F2(g)+X(j+2) *F3 (g} ;
yl(g)=Y(j)*Fl(g)+Y(j+1)*F2(g)+Y(j+2)*F3(g),
R2ij1(g)=sqrt ((Xin(1)-x1(g)) 2+ (Yin(i)-y1l(g))~2);
S1(g)=Jdco(g)*w(g)*Fl{g)*log(R21ij1{qg));
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end
8sl=sum(S1l);
% **** next consider for R(i,])

for g=1:10
A=X(n)=2*X(J)+X(J+1);
B=0.5*{X(jJ+1)-%X(n));
C=Y (n}-2*Y (J)+Y{3+1);
D=0.5*(Y(3+1)-Y!(n));
Jeo(g)=sqgrt ({(A*ep(g)+B)~2+(C*ep(g)+D) "2} ;
x1{(g)=X(n) *F1(g)+X({J)*F2 (g} +X (+1}*F3(g);
y1{g)=Y(n)*Fl(g)+Y (]} *F2 (g)+Y (j+1)*F3(qg);
R2ijl(g)=sqrt ((Xin(i)-x1(g)) 2+ (Yin(i)-y1l(g))*2);
S2(g)=Jco(g)*w(g) *F2(g) *log{R2ij1(qg))}:

end '
s§s2=sum(S2);
g**** next consider for R{i,j-1)

for g=1:10
A=X(n-1)-2*X (n)+X(j};
B=0.5*(X(])-X(n-1)};
=Y (n-1)-2*Y (n)+Y(3);
D=0.5*(Y(J)~Y(n-1));
Jeo(g)=sqrt ((A*ep(g)+B) "2+ (C*ep(g)+D)"2);
x1(g)=X(n-1)*F1l{g)+X(n)*F2(g)+X () *F3{g) ;
yl(g)=Y(n-1)*Fl(g)+Y(n)*F2(g)+Y(j)*F3(g); )
R2ij1l(g)=sqrt ((Xin(i)-x1l(g))"2+(Yin(i)~-yl(g))"2);
S3(g)=Jco(g}*w(g) *F3(g) *Log (R21j1(g));

end ‘

ss3=sum(S3) ;

%****************************'k**********************_*****************

G2(i,j)==0.5%(ssl+ss2+ss53) /pi;

end
end
%************************* j=2 R o o o Y TSR S Y DIRY DIRY PN P M
for i=1:1
% when j=2...n-2
for =2
% **** first consider for R(i,j+1)

for g=1:10
A=X(j)—2*X(j+l)+X(j+2);
B=0.5* (X (j+2)-X(J)):
C=Y (7) 2*Y(j+l)+Y(]+2),
D=0.5%(Y (§+2) =Y (F)):
Jco(g)=sqrt((A*ep(g)+B)A2+(C*ep(g)+D)A2),
21 (g)=X(J)*FL(g)+X (3+1) *F2 (g) +X (§+2) *F3(q) ;
y1(g)=Y () *F1(g)+Y (3+1)*F2(g) +Y (j+2) *F3(g) ;
RZijl(g)=sqrt((Xin(i)—xl(g))“2+(Y1n( J=vl{g))~2);

. S1(gi=Jco(g)*w(g)*F1(g)*log(R21ij1l(qg));
end
gsl=sum{Sl});
% **** next consider for R{i,j)

for g=1:10
A=X(F-1)=-2*X () +X (§+1);
B=0.5*(X(j+1)~X(3-1));
C=Y(j~-1)~ 2*Y(j)+Y(j+l)
D=0.5*(Y(3+1)-¥Y(j-1));
Jeo(g)=sgrt ((A*ep(g)+B) "2+ (C*ep(g)+D) *2);
x1(g)=X{J-1)*F1{g)+X (J)*F2(g) +X (3+1) *F3 (g} ;
yl(g)=Y(j-l)*Fl(g)+Y(j)*F2(g)+Y(j+1)*F3(g);
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RZ2ij1(g)=sqrt ({Xin(i)-x1(g)) "2+ (Yin(i)-yl{g))"2);
S2{g)=Jco(g)*w(g) *F2(g)*log{R2ijl(g)):
end
ss52=sum(S2);
gx**x% pnext consider for R(i,j-1)
for g=1:10
A=X(n)-2*X(j-1)+X(1);
B=0.5* (X (j)-X(n));
C=Y(n)=-2*Y(j-1)+Y{(3):
D=0.5*(Y(3)}-Y(n));
Jco (g)=sgrt {{A*ep(g)+B) "2+ (C*ep(g)+D)"2);
x1(g)=X(n) *FL(g) +X (j-1) *F2 (g) +X (3) *F3(g) ;
y1{g)=Y(n)*Fl{g)+Y(j-1)*F2(g)+Y(J)*F3(qg);
R2i31(g)=sqrt ((Xin(i)-x1(g))~2+(Yin(i)-yl(g))"2);
S3(g)=Jco(g)*w(g)*F3(g) *log(R2ij1(g)};
end
ss3=sum(S3);
%********************************************************************
G2(i,j)=-0.5*(ssl+ss2+s5s3) /pi;
end
end
%********************* j:3_n_2 LR R R R R R R R I g e e
for i=1:1
% when j=2,,.n-2
for j=3:n-2
% **** first consider for R{i,j+1)
for g=1:10
A=X () =2*X (J+1)+X (3+2) ;
B=0.5*(X(3+2)-X(3)):
C=Y(j)-2*Y (J+1) +Y(3+2);
D=0.5* (Y (j+2)~Y(]3)):
Jco{g)=sqgrt ({A*ep(g)+B) "2+ (C*ep (g)+D)
x1(g)=X{(])*F1{g)+X (J+1)*F2 (g)+X (j+2) *F3 (qg);
yl{g)=Y(3)*FLl{g)+Y (J+1)*F2 (g)+Y {j+2)*F3 (g) ;
R2ijl(g)=sqrt((Xin(i)-x1(g))"2+(Yin(i)-yl(g))"2);
S1{g)=Jco(g)*w(g)*Fl(g}*log(R2ij1{(qg)};

~2);

end
gsl=sum(S1) ;
% **** next consider for R{i,7)

for g=1:10
A=X (5-1) =2*X (3)+X (3+1) ;
B=0.5*(X(J+1)~X(3-1) )+
C=Y (J-1}-2*Y {(J)+Y (j+1);
D=0.5% (Y (§+1)=Y(j-1));

Jeo(g)=sqrt { (A%*ep(g) +B) "2+ (C*ep(qg)+D)"2);

2I(GY=X{J-1)*FL(g)+X () *F2 (g)+X (J+1) *F3(q) ;

YI(g)=Y (J-L)*Fl(g)+Y(J)*F2(g)+Y(j+1)*F3(q):

R2ijl(g)=sqrt ((Xin{i)-x1(g)) 2+ (Yin(i)-y1(g))"2);
R

52 (g)=Jco(g)*w(g)*F2{(g)*log| 2ijl(g));

end

s32=sum (S2);

r*%* next consider for R(i,j-1)

for g=1:10
A=X(3-2)-2*X(J-1)+X(3);
B=0.5*(X(3)-X(§-2)):
C=Y (§-2)=-2*Y(j-1)+Y (3} ;
D=0.5*(Y(3)-Y(j-2));
Jeo (g)=sqgrt ((A*ep(g)+B) "2+ (C*ep (g) +D) *2);
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L) *F2(g)+X(J) *F3 (g} ;
L)*F2(g)+Y (J)*F3(g};
x1{g))"2+{Yin(1)-y1l(g)}"2);
g)*leg(R2i31(qg));

x1(g)=X(J-2}*Fl(g]+X
vi{g}=Y(j-2)*Fl(g)+¥
R2191 (g)=sqgrt ({Xin{di
S3(g)=Jco(g) *w(g) *F3

(3-
(3-
)_
(

=sum (S3) ;

%***‘k*****‘k**********k************************—*********************

G2(i,j)=-0.5*(ssl+ss2+ss3)/pi;

end
end
%********************* j: n...l *******************.*****************
for i=1:1
% when j=2...n-
for j=n-1
% **** first consider for R(i,j+1)
for g=1:10
A=X(J) -2*X (F+1)+X (1) ;
B=0.5*(X{1}-X(4));
C=Y(§)=2*Y (§+1)+Y (1) ;
D=0.5*{Y(1)-¥(3)):
Jeo(g)=sgrt ((A*ep(g)+B) "2+ (C*ep(g)+D)"2);
x1(g)=X(J)*F1(g)+X(J+1) *F2 (g) +X (1) *F3(g) ;
yI(g)=Y(J)*FL(g)+Y (J+1)*F2(g)+Y (1) *F3(qg);
R2ijl(g)=sqrt ((Xin(i}-x1(g)) 2+ (Yin(i}-y1l(g))"2);
Sl(g)=Jdco(g}*w(g)*Fl(g}*log(R2ijl(q)):
end
‘sgl=sum(S1};
% **** next consider for R(i,3)
for g=1:10
A=X(j~1)-2*X(F)+X(j+1);
B=0.5* (X (3+1)-X(3~1));
=Y (F-1)=2*Y (§)+Y (J+1):
D=0.5* (Y (3+1)-Y(j=-1));
Jco(g)=sqgrt ({A*ep(g )+B)A2+(C*ep( )+DY*2) ;
Xl(g)—X(j 1)*F1(g)+X (J) *F2(g) +X(j+1) *F3(qg) ;
yl{gl=Y(j- 1)*Fl(g)+Y(J)*F2(g)+Y(]+1)*F3(g).
R2ijl(g)=sqgrt ((Xin(i)~-x1(g)) "2+ (Yin{i)~-y1(g))"2);
82(g)=Jco(g)*w(g)*F2(g)*log(R2ij1(g)),
end

ss2=sum(S2) ;
g**** next consider for R{i,j-1)

for

end
ss3

g=1:10
A=X(]-2)-2*K(J-1)+X(3);
B=0.5*(X(j)-X(j-2)};
C=Y(J~-2)-2*Y(J-1}+Y(]):
D=0.5*(Y(j}-Y(3-2));

Jco(g)=sqrt((A*ep(g)+B)“2+(C*ep(g)+D)“2),
Xl(g)=X(j-2)*Fl(9)+X(j 1)*F2(g)+X(3)*F3(g):
yi(g)=Y{(J-2)*Fl(g)+Y{(j- l)*FZ( YFY () *F3 (g);
R2ijl(g)=sqrt((xln( ) =x1{g)) "2+ (Yin(1i)-yl(g))~2);
S3(g)=Jco(g) *w(g )*F3(g)*109(R2ljl(q)).
=sum{S3) :

%********************‘k*********-k-)r-)r-k-k****************’*****************

G2 {
end
end

i,3)=-0.5% (ssl+ss2+ss83) /pi;

%************************* j: 71 Khkhkkkkkkkdh bbbk bbb r bbbk hbhrbrrhrhrhrhd



for i=1:1

oe

o

end

for

end

when j=2...n-2

J=n

for

end

& **x%* first consider for R{i,j+1)

g=1:10

A=X(])-2*% (1L)+X1(2);

B=0.5%(X(2)-X(])):

C=Y {j)-2*Y(1)+Y(2);

D=0.5*(Y(2})-Y(j}}:
Jeco{g)=sqrt ( (A*ep(g)+B) "2+ (C*ep(g)+D) "2} ;
x1(g)=X(J)*Fi{g)+X (1) *F2(g)+X(2)*F3(qg);
yi{g)=Y(J)*F1{g)+¥(1)*F2(g)+Y (2} *F3{g);
R2ij1l{g)=sqrt ({(Xin{i)-x1(g)) 2+ (Yin(i)-yl(g))*2):
Sl(g)=Jco(g)*w(g)*F1l(g)*log(R21ij1(g));

ssl=sum(S1};

for

**** next consider for R{i,j)

g=1:10

A=X(J-1)-2*X(F)+X (1}

B=0.5* (X(1}=-X{J-1)):

C=Y{j-1}=-2*Y(J)+Y(1};

D=0.5*(Y(1)~Y(3-1));

Jeco(g)=sqrt ((A*ep(g)+B) "2+ (C*ep(g)+D)"2);
x1(g)=X(3-1)*F1(g)+X(J)*F2(g)+X (1) *F3(qg);
yi(g)=Y(3-1)*FLl(g)+Y(j)*F2(g)+Y (1) *F3(g);
R2ijl(g)=sqrt((Xin(i)-x1(g})"2+(Yin(i)-yl(g)}"2);
S2(g)=Jco(qg)*w(g)*F2(g) *log(R2ijl(qg));

end
ss2=sum (S2);
g**** next consider for R{i,j-1)

for

end

s53=
%********-k*-k****************‘k*****k*********************************

GZ (i

g=1:10

A=X(J-2)~2*X{(J-1)+X(]):

B=0.5*{X{])-X{(j-2));

C=Y (§=-2)=-2*Y {F=1)+Y(3);.

D=0.5*{Y(3)-Y(]-2));

Jeo (g) =sqrt { (A*ep(g)+B) "2+ (C*ep(g) +D) ~2};

21l (g)=X(]-2)*FL(g)+X(F-1)*F2 (g)+X(J) *F3(q) ;
yl(g)=Y(j—2)*Fl(g)+Y(j—1)*F2(g)+Y(j)*F3(g);
R2ij1(g)=sqrt((Xin(i)-x1(g)) "2+ (Yin(i)-yl(g})"2);
S83(g)=Jdco(g)*w(g)*F3(g)*log(R2ijl(g));

sum (S3) ;

+3)=-0.5%(s51+552+8s3) /pi;
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function [Hhat]=matrixh(n,X,¥Y,x,y,d,ep,w,L)

Hhat=zeros(n) ;

e

o

**k*kk For the
or i=1l:n

Hh oe

% when j=2...n-

for j=2:n-1

end
end

Next we shall construct H-hat by condidering in 2 parts
first for R{i,

j) and second, -for R{i,j-1)
element 1 to n-1 we obtain **¥¥xix

1

% first consider for R(i,7)

for g=1:10

x1(g)=x(J)+(1/2)* ((X(J+1}-X(F)) *ep(g)
yI{g)=y {(3)+(1/2)* ((Y(3+1)~Y(])) *ep(9g)
R2ij1(g)=(X(i)-x1(g))" 2+ (Y (i)-yl(g))~"
S1(g)=w{g)*((l-ep(g))/R21j1(qg));

end

sl=sum(S1);
ssl=(-L(j)*d(i,3)/(4))*(s1);

% **** pext consider for R{i,3-1)

fer g=1:10

r
r
r

)i
)
2;

x3(g)=x(J-1)+(1/2)* ((X(J)-X(5-1) ) *ep(qg));

y3(g) =y (J-1)+(1/2) * {({Y(J)-Y(i-1)) *ep(qg) )
R2133(g)=(X(1)-x3(g)) 2+ (Y(i)~y3(g)}"2
S3(gl=w(g)*((l+tep(g))/R2i33(g));

end

s3=sum(83) ;

ss2=(-L{j)*d(i,3-1)/(4))*(s3);

Ghhkhkkkhkk

Hhat (i,j)=ssl+ss2;

§ FEErkkkdkdk For an element J=1 Rk kkkkkkokk
% first consider for R({i,7)

for i=1

end

:n

for g=1:10

21{g)=x(1)+{1/2)* ((X{2)-X (1)) *ep( 1)z
YI(g)=y (1) +(1/2)* ((Y(2)-Y(1))*ep(g));
R2ijl(q)*(X(i xl(g))“2+( (1) yl(g))“
Sl(g)=w(g)*((l-ep(g))/R2i§1(g}):

2;

end

sl=sum(81};
ssl=(~L(1)*d(i,1)/(4))*(s1l);

% **** next consider for R(i,j-1)
fer g=1:10
x3(g)= )

y3(g)=y(n)

1/2)*(

(X ) (n gl
1/2)* ({Y

)

}

x(n)+( {1 ) ) *ep(
yin}+{ (1 ( n))*ep(qg)):
R2133(g)=(X(i)-r3(g))" 2+(Y(l)" 3(g)y)n2;
SB(q)—w(q)*((1+ep(g }/R2133(g) )

end .
s3=sum(S3) ;

|2

a

ss2=(-L(1)*d(i,n)/(4))*(s3);

Lokodeokk ok ko ok ok

Hhat (i, 1)=ssl+ss2;

L e de ok kok ok For an element j:n deok ok e e e ok ok ke sk ke ke ke ok ok ok

for i=1:n.
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$ first for R{i,J)

=3

for g=1:10

xl{g)=x(n)+(1/2}* ((X(1)-X(n))*eplg});
yl(g)=y n)+(l/2 ((Y(1L)=-Y{n ))*ep(g))
R2iji(g)=(X{i)-x1(g))"2+(¥({i)-yl(g)}”"
Sl{g)=w(g)*((1- ep(g))/Rzljl(g)),
end

sl=sum(S1);

ssl=(-L{n)*d(i,n)/{4))*(sl);

#3(g)=x(n-1)+{1/2)*{{X(n)-X(n-1)) *ep(qg));
y3(g)=y(n-1)+(1/2)* ((Y(n)-Y(n- l))*ep(g));
R2i43(g)=(X{1)~-x3(g)) "2+ (Y (1)-y3(q))"2;

S3(g)=w(g)*({l+ep(g ))/R2ij3(g))
end :

ss2=(-L{n)*d(i,n=1)/(4})*(s3);

Hhat(i,n)=ssl+ss2;

nd
Next we consider Hhat's values when i=j
hatl=sum(Hhat"');
or i=l:n
Hhat (i, i)=-Hhatl(1,1i);
nd

5********************************************************************

R R e e R o R L R S T 0 e 0 R i R S A

unction [H2]=matrixh2(n,nl,X,Y,Xin,Yin,x,y,din,ep,w,L)
2=zeros{nl,n);
Next we shall construct H-hat by condidering in 2 parts
first for R(i,Jj) and second, for R(i,j-1)
*k%%% For the element 1 to n-1 we obtain **k*x%*%
or i=1l:nl
% when j=2...n-1
for j=2:n-1
% first consider for R(i,7j)
for g=1:1O
x1l(g)=x(7) 1/2)*((X(j+l)—X(j)) ep(g
yl{gl=y (31 +(1/2)* ((Y(J+1)-Y(J)) *ep(g)
RZij1(g)=(Xin(1)-x1(g) ) 2+(Yin(i)-y1l(
SLigl=wig)*({(l-epig))/R2iil(g)}));
end
sl=sum(81};
ssl=(-L(j}*din(i,3)/(4)})*(s1);

=)

§ **** next consider for R(i,j-1)

V)i

Vi
(g))~z

for g=1:10
X3(g)=x(J-1)+{1/2)* ((X{J)-X{J-1)) *ep{q));
y3(g)=y{j- )+(1/2) ((Y(3)- ( l)}*ep g)):
'R2133( )=(Xin(1)-x3(g)) "2+ (Yin(i)-y3(g) )" 2;
S3(g)=w(g)* ((1+ep( ))/R2133(g));

end

s3=sum(S3) ;



oe

%

2+

Q

el

end

ss2=(- L(j)*dln( (J=1)/(4))*(s3);
%*********
H2(1i,j)=(ssl+ss2);
end

end _

H ok e e ke ok ke Kk ke For an element j=l hhhkkkhkkk kA A

first consider for R{i,Jj)

for i=l:nl

for g=1:10
x1{g)=x(1)+{1/2)* ((X(2)-X{1))*ep(g)};
y1{g)=y(1)+{1/2)*((Y(2)-Y (1)) *ep(q))};
R2ij1(g)=(Xin(i)-x1(g) )} "2+ (Yin(i)-v1(g))"2;
51(g)=w(g)*{{l-ep(g))/R2ij1{g));
end ‘

sl=sum(S1);

ssl=(-L{1)*din(i, 1}/ (4))*(sl);

% **** next consider for R{i,j-1)

for g=1:10

¥3(g)=x(n)+(1/2)* ((X(1)-X(n))*ep(g));

y3(g)=y(m)+(1/2}*((Y{1}-Y(n))*eplg));

R2ij3(g)=(Xin(i}-x3(qg) ) "2+ (Yin(i)-y3(g))"2;

S3(g)=w(g)*((l+ep(g))/R2i33(g));

end :

s3=sum(S3);

L=

582=(-L(1)*din(i,n)/(4))*({s3});

_%*********

H2 (i,1l)=(ssl+ss2);

end
*hkkhkk Ak For an element j:n dok Kk ok ok ok ok ok ok ko ok ok ke ke ok
for i=l:nl
first for R{i,j)
for g=1:10
x1(g)=x(n)+(1/2)* ((X{1)-X(n ))*ep(g)),
yl(g)=y(n}+(1/2)* ((Y{1)-Y{(n))*ep(qg));
R2ijl(g)=(Xin (i ) xl(g))A2+(Yln( ) =yl{g))"2;
Slig)=w(g)*((l-ep(g))/R2i31(g));
end
gl=sum(S1};

o g | .

ssl=(-L(n)*din{i,n)/(4))*(s1l);

% Next for R(i,3)

for g=1:10 ‘
x3(g)=x(n- 1)+ 1/2)* X(n)-X(n-l))*EP(g));
v3(g)=y{n-1)+(1/2) Yin}-Y{(n-1))*ep(g)):

R2i33(g)=(Xin(1i) x3(q))A2+(YLn(1) y3(g))"2;
S3(g)=w{g)* ({l+ep(qg) )} /R2133(g});:

end

s3=sum(S3);

| Ry

ss2=(-L(n)*din(i,n-1)/(4))*(s3);

o

B ———— —

H2 (i,n)=(ss8l+ss2);

105

%*if******-k‘k*’-k*-k'******************************************************



106

0 dhhkhhkhkhkhkhkhhdhhhrhhhbhrohhhbhbhkhkhrhhkhkhhbddhhhhbhbbhdbrbdhddrhh bbb rodbb bbb xi

function [G]—matrlxg(n X, Y, x,vy,4, ep,w L)
G=zeros (n):

% Next we shall construct H—hat by condidering in 2 parts

% first for R{i,]j) and second, for R{i,j-1}

§ ***¥%¥k For the element 1 to n-1 we obtain ****¥x¥+%

for i=1l:n

% when j=2,,.n-1
for j=2:n-1
% first consider for R{i,3])
for g=1:10
x1{g)=x(J)+(1/2)* ((X(J+1)-X(F)) *ep(g));
yl{g)=y{(J)+(1/2)*({( (J+1) “Y(j))*ep{g));
Rijl(g)=sqrt ((X(i)-x1(g)) 2+ (Y (i)~-yl(g))"2);
S1{g)=w(g)*(1- ep(g))*log(lel(g))
end
sl=sum(S1l);
ssl=(-L(j)/4)*(sl);
g **** next consider for R{i,J-1)
for g=1:10
x3(g)=x(J-1)+(1/2)* ((X(J)-X(j~1}}*ep(g));
y3(g)=y {(J~1)+(1/2)*{{Y(F)-Y(F- 1))*ep(g)),
Rij3{g)=sqrt ((X(i)-x3(g)) "2+ (Y (1)-y3(g))"2);
S33(g)=w{g)*{i+ep{g))*log(Rij3 (g )),
end

53=sum(S3);
% _____

ss2=(-L(j)/4)*(s3);
%*********
G(i,j)=ssl+ss2;
end
end
* ok ok ke Kook ok ok ok For an element j=1 ko kok ok ok ok ok ok ok ok
first consider for R(i,j)
for i=1:n
for g=1:10
x1(g)=x(1}+(1/2) * ((X(2)~X (1)) *ep(g)):
yI{g)=y (L) +(1/2}* ((Y(2)~Y (1)) *ep(g));
Rijl{g)=sqgrt ((X(i)-xl(g))"2+(Y(i)-yl(g))"2);
S1(g)=w(g)*(l-ep(g))*log(Rijl(g));
end
sl=sum{S1) ;
ssl=(-L(1)/4)*(s1);

<)

% kx*F next cqnsider for R(i,j-1)

%
a
[
<

for g=1:10

x3(g)l=x(n)+(1/2)* ((X(1)-X(n)) *ep(qg));:
y3{g)=y(n)+(1/2)* (Y ( ) Y(n))*ep(g));
Rij3(q)=sqrt(( (1) =x3(g)) 2+ (¥ (1)-y3(g))"2);
83 (g)=w(g (1+ep(g))*loq(le3(g))

end

s3=sum($53) ;
ss2={-L{1)/4)*(83);
%*********
G({i,1l)=ssl+ss2;
end
%******* For.an element j:n hhkkkhkhdkhdhhkkhkkhn
for i=1:n
% first for R(i,7)
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for g=1:10
x1(g)=x(n)+{(1/2)* ((X(1)=X(n)) *ep(qg));
vl(g)=y(n)+(l/2)*({Y(1)~-Y(n))*eplqg)):
CRiF1(g)=sqrt ((X(i)~x1(g)) 2+(Y(i)-yl(g))"2);
Sl{g)=w(g)*(l-ep(qg))*log(Rijl(g));
end
sl=sum(Sl};

S

ssl=(-L(n)/4}*(sl);

% Next for R(i,])

for g=1:10
x3(g)=x({n-1)+{1/2)* ((X(n)-X(n-1)) *ep(g));
y3(g)=y(n=1)+{1/2)*((Y(n)-Y(n-1)) *ep(qg)):
Rij3(g)=sqrt ((X(i)-x3(g)) "2+ (Y (i)-y3(g})"
83{g)=w(g)*(l+ep(g))*log(Rij3(g)});

end

g3=sum{S3);

L e —

2):

G(i,n)=ssl+ss52;
end _
% Next we consider Hhat's values when i=j
for i=1:n
G(i,1)=-(L(1)/2)*(log(L(i))-(3/2))~(L(1)/2)* (log(L{i})~(3/2));
end

Ghhhhkhkkkhhhhhhdhhhdhhhhddhhdhhkhhdhkhrhhhhh kbbb bk Ak hkdr kb ke kkdhkhhkhrkdkdkhdkd

%***********************-}c*****************-k-k*************************
function [G2]=matrixg2(n,nl,X,¥Y,Xin,Yin,x,v,din,ep,w,L)

G2=zeros (nl,n);

Next we shall construct H-hat by condidering in 2 parts

el

% first for R(i,j) and second, for R(i,j-1)
g *¥**% For the element 1 to n-1 we obtain **#*%kx
for i=1:nl

% when j=2...n-1

for j=2:n-1

o3

% first consider for R(i,j)

for g=1:10

x1(g)=x(J)+(1/2)* ((X(J+1)=-X(3))*
y1(g)=y(3)+{1/2)* ((Y(3+1)- <'))*
Rijl(g)=sgrt ((Xin(i)-x1(g))" 2+ (Yin(i
Sl{gl=w(g)*(l-ep(g))*log(Rijil{g))
end

sl=sum(Sl});

ssl=(-L(3)/4)*(sl);

% **** next consider for R(i,j-1)
for g=1:10

g))i
(g)):
)-y1l{g))"2};

ep (
ep

3(g)=x(j- l)+(1/2) ((X(3) X(j 1)) *ep(g));
y3( YEY(3-L) (172 F (Y (F) ¥ (I~ l))*ep(g)),
Rij3(g)=sqrt {(Xin(i)-x3(g)) 2+ (Yin(i)~-y3(g))"2);
33(g)=w(g)*{l+ep(qg))*log(Rij3(qg));

end
s3=sum(83);

s52=(-L{])/4)*(s3);



%
2
B

grokkxokd* Por an element j=n
:nl
first for R(i,3)

%

end

end
end

%*********

G2{i,j)=(ssl+ss2);

*hkkkkd Ak For an element j=1 *eode kok kok ok koK ok Kk
first consider for R(i,7)

for

end

for i=1

i=1l:nl :
for g=1:10
x1{g)=x(1)+(1/2)*(

(X

(2)-X (1))} *ep(qg));

yl(g) =y (1} +(1/2)* ((Y(2)~-Y (1)) *ep(qg));

Rijl{g)=sqrt{{(Xin(i
Sl{g)=w(g)*(l-ep(g

end
sl= sum(Sl),
ssl=(-L(1)/4)*(sl);

}

-x1(g})} "2+ (Yin(i)-yl(g)}"2);
)} *log(Rijl(g)}:

% **** next consider for R(l,j 1)

for g=1:10

®3(g)=x(n)+(1/2)* ((X(1)-X(n)) *ep(qg));

y3{g)=y(m)+(1/2)*((Y(1)
Rij3(g)=sgrt ({(Xin(i}-x3(g))"2+(Y¥in(i)-y3(g))"2);
gl)*log(Rij3(qg));

33 {(g)=w(g)*(l+ep(
end
s3=sum (S3) ;

ss2=(-L(1)/4)*(s3);

Gk k& ko okok ko

G2(i,1l)={(ssl+ss2);

for g=1:10
xl(g)—X(n)+(l/2)*((X(
yi(g)=y(n)+(1/2}*((Y(1
Rijl(g)=sqgrt ({(Xin(i)

)

LES SR SR RS

X(n))*ep(g)

)
Y(n))*ep(g)):
~-x1(g)) "2+ (¥Yin(i

Sl{g)=w(g)*(l-ep(g))*log(Rijl(qg));

end

sl=sum(81);

|+ S

ssl=(-L(n)/4)*(sl);

% Next for R(i,3)

for g=1: 10

x3(g) Ly+(1/2) % ( (X
3{(g )my n- 1) (1/2)*( Y(

R133(g) sqrt((Xln(l)
3{g)=w(g)* (l+ep{ g))*lo

end

s3=gum(S3);

G2(i,n)=(ssl+ss2);

n
n

3
g

o
) -
g
{

=Y(n))*ep(g)):

Y)-yl(g))~2);

X(n~-1))*ep(g)):
Y{n-1))*ep(g)};

V)24 (Yin (1)
Rij3(g)) 7

—y3(g))n2);
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%********************************************************************





