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Program (Meshless method)

Program M1
%

% PROGRAM KANSALAPLACE2D
%
%
% PROGRAM 1

% This is a program to solve the problem for example 5.1.1
% £
L7

% IMQ RBF and its Laplacian
%

\

clear;

rbf = @(e,r) 1./sqrt(1+(e*r)."2); ep = 3;

Libf = @(e,r) e"2*((e*r).”2-2)./(1+(e*r)."2).N(5/2);
%

% its Laplacian for test problem
%
Lu=@(x,y) zeros(size(x));
%

% Number and type of collocation points
%

N = 289; [collpts, N] = CreatePoints(N, 2, 'u");

indx1 = find(collpts(:,2)==0 & collpts(:,1)~=1);
indx2 = find(collpts(:,1)==1 & collpts(:,2)~=1);
indx3 = find(collpts(:,2)==1 & collpts(:,1)~=0);
indx4 = find(collpts(:,1)==0 & collpts(:,2)~=0);
bdydata = collpts([indx1;indx2;indx3;indx4],:);
%

% Number of internal points



%

[intdata, N] = CreatePoints(N, 2, 'u');
sn = sqrt(N); h = 1/(sn-1);

%

% Create boundary collocation points(outside the domain)
%

bdyctrs = bdydata; bdyctrs = (1+2*h)*bdyctrs-h;
ctrs = [intdata; bdyctrs];

%

% Create the evaluation locations
% ¥ \

M = 25; epoints = CreatePoints(M,2,'n");
%

% Compute the evaluation matrix
%

DM _eval = DistanceMatrix(epoints,ctrs);
EM = rbf(ep,DM_eval);,
%

% Compute blocks for collocation matrix
%

DM _intdata = DistanceMatrix(intdata,ctrs);
LCM = Lrbf(ep,DM intdata);
DM_bdydata = DistanceMatrix(bdydata,ctrs);
BCM = rbf(ep,DM_bdydata);
CM = [LCM; BCM];
%
% Create right-hand side
%

rths = [Lu(intdata(:, 1),intdata(:,2)); zeros(sn-1,1); ...
zeros(sn-1,1); 1*ones(sn-1,1);...

zeros(sn-1,1)];



%

% Compute RBF solution
%

Pf=EM * (CM\rhs);
%

% show points(collocation points) in the domain
%

figure

hold on; plot(intdata(:, 1),intdata(:,2),'bo");

plot(bdydata(:,‘l ).bdydata(:,2),'rx");

plot(bdyctrs(:,1 ),bciyctrs( 5,2),'gx"); hold off
%

% END
%

Program M2
%

% KANSALAPLACE2D
%

%

% PROGRAM 2

%This is a program to solve problem for example 5.1.2
%
%
% IMQ RBF and its Laplacian
%

clear; ,
bf = @(e,r) 1./sqi‘t( 1+(e*r).~2); ep = 3;
Lrbf = @(e,r) e’\2*((e*r).’\2-2)./(1+(e*r).’\2).’\(5/2);
%

%  Analytical solution and its Laplacian for test problem

%



u=@(x,y) x."2-y."2;
Lu=@(x,y) zeros(size(x));
%

% Number and type of collocation points
%

N = 289; [collpts, N] = CreatePoints(N, 2, 'u");

indx1 = find(collpts(:,2)==0 & collpts(:,1)~=1);
indx2 = find(collpts(:,1)==1 & collpts(:,2)~=1);
indx3 = find(collpts(:,2)==1 & collpts(:,1)~=0);
indx4 = ﬁnd(co{lpts(:,l)=0 & collpts(:,2)~=0);
bdydata = collpts([indx1 ;indx2;indx3;indx4],:);
%

% Number of internal points
%

[intdata, N] = CreatePoints(N, 2, 'u');
sn = sqrt(N); h = 1/(sn-1);
%—--

% Create boundary collocation points(outside the domain)
%

bdyctrs = bdydata; bdyctrs = (1+2*h)*bdyctrs-h;
ctrs = [intdata; bdyctrs];

% =

% Create the evaluation locations
%

M = 25; epoints = CreatePoints(M,2,'u");
DM _eval = DistanceMatrix(epoints,ctrs);
EM = rbf(ep,DM_eval); ’

%

% The Exact solution

%

exact = u(epoints(:,1),epoints(:,2));



%

% Compute blocks for collocation matrix
%

DM _intdata = DistanceMatrix(intdata,ctrs);
LCM = Lrbf(ep,DM _intdata);
DM_bdydata = DistanceMatrix(bdydata,ctrs);
BCM = rbf(ep,DM_bdydata);
CM = [LCM; BCM];
% [
% Create right-hand side
%
X=bdydata(1:sn-1,1);
Y=bdydata(sn:2*sn-2,2);
XX=bdydata(2*sn-1:3*sn-3,1);
YY=bdydata(3*sn-2:end,2);
rhs = [Lu(intdata(:,1),intdata(:,2)); X."2; ...
1-Y A2; XXA2-1;...
-YY. 2],

%

% Compute RBF solution
%
Pf = EM*(CM\rhs);
%

% Compute maximum error on evaluation grid
%

maxerr = norm(Pf-exact,inf);

rms_err = norm(Pf-exact)/5;
fprintf('RMS error:  %e\n', rms_err)
fprintf('"Maximum error: %e\n', maxerr)

% -

% show points in the domain
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%

figure

hold on; plot(intdata(:,1),intdata(:,2),'bo");
plot(bdydata(:,1),bdydata(:,2),'rx");
plot(bdyctrs(:,1),bdyctrs(:,2),'gx"); hold off
%
%
% END
%

Program M3
%
% KANSALAPLACE2D
%

%
% PROGRAM 3

% This is a program to solve problem for example 5.1.3
%

%
% IMQ RBF and its Laplacian
%

clear;

rbf = @(e,r) 1./sqrt(1+(e*r)."2); ep = 1;

%dyrbf = @(e,r,dy) -dy*e”2./(1+(e*r).*2).7(3/2);
Lrbf = @(e,r) e"2*((e*1).72-2)./(1+(e*1)."2).7(5/2);

%

%  Analytical solution and its Laplacian for test problem
%




u= @(x,y) X.\3-3*(x.*y. 2);
Lu = @(x,y) zeros(size(x));
%

%Create boundary points
%

N = 289; [collpts, N] = pointuniform(N, 2); %create boundary

indx1 = find(collpts(:,2)==0 & collpts(:,1)~=2);
indx2 = find(collpts(:,1)==2 & collpts(:,2)~=4);
indx3 = find(collpts(:,2)==4 & collpts(:,1)~=0);
indx4 = ﬁnd(colths(:,1)==O & collpts(:,2)~=0);
bdypts = collpts([indx1;indx2;indx3;indx4],:);

%

%Create internal points

%

n=289;

intpts=pointuniform(n,2);%create internal points

%

%define boundary domain(outside)
%

sn = sqrt(N); h=1/(sn-1);

%NN=size(pts);
%SNN=sqrt(NN(1,1));hh=1/(SNN-1);
%bdyctrs =bdypts;

bdyctrs =(1+h)*bdypts-1.5*h;

%bdyctrs = bdypts; bdyctrs = (1+2*h)*bdyctrs;
ctrs = [intpts; bdyctrs];

%

% Create evaluation locations

% in the unit square
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%

M =289; Node = CreatePoints4(M,2,'u");
Nch=find(Node(:,1)<=2);
epoints=Node(Nch,:);

%Node = 2*Node-2;

%

%Exact solution

%
exact = u(epoints(:,1),epoints(:,2));

3
i

%

% Compute blocks for collocation matrix
%

DM eval = DistanceMatrix(epoints,ctrs);
EM = rbf(ep,DM_eval);

DM int = DistanceMatrix(intpts,ctrs);
DM bdy = DistanceMatrix(bdypts,ctrs);
LCM = Lrbf(ep,DM _int);

BCM = rbf(ep,DM_bdy);
CM=[LCM;BCM];

%-

%Create right-hand side
%

x1=bdypts(1:sn-1,1);y1 =bdypts(1:sn-1,2);

x2=bdypts(sn:2*sn-2,1 );y2=bdypts(sn:2*sn-2,2);
x3=bdypts(2*sn-1:3*sn-3,1 );y3=bdypts(2*sn-1:3 *sn-3,2);
x4=bdypts(3*sn-2:end, 1 );y3=bdypts(3*sn-2:end,2);

rhs = [Lu(intpts(:,1),intpts(:,2)); x1.454...
8-6%y2.12; X3.73-48*x3;zeros(sn-1,1)];

%
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%Compute RBF solutions
%

Pf=EM * (CM\ths);

%

% Compute maximum error on evaluation grid
%

maxerr = norm(Pf-exact,inf);
rms_err = norm(Pf-exact)/sqrt(M);
fprintf('RMS efror:  %e\n', rms_err)

v
fprintf('Maximum error: %e\n', maxerr)

%

% show points in domain
%

figure

hold on
plot(intpts(:,1),intpts(:,2),'bo");
plot(bdypts(:,1),bdypts(:,2),'rx');
plot(bdyctrs(:,1),bdyctrs(:,2),'gx");
hold off

%
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% END
%o

Program M4
%

% KANSALAPLACE2D
%

%

% PROGRAM 4
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%This is a program to solve the problem for example 5.1.4
%
%
% IMQ RBF and its Laplacian
%

clear;
rbf = @(e,r) 1./sqrt(1+(e*r)."2); ep = 3;
Lrbf = @(e,r) e"2*((e*r)."2-2)./(1+(e*r).~2).(5/2);

%

¢
% Analytical soiution and its Laplacian for test problem
%
U=@(x,y) x."2+y.*(1-y);

Lu=@)\(x,y) zeros(size(x));

%

%Create boundary points
%

N = 289; [collpts, N] = CreatePoints(N, 2, u');

indx1 = find(collpts(:,2)==0 & collpts(:,1)~=1);

indx2 = find(collpts(:,1)==1 & collpts(:,2)~=1);

indx3 = find(collpts(:,2)==1 & collpts(:,1)~=0);

indx4 = find(collpts(:,1)==0 & collpts(:,2)~=0);

bdydata = collpts([indx 1 ;indx2;indx3;indx4],:);%boundary domain
%

% Create internal points
% '

[intdata, N] = CreatePoints(N, 2, 'h');

sn = sqrt(N); h = 1/(sn-1);

bdyctrs = bdydata; bdyctrs = (1+2*h)*bdyctrs-h;% boundary domain (outside)
ctrs = [intdata; bdyctrs];




%

%Create evaluation locations
%

M = 36; epoints = CreatePoints(M,2,'n');
DM _eval = DistanceMatrix(epoints,ctrs);

EM = rbf(ep,DM_eval);

%

9
\
% Exact solution

%

exact = u(epoints(:,1),epoints(:,2));

% i

% Compute blocks for collocation matrix
%

DM _intdata = DistanceMatrix(intdata,ctrs);
LCM = Lrbf(ep,DM _intdata);

DM_bdydata = DistanceMatrix(bdydata,ctrs);
BCM = rbf(ep,DM_bdydata);

CM = [LCM; BCM];

%
% Create right-hand side
%
X=bdydata(1:sn-1,1);
Y=bdydata(sn:2*sn-2,2);
XX=bdydata(2*sn-1:3*sn-3,1);
YY=bdydata(3*sn-2:end,2);

rhs = [Lu(intdata(:,1),intdata(:,2)); X.A2; ...

1+Y.*(1-Y); XX .A2;...
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YY *(1-YY));

%

% Compute RBF solution
%

Pf = EM*(CM\rhs);

%

% Compute maximum error on evaluation grid
%

3
5 -
maxerr = norm(Pf-exact,inf);

rms_err =norm(Pf-exact)/sqrt(M);
fprintf('RMS error:  %e\n', rms_err)

fprintf('Maximum error: %e\n', maxerr)

%

%show poits in domain

%

figure

hold on; plot(intdata(:,1),intdata(:,2),'bo");
plot(bdydata(:,1),bdydata(:,2),'rx");
plot(bdyctrs(:,1),bdyctrs(:,2),'gx"); hold off

%
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% END
%
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Program M5
%
% KANSALAPLACE2D
%

% =
% PROGRAM 5

%This is a program to solve problem for example 5.1.5
\
%

%
% IMQ RBF and its Laplacian
%-me .

clear;

tbf = @(e,r) 1./sqrt(1+(e*r)."2); ep = 0.5;

dyrbf = @(e,r,dy) -dy*e"2./(1+(e*r).2).(3/2);
Lrbf = @(e,r) e"2*((e*r).”2-2)./(1+(e*r).”2).N(5/2);

%

% Analytical solution and its Laplacian for test problem
%
u= @(x,y) 300-50*x;

Lu = @(x,y) zeros(size(x));

% B

%Create boundary points
%
N = 325; [collpts, N] = CreatePoints611(N, 2, 'u');
indx1 = find(collpts(:,2)==0 & collpts(:,1)~=6);
indx2 = find(collpts(:,1)==6 & collpts(:,2)~=6);




indx3 = find(collpts(:,2)==6 & collpts(:,1)~=0);
indx4 = find(collpts(:,1)==0 & collpts(:,2)~=0);
bdypts = collpts([indx 1;indx2;indx3;indx4],:);

%

% Create internal points
%

[intpts, N] = CreatePoints611(N, 2, 'h');

sn = sqrt(N); h = 6/(sn-1);

bdyctrs = bdypts; bdyctrs =(1+h)*bdyctrs-3*h;
ctrs = [intpts; bdyctrs]h;

%

%Create evaluation locations
%o

M = 16; epoints = CreatePoints611(M,2,'n");
DM _eval = DistanceMatrix(epoints,ctrs);

EM = rbf(ep,DM_eval);

%

% Exact solution
%

exact = u(epoints(:,1),epoints(:,2));

%

% Compute blocks for collocation matrix
% -

DM _int = DistanceMatrix(intpts,ctrs);
DM_bdy = DistanceMatrix(bdypts,ctrs);

dy bdy = Differencematrix(bdypts(:,2),ctrs(:,2));

LCM = Lrbf(ep,DM _int);
BCM=rbf(ep,DM _bdy);
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CM = [LCM; BCM];

%

% Create right-hand side
%

X=bdypts(1:sn-1,1);
XX=bdypts(2*sn-1:3*sn-3,1);

rhs = [Lu(intpts(:,1),intpts(:,2));300-50*X; ...
zeros(sn-1,1);300-50*XX ;300*ones(sn-1,1)];

[
\

%

% Compute RBF solution
%

Pf=EM * (CM\ths);

%

% Compute maximum error on evaluation grid
%

maxerr = norm(Pf-exact,inf);

rms_err =norm(Pf-exact)/sqrt(M);
fprintf('RMS error:  %e\n', rms_err)
fprintf('"Maximum error: %e\n', maxerr)

%

%show poits in domain

%

figure

hold on;
plot(intpts(:,1),intpts(:,2),'bo");
plot(bdypts(:,1),bdypts(:,2),'rx");
plot(bdyctrs(:,1),bdyctrs(:,2),'gx");
hold off

%
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% . END
%
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Program M6
%

% KANSALAPLACE2D
%

%
% PROGRAM 6

%This is a program to solve prblem for example 5.2.1
%

%
% IMQ RBF and its Laplacian
%

clear;

rbf = @(e,r) 1./sqrt(1+(e*r)."2); ep = 3;

dyrbf = @(e,r,dy) -dy*e”2./(1+(e*r).”2).~3/2);
Libf = @(e,r) e"2*((e*r).”2-2)./(1He*1)."2).N5/2);

%

% Analytical solution and its Laplacian for test problem
%

u=@(xy) 1x2%y;
Lu = @(x,y) zeros(size(x));

%

%Create boundary points
%

N = 289; [collpts, N] = CreatePoints(N, 2, 'u');
indx1 = find(collpts(:,2)==0 & collpts(:,1)~=1);
indx2 = find(collpts(:,1)==1 & collpts(:,2)~=1);



indx3 = find(collpts(:,2)==1 & collpts(:,1)~=0);
indx4 = find(collpts(:,1)==0 & collpts(:,2)~=0);
bdypts = collpts([indx1;indx2;indx3;indx4],:);

%

% Create internal points
%

[intpts, N] = CreatePoints(N, 2, 'u');

sn = sqrt(N); h = 1/(sn-1);

bdyctrs = bdypts; bdyctrs = (1+2*h)*bdyctrs-h;
ctrs = [intpts; bdyctrs]z

%

%Create evaluation locations
%

M = 25; epoints = CreatePoints(M,2,'u");
DM _eval = DistanceMatrix(epoints,ctrs);
EM = rbf(ep,DM_eval);

%

% Exact solution
%

exact = u(epoints(:,1),epoints(:,2));

%

% Compute blocks for collocation matrix
%

DM _int = DistanceMatrix(intpts,ctrs);

DM _bdy = DistanceMatrix(bdypts,ctrs);

dy_bdy = Differencematrix(bdypts(:,2),ctrs(:,2));
LCM = Lrbf(ep,DM _int);

BCM1 = -dyrbf(ep,DM_bdy(1:sn-1,:),dy_bdy(1:sn-1,:));
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BCM2 = rbf(ep,DM_bdy(sn:2*sn-2,:));

BCM3 = dyrbf(ep,DM_bdy(2*sn-1:3*sn-3,:),...
dy bdy(2*sn-1:3*sn-3,:));

BCM4 = rbf(ep,DM_bdy(3*sn-2:end,:));

CM = [LCM; BCM1; BCM2; BCM3; BCM4];

%

% Create right-hand side
%

Y=bdypts(sn:2*sp-2,2);
YY=bdypts(3 *sn-2:e;1d,2);

rths = [Lu(intpts(:,1),intpts(:,2)); -2*ones(sn-1,1); ...

2+Y.*2; 2*ones(sn-1,1); 1+YY.*2];

%

% Compute RBF solution
%

Pf=EM * (CM\rhs);

%

% Compute maximum error on evaluation grid
%

maxerr = norm(Pf-exact,inf);
rms_err =norm(Pf-exact)/sqrt(M);
fprintf('RMS error:  %e\n', rms_err)

fprintf("Maximum error: %e\n', maxerr)

%

%show poits in domain

%

figure
hold on;
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plot(intpts(:,1),intpts(:,2),'bo");
plot(bdypts(:,1),bdypts(:,2),'ro");
plot(bdyctrs(:,1),bdyctrs(:,2),'gx");
hold off

figure

hold on ;

plot(Pf,'r-0");

plot(exact,'b.");

axis([0 25 1 4));

hold off
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%

% END

%

Program M7
%

% KANSALAPLACE2D
%

%

% PROGRAM 7

%This is a promgram to solve problem for example 5.2.2
%

%
% IMQ RBF and its Laplacian
%

clear;
bf = @(e,r) 1./sqrt(1+(e*r)."2); ep = 1.5;
dyrbf = @(e,r,dy) -dy*e”2./(1+(e*r)."2).~(3/2);



Lrbf = @(e,r) e"2*((e*r)."2-2)./(1+(e*1).*2).~(5/2);

%

% Analytical solution and its Laplacian for test problem
%

u = @(x,y) 300-50*x;
Lu = @(x,y) zeros(size(x));

%

%Create boundary points
\
%

N = 289; [collpts, N] = CreatePoints6(N, 2, 'u");
indx1 = find(collpts(:,2)==0 & collpts(:,1)~=6);
indx2 = find(collpts(:,1)==6 & collpts(:,2)~=6);
indx3 = find(collpts(:,2)==6 & collpts(:,1)~=0);
indx4 = find(collpts(:,1)==0 & collpts(:,2)~=0);
bdypts = collpts([indx1;indx2;indx3;indx4],:);

%

% Create internal points

%

[intpts, N] = CreatePoints6(N, 2, 'u');

sn = sqrt(N); h = 6/(sn-1);

bdyctrs = bdypts; bdyctrs =(1+h)*bdyctrs-3*h;
ctrs = [intpts; bdyctrs];

%

%Create evaluatibn locations
%

M = 16; epoints = CreatePoints6(M,2,'u");
DM _eval = DistanceMatrix(epoints,ctrs);

EM = rbf(ep,DM_eval);
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%

% Exact solution
%

exact = u(epoints(:,1),epoints(:,2));

%

% Compute blocks for collocation matrix
% r

\

DM _int = DistanceMatrix(intpts,ctrs);

DM _bdy = DistanceMatrix(bdypts,ctrs);

dy bdy = Differencematrix(bdypts(:,2),ctrs(:,2));

LCM = Lrbf(ep,DM _int);

BCMI1 = dyrbf(ep,DM_bdy(1:sn-1,:),dy_bdy(1:sn-1,:));
BCM2 = rbf(ep,DM_bdy(sn:2*sn-2,:));

BCM3 = dyrbf(ep,DM_bdy(2*sn-1:3*sn-3,:),...

dy bdy(2*sn-1:3*sn-3,:));

BCM4 = rbf(ep,DM_bdy(3*sn-2:end,:));

CM = [LCM; BCM1; BCM2; BCM3; BCM4];

%

% Create right-hand side
%
Y=bdypts(sn:2*sn-2,2);
Y Y=bdypts(3*sn-2:end,2);
rhs = [Lu(intpts(:,1),intpts(:,2)); zeros(sn-1,1); ...

zeros(sn-1,1); zeros(sn-1,1); 300*ones(sn-1,1)];

%

% Compute RBF solution
%
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Pf=EM * (CM\rhs);

%

% Compute maximum error on evaluation grid
%

maxerr = norm(Pf-exact,inf);

rms_err =norm(Pf-exact)/sqrt(M);
fprintf('RMS error:  %e\n', rms_err)
fprintf('"Maximum error: %e\n', maxerr)

3
v

%

%show poits in domain

%

figure

hold on;
plot(intpts(:,1),intpts(:,2),'bo");
plot(bdypts(:,1),bdypts(:,2),'rx");
plot(bdyctrs(:,1),bdyctrs(:,2),'gx");
hold off

%
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% END
%

Program M8
%

% KANSALAPLACE2D
%

%

% PROGRAM 8

%This is a program to solve the problem for example 5.2.3



%

%
% IMQ RBF and its Laplacian
%

clear;

bf = @(e,r) 1./sqrt(1+(e*r)."2); ep = 2.6;

dyrbf = @(e,r,dy) -dy*e”2./(1+(e*r).~2).~(3/2);
Libf = @(e,r) e2*((e*r)."2-2)./(1+(e*r).*2).~(5/2);

3
\

%

% its Laplacian for test problem
%

Lu=@(x.y) zeros(size(x));

%

%(Create boundary points
%

N =400 ; [collpts, N] = CreatePoints8(N, 2, 'u');
indx1 = find(collpts(:,2)==0 & collpts(:,1)~=4&collpts(:,1)<=3);
indx2 = find(collpts(:,1)==4 & collpts(:,2)~=2&collpts(:,2)>=1);
indx3 = find(collpts(:,2)==2 & collpts(:,1)~=0);
indx4 = find(collpts(:,1)==0 & collpts(:,2)~=0);
%bdydata = collpts([indx1;indx2;indx3;indx4],:);
p=find(collpts(:,1)>=3&collpts(:,2)<=1);
pp=collpts(p,:);
n=17,
r=1;
XL=createX(r,n)+4;
YL=createY(r,n);
bdypts=[XL YL];

c=find(bdypts(:,1)>=3&bdypts(:,2)<=1&bdypts(:,1)<=4&bdypts(:,2)>=0);
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cc=bdypts(c,:);

bdydata=[collpts(indx1,:);cc;collpts(indx2,:);collpts(indx3,:);collpts(indx4,:)];

%

% Create internal points

%

[node, N] = CreatePoints8(N, 2, 'u');
Nd=find(node(:,1)<=3 | node(:,2)>=1);
intdata=node(Nd,:);

sn = sqrt(N); h = 1/(sn-1);

bdyctrs = bdydata; bdyctrs = (1+h)*bdyctrs-h;
ctrs = [intdata; bd};ctrs];

%

%Create evaluation locations

%

M = 289; Point= CreatePoints8(M,2,'n");
NP=find(Point(:,1)<=3 | Point(:,2)>=1);
epoints=Point(NP,:);

%

% Compute blocks for collocation matrix
%

DM _eval = DistanceMatrix(epoints,ctrs);

EM = rbf(ep,DM_eval);

DM _intdata = DistanceMatrix(intdata,ctrs);

LCM = Lrbf(ep,DM _intdata);

DM _bdydata = DistanceMatrix(bdydata,ctrs);

dy bdy = Differencematrix(bdydata(:,2),ctrs(:,2));
a=size(indx1);

b=size(cc);

c=size(indx2);

d=size(indx3);
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f=size(indx4);
t=a(1,1)+b(1,1)+c(1,1)+d(1,1)+{(1,1);

BCMI1=rbf(ep,DM_bdydata(1:a(1,1),:));
BCM2=rbf(ep,DM_bdydata(a(1,1)+1:a(1,1)+b(1,1),));
BCM3=dyrbf(ep,DM_bdydata(a(1,1)+b(1,1)+1:a(1,1)+b(1,1)+c(1,1),:),

dy bdy(a(1,1)+b(1,1)+1:a(1,1)+b(1,1)+c(1,1),:));
BCM4=rbf(ep,DM_bdydata(a(1,1)+b(1,1)+c(1,1)+1:a(1,1)+b(1,1)+c(1,1)+d(1,1),:));
BCM5=rbf(ep,DM_bdydata(a(1,1)+b(1,1)+c(1,1)+d(1,1)+1:t,:));
BCM=[BCM[;BCM2;BCM3;BCM4;BCM5];
CM = [LCM: BCM];

%
% Create right-hand side
%
Y=bdydata(a(1,1)+b(1,1)+c(1,1)+d(1,1)+1:t,2);
rhs = [Lu(intdata(:,1),intdata(:,2)); zeros(a(l,1),1); ...
zeros(b(1,1),1); zeros(c(1,1),1);2*ones(d(1,1),1);Y];

%

% Compute RBF solution
%
Pf=EM*(CM\rhs);

%

%show poits in domain

% :

figure

hold on; plot(intdata(:,1),intdata(:,2),'bx");
plot(bdydata(:,1),bdydata(:,2),'rx");
plot(bdyctrs(:,1),bdyctrs(:,2),'gx");
plot(epoints(:,1),epoints(:,2),'go");



hold off
figure;
hold on
plot(Point(:,1),Point(:,2),'rx');
plot(epoints(:,1),epoints(:,2),'bo");
hold off

%
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% END
%

3

Program M9
%

A

% KANSALAPLACE2D
%

%y

% PROGRAM 9

%This is a program to solve the Laplace equation for example 5.2.4
L.

%

% IMQ RBF and its Laplacian
-

clear;
% Gaussian RBF and its derivatives
%rbf = @(e,r) exp(-(e*r).”2); ep = 3;
%dyrbf = @(e,r,dy) -2*dy*e 2. *exp(-(e*r)."2);
%Lrbf = @(e,‘r) 4*e"2*exp(-(e*r)."2).*((e*r).”2-1);
bf = @(e,r) 1./sqrt(1+(e*r)."2); ep = 1.5;
dyrbf = @(e,r,dy) -dy*e"2./(1+(e*r).~2).~(3/2);
Lrbf = @(e,r) e"2*((e*r)."2-2)./(1+(e*1).72).~(5/2);



%

% its Laplacian for test problem
%

Lu = @(x,y) zeros(size(x));

%

%Create boundary points
%
N=100; [collpts,LN] = CreatePoints12(N, 2, 'u");
indx1 = find(collpts(:,2)==0 & collpts(:,1)<2);
indx2 = find(collpts(:,2)>=0 & collpts(:,1)==0);

1

p=collpts(indx1,:);
pp=collpts(indx2,:);

Yo******points are choosen for approximation**###**
n=36;

a=2;

b=1:

XL=createXE(a,n);

YL=create YE(b,n);

b=[XL YL;

bb=find(b(:,1)>=0&b(:,2)>=0);

bbb=b(bb,:);

bdypts=[p;bbb;pp];

%

%Create internal points

% .

[intpts, N] = CreatePoints12(N, 2, 'u');
CI=((intpts(:,1)).*2)/4+((intpts(:,2))."2)/1;
ip=find(CI<=1);
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pts=intpts(ip,:);
intpts=pts;intctrs=pts;
%

%define oudside of domain
%
sn = sqrt(N); h=1/(sn-1);

NN-=size(pts);
SNN=sqrt(NN(1,1));hh=2/(SNN-1);

%bdyctrs =bdypts;

bdyctrs =(1+hh)*bdypts-0.5*hh;

%bdyctrs = bdyptsé bdyctrs = (1+2*h)*bdyctrs;

ctrs = [intpts; bdyctrs];

%

%Create evaluation locations
%

M =1089; Node = CreatePoints12(M,2,'u"); %Node = 2*Node-2;
pch=((Node(:,1)).”2)/4+((Node(:,2)).”2)/1;

PP1=find(pch<=1);

epoints=Node(PP1,:);

%

% Compute blocks for collocation matrix
%

DM_eval = DistanceMatrix(epoints,ctrs);

EM = rbf(ep,DM _eval);

DM_int = DistanceMatrix(intpts,ctrs);

DM bdy = DiStanceMatrix(bdypts,ctrs);

dy_bdy = Differencematrix(bdypts(:,2),ctrs(:,2));
LCM = Lrbf(ep,DM int);

bl=size(p);

b2=size(bbb);
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b3=size(pp);

b4=b1(1,1)+b2(1,1);

b5=b(1,1)+b4;

BCM1 = dyrbf(ep,DM_bdy(1:b1,:),dy _bdy(1:bl,:));
BCM2 = rbf(ep,DM_bdy(b1(1,1)+1:b4,:));

BCM3 = dyrbf(ep,DM_bdy(b4+1:end,:),...
dy_bdy(b4+1:end,:));

CM = [LCM; BCM1; BCM2; BCM3];

%

% Create right-hand side
%

x1=bdypts(b1(1,1)+1:b4,1);y1=bdypts(b1(1,1)+1:b4,2);
rhs = [Lu(intpts(:,1),intpts(:,2)); zeros(b1(1,1),1); ...
(x1.22+y1.72)/2; zeros(b3(1,1),1)];

%

% Compute RBF solution
%—-

Pf=EM * (CM\rhs);

%

%show poits in domain
%

figure

%hold on;
Yoplot(bdypts(:,1),bdypts(:,2),'ro");
%hold off

figure

hold on
plot(intpts(:,1),intpts(:,2),'bo");
plot(bdypts(:,1),bdypts(:,2),'r0");
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plot(bdyctrs(:,1),bdyctrs(:,2),'gx");
% plot(x1(:,1),y1(:,1),'bx");
Y%plot(px,py,'bo');

%axis([0 6 0 6]);

%plot(xx,'bo")

hold off

%
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% END PROGRAM
%

Subroutines (Meshless method)
%

function [points, N] = CreatePoints(N,s,gridtype)
%

% Computes a set of N points in [0,1]"s
% Inputs:

% N: number of interpolation points

% s: space dimension

% gridtype:

% 'h'=Halton,

% 'u'=uniform grid

% Outputs:

% points: an Nxs matrix (each row contains one s-D point)

% N: might be slightly less than original N for
% Chebyshev and gridded uniform points
%

switch gridtype |
case 'h'
points = haltonseq(N,s);
case 'u'

ppd = zeros(1,s);
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for j=1:s
pprd(j) = floor(nthroot(N,s+1-j));
N = N/ppd(j);
end
points = gridsamp([zeros(1,s); ones(1,s)], ppd);
N = prod(ppd);
otherwise
error('Please use h or u data types')
end

%

ST I
%

function DM = DistanceMatrix(dsites,ctrs)
%

%lInputs
Yodsites: Mxs matrix representing a set of M data sites in R%s
Yoctrs: Nxs matrix representing a set of N centers in R%s
%Output
%DM: MxN matrix whose i,j position contains the Euclidean distance between
%the i-th data site and j-th center
% _-
[M,s] = size(dsites); [N,s] = size(ctrs);
DM = zeros(M,N);
for d=1:s
[dr,cc] = ndgrid(dsites(:,d),ctrs(:,d));
DM = DM + (dr-cc)."2;
end ‘
DM = sqrt(DM);
%




ST T T )
L

function [points,N]=pointuniform(N,s)
%Input
%N: number of points
%s: s-dimension
ppd = zeros(1,s);
for j=1:s ,
ppd(j) = ﬂc;or(nthroot(N ,S5t1-9));
N = N/ppd(j);
end
points = gridsamp([zeros(1,s); 2*ones(1,1) 4*ones(1,1)], ppd);
N = prod(ppd);
%

Sl I T T T
%

function [points, N] = CreatePoints4(N ,S,gridtype)
% Computes a set of N points in [0,1]"s

% Inputs:

% N: number of interpolation points

% s: space dimension

% gridtype:

% 'h'=Halton

% 'u'=uniform grid

% Outputs: |

% points: an Nxs matrix (each row contains one s-D point)
%

switch gridtype

case 'h'
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points = haltonseq2(N,s);
case 'u'
ppd = zeros(1,s);
for j=1:s
ppd(j) = floor(nthroot(N,s+1-j));
N = N/ppd(j);
end
points = gridsamp([zeros(1,s); 4*ones(1,s)], ppd);
N = prod(ppd);

otherwise «
\

error('Please use h or u data types')
end
%

Sl LTI T T
%

% DM(j k) = datacoord_j - centercoord k .
function DM = DifferenceMatrix(datacoord,centercoord)
% The ndgrid command produces two MxN matrices:
% dr, consisting of N identical columns
% (each containing the M data sites)
% cc, consisting of M identical rows
% (each containing the N centers)
[dr,cc] = ndgrid(datacoord(:),centercoord(:));
DM =dr-cc;
% I

%////////////////////////////////////////////////////////////////////////////////////////////

- o,

function H = haltonseq(NUMPTS,NDIMS)
%HALTONSEQ(NUMPTS,NDIMS,) Generate a Halton sequence in NDIMS

dimensional space
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% containing NUMPTS. The output is between 0 and 1. NUMPTS may be a vector

% of integers in which they indicate which elements of the Halton sequence to

% compute.
%
if (NDIMS < 12)
P=[235711131719232931];
else
P = primes(1.3*NDIMS*log(NDIMS));
P = P(1:NDIMS);
end ‘
if isequal(size(NIjMPTS),[l 1]
int_pts = [1:NUMPTS];
else %User has put in the points to sample.
int_pts = NUMPTS;
NUMPTS = length(int_pts);
end

H = zeros(NUMPTS,NDIMS);

for i = 1:NDIMS %Generate the components for each dimension.

V = fliplr(dec2bigbase(int_pts,P(i)));
pows = -repmat([ 1:size(V,2)],size(V,1),1);
H(:,1) = sum(V.*(P(i)."pows),2);

end

%




Program (BEM)
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Program B1

%

% PROGRAM LINBEMS
%

% e

%This is a program to solve the Laplace equation for example 5.1.1 and 5.2.2
%for the case of problem with following conditions:

% 1. Consider the Laplace’s equation with boundary condition

%(Neumann and Dirichlet conditions)

% 2. Linear element with square domain

%( 1x2 ) ,we let all of the point at the corners be boundary

%nodes so, the number of boundary node which will be entered

%must be in multiple of 4 form.(4,8,12,16,... )

% 3. We use 3-point Gaussian quadrature method to compute

Y%integration values '

%

%

% Set ep(g) and w(g) values for 3-point Gaussian quadrature
%

clear ,
w=[5/9;8/9;5/9]; ep=[-sqrt(3/5);0;sqrt(3/5)];
%ep=[-0.86113631,-0.33998104,0.33998104,0.86113631];
%w=[0.34785485,0.65214515,0.65214515,0.34785485];

%
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% Input data and compute coordinate matrix

%

disp(’ )
disp(' Welcome to LINBEMS program "
disp(' )
disp(’ )
disp(' Please choose the kind of boundary problem "
disp(' choose: ')

disp(' 1 the Dirichlet problem 'y

disp(' 2 for the Nuemann problem "

disp( 3 for the mixed probleml ')

disp(' 4 for the mixed problem?2 )

disp(’ )
fprintf("\n")

kk=input('You choose number : ');

pp=input(‘Enter the length of x: ");

rr=input('Enter the length of y: );

fprintf("\n")

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

disp('---- )
fprintf("\n\n")

%

% we obtain the coordinate of boundary nodes

%

X=coorx(n,pp);%coordinate of boundary nodes

=coory(n,rr);%coordinate of boundary nodes

%

%
%

shows the coordinate of boundary nodes

nod=1:1:n;



node=(nod");

for i=1:n
solu(i,1)=node(i,1);
solu(i,2)=X(i,1);
solu(i,3)=Y(i,1);
%osolu(i,4)=U(1,1);
%osolu(i,5)=Q(4,1);
end

disp('

disp('
disp('

. coordinate of boundary nodes
\

disp(' node X y "
disp(solu)
fprintf("\n\n")

%

% Construct distance [d(i,j)] from a node i to an element ]

% and L(j) is a lenght of element j
%

d=dist(n,X,Y);
L=lenet(n,X,Y);

%

% Construct the matrix H and G

% for solving equation system HU=GQ

% —

Hhat=matrixh(n,X,Y,d,ep,w,L); % This is the matrix H-hat

G=matrixg(n,X,Y,d,ep,w,L); % This is the matrix G

%

% Input known values of U and Q on boundary of square

%

23
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if kk==1

nvl1=input('Enter value of U on lower side of boundary of square:");
nvl2=input('Enter value of U on right side of boundary of square:");
nvl3=input('Enter value of U on upper side of boundary of square:");
nvl4=input('Enter value of U on left side of boundary of square:');
elseif kk==

nvl1=input('Enter value of Q on lower side of boundary of square:");
nvi2=input('Enter value of Q on right side of boundary of square:');
nvl3=input('Enter value of Q on upper side of boundary of square:");
nvl4=input('Enter value of Q on left side of boundary of square:');
elseif kk==3 L

nvl1=input('Enter value of U on lower side of boundary of square:');
nvl2=input('Enter value of Q on right side of boundary of square:');
nvl3=input('Enter value of U on upper side of boundary of square:");
nvl4=input('Enter value of Q on left side of boundary of square:');
else

nvl1=input('Enter value of Q on lower side of boundary of square:');
nvl2=input('Enter value of U on right side of boundary of square:");
nvI3=input('Enter value of Q on upper side of boundary of square:");
nvl4=input('Enter value of U on left side of boundary of square:');
end

N=NNcodel (kk,n);

t=NNcodv1(nvll,nvi2,nv13,nvi4,nkk);

%will be used in computing B of Ax=B steps

%

% Change an system of equatipn to be in formAx=B
% and solve to obtain the unknown values of U and Q
%

A=cheqlL(kk,N,Hhat,G,n);
b=cheqrR(kk,N,Hhat,G,n);
B=b*t;



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

%

% Show the matrix U and Q (first, construct U and Q
% by alternating the value in above matrices)

%

U=matrixuU2(kk,t,n,XX);
Q=matrixqQ2(kk,t,n,XX);
nod=1:1:n;

node=(nod");

fori=1:n
solu(i,1)=node(i,1);
solu(i,2)=X(i,1);
solu(i,3)=Y(,1);
solu(i,4)=U(,1);
solu(i,5)=Q(i,1);

end

solu;

fprintf("\n\n")

disp(' "
disp(' The system has been solve )
disp(’ )
fprintf("\n")

disp('The result is ')

fprintf("\n")

disp(" )

disp(' node X Y U Q"
disp(’ ' )
disp(solu)

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

% step 1 : input the data to compute
%
fprintf("\n\n")

disp(' ")
nl=input(' Enter the number of internal nodes: ');

fprintf("\n\n")

disp('Next ,input the coordinate(X,Y) of each int node")
forintf(\n\n')

disp(' )

for i=1:nl

fprintf("X-coordinate of node %.0f is',i);
Xin1(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

%

din=distin(n,n1,Xin,Yin,X,Y);
H2=matrixh2(h,n 1,X,Y,Xin,Yin,din,ep,w,L);
G2=matrixg2(n,n1 ,X,Y,Xin,Yin,din,ep,w,L);

%

% step 3 : compute the solutions at each internal node



%

Usol=(1/(2*pi))*((G2)*(Q)-(H2)*(U));
%

%  construct matrix UU, XX1,YY1 for compare with analytic solution
%
M=n+nl;
UU=zeros(M,1);
XX1=zeros(M,1);
YY1=zeros(M,1);
An=zeros(M, k); &
UU(1:n)=U(1:n);
XX1(1:n)=X(1:n);
YY1(1:n)=Y(1:n);
UU(n+1:M)=Usol(1:n1);
XX1(n+1:M)=Xin(1:nl);
YY1 (n+1:M)=Yin(1:nl);

%

% The analytic solution

%

for i=1:M
An(i)=50*YY1(i);

end

%

% The solution are shown (internal node)
%
fprintf("\n\n")

disp(' )
disp(" The solutions are shown as follows (internal node) "
disp(’ )

for i=1:nl




fprintf(’\n U(%.2£,%.26)=%.6f\n',Xin(i), Yin(i),Usol(i));

end

fprintf("\n\n")

%

% Compare numerical solution with analytic solution
%

nod1=1:1:M;

node=(nod1');

fori=1:M

solul(i,1)=node(;,1);
solul(i,2)=XX1(,1);
solul(i,3)=YY1(,1);
solul(i,4)=UU(j,1);

%osolul(i,5)=An(i,1);

end
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disp('

fprintf("\n")
disp(' Compare the numerical solution with analytic solution
fprintf("\n')

disp('- "
disp(' int.node X Y solution )

disp(' )
fprintf("\n")

disp(solul)
fprintf("\n\n")
disp('

%

% END PROGRAM
%
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ProgramB2
%
% PROGRAM LINBEMS
%

%

%This is a program to solve the Laplace equation for Ex 5.1.2
%By using Linear element
%

clear

%

% Set ep(g) and w(g) values for 3-point Gaussian quadrature
% =

w=[5/9;8/9;5/9]; ep=[-sqrt(3/5);0;sqrt(3/5)];

Ly -

% Input data and compute coordinate matrix
%~

disp(’ )
disp(' Welcome to LINBEMS program )

disp(' .)
fprintf("\n")

rr=input('Enter the length of x: ");
pp=input('Enter the length of y: ");

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

disp(’ )
fprintf("\n\n")

%

% we obtain the coordinate of boundary nodes

%




X=coordx(rr,n);
Y=coordy(pp,n);
%

% Construct distance [d(i,j)] from a node i to an element j
%  and L(j) is a lenght of element j
%

d=distT(n,X,Y);
L=lenetT(n,X,Y);

% [

% Construct the matrix H and G

% for solving equation system HU=GQ
%

Hhat=matrixhH(n,X,Y,d,ep,w,L); % This is the matrix H-hat
G=matrixgG(n,X,Y,d,ep,w,L); % This is the matrix G
%

%Assigned to node type of the boundary condition

%
N=NCode6(n);
t=NCodv6(X,Y,n);

%

% Change an system of equation to be in formAx=B
% and solve to obtain the unknown values of U and Q
%

A=cheqLL(N,Hhat,G,n);
bb=cheqRR(N,Hhat,G,n);
B=bb*t; |
XX=(inv(A))*B;

%

%Rearranges the boundary values and forms the matrices t and XX

100
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% .
U=matrixuU6(t,n,XX);

b

Q=matrixqQ6(t,n,XX);

%

% Next, we start to compute for internal nodes

%

%—--

% step 1 : input the data to compute

% " 9

fprintf("\n")

disp(' )
nl=input(' Enter the number of internal nodes: %

fprintf("\n\n")

disp('Next ,input the coordinate(X,Y) of each int node")
fprintf("\n")

disp(- )
for i=1:nl

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

end

Xin=Xinl1";

Yin=Yinl";

%

% step 2 : Construct matrix H and G

% both H2 and G2 are constructed in the same
% way to construct Hhat and G

% =

din=distinN(n,n1,Xin,Yin,X,Y);
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H2=matrixhH2(n,n1,X,Y,Xin,Yin,din,ep,w,L);
G2=matrixgG2(n,n1,X,Y,Xin,Yin,din,ep,w,L);
%

% step 3 : compute the solutions at each internal node
%

Usol=(1/(2*p))*((G2)*(Q)-(H2)*(U));

%

% The solution are shown (internal node)
%
fprintf("\n\n")

disp(" )
disp(" The solutions are shown as follows (internal node) "
disp(’ )

for i=1:nl

fprintf("\n U(%.2£,%.21)=%.6f\n',Xin(i), Yin(i),Usol(i));

end

fprintf("\n\n")

[

%

% END PROGRAM
%

Program B3
%
% PROGRAM LINBEMS
%

%

%This is a program to solve the Laplace equation for Ex 5.1.3

%By using Linear element
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%

clear

%

%  Set ep(g) and w(g) values for 3-point Gaussian quadrature
%

w=[5/9;8/9;5/9]; ep=[-sqrt(3/5);0;sqrt(3/5)];

%

% Input data and compute coordinate matrix
%

1

disp(' .)
disp(' Welcome to LINBEMS program "

disp(' N
fprintf("\n")

rr=input('Enter the length of x: ');
pp=input('Enter the length of y: ");

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

disp(’ )
fprintf("\n\n'")

% .

% we obtain the coordinate of boundary nodes

%

X=coordx(rr,n);

Y=coordy(pp,n);

%

%  Construct distance [d(i,j)] from a node i to an element ]
%  and L(j) is a lenght of element j

%
d=distT(n,X,Y);
L=lenetT(n,X,Y);
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%

% Construct the matrix H and G

% for solving equation system HU=GQ
%

Hhat=matrixhH(n,X,Y,d,ep,w,L); % This is the matrix H-hat
G=matrixgG(n,X,Y,d,ep,w,L); % This is the matrix G

%

%Assigned ta,node type of the boundary condition
% \

N=NCode9(n);
t=NCodv9(X,Y,n);

%

% Change an system of equation to be in formAx=B
% and solve to obtain the unknown values of U and Q
%

A=cheqLL(N,Hhat,G,n);
bb=cheqRR(N,Hhat,G,n);
B=bb*t;

XX=(inv(A))*B;

%

%Rearranges the boundary values and forms the matrices t and XX
%
U=matrixuU9(t,n,XX);
Q=matrixqQ9(t,n,XX);

%

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

% step 1 : input the data to compute
%
fprintf("\n")

disp(' )
nl=input(' Enter the number of internal nodes: ");

fprintf(\n\n")

disp('Next ,input the coordinate(X,Y) of each int node")
fprintf("\n")

disp(’ : )

for i=1:nl

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

%

din=distinN(n,n1,Xin,Yin,X,Y);
H2=matrixhH2(n,n1,X,Y,Xin,Yin,din,ep,w,L);
G2=matrixgG2(n,n1,X,Y,Xin,Yin,din,ep,w,L);

%

% step 3 : compute the solutions at each internal node
%

Usol=(1/(2*pi))*((G2)*(Q)-(H2)*(V));




%

% The solution are shown (internal node)
%
fprintf("\n\n")

disp(' )
disp(" The solutions are shown as follows (internal node) "
disp(' )

for i=1:nl

fprintf("\n U(%.2£,%.2f)=%.6f\n',Xin(i), Yin(i),Usol(i));

end ‘

fprintf("\n\n")

%

8
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% END PROGRAM
%

ProgramB4
%

% PROGRAM LINBEMS
%

%

%This is a program to solve the boundary problem for Ex 5.1.4
%By using Linear element
% -

clear

%

%  Setep(g) and w(g) values for 3-point Gaussian quadrature

% .

w=[5/9;8/9;5/9]; ep=[-sqrt(3/5);0;sqrt(3/5)];

%

% Input data and compute coordinate matrix
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% .

disp(’ )
disp(' Welcome to LINBEMS program )

disp(' )
fprintf("\n')

rr=input('Enter the length of x: ;
pp=input('Enter the length of y: ");

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

disp(' )
fprintf("\n\n"),

%

% we obtain the coordinate of boundary nodes

> _

X=coordx(rr,n);

Y=coordy(pp,n);

%

% Construct distance [d(i,j)] from a node i to an element j
%  and L(j) is a lenght of element j

%
d=distT(n,X,Y);
L=lenetT(n,X,Y);

%

% Construct the matrix H and G

% for solving equation system HU=GQ
5 ‘

Hhat=matrixhH(n,X,Y,d,ep,w,L); % This is the matrix H-hat
G=matring(n,X,Y,d,ep,w,L); % This is the matrix G

% -
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%Assigned to node type of the boundary condition
%
N=NCode7(n);

t=NCodv7(X,Y,n);

%

% Change an system of equation to be in formAx=B
% and solve to obtain the unknown values of U and Q
%

A=cheqLL(N,Hhat,G,n);
bb=cheqRR(N ,Hilat,G,n);
B=bb*t;

XX=(inv(A))*B;

%

%Rearranges the boundary values and forms the matrices t and XX
%
U=matrixuU7(t,n,XX);
Q=matrixqQ7(t,n,XX);

%

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

% step 1 : input the data to compute
%
fprintf("\n")

disp(’ )
nl=input(' Enter the number of internal nodes: ";

fprintf("\n\n")

disp('Next ,input the coordinate(X,Y) of each int node")
fprintf("\n")



disp('--- )
for i=1:nl

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';
‘
o .
% step 2 : Construct matrix H and G
% both H2 and G2 are constructed in the same
% way to construct Hhat and G
%

din=distinN(n,n1 ,Xin,Yin,X,Y);
H2=matrixhH2(n,n1 ,X,Y,Xin,Yin,din,ep,w,L);
G2=matrixgG2(n,nl ,X,Y,Xin,Yin,din,ep,w,L);

%

% step 3 : compute the solutions at each internal node
LA

Usol=(1/(2*pi))*((G2)*(Q)-(H2)*(U));

%

% The solution are shown (internal node)
%

fprintf("\n\n")

disp('- )
disp("  The solutions are shown as follows (internal node)
disp(’ )

for i=1:nl
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fprintf("\n U(%.2f,%.2f)=%.6f\n',Xin(i),Yin(i),Usol(i));
end

fprintf("\n\n")

%

% END PROGRAM
%

ProgramB5

% -

% PROGRAM LINBEMS
%

%

%This is a program to solve the problem for Ex 5.1.5
%By using Linear element
%

clear

%

%  Setep(g) and w(g) values for 3-point Gaussian quadrature
%

w=[5/9;8/9;5/9]; ep=[-sqrt(3/5);0;sqrt(3/5)];

%

% Input data and compute coordinate matrix
%

disp(" ‘ _ )
disp(' Welcome to LINBEMS program "

disp(' )
fprintf("\n")

rr=input('Enter the length of x: ');
pp=input('Enter the length of y: );
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n=input('Enter the number of boundary node: ');

disp(' "
fprintf("\n\n")

%

% we obtain the coordinate of boundary nodes

%

X=coordx(rr,n);
Y=coordy(pp,n);

1

%

%  Construct distance [d(i,j)] from a node i to an element j
%  and L(j) is a lenght of element j

%
d=distT(n,X,Y);
L=lenetT(n,X,Y);

%

% Construct the matrix H and G

% for solving equation system HU=GQ
%

Hhat=matrixhH(n,X,Y,d,ep,w,L); % This is the matrix H-hat
G=matrixgG(n,X,Y,d,ep,w,L); % This is the matrix G

%

%Assigned to node type of the boundary condition
%
N=NCode7(n);

t=NCodv11(X,Y,n);

%

% Change an system of equation to be in formAx=B



% . and solve to obtain the unknown values of U and Q
%
A=cheqLL(N,Hhat,G,n);
bb=cheqRR(N,Hhat,G,n);
B=bb*t;

XX=(inv(A))*B;

%

%Rearranges the boundary values and forms the matrices t and XX
Yaes- x

U=matrixuU7(t,;1,XX);

Q=matrixqQ7(t,n,XX);

% Y

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

% step 1 : input the data to compute
%
fprintf("\n")

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

fprintf("\n\n")

disp('Next ,input the coordinate(X,Y) of each int node')
fprintf("\n")

disp(’ )
for i=1:nl

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

end

112



113

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

%

din=distinN(n,n1,Xin,Yin,X,Y);
H2=matrixhH2(n,n1,X,Y,Xin,Yin,din,ep,w,L);
G2=matring2({1,n 1,X,Y,Xin,Yin,din,ep,w,L);

%

% step 3 : compute the solutions at each internal node
%

Usol=(1/2*p))*((G2)*(Q)-(H2)*(V));

%

% The solution are shown (internal node)
%
fprintf("\n\n")

disp(’ )
disp(" The solutions are shown as follows (internal node) "
disp(’ )

for i=1:nl

fprintf("\n U(%.2£,%.2f)=%.6f\n',Xin(i), Yin(i),Usol(i));

end

fprintf("\n\n")

%
% END PROGRAM
%




ProgramB6
%
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% PROGRAM LINBEMS
%

%

%This is a program to solve the problem for Ex 5.2.1
%By using Linear element

%

clear

%

%  Set ep(g) and w(g) values for 3-point Gaussian quadrature

%

w=[5/9;8/9;5/9]; ep=[-sqrt(3/5);0;sqrt(3/5)];

%

% Input data and compute coordinate matrix
%

disp(

disp(' Welcome to LINBEMS program
disp(*

fprintf("\n")

=input('Enter the number of boundary node: ');
rr=input('Enter the length of x: ');
pp=input('Enter the length of y: ');

disp(’ )
fprintf("\n\n")

%

% we obtain the coordinate of boundary nodes

%
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X=coordx(rr,n);
Y=coordy(pp,n);
%

% Construct distance [d(i,j)] from a node i to an element j
%  and L(j) is a lenght of element j

%
d=distT(n,X,Y);
L=lenetT(n,X,Y);

% X

% Construct the matrix H and G

% for solving equation system HU=GQ
%

Hhat=matrixhH(n,X,Y,d,ep,w,L); % This is the matrix H-hat
=matrixgG(n,X,Y,d,ep,w,L); % This is the matrix G

%

%Assigned to node type of the boundary condition
%
N=NCode2(n);

t=NCodv2(Y,n);

%

% Change an system of equation to be in formAx=B
% and solve to obtain the unknown values of U and Q
%

A=cheqLL(N,Hhat,G,n);
bb=cheqRR(N ,Hhat,G,n);
B=bb*t;

XX=(inv(A))*B;

%
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%Rearranges the boundary values and forms the matrices t and XX
%
U=matrixuU2(t,n,XX);
Q=matrixqQ2(t,n,XX);

%

% Next, we start to compute for internal nodes

%

%

% step 1 : input the data to compute

%

fprintf("\n")

disp(’ )
nl=input(' Enter the number of internal nodes: ');

fprintf("\n\n")

disp('Next ,input the coordinate(X,Y) of each int node")
fprintf("\n")

disp(’ )
for i=1:nl

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

%
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din=distinN(n,n1,Xin,Yin,X,Y);
H2=matrixhH2(n,n1,X,Y,Xin,Yin,din,ep,w,L);
G2=matrixgG2(n,n1,X,Y,Xin,Yin,din,ep,w,L);

%

% step 3 : compute the solutions at each internal node
%

Usol=(1/(2*pi))*((G2)*(Q)-(H2)*(U));

%

% The solution are shown (internal node)

%
fprintf("\n\n")

disp(’ )
disp(" The solutions are shown as follows (internal node) "
disp(' )

for i=1:nl

fprintf("\n U(%.2f,%.2£)=%.6f\n',Xin(i),Yin(i),Usol(i));

end

fprintf("\n\n")

%

% END PROGRAM
%

ProgramB7
N .

% PROGRAM LINBEMS
%
%

%This is a program to solve the problem for Ex 5.2.3
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%By using Linear element
%

clear

%

% Set ep(g) and w(g) values for 3-point Gaussian quadrature
%

w=[5/9;8/9;5/9]; ep=[-sqrt(3/5);0;sqrt(3/5)];
n=60;
X=[0;0.2;0.4;0.6;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;:1;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;050;0;0];

Y=[0;0;00;0;0;0;0;0;0;
0;0;0;0;0;0;.46;.6;.71;.8;
.87;.92;.95;.98;.99;1;1.2;1.4;1.6:1.8;
2:2:2:.2:2:2:2:2:0:9+

2:0:2: 2 050090
1.8;1.6;1.4;1.2;1;0.8;0.6;0.4;0.2];

%

% Construct distance [d(i,j)] from a node i to an element j
%  and L(j) is a lenght of element j

%
d=distT(n,X,Y);
L=lenetT(n,X,Y);

%

% Construct the matrix H and G

% for solving equation system HU=GQ
%

Hhat=matrixhH(n,X,Y,d,ep,w,L); % This is the matrix H-hat
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G=matrixgG(n,X,Y,d,ep,w,L); % This is the matrix G

%

%Assigned to node type of the boundary condition

%

N=NCode5(n);

t=NCodv5(Y,n);

%

% Change an system of equation to be in formAx=B

% and solve to obtain the unknown values of U and Q
\

%

A=cheqLL4(N,Hhat,G,n);
bb=cheqRR4(N,Hhat,G,n);
B=bb*t;

XX=(inv(A))*B;

%

%Rearranges the boundary values and forms the matrices t and XX
%
U=matrixuU5(t,n,XX);
Q=matrixqQ5(t,n,XX);

%

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

% step 1 : input the data to compute
%
fprintf("\n\n")

disp(’ "
nl=input(' Enter the number of internal nodes: ');

fprintf("\n\n")
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disp('Next ,input the coordinate(X,Y) of each int node')
fprintf("\n\n")

disp(’ )
for i=1:nl

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"; i

%

% step 2 : Construct matrix H and G

% both H2 and G2 are constructed in the same
% way to construct Hhat and G

%

din=distinN(n,n1,Xin,Yin,X,Y);
H2=matrixhH2(n,n1 ,X,Y,Xin,Yin,din,ep,w,L);
G2=matrixgG2(n,nl ,X,Y,Xin,Yin,din,ep,w,L);

%

% step 3 : compute the solutions at each internal node
%

Usol=(1/(2*pi))*((G2)*(Q)-(H2)*(U));

%o

% The solution are shown (internal node)
%
fprintf("\n\n")

disp( )

disp(" The solutions are shown as follows (internal node) )
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disp('-—- )
for i=1:nl

fprintf("\n U(%.21,%.2£)=%.6f\n',Xin(i),Yin(i),Usol(i));

end

fprintf("\n\n")

%
% END PROGRAM
%

Subroutines (BEM)

ol Il T T T T T T T
%

function [X]=coordx(rr,n)
%Inputs

%rr: lenght of x

%n: number of elements
k=n/4;

X=zeros(n,1);

for i=1:k

X+ 1)=X(+1)+@{/K)*rr;
end

for i=k+2:2*k+1

X(@)=rr;

end

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

end

%
YolllliTiT T T i
%

function [ Y]=coordy(pp,n)
%Inputs



%pp:lenght of y

%n: number of elements
k=n/4;

Y=zeros(n,1);

fori=1:k

Y (k+(@i+1))=Y (k+(i+1))+(i/k)*pp;
end

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

end ‘

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

end

%

Yo/l T T T T T

%

function [t]J=NCodv(Y,n)
k=n/4;
t=zeros(n,1);

for i=1:k

t(i)=-2;

end

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

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

end

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

end

%
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S/
function [N]=NCode(n)
%

% N(1)=0 means at node i the value of Q is known
% N(i)=1 means at node i the value of U is known
%

N=zeros(n,1);
k=n/4;

fori=1:k
N@G)=0; -«

end

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

end

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

end

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

end

%
Y
%
function [bb]=cheqRR(N,Hhat,G,n)

bb=zeros(n);

for i=1:n

for j=1:n

if NG)==
C(i,j)=-Hhat(i,));
Hhat(i,j)=-G(i,);
G(ij)=C(iy);
end



124

end
end
bb=G;
ST T
function [A]=cheqLL(N,Hhat,G,n)
A=zeros(n);
for i=1:n
for j=1:n
if NG)==
C(i,j)=-Hhati,j);
Hhat(i)=-G(i);
G(i,))=C(iy);
end
end
end
A=Hhat;
YO
%

function [U]=matrixuU(t,n,XX)
U=zeros(n,1);
k=n/4;

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

end

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

end

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

end

for i=3*k+1:n

U@=t@®;
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end
%
Yol I T T
%
function [Q]=matrixqQ(t,n,XX)
Q=zeros(n,1);
=n/4;
for i=1:k
Q@)=t(i);

end 4

\

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

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

end

for i=3*k+1:n
Q)=XX(i);

end

%
/TN
%

% Construct distance matrix d(i,j)

function [d]=distT(n,X,Y)

d=zeros(n);

fori=1:n

for j=1:n-1

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

ay=Y(+1)-Y(j);

if abs(ax)>=0.0001

ta=(ay/ax);
d(i,j)=abs(ta*X(i)-Y(i)+ Y (j)-ta* X (§))/(sqrt(ta*2+1));
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else

d(i,j))=abs(X(1)-X());

end

end

end

fori=1:n

ax=X(1)-X(n);

ay=Y(1)-Y(n);

if abs(ax)>=0.0001

ta=(ay/ax); «

d(i,n)=abs(ta*X(i)- Y (i)+Y(n)-ta*X(n))/(sqrt(ta"2+1));
else

d(i,n)=abs(X(1)-X(n));

end

end

%
S/ T T T
%
function L=lenetT(n,X,Y)

L=zeros(n,1);

for j=2:n-1
LG)=L()+sqrt((XG+1)-X()"2+(Y(+1)-Y(§))"2);
end

L(n)=sqrt((X(1)-X(n))"2+(Y(1)-Y(n))"2);
L(1)=sqrt((X(2)-X(1))"2+(Y(2)-Y(1))"2);

Y% *Fx*E**Construct distance matrix d(i,j)******
function [din]=distinN(n,n1,Xin,Yin,X,Y)
din=zeros(nl,n);

for i=1:nl

for j=1:n-1

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

ay=Y(j+1)-Y();
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if abs(ax)>=0.0001
ta=(ay/ax);
din(i,j)=abs(ta*Xin(i)- Yin(i)+ Y (j)-ta* X(j))/(sqrt(ta"2+1));
else
din(i,j)=abs(Xin(i)-X(j));
end
end
end
for i=1:n1
ax=X(1)-X(n);
ay=Y()-Y(n):
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

%
Yo/l T T
%

function [Hhat]=matrixhH(n,X,Y,d,ep,w,L)
Hhat=zeros(n);

x=zeros(n,1);

y=zeros(n,1);

%

% Compute x,y middpoint of each element (see p.39 Davies )
%
for i=1:n-1

x(1)=x(1)+X(1)+X(1+1))/2;
y(O)=yO)+H(Y(D)+Y+1))/2;

end




x(n)=x(n)+X(m)+X(1))/2;
ym)=y(n)+(Y(m)+Y(1))/2;
%

% Next we shall construct H-hat by condidering in 2 parts
% first for R(i,j) and second, for R(i,j-1)
% ***** For the element 1 to n-1 we obtain *******

%

for i=1:n

%********** Whenj=2...n-l*********

for j=2:n-1,

%********** LﬁrSt Consider for R(i’j)********
for g=1:3
X1(2)=x(G)+H1/2)*((X(+1)-XG))*ep(2);
y1(@)=y()+(1/2)*((Y(G+1)-Y())*ep(8));
R2ij1(g)=(X(1)-x1(g))"2+(Y(1)-y 1 (g)"2;
S1(g)=w(g)*((1-ep(g))/R2ij1(g));

end

sl=sum(S1);

ss1=(-L()*d(i,j)/(4))*(s1);

%

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

%

for g=1:3
x3(g)=x(-1)H1/2)*(X()-X(G-1))*ep(g));
y3(2)=y(-DH1722)*(Y()-Y(-1))*ep());
R2ij3(g)=(X(1)-x3(2))"2+(Y(1)-y3(2))"2;
S3(g)=w(g)*((1+ep(g))/R2ij3(g));

end

s3=sum(S3);
ss2=(-L()*d(1,)-1)/(4))*(s3);

O/ % H %k sk ok ok %

Hhat(i,))=(1/(2*pi))*(ss1+ss2);
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end

%

% **kk*%*%¥ For an element j=] *#**#*kkxtk

% first consider for R(i,j)

%
fori=1:n
for g=1:3

x1(g)=x(1)+H(1/2)*((X(2)-X(1))*ep(2));
yl@=y(DHI/2)*((Y(2)-Y(1)*ep(2));
R2ij1(g)=(X(1)-x1(2))"2+(Y(1)-y1(2))"2;
S1(g)=w(g)*((1-ep())/R2ijl(g));

end

sl=sum(S1);
ss1=(-L(1)*d(i,1)/(4))*(s1);

%

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

%

for g=1:3
x3(g)=x(n)H(1/2)*((X(1)-X(n))*ep(g));
y3(8)=y(m)+(1/2)*((Y(1)-Y(n))*ep(g));
R2ij3(g)=(X(1)-x3(g))"2+(Y(1)-y3(2))"2;
S3(g)=w(g)*((1+ep(g))/R2ij3(g));

end

s3=sum(S3);
ss2=(-L(1)*d(i,n)/(4))*(s3);

%* %k ok kR sk kok
Hhat(i,1)=(1/(2*pi))*(ss1+ss2);

end

%

0¥k **k*%* For an elementj=n ok ok ok ok ok ok ook ok ok ok ok ok

%
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fori=1:n

% ****kkfirct for R(1,j)*******

for g=1:3
x1(g)=x(n)+H(1/2)*((X(1)-X(n))*ep(g));
y1(g)=y(m)+(1/2)*((Y(1)-Y(n))*ep(g));
R2ij1(g)=(X(1)-x1(g))"2+(Y (i)-y1(g))"2;
S1(g)=w(g)*((1-ep(g))/R2ij1(g));

end

sl=sum(S1);

ss1=(-L(n)*d(i,n)/(4))*(s1);

%

% Next for R(i,j)
%

for g=1:3
x3(g)=x(n-1)+H(1/2)*((X(n)-X(n-1))*ep(g));
y3(2)=y(-1)+(1/2)*((Y(n)-Y(n-1))*ep(g));
R2ij3(g)=(X(1)-x3())"2+(Y(1)-y3())"2;
S3(g)=w(g)*((1+ep(g))/R2ij3(g));

end

s3=sum(S3);

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

%* 3k 3k %k %k k ok sk k
Hhat(i,n)=(1/(2*pi))*(ss1+ss2);

end

%

% Next we consider Hhat’s values when i=j
%

Hhatl=sum(Hhat');
for i=1:n
Hhat(i,i)=-Hhat1(1,i);
end

%
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/T T
%

function [G]=matrixgG(n,X,Y,d,ep,w,L)

G=zeros(n);
x=zeros(n,1);
y=zeros(n,1);

%

% Compute X,y middpoint of each element (see p.39 Davies )
%

fori=l:n-1 « )
x(1)=x(1)HX@@)+X([1+1))/2;
yO)=y(O+Y(@O)+Y[+1))/2;
end
x(n)=x(n)+H(X(n)+X(1))/2;
ym)=y(m)+(Y(n)+Y(1))/2;
%

% Next we shall construct H-hat by condidering in 2 parts
% first for R(i,j) and second, for R(i,j-1)
% ***** For the element 1 to n-1 we obtain *******

%

fori=1:n

O *kk*ddkkywhen j=D.. n-]FHHEFRE

for j=2:n-1

% *x¥eweE%first consider for Ril))Freeeeex
for g=1:3

x1(@)=x()+(1/2)* (X(+1)-X())*ep(@));
y1@=yG)IH1/2*(YG+D)-Y())*ep(e));
Rij1(g)=sqrt((X(1)-x1(g))"2+(Y (1)-y1(g))"2);
S1(g)=w(g)*(1-ep(g))*log(Rij1(g));

end

sl=sum(S1);

ss1=(-L(j)/4)*(sl);



%

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

%

for g=1:3
x3(g)=x(-1)+(1/2)*((X()-X(-1))*ep(2));
y3(@)=y(-DH1/2)*((Y()-Y(-1))*ep(8));
Rij3(g)=sqrt((X(i)-x3(2))"2+H(Y(1)-y3(2))"2);
S3(gy=w(g)*(1+ep(g))*log(Rij3(g));

end

s3=sum(S3)x

ss2=(-L(§)/4)*(s3);

%***********
G(1,))=(1/(2*pi))*(ss1+ss2);

end

end

%

%% ***kk*¥kk Eor an element j=1 ¥*#¥rkskkrk

% first consider for R(i,))
%

fori=1:n

for g=1:3
x1(g)=x(1)+H(1/2)*((X(2)-X(1))*ep(g));
y1(@)=y(1)+(1/2)*((Y(2)-Y(1))*ep(g));
Rij1(g)=sqrt((X()-x1(g))"2+(Y(1)-y1(2))"2);
S1(g)=w(g)*(1-ep(g))*log(Rij1(g));

end

sl=sum(S1);

ssl=(-L(1)/4)*(sl);

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

%

for g=1:3
x3(g)=x(n)+H(1/2)*((X(1)-X(n))*ep(g));
y3(2)=y(m)+(1/2)*((Y(1)-Y(m))*ep(g));
Rij3(g)=sqrt((X()-x3(g))"2+(Y(1)-y3(8))"2);
S3(g)=w(g)*(1+ep(g))*log(Rij3(2));
end

s3=sum(S3);

ss2=(-L(1)/4)*(s3);

%* skok ok ok kk ok ok
G(@,D)=(1/(2*pi))*(ss1+ss2);

end

%

op*** ¥k For an element j=n stk ok ok ok ok okok ok sk ok ok sk k

%

for i=1:n

¥ **xk first for R(1,j)*****

for g=1:3
x1(g)=x(n)+(1/2)*((X(1)-X(n))*ep(g));
y1(@)=y(m)+(1/2)*((Y(1)-Y(n))*ep(g));
Rij1(g)=sqrt((X(1)-x1(g))"2+(Y (i)-y1(2))"2);
S1(g)=w(g)*(1-ep(g))*log(Rijl(g));

end

sl=sum(S1);

ss1=(-L(n)/4)*(s1);

% *¥*xxxNext for R(1,j)*¥*****

for g=1:3
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(g));

Rij3(g)=sqrt((X(i)-x3(2))"2+(Y(1)-y3(g))"2);

S3(g)=w(g)*(1+ep(g))*log(Rij3(g));
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end

s3=sum(S3);
ss2=(-L(n)/4)*(s3);

%* %k 3k ok sk sk %k
G(1,n)=(1/(2*pi))*(ss1+ss2);
end

%

% Next we consider Hhat’s values when i=j
%

fori=2:n .

G(i,i)=(1/(2*pi))*(-(L(i)/ 2)*(log(L(1))-(3/2))-(L(i-1)/2)*(log(L(i-1))-(3/2)));
end
G(1,1)=(1/2*p))*(-(L(1)/2)*(log(1(1))-(3/2))-(L(n)/2)* (log(L(n))-(3/2)));
%
S/l
%

function [G2]=matrixgG2(n,n1,X,Y,Xin,Yin,din,ep,w,L)
G2=zeros(nl,n);

x=zeros(n,1);

y=zeros(n,l1);

%

% Compute x,y middpoint of each element (see p.39 Davies )

%

for i=1:n-1
x(D)=x()+X@D)+X(1+1))/2;
yO)=yOHYO+Y(+1))/2;
end
x(n)=x(n)+HX(n)+X(1))/2;
ym)=y@)+(Y(n)+Y(1))/2;
%

% Next we shall construct H-hat by condidering in 2 parts
% first for R(i,j) and second, for R(i,j-1)



% ***%*x For the element 1 to n-1 we obtain *******

%

for i=1:nl

% ****when j=2...n-1%***

for j=2:n-1

% ****first consider for R(ij)*****

for g=1:3
x1(g)=x()+(1/2)*((X(+1)-X())*ep(2));
y1(@=y()+(172)*((Y(+1)-Y(5)) *ep(e));
Rij1(g)=sqri((Xin(i)-x1(g))"2+(Yin(i)-y1(g))*2);
S1(g)=w(g)*(1-ep(g))*log(Rijl(g));

end

sl=sum(S1);

ss1=(-L(j)/4)*(s1);

% **** pnext consider for R(1,j-1)********
for g=1:3
x3(g)=x(-D+(1/2)*((X()-X(-1))*ep(g));
y3(2)=y(-DH1/2)*((Y()-Y(-1))*ep(g));
Rij3(g)=sqrt((Xin(i)-x3(g))"2+(Yin(i)-y3(g))"2);
S3(g)=w(g)*(1+ep(g))*log(Rij3(g));

end

s3=sum(S3);

ss2=(-L(j)/4)*(s3);

%* 3% 3k ok kook ok k ok

G2(i,j)=(ss1+ss2);

end

end

%

O ***kxkkk* For an element j=1 *¥*kxrkxrkx

% first consider for R(i,j)
%

for i=1:nl
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for g=1:3
x1(g)=x(1)+(172)*((X(2)-X(1))*ep(g));
y1(g)=y(1)+(172)*((Y(2)-Y(1))*ep(g));

Rij1(g)=sqrt((Xin(i)-x1(g))"2+(Yin(i)-y1(g))"2);

S1(g)=w(g)*(1-ep(g))*log(Rij1(g));
end

sl=sum(S1);

ss1=(-L(1)/4)*(s1);

%

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

%

for g=1:3
x3(g)=x(m)+(1/2)*((X(1)-X(n))*ep(g));
y3(2)=y(@)+(1/2)*((Y(1)-Y(n))*ep(g));

Rij3(g)=sqrt((Xin(i)-x3(g))"2+(Yin(i)-y3(g))"2);

S3(g)=w(g)*(1+ep(g))*log(Rij3(g));
end

s3=sum(S3);

ss2=(-L(1)/4)*(s3);

%* % 3k kosk sk ok kok

G2(1,1)=(ss1+ss2);

end

%

%******* For an elementj—_—n 2k 2k ok ok ok ok 3k ok ok ok sk sk ok kok ok

%

for i=1:nl

%**¥* first for R(i.j)****

for g=1:3
x1(g)=x(n)+(1/2)*((X(1)-X(n))*ep(g));
y1(@)=y(m)*+(172)*((Y(1)-Y(n))*ep(g));
Rij1(g)=sqrt((Xin(i)-x1(g))"2+(Yin(i)-y1(g))"2);
S1(g)=w(g)*(1-ep(g))*log(Rij1(g));
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end -

sl=sum(S1);

ss1=(-L(n)/4)*(s1);

% ****¥Next for R ***

for g=1:3
x3(g)=x(n-1)+(1/2)*((X(n)-X(n-1))*ep(g));
y3(2)=y(n-1)+(1/2)*((Y(n)-Y(n-1))*ep(g));
Rij3(g)=sqrt((Xin(i)-x3(g))"2+(Yin(i)-y3(g))"2);
S3(g)=w(g)*(1+ep(g))*log(Rij3(g));

end "R

s3=sum(S3);

ss2=(-L(n)/4)*(s3);

%* sk 3k ok ok sk kook %k

G2(i,n)=(ss1+ss2);

end

%

Sol [l LT T

%

function [H2]=matrixhH2(n,n1,X,Y,Xin,Yin,din,ep,w,L)

H2=zeros(nl,n);
x=zeros(n,1);
y=zeros(n,1);
%

% Compute x,y middpoint of each element (see p.39 Davies )

%

for i=1:n-1
x(1)=x(1)+HX®{G)+X({1+1))/2;
y(O=yOHYO+Y )2
end
x(n)=x(n)+(X(n)+X(1))/2;

y()=ym)+(Y(m)+Y(1))/2;
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%
% Next we shall construct H-hat by condidering in 2 parts
% first for R(i,j) and second, for R(i,j-1)

% ***** For the element 1 to n-1 we obtain *******

%

for i=1:nl

% when j=2...n-1

for j=2:n-1

% first consider for R(i,j)

forg=1:3 « )
x1(g)=x(+(1/2)*(X(G+1)-X () *ep(2));
yI(@)=y(+A/2)*(YG+1D)-Y()*ep(g));
R2ij1(g)=(Xin(i)-x1(g))"2+(Yin(i)-y1(g))"2;
S1(g)=w(g)*((1-ep(g))/R2ij1(g));

end

sl=sum(S1);

ss1=(-L(j)*din(i,j)/(4))*(s1);

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

%

for g=1:3
x3(g)=x(-DH(1/2)*(X()-X(-1))*ep());
y3(2)=y(-DH12)*(Y()-Y(-1))*ep(g));
R2ij3(g)=(Xin(i)-x3(g))"2+(Yin(i)-y3(2))"2;
S3(g)=w(g)*((1+ep(g))/R2ij3(g));

end

s3=sum(S3);
ss2=(-L(j)*din(i,j-1)/(4))*(s3);

%* sk 3k ok sk kokokok

H2(i,j)=(ss1+ss2);

end

end



%

% 3k sk ok 3k ok ok ok k% Foranelementj=l sk ok sk ok ok %k ok ok ko k
% first consider for R(i,j)
%

for i=1:nl

for g=1:3
x1(g)=x(1)+(1/2)*((X(2)-X(1))*ep(g));
y1(@=y(1)+(1/2)*((Y(2)-Y(1))*ep(g));
R2ij1(g)=(Xin(1)-x1(g))"2+(Yin(i)-y1(g))"2;
S1(g)=w(g)*((1-ep(g))/R2ij1(g));

end

sl=sum(S1);

ss1=(-L(1)*din(i,1)/(4))*(s1);

%

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

%

for g=1:3
x3(g)=x(n)+(1/2)*((X(1)-X(n))*ep(g));
y3(g)=y(m)+(1/2)*((Y(1)-Y(n))*ep(g));
R2ij3(g)=(Xin(1)-x3(g))"2+(Yin(i)-y3(g))"2;
S3(g)=w(g)*((1+ep(g))/R2ij3(g));

end

s3=sum(S3);
ss2=(-L(1)*din(i,n)/(4))*(s3);

%* % 3k ok koo kok k

H2(i,1)=(ss1+ss2);

end

%

%******* For an Clementj=n 3k 3k 3k sk ok ok 3k sk ok ok kokosk kok ok

%

for i=1:nl

% ****ﬁrst fOI' R(i,j)******
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for g=1:3
x1(g)=x(n)+(1/2)*((X(1)-X(n))*ep(g));
y1(@=y(m)+(172)*((Y (1)-Y(n))*ep(g));
R2ij1(g)=(Xin(i)-x1(g))"2+(Yin(i)-y1(g))"2;
S1(gy=w(g)*((1-ep(2))/R2ij1(g));

end

sl=sum(S1);

ss1=(-L(n)*din(i,n)/(4))*(s1);

% ******Next for R(i’j)******

forg=1:3 * |
x3(2)=x(n-1)+(1/2)*((X(n)-X(n-1))*ep(e));
¥3(2)=y(n-1)+(1/2)*((Y (n)-Y (n-1))*ep(g));
R2ij3(g)=(Xin(i)-x3(2))"2+(Yin()-y3(@))"2;
S3(g)=w(g)*((1+ep(2))/R2ij3(g));

end

s3=sum(S3);
ss2=(-L(n)*din(i,n-1)/(4))*(s3);

%**********

H2(i,n)=(ss1+ss2);
end

%









