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clc
nx=2;
ac=2;
dc=0.5;
q=0.5;
eta=input ('enter the parametr of shape function:');
dim=input ('enter the dimention of cordinate:');
xlength=input ('enter the xlength:');
ylength=input ('enter the ylength:');
m=input('enter the dimention of p:1: Constant basis; 3: Linear basis;
n=input ('enter the dimention of R:');
nrbf=input ('enter the number of radial point interpolation:');
xdiv=input('enter the divition of x axis:');
ydiv=input ('enter the divition of y axis:');
numnode=input ('enter the number of nodes:');
xstep=xlength/xdiv;
ystep=ylength/ydiv;
disp('node: ')
for i=1:numnode
disp(i)
end
xvi=zeros (1, (xdiv+1)*(ydiv+1));
xv2=zeros (1, (xdiv+1)*(ydiv+1));
nn=0;
for i=1:xdiv+1
for j=1:ydiv+1
nn=nn+1;
xv1(nn)=-1+(i-1) *xstep;
xv2(nn)=-1+(j-1) *ystep;
end
end
disp('x , y:")
disp(xv1)
disp(xv2)

6: Quadratic basis: ');
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R=acx*dc;
B=zeros(n,n);
for i=1:n
for j=1:n
B(i,j)=C((xv1(i)-xv1(j)). 2+ (xv2(i)-xv2(j)) . 2+R."2). q;
end
end
B;
x=input('x:');
y=input('y:');
r=((x-xvl) . 2+(y-xv2).72) .7 (1/2);
rr=r.”2;
if nrbf== %MQ
R1=(r."2+R.72).7q;
R2=2xq*(r."2+R."2) .7 (q-1) . *(x-xv1l);
R3=2%q*(r."2+R.72) .7 (q-1) . *(y-xv2) ;
R4=4*q*(q-1)*(r."2+R.72) .7 (q-2) . *(x-xv1) . "2+2*%q*(r."2+R."2) ."(q-1) ;
R6=4*q*(q-1)*(r. 2+R.72) .7 (q-2) . *(y-xv2) . "2+2%q*(r. " 2+R."2) . " (q-1);

end
if nrbf==2 %hexp
Ri=exp(-ac*(r/dc)."2);
R2=-2*ac*exp(-ac*(r/dc).”2) .*((x-xvl)/dc."2);
R3=-2*ac*exp(-ac*(r/dc).”2) .*((y-xv2)/dc."2);
R4=-2*ac*(1/dc. 2)*exp(-acx(r/dc) . 2)+4*ac. 2*kexp(-ac*(r/dc) ."2) .*((x-xv1) ."2/dc."4);
R6=-2*ac*(1/dc. 2)*exp(-ac*(r/dc) . 2)+4*ac. 2*exp(-ac*(r/dc) ."2) .*((y-xv2).72/dc."4);
end
if nrbf==3 %tps

Ri=(rr)." (eta);
R2=etax(rr) .  (eta-1) .*(x-xvl);
R3=etax(rr).  (eta-1) .*(y-xv2);
Ré=eta*(rr). (eta-1)+etax*(eta-1)*(rr). (eta-2).*(x-xv1)."2;
Rb=eta*(rr) . (eta-1)+eta*(eta-1)*(rr).  (eta-2) .*(y-xv2)."2;
end
xII = zeros(1,numnode);
yII = zeros(1l,numnode);
% LOOP OVER ALL EVALUATION POINTS TO CALCULATE VALUE OF SHAPE FUNCTION Fi(X)
for j=1:n
% DETERMINE WEIGHT FUNCTIONS AND THEIR DERIVATIVES AT EVERY NODE
for i = 1 : numnode
xII(1,i)=xv1(i);
yII(1,1)=xv2(i);
end
if (m == 1) J Shepard function
p = [ones(1, numnode)];
pxy [11;
dpdx = [0];
dpdy = [0];
ddpdx=[0];
ddpdy=[01;
elseif (m == 3)

p = [ones(1, numnode); xII;yII];
pPXy = [1, x, yl;

dpdx = [0, 1, 0];

dpdy = [0, 0, 1];

ddpdx=[0, 0, 0];
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ddpdy=[0, 0, 0];
elseif (m == 6)
p = [ones(1, numnode); xII;yII; xII.*xII;xII.*yII;yII.*yII];
pxy = [1, x, y, x*x, x¥y, y*yl;
dpdx = [0, 1, O, 2*x, y, 0];
dpdy = [0, O, 1, O, x, 2*y];
ddpdx=[0, 0, 0, 2, 1, 0];
ddpdy=[0, 0, 0, 0, 1, 2];
elseif (m == 0)
p=zeros(m,n) ;
pxy=zeros (m) ;
dpdx=zeros(m) ;
dpdy=zeros (m) ;
ddpdx=zeros(m) ;
ddpdy=zeros (m) ;
end
end
BB1=cat(1,B,p);
BB2=cat(1,p',zeros(m,m));
BB=cat (2,BB1,BB2) ;
RR1=cat(2,R1,pxy);
RR2=cat (2,R2,dpdx) ;
RR3=cat (2,R3,dpdy) ;
RR4=cat (2,R4,ddpdx) ;
RR5=cat (2,R5,ddpdy) ;
phi=pinv(BB)*RR1';%shape function
dxphi=pinv(BB)*RR2';% first order derivatives of shape function with respect to x
dyphi=pinv(BB)*RR3';’, first order derivatives of shape function to y
dxxphi=pinv(BB)*RR4';% 2nd order derivatives of shape function with respect to x
dyyphi=pinv(BB)*RR5';% 2nd order derivatives of shape function to y
plot(phi);

S s Ol o (0 S 5 gy S5 &b v.|

clc
dim=input ('enter the dimention of cordinate:');
xlength=input ('enter the xlength:');
ylength=input ('enter the ylength:');
m=input ('enter the dimention of p:1: Constant basis; 3: Linear basis; 6: Quadratic basis: ');
n=input ('enter the dimention of R:');
xdiv=input ('enter the divition of x axis:');
ydiv=input ('enter the divition of y axis:');
numnode=input ('enter the number of nodes:');
beta=input('enter the beta parameter:');
arfa=input('enter the alpha parameter:');
%w=0.1;
xstep=xlength/xdiv;
ystep=ylength/ydiv;
disp('node: ')
for i=1:numnode

disp(i)
end
xvi=zeros (1, (xdiv+1)*(ydiv+1));

xv2=zeros (1, (xdiv+1)*(ydiv+1));



Y

i b (o S T

nn=0;
for i=1:xdiv+1
for j=1:ydiv+1
nn=nn+1;
xvl(nn)=-1+(i-1) *xstep;
xv2(nn)=-1+(j-1) *ystep;
end
end
disp('x , y:")
disp(xv1)
disp(xv2)
x=input('x:');
y=input('y:');
r=((x-xv1) . 2+(y-xv2) .72) .7 (1/2);
nnodes_x=length(x) ;
nnodes_y=length(y);
w=zeros (nnodes_x,nnodes_y) ;
dwdx=zeros (nnodes_x,nnodes_y) ;
dwdy=zeros (nnodes_x,nnodes_y) ;
drdx=zeros (nnodes_x,nnodes_y) ;
drdy=zeros (nnodes_x,nnodes_y) ;
dwdr=zeros (nnodes_x,nnodes_y) ;
dwdr=zeros (nnodes_x,nnodes_y) ;
dwdx = dwdr .* drdx;
dwdy= dwdr .* drdy;
type=input ('Gauss=1,Cubic=2, Spline3=3,Spline5=4, BSpline=5, power_function=6,;
CSRBF2=7 ,CSRBF1=8,CSRBF3=9,CSRBF4=10, CSRBF5=11,CSRBF6=12:');
% weight functions
if (type == 1)
% Gauss
if (r>1.0)
w = 0.0;
dwdr = 0.0;
dwdxI=0.0;
dwdyI=0.0;
else
b2 = betaxbeta;
r2 = r.*r;

eb2 = exp(-b2);

W = (exp(-b2*r2) - eb2) / (1.0 - eb2);

dwdr = -2%b2.*r.*exp(-b2*r2) / (1.0 - eb2);

dwdxI= -2%b2.*(x-xv1).*exp(-b2*r2) / (1.0 - eb2);

dwdyI= -2%b2.*(y-xv2).*exp(-b2xr2) / (1.0 - eb2);
end

elseif (type == 2)

% Cubic(r)
if (r>1.0)
w = 0.0;
dwdr = 0.0;
dwdxI=0.0;
dwdyI=0.0;
else

w = 1-6*%r. 2+8*r. 3-3*r."4;
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dwdr = -12%r+24*r. 2-12%r."3;
AwdxI=-12* (x-xv1) *r+24* (x-xv1) *r. " 2-12* (x-xv1)*r. 3;
dwdyI=-12% (y-xv2)*r+24* (y-xv2) *r. 2-12% (y-xv2) *r."3;

end
elseif (type == 3)
% Spline3(r)
if (r>1.0)
w = 0.0;
dwdr = 0.0;
dwdxI=0.0;
dwdyI=0.0;

elseif (r<=0.5)
w = 2/3 - 4%r.”2 + 4xr."3;
dwdr = -8*r + 12*xr.”2;
dwdxI=-8* (x-xv1)*r + 12%(x-xv1)*r. 2;

AwdyI=-8*(y-xv2)*r + 12*(y-xv2)*r. 2;

else
W = 4/3 - 4%xr + 4xr.”2 - 4xr."3/3;
dwdr = -4 + 8*xr -4xr.”2;
dwdxI = -4*(x-xvl) + 8x(x-xvl1)*r -4*(x-xvl)*r.”2;
dwdyl = -4*(y-xv2) + 8*(y-xv2)*r —4x(y-xv2)*r. 2;
end

elseif (type == 4)
% Spline5(r)

if (r>1.0)
w = 0.0;
dwdr = 0.0;
dwdxI=0;
dwdyI=0;
else
w = 1-10%*r. 3+16*r. 4-6%r."5;
dwdr = -30*%r.”2 + 60*r. 3-30*r. 4;
dwdxI = -30*(x-xv1)*r.”2 + 60*(x-xvl)*r. 3-30*(x-xvl)*r. 4;
dwdyl = -30*%(y-xv2)*r."2 + 60*(y-xv2)*r. 3-30*(y-xv2)*r. 4;
end

elseif (type == 5)
% BSpline(h,r) h is the distance between two nodes.
if (r>1.0)

w = 0.0;

dwdr = 0.0;

dwdxI=0;

dwdyI=0;

elseif (r<=0.5)

W = 1/(pi*h."3)*(1-6*r. 2+6%r.”3);

dwdr = 1/(pi*h."3)*(-12%r+18*r."2);

dwdxI = 1/(pi*h. 3)*(-12%(x-xv1)*r+18*(x-xvl1)*r."2);
dwdyIl = 1/(pi*h.”3)*(-12%(y-xv2)*r+18*(y-xv2)*r. 2);

else
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W = 2/(pi*h.”3)*(1-r)."3;
dwdr = -6/(pi*h."3)*(1-r)."2;
dwdxI = -6/(r*pi*h. 3)*(x-xv1)*(1-r)."2;
dwdyIl = -6/(r*pixh.”3)*(y-xv2)*(1-r)."2;
end
elseif (type == 6)
% power_function(arfa,r)
if (x>1.0)
w = 5
dwdr = 0.0;
dwdxI=0;
dwdyI=0;
else
a2 = arfaxarfa;
r2 = r.*r;
W = exp(-r2/a2);
dwdr = (-2%r/a2).*exp(-r2/a2);
dwdxI = (-2*%(x-xvl1)*r/a2).xexp(-r2/a2);
dwdyIl = (-2x(y-xv2)*r/a2).*exp(-r2/a2);
end
elseif (type == 7)
% CSRBF2(r)
if (r>1.0)
W = 0.0;
dwdr = 0.0;
else
w = ((1-1r).76) .*(6+36*r+82*r. ~2+72*r. ~3+30*r. 4+5*r.”5) ;
dwdr = 11*r.*(r+2).*(5%r. 3+15%r. 2+18*r+4) .*(r-1).75;
end
elseif (type == 8)
% CSRBF1(r)
if (r>1.0)
w = 5
dwdr = 0.0;
else
W = ((1-1).74) . % (4+16*r+12*r. " 2+3%r. 3) ;
dwdr = (-4*x(1-r).73).*%(4+16*r+12*r. 2+3*r. 3)+((1-r)."4) . *(16+24*r+9*r."2);
Y%dwdxI=diff (dwdr,x)
end
elseif (type == 9)
% CSRBF3(r)
if (x>1.0)
w = 5
dwdr = 0.0;
else
W = 1/3+r.72-4/3%r.”3+2*r. 2.xlog(r) ;
dwdr = 4*r-4xr. 2+4xr.*log(r);

end
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elseif (type == 10)
% CSRBF4(r)

if (r>1.0)
w = 0.0;
dwdr = 0.0;
else
w =
dwdr =
end

elseif (type == 11)
% CSRBF5(r)
if (r>1.0)

w = 0.0;

dwdr = 0.0;

else

1/15+19/6%r.~2-16/3*r. 3+3*r. 4-16/15%r. 5+1/6*r. 6+2*r. 2.*log(r) ;
25/3*r-16%r. 2+12%r. 3-16/3%r. 4+r. 5+4*r.*log(r);

w = ((1-r).76) .*%(35*r. 2+18*r+3);
dwdr =-6%(1-r)."5.%(35%r. 2+18*r+3)+(1-r) . 6.*(70*r+18);

end
elseif (type == 12)
% CSRBF6(r)
if (r>1.0)
w = 0.0;

dwdr = 0.0;

else

w = ((1-1).78) .*(32%r. 3+25%r. " 2+8*r+1) ;
dwdr =-8%(1-r).77.%(32%r. 3+25%r. 2+8*r+1)+(1-r) . 8.*(96%r. 2+50*r+8) ;

end

end

Dottt to oo totototoToTo oo o o o o o to oo T o o o o oo o o

X1cell=input ('X1 coordination of
X2cell=input('X2 coordinations of
Yicell=input ('Yl coordinations of
Y2cell=input('Y2 coordinations of

Ngauss=input (' exponent number of

Xg=[1;Yg=[1;WEI=[];
if (Ngauss==1)
WEI=2%2;

Xg=1/2.*%(X1cell+X2cell);
Yg=1/2.*(Y1cell+Y2cell);

Ngau=1;
elseif (Ngauss==2)
a=0.5773502692;

rectangle background cell:');
rectangle background cell:');
rectangle background cell:');
rectangle background cell:');

gauss integration:');

Xg(1)=1/2.%(X1cell+X2cell)-a/2*(X2cell-X1cell);
Yg(1)=1/2.%(Y1lcell+Y2cell)-a/2*(¥Y2cell-Yicell);

WEI(1)=1;

Xg(2)=1/2.*%(X1cell+X2cell)-a/2*(X2cell-X1cell);
Yg(2)=1/2.*(Y1lcell+Y2cell)+a/2%(Y2cell-Yicell);

WEI(2)=1;

Xg(3)=1/2.%(X1cell+X2cell)+a/2*(X2cell-X1icell);
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Yg(3)=1/2.%(Ylcell+Y2cell)-a/2*(¥Y2cell-Yicell);
WEI(3)=1;

Xg(4)=1/2.%(X1cell+X2cell)+a/2*(X2cell-X1cell);
Yg(4)=1/2.%(Ylcell+Y2cell)+a/2*(¥Y2cell-Yicell);
WEI(4)=1;

Ngau=2x2;

elseif (Ngauss==3)
a=0.7745966692;
W1=0.5555555556;W2=0.8888888889;

Xg(1)=1/2.%(X1cell+X2cell)-a/2*(X2cell-X1cell);
Yg(1)=1/2.%(Y1lcell+Y2cell)-a/2*(Y2cell-Yicell);
WEI (1)=W1%W1;

Xg(2)=1/2.%(X1cell+X2cell)-a/2*(X2cell-X1cell);
Yg(2)=1/2.%(Y1lcell+Y2cell);

WEI(2)=W1*W2;

Xg(3)=1/2.*%(X1cell+X2cell)-a/2*(X2cell-X1icell);
Yg(3)=1/2.%(Y1icell+Y2cell)+a/2*(Y2cell-Yicell);
WEI(3)=W1*W1;

Xg(4)=1/2.%(X1cell+X2cell);
Yg(4)=1/2.%(Ylcell+Y2cell)-a/2*(¥Y2cell-Yicell);
WEI(4)=W1%W2;

Xg(5)=1/2.%(X1cell+X2cell);
Yg(5)=1/2.%(Ylcell+Y2cell);

WEI(5)=W2*W2;

Xg(6)=1/2.*(X1cell+X2cell);
Yg(6)=1/2.%(Y1lcell+Y2cell)+a/2*(Y2cell-Yicell);
WEI (6)=W1W2;

Xg(7)=1/2.*(X1cell+X2cell)+a/2*(X2cell-X1cell);
Yg(7)=1/2.%(Ylcell+Y2cell)-a/2*(Y2cell-Yicell);
WEI(7)=W1*W1;

Xg(8)=1/2.*%(X1lcell+X2cell)+a/2*(X2cell-Xicell);
Yg(8)=1/2.%(Ylcell+Y2cell);

WEI(8)=W1*W2;

Xg(9)=1/2.%(X1cell+X2cell)+a/2*(X2cell-X1cell);
Yg(9)=1/2.%(Ylcell+Y2cell)+a/2*(¥Y2cell-Yicell);
WEI(9)=W1*W1;

Ngau=3%*3;

elseif (Ngauss==4)
a=0.3399810436;b=0.8611363116;
W1=0.3478548451;W2=0.6521451549;
Xg(1)=1/2.%(X1cell+X2cell)-b/2* (X2cell-X1cell);
Yg(1)=1/2.%(Ylcell+Y2cell)-b/2*(¥Y2cell-Yicell);
WEL(1)=W1*W1;
Xg(2)=1/2.%(X1cell+X2cell)-b/2*(X2cell-X1cell);
Yg(2)=1/2.%(Ylcell+Y2cell)-a/2*(Y2cell-Yicell);
WEI (2)=W1W2;
Xg(3)=1/2.*(X1cell+X2cell)-b/2*(X2cell-X1cell);
Yg(3)=1/2.%(Ylcell+Y2cell)+a/2%(Y2cell-Yicell);
WEI (3)=W1W2;
Xg(4)=1/2.%(X1cell+X2cell)-b/2*(X2cell-X1icell);
Yg(4)=1/2.*(Ylcell+Y2cell)+b/2%(¥Y2cell-Yicell);
WEI(4)=W1*W1;

Xg(5)=1/2.*%(X1cell+X2cell)-a/2*(X2cell-X1cell);
Yg(5)=1/2.%(Ylcell+Y2cell)-b/2%(¥Y2cell-Yicell);
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WEL (5)=W2*W1;
Xg(6)=1/2.%(X1cell+X2cell)-a/2*(X2cell-X1cell);
Yg(6)=1/2.*%(Ylcell+Y2cell)-a/2*(Y2cell-Yicell);
WEI (6)=W2*W2;
Xg(7)=1/2.%(X1cell+X2cell)-a/2*(X2cell-X1cell);
Yg(7)=1/2.%(Y1cell+Y2cell)+a/2*(Y2cell-Yicell);
WEI(7)=W2*W2;
Xg(8)=1/2.*%(X1cell+X2cell)-a/2*(X2cell-X1icell);
Yg(8)=1/2.%(Ylcell+Y2cell)+b/2%(Y2cell-Yicell);
WEI(8)=W2*W1;

Xg(9)=1/2.%(X1cell+X2cell)+a/2*(X2cell-X1icell);
Yg(9)=1/2.*%(Y1cell+Y2cell)-b/2*(Y2cell-Yicell);
WEI(9)=W1*W1;

Xg(10)=1/2.*(X1cell+X2cell)+a/2* (X2cell-X1cell);
Yg(10)=1/2.*(Y1cell+Y2cell)-a/2*(Y2cell-Yicell);
WEI(10)=W2xW2;
Xg(11)=1/2.*(X1cell+X2cell)+a/2* (X2cell-X1cell);
Yg(11)=1/2.%(Y1cell+Y2cell)+a/2*(Y2cell-Yicell);
WEI (11)=W2%W2;
Xg(12)=1/2.*(X1cell+X2cell)+a/2*(X2cell-X1cell);
Yg(12)=1/2.%(Ylcell+Y2cell)+b/2x(Y2cell-Yicell);
WEI(12)=W2*W1;

Xg(13)=1/2.*(X1cell+X2cell) +b/2*(X2cell-X1cell);
Yg(13)=1/2.*(Y1cell+Y2cell)-b/2*(Y2cell-Yicell);
WEI(13)=W1%W1;

Xg(14)=1/2.*%(X1cell+X2cell) +b/2*(X2cell-X1cell);
Yg(14)=1/2.%(Y1cell+Y2cell)-a/2*(Y2cell-Yicell);
WEI (14)=W1*W2;
Xg(15)=1/2.%(X1cell+X2cell)+b/2*(X2cell-X1icell);
Yg(15)=1/2.%(Y1cell+Y2cell)+a/2*(Y2cell-Yicell);
WEI(15)=W1*W2;
Xg(16)=1/2.%(X1cell+X2cell)+b/2*(X2cell-X1icell);
Yg(16)=1/2.%(Y1cell+Y2cell)+b/2x(Y2cell-Yicell);
WEI(16)=W1*W1;
Ngau=4%4;

end
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DmI=[];

xII

zeros (1,numnode) ;

yII = zeros(1,numnode);

% LOOP OVER ALL EVALUATION POINTS TO CALCULATE VALUE OF SHAPE FUNCTION Fi(X)
for i = 1 : numnode

xII(1,i)=xvi(i);

yII(1,i)=xv2(i);

end

% INITIALIZE SHAPE FUNCTION MATRICES

PHI = zeros(n, numnode);

DPHIx = zeros(nm, numnode);

DPHIy = zeros(n, numnode);
% EVALUATE BASIS p, B MATRIX AND THEIR DERIVATIVES
if (m == 1)
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p = [ones(1, numnode)];
pxy = [11;
dpdx = [0];
dpdy = [0];
B =p .x [w];
DBdx = p .* [dwdxI];
DBdy = p .* [dwdyI];
elseif (m == 3)
p = [ones(1, numnode); xII;yII];
pxy = [1, x, yl;
dpdx = [0, 1, 0];
dpdy = [0, 0, 1];
B =p .x [w; w; wl;
DBdx = p .* [dwdxI; dwdxI;dwdxI];
DBdy = p .* [dwdyI; dwdyI;dwdyI];
elseif (m == 6)
p = [ones(1, numnode); xII;yII; xII.*xII;xII.*yII;yII.*yII];
pxy = [1, x, y, x*x, x*y, y*yl;
dpdx = [0, 1, 0, 2*x, y,0];
dpdy = [0, 0, 1, 0, x,2%y];
B =p .*% [w; w; w; w; w; wl;
DBdx = p .* [dwdxI; dwdxI;dwdxI;dwdxI; dwdxI;dwdxI];
DBdy = p .* [dwdyI; dwdyI;dwdyIl;dwdyIl; dwdyI;dwdyI];
elseif (m == 0)
p=zeros(m,n) ;
pxy=zeros(m) ;
dpdx=zeros (m) ;
dpdy=zeros(m) ;
ddpdx=zeros (m) ;
ddpdy=zeros (m) ;
B =p;
DBdx = p;
DBdy = p;
end

% EVALUATE MATRICES A AND ITS DERIVATIVES

A =
DAdx
DAdy=

for i

zeros (m, m);

= zeros (m, m);

zeros (m, m);

= 1 : numnode

pp = p(:,i) * p(:,i)';

A =4 +w(i) * pp;

DAdx = DAdx + dwdxI(i) * pp;
DAdy = DAdy + dwdyI(i) * pp;

end
AInv = inv(A);
rxy = Alnv * pxy';
PHI = rxy' * B; Y shape function

drdx = Alnv * (dpdx' -DAdx* rxy);

DPHIx = drdx' * B + rxy' * DBdx; % first order derivatives of shape function with respect to x
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drdy = AInv * (dpdy' -DAdy* rxy);
DPHIy = drdy' * B + rxy' * DBdy; /% first order derivatives of shape function to y
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clc
nx=2;
lamda=(3.5)*10.7(-4);
eta=input ('enter the parametr of shape function:');
dim=input ('enter the dimention of cordinate:');
xlength=input ('enter the xlength:');
ylength=input ('enter the ylength:');
m=input ('enter the dimention of p:'); %m=0,1,3,6
n=input ('enter the dimention of R:');
xdiv=input ('enter the divition of x axis:');
ydiv=input ('enter the divition of y axis:');
numnode=input ('enter the number of nodes:');
xstep=xlength/xdiv;
ystep=ylength/ydiv;
disp('node:"')
for i=1:numnode
disp(i)
end
xvi=zeros (1, (xdiv+1)*(ydiv+1));
xv2=zeros (1, (xdiv+1)*(ydiv+1));
nn=0;
for i=1:xdiv+1
for j=1:ydiv+1
nn=nn+1;
xvi(nn)=-1+(i-1)*xstep;
xv2(nn)=-1+(j-1) *xystep;
end
end
B=zeros(n,n);
for i=1:n
for j=1:n
B(i,j)=((xv1i(i)-xv1i(j)). 2+(xv2(i)-xv2(j))."2) . eta;
end
end
B;
disp('x , y:")
disp(xvl)
disp(xv2)
x=input('x:');
y=input('y:');
r=((x-xvl) ."2+(y-xv2).72) .7 (1/2);

rr=r.”2;

%tps

Ri=(rr).  (eta);

R2=etax*(rr) .  (eta-1) .*x(x-xv1);
R3=etax(rr) .  (eta-1) .*(y-xv2);

Ré4=etax*(rr).  (eta-1)+etax(eta-1)*(rr).  (eta-2) .*(x-xvl) . 2;
Rb=etax*(rr).  (eta-1)+etax(eta-1)*(rr).  (eta-2) .*(y-xv2)."2;
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xII = zeros(1,numnode);
yII = zeros(l,numnode);
% LOOP OVER ALL EVALUATION POINTS TO CALCULATE VALUE OF SHAPE FUNCTION Fi(X)
for j=1:n
% DETERMINE WEIGHT FUNCTIONS AND THEIR DERIVATIVES AT EVERY NODE
for i = 1 : numnode
xII(1,i)=xv1(i);
yII(1,1i)=xv2(i);
end
if (m == 1) Y Shepard function
p = [ones(1, numnode)];
pxy = [1];
dpdx = [0];
dpdy = [0];
ddpdx=[0];
ddpdy=[0];
elseif (m == 3)
p = [ones(1, numnode); xII;yII];
pxy = [1, x, yl;
dpdx = [0, 1, 0];
dpdy = [0, 0, 1];
ddpdx=[0, 0, 0];
ddpdy=[0, 0, 0];
elseif (m == 6)
p = [ones(1, numnode); xII;yII; xIT.*xII;xII.*yII;yII.*yII];
PXy = [1, x, y, x*x, x*y, y*yl;
dpdx = [0, 1, 0, 2*x, y, O];
dpdy = [0, 0, 1, 0, x, 2%y]l;
ddpdx=[0, 0, 0, 2, 1, 0];
ddpdy=[0, 0, 0, 0, 1, 2];
elseif (m == 0)
p=zeros(m,n) ;
pxy=zeros(m) ;
dpdx=zeros(m) ;
dpdy=zeros(m) ;
ddpdx=zeros (m) ;
ddpdy=zeros (m) ;
end
end
T1=B+n*lamda*eye(n) ;
T11=inv(T1);
pl=p*Til*p';
pli=inv(pl);
p2=p*T11;
sb=p11*p2;
ss=eye(n)-p'*sb;

sa=T11l*ss;

RRi=cat(1,T1,p);
RR2=cat(1,p',zeros(m,m));
RR=cat (2,RR1,RR2);
Rri=cat(2,R1,pxy);
Rr2=cat(2,R2,dpdx) ;
Rr3=cat(2,R3,dpdy) ;
Rr4=cat(2,R4,ddpdx);
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Rr5=cat(2,R5,ddpdy) ;

%ppp=R1*sa+pxy*sb;

%phi=ppp';

phi=pinv(RR)*Rrl'; %shape function

dxphi=pinv(RR)*Rr2';% first order derivatives of shape function with respect to x
dyphi=pinv(RR)*Rr3';% first order derivatives of shape function to y
dxxphi=pinv(RR)*Rr4';’% 2nd order derivatives of shape function with respect to x

dyyphi=pinv(RR)*Rr5';% 2nd order derivatives of shape function to y

S e Sivis S s Gy S5t g Vol

clc
dim=input ('enter the dimention of cordinate:');
xlength=input ('enter the xlength:');
ylength=input ('enter the ylength:');
m=input ('enter the dimention of p:1: Constant basis; 3: Linear basis; 6: Quadratic basis: ');
n=input ('enter the dimention of R:');
xdiv=input('enter the divition of x axis:');
ydiv=input ('enter the divition of y axis:');
numnode=input ('enter the number of nodes:');
h=input ('average distance of the nodes in the support domain:');
w=0.1;
xstep=xlength/xdiv;
ystep=ylength/ydiv;
disp('node:"')
for i=1:numnode
disp(i)
end
xvi=zeros (1, (xdiv+1)*(ydiv+1));
xv2=zeros (1, (xdiv+1)*(ydiv+1));
nn=0;
for i=1:xdiv+1
for j=1:ydiv+1
nn=nn+1;
xv1(nn)=-1+(i-1)*xstep;
xv2(nn)=-1+(j-1) *ystep;
end
end
disp('x , y:")
disp(xvl)
disp(xv2)
B=zeros(n,n);
for i=1:n
for j=1:n
B(i,j)=exp(-(w/h. 2)*((xv1(i)-xv1i(j)). 2+ (xv2(i)-xv2(j))."2));
if (i == j)
B(i,j)=1;
end
end
end
B;
x=input('x:');
y=input('y:');
r=((x-xv1) . 2+(y-xv2) .72) .7 (1/2);



\oY

i b (o S T

Ri=exp(-(w/h."2)*(r)."2);
R2=-2*w¥exp (-w*(r/h) ."2) .*((x-xv1) /h."2);
R3=-2xw*exp(-w*(r/h)."2) .*x((y-xv2)/h."2);

R4=-2*w* (1/h."2) *exp (-w* (r/h) . "2)+4*w. 2*exp(~w*(r/h) .72) . *((x-xv1) ."2/h."4);
R5=-2%w*(1/h."2)*exp (-wx(r/h) ."2) +4*w. 2xexp (-wx(r/h) ."2) .*((y-xv2)."2/h."4);

xII = zeros(1l,numnode);
yII = zeros(1l,numnode);
% LOOP OVER ALL EVALUATION POINTS TO CALCULATE VALUE OF SHAPE FUNCTION Fi(X)
for j=1:n
% DETERMINE WEIGHT FUNCTIONS AND THEIR DERIVATIVES AT EVERY NODE
for i = 1 : numnode
xII(1,i)=xvi(i);
yII(1,i)=xv2(i);
end
if (m == 1) % Shepard function
p = [ones(1, numnode)];
pxy = [1]1;
dpdx = [0];
dpdy = [0];
ddpdx=[0];
ddpdy="[0];
elseif (m == 3)
p = [ones(1, numnode); xII;yII];
pxy = [1, x, y1;
dpdx = [0, 1, 0];
dpdy = [0, 0, 1];
ddpdx=[0, 0, 0];
ddpdy=[0, 0, 0];
elseif (m == 6)
p = [ones(1, numnode); xII;yII; xII.*xII;xII.*yII;yII.*yII];
pxy = [1, x, y, x*x, x¥y, y*yl;
dpdx = [0, 1, O, 2*x, y, 0];
dpdy = [0, 0, 1, 0, x, 2*y];
ddpdx=[0, 0, 0, 2, 1, 01;
ddpdy=[0, 0, 0, 0, 1, 2];
elseif (m == 0)
p=zeros(m,n) ;
pxy=zeros(m) ;
dpdx=zeros(m) ;
dpdy=zeros (m) ;
ddpdx=zeros (m) ;
ddpdy=zeros (m) ;
end
end
A1=px(inv(B))*p';
A2=p*(inv(B));
A=inv (A1) *A2;
BB=(inv(B))*(eye(n,n)-p'*A);
phi=pxy*A+R1*BB;
dxphi=dpdx*A+R2*BB;
dyphi=dpdy*A+R3*BB;
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Aabstract

The thesis deals with transient heat conduction in functionally gradient materials.
The spatial variation of the temperature field is approximated by using alternatively two
various meshfree approximations, and two improved meshless methods. The traditional
two-point difference method is selected for the time discretization scheme. Two selected
numerical examples are presented in this thesis to demonstrate the availability and accu-
racy of the present approach comparing with the traditional meshfree methods and finite
element method. In the first chapter, we introduce the transient heat conduction problem,
meshless methods and the needed definitions and theorems. The second chapter, express
the finite element method and using of them for solving transient heat conduction prob-
lem. The third chapter consist of the traditional meshfree methods. In the forth chapter
we introduce the improved meshless methods for solving the transient heat conduction
problem and in the fifth chapter we show the numerical results. In this thesis all examples
are solved by Matlab software.

Keywords: Meshfree method, Smoothing thin plate splines, Transient heat conduction,
Local radial point interpolation method, Meshless local Petrov—Galerkin method, Moving
Kriging interpolation method, Moving least—squares approximation, Radial point interpo-

lation method, Element—free Galerkin method.
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