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border CO01(t=0,1){x = 0; y = 1-t; label =1;}
border C02(t=0,1){x =1.5%t; y = 0; label =2;}
border C03(t=0,1){x = 1.5; y = t; label = 3;%}

border C04(t=0,1){x

1.5-0.5%t; y = 1; label =4;}

border C05(t=0,1){x = 1; y = 1-0.5%t; label = 5;}

border C06(t=0,1){x =1- 0.5%t; y = 0.5; label = 6;}

border CO7(t=0,1){x = 0.5; y = 0.5+0.5%t; label = 7;%}

border C08(t=0,1){x = 0.5-0.5%t; y = 1; label = 8;}

mesh Th = buildmesh(C01(15)+C02(15)+C03(15)+C04(15)+C05(15)+C06(15)+
CO7(15)+C08(15)) ;

savemesh(Th,"th.msh");

fespace Vh(Th,P2);

fespace Nh(Th,PO);

Vh u,v;

Nh rho,logrho;

real[int] viso(21);

A%
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for (int i=0;i<viso.n;i++)
viso[i]=10.7(+(i-16.)/2.);
real error=0.01;
real cpu=clock();
func f=(x-y);
problem Probemi(u,v,solver=CG,eps=1.0e-6) =
int2d(Th,qforder=5) ( u*vx1.0e-6+ dx(u)*dx(v) + dy(u)*dy(v))
+ int2d(Th,qforder=10) ( -f*v);
/*
$$\eta_{K} =\left( h_{K} {2} || £ -\Delta u_{{h}} |I_{L {23(K)}~{2}
+\sum_{e\in \AK} h_{e} \, ||\, [ \frac{\partial u_{h}}{\partial n_{k}}]
\, HI7{2}_{L~{2} ()} \right) "{\frac{1}{2}}
$$

$$ \rho_{K}= \left( || £ -\Delta u_{{h}} |I_{L {2} (K)}"{2}
+\sum_{e\in \AK} \frac{i}{h_{e}} \, I\, [ \frac{\partial u_{h}}{\partial n_{k}}]
\, [17{2}_{L~{2}(e)} \right) {\frac{1}{2}} $$

*/

varf indicator2(uu,chikK) =
intalledges(Th) (chiK*lenEdge*square (jump (N.x*dx (u)+N.y*dy(u))))
+int2d (Th) (chiK*square (hTriangle* (f+dxx (u)+dyy(u))) );
for (int i=0;i< 4;i++)
{
Probeml;

cout<< "u = min " << u[].min << " max=" << u[].max << endl;



£9 <l dsles gl ol FREEFEM++ &S LY.

plot(u,wait=1);

cout << " indicator2 " << endl;

rho[] = indicator2(0,Nh);

rho=sqrt (rho) ;

logrho=1logl10(rho);

cout << "rho = min " << rho[].min << " max=" << rho[].max << endl;
plot(rho,fill=1,wait=1,cmm="indicator density "
,ps="rhoP2.eps", value=1,viso=viso,nbiso=viso.n);
plot(logrho,fill=1,wait=1,cmm="1log 10 indicator density "
,ps="logrhoP2.eps",value=1,nbiso=10);
plot(Th,wait=1,cmm="Mesh ",ps="ThrhoP2.eps");
Th=adaptmesh(Th, [dx(u) ,dy(u)],err=error,anisomax=1);
plot(Th,wait=1);

u=u;

rho=rho;
error = error/2;

cout << " CPU time = " << clock()-cpu << endl;

s
<yl o dslas s> ol Freefem++ 48 Y.
sl sl 03y 51 3 YL (gsue @L:S REY] Cowds 1 cyl > dslas Freefem++ &S ol s

mesh Th=square(1,1);
savemesh(Th,"th.msh") ;
fespace Vh(Th,P2);
fespace Nh(Th,PO);
real[int] viso(21);

for (int i=0;i<viso.n;i++)
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viso[i]=10."(+(i-16.)/2.);

real error=0.01;

real cpu=clock();

Vh u,v,uu;

Nh rho,logrho;

real dt =0.2;

problem dHeat(u,v) =

int2d(Th) ( wxv + dt*x(dx(u)*dx(v) + dy(u)*dy(v)))
+ int2d(Th) (- uuxv - dt*v )

+ on(1,2,3,4,u=0);

real t =0; // start from t=0

uu =sin(x + pi/4.)* cos(y + pi/4.); // u(x,y,0)=0

for (int m=0;m<=1/dt;m++)

{
t=t+dt;
uu = u;
/*

$$\eta_{K} =\left( h_{K} {2} || £ -\Delta u_{{h}} || _{L"{2F3(K)}"{2}
+\sum_{e\in \AK} h_{e} \,II\, [ \frac{\partial u_{h}}{\partial n_{k}}]
\, [~ {2}_{L~{2}(e)} \right) “{\frac{1}{2}}

$$

$$ \rho_{K}= \left( || f -\Delta u_{{h}} ||_{L~{2}(K)}~{2}

+\sum_{e\in \AK} \frac{i}{h_{e}} \, I\, [ \frac{\partial u_{h}}{\partial n_{k}}]
\, {2} _{L~{2}(e)} \right) “{\frac{1}{2}} $$

*/
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varf indicator2(uu,chik) =

intalledges(Th) (chiK*lenEdge*square (jump (N.x*dx (u)+N.y*dy(u))))

+int2d (Th) (chiK*square (hTriangle* (dxx (u)+dyy(u))) );

for (int i=0;i< 1;i++)

dHeat;
cout <<"u = min " << u[].min << " max= " << ul[].max << endl;
plot(u,wait=1);

cout << " indicator2 " << endl;

rho[] = indicator2(0,Nh);
rho=sqrt (rho) ;

logrho=1log10(rho);

cout << "rho = min " << rho[].min << " max=" << rho[].max << endl;

plot(rho,fill=1,wait=1,cmm="indicator density "
,ps="rhoP2.eps",value=1,viso=viso,nbiso=viso.n);
plot(logrho,fill=1,wait=1,cmm="1log 10 indicator density "
,ps="logrhoP2.eps",value=1,nbiso=10);
plot(Th,wait=1,cmm="Mesh ",ps="ThrhoP2.eps");
Th=adaptmesh(Th, [dx(u) ,dy(u)],err=error) ;
plot(Th,wait=1);

u=u;

rho=rho;

error = error/2;

cout << " CPU time = " << clock()-cpu << endl;

s
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verbosity=0;

load "medit"

load "msh3"

real Dx=.04,Dy=.04;

mesh Th=square(floor(l./Dx),floor(1./Dy));

fespace Vh(Th,P2);

fespace Nh(Th,PO);

reallint] viso(21);
for (int i=0;i<viso.n;i++)

viso[i]=10.7(+(i-16.)/2.);

real error=0.2;

real cpu=clock();

func g=0.;

real c=1.,dt=0.02,Tf=4.;

Nh rho,logrho;

Vh uh,vh,uhO=sin(pi*x)*sin(pi*y),uhl=uhO+dt*g;

macro Grad(uw) [dx(u),dy(u)]//

problem tambour(uh,vh) = int2d(Th) (uh*vh + Grad(uh) '*Grad(vh)*(c*dt) ~2%.5 )
+ int2d(Th) (Grad (uh0) '*Grad (vh) *(cxdt) "2*.5 )
- int2d(Th) (2. *uhl*vh - uhO*vh)
+ on(1,2,3,4,uh=0);

int k=0,kk=0;

for (real t=0.;t<Tf;t+=dt){
for (int i=0;i< 1;i++)

{
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tambour;
uhO = uhil;
uhl = uh;

cout << uh[].min << " max=" << uh[].max << endl;
plot(uh,wait=1);
cout << " indicator2 " << endl;
varf indicator2(uu,chik) =
intalledges(Th) (chiK*lenEdge*square (jump (N.x*dx (uh)+N.y*dy(uh))))
+int2d (Th) (chiK*square (hTriangle* (dxx (uh)+dyy(uh))) );
rho[] = indicator2(0,Nh);
rho=sqrt (rho) ;
logrho=1log10(rho);
cout << "rho = min " << rho[].min << " max=" << rho[].max << endl;
plot(rho,fill=1,wait=1,cmm="indicator density "
,ps="rhoP2.eps",value=1,viso=viso,nbiso=viso.n);
plot(logrho,fill=1,wait=1,cmm="1log 10 indicator density "
,ps="logrhoP2.eps",value=1,nbiso=10) ;
plot(Th,wait=1,cmm="Mesh " ,ps="ThrhoP2.eps");
Th=adaptmesh(Th, [dx (uh) ,dy(uh)],err=error);
plot(Th,wait=1);
uh=uh;
rho=rho;
error = error/2;
if ( '(kk % 20001
plot (uh,cmm="t="+t,fill=true,value=true,wait=1,dim=3,boundary=false) ;
// pour visualiser la solution avec Medit
mesh3 TK=movemesh23(Th,transfo=[x,y,uh/2.1);
medit ("Solution",TK) ;

savemesh(TK, "Ondes2D."+(100000+k)+" .mesh") ;
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// pour visualiser la solution avec Mathématica

{ ofstream ff("Ondes2D."+(100000+k)+".txt");

for (int i=0;i<Th.nt;i++){
for (int j=0; j <3; j++)
f£f<<Th[i] [j].x << " "<< Th[i] [j].y<< " "<<uh[] [Vh(i,j)]<<endl;

f£f<<Th[i][0].x << " "<< Th[i][0].y<< " "<<uh[][Vh(i,0)]<<"\n";

k++

}
kk++;}
cout << " CPU time = " << clock()-cpu << endl;

};
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Abstract

In this thesis we focus on estimating A posteriori error using Dual Weighted Residual of
partial diffrential equations.This end we solve the equations by Galerkin finite element method
base on continuous piecwise constant in space and discontinuous piecwise constant functions
in time. We compute the A posteriori error estimate for this equations using Dual Weighted
Residual method. Finally we have some numerical results for the adpativity based on this a

posteriori error estimate.
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