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Approximation of functions 
by piecewise defined trial functions
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Approximation of functions 
by piecewise defined trial functions
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Approximation of functions 
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Some typical locally defined narrow-base 
shape functions
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Approximating a given function in 1D



Approximating a given function in 1D



Point collocation & piecewise constant
approximation of 1D functions (see Ej_3_1 routine)
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Galerkin & piecewise constant
approximation of 1D functions (see Ej_3_1_2 routine)

( )

∫∫

∫

∫ ∑∫∫

ΩΩ

Ω

Ω

−

=ΩΩ
Ω

Ω=Ω=

Ω=Ω=

=Ω







−=Ω−=Ω

l

n

dxdxNf

dNNK

dxNNdWdRW

ll

m
lmmllm

M

m
mmlll

)()(

functions)  trialofity orthogonal(by     

0)(ˆ

(WRM) Method Residual  WeightedUsing
1

1

φφ

δ

φφφφ

Galerkin solution
a = [ -0.1154   -0.3351   -0.5223   -0.6580   -0.7276   -0.7215   -0.6363   -0.4748   -0.2458    0.0365    0.3536    
0.6844    1.0064    1.2982    1.5404    1.7179    1.8205    1.8441    1.7907    1.6686 ]

Point collocation
a = [ -0.1159   -0.3365   -0.5244   -0.6608   -0.7308   -0.7249   -0.6396   -0.4776   -0.2480    0.0351    0.3531    
0.6847    1.0077    1.3002    1.5431    1.7211    1.8239 1.8474 1.7936    1.6709 ]



Point collocation & piecewise linear 
approximation of 1D functions (see Ej_3_1_3 routine)
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piecewise constant vs linear 



Galerkin & piecewise linear 
approximation of 1D functions
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Galerkin & piecewise linear 
integral kernel for Galerkin

K = zeros(Nx+1,Nx+1);
f = zeros(Nx+1,1);

for l=2:Nx
psi = (0:2)'/2; 
xx = psi*(x(l)-x(l-1))+x(l-1);
Na = shape_Ej_3_1_4(xx,x(l-1),x(l));
Nb = shape_Ej_3_1_4(xx,x(l),x(l-1));
K(l,l-1) = K(l,l-1) + trapz(xx,Nb.*Na);
K(l,l) = K(l,l) + trapz(xx,Nb.*Nb);    
xx = psi*(x(l+1)-x(l))+x(l);
Na = shape_Ej_3_1_4(xx,x(l+1),x(l));
Nb = shape_Ej_3_1_4(xx,x(l),x(l+1));
K(l,l) = K(l,l) + trapz(xx,Na.*Na);
K(l,l+1) = K(l,l+1) + trapz(xx,Na.*Nb);    

psi = (0:20)'/20; 
xx = psi*(x(l)-x(l-1))+x(l-1);    
f(l,1) = f(l,1) + trapz(xx,shape_Ej_3_1_4(xx,x(l-1),x(l)).*ffun_Ej_3_1_4(xx));
xx = psi*(x(l+1)-x(l))+x(l);    
f(l,1) = f(l,1) + trapz(xx,shape_Ej_3_1_4(xx,x(l+1),x(l)).*ffun_Ej_3_1_4(xx));    

end



Galerkin & piecewise linear 
boundary terms

l=Nx+1;
psi = (0:2)'/2; 
xx = psi*(x(l)-x(l-1))+x(l-1);
Na = shape_Ej_3_1_4(xx,x(l-1),x(l));
Nb = shape_Ej_3_1_4(xx,x(l),x(l-1));
K(l,l-1) = K(l,l-1) + trapz(xx,Nb.*Na);
K(l,l) = K(l,l) + trapz(xx,Nb.*Nb);    

l=1;
xx = psi*(x(l+1)-x(l))+x(l);
Na = shape_Ej_3_1_4(xx,x(l+1),x(l));
Nb = shape_Ej_3_1_4(xx,x(l),x(l+1));
K(l,l) = K(l,l) + trapz(xx,Na.*Na);
K(l,l+1) = K(l,l+1) + trapz(xx,Na.*Nb);    

l=Nx+1;
psi = (0:20)'/20; 
xx = psi*(x(l)-x(l-1))+x(l-1);    
f(l,1) = f(l,1) + trapz(xx,shape_Ej_3_1_4(xx,x(l-1),x(l)).*ffun_Ej_3_1_4(xx));
l=1;
xx = psi*(x(l+1)-x(l))+x(l);    
f(l,1) = f(l,1) + trapz(xx,shape_Ej_3_1_4(xx,x(l+1),x(l)).*ffun_Ej_3_1_4(xx)); 



piecewise linear Galerkin results



Galerkin & piecewise linear 
Element-wise assembling

for k=1:numel
psi = (0:10)'/10; 
node1 = icone(k,1);
node2 = icone(k,2);
xx = psi*(xnod(node2,1)-xnod(node1,1))+xnod(node1,1);        
Na = shape_Ej_3_1_4(xx,xnod(node2,1),xnod(node1,1));    
Nb = shape_Ej_3_1_4(xx,xnod(node1,1),xnod(node2,1));
Ke(k,1,1) = Ke(k,1,1) + trapz(xx,Na.*Na);    
Ke(k,1,2) = Ke(k,1,2) + trapz(xx,Na.*Nb);        
Ke(k,2,1) = Ke(k,2,1) + trapz(xx,Nb.*Na);    
Ke(k,2,2) = Ke(k,2,2) + trapz(xx,Nb.*Nb);            
fe(k,1) = fe(k,1) + trapz(xx,Na.*ffun_Ej_3_1_4(xx)); 
fe(k,2) = fe(k,2) + trapz(xx,Nb.*ffun_Ej_3_1_4(xx));     

end
% gather Ke and fe in Kg and fg
Kg = zeros(Nx+1,Nx+1); fg = zeros(Nx+1,1);
for k=1:numel

node1 = icone(k,1);
node2 = icone(k,2);
Kg(node1,node1)=Kg(node1,node1)+Ke(k,1,1);
Kg(node1,node2)=Kg(node1,node2)+Ke(k,1,2);
Kg(node2,node1)=Kg(node2,node1)+Ke(k,2,1);
Kg(node2,node2)=Kg(node2,node2)+Ke(k,2,2);    
fg(node1,1) = fg(node1,1) + fe(k,1);
fg(node2,1) = fg(node2,1) + fe(k,2);

end
% solver
a = Kg\fg;

icone = [ ...
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Approximating a given function in 2D

Using piecewise constant on triangles (Fig 3.2 (a))



Approximating a given function in 2D

Using piecewise linear on triangles (Fig 3.2 (b))


