
How to use the code?
(version 11.11.17)

You only need to work on 2 main files

• main.m : change all coefficients and play with models.

• getLambda.m : change the form of penalty coefficient λ, cf. section 3

The results are given in the folder results/

• errors.txt : the mesh size (h) w.r.t errors ‖e‖L2 (denoted by L2 in the code), ‖k∇e‖L2 (L2G),
‖e‖H1 (H1) and the energy norm (ENorm, cf. section 3.2 in Barrau’s thesis [1]).

• errPlot.jpg: graph of the convergence of errors in L2 and ENorm.

• onlyMesh.jpg : figure of the mesh.

• exactSolution.jpg : figure of the exact solution.

• numericalSolution.jpg : figure of the numerical solution.

The questions related to the idea, the algorithms about the implementation, please read on the file
nxfem_matlab_algorithm.pdf.

1 File main.m

You can change the models (cf. section 2), values of all parameters in the test. Note that, read the
comment next to each code line for more information about the name of each parameter.

Step to %INPUT region

• mdl : choose the model (1 for Sinha’s, 2 and 3 for Barrau’s), cf. section 2 for more details about
these models.

• findCR : you wanna see the behavior of convergence rate (CR)?

– 1 if you wanna see the convergence rate (CR) as well as the error in some norms. The CR
will display on the terminal, the errors will be given in a data file whose name is errors.txt.
If you wanna change the number of segment on each iteration, you can change the expression
of numSeg(z) in the section % MAIN PROCESS (in the middle of the file main.m).

– 0 if you just wanna see the plot of solution or the error u− uex. The figures are given in the
folder results. Please go to section %PLOTTING (at the end of file main.m) and change the
value which are described in the code.

• pa.lambdaH : the value of λ̂. Please see section 3 for more detail on the form of λ. Note that, this
λ̂ doesn’t depend on the mesh size or the position of the interface.

• pa.kap1per2 : set to 1 if you want κ1 = κ2 = 1
2 instead of the more-complicated form suggested

in Becker’s paper [2]. Keep 0 for otherwise.

• pa.useGP : for the moment, we keep 0 because we don’t work on the ghost penalty terms. We also
don’t care about pa.gam1, pa.gam2.

• pa.reguMesh : 1 if you wanna use the regular mesh, 0 for otherwise.

• nSeg : number of segment, just to be used in the case findCR=0.

• In the section % settings for each model
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– pa.kk1, pa.kk2 : value of diffusion coefficients. Note that, for the Sinha’s test case (mdl=1),
pa.kk1 must be double pa.kk2. Other test cases, you can use whatever values you want.

– pa.xi : ξ indicating the interface, please see more at section 2. Note that, for the Sinha’s test
case, the interfae is fixed to ξ = 1.

2 Models

There are 3 available models you can work with,

� Sinha (cf. [4]). All information about this model are given in the file sinha.m. This model is very
simple, the boundary condition is clear (u = 0 on ∂Ω). The limit of this test case is that the exact
solution doesn’t depend on the diffusion coefficients and the difference between these coefficients is not
much.

−∇ · (k∇u) = f, in Ω,

JuK = 0, on Γ,

Jk∇nK = 0, on Γ,

u = 0, on ∂Ω.

(1)
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Where, Ω = [0, 2]× [0, 1], Γ = {1} × [0, 1], k1 = 1, k2 = 1
2 (in general, k1 = 2k2).

Exact solution (doesn’t belong to k1, k2),

uex(x, y) =

{
u1(x, y) = sin(πx) sin(πy)

u2(x, y) = − sin(2πx) sin(πy)

function defExSol.

The right hand side :

f =

{
f1 = 2k1π

2 sin(πx) sin(πy)

f2 = −5k2π
2 sin(2πx) sin(πy)

function defF.

In Sinha’s model (1), domain is a rectangular [0; 2]× [0; 1].

� Barrau with x (cf. [1], page 43). All information about this model are given in the file barrau.m.
With this model, we can test the dependency of the solution w.r.t the diffusion coefficients. It’s limit is
that the interface is only a straight line (x = ξ).

Domain Ω = [−1, 1]× [−1, 1], Γ = {0.91} × [−1, 1]. Parameters k1 = 1, k2 = 1000.

−∇ · (k∇u) = −4, in Ω,

JuK = 0, on Γ,

Jk∇nuK = 0, on Γ,

u = uex, on ∂Ω.

(2)

Exact solution

uex =


x2

k1
(x ≤ ξ)

x2 − ξ2

k2
+
ξ2

k1
(x > ξ).

� Barrau with a part of circle (cf. [1], page 47). All information about this model are given in the
file barrau_r.m. The interface in this case is a part of a circle.

Domain Ω = [0, 1]× [0, 1], r0 = 0.75. Parameters k1 = 1, k2 = 1000.
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−∇ · (k∇u) = −2, in Ω,

JuK = 0, on Γ,

Jk∇nK = 0, on Γ,

u = uex, on ∂Ω.

Exact solution

uex =


r2

k1
(r ≤ r0)

r2 − r20
k2

+
r20
k1

(r > r0).

with r =
√
x2 + y2.

� Barrau with a full circle in center (cf. [1], page 113)

3 Form of λ (file getLambda.m)

There are several choices of form of λ decribed in the file getLambda.m.

• %% just constant : k1 = k2 = 1
2 .

• %% Barrau’s thesis p.31:

λ̂max{k1, k2}
1

hT
, on cut-triangles T only.

• %% Becker’s article :

λ̂max

{
k1
|K1|
|K|

, k2
|K2|
|K|

}
|Γh|
|K|

• %% Barrau’s thesis p.32 (recommended by Barrau) :

λ̂
k1k2|Γh|

k2|K1|+ k1|K2|

• %% Annavarapu’s article (recommended by Burman [3]) :

λ̂
hT
h

k1k2|Γh|
k2|K1|+ k1|K2|

.
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