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Abstract We are interested in a fast solver for linear systems obtained by discretizing
the Stokes problemwithmulti-patch IsogeometricAnalysis.We useDual-Primal Iso-
geometric Tearing and Interconnecting (IETI-DP) methods. In resent years, IETI-DP
and related methods have been studied extensively, mainly for the Poisson problem.
For the Stokes equations, several challenges arise since the corresponding system is
not positive definite, but has saddle point structure. Moreover, the Stokes equations
with Dirichlet boundary conditions have a null-space, consisting of the constant
pressure modes. This poses a challenge when considering the scaled Dirichlet pre-
conditioner. We test out two different scaled Dirichlet preconditioners with different
choices of primal degrees of freedom. The tests are performed on rather simple
domains (the unit square and a quarter annulus) and a more complicated domain (a
Yeti-footprint).

1 Introduction

We explore fast solvers for linear systems that arise from the discretization of the
Stokes problem using Isogeometric Analysis (IgA; [5, 13]). We consider multipatch
domains, that is, the computational domains consists of multiple non-overlapping
patches. For such domains, FETI-DP methods (introduced in [2]) are a canonical
choice. FETI-DP was first adapted to IgA in [7] and named the Dual-Primal Isogeo-
metric Tearing and Interconnecting (IETI-DP) method. Several IETI-DP solvers for
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second-order elliptic boundary value problems have already been explored, see, e.g.,
[3, 4] and the more recent convergence analysis [10], which is, besides grid sizes
and the patch diameters, also robust in the spline degree and spline smoothness.

In [9], a FETI-DP like solver has been applied to an isogeometric Taylor-Hood
element for a single-patch domain. There, the substructures used for the setup of
the solvers are non-overlapping parts of the considered patch. The isogeometric
Taylor-Hood element uses spline degree ? + 1 for velocity and spline degree ? for
pressure and smoothness ? − 1 for both of them. The derived solver maintains this
smoothness. In [9], a solver has also been proposed for the elasticity problem for
quasi incompressible materials. These results have recently been extended in [14].
In the finite element literature, there are a few results on FETI-DP methods for the
Stokes problem, see, e.g., [6, 8, 11] for the case of two dimensions and [12] for the
case of three dimensions.

We consider IETI-DP solvers for multi-patch domains, where each patch is a sub-
structure. Concerning the coupling between the patches, we go a slightly different
way and use the minimum smoothness requirements that are feasible in order to ob-
tain a conforming discretization. This means that the pressure space is discontinuous
across the interfaces between the patches. For the velocity, we only impose continuity
between the patches. Within the patches, we use the aforementioned isogeometric
Taylor-Hood scheme. Several challenges arise when one aims to extend the IETI-DP
solvers to the Stokes problem. The first is that the resulting linear system is not
positive definite, it rather has a saddle point structure. The second challenge is that
in case of Dirichlet conditions, the differential operator has a nonzero nullspace.
The nullspace consists of all constant pressure modes. This is normally remedied
by restricting the solution space such that the average pressure is zero. When one
wants to apply a scaled Dirichlet preconditioner, such a condition would be required
locally. We obtain such a local condition by adding the patchwise averages of the
pressure to the space of primal degrees of freedom.

The remainder of this paper is organized as follows. In Section 2, we formulate
the problem and introduce a few possible ways of realizing the IETI-DP solver. In
Section 3, we present a numerical results. Finally, we draw some conclusions in
Section 4.

2 Problem formulation and IETI-DP

As model problem, we consider the Stokes problem: Let Ω ⊂ R2 be a bounded
Lipschitz domain. For a given right-hand side f ∈ [! (Ω)]2, find (u, ?) ∈

[
�1

0 (Ω)
]2×

!2
0 (Ω) such that

(∇u,∇v)!2 (Ω) + (?, div v)!2 (Ω) = (f, v)!2 (Ω) ∀v ∈
[
�1

0 (Ω)
]2
,

(div u, @)!2 (Ω) = 0 ∀ @ ∈ !2
0 (Ω).

(1)
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We assume that the domain Ω is composed of  non-overlapping patches Ω(:)
which are parameterized with geometry mappings G: : (0, 1)2 → Ω(:) such that
Ω(:) = G: ((0, 1)2). We assume that both the Jacobian ∇G: and its inverse (∇G: )−1

are almost everywhere uniformly bounded (cf. [10, Ass. 1]).
As local discretization spaces on the parameter domain (0, 1)2, we use tensor-

product B-splines which we denote by (?,U, where ? is the spline degree and U is the
smoothness, this is, such that the splines are U times continuously differentiable. So,
U = ?−1 corresponds to splines of maximum smoothness. For the Stokes equations,
we need a inf-sup stable discretization space. We use the generalized Taylor-Hood
space (cf. [1]), which we transfer to the physical domain Ω(:) using the pull-back
principle. The spaces on the individual patches are given by

V(:) :=
{
u : u ◦G: ∈ [(?+1,U]2 and u|mΩ∩mΩ(:) = 0

}
,

& (:) := {@ : @ ◦G: ∈ (?,U},
(2)

where u|mΩ∩mΩ(:) denotes the restriction of u to mΩ ∩ mΩ(:) (trace operator).
The overall discretization space for the velocity is [�1

0 (Ω)]
2, therefore a con-

forming discretization needs to be continuous. Thus, we assume that the spaces are
fully matching, that is, for each basis function active on an interface between to
patches, there is exactly one basis function on the neighboring patch such that the
functions agree on the interface (cf. [10, Ass. 5]). This allows us to define the overall
discretization space for the velocity via V := {u ∈ [�1

0 (Ω)]
2 : u|Ω(:) ∈ V(:) }. For

the pressure, continuity is not required in order to obtain a conforming discretization.
We define & := {@ ∈ !2

0 (Ω) : @ |Ω(:) ∈ &}, where !2
0 (Ω) is the space of functions

on !2 (Ω) with vanishing mean value.
By using the spaces from (2) for a patch-wise assembling of the problem (1), we

obtain local (still uncoupled) linear systems

�(:)x(:) =
(
 (:) (� (:) )>
� (:) 0

) (
u(:)
? (:)

)
=

(
f (:)

0

)
= b(:) ,

where the matrices  (:) and � (:) and the vector f (:) are obtained by evaluating the
corresponding terms (∇·,∇·)!2 (Ω(:) ) , (·, div ·)!2 (Ω(:) ) and (f, ·)!2 (Ω(:) ) , respectively,
for the basis functions of the bases for the spaces V(:) and/or & (:) . An underlined
quantity, like u(:) , represents the coefficient vector of the corresponding function
u(:) with respect to the chosen basis.

Next, we split the degrees of freedom for the velocity variable into those associated
to the interfaces, denoted u

Γ
, and the remaining degrees of freedom, associated to

basis functions vanishing on the interface, denoted uI. Using this splitting, we obtain

�(:)x(:) =
©«
 
(:)
ΓΓ

 
(:)
ΓI (�

(:)
Γ
)>

 
(:)
IΓ  

(:)
II (�

(:)
I )

>

�
(:)
Γ

�
(:)
I 0

ª®®¬
©«
u(:)
Γ

u(:)I
? (:)

ª®®¬ =
©«
f (:)
Γ

f (:)I
0

ª®®¬ = b(:) .



4 Jarle Sogn and Stefan Takacs

Next, we introduce primal degrees of freedom, which are introduced in order to
guarantee that the system matrices of the patch-local problems are non-singular.
As in the case of the Poisson problem, the patch-local systems of patches that
do not contribute to the Dirichlet boundary represent problems with pure Neumann
boundary conditions. On these patches, the null space of �(:) corresponds to constant
velocity modes. We mitigate this problem by strongly enforcing the continuity for
the primal degrees of freedom. We consider three variants:

• Variant Πc: Each velocity component on each of the corners.
• Variant Πce: Each velocity component on each of the corners and the average of

each velocity component on each of the edges.
• Variant Πcn: Each velocity component on each of the corners and the average of

the normal component of the velocity on each of the edges.

In each of the local problems, we require that these primal degrees of freedom vanish.
This constraint is represented by the condition � (:){ u(:)

Γ
= 0.

Moreover, we introduce primal degrees of freedom for the pressure. For the scaled
Dirichlet preconditioner, it is necessary that the local Dirichlet problems are uniquely
solvable. However, the Stokes system with Dirichlet boundary conditions has a non-
trivial null space, which consists of the constant pressure modes. We also choose the
averages of the pressure on the individual patches as primal degrees of freedom. For
each of the local problems we require that this primal degree of freedom vanishes.
This constraint is represented by the condition � (:)? ? (:) = 0.

The local systems read as follows

�̄(:) x̄(:) =
(
�(:) (� (:) )>
� (:) 0

) (
x(:)
` (:)

)

=

©«

 
(:)
ΓΓ

 
(:)
ΓI (�

(:)
Γ
)> 0 �>{

 
(:)
IΓ  

(:)
II (�

(:)
I )

> 0 0
�
(:)
Γ

�
(:)
I 0 (� (:)? )> 0

0 0 �
(:)
? 0 0

�
(:)
{ 0 0 0 0

ª®®®®®®¬
©«

u(:)
Γ

u(:)I
? (:)

`
(:)
?

` (:)
{

ª®®®®®®¬
=

©«
f (:)
Γ

f (:)I
0
0
0

ª®®®®®®¬
= b̄(:) ,

(3)

where ` (:)? and ` (:)
{

are the Lagrangian multipliers corresponding to the primal
degrees of freedom.

The continuity of the velocity variables (except the corner values) between the
patches is enforced weakly using a constraint that is represented by the boolean
matrix �̄ (:) = (� (:)

Γ
, 0, 0, 0, 0). The velocity is continuous if

∑ 
:=1 �̄

(:) x̄(:) = 0 or,
equivalently,

∑ 
:=1 �

(:)
Γ

u(:)
Γ

= 0.
Finally, we consider the primal problem, this is, the global problem for the primal

degrees of freedom. We use a nodal basis for the primal degrees of freedom which
is �(:) -orthogonal to the remaining degrees of freedom on each patch. This basis is
represented with respect to the patch-local bases by the matricesΨ(:) , which are the
solutions to
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�(:) (� (:) )>
� (:) 0

) (
Ψ(:)

M(:)

)
=

(
0
'
(:)
�

)
,

where ' (:)
�

is a boolean matrix, which represents the assignment between a patch-
local ordering of the primal degrees of freedom and the global ordering of the primal
degrees of freedom. Using the matrices Ψ(:) , we define the system matrix, jump
matrix and right-hand side for the primal problem as

�Π :=
 ∑
:=1
(Ψ(:) )>�(:)Ψ(:) , �Π :=

 ∑
:=1

� (:)Ψ(:) and bΠ :=
 ∑
:=1
(Ψ(:) )>b(:) .

Before we can write up the global system, we need to revisit the condition that
the average of the pressure vanishes, this is, ? ∈ !2

0 (Ω). Our choice of the primal
degrees of freedomensures that the average of the pressure vanishes for all patch-local
problems. Since the patch-wise constant pressure modes are primal, they form part of
the primal system. In order to obtain the unique solvability of the primal system, we
introduce a constant that guarantees that the global average of the pressure vanishes.
This condition is enforced by adding a vector p representing this constraint. So, we
extend the primal system as follows

�̄Π :=
(
�Π p>
p 0

)
, �̄Π :=

(
�Π, 0

)
, x̄

Π
:=

(
x
Π

`0

)
and b̄

Π
:=

(
b
Π

0

)
, (4)

where `0 is a new Lagrangian multiplier associated to the additional constraint.
By coupling the patch local systems and the primal system, we obtain the IETI-DP

saddle point system, which characterizes the solution and which reads as follows

©«

�̄(1) (�̄ (1) )>
. . .

...

�̄( ) (�̄ ( ) )>
�̄Π �̄>

Π

�̄ (1) · · · �̄ ( ) �̄Π 0

ª®®®®®®¬
©«

x̄(1)
...

x̄( )
x̄
Π

_

ª®®®®®®¬
=

©«

b̄(1)
...

b̄( )

b̄
Π

0

ª®®®®®®®¬
(5)

We solve this linear system as follows. We first define the Schur-complement �̄ and
the corresponding right-hand side 6 by

�̄ := �̄Π �̄−1
Π �̄

>
Π +

 ∑
:=1

�̄ (:) ( �̄(:) )−1 (�̄ (:) )>, 6 := �̄Π �̄−1
Π b̄

Π
+
 ∑
:=1

�̄ (:) ( �̄(:) )−1b̄(:) ,

where we note that the symmetric and positive definite matrix �̄ is never computed.
Products of the form �̄_ can be easily computed by solving the primal problem
and the patch-local problems with right-hand sides �̄>

Π
_ and (�̄ (:) )>_, respectively.

Consequently, we solve the linear system

�̄_ = 6 (6)
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using a preconditioned conjugate gradient solver. After the computation of _, the
local solutions are recovered using (5):

x̄(:) = ( �̄(:) )−1 (b̄(:) − (�̄ (:) )>_) and x̄
Π
= �̄−1

Π (b̄Π − �̄
>
Π_).

The local solution x(:) = (u(:) , ? (:) ) is then obtained by x(:) =
(
�, 0

)
x̄(:) +

Ψ(:)
(
�, 0

)
x̄
Π
, where the matrices (�, 0) eliminate the rows corresponding to the

Lagrangian multipliers `? , `
{
and `0, cf. (3) and (4).

Finally, we have to discuss the choice of the preconditioner for the conjugate
gradient solver. We consider two variants of a scaled Dirichlet preconditioner. The
first variant follows the standard construction principles and is based on the equation
of interest, which is the Stokes equation. We choose

"sD,1 :=
 ∑
:=1

�
(:)
Γ
(� (:) )−1(

(:)
Γ,1 (�

(:) )−1 (� (:)
Γ
)>,

where the corresponding Schur complement is given by

(
(:)
Γ,1 :=  (:)

ΓΓ
−

(
 
(:)
ΓI (�

(:)
Γ
)> 0

) ©«
 
(:)
II (�

(:)
I )

> 0
�
(:)
I 0 (� (:)? )>
0 �

(:)
? 0

ª®®¬
−1 ©«

 
(:)
IΓ

�
(:)
Γ

0

ª®®¬
and � (:) := 2� is set up based on the principle of multiplicity scaling. Often, the
primal degrees of freedom do not affect the definition of the Schur complement
used for the scaled Dirichlet preconditioner. Note that our definition includes the
constraint that guarantees that the pressure average vanishes. This is required in
order to make the local system matrix solvable.

The second variant is motivated by the observation that the scaled Dirichlet
preconditioner is usually set up in order to realize a �1/2-scalar product. To archive
this goal, we simply choose

"sD,2 :=
 ∑
:=1

�
(:)
Γ
(� (:) )−1(

(:)
Γ,2 (�

(:) )−1 (� (:)
Γ
)>,

where
(
(:)
Γ,2 :=  (:)

ΓΓ
−  (:)

ΓI ( 
(:)
II )

−1 
(:)
IΓ ,

which corresponds to a vector valued Poisson problem.

3 Numerical experiments

We consider the Stokes problem (1) with the right-hand side function
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f (G, H) = (−c cos(cG) − 2c2 sin(cG) cos(cH), 2c2 cos(cG) sin(cH))

and the inhomogeneous Dirichlet boundary conditions

u(G, H) = (− sin(cG) cos(cH), cos(cG) sin(cH)) for (G, H) ∈ mΩ.

We consider three computational domains: a quarter annulus (64 patches), the Yeti-
footprint (84 patches) and the unit square (64 patches), see Figure 1. For the quarter

Fig. 1 Computational domains: Quarter annulus (left); Yeti-footprint (middle); unit square (right)

annulus and the unit square, the patch-local function spaces on the coarsest grid level
(ℓ = 0) consist of global polynomials only, this is, there are no inner knots. For the
Yeti-footprint, the patch-local function spaces on the long and thin patches at the
bottom consist of two elements, obtained by uniformly refining the two longer sides
of the patch. For the remaining patches of the Yeti-footprint, the function spaces
consist of global polynomials only. The grid levels ℓ = 1, 2, . . . are obtained by ℓ
uniform refinement levels. In either case, the grid size on the parameter domain is
ℎ̂ = 2−ℓ . Within each patch, we have splines of degree ? + 1 and smoothness ? − 1
for the velocity and splines of degree ? and smoothness ? − 1 for the pressure. As
outlined in the previous section, the coupling between the patches is continuous for
the velocity and discontinuous for the pressure.

In the following, we discuss the convergence of the preconditioned conjugate
gradient solver, used to solve (6). We start the conjugate gradient solver with a
random initial guess and stop the iteration when Euclidean norm of the residual
vector is reduced by a factor of 10−6 compared to the Euclidean norm of the initial
residual vector. The local linear systems that need to be solved in the pre-processing
steps (computation of 6) and during the main iteration are realized using a sparse
LU-solver. All experiments have been implemented using the G+smo library1 and
have been performed on the Radon1 cluster2 in Linz.

In the Tables 1, 2 and 3, we present the results for the quarter annulus domain.
In these tables, we indicate the number of iterations of the preconditioned conjugate

1 https://github.com/gismo/gismo
2 https://www.ricam.oeaw.ac.at/hpc/
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ℓ \ ? 2 3 4 5 6
2 43 42 43 43 38
3 47 48 48 48 44
4 53 51 55 53 52
5 56 60 61 58 58

ℓ \ ? 2 3 4 5 6
2 28 27 28 27 25
3 29 31 30 30 29
4 34 34 35 33 32
5 35 37 38 36 35

Table 1 Iteration numbers for quarter annulus using Πc and "sD,1 (left), "sD,2 (right)

ℓ \ ? 2 3 4 5 6
2 16 16 16 15 15
3 17 17 17 17 16
4 18 18 18 18 18
5 20 20 20 19 19

ℓ \ ? 2 3 4 5 6
2 11 12 11 11 11
3 13 13 13 12 12
4 14 14 14 13 13
5 15 15 15 15 14

Table 2 Iteration numbers for quarter annulus using Πce and "sD,1 (left), "sD,2 (right)

ℓ \ ? 2 3 4 5 6
2 22 23 22 22 22
3 25 25 25 24 24
4 26 27 27 26 25
5 29 29 28 28 27

ℓ \ ? 2 3 4 5 6
2 17 17 17 17 16
3 18 19 19 18 18
4 20 20 20 20 19
5 22 22 22 21 21

Table 3 Iteration numbers for quarter annulus using Πcn and "sD,1 (left), "sD,2 (right)

ℓ \ ? 2 3 4 5 6
2 143 150 133 132 126
3 172 175 146 183 176
4 191 201 203 151 174
5 223 245 238 240 234

ℓ \ ? 2 3 4 5 6
2 76 78 67 70 63
3 85 86 73 85 78
4 94 97 95 74 72
5 101 112 106 109 103

Table 4 Iteration numbers for Yeti-footprint using Πc and "sD,1 (left), "sD,2 (right)

ℓ \ ? 2 3 4 5 6
2 21 22 22 23 23
3 25 27 24 28 26
4 29 30 30 30 31
5 31 34 33 33 35

ℓ \ ? 2 3 4 5 6
2 14 14 14 14 13
3 15 16 15 16 15
4 17 18 16 16 17
5 19 19 19 18 18

Table 5 Iteration numbers for Yeti-footprint using Πce and "sD,1 (left), "sD,2 (right)

ℓ \ ? 2 3 4 5 6
2 20 21 22 22 23
3 23 25 26 26 26
4 27 28 28 28 29
5 30 31 31 31 32

ℓ \ ? 2 3 4 5 6
2 16 17 16 16 16
3 18 18 18 18 17
4 20 20 20 19 19
5 22 22 22 21 20

Table 6 Iteration numbers for Yeti-footprint using Πcn and "sD,1 (left), "sD,2 (right)



IETI-DP for the Stokes problem 9

2 3 4 5
2

5
10
20

50
100
200

500

Refinement level ℓ (? = 4)

C
on
di
ti
on

nu
m
be
rs

"sD,1 , Πc "sD,1 , Πce "sD,1 , Πcn
"sD,2 , Πc "sD,2 , Πce "sD,2 , Πcn

2 3 4 5 6
5

10
20

50
100
200

500

Polynomial degree ? (ℓ = 5)

C
on

di
ti
on

nu
m
be
rs

"sD,1 , Πc "sD,1 , Πce "sD,1 , Πcn
"sD,2 , Πc "sD,2 , Πce "sD,2 , Πcn

Fig. 2 Condition numbers for the quarter annulus
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Fig. 3 Condition numbers for the Yeti-footprint
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gradient solver required to reach the desired threshold. In the tables on the left side,
we present the results obtained using the Stokes based scaledDirichlet preconditioner
"sD,1. The tables on the right side show the results obtained using the Poisson based
scaled Dirichlet preconditioner "sD,2. The Tables 1, 2 and 3 show the results for the
primal degrees of freedom Πc, Πce and Πcn, respectively. We observe convergence
for all setups. We observe that only choosing the corner values as primal degrees
of freedom (variant Πc) leads to the largest iteration numbers. The variant Πce,
which has to a slightly larger primal problem thanΠcn, leads to the smallest iteration
numbers.

We observe that the preconditioner "sD,2 outperforms the preconditioner "sD,1
in all cases. Note that the local problems required to be solved to realize "sD,2 are
smaller and they involve symmetric and positive definite matrices. So, "sD,2 can
also be realized more efficiently than "sD,1.

We have estimated the condition numbers of the preconditioned system with the
conjugate gradient solver. We present these results in Figure 2. The left diagram
shows the dependence on the refinement level ℓ for a fixed choice of the spline
degree ? = 4. In the right diagram, one can see the dependence on the spline degree
? for a fixed choice of the refinement level ℓ = 5. In both cases, one can observe a
mild dependence. The convergence of the solver for the variantsΠce andΠcn is close
to what one would estimate from the condition number, that is, the convergence rate
is only slightly smaller than √

^ − 1
√
^ + 1

,

where ^ is the condition number of the preconditioned system. If we consider the
variantΠc, the difference is much more significant, that is, the true iteration numbers
are much smaller than the estimated condition number would suggest.

The next domain to consider is the Yeti-footprint. Note that the inf-sup stability
highly depends on the shape of the domain. Long and thin channels, which constitute
the Yeti-footprint, are known to lead to small inf-sup constants. In the Tables 4, 5 and
6 and in Figure 3, we present the results for the Yeti-footprint. The iteration counts
and the condition numbers are only slightly larger than for the quarter annulus. The
largest difference is obtained for the choice Πc, particularly if the condition number
is considered. If the preconditioner "sD,1 is used, the condition number estimates
gave a “not a number” results in many cases. Consequently, they were not added to
the diagram. Concerning the dependence on the grid size and the spline degree, the
choice of the primal degrees of freedom and the choice of the preconditioner, we
observe qualitatively the same results as for the quarter annulus.

Finally, we present results for the unit square in order to better see the effect of the
geometry transformation. In the Tables 7, 8 and 9 and in Figure 4, one can see the
results for this domain. In any case, the iteration counts and the condition numbers
are smaller than those for the non-trivial domains. This difference is only mild for the
choices Πce and Πcn, however for the choice Πc, this difference is quite large. When
one only compares the results for the unit square, one would conclude that choice
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ℓ \ ? 2 3 4 5 6
2 28 29 30 28 27
3 32 32 33 32 31
4 37 37 37 36 35
5 40 43 42 42 39

ℓ \ ? 2 3 4 5 6
2 21 21 22 21 20
3 23 24 24 24 23
4 27 26 27 26 25
5 27 30 30 29 28

Table 7 Iteration numbers for unit square using Πc and "sD,1 (left), "sD,2 (right)

ℓ \ ? 2 3 4 5 6
2 14 14 14 14 14
3 15 16 16 16 15
4 17 17 17 17 17
5 18 18 18 18 18

ℓ \ ? 2 3 4 5 6
2 18 18 18 19 18
3 20 21 21 21 20
4 22 23 22 22 22
5 24 25 25 24 23

Table 8 Iteration numbers for unit square using Πce and "sD,1 (left), "sD,2 (right)

ℓ \ ? 2 3 4 5 6
2 18 18 18 19 18
3 20 21 21 21 20
4 22 23 22 22 22
5 24 25 25 24 23

ℓ \ ? 2 3 4 5 6
2 14 15 15 15 14
3 16 16 16 16 16
4 18 18 18 18 17
5 19 20 20 20 19

Table 9 Iteration numbers for unit square using Πcn and "sD,1 (left), "sD,2 (right)

Πc would be acceptable as well. The results for the other computational domains
however show that Πc is significantly inferior.

4 Conclusions and final remarks

We solved the Stokes equations, discretized using multipatch IgA, by means of
ITEI-DP solvers. Even though, the Stokes system is indefinite, the reduced problem
is symmetric positive definite, which we can solve efficiently using a preconditioned
conjugate gradient solver. Two scaled Dirichlet preconditioners were tested. The
simpler one, which is based on the vector valued Poisson problem and thus easier
to realize in practice, is numerically superior. Concerning the choice of the primal
degrees of freedom, we observe that it is worthwhile to include edge averages of
the velocity value (either for both components or only for the normal component).
This observation cannot be made if only the unit square is considered. Thus, it is
necessary to test ITEI-DP methods on non-trivial domains.

Convergence analysis will be discussed in a forthcoming paper.
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