
Numerical Verification of PolyDG Algebraic
Solvers for the Pseudo-Stress Stokes Problem

Paola F. Antonietti[0000−0002−2138−3878] ,
Alessandra Cancrini[0009−0005−6967−290𝑋] ,
Gabriele Ciaramella[0000−0002−5877−4426]

1 Introduction

The numerical approximation of incompressible viscous flows is a fundamental
problem in computational fluid dynamics. In this setting, the pseudo-stress formu-
lation of the unsteady Stokes equations [2] has attracted attention for its relevance
to non-Newtonian models and coupled interface problems, where an accurate rep-
resentation of the stress tensor is essential. To discretise the problem, we employ a
discontinuous Galerkin method on polytopal meshes (PolyDG) and the implicit Eu-
ler method for time integration. At each time step, this discretisation leads to a linear
system whose matrix is symmetric and positive definite. When refining the mesh or
varying the time step, it is crucial to rely on linear solvers and preconditioners whose
performance remains stable with respect to the discretisation parameters. The main
goal of this work is to investigate solver robustness with respect to the time step Δ𝑡.
As shown by numerical experiments, both the Conjugate Gradient (CG) method [6]
and the CG preconditioned with standard Block-Jacobi suffer from a severe deteri-
oration of convergence as Δ𝑡 decreases. This behaviour is due to the conditioning
of the system matrix, which scales as 1/Δ𝑡; therefore, smaller time steps produce
increasingly ill-conditioned systems and, consequently, a larger number of iterations.
The structure of the system matrix motivates the use of two tailored solvers: De-
flated CG [7, 8], which accelerates convergence by eliminating the most problematic
eigenmodes, and collective Block-Jacobi [4], which treats pseudo-stress components
collectively at the element level. Numerical tests show that both approaches yield
iteration counts independent of Δ𝑡, thereby achieving the desired robustness. This
study represents a first step toward a solver that is robust with respect to both Δ𝑡 and
ℎ, with future work incorporating multigrid techniques for polytopal discretisations
to further enhance robustness under spatial refinement.
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2 Model problem and numerical discretization

2.1 Pseudo-stress weak formulation

We focus on the Stokes problem, which models incompressible viscous free flows,
and formulate it in terms of a pseudo-stress unknown rather than its classical expres-
sion. The derivation of the pseudo-stress formulation for the unsteady Stokes problem
is presented in [2]. The pseudo-stress variable is defined as 𝝈(𝒖, 𝑝) = 𝜇∇𝒖 − 𝑝I𝑑 ,
where 𝒖 is the flow velocity and 𝑝 its pressure. Let Ω ⊂ R𝑑 , 𝑑 = 2, be an open, con-
vex polygonal domain with Lipschitz boundary 𝜕Ω, and let dev(𝝉) = 𝝉 − 1

𝑑
tr(𝝉)I𝑑

be the deviatoric operator, where tr(·) is the trace operator. Then, the Stokes problem
can be rewritten as

1
𝜇

𝜕dev(𝝈)
𝜕𝑡

− ∇ (∇ · 𝝈) = 𝑭, in Ω × (0, 𝑇],
∇ · 𝝈 = 𝒈𝐷 , on Γ𝐷 × (0, 𝑇],
𝝈 𝒏 = 𝒈𝑁 , on Γ𝑁 × (0, 𝑇],
dev(𝝈) (·, 𝑡 = 0) = 𝝈0, in Ω,

where 𝜇 > 0 is the fluid viscosity, and 𝑇 > 0 the final simulation time. Throughout
this work, the divergence operator is defined as (∇· 𝒔)𝑖 =

∑𝑛
𝑗=1

𝜕𝑠𝑖 𝑗

𝜕𝑥 𝑗
. The boundary of

Ω is partitioned as Γ𝐷∪Γ𝑁 = 𝜕Ω, with Γ𝐷∩Γ𝑁 = ∅. For simplicity, we assume both
|Γ𝐷 | > 0 and |Γ𝑁 | > 0. We also assume that 𝑭 is sufficiently regular, 𝒈𝑁 ∈ 𝑳2 (Γ𝑁 ),
𝝈0 ∈ L2 (Ω) and that ∀𝑡 the Dirichlet datum 𝒈𝐷 = 𝒈𝐷 (𝑡) is the trace of a function in
𝑯1 (Ω). To strongly enforce the essential traction condition on Γ𝑁 , we define

H0,Γ𝑁
(div,Ω) = {𝜼 ∈ H(div,Ω) | ⟨𝜼 𝒏, 𝒗⟩𝜕Ω = 0 ∀𝒗 ∈ 𝑯1

0,Γ𝐷 (Ω)},

where 𝑯1
0,Γ𝐷 (Ω) = {𝒗 ∈ 𝑯1 (Ω)𝑑 | 𝒗 = 0 on Γ𝐷}. Then, the corresponding weak

formulation reads as: for any 𝑡 ∈ (0, 𝑇], find 𝝈(𝑡) ∈ H0,Γ𝑁
(div,Ω) such that

(𝜇−1𝜕𝑡dev(𝝈), dev(𝝉))Ω + (∇ · 𝝈,∇ · 𝝉)Ω = (𝑭, 𝝉)Ω + ⟨𝒈𝐷 , 𝝉 𝒏⟩𝜕Ω (1)

for any 𝝉 ∈ H0,Γ𝑁
(div,Ω). For further details, the reader is referred to [2].

2.2 PolyDG semi-discrete formulation

We can now introduce the PolyDG semi-discrete formulation of (1). Let Tℎ be a
polytopal mesh of the domain Ω, i.e., Tℎ =

⋃
𝜅 𝜅, being 𝜅 a general polygon (𝑑 = 2).

Given a polytopal element 𝜅, we define by |𝜅 | its measure and by ℎ𝜅 its diameter,
and set ℎ = max𝜅∈Tℎ ℎ𝜅 . We let a polynomial degree 𝑝𝜅 ≥ 1 be associated with
each element 𝜅 ∈ Tℎ and we denote by 𝑝ℎ : Tℎ → N∗ = {𝑛 ∈ N : 𝑛 ≥ 1} the
piecewise constant function such that (𝑝ℎ) |𝜅 = 𝑝𝜅 . Then, we define the discrete
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space 𝑽ℎ = [P𝑝ℎ (Tℎ)]𝑑×𝑑 , where P𝑝ℎ (Tℎ) = Π𝜅∈TℎP𝑝𝜅
(𝜅), and Pℓ (𝜅) is the space

of piecewise polynomials in 𝜅 of total degree less than or equal to ℓ ≥ 1. We define an
interface as the intersection of the (𝑑 − 1)-dimensional faces of any two neighboring
elements of Tℎ. We also decompose the set of faces as F = F 𝐼

ℎ
∪ F 𝐷

ℎ
∪ F 𝑁

ℎ
,

where F 𝐼
ℎ

contains the internal faces and F 𝐷
ℎ

and F 𝑁
ℎ

the faces of the Dirichlet
and Neumann boundary, respectively. We refer the reader to [2, 3] for the main
assumptions on Tℎ. Finally, for sufficiently piecewise smooth vector- and tensor-
valued fields 𝒗 and 𝝉, respectively, and for any pair of neighbouring elements 𝜅+ and
𝜅− sharing a face 𝐹 ∈ F 𝐼

ℎ
, we introduce the jump and average operators [[𝒗]] =

𝒗+ ⊗ 𝒏+ + 𝒗− ⊗ 𝒏− , [[𝝉]] = 𝝉+𝒏+ + 𝝉−n− , {{𝒗}} = (𝒗++ 𝒗− )
2 , {{𝝉}} = (𝝉++ 𝝉− )

2 , where
⊗ is the tensor product in R𝑑 , ·± denotes the trace on 𝐹 taken within 𝜅±, and 𝒏±

is the outer normal vector to 𝜕𝜅±. Accordingly, on boundary faces 𝐹 ∈ F 𝐷
ℎ

∪ F 𝑁
ℎ

,
we set [[𝒗]] = 𝒗 ⊗ 𝒏, [[𝝉]] = 𝝉𝒏, and {{𝒗}} = 𝒗, {{𝝉}} = 𝝉. In the following, we
use ∇ℎ· to denote the element-wise divergence operator, and we use the short-hand
notation (·, ·)Tℎ =

∑
𝜅∈Tℎ

∫
𝜅
· and ⟨·, ·⟩Fℎ

=
∑

𝐹∈Fℎ

∫
𝐹
·. We consider the following

semi-discrete PolyDG approximation to (1): for any 𝑡 ∈ (0, 𝑇], find 𝝈ℎ (𝑡) ∈ 𝑽ℎ s.t.{
M(𝜕𝑡𝝈ℎ, 𝝉ℎ) + A(𝝈ℎ, 𝝉ℎ) = 𝐹 (𝝉ℎ) ∀ 𝝉ℎ ∈ 𝑽ℎ,

(𝝈ℎ (0), 𝝉ℎ) = (𝝈0, 𝝉ℎ) ∀ 𝝉ℎ ∈ 𝑽ℎ,
(2)

where for any 𝝈, 𝝉 ∈ 𝑽ℎ we have defined

M(𝝈, 𝝉) = (𝜇−1dev(𝝈), dev(𝝉))Tℎ ,
A(𝝈, 𝝉) = (∇ℎ · 𝝈,∇ℎ · 𝝉)Tℎ − ⟨{{∇ℎ · 𝝈}}, [[𝝉]]⟩F𝐼,𝑁

ℎ

−⟨{{∇ℎ · 𝝉}}, [[𝝈]]⟩F𝐼,𝑁

ℎ

+ ⟨𝛾𝑒 [[𝝈]], [[𝝉]]⟩F𝐼,𝑁

ℎ

,

𝐹 (𝝉) = (𝑭, 𝝉)Tℎ + ⟨𝒈𝐷 , 𝝉𝒏⟩F𝐷
ℎ
+ ⟨𝒈𝑁 , 𝛾𝑒𝝉𝒏 + (∇ℎ · 𝝉)⟩F𝑁

ℎ
.

Here, F 𝐼,𝑁

ℎ
= F 𝐼

ℎ
∪ F 𝑁

ℎ
and the stabilization function 𝛾𝑒 : F 𝐼,𝑁

ℎ
→ R+ is defined

as a function of the penalty coefficient 𝛼 > 0 as follows:

𝛾𝑒 (𝒙) =
{
𝛼 max𝜅∈{𝜅+ ,𝜅− }

𝑝2
𝜅

ℎ𝜅
, 𝒙 ∈ 𝑒, 𝑒 ∈ F 𝐼

ℎ
, 𝑒 ⊂ 𝜕𝜅+ ∩ 𝜕𝜅− ,

𝛼
𝑝2
𝜅

ℎ𝜅
, 𝒙 ∈ 𝑒, 𝑒 ∈ F 𝑁

ℎ
, 𝑒 ⊂ 𝜕𝜅+ ∩ 𝜕Γ𝑁 .

2.3 PolyDG fully-discrete formulation

We introduce a basis {𝜙𝑖 , 𝑖 = 1, . . . , 𝑁ℎ} for the space 𝑽ℎ and express 𝝈ℎ as a
linear combination of these basis functions, where the unknown coefficients are
functions of time. We collect the latter in the vector 𝝈ℎ, denote by 𝑀 (resp. 𝐴)
the matrix representation of the bilinear form M(·, ·) (resp. A(·, ·)), and by 𝒇 the
vector representation of the linear functional 𝐹 (·). The algebraic formulation of (2)
reduces to: ∀𝑡 ∈ (0, 𝑇], find 𝝈ℎ (𝑡) ∈ 𝑽ℎ s.t. 𝑀 ¤𝝈ℎ (𝑡) + 𝐴𝝈ℎ (𝑡) = 𝒇 (𝑡) ∀𝑡 ∈ (0, 𝑇],
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with initial condition 𝝈ℎ (0) = 𝝈0,ℎ, being the latter the vector representation of the
𝑳2-projection of 𝝈0 onto 𝑽ℎ. To integrate this system in time we use the 𝜃-method.
Note that, in this framework, an explicit time-stepping scheme cannot be employed
since it would lead to an algebraic system with a singular matrix. So, we discretize
our problem by applying the implicit Euler method (i.e. for 𝜃 = 1), and we obtain:
for any 𝑛 = 1, . . . , 𝑁𝑇 find 𝝈𝑛+1

ℎ
such that

𝐴∗ 𝝈𝑛+1
ℎ = 𝒇 ∗ (3)

with 𝑁𝑇 = 𝑇/Δ𝑡, and where the superscript 𝑛 means the approximation/evaluation
of the given quantity at time 𝑡𝑛 = 𝑛Δ𝑡, 𝑛 = 0, . . . , 𝑁𝑇 . Here, we have intro-
duced the operator 𝐴∗ := 𝑀 + Δ𝑡𝐴, together with the corresponding bilinear form
A∗ (·, ·) := M(·, ·)+Δ𝑡A(·, ·), which defines a symmetric and positive definite oper-
ator. Furthermore, we have defined the right-hand side vector 𝒇 ∗ := 𝑀𝝈𝑛

ℎ
+Δ𝑡 𝒇 𝑛+1,

with the associated operator F ∗ (·) := M(𝝈𝑛, ·) + Δ𝑡F (·). We also introduce the
vector of unknowns

𝝈 =
[
𝝈⊤

11 𝝈⊤
12 𝝈⊤

21 𝝈⊤
22
]⊤

. (4)

The matrix 𝐴∗ in (3) is defined in terms of 𝑀 and 𝐴, where 𝑀 is positive semi-definite
and 𝐴 is positive definite. Their structures are given by:

𝑀 =


1
2 0 0 − 1

2
0 1 0 0
0 0 1 0
− 1

2 0 0 1
2

 ⊗ 𝑀1, 𝐴 =


𝐵1 𝐵2 0 0
𝐵2 𝐵3 0 0
0 0 𝐵1 𝐵2
0 0 𝐵2 𝐵3

 ,
where 𝑀1, 𝐵1, 𝐵2, 𝐵3 ∈ R

𝑛
4 ×

𝑛
4 . In particular, 𝑀1 (𝑖, 𝑗) =

∫
Ω
𝜙 𝑗𝜙𝑖 , while 𝐵1 (𝑖, 𝑗) ≈∫

Ω
𝜕𝑥𝜙 𝑗 𝜕𝑥𝜙𝑖 , 𝐵2 (𝑖, 𝑗) ≈

∫
Ω
𝜕𝑥𝜙 𝑗 𝜕𝑦𝜙𝑖 , and 𝐵3 (𝑖, 𝑗) ≈

∫
Ω
𝜕𝑦𝜙 𝑗 𝜕𝑦𝜙𝑖 .

Remark 1 For completeness, we recall here the main assumptions and results from
the error analysis of the fully discrete scheme [2]. Let 𝝈𝑛+1

ℎ
∈ 𝑽ℎ be the solution of

(3) for a sufficiently large 𝛼. Then, if the exact solution is sufficiently smooth and
(ℎ, 𝑝) are quasi uniform, the error in the energy norm satisfies ∥𝝈−𝝈ℎ∥𝐸 ∼ Δ𝑡+ℎ𝑝 .

3 Numerical solvers

In this section, we study numerical solvers for the linear system (3) arising from
the proposed discretisation. Since the system matrix 𝐴∗ is symmetric and positive
definite, the CG method is the natural solver. However, 𝐴∗ depends on the singular
matrix 𝑀; therefore, as the time step Δ𝑡 → 0, the conditioning of 𝐴∗ deteriorates
and the number of CG iterations increases. To obtain robustness with respect to Δ𝑡,
we consider two strategies: Deflated CG, which removes the influence of the kernel
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of 𝑀 , and CG preconditioned with collective Block-Jacobi, which exploits the block
structure of the matrix to improve convergence.

3.1 The Deflated CG method

Consider a linear system of equations of the form (3), where 𝐴∗ ∈ R𝑛×𝑛 is symmetric
and positive definite and 𝝈𝑛+1

ℎ
, 𝒇 ∗ ∈ R𝑛. To simplify the notation, we denote by 𝒙 the

solution 𝝈𝑛+1
ℎ

of the linear system. It is well known that the speed of convergence of
CG depends on the condition number of the matrix 𝐴∗ [4, 6], and to improve the rate
of convergence, it can become mandatory to use a preconditioner. A possible way to
precondition is via deflation [7, 8]. Since the speed of convergence of CG depends
on the distribution of the eigenvalues of 𝐴∗, the idea of deflation is to ”hide” parts
of the spectrum of 𝐴∗ from CG such that the CG iteration operates on an equivalent
system with a significantly reduced condition number compared to the original one.
The spectral components that are hidden depend on the chosen deflation subspace
S ⊂ R𝑛, and the resulting improvement in convergence speed is entirely governed
by this choice. Given S⊥𝐴∗ = (𝐴∗S)⊥ the 𝐴∗−orthogonal complement of S, it is
possible to split the solution 𝒙 into a component in S and a component in S⊥𝐴∗ via
the 𝐴∗−orthogonal projection 𝜋𝐴∗ (S) ∈ R𝑛×𝑛 onto S. Given a matrix 𝑉 ∈ R𝑛×𝑛

whose columns form a basis for S, and 𝜋𝐴∗ (S) = 𝑉 (𝑉⊤𝐴∗𝑉)−1𝑉⊤𝐴∗, we obtain

𝒙 = (𝐼 − 𝜋𝐴∗ (S)) 𝒙̂ +𝑉 (𝑉⊤𝐴∗𝑉)−1𝑉⊤ 𝒇 ∗, (5)

where 𝒙̂ is the solution of the so-called deflated linear system

𝐴∗ (𝐼 − 𝜋𝐴∗ (S)) 𝒙̂ = (𝐼 − 𝜋𝐴∗ (S))⊤ 𝒇 ∗. (6)

Thus,to obtain 𝒙, one needs to compute the solution 𝒙̂ of the deflated system. The
matrix 𝐴∗ (𝐼 − 𝜋𝐴∗ (S)) is symmetric positive semi-definite [7] and so we can apply
the CG method. Matrix singularity poses no obstacle to the standard CG iteration,
provided that (6) is consistent, i.e., the right hand side (𝐼−𝜋𝐴∗ (S))⊤ 𝒇 ∗ is in the range
of 𝐴∗ (𝐼 − 𝜋𝐴∗ (S)). To summarise, one interprets deflated CG as the standard CG
algorithm applied to the deflated system (6). In order to define the 𝐴∗−orthogonal
projection 𝜋𝐴∗ (S), we introduce 𝑉 as the kernel of the matrix 𝑀:

𝑉 = ker(𝑀) = span


1
√

2


𝐼

0
0
𝐼

 ⊗ 𝑀1

 .

This choice is motivated by the fact that the kernel of 𝑀 captures the problematic
spectral components of the system, and deflating this subspace effectively removes
the directions responsible for slow convergence of CG. Note that applying the de-
flated CG method requires computing the inverse of 𝑉⊤𝐴∗𝑉 in (5). In the current
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implementation, the inversion of this operator is performed using a direct solver.
However, it can be shown that this term is approximately Δ𝑡

2 (𝐵1 + 𝐵3), which cor-
responds to a Laplacian-type operator. As a consequence, multigrid-based solvers
could be employed to achieve an efficient and scalable inversion. This aspect is
beyond the scope of the present work, whose primary objective is a preliminary
assessment of the proposed approach in terms of iteration counts.

3.2 Collective Block-Jacobi as preconditioner for CG

To solve the linear system (3), the standard Block-Jacobi method is commonly used
as a preconditioner for the CG method. In this approach, the diagonal blocks are
defined by separating each component of the solution vector as in (4), so that the
components are treated independently across the elements. Accordingly, for each
component 𝝈𝑖 𝑗 , all elements appear consecutively in the global ordering. In contrast,
the collective Block-Jacobi approach groups the four components associated with a
given element into a single block, so that the unknowns belonging to element 𝜅 are
kept adjacent. It can be shown that the resulting permuted matrix is block diagonally
dominant, in agreement with the definition in [5, 9], and this also explains the
improved robustness with respect to Δ𝑡 observed in the numerical tests.

4 Numerical results

In this section, we present numerical experiments aimed at assessing the performance
of the proposed strategies for solving the algebraic system (3) at each time step,
implemented in the open source MATLAB library lymph [1]. For all numerical
tests, the parameters are fixed as follows: the polynomial degree is set to 𝑝 = 3, the
domain considered is Ω = (0, 1)2 and the polytopal meshes consist of 50 elements
(ℎ0 ≈ 0.2462), 100 elements (ℎ1 ≈ 0.1759), 200 elements (ℎ2 ≈ 0.1260), 400
elements (ℎ3 ≈ 0.0909), and 800 elements (ℎ4 ≈ 0.0637). The grey-shaded entries
in the tables indicate comparable time steps and mesh sizes, and thus, according
to Remark 1, the regime where time and space discretisation errors are balanced.
First, we compute the condition number of 𝐴∗ for these five values of ℎ and different
time steps Δ𝑡 (left part of Table 1), observing that for small Δ𝑡 the condition number
is proportional to 1/Δ𝑡. The right part of Table 1 reports the condition number of
the matrix preconditioned with the collective Block-Jacobi method, highlighting the
improvement in conditioning due to the preconditioner. Additional numerical tests
(not shown here) confirm that the condition number of the standard Block–Jacobi
preconditioned matrix exhibits the same dependence on Δ𝑡 as that of 𝐴∗.
Table 2 and Table 3 compare the convergence behavior of the standard CG, De-
flated CG, and CG preconditioned with standard and collective Block-Jacobi for
different time steps Δ𝑡 and mesh sizes ℎ. For each method, the tables report the
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Δ𝑡 ℎ0 ℎ1 ℎ2 ℎ3 ℎ4 ℎ0 ℎ1 ℎ2 ℎ3 ℎ4

10−2 8.5·105 1.6·106 3.0·106 6.5·106 1.3·107 7.2·105 1.2·106 2.7·106 8.0·106 1.3·107

10−3 5.6·105 1.0·106 1.9·106 3.9·106 8.0·106 4.3·105 7.4·105 1.6·106 4.5·106 7.6·106

10−4 5.2·105 9.4·105 1.8·106 3.5·106 7.3·106 3.6·105 6.5·105 1.4·106 4.1·106 6.9·106

10−5 5.7·105 9.8·105 1.8·106 3.5·106 7.2·106 2.8·105 5.2·105 1.1·106 3.4·106 6.3·106

10−6 1.7·106 1.9·106 2.5·106 4.1·106 7.8·106 2.7·105 4.8·105 8.7·105 2.5·106 4.7·106

10−7 1.6·107 1.6·107 1.5·107 1.5·107 1.7·107 2.7·105 4.8·105 8.5·105 2.3·106 4.1·106

10−8 1.6·108 1.6·108 1.5·108 1.4·108 1.5·108 2.7·105 4.7·105 8.5·105 2.2·106 4.1·106

10−9 1.6·109 1.6·109 1.5·109 1.4·109 1.4·109 2.7·105 4.7·105 8.5·105 2.2·106 4.0·106

10−10 1.6·1010 1.6·1010 1.5·1010 1.4·1010 1.4·1010 2.7·105 4.7·105 8.5·105 2.2·106 4.0·106

Table 1 Condition number of the matrix 𝐴∗ (left) and condition number of the matrix precondi-
tioned with collective Block-Jacobi (right), as functions of the mesh size ℎ and the time step Δ𝑡 .

number of iterations required to reduce the (preconditioned) relative residual below
10−8, considering only the solution of the linear system (3) arising at a single time
step. The iteration counts are obtained as the average over 10 independent tests, in
which the initial condition is perturbed using randomly generated data. In particular,
Table 2 shows that the standard CG iteration counts grow rapidly for small Δ𝑡 and
refined meshes, while the Deflated CG method yields dramatically fewer iterations,
confirming the effectiveness of the deflation strategy in improving convergence.

Δ𝑡 ℎ1 ℎ2 ℎ3 ℎ4 ℎ1 ℎ2 ℎ3 ℎ4
10−2 1702 2442 3439 4727 1170 1627 2256 3188
10−3 1348 1949 2542 3559 492 660 912 1286
10−4 1291 1816 2329 3264 221 285 390 525
10−5 1344 1848 2339 3236 106 133 181 220
10−6 2011 2322 2640 3421 62 65 85 100
10−7 5020 5228 5367 5356 61 56 62 57
10−8 9020 10993 13665 14888 60 56 62 58

Table 2 Iteration counts for Conjugate Gradient (left) and Deflated CG (right) as functions of ℎ
and Δ𝑡 , with tol = 10−8.

In Table 3 we observe that CG preconditioned with standard Block-Jacobi consider-
ably reduces iteration counts compared to the unpreconditioned CG, but the number
of iterations still depends on both Δ𝑡 and ℎ. In contrast, CG preconditioned with
collective Block-Jacobi exhibits nearly uniform iteration counts, independent of Δ𝑡.
Both Deflated CG and CG preconditioned with collective Block-Jacobi are robust
with respect toΔ𝑡, although Deflated CG requires inverting a Laplacian-type operator
during setup. To achieve robustness with respect to the mesh size ℎ as well, the natural
next step is to combine and adapt these strategies within a multigrid framework.
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