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We developed and analyzed reduced-order hybridized discontinuous Galerkin

(HDG) methods for Poission®s equation and the Stokes equations. The proposed method is obtained by
introducing the L2-orthogonal projection onto the finite element space of a numerical trace in the
stabilization term of the standard HDG method. We mathematically proved that the order of
convergence of the proposed method is optimal if we use a polygonal or polyhedral mesh satisfying
the so-called chunkiness condition. For the mixed-type HDG method, we devised a new reduced-order
scheme by introducing the L2-orthogonal projection in all the discretized equations. It was verified
by numerical experiments that the new scheme achieves the optimal-order convergence, however, its

error analysis is not provided.

HDG



(Hybridized Discontinuous Galerkin)

HDG
HDG
HDG
Poisson
Navier-Stokes
HDG
(postprocessing)
Poisson
P1-PO HDG
HDG
$P_1$-$P_0%
C

Lehrenfeld 2010 Master’ s thesis

HDG
$P_1$-$P_0$

$P_{k+1}$-$P_k$
HDG

HDG

Poisson

$P_{k+1}$-$P_k$ HDG

Stokes
Navier-Stokes

(1) Poisson HDG
$P_1$-$P_0$
$P_{k+1}$-$P_k$ HDG
$P_1$-$P_0$
$LN2%
$P_{k+1}$-$P_k$ HDG
HDG

(reduced-order) HDG

$LA2$
Gauss

chunkiness condition

HDG
Crouzeix-Raviart
(i1) Stokes HDG
Poisson Stokes
Stokes Poisson
k, k+1



inf-sup

Egger-Waluga( )
HDG inf-sup

Poisson

HDG
Crouzeix-Raviart

T
Gauss-Legendre
Crouzeix-Raviart
, /1

1/t
Gauss-Legendre
1/t
Stokes
HDG
Qiu-Shi

Navier-Stokes

Gii) HDG HDG

©O) (i) HDG
interior penalty(IP) (
)
local discontinuous Galerkin
(LDG) HDG

$L12%

D_N. Arnold, An interior penalty
finite element method with
discontinuous elements, SIAM J.
Numer. Anal., 19 (1982) 742-760.
D.N. Arnold, F. Brezzi, B.
Cockburnand L.D. Marini, Unified
analysis of discontinuous

Galerkin methods for elliptic
problems. SIAM J. Numer. Anal.,
39 (2002) 1749-1779.

B. Cockburn, J. Gopalakrishnan
and R. Lazarov, Raytcho, Unified
hybridization of discontinuous
Galerkin, mixed, and continuous
Galerkin methods for second order
elliptic problems, SIAM J. Numer.
Anal., 47 (2009) 1319-1365.

H. Egger and C. Waluga,

$hp$ analysis of a hybrid DG
method for Stokes flow, IMA J.
Numer. Anal., 33(2013) 687-721.
C. Lehrenfeld, Hybrid
Discontinuous Galerkin Methods
for Solving Incompressible Flow
Problems, Master’ s Thesis, RWTH
Aachen University (2010).

I. Oikawa and F. Kikuchi,
Discontinuous Galerkin FEM of
hybrid type, JSIAM Lett., 2
(2010) 49-52.

1. Oikawa, Hybridized
discontinuous Galerkin method
with lifting operator, JSIAM
Lett., 2 (2010) 99-102.

W. Qiu and K. Shi, An HDG method
for convection diffusion
equation, J. Sci. Comput., 66
(2016) 346-357.

W. Qiu and K. Shi, A
superconvergent HDG method for
the incompressible Navier-Stokes
equations on general polyhedral
meshes, IMA J. Numer. Anal., 36
(2016) 1943-1967.

W. Qiu, J. Shen and K. Shi, An HDG
method for linear elasticity with
strong symmetric stresses, to
appear in Math. Comp.

G. Zhou, T. Kashiwabara and 1.
Oikawa, A penalty method for the
time-dependent Stokes problem
with the slip boundary condition
and its finite element
application, RIMS Kokyuroku, to
appear .

1. Oikawa, HDG methods for
second-order elliptic problems,
RIMS Kokyuroku, to appear.

HDG methods with
reduced stabilization (in



Japanese), RIMS Kokyuroku 1995
(2016) 66--74

T. Kashiwabara, 1. Oikawa and G.
Zhou, Penalty method with P1/P1
finite element approximation for
the Stokes equations under the

slip boundary condition, Numer.
Math., 134 (2016) 705-740.

G. Zhou, T.Kashiwabara and 1.
Oikawa, Penalty method for the
stationary Navier-Stokes
equations under the slip boundary
condition, J. Sci. Comput., 68
(2016) 339-374.

I. Oikawa, Analysis of a
reduced-order HDG method for the
Stokes equations, J. Sci. Comput.,
67 (2016) 475-492.

I. Oikawa, A hybridized
discontinuous Galerkin method
with reduced stabilization,J.
Sci. Comput., 65 (2015) 327-340.

I. Oikawa, Reduced stabilization
for the HDG method, Workshop on
Recent Advances in Finite Element
Methods, City University of Hong
Kong(China), March 13--15, 2017.

( ), 2017 2 14-15

1. Oikawa, A finite element
method for the Stokes equations
with a penalized slip boundary
condition, International
Workshop on the Multi-Phase Flow;
Analysis, Modeling and Numerics,
Waseda University (Tokyo),
November 10--13, 2016.
1. Oikawa, HDG methods for
second-order elliptic problems,
RIMS
1,
, 2016
10 19--21
, HDG
, 2016 6
1
HDG methods with
reduced stabilization RIMS

,2015 11 20

I. Oikawa, HDG methods with
reduced stabilization,
International Workshop on the
Multi-Phase Flow; Analysis,
Modeling and Numerics, Waseda
University (Tokyo), November
7--11, 2015.
1. Oikawa, HDG methods with
reduced stabilization, Workshop
on optimization and numerical
analysis, Niigata University
(Niigata), February 15--16,
2015.
Stokes
HDG

2015 9 911
A hybridized
discontinuous Galerkin method
with reduced stabilization,

2014 9 25--29
Galerkin
2014
9 3--5
Galerkin .
, 2014
6 9

https://www.researchgate.net/profile/l

ssei Oikawa

¢y

@

®

*

OIKAWA, Issei

10637466



