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Objectives

Whatdowe wantfrom thediscretizations?

preserve andmimic mathematical propertiesof physicalsystems;
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Objectives

Whatdowe wantfrom thediscretizations?

preserve andmimic mathematical propertiesof physicalsystems;

beaccurateon adaptive grids;

beapplicableto a largefamily of gridsandoperators.

GS03,Austin,March17-20– p.3/23



Mimetic discretizations (1/6)
Considerthemathematical identity:

�

�
� �

�

�

�

���

	




�

�
�
�

�

�

�
�

�

�

�

���
���

�
�

���

�

�

�

���

�
�

���

Support-operators(SO)methodology(for

�
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3. choosea discreteapproximationto thedivergenceoperator(theprime
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4. derive thediscreteapproximationof thegradientoperator from theGreen
formula(thederivedoperator
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Mimetic discretizations (1/6)
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Mimetic discretizations (2/6)

Applicationsof theSOmethodologyinclude:

Electromagnetics:discreteoperators
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Gasdynamics,poroelasticity, magneticdiffusion,etc...
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Mimetic discretizations (3/6)

Let

-

� beavector spaceof cell-centereddiscretescalarfunctionswith the
scalarproduct
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Mimetic discretizations (3/6)

Let

-

� beavector spaceof cell-centereddiscretescalarfunctionswith the
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Mimetic discretizations (3/6)
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Mimetic discretizations (3/6)
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Mimetic discretizations (4/6)

The prime operator
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is derived from the Gauss
theorem:
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Mimetic discretizations (5/6)

Thestationarydiffusionproblem
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Mimetic discretizations (6/6)
By thede�nition,
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Connectionswith FE methods (1/5)

Thesystemof �nite differenceequations
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Connectionswith FE methods (2/5)

Thus,themimeticdiscretizationsareequivalentto
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Connectionswith FE methods (2/5)
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Connectionswith FE methods (3/5)

Thereareisomorphisms
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Connectionswith FE methods (4/5)

Theorem.
Suppose
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Connectionswith FE methods (5/5)

}
~

•

modi�ed RT FE SOFD

€‚• €
ƒ

€
•

€
ƒ

16 1.58e-3 2.34e-2 1.61e-3 2.35e-2

32 7.95e-4 1.22e-2 7.99e-4 1.22e-2

64 3.98e-4 6.29e-3 3.99e-4 6.29e-3

128 1.99e-4 3.22e-3 1.99e-4 3.22e-3

256 9.97e-5 1.64e-3 9.97e-5 1.64e-3

512 4.98e-5 8.32e-4 4.98e-5 8.32e-4

€‚• €
ƒ

€
•

€
ƒ

16 1.42e-3 2.24e-2 1.43e-3 2.25e-2

32 7.15e-4 1.17e-2 7.18e-4 1.17e-2

64 3.59e-4 5.96e-3 3.59e-4 5.98e-3

128 1.80e-4 3.06e-3 1.80e-4 3.07e-3

256 9.00e-5 1.56e-3 9.00e-5 1.56e-3

512 4.50e-5 7.93e-4 4.50e-5 7.93e-4

GS03,Austin,March17-20– p.14/23



Mimetic discretizations (1/4)
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Mimetic discretizations (2/4)

Theprimeoperator
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is derived from theGausstheorem:
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Mimetic discretizations (3/4)

Replacingintegrals in theGauss-Greenformulaby their approximations,we get
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Mimetic discretizations (4/4)
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AMR grids (1/3)
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AMR grids (2/3)
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AMR grids (3/3)
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Conclusion (1/2)

we proved convergenceof mimeticdiscretizationsfor thelineardiffusion
equation;theconvergencerateis optimal;

themimeticdiscretizationsbasedon theSOmethodologyandFEmethods
arecloselyrelated for thecaseof triangular(or quadrilateral)conformal
meshesanddiffusionproblems;

theabove relationshipsareextendedto AMR triangular andquadrilateral
meshes;

thenumericalexperimentson generalpolygonalmeshesshow theoptimal
convergenceratefor mimeticdiscretizations;

superconvergenceerrorestimateson triangular andquadrilateral meshes
canbeproved usingtherelationshipsmentionedabove.
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Conclusion (2/2)
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