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Material needed for HW1 (elliptic)
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We want to form the global stiffness matrix and all the forces.
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A. Interior of element contributions
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If we want to solve the parabolic PDE we need to add 0
capacity matrix C T
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By adding terms a), b), c) we get a 4x4 interface stiffness matrix that needs to subsequently assembled to

the global system K
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Parabolic Case (HW2), only the mass (capacity) matrix is added
We'll use a forward Euler scheme
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In practice, we don't form a global C, and only solve the equations at the element level.
We basically solve 1 element at a time. -> Ideal for parallel computing
As noted, we never form any stiffness matrix for explicit schemes.
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Some points about elliptic and parabolic PDEs
1. Single versus two-field formulations
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Interpolating vector g significantly increases the number of global unkowns in 2D and 3D
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We need to add a compatibility condition between gand T
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We can solve for T and g as independent fields by assembling the global K and F and solving for the
unknowns of T and q.

There are 2 approaches to only solve for T at the global level.
Approach a:
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Approach b: Remove q dofs from the global system
In this case, we have a genuine 2F formulation but at the global level, we only solve for T, go back to
the elements and solve q's
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We need to apply condensation to q dofs and remove
them from element dofs when assembling to the global K
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Why do we want to have a 2F formulation anyway ?"h
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TanrLe 3.1
Same DG methods and their numerical flures.
Method g oK
‘ P~ \1\«’
Bassi Rebay [9) {un} {on} é $ VU" B
Brezzi et al. [18] {un} {on) — ac([un]) —_ L (M pap=
LDG [35) {un} = B-[un] {on} +BLon] —a([un]) 25 LE P
! ! I — > ‘\“\‘_.
1P [43] {un} {(Viun} —a;([un]) ‘)1{-/ Tj é“VT
Bassi et al. [10] {un} {(Viun} = a[un])
Baumann Oden [12] {ur}+ng -[un] {Viup}
NIPG [53] {up}+nk-[un] {Viun} —aj([un])
Babuska Zlimal [6)] (up| K)ok —aj([un])
Brezzi et al. [19)] (un|K )oK — ([un])
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Babuska Zlimal [6)] (up| K)ok —aj([un])

Brezzi et al. [19)] (un|K )oK — ([un])

TABLE 6.1
FProperties of the DG methods

Method cons. a.c. stab.  type cond. H! L?
Brezzi et al. [18] v v v a” 1y >0 h? hPtl
LDG [35] v v v o 1o > 0 Uh" hp
1P [43] v v v T L
Bassi et al. [10] v v v a' ny > 3 hv hotl
NIPG [53] v v ol e > 0 h¥ hP
Babuska Zlimal [6] v al = h™*  hP pPH
Brezzi et al. [19] Vv a* gy hT® pP prtl
Baumann Oden(p=1) v

Baumann Oden(p > 2) v he h?
Bassi Rebay [9] v v [hP]  [BPHY

Hybridizable DG methods (HDG) is a relatively new DG method, whose dofs (unknows) are the
target values on element interfaces (i.e. they are already at the skeleton of the mesh).
Accordingly getting rid of "interior dofs" is much easier (like CFEM) and there is no need to have |
and r operators of the LDG method to get rid of q dofs.

Discussing this the next time

Fic. 3.1. Consistency and stability of some DG methods.
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