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AFEM with inhomogeneous Dirichlet data Model problem

Model problem

Strong Form
—Au=f inQcR?
u=g onl =090

Weak Form
o Find u € HY(Q) s.t. ulr = g and

(Vu,Vo)g = (f,v)q forall v e H}(Q)

@ suppose g is known as g € H'(Q)
oup=u—geHy(Q) = (Vuo,Vo)o=(f,v)a—(Vyg,Vv)g
— ex. unique up € H}(Q) = ex. unique u=g+uy € H(Q)
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AFEM with inhomogeneous Dirichlet data Model problem

Remarks 1/2

Strong Form
—Au=f inQcR?
u=g onl =00

o Laplace operator is only for ease of presentation

— possible: general second-order linear elliptic PDEs

@ pure Dirichlet problem is only for ease of presentation

— possible: general inhom. mixed Dirichlet-Neumann-Robin conditions

@ Neumann / Robin boundary conditions are part of variational form

= numerical analysis is much simpler
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AFEM with inhomogeneous Dirichlet data Model problem

Remarks 2/2

Weak Form
e Find u € HY(Q) s.t. u|lr = g and

(Vu,Vo)g = (f,v)q forall v € Hy(Q)

e if g€ H(Q) is known
= AFEM for ug :=u — g € H}(Q) yields Uy, € S5 (T¢)
= wuy := g + Uy approximation of u

o but: in practice, only g € HY/2(T') := {v|p : v € H(Q)} is known
@ or: postprocessing requires u ~ Uy € SP(Ty)
— discretize g =~ Gy € SP(Tylr) == {Vilr : Vi € SP(Th)}
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AFEM with inhomogeneous Dirichlet data Model problem

FEM discretization

FEM discretization
e approximate g ~ Gy € SP(T¢|r)
e find Uy € Sp(n) s.t. Ug|r = Gy and

(VUe, VVi)a = (f , Va)a  for all V; € S{(Te)

o discrete lifting Gy € SP(7;) ~ Gy(z) = 0 for interior nodes
o Uy := Uy — Gy € S§(Tp) solves

(VUoe, VVi)a = (f,Viya — (VG, VVi)q  for all V, € S5 (Te)
— ex. unique Uy € S5(Ty)

— ex. unique Uy = Gy + Uy € SP(Ty)
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AFEM with inhomogeneous Dirichlet data Model problem

Discretization of Dirichlet data

recall: || |1 (o) = IVOllz2@) + 1T - vz

o AFEM has to control
e approximation error ||u — Us| g1/2ry = 19 — Gell gz

o discretization error ||V (u — Up)| 12(q)

usually Gy = Pyg for some approximation operator Py

nodal interpolation Iy, if g € C(T'), e.g., H(T') € C(T') for 2D
o recall: HY/2(T') ¢ C(T")

o Clément-type quasi-interpolation w.r.t. L%(T)
e L2(T") orthogonal projection I, : L*(I") — SP(T|r)

@ Scott-Zhang projection Sy : H'(T") — SP(Tslr)
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AFEM with inhomogeneous Dirichlet data Model problem
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AFEM with inhomogeneous Dirichlet data Model problem
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AFEM with inhomogeneous Dirichlet data Scott-Zhang projection

Scott-Zhang projection

Se : HY(Q) — SP(Ty) linear projection, continuous w.r.t. H'(Q)

o locally defined in Q: (Sev)|7 depends only on vlg, (1)

@ locally defined on I': (Sev)|E depends only on vlp, (k)

e locally H! stable: IVSevllr2(ry S IVl L2,

@ local approximation property: [[(1 = S¢)v|lz2(ry S hr |Vl 22,1y

preserves discrete data in Q: (Sev)|r =vlr if v € SP(Telg,(1))

preserves discrete dataon I (Spv)|g =v|g if v € SP(Telr 1))

= induces Sy : L*(T') — SP(T¢|r) linear projection
e continuous w.r.t. L?(I"), H'(T'), and hence H*(T') forall 0 < s <1

@ Scott, Zhang: Math. Comp. 54 (1990)
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AFEM with inhomogeneous Dirichlet data Scott-Zhang projection

Why are stable projections interesting?

@ suppose Py : X — X, stable projection
— [Py satisfies a Céa lemma

_ — mi _ _ < i _
|z — Pez|| x I%I)I}EHU Py)(x UCE)HXNI%I)I}EH&“ Tl x

= Scott-Zhang projection satisfies

o [lo=Swlm@ = poan [v = Vel

o ||V(’U — S[U)H[Q(Q)

A

Vv -V,
o V(v /)||L2(Q)

A

min v — Vol gs
VeesiT) | s (1)

i hl=*Vir(v -V, forall0<s<1
Vgerflglg(lmllg r(v—=Veo)[lz2r) forall 0 < s <

° ||v — S[UHHS(F)

A

o local weights h§ for L? and H' estimates are possible
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AFEM with inhomogeneous Dirichlet data Scott-Zhang projection

Local optimality of Scott-Zhang projector

Lemma (Aurada et al. '13; Veeser '16)

o Sy: HY(Q) — SP(Ty) Scott-Zhang

o II, : L*(Q) — PP~1(Ty) orth. projection

= |1 =1L)Vollr2(r) < IV(L =Se)vllrzry S (1 — ) Vol L2 (1))

— (1 =TI Vo 20y = BV (1 = Se)v]| 2y for all s € R

@ same result is true on I' (instead of )
e our proof: on I', exploits NVB refinement
o Veeser's proof: on €, exploits only shape regularity

@ also applicable for comparison results

@ Aurada, Feischl, Kemetmiiller, Page, Praetorius: M2AN 47 (2013)

@ Veeser: FoCM 16 (2016)
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AFEM with inhomogeneous Dirichlet data Scott-Zhang projection

Discrete lifting operator

o let L: HY2(T') — H'(Q) lifting operator
o L is linear and continuous
o (Lv)|p = v for all v € H/?(T")

— Ly:=S/L: HY2T) - S'(T,) discrete lifting operator
o L, is linear and continuous

o (Lev)|r = v for all v € SP(T¢|r)

e later application: Syu — Lyg € S5(T0)
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AFEM with inhomogeneous Dirichlet data Scott-Zhang projection
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AFEM with inhomogeneous Dirichlet data A priori error analysis

Céa lemma (first version)

@ exploit Galerkin orthogonality

(V(u—Uy),VVy) =0 forall V; € S(Ty)

Céa lemma (with affine discrete space)
° Ug|1’* =Gy e Sp(ﬁh")
= [[V(u—Up)|l2(@) = min ) IV (u — Wo)ll 2 ()

WgESp(ﬁ
Welr=G,

= |lu—=Udllgo) < Wegg&m [V(u=Wollzz) + lg = Gell g2y
Wi lr=Gy

@ Bartels, Carstensen, Dolzmann: Numer. Math. 99 (2004)
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AFEM with inhomogeneous Dirichlet data A priori error analysis

Some magic for P1 nodal interpolation in 2D

e suppose: g € HY(I') c C(T)

o Il, : L*(I") — P°(Ty|r) orth. projection

o I, : C(T') — S'(Ty) nodal interpoland

= (Lg)" =1(g)

= Il (9 = Leg) 2y = 10> (1 =T}/ |2y

o 1L~ 0l rary < "9 2y

= (1 =1l ey = 11 = T)*9ll ey S lhg"(g - Leg)'ll z2(r)

1/2
— (1~ I)glgremy S 1> =) g |l 2y

@ Carstensen: Math. Comp. 66 (1997)

@ Aurada, Feischl, Kemetmiiller, Page, Praetorius: M2AN 47 (2013)
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AFEM with inhomogeneous Dirichlet data A priori error analysis

Céa lemma (2D, P1, nodal interpolation)
Céa lemma (with Dirichlet oscillations)
e gc HYT)
o Uylr =g
— IV = Ul 2 + 1" (u = Ul 2qry
S min (V= Woll 2@ + I1he (w = We) ll2ry)

WeeSY(Te)
o [|[V(u—-U, = min V(u—V,
IV ( )z VzESp(Te)H (u—=Vo)ll2(e)
Velr=leg

< NV{(u—Seu) + Le(g — Teg) }l L2 (0
< |IV(u = Seu)|L2(0) + IVLe(g — Leg) || 2 (o)

1/2 . 1/2
o llg —Legll sz S Ihy"* (w—Ue) ||z () = w, 1Ry (u — W)l 2y

@ Feischl, Page, Praetorius: JCAM 255 (2014)
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AFEM with inhomogeneous Dirichlet data

Optimal Céa lemma 1/2

Céa lemma (for H'/? stable projections)
o P, : HY/2(I') — SP(T¢|r) stable projection
4 Ug|1’* = ng

lu = Ul < WH}S}ZP lw = Well g (a)

A priori error analysis

o 19— U)oy =, min [V~ Vollzzo
Velr=Peg

o [[(1=Po)ullgrrory) < w,n llw = Well 172y

@ plus: playing around with discrete lifting operator 1L,

—S/L

@ Aurada, Feischl, Kemetmiiller, Page, Praetorius: M2AN 47 (2013)
Dirk Praetorius (TU Wien)
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AFEM with inhomogeneous Dirichlet data A priori error analysis

Optimal Céa lemma 2/2

Céa lemma (for H'/? stable projections)

o Py : H'/*(T') — SP(Ty|r) stable projection

o Uylpr =Pyg
= ||lu— Up||m < min u — Wol| g2
Ju=Udlin) <, min_ llu=Wellmo
v

@ note: RHS is independent of P,
@ possible choices of Py:

o S;: L3(T') — SP(Te|r) Scott-Zhang projection

o H'Y%(T') orthogonal projection (only for theory!)

o I, : L*(T') — SP(T¢|r) orthogonal projection
@ Aurada, Feischl, Kemetmiiller, Page, Praetorius: M2AN 47 (2013)
@ Karkulik, Pavlicek, Praetorius: Constr. Approx. 38 (2013)
@ Gaspoz, Heine, Siebert: IMANUM 36 (2016)
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AFEM with inhomogeneous Dirichlet data A priori error analysis
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AFEM with inhomogeneous Dirichlet data A posteriori error analysis

Residual error estimator

Residual error estimator
o I, : L*(T") — PP~Y(Ty|r) orth. projection

o mp =Y n(T)?

TeT,
ne(T)? = ht |If + AUl Z2er) + hr 102U 22 o1y
aF hT ||(1 - Hf)vrg||%2(aTmF)

(]

note: estimator is independent of g = Uy|r
1/2 1/2
e PL&2D = | (1= T)Vrgllzaw = I1y*(g ~Teg) lz2qr)

[P, stable projection & Uy|r = Pyg implies that

1L = P)gll oy = 11 = SOgll oy < Ihy'* (1 =) Vrgll 2y

@ Aurada, Feischl, Kemetmiiller, Page, Praetorius: M2AN 47 (2013)
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AFEM with inhomogeneous Dirichlet data A posteriori error analysis
Reliability: ||u — Up|| g1y S e

Residual error estimator
o Il, : L*(T') — PP~Y(Ty|r) orth. projection

on; = > n(T)?

TeT,
ne(T)? = h# Hf+AUEHL2 + hr [|[On Ulf]”p(aT\r)
aF hT ||(1 - HZ)VFQ“LQ((?THF)

e assume: P, is nodal interpolation (P1 & 2D) or stable projection

e it only remains to control ||V (u — Up)| r2(q)

@ auxiliary problem: —Aw =0 in Q and w|p = (1 — Py)g
IV(u=Ud)lr2@) < IV(u—=Ur = w)llr20) + [Vl £z

o Vw2 S I =P)gllrery & u—Ur—we Hy(Q)

@ Bartels, Carstensen, Dolzmann: Numer. Math. 99 (2004)
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AFEM with inhomogeneous Dirichlet data A posteriori error analysis

Efficiency: ny < ||u — Us|| g1 () + oscy

Residual error estimator
o II, : L?(Q) — Pmax{P=20}(T;) orth. projection
° Hg : LA(T) — Pp_l(ﬁ\p) orth. projection

O W Z ne(T

TET(
o ny(T)? = h3 |If + AU 2(p) + b [0nUa 12201
+hr||(1 - Hz)VFQHLz(aTmF)

o efficiency only relies on variational formulation & inverse estimates
ne < |V (u—U)l 2 + [1he(1 = o) fll 12 (0)
+ g (1 = ) Vgl 2y

@ Bartels, Carstensen, Dolzmann: Numer. Math. 99 (2004)
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AFEM with inhomogeneous Dirichlet data A posteriori error analysis
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AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity

Adaptive algorithm with combined Dérfler marking

@ initial mesh 7y

@ adaptivity parameter 0 < 6 <1

Adaptive Algorithm
@ compute discrete solution U, for mesh 7y
Q@ for all T € Ty, compute 1y(T)
@ find (minimal) set M, C Ty s.t.
0> (1)< Y m(T)?

TeT, TeM,

Q refine (at least) marked elements T' € My to obtain 741
@ increase counter { — ¢ + 1 and iterate

Dirk Praetorius (TU Wien) 24 / 47



AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity

Main theorem on rate-optimal AFEM

Theorem (Stevenson '07, ..., Carstensen, Feischl, Page, P. '14)
o validity of axioms (A1l)—(A4)

0 0<h<1

— 3IC>030<q<1IVn>0 nyn <Cq'ne < =

o Ty :={T € refine(Tp) : #T < N} U{To}
@ s > 0 arbitrary
e 0 < 0 < 1 sufficiently small

@ M, has (essentially) minimal cardinality
— s ~ NS 1 et
(#7e) e (W° min 1opt) = [|7]la,

sup sup
£eNg N>0

@ Carstensen, Feischl, Page, Praetorius: CAMWA 67 (2014)
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AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity

Axioms of Adaptivity
VT. VT, € refine(7,)

S w@) (2 @) < Con IV - vl

TeTeNTo TeTeNTo

(A2) > (M) <dgred D 16(T)*+ Crea lUs — U

TET\Ts TET\Ts
(A3) lUs = ULll® < Coy D>~ me(T
TGR.O

where 7-.\7; C Reo - 7:: #Roo < Crel#(’]:\%)

VO, N >0 VYe>0
N

(A4) >~ (1Uk41 = Ukll® =€) < Corm(e)
k=t

Dirk Praetorius (TU Wien)
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AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity

Axiom (A1): stability on non-refined elements

VT, VT, € refine(7,)

(2 @) (2 2@)"] < Cuan IUs U

TeTeNTo TeTeNTo

o no(T)* = h7 |If + AUoH%z(T) + hr ”[&zUo]H%z(aT\r)
+hr [[(1 = 16) Vgl 22 (orr)

@ inverse triangle inequality + scaling arguments

1/2
LHS < (Y e [|[0n (U = U))32orme))
TeTeNTo

SIVUs = Ue)llz ) = [IUs — Us||

@ Cascén, Kreuzer, Nochetto, Siebert: SINUM 46 (2008)
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AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity

Axiom (A2): reduction on refined elements

VTe VT, € refine(7,)

Z nO(T)Q < Qred Z ne(T >+ Cred [[Us — Us |||2
TET\Te TET\Ts

o no(T)* = h7 |If + AUO||%2(T) + hr |H8nU0”|%2(aT\r)
b (1~ L) Frgl 22 e

° U(To\Te) = U(Te\To)
® hpy < Shrpfor To3T' ST eT,

o [|(1 —Io)Vrgllzzarnry < (1 —1Le)VrgllL2(a17nr)

@ Cascén, Kreuzer, Nochetto, Siebert: SINUM 46 (2008)
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AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity

e & C 7, set of elements
o 1st-order patch Q!(S)
2nd-order patch Q%(S)

@ etc.




AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity
Axiom (A3): discrete reliability

V7. VT, € refine(7,)

@ suppose: [Py is nodal interpoland (P1 & 2D) or Scott-Zhang projection
@ exists Reo C 7o With

° 7-0\7-0 C Reo
° #Roo < Crel#(ﬁ\%)

o IUs —U? <Gy Y ma(T)?
TEReo

o discrete reliability = reliability

@ Reo = To\Ts for FEM (hom. Dirichlet prbl.)
0 Reo = QL(T\T5) for BEM / FVM

0 Reo = Qf(T.\?E) herel!

@ Stevenson: Found. Comput. Math. 7 (2007)
Dirk Praetorius (TU Wien) 30 / 47



AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity

Axiom (A4): quasi-orthogonality

Ve>0 V{,N >0
N

> (WUks1 = Uell? = eni) < Corn(e) m7
k=t

o Galerkin orthogonality + symmetry == Pythagoras theorem
e = Upall? + NUs41 = Upll? = llu — Ukl

o telescoping series = quasi-orth. with Co(g) = C’fel, e=0
N N
D NUkir=UkllP = D (lu=Ull® = llu=Ups1l1?) < llu — Uef®
k=¢ k=¢

@ problem: U1 — Uy & SH(Tr+1) = no Pythagoras theorem now!

@ Feischl, Fiihrer, Praetorius: SINUM 52 (2014)
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AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity

Quasi-Pythagoras theorem

N
o goal: Y (IUks1 — Urll® — n) < Corm(e) nf
k=¢

@ hom. Dirichlet condition: |Uxs1 — Ukll? = llu — Ukll® — Jlv — Ug11]l?

Quasi-Pythagoras theorem
o U.|1" = P.g
e dJC>0 Va>0 VkeNy

I1Uk+1 = Ukll? < llu = Ugll® = (1 = @) llu = Upa|I?
+ a7 O ||(Pra1 — Pr)gll 3z

@ proof follows with discrete lifting operator

@ Feischl, Page, Praetorius: JCAM 255 (2014)
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AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity

(A4) for P1 nodal interpolation in 2D (simple case)

@ abbreviate: dir, := ||h1/2( —1Le)Vrglz2ry < e

@ (A4) remains to show: ||(Pgy1 — IP’k)gHHl/2 ) S < dirg —dir? 4 J

o P, =1, — (Pk—H — ]Pk)g = (1 — Pk)Pk+1g

1/2
= ||(Pk+l - ]P)k)gH?qIM(F) S Hhk/ (Hk-l-l - Hk)g,H%Z(F)
1/2 1/2
= 12 (1 =T g 2y = Iy* (1 = a9/ By

< dir2 — dirzﬂ

Dirk Praetorius (TU Wien) 33 / 47



AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity

Modified mesh-size function

o diam(7T) does not necessarily shrink if T' is refined
o remedy: consider hy|r = |T|"/¢

Q hy|r ~ diam(T)

Q hyy1 < hy pointwise

O hey1 < qhy on refined elements T' € T\ Toi1

@ sometimes, one needs reduction of Ay on patch QF(7,\Ty11)

Proposition (Carstensen, Feischl, Page, P. 14)

o Fix arbitrary k € N

o For T; exists mesh-size hy € L>(Q) s.t.
Q diam(7T) < he|r < diam(T)
@ hyt1 < hy pointwise
© hei1 < qhy on patch Qf(ﬁ\ﬁﬂ)

@ Carstensen, Feischl, Page, Praetorius: CAMWA 67 (2014)
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AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity

(A4) for Scott-Zhang projection (more advanced)

@ (A4) remains to show: ||(Pg+1 — IP’k)gH%{m(F) < dirg —dirg 4

o dire := ||ha/?(1 — e)Vrgllzzry < ne

@ proof of discrete reliability

= Skr1 =Sl ey < dik(QQUTi\Tis1))?

@ modified mesh-size function

= hgy1 < hg and hpyr < qhgon 92(72;\77“_1)
= (1 —=¢q) hy < hg = gy on QTN Tir1)

== dirk(ﬂi’;(ﬁ\ﬁmf N dir% - dir%—&-l

ﬁ Carstensen, Feischl, Page, Praetorius: CAMWA 67 (2014)
Dirk Praetorius (TU Wien) 35 / 47



AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity

Open Problems

o consider I, : L?(I") — SP(T,|r) orth. projection

@ clear: AFEM leads to convergence (by estimator reduction principle)

(A1) + (A2) = niy < qnf +C U1 = Uellzp g

nested boundary meshes == a priori convergence ll;g — g, € L?(I)
boundedness in H1(I') = a priori convergence Il;g — go, € H(T)
o nested volume meshes == a priori convergence Uy — uo, € H'(Q)

— 1y — 0

o (A3) discrete reliability and (A4) quasi-orthogonality are open!

o only needed: [|(IMxs1 — T1)g |2 oy S dink (4 (Ti\Tien))?

Dirk Praetorius (TU Wien) 36 / 47



AFEM with inhomogeneous Dirichlet data Axioms of Adaptivity
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AFEM with inhomogeneous Dirichlet data Separate Dorfler marking

Adaptive algorithm with separate Dorfler marking
@ adaptivity parameter 0 < 01,02,9 < 1

o initial triangulation Ty

o split error estimator 12 = p2 + o0sc?) ,

Adaptive Algorithm
© compute discrete solution U, for mesh 7
@ for all T € T;, compute ,(T) and oscp ¢(T')
Q if OSC%M < o7, find (minimal) set M, C T; s.t.
01> 0T < Y ou(T)?
TET, TeM,
Qif osc%’é > o7, find (minimal) set M, C T; s.t.
0, Z OSCD’g(T)2 < Z OSCD’Z(T)Q
TET; TeM,
O refine (at least) marked elements 7' € M, to obtain Ty
@ increase counter ¢ +— ¢ + 1 and iterate

Dirk Praetorius (TU Wien) 38 / 47



AFEM with inhomogeneous Dirichlet data Separate Dorfler marking

All Dirichlet discretizations are equivalent

o Py, Py : HY2(I') — SP(Ty|r) stable projections

= ‘ Z 0e(T)? — Z Ee(T)Q‘ < osc%f forallty C T;

= M =N

@ suppose: 0 < 9 <« 1 sufficiently small

= separate Dorfler vor 7, implies combined Dérfler for 7,

e choose: Py := Sy Scott-Zhang projection

— linear convergence of 7y ~ 1y

@ Aurada, Feischl, Kemetmiiller, Page, Praetorius: M2AN 47 (2013)
Dirk Praetorius (TU Wien) 39 / 47



AFEM with inhomogeneous Dirichlet data
Rate optimality

Theorem (Aurada et al. '13)

o Py : H'/?(T') — SP(Ty|r) stable projection

e 0<b,00 <1

o 0 < ¥ < 1 sufficiently small

— IC>00<qg<1Vn>0 np <Cq"

o Ty :={T €refine(Ty) : #T < N} U{To}
@ s > 0 arbitrary
o 0 < 6,09,0 <« 1 sufficiently small

@ M, has (essentially) minimal cardinality

= sup (#7¢)"ne ~ sup (N° _min 7opt) =: [|7]a,
2eNy N>0 Topt €T N

Separate Dorfler marking

@ Aurada, Feischl, Kemetmiiller, Page, Praetorius: M2AN 47 (2013)
Dirk Praetorius (TU Wien)
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Progress

Model problem
Scott-Zhang projection

A priori error analysis

Axioms of Adaptivity

o

Q

o

© A posteriori error analysis
o

@ Separate Dorfler marking
o

Numerical experiment
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o Ty o #7390 = 200.814

o prescribed exact solution u(z,y, z) = (22 + 32 + 22)1/8
@ mixed Dirichlet-Neumann BVP

Dirk Praetorius (TU Wien) 42 / 47



AFEM with inhomogeneous Dirichlet data Numerical experiment

Error estimator g, for Scott-Zhang projection in 3D
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AFEM with inhomogeneous Dirichlet data Numerical experiment

Error estimator g, for L2-orthogonal projection in 3D

100.2 r T T T -
- uniform
. N _0=1/4
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AFEM with inhomogeneous Dirichlet data

100 |

1071}

1072 ¢

1073

Individual contributions of g, for L?-orthogonal projection in 3D
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Conclusions

Review of standard FEM with inhomogeneous Dirichlet conditions

Scott-Zhang projection is important for a priori / a posteriori analysis

o discrete lifting operator
o local and global quasioptimal w.r.t. various (semi-) norms
e Scott-Zhang error ~ local best approximation error w.r.t. discont. pols.

equivalent H'-errors for different H'/2(T')-stable Pyg ~ ¢

residual error estimator is independent of H'/2(I')-stable Pyg ~ g

@ discretization with Scott-Zhang satisfies axioms of adaptivity
— optimal AFEM with combined Dérfler marking

o discretization with other H'/?(T')-stable Pyg ~ g¢
— optimal AFEM with separate Doérfler marking

e For P1 & 2D, nodal projection leads to optimal AFEM
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Open questions for joint research?!

e AFEM with combined Dérfler with g ~ Tl,g by L?(T')-orth. projection
o discrete reliability (A3) is critical?!

o quasi-orthogonality (A4) is open, but should follow

@ other FEM formulations & AFEM for Dirichlet-Laplace problem
e mixed FEM

o Nietsche's method

e penalization method

@ How to incorporate inhom. Dirichlet data & comparison results for
e non-conforming FEM

e FVM
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Thanks for listening!

ﬁ M. Feischl, M. Page, D. Praetorius:
Convergence and quasi-optimality of adaptive FEM with inhomogeneous
Dirichlet data
JCAM, 255 (2014), 481-501.

@ M. Aurada, M. Feischl, J. Kemetmiiller, M. Page, D. Praetorius:
Each H'/2-stable projection yields convergence and quasi-optimality of
adaptive FEM with inhomogeneous Dirichlet data in R?
M2AN, 47 (2013), 1207-1235.

Dirk Praetorius

TU Wien
Institute for Analysis
and Scientific Computing

dirk.praetorius@tuwien.ac.at
http://www.asc.tuwien.ac.at/~praetorius

Dirk Praetorius (TU Wien)



