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Weak formulation

(Vu,Vv)=(f,v)  Vve Hi(Q)
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Model problem

Model problem

—Au=f in Q,
u=20 on 0N

Weak formulation
(Vu,Vv) = (f,v)  VveH(Q)

Properties of the weak solution

@ u € H{(Q) (constraint)

@ o € H(div, Q) (constraint)
@ o = —Vu (constitutive law)
@ V.o = f (equilibrium)
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A posteriori error estimate

Theorem (A guaranteed a posteriori error estimate)

@ Letu € H}(Q) be the weak solution,

@ upc H'(Tp):={v € L3(Q),v|x € H(K) YK € Ty} be arbitrary,

@ s, € HI(Q) and o, € H(div, Q) with (V-op, 1)k = (f, 1)k for
all K € T, be arbitrary.

e  —
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A posteriori error estimate

Theorem (A guaranteed a posteriori error estimate)

@ Letu € H}(Q) be the weak solution,
@ upc H'(Tp):={v € L3(Q),v|x € H(K) YK € Ty} be arbitrary,
@ s, € HI(Q) and o, € H(div, Q) with (V-op, 1)k = (f, 1)k for
all K € Ty be arbitrary. h )
_ 2 Kif—w.
Then ||V(u— up)| < K%;(HVUh—i-UhHK—l— “|f = V-onllx)
h

+ D IV (un = sn)llx-

KeTh
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A posteriori error estimate

Theorem (A guaranteed a posteriori error estimate)

@ Letu € H}(Q) be the weak solution,
@ upcH'(Tp):={v € L2(Q),v|k e H(K) VYK €Ty} be arbitrary,
@ s, € HI(Q) and o, € H(div, Q) with (V-op, 1)k = (f, 1)k for
all K € T, be arbitrary. " )
Then |[V(u=un)P < > (IIVtn+ anllx + —<|If = V-0l
KeTh i
+ D IV (un = sn)llx-
KeTh
Proof (Spirit of Prager—Synge (1947)).
e define s € H{(Q) by
(Vs,Vv) = (Vup, Vv)  VYve H(Q)
@ develop (Pythagoras)
IV(u—un)?=IV(u=s)IF+IV(s—un)l®  |..

s T
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A posteriori error estimate

Proof (continuation).
@ projection definition of s:

IV(u—up)|® = sup (V(u—un), V)2 + min [[V(v— up)|?
PEH}(Q); [ Vel=1 veH; (Q)

dual norm of the residual distance of u, to Hy ()

@ nonconformity upper bound:

min [[V(v — un)l| < [[V(un — sp)
veH}(Q)

@ weak solution definition, equilibrated flux, Green theorem:
(V(U—Uh), VSD) = (f7 (p)_(vuhv v‘ﬁ) = (f—V-O’h, ‘p)_(vuh+‘7hﬂ V(P)
@ Cauchy—Schwarz and Poincaré inequalities:

—(Vun+0n, Vo) < D ||Vn+ onllxl[Velx,
KeTh h

(F=Vone)=>_ (f-V-one—ok< Y —|f~V-onll|Velx
KETh K€ETh

,
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Potential and flux reconstruction

Ideally ay

= ar min Vup+Vv
Th thEVh7V~Vh:thfH h+ hH

Sh 1= arg VTeir\}th(Uh — )|l

@ ...too expensive

patch w,
a Va(a) =1, Yaa,) =0

I d
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Potential and flux reconstruction

Ideally ay

= ar min Vup+Vv
Th thEVh7V~Vh:thfH h+ hH

Sh 1= arg VTeir\}th(Uh — )|l

@ ...too expensive

Partition of unity

patch w,
a Va(a) =1, Yaa,) =0

0'2 = arg min |(~'avuh + vhH'w‘a

VhEVE, Vovyp=?

s2:=arg min ||V (vaup — V)|l
h gv,,eng (Valn — Vh)l|wa

OO'hZZZO'z, .Sh::Z:S?7

acVy acVy V4
@ local minimizations 6'2 75’a
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Local flux reconstruction

Assumption A (Galerkin orthogonality)

There holds up, € H'(Tp) and
(VUh, vwa)wa = (f7 Q,Z)a)wa va e V;7nt'

p—
Alexandre Ern and Martin Vohralik Unified polynomial-degree-robust a posteriori estimates  9/25



| Estimate Efficiency Applications Numerical results C

Local flux reconstruction

Assumption A (Galerkin orthogonality)

There holds up, € H'(Tp) and
(vuh) v,(/]a)u.)a = (f’ /lzz)a)UJa va 6 V;7nt'

Definition (CO nstr. of O h, Destuynder and Métivet (1999) & Braess and Schéberl (2008))

Let Assumption A be satisfied. For each a € V), prescribe
o € V8 and 17 € Q2 by solving the local MFE problem

(Ug7vh)wa - (Ffayv V'vh)wa = _(‘/'avuh,vh)wa Vv € V?.,,
(VU’%, qh)wa = (’L "af — vl/'a'vuh, qh)UJa th € Qg,

with mixed finite element spaces V4 x Q2 (homogeneous
Neumann BC for a € V™ and on dw, \ 92 for a € Vi,
homogeneous Dirichlet BC on dwa N 02 for a € V;*'). Set

opi= Z od.

acyy

p—
Alexandre Ern and Martin Vohralik Unified polynomial-degree-robust a posteriori estimates  9/25




H(div, )-conformity
@ of € H(div,Q) = on =3,y o5 € H(div, Q)
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Comments

H(div, Q)-conformity
@ of € H(div,Q) = on =3,y o5 € H(div, Q)
Neumann compatibility condition
e fora € Vi, one needs
(Yaf — Vipa-Vup,1)w, =0
@ but Assumption A gives

0= (f7 wa)wa - (VUh, Vwa)wa = (¢af - Vwa'vuf'h 1)wa

I d
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Comments

H(div, Q)-conformity

@ of € H(div,Q) = on =3,y o5 € H(div, Q)
Neumann compatibility condition

e fora € V™, one needs

(¢af - Vi/)a'vuh, 1 )wa =0
@ but Assumption A gives
0= (f,%a)wa — (VUn, V¥a)uw, = (Yaf — Vipa-Vup, 1),

Divergence

@ Neumann compatibility condition gives

V-ohlk = Ng,(Yaf — VaVun)lk YK€ Th
@ the fact that on|k = >,y o7k @and the partition of unity
ZaEVK Qﬂa’K =1 |K yleld
Veonlk =MNaq,flk VK € Th [/zo/a_.
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Local potential reconstruction (d = 2)

Definition (Construction of sp)

For each a € Vp, prescribe o3 € V& and rZ € Q3 by solving the
local MFE problem

(05, Vh)wa = (7, V-Vh)wa = —(Rz V(talh), Vh)wa  Wh € VF,

(V-07, qh)wa = (0, Gn)ws Van € @},

with mixed finite element spaces V3 x Q2 (hom. Neumann BC
on Jw, for all a € Vp).

I d
hw;:}/mmm
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Local potential reconstruction (d = 2)

Definition (Construction of sp)

For each a € Vp, prescribe o3 € V& and rZ € Q3 by solving the
local MFE problem

(05, Vh)wa = (7, V-Vh)wa = —(Rz V(talh), Vh)wa  Wh € VF,
(V-0 Gh)wa = (0 Gh)we Van € Qf,
with mixed finite element spaces V2 x Q3 (hom. Neumann BC

on dw, for all a € V). Set
—szsg = 0'2,
2
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Local potential reconstruction (d = 2)

Definition (Construction of sp)

For each a € Vp, prescribe o3 € V& and rZ € Q3 by solving the
local MFE problem

(05, Vh)wa = (7, V-Vh)wa = —(Rz V(talh), Vh)wa  Wh € VF,
(V-0 Gh)wa = (0 Gh)we Van € Qf,
with mixed finite element spaces V2 x Q3 (hom. Neumann BC

on dw, for all a € V). Set
—szsg = 0'2,
2

Remark -
@ The same problems, only RHS/BC different. VLY. 77
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Continuous efficiency, flux reconstruction

Theorem (Cont. efficiency carstensen & Funken (1999), Braess, Pillwein, & Schaberl (2009))

Let u be the weak solution and let up, € H'(Ty) be arbitrary. Let
acVyandleto® € H,(div,wa) and 7@ € L2(wa) be given by

(02, V)0, — (1, V-V, = —(1aVUp, V), Wv € H.(div,wa),
(V-62,Q)uwa=Waf — Via-VUp, Qua G € L2(wa),
with
@ ac Vin: [2(w,) := L?(wa) with zero mean value;
H. (d1v wa) := H(div, wa) with zero normal trace on dwa;

@ ac V™! [2(wy) := L%(wa); Hi(div,wa) := H(div,wa) with
zero norma/ frace on Ows, \ 0S2.

e T
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Continuous efficiency, flux reconstruction

Theorem (Cont. efficiency carstensen & Funken (1999), Braess, Pillwein, & Schaberl (2009))

Let u be the weak solution and let up, € H'(Ty) be arbitrary. Let
acVyandleto® € H,(div,wa) and 7@ € L2(wa) be given by

(02, V)0, — (1, V-V, = —(1aVUp, V), Wv € H.(div,wa),
(V-62,Q)uwa=Waf — Via-VUp, Qua G € L2(wa),
with
@ ac Vin: [2(w,) := L?(wa) with zero mean value;
H. (d1v wa) := H(div, wa) with zero normal trace on dwa;

@ ac V™! [2(wy) := L%(wa); Hi(div,wa) := H(div,wa) with
zero norma/ frace on Ows, \ 0S2.

Then there exists a constant Ceon pr > 0 0Only depending on the
mesh shape-regularity parameter 1 such that

lo® + 42V Unllwa < Ceont el V(U = Up)|la-

e T
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Continuous efficiency, potential reconstruction (d = 2)

Assumption B (Weak continuity)
There holds ([us, Ve =0  Veeé&n

ematics
-— -
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Continuous efficiency, potential reconstruction (d = 2)

Assumption B (Weak continuity)
There holds

(Tun],1)e=0 Ve € &,

Theorem (Continuous efficiency)

Let u be the weak solution and let up, € H'(Ty) satisfying
Assumption B be arbitrary. Leta € V), and let o® € H.(div,wa)
and 7 € L2(w,) be given by
(0%, V)wa = (P, VV)wu =—(Rz V(Vallp), V)wa WV € Hi(div, wa),
(V-2 @)ua = (0, q)us vq € L2(wa),

with L2(wa) := L?(wa) with zero mean value and
H..(div,wa) := H(div,wa) with zero normal trace on dws,.

-— - Tl
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Continuous efficiency, potential reconstruction (d = 2)

Assumption B (Weak continuity)
There holds

(Tun],1)e=0 Ve € &,

Theorem (Continuous efficiency)

Let u be the weak solution and let up, € H'(Ty) satisfying
Assumption B be arbitrary. Leta € V), and let o® € H.(div,wa)
and 7 € L2(w,) be given by
(0%, V)wa = (P, VV)wu =—(Rz V(Vallp), V)wa WV € Hi(div, wa),
(V-2 @)ua = (0, q)us vq € L2(wa),

with L2(wa) := L?(wa) with zero mean value and
H..(div,wa) := H(div,wa) with zero normal trace on dws,.
Then there exists Cconippr > 0 0Only depending on r7 such that

”Ua + R%v(wauh)Hwa < Ccont,bPFHv(U - Uh)Hwa~

-— - Tl
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Continuous efficiency, potential reconstruction (d = 2)

Proof (sketch).
@ equivalent primal formulation: |0 4+ 72 ||w, = [|VFallwas
where r, € H! (wa) := {v € H'(wa); (v, 1)., = 0} solves
(Via, VV)uy = —=(Rz V(¢haln), VV)u, ¥V € H](wa)
@ dual norm characterization

IVialw=  sup  (Via,Vv),
veH](wa); [[VV]lwa=1

@ arbitrary U € H'(wa) with (U, 1), = (Un, 1), if @ € V™ and
U=00ndwa NONifaec VP
(RgV(waU), VV)wa =0
@ Cauchy—Schwarz:
(Vra, VV)w = (Rg V(¥a(l—Up)), VV)wa < [IV(¥a(0—Un))l|wa
@ broken Poincaré—Friedrichs inequality:
|V (Ya(U—Un))lwa < (14 CoPF wa Nusa [ Va | co.wa )|V (U—UR) ||wsa | e

,
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Mixed finite elements stability (d = 2)

Assumption C (Piecewise polynomial approximation and data)

The approximation up and the datum f are piecewise
polynomial and the MFE reconstructions are chosen
correspondingly.
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Mixed finite elements stability (d = 2)

Assumption C (Piecewise polynomial approximation and data)

The approximation up and the datum f are piecewise
polynomial and the MFE reconstructions are chosen
correspondingly.

Theorem (MFE stability / continuous right inverse of the

divergence operator sraess, Pilwein, and Schaberl (2009); Costabel and Mclntosh (2010))

Let u be the weak solution and let up, f, and the reconstructions
satisfy Assumption C. Then there exists a constant Cy > 0 only
depending on the shape-regularity parameter x+ such that

loh + TR llwa < Cutllo® + 78 las

with T2 = 2V uy, for the flux reconstruction and
T8 = Rz V(waup) for the potential reconstruction.

-
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Polynomial-degree-robust efficiency

Theorem (Polynomial-degree-robust efficiency)

Let u be the weak solution and let Assumptions A, B, and C
hold. Then

IVun+ ol < CuCeonpr S IIV(U = Un)leas

acVyg

“V(Uh - Sh)HK < Csthont,bPF Z HV(U - Uh)Hwa‘

acVyg

I d
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Polynomial-degree-robust efficiency

Theorem (Polynomial-degree-robust efficiency)

Let u be the weak solution and let Assumptions A, B, and C
hold. Then

||VUh A 0'h||K < Csthont,PF Z ||V(U - uh)Hwav

acVyg

“V(Uh - Sh)HK < Csthont,bPF Z HV(U - Uh)Hwa‘

acVyg

Remarks

@ C, can be bounded by solving the local Neumann
problems by conforming FEs: find r8 € V& C H] (wa) s.t.

VIE, Vvi)wa = —(T5, VVh)us + (8% Vh)wa  YVh € VR,
h h

then Cy < |78 + o llwa/ IV IF .
@ = maximal overestimation factor guaranteed &Z7’i
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Conforming finite elements

Conforming finite elements
Find u, € Vj, such that

(Vup, Vvp) = (f, vn) Yvp € V.

pd
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Conforming finite elements

Conforming finite elements
Find up € V}, such that

(VUh,VVh) = (f, Vh) Vv, € Vh.

@ Vi :=Pp(Th) NHI(Q), p > 1
@ Assumption A: take v, = ¥4
® V}, C H{(Q): sp := up, no need for Assumption B

I d

&Z.n,;..u,mmm
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Nonconforming finite elements

Nonconforming finite elements
Find u, € Vj, such that

(Vunp, Vvp) = (f,vn) Yvp € Vp.

pd
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Nonconforming finite elements

Nonconforming finite elements
Find up € Vj, such that

(VUh,VVh) = (f7 Vh) Yvp € Vp.

@ Vp:=Pp(Th), p> 1, vy € V, satisfy
(Ival, gn)e =0  Vanh € Pp_1(€), Ve € &

@ Assumption A: take vy = 13
@ Assumption B: building requirement for the space Vj,

I d

hmém,mmm
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Discontinuous Galerkin finite elements

Discontinuous Galerkin finite elements
Find u, € Vj, such that

Y (Vun Vvi)k— Y {{{Vun}ne, [vil)e+6({VVn} e, [unl)e}

KeTh ecéy
+ Z<ah§1 [unl, [val)e = (f,vh)  Vvh e Vy
ecéy

I d

hmém,mmm
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Discontinuous Galerkin finite elements

Discontinuous Galerkin finite elements
Find u, € Vj, such that

> (Vun, V)= Y {{{Vun}ne, [Val)e+-0({VVn}-Ne, [unl)e}

KeTh ecéy
+ Z<ah§1 [unl, [val)e = (f,vh)  Vvh e Vy
ecéy

@ Vy:=Pu(Tn), p>1
@ Assumption A: take v, = 1, for 6 = 0,

I d
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Discontinuous Galerkin finite elements

Discontinuous Galerkin finite elements
Find u, € Vj, such that

> (Vun, V)= Y {{{Vun}ne, [Val)e+-0({VVn}-Ne, [unl)e}

KeTh ecéy
+ Z<ah§1 [unl, [val)e = (f,vh)  Vvh e Vy
ecéy

© Vyi=Pp(Th), p> 1
@ Assumption A: take v, = 15 for 6 = 0, otherwise:
e estimates for the discrete gradient

( Vuh -0 Z |[Uh]]

ecéy
e jumps lifting operator I¢ : L2(e) — [Po(7h)]?
(te([unl). va) = ({vn} ne, [usl)e  WVh € [Po(Tn)J?
e = modified Galerkin orthogonality B
(B(Un), Va)w, = (f,%a)w, va e yin &Zlo,m
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Discontinuous Galerkin finite elements: Assumption B

Nonsymmetric and incomplete versions
@ broken Poincarée—Friedrichs inequality with jumps:

||V(wa(L~l - Uh))Hwa §(1 + CbPF,wahUJavaauoowa)”v(u - Uh)”wa

1/2
"‘CbPF,wahwavaaHoo,wa{ ZheWI“g[[Uh]H@}

ec&im ace

@ include the jump terms in the error and estimators
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Discontinuous Galerkin finite elements: Assumption B

Nonsymmetric and incomplete versions
@ broken Poincarée—Friedrichs inequality with jumps:

||V(wa(t~l - Uh))Hwa §(1 + CbPF,wahUJavaauoowa)”v(u - Uh)”wa

1/2
+ CoPF wa N ||v¢aHoo,wa{ Z h: H”g[[uh]lllg}
ec&im ace
@ include the jump terms in the error and estimators
Symmetric version
@ discrete gradient & satisfies

(Qj(uh)’R%vwa)wa =0 Va ¢ Vh

@ modified potential reconstruction: local MFE problems with
75 = 1aRz &(up) and g7 := (Rz Vipa)- &(up)
@ local efficiency
||Q5(Uh - Sh)HK < Csl Ccom?l’ Z HQ5(U - Uh)”wa 7 et g mapenets
acVyg 7@"
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Mixed finite elements

Mixed finite elements
Find a couple (o, Up) € Vi x Qp such that
(oh,Vn) — (Up, V-vp) =0 Wp € Vp,
(V-on,gn) =(f,qn)  Vagn e Qp.

I d
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Mixed finite elements

Mixed finite elements
Find a couple (o, Up) € Vi x Qp such that

(oh,Vh) — (Un, V-Vp) =0 Y, € Vp,
(V-on,qn) =(f,qn)  Van € Q.

@ postprocessed solution up € Vi, Vi :=Pp(Th), p > 1,
vy € Vj, satisfy

(Ivel, gn)e =0  Vgn e Py(e), Ve € &y

@ Assumption A: no need for flux reconstruction, o, comes
from the discretization

@ Assumption B satisfied, building requirement for the
space Vj,
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Model problem

—Au = f in Q:=]0,1[x]0,1],
u = up onoN
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Numerics: discontinuous Galerkin

Model problem

—~Au = f in Q:=]0,1[x]0,1],
u = up onoN

Exact solution

u(x) = (c1 + c2(1 — xq) + e ) (c1 + c2(1 — x2) + e %)
ci=—-e % o&=-1-¢, a=10

I d
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Numerics: discontinuous Galerkin

Model problem

—~Au = f in Q:=]0,1[x]0,1],
u = up onoN

Exact solution

u(x) = (o1 + C2(1 = x1) + & ) (cr + Co(1 — xp) + €7™%)
cir=—€e% o=-1-¢, a=10

Discretization
incomplete interior penalty discontinuous Galerkin method

I d
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Estimates, errors, effectivity indices (calc. V.

Dolej

7Y

)

b p[IVu—upll llu—unllpc [V up+anll nvwn—sh)u Tose n g | TR
ho/1 1 1.21E+00 1.22E+00 1.24E+00 07E-01 5.56E-02 | 1.30E+00 1.31E+00]|1.07 1.07
hy/2 6.18E-01 6.22E-01 6.38E-01 5.09E 02 7.02E-03 | 6.47E-01 6.50E-01 | 1.05 1.05
(0.97) (0.97) (0.96) (1.07) (2.99) (1.01) (1.01)

ho /4 3.12E-01 3.13E-01 3.22E-01 2.43E-02 8.80E-04 | 3.24E-01 3.25E-01|1.04 1.04
(0.99) (0.99) (0.99) (1.07) (3.00) (1.00) (1.00)

ho/8 1.56E-01 1.57E-01 1.61E-01 1.18E-02 1.10E-04 | 1.62E-01 1.63E-01 |1.04 1.04
(1.00) (1.00) (1.00) (1.05) (3.00) (1.00) (1.00)

hyp/1 2 1.50E-01 1.53E-01 1.49E-01 2.76E-02 5.10E-03 | 1.56E-01 1.59E-01 | 1.04 1.04

hy/2 3.85E-02 3.92E-02 3.83E-02 7.99E-03 3.22E-04 | 3.94E-02 4.01E-02|1.03 1.02
(1.96) (1.96) (1.96) (1.79) (3.98) (1.98) (1.98)

ho /4 9.70E-03 9.88E-03 9.68E-03 2.12E-03 2.02E-05| 9.93E-03 1.01E-02 |1.02 1.02
(1.99) (1.99) (1.98) (1.92) (4.00) (1.99) (1.99)

ho/8 2.43E-03 2.48E-03 2.43E-03 5.42E-04 1.26E-06 | 2.49E-03 2.54E-03 |1.02 1.02
(1.99) (1.99) (1.99) (1.96) (4.00) (1.99) (1.99)

hy/1 3 1.32E-02 1.34E-02 1.29E-02 2.52E-03 3.58E-04 | 1.35E-02 1.37E-02|1.03 1.03

hy/2 1.67E-03 1.69E-03 1.65E-03 3.13E-04 1.13E-05| 1.70E-03 1.71E-03 |1.01 1.01
(2.98) (2.98) (2.97) (3.01) (4.99) (3.00) (3.00)

ho /4 2.11E-04 2.13E-04 2.09E-04 3.83E-05 3.53E-07 | 2.12E-04 2.15E-04 | 1.01 1.01
(2.99) (2.99) (2.99) (3.03) (5.00) (3.00) (3.00)

ho/8 2.64E-05 2.67E-05 2.61E-05 4.69E-06 1.10E-08 | 2.66E-05 2.69E-05|1.01 1.01
(3.00) (3.00) (3.00) (3.03) (5.00) (3.00) (3.00)

hy/1 4 9.36E-04 9.54E-04 9.05E-04 2.41E-04 2.12E-05| 9.57E-04 9.74E-04 | 1.02 1.02

hy/2 5.93E-05 6.05E-05 5.77E-05 1.68E-05 3.36E-07 | 6.04E-05 6.16E-05|1.02 1.02
(3.98) (3.98) (3.97) (3.84) (5.98) (3.99) (3.98)

ho /4 3.72E-06 3.80E-06 3.63E-06 1.10E-06 5.31E-09 | 3.80E-06 3.87E-06 | 1.02 1.02
(3.99) (3.99) (3.99) (3.94) (5.98) (3.99) (3.99)

hy/8 2.33E-07 2.38E-07 2.27E-07 7.02E-08 8.30E-11| 2.38E-07 2.43E-07 |1.02 1.02
(4.00) (4.00) (4.00) (3.97) (6.00) (4.00) (3.99)

hg/1 5| 5.41E-05 5.50E-05 5.22E-05 1.38E-05 1.06E-06 | 5.50E-05 5.58E-05[1.02 1.02

hy/2 1.70E-06 1.72E-06 1.65E-06 4.39E-07 9.35E-09 | 1.72E-06 1.74E-06 | 1.01 1.01
(4.99) (5.00) (4.98) (4.98) (6.82) (5.00) (5.00)

ho /4 5.32E-08 5.39E-08 5.19E-08 1.40E-08 7.67E-11| 5.38E-08 5.45E-08 | 1.01 1.01
(5.00) (5.00) (4.99) (4.97) (6.93) (5.00) (5.00) o

hy/8 1.66E-09 1.69E-09 1.62E-09 4.41E-10 5.99E-13| 1.68E-09 1.70E-09 | 1.01 ﬁ
(5.00) (5.00) (5.00) (4.99) (7.00) (5.00) (5.00) Z
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Conclusions and future directions

Conclusions

@ polynomial-degree robust estimates, unified framework for
most standard numerical methods
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Conclusions and future directions

Conclusions

@ polynomial-degree robust estimates, unified framework for
most standard numerical methods

Future directions

@ extension to d space dimensions

@ polynomial-degree- and data-robust estimates
@ convergence and optimality

@ optimal hp-refinement strategies

I d

&Zmé,..u,mmm

Alexandre Ern and Martin Vohralik Unified polynomial-degree-robust a posteriori estimates 24 / 25



| Estimate Efficiency Applications Numerical results C

Bibliography

Bibliography

@ ERN A., VOHRALIK M., Polynomial-degree-robust a
posteriori estimates in a unified setting for conforming,
nonconforming, discontinuous Galerkin, and mixed
discretizations, HAL Preprint 00921583, submitted for
publication.

@ ERN A., VOHRALIK M., Adaptive inexact Newton methods
with a posteriori stopping criteria for nonlinear diffusion
PDEs, SIAM J. Sci. Comput. 35 (2013), A1761-A1791.

Thank you for your attention!
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