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1 Introduction

o K :={veV|xy<wvae. inQ}

¢ a(v,w) := [, Vv Vwdz for all v,w € V
I 0= a(, )2
F=(f," )2

e u € K unique solution of F(v —u) < a(u,v — u) for all v € K

w; € K(T}) unique solution of F(v; — u;) < a(u,v; — ;) for all v; € K

2 Algorithm and Main Results

2.1 Adaptive Algorithm
o 0n? < nP(My) ==Y peay, nE(E) (bulk criterion)

2.2 Main Results

Theorem 2.1. The respective solutions u; and ujy,, to the discrete problem
F(v —w) < alug, v — ) for all vy € K
with respect to the triangulation T; and its refinement Ty, satisfy
E(ul) - E(Ul+m) + ”|Ul+m - ul|”2 < Cd)!%elnl2 (Ml,l+m)

for some subset My 1 of & with My itm| = [T\ Ti+m|

Theorem 2.2. Suppose (u, f) € As for some s > 0 and 0 < cgsf/(Carer+1). Then the output (T;, Vi, u)ien
of the adaptive algorithm of Section 2.1 satisfies

8+ ni = |(u, £)2, (1T = [To]) 7 for all I = 1,2,

3 Proof of Discrete Reliability

3.1 p(z) := F(cpg)) — a(ug, gag)) <0 <u(z) — x(z) for any 2z € ()
3.2 C:={zeNI(Q) : w(z) = x(2)}

l
33 LHS =3 .\, Fl(e— ez)go,(z)) + 2 eni() €zpz — alu, e —er)



3.4 —a(ul, e — 61) = Ul(51\5z+m)|\|€|\|

3.5 control of F((e — ez)cpg)) + e.p, in the case z € C; with u; = x on wgl)

o (£,08(e =€) oy + €2p= < 0se(f,0l) el

l
3.6 3 .cnionnixeoy Fl(e =)o) = Oscel

3.7 case u; # x on wh for z € N(Q) (other case already discussed in 3.5)
1
o 1mfI2, 0, = pensw) (O (fowy)) + 07 (E(w))

3.8 Upper bound for F((e — ez)go,(zl) in 4 cases

3.9 We decomposite N;(Q) =U UL, UR,;
— U ={2eN(Q):Ti(2) = Ti+m(z)} (neighborhood unrefined)
— I = N (QO\ (U UR,;) (intermdiate refinement)
— Ry :={2€M(Q):T(2) C T\\Ti+m} (neighborhood totally refined)

e Now we have reduced patches w? := wgl)\Q‘ where Q' 1=, wd

. Dy !
3.10 mmgepl(wﬁ”)”vl _9HL2(w§”) ~ ||vl||L2(wgz>) where v; € P(T;(2)) N C8w! )) with v;(z) = 0,0 < v; on wd!

3.11 Search upper bound of e p. in the remaining case u; # x on w while w(z) = x(z)

o exps X (E() + T o Oself.wy)lello + m(E(=)
312 My hm = {E € EZ(Q) :3F € §3G € E\E1m such that ENF # 0#£FnN G}
o LHS 2 (m(Mi4m) + Oscr(Migem))(llell + m(Miiem))

4 Optimal Convergence Rates

4.1 Efficiency of the Error Estimator
Lemma 4.1 (Efficiency). There exists some cgrr = 1 with

CEff7712 <, + Oscl2

4.2 Contraction Property
Theorem 4.1. There exist constants v > 0 and 0 < g < 1 such that
Si41 + iy < q(8 +m7) for all 1 =0,1,2, ...
Lemma 4.2. Let Ty, be some refinement of T; with
Si4m + Oscty,, < q(6; + Osci)
for some 0 < g < 1. Then it holds
cprr(1 =i < (1+ Caret)ni (M 4m)

4.3 Optimality

e E(To, N;u, f) = infrerry,nyming cx ) (E(vr) — E(u) + Osc%)

Lemma 4.3. Suppose that (u, f) € K x L*(Q) satisfies |(u, f)|4, < oo for some 0 < s < oo and suppose
that 0 < 0 < cgss/(Carer + 1) from Lemma 4.3 (here 4.2). Then,

M2 < [(u, )8+ Osc?) ™Y for all 1 = 0,1,2, ...



