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Alternative: we begin by observing that, since F C 8/{';, we have

My < IV
= Additional mesh assumptions will be required.

Definition 2

Given two sets X and Y in R, d > |, we write dist(X, Y) to denote the

Hausdorff distance between X and Y, defined by £ d
tehey Ay

dist(X, Y) := max(supinf |[x — y|, sup inf |x —y|).
xeX Yey yeY HEX
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An element k € 7}, is said to be p-coverable with respect to p € N, if
there exists a set of m,, overlapping shape-regular simplices K,
i=1,...,m,, m,; €N, such that

dlam(K,)

PZ
foralli=1,...,m,, where Cs; and ¢, are positive constants,
independent of x and 7.

dist(k, OK;) < Cgs and Ki| > cos|&]

)
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Lemma 3 (Georgoulis 2008)

Let K be a shape-regular simplex in R?, d = 2, 3. Then, for each v € P,(K),
there exists a simplex x# C K, having the same shape as K and faces parallel
to the faces of K, with dist(d&, OK) > Cu diam(K)/p?, where Cq is a
positive constant, independent of v, K, and p, such that

|
Vll2cay = 5Vl
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Let k € Ty, F C Ok denote one of its faces. Then, for each v € Py (k), the
following inverse inequality holds

2 |F|

HVHzZ(F) < CINV(P’ K, F) ‘ ’ HVHLz(ﬁ:)7
where
p
Cinv 4 mMin { & ‘ ‘ ,pz(d_')} if x is p-coverable
sup K
Cinv (p, &, F) = < K| ey
G | = otherwise,
8 SupliI;CF{, Ilib

and G,y and G,y 4 are positive constants which are independent of
F
1/ 5Dy 5], [Pl prand v

74



r The University of
Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

Case I: If ks, kK € Ty, is not p-coverable then the bound follows immediately.

Case 2: Assuming is p-coverable we note that
Kk, C Kk C UMK,

with |Kj| > cglk|, i=1,...,m,.
Recall:
2 2
M < VI s

Furthermore,
2 2
HVHLOO(H;‘;) S A VIl (k
Iv]|7
< GCipvop™® max LK)
’ i=1,....mg. ‘K,‘
Cinv 2 Pzd
<< ’ .
o Cas ’HZ‘ ma?fnm HVHLZ(K)
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We now define k; C K; to denote the simplex relative to K;; by construction:
ki C kNK; CK; and KNk Ckr, i=1,...,mg..

Thereby,

|
;Hva«m < VIR ) < VIR nmy < VI

Hence,

CinV,Z PZd p)
o o] s, Mo

4 CinV,Z PZd
Cas |K|
4Cinv,2 ‘F’

Cas |K

2
”VHLoo(,{g) <

IVIlEe)-

= [Vl < ,PdeVHfzm)o

Taking the minimum between the two bounds, gives the desired result.
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Polytopic Meshes

Approximation Theory
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Let 7 = {K} denote a shape-regular covering of T, 1%
consisting of d-simplices X, such that, for each x € 7,

there exists a K € ﬁj, such that k C K.

Given 771111 we denote by (24 the covering domain
given by (}y := U+ K.
h

Lemma 5 (Stein 1970)

Let () be a domain with a Lipschitz boundary. Then there exists a linear
extension operator ¢ : H* () — H¥(RY), s € Ny, such that ¢v|n = v and

| v

Hs (R9) = C@HV Hs ()

where C¢ is a positive constant depending only on s and ().

— Used to extend the analytical solution globally from €2 to €2;.
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We assume that there exists a covering 7?1 of 7, and a positive constant Oq,
independent of the mesh parameters, such that

mag_ccard{&’ ceTh:k NK#£D, K€ 7?1 such that x C /C} < U
KE |h

and
hi := diam(K) < Cqiambs,

for each pair k € Ty, K € Tﬁ, with x C IC, for a constant Cg;,, > O,
uniformly with respect to the mesh size.

Assumption 3 requires shape-regularity of the mesh
covering 7, b hape-regularity of
g 7,7, but not shape-regularity of 7.
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Lemma 6 (Babuska & Suri 1987; see also Schwab 1998)

Let T be a d-simplex d = 2, 3, with diameter hr. Suppose further that v|; € H'(T),
for some [ > 0. Then, for p € N, there exists II,v € P,(T), such that

fE
HV_ HPVHH"(T) < CI,' ﬁHVHH’(T)a | > 07
for0 < g </, and
hs—d/2
lv — Lpv|[ioe (1) < Cr2 P,T_d/z IVllpoery, 1>d/2.

Here, s = min{p + |,/} and C; | and C;, are positive constants which depend
on the shape-regularity of T, but are independent of v, ht, and p.
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