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Domain
@ w: three-dimensional, open, bounded, connected, Lipschitz, polyhedral (diameter h,)
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| Equivalences Proofs and constants C

Setting

Domain
@ w: three-dimensional, open, bounded, connected, Lipschitz, polyhedral (diameter h,)

Spaces

H(grad, w): scalar-valued functions from L2(w) with weak gradient in L2(w)
H(curl,w): vector-valued functions from L2(w) with weak curl in L?(w)
H(div, w): vector-valued functions from L2(w) with weak divergence in L?(w)
L2(w)
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@ w: three-dimensional, open, bounded, connected, Lipschitz, polyhedral (diameter h,)
Spaces
° H(grad,w): scalar-valued functions from [2(w) with weak gradient in L?(w)
° H(curl, w): vector-valued functions from L?(w) with weak curl in L2(w)
° H(div,w): vector-valued functions from L?(w) with weak divergence in L?(w)
° L?(w)

de Rham sequence

- grad curl div >
R — H(grad,w) — H(curl,w) — H(div,w) — L“(w) — 0
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@ w: three-dimensional, open, bounded, connected, Lipschitz, polyhedral (diameter h,)
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@ VO(w) := H(grad,w): scalar-valued functions from L?(w) with weak gradient in L2(w)
@ V'(w) := H(curl,w): vector-valued functions from L?(w) with weak curl in L?(w)
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grad curl div

R - VO(w) — V(W) s V2(w) — V3(w) — 0
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Setting

Domain

@ w: three-dimensional, open, bounded, connected, Lipschitz, polyhedral (diameter h,)
Spaces

@ VO(w) := H(grad,w): scalar-valued functions from L?(w) with weak gradient in L2(w)
@ V'(w) := H(curl,w): vector-valued functions from L?(w) with weak curl in L?(w)

@ V2(w) := H(div,w): vector-valued functions from L?(w) with weak divergence in L?(w)
0 V3(w) = L%(w)

de Rham sequence o 4 o~

~ ~ N ~ =
grad curl div

C
R — Vow)— V'(w)— V3w)— V3(w)—0
Versions with homogeneous boundary conditions available
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Easy case

|ul < C3h,|gradu|  Vu € H(grad,w) s.t. (u,1) =0

lreia L2



Easy case

lull < C3h,|gradu|  Vu € H(grad,w) s.t. (u,v) =0
Vv € H(grad,w) withgrad v =0

lreia L2
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Poincaré inequalities

Easy case

lull < C3h,|gradu|  Vu € H(grad,w) s.t. (u,v) =0
Vv € H(grad,w) withgradv =0

@ grad has a one-dimensional kernel
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lull < C3h,|gradu|  Vu € H(grad,w) s.t. (u,v) =0
Vv € H(grad,w) withgradv =0

@ grad has a one-dimensional kernel

Harder cases

|ul| < Cih,lleurlu||  Vu € H(curl,w) sit. (u,v) =0
Vv € H(curl,w) with curl v =0,
|u|| < C3h,||div u|| Yu € H(div,w) s.t. (u,v) =0
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Poincaré inequalities

Easy case

lull < C3h,|gradu|  Vu € H(grad,w) s.t. (u,v) =0
Vv € H(grad,w) withgradv =0

@ grad has a one-dimensional kernel

Harder cases

|ul| < Cih,lleurlu||  Vu € H(curl,w) sit. (u,v) =0
Vv € H(curl,w) with curl v =0,
|u|| < CBh,||div ul| Yu € H(div,w) s.t. (u,v) =0

Vv € H(div,w) withdivv =0

@ curl and div have infinite-dimensional kernels
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Setting
@ 7, tetrahedral mesh
@ p > 0: polynomial degree
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Discrete Poincaré inequalities

Setting
@ 7,: tetrahedral mesh
@ p > 0: polynomial degree

Super easy case
lur| < Cg’ohwugrad urll  Yur € Ppr1(To) NH(grad,w) s.t. (ur,1) =0
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Discrete Poincaré inequalities

Setting
@ 7,: tetrahedral mesh
@ p > 0: polynomial degree

Super easy case
lur| < C3°h,llgrad ur|  Vur € Ppyi(To) N H(grad,w) s.t. (ur,1) =0
@ the discrete space is a subspace of the continuous one: CS'O <C
Super hard cases

ur|| < C¢' h,|lcurl ur Yur € No(7,) N H(curl,w) s.t. (ur,vy) =0
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Vv € RTp(7.) N H(div,w) with divvy =0
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Discrete Poincaré inequalities

Setting
@ 7,: tetrahedral mesh
@ p > 0: polynomial degree

Super easy case
lur| < Cg’othgrad ur|| Yur € Ppy1(7,) N H(grad,w) s.t. (ur,1) =0
@ the discrete space is a subspace of the continuous one: CS'O <C
Super hard cases

ur|| < C¢' h,|lcurl ur Yur € No(7,) N H(curl,w) s.t. (ur,vy) =0
P p
Vv € Np(T.) N H(eurl,w) with curl v = 0,
ur| < C32h,|/divur Yur € RT(To) N H(div,w) st. (ur,vy) =0
P p

Vv € RTp(7.) N H(div,w) with divvy =0

@ the discrete spaces are not subspaces of the continuous ones: Cgf’ L Cé,, I € {1:2}
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Unified writing — Poincaré inequalities — PI
|ul| < Chhy|ld'ul|  Vue V/(w) such that (u,v) =0
v e Vlw)withd'v=0  1e{1:2}
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Unified writing — Poincaré inequalities — PI
lul| < Chhylld'u|  Yu € V/(w) such that (u,v) =0
v e Vlw)withd'v=0  1e{1:2}
Unified writing — discrete Poincaré inequalities — DPI
lur|l < CY'halld'url|  Yur € VA(T.) such that (ur, vr) =0
Vvr € V(To) with d'vr =0, 1€ {1:2}
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This talk
Unified writing — Poincaré inequalities — PI
lul| < Chhylld'u|  Yu € V/(w) such that (u,v) =0
vve Vw)withd'v=0  1e{1:2}
Unified writing — discrete Poincaré inequalities — DPI
lur|l < CY'halld'url|  Yur € VA(T.) such that (ur, vr) =0
Vvr € V(To) with d'vr =0, 1€ {1:2}

e values of C2', 1 € {1:2}
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vve Vw)withd'v=0  1e{1:2}
Unified writing — discrete Poincaré inequalities — DPI
lur|l < CY'halld'url|  Yur € VA(T.) such that (ur, vr) =0
Vvr € V(To) with d'vr =0, 1€ {1:2}
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@ their dependence on
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@ |7,| —the number of tetrahedra in 7,
e p —the polynomial degree
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This talk
Unified writing — Poincaré inequalities — PI
lul| < Chhylld'u|  Yu € V/(w) such that (u,v) =0
vve Vw)withd'v=0  1e{1:2}
Unified writing — discrete Poincaré inequalities — DPI
lur|l < CY'halld'url|  Yur € VA(T.) such that (ur, vr) =0
Vvr € V(To) with d'vr =0, 1€ {1:2}

@ values of CS", le{1:2}
@ their dependence on
o Ch
@ |7,| — the number of tetrahedra in 7,
e p —the polynomial degree
e pr7, —the shape regularity of 7,
@ optimal answer: Cg’/ = Cg’/(C’,p%) — Cg’l(/)[)
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Available results

Discrete Poincaré inequalities
@ Girault and Raviart (1986), Monk and Demkowicz (2001), Arnold, Falk, and

Winther (2006), Ern and Guermond (2021), ...
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Available results

Discrete Poincaré inequalities

@ Girault and Raviart (1986), Monk and Demkowicz (2001), Arnold, Falk, and
Winther (2006), Ern and Guermond (2021), ...

Stability of discrete constrained minimizations/discrete inf-sup conditions

@ Raviart and Thomas (1977), Fortin (1977), ...

Operator norms of a piecewise polynomial vector potential operators

@ p-version: Demkowicz and Babuska (2003), Gopalakrishnan and Demkowicz
(2004), Demkowicz and Buffa (2005), Costabel and Mcintosh (2010), Boffi,
Costabel, Dauge, Demkowicz, and Hiptmair (2011) ...

@ hp-version: Gopalakrishnan, Pasciak, and Demkowicz (2004), Braess,
Pillwein, and Schéberl (2009), Ern, and Vohralik (2020), Chaumont-Frelet and
Vohralik (2026), Demkowicz and Vohralik (2026)

Stable commuting projectors

@ h-stable: Schdberl, Christiansen and Winther, Falk and Winther, Ern and
Guermond, Licht, Arnold and Guzman, Ern, Gudi, Smears, and Vohralik,
Chaumont-Frelet and Vohralik, ... .

@ hp-stable: Demkowicz and Vohralik (2026) lneia—-E-
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Outline

Q Introduction

@ Equivalent results
@ Stability of discrete constrained minimizations
@ Discrete inf-sup conditions
@ Operator norms of piecewise polynomial vector potential operators
@ Existence of graph-stable commuting projectors

e Proofs and behavior of constants
@ Using broken polynomial extension operators
@ Using stable commuting projectors
@ Using piecewise Piola transformations

e Conclusions and outlook
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Q Introduction

@ Equivalent results
@ Stability of discrete constrained minimizations
@ Discrete inf-sup conditions
@ Operator norms of piecewise polynomial vector potential operators
@ Existence of graph-stable commuting projectors

O Proofs and behavior of constants
@ Using broken polynomial extension operators
@ Using stable commuting projectors
@ Using piecewise Piola transformations

o Conclusions and outlook



For rr € d'(V)(7.,)): Find .
U= argmin ||vr|. (1)
VTEVFI,(T,J
d’VT:I‘T



| Equivalences Proofs and constants C Stability of discrete minimizations Discrete inf-sup conditions Operator norms Stable commuting projectors

Discrete constrained minimizations

For rr € d'(V!(T.,)): Find
P U= argmin ||vr|. (1)
vre V;’, T
d’VT=I’T

Theorem (Equivalence: DPI — stability of discrete constrained minimization)
The DPI are equivalent to the stability of (1) in the sense
* d,/
lur]l < Cp hullrrll.
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Discrete constrained minimizations

For rr € d'(V/(T.,)): Find
P U= argmin ||vr|. (1)
Ve V;’7 T
d’VT=I’T

Theorem (Equivalence: DPI — stability of discrete constrained minimization)
The DPI are equivalent to the stability of (1) in the sense
* d,/
lur]l < Cp hullrrll.

4

e DPI

lurll < C&'holld'urll  Yur € VA(T.) such that (ur, vr) =0
Vvr € V)(To) with d'vy- = 0
@ Euler optimality conditions of (1):
Find uj- € V)(T.,) with o'us- = rr such that
{<ui'}, vr) =0 Yvr € Vp(To) with d'vy =0
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Q Introduction

@ Equivalent results
@ Stability of discrete constrained minimizations
@ Discrete inf-sup conditions
@ Operator norms of piecewise polynomial vector potential operators
@ Existence of graph-stable commuting projectors

O Proofs and behavior of constants
@ Using broken polynomial extension operators
@ Using stable commuting projectors
@ Using piecewise Piola transformations

Q Conclusions and outlook



For r € d'(V)(7.,)), consider
Find uj € V)(T) and sy € d'(Vj(7.,)) such that
(u,vr) = (sy.d'vr) =0 Vvr € V)(To), (3)
(d'uy tr) ={rr,tr) Vir € d'(V)(To)).
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Discrete inf-sup conditions

For rr € d'(V)(T.,)), consider
Find uj € V)(T.,) and s € d'(Vj(7.,)) such that
(U, vr) — (sy,dlvr)y =0 Vvr € Vi(To), (3)
(d'uy, tr) = (rr, tr) Vir € d'(V)(To).

Theorem (Equivalence: DPI — discrete inf-sup conditions)

The DPI are equivalent to the discrete inf-sup conditions of (3):

. <f7‘, dIV7‘> 1
>
tred AT ety TV = GE,
Ted (Vo(7)) vrevi(7,) IMTIIVT p My
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Discrete inf-sup conditions

For rr € d'(V)(7.,)), consider
Find uj € V)(T.,) and s € d'(Vj(7.,)) such that
(U, vr) = (sp,d'vr) =0 Vvr € VY(To), (3)
(d'uy, tr) = (rr, tr) Vir € d'(V)(To).

Theorem (Equivalence: DPI — discrete inf-sup conditions)

The DPI are equivalent to the discrete inf-sup conditions of (3):

. (tr, d’VT> 1
>
ety vl Terllvrl = Coh
Ted (Vo(7)) vrevi(7,) IMTIIVT p My

v

@ (3) is equivalent to (2)
@ discrete inf-sup conditions < stability of discrete constrained minimization

J
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Piecewise polynomial vector potential operators (Poincaré maps)

Piecewise polynomial vector potential operators:
O d(VY(T)) = VY(To), 1 — &f(rr) st d'(90(rr)) = 1

M. Vohralik p-uniform discrete Poincaré inequalities 10/ 16



| Equivalences Proofs and constants C Stability of discrete minimizations Discrete inf-sup conditions Operator norms Stable commuting projectors

Piecewise polynomial vector potential operators (Poincaré maps)

Piecewise polynomial vector potential operators:
O d(VY(TL)) = VR(TL),  rr— O (rr) st d'(Ol(rr)) = rr.

L2(w)-norm minimizing operators:

I

®F (rr) == argmin |Jvr]?. (4)
7'6 p w
d'vr=ry
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Stability of discrete minimizations Discrete inf-sup conditions Operator norms Stable commuting projectors

Piecewise polynomial vector potential operators (Poincaré maps)

Piecewise polynomial vector potential operators:
o d'(VR(T2)) = Va(To),

L2(w)-norm minimizing operators:

1 .
®F (rr) == argmin |Jvr]?.
Tevp(%)
dVT rr
Operator norm:

(Al
|0kl == max M,

vrevi(t)  lld'vr ]|
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Piecewise polynomial vector potential operators (Poincaré maps)

Piecewise polynomial vector potential operators:
Ol d'(VN(TL)) = V(TL),  rr— O (rr) st d'(@(rr)) = rr.
L2(w)-norm minimizing operators:

I,
O (rr) := argmin [|vrP. (4)
7'€ p W)
d'vr=ry
Operator norm: /
o2 (d'v
|H¢ m _ max ” T( T)H

vrevi(t)  lld'vr ]|
Theorem (Equivalence: DPI — bounds of operator norms)

Best discrete Poincaré inequality constant Cd 'h, = the operator norm |Hd> M

-
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Piecewise polynomial vector potential operators (Poincaré maps)

Piecewise polynomial vector potential operators:
ol d(V(Tw)) = V(Tw),  rr— ®(rr) st d'(®(rr)) = rr.
L2(w)-norm minimizing operators:

I,
O (rr) := argmin [|vrP. (4)
Te p W)
dVT rr
Operator norm: /
o2 (d'v
|H¢ m _ max ” T( T)H

vrevi(t)  lld'vr ]|
Theorem (Equivalence: DPI — bounds of operator norms)

Best discrete Poincaré inequality constant C3'h,, — the operator norm |Hd> “|I-

@ the L2(w)-norm minimizing operator is the minimizer from (1)

M. Vohralik
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Q Introduction

@ Equivalent results
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Graph-stable commuting projectors

Theorem (Equivalence: DPI — graph-stable commuting projectors)

The DPI are equivalent to the existence of projectors Tz : V™(w) — V5'(T.,),
m € {1:3}, satisfying for all | € {1:2} the commuting

d'(My(u) =Ny (d'u)  Yue Vi(w)
and the graph-stability
MGl vy < Callullyiy — Vu € VI(w).
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Graph-stable commuting projectors

Theorem (Equivalence: DPI — graph-stable commuting projectors)

The DPI are equivalent to the existence of projectors Tz : V™(w) — V5'(T.,),
m € {1:3}, satisfying for all | € {1:2} the commuting
d'(My(u) =Ny (d'u)  Yue Vi(w)
and the graph-stability
MGl vy < Callullyiy — Vu € VI(w).

@ stable projectors = DPI: shown later

@ DPI = stable projectors:
e define the (global) projector
I'I,’o(u) = argmin |u— vr|?
vreV,(Ts)
d'vr=n,"(d'v)
e show it is stable in the graph norm
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@ Stability of discrete constrained minimizations

@ Discrete inf-sup conditions

@ Operator norms of piecewise polynomial vector potential operators
@ Existence of graph-stable commuting projectors

e Proofs and behavior of constants
@ Using broken polynomial extension operators
@ Using stable commuting projectors
@ Using piecewise Piola transformations
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|ull < Chhy|d'ull  Vu e V/(w) such that (u,v) =0
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PI

|ull < Chhy|d'ull  Vu e V/(w) such that (u,v) =0
vve Vw)withd'v=0, [e{1:2}
DPI

lurll < Co'hulld'urll  Yur € VA(T.) such that (ur, vr) =0
Yvr € Vi(To) with d'vr =0, 1€ {1:2}

lreia L2
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Setting and notation

PI

lul| < Chh,||d'u|  Vu e V!(w) suchthat (u,v) =0
vve Vw)withd'v=0  le{1:2}
DPI
lur| < C8'h,lld'ur|  Yur € VA(T.) such that (ur, vr) = 0

Vvr € V(To) with d'vr =0, 1€ {1:2}

Discrete kernel
3Vy(Te) == {vr € Vj(To,) : d'vr = 0}
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Setting and notation

Pl

lul| < Chh,||d'u|  Vu e V!(w) suchthat (u,v) =0
vve Vw)withd'v=0  le{1:2}

DPI

lur| < C8'h,lld'ur|  Yur € VA(T.) such that (ur, vr) = 0
Vvr € V(To) with d'vr =0, 1€ {1:2}

Discrete kernel

3VY(Te) == A{vr € Vj(T.) : d'vy = 0}
Discrete kernel orthogonal complement
3LVNTL) = {ur € VITL) : (ur,vr) =0 Vv € 3VH(TL)) )

M. Vohralik p-uniform discrete Poincaré inequalities 12/16



Q Introduction

Q Equivalent results
@ Stability of discrete constrained minimizations
@ Discrete inf-sup conditions
@ Operator norms of piecewise polynomial vector potential operators
@ Existence of graph-stable commuting projectors

e Proofs and behavior of constants
@ Using broken polynomial extension operators
@ Using stable commuting projectors
@ Using piecewise Piola transformations

o Conclusions and outlook
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Broken polynomial extension operators =—- DPI

Theorem (Broken polynomial extension operators = DPI)
Assume that there is C!

min

min_|Jvr| < Chin min |v]].
veV'(w)

vre V/é(n)
d’V7~=I’7~ leZrT
~—_————
uri=arg ur:=arg

such that, for all rr € d'(V\(T.)), there holds
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Broken polynomial extension operators =—- DPI

Theorem (Broken polynomial extension operators = DPI)
such that, for all rr € d'(V\(T.)), there holds
min_|vr| < Cpin min V]|

Assume that there is C!

min

vreVi(Ty) veV!(w)
d’V7~=I’7~ leZrT
—_——
Uf;,::arg u*:=arg

Then the DPI hold with constants CS' < C! CL.

min
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Broken polynomial extension operators =—- DPI

Theorem (Broken polynomial extension operators = DPI)

Assume that there is C! . such that, for all rT € d'(VI(T.)), there holds

min
min (vl < Cliy min V]
VTEVP('EJ)
d’V7~=I’7~ d/VZrT
—_——
U3-=arg ur:=arg

Then the DPI hold with constants CS' < C! CL.

min

Let ur € 31 V(o). Set rr == d'ur € d'(V)(T.)). Then

! I
||UT|| = ”u,’;.” < mm”u H < mmCPh ||d u H - mmeh Hd UTH

.
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Broken polynomial extension operators =—- DPI

Theorem (Broken polynomial extension operators = DPI)
Assume that there is C;, such that, for all rr € d'(V)(7T.,)), there holds

min_[lvr]| < Chyn min V]|

vreVi(Ty) veV!(w)
d’V7~=I’7~ d/VZrT
~—_————
uri=arg ur:=arg

min

Then the DPI hold with constants Cg" < Cl..Ch.

@ ry are piecewise polynomials: broken polynomial extension operators by
Braess, Pillwein, and Schéberl (2009), Ern and Vohralik (2020),
Chaumont-Frelet, Ern, and Vohralik (2022), Chaumont-Frelet and Vohralik
(2026), Demkowicz and Vohralik (2026) if @ is contractible

° Cllnin only depend on the number of tetrahedra |7.,| and the shape-regularity
p7., (only on pr, for patches tetrahedra)

° Cr’nm, and consequently cdl is independent of the polynomial degree p

M. Vohralik p-uniform discrete Poincaré inequalities 13/16
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@ Using broken polynomial extension operators
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Stable commuting projectors —- DPI

Theorem (Stable commuting projectors = DPI)
Assume that there are projectors N : V™(w) — V'(7,), m € {1:3}, satistying, for
alll € {1:2}, commuting

d’(l‘lﬁ,(u)) = I'I;,“(d’u) vu e V(w),
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Stable commuting projectors —- DPI

Theorem (Stable commuting projectors = DPI)

Assume that there are projectors N : V™(w) — V'(7,), m € {1:3}, satistying, for
alll € {1:2}, commuting

d’(l‘lg(u)) = I‘I,’o“(d’u) vu e V(w),
and |>-stability on functions whose image by ¢’ is piecewise polynomial
INL(u)|| < Cyllull  Vu e V/(w) such thatd'u & ViTY(T,).
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Stable commuting projectors —- DPI

Theorem (Stable commuting projectors = DPI)

Assume that there are projectors N : V™(w) — V'(7,), m € {1:3}, satistying, for
alll € {1:2}, commuting

d'(My(w)) =Ny (d'u)  Vue V(w),
and |>-stability on functions whose image by ¢’ is piecewise polynomial
INL(u)|| < Cyllull  Vu e V/(w) such thatd'u & ViTY(T,).
Then DPI hold with constants C5' < C,.Cl.
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Stable commuting projectors —- DPI

Theorem (Stable commuting projectors = DPI)

Assume that there are projectors N : V™(w) — V'(7,), m € {1:3}, satistying, for
alll € {1:2}, commuting

d'(My(w)) =Ny (d'u)  Vue V(w),
and |>-stability on functions whose image by ¢’ is piecewise polynomial
INL(u)|| < Cyllull  Vu e V/(w) such thatd'u & ViTY(T,).
Then DPI hold with constants C5' < C,.Cl.

Let ur € 31V, (To). Set rr = d'ur € d'(V)(TL)).
e MNi(u*) € VA(T) by definition, d'u* = rr € VjT(To)
o d'(Nh(u*)) = Ny (d'u*) = Ny (rr) = rr, using commuting and projection
o [2-stability and Pl imply
lur |l = llurll < IMpu*)ll < Callu*|| < CuChholirr|
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Stable commuting projectors —- DPI

Theorem (Stable commuting projectors = DPI)
Assume that there are projectors N : V™(w) — V'(7,), m € {1:3}, satistying, for
alll € {1:2}, commuting
d’(l‘li,(u)) = I'I,’D“(d’u) vu e V(w),
and L°-stability on functions whose image by ¢’ is piecewise polynomial
INL(u)|| < Cyllull  Vu e V/(w) such thatd'u & ViTY(T,).
Then DPI hold with constants C5' < C,.Cl.

@ [°- (piecewise polynomial data) stable commuting projectors by Arnold,
and Guzman (2021), Ern, Gudi, Smears, and Vohralik (2022),
Chaumont-Frelet and Vohralik (2024), Ern, Guzman, Potu, and Vohralik
(2026): C!, only depend on the polynomial degree p and the shape-regularity
p7., but are independent of the number of tetrahedra |7,
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Stable commuting projectors —- DPI

Theorem (Stable commuting projectors = DPI)
Assume that there are projectors N : V™(w) — V'(7,), m € {1:3}, satistying, for
alll € {1:2}, commuting
d’(l‘li,(u)) = I'I,’D“(d’u) vu e V(w),
and L°-stability on functions whose image by ¢’ is piecewise polynomial
INL(u)|| < Cyllull  Vu e V/(w) such thatd'u & ViTY(T,).
Then DPI hold with constants C5' < C,.Cl.

@ [°- (piecewise polynomial data) stable commuting projectors by Arnold,
and Guzman (2021), Ern, Gudi, Smears, and Vohralik (2022),
Chaumont-Frelet and Vohralik (2024), Ern, Guzman, Potu, and Vohralik
(2026): C!, only depend on the polynomial degree p and the shape-regularity
p7., but are independent of the number of tetrahedra |7,

@ Demkowicz and Vohralik (2026): C%, and consequently Cg’z, (H(div,w) case),
only depend on p;, and are thus independent of p and | 7|
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@ Discrete inf-sup conditions
@ Operator norms of piecewise polynomial vector potential operators
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e Proofs and behavior of constants
@ Using broken polynomial extension operators
@ Using stable commuting projectors
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o Conclusions and outlook
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Piecewise Piola transformations = DPI

Theorem (Piecewise Piola transformations = DPI)

DPI hold with constants that only depend on the shape-regularity parameter p-,

the number of tetrahedra |7.,|, and the polynomial degree p, but do not need to
invoke the constants C..
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Piecewise Piola transformations = DPI

Theorem (Piecewise Piola transformations = DPI)

DPI hold with constants that only depend on the shape-regularity parameter p-,

the number of tetrahedra |7.,|, and the polynomial degree p, but do not need to
invoke the constants C..

v

@ collection of reference patches

@ piecewise Piola transformations
@ equivalence of norms in finite dimension

.
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Q Proofs and behavior of constants
@ Using broken polynomial extension operators
@ Using stable commuting projectors
@ Using piecewise Piola transformations

° Conclusions and outlook
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@ equivalence of five seemingly disconnected properties
@ optimal result: CS’Z only depends on p7,
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@ equivalence of five seemingly disconnected properties
@ optimal result: cgﬁ only depends on 7
Ongoing work
° CS’1 only depends on o7,
@ non-Hilbertian setting
@ other complexes
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