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Abstract

We consider a very general case of vector spaces of multivariate polynomials equipped with some norms.
Between them we single out a class of spectral norms, that satisfy the condition ||PX|| = ||P||* for all
positive integer k. In spaces of polynomials one can consider some linear operators that are usually
unbounded, for example derivations, inclusions and multiplying by a fixed polynomial. Bounds for
norms of derivatives of polynomials are related to Markov type inequality and Markov’s exponent. We
introduce a new concept of an asymptotic Markov’s exponent and show that it is equal to Markov’s
exponent for a wide class of norms. However it is not true for all norms in the space of polynomials.
We give some examples to show this. We prove an important and very useful inequality, which says
that Markov’s exponent for a norm with Nikolskii’s property related to a compact set E is not less than
Markov’s exponent for the supremum norm on the set E. As a consequence we obtain a lower bound
for the optimal exponent in Markov’s inequality considered with L? norms and other norms possessing
a Nikolskii type property. Our result was used in the paper of Tomasz Beberok published in the Dolomites
Research Notes on Approximation and it seems to be useful for future research. One of the main theorems
shows a nice application of the Dedania theorem.
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1 Introduction

Let (A, || - ||) be a commutative complex normed algebra with unity e. The well-known and important quantity is the spectral
seminorm ||x||, of an element x € A, where
llxllg := Tim [lx™||".
n—oo
Let us note an obvious property [|lx*||, = [|x||X. By the Bohenblust-Karlin theorem in [14] (cf. [44], [15]))
lxll; = inf{|lx[l, : II-ll, € D},

where D is the set of all accessible norms ||x||, (i.e. those that are equivalent to the original norm ||x|| in A, are submultiplicative
lxyll, < llxll.ll¥ll, and |le]l, = 1). If a spectral seminorm is a norm then the completion of A is a semi-simple Banach algebra.
There is well-known that in such algebras, two norms for which A is completed, are equivalent. However, very often there
are considered non-completed algebras, in particular normed rings with a gradation. One of the most important case form
polynomial classes. In normed algebras polynomials help to define various notions and quantities. One of them is the capacity
of an element x defined by R Halmos [26] (cf. [15] for the explanation) in the following way. Let P,(C) be the set of complex
monic polynomials of degree n > 1 and let

cap, (x) = inf{[[PCO) : P € P,(C)}", cap(x) = infcap, (x) = lim cap, (x).
nz n—oo
cap(x) is invariant with respect to equivalent norms. One can also consider

Speap,(x) = inf{|[P(x)|l, : P € P,(C)}'/", Spcap(x) = inf Spcap,,(x) = lim Spcap,(x).

It is proved in [15] that those two quantities coincide. And both are equal to the logarithmic capacity of the spectrum o(x) in C
(which is considered in the completion of A):

cap(x) = Spcap(x) = C(o(x)).
Let us observe that, with P the n-th derivative of P, we have ||P"”(x)|| = nla, where a,, is the leading coefficient of P and hence
cap,, (x) = inf{ln!PC)II/IPT () = degP = n}'/™.
Therefore, cap(x) > 0 if and only if there exists a positive constant A such that

I[P < A"nl|[P(x)]l, n=degP > 1.
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It is a time to come into the world of Markov’s inequality. Let us recall that a compact subset of C is a Markov’s (planar) set (cf.
[18, 25] for the most classical cases) if there exist positive constants a,A = A(a) such that

IPllz < A(deg P)*|IP]|-

Markov’s exponent m(E) is the infimum of a for which the above inequality (usually called Markov’s inequality or more precisely
an Andriej Markov type inequality) is satisfied. Let us recall the remarkable L. Biatas-Ciez theorem [11]:

if E is a planar Markov’s set then the logarithmic capacity C(E) > 0.

As an immediate corollary we get is that if o(x) is a Markov’s set then cap(x) > 0. But we can consider a Markov inequality
with respect to any seminorm || - || in A: say that x € M(a,A) if ||P’(x)|| < A(deg P)*||P(x)|| for all polynomials P, and we can put
m(x) =inf{a : x € M(a,A)}. If we replace Markov’s inequality for o(x) by such a condition with respect to a norm in A then
Biatas-Ciez theorem is no longer true (cf. [6], see also the example below): there is an x with m(x) < oo but cap(x) = 0. It is an
open question: if Markov’s inequality is satisfied for x with respect to the spectral norm then cap(x) > 0? In the counterexample
in [6] the spectral norm is in fact only a seminorm and thus Markov’s inequality can not be satisfied.

One can consider a much stronger version of Markov inequality related to the classical Vladimir Markov inequality || P%) =117 =

T®(1)||Pll;_117, degP < n. The paper [3] introduced the definition: x € VM(a,A) iff |[P%)(x)|| SA"k!(defP)aIIP(x)II for all P.
In particular, ||[P™]| < A™n!||P(x)|| if n = deg P, which gives cap(x) > 1/A> 0. Unfortunately, in general A. Markov’s inequality
does not imply V. Markov’s estimate. In the connection between these two Markov type conditions we can consider Markov’s

factors:

1/k

M, = sup{|[P®(x)|| : k <degP <n,||P(x)| =1}, Unge =M, for1<k<n.

If K (x) := sup{u, , logk/l"g"u")gk/bg"/u : 1<k <n, n>2}> 0 then A. Markov’s inequality for x and positivity of cap(x) give
V. Markov’s 1nequahty. Separately the condition K(x) > 0 does not imply anything. There is the conjecture that it is satisfied in
very general case, maybe always (cf. [4]).

Example 1.1. Let A be the Wiener algebra of absolutely convergent Fourier series and consider P(e'*) the algebra generated by
x = et that is _ _ _ _
Pe)={P(e"): PeP(C)}, Ple")={P(e"): p € P,(C)}.
n
If P(e") = D} a;e”’", then

j=0
n n

nw=§}m=2%w%w=mwmwmmm

=0 =0
and
1Pl = lIPlly = sup{|P({)] : |¢]=1}.
Obviously ||P||, < ||P|| and one can estimate ||P|| < v'n+ 1||P]|,.
Let us consider two generalizations of the above norm:
1P, =1I (13’(1')(0)/(1'!)”)1-20 ller, p=1,
and .
IPllop = Il (PP(0)/5!) g lers 1< p <2.
We have
IPlly < (n+1)"PIIPlly,, IPlly, < (n+1D)YP2|IP,,
which gives hm ||P’"||1/'" =1P||,-
The norm || ||1 p for p > 1 is submultiplicative and equals one for e (i.e. for the identically one function), but it behaves badly.
We have lim lI(e™)™ |1}’ = 0 which implies lim [P (eI =
Now con51der 1Pl =22 anlal = X0, & |P(l)(0)|, where all a; are positive. Then

|P(0)| and it is not a norm.

cap,(x) = al/", cap(x)=i1;§al/ M, k—}znla<x—l(l—1) (I—-k+1),

o 1/k

Hox = M,/ = max (ﬂ1(1—1)~~(1—k+1)) )
k<l<n (0%}

If oy = (1/1)P71, then p,; = (n(n—1)---(n—k+ 1))y = (k!(ﬁ))p/k, Py = 1P, Uy, = n!?/". Applying known bounds for

binomial coefficients and factorials we obtain K(x) > eP.

In the paper we shall consider norms in the multivariate case. Supremum norms are most commonly used and L? norms are
often considered (see e.g. [16], [17], [13]). Sometimes applicable norms are related to coefficients of polynomials, cf. [9] with
applications in number theory.

Our considerations are organized in the following way. In section 2 we introduce a basic notion of a generalized Nikolski
property and discuss different contexts where this property can be considered. In the next section we propose a new idea of
asymptotic Markov’s exponent and we shall prove the main results of this paper, in particular a minimality of this quantity in the
class of spectral norms. It is illustrated by a few examples.
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2 Nikolskii’s property
Definition 2.1. Letq = ||-|| be a norm on P(CY). This norm has Markov’s property (cf. [37] for more information and bibliography)
if there exist nonnegative constants M, m such that Markov’s type inequality is satisfied

ID;Qll < M(degQ)™lIQll, j=1,...,N, Q€ P(C").
The Markov’s exponent (cf. [8], [5]) of q is defined as the infimum of all possible constants m in Markov’s inequality for g or is set
to +oo if g does not have Markov’s property.

One of the most important applications of Markov’s type inequality is possibility to construct so called optimal meshes (for
polynomials) (see e.g. [35], [42]) that are applied in numerical analysis.

In connection with the above property the next property is essential to check Markov’s inequality with a proper norm to show
that Markov’s inequality is also satisfied for a given, interesting for us, norm (cf. [7], [6] for more precise examples).

Definition 2.2. Let E be a compact subset of CV. Anorm q = || - || on P(CN) is E-admissible or has Nikolskii’s property if there
exist constants: positive A, B and nonnegative a, b such that for every P € P(CV) with degP > 1 we have
IP|l; < A(degP)*||P|| and ||P|| < B(degP)"|IP||;.

It is worth remarking that some authors refer to this as a Bernstein-Markov property.
If g =|| - || is E-admissible then
IP|lz = lim [|P*]|".
5§— 00
Since the supremum norm is the main example of a spectral norm (see [44]) we can generalize the above definition.

Definition 2.3. A norm q = || - || on P(C") is spectral admissible or has the generalized Nikolskii’s property (briefly, GNP) if there
exist a spectral norm || - ||, and constants: positive A, B and nonnegative a, b such that for every P € P(C") with degP > 1 we
have

IPll, < A(degP)*||P|| and ||P|| < B(deg P)"||P||,-

The spectral norm is given by the formula

q,(P)=IPll, = lim [IP*[["".

By way of illustration, here are examples of such norms.
Example 2.1. Let E be a compact subset of C and r > 0 be fixed. Put (cf. [6])

[ee]

1
1Pl = Pl

k=0
Then
lim [|P"||V" = max |P(x + )|l
n—oQo mgr

Moreover for ||P||, := rl?‘axllp(x +{)||z we have
<r

IPllc < IP|l < (degP + DIIP]l,-
Example 2.2. If u is a probability measure on E, then for 1 < s < oo the norm

1/s

P == 1Pl + f [P(2)I°du(z)

satisfies ||P||; < ||P|| < 2||P||, so it is E-admissible on P(CY) with

lim ||P"||"/" = max(||P||z, esssup|P|) = ||P|l5.
n—oo E

Example 2.3. In the classical case of the interval [—1, 1] we have S. M. Nikolskii’s inequalities (cf. [33], [24], [39], [31], [18],
(38D

1/p 1/p

1 1
1 1
= f PCPdx | < [Pl < 0+ D)7 | 2 j PGP dx
-1 -1

Proposition 2.1 (A generalization of Nikolskii’s inequality). Let u be a probability measure on E such that for a system of
orthonormal polynomials we have the inequality ||P||; < B(degP)? with some positive 3, which is equivalent to the fact that for each
polynomial P, degP > 1,

IPIl; < By(degP)|IP||, €Y

1/p
with some By, 8, > 0. Then for all p > 1 the norm ||P||, = (f |P(z)|1’d,u(z)) is an E-admissible norm.
E
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Proof. Indeed, if (P,)qeyw is an orthonormal system such that deg P, = |a| then for each polynomial P =  c,P, with degP > 1,
1P|l < ("J;N) meﬁl};lcalBlaIﬁ, where ¢, = { P(2)P,(z)du(z), so we can take B; = B%, B, =Pp+N.

Let us also note that the condition ||P||; < B,(deg P)"||P||, implies the inequality ||P||; < B/*([s1)*"/(deg P)P*||P||,, s > 1.
In particular, ||P||; = ||P||co = esssup|P|. O
E

Theorem 2.2. If u is the normalized Lebesgue measure on a fat compact set E C RY then Nikolskii’s inequality implies Markov’s
property of E.

Proof. This is a consequence of the main results of [2] where pluripotential method were used. There is not known more
elementary proof of those cited results, maybe except in the one dimensional case, which was investigated by Totik (cf. [40]) O

Hence, if we want to show that a given compact subset of RY possesses Markov’s property, it suffices to show Nikolskii’s
inequality as in the example above. Generally, it is a very difficult task to check Markov’s property. Recently, a nontrivial result
in this topic has been obtained by R. Pierzchata [36]. His remarkable result relates to a class of sets with a special parametric
property introduced by himself. This property implies Nikolskii’s inequality. It was not known to him that such sets possess
Markov’s property (except of a proper subclass of UPC sets, where the situation was clear).

Corollary 2.3. If E is a subset of RN with the special parametric property of Pierzchala [36 ], then also Markov’s property is satisfied.

Theorem 2.4 (Goetgheluck [23], Zeriahi [43], Jonsson [28]). Let E C RN be a compact set and u be a probability measure on E
with the following density condition: _
3G,y >0Vx€E,r>0 u(EnB(x,r))=Gr'.

The assumption that E has Markov’s property implies (1) for E. This assumption is also necessary in the case of (normalized) Lebesgue
measure.

Remark 1. This method was used in the proof of Nikolskii’s inequality in the classical case (cf. [33], [24], [39]) as well as in
more general situations investigated by A. Zeriahi [43], P Goetgheluck [23] and A. Jonsson [28] (cf. also [29]). Goetgheluck in
[23] proved that each UPC set in RV (this wide family of sets was introduced by W. Pawtucki and W. Plesniak in [34]) satisfies the
density condition and has Markov’s property. Therefore each UPC set (in particular each compact fat subanalytic subset of RY,
(cf. [34] for this deep result) satisfies the generalized Nikolskii’s inequality with respect to the normalized Lebesgue measure u
and Markov’s inequality in LP(u). Zeriahi and Goetgheluck gave an upper bound for Markov’s exponent in L? norms related to
sets with cusps. But they never have calculated the exact value of Markov’s exponent for the norms that they considered. Actually
there are known first examples of sets with cusps for which Markov’s exponent (in L?(u), 1 < p < 00) is calculated. These were
given by T. Beberok (cf. [10]).

Proposition 2.5. Let E C RN, Put
1= 1IPIl; + J ID;P(x)|dx. @

int(E)

Then this norm is E-admissible.
Proof. The above conclusion is a consequence of a very nontrivial inequality
ID;P(x)|dx < VN7"(diam(E))" " (deg P)||P||;,

int(E)

which follows from [2]. O

Example 2.4. Let |P||= sup |P(x)|+/1— x2 be Schur’s norm. Since
x€[—1,1]

IPIl < WIPllp-1,17 < (deg P + 1)||P]],

Schur’s norm is [—1, 1]-admissible. Similarly, if we put

>

N =

IPll, = sup [P()I(1—x*)?, a=
x€[—1,1]

then the norm || - ||, is [—1, 1]-admissible (see [1]). Moreover, if we replace the interval [—1,1] by the closed unit ball

B:={x €RN: ||x||, < 1} with respect to a fixed norm || - ||, in RN then the norm defined by

IIPIl, = sup [PC)I(1 — [lx]12)*
X€EB

is B-admissible. A more general situation is contained in the following way (cf. [1]). Let  be a bounded, star-shaped (with
respect to the origin) and symmetric domain in RY and let E = Q. Let v € S¥~! be a fixed direction. As in [1], we define
p,(x)=sup{t =0 : [x —1v,x + 7v] C E}. Assume that p,(tx) > M(1—|t])™, t € [—1,1], x € JE. Then for any a > 0, the
norm

IPlle = sup{|P(tx)I(1—[t)*: x € OE,t € [-1,1]}

is E-admissible.

Dolomites Research Notes on Approximation ISSN 2035-6803
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Remark 2. The Schur inequality in Example 2.4 is a special case of the division type inequality, which is often called the Schur
type inequality. It was proved in [12] that on the complex plane properties related to Markov’s and Schur’s inequalities are
equivalent.

Proposition 2.6. If we have some norms with GNE we can easily construct many other norms with this property. For example, if q,,q,
have GNP (with spectral norms q, »,q, ) then q(P) = (q,(P)’ + q,(P))P | 1 < p < 00 has the GNP with q, = max(q; »,q2,0)-

Proof. By assumption, there exist positive constants A;, B;,A,, By, a;, by, a,, b, such that
01,5(P) <A;n"qy(P), q:(P) < Byn"qy,(P),
05,5 (P) < A;n%25(P), (P) < Byn"q, . (P),
where deg P < n. Then
4o (P) = max(q; ¢ (P), 4y, (P)) < max(A;n" gy (P),A,nq,(P)) < max(A;,A)n™ ) max(g, (P), g,(P)) < An’q(P)

with A=max(A;,A,), a = max(a,,a,).
On the other hand

q(P) < ((Bin"q1,5(P))” + (B, (P))")"”" < max(By, B)n™ 15 (q, ,(PY +,,(PY)"”" < Bn’q,(P)
with B = 21/ max(B,,B,), b = max(b,, b,). O

Proposition 2.7. Let || - ||, be a spectral norm in P(CN) and let || - ||; be a GNP norm with respect to || - |- Ifa; e Zﬂ\r’, ji=1,...,1
are fixed then we can consider
IIPIl = lIPllo + max ||[D% P||;.
1<j<l

We have lirtr}o IP*||** = ||P||, but GNP will be satisfied if and only if we have a Markov-Nikolskii type bound

D%P||; < C(degPY|IP|l;-
max [[D*Pll, < C(deg P)[[Pll,

Proof. It is clear that lislllgélf||PS||1/S = ||Plly. If ||P|l; < A(degP)?||P||, then we have ||P°|| < ||P|[} +A(s deg P)* {r<1]a<)§ [[D% (P*)|lo-

As an application of the multivariate version of the Faa di Bruno formula for the composition of two functions (cf. [19] where
the proper formula was discovered and proved) we get the following expression

lal

DU(PY= D o= =i+ P Y D l_[((f I)J'}()E)K)'

1<i<|a| =1 p;(a,i) j=1

N
where k; € Z,, {; € Z and

! !
pl(a,i)z{(Kl,...,Kl,Kl,...,Zl):kj>0,0<€1<---<€5,21<r 1,ZKJ,: }

r=1 r=1

Hence we derive for a fixed polynomial P of degP > 0

IP*|| <IIPI[§ +A(s deg P)° maX(HPHs o1 > si[p|le Z D l_[”(lf )'122 )).))

1<i<|a;] =1 p(a,i) j=1
lal
maxi< o o . (IDY Pllp)"
<IIPII; + As deg PY|IPIf;s al<1<w)|{1<1.¢.<;§( P LRI l_[ IO
== izl 1=1 py(ai) j=1

=|IPIl} +A(s deg P)?[|P[ljs ™<=t 41 C(P),

where the constant C(P) depends on P. Applying elementary calculus arguments we easily obtain limsup ||P*||*/* < ||P||, and

5§—0Q
thus lim ||P*||** = ||P|l,.
§—00
The second part of the Proposition is obvious. O

Example 2.5. Let us give two examples.
Let ||P]l = IPlli-1,1902; *+ 1P’ lli=1,170(2;- The set [—1,1]U {2} is not perfect. It is well known that each Markov’s set is perfect.
By this reason the considered norm does not satisfy GNP
Now we define ||P|| = ||P||; + || ||E, where E = {(x,y) €R?: |x| <1, |y| <exp(—1/(1—|x|))} u{(-1,0),(1,0)}. Since (cf.
(1
|52| <zeeryi,
X |lg

the norm || - || possesses GNP
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3 Asymptotic exponent in Markov’s inequality

Let ¢ = (¢4, ..., py) €CP(KY)Y (if K = C we understand that ¢; € C*°(R*")). We assume that ¢; can take complex values. In
particular, we can consider ¢; =v; € Cfor j€{1,...,N}andthenp =v € CN. Define

D=D,=¢D; +---+@yDy : C*(K") — Cc®(K")

and put DX =Do---0D k-times.
Let us recall a deep identity (cf. [32], [7], [6])

k
1 kY . .
G =5 >/, @
k! = j
Definition 3.1. Let g = || - || be a norm in P(K"). If H is a homogenous polynomial of N variables of degree k > 1 then we

consider a differential operator D = H(D,, ..., Dy) and define

m(H,q) =inf{s > 0:3IM > 0 VP € P(K") ||DP|| < M(degP)’||P||}.
For a € N¥ and H,(x) = x%, x € KV, we put m(a,q) = m(H,,q) and m(q) = lrgjzg m(e;,q). For k > 1 we put m(q) =
max{m(a,q) : |a| = k}. In particular, m,(q) = m(q) is Markov’s exponent for a norm q.

One can observe that for m(x) defined in the introduction we have m(x) = m(q), where q(P) = ||P(x)||.

Remark 3. In the special case of q(P) = ||P||z, where E is a compact subset of KV, then we define m(H,E) = m(H,q),
m(a, E) = m(a,q), m(E) = mi(q), m(E) = m(q). Moreover the last one is Markov’s exponent of E which was recalled in
the first section and if m(E) < co we say that E has Markov’s property. Let us note the equality (for subsets of R, cf. [6])

m(Hy, E) = km(E),

where H (x1,...,xy) = x’l‘ +- 4 xllf, (k is a fixed positive even integer).
Since
m(a,q) < mey, q)ay + - +mley, Qay < max mle;,q)lal = m(q)lal,

we get the inequality
me(a) < km(a) = £mi(a) < m(@). @
Remark 4. From [32] we have %mk(E) = m(E). Therefore
klirgo %mk(E) =m(E).
Definition 3.2. Let g be a norm in P(K"). We define the asymptotic exponent for q,
m*(q) := liglscgp %mk(q)-

Proposition 3.1. Let us note a few basic properties of the above notion.

(a) If q; and q, are two norms on P(K") such that

¢:(P) < A(degP)"q,(P), o(P) < B(degP)’qy(P), degP > 1,
then m*(q;) = m*(q,).

(b) In particular; if q;(P) = q, ,(P) (q, has the GNP with the spectral norm q, ,) then m*(q,) = m*(q,).

(c) We have m*(q) < m(q). In general, these exponents do not need to be equal.
Proof. Fix an ¢ > 0, there exists k(&) such that

m;(qy) < k(m*(q,) +¢) for k > k().
Let |a| = k, we have
q,(D*P) < A(deg P)"q,(D*P) < A(deg P)*(deg P)"<42)q,(P) < AB(deg P)***(deg P)™ @)**)g, (P).

Therefore

1 a+b
Emk(ql) < 0 +m*(qy) te.

By taking the lim sup of both sides of the above inequality as k — oo, we get
m*(q;) S m'(qz) + ¢,

which by arbitrariness of ¢ gives us m*(q,) < m*(q,). Similarly, m*(q,) < m*(q,), hence m*(q,) = m*(q,)-
The inequality in the condition (c) follows easily from (4). O
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Now, we give an example of the norms for which m*(q) < m(q). First, we need the following

Proposition 3.2. For || - ||, a seminorm on P(C), m > 0 and s € N; we define the norm

_ — S 1 (rs)
UnlP) = 1Pl = 2, g 1Pl

If for every s > 2 there exist positive constants A, B such that for every j € {1,...,s} and P € P(C), ||PY||, < AllP|l, + B||P®||o,
then m(q,,) < sm[%]for every k € N;.

Proof. Foreverym> 0, t,s €Ny, je{l,...,s} and P € P(C) we obtain

. | . = 1 = 1
P(st+]) — - p(r5+5t+)) <A P(rs+st) + max{B, 1 P(rs+st+s)
Pl =2, sy lo <42ty 1Pl + maxtB, 1) 3 s l
[degP [ e8Py
3 1 e 1
<A I p(r8+3f) +B - P(rs+st+s)
Z oo llo Z DL llo
[958 14 1 (982 14 e 1
=A —||P")|, +B’ - yp™
2 oo Pt E 2 e Pl
oo
1
<(A+B)(deg Py D" |[PI]|y = (A+ B)(deg PY V" P,
Z ((rs)ym
with B’ = max{B, 1}. O

s—1

Example 3.1. Let us consider the norms q,, ; defined as in Proposition 3.2 with seminorm ||P||, = > ﬁIP(”(O)I, s € N;. Then for
=0

every P € P(C) and j € {1,...,s — 1} we have

s=1 s—1 j—1
j L oG I I
||p(1)|| = _|p(l+l)(0)|: —,|P(l)(0)|+ —_|P(“‘+l)(0)|
’ ;“ ;l!(l—ﬂ! lzz():l!(s+l—])!

s—1

L5 S 1 -
<=1 2, 5P+ S IPEIO)] < (5= 1 1Pl + 1PV
=0 =0 °

From Proposition 3.2 for m > 0 and s € N; we obtain m;(q,, ) < sm[f].
On the other hand for every m > 0 and s, n € N; we have

sn _ = 1 " 1 sny\(rs+l) _ 1
HX ”m,s - ;(@) ;FKX ) (O)I - (sn)!m—1 .
and 1
sy (st+) _ st 1 " l sn\(rs+st+j+1) — (sn)!
IGx*™) Jllm,s—;((rs)!) ;;“l(x YO = S G se—sn

Hence for every k € N; we have m;(q,,;) = sm[’;‘], where for x € R, [x] is the smallest integer greater than or equal to x.
From this it follows that m*(q,, ) = m and m(q,, ) = sm.

We now formulate the main results of this paper.
Theorem 3.3. Let q be a GNP norm with the spectral norm q,,. Then
.1
m*(q) = lim --m(q) =m(q,)-
In particular, m(q,) < m(q).

Proof. Firstly, we prove that m;(q,) = km(q,), k = 1. If for every j € {1,...,N} there exist positive constants M;, m; such that
for every polynomial P € P, (K"),
ID;P|l < M;n™ ||P]|

then for a € N} such that |a| = k we have

,,,,,

Dolomites Research Notes on Approximation ISSN 2035-6803
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On the other hand )
1 (kY. ok .
D.P)f == > (=1)(" |p/ =—P*.

(D;P) k Z( )(j) oxk

!
1 j=0 J
The norm q,, is spectral and so by the Theorem in [21] it is submultiplicative. Hence, if ¢ > 0 is fixed, then

k k
1 ; ; 2
||(DJP)||I; < C(&‘)F Z (?)”P”f’.(n(k—j))mk(‘Zu)JrSHP”l::] < C(E)H(nk)mk(QUHs”P”I;’

* =0

where C(¢) is a constant that depends on ¢. Therefore m(q,) < m,(q,)/k + ¢/k. Letting ¢ — 0+ we get the inequality
m(q,) < m(q,)/k and finally my(q,) = km(q,), k= 1.
Now, let s > m(a, q,). Then

ID*P|| < B(deg P)"||D*P||,, < BM,(degP)***||P||, < BM,A(degP)"****||P|I.

Thus, we have
m(a,q) <b+a+s = m(a,q) <b+a+m(a,q,)

and therefore my(q) < b+ a+ my(q,) = b +a+ km(q,). Hence
. . 1
m*(q) = hkrn sup -my(q) < m(q, ).

Analogously, let s > m(a, q). Then
ID*P||, < A(deg P)*||D*P|| < AM!(deg P)***||P|| < ABM](deg P)**"**||P||,.

Therefore m(a,q,) < a+ b +s and m(a,q,) < a+ b+ m(a,q). Hence km(q,) = m(q,) < a+ b + m;(q) which shows that

m(q,) < likminf%mk(q) < limsup %mk(q) <m(q,).
—00 k—00

Corollary 3.4. Let q be an E-admissible norm. Then
1
m*(q) = lim =m(q) = m(E).
In particular, m(E) < m(q).

Finally, we have the following important corollary

Corollary 3.5.  (a) If a norm q has the GNP with the spectral norm q,, then
m' (@) =m(q) < m(q)=m(q,)
(b) If for a norm q = || - || we have Markov’s inequality
ID;P|| < M(degP)"“||P||, j=1,...,N
then the exponent m(q, ) is the best possible. In particular, m(q) = m(q,).

(¢c) IfE is an UPC subset of RN, then m,(E) = m(E), where m,(E) is Markov’s exponent with respect to the Lebesgue measure.

From Theorem 3.3 we have m*(q) = m(q,,) which gives (a). We can also appeal to Theorem 3.3 to see that the condition (b)
is met. The third conclusion follows from Remark 1. The second statement is a useful tool to find the best exponent.

Remark 5. In papers where Markov’s inequality in LP norms was proved with the best possible exponent, usually it was difficult
and time-consuming to prove the optimality of the exponent, which is Markov’s exponent for such kinds of norms (cf. [27], [22],
[13], [16], [20], [30], [41]). By applying the above corollary it is done automatically.

Let us consider another (simple) example. By Bernstein’s inequality

V1 =x2P"(x)ll{—1,1) < (deg PPl
and by Schur’s inequality
IPll—1,17 < (deg P+ DIV 1—x2P(x)ll;-1,1
we get Markov’s inequality with respect to Schur’s norm

IV 1=x2P'(x)l_11) < deg P(deg P + DI|V1—x2P()| 11,

with exponent 2. In view of Corollary 3.5, it is the best possible exponent.
Acknowledgment. The authors were partially supported by the NCN grant No. 2013/11/B/ST1/03693.
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