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SOME PROPERTIES OF QUASILINEARITY AND MONOTONICITY
FOR HOLDER’S AND MINKOWSKI’S INEQUALITIES

SEVER SILVESTRU DRAGOMIR

Abstract. Some properties of quasilinearity and monotonicity for the well known
Hélder’s and Minkowski’s inequalities for positive real numbers are given.

1. Introduction

Let us begin by displaying the notation and symbols that we shall need

R = the field of real numbers,

N = the set of positive integers,

Ps(N) = {I C N|I is a finite subset of N},
R, = {r e R|r > 0},

E = {z = (z:)icr | z: € Ry, i € I, I € Ps(N)},

1/p
Nzllm.1,p := (Z m,-zf) , z,m € E, p € R\{0},

il
H(m, I,p,z,y) = [|zllm,1,pllYllm, 1.4 = |2Yllm, 1,1,
M(m,I,p,z,9) := (|2llm,1.p + [Yllm,1.0)" = 2 + Il 1,
where p € R\{1} and ¢ = p/(p — 1) and m, z,y € E, I € Ps(N).

Theorem A. For p > 1 with ¢ is as above and m,z,y € E then Holder’s
inequality:
H(m,I,p,z,y) 20 (1.1)
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holds. The sign of inequality (1.1) is reversed for p < 1. In either case the sign
of equality holds if and only if :

z; [z] =z} [z} for all 4,5 € I.
The following result is known in literature as Minkowski’s inequality
Theorem B. For p>1 and m,z,y,I are as above, the following inequality
M(m,I,p;x,y) >0 (1.2}

hlods. The sign of inequality in (1.2) is reversed for p < 1. In either case, the
sign of equality holds iff:

z;/yi = z;j/y; for all 4,5 € I.

The main aim of this paper is to give some results of quasilinearity and monotonicity for
the mappings H and M defined above.

2. The main results
The first result is embodied in the next theorem:

Theorem 2.1. Let z,y € E and p > 1. Then:
(i) For allm,s€ E and I a finite part of N one has:

H(m+s,I,p,z,y) > H(m,I,p,z,y) + H(s,I,p, ,y) - (2.1)

i,e., the mapping H(.,I,p,x,y) is superadditive on E;
(ii) For all m,s € E with m > s, one has

H(m,I,p,z,y) > H(s,I,p,z,vy), (2.2)

t.e., the mapping H(-,I,p,z,y) is nondecreasing on E. The sign of inequalities
(2.1) and (2.2) are reversed if p < 1.

Proof.
(i) By Holder’s inequality

(@ 4+ bP) /P (cP + d9)1/9 > qc + bd - (23)
for all a,b,c,d > 0, one has
H(m + S’I’pﬂ x’ y)

=2l rp + 1212 L) P Wl 1.0 + 1912 1,07 = l2ylim 1.0 = llzlls

2||llm,1,pllYllm, 1.0 + 12lls, 1,010, 7, = |2Yllm 1,1 = llTylls s 1
=H(m,I,p,z,y) + H(s,I,p,x,y)
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which proves the inequality (2.1.).
(ii) Suppose that m > s. Then, by the above property, one has:

(aP + bP)Y/P 4 (cP + dP)V/? > ((a + c)? + (b+ d)P)V/P
for all a,b,c,d > 0, one has :

M(m+s,1,p,z,y)
=((lZ, 1, HlIzlE 1 )P+ UYIE, £ o+ 18lE 1 )2V =Nz + Yl 1=z + 9112 1,
>(1zllm,1,p + Yllm,1.6)7 + (l2lls,r.0 + 1Ylls,1.0)" — 2+ 9ll5 1 — Iz + 9IS 1,
=M(m,I,p,z,y)+ M(s,I,p,z,y)

which proves the first part of the above theorem.
For the second part, we observe that for m > s one has:

0<M(m-s,I,p,z,y) < M(m,I,p,z,y) — M(s,1,p,z,y)

which completes the proof of the theorem.

Finally, we also have:

Theorem 2.4. Let m,z,y € E and p > 1 (p < 1). Then the mapping
M(m,.,p,z,y) is superadditive (subadditive) and nondecreasing (nonincreasing)
on Pf(N).

The argument is similar to that embodied in the proof of the above theorem and we
omit it.

Remark. Similar results can be stated for integrals, but we omit the details.

3. Applications

1. Consider the set S(1) := {m € E|m; < 1,7 € I} where [ is a finite part of N.
Then one has the bounds:

0 < sup{H(m,I,p,z,y)lm € s(1)} = Q_ aD)/P(D_ v/ = Yz
el el =
and
0 < sup{M(m, I, p,z,9)|m € S} = (3 )2 + (927 — 3 (s + 927
el el el

for all p > 1 and q is as above.
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2. Define the sequences:

H, = (ixf)l/;’(iyf)l/q - Zn::ciyi, n €N
i=1 i=1 i=1

and

My = ((Q_ D)7+ Q)PP =3 (a: +9:)", neN.
i=1 i=1 i=1

Then
H,>2H, 12..2H;20and M, > M, _1...2 M2 >0

foralln € Nand n > 2.
For other results in connection with Hoélder’s and Minkowski’s inequalities, see the
papers [1-8] where further references are given.

The author gratefully acknowledges the referee for some useful suggestions.
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