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1. Introduction

In Banach space theory of operators the quantities which measure the noncompactness of operators play
an important role. Throughout the paper we use standard notation from Banach space theory and operator
theory. We recall that for a bounded subset A of a Banach space E the measure of noncompactness of
A, denoted by 7(A), is the infimum over all r such that A can be covered with a finite number of balls
B(z,r) ={y € E; ||z — y||g < r} with radius r > 0. We note that 7(A) can be given by the formula:

v(A) = inf{r > 0; A C K +rBg, K compact},
where Bg := B(0,1) denotes the closed unit ball of E.
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Let E and F be Banach spaces and let L(E, F') be the space of bounded linear operators between Banach
spaces E and F'. The measure of noncompactness of an operator T' € L(E, F) is given by v(T) = v(T(Bg)).
Clearly, v(T) = 0 if T is a compact linear operator and that

VS +T) <A(S) +(T), ~(AT) = [AN(T)

for every S, T € L(FE, F) and all scalars A. These properties imply that v(T") induces the norm of the coset [T]
in the quotient Banach space L(E, F)/K(E, F'), where K(E, F) is the space of all compact linear operators
from FE into F.
The next important characteristic of the space L(E,F) is the so-called the essential norm defined for
T e L(E,F) by
Il = T ey, ) = E{IIT = Sllprs S € K(E, F)}.

Observe that y(T) = (T — S) for arbitrary S € K(FE, F) and thus
VT) < |Te.

We note that Lebow and Schechter [8] proved that if the Banach space F' has the A-CAP, then for every
Banach space E we have
[Tlle < M(T), T eL(E,F).

We recall that a Banach space E is said to have the A-compact approximation property (A-CAP for short)
if for every compact subset A C E and for every € > 0 there exists a compact operator S € K(E) such that

sup ||Sz —zllg <e and ||S—1I| <A
z€A

A Banach space E is said to have the bounded compact approximation property (BCAP) if it has the
A-CAP for some A > 1. For an example of a Banach space without the BCAP we refer to [9, p. 111].

We point out that in the theory of Banach spaces an important role plays the bounded approximation
property. Recall that the Banach space E is said to have the bounded approzimation property (BAP for
short) if there exists A > 0 such that for every compact subset A and for every € > 0 one can find a finite
rank operator V: E — E with ||[V| < A and

Ve —z|g<e, x€A.

Clearly that the essential norm of T € L(FE, F') is dominated by the measure of non-approximability a(T)
defined by
a(T) = inf{|T — S||g—r; S € L(E,F), rank(S) < co}.

The aim of the paper is to define variants of measure of noncompactness in the setting of multilinear
operators on the product of Banach spaces and show some applications to the multilinear variants of Hilbert
and Riesz transforms. We emphasize that for the results similar to those obtained in this paper for linear
operators in the classical and some non-standard Lebesgue spaces we refer to the monographs [3, Ch. V], [12]
and references cited therein.

2. Results

We first fix some notation and collect a few definitions and results that will be needed in the sequel. Let
m > 2 be an integer and let X1, ..., X,, and Y be Banach spaces. We equipped the product X7 X --- x X,
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with the norm (21, ..., 2m)|| = maxi<j<m [|7;] x;. We denote by L,, (X1 x -+ x X;,Y) the Banach space
of multilinear and continuous operators defined on X7 X - -+ x X, with values in Y equipped with the norm

HT||X1><~~><Xm—>Y = Sup{||T(x1,.. .,.’L‘m)Hy; (56’1,...7.’177—”) S BX1 X - X BXm}-

In the case Y is the scalar field (R or C), we denote the space of multilinear forms by £, (X1 X - -+ x Xp).
The measure of noncompactness of T € £,,,(X1 X - -+ x X,;,) is given by

’}/m(T) = ’Y(T(Bxl X o+ X BXm)).

An m-linear operator T': X; x --- x X,,, = Y is said to be compact if T(Bx, X --- x Bx,,) is relatively
compact in Y'; the space of all such operators is denoted by K,,, (X7 X - -+ x X, Y). Clearly that ,,(T) =0
if T is compact.

For any T € L,,(X1,...,Xm,Y), we denote the image of T" by Im(7"). Since in general Im(7") is not
a linear subspace of Y, we define rank(T) as the dimension of [Im(T)], where [S] denotes the linear span of
a subset S in a linear vector space W.

The space of all T € £, (X1 X -+ x X;,,, Y') such that rank(T") < oo is denoted by F, (X1 X -+ - x X, Y).
We let

[T )le.m = inf{|T = S||; S € Kpn(X1 x -+ x X, Y)}

and
am)(T) = inf{||Tf Sll; S € Fm(X1 x---x Xm,Y)}.

We have the following multilinear variant of the mentioned Lebow—Schechter result in the linear setting.

Lemma 2.1. Let Xq,...,X,, and Y be Banach spaces. Assume that'Y has the A-compact approximation
property. Then for every T € L,,(X1 X -+ x X, Y),

I

lesm < Ay (T).
Proof. Fix € > 0. There exists a finite set K = {y1,...,yx} in ¥ such that
T(Bx, X ---x Bx,,) C K+ (ym(T) +¢)By.
By hypothesis there exists a compact operator P: Y — Y such that ||P — I]] < X\ and
|Py; —yilly <e, 1<j<k
Let ¢ = (z1,...,2m) € Bx, X --- x Bx,, be given. Then there is a y; € K such that
1Tz — y;lly <ym(T) +e.
Combining the above estimates we get

(T = PT)zlly <[I(I = P)(Tz —y;)lly + (I = P)y;lly
<M =PIIITz = yilly +¢
< Avm(T) +¢) +e.

Clearly that PT € K, (X1 X +++ X X, V) and so
HT”e,m <M (T) +e(A+1).

Since ¢ is arbitrary, the required estimate follows. [
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We will need the following technical result.

Proposition 2.2. Let X,...,X,, andY be Banach spaces. Assume that'Y has the bounded approzimation
property. Then for every T € L,,(X1 X -+ x X, Y),

[TNlesm = agm)(T).
Proof. For given € > 0, we can find S € K,,,(X1 X -+ x X, Y) such that
1T =S|I < T lle;m + /2.

Our hypothesis Y € (BAP) easily yields that there exists P € F,,, (X1 X+ - -xX,,,Y) such that ||S—P| < &/2.
Hence
IT =P <[T=Sl+|S—-P<|T

le.m + €.

Since € > 0 is arbitrary, we get
a(m)(T) < |7 lle,m-

Clearly that ||T|e,m < a(m)(T') and so the proof is complete. [

We will consider Banach function lattices. Recall that if ({2, S, i) is a complete and o-finite measure space,
then LO(u) = L°(£2,S, 1) denotes the space of all equivalence classes of real-valued measurable functions
on £2. A Banach function lattice (E, || - ||g) on (2,8, u) is defined to be a subspace of L°(11), endowed with
a complete norm || - ||z such that there exists u € E with u > 0 a.e. It is also assumed that E is an ideal
in LO(p), ie., if f € L%(u) satisfies |f| < |g| a.e., for some g € E, then f € E and ||f|g < |lgllg- A
Banach function lattice E is said to be order continuous whenever for every non-negative sequence (f,) in
E satisfying f,, | 0 we have || f, ||z — 0. We will use the well known and easily verifiable fact that E is order
continuous whenever for any sequence (f,,) satisfying |f,| < g € E for each n € N and f, — g p-a.e., then
[fn —9lle — 0.

An important class of Banach function lattices is rearrangement invariant (r.i. for short) spaces. We recall
its definition below. Given f € L%(u), its distribution function is defined by pus(\) = u{t € 2;|f(t)| > A},
A > 0. Then a Banach lattice E on (§2,S, ) is a r.i. space if g € E and || f||g = ||g||g whenever py = p,4
and f € E. It is well known [1,7] that for any r.i. space E we have

leLooCECL1+Loo

and so in particular this implies that any function f € E is locally integrable. Clearly, for a r.i. space E,
llxalle depends only on p(A) for any measurable set A of finite measure. If (§2, S, i) is an atomless measure
space, then for every ¢ € Ry with ¢ < u(f2), we may define the function ¢g by ¢g(t) = ||xallr, where A is
any measurable set with p(A) = ¢. This function is called the fundamental function of E.

Let X be a Hausdorff topological space and B(X) the Borel subsets of X. Let X be a g-algebra containing
B(X) and p: X — [0, 00] be finitely additive. We recall that A € X is inner regular if

u(A) = SUP{M(K); KCcA K compact};

E € Y is outer regular if pu(A) = inf {u(G); G O A, G open}. A is regular if A is both inner and outer
regular. A Borel measure is a measure defined on the Borel sets, which is finite on compact sets. A Borel
measure is regular if every set is outer regular and every open set is inner regular.

We also will work on metric measure spaces. We refer to [2,6] for the theory and application of these
spaces in potential theory. We recall that if (X, d) is a metric space and u is a measure on a o algebra B(X)
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of Borel sets, then the measure space (X, B(X), u) denoted by (X, d, 1) is called a metric measure space. As
usual a ball with a center at € X and radius » > 0 in a metric space (X, d) is denoted by

B = B(z,r) ={y € X;d(z,y) <r}.

To avoid trivial measures we will always assume throughout the paper that 0 < u(B) < oo for every ball B.
Consequently, p is o-finite measure.

Lemma 2.3. Let Xy,...,X,, be Banach spaces and let E be order continuous Banach function lattices on
a metric measure space (X, d, p). If T € L(X1 X+ - X X, E) with N = rank(T) < oo, then for everya € X
and e > 0, there exist S € L,,(X1 X -+ X X, E) and 0 < r < R < 0o such that rank(S) < N,

HT - S||X1><~~><Xm—>E <e

and supp(S(z)) C B(a,R) \ B(a,r) forallx € X1 X -+ X X,.

Proof. Let V = [Im(T)] C E with dim(V) = N. We use Auerbach’s Lemma which states, that there are
unit basis vectors fi,..., fxv € V and unit vectors f{,..., fx € V* such that

By the Hahn-Banach Theorem, it follows that there exists 7 € E* such that gpj\v = f;. Since Tz € V for
all x € X1 x -+ x X,

N N
Tx = Z@;(Tm)fj = ngj oT(x)f;.
j=1 j=1

Hence

N

T = ZBj ® fj,

j=1
where Bj == @ oT € L,(X1 X -+ x X,,) with | B;|| < ||T|| for each 1 < j < m. This implies that, for every
x=(x1,...,Tm) € X1 X+ X X, we have

N
> 1Bi(@)| < NIT| llrllx - el x, -
j=1

Now we fix two positive sequences {r,, } and {R,,} such that r, < R, for each n € N and r,, | 0 and R,, 1 co.
For a given a € X and for each n € N, we let A,, := B(a, R,,) \ B(a,r,). Combining fxa, — f u-a.e. with
order continuity of F, it follows that for all f € E, we have

If = fxanlle =0 asn— oo
This implies that there exist positive r and R with » < R such that
€
P — fs X < —— 1<4<N.
1f; = fixBa.r\Bam||E < NI <j<

We let g; = fjXB(a,R)\B(a,r) for each 1 < j < N and define

N
Sz = ZBj(a:)gj, ze Xy X x X

Jj=1
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Clearly that S € L,(X1 X -+ x X, E), rank(S) < N and supp(S(z)) € B(a,R) \ B(a,r) for all
x € X1 X -+ X X;;,. Combining the above estimates yields

N N
e
T = Sallp <> B @)l f; — gjlle < NI 1B (@) < ellzillx, - lzmll xm
=1 =1
for all z = (21,...,2,) € Bx, X --- X Bx,,. Thus | T — S|| < ¢ as required. [

We show that a large class of Banach lattices on some metric measure spaces have compact approximation
property. Before we state the result we need to introduce some more notion and definitions. Let (X, d, 1) be
a metric measure space. A pi-measurable function f: X — R is said to be locally integrable (f € L. .(u) for
short) if f is integrable over any balls of X. If (X, d, ) is a measure metric space such that 0 < u(B) < oo,

we define the Hardy-Littlewood operator M, by

I 1
M#f(x) - zgw /-L(B) L ‘f| dM? f € Lloc(p‘)a

where the supremum is taken over all balls B containing x.

It is known (see e.g., [1], P. 154) that for example, if X = R™ and p is a Lebesgue measure, then the
maximal operator M,, is bounded in r.i. space E if and only if upper index of E is less than 1.

A metric measure space (X, d, p) is said to be a Vitali space if all balls in X have finite measure and if
for every set A in X and every family B of closed balls in X satisfying

inf{r>0; B(z,r) E]:} =0 forxeA,

there is a countable disjoint subfamily {B,} of B such that
8 (A U Bn> —0.

It is well known that if (X, d, ) with g a doubling measure, then it follows by the well known Vitali’s
theorem that X is a Vitali space (see [6, Theorem 1.6]). We note that if 4 is a Radon measure on R™, then
(R™, 1) is also a Vitali space (see [11, Theorem 2.8]).

We recall that a measure p is doubling if there is a constant C,, > 0 such that for all balls ;(2B) <
Cyu(B), where 2B(x,r) = B(z, 2r).

Let X be locally compact Hausdorff space. We denote by C.(X) the space of all real-valued continuous
functions on X which have compact support. In what follows we will need the following proposition.

Proposition 2.4. Let X be a locally compact Hausdorff space and let i be a Radon measure on B(X) and
let E C L°u) be order continuous Banach function lattice such that xa € E for every u-finite Borel set.
Then C.(X) is dense in E.

Proof. Clearly, the order continuity of E implies that the set of simple functions is dense in E. If {e,} is
a positive sequence with ¢, | 0 and s is a simple function in F, then it follows from Luzin’s theorem that
there exist a sequence { f,,} of functions in C.(X) such that except on a measurable set A,, with p(A,) < &p,
| fr|] < |I8|loo- This implies that, for each n, we have

1fn = sl < lIsllcollxanll2

and so f, — s in E by order continuity. [



76 V. Kokilashvili, M. Mastyto and A. Meskhi / Nonlinear Analysis 188 (2019) 70-79

We are ready to prove the following result which shows that a large class of Banach lattices on metric
measure spaces have compact approximation property.

Theorem 2.5. Let (X, d, u) be a locally compact Vitali measure metric space such that u is a reqular measure
with 1(OB) = 0 for every ball in X . Assume that E is an order continuous Banach function lattice in L°(X, p)
with xa € E for any p-measurable set A and that the Hardy—Littlewood maximal operator M,, is bounded in
E. Then E has A-compact approzimation property with X = || M| + 1.

Proof. Fix e > 0 and let fi,..., fy be given functions in E. By Proposition 2.4, it follows that C.(X) is
dense in E, we may assume that f; are continuous functions with compact supports for each 1 < j < N. Let
K be a compact set outside which all f; vanish. The uniform continuity on K of each f; yields that there
exists & > 0 such that, for every z,y € K with d(z,y) < J, we have

() = £i(y)| < 1<j<N.

2llxelle’
Since (X, d, 1) is a Vitali space, it follows that the family B of closed balls,

B:={B(z,r); z € K, B(z,r) Cint K, r € (0,6/2)} U{B(z,r); x € 9K, r € (0,6/2)}

contains a countable disjoint subfamily {B,,}° ; such that

M(K\ f_j Bn) =0.

We note that d(x,y) < 6 for all 2,y € B,, and each n € N. Since every ball with center at z € 0K contains
a point from K¢, it follows by continuity of f; that f;(z) = 0 for all z € 9K and for each 1 < j < N.
Combining we obtain that, for each n € N and each 1 < j < N,

|fi (@) = f;(y)

g

| < si——xx(z), x€B,NK, yeB,\K.
2|xx e

Now we define a linear mapping S on E by

> 1
Sf = ;(N(Bn) /Bn fdu>><m3n, fekr.

Observe that for every x € X we have

> 1
1Sf(z)] < Z<m / s du)mx) < M f(x)

and so S: F — E is bounded with [|S||g—r < |M,| p—g. Consequently, ||S — I|pg»g < |Mu||lp»E + 1.
We claim that S is a compact operator. To see this observe that the sequence {S,} of finite dimensional
operators given by

Suf = ;(M(lBj) /Bj fdu)mgj, feE
satisfies S, f — Sf and |S, f| < S|f| € E. This implies by order continuity of E that
|Snf—=Sflle =0 asn— .
To finish the proof it is enough to show that

ISf;— file <e, 1<j<N.
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To see this we recall that d(z,y) < ¢ for all z,y € B,, and each n € N. Since (KN B;)N (K NBy) = 0 for each
i# kand w(K\Up—; Bn) =0, f; =Yoo [iXknk, a.e. for each 1 < j < N. Combining these with the
second estimate at the beginning of the proof we obtain that, for almost all z € X and for each 1 < j < N,

1(u( n>/ fjd”)XKmBn(m)—fj(@

o0

15fi(x) = f3(2)] =

3
Il

- 1
= ,;(/i B,) |f] fi(x )‘d/‘( ))XKan(a?)
- Z; (u 1 m . |£() - fj(y)|d#(y)>XKan(x)
g ( Bn\ ‘fj(m) - fj(y)’ d:“’(?/))XKﬂBn (.’1?)
Xk (@ )

||X [F2

and so the required estimate follows. [

We finish with the following an obvious remark that the condition u(9B) = 0 for any ball B holds in
a wide class of metric measure spaces (X, d, ). For example, this is true whenever the function (0,dx) 3
7+ p(B(x,r)) is continuous for every x, then p(0B(z,r)) = 0, where dx = sup, ,cy d(z,y). In fact we
have
0B(z,7r) C B(z,7 +¢en) \ B(z,r — &,)

for any sequence {e,} in (0,7 — dx) with &, — 0 as n — oo and whence,
W(OB(2,1)) < p(Blw,r + ) — p(Bla,r — 1)), neN.

Clearly this yields u(0B(z,r)) = 0.
3. Application to multilinear variant of Hilbert and Riesz transforms

In this section we apply the derived results to obtain the lower estimate of the essential norm for
multilinear variants of Hilbert and Riesz transforms bounded in r.i. Banach spaces.
For each positive integer m we define a variant of multilinear Hilbert transform H,, on L{

loc (Rm’ Am)
given by the formula:

— Dy fl(tl)"'fm(tm)
Hpy(f1,- o5 fm)(x) = p. -/m ((JS i)+t (o —tm))m d\n,, x€eR,

where \,, is the Lebesgue measure in R™.

Theorem 3.1. Let X1,...,X,, and E be r.i. Banach spaces on R such that Hy, € L,(X1 X -+ x X, E).

If E has bounded approzimation property and ¢x, (t)---¢x,,(t) < Cog(t) for allt > 0 and some C > 0,

th
en 1

||H ||6m el C,(2T)

Proof. Let § > |[Hy||e,m. From Proposition 2.2, it follows that § > a(,,)(T"). Thus, by the definition, there
exists T € Fpp (X1 X -+ X Xy, E) such that

|Hy — T < 6.
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Applying Lemma 2.3 with a = 0, we conclude that there are positive number 8 > 0 and S € F,,, (X1 X - -+ x
X, E) such that

1
1T =S| < 5(5 — | Hm = S1)
and for all f € X7 x -+ x X,
supp(Sf) CR\ (=8, 8).

Hence

|(Ho — 8)f e < 1l [ fonll ()
and so for every 7 € (0, 3),
ermy o5 < 81, - ol o

Now observe that for each 1 < j < m and for all ¢; € (0,7), x € (—7,0), we have that 0 < (t; — z) < 27.
Then from (%), taking f; = x(o,r) for all j € {1,...,m}, it follows that

d ||X(0,T) HXl e ||X(O,T) ||Xm > ||X(_-,—70)HmX(077.) ||E
= HX(—ﬂO)/ (@=t) ot (@ = t) ™" do
(0,7)m™ E

)

1
> W </(O - dAm) ||X(—7—,0)||E~

By hypothesis on fundamental functions we get

1
> .
02 C(2m)™

Since § > ||Hplle,m Was arbitrary, the required estimate follows. O
Further, we are also interested in the estimate of the essential norm for the multilinear Riesz transform.

Let us recall (see, e.g., [5]) that for each positive integer m and for each 1 < ¢ < m, an m-linear i-th Riesz
(R™™ \pp) is defined by the formula:

RI™(f1,..., fm)(@) = p.v. / 2z (y)m)i Fi@) - fon () A, 7 € R,

Rm)m™ m 2
(e = il?)

where A, is the Lebesgue measure in R™". Here z; and (y;); are i-th coordinates of = and y;, respectively.

transform Rl(m) on L

We note that if n = m = 1, then Rgl) is the linear Hilbert transform H. Now we are ready to prove the
following statement:

Theorem 3.2. Let X1,...,X,, and E be rearrangement invariant Banach spaces defined on R™ such
that Rl(»m) € Lyn(X1 X - X X, E) for each i € {1,...,n}. If E has bounded approximation property and
ox, (t) - px,, (t) < Cogp(t) for allt > 0 and some C > 0, then the following estimate holds for the sum of
the m-linear Riesz transforms R(™) = Z?zl Rl(.m),

1
(zm) mny (mn+1)/2°

R(m) o >
IR o 2

Proof. Following to the proof of Theorem 3.1 we take § > || Hyy,||e,m- Arguing as in the proof of Theorem 3.1
we find that the inequality

IR = 8)fllm < 6l fillx, - | fnllx
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holds for all f = (f1,..., fm) € X1 X -+ X X, with supp(Sf) € R™\ Q(0, ), where Q(0, 3) is the cube
with center 0 and side length 24.

Let 0 < 7 <  and let Q := Q(0, 7). Following [4, p. 417], denote by @’ the cubes touching @ and having
the same side length as @, and such that z; > (y;); for any « € Q and y; € Q. Then, for every z € @ and

fx = xq for each 1 <k < m, we have

Rwuhummsz:/ E%ﬂm_@ﬁhﬁ@m~mwmwm
i=17/(@)™ (Zj:l |z — ;)
Do e (@i = (y5)i)

@ (S0 e — )™

>n_1/2/ 27:1 |z =y,

- @y (S o= ys) ™

S n—1/2/ 1

N @ym (27, |z —y)™"
(27)mmn~1/2 1

= (4m\/ﬁ7->mn - (Qm)mnn(mn+1)/2'

dAmn

dAmn

dAmn

Hence, taking f; = x¢, j € {1,...,m}, we find that

1
(m) -
il Ix@llxn = (xR xer 5 2 Grmlivalls

Thus we have

5> !
- C(2m)mnn(mn+1)/2

and the proof is complete. [J

We conclude with the following remark that order continuous r.i. spaces have bounded approximation

property (see [10]).

References

(1]
(2]

C. Bennett, R. Sharpley, Interpolation of operators, in: Pure and Applied Mathematics, vol. 119, Academic Press, Boston,
1988.

A. Bjorn, J. Bjorn, Nonlinear potential theory on metric spaces, in: EMS Tracts in Mathematics, vol. 17, European
Math. Soc., Zurich, 2011.

D.E. Edmunds, W.D. Evans, Spectral Theory and Differential Operators, Oxford Univ. Press, Oxford, 1987.

J. Garcia-Cuerva, J.L. Rubio de Francia, Weighted Norm Inequalities and Related Topics, North Holland, Amsterdam,
1985.

L. Grafakos, R.H. Torres, Multilinear Calderén-Zygmund theory, Adv. Math. 165 (1) (2002) 124-164.

J. Heinonen, Lectures on Analysis on Metric Spaces, Universitext, Springer-Verlag, New York, 2001.

S.G. Krein, Ju I. Petunin, E.M. Semenov, Interpolation of linear operators, in: AMS Translations of Math. Monog., vol.
54, Providence, 1982.

A. Lebow, M. Schechter, Semigroups of operators and measures of noncompactness, J. Funct. Anal. 7 (1971) 1-26.

J. Lindenstrauss, L. Tzafriri, Classical banach spaces II, in: Function Spaces, Springer-Verlag, Berlin-Heidelberg-New
York, 1979.

M. Mastyto, Interpolation of compact operators, Funct. Approx. Comment. Math. 26 (1998) 293-311.

P. Mattila, Geometry of sets and measures in Euclidean spaces, in: Fractals and Rectifiability, in: Cambridge Studies in
Advanced Mathematics, vol. 44, Cambridge University Press, Cambridge, 1995.

A. Meskhi, Measure of Non-Compactness for Integral Operators in Weighted Lebesgue Spaces, Nova Science Publishers,
New York, 2009.


http://refhub.elsevier.com/S0362-546X(19)30163-4/sb1
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb1
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb1
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb2
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb2
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb2
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb3
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb5
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb6
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb8
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb9
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb9
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb9
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb10
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb11
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb11
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb11
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb12
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb12
http://refhub.elsevier.com/S0362-546X(19)30163-4/sb12

	The measure of noncompactness of multilinear operators
	Introduction
	Results
	Application to multilinear variant of Hilbert and Riesz transforms
	References


