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Abstract

In this paper, we prove an abstract version of the splitting property for summing
operators, extending the classical result due to A. Pietsch and B. Maurey. Our results
provide a technique that may be useful in different contexts, as illustrated in the
applications.
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1 Introduction and Motivation

In the first half of the twentieth century, the theory of continuous linear operators
between Banach spaces was already well developed, but it still lacked a refined char-
acterization of those operators that preserve or improve convergence and integrability
properties of sequences in the sense of summability. This interest in summability
within Banach space theory emerged in the early decades of the second half of the
twentieth century and can be traced back to Grothendieck’s Résumé.

Summability also arises in settings that are not strictly linear, with important appli-
cations in Complex Analysis, Combinatorics, Quantum Information Theory, Geometry
of Banach Spaces and Classical Inequalities, such as the Hardy-Littlewood and
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Bohnenblust—Hille inequalities (see Aradjo et al. 2025; Arunachalam et al. 2020;
Montanaro 2012; Nufiez-Alarcon et al. 2024a; Raposo and Serrano-Rodriguez 2023).

In Grothendieck (1953), Grothendieck introduced ideas that would later be recog-
nized as precursors to the theory of absolutely summing operators. In the following
decade, Pietsch (1967), Lindenstrauss and Petczynski (1968), and Mityagin and
Petczynski (1966) established many of the fundamental properties of these opera-
tors. The significant role that absolutely summing linear operators play in operator
theory and Banach space theory has motivated the development of analogous notions
for classes of summing mappings in various contexts. The nonlinear theory of abso-
lutely summing operators was further advanced by the works of Pietsch (1983), Matos
(2003a), Farmer and Johnson (2009), among others. The interest in studying summa-
bility in such nonlinear settings has since been explored by numerous authors (see,
e.g., Alencar and Matos 1989; Angulo-Lépez and Ferndndez-Unzueta 2020; Bayart
2018; Belacel et al. 2023; Botelho et al. 2001, 2007, 2019; Caligkan and Pellegrino
2007; Chéavez-Dominguez 2011, 2012; Chen and Zheng 2011, 2012; Dimant 2003;
Macedo et al. 2022; Matos 2003b; Nufiez-Alarcén et al. 2024b; Pellegrino and Souza
2005, 2006).

If1 <s,r < o0, alinear operator T : X — Y between Banach spaces is
absolutely (r; s)-summing (or (r; s)-summing), and we write T € Il (X;Y), if
there exists a constant C > 0 such that

m 1/r m 1/s
(Z ||T<xi>||’> <C sup (Zw(xmf) 1)
i=1

(ﬂEBX* i=1

for every x1, ..., x,, € X and all m € N, where By+ denotes the closed unit ball of the
topological dual X* of X, which is a compact Hausdorff space in the weak-star topol-
ogy (for details, we refer to the classical book Diestel et al. 1995). When r < s, one
has I1,.s(X; Y) = {0}. Hence, we can assume s < r. The infimum of all C that satisfy
the above inequality defines a norm on I1,.;(X; Y), denoted by 7., (7). In addition,
(Hr;s(X; Y); rrr;s(~)) is a Banach space and ||T|| < 7,.5(T) forall T € I1,.4(X; Y).
When s = r, we write (I, (X; Y); 7, (-)) instead of (l'[r;r(X; Y); 7{,;,(-)). Asisusual,
let L(X; Y) be the space of all continuous linear operators from X to Y. From now on,
for any 1 < r < oo the symbol r* denotes the conjugate of r,i.e.,r* =r/(r — 1).
The main goal of this paper is to prove an abstract version of the classical splitting
property for absolutely summing operators. This property appears implicitly in works
of Pietsch (1967) and Maurey (1974) (see also Diestel et al. 1995, Lemma 2.23 and
Defant and Floret 1993, page 423). It is now known as the Maurey—Pietsch splitting

property.
Theorem 1.1 (Maurey—Pietsch splitting property) Let 1 < r < 6,8 < oo with % =

é + % If T € s (X, Y), then given m € N and (x,')l'.”zl C X, there are ()\i);”zl cK
and (y;)!', C Y such that

T(x;) =Ajyi forall i =1,...,m
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and

Sol—

1 1

m 35 m g m T

(Zm“) sup (Zw*(ym@) < ms(u) sup (Dx*(xiw) :
i=1

y*eByx \;—| x*eByx \;—|

When s = r, we have I, C ITs, and thus Theorem 1.1 yields the splitting property
for I1,. However, if s < r, then I, is not directly comparable to I1s, and the splitting
property does not follow from the classical result.

This motivates two natural questions:

(1) Does IT,.; admit a splitting property?
(i1) Are there nonlinear extensions or generalizations of the splitting property?

In this paper, we answer both questions affirmatively by establishing an abstract
framework that includes the linear and nonlinear theories as particular cases.

2 Main Result

Recently, several works have shown that many important results of the theory of
summing operators, in fact, require essentially no linear structure to remain valid (see
Botelho et al. 2019; Macedo et al. 2022; Pellegrino and Santos 2012; Pellegrino et al.
2012a,b, 2017). The abstract context for our main result was inspired by Pellegrino
et al. (2012a).

Let Xy, ..., X,, Eq, ..., E, be (arbitrary) nonempty setssuchthat £; € X1, ..., E,;, €
Xn, let Y be a Banach space, and let H be a family of mappings from X x --- x X,
to Y. Let also K7, ..., K, be compact Hausdorff topological spaces, and let

R:KixXix--xX,xXxEx---xE, —[0,00),l=1,..,u

be arbitrary maps.

Definition 2.1 Let 1 < «y,...,y, ¢ < 0co. A mapping f : X; x - x X, —»> Y
of H is called Ry, ..., Ry-abstract (a; o1, ..., &y)-summing, and we write f €
HRy,..., Ry (@) (X15 -y X3 ¥), if there is a constant C > 0 so that forallm € N,

xl.(k) e Xy, qi(k) € Ep,with (i, k, 1) e {1,...,m} x {1, ...,n} x {1, ..., u}, one has

1
m x
1 1 o
(1 (o) = o))
i=1

1

u m a

1 1 «

<c-T]sw (§ Ri(oaaqa™)) @
1=19€K1 \;=

The infimum of all C for which (2) holds is denoted by || fllg, . g, (@
also satisfies the corresponding inequality.
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Our goal is to show that this abstract class of summing operators satisfies the splitting
property. The key tool in our argument is the following inequality, first used by Pietsch
in (1967, Theorem 4) (see also Defant and Floret 1993, Theorem 11.5, Pietsch 1987,
Theorem 1.3.10) and presented in the form below in Popa (2017, Proposition 2).

Lemma 2.2 LetY be a Banach space, and suppose that 1 < «, 0,8 < oo are such that
é = é + %~ FOreveVy (ﬂlﬂ (AR} ﬂm) € [07 Oo)m) (yla sy Ym) S Ymr and ()"la sy )\m) S

(0, 00)™, we have
o* m =
s(zﬂ ”””) (Zuy,u“) <Zﬂ?*> :
i=1 i=1

Theorem 2.3 Let 1 < ay,...,0,,«, 0,8 < oo satisfy a < 6,6 <ooand1 =é+%.

If f € HRy,...Ru, (1., au)(X], vy X33 Y), then givenm € N, x(k) € Xi, q; e Eyg,
with (i, k) € {1, ..., m} x {1, ..., n}, there are (A;)/_; C Kand (yl) " C Y such that

m
Biyi
yE

i=1

f (xl.(l), . ..,xi(")> —f (ql(l),. ) ql.(")> =Xy forall i =1, ...

3

and
1 1
m s m 0
Yol s | DIy onl
i=1 y*€Byx \ ;=1

u m ¥
S IR R et Hsup (Z ( (1) - F"),q,(),...,q,(")) ) )

1=1 %€k

i=1

Proof Foreachi = 1, ..., m, define

1 1
A= Hf (xl.( ), .. .,xl.(")> —f <qi( ), . ,ql(")) 3)
and
1 1
f(xl.( ), l(n)) f(ql( ) ...,ql.(")) '
yi = A if )\i ;é 0
0 if A; =
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Note that, if A; 7# 0, then f (x.(l)

i = 0, it follows from (3) that f (x(l
R, -abstract (a; a7y, ..

Moreover, since f is Ry, ...,

m m
Sl =Y (5"
i=l1 i=l1

u
o
<A1y Revasaroy - | ] ] SUP
1=19<Ki

Considering I = {i

sup (Z Iy i) |°

y*eByx \ ;|

Without loss of generality, we can assume that I = {1, ...,

1
) g m
Bi)iLi€Ben, | j=1

Lemma 1.1.14) we have

y*EBy* i=1

).--

1 o
,xi(n)) _ f(qi( ), “.’qi(n))
m

i o
a
1 1
Sttty o

i—1

sup (Z v i) I°

(n)> f( M ]
1

(")) ( M ...,ql("))zozxiyi.

., @y )-summing, we have

) = A;iyi. Now, if

: Ai # 0} we have that

1 1
9 0
= sup (Z Iy () |9>

Y*€Byx \jer

m}. So, by Pietsch (1987,

> Bivi

sup

Thus, for (8 j);f’zl € ngz* , it follows from Lemma 2.2 and (3) that

1
xl.(")) —f (ql( ), ql(")

A

1
,xl.(")) — f(ql( ),...,ql

m m (1) RN
Z,Bi)’i = ZIB <f<
i=l1 i=1
(e R
i=1

Since f is Ry, ...,

(S ) =10
x’.(")) — f (ql.(l), cee, ql(")>

R, -abstract (o; ay, ...,

1
a 1 a\ “
= ”f”10?1,.,.,Ru,(a;alw..ﬁal,) : (l_[ sup (Z R < s xi(n)v qi( )s ey qi(n)> ) )

1= lweK/

Al

1

: (Z |ﬂ,-|9*> a
i=1

oy, )-summing, we obtain

i=1
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This yields

m §
sup (Z Iy () |9>
y*EByx

i=1

1N\ &
u m «,
¢ 1 1 AN
f||f||,%l,,“,Ru,(a;m,m,%)-(]'[ sup( Ri(pox” o x gV, ™) ) ) NG

1=1 9K \i=1
From (4), (5) and é = % + % it follows the result. O
If there exists a = (a(l), .. .,a(”)) € E1 X --- x E, such that f(a) = 0, then

by taking qi(l), e qi(")) = a forall i € {1, ..., m} in Theorem 2.3, we obtain an

abstract generalization of the splitting property.

Corollary 2.4 (Abstract Splitting Property) Let 1 < «y, ..., y, @, 0,8 < cowitha <
0,8 < oo and é = é + %. Suppose that there exists a = (a(l), . ..,a(”)) e F| x
<o x Ey such that f(a) =0.If f € Hp,,....Ry.(w:a1,..oa0) (X1s -y Xn3 Y), then given
m e N, xl-(k) € Xy, with (i, k) € {1,...,m} x {1, ...,n}, there are (1;)7_, C K and
(v, C Y such that

f (xl.(l), .. .,xl.(”)> =Ayi foralli=1,...m

and

(ZM,-P) sup (Dy*(y,-)r’)
i=1

Y*eByx \;;

1

u m E

1 | A

< UFURy o Rt * ] | SUP (ZR; (<p,xl,<>7,,.,xl_<n>’a<>W’a<n)) ) ‘
1=19€Ki \j=

3 Applications

Now we will apply our main result to obtain the splitting property for several classes
of summing operators (linear and nonlinear).

3.1 Absolutely Summing Linear Operators

Let X and Y be Banach spaces and 1 < s < r < oo. Choosing the following
parameters in the abstract framework of Sect. 2:

@ Springer
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u=n=1
a=randa; =s
Xi=Xand E; ={0}C X
K| = Byxx
H=L(X;Y)
Ri(p, x,0) = lpx)|.

With these choices, we have that a linear mapping 7 € L(X; Y) is Rj-abstract (r; s)
-summing precisely when 7T is absolutely (r; s)-summing. Thus, Corollary 2.4 ensures
the splitting property for the class of (r; s)-summing operators.

Corollary 3.1 Suppose that 1 < s <r < 6,5 < o0 such that % = é + %, and let

T € I,,5(X; Y). Then, given m € N and (x;)/L, C X, there are ()], C K and
(), C Y such that

T(x;))=Xvy forall i=1,...m

and

1 1 1

m 5 m g m s

(ZM) sup (Zw*(yi)ﬁ) < ps(T) sup (Zwmv) :
i=1

y*eByx i=1 @EByx i=1

3.2 Lipschitz (r, s)-Summing Operators

Let X be a pointed metric space with its base point denoted by 0, and let Y be a
Banach space. We denote by Lipo(X; Y) the subspace of the Lipschitz operators such
that 7(0) = 0, endowed with the Lipschitz norm defined by

IT@x) =T

Lip(T) = sup{ aG.y)

:x,yeX,x;éy}.

It is known that (Lipo(X; Y); Lip(-)) is a Banach space, and when Y = K, we write
x* = Lipg(X;K). Let 1 < s <r < oo. Amapping T € Lipo(X;Y) is called
Lipschitz (r; s)-summing if there is a constant C > 0 such that

1 " 1
(Z ||T<x,»>—T<qi>||’) <C sup (wan—w(w) ©)

i=1 9€Bx# \i=1

forallm e Nandx; € X,i = 1, ..., m. This class is denoted by I'If,s (whenr = s we
write HrL) and rrrL_s(T) (or rr,L (T) when s = r) is the smallest number C that satisfies

(6).
The class of Lipschitz (r; s)-summing operators is a natural generalization of the
class of Lipschitz r-summing operators introduced by Farmer and Johnson (2009).

@ Springer
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Let us choose the following parameters in the abstract framework of Sect. 2:

u=n=1
a=randa; =s
Eil=X1=X
Ki = By
H = Lipo(X; Y)
Ri(p, x,q) = |lp(x) — o(q)| .

With these choices we have that a Lipschitz mapping T € Lipo(X; Y) is R;-abstract
(r; s) -summing if and only if T is Lipschitz (r; s)-summing. Since 7 (0) = 0, taking
a; = --- = a, = 0, the splitting property for the class of Lipschitz (r; s)-summing
operators follows from Corollary 2.4.

Corollary 3.2 Suppose that 1 < s <r < 6,8 < oo such that % = 0% + % and let
T e HrL_S(X; Y). Then, given m € N and ()c,-);”:1 C X, there are ()L,-);"zl c K and
()L, C Y such that

T (x;) = Ajy; foralli =1,....m

and

1 1 1

m K m 0 m 3

(zw) sup (Dy*(yine) <7k (T) sup (Zw(mv) :
i=1

Y €Byx \j=1 9EByt \i=1

3.3 (r; s; G)-Summing Linear Operators

If X and G are Banach spaces, then X ®. G denotes the injective tensor product, and
we denote by X®.G the completion of X ®, G. Kislyakov (1992) introduced the
following notion in the setting of injective tensor products: Given 1 < s <r < 00
and three Banach spaces X, G, and Y, a linear operator 7' from X ®.G into Y is
called (r; s; G)-summing if there is a constant C > 0 such that for all m € N and
v € X®:G,i=1,...,m, wehave

1 1
(Z ||T(v,->||’> <C sup (Z ||vi<¢>||g)
i=1

@EByx i=1

where v;(9) = Y05, @(xk,i)gk.i for v; = D% xk; ® gk,i for some x;; € X and
gk.i € G. The space of such operators is denoted by I (X®,G; Y), and ||T||gs is
the infimum being taken over all the constants C above.

@ Springer
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Choosing the following parameters, in the abstract framework of Sect. 3,
u=n=1
a=randa] =s
= X®:G and E1 = {0} C X
K1 = Bxx
H=L(XR:G:Y)
Ri(p,v,0) =llv@lig .

we conclude that a linear mapping 7 € £L(X ®:G; Y) is Ry-abstract (r; 5) -summing

precisely when T is (r; s; G)-summing. By Corollary 2.4, we have the splitting prop-
erty for this class of operators.

Corollary 3.3 Suppose that 1 < s < r < 6,8 < oo such that l = é + (13, and

let T € HG (X®.G;Y). Then, given m € N and (v;)L, C X®€G there are
), C Kand ()L, C Y such that

T (vi) = Aijy; foralli =1, ....,m

and

(ZM) sup (Dy (yl>|) <ITIy, sup (val(w)u)
i=1

Y¥*€Byx \; peBx+ \ ;|

strong .

3.4 (L r)-Summing Linear Operators

Letl] <s <r <ooand X, Y, and Z be Banach spaces. A bounded linear operator
T from £(X*, Z) into Y is called (Ef.tmng; £,)-summing if there is a constant C > 0

such that
m ;
(Z ||T(vl->||*) <C sup (Z ||vl(<o>||z)
i=1 PEByx+ \ ;1
forallm € Nand v; € L(X*, Z), withi = 1, ..., m. The space of such operators is

denoted by TIT @, m(ll(X *.Z);Y) and | T| @ g ) is the infimum being taken

over all the constant C. The concept of the errons. £,)-summing linear operators was
introduced by Blasco and Signes (2003).
Choosing the following parameters in the abstract framework of Sect. 2:

u=n=1
a=randa; =s
= L(X*, Z)and E1 = {0} C X;
K| = Byxx
H=L(LX* Z),Y)
Ri(p,v,0) = lv(p)lz-

@ Springer
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With these choices we have that a linear mapping T € L(L(X*, Z); Y) is R;-abstract
(r; s) -summing precisely when T is e, £,)-summing. By Corollary 2.4, we
obtain the splitting property for this class of operators.

Corollary 3.4 Suppose that 1 < s <r < 6,8 < oo such that % = 91 + % and let
T eIl o )([,(X* Z); Y). Then, given m € N and (v;)1.; C L(X*, Z), there
are (A ) " C Kand (y)i', CY such that

T (v;) = Aiy; foralli=1,..,m

and
1 1
m 3 m 2
(ZM) sup (Zw*(yi)ﬁ) < ATl grnsy,) Sup (va, (@) ||>
i=1 y*€Byx \;=1 x* \j=1

3.5 Absolutely Summing Multilinear Operators

Let Xy, ..., X, Y be Banach spaces and 1 < r,ry,...,r, < 00, such that % <
% + -4 rin A mapping T € L(X{, ..., X,;; Y) is called absolutely (r;r1, ..., ry)-
summing if there is a constant C > 0 such that

1 1

r) r < Cl_[ sup <Z ‘(p(xi(l)) r1> I @)
i=1

m
(Z HT(xl.(l), ce X
i=1

(/JEB *
forall m € Nand x” € X;, i = 1,...,m, I = 1,...,n. This class is
denoted by Lus ¢riry,or) (X1, s Xp3 Y). When Xy = -+ = X, = X we write
Las,rry,ry (P X5 Y)and when ry = - - - =1, = 5 we write Lyg (r5) (X1, oo, X3 V).
The definition of absolutely (r;rq, ..., r,)-summing n-linear forms is due to

Pietsch Pietsch (1983). In Alencar and Matos (1989), Matos presented a definition
for vector-valued mappings.
Now, let us choose the following parameters in the abstract framework of Sect. 2:

u=n
oa=rando; =r foreveryl=1,...,n
K; = BXI*
={0} C Xi
H=L(Xy,..,.X;Y)
Ri(p,xV, ... ,x™,0,..,0) = |[pxD)].

With these choices, it follows from (7) and (2) that an n-linear mapping T €
L(X1, ..., Xu; Y)iS Ry, ..., Ry-abstract (r; ry, ..., ry,) -summing if, and only if, T is
absolutely (r; rq, .. ., ry)-summing.

Corollary 2.4 ensures the splitting property for the absolutely (r;ry,...,r,)-
summing operators.

@ Springer



Splitting Property for Summing Operators Page 11 of 16 17

Corollary 3.5 Suppose that 1 < ry,...,r, <r < 6,8 < 00 such that l l + %,

andlet T € Lys (r:ry,.r) (X1s oo, Xn3 Y). Then, given m € N and (x(k))m 1 C Xk,
withk = 1, ..., n, there are ()‘i);n=1 Cc Kand (y,)lm=1 C Y such that

T (xi(l),...,xl.(n)) =Aiy; foralli =1,...m

and

1

(Zwr‘) sup (Dy (y,)|) < T lastrin... r,,)l'[ sup ( ]w(x“))])
i=1 i=1

Y*eByx \ ;o 1<peBX*

3.6 Lipschitz (r; s)-Summing Multilinear Operators

Let Xq, ..., X;;, Y be Banach spaces and 1 < s < r < oo. An}n-linear operator
T:X|X---x X, —> Yisn-Lipschitz (r; s)-summing (T € L’gf;’)’(xl, e X0 YD)
if there exists a constant C > 0 such that

m 1/r
1 1
(Z 170G x™) = T(q. . q{™) ||’>
i=1

1/s
<C  sup (Dmx“) ") = p(q . ,q,”)>|) ®)

PEBL(X],.... Xn:K)

for every m € N, xi(k),ql.(k) € Xpwithk =1,...,nandi = 1, ..., m In this case,
1T Lip(r;s) 18 the smallest number C that satisfies this inequality. The notion of a
Lipschitz (r; r)-summing multilinear mapping was introduced by Angulo-L6pez and
Fernandez-Unzueta (2020).

Choosing the following parameters in the abstract framework of Sect. 2,

u=1
a=randa; =s
Kl = B(Xl®n'“®ﬂxn)*
E;=X;foreveryl=1,...,n
H=L(X1{,...XnY)

Ri(p, xD, ., x™ gD M) = oD ® ... @xM) ¢V ®..0q¢M)],

we conclude that an n-linear mapping T € L(X1, ..., X,; Y) is Rj-abstract (r; s)-
summing if and only if T is n-Lipschitz (r; s)-summing. Thus, Corollary 2.4 ensures:

Corollary 3.6 Suppose that 1 < s <r < 6,8 < oo such that l = (% + 3 L and let
T e ,C?rL;’;(Xl, ooy X3 Y). Then, givenm € N and (x(k))m 1 C Xk, withk =1, .

@ Springer



17 Page120f16 A.C.B.Limaetal.

there are (\;)7; C Kand (y;)!L, C Y such that
T (xi(l), e, xi(n)) =Aiy; foralli=1,...m

and

oo —

m m %
(Z |x,~|5) sup (Z Iy () |">
i=1

y*eByx i=1

m /s
1
<N Tlnripesy  SUp ( |¢(x,“,...,x,f">>|3) :
1

PEBL(X |, XniK) \j=

3.7 Strongly Summing Multilinear Operators

Let Xy, ..., X, Y be Banach spaces. If | < s <r < o0, T € L(X{, ..., Xp; Y) is
strongly (r; s)-summing(T € Ly (r.5)(X1, ..., Xn; Y)) if there exists a constant C > 0
such that

m 1/r m 1/s
1 1 .
(Z IT ", x™) ||’) <C swp ( ... x§”))|*>
i=1 ¢ Xn:K) 1

i=

foreverym € N, xi(k) e Xy withk=1,..,nandi =1, ..., m. In this case, ||T||Ss(,;s)
is the smallest number C that satisfies this inequality.

This class was introduced by Botelho et al. (2008) as a natural generalization of
strongly (r; r)-summing multilinear operators due to Dimant (2003). This class may
be the one that best translates the properties of the original linear concept into the
multilinear setting.

For 1 < s < r < oo, let us choose the following parameters in the abstract
framework of Sect. 2:

u=1
a=r anda|] =
K1 = Bx\&; & Xa)*
E, ={0} Cc X, foreveryl =1,...,n
H=L(X1,..,.X;Y)
Ri(¢.xD, ... x™0,..,0) =[P @ - @x™)]|.

With these choices we have that an n-linear mapping T € L(X1, ..., X;; Y) is R;-
abstract (; s) -summing precisely when T is strongly (r; s)-summing. Thus, Corollary
2.4 gives us the following:

Corollary 3.7 Suppose that1 <s <r < 0,8 < 0o such that % = % + %, andlet T €
Lss. (r:5)(X15 o.; Xn3 Y). Then, given m € N and (xi(k>);-" | C X, withk =1,...,n,
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there are (\;)7; C Kand (y;)!L, C Y such that

T (xi(l),... x(n)) =y foralli=1,...m

(e

and

o —

m m %
(Z wr‘) sup (Z y* () |9>
i=1

y*eBy* i=1

m 1/s
1
< ITllsg¢res)  SUP ( |¢(x,-”,...,x,-<”>>|S).
Xn;K) 1

$EBL(x,..., i—

3.8 Semi-integral Multilinear Operators

Let X1, ..., X;, Y be Banach spaces and 1 < s < r < oo. An n-linear mapping
T e L(X1,..Yy; Y) is (r; s)-semi-integral (T € Ly r.5)(X1, ..., Xn; Y)) if there
exists a C > 0 such that

m 1/r
1
(Z 1T, x™) ||’>
i=1

m /s
<C sup (Z |¢1(xf”>...gon<x,-(”>>|3)

(01500 ) EBxr XX Byx \j=]

for every m € N, xi(k) € Xy withk = 1,...,nand i = 1,...,m. We denote by
17 llsi(.s) the smallest number C that satisfies this inequality.

This concept of multilinear summability is due to Pellegrino et al. (2012a), and it
was inspired by Caligkan and Pellegrino (2007).

For 1 < s < r < o0, let us choose the following parameters in the abstract
framework of Sect. 2:

u=1
a=randa; =s
K1 =BX;f X -0 X Byx
E ={0}Cc X;
H=L(Xy,..,X;Y)
Ri((@1, e ), xD 0 x™00,.,0) = |01 D). (x ™))

With these choices we have that an n-linear mapping T € L(X1, ..., X,; Y) is Ry-
abstract (r; s) -summing precisely when T is (r; s)-semi-integral.

Applying Corollary 2.4, we have the splitting property for the (r; s)-semi-integral
multilinear operators.
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Corollary 3.8 Suppose that1 <s <r < 0,8 < oo such that % = % + %, andlet T €

Lsi (r;5)(X1, ... Xn; Y). Then, given m € N and (xl-(k))?;l C Xy, withk =1, ...,n,
there are (1)1, C K and (y;)!"., C Y such that

T (xl.(l), . ..,xl.(n)) =XAiy; foralli =1,....m

and

m m

Sonl’) sup (X0l

i=1 Y*eByx \;2|

m 1/s
1 )

= T lsigs) sup Y lerG ) I

(015590 ) By - x By \i=|

4 Final Comments

In Sect. 3, we obtain a splitting property for the following classes of linear and nonlinear
operators:

e Linear cases: (r; s)-summing, (r;s; G)-summing and (£ "¢; ¢
operators.

e Nonlinear cases: Lipschitz (r, s)-summing, absolutely (r; rq, .. ., r;)-summing
multilinear, Lipschitz (r; s)-summing multilinear, strongly (r; s)-summing multilin-
ear and (r; s)-semi integral multilinear operators.

»)-summing

Remark 4.1 The case s = r in Corollary 3.1 follows from the Maurey—Pietsch splitting
theorem. However, when s < r, Corollary 3.1 provides a new splitting property for
the absolutely (r; s)-summing linear operators.

Remark 4.2 The splitting property for the (r;s; G)-summing and (¢ °"%; ¢,)-
summing operators is proved in Popa (2017, Corollary 1 and 2) in the case s = r.
When s < r, Corollaries 3.3 and 3.4 provide new splitting properties for these classes
of operators.

Remark 4.3 The splitting property established for Lipschitz (r, s)-summing, abso-
lutely (r;ry,...,r,)-summing multilinear, Lipschitz (r; s)-summing multilinear,
strongly (r; s)-summing multilinear, and (r; s)-semi integral multilinear operators
appears to be entirely new.
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