REVISTA MATEMATICA COMPLUTENSE
Volumen 12, numero 1: 1999
http://dx.doi.org/10.5209/rev_REMA.1999.v12.n1.17193

Quantitative estimates for interpolated
operators by multidimensional methods,

Fernando COBOS*, José Maria CORDEIRO and
Antén MARTINEZ*

Abstract

We describe the behaviour of ideal variations under interpola-
tion methods associated to polygons.

0 Imtroduction

The behaviour of weakly compact operators under interpolation methods
for N-tuples defined by means of polygons has been considered by Cobos,
Fernandez-Martinez and Martinez [5] and by Carro and Nikolova [4].
Among other things, they showed that the interpolated operator acting
between two K-spaces or two J-spaces is weakly compact provided that
all but two restrictions of T' (located in adjacent vertices of the polygon)
are weakly compact. Moreover, a similar result holds for other operator
ideals sharing certain properties with weakly compact operators (see (5],
Remark 2.9). :
In this paper we investigate how far the interpolated operator can
be from being weakly compact. In a more general way, we estimate the
distance of the interpolated operator to a given operator ideal. In the
case of the classical real method for Banach couples, this question has
been recently studied by Cobos, Manzano and Martinez [9] and Cobos
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and Martinez [10], [11], where they have established estimates for the
measures 7v; , 3, related to a given operator ideal Z. We consider here
similar questions in the multidimensional context of interpolation spaces
associated to polygons. Qur techniques use some ideas introduced in
[9] combined with the geometrical elements which are natural to the
interpolation methods that we deal with. .

We start by reviewing in Section 1 some basic facts on ideal variations
and on J- and K-methods associated to polygons. Then, in Section 2,
we establish estimates for v, and 3, when one of the N-tuples of Banach
spaces degenerates into a single space. Finally, in Section 3, we deal with
the case of general N-tuples assuming that the operator ideal T satisfies
the ¥,-condition (see [14]).

1 Preliminaries

Let A and B be Banach spaces. By L(A, B) we denote the collection
of all bounded linear operators from A into B, endowed with the usual
operator norm. The closed unit ball of A is designated by Uy, and 4*
stands for the dual of A. We put ¢;(U/4) for the Banach space of ail
absolutely summable families of scalars {Aa)ecu, with Uy as index set.
The map Q4 : £; (Us) — A defined by Qa(A) = 20U, Al I8 a
metric surjection. The space £, (Ug+) is formed by all bounded families
of scalars indexed by the elements of Ug.. Write Jg : B — loo (Ugs)
for the isometric embedding given by Jgb = ({f, b)) fE€Uge

A class T of bounded linear operators is said to be an operator ideal
if each component TN L(A, B) = Z(A, B) s a linear subspace of £(A, B)
that contains the finite rank operators and satisfies that STR € 7 (E, F)
whenever R € L(E,A), T € I(A,B) and S € L£(B,F). The ideal T
is called closed if each component Z(A4, B) is closed in L(A,B). The
ideal T is said to be surjective if for every T € £(A4, B) it follows from
TQ4 € I(¢41(Ua), B) that T € I(A, B). The ideal T is called injective
if for every T € L(A, B) it follows from JgT € I (A,£w(Us+)) that
T € I(A, B). Compact operators K or weakly compact operators W
are examples of closed injective and surjective operator ideals. Strictly
singular operators § is an ideal which is closed and injective but it is not
surjective, while strictly cosingular operators C is closed and surjective
but it is not injective (see [17]).
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Given an operator ideal Z, we put I* for its closed surjective hull,
that is, the smallest closed surjective operator ideal containing I. For
T € L(A, B), it turns out that T belongs to I°(A, B) if and only if for
every € > 0 there is a Banach space E and an operator R € I(E, B)
such that

T(Us) C R(Ug)+cUp (see [15]). -

The characterization for the elements of the closed injective hull Z* of T
is as follows: Let ' € £L(A, B). The operator T belongs to I¢(A, B) if
and only if for every € > 0 there is a Banach space F' and an operator
S € Z{A, F) such that

IT=lle < Szl +ellzlla, = € A.

It is natural then to associate with 7 the functionals defined for each
T € L(A, B) by

Y7(T) =77 (Ta,p) = inf{o > 0:T(Ua) C oUs + R(Ug),
R € Z(FE, B), E any Banach space},

B (T} = pB,(Ta,) =inf{o > 0: there is a Banach space F and
S € Z(A, F) such that ||Tz|lp < ol|z||a + [|Sz||F, z € A}.

The (outer) measure 7y; was introduced by Astala in [1], and it shows
the deviation of T from Z* in the sense that

7(T) =0 if and only if T € Z°(A, B).

The (inner) measure 3; was introduced by Tylli in [19] and it gives the
deviation of T from Z'. These funtionals are subadditive

(S +T) <7 (S)+ 79 (T) , By(S+T) <L B,(8)+ 3;(T)
submultiplicative

Y2 (8T) € v, (S)7(T) , B {ST) < B,(5)8,(T)

satisfy that
max {y;(T), B,(T)} < |IT||
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and moreover the following minimal properties hold
¥, (JBT) = min{y, (jT) : j: B — F isometric embedding} (1)

B8,(TQ4) = min{B,(Tr) : = : E — A metric surjection}  (2)

(see [1], pag. 21 and [9],§2).

Let us see now some concrete cases. Choose T = K, the ideal of
compact operators, so K' = K£* = K. It can be checked that v, (T)
coincides with the (ball} measure of non-compactness of T

¥<(T) = inf{o > 0: there exists a finite number of elements
b1, -..,bx € Bsuch that T(Ua) C U=, {b; + oUs}}

while 8,.(T) = limneo cn(T), where (c,{T)) is the sequence of the
Gelfand numbers of T. The measures v, and §, are equivalent. More
precisely

%u (T) < B (T) < 27, (T)  (see [16]).

_Take next Z = W, the ideal of weakly compact operators. Again
W' = W? = W. The measure v,,(T) is equal to the measure of weak
non-compactness introduced by De Blasi [13]

Yw (T) = inf{e > 0: there is a weakly compact set W in B
such that T(U4) C W + oUp}.

As in the previous example, 8,, (T') = 7v,,,(T*), but this time v,, and 8,,
are not equivalent (see [2]).

For T = 8, the ideal of strictly singular operators, one has §' = §
and &° = R, where R stands for the ideal of Rosenthal operators (see
[17]). The functional 8, is the relevant one to show the deviation of an
operator from being strictly singular, while y5 = 7, gives the deviation
of an operator from being Rosenthal.

Cosingular operators C satisfy that C* = C and C* = R. The relevant
functional to work with C is then 7.

Next we review the definition and some basic results on interpolation
methods defined by means of polygons.

Let I1 = P, ... Py be a convex polygon in the plane R?, with vertices
P; = (zj,y;),7=1,...,N. By a Banach N-tuple we mean a family A =
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{A1,..., An} of N Banach spaces A; which are continuously embedded
in a common Hausdorff topological space. It will be useful to imagine
each space A; as sitting in the vertex P;.

By means of the polygon II, we define the following family of norms
on E(A) =A1 ++AN

N N
K(t, s;a) = inf {Zt"’is”illajllA, ta= 20_,' , a; € A_,'} , t,s>0.
1=1 j=1

The corresponding family of norms on A(A) = A4, N---N Ay is
- —_— i o¥5
J(t, 5a) = 115nja§)5v {t’fs J||a||AJ.}, t,s>0.

Given any interior point (a, 3) of I [(, ) € IntIT] and any 1 < ¢ <
oo, the K-space A(q )4k consists of all @ in £(A4) which have a finite
norm

1
4

—am=0Gn m q .
lel@pax=| X (2mfrK@m2%q) (if g < o)
(mmn)eZ?
lell(e,8),00x =  sup {2—°m—ﬁﬂK(2m,2";a)}.
(mm)ezz

The J-space A(q )7 18 formed by all those elements a in T(A)
which can be represented as

e= Y. Umn (convergence in £(A))
('m.,'n)EZ2
with %, , € A(A) and
¢
—am-—-gn m on, 9
Z (2 J(2™,2 ,um,n)) < 00
(m,n)622
(the sum should be replaced by the supremum if ¢ = c0). The norm in
A(“vﬁ)'?;" iS
1
9
. —am-—[fIn m on, g
"a"(a.ﬁ).q;J‘ = inf Z (2 J(2 2 p"m,n))
(m,n)EZ?
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where the infimum is taken over all representations {(um ») of a as above.

These interpolation spaces were introduced by Cobos and Peetre in
[12]. One can find there continuous characterizations of Ay, gy 4.k and
A(a,8).q4:]> using integrals instead of sums, but they will not be required
here. An important difference with the classical real method for couples,
where K- and J-spaces coincide to within equivalence of norms (see [3]
and [18]), is that in general A 8)0iK # Afa,8).0;0- We only have now
that A, g)q is continuously embedded in Ay g)qx (see [12], Thm.
1.3).

Let B = {Bj,..., By} be another Banach N-tuple which we also
imagine as sitting on the vertices of another copy of the polygon II. By
T € L£(A, B) we mean a linear operator from %(A) into ¥(B) whose
restriction to each A; defines a bounded operator from A; into B;,
j=1,...,N._Le_t Mj:”T”AJ-,BJ-. _

If T € L(A, B), then the restriction of T' to A, g),q;K gives a bounded
linear operator T' : A(y g),¢;xk — Ba,8),q;k- The norm of this interpo-
lated operator has been computed in [8], Thm. 1.9. It turns out that
< Cymax {M M* Mf : {i,k,r} € P}. (3)

r

HT"j(a,ﬂ) K 'B(a.ﬁ) i

Here C) is a constant depending only on Il and (a, 8), P stands for the
set of all those triples {7, k,r} such that (a,3) belongs to the triangle
with vertices P;, Py, P, and (c;, cx, ¢,) are the barycentric coordinates of
(a, B) with respect to P;, Py, P.. A similar estimate holds for J-spaces.

When the interpolated operator is considered from a J-space into a
K-space then a better estimate is valid. Namely

N
g.
TAPWRSTRPRICY | £l (4
1=
Here 0 < 61,...,0y < 1 with ¥, 8, = 1 and 1)L, 0,F; = (o,5)
(that is, 8 = (#1,...,8x) are some barycentric coordinates of (a, 8) with
respect to the vertices F,,..., Py), and C; is a constant depending only
on 6 (see [8], Thm. 3.2).
Estimate (1.4) implies that

N
lall@oyax < Cs [L el . a€ A(d). (5)

1=1
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On the other hand, inequality (1.3) in the case of J-spaces yields that

@l a,g),4:0 < Comax {fiall$, lall%, llallg, : {i.k,r} € P},a € A(A).
(6)

2 Estimates for degenerated cases

The following result describes the behaviour of the ideal variations when
one of the N-tuples reduces to a single Banach space.

Theorem 2.1. LetZ be an operator ideal, let Tl = P, ... Py be a convez
polygon with vertices P; = (z;,y;), let {(a,0) € Int1l and 1 < ¢ < oo.
Define P andf = (8y,. .., Ox) as before. Assume that A = {A,..., AN}
is a Banach N-tuple and that B is a Banach space.

If T € L(Z(A), B) then

ﬂ} Yz (Tg(a,ﬂ)’q;x,ﬂ)

< Dy max {71'(TA=',B)C‘ 'YI(TAk,B)Ck 7I(TAr.B)cr : {i! k, r} € ’P} .

N
b) 7I(Tj(c"g)’q;_h3) S DZH'YI(TA;',B)EJ'
i=1

If T € L(B,A(A)) then
C) ﬁI (TBr‘I(a.ﬂ),q;J)

< Dymax {8, (Tp,a)" B(TB.4)™ B;(T,a,)" : {ik,r} € P}.

N
d) ﬁz (TB,I(mﬂ)mx) < D4Hﬂ1 (TB,Aj)ej'

1=1

Here Dy and D3 are constants depending only on Il and (e, B), while
Dy and D; are other constants that only depend on 8.

Proof. Since J(a'ﬁ)'q;g — ‘;i(a.ﬁ),oo;K with norm less than or equal to 1,
in order to establish a) it is enough to consider the case ¢ = co. Observe
that there is a constant C, depending only on II and (a, §), such that

sup {t‘as_ﬁK(t: 5 ﬂ)} < C”a"{a.ﬁ),oo;l{ y ag j(a,,ﬂ).oo;f('
t,s>0
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Hence, given any ¢,t,5 > 0and a € Uj; Alopy ooy 2 WE €AN find a decompo-

sition a = Z; 1 @5 with a; € A; and ||a.,||A (1+6)Ct°"‘”'is'3‘yi , 1<
j<N.So
N
Ukiopooe C 2 (1+E)CI5P 00,

=1

Let o; > v,(T4a;B). According to the definition of ., there exists a
Banach space E; and an operator R; € I(E;, B) so that

T (Ua,) C o;Us + B; (Ug;), 1<i<AN.

Therefore
T (Uﬁta,ﬁ).m,x)

N N
C Y (1 +€)Co;t**1sP%Ug + 3 (1 +€)Cto~% 57~ R;(Ug,)
i=1

=1

(1+e)C (Zt" zj gf~ yJa)UB+Rsu(UE)
j=1

Here E = {(21,...,2n) : 2; € E;} normed by |[(z1,...,28)lE =

max{l|zlle;, : 1 < j < N} (ie, E = (&N, Ej), ), and R.y, :

E — B is the operator defined by Reu.(21,...,2n8) =

(1+e)C ZJ_I t—Tj gB-v; R;z; . ldeal property of T implies that R, , €

Z(FE, B). Hence

N
a—-z; O—y;
7I(TJ‘1(G"5)‘Q;K‘B) < C tl:l>f0 {J;t 1g vi 7I(TAJ)B)}

< =y ﬂ-y .
NC inf, {lgzgv{t IgF iy, (TA,.B)}}

= NCmax {y;(Ta;,8)" ¥7(Ta,.B)* 7,(Ta, B)" : {i,k,r} € P}

where we have used [8], Thm. 1.9, in the last equality. This establishes
a).
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To prove b) let again o; > v,(T4,,8), and consider the following
norm on L(A)

N N
lell = inf {Za_,-[la,-lhj ta= Zaj, a; € Aj} .
j=1 =1

Take any a € U A(ap)ais and £ > 9. Using the Hahn-Banach theorem,
we can find f € (Z(A),[- )" such that f((1+¢&)ta) = (1 +¢)al
and “fHA;. <g;,1<j< N. By (4), the norm ||f||{j(n.ﬂ).w). of the

restriction of f to /i(aﬁ),q; J is less than or equal to C ['[?.’__1 a‘?’ . Whence
ol = (1 +¢)[f((1+€) 7 a)|
N

N
<1 +C L P11 +€) D)@ gy < L +€)C T o}

=1 j=1

This allows us to find a representation a = Z;-v:l a; of a with [|aj]|4; <

(14€)Co .. .agj -l .afv"“' , 1 €7 € N. Choosing again Banach spaces

E; and operators R; € I(E;, B) with
T (UAj) Co;Up+ R; (UEJ-) , 1<3<N,

it follows that

N
;-1
T (U‘a(a,ﬂ),q;d‘) (—: (1 + E)CZ afl . 'UjJ . 'UKINT(UA,')
i=1

N
C(L+)CNolt ..o Us+ (1 +6)CY ol ...a¥ ™ . % R;(Ug,)
i=1

C (14&)CNo? ...c% Us + R(UE)
where E = (ea?;l Ej)t and R € I(E, B) is the operator defined by

N
R(z1,...,25) = (1 +8)C’Zaf‘ ...ajj"l oW Rz
=1
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Consequently
N .
71' (Tj(a,,ﬂ),q;JrB) S CN H 7I(TA11‘B) 7.
J=1

To proceed to ¢) and d), assume that T € £(B,A(A)) and let o; >
B7(TB,a,), 1 £ j < N. By the definition of §;, we can find Banach
spaces F; and operators S; € (B, Fj) so that

I70]la, < ojlibllg + [|S;bllr; , b€ B.

Put F = (@;‘;le)e , 0 =min{cy,....on} and let S € Z(B, F) be the
operator defined by1

Sb=max{of'a*al : {i,k,r} € P}o 1 (51b,...,Snb).
Using (6) we get that
1T 8]0 8,550 < € max {{|T6[, I1TBI, ITHS, : {ik,r} € P}

< Cmax{ofiofta® : {ik,r} € P}|blls +CSblr,

and c) follows.
Finally, working with the operator V € Z(B, F) given by

N
Vo=o" ([] o) (S:b,- .., Swb)
i=1
and using (5), we derive that

N N
] a; 8
I8l a0 < C TLITONZ, < CTT (oslblis + 1S5l )

1=1 i=1

N G N
8. 1 1 a;
<Clley (Hblla + ;IIijIIF,-) < C(IL o)tz +ClIVEIlF-
=1

j=1

This implies d) and completes the proof.
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Writing down Theorem 2.1 for the case Z = W, the ideal of weakly
compact operators, we get a quantitative version of Thms 2.3 and 2.4 in
[6]. For T = K, the ideal of compact operators, we obtain estimates for
the measure of non-compactness of the interpolated operator that are
analogous to those proved in [7], Prop. 3.1 and 3.3 for entropy numbers.
Recall that the measure of non-compactness is the limit of the sequence
of entropy numbers. Theorem 2.1 can be also applied to derive results
on strict singularity and cosingularity.

3 Estimates for the general case

We deal now with the case of non-degenerated N-tuples. It is not difficult
to show by means of examples that Theorem 2.1 fails in this general case.
However, assuming an extra condition on the operator ideal Z, we shall
be able to describe the behaviour of the ideal variations.

Given any sequence of Banach spaces (Zm n) (mm)e 2 any sequernce
of non-negative numbers (A, 5) (mm)eZ? and 1 < g < o0, we denote by
£3(AmmnZmn,n) the vector-valued £, space defined by

L(AmnZma) = {z = {2mmn) : Zmn € Zmn and

1
Flleqmntnn) = (Snmpeze Crmllzmallzms)?) < 00}

Any operator T € £ (£,(AmnZma) €o(ftmnYm,n)) between two vector-
valued {, spaces can be imagined as an infinite matrix with entries
Q,sTP,,. Here P,y : AuyZyy — L(AmnZm;n) is the embedding
P,z = (8%2), where

, and @y, :gq(#m,nym,n} — feaYr s is the

1 fm=un=v
0 otherwise

projection Qr.s(ym,n) = Yr.s-
For 1 < q < oo, we say that the operator ideal I satisfies the ¥,-
condition if for any sequences of Banach spaces

(AmnZmmn) s (BmnYmna) and any T € L (€3(AmnZmn),; LolpmnYm,n))
it follows from QT Py € T (AuvZuyw ftrsYr,s) for any r,s,u,v that
Tel (Eq(Am,an,n)y JEq(.U'm.'nt'.t}'rm.,m)) .

35
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Weakly compact operators, Rosenthal operators, Banach-Saks oper-
ators or dual Radon-Nikodym operators are examples of ideals satisfying
the X4-condition (see [14]). All of them are also injective surjective and
closed.

The following result shows the behaviour of the measure -y, with

K -spaces.
Theorem 3.1. Let Il = P,... Py be a convez polygon with vertices
P =(zj,y;), let (o,B)€ ItIl, 1< g< o0, andlet T be an operator
ideal which satisfies the T,-condition. Assume that A = {A1,..., AN}
and B = {By,..., By} are Banack N-tuples and let T € L(A, B). Then
for the interpolated operator we have

71 ([JB(G"G)'WK T] 'Z(a,ﬂj,q;Ks’tOO(UB' ))

(ﬂ,ﬂ)mf(
< D max{y;(T4; 5,)" V2(TarB.)* ¥z (Ta,8.) : {i,k,r} € P}
where D is a constant depending only on Il and (a, 5).

Proof. Let F,, = (Bi+...+ By,K(2™,2%.), (m,n) € 22, and
form the vector-valued space Eq(2‘“”“’5"Fm,n). The map
j: B(a,ﬁ),q;!( — E,,(Q““m“ﬁ"Fm,n) defined by jb=(...,b,b,b,...} is an
isometric embedding. By (1.1), it is then enough to show the inequality
for jT.

Let a5 > 7 (T;,8;) and find Banach spaces E; and operators R; €
Z(E;, B;) so that
T(UAJ.) CoUs,+R;(Us) , i=1,...,N. (7)
Put
Wm,n=(El®---®EN)£m1 (m,n)622

and, for 6 > 0 and (r,s) € 2?2, consider the operator
R: ;W) — & (270m~5F,, ) defined by

N
R(zP™, ..., 28" = (2(1 +6)2(°-xfl(m+')z(ﬁ-v;)(n+-')3jz;“’“) :

i=1

This operator is bounded because
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iR (z;"-ﬂ, ceny Zﬁ’n) ”lq(z_am-pnpm,ﬂ)

<( X (@ f:(l + §)gmestnvglo—aj)imr)
(m,n)e22 i=1

o

o9lB y:)(“"'*’)"R_,'“Ej,Bj llz; 'n“Ej) )

SA+HN max {2@--'-:')*2(!’-9:')’nRjuE,.,B,.} HEP™ 2™ g (Wm0 -

Moreover, since each entry
Qt,wRPu,u(zla " ')ZN) =

0 if (¢, w) # (u,v)
N
3 (1 4 g2t tngB-v)letd o if (8 w) = (v, v)
=1

belongs to T{W,,, 27°*"**F, ), the E,-property implies that
ReT (eq(wm,,,), £,(2-om Fm,n)) .

We claim that
JT (U‘q(a‘ﬁ)-qﬂ\')

C [N(l + 5) lrsnjagsv {2r(a—1‘j)+a{ﬁ—yj)}] th(z—ﬂm"ﬁ"Fm,n)-}_R (qu(wmm)) .
Indeed, given any a € U Aappax Ve CAD choose dp, 5, = dm «(a) > 0 with
9-om=Br (9™ 2™ a) < dma and S @L< (148

(m,'lrl.)ézr2

Since
K (@™ 2" 6) < galmtrigBlintalg . ..
we can find a decomposition a = ¥_j; a7 with a]"" € A; and

2 +r)msgln el |70y, < 220 H N .
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Put

p;_n.n = glm+r)ziginte)y; J1<j< N Pg"" = 2a(m+r)2ﬁ(n+ﬂ)dm+,.‘n+,.

By (7), we can choose z]"™ € Up; such that

m,n
o; mn

;") - Riz{""||s; < a;.

HT'(

po
In other words,
m,n mn
”Ta;y;.n__ggn’n Rjz?'"”B, < p??-;,n o; = 2(7n+r)(a—J:j)2(n+s)(ﬁ—w)gjdm+r,n+s.
3 2

Let

= ((1 + ‘5)_1dm+r,n+s 7 (1+ JJ_Idm+r,n+a zx,n) )

Then z € Ugw,, ,) and
”(jT)a - RZHE,(z-m-a»pm)

q
N ™, f
< ¥ [z (z:wwum:""—,,"—sn.,.mzm,-)}
il

mn)eZ? i=1

q
N
< z [2—am—,ﬁn (Z sz,-+ny_,-2(m+r)(cx-:t:,;)+(n+s)(ﬂ—yj)gj dm+r’n+s) ]

(m,n)ez2 i=1

q
_<_ [N lr<r;a<x1v 2?(0—55)+5(Ia_yj)a-j}] Z dgn.+r,n+a
- (m,w)(—:Z2
(a-z)+s0-u) 5. 1]
rla—zilt+s(f—y;) ..
< [N(IJ“J)IE}Z’%{? 4 a‘_,}] .
Whence

R rle—z;)+s(B8~-y;) - .
7 UT) < N(1+6) DX {2 d g 0:} -
Here § > 0 and (r, s) € Z? are arbitrary. Therefore we derive that

: : r{a—z;)+s(B-y;) , .
RSN —
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< D inf | max {t“'zfsﬁ_yfaj}]
£,650 [1<5<N

= Dmax {0 oo : {i,k,r} € P}
where we have used [8], Thm. 1.9, in the last equality. This implies that
1 (5T) € D max {7 (Ta;,8)% ¥, (TayB)* 7(Ta,.8,)" : {isk,r} € P}
and completes the proof. [ ]

The operator Jg(a' Bk is essential in Theorem 3.1 as we show next
by means of an example. We adapt an idea of [9], Remark 3.4.
Let T = W the ideal of weakly compact operators. According to

[2], Thm. 4, there is a Banach space E and a sequence of operators
(Rn), C L(F,¢q) such that

Tw (B < 1w (Rn) < 1/n, (8)
Tw(Bs) =1 (9)
Put
Tn=QgR, , F=0Q(E),
choose TI as the simplex {(0,0}, (1,0), (0,1)} and consider the 3-tuples
fi:{ﬁl,fl,h} 3 BI{F,F,ZOC,(UE)}

Leta>0,3>0witha+3<1(ie (a,f)€ Intl)and 1 < g < .
It is clear that ﬁ(a,ﬁ),q;K = {; with equivalence of norms. Moreover
B(o p).q;k = F (equivalent norms) because F is a closed subspace of
£s(Ug). Hence, if Theorem 3.1 would be true without J B(a,g) 0K there
would exist a constant D > 0 such that for anyne IV

Tw ((Tnle, F) (10)
l—C!-"G a ﬁ
< Dty (Talers#) ™ 1 (Tles 1) oy ([Toles i) -
But Q% : E* — F is an isometry onto, so (9) yields

Yw ((Tn)e,,.F) = 1w ((B)e B0) = 1.
On the other hand, by (8) and {1], Cor. 5.3, we get

Yo ([Talts o)) = T (T) = 1o (B < 1/
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Whence (10) reads _
1< Dn# forany ne N
which is impossible.
Our last result describe the behaviour of B3, with J-spaces.

Theorem 3.2. Let Il = P,...Py be a convez polygon with vertices
P =(z;,y;), let (a,8) € Intll, 1< ¢ < oo, and let T be an operator
tdeal which satisfies the T,-condition. Assume that A = {A1,...,AN)
and B= {B,,..., By} are Banach N-tuples and let T € L{A, B). Then
for the interpolated operator we have

By ( [TQA-(G,ﬁ) ,q;J]

£ (Uﬂ(a,ﬂ),q;.})’B(av'ﬂ)’q;"')

< D max {ﬂI(TA-‘.Bi)c'. ﬂI(TAk,Bk)Ck ﬁI(TAr,Br)cr : {i:k1 r} € P}
where D is a constant depending only on 1 and (o, B).
Proof. Put G, = (4;N...N AN, J(2™,27.)), (m,n) € Z2, and let
m: Eq (2—am—ﬁﬂGm’n) — A‘(a,ﬁ),q;J

be the metric surjection (U n) = Zm neZ? Ymn . Taking into account
(2), it suffices to establish the inequality for Tr.

Let o; > B3,(T4,,B;). There exist Banach spaces Z; and operators
S; € I(A;,Z;) such that

”T"’E“Bj < UJ'HINA;' + ”Sj”“Zj yZEA;, 1<jEN. (11)

For each (m,n) € Z%, let V;, , = (E\®...®Ey)y, . Take any (r, s) € 22
and let S :¢, (2"‘""*’3"Gm,n) —3 £,(Vin,n) be the operator defined by
S(ttm,p) =

(2(521—-01)(”1-")2(31 -ﬁ)(ﬂ—S)Sl Unnmy-- e, g(rn—a)(m—r)g(yw—B)(H—S)SNum n) .

Since
”S(umy") “fq(Vm,n) =

1
q

N q
> (z2(2:‘-01(“-')2@:'-»‘”("“”us,-umm”zf)

(man)eZ? \i=1
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N
< (Z 2(“—x")'2(ﬁ_y")’||35IIA,-,Z,-) | ()l (2-am=8nGym n)s
1=1

the operator § is bounded. Now, by the X -property, it is easy to check
that Se 7 (Eq (2‘“""5“6',,1,") A (Vm,n)). A direct computation using
(11) shows that

"Tﬂ(‘umo“)”B(a'ﬁ)'q;J

< max {0,205 2007} | ()l 2=t ) HIS (om) e

This implies that

ola=z;)rg{B-vj)e
ﬁz(Tﬂ)slgjaé)g\,{aﬂ 2 :}.

Since (r,s) € Z? is arbitrary, taking infimum and using [8], Thm. 1.9,
the result follows.

Theorems 3.1 and 3.2 comprise Thm. 2.6 and Remark 2.9 of [5]. In
particular, they give quantitative estimates for the weak compactness
results mentioned in the Introduction.

Note that Theorems 3.1 and 3.2 do not apply to compact operators
because this ideal fails the £,;-condition. This problem has been studied
in [6] and [7].
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