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ABSTRACT. A new, unified presentation of the ideal norms of factorization of
operators through Banach lattices and related ideal norms is given.

1. Introduction. This paper aims at presenting in a unified way two ideal
norms of operators between Banach spaces E and F'.

One of these norms is the norm p,, 4 of factorization of a bounded linear operator
U in the form

(1.1) p_U JF

F//

where L is a Banach lattice, A is a p-convex operator, B is a g-concave operator and

Jr is the canonical embedding of F' into its bidual F”. The norm p, 4(U) is defined as
inf K (A)K (q)(B) over these factorizations of U.
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76 Shlomo Reisner

The other norm is the ‘p, ¢-G.L.-constant’ of U (G.L. stands for Gordon-Lewis),
which is the infimum ~, ,(U) of the constants C' such that for every ¢’-absolutely sum-
ming operator V (1/q+1/¢' = 1) defined on F, the adjoint operator (VU)' is p’-integral
and satisfies

(1.2) iy (VU)) < Crg (V).

In the extreme case, p = 1, ¢ = 00, f11,00(U) is the so called G.L.-l.u.st constant
of U (Lu.st stands for ‘local unconditional structure’ [6]), and 1, (U) is the G.L.
constant of U. A Banach space F is said to have G.L.-lL.u.st (or to have the G.L.-
property) if fi1,00(I5) < 00 (0r 71,06(I5) < 00).

The ideal [Mp 4, tip.4) of operators which have a factorization (1.1) was treated
extensively in [16]. It was shown there that

(1.3) 7p,q(U) < Mp,q(U)
that is
(1.4) [Cp.as Vgl C [Mp.g» thp,q]

in the terminology of the theory of operator ideals.

In the case 1 < p < ¢ < oo inverse inclusion in (1.4) does not hold. In particular,
there exist examples (e.g. [2], [3], [4]) of spaces which have the G.L.-property but fail
Lu.st.

The case p > ¢ is completely different. In fact, M), is the ideal I, of operators
factoring through L,. Kwapien [5] proved that this ideal is characterized by (1.2)
holding with inf C' = 7, (U). For p > ¢, both [M,, 4, f1p 4] and [[', 4,7y 4] are identical
with the ideal [I,, 4,1, 4] introduced in [8], of operators U which factor in the form

(1.5) U F Jr Jal

E
A
Lp(p)

Lg()

where D is an operator of multiplication by a function g € Ly, 1/s = 1/q — 1/p. The
fact that [Ip q,%pq] = [Mpq; tip,q) is proved in [16]. The equality [Ip 4, ipq] = [Tp.qs Vp.qls
that is, the fact that operators of I,, are characterized by ‘converting’ ¢’-summing
operators into operators with p’-integral adjoints, was ‘almost’ proved in [8], the detail
which was missing to prove it completely, namely the fact that [I, 4,4y 4] is a perfect
ideal, was completed by Lapreste [9]. This fact follows also from the identity [I,, 4, ip 4] =
[Mp g, 1tp.q] and the fact, proved in [16] that M, , is perfect.
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We bring in this paper a new presentation of the norm =, , in the case of finite
dimensional Banach spaces. This presentation, when compared with the formula giving
the tensor norm 7, ; of [16], which on finite dimensional Banach spaces is identical with
Hp,q, clarifies in a way the connection between the norms and the reason for different
behaviour between the cases p < ¢ and p > ¢. In fact the roots of the difference lie in
the possibility of exchanging ‘inf sup’ for ‘supinf’ in a certain function of two variables,
basically by using Ky-Fan’s minimax theorem.

This presentation is introduced in Section 2 (Theorem 2.1) and it is applied to
derive a result on the G.L.-constant of unconditional sums of Banach spaces (Theorem
2.6.)

Terminology and notations. The notations and definitions which come from the
general theory of Banach spaces are mainly those of the books [10] and [11] which may
serve as a standard reference. Specifically, for Banach spaces E and F' we denote by
L(E, F) the space of bounded linear operators from E into F', B(E) denotes the closed
unit ball of E and S(FE) its unit sphere. The dual space of E is denoted by E’. For
x € FE and 2’ € E' the notations 2/(z), (z,2'), or (2/,x) mean the same thing. The
adjoint operator of T' € L(E,F) is T".

In contrast to the relative uniformity of notations used in the general theory
of Banach spaces, there is less uniformity of notations in the theory of operator ideals.
An extensive reference to the theory is Pietsch’s book [12] we shall mainly use nota-
tions which are used in [8] and also in [15] and [16]. This paper is in a strong way a
continuation of these last two papers.

From [15] we recall in particular the following construction: Let [4, a] and [B, b

A
be normed operator ideals. The ideal 5 is defined by

g(E, F)={T e L(E,F);VG,VU € B(F,G) UT € A(F,G)}

a

. a(UT)
E(T) = lléf 1nf{

b(U)
The following facts, A) and B) were proved in [15] (Propositions (2.7) and (2.8)):

A) If [A,a] is a perfect ideal (which means that [A,a] = [A™,a**]) and b is a
semi-tensorial norm (a property satisfied, for example, by the p-absolutely summing

;o;AUeB(F,G)}.

norms 7p), then 5 is a perfect normed ideal.
B) Under appropriate conditions on the ideals A and B, the adjoint ideal norm
*
(%) on operators T' € L(E, F) between finite dimensional Banach spaces is given by

the formula
a

(Z)* (T) = infif:la*(Ui)b(Vi)
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n
the infimum being taken over all representations of 1" of the form T = Z U;V; with
i=1
V. € L(E,G;), U; € L(G;, F) and G; finite dimensional Banach spaces.
The tensor norm 7, ; was introduced in [16] it is defined for U € E' @ F' (that
is, U € L(E, F) a finite rank operator) by

n
(1.6) Mp.q(U) = inf sup D @k @i))ille, 11w (w)Yille,,
U:Zk:1 T Yk ||(zi)ngp(E)S1 k=1

/
“(yi)i“ZqI(F/)Sl

here, as throughout this paper ¢’ is such that 1/¢ + 1/¢’ = 1. The infimum above is
taken over all representations of U as a finite sum of elementary tensors.
It is shown in [16] (Proposition 3) that

(L.7) Mpg(U) = inf K (A)K ) (B)

the infimum being taken over all finite dimensional spaces L with a l-unconditional
basis and factorizations of U of the form

( ) E v F
1.8
N /s
L

K®)(A) is the p-convexity constant of the operator A and K (q)(B) is the g-concavity
constant of B.

Another version of (1.6) will be useful in the sequel. If E and F are finite
dimensional Banach spaces and (§)M,, (7,)X.; (M or N may be infinite) are sequences
in S(E) and S(F’), whose affine spans are dense in B(E) and B(F") respectively, it is
not hard to check that (1.6) may be written in the form

n
(1.9) Mp.g(U) = inf sup > Il (rah (&)l Nl (vimi (i) il o
=2 limr 1B lulpr <t k=1 !
P

vl <1

q
We shall use (1.9) in the case that E and F' are polyhedral spaces (by which we
mean that their unit balls are polytopes) and (&)M,, (7)Y, are the sets of extreme
points of B(E) and B(F’). Let us see the proof in this case. Denote by (,,(U) the
expression on the right hand side of (1.9). Clearly (, 4(U) < 1,4(U). In order to show
a reverse inequality, it is sufficient to show that for every sequence ()32, € £,(E) with
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[[(x5)lle,(z) < 1 it is possible to find a sequence ()M, of non-negative numbers, with
[[(14)[lepr < 1 such that for all e F

(i’ (€0))illear = 11(2"(25))5le,

(an analogous construction will then work for F” and F'). For all j write z; = 6,z; with
6; > 0 and ||zj]| = 1. Then (3 95)1/7’ < 1. For all 1 < j < M there exist non-negative
numbers «;(j), ¢ = 1,..., M such that

M M
Do) =1 and 2 =3 i(j)¢
i=1 =1

1/p
1/p

(£) ~[g) =

On the other hand, for 2’ € E’

Define

Clearly

M 1/p M 1/p
(Z uflx’(&)\p> = [Z 0 (Z aiu)\x'(siw’)]
=1 3
now U y
(Z ()] (&) ) > Zai(j)lx’(&)l > |z’ (2)]-

Hence

M 1/p 1/p
<Z uflw’(&)\”> > (Z 9§-’Ix’(2j)\”> = [[(@"(@;));le,-
i=1 j
O

2. The operator ideal I', ;. For 1 < p,q < oo we define the operator ideal
[Cp.g>Vp.al DY

I// 'i,/
[Lp.gs Yp,a) = l L
Iy my
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Explicitly: T € T'p4(E,F) if and only if for every Banach space G, U €
Iy (F,G) implies (UT)" € Iy(G',E"). A Banach space E has the p,q-G.L.-property
if Ig € Fp,q'

The following hold:

a) [['pq,Vp,q) is a perfect normed ideal.
b) [I'1,00:71,00] = [[',7] is the G.L.-ideal.

c) For p>q, [I'p.q, V.4l = [Ip,g ipq)- In particular, for p > ¢ no infinite dimensional
Banach space has the p, ¢-G.L.-property.

d) For p=q, [Ipp, pp] = [I'p, Vp) is the ideal of L,-factorization.

e) [Mp.gstpgl C [Tpgs Vpoal-

f) If a Banach space F has the G.L.-property and is of cotype-¢ < oo and type-p > 1
then for every ¢ > ¢ and p < p, E has the p, ¢-G.L.-property.

g) If F and F are finite dimensional Banach spaces and T' € L(E, F') then

n
i) Tpg(T) = infzﬂp(Ui/)Wq’(Vi)
i=1
n
the infimum is taken over all representations of T" as T' = ZUZ-VZ-, with
i=1
Vi € L(E,G;), U; € L(G;, F) and G; finite dimensional Banach spaces.
n
i TpaT) =0l 3 a7 ]
= n
the infimum is taken over all representations of T" as T = ZTZ such that
i=1

there exist positive Radon measures u; on B(E’) and v; on B(F) which
satisfy for all z € E, ¢y € F’:

1/p
(T, )| < ( Lo \<x,x'>|Pdu<x’>> ( L, 10 du<y>)

h) [F;,q>7;/),q] = [Fq/,p/v'yq’,p/]'

1/¢'

The claim a) follows from Proposition 2.7 in [15]. b) is obvious. c) is proved in
[8] and d) in [5]. e) is proved in [16]. In this paper we provide a unified presentation
of the ideals I', ; and M), , using norms on tensor products. This approach yields c),
d) and e) together. f) follows from results of Pisier ([13] and [14]-cf. [15]). There
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exist examples of spaces with the G.L.-property and no l.u.st, of arbitrary cotype and
type (except, of course, 2,2) (cf. [2], [3], [4]), hence f) shows that for all p < 2 < ¢,
Mpq 7 Tpg-

Claim g) is a consequence of the representation B) in the introduction and is
proved exactly like Proposition 3.4 in [15]. h) is a direct consequence of g).

Theorem 2.1. Let E and F be finite dimensional Banach spaces. We have
forU € L(E,F):

n
(2.1) Yp.q(U) = sup inf > H(x;c(mi))iuépH(y;(yk))illgq, '
el my<t U™ 2ok=1 TEBY k=1

H(yé)i“gq/(pl)gl

Remark. Comparing (2.1) with (1.6) we see that for finite dimensional Banach spaces
the difference between M, , and I, , is in replacing the ‘infsup’ in M, ; with ‘supinf’
in I'y 4. As these ideals are perfect and therefore determined by the behaviour on finite
dimensional spaces, this confirms claim e) above.

Proof. 44(U) is the norm of U as a linear functional on [L(F, E),v, ,|. There-
fore, by g) above

[trace UV|
(2.2) Yp,g(U) = sup sup-————
e 0£VeL(RE) wr ||pl|V/P]v]H/a

where the second supremum is taken over all positive Radon measures p on B(FE) and
v on B(F') which satisfy

(2.3) (V. 2')| < p(l(@, )PP ()l )M

forally € F and 2/ € F'.
Let (&) and (n;) be sequences which are dense, respectively, in S(E) and S(F’).
Let I and J be the isometric embeddings:

I:FE —ly; I(2)=(2"(&%))
J:F = loos  J(y) = 0:(y))s-

Clearly, (2.2) is equivalent to

trace UV
(2.4) al) = sup  sup 122 UV]
0£VeL(F,E) 1V HHH@;,HVHECI,
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where the second supremum is taken over all the sequences p = (1;) € £, and v =
(v3) € £y which satisfy

1/p ) 1/q’
(2.5) |<Vy,$/>\§<2|w’(§i)uilp> (Z\m(y)w\q)

for all y € F and 2’ € F'.

Let D, and D, be the diagonal operators associated with the sequences ;1 and v.
We define subspaces: Sy = D, J(F) C 4y and S, = D,I(E") C £,. The inequality (2.5)
holds for all y and ' if and only if there exists a norm-1 operator @ : Sy — Qp = S;)
such that

(2.6) V=(D,:E — S,)Q(D,J: F — Sy)
(compare with the proof of Lemma 3.5 in [15]).

B U

& 2N

0 — (B J(F) — Lo

il 1T

W _Qy—Q 5,4,

For given p and v, let M(u,v) be the subset of L(F,F') consisting of opera-
tors V' admitting a factorization of the form (2.6), without the restriction ||Q| = 1.
Interchanging the order of suprema in (2.4) we get

traceUV
(2.8) Yp,g(U) = sup [ sup g}
il <1 0A£VeEM (p,v) QI
Il , <1
q

The expression inside the square brackets in (2.8) is clearly the norm of the
operator

Upp=DyJ: F — Sy)UD,I:E — S,)

as a functional on L(Sy,@,r). This is exactly the nuclear norm v;(U,,,). Assume that
U has a representation

n
U:ZJ:;C@yk
k=1
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then
(2.9) Z dejk (&) @ (vimi(yw))i

here (p;x).(&))i € Sp C €y is taken as a functional on Q,, also (v;7;(yx))i € Sy C £y
If, on the other hand, U, , has a representation

n
(2.10) Uiy = Yk @y, € S, ® Sy
k=1

then there exist z) and yj, so that (2.10) can be written in the form (2.9). Therefore

Vi(Upw) = inf > (ki (&))ille, | (vimi(yr))ille, -

_Zk 1 T Ok k

The density of (&;) and (n;) in S(E) and S(F’) completes now the proof of the
theorem. O

We notice that in the proof of Theorem 2.1. we could restrict the measures p
and v of (2.2) to be supported on appropriate subsets of B(F) and B(F”) and thus get
the following version of Theorem 2.1 which is more convenient technically (notice the
analogy with (1.9)).

Proposition 2.2. Let E and F be finite dimensional Banach spaces and let
(&M, and (n;)X., be subsets of S(E) and S(F'), respectively, whose affine spans are
dense in B(F) and B(F) (M and N may be infinite). Then for U € L(E, F) we have

(2.11) Wa(U) = sup inf ZH (i (i) )illoyr | (vini ()il -

llell g <1 U=2 kmr Tk =1
p

<1
Il <
q

Corollary 2.3. ([16]) For all1 <p,q < o0

[Mp.q> tip.q) C [Up.g» Vp.al-

Proof. We always have ‘supinf’ < ‘infsup’ O
The following Proposition 2.4 can be obtained from the results of [8], its Corol-
lary 2.5 was proved by Kwapien [5] in the case p = g. The case p > ¢ could be proved
using the results of [8] combined with the fact that [I}, 4,7p 4] is a perfect ideal. This
last fact was first proved by Lapreste [9], it is also a consequence of [16]. Here we give
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a proof based on the possibility of interchanging ‘sup inf’ with ‘inf sup’ in (2.11) in the
case p > ¢ and thus identifying it with (1.9).

Proposition 2.4. Let 1 < g <p < oo then for all finite dimensional Banach
spaces E and F and all U € L(E, F)

Vp,g(U) = npg(U).

Corollary 2.5. ([5], [9]) For1<g<p<oo

.0 Yp.al = Up,gs ip,ql-

In particular ([5]), for 1 < p < oo a Banach space E is isomorphic to a complemented
subspace of Ly if and only if for every Banach space G, V € ILy(E,G) implies V' €
ILy(G', E').

Proof of Proposition 2.4. We prove the case 1 < ¢ < p < co. By
approximation we may suppose that the spaces £ and F' are polyhedral and the sets
of extreme points of B(E) and B(F') are (&)M, and (1;)}¥,, respectively.

To show that the ‘supinf’ in (2.11) may be replaced by the ‘inf sup’ of (1.9) we
shall apply
Ky-Fan’s minimax theorem [1|. LetT' and A be sets and f a real valued function on

I' x A, which is convex-concave-like. Assume also that A is compact in some Hausdorff
topology and f(v,-) is upper semi-continuous on A for every v € I'. Then

1111f max fy,A) = max 1111ff(’y, A).

We recall that f is convez-concave-like on I' x A if for all 0 < o < 1 we have
e For all 71,72 € I there exists 3 € I" so that for all A € A

(2.12) fO3, ) < af(v,A) + (1= a)f(72, )

e For all A1, Ay € A there exists A3 € A so that for all y € T’

(2.13) FOnA3) = af (v, A1) + (1 = @) f (7, A2).-

Welet A = B(EI]JW )+ X B (fé\f )+, equipped with the product of the norm topologies
and we define I' as the set of sequences ((z},yx)) € (B’ x F)Y with finite number of

non-zero elements, for which U = Z z) @ Yk
keN
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For v = ((z},, yr))ken € T and A = (pu,v) € A we define

fun) =Y ||(Mi33§g(fz‘))z‘\|egfH(Vﬂh‘(yk))z‘Heg]V,-

k

Now (1.9) and (2.11) are:
Mp.g(U) = mfsup f(7,0); 7p,e(U) = supinf f(7, ).
A AT

It is clear that f(v,-) is continuous on the compact A for each v € T, so it
remains to show that f is convex-concave-like on I' x A. We first show (2.12). For
Y= (@ yir)ken €T, j=1,2and 0 < a <1, let

V3= ((Zé',kuwj,k)) 12

keN

be defined by

! _ / / _ /
A, =k, Rk = Lok
Wik =Yk, Wor=1—0)y2s.

Then, of course U =3, , Z;-Jg ®wj  hence y3 € I' and for every A € A we have:

fOA) =] H(uzz;,k(&))illegfII(sz(wj,k))z‘Heg =af(y,A)+ 1 —a)f(y2, ).
gk

We turn now to (2.13). Let A\; = (u,v) and Ag = (f1,7) bein A and 0 < a < 1.
We may assume that pu;, v4, fi;, ; are positive for all i. Define A3 = (fi,7) by

i = (o] + (1= @) i) /7

b= (af + (1 — )i )V,

Then
M M 1/p
il = (azuf +(1-a) Zﬂf) < max(|lalloy, illyr) < 1
i=1 i=1

a similar inequality holds for ©, hence A3 € T'.
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Let v = ((z},,yx)) € I' and denote

ISl
e

M 1/p
- (L aticeor )

=1

M 1/p
a = (Z #f|932(£i)|p> :

=1

N 1/(1/ N l/ql
b = (Z v Im(yk)lq> , b= (Z o Im(yk)lq>
=1

i=1
Ay = adl + (1 —a)a}, By, = abg +(1- a)l;g.
Then
(2.14) Foras) =Y AP/
k

_ As we assumed p, fi,v,7 > 0 there is no loss of generality in assuming ay, a,
b, by, > 0 for all k. We use the following simple formula:
If0<p,¢d,r<ocoand 1/p+1/q =1/r then

/1 Lo\ L e
(2.15) min | ~t’PA+ —t"9 B =-A'/PBY1
0<t \p q r

(in our case r > 1). Using (2.15) for A = Ay, B = By, and rearranging the terms, we
get, with certain positive numbers t:

Lo—qpq L Loz \]
fly,A3) = rz kak =t T ) + (1 — ) | =tpay + =t 7 b
q p q
another use of (2.15) yields

(2.16) ’)/, )\3 > Z akbk 1 — Oé)(&ki)k)r]l/r > Z[aakbk + (1 — Oé)(lki)k]
k

the last inequality holds since r > 1. Hence

F(A3) = af (v, A1) + (1 —a) f(7, A2)

which completes the proof. O
There exist examples of Banach spaces F which admit unconditional decompo-
sition

[e%s)
(2.17) E=Y F
n=1
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such that the G.L. constants of E,, are bounded (even this: all E, are isometric to
l3) but E fails to have the G.L. property (such are, for example, spaces of ‘triangular’
compact operators on a separable Hilbert space — cf. [10] p.51).

The following application of Theorem 2.1 shows that if the / decomposition

(2.17) is unconditional in a stronger sense, then such examples do not exist.
Theorem 2.6. Let X be a Banach space with an unconditional basis ()22,
which is p-conver and q-concave as a Banach lattice. Let {E,}>2, be a sequence of

Banach spaces which satisfy: sup, vpq(IE,) = K < 0o and

oo
E=) @xE,

n=1

o0 o0
(that is, for x = Z xn € E, x, € E,, ||z|] = | Z lxn B, enllx )-

n=1 n=1

Then E is a p,q-G.L.-space and
Toa(I2) < KEKP/(X)K () (X).

In particular, o direct sum in the sense of an unconditional basis of Banach
spaces with bounded G.L.-constants, is a G.L.-space.

Proof. Using perfectness of [[') 4,7p,q We may assume that X and all E,, are
finite dimensional. In view of Theorem 2.1 we have to show that given (z;) € B({,(F))
and (y;) € B({y(E")) we have, for every € > 0, a representation

(2.18) Ig =) a®y;
j

such that
Z (2 (@)l 1w (wi)ille, < (1+ ) KE P (X) K (g (X).
J

For all 4, x; and y, have decompositions

— . . . I / / /
Ty = E Tin, Tin € Ena Yi = § :yi,nv Yin € En
n n

By the assumption v, 4(/g,) < K and by Theorem 2.1 we have representations

IE'n = Z l‘;c,n @ Yk,n 5 x?s,n € E1/17 Yk € En
k=1
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satisfying

m(n)

D @ (@in)ille, W (Wen)ille, < 1+ K (@in)ille, a1 (win)ille, (o)-
k=1

We claim that the representation

/
IE - E xk,n ® yk,n
k.n

is a good representation to substitute in (2.18). In fact

> M @hm@))ille, | Wi wen))ille, = DM@k n@in)ille, | W () ille, <
k.n

k,n

A+ KD N@in)ille, @ llWin)ille, @) <

<

(140K Sl ille, e

n

| Lin ||Z,,(En

X X!

1/p g\ V7
) E! e, <
X/

(1+ E)KK(p) (X)EK () (X).

|x2 nllEnen

(1+e)KK®P(X)K\) (X (

REFERENCES
[1] K. FAN. Minimax theorems. Proc. Nat. Acad. Sci. U.S.A., 39 (1953), 42-47.

[2] W.B. JOHNSON, J. LINDENSTRAUSS and G. SCHECHTMAN. On the relation be-
tween several notions of unconditional structure. Israel J. Math., 37 (1980), 120-
129.

3]  T. KETONEN. On unconditionality in L, spaces. Ann. Acad. Sci. Fenn., Ser. A1,
Math. Dissertationes, 35 (1983).

[4] R.A. KOMROWSKI and N. TOMCZAK-JAEGERMANN. Banach spaces without lo-
cal unconditional structure. Preprint.



Operators Factoring through Banach Lattices and Ideal Norms 89

[5] S. KWAPIEN. On operators factorizable through L,-spaces. Bull. Soc. Math.
France, Memoire, 31-32 (1972), 215-225.

6] Y. GORDON and D.R. LEWIS. Absolutely summing operators and local uncon-
ditional structures. Acta Math., 133 (1974), 27-48.

[7 Y. GOrDON and D.R. LEwIs. Banach ideals on Hilbert spaces. Studia Math.,
54 (1975), 161-172.

8] Y. GorpON, D.R. LEwis and J.R. RETHERFORD. Banach ideals of operators
with applications. J. Funct. Anal., 14 (1973), 85-129.

9] J.T. LAPRESTE. Opérateurs sommant et factorisations a travers les espaces LP.
Studia Math., 57 (1976), 47-83.

[10] J. LINDENSTRAUSS and L. TZAFRIRI. Classical Banach spaces I. Springer Verlag,
Berlin-Heidelberg-New York, 1977.

[11] J. LINDENSTRAUSS and L. TZAFRIRI. Classical Banach spaces II. Springer Verlag,
Berlin-Heidelberg-New York, 1979.

[12] A. PIETSCH. Operator ideals. Dt. Verlag Wiss. Berlin, 1978, North Holland,
Amsterdam-New York-Oxford, 1980.

[13] G. PisiErR. Embedding spaces of operators into certain Banach lattices. The
Altgeld Book, Univ. of Illinois 1975/76.

[14] G. PisIER. Some results on Banach spaces without local unconditional structure.
Centre Math. Ec. Polytechnique, M275.0976, 1976.

[15] S. REISNER. On Banach spaces having the property G.L. Pacific J. Math., 83
(1979), 505-521.

[16] S. REISNER. Operators which factor through convex Banach lattices. Canad. J.
Math., 32 (1980), 1482-1500.

S. Reisner

Department of Mathematics and
School of Education - Oranim
University of Haifa

Haifa, 31905

Israel

Received November 11, 1994



