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p-VARIATIONS OF VECTOR MEASURES WITH RESPECT TO
VECTOR MEASURES AND INTEGRAL REPRESENTATION
OF OPERATORS

0. BLASCO!, J.M. CALABUIG2* AND E.A. SANCHEZ-PEREZ3

ABSTRACT. In this paper we provide two representation theorems for two rel-
evant classes of operators from any p-convex order continuous Banach lattice
with weak unit into a Banach space: the class of continuous operators and
the class of cone absolutely summing operators. We prove that they can be
characterized as spaces of vector measures with finite p-semivariation and p-
variation, respectively, with respect to a fixed vector measure. We give in this
way a technique for representing operators as integrals with respect to vector
measures.

1. INTRODUCTION

The theory of integration with respect to a vector measure has its roots in
the seminal paper by Bartle, Dunford and Schwartz (see [1]), who developed
a Lebesgue type definition for integration of scalar functions with respect to a
vector measure in order to extend the Riesz Representation Theorem for the dual
space C'(K)*. More precisely with this integration they represent as integrals
weakly compact operators from C(K) spaces into a Banach space X. After this
paper of the fifties, the interplay between vector measures and operators has been
the starting point of a lot of fruitful mathematical developments. Nowadays, a
deeper knowledge of the properties of integration of scalar functions with respect
to vector measures (see [11, 12, 11]) and the corresponding spaces of integrable
functions allows a better understanding of the relation between operators on
Banach function spaces and their integral representations.

In this paper we show that finite p-semivariation and finite p-variation of a
vector measure with respect to other vector measure characterize some strong
relations between the corresponding spaces of integrable functions and also some
properties of the integration maps defined between them. When these ideas
are written in terms of operators —that is for vector measures defined from
operators—, we find that the classes of continuous and cone absolutely summing
operators from an order continuous p-convex Banach lattice with a weak unit
can be represented as integrals of vector measures— as in the case of weakly
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compact operators on C'(K) quoted above —having bounded p-semivariation or
p-variation, respectively.

The motivation of our analysis comes from the following well-known result
about operators on LP-spaces and vector measures that can be already found
in the book by Dinculeanu (see [9]). For a finite measure p, an operator 7' :
LP' (1) — X is continuous if and only if the p-semivariation of the vector measure
m,., denoted by ||m,||,, and given by

AAY I
|m |l == sup {(Z |(m;(%3l,_xl ) ) 4 : 2! € Bx«, {A;} finite partition of Q},
is finite (see for instance [15, Theorem 8] and Example 2.5(1) below for an
equivalent formulation). In this paper we prove that this result for operators
on LP-spaces is in fact a particular example of a general result that holds for
p-convex Banach lattices involving the p-semivariation and the p-variation of a
vector measure with respect to other vector measure. We provide in this way
two vector-measure-type integral representations for continuous and cone abso-
lutely summing operators (Corollary 2.8 and Corollary 3.7, respectively) whose
proofs are based on two theorems for vector measures (Theorem 2.6 and 3.5).
As the reader may expect, Pettis integrability is involved in the first result (Ex-
ample 2.5(2)), while Bochner integrability is the key property in the second one
(Example 3.4(3)).

Terminology and background. Throughout this paper X and Y denote (real)
Banach spaces. By By we denote the closed unit ball of X. Let L(X,Y) be
the Banach space of the linear and continuous maps 7' defined from X into Y
endowed with the usual uniform norm ||T'|| = sup{||Tz||y : * € Bx}. X* will be
the topological dual space, that is X* = L(X,R). When E is a Banach lattice
an operator T' € L(FE,Y') is called cone absolutely summing if there is a constant
k > 0 such that for each finite set of positive elements z1,...,x, € E,

SolTzl <k osup > [wsw)| = K[| D w
i=1 T'E€Bxx iy i=1
The infimum of such constant is denoted by 7 (T"). We denote by (Af (E,Y), 7})
to the complete space of all cone absolutely summing operators from E into Y.
Let 1 < p < co. A Banach lattices E is said to be p-convex if there exists a
constant k > 0 satisfying that for every finite collection x4, ..., x, € F,

n n 1/19
H(eriwp)”p Sk(z rmup) .
=1 =1

When every monotone order bounded sequence in the Banach lattice £ is con-
vergent (in the norm of E) then F is said to be order continuous. A weak unit
of E is an element 0 < e € E such that inf(x, e) = 0 implies © = 0. The reader is
referred to [3, 10] to the unexplained terminology and results regarding Banach
lattices and absolutely summing operators.
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Let (€2,%) be a measurable space, that is 2 is a set and X is a o-algebra. For
each A € ¥ we will denote by D4 the set of all partitions, w4, of the set A into
a finite number of pairwise disjoint elements of >.. The characteristic function of
the set A € 3 is denoted by x4. We will also denote by Sx(X) the set of the
simple functions, s = > 1" | x;x4,, where z; € X for all 1 <i <n and {4;}, are
pairwise disjoint elements of 3.

If m : ¥ — X is a Banach space valued countably additive vector measure, we
can define for each functional 2/ € X* the scalar measure given by (m,2')(A) :=
(m(A),z), A€ 3. We write |(m, )| for its variation. The symbol ||m|| denotes
the semivariation of m, that is given by ||m|[(A) := sup,.cp . [(m,2)[(A4), A € X.
Throughout the paper, m and v are countably additive vector measures on the
same o-algebra ¥. A set A € ¥ is said to be ||m||-null if |m|/(A) = 0. We
say that m is absolutely continuous with respect to v, and write m < v, if any
measurable set A with ||v||(A) = 0 satisfies ||m||(A) = 0. The reader can find
more information on vector measures on our standard reference [7].

A real measurable function f : €2 — R is integrable with respect to m if for each
a' € X*, f e L*(|(m,a")]), and for each A € ¥ there is an element [, fdm € X
such that ([, fdm, ') = [, fd(m, ') for all 2’ € X*. If only the first requirement
is satisfied, then we say that f is weakly integrable and the corresponding space
of such classes of functions (identifying functions that are ||ml|-a.e. equal) will
by denoted by Ll (m).

Given 1 < p < oo. The space LP(m) of p-integrable function is composed by
the equivalence classes of ||m|-a.e. equal integrable functions, with the norm

1/p
|| fllLr(m) := sup (/Q|f|pd|<m,q;/>|) . feLl(m).

{L‘IGBx*

For p = oo we have L*(m) the ||m||-essentially bounded measurable functions
which it is equipped with the essential supremum norm ||+ || e (). Considering the
|m||-a.e. order they become Banach lattices, and LP(m) defines, for 1 < p < oo,
an order continuous p-convex Banach lattice with weak unit. The space L? (m)
of weakly integrable functions (with the same norm) is also a p-convex Banach
lattice, and LP(m) C LP (m) isometrically. We write I,,, for the integration map
I, : L'(m) — X given by I,(f) := [, fdm, f € L'(m). It can be easily
seen that LP(m) C L%(m) whenever 1 < ¢ < p < co. Sometimes we will write
(], instead of f for an element of L'(m) in order to recall that f is in fact an
equivalence class of functions. The reader can find further information on these
spaces in [11, Ch.3].

We denote L°(m) the space of equivalence classes [f],, of measurable functions.
Hence if we assume that m < v then the map id : L%(v) — L°(m) given by
id([f],) = [f]lm is well-defined. For 1 < ¢ < p < oo we introduce the symbol
LP(v) € L%(m) to mean that id : LP(v) — L9(m) is well-defined. Notice that,
since this map is positive, it is always continuous (see [13, p.2]). Although this
relation is not strictly speaking an inclusion, we use the symbol “id” to denote it.
For the particular case that we deal with in the present paper —vector measures
defined by operators— the reader can find a complete explanation of this kind of
relation in [0, Section 3.
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Finally if 1 < p < oo as usual we write p’ € [1, 00] the (extended) real number
given by 1/p+1/p = 1.

2. MEASURES OF BOUNDED p-SEMIVARIATION.

Let us start by expressing the absolute continuity of m with respect to v in
terms of inclusion between spaces.

Proposition 2.1. Let m : ¥ — X and v : ¥ — Y be countable additive vector
measures. The following assertions are equivalent:

(1) m<v.

(2) L*(v) € L>(m).

(3) L>(v) € LY(m).

(4) The integration map I5° : L>®°(v) — X is continuous.

Proof. (1)=(2). Clearly for a fixed f € L*°(v) the measurable set

A={weQ:|f(w)] > [[fllew};
is ||v[|-null so by using (1) it is also |[m|-null and || f||zec@m) < [|f||lzee@). This
gives (2). (2)=(3) follows from the continuous inclusion L>*(m) € L*(m). The
implication (3)=(4) is a direct consequence of the continuity of the integration
map I! : L'(m) — X. Finally let us see that (4)=-(1). Take A € X such that
|v||(A) = 0. Then I°(xp) = m(B) = 0 for any B € ¥ and B C A. Therefore
Imll(A) = 0. .

It is easy to give examples of couples of measures (m, ) such that m < v. Let
us introduce some of them which will appear in the sequel.

Example 2.2. (1) If v : 3 — Y is a vector measure and h € L'(v) let us consider
the countable additive vector measure vy, : ¥ — Y given by

vp(A) = / hdv, Ael.
A

It is clear that v, < v.

(2) Consider now a vector measure v : ¥ — X and take 7" € L(X,Y). Then
for the new vector measure T'ov : ¥ — Y given by T o v(A) = T'(v(A)), for all
A€ X, it is clear that T ov < v.

(3) Let (2, %, 1) be a finite measure space, 1 < ¢ < co and denote by m, : ¥ —
L4(u) the vector measure given by m,(A) = x4 for all A € ¥ then m, < p.

(4) Finally let v : ¥ — X be a vector measure and T' € L(L*>°(v), X). Denote
by m, : ¥ — X the set function given by m_,(A) = T'(xa), for all A € ¥. In
the case when m,, is countable additive —for instance if 7" is order continuous—
therefore it is easy to see that m, < v.

Definition 2.3. Let 1 < p < ccandlet m : ¥ — X and v : ¥ — Y be
countable additive vector measures. We say that m has bounded p-semivariation
with respect to v if

ll. = sup{ S aam(A)

Aer

CTE DQ,ZQAXA € BL,,/(V)} < 00.

X Aer
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For the effective computation of || - ||, notice that for every m € Dq,

Z@AXA € BLP/(V) <= ZQAXA € BLP’(\(Vyy’)I)’ for all ' € By-.
Aer Aer

Note also that finite p-semivariation with respect to v of m implies in particular
absolute continuity of m with respect to v, i.e. ||v||(A) = 0 implies that |m||(A) =
0 for each A € 3.

Of course in the case v = p where (€, 3, ) is a positive finite measure space
and 1 < p < oo the classical notion of p-semivariation of a vector valued measure
m : X — X, that is to say

[(m(A), VP vy
Hme:SUP{(Z 1 )P a2’ € By, m€ Dy,
= Ay
corresponds to [|m|, = ||m||,,. However we see in the next example that also

coincides with the g-variation with respect to different vector-valued measures.

Proposition 2.4. Let (2,3, 1) be a positive finite measure space, m : 3 — X be
a vector valued measure and 1 < p < r < co. Then there exist a Banach space Y
and a vector valued measure v : ¥ — Y such that ||m||, = ||m|.-

Proof. Let Y = Li(u) for ¢ = p'/r’ > 1 and let v be the measure
=g Do D), me(A) = xa
Using that L?(p) = L'(v) one has that for every m € Dg

Z @AXA Z @AXA

Aen Aer

L (my) LY ()

Therefore

Hm“nu = sup {

Example 2.5. (1) Let T : L” () — X be a bounded linear map and m,, : ¥ —
X the vector measure associated to T, given by m..(A) = T'(xa). Then m,. has
bounded p-semivariation with respect to p and ||m.,||,, = ||T]|. Moreover, in
particular, |m,|, =1 for ¢ < p'.

Indeed, the first part is clear since

M llp = SUP{ ZO‘AmT(A)

Z asm(A)

Aem

I E 'DQ,ZOéAXA S BLT-/(mq)} = [|lm|[,.

X Aem

OJ

ST E @Q,ZQAXA S BLp/(u)}

Aen X Aem
= sup{ T(ZCYAXA) ZWEDQ,ZO&AXAGBLP/(M)}
Aem X Aerm

= Tl
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In particular, for ¢ < p', the inclusion map T = id : L” (p) — L9(p) defines the
vector measure m, = : ¥ — L9(p) given by m,(A) = x4 which has bounded
p-semivariation with respect to pand [|myll, = Imgllp,. = 13[4y page = 1-
(2) Let f : Q2 — X be a Pettis p—mtegrable function and mg : X —> X the vector
measure mg : L — X defined by me(A) = [ 4 fdp, where the integral stands
for the Pettis integral of f. Then mg has bounded p-semivariation with respect
to p and ||mel|p, = |If||p,(x) —where P,(X) is the space consisting of Pettis
p-integrable functions—. Indeed, just consider the measure ms = myp, where

_ / ofdu, ¢ e L (n)
0
and recall that ||T¢|| = [|f]| 5, x)

In our first important result we characterize when a vector measure m : ¥ — X
has bounded p-semivariation with respect to other vector measure v : ¥ — Y.

Theorem 2.6. Let 1 <p < oo andletm:X — X andv : X — 'Y be countable
additive vector measures. The following assertions are equivalent:

(1) Il < ox. |

(2) There exists a bounded linear map T,, : L (v) — X such that T,,(xa) =
m(A), for all A € .

(3) LY (v) € L'(m).

(4) The integration map I?, : L (v) — X is continuous.

Moreover, |m||p, = [Tl = 1|l 1o )= £1(m) = HIE;HLP’(VHX'

Proof. For (1)=(2) let us consider a simple function s = > 7| a;xa, and define
the bounded linear map T,,(s) = Z?Zl a;m(A;) € X. Since

|Ton (s < llm

HX P SHLP’(V)»

X
by the density of simple functions in L? (v) we can extend T}, : L (v) — X with

[T ll < lmllp.o- (2.1)
In order to prove that (2)=-(3) first observe that the vector measure associated
to Tpn, m,, , is exactly the measure m. This means that L'(m,, ) = L'(m). On
the other hand, L” (v) is a Banach function space over a Rybakov measure for
vas A = [(r,y))|, yo € Y*. Hence by the Optimal Domain Theorem (see [14,
Theorem 4.14] and the more general factorization version given in Section 3 of [0])
there is an inclusion/quotient map from the space L (v) to L'(m, ) = L'(m),
i.e LP (v) € L'(m).
Let us show that (3)=(4). Take f € L¥ (v),

1) téMmHSWWMMSWMmm%wMMmM
X

HX -

/. .
Therefore [P is continuous and

[RES ”LP f)—sx S ||1d||Lp )—L(m)* (2.2)
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We prove now (4)=(1). Take 7w € Dq,

ZaAm(A / ZQAXA dm
Q Aem
Z&AXA

Aer

Ip Z&AXA

Aem

X

/
< Ml o)-x

L' (v)

Therefore |m||,, is finite and

12 llpo < N2 ) x- (2.3)
From the inequalities (2.1), (2.2) and (2.3) in order to finish the proof we have

to show that [|id[[ 7 () 11(m) < [Tl Take f € ¥ (v),
I flleimy = sup{ / sfdm|| :s€ Ss(R)N BLoo(,,)}
Q X
= sup {[|Tn(sf)|lx : s € Sx(R) N B }
< sup {1 Tl - 15 ¢ 5 € S(R) N By}

< ATl 112
Hence [[id|| 1 ) 1 my < ([Tl U

The vector space con81st1ng of those measures m appearing in Theorem 2.6
is denoted by V% (v). The previous result allows us to establish an isometric
isomorphism between V% () and L(L? (v), X). Therefore,

Corollary 2.7. Let 1 <p < o0, v: X — Y a countable additive vector measure
and X a Banach space. Then V% (v) is a Banach space under the norm || - ||,
that can be identified isometrically with L(L¥ (v), X).

Theorem 2.6 is in fact an integral representation theorem for operators from
a p'-convex order continuous Banach lattice on a Banach space. This can be
proved by using some well-known results on representations of this class of Banach
lattices. Recall that other implicit fact that is assumed is that v and m must be
defined on the same measure space (€2, ).

Corollary 2.8. Let 1 < p < o00. Let E be an order continuous p’-convexr Banach
lattice with a weak unit and X a Banach space. Then there is a measure space
(2,%) and a vector measure v on it such that V5 (v) = L(E, X) (isomorphically).
In particular, there is an order isomorphism I : E — L¥ (v) satisfying that for
each T € L(E, X) there is a vector measure m, < v such that |m,||,, < oo and
~ [1C)dm
Proof. This is a consequence of the representation theorem for Banach lattices
using vector measures: if E satisfies the requirements above, there is a vector
measure v such that there is an order isomorphism between E and LP (v) (see
[14, Prop.3.30] and the references therein). Therefore, each T' € L(E, X) defines
an operator S, : L (v) — X. For getting the integral formula, it is enough to
use Theorem 2.6 with the vector measure m.. playing the role of m in (2). O
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Notice that the integral representation obtained above can be written for each
vector measure representing the Banach lattice E. For instance, Lebesgue mea-
sure y on [0, 1] can be obviously used for representing the space L¥' [0, 1] as L*' ().
This is Example 2.5(1). The other cases in it show more classical examples when
we deal with the p-semivariation of vector valued measures with respect to scalar
ones. Now we present a different example where both measures are vector valued.

Corollary 2.9. Let 1 <p < oo, v:YX =Y a countable additive vector measure
and h € L*(v). The following assertions are equivalent:

(1) ol < o0,
(2) LP(v) € L' (vy).
(3) h e LP(v).

Moreover, |[vpllpy = [|AllLrw) = HidHLP’(V)—wl(Vh)-
Proof. Theorem 2.6 gives that (1)=(2) and
1Wnllp = 1l 2o ) 11 0 (2.4)

Let us proof (2)=(3). Recall that the space M(LE (v), L'(v)) of multiplication
operators from LP (v) into L'(v) endowed with the operator norm is isometrically
isomorphic to LP(v) with the norm || - ||zrqy (cf. [I4, Proposition 3.43]). Take

g € L2 (v) and use (2) to obtain
1791l wy = 191121 ony < M0l ) 22 1911 207 1)
Hence h € M(LE,(v), L'(v)) = LP(v) and
||h||LP(v) < HidHLP'(u)ﬁLl(th)' (2.5)
We show now that (3)=-(1). Take 7 € Dq,

Z aavp(A) = / ( Z aaxa)hdv| <||( Z aaxa)h
Aem )% Q Aerm )% Aerm L(v)
< D oaxa 12/l v ).
Aerm LY (v)
Therefore we obtain that
[vrllpe < [|Allo@w)- (2.6)

Finally using (2.5), the last part of Theorem 2.6 and (2.6) we have

HhHLP(V) < Hid”m’(y)—wl(uh) = [[vnllpy < HhHLP(V)'
0

The last result of this section is other consequence of Theorem 2.6 and provides
a new characterization of the norm of the spaces LP(v) in our setting.

Corollary 2.10. Let1 <p < oo, v: X — Y a countable additive vector measure
and h € LP(v). Then

HhHLP(V) = Sup {”h”Ll(m) tm e BVI;,/(V)} ’
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Proof. For the first inequality observe that since h € LP(v) then h?~' € L¥ (v).
By using Corollary 2.9 with this function h?~! and the space L¥ (v) we have that

- -1
il = B oy = 01 (27)
Consider now the vector valued measure m = ||h||2;€/)l/hp71 = VinL?, -t that

satisfies ||m||,/, = 1 and

llzamy = || 1A WA |

1—
N P [ P L P
This gives
1oy < sup {11y : m € By, b

For the other inequality take m € B, Using Theorem 2.6 we have that
Y

)
LP(v) € L'(m). Since moreover [[id||rr)—11(m) = [[mly, < 1 we obtain
1Pl 1y < 1| o) 21 m ||h\|Lp<u < [IAllzrw)-

Since m € B ) is arbitrary we have the other inequality and hence the equality.
Y 14
O

3. MEASURES OF BOUNDED p-VARIATION.

In this section we develop the counterpart of the results of the previous one for
the case of finite p-variation instead of finite p-semivariation. As we will show,
this leads us to represent the class of cone absolutely summming operators.

Definition 3.1. Let 1 <p < oocandlet m: ¥ — X and v : ¥ — Y be countable
additive vector measures. We say that m has bounded p-variation with respect
to v if

|m|,., = sup {Z |O‘A|||m(A)HX T E @g,Z@AXA € BLP'(V)} < 00.
Aerm Aerm

Remark 3.2. If m has bounded p-variation with respect to v then given A € ¥,
T € Dy,

< [l [ (4) .

dDolm(B)lx < lmly,

Bemn

ZXB

Bemn

LY (v)

In particular, m has bounded variation |m| and |m| < v.

As in the previous section we present now some easy examples. Of course in
the case v = p where (€, %, i) is a positive finite measure space and 1 < p < 0o
the classical notion of p-variation of a vector valued measure m : 3 — X, that is

to say
\mrp—sup{Z”m “p:we@g},

Aem
corresponds to |m|, = |m|, . Similarly as in Proposition 2.4 we have the analogue
result.
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Proposition 3.3. Let (2,3, 1) be a positive finite measure space, m : 3 — X be
a vector valued measure and 1 < p <r < oo. Then there exist a Banach space Y
and a vector valued measure v : ¥ — Y such that |m|, = |m|,,.

Example 3.4. Let (2, %, 1) be a positive finite measure space and 1 < p < 0.

(1) If T : L”(u) — X is a cone absolutely summing operator then m,. has

bounded p-variation with respect to p and |m,|,, = = (T).

(2) Let f : Q@ — X be a Bochner p-integrable function and consider ms : ¥ —
X defined by m¢(A) = [, fdu, where now the integral stands for the Bochner
integral of f. Then m¢ has bounded p-variation with respect to p and

1
Mgl = Imel, = ( / ufupdu)

We prove now the main result of this section (similar results can also be found

in [2], [3], 4], [] and [10]).

Theorem 3.5. Let 1 <p < oo andletm :¥X — X andv : X — Y be countable
additive vector measures. The following assertions are equivalent:

(1) |m|pl/ < 0.

(2) L7 (v) € L*(Jm)). /
(3) The integration map I¥, - L (v) — X is cone absolutely summing.
(4) There exists a cone absolutely summing operator Tp, : L (v) — X such that

Tin(xa) =m(A), for all A € X.
Moreover, |mlp, = [[id| o () 11 (jm)) = ﬂ-i’_([ﬁ;’[/pl(ll)) = [Tl

Proof. Let us start by proving (1)=(2). Take 7 = {4;}, € Dg and we will
show that if s = Y7 | a4, x4, is a simple function then

I8/l mp < Imlpullsll o). (3.1)

Let £ > 0. For each 1 < ¢ < n take a partition m; = {B’}k(Z of A; € m such that

> Im(B)I > Iml(A:) —

21\04
B’Gm
Hence, by using (1)
n
Ami(A) < D> lealllmB)]lx +e
i=1 B;EWi
n
< mlpy Z Z a4, XBi +e
= Bj&mi LY (v)
< ‘m|p,l/ ZaAiXAi t+e.
= L7 (v)
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Taking the limit as € goes to zero one gets (3.1). The density of the simple
functions both in L'(|m|) and L (v) gives

Hid|’L1‘°/(V)~>L1(\m\) < |mlpu. (32)
Let us continue with the proof of (2)=-(3). Recall that for a non-negative finite
measure any bounded operator T : L'(u) — X is cone absolutely summing with
7 (T) = ||T|| (cf. [2]). Now using that the composition of a positive operator
and a cone absolutely summing operator is cone absolutely summing (3) follows
from (2) because I”. is obviously bounded from L'(|m|) to X. Moreover

Wfr([%m/(y)) < ||id||Ll’/(y)~>L1(\m\)' (3.3)
Obviously (3)=-(4) and Wf([ﬁ;]m/(y)) = ||T;|| just taking T,, = I2.. Therefore it
remains the proof of (4)=-(1). First note that since

To(xa) = m(A) = / dm = T2 (x4),

for all A € X, then T,,(s) = I¥ (s) for all s € Sx;(R) and, by the density of the
simple functions in L¥ (v), one gets T,, = IZ.. Take 7 € Dg and >_ ,, aaxa €
L” (v). Then

D laalm(A)][ ¢ =D |1 Tnllaalxa)ll < i (L)

Aem Aer
This shows that

> aaxa

Aem

20

Imlpy <m0 (Tn) = Wii_([’f]:l,‘[/p/(l/))' (3.4)
OJ

Similarly to the previous section the vector space consisting of those measures
m appearing in Theorem 3.5 is denoted by V% (v) and we have,

Corollary 3.6. Let 1 <p < oo, v:X =Y a countable additive vector measure
and X a Banach space. Then V5 (v) is a Banach space under the norm |- |,
that can be identified isometrically with AT (LY (v), X).

Using the results on representation of p-convex Banach lattices that we have
used in Section 2, we get the integral representation for cone absolutely summing
operators.

Corollary 3.7. Let 1 < p < o00. Let E be an order continuous p’-convexr Banach
lattice with a weak unit and X a Banach space. Then there is a measure space
(€, %) and a vector measure v on it such that V5 (v) = AT (E, X) (isomorphi-
cally). In particular, there is an order isomorphism I : E — L¥ (1) such that for

each T € A] (E, X) there is a vector measure m,, < v satisfying that |m.|,, < oo
and T(-) = [I(-) dm,.

The proof is similar to the one given for Corollary 2.8.
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