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Abstract: In the present paper we study dominated operators acting on Banach-Kantorovich L;-lattices, constructed
by a measure m with values in the ring of all measurable functions. Using methods of measurable bundles of Banach—

Kantorovich lattices, we prove the strong “zero-two” law for positive contractions of Banach—Kantorovich L, -lattices.
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1. Introduction

Starting from von Neumman’s [23] pioneering work, the development of the theory of Banach bundles has been
stimulated by many works (see, for example, [14, 15]). There are many papers devoted to the applications of
this theory to several branches of analysis [, 17, 18, 26]. Moreover, this theory is well connected with the
theory of vector-valued Banach spaces [13, 14], which has several applications (see, for example, [19]). In the

present paper, we concentrate on the theory of Banach bundles of Lg-valued Banach spaces (for more details,
see [7, 14]). Note that such spaces are called Banach—Kantorovich spaces. In [14, 15, 18] the theory of Banach—
Kantorovich spaces was developed. It is known [14] that the theory of measurable bundles of Banach lattices
is sufficiently well explored. Therefore, it is natural to employ methods of measurable bundles of such spaces
to investigate functional properties of Banach—Kantorovich spaces. It is an effective tool that gives a good
opportunity to obtain various properties of these spaces [4, 5]. For example, in [3, 7] the Banach—Kantorovich
lattice L,(V, ) was represented as a measurable bundle of classical L, -lattices. Naturally, these functional
Banach—Kantorovich spaces have many properties similar to those of the classical ones, constructed by real
valued measures. In [2, 11] this allowed the establishment of several weighted ergodic theorems for positive
contractions of L,(V, u)-spaces. In [5] the convergence theorems of martingales on such lattices were proved.

Some other applications of the measurable bundles of Banach—Kantorovich spaces can be found in [1, 12].

In [22] Ornstein and Sucheston proved that, for any positive contraction T on an Lj-space, one has

either ||T™ —T"*||; =2 for all n or lim [|[T™ —T"*!||; = 0. An extension of this result to positive operators
n—oo

*Correspondence: farrukh m@iium.edu.my
2010 AMS Mathematics Subject Classification: 37A30, 47A35, 46B42, 46E30, 46G10.
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on L -spaces was given by Foguel [3]. In [27] Zahoropol generalized these results, calling it the “zero-two” law,

and his result can be formulated as follows:

Theorem 1.1 Let T be a positive contraction of L,, p > 1,p # 2. If the following relation holds, |||Terl -
T™||| <2 for some m € NU{0}, then
lim |7 — T = 0.
In [16] this theorem was established for Kothe spaces. In particular, from that result the statement of
the theorem for a case p = 2 follows.
Furthermore, the strong “zero-two” law for positive contractions of L,-spaces, 1 < p < +o00, was proved

in [25]. This result is formulated as follows:

Theorem 1.2 Let 1 < p < 400 and T be a positive contraction of L. If H|T’”+1 — Tm\H < 2 for some
m € NU {0}, then
lim |||T"*! —T"||| = 0.
n—oo
In [10] we generalized Theorem 1.1 for the positive contractions of the Banach-Kantorovich L, -lattices.

Namely, the following result was proved.

Theorem 1.3 Let T : L,(V,m) — L,(V,m), p > 1,p # 2 be a positive linear contraction such that T1 < 1.
If one has |||T™F —T™||| <2-1 for some m € NU{0}, then

(0) — lim_ |7+ — 7™ = 0.

The main aim of this paper is to prove the strong “zero-two” law for the positive contractions of the
Banach—Kantorovich lattices L,(V,m). To establish the main aim, we first study dominated operators acting
on Banach-Kantorovich L, -lattices (see Section 3). Using the methods of measurable bundles of Banach—
Kantorovich lattices, in Section 4 we prove the main result of the present paper. Finally, in Section 5, we

illustrate an application of the methods used in Section 4 to prove a result related to dominated operators.

2. Preliminaries
Let (2,%, 1) be a complete measure space with a finite measure . By L£(£2) (resp. Loo(€2) ) we denote the
set of all (resp. essentially bounded) measurable real functions defined on Q a.e. In the standard way, we
introduce an equivalence relation on £(2) by putting f ~ g whenever f = g a.e. The set L(£2) of all cosets
f7={g€ L) : f~g}, endowed with the natural algebraic operations, is an algebra with unit 1(w) =1 over
the field of reals R. Moreover, with respect to the partial order f~ < ¢~ < f < g a.e., the algebra Ly(Q)
is a Dedekind complete Riesz space with weak unit 1, and the set B(Q2) := B(Q, %, u) of all idempotents in
Lo(Q) is a complete Boolean algebra. Furthermore, Lo(Q2) = {f~ : f € Lo(2)} is an order ideal in Lo (£2)
generated by 1. In what follows, we will write f € Lo(Q) instead of f~ € Ly(2) by assuming that the coset
of f is considered.

Let E be a linear space over the real field R. By || - || we denote a Lo(€2)-valued norm on E. The pair
(E,|| - 1) is then called a lattice-normed space (LNS) over Lo(2). An LNS E is said to be d-decomposable if
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for every & € E and the decomposition ||z|| = f + ¢ with f and ¢ disjoint positive elements in Ly(2) there
exist y,z € E such that z = y+ 2z with ||y|]| = f, ||z]| = ¢.

Suppose that (F, | -]|) is an LNS over Ly(2). A net {x,} of elements of F is said to be (bo)-converging
to x € E (in this case we write © = (bo)-limz, ), if the net {||zo — ||} (0)-converges to zero (here (0)-
convergence means the order convergence) in Lo(Q2) (written as (0)-lim ||z, — || = 0). A net {zs}aca is
called (bo)-fundamental if (2o — 3)(a,8)caxa (bo)-converges to zero.

An LNS in which every (bo)-fundamental net (bo)-converges is called (bo)-complete. A Banach—-
Kantorovich space (BKS) over Lo(€) is a (bo)-complete d-decomposable LNS over Ly(2). It is well known

(see [17],[18]) that every BKS E over Lo(f2) admits an Lg(£2)-module structure such that | fz| = |f] - |||
for every © € E, f € Lo(?), where |f| is the modulus of a function f € Lo(2). A BKS (U, ]| - ||) is called
a Banach—Kantorovich lattice if U is a vector lattice and the norm | - || is monotone, i.e. |u1| < |ug| implies
llur|l < [Juz]|. It is known [17] that the cone Uy of positive elements is (bo)-closed.

Let V be an arbitrary complete Boolean algebra and let X (V) be the Stone space of V. Assume that
Ly(V) := C(X(V)) is the algebra of all continuous functions x : X(V) — [—o0,+o0] that take the values
+o00 only on nowhere dense subsets of X(V). Finally, by C(X(V)), we denote the subalgebra of all continuous
real functions on X (V).

Given a complete Boolean algebra V, let us consider a mapping m : V — Ly(2). Such a mapping is

called an Lo (Q) -valued measure if one has:
(i) m(e) >0 for all e € V and m(e) =0 < e=0;
(ii) m(eVg) =m(e)+m(g) if eANg=0,e,9 € V;
(iii) m(eq) 4 0 for any net e, 4 0.

Following the well-known scheme of the construction of L,-spaces, a space L,(V,m) can be defined by

LP(V,m){fELO(V):|f|p ::/|f|pdmfexist }, p>1,

where m is an Ly(Q2)-valued measure on V.
An Ly(92)-valued measure m is said to be disjunctive decomposable (d-decomposable), if for every e € V
and the decomposition m(e) = a1 +a2, a1 Naz =0, a; € Lo(B) there exist e1,ea € V such that e = e; Ve

and m(e;) = a;,i =1, 2.
Theorem 2.1 [7] The following statements hold:

(i) The pair (L,(V,m),|-|p) is a (bo) —complete lattice. Moreover, it is an ideal linear subspace of Lo(V),
i.e. from |z| <ly|, y € Lp(V,m), © € Ly(V) it follows that x € L,(V,m) and |z|p, < |y|p;

(1) If 0 <zy € L,(V,m) and x4 1 0, then |zqlp 4 0;

(1i1) If the measure m is d-decomposable, then |a)z|, = |a||z|, for all a € Lo(Q),x € L,(V,m);
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(iv) If the measure m is d-decomposable, then (L,(V,m),|-|,) is a Banach-Kantorovich space;

(v) One has Loo(V,m) := C(X(V)) C L,(V,m) C Ly(V,m), 1 < q < p. Moreover, Loo(V,m) is (bo) -dense
in (Li(V,m), |- [lh)-

Now we mention the necessary facts from the theory of measurable bundles of Boolean algebras and
Banach spaces (see [14] for more details).
Let (,%, 1) be the same as above and X be a mapping assigning an L,-space constructed by a real

valued measure my,, i.e. L,(V,,m), to each point w €  and let

n
L= {Zaiei:aieR, ei(w) €V, i=1,n, nEN}
i=1

be a set of sections. In [7] it was established that the pair (X, L) is a measurable bundle of Banach lattices and
Ly(£2, X) is modulo ordered isomorphic to L,(V, u).

Let p be a lifting in Lo () (see [14]). As before, let V be an arbitrary complete Boolean subalgebra of
V(Q) and m be an Lo(£2)-valued measure on V. By Lo (V,m) we denote the set of all essentially bounded
functions w.r.t. m taken from Lo(V).

A mapping £ : Loo(V,m)(C Loo(2, X)) = Lo(2, X) is called a vector-valued lifting [14] associated with
the lifting p if it satisfies the following conditions:

(1) £() € 4 for all @ such that dom(ii) = Q;
(2) (@)L, (vo.me) = o) (w);

(3) £(i+ D) = £(1) + £(D) for every i1, 9 € Loo(V,m);

(4) £(h- @) = p(h)e(@) for every @ € Loo(V,m), h € Loo(Q);

(5) £(it) > 0 whenever @ > 0;

(6) the set {£(i1)(w) : @t € Loo(V,m)} is dense in X (w) for all w € Q;
(7) £(@V ©) = £(it) V £(d) for every i, D € Loo(V,m).

In [7] the existence of the vector-valued lifting was proved.

Let L,(V,m) (p > 1) be a Banach-Kantorovich lattice. A linear mapping T : L,(V,m) — L,(V,m) is
called positive if Tf > 0 whenever f > 0. We say that T is a Lo(Q) -bounded mapping if there exists a function
k € Lo(€) such that |Tf|p < k\f|p for all f € L,(V,un). For such a mapping we can define an element of
Lo () as follows:

IT|| = sup |Tf]p,
[flp<1
which is called an Lo(Q) -valued norm of T'. A mapping T is said to be a contraction if one has ||T|| < 1. Some
examples of contractions can be found in [11].
In the sequel we will need the following bundle representation of Ly(2)-linear Ly(£2)-bounded operators

acting in Banach—Kantorovich lattices.
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Theorem 2.2 [10] Let L,(V,m) (p > 1) be a Banach-Kantorovich lattice and L,(V.,, my,) be the correspond-
ing Ly, -spaces constructed by real valued measures. Let T : L,(V,m) — L,(V,m) be a positive linear contraction

such that T1 < 1. Then for every w € Q there exists a positive contraction Ty, : Ly(Vy, ty) = Lp(Vi, my,)
such that T, f(w) = (Tf)(w) a.e. for every f € L,(V,m).

3. Dominated operators in Banach—Kantorovich L,-lattices

In this section, we study dominated operators in Banach-Kantorovich L, -lattices.

Theorem 3.1 Let T : L1(V,m) — L1(V,m) be an Lo(R?) -bounded linear operator in Banach—Kantorovich
lattice L1(V,m). Then there exists a unique |T|-Lo(SY)-bounded linear operator in L1(V,m) such that

(a) [T = IIT']I[;
(b) one has |Tf| <|T||f|, for all f € Li(V,m);
(c) for each fe L1(V,m) with fZ 0 one has |T\f: sup{|Tg|: g € L1(V,m),|g| < f +

(@) T llso = 1T]loo-
Proof Let P denote the family of all finite measurable partitions 7 = {B1, Ba, ..., B} of Q. We partially
order P in the usual way, i.e. for m = {By,Bs,..., By} and n’ = {B{, B, ..., B} we write 7 < rif 7 isa
refinement of 7, i.e. each set B; is a union of sets {B}}.

Given 7 € P, and for every f € Ly(V,m), f >0, we define
A m A
T.f =3 1T f)l
i=1

~ ~ ~ m A~
Clearly m < «’ implies T, f < T f. From |f|1 = > |xB,f
i=1

1 we obtain [T f|y < ||T|f]1. Since {T,.f : 7 e P}

is increasing on P and is norm bounded, one can therefore define
IT|f := lim T f, f>0.
TeP

We clearly have
71l < ITNf s f =0 (1)

and |T| is linear on positive functions. Therefore, |T| can be extended by the linearity to the whole L;(V,m).

This extension is again denoted by |T.

For f > 0 and |§| < f we obtain |T|f > |T§| by means of the approximation argument with simple
functions. This yields (b).

(¢). From (b) we have |T|g > |Tg|, i.e. T has a positive dominant. Then by [24, Theorem VIII 1.1] T
is regular. Hence, using [24, formula (10),p.,231] one finds |T'|f = sup{|T'§| : § € L1 (V,m),|g| < f }.

(a). Again from (b) we get ||T|| < |||T]|] and by (1) one finds |||T]|| < ||T||. Hence, || T|| = |||T||l-
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(d). Let f e L®(V,4). It is then clear that from |T'f] < |T||f] one gets |T]lollflloo < T 1llsollflloc »
which means ||T]|co < ||| co-

Using (c) we obtain

TIIfl = sup |Tgl < sup [Toolldllocl < [ Tlloo]l flloo.
jg1<17] lg1<17]

Hence, |[|T][lec < [Tllco and [[|Tlloc = 1 T]lcc- =

Definition 3.2 A linear operator A : L,(V,m) — L,(V,m) is called dominated if there exists an Lo(f2)-
bounded positive linear operator S : L,(V,m) — L,(V,m) such that

[Afl < S(f))
forall f e L,(V,m). The operator S is called dominant.

Theorem 3.3 Let T : L,(V,m) — L,(V,m) be a dominated operator with a dominant S on Banach-
Kantorovich lattice L,(V,m). Then there exists a unique |T'|-Lo(2)-bounded linear operator on L,(V,m)
such that

(a) (IITIIF <1151
(b) one has |Tf| < |T||f|, for all f € L,(V,m);

(¢) for each f € Ly(V,m), f >0 one has |T|f = sup{|T3| : g € L,(V,m),|g| < f}.

Proof The proof of the existence of |T'| and (b), (c) are similar to the proof of Theorem 3.1. Now we prove

(a). From
IT|f = sup{|Tg| : § € Ly(V,m). |3l < f} <sup{Sl3|: g € L,(V,m).|3| < f} = 5]
we get
IT1flp < 1S flp < ISIIIF1
and hence
NTHE < 1S]-
This completes the proof. O

Theorem 3.4 If A: L,(V,m) — L,(V,m) is a dominated operator, and its dominant S is a contraction with
S1 <1, then for every w € Q) there exists a dominated operator A, : Ly,(Vy, my) = Ly(Vy,my) such that

forall f e L,(V,m).
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Proof Since S is a contraction and S1 < 1, we obtain that A(Le(V,m)) C Loo(V,m).

Now we define a linear operator ¢, from {{(f)(w): f € Loo(V,m)} into L,(Vy,my) by

o (U(f)(w)) = LA (W)

where /¢ is the vector lifting of L..(V,m) associated with the lifting p.
From the dominability of A one gets

(@)U @D = (AN )] = AT W) < (S| w) = SLEAfN W) = SLEF @)D

for any positive f € Loo(V,m), where S/, is a positive contraction on {£(f)(w) : f € Lso(V,m)}. This means
that ¢(w) is a dominated operator on {¢(f)(w): f € Loo(V,m)}.

From |Sf|, < |f|, we obtain

(A ) @)L, (v ma) = PUASR) @) < p(ISFlp) W) < p(1f1p) @) = 1)) @)I] Ly (90 me)

which implies that ¢, and S/ are well defined and bounded. Moreover, S/, is positive (see Theorem 2.2).

Due to the density of {¢(f)(w) : f € Loo(V,m)} in L,(V.,,my), we can extend ¢,, and S/

., respectively, to

L,(V.,m,). We respectively denote the extensions by A, and S,,. One can see that A, is bounded, and S,
is positive bounded.

From
(@) ()W) < SL(ES) )])
for any f € Loo(V,m) one finds
[Au (f(@))] < Su(lf(@)])

i.e. A, is dominated.

Repeating the argument of the proof of [10, Theorem 2.1], we can prove that

Auf(w) = (Af)(w)

for almost all w € Q and for all f € L,(V,m). This completes the proof. O

Theorem 3.5 If A: L,(V,m) — L,(V,m) is a dominated operator, and its dominant S is a contraction with
S1 <1, then
IAlollp.w = [1Awllp.e
for almost all w € Q, where || - ||, is the norm of an operator from Ly(V,,my,) to Ly(Vy,my,).
Proof Dueto —|A| < A <|A| we have —|A4|, < Ay, < |A|y, which yields |A,| < |A], for almost all w € Q.
Hence, |||Alwllpw = | Awl|lp,w for almost all w € €.
Let {m,} be an increasing sequence in P such that |A|f = (bo) — nh_)n;o Ay f,for 0< feL,(V,m).

One can see that

m m

(A, N)(@) =D 1A NIW) = D 140 (x5, (@)))(@)] = Aum, f(w) (2)

i=1 i=1
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for almost all w € Q2.
Now using

|Alf = (bo) — lim A f in L,(V,m),
n—0o0
with (2) we obtain |A,rnf|p © ||A|f|p or |A,Tnf\p(w) — ||A|f‘p(w) for almost all w € 2. Hence,

||A7T"7wf(w)||LP(vwamw) - H|A|‘*’f(w)||Lp(Vw,mw)

for almost all w € .
On the other hand, one has

T ([ Ay o f@) 290 me) < AT, )

for almost all w € €. This means that

H|A|wf(w)||Lp(vw,mw) < |||Aw‘f(w)HLp(vw,mw)

or
4], ., = l[1AI,.,

for almost all w € 2. Hence,
[P e 12 |

for almost all w € Q. This completes the proof. O

4. The strong “zero-two” law

In this section we prove an analog of the strong “zero-two” law for positive contractions in the Banach—

Kantorovich L, -lattices. Before the formulation of the main result, we need some auxiliary results.

Proposition 4.1 Let T,S : L,(V,m) — L,(V,m) be two positive linear contractions such that T1 < 1,
S1<1. Then
H\Tw — S‘*’H|p,w > H\Tf S|H(w), a.e.

Here | - | means the modulus of an operator.

Proof Due to (T — S)(f) < T(f) for any positive f e L,(V,m), one gets

(T = $)()l < T(f])

for any f € L,(V,m). Hence, T'— S is dominated. Since T is a contraction and 71 <1 by Theorem 3.5, we
obtain |||T" — S|W||pw = |||T., — S‘“'pr for almost all w € Q. By [9, Proposition 2] for any ¢ > 0 there exists

f € L,(V,m) with |f|, =1 such that
1T =S| e < |IT = S|f].
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Then
7= Sl|@) ~e1 < |IT = 817], @) = 117~ SIH )2, @ome)
= T = Slof @), uma) < 1T =Skl
= 1% = Salll,..
for almost all w € Q). The arbitrariness of € > 0 implies the statement. O

Corollary 4.2 Let T,S : L,(V,m) — L,(V,m) be two positive linear contractions such that T1 <1, S1<1.
Then

H\Tw - S“"pr = H\T - S|H(w), a.e.

The proof follows from [10, Proposition 3.2] and Proposition 4.1.

The next theorem is the main result of the present paper.

Theorem 4.3 Let T : L,(V,m) — L,(V,m) be a positive linear contraction such that T1 < 1. If one has
[T+t —T™||| <2-1 for some m € NU{0}, then

(0) = lim |||T"*! —T"||| =0.

n—oo

Proof From Corollary 4.2 it follows that

1T+t =1 | T —T™||(w), ace.

po =l

on €. Therefore, due to |||T™F! —T™||| < 2-1 for some m € NU {0} we find ||[T7 — TUT‘Hp,w < 2 for

almost all w € Q. According to Theorem 2.2 we conclude that T, is a positive contraction on L,(V,,, my).

Hence, the contraction T,, satisfies the conditions of Theorem 1.2 for almost all w € 2, which yields that
: n+l _ gm||| —
Tim [Tz - 72 =0

for almost all w € Q. By again using Corollary 4.2, we obtain

lim [[|T""! = T"|||(w) =0

n—0o0

for almost all w € Q. Therefore,
(0) = lim |[|T"*! =T = 0.

n—oo

This completes the proof. O
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5. Dominated contractions

In this section we illustrate an application of the description of dominated operators, which may be used in the
generalized “zero-two” law for positive contractions of Banach—Kantorovich L, -lattices.

The following theorem is the vector-valued analog of [20, Theorem 2.1].

Theorem 5.1 Let T1,Ts : L1(V,m) — L,(V,m) be positive linear operators with dominants S1,S1 corre-
spondingly such that S1,Ss are contractions with S;1 <1, i =1,2 and S1S2 = S951. If there is an ng € N
such that ||Sng° —T1T2"°|| <1, then

|S153 — W Ty <1
for every n > ng.
Proof For every f € Li(V,m) by Theorem 3.3 we infer that (T;f)(w) = (1}).(f(w)) and according to

Theorem 2.2 (S;f)(w) = (S;)w(f(w)) for almost all w € Q. Obviously one has (T}), < (S;), for almost all
w € Q (see the proof of Theorem 3.3). From the assumption 5155 = 5351 we get (51)u,(52)w = (52)w(S1). for

(
(
almost all w € Q. It follows from Corollary 4.2 that
[|(S1)w(S2)0 — (Tl)w(TQ)ZOHLW =[|9195° - A T3° || (w).
The last equality with ||SlS;“’ - TTy° H < 1, for some ng € N, implies that
[(S1)w(S2)20 = (Th)u(T)20, , < 1
for almost all w € Q. Due to [20, Theorem 2.1] we then obtain that
1(81)w(S2) = ()T, < 1
for every n > ng and for almost all w € €. Hence,
19083 — TuTg||(@) = | (S1)u(S2)ls — (T)u(T)]), , <1
for every n > ng and for almost all w € 2. This means that
5195 — TWT3|| <1

for every n > ng, which completes the proof. O

From this theorem we immediately get Zaharopol’s vector-valued result (see [27]) if one takes S; =T} =

id. Namely, we have the following:

Corollary 5.2 Let T : L1(V,m) — L1(V,m) be a positive linear operator with dominant S, such that S is a
contraction with S1 < 1. If there is an ng € N such that HS”O — T"OH < 1, then

5" —T"|| <1
for every n > ng.

Remark 5.1 We remark that an abstract version of the last result was given in [21]. Using the same argument

of Theorem 5.1 and the results of [6, 12, 17], we can extend the mentioned abstract result to the vector-valued
setting.

592



GANIEV et al./Turk J Math

Acknowledgments

The first author acknowledges MOE Grant FRGS13-071-0312. The second author acknowledges MOE grant

FRGS14-135-0376 and the Junior Associate Scheme of the Abdus Salam International Centre for Theoretical
Physics, Trieste, Italy. Finally, the authors would like to thank the referee for his useful suggestions, which

improved the content of this paper.

(1]

2]

3]

(5]

(6]

(7]

(8]

(9]

(10]

References
Albeverio S, Ayupov SA, Kudaybergenov KK. Non-commutative Arens algebras and their derivations. J Funct
Anal 2007; 253: 287-302.

Chilin VI, Ganiev IG. An individual ergodic theorem for contractions in the Banach-Kantorovich lattice LP(V, ).
Russian Math 2000; 44: 77-79.

Foguel SR. On the “zero-two” law. Israel J Math.1971; 10: 275-280.
Ganiev IG. Measurable bundles of Banach lattices. Uzbek Math Zh 1998; 5: 14-21 (in Russian).

Ganiev IG. The martingales convergence in the Banach—Kantorovich’s lattices Lp(ﬁ, ). Uzbek Math J 2000; 1:
18-26.

Ganiev IG. Abstract characterization of non-commutative L,-spaces constructed by center valued trace. Dokl
Akad Nauk Rep Uzb 2000; 7: 6-8.

Ganiev IG. Measurable bundles of lattices and their applications. In: Studies on Functional Analysis and Its

Application. Moscow, Russia: Nauka, 2006, pp. 9-49. (Russian).

Ganiev IG, Chilin VI. Measurable bundles of noncommutative LP-spaces associated with a center-valued trace.
Siberian Adv Math 2002; 12: 19-33.

Ganiev IG, Kudaybergenov KK. The Banach—Steinhaus uniform boundedness principle for operators in Banach—
Kantorovich spaces over Lg. Siberian Adv Math 2006; 16: 42-53.

Ganiev IG, Mukhamedov F. On the “Zero-Two” law for positive contractions in the Banach—Kantorovich lattice
L?(V, ). Comment Math Univ Carolinae 2006; 47: 427-436.

Ganiev I, Mukhamedov F. On weighted ergodic theorems for Banach-Kantorovich lattice L,(V, u). Lobachevskii
J Math 2013; 34: 1-10.

Ganiev I, Mukhamedov F. Measurable bundles of C*-dynamical systems and its applications. Positivity 2014;
18: 687-702.

Gierz G. Bundles of Topological Vector Spaces and Their Duality. Berlin, Germany: Springer, 1982.
Gutman AE. Banach bundles in the theory of lattice-normed spaces, II1. Siberian Adv Math 1993; 3: 8-40.

Gutman AE. Banach fiberings in the theory of lattice-normed spaces. Order-compatible linear operators. Trudy
Inst Mat 1995; 29: 63-211 (in Russian).

Katznelson Y, Tzafriri L. On power bounded operators. J Funct Anal 1986; 68: 313-328.
Kusraev AG. Vector Duality and Its Applications. Novosibirsk, Russia: Nauka, 1985 (in Russian).
Kusraev AG. Dominanted Operators. Dordrecht, the Netherlands: Kluwer Academic Publishers, 2000.

Lee Y, Lin Y, Wahba G. Multicategory support vector machines: theory and application to the J Am Stat Assoc
2004; 99: 67-81.

Mukhamedov F. On dominant contractions and a generalization of the zero-two law. Positivity 2011; 15: 497-508.

Mukhamedov F, Temir S, Akin H. A note on dominant contractions of Jordan algebras. Turk J Math 2010; 34:
85-93.

593


http://dx.doi.org/10.1016/j.jfa.2007.04.010
http://dx.doi.org/10.1016/j.jfa.2007.04.010
http://dx.doi.org/10.1007/BF02771644
http://dx.doi.org/10.1134/S1995080212040087
http://dx.doi.org/10.1134/S1995080212040087
http://dx.doi.org/10.1007/s11117-013-0270-4
http://dx.doi.org/10.1007/s11117-013-0270-4
http://dx.doi.org/10.1016/0022-1236(86)90101-1
http://dx.doi.org/10.1007/978-94-015-9349-6
http://dx.doi.org/10.1198/016214504000000098
http://dx.doi.org/10.1198/016214504000000098
http://dx.doi.org/10.1007/s11117-010-0102-8
http://journals.tubitak.gov.tr/math/issues/mat-10-34-1/mat-34-1-8-0810-24.pdf
http://journals.tubitak.gov.tr/math/issues/mat-10-34-1/mat-34-1-8-0810-24.pdf

594

GANIEV et al./Turk J Math

Ornstein D, Sucheston L. An operator theorem on L; convergence to zero with applications to Markov kernels.
Ann Math Stat 1970; 41: 1631-1639.

von Neumann, J. On rings of operators III. Ann Math 1940; 41: 94-161.

Vulih BZ. Introduction to Theory of Partially Ordered Spaces. Groningen, the Netherlands: Noordhoff, 1967.
Wittman R. Ein starkes “Null-Zwei Gesetz in L, . Math Z 1988; 197: 223229 (in German).

Woyczynski WA. Geometry and martingales in Banach spaces. Lect Notes Math 1975; 472: 235-283.

Zaharopol R. The modulus of a regular linear operators and the “zero-two” law in L,-spaces (1 < p < oo,
p # 2). J Funct Anal 1986; 68: 300-312.


http://dx.doi.org/10.1214/aoms/1177696806
http://dx.doi.org/10.1214/aoms/1177696806
http://dx.doi.org/10.2307/1968823
http://dx.doi.org/10.1007/BF01215191
http://dx.doi.org/10.1016/0022-1236(86)90100-X
http://dx.doi.org/10.1016/0022-1236(86)90100-X

	The strong ``zero-two" law for positive contractions of Banach--Kantorovich $L_p$-lattices
	Recommended Citation

	Introduction
	Preliminaries
	Dominated operators in Banach–Kantorovich Lp-lattices
	The strong ``zero-two" law
	Dominated contractions

