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Statistical convergence in vector lattices

The statistical convergence is defined for sequences with the asymptotic density on the natural numbers, in
general. In this paper, we introduce the statistical convergence in vector lattices by using the finite additive
measures on directed sets. Moreover, we give some relations between the statistical convergence and the
lattice properties such as the order convergence and lattice operators.
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Introduction

The statistical convergence of sequences is handled together with the asymptotic (or, natural)
density of subsets on the natural numbers N. On the other hand, Connor introduced the notion of
statistical convergence of sequences with finitely additive set functions [1,2]. After then, some similar
works have been done [3 5]. Also, several applications and generalizations of the statistical convergence
of sequences have been investigated by several authors [6 13|. However, as far as we know, the concept
of statistical convergence related to nets has not been done except for the paper [14], in which the
asymptotic density of a directed set (D, <) was introduced by putting a special and strong rule on the
directed sets such that the set {& € D : @ < 8} is finite and the set {& € D : @ > (} is infinite for each
element f in (D, <). We aim to introduce a general concept of statistical convergence for nets with a
new notion called a directed set measure.

Recall that a binary relation “<” on a set A is called a preorder if it is reflexive and transitive. A
non-empty set A with a preorder binary relation “<” is said to be a directed upwards (or, for short,
directed set) if for each pair z,y € A there exists z € A such that < z and y < z. Unless otherwise
stated, we consider all directed sets as infinite. For given elements a and b in a preorder set A such
that @ < b, the set {z € A:a <z < b} is called an order interval in A. A subset I of A is called an
order bounded set whenever I is contained in an order interval.

A function domain of which is a directed set is said to be a net. A net is briefly abbreviated as
(Ta)aca with its directed domain set A. Let (A, <a) and (B, <p) be directed sets. Then a net (yg)scn
is said to be a subnet of a net (z,)ae4 In a non empty set X if there exists a function ¢ : B — A such
that yg = z4(g) for all § € B, and also, for each a € A there exists 3, € B such that a < () for all
B > Bo (Definition 3.3.14 [15]). It can be seen that {¢(3) € A: Bo < f} C{a’ € A: a < a'} holds for
subnets.

A real vector space E with an order relation “<” is called an ordered vector space if, for each
rz,y € Ewithz <y, z+2z<y+ zand ar < ay hold for all z € K and a € R;. An ordered vector
space E is called a Riesz space or vector lattice if, for any two vectors z,y € FE, the infimum and the
supremum

z Ay =inf{z,y} and zVy=sup{z,y}
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exist in F, respectively. A vector lattice is called Dedekind complete if every nonempty bounded from
the above set has a supremum (or, equivalently, whenever every nonempty bounded below subset has
an infimum). A subset I of a vector lattice F is said to be a solid if, for each = € £ and y € I with
|z| < |y|, it follows that = € I. A solid vector subspace is called an order ideal. A vector lattice E
has the Archimedean property provided that %'r 4 0 holds in F for each = € E,. In this paper, unless
otherwise stated, all vector lattices are assumed to be real and Archimedean. We remind the following
crucial notion of vector lattices [16 20].

Definition 1. A net (T4)aea In a vector lattice F is called order convergent to x € I if there exists
another net (yo)aeca 4 0 (ie., infy, = 0 and y, |) such that |z, — x| <y, holds for all @ € A.

We refer the reader to some different types of order convergence and some relations among them [21].
Throughout this paper, the vertical bar of a set will stand for the cardinality of the given set and P(A)
is the power set of A.

1 The p-statistical convergence

We remind that a map from a field M (i.e., My, Ms,--- € M implies U;—1 M,, € M and A € M for
all A € M) to [0, c0] is called finitely additive measure whenever () = 0 and p(U?_ E;) = 37 | u(E;)
for all finite disjoint sets {£;}" | in M [22; 25|. Now, we introduce the notion of measuring on directed
sets.

Definition 2. Let A be a directed set and M be a subfield of P(A) (i.e., it satisfies the properties
of field). Then

(1) an order interval [a,b] of A is said to be a finite order interval if it is a finite subset of A;

(2) M is called an interval field on A whenever it includes all finite order intervals of A;

(3) a finitely additive measure p : M — [0, 1] is said to be a directed set measure if M is an interval
field and p satisfies the following facts: u(I) = 0 for each finite order interval I € M and p(A) = 1.

It is clear that p(C) = 0 whenever C' C B and p(B) = 0 holds for B, C' € M because p is finitely
additive.

Ezample 1. Consider the directed set N and define a measure u from 2N to [0, 1] denoted by pu(A)
as the Banach limit of £|AN{1,2,...,k}| for all A € 2N. Then one can see that p(I) = 0 for all finite
order interval sets because of %|I N{1,2,...,k}| — 0. Also, it follows from the properties of the Banach
limit that p(N) =1 and p(AUB) = p(A)+ p(B) for disjoint sets A and B. Thus, p is finitely additive,
and so, it is a directed set measure.

Let’s give an example of a directed set measure for an arbitrary uncountable set.

Ezample 2. Let A be an uncountable directed set. Consider a field M consisting of countable or
co-countable (i.e., the complement of set is countable) subsets of A. Then M is an interval field. Thus,
a map g from M to [0, 1] defined by p(C) := 0 if C' is a countable set, otherwise p(C) = 1. Hence, p
is a directed set measure.

In this paper, unless otherwise stated, we consider all nets with a directed set measure on interval
fields of the power set of the index sets. Moreover, in order to simplify the presentation, a directed set
measure on an interval field M of directed set A will be expressed briefly as a measure on the directed
set A. Motivated from [23; 302|, we give the following notion.

Recall that the asymptotic density of a subset K of natural numbers N is defined by

§(K) := lim l|{k$ﬂ:k€A}|.

n—+00 11

We refer the reader for an exposition on the asymptotic density of sets in N to [24,25]. We give the
following observation.
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Remark 1. It is clear that the asymptotic density of subsets on N satisfies the conditions of a
directed set measure when P(N) is considered as an interval field on the directed set N. Thus, it can
be seen that the directed set measure is an extension of the asymptotic density.

Remind that a sequence (z,) in a vector lattice £ is called statistically monotone decreasing to

x € I if there exists a subset K of N such that 6(K) = 1 and the subsequence (zy)ex is decreasing to

x,i.e., T | and kinff{ z = x (see for example [8]). Now, by using the notions of measure on directed sets
=

and the statistical monotone decreasing which was introduced in [25] for real sequences, we introduce
the concept of statistical convergence of nets on vector lattices.

Definition 3. Let E be a vector lattice and (pa)aca be a net in £ with a measure p on the index
set A. Then (py)aca 1Is said to be p-statistical decreasing to x € E whenever there exists a subnet
s = (Pg(s))pea such that p(A) =1 and (gs)sca 4 z. Then it is abbreviated as (pa)aca 1Stz

We denote the class of all p-statistical decreasing nets on a vector lattice £ by E,|, and also, the
set Ly, {0} denotes the class of all u-statistical decreasing null nets on E. It is clear that pu(A°) =
p(A—A) = 0 whenever p(A) = 1 because of p(A) = p(AUA®) = p(A)+ p(A). We consider Example
2 for the following example.

Ezample 3. Let I be a vector lattice and (pa)aca be a net in E. Take M and p from Example 2.
Thus, if (pa)aca 4 = then (py)aca {5  for some z € E.

For the general case of Example 3, we give the following work proof of which follows directly from
the basic definitions and results.

Proposition 1. If (py)aca is an order decreasing null net in a vector lattice then (p,)aeca 45 0.
Now, we introduce the crucial notion of this paper.

Definition 4. A net (za)aea In a vector lattice E is said to be p-statistical convergent to x € E' if
there exists a net (p,)aca J** 0 with a subnet g5 = (Py(s))pea such that p(A) =1 and (gs5)sen 4 0

st
and |z (5 — | < g5 for every § € A. Then it is abbreviated as zq Sl

It can be seen that x,, h x in a vector lattice means that there exists another sequence (pa)aca 150
such that p({a € A : |zo — 2| £ pa}) = 0. It follows from Remark 1 that the notion of statistical
convergence of sequence coincides with the notion of p-statistical convergence in the reel line. We
denote the set Eg,, as the family of all st,-convergent nets in FE, and b's,{p{[}} is the family of all
p-statistical null nets in £.

Lemma 1. Every p-statistical decreasing net is p-statistical convergent.

Remark 2. Recall that a net (zo)aca in a vector lattice E relatively uniform converges to x € E if
there exists u € E such that, for any n € N, there is an index a, € A so that |z, — z| < ;llu for all
@ > op (Lemma 16.2 [18]). It is well known that the relatively uniform convergence implies the order
convergence on Archimedean vector lattices (Lemma 2.2 [20]). Hence, it follows from Proposition 1 and
Lemma 1 that every decreasing relatively uniform null net is p-statistical convergent in vector lattices.

2 Main Results

Let p be a measure on a directed set A. Following from Exercise 9. in [22; 27|, it is clear that
p(ANY) =1 for any A, ¥ C A whenever p(A) = pu(X) = 1. We begin the section with the following
proposition and skip its simple proof.

st
" - - - - r i
Proposition 2. Assume x, <y, < z, satisfies in a vector lattices for each index a. Then y, — =

sty sty
whenever z, — z and z, — .
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It can be seen from Proposition 2 that if 0 < z,, < z, satisfies for each index v and (z, ) e € Eg, {0}
then (Ta)aca € Eg, {0}. We give a relation between the order and the p-statistical convergences in
the next result.

Theorem 1. Every order convergent net is p-statistical convergent to its order limit.

Proof. Suppose that a net (x,)ae4 is order convergent to z in a vector lattice £. Then there exists
another net (yu)aca 4 0 such that |z, — x| < y, holds for all @ € A. It follows from Proposition 1 that

st
(Ya)aca 45 0. So, we obtain the desired result, (7,)aca RN

The converse of Theorem 1 need not to be true. To see this, we consider Example 3. |26].
Ezxzample 4. Let us consider the set of all real numbers R with the usual order. Define a sequence

() in R as n? whenever n = k? for some k € N and +1 otherwise. It is clear that (z,) is not an

order convergent sequence. However, if we choose another sequence (p,) as n whenever n = k? for
some k € N and % otherwise. Then we have p,, |** 0. Setting K = {n € N : n is not a square} U {1}.

Then we get p1(K) =1 and |zx| < pi for each k € K. Thus we have z,, 2.
Moreover, following from Theorem 23.2 [18|, we observe the following result.

Corollary 1. Every order bounded monotone net in a Dedekind complete vector lattice is pu-
statistical convergent.

By the definition of subnet given at the beginning of the paper, a subnet is based on some other
set B, where the measure p is not defined. However, for a subnet yg = x4 of a net (Ta)aea With
a measure p on the index set A, we can consider the measure of a subset A of B as the measure of

n(¢4(A)) in A.
Proposition 3. The st,-convergence of subnets implies the st,-convergence of nets.

Proof. Let (Z4)aca be a net in a vector lattice I. Assume that a subnet (z4(5))sea of (Ta)aca p-
statistical converges to x € K. Then there exists a net (pa)aca € E, {0} such that |4, — 2] < pe(o)
for all some 0 € ¥ C A, (pg(s))oex 1 0 and p(X) = 1. Since ¥ C A and (T4(s))sex is also a subnet of
(Ta)aca, we can obtain the desired result.

Since every order bounded net has an order convergent subnet in atomic K B-spaces (Remark 6.
[27]), we give the following result by considering Theorem 1 and Proposition 3.

Corollary 2. If E is an atomic K B-space then every order bounded net is p-statistical convergent
in E.

The lattice operations are p-statistical continuous in the following sense.

st st st
r " " e
Theorem 2. If x, — = and w, — w then o, V wye — = V w.

Proof. Assume that %—“> x and wg, St—“> w hold in a vector lattice £. So, there are nets (pa)aca, (¢o)aca €
Eg, {0} with A3 € M and p(A) = p(¥) = 1 such that

[74(8) — | < Py(s) and o) — w| < g0

satisfy for all § € A and o € X. On the other hand, it follows from Theorem 1.9(2) [17] that the
inequality |z, Vw, — 2z Vw| < |z, — x| + |w, — w| holds for all & € A. Therefore, we have

IZ5(8) V Wo(o) — TV W] < Py) + (o)

foreach § € A and o € 3. Take I' := ANY € M. So, we have p(1") = 1, and also, |'r¢,(,],) Vg —zVw| <
Po(v) + Gp(v) holds for all v € I'. It follows from (py(y) + Gg(y))er 4 0 that zo V w, —Hr V ow.

Mathematics series. No.3(111),/2023 7



A. Aydin, F. Temizsu

st it
Corollary 3. If z, —% z and w, — w in a vector lattice then
st
(1) Ta A wq ZE 2 Aw;
st
i) |zo| =25 |z):
(ii) |zal ;
st
(iii) =} eyt
st
(iv) =, —“>z~.
We continue with several basic results that are motivated by their analogies from vector lattice
theory.
Theorem 3. Let (z4)aca be a net in a vector lattice £. Then the following results hold:
st it st
(i) 2o =25 2 iff (x4 — ) —2 0 iff |24 — 2| —50;
ii) the p-statistical limit is linear;
/
iii) the p-statistical limit is uniquely determined;
/ \
iv) the positive cone F__ is closed under the statistical u-convergence;
+ / g
st Sby .
(V) (5 Z#, ¢ for any subnet (z4(5))sen of Tq =4 o with p(A) = 1.
Proof. The properties (i), (i7) and (éi7) are straightforward.
stp . .
For (iv), take a non-negative p-statistical convergent net z, 22 in E. Then it follows from

st - .. -
Corollary 3 that z, = z] —% z. Moreover, by applying (ii), we have z = zT. So, we obtain the

L
desired result = € £, .
it
For (v), suppose that z, 2%y . Then there is a net (Pa)aca € Eg, {0} with A € M and p(A) =1
st
such that |z45) — x| < pg(s) for each § € A. Thus, it is clear that 4 Oy However, it should
be shown that it is provided for all arbitrary elements in field under the assumption. Thus, take an

arbitrary element 3 € M with ¥ # A and pu(X¥) = 1. We show (z4(,))oes iy r. Consider I' := ANY. €
M. So, we have u(1') = 1. Therefore, following from |z4,) — x| < pg(y) for each v € I', we get the
desired result.

Proposition 1 shows that a decreasing order convergent net is p-statistical convergent. For the
converse of this fact, we give the following result.

Proposition 4. Every monotone p-statistical convergent net is order convergent.

st . . . - B .
Proof. We show that z, | and z, ——z implies z, | = in any vector lattice . To see this,
choose an arbitrary index ag. Then x4, — z, € E; for all @ > ap. It follows from Theorem 3 that
st R
Toy — Ta — Tay — T, and also, T, — ¢ € Ey. Hence, we have z,, > z. Then z is a lower bound of
(IQ)(Q& A) because g is arbitrary. Suppose that z is another lower bound of (Za)aca. So, we obtain

st
Ty — Y - y. It means that x —y € E,, or equivalent to saying that = > y. Therefore, we get
To | .

Remark 3. Let x := (Ta)aca be a net in a vector lattice. If x XA 2 0 holds for some A € M with

p(A) = 1 and characteristic function XA on A then z %—P> 0. Indeed, suppose that there exists A € M
with p1(A) = 1 and XA > 0 satisfies in a vector lattice £ for the characteristic function Xa of A. Thus,
there is another net (pa)aca 1 0 such that |zXA| < pa for all @ € A. So, it follows from Proposition
1 that (pa)aca{5# 0. Then there exists a subset ¥ € M such that p(¥) = 1 and (Py(o))oex 4 0.
Take I' := AN 3. Hence, we have p(I') = 1. Following from |zA}:| < py(,) for each v € I', we obtain
TXA N} Therefore, by applying Theorem 3 (v) and Remark 3, we obtain (z4)aea LN}

Proposition 5. The family of all st,-convergent nets Eg,, is a vector lattice.
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Proof. Let (T4)aca Sy 2 and (y8)gen %«y in E. Then it follows from Theorem 3(ii) that (z, +

st . . = 1 r1
yﬁ)(ﬂ,ﬁ)&Axﬁ s z+y. So Eg, is a vector space. Take an element z := (Ta)aca In Eg,. Then we have

st 3t
x =25 2 for some z € I. Thus, it follows from Corollary 3 that || SN |z|. It means that |z| € Eg,,
Le., By, Is a vector lattice subspace Theorem 1.3 and Theorem 1.7 [16].

Proposition 6. The set of all order bounded nets in a vector lattice £ is an order ideal in £, {0}.

Proof. By the linearity of j-statistical convergence, £, {0} is a vector space. Now, assume that
ly| < |z| hold for arbitrary z := (za)aca € Eq,{0} and for an order bounded net y := (ya)ac 4. Since

st it st
z —%50, we have || Z%,0. Then it follows from Proposition 2 that ly| =50, and so, it follows from

Theorem 3(i) that y SN (Therefore, we get the desired result, y € £, {0}).
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A. Aiinpm!, @. Temuzcy?

1 -

Myw Anvnapeaan yrusepcumemi, Myw, Typrua;
2 - . .
Bunzénv yrusepcumemi, bBunzéan, Typrua

BekTopJiblK TOpJiapiaFbl CTATUCTUKAJIBIK, >KUHAKTAJLY

CTaTHCTHKAIBIK, }KHHAKTAILY, YKAJIIBL JKAFIAM1A, HATYPAIl CAHJIAP/AFB] ACHMIITOTHKAJBIK, ThIFBI3/ILIFLL Hap
TizbexTep yiIH aHBIKTAnael. Makanajia OarbITTAIFAH MKUBIHAP/AFE AKBIPJIBL A UIUTHETI OJIIHeMIepil
KOJIJIAHA OTBIPBII, BEKTOPJIBIK, TOPJIAPFA CTATHCTHKAJIBIK KUHAKTALY eHriziired. COHbBIMEH KATAp, CTATH-
CTHKAJIBIK, JKUHAKTAILYy MEH TOP/IbH, KACHEeTTePl aApACBIHIAFBI KeiHbip KATBIHACTAD KeJTIPUIreH, MBICAJILI,
PETTIK KUHAKTAILY YKOHE TOP OLEPATOPJIAPEL

Kinm cezdep: einep/ily CTATHCTHKAIIBIK, JKHHAKTAILYBL, PETTIK XKUHAKTAILY, BEKTOPJIIBIK, TOP, DareITTanran
JKUBIHHBIH, ©JIIIIEMI.

A. Aiinpm!, @. Temuzcy?

1
Vhusepcumem Myw Aavnapenan, Myw, Typuus;
2 . . ..

Bunzéaverut yrusepcumermn, Bunzéan, Typuyus

Crarucruyeckast CXOAMMOCTb B BEKTOPHBLIX pelleTKax

Crarucruieckast CXOIHMOCTE, B Ll()III,EM CJIy'iae, onpejaeiaeHa JIIs 1I{J(iJI(—!}I,{JB‘d’I‘BJIbH()(Z']‘(—}l“‘I ¢ ACHMIITOTHIECKOR
ILIOTHOCTBH) Ha HATYPAJIBHBIX "THCIIAX. B crarbe Mbl BBOJIMM CTATHCTHHUECKYH) CXOJHUMOCTE B BEKTOPDHEBIX De-
meTKax, HCIIOJIbL3YH KOHE'THBIE a/JITHTHBHLIE MEPDbI Ha HallPpABJIEHHBIX MHOXKECTBAX. KI]()MB TOTrO, IIPHBOJIHM
HEKOTOPBIE COOTHOIMIEHHH MEXJ1Y CTATHCTH'IECKOR CXOIHMOCTBRE) H CBOHCTBAMH PEHIETKH, TAKHMH KakK CXO-
JAHMOCTE IOPSAKA H OlIePATOPLI PEeIeTKH.

Karouesnie caosa: CTATHCTHICCKASL CXOMHMOCTD (:e’r‘eﬁ, NOPAJKOBAH CXOJHMOCTE, BEKTOPHAM PEIIeTKA, Mepa
HallpaBJIeHHOI'O MHOXKeCTBA.
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