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ON I-STATISTICAL AND I-LACUNARY STATISTICAL
CONVERGENCE OF WEIGHT g

EKREM SAVAS, PRATULANANDA DAS

ABSTRACT. In this paper, following a very recent and new approach of [I],
we further generalize recently introduced summability methods in [6] (where
ideals of N were used to extend certain important summability methods) and
introduce new notions, namely, Z-statistical convergence of weight g and Z-
lacunary statistical convergence of weight g, where g : N — [0, 00) is a function
satisfying g (n) — oo and n/g (n) - 0. We mainly investigate their relation-
ship and also make some observations about these classes. Our results extend
the recent results of [7].

1. INTRODUCTION

The idea of convergence of a real sequence was extended to statistical convergence
by Fast [8] ( see also Schoenberg [26] ) as follows : If N denotes the set of natural
numbers and K C N then K (m,n) denotes the cardinality of the set K N [m,n].
The upper and lower natural density of the subset K is defined by

- K(1 K(1
d(K) = lim supM and d(K) = lim infM.
n—s00 n n— 00 n
If d(K) = d(K) then we say that the natural density of K exists and it is denoted
K(1
simply by d(K). Clearly d(K) = lim 22"
n—o00 n

A sequence (x,,) of real numbers is said to be statistically convergent to L if for
arbitrary € > 0, the set A(e) = {n € N : |z, — L| > €} has natural density zero.
Statistical convergence turned out to be one of the most active areas of research
in summability theory after the works of Fridy [II] and Salat [2I]. For some very
interesting investigations concerning statistical convergence one may consult the
paper of Moricz [20] where more references on this important summability method
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can be found.

The idea of statistical convergence was further extended to Z-convergence in
[13] using the notion of ideals of N with many interesting consequences. More
investigations in this direction and more applications of ideals can be found in
[5l [, 15 16, 24, [25] where many important references can be found.

In another direction, a new type of convergence called lacunary statistical conver-
gence was introduced in [I2] as follows. A lacunary sequence is an increasing integer
sequence 0 = (k) = (ko < k1 < ...) such that kg =0 and h, = k. — k,_1 — 00, as
r — o00. Let I, = (ky—1, k] and ¢, = kkr

r—1"

A sequence (x,,) of real numbers is said to be lacunary statistically convergent
to L (or, Sp-convergent to L) if for any € > 0,

1
lim h—|{k€IT d|eg =Ll >e}|=0

r—00

where |A| denotes the cardinality of A C N. In [I2] the relation between lacunary
statistical convergence and statistical convergence was established among other
things. More results on this convergence can be seen from [I7), 22] 23].

Recently in [6, 24] we used ideals to introduce the concepts of Z-statistical con-
vergence and Z-lacunary statistical convergence which naturally extend the notions
of the above mentioned convergences.

On the other hand in [2, 3] a different direction was given to the study of statis-
tical convergence where the notion of statistical convergence of order o, 0 < o < 1
was introduced by using the notion of natural density of order o (where n is replaced
by n® in the denominator in the definition of natural density). It was observed in
[2] that the behaviour of this new convergence was not exactly parallel to that of
statistical convergence and some basic properties were obtained. One can also see
[] for related works.

Very recently in has been shown in [I] that one can further extend the concept of
natural or asymptotic density (as well as natural density of order «) by considering
natural density of weight g where g : N — [0, 00) is a function with lim g (n) = oo

n—oo

and - 0.

_n_
g(n)

In a natural way, in this paper we combine the approaches of [6] and [I] and
introduce new and more general summability methods, namely, Z-statistical con-
vergence of weight g and Z-lacunary statistical convergence of weight g. In this
context it should be mentioned that the concept of lacunary statistical convergence
of weight g (which happens to be a special case of Z-lacunary statistical conver-
gence of weight ¢) has also not been studied till now. We mainly investigate their
relationship and also make some observations about these classes. Our results in
some way extend the recent results of [7].
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2. BASIC DEFINITIONS AND FACTS

The following definitions and notions will be needed in the sequel.

Definition 1. A non-empty family T C 2N is said to be an ideal of N if the follow-
ing conditions hold:

(a) A,B €T imply AUB €T,

(b)) AeZ, BC A imply Bel.

Definition 2. A non-empty family F C 2~ is said to be a filter of N if the following
conditions hold:

(a) o & F,

(b) A,B € F imply ANB € F,

(c) Ac F, AC B imply B € F.

If 7 is a proper nontrivial ideal of N (i.e. N ¢ 7), then the family of sets
FIZ)={McN: 3A€Z:M=N\A}is a filter of N. It is called the filter
associated with the ideal Z. A proper ideal Z is said to be admissible if {n} € Z for
each n € N.

Throughout Z will stand for a proper admissible ideal of N.

Definition 3. ([13], See also [15])
(i) A sequence (x,,) of elements of R is said to be Z-convergent to L € R if for
each € > 0 the set A(e) ={ne€N: |z, — L| >} €T.

(i) A sequence (x,) of elements of R is said to be T*-convergent to L € R if
there exists M € F(I) such that (xn)nenm converges to L.

We now present the basis of our main discussions. Let g : N — [0,00) be a
function with lim g (n) = co. The upper density of weight g was defined in [I] by
n— oo

the formula Al
dy(A) = limsup (1,n)

for A C N where as before A(1,n) denotes the cardinality of the set AN[1,n]. Then
the family

Z,={ACN:d,(A) =0}
forms an ideal. It has been observed in [I] that N € Z iff 7t — 0. So we addition-
ally assume that n/g(n) - 0 so that N ¢ 7, and Z, is a proper admissible ideal
of N. The collection of all such weight functions g satisfying the above properties
will be denoted by G. As a natural consequence we can introduce the following

definition.

Definition 4. A sequence (x,) of real numbers is said to converge dg—statistically
to z if for any given e > 0, dy(A(g)) = 0 where A(e) is the set defined in Definition
3.
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3. MAIN RESULTS

We first introduce our main definition.

Definition 5. A sequence x = (x,) is said to be T—statistically convergent of
weight g to L or S(Z)? convergent to L if for each e >0 and § > 0

1
neN: ——|{{k<n:|lz,—L|>¢ 25}61.
{neN: ik < fo - 12 )

In this case we write xz, — L(S(Z)?). The class of all sequences that are I-
statistically convergent of weight g will be denoted simply by S (T)Y.

Remark. For T = 1y, S (Z)? —convergence coincidences with statistical conver-
gence of weight g. Further taking g (n) = n®, it reduces to T statistical convergence
of order o [1].

Example 1. Let us consider the sequence (\,) where A\, =1 forn =1 to 10 and
An =n — 10 for n > 10 and take T = Iy (the ideal of density zero sets of N) and
let A= {12, 22 32 42, } . Choose g to be monotonically increasing.

Define x = (x) by

E form—[vg\)]+1<k<n,n¢A
T = k form—XA,+1<k<n, neA
0 otherwise.

Then for every e >0 (0 <e < 1), as
1 g9 (An)
9 (An) 9(An)
asn — oo and n ¢ A where as usual, I,, = [n — X\, + 1,n]. So for any § > 0,

k€L, ug| > e}| = =0

1
{nEN: mHkEIn:\zﬂ > e} 25} CAU{L,2,....,m1}

for somemy € N. Now fixd > 0. Note that lim "g_(fl‘)" = % — 0 and consequently
n— 00
we can choose mo € N such that "gz;\)" < g for all n > mo. We can now observe

that for the above € > 0,

1 1 1
—— Hk<n:lxp| > ¢ = —Hk<n—A,:|xg| >+ ——HkeL,:|xi]| >¢
n— A, 1
< +——Hkel,:|xx| >¢
< §+—1 H{k €I, : |zk| > €}
S 5 g(n) n . |Tk| = €

for all n > my. Therefore

1
{nEN.M|{k§n.|xk2€}25}

1 )
N:—|{kel,: > > = 1,2,3,...,
C {ne 700 {k € |mk|5}|2}u{ 3,...,ma}
c AU{1,2,3,..,m}
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where m = max {my, mo}. Clearly the set on the right hand side belongs to T
and consequently the set on the left hand side also belongs to Z. This shows that
x = (k) is T— statistically convergent of weight g to 0.

We now introduce the other main definition.

Definition 6. Let 0 be a lacunary sequence. A sequence x = (x,) is said to be T—
lacunary statistically convergent of weight g to L or S¢(Z)° convergent to L if for
each e >0 and § >0

1
reN: kel.:|lxp, —L| >} >0 € T.
{ren: sihe a1z )2}

In this case we write x, — L (Sg(Z)?). The class of all T— lacunary sequences of
weight g will be denoted simply by Se (Z)?.

Below we examine the inclusion between different classes arising out of different
weight functions g.

Theorem 3.1. Let g1,92 € G be such that there exist M > 0 and jo € N such that

Z:gzg < M for alln > jo. Then S(Z)** C S(Z)”.

Proof. For any € > 0,

{k<n:lep—L{=e}| _ gi(n) {k<n:l|ox— L[> e}
g2 (n) g2 (n) g1 (n)
< gy HEsnco - L 2e}]
N g1 (n)

for n > jo. Hence for any 6 > 0,
k<n: —L| >
{nen Esnim b=l 4

g2 (n)
C {nEN: |{kSng|j31(cn—) Ll = el > ]\(Z}U{l,Z,...,jo}.

If 2 = (x,) € S(Z)? then the set on the right hand side belongs to the ideal Z and so
the set on the left hand side also belongs to Z. This shows that S(Z)?* ¢ S(Z)%. O

Similar inclusion relations hold for S¢(Z)? also. It is easy to check that both
S(Z)? and Sy(Z)? are linear subspaces of the space of all real sequences. Next we
present a topological characterization of these spaces. As both the proofs are sim-
ilar, we give the detailed proof for the class S¢(Z)? only.

Theorem 3.2. Sy(Z)? Nly is a closed subset of o, where Lo is the Banach space
of all bounded real sequences endowed with the sup norm where g € G is such that
%ngoralanjOforsomeM>0 and jo € N.

Proof. Suppose that (z") C Sy(Z)? N/ is a convergent sequence and it converges
to z € . We need to show that z € Sg(Z)? N{w. First note that Se(Z)? C Sy (Z)
(by Theorem 3.1 and in view of the choice of the function g) and it is known that
So (Z) Nl is closed in ¢, (see Theorem 1 [6]) which implies that z € S¢(Z) Nl
Again as 2™ € Sp(Z)? C Sp(Z) ¥V n = 1,2,3,..., 2" is Z— statistically convergent
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to some number L, for n = 1,2,3,.... Then following the arguments of Theorem
2.13 [7] we can show that the sequence of real numbers (L,,) is convergent to some
number L. We now show that 2 — L (Sp(Z)?). Fix € > 0 and choose a strictly
decreasing sequence of positive real numbers (g,,) converging to 0. Choose m € N
such that e, < §, [lx — 2™ < §, [Lm — L| < §. Then

1 1
keI : |z, — L| > e} —

IN

HEk € I o |z} — Lyn| + ||op — 21| oo + [ L — L| > €}

g (hr) g (hy)

1 e €
< I :|x' — L — 4= >
= g(hr)’{ke Pl ’”|+4+4—5H

1 5
< . m o __ >7 .
= g(hr)‘{keb [ Lm|—2}‘

Consequently
1
reN: kel :|lx, —L| >¢e} <0
{rens isihe o112 o) <s}
1 €
D [— st — > — X
> {TGN g(hr)‘{kelr |27 Lm_QH<§}€}‘(I)
Hence )
reN:——H{Hkel,.: |z, —L|>¢ <5}€.7:I
{rem: ik io -1z e @
and so

1
: kel : —L| > > Z.
{TEN g {k € |k |_€}|_5}€

This shows that @ — L (Sy(Z)

Q

)- O
Theorem 3.3. S(I)? Nl is a closed subset of s where g € G is such that
%ngorallnzjo, for some M > 0 and jo € N.

Remark. Theorem 2.13 and Theorem 2.14 [1] are special cases of Theorem 3.2
and Theorem 3.3 respectively.

Next we establish a result in line of Theorem 2 [6] and Theorem 2.17 [7] for
Z-lacunary statistical convergence of weight g. For this we introduce the following
definition.

Definition 7. Let 6 be a lacunary sequence. A sequence x = (x,) is said to be
No(Z)?—convergent to L if for any € > 0,

1
{TEN:WZ|ka|25}GI

kel
It is denoted by x, — L (Np(Z)?) and the class of all such sequences is denoted
simply by No(Z)?.
Theorem 3.4. Let 0 = (k) be a Lacunary sequence. Then
(a) @z — L(No(Z)?) = xx — L(S(Z)?), and
(b) Ng(Z)? is a proper subset of Sp(Z)?.
Proof. (1)
(a) The proof similar to the proof of Theorem 2.17 (a) [7] and so is omitted.
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(b) To prove that inclusion Ng(Z)? C Sg(Z)? is proper, let 6 be given and define
T, to be 1,2, ..., [ g(hr)} at first [ g(hr)} integers in I, and z, = 0
otherwise for all r =1,2,3...... Now for any € > 0,

L [ g (h,.)}

g (hy)

and consequently for any § > 0, we get

{k el :|o,— 0 > e}| <

1
reN:——|{kel |z, —0|/>e}| >0, CreN: =——=
{ren: e r n -0z )24}

Note that the set on the right hand side is a finite set and so is a member
of Z. Thus xp — 0(Se(Z)?). Again observe that

V] ([VoG] +1)

1 1
Sy 2 o= 0=

kel

Hence

1 1
{TGN:g<hr>Z'“_O'Z4}

kel,

|
S
m
Z

>

Vo] ([Va o] +1)
' g(

k)

N | =

= {pp+Lp+2.}

for some p € N which evidently belongs to F (Z) as Z is admissible. There-
fore zy, + 0 (Np(Z)?)
]

Remark. In Theorem 2 [0] it was further proved that

(¢) z €l and x, — L (Sp (T)) =z, — L (Ny (2)),

(d) S (Z)Nloo = No (Z) N lo
It is not clear whether these results hold for any g € G and we leave it as an open
problem.

In the remaining results we intend to investigate the relationship between the two
new convergence methods introduced above, namely, Z—statistical and Z—Lacunary
statistical convergence of weight g.

Theorem 3.5. For any Lacunary sequence 0, T—statistical convergence of weight
g implies T— Lacunary statistical convergence of weight g if

hy
liminf 20) 5 1.
v g (k)
Proof. Since lim inf g EZ:; > 1, so we can find a H > 1 such that for sufficiently
large r we have
g<h7‘) 2 H.
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Since z — L (S(Z)?), hence for every ¢ > 0 and sufficiently large r we have

1
g (k)

v

{k < Kyt o — L] > e} kel : |, — L| > &}

1
g (k)

1
> H-
g (hy)

kel |ap—L| >}

Then for any 6 > 0 we get

1
{TEN: |{k€[r:xk—L|25}|25}

g (hr)
1
- reN: —H{k<k.:|lzpx—L|>¢ >H5}€I.
This shows that x; — L (Sp(Z)7). O

For the next result as in [6] we assume that the lacunary sequence 6 satisfies the
condition that for any set C' € F (1)

U{n:kT_1<n<kr,7”€C}€}"(I).

Theorem 3.6. For a lacunary sequence 8 satisfying the above condition, T— Lacunary
statistical convergence of weight g implies T—statistical convergence of weight g

(where g (n) # n), if sup > gflghi)) = B(say) < oo where g is further assumed to
i=1 St

be monotonically increasing.

Proof. Suppose that x — L (S¢(Z)?). For €,8,d; > 0 define the sets

CZ{TEN: |{k6[r:xk—L|26}|<5}

1
g (h:)

and

1
T:{neNg(n)HkSn|3}k—L|26}|<51}

From our assumption it follows that C € F (Z), the dual filter of Z. Also note that

1
Ai=——Hkel: |z, — L >e}| <6
= ke Do - 112 )
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for all 7 € C. Let n € N be such that k,._; < n < k, for some r € C. Now

< = 1] 2 )]
< s W<k sl -1 2 <)
= ke LIzt (ke Lt~ L] 2 o)
= g e h - L2 )+
S ke Tl L] 2 <)
4 m-g(l}m|{keh:|xk—Lzs}
SOy Oy ),

Now choosing &; = & and since (J{n : k.1 < h < k,,r € C} C T where C € F (I)
it follows from our assumption on @ that the set T also belongs to F (Z) and this
complete the proof of the theorem ([
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