Palestine Journal of Mathematics

Vol. 4(1) (2015) ,213-222 © Palestine Polytechnic University-PPU 2015

On order statiscal limit points

Bablu Biswas and D. K. Ganguly

Communicated by Ayman Badawi

MSC 2010 Classifications: Primary 40 A05, Secondary 46 342.

Keywords and phrases: Lattice, order convergence, natural density statistical convergence, order statistical convergence.

Abstract. Following the concept of order statistical convergence in a particular metric lattice
we define the order statistical limit points and order statistical cluster points and obtain some
related results.

1 INTRODUCTION

The concept of statistical convergence was formally introduced by H. Fast [1]. This was also
studied by several authors J. S. Connor [2], J. A. Fridy [3], Miller [4], Freedman Sember [5],
Erdos and Tenenbaum [6] and many others in different aspects. The notion of order statistical
convergence on a linearly order lattice associated with a suitably chosen metric was given by
Ganguly and Biswas [7]. In this paper the authors proved that the statistical convergence is a
particular case of order statistical convergence. Also the concept of order statistically Cauchy
sequence and order statistically bounded sequence have been introduced in this paper.

In the present paper following the concept of statistical limit points and cluster points [8] we
introduce the notion of order statistical limit points and order statistical cluster points and give
some basic properties of these limit points and cluster points. In the last part of this paper we
have also proved a few results relating to the order statistically bounded sequence and it is shown
that an order statistically bounded sequence has an order statistically convergent subsequence.

2 DEFINITIONS AND NOTATIONS

A partially ordered set or poset is set P in which a binary relation « < y is defined, which satis-
fies for all z, y, z € P the following conditions.

(i) z < zforallz e P,

(i) ifx <yandy < x, then z = y,

(7i1) ifr <yandy < z, then z < 2.

If x < yand x # y, we write < y. The relation z < y is also written as y > x. Similarly,
x < yis also written as y > x.

L is called an additive system, if every two elements a, b € L possess a least upper bound(l.u.b.)
a Vb€ Land L is said to be a multiplicative system, if every two elements a,b € L possess a
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greatest lower bound(g.l.b.) a A b € L.

A poset L is a lattice if L is both additive and multiplicative.

A lattice L is said to be complete if each of its subset has a l.u.b. and a g.1.b. in L.

An element 6 € L is said to be the null element of Lif z VO =z andx A 6§ = 0 forall z € L.
If L is a lattice, we say that a sequence {a;} € L is increasing (decreasing) if a; < a; (a; > a;)
fori < j.

Definition 2.1. [9] A sequence {x,} of a lattice L is said to be Order convergent (O-convergent)
to x € L, if there exist sequences {y,, } of elements of L with y,, | 0 such that

|xn — x| < yn foreachn € N,

wherein L, || =2t + 2~ and 2t =2z Vb, 2~ = (—z) V6.

Definition 2.2. [10] If K be a subset of the set of positive integers N, then the natural density of
K, denoted by §(K) is defined by

O0(K) = limpoo ufl"‘,where

K, ={k € K : k <n} and | K,,| is the number of elements of K,.

Definition 2.3. A sequence {x,,} of real numbers is said to be statistically convergent to some
number /, if for any € > 0,

S{keN:|zp -1 >€})=0.
If {z,} is statistically convergent to [ then we write st — lim,, z,, = [.

Definition 2.4. [11] (7) Let L be an additive system and D be a real valued function defined on
L. Then define a function v on L as

v(a,b) =2D(aV b) — D(a) — D(b), Va,b € L.
D(a) is said to be monotone increasing (decreasing) when
D(a) < D(b)(D(a) > D(b)), fora < band a,b € L.
The function D(a) is a norm if y(a, b) is a metric for L.
(27) Let L be an additive system and ~(a,b) be a real valued function defined for every
a,b € L; then define,

A(a,b,¢) = 3{y(a,b) + v(b,c) — y(a,c)}, fora,b,c € L.

Lemma 2.5. [11] (A) If D(a) is a real valued function defined on an additive system L, then for
a,be L
(1) D(a) — D(b) = v(a,b) ifa > b.
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(74) If D(a) is a monotone increasing, then |D(a) — D(b)| < v(a,b).

(iii) y(a,b) = y(b,a), v(a,a) = 0.

(iv) A(a,a Vv b,b) = 0.

(v) D(a) is monotone increasing if and only if y(a,b) > 0.

(vi) D(a) is properly monotone increasing if and only if v(a, b) > 0 for a # b.

(B) If D(a) is a real valued function defined on an additive system L and A(a, b, ¢) > O for every
a,b,c € L, then the following statements are equivalent.

() v(aVe,bVe) <v(a,b) forall a,b € L.

(#3) y(a V¢, bV ¢) < y(a,b) forall b < a.

(141) D(aV ¢)+ D(b) < D(a) + D(cV b) forb < a.

() y(a Ve, bV d) <v(a,b) +~(c,d).

(C) If D(a) is monotone increasing then A(a,b,c) > 0 if and only if one of the equivalent
statements of (B) holds.

Note : If D(a) is monotone increasing and A(a,b,c) > 0 for a,b,c € L, then lemma 2.5(A)
implies that v is a metric on L.

The following definitions and results established in the paper [7] are mentioned here to pursue
some result relating to order statistical limit points and order statistical cluster points.
Through out the paper we consider D to be monotone increasing on L with D(6) = 0.

Definition 2.6. [7] A sequence {z,}, in a metric lattice (L,~) is said to be order statistically
convergent (i.e ost-convergent) to « € L if, there exists a sequence {y,,} € L with y,, | 6 such
that

6({k € N:y(zp, x) = D(yr)}) =0,

where D is a real valued monotone increasing function on L with D(6) = 0 and A(a,b,c) > 0
forall a,b,c € L.

If a sequence {x,}, is order statistically convergent to x € L, then the order statistical limit (
i.e. ost-limit ) of {x,}, is « and we denote it by =, o5t o,

Theorem 2.7. A sequence in L can have at most one ost-limit.

Definition 2.8. A sequence {z,} in L is said to be order statistically bounded (i.e. ost-bounded
) if there exists B € R such that

d({n e N:D(z,) > B}) =

Theorem 2.9. Any ost-convergent sequence in a metric lattice (L, ) is ost-bounded.

Theorem 2.10. If {x,,} and {y,,} be two sequences in a metric lattice (L, ) such that x,, 25t

andynﬂythenxn\/yno—“)x\/y.

Theorem 2.11. If a sequence {z,, }, in L is order statistically convergent to « if and only if there
isaset K = {k1 < kp < k3 < ....... } C N with §(K) = 1 such that lim,,— zx, = z with
respect to the metric ~.
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Definition 2.12. A sequence {z,, } in a metric lattice (L, ) is said to be order statistically Cauchy
(i.e. ost-Cauchy) if there is a sequence {y,, } in L with y,, | 6 such that

d({n e N:y(xnip,zn) > D(yn)},p=1,2,3,...) = 0.
Theorem 2.13. An ost-Cauchy sequence is ost-bounded.
Theorem 2.14. A sequence {z, }, in L is ost-Cauchy if it is ost-convergent.

Theorem 2.15. If a sequence {x,, },, in L is ost-Cauchy then there exists a set K = {k; < k» <
ks < ....... } € N with §(K) = 1 such that
v(zk, , T, ) — 0asm,n — co.

3 MAIN RESULTS

In this section we first define order statistical limit point (ost-limit point) and order statistical
cluster point (ost-cluster point) analogous to the statistical limit point and statistical cluster point
and investigate some properties relating to this points. First we give some basic definitions and
examples.

Definition 3.1. [8] Let {x,,} be a sequence in a metric lattice (L, v) and {z, } be a subsequence
of {z,,}. Then

() {z, } is said to be a subsequence of density zero or a thin subsequence if 6{k,, : n € N} = 0.
(7) {xy, } is said to be a non-thin subsequence if either 6{k,, : n € N} > 0 or density of the set
{k, : n € N} does not exist.

Definition 3.2. An element A € L is said to be an ost-limit point of a sequence z = {z,,} € L
provided there is a non-thin subsequence {xj, } of x and {y,} € L with y, | 6 such that
v(zk, ,A) < D(yy,) forall n € N.

Definition 3.3. An element ¢ € L is said to be an ost-cluster point of a sequence x = {z,,} € L
provided there is a sequence {y,} € L with y,, | 0 such that {k € N : y(zx, &) < D(yx)} does
not have density zero.

Notation : We denote the set of all order statistical limit points of a sequence = by OSL(z) and
0OSC(z) denotes the set of all order statistical cluster points of 2 and L(x) denotes the set of all
ordinary limit points of the sequence .

We now give an example of a sequence x for which L(z) C OSL(x) and L(z) C OSC(z).

Examplel : Let
z, = lywhenk=n%>n=12,...
= 0; otherwise.

In the lattice R, the set of real numbers if D be the identity mapping, then « be the usual metric

onR. Clearly L(z) = {0,1}. Alsoif M = {k € N: k # n?},n = 1,2,....., then v(z,,0) < &
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for all n € M. This shows that OSL(z) = OSC(x) = {0}

Now we determine some properties of the two sets OSL(z) and OSC(z).
Theorem 3.4. For any sequence z = {z,,} in L, OSL(xz) C OSC(z).

Proof: Let A € OSL(x). Then there exists a non-thin subsequence {zy, } of = so that there is a
sequence {y,} € L with y,, | 6 and

v(zk, , A) < D(yg, ) foralln € N.

Also since {xy,, } is non-thin, limsup L |{k, <n:n € N}| > 0.
Again {k, :n € N} C{k € N: vy(zx,\) < D(yx)}-
Therefore,

limsup 2[{k < n: y(zx,A) < D(yx)}| > limsup L |[{k,, <n:neN} >0.

Thus {k < n : y(xk, A\) < D(yx)} does not have density zero. This implies that A € OSC(z),
hence OSL(z) C OSC(z).

Note : The converse of the above theorem is not true and it will be clear from the following
example.

Example2 : We consider the sequence x = {z,,} as

{0,0,1,0, %, 1,0, %, %, 1,0, %, %7 %, 1, } and taking ~ as the usual metric on R.

Now for a € [0, 1] let there exists a subsequence {z,, } of z and {y,, } be a sequence of real num-
bers in the lattice R with y,, | 0 such that y(x,, , ) < yi forall k € N. Let K = {ny, : k € N}.
Since y,, | 0 then for £ > 0 there exist m € N such that y,, < ¢ for all n > m.

Let K = {ny: ke N} —{1,2,..... ,m— 1}

Now |K (n)| < |ng € Ki(n) : y(xn,, ) <e|+ |ng € Ki(n) : y(xn,, @) > -l

Since ¢ is arbitrary, then 6(K;) = 0 and consequently §(K) = 0. This shows that o ¢
OSL(z)ie. OSL(z) = ¢.

Again let 8 € [0, 1]. Then for any £ > 0,

5{k e N:vy(zy,B) < 1} =6{k e N:y(24,8) <e} =6{k eN:a, € (B—¢,84+¢)} > > 0.
So, OSC(z) = [0, 1] and thus OSC(z) # OSL(x).

Lemma 3.5.If x = {x,,} € L be such that lim,,_,, z,, = & with respect to the metric v then
there is a sequence {a,,} € L with «, | 6 such that y(z,,,§) < D(a,,), forall n € N.

Proof: Since lim,,—, o 2, = &, then for ¢ > 0 there is m € N such that y(z,,£) < € for all
n > m.

Let {y, } be a sequence in L such that y,, | 6. Then for each y; there is a smallest positive integer
m;; such that y(z,,,§) < D(y;) foralln > m;, i =1,2,3, ...

Choose z; € L such that, D(z1) > max{D(y1),v(z1, &), 7(x2,£), ...... Y ( Ty —1,€) )
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Choose z; € L such that,
V(Imlag) 2 D('ZZ) > maI{D(y2),’Y<l’ml+1,5),’Y(Iml+2,£), """ 77(Imz—17§)}’

Choose z3 € L such that,

V(@ my, &) > D(23) > maz{D(y3), Y(@my+1,£), V(@m42, )y ovees V(@ms—1, &)}
and so on.

Now set,
a = zii=1,2,...,m — 1
Y151 =my
zyi=mi+1,m +2,..... ,mp — 1
= yyi=m

Then (2, &) < D(a,), forall n € Nand a, | 6.
Theorem 3.6. OSC(z) is a closed set for any sequence z = {x,,} in L.

Proof: Let 2 = {x,} be a sequence in L and p be a limit point of OSC(x). Consider a sequence
{yn} in L with y,, | 6.

Then for each n € N there exists «,, € OSC(x) such that ov,, € B(p, D(yn)), where B(p, D(y»))
denotes the open ball with centre at p and radius D(y,,).

Since a,, € OSC(z) there exists {z,in>}k with z,i") 1 0 as k — oo such that

limsup L|{k < m: y(zp, an) < D(z,i">)}| > 0 forall n € N,

Consider A, = {k € N : v(zy, ) < D(z,(cn))}, n € N. Now a,, € B(p, D(y»)) implies that
v(p, an) < D(yn). Thus for k € A,

’Y(xk,P) S ’y(xkvan) +’7(amp)
< D(z") + D(yn)-
Now k,n — oo implies that D(z,(cn)) + D(yy) — 0. i.e. v(zx,p) — 0 when k,n — oo. Using
Lemma 3.5 we can choose a sequence {wy, } in L such that y(zx, p) < D(wy) for all k € N and
Wi \L 0.
ie. k € A, implies that k € {k € N : v(zy, p) < D(wg)} = B, say.
So, A,, C B and consequently,

limsup L |{k < m : y(zy,p) < D(wg)}| > limsup L |{k <m:y(zp, an) < D(z,&">)}|
> 0.

So, p € OSC(z) and hence OSC(z) is closed.

We now show that the set O.SL(x) need not be closed and for this purpose we give the following
example.

Example3 : Let x = {z,,} be a sequence in R, the set of real numbers the with usual metric
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such that
Ty = % where n = 2P~1(2¢q + 1), p, q are positive integers.
Then for each p

d({neN: 'y(xn,%) <)) = §({neN:|z, - ]l3| <M

> 5({neN:xn:%})
= 2—17
> 0

Thus % € OSL(z).

Clearly O is a limit point of OSL(z). Let there is a subsequence {z,, } of = and {y;} be a
sequence of real number with ¥ | 0 such that

Y(2n,,0) < yi forall k € Nie. z,, <y forall ke N.

Since yy. | 0 then there exists a least positive integer [ such that y;, < % for some k.

Let K = {ny, : k € N}. Then for each p > I,

[Kn| <k € Knian> Y+ {k € Kniap < Y <k €Ky iap > DM+ {keNiay <
P A

Thus §(K) < 5. Since p is arbitrary then we have §(K) = 0. Therefore 0 ¢ OSL(x)

Theorem 3.7. Let x = {x;} and y = {yx} be two sequences in L such that z;;, = y;, for almost
all k£, then

(i) OSL(x) = OSL(y) and

(i1) OSC(z) = OSC(y).

Proof: (i) We have §({k € N : 2 # yx}) = 0 and A € OSL(z). Then there exists a non-thin
subsequence {z, } of x with the property that there exists {z;} € L with z;, | 6 so that

v(zk,,A) < D(z,) foralln € N.

Now {k‘n e N:xy, # yk"} - {k eN:x, # yk}
Then 6({k, € N : a2y, # yi,}) = 0. Thus {k,, € N : z, = y;, } does not have density zero. If
{kn, € Nz, =yk,} = {pn : n € N}, then clearly {z,, } is a non-thin subsequence of x and

Y(2p,, ) < D(zp,) foralln € N.
Consequently,
Y(Yp,, A) < D(zp,) forall n € N,

since z,, = y,, for all n € N. Therefore A € OSL(y) and hence OSL(z) C OSL(y). By
symmetry OSL(y) € OSL(z) and thus OSL(z) = OSL(y).

(i7) Let « € OSC(z). Then there exists {z} € L with z;, | 6 so that {k € N : y(zy,a) <
D(zy)} does not have density zero.

Let A= {k € N: vy(zx,a) < D(zx)} and consider {k € N : z;, =y} = {ky, : n € N}.

Then §({k,, € N}) = 1. Since A does not have density zero then {k,, € N : y(z,, ) < D(z,)}
does not have density zero. So, {k,, € N : v(yx,,a) < D(z,)} does not have density zero as
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Zk, = Y, foralln € N. Thus {k € N : v(yx, ) < D(z)} does not have density zero. i.e.
a € OSC(z). Therefore, OSC(z) € OSC(y). By symmetry OSC(y) € OSC(x) and thus
0SC(z) = 0SC(y).

Theorem 3.8. Let {x,,} be an ost-bounded sequence in L such that the density of the set M =
{neN:z,41 > x,}is 1. Then {z,} is ost-convergent.

Proof: Let M = {n;, : k € N}. Since {z,,} is ost-bounded then there exists B € R such that
5({n e N: D(z,) > B}) =0and so
Let M, = {pk e M: D(Z‘pk) < B} Then (5(M1)

= e < Xp,,., forallk e N.
Since D is monotone increasing then D(z,,) < D(x),

1 and z
,) < D(zp,) < ... < B.

Here supycn Tp, = VieN Tp, €Xists.
Let supyey p, = . Since D is increasing then supy ey D(zp, ) = D(a). Now,

2D
— D(a) - D(xy,).

’Y(‘,I"pk’a) = ZD(x;Dk v Oé) D(xpk) - D(a)
(a

) — D(xp, ) — D(a); since zp, Vo=«

So, xp, < Ty,

= D(zp,) < D(xp,.,)

= D(a) — D(zp,) > D(a)— D(zp,,,)
ie. Y(xp,, @) > Y(wpy.,, @)

Thus {~v(z,,,«)} is a monotone decreasing sequence.
Also it is clear that y(x,, , @) — 0 as k — oco.
Consider a sequence {y;} € L with y;, | 6. Then for x,, there exists some y,, € {y,} such that

D(a) - D(?J‘h) < D(xpl)
or, D(a) - D(xpl) < D(yQI)'
i.e., y(xp,, @) < D(yq)-

Again for x,, we can choose some y, € {y,} such that {y(z,,,®)} < D(y,,) since {y(z,,,a)}
is a monotone decreasing.

Thus for the sequence {z,,} we can construct the sequence {y,, } such that {v(z,,,a)} <
D(yq,) forall k € Nand yg, > yg, > Ygyeereneo-

Construct a sequence {z,} € L as follows:

zi = Ygs1<i<py

Ygs P1 <1< P2
= Y P2 <i<p3
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Then z,, = y,, foralli =1,2,3,......
So

V(@ @) < D(2p,)

forall k € Nand {z,, } is asequence in L and z,, | 0. Thus §({k € N : y(zx,a) > D(2x)}) =0
and hence {x}} is ost-convergent to a.

Corollory 3.9. A monotone increasing ost-bounded sequence is ost-convergent.

Theorem 3.10. Let {z,,} be an ost-bounded sequence in L such that the density of the set M =
{neN:z, <z,}is 1. Then {z,} is ost-convergent.

Proof: The proof is similar to the previous theorem.
Corollory 3.11. A monotone decreasing ost-bounded sequence is ost-convergent.
Theorem 3.12. A ost-bounded sequence has an ost-convergent subsequence.

Proof: Let {x,} be an ost-bounded sequence in L. Since L is an ordered lattice then we can
choose a monotone subsequence {x,,, } of {x,,}. {«,, } is monotone and ost-bounded and hence
it is ost-convergence.

REFERENCES

[1] H. Fast, Sur la convergence statistique, Colloquium Matyhematicum, vol.2, pp.241 — 244,
1951.
[2] J.Connor and M.A.Swardson, Strong integral summability and the Stone-Cech compactifica-

tion of the half-line, Pacific Journal of Mathematics, vol.157, no.2, pp.201 — 224, 1993.
[3] J.A. Fridy, On statistical convergence, Analysis, vol.5, no.4, pp.301 — 313, 1985.

[4] H.LMiller, A measure theoretical subsequence characterization of statistical convergence
Transactions of the American Mathematical Society, vol.374, no.5, pp.1811 — 1819, 1995.

[5] A.R.Freedman and J.J.Sember, Densities and summability, Pacific Journal of Mathematics,
vol.95, no.2, pp.293 — 305, 1981.

[6] P. Erdos and G. Tenenbaum, Sur les densités de certaines suits d’entiers, Proceedings of the
London Mathematical Society, vol.59, no.3, pp.417 — 438, 1989.

[7] D.K.Ganguly , B.Biswas, Order Statistical convergence in a metric space, communicated

[8] J.A.Fridy, On Statistical limit points , Proceedings of the American Mathematical Society,
vol.118, no.4, pp.1187 — 1192, 1993.

[9] Charalambos D.Aliprantis, Kim C.Border, Infinite Dimensional Analysis, Springer Berlin

Heidelberg, (Third Edition), New York, 2006.
[10] I.Niven and H.S.Zuckerman, An Introduction to the Theory of Numbers, John Wiley & Sons,



222 Bablu Biswas and D. K. Ganguly

New York, USA, 4-th edition, Chapter-11, 1980.
[11] L.R.Wilcox and M.E.Smiley, Metric Lattices, Annals of Mathematics, vol.40, no.2, pp.309—

327, April, 1939.

Author information

Bablu Biswas and D. K. Ganguly, Department of Pure Mathematics, 35, Ballygunge, Circular road, Calcutta,
700019, India.

E-mail: bablubiswas100@yahoo.com; gangulydk@yahoo.co.in

Received: September 21, 2013.

Accepted: January 27, 2014.



