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Abstract

In this paper, we have introduced four notions of R; space in intuitionistic L-topological
spaces and established some implications among them. We have also proved that all of
these definitions satisfy “good extension” and “hereditary” property. Finally, it has been
shown that all concepts are preserved under one-one, onto and continuous mapping.
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1. Introduction

The idea of fuzzy sets and L-fuzzy sets were initially introduced by Zadeh [1] in 1965 and
Goguen [2] in 1967 respectively. In 1984, Atanassove [3] defined the concept of
intuitionistic fuzzy sets (which take into account both the degree of membership and non
membership subject to the condition that their sum does not exceed 1) and many works by
the same author and his colleagues appeared in the literature [4-6]. Later, this concept was
generalized to ‘intuitionistic L-fuzzy sets’ by Atanassov and Stoeva [7]. Coker [8-10] first
defines intuitionistic fuzzy topological spaces and some of its properties which is in the
sense of C. L. Chang [11]. After then, many fuzzy topologists [12-18] work in separation
axioms of fuzzy topological spaces and intuitionistic fuzzy topological spaces, especially
Ahmed et al. [19] defines some types of R; spaces in intuitionistic fuzzy topological
spaces and Islam et al. [20] defines some types of T, spaces in intuitionistic L- topological
spaces. In this paper, we define some new notions of L-R; spaces using intuitionistic L-
fuzzy sets and investigate the property of L-R; spaces.
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2 Intuitionistic L- Ry Spaces

2. Notation and Preliminaries

Through this paper, X will be a nonempty set, g be the empty set, L be a complete
distributive lattice with 0 and 1. A, B, ... be intuitionistic L-fuzzy sets, t be the
intuitionistic topology, t be the intuitionistic L-topology, | = [0, 1], and the functions
Us: X = Land y,: X — L denote the degree of membership (namely u,(x)) and the degree
of none membership (namely y,(x)).

Now we recall some basic definitions and known results in intuitionistic L-fuzzy sets
and intuitionistic L-topological spaces.

Definition 2.1. [1] Let X be a non-empty set and | = [0, 1]. A fuzzy set in X is a function
u: X — I which assigns to each element x ¢ X, a degree of membership u(x) ¢ I.

Definition 2.2. [21] Let f: X — Y be a function and u be fuzzy set in X. Then the image
f(u) is a fuzzy set in Y which membership function is defined by

(F@)) = {sup (u ())|f(x) =y}if ' (y) # Bx€ X

F@)) = 0iff (y) =@, x € X.

Definition 2.3. [12] Let P be a property of a topological space and FP its fuzzy
topological analogue. Then FP is called a ‘good extension’ of P if and only if the
statement “(X, T) has P if and only if ((X, w(T)) has FP” holds good for every topological
space(X,T).

Definition 2.4. [2] Let X be a non-empty set and L be a complete distributivelattice with 0
and 1. An L-fuzzy set in X is a function a: X — L which assigns to each element x € X , a
degree of membership, a(x) € L.

Remark 2.5. [20] Throughout this paper we consider the complete distributive lattice
L ={0,0.1,0.2,...,1} and from above definitions we show that every L-fuzzy set is also a
fuzzy set but converse is not true in general.

Example 2.5.1. [20] Let X = {a,b,c} and L = {0,0.1,0.2, ...,1}. A function a: X - L is
defined by a(a) = 0.2, a(b) = 0.5, a(c) = 0 which is L-fuzzy set and also a fuzzy set.

Example 2.5.2. [20] Let X = {a,b,c} and I = [0, 1]. A function u: X — I is defined by
u(a) = 0.25,u(b) = 0.55,u(c) =0 which is fuzzy set but not an L-fuzzy set
because 0.25,0.55 & L.

Definition 2.6. [7] Let X be a non-empty set and L be a complete distributive lattice with
0 and 1. An intuitionistic L-fuzzy set (ILFS for short) A in X is an object having the form
A ={(x,114(x), y4(x)): x € X}. Where the functions p,: X — L and y,: X — L denote the
degree of membership (namely u,(x)) and the degree of none membership (namely



R. Islam et al. J. Sci. Res. 10 (1), 1-9 (2018) 3

y4(x)) of each element x € X to the set A, respectively, and 0 < u,(x) + ya(x) < 1 for
each x € X.

Let L(X) denote the set of all intuitionistic L-fuzzy set in X. Obviously every L-fuzzy
set u,(x) in X is an intuitionistic L-fuzzy set of the form (u,, 1 — wy).
Throughout this paper we use the simpler notation A = (u,,y,) instead of
A= {(x,uA(x),yA(x)):x € X}.

Definition 2.7. [7] Let A = (u4,v4) and B = (ug, yg) be intuitionistic L-fuzzy sets in X.
Then

(1) AcBifandonlyifu, <pgandy, =y

(2) A=BifandonlyifAc BandBc A

() A° = (Yarua)

(4) AnB = (usNug;¥aVyg)

(5) AUB = (g U tig;va Nyp)

6) 0.=(0",17)and1.=(17,07).

Let f be a map from a set X to a set Y. Let A = (uy,y4) be an ILFS of X and
B = (ug,yp) be an ILFS of Y. Then f~1(B) is an ILFS of X defined by f~1(B) =

(f "*(up), f 7 (v5)) and £ (A)is an ILFS of Y defined by f(A) = (f (1a), 1 — f(1 — va))-

Definition 2.8. [10] An intuitionistic topology (IT for short) on a nonempty set X is a
family t of IS’s in X satisfies the following axioms:

(1) 0., X. €t

(i) IfG,,G, EtthenG, NG, Et.

(iii) If G; € tforeach i € A then U, G; E t.

Then the pair (X, t) is called an intuitionistic topological space (ITS for short) and the
members of t are called intuitionistic open sets (10S for short).

Definition 2.9. [19] An ITS (X, t) is called intuitionistic R;-space (I-R; space) if for all
x,y €X,x #y whenever 3 C = (C;,C,) €t with (x €,y €C,) or (y € C,x ECy)
then JA= (Al,Az),B = (Bll Bz) Et SUCh tha.t X € Al,x e Az; y € Blly e B2 and
ANB=0.

Theorem 2.10. [19] Let (X,t) be an intuitionistic topological space and let T =
{1 AET 14, 4y = (1A1, 1A2), then (X, T) is the corresponding intuitionistic fuzzy
topological space of (X, t).

Definition 2.11. [20] Let p,q € L = {0,0.1,0.2, ...,1}and p + g < 1. An intuitionistic L-
fuzzy point (ILFP for short) x,, ;y0f X is an ILFS of X defined by

_(eaify=nx
*oo () = { 0,1)if y # x
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In this case, x is called the support of x, ) and p and g are called the value and none
value of x, 4, respectively. The set of all ILFP of X we denoted it by S(X).
An ILFP x, o is said to belong to an ILFS A = (u4,v4) of X denoted by x(, ) € 4, if
and only if p < u,(x) and g =y,(x) but xu 4 ¢ A if and only if p = p,(x) and
q <ya(x).

Definition 2.12. [20] If A'is an ILFS and x, q) is an ILFP then the intersection between
ILFS and ILFP is defined as x, 5 N A = (p N pa(x); q U ya(x)).

Definition 2.13. [20] An intuitionistic L-topology (ILT for short) on X is a family 7 of
ILFSs in X which satisfies the following conditions:

(i) 0.,1. €.
(i) IfA,,A, EtthenA; N A, ET.
(iii) If A; € tforeachi € Athen Uy 4; € 7.

Then the pair (X, 7) is called an intuitionistic L-topological space (ILTS for short) and the
members of t are called intuitionistic L-fuzzy open sets (ILFOS for short). An
intuitionistic L-fuzzy set B is called an intuitionistic L-fuzzy closed set (ILFC for short) if
1-BEeEr.

Definition 2.14. [20] Let (X, t) and (Y, s) be two ILTSs. Thenamap f: X — Y is said to
be
Q) Continuous if f~1(B) is an ILFOS of X for each ILFOS B of Y, or
equivalently, f~1(B) is an ILFCS of X for each ILFCS B of Y,
(i) Open if f(A) isan ILFOS of Y for each ILFOS A of X,
(iii) Closed if f(A) is an ILFCS of Y for each ILFCS A of X,
(iv) A homeomorphism if f is bijective, continuous and open.

3. Definition and Properties of Intuitionistic Lattice Fuzzy R, Spaces

In this section, we give four definitions and establish two theorems of R; spaces in
intuitionistic L-topological spaces.

Definition 3.1. An ILTS (X, 1) is called

(@) IL—Ry (i) if forall x,y € X,x # y whenever 3 C = (uc,yc) € T with u-(x) #
), ve(x) #vc(y) then3 A = (uy,va), B = (up,vp) € T such that p,(x) =
1=ug(y)andAnB =0..

(b) IL — Ry (i) if for any pair of distinct ILFP x4y ,¥qrs) € S(X) whenever
3C = (e ve) €T with pe(x) # uc(y), ve(x) # ve(y)then 34 = (uy,v4), B =
(up,vg) €T such that x,q) €Ay, €EB and ANB=(0_.a.) where
a € L —{0}.

() IL—Ry(iii) if for all x,y € X,x #y whenever 3C = (uc,yc) €7 with
te(x) # pc(¥),vc(x) # yc()then 3 A = (uy,v4), B = (up,vp) € T such that
Ua(x) >0,us(y) >0andANB =0._.

(d) IL — R (iv) ifforall x,y € X,x # y whenever 3 C = (U, v¢) € T With u-(x) #
b, ve(x) # yc()then 3 A = (14, v4), B = (up, ¥p) € T such that u,(x) =
1=pus(¥),y4(x) =0 =yg(y) and A € B¢ where B¢ is the complement of B.
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Theorem 3.2. Let (X, 7) be an ILTS. Then we have the following implications:

IL— Rl(iiiz\
1L—R6' I IL— Ry (ii)
N

IL — Ry (iv)

Fig. 1. Implications among the IL — R, properties.

Proof: IL — R,(i) = IL — R, (iii)and IL — R,(i) = IL — R,(iv): Suppose (X, 1) is
an IL — R,(i). Then we have by definition, for all x,y € X,x +y whenever 3C =
(e, ve) €T With pc(x) # pe (), ye(x) # ve(y) thenI A = (ug,va), B = (up vp) €7
suchthat uy(x) =1 =pug(y)andAnB =0...
whenever 3 C = (uc,y¢) € Twith puc(x) # pc), ve(x) # ve ()
@9 then 3 A = (uu,v4), B = (ug,v5) € T such that
Ua(x) > 0,ug(y) >0andANnB=0_.
whenever 3 C = (uc, vc) € T with pue(x) # uc(y), ve(x) # yc ()
2) then 3 A = (uu,¥4), B = (ug,v5) € 7 such that
pa(x) =1=pg(y);ya(x) =0 =yg(y) and A € B.
From (1) and (2) we see that IL — R, (i) = IL — R, (iii)and IL — R, (i) = IL — R, (iv).

IL — R,(ii) = IL — R, (iii) and IL — R,(ii) = IL — R, (iv): Suppose (X, 7)is
an IL — Ry (ii). Then we have by definition, if for any pair of distinct ILFP x, ) , ¥ s) €
S(X) whenever 3C = (uc,ve) €t with puc(x) # uc(), ye(x) # yc(y)then 34 =
(14, va), B = (up,vp) € T such that xq, 4y € A, ys) € B and ANB = (0.,a.) where
a € L —{0}.
whenever 3 C = (u¢,yc) € Twith uc(x) # pc(), ye(x) # vy
3) then 3 A = (uy,¥4), B = (ug,¥g) € T such that
P <us(x),q=ya(x);r < ug(y),s 2yz(y)andAnB = (0.,a.).
Since p,q,r,s € L ={0,0.1,0.2, ...,1} and a € L — {0}, we have from (3)
whenever 3 C = (uc,vc) € T with uc(x) # pc(V), ve(x) # v (v
4 then 3 A = (U4, v4), B = (ug,yg) € T such that
Ua(x) >0,ug(y) >0andANnB=0..
whenever 3 C = (u¢, y¢) € T with uc(x) # uc(), ve(x) #vc(y
(5) then 3 A = (uu,v4), B = (ug,y5) € T such that
pa(x) =1=pp(y);va(x) =0 =yp(y) and A < B“.
From (4) and (5) which shows that IL — R, (ii) = IL — R, (iii) and IL — R, (ii) = IL —
R, (iv).

IL — R,(iv) = IL — R, (iii): Suppose (X,t) is an IL — R,(iv). Then we have by
definition, if for all x,y € X,x #y whenever 3C = (uc,yc) €t Wwith uc(x) #

te@),ve(x) #ycthen 3 A = (uy,va), B = (up,vp) €T such that p,(x)=1=
U (), v4(x) = 0 = yz(y) and A < B¢ where B¢ is the complement of B.
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whenever 3 C = (uc, yc) € Twith pc(x) # uc(y), ve(x) # ve(y
(6) then3 A = (4, v4), B = (g, v5) € T such that
Ua(x) >0,ug(y) >0andANB=0._.
Thisis IL — R, (iii) = IL — R, (iv).
None of the reverse implications is true in general which can be seen from the
following counter examples:

Example 3.2.1. Let X = {x,y}, L ={0,0.1,0.2,...,1} and 7 be an ILT on X generated by
{A, B, C}where 4 = {(x,0.5,0), (y,0,0.5)}, B = {(x,0,0.4), (v,0.4,0)} and C=
{(x,0,0.3), (y,0.3,0)}. Hence we see that (X, t) isan IL — R, (iii) but not IL — R, (i) and
IL — R, (ii).

Example 3.2.2. Let X = {x,y},L = {0,0.1,0.2,...,1} and = be an ILT on X generated by
{A,B,C} where A ={(x,1,0),(y,0,1)}, B ={(x,0,1),(y,1,0)} and
C = {(x,0,0.3), (¥,0.3,0)}. Hence we see that (X, 7) isan IL — R,(iv) but not IL — R, (i)
and IL — R, (ii).

Example 3.2.3. Let X = {x,y},L = {0,0.1,0.2, ...,1} and 7 be an ILT on X generated by
{4,B,C} where 4 ={(x,0.4,0),(y,0,0.3)},B = {(x,0,05),(y,0.60)} and C=
{(x,0,0.3), (y,0.3,0)}. Hence we see that (X, 1) is an IL — R, (iii) but not IL — R, (iv).

Theorem 3.3. Let (X,7) be an ILTS and (X, t) be an ITS. Then we have the following
implications:

IL — Ry (iii)
IL — R, (Y1 — R,—>IL — R, (ii)
IL — Ry (iv)

Fig. 2. Implications among the I — R; and IL — R, spaces.

Proof: Suppose (X,t) is I — R,. We shall prove that (X,7) is IL — R,(i). Let x,y €
X,x #y. Since (X,t) is I —Ry;whenever 3C = (C,,C,) €t with x € C,,y €C, or
x€C,y€EC, then 3IA=(A4A1,4,),B=(B,B;) €t such that x e A;x ¢ A,y €
B,y € B,and AN B = @_. Implies that 1,,(x) = 1,1,,(x) = 0;15,(y) = 1, 15,(y) =
Oand ANB=0.. Let 1y, =uy 1y, =y, and 1p, =pp 1p, =yp. Then u,(x) =
1L,y,(x) =0;u5(y) =1,y5(y) =0and AN B =0.. Again since x€C,,y€C, or
x € Gy € C,we have 1p,(x) =1,1.,(x) =01, () =0,1.,(y) = 1. Let 1, =
terlc, =ve.  Therefore  pc(x) = 1,yc(x) = 0;uc(y) =0,yc(y) =1.  Therefore
whenever  3C = (uc,ve) €T with  uc(x) # uc), yc(x) #yc(y) thena A=
(U4 va), B = (ug,vg) €t such that pu(x) =1=ug(y)and An B = 0_which is
IL — R, ().

Conversely suppose that (X,7) is IL — R,(i). We prove that (X,t) is I — R;. Since
(X,7) is IL — R.(i), we have by definition, for all x,y € X,x # y, whenever 3C =
(ke ve) €T with pc(x) # uc(y), ve(x) #yc(y) then3 A = (ua,va), B = (U, vp) €T
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such that u,(x) =1=puz(y)andANB =0.. Let C; = uz{1},C, = yz1{1}. Then
X€EC,y€EC, or x€C,y€C,. Again let A, =uz{1}, 4, =y7{1} and B, =
upt{1}, B, = yg{1}. Then we have x € A;,x ¢ A,,y € B;,y & B,. Hence we have
whenever 3C =(C,,C,) €t with x€C,y€C, or x€C(C,yeEC; then 3FA=
(A,4,),B=(B;,B;) et such that x€A;,,x¢ A,,yE€B;,,y¢B, and ANB =
@_which is I — R,. Therefore I — R,.< IL — R,(i). Furthermore it can be shown that
I —R, = IL — R,(ii),] — R, = IL — R,(iii)and [ — R, = IL — R, (iv).
None of the reverse implications is true in general which can be seen from the

following counter examples:

Example 3.3.1. Let X = {x,y},L ={0,0.1,0.2, ...,1}, X(9.3,0.4), Y(0.3,0.4) € S(X) and t be
an ILT on X generated by {4,B,C} where A ={(x,0.5,0),(y,0,0.5)},B =
{(x,0,0.5), (y,0.5,0)} and C = {(x,0,0.3), (v,0.3,0)}. Hence we see that (X,7) is an
IL — R, (ii) butnot I — R;.

Example 3.3.2. Let X = {x,y},L = {0,0.1,0.2,...,1} and 7= be an ILT on X generated by
{A, B, C}where A = {(x,0.5,0), (y,0,1)}, B = {(x,0,1), (¥,0.4,0)} and
C = {(x,0,0.3), (y,0.3,0)}. Hence we see that (X, 7) is an IL — R, (iii) but not I — R;.

Example 3.3.3. Let X = {x,y},L = {0,0.1,0.2, ...,1} and 7 be an ILT on X generated by
{A,B,C}where A = {(x,1,0), (y,0,1)}, B = {(x,0,1), (¥,1,0)} and
C = {(x,0,0.3), (y,0.3,0)}. Hence we see that (X, 7) isan IL — R, (iv) butnot I — R;.

4. Hereditary Properties of ILF —R(j) Concepts, Where (j =i, ii, iii, iv.)

In this section, we define subspace and mapping in intuitionistic L-R; spaces and some of
their related theorem.

Definition 4.1. Let (X,7) be an ILTS and A € X. we define 7, = {u|4:u € 1} the
subspace ILT’s on A induced by t. Then (4, t,) is called the subspace of (X, 7) with the
underlying set A. An IL-topological property ‘P’ is called hereditary if each subspace of
an IL-topological space with property ‘P’ also has property ‘P’.

Theorem 4.2. Let (X,7) bean ILTS, U < X and 7, = {A|U: A € t}. Then
(@) (X,7)isIL—R,(i) = (U,1y)isIL — R, ().
(b) (X,7)is IL — Ry (ii) = (U,ty) is IL — R, (ii).
(€) (X,7)is IL — Ry (iii) = (U, 7y) is IL — Ry (iii).
(d) (X,7)isIL — Ry (iv) = (U,ty) is IL — Ry (iv).

Proof: We prove only (a). Suppose (X, t) is IL — R, (i), we prove that (U,ty) is IL —
Ri(i).Letx,y e U,x # y. Thenx,y € X,x # y as U < X. Since (X, 7) is IL — R, (i), we
have for all x,y € X,x # y, whenever 3 C = (u¢, v¢) € T with uc(x) # uc(), yc(x) #
Yc(v) then3I A = (ps,va), B = (g, vp) € T such that p,(x) =1 =pz(y)andANB =
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0.. For UcX, we find whenever 3C|U = (uciyvew) €T|U with pey(x) #
te s Ve () # vep(then 3 AU = (way, Yay), BIU = (g, vajv) € Ty Such that
paw(x) =1=pgy@)and AUNBIU=(ANB)[U=0.asANB=0.. Hence
(U, ty) is IL — R, (i). Similarly (b), (c), (d) can be proved.

We observe here that ILF-R,(j), (j = i, ii, iii, iv) concepts are preserved under
continuous, one-one and open maps.

Theorem 4.3. Let (X, 1) and (Y, s) be two ILTS, f: (X,7) = (Y,s) be one-one, onto and
continuous map. Then

(@ (X,7)isIL—R,(i) & (V,s)isIL — R, (i)

(b) (X,7)isIL — R,(ii) & (V,s) is IL — R, (ii)

(€) (X,7)isIL — R, (iii) & (Y,s)is IL — R, (iii)

(d) (X,7)isIL —R,(iv) & (V,s)is IL — R, (iv)

Proof: We prove only (a). Suppose (X, 1) is IL — R,(i), we prove that (Y,s) is IL —
R,(i). Let y,,y, €Y with y, # y,. Since f is onto, 3 x;,x, € X, such that f(x;) =
v1, f(x) =y, and f(x;) # f(x,) as f is one-one. Also,(X, 1) is IL — R, (i), we have for
all X1, %, € X,x; # x5 Whenever 3 C = (uc, ve) € Twith e (%) # pe(x2), ye(x) #
Yc(xz) then 3 A = (g, v4), B = (up,vp) €T such thatp,(x;) =1 = pp(x;) and AN
B=0.. Now we have if 3 f(C)= (f(,uc), 1-f(1- yc)) € swithf (uc) (%) #
fluc) () andl — F(1 —ye)(xy) # 1= F(1 —yc)(x) then 3 £(A) = (f(1a), 1 -
fA=va), fB) = (f(up), 1 — f(1 —yg)) € s such that
fua) 1) = {suppa(xr): fx) =1} =1, f(up) (v2) = {sup pup(x2): f(x2) = .} =
1 and f(A)Nf(B)=f(ANB)=0.asANB =0._.Hence (Y,s) isIL — R,(i).
Conversely suppose that (Y, s) is IL — R, (i). We proved that (X, t) is IL — R, (i). Let
X1,%; € X with x; # x, = f(x;) # f(x3) as f is one-one. Put f(x;) =y, and f(x;) =
v, then y, # y,. Since (Y,s) is IL — R, (i), we have whenever 3 C = (u¢,y¢) € s with
1) # uc(v2); ve1) # ve(y2) then3I A= (us,v4), B = (g, vp) €s such that
us(y) =1=pug(y,)andAnB =0_. Since f:(X,7) - (¥,s), we have f~1(C)=
F M ue) fH o)) € T with flue(ry) # f e (s f71ye(xn) # fHye(x,) then 3
fHA) = ) FH ) f7HB) = (F M (wp), fH(s)) E T such that
[ a(x) = paf (1) = ua(n) = 1, f " up(ay) = upf(x;) = up(y,) = 1and
fYANfIB)=f1ANnB)=0.a AnB=0_. Hence (X,7) is also IL — R,(i).
Similarly, (b), (c) and (d) can be proved.

5. Conclusion

In this paper, our notions /L - Ry(j), j =, i, iii, iv are satisfied “good extension” property,
so defined notions are well-defined. Again we showed that our notions fulfilled
“hereditary” property. Further it is clear that all notions are preserved under one-one, onto
and continuous mapping, so these notions are topological property.



R. Islam et al. J. Sci. Res. 10 (1), 1-9 (2018) 9

References

1. L. A. Zadeh, Information and Control 8, 338 (1965). https://doi.org/10.1016/S0019-
9958(65)90241-X

2. J. A Goguen, J. Math. Anal. Appl. 18, 145 (1967). https://doi.org/10.1016/0022-
247X(67)90189-8

3. K. T. Atanassov, Central Sci. Tech. Library, Bulg. Acad. Sci. 1984 (VII ITKR’s Session,
Sofia, 1983).

4. K. T. Atanassov, Fuzzy Sets Systems 20, 87 (1986). https://doi.org/10.1016/S0165-
0114(86)80034-3

5. K. T. Atanassov, Review and New Results on Intuitionistic Fuzzy Sets, Mathematical -
Foundations of Artificial Intelligence Seminar (Sofia, 1988)

6. K. T.Atanassov and S. Stoeva, Intuitionistic Fuzzy Sets - Polish Symp. on Interval & Fuzzy
Mathematics (Poznan, 1983) 23.

7. K. T.Atanassov and S. Stoeva, Intuitionistic L-fuzzy Sets, In Cybernetics and System
Research, ed. R. Trappl (Elsevier Sci. Publ., Amsterdam, 1984) 2, pp. 539.

8.  D. Coker, J. Fuzzy Math. 4, 749 (1996).

9.  D. Coker, Fuzzy Sets Systems 88, 81 (1997). https://doi.org/10.1016/S0165-0114(96)00076-0

10. D. Coker, BUSEFAL 81, 51 (2000).

11. C. L. Chang, J. Math. Anal Appl. 24, 182 (1968). https://doi.org/10.1016/0022-
247X(68)90057-7

12. D.M. Aliand F. A. Azam, J. Sci. Res. 4, 21 (2012). https://d0i:10.3329/jsr.v4i1.7044

13. M. F. Hoque, M. S. Hossain, and D. M. Ali, J. Sci. Res. 4, 373 (2012).
http://dx.doi.org/10.3329/jsr.v4i2.8157

14. S.J. Leeand E. P. Lee, Bull. Kor. Math. Soc. 37, 63 (2000).

15. F. G. Lupianez, Mathware Soft Computing 10, 17 (2003).

16. A. A Ramadan, S. E Abbas, and A. AAbd El-Latif, Int. J. Math. Mathematical Sci. 1, 19
(2005). https://doi.org/10.1155/IIMMS.2005.19

17. S. Bayhan and D. Coker, Hacettepe J. Math. Statistics 34, 101 (2005).

18. W. K. Min and C. —-K. Park, Commun. Kor. Math. Soc. 20,791 (2005).
https://doi.org/10.4134/CKMS.2005.20.4.791

19. E. Ahmed, M. S. Hossain, and D. M. Ali, J. Math. Comput. Sci. 5, 681 (2015).

20. R.Islam, M. S. Hossain, and M. R. Amin, Annals of Pure Appl. Math. 13, 249 (2017).

21. R.lIslam, M. S. Hossain, and D. M. Ali, J. Bang. Acad. Sci. 39, 203 (2015).
https://doi.org/10.3329/jbas.v39i2.25953



https://doi.org/10.1016/S0019-9958%2865%2990241-X
https://doi.org/10.1016/S0019-9958%2865%2990241-X
https://doi.org/10.1016/0022-247X%2867%2990189-8
https://doi.org/10.1016/0022-247X%2867%2990189-8
https://doi.org/10.1016/S0165-0114%2886%2980034-3
https://doi.org/10.1016/S0165-0114%2886%2980034-3
https://doi.org/10.1016/S0165-0114%2896%2900076-0
https://doi.org/10.1016/0022-247X%2868%2990057-7
https://doi.org/10.1016/0022-247X%2868%2990057-7
https://doi:10.3329/jsr.v4i1.7044
http://dx.doi.org/10.3329/jsr.v4i2.8157
https://doi.org/10.1155/IJMMS.2005.19
https://doi.org/10.4134/CKMS.2005.20.4.791
https://doi.org/10.3329/jbas.v39i2.25953

