Punjab University
Journal of Mathematics (ISSN 1016-2526)
\Vol. 51(10)(2019) pp. 15-24

Application of Soft Semi-Open Sets to Soft Binary Topology

Arif Mehmood Khattak
Department of Mathematics,
Department of Mathematics and Statistics, Riphah International University, Sector I-14,
Islamabad, Pakistan,
Email corresponding author: mehdaniyal@gmail.com
Muhammad Rahim Khan
Department of Mathematics,
University of Science and Technology,Bannu, Pakistan,
Email: Rahimkhan4411@gmai.com

Muhammad Zamir
Department of Mathematics,
University of Science and Technology,Bannu, Pakistan,
Email: zamirburgi@ustb.edu.pk

Fawad Nadeem
Department of Mathematics,
University of Science and Technology,Bannu, Pakistan,
Email: fawadnadeem2@gmail.com
Saleem Abduallah
Department of Mathematics,
Abdul wali khan University Mardan, Pakistan,
Email: saleemabdullah81@yahoo.com

Shamoona Jabeen
School of Mathematics and system Science, Beihang University Beijing China,
Email: shamoonaafzal@yahoo.com

Received: 26 October, 2018 / Accepted: 28 May, 2019 / Published online: 01 September,
2019
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1. INTRODUCTION

The concept of soft sets was first introduced by Molodtsov [8] in 1999 as a general math-
ematical for dealing with uncertain substances. In [8, 9] Molodtsov beautifully applied the
soft theory in numerous ways such as smoothness of functions, game theory, operations
research, Riemann integration perron integration, probability, theory of measurement, and
so on. M. Shabir and M. Naz [11] discussed some new operations on soft set theory. Soft
point set topology deals with a non- empty set X together with a colleatioh subset
X under some set of of parameters satisfying certain conditions. Khattak et al [6] intro-
duced the notion of soft sub-spaces and soft b-separation axioms in binary soft topological
spaces. Khattak et al [7] planned the idea of binary soft most separation axioms in binary
soft topological spaces. S.S.Benchalli et al [2] threw his detailed discussion on binary soft
topological. A. Kalaichelvi and P.H. Malini [5] beautifully discussed application of fuzzy
soft sets to investment decision and also discussed some more results related to this particu-
lar field. N. Y . Ozgulr and N. Tas, [10] studied some more applications of fuzzy soft sets to
investment decision making problem. N. Tas, N.Y.Ozgur and P.Demir [13] worked over an
application of soft set and fuzzy soft set theories to stock management J.C.R. Alcantud et al
[1] carefully discussed valuation fuzzy soft sets : A flexible fuzzy soft sets based decision
making procedure for the valuation of sets N.Cagman and S. Enginoglu [4]. In explored
soft matrix theory and some very basic results to it and its decision making. Borah et al [3]
discussed Soft ideal topological space and mixed fuzzy soft ideal topological space. Tahat
et al [12] studied Soft topological soft groups and soft rings.

In continuation, in the present paper binary soft topological structures known as soft weak
structures with respect to first coordinate as well as with respect to second coordinate are
defined. Moreover some basic results related to this structures are also planted in this pa-
per. The same structures are defined over soft points of binary soft topological structure
and related results are also reflected here with respect to ordinary and soft points.

2. PRELIMINARIES

Definition 2.1. Let X be an initial universe and let E be a set of paramaters. Let P(X)
denote the power set of X and let A be a non empty subset of E . A pair (F, A) is called A
soft set over X, where F is a mapping given by--»R(X). In other some words, a soft over
Xis a parameterized family subsets of the universe X A , F(€) may be considered as

the set ot —approximate elements of the soft set (F, A). Clearly , a soft set is not a set.Let
Ui , Us be two initial universe sets and E be a set of parameterd (&Y, ), P(U,) denote

the power set of/; , U, respectively. Also, LetA,B,CE

Definition 2.2. [6] A pair (F, A) is said be binary soft set ovdr; U, where F is defined
below:

F:A— P(U;) x P(Us), F(e) = (X, Y) for each & A such that XC U; YC U,
Definition 2.3. [6] A binary soft set (F, A) over YU is called a binary absolute soft set
denoted byl if F(e)=(U+, U») for each & A
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Definition 2.4. [6] The extended union of two binary soft sets of (F, A) and (G, B) over
common Y, Us is the binary soft set (H, C) where= AU B and foralle € C

(X1,Y1)ifeec A—B
h(@) = (XQ,YQ) Zf ecB-A (2 1)
(X1UX2, Y1UY2) Zf ec ANB
Such that F(e)= (X, Y7) for eache € A and G(e)= (%, Y>) for eache € B We denote it
(F, AU(G, B)=(H,C)

Definition 2.5. [6]. The restricted intersection of two binary soft sets of (F, A) and (G, B)
over common Y, Us is the binary soft set (H, C) whete= AN B and for alle € C
and H(e)= (X N X3, Y1 NY5) for eache € C such that F(e)= (X, Y7) for eache € A and

G(e)= (X, Y») for eache € B We denote it as (F, A(G, B)=(H,C)

Definition 2.6. [6] Let (F, A) and (G, B) be two binary soft set over a commenl{j . (F,
A) is called a binary soft subset of (G, B) if

(i) ACB

(i) X1C X9 andY; CY5 such that F(e)= (X, Y1), G(e)= (%, Y3) or eache € A. We denote

itis (F, A\C(G, B)

Definition 2.7. [6] A binary soft set (F, A) over JU; is called a binary null soft set,
denoted by if F(e)<y, ) for eache € A

Definition 2.8. [6] The difference of two binary soft sets (F, A) and (G, A) over the common
U,, U is the binary soft set (H, A) where H(€X; — X5,Y; — Y3) for eache € A such
that (F, A)= (X, Y1) and (G, A)= (%, Y2)

Definition 2.9. [7]. Letr, be the collection of soft sets ovef W, thenrt, is said to be a
binary soft topology on U Ux if

(i) 5,X € 4.

(ii) the union of any member of any binary soft sets, irbelongs tor,.

(i) the intersection of any member of any binary soft sets,ifelongs tor,.
Then (U, Uz, 7, E) is called a binary soft topological space ovey,U,.

Definition 2.10. Let (F, A) be any binary soft subset of a binary soft topological space
(X,Y, 7, E) then (F, A) will be termed soft semi open (written S.S.0.) if and only if there
exists soft open set (O, E) such that e (OCE)F, E)CCI(O, E).

Definition 2.11. Let (F, A) be any binary soft subset of a binary soft topological space
(X,Y, 7, E) then (F, A) will be termed soft semi open (written S.S.0.) if its relative com-
plement is soft semi-open e.g, there exists a soft closed set (F, E) such thatQF, E)
(G, E)C(F, E). The set of all soft binary semi-open soft sets is denoted by BEQSSr, F)
and the set of all binary s-closed sets is denoted by BSQSE, 7, F)

3. BINARY SOFT SEMI-SEPARATION AXIOMS

In this section, binary soft semi-separation axioms are discussed with respect to ordinary
and soft points in binary soft topological spaces.
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Definition 3.1. A binary soft topological spac(ef(,?, M, A) is called a binary softS
space if for any two binary point&ey, 1), (z2,y2)e(X,Y) such thatz; < z2,y1 < Y2
there exists binary soft s - open sét§, A) and (F», A) which behaves as

(21,91)E(F1, A), (w2, y2)E(F1, A) OF (w2, y2)E(Fs, A) and (z1, y1) ¢ (Fy, A).

Definition 3.2. A binary soft topological spac(af(,?, M, A) is called a binary softS;
space if for any two binary pointsey, y1), (z2, y2)e(X,Y) such thatr; < x9,y1 < ys If
there exists binary soft s - open séf§, A)and(Fs, A) which behaves a1, y1)€(Fy, A)

and($2,y2)¢£F17A) -
or (£C27y2)Aé(F2,A) and (.’El,yl)¢(F2,A).

Definition 3.3. Two binary soft s-open set#’, A), (G, A) and (H, A), (I, A) are said to
beis jointif ((F, A) N (H, A), (G, A) 1 (I,A)) = (®,®)and (G, A) N (I, A) = (D, D).

Definition 3.4. A binary soft topological space)?,)z, M, A) is called a binary softS,
space if for any two binary pointsey, y1), (z2, y2)e(X,Y) such thatr; < x9,y1 < ys If
there exists binary soft s-open séf§, A) and (F», A) which behaves a1, yl)E(Fl, A)
and (zo, yg)é(Fg, A) and moreove(Fy, A) and (F», A) are disjoint that is

(F1, A) N (F, A) = (2, 9)

Definition 3.5. A binary soft topological space)?,}z, M, A) is called a binary softSy
space if for any two binary pointsey, y1), (2, y2)e(X,Y) such thatr; < zq,y1 < ys If
there exists binary soft s-open séf§, A) and (F», A) which behaves ag:1, yl)é(Fl, A)
and(xa, yg)é(FQ, A) and moreove(Fy, A) and (F», A) are disjoint that is

(F1, A) N (Fp, A) = (2,9)

Definition 3.6. A binary soft topological spac(a}N(, }7,7 x o, A) is called a binary soft
s-Tp with respect to the first coordinate if for every pair of binary poifits, @), (y1, @)
there exist((F, A), (G, A))eT x o with z1(F, A), y1¢(F, A), ae(G, A). Where s-open
(F, A)inTand s — open (G, A) in o.

Definition 3.7. A binary soft topological spaceX,Y,r x o, A) is called a binary soft
s-Tp with respect to the second coordinate if for every pair of binary pdifits:), (5, y=2)
there exist((F, A), (G, A))eT x o with B(F, A), x26(G, A), y2¢(G, A). Where s-open
(R A)inTand s — open(G, A) in o.

Definition 3.8. A binary soft topological spacéX,Y, M, A) is called a binary soft s
- Ty space if for any two binary soft poin{gg1, en1), (GGQ,EHQ)g(fX\Z,ﬁ) such that
ec1 < ege,en1 < ey there exists binary soft s - open séfg, A)and(F», A) which be-
haves ageg1, en1)

E(F1, A), (ega, enn)E(F1, A) O (ega, exa)E(Fa, A) and (e 1, exn ) E(Fo, A).

Definition 3.9. A binary soft topological spacéX,Y, M, A) is called a binary soft s
- Ty space if for any two binary soft poin{gc1, en1), (eg2, em2)e(Xa, Ya) such that
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ec1 < ega, e < ey there exists binary soft s - open séf§, A) and (F», A) which be-
haves ageg1, en1)

Aé(Fl, A) and (6@2, 6H2)¢(F1, A) and (6@2, EHQ)E(FQ, A) and (6@1, 6H1)¢(F2, A)
Definition 3.10. A binary soft topological spaqe?, }7, M, A)is called a binary soft T3
space if for any two binary soft poin{sg1, en1), (€2, en2)e(Xa,Ya) such that g, <
ea,, e, < ey, if there exists binary soft s-open séfs , A) and (F3, A) which behaves
as (&, ex,) ¢ (Fi, A) and (&, ex,) < (F», A) and(Fy, A) and (Fs, A) are disjoint

Example 3.11.LetU; = {1‘1,.132,%‘3} Uy = {yl,yg} FE = {61,62} and

™ = {Xa (;9’ {(615 ({1‘2}, {yQ}))’ (627 ({x1}7 {yl}))}7
{(er, {z1 {1 })), (e2, ({m2}, {g2})) }, {(ex, {21} {m }))},

{(61, ({Ul}v {UQ}a (62’ ({1’1}7 {yl}))}}v Where(Fh E) = {(61’ ({ZQ}v {yQ})v (62’ ({‘Tl}v {yl}))}v
(F% E) = {(613 ({.%‘1}, {yl})v (627 ({$2}7 {yl}))}v (F37 E) = {(617 ({xl}v {yl}))}v (F47

E) = {(er, {U1},{Uz2})), (e2, ({21}, {11 }))} clearly (U1, Us,7a, E) is @ binary soft
topological space ofX over (U; x Us) note thatra, = {X,g},{(el,({xl}7{y1}))}7

(e1, ({2} {y2 )} Ta, = {X, 0, {(ea, ({21}, {p )}, (€2, ({22}, {y2}))} are abinary

soft topological space oX over (U; x Us). There are two pairs of distinct binary
soft points,namely.Fe, = {(e1, ({z2},{y2})}, Ge, = {(ex, ({21}, {xa})} and F., =
{(e2, {z1},{m})}, Ges = {(ex, ({21}, {y1})}. Then for binary soft pairFe, # G,

of points there are binary soft s-open 6%, E). and (F», F) such thatF., ¢ (Fb,

E),G., € (F3, E) andG,, ¢ (F1, E), F., € (F1, E). This show thatU;, Uz, 7a, E)
is a binary soft space — T, space and hence a binary seft- TA, space. Note that
(U1,Us, A, E) is a binary softs — T, space.

Definition 3.12. A binary soft topological spaceX(, Y, 7 x o, A) is called binary sofs— T}
with respective to first coordinate if for every pair of binary poifitg:, «),(ex1, ) 3

((F,A), (G, A))éT x o with(eg1E(F, A), (e ¢ (F, A), aé(G, A). Where s-opefiF, A)
inTands — openin (G,A)inco

Definition 3.13. A binary soft topological spaceX(, Y, 7 x o, A) is called a binary soft —
To with respective to the second coordinate if for every pair of binary pohitsss), (5, en2)

there existg(F, A), (G, A))eT x owithBe(F, A), eg2€(G, A), enatod (G, A). Where s -
open (F, A) inT and s — open(G, A) in o.

4. BINARY SOFT STRUCTURES WITH RESPECT TO ORDINARY POINT

Theorgm 4.1.If thg binary soft topological spao(ef(, Y, % o, A) is a binary soft sf,
then(X, p, A)and(Y , 0, A) are soft s75.
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Proof. We supposeX, Y, 7xa, A) is a binary soft s 7y. Suppose, z:E X andyy, y25Y
with such thatz; < z2,y; < y2. Since(X,Y,T x o, A) is a binary soft sf;,, accord-
ingly there binary soft s-open set ((F, A), (G, A)) such thet,y1)e((F, A), (G, A));
(22, y2)E(F<, A), (G, A) or (z1,y1)8(F¢, A), (G¢, A); (x2,2)8((F, A), (G, A)). This
implies that either: 1 £(F, A); x26(F°, A) y1€(G, A); y26(G<, A); or x1E(F°, A);
y18(G°, A); y2e(G, A). Thisimplies eitheg 1 (F, A); xoe(F€¢, A) or x1E(F€, A); x1€(F, A)
and either
11&(G, A);

y2e(G®, A)ory18(G*, A); y22(G, A). Since((F, A), (G, A))ep x o, We have s - open
(F, A)epands — open(F, E)(E)~o. This proves thatX, p, A)and(Y, o0, A) are soft s -
Tp.

Theorem 4.2. A binary soft topological spaceX, Y, 7 x o, A) is binary soft s Iy space
with respect to first and second coordinates, ti&h Y, x o, A) is binary soft s -Tg
space.

Proof. Let ()~( Y. 7T xo0, A) is binary soft s -T;, space with respect to first and sec-
ond coordinates. Letry, y1), (22, y2)eX x Ywitha; < 22,y1 < y2. TakeaeY andBeX.
Then(zy, ), (z2,a)EX x Y. since(X,Y,r x o, A) is a binary soft s I, space with
respect to first and second coordinates, by using definition, there exists s - open sets (F,
A) such that (G, A) ((F, A), (G, APT x cwithx 1e(F, A), zotoe(F, A), ag(G, A). Since
(B,11), (B,y2)eX x Y, by using arguments and using definition there exist ((H, A), (K,
ANeT X o

ylg(K! A), Y ¢ (Ka A)7 gE(H! A) therefore! (i(a yQ)g((Fv A)! (K1 A))

(X2,52)2 (F<, A) , (k°, A)). Hence(X, Y, 7 x o, A) is called a binary soft ST,

Theorem 4.3. A binary soft topological spaceX(,7,A4) and (¥, ,A) are soft s- T spaces
if and only if the binary soft topological spac& (Y7, x, o, A) is a soft binary s-T

Proof. SupposeX, 7, A) and (X, «, A) are soft s-T space .

Let (1,1 ), (T2, o) EXX Y With 2, < x5 ¥ <y since X,7,4) isasoft s-T
there exists soft -open set such th&t 4) , (G, A) ér x1e (F,A) and z, ¢(G, A) such
that

11¢ (G, A) and z.¢ (F, A) also ,since ¢, a, A) is soft s-T space there exists soft
-open set such thatH, A), (I, A)éa, y1e(H, A) andy.e(I, A) such that

yi ¢ (I,A) andys ¢ (H,A) thus @1,y1 )e(FA), (H,A) and (a2, go)e
((G’ A>7 (L A)) with (.111, Y1 )5 ((ch A)’ (Ic’ A)) and @17 Y1 )€<(ch A)a (HC7 A))
this implies that

(X,Y,r, x,a, A) is a soft binary s-T conversly assume thak(, Y7, x, a, A) is a soft
binary s-T,.letxzy, zoe X andyq, y2 €Y suchthatz; < zo y1 < yo.

there fore 1,41 ), (v2, y2) EX x Ysince X, Y7, x,a,4) isasoft s-T there
exists soft -open setF( A) , (G, A) s-open set$H, A), (I, A)e(r, X, ).

(w1, )5((G> A), (Hv A)) and (1, y1 )e((F, A), (H, A)) suchthat g,y )e ((H¢, A)? (1¢,4))
and (r2, y2)e ((F€, A), (G, A))there forex,e(F, A), zoe(H, A)
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andxie (HC, A)(I°¢, A) andzy e(F©, A) and y12(G¢, A) and y1(I, A) and y,2(1¢, A)
andyq.e(G¢, A) since F, A),(G, A)eTx,awe haveF, A), (H, A)er and(G, A), (I, A)et
this prove that

(X, 7, A)and (X, a, A) are soft s-T space

Theorem 4.4. A binary soft topological spaceX(, §, M, A) is a binary softs — T} space
if and only if the binary soft poinp(X) xp(Y) is binary soft s-closed.

Proof. suppose that X, §,M,,A) is a binary softs — T} space . Le(z,y) EXx Y
et (X} {y}) p(X) xp(Y). we shall show that{x}, {y}) is binary soft s-closed. it is
sufficient to show thatX {z}y {y} hence a=x,b=y. that iga, ) and (z,y) are distinct
binary soft point ofX x Y. Since (X, §,M,,4) is a binary soft s-T space, there exists
soft -open set((F, A4), (G, A)) and (H, A), (I, A) such that (a,) ((F, A4), (G, A)) and
(xYE ((H, A) , (I, A)) such that (ab)((H°, A), (I°, A)) and (xy}((F*, A), (G, A))
there fore((F, A), (G, A) C ({«}°,{y}°) ). Hence({z}°, {y}) is a soft neighborhood
of (a,b) this implies that{z}, {y}) is binary soft b-closed. Conversely, suppose that
({=}, {y}) is binary soft s-closed for evefy, y) e X xY. supposes:, y1 ) ,(z2, y2) EX X
Y with 21 < x2, y1 < yo. Therefore ¢o y2)e ({1} {y1}°) ande ({z1}°, {y1}°) is
binary soft s-open alsor(, y1 )e ({z2}°, {y=}°) and ({z1}, {y1}) is a binary soft s-open
set.alsof1,y1 )e ({z2}¢, {y2}1°) ande ({z2}¢, {y2}°)is binary soft s-open set. This shows
that (X, §, M, A) is a binary softs — T} space.

Theorem 4.5. A binary soft topological spacézf(, T, A) and(Y, 0, A) are soft- |, spaces
if and only if the binary soft topological spa(ﬁé’, Y, 7 %o, A) is soft binarys — T,

Proof. We SupposeX , 7, A) and(Y, o, A) are softs—T5 spaces. Letz, 1), (22, y2)EX x
Y with 21 < 29,91 < yo- Since(f(, T, A) is softs — T, space, there exist soft s-open

sets such thatF, A), (G, A) &r,z1e(F, A) and z2¢(G, A) such thatz; ¢(G, A) and
z96(F, A).Also, sincdY , o, A) is softs— T, space, there exist distoint soft s-open sets such
that(H, A), (I, A) éo,y1c(H, A) andy,e(I, A) such thaty; ¢ (I, A) andy, &(H, A). Thus
(Ilvyl)g((F7 A)a (H7 A)) and (x27y2)5((G7A)5 (Ia A)) with (xlvyl)s((chA)a (IC, A))
and(xy,y1)e((F°, A), (H®, A)). Since(F, A) and(G, A) are disjoint,(F, A)N(H, A) =

(¢, ¢). This implies that X, Y, x o, A) is soft binarys — T,. Conversely assume that
(X Y. % o, A) is soft binarys — Ts. Let z1, z2e X and y;,y2eY such thatr; < o,

y1 < ya. Therefore(zq, y1), (z2,y2)EX X Y. Smce(X Y.7xo, A) is soft binarys — T,
there exist binary soft-open set#l, A), (I, A)e(t x o), (z1,y1)E((F, A), (G, A)) and
(22, y2)é((H, A), (I, A)) such thatz,, yy )e((H, A), (I°, A)) and (2, yo)e((F°, A), (G, A)).
therefore,z1e(F, A), x2e(H, A) and z1e(H¢, A) and z9e(F°, A) and y,1e(G*, A) and
y1e(I, A) andyie(I¢, A) and y2e(G<, A). Since(F, A), (G, A)ér and (G, A), (I, A)eo

This proves tha(f(, T, A) and(Y, o, A) are softs — T, spaces.

5. BINARY SOFT STRUCTURES WITH RESPECT TO SOFT POINTS

Theore[n 5.1. If the bjnary soft topological spac(é(, Y, p x o, A) is a binary softs — T},
,then(X, p, A) and(Y, o, A) are softs — Tj.
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Proof. We supposéX 4, Y4, p x o, A) is a binary softs — Tj,. Suppose &, ,e5,¢X 4

andep,, en,€Y4 with such thateg, < eq,,en, < em,. Since(f(A,iN/A,p x o,A)is a

binary softs — Ty, accordingly there binary soft s — open géF’, A), (G, A)) such that

(eGl ) eHl)g((F’ A)v (Gv A))7 (erv eHz)é(FCa A)v (ch A) or (eGl » €H, )g((FC ) A)a (ch A))
(e, e, ) E((F, A), (G, A)). This implies that either

i €(F, A)sejq,€(FC, A)en, é(G, A); e, é(GY,A) s or e, é(FO, A)s e, 6(GY, A)s e, (G, A).
This implies eitheeg, é(F, A), eq,é(F¢, A) or eq, é(FC | A); 2,&(F, A) and either

e, (G, A); e, €(GC, A)or e, 6(GY, A); e, é(G, A). Since((F, A), (G, A))épx o, We

have s — oper{F, A)ép and s — opeflF, A)ép and s— openF, A)éo, this proves that

(X, p,A) and(Y, 0, A) are softs — Ty,

Theorem 5.2. A binary soft topological spacéX’, Y, T %o, A) is binary softs — Tj

space with respect to first and second coordinates, tHény’, r x o, A) is binary soft
s — Tp.spacs.

Proof. Let (X Y. 7 %o, A) is binary softs — T space with respect to first and
second coordinates. Létg,,em,), (eq,,em, )X x Y witheq, < eq,, e, < em,.
TakesacY and X . Then(eq,,q), (eq,,a)éX x Y Since (Xj/,r X o, A) is bi-
nary softs — T, space with respect to first coordinate,by using the definition, there ex-
ists s-open sets(f, A)(G, A))éT x o with eq,£(F, A) eq,~e(F, A),aé(G, A). Since
(B,en, ), (B,em,)éX x Y, by using the arguments and using the definitidis-open sets
((H,A),(K,A))ér x owithep, (K, A), ey, 7e(K, A), Bc(H, A). Therefore,
(cGyr e )E((F, A), (K, A)) and(eq,, e, )E((F, A), (K°, A)). Hence( X, 7 x , 4)
is called a binary softs — Tj.

Theorem 5.3. A binary soft topological spacézf(, T, A) and(Y, o, A) are soft- T, spaces
if and only if the binary soft topological spa(ﬁé’, Y, 7 xo, A) is soft binary s-T space

Proof. Suppose(f(,r, A) and(Y, 0, A) are soft- T, spaces . Let (g .ex,), (€,

en,)e X x Y with eq, < eq,, ey, < €q, since(f(,r, A) is soft s-T, space, there exists

s-open sets such that (F, A) , (G,AY, eg,e(F,A) and &,e(F,A) suchthate, ¢
(G, A) and g;, ¢ (G, A) Also, since(Y, o, A) is soft s-T, space , there exists s-open
sets such that (H, A), (LAYo , ey, e(H, A) and e7,¢(I, A) suchthatg, ¢ (I, A) and
em, ¢ (H, A). Thus (e, .en,)e(F, A),(HA) , and (&, en,)e(G, A),(LA) with (ec,,
er,)e(Ge, A),(1€,A) and (&;,, e, )e(FC, A),(H®,A). This implies(X,Y, 7 x o, A) that
is soft binarys — T3. conversely assume that is soft binary s-TLet e;,,e5,6X and
e, .en,cY suchthate, > eg,, ey, > €q, . Therefore (e,.en,), (€c,, €1,)e X X Y
is soft s-T; there exists s-open sets (F,A)(G, A) and s-open sets (H, A){@,X)(©),
(e, e, ) (F, A),(G,A) and (&, e, )< (H, A),(I,A) such that (g, , ex, )e(H®, A), (1¢,A)
and (&,, em,)e ((F¢, A),(GC ,A)). therefore g, £(F, A) , eg,c(H, A) and ;,(F°, A)
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and e;,e(F°, A)and Y,e(G°, A) and e7,¢(I, A) and g;,(I°, A) and g1,¢(G*¢, A) since
(F, A)(G,A)(ET x o), we have (F, A)(G,A)r and (G,A)(I,Axc. This proves thatX, 7, A)
and (X, 0, A) are soft s-T space

Theorem 5.4. A binary soft topological spacef( .Y ,M ,A) is binary soft s-Tspace if
and only if every binary soft poigi(X) x p(y) is binary soft s-closed.

Proof. Suppose that{,Y,M,A) is binary soft s-T space. Let(x,yy}X x Y. Let ({x},{ex}
€p(X) we shall show that{e: }, {ex })is binary soft s-closed. It is sufficient to show that
(X\\{ec}Y \\{en} is binary soft s-open. L&u,b) e(X\{ec}, Y\ {ex}). This implies
thatae X \{eq}and Y \{ey }. Hencea # eq andb # ey. Thatis(a,b) andeq ey are
distinct binary soft points of XY .Since &, Y,M,A )is binary soft s-T, space, there exists
binary soft s-open sets ((F,A),(G,A))and (H,A),(,A) such that @&, 1§)FA),(G,A) ) and
(x.y) e((H, A), (I, A)) such that (a,a((H" A), (I¢, A)) and (& exn)e((F<A),(GC A).
Therefore, (F,A),(G,AC ({c}¢, ({en} Hencefes },{ex}¢is a soft neighborhood of
(a,b). This implies that is{eq }, {ex }) binary soft s-closed. Conversely, suppose that
({ec },{emn}) is binary soft s-closed for every{ ), (err). Supposedc: ,em1), (eg2,em2). X X
Y witheg1 < ega, eg1 < epe, . isabinary soft s-open. Als@gq,en2)e.({eq }, {en}©
and {ec },{em}°is binary soft s-open set. Alsed:,er1)e.({ec2 }, {en2}° and {eca1
}, {em1}€ is binary soft s-open set.This shows that is binary sdf{ space binary soft s-
open set . alsoet,en1)e.({ege }, {ena} and (eqs }¢, {en2}¢) is binary soft s-open
set. This showsX, Y, M, A) is a binary softs — T} space

Theorem 5.5. A binary soft topological spacéf(, T, A) and (Y, 0, A) are soft — Ty

spaces if and only if the binary soft topological smeé Y, 7 xo, A) is soft binarys — T
space

Proof. Suppose (;( 7, A) and ()N(, o, A) are soft s-F spaces. Let (g, en,), (eq,,
em,)e X x Y with eq; < eae, a1 < ems, . since (X, 1, A) is soft s-T, spaces, there
eX|sts soft s-open sets such that (F,A), (&A) eq,e(F,A) and ,¢(G, A) such that

eq, gé (G,A) and &;, gé (F, A). Also since (X o, A) is soft s-T, spaces, there exists
disjoint soft s-open sets such th@l, A), (I, A) o , ey, e(H, A) and gy,(I, A) such

thatey, ¢ (I,A) and &y, gé (H,A) thus(egl,eHl) ((F,A)(G,A)) and(eg,,em,) €
(G, A, A)). with (eq,, en, ) € (G, A)(I%, A)). and(eq,, en, ), € (F°, A)(H, A))

. (F,A) and(C, A) are disjoint(F, A) (H, A) (¢, ¢) Also since (H,AJI(I,A) =
(¢, ). thus (( FAJL(H, A), (G, A)II(I,A) = (g, ) this implies that we have this im-
plies that(X Y 7 x 0, A) issoftbinary s-T . conversely assumethaX(Y Tx0,A) is
soft binary s-T. Let &3, .6z, X and ey, ,en,cY suchthate, > eq,, ey, > €g, . There-
fore (&,.em, ), (€a,, €m,)e X x Y is soft s-T, there exists s-open sets (F,A)(G, A) and
there exists binary soft s-open sets (H, A)(I,AX o), (e, .en, )e(F, A),(G,A) and (g,

em,)e (H, A),(I,A) such that (g,, ex, )e(H®, A), (16,A) and (&, em,)s ((FC, A),(G¢
,A)). therefore e,e(F, A) , eg,e(H,A) and &;,e(H, A) and g.,e(F°, A) and and
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er, (I, A) and e;,¢(I° A) and e,(G¢, A) since (F, A)(G,A)ET x o), we have (F,
A)(G,A)er and (G,A)(I,Axc. This proves thatX, 7, A) and (X, 0, A) are soft s-F space

6. CONCLUSION

The soft binaryS — Ty, s — 17 structure with respect to first and second coordinates are
introduced in this paper.
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