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ABSTRACT. In our study, we gave a new definition for bipolar soft topology and
we were able to examine the concept of bipolar soft ordered topology using the
base concept we defined on this new bipolar soft topology. We also define the
concept of bipolar soft set relation by defining an R relation on a bipolar soft
set. Thus, we have defined the concept of bipolar soft interval and presented
the bipolar soft ordered topology structure using these intervals in our study.
Then, we expressed some applications of bipolar soft order topology.

1. INTRODUCTION

Traditional methods fail to solve many complex problems especially in decision
making due to uncertainty problems encountered in fields such as economy, engi-
neering, environment. One of the theories put forward to eliminate uncertainty is
the soft (briefly s-)set theory introduced by Molodtsov [2]. Then, Maji et al. [1]
introduced some new concepts such as subset and complement to s-set theory. The
studies on this set theory are increasing and there are many applications especially
on s-sets in recent years [8, 11, 12, 13].

In 2010, Babitha and Sunil [14] defined the relation and the ordering in s-sets.
Moreover, Park et. al [15] studied the equivalence relations, partitions and func-
tions. In the following years, the notions of symmetric kernel, anti-reflexive kernel,
symmetric clousure and reflexive clousure of a s-set relationship was given by Yang
and Guo [16] and they proposed s-set relation mappings and inverse s-set relation
mappings. The definition of supremum and infimum of the s-set, directed complete
s-set were given by Tanay and Yaylah [17].

The topology structure of s-set has been studied by many researchers and differ-
ent definitions have been made: Shabir and Naz [18] introduced the soft topological
spaces. They studied many concepts such as s-open set, s-neighbourhood of a point
in s-topological spaces. As a different approach to s-topology; Cagman et al. [19]
defined the concepts of s-closure, s-Hausdorff space, s-limit point, s-interior, s-open
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set and the structure of s-topology was improved by Roy and Samanta [8]. In addi-
tion, many researchers such as Aygiinoglu and Aygiin [20], Min [24], Zorlutuna et
al.[21], Hussain and Ahmad [22], Varol and Aygiin [23] studied s-topological spaces.

In last years, the concept of bipolar soft (briefly bs-)set defined by Shabir and
Naz [25] and Karaaslan and Karatas[26]. After this set theory has been proposed,
the structure of bs-topology has been defined by many researchers: Shabir M. and
Bakhtawar A.[27] introduced the bs-topological spaces. Then, Oztiirk Y.T.[28]
introduced some properties of the bs-topological space.

In our study, we first defined a new bs-topological structure. Using this defi-
nition, we gave the concepts of bs-base and bs-intervals on this structure. Then,
the bs-order topology is introduced and some applications of bs-order topology are
expressed. At the same time, examples are added for easy understanding of the
concepts and structures given in our study.

2. PRELIMINARIES

In this section, we recall some basic notions in s-sets and bs-sets. Let U be an
initial universe, E = {ej,eq,...,e,} be a set of parameters, ) # V,Y,Z C E and
P(U) denotes the power set of U.

Definition 2.1. [2] A pair (T, V) is called a s-set over U, where I' is a mapping
given by I' : V. — P(U).

From now on, S(U) denotes the family of all s-sets over U.

Definition 2.2. [1] Let (I', V), (A,Y) € S(U). Then, (I',V) is a s-subset of (A,Y)
itV CY and I'(e) C A(e); Ve e V.
We write (I, V)C(A,Y).
Definition 2.3. [1] Let (I, V), (A,Y) € S(U). Then,
(¢) the union of (', V) and (A,Y) over U is the s-set (Q, Z), where Z =V UY and
T'(e) ifeeV-Y
Qe) =< Ale) ifeeY -V

Ple)UA(e) ifeeVNY
for each e € Z. We write (I, V)U(A,Y) = (2, Z).
(44) the intersection of (I', V) and (A,Y") over U is the s-set (2, Z), where Z = VNY
and Q(e) =T'(e) N A(e); Ve € Z. We write (I', V)N(A,Y) = (22, 2).

Definition 2.4. [5] Let (I, V) € S(U). Then, the complement of (I, V) is a s-set
(T, V)¢ = (A, V) where A(e) =U —T'(e); Ve € V.

Definition 2.5. [1] Let (I', E) € S(U). Then, (I, E) is called:

(i) A null s-set, denoted by 0, if I'(e) = 0; Ve € E.

(#4) An absolute s-set, denoted by U, if I'(e) = U; Ve € E.

Definition 2.6. [1] The NOT set of E denoted by —F is defined by —E =
{—ey1,—ea, ..., me, } where —e; = not e;; Vi.

Definition 2.7. [3] A (I', A, V) is called a bs-set over U where I'; A are mappings
given by I' : V. — P(U), A : =V — P(U) such that I'(e) N A(—e) = 0; Ve € V.

From now on, BS(U) denotes the family of all bs-sets over U.
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Definition 2.8. [3] Let (I',A,V),(I'1,A1,Y) € BS(U). Then; (I',A,V) is a bs-
subset of (I'1,A1,Y), if

(i) Vv,

(1) ['(e) S Ti(e), Ar(—e) C A—e); Ve € V.

We write (T, A, V)C (T, A1, Y).

Definition 2.9. [3] Let (I',A,V) € BS(U). Then, the complement of a bs-set
(T, A, V) is denoted by (I', A, V)¢ and is defined by (I', A, V)¢ = (I'°, A°, V) where
I'°, A° are mappings given by I'?(e) = A(—e), A°(—e) =T'(e); Ve € V.

Definition 2.10. [9] Let (I', A, V) € BS(U). Then,

(i) (T, A, V) is said to be relative null bs-set, denoted by (®,T,V), if T'(e) = 0;
Ve eV and A(—e) =U; Ve € =V.

(7i) the relative null bs-set with respect to U of E is called a NULL bs-set over
U and is denoted by (®,U, E).

(ii3) (T, A, V) over U is said to be relative absolute bs-set, denoted by (U, ®, V), if
I'(e) =U; Ve € V and A(—e) = 0; V-e € -V.

(iv) the relative absolute bs-set with respect to U of E is called a ABSOLUTE
bs-set over U and is denoted by (U, ®, E).

Definition 2.11. [3] Let (T, A, V), (I'1,A1,Y) € BS(U). Then;
(1) extended union of (I'; A, V) and (I'1,A1,Y) over U is the bs-set (2,0, Z) over
U, where Z =V UY and

T'(e) ifeeV-Y
Qe) =< Ty(e) ifeeY -V
Pe)uTy(e) ifeecVNY
and
A(—e) if me € (=V) — (7Y)
U(—e) =< Aq(—e) if me € (7Y) — (-V)
A(=e) NAi(—e) if me € (V)N (7Y)
for all e € Z. We denote it by (I', A, V)U(T'1,A1,Y) = (2,0, 2).

(1) extended intersection of (', A, V) and (T'1, A1,Y") over U is the bs-set (Q2, U, Z)
over U, where Z =V UY and

I'(e) ifeeV-Y
Q(e)—{ I'(e) ifeecY -V

T'(e)NTy(e) ifeeVNY

and
Ae) ifee (V) — (1Y)
U(—e) =14 Ai(e) ifee (7Y)—(=V)
Ale)UAq(e) ifee (=V)N(—Z)

for all e € Z. We denote it by (I, A, V)\(T'1,A1,Y) = (2,0, 2).

(#41) restricted union of (I', A, V), (I'1,A1,Y) over U is the bs-set (2,0, Z), where
0#£Z=VNY and

Qe) =T(e)UA(e) and U(—e) =T1(—e) N Ai(—e)
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for all e € Z. We denote it by (I', A, V) Ux (T'1,A1,Y) = (2,0, 2).

(7v) restricted intersection of (I', A, V') and (I'1, 1, Y") over U is the bs-set (2, U, Z),
where 0 42 Z =V NY and

Qe) =T(e)NAle) and U(—e) =T1(—e) UAi(—e)
for all e € Z. We denote it by (T, A, V) Ng (T'1,A1,Y) = (2,0, Z2).

Definition 2.12. [8] Let (I, V') € S(U). Then; a s-topology 7 on (I', V) is a family
of s-subsets of (I', V) if

(i) (O,V), @ € 7,

(1) if (,2),(A,Y) € 7, then (Q, Z2)N(A,Y) € 7,

(#30) if (T, Vo) € 7, Vo € A; then (T, Via)aen € 7.

If 7 is a s-topology on (I', V), then (T',V,T) is called the soft topological space.
Moreover; the member of 7 is called an open s-set in (', V, 7). Then, (I, V) is said
to be closed s-set if the complement of (I', V') is open s-set.

Definition 2.13. [10] Let 7 be the collection of bs-sets over U with E. If
(i) (®,U,E),(U,®,E) € 7,
(41) the union of any number of bs-sets in 7 belong to 7,
(#i1) the intersection of finite number of bs-ets in 7 belong to 7;
then 7 is said to be a bs-topology over U and (U, 7 E, —F) is called a bs-topological
space over U.

Moreover; the members of 7 are said to be bs-open sets in U. A bs-set (T,AE)
over X is said to be a bs-closed set in X, if its bs-complemet (I, A, E)¢ belongs to
7.

Definition 2.14. [10] Let (T', A, E) € BS(U) and (X, 7, E, —F) be a bs-topological
space over X C U. (I, A, E) over X is said to be a bs-clopen set in X, if it is both
a bs-open set and a bs-closed set over X.

3. A NEw DEFINITION FOR BIPOLAR SOFT TOPOLOGY

Definition 3.1. Let (I, A, E) € BS(U). Then, a bs-topology 7 on (I';A,V) is a
family of bs-subsets of (I, A, V') if it satisfies the following properties
i) (®,U,V), (T,A, V) € 7,
ii) If (T'1,A1,Y), (T, Ao, Z) € 7, then (T'y, Ay, Y)A(T9, Ag, Z) € 7,
ii1) If (Ta, Aa, V) € 7, Yo € A; then (Ta, Ao, Va)aen € 7.

If 7 is a bs-topology on (I, A, V), then (I',A,V,7) is called the bs-topological
space.

Definition 3.2. Let (I, A, E) € BS(U). Then, if 7isa bs-topology on (I', A, V),
then the member of 7 is called an open bs-set in (I, A, V, 7).
Definition 3.3. Let (', A, V,7) be a bs-topological space and (T'1, A1, Y) C (I, A, V).

Then, (T'1, A1,Y) is said to be closed bs-set if the complement of (I'1, A1,Y") is open
bs-set.

Definition 3.4. A collection 6: of some bs-subsets of (I', A, V) is called a bs-base
for some bs-topology on (T,A, V) if

(i) (®,0,V) € B,
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(44) B (T A, V) ie. "z €T(e) and y € A(—e)”, Ve € V; there exits (K,L,Y) € ﬁ:
such that x € K(e) and y € L(—e), where Y C V,

(i60) If (T1,A1,Y), (T2,A2,Z) € B then z € I'1(e) NI'2(e) and y € Aq(—e) UAa(e),
Ve € Y N Z; there exists (I's, Az, D) C 3 such that

(T3, A3, D)C (T, Ay, Y)N(Ta, A, Z)
and "z € T's(e) and y € As(—e)”, where D CY N Z.

Theorem 3.5. Let (I', A, V, %) be a bs-topological space. B: 18 a bs-base if and only
if

(i) BCT,
(i) (M,N,Y) =

Upor sometienzres 5o s 2): (ML N,Y) € 7.

Proof. (=) (i) By Definition 3.4.

(i) Let (M, N,Y) € 7. If (M, N,Y) = (®,U, B) then (M, N,Y) = U, (K, Li, Z:).
If (M,N,Y) # (®,U,Y) then y € N(-e), Vo € M(e); there exists a bs-set
(K,L,Z) € f3 such that (K,L,Z)C(M,N,Y) and "z € K(e) and y € L(—e)”
where Z C Y then (M,N,Y) = Ufor some(K, L Z)eB(K L, 7).

(<) () (@,U,Y) = Usco(Ki, L, Z0), )

(i1) Since 7 is a bs-topology then (I, A, V)€ 7 and by (2) (I',A, V) = OB,

(iti) Let (M1, G, Y1), (Ma, G2, Ys) € B then (My,Gy,Y1), (M, Gy, Ys) € 7 since
(M, Gq,Y1)N(Mz, G2, Ys) € 7 then by (i7)

(M1, G1,Y1)N(Ma, G2, Ys) =

U (K,L, 7).
for some(K,L,Z)ef

Then for e € Yy NYs that (K, L, Z)C(My,Gq,Y1)A(My, Gy, Yz) and "z € K(e) and
y € L(—e)” where Z C Y1 NY,. O

4. MAIN RESULTS

Definition 4.1. Let (Fl,Al, V), (FQ, AQ, Y) € BS(U) Then, (F17A1, V)X(F27A27Y) =

(Q,0,V xY) is the cartesian product of (I';,A1,V) and (I'z,As,Y), such that
(vy) eVxY, Q:VxY = PUxU)and (—v,7y) € 2V x-Y,0: -V xY —
P(U x U) where Q(v,y) =T'1(v) x T'a(y) = {(hi, hj) : hy € T1(v),h; € T2(y)} and
O(=w, 7y) = A (=0) x Ag(my) = {(ti, ) : ti € Ai(-0), ¢ € Aa(—y)}-

Definition 4.2. Let (I'y,A1,V),(T2,A2,Y) € BS(U). Then, a bs-set relation
R from (I'1,A1,V) to (g, A,Y) is a bs-subset of (I'1,A,V) x (g, A,Y). In
other words, a bs-set relation R from (I'y,A;, V) to (T'y,Ag,Y) is of the form R =
(©1,01,85) where S C V x Y and Qi1(v,y) = Qv,y), O1(-w,~y) = UB(-w,y),
V(v,y) € S where (Q,U,V xY)=(T1,A1,V) x (T2, A2,Y).

Definition 4.3. Let (I',A,V) € BS(U) and R be a bs-set relation on (T',A, V),
then

(1) R is called reflexive if Q;(v,v) € R, O1(-w, ) € R;YveV. .

(2) R is called symmetric if Q;(v,y) € R = Q(y,v) € R, U1(~v,~y) € R =
Ul(—:y, -w) € R; Y,y e V. ) ) )

(3) Ris called transitive if Q1 (v,y) € R, Qi (y,2) € R= N (v,2) € R, G1(-w,—2) €

R, Uy(—y,—z) € R= Uy (—w,~z2) € R; Yu,y,z € V.
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Definition 4.4. Let (I';A,V) € BS(U) and the a binary bs-set relation R on
(T, A, V) is called an antisymmetric relation if I'(v) x I'(y) € R, T'(y) x T'(v) € R,
A(—v)xA(—y) € Rand A(—y)xA(—w) € R, VT'(v),T'(y) € (T, A) and A(—w), A(—y) €
(A, —A) imply T'(y) = T'(v) and A(—v) = A(—y).

Definition 4.5. Let (I',A,V) € BS(U) and the a binary bs-set relation < on
(T', A, V) which is reflexive, transitive and antisymmetric is called a partial ordering
on a bs-set (I'; A, V). The quadruple (T, A, V, <) is called a partially ordered bs-set.

Definition 4.6. Let (I'yA,V) € BS(U) and < be an ordering of (I',A,V) and
(T(v), A(—w)), (T'(y), A(—y)) be any two elements in (I', A, V). If "T'(v) < T'(y) and
A(—y) < A(—w)” or "T'(y) < T'(v) and A(—w) < A(—y)” then (I'(v), A(—w)) and
(T'(y), A(—y)) are comparable in the ordering. If they are not comparable, then
(T'(v), A(—w)) and (I'(y), A(—y)) are incomparable.

Definition 4.7. Let (I'A,Y) € BS(U). Then, if (T, A, Y, <) is a partially ordered
bs-set then,

o — o~ —

a) For y € Y3 if T(y) < T(8), A(=8) < A(~y), VA € ¥ then (T (y), A(~y)) is the
least element of (', A,Y") in the ordering ”?<”.

b) For y € Y; if there exists no 8 € Y such that "I'(8) < I'(y) and A(—y) <
A(=B)” and "T'(B) # I'(y) and A(—y) # A(=8)”, then (I'(y), A(—y)) is a minimal
element of (I', A,Y) in the ordering 7 <”.

a') Fory e Y; if A(—

y) < A(=B), VB € Y I'(8) < T'(y); then (I'(y), A(—y)) is the
greatest element of (T, A, n

Y) in the ordering " <”.

b') For y € Y; if there exists no 8 € Y such that "T'(y) < T'(8) and A(—=8) <
A(—y)” and ”F(ﬁ) # T'(y) and A(—f8) # A(—y)”, then (I'(y), A(—y)) is a maximal
element of (I, A,Y) in the ordering ”<”.

Definition 4.8. Let (I'1, A1, V), (T2, A2,Y) € BS(U), < be an ordering of (I'y, A1, V)
and (FQ, AQ, Y) Q (Fl, Al, V)

a) For v € V, (T'1(v),A1(—w)) is a lower bound of (I'2, A2,Y’) in the partially
ordered bs-set (I'1, A1, V, <) if T'1(v) < Ty(B) and Ax(—8) < A1(-w); VB €Y.

b) For v € V, (T'1(v), A1(—v)) is called infimum of (T2, A2,Y) in (I'1, A, V, <) if
it is the greatest element of the set of all lower bounds of the bs-subset (I'2, A2, Y)
in (Fla Ala ‘/7 S)

Similarly,

a') For v € V, (I'1(v), A1(—v)) is an upper bound of (I'y, A2,Y) in the partially
ordered bs-set (I'1, A1, V, <) if To(B) <T1(v), A1(—w) < Aa(—p); VB € Y.

b)) Forv eV, (T'1(v), A1(—w)) is called supremum of (I's, Ao, Y) in (I'y, Ay, V, <)
if it is the least element of the set of all upper bounds of the s-subset (I'z, A2,Y) in
(I'1, A, V, ).
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4.1. Bipolar Soft Intervals.

Definition 4.9. Let (I',A, V) € BS(U) and R be a bs-set relation on (I', A, V). If
for nov € V, I'(v) and A(-w) the s-set relation I'(v) RT'(v) and A(-v)RA(-v) hold,
the bs-set relation R is called nonreflexive.

Definition 4.10. Let (I',A,V) € BS(U) and a bs-set relation R on (I',A,V) is
called simple order bs-set relation if it is comparable, nonreflexive and transitive.
(T, A, V) is called a simple ordered bs-set a the simple order bs-set relation R.

Definition 4.11. Let < be a bs-set relation on (T', A, V'), then restriction of a bs-
set relation < to a bs-subset (T'1, A1,Y) is defined as follows:

We denote 'y (v) <, a,,v) T'i(y) and Ai(=y) <(r,,a,,y) Ai1(—0): if and only if
I'(v) <T(y) and A(—y) < A(—w); Yu,y € B.

Example 4.12. Let V = {my, ma, m3} be a parameter set and U = {uy, us, us, ug, us, ug
be a universe set. I'(mq1) = {u1}, T'(ma2) = {ug,uq,us}, T'(mg) = {uz} A(-mq) =
{us,uat, A(=mo) = {u1,us}, A(=ms) = {u2}; Y = {mi,ma}, T'1(m1) = {wi},
Fl(mg) = {UQ7U4}, Al(_‘ml) = {U4}, Al(_\mg) = {ul}. Then (Fl,AhY) g
(T, A, V).

_ { A ['(my) x I'(mg), I'(mgz) x T'(ms), }

<
=(TA.V) —m1) x A(—=mg), A(=ms) x A(—ms)

(u1,uz2), (ur,ua), (ur, us), (uz, us), (ua, us), (us, us),

- { (uz,u1), (us, us), (ua, u1), (ua, us), (u1,uz), (us, uz) }
Then <r, = { om0} = (), o). G, ).

—-ma 1(—|m2

Definition 4.13. Assume that (I’ A, V) is a bs-set having a simple order bs-set
relation < and (I'(v), A(—v)) and (I'(y), A(—y)) be elements of (I', A, V') such that
I'(v) < T'(y) and A(—y) < A(—w). Then we can define following four bs-subsets of
(T', A, V) which are called bs-intervals (respectively; bs-closed interval, bs-half open
intervals, bs-open interval) determined by (I'(v), A(—w)) and (T'(y), A(—y)):

a) bs-Open Interval: The bs-open interval is a bs-subset (I';, A1,Y) of (I', A, V)
where "Y; = {z : T(v) < T(z) < T(y)} and Y5 = {—ax : A(-y) < A(—z) < A(—w)}”,
"T'y =Ty and Ay = Aly” and denoted by (I'(v),I'(y)) = {T'(z) : T'(v) < T'(z) <
[(y)} and (A(=y), A=) = {A(-2) : A(-y) < A(=z) < A(-0))

b) bs-Half Open Interval:

(1) The bs-open interval is a bs-subset (I'y,A1,Y) of (T',A,V) where B

=
{z : T(v) < T(z) < T(y) or T(z) = T'(y)} and Yo = {—z : A(-y) < A(—z) <
A(=a) or A(—z) = A(—y)}, Ty =Ty and Ay = Aly” denoted by (I'(v),['(y)] =
{I'(z) : T'(v) < I'(z) < I'(y) or I'(z) = I'(y)} and (A(~y),A(-v)] = {A(~z) :

A(=y) < A(=2) < A(=v) or A(~a) = A=)} -

(#4) The bs-open interval is a bs-subset (I'1,A1,Y) of (I'A,V) where Yy
{z : T(v) < T(z) < T(y) or T'(z) = T'(v)} and Yo = {—-z : (—|y) < A(—x)
A(—w) or A(—z) = A(—w)}, "'y =T'|y and A; = A]y” and denoted by [I'(v),'(y))

A
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{T(z) : T(v) < T(z) < L(y) or T'(z) = L(v)} and [A(=y), A(-v)) = {A(-z) :
A(my) < A=) < A(-w) or A(z) = A(-0)}

d) bs-Closed Interval: The bs-open interval is a bs-subset (I'1, A1, Y") of (T, A, V)
where V7 = {x : T'(v) < I'(z) < T'(y) or I'(x) = ()orF()zF(y)}and
Yo = {~z : A(~y) < A(—z) < A(—w) or A(—z) = A(-y) or A(—z) = A(—w)},
"'y =Ty and A; = Aly” and denoted by [['(v),T'(y)] = {T'(z) : T'(v) < T'(z) <
I'(y) or '(z) = T'(v) or T'(z) = I'(y)} and [A(=y), A(=v)] = {A(=z) : A(=y) <
A(—zx) < A(—v) or A(—z) = A(—w) or A(—x) = A(—y)}.

These are the bs-intervals on an arbitrary simple ordered bs-set.

Example 4.14. Let V = {v1, va, v3, v4, v5 } be the parameter set and U = {my, ma, m3, my, ms, mg}
be the universe set. Lets define a bs-set (T', A, V) such that I'(v1) = {mq,m4},

F(’Ug) = {ml,mg,ma}, F(’Ug) = {mg,mg,mg)}, F(’U4) = {mg,mg}, F(U5) = {ml},

A("Ul) = {m2,m3}, A(—\’Ug) = {mg,m4,m5}, A(—\’Ug) = {ml,m4,m6}, A(—\’U4) =

{m1,m4}, A(—vs) = {msa} . Consider a bs-set relation on (I, A, V') defined by

D(vg) x T'(v3),'(v1) X T'(v2), [(vg) x T'(vy),
[(vg) x T'(vs),(v1) x T'(vs3),T'(vs) x T'(vy),
F(’U3) X F(’U5),F(U1) X F(a4),F(vl X F(’U5 s
<(F,A,V): F(U4) X F(U5),A(_|U3 X A(_‘UQ ,A(_"Ug) X A(_\Ul s
A(_\U4) X A(_\’Ug), A(_\’U5) X A("’Ug),A("’Ug) X A("Ul)7
A(—vyq) X A(—w3), A(—wvs5) X A(—w3), A(—vg) X A(—v1),
A(—w5) x A(—v1), A(—ws) X A(—vy)

The bs-set relation ”<” is comparable, nonreflexive, transitive so it is simple
ordered bs-set relation.

Definition 4.15. Let (I', A, V) be an simple ordered bs-set with a bs-set relation
< and (I'(v),A(—w)) be in (I'; A, V). Then there are four soft subsets of (I, A, V)
which are called bs-rays determined (I'(a), A(—v)). They are following;:

i) (T(v),*) U (x,A(-w)) = {T(z),A(-x)) : T'(v) < I'(x) and A(-z) < A(—w)}

is called bs-open ray,

it) (%,T(v)) U (A(—0),*) = {(T(x),A(—z)) : T(z) < T'(v) and A(-v) < A(—z)}
is called bs-open ray,
[ T'(v) < T'(x) ]
I'(v) =T(x)

iii) [D(v), %) U (A(=0), ] = { (D(x), A=) and is called bs-
[ A(—z) < A(—w) ]

or

A(~z) = A(—w)

closed ray,
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[ I'(z) < T(v) ]

I'(z) =T(v)

) (T(v), *] U [A(-w),*) = < (T'(z), A(—x)) : and is called bs-

[ A(—v) < A(—x) ]
A(—\v) = A(ﬂm)

closed ray.
4.2. Bipolar Soft Ordered Topology.

Theorem 4.16. Let (T',A,V) be a bs-set with a simple ordered bs-set relation;

assume that (T, A, V) has more then one element. Let B be a collection of all bs-
subsets of (T, A, V) of the following types:

(1) (@,0,V),

(2) All bs-open intervals (I'(v),T'(y)) and (A(—y), A(—w)) in (T, A, V),

(3) All bs-intervals of from [I'(vo),[(y)) and (A(—y), A(—wp)], where T'(vy) is the
least element of (I, V) and A(—wy) is the greatest element of (A, -V),

(4) All bs-intervals of the form (I'(v),T'(yo)] and [A(—yo), A(—v)), where T'(yo) is
the greatest element of (T',V') and A(yo) is the least element of (A, V).

Then the collectionﬁz is a bs-base for a bs-topology on (T, A, V).

If (T, V) has no least element or (A,—V) has no greatest element, there is no
s-sets in type (3). Moreover; if (I', V) has no greatest element or (A,—V) has no
least element, there is no s-sets in type (4).

Proof. Lets check 3 satisfies the requirements for being a bs-base given in the Def-
inition 3.4. B
(1) (®,U,V) € B,
(2) Take e € V, z € I'(e) and y € A(—e). By comparability there exists a bs-interval
(T'1,A1,B), where z € Y C V and z € T'1(e) and y € Ay (—e).
(

3) Let (I',G1,Y),(I'9,A2,2) € ﬂ:, where (T'1,A,Y) = ( (F(v),T(y)), >’

_( @), Td)),
(F27A27Z) - < (A(ﬁd%A(ﬁz)) ) Then

i _( W) Tw), V4 ( CELT@),
(F1, 61, ¥)T, 42, 2) (o ) ol aaais )
(®,0,7) (D) < () V (A(=2) < A())
(@,0.7) (D(d) < () V (A(~0) < A(~d))
(D). D) A (A~w). A=) (D) < T(w) V (Alw) < A(+2))
(D(v). T(d)) A (A(~d), A(~0)) (Do) < T(d)) V (A(~d) < A())
(D(z). D) A(A-d), A(=2))  ((T(v) < T(2)) A (Dly) < D(@))) 0
(D). D(d) A (A=) A=) (A=) < A(=)) A (A(~d) < A(-))
(D). D(d)) A (A(~d) A(~w))  ((D(z) < D)) A (D(d) < T(y))
(D), D(d)) A (A(~d). A-0) (M) < A(=2)) A (Alw) < A(~d))
(00, (@) A (A(~d), A(~)
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Example 4.17. Let V = {vy,va, v3} be a parameter set and U = {uy, ua, us, ug, us }
be a universe set. K(v1) = {u1,us}, K(vy) = {us}, K(vs) = {us, us, us};

<= _ K(’Ul) XK(’UQ),K(’UQ) XK(’Ug),K(Ul) XK(U3),
(KL, M) L(—w3) X L(vy), L(=w3) X L(—w3), L(—w3) x L(-wy) |-

Then the bs-ordered topology is;

((I) U A) [ ( ’F(UQ))’(F< U1), (UQ) 7[F(U1)7F<U3))7
. (T(v1), T'(vs)), [T (Ul)’F v3)], (T'(v2), I'(v3)), (T'(v2), I'(vs)],
7= (A(=w2), A(=vr)], (A(—w2), A(=vr)), (A(=ws), A(=v1)],
(A(ws), A(—w1)), [A(ws), A(—v )],
(A(=v3), A(—02)), [A(—vs), A(—v2))
Example 4.18. Let U = R, V = [3,00), =V = (-00,-2] and (I',A,V) be a

bs-set where I'(v) = (3,v] and A(-w) = (-w,~ — 3]; Vv € V. Lets define simple
ordered on (I',A,V) as follows: I'(v) < I'(y ) v < ye (3,0 C(3,y] and
A(my) < A(-w) & —y < w & (-w,- — 3] C (my,— — 3]. T(3) is the smallest
element and ,A(— — 2) is the biggest element, so

52 [F(%)’F( ), [A(=v), A= — %)); F(U)vr(gzlf (r,vV)

(), D ), (Ao A ) Al AL € ()
is a bs-base for the bs-ordered topology on (I', A, V).

Example 4.19. Let U = (—o0,—1] U [1,00) be the initial universe and V' = Z~
be the parameter set and =V = Z*, let (I, A, V) be a bs-set, defined by (I',V) =
{T'(v) = (v,-1] : v € V} and (A, V) = {A(—w) = (—wv,-1] : =v € =V }. Consider
the bs-set relation < on (I', A, V'), which is defined by I'(v) < T'(y) < v < y and
A(—y) < A(—w) : &y <wv. (I',A,V) is a simple ordered bs-set with the relation <.
By examining the bs-subsets of (I', A, V'), F(—1) is the biggest element and A(—1) is
the smallest element . 3 = {(I'(v), T(—=1)], (T'(v),T(y)), [A(=1), A(=v)), (A(=y), A(—v)) :
I'(v),I(y) € (T,V) and A(-wv), A(—y) € (A,=V)} is a base for the bs-ordered topol-
ogy.

Definition 4.20. Let (T, A,V ;) be a bs-topological space and BS be a collection
of nonnull bs-open subsets of (I, A, V). If finite intersection of the elements of BS

is a base for 7 then BS is called bs-subbase, ie.;

5}619 ={Njes(Y;,5;,V;) : J is a finite and for all j € J,(Y;,5;,V;) € BS}

Theorem 4.21. Let (T,A,V) be a nonnull bs-set and BS be a collection of bs-
subsets of (I'; A, V). Then there exists a bs-topology on (I',A,V) which has as a
subbase BS.

Proof. Lets show that 5)328 = {Nes(Y;,5;,V;) : J is a finite and for all j €
J,(Y;,8;V;) € BS} satisfies the conditions of being a bs-base

(1) (A, V) = My (Y5,55, V) then (T, A, V) € Vs )

(2) Let (Fl,Al,Y), (FQ,AQ,B) S yB‘S = If (Fl,Al,Y)ﬁ(FQ,AQ,Y) = ((I),U,Y) =
(Flvvlay)ﬁ(FQaAQaY) = O]E@(Fj?Aj?}/j)'
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If (F17A17Y)ﬁ(F27A27Y) 7& ((I)aUaY) = since (F17A17Y) = O’?:l(}/%sia‘/i)a
(F27A27Y) = U;nzl(}/}asja‘/j)v

(T1, A1, Y)N (D2, A2, Y) = U (Vi, 85, Vi) N UL (Y5, S5, V) = U5, (Y5, 55, V).

This is finite intersection of elements of BS so in 5)63. Therefore 52[;5 is a bs-
base. O

5. CONCLUSION

The aim of this study is to give some applications by defining the concept of
bipolar soft ordered topology and to lead the studies that can be done on this
bipolar soft ordered topological structure. For this, we first gave a new concept for
the bipolar soft topology. We also established a relationship R on a bipolar soft
set by completing the concept of bipolar soft interval. Finally, thanks to R, the
concept, of bipolar soft ordered topology and some examples on this bipolar soft
ordered topology are given.
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