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Abstract. In this article, intuitionistic fuzzy binary soft topological space over two initial universal sets
and a parameter set is introduced. Further, intuitionistic fuzzy binary soft neighborhood, intuitionistic
fuzzy binary soft interior, intuitionistic fuzzy binary soft closure in an intuitionistic fuzzy binary soft
topological space is defined, and their properties are discussed.

Keywords. Intuitionistic fuzzy binary soft topological space, Intuitionistic fuzzy binary soft
neighborhood, Intuitionistic fuzzy binary soft interior, Intuitionistic fuzzy binary soft closure

Mathematics Subject Classification (2020). 03B20, 11B05, 03E72, 94D05

Copyright © 2025 Vyshakha Elluru, Bhadramma M. Angadi and P. G. Patil. This is an open access article distributed
under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

1. Introduction

While dealing with the real-world problems, the data or the information associated with the
problem is vague. To deal with such uncertainty, Zadeh [17] proposed the concept of fuzzy
sets. Using the concept of fuzzy sets, Chang [4] introduced the idea of fuzzy topological space.
intuitionistic fuzzy sets (IFS) are the extension of fuzzy sets proposed by Atanassov [2]. Coker [5]
introduced the idea of intuitionistic fuzzy topological spaces (IFTS) using the idea of IF'S.

Parametrization of the sets were done by Moldtsov [9] in 1999 and defined it as soft sets.
More results and properties on soft sets were discussed by Maji et al. [7]. Soft topological spaces
were initiated by Shabir and Naz [13] in 2011. Tanay and Kandemir [15] studied the fuzzy soft
topological spaces (FSTS). The idea of intuitionistic fuzzy soft topological spaces (IFSTS) was
studied by Li and Cui [6].
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Ackigoz and Tas [1] introduced the idea of binary soft sets (BSS). In 2016, using the idea
of BSS, Benchalli et al. [3]] studied the Binary Soft Topological Spaces (BSTS). Further, Patil
and Bhat [10] contributed towards the theory of BSTS. Metlida and Subhashini [8] defined
the fuzzy binary soft sets (FBSS) over two universal sets and a fixed parameter set. Patil et
al. [11] gives the application of FBSS. Combining the IFS with FBSS is done by Sivasankari
and Subhashini [[14] and defined it as intuitionistic fuzzy binary soft sets (IFBST) in 2023.

In this article, intuitionistic fuzzy binary soft topological spaces IFBSTS) using IFBSSs is
defined. Further, IFBS neighborhood, IFBS interior and IFBS closure in a IFBSTS is defined,
and their properties are discussed.

2. Preliminaries
Definition 2.1 ([[17]). Let X be a universal set and A be a function defined by
A:X —[0,1]or ux : X —[0,1].
Then, the set A ={(x,A(x))|x € X} is called a fuzzy subset of X.

Definition 2.2 ([2]). An intuitionistic fuzzy set (IFS) A on universe X can be defined as follows:
A ={{x,pa(x),va(x)) | x € X},

where g : X —[0,1] and vy : X — [0,1] with the property: 0 < pa(x)+va(x) <1 (V x € X).
The values pa(x) and v4(x) denotes the degree of membership and non-membership of x to A,
respectively.

Definition 2.3 ([9]). A pair (&, &) is called a soft set over a universal set U if F' is a mapping of
E, a set of parameters into the set of all subsets of set U.

F:&—-P).
Definition 2.4 ([12]). Let P(W)be the set of fuzzy subsets of U, a pair (F,.4) is called a fuzzy
soft set over U, where P(U) is a mapping given by,

F:A—PW.
A fuzzy soft set (FSS) is a mapping from parameters to P(U).
Definition 2.5 ([16]]). Let U be an initial universe, £ be a set of parameters and IFS(U) denotes

the intuitionistic fuzzy power set of U and A < €. A pair (F,A) is called an intuitionistic fuzzy
soft set (IFSS) over U, where J is a mapping given by,

F: A—-TIFS(U).
Definition 2.6 ([[1]]). Let U; and Us be two universal sets. E be a set of parameters, A € E.
Let J be a function defined by

F:A—-PUp) xP(Usy).
Then, the set (F,.A) is binary soft set over U; and Us.
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Definition 2.7 ([8]]). Let U; and Uy be two universal sets, € be the set of parameters, and A < €.
Let F be a function defined by

F:A—P(Uy) x P(Us),

where P(U;) and P(Uy) are a set of all fuzzy sets of U; and Uy, respectively. Then, (F,.A) is
fuzzy binary soft set over U; and Us.

Definition 2.8 ([14]). Let U; and Uy be two universal sets, & be the set of parameters, and
A c &. Let F be a function defined by

F:A—PUy) x P(Uy),

where P(U;) and P(Uy) are a set of all intuitionistic fuzzy sets of U; and Us, respectively. Then,
(&,A) is intuitionistic fuzzy binary soft set over U; and Us.

3. Intuitionistic Fuzzy Binary Soft Sets

Definition 3.1. Let 7 be the collection of IFBSSs over U; and Uy. Then,  is said to be
intuitionistic fuzzy binary soft (IFBS) topology on U1, Us if the following conditions are hold:
(i) 0,A €t
(ii) the union of any members of 7 belongs to 7,
(iii) the intersection of any two members of 7 belongs to 7.
Then, (U, Us, T, ) is called IFBS topological space.

Definition 3.2. Let (U;,Us,T, &) be IFBSTS on U;,Us. Then, the members of T are called
intuitionistic fuzzy binary soft open sets (IFBSOS) in U1, Us.

Definition 3.3. Let (U;,Us, 7, €) be IFBSTS on U;,Us. Then, the member of %, (7, &) is said
to be intuitionistic fuzzy binary soft closed set (IFBSCS) in U1, Us, if it is relative complement
belongs to 7.

Definition 3.4. Let (U;,Us,T,&) be IFBSTS on U;,Us, where 7 = {O:,j}. Then, T is called
indiscrete topology and (U1,Usg, 7, €) is called indiscrete IFbSTS.

Definition 3.5. Let U1,Us be two initial universal sets and € be a set of parameters. Let T be
the collection of all IFBSSs over U1,Us. Then, 7 is called discrete topology and (U1, Us, T, &) is
called IFBS discrete topological space.

Example 3.6. Let U; ={a1,as, a3}, Uz ={B1, B2, B3}, € ={e1,ea}. Let (F1,E), (Fg,&) and (F3,E)
be three IFBSSs over U1, Uy defined as

(J1,€) ={(e1,({{a1,0.6,0.3),(ag,0.5,0.4),(as3,0.8,0.1)},{(B1,0.5,0.4),(B2,0.6,0.3),(B3,0.6,0.3)})),
(e2,({(a1,0.8,0.1),(a2,0.5,0.3),¢(a3,0.6,0.3)},{(f1,0.6,0.4),(B2,0.7,0.2),(f3,0.8,0.2)}))},

(F2,8)={(e1,({{a1,0.7,0.3),(a2,0.6,0.3),(a3,0.9,0.1)},{(B1,0.6,0.3),(B2,0.7,0.2),(B3,0.7,0.2)})),
(e2,({{@1,0.9,0),(a2,0.7,0.1),(a3,0.8,0.1)},{(f1,0.8,0.2),(H2,0.9,0),(Pf3,0.9,0.1)H)},

(F3,E)={(e1,({(a1,0.8,0.2),(ag,0.6,0.2),(as,0.9,0.1)},{(B1,0.7,0.2),(B2,0.7,0.1),(B3,0.9,0.1)})),
(e2,({{a1,1,0),{az2,0.9,0),(a3,0.9,0)},{(B1,0.8,0.2),(B2,0.9,0), (B3, 1,00}
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Then, #={0,A,(F1,&),(F2,E),(F3, )} is IFBS topology on Uy, Us.
0,A,(F1,8),(Fs,8),(Fs, ) are IFBS open sets.
0,A,(F1,8)C,(F9,8)C,(F5,8)C are IFBS closed sets.

Remark 3.7. Let (U, Us, T, &) and (Uq,Us, 7, E) be two IFBSTSs over U;,Us. Then, (U, Us, T U
#',E) need not be IFBSTS over U;,Us. Example supports this statement.

Example 3.8. Let Uj = {a1, as}, Us = {B1, Ba}, & ={e1,ea}. Let =10, A,(F1,E),(F2,E),(F3,E)} be
IFBS topology on U;,Us, where

(F1,8)=1{(e1,{{a1,0.6,0.4), (as,0.5,0.4)},{(B1,0.5,0.4), (B2,0.6,0.3)}))
(e2,({{1,0.8,0.1),(a2,0.5,0.3)},{(f1,0.6,0.4),(f2,0.7,0.2)))},

(F2,8)={(e1,({{a1,0.7,0.3),{az2,0.6,0.3)},{(f1,0.6,0.3),(f2,0.7,0.2)}))
(e2,{{a1,0.9,0),(a@2,0.7,0.1)},{(f1,0.8,0.2),(B2,0.9,0)))},

(F3,8)={(e1,({{a1,0.8,0.2),{as,0.6,0.2)},{(S1,0.7,0.2),{B2,0.7,0.1)}))
(e2,({{a1,1,0),{a2,0.9,0)},{(B1,0.8,0.2),(fB2,0.9,0)))}.

Let 7= {O:,K,(?’ ,E),(F1,8),(FL, E)} be another IFBS topology on U1, Us, where

(F1,8) ={(e1,{{a1,0.5,0.3),(as,0.6,0.3)},{(f1,0.6,0.3),(B2,0.5,0.4)}))
(e2,{{a1,0.7,0.2), (a2,0.6,0.2)},{(B1,0.7,0.2),(fB2,0.6,0.3) )},

(F,,8)={(e1,({{a1,0.6,0.4), (as,0.6,0.3)},{(B1,0.7,0.2),(fB2,0.6,0.3)}))
(e2,({(@1,0.8,0.1),(@2,0.7,0.1)},{(B1,0.8,0.1),(f2,0.7,0.2)))},

(F%,8)=1{(e1,{{a1,0.7,0.3), (as,0.6,0.3)},{(B1,0.8,0.1), (B2,0.7,0.2)}))
(e2,({{@1,0.7,0.3),(@2,0.6,0.3)},{(61,0.9,0),(B2,0.8,0.2)}))}.

Now U ={0,4,(51,8),(92,8),(53,8),(S4,8),(S5,8),(S6,),(57,€),(Gs, €), (G, )}, where
(G1,&) =1{(e1,({{@1,0.6,0.4), {(a2,0.6,0.3)},{(B1,0.6,0.3), (B2,0.6,0.3)}))
(e2,({(@1,0.8,0.1),(a2,0.6,0.2)},{(f1,0.7,0.2),(f2,0.7,0.2)H)},
(Ge,&) ={(e1,({{@1,0.6,0.4),(az,0.6,0.3)},{(B1,0.7,0.2), (B2,0.6,0.3)}))
(e2,({{a1,0.8,0.1),(a2,0.7,0.1)},{(f1,0.8,0.1),{B2,0.7,0.2)}))},
(93, &) ={(e1,({{@1,0.7,0.3), {@2,0.6,0.3)},{(B1,0.8,0.1),(B2,0.7,0.2)}))
(e2,({(a1,0.8,0.1),(as,0.8,0.1)},{(B1,0.9,0),{B2,0.8,0.2)H)},
(G4, &) ={(e1,({{@1,0.7,0.3),(@2,0.6,0.3)},{(B1,0.6,0.3),(B2,0.7,0.2)}))
(e2,({{a1,0.9,0),(@2,0.7,0.1)},{(B1,0.8,0.2),{B2,0.9,0)))},
(G5, &) ={(e1,({{@1,0.7,0.3), {@2,0.6,0.3)},{(B1,0.7,0.2),{B2,0.7,0.2)}))
(e2,({(@1,0.9,0),(a2,0.7,0.1)},{¢61,0.8,0.1),{f2,0.9,0)))},
(Ge, &) ={(e1,({{@1,0.7,0.3),(a2,0.6,0.3)},{(f1,0.8,0.1),(B2,0.7,0.2)}))
(e2,({{a1,0.9,0),(a2,0.8,0.1)},{(B1,0.9,0),(B2,0.9,0)))},
(G7,€) ={(e1,({{@1,0.8,0.2),(a2,0.6,0.2)},{(f1,0.7,0.2),(f2,0.7,0.1)}))
(e2,({{@1,1,0),(a2,0.9,0},{(f1,0.8,0.2),(B2,0.9,0)))},
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(Gs, &) ={(e1,({{@1,0.8,0.2),(@2,0.6,0.2)},{(B1,0.7,0.2),(B2,0.7,0.1)}))
(e2,({{a1,1,0),(a2,0.9,0)},{(B1,0.8,0.2),(B2,0.9,0)))},

(S9, &) ={(e1,({{@1,0.8,0.2), {@2,0.6,0.2)},{(B1,0.8,0.1),{B2,0.7,0.1)}))
(eg,({{@1,1,0),(a2,0.9,0)},{(B1,0.9,0),(B2,0.9,0)N)},

(G2,8)N(G4,E)={(e1,({(a1,0.6,0.4),(a2,0.6,0.3)},{(f1,0.6,0.3),(B2,0.6,0.3)}))
(e2,({{a1,0.8,0.1),(a2,0.7,0.1)},{{B1,0.8,0.2),(B2,0.7,0.2)}))}.
Here, (G2, €),(G4,8) € T1 UTo. But, (G9,E) N (G4, E) ¢ T1 U Ta.
However, 71 N Ty is IFBS topology.

Theorem 3.9. Let 71 and T2 be IFBS topology on Ui, Us. Then, 71N 7o is IFBS topology on
Uy, Us.

Proof. Let 71 and 75 be IFBS topology on Ug,Us.

>

(i) 0,Acf and 0,A€ %,
= O,

2

5 Qu

ﬁ>u
=
2

€1:'1

(i1) Let {(F;,E)i € I} be family of IFBSSs in 1Nty
= (3‘},8)6‘1’11 and (?i,g)E‘l?g
= U(F;,8) ety and Ujer(F;,E) e Ty
1el
== U(?i,S)E‘flﬁ‘?g
1el
(iii) Let (F,€),(G,¢&) be any two IFBSSs in 71 N Tg
= (5,8),(5,8)eT1 and (F,£),(G,8) e Ty
= (F,8)n(5,&)e T and (F,E)N(G,E) e o
= (?,8)0(9:8)€‘f’1ﬂ‘tz’2.

Hence, from Definition [3.1], 71 N ¥5 is IFBS topology on U, Us. O

Definition 3.10. Let (U1, Us, 7,E) be IFBSTS over U;,Us. Then, an IFBSS (7, &) over Ui, Us
is called neighborhood of IFBSS (G, &) over Uj,Us if there exists (H, &) € T such that (G,&) <
(H, &)< (F,8&).

Definition 3.11. Let (U1,Us, T, &) be IFBSTS over Ui, Us. Let (F,€) and (G, £) be IFBSSs over
U1,Ug such that (G,E) < (F,E). Then, (G,E) is called IFBS interior set of (F,&) if and only if
(&, &) is neighborhood of (G, &).

The union of all IFBS interior sets of (F, &) is called interior of (F, ) and denoted by (F, E)°.

Theorem 3.12. Let (U1, Us, 7, E) be IFBSTS over Ui,Us and (F,E) be IFBSS over Uy, Us. Then,
(a) (F,€)° is an IFBS open set and (F,E)° is the largest IFBS subset contained in (F,&).
(b) The IFBSS (F,€) is IFBS open if and only if (F,8)=(F,&)°.
(c) If (F,€)<(G,&). Then, (F,£)° <(G,&)°.
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Proof. (a) (F,8)° =u{(G,E)(F,E) is neighborhood of (G, £)}.

Clearly, (F,€)° is the IFBS interior set of (F,&). Hence, there exists an IFBSS (H,€)e
such that (F,8)° < (H, &) < (F,E).

But (H, &) is IFBS interior set of (F, ).
Therefore, (H,&) < (F,E)°
= (F,8)°=(H,E).
Hence, (F,£)° is open and largest open set contained in (F, &).
(b) Let (F,E&) be IFBS open set.
(F,E) <= (F,8). 3.1
But (F,€)° is the largest subset contained in (F,E).
From eq. B.1), (F,&) = (F,£)° =(F,€&)
= (5,8)=(,&)°.
Conversely, suppose (F,E) =(F,E°). Since, (F,E)° is an IFBS open set, (F,£) is an IFBS

open set.
(c) Let (F,E)<(G,€). Then, (F,£)° <(G,E). But (G,E)° is the largest open set contained in
(G, &). It follows that, (F,€)° < (G, €)°. O

Definition 3.13. Let (U1, Us, 7, ) be IFBSTS over Ui, Us. Let (7, &) be an IFBSSs over Ui, Us.
Then, IFBS closure of (F, £) is denoted by (&, ) and is defined as intersection of all IFBS closed
sets containing (¥, €). Thus, (&, ) is smallest subset containing (F, ).

Theorem 3.14. Let (U;,Us,7,E) be IFBSTS over Ui,Us. Let (F,€) and (S, E) be IFBSSs over
U1, Us. Then,

(a) (3’,—8) is IFBS closed set containing (F,¢&),

(b) (F,8&) is IFBS closed set if and only if (F,&)=(F, &),

(¢) if (F,€) (G, &). Then, (F,€)< (S, 8).

Proof. (a) Let {(F;,E)/i € I} be the collection of IFBS closed sets containing (F, &).
(F,8)=n;c1(F;,8) = (F,8)is IFBS close set.
Clearly (F,8)<(F;,E), Viel
= (5,8)<(T,0.
Thus, @ IFBS closed set containing (&, ).

(b) Let (F,€&) be IFBS closed set
(F,8) < (T,8). (3.2)
But @ is the smallest subset containing (F,&).
From eq. (3.2), (F,&) = (F,8) =(F,&). Hence, (F,8)=(F,&).
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(¢) Let (F,E)<=(G,E). Then, (F,£) < (G, E). But (F, ) is the smallest IFBS closed set containing
(7,€&). It follows that, (F,&) < (G, &). O
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