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Abstract:

The neutrosophic set is mathematical tool for
dealing with uncertain. In this paper, we
extend it further by introducing the definition
of a SB-bipolar interval neutrosophic set.
Mathematical operations such as complement,
union, and intersection are developed for these
sets. Theorems related to SB-bipolar interval
neutrosophic set are also proved.
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1. Introduction:

In1965 Zadeh defined the novel concept of fuzzy set as a constructive tool which used
widely in many applications involving uncertainty. (Atanassov 1986) extended the idea of fuzzy
set theory to the intuitionistic fuzzy set, during which every element has both a membership
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degree and a non-membership degree. It’s obvious that intuitionistic fuzzy sets are more useful
than fuzzy set and complex bipolar fuzzy sets and multi q-fuzzy set (Fatma & Hassan
2016,2019, Fatma. & Basma 2023, Gulistan et al., 2021) theory to deal the varied sorts of
uncertainty model. (Smarandache 1999, Abdulkadhim et al., 2022) defined the notion of
neutrosophic set as novel mathematical framework which generalizes the concept of classical
sets, fuzzy sets and interval valued fuzzy sets. Moreover, (Turksen 1986, Das et. al, 2020)
extended the theory of neutrosophic fuzzy set and applied these theories in practical problems.
Neutrosophic sets handle the indeterminate and inconsistent information that exists commonly
in our daily life. In recent years, there have been an increasing number of studies on extended
neutrosophic to algebraic theory. Based on these idea, (Wang et al., 2010) studied single-valued
neutrosophic sets in order to use them in scientific and engineering fields that give an additional
possibility to represent uncertainty, incomplete, imprecise, and inconsistent data. On other
hand, (Wang et al., 2005), further the research on neutrosophic and define a new concept of
interval neutrosophic to be used on interval neutrosophic theory. The hybrid of of interval fuzzy
set and neutrosophic sets models was studied by (Lee 2000, Saad ef al., 2022). The aim of this
paper is to develop a mathematical tool to solve uncertainty problem, namely SB-bipolar
interval neutrosophic set which is a combination of interval fuzzy set, fuzzy set and bipolar
interval neutrosophic set as a generalization of neutrosophic set. This set theory provides a
bipolar interval-based membership structure to handle the SB-neutrosophic data.

2. Preliminaries:

In this section we recall the definition and basic operations on neutrosophic set and interval
neutrosophic set.

1.2. Definition (Smarandache 1999). A neutrosophic set B on U isB=<
Tg (%), [5(x), Fg(x) >;x € U, where Tg(x),I15(x),Fg(x):B—>]-0,1*[ and -0 <
Tp(x), [g(x), Fg(x)<n3™.

2.2.Definition (Smarandache 1999). Let N;and N, be two neutrosophic sets on E.  Then,

1—-N; NN, =< min (TN1 (%), Ty, (X)) , max (IN1 (%), Iy, (X)),max (Fl\h (%), Fy, (X)) >,
2 — N, UN, =< max (TNl(x),TNZ (x)) , min (INl(x), Iy, (x)) min (FNl(x), Fy, (x)) >.
3.2.Definition (Delia et al.,2015)The bipolar neutrosophic set B on U is

B=<Tg"(®),I57(%),Fg* (%), Tg (%), 13~ (%), Fg~(x) >;x € U} where
Tg " (%), Ig7 (%), Fg " (3):B — [0, 1] and T~ (%), 15~ (%), Fg~(x): B - [—1,0].

The positive membership degree Tg*(x),Iz* (%), Fz™ (%) denotes the truth membership,
indeterminate membership and false membership of an element x € U corresponding to a
bipolar neutrosophic set A and the negative membership degree Ty~ (%), Iz~ (%), Fg~ (x) denotes
the truth membership, indeterminate membership and false membership of an element x € U to
some implicit counter-property corresponding to a bipolar neutrosophic set B.
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4.2.Definition (Wang et al., 2005).An interval value neutrosophic set (IVN-sets) A in U is
characterized by truth-membership function Tg, a indeterminacy-membership function Ig and
a falsity-membership function Fg. For each point x € U; Tg(x), Iz(x), Fg(x) < [0,1].

5.2.Definition (Satya Narayana et al., 2023). Let K be a non-empty set. An SB-neutrosophic set
(SB-NSS) in K is a structure of the form

N =<, 6:(8), a;(8), ae(£): LeK >, where a; and oy are fuzzy set in K; which are called a
degree of indeterminacy and degree of non-membership, respectively. d; is an interval value
fuzzy set in K, which is called an interval valued degree of membership.

3. SB-Bipolar Interval Neutrosophic Set:

With some examples and results, we give the concept of SB-bipolar interval neutrosophic
set.

1.3. Definition Let U be a non-empty set. An SB-bipolar interval neutrosophic set (SB-
BINSS ) in U is a structure of the form

By, =< G [[6:(9)", @ (9] [a(D)', 2 (11", [0 (O, aa (D], [ (D), o, (O)¥],

[[2(9)", ()], [2,(O)", & (DM]7, [ (D", ea(D*]7, (D', (O] : el >,

where oci+,0ci‘,ocf+, as":J —> [0,1]are fuzzy set in U; which are called a degree of
indeterminacy and degree of non-membership, respectively.

a.", o :U - [—0,—1]is an interval value fuzzy set in U, which is called an interval valued
degree of membership.

Example Let U = {u, u,} be the universe of discourse where u, is characterises the shape,
u, indicates the weight of the objects. It may be further assumed that the values of u; and u,
are subset of [0, 1] and they are obtained from an expert person. The expert construct an SB-
bipolar interval neutrosophic set the characteristics of the objects according to by membership
function o *, 07, af+, ay~and non-membership function ’oit+, a; , as follows;

Ng; = {uy,[[0.1,0.3],[0.5,0.7]]*,[0.3,0.5]*, [0,0.4]*, [[—0.3, —0.1],
[—0.7,—0.5]]", [-0.5,—0.2]~, [-0.2, —0.1]", u,, [[0.1,0.2], [0.4,0.7]]",
[0.3,0.4]*,[0,0.3]*, [[-0.1,—0.1],[-0.7,—0.5]], [-0.5, —0.2] 7, [-0.2, —=0.1] " }.

2.3. Definition Let B be an SB-bipolar interval neutrosophic set. Then for all u € U,
1. B is empty, denoted by:

Q);\IBI = {u' [[0,0], [O' 0]]+' [1’1]+' [1'1]+' [[_O’ _0]1 [_0' _0]]_1 [_11 _1]_1 [_1' _1]_: ue
U}

2. Bis universal denoted by:
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N}E‘%I = {u' [[1'1]7 [17 1]]+) [0,0]+, [0,0]+, [[_1; _1]) [_1' _1]]_' [_0' _O]_' [_0' _0]_: u €
U}.

3. The complement of B is denoted by B and is defined by:
B={[[1-aw"1-aw"][1-a&Ww,1-a&w"]*][1 - o1 —o@"]*, [1-
ar(W', 1 — % [[1 — &' 1 - &), [1 - %W, 1 - &1 — oW 1 -
o (W, [1 — ()’ 1 — o (W] ":u € Y}

3.3. Definition An SB-bipolar interval neutrosophic set B, is contained in the other SB-bipolar
interval neutrosophic set By, , such that B, € By if and only if:

By < Bog, Baa: < By, Baa: > By,

Bag, = Bag, - Ba, = By Tand B "< By, "

Example Let U = {u;, u,}.Then B,

B {ul, [[0,0.1],[0.3,0.3]],[0,0.4], [0.8,0.9], [[-0.2,0], [-0.3,—0.2]], [-0.3,—0.1], [- 0.4, 0]}
~ |uy, [[0,0.2],[0.3,0.4]], [0.1,0.3], [0,0.5], [[-0.2,0], 0.5, —0.2]],[-0.2,0], [-0.4, —0.3]

B
_b uy,[[0,0.3],[0.3,0.4]],[0,0.5], [0.5,0.7], [[-0.3,0], [-0.4, —0.2]], [- 0.4, —0.2], [- 0.4, 0]}
B {uz, [[0,0.3],[0.4,0.4]],[0.2,0.5], [0,0.5], [[-0.2,0], [- 0.6, —0.3]], [-0.3,0], [—0.2, —0.1]

are SB-bipolar interval neutrosophic set in U and B, C B;.

Thoreme LetB,and By are SB-bipolar interval neutrosophic sets. If B, € By then

B, € B,

Proof. From Definitions 3.2 and 3.3 we have, Ba@ < Bba:, take the complement of each
t

element
— 1 _ u _ 1 _ ul+
[1 Ba\at(u) ,1 Baat(u) 1, [1 Ba@t(u) ,1 Baat(u) 1%,
[1-— AZat(u)l, 1- Bbat(u)“], [1-— Bbat(u)l, 1- Bbat(u)“]+, , this implies

[1-— Bbat(u)l, 1-— Bbat(u)“]+ <[1- Ba@t(u)l, 1-— Baat(u)“]Jr, then

[1-— B%i (w1 - B%ci (W], [1 - Bbai w1 - Bbai (W17, then
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[1 = By, ()1 = By, (W* < [1— By (W),1- B, (W]

By, =B, .

[1-— Baaf(u)l,l — B%f(u)“], [1-— Bbaf(u)l, 1 - By, (W"]*, then

_ 1 _ uj+ _ _ u R R
[1— By, (W1 — By, (W']* < [1 B, 1~ By, (W ],then By, < B -

In similar way we can get

Bbat = Ba\&t , Bbai = BaOLi and B’baf < B%Lf . Since

= + _ = + =+ _ = + = +_ = +

ba, = Bag > Brg, S By, By, = By

?bat _2 Ba\&t , Bbai = BaOLi and B’baf < B%Lf , therefor
B, € B,.

Theorem 3.2. SB-bipolar interval neutrosophic set is the generalization of a bipolar cubic
fuzzy set.

Proof. Suppose that A is a SB-bipolar interval neutrosophic set. Then by setting the positive
components o; " , ot equals to zero as well as the negative components o;~ , o~ equals to
zero reduces the SB-bipolar interval neutrosophic set is the generalization of a bipolar cubic
fuzzy set.

Definition 3.4 Let B, and By, be two SB-bipolar interval neutrosophic set on U. Then,

_ . +L +L . +U +U
1— B, N By =< (|min (Bag, " By, ), min (Bag, ", Brg, "1,

t

. +L +L . +U +U +L +L
[min B%li , Bbai ), min (B‘*ai + Bbai )], [max ( B"\af , Bbaf ),
-L -L -u -u
max ( Ba«af+U’ Bbaf+U) ( [ max(B%zt , Bbat ), max(B%zt , Bbat )l

[maX(BaLai_L, Bbai_L ), maX(Baai_U, Bbai_u)], [min ( B"\af—L’ Bbaf_L) , min ( Ba, e Bbaf_U)]

>.

f

_ +L +L +U +U
2— B,U By —<([maX(Baat , By, ),max(Baat By, "),

+L +L +U +U . +L +L
[max Bqa. , Bbai ), max(BaLai , Bbai )1 [mln(B%f , Bbaf ),

; +U +U . -L -L : -uU -u
min ( B%f , B‘baf ),([mln (Baact , Bbat ), mln(Ba&t , Bbat )1
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[min (B, ™, By, ™ ), min By ™", By, "], [max (B, 7 By, ™), max( By, U, By, V)]
>,

Example 3.3. From Example 3.2 we have:

1— B, N By =<y, ([0,0.1],[0.3,0.3]), [0 ,0.4], [0.8,0.9], ([-0.2,0], [-0.3, -0.2]),

[0.3,-0.1] [—0.4,0]), ,([0,0.21,[0.3,0.4]),[0.15,0.4],[0.1,0.3],([- 0.2,-0]

[-0.5, -0.2]), [-0.2, -0], [-0.4, - 0. 3] >.

2 — B, U By =<u,([0,0.3],[0.3,0.4])[0,0.5], [0.0.5], ([-0.3,0], [-0.4,—0.2])

[—0.4,—0], [=0.4, 0], uy, ([ 0,0.3], [0.4,0.4]) , [0.2,0.5], [0,0.5], ([-0.3, -0], [-0.6,
-0.3]),[-0.35,-0],[-0.2,-0.1] >.

Theorem 3.3 Let B, and B;, be two SB-bipolar interval neutrosophic sets on U. Then B, U
By, is the largest SB-bipolar interval neutrosophic set containing both B,and By,

Proof. From Definition 3.4 we have,

L
Ba&tJ’Land Bog, " < (ByU By)y = max(Baa: ) By, )

+U +U _ +U
B and Bbat < B,V Bb)atw = max( Bf’kat~

U
, By’
a&t Tt bat )

_ *landBy, ‘b < (B, U By, = max(4y, " By, )
t(xl i at 1 1

+U +U _ +U +U
B, Vand By, U< (B, U By),+v = max (Ala, , By, )
t(xi 1 (273 i i
+L +L
) Bb(lf >;

+U +U
) Bbaf > )

B, ‘and Bbat_]‘ >B, M B, hH,

+L +L :
B, and Bbaf > min ( B,

'5!t0tf Tt o1

+U +U .
B, and Bbaf > min ( B,

'5!t0tf Gt g
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B,. Vand Bba,_U > min ( B, -, Bbai_U)'

at a4 1 i

-L -L -L -L
B, and By, " < maX(Baaf » B, ),

ataf
B _Uand By, “U< max( B Y By, “U.
¢ af %‘taf af

Therefore (B%? U By)is the largest SB-bipolar interval neutrosophic set containing
t
both B, and By,

Theorem 3.4 Let B,and By, be two SB-bipolar interval neutrosophic sets on U. Then B, N
By is the smallest SB-bipolar interval neutrosophic set containing both B, and B,

Proof. From Definition 3.4 we have,

+L +L o +L +L
Baat and Bb&t = (B%n B’b)at““ = mln( Ba‘&t , B'[)’“ ) ,

Ot

8]
B,, " and By, U > (B, N By)g+u = min(B,_ T By Y,

Ot Ot

B, ™" and By, ™" > (B, N By),+. = min( B

+L +L
Bu,, ")
qai ) ‘bai )

R

B,, " and By, *U > (B, By),+v = min B

+U +U
aoci ’ Bbai );

Aq;
B, *Land B +L<maX(B L g +L)
Ao bqf - Ao ' bo‘f !
+U +U
a‘af ! Bbo‘f ),

- _ L _
Baat Land Byg, L < rnaX(B%zt , Byg, by,

B, *Uand Bbafw < max ( B
f

_ _ -U —
B, ~and By, " <max(B, , By N1,

Az, o
-L —L -L
B, "“and By, " < max (B, " By, "),
B, VandBy, U< By, ) Bog,
aai an b(xi S max -bal
-L -L . L
B, ~“and By, " >min(B, " By, " )

Alaf_Uand Bb Y > min (A1 Bba U) Therefore (B, N By)is the largest SB-bipolar
interval neutrosophlc set containing both B, and By,
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Definition 3.5. Addition of B, and By, denoted by A;+ A,

B, "+

=< |min(B,_ *"+ By, *,1), min(B,_*" + By, *’, 1)}, [min (B,
t t i

By, 1) minBy "V + By, *Y, D], [min( By, "+ By, " 1)

Ay
- L - -U
min( B%f’LU, Bbafw)], [max( Ba&t + Bryg, L,—l), max(B +

B, _U,—l)],max(Baai_L + By, ", —1).[max (B, " + By, "M —1),

Ot i

max( B%Li_U + Bbai_U,l)], [max(B Ly B’baf_L' 1),maX(B v

Ao

-u

+ Bbaf , D] >.

Definition 3.6. Difference of B, and B, denoted by BB—“, is defined by
b

=< ([min(B L BbafJ’L),min(B U B, +U)],[max(Bq PR Bbaiw)’

a Ot a Ot ar
+U +L +L +L
max (B, o, "’ ;1= By, 1)) [max ( By o, ™", By, ™),

-L - -U -
max( BE\ af+U' Bbat+U)]' ( [max(Ba e Bbaf L)' maX(Bﬁk o B‘baf U)]p

[min ( By o™ 1= By, " ).min (B, o, 1— By, )],

[min(Bak af_L, Bb&t_L>,min(B - Bbat_u)] >,

a af
Example 3.4. From Example 3.2 1—3‘ is
i}

=< uy,[[0,0.1],[0.3,0.3]], [0,0.5], [0.5,0.7], [[—0.4,0], [- 0.4, —0.2]]
[—0.6,—0.8], [—0.4,—0.2] u,, [[0,0.2],[0,0.4]], [0.8,0.5], [0.3,0.5],
[[-0.2,—0.1], [-0.5,—0.2]],[-0.7,0], [-0.5,—0.2] >.

Definition 3.7. Scalar multiplication of B, denoted by B,,, is defined by

=< ([min(Ba&:L * a, [1,1]) , min( BaatJ’U * a,[1,1])], [min ( B, L xa ,1),

i

min B .+U *a ,1)], [min ( B

a, Lo« a, 1) , min( BaaerU xa,1)],

Ao

[max( Ba&t_L * a, [0,0]) max( Baat_U * a, [0,0])], [max ( B, " =xa ,O),

A
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-U — -
max (B%Li *a ,0)], [max ( Baocf Lxa, 0),max( B%(f Usa, 0)]>.

Example 3.5. Let U = {u,,u,} and B,

=y, [[0,0.3],[0.1,0.3]], [0,0.4], [0.6,0.9], [[—0.2,0], [-0.4, —0.2]],

[—0.5,—0.1], [-0.4,0] u,, [[0,0.1], [0.3,0.6]], [0.1,0.3], [0,0.6],

[—0.4,0],[—0.4,—0.3].

Then B,,, =

_ { uy,[[0,0.6],[0.2,0.6]], [0,0.8], [1,1], [[0,0], [0,0]], [0,0], [0,0] }
u,,[[0,0.1],[0.6,1]], [0.2,0.6], [0.2,0.6], [[0,0], [0,0]], [0,0], [0,0])°

Definition 3.8 Truth-Favorite of B, , denoted by AB,, is defined by

_ : +L +L . +U +U
=< ([mln(B%t + Bf&ai ,1), rnm(Bak(,it + B&ai , D],

[0,0], [B%af-i_ll ) Bq +U]’ ( [maX( Baat_L + Ba‘ai—L, _1) )

af

-U -U -L -U
max(B%t + B%ﬁ ,—1)],[-0,-0], [B%lf , B%f D >.

Definition 3.9 False -Favorite of B,, denoted by V B,, is defined by

_ +L +U . +L +L . +U
_<[B%  Ba, "] [0.0], min(B,, " + B, **,1) min(B,

K

+8, "1 By, " By, ,[-0,~0], max(B, ™" + B, ', ~1)

3G Ay

1

Uy Baai‘u,—l)] >.

max(Bqaf
Example 3.6. Let U = {u;,u,}.Then B,

= {uy, ([[0,0.2],[0.2,0.3]], [0,0.4],[0.7,0.9], [[-0.2, —0], [—0.3, —0.2]],
[—0.3,—0.1], [—0.4,0]), u,, [[0,0.2], [0.3,0.4]], [0.1,0.3], [0,0.5], [[— 0.2, —0],
[-0.5,—0.2]], [-0.2,—0], [—0.4, —0.3])}.

Then

A B, = {uy, [[min(0 + 0,1), min(0.2 + 0.4,1)], [min(0.2 + 0,1), min(0.3
+0.4),1)]] [0,0],[0.7,0.9], [max(—0.2 — 0.3,—1) ,max(0 — 0.1, —1)],
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[max(—0.3 — 0.1,—1),max(—0.2 — 0.1, —1)], [-0, —0], [-0.4,0],
Uy, ([min(0 + 0,1), min(0.2 + 0.3,1)], [min(0.3 + 0.1,1), min(0.4
+0.3),1)],[0,0] max(—0.5 — 0.2, —1),max(—0.2 — 0, —1)], [0, —0],
[—0.4,—0.3]},
= {u,, ([0, 0.6],[0.2,0.7]), [0,0],[0.7,0.9], ([-0.5, -0], [-0.4, -0.3]), [-0, -0],
[-0.4,0]), u,, [0,0.5],[0.4,0.7],[0,0], [0,0.5], ([—0.4,-0.7],[-0.7,-0.2]
AndV B,
=< u4,[[0,0.2],[0.2,0.3]], [0,0], [min(0.7 + 0,1,1), min(0.9 + 0.4,1)],
[[—0.2,0],[-0.3,—0.2]], [-0, —0], [max(—0.4 — 0.3), —1) max(0 — 0.1) , —1)]),
[[0,0.2],[0.3,0.4]], [0,0], [min(0 + 0,1,1), min(0.5 + 0.3,1)],
[[—0.2,0],[-0.5,—0.2]], [-0, —0], [max(—0.4 — 0.2), —1) max(0.3 — 0),—1)] >
= [[0,0.2], [0.2,0.3]], [0,0], [0.8,1], [[-0.2,0], [-0.3,—0.2]], [-0, —0], [-0.7,—0.1]),
[[-0.2,0],[-0.3,—0.2]],[-0,—0],[-0.7, —1),—0.1] >
Theorem3.5. Let A Byand A By, are SB-bipolar interval neutrosophic set. Then
1)AAB, = AB,.
2)A(B,N B,) SAB,NA By,
3)A(B,U By,) SAB,UA By,
Proof. 1) The proofs can be easily obtained from Definition 3.6.

2) Using Definition 3.4 and 3.6 then,

A(B,N By) =< ([min(min(Baat“LL, Boy, ™) + min(B,, *", By, ™),

o
U
1)), mim(min(B, *", By ") + min(BaaiJr , By, )11, 10,0,

+L +L +U +U -L
[max(Baaf , Bbaf )'maX(Baaf , Bbaf )] o[ max(max(Baa

Baat_L) + max( Baai_L, B’bai_L), —1), max(max( Baat‘U, B,. V)

Ot

+max( Baai_U' Bbai_U) ,—1)],[0,—0], [max ( Ba\af_L’ Bbaf_L)'
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-U -U
max (( B%Lf , Bbaf )] >.
Implies that
c [min(min( B%t+L + Baai”“, 1)min( Bbatﬂ“ + Bbai+L' 1)), min (min(BaatJrU +
Baai”, 1), min( Bbat”, Bbai“’, 1))],10,0]

+L +L +L +L
[max( By, Bag, ),maX( By, Bog, s
-L - — —
([max(max(Baat + B%li 1), (max( Bb’dt L+ Bbai L 1)),
— — -U - — —
max(max( B%?t v B%‘i U—1)],maX(A2&t ’Bbai U}—1))], [0,0],[max B"’\af L Bbaf L>’

-u -
max (Bbaf , Bbocf U)] >,

+L

. L : U
< (|min(8,, " + B, *,1), min(B, "'+, B, *U, DL[0,0], [B,,

af

+U -L —L _ -u U _ _ 3
Bqaf ],([max(Ba(,it +B%ai ) 1),max(B%zt +Baa. ,—1)],[-0,-0],

1

[Ba, ~"/Ba, "D >0<( [ min(By, *" + By, 1)1, [0,0]

Ay
: -L - . -U -
[Bs,,, ", B, "1, [mm( Bog, "+ Bo, 1), min( By, "+, By, — 1]
[—0,—0], [Bbaf_L ,Bbaf‘”]) >. Therefore € AB, N A By,
3) We can prove it in a similar way in 2 using Definition 3.4 and 3.6 such that,

. +L’ ‘B‘bai +L)’1)’

1

AByU By) =< ([max(min(Baa:L, Bbatﬂ“) + min( Baa
max(min(Baa:U, By, ") + min( Baai”, By, *"),1],[0,0], [min

+L +L : +U +U : -L -L
(Baaf , Bbaf ),mm(B%f , Bbaf )],[mln(rnax(B%zt , B"\at )+

max( Baai_L' Bbai_L), —1), min(max ( Ba@t_u' Bbat_U) + max ( Baqi_U + Bbai_U),
—1)],[-0, —0], [max ( Baaf_]‘, Bbaf_L)' max ( Baaf_U' Bbaf_U)] >, then

. L . L
E[max(mm(B%: + B, *h1), mm(Bbat+ + BbaiH‘, 1)),

Aoy
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U
V1), min(By_ + By, 1)1 [0,0],

Ot

[(min( B, ", Bbafw)],min( B, ", BbafJ’L),
f f

. -L - -L -
max(min( By, ~ + Ay, L,l),max(Bbat B, " 1),

: +U
max(min( Ba&t + B%i

. - - . -U -
max(min( By Y+ B, "V, —1], (min(By, " + By, ", —1)],

R

. -L -L . -U -U
[0,0], [mln (Ba\ch , Bbqf ),mln (B%Lf , B’baf )] >,

c< ([min(Baa Ly, *b 1), min(B,_ *" + B, *',1)],[0,0],
t t

Aoy A0

L

[B,, " By, "1, (| max(By, ™+ B, 7h-1), max(B,, "'+ B, V-1

—L -U
[~1,-1], (B, "By, "D >,

U< (| min(Byg, ™" + By, ™ 1),)1[0,0], [By, *", By, "], ([ (max (By, ™"
+ Bbai_]‘, —1), max( Bbat‘U + Bbai_U, —~1)],[-0,-0], Bbaf_]‘, Bbaf_U]) >,
thus € A B, U A By,

Theorem3.6. Let V B,and VB, are SB-bipolar interval neutrosophic set. Then
1)VVB, = VB,

2)V (B, N By) S VB, N VB,

3)V (B, U By) € VB, UVB,.

4)V(B,+ By) = VB, + VB,

Proof.1) The proofs can be obtained from Definition3.6.

2) Using Definition3.4 and 3.6 we have
74 (Bék n B‘b) =

. L , U .
< ([mm(Ba&: ) Bbatﬂ“), mm(Ba&t+ ) Bbatw)], [0,0], [max(mln(Baa:L, BbafH‘)

. +L +L : +U +U : +U +U
+mm(Baqi , Bbai ),1), max (mln ( B , Bbaf ) + min( Baoci , Bbai ),

Ao
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-L -L -u -U : -L -L
1),] [max(Ba&t » Brg, ),max (Ba&t » Brg, )], [—0,—0], [mln(max( (Baaf » Bry, )
-L -L : -u -U -u -u
+ max( (B%i ,+ (Baai ,—1) mln(max( (B%cf , Bbaf )max( (B%ci , Bbai ),

—1)] >. Implies that
c (|min (Bag, ™ By, ™), min (Bag, ™", Brg, "1, [0,0], [max(min (Bqaf“ +

+L . +L +L . +U
Ba\ai ,1),m1n(A20Lf +Bbai , 1), max( min (B%Lf +

+U . +U +U —L —L
(B%ﬁ_ , 1), min (B%{f + (B"’kai ,1))],([max(Bqat , By ),

at
_U —_
max(Ba\&t , Bog, 1,[-0,-0],

L

. - -L -L -L -U
[min (max(Bach + B i , 1), max(BbOLf + Bbai , 1), max (Balch

g,

-U -U -u
+Bé\ai , 1), max (B%f + (B%Li , D],
+L +U +L +L . +U +U
§<[(Baat Bay | 10,01 [max(B,, *"+ B, 1), min(8, "'+ B, *',1)],
-L -U -L -L -U -U
| Bag, " Bay, ] [-0,-0], [max(B, " + B, "H—1),max(B, U + B, ",

~1)] >n

| Bog, ™ By, "], 10,01, [min(By, ™" + By, *" 1), min(By, "V + By, U, 1)),
| Bog, " Bog, "] [=0,—0], [max(By, ™" + By, ™", —1), max(By, "

+ Bbai_U, —1)] >. Thus

C VB, N VB,

3) It can prove in similar way in 2.

V(Bal‘l' 'Bb) =

. L . .
=V< [mln( Baa: + Bbat+L' 1) , min( BaatJ“U + Bbat+U, 1)], [min ( BaaiH‘ +
. U .
BbaiJ’L, 1), min ( B%; + BbaiJ’U, 1], [min ( Baqu“ + BbafH“, 1),

: +U +U -L -L -U
mm(B%Lf +Bbaf )],[max(Ba&t +Bbat ,—1),max(Ba\azt

+ By, "V~ D] max (B, " + By, ™, 1)), [max (B,

-L -L
Th By, N 1),
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max( Baqf_U + Bbaf_U, D]>

_ : +L +L :
=< [mm(Baat + Bb&t ,1), minB

- : +L +L -
[min(min( Ba\ch + Bbaf ,1) + min ( B

a&t-'_U + B‘bat+U' 1)]) [0'0]3

aai+L + BbaiJ’L, 1),1),min(

. +U +U . +U +U -L
min( Bé\af + Bbaf ,1) + mln(B%i + Bbai ,1),1)],[max( Bz\at +

B, -1

Ot

max ( B"\ai

-1) + min(B

=< [Baat

+U —L _U _ _ i —L
+Bqai ’1)]'[83\6% B ,[—0,-0], [mm(B%f + B

< | Bog, ™ Bog, V] [0,0], [min(By,,

-+ By, 7" 1), —1), min(min( By, '+ By,

" Brg 1) DL

L B, *Y|,[0,0], [min(B,_ Ty B
f

+L . +U
O , 1), min( B%(f

R

—L’ _1)

! a&t a\o“i

+L

[ Bog, ™ By, U], [-0,=0], [min(By, ™+ By, ™" —1),min( By, "

+ By, =1 >

ThereforeV( B,+ By) = VB,+ VBy,

Table (1) Operations on SB-bipolar interval neutrosophic set

+ By, 1), min(By, " + By Y,

), max( Baat“’ + By, " —,1)], [0,0],[min(max( Baaf_]‘ + Bbaf"L,—l) +

DI,

+

BN By | (in (Tga(x), Tp, (x))+ , min (1 5,00, 15, (x))+, max (F 5,09, F, (x))
max (Tga(x), Tg, (x)) ,max (I B&(X), Ig, (x)) ,min (F Bq(x), Fg, (x)) }
B, U By {max (Tga(x), T, (x))+ ,max (I B&(X), Ig, (X))+, min (F Bq(x), Fg, (x))+
min (TBa(x), T, (x)) , min (I Ba(x), Ig, (X)) ,max (F Ba(x), Fg, (x))}'
\4 BEK {TB%(X)*-, [0,0], mln((F B, + IB%)-'.! 1)! TBa(X)_’ [—O, —0],
max((Fg, +15)7,—1)}
ABEL {mln(TBah(X) + IB%(X))C‘ 1)! [0'0]! F Ba(x)+’
max (Tga(x) + IB&(X)) ,—1),[-0,-0], FB,{(X)_}

4. Conclusion
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In this paper, we introduced the concept of SB-bipolar interval neutrosophic set which is an
extension of the fuzzy sets, bipolar fuzzy sets, intuitionistic fuzzy sets and neutrosophic sets.
The basic operations involving union, complement, intersection, truth-favorite and false-
favorite for SB-bipolar interval neutrosophic sets was examined. Moreover, basic properties
and theorems and of these operations related to SB-bipolar interval neutrosophic set were
presented and mathematically proven.

References:

Abdulkadhim, M. M., Imran, Q. H., Al-Obaidi, A. H., & Broumi, S. (2022). On neutrosophic crisp
generalized alpha generalized closed sets. International Journal of Neutrosophic Science, 19(1), 107—
115. https://doi.org/10.54216/1JNS.190108

Atanassov, K. T. (1986). Intuitionistic fuzzy sets. Fuzzy Sets and Systems, 20(1), 87-96.
https://doi.org/10.1016/S0165-0114(86)80034-3

Das, R., Smarandache, F., & Tripathy, B. C. (2020). Neutrosophic fuzzy matrices and some algebraic
operations. Neutrosophic Sets and Systems, 32, 1-15.

Deli, 1., Ali, M., & Smarandache, F. (2015). Bipolar neutrosophic sets and their application based on
multi-criteria decision-making problems. Proceedings of the International Conference on Advanced
Mechatronic Systems, 22—-24. https://doi.org/10.1109/ICAMechS.2015.7287068

Gulistan, M., Yagoob, N., EImoasry, A., & Alebraheem, J. (2021). Complex bipolar fuzzy sets: An
application in a transport company. Journal of Intelligent & Fuzzy Systems, 40(3), 3981-3997.
https://doi.org/10.3233/JIFS-200234

Hamad, F. A., & Algamudi, B. M. (2023). N-cylindrical fuzzy interval neutrosophic set. Al-Satil,
17(35).

Lee, K. M. (2000). Bipolar-valued fuzzy sets and their operations. In Proceedings of the International
Conference on Intelligent Technologies (pp. 307—312). Bangkok, Thailand.

Satya Narayana, B., & Devanandam. (2023). SB-neutrosophic structures in BCK/BCl-algebras.
Journal of Hyperstructures, 12(1), 51-77.

Smarandache, F. (1999). Unifying field in logics: Neutrosophic logic, neutrosophy, neutrosophic set,
neutrosophic probability. American Research Press.

Turksen, I. B. (1986). Interval-valued fuzzy sets based on normal forms. Fuzzy Sets and Systems, 20(2),
191-210. https://doi.org/10.1016/0165-0114(86)90077-1

Wang, H., Smarandache, F., Zhang, Y. Q., & Sunderraman, R. (2005). Interval neutrosophic sets
and logic: Theory and applications in computing. Hexis. (Neutrosophic Book Series, No. 5).

250

WhatsApp 00218918289068 © 2026 The Author(s). Licensed under CC BY 4.0.


https://doi.org/10.54216/IJNS.190108
https://doi.org/10.1016/S0165-0114(86)80034-3
https://doi.org/10.1109/ICAMechS.2015.7287068
https://doi.org/10.3233/JIFS-200234
https://doi.org/10.1016/0165-0114(86)90077-1

Sozusa Peer-Reviewed Scientific Journal 5 (3): 236-251 (2026)  oiectory of oniine ibyan sournais

»DOAJ

STANDARD

‘ INTERNATIONAL
I .\ l {‘m";“ WGO gle Scholar ;Crossrefd

NATIONAL CF

ISSN: 3078 — 2767 Online

Wang, H., Smarandache, F., Zhang, Y. Q., & Sunderraman, R. (2010). Single valued neutrosophic
sets. Multispace and Multistructure, 4, 410-413.

Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8(3), 338-353.
https://doi.org/10.1016/S0019-9958(65)90241-X

251

WhatsApp 00218918289068 © 2026 The Author(s). Licensed under CC BY 4.0.


https://doi.org/10.1016/S0019-9958(65)90241-X

