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Abstract. In this article, we give a definition of a generalized interval valued bipolar fuzzy ideal. We can find necessary

and sufficient conditions for types of generalized interval valued bipolar fuzzy ideals in ordered semigroups.

1. INTRODUCTION

The world of fuzzy sets started with the work of the renowned scientist by L. A. Zadeh in
1965 [14]. The theory of fuzzy semigroups contained by Kuroki in 1979 [10]. Later the theory
of interval valued fuzzy sets was introduced by L. A. Zadeh in 1975 [15] as a generalization of
the notion of fuzzy sets. Interval valued fuzzy sets have various applications in several areas
like medical science [2], image processing [1], decision making [17], etc. In 2006, Narayanan and
Manikantan [12] developed the theory of interval valued fuzzy subsemigroup and studied types
interval valued fuzzy ideals in semigroups. In 1994 Zhang [16] introduced the notion of bipolar
fuzzy sets with the extension of fuzzy sets whose membership degree range is enlarged from the
interval [0,1] to [-1, 1], and used them for modeling and decision analysis. In 2000, Lee [11] used
the term bipolar valued fuzzy sets and applied it to algebraic structures. In 2016, Mumtaz Ali et al.
extended concept of interval valued fuzzy set and bipolar fuzzy set to interval valued bipolar fuzzy
set. In 2019, K. Arulmozhi et al. studied interval valued bipolar fuzzy set in algebra structure.
Jun et al [9] studied generalized fuzzy bi-ideal in ordered semigroup and characterization of
regular ordered semigroups in terms of (¢, ¢, V,)-fuzzy bi-ideals. In 2021, S. Lekkoksung [13]
developed interval valued bipolar fuzzy ideal in ordered semigroup and characterized regular

ordered semigroup in terms generalized interval valued bipolar fuzzy ideal and bi-ideal.
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In this paper, we establish the concept of an generalized interval valued bipolar fuzzy ideal. We
prove necessary and sufficient conditions for types of generalized interval valued bipolar fuzzy
ideals in ordered semigroups.

2. PRELIMINARIES

In this section, we give some definition and theory helpful in later sections.

An ordered semigroup is a semigroup together with a partial order that is compatible with the
semigroup operation. A non-empty subset £ of an ordered semigroup G is called
(1) a subsemigroup of G if L2 C L,

(2) aleft (right) ideal of G if (GL] € L ((£LG] € L),
(3) abi-ideal of G if L is a subsemigorup and (LG L] C L,
(4) an interior ideal of G if L is a subsemigorup and (GLG] € L.

An ordered semigroup G is called a regular if for each u € G, there exists x € G such that u < uxu.
An ordered semigroup semigroup G is called a left (right) regular if for each u € G, there exists
a € G such that u < au? (resp. u < 1?a). An ordered semigroup semigroup G called an intra-reqular
if for each u € G, there exist a,b € G such that u < au?b. An ordered semigroup semigroup G is
called a semisimple if for every u € G, that is there exist w, 1,3 € G such that u < wunu3. [7].

For any p; € [0,1], where i € A, define

ie\/ﬂfi = S:_;lj}{){’fi} and ie/\ﬂfi = zjenyf[{pi}'

We see that for any f, 0 € [0, 1], we have

tVvo=max{t, o} and A o= min{t o}.

A fuzzy set of a non-empty set L is a function w : £ — [0,1].
Let Q0[0, 1] be the set of all closed subintervals of [0, 1], i.e.,

Q01 ={w=[w, 07|00 <0’ <1}

We note that [w, w| = {w)} for all w € [0,1]. For w = 0 or 1 we shall denote [0, 0] by 0 and [1,1] by
1.

Letw = [w™,wT]and @ = [@~,@"] € Q0, 1]. Define the operations <, =, A and Y as follows:
(1) w<@ifandonlyif o™ <@ and wt < @™
(2) w=wifandonly if v~ = @ and T = @"
B)wro=[(w Ad), (0" Ao™)]
(4) ovo=[(w Vo), (w" Vo).

Ifw>o wemean ® < .

For each interval w; = [0}, w]"] € Q[0,1], i € A where A is an index set, we define

Awj=[Aw;, Nof] and Y o;=[Vw;, Vo]
i€A i€A i€cA ! i€A €A icA !
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Definition 2.1. [12] Let L be a non-empty set. Then the function @ : £ — Q[0,1] is called interval
valued fuzzy set (shortly, IVF set) of L.

Definition 2.2. [12] Let L be a subset of a non-empty set G. An interval valued characteristic function
of L is defined to be a function x p : G — Q[0,1] by

_ 1 if eel
Xe(e)=13_ °
0 if e¢gL

foralle e G.
Now, we reivew definition of bipolar valued fuzzy set and basic properties used in next section.

Definition 2.3. [11] Let L be a non-empty set. A bipolar fuzzy set (BF set) w on L is an object having the
form
w:={(e,f(e),"(e)) | e € L},
where w? : L — [0,1] and o" : L — [-1,0].
Remark 2.1. For the sake of simplicity we shall use the symbol w = (L; @, ") for the BF set w =
{(e,wP(e),w"(e)) ]| ee L}
The following example of a BF set.
Example 2.1. Let 7 = {21,22,23...}. Define o’ : T~ — [0, 1] is a function
0 ifuis old number
1 if wis even number
and " : T — [-1,0] is a function
-1 ifuis old number
@™ (u) =
0  ifuis even number.
Then w = (T ; ¥, w") is a BF set.
Forte 7, define Fy = {(n,3) € T X7 |t = n3}.

Definition 2.4. [6] Let 1 be a non-empty set of a semigroup L. A positive characteristic function and a
negative characteristic function are respectively defined by

1 teTl

P L—-0,1, - AN () = '

Lo DUe N =1 S

and

; ; -1 tel7,
X7t L—[-1,0],k— AL(T) ::{ 0 tel

Remark 2.2. For the sake of simplicity we shall use the symbol x; = (L; )(r}, )(:i) for the BF set x1 1=
(5 x5 (0), x5(1) | T e 1),
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Now, we review definition of an interval valued bipolar fuzzy set and basic properties used in
next section.

Definition 2.5. [13] An interval valued bipolar fuzzy set (shortly, IVBF subset) T on an ordered
semigroup G is form

T =L@l (1),@"(f)|teG),
where w? : G — Q0,1 and @™ : G - Q[-1,0].

In this page we shall use the symbol 7 = (@”,®") instead of the IVBF set
T :={tw(t),a" ()| teG).
For two IVBF sets 71 = (@%,@") and T, = (@,
(1) T1C T ifand only if @ () < @ (t) and @ " (e)
(2) 71 =7 ifand only if T1CT2andT2C T,
(3) T1U T, if and only if @ U® where (@? Ua?)(f) = @?(f) VoPr(f) and (@"Ud") (1) = 0" (f) A
o"(f) forallte G,

(4) T1M T, if and only if @ N @ where (@? N @) () = @?(f) A@P(t) and (@"Nd")(}) = 0" (f) v
o"(f) forallfe G,

(5) 7157, if and on if @ o ® where

®") of an ordered semigroup G, define
<@

"(t) forallte G,

V {of(t) AoP(h)} if Fr#0,
(@P o@P) (1) = { (th)eF:

0 ifF; =0,
and

A {@"(t)van(p)) ifF #0,
(@"0®")(f) = { (Wh)eh

0 lfFf:Q),
where F; := {(t,)) e Gx G |t < th} forallf € G.

Definition 2.6. [13] Let 1 be a non-empty set of an ordered semigroup G. An interval valued bipolar
characteristic function are respectively defined by

1 tel7,
PG> 00,1t~ x" (1) :=1{ _
T [0,1], - X7 (F) {0 te T
and
-1 te7,
xt:G—- Q-1,0],t— x*(¥) :=<{ =
XL:G [-1,0] X7 {0 b T

Remark 2.3. For the sake of simplicity we shall use the symbol X7 = (g,-zpf,yzg) for the BF set X =
(570, x%(D) | te I},

Now, we let A7, 67 € Q[0,1] be such that 0 < A? < 6 < Tand A", 5" € Q[-1,0] be such that
-1<6"< A" < 1. Both A, 6 are arbitrary but fixed.
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3. MaIN Resurts

In this section, we give the concept of types generalized interval valued bipolar fuzzy ideals

and investigate necessary and sufficient conditions for types of generalized interval valued bipolar
tuzzy ideals in ordered semigroups.

Definition 3.1. [13] An IVBF set T = (@”,@") of an ordered semigroup G is called an (A,5)-IVBF
subsemigroup of G if

(1) @P (k) VAP 2 @P () A@P(f2) AP
(2) @" (L) AL <@"(f) Vo' (t) A"
(3) Ifty =y, then@P(}) VAP 2 0P (B) ASP and " (}) AA" <@ " (f2) V",

forallt,Hh € G.

Definition 3.2. [13] An IVBE set T = (w”,@") of an ordered semigroup G is called an (A,5)-IVBF left
ideal of G if

(1) @P(hify) VAP > @P(f2) AOF .

(2) @"(ht) AL <@"(f) Vo

=

(3) Ifty > %y, then@? (1) VAP 2 @P(B) AdP and @"(}) AA" <@"(f2) V6"
forallt,H € G.

Definition 3.3. [13] An IVBF set T = (@?,@") of an ordered semigroup G is called an (A,5)-IVBF
right ideal of G if

(1) @P(hif2) VAP > 0P () A OP.

(2) @" (b)) AL 2@ "(f) Vo

(3) Ifty > to, then WP (})) VAP 2 0P () ASP and @ " (e1) AA" <@"(}) VO™
forallt,Hh € G.

=

AnIVBFset7 = (@?,@") of an ordered semigroup G is called (A, 5)-IVBF ideal of G if it is both
(A,6)-IVBF left ideal and (A, 5)-IVBF right ideal of G.

Definition 3.4. An IVBF set T = (@?,@") of an ordered semigroup G is called an (A,5)-IVBF interior
ideal of G if

(1) T = (@?,@") is an (A, 6)-IVBF subsemigroup of G
(2) @P(tihts) VAP > @P(t) ASP
(3) w (f1f2f3)/\/\nﬁa) ( )VS”

fO?’ all f, 5,13 € g

The following example is an (A, 5)-IVBF interior ideal of a semigroup.



6 Int. J. Anal. Appl. (2025), 23:193

Example 3.1. Let us consider an ordered semigroup (G, -) defined by the following table:

b
a a
b
c

c

VNN X DD
o
a o Q[QN |

QU o S 2

c c

AnIVBF set T = (@, @") in G as follows: @’ = {((a), [0.7,0.8]), ((b), [0.4,0.6]), ((c), [0.6,0.7]),
((d),[0.3,0.5])} and u" = {((a), [-0.6,—-0.7]), ((b), [-0.5,-0.6]), ((c), [-0.5,-0.6]),

((d),[-0.3,-0.5])} and define a partial order ration < on G as follows:

<:{(a,b),(a,c),(a,d),(bc), (bd),(d c)lU ag, where Ag is an equality relation on G. By routine calcu-
lation, T = (@, @") is an ([0.3,0.3], [0.5,0.5])-IVBF interior ideal of G .

Theorem 3.1. Every (A,5)-IVBF ideal of an ordered semigroup G is an (A,5)-IVBF interior ideal of G.

Proof. LetT = (@”,@")bea (A,5)-IVBFidealof Gand lett;, T, € Gwitht; > f,. Thenw? (f;) VAP >
wP(H)AGPand 0" (f]) AA" <@" () V" Lett,t € G. Then
T = (wP,@™) is an (K, 5)—IVBF left ideal and an (X, 5)—IVBF right ideal of G. Thus,
wP(Bh) VAP 2 0P (B)A0P and @™ (BE) AA" < @"(f2) V6" Hence,
oP(Bh) VAP 2 0P (B) AwP () AdPand @™ (BR) AL <@"(f) Vo' (f) Vo
This show that 7 = (@”,@") is an (A, 5)-IVBF subsemigroup of G. Let t;,t,, t; € G. Then,

O (HhB) VAP = (@P(f1(ft3)) VAP) VAP > (@F (i) ASP)
= ((@P(RE3) VAP)ASP) VAP > ((@P(f2) AOP) AOP) VAP
= (@P(R)ASP) VAP > @P(f) ADP
and
D (EhB)AAT = (@P(t(0h) AA) ALY < (@" () V") AAP
= (@"(BB)AA) V") AL < ((@"(B) V") VE") AA™
= (@"(B) VO AA" <@ () V"
Thus, 7 = (@, @") is an (A, 5)-IVBF interior ideal of G. m]

Remark 3.1. In example 3.1 we can show that the converse of the above theorem is not true in general.
Consider @ (bd) v AP = [0.3,0.5] # [0.4,0.5] = @' (b) ASP. Thus T = (@P,@") is an (A,5)-IVBF
ideal of G.

The following theorem show that the (A, 6)-IVBF interior ideals and (A, )-IVBF ideals coincide

for some types of ordered semigroups.

Theorem 3.2. In regular, left (right) reqular, intra-reqular and semisimple oredered semigroup, the (A, 0)-
IVBF interior ideals and (A, )-IVBF ideals coincide
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Proof. Let T = (@”,@") be an (A, 6)-IVBF interior ideal of a regular orered semigroup and let
t),f € Gwithf; > f,. Then @? () VAP > @P(f) AdP and @" () AA" <@"(f) V6" Since G is
regular, we have there exists r € G such that f; < f;rf;. Thus,

©P (Bit) VAP > (@P((fith)h) VAP = P (ho)ht) VAP > 0P (8) A 6P

and
") A" <" (Brh)R) AL =@ ((F)hh) AL <@"(f) Vo™
Hence 7 = (@, @") is an (A,5)-IVBF right ideal of G. Similarly, we can prove that
T = (@P,@")isan (A,6)-IVBF left ideal of G. Thus 7 = (@, @") is an (A, 5)-IVBF ideal of G.
Similarly, we can prove the other cases also. m|

Definition 3.5. An IVBF set T = (@”,@") of an ordered semigroup G is called an (A,5)-IVBF bi-ideal
of G if

(1) T = (@?,@") is an (A,5)-IVBF subsemigroup of G

(2) @P(tihl) VAP 2 @P () AP (f3) AP

(3) @"(hhh) AL <@" () Va'(k)Vo"

forallt, T, 13 € G.

Lemma 3.1. Every (A,5)-IVBF ideal of an ordered semigroup G is an (A, )-IVBF bi-ideal of G.

Proof. Suppose that 7 = (@?,@")isa (A,5)-IVBF ideal of G and let t;,}, € G. Since T = (@, @")
is a (A,0)-IVBF ideal of G, we have that T = (@?,@") is a (A,5)-IVBF right ideal of G. Thus,
TPV = @P(H)AS and @" (L) AL < @"(H) Vo and so @ (k) VAP = @P(H) A
@P(B) ASP, and @"(Eh) AA < @' (F) V@' (k) V5. Hence, T = (@F,@") is a (1,5)-IVBF
subsemigroup of G. Let f1, 1, k3 € G. Since T = (wf,w")isa (X, 5)—IVBF ideal of G, we have that
T = (@P,@")isa (A,0)-IVBF left ideal of G. Thus,

P (fiht) VAP (@P((t1t)E) VAP) VAP
(@P(t3) AOP) VAP
(@P (1) AOP) AOP

v v

and _
w" (i) AA"

P(f (k) AAT) AAT
n((flfz)fg) VS") /\XP

@"(t3) Voo

and so @P (f1ht3) VAP > @P (%) AwP(k3) AoP and @ " (Hitats) AA" <@" (%) V@' (k3) V6" Hence
(A,6)-IVBF bi-ideal of G. O

(@
(@

IN A

In order to consider the converse of Lemma 3.1, we need to strengthen the condition of a
semigroup S.

Theorem 3.3. In reqular and left (right) reqular the (A,5)-IVBE bi-ideals and (A, 6)-IVBF ideals coincide
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Proof. Suppose that (A,5)-IVBF bi-ideal of G and let f;,f, € G. Since G is regular, we have 4, €
(G1)G < 11G which implies that f;f, < f;1f; for some r € G. Thus,

WP(Bh) VAP =P (i) VAP 2 of (B) AwP () VAP = 0P ((fi0)hh) VAP > 0P (]) ASF
and
5”(f1’f2) A Xn < 5”(f1rf1) A X” < En(fl)fl vE”(fl)fl \Y 5”.
Hence, (X, 5)-IVBF right ideal of G. Similarly, we can show that (X, 5)-IVBF left ideal of S. Thus,
(A,6)-IVBF ideal of G. Similarly, we can prove the other cases also. m|

In the following theorem, we give a relationship between a subsemigroup and the intervval

valued bipolar characteristic function, which proved easily.

Theorem 3.4. Let I be a non-empty subset of an ordered semigroup G. Then I is a subsemigroup (left
ideal, right ideal, ideal) of G with AP < 6P and A" > 6" if and only if ; = (G; X X0, X" isan (A,6)-IVBF
subsemigroup (left ideal, right ideal, ideal) of G.

Theorem 3.5. Let I be a non-empty subset of an ordered semigroup G. Then I is an interior ideal of G
with AP < 67 and A" > 6" if and only if X = (g,-;—(’},;—(;) is an (A,5)-IVBF interior ideal of G.

Proof. Suppose that 7 is an interior ideal of G. Then 7 is a subsemigroup of G. Thus by Theorem
34, xr = (g,')_(’j,,)_(f.) is an (Z, 5)—IVBF subsemigrup of G. Lett, T, 3 € G.

Iff > b, then@?(t) VAP > GP (1) ASP.

Ift, € 7, then ihf3 € I. Thus, 1 = ¥/ (f2) = ' (ik2f3) and
-1= )_(";(fz)_: X' (tikts). I_—Ience, )_( (flfzfg) VAP > [(fz) A 6P and
%;(flfzfg) AAT XD (f) vor.

Ift) ¢ 7, theny (flfzfg) VAP > (f2) ASP and ¥ X7 "(t1faf3) A AAT < X' "(f)V

Let f;, T € G with f; > T;. Then )(p(f1) VAP > xXP(t) ASP and ¥ () /\X
X7 = (Q;)_(pj,)_(f,) is an (A, 5)-IVBF interior ideal of G.

Conversely, suppose that X7 = (G; )_(;; ,X'7)isan (A,6)-IVBE interior ideal of G with ¥ < 6 and
A" > 6" Then x; = (Q;)_(Zz)_(j_) is an (A, 5)-IVBF subsemigroup of G. Thus by Theorem 3.4, T
subsemigroup of G. Letf;,f,,13 € Gand f; € 7. Then )_( () = land ¥ X7 (f2) = —1. By assumtion,

Vo
<X"(f) vo". Thus

X" (hils) VAP > X" () A 6P and X (Bifafs) AA" < X% (R) VO™ (3.1)
If t;%15 ¢ 7, then by (3.2) AP >6Pand A" < 6" Ttis a contradiction. Hence ¥ fpt; € 7. Therefore 7

is an interior ideal of G. o

Theorem 3.6. Let I be a non-empty subset of an ordered semigroup G. Then I is a bi-ideal of G with
AP <P and A" > 6" ifand only if X1 = (Q;X?,X}) is an (A,5)-IVBF bi-ideal of G.

Proof. Suppose that 7 is an interior ideal of G. Then 7 is a subsemigroup of G. Thus by Theorem
34,%r = (G X" X 7)is an (A,6)-IVBF subsemigrup of G. Let fy,, 13 € G.
Iff; > fp, thenw? () VAP > @P(f2) A OP.
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Ift;, t; € 7, then tifyf3 € I. Thus, 1 = ¥ (f1) = X' (1) =
~T=7x10(h) = X4(k) = X L(hbi). Hence,)_(é(flfzf;g) VAP
X (thbi) AL <X (h) VXY (fg) vor

If fl,f3 ¢ I,thenl=x" (%) =x"(3) = x" (fif2}z) and

~T=X"(h) =x"(k) = I(’Elfzfg).

Let f1,f2 €eg Wlth t; > f. Then xP(}) VAP > xP(f) AdP and x" () AA" < x"(f2) VO". Thus
Xr=(G;x",x") is an (A,5)-IVBF bi-ideal of G.

Conversely, suppose that ¥; = (G;x/ 1/ X'7) is an (A,8)-IVBF bi-ideal of G with A7 < 67 and
A" > 5" Then Xy = (Q;)_(’},)_( 7) is an (A,6)-IVBF subsemigroup of G. Thus by Theorem
3.4, I subsemigroup of G. Let fj,f,13 € G and f;,13,€ 7. Then )_(’Z.(fl) = X?(fg) = 1 and
X} (1) = x7(f3) = —1. By assumtion,

)_( (flfzfg) and
P>% (fl) AX'7 P (t3) AOP and

X" () VAP 2 X7 (1) AT (1) ASP and X (hibls) AA" <XU(H) VI E(EB) VOr.  (32)
If t1ft3 ¢ 7, then by (3.2) AP >8Pand A" < 6. Ttis a contradiction. Hence t;ft; € 7. Therefore, 7
is a bi-ideal of G. ]

4. CONCLUSION

The aim of the paper is to give the concept of generalized interval valued bipolar fuzzy bi-ideals
and interior ideals. We prove properties of generalized interval valued bipolar fuzzy bi-ideals
and interior ideals. In future work, we can study other generalized interval valued bipolar fuzzy

quasi-ideals and their fuzzifications in an ordered ternary semigroup.

Acknowledgments. This research was supported by the Department of Mathematics, School of
Science, University of Phayao (PBTSC68005).

Conflicts of Interest: The authors declare that there are no conflicts of interest regarding the
publication of this paper.

REFERENCES

[1] A. Jurio, J.A. Sanz, D. Paternain, J. Fernandez, H. Bustince, Interval-Valued Fuzzy Sets for Color Image Super-
Resolution, in: Lecture Notes in Computer Science, Springer Berlin Heidelberg, Berlin, Heidelberg, 2011: pp.
373-382. https://doi.org/10.1007/978-3-642-25274-7_38.

[2] H. Bustince, Indicator of Inclusion Grade for Interval-Valued Fuzzy Sets. Application to Approximate Reason-
ing Based on Interval-Valued Fuzzy Sets, Int. J. Approx. Reason. 23 (2000), 137-209. https://doi.org/10.1016/
s0888-613x(99)00045-6.

[3] V. Chinnadurai, K. Arulmozhi Characterization of Bipolar Fuzzy Ideals in Ordered I'-Semigroups, J. Int. Math.
Virtual Inst. 8 (2018), 141-156.

[4] T. Gaketem, P. Khamrot, On Some Semigroups Characterized in Terms of Bipolar Fuzzy Weakly Interior Ideals,
IAENG Int. J. Appl. Math. 48 (2021), 250-256.

[5] M. Kang, J. Kang, Bipolar Fuzzy Set Theory Applied to Sub-Semigroups with Operators in Semigroups, Pure Appl.
Math. 19 (2012), 23-35. https://doi.org/10.7468/jksmeb.2012.19.1.23.


https://doi.org/10.1007/978-3-642-25274-7_38
https://doi.org/10.1016/s0888-613x(99)00045-6
https://doi.org/10.1016/s0888-613x(99)00045-6
https://doi.org/10.7468/jksmeb.2012.19.1.23

10 Int. ]. Anal. Appl. (2025), 23:193

[6] C.S. Kim, J.G. Kang, ].M. Kang, Ideal Theory of Semigroups Based on the Bipolar Valued Fuzzy Set Theory, Ann.
Fuzzy Math. Inf. 2 (2012), 193-206.

[7] N. Kehayopulu, Characterization of Left Quasi-Regular and Semisimple Ordered Semigroups in Terms of Fuzzy
Sets, Int. J. Algebra 6 (2012), 747-755.

[8] P. Khamrot, A. lampan, T. Gaketem, Weakly Regular Ordered Semigroups Characterized in Terms of Generalized
Interval Valued Bipolar Fuzzy Ideals, IAENG Int. J. Appl. Math. 54 (2024), 1553-1559.

[9] A. Khan, Y.B. Jun, M.Z. Abbas, Characterizations of Ordered Semigroups in Terms of (¢, ¢, Vq)-Fuzzy Interior
Ideals, Neural Comput. Appl. 21 (2010), 433-440. https://doi.org/10.1007/s00521-010-0463-8.

[10] N. Kuroki, Fuzzy Bi-Ideals in Semigroup, Comment. Math. Univ. St. Pauli 5 (1979), 128-132.

[11] K. Lee, Bipolar-Valued Fuzzy Sets and Their Operations, in: Proceeding International Conference on Intelligent
Technologies Bangkok, Thailand, pp. 307-312, (2000).

[12] A. Narayanan, T. Manikantan, Interval-valued Fuzzy Ideals Generated by an Interval-Valued Fuzzy Subset in
Semigroups, J. Appl. Math. Comput. 20 (2006), 455-464. https://doi.org/10.1007/b£f02831952.

[13] H. Sanpan, N. Lekkoksung, S. Lekkoksung, On Generalized Interval Valued Bipolar Fuzzy Ideals in Ordered
Semigroups, J. Math. Comput. Sci. 11 (2021), 3613-3636. https://doi.org/10.28919/jmcs/5626.

[14] L. Zadeh, Fuzzy Sets, Inf. Control. 8 (1965), 338-353. https://doi.org/10.1016/s0019-9958(65)90241-x.

[15] L. Zadeh, The Concept of a Linguistic Variable and Its Application to Approximate Reasoning—I, Inf. Sci. 8 (1975),
199-249. https://doi.org/10.1016/0020-0255(75)90036-5.

[16] W. Zhang, Bipolar fuzzy sets and relations: a computational framework for cognitive modeling and multiagent
decision analysis, in: Proceedings of the First International Joint Conference of The North American Fuzzy Infor-
mation Processing Society Biannual Conference. The Industrial Fuzzy Control and Intelligent Systems Conference,
and the NASA Joint Technology Wo, IEEE, pp. 305-309. https://doi.org/10.1109/ijcf.1994.375115.

[17] M. Zulgarnain, M. Saeed, A New Decision Making Method on Interval Valued Fuzzy Soft Matrix (IVFSM), Br. J.
Math. Comput. Sci. 20 (2017), 1-17. https://doi.org/10.9734/bjmcs/2017/31243.


https://doi.org/10.1007/s00521-010-0463-8
https://doi.org/10.1007/bf02831952
https://doi.org/10.28919/jmcs/5626
https://doi.org/10.1016/s0019-9958(65)90241-x
https://doi.org/10.1016/0020-0255(75)90036-5
https://doi.org/10.1109/ijcf.1994.375115
https://doi.org/10.9734/bjmcs/2017/31243

	1. Introduction
	2. Preliminaries
	3. Main Results
	4. Conclusion
	Acknowledgments
	 Conflicts of Interest:

	References

