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Abstract: In this paper, we acquaint new kinds of ideals of BCK-algebras built on tripolar picture
fuzzy structures. In fact, the notions of tripolar picture fuzzy ideal, tripolar picture fuzzy implicative
ideal (commutative ideal) of BCK-algebra are introduced, and related properties are studied. Also, a
relation among tripolar picture fuzzy ideal, and tripolar picture fuzzy implicative ideal is well-known.
Furthermore, it is shown that a tripolar picture fuzzy implicative ideal of BCK-algebra may be a
tripolar picture fuzzy ideal, but the converse is not correct in common. Further, it is obtained that in
an implicative BCK-algebra, the converse of aforementioned statement is true. Finally, the opinion of
tripolar picture fuzzy commutative ideal is given, and some useful properties are explored. Many
examples are constructed to sport our study.
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1. Introduction

The study of symmetry is one of the most important and beautiful themes uniting
various areas of contemporary arithmetic. Algebraic structures are useful structures in
pure mathematics for learning a geometrical object’s symmetries. For example, the theory
of groups is also used to provide a broad theory of symmetry. There are various sorts
of symmetries that may be studied using the theory of groups, which is already widely
utilized as an algebraic tool.

Fuzzy set (briefly, FS) was originated by Zadeh [1] in 1965 while Atanassov [2] in
1986 yielded the notion of the intuitionistic fuzzy (briefly, IFS). IFS include both the degree
of belonging and therefore the degree of non-belonging, while the FS contains one the
degree of belonging. The thought of “BCK/BClI-algebras” was existing through Iseki,
and associates [3-5]. Xi [6] started the process of incorporating the theories of fuzzy
BCK-algebra, FS, and BCK algebra. In [7], Ahmad gave the knowledge of fuzzy BCI-
algebras. As a follow-up, plenty of effort on “BCK/BCl-algebras”, and related topics in
the FS atmosphere specified given by many authors [8,9]. IF subalgebra and IF ideal in
BCK-algebras were offered by Jun and Kim [10] by way of a generality of the FS theory
in BCK-algebra. The ideal structure in BCK/BCl-algebras has been the subject of many
research papers; for example, The article was written by Meng et al. [11] fuzzy implicative
ideals of BCK-algebras were developed. The p-ideals of BCI-algebras were introduced
by Muhiuddin [12]. Furthermore, Muhiuddin et al. investigated various types of ideals
are made known the following view: (i) The BCK-algebras are based on neutrosophic
N-structures [13]; (ii) N-Soft p-ideal of BCI-algebras [14]; and (iii) In BCK/BClI-algebras,
hesitant fuzzy translations, and extensions of ideals [15].
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The notion of bipolar fuzzy set (briefly, BFS) was introduced by Zhang [16] which
deals with the degree of positive, and negative belonging of an element. A positive effect
may be classified as such, while a negative effect can be classified as such. An example of
a bipolar fuzzy environment as it is developed. Serials on televisions have both positive
and negative effects on the younger generation. In 2013, the perception as regards picture
FS was originated by Cuong [17].

In [18,19], Lee suggested the notions of bipolar fuzzy sets (briefly, BFSs) as an ex-
pansion of fuzzy sets (briefly, FSs). An increasing number of researchers have devoted
themselves to studying some BF algebraic structures in recent years in order to preserve
the findings of BFSs. Lee [20] involved the BFS theory existing to BCK/BCl-algebras to
investigate several properties. After the commencement of the picture fuzzy set, different
types of research works within the framework of picture fuzzy set were done by some
researchers [3,21,22]. Wei [23-25] developed cosine, and dice similarity events for picture
FSs, and their applications. More associated concepts have been studied in [26-31].

The paper’s structure is arranged as follows: Section 2 reviews certain theories and
properties connecting to BCK-algebras, ideals, and fuzzy ideals that are essential to yield
its crucial results. The idea of tripolar picture fuzzy ideal (briefly, TPPFI) of BCK-algebras
is deliberated in Section 3. Section 4 is devoted to the analysis of tripolar picture fuzzy
implicative ideal (briefly, TPPFII) while Section 5 deals with the study of a tripolar picture
fuzzy commutative ideal of BCK-algebras (briefly, TPPFCI). Finally, a conclusion with some
future prospects for potential work is given. The paper concluded with a bibliography.

2. Preliminaries
In this section, we label the well-known contents of BCK-algebra, which are aimed at
the enhancement of this paper.
If a non-empty set / has a particular element 0, and a binary operation ® satisfies the
following assets:
1) (500€F) (3000 (x08)o(0e) =0
@) (zeeh)(>0(x00)0e=0
B) (x€F)x0x=0;
4) (xer)0ox=0;
B) (r,oeF)xGo=0and 0©»=0=»x=09.
Then, F is a BCK-algebra.

Proposition 1. In a BCK-algebra [, the following hold:
i »x©®0=x

i. x0(x00) <o

. o< x

v (200 08=(>x08) 00

v. (2O (xO(x00)))=x0Coforall 0,0 € F.

A BCK algebra [ is an implicative if c = 2 ® (0 ©® 5) forall »,0 € F .
A BCK algebra [ is commutative if 0 ® (0 ® 22) = 2 ® (> ©® ¢) forall 5,0 € F.
A non-empty subset 2 of / is an ideal of f if it fulfills

(Il) 0ex,
(L) Vxocel,x®0cUA0e A= xc

A nonempty subset 2 of [ is an implicative ideal of F if it fulfills
(hi)and (I3) Vs,0,0 € F, (x® (00 x))0decAdecA= xec A

A non-empty subset 2 is a positive implicative ideal of f/ if it fulfills
(Ii)and (I4) Vs,0,0 € F,(2©0) 08 €A 000 cA= 200 c A

A non-empty subset 2 is a commutative ideal of / if it fulfills
()and (Is) Vs,0,8 € F,(300) 00 €A eA= 20 (00 (0O x)) € 2.
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A FS wis a fuzzy ideal [6] of F if it fulfills
(F) w(0) = w(x),
(F2) w(3) =2 w(>x®e) Aw(o).

A FS w is a fuzzy implicative ideal [11] of [ if it fulfills
(F1) and (F3) w(x) =2 w((>© (@ © ) © ) Aw(D).

A FS w is a fuzzy positive implicative ideal of [ if it fulfills
(Fp) and (Fy) w(3®0) > w((>®0) ®09) Aw(o® 9).

Definition 1 ([16]). A bipolar fuzzy set (BFS) P = {(s,wp(5),¢p(5)) : 3 € F}, where
wp: F —[0,1],and ¢p : F — [—1,0] are any mappings.

Bipolar FSs are a FS extension with such a belonging grade range of [—1, 1]. In a bipolar FS,
the belonging grade 0 means the element has no relevancy to the property, the belonging grade (0, 1]
of an element designates that the element some extent fulfills the property, and the belonging grade
[—1, 0) of an element designates that the element some extent fulfills the implied tackle-property.

Definition 2 ([17]). Let F be the set of universe. Then, a picture fuzzy set P over [ is defined as
P = {(5,wp(5),¢p(s),@p(3)) : 3¢ € F }, where wp(3), cp(3¢), @p(3¢) € [0,1] are the grade
of positive, neutral, and negative membership of s in P with the condition 0 < wp(s¢) + ¢p () +
@p () <1forall 5« € F. Forall x € F,1— (wp(3) + ¢p(3¢) + @p()) is the degree of refusal
membership » € P. We call (wp(3),cp(32), @p()) the picture fuzzy value for » € F .

For a part of family {5 | i € A} of real numbers, we state

. . 7 6 A . A . . ,t ;

V{sx|i€ A} = max{z; |.l }oif zsfznz e
sup{s; |i € A} otherwise,

ISEARESFIN S r‘mn{%z |‘l boif 1sfmz e
inf{s; i€ A} otherwise.

Moreover, if A = {1,2,...,n}, then V{s; | i € A} and A {5 | i € A} are symbolized
by 31 Vi V...V 3y, and se A g A ... A 32, Tespectively.
In what follows, let /- specify a BCK-algebra unless otherwise indicated.

3. Tripolar Picture Fuzzy Ideal

Definition 3. Let P = {(s,wp(sr)) : 22 € F } be a TPFS over the set of universe |, where
wp : F — [0,1]3. In this case, [0,1]3 is the poset with regard to partial order relation “ < " which
is well-defined like: 3 < ¢ iff p;i(5) < p;(0) fori=1,2, 3, where p; : [0,1]*> — [0,1] is called 3rd
projection mapping. It is easy to understand that (0,0,0) =0, (1,1,1) =1 € [0,1]3.

Definition 4. Let | be the set of universe. Then, a TPPFS P over the universe | is demarcated
by way of P = {(3¢,wp(5),6p(3),@p()) : 5 € [}, where wp,¢p, and @p : F — [0,1]3 with
the condition 0 < p; o wp(s) + p; o ¢p(3) + pio @p(3) < 1forall s € F and fori =1,2,3.
Forall 5 € F,wp(5¢),6p(5) and @p(5c) is a 3-tuple fuzzy value. Here, p; o wp(3), p; © p()
and p; o @p(s¢) represent 3-components of wp (), ¢p(3¢) and @p (<) respectively for i = 1,2, 3.

We will write P = (wp, ¢p, @p) instead of P = { (¢, wp(3¢),gp(3¢), @p(5)) : x € F}
for shortness.

Definition 5. A TPPFS P = (wp,¢p,@p) in [ isa TPPFI of I if it satisfies the following as-
sertions:
(i) wp(0) > wp(x),6p(0) > ¢p(5) and @p(0) < @p(x),

(3) = wp(>© @) ANwr(0),6p(3) = cp( @ ) Agp(e) and @p(x) < @p(%x© ) V
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That is,

(i)  piowp(0) > pjowp(s),piocp(0) > p;ogp(s)and p; o @p(0) < p; o @p (),

(ii) piowp(3) > piowp(sx®0) Ap;jowp(@),piogp(3x) > piogp(sx®0) Apjogp(e) and
pi o @p(x) < pjo@p(x®0)Vp;jow@p(o)

forall sc,0€ F,i=1,2,3.

Example 1. Let [ = {0, >, 0,9, x} be a BCK-algebra with the succeeding Cayley table:

@‘0 x o ¥ «x
o|l0 0 0 0 O
x|z 0 2 0 0
olo o 0 0 0
|9 ¢ 9% 0 O
x |x x x ¢ 0

Now, let us suppose a TPPFS P as follows:
(0.35,0.36,0.38), ifd =0

wp(d) = < (0.25,0.27,0.28), if 5 =
(0.15,0.19,0.22), if 6 = 0,8,x

(0.38,0.40,0.42), ifS = 0
¢p(8) = (0.30,0.31,0.32), ifS =
(0.15,0.17,0.18), if 6 = 0,0,

and

(0.03,0.04,0.05), ifé = 0
@p(8) = { (0.22,0.23,0.25), if 6 =
(0.40,0.42,045), if6 = 0,0,k

Clearly, Pisa TPPFI of I .

Theorem 1. Let P = (wp,¢p,@p) be a TPPFI of F. Then, wp(s) > wp(0), cp(>) > ¢p(0)
and @p () < @p(0) for »¢,0 € | with 2 < .

Proof. Let sr,0 € I, 5 < 0. Then, »x ® 0 = 0.
Now,
wp(s) > wp(3x® 0) ANwp(0) [as Pisa TPPFI of ||
= wp(0) Awp(0)
= wp(0) [as Pisa TPPFI of F|,
¢p(s) > cp(sx®0) Agp(o) [as Pisa TPPFI of F]

=¢p(0) Agp(o)
=¢p(0) |as Pisa TPPFI of F|

and

@p(3) < @p(>x®0)V @p(0) [as Pisa TPPFI of F|

= @p(0) V @p(0)
= @p(0) [as Pisa TPPFI of F].

Thus, wp(») > wp(0),cp(5) > ¢p(0) and @p () < @p(0) for ¢ € F withsx <. O
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Theorem 2. Let P = (wp,¢p,@p) be a TPPFI of F. Then, » ® ¢ < ¢ implies wp(s) >
wp(0) ANwp(8), gp(s) > cp(0) Ngp(9) and wp(32) < @p(0) V @p(9), forall »¢,0,0 € F.

Proof. Let s;,0,0 € F,x® 0 < 9. Then, (> ©0) © 8 =0.
Now,

A wp(®) A wp(e)

(
p((3x®0) ®0) Awp(8) Awp(o) [as Pisa TPPFI of F |
(
(0) ANwp(®) [as P is a TPPFI of F],

(

p((3©0) ®0) Agp(®) Agp(o) [as Pisa TPPFI of F]
(
(

0) Agp(9) Acp(o)
) Agp(9) [as Pis a TPPFI of F]

and

Thus, it is obtained that wp(s) > wp(e) A wp(?), cp(x) > ¢p(e) A gp(9) and
@p(x) < @p(e) V@p(d). O

The subsequent theorem is a generalization of Theorem 2.
Theorem 3. If P = (wp, ¢gp, @p) isa TPPFI of F, then, for all ¢,61,62,...,0n € F,

n ( wp(s) > wp(d1) Awp(2) A... Awp(dn) )

[[#06=0= cp(5) = 6p(61) Agp(2) A-.. Agp(dn) ¢y

i=1 C'Dp(%) < (Dp((sl) \/C’Dp(éz) V... \/(Dp((sn)
where [T 1 2©6 = (...(206)©dh)O...)® .

Proof. The proof can be found on n . Let P = (wp, gp, @p) be a TPPFI of | . Theorem 2
shows that the condition (1) is valid for n = 2. Assume that P = (wp, ¢p, @p) satisfies the
condition (1) for n = k, that is, for all s, 61,0»,...,0r € F, Hi-{:l » ® 6; = 0 implies

wp(%) > wp(él) /\a)p((sz) AN (/Jp(5k),
6p(s) > ¢p(d1) Agp(02) A ... Agp(dr)

and
@p () < @p(d1) Vwp(d2) V...V @p(d).
Let 5, 61,02,...,0k,0k11 € F be such that Hi‘;rll 2 ® d; = 0. Then,
wp(x© 1) = wp(d2) Awp(d3) A ... Awp (1),
cp(2©d1) > 6p(02) Agp(d3) A-.. Agp(Jks1)
and

(Dp(%@ (51) < (Dp(éz) V COp((sg,) V...V (Dp(5k+1).
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Since P = (wp, ¢p,@p) is a TPPFI of F, it follows from Definition 5 (if) that

wp(5¢) > wp(3 ® 01) Awp(d1)

> wp(61) Awp(62) ANwp(83) A... Awp(Ski1),
6p(5) > gp(3x®01) Agp(d1)

> ¢p(61) Agp(82) Agp(d3) A-.. Agp(dkr1)

and

@p(5) < @p(3x© 1) V @p(1)
< @p(d1) V@p(d2) V@p(d3) V...V @p(Oki1)-

O]
Theorem 4. Let P = (wp,p, @p) bea TPPFI of F . Then,

wp(x®0) > wp(x© ) Nwp(d © @)
cp(%®0) > gp(x© V) Agp(d ©0),

and
@p(x©®0) <@p(>©0Y)Vop(d© o)
forall s¢2,0,9 € F.

Proof. It is worth noting that ((» ® 0) ® (> ® 9)) < (0 ® 0), for all », 0,9 € F. It follows
for Theorem 1 that

wp((#¥©0) © (%0 9)) > wp(d© o),

cp((©0) O (20 8)) 2 cp(0©0)

and
@p((3©0) © (3 ©9)) < @p(9© ).
By Definition 5 (ii),

wp(x©0) 2 wp((%¥©0) © (x© V) ANwp(x© )
> wp(0©0) ANwp(x® 1Y)
= wp(x®8) ANwp(8© o)

cp(>200) 2 6p((3x00) © (3 8)) Agp(3x© )
>cp(0©0) Agp(x©9)
=cp(>©8) Agp(P O @)

and

@p(#©0) < @p((3¥©0) O (x© V) Vap(x©d)
<@p(d®0)Vap(x©09)
= @p(x®8)Vop(80 o)

forall ¢,0, € F. O

Theorem 5. Let P = (wp,¢p,@p) be a TPPFI of F. Then, wp(sx ® (> ®0)) > wp(0),
cp(#© (#®0)) = ¢p(e) and @p(» © (» ©0)) < @p(e) forall 2, € F.
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Proof. Let P = (wp,¢p,@p) be a TPPFI of F . Then, forall »,0 € F,

wp(x® (% 0)) > wp((3© (% © ) ®e) Awr(e)
= wp(0) Awp(o)
= wp(0),

cp(2O (>00)) Z¢p((#© (2©0)) ®e) Agp(0)
=¢p(0) Agp(o)

=cp(o)
and
@p(x© (2 ©¢)) <wp((#O (>x©0)) ®e)Vw@p(0)
= wp(0) V @p(0)
= @p(0).
O

Theorem 6. Let P = (wp,¢p,@p) be a TPPFS in F satisfying the condition (1). Then, P =
(wp,cp,@p) isa TPPFI of F.

Proof. It is worth noting that (... (0© ») ® ) ®...) ® s =0 for all »x € F. According

n times

p(x) and @p(0) < @p(s) forall e € F. Let s, 0,0 € F,
=(..((6©0)©@8)©0)®...)®0,and so
~— —

to (1), wp(0) = wp(3),cp(0) = ¢
% ® 0 < 9. Then, O—(%@Q)@

n—2 times

and

Hence, by Theorem 2, we conclude that P = (wp,p, @p) isa TPPFIof f. [

4. Tripolar Picture Fuzzy Implicative Ideal

Definition 6. A TPPFS P = (wp,cp,@p) in I is called TPPFII of F if it satisfies the follow-

ing assertions:

(i) wp(0) > wp(3),6p(0) = cp(3) and @p(0) < @p(5)

(i) wp(x) 2 wp((0 (¢© ) ©F) Awp(8),6p(3) = ¢p((2© (0© x)) ©B) Agp(D)
and @p(x) < @p((3© (@© ) © )V @p(9).
That is,

(i) piowp(0) = pjowp(s),pi06p(0) = piogp(s¢) and p; o @p(0) < p;o@p(s),

(ii)  piowp(s) = pjowp((3© (e ) ©F) Apjowp(d),pio6p(x) > piogp((>© (0O
%)) ©8) Apiocp(8) and p; o @p() < pio@p((>© (¢ © x)) ©I) V p; 0 @p(B)

forall »¢,0,0 € F,i=1,2,3.

7

Example 2. Take a look at the BCK-algebra (F ; ®,0) as follows:
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o X OO
Aoy OO
D D DN
Aoy O
N oo o|w
Sooco oA

=

Now consider the following TPPFES P:

wp(s) — {(029,031,082), if 5 = 0,0
P97 0015,017,02), ifé = o,x

o) (02702903, ifs = 0,20
P T (0.19,023,025), ifé = B«

and

(0.04,0.07,0.08), ifd = 0,50
@p(8) = :
(0.2,0.22,0.25), ifé =
It can be easily shown that P is TPPFII of .
Lemma 1. Every TPPFII of [ is order preserving.

Proof. Let Pbe a TPPFII of | . Take 5, 0,8 € [, >z < ¢. Then,

wp(3) > wp((x® (8 © x)) ©0) Awp(0)
=wp((#©0) © (8O x)) Awp(e)
=wp(0® (8 © ) Awp(o)
= wp(0) Awp(0)
= wp(0),
cp(x) =2 ¢p((2© (0 ) ©®0) Agp(o)
=¢p((%#©0) © (8O »)) Agp(o)
=¢p(0© (8 ®)) Agp(e)
=¢p(0) Agp(0)
=¢p(0)
and
@p(3) < @p((x© (8 ©3)) ©0) Vw@p(0)
= @p((%x®0) ® (8 © »)) V@p(e)
=wp(0® (0® »)) Vwp(o)
= wp(0) vV @p(0)
= @p(0).
O

Theorem 7. Any TPPFII of | must bea TPPFI of I.
Proof. Let P = (wp,¢p,@p) be a TPPFII of F . Then, for all »¢,0,0 € F,

wp(3) > wp((x© (0 ® ) ©®Y) Awp(9),
cp(5) > cp((2© (0 ® ) ©8) Agp(8)
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and
@p () < @p((#© (¢O ) ©I) V @p(9).
Putting 0 = »and ¢ = o,

wp () 2 wp((x® (2 © 52)) ©0) Awp(0)
= wp((®0) ®0) Awp(0)
= wp(x ©®0) Nwp(0),

cp(2) = ¢p((>2© (> © ) ®0) Agp(e)
=¢p((3®0) ®0) Agp(o)
=¢p(x®0) Agp(0)

and

@p(3) < @p((x© (% © ) © @) V@p(0)
=@p((>©0) ®0) V@p(0)
= (Op(%@ Q) V L’DP(Q)
This shows that P = (wp, ¢p, @p) satisfies Definition 5 (ii). Hence, P = (wp, ¢p, @p) is
aTPPFIof F. O

Theorem 8. If | is an implicative BCK-algebra, then every TPPFI of [ is a TPPFII.

Proof. Because F is an implicative BCK-algebra, > = 2 ® (0 ® ) for all ,0 € F. Let
P = (wp,¢p,@p) be a TPPFI of . Then, by Definition 5 (ii),

and
(Dp(%) < COp(%@ 19) V@p(ﬂ)
=wp((%¥© (e® ) ©8) V@p(d)
for all 5, 0,8 € F. Hence, P = (wp,¢p,@p)isa TPPFIIof F. O

Theorem 9. If | is an implicative BCK-algebra, then a TPPFS P = (wp,cp,@p) of F is
a TPPFI of F if and only if it isa TPPFII of F.

Proposition 2. A TPPFI P = (wp,cp,@p) isa TPPFII of F iff PC satisfies the following:

() wp(0) < wh(32),65(0) < ¢5(5) and @5(0) > @f (),

(i) wp() < Wf((#© (00 %)) ©8) VWi (8),65(%) < ¢5((© (0© ) ©8) V5(8)
and @§ () > @5((3© (0 ® 5)) ® 8) A @§(9).

Proof. Let P = (wp,¢p,@p) be a TPPFII of F and let 5, 0,8 € F. Then,

w$(0) =1 —wp(0) <1 —wp(x) = wh(x),
¢5(0) =1—¢p(0) <1—gp(3) = ¢p(2),
@5(0) =1 —@p(0) > 1— @p(3) = @5 ()
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and

wp () =1 — wp()
<1—{wp((%#© (e® ) ©8) Awp(d)}
=1-{(1-ws((%¥0 (0 ) ©8)) V(1 - wj(¥))}
= wp((#© (0® %)) ©8) V wp(9),

¢5(3) =1—cp(x)
<1—{cp((>#©(c® ) ©8) Acp(8)}
=1-{(1-¢5((>0(e® ) ©8)) V(1 -¢p(¥))}
= c5((>© (@® %)) ©9) VcH(9),

@ (3) = 1— @p(x)
>1—{ap((>© (0 ) ©8)Vap(d)}
=1-{(1-ap((>¥0 (@) ©9)) A (1-@5(9))}
=@5((20 (00 %)) @) A@S(9).

Conversely, let P© satisfy the following:

() w§(0) < w§(x),¢5(0) < ¢§(5) and @§(0) > @5 (),
(i) w§(s) < wW§((x© (@O ) ©F) Vwh (8 )g%(%) < ¢§5((> @ (0@ %) ®8) V5 (8)
and @f () > @5 (% © (0 © %)) © 8) A@F(9).
Then,
wp(0) =1 - w§(0) > 1 - w§ () = wp(x)
¢p(0) =1—¢5(0) > 1—¢5(3) =¢p(s),
@p(0) =1 - @§(0) < 1 - @5 (5) = @p()

and

wp(3) =1 - wp()
>1-w5((#0 (00 %) ®0) Vws(¥)
=1-{(1-wp((>© (0 ) ©8)) A(1—-wp(d))}
= wp((>20 (0® x)) ©8) ANwp(9),

cp(30) =1—¢5(x)
>1—¢5((#0 (00 #)) ©8) Vch(8)
=1-{(1-¢p((>#0(¢© ) ®8)A(1—cp(¥))}
=cp((x® (e® ) ©8) Awp(9),

@p () =1 - @f ()
<1-@5((#0 (00 %) ®0) A5(9)
=1-{(1-w@p((>#0(¢© ) ®0))V(l-wp(¥))}
=@p((>20 (0® %)) © )V wp(d).

Thus, P = (wp,gp,@p) isa TPPFITof F. O

Theorem 10. Let P = (wp,¢p,@p) bea TPPFII of . Then, the set F p = {3 € F : wp(sx) =
wp(0), ¢p(3¢) = ¢p(0) and @p(3c) = @p(0)} is an implicative ideal of F .
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Proof. Obviously, 0 € Fp. Let»,0,0 € Fp, (2@ (0® x)) ®0 € Fpand ¢ € F p. Then,

wp((3® (0©® x)) ®8) = wp(¥) = wp(0),
cp((3x© (@) ©8) =¢p(d) =cp(0)

and
@p((2© (¢® ) © V) = wp(8) = @p(0).

It follows that

wp () = wp((#© (€ %)) © ) Awp(9)

6p(%) 2 ¢p((#© (e© %)) ©8) Agp(8)

and

@p(s) < @p((2© (0 ) ©Y) Vwp(d)
= @p(0) V @p(0)
= (Dp(O)

Combining with Definition 6 (i), we obtain
wp(sx) = wp(0), ¢p(s) = ¢p(0) and @wp(3¢) = wp(0) and so » € [ p.

Hence, F p is an implicative ideal of /. O

Proposition 3. Let P = (wp,gp,@p) is a TPPFI of F. Then, the below stated statements
are equivalent.

(i)  Pisa TPPFII of F.

(i) wp(s) > wp(sx® (0@ x)),6p(5¢) > ¢p(3¢® (0® »)) and @p(3) < @p(3x® (0 © »))
forall s¢,0 € F.

(iii)  wp(x) = wp(%x© (@© )),6p(%) = cp(2© (@ »)) and @p(») = @p(>x© (¢ © x))
forall ¢,0 € F.

Proof.
(i) = (ii): Since P is a TPPFII of |, we have

wp () = wp((#© (¢ ® 5)) ©0) Awp(0)
=wp(x® (0® »)) Awp(0)
=wp(#2O (00 x)),

cp(2) = ¢p((2© (e ®5)) ©0) Agp(0)
=¢p(>© (0®)) Agp(0)
=¢p(0 (0® x))

and

@p(s) < wp((2© (e® »)) ®0) V@p(0)
=wp(»#©® (0® )V @p(0)
= wp(x© (0O x))
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forallsc,0 € F.

(ii) = (iii): It is well-known by Proposition 1 that s ® (0 ® ») < 5. Then, by Theorem 1,
wp(3) < wp(3x® (® 3)),6p(5) < gp(>© (¢ © »)) and @p(x) > @p(x © (¢ © x)) for
all 2,0 € F. By (ii), wp(») > wp(3x©® (0 ® »)),¢cp(») > gp(%@ Q@ »)) and @p ()
@p(#x® (0 ® 5)) for all s,0 € F. As aresult, wp(x) = wp(>x® (0 ® 3)),5p(5)
¢p(x® (0@ »)) and @p(») = @p(x ® (0 ® 3)) forall 5,0 € F.

(iii) = (i): Since P isa TPPFI of F,

I IA

wWp(3© (0@ 7)) > wp((0 (00 2)) © ) Awp(®),
6p(5 (00 ) > ¢p((#® (0 3)) © 8) A cp(9)

—~

and
@p(x O (e©® x)) < @p((»© (¢© x)) ©I) V@p(9),
forall ¢, 0,% € F. By (iii), we have
wp(%) 2 wp((#© (@O »)) © ) Awe (D),
cp(#) 2 ¢p((2©(e® ) ©8) Agp(8)

and
@p(#) < @p((#© (e®3)) © 1Y) V@p(9)
forall »¢,0,8% € F. Thus, Pisa TPPFIlof . O

Definition 7. A TPPFS P = (wp,cp,@p) in a BCK-algebra [ is called TPPFPII of F if it

fulfills the succeeding assertions:

(i) wp(0) > wp(s),6p(0) > ¢p(s¢) and @p(0) < @p (),

(ii)  wp(#©8) 2 wp((#©0) ©9) Awp(Q®8),6p(#OF) 2 6p((#©e) ©F) Agp(e® D)
and @p(x ©9) < @wp((x®0) ©Y)Vwp(o® V).

That is,

(i) piowp(0) > p;owp(s),p;06p(0) > p;ogp(sx)and p;o@p(0) < p;o@p(x)

(i)  piowp(#®08) > piowp((3®0) ®F) Apjowp(e®V),pjocp(3x®8F) > pjogp((x®
0) ©8) Apiogp(¢®8)and p;owp(3x®Y) < piow@p((x® @) ©Y)Vp;owp(e® )

forall »¢,0,0 € F,i=1,2,3.

Proposition 4. A TPPFI P = (wp,Gp,@p) of F is a TPPFPII iff wp(» ® 0) > wp((®
Q) ©0),6p(>¥© @) 2 ¢p((>¥© @) © ), and @p(x © ) < @p((>©e) © @) forall ,0 € I,
i=1,2,3.

Proof. Suppose that TPPFI P = (wp,Gp,@p) is a TPPFPII of F . Then,

wp(x®08) > wp((>©0) ©Y) Awp(0 @ V),
Gp(2©8) > 6p((3x©0) ©8) Agp(e® V)

and

@p(x®0) <@p((>©0) ©8) Vop(o©® V).
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Substituting ¢ = ¢, we have

wp(#©e) > wp((>2©0) ®e) Nwp(e©®0)
= wp((%©®0) ®¢) Awp(0)
= wp((x®0) ®0),
cr(>2©0) Zcp((>x©0) ®e) Agp(e® @)

cp
=¢p((>#©0) ®¢) Ngp(0)
cr((2©e)®o)

and

@p(x©0) < @pr((»©0)©0)V@r(e®eo)
= @p((>#©e)© ) V@p(0)
= @p((#©0)©0).

On the other hand, suppose that P is a TPPFI of F satisfying the subsequent in-
equalities: wp(x © 0) > wp((2x©0) ®0),6p(2x®0) > ¢p((xx©@0) ®0), @p(x®0) <
@p((,@0)@o)forall s,0€ F,i=1,2,3,

Now, we prove that

wp(3x®8) > wp((3x@0) ®Y) Awp(o©® V),
cp(#08) 2 ¢p((2x00) ©8) Agp(e©9)

and
@p(x©8) <@p((>2©0) ©B)Vap(e® D).

Suppose, in contrast, that there exist ¢, 09 € F such that

wp (39 ® 0o) < wp((20® 00) ® 00) A wp(0o ® o)
= wp((30 ® €0) ® 0o) N wp(0)
= wp((30 ® 00) ® 00),

cp(20 © o) < ¢p((30 ® 00) ©® o) Agp(00 © o)
= ¢p((50 ® ¢0) ® 00) A 6p(0)
= ¢p((20 ® 00) ® 00)

and

@p (50 © Qo) > @p((»0 © 00) ® 00) V @p(0 © o)
= @p((»0 ® 00) ® o) V @p(0)
= @p((500 ® 00) ® 00),

which is a contradiction.
Therefore,

wp(x©®08) > wp((>©0) ©Y) Awp(0 @ V),
Gp(2©8) >¢p((%©0) ©Y) Agp(e® )

and
@p(x®0) <@p((>©0) ®8) Vop(o® V).

Thus, Pisa TPPFPII of f. O
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Since (2 ® 0) ® 0 < #® g, it follows from Theorem 1 that wp(x ® 0) < wp((>© 0) ®
0),6p(%©0) < cp((%©0) © ), @p(x©0) 2 @p((#© ) ©g) forall 0 € F,i=123.
Thus, Proposition 4 above can be reformed in the subsequent way:

Proposition 5. A TPPFI P = (wp,¢p,@p) of F isa TPPFPII iff wp(>® 0) = wp((3®0) ®
0),6p(3®0) =¢p((,x®0) ®0), @p(x®0) =w@p((sx©@0)®0) forall c,0€ [,i=1,2,3.

5. Tripolar Picture Fuzzy Commutative Ideal

Definition 8. A TPPFS P = (wp,¢p,@p) is TPPFCI of F if it satisfies the following assertions:

(i) wp(0) > wp(),6p(0) > ¢p(s¢) and @p(0) < @p(x),

(ii)  wp(#O (@@ (0 x))) > wp((#©0) ©8) Nwp(9),cp(#© (0O (¢®x))) = cp((>©
Q) ©8) Agp(d) and @p(x© (e© (¢ x))) < @p((>© ) © ) V @p(8).
That is,

(i) piowp(0) = p;owp(x),6p(0) = ¢p(5) and @p(0) < @p(5),

(ii)  piowp(>© (Q © (@0 ) > piowp(( ¢) ©8) Ap; o wp(8),pi 0 cp( (@0

)

)
(0®x))) > piogp((2®0) ®0Y) Apjogp(8) and pjo@p(x© (e ©® (e ©® x))) < p;o
@p((%2©0) ®8)Vp;jow@p(d)

forall 5¢,0,% € F,i=1,2,3.

Example 3. Let us consider the BCK-algebra (I ; ®,0) as follows:

®l0 x o @
0lo o o0 o
x| »x 0 0 x
0o »x 0 o
0|9 o 9 0

Now, let us construct a TPPFS P as follows:

(0.29,0.31,032), ifé = 0
wp(8) = < (0.23,0.25,0.27), if6 =
(0.12,0.13,0.13), if 6 = 0,9

(0.3,0.31,0.34), ifé =0
¢p(8) = { (0.20,0.22,0.25), if 6 =
(0.15,0.18,0.22), if 5 = 0,8

and

(0.05,0.1,0.12), if6 = 0
@p(8) = { (0.15,0.22,0.26), ifd = s
(0.50,0.52,0.53), if 6 = o, 0

Clearly, P isa TPPECI of F .
Proposition 6. Every TPPFCI of a BCK-algebra is a TPPFI.
Proof. Let P = (wp,¢p,@p) be a TPPFCI of F. We have

(0 (0® (0 x))) = (5x®0) [by Proposition 1]
= » [by Proposition 1]
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Then,
wp(x) =wp(>x© (00 (00 x)))
> wp((5©0)©8) Awp(Y)
a)p(%® 19) /\(Up(l9)
cp(3) =cp(>¥0 (00 (00 x)))

Gp
> cp((2©0)©8) Agp(d)
=¢p(x©8) Agp(9)

and

@p() = @p(>© (00 (00 x)))
< @p((»©0)©8) Vop(d)
= @p(>#©9)V@p(d)

for all 2,8 € F. Consequently, Pisa TPPFlof /. O

Proposition 6 is not true in the reverse direction, which we show by the following example:

Example 4. Let us consider the BCK-algebra given in Example 1. Observe that

wp((e® (8© (8 ©0)))) = wp(e) = (0.15,0.19,0.22),
wp((0® ®) ®0) Awp(0) = (0.35,0.36,0.38).
cr((e® (8O (8®0)))) =¢cpr(e) = (0.16,0.17,0.18),
cp((0®9) ®0) Agp(0) = (0.38,0.40,0.42).

and
@p((0® (8@ (80)))) = @p(0) = (0.40,0.42,0.45),
@p((0®8) ®0)V@p(0) = (0.03,0.04,0.05).

Hence,

wp((e® (8@ (8®0)))) 2 wp((e®@¥) ®0) V wp(0)
cr((e® (00 (800)))) 2 ¢cp((e®8) ®0) Agp(0)

and

@p((e® (8 (8©0)))) £ @p((e®¥) ®0) Aw@p(0).
Clearly, P is not a TPPFCI of F.

The converse of Proposition 6 above holds in commutative BCK-algebra, which is
underlined in the following proposition.

Proposition 7. Every TPPFI in a commutative BCK-algebra is a TPPFCI.
Proof. Let P = (wp, ¢p,@p) be a TPPFI of a commutative BCK-algebra /. Then,

(2000 (0@ x))) ®8)® ((5©0) ® V) [by Proposition 1 (iv)]
20 (00 (0® %)) ® (5@ 0) [by Proposition 1 (iii)]

=(x0 (e (>00)))® (>x©0) [as F is commutative]

%2 ®0)® (3® ) [by Proposition 1 (v)]

(20 (e (0@ )0 (*¥00 0 Od=
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ie, (20 (00 (00 2))O((>00)®Y) <.
Thus, by Theorem 2, it is obtained that
wp(2© (0© (0©x))) = wp((>©e) ©V) Awp(9),
cp(>¥0(0® (0@ ))) = ¢p((>2©0) ©8) Agp(9)

and
@p(#© (0O (0©x))) < @p((3© ) ©Y)V@p(9).

for all »¢,0,% € F. Consequently, Pisa TPPFCIof f. O

Now, we are interested in developing a relationship between TPPFII and TPPFCI.
Before we get there, there are a few things we need to talk about. The following proposition
was made by Meng et al. [11]

Proposition 8. The followings hold in a BCK-algebra [

i (2x009)00)0(od) < (x0t)Ou

i. (#0920 (%200))=(>x009)07.

ii. (2000 (O))O(oO(x0 (o (@O x)))) <x0e0.

Proposition 9. A TPPFI P = (wp,cp,@p) of (F,®,0) isa TPPFCI iff wp(> ® (0 ® (0 ®
%)) = wp(#©0),6p(>© (0O (e© ))) = ¢p(>x© @) and @p(%x© (¢ © (¢ © »))) <
@p(x© o) forall 32,0 € F.

Proof. Suppose that P is a TPPFCI of | . From Definition 8,

wp(#© (e (e© x))) = wp((#© ) ®8) Awp(8),
cp(#© (e (00 x))) Z cp((>¥©0) ©8) Agp(d)

and
@p(#©(0© (0©x))) <w@p((>¥©0) ©Y)Vwp(d)
Taking ¢ =0,
wp(#© (0© (e®))) > wp((>© ) ©0) Awp(0)
=wp(>x©® o),
Gp(2©(0®(0®x))) 2 ¢p((2©0) ®0) Agp(0)
=¢p(%©®0)
and

@p(2© (0O (0® x))) < @p((3©0) ©0) V@(0)
= (ﬂp(%@Q).
Conversely, assume that P satisfies wp(x © (0 ® (0 ® »))) > wp(x @ 0),6p(© (0 ®
(00 ) >cp(x®0)and @p(x® (0© (0® x))) < @p(x© o) forall »,0 € F.
Since P is a TPPFI, we know that
wp(>x©0) =2 wp((© Q) ©B) Awp(V),
cp(x©e) 2 ¢p((©0) ©8) Agp(D)
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and
@p(x© ) < @p((3© ) © )V @p(V).
Therefore,
wp(2© (0© (¢©x))) = wp((>©e) ©Y) Awp(9),
cp(>¥0(0®(e®))) 2 ¢p((>2©0) ©8) Agp(9)
and

@p(#© (e (0© x))) < @p((#© ) ©8) V@p(8).

Hence, Pis TPPFCIof F. O

It is observed that (3 ©® 0) ©® (x® (0 ® (0 ® 2))) = 0 and, using Theorem 1, we obtain
wp(#®(0® (0O x))) < wp(>2®0),cp(>¥© (0 (e®))) < ¢p(© ) and @p(> ®
(0 (0®))) > @p(3® o) forall 5, ¢ € F. Thus, Proposition 9 above can be modified
as follows:

Proposition 10. A TPPFI P = (wp,¢p,@p) of (F,®,0) isa TPPFCI iff wp(s2® (0 ® (0 ®

%)) = wp(x©0),6p(>¥® (e ©® (e® x))) = ¢p(xx© @) and @p(x © (¢ © (¢ © ))) =
@p(x©® o) forall »,0 € F.

Proposition 11. A TPPFI P = (wp,¢p,@p) isa TPPFII iff P is both TPPFCI and TPPFPII.

Proof. Suppose that P is a TPPFII. Then, by Proposition 8 (i), and Theorem 2,

wp((#© Q) © ) Nwp(e©® ) < wp((*¥© ) ©I)
=wp((#©0) O (5x® (5> 1))) [by Proposition 8 (ii)]
= wp (3 ® B) [by Proposition 3 (iii)],
cp((¥©0) ©9) Agp(e®8) < cp((>»©9) ©I)
=¢p((x©8) © (3G (>x®9))) [by Proposition 8 (ii)]
= ¢p(3® 8) [by Proposition 3 (iii)]
and
@p((2©0)®0)Vwp(e®8) > @p((>¥©08)©0)
=wp((#©0)© (5O (5> 0))) [by Proposition 8 (ii)]
= @p (3 ® ¥) [by Proposition 3 (iii)].
Therefore, by Definition 7, P isa TPPFPII.
By Proposition 8 (iii) and Theorem 1 we obtain
wp(#©0) Cwp((#0 (0©(€© ) © (0O (¥ (e© (e©® x)))))
=wp(#©® (0©® (0® x))) [by Proposition 3 (iii)],
cp(#¥©0) <¢p((¥0 (00 (0 ) (00 (¥0 (e® (e© )))))
=¢p(® (0® (0 ® 2))) [by Proposition 3 (iii)]

and

@p(2©e) 2 @p((#»©(0®(0©)))© (e (>¥©(e® (¢®)))))
=wp(x® (0® (0@ 3))) [by Proposition 3 (iii)].
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Therefore, by Proposition 9, Pis a TPPFCI of F .
Conversely, let P be both TPPFPII and TPPFCI of . Since (0 ® (0 ® »)) ® (0 ® 3¢) <
% @® (0 ® ), by Theorem 1,

wp(x© (0O ) <wp((e® (e® ) © (¢ ©® x)),
cp(#0(e® ) <cp((e®(e®x)) ® (¢®x))

and
@p(#x© (0@ ) > @p((0®(e® ) ® (0® »)).
By Proposition 5,
wp((e© (e® ) ©(¢®x)) =wp(e® (e® x)),
cr((e0 (@@ %) ©(e®x)) =cp(e® (0 © x))
and

@p((0©(e® ) ©(e®x)) =@p(e® (© x)).

Therefore, it is obtained that

wp(x© (e® ) <wp(e® (0 © %)), 2)

Gp(2©(0®x)) <cp(e® (e® %)) 3)
and

@p(#© (e© x)) > @p(e® (0O x)). 4)

In addition, by Proposition 1,  © ¢ < 2 ® (0 ® »). Therefore, by Theorem 1,

wp(x© (0® »)) < wp(x© o),
cp(#©(e®x)) <gp(x©o0)

and
@p(x® (0 x)) > @p(x2© 0).

Since P is a TPPFCI therefore by Proposition 10, it is obtained that

wp(#© (0O %)) Cwp(x® (e® (¢ ®x))), )

cp(#© (@0 %)) <cp(#®(0® (0 x))) (6)
and

@p(%2© (0O x)) > @p(#2O (0© (¢ © x))). ?)

Combining (2) and (5), (3) and (6), (4) and (7), it is obtained that

wp(x® (e® ) <wp(#® (0O (0©®x))) Awp(e® (¢ ® 5))
< wp(x),

cp(x® (00 ) <cp(#® (0 (0@ ))) Agp(0® (¢ ©® x))
<g¢p(s)
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and

@p(#© (@O x)) 2 @p(>© (e® (¢O x))) V@p(e® (¢® ))
> (Dp(%)

Thus, by Proposition 3, Pisa TPPFIl of f. O

6. Conclusions

In this paper, we popularized the view of tripolar picture fuzzy ideal (implicative
ideal) in BCK-algebras. We obtained many related results associated with these notions.
Moreover, we considered a relationship between tripolar picture fuzzy ideal (commutative
ideal) in BCK-algebras. We are confident that the analysis of specific other types of algebraic
structures from the perspective of the tripolar picture fuzzy set will be aided by our work.
The findings of this work can be applied to a variety of algebras—for instance, BG-algebras,
B-algebras, BCH-algebras, UP-algebras and MV-algebras. Future research should focus
on a few key areas, including (1) developing methods for obtaining more useful results,
(2) using these ideas and findings to study related ideas in other (hyper/soft) algebraic
structures, and (3) examining the ideas of uni-soft filters based on picture fuzzy set theory.

Author Contributions: Conceptualization, G.M., N.A. and M.B.; methodology, G.M.; validation, N.A.
and M.B.; formal analysis, N.A. and A.A.; investigation, M.B.; writing—original draft preparation,
G.M.; writing—review and editing, A.A. and M.B. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by Princess Nourah bint Abdulrahman University Researchers
Supporting Project Number (PNURSP2022R87), Princess Nourah bint Abdulrahman University,
Riyadh, Saudi Arabia.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors extend their appreciations to Princess Nourah bint Abdulrahman
University Researchers Supporting Project Number (PNURSP2022R87), Princess Nourah bint Abdul-
rahman University, Riyadh, Saudi Arabia.

Conflicts of Interest: The authors declare no conflict of interest.

References

PN U RN

[ e o)
LN = o

[
S

Zadeh, L.A. Fuzzy sets. Inf. Control 1965, 8, 338-353. [CrossRef]

Atanassov, K.T. Intuitionistic fuzzy sets. Fuzzy Sets Syst. 1986, 20, 87-96. [CrossRef]

Imai, Y.; Iseki, K. On axiom systems of propositional calculi XIV. Proc. Jpn. Acad. 1966, 42, 19-22. [CrossRef]

Iseki, K. On BCl-algebras. Math. Semin. Notes 1980, 8, 125-130.

Iseki, K.; Tanaka, S. An introduction to the theory of BCK algebras. Math. Jpn. 1978, 23, 1-26.

Xi, O.G. Fuzzy BCK algebras. Math. Jpn. 1991, 36, 935-942.

Ahmad, B. Fuzzy BCI algebras. J. Fuzzy Math. 1993, 1, 445-452.

Jun, Y.B. Closed fuzzy ideals in BCI-algebras. Math. Jpn. 1993, 38, 199-202.

Jun, Y.B.; Roh, E.H. Fuzzy commutative ideals of BCK algebra. Fuzzy Sets Syst. 1994, 64, 401-405. [CrossRef]

Jun, Y.B.; Kim, K.H. Intuitionistic fuzzy ideals of BCK-algebras. Int. |. Math. Math. Sci. 2000, 24, 839-849. [CrossRef]

Meng, J.; Jun, Y.B.; Kim, H.S. Fuzzy implicative ideals of BCK-algebras. Fuzzy Sets Syst. 1997, 89, 243-248. [CrossRef]
Muhiuddin, G. p-ideals of BCI-algebras based on neutrosophic N-structures. J. Intell. Fuzzy Syst. 2021, 40, 1097-1105. [CrossRef]
Muhiuddin, G.; Kim, S.J.; Jun, Y.B. Implicative N-ideals of BCK-algebras based on neutrosophic N-structures. Discret. Math.
Algorithms Appl. 2019, 11, 1950011. [CrossRef]

Mubhiuddin, G.; Aldhafeeri, S. N-Soft p-ideal of BCI-algebras. Eur. |. Pure Appl. Math. 2019, 12, 79-87. [CrossRef]

Muhiuddin, G.; Kim, H.S.; Song, S.Z.; Jun, Y.B. Hesitant fuzzy translations and extensions of subalgebras and ideals in BCK/BCI-
algebras. J. Intell. Fuzzy Syst. 2017, 32, 43-48. [CrossRef]


http://doi.org/10.1016/S0019-9958(65)90241-X
http://dx.doi.org/10.1016/S0165-0114(86)80034-3
http://dx.doi.org/10.3792/pja/1195522169
http://dx.doi.org/10.1016/0165-0114(94)90163-5
http://dx.doi.org/10.1155/S0161171200004610
http://dx.doi.org/10.1016/S0165-0114(96)00096-6
http://dx.doi.org/10.3233/JIFS-201309
http://dx.doi.org/10.1142/S1793830919500113
http://dx.doi.org/10.29020/nybg.ejpam.v12i1.3343
http://dx.doi.org/10.3233/JIFS-151031

Symmetry 2022, 14, 1562 20 of 20

16.

17.

18.
19.
20.
21.
22.
23.

24.
25.

26.

27.

28.

29.

30.
31.

Zhang, W.R. Bipolar fuzzy sets and relations: A computational framework for cognitive modeling and multiagent decision
analysis. In Proceedings of the Industrial Fuzzy Control and Intelligent Systems Conference, and the NASA Joint Technology
Workshop on Neural Networks and Fuzzy Logic and Fuzzy Information Processing Society Biannual Conference, San Antonio,
TX, USA, 18-21 December 1994; pp. 305-309.

Cuong, B.C.; Kreinovich, V. Picture Fuzzy Sets—A new concept for computational intelligence problems. In Proceedings of the
Third World Congress on Information and Communication Technologies WICT’2013, Hanoi, Vietnam, 15-18 December 2013;
pp- 1-6.

Lee, K.M. Bipolar-valued fuzzy sets and their operations. In Proceedings of the International Conference on Intelligent Technolo-
gies, Bangkok, Thailand, 13-15 December 2000; pp. 307-312.

Lee, K.M. Comparison of interval-valued fuzzy sets, intuitionistic fuzzy sets, and bipolar-valued fuzzy sets. J. Fuzzy Log. Intell.
Syst. 2004, 14, 125-129.

Lee, K.J. Bipolar fuzzy subalgebras and bipolar fuzzy ideals of BCK/BCl-algebras. Bull. Malays. Math. Sci. Soc. 2002, 2, 361-373.
Cuong, B.C. Picture fuzzy sets. ]. Comput. Sci. Cybern. 2014, 30, 409-420.

Dutta, P.; Ganju, S. Some aspects of picture fuzzy set. Trans. A Razmandze Math. Inst. 2018, 172, 164-175. [CrossRef]

Wei, G. Some cosine similarity measures for picture fuzzy sets and their applications to strategic decision-making. Informatica
2017, 28, 547-564. [CrossRef]

Wei, G. Some similarity measures for picture fuzzy sets and their applcations. Iran. J. Fuzzy Syst. 2018, 15, 77-89.

Wei, G.; Gao, H. The generalized dice similarity measures for picture fuzzy sets and their applications. Informatica 2018, 29,
107-124. [CrossRef]

Liang, H.; Liu, G.; Zhang, H.; Huang, T. Neural-Network-Based Event-Triggered Adaptive Control of Nonaffine Nonlinear
Multiagent Systems With Dynamic Uncertainties. IEEE Trans. Neural Netw. Learn. Syst. 2021, 32, 2239-2250. [CrossRef]

Liang, H.; Du, Z.; Huang, T.; Pan, Y. Neuroadaptive Performance Guaranteed Control for Multiagent Systems with Power Integrators
and Unknown Measurement Sensitivity. IEEE Trans. Neural Netw. Learn. Syst. 2022. [CrossRef]

Muhiuddin, G.; Shum, K.P. New types of («, B)-fuzzy subalgebras of BCK/BCl-algebras. Int. J. Math. Comput. Sci. 2019, 14,
449-464.

Muhiuddin, G.; Aldhafeeri, S. Characteristic fuzzy sets and conditional fuzzy subalgebras. |. Comput. Anal. Appl. 2018, 25,
1398-1409.

Mubhiuddin, G.; Al-roqi, A.M. Classifications of («, B)-fuzzy ideals in BCK/BCI-algebras. J. Math. Anal. 2016, 7, 75-82.
Muhiuddin, G.; Al-rogi, A.M. Subalgebras of BCK/BCI-algebras based on («, B)-type fuzzy sets. J. Comput. Anal. Appl. 2015, 18,
1057-1064.


http://dx.doi.org/10.1016/j.trmi.2017.10.006
http://dx.doi.org/10.15388/Informatica.2017.144
http://dx.doi.org/10.15388/Informatica.2018.160
http://dx.doi.org/10.1109/TNNLS.2020.3003950
http://dx.doi.org/10.1109/TNNLS.2022.3160532

	Introduction
	Preliminaries
	Tripolar Picture Fuzzy Ideal
	Tripolar Picture Fuzzy Implicative Ideal
	Tripolar Picture Fuzzy Commutative Ideal
	Conclusions
	References

