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Abstract. The notions of a neutrosophic subalgebra and a neutrosohic ideal of a BC'C-algebra are introduced
and consider characterizations of a neutrosophic subalgebra and a neutrosophic ideal. We define the notion of a
neutrosophic BC'C-ideal of a BC'C-algebra, and investigated some properties of it.

1. INTRODUCTION

Y. Kormori [8] introduced a notion of a BC'C-algebras, and W. A. Dudek [4] redefined the notion of BCC-
algebras by using a dual from of the ordinary definition of Y. Kormori. In [6], J. Hao introduced the notion
of ideals in a BC'C-algebra and studied some related properties. W. A. Dudek and X. Zhang [5] introdued a
BC(C-ideals in a BC'C-algebra and described connections between such BCC-ideals and congruences. S. S. Ahn
and S. H. Kwon [2] defined a topological BCC-algebra and investigated some properties of it.

Zadeh [10] introduced the degree of membership/truth (t) in 1965 and defined the fuzzy set. As a general-
ization of fuzzy sets, Atanassov [3] introduced the degree of nonmembership/falsehood (f) in 1986 and defined
the intuitionistic fuzzy set. Smarandache introduced the degree of indeterminacy/neutrality (i) as independent
component in 1995 (published in 1998) and defined the neutrosophic set on three components (t, i, f) = (truth,
indeterminacy, falsehood). Jun et. al [7] introduced the notions of a neutrosophic .4 ’-subalgebras and a (closed)
neutrosophic .4 -ideal in a BCK/BCI-algebras and investigated some related properties. subalgebras

In this paper, we introduce the notions of a neutrosophic subalgebra and a neutrosohic ideal of a BC'C-algebra
and consider characterizations of a neutrosophic subalgebra and a neutrosophic ideal. We define the notion of a

neutrosophic BC'C-ideal of a BC'C-algebra, and investigate some properties of it.

2. PRELIMINARIES

By a BCC-algebra [4] we mean an algebra (X, x,0) of type (2,0) satisfying the following conditions: for all

z,y,z € X,
(al) ((z*xy)*(z*xy))*(x*2) =0,
(a2) 0%z =0,
(a3) zx0 ==z,

(a4) xxy=0and y*xx =0 imply z = y.
For brevity, we also call X a BCC-algebra. In X, we can define a partial order “<” by putting = < y if and
only if x x y = 0. Then < is a partial order on X.
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A BC(C-algebra X has the following properties: for any x,y € X,

(bl) zxx =0,
(b2) (x*xy)xx =0,
b3) z<y=axxz<yxzand zxy < zx*z.

Any BCK-algebra is a BC'C-algebra, but there are BC'C-algebras which are not BC K-algebra [4]. Note that
a BCC-algebra is a BC' K-algebra if and only if it satisfies:

(bd) (xxy)xz=(zxz)*y, forall z,y,z € X.

Let (X, *,0x) and (Y, *,0y) be BCC-algebras. A mapping ¢ : X — Y is called a homomorphism if p(z *xx y) =
o(z) *xy p(y) for all z,y € X. A non-empty subset S of a BC'C-algebra X is called a subalgebra of X if zxxy € S
whenever z,y € S. A non-empty subset I of a BCI-algebra X is called an ideal [6] of X if it satisfies:

(cl) 0 €1,
(c2) zxy,yel =>xelforall z,y € X.

I is called an BC'C-ideal [5] of X if it satisfies (c1) and

(c3) (xxy)xz,yel = xxzel, foralxy ze X.

Theorem 2.1. [6] In a BCC-algebra, an ideal is a subalgebra.
Theorem 2.2. [5] In a BC'C-algebra, a BCC-ideal is an ideal.
Corollary 2.3. [5] Any BCC-ideal of a BCC-algebra is a subalgebra.

Definition 2.4. Let X be a space of points (objects) with generic elements in X denoted by z. A simple valued
neutrosophic set A in X is characterized by a truth-membership function T4 (z), an indeterminacy-membership
function I4 (), and a falsity-membership function F4(z). Then a simple valued neutrosophic set A can be denoted
by

A:={(z,Ta(z),I4(z), Fa(z))|z € X},

where T4 (x), [a(x), Fa(z) € [0,1] for each point « in X. Therefore the sum of T4 (z), Ia(x), and Fa(z) satisfies
the condition 0 < Ty (z) + Ia(z) + Fa(z) < 3.

For convenience, “simple valued neutrosophic set” is abbreviated to “neutrosophic set” later.

Definition 2.5. Let A be a neutrosophic set in a B-algebra X and «, 3,7 € [0,1] with 0 < a+ 3+ < 3 and an
(a, B,y)-level set of X denoted by A(@B:7) g defined as

AP = { € X|Ta(z) < a,Ia(z) > B, Falz) <}

For any family {a;|i € A}, we define

\/{ai|i €A} = max{a;|i € A} if Ais finite,
sup{a;|i € A}  otherwise
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and

Ny [P0l ) A
inf{a;|s € A}  otherwise.

3. NEuTROSOPHIC BCC-IDEALS

In what follows, let X be a BC'C-algebra unless otherwise specified.

Definition 3.1. A neutrosophic set A in a BCC-algebra X is called a neutrosophic subalgebra of X if it satisfies:

(NSS) Ta(z*xy) <max{Ta(z),Ta(y)}, la(xxy) > min{la(z),Ia(y)}, and Fa(z+y) < max{Fa(z), Fa(y)}, for
any x,y € X.

Proposition 3.2. Every neutrosophic subalgebra of a BCC-algebra X satisfies the following conditions:
(3.1) T4(0) < Ta(x),14(0) > I4(x), and Fs(0) < Fa(zx) for any z € X.

Proof. Straightforward. O

Example 3.3. Let X :={0,1,2,3} be a BCC-algebra [6] with the following table:

«[0 1 2 3
0jlo 0o 0 0
111 0 0 1
212 1 0 1
313 3 30

Define a neutrosophic set A in X as follows:

012 ifz e {0,1,2}

Ta: X —[0,1], :E'—>{ 083 ifo—3

0.81 if z €{0,1,2}

Ia:X —[0,1], xH{ 0.14 if 2 = 3,
and

0.12 ifz € {0,1,2}

Fyp: X 1
A X =00, ]’xH{o.ss if ¢ = 3.

It is easy to check that A is a neutrosophic subalgebra of X.

Theorem 3.4. Let A be a neutrosophic set in a BCC-algebra X and let a, 8,7 € [0,1] with0 < a4+ 8+ v < 3.
Then A is a neutrosophic subalgebra of X if and only if all of (c, 8, 7)-level set A(®#7) are subalgebras of X when
Al@B) £,

Proof. Assume that A is a neutrosophic subalgebra of X. Let «, 8,7 € [0,1] be such that 0 < a+ 8+ v < 3 and
ABY) £ (. Let z,y € AP, Then Ta(z) < o, Ta(y) < o, Ta(z) > B,14(y) > B and Fa(x) < v, Fa(y) < 7.
Using (NSS), we have Ta(z * y) < max{Ta(z),Ta(y)} < o, Is(x *y) > min{la(z),I4(y)} > B, and Fa(z xy) <
max{F4(z), Fa(y)} <. Hence x xy € A(®P7) . Therefore A(*#7) is a subalgebra of X.

Conversely, all of (a, 8,7)-level set A(®57) are subalgebras of X when A(®#7) £ (). Assume that there exist
at, by, ai,b; € X and ay,by € X such that Ta(a; * b)) > max{Ta(as), Ta(bs)}, La(a; * b;) < min{la(a;),Ta(b;)}
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and Fa(as *br) > max{Fa(as), Fa(bs)}. Then Ta(a; * b;) > aq > max{Ta(as),Ta(b)},Lala; *b;) < 1 <
min{7l4(a;),1a(b;)} and Fa(as *xbg) > v1 > max{Fa(ay), Fa(bs)} for some a1,71 € [0,1) and 3; € (0,1]. Hence
ag, by, a;, by € ACHI) and ap by € ACUPI) D But ap by, ap x by ¢ AP and ap x by ¢ AlenBim),
which is a contradiction. Hence T4 (x * y) < max{T4(x), Ta(y)}, Ta(x *y) > min{la(z), [a(y)}, and Fa(x *xy) <
max{Ta(z),Ta(y)}, for any z,y € X. Therefore A is a neutrosophic subalgebra of X. a

Since [0, 1] is a completely distributive lattice with respect to the usual ordering, we have the following theorem.

Theorem 3.5. If {4;|i € N} is a family of neutrosopic subalgebras of a BCC-algebra X, then ({A;|i € N}, Q)

forms a complete distributive lattice.

Theorem 3.6. Let A be a neutrosophic subalgebra of a BCC-algebra X. If there exists a sequence {a,} in
X such that lim, o0 Ta(an) = 0,lim, 0 Ta(an) = 1, and lim, o Fa(a,) = 0, then T4(0) = 0,14(0) = 1, and
F4(0) =0.

Proof. By Proposition 3.2, we have T4(0) < T4(x),I4(0) > I4(x), and F4(0) < Fa(z) for all z € X. Hence we
have T4 (0) < Ta(an),14(0) > Ia(ay), and Fa(0) < Fa(ay,) for every positive integer n. Therefore 0 < T4(0) <
lim, 00 Ta(an) = 0,1 = limp, 00 Ta(an) < I14(0) < 1, and 0 < F4(0) < limy 00 Fa(an) = 0. Thus we have
T4(0) = 0, 14(0) = 1, and F4(0) = 0. O

Proposition 3.7. If every neutrosophic subalgebra A of a BC'C-algebra X satisfies the condition
(3.2) Talxxy) < Ta(y), La(zxy) = La(y), Fa(x +y) < Fa(y), for any z,y € X,

then Ty, 14, and F4 are constant functions.

Proof. Tt follows from (3.2) that T (x) = Ta(x % 0) < T4(0), [a(x) = Ta(z*0) > I4(0), and Fa(x) = Fa(z*0) <
F4(0) for any € X. By Proposition 3.2, we have Ts(x) = Ta(0),Ia(x) = I4(0), and Fa(z) = F4(0) for any

x € X. Hence T'a, 14, and F4 are constant functions. O

Theorem 3.8. Every subalgebra of a BCC-algebra X can be represented as an («, 3, v)-level set of a neutrosophic
subalgebra A of X.

Proof. Let S be a subalgebra of a BCC-algebra X and let A be a neutrosophic subalgebra of X. Define a
neutrosophic set A in X as follows:

oy ifzes

Ty: X — 10,1 —
4 0,1), = { s otherwise,

B ifxes

Iq:X 1
A = (0.1}, xr—>{ By otherwise,

v ifzes

Fp: X — (0,1 —
A [0, 1], { 72 otherwise,

where a1, a9,71,72 € [0,1) and B1, 02 € (0,1] with oy < ag,81 > B2,71 < Y2, and 0 < a3 + f1 +711 < 3,0 <
ag + B2 + v < 3. Obviously, S = Alenf1m) - We now prove that A is a neutrosophic subalgebra of X. Let
z,y € X. If z,y € S, then z xy € S because S is a subalgebra of X. Hence Ty(z) = Ta(y) = Ta(z xy) = ay,
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Ta(z) = Ia(y) = Ia(z *xy) = B1, Fa(z) = Fa(y) = Fa(z xy) = m and so Ta(z xy) < max{Ta(z),Ta(y)},
Ta(zxy) > min{la(z), Ia(y)}, Falxxy) <max{Fa(x),Fa(y)}. fz e Sandy ¢S, then Ty(z) = a1,Ta(y) = as
, La(z) = B1,1a(y) = B2, Fa(@) = 71, Fa(y) = 72 and so Ta(x x y) < max{Ta(z),Ta(y)} = a2, La(z*+y) =
min{7Z4(z),Ia(y)} = Po2, Falx xy) < max{Fa(x), Fa(y)} = v2. Obviously, if x ¢ A and y ¢ A, then Ty(z xy) <
max{Ta(z), Ta(y)} = oo, La(x *xy) > min{la(x),Ia(y)} = P2, Fa(x *y) < max{Fa(z), Fa(y)} = ¥2. Therefore
A is a neutrosophic subalgebra of X. |

Definition 3.9. A neutrosophic set A in a BC'C-algebra X is said to be neutrosophic ideal of X if it satisfies:

(NSI1) T4(0) < Ty(x),14(0) > I4(x), and F4(0) < Fa(z) for any z € X;
(NS12) Ty(x) <max{Ta(zxy),Ta(y)},Ta(z) > min{la(z=*y),a(y)}, and Fa(z) < max{Fa(z*y), Fa(y)}, for
any z,y € X.

Proposition 3.10. Every neutrosophic ideal of a BC'C-algebra X is a neutrosophic subalgebra of X .

Proof. Let A be a neutrosophic ideal of X. Put z := z xy and y := x in (NSI2). Then we have Th(z *
y) < max{Ta((x xy) *x),Ta(z)}, Ia(x xy) > min{ls((z xy) * ), [a(x)}, and Fa(z xy) < max{Fa((z * y) *
x), Fa(z)}. Tt follows from (b2) and (NSI1) that Ta(z *y) < max{Ta((z*y)*x),Ta(z)} = max{T4(0), Ta(z)} <
max{Ta(z), Ta(y)}, La(z * y) = min{Ia((z * y) * x), La(x)} = max{l4(0), [a(z)} = max{la(z),1a(y)}, and
Fy(z +y) <max{Fa((z*y) *z), Fa(z)} = max{Fa(0), Fa(z)} <max{Fa(x),Fa(y)}. Thus A is a neutrosophic
subalgebra of X. O

Theorem 3.11. Let A be a neutrosophic set in a BCC-algebra X and let o, 8,y € [0,1] with 0 < a+ 8+ v < 3.
Then A is a neutrosophic ideal of X if and only if all of (o, 8, v)-level set AP are ideals of X when A(@8:7) £ (.

Proof. Assume that A is a neutrosophic ideal of X. Let «, 8,7 € [0,1] be such that 0 < a+ 8+ v < 3 and
A8 £ (. Let 2,y € X be such that zxy,y € A@F7). Then Ta(z*y) < o, Ta(y) < o, La(zxy) > B,1a(y) > B,
and Fu(x *y) <7, Fa(y) <. By Definition 3.9, we have T4 (0) < Ta(z) < max{Ta(r *y),Ta(y)} < o, 14(0) >
Ia(x) > min{la(z *y)), La(y)} > B, and Fa(0) < Fa(z) < max{Fa(z xy),Ta(y)} < . Hence 0,7 € A5,
Therefore A(®#7) is an ideal of X.

Conversely, suppose that there exist a,b,c € X such that T4(0) > Ta(a),I4(0) < I4(b), and Fa(0) > Fa(c).
Then there exist a;,¢; € [0,1) and b, € (0,1] such that T4(0) > a; > Ta(a),14(0) < by < I4(b) and F4(0) >
¢t > Falc). Hence 0 ¢ Alee:bect) which is a contradiction. Therefore Ta(0) < Ta(z),I4(0) > Ia(z) and
F4(0) < Fa(z) for all € X. Assume that there exist a¢, b, a;, b5, a5,b5 € X such that Ta(ay) > max{Ta(a; *
be), Ta(by)}, Ta(a;) < min{la(a; *b;), Ia(bi)}, and Fa(ay) > max{Ta(as *bs),Ta(by)}. Then there exist s;,s5 €
[0,1) and s; € (0,1] such that Ta(a:) > s¢ > max{Ta(as *bs), Ta(b)}, Ta(a;) < s; <min{l4(a; xb;),1a(b;)}, and
Fa(ay) > sy > max{Ta(ap*bys),Ta(bs)}. Hence a;*be, by, a;xb;,apxby € Alsesisg) and by, bi, by € Alsesi51)  Bug
ag,a; ¢ ABH5051) and ay ¢ A(6%51) This is a contradiction. Therefore Ta(z) < max{Ta(z*y), Ta(y)}, La(z) >
min{la(z*y)),Ia(y)} and Fa(z) < max{Fa(z*y), Fa(y)}, for any x,y € X. Therefore A is a neutrosophic ideal
of X O

Proposition 3.12. Every neutrosophic ideal A of a BC'C-algebra X satisfies the following properties:
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() (Vo,y € X)(& <y = Ta(x) < Taly), 1a(z) = La(y), Fa(z) < Fa(y)),
(i) (Vo,y,2z € X)(wxy < 2 = Ta(z) < max{Ta(y), Ta(2)}, La(x) = min{la(y), [a(2)}, Fa(x) < max{Fa(y), Fa(2)})-

Proof. (i) Let z,y € X be such that + < y. Then z xy = 0. Using (NSI2) and (NSI1), we have Tx(z) <
max{Ta(z * y), Ta(y)} = max{Ta(0),Ta(y)} = Tay), Laly) = min{la(z *y),1a(y)} = min{l4(0),1a(y)} =
Ta(y), and Fa(z) < max{Fa(z xy), Fa(y)} = maX{FA(O%FA(y)} = Fa(y).

(ii) Let z,y,2 € X be such that z xy < z. By (NSI2) and (NSI1). we get Ta(x x y) < max{Ta((z * y) *
2),Ta(2)} = max{T4(0),Ta(z)} = Ta(z), [A(:L'*y) > min{ls((xxy)*2z),14(z)} = min{l4(0),14(2)} = La(z), and
Fa(zxy) <max{Fa((x*xy)*z), Fa(2)} = max{F4(0), Fa(z)} = Fa(z). Hence T4 (z) < max{Ta(x*y), Ta(y)} <
max{T4(y), Ta(2)}, La(z) = min{la(z * y),La(y)} > min{l4(y), 1a(2)}, and Fa(x) < max{Fa(z *y), Fa(y)} <
max{Fa(y), Fa(z)}- O

The following corollary is easily proved by induction.

Corollary 3.13. Every neutrosophic ideal A of a BCC-algebra X satisfies the following property:

(83) (--(@xar) )% ay = 0= Talw) < Vi_y Talar), La(e) = Ni_, Lalax), Fa(e) < Vi, Falax), for all

T,a1, 0, € X.

Definition 3.14. Let A and B be neutrosophic sets of a set X. The union of A and B is defined to be a

neutrosophic set

AUB := {{z,Taup(z), Laup(z), Faup(z))|z € X},
where Taup(z) = min{Ts(z), Tp(x)}, lavp(z) = max{Ia(z),Ip(x)}, Faup(x) = min{F4(z), Fp(x)}, for all
x € X. The intersection of A and B is defined to be a neutrosophic set

ANB := {(z,Tanp(x), [ang(x), Fanp(z))|z € X},

where Tanp(z) = max{Ta(x), Tp(x)}, Ianp(x) = min{ls(z),I5(x)}, Fanp(xz) = max{F4(x), Fp(x)}, for all
z e X.

Theorem 3.15. The intersection of two neutrosophic ideals of a BCC-algebra X is a also a neutrosophic ideal
of X.

Proof. Let A and B be neutrosophic ideals of X. For any € X, we have Tanp(0) = max{T4(0),Tp(0)} <

max{Ts(z), Tp(x)} = Tanp(x), Ianp(0) = min{T4(0),Tp(0)} > min{ls(x),I5(x)} = Ianp(z), and Fanp(0) =
max{F4(0), Fp(0)} < max{F4(x), Fp(x)} = Fanp(z). Let z,y € X. Then we have

Tanp(x) =max{Ta(z), Tp(x)}
<max{max{T4(z *y),Ta(y)}, max{Tx(z *y), Tn(y)}}
=max{max{Ta(z *y), Tp(z * y)}, max{Ta(y), Te(y)}}

=max{Tanp(z *y), Tans(Y)},

610 AHN 605-614



J. COMPUTATIONAL ANALYSIS AND APPLICATIONS, VOL. 28, NO.4, 2020, COPYRIGHT 2020 EUDOXUS PRESS, LLC

Neutrosophic BCC-ideals in BCC-algebras

Ianp(x) =min{la(z), Ip(z)}
= min{min{Za(z x y), La(y)}, min{Ip(z *y), I5(y)}}
=min{min{Za(z * y), Ip(z * y)}, min{la(y), I5(y)}}

=min{lanp(x*y), Ians(y)},

and
Fanp(z) =max{Fa(z), Fp(x)}
<max{max{Fa(z *y), Fa(y)}, max{Fp(z xy), Fp(y)}}
= max{max{Fa(z +y), Fp(z * y)}, max{Fa(y), Fp(y)}}
=max{Fanp(x *y), Fans(y)}
Hence ANB is a neutrosophic ideal of X. O

Corollary 3.16. If {A;|i € N} is a family of neutrosophic ideals of a BCC-algebra X, then so is NyenA;.
The union of any set of neutrosophic ideals of a BC'C-algebra X need not be a neutrosophic ideal of X.

Example 3.17. Let X = {0, 1,2, 3,4} be a BCC-algebra [5] with the following table:

*10 1 2 3 4
0j{0 0 0 0 O
1110 1 0 O
212 2 0 0 O
313 3 1.0 0
414 3 4 3 0

Define neutrosophic sets A and B of X as follows:

. 0.12, ifz e {0,1}

Ty: X = [0,1], x> 0.74 otherwise,
0.63, ifz e {0,1}

Ip:X 1

A — 0,1}, 2+~ 0.11 otherwise,

0.12, ifz e {0,1}

0.74  otherwise,

0.13, if z € {0,2}

T : X 1
B = 1[0,1], 2+ 0.63 otherwise,

0.75, if z € {0,2}

Ip: X —[0,1], v+ 0.14 otherwise,

{
{
Faix =0 oo {
{
{

and
0.13, if z €{0,2}

Fp: X —[0,1], 2+ { 0.63 otherwise.

It is easy to check that A and B are neutrosophic ideals of X. But AUB is not a neutrosophic ideal of
X, since TAUB(3) = mm{TA(3),TB(3)} = 0.63 f maX{TAuB(S * 2)7TAUB(2)} = max{TAuB(l),TAuB(Q)} =
max{min{7T4(1), Tp(1)}, min{T4(2),Ts(2)}} = max{0.12,0.13} = 0.13.

611 AHN 605-614



J. COMPUTATIONAL ANALYSIS AND APPLICATIONS, VOL. 28, NO.4, 2020, COPYRIGHT 2020 EUDOXUS PRESS, LLC

Sun Shin Ahn

Definition 3.18. A neutrosophic set A in a BCC-algebra X is said to be a neutrosophic BCC-ideal of X if it
satisfies (NSI1) and

(NSI3) Ta(x * 2) < max{Ta((z *xy) *x 2),Ta(y)}, Ta(z x 2) > min{la((x * y) *x 2),14(y)}, and Fa(x * z) <
max{Fa((x xy) *xz), Fa(y)}, for any x,y,z € X.

Lemma 3.19. Every neutrosophic BC'C-ideal of a BCC-algebra X is a neutrosophic ideal of X.

Proof. Let A be a neutrosophic BCC-ideal of a BCC-algebra X. Put z := 0 in (NSI3). By (a3), we have
Ta(x%0) =Ta(x) <max{Ta((z*y) x0),Ta(y)} = max{Ta(z xy), Ta(y)}, La(x x 0) = Ix(x) > min{la((z * y) *
0),14(y)} = min{I4(zxy), [a(y)}, and Fa(zx0) = Fa(z) < max{F4((z+y)*0), Fa(y)} = max{Fa(x*y), Fa(y)},
for any z,y € X. Hence A is a neutrosophic ideal of X. 0

Corollary 3.20. Every neutrosophic BCC-ideal of a BC'C-algebra X is a neutrosophic subalgebra of X .
The converse of Proposition 3.10 and Lemma 3.19 need not be true in general (see Example 3.21).

Example 3.21. Let X = {0,1,2,3,4} be a BCC-algebra as in Example 3.17. Define a neutrosophic set A of X
as follows:
_ 0.13 ifxze{0,1,2,3}
TA.X—>[0,1],x'—>{0.83 =4
0.82 ifxze{0,1,2,3}

IA:X—>[0,1], :E'—){ 0.11 ifx:47

and

0.13 ifz€{0,1,2,3}

FA:X—>[0,1], x»—>{ 0.83 if1'=4,

It is easy to check that A is a neutrosophic subalgebra of X, but not a neutrosophic ideal of X, since T4 (4) =
0.83 £ max{Ta(4%3),Ta(3)} = max{Ta(3),Ta(3)} = 0.13. Consider a neutrosophic set B of X which is given by

0.14 ifz € {0,1},
T : X 1
X —[0,1], l‘H{ 0.84 ifx e {2,3,4}
0.85 ifz € {0,1}
Ip: X 1
B _>[07 }7 xH{ 0.12 if$6{27374}7
and

0.14 ifz e {0,1}

Fp: X —[0,1 =
B [ ; ]7 x { 0.84 ifx e {27374}

It is easy to show that B is a neutrosophic ideal of X, but not a neutrosophic BC'C-ideal of X, since Tg(4 % 3) =
Tr(3) = 0.84 £ max{Tp((4*1)*3),Tp(1)} = max{Ts(0), Ts(1)} = 0.14.
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Example 3.22. Let X ={0,1,2,3,4,5} be a BCC-algebra [5] with the following table:

*10 1 2 3 4 5
0(0 0 0 O 0 O
1110 0 0 0 1
212 2 0 0 1 1
313 21 0 1 1
414 4 4 4 0 1
515 5 5 5 5 0

Define a neutrosophic set A of X as follows:

043 ifz € {0,1,2,3,4}
0.55 if z =5,

0.54 ifze{0,1,2,34}
042 ifz =5,

and

043 ifz€{0,1,2,3,4}
0.55 if z=5.

It is easy to check that A is a neutrosophic BC'C-ideal of X.

Fg:‘X—%[O,H7a:H>{

Theorem 3.23. Let A be a neutrosophic set in a BCC-algebra X and let o, 8,7 € [0,1] with 0 < a+ 8+ < 3.
Then A is a neutrosophic BCC-ideal of X if and only if all of (c, 8,7)-level set A(*87) are BCC-ideals of X
when A(®8:7) oL (),

Proof. Similar to Theorem 3.11. O

Proposition 3.24. Let A be a neutrosophic BCC-ideal of a BCC-algebra X. Then X7 = {z € X|Ta(z) =
T4(0)}, X1 :={x € X|Ia(x) = 14(0)}, and Xp :={x € X|Fa(z) = Fa(0)} are BCC-ideals of X.

Proof. Clearly, 0 € Xp. Let (z*y) x 2,y € Xp. Then Ta((z xy) *x 2) = Ta(0) and Ta(y) = Ta(0). It follows
from (NSI3) that Ta(x % z) < max{Ta((z *y) *2),Ta(y)} = Ta(0). By (NSI1), we get Ts(x x z) = T'4(0). Hence
x * z € Xp. Therefore X is a BCC-ideal of X. By a similar way, X; and X are BCC-ideals of X. [l
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