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Abstract

More general form of (€, € Vg)-neutrosophic ideal is introduced, and their prop-
erties are investigated. Relations between (€, €)-neutrosophic ideal and (€,
€ Vq(ky ky,kp))-neutrosophic ideal are discussed. Characterizations of (€, €
V(i k; kp))-neutrosophic ideal are discussed, and conditions for a neutrosophic
set to be an (€, € Vq(ky k; ,kp))-Neutrosophic ideal are displayed.
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1. Introduction

Smarandache [23, 24] introduced the concept of neutrosophic sets which
is a more general platform to extend the notions of the classical set and
(intuitionistic, interval valued) fuzzy set. Neutrosophic set theory is ap-
plied to several parts which are referred to the site http://fs.gallup.unm.
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edu/neutrosophy.htm. Jun [10] introduced the notion of neutrosophic sub-
algebras in BCK/BCI-algebras based on neutrosophic points. Borumand
and Jun [22] studied several properties of (€, € V g)-neutrosophic sub-
algebras and (g, € V g)-neutrosophic subalgebras in BCK/BCI-algebras.
Jun et al. [11] discussed neutrosophic N -structures with an application
in BCK/BC1I-algebras, and in [13, 14] introduced neutrosophic quadruple
numbers based on a set and construct neutrosophic quadruple BCK/BC1I-
algebras.

Song et al. [25] introduced the notion of commutative A-ideal in
BCK-algebras and investigated several properties. Bordbar, Jun and et
al. [21] and [17] introduced the notion of (g, € V g)-neutrosophic ideal,
and (€, € V g)-neutrosophic ideal in BCK/BCI-algebras, and investigated
related properties. Also in [7, 26], they discussed the notion of BM B.J-
neutrosophic sets, subalgebra and ideals, as a generalisation of neutrosophic
set, and investigated its application and related properties to BCT/BCK-
algebras.

For more information about the mentioned topics, please refer to [3, 4,
8, 12, 16, 18, 19, 20].

In this paper, we introduce a more general form of (€, € V ¢)-neutroso-
phic ideal, and investigate their properties. We discuss relations between
(€, €)-neutrosophic ideal and (€, € V gk, k))-neutrosophic ideal. We
consider characterizations of (€, € V q(i, k, k,))-neutrosophic ideal. We
investigate conditions for a neutrosophic set to be an (€, € V qrp ks kp))-
neutrosophic ideal. We find conditions for an (€, € \/q(kTykhkF))—neutro—
sophic ideal to be an (€, €)-neutrosophic ideal.

2. Preliminaries

By a BC1I-algebra we mean a set X with a binary operation * and the
special element 0 satisfying the axioms:

al) ((zxy)*(zx2))*(2%y) =0,

a2) (xx(xx*xy))*xy=0,

(al)
(a2)
(a3) xxx =0,
(ad)

ad) zxy=yxx=0 = z =y,
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for all z,y, z € X. If a BCI-algebra X satisfies the axiom
(ab) Oxx =0 for all z € X,

then we say that X is a BCK-algebra. A subset I of a BCK/BCI-algebra
X is called an ideal of X (see [9, 15]) if it satisfies:
0el, (2.1)
(Ve,ye X)(zxyel,yel = zel). (2.2)
The collection of all BC K-algebras and all BC'I-algebras are denoted
by By (X) and Br(X), respectively. Also B(X) := Bx(X) U B (X).
We refer the reader to the books [9] and [15] for further information

regarding BCK/BCI-algebras.
For any family {a; | ¢ € A} of real numbers, we define

\/{ai | i€ A} =sup{a; | i € A}
and
Ndai i€ A} =inf{a; | i € A}.

If A = {1,2}, we will also use a1 Vag and aj Aag instead of \/{a; | i € {1,2}}
and A{a; | i € {1,2}}, respectively.

Let X be a non-empty set. A neutrosophic set (NS) in X (see [23]) is a
structure of the form:

A= {{z; Ar(z), Ar(x), Ap(z)) | z € X}

where A7 : X — [0,1] is a truth membership function, A; : X — [0, 1]
is an indeterminate membership function, and Ap : X — [0,1] is a false
membership function. For the sake of simplicity, we shall use the symbol
A= (Ar, A, Ap) for the neutrosophic set

A= {(z; Ar(x), Ar(x), Ap(x)) | z € X }.

Given a neutrosophic set A = (Ar, A;, Ar) inaset X, o, 8 € (0,1] and
v € ]0,1), we consider the following sets (see [10]):

Te(Asa) ={r e X | Ar(z) > o},
Ie(A;8) == {x € X [ As(x) = B},
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Fe(A;y) ={z € X | Ap(z) <~}

We say Te(A; ), Ic(A; 8) and Fe(A;~y) are neutrosophic €-subsets.

3. Generalizations of neutrosophic ideals based
on neutrosophic points

In what follows, let k7, kr and kr denote arbitrary elements of [0, 1) unless
otherwise specified. If k7, k; and kp are the same number in [0,1), then
it is denoted by k, i.e., k = kpr = k; = kp.

Given a neutrosophic set A = (Ap, A7, Ar) inaset X, o, 8 € (0,1] and
v € [0,1), we consider the following sets:

Ty, (Asa) i={z € X | Ar(z) + o+ b > 1},

Iy (A;B) i={z € X | Ar(z) + B+ kr > 1},
Fo (A7) i={z € X | Ap(x) + v+ kr < 1},
Tevg, (Aia) = {2 € X | Ap(z) > a or Ap(z) + a+ kr > 1},
Tevq,, (A;B) i={z € X | Ar(x) > B or Ar(x) + B+ kr > 1},
Fevg, (Aiy) ={r € X | Ap(z) <vyor Ap(x) + v+ kr <1}.

We say Ty, (A;a), I, (A;8) and Fy, (A;7) are neutrosophic qi-subsets;
and Tey g, (A; @), Iev gy, (A; B) and Fey g, , (A;) are neutrosophic € V gy
subsets. For ¢ € {€, ¢, @k, Qrr> Qs Qhps € VG € Vs € Vir, €V iy,
€ V gk }, the element of Ty, (A; a) (vesp., Iy (A; B) and Fy(A; 7)) is called a
neutrosophic Tyy-point (resp., neutrosophic I-point and neutrosophic Fly-
point) with value « (resp., 8 and 7).

It is clear that

Tev g, (A; ) = Te(A;a) UTy,, (4; ), 3.1)
Tev gy, (A;B) = TIe(A; ) U Iy, (4 ), (3-2)
Fev g, (4;57) = Fe(A;7) U Fy,, (457). (33)
THEOREM 3.1. Given a neutrosophic set A = (Ar,Ar, Ar) in X € B(X),

the following assertions are equivalent.
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(1) The nonempty neutrosophic €-subsets Te(A; o), Ic(A; ) and Fe(A;7)

are ideals of X for all a € (2£2 1], B € (352,1] and v € [0, :552).

(2) A= (Arp, A;, Ap) satisfies the following assertion.

Ar(z) < Ap(0) v HEr
(Ve e X) | Ar(z) < Ar(0) v 5 (3.4)
Ap(z) > Ap(0) A 152

and

Ap(z) VL > Ap(z = y) A Arp(y)
(Vo,ye X) | Ar(z) VI > Ap(z+y) A As(y) (3.5)

Ap(z) NA5E < Ap(zxy) vV Ap(y)

PROOF: Assume that the nonempty neutrosophic €-subsets T¢(A4;a),

Ic(A; B) and Fe(A;~) are ideals of X for all « € (1*2]”,1], RS (1;k1,1]

and v € [0, 15F2). If there are a,b € X such that Ar(a) > Ar(0) v 55T,

then a € Te(A;a,) and 0 ¢ Te(A;ay) for a, := Ar(a) € (1_2’“T,1]. This

is a contradiction, and so Ar(z) < A7(0) V 15EL for all z € X. We also

know that A;(z) < Ar(0) v 152 for all # € X by the similar way. Now,
let x € X be such that Ap(x) < Ap(0) A % If we take v, := Ap(x),
then 7, € [0, 15E2) and so 0 € Fe(A;,) since Fe(A;7,) is an ideal of X.
Hence Ap(0) < 7, = Ap(z), which is a contradiction. Hence Ap(x) >
Ap(0)ALSEE for all 2 € X. Suppose that A;(z) Vv 1 < Ap(zxy) AA;(y)
for some z,y € X and take § := Aj(x *xy) A A;(y). Then 8 € (1_21”,1]
and z xy,y € Ic(A;B). But « ¢ Ic(A; ) which is a contradiction. Thus
Ar(z) v 5L > Ap(x xy) A Ag(y) for all 2,y € X. Similarly, we have
Ar(z) V IEL > Agp(x xy) A Ar(y) for all 2,y € X. Suppose that there
exist z,y € X such that Ap(x) A % > Ap(x xy) V Ap(y). Taking
v = Ap(x *y) V Ap(y) implies that v € [0, 172]“‘“), xxy € Fe(4;7)
and y € Fc(A;7), but ¢ ¢ Fc(A;v). This is a contradiction, and so
Ap(z) N E < Ap(zxy) V Ap(y) for all 2,y € X.

Conversely, suppose that A = (Ar, A;, Ar) satisfies two conditions
(3.4) and (3.5). Let a € (:£2,1], B € (155, 1] and v € [0, £=2) be such
that Te (A4; @), Ic(A4; 8) and Fe(A;) are nonempty. For any = € Tc(4; o),
y € Ic(A; 8) and z € Fe(A;7), we get
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Ar(0)V 52 > Ag(a) 2 a > 15k,

Ap(0) v L > Ap(y) > B > 5,

Ap(0) A ISEE < Ap(2) <y < 15E,

and so Ar(0) > a, Ar(0) > g and Ar(0) < v. Hence 0 € Tc(4;a),
0€Ic(A;8) and 0 € Fe(A4;7). Let a,b,x,y,u,v € X be such that axb €
Te(Aja), b € Te(Asa), wxy € Ie(A;B), y € 1e(A; B), uxv € Fe(4A;y),
and v € Fc(A;). It follows from (3.5) that

Ar(a) vV 3 > Arp(axb) A Ap(b) > a > =Er,
Ap(z) VA > Az xy) AAr(y) > 8> 55,
Ap(u) N2 < Ap(uxv) V Ap(v) <y < 15EE
Hence Ar(a) > «, Ar(z) > f and Ap(u) < 7, that is, a € Te(4;a),

x € Ic(A; B) and u € Fe(A;7). Therefore Te(A; o), Ic(A; 8) and Fe(A4;7)

are ideals of X for all o € (1_2]” 1], B € (1_2’“,1] and v € [0, 1_2“). O

COROLLARY 3.2 ([21]). Given a neutrosophic set A = (Ar,Ar, Arp) in
X € B(X), the following assertions are equivalent.

(1) The nonempty neutrosophic €-subsets T¢ (A; a), Ic(A; 8) and Fe(A;7)
are ideals of X for all «, 8 € (0.5,1] and v € [0,0.5).

(2) A= (Ar, A;, Ar) satisfies the following assertion.

Ar(z) < Ar(0) V0.5
Ap(z) > Ap(0) A 0.5
and

(Ve,ye X) | Ar(x)Vv0.5>Ar(zxy)AAr(y)

DEFINITION 3.3. A neutrosophic set A = (Ap, Ar, Ar) in X € B(X) is
called an (€, € V q(iy,k;,kp))-neutrosophic ideal of X if the following asser-
tions are valid.
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z€Te(Asay) = 0€Teyg,, (Aaq)
(Ve e X)| w€le(AB:) = 0€ levy, (A;B) , (3.6)
T € Fe(Aive) = 0€ Fevg,, (A7)
rxy€Te(Asay), yeTe(4 o) = x € Tev gy, (A0 A ay)
(Vo,yeX) | wxy€le(A;B), y€Lle(A;By) = 7 € lev g, (A; Bz A By)
oy € Fe(A;vz), y€Fe(A;y) = @ € Fevg,, (4572 V)
(3.7)
for all ag, oy, Bz, By € (0,1] and 74,7, € [0,1).

Ezample 3.4. Let X = {0,1,2,3,4} be a set with the binary operation x
which is given in Table 1.

Wy

Table 1. Cayley table for the binary operation “x

=~ W N = O %
= w NN = OO
= =N O O
= w o = Ol
= O N O O w
O WO Ok

Then (X, *,0) is a BCK-algebra (see [15]). Consider a neutrosophic set
A= (Ar,Ar, Ar) in X which is given by Table 2.

Table 2. Tabular representation of A = (Ar, A1, Ap)

X Arp(z) Ar(x) Ap(z)
0 0.6 0.5 0.45
1 0.5 0.3 0.93
2 0.3 0.7 0.67
3 0.4 0.3 0.93
4 0.1 0.2 0.74
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Routine calculations show that A = (Ar, A7, Ap) is an (€, € V qrp ks kp))-
neutrosophic ideal of X for k7 = 0.24, k; = 0.08 and kg = 0.16.

THEOREM 3.5. A neutrosophic set A = (Ap, A;, Ap) in X € B(X) is an
(€, € Vs kr kp))-neutrosophic ideal of X € B(X) if and only if A =
(Ar, A1, Ar) satisfies the following assertions.
Ar(0) > Ap(w) A 1=
(Vo€ X) | Ar0) > Ar(a) A5 ], (3:8)
Ap(0) < Ap(z) v i

AT(x> 2 /\{AT(x * y)’AT(y)’ 172kT}

(Vo,y € X) [ Ar() 2 AM{Ar(zy), Ar(y), 54} | (3.9)
Ap(z) < V{Ap(z *y), Ap(y), 75
PROOF: Assume that A = (Ar,A;,Ar) in X € B(X) is an

(€, € V' Qg by kp))-neutrosophic ideal of X € B(X). If Ap(0) < Ap(a) A
1_2kT for some a € X, then there exists a, € (0,1] such that Ar(0) <
aq < Ar(a) A L. Tt follows that o, € (0,252], a € Te(A4;q,) and
0 ¢ Te(A;aq). Also, A7(0)+aq+kr < 204+kr < 1,ie.,0¢ Ty, (4;aq).
Hence 0 & Tey gy, (4; @), a contradiction. Thus A7(0) > Ar(x)A 1*2’” for
all z € X. Similarly, we have A;(0) > Ar(x) A % for all z € X. Suppose
that Ap(0) > Ap(2) V 25 for some z € X and take 7, := Ap(z) vV 1552
Then v, > 282 2 € Fe(A;7.) and 0 ¢ Fe(A4;7.). Also Ap(0) 4. +kp >
1, that is, 0 ¢ Fy, (A;7.). This is a contradiction, and thus Ap(0) <
Ap(z)VIEEE forallz € X. Suppose that Af(a) < A{Ar(axb), A7(b), 552}
for some a,b € X and take 8 := A{Ar(a *b), A;(b), 5L}, Then 8 <
1_’“, axb € Ic(A;8), b € Ic(A;B) and a ¢ Ic(A;B). Also, we have
AI( )+ B+kr <1 ie,a¢ Iy (A;3). This is impossible, and therefore
Ar(z) > AN{Ar(xzxy), AI( ), 1= k’} for all z,y € X. By the similar way, we
can verify that Ar(z) > AN{Ar(z *y), Ar(y), 2L} for all 2,y € X. Now
assume that Ap(a) > \/{Ap(a*b), Ap(b), 25} for some a,b € X. Then
there exists v € [0,1) such that Ap(a) >~y > \/{Ar(axb), Ap(b),? kF}
Then v > kF, axb € Fc(A;7), b€ Fe(A;v) and a ¢ Fe(A;v). Also,
Arp(a )—i—’y—l—kp > 1,ie,a¢ Fy (A;7). Thusa ¢ Feyg,, (4;7), whichis a
contradiction. Hence Ap(z) < \/{Ar(z*y), Ap(y), 2£L} for all 7,y € X.
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Conversely, suppose that A = (Ap, Ar, Ar) satisfies two conditions
(3.8) and (3.9). For any z,y,z € X, let ay,8, € (0,1] and 7, € [0,1)
be such that x € Te(A;ay), y € Ic(A;By) and z € Fc(A;v,). Then
Ap(z) > g, Ar(y) > By and Ap(z) < v,. Assume that Ar(0) < ay,
A;(0) < By and Ap(0) > 7.. If Ap(z) < 1=£2, then

AT(O) > AT(I’) A % = AT(IL') > oy,

a contradiction. Hence Ar(x) > 1—21@, and so

AT(O) + oy + kr > QAT(O) +kr>2 (AT(l‘) A 1_2kT) + kr = 1.

Hence 0 € Ty, (A;04) € Tevg,, (A;ay). Similarly, we get 0 € I, (A;By)
C Tevqy, (A; By). If Ap(z) > 235 then Ap(0) < Ap(2)VISE = Ap(2) <
7. which is a contradiction. Hence Ap(z) < =2, and thus

Ap(0) + 7. + kp < 2Ap(0) + kp < 2 (Ap(2) V 22 + kp = 1.

Hence 0 € Fy, (4;7,) C Fevg,, (A;7v,). For any a,b,p,q,z,y € X, let
Qq, , Bp, Bg € (0,1] and v4,7, € [0,1) be such that a x b € Te(4;ay),
beTe(Asap), pxq € Ie(A;Bp), q € Ie(A; By), x+y € Fe(A;7z), and y €
Fe(Ai,). Then Ap(a+b) > ag, Az(b) > an, Ar(p+q) > By Arlg) >
Ap(xz xy) <7z, and Ap(y) < 7,. Suppose that a ¢ Tec(A;aq A o). Then
Ar(a) < ag Aoy If Ap(axb) A Ap(b) < 1=E2 then

Ar(a) > N\{Ar(ab), Ap(b), 2} = Ap(a*b) A Ap(b) > aa A oy,

This is a contradiction, and so Ar(a *b) A Ap(b) > =M. Thus
AT(CL) + (Oza N Ozb) + kr > 2AT(CL) + kr
> 2 ( \{Ar(axb), Ar(0), 2} + kr =1,

which induces a € Ty, (A;aqANay) CTey e (4; aq Aay). By the similarly
way, we get p € Iev g, (A; By A By). Suppose that x ¢ Fc(A;vz V), that
is, Ap(2) > vx Vyy. f Ap(zxy)V Ap(y) > 1*2’“77 then

Ap(x) < \[{Ar(e xy), Ap(y), 2} = Ap(@+ y) V Ap(y) <7V,

which is impossible. Thus Ap(z *y) V Ap(y) < 1_2’”, and so
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AF(IL') —+ (’Ym V ’}/y) +krp < QAF((E)
<2(\V{Ar@+y), Apy), 5=} + ke = 1.

This implies that x € Fy, (A;7:V7Yy) € Fev gy, (A;72V7y). Consequently,
A = (Ar, A1, Ap) is an (€, € V(g k;,kp))-neutrosophic ideal of X €
B(X). O

COROLLARY 3.6 ([21]). For a neutrosophic set A = (A, A, Ap) in X €
B(X), the following are equivalent.

(1) A= (Ap, A1, Ap) is an (€, € V ¢)-neutrosophic ideal of X € B(X).
(2) A= (Ar, As, Ap) satisfies the following assertions.

Ar(0) > Ar(z) A 0.5
(Vze X)| Ar(0) > Ar(x)A0.5 ,
Ap(0) < Ap(z) V0.5
Ar(z) > NMAr(z *y), Ar(y), 0.5}
(Vo,y € X) | Ar(z) > NMAr(z*y), Ar(y),0.5}
Ap(z) < V{Ar(z *y), Ar(y),0.5}

THEOREM 3.7. A neutrosophic set A = (Ap, A, Ap) in X € B(X) is
an (€, € V Qg k; kp))-neutrosophic ideal of X € B(X) if and only if the
nonempty neutrosophic €-subsets Te(A; ), Ic(A; B) and Fc(A;~) are ide-
als of X for all a € (0, 2=£2), B € (0, :52] and v € [0, 1).

PROOF: Suppose that A = (A7, A, Ar) is an (€, € V Qg k; kp))-nEULTO-
sophic ideal of X € B(X) and let o € (0, 1_2kT], 8 € (0, 1_2]”] and
v € [1=£2,1) be such that Te(A;a), Ie (A B) and Fg(A;~) are nonempty.
Using (3.8), we get Ap(0) > Ap(z) A2 2 , Ar(0) > Ar(y) A 1*’”, and
Ap(0) < Ap(2)VIEE forall w € Te(A; @), y € Ie(A; B) and z € Fe(A;7).
It follows that A7 (0) > a AL = a, Af(0) > BALEL = 3, and Ap(0) <
vV 1*2’“” =+, that is, 0 € Te(4A;), 0 € Ic(A;8) and 0 € Fc(A;7)
Let z,y,a,b,u,v € X be such that x xy € Tc(4;), y € Te(4;a),
axb e Ic(4;08), b € IE(A;B), uxv € Fe(A;v), and v € Fe(A;7) for
a € (0,52], B € (0,252] and v € [L=££,1). Then Ar(z xy) > «
Ar(y) > a, Aj(a*b) > B, Ar(b) > B, Ap(uxv) <7, and Ap(v) <. It
follows from (3.9) that
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Ar(z) 2 MAr(z +y), Ar(y), 757} 2 a AT =a,

Ar(a) > N{Ar(a=b), Ay (b), 15 }zml ki — g,
Ap(u) < V{Ap(uxv), Ap(v), 52} <y vV IE =4

and so that © € Tc(A4;a), a € Ic(A;5) and u € Fc(A;v). Therefore
Te(Asa), Ic(A;B) and Fe(A;~y) are ideals of X for all a € (0, 1*2’”],
B e (0,251] and v € [2=£2 1),

Conversely, let A = (Ar, A7, Ar) be a neutrosophic set in X € B(X)
such that the nonempty neutrosophic €-subsets T¢(A4;a), Ic(A;8) and
Fc(A;7) are ideals of X for all a € (0,=£2], 8 € (0,25] and v €
[1 —F£ 1), If there exist 2,y,z € X such that A7(0) < Ap(z) A 5fT,

Ar(0) < Af(y) A2, and Ap(0) > Ap(z) V 222 then 0 ¢ Te(A;ay),

0 ¢ Ic(A;8y) and 0 ¢ Fc(A;v.) by taking a, := Ap(z) A 1*2’”, By =

Ar(y) A 5 ]’“, and v, 1= Ap(z) V # This is a contradiction, and so
Ar (0) > AT( )/\ 1_2kT, A[(O) > A[(.T)/\ 1_2kl, and AF(O) < AF(Z‘) \/%
for all x € X. Now, suppose that there x,y,a,b,u,v € X be such that
Ar(z) < NMAr(z *y), Ar(y), 752}, Ar(a) < N{Ar(a*b), Ar(b), 15},
and Ap(u) > V{Ap(u * v), Ap(v), 552} If we take a = A{Ar(z *
Y), Ar(y), 25T}, B = /\{AI(G *0), Ar(b), %5}, and v = V{Ap(u *
U)vAF(U)v%}v then a < QkTa B < ! 21@1, v 2z w, Txy € TG(A a)
y € Te(4A;a), axb € Ic(A;8), b € Ic(A;8), uxv € Fc(A;7), and v €
Fe(A;v). But @ ¢ Te(4; ), a ¢ Ic(A; B) and u ¢ Fe(A;), which induces
a contradiction. Therefore Ar(z) > /\{AT(x xy), Ar(y ) Lokrd Ap(z) >
MMAr(z*y), Ar(y), 75}, and Ap(2) < V{Ap(z*y), Ap(y), 5=} for all
z,y € X. Using Theorem 3.5, we conclude that A = (Ar, Ar, Ap) is an
(€, € Vq(ks ks kp))-neutrosophic ideal of X € B(X). O

COROLLARY 3.8 ([21]). A neutrosophic set A = (Ap, Ar, Ar) in X € B(X)
is an (€, € V g)-neutrosophic ideal of X € B(X) if and only if the nonempty
neutrosophic €-subsets Te(A; a), Ic(A; B) and Fe(A;~y) are ideals of X for
all o, 8 € (0,0.5] and v € [0.5,1).

)
(v

It is clear that every (€, €)-neutrosophic ideal is an (€, € V q(rp k7 kp))-
neutrosophic ideal. But the converse is not true in general. For example,
the (€, € V iy ky,kp))-neutrosophic ideal A = (Ar, A, Ap) with kr =
0.24, k; = 0.08 and kr = 0.16 in Example 3.4 is not an (€, €)-neutrosophic
ideal since 2 € Ic(A;0.56) and 0 ¢ Ic(A;0.56).
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We now consider conditions for an (€, € V gk, i, kp))-neutrosophic
ideal to be an (€, €)-neutrosophic ideal.

THEOREM 3.9. Let A = (Ap, A1, Ap) be an (€, € V q(iy k; kr))-neULTOSO-
phic ideal of X € B(X) such that

(Vo € X) (Ar(x) < 52, Ar(w) < 1552, Ap(z) > 15fe)

Then A = (Ar, Ar, Ap) is an (€, €)-neutrosophic ideal of X € B(X).

PRrROOF: Let z,y,2 € X, o, € (0,1] and v € [0,1) be such that = €
Te(A;a), y € Ic(A;B) and z € Fe(A;5). Then Ar(x) > o, Ar(y) > B and
Ap(z) <. It follows from (3.8) that

Ar(0) > Ap(2) N L = Ap(z) > a,
Ar(0) > Ar(y) A5 = Ar(y) > B,
AF(O) S AF(Z) \Y % = AF(Z) S Y.

Hence 0 € Te(A;a), 0 € Ic(A; B) and 0 € Fe(A; 7). For any z,y,a,b,u,v €
X, let ag, ay, Ba, By € (0,1] and 7y, 7, € [0,1) be such that z xy €
Te(Asaz), y € Te(A;ay), axb € Ic(A; B), b € Ie(A; By), uxv € Fe(A;yu),
and v € Fc(A;v,). Then Ap(z *y) > g, Ar(y) > oy, Ar(axb) > B,
Ar(b) > By, Ap(u*v) <y, and Ap(v) < v,. It follows from (3.9) that

Ap(z) > NAr(z *y), Ar(y), 52} = Ap(z + y) A Ar(y) > an Ay,
Ar(a) > N{Ar(axb), Ar(b), 55} = Ar(axb) A Ap(b) > Ba A By,

Ap(u) < V{Afr(uxv), Ap(v), l_zkp} =Ap(uxv)VAr(v) < vy V ve.

Thus © € Te(A;a, A ay), a € Ic(A;B. A By) and u € Fe(A;vy V Yo).
Therefore A = (Ap, A;, Ap) is an (€, €)-neutrosophic ideal of X € B(X).
O

COROLLARY 3.10 ([21]). Let A = (Ap, A1, Ap) be an (€, € V g)-neutroso-
phic ideal of X € B(X) such that

(Vz € X) (Ar(z) < 0.5, Ar(z) < 0.5, Ap(z) > 0.5).
Then A = (Ar, A1, Ap) is an (€, €)-neutrosophic ideal of X € B(X).

THEOREM 3.11. Given a neutrosophic set A = (Ar, A;, Ar) in X € B(X),
if the nonempty neutrosophic € V qx-subsets Tey g, (A;q), Ievg,, (4;8)
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2
and v € [I*QkF,l), then A = (A, Ar, Ar) is an (€, € V Qg ks kr))-
neutrosophic ideal of X.

and Fey g, (A;7) are ideals of X for all a € (0, Lkr] B e (0,35

Proor: Let A = (Ar, Ar, Ar) be a neutrosophic set in X € B(X) such
that the nonempty neutrosophic € V gj-subsets Tev 4, (4; ), lev g, ( B)
and Feyg,, (A;7) are ideals of X for all o € (0, Lkr] B e (0,35]
and v € [2FE 1), If Ar(0) < Ap(z) A ST = ay, A7(0) < Ar(y) A

1= k’ = By and Ap(0) > Ap(z) V % ;= ~, for some z,y,2 € X,
then z € Te(Asay) C TEquT(A§aw)a y € Ie(A;8y) C IEVQkI (A; By),
z € Fe(A;y:) C FE\/(IkF (A4;72), 0 ¢ Te(Asay), 0 ¢ Ic(A;By), and 0 ¢
Fe(A;v.). Also, since Ar(0) + o, + kr < 20, + kr < 1, ie, 0 ¢
T%T(A;Ozz)7 A[(O) + By + kr < 2ﬂy + kr < 1,1ie., 0 ¢ quI(A;ﬂy),
Ar(0) + v, +kr > 2v. + krp > 1, ie, 0 ¢ qu( v.), we get 0 &
Tev g, (A10z),0 ¢ Iey g, (A; By), and O §é Fevg, (A;y ) This is a contra-
diction, and thus (3.8) is valid. Suppose that there exist a,b € X such that
Ar(a) < A{A1(a*b), Ar(b), 3552 ). Taking 8 := A{Ar(ax), A7(b), 1524}
implies that a b € Ie(4; 8) C Ievg,, (4;8), b € 1e(4;8) C Iev g, (4;B).
Since Ievg,, (4;8) is an ideal of X it follows that a € Ieyg,, (4;0),
ie, a € Ic(A;B) or a € quI(A;ﬁ), and so that a € Iy, (4; ), ie
Ar(a)+ B+ kr > 1, since a ¢ Ic(A;8). But Ar(a)+ B +kr <28+kr <1,
a contradiction. Hence A;(z) > A{A1(z*y), Ar(y), 1522} for all 7,y € X.
Similarly, we can verify that Ar(z) > A{Ar(z * y), Ar(y), 2£2} for all
z,y € X. Assume that Ap(a) > \V{Ap(a *b), Ap(b), =E2} == v for
some a,b € X. Then a ¢ Fe(A;7), axb € Fe(A;y) C Fevg,, (4;7),
be Fc(A;n) C Fevg,, (A;~). Since Fevg,, (A;~) is an ideal of X, we have
a € Fevg,, (4;7). On the other hand, Ap(a) + v+ kr > 2y + kp > 1,
that is, a ¢ Fy, (A;7). Hence a ¢ Feyg, (A;7), a contradiction. Thus
Ap(z) < V{Ap(z = y), Ar(y), 5£2} for all 2,y € X. Therefore (3.9)
is valid, and consequently A = (A, Ar,Ap) is an (€, € V Qup iy kr))-
neutrosophic ideal of X by Theorem 3.5. O

COROLLARY 3.12 ([21]). Given a neutrosophic set A = (Ar, Ar, Ar) in
X € B(X), if the nonempty neutrosophic € Vg-subsets Tey 4(A4;a),
Icyy(A;B) and Feyq(A;7y) are ideals of X for all a, 8 € (0,0.5] and

€ [0.5,1), then A = (A, Ar, Ar) is an (€, € V g)-neutrosophic ideal
of X.
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4. Conclusions

More general form of (€, € Vg)-neutrosophic ideal was introduced, and
their properties were investigated. Relations between (€, €)-neutrosophic
ideal and (€, € Vq(gs k;.kx))-neutrosophic ideal were discussed. Charac-
terizations of (€, € Vq(ry .k, kx))-neutrosophic ideal were discussed, and
conditions for a neutrosophic set to be an (€, € Vq(ky i, kx))-neutrosophic
ideal were displayed.

These results can be applied to characterize the neutrosophic ideals
in a BCK/BCI-algebra. In our future research, we will focus on some
properties of ideal such as intersections, unions, maximality, primeness and
height, and try to find the relations between these properties of ideals
and the results of this paper. For instance, how we can define the prime and
maximal neutrosophic ideals? Whatis the meaning of height of these types
of ideals? For information about the maximality, primeness and height of
ideals, please refer to [1, 2, 6, 5].
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