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1 Introduction

BCK-algebras entered into mathematics in 1966 through the
work of Imai and Iséki [3], and have been applied to many
branches of mathematics, such as group theory, functional anal-
ysis, probability theory and topology. Such algebras generalize
Boolean rings as well as Boolean D-posets (= MV -algebras).
Also, Is¢ki introduced the notion of a BC'I-algebra which is a
generalization of a BC' K -algebra (see [4]). The neutrosophic set
developed by Smarandache [7, &, 9] is a formal framework which
generalizes the concept of the classic set, fuzzy set [14], interval
valued fuzzy set, intuitionistic fuzzy set [1], interval valued in-
tuitionistic fuzzy set and paraconsistent set etc. Neutrosophic
set theory is applied to various part, including algebra, topol-
ogy, control theory, decision making problems, medicines and
in many real life problems. Wang et al. [11, 12, 13] presented
the concept of interval neutrosophic sets, which is more precise
and more fl xible than the single-valued neutrosophic set. An
interval-valued neutrosophic set is a generalization of the con-
cept of single-valued neutrosophic set, in which three member-
ship (¢,4, f) functions are independent, and their values belong
to the unit interval [0, 1]. The interval neutrosophic set can repre-
sent uncertain, imprecise, incomplete and inconsistent informa-
tion which exists in real world. Jun et al. [5] discussed interval
neutrosophic sets in BCK/BCI-algebras, and introduced the
notion of (7'(¢, j), I(k, 1), F'(m,n))-interval neutrosophic subal-
gebras in BCK/BCT-algebras for 4, j, k,l,m,n € {1,2,3,4}.
They also introduced the notion of interval neutrosophic length of
an interval neutrosophic set, and investigated related properties.

In this article, we apply the notion of interval neutrosophic
sets to ideal theory in BC'K/BCI-algebras. We introduce the
notion of (7°(4, j), I(k,1), F(m,n))-interval neutrosophic ideals
in BCK/BC1I-algebras for i, j, k,l,m,n € {1,2,3,4}, and in-
vestigate their properties and relations.

BCK/BC1I-algebras is introduced, and their properties and re-
lations are investigated.

2 Preliminaries

By a BCI-algebra (see [2, 6]) we mean a system X := (X, %,0)
in which the following axioms hold:

D ((@*y)*(zx2))* (zxy) =0,
D) (z* (z*y)) *xy =0,
() z %z =0,
(V) zxy=y*xz=0 = z=y

forall x,y, z € X.Ifa BCI-algebra X satisfie 0%z = 0 for all
x € X, then we say that X is a BC K -algebra (see [2, 0]).

A non-empty subset S of a BC'K/BC1T-algebra X is called a
subalgebra (see [2, 0]) of X if z xy € S forall x,y € S.

The collection of all BC' K -algebras and all BC'I-algebras are
denoted by Bg (X) and Br(X), respectively. Also B(X) :=
BK(X) U B[(X)

We refer the reader to the books [2] and [6] for further infor-
mation regarding BC'K / BC'I-algebras.

By a fuzzy structure over a nonempty set X we mean an or-
dered pair (X, p) of X and a fuzzy set p on X.

Definition 2.1 ([10]). A fuzzy structure (X, u) over (X, *,0) €
B(X) is called a

o fuzzy ideal of (X, *,0) with type 1 (briefl , 1-fuzzy ideal of
(X, *,0)) if

(Vo € X) (1(0) > p(x)),
(Va,y € X) (u(z) > min{u(x xy), u(y)}),

2.1)
2.2)
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o fuzzy ideal of (X, ,0) with type 2 (briefl , 2-fuzzy ideal of ~ Given an interval neutrosophic set Z := (Z[T],Z[I],Z[F]) in

(X, %,0))if X, we consider the following functions (see [5]):
(Vx € X) (u(0) < p(x)), (2.3) I[Ting : X — [0,1], 2 — inf{Z[T](z)}
(Vo,y € X) (u(z) <minfu(z+y),u(y)}),  (2.4) It : X — [0,1], 2 — inf{Z[I](x)}

I[Flint : X — [0,1], z — inf{Z[F](z)}
o fuzzy ideal of (X, *,0) with type 3 (briefl , 3-fuzzy ideal of
(X, *,0)) if it satisfie (2.1) and
I Tsup : X — [0,1], & — sup{Z[T](z)}
I sup : X — [0,1], & — sup{Z[I](z)}
I[F)sup : X — [0,1], z > sup{Z[F](z)}.

(Vo,y € X) (u(z) > max{pu(z xy), u(y)}),  (2.5)

o fuzzy ideal of (X, *,0) with type 4 (briefl , 4-fuzzy ideal of
(X, *,0)) if it satisfie (2.3) and

(V2. y € X) (u(z) < max{u(z «y), u(y)}). (26) 3 Interval neutrosophic ideals

) ) Definition 3.1. For any 4, j, k, [, m,n € { 1,2, 3, 4}, an inter-
Let X be a non-empty set. A neutrosophic set (NS) in X (see  val neutrosophic set Z := (Z|T), Z|1), Z|F']) in X is called a (T
[8]) is a structure of the form: %z', i), I(k, 1), F(m, n))-interval neutrosophic ideal of X if the
OIIZ)wing assertions are valid.
A= {{z; Ap(z), Ar(x), Ap(2)) |z € X}
() (X,Z[T)ing) is an i-fuzzy ideal of (X,#,0) and

where Ar : X — [0,1] is a truth membership function, A; : (X, Z[T)sup) is a j-fuzzy ideal of (X, ,0),
X — [0,1] is an indeterminate membership function, and A :
X — [0,1] is a false membership function. (2) (X, Z[I]ine) is a k-fuzzy ideal of (X, *,0) and (X, Z[/]sup)

An interval neutrosophic set (INS) A in X is characterized by is an [-fuzzy ideal of (X, *,0),

truth-membership function 74, indeterminacy membership func-
tion 14 and falsity-membership function F'4. For each point x in
X, Ta(x), Ia(x), Fa(z) € [0,1] (see [12, 13]).

In what fOHOV}’S, let (X,*,0) € B(X) and P*([O7 1]) be the  Example 3.2. Consider a BC K-algebra X = {0,1,2,3} with
family of all subintervals of [0, 1] unless otherwise specifie . the binary operation * which is given in Table 1 (see [6]).

(3) (X,Z[F)int) is an m-fuzzy ideal of (X,x,0) and
(X, Z[Flsup) is an n-fuzzy ideal of (X, *,0).

Definition 2.2 ([12, 13]). An interval neutrosophic set in a
nonempty set X is a structure of the form:

(33021

Table 1: Cayley table for the binary operation “x

* 0 1 2 3

7= {{z,Z[T)(x),Z[I](2),Z[F](z)) |z € X} 0 0 0 0 0

1 1 0 0 1

where 92 ) 9 0 )
3 3 3 3 0

I[T): X — P*([0,1])

which is called interval truth-membership function,
(1) LetZ := (Z[T], Z|I], Z]F]) be an interval neutrosophic set

Il : X — P*(]0,1]) in (X, x,0) for which Z[T'], Z[I] and Z[F] are given as follows:
which is called interval indeterminacy-membership function, and [0.4,0.6) ifx=0,
I[F]: X — P*([0,1]) ' ’ 0.2,0.7) ifz=2,
o 01,08 ifz=3,

which is called interval falsity-membership function.

For the sake of simplicity, we will use the notation 7 := [0.5,0.6) %fﬂ? =0,
(Z[T),Z[I],Z|F)) for the interval neutrosophic set ) * (0.4,0.6) ifz =1,
I} X = P((0.1]) = - (0.2,0.9] ifz=2,
T :={(x,Z[T)(x),Z[I)(2),Z[F)(x)) |z € X }. [0.5,0.7) ifz =3,
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and
[0.4,0.5) ifz=0,
. . (03,05) ifz=1,
I[F]: X = P*([0,1]) 2 +— 0.1,0.7] ifz =2,
(0.2,0.8] ifz =3.

It is routine to verify that Z := (Z[T], Z[I], Z[F]) is a (T'(1,4),
I(1,4), F(1,4))-interval neutrosophic ideal of (X, *,0).

(2) LetZ := (Z[T1], Z|I], Z]F]) be an interval neutrosophic set
in (X, x,0) for which Z[T'], Z|I] and Z[F] are given as follows:

[0.1,0.4) ifz =0,

I X =P 2= 3 103708 ife =2,
0.4,0.6) ifz =3,

(0.2,0.5) ifz =0,

: . [0.5,0.6] ifz =1,
X =PH00) =0 0607 itz =2
(0.3,0.8] ifz=3,

and

0.3,04) ifz =0,

' . (0.4,0.7) ifz =1,
IFX = PA0A) 229 (06.0.8) ife =2,
0.4,0.6] ifz = 3.

By routine calculations, we know that Z := (Z[T], Z[I], Z[F))
is a (T'(4,4), 1(4,4), F(4,4))-interval neutrosophic ideal of
(X, *,0).

Example 3.3. Consider a BC'I-algebra X = {0, a, b, ¢} with the
binary operation * which is given in Table 2 (see [0]).

“ 2

Table 2: Cayley table for the binary operation “x

* 0 a b c
0 0 a b c
a a 0 c b
b b c 0 a
c c b a 0

Let Z := (Z[T], Z[I], Z[F]) be an interval neutrosophic set in
(X, *,0) where Z[T|, Z[I] and Z[F] are given as follows:

0.33,0.91) ifz =0,
. ) (0.72,0.91) ifz =a,

I X =PH0.0) 2= 3 072)0.82) itz =b,
(0.55,0.82] ifz =rc,
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0.22,0.65) ifz =0,

P 052,055 ifz =a,

L X = PH00) 2= 0 (062,065)  ifa = b,
0.62,0.55) ifz=c,

and

(0.25,0.63) ifz =0,

. ) 0.45,0.63] ifz = a,

IF: X = PO 2= 9 (035 053] ife b,
0.45,0.53) ifz=c.

Routine calculations show that Z := (Z[7T], Z[I], Z[F))
is a (T(4,1), I(4,1), F(4,1))-interval neutrosophic ideal of
(X,%,0). Butitisnota (7'(2,1), I(2,1), F'(2,1))-interval neu-
trosophic ideal of (X, %, 0) since

I[T]ime(a) = 0.72 > 0.55 = min{Z[T )¢ (a % b), Z[T]ins (b)},

T int(b) = 0.62 > 0.52 = min{Z[1]ine (b * ¢), Z|1]ine(c) },
and/or
Z[F)int(c) = 0.45 > 0.35 = min{Z[Fine(c * a), Z[Flint(c) }.

Also, itisnota (7(4,3),
ideal of (X, *,0) since

1(4,3), F(4,3))-interval neutrosophic

T[T )sup () = 0.82 < 0.91 = max{Z[T]nt (c * b), Z[T]ins (b)}

and/or
Z[F)sup(b) = 0.35 < 0.62 = max{Z[Fine(b* a),Z[Flint(a)}.

We also know that 7 := (Z[T], Z[I], Z[F]) is not a (T'(2,3),
1(2,3), F(2,3))-interval neutrosophic ideal of (X, *,0).

Let Z := (Z[T), Z[I], Z|F]) be an interval neutrosophic set in
X. We consider the following sets (see [5]):

U(Z[T)y; or) :=A{z € X [ Z[T]y(2) = ar},
L(Z[Ty; as) = {x € X [ Z[T]y(z) < as},

U(Z[I]y; Br) :={x € X | Z[I]y(x) > b1},
L(Z[I]y;Bs) == {z € X | I[I]y(z) < Bs},

and

UZ[Fly; 1) = A{x € X | I[Fly(z) = 71},
L(Z[Fly;ns) == A{z € X | I[Flyp(x) < s},

where ¢ € {inf,sup}, and oy, ag, f1, Bs, yr and g are num-
bers in [0, 1].

Theorem 3.4. Given an interval neutrosophic set 1T :=
T[], Z[F)) in (X, *,0), we have the following assertions:

([T,

S.Z. Song, M. Khan, F. Smarandache, Y.B. Jun, Interval neutrosophic sets applied to ideals in BCK/BCl-algebras



19
W If I = (Z[T], I[1], I[F]) is a (T(1,4), I1(1,4),
F(1,4))-interval  neutrosophic  ideal of (X, x*,0),

then U(I[T]inf; O‘I); L(I[T]supa O(S), U(Z[I]inf; ﬁ]);
L(I[[}511p; ﬂS)r U(I[F}inff)/]) and L(I[F]sup; ’YS) are
either empty or ideals of (X, *,0) for all ay, ag, Br, Bs,

,YIJ ’75’ E [07 1}

@ 1 = (I[T]a I[IL I[F]) is a (T(471)a I(4al)a
F(4,1))-interval  neutrosophic  ideal of (X,%,0),
then L(I[T]inﬁ Oé[), U(I[T]sup; aS): L(I[I]inf; ﬁ[);

U(I[I]sup;ﬁS)’ L(I[F]mfaryI) and U(I[F]supa’YS) are
either empty or ideals of (X, x,0) for all ay, ag, B, Bs,
’YI: ’YS E [07 ]‘}

G If T = (Z[T), Z[1], ZI[F)) is a (T(1,1), I(1,1),
F(1,1))-interval  neutrosophic  ideal of (X ,*,0)
then U(I[T]inf;a]), U(I[T]sup;OéS); ( [ ]mf;ﬂ[)
U(Z)sup; Bs), U(Z[Flint;vi) and U(Z[Flsup;ys) are
either empty or ideals of (X, *,0) for all oy, as, Br, Bs,

5

VI, VS € [07 1}

@ If T = (Z[T), Z[1], Z[F]) is a (T(4,4), 1(4,4),
F(4,4))-interval  neutrosophic  ideal of (X, %,0),
then L(Z[Tl|insiar), L(Z[T|sup; vs),  L(Z[I)ing; Br),

L(Z[I)sup; Bs), L(Z[Fling;vr) and L(Z[Flsup;vys) are
either empty or ideals of (X, *,0) for all ay, as, Br, Bs,
Y1, Vs S [07 1}

Proof. (1) Assume that 7 := (Z[T)], Z[I], Z[F]) is a (T'(1,4),
I(1,4), F(1,4))-interval neutrosophic ideal of (X, *,0). Then
(X, Z[T)int), (X, Z[I)int) and (X, Z[F)int) are 1-fuzzy ideals of
X; and (X, Z[T)sup)s (X, Z[I)sup) and (X, Z[Fsyp) are 4-fuzzy
ideals of X. Let vy, avg € [0, 1] be such that U(Z[Tin¢; ey) and
L(Z[T)sup; vs) are nonempty. Obviously, 0 € U(Z[T)ins; 1)
and 0 € L(Z[T)sup; s). Let z,y € X be such that x x y €
U(I[T]inf; Ck[) and y € U(I[T]inf; Oq). Then I[T]inf(x * y) >
ag and Z[Tine(y) > ar, and so

I([T)int(x) > min{Z[T|ine(z * y), Z[T]ine(y) } > o,

thatis, z € U(Z[T)ing; ar). fx vy € L(Z[T)sup; vs) and y €
L(Z[T)sup; as), then T[T syp(zxy) < agand Z[Tgup(y) < ag,
which imply that

[T sup(z) < max{Z[Tsup(z * y), Z[T)sup(y) } < as,

that is, © € L(Z[T)sup;xs). Hence U(Z[T|ins; ) and
L(Z[T)sup; vs) are ideals of (X, x,0) for all ay, g € [0,1].
Similarly, we can prove that U(Z[I]ins; Br), L(Z[I]sup;Bs),
U(Z[Fling; 1) and L(Z[Flsup; vs) are either empty or subalge-
bras of (X, *,0) for all 51, Bs, 71, 7s € [0,1]. By the similarly
way to the proof of (1), we can prove that (2), (3) and (4) are
true. O
Corollary 3.5. Given an interval neutrosophic set T := (Z[T],
T[], Z[F)) in (X, *,0), we have the following assertions:
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() If T := (Z[T), T|1). Z|F)) is a (T(3.4), I(3,4), F(3,4))-
interval neutrosophic ideal of (X,%,0) or a (T(i,2),
1(i,2), F(i,2))-interval neutrosophic ideal of (X, *,0)
Jor i € {1,3}, then U(Z[Tint;r), L(Z[T)sup; as),
UZing; Br).  L(Z[sup; Bs).  U(Z[Fling;y1)  and
L(Z[Fsup;vs) are either empty or ideals of (X, *,0) for
all ay, as, B, Bs, v, vs € [0,1].

Q) IfT = (Z[T), Z|I), Z[F)) is a (T(4,3), 1(4,3), F(4,3))-
interval neutrosophic ideal of (X,*,0) or a (T(2,7),
1(2,7), F(2,7))-interval neutrosophic ideal of (X,x,0)
Jor j € {1,3}, then L(Z[T)ing;r), U(Z[T)sup; vs),
L(I[I]inf;ﬁl): U(I[I]sup;ﬁS): L(I[F]inf;’yl) and
U(Z[Flsup;ys) are either empty or ideals of (X, *,0) for
all oy, s, Br. Bs, 71, vs € [0, 1].

(3) If T := (Z|T), Z|I], Z[F)) is a (T(3,1), I(3,1), F(3,1))-
interval neutrosophic ideal of (X,*,0) or a (T(i,3),
I(i,3), F(i,3))-interval neutrosophic ideal of (X,*,0
Jor i € {1,3}, then U(Z[Tint;r), U(Z[T)sup; ts),
U(Z[)int; B1),  UZsup; Bs),  U(Z[Flint;vr) and
U(Z[Flsup;s) are either empty or ideals of (X, *,0) for
all ag, s, Br, Bs, 71, s € [0, 1].

F(i,2))-interval neutrosophic ideal of( 7*,0) for i €
{2, 4} then L( [T]mf, Oq), L(I[T]bup, Ots) L(I[I]inf; ﬁ[),
L(Z[I]SumﬁS)’ L(Z[Flint; 1) and L(Z[F Supvfys) are ei-
ther empty or ideals of (X, ,0) for all oy, ag, B1, Bs, V1,
vs € [0,1].

Proof. Straightforward since every 3-fuzzy (resp., 2-fuzzy) ideal
is a 1-fuzzy (resp., 4-fuzzy) ideal. O

Theorem 3.6. Given an interval neutrosophic set T := (Z[T],
Z[I], Z]F)) in (X, *,0), the following assertions are valid.

(1) [f U(I[T]inf;al)’ L(I[T]sup;aS): U(I[I]inf;ﬁl),
L(I[I]sup;ﬁs), U(I[F]mfy’yl) and L(I[F]supa’yS)
are nonempty ideals of (X, *,0) for all o;, as, Br, Bs, V1,
vs € [0,1], then T := (Z[T), Z|I], Z[F]) is a (T(1,4),
1(1,4), F(1,4))-interval neutrosophic ideal of (X, *,0).

(2) If U(I[T]inf; OZ]), U(I[T]sup; aS): U(I[I]inf; ﬂ]),
U(I[[]sup;ﬁs>: U(I[F]mfy’yf) and U<I[F]sup775)
are nonempty ideals of (X, *,0) for all o;, as, Br, Bs, V1,
vs € [0,1], then T = (Z[T), Z[I], Z|F)) is a (T(1,1),
I(1,1), F(1,1))-interval neutrosophic ideal of (X, *,0).

(3) If L(I[T}lnf7 CV[), U(I[T]sup; O[S), L(I[I]inf; ﬁ])y
U(I[I]sup;ﬁS): L(I[F]inf;’yl) and U(I[F]sup;’VS) are
nonempty ideals of (X, *,0) for all oy, s, Br, Bs, VI,
vs € [0,1], then T = (Z[T), Z[I], Z|F)) is a (T(4,1),
1(4,1), F(4, 1))-interval neutrosophic ideal of (X, *,0).

@ If  L(Z[T)ins; ax), L(I[T]surﬁas)’ L(ZI)int; Br),
L(I()sup; Bs).  L(Z[Flint;vr) and L(Z[Flsup;7ys) are
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nonempty ideals of (X, *,0) for all ay, ag, Br, Bs, V1,
vs € [0,1], then T := (Z[T), I|I), Z|F)) is a (T(4,4),
1(4,4), F(4,4))-interval neutrosophic ideal of (X, *,0).

Proof. (1) Suppose that U(Z[Tint;r), L(Z[T)sup; as),
U@l 8, L@Mapi Bs)  UEIFlurs ) and
L(Z[Fsup;vs) are nonempty ideals of (X,*,0) for all ay,
as, B1, Bs, 1, vs € [0,1]. If (X, Z[T]int) is not a 1-fuzzy ideal
of (X, *,0), then there exist z, y € X such that

T[T int (2) < min{Z[T]int(z % y), Z[T]int () }-

If we take ooy = min{Z[Ting(z*y), Z[T)int(y)}, then x xy, y €
U(Z[T)ing; 1) but @ ¢ U(Z[T)ing; oor). This is a contradic-
tion, and so (X,Z[T]inr) is a 1-fuzzy ideal of (X, *,0). If
(X, Z[Tsup) is not a 4-fuzzy ideal of (X, %, 0), then

ZTsup(a) > max{Z[Tsup(a * b), Z[T]sup(b) }

for some a,b € X, and so a * b, b € L(Z[Tsup; xs) and a ¢
L(I[T]sum Oés) by taking

ag = max{Z[T|sup(a *b), Z[T)sup(b) }.

This is a contradiction, and therefore (X, Z[T]syp) is a 4-fuzzy
ideal of (X, *,0). Similarly, we can verify that (X, Z[I]in¢) is
a 1-fuzzy ideal of (X, *,0) and (X, Z[I]sup) is a 4-fuzzy ideal
of (X,%,0), and (X,Z[FJin) is a 1-fuzzy ideal of (X,x,0)
and (X, Z[Fsyp) is a 4-fuzzy ideal of (X, *,0). Consequently,
T := (Z|T), Z[I),Z[F))isa (T(1,4),I(1,4), F(1,4))-interval
neutrosophic ideal of (X, *,0). The assertions (2), (3) and (4)
can be proved by the similar way to the proof of (1). O

Theorem 3.7. [f an interval neutrosophic set T := (Z[T], Z[I],
IIF)) in (X,%,0) is a (T(2,3), 1(2,3), F(2,3))-interval
neutrosophic ideal of (X,*,0), then — U(Z|Tint; 1),
L(I[T]sup§aS)cr U(Z[I]inf;ﬁl)c’ L(Z[I]su;ﬂﬁs’)cy
U(Z[Flint;y1)¢ and  L(Z[Fsup;vs)® are either empty or
ideals of (X, *,0) for all a;, as, B1, Bs, V1, Vs € [0, 1].

Proof. Let T = (I[T), Z[I], Z[F]) be a (T(2,3), I(2,3),
F(2, 3))-interval neutrosophic ideal of (X, *,0). Then

(1) (X, Z[Ting), (X, Z[1int) and (X, Z[Fline) are 2-fuzzy ide-
als of (X, x,0),

2) (X, Z[T)sup)> (X,Z[I]sup) and (X,Z[Flsup) are 3-fuzzy
ideals of (X, *,0).

Br, Bs, v, vs € [0,1] be such that
LTl as)’s Ui B
LT B5)s  UE[Flarivn)® and  LE[Flaupi 19)°
are nonempty. Then there exist x,y,z,a,b,d € X
such that = € U(Z[T)in;;ar)% a € L(Z[T)sup; s)S,
(/S U(Z[I]inf;ﬂl)ca be L(I[I]sup;ﬂS)ca z € U(I[F]inf;'}/l)c
and d € L(Z[F)sup;vs). Hence
I T)ine(0) < Z[T)ine(x)
ZT)sup(a) > ag,

Let a7, ag,
U(Z[Tins; 1),

< oy and Z[T]ep(0) >

20

I[I]lnf(o) S I[I]mf(y) < /81 andI[I]Sup(O) Z I[I]sup(b) >
Bs,

I[Flint(0) < Z[Fline(2)
I[F]sup(d) >8>
and so 0 € U(Z[Tlin; )¢ N L(Z[T)sup; s)¢, 0 €
U(I[I]inf;ﬁl)c N L(I[I]sup;ﬁS)c’ and 0 € U(I[F]inf§’71)c N
L(Z[F)sup;vs)®. Let x,y € X be such that x *x y €
U(Z[T)ing; ar) and y € U(Z[T)ing; oor)©. Then Z[Tins(xxy) <
oy and Z[Tine(y) < a. Hence

< 41 and Z[Flgp(0) >

Z[Tin (x) < min{Z[Tine (2 * ), T[Tl (y)} < e,

and so © € U(Z[Ting; aor)€. Thus U(Z[T |ins; oor)€ is an ideal of
(X, *,0). Similarly, we can verify that

o Ifxxy € L(Z[T)sup; vs)® and y € L(Z[T]sup; s)®, then
x € L(Z[T)sup; 0s)<,

o Ifzxy € U(Z[I]ins; Br)° and y € U(Z[I]ins; B1)°, then
x € U(Z[I]int; B1)¢,

o Itz %y € L(T[I]sup; 33)° and y € L(Z[I]sup; 3s)°, then
HAS] L(I[I]sup;BS)c7

o Ifzxy € UZ[Flint; 1) and y € U(Z[Flint; v1)°, then
z € U(Z[Flint;v1)°,

o Ifxxy € L(Z[Flsup;vs)® and y € L(Z[Flgup;vs)®, then
T e L(I[F]sup;’YS)c'

Therefore L(Z[T]sup; vs), U(Z{]int; B1)%, L(Z[]sups Bs)°,
U(Z[Fling;yr)© and L(Z[Fsup; vs)€ are ideals of (X, *,0). O

The converse of Theorem 3.7 is not true in general as seen in
the following example.

Example 3.8. Consider a BC'I-algebra X = {0, 1, a, b, ¢} with
the binary operation * which is given in Table 3 (see [6]).

Table 3: Cayley table for the binary operation “x”

* 0 1 a b c
0 0 0 a b c
1 1 0 a b c
a a a 0 c b
b b b c 0 a
c c c b a 0

Let 7 := (Z[T], Z[I], Z[F)]) be an interval neutrosophic set in
(X, *,0) where Z[T|, Z[I] and Z[F] are given as follows:

0.25,0.85) ifx =0,
(0.45,0.83] ifz =1,
T[T : X = P([0,1]), =+ { [0.55,0.73] ifz =a,
(0.65,0.73] ifz =b,
(0.65,0.75) ifx =c,
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I : X — 75([0, 1]), = —

and

I[F): X — P([0,1]), z

Then

{0}
UZ[T)ing;ar)® = q {0,1}
{0,1,a}

{0}
L(I[T]SumaS)c = {0,1}

{0,1,¢}

=

U(Z[1)ins; Br)° = {0, 1,}b}

><’8

{0}
L(Z[I]sup;ﬁs)c = {071}
{0,1,¢}

U(Z[Flint; 1) = ig,}La}
X

0

L(Z[Flsup;vs)© = %8: },}b}
X

Hence the nonempty sets U (Z[Tint; 1) L(Z[Tsup; @)%,
U(I[I]inf; ﬂ[)cs L(I[I}sup; ﬁS)C
, *

L(Z[Flsup;vs)© are ideals of (X

0.3,0.75
0.3,0.70
0.6,0.63
0.5,0.63
0.6, 0.68

A,_,A
e =T

~~—

[0.44,0.9)
(0.55,0.9]
[0.55,0.7]
(0.66, 0.8]
0.66,0.7)

ifz =0,
ife =1,
ifr=a,
ifx =0,
ifx =c¢,

ifx =0,
ifer=1,
ife =a,
ifx =0,
ifx =c.

if a; €[0,0.25),

if oy € (0.25,0.45),
if o € (0.45,0.55),
if a; € (0.55,0.65),
if a; € (0.65,1.0],

ifag €
ifag €
ifag €
ifag €
ifag €

=
2
~

M MMM

5
)

0.85,1.0],
0.83,0.85),
0.75,0.83),
0.73,0.75),
[0,0.73),

0.70,0.75),
0.68,0.70),
0.63,0.68),
0,0.63),

[0,0.44],

(
(
(

0.44,0.55],
0.55,0.66],
0.66,1.0],

U(Z[Fint;v1)°
0) for all ay, as, Br, Bs,
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~v1,vs € [0,1]. But Z := (Z[T)], Z[I], Z[F)) is not a (T'(2,3),
1(2,3), F(2,3))-interval neutrosophic ideal of (X, %, 0) since

T[Tt (c) = 0.65 > 0.55 = min{Z[T)in¢(c * a), Z[T]ine (@)},
I[Tsup(a) = 0.73 < 0.75 = max{Z[T]sup(a * ¢), Z[T]sup(¢)},
Iine(c) = 0.6 > 0.5 = min{Z[I]in¢(c * a), T[T (a)},
T[Isup(a) = 0.63 < 0.68 = max{Z[I]sup(a * ¢), T[sup(c)},

Z[Flint(¢) = 0.66 > 0.55 = min{Z[F|int(c * a), Z[Flint(a)},
and/or
Z[Flsup(a) = 0.7 < 0.8 = max{Z[Flsup(a * ¢), Z[Flsup(c)}.

Using the similar way to the proof of Theorem 3.7, we have
the following theorems.

Theorem 3.9. Given an interval neutrosophic set T := (Z[T],
Z[I], ZF)) in (X, *,0), we have the following assertions:

() If 7 = (Z[T), Z|I], Z|F]) is a (T(2,2), I1(2,2),
F(2,2))-interval neutrosophic ideal of (X,x*,0), then
U(I[T]inf;al)cx U(I[T]supnaS) ( [}mfzﬁ])c,

U(I[I]sup;ﬁS>C: U(I[F]mfy’yl) and U [F]supy’ys are
either empty or ideals of (X, *,0) for all ay, as, Br, Bs, V1,
Vs € [Oa 1]

Q) If T = (I[T], T[], Z[F)) is a (T(3,2), 1(3,2),
F(3,2))-interval neutrosophic ideal of (X,x*,0), then
LTThasiar)',  U@Tlapias)’ LTt B1)
U(Zsups Bs)®s L(Z[Fling; 1) and U(Z[Flsup;ys)© are
either empty or ideals of (X, *,0) for all oy, s, Br, Bs, V1,
Vs € [0, 1].

() If T = (I[T], Z[1], ZIF)) is a (T(3,3), I(3,3),
F(3,3))-interval neutrosophic ideal of (X,x*,0), then
LTt 0r)',  LTThpias)s LTt B1)°
L(T[Taup: 05", L(Z{Flingi v0)° and L(Z[Flaupi 1) are
either empty or ideals of (X,x*,0) for all oy, ag, Br, Bs,
~v1, vs € [0,1].

Using the similar way to the proofs of Theorems 3.4 and 3.7,
we have the following theorem.

Theorem 3.10. Given an interval neutrosophic set T := (Z[T],
Z[),Z[F])in (X,*,0), we have the following assertions:

W) If T = (Z[1], Z[1], Z[F)) is a (T(1,2), I(1,2),
F(1,2))-interval neutrosophic ideal of (X,*,0), then
U(Z[Ting; ox), U(Z[T)sup; vs)", U(Z[I)ins; Br),
U(T{Tp: B9, U(TIF e 11) and U(Z{FJaup 75" are
either empty or ideals of (X, *,0) for all ay, ag, Br1, Bs,
1. 7s € [0, 1].
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Q) If T := (Z|T), Z[I), Z|F)) is a (T(1,3), I(1,3), neutrosophicideal T := (Z|T),Z[I],Z[F]) of (X, x,0) satisfies
F(1,3))-interval neutrosophic ideal of (X,*,0), then
U(Z[Tint; 1), L(Z[Tsup; as), U(Z[1int; B1), Z[Tint(2) = Z[Tint (y)
LTI B5) U(T{Flingi 1) and L(T[Flaupsys)° are I(T)uup () < T[Ty ()
either empty or ideals of (X, *,0) for all ay, ag, B, Bs, T[Tt (z) = T]ine(y)
vros €0 Z{1)o(#) < Z{T}upl0) oy
Z[Flint(z) = Z[Fline (y)
@ T = @], 11, 1AF) s @ (121, 121, TFlo(®) < Z[Fhup()

F(2,1))-interval neutrosophic ideal of (X,*,0), then

U(Z[Tins; o1)", U(Z[Tsup; vs), U(Z[Iing; B1)%,  forall z,y € X with x < 1.

U(I[I}sup;ﬁS)l U(I[F}inf;’y‘f)c and U( [ }sup"é&') gre

either empty or ideals of (X, *,0) for all a;, ag, Br, Bs,

NI s eﬁ)t?}l]. # ) Proof. IfZ := (Z[T|,Z[I],Z[F])isa(T(1,4),1(1,4), F(1,4))-
interval neutrosophic ideal of (X,*,0), then (X,Z[T)int),
(X, Z[I)int) and (X, Z[FJin¢) are 1-fuzzy ideals of (X, *,0), and

@ If 7 = (ZI[1), I[1], Z[F]) is a (T(3,1), 1(3,1), (X,Z[T)sup), (X,Z[]sup) and (X, Z[Flsyp) are 4-fuzzy ideals

F(3,1))-interval neutrosophic ideal of (X,*,0), then of (X,x,0). Letx,y € X be such thatz < y. Thenz xy = 0,

LIMi0r)’,  UTapias) LT A1), andso

U(Z{Tlsup: B5), LT[ Flinti 11 and U(Z[Flaupsvs) are

either empty or ideals of (X, *,0) for all oy, as, Br, Bs, T[T ine(x) > min{Z[T)int(z * y), Z[T]int (y) }

v s € 0,1 = min{Z[Tint (0), Z[TTint (y) } = Z[Tine (),

® g(214)¢)= (I[ZZF]’ (1}, I}[lF]) C;'S la } (( 4), o (2ah4)7 Z[Tsup(x) < max{Z[T]sup(x * y), Z[T]sup(y) }
interval neutrosophic ideal o * then = max{Z[Tsup(0), Z[T]sup = Z[T]sup(y),

UM 01)'s (Tl vs), U@ o 61 ax{Z[Tsup(0), Z[T]sup(y) } = Z[T]sup(v)

L(I[I]sup;ﬂS)’ U(I[F]inﬁ'yl)c and L( [ ]supa’VS) are

either empty or ideals of (X, *,0) for all oy, ag, Br, Bs, I[int(z) > min{Z[]ins (@ * y), Z[{]int (v) }

v1, vs € [0,1]. = min{Z[1]ins(0), Z[int(v) } = Z[{]int (v),
©) If 7 = (I[T]a I[I]v Z[F]) is a (T(3v4)7 1(354)7 I[I]sup(x) SmaX{I[I]sup(x*y)aI[I]sup(y)}

F(3,4))-interval neutrosophic ideal of (X,x*,0), then = max{Z[Isup(0), Z[Lsup ()} = Z[Tsup (1),

L(Z[T)ins; 1), L(Z[Tsup; avs), L(Z[I]ing; Br)©,

L(Z[I)sup; Bs), L(Z[Fling;v1)¢ and L(Z[Flsup;ys) are

either empty or ideals of (X,*,0) for all oy, ag, Br, Bs, I[Flint(z) > min{Z[Fin ( Y), Z[Flint(y)}

7175 € [0 1] = min{Z[Fling (0), ZFlint (%)} = Z[Flint (v),

(M g(f 2):)= (I[ilf], 1], I}EF]) ;S la }T((glé 2),0)1(4,}[2)7 Z[Flsup(z) < max{Z[Flsup(x * y), Z[Flsup(y)}
,2))-interval neutrosophic ideal o ,%,0), then — max _ )
LT er),  U@(Tlaupsas)s L[ Br), =T Loup (), T Fleup (9)} = T1Flene )

U(ZUsup; Bs), L(Z[Fling; vr) and U(Z[Flsup;ys)® are  pig completes the proof. O
either empty or ideals of (X, *,0) for all oy, ag, By, Bs,
Y1, VS € [Oa 1]

® If 7 = (Z|T), Z|I), Z[F)) is a (T(4,3), 1(4,3), Using the similar way to the proof of Proposition 3.11, we have
F(4,3))-interval neutrosophic ideal of (X,*,0), then the following proposition.
L(I[T]inf; OZ]), L(I[T]sup; aS)C: L(I[I]inf; 5]);

L(Z[sup; Bs)S,  L(Z[Flint;vr) and  L(Z[Flsup;vs)© .. ) ) )

are either empty or ideals of (X, *,0) for all ay, s, B, Proposition 3.12. Given an interval neutrosophic set T :=
T|T), Z|I|,Z|F)) in (X, *,0), we have the following assertions:

Bs, v1, vs € [0,1]. (Z[T], 711}, ; g

Proposition 3.11. Every (T(1,4), I(1,4), F(1,4))-interval (1) If T := (Z[T), Z|1], Z[F]) is a (T(1,1), I(1,1), F(1,1))-
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interval neutrosophic ideal of (X, ,0), then

VA
7

[TTint(z) = Z[T]int (y)
[T

7]
[
[

Tlsup(®) = Z[Tsup(y)
I]inf( [ ]mf( )

1] [sup(y)
F [Flint (y)
Z[Flsup(v)

8
\ v

3.2)
sup

(
1nf(1'

forall x,y € X withx < y.
2 1 = (I[T], I[I], I[F]) isa (T(4,1), 1(4,1), F(4,1))-

interval neutrosophic ideal of (X, ,0), then
I[T]mf( ) [T]mf(y)
Z[T]sup(x) =2 Z[T]sup(y)
I[I]m( ) [ ]mf( )
I sup(w) > Z[]sup(y) G2
Z[Flint(z) < Z[Fline(y)
Z[Flsup(z) = Z[Flsup(y)

forall x,y € X withx < y.

@) [T = (T[T], ZU), Z[F)) is a (T(4,4), I(4,4), F(4,4))-
interval neutrosophic ideal of (X, *,0), then

I[Tint () < I[T]ine(y)
Z[T]sup(x) < Z[T]sup(y)
I[I]mf(x) [ ]mf( )
I{sup(w) < Z[]sup(y) G4
I[F]mf(x) < [ ]mf( )
ZFsup(z) < Z[Flsup(y)

forall x,y € X withx <.

Proposition 3.13.  For every (4,7
{(27 2)7 (2a 3)’ (37 2)a (37 3)}) Every (T(i,j), I(i,j), F(’L,]) -
interval neutrosophic ideal T = (Z[T), Z|1], Z|F)) *
satisfies

~m

il
[
I[Iint(x) = Z[1]ine(0)
T sup(®) = Z[1]sup(0) (3.5)
Z[Flint(z) = Z[Flint (0)
I[Flsup(z) = Z[Flsup(0)

forallx,y € X withx <y

Proof. Assume that 7 := (Z[T], Z[I], Z[F]) is a (T(2,3),
1(2,3), F(2,3))-interval neutrosophic ideal of (X, *,0). Then
(X, Z[T)int), (X, Z[I)ing) and (X, Z[Fin¢) are 2-fuzzy ideals of
(X, *,0), and (X, Z[T)sup)s (X,Z[]sup) and (X, Z[F]sup) are

Neutrosophic Sets and Systems, 18/2017

3-fuzzy ideals of (X,
Then z * y = 0, and thus

Z[TTint(z) < min{Z[Ting
= min{I[T]inf

T[T sup(x) > max{Z[T)sup(x * y
= max{Z[T]sup(0), 7]

I ]int(z) < min{Z[1]ins
= min{I[I]inf

I sup(x) = max{Z[I]
= max{Z[I]sup(0), Z[I]s

Z[Flint(r) < min{Z[FJin
= min{Z[FJin

ol

*,0). Let z,y € X be such that z < y.

(x*y), Z[T]ine(y) }
(0)71[ Lnf( )} I[ ]mf(O),

)a I[T]sup(y)}
Jsup (¥)} = Z[Tint (0),

(x*y), L]t (y)}

(0)7Z[I]inf(y)} = Z[I]inf(o)a

up('r * y)aI[I]sup(y)}

up(y)} :I[I]inf(0)7

(@), T[Fline(y)}

£(0), Z[Fint (y)} = Z[Flint (0),

Z[Flup() > max{Z[Fls, <x ). Z[F)uup (4)}
— mac{Z[Foup (0). Z[Fluup (4)} = Z[Fiu 0).

It follows that Z[T|int(z) = Z[T)int(0), Z[T)sup(z) =
Z[Tsup(0), Z[]int(x) = Z[I]int(0), Z[]sup(x) = Z[I]sup(0),
Z[F)int(x) = Z[F)int(0) and Z[Flgyp(x) = Z[F)sup(0) for all
z,y € X with x < y. Similarly, we can verify that (3.5) is true
for (i,7) € {(2,2),(3,2),(3,3)}. O

Using the similar way to the proof of Propositions 3.11 and

3.13, we have the following proposition.

Proposition 3.14. Given an interval neutrosophic set T =
(Z[T), Z[1], Z]F)) in (X, *,0), we have the following assertions:

interval neutrosophic ideal of (X, *,0) for j € {2,3}, then

I[T]lnf( ) [T]lnf(y)
Z[Tsup(x) = Z[Ts5up(0)
Iint(z) > Z{Tint (y)
Tl aup(®) = T[T uup(0) G0
I[F]lnf(x) > [ ]mf( )
[F]bup(x) =I[F ]SUP(O)

forall x,y € X withx < y.

Q) If T := (Z|T), Z|I), Z|F)) is a (T(i, 1), I(i,1), F(i,1))-
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interval neutrosophic ideal of (X, x,0) for i € {2,3}, then  and so

Z[Tint () = Z[TTint (0) I[Tint(x) > min{Z[Tint (z * y), Z[T|int (y) }
T sup(z) = Z[T)sup(y) > min{min{Z[Tin¢((x * y) * 2), Z[T]ine(2) },
I[I}ln( ) [I}lnf(o) I[T]mf( )}
T () > Tl (1) G = sin{min{ (ot (0), Z(Thut (=)}, ZThne ()}
I[Flint(z) = Z[Fine (0) = min{Z[TTint (), Z[Tlint (2) },

Z[Flsup(x) > Z[Flsup(y)

I[Tsup(z) < max{Z[T]sup(z * y), Z[T]sup(y)}
< max{max{Z[T]sup((z * y) * 2), Z[T]sup(2) },
I[Tlsup(y)}
= max{max{Z[Tsup(0), Z[T]sup(2) }, Z[Tlsup(y) }

forall x,y € X withx < y.

(3) If T == (Z[T), ZII), Z|F)) is a (T(i,4), I(i,4), F(i,4))-

interval neutrosophic ideal of (X, *,0) for i € {2, 3}, then = max{Z{Tloup (1), T[T ou ()},
I[T)int(x) = Z[Tine (0)
I[T]Sup(ﬁ) S I[T]SUP(y) I[I]mf(x) 2 min{I[I]inf(x * y)»I[I]mf(y)}
Iint(x) = Z[I]int(0) (3.8) > min{min{Z[]ine((z * y) * 2), T[]t (2)},
I[sup() < I ]sup(y) ' T[Tins(y)}
I[Flint(z) = Z[Fint (0) = min{min{Z[7int(0), Z[ins ()}, Z[ine (v) }
L[Flsup (@) < T[Flsup(y) = min{Z[Tint (y), Z[Tine ()},

forall x,y € X withx < y.
I sup(2) < max{Z[lsup(® * y), Z[{]sup(y)}
< max{max{Z|[|sup y) *2), L )sup(2) },
4 If7 ::] (Z[11, I[Ih]v Ic[jF]g i}z}éT(%)]}a 1(4,.7{)5 1;‘§43}{))' a { i (I([I] )(y)}) Hleuo (23
interval neutrosophic ideal of (X, *,0) for j € {2, 3}, then sup
8 ’ = max {mas{Z[Taup (0). Tl uup(2)}. Tl uup (4}

I[T}lnf( ) [T]lnf(y) = maX{I[I}sup(y [I]sup( )}
I[T]sup(x) = [T]sup(o)
T ine(w) < Zne (v) (.9)  IlFlur(2) > min{Z[Flue(x *y), Z[Fliue (0)}
THsup(2) = Z{I]sup(0) > min{min{Z[Flint((z * y) * 2), Z[Flint (2) },
I[Flint(x) < Z[Fline(y) T[Flimt(y)}
TFloup (@) = Z1FJsup (0) = min{min{Z[Fiut(0), Z{Flint (=)}, Z[Flur (1)}
forall x,y € X withx < y. = min{Z[Flint (y), Z[Flint (2) },

Proposition 3.15. Every (T(1,4), I(1,4), F(1,4))-interval ZIFlsup(z) < max{Z[Flsup(z *y), Z[Flsup(y)}

Y),
neutrosophic ideal T := (Z[T], Z[I], Z|F)) of (X, x, 0) satisfies < max{max{Z[F|sup((x * y) * 2), Z[Flsup(2)},
: I[Flsup(y)}
I[Tine(x) = min{Z[T]ing(y), Z[T]ine(2) }
T{T )y () < ma{ T[T oy () Z(T ()} I
Tllur(e) 2 min(TTcl) s} 5 0 i} o) e
T sup(z) < max{Z[I]sup(y), Z[I]sup(2)} ' This completes the proof. O
Z[Flint(w) = mindZ[Fline (), T[F it (2)} Using the similar way to the proof of Proposition 3.15, we have
Z[Flsup(2) < max{Z[Flsup(y), Z[Flsup(2)} the following proposition.
Jorallxz,y,z € X withx*xy < z. Proposition 3.16. Given an interval neutrosophic set T =

(Z[T), Z|1], Z[F)) in (X, *,0), we have the following assertions:

Proof. Letx,y,z € X besuchthatzxy < z. Then (zxy)xz =0, (1) IfZ := (Z[T), Z[I], Z|F)) is a (T(1,1), I(1,1), F(1,1))-
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interval neutrosophic ideal of (X, ,0), then

Ting(z) > min{Z[T]ine (y), Z[T]ine (2) }
Tlsup(2) = max{Z[Tsup(y), Z[T)sup(2) }
Iine(z) = min{Z[T]ine(y), Z[ine (2)}
sup(2) > max{Z[{]sup(y), Z[{]sup(2)}
Flint(2) > min{Z[Flint (), Z[Fline(2) }
Flsup(z) = max{Z[Flsup(y), Z[Flsup(2)}

forall x,y,z € X withx xy < z.

z

o L B W

[
[
[
[
[
[

N

() IfT = (Z[T], Z1], I[F)) is a (T'(4,1), I1(4,1), F(4,1))-

interval neutrosophic ideal of (X, *,0), then
I[Tins () < min{Z[Tine(y), Z[TTine ()}
I[T)sup(2) = max{Z[T]sup(y), Z[Tlsup(2)}

N

Iing(2) < min{Z[I]ine(y), Z[{]ine(2)}
Tsup(2) > max{Z[{]sup(y), Z[{]sup(2)}
Fling(z) < min{Z[Fline(y), Z[Flint (2)}
Flsup(2) > max{Z[Flsup(y), Z[Flsup(2)}

forallx,y,z € X withx xy < z.

N N

[
[
[
[
[
[

N

3) If T := (Z[T), Z[1], I|F)) is a (T(4,4), I(4,4), F(4,4))-

interval neutrosophic ideal of (X, x,0), then

int (%) < MIn{Z[Tint(y), Z[Tline ()}
sup(2) < max{Z[T]sup(y), Z[T]sup(2) }
Ting(2) < min{Z[int(y), Z[L]ine(2) }
sup(2) < max{Z[{]sup(y), Z[{]sup(2)
Flint(2) < min{Z[FJint (y), Z[Fline (2)
Flsup(#) < max{Z[Flsup(y), Z[Fsup(2)}

forall x,y,z € X withx xy < z.

N

T
T

N

]
Jsu

N

N N
—~ —

[
[
[
[
[
[

N

Proposition 3.17.  For every (4,7) €
{(2’ 2)7 (2a 3)’ (37 2)a (3’ 3)}’ Every (T(Za ])a I(Za ])a F(Zvj))'
interval neutrosophic ideal T := (Z[T), Z|I], Z|F)]) of (X, *,0)
satisfies

I[T}lnf( ) [T]lnf (0)

Z[Tsup(x) = Z[Tsup(0)

I[I]int(z) = Z[1ins (0

I sup(z) = Z[1]sup(0) G40

I[F]mf(x) :I[ ]mf( )

I[Flsup(x) = Z[Fsup(0)

forall x,y,z € X withx xy < z.

Proof. Assume that 7 := (Z[T], Z[I], Z[F]) is a (T(2,3),
1(2,3), F(2

I[Flsup(z) > max{Z[Fsup(z * y),

,3))-interval neutrosophic ideal of (X, *,0). Then
(X, Z[T)int), (X, Z[I)int) and (X, Z[F)int) are 2-fuzzy ideals of

Neutrosophic Sets and Systems, 18/2017

(X, *,0),and (X, Z[T)sup)> (X, Z[I)sup) and (X, Z[F|gyp) are 3-
fuzzy ideals of (X, ,0). Let z:,y, 2 € X be such that x x y < z.
Then (z * y) * z = 0, and thus

T[T it () < min{Z[TTint (z * y), Z[Thint (y) }
< min{min{Z[T)int((z * y) * 2), Z[T|ins(2) },
I[Tline(y)}
= min{min{f{ Jint (0), Z[TTin (2)}, Z[TTin () }

Z[Tsup () = max{Z[Tsup(z * ), Z[T]sup(y) }
> max{max{Z[T]sup((z * y) * 2), Z[T]sup(2)},
Z[Tsup ()}
= max{max{Z[T|sup(0), Z[T]sup(2) }, Z[T]sup(y) }
Z[Tsup(0),

Iint(2) < min{Z[I]int(z * y), Z[L]ine (y) }
< min{min{Z[1)ine((z * y) * 2), Z[I]ins(2)},
It (y)}
= min{min{Z{l}int(0), Z[Iint ()}, Z[I)in
= I[I]ins(0),

i(v)}

I sup(z) = max{Z[I]sup(z * y), Z[I]sup(y) }
> max{max{Z[/]sup((x * y) * 2), Z[]sup(2)},
IMsup(y)}
= max{max{Z[]sup(0), Z[I]sup(2) }; Z[I]sup(¥)}
= I[I]sup(o)a

I[Fline(x) < min{Z[Fline(x * y), Z[Fint (y) }
< min{min{Z[Fins((z * y) * 2), Z[Fint (2) },
I[F]lnf(y)}
= min{min{Z[Flin¢(0), Z[Fint (2) }, Z[Fine (y) }
= Z[Flint(0),

Z[Flsup(y)}

> max{max{Z[Flgup((x *y) * 2),Z[Flsup(2)},
7]

Flsup(y)}
= max{max{Z[Flsup(0), Z[Flsup(2) }, Z[Flsup(y)}
= Z[Flsup(0).
Since Z[Tint(0) < Z[Thint(2), Z[Tlsup(0) = Z[T]sup(w),
I[I]l (O) <I[IL ( ) I[ ]sup(o) > I[ ]sup( ) I[F]mf( ) >
Z[F)ini(z) and Z[Flsup(0) > Z[Flsup(z), it follows that
pmf() = I[Tlne(2), I[Tlsup(0) = ZI[T]sup(),

}lnf( ) [I]inf(ﬁr)sI[I]sup(O) = I[I]sup( ) I[F]mf(o) =

S.Z. Song, M. Khan, F. Smarandache, Y.B. Jun, Interval neutrosophic sets applied to ideals in BCK/BCl-algebras



Neutrosophic Sets and Systems, 18/2017 26

Z[F)int () and Z[Fsup(0) = Z[Flgup(x). Similarly, we can ver- Jorallx,y,z € X withz*xy < z.
ify that (3.11) is true for (4,7) € {(2,2),(3,2),(3,3)}. O
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