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Abstract: In the present paper, we discuss the Neutrosophic quadruple g-ideals and (regular) neutrosophic quadruple
ideals and investigate their related properties. Also, for any two nonempty subsets U and V' of a BCI-algebra S,
conditions for the set NQ(U, V') to be a (regular) neutrosophic quadruple ideal and a neutrosophic quadruple g-ideal
of a neutrosophic quadruple BCI-algebra NQ(S) are discussed. Furthermore, we prove that let U, V, I and J be
ideals of a BCI-algebra S such that I C U and J C V. If I and J are g-ideals of .S, then the neutrosophic quadruple
(U, V)-set NQ(U, V) is a neutrosophic quadruple g-ideal of NQ(S).
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1 Introduction

To deal with incomplete, inconsistent and indeterminate information, Smarandache introduced the notion of
neutrosophic sets (see ([1], [2] and [3]). In fact, neutrosophic set is a useful mathematical tool which extends
the notions of classic set, (intuitionistic) fuzzy set and interval valued (intuitionistic) fuzzy set. Neutrosophic
set theory has useful applications in several branches (see for e.g., [4], [5], [6] and [7]).

In [8], Smarandache considered an entry (i.e., a number, an idea, an object etc.) which is represented by a
known part (a) and an unknown part (b7, ¢/, dF') where T', I, F' have their usual neutrosophic logic meanings
and a, b, ¢, d are real or complex numbers, and then he introduced the concept of neutrosophic quadruple num-
bers. Neutrosophic quadruple algebraic structures and hyperstructures are discussed in [?9] and [10]. Recently,
neutrosophic set theory has been applied to the BCK/BClI-algebras on various aspects (see for e.g., [1 1], [12]
(131, (141, [15], [16], [17]1, [1€], [19] and [20].) Using the notion of neutrosophic quadruple numbers based on
a set, Jun et al. [21] constructed neutrosophic quadruple BCK/BClI-algebras. They investigated several prop-
erties, and considered ideal and positive implicative ideal in neutrosophic quadruple BCK-algebra, and closed

G. Muhiuddin, F. Smarandache, Y.B. Jun, Neutrosophic quadruple ideals in neutrosophic quadruple
BCl-algebras.



162 Neutrosophic Sets and Systems, Vol. 25, 2019

ideal in neutrosophic quadruple BCI-algebra. Given subsets A and B of a neutrosophic quadruple BCK/BCI-
algebra, they considered sets NQ(U, V') which consists of neutrosophic quadruple BCK/BCI-numbers with a
condition. They provided conditions for the set NQ(U, V') to be a (positive implicative) ideal of a neutrosophic
quadruple BCK-algebra, and the set NQ(U, V') to be a (closed) ideal of a neutrosophic quadruple BCI-algebra.
They gave an example to show that the set {0} is not a positive implicative ideal in a neutrosophic quadru-
ple BCK-algebra, and then they considered conditions for the set {0} to be a positive implicative ideal in a
neutrosophic quadruple BCK-algebra. Muhiuddin et al. [22] discussed several properties and (implicative)
neutrosophic quadruple ideals in (implicative) neutrosophic quadruple BC' K -algebras.

In this paper, we introduce the notions of (regular) neutrosophic quadruple ideal and neutrosophic quadru-
ple g-ideal in neutrosophic quadruple BCI-algebras, and investigate related properties. Given nonempty sub-
sets A and B of a BCI-algebra S, we consider conditions for the set NQ(U, V') to be a (regular) neutrosophic
quadruple ideal of NQ(.S) and a neutrosophic quadruple g-ideal of NQ(S).

2 Preliminaries

We begin with the following definitions and properties that will be needed in the sequel.
A nonempty set S with a constant 0 and a binary operation * is called a BCI-algebra if for all x,y,z € S
the following conditions hold ([23] and [24]):

M (((zxy) * (zx2)) x (zxy) =0),
D) ((z* (z*y))*y =0),
(D) (x*x=0),
IV) (zxy=0,yxx=0 = z=y).
If a BCI-algebra S satisfies the following identity:
(V) (Ve 8) (0xz=0),

then S is called a BCK-algebra. Define a binary relation < on X by letting x * y = 0 if and only if x < y.
Then (S, <) is a partially ordered set.

Theorem 2.1. Let S be a BCK/BCl-algebra. Then following conditions are hold:

(Ve e S)(zx0=u2x), (2.1)
Ve,y,z€S)(x <y = xxz2<yx*xz, z2xy < zx*xx), (2.2)
(Vz,y,z€ S)(w*xy)*z=(x*x2)*y), (2.3)
(V2,52 € 8) (2% 2) 5 (3 2) < ) 2.4)

where x < y if and only if x x y = 0.
Any BCl-algebra S satisfies the following conditions (see [25]):

(Vo,y € S)(z* (z* (xxy)) =z xy), (2.5)
(Va,y € S) (0 (zxy) = (0% z) * (0% y)), (2.6)
(Vz,y € S)(0x (0% (z*xy)) = (0xy) * (0xx)). (2.7)
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A nonempty subset A of a BCK/BClI-algebra S is called a subalgebra of S'if x xy € Aforall z,y € A. A
subset / of a BCK/BCl-algebra S is called an ideal of S if it satisfies:

0€l, (2.8)
VeeS)(Vyel)(xxyel = xzel). (2.9)

An ideal I of a BCI-algebra S is said to be regular (see [20]) if it is also a subalgebra of S.
It is clear that every ideal of a BCK-algebra is regular (see [26]).
A subset [ of a BCI-algebra S is called a g-ideal of S (see [27]) if it satisfies (2.8) and

(Ve,y,z € S)(x*x(y*x2)el,yel = xxzel). (2.10)

We refer the reader to the books [25, 28] for further information regarding BCK/BClI-algebras, and to the
site “http://fs.gallup.unm.edu/neutrosophy.htm” for further information regarding neutrosophic set theory.
We consider neutrosophic quadruple numbers based on a set instead of real or complex numbers.

Definition 2.2 ([21]). Let S be a set. A neutrosophic quadruple S-number is an ordered quadruple (a, 2T, yI,
zF') where a, x,y,z € S and T, I, F have their usual neutrosophic logic meanings.

The set of all neutrosophic quadruple S-numbers is denoted by NQ(S), that is,
NQ(S) :={(a,zT,yI,2F) | a,x,y,z € S},

and it is called the neutrosophic quadruple set based on S. If S is a BCK/BClI-algebra, a neutrosophic quadru-
ple S-number is called a neutrosophic quadruple BCK/BCI-number and we say that N Q(S) is the neutrosophic
quadruple BCK/BCl-set.

Let S be a BCK/BCl-algebra. We define a binary operation ® on NQ(.S) by

(a,2T,yl,2F) ® (b,uT,vl,wF) = (axb, (xxu)T,(y*xv)l,(z*w)F)

for all (a,zT,yl,zF), (b,uT,vl,wF) € NQ(S). Given ay,as,as,ay € S, the neutrosophic quadruple
BCK/BCI-number (ay, asT, asl, asF) is denoted by a, that is,

a = (ay,asT,as3l,asF),
and the zero neutrosophic quadruple BCK/BCI-number (0, 07,07, 0F") is denoted by 0, that is,
0= (0,0T,01,0F).
We define an order relation “<”” and the equality “="on NQ(S) as follows:

32’<<g]@xi§yif0r2':1,273,4,
r=y&sx;, =y fori =1,2,3,4

forall z,5 € NQ(S). It is easy to verify that “<” is an equivalence relation on NQ(5).

Theorem 2.3 ([21]). If S is a BCK/BClI-algebra, then (NQ(S); ®,0) is a BCK/BClI-algebra.
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We say that (NQ(S); ®,0) is a neutrosophic quadruple BCK/BCI-algebra, and it is simply denoted by
NQ(S).
Let S be a BCK/BClI-algebra. Given nonempty subsets A and B of S, consider the set

NQU,V) :={(a,z2T,yl,zF) € NQ(S) |a,z € U & y,z € V},

which is called the neutrosophic quadruple (U, V' )-set.
The set NQ(U, U) is denoted by NQ(U), and it is called the neutrosophic quadruple U-set.

3 (Regular) neutrosophic quadruple ideals

Definition 3.1. Given nonempty subsets U and V' of a BCI-algebra S, if the neutrosophic quadruple (U, V')-
set NQ(U,V) is a (regular) ideal of a neutrosophic quadruple BCI-algebra NQ(S), we say NQ(U,V) is a
(regular) neutrosophic quadruple ideal of NQ(S).

Question 1. If U and V' are subalgebras of a BCI-algebra S, then is the neutrosophic quadruple (U,V')-set
NQ(U, V) a neutrosophic quadruple ideal of NQ(S)?

The answer to Question 1 is negative as seen in the following example.

Example 3.2. Consider a BCI-algebra S = {0, 1, a, b, ¢} with the binary operation *, which is given in Table 1.
Then the neutrosophic quadruple BCI-algebra N Q(S) has 625 elements. Note that U = {0,a} and V' = {0, b}

65 2

Table 1: Cayley table for the binary operation “x

0O 9 R O %
O U = OO
O T OO
S0 O Q2 Q|2
Q OO0 oo S
o oo olb

are subalgebras of S. The neutrosophic quadruple (U, V')-set NQ(U, V') consists of the following elements:

NQU,V)={0,1 .2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15}

where
= (0,0T,01,0F), 1= (0,0T,01,bF), 2 = (0,07, bI,0F),
= (0,07, bl,bF), 4 = (0,aT,01,0F),5 = (0,aT,0I,bF),
= (0,aT,bI,0F), 7 = (0,aT,bl,bF),8 = (a,0T,0I,0F),
9 (a,0T,01,bF), 10 = (a,0T,bI,0F), 11 = (a, 0T, bI,bF),

12 = (a,aT,0I,0F), 13 = (a,aT,0I,bF),
14 = (a,aT,bI,0F), 15 = (a,aT, bI, bF).
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If we take (1,aT,bl,0F) € NQ(S), then (1,aT,bI,0F) ¢ NQ(U,V) and
(1,aT,bI,0F)®9 =15 € NQ(U,V).

Hence the neutrosophic quadruple (U, V')-set NQ(U, V') is not a neutrosophic quadruple ideal of NQ(S).

We consider conditions for the neutrosophic quadruple (U, V')-set NQ(U, V') to be a regular neutrosophic
quadruple ideal of NQ(S).

Lemma 3.3 ([21]). If U and V are subalgebras (resp., ideals) of a BCI-algebra S, then the neutrosophic
quadruple (U,V')-set NQ(U, V') is a neutrosophic quadruple subalgebra (resp., ideal) of NQ(S).

Theorem 3.4. Let U and V' be subalgebras of a BCI-algebra S such that
(Vz,y € S)(z € U (resp., V), y ¢ U (resp., V) = yxx ¢ U (resp., V)). 3.1

Then the neutrosophic quadruple (U, V')-set NQ(U, V') is a regular neutrosophic quadruple ideal of NQ(5).

Proof. By Lemma 3.3, NQ(U, V) is a neutrosophic quadruple subalgebra of NQ(S5). Hence it is clear that
0€ NQU,V). Let z = (a1, 2T, 231, 24F) € NQ(S) and § = (y1,y2T, ysI,ysF') € NQ(S) be such that
g®z € NQ(U,V)andz € NQ(U,V). Thenz; € Uand z; € V fori = 1,2 and j = 3,4. Also,

y®T = (y17y2T7 y3[,y4F) ® ($1,$2T7 $3[75C4F)
= (yl * X1, (y2 * x2>T7 (yS * $3)]’ (y4 *1'4)F) € NQ(Uv V)v
andsoyy xx1 € U, yax 2o € U, ysxxg € Vandy,xxy € V.If g ¢ NQ(U,V), theny, ¢ Aory,; ¢ B for
some i = 1,2 and j = 3,4. It follows from (3.1) that y; xx; ¢ U ory; *xx; ¢ V forsome ¢ = 1,2 and j = 3,4.

This is a contradiction, and so § € NQ(U,V'). Thus NQ(U, V') is a neutrosophic quadruple ideal of NQ(S),
and therefore NQ(U, V) is a regular neutrosophic quadruple ideal of NQ(S). O

Corollary 3.5. Let U be a subalgebra of a BCl-algebra S such that
Ve,yeS)(xelU,y¢U = yxx ¢ U). (3.2)

Then the neutrosophic quadruple U-set NQ(U) is a regular neutrosophic quadruple ideal of NQ(S).

Theorem 3.6. Let U and V' be subsets of a BCl-algebra S. If any neutrosophic quadruple ideal N QU,V)
of NQ(S) satisfies 0 ® & € NQ(U,V) for all € NQ(U,V), then NQ(U,V) is a regular neutrosophic
quadruple ideal of NQ(S).

Proof. Forany ,7 € NQ(U, V'), we have
Fejperi=Fei)®j=0®7c NQU,V).

Since NQ(U, V') is an ideal of NQ(S5), it follows that z® g € NQ(U, V'). Hence NQ(U, V) is a neutrosophic
quadruple subalgebra of NQ(.5), and therefore NQ(U, V') is a regular neutrosophic quadruple ideal of NQ(.5).
O]

Corollary 3.7. Let U be a subset of a BCl-algebra S. If any neutrosophic quadruple ideal NQ(U) of NQ(S)
satisfies 0 ® T € NQ(U) for all z € NQ(U), then NQ(U) is a regular neutrosophic quadruple ideal of
NQ(S).
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Theorem 3.8. If U and V are ideals of a finite BCI-algebra S, then the neutrosophic quadruple (U, V')-set
NQ(U,V) is a regular neutrosophic quadruple ideal of NQ(S).

Proof. By Lemma 3.3, NQ(U, V') is a neutrosophic quadruple ideal of NQ(S). Since S is finite, NQ(5) is
also finite. Assume that | NQ(S)| = n. For any element Z € NQ(U, V'), consider the following n+1 elements:

0,0@z(0@F) @&, (- (@) @) ® &
n—ggles

Then there exist natural numbers p and ¢ with p > ¢ such that

(- (0epen)® - )ei=( (007D ® ) ®T.

.

Vv Vv
p-times g-times

Hence

0O=(--(0®d)@r)®-- V@) ®((--- (0®T)®T)®---) ® T)

- s - s
g g

p times q times
=((-(Oener @ )ener)® )@ & ((--(0erer) @) ®7)
qtiTnes p—;rtimes qti‘r,nes
=(-(O0eder)®--)®ieNQUV).
p—(;,times

Since NQ(U, V) is an ideal of NQ(S), it follows that 0 ® & € NQ(U, V). Therefore NQ(U, V') is a regular
neutrosophic quadruple ideal of NQ(S) by Theorem 3.6. O

Corollary 3.9. If U is an ideal of a finite BCI-algebra S, then the neutrosophic quadruple U-set NQ(U) is a
regular neutrosophic quadruple ideal of NQ(5).

4 Neutrosophic quadruple ¢-ideals

Definition 4.1. Given nonempty subsets U and V' of S, if the neutrosophic quadruple (U, V')-set NQ(U, V')
is a g-ideal of a neutrosophic quadruple BCI-algebra NQ(S), we say NQ(U, V) is a neutrosophic quadruple
q-ideal of NQ(S).

Example 4.2. Consider a BCI-algebra S = {0, 1, a} with the binary operation *, which is given in Table 2.
Then the neutrosophic quadruple BCI-algebra NQ(S) has 81 elements. If we take U = {0,1} and V' = {0, 1},
then

NQ(U,V)={0,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15}

is a neutrosophic quadruple g-ideal of NQ(S) where
0 = (0,07,01,0F), 1= (0,0T,01,1F),2 = (0,07, 11,0F),
3=(0,0T,11,1F), 4 = (0,1T,01,0F),5 = (0,1T,01,1F),
6 = (0,17,11,0F), 7 = (0,17, 11,1F),8 = (1,07, 01, 0F),
9= (1,07,0I,1F), 10 = (1,07, 11,0F), 11 = (1,07, 11, 1F),
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.,

Table 2: Cayley table for the binary operation *“x

Q = O ¥
Q= OO
QO O
o2 2R

12 = (1,17,01,0F), 13
1

: 3= (1,17,01,1F),
14 = (1,17,11,0F), 15 = (1,17, 11, 1F).

Theorem 4.3. For any nonempty subsets U and V' of a BCl-algebra S, if the neutrosophic quadruple (U, V' )-set
NQ(U,V) is a neutrosophic quadruple q-ideal of NQ(S), then it is both a neutrosophic quadruple subalgebra
and a neutrosophic quadruple ideal of NQ(S).

Proof. Assume that NQ(U, V) is a neutrosophic quadruple g-ideal of NQ(S). Since 0 € NQ(U,V), we
have 0 € Uand 0 € V. Let z,y,z € Sbesuchthatx x (yxz) € UNV andy € UNV. Then
(. yT,yl,yF) € NQ(U,V) and

(x, 2T, xl,2F)® ((y,yT,yl,yF) ® (z, 2T, z1, 2 F))
= (x,2T,zl,xF)® (yx 2z, (y * 2)T, (y x 2)I, (y x 2) F)
=(xx(y*x2),(xx(yx2)T,(x*x(y=*2)),(z*x(y*2))F) e NQU,V).

Since NQ(U, V) is a neutrosophic quadruple ¢-ideal of NQ(.S), it follows that
(x*z,(x*x2)T,(xx2),(x*2)F) = (x,2T, 21, 2F) ® (z,2T, 21, 2F) € NQ(U,V).

Hence z x z € U NV, and therefore U and V' are g-ideals of S. Since every g-ideal is both a subalgebra
and an ideal, it follows from Lemma 3.3 that NQ(U, V) is both a neutrosophic quadruple subalgebra and a
neutrosophic quadruple ideal of NQ(S). O

The converse of Theorem 4.3 is not true as seen in the following example.

Example 4.4. Consider a BCI-algebra S = {0, a, b, ¢} with the binary operation *, which is given in Table 3.

.

Table 3: Cayley table for the binary operation “x

o ot Q O %
o S OO
Q2 O 0|
Q@ OO0 SO
OO0 |0
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Then the neutrosophic quadruple BCl-algebra NQ(S) has 256 elements. If we take A = {0} and B = {0},
then NQ(U,V) = {0} is both a neutrosophic quadruple subalgebra and a neutrosophic quadruple ideal of
NQ(S). If we take & := (c,bT,0I,aF), % := (a,bT,0I,cF) € NQ(S), then
i®(0®2) = (c,bT,0l,aF)® (0® (a,bT,01,cF))
= (¢,bT,01,aF) ® (c,bT,0I,aF) =0 NQ(U, V).

But

T®zZ=(c,bT,0l,aF) ® (a,bT,0I,cF)
= (cxa,(bxb)T,(0%0)I,(ax*c)F)
= (b,0T,0I,bF) ¢ NQ(U,V).

Therefore NQ(U, V) is not a neutrosophic quadruple g-ideal of NQ(S).

We provide conditions for the neutrosophic quadruple (U, V')-set NQ(U, V') to be a neutrosophic quadruple
g-ideal.

Theorem 4.5. If U and V are q-ideals of a BCIl-algebra S, then the neutrosophic quadruple (U,V )-set
NQ(U,V) is a neutrosophic quadruple q-ideal of NQ(SS).

Proof. Suppose that U and V are g-ideals of a BCl-algebra S. Obviously, 0 € NQ(U,V). Let & =
(1, 22T, a3, x4 F), § = (y1,92T,ysl,ysF) and Z = (21,297, 231, z4F") be elements of NQ(S) be such
thatz ® (g® 2) € NQ(U,V)andy € NQ(U,V). Theny, € A, y; € Bfori=1,2and j = 3,4, and

TR (G®2Z) = (21,21, 23], 24 F) ® ((y1, 92T, ysI, ys F') ® (21, 20T, 231, 24 F'))
= (1, 22T, 231,24 F) ® (y1 * 21, (Y2 * 22) T, (Y3 * 23) 1, (ya * 24) F)

= (z1 % (y1 * 21), (w2 % (Y2 * 22)) 7T, (w3 * (Y3 * 23))1, (w4 * (ya * 24)) F)

e NQ(U,V),

that is, z; % (y; ¥ 2;) € Uand z; % (y; x z;) € Bfori =1,2and j = 3, 4. It follows from (2.10) that z; x z; € U
and x; * z; € V fore=1,2and j = 3,4. Thus

T®Z=(x1 %21, (12 % 2)T, (x5 % 23)I, (x4 % 24)F) € NQ(U, V), 4.1)
and therefore NQ(U, V) is a neutrosophic quadruple g-ideal of NQ(S). O

Corollary 4.6. If A is a g-ideal of a BCl-algebra S, then the neutrosophic quadruple U-set NQ(U) is a
neutrosophic quadruple g-ideal of NQ(S).

Corollary 4.7. If {0} is a g-ideal of a BCI-algebra S, then the neutrosophic quadruple (U,V)-set NQ(U,V)
is a neutrosophic quadruple q-ideal of NQ(S) for any ideals U and V of S.

Corollary 4.8. If {0} is a g-ideal of a BCI-algebra S, then the neutrosophic quadruple U-set NQ(U) is a
neutrosophic quadruple q-ideal of NQ(S) for any ideal U of S.
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Theorem 4.9. Let U and V' be ideals of a BCI-algebra S such that
(Vr,y,z€ S)zx(yxz) eUNV = (xxy)xz€UNV). 4.2)

Then the neutrosophic quadruple (U,V')-set NQ(U, V') is a neutrosophic quadruple q-ideal of NQ(S).

Proof. Tt is clear that 0 € NQ(U,V). Let & = (zy,zoT, w3, 24F), § = (y1, 92T, y3l,ysF) and 2 =
(21, 20T, 231, 24 F') be elements of NQ(S) be such that Z ® (g ® 2) € NQ(U,V) and g € NQ(U, V). Then
Y1,y2 € U, y3,y2 € V and

TR (YD Z) = (21, 2T, 23], 24 F) ® ((y1, y2T, ys I, ys F') ® (21, 22T, 231, 24 F))
= (1, 22T, 231, 24 F) ® (y1 * 21, (Y2 * 22) T, (Y3 * 23) 1, (ya * 24) F)
= (z1 % (y1 * 21), (w2 % (Y2 * 22)) T, (w3 * (Y3 * 23)) ], (w4 * (ya * 24)) F)
e NQ(U,V),

thatis, x; * (y; * z;) € U and z; % (y; x z;) € V fori = 1,2 and j = 3, 4. It follows from (2.3) and (4.2) that
(wi*z)*y; = (v;%y;) %2z, € Uand (% z;) *y; = (z;%y;) x2z; € V fori=1,2and j = 3,4. Since U and
V are ideals of S, we have z; x z; € U and z; * 2; € V for¢ = 1,2 and j = 3,4. Thus

T®Z= (1’1 * 21, (ZEQ * ZQ)T, (I‘g * 23)[, (1‘4 * Z4)F) S NQ(U, V), (43)

and therefore NQ(U, V') is a neutrosophic quadruple g-ideal of NQ(S). O
Corollary 4.10. Let U be an ideal of a BCI-algebra S such that

(Vz,y,z€ S)(xx(yxz2) e U = (zxy)*xze€U). (4.4)

Then the neutrosophic quadruple U-set NQ(U) is a neutrosophic quadruple q-ideal of NQ(S5).
Theorem 4.11. Let U and V' be ideals of a BCl-algebra S such that

(Vz,y e S)(zx(0xy) e UNV = zxyecUNV). 4.5)

Then the neutrosophic quadruple (U,V')-set NQ(U, V') is a neutrosophic quadruple q-ideal of NQ(S).
Proof. Assume that z % (y x z) € UNV forall z,y, z € S. Note that
((zxy)) * (0% 2)) % (zx (y*2)) = ((zxy)x (zx(y*2))*(0x2)

((y*z)*y)* (0x2)
=0%x2)x(0x2)=0eUNV

IN

Thus (z xy) * (0% z) € UNV since U and V are ideals of S. It follows from (4.9) that (z xy) x 2 € U N V.
Using Theorem 4.9, NQ(U, V') is a neutrosophic quadruple g-ideal of NQ(S). O

Corollary 4.12. Let U be an ideal of a BCI-algebra S such that
(Ve,y e S)(zx(0xy) e U = xzxyel). (4.6)

Then the neutrosophic quadruple U-set NQ(U) is a neutrosophic quadruple q-ideal of NQ(S5).
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Theorem 4.13. Let U and V' be ideals of a BCl-algebra S such that
Ve,ye S)Y(zeUNU = zxyeclUNYV). 4.7)

Then the neutrosophic quadruple (U, V')-set NQ(U, V') is a neutrosophic quadruple q-ideal of NQ(S).

Proof. Assume that z * (yx2) € UNV andy € UNV forall z,y,z € S. Using (2.3) and (4.7), we get
(xxz)*(yxz)=(r*x(y*xz))xze€UNVandyxze€ UNV. Since U and V are ideals of S, it follows that
xxz € UNV.Hence U and V are g-ideals of .S, and therefore NQ (U, V) is a neutrosophic quadruple g-ideal
of NQ(S) by Theorem 4.5. O

Corollary 4.14. Let U be an ideal of a BCI-algebra S such that
Ve,y e S)(x €U = xzxyeU). (4.8)

Then the neutrosophic quadruple U-set NQ(U) is a neutrosophic quadruple g-ideal of NQ(S).

Theorem 4.15. Let U, V., I and J be ideals of a BCI-algebra S such that I C U and J C V. If I and J are
g-ideals of S, then the neutrosophic quadruple (U,V)-set NQ(U, V) is a neutrosophic quadruple q-ideal of

NQ(S).
Proof. Letx,y,z € Sbesuchthatx x (0xy) € UNV. Then

(x*(zx(0*xy)))*(0xy)=(xx(0xy))*x(xx(0xy))=0e€lnJ
by (2.3) and (III). Since [ and J are g-ideals of 9, it follows from (2.3) and (2.10) that
(xxy)x(xx(0xy))=(z*x(z*x(0xy)))xyelnJCUNV

Since U and V' are ideals of S, we have x xy € U N V. Therefore NQ(U, V) is a neutrosophic quadruple
g-ideal of NQ(.S) by Theorem 4.11. O

Corollary 4.16. Let U and I be ideals of a BCI-algebra S such that I C U. If I is a g-ideal of S, then the
neutrosophic quadruple U-set NQ(U) is a neutrosophic quadruple q-ideal of NQ(SS).

Theorem 4.17. Let U, V, I and J be ideals of a BCI-algebra S such that [ C U, J C 'V and
(Ve,y,z€ S)(x*x(yx2)elnNJ = (zxy)xzelnJ). 4.9)

Then the neutrosophic quadruple (U, V')-set NQ(U, V') is a neutrosophic quadruple q-ideal of NQ(S5).
Proof. Letx,y,z € Sbesuchthatz x (yx2) € INJandy € I NJ. Then

(xx2)xy=(xxy)xzelnJ

by (2.3) and (4.9). Since I and J are ideals of S, it follows that x * z € I N J. This shows that I and J are
g-ideals of S. Therefore NQ(U, V') is a neutrosophic quadruple g-ideal of NQ(S) by Theorem 4.15. O

Corollary 4.18. Let U and I be ideals of a BCI-algebra S such that I C U and

(Ve,y,z€ S)(x*x(y*x2) €l = (zxy)xzel). (4.10)
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Then the neutrosophic quadruple U-set NQ(U) is a neutrosophic quadruple g-ideal of NQ(S).
Theorem 4.19. Let U, V., I and J be ideals of a BCl-algebra S such that [ C U, J C 'V and

Ve,ye S)(zelnd = zxyelnl). 4.11)
Then the neutrosophic quadruple (U,V')-set NQ(U, V') is a neutrosophic quadruple q-ideal of NQ(SS).

Proof. By the proof of Theorem 4.13, we know that [ and .J are g-ideals of S. Hence NQ(U, V) is a neutro-
sophic quadruple g-ideal of NQ(S) by Theorem 4.15. 0

Corollary 4.20. Let U and I be ideals of a BCI-algebra S such that I C U and
(Ve,ye S)(zxel = xzxyel). (4.12)
Then the neutrosophic quadruple A-set NQ(U) is a neutrosophic quadruple g-ideal of NQ(S).
Theorem 4.21. Let U, V, I and J be ideals of a BCI-algebra S such that I C U, J C V and
(Vr,y e S)(zx(0xy)elnNJ = xzxyeclnl). (4.13)
Then the neutrosophic quadruple (U, V')-set NQ(U, V') is a neutrosophic quadruple q-ideal of NQ(S).

Proof. Assume that zx(y*z) € INJ Forall z,y,z € S. Then (x*y)*z € IN.J by the proof of Theorem 4.11.
It follows from Theorem 4.17 that neutrosophic quadruple (U, V')-set NQ(U, V') is a neutrosophic quadruple
g-ideal of NQ(5). O

Corollary 4.22. Let U and I be ideals of a BCI-algebra S such that I C U and
(Ve,y e S)(xx(0xy) el = xxyel). (4.14)

Then the neutrosophic quadruple U-set NQ(U) is a neutrosophic quadruple g-ideal of NQ(S).

Future Work: Using the results of this paper, we will aply it to another algebraic structures, for example,
MV-algebras, BL-algebras, MTL-algebras, Ry-algebras, hoops, (ordered) semigroups and (semi, near) rings
etc.

Acknowledgements: We are very thankful to the reviewer(s) for careful detailed reading and helpful com-
ments/suggestions that improve the overall presentation of this paper.
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