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ABSTRACT. Inthe present paper, the notion of anti-intuitionistic L-fuzzy
soft set is applied to the b-ideals of BG-algebras. In fact, the notions of
anti-intuitionistic L-fuzzy soft b-ideals of BG-algebras are introduced and
their related properties are studied. Furthermore, some operations of anti-
intuitionistic L-fuzzy soft b-ideals of BG-algebras are investigated. Finally,
the products of anti-intuitionistic L-fuzzy soft b-ideals are discussed.
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1. INTRODUCTION

A fuzzy set is a set with a function to a transitive poset. A fuzzy set is, there-
fore, a sort of generalized characteristic function. The concepts of fuzzy sets were
introduced by Zadeh [32]. After two years later, Goguen [12] introduced the idea of
L-fuzzy sets as the generalization of Zadeh’s fuzzy sets in 1967. We habitually de-
note the poset by L and call the fuzzy set an L-fuzzy set or an L-set. Because of the
generality of the mathematical definition, some important applications of fuzzy sets
do not involve the intuitive concept of fuzziness at all. The notion of intuitionistic
fuzzy sets introduced by Atanassov [3, 4] is one among them. Later, the “Intuition-
istic L-fuzzy sets” was generalized by Atanassov and Stoeva [5]. In intuitionistic
fuzzy set theory, existence and non-existence values are drawn from the unit interval
and intersection, a union is modeled by minimum and maximum respectively. We
replaced the structure of the totally ordered unit interval by an arbitrary bounded
lattice L to allow incomparabilities among elements. The notions of L-fuzzy sets
and intuitionistic fuzzy sets were introduced by Hatzimichailidis et al. [13]. They
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summarize some notions on L-fuzzy sets, where L denotes a complete lattice. They
studied a special case of L-fuzzy sets is called as an “Intuitionistic fuzzy sets”.
Kim et al. [20] introduced the concept of BG-algebras is a generalization of B-
algebras. Ahn et al. [2] presented a fuzzy subalgebra of BG-algebras. Later on,
intuitionistic L-fuzzy subalgebras and ideals of BG-algebras are studied in [10, 11].
Iséki et al. [14] introduced the ideal theory of BC K-algebras. The soft set theory
is a generalization of a fuzzy set theory that was proposed by Molodtsov [23] in
1999 to deal with uncertainty in a parametric manner. Jun [16] introduced soft
BCK/BCI-algebras. He applied the notion of soft sets by Molodtsov to the theory
of BCK/BC1I-algebras. The concept of soft BCK/BCI-algebras and soft subalge-
bras are introduced, and some of their elementary properties are proved. Mayji et al.
[21] introduced the concept of fuzzy soft sets as a generalization of the standard soft
sets and presented an application of fuzzy soft sets in a decision-making problem.

Maji et al. [22] introduced the notions of intuitionistic fuzzy soft set and application
of soft sets in a decision-making problem.
Jun et al. [18] introduced a soft p-ideal of soft BCI-algebras. They developed

soft p-ideals and p-idealistic soft BC'I-algebras, and then investigate their basic
properties. They were giving characterizations of (fuzzy) p-ideals in BCI-algebras.
Jun et al. [17] applied a fuzzy soft set for dealing with several kinds of theories
in BOK/BCT-algebras. They presented fuzzy soft BCK/BCI-algebras, (closed)
fuzzy soft ideals and fuzzy soft p-ideals are introduced, and related properties are
investigated. Jun [15] introduced doubt fuzzy BCK/BCI-algebras. Bej et al. [3] in-
troduced the notion of a doubt intuitionistic fuzzy H-ideals in BCK/BCI-algebras,
and to study some related properties of it. Balamurugan et al. [6] introduced intu-
itionistic fuzzy soft ideals in BCK/BCI-algebras. Furthermore, Muhiuddin et al.
introduced different related concepts and applied them to BCK/BC1I-algebras and
residuated lattices (see [24, 25, 31]). Also, Muhiuddin et al. studied the concepts of
soft set theory on various aspects (see [1, 19, 26, 27, 28, 29, 30]).

Bej et al. [9] introduced the concepts of doubt intuitionistic fuzzy subalgebras
and doubt intuitionistic fuzzy ideals in BCK/BCI-algebras. They show that an in-
tuitionistic fuzzy subset of BCK/BCI-algebras is an intuitionistic fuzzy subalgebra
and an intuitionistic fuzzy ideal if and only if the complement of this intuition-
istic fuzzy subset is an anti-intuitionistic fuzzy subalgebra, and ideal respectively.
Recently, Barbhuiya [7] introduced the concept of («a, §)-doubt fuzzy ideals of BG-
algebras and investigated some of their related properties. He defined the cartesian
product of (a, §)-doubt fuzzy ideals and studied their properties. Motivated by a
lot of work as mentined above, in this paper, we applied the notion of the anti-
intuitionistic L-fuzzy soft set to ideals and b-ideals of BG-algebras. Further, some
concepts and operations of anti- intuitionistic L-fuzzy soft b-ideals are given and
discussed their properties in details. Moreover, the product of anti-intuitionistic
L-fuzzy soft b-ideals and related properties are studied.

2. PRELIMINARIES

By a BG-algebra [20], we mean an algebra X with a constant 0 and a binary
operation “x” satisfies for every x,y,z € X:
) xxx=0,

126
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(i) z « 0 = x,
(iil) (x*y) * (0xy) = =.
For concise, we also call X a BG-algebra.
A non-empty subset I of X is an ideal of X if it satisfies the following conditions:
(Il ) 0€e Ia
(I)zxyelandyel=2xel.
An ideal T is called b-ideal of X, if it satisfies the condition (I;) and the following
condition:
(I3) (xxz)xyelandyel=xel.
Throughout this paper (L, <,V,A) denotes a complete distributive lattice with
maximal element 1 and minimal element 0, respectively.

Definition 2.1 ([12]). Let X be a non-empty set. A L-fuzzy set ¢ of X is a function
¢: X — L.

Definition 2.2 ([5]). Let (L, <) be the lattice with an involutive order reversing
operation N : L — L. Let X be a non-empty set. An intuitionistic L-fuzzy set
(briefly, ILFS) A in X is defined as an object of the form

A= {(l‘,(ﬁA(Z‘),’(/)A(J?)) ‘ T € X}a

where ¢4 : X — L and ¥4(x) : X — L define the degree of membership and the
degree of non-membership for every z € X satisfying ¢4 (z) < N(va(x)).
For the sake of simplicity, we shall use the symbol A = (¢4,%4) for the ILFS

A=A{(z,0a(x), Ya(z)) | z € X}.

For every two ILFS(s) A and B in X, we define the following relations and
operations:
OA = {(z,¢a(r),1 - ¢A(f€)) |z e X},
@A ={(z,1 —Pa(r),a(z)) |z € X},
A — {(3;‘, ¢A(-L) wA(“L)-i'l) |z e X},
) |

_i'_\,

XA = {(z, 2> Lowa®y )y e X3,
!Az{x,max(%qﬁ z)), min (3,%4(z)) |z € X},
?A = {(z,min (1,0a(z)), max (1,94(2)) |z € X},

A+ B = {(x, ()+¢B ) — ¢A(x)¢3(a:) Yale)dp(2)) | w e X},
AB = {($7¢>A( )-0B(2), Ya(®) +¥p(x) —Ya(r)Pp(z)) [ 2 € X},
AQB = {(z, ¢A(I)+¢B(Z) ’l/JA($)+’¢'B 93)) | e X},
A$B = { \/QbA \/7/1A | xr e X}

The six Cartesnan products of two I LF S ( ) A and B in X are defined as follows:
(i) the Cartesian product “ x;”

A x1 B ={((z,y), 9a(x).¢p(x),Ya(x) ¥p(x)) | (z,y) € X x1 X},

R

(ii) the Cartesian product “ x5 ",
AxaB =A{((,y), ¢a(z) + ¢5(x) — da(z).05(x),Ya(z)Yp(2)) | (x,y) € X X2 X},

2

(iii) the Cartesian product “ x3”,

Ax3B = {((2,y), pa(2)-¢p(2), dalz) +1157B(x) —Pa(@)Pp(r) | (z,y) € X x5 X},
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»

(iv) the Cartesian product “ x4 7,

Axy B ={((z,y),0a(x) A ¢p(x),Ya(z) Vp(2) | (2,9) € X x4 X},
(v) the Cartesian product “ x5 ”

A x5 B={((z,9),9a(2) V ¢p(2),Ya(z) Np(z)) | (,y) € X X5 X},

9
6

(vi) The Cartesian product “ x

Ao B = {(a.y), 22D T 00() Pale) T 0n(r)
where ¢4 (2)Vop(z) = max (da(x), dp(z)) and Ya(x)AYp(z) = min (Y4 (z), s (z)) .

Definition 2.3. An ILFS A = (¢a,%4) in X is called an anti-intuitionistic L-
fuzzy b-ideal (briefly, AILFBID) of X, if it satisfies the following conditions: for
any x,y € X,
(AILFBID1) ¢4(0) < ¢4
(AILFBID2) ¢a(x) < ¢a
(AILFBID3) ¢a(x) > 94

) | (z,y) € X x6 X},

(z) and 4(0) > a(z),
((zx2) xy) V oaly),
((z*2) xy) Nba(y)-

3. OPERATIONS OF ANTI-INTUITIONISTIC L-FUZZY SOFT b-IDEALS OF
BG-ALGEBRAS

In this section, anti-intuitionistic L-fuzzy soft b-ideals (briefly, AILFSBID) of
BG-algebras is defined and some operations of AILFSBID(s) of BG-algebras are
presented.

Definition 3.1. A pair (R, A) is called a soft set over X, if R is a mapping of A
into the set of all subsets of the set X.

Definition 3.2. Let L be a complete Boolean lattice and L(X) be the family of all
L-fuzzy sets in X. A pair (R, A) is called a L-fuzzy soft set in X, if R is a mapping
given by R: A — L(X).

Example 3.3. Let X = {z1, 22,23, 24,25, 26} and A = {61,d2}. Let (R, A) be a
L-fuzzy soft set over X, defined as follows:
R[&l] = {(1‘1, 0. 6), ((EQ, 0.4:)7 (1‘37 0), (.’L‘4, 0.1), (1‘5, 0.1), ((E(;, 05)}
[52] = {(xl, ) (.Z‘Q, 0. 8) (l‘g, 0.9), (1‘4, 0.4)7 (l‘(), 0), (.Z‘6, 06)}
Then (R, A) is described as

X T1 | T2 | X3 | Ta | T5 | Te
R[61] 1 0.6 |04 |0 0.1]0.110.5
R[62] | O 081090410 0.6

Definition 3.4. Let L be a complete Boolean lattice and RL(X) be the family of
all intuitionistic L-fuzzy sets in X. A pair (R, A) is called an intuitionistic L-fuzzy
soft set (briefly, ILFSS) in X, if R is a mapping given by R: A — RL(X).

Example 3.5. Let X = {x1,xs, 23, 24, 5,26} and A = {01,05}. Let (R, A) be an
intuitionistic L-fuzzy soft set over X, defined as follows:
R[61] = {(x1,[0.6,0.3]), (z2,[0.4,0.5]), (z3,[0,0.9]), (x4, [0.1,0.8]), (x5, [0.1,0.8]),
128
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~ (.’Eg, [057 04])}
R[62] = {(21,[0,0.8)), (2, [0.8,0]), (x5, [0.9,0.1]), (24, [0.4,0.6]), (x5, [0, 1]),
 (w6,10.6,0.3))}.
Then (R, A) is described as
X Tl T2 T3 Ty x5 ZTe
R[] | [0.6,0.3] | [0.4, 0.5] | [0, 0.9] [0.1, 0.8] | [0.1, 0.8] | [0.5, 0.4]
R[d2] | [0, 0.8] [0.8, 0] [0.9, 0.1] | [0.4, 0.6] | [0, 1] [0.6, 0.3]

For the sake of simplicity, we shall use the symbol R[§] = (PRi5)> YRpey) for the
intuitionistic fuzzy set ILFS R[d] = {(z, D15 () Vs (2) | © € X and 6 € A}

Definition 3.6. An ILFSS (R, A) is called an anti-intuitionistic L-fuzzy soft b-ideal
(briefly, AILFSBID) of X, if R[§] = {(z, 95 (2), Yps () | 2 € X and § € A}
is an anti-intuitionistic L-fuzzy b-ideal (AILFBID) of X satisfying the following
conditions: for any z,y € X,

(AILFSBID1) ¢515(0) < ¢pp5(x) and ¢5.5,(0) > ¢ zis(w),
(AILFSBID2) ¢p15 (%) < b s (% 2) % y) V b5 (1),
(AILFSBID3) ¢5(x) > ¢ s (% 2) % y) Az (y)-

Example 3.7. Consider a BG-algebra X = {0, 1,2, 3} with Cayley table.

WM —|O| *
W= OO
NN OO
e k=l k=l ]
OO OO W

Let R[§] = (¢R[6],1/)R[5]) be an ILF'S in X defined as

X 0 1 2 3
R[6] | [0.1,0.7] | [0.1,0.7] | [0.2,0.3] | [0.2,0.3]

Then R[§] is an ATLFBID of X. Thus (R, A) is an AILFSBID of X.
Definition 3.8. Let (R, A) be an ILFSS of X, if R[] = (¢ 5 Yss) is an ILFS
of X. Then the operators ©R[d] and @R[0] are defined as R[] = (P (5, P p7) and
QR[] = (Vays) Vigs) I X

Example 3.9. We define (R, A) is an ILFSS of X which R[§] = (PRi5) YRis)) I
an ILF'S of X as follows:

X 1 2 3
R[6] | [0.72,0.23] | [0.64,0.30] | [0.57,0.36]

Then ®R[] = (¢R[5],QBR[5]) and @R[8] = (z/jé[é],wg[g]) are
and
129
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X 1 2 3
GR[0] | [0.72,0.28] | [0.64,0.36] | [0.57,0.43]

X 1 2 3
@R8] | [0.77,0.23] | [0.70,0.30] | [0.64,0.36]

Theorem 3.10. Let (R, A) be an ILFSS of X. If (R, A) is an AILFSBID of X,
then

(1) ®(R, A) is an AILFSBID of X,

(2) ®(R, A) is an AILFSBID of X.
Proof. (1) It is sufficient to show that ¢ satisfies the second part of the conditions
(AILFSBID1) and (AILFSBID?2). Clearly, we have

Di15)(0) =1 = bp5(0) = 1= g () = D5 ().
Let z,y,z € X and § € A. Then
D) (@) =1 = dps ()
21— (Qp5((z*2) xy) V P (y)
= {1 O (@ 2) * )} A {1~ b5 (0)}
= Ops) (@ 2) x y) A b5 (y)-
Thus ®R[0] is an AILFBID of X. So &(R, A) is an AILFSBID of X.
(2) It is sufficient to show that ¢z, satisfies the second part of the conditions

(AILFSBID1) and (AILFSBID3). Clearly, we have
Vi) (0) =1 = Yp5(0) 1 —Yp5(x) < Vg (@)
Let z,y,2 € X and 0 € A. Then
7/11%[5] (@) =1- Z/JR[(S] (z)
<1 (g (@ 2) ) A g (1)
= {1 = Va5 ((@x2) xy)} VAL = Ppi5(9)}
= Vi) (@ % 2) % y) VU5 (y). )

Thus QR[] is an AILFBID of X. So ®(R,A) is an AILFSBID of X. O

Definition 3.11. Let (R, A) be an ILFSS of X and let R[§] = (D5 Vi) be an
ILFS of X. Then the modal type operator

BR[3] = {(z, 2w (2), V@ () [ 2 € X and § € A}

; P P s+l
is defined by ¢z (2) = =5 (2) and Ygps (2) = —H5—(2),
where ¢gp5 0 X = [0,1] and ¢gps 0 X — [0, 1].

Example 3.12. Let X = {a,b,c} be a fixed universe and let (R, A) be an ILFSS
of X which R[6] = (dp(s, Ypys) is an ILF'S of X as follows:

X a b C
R[4] | [0.3,0.2] | [0.7,0.1] | [0.5,0.5]

Then BR[S] is an ILF'S given by
130
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X

a

b

C

BR[]

[0.15,0.6]

[0.35,0.55]

0.25,0.75]

Theorem 3.13. Let (R, A) be an ILFSS of X. If (R, A) is an AILFSBID of X,
then the modal type operator B(R, A) is an AILFSBID of X.

Proof. For each x € X,

PRl PRl
b (0) = —5 (0) < —52(x) = By (@)
and
Ve (0) = % 0) = %(x) = Yapps) ()
Let 2,9,z € X. Then
Gesrpy(2) = "5 (x) < H((wx2) xy) v HEL()
= Smpp (z+2) *y) V dmps ()
and Y s+ b s+ s+
Vmap) (v) = 15— (2) > “G—((z * 2) x y) A 13— (y)

= 7/’55[2[5]((33 *2) xy) A waaém (y)-

Thus BR[J] is an AILFBID of X. So B(R, A) is an AILFSBID of X. O

Definition 3.14. Let (R, A) be an ILFSS of X and let R[6] = (PR(5)> Vi) be an
ILFS of X. Then the modal type operator

MR[o] = {(=, 5 (%) Ympp) () | © € X and § € A}

(@),

is defined by qS,Zlg[é] () = ¢R[§]+1 (z) and U’@R[a] (z) = 1#;;[5]

where qbgé[é] : X = [0,1] and 1/)‘Z|R[5] : X —[0,1].

Example 3.15. Let X = {a,b,c} be a fixed universe and let (R,A) be an ILFSS
of X which R[6] = (&p(s, ¥p(s) s an ILF'S of X as follows:

X a b c
R[8] | [0.3,0.2] | [0.7,0.1] | [0.5,0.5]
Then KR[d] is an ILFS given by
X a b ¢
XR[5] | [0.65,0.1] | [0.85,0.05] | [0.75,0.25]

Theorem 3.16. Let (R, A) be an ILFSS of X and let (R, A) be an AILFSBID
of X. Then the modal type operator R(R, A) is an AILFSBID of X.
131
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Proof. For each z € X,

T L S |
Ospps (0) = —15—(0) < =L (2) = by ()
and s -
Ui (0) = %(0) > 1;[5] () = Y (7)-

Let z,y,z € X. Then

P+l Srs 1 $ris 1
Omags (@) = 23 (@) < PR (i) gy v 2B ()

= O (T % 2) *Y) V b ()

and
b Yy by
Unae (@) = =32 (@) 2 = (x2) xy) A =5 (y)
i = s (2% 2) *y) A wgé@ (y)-
Thus KR[d] is an AILFBID of X. So K(R, A) is an AILFSBID of X. O

Definition 3.17. Let (R, A) be an ILFSS of X and let R[§] = (DR(5> YRisy) be an
ILFS of X. Then the level operator

!R[(S] = {($v¢!R[5] (x)aw!é[a] (z)) | * € X and 6 € A}

is defined by ¢, p5 (2) = iv D5 and Yy pg (@) = 1A Y is)s
where ¢!R[5] : X = [0,1] and 1/}!R[5] : X = [0,1].

Example 3.18. Let X = {a,b,c} be a fixed universe and let (R,A) be an ILFSS
of X which R[0] = (¢p(s, ¥p(s) s an ILF'S of X as follows:

X a b C
RI[4] | [0.3,0.2] | [0.7,0.1] | [0.5,0.5]

Then !R[8] is an ILFS given by

X a b C
'R[4] | [0.5,0.2] | [0.7,0.1] | [0.5,0.5]

Theorem 3.19. Let (R, A) be an ILFSS of X. If (R, A) is an AILFSBID of X,
then the level operator \R[d] is an AILFSBID of X.

Proof. For each z € X,
1 1
$1715)(0) = 5V 0p5)(0) < 5V Oy (2) = Dy ()
and

1 1
U5 (0) = 5" Ve (0) = 5/ Vi) (@) = b5 (2)-

Let z,y,2z € X. Then
¢A
D) (2) = 5V dpps () < 5V [op((T*2) xy) vV =52 (y)]

= [1V dapg (@ 2) % )] V [§ v 222 (y)]
132
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= Dijgps) (2 % 2) ¥ Y) V D315 (y)
and

Viigs) (@) = 3 A i (@) > 3 A g2 2) wy) A 2EL (y)
=[5 Aagy (@ % 2) # )] A [ A 2EEL ()]
= 1/)!1%[5]((93 *2) % y) A Vi po) (y).
Thus !R[8] is an AILFBID of X. So (R, A) is an AILFSBID of X. O

Definition 3.20. Let (R, A) be an ILFSS of X and let R[5] = (PRio) Vi) 18 a0
ILF'S of X. Then the level operator

?R[é] = {(xv(b?f{[(;] (IL'),'lb?[%[(g] ($)) ‘ re X andd e A}

is defined by ¢?R[5](x) = % A ¢R[5] and 7/’?1?[5]@) = % Y, 1/)R[5],
where ¢, 5 0 X — [0,1] and ¢, 55 : X — [0, 1].

Example 3.21. Let X = {a,b,c} be a fixed universe and let (R, A) be an ILFSS
of X which R[6] = (¢p5), Vpys) is an ILFS of X as follows:

X a b ¢
R[4] | [0.3,0.2] | [0.7,0.1] | [0.5,0.5]

Then ?R[d] is an ILFS given by

X a b C
?R[0] | [0.3,0.5] | [0.5,0.5] | [0.5,0.5]

Theorem 3.22. Let (R, A) be an ILFSS of X. If (R, A) is an AILFSBID of X,
then the level operator (R, A) is an AILFSBID of X.

Proof. For each x € X,

1 1
$2715)(0) = 5 A Sz (0) < 5 A Dy () = 2y ()

and ) .
V2ge)(0) = 5 V VR (0) 2 5 V ¥ () = Vo g ()

Let z,y,z € X. Then
Goga (1) = 3 A b () < A [ x2) % y) v 2 (y)]
= (2 A g ((@x2) x )] v [§ A 22 ()]
d)?}%[(s]((w *2) % y)V ¢?R[5] (y)

and
;L/}..
Vo) (T) = 5 VU5 (2) > 5V [a((2 * 2) xy) A =52 (y)]
Y&
=[5 Vg ((@x2) xy)] Alg V=52 ()]
) = sy (@ % 2) xy) A ¢?R[5l(y)~
Thus ?R[6] is an AILFBID of X. So ?(R, A) is an AILFSBID of X. O
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Definition 3.23. Let (R, A) and (S, B) be two ILFSS(s) of X, and let R[]
(PR15)> VRisy) and S[n] = (dgp,: Ygp,)) be two ILFS(s) of X. Then

R[]+ S[n) = {(=, sy 1 57 (©): Viags) 151 (%)) | ¥ € X, 6 € A and n € B}
is defined by:

P 15145 (z) = D g (z) + D3] (z) — D g (x).gbg[n] ()

and
1/’3[5 +5 n]( z) = 1/’3[5( ).1/)§[n](:c),
where ¢z 511 51,y 0 X = [0,1] and Yp 5, 50, 0 X — [0, 1]

Example 3.24. We define (R, A) and (S, B) are two ILFSS(s) of X which R[d]
(PRis) VRisy) and S[n] = (dgp,: Ygp,)) are two ILFS(s) of X as follows:

X a b C d e
R[] | [0.5,0.3] | [0.4,0.4] | [0.3,0.5] | [0.2,0.6] | [0.1,0.7]
and
X a b C d e
S[n] | [0.4,0.2] | [0.3,0.3] | [0.2,0.4] | [0.1,0.5] | [0.0,0.6]
Then R[6] + S[n] is an ILF'S given by
X a b C d e
R[6] + S[n] | [0.7,0.06] | [0.58,0.12] | [0.44,0.2] | [0.28,0.3] | [0.1,0.42]

Theorem 3.25. Let (R, A) and (S, B) be two ILF'SS(s) of X. If (R, A) and (S, B)
are two AILFSBID(s) of X, then (R, A) +

Proof. For each x € X € Aandn € B,

(S,B) is an AILFSBID of X.

D 51+50m (0) = D215 (0) + @5, (0) — D5 (0)-d 5, (0)
< ¢R[ 1(2) + D51 (2) — Pris (2)-Dgp, (2
= D Ri5)+50) (@)
and
Yii1+50(0) = Yiage (0093501 (0) 2 ¥ags) () Vg0 (%) = Vs .30 (2)-

Let z,y,z € X,6 € A and nn € B. Then

and

D is)+ 51 (%) =

D js) () + Pgpy () —
< [Pps (@ % 2) xy) V O g5 (W)

o (@ % 2) #9)V gy ()]l
[¢R[5]((x xz)xy) + dg 7,]((33 * 2
—¢fg[5]((x * 2) * y)-%[,ﬂ((ﬂﬁ *2) %y
V(o (W) + dgp(v) —
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Y i1+ (@) = Vi) (@) Vg, ()
> [y (% 2) * y) A by ()] [ g, (@ % 2) % y) Abgp, (1))
= [V (@ % 2) % y)ahg (@ % 2) )] A [g [ 51 (¥) g1 ()]
Thus ¢é[5]+§[n]( z) < ¢R[6]+S[n]((‘r *2) xy) V ¢R[6]+S (] (y) an
Va5 () 2 Va0 (@ % 2) ¥ Y) APz a0 (9)-
So R[0] + S[n] is an AILFBID of X. Hence (R, A) + (S, B) is an AILFSBID of
X. U

Definition 3.26. Let (R, A) and (S, B) be two ILFSS(s) of X, and let R[§] =
(P15 VRisy) and S[n] = (g, Ygp,;) be two ILFS(s) of X. Then

R[0].S[n] = {(z, 90550 (@) Yis). 50 (¢) | # € X, 0 € Aand n € B}
is defined by:

Y

D155 (T) = P (2)-O g (%)
and
V1.5 (®) = Vi) (@) + Ygp (@) — Vs () g, (@),
where ¢z 5 51,y © X — [0,1] and wR[é}-S[n] : X —[0,1].

Example 3.27. We define (R, A) and (S, B) are two ILFSS(s) of X which R[§] =
(PR15)> VRisy) and S[n] = (Dgp,s Ygp,) are two ILFS(s) of X as follows:

X a b C d e
RI[4] | [0.4,0.3] | [0.1,0.7] | [1.0,0.0] | [0.0,0.0] | [0.0,1.0]

and

X a b C d e
S[n] | 10.5,0.1] | [0.3,0.2] | [0.5,0.5] | [0.2,0.2] | [1.0,0.0]

Then R[0].S[n] is an ILFS given by

X a b C d e
R[6].S[n] | [0.2,0.37] | [0.03,0.76] | [0.5,0.5] | [0.0,0.2] | [0.0,0.1]

Theorem 3.28. Let (R, A) and (S, B) be two ILF'SS(s) of X. If (R, A) and (S, B)
are two AILFSBID(s) of X, then (R, A).(S,B) is an AILFSBID of X.

Proof. For eachz € X, § € Aand n € B,
¢R[5]4§[n] (0) = ¢R[5] (0)~¢§[n] (0) < ¢R[6] (x).qi)gm (z) = ¢)R[6].5‘[n] (z)

and
V161501 (0) = Y15 (0) + ¥g1,(0) — Y5 ()15, (0)
> Vi) (z) + V3m (z) — Vi) (x)-¢§[n] ()

= Vije).5m (%
Let z,y,2 € X,0 € A and n € B. Then
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D i5). 5 (T) = Pps)(2)-O g0 (%)
< [‘151%[5]((99 *2) xy)V P o) (y)]-[¢s[n]((x *z) xy)V D3] ()]
— By (@ % 2) 5 9)- 6500 (2 % 2) 5 D]V [6 0 (9)-B300 ()]
and

Vio1.50m (%) = Vi) (@) + Ygp (2) — Vg5 () Ygp, (@)
> [0 (@ 5 2) * 9) A D ()] + [y (% 2) ) A Dy ()]
(25 2) # ) A gy ()] [ogp (2 % 2) %) A ()]
= W+ 2) *9) + gy % 2) #1)
—wé[a]((@“ *z) * y)ﬂgm(@ *2) % y)]
N a5 (¥) + Vg W) — Y (V) Vg ()]
Thus ¢ (51 50, (F) < Paps)5 (2% 2) *Y) V b5 51, (v) and
~ VYrps (@) = Vi) ap (T % 2) 2 y) Adps S[n]( )
So R[0].S[n] is an AILFBID of X. Hence (R, A).(S,B) isan AILFSBID of X. [J

Definition 3.29. Let (R, A) and (S, B) be two ILFSS(s) of X, and let R[5] =
(P15 Viisy) and S[n] = (dgp,s Ygp,) be two ILFSS(s) of X. Then

is defined by:

Pri5(T) + P51, ()
D psj08p (&) = il 5 &l
e b (@) + Vg ()
5 )+ Vs x
Viasy (@) = uiul 5 SllIRy

where ¢R[5]@5[n] : X = [0,1] and 7’/}1?[5]@5[77] : X —[0,1].

Example 3.30. We define (R, A) and (S, B) are two ILFSS(s) of X which R[§] =
(PR15)> VRisy) and S[n] = (gp,s Ygp,) are two ILFS(s) of X as follows:

X a b C d e
RI[é] | [0.5,0.3] | [0.1,0.7] | [1.0,0.0] | [0.0,0.0] | [0.0,1.0]

and

X a b C d e
S[n] | [0.7,0.1] | [0.3,0.2] | [0.5,0.5] | [0.2,0.2] | [1.0,0.0]

Then R[5]@S[n] is an ILFS given by

X a b C d e
R[6]@QS[n] | [0.6,0.2] | [0.2,0.45] | [0.75,0.25] | [0.1,0.1] | [0.5,0.5]

Theorem 3.31. Let (R, A) and (S, B) be two ILF'SS(s) of X. If (R, A) and (S, B)
are two AILFSBID(s) of X, then (R, A)Q(S, B) is an AILFSBID of X.
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Proof. For each x € X, 6 € A and n € B, we have

G7151(0) + 0511 (0)  das (@) + P51, (2)
S isjas (0) = — 5 S < 5 T = b isjas) (@)

and

V51 (0) +¥51,1(0)  Yps (@) + Y0 ()
Yrpas)(0) = = 5 S > 5 T = Y s (@)

Let z,y,z € X,6 € A and n € B. Then
P a5 (2)+ P50, ()
¢R[5]@§[n] (z) = =l 2 =l
[¢R[5]((I*z)*y)v¢é[5](y)]+[d>§[n]((m*z)*y)Vd)g[n] ()]

A

2
_ [P ((@x2)*xy)+d g1, ((2+2) )V 515 (V) +¢ 51, ()]
- 2

and
Y (@) +Y g0, ()

%?a[a]@g[n] (z) = 2
> [wé[a] ((I*z)*y)A¢é[5] (y)]+[¢§[7,] ((E*Z)*y)/\wg[,,] (v)]

= 2
_ [pis ((@x2)xy) + 50, ((@x2)*y) IA Y g5 (V) +Y 51, ()]
= 5 .

Thus ¢rias (2) < rgasm (2% 2) *4) V dx5as), (v) and

 YRpjasn (@) > Vi@ (T % 2) *y) A VRps1a30m) (}/)-
So R[0]@QS[n] is an AILFBID of X. Hence (R, A)Q(S,B) is an AILFSBID of
X. O

Definition 3.32. Let (R, A) and (S, B) are two ILFSS(s) of X, and let R[§] =
(PRis)> Vipey) and S[n] = (gp,s Ygp,) be two ILFS(s) of X. Then

R[5]$S[n] = {('Tv(b[{[(swé'[n] (33)7%[5]%[,,} (z)) |z € X, 6 € Aand n € B}

is defined by:
¢R[5]$5‘[n] (x) = \/ ¢R[5] (l’)-¢§[n} (2)

¢R[5]$S‘[n] (x) = \/¢R[5] (90)4/’5[77] (),
where ¢R[5]$§[7]] X = [07 1] and w}%[é]ﬂig'[n] X = [07 1].

and

Example 3.33. We define (R, A) and (S, B) are two ILFSS(s) of X which R[§] =
(PR1s> VRisy) and S[n] = (dgp,: Ygp,)) are two ILFS(s) of X as follows:

X a b C d e
R[4] | [0.5,0.3] | [0.1,0.7] | [1.0,0.0] | [0.0,0.0] | [0.0,1.0]

and

X a b C d e
S[n] | 10.7,0.1] | [0.3,0.2] | [0.5,0.5] | [0.2,0.2] | [1.0,0.0]

Then R[6]$S[n] is an ILFS given by
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X a b c d e
R[6]$S[n] | [0.59...,0.17..]] | [0.17...,0.37...] | [0.707...,0.0] | [0.0,0.0] | [0.0,0.0]

Theorem 3.34. Let (R, A) and (S, B) be two ILFSS(s) of X. If (R, A) and (S, B)
are two AILFSBID(s) of X, then (R, A)$(S, B) is an AILFSBID of X.

Proof. For each x € X,0 € A and n € B,
#151550(0) = /9715 (0)-031,)(0) < /Dy (©)-631,) (@) = D iy (@)

and

7v[’1~z[[s]$s n] \/wR[é 1/’5 n] \/1/’3 [6)\% 7/15[17 x) = ¢R[5]$S[n] (2).
Let z,y,z € X,0 € A and n € B. Then
Orpssn (©) = /10710 (@ % 2) +9) V Oapy ()] 1655 (w * 2) % y) V b1y ()]

= /1615 (@ % 2) % ). D51, (% 2) x 9)] V D05 (1)-B357,) (V)]

and

7/’R[5 $3] 7,] \/ 7/}R[6 T *z)*y) A 7//13[5 )] [7/15[77 ((z*2) xy) A wS[n] ()]

\/wR[é T * 2) *Y)Yg n]((ff *2) % y)] A Wﬁz[a] (y).d}gm (y)].
V1550 () = Viisissm (&% 2) = ¥) Apisesi, (v)-
Thus ¢ 41515501 () < Pasjssp (@ % 2) *Y) V 51850, (v) and
1/’ R[6]85[n] ( ) > Y [5]$5[n]((x *2) % y) A ¢R[§]$s ] (y).
So R[6)$S[n] is an AILFBID of X. Hence (R,A)$(S,B) is an AILFSBID of
X. O

4. CARTESIAN PRODUCT OF ANTI-INTUITIONISTIC L-FUZZY SOFT BG-ALGEBRAS

In this section, product of AILFSBID of BG-algebras is defined and some results
are studied.

Definition 4.1. Let (R, A) and (S, B) be two ILFSS(s) of X, and let R[§] =
(PR1s)> Vi) and Sy = (P57 Ygp) be two ILFS(s) of X. Then the Cartesian
product y
R[6] x S[n] = (dg5 X sy YRis) X Yap)
is defined by:

(PR16) X Pap) (@, Y) = s (2) A Dgpp ()
and

(V) X Yap) (@ y) = Y5 () Vg, ),
where ¢p5 X g, 0 X x X — [0,1] and Vi) X Vg X X X = [0,1], for every
(z,y) € X x X and (§,n) € A x B.

Example 4.2. We define (R, A) and (S, B) are two ILFSS(s) of X which R[§] =
((me, ¢R[5]) and S[n] = (qﬁg[n],d)g[n]) are two ILFS(s) of X as follows:
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X a b C
RI[4] | [0.8,0.2] | [0.7,0.3] | [0.6,0.4]

and
X 1 >
Sl | [0-6,0.3] | [0.4,0.5]
Then R[] x S[1] = ($5(5) X @515)> Vhis) X Vsia)s Where dgs) X i), Yoy X sy 88

PRis) X P31y (a:1) = 0.6, Opp5 X b3y (a,2) = 0.4, by X G50 (b, 1) = 0.6,
Dris) X Papy (0:2) = 0.4, b s X Dgp (e, 1) = 0.6, 005 X Dy, (¢, 2) = 0.4,
Vizgs) X V51 (a:1) = 0.3, 95 X Vg (a,2) = 0.5, 915 X Pgp,(b, 1) = 0.3,
1/)1?[5] x ,(/Jg[n](b’ 2) = 0'571/}1?[5] x "/}S“[n]<c7 1) = O.4,¢R[5] X wg[n] (¢,2) =0.5.

Theorem 4.3. Let (R, A) and (S, B) are two ILF'SS(s) of X. If (R, A) and (S, B)
are two AILFSBID(s) of X, then (R, A) x (S,B) is an AILFSBID of X x X.

Proof. For each (z,y) € X x X and (§,n) € A x B,

(¢R[5] X¢§[n])(0a 0) = ¢R[5] (O)V(bg[n] (0) < ¢R[5] (1‘)\/¢S[n] (y) = (¢R[5] x¢5[n])($,y)
and

(wé[g] ><1/15[n])(0,0) = wR[a] (O)Awg[,,] (0) > 7701?3[5] (33)/\1/’5[77] (y) = (1/)}%[6} Xi/}g[n])(x,y).
Let (x1,y1), (x2,¥2), (z3,y3) € X x X and (J,n) € A x B. Then

(¢R[6 X ¢g n])(xlvyl)
= Opi5(@1) V dgp (y1)

(D) (21 % @3) % 2) V G5 (22)) V (D0, (Y1 % y3) * y2) V g (y2))
(P a1 (1 % @3) % 22) V g1, ((y1 % y3) % y2)) V (D15 (2) V P31 (42))

A

and

(Vi) X Yap) (@1, 91)

V) (501) AN Yg (1)

(Vs (@1 % 23) * 22) A g5 (2)) A (Vg (Y1 * ys) * y2) A gy, (y2))
(Vs (@1 % 23) * 22) Agn (Y1 * y3) * y2)) A (Vs (22) A gy, (y2))
D i) X P31 (X1, 91)

Thus R[5]
(PRl X Papy) (T1 % 23) * T2, (Y1 * Y3) * y2) V (Bs) X P51 (T2, Y2)

IN v

and

(T/) X 1/’5[77])@1791)
= (Vs X Vgpy) (@1 % 23) % 22, (Y1 % y3) * y2) A (Vs) X Vgpy) (72, ¥2)-

I:“[ .
So R[6] x S[n] is an AILFBID of X x X. Hence (R, A) x (5, B) is an AILFSBID

of X x X. O
Definition 4.4. Let (R,A) and (S,B) be two ILFSS(s) of X which R[5] =
(PRi) VRisy) and S[n] = (¢ n]’wS[n]) are two ILF'S(s) of X. Then the Cartesian
product

B(R[6] x S[n)) = (DR ¥ fbg[n]’éf;é[&] X (2_55[,,])
is defined by:

(¢R[5] X d)g[n])(z,y) = iy (z) A D3 (y)
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and
(QBR[(;] X (55*[7,])(3372/) = QER[(;] (z) v (55'[77] (y),

where QSR[(;] X ¢§[n] : X x X — [0,1] and J’R[é] X (Z_Sg[n] : X x X — [0,1], for every
(z,y) € X x X and (§,n) € A x B.

Theorem 4.5. Let (R, A) and (S, B) are two ILF'SS(s) of X. If (R, A) and (S, B)
are AILFSBID(s) of X, then ®((R, A) x (R, A)) is also an AILFSBID of X x X.

Proof. Since (R, A) and (S, B) are AILFSBID(s) of X, R[§] = (PR(5)> YRisy) and
S[nl = (dgp): Yap,) are ILFS(s) of X. Then R[6] x S[n] is AILFBID of X. Thus
for each (z,y) € X x X and (4,n) € A x B,
(¢R[5LX ¢5[n])(x’ y) = dp5 (@) V dapy (y) B

= 1= (¢R[5]7>< ¢§[n])(m, y) :jl - ¢R[5] (x),} V{1l - ‘bﬁ[n] ()}

= 17_ {1 _fbﬁz[a] (2)} Vv {17_ P (y)} = (D X Pap) (T )

= (¢R[5]~X Dgp) (@5 y) = Opis (@) A dgpy (y)- ) )
So @(R[0] x S[n]) is an AILFBID of X x X. Hence ®((R,A) x (R,A)) is an
AILFSBID of X x X. U

Definition 4.6. Let (R,A) and (S,B) be two ILFSS(s) of X which R[5] =
(PR VRisy) and S[n] = (b5}, Ya,) are two ILFS(s) of X. Then the Cartesian
product

®(R[S] x Sl)) = W5 X Vsp Vi) X Vi)
is defined by:
(Vi) X Vs (@ Y) = Vi (@) A g, (v)
and
(V) % Yap) (@ y) = Vi (@) Vg, ),

where 1/71%[5] X 1/_13[7]] t X x X = [0,1] and Ypg X gy, 0 X x X = [0,1], for every
(z,y) € X x X and (4,n7) € A x B.

Theorem 4.7. Let (R, A) and (S‘lB) are two ILFSS(s) of X. If (R, A) and (S, B)
are AILFSB-ideal of X, then ®((R, A) x (S, B)) is also an AILFSB-ideal of X x X.

Proof. Since (R, A) and (S, B) are AILFSBID(s) of X, R[] = (PRis> Vi) and
Sl = (Pgp)s Yapy) are ILEFS(s) of X. Then R[6] x S[n] is AILFSBID of X. Thus
for each (z,y) € X x X and (4,n) € A x B,
(¢R[5LX 1/J§[n])($, y) = 7/’}%[5] (x) /\f/{é[n] (y) -

= 1= Vg X Y1) (@,9) = {1 = s (@)} AL = Ygp(9)}

= 1; {1- fb}%[g] ()} A {1j 7/’5[77} (y)} = (%%{5} X T/Jg[n])(%y)

= WR[&N] X Vg (@,y) = Y5 (@) V g (). i i
So ®(R[d] x S[n]) is an AILFBID of X x X. Hence ®((R, A) x (S, B)) is also an

AILFSBID of X x X. U
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Definition 4.8. Let (R,A) and (S,B) be two ILFSS(s) of X which R[5] =
(PR VRisy) and S[nl = (g, Yap,) be two ILEFS(s) of X. Then the Cartesian
product

(R[0] x1 S[n]) = (D415 X1 Pgpmp YRjs) X1 V1))
is defined by:
(¢R[5] X1 ¢§[n])(x7y) = ¢R[5] (33)-¢§[n] (y)
and
(V) %1 Vg (@,Y) = Yiie (@) Vg, (),
where q’)é[é] X1 (bg[n] : X x1 X = [0,1] and ’L/JR[J] X1 w§[n] : X x1 X —[0,1], for every
(x,y) € X x1 X and (§,n) € A x, B

Theorem 4.9. Let (R, A) and (S:,B) are two ILFSS(s) of X. If (R, A) and (S, B)
are AILFSBID(s) of X, then (R, A) x1 (S, B) is also an AILFSBID of X x1 X

Proof. For each (z,y) € X x1 X and (§,7) € A x; B
¢R[5] X1 ¢g[n] (0,0) = ¢R[5] (O)'¢§[n] (0) < ¢R[5] (I).gbg[n] (y) = ¢R[5] X1 ¢§[,7] (z,9)
and
Vi) X1 V51,1 (0,0) = Y5 (0)4050, (0) = Vs (2)-150, (¥) = Yags) X1 Ygp) (@ y).
Let (z1,y1), (z2,y2) and (x3,y3) € X x1 X and (§,n) € A x; B. Then
(PR1e X1 P51 (@1, 91)
=9op 5](551) Qbs[n](y )
< (dg 5]((551 * T'3) *
Pk 5](@1 * T3) *

22) V b i1y (€2)) (D51 (W1 * y3) * y2) V dg1(12))
22)- 050, (Y1 % y3) % 42)) V (D15 (2)- P51 (y2))

(Vi) X1 Vi) (#1,91)
¢R[ ](xl) 7/’5[77 (y1)
(Vs (@1 % 23) * T2) AV g5 (22))- (Vg (Y1 * ys) * y2) A hgp, (y2))
(Vs (@1 % 23) * T2) Vg (1 % y3) * y2)) A (Vg (@2)- g0, (y2))-
Thus  (¢p ><1 D5 (@1,91)
< (Dgjs) X1 g (w1 % m3) * 2, (Y1 % Y3) * y2) V (D 1) X1 Pgpy) (T2, 2)

—~

and

and
(1/’ R[5] <1 ¢s[n)(xl,y1)
> (Y5 X1 Ygp) (@1 % 3) % 32, (Y1 % y3) % y2) V (Vs X1 Ygp) (@2, 52)-
So R[0] x1S[n] is an AILFBID of X x; X. Hence (R, A)x,(S, B) is an AILFSBID
of X x; X. O

Definition 4.10. Let (R, A) and (S, B) be two ILFSS(s) of X which R[] =
(P15 Yris) and S[n] = (dgp, ¥g,) are two ILFS(s) of X. Then the Cartesian
product

R[0] x2 S[n] = (P55 X2 g1 Yijs) X2 V1))
is defined by:
(PR16) X2 D5 (@, Y) = D5 (2) + D51y (¥) — Prps) (2)-P 5 (¥)

and

(77[}1“:;[5] X2 wg[n])(z, y) = 7/’[{[5] ($)-1/J§[n] (¥),
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where ¢ g5 X2 dgpy 1 X x2 X — [0,1] and Vi) X2 Vgpy t X x2 X — [0, 1], for every
(z,y) € X xo X and (§,n) € A xo B

Theorem 4.11. Let (R, A) and (S, B) _are two ILFSS(s) of X. If (R, A) and
(S,B) are AILFSBID(s) of X, then (R, A) X2 (S, B) is also an AILFSBID of
X X9 X.

Proof. For each (z,y) € X xo X and (4,7) € A X2 B,
¢R[5] X2 ¢s [n] (0,0) </) ( ) + ¢S[n] (0) - ¢R[5] (O)-¢§[n] (0)
< Pp ( )+ 850 () — s (2)-O50, ()
:¢ ] X2 ¢§[n]($7y)'

1/%[5] X2 wg[n])((l 0) = ¢f{[a] (0>-1/)§[n] (0)
> Y5 (@) Ygp; (W)
= 1/11?3[5] X1 wg[n])(x, Y)-
Let (z1,y1), (z2,y2) and (x3,y3) € X X2 X and (§,n) € A X3 B. Then

and

(97 R[s] X2 ¢s[n]>($1,y1)
= ¢ g5 (1) + D51 (1) — Pps)(@1)- P (1)
< (Pgpsy (w1 * 3) * 22) V Gy (22)) + (Dgp (1 % y3) * y2) V dgp) (y2)

(¢R[5]((I1 *x3) % 22) V 5 (22)) (D0, (1 % y3) * y2) V Oy (42))
= {9 i) (w1w3)522) + 0 g0, (Y15Y3) *y2) = oy ((T1%23)522)- O g1,y (Y15y3)*y2) }
V{‘bém (z2) + ¢§[n] (y2) — ¢R[5] ($2)~¢§[n] (y2)}

and
(wﬁ[g] X2 7/’5[17 )1, 91)
=Yg (1) Y5, (v1)
2 (Vg5 (w1 * 3) * 2) AN g5 (@2))- (Vg (Y1 * y3) * y2) A g, (y2))
= ( ) * T2 1/)§[n]((yl *Y3) * Y2)) A (%}[5] (%)ng (y2))-
Thus

(P h1s5) X2 Pgpy) (®1,51)

< (Phps) X2 Dgpy) (1 % T3) * @2, (Y1 * Y3) * y2) V (D5 X2 Pgpy)) (T2, Y2)
and

Vi
’L/) ((1‘1 * T3
¢

2 (Vays) X2 Vgp) (@1 % 23) % 22, (41 % ys) *y2) V (Vg5 X2 Y37 (22, 42)-
So R[0] x2S[n] is an AILFBID of X x5 X. Hence (R, A)x5(S, B) is an AILFSBID
of X X2X O

(Yijs) X2 Vg (@1, 1)
R[d]
S

Definition 4.12. Let (R, A) and (S, B) be two ILFSS(s) of X which R[] =
(P15 VRis) and S[n] = (dgp, ¥gp,) are two ILFS(s) of X. Then the Cartesian
product

R[0] x5 Sln] = (Szs) X3 Papp Vips) X3 Vi)
is defined by:

(DRis) X3 G5 (@,Y) = Dpp5 ()P0 ()
and

(1/’1%[5] X3 lbg[n])(l", y) = %ZJR[(s] () + 77[15*[77] (y) — 7/11:3[5] (17)-1/@[7,] (),
142



Mubhiuddin et al. /Ann. Fuzzy Math. Inform. 20 (2020), No. 2, 125-148

where ¢ g5 X3 dgp 1 X x3 X — [0,1] and Vi) X3 Vgp 1 X X3 X — [0, 1], for every
(z,y) € X x3 X and (§,n) € A x3 B

Theorem 4.13. Let (R, A) and (S, B) _are two ILFSS(s) of X. If (R, A) and
(S,B) are AILFSBID(s) of X, then (R, A) x3 (S, B) is also an AILFSBID of
X X3 X.

Proof. For each (z,y) € X x3 X and (d,7) € A x3 B
Dris) %3 P51 (0,0) = G 5(0)-05,1(0) < D) (@)-D 5 (U) = PRy X3 gy (25 9)
and
Vs %3 Ya,(0,0) = ¥ i15(0) + g, (0) — Y5 (0)-10g, (0)
2 Y5 (@) + Ve W) — Y (@) Vg (0) = Y X8 Vg (@,9)-
Let (x1,y1), (x2,y2) and (z3,y3) € X x3 X and (6,n) € A x3 B. Then
(D R1s) X3 Pgp) (@1, 91)
= ¢R 8] (z1). (155[7,] (y1)
(D) (w1 % @3) % @2) V P57 (22)) (D0 (Y1 % y3) * y2) V Dy (42))
(@ aps) (w1 % w3) * 22).- D) ((y1 * y3) x y2)) V (D5 (T2)-O g1, (42))

A

and
(w R[5] X3 1/f§[n])($1,y1)
R[5] (551) + 7705*[,7] (y1) — 7/’1%[5] ($1)~w§[n] (y1)
( rio) (@1 % @3) % 02) N (w2)) + (Vgp (Y1 % y3) * y2) A g (y2)
— (Vg5 (21 % @3) * w2) A gs)(@2))-(Vgp (Y1 % y3) * y2) A g (y2))
= {wé[a]((ﬂ«“l *x3) % T2) + g (Y1 + ys) * y2)
— g1 (21 5 23)  22). g, (Y1 + ys) x y2)}
/\{wé[a] (z2) + V3 (y2) — Vo) (@)ng (y2)}-

\% H

Thus
(¢R[5] X3 ¢g[n])($1,y1)
< (Paps X3 dapy) (@1 % @3) * 2, (Y1 % Y3) * y2) V (D) X3 Pgpy) (T2, Y2)
and
(Va5 X3 Vg (@1, 41)
= (Vs X3 Vg (@1 % 23) % @2, (Y1 % ¥3) * y2) V (Vs X3 Ygp) (@2, 52)-
So R[] x3S[n] is an AILFBID of X x3X. Hence (R, A)x3(S, B) is an AILFSBID
of X x3 X. U

Definition 4.14. Let (R, A) and (S, B) be two ILFSS(s) of X which R[] =
(PR Vrisy) and S[n] = (b3}, Y5y,) are two ILFS(s) of X. Then the Cartesian
product

R[0] x4 Sln] = (Srs) X4 Papp Yips) X4 Vi)

is defined by:

(DRis) X4 Pgp) (@, y) = P (@) A Dgpy ()
and

(Vi) ¥4 V) (@,9) = Vi (@) V Py, (1),
where D faps) X4 (bg[n] : X x4 X — [0,1] and Vie) Xathgpy t X xXa X — [0, 1], for every
(x,y) € X x4 X and (0,n) € A x4 B
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Theorem 4.15. Let (R, A) and (S,B) are two ILFSS(s) of X. If (R,A) and
(S,B) are AILFSBID(s) of X, then (R, A) x4 (S, B) is also an AILFSBID of
X X4 X.
Proof. For each (z,y) € X x4 X and (§,n) € A x4 B
(P15 X4 D37 )(0,0) = D5 (0) A Dy (0)
< D15 (2) A Papy (9)
(

(¢R[6] X4 Sn]) z,y)
and

(77[11:3[5] X4 1/@[7,])(0’ 0) = wé[a](o) v 1/’5[77] (0)
= Y (@) V gy, (v)
= (Vg5 Xa Vap) (@, Y)-
Let (z1,y1), (x2,y2) and (x3,y3) € X x4 X and (§,n) € A x4 B. Then
(¢R[5] X4 (bg[n])(xhyl)
= O p1s)(@1) A dgpy(v1)
< @y (w1 x 3) % 22) V D) (22)) A (Dgp (1 % y3) % y2) V dgpy (y2))
(Do) (w1 % @3) x @2) A Dgpp((y1 % ys) x y2)) V (D5 (22) A Pgpy (y2))

and
(Vs X4 Vg) (@1,91)
= Vs (21) V g, (y1)
= (Vg (21 * 23) * 22) A bpis(22)) V (Vg1 (Y1 * ys3) * y2) A g, (y2))
= (Vg ((551 xa3) * x2) V g (Y1 % y3) x y2)) A (Ypps (22) V gy, (52))-
Thus

(P R1s5) ¥4 Dgpy) (@1,51)
< (PR ¥4 Dgpy) (1 + 23) * @2, (Y1 * Y3) * y2) V (D5 X4 Pgpy) (T2, Y2)
and
(Y izje) ¥4 Ygp) (@1, 1)
2 (Vips) X4 Yapy) (@1 % 23) 22, (Y1 % Y3) % y2) A (Dags) Xa Pap) (22, Y2)-
So R[0] x S*[ ] isan AILFBID of X x4, X. Hence (R, A)x4(S, B) is an AILFSBID
of X x4 X. O

Definition 4.16. Let (R,A) and (S,B) be two ILFSS(s) of X which R[§] =
(PRis) VRis) and S[n] = (g, ¥gy,) are two ILFS(s) of X. Then the Cartesian
product

R[6] x5 S[n] = (D p15) X5 Dap) Vs X5 Ya)
is defined by:
(DR15) %5 Pap) (@, Y) = Ppps (2) V D5 ()
and
("/’1"3[5] X5 wgw)(x, y) = 7/)1?3[5] () A wg[n] (y),
where ¢ g5 X5 dgpy 1 X x5 X — [0,1] and Vi) X5 Vgpy 1 X x5 X — [0, 1], for every
(z,y) € X x5 X and (§,n) € A x5 B

Theorem 4.17. Let (R, A) and (S,B) are two ILFSS(s) of X. If (R,A) and
(S,B) are AILFSBID(s) of X, then (R, A) x5 (S, B) is also an AILFSBID of
X X5 X.
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Proof. For each (x,y) € X x5 X and (§,n) € A x5 B
(DR15) X5 Pgpy) (0 ) 5(0) V &g, (0)
(@) V b (v)
i) X5 P5pm) (2, Y)
and

(Vijs) %5 Ya)(0,0) = Y5 (0) Athg,; (0)
> 1/’ ( ) A 1/Js n](y)
=¥ R[5) X5 Snl )(:v Y)-
Let (z1,%1), (x2,y2) and (x3,y3) € X x5 X and (6,n) € A x5 B. Then
(‘ZSR[(;] X5 Pgpy) (@1, 51)
5] (1) Véf’gm (y1)
) (@1 5 23) * 22) V Py (w2)) V (Dgp, (Y1 y3) % y2) V dgp (y2))
bp 5]((931 *3) * T2) V dgp (Y1 * y3) *y2)) V (Pps)(22) V dgp (y2))

= Pg
< 0g
=

/\/\%

5] X5 V3 )(@1,91)

551) A ws[n]( Y1)

o) (@1 % @3) * @2) Ay (@2)) A (Vg (1 % ys) * y2) A gy, (y2))
) * 22) Agp (1 % ys) * y2)) A (Vg (2) A g, (y2))-

S > A._.

G
Vs
¢
< (Prs) X5 Papy) (w1 % @3) * 2, (Y1 % y3) * y2) V (D) X5 Pgppy) (T2, Y2)
(G
(G

So R[8]x5S[n] is an AILFBID of X x5 X. Hence (R, A)x5(S, B) is an AILFSBID
of X x5 X. O

Definition 4.18. Let (R, A) and (S, B) be two ILFSS(s) of X which R[] =
(PR VRisy) and S[n] = (b5}, Yay,) are two ILFS(s) of X. Then the Cartesian
product

R[] x¢ Sln] = (DR15] X6 Papy Vi) X6 V)
is defined by:
b5 (@) + g, (v)
(b1 X6 D1y) (w,y) = — b T
and
Vi) (%) + Y3, (¥)
(¥ gs) X6 i) (@) = — 21—,

where ¢ (5 X6 dgp,y 1 X x6 X — [0,1] and Vi) X6 Yapy 0 X X6 X — [0, 1], for every
(z,y) € X x¢ X and (§,n) € A x¢ B

Theorem 4.19. Let (R, A) and (S,B) are two ILFSS(s) of X. If (R,A) and
(S,B) are AILFSBID(s) of X, then (R, A) x¢ (S, B) is also an AILFSBID of
X X6 X.
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Proof. For each (x,y) € X x¢ X and (d,n) € A x¢ B,

b 151(0)+ 51, (0)
(215 X6 Dgpy)(0,0) = Pl Sl
Phia) )+ o5, (¥)

A

2
(¢R[5] X6 ¢§[n])(9ﬁay)
and Vg5 0451, 0)
(r(e) X6 Y31)(0,0) = ===

2
(1/&%[5] X6 7/)5*[7,])(%1/)‘
Let (z1,y1), (z2,y2) and (x3,y3) € X xg X and (§,n) € A xg B. Then

(@55 %6 ¢§[n])($1,y1)

v

2
[0 sy (w1x23)*22)V g 5) (T2)]+[D 51,y (Y1 %y3) *y2) VD51 (y2)]

i [¢f3[5]((ml*w3)*w2)+¢§[n]((yl*}S)*yZ)]VWR[a](12)+¢’§[T,](y2)]
and
(Yijs) X6 Vg (@1, 1)
_ Yrpp (@) +dsp, (1)
> [d)g[a]((-@12*»’63)*562)/\%§[5](302)];-[1!’3[”]((yl*ys)*yz)ml)é[n](yz)]
> [wé[a]((m*ws)*w2)+¢g[n]((91*293)*92)]A[¢§[5](12)+¢§m(y2)].
Thus
(925113[5] X6 ¢§[n])(x17yl)
| < (Pips) X6 Dgpy) (1 T3) * @2, (Y1 * Y3) * y2) V (D jj5) X6 Pgpy)) (T2, Y2)
an

(W a15) X6 Vapy) (@1, 91)
> (1/)}55[5] X6 7/1§[n])(($1 * L3) * Lo, (Y1 * Y3) * Y2) A (1/)}%[5] X6 ¢§[n])($2,y2)-
So R[] xS[n] is an AILFBID of X x¢X. Hence (R, A) x4 (S, B) is an AILFSBID
of X x¢ X. O

CONCLUSION

The objective of this paper is to introduce the concept of the anti-intuitionistic L-
fuzzy soft b-ideals of BG-algebras. The operations of anti-intuitionistic L-fuzzy soft
b-ideals are given and their elementary properties in details are discussed. Finally,
the product of anti-intuitionistic L-fuzzy soft b-ideals and some related properties
are studied.
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