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1. Introduction

The theory of fuzzy set, intuitionistic fuzzy sets, soft set, and more other theories were introduced
to deal with uncertainty. In [1], Zadeh introduced the concept of a fuzzy subset of a set. Later on, a
number of generalizations of this fundamental notion have been studied by many authors in different
directions. The notion of an intuitionistic fuzzy set defined in [2] is a generalization of a fuzzy set.
It gives more opportunity to be accurate when dealing with uncertain objects. Soft set theory was
initially suggested by Molodstov in [3], then Maji et al. in [4] combined the soft set theory and the
intuitionistic fuzzy set theory, and introduced the notion intuitionistic fuzzy soft sets.

Algebra is the language in which combinatorics are usually expressed. Combinatorics is the study
of discrete structures that arise not only in areas of pure mathematics, but in other areas of science,
for example, computer science, statistical physics and genetics. From ancient beginnings, this subject
truly rose to prominence from the mid-20th century, when scientific discoveries (most notably of DNA)
showed that combinatorics is key to understanding the world around us, whilst many of the great
advances in computing were built on combinatorial foundations. These concepts were widely studied
over different classes of logical algebras as the essential classes of BCK/BCI-algebras presented by
Iseki [5]. The concepts intuitionistic fuzzy ideals of BCK-algebras were studied in [6]. Bejetal. [7]
declared the concept of doubt intuitionistic fuzzy subalgebra and doubt intuitionistic fuzzy ideal in
BCK/BCI-algebras. Muhiuddin et al. studied various concepts on fuzzy sets and applied them to
BCK/BCl-algebras, and other related notions (see for e.g., [8-18]). Also, some new generalizations of
fuzzy sets and other related concepts in different algebras have been studied in (see for e.g., [6,19-35]).
Additionally, Balamurugan et al. [36] introduced the concepts of intuitionistic fuzzy soft subalgebras,
intuitionistic fuzzy soft ideals, and intuitionistic fuzzy soft a-ideals of B-algebra and studied several
properties of these notions.
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In the present paper, we introduce the notion of anti-intuitionistic fuzzy soft a-ideals
in BCI-algebras. The results of present paper are organized, as follows: Section 2 summarizes some
basic definitions and properties that are needed to develop our main results while in Section 3,
we introduce the notion of anti-intuitionistic fuzzy soft a-ideals of BCI-algebras and investigate
related properties. In Section 4, we give characterizations of anti-intuitionistic fuzzy soft a-ideals
of BCI-algebras while using the concept of a soft level set.

2. Preliminaries
In this section, we recall basic definitions and results that are related to the subject of the paper.

Definition 1. [5] An algebra (Q;®,0) of type (2,0) is called a BCl-algebra if it satisfies
the following conditions:

(1) (lom)o(lon)emeom)=0,

2 (lo(lom)om=0,

3) 1ol=0;

4) 1om=0andmel=0=1=m,foralll,mmn e Q.

Any BCl-algebra (), satisfies the following axioms:

O [60=],

M I<m=lon<moOnandnoOm <nOl,
I (len)e mon) <Ilom,

V)0 0o (Ieom)=(0om)o(0a]),
V) lom)on=(160n)om,

where ! <m &1 oGm=0,foranyl,m,n € Q.
A non-empty subset A of a BCK-algebra () is called an ideal of () if it satisfies

(1) 0€A,
1) VimeQlsmeAmelA=1€eA.

A non-empty subset A of a BCK-algebra () is called an a-ideal of Q if it satisfies (1) and
B)VILme,(Ione0eom)eAneA=moleA.

For an initial set () and a set of parameters A, a pair (Y, A) is said to be a soft set over Q < 3 Y :
A — p(Q), where p(Q) is a family of subsets of Q). (see [30] for more details on soft set theory).

Definition 2. [4] Let IT be a collection of parameters and let Y (Q)) indicate the collection of all fuzzy sets in Q).
Then (Y, A) is called a fuzzy soft set over Q), where A C ITand Y : A — Y(Q).

Definition 3. [36] Let (Y, A) be a fuzzy soft set (abbr. FSS). Then (Y, A) is an anti-fuzzy soft ideal (abbr.
AFSID) of Qif Y[@] = {(Cy[e) (1)) : | € Qand @ € A} is an AFID of Q satisfies the following assertions:

@) Cy(w)(0) < Sy (D),
(i)  Gyjo)(1) < 8yjo)(I ©m) V Ey|q)(m),

foralll,m,n € Qand @ € A.

Definition 4. [36] Let (Y, A) be a fuzzy soft set (abbr. FSS). Then (Y, A) is an anti-fuzzy soft a-ideal (abbr.
AFSID) of Qif Y[@] = {(Cy(e) (1)) : | € Qand @ € A} isan AFID of Q satisfies the following assertions:

i) Cyio)(0) < Sy (1),
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(ii) Gy (M @) < Gy (1O n) © (0@ m)) V fy(e)(n),
foralll,m,n € Qand @ € A.

Definition 5. [4] Let I1 be a collection of parameters and let 1Y (QY) indicate the collection of all intuitionistic
fuzzy sets in Q). Subsequently, (Y, A) is called an intuitionistic fuzzy soft set over Q), where A C II and
Y:A—=IY(Q).

3. Anti-Intuitionistic Fuzzy Soft a-Ideal

In what follows, we write Q) to denote a BCI-algebra ((); ®,0) and IFSs for intuitionistic fuzzy
sets and we will introduce an abbreviation for the notions in the following definitions to be used in the
rest of the paper.

Definition 6. Let (Y,A) be an intuitionistic fuzzy soft set (abbr. IFSS). Afterwards, (Y,A) is an
anti-intuitionistic fuzzy soft ideal (abbr. AIFSID) of Q if Y[@] = {(Cy(o](!),Cy(o)(1)) : | € Q and
@ € A} is an AIFID of Q) satisfies the following assertions:

() Cy(w](0) < Cyje) (1) and Ly(o)(0) > Cy(e) (1),

(i) Cy(o)(1) < Cyjo)(l ©m) V Cy|q)(m),

(iii) Cyjo)(1) = Oyjo) (I © m) A Ly[o)(m),

foralll,m,n € Qand @ € A.

Definition 7. An IFSS (Y, A) is called an anti-intuitionistic fuzzy soft a-ideal (abbr. AIFSAID) of Q)
if Y[@] = {(Sy(o] (1), Cy[w) (1)) : | € Qand @ € A}is an AIFAID of Q) satisfies the following assertions:

(1) Cy[w](0) < Cy(e)(1) and Cy(o)(0) = Cy(e) (1),

(ii) Cyjo)(mO1) <8y (IOn) © (00 m))V ye(n),
(iii) Cyio)(Mm©1) > Cye)((1 ©n) © (0@ m)) ALy (n),
foralll,m,n € Qand @ € A.

Example 1. Suppose that there are four patients in the initial universe set Q3 = {py, p2, p3, pa } given by

O | p1| P2 | P3| Pa
P1 | P1 | P2 | P3| P4
P2 | P2 | P1 | P4 | P3
P3 | P3 | P4 | P1 | P2
Pa | P4 | P3| P2 | P1

Afterwards, (Q); ®, p1) is a BCI-algebra.
Let a set of parameters, we consider A = { f,s,n} be a status of patients, in which

f stands for the parameter "fever” can be treated by antibiotic,
s stands for the parameter "sneezing"” can be treated by antiallergic,
n stands for the parameter “nosal block” can be treated by nosal drops.

Subsequently, Y[f],Y[s], and Y[n] are IFSs over ) represented by:

Y p1 P2 P3 P4
f | [01,0.8] | [0.1,0.8] | [0.2,0.6] | [0.2,0.6]
s
n

[0.0,09] | [0.0,0.9] | [0.3,0.7] | [0.3,0.7]
[0.2,0.7] | [0.2,0.7] | [0.4,0.6] | [0.4,0.6]

Therefore, Y[f],Y[s], and Y[n] are an AIFAID of Q with respect to f,s, and n, respectively.
Hence, (Y,A) is an AIFSAID of Q).
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Proposition 1. For any AIFSAID (Y, A) of Q), the following inequalities hold:
Sy (o) (m O 1) < 8yl © (0@ m)) and Ty (o) (m © 1) > Ly (I © (0@ m)), forany @ € Aandl,m € Q.

Proof. Let (Y,A) be an AIFSAID of Q.
Subsequently, Y[®@] = {(Sy(eo] (1), O[] (1)) : | € Qand @ € A} is an AIFAID of Q.
Thus, forevery I,m,n € Qand @ € A,
(@) (M O1) < Gy (IOn) © (00 m)) V Sy (n)
and
@M O1) > Ty (1O n) © (00 m)) A lye) (1)
By substituting n = 0, we get,
Sy (mO1) < 8y (1©0) © (0@ m)) V Gy (0)
= Cy[o] (1 © (0©m)) V Cy[e)(0)
Sy (MmO 1) < Gy (I © (00 m))
and
)M O1) > Ty (10 0) © (0©m)) Ay (0)
= {yjo)(1 © (0@ m)) A L[] (0)

Theorem 1. Over Q), any AIFSAID isan AIFSID.

Proof. Let (Y, A) be an AIFSAID of Q.
Subsequently, Y[®@] = {(Sy(eo] (1), Cy(o](!)) : | € Qand @ € A} is an AIFAID of Q.
Thus, forevery I,m,n € Qand @ € A,
Sy (o) (mOI) < 8y ((IOn) © (00 m)) V Sy (n)
and
(M O1) > Ty (1O n) © (00 m)) A lye)(n).
By substituting I = 0 we obtain,
8y[o) (M ©0) < Gy (00 1) © (0 m)) V Sy (n)
and
Oy (M ©0) > Ly (00 1) © (00 m)) A lyje)(n).
Because we know that (0@ #n) ® (0@ m) < m © n, therefore
Sy ((00n) © (00 m)) < Gy|q)(m©n)
and
Oy ((00n) © (00 m)) > fy()(m © n).
Thus,
Syje)(m) < 8y (00 n) © (0©m)) V Sy(o (1) < Sy(o) (M ©n) V Sy (1)
and
Oyfe)(m) = Ty (o) (00 1) © (00 m)) ALy (1) = Qy(o)(m ©n) Alye)(n),
ie, Y[@] = {(Cy[0) (1), Cyjo) (1)) : 1 € Qand @ € A}isan AIFID of Q.
Hence (Y,A) isan AIFSID of ). O

The converse of Theorem 1 is not true in general i.e., an AIFSID might not be an AIFSAID,
as shown in the next example and we will give in the latter theorem a condition for this converse to
be true.

Example 2. Let Q = {0, p, q,1,s} with Cayley table:
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w|R|alo|ol®
w|R|[Qo| oo
wn|R|alololu
Q| Oo|l®vn|®»v|a
ol |R|QlQ|®w

Q[ O|» =R

Subsequently, ((3; ®,0) is a BCI-algebra.
Let A = {6, 9,«} be a set of parameters and consider the IFSS (Y, A) over Q). Then Y[0],Y[0], and Y (x| are
IFSs over Q) represented by:

0 P q r s
[0.1,09] | [0.4,0.4] | [0.3,0.6] | [0.2,0.8] | [0.5,0.1]
[0,0.9] [0.1,0.7] | [0.4,0.4] | [0.3,0.5] | [0.2,0.6]
[0,1] [0.2,0.6] | [0.3,0.5] | [0.4,0.3] | [0.1,0.7]

B RS RS =S

Afterwards, (Y, A) is an AIFSID of Q), but since
Sy(o) (P ©s) = Cyje)(q) =04 £ 02 =2y ((s ©0)©(0 © p))VEye(0)
and
v (P ©5) = Cyjg)(q) = 04 2 0.6 = Lye)((s © 0) ® (0 ® p)) ALyie(0),
ie., Y[ = {(Cyjg (1), Cyjo) (1) : | € Qand ¢ € A} is not an AIFAID of Q.
Therefore (Y, A) is not an AIFSAID of Q) with respect to 9.
Hence (Y, A) is not an AIFSAID of Q.

Theorem 2. Let (Y,A) be an AIFSID over Q). If forany @ € Aand l,m € Q, {yjp)(m ©1) < Cyje)(I1 ©
(0o m)) and Jy(o)(m ©1) = Cy(o) (I © (0© m)), then (Y, A) is an AIFSAID over Q).

Proof. Let (Y, A) be an AIFSID over Q).
Therefore, Y[@] = {(Cy(o] (1), Oy[)(])) : | € Qand @ € A} isan AIFID of Q.
Thus, forany @ € Aand [,m,n € Q),
o) (M ©1) < Eyp (1 © (0@ m))
<&y (IO (00 m)) ©n) V iye)(n)
Sy (mO1) <8y (IOn) © (00 m))V ye (n)
and
I (MO 1) = Tyje)(I© (00 m))
2 Lyl (1@ (00 m)) ©n) A ly(g) (1)
O] (M O1) 2 Ty (1On) © (00 m)) Aly|e)(n)
Y[w] = {(Cy[w](l),gy[w](l)) :le Qand @ € A} isan AIFAID of Q.
Hence (Y, A) isan AIFSAID over Q. O

Theorem 3. If (Y, A) isan AIFSAID of Q), then for any parameter @ € Aand l,m,n € Q, {y(o)((I ©n) ©
(0©m)) < Cyje(l© (n©m))and Ly (IOn) © (00 m)) = Lye)(l © (n©m)).

Proof. Let (Y,A) be an AIFSAID of Q.

Because (lOn)© (0om)=(160n) 0 (neom)on) <I1© (nom).

Therefore, (I ©n) © (00m) © (1© (n©m)) = 0.

By Theorem 1, (Y, A) is an AIFSID of Q).

Thus,Y([@] = {(Cy[o] (1), Cy[)(1)) : 1 € Qand @ € A} is an AIFID of Q).

Thus, forevery I,m,n € Qand @ € A,

Sy (lOn) ©(00m) < Syp((lon) o (0om)o (o (nom))Viyelo (nom)
= 8y[0) (0) V 8y (1 © (n ©m))
< &yl © (n O m))
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and

e ((1On) ©(00m) = fyp((1on) ©(00m)© (16 (nOm))) Alyel© (n©m))
= Cy[w] (0) A Ly (o) (1 © (n © m))
Z lyel© (nom)). O

Definition 8. Let (Y,A) and (T,¥) be two IFSSs over Q. Then (Y,A) “AND” (I,Y) written as
(Y,A)A(T,¥) is (II, A X ¥) of Q, where I1[@, w] = Y[@] NT|w] for all (0, w) € A x Y.

Theorem 4. If (Y,A) and (I','Y) are two AIFSAIDs of Q, then (11, A x ¥) is also an AIFSAID of Q).

Proof. By definition, (Y, A)A(T,¥) = (IT, A x ¥), where
@, w] = Y[@] NTw] = {(Cy(o)nriw] (1), Cyo]arw) (1) : 1 € Q and (@, w) € Ax ¥}
Forany! € Qand (o,w) € A x Y,
Cj0w) (0) = Cyle)nriw) (0)
= Cy[w] (0 )VCr 1(0)
< &yjo) (D) V Criw (l)

= &ylo)nriew] ()
C1jo,w] (0) < Crrjo,w) (1)
and
Crijo,w) (0) = Cyjw)rriw] (0)

[w]
—CY[w]( ) A Criw) (0)
> Gylo) (1) /\Crw](l)
= Cylo)nriw] (1)
I(,w] (0) 2 Cr1je,w) (1)-

Foranyl,m,n € Q,and (0,w) € A x ¥,
Cn[aw (m©1) = Gyjonrjw) (MO 1) =y o) (M O 1) V g (m O 1)
< @y ((1On) © (00 m)) V ey(g)(n)) V (¢ ((l®n) (0©m)) Vir(n))
= (Cvlo (( n) © (0©m)) Vé’r[w}((l®") (0®m))) (Cy[o] (1) V Er(w) (1))

= (Cyjo nrw](( ©n)©(00m)))V (Eyo)nrw (1))
and
Crifo,w] (M O 1) = Cy[o)nriw] (M O 1) = Cy(o) (M O 1) Agr (m O 1)
2 Ly (IO n) © (00 m)) Alye)(n) A (lr w]((lQn) (0©m)) Alrw) (1))
= (v (1 On) © (0©m)) Alpi((1On) © (0©m))) A (Ly(e] (1) Alriw (1))
= (Cy[a)nriw] (1 ©n) © (0©m))) A (Cy(e)nriw] (1))-
Thus, IT[®, w] = Y[@] NT|w] is an AIFAID of Q) for any (@, w) € A x ¥.
Hence (IT,A x ¥) isan AIFSAID of Q for any (@0, w) € Ax¥. O

Definition 9. The "extended intersection” of two IFSSs (Y,A) and (T,'¥) denoted by (Y,A) Mg (T,¥)
is (I1,®), where ® = AUY and for every @ € O,

Y[w], weAN-Y,
(@) = I'w@], @e¥—-A
Yw|NT[w], @ecANY.
Theorem 5. If (Y, A) and (I','Y) are AIFSAIDs of Q), then (Y, A) Mg (T,Y) is an AIFSAID of Q.
Proof. We know that (Y,A) Mg (I,¥) = (IL,©), where ® = AU Y and for every @ € O,
Y[w], weEAN-Y,

(@) = I'ew], @eY—A,
Yo|NTw], @cANY.
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Forany w € ©,if ® € A —Y, then II(®@) = Y(@) is an AIFAID of Q.

Likewise, if @ € ¥ — A, I1(@) = I'(@), which is an AIFAID of Q).

Moreover if @ € ©, such that @ € ANY, then II(®@) = Y[@] NT[w] is also an AIFAID of Q).
Therefore, I1(®) is an AIFAID of Q).

Hence, (I1,®) is an AIFSAID of Q. O

We deduce the following Corollary.
Corollary 1. The “restricted intersection” of two AIFSAIDs is an AIFSAID.

Definition 10. Let (Y,A) and (I,'Y) be two IFSSs over Q). Subsequently, the "union” denoted by
(Y,A)U(T,¥) is (I1,®), where ® = A U'Y and for every @ € ©,

Y[w], weEA-Y,
II(w) = I'w@], @EY —A,
Yw]UT'[w], @eANY.

The union of two AIFSAIDs is not necessarily an AIFSAID, as shown in the next example.

Example 3. Let QO = {0, p, q,1, s} with Cayley table given by:

w|R|alo|ol®
wi~|Qo |l oo

»n|R|a|ololu

=|»| oW |lala

QORI
ol QiR |n|n

Subsequently, (€); ®,0) is a BCI-algebra.
Let A = {6,0,x,6} and ¥ = {x,8, 1} be two collections of parameters and consider the IFSS (Y, A) over Q).
Afterwards, Y[0],Y[08], Y[«] and Y [5] are IFSs over Q) given by:

Y 0 P q T s

6 | [0,09] | [0,09] |[03,0.4]|[0.1,0.4] | [03,60.4]
¢ | [0.2,0.6] | [0.2,0.6] | [04,0.3] | [04,0.3] | [0.3,0.5]
x | [0.1,0.8] | [0.1,0.8] | [0.5,0.2] | [0.3,0.5] | [0.5,0.2]
6 11[02,0.7]1 | [0.2,0.7] | [0.3,0.5] | [0.5,0.3] | [0.5,0.3]

Then Y[@] is an AIFAID of Q with respect to 6,9, «x, and §.
Thus (Y, A) is an AIFSAID of Q.
Now let (T,'Y) be an IFSS over Q). Then T'[«], T'[6] and T[y] are IFSs over Q) given by:

0 p q r s
[0,0.7] [0,0.7]1 |[0.3,0.5] | [0.5,0.2] | [0.5,0.2]
[0.2,0.6] | [0.2,0.6] | [0.5,0.2] | [0.5,0.2] | [0.3,0.4]
[0,0.9] [0,0.9] |[0.3,0.4] | [0.1,0.6] | [0.3,0.4]

| >R |

Subsequently, T [@] is an AIFAID of Q) with respect to x, 6, and 1.
Thus, (T,Y) isan AIFSAID of Q.
Note that (Y,A)J(T,¥) = (I1,0) is not an AIFSAID of Q based on x € ANY. IfANY = @, then
the union is an AIFSAID of Q) proved in the next theorem.

Theorem 6. Let (Y,A) and (T,'Y) be two AIFSAIDs of Q. IfF ANY = @, then (Y, A)U([,¥) = (I1,0)
isan AIFSAID of Q).
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Proof. We know that (Y, A)U(T,¥) = (I1,0), where ® = AU Y and for every @ € O,

Y[w], weEA-Y,
(@) = I'@], @EY —A,
Yw]UT'w], @ecANY.

Because ANY = @, theneithero €c A~ Yoroec¥Y —Aforallw € ©O.
Ifoe A—Y, thenII(w) = Y(@), which is an AIFAID of Q.

Thus, (Y,A) isan AIFSAID of Q.

Similarly @ € ¥ — A, then (@) = I'(®@) is an AIFAID of Q).

Thus, (T, ¥) is an AIFSAID of Q.

Hence, (Y,A)U(T,¥) isan AIFSAID of Q. O

Definition 11. Let (Y, A) be an anti-soft BCI-algebra (abbr. ASpcA) over Q). An IFSS (T,Y) over () is
an AIFSID of (Y, A), written as (T, Y)A(Y,A), if ¥ C Aand forany @ € Y,

@] = {(Crie) (D), Crie) (D) : 1 € O} aY[@].

Definition 12. Let (Y, A) be an ASpcA over Q. An IFSS (T,'Y) over Q is an AIFSAID of (Y, A), denoted
by (T,Y)A.(Y,A), if ¥ C Aand forany @ € ¥,

I'w@] = {(Criw) (1), Cri) (1) : 1 € QLAY [@].

Example 4. Let QO = {0, p, q,7,s} with Cayley table:

»w|R QoG
»|R|Qo|lo|lo

®nl= ool olv

= |n|olalala

QO ([ O|lvw|~R|=|~
o QiR|lw|ln|lw

Subsequently, (Q); ®,0) is a BCI-algebra.
Let A = {6, 9,«} be a set of parameters and let (Y, A) be a soft set over (Y and so let Y[0] = Y[0] = {0,q,1,s},
Y[x] = {0,q}, that are all sub-algebras of Q).
Hence, (Y, A) is an ASpcrA over Q).
Let (T,Y) be an IFSS over Q), where ¥ = {0,9} C A. Afterwards, T'[0] and T'[0] are IFSs in Q) defined by:

T 0 o) q r s
[0.2,0.7] | [0.2,0.7] | [0.2,0.7] | [0.4,0.1] | [0.4,0.1]
[0.3,0.7] | [0.3,0.7] | [0.3,0.7] | [0.5,0.4] | [0.5,0.4]

5=

<

Afterwards, T[0] = {(Crjg)(1), Crgy (1)) : 1 € Q}f and T[8] = {(&rpe(1), Crpy (1) = 1 € Q} are
AIFAIDs of Q) related to T'[0] and T[], respectively.
Hence, (T,'Y) A (Y, A).

Any AIFSAID (T, ¥) of an ASpcrA (Y, A) is an AIFSID of (Y, A), but the converse is not true,
as proved by the next example.

Example 5. Let Q = {0, p, q,r,s} with Cayley table.
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wir|lalt|lol®
»|=|Qoolo

»n|R|alol oo

H | R|Ololola

Q[ oQ |o|o|
olololo|lolw

Subsequently, (€); ®,0) is a “BCK-algebra” and, thus, a “BCI-algebra”.
Let A = {6,9,x,6,1} be a set of parameters.
Let (Y, A) be a soft set over Q) and so we let Y[0] = Q, Y[0] = Y[x] = {0,q,7,s} and Y[6] = Y[y] = {0,4},
that are all subalgebras of Q).
Hence, (Y,A) is a ASpcrA over Q.
Suppose that (I','Y) is an IFSS over O3, where ¥ = {x, 6,1} C A. Afterwards, T[«|,T'[6] and T[] are an IFSs
in Q) represented by:

0 P q r s
[0,0.7] [0.1,0.6] | [0.2,0.5] | [0.3,0.3] | [0.3,0.3]
[0.1,0.8] | [0.2,0.7] | [0.3,0.6] | [0.4,0.4] | [0.4,0.4]
[0.1,0.5] | [0.2,0.4] | [0.3,0.3] | [0.4,0.1] | [0.4,0.1]

= (R

Subsequently, (T,'¥) is an AIFSID of (Y, A), but since
Sy (r©q) =Gy (r) =03 £ 0.2 =Gy ((©0) © (0O 7)) V Ey[e) (0)
and
Oy (r©q) = Qypy(r) =03 2 0.5 =Gy ((©0) © (00 7)) A Ly[e)(0).
ie, L[x] = {(Grp (1), Cre (1) = 1 € Q} is not an AIFAID of Q) related to Y [x].
Therefore (I','¥) is not an AIFSAID of ASpc1A (Y, A).

Theorem 7. Let (Y,A) be an ASpcrA over Q. If (T,Y) and (I1, A) are AIFSAIDs of (Y, A), then the
“extended intersection” of (I','Y) and (I1, A) is an AIFSAIDs of (Y, A).

Proof. We know that (I,'¥) Mg (I, A) = (E,0), where ® = ¥ UA C A and for every @ € O,

I'w], @EY —A,
E(@) = ITw], weAN-Y,
INw|Nlw], @ec¥YNA.

Forany w € ©,if ® € ¥ — A, then E[@] = T[@] = {(Crjo)(1), Criw)(1)) : | € Q}A;Y[@], since
([,Y)Aq(Y, D).

Likewise, if @ € A —Y, then E[w] = @] = {(Cryo)(D), Crijw)())) : I € Q}AsY[@], since
(I, A) Ay (Y, A).

Moreoverif @ € @, suchthat@ € ¥ NA, then E(@) = T[@] NT1[@] = {(Crje] () V r1jw] (1)), (Crie) (1) A
i (1)} AaYa]

Therefore, Z(0) A, Y [w@] for any @ € O.

Hence, (E,0) = (T,Y) Mg (IL A)Ay(Y,A). O

Next corollary follows directly.

Corollary 2. Let (T,Y) and (11, A) be two AIFSAIDs ofan ASpciA (Y, A). IfY N A = @, then the “union”
([,¥)U(I1, A) isan AIFSAID of (Y, A).
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4. Characterization of Anti-Intuitionistic Fuzzy Soft a-Ideals

In this section, we give characterizations of an AIFSAID (Y, A) over Q) while using the idea of
a soft (v, v)-level set, L(Y[@];7;v) = {l € Q| Gy[o(]) < 7 and {y|o)(I) > v}, for any @ € A and
v,velol].

Theorem 8. An AIFSS (Y,A) over Q) is an AIFSAID over Q) <= the non-empty soft (vy,v)-level set,
L(Y[@];1;v) = {1 € Q| Cy(o)(1) < v and {y|o)(1) = v} is an a-ideal of Q), for any @ € Aand y,v € [0,1].

Proof. Let (Y, A) be an AIFSAID over Q.

Afterwards, Y[@] = {(Cyo) (1), Cy(o) (1)) | I € O} is an AIFAID of Q, for any @ € A.
Let L(Y[@];v;v) = {l € Q| Sy(o)(1) < 7 and {y|q)(l) > v} # @, forany @ € Aand 7,v € [0,1].
Subsequently, for any I € L(Y[@];v;v),

8y[w] (0) < Cy(o) (1) < 7 and {y(o)(0) = Cy(o)(1) = v,

ie., 0€ L(Y[@];7;v).

Now, let (I ®n) ® (0@ m) € L(Y[w];v;v)and n € L(Y[w];y;v), forany I, m,n € Q.
Subsequently, Sy(p (IO 1) © (00 m)) < 7, 8y(p)(n) <

and

Iy (lOn) © (0©m)) 2 v, lye)(n) = v.

Thus, forany I,m,n € ),

Y[ (M O1) < &y (IO n) © (00 m)) V Eye)(n) < 7.

Iy (MO 1) = Ty (1O n) © (00 m)) Aly(e)(n) = v.

ie,mol e LY[®@];7;v).

Hence, L(Y[@]; 7;v) # @ is an a-ideal of ), for any @ € A and v,v € [0,1].
Conversely assume that L(Y[@]; v;v) is an a-ideal of Q, for any @ € A and v, v € [0,1].
If for some Iy € Q) and @q € A, gY[(DO] (0) > gy[wo] (lo) and gY[‘DO} (O) < gY[@(ﬂ (l()), then (:Y[‘DO] (0) > 70 >
CY[wp) (o) and y () (0) < v <y, (lo), for some o, v € [0,1].

This implies that Iy € L(Y[@o]; v0; Vo) and that 0 ¢ L(Y[@p]; Yo; Vo), this contradicts the hypothesis that
L(Y[ewo]; v0;10) is an a-ideal of Q.

Thus 8y(](0) < Cy(e)(!) and Jy(](0) > fy(e)(l), forany @ € Aand I € Q.

Moreover, if there are elements Ly, mg, ng € QQ and @ € A, such that

8y [wp) (M0 @ lo) > Cy [y ((Io © 1p) © (0® mp)) V Gy, (10)

and

T [wp) (M0 @ 1) < Cy(oy] ((Io ©10) © (0@ m0)) A Jy(e) (10)-

Afterwards, for some 7,19 € [0,1],

8y [wp) (Mo @ 1o) > 70 2> Cy(ay) ((lo ©@10) © (0© mp)) V &y [, (10)

and

Oy [wy) (M0 © lp) < v < Cyy) ((Io © 19) © (0 ® mp)) A Lyeo) (0)-

ie., my®lp & L(Y[@o]; v0; o), again a contradiction.

Thus, for any I,m,n € Q) and for any @ € A,

Y[ (M O1) < yjp)(1On) © (00 m)) V Sy(p) (1)

and

Oy (MO 1) = Ty (1@ n) © (00 m)) A ly|e)(n)

ie, Y[@] = {(Cy[o) (1), Cviw) (1) | I € Q} is an AIFAID of O, for any @ € A.

Hence, (Y,A) isan AIFSAID over ). O

From the above Theorem we get the following corollary.

Corollary 3. An AIFSS (Y,A) over Q) is an AIFSAID over Q) <= the non-empty soft (vy,v)-level set,
L(Y[@];7;v) = {l € Q| Gyjo)(1) < 7 and {y(o)(1) > v}, is an a-ideal of Q), for any @ € Aand ~y,v €
(1/2,1].
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Theorem 9. A non-empty soft (7y,v)-level set, L(Y[w@];1;v) = {l € Q| Sy|o)(1) < yand Jy(q)(1) > v}, is
an a-ideal of Q), for any @ € A and y,v € (1/2,1] <= the following conditions hold:

(i) (Sy[) (0) V 1/2) < Ey() (1) and (y (o) (0) V 1/2) = Ly (1),

(ii) (Ey () (M © 1) V1/2) < Gy (IO 1) © (0@ m)) V Gy(e) (1),

(iii) (Qy|o)(m © 1) V1/2) = Ly (1O 1) © (00 m)) A ly(e)(n),
forany @ € Aandl,m,n € Q).

Proof. Let the non-empty soft (7, v)-level set, L(Y[@];v;v) = {l € Q| {y|)(I) < v and fy(q) () > v}
be an a-ideal of Q, for any @ € A and 7,v € (1/2,1].

If for some Iy € QY and @y € A,

(€¥[eop) (0) V'1/2) > Gy (lo) and (Ey [y (0) V 1/2) < Gy (lo)-

Then there are 7o, vp € (1/2,1], such that

(€¥[wp) (0) V1/2) > 70 = Cyoy) (lo) and (Cy ) (0) V 1/2) <o < Cyjy) (lo)-

This implies that Cy () (0) > 70 = Gy|my) (l) and Ly (g (0) < vo < Cy(ey)(lo)-

ie., lgp € L(Y[w@o]; v0; v0) but O ¢ L(Y[@o]; v0; Vo), which gives a contradiction to the assumption that
L(Y[w@o]; Y0; Vo) is an a-ideal of Q, for any @y € A and 7o, vp € (1/2,1].

Thus, (i) is valid.

Moreover, if there are elements [y, mg, ng € QQ and @ € A, such that

(€ [wop) (M0 © 10) V' 1/2) > Gy ((lo © 1g) © (0@ 1)) V Ey [y (m0)

and

(Cy(@y] (Mo © lo) V1/2) < Lyjy) ((lo © 10) © (0 © mo)) A Lye] (10)-

Subsequently, for some v, v € (1/2,1],

(€ [wp) (M0 © 1) V'1/2) > 70 = Cyjy) ((lo © 10) © (0@ 1)) V Ey[ey) (10)

and

(Cy (o) (M0 © 1) V1/2) <o < Ly ((lo ©@1p) © (0© mo)) A Ly[e) (10)-

i.e., Cyloy) (M0 © lo) > Y0 = Cy[ay) ((lo © 10) © (0 © m9)) V Ey[ey) (m0)

and

¥ [ep) (M0 © lo) < Vo < yy) ((lo © 1o) © (0@ mig)) A Ly[e) (10)-

ie., ((lo ©ng) © (0©myg)) € L(Y[@o]; v0;v0) and ng € L(Y[o]; v0; vo) but (mo ©lo) ¢ L(Y[@o]; v0; v0),
which—again—contradicts the assumption that L(Y[@y]; Y0; o) is an a-ideal of (}, for any @y € A and
Y0, v0 € (1/2,1].

Hence, (ii) and (iii) are valid.

Conversely, suppose that the conditions (i), (ii), and (iii) are valid.

Let L(Y[@];7;v) = {l € Q| Sy|o)(1) < yand {y|o)(1) > v} # @, forany @ € Aand 7, v € (1/2,1].
Subsequently, for any I € L(Y[@]; y;v),

(Cy[w] (0) V1/2) < Cy[e)(]) < ’Yarld

(Cy[e)(0) V1/2) = Ly(e)(]) =

which implies Gy (0) < ¥ and Cy[@)(0) > v.

Thus, 0 € L(Y[®@]; 7;v).

Now let (1 ©n) ® (0©m) € L(Y[w@];v;v) and n € L(Y[@]; y;v), for any I, m,n € Q.
Subsequently, &y (I © 1) ® (00 m)) <, Ey[e)(n) <

and

Oy (IOn)© (00 m)) > v, fye (n) > v.

Thus, from (i), we get,

(o) (m O 1) V1/2) < Gy ((IOn) © (00 m)) V Ey|e)(n) <

and

(Cx[@)(m O 1) V1/2) > Ly (IO n) © (0@ m)) Alye)(n) > v.

This implies, Sy (o) (m © 1) <y and {yo(m©1) > v

Thus, m ®1 € L(Y[@]; y;v).

Therefore, L(Y[@]; y;v) is an a-ideal of Q, for any @ € Aand v,v € (1/2,1]. O
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5. Conclusions

The notion of anti-intuitionistic fuzzy soft a-ideal (abbr. AIFSAID) is introduced and studied
over a BCIl-algebra (2. We proved that any AIFSAID is an anti-intuitionistic fuzzy soft ideal
(abbr. AIFSID) of () and that the converse is not always true. We proved that the operations
“AND”, “extended intersection”, and “restricted intersection” between any two AIFSAID:s of (), is also
an AIFSAID of () whereas the “union” is not necessarily an AIFSAID. Moreover, characterizations
of AIFSAID using the concept of a soft level set were given.
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