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Intuitionistic fuzzy soft commutative ideals of BCK-algebras

Nana Litﬂ Chang Wang El V. Inthumathﬂ

Abstract - In this paper, we introduce the concept of intuitionistic fuzzy soft commutative ideal in BCK-algebra and discuss their
important properties. In particular, the relations between intuitionistic fuzzy soft commutative ideal and intuitionistic fuzzy soft ideal
are discussed. The “extended intersection”, “restricted intersection”, “union” and “AND” operations of intuitionistic fuzzy soft com-
mutative ideal, and homomorphism of intuitionistic fuzzy soft commutative ideal are established. Besides, we will also discuss some

further results of intuitionistic fuzzy soft ideal of BCK/BClI-algebras.

Keywords vague set; BCK-algebra; commutative ideal; intuitionistic fuzzy soft ideal; intuitionistic fuzzy soft commutative ideal.
2010 Subject classification: 06F35; 03G25

1 Introduction

In 1966, Imai and Iséki [, 2] introduced a new concept called a BCK/BCI-algebra, and since then many
researchers have investigated various properties of this algebra. For the properties of BCK-algebras, we refer the
reader to Iséki and Tanaka [3]].

The fuzzy sets proposed by Zadeh [4] deal with problem by determining the degree to which an object belongs
to a set. After the introduction of fuzzy sets by Zadeh, there have been a number of generalizations of this
basic concept. Xi [S] applied the concept of fuzzy sets to BCK-algebras and gave some properties of it, and
Molodtsov [6]] introduced the concept of soft sets as a new mathematical tool for dealing with uncertainties that
without the difficulties that plague the usual theoretical approach. Molodtsov pointed out several directions for the
applications of soft sets. At present, works on the soft set theory are progressing rapidly, such as soft groups [7]],
soft semirings [8]] and soft d-algebras [9]. The notion of intuitionistic fuzzy sets introduced by Atanassov [10] is
one among them, while fuzzy sets give the degree of membership of an element in a given set, intuitionistic fuzzy
sets give both a degree of membership and a degree of non-membership. For more details about intuitionistic
fuzzy sets, we refer the reader to [11].

For the general development of BCK-algebras, the ideal theory and its intuitionistic fuzzification play an
important role. The notion of commutative ideal in BCK-algebras was first introduced by Meng [12] in 1991, and
the intuitionistic fuzzification of commutative ideal in BCK-algebras was discussed by Jun et al. [13] in 2008,
then Muhiuddin et al. [14] apply the fuzzy soft set theory to commutative ideal of BCK-algebras in 2021.
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In this paper, we first investigate further properties of intuitionistic fuzzy soft ideal in BCK/BClI-algebras that
were not studied in [[15)], then we introduce the notion of intuitionistic fuzzy soft commutative ideal in BCK-
algebras, and investigate related properties. We provide relations between intuitionistic fuzzy soft commutative
ideal and intuitionistic fuzzy soft ideal. The condition for intuitionistic fuzzy soft ideal to become intuitionistic
fuzzy soft commutative ideal are discussed. In addition, we consider the “extended intersection”, “restricted
intersection”, “union” and “AND” operations of intuitionistic fuzzy soft commutative ideal, and homomorphism
of intuitionistic fuzzy soft commutative ideal.

We first review the definitions of the algebras we have studied, the basic definitions of intuitionistic fuzzy soft

sets and some related operations in BCK-algebras.

2 Preliminaries

2.1 Basic results on BCK/BClI-algebras

In this section, we will recall some basic notions in BCK/BClI-algebra.

Definition 2.1. [2] An algebra (X; %, 0) of type (2, 0) is called a BCI-algebra if it satisfies the following conditions:
(1) ((x*y) * (x2)) * (zxy) =0,
(2) (xx(xxy)xy=0,
B)xxx=0,
@ xxy=0,yxx=0=x=y,forall x,y,z € X.
If a BClI-algebra X satisfies the following identity:
(5) 0% x =0, for all x € X, then X is called a BCK-algebra.

In any BCK/BCl-algebra X one can define a partial order “ < by putting x < y if and only if x * y = 0.

In any BCK-algebra X the following holds:

(D) x+0=x;

2) x=y < x;

() (xxy)xz=(x*2)*y;

@ (xx2)x(yrz) <xxy;

() x# (x (x*y)) = x*y;

O)x<y>x*%7<y*z,2%y<Z7%X.

A BCK-algebras X is said to be commutative if x * (x * y) = y * (y * x) for all x,y,z € X.

A nonempty subset A of a BCK/BCl-algebra X is called a BCK/BClI-subalgebra of X if x « y € A for all
X,y € A.

A nonempty subset A of a BCK/BClI-algebra X is called an ideal of X if it satisfies the following axioms:

(1)0eA;

2)xxyeA,ye A=>xe A, forall x € X.

A nonempty subset A of a BCK-algebra X is called a commutative ideal of X if it satisfies the following
axioms:

(1)0e€A;

Q) (xxy)xz€A,ze A= xx(yx(y*x)) €A, forall x,y,z € X.

Note that, in BCK-algebras, every commutative ideal is an ideal, but not the converse.

Definition 2.2. [5] A fuzzy set u in BCK/BCl-algebras X is called a fuzzy ideal of X if it satisfies the following
conditions:
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(1) u(0) > p(x);
(2) p(x) = minfu(x * y), u(y)};
for all x,y € X.

Definition 2.3. [16] A fuzzy set 4 in BCK-algebras X is called a fuzzy commutative ideal of X if it satisfies the
following conditions:

(1) pu(0) = p(x);

(2) u(x =+ (y * (v * x))) = min{u((x * y) * 2), u(2)};
for all x,y,z € X.

Definition 2.4. [17] A mapping f : X — Y of BCK/BCl-algebras is called a homomorphism if f(x * y) =
f(x) = f(y) for all x,y,z € X. Note that if f : X — Y is a homomorphism of BCK/BClI-algebras, then f(0) =0

Let f : X — Y is a homomorphism of BCK/BCl-algebras, for any intuitionistic fuzzy set (F,A) in Y, defined
a new intuitionistic fuzzy set preimage (F, A) in X by uz/(x) = uz(f(x)), v/ (x) = y=(f(x)) for all x € X.

2.2 Basic results on intuitionistic fuzzy soft sets

Molodtsov [6] defined the soft set in the following way: Let U be an initial universe set and E be a set of
parameters. Let P(U) denotes the power set of U and A C E.

Definition 2.5. [6] A pair (F, A) is called a soft set over U, where F is a mapping given by F : A — P(U).
In other words, a soft set over U is a parametrized family of subsets of the universe U. For @ € A, F(a) may
be considered as the set of a -approximate elements of the soft set (F, A).

Definition 2.6. [[10] Let U be an initial universe set and E be a set of parameters. Let F(U) denote the set of all
intuitionistic fuzzy sets in U. Then (F,A) is called an intuitionistic fuzzy soft set over U where A C E and Fisa
mapping givenby F : A — F 0).

In general, for every a € A, F Fla] is an intuitionistic fuzzy setin U and it is called an intuitionistic fuzzy value
set of parameter a. Clearly, [a] can be written as an intuitionistic fuzzy set such that F| [a] = {< X HE) () Y (X) > x
where pz,,(x) and yz,,(x) denotes the degree of membership and non-membership functions respectively. If for
every @ € A, up,(x) = 1 — yg,,(x) then F| [a] will be generated to be a standard fuzzy set and then (F ,A) will be
generated to be a traditional fuzzy soft set.

Definition 2.7. [18] Let (f A) and (5 B) be two intuitionistic fuzzy soft sets over a common universe U, we say
that (F A) is an intuitionistic fuzzy soft subset of (G B), denoted by (F A)C(G B), if it satisfies:

(1)A C B;

) F| [e] and 5[6] are identical approximations, for all e € A.

Definition 2.8. [18] Let (F ,A) and (5, B) be two intuitionistic fuzzy soft sets over a common universe U, then
“extended intersection” of (F, A) and (G, B) is defined to be the intuitionistic fuzzy soft set (H,C) satisfying the
following conditions:
Flel, if e € A\B,
Hle] ={ Glel, ife € B\A,
FlelNGlel, ifec ANB.
where C = A U B and for all ¢ € C. In this case, we write (f, A)ﬁe(a B) = (ﬁ, O).
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Definition 2.9. [18]] Let (F A) and (G B) be two intuitionistic fuzzy soft sets over a common universe U such
that A N B # @, then “restricted intersection” of (F A) and (G B) is defined to be the intuitionistic fuzzy soft set
(H C) satisfying the condition: H [e] = F| [e] N G[e]

where C = A N B and for all e € C. In this case, we write (F,A)ﬁ,(G, B) = (H, O).

Definition 2.10. [13] Let (F A) and (G B) be two intuitionistic fuzzy soft sets over a common universe U,
then “union” of (F A) and (G B) is defined to be the intuitionistic fuzzy soft set (H C) satisfying the following
conditions: _
Fle], if e € A\B,
Hlel ={ Glel, ife € B\A,
Fle]UGle]l, ifec ANB.
where C = A U B and for all e € C. In this case, we write (F, A)U(G, B) = (H, O).

Definition 2.11. [13] Let (F A) and (G B) be two intuitionistic fuzzy soft sets over a common universe U, then
(F A)AND(G B) denoted by (F A)/\(G B) is defined by (F AAG, B) = (H AXB), whereH [a,B] = a/]ﬂG[ﬁ]
for all (a,B) € A X B.

Deﬁnltlon 2.12. [[18] Let (F A) and (G B) be two intuitionistic fuzzy soft sets over a common umverse U, then
(F A)OR(G B) denoted by (F A)V(G B) is defined by (F AWV(G,B) = (H A X B), where H[a Bl = F[a] UG[ﬁ]
for all (a,B) € A X B.

Definition 2'13'i18] Let (F ,A) 18 an intuitionistic fuzzy soft set over a common universe U, we say that the
complement of (F, A) is denoted by (F,A)“ and is defined as HF) x)=1- HFa) (x) and y;[a](x) =1- Y Fia) ) for
all x € X, a € A.

Definition 2.14. [18] Let (F ,A) is an intuitionistic fuzzy soft set over a common universe U, then ﬂ(F LA) =
{170 (- Ty ()} and °(F, A) = (V71(x). Y7, ()] for all x € X, o € A.

3 Further properties of intuitionistic fuzzy soft ideals

In this section, X denotes BCK/BClI-algebras, we will give some properties of intuitionistic fuzzy soft ideals
in BCK/BCl-algebras that were not studied in [[15]].

Definition 3.1. [17] An intuitionistic fuzzy set in BCK/BClI-algebra X is said an intuitionistic fuzzy BCK/BCI-
subalgebra of X if satisfies:
(1) p(x * y) = minfu(x), u(v)};

(2) y(x x y) < max{y(x),y(M};
for all x,y € X.

Definition 3.2. [15] Let (F A) be an intuitionistic fuzzy soft set over a BCK/BClI-algebra X where A is the subset
of E. We say that (F A) is an intuitionistic fuzzy soft BCK/BClI-algebra over a BCK/BCl-algebra X if F| [a] is
an intuitionistic fuzzy BCK/BClI-subalgebra in a BCK/BCl-algebra X for all « € A.

Definition 3.3. [15]] Let (F ,A) be an intuitionistic fuzzy soft set, then (F ,A) is an intuitionistic fuzzy soft ideal
over a BCK/BCl-algebra X if F| [a] = {< X, ,u;[a](x), YF[Q](X) >xeX ae A} is an intuitionistic fuzzy ideal of X
satisfies the following assertions:

(1) HE[m 0) > /JF[Q](X)Q
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(2) YF[a](O) < VF[a](x);

(3) M (%) 2 min (x5 ). 70 O

(4) Yo () < max {¥z,, (x + 3), Vi O)):
for all x,y,z€ X and a € A.

Based on the above definitions, we give the following theorems:

Theorem 3.1. Let (FL_A) and Agf}v, B) be two intuitionistic fuzzy soft BCK/BCl-algebras over a BCK/BCl-algebra
X, then the “AND” (F,A)A(G, B) is an intuitionistic fuzzy soft BCK/BCl-algebra over X.

Proof. By means of Definition 2.11. we know that _
(F,A)A(G, B) = (H,A x B), where H[a,] = Fla] N G[B] for all (a,8) € A X B.
For any x,y € X, we have

e p1 (X % ¥) = H(Eaingis) (X * V)

= min {,UF[(,] (x * y)’#(?[ﬁ](x * y)}

> min {min {#F[a] (%), Mo (y)} , min {ug[ﬁ](X), HGig) (y)}}
= min {min gz, (). ug1 (0} min {uz, 0). 1, 0)})
= min L“(F[a]néwn(x)’“(F[a]né[ﬂ])(y )}

= min {,Uﬁ[a’ﬁ](x)’ HH(ap) (y)}
and

Yt (X * ) = YFainipn (X * V)

= max {Vf[(,](x *¥), Vs (X * y)}

< max {max {¥ 71, (). Y} - max {yg (0. a0}

= max {max {¥5,1 (), Y5 (0} - max {y7,, ). ¥}

= max {7(F[a]05[ﬂ])(x)’ V(F[a]mé[ﬁ])(y)}

= max l’)/ﬁ[aﬂ] (X)’,-}/ﬁ[aﬁ](f)i)}.

Thus, Hla,B] = Fla] N G[] is an intuitionistic fuzzy BCK/BCl-algebra of X for any (@, 8) € A X B.

Hence, (H,A X B) = (F,A)A(G, B) is an intuitionistic fuzzy soft BCK/BClI-algebra of X for any (a,f) €
A X B. O

Lemma 3.1. [[5)] Let (F,A) be an intuitionistic fuzzy soft BCK/BCl-algebra over a BCK/BCl-algebra X, then
(F,A) is an intuitionistic fuzzy soft ideal of X if and only if it satisfies x * y < z, then
(1) (%) = min {0 7 @))

(2) Vi) < max {Y) ) Vi @)
forall x,y,z € X and a € A.

Theorem 3.2. Let (F,A) and (G, B) be two intuitionistic fuzzy soft ideals over a BCK/BCl-algebra X, then the
“AND” (F,A)N(G, B) is an intuitionistic fuzzy soft ideal over X.

Proof. According to Theorem 3.1, let (F, AYA(G, B) = (H, A B) is an intuitionistic fuzzy soft BCK/BCl-algebra
over X, where H[a, 5](x) = Fla](x) N G[B](x) for all (a,B8) € A X B, x € X. For any x € X, we have

Hitep(0) = H(Fancisn ()

= min {1t71,1(0). 455/(0)}
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> min {tt71,(%). i)
= H(Farncisn ()

= Hijag (x)
and

Yitrep)(0) = Y Farncis) (0)
= max {’)’f[a](o), 75[5](0)}
< max {’)/f[a](X), Yéipl (x)}
= Y FainGipn )

= Yaap(%)-
For any x,y,z € X be such that x * y < z, (@, 8) € A X B, we have

Hitap1 () = HeFiainGisn ()

= min {,u;[a](x) ,ug[ﬁ](x)}

> min {mm {,u Flag O F[a](z)} min {'“G[B] ), ,UG[/g](Z)}}
{ml {,upm(y) ﬂc[ﬁ](y)} min {:“FM(Z) 'uGLB](Z)} }

= min E# lainGian () N(F[aJmGlﬂJ)(Z)}

Hle8] ), Hiiap (Z)}
and

Yo s = Y FainGisn (¥

= max {71, (%), Y50}

< max {max [y 71,0 ¥ (@)  max {5350 765 2)))
= max {max {y 7, ). Y5 )} - max {¥7,,2). Y55 @)}
= max {7’<F[a]mG[ﬁ]>(y) 7<F[a]nG[ﬂJ>(Z)}

max {YH[Q,IB] (y), yH[a,ﬂ] (Z)}.
It follows Lemma 3.1, that (H,A X B) = (F,A)A(G, B) is an intuitionistic fuzzy soft ideal over X, for any
(a.B) € AXB. :

Theorem 3.3. Let ~(IF": ,A) and (G, B) be two intuitionistic fuzzy soft sets over a BCK/BCl-algebra X such that
(F,A)X(G, B). If (G, B) is an intuitionistic fuzzy soft ideal over X, then

(1) HGla 0) > HFa (x);

(2) Y611(0) < Yoy (),

(3) Uy () = min {gz,) (x5 ), 71O s

(4) Y101 () < max {y (X ), Vi O}
forall x,y € X and a € A.

Proof. Assume that (5, B) is an intuitionistic fuzzy soft ideal over X, for any x € X and @ € A, we have
/15[(,](0) 2 /15[,,](35) 2 luf[w](x)

and
Y6110 < Y511 (X) < V) (X)-

which prove (1) and (2). Also for any x,y € X and a € A, we have
ﬂa[aj(x) > min {NG[QJ(X * y), ﬂ(?[a](y)} > min {//‘F[aj(x * y), ﬂf[aj(y)}

and
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Vé[a](x) < max {yg[a](x * y)’ 75[(1] (y)} < max {Yf[a](x * y)’ YF[Q] (y)}
which prove (3) and (4), and the proof is complete. O

Remark 3.1. For two intuitionistic fuzzy soft sets (F A)and (G B) over a BCK/BCl-algebra X, where (F A)C(G B),
if (G B) is an intuitionistic fuzzy soft ideal over X, then (F, A) maybe not an intuitionistic fuzzy soft ideal over X.
The following example will illustrate this viewpoint.

Example 3.1. Let U = {0, a, b, c, d} with Cayley table given by:

o o O o oo
ST 0 a ol

o0 T o O %
o o0 o OO
o0 o O oW
oo o0

Then (U; *,0) is a BCI-algebra.
Consider a set of parameters A = {beautiful}, B = {fine, beautiful}, respectively.
Let {F, A} and {G, B} be two intuitionistic fuzzy soft sets over U which are defined by:

F 0 a b C d
beautiful | (0.5,0.4) (0.5,0.4) (0.4,0.6) (0.4,0.6) (0.2,0.7)

and

G 0 a b C d
fine (0.8,0.2) (0.8,0.2) (0.6,0.4) (0.7,0.3) (0.6,0.4)
beautiful | (0.9,0) (0.9,00 (0.7,0.2) (0.7,0.2) (0.8,0.1)

respectively, and (F , A)E(E, B). Then {5, B} is an intuitionistic fuzzy soft ideal over U, but {f ,A} is not an
intuitionistic fuzzy soft ideal over U. Since

HEbeautiful] (d) =02

< min {ﬂf[beuunfuz](d * b)’ﬂf[heautyfuz](b)}

= min {/’tf[beautiful] (C)’ /’lf[beau[iful] (b)}
=min{0.4,0.4} = 0.4

and
Y Flbeautifull (d)=0.7
> max {yf[beautiful] (d * b)’ 7?[becz¢tiful] (b)}
= max {Vf[beamiﬁd] ()Y Fipeaurifun (b)}
= max{0.6,0.6} = 0.6.

Theorem 3.4. Let (f ,A) be an intuitionistic fuzzy soft ideal over a BCK/BCl-algebra X. If I is a subset of A,
then (F P A) is an intuitionistic fuzzy soft ideal over a BCK/BCl-algebra X.
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Proof. Straightforward. O

The following example shows that there exists an intuitionistic fuzzy soft set (F,A) over a BCK/ BCl-algebra
X such that

(D) (F ,A) is not an intuitionistic fuzzy soft ideal over X;

(2) there exists a subset / of A such that (ﬂ e A) is an intuitionistic fuzzy soft ideal over X.

Example 3.2. Let U = {0, a, b, c} with Cayley table given by:

o O o O *
o o o OO
o o O Ol
o O OC
S O OOl

Then (U; *,0) is a BCK-algebra.

Consider a set of parameters A = {amazing, smart, lovely}.

Let {f , A} be an intuitionistic fuzzy soft sets over U, then F [amazing], F, [smart] and F, [lovely] are intuition-
istic fuzzy sets. We define them as follows:

F 0 a b c
amazing | (0.8,0.1) (0.5,0.3) (0.5,0.3) (0.5,0.3)
smart | (0.7,0.2) (0.4,0.4) (0.6,0.3) (0.4,0.4)
lovely | (0.3,0.7) (0.3,0.5) (0.5,0.3) (0.6,0.2)

Then (F, A) is not an intuitionistic fuzzy soft ideal over U, since F/[ lovely] are not intuitionistic fuzzy ideal in
U,

Httovery)(0) = 0.3 < UFjpe(P) = 0.5
and

yF[ZOVdYJ (O) =0.7> yl?[lovely] (C) =0.2.
But if we take I = {amazing, smart}, then (F | , ,A) is an intuitionistic fuzzy soft ideal over U.

Next, we consider other results that intuitionistic fuzzy soft ideal in BCK/BClI-algebra X.

Theorem 3.5. Let (F ,A) be an intuitionistic fuzzy soft ideal over a BCK/BCl-algebra X, then ﬂ(ﬁ LA) = {/Jf[a] (), U
is also an intuitionistic fuzzy soft ideal of X, for all x € X, a € A.

Proof. Let (F, A) be an intuitionistic fuzzy soft ideal over a BCK/BCl-algebra X, we have
,UF[Q](O) 2 ,UF[Q](X)
= 1 = fp)(0) < 1 = g, (%)
= HFm 0) < ﬂf[a](x),
forallx e X, € A.
Consider for any x,y € X, a € A,
Ko () 2 min {70 (x * ¥), 5y 0)

= | — fi7;(*) > min {1 — Hyx # 9). 1 = i )

22 ETIST 2021



Intuitionistic fuzzy soft commutative ideals of BCK-algebras

= I?M(x) <l1- mln{l —,Uf[a](x * y)’ 1 —,L[f[a](Y)}
= [ (*) < max {ﬂf[a](x * y)"uf["](y)}'
Hence, “(F,A) = {ﬂf[aJ(X),/?[aJ (x)} is an intuitionistic fuzzy soft ideal of X, for all x € X, a € A. -

Theorem 3.6. Let (f ,A) be an intuitionistic fuzzy soft ideal over a BCK/BCl-algebra X, then O(F ,A) = {')/f[a]()(f), Y Fla) (A
is also an intuitionistic fuzzy soft ideal of X, for all x € X, a € A.

Proof. Let (F, A) be an intuitionistic fuzzy soft ideal over a BCK/BCl-algebra X, we have
Y51(0) < YEm(0)
=1- y;[a](O) >1- ’yf[a](x)
= 717[(,](0) 2 ')’f[a](x)
forallx e X,a € A.
Consider for any x,y € X, a € A,

YFiey(¥) < max {ﬁm (X %), YFia) (y)}
= 1 = V@) < max {1 = 7Gx+ ), 1 = ¥,
= V() 2 1= max {I = 5+ ), 1 = ¥,
= Vig(®) 2 min (Y (x % ), Vi )}
Hence, °(F ,A) = {F[a](x), yf[a](x)} is an intuitionistic fuzzy soft ideal of X, for all x € X, a € A. O

Theorem 3.7. Let (F,A) be an intuitionistic Juzzy soft ideal over a BCK/BCl-algebra X if and only if pup,,(x)
and yg(x) are fuzzy soft ideals of X for all x € X, a € A.

Proof. Let (F,A) be an intuitionistic fuzzy soft ideal over a BCK/BCl-algebra X, clearly Mo (X) 1s a fuzzy soft
ideal of X.

Let x,y € X, € A, then

YEa)(® =1 = Y50 = 1 = ¥, (X) = Ve (%)
and

Y =1 = V5 (0

> 1 — max {'yf[a](x *y), Vf[a](y)}

= min {1 =y, (x # ). 1 = Y50}

= min {¥5,,(x * ¥), Vi )}
Hence, y5,,(x) is a fuzzy soft ideal of X.

Conversely, assume that HFia] (x) and W[w](x) are fuzzy soft ideals of X for all x € X, € A. For all x € X, we
have

,Uf[a](()) 2 ,Uf[a](x)
and

1- ’}/F[(I](O) = Vf[a](o) 2 YFlal (x)=1- Vf[a](x)-
Which show that yz,,(0) < ¥z, ().

Now let x,y € X, @ € A, then

Mo () 2 min {gz, (2 ), 77 00}
and

1 = Y50 = Vi (X)

> min {77,(x % ). Vi )
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= min {1 =YX *¥), 1 = Vf[a](y)}

= 1 — max {Vﬁ[a](x *y), Vﬁ[a](y)}
and so
'}’F[a](x) < max {yﬁ[a] (x ), Y Flal ()’)}
Hence, (F, A) is an intuitionistic fuzzy soft ideal of X. O

Theorem 3.8. Let (F, A) 'be an intuitionistic fuzzy soft ideal over a BCK/BCl-algebra X if and only if “(F,A) =
{/,tf[a](x),,uf[a] (x)} and °(F,A) = {yf[a](x), Y Flal (x)} are intuitionistic fuzzy soft ideals of X, for all x € X, a € A.

Proof. It is straightforward by Theorem 3.7. m|

At the end of this section, we discuss the homomorphism between intuitionistic fuzzy soft ideals in BCK/BCI-
algebra.

Theorem 3.9. Let f : X — Y is an onto homomorphism of BCK/BCl-algebras. If an intuitionistic fuzzy soft set
(F,A) of Y is an intuitionistic fuzzy soft ideal, then preimage (F,A) is also an intuitionistic Sfuzzy soft ideal of X.

Proof. Since (f ,A) is an intuitionistic fuzzy soft ideal of Y, and (f ,A)/ is the preimage of (F ,A) under f of X,
then 17y (f(1) = )’ (). Yy (F(X)) = Vi (1) for all x € X, o € A,
Since (F, A) is an intuitionistic fuzzy soft ideal of Y, then for any x € X, @ € A, we have

/Jfa]f(x) = /Jf[a](f(x)) < ﬂf[a](o) = ﬂf[a](f(o)) = /"F[a]f(o)
and

’)/F[(x]f(‘x) = YFlal (f(0) = ')’F[a](o) = YFlal (f(0)) = ?’f[a]f(o)-
Moreover,

min {/Jf[a]f(x * y)’ /Jf[a]f(y)}

= min {1, (FCx %) i (FOD)]

= min {1, (FCO) * FOD, 1 (FOD)
< MF[a] (f(x)

and

max {y (¢ * ). Y’ )
max {y o (FC % ). Vg (FON)
max {7, (f() * FO). Ve (fO))
Y Flal (f ()
= VF@f(x)~
Hence, (F,A)/ is also an intuitionistic fuzzy soft ideal of X, for any x,y € X, @ € A. O

v 1

If we strengthen the condition of f, then we can construct the converse of the above theorem as follows.

Theorem 3.10. Let f : X — Y is an epimorphism of BCK/BCl-algebras. If an intuitionistic fuzzy soft set (f LAY
is an intuitionistic fuzzy soft ideal of X, then (F, A) is also an intuitionistic fuzzy soft ideal of Y.

Proof. Since (F ,A)/ is an intuitionistic fuzzy soft ideal of X, and (F ,A)/ is the preimage of (F ,A) under f of X,
then sl (%) = 1) (FC Yoy () = Vo) (F0) forall x € X, € A,
Let x,y € Y,a € A, there exist a, b € X such that f(a) = x and f(b) = y. Now
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ﬂf[a](x) = llf[a](f(a)) = /lf[a]f(a) < ﬂf[a]f(o) = llf[a](f(())) = /1}7[@](0)
and

Y7 = Vi) (F(@) = Vi (@ 2 Vi (0) = ¥, (F(0)) = ¥4 (0)-
Moreover,

Moy (X)
= Ui (f(@)
= Uiy’ (@)
{,“F[a]f(a * b)’:“f[a]f(b)}
= min |, (f(@ * b)), o (FB))]
= min {7, (f(@) * ), ()}

= min {/"f[a] (x *y), HE[m (y)}
and

7F[a](x)
= Vi (f(@)
= '}’F[a]f(a)
max {yf[a]f(a % b), y;[a]f(b)}
= max {¥7,/(f(@ * b)), Yz, (f (D)

max ¥z, (f(@) * f(B)), Vi (F(B))

= max {VF[Q](X * ), ?’F[a](Y)}-

Hence, (F ,A) 1s an intuitionistic fuzzy soft ideal of Y. O

> min

IA

4 Intuitionistic fuzzy soft commutative ideals

In this section, X denotes a BCK-algebra unless otherwise is specified.

Definition 4.1. Let (f ,A) be an intuitionistic fuzzy soft set. Then (f ,A) is an intuitionistic fuzzy soft com-
mutative ideal over a BCK-algebra X if F| [a] = {< X5 U1 (X)s Vi () >l x € X, € A} is an intuitionistic fuzzy
commutative ideal of X satisfies the following assertions:

(1) HFa] ) > /JF[Q](X);

2) YF1a1(0) < Vi (0);

(3) Ky (6 % (% (v % ) 2 min ez (6 %) % 2), gy (D)

(@) V(% (% (% 20)) < max {yz, () % 2, Y Q)
for all x,y,z € X and o € A.

Let us illustrate this definition using the following example.

Example 4.1. Let U = {0, a, b, c} with Cayley table given by:

Then (U; *,0) is a BCK-algebra.

Consider a set of parameters A = {content, sad, clam}. _

Let {f ,A} is an intuitionistic fuzzy soft sets over U, then F, [content], F[sad] and F, [clam] are intuitionistic
fuzzy sets. We define them as follows:

Then {F, A} is an intuitionistic fuzzy soft commutative ideal over U based on parameter “content”, “sad” and
“clam”.
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*|0 a b ¢
0/0 0 0 O
ajla 0 0 a
b|/b a 0 b
clc c¢c ¢ O
F 0 a b c

content | (0.8,0.1) (0.6,0.3) (0.6,0.3) (0.7,0.2)
sad (0.7,0.2) (0.4,0.3) (0.4,0.3) (0.3,0.5)
clam | (0.8,0.2) (0.5,04) (0.5,0.4) (0.5,0.4)

Theorem 4.1. For any BCK-algebra X, every intuitionistic fuzzy soft commutative ideal is order preserving.

Proof. Assume that (F,A) is an intuitionistic fuzzy soft commutative ideal over X based on the parameter @ € A,
Let x,y € X be such that x <y, then for all z € X, puttingy =0 and z = y in

,u;[a](x # (y* (y * X)) = min {,u;[a]((x % y) * Z)’:uf[a](z)}
and

Vf[a](x # (y (¥ * x))) < max {')’F[Q]((x *y) * 2), VF[Q](Z)}-
Then we have

ﬂf[aj(x % (0 * (0 * _x))) > min {/,LF[QJ((X * O) * y)’luf[a](y)}
= Mf[a](’x * 0) > min {/Jf[a,](x * y)ﬂﬂf[ﬂf](y)}
= ﬂf[a](x) > min {/Jf[a](o)’ :uf[a](y)}

= HF (x) > ,UF[Q]Q’)
and

Y% (0 (0 1)) < max {yz, (% 0) # ¥, Y )
= ¥ 1a1(x % 0) < max {yppa (X # ), Vi O}
= Vi) < max ¥z, (0) Vi )}
= ’)/f[(l] (x) S 71?[(1] (y)9
forall x,y,z€ X, € A. .
Hence, intuitionistic fuzzy soft commutative ideal (F, A) is order preserving. O

Theorem 4.2. For any BCK-algebra X, every intuitionistic fuzzy soft commutative ideal is an intuitionistic fuzzy
soft ideal.

Proof. Assume that (F,A) is an intuitionistic fuzzy soft commutative ideal over X based on the parameter @ € A,
then

Hr (0 = B (% % (0 % (0 % 1))

> min {uf[a]((x # 0) * 2), Uy (z)}

= min {,u Flag (X * 2)s Mg (Z)}
and

V1)) = Vi (0% (0 # x)))
< max {Ypip) ((x * 0) % 2), Y,y ()}
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= max {Ypp) (* * 2, Y712}
for all x, z eg.
Hence, (F, A) is an intuitionistic fuzzy soft ideal over X based on the parameter a € A. O

The converse of Theorem 4.2 is not true in general as shown in the example given next.

Example 4.2. Let U = {0, a, b, c, d} with Cayley table given by:

*|10 a b c¢c d
0/0 0 0 0 O
ala 0 a 0 O
b|/b b 0O 0 O
clc ¢c ¢c 0 O
d/d d d ¢ O

Then (U; *,0) is a BCK-algebra.

Consider a set of parameters A = {eye, hair, ear}.

Let {F, A} be an intuitionistic fuzzy soft set over U. Then F[ eye], F[hair] and F[ear] are intuitionistic Sfuzzy
sets. We define them as follows:

F 0 a b c d
eye | (0.9,0.1) (0.2,0.7) (0.5,0.4) (0.2,0.7) (0.2,0.7)
hair | (0.8,0.2) (0.7,0.3) (0.7,0.3) (0.3,0.5) (0.3,0.5)
ear | (0.7,0.3) (0.6,0.4) (0.2,0.6) (0.2,0.6) (0.2,0.6)

Then {F, A} is an intuitionistic fuzzy soft ideal over U based on the parameter “eye”, “hair” and “ear”, but
{F, A} is not an intuitionistic fuzzy soft commutative ideal over U based on the parameter “eye”. Since

MFfeye)(@ * (€ % (€ % ))) = pUpipye (@ * (¢ * C))
= Hfieye)(@ * 0) = Hppeyey(@) = 0.2
< min {,u;[eye]((a % €) % b), oy (D )}
= min {,Uf[eye](o * D), 1 eye) (b)}
= min {:uf[eye](o)’ HF [eye](b)}
= min{0.9,0.5} = 0.5
and
Vieyel (@ % (€ % (€ % @) = V(@ (¢ %))
= YFieye (@ % 0) = V(@) = 0.7
> max {yf[eye]((d *¢) * b), Vf[eye](b)}
= max {’)/f[eye] (0% b), Vf[eye](b)}

= max {yf[eye] (O)’ YF[e}7e](b)}
= max{0.1,0.4} = 0.4.

In the following theorem, we can see that the converse of Theorem 4.2 holds in a commutative BCK-algebra.
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Theorem 4.3. In a commutative BCK-algebra X, every intuitionistic fuzzy soft ideal is an intuitionistic fuzzy soft
commutative ideal.

Proof. Let (F,A) be an intuitionistic fuzzy soft ideal over a commutative BCK-algebra X.
Let x,y,z € X, then
((xx(x(*x))* (x*y)*2)) *2
= ((xx (e (y*x) *2) * (x % y) *2)
S (yx(xx)) = (xxy)
=(xx(xxy))*(yx(y*x)=0.
Thatis, (x * (y * (y * x))) * (x * ¥) * z) < z. Let @ € A be a parameter and x,y, z € X, it follows from Lemma 3.1
that
K% (% (7% 0) 2 min g, (8% ) * 2, i) ()
and
Vet * 0 0 # 0) < max (¥ (O 3) 2, Vi ()
Hence, (F, A) is an intuitionistic fuzzy soft commutative ideal of X. O

Next, we provide a condition for an intuitionistic fuzzy soft ideal to be an intuitionistic fuzzy soft commutative
ideal in BCK-algebra X.

Theorem 4.4. Every intuitionistic fuzzy soft commutative ideal {F,A} overa BCK-algebra X satisfies the follow-
ing assertion:

(1) Hpie (X % 0 * (0 % X)) 2 U (X * ),

(2) Yim (X * % (% X)) < Vg (x * ¥).

Proof. Let if we take z = 0 in

,uf[aj(x # (y* (y * X)) = min {,uf[aj((x % y) % Z)"uflaj(z)}
and

Vria (0% (v % 0) < max Py (O 3) * 2, V7 D)
Then

o) (X % (% (7 % X))
> min {,Uf[a,]((x * ) * 0)’/1F[a](0)}
= min {,Uf[(,] (X * ¥), U (O)}

= HE[o (x*y)
and

')’F[a](x # (Y * (¥ * X))
< max {’)’f[a]((x *y) *0), VF[a](O)}
= max {'}/F[Q](x *Y), ’y;[(l](o)}

= VF[Q](X * Y).
for all x,y € X, @ € A, and the proof is complete. O

Theorem 4.5. If an intuitionistic fuzzy soft ideal (F,A} over a BCK-algebra X satisfies the Theorem 4.4 condi-
tions, then {F, A} is an intuitionistic fuzzy soft commutative ideal over X.

Proof. Assume that (f ,A) 1s an intuitionistic fuzzy soft ideal over X based on the parameter @ € A, then
Moy (X # (v * (¥ * X))
2 /’lf[oz] (X * )’)
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> min {,Uf[a]((x *y) * z),ﬂf[al(Z)}
and
Vf[a](x % (y* (¥ * x)))
< ’}’F[a](x *y )
< max {yfm((x *y) * 2), VF[a](Z)}'
Hence, (F, A) is an intuitionistic fuzzy soft commutative ideal over X. -

Theorem 4.6. Suppose that (F ,A) is an intuitionistic fuzzy soft ideal over a BCK-algebra X, then the following
are equivalent:

(1) (F ,A) is an intuitionistic fuzzy soft commutative ideal;

(2) Ui (X * (v % (¥ % X)) = (X *Y) and Yz, (x = (v = (¥ * X)) < Vg (x *y) forall x,y € X, a € A;

(3) Ui (X * (v x (v % X)) = (X * Y) and Yz (x * (v x (¥ * X)) = V(X *y) forall x,y € X, a € A.

Proof. To prove (1) = (2), assume that (F ,A) is an intuitionistic fuzzy soft commutative ideal of X, from
Theorem 4.4, we know that the condition (2) is holds.
To prove (2) = (3), from the property of BCK-algebras x * y < x, we can observe that y * (y * x) < y, then
x*y < xx*(yx*(y=*x)), forall x,y € X, applying Theorem 4.1, then we have
luf[a](x *(y o (y*x)) < ,Uf[a](x *Y)
and
')’F[g](x #(y* (y*x)) = '}’F[a](x * ),
for all @ € A. It follows from condition (2) that
llf[a](x *(y*(y=*x)) = llf[a](x * )
and
VF[Q](X # (y o (y* X)) = )’F[a](x ),
for all x,y € X, @ € A. Hence thE condition (3) is holds.
To prove (3) = (1), Since (F, A) is an intuitionistic fuzzy soft ideal over a BCK-algebra X, then
l“lf[a](x * y) > min {/’lf[a]((-x * )’) * Z)’ ﬂf[a](Z)}
and
YFie)(X *¥) < max {Vf[a]((x £Y) * 2), YF{a) (z)},
for all x,y,z € X, @ € A. Combining (3), we have
M) (X * (y * (¥ * x))) > min {,u;[a]((x % y) * z),,u;[a](z)}
and
V(X % (0 (% 00)) < max {y (2 3) % 2, Vi @)
for all x,y,z € XLOJ €A.
Obviously, (F, A) is also satisfies uz,,(0) = g, (%) and y,,(0) < vz, (%) forall x € X, a € A.
Hence, (f ,A) 1s an intuitionistic fuzzy soft commutative ideal over X. Hence, the condition (1) is holds. The
proof is complete. O

Next, we discuss other properties of intuitionistic fuzzy soft commutative ideal in BCK-algebra X.

Theorem 4.7. Let (f ,A)and (5, B) be two intuitionistic fuzzy soft sets over a BCK-algebra X such that (F , A)E(a, B).
If (G, B) is an intuitionistic fuzzy soft commutative ideal over X, then

(1) u51a)(0) = p (%)

(2) Y61a1(0) < Ve (%);

(3) Hg (2 % (v % (5 200)) = min {2 % ) * 2, 7 D)
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(4) Vg1 5 (% (0 5 20)) < max {yz (O % ) % 2, Vi @)
forall x,y,z € X and a € A.

Proof. Assume that (5, B) is an intuitionistic fuzzy soft commutative ideal over X.
For any x € X and a € A, we have:
/15[0](0) 2 ﬂé’[w](x) 2 Mf[a](x)
and
ya[a](o) < VG[Q](X) < )/F[a](x),
which prove (1) and (2). Also for any x,y € X and @ € A, we have:
Moy (X * ( (¥ * X)))
> min {fig,,((x * ¥) * 2. g D)
> min {7, ((x % ) * 2. (D)
and
')’g[a](x * (y* (y* X))
< max {'}’E[a]((x *y) * 2), Vé[a](Z)}

< max ¥, (X * ) * 2), YD)}
which prove (3) and (4), and the proof is complete. O

Remark 4.1. For two intuitionistic fuzzy soft sets (F A) and (G B) over a BCK-algebra X, where (F A)C(G B),
if (G, B) is an intuitionistic fuzzy soft commutative ideal over X, then (F,A) maybe not an intuitionistic fuzzy soft
commutative ideal over X. The following example will illustrate this viewpoint.

Example 4.3. Let U be a BCK-algebra which is given in Example 4.1. _ _
Consider sets of parameters A = {pen}, B = {pen, eraser}, respectively. Let (F,A) and (G, B) be two intuition-
istic fuzzy soft sets over U which are defined by:

F 0 a b C
pen | (0.6,0.4) (0.2,0.7) (0.3,0.6) (0.1,0.9)

and

G 0 a b c
pen | (0.7,0.2) (0.4,0.5) (0.4,0.5) (0.5,0.3)
eraser | (0.8,0.2) (0.6,0.3) (0.6,0.3) (0.6,0.3)

respectively, and (1[7 , A)E(é, B). Then (5, B) is an intuitionistic fuzzy soft commutative ideal over U, but (F ,A)
is not an intuitionistic fuzzy soft commutative ideal over U, Since

Kt pon(@ * (¢ % (¢ % @)

= Hppen(@ * (€ % ©))

= HE(pen (a*0)

= uf[pen](a) =0.2

< min {170 (@ % €) % B, 7y (B)]

= min {/lf[pen](a * b)’ Mf[[’en](b)}
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= min{0.6,0.3} = 0.3
and

YEipen)(@ * (¢ * (¢ * a)))

= )/f[pm](a) =0.7
MAX Y5 (@ % €) # D)., Vo (D))
max {yf[pen](a x b), Y Fipen] (b)}

% {77101y (0). Y Fipens (6]
= max(0.4,0.6) = 0.6,

\%

Theorem 4.8. Ler (F,A) be an intuitionistic fuzzy soft commutative ideal over a BCK-algebra X, If I is a subset
of A, then (F I A) is an intuitionistic fuzzy soft commutative ideal over X.

Proof. Straightforward. O

The following example shows that there exists an intuitionistic fuzzy soft set (F,A) over a BCK-algebra X
such that

(D) (f ,A) s not an intuitionistic fuzzy soft commutative ideal over X.

(2) there exists a subset I of A such that (f J ,A) is an intuitionistic fuzzy soft commutative ideal over X.

Example 4.4. Let U be a BCK-algebra which is given in Example 4.1. _
Consider a set of parameters A = {red, green, yellow}. Then F[red], F[green] and F[yellow] are intuitionistic
fuzzy sets over U. We define them as follows:

F 0 a b c
red (0.8,0.1) (0.7,0.3) (0.5,0.4) (0.5,0.4)
green | (0.7,0.2) (0.4,0.5) (0.4,0.5) (0.4,0.5)
yellow | (0.9,0.1) (0.6,0.3) (0.6,0.3) (0.4,0.5)

Then (F, A) is not an intuitionistic Sfuzzy soft commutative ideal over U, since F[red] is not intuitionistic Sfuzzy
commutative ideal in U,

Hpea(b % (¢ % (¢ 5 b))

= /’lf[red](b) =0.5

< M0 {170 (B 5 €) # ). {1y oy (@)

= min {lul?[red] (a)’ lul?[red] (Cl)}

= min{0.7,0.7} = 0.7
and

YFirea)( * (¢ % (¢ % D)))

= yf[red](b) =04

> max {yf[re d]((b *C)*a), Y Flred) (a)}

= max {’}/F[red] (Cl), ’yﬁ[red] (Cl)}

= max{0.3,0.3} = 0.3.
But if we take I = {green, yellow}, then (f] ; ,A) is an intuitionistic fuzzy soft commutative ideal over U.
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Next, we consider other results of intuitionistic fuzzy soft commutative ideal in BCK-algebra X.

Theorem 4.9. Let (F, A) be an intuitionistic fuzzy soft commutative ideal over a BCK-algebra X, then “(F,A) =
{,Llf[a](X), HFa) (x)} is also an intuitionistic fuzzy soft commutative ideal of X, for all x € X, a € A.

Proof. Let (F, A) be an intuitionistic fuzzy soft commutative ideal over a BCK-algebra X, we have
/JF[QJ(O) 2 ,UF[QJ(X)
=1 _ﬂﬁ[g](o) <1 _,Uﬁ[a](x)
= M 0) < ﬂf[g](x)s
forall x e X,a € A.
Consider for any x,y,z € X, a € A,

Mo (2 (% (3 X)) 2 min g, (G % ) # 2), ()
= 1 = [l (x (3 (v 00) 2 min {1 = Hz () #2), 1 = i 2)
= Hgy (% (0 (v 0)) < 1= min {1 = T (G ) # 2), 1 = Hy ()
= Hy (% (v # (v # 00) < max {17, (x * ¥) % 2), i @)
Hence, ﬂ(f ,A) = {/lf[a] (%), ;F[Q](x)} is an intuitionistic fuzzy soft commutative ideal of X, forallx € X, € A. O

Theorem 4.10. Let (f ,A) be an intuitionistic fuzzy soft commutative ideal over a BCK-algebra X, then °(f ,A) =
{')/F[Q/](X), ’)/f[a](X)} is also an intuitionistic fuzzy soft commutative ideal of X, for all x € X, a € A.

Proof. Let (F, A) be an intuitionistic fuzzy soft commutative ideal over a BCK-algebra X, we have
Y51 (0) < YEm(0)
= 1= Y540 2 1 = y5,(x)
= Y51 (0) = V(%)
forallx e X,a € A.
Consider for any x,y,z € X, a € A,

Yo (X % (v % (v ¥ X))) < max {Vﬁ[a]((x *y) * 2), Yf[a](Z)}
= 1= Y00 (v (v 00) < max {1 = Y (x5 y) #2), 1 = Vi)
= V(X (v = (y* x))) > 1 —max{l = YFa((x % y) *2), 1 —)Tm(z)}
= Vi (X (0% (v 00)) = min {V7,((x # ¥) * 2), ¥ ()
Hence, °(f LA) = {yfm(x), Y Fla] (x)} is an intuitionistic fuzzy soft commutative ideal of X, forallx €e X,a € A. O

Theorem 4.11. Let (F, A) be an intuitionistic fuzzy soft commutative ideal over a BCK-algebra X if and only if
HFi(X) and Y, (x) are fuzzy soft commutative ideals of X for all x € X, a € A.

Proof. Let (F,A) be an intuitionistic fuzzy soft commutative ideal over a BCK-algebra X, clearly g, (%) is a
fuzzy soft commutative ideal of X.
Let x,y,z€ X,a € A, then

'}’F[a](o) =1- ’)/f[a](()) >1- 'Yf[a](x) = ')’F[a](x)
and

FraCex 0% (5 20)) = 1= V(0% (7 (3 00)
> 1 — max {’)/f[a]((x *y) * 7), Vf[a](z)}
= min {1 - '}’f[a]((x *y)x2), 1 - YF[G](Z)}
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= min {7((x ) * 2), Vi 2)}-
Hence, y7,,(%) is a fuzzy soft commutative ideal of X.
Conversely, assume that u;[a](x) and y;[a](x) are fuzzy soft commutative ideals of X for all x € X, @ € A. For
all x € X, we have
:uf[g](o) 2 ,uf[g](x)
and
1 = Y500 = YF(0) = Vi) () = 1 = ¥ (%)-
Which show that yz,,(0) < ¥z, (%)
Now let x,y,z € X,a € A, then
Mo (2 (% (3 X)) 2 min g (6 % ) # 2), ()
and
1- ’}/i«:[(y](x *(y* (y*x))) = Vi:’[a](x # (y* (¥ * X))
> min {Y7,((x Y) % 2), Vi (2)]
= min {1 =y, ((x #) % 2, 1 = Y54 @)}
= 1 — max {yf[a]((x *Y) * 2), Vf[,,](Z)}
and so
V(X % (0 (7% 00)) < max {y (X Y) % 2, Vi D).
Hence, (F, A) is an intuitionistic fuzzy soft commutative ideal of X. O

Theorem 4.12. Let (F,A) be an intuitionistic fuzzy soft commutative ideal over a BCK-algebra X if and only if
“(F,A) = {,u;[a](x), Mo (x)} and °(F,A) = {yf[a](x),y;[a](x)} are intuitionistic fuzzy soft commutative ideals of
X, forall x € X, a € A.

Proof. 1t is straightforward by Theorem 4.11. O

Theorem 4.13. Let (F A) and (G , B) be two intuitionistic fuzzy soft commutative ideals over a BCK-algebra X,
then the “extended intersection” (F A)ﬁe(G B) is an intuitionistic fuzzy soft commutative ideal over X.

Proof Let (F A)ﬁe(G B) = (H C) be the “extended intersection” of intuitionistic fuzzy soft commutative ideal
(F A) and (G B) over X, where C = AU B. For any e € C,

if e € A\ B, then H [e] = [ ] is an intuitionistic fuzzy commutative ideal in X because (F A) is an intuitionistic
fuzzy soft commutative ideal over a BCK-algebra X;

if e € B\A, then H [e] = G[e] is an intuitionistic fuzzy commutative ideal in X because (G, B) is an intuitionistic
fuzzy soft commutative ideal over a BCK-algebra X;

if AN B # @, then H e] = [ 1N G[ ] is an intuitionistic fuzzy commutative ideal for all e € A N B, since the
intersection of two intuitionistic fuzzy commutative ideals is an intuitionistic fuzzy commutative ideal.

Therefore (ﬁ ,O0) = (F , A)ﬁe(G, B) is an intuitionistic fuzzy soft commutative ideal over a BCK-algebra X. O

The following two corollaries are straightforward results of Theorem 4.13.

Corollary 4.1. Let (F,A) and (G, A) be two intuitionistic fuzzy soft commutative ideals over a BCK-algebra X,
then the “extended intersection” (F AN, (G A) is an intuitionistic fuzzy soft commutative ideal over X.

Corollary 4.2. Let (F,A) and (G, B) be two intuitionistic fuzzy soft commutative ideals over a BCK-algebra X,
then the “restricted intersection” (F A)ﬂ,(G B) is an intuitionistic fuzzy soft commutative ideal over X.

Theorem 4.14. Let (F A) and (G B) be two intuitionistic fuzzy soft commutative ideals over a BCK-algebra X,
if A and B are disjoint, then the “union’ (F A)U(G B) is an intuitionistic fuzzy soft commutative ideal over X.
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Proof. Let (F , A)G(g, B) = (ﬁ , C) be the “union” of intuitionistic fuzzy soft commutative ideal (F ,A) and (5, B)
over X. Since A and B are disjoint, then for all e € C, either e € A\B or e € B\A, by means of Definition 2.10,

if e € A\B, then H [e] = F [e] is an intuitionistic fuzzy commutative ideal in X because (F ,A) 1s an intuitionistic
fuzzy soft commutative ideal over a BCK-algebra X; _

if e € B\A, then H[e] = G[e] is an intuitionistic fuzzy commutative ideal in X because (G, B) is an intuitionistic
fuzzy soft commutative ideal over a BCK-algebra X.

Hence (ﬁ ,0) = (f , A)U(E, B) is an intuitionistic fuzzy soft commutative ideal over a BCK-algebra X. O

Theorem 4.15. Let | (F,A) and (G, B) be two intuitionistic fuzzy soft commutative ideals over a BCK-algebra X,
then the “AND ” (F, A)A(G, B) is an intuitionistic fuzzy soft commutative ideal over X.

Proof. Let (F,A) and (G, B) be two intuitionistic fuzzy soft commutative ideals over a BCK-algebra X based on
parameter @ € A and 8 € B, respectively, then (F,A) and (G, B) are two intuitionistic fuzzy soft ideals over X
based on the parameter @ € A and 8 € B, respectively.

By Theorem 3.2, we know that (f ,A)X(@, B) = (ﬁ ,A X B) is an intuitionistic fuzzy soft ideal over X based
on the parameter (@,) € A X B.
For any x,y € X, we have

Hafap (x % (yx (y * x)))

= ﬂ(ﬁ[a]nﬁ[ﬁ])(x (¥ * (¥ * x)))

= min g, (cx (% (3 0), g (6 o+ (% (0 5 )

> min {uﬁ[a] (2 % ), Hgpp (x * y)}

= HeFanGis) (X *Y)

= F‘ﬁ[a,ﬁ](x *y)
and

YHe s (x 3 (y * (¥ * x)))

= V(F[a]mé[ﬁ])(x * (y# (y * X))

= max {y ) (7 (% 20)). V(3 (0 (0% )
< max {y;[a](x *¥)s Vs (X * }’)}

= Y (Flalncipn X *Y)

= Vﬁ[a,ﬁ](x * ).
It follows from Theorem 4.5 that (F, A)A(G, B) = (H, A x B) is an intuitionistic fuzzy soft commutative ideal over
X based on the parameter (@, 3). O

At the end of the paper, we discuss the homomorphism between intuitionistic fuzzy soft commutative ideals.

Theorem 4.16. Ler f : X — Y is an onto homomorphism of BCK-algebras. If an intuitionistic fuzzy soft set
(F,A) of Y is an intuitionistic fuzzy soft commutative ideal, then preimage (F,A)’ is also an intuitionistic fuzzy
soft commutative ideal of X.

Proof. Since (f ,A) is an intuitionistic fuzzy soft commutative ideal of Y, and (f ,A)/ is the preimage of (f ,A)
under f of X, then /lf[a](f(X)) = /lf[a]f(X), Y (S (X)) = yf[a]f(x) forall x € X,a € A.
Since (F, A) is an intuitionistic fuzzy soft commutative ideal of Y, then for any x € X, @ € A, we have

Mg’ (%) = 7 (f (X)) < U70)(0) = U710 (FO) =tz (0)
and

Vflajf(x) = ')/f[aj(f(x)) 2 VF[QJ(O) = ')/f[aj(f(o)) = ')/f[ajf(o)-
Moreover,
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min {,uf[(,]f((x * y) Z)’ﬂf[a]f(z)}
= min {77, (F((x # ¥) % 2)). ()
= min {7, (2 *3) * F@) 710 ()

min {1z, ((F(0) * FO) * £@). o (F2)]
L) (PG (FO) % () * F(x)))
Moy (F () = (f () = (f(y * x))))
= [ (f() * (5 % (3 % X))
= l'lf[(l] (f(x * (y * (y * X))))
= fiay (% (3 # (3 ¥ X)))
and
max {yf[a]f (x *y) * 2), 7F[a]f (Z)}
max {¥z, (F(( ) * 2), Vi (FQ))
max ¥z, (F(x ) * £ Vi (FQ))

max {7, ((f() % FO)) * ). Vi (f@))
Vit (F) % (fG) % (f3) * ()

= Vi (F() # (fO) * (F(y % 2))))

Yt () % (f # (3% 1))

= Vg (= (% (v % X))

= Vi (6 O % (% ).

Hence, (F ,A)/ is also an intuitionistic fuzzy soft commutative ideal of X, for any x,y,z € X, a € A. O

A 1l

v

If we strengthen the condition of f, then we can construct the converse of the above theorem as follows.

Theorem 4.17. Let f : X — Y is an epimorphism of BCK-algebras. If an intuitionistic fuzzy soft set (f LA isan
intuitionistic fuzzy soft commutative ideal of X, then (F,A) is also an intuitionistic fuzzy soft commutative ideal
of Y.

Proof. Since (F ,A) is an intuitionistic fuzzy soft commutative ideal of X, and (F ,A)/ is the preimage of (f ,A)
under f of X, then ,ui; (x) = ,u;[a](f(x)), yp[a]f(x) = Yol (f(x)) forall x € X, € A.

Let x,y,z € Y, € A, there exist a, b, ¢ € X such that f(a) = x, f(b) = y and f(c) = z.
Now,

/JF[Q](X) = HFo (f(a)) = //‘F[a]f(a) < /Jf[a]f(o) = HE (f(O)) = /JF[Q](O)
and

Y = Y (@) = Y (@ 2 V10" (0) = Vg (F(0)) = V5o (0).
Moreover,

Moy (X * (v (y * x)))

= Upi(f (@) = (f (D) = (f(D) * f(a))))

= Upi(f (@) * (f (D) * (f(D * a))))

= Upi)(f (@) = (f (b * (D * a))))

= Ui (f (@ (b = (b * a))))

= Upiay (@ * (b * (b * a)))

> min {ty,; (@ % b) * ©). pipa (0))

= min {71, (f((@ * b) * ©)). 71 (F(0))}
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= min {7, (f@ * b) * F(©). i (F))
= min {171, ((F(@) * f(B)) * F(€)). 71y (f(©)))

= min {,uf[a]((x * y) * Z)’ﬂf[a](z)}
and

Yoy (X * (v * (¥ * X)))

= Y (f(@) = (f (D) = (f (D) * f(a))))

= Y (f(@) = (f (D) = (f(b * a))))

= V(@) = (f (b * (b * a))))

= Y (f (@ * (b * (b * a))))

= Vﬁ[a]f(a (b * (b * a)))

< max {y;[a]f((a * b) * ¢), Vf[a]f(c)}
= max ¥z, (f((@ * b) * ). Y (F(©)
= max (Y7, (f(@* b) * (), Y (f(©))
= max (Y5, (f(@) * f(0)) * F(C)). Vi (F(©)}
= mai {’}/F[Q]((x *y) * 2), Vf[a](z)}-
Hence, (F, A) is an intuitionistic fuzzy soft commutative ideal of Y. O

5 Conclusion

In this paper, we introduced the notion of intuitionistic fuzzy soft commutative ideal, and investigated related
properties. Meanwhile, we discussed relations between intuitionistic fuzzy soft commutative ideal and intuition-
istic fuzzy soft ideal over a BCK-algebras, we also discuss some results of intuitionistic fuzzy soft commutative
ideal in BCK-algebras. Based on these results, we will apply intuitionistic fuzzy soft sets to another type of ideals
in BCK-algebras, and discuss the relevant results.
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