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Abstract. In this paper, the concepts of (€, € Vqg)-anti-intuitionistic fuzzy soft UP (BCC)-subalgebras
and (€&, €)-anti-intuitionistic fuzzy soft UP (BCC)-subalgebras of UP (BCC)-algebras are introduced
and studied. The UP (BCC)-homomorphic image and inverse image are investigated in (€, € Vg)-anti-
intuitionistic fuzzy soft UP (BCC)-subalgebras of UP (BCC)-algebras. Characterizations of (€, € Vg)-
anti-intuitionistic fuzzy soft UP (BCC)-subalgebras of UP (BCC)-algebras are discussed.

1. Introduction

The concept of fuzzy sets was proposed by Zadeh [22]. The theory of fuzzy sets has several appli-
cations in real-life situations, and many scholars have researched fuzzy set theory. After introducing
the concept of fuzzy sets, several research studies were conducted on the generalizations of fuzzy sets.
The integration between fuzzy sets and some uncertainty approaches, such as soft and rough sets, has
been discussed in [1,2,6]. In 1996, Bhakat and Das [5] used the relation of “belongs to” and “quasi
coincident with” between a fuzzy point and a fuzzy set to introduce the concepts of (€, € Vq)-fuzzy
subgroups and (€, € Vq)-fuzzy subrings. In 1999, Molodstov [20] introduced the notion of soft sets
as a new mathematical tool for dealing with uncertainties free from the difficulties that have troubled

that usual theoretical approach. In 2001, Maji et al. [18] introduced the concept of fuzzy soft sets as a
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generalization of the standard soft sets. In 2001, Maji et al. [19] introduced the notion of intuitionistic
fuzzy soft sets as a generalization of the standard fuzzy soft sets. Since then, many mathematicians
have applied the concepts of (€, € Vq)-fuzzy subgroups, (€, € Vq)-fuzzy subrings, and fuzzy soft
sets to other algebraic systems, see [3,4,7,9,12,13,17,23]. lampan [11] introduced a new algebraic
structure called a UP-algebra. The notion of UP-algebras (see [11]) and the concept of BCC-algebras
(see [16]) are the same concept, as shown by Jun et al. [15] in 2022. We shall refer to it as BCC
rather than UP in this article out of respect for Komori, who initially described it in 1984.

In this paper, the concepts of (€, € Vqg)-anti-intuitionistic fuzzy soft BCC-subalgebras and (€, €)-
anti-intuitionistic fuzzy soft BCC-subalgebras of BCC-algebras are introduced and studied. The BCC-
homomorphic image and inverse image are investigated in (€, € Vq)-anti-intuitionistic fuzzy soft
BCC-subalgebras of BCC-algebras. Characterizations of (€, € \Vg)-anti-intuitionistic fuzzy soft BCC-

subalgebras of BCC-algebras are discussed.

2. Preliminaries

The concept of BCC-algebras (see [16]) can be redefined without the condition (2.6) as follows:
An algebra X = (X, -,0) of type (2,0) is called a BCC-algebra (see [10]) if it satisfies the following

conditions:

(¥x,y,2 € X)((y - 2) - ((x-¥) - (x-2)) = 0) (2.1)
(Vx e X)(0-x=x) (2.2)
(Vx € X)(x-0=0) (2.3)
(W, yeX)(x-y=0=y-x=x=y) (2.4)

After this, we assign X instead of a BCC-algebra (X, -, 0) until otherwise specified.

We define a binary relation < on X as follows:
(Vx,y e X)(x<y<ex-y=0) (2.5)

In X, the following assertions are valid (see [11]).

(Vx € X)(x < x) (2.6)
(Vx,y.z€X)(x <y y<z=x<2) (2.7)
(Wx, vy, z€EX)(x<y=z-x<zy) (2.8)
(W, y.zEX)(x<y=y -z<x-2) (2.9)
(Vx, v,z € X)(x < y - x, in particular, y - z < x - (y - 2)) (2.10)
(W, y € X)y x<x&x=y-x) (2.11)

(Wxy e X)(x<y-y) (2.12)
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(Vax,y,zeX)(x-(v-z)<x-((a-y)-(a-2))) (2.13)
(Vax,y.ze X)(((a-x)-(a-y)) - z<(x-y)-2) (2.14)
(V. y,ze X)((x-y)-z<y-2) (2.15)
(W, y,z€X)(x<y=>x<z-y) (2.16)
(Vx, y,ze€ X)((x-y)-z<x-(y-2)) (2.17)
Vax,y.ze X)(x-y) - z<y-(a-2)) (2.18)

Definition 2.1. [11] A nonempty subset S of X is called a BCC-subalgebra of X if
(Vx,y € S)(x-y €5). (2.19)
Definition 2.2. [21] A nonempty subset S of X is called a BCC-filter of X if
0es, (2.20)
(Vx,y e X)(x-y,xeS=ye€S). (2.21)
Definition 2.3. [11] A nonempty subset S of X is called a BCC-ideal of X if (2.20) and
(W, y,ze X)(x-(y-2),yeS=x-z€5). (2.22)
Definition 2.4. [8] A nonempty subset S of X is called a strong BCC-ideal of X if (2.20) and
(Vx,v,zeX)(z-y)-(z-x),ye S=x€S). (2.23)
3. (&, € Vg)-Anti-Intuitionistic Fuzzy Soft BCC-Subalgebras

Generalizations of (€, € Vg)-anti-intuitionistic fuzzy soft BCC-subalgebras of BCC-algebras are
defined, and some important properties are presented in this section.
A fuzzy set [22] in a nonempty set X is defined to be a function X : X — [0, 1], where [0, 1] is the

unit closed interval of real numbers.

Definition 3.1. [14] A fuzzy set X in a nonempty set X of the form

t ify=x
Ay) =
0 otherwise

is said to be a fuzzy point with support x € X and value t € (0, 1] and is denoted by x;.

From now on, we shall let E be a set of parameters. Let F(X) be the set of all fuzzy sets in X. A

subset A of E is called a set of statistics.

Definition 3.2. Let AC E. A pair (op, A) is called a fuzzy soft set over a nonempty set X if oy is
a mapping given by oy A — F(X), 0 — oms), that is, a fuzzy soft set is a statistic family of fuzzy
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sets in X. In general, for every 6 € A, o g IS @ fuzzy set in X, and it is called a fuzzy value set of a

statistic 9.

Definition 3.3. A fuzzy soft set o over a nonempty set X of the form oy5) = X, Is called a fuzzy

soft point.

Definition 3.4. A fuzzy point x; in a nonempty set X is said to belong to a fuzzy set o5, written
as x¢ € opyys) If oms)(x) > t, and be quasi-coincident with a fuzzy set 5], written as xtqo s if

omp(X) +t > 1. If X¢ € opmps) OF X0 5], then xe € Vo ps)-

Definition 3.5. A fuzzy point x; in X is said to belong to an intuitionistic fuzzy soft set M[§] =
{1 ome (), Tmis (X)) | x € X, 6 € A}, written as x¢ € M[d] if opys)(x) > t and Tpe(x) < t, and
and be quasi-coincident with an intuitionistic fuzzy soft set M[8], written as xtqM([6] if opy5)(x)+1t > 1
and Ty (x) +t < 1. If x¢ € M[6] or xegM[d], then x; € VgM[4].

Definition 3.6. An intuitionistic fuzzy soft set M[8] = {(x, ons)(x), Tms) (X)) | x € X, 6 € A} over X
is said to be an (€, € \VVq)-anti-intuitionistic fuzzy soft BCC-subalgebra of X if it satisfies the following

conditions:

(Vx,y € X, € A)(oms)(x) < tom(v) <s

= o) (x-y) < tVsoroype(x-y)+tVs<1), (3.1)

(Vx,y € X, 6 € A)(Tmps (x) =t Tmg (v) = s

= Tme (X ¥) > tAS or Ty (x-y) +tAs > 1), (3.2)
where t V' s = max{t, s} and t As = min{t, s}.

Theorem 3.1. An intuitionistic fuzzy soft set M[6] = {(x, oms)(x), Tmis) (X)) | x € X, 6 € A} over X
is an anti-intuitionistic fuzzy soft BCC-subalgebra of X if and only if M[8] is an (&, €)-anti-intuitionistic
fuzzy soft BCC-subalgebra of X.

Proof. Let M[d] = {(x, opms)(x), Tms)(X)) | x € X, 6 € A} be an anti-intuitionistic fuzzy soft BCC-
subalgebra of X. Then o5 (x - y) < omis)(x) V ome(v) and Tas (x - y) = Tas)(X) A Tagge (v) for
all x,y € X. Let x,y € X and § € A be such that ops(x) < t, oms(y) < s and Ty (x) > t,
Timie)(¥) = s. Now, ops(X - y) < ome)(X) Vomg(v) < tVs = (x-y)ivs € opmis) and Ty (x-y) =
Tamps)(X) A Tms) (V) = EAs = (X ¥)tns € Tims)- T herefore, M[0] is an (€, €)-anti-intuitionistic fuzzy
soft BCC-subalgebra of X.

Conversely, let M[d] be an (&, €)-anti-intuitionistic fuzzy soft BCC-subalgebra of X. Let x,y € X

and t = oy (x). s = ome(y). Then oy (x) <t omg(y) < s = Xt € Omps). Ys € Oms) =
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(X ¥)tvs € apmps), since M[d] is an (€, €)-anti-intuitionistic fuzzy soft BCC-subalgebra of X. Then
omp)(x - y) <tV s gives

ams) (X - Y) < o (X) V ams (V). (3.3)

Again, let x,y € X and t = Ty5(x), s = Typ(v). Then Ty (x) > 6Ty (y) = s = X €

TM] Ys € Tmp] = (X ¥)tas € Tamps), since M[0] is an (€, €)-anti-intuitionistic fuzzy soft BCC-
subalgebra of X. Then Tp5(x - y) > t A's gives

Tamis) (X Y) = Tas)(X) A T (). (3.4)

Hence, by (3.3) and (3.4), M[d] is an anti-intuitionistic fuzzy soft BCC-subalgebra of X. O

Theorem 3.2. If M[§] = {(x, onms)(x). Tms) (X)) | x € X, 6 € A} is a (g, q)-anti-intuitionistic fuzzy
soft BCC-subalgebra of X, then it is also an (€, €)-anti-intuitionistic fuzzy soft BCC-subalgebra of
X.

Proof. Let M[8] = {(x,om5)(x), Tms) (X)) | x € X, 8 € A} be a (q, g)-anti-intuitionistic fuzzy soft
BCC-subalgebra of X. Let x,y € X and § € A be such that op(x) < t and oy (y) < s.
So oms(x) —€ < t and ops(y) — € < s, where € is an arbitrary small positive number. Then
omp)(x) +1—e—t<land oye(y)+1—¢€—s<1dgives X1 +qops and y1-e—sqGopms)- Since
M][d] is a (g, g)-anti-intuitionistic fuzzy soft BCC-subalgebra of X, we have

(X Y)a—e-tva-e-s)9omp = ompx-y)+(1-e-t)V(l-e—-s)<1
omp(x-y)+1l—e—(tAs) <1
omp(x-y) <(tAs)+e

omp)(x-y) <tAs

¢G4l

omp)(x-y) <tAs<tVs

= (X Y)tvs € Opyg)-
Again, let x,y € X and § € A be such that Tys51(x) > t, Tpms1(v) = s. Then Tps(x) +€ > t and
Tmis) () + € > s, where € is an arbitrary small positive number. Hence, Tp5(x) +€ —t+1> 1 and
Tmp)(Y) F€—5+1>1= X t419Tpns) and Ye—s+1qTus)- Since M[d] is an (g, g)-anti-intuitionistic
fuzzy soft BCC-subalgebra of X, we have

Tl (X y) FE—t+1)A(e-s+1)<1
vl (X - y)+e+1—(tVvs)>1
Tmg) (X y) > (tVs)—¢

T (X - y) > tVs

T (X y) > tVs>tAs

(X ¥)(e—t+1)A(e—s+1)ATM[5]

R R

4

(X y)tns € Tm[s]-

Hence, M[4] is an (€, €)-anti-intuitionistic fuzzy soft BCC-subalgebra of X. O
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Theorem 3.3. An intuitionistic fuzzy soft set M[6] = {(x, opms1(x), Tmis) (X)) | x € X, 6 € A} over X
is an (€, € Vq)-anti-intuitionistic fuzzy soft BCC-subalgebra of X if and only if for all x,y € X and
0 €A,

(1) om(x - y) < max{oms)(x), omis)(v), 0.5} or ops (x - y) < omis)(x) V oms(v) V0.5,
(2) Ty (x - y) = min{Tps1(x), Tigs) (), 0.5} or Tasgs (X - ) = Taggs)(X) A Ty (v) A 0.5.

Proof. (1) First, let M[8] = {(x, oms)(x). Tmis) (X)) | x € X, 6 € A} be an (€, € Vg)-anti-intuitionistic
fuzzy soft BCC-subalgebra of X.

Case 1: Let o5 (x) Vous)(y) > 0.5 forall x,y € X and § € A. Then op5(x) Vous(y) V0.5 =
oms)(X) V opme (v). If possible, let aps(x - ¥) > oums)(x) V opms(v). Choose a real number ¢ such
that ops)(x - y) > t > oms)(X) V oms)(y) = oms(x) < tome(y) < t. But oy (x-y) >t and
omp(X-y)+t > 2t = o) (x-y) +t > 2(0me (X) Voup (v)) >2x05=1= oy (x-y)+t>1,
which contradicts the fact that M[§] is an (&, € Vg)-anti-intuitionistic fuzzy soft BCC-subalgebra of
X. Therefore, ops)(x - y) < oms(X) V oms) (V) = omps)(X) V ops (v) Vv 0.5,

Case 2: Let op51(x) Vous)(y) V0.5 forall x,y € X and 6 € A. Then oy5(x) V ops)(y) = 0.5.
If possible, aps1(x - ¥) < o) (X) V opme)(v) V 0.5 = 0.5. Then op5(x) < 0.5 and ops(y) < 0.5.
But oy (x) > 0.5 and opys(x) + 0.5 > 0.5+ 0.5 = 1, which again contradicts that M[4] is an
(€, € Vg)-anti-intuitionistic fuzzy soft BCC-subalgebra of X. Hence, op5(x - y) < 0.5 = op5(x) Vv
oms)(v) vV 0.5.

(2) First, let M[§] be an (&, € Vg)-anti-intuitionistic fuzzy soft BCC-subalgebra of X.

Case 1: Let Tp5)(x) A s (v) < 0.5 for all x,y € X and § € A. Then Tyy5(x) A T () A 0.5 =
Tamgs)(X) A Timgs) (). If possible, let Tags1(x - y) < Tas)(x) A Taggs)(y). Choose a real number t such
that Tays)(x - y) < t < T} (X) A Tvs) (V) = Tgs)(x) > £ T (v) >t But Ty (x - y) < t and
Tmps)(X) + t =2t = Taye)(x - ) +t < 2(Tpms)(X) AT (V) <2x 0.5 =1= Ty (x-y) +t <1,
which contradicts the fact that M[§] is an (€, € Vg)-anti-intuitionistic fuzzy soft BCC-subalgebra of
X. Therefore, Tpi51(x - ¥) = Tags) (X) A Taags) (V) = Tms) (X) A Tags) () A 0.5,

Case 2: Let Tp51(x) A Taggs)(y) A 0.5 for all x,y € X and § € A. Then Ty51(x) A Tagps1(y) = 0.5.
If possible, Tas1(x - y) < Tams)(X) A T (¥) A 0.5 = 0.5. Then Tp51(x) > 0.5 and Ty5(y) > 0.5.
But Tms(x - y) < 0.5 and Ty5(x - y) +0.5 < 0.5+ 0.5 = 1, which again contradicts that M[¢]
is an (€, € Vq)-anti-intuitionistic fuzzy soft BCC-subalgebra of X. Hence, Ty(x - y) > 0.5 =
Tame)(X) A Ty () A 0.5.

Conversely, let

oms)(X - y) < ome(x) Voms(y) V0.5, VX, y € X, €A (3.5)

Let x,y € X and § € A be such that o5(x) < t and opys)(y) < 's. Then ops)(x)Voue(y) < tVs.
By (3.5), we have op5(x-y) < tVsVv0.5. Now, if tVs>05, then tVsVv0.5=tVs. Therefore,

oms)(x-y) <tVs. (3.6)
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Again, if t Vs > 05, then t VsV 05 = 0.5 Therefore, opyg(x-y) < tVsv05=05=
omp](X-y)+tVs<05+0.5=1 Then

omp(x-y)+tvs <l (3.7)
From (3.6) and (3.7), we have (3.1). Let
‘TM[(;](X : )/) > TM[(S](X) A TM[5](y) AN O.S,Vx,y € X,0 €A. (3.8)

Let x,y € X and § € A be such that Ty51(x) > t and Tps1(y) > s. Therefore, Tp5(x) A Tas (v) >
t A's. By (3.8), we have Ty5(x-y) > t AsV 05 Now, if t As <05, thent AsAN05=tAs.

Therefore,
Tms) (X y) > tAs. (3.9)

Again, if t As > 0.5, then t As A 0.5 = 0.5. Therefore, TM[é](X-y) > tASsA05 =0, that is,
Tmg)(X-¥) +tAs>05+05=1. Then

T (X y) +tAs > 1. (3.10)

From (3.9) and (3.10), we have (3.2). Hence, M[d] is an (&, € Vqg)-anti-intuitionistic fuzzy soft
BCC-subalgebra of X. O

Theorem 3.4. An intuitionistic fuzzy soft set M[6] = {(x, oms)(x), Tms (X)) | x € X, 6 € A} over X is
an (€, € Vq)-anti-intuitionistic fuzzy soft BCC-subalgebra of X and if opys(x) > 0.5, Tp5(x) < 0.5
forallx,y € X and § € A, then M[d] is also an (€, € \Vq)-anti-intuitionistic fuzzy soft BCC-subalgebra
of X.

Proof. Let M[8] = {(x,omis)(x), Tms)(X)) | x € X, 8 € A} be an (€, € Vg)-anti-intuitionistic fuzzy
soft BCC-subalgebra of X and o51(x) > 0.5 and Ty5(x) < 0.5 for all x,y € X and 6 € A. Let
X,y € X and § € A be such that 0.5 < oy5(x) < t and 0.5 < op5)(y) < s. Therefore, t Vs> 0.5
and also opps)(x - y) > 0.5. Thus ops(x-y) +tVs>05+0.5=1. Hence, oyp(x-y) <tVsor
omp)(X - y) +t Vs < 1. Therefore,

omp)(x-y) <tVs. (3.11)

Again, let x,y € X and § € A be such that t < Tp5(x) < 0.5 and s < Tps(y) < 0.5. Therefore,
tAs < 05 and also Tys(x - y) < 0.5. Thus Ty (x-y) +tAs < 05+05 = 1. Hence,
Tms)(X - y) = tAs or Tys)(x - y) + t As > 1. Therefore,

T (X - y) > tAs. (3.12)

Hence, by (3.11) and (3.12), we have M[§] is an (€, €)-anti-intuitionistic fuzzy soft BCC-subalgebra
of X. O
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Theorem 3.5. An intuitionistic fuzzy soft set M[6] = {(x, omp(x), Tms (X)) | x € X, 6 € A}
over X is an (€, € Vq)-anti-intuitionistic fuzzy soft BCC-subalgebra of X if and only if the sets
(omp)e = {x € X | oms)(x) < t. t € (0.5, 1], 0pmi5(0) < t} and (Tmis))s = {x € X | Tas)(x) =
s,5€(0,0.5), Ti5)(0) > s} are BCC-subalgebras of X.

Proof. Assume M[6] = {(x, owns)(x). Tms)(X)) | x € X,6 € A} is an (€, € Vg)-anti-intuitionistic
fuzzy soft BCC-subalgebra of X. Clearly, 0 € (opmis))r and 0 € (Tums))s since ops)(0) < t and
Tms)(0) > s. Let x,y € X and § € A be such that x,y € (ous))t, where t € (0.5,1]. Then
oms)(x) < tand ops)(y) < t. Then oy (x - y) < opmg(x) Vo (y) V05 <tVvsv05=t=
omp)(x - y) <t = x-y € (ompg))e- Hence, (ops))e is a BCC-subalgebra of X. Again, let x,y € X
and ¢ € A be such that x,y € (Tys)s, where s € (0,0.5). Then Ty5(x) > s and Ty5(y) > s.
Then a5 (x - ¥) = Tags)(X) A Tage) (V) A0.5 > SASA0S =5 = Ty (x-y) = 5= Xy € (Tig))s-
Hence, (Tps))s is @ BCC-subalgebra of X.

Conversely, let (oums)e = {x € X | ons(x) < t,t € (0.5 1], om(0) < t} and (Tape))s =
{x € X | Tms)(x) = 5,5 € (0,0.5), Tayps1(0) > s} are BCC-subalgebras of X. Suppose then there
exist a,b € X such that at least one of ops(a- b) > opp(a) V ome(b) V 0.5 and Tys(a -
b) < Tmis(a) A Tmis(b) A 0.5 hold. Suppose ows(a - b) > omsi(a) V oms(b) vV 0.5 holds.  Let
- %(UM[(;](a b+ (0w (@) V Oaagsy(b) v 0.5)). Then £ € (0.5,1] and

aM[(;](a -b) >t > O'M[(;](a) V O'M[é](b) Vv 0.5. (3.13)

Then opys)(a) < t,ome(b) <t = a€ (omp)t b € (Omp))t = a- b € (oms))e since (ous))t is a
BCC-subalgebra of X. Therefore, op5(a- b) < t, which contradicts (3.13). Hence,

oms](X - y) < ome)(x) V ous () vV 0.5. (3.14)

1
Next, let Tyi51(a-b) < Tagis)(@)ATams) (b)AO.5 holds. Let s = E(TM[(;](a-b)+(TM[5](a)ATM[5](b)AO.5)).
Then s € (0,0.5) and

TM[5](8 -b) <s< TM[(;](E)) A TM[é](b) A 0.5, (3.15)

Then Tps1(a) > s, T (b) > s = a € (Tims))s. b € (Tms))s = a- b € (Tmis))s since (Tas))s is a
BCC-subalgebra of X. Therefore, Tp51(a - b) > s, which contradicts (3.15). Hence,

Tmgs) (X - ¥) = Ty (X) A Tags (v) A 0.5. (3.16)
Hence, by (3.14) and (3.16), we have MI[§] is an (€, € Vq)-anti-intuitionistic fuzzy soft BCC-

subalgebra of X. O

Definition 3.7. Let M[6] = {(x, oms)(x), Tmis) (X)) | x € X, 6 € A} be an intuitionistic fuzzy soft set
over a nonempty set X and t € (0, 1]. Then let

(1) (omp))t = {x € X | oms)(x) < t},
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(2) {omp)), = {x € X [ oy (x) +t < 1},
(3) [UM[é]]t = {X e X | O M[5] < tor O'M[é](X) +t < 1},
where (opmis))t IS called a t-level set of o), <OM[6]>t is called a g-level set of o5, and [U’V’[5]]t is

called an € Vq-level set of opys). Clearly, [ome)], = (ompe)), Y (Omps),- Let

(1) (Tme)), = {x € X | Tipg)(x) = ¢},
(2) <TM[6]>t ={xeX| Tmps) + 1> 1},
(3) [Tmps)), = {x € X | Tmpg) = 7 or Tags(x) + ¢ > 1},
where (Tps)), Is called a t-level set of Tyys), (Twmis)), /s called a g-level set of Tys), and [Tys)], is

called an € Vq-level set of Tyys). Clearly, [Tmis], = (Tmie)), Y (Tmia)),-

Theorem 3.6. An intuitionistic fuzzy soft set M[6] = {(x, oms(x), Tmis) (X)) | x € X, 6 € A} over X
is an (€, € Vq)-anti-intuitionistic fuzzy soft BCC-subalgebra of X if and only if [opms)]t and [Taps)]e are
BCC-subalgebras of X for all t € (0,1]. We call [oms)]t and [Tpigle as € Vg-level BCC-subalgebra
of X.

Proof. Assume that M[0] = {(x, oms)(X), Tmis) (X)) | x € X, 6 € A} is an (€, € V@g)-anti-intuitionistic
fuzzy soft BCC-subalgebra of X. Let x, y € [ops)]t for t € (0, 1]. Then ops1(x) < tor opyps(x)+t <
1 and op5)(y) < toroms(y)+t < 1. Since M[6] is an (€, € Vg)-anti-intuitionistic fuzzy soft BCC-
subalgebra of X, we have op51(x - y) < ows)(x) V omps(y) V0.5 for any x,y € X and § € A. Now
we have the following cases.

Case 1: Let ops)(x) < t,oms(v) <t let t <0.5. Then opys(x-y) < opms)(x)Vous (y) V0.5 =
tVtv0.5=05. Then oyp(x-y) <05= oyp(x-y)+t<05+05=1. Again,if t > 0.5, then
omps)(X - y) < ome(x) Voue(y) Vo5 <tViEV05=t.

Case 2: Let ops)(x) < t,ome(y) +t <1, let t <0.5. Then oy (x-y) < oms)(x) Voms(y) Vv
05<tV(1-t)V05=1—-t=oyp(x-y) <1l—t=oypg(x y)+t<1 Again, if £t > 0.5, then
om) (X y) S oms)(X) Voms(y) VOS5 <tV (I —-t) V05 =t = oyp(x-y) <t

Case 3: Let ops)(x) +t < 1, omp(y) < t, let t <0.5. Then ops)(x-y) < opms(x) Voms (v) vV
05<(1-t)Vtv05s=1~t, = oyp(x-y) <1—t=ope(x-y)+t<1 Again, if t > 0.5, then
omp](X - y) L ompe(X) Vous(y) V05 =(1—-t)VtV05=t = oyglx-y) <t

Case 4: Let opyp(x) +t < Loy (y) +t <1, let t < 0.5 Then oy (x-y) < o (x) VvV
omp (V) V05 < (1 —-t)V(1—-t)VO05=1—t = oypx-y) <l—t=oygx-y)+t<L
Again, if t > 0.5, then opys(x - ¥) < opme(X) Voup(y) V05 =(1-t)V(1-t)v05=05<t
= opmps)(x - y) < t. Hence, from above four cases, [og)]t is @ BCC-subalgebra of X. Similarly, we
can prove [Ty5)]¢+ is a BCC-subalgebra of X.

Conversely, let [ops)]e and [Tas)]: be BCC-subalgebras of X for all t € (0,1]. Suppose M[d] is
not an (€, € Vg)-anti-intuitionistic fuzzy soft BCC-subalgebra of X. Then there exist a, b € X such
that at least one of ops(a- b) > ops(a) Vous () V0.5 and Tys1(a- b) < Tas(@) A Tas) (D) A0.5
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hold. Suppose o51(a- b) > oppsi(a) V oms(b) vV 0.5 is true, then choose t € (0, 1] such that

O'M[(g](a -b) >t > aM[(;](a) V O'M[é](b) Vv 0.5. (3.17)

Then oys(a) < tooyp(b) <t = a b€ (omp)t € [omsle, which is a BCC-subalgebra of X.
Therefore, a- b € [opms)]t = omps(a- b) < toroys(a-b)+t < 1, which contradicts (3.17). Again,
if Timsy (@~ b) < Tas1(a) A Tags)(b) A 0.5 is true, then choose t € (0, 1], such that

TM[5](8 b)) <t< ‘TM[(;](a) A TM[5](b) A 0.5, (3.18)

Then Ty51(a) > t, Tm(b) > t = a, b € (Tys)e S [Tms)le, which is a BCC-subalgebra of X.
Therefore, a- b € [Tps)lt = Tmps)(a- b) > t or Tyys(a- b) +t > 1 which contradicts (3.18). Hence,

oms)(X - Y) < oms)(X) V oms () V0.5 and Tas (x - y) = Tas)(X) A Tage)(v) A 0.5 for all x,y € X
and 0 € A. Hence, M[d] is an (€, € Vq)-anti-intuitionistic fuzzy soft BCC-subalgebra of X. O

Definition 3.8. /f M[5] = {(x, op5)(x). Tmis)(X)) | x € X, b € A},
and N[n| = {(x, onpm (x), T (X)) | x € X,n € B} are any two (€, € Vq)-intuitionistic fuzzy soft

sets over a nonempty set X, then
MI8] N N[n] = {(x, omsimm (X), Tmigianm (X)) | x € X.6,m € AN B},

where o 51N (X) = Tms) (X) A o (X) and Taisianin (X) = Tamis) (X) V T (X).

Theorem 3.7. Let M[6] = {(x, oms)(x), Tms (X)) | x € X, 6 € A},
and N[n] = {(x, onpm (), Tnp (X)) | x € X,n € B} be two (€, € Vq)-anti-intuitionistic fuzzy soft
BCC-subalgebras of X. Then

M[5] N N[n] = {(x, omsiangm (X). Tmsianm (X)) | x € X, 8,m € AN B}

is also an (€, € VVq)-anti-intuitionistic fuzzy soft BCC-subalgebra of X.

Proof. Let x,y € X and §,n € AN B. Then

ome](X - Y) Vo (x - y)

(oms)(x) V omis () V 0.5) V (O (X) V oy (v) V 0.5)
(om)(X) V onpm (X)) V (Omis (v) V onpy (v)) V 0.5

o MmN (X) V o msianm (V) V 0.5.

o Mis)ANm (X Y)

A

IN

and

Tams) (X Y) A T (X - y)

(Tmeg(X) A Tamags) () A 0.5) A (Typmp (X) A Ty (v) A 0.5)

= ("M (X) A T (X)) A (T (V) A Ty () A 0.5

Tmslnngm] (X) A Tmisionm) (v) A 0.5.

Hence, M[6] N N[n] is an (€, € V@g)-anti-intuitionistic fuzzy soft BCC-subalgebra of X. O

Tms)Anm (X - Y)

Vv

v
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Definition 3.9. Let M[6;] = {(x,om5). Tms,]) | X € X, 8 € Ai} be an (€, € Vq)-anti-intuitionistic

n
fuzzy soft BCC-subalgebras of X for all i = 1,2,.... Then () M[d;] is also an (€, € Vq)-anti-
i=1
n n n
intuitionistic fuzzy soft BCC-subalgebra of X, where [ M[6;](x) = {(x, V omis1(x). A Twmps (X)) |
i=1 i=1 i=1
n
x € X, 0 € A}
i=1

We define two intuitionistic fuzzy soft sets ®M[d] and @ M[§] induced by an intuitionistic fuzzy soft
set M([¢] as follows:

Definition 3.10. Let M[5] = {(x, opn5)(x), Tms)(X)) | x € X, 6 € A} be an intuitionistic fuzzy soft set
over a nonempty set X. The two intuitionistic fuzzy soft sets &@M|[d] and @M][d] over X are defined

as follows:

(1) &Ml = {(x, omis)(x). Tmis (X)) [ x € X, 6 € A},
(2) @MB] = {(x, Tmis) (%), Tmis (X)) | x € X, 6 € A}.

Theorem 3.8. Let M[6] = {(x, oms)(x), Tms) (X)) | X € X, 6 € A} be an (€, € Vq)-anti-intuitionistic
fuzzy soft BCC-subalgebra of X. Then both &@M[6] and @ M|[§] are (€, € \VVq)-anti-intuitionistic fuzzy
soft BCC-subalgebras of X.

Proof. For @M[¢], it is sufficient to show that @5 satisfies Tps1(x - ¥) > T sy (x) AT sy (y) A 0.5
forall x,ye Xandd € A. Let x,y € X and § € A. Then

omp|(x-y) = 1—omE(x-y)
> 11— (omp(x) Voumpe(y) Vv 0.5)
= (I—ome(x) A1 —oumey)) A1 —-05)
= O (x) Aomg(v) AO.5.
Hence, ®M][d] is an (€, € Vg)-anti-intuitionistic fuzzy soft BCC-subalgebra of X.
For @MI[0], it is sufficient to show that 75 satisfies Tpy51(x - y) < Tagis)(x) V Tmgsy(v) Vv 0.5 for
al x,ye Xand d € A. Let x,y € X and § € A. Then
Tme(x-y) = 1=TyE(x-y)
1= (Tamgs) (X) A Tisy (v) A 0.5)
= (1 =7y (x) V(A —=7yg )V (1-05)
= Tm)(X) V Tmis(y) V0.5,
Hence, @ M[4] is an (&, € Vqg)-anti-intuitionistic fuzzy soft BCC-subalgebra of X. O

IN

Definition 3.11. Let M[§] = {(x, opms)(X), Tmis) (X)) | x € X, 6 € A},
and N[n] = {(x, onpm(X), Tnp (X)) | x € X,m € B} be two (€, € Vq)-anti-intuitionistic fuzzy soft
BCC-subalgebras of X. Then their cartesian product M[d] x N[n] over X x X is defined by

M[6] x N[n] = {((x, ¥), omsyxnpm (X ¥), Tmgr v (X ¥)) | (x.y) € X x X, (6,m) € Ax B},
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where o 515 vy (X, ¥) = o] (X) V anm (V) and Tasixnpmy (X Y) = Tas (X)) A T (v).

Theorem 3.9. Let M[6] = {(x, oms)(x), Tms (X)) | x € X, 6 € A},

and N[n] = {(x, onpm(X), Tnp (X)) | x € X,n € B} be two (€, € Vq)-anti-intuitionistic fuzzy soft
BCC-subalgebras of X. Then M[d] x N[n] is also an (€, € \VVq)-anti-intuitionistic fuzzy soft BCC-
subalgebra of X x X.

Proof. Let (x1,y1), (x2,¥2) € X x X and (6,n) € Ax B. Then

omeixnm (X1, 1) - (2. ¥2)) = Omsyxnm (X1 - X2, y1 - y2)
omis (X1 - x2) V o (1 - y2)

< (omg(xa) V ome(x2) V 0.5) V (onpm (v1) V oy (v2) V 0.5)
= (ompE(x) Vonm () V (ome () V oy (y2)) V 0.5
< oM xN (X Y1) V Omig v (X2, ¥2) V 0.5

and

TM[é]xN[n]((XLh) (X2, 2)) = TM[8]x N[n] (X1 X2, ¥1 - y2)

= Tmps) (X1 - x2) A Ty (V1 - v2)
= (Tmig)(x1) A Tmig) (%2) A 0.5) A (T (V1) A T (v2) A 0.5)
= (w51 () A T (1) A (Tmgs) (02) A T (v2)) A 0.5
> Tms)x Nl (X1, Y1) A Taags)x vy (X2, ¥2) A 0.5.

Hence, M[6] x N[n] is an (€, € Vq)-anti-intuitionistic fuzzy soft BCC-subalgebra of X x X. O

Example 3.1. Let X = {0, 1, 2,3} with the following Cayley table:

012 3
0|j0 1 2 3
110 0 2 3
2/0 1 0 3
3|01 20

Then X is a BCC-algebra. We consider two (€,€ Vq)-intuitionistic fuzzy soft sets M[§] =

{(x omg (x), Tms (X)) | x € X, 6 € A} and and N[n] = {(x, o (X), Tapm (X)) | x € X,n € B}
as follows:

M[6](x) 0 1 2 3
(o) (%), Tigey () | (0.2,0.7) | (0.2,0.7) | (0.5,0.5) | (0.5,0.5)

N[n](x) 0 1 2 3
(O npm (%), T (X)) | (0.3,0.6) | (0.4,0.5) | (0.3,0.6) | (0.3,0.6)
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Then M[d] and N[n] are (€, € Vq)-anti-intuitionistic fuzzy soft BCC-subalgebras of X. Now,
O'M[(;] X aN[n](O, 0) = 0.3, O'M[(;] X aN[n](O, 1) = 0.4, UM[(S] X aN[n](O, 2) = 0.3,

omps] X O (0,3) = 0.3, o5 X oy (1,0) = 0.4, opyis) X oy (1,1) = 0.3,
omps] X O (1,2) = 0.3, o5 X oy (1,3) = 0.4, opyg5) X oy (2,0) = 0.5,
oms] X Onpm(2,1) = 0.5, o5 X oy (2,2) = 0.5, 051 X oy (2,3) = 0.5,
omps] X O (3,0) = 0.5, o5 X oy (3,1) = 0.5, 051 X oy (3,2) = 0.5,
omps] X O (3,3) = 0.5.
Tamps] X T (0,0) = 0.6, Tagrs) X Ty (0, 1) = 0.5, Tayps) X Ty (0,2) = 0.6,
Tamps] X Tapn) (0, 3) = 0.6, Tagps) X T (1, 0) = 0.6, Taygs) X Ty (1, 1) = 0.5,
Tamps] X T (1, 2) = 0.6, Tagps) X T (1,3) = 0.5, Taygs) X Ty (2,0) = 0.5,
Tms) X T (2, 1) = 0.5, Tpgps) X Ty (2, 2) = 0.5, Tgs) X T (2,3) = 0.5,
Tms] X T (3, 0) = 0.5, Tpgrs) X Ty (3, 1) = 0.5, T X T (3, 2) = 0.5,
Tms) X T (3,3) = 0.5.

Hence, M[8] x N[n] is an (€, € VVq)-anti-intuitionistic fuzzy soft BCC-subalgebra of X x X.

Theorem 3.10. Let M[5] = {(x,omp(X), TmEe(x)) | x € X, 0 € A} and N[n =
{x onm(X), Tapm (X)) | x € X,n € B} be two (€, € Vq)-anti-intuitionistic fuzzy soft BCC-
subalgebras of X. Then &(M[6] x N[n]) and @(MI[d] x N[n]) are also (€, € \VVq)-anti-intuitionistic
fuzzy soft BCC-subalgebras of X x X.

Proof. It's straightforward from Theorems 3.8 and 3.9. O

Let k denote an arbitrary element of [0, 1) unless otherwise specified. To say that Xt QKO m[s], We

mean oy51(x) +t > 1 — k. To say that x; € Vqxopms), we mean X € 0 ps) OF O 5] Gk O Ms] -

Definition 3.12. An intuitionistic fuzzy soft set M[6] = {(x, ons)(x). Tmis) (X)) | x € X, 6 € A} over
X is said to be an (€, € Vqg)-anti-intuitionistic fuzzy soft BCC-subalgebra of X if it satisfies the

following conditions:

(Wx,ye X, 0 € At,s € (0,1])(omp(x) <t omp(y) <s

= omp)(x-y) StVsoroyg(x-y)+tVs<1l—k), (3.19)

(Vx.y € X,6 € A t,s € (0, 1])(Tmig (x) = ¢, Ty (v) = s

= Ty (X y) Z tAs or Ty (x-y) +tAs>1—k). (3.20)
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Theorem 3.11. An intuitionistic fuzzy soft set M[6] = {(x, oms)(x), Tms) (X)) | x € X, 6 € A} over
X is an (€, € Vqx)-anti-intuitionistic fuzzy soft BCC-subalgebra of X if and only if for all x,y € X
and é € A,

(1) ome(x - y) < omg(x) Vomg (v) v 552,
(2) Tg (X y) = Tags) () A Ty (v) A 552

Proof. Let M[d] = {(x, o) (X), Tms) (X)) | x € X, € A} be an (€, € Vgk)-anti-intuitionistic fuzzy
soft BCC-subalgebra of X.

Case 1: Let ops)(x)Vous (v) > k-1 forallx,y € X and § € A. Then o mis)(X) Vo) () Vi =
omis)(X) V opme (v). If possible, let aps)(x - ¥) > oums)(x) V ops)(v). Choose a real number ¢ such
that opys)(x - y) > t > ong)(x) V ome (V) = oms(x) < tooms(y) < tfor some t € (0,1). But
omp)(xy) >t = oyg(x-y)+t > 2t = oy (xy)+t > 2(oms () Vo () > ox Kl =1—k =
omps)(x-y) +t < 1—k, which contradicts the fact that M[4] is an (€, € Vgk)-anti-intuitionistic fuzzy
soft BCC-subalgebra of X. Therefore, ops1(x-y) < onmis)(X) V oms (v) = omis)(X) Voms (v) vV %

Case 2: Let ops)(x) V oms(y) < % for all x,y € X and § € A. Then op5(x) V oms(y) =

%. If possible, let ops1(x - y) > opme(x) V oms(y) V % = % Then oy (x) < % and

omp(y) < % But op(x - y) > % Also aps(x - y) + % > % + % = 1 — k, which
again a contradiction that M[d] is an (€, € Vqk)-anti-intuitionistic fuzzy soft BCC-subalgebra of X.
Therefore, o5 (x - ¥) < 552 = o (X) V omg (v) V 552

Case 3: Let Ty (x) ATas)(v) < 552 forall x,y € X and § € A. Then Tpi5(x) AT (V) A 55 =
Tams] (X) A Tamgsy (v). If possible, let Tas(x - y) < Tams)(X) A Tmsy(v). Choose a real number t such
that TM[5](X y)<t< TM[é](X) /\TM[(;](y) = TM[(;](X) > t,TM[(;](y) > t for some t € (0,1). But
TM[(;](X')/) <t= TM[5](X'y)+t <2t = TM[é](X‘y)-l-t < 2(TM[5](X)/\TM[5](y)) < QX% =1-k=
Tmis (X - y) +1t < 1—k, which contradicts the fact that M[d] is an (€, € Vgk)-anti-intuitionistic fuzzy
soft BCC-subalgebra of X. Therefore, Ta51(x - ¥) = T} (X) A Taggs) () = Taags) () A s (V) A %

Case 4: Let Tps1(x) A Tame(v) = % forall x,y € X and § € A. Then Ty5(x) A Tmis)(v) =
%. If possible, let Taps1(x - ¥) < Tame)(X) A T (v) A % = % Then Ty5(x) > % and
Tmis (y) = % But Ty (x-y) + % < %2—1— % = 1— k, which again a contradiction that M[]
is an (€, € Vqgx)-anti-intuitionistic fuzzy soft BCC-subalgebra of X. Therefore, Tp5(x - y) > % =
i) () A Tage) () A 52

Conversely, let for all x,y € X and § € A,

k—1

omis)(x - ¥) < oms(x) Voumg (v) Vv 5 (3.21)

Let x,y € X,6 € Aand t,s € (0,1] be such that op5(x) < t and ops(y) < s. Therefore,
oms)(X)Voms (v) < tVs. Then ops)(x-y) < t\/sv%. Now, if tVs > % then t\/s\/% =tVs.

Therefore,

om(x-y) <tVs. (3.22)
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Again, if t Vs > 51 then t vsv &L = K51 Therefore, opg(x - y) < tvsv it = 1 =
omp(x - y) +tVs< i+ 5L =1 — k. Then

omp(X-y) +tVs<1l—k. (3.23)

Conversely, let for all x,y € X and § € A,
k—1

Tams] (X - Y) = Tags)(X) A T (V) A 5 (3.24)

Let x,y € X,0 € Aand t,s € (0,1] be such that Ty5(x) > t and Tys(y) > s. Therefore,
Tams] () ATmgs (y) = tAs. Then Tys(x-y) > t/\s/\%. Now, if tAs < % then t/\s/\% = tAs.

Therefore,

Timie)(X - y) = tAs. (3.25)

. k—1 k=1 _ k=1 k=1 _ k=1
Again, If t As > 5=, then t As A “5= = “5=. Therefore, Tys1(x - y) 2 tASAH = 5 =

T (X y) +tAs > KL 4 51 =1 — k. Then
TM[(;](x-y)+t/\s> 1— k. (326)

Hence by (3.22), (3.23), (3.25), and (3.26), we have M[é] is an (€&, € Vqk)-anti-intuitionistic fuzzy
soft BCC-subalgebra of X. O

Theorem 3.12. An intuitionistic fuzzy soft set M[6] = {(x, opms)(x), Tme)(x)) | x € X, 6 € A} over
X is an (€, € Vqk)-anti-intuitionistic fuzzy soft BCC-subalgebra of X if and only if the level subset
L(M[d], t) = {x € X | oms) < t} and U(M[d], t) = {x € X | T5) = t} are BCC-subalgebras of X
for all t € (0, %)

Proof. Assume that M[6] = {(x,om@e(x). Tmis)(X)) | x € X, 8 € A} is an (€ € Vgk)-anti-
intuitionistic fuzzy soft BCC-subalgebra of X. Let t € (O,%) and x,y € L(MI[6],t). Then
ompe)(x) < t. It follows from (3.21) that ops)(x-y) < tvt\/% =t. Thusx-y € L(M][d], t). Hence,
L(M[é], t) is a BCC-subalgebra of X. Let t € (0, %) and x,y € U(M[8], t). Then Tp5(x) < t. It
follows from (3.24) that Ty5(x - y) > t AL A % =t so that x - y € U(M[¢], t). Hence, U(M][d], t)
is a BCC-subalgebra of X.

Conversely, assume that L(M[¢], t) and U(M|[d], t) are BCC-subalgebras of X for all t € (0, %). If
(3.21) is not valid, then there exist x, y € X and § € A such that o5 (x - y) > ons)(x) V oms (v) v
K51 Hence, we can choose t € (0,1) such that o5 (x - y) > t > opyp(x) V omp(y) V 552
Then t € (0, %) and x,y € L(M][d], t). Since L(M]d], t) is a BCC-subalgebra of X, it follows that
x-y € L(M[d], t) so that op5(x-y) < t. Thisis a contradiction. Therefore (3.21) is valid. If (3.24)
is not valid, then there exist x,y € X and § € A such that Tys1(x - ¥) < Tage)(X) A T (V) A %
Hence, we can choose t € (0,1) such that Tpys(x - y) < t < Tas)(x) A Tagge(v) A % Then
t € (O,%) and x,y € U(MI[é], t). Since U(M[6], t) is a BCC-subalgebra of X, it follows that
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x -y € U(MIJ], t) so that Tps1(x - ¥) > t. This is a contradiction. Therefore (3.24) is valid. Hence,
M(é] is an (€, € Vgk)-anti-intuitionistic fuzzy soft BCC-subalgebra of X. O

Theorem 3.13. An anti-intuitionistic fuzzy soft set M[8] = {(x, oms)(x), Tms) (X)) | x € X, 6 € A}
over X is an (€, € Vqx)-anti-intuitionistic fuzzy soft BCC-subalgebra of X and if ops(x) > %
and Ty5)(x) < % for all x,y € X and § € A, then M[] is an (&, €)-anti-intuitionistic fuzzy soft

BCC-subalgebra of X.

Proof. Let M[6] = {(x, opms)(X), Tmis) (X)) | x € X, 0 € A} be an (€, € Vgk)-anti-intuitionistic fuzzy

soft BCC-subalgebra of X and o5 (x) > 452 and Ty (x) < 452 for all x,y € X and § € A. Let

L <ompg(x) < tand 552 < oy (y) <'s. Then t Vs > 5510 Also oy (x - y) > 5. Thus

omp| (X y)+tVs> KL+ K51 =1 — k. Since M[6] is an (€, € Vgx)-anti-intuitionistic fuzzy soft
BCC-subalgebra of X, we have either oy51(x - y) < tVsoroye(x-y)+tVs <1—k Sowemust
have o5 (x - y) < tVs. Again, let t < Ty5(x) < % and s < Ty () < % Then tAs < %
and also Tps(x - y) < % Thus Ty (x - y) +tAs < % + % = 1— k. Since M[d] is an
(€, € Vgk)-anti-intuitionistic fuzzy soft BCC-subalgebra of X, we have either Ty5(x - y) > t A's or
Tms)(Xx - y) +tAs > 1—k. So we must have Ty51(x - y) > t A's. Hence, M[d] is an (€, €)-anti-

intuitionistic fuzzy soft BCC-subalgebra of X. O

Theorem 3.14. Let M[5] = {(x, opm5)(x), Tms1(X)) | x € X, 6 € A} be an intuitionistic fuzzy soft set
over X. Then M[0] is an (€, € Vqx)-anti-intuitionistic fuzzy soft BCC-subalgebra of X if and only
if [oms)le and [Tas)le are BCC-subalgebras of X for all t € (0,1]. We call [ow5]: and [Tapgle as
(€, € Vqk)-level BCC-subalgebras of X.

Proof. Assume that M[6] = {(x,ompe(x). Tms)(X)) | x € X, 8 € A} is an (€ € Vgk)-anti-
intuitionistic fuzzy soft BCC-subalgebra of X. Let x, y € [ops]t for £ € (0, 1]. Then ops(x) < t or
oms)(x) +t < 1and oy (y) < toroye(y)+t <1 Since M[d] is an (€, € Vgx)-anti-intuitionistic
fuzzy soft BCC-subalgebra of X, we have ops5(x - y) < oms(x) V oms () Vv % for any x,y € X
and 6 € A. Now we have the following cases.

Case 1: ops)(x) < t,omg(y) <t let t < % Then o5 (x - ¥) < omis)(x) V oms (y) Vv % =
t\/t\/% = %:>0M[5](x-y) < %:>0M[5](X~y)+t< %nL%: 1— k. Again, if t > %
then ows1(x - y) < oms(X) V ome (v) V El<tvivil=t= omp(x-y) <t

Case 2: ops)(x) S t,ome () +t<1—k, lett < % Then ops1(x - y) < opme)(X) V oms () vV
BElo<tv(i—-k-t)vElo=1—k-t= omp|(X-y) <1—k—t= oy (x-y)+t<1-—k. Again,
if t > 551 then o5 (xy) < omps () Voug (V) VESE < tv(1—k—t)vEL =t = oy (x-y) < t.

Case 3: opg)(x) +t <1—k, oy (y) <t let t < % Then ops1(x - y) < opme)(X) V oms (v) vV
B2 < (1—k—t)VivERL = 1—k—t = oy (x-y) < 1—k—t = oy (x-y)+t < 1—k. Again, if
t > 551 then o (x-y) < omg () Vomg (V) VESE = (1—k—t)ViVESL = t = oy (x-y) < t.
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Case 4: ops)(x) +t<1—k,oyp(y) +t<1—k lett< % Then ops1(x - y) < oms)(x) Vv
o (V) VERE < (l—k-—t) vl —k-t)VEA2 =1—k—t=oygx-y) <1—k—t=
omp(x - y) +t < 1—k Again, if t > % then op51(x - y) < oms)(x) V ome(v) vV %2 =
(I-k-t)v(l—k-t)vElo=51<t= oya(x-y) <t

Hence, from above four cases, [o5]+ is @ BCC-subalgebra of X. Similarly, we can prove [Tps)]t
is a BCC-subalgebra of X.

Conversely, let [oys)]e and [Tas]e are BCC-subalgebras of X for all t € (0,1]. Suppose MId] is
not an (€, € Vqk)-anti-intuitionistic fuzzy soft BCC-subalgebra of X, then there exist a, b € X such
that at least one of aps(a-b) > ops(a) vV oums (b)) V % or Tys)(a-b) < sy (@) A Tags)(b) A %
hold. Suppose ows1(a- b) > opms(a) V omis(b) V % is true, then choose t € (0, 1] such that

1—k
UM[(;](a . b) >t > UM[5](3) V O'M[é](b) V T (3.27)

Then oys(a) < tooyp(b) <t = a,b € (omp)e € [omsle, which is a BCC-subalgebra of X.
Therefore, a- b € [oys)]e = omp(a- b) < toroyp(a-b) +t <1 —k, which contradict (3.27).
Again, if Tps1(a- b) < Tamis1(@) A Tas (b) A % is true, then choose t € (0, 1] such that
1—k

TM[5](a . b) <t< TM[5](2) VAN TM[5](b) VAN T (328)
Then Tys1(a) > t, Ty (b) > t = a,b € (Tyg)e S [Tmpsyle, which is a BCC-subalgebra of X.
Therefore, a- b € [Ty5lt = Tmig(a- b) > t or Tys(a- b) +t > 1 — k, which contradict (3.28).
Hence,

k—1
omis)(x - ¥) < oms(x) V ous (x) V 5

and
-1

k
Tams) (X - ) 2 Tgs)(X) A Tgsy (X) A 5

forall x,y € X and § € A. Hence, M[d] is an (€, € Vqk)-anti-intuitionistic fuzzy soft BCC-subalgebra
of X. O

Definition 3.13. Let X and X' be two BCC-algebras. Then a mapping f : X — X' is said to be a
BCC-homomorphism if f(x-y) = f(x) - f(y) forall x,y € X.

Theorem 3.15. Let X and X' be two BCC-algebras and f : X — X' be a BCC-homomorphism. If
MI[6] = {(x, oms)(x), Tmps) (X)) | x € X', 6 € A} is an (€, € Vq)-anti-intuitionistic fuzzy soft BCC-
subalgebra of X', then f=1(MI[6]) = {(x, f " (ome))(x). f Hompe)) (X)) | x € X, 6 € A} is also an
(€, € Vq)-anti-intuitionistic fuzzy soft BCC-subalgebra of X.
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Proof. Let M[d] = {(x, oums)(x), Tmis) (X)) | x € X', 0 € A} be an (€, € Vg)-anti-intuitionistic fuzzy
soft BCC-subalgebra of X’. Let x,y € X. Then

xe.¥s € f Hompe) = F Howmp)(x) < tand FH omp)(y) <s

= ompf(x) <tand oy f(y) <s
= (f(x))t € oms) and (F(y))s € omys)
= (f(x) - f(¥))tvs € omps)
= (f(x-¥))tvs € Ome)
= om)(f(x-y)) <tVvsoroyg(fix-y)+tvs<l
= FHomp(x-y) <tvsor F i oygx-y)+tvs<l1
= (X ¥)tvs € f_l(UM[é]) or (x-¥)tvs € qf‘l(aM[5])
= (x-¥)evs € Vaf Homg)

and

Xe,¥s € F N Tme) = FH(Tm)(X) > tand F 1 () (v) > s

= Tumsf(x) >t and Ty f(y) > s
= (f(x))t € Tmps) and (F(¥))s € T
= (F(x) - F(¥))ens € Tmpe)
= (f(x-¥))trs € Tmps)
= T (f(x-y)) > tAsor Ty (f(x-y) +tAs>1
= (g (x-y)) > tAsor FHTyp(x-y) +tAs>1
= (X ¥)trs € f_l(TM[é]) or (x-¥)tns € le_l(TM[é])
= (X ¥)trs € \/le_l(TM[é])-

Therefore, f=1(M[8]) is an (&, € Vq)-anti-intuitionistic fuzzy soft BCC-subalgebra of X. O

Theorem 3.16. Let X and X' be two BCC-algebras and f : X — X' be an onto BCC-homomorphism.
If M[8] = {(x, oms)(X), Tme) (X)) | x € X', 0 € A} is an intuitionistic fuzzy soft set over X" such that
FHMIO]) = {(x, FHome) (X), FHomp)) (X)) | x € X, 8 € A} is an (€, € Vq)-anti-intuitionistic
fuzzy soft BCC-subalgebra of X, then M[a] is also an (€, € Vq)-anti-intuitionistic fuzzy soft BCC-
subalgebra of X'.

Proof. Let X', y" € X" and a € A be such that x{, y¢ € oo and xi, ye € Tps), Where t, s € [0, 1].
Then o (X') < t, oOmeg(y') < s and Tayo(X') > t, Tayeg(y’) = s. Since f is onto, there exist
x,y € X such that f(x) = x/, f(y) = y'. Since f is a BCC-homomorphism, f(x-y) = f(x) - f(y) =
x"-y'. Thus
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m(F(x)) < tand oy (f(y)) <s

FH omp)(x) < tand FH oy)(y) < s

()t € FHomp) and ys € FHom)

(x-¥)tvs € VA Hopa))

FHomp)(x-y) <tVsor fHoye)(x-y)+tVs<1
oma](F(x-y)) S tVsoroyg(f(x-y)+tvs<l1
Opm(X - Y') StVsoroygX -y)+tvs<l1

(X" ¥ )tvs € VAT

Xt, Yo € O]

L T T A

and

Tmi (F(X)) = t and Ty (F(¥)) = s

FH (Tmgeg) (x) >t and (T () > s

(X)e € FH(Tums) and ye € 1 (Tapgg))

(X ¥)ins € VA H(Tya)

F (Tipag) (X - y) = tAs o F (T (X y) +tAS > 1
T (F(x - y)) >tV s or Ty (F(x-y)) +tAs>1
Time) (X - y') > tAsor Tyg(X -y ) +tAS>1

(X" ¥)tns € VAT -

X;, yé € TI\/l[a]

O T N

4

Hence, M[a] is an (€, € Vg)-anti-intuitionistic fuzzy soft BCC-subalgebra of X’. O

4. Conclusion

In the present paper, we have introduced the concepts of (€, € Vg)-anti-intuitionistic fuzzy soft
BCC-subalgebras and (&, €)-anti-intuitionistic fuzzy soft BCC-subalgebras of BCC-algebras. The
BCC-homomorphic image and inverse image are investigated in (€, € Vg)-anti-intuitionistic fuzzy
soft BCC-subalgebras of BCC-algebras. Characterizations of (€, € Vqg)-anti-intuitionistic fuzzy soft
BCC-subalgebras of BCC-algebras are provided.
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