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I.  Introduction

To develop the theory of BCl-algebras, the ideal theory plays an important role. Liu and Meng [6]
introduced the notion of T-ideals and T-ideals in BCI- algebras. Liu and Zhang [7] discussed the fuzzification of
T-ideals, gave relations between fuzzy ideals, fuzzy T-ideals and fuzzy p-ideals. They also considered
characterizations of fuzzy T-ideals. Using the notion of fuzzy T-ideals, they provided characterization of
associative BCl-algebras. After the introduction of fuzzy sets by Zadeh [9], there have been a number of
generalizations of this fundamental concept. The notion of intuitionistic fuzzy sets introduced by Aranassov [1,
2] is one among them. In this paper, we apply the concept of an intuitionistic fuzzy set to T-ideals in BCI-
algebras. We introduce the notion of an intuitionistic fuzzy T-ideal of a BCl-algebra, and investigate some
related properties. We provide relations between an intuitionistic fuzzy ideal and an intuitionistic fuzzy T-ideal.
We give characterizations of an intuitionistic fuzzy T-ideal. Using a collection of  T-ideals, we establish
intuitionistic fuzzy T-ideals.

I1.  Preliminaries
Algebra (X; *, 0) of type (2, 0) is called a BCl-algebra if it satisfies the following conditions:
Xy, zeX (x*y)*(x*2z))*(z*y) =0,
(1) x,yeX (x*(x*y)*y=0,
() xeX, x*x=0,
(V) x,ye X, X*y=0,y*x=0 x=y,

We can define a partial order ‘<’ on X by x <y if and only if x * y = 0. Any BCl-algebra X has the following
properties:

(T1) x € X,x*0 =X

(Txy,ze X, (x*y)*z=(x*2) ™y,

(T X, ¥, ze X, X<y, X*z<y*z,2*y<z*Xx,

A mapping p: X — [0, 1], where X is an arbitrary nonempty set, is called a fuzzy set in X. For any
fuzzy set win X and any t € [0, 1] we define two sets U (u; t) = {Xx € X:u(x) >t} and L (u; t) = {x € X: p(x) <
t}, which are called an upper and lower t-level cut of p and can be used to the characterization of pu. As an
important generalization of the notion of fuzzy sets in X, Atanassov [1, 2] introduced the concept of an
intuitionistic fuzzy set (IFS for short) defined on a nonempty set X as objects having the form A = {x, pa(x), A
A(X) : XeX} where the functions p o : X — [0, 1] and A A : X — [0, 1] denote the degree of membership
(namely p A(x)) and the degree of non-membership (namely A A(X)) of each element xe X to the set A
respectively, and 0 <ua(x) + A a(X) < 1 for all xeX. Such defined objects are studied by many authors (see for
Example two journals: 1. Fuzzy Sets and Systems and 2. Notes on Intuitionistic Fuzzy Sets) and have many
interesting applications not only in mathematics (see Chapter 5 in the book [3]). For the sake of simplicity, we
shall use the symbol A = <X, pa, Aa>for the intuitionistic fuzzy setA = {x, pa(x), Aa(x): X € X}.

Definition 2.1: A nonempty subset A of a BCl-algebra X is called an idealof X if it satisfies:
(IM)0eA (I2)x,ye X,ye A, x*ye A=> X e A
Definition 2.2A non-empty subset A of a BCl-algebra X is called a-ideal of X if it satisfies
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(Mand (I3)x,ye X, (zcA)(x*2)*0*y)e A= y*xeA)

Definition 2.3: A non-empty subset | of BCl-algebra X is called an R-ideal of X, if
10el,2.(x*x2)*(z*y)elandyel=xel

Definition 2.4: A fuzzy subset p in a BCK-algebra X is called a fuzzy p-ideal of X, ifl.u (0) > p (x),
2. px)zmin{p((x *2)* *y)), Y} VX y zeX

Definition 2.5: Ideal | of a BCl-algebra (X, *, 0) is called closed if 0 * x € I, for all x € I.
Definition 2.6: Let A and B be two fuzzy ideal of BCI algebra X. The fuzzy set A n B with membership
function

Ua~ gis defined by pa ~s(x) = min {pa(x), us(X)}, ¥x € X

Definition 2.7: Let A and B be two fuzzy ideal of BCI algebra X. Thefuzzy set AuB with membership function
uau g is defined by pa g(X) = max {ua(x), ts(X)},V X € X.

Definition 2.8: Let A and B be two fuzzy ideal of BCI algebra X with membership functions pa and pg
respectively. A is contained in B if pa(X) < pa(X), V X € X.

Definition 2.9: Let A be a fuzzy ideal of BCI algebra X. The fuzzy set Am with membership function pa™
isdefined by pa"(x) = (ua(X)) ", X € X

Definition 2.10: Let p is a fuzzy set in X. The complement of p is denoted by p and is defined as
wx)=1- ux), v x € X.

Definition 2.11: Let A = (X, pa, Aa) be an intuitionistic fuzzy set in X. Then (i) ~A = (X, pa, 1 a) and
(ii). CA= (XX a, Ap).

Definition 2.12: An intuitionistic fuzzy set A in a non-empty set X is an object having the formA = {(x, pa(X),
(X)) 1 x € X}, where the function pa: X — [0, 1] and A o} X — [0, 1] denoted the degree of membership
(namelypa(X)) and the degree of non-membership(namely Aa(X)) of each element x € X to the set A
respectively, and 0 <pa(x) + A a(X) <1 for all x € X.

Definition 2.13: An I[FS A =< X, p a, A a>in a BCl-algebra X is called an intuitionistic fuzzy sub-algebra of X if
it satisfies: X,y € X1.p o (X *y) > min {p a(X), 0 a(W)}), VX, ¥y € X
20 a(X *y) <max {Aa(x), L a(Y)}

Definition 2.14: An intuitionistic fuzzy set A = (X, p a, A a) in X is called anintuitionistic fuzzy ideal of X, if it
satisfies the following axioms: (IF1) p A (0) > p A (x) and A A (0) <A A (X),

(IF2) pa (X) = min {pa (x * y), pa (V)},
(IF3) A A (X) <max {7\‘ A (X * y), 7LA (y)}, Y X, VAS X

Definition 2.15: An intuitionistic fuzzy set A = (X, p a, A a) in X is called an intuitionistic fuzzy closed idealof
X, if it satisfies (IF2), (IF3) and the following:(IF4) pa (0 *X) >pa(x)and Ao (0*X) <A A (X), VX € X

Definition 2.16: An IFS A = <X, p a, Aa> in X is called an intuitionistic fuzzy a-ideal of X.
If it satisfies (2.12) and (X, ¥,z € X) L.pu a(y *X) >min {pa (X *2) * (0 * y)), n a (2)}
20 Ay * x) =max {ia (x *2)* (0 * y)), A a (2)}

I11.  Intuitionistic Fuzzy T-ldeals
In what follows, let X denotes a BCl-algebra unless otherwise specified. We first consider the
intuitionistic fuzzification of the notion of T-ideals in a BCl-algebra as follows.

Definition 3.1: An intuitionistic fuzzy set A = (X, 1 a, A a) in @ BCl-algebra X is called an intuitionistic fuzzy
T-ideal of X, if (IFT1) p A (0) >pa (x)and A 5 (0) <A A (X),

(IFT2) pa (X * 2) =min {p A (x* (y *2)), p a (V)},
(IFT3) & o (X * 2) <max {A a (x *(y*2)), ha ()}, for all x, y, z € X.
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Definition 3.2: An intuitionistic fuzzy set A = (X, 1 a, A a) in @ BCl-algebra X is called an intuitionistic fuzzy
closed T-ideal of X, if it satisfies (IFT2), (IFT3) and the following:
IFT4H) pa(0*xX)>p A x)anda (0*X) <A a(X), VX E X

Definition 3.3: Let A = (X, pa, Aa) be an intuitionistic fuzzy set in a BCl-algebra X. The set U (ua; S) = {x €
X:ua(x) > s} is called upper s-level of u 4 and the setL (A a; t) = {x € X: Aa(X) <t} is called lower t-level of A a.

Theorem3.4: Every intuitionisticic fuzzy T-ideal is an intuitionistic fuzzy ideal in BCI-Algebras.

Proof: vV x,y,z € X.

1.we have p A (0) > p A(x), A a (0) <A a(X) and

2. (x*z) =2 min {p A (x*y)*2), pa ((y)}, Putting z =y.

Ha(Xy) =min {pa (x*y)*y)), wa(V)}

> min {p A(x*0), p A ()},

Ha(X*y) >min {pa(x), pa(y)forallxyeX

3.4 a (x*2) =max{ia (x*(y*y)), L a ((¥)}, Puttingz =y.
A a(x*y) < max{ia (x*0), A a(Y)}
<max {A a (x*0), A A (Y)},

A a(X*y) <max {Aa (X), A a (Y), forall X,y € X.

Theorem3.5: Every intuitionisticic fuzzy T-ideals is an intuitionistic fuzzy p-ideals in BCI-Algebras.

Proof: V x,y,z € X.
1. Wehave p A (0) > pn A(x), A a (0) <X a(X)
2.pa(X*z)Zmin {pa ((x*y) * 2), na ()}
Ha(X*2)Zmin {pa((x*2) *y), na ()}
Ha (X*2)Zmin {pa((x*2) * (y*0)), pa (Y)}, putz=0
pa (x*0) =min {u A ((x *2) * (y*2)), u A (V)}
pa(X) Zmin {p A ((x *2) * (y*2)), p a (V)}
3. A a (X*2) <max {ka ((x *y) *2), L A ()}
Aa(x*z)<max {La((x*2) *y), A a((Y)}
A (X*z) <max {A A ((x *2) * (y*0)), L a ()}, putz=0
A (x*0) <max {Aa((x*2) * (y*2)), L a (V)}
A a(X) <max {Aa((x*2) * (y*2)), A a (V)}

Theorem3.6 Every intuitionisticic fuzzy T-ideals is an intuitionistic fuzzy H-ideals in BCI-Algebras.

Proof: V x,y, z € X.
1. We have p A (0) > p A(x), L a (0) <A a(X)
2.pua(X*2)=min {pa((x*y) *2), na()}
pa(X*2)=min {ua((x*z) *y), pa ()}
Ha (X*Z)=min {pa (X *(2*0)) * (y*0)), pa ()}, putz=0
B (X* 0)=min {p a((x *(z*2)) * (y*2)), na (V)}
B a (X)=min {pa((x *0) * (y*2)), n a (V)}
pa ()= min {pa((x* (y*2)), pa ()}
3. ha (X*2) <max {Aa((x*y) *z), A a(Y)}
A (X*2) <max {La((x *2) * y), A a (W)}
A a (X* Z)<max {A a((x *(z*0)) * (y*0)), A a (V)}, putz=0
A a (x*0) =max {La((x *(z*2)) * (y*2)), L A ()}
A a (X)=max {L a((x *0) * (y*2)), L A (Y)}
A (X)=max {pa((x*(y*2)), A a ()}

Theorem 3.7: Let A = (X, pa, Aa) be an intuitionistic fuzzy T-ideal of a BCl-algebra X. Then so is ~A = (X, p
A H_A)-

Proof: 1. we have p A (0) > p A(x),
=>1-pa0)<1-pal),
>u a(0)<p aX), VXeEX
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Let us Consider, V X, Y, Z € X,

2. pa(X* z) Zmin {p A (x*(y *2)), n a(Y)}

= 1-paXx*2)<1-min {1-pa ((x*y) *2), 1 - paly)}
S A *2) <T-min {1—pa(x*Y) *2), 1 p AW}
>p A (x*z)=max {u a (X *y) *2), © a(V)}

Hence ~A= (X, a, 1 o) isan IFT-ideal of X.

Theorem 3.8: Let A = (X, pua, Aa) be an intuitionistic fuzzy T-ideal of a BCl-algebra X.
Then so is OA = (X, X a, A ).

Proof: we have A 5 (0) <A a(X)
=1 1_)\4A(0)21_)\'A(X)
A A (0) > A(X), VX € X
Let us Consider, V X, Y, Z € X,
A (X*2z) <max {Aa ((X*y) *2), L a(Y)}
= 1-2ha(X*2)>1-max {1 -1 a ((X*y) *2), 1 -1 a(Y)}
=k aX *z) =1 —max {1 -k a((x*y) *z), 1 -1 a(Y)}
Sk a(x*2)=min{L A ((X*y) *2), A a(V)}
Hence OA = (X, a, A ) isan IFT-ideal

Theorem 3.9: A = (X, pa, A ) be an intuitionistic fuzzy T-ideal of a BCl-algebra X if and only if —A = (X, p a,
WA OA=(X, A aAa)and B=(X, 1 a, A ) are intuitionistic fuzzy T-ideals of a BCl-algebra X.

Proof: 1. we have p a (0) > p a(X),
=>1-pa0)<1-pal),
=>“_A (0) S}J,_A(X), VX€EX

2. Let us Consider, V X, y, Z € X,

pa(x * z) = min {ua ((X*y) *z), pa(y)}

= 1-pa(x*z)<1-min {1 -pa ((x*y) *2), 1 -paly)}
=W AX*2)<1-min {1-pa((x*y) *2), 1-pa)}
>p A (x*z)=max {u a ((x*y) *2), b a(V)}

Hence "A=(X, pa, 1 a) isan IFT-ideal of X.

3. We have A a (0) <A a(X)
= 1*7\'A (O)El*)\,A(X)
ﬁ)u_A (0) EX_A(X), VXEX

4. Letus Consider, V X, Y, Z € X,

Aa (X * ) <max {a ((X*y) *2), A a(Y)}
21-AaX*2)>1-max {1-Xa((X*y) *2), 1A a(y)}
SN AX*2) >1—max {1 -1 a((X*y) *2), 1 - X a(Y)}
Sk aX*2)>min {L A ((X*Yy) *2), L sV}

Hence OA = (X, L a, A a)is an IFT-ideal

Theorem 3.10If A = (X, u a, A a) be an intuitionistic fuzzy closed T-ideal of a BCl-algebra X, then so is —=A =
XAl A

Proof: Vv x € X, we have p o (0 * X) > p a(X),
>1-pa(0*x)<1-pa(X), =2pa0*x)<pa),
Hence ~A = (X, ua, L a) is an intuitionistic fuzzy closed T-ideal of X.

Theorem 3.11: If A = (X, 1 a, A a) be an intuitionistic fuzzy closed T-ideal of a BCl-algebra X, then so is 0A =
XL A ha)

Proof: V x € X, We have L A (0 * x) <A A(X),
> 1N a(0*X) =14 a(X), =X A (0*X) =17 a(X),
Hence, 0A = (X, L~ a, A a) is an intuitionistic fuzzy closed T-ideal of X.
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Theorem 3.12: A= (X, 1 a, A ) be an intuitionistic fuzzy closed T-ideal of a BCl-algebra X. If and only if-A =
(X, ta, U a), QA= (X, A a, A a) and B=(X, A a, Aa) are Intuitionistic fuzzy closed T-ideals of BCl-algebra X.
Proof: 1.V X € X, we have p 5 (0 * X) > p a(X),

=1-pa0*x)<1-palx),=pA0*x)<pAX),

Hence —A = (X, pu a, L~ A) is an intuitionistic fuzzy closed T-ideal of X.

2.V x€e X, Wehave A a (0*X) <A a(X),

1A a(0*x)>1-A a(X)

=k A (0% %) 24 a(X),

Hence, 0A = (X, A a, A a) is an intuitionistic fuzzy closed T-ideal of X. And B = (X, A a, A 4) are Intuitionistic
fuzzy closed T-ideals of BCl-algebra X.

Theorem 3.13: A = (X, pa, Aa) be an intuitionistic fuzzy T-ideal of a BCl-algebra X if and only if the non-
empty upper s-level cut U(u,; s) and the non-empty lower t-level cut L(A,; t) are T-ideals of X, for any s, t € [0,

1].

Proof: Suppose A = (X, pua, Aa) is an IFT-ideal of a BCl-algebra X. v s, t € [0, 1],

Define the sets U (ua; S) = {X € X: pa(X) > s} and L (Aa; t) = {x € X: 2a(X) <t}.

Sine L (Aa; t) 70, for X € L (Aa; 1) 2Aa(X) <t 224(0) <t =0€ L (Aa; 1)

Let (x *y) *z) € L (Aa; t) and y € L (Ma; t) implies Aa ((x*y) *z) <tand Aa(y) <t.

Sing, V X, Y, Z € X, Aa(X) <max {a((X*y) *2), L a()} <max{t, t} =t, 2ra(X) <t.

Therefore x *z € L (Aa; 1),V X, Y, Z € X. Hence L (A; t) isa T-ideal of X.

Similarly, we can prove U (u a; S) is a T-ideal of X.

Conversely, suppose that U (u a; s) and L (A a; t) are T-ideal of X, for any s, t € [0, 1].If possible, assume X, X
such that pa (0) <p a (Xo) and A o (0) > A a(Yo). Putse =1/2 [pa (0) + p a (Xo0)]

= S< 1 a (%), 0 <pa (0) <3< 1= X0 € U (ua; So)- SinceU (u a; So) is a T-ideal of X, we have 0 € U (ua; So)
=pua (0) >s,. Thisis contradiction. Therefore pa (0) >pa(x), ¥V X € X, Similarly by taking t, = 1/2 [Aa (0) + A a
(Yo)], we can show A 4 (0) <Aa(y), V Y € X. If possible assume X, Yo, Zo€ X such thatua (X, * 2 o) <min {p A (X,
*Y o) * o), ua(Yo)}- PUt So = 1/2 [ A (Xo * Z5) + min {p a ((Xo™ Yo) *Zo)1t A(Yo)} = So> 1 A (X0), So< p A ((Xo*Y
0)*20), and Se< p A (Y o) = X o€U (1 a; S), (X *(Y 0 *20)) € U (na; So) andy o€ U (ua; ), which is contradiction to
T-ideal U (p p; s). Therefore p a(X *z) > min {pa (X*y) * 2), p AW} V X, Y, Z € X, Similarly we can prove
(X *2) <max {a (X*y) *2), LA VX, Y, ZEX.

Hence A = (X, pa, A 4) is an intuitionistic fuzzy T-ideal of a BCl-algebra X.

Theorem 3.14: A = (X, p a, A a) iS an intuitionistic fuzzy closed T-ideal of a BCl-algebra X if and only if the
non-empty upper s-level cut U(pa; S) and the non-empty lower t-level cut L(Aa; t) are closed T-ideal of X, for
anys, t€[0, 1].

Proof: Suppose A = (X, pa, Aa) is an intuitionistic fuzzy closed T-ideal of a BCl-algebra X. We have pa (0 * X)
> 1 a(x) and Aa (0 * X) < Aa(X), for any x € X. V X € U (ua; S), = X € X and pa(X) > s =pa(0*x) >s, = 0*x €
U(ua; S). And X € L (Ap; t) = x € X and Aa(X) <t=2a (0 *X) <t = 0 * X € L (Aa; t), Therefore U (ua; s) and L
(Aa; t) are closed T-ideals of X. Converse, it is enough to show that pia (0 * X) >pa(x) and A (0 * X) <AA(X), V X
€ X. If possible, assume xo € X such that pa (0 * Xo) < pa (Xo). Take So = 1/2 [ua (0 *x) + pa (X)] =na (0 *Xo)
<< a (Xo). = X0E U (pa; S), but 0 * X,€ U (ua; S), which is contradiction to closed T-ideal. Hence pa (0 * X) >
wa(x), v x v X. Similarly we can prove that Aa (0 * X)<hia(x), V X € X

Corollary 3.15If A = (X, pa, Aa) be an intuitionistic fuzzy closed T-ideal of X, then the sets
J={XEeX pax)=pa(0)}and K={x € X: Aa(x) = A a (0)} are T-ideal of X.

Proof: Since0 € X, pa(0)=p a(0)and A o (0)=X1 A (0) implies0 € Jand 0 € K, So J =0 and K= ®. Let ((x *
y) *z) €Jandy € J =pa((X *y) * 2) = pa (0) and p a(y) = p a (0). Since p a(X * 2) = min {ua (X *y) * 2), p
A} =1 A (0), 2pa(X) >pa(0), but p A (0) >pa(x). It follows that x € J, for all X, y, z € X. Hence J is T-ideal of
X. Similarly we can prove K is T-ideal of X.

Definition 3.16: Let f be a mapping on a set X and A = (X, 1 a, A ) @n Intuitionistic fuzzy set in X. Then the
fuzzy sets u and v on f(X) defined by U(y) = sup pa(X) and V(y) = inf. Aa(X),

xef (y) xef(y)

vy € f(X) is called image of A under f. If u, v are fuzzy sets in f(X) then the fuzzy sets pa = uo fand Ap = vo f
is called the pre-image of u and v under f.

DOI: 10.9790/5728-11141825 www.iosrjournals.org 22 |Page



Intuitionistic Fuzzification of T-Ideals In Bci-Algebras

Theorem 3.17: Let f: X — X! is onto homomorphism of BCl-algebras. If A'= (X%, u, v) is an intuitionistic
fuzzy T-ideal of X*, then the pre-image of A under f is an intuitionistic fuzzy T-ideal of X.

Proof: Let A = (X, a, Aa), where pa =u o fand Ax = v 0 f is the pre-image of A’= (X}, u, v) under f. Since A' =
(X}, u, v) is an intuitionistic fuzzy T-ideal of X
We have u (0%) > u (f(x)) = pa(x) and v (0%) < v (f(x)) = Aa(X).
On other hand u (0%) =u (£ (0)) = n A (0) and
v (0H)=v (f(0)=24(0).
Therefore pa (0) > pa(x) and Aa (0) ha(X), VX € X
Now we show that 1) u o (X * 2) >min {p A (X *Y) * 2), u a(V)},
(2) ha (x* z) <max {ha (X *y) *2), AW} VX Y, ZV X,

We have pa(x * z) = u (f X) * f (2)) = min) {u ((f(x) * T (y))*f (2)), u(y)}, v y € X, since f is onto
homomorphism, there is y € X such that f(y) = y*
Thus p a(x * z) = min{u((f(x) * f(y))* f(2)), u(y)} = min{u((f(x) * f(y)) * f(2)), u(f(y))}

=min {u (f((x *y) *z), u(f(y))} =min {p aA((X *V)*z), p a(V)}, V X, ¥, Z € X. Therefore the result
pa(X * 2) = min {pa((x *y) * 2), pua(y)}, istrue V x, y, z € X, because y is an arbitrary element of X and f is onto
mapping. Similarly we can prove Aa(X * z) < max{ia ((X*y) * 2), A A(V)}, ¥V X, Y, Z € X. Hence the pre-image A
= (X, p A, L A), of A isan intuitionistic T-ideal of X

Theorem 3.18: If A is an intuitionistic fuzzy T-ideal of BCl-algebras X, then A™ is an intuitionistic fuzzy T-
ideal of BCl-algebras X.

Proof: We have
L pa@2pa®), {na@}™> a0 ua@ ™>pa)" 1na"0)>pa"(x),
Aa@<Aa),and Aa@F"<AaXF"Aa@"<Aa(X)™ AA"0)<AA"(X), VXE X

2. pa(X *2) 2min {ua ((X*y) *2), pa()},

{Ba(x * 2)} "> {min {pa (x* )y * 2), pa(}t "

pa(x * z) m =min {ua ((x*y *) 2), pa()} ",

pa(X *Z) m =min {pa ((X*y) *2) ", pa(y) "}

pa" (x * )= min {pa (X*y) * 2), na(y) "} V X, y, Z € X and

3. Aax*z)<max {Aa((X*y)*2),Aa()}

L a(x* 2)} "< {max { L A((X*y) * 2), A a(Y)}}"

A a(x * 2) "<max { A a (X*Y) * 2), LAY} "

Aa(x*2z) "<max {La((X*y)*2) ", Aaly) "}

LA™ (x*z) <max { L a((X*Y) *2) ", L A(Y) "H VX, Y, ZEX

Theorem 3.19: if A and B are two intuitionistic fuzzy T-ideal of BCl-algebras X, if one is contained another
then prove that An B is an intuitionistic fuzzy T-ideal of BCI- algebra X.

Proof: We havel. pa(0)>pa(x)and pg (0)>pp (X), VXE X
min {p A (0), pg (0)} =min {p A (x), ps (X)}
1 an 8(0) =min {ua (x), ns (X}
pane(0)>pas(X),VXx€EXand
Aa(@)<Aiax)andrpg (0)<Ap(X),VXEX

min {A 4 (0), 2 (0)} <min {A A (x), A& (X)},
A A~ B (0) <min {)\, A (X), A B (X)}
Aang (0)<Aag(X),VxeX Wehave

2. pa(x*z)Zmin {pa ((x* ¥)* 2), pa(y)} and pg(x * z) > min {pg (x*(y * 2)), ps(y)}
min {pa(x * z), pa(X * 2)} > min {min {pa ((X* y) *2), pa(y)}, min {ps ((X*y) *2), us(y)}}
Hane (X*2)=min {min {pa ((X*y)* 2), us (X*y)* 2)}, min {pa(y), pa(y).}}
Hane(X*2) = min {pars((X*y) *2), pa s M} VX Y, ZEX

3. ha(x*z)<max {ha ((X*y)*2), ka (y)} and A g (X * 2) <max {A g ((X*Y) *2), A& (V)}
min {A (X *2), L g(X * 2)} <min {max {A a ((X*y) * 2), k a(y)}, max {L g ((X*y) *2), ks(¥)}},
if one is contained another
A an B(X*2Z) <max {min {} A ((X*Y) * 2), L& ((X*y) * 2)}, min {Xa(y), 2 a(Y),}}
Aans(X*Z)<maxPas((X*Y) *2), A as(W)}H VXY, ZEX
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A n Bisan intuitionistic fuzzy T-ideal of BCI- algebra X

Theorem 3.20: If Aand B are two intuitionistic fuzzy T-ideal of BCl-algebras X, if one is contained another
then prove that Au B is an intuitionistic fuzzy T-ideal of BCl-algebras X.

Proof: We have
1L pa(@)=pax)andpg(0)=ps(X)
max {p A (0), ps (0)} >max {pa(x), ns (X)}
1 aue (0) = max {ua (x), pe (X)} VX EX,
waue(0) > pase(X), ¥V X € X, and
Aa(0)<Aa(x)and g (0) <Ag(x)forall x € X,
max {ia (0), A g (0)} <max {Aa X),A s (X)}
Aaus (0)<max {Aa(X),rs (X)}
}\fAu B(O) S}bAu B(X), VXeX
2. pa(x *2) =min {ua ((X*y) *2), pa(y)} and pg(X * z) = min {ps ((X*y) *2), us(y)}
max {pa(x * ), ps(X * )} Zmax {min {pa ((X*y )*2), pa(y)}, min {ps ((x*y)* z), us(y)}3}

If one is contained another

HauB(X * Z) 2 min {max {pa ((X*y) *2), g ((X*y) *2)}, max {pa(y), na(y).}}
Haus(X ™ Z) Zmin {uas ((X*y)*2), pave(¥)} VX, Y, 2 € Xand

3. Aa(X*2) <max {ha((X*y) *2), Aa (y)} and A g (X* 2) <max {A g ((X*Y) *2), A5 (V)}
max {A a(x*z), A g(x*2)} < max {max {A a (X*y)*2), X a(y)}, max {1 g ((x*y)*2), L 6(Y)}}

If one is contained another

A auB(X*Z) <max {max {A a ((X*¥)*2), A g (X*¥)*2)}, max {A a(y), 2 a(¥).}}
A aos(X*2) <max {Aaue ((X*Y)*2), A ace M}V X, Y, ZE X

Au B is an intuitionistic fuzzy T-ideal of BCl-algebras X.

Theorem3.21: An IFS A = (aa, Ba) IS an intuitionistic fuzzy T-ideals of X if and only if the fuzzy sets o and Ba
are fuzzy T- ideals of X.

Proof: A = (aa, Ba) is an intuitionistic fuzzy T-ideals of X.
Clearly, aa is a fuzzy T-ideals of X. V x,y, z e X,
We have Ba (0) = 1- Ba (0) = 1- Ba (x) = Ba (X),
Ba (x*2) = 1- Ba(x*2)
> 1-max {Ba (X *Y) * 2), Ba (¥)}
=min {1- Ba (X *y) * 2), 1- Ba (V)}
Ba (x*z) =min {Ba ((X *Y) * 2), Ba (V)},
Hence Ba is a fuzzy T-ideal of X.
Conversely, assume that o, Ba are fuzzy T- idealsof X. V x,y, ze X,
We get aa (0) > aa (X), 1- Ba (0) = Pa (0) = Ba (X) =1 - Ba (X)
Ba (0)< Ba (X); aa (X)=min {aa (X *y) *2), aa (Y)} and
1-Ba (x*z) = Ba (x*2) = min {Ba (X *y) *2), Ba (V)}
=min {1- Ba (X *y) * 2), 1- Ba (V)}
= 1-max {Ba (X *Y) *2), Ba (V)}
Ba(x*z) = max{Ba((X *y) * z), Ba (v)}. Hence A = (aa, Pa) is an intuitionistic fuzzy T-ideals of X

Theorem 3.22: Let f: X — Y is a Homo of BCl-algebra. If ua and A 4 is a intuitionistic fuzzy T-ideal of Y, then
quiS an intuitionistic fuzzy T-ideal of X

Proof: For any x € X, we have p'a(x) = p a[f(X)]< pa (0= 1" (0)] =p'a(%) = 1'a (0),

Thus p'a(x) < u'a (0), ¥ x, € X,

Let X, ¥, Z, €X. Then T [p'a [(x*y)*2), W'a(Y) = T [ua [f (OC*Y) *2), maW)]] = T [1 & [(FOO* F () * (2)),
W= 1 a [FX)= uaf (x *2)]

T [wa [(x*y)*2), wa(W)] Swa(x *2)], VX, y, 2 € X

Ma(x) = 4 a [FO]2 4 4 (0%) = 1'a0)] =1'a (x) = 1"a(0), V XE X

Thus A'A(x) > X4 (0), V x, € X

LetX, Y, , € X .Then T [M'a [((x*y)*2), M'a(y) = T [A a [f (0¢*Y) * 2), L A(Y)]]
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=T [Aa [((Fx) *F(y)) *f(2)), L A [fy)]}

= Ma(x *2)
T A [((<*y)*2), Ma(y) = Ma(Xx *2)], ¥ X, y, Z € X
Theorem3.23Let f: X — Y is an epimorphism of BCl-algebra. If p'4 is an intuitionistic fuzzy T-ideal of X, then
Ha is an intuitionistic fuzzy T-ideal of Y.

>ha [f(x *2)]

Proof: For any xeX, We have p'a(x) = ua{f(x)} < 1 a (0) = p'a (£ (0)) =p'a (0%) and A'a(x) = ha {f(X)} <L A (0)
=1"a (£(0) =2 A (0Y),

Thus pa(x) < p'a (0), and A ' (X) >AA(0),V x, EX.

Let x, Y, z, € X. Then there exists a, b, ¢ € X such that f (a) = x, f (b) =y, f(c) = z. it follows thatua (x *z) = pa(f
('c;) * )f(c)) (:)P}l’fA (@ *c) = min {u'a ((@*b) * ¢), u'a (b)}= min {uA{((F (a) *F(0))*f(c))}, u a F(b)}, Zmin {u A ((x*
Y, *z > L alY) s,

L a(x *2) =24 a(f(a) * f{c)) = A'a (@ *c)<max {A s ((a*b) *c), L 'a (D)}

=max {A a ((f ()*f (b)) *f(c)), A f (D)}< max {A A (X*y)*2), L a(Y)}

Therefore p 4 is an intuitionisticic fuzzy T-ideal of Y.

Theorem 3.24: Let f: X— Y be onto BCI — homomorphism. If an intuitionistic fuzzy subset B of Y with
membership Function pg is an intuitionistic fuzzy T-ideal, then the fuzzy subset f *(B) is also an intuitionistic
fuzzy T-ideal of X.

Proof: Let y € Y Since f into, there exists x €X. Y= f (x) since B is an intuitionistic fuzzy T-ideal of Y. It
follows that g (0) >z (Y), ps T (0) >us (), then by definition p™¢(g) (x) for all x € X. Next B is an intuitionistic
fuzzy T-ideal. Therefore for any yi, ¥», Y3 in' Y

pe (Y1 *ya) = min{ pe ((Y1*Y2*Ya), pe (¥2)} = min{ pe {(f(x1)*f(x2)) *f(x3))}, pe (f (x2))},

= min {ug ((f(x1)*f(x2))*f(x2)), pe (f (x2))},

pe f(x1*x3) > min {u @) (*X2)*Xs), 1™ 8) ()},

It follows that Ag (0) >Ag (y) A & T (0) =g (X),

Then by definition A™¢ g (x) for all x € X.

Next B is an intuitionistic fuzzy T-ideal.

Therefore for any yi, ¥, V3 in Y

Mg (Y1 *ys) < max { Ag ((Y1*Y2)*Y3), As (Y2)}=max { As ((f(x1)*f(x2))* f(x3)), A (f (x2))},

s F(X*%s) = min {d @) (Xe*%2)*%s), Mt ey (X2) 3,

Which proves that f* (B) is an intuitionistic fuzzy T-ideal of X.
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