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1 Introduction

In 1965, Zadeh [12] introduced the notion of a fuzzy subset of a set as method of representing
uncertainty in real physical world. As a generalization of this, Intuitionistic fuzzy subset was
defined by Atanassov [1] in 1986. Fuzzy sets gives the degree of membership of an element in
a given set, while intuitionistic fuzzy sets gives both a degree of membership and a degree of
non-membership. In 1966 Imai and Iseki [6] introduced the two classes of abstract algebras
viz. BCK-algebras and BCl-algebras. It is known that the class of BCK —algebra is a proper
sub-class of the class of BCI-algebras. Neggers and Kim [8] introduced a new notion, called
B-algebras which are related to several classes of algebras such as BCI/BCK-algebras. Kim
and Kim [7] introduced the notion of BG-algebra which is a generalisation of B-algebra.
Zarandi and Saeid [13] developed intuitionistic fuzzy ideal of BG-algebra. Yun and Kim [11]
studied intuitionistic fuzzy ideals of BCK-algebras in 2000. Bhakat and Das [4, 5] used the
relation of “belongs to” and “quasi coincident with” between fuzzy point and fuzzy set to
introduce the concept of (€, evq)-fuzzy subgroup, (€, €vq)-fuzzy subring and (evg)-level
subset. Y. B. Yun [10] studied (&, pf)-fuzzy ideals of BCK/BClI-algebra in 2004. Motivated by
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this we have introduced the notion of (€, €vg)-Intuitionistic fuzzy ideals of BCK-algebra and
established some of their basic properties.

2 Prdiminaries

Definition 2.1.([10, 11]) A BCl-algebra is a non-empty set X with a constant 0 and a binary

operation * satisfying the following axioms.

() ((x*y)*(x*2)*(E*p)=0

(i) (*(x*y)*y=0

(i) x*x=0

(iv) (x*y)=0and (y *xx)=0imply thatx =y forallx,y,z € X

(v)  We can define a partial ordering “ <” by x < y if and only if x * y = 0. If a BCI-algebra
X satisfies 0 * x = 0 for all x € X, then we say that X is a BCK-algebra.

In what follows, let X denote a BCK-algebra unless otherwise specified.

Definition 2.2. A non-empty subset S of a BCK-algebra X is called a subalgebra of Xifx * y €
S, for all x,y € S.

Definition 2.3. ([10]) A nonempty subset / of a BCK-algebra X is called ideal of X if

i O0el

(i) x*y€landy€el=>x€lforallx,y€X

Definition 2.4. ([10]) A fuzzy set u in X is called a fuzzy ideal of X if it satisfies the following
conditions

(1) w(0) = pu(x)

(i) w(x) > min{u(x * y), u(y); Vx,y € X.

Definition 2.5. ([11]) An intuitionistic fuzzy set (IFS) A of a non-empty set X is an object of
the form 4 = {(x, u4(x), va(x)) | x € X} where uy : X — [0, 1] and v4 : X — [0, 1] with the
condition 0 < uy(x) + v4(x) < 1, V x € X. The numbers u4(x) and v4(x) denote respectively the
degree of membership and the degree of non-membership of the element x in the set 4. For the
sake of simplicity, we shall use the symbol 4 = (u4, v4) for the intuitionistic fuzzy set 4 =

{%, pa(x), va(x)) | x € X}
Definition 2.6. ([3]) If 4 = {{x, pa(x), v4(x)) | x € X} and B = {{x, ug(x), vg(x)) | x € X} be any
two IFS of a set X, then 4 < B if and only if for all xe X, s4(x) < pp(x) and vy(x) > vz(x), 4 = B
if and only if for all xe X, s4(x) = up(x) and v4(x) = vg(x),

ANB = {(x, (uanpup)(x), (V4o va)(x)) | xe X},
where (taNup)(x) = min {y(x), up(x)}and (voovp)(x) = max {vy(x), va(x)},

AUB = {(x, (uaIpup)(x), (vanv)(x)) | xe X,
where (1 Up)(x) = max{(x), up(x)} and (V4N vp)(x) = min {vy(x), vs(x)}.
Definition 2.7. ([11]) An intuitionistic fuzzy set A of a BCK-algebra X is said to be an
intuitionistic fuzzy ideal of X if.

(1) 14(0) = pra(x)
(i) va(0) Swa(x)
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(i) pa(x) = min{ua(x * ), i)}
(iv) va(x) <max{vy(x *y), v4(y)} Vx,y EX

Example 2.1 Consider BCK-algebra X = {0, 1, 2, 3, 4} with the following Cayley table.

*10]11(21(3 |4
0/0(0]0(0]O
1 {110|11]0|0
21212101(010
313(3(3(0]0
414 (314|110

The intuitionistic fuzzy subset 4 = {(x, u4(x), v4(x)) | x € X} given by u4(0) = u4(2) = 0.9,
,LtA(l) = /1,4(3) = /1,4(4) = (0.6 and VA(O) = VA(2) = O, VA(I) = VA(3) = VA(4) = (0.3 then 4 is an
intuitionistic fuzzy ideal of BCK-algebra X.

3 (e, evg)-Intuitionistic fuzzy ideals of BCK-algebra

Definition 3.1. ([4]) A fuzzy set u of the form
tif y=x,1t€e(0,1]
H» =9
0if y#x

is called a fuzzy point with support x and value ¢ and it is denoted by x;.

Definition 3.2. ([4]) A fuzzy point x; is said to belong to (respectively be quasi coincident
with) a fuzzy set u written as x, € u (respectively x, g w) if u(x) > t (respectively u(x) +¢ > 1).

If x, € u or x,q u then we write x;, € vg u (Note € vg means € vg does not hold)

Definition 3.3. ([10]) A fuzzy subset u of a BCK-algebra X is said to be (e,evq)-fuzzy ideal
of Xif

(1) xt€Eu=>0€Vguforallx e X

(i1) (X *Y), Vs E U = Xim(r,5) EVqu forallx,y €X

Definition 3.4. ([10]) A fuzzy subset x4 of a BCK-algebra X is said to be (o, B)-fuzzy ideal
of Xif

(1) xau=>0tPuforallxeX

(1) (x *Y), Ys Ot > X m(t,s) Pu forallx,y € X
where m(¢, s) =min{t, s}and o, B € {€,q,EVv q,EAqg} anda # EAng

Definition 3.5. A fuzzy point x, is said to belongs to (respectively be quasi coincident with)
alFS A = (u4, v4) written as x, € 4 (respt x,gA4) if pus(x) > t (respt puy(x) + ¢t > 1) and
va(x) <t (resptvy(x) +t < 1).If x, €4 or x,qA then x, € Vg A.

Note Xt EA> Xt € U4 and Xté Vg
XA = X;q u4and x;q v4
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Definition 3.6. An intuitionistic fuzzy subset 4 = (14, v4) in BCK-algebra X is said to be an
(e,e vq) -intuitionistic fuzzy ideals of X if it satisfies the following conditions.

(1) Xt €us=01EVquy

(i) xt€vy=>0tEVQ vy

(i) (X *1)6y s € DX mes) € Vq 4

Le. ua(x*y) > t, us(y) > s = ua(x) >m(t, s) or uy(x) + m(t, s) > 1, Vx, y € X where m(t, s) =
min(t, s)

(iv) () Ys Eva =X mas) EVQ Vs

Le. vy (xX*y) <t, va(¥) <s =v4(x) <M(L, s) or vg(x) + M(t,s) <1, Vx,y €EX

where M(t, s) = max(t, s)

Theorem 3.1. A intuitionistic fuzzy subset 4 = (u4, v4) of a BCK-algebra X is an intuitionistic

fuzzy ideal iff A is (e,e) -intuitionistic fuzzy ideal.

Proof: Let A = (uy4, v4) be an intuitionistic fuzzy ideal of X, therefore we have
D) 1a(0) = pa(x)
(i) va(0) < va(x)
(i) pa(x) 2 min{pa(x * y), ua(y)}
(1v)  va(x) <max{vs(x *y),v4(y)} VX, y EX
Letx ¢ € ug = pus(x) >tnow (1) = u4(0) > pus(x) >t=01 € uy
Andx € vy=v, (x) <tnow (ii)) v, (0) < vy (x) <t=01¢E vy,
Let X, y €X, such that (x * y), ys €A then (x *y), ys Eugand (x *y), ys € vy

where t, s €(0, 1), therefore u (x *y) >t, us(y) = s and vy(x *y) <t, vy(y) <s
Now (iii) =4(x) = min {s(x*y), £40)} = min{t, s} = m(t, s) =X, 5) s
Now (iv) = v4(x) < max{v4(x *y), va(y)} <max{t, s} = M(t, s) =Xm,s) € V4

therefore A is (€, €) intuitionistic fuzzy ideal.

Conversely, let A = (u4, v4) be an (€, €)-intuitionistic fuzzy ideal of X.
to prove A = (u4, v4) 1s an intuitionistic fuzzy ideal of X
we know X, x) € a=0,, (x) € s = 14(0) = pa(x) [ Since A is (€, S)-intuitionistic fuzzy ideal] (1)
Again Xy, (x) Eva= 0y x) Evs = v4(0) < v4(x) [ Since A is (€, S)-intuitionistic fuzzy ideal] (2)
let X, y €Xand = us(x *y), s = usy)
then pa(x *y) 2 t, ua(y) = s

Le. (x *Y) E s, Ys € ha = Xm(t,s) € ta [since A = (4, v4) be an (€, E)-intuitionistic fuzzy ideal of X']
= pa(x) = m(t, s)

= ua(x) 2 miuqlx *y), uay)y (3)
Againlet X, y €EXand t=v,(x *y), s =vy(y) then vy(x *y) <t, us(y) <s

Therefore v (x *y) < ¢ <t+0, us(y) < s <s+d [ where 0 is arbitrary small ]

1.6 (X * V)5 € Va, Yor 5 € Vi =XM(er 5, s+ 5) € Va[since 4 = (uy, v4) be an (€, )-intuitionistic
fuzzy ideal of X]

=v4(x) < M(tt+ 9, s+ 0)

=v4(x) < M(t, s) < M(t+ J, st )

=v4(x) < M{valx *p), vay)} (4)

Hence from (1), (2), (3) and (4) 4 = (14, v4)is an intuitionistic fuzzy ideal of X. ]
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Theorem 3.2. If 4 = (u4, v4) is a (q, q)-intuitionistic fuzzy ideal of a BCK-algebra X, then it is
also a (€, €)-intuitionistic fuzzy ideal of X.

Proof: Let A = (u4, v4) be a (q, q)-intuitionistic fuzzy ideal of BG-algebra X.
Letxt E,UA =>IUA(X) >t

= 1uy(x) +0 >t = puy(x) +0 —t+1>1

= X6 -t+1) q 440 —+1) q 1 [Since (w4, v4) 1s a (q q)-intuitionistic fuzzy ideal X ]
=>IMA(O) +6 —t+1>1 =>,uA(O) +0>t =>,u,4(0) >t =0 € Uy

Therefore x € uy =0 € 14 (5)

Letx  Evy=>v(x)<t

2y x)<t=vy(x)+lt<l1

=X(1-t) Q Va4 =00 q v4 [Since (u4, v4) 1s a (q q)-intuitionistic fuzzy ideal X.]
=4 (0) +1 < 1=v4 (0) <t =0, € v,

Therefore x € vy =0, € v4(6)

Again let X, y € X such that (x * y),, ys € u4 then

palx *y) = tand pus(y) = s

= u4(x *y)+ 3> tand uy(y) + 6> s where 6 be an arbitrary small positive number
=ux*y)+d—t+1>land uy(y)+o—s+1>1

=(x *y)s-tr1qu4 and (1)s—s+1q44

-wwe have X me-t+1, 5-s+1) qUa [Since 4 = (u4, v4) 1s a (q q)-intuitionistic fuzzy ideal X ]
=usx)+m@-—t+1,6—-s+1)>1

=usx)+d+1-M(,s)>1

=usx)>M(t,s)— 0

= u4(x) > M (t, s) since 0 is arbitrary

=u4(x)>M(t,s) >m(t,s)

=X m,s) € la

oV Ys € pa D X, s) S pa(7)

Again let X, y € X such that (x * ), ys Ev4 then

= vy(x *y)<tand vy(y) <s

=vx*y)+1—t<landpu(y)+1-s5<1

=(x *»)1-qvaand (¥)1-sq va

-.we have Xm(i-+, 1) q V4 [Since (14, v4) s a (q q)-intuitionistic fuzzy ideal X.]
= yx)+M(1 -t 1-5)<1

= yyx)+1-—m(t,s)<1

= v4(x) <m(t, s)

= vy(x) <m(t, s) + 0 where 0 is arbitrary small

= vy(x) <m(t, s) < M(t, s)

=X M, s) € V4

S (X F V) ¥s € va P Xms) € va (8)

Hence from (5), (6), (7) and (8) 4 = (14, v4)is an (€, E)-intuitionistic fuzzy ideal of X. ]

Remark 3.1. Converse of above is not true i.e. every (€, €)-intuitionistic fuzzy ideal is not a
(q, q)-intuitionistic fuzzy ideal.
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Example 3.1. Consider BCK-algebra X = {0, 1, 2, 3, 4} with the following Cayley table.

*10(1(2]3]4
0/0[{0(0]0]0
1{1{0(1]0]0
2121210100
31313(3(0|0
4(41314|1]0

The intuitionistic fuzzy subset 4 = {{x, u4(x), v4(x)) | x € X} given by u4(0) = us(2) = 0.8,
wa(l) = ua(3) = ua(4) = 0.5 and v4(0) = v4(2) = 0, v4(1) = v4(3) = v4(4) = 0.3 then A is an
intuitionistic fuzzy ideal of BCK-algebra X.But not a (q, q)-intuitionistic fuzzy ideal because if
x=1,y=3,t=0.22,5=0.55then x* y=1* 3 =0 Here us(x *y) +t = uy(0) + 0.2 =
0.8+0.22=1.02>1and u4(y) +s=pu43) +0.55=0.5+.55=1.05> 1 i.e (x*y); qu4 and ys
qua but gy(x)+m(t, s) = u4(1)+m(0.22, 0.55)=0.5+0.22=0.72< 1

Theorem 3.3. A intuitionistic fuzzy subset 4 = (u4, v4) of a BCK-algebra X is a (e,e vq)—

intuitionistic fuzzy ideal of X if

(D) a(0) 2 m(pa(x), 0.5)

(i)  va(0) S M(va(x), 0.5)

(i) pa(x) = m(ua(x *p), ua(y), 0.5)

(1v)  va(x) S Malx *y), va(p), 0.5)
Proof- (i) First let A = (u4, v4) be a (e,e vq) -intuitionistic fuzzy ideal of X. Assume
#4(0) < m(u4(x), 0.5)

Subcase I: u4(x) <0.5, then

#4(0) <m(ua(x), 0.5) = ua(x)

= u4(0) <t < uy(x) for some t €(0, 0.5)

=x, € and 0, € g Also us(0) + t<1=0, ¢ us

=0 a 4, which is a contradiction

Subcase II: u4(x) > 0.5, then

14(0) <m(uy(x), 0.5)=0.5

=005 € 14 Also 114(0) +0.5<0.5+0.5 = 1=005 ¢ ua

=0 @ 14, which is again a contradiction

Therefore we must have 4(0) > m(u4(x), 0.5)

(11) Assume v4(0) > M(v4(x), 0.5)

Subcase I: v4 (x) > 0.5, then

v4 (0)> M(vyq(x),0.5)=v4(x)

=v4(0)> t>vy (x) for some t €(0.5, 1)

=xEvsand 0y Ev Also vy (0) +1 > 1=0,q v4

=0, €Vq v4, which is a contradiction

Subcase 11 : v4 (x) <0.5, then v4 (0) > M (v4 (x), 0.5)=0.5
$00_5E V4 Also Vy (0) +0.5>0.5+0.5= 1=>00_5 q V4
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=0, €Vq v4, which is again a contradiction
Therefore we must have v4(0) < M(v4(x), 0.5)
(iii))  Subcase I: Let m (u4(x *y), u4(y)) <0.5 Vx, y € X then
m (ua(e*y), 140, 0.5) = m(pa(x * ), 1a()
If possible p4(x) <m(u4(x *y), us(y)) choose a real number ¢ such that
#a(x) <t <m(us(x *p), ua(y)) then (x * p), () € s
but p(x) <ti.e. X € ugand py(x) +1<2t
L.e ua(x) + 1 <2 m(us(x *y), ua(y)) <2x05=1
=>IUA(X) +1r<1ie Xt c_l,uA
Which contradict the fact that 4 = (14, v4) is a (e, € vq) -intuitionistic fuzzy ideal of X.

e pa(x) 2 m(ua(x *y), ua(y)) = m(ua(x * y), pa(y), 0.5)

Subcase II: let m(u4(x * y), wa(y)) > 0.5

Then m(u4(x *y), us(y)) = 0.5

If possible, w4 (x) <m(us(x *y), us(»), 0.5)=0.5

Then p4(x *y) >0.5 and u4(y) >0.5

=(x *¥)os, Yos € pa but pa(x) <0.5

=X05 @,uA and ,uA(x) +05<05+05=11exgs q K4

Which is again a contradiction that A4 = (14, v4) is a (€,€ vq)-fuzzy ideal of X

Hence we must have u4(x) > 0.5 =m (u4(x *y), us(y), 0.5)
(iv) Subcase I: Let M(v4(x *y), va(y)) > 0.5V X, y € X then

M©a(x * ), va(y), 0.5) = M(va(x *y), va(»))

If possible v4(x) > M(v4(x *y), v4(y)) choose a real number ¢ such that

va(x) >t > Mvax *y), va(y))

24X *y) <t, vy(y) <t =>(x*y) € vy, ()t € V4

But v4(x) > ti.e. x; €Evyand vy(x) +¢ > 2t

Le. vy(x) Tt >2M(va(x *y), va(y))>2%x0.5=1

=vyx)+t >1tie X qvy

Which contradict the fact that 4 = (u4, v4) is a (€, € vq)-intuitionistic fuzzy ideal of X.
Cova(x) S Ma(x *y), va(n)) = M(valx * ), va(y), 0.5)

Subcase II: let M(v4(x *y), v4(¥)) <0.5Vxy €X

Then M (v4(x * ), va(y), 0.5) =0.5

If possible v4(x) > M(v4(x *y), v4(y), 0.5) = 0.5

then v4(x *y) < 0.5 and v4(y) <0.5

therefore (x * y)os, o5 € v4 but v4(x) > 0.5

Therefore xg5s Evyand v4(x) +0.5>0.5+0.5=11.e. X q V4

Which is again a contradiction that 4 = (u4, v4) is a (e, € vq) -intuitionistic fuzzy ideal of X
Hence we must have v4(x) < 0.5 = M(v4(x *y), va(y), 0.5)
Converse Part, Suppose that 4 = (u4, v4) satisfied conditions (i), (ii), (ii1) and (iv) To prove 4
= (U4, V4) 1S an (e,e vq) -intuitionistic fuzzy ideal of X’
Letx €Xandt €(0 1] be such that x; € u,= u(x) >t

Therefore by (i) ©4(0) > m(u4(x), 0.5) > m{t, 0.5} = ¢ or 0.5 according as if t<0.5 or > 0.5
Therefore w4 (0) >t =0, € u 1 t<0.5
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And u4(0)>0.5 =u4(0) +t>0.5+0.5=11if t > 0.5=0; Equ.

Hence x; € u4=0; €Evqu,4(9)

Again let x, € vy = vy (x) < t. Therefore by (ii) v4 (0) < M(v4 (x), 0.5) < M {t, 0.5} =¢or 0.5
according as ift> 0.5 or ¢t <0.5

Therefore vy (0) < t =0,€ v4ift > 0.5

And v, (0)<0.5=v,(0) +t<0.5+0.5=11if¢r <0.5=0;q v4

Hence x€ v4 =0, € vq v,4(10)

Let X, y €X, such that (x *y), ys € u4

Sopalx *y) >t and ug(y) > s therefore m(ua(x * y), ua(v)) > m(t, s) therefore (iii) = u4(x) >
m(t, s, 0.5)

.. Now if m(t, s) < 0.5 then m(t, s, 0.5) = m(t, s)

Therefore p(x) > m(t, s) 1.€. Xmet,s) €

Again if m(t, s) > 0.5 then m(t, s, 0.5) = 0.5

Sopa(x) >m(t, s, 0.5)=0.5

Le uy(x) +m(t,s) >05+05=1

=X m(t,s) q M4

Hence (x *y)i, ys €4 =X ma,s) € Vq ua(11)

Let X, y €X, such that (x *y),, ys € v4

Sovg(x *y) < tand va(y) < s L Mva(x *y), va(y)) < M(t, s) therefore (iv) = v(x) < M(L, s,
0.5)

Now if M(t, s) > 0.5) then M(t, s, 0.5) = M(t, s)

Therefore v4(x) < M(t, s)

1.€. XM (1, s) € \

Again if M(t, s) < 0.5 then M(t, s, 0.5) = 0.5 .".v4(x) <M(t, s, 0.5)=0.5

re. v(x) + M(t, s) <0.5+ 0.5 =1=Xm(,5) V4

Hence (x * y);, ¥s € v4=X Mt s) EV q v4(12)

(9), (10), (11) and (12) = A is an (&,€ vq)-intuitionistic fuzzy ideal of X. O]

Remark 3.2. A (€, €)-intuitionistic fuzzy ideal is always a (e, € vq) -intuitionistic fuzzy ideal
of X but not conversely and can be seen from the following example.

Example 3.2. Consider a BCK-algebra X = {0, a, b, ¢} with the following cayley table.

Al Wi~ O

AW —=O|O
=N OO
N W O =D
A OO O| W
S| W o= O &

Let A = (u4, v4) be an Intuitionistic fuzzy set in X defined as u4(0) = 0.7 u4(1) = u4(3) = 0.6,
,uA(2) = /,tA(4) = 055, and VA(O) = 02, VA(I) = VA(3) = 03, VA(2) = VA(4) =(0.4then 4 = (,uA, VA)
is an (e, € vq) -Intuitionistic fuzzy ideal by above theorem but it is not a (€, €)-intuitionistic

fuzzy i1deal since 396 = (2 * 1)o6, lo.s Euabut 206 & 4.
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Theorem 3.4. An intuitionistic fuzzy subset 4 = (14, v4) of a BCK-algebra X is a (e,e vq)-
intuitionistic fuzzy ideal of X and u4(x) < 0.5, v4(x) > 0.5 VX y €X, then 4 = (u4, v4) is also a
(€, €) -intuitionistic fuzzy ideal of X.

Proof. Let A = (u4, v4) be an (€€ vq)-intuitionistic fuzzy ideal of X and u4(x) < 0.5 and
va(x)>05VX y €EX

Let Xy € uy = us(x) >t =t < uy(x) <0.5 and also u4(0) <0.5

=u 0)+1<05+05=1=0 5 U Since p is (e,e \/q)—intuitionistic fuzzy ideal of X
Therefore 0; € u4 Hence x; Euy =0 € uy (13)

Let(x *y) Eua, ys E g

t<ualx *y)<0.5ands <pu4(y)<0.5

.m(t, s) < 0.5 also w4(x) < 0.5 thus py(x) + m(t, s) < 0.5+ 0.5 =1.

Since w4 is (e,e vq) -intuitionistic fuzzy ideal of X therefore either w4(x) > m(t, s) or
a(x) +m(t, s) > 1.so we must have p4(x) >m(t, s) =X m,s) €

Therefore (x *y) € ta, Ys E U4 =X m(t,s) E 1a(14)

Again let x; € vy =v (x) <t =0.5 <vy(x) < tand 0.5 <wv4(y)

Therefore v4(x) +¢ > 0.5+0.5=1

=0, q v4 Since u is (€,€ vq)-intuitionistic fuzzy ideal of X

Therefore 0, € v4 Hence x; € v4 =0; € v4(15)

Again let (x *y) € v4, ys € vy

Therefore 0.5 <vy(x *y)< tand 0.5 <vy(y) <s

S.M(t, s) > 0.5 also v4(x) > 0.5 thus v4(x) + M(t,s) > 0.5+ 0.5=1.

Since v, is (€, vq)-intuitionistic fuzzy ideal of X therefore either v,(x) < m(t, s)

or v4(x) + M(t, 8)<I so we must have v4(x) <m(t, ) =Xwm,s) € V4

therefore (x * y); € v4, Ys € V4 = XM, s) € v4 (16)

Hence (13), (14), (15) and (16) =4 = (u4, v,) is an (€, €)-intuitionistic fuzzy ideal of X. [

Remark 3.3. Every (€, q)- intuitionistic fuzzy ideal of BCK-algebra X is always a (&,€ vq)-

intuitionistic fuzzy ideal of X.

Theorem 3.5. An intuitionistic fuzzy subset A = (u4, v4) of a BCK-algebra X is an (e,e vq)-

intuitionistic fuzzy ideal of X iff the sets (u4) t = {x € X| w4 (x) >t, where ¢t € (0, 0.5), u4 (0) >
t} and (v4) s = {x €X| vy (x)<s, wheres € (0.5, 1], v4 (0) <s} are ideal of X .
Proof: Assume A = (14, v4) is an (e,e vq) - intuitionistic fuzzy ideal of X.
Let X, € X such that x € (u,) t where t € (0, 0.5].

Therefore w4 (x) > t, now by theorem 3.3

ta(0)>m (g (x),0.5)>m(t, 0.5)=t

= us(0)>t=0 € (u4)

Again let X, y € X such that x*y, y € (u,4) t where t € (0, 0.5].

Therefore uy (x *y) > t, w4 (y) > t, now by theorem 3.3

4 () = (s (5 *9), s (), 0.5) = m (1,1, 0.5) =

= g (X)>t=>x € (U4) ¢t
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Therefore, x*y, y € (u4) t = x € (14) ¢

Hence (u4): 1s an ideal of X.

Let x € X such that x € (v4) s where s € (0.5, 1]

Therefore v, (x) <s, Now by theorem 3.3

v4(0) < M(va(x), 0.5) <M(s, 0.5)=s

=2 v40)<s=0 € (Va)s

Again let X, y € X such that x*y, y € (v4) s where s € (0.5, 1]

Therefore vy (x *y) <s, v4 (¥) <s,

Now by theorem 3.3

v4(x) S Mva(x *y), va(y), 0.5) <M(s, s, 0.5)=s

= v4(x) <s = x € (v4)s Therefore x*y, y € (v4)s = x € (V4)s

Hence (v4)s 1s an ideal of X.

Conversely, let A = (uy4, v4) be intuitionistic fuzzy subset of X and the sets (u4)i= {x € X | u4
(x) > t, where ¢t € (0, 0.5)}and (v4)s= {x €X | v4 (x) <s}, where s € (0.5, 1]} are ideal of X, to

prove A = (u4, v4) is an (e,e vq) - intuitionistic fuzzy ideal of X .
Suppose 4 = (14, v4) 1 not an (e,e vq) - intuitionistic fuzzy ideal of X, then there exist a, b €

X such that at least one of u4(0) < m(uq(a), 0.5), v4(0) > M(vy(a), 0.5), us(a) < m(us(a* b),
ta(b), 0.5) and vy(a) > M(va(a * b), va(b), 0.5)hold.

Suppose u4(0) < m(uq(a), 0.5)holds. Let t = [14(0) + m(uq(a), 0.5)]/2, then ¢ € (0, 0.5)

and u4(0) <t <m(uy(a), 0.5) (17)

i.e. @ u4(0)<t= 0 € (u4) , which is a contradiction [since () ¢ is ideal]

Hence we must have u4(0) > m(u4(x), 0.5) (18)

Again let v4(0) > M(v4(a), 0.5) holds. Let t = [v4 (0) + M(v4 (a), 0.5)]/2, then t € (0, 0.5)

and v4(0) > s > M(v4(a), 0.5)

= v4(0) > s = 0 € (v4)s which is a contradiction [ since (v4)sis ideal]

Therefore we must have v4(0) < M(v4(x), 0.5) (19) Again suppose u4(a) < m(us(a* b), ua(b),
0.5) holds. Let t = [u4(a) + m(uq(a* b), us(b), 0.5)]/2, then ¢ € (0, 0.5)

and wu4(a) <t <m(u4(a*b), ua(b), 0.5) (20)

ie.uqg(a*b)>t, uq(b)>t

=>a*b€ (U4, b€ (ua)t

= a € (u4) ¢ [since (u4) ¢ is ideal]

Therefore w4 (a) > t, which contradict (20)

Hence we must have u4(x) > m(us(x *y), ua(y), 0.5) (21)

Next let vy(a) > M(v4(a * b), vq(b), 0.5) holds. Let s = [vy(a) + M(v4(a * b), v4(b), 0.5)]/2, then
s€(0.5,1]

and vy(a) > s > M(vs(a *b), vq(b), 0.5) (22)

1.e. vq(a *b) <s,vyb)<s

=>a *b € (vy)s, b € (vy)s = a € (vy)s[ since (v4)sis ideal]

Therefore v4(a) < s, which contradict (22)

Therefore we must have v4(x) < M(v4(x *y), va(y), 0.5) (23)

Hence (18), (19), (21) and (23) = 4 = (u4, v4) is an (e,e vq)— intuitionistic fuzzy ideal of X. []

Theorem 3.6. Let S be a subset of a BCK-algebra X. Consider the intuitionistic fuzzy set As =
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(us, vs) in X defined by

ﬂs(x):{l ifxes, vs(x):{o ifxes,

0 otherwise 1 otherwise

Then S is an ideal of X iff Ay = (us, vs) is an (e,e vq) - intuitionistic fuzzy ideal X.

Proof- Let S be an ideal of X.
Now (us)i={x EX| us (x)>t} =S, And (vs) t - {x €X|v4 (x) <t} =S which is an ideal. Hence
by theorem 3.5, A = (us, vs) is an (e,e vq) - intuitionistic fuzzy ideal X.

Conversely, assume that A = (us, vs) is an (e,e vq) - intuitionistic fuzzy ideal X, to prove S is

an ideal of X.

Let x € S. Then us(0) > m(us(x), 0.5) =m(1, 0.5) = 0.5 = us(0) > 0.5= us(0)= 1= 0€ S.

And vs (0) < M(vs(x), 0.5)=M(0,0.5)=0.5=v5(0)<0.5=>vs (0)=0=>0€S.

Again let x*y, y € S. Then ug(x) > m(us(x *y), us(y), 0.5) =m(1, 1, 0.5) = 0.5 = us(x) > 0.5=
us(x) =1=x € S.

And vs (x) < M(vs (x *y), vs (1), 0.5) =M(0, 0, 0.5) =0.5 = vs (x) <0.5= vs (x) = 0=>x € S.
Hence S is an ideal of X. (]

Theorem 3.7. Let S be an ideal of X, then there exists (&,€ vq)- intuitionistic fuzzy ideal 4 =
(14, v4) of X such that (1) t =(v4) s =S forevery t € (0, 0.5) and s € (0.5, 1].
Proof. Let A = (14, v4) be an intuitionistic fuzzy set in X defined by

M(x):{l ifxes, VA(X):{O ifxes,

u otherwise s otherwise

where u <t € (0, 0.5]. Therefore (u4) t = {x EX| usx)>t} =S, (va)s=-{x EX|vs(x)<s} =S
and hence ((u4) t =(v4) s =S is an ideal.
Now if 4 = (u4, v.4) is not an (€,e vq)-fuzzy ideal of X then there exist a, b € X such that at

least one of u4(0) < m(uq(a), 0.5), v4(0) > M(vs(a), 0.5), us(a) < m(us(a* b), us(b), 0.5) and
va(a) > M(vq(a * b), v4(b), 0.5) hold.

Suppose u4(0) <m(u(a), 0.5) holds. Then choose a real number 7 € (0, 1) such that
#a (0) <t <m(uy (a), 0.5)

= 14 (0) <t= 0 E (u4) , which is a contradiction [since (u,) ¢ is ideal]

Hence we must have u4(0) > m(u4(x), 0.5)

Suppose v4(0) > M(v4(a), 0.5)holds. Then choose a real number s € (0, 1) such that

v4(0)> s > M(vy(a), 0.5)

= v4(0)> s = 0 € (v4) s, which is a contradiction [since (v4) s is ideal]

Hence we must have v4(0) < M(v4(a), 0.5)

Suppose u4(a) < m(us(a* b), us(b), 0.5) holds. Then choose a real number ¢ € (0, 1) such that
u(@)<t<m(u(a * b), u(b), 0.5) (24)

e ug(a*b)>t, ug(b)>t

=a *b € (Us) 1, b € (Ua) ¢t

= a € (u4) t = S [since (uy4) ¢ is ideal]

Therefore y(a) = 1 > t, which contradicts (24)

Hence we must have u4(x) > m(us(x * ), ua(y), 0.5)

Again if vy(a) > M(v4(a * b), v4(b), 0.5) holds then choose a real number s € (0, 1)
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And vy(a) > s> M(v4(a * b), va(b), 0.5) hold (25)

i.e. vy(a * b)<s, vy(b) <s,

=>a*h€ (V) s bE (vy)s=>aE (vy)s=S]since (vy) s is ideal]
Therefore v, (a) = 0 <s, which contradicts (25)

Hence we must have v4(x) < M(v4(x *y), va(y), 0.5)

Thus, 4 = (14, v4) is an (e,e vq) - intuitionistic fuzzy ideal X. [

Definition 3.7. Let 4 = (u4, v4) be intuitionistic fuzzy subset of BCK-algebra X and ¢ € (0, 1],
then let
(k- x EX| X E pua} = {x EX|pua (1) =)
<pa>i-{x EX[xequaf={x€X|us(x)+1>1}
[uali={x €EX|XE€ vqua}-{x EX|pa(x)=t0rps(x)+t>1}
Where (u4yis called ¢ level set of uu, < u4 > is called q level set of x4 and [u.];1s called € v q
level set of 4 clearly [pali=< pa >t U (Lan
(Va)i={x EX|xEvy}={x€EX|vg(x)<t}
<y > {x EX|xqvat={x€EX|vs(x)+t <1}
Vali={x EX|XE vq ve}-{x EX|vs(x)<torvy(x)+t <1}
Where (v 1s called ¢ level set of v4, <v4 > is called q level set of v4 and [v4];is called € v q
level set of vy clearly [vi]i=<v4> (U (vay

Theorem 3.8. Let 4 = (u4, v4) be intuitionistic fuzzy subset of BCK-algebra X, then A is an
(e,e vq) - intuitionistic fuzzy ideal X iff [u4]cand [v4];is an ideal of X for all 7 € (0, 1]. We call

[u4]iand [v4]ias € v q level ideals of u.
Proof. Assume that 4 is an (&,€ vq)- intuitionistic fuzzy ideal X, to prove [u4]; and [v4];is an

ideal of X.

Let x € [u4]ifor ¢ € (0, 1].

Then x + € vq us= x € ugand , ¢ q pa, 1.€ ug (x) >t or uy (x) +¢t > 1. Since 4 is an
(e,e vq)— intuitionistic fuzzy ideal X, 4 (0) >m (u4 (x), 0.5)V X, y € X.

Now we have the following cases.

Casel:uy(x)>t lett>0.5

Then u4 (0) >m (14 (x), 0.5)>m (t, 0.5)=0.5

= us(0)>05= puy(x) +t>0.5+0.5=1=>x:q ua

Again if t < 0.5, then u4 (0) > m (14 (x), 0.5)>m (t, 0.5) = ¢
= us(0)>1t= 0 € uy

Hence 0: € vq us = 0 €[uyl;

Case Il : yy (x) +t>1,letz > 0.5

Then 4 (0) >m (14 (x), 0.5)>m (1-t, 0.5) = 1-t

= us(0)>1-t=pu, (0)+t>1=0,q us

Again if t < 0.5, then u,4 (0) > m (uy4 (x), 0.5) >m (1-t, 0.5)=0.5
= us(0)>205>2t=2=0,€ uy

Hence 0t € vqus= 0 €[uyl

Again let x*y, y € [uq]ifor £ € (0, 1],

Then (x *y) € vqusand y: € v q uy
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Leus(x*y)>torus(x*y)+t >land uy (y)>torus(y)+t >1
Since, A is an (e,e vq) - intuitionistic fuzzy ideal X

ta () Zm (g (x), g (v), 0.5) VX, y €X
Now we have the following cases.

Casel:uy (x*y)>t, uy ()=t lett >0.5

Then py (x) >m (ug (X *y), 4 (), 0.5) >m (t, t, 0.5)=0.5
=us(x)>05=2p(x)+t>05+0.5=1=>x:q u4

Againif¢ < 0.5, then uy (x) >m (u4 (X *y), 4 (1), 0.5)>m (t,t,0.5) =1¢
= ua () 212X S py

Hence x; € v q us =x €[ual:

Case Il : uy (x *y)>t, ug (y) +t>1,lett >0.5

Then p4 (x) > m (g (X *y), a4 (v), 0.5)>m(t, 1-t,0.5) = 1-t

=pa () > 1t =py (x) > 1 =X q pa

Againif ¢ < 0.5, then py (x) >m (u4 (X *y), a4 (»), 0.5)>m(t, 1-t,0.5)=¢
= (X) 212X E iy

Hence x € v qug =>x €[u4l;

Case Il : py (x) tt>1, us (v) >t

This is similar to case II

Case IV : uy (x*y)+t>1, uy (y) +t>1,1lett > 0.5

Then u4 (x) > m (g (X *y), s (v), 0.5)>m (1-t, 1-t, 0.5) = 1-t

=pa () > 1t 2 py (x) > 1 =X q s

Again if ¢ < 0.5, then py (x) >m (u4 (X *y), 4 (v), 0.5) >m (1-t, 1-t,0.5)=0.5>¢
=g (X) 212X E iy

Hence x; € v q ug =x € [u4s

Hence from above four cases x *y, y € [u4]t =x € w4l

Hence [u4]i1s an ideal of X. Similarly we can prove [v4];is an ideal of X
Conversely, let 4 = (u4, v4) be an intuitionistic fuzzy set in X, such that [u4]; and [v4]; is an

ideal of X for all ¢ € (0, 1], to prove 4 = (u, v4) is an (&,€ vq)- intuitionistic fuzzy ideal X.
Suppose A4 is not an (e,e vq) - intuitionistic fuzzy ideal X, then there exist a, b € X such that at

least one of u4(0) < m(ua(a), 0.5), v4(0) > M(vy(a), 0.5), ua(a) < m(us(a* b), us(b), 0.5) and
va(a) > M(vq(a * b), v4(b), 0.5) hold.

Suppose u4(0) <m(uq(a), 0.5) is true, then choose ¢t € (0, 1] such that p4(0) < ¢ <m(uq(a), 0.5).
Then u4(0) <t =0 ¢ (u4): < [u4]: Which is a contradiction, as [u4];1s an ideal

Again if v4(0) > M(v4(a), 0.5)is true, then choose s €(0, 1] such that v4(0) > s > M(v4(a), 0.5).
Then v4(0) > s =0 ¢ (v4): < [v4]s which is a contradiction, as [v,]s1s an ideal.

Suppose ua(a) <m(us(a*b), ua(b), 0.5) is true, then choose ¢ €(0, 1] such that

pa(@) <t <m(us(a* b), ua(b), 0.5) (26)

Then uy (@ *b)>1t, uy (b) >t =a *b, b € (u4): < [u4]i which is an ideal.
Therefore a € [u4]i = w4 (@) >t or uy (@) +t> 1 which contradict (26).
Again if vy(a) > M(v4(a * b), v4(b), 0.5) is true, then choose ¢t € (0, 1] such that
va(a) > t > M(va(a *b), va(b), 0.5) (27)
Then vy(a * b)<t,vyb) <t =a *b,b € (v4) < [v4]i Which is an ideal. Therefore
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a €[v4]i=v4 (a) <torvy (a) +t <l which contradicts (27).
Hence we must have

#4(0) = m(ua(a), 0.5)
v4(0) < M(vy(a), 0.5)

pa(x) 2 m(ug(x * y), ua(y), 0.5)
va(x) S Mvax *y), va(y), 0.5) Vx,y €X

Hence 4 = (u4, v4) is an (e,e \/q) - intuitionistic fuzzy ideal X. L]

Theorem 3.9. Every (€v q, €V q)- intuitionistic fuzzy ideal is an (e,e vq) - intuitionistic

fuzzy ideal.
Proof. 1t follows from definition. [

Theorem 3.10. Let A = (u4, v4) and B = (ug, vs) be two (€, vq)- intuitionistic fuzzy ideals
of a BCK-algebra X. Then A n B is also a (€,€ vq)- intuitionistic fuzzy ideal of X.

Proof. Let X, y € X. Now we have (A N B) (x) = {<x, (u4 nus) (x), (v4u ve)(x) > | x E€EX}
Now (14 N uB)(0) = m{u4(0), us(0)}

>m {m {u4(x), 0.5}, m {up(x), 0.5 } }

=m {m {u4(x), us(x)}, 0.5} [A is(e,e vq) - intuitionistic fuzzy ideal]

=m {m {u4(x), up(x)}, 0.5}
=m {(u4 N pp) (x), 0.5}
(ua 0 up)(0) = m {(us N up) (x), 0.5}
And (v4 u vg)(0) = M{v4(0), va(0)}
<M{M {v4(x), 0.5}, M {vg(x), 0.5} }
=M {M {v4(x), us(x)}, 0.5} [A is(€,€ vq)- intuitionistic fuzzy ideal]
=M {(v4 u vB) (x), 0.5}
(v4 uve)(0) <M {(v4u vp) (x), 0.5}
Again (14 N pp)(x) = m{ua(x), up(x)}
>m {m {a(x *y), pa(y), 0.5}, m {up(x *y), us(y), 0.5 }}
=m {m {us(x *p), us(x *y)}, m {us(y), us(»)}, 0.5} [A is(e,e vq)- intuitionistic fuzzy
ideal]
=m {(us N up) (x *y), (s N ps) (v), 0.5}
(ua 0 up)(x) 2 m {(ua 0 ug) (x *p), (14 N us) (), 0.5}
And (v4 u vB)(x) = M{v(x), va(x)}
SM{M {va(x *p), va(y), 0.5}, M {vg(x *y), va(y), 0.5}
=M {M {vax *y), us(x *¥)}, M {va(»), v8(»)}, 0.5}[A is (€, € vq) - intuitionistic fuzzy ideal]

=M {(v4 v vB) (x *¥), (va u v8) (), 0.5}
(v4 v vB)(x) <M {(v4 u vB) (x *¥), (va U vB) (), 0.5}
Hence from above (A n B) (€,& vq)- intuitionistic fuzzy ideal of X. O

The above theorem can be generalised as
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Theorem 3.11. Let {A; = (u,,vy,) [1=1,2,3,...} be a family of (e,e vq)- intuitionistic
fuzzy ideals of a BCK-algebra X, then n"i=1 A; is also a (€,€ vq)- intuitionistic fuzzy ideal of
X, where nA; (x) = {<x, m{,uAi(x):i= 1,2,3, .., M {y(x):1=1,2,3, ... } > x €X5.

4 Cartesian product of BCK-algebras
and their (e, evq)-intuitionistic fuzzy ideals

Theorem 4.1. Let X, Y be two BCK-algebras, then their Cartesian product X X Y =
{X,y)|x€X y€Y } isalso a BCK-algebra under the binary operation * defined in X X Y by

X, ¥)*(p, @) = (x*p, y*q) for all (x, y), (p, ) EX* Y
Proof. Straightforward. O
Definition 4.1. Let A = (u4, v4) and B = (ug, vs) be two (e,e vq) - intuitionistic fuzzy ideals of

a BCK-algebra X. Then their Cartesian product A x B is defined by (A x B ) (x, y) = {<(x, y),

m{pa(x), u(v)}, M{va(x), ve(»)} > | X, y €X}
where pu4, ug : X — [0, 1]and vy, vg : X — [0, 1] VX y €X

Theorem 4.2. Let A = (u4, v4) and B = (up, vg) be two (e,e vq)— intuitionistic fuzzy ideals of

a BCK-algebra X. Then A x B is also a (e,e \/q) - intuitionistic fuzzy ideal of X.
Proof. Similar to Theorem 3.10. [

5 Homomor phism of BCK-algebras
and (e, evq)-intuitionistic fuzzy ideals

Definition 5.1. Let X and X’ be two BCK-algebras, then a mapping f: X — X' is said to be
homomorphism, if f (x *y)=f(x) * f(y) Vx,y €X

Theorem 5.1. Let X and X' be two BCK-algebras and f : X — X' be homomorphism. If 4 =
(14, v4) be a (e,e vq)-intuitionistic fuzzy ideal of X/ , then f 1(A) is (e,e vq)-intuitionistic
fuzzy ideal of X.

Proof. T (A)=f"(us, vs)(x) is defined as £ (u, v4)(x) = (w4, v.2)(f(x)) Vx EX.

Let 4 = (u4, v4) be an (gevg) -intuitionistic fuzzy ideal of X’

Let X, y € X such that (x *y), ys € (A) =" (ua va) = (" (), £ (V).

then (x * ), ys €1 () and (x *y), ys € '(v4)

Case I. Let x, €1 '(u,)

=1 (@) 2 1 =1 (a)(0) 2 1 = uaflx) ¢

= (f(x)). € s =(f(0)); € Vq p4 [since 4 = (u4, v.4) be an (gevg) -intuitionistic fuzzy ideal]

= (f(0)) € paand (£0)): q 124

= ua(f(0)) = 2 or us(f(0)) +¢ > 1
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=1 (ua)(0)) > 1 or £ (ua)(0)) +1 > 1

=0, €f '(uy) or 0, €qf ' (1)

=0, € Vqf ' (u,)

Casell. Letx; € ! (v4)

=1 (v)(x) <t Dvflx) <t

= (f(x)) € va

=(f(0)); EV q v4 [since 4 = (14, v4) be an (e,evq) -intuitionistic fuzzy ideal]

= (f(0)); € v4 and (f(0)); q v4

=v,4(f(0)) <torvy(f(0))+¢ <1

= (va)(0) <tor ' (v)(0) +¢ <1

=0, Ef '(v) or 0, G '(vy)

=0, &V qf (v

Case I1I. Let (x * ), ys €' (14)

= (ua)x *y) = tand £ (w)(y) = s

= (ua)(x *y) = rand £ () = s

= (ua)(x *y) = rand £ () () = s

= ufx *y)>tand u f(y) >s

=(fx *y)) € paand (f(y))s € pa

= (f(x) *{(y)): € u4 and (f(y))s € u4 [since f is homomorphism]
= (f())m(t, s) € Vq pa[since A = (u4, v4) be an (e,evq) -intuitionistic fuzzy ideal]

= u4(f(x)) 2 m(t, s) or ua(f(x)) + m(t, s) > 1

= '(a)(x) = m(t, s) or ' (ua)(x)) + m(t, 5) > 1

=Xm,s) €1 (1) OF Xme,s) € qf (U4)

=Xm,s) € Vaf™ (i4)

Case IV. Let (x *y), ys € £ (vy)

=1 (v)(x *y)<tand ' (v)() <s

=vf(x *y) <tand vsf(y) <s

=(f(x *y)) € v4 and (f(»))s € v4

= (f(x)*f(y)) € v4 and (f(y))s € v, [since fis homomorphism ]

= (f(x))mct, s) EV q v4 [since A4 = (14, v4) be an (e,evq) -intuitionistic fuzzy ideal]

=v4(f(x)) <M(t, s) or v4(f(x)) + M(t,s) <1

=1 (v)(x)) < M(t, s) or £ (v)(x)) + M(t, s) < 1
=Xm.s) € T (V4) OF Xt s) G T (V)

= XM ) EV q 1 (V)

Hence from above '(A) = f'(ua, va) = (£ (ua), £'(v4)) is a (€, vq)-intuitionistic fuzzy

ideal of X.

Theorem 5.2. Let X and X’ be two BCK-algebras and f : X — X’ be an onto homomorphism. If
A = (u4, v4) be an intuitionistic fuzzy subset of X' such that ' (A) is a (e,e \/q) -intuitionistic

fuzzy ideal of X, then A is also a (e, € vq) -intuitionistic fuzzy ideal of X'.

Proof. Let X,y €X' such that (x' * y)),, yJ €4 = (u4, v4) where t, s €[0;1].
Then us(x' * y) > tand u y) > s and vy(x' * y) < tand vi(y) <s
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since f'is onto so there exists X, y € X such that f(x) = X, fly) = y/ also f is homomorphism so
fo * ) = ) * ) = x' *y/

X, €4 = (g, v2)

then x/t, € 1y, x/t, E vy

If X/t, E,LtA

50 p4(f(x)) = 1

=1 (ua)(x) > 1 =) E1 ()

=0 ¢ € Vq ' (u4) [Since ' (u4) is a (&, € vq)-intuitionistic fuzzy ideal of X]

=0t €1 '(uy) and 0 q £ (uy)

=1 (1) (0) >t or £ (ug)(0)+¢ > 1

= u4(f(0)) = ¢ or u4(f(0)) +¢ > 1

= 14(0) > tor uy(0)+¢ > 1

=>0/t = V(],UA

Therefore x'y, €y, =0, € Vquy

Again consider X € vy

Again v (x) < ¢

=v,(fx) <t = (v)x) <t =% € (v

=0, €V q {'(v4) [Since f'(v4) is (&€ vq)- intuitionistic fuzzy ideal of X]

=0, € f'(v,) and 0, G £ '(vs)

=1 (v)(0) < tor ' (vy)(0)+¢ <1

= (v )f(0) < t or(vy)f(0) +¢ <1

=(va)(0) <z or(v)(0) +¢ <1

=(0'); € vy or (0')y G va

=(0) &V q v

Again let (x/ * y/)t, ys/ €A = (u4, v4) where t, s €[01]
Therefore (x/ * y/)t, ys/ € uy

pa(flx *y)) = t and ua((f(y)) = s

=1 (ua)x *y) > rand £ (ua)(y) > s

=(x *y) € () and (v) s EF ()

=(x) m.s) € Vq £ (u4) [Since £ (uy) is a (€,€ vq)-intuitionistic fuzzy ideal of X]

=1 (ug)(x) > m(t, s) or £ (u)(x) + m(t, s) > 1

= u4(f(x)) > m(t, s) or uy(f(x)) + m(t, s) > 1

=>,uA(x/) >m(t, s) or ,uA(x/) +m(t, s) > 1

=X'ma, ) € Vau

also (x/ * y/ )ts ys/ Evy

=v,(x' *y)<rand vi(y) <s

=v4(f(x*y)) <t and v4(f(y)) < s

=1 (v)(x*y) <tand f'(v)(y) <s

=(x*y) € f'(v4) and (v) s € £ (vy)

=X Mm(t,s) EV q T 1(vA) [Since 1(vA) is (e,e vq) - intuitionistic fuzzy fuzzy ideal of X]

=1 (v)(x) <M(t, s) or £ (v)(x) + M(t, s) < 1
= (v )f(x) < M(t, s) or(v)f(x) + M(t, s) < 1
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= (va)(f(x)) < M(t, s) or(va)(f(x)) + M(t, s) < 1

= (v)(x)) < M(t, s) or(vo)(x) + M(t, s) < 1

= (X)m,9 € vaor (s G va

= (X s) EV qua

Hence from above v, is a (e,e vq) -intuitionistic fuzzy fuzzy ideal of X. [

6

Conclusion

In this paper, we have introduced the concept of (€, €vg)-intuitionistic fuzzy fuzzy ideals of
BG-algebra and investigated some of their useful properties. In my opinion, these definitions
and results can be extended to other algebraic systems also. In the notions of (a, f)-fuzzy ideals
we can define twelve different types of ideals by three choices of a and four choices of f.

In the present paper, we have mainly discussed (e, €vqg)-type fuzzy ideal.

In future, the following studies may be carried out:

(1) (e, evg)-intuitionistic fuzzy BCI-positive implicative ideals of BCI-algebra
(2) (e, evg)-intuitionistic doubt fuzzy ideals of BCK-algebra.

(3) (e, evg)-intuitionistic fuzzy maximal ideals of BCK-algebras.
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