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l. INTRODUCTION

In 1991, Xi [1] applied the concept of fuzzy sets to BCK-algebras which were introduced by Imai and
Iseki [2]. In 1996, J. Neggers and H. S. Kim [3] introduced the class of d-algebras which is a
generalisation of BCK-algebras and investigated relation between d-algebras and BCK-algebras. M.
Akram and K. H. Dar [4] introduced the concepts fuzzy d-algebra, fuzzy subalgebra and fuzzy d-ideals of
d- algebras. S. K. Bhakat and P. Das [5] used the relation of “belongs to” and *“quasi coincident with”
between fuzzy point and fuzzy set to introduce the concept of (e,evq)—fuzzy subgroup and (e,e vq)—
fuzzy subring. D. K. Basnet and L. B. Singh [6] introduced (e, vq)—fuzzy ideals of BG-algebra in 2010.
In this paper, we define (e,e vq)—fuzzy ideals of d-algebra and got some interesting results.

Il. PRELIMINARIES

Definition 2.1. A d-algebra is a non empty set X with a binary operation * satisfying following axioms.
(i) x*x=0

(i) 0*x=0

(i) x*y=0and y*x=0=x=y V X y&EX

Definition 2.2. Let S be a non empty subset of a d-algebra X. Then S is called a subalgebra of X if
X*y€ESVXYyEX

Definition 2.3. A non empty subset | of a d-algebra X is called d-ideal of X if it satisfies the following
conditions.

(i 0el

(i) x*yeElandy €l =x €1

(iii) x€landy eX =x*y €|

(iv)

Definition 2.4. A fuzzy subset p of a d-algebra X is called fuzzy d-ideal of X if it satisfies following
conditions.

() wO0)=ux)
(i) p(x)=min {u(x *y), p(y)}
(i) px*y) =min {pu(x), u(y)}
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Example 2.5. Consider a d-algebra X = {0, a, b, c} with the following cayley table.

OO0 |0|T
OO0 OO

O[Tl |O| *
O |T| OO0

O |T|Oo0o|D

Define u: X — [0, 1] by u(0) = 0.9, w(a) =0.6, w() = 0.5, u(c)=0.3
Then it is easy to verify that p is a fuzzy d-ideal X.

1. (e,e vq)-FUZZY IDEALS OF d-ALGEBRA

Definition 3.1.A fuzzy set u of the form

tif y=xte(0,]]
Y =1,
0if y=#x

Is called a fuzzy point with support x and value t and it is denoted by x:.

Definition 3.2. A fuzzy point x; is said to belong to (respectively be quasi coincident with) a fuzzy set p
written as X; € p (respectively x.q p) if p(x) > t (respectively p(x) + t>1) if xc € p or x¢q p then we
write X €Vq u

(Note ewvqg means e vq does not hold)

Definition 3.3.A fuzzy subset p of a d-algebra X is said to be (e, vq) -fuzzy ideal of X if

() (X*Y) Ys € p= Xy € Vq
(i) X, Ys€pn=(X*Y)mes € Vq p forall x, y € X where m(t, s)=min{t, s}

Definition 3.4. A fuzzy subset p of a d-algebra X is said to be (a, B)-fuzzy ideal of X if

() X*Y)bYsap=Xmespp
(i) X, Ysop=X*Y)mes Bup forall x, y € X where m(t, s)=min{t, s}

and a, B €{€,0,€EVQ,EAqQ} anda # EAQ
Theorem 3.5. A fuzzy subset u of a d-algebra X is a fuzzy ideal iff u is a (€, €)-fuzzy ideal of X.

Proof- Let p be a fuzzy ideal of X. To prove that p is (€, €)-fuzzy ideal.
Let x, y € X, such that (X * y), ys € p where t, s € (0, 1), then p(x *y) > t, u(y) > s
Now p(x) = min {p(x *y), p(y)} = min {t, s} = m (t, s)
= X m(t,s) E “’
Again let x; € p, ys € p then p(x) > t, u(y) >s
Now p(x * y) = min {u(x), u(y)
>min {t, s} = m(t, )
= (X*Y) mey € 1
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=~ wis (€, €)-fuzzy ideal of X.

Conversely,

let u be a (€, €)-fuzzy ideal of X. To prove that p is a fuzzy ideal of X.
Letx,ye Xandt=pux*y),s=u(y) then p(x *y) >t, u(y) >s
i.e. (X*Y) €, ys € U = Xms) € p by given condition

i.e. p(x) =m (t, s) = min {p(x *y), pn(y)}

Again let t=p(x), s = p(y) then p(x) > t, u(y) >s

= X EU Y Ep

=  (X*Y)mws €u by given condition

= px*y)=m(t, s) = m{px), p(y)}

Again taking y = x, we get

p(x*x) =m {p(x), p(x)} = p(x)

=p(0) = ux)

Hence p is a fuzzy ideal.

Theorem 3.6. If pis a (q ,q)-fuzzy ideal of a d-algebra X, then it is also a (€, €)-fuzzy ideal of X.
Proof: Let u be a (q ,q)-fuzzy ideal of a d-algebra X. Let x, y € X such that (X * y);, ys Epn
= ux*y)=tand p(y) =s

= uEx*y)+dé>tand u(y)+o6>s foranys>0.

= pux*y)+o—-t+l>1land wWy)+6—s+1>1
=(X*y)se1qpand (Y)ss1qp  [since wisa(qq)-fuzzy ideal X].

S We have X me-t+1 ,5-s+1) q [

px)+m@-—t+1,6—-s+1)>1

w(x)+0+1—M(t, s)>1, where M(t, s) = max{t, s}

w(x) > M(t,s) — o

p(x) > M(t, s), since d is arbitrary

u(x) > M(t, s) > m(t, s)

X'mt,s) € U

Again let x, ys Epn

= p(x)=tand p(y) = s

= u(x)+ 6 >tand u(y) + o >s, where > 0 is arbitrary.

S ux)+1+o-t>landp(y)+1+38-s5>1

= Xawso g and (Y)arssd p

= (X* Y)m (1+5-t.1+5-9)qH [ Since u is (q, )-fuzzy ideal].

= ux*y)+tm(l+6—-t1+5-5)>1

= ux*y)+1+6-—M(,s)>1

= px*y)+8-M(t, s)>0

= ux*y)>M(t, s)—0=>M (L, s) >m(t, S), since 6 > 0 is arbitrary.
S (XFY) mies) Ep

Hence p is (€, €)-fuzzy ideal of X.

L AR

Remark 3.7. Converse of above is not true i.e. every (€, €)-fuzzy ideal is not a (g, q)-fuzzy ideal as
shown in the following example.
Example 3.8. Consider d-algebra X = {0, a, b, c} with the following cayley table.
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*10|a|b|c
0|00 0
ala|0]|]0]a
b|b|b|0]O0
c|lc|lc|c|O

Define p: X — [0, 1] by p (0) =0.7, n (a) = 0.6, p (b) = 0.4, u(c) = 0.3 then it is east to verify that p is a
(€, ©)-fuzzy d-ideal X. But it is not a (q, q)-fuzzy ideal of X because if x =b, y = ¢, t=0.35, s=0.75 then
(X*Y)hgpu, ysqu but p(x)+m(t, s) =)+ m(0.35,0.75)=04+035=0.75< 1

Theorem 3.9. A fuzzy subset p of a d-algebra X is a (€, € Vq)-fuzzy ideal of X iff

w(x) = m (ux *y), u(y), 0.5)
p(x*y) =m (u(x), u(y), 0.5) VX yeX

Proof. First let u be a (€, € vq)-fuzzy ideal of X
Case I. Letm (un(x *y), w(y)) <0.5 Vvx, y € X then

m (u(x * y), 1(y), 0.5) =m(p(x *y), u(y))
If possible p(x) <m (u(x *y), u(y)). Choose a real number t such that

H(x) <t<m (ux*y), u(y)), then (X * y), (Y) € p
but u(x) <ti.e. x .
Also p(x) +t< 2t
e ux)+t<2m (ux*y), wy) <2x05=1
=S ux)+t<l1
Which contradicts the fact that p is a (€, € vq)-fuzzy ideal of X
Hx) = m (x> y), u(y) =m (ux *y), w(y), 0.5)
Case Il. Let m (u(x *y), u(y)) > 0.5
Then m(u(x * y), u(y), 0.5) = 0.5. If possible u(x) < m(u(x *y), u(y), 0.5)=0.5
Then u(x *y)>0.5and w(y) >0.5
(X *¥)os, Yos € p but u(x) <0.5
Xos gpand p(x)+0.5<0.5+0.5=1
Which is again a contradiction to the fact that p is a (€, € vq)-fuzzy ideal of X.
Hence we must have p(x) >m (u(x *y), u(y), 0.5)
Case I11. Let m (u(x), u(y)) <0.5 VX, y, € X, therefore m (u(x), u(y), 0.5) = m (u(x), u(y))
If possible p(x *y) < m (u(x), w(y)) choose a real number t such that
p(x*y) <t<m (ux), p(y)) then x; € u, y € n
But p(x *y) <t= (X*y) ¢u
Again p(x*y)+t<2t<2m (ux), u(y)) <2x05=1
= ux*y)+t<l1
Which contradict the fact that p is (€, € vq)-fuzzy ideal
Case IV. Let m (u(x), u(y)) > 0.5 then m (u(x), u(y), 0.5) =0.5
If possible p(x * y) <m (u(x), u(y), 0.5) = 0.5, then u(x) > 0.5, u(y) >0.5
I.e. Xo5 € U, Yo5 € u. But p(x *y) < 0.5
i.e. (X *Yy)os guand wx*y)+0.5<0.5+0.5=1, which is again a contradiction.
~ uis (€, € vg)-fuzzy ideal.
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Conversely,
let p(x) = m (u(x *y), u(y), 0.5) (3.1)
Let x, y € X, such that u(x * y) = tand u(y). Then (X*y), s € p
Hence u(x) >m (t, s, 0.5) [By (3.1)]
Now if m (t, s) <0.5 thenm (t, s, 0.5) = m (t, s) therefore, u(xX) >m (t, S) i.e. Xmes E (3.2)
Againifm (t,s) >0.5thenm (t,5,0.5) =05 .. u(x) >m (t, 5,0.5) = 0.5
ie.ux)+m(,s)>05+05=1

= Xms)d K (3.3)
(3.2) and (3.3) =Xms € Vq p. Hence p is a (€, € vq)-fuzzy ideal.
Again Let p(x * y) = m (n(x), u(y), 0.5) (34)

Let x, y € X so that pu(x) =tand p(y). Then X, ys € u
Therefore m (u(x), u(y)) > m (t, s)
By (3.4), w(x*y)>m(ts, 0.5)
Now, if m(t, s) <0.5 then pu(x *y) > m(t, s, 0.5) > m(t, s)
= (X * Y)mty € (35)
Again if m (t,s)>0.5then up(x *y) >m (t,s,0.5) = 0.5
= px*y)+m(,s)>05+05=1
= (X* Y)mes) qu (3.6)
From (3.5) and (3.6)
(X * Y)mes € VQ p. Therefore pis (e,e vq)—fuzzy ideal of X.

Remark 3.10. A (€, €)-fuzzy ideal is always a (€, vq) -fuzzy ideal of X but not conversely which can
be seen from the following example.

Example 3.11. Consider d-algebra X = {0, a, b, c} with the following cayley table.

O[T | O %
O[T/ OO
DO |O|0|T
OO0 OO

O |T|O|0o|

Define p: X — [0, 1] by n(0) = 0.58, p(a) = u(b) = 0.75, u(c) = 0.55
Then it is easy to verify that p is (€€ vq) -fuzzy ideal by above theorem.
Butags = (C * b)oj, bos € u butco7 ¢ u also ag7, bp7 € u but (a * b)oj =007 ¢ u

Remark 3.12. Every (€, q)-fuzzy ideal of d-algebra X is always a (€, € vq)-fuzzy ideal of X

Theorem 3.13. If a fuzzy subset i of a d-algebra X is a (e,e vq)—fuzzy ideal of X and p(x) <0.5

vx € X, then p is also a (€, €)-fuzzy ideal of X.

Proof. Let n is (€, € Vq)-fuzzy ideal of X and pu(x) <0.5and p(x *y) <05 VX, y €X
Let(X*Y): €p, ys Ep

Therefore t<u(x*y)<0.5ands < u(x)<0.5

S.m(t, s) <0.5 also u(x) + m(t, s) <0.5+0.5=1

Since, p is (€, € Vq)-fuzzy ideal of X i.e. p(x) >m (t, s) or p(x) + m(t, s)>1
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So, we must have Xms) € 1 (3.7)
Again, let x €, ys Ep

t<u(x)<05ands<p(y) <05

J.m(t, s) <0.5 also p(x*y) + m(t,s) <0.5+05=1

Since p is (€, € Vq)-fuzzy ideal of X so u(x*y) > m(t, s) or u(x*y) + m(t, s) > 1

Therefore we must have pu(x*y) > m (t, s) i.e. (X*y)ms) € 1 (3.8)
(3.7) and (3.8) = n is (€, €)-fuzzy ideal.

Theorem 3.14. A fuzzy set u in a d-algebra X is an (e, € vq) -fuzzy ideals of X iff the set

ue={x eX| w(x) >t} is an ideal of X for all t € (0, 0.5).
Proof: Assume p is an (&€ vq)-fuzzy ideal of X and t € (0, 0.5].

Let x, y € X such that x*y, y €

Therefore pu(X *y) > t, u(y) > t,

Now by theorem 3.9

p(x) =m (ux*y), u(y), 0.5)=m(t t, 0.5) =t

= u(x) > t= Xe u;

Therefore, x*y, y € u = X€ (3.9
Again, let X, y €

Therefore pu(x) > t, u(y) >t

Again by theorem 3.9

p(x*y) =2 m (p(x), p(y), 0.5)=m(t, t, 0.5) = t

= Wx*y) 2t=Xx*y €
Therefore X, y € ut = X*y€ (3.10)
From (3.9) and (3.10) p. is an ideal of X.

Conversely,

Let p be a fuzzy set in X and p={x €X | p(x) > t} be an ideal of X, to prove p is (€,€vq)-

fuzzy ideal X. Suppose p is not an (e, € vq) -fuzzy ideal of X, then there exist a, b € X such that at

least one of p(a) < m(u(a *b), wb), 0.5) and p(a * b) < m(u(a), wb), 0.5) hold.
Suppose p(a) < m(p(a *b), w(b), 0.5) holds. Let t=[u (a) + m (u (a *b), u (b), 0.5)]/2, then t € (0, 0.5)
and p(a) <t<m (u(a*b), ub),0.5) (3.11)
ie. p@*b)>t u(b)>t

:>a*b€p,t,b€p,t

= a €y [since pis ideal]

Therefore u (a) > t, which contradict (3.11)
Hence we must have u(x) > m (u(x * y), u(y), 0.5)
Next let u(a * b) <m(u(a), u(b), 0.5) holds. Let t = [ (a*b) +m (u (a), p (b), 0.5)]/2, then t € (0, 0.5)
And p (a*b) <t<m(u (a), u(b), 0.5) (3.12)
i.e. p@>t,ub)>t

= a€ u, b€ w = a*b € u [since pis ideal]

Therefore u (a*b) > t, which contradict (3.12)

Therefore we must have pu(x*y) > m (u(x), u(y), 0.5)

Hence p is an (€€ vq)-fuzzy ideal of X.
Theorem 3.15. Let S be a subset of a d-algebra X. Consider the fuzzy set psin X defined by

B 1 if xe§,
H.=10 otherwise
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Then S is an ideal of X iff psis an (&, e vq)-fuzzy ideal X.

Proof. Let S be an ideal of X. Now (us)t ={ X €X | us (X) > t}=S, which is an ideal.
Hence by theorem 3.14, psis an (€, € vq)-fuzzy ideal X.

Conversely, assume that psis an (e, € vq)—fuzzy ideal X, to prove S is an ideal of X.

Let x*y, y € S. Then ps(x) > m(us(X * y), us(y), 0.5) = m(1, 1, 0.5)=0.5 = ps(X) > 0.5= py(x) =1=x € S.
Next let X, y € S. Then ps(x*y) > m (us(x), ps(y), 0.5) =m (1, 1, 0.5) = 0.5 = ps(x*y) > 0.5

= pus(x*y) =1=x*y € S. Hence S is an ideal of X.

Theorem 3.16. Let S be an ideal of X, then for every t € (0, 0.5] there exists (e, € vq) -fuzzy ideal p of

X such that pui=S.
Proof. Let u be a fuzzy set in X defined by

(x) = 1if xeS§,
=35 otherwise

Where s<te€ (0, 0.5]. Therefore p;={x €X | u(x) >t} =S and hence pis an ideal. Now if p is not an
(e, € vq) -fuzzy ideal of X then there exist a, b € X such that at least one of u (a) < m (u (a * b), u (b),

0.5) and p (a*b) <m (u (a), u (b), 0.5) hold.
Suppose p (a) <m (pn (a *b), u (b), 0.5) holds. Then choose a real number t € (0, 1) such that
p(@<t<m(u(a*b),u(b),0.5) (3.13)
ie. p@*b)>t,u)>t
=a*b € Mt, be Mt
= a € u =S [since p is ideal]
Therefore p(a ) =1 > t, which contradicts (3.13)
Hence we must have u(x) >m (u(x * y), u(y), 0.5)
Again if p (a * b) <m (u (a), p (b), 0.5) holds then choose a real number t € (0, 1)
and p(a*b) < t <m(u(a), w(b), 0.5) (3.14)
ie. p@>tu)>t
>a€ w b€ w =a*b e u=S[since puis ideal]
Therefore p (a*b) =1 > t, which contradicts (3.14)
Hence we must have u(x*y) > m (u(x), u(y), 0.5)
Thus, p is an (& € vq)-fuzzy ideal X.

Definition 3.17 Let u be a fuzzy set in d-algebra X and t € (0,1], then let

pe={ X eX|x € p}={x e X| ux) =t}

<p>r={x eX|xqpu}={x € X|ux) +t>1}

[l={xeX|xe vap}={XeX|pnx)=torp(x)+t>1}

Where . is called t level set of pu, <p>tis called q level set of p and [u];is called € v q level set of p
Clearly, [u}i=<p> U w

Theorem 3.18. Let i be a fuzzy set in d-algebra X, then p is an (€, € vq) -fuzzy ideal X iff [u]iis an
ideal of X for all t € (0,1]. We call [u];as € v q level ideal of .

Proof. Assume that p is an (& € vq)-fuzzy ideal X, to prove [p];is an ideal of X.

Let x,y € [u]: fort € (0,1]

Then xxevquandyiEvqpu

e ux)>toru(x)+t>21and u(y)>torpu(y) +t>1

Since, p is an (& € vq)-fuzzy ideal X

p(x*y) =2m (p(x), u(y), 0.5)  vx,yeX

ISSN: 2231-5373 http://www.ijmttjournal.org Page 22




International Journal of Mathematics Trends and Technology — Volume 9 Number 1 — May 2014

Now we have the following cases.
Casel: pux)>t, u(y)>t,lett>0.5
Then u(x * y) > m (u(x), u(y), 0.5)>m (t, t,0.5)=0.5
= ux*y)>05= ux*y)+t>05+05=1= (X *y)qu
Again if t < 0.5, then u(x *y) > m (u(x), u(y), 0.5)>m(t, t,0.5) =t
=  pxFy)zt=>(X*y)Ep
Hence (X *y) Evqpu
= X*y€[ulk
Case I: p(x)>t, w(y) +t>1,lett>05
Then p(x * y) > m (u(x), u(y), 0.5) >m (t, 1-t, 0.5) = 1-t
=  px*y)>Lt=px*y) >l (X*y)qp
Again if t < 0.5, then u(x *y) > m (u(x), u(y), 0.5)>m (t, 1-t,0.5) =t
= px*Fy)=t=>(X*y)Ep
Hence (X *y) € vqpui.e X*ye€[ul
Case Il : u(x) +t>1, w(y) >t
This is similar to case Il
Case IV : u(x) +t>1, u(y) +t>1,lett> 0.5
Then p(x *y) > m (u(x), u(y), 0.5) > m (1-t, 1-t, 0.5) = 1-t
= px*y)>Lt=px*y) H>l= (X*y)qp
Again if t < 0.5, then u(x *y) > m (u(x), u(y), 0.5)>m (1-t, 1-t, 0.5) =0.5>t
=  px*Fy)=t=>(X*y)hEp
Hence (X *y)i € vqu= X*y€[ul
Hence from above four cases X,y € [u]i= X*y €[ul;
Again let x*y, y € [u]ifor t € (0,1],
Then(x*y) € vquand y € vqu
e u(x *y)>tor p(x*y) +t>1and p(y) > tor u(y) +t>1
Since p is an (€,€ vq)-fuzzy ideal X

n(x) = m (u(x), u(y), 0.5)  vx,yeX
Casel: p(x *y)>t, u(y)>t, lett>0.5
Then p(x) > m (u(x *y), u(y), 0.5)>m(t, t,0.5) =05
= u(x)>0.5= u(x) +t>05+05=1= x:qu
Again ift < 0.5, then pu(x) > m (u(x *y), w(y), 0.5)>m (t, t,0.5) =t
= ux)>t=x € pn
Hence i € vqu = X €[ul:
Case Il : p(x *y) >t, w(y) +t>1, lett>0.5
Then p(x) > m (u(x *y), u(y), 0.5) > m (t, 1-t, 0.5) = 1-t
= pux)>1-t=pux Ht>1=xqpu
Again ift < 0.5, then pu(x) > m (u(x *y), w(y), 0.5)>m (t, 1-t, 0.5) =t
= ux)>t=x € pn
Hence X{ € vqu= X €[ul
Case Il : pux) +t>1, wy)=>t

This is similar to case Il

Case IV : p(x *y) +t>1, u(y) +t>1,lett>0.5
Then p(x) > m (u(x *y), u(y), 0.5) > m (1-t, 1-t,0.5) = 1-t
= pux)>1l-t=>pux) t>1=>xqu
Again if t < 0.5, then pu(x) > m (u(x *y), w(y), 0.5)>m (1-t, 1-t,0.5) =05>t
= ux)>t=x € pn
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Hence xt € vqu = X € [ult

Hence from above four cases X *y,y € [u]i= X €[ul
Hence [p]tis an ideal of X.

Conversely
Let p be a fuzzy set in X and t € (0, 1] be such that [u];is an ideal of X, to prove p is an (€, e vq)-fuzzy
ideal X. If u is not an (e, € vq)—fuzzy ideal X, then there exist a, b € X such that at least one of
p@<m(u(@*b),u(),05)and p(a*b)<m(u(a), u(b),0.5) must hold.

Suppose p (a) <m (u (a *b), u (b), 0.5) is true, then choose t € (0, 1] such that

p(a)<t<m(u(a*b), p(b),0.5) (3.15)
Thenp (a*b)>t, u(b)>t=a*b, b€ u < [pulwhich is an ideal

Therefore a € [u]i= p(a) > tor p(a) +t >1 which contradict (3.15)

Again if p (a* b) <m (u (a), u (b), 0.5) is true, then choose t € (0, 1] such that

p (a*b) <t<m(u (a), n(b),0.5) (3.16)
Thenp (a)>t, u (b)>t=a,b € u < [pu]rwhich is an ideal

therefore a*b € [p]i= p(a *b) >t or pu(a*b) +t >1 which contradict (3.16)

hence we must have

n(x) = m (ux*y), )y), 0.5)

Hx*y) = m (ux), p(y), 0.5)  vx yeX

Hence p is an (€€ vq)-fuzzy ideal X

Theorem 3.19. Every (€ v q, € v q)-fuzzy ideal is an (€, € v q)-fuzzy ideal.

Proof. It follows from definition.
Theorem 3.20. Let p; and p2 be two (e, vq)—fuzzy ideals of a d-algebra X. Then p; N p2isalso a
(e.€ vq)-fuzzy ideal of X.

Proof. Let X, y € X. Now

We have (1 1 p2) (X) = minua(x), pa(X)}= m{ua(x), pa(x)}

Again (py N p2)(x) = m{pa(x), pa(X)}

>m{m {pi(x *y), pa(y), 0.5}, m {ua(X * y), pa(y), 0.5} [u1is (e € vq)-fuzzy ideal]

=m{m {pa(X*y), pa(x * y)}, m {pa(y), pa(y)}, 0.5}

=m{(u1 N p2) (X*y), (e N 2) (), 0.5} (317)
And (1 N p2) (x*y) = m{ua(x*y), pa(x*y)}

>m {m {u1(x), pa(y), 0.5}, m {pa(x), pa(y), 0.5}} [ p2is(e, € vq)-fuzzy ideal ]

=m {m {pa(X), pa(x)}, M {pa(y), na(y)}, 0.5}
=m{(u1 N p2) (), (ua N p2) (y), 0.5} (3.18)

(3.17) and (3.18) = p1 N 2 is (& € vq)-fuzzy ideal of X.

The above theorem can be generalised as
Theorem 3.21. Let {uifi = 1, 2, 3, . . .} be a family of (e,e vq)—fuzzy ideals of a d-algebra X, then

N"=1 piis also a (e,e vq)-fuzzy ideal of X, where i = min{ui(x):i=1,2,...}

IV. CARTESIAN PRODUCT OF d-ALGEBRAS AND THEIR IDEALS

Theorem 4.1. Let X ,Y be two d-algebras, then their Cartesian product X x Y={(X,y) | X €EX,y €Y }is
also a d-algebra under the binary operation * defined in X xY Dby (X, y)*(p, q)=(x*p, y*q) for all (x, y),
(P, @) EXXY.
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Proof. Clearly0 €X,0 €Y therefore (0,0) X xY
Let (x, y), (p,q) EXxY
Now
() % y)*x y)=0x y*y)=(0,0) EXx Y
(i) (0,0) *(x, y)=(0"x,0*y)=(0, 0) EX x Y
(i) (%, y)*(p. 3)=(0, 0) and (p, 4)*(x, ¥)=(0, 0)
= (x*p, y*0)=(0,0) and (p*x, g*y)=(0, 0)
= x*p =0 y*q=0 and p*x=0 g*y=0
= x*p=0and p*x =0, y*q=0and g*y=0
= X=p,¥y=q
(x,y) = (p, q)
Which shows that (X x Y, (0, 0),*) is a d-algebra.

Definition 4.2. Let p1 and p be two (&, vq)—fuzzy ideals of a d-algebra X. Then their Cartesian product
p1 X pzis defined by (n1 % o) (X, y) = min {ua(x), pa(y)} where (ug X po): X x X —[01] vx,y €X.
Theorem 4.3. Let p; and p; be two (e,e vq)—fuzzy ideals of d-algebra X. Then u; x p, isalso a (e,e vq)—

fuzzy ideal of X x X.
Proof. Similar to theorem 3.14.

V. HOMOMORPHISM OF d-ALGEBRAS AND FUZZY IDEALS

Definition 5.1. Let X and X' be two d-algebras, then a mapping f: X — X'is said to be homomorphism
iff(x*y)=f(x)*f(y) vx,y eX.

Theorem 5.2. Let X and X' be two d-algebras and f : X — X' be homomorphism. If j be a (e, € vq) -
fuzzy ideal of X/, thenf™(p) is (€, e vq) -fuzzy ideal of X.

Proof. '(n) is defined as f ~*(u)(x) = p(f (X)) vx € X. Let p be a (&, & v ) -fuzzy ideal of X’
Let x, y € X such that (x *y),, ys € f () then f Y(u)(x *y) >tand f (u)(y)>s
p(f(x*y))=tand u(f(y)=>s

(Fx*y) Epandf(y)s Ep

FX)*f(y) €pandf(y)s €p [Since fis a homomorphism]

((F ())mts) €EVqp [Since pisa (g€ vq)— fuzzy ideal of X']

((f mits) Epor p(f(x)) +m(t, s) > 1

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

f ()(x) > m(t, s) or f H(u)(x) + m(t, s)> 1

Xm(es) EF 1(1{)1 or Xmgs) 4 (1)

Xms) € VO T (1) (5.1)
Again, let x, y € X such that x,, ys €f () then f *(u)(x) >t, f (u)(y) > s

L L e

= p(f(x)=tand u(f(y)=s

= f(x)Epandf(y)s Epn

= [0 *f(YInwy Enor[f (X)) *f(Y)Inws g 1 [Since pbea (e,e vq)— fuzzy ideal of X']

ie. w[fF0)*f(y)]=m(,s)orpu[f(x)*f(y)]+ms)>1

= p[f(x*y)]=m(t, s)orp[f(x*y)]+m(ts)>1

= fwE*y)=m(t s)or f H(wx*y) + m(t,s)>1

= (X*YIney EF 1(12 or (X * V)mes) A F (1)

= (X*YImity EVAT () (5.2)
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(5.1)and (5.2) = f *(n)isa (e e vq)-fuzzy ideal of X.
Theorem 5.3. Let X and X’ be two d- algebrasand f: X — X' be an onto homomorphism. If u be a
fuzzy subset of X' such that f *(u) is a (€€ vq)-fuzzy ideal of X then p is also (€,e vq)-fuzzy ideal

of X/
Proof. Let X, y €X' such that (X*y)) 1, ys €p where t, s [0, 1] then n(x*y)>tand p(y)=>s. Since
f is on to so there exists x, y € X such that f(x) = X, f(y) = y also f is homomorphism so
f(x *y) = f(x) * f(y) = X' *
So, p (F(x*y))>tand p ((f (y)) >s
fH(wx*y) = tand f *(u)(y) = s
f (w)(x) = m(t, s) or f (u)(x) + m(t, s) > 1 [ Since f *(p) is a (€& vq) -fuzzy ideal of X]
u(f (x)) >m(t, s) or u(f (x)) + m(t, s) > 1
n(x) > m(t, s) or p(x) + m(t, 5) > 1
X/m(ts Ep,OI’ m(t,s) d K
Xmts € VO p (5.3)
Agaln let x/ y € X such that X, v €p
Coux) >tand p(y) >s
w(f (x)) > tand p(f (x)) >s
(W) > tand f(u)(y) > s
x €f Y(u)and ys €F (n)
(X*Y) mes €Vaf i) [Sincef (p)isa (eevq) -fuzzy ideal of X]

=
=
=
=
= (X*Y)mes €F W) or (X*Y) me 99 F ()

= fiwEx*y)=mts)orf {(u)x*y)+ms)>1
=

=

=

=

=

L R

p(f (x*y)) =m(t, s) or p(f(x *y)) + m(t,s) > 1
u(E () 7 T (1)) = m(t, ) or u(f (x) * F(y)) + m(t, s) > 1
n(x * y) > mt, s)oru(x*)/)+m(t 5)>1
(X/ *Y)mts Epor (' * )/)m(ts Equ
)/)m(ts € Vqu (5.4)
(5.3) and Ga)=pisa (g€ vq) -fuzzy ideal of X’

VI. CONCLUSIONS

In this paper, we have introduced the concept of (e, € vq) -fuzzy ideals of d- 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, B)-
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 (€, vq)-type fuzzy ideal. In future, the following studies may be carried out : (1) (e,e vq)-
intuitionistic fuzzy ideals of d-algebra (2) (e, € vq) -doubt fuzzy ideals of d-algebra.
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