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ABSTRACT. The purpose of this paper is to introduce the concept of (€
, € Vq)-fuzzy congruence relation over ring and discuss some properties of
the (€, € Vq)-fuzzy congruence relation. We also establish a brief relation
between (€, € Vq)-fuzzy ideal and (€, € Vq)-fuzzy congruence relation. The
image and preimage of (€, € Vq)-fuzzy congruence are also studied under
the so called semibalanced map.
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1. Introduction

In 1965, Zadeh [29] introduced the concept of fuzzy set. Using this concept
in 1971, Rosenfeld [25] introduced the concept of fuzzy subgroup. Countless
studied have been carried out by many mathematician to study fuzzy algebraic
structure such as group, ring, near-ring and so on. Das [10] characterized fuzzy
subgroups by their level subgroup. In 1982, Liu [16] applied the concept of fuzzy
sets to the theory of rings and introduced the notion of fuzzy ideals of a ring.

The idea of a fuzzy point, its belongingness to and quasi-coincidence which is
mentioned in Ming and Ming [19] played a vital role in the inception of various
fuzzy algebraic structures. In 1992, Bhakat and Das [4] introduced a new type of
fuzzy subgroup (viz (€, € Vq)-fuzzy subgroup by using the combined notion of
“belongingness” and “quasi coincidence” of fuzzy point and fuzzy sets. In fact,
(€, € Vq)-fuzzy subgroup is an important and useful generalization of Rosenfeld’s
fuzzy subgroup. In 1996, Bhakat and Das [6] further defined (€, € Vq)-fuzzy
subrings and ideals of a ring.
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Since the introduction of fuzzy relation on a set by Zadeh [29, 30], there is
a remarkable growth of research in this area. Many authors like Chakraborty,
Das, Nemitz, Murali etc [8, 9, 23, 21, 22] studied fuzzy equivalence relation. In
1989 and 1991, Murali [22] proposed the concept of fuzzy congruence relations
which led to the concept of fuzzy normal subgroups on a group as proposed
by Kuroki [15]. Later on, Kim and Bae [14], Samhan and Ahsanullah [27] and
others further studied fuzzy congruence relation in groups, rings and near rings.
In 2011, M. Ali et al. [2] proposed the concept of (€, € V q)-fuzzy equivalence
relations and indistinguishability relations and proved various important results.

In this paper, we further proceed to study of (€,€ V ¢)-fuzzy congruence
relation on a ring following the concept of (€, € V q)-fuzzy equivalence relation
initiated by M. Ali et al. [2]. We also establish a series of properties of the
generalized (€, € Vq)-fuzzy congruence relation on ring. The image and pre
image of (€, € Vq)-fuzzy congruence are also studied under the so called semi
balanced map.

2. Preliminaries

This section contains some basic definitions and preliminary results that will
be needed in the sequel. Let R be a ring and X be any non-empty set.

Definition 2.1. [16] A fuzzy subset p of a ring R is called fuzzy subring of R,
if for all z,y € R
(i; uEx NES ming{u(x) ugy)},
(i) p(zy) > min{u(@), u(y)}.
Definition 2.2. [16] A fuzzy subset p of a ring R is called fuzzy ideal of R, if
for all z,y € R
(1) wlz —y) = min{u(z), u(y)},
(i) po xyg > min{y(z), u(y)},
(i) p(zy) > max{p(z), (IZ) (1(zy) = py) and p(xy) > p(x)).

Definition 2.3. [19] Let ¢t € (0,1], z € X, a fuzzy subset z; of X defined by

t ifz=y,
z:(y) {O otherwise, for all y € X

is called a fuzzy point. A fuzzy point x; is said to belong to (resp. quasi-

coincident with) a fuzzy subset p of X if p(z) > t (resp. u(z) +t > 1), written

as “xy € " (rvesp. “zpqp”). If “zy € W’ or “xyqu”,it is denoted by “xy € Vqu”.

The notation z; € u, x4 qu,and z; € Vqu will mean that x; € u, x,qu and

¢ € V q p respectively do not hold.

Definition 2.4. [6] A fuzzy subset p of ring R is said to be an (€, € Vq)-fuzzy
subring of R if for all z,y € R and t¢,r € (0, 1],
(1 Tt,Yr € U= (.T + y)min(t,r) € Vg pu,
(i) @ € p= (=) € Vq p,
(1) z¢,yr € b= (TY)min(e,r) € VG 1
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Remark 2.1. Condition (i) is equivalent to (i) u(x + y) = min(u(zx), u(y),0.5)
Vx,y € R and
condition (ii) is equivalent to (ii) p(—=) > min(p(x),0.5) V x € R.

Definition 2.5. [6] Let R be a ring and p be a fuzzy subset of R. Then p is
said to be an (€, € Vq)-fuzzy ideal of R if

(i) pis an (€, € Vq)-fuzzy subring of R,
(ii) ¢ € pand y € R = (zy)y, (yx): € Vg p.

Theorem 2.6. [6] u is an (€, € Vq)-fuzzy ideal of R if and only if

(i) w(z —y) = min{u(z), u(y),0.5},
(ii) p(zy), p(yx) = min{p(x), 0.5} V z,y € R.

Definition 2.7. [15] A fuzzy subset set p of R x R is called a fuzzy relation on
R. A fuzzy relation p on R is called a fuzzy equivalence relation on R if satisfies
the following conditions

(i) p(z,z) =1 for all z € R,
(ii) w(y,z) = p(z,y) forall z,y € R,
(111) u(x,z) 2 \/yeR{M(xay)alJ’(y7Z)} for all .Y,z € R.

Definition 2.8. [27] A fuzzy relation p on R is called a fuzzy left compatible
relation if u(x+a,x+0b) > u(a,b) and p(xza, xb) > p(a,b) for all z,a,b € R and is
called a fuzzy right compatible if y(a+x,b+z) > p(a,b) and p(azx, bxr) > u(a,b)
for all x,a,b € R.

It is called compatible relation if
wla+c, b+d) = p(a,b)Ap(e, d) and p(ac, bd) > p(a, b)Au(e, d) for all a, b, ¢, d € R.

Definition 2.9. [27] A fuzzy relation on R is called a fuzzy compatible relation
if and only if it is both a left and a right fuzzy compatible relation on R.

Proposition 2.10. [27] Let « and 8 be any two fuzzy compatible relations on
R. Then aof is also a fuzzy compatible relation on R.

Definition 2.11. [27] A fuzzy equivalence relation p on R is called a fuzzy
congruence relation if the following conditions are satisfied for all z,y,z,t € R

(i) wlz+y,z+1t) > mln{,ux z), 1wy, t)
(ii u xy, 2t) > mln{u (z,2) ﬁ

Definition 2.12. [2] A fuzzy subset (z,y); of X x Y given by

t i = =b
(z,y)¢(a,b) = if @ a.,y " for all (a,b) € X XY
0  otherwise,

is called a fuzzy ordered pair or simply a fuzzy pair.

A fuzzy pair (z,y): is said to belong to ([resp. be quasi coincident with]) a
fuzzy relation p, written as (x,y); € p(resp. (x,y): g p) if pu(x,y) > t (vesp. u(z,y
+t>1). If (z,y): € p or (x,y): qp, then it is written as (z,y); € Vqu.
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Definition 2.13. [2] A fuzzy relation p on a set X is said to be (€, € Vq)-fuzzy
reflexive if for z,y € X, (z,y); € w implies (a,a); € V g puVa € X, t € (0,1];
wis (€, € Vq)-fuzzy symmetric if (x,y); € p implies (y,z); € V q p Va,y €
X, t € (0,1]; (€, € Vg)-fuzzy transitive if (x,y);, € w and (y,2);, € p implies
(%, 2)min(t ) €V q pVa,y,2 € X,t1,t2 € (0,1]. p is called (€, € Vq)-fuzzy
equivalence relation if u is (€, € Vq)-fuzzy reflexive, (€, € Vq)-fuzzy symmetric
and (€, € Vq)-fuzzy transitive.

Proposition 2.14. [2] A fuzzy relation p on a set X is an (€,€ Vq)-fuzzy
equivalence relation if and only if it satisfies the following conditions :

(i) p(a,a) = min{pu(r,y),0.5}, Va,x,y € X,
(i) p(y,z) = min{u(z,y),0.5}, Vo,y,€ X
(iti) p(z,2) = min{p(z,y), u(y, 2),0.5} Va,y, 2 € X.

Definition 2.15. [2] If u is a fuzzy relation on X, then the subset pp of X x X
defined as po = {(z,y) € X x X, u(z,y) > 0} is called the support of u.

Proposition 2.16. [2] Let u be an (€,€ V q)-fuzzy equivalence relation on a
set X. Then the support pg of 1 is equivalence relation on X.
Each (€,€ V q)-fuzzy equivalence relation p on X can be characterized by its
level relation
pe={(z,y) € X x X[ (z,y) >t} and
fir ={(z,y) € X x X, p(z,y) 2t} U {(z,y) € X x X | p(z,y) +1t>1}
= {(a:,y) eX xX | (xvy)t S qu}'

Proposition 2.17. [2] A fuzzy relation u on X is an (€, € V q)-fuzzy equivalence
relation on X if and only if ur # ¢ is an equivalence relation on X for all
t € (0,0.5].

Proposition 2.18. [2] A fuzzy relation u on X is an (€, € V q)-fuzzy equivalence
relation on X if and only if gy # ¢ is an equivalence relation on X for all
t € (0,1].

Definition 2.19. [24] A fuzzy relation p on a group G is an (€, € Vq)-fuzzy
compatible relation if (z,y); € u, (a,b)s € p implies (za, yb)mings,sy € V q p for
all z,y,a,b € G,t,s € (0,1]. p is said to be (€, € Vq)-fuzzy congruence relation
if pis an (€, € Vq)-fuzzy equivalence relation and (€, € Vq)-fuzzy compatible
relation on a group G.

Proposition 2.20. [24] A fuzzy relation p on a group G is an (€,€ V q)-fuzzy
congruence relation on G if and only if iz # ¢ is a congruence relation for all
t € (0,1].

3. (€,€ V q)-Fuzzy Congruence on Ring

In this section, we shall introduce the concept of (€, € V q)-fuzzy congruence
relation on ring and study some fundamental properties.
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Definition 3.1. A fuzzy relation p on a ring R is (€, € V q)-fuzzy compatible
relation if (z,y); € p,(a,b)s € p implies (x + a,y + O)min{r,s} € Vg p and
(7@, yb)mingt,sy € Vq p for all x,y,a,b € R and ¢, s € (0,1].

The fuzzy relation p is said to be (€,€ V ¢)-fuzzy congruence relation on
R if and only if p is (€, € V g)-fuzzy equivalence relation and (€, € V ¢)-fuzzy
compatible relation on R.

Example 3.2. Let Z be the set of all integers. Then Z is a ring with respect
to the usual addition and multiplication of numbers. The fuzzy relation @ on Z
defined by

1 if x =y,
w(x,y) =<0.6 if r#y and both z,y are even or odd ,
0  otherwise

is a (€, € V q)-fuzzy congruence relation on Z as well as fuzzy congruence relation
on Z.

Proposition 3.3. A fuzzy congruence relation on a ring R is an (€, € V q)-fuzzy
congruence relation.

Proof. Suppose p is fuzzy congruence relation on R.
For any = € R, p(z,z) = 1 imply p(z,z) >t or u(z,x) +¢ > 1 for all t € (0, 1].
This implies (z,z); € V ¢ p which means p is an (€,€ V q)-fuzzy reflexive
relation. For any z,y € R, u(z,y) = u(y,z). Suppose (z,y): € u, ¥Vt € (0,1].
Then p(z,y) =2t = (y,2)s € p. So, (y,x)r €V qguVt €(0,1]. Thus, uis an
(€, € Vq)-fuzzy symmetric relation.
Suppose (z,y): € p and (y,2)s € p, we have u(x,y) > t,u(y,z) > s, implies
that p(x,z) > min{t,s}.So (7, 2)minfesy € 4 which means (z, 2)min{t,s} € V q -
Thus, p is an (€, € Vq)-fuzzy transitive relation.

Further, for any (z,y): € p, (a,b)s € p, we have u(z,y) = t, u(a,b) > s. As
w is fuzzy compatible, u(z + a,y +b) > min{u(z,y), u(a,b)} > min{t,s} and
p(za,yb) > min{u(z,y), u(a,b)} > min{t,s}.
So, (x4 @,y + D)mingesy € V ¢ p and (2a,Yb)min{t,sy € V ¢ p. Thus, p is an
(€, € V gq)-fuzzy congruence relation on R. U

Example 3.4. Let Z be the set of all integers. Then Z is a ring with respect
to the usual addition and multiplication of numbers. The fuzzy relation p on Z
is defined by
0.7 if z =y,
w(x,y) =104 if x#y and both z,y are even or odd ,,
0  otherwise

isa (€, € V q)-fuzzy congruence relation on Z but not a fuzzy congruence relation
on Z as p is not fuzzy reflexive relation.
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Theorem 3.5. Let R be a ring and p be a fuzzy relation i,e a function p :
R x R — [0,1]. Then, p is an (€,€ V q)-fuzzy equivalence on R if for all
a,x,y,2 €R
(i) pla,a) = min{p(z,y),0.5} ( Fuzzy reflezive),
(i) p(y,x) = min{p(z,y),0.5} ( Fuzzy symmetric),
(iii) p(z, z) = min{u(x,y), p(y, 2),0.5} ( Fuzzy transitive).

Proof. Tt follows from Proposition 2.14 .
O

Theorem 3.6. Let p be an (€,€ Vq)-fuzzy relation on a ring R, then p is
an (€,€ Vq)-fuzzy compatible relation if and only if it satisfies the following
conditions for all t,z,y,z € R

(i) plz+y,z+1t) 2 min{u(z, 2), uy,t),0.5},
(i) p(zy,zt) = min{u(z, z), p(y,t),0.5}.

Proof. Let p be an (€, € V q)-fuzzy compatible relation and ¢, z,y,z € R such
that pu(x+y, z+1t) < min{u(zx, 2), u(y,t), 0.5} or u(xy, 2t) < min{u(z, 2), u(y,t),
0.5}.
First we consider the case for min{u(z, 2), u(y,t)} < 0.5. Then p(x + y,z +
t) < min{u(z, 2), u(y,t)} or p(zy, zt) < min{u(z, z), u(y,t)}. Thus there exist
some 7 € (0,1] such that p(x + y,z +1t) < r < min{u(z, 2), u(y,t)} < 0.5 or
w(zy, zt) < r <min{u(z, z), u(y, t)} < 0.5. This implies (z +y, 2+ 1), € Vq p or
(xy, 2t),€ Vq p which is a contradiction as (z, z), € u and (y,t), € p.
Again, consider the case for min{p(x, ), u(y, t)} = 0.5. Then, p(x+y, z+t) < 0.5
or p(zy,zt) < 0.5. Since min{u(x, 2), u(y,t)} > 0.5, we have, (x,z)o5 € p
and (y,t)os € p but (x + y,z + t)o5€ Vg 1 or (ay,2t)o5€ Vg p which is a
contradiction.

Hence, p(z+y, z+1t) = min{u(x, 2), u(y,t),0.5} and p(zy, zt) = min{u(zx, 2),
w(y,t),0.5} for all t,z,y,z € R.

Conversely, assume that p(x+y, z+t) > min{u(z, 2), u(y,t),0.5} and p(zy, 2t)
> min{u(x, 2), u(y,t),0.5}. Suppose (z,z), € p and (y,t)s € pu be such that
r < s. Then u(z,z) > r and u(y,t) > s. fmin{r, s} < 0.5, then p(z+y,z+t) >
min{r, s} and p(zy,zt) > min{r,s}. This implies (z + y,2 + {)min{rs} € K
and (zy, 2t)min{r,s} € p- If min{r,s} > 0.5, then p(x +y,z +1t) > 0.5 and
w(zy, zt) > 0.5. So, p(x +y, z+1t) + min{r, s} > 1 and p(zy, zt) + min{r, s} > 1
ie (.I' +y,z+ t)min{r,s}q 2 and (mya Zt)min{r,s}q M-

Hence, (2 + ¥, 2 + ) min{r,s} € Vq p and (2y, 2)min{r,s} € Vq L. O

Theorem 3.7. A fuzzy relation p on a ring R is an (€, € V q)-fuzzy congruence
relation on a Ting R if and only if it satisfies the following conditions for all
t,x,y,z € R

(1) p(t,t) = min{pu(z,y),0.5},
(ii) p(y,=) = min{u(z,y),0.5},
(iil) p(z,2) = min{u(z,y), u(y, 2),0.5},
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(iv) plz+y, 2z +1) = min{u(z, 2), u(y,t), 0.5},
(v) ulay, 2t) > mindpu(z, 2), u(y, ), 0.5}.
Proof. Tt follows from Theorem 3.1 and 3.2. O
Proposition 3.8. Let 1 be an (€, € V q)-fuzzy congruence relation on R. Then
for all x,y,z € R we have the following results:
(1) p(z,y) = min{u(z + 2,y + 2),0.5}
(ii) (=2, —y) = min{p(z,y),0.5}.

Proof. (i) (e, y) = p(a-+2—2,y+5—2) > min{u(a—+2,y+2), u(—2, —2),0.5} >
min{p(z + z,y + 2),0.5}

(ii) p(—=z, —y) > min{p(z—z, x—y),0.5} > min{n(0,z—y),0.5} > min{u(y—
O

Theorem 3.9. A fuzzy relation 1 on a ring R is an (€, € V q)-fuzzy congruence
relation on R if and only if is # ¢ is a congruence relation for all s € (0,1].

Proof. 1t follows from Proposition 2.6 . O

We next see some properties of the set of all (€, € V ¢)-fuzzy congruences on
a ring R. Let p and 7 be two fuzzy relations on a ring R. Then the product
o is defined by the following

o (a,b) = sup min{p(a, z), 7(z,b)}
TER

for all (a,b) € R x R. We use A for min and V for sup operators.

Lemma 3.10. Let u and 7 be two (€, € V q)-fuzzy reflexive relations on a ring
R. Then por is also an (€,€ V q)-fuzzy reflexive relations on R.

Proof. For any z,z € R,

pwort(x,z) N0.5 = \/ {pu(z,y) AN71(y,2)} N0O.5
YyeER

= \/ {u(z,y) AO.5} A {u(y, ) A 0.5}
YyER

=wpot(a,a) VYa€R.

That means by Proposition 2.2, po7 is an (€, € V ¢)-fuzzy reflexive relation.
O

Lemma 3.11. Let p and 7 be two (€,€ V q)-fuzzy compatible relations on a
ring R. Then po T is also an (€,€ V q)-fuzzy compatible relation on R.
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Proof. For any x,z,a,b € R,

pot(x+a,y—+b) = \/{u(x+a,t)/\7'(t,y+b)}

teR

= \/ {wxz+a,c+d)AT(c+d,y+b)}
c,deER

> \/ {p(z,c) A pla,d) N0.5} A{T(c,y) A7(d,b) A 0.5}
c,dER

= \/ w(z,e) A p(a,d) AN1(c,y) AT(d,b) A0.5
c,dER

> \/ {u(x,e) NT(c,y)} A \/ {u(a,d) A7(d,b)} A 0.5
cER deR

=port(x,y) Apor(a,b)AN0.5

Similarly, o 7(za,yb) > po7(z,y) Apor(a,b) AN0.5
By Theorem 3.2, po 7 is an (€, € V g)-fuzzy compatible. O

Lemma 3.12. Let p and 7 be two (€,€ V q)-fuzzy transitive and symmetric
relations on ring R. Then po T is also an (€,€ V q)-fuzzy transitive relation.

Proof. For any z,z € R, ppo7(z,z) =V, cp{n(z,y) N7(y,2)}
So, for any y € R

pot(x,z) > p(x,y) A(y,2)

> \/ {p(z,ur) A p(ur,y) AN0.5} A{7(y, uz) A 7(ua,z) A0.5}
w1, u2€R

pand T are (€, € V q) — fuzzy transitive relation]

Vo Anle,un) ATy u2)} Adp(ur,y) AT(uz, 2)} A 05

ui,u2€R

V {ula,u) Ar(y, w)} A{p(u,y) AT(u,2)} A0S
uER

\/ (@, u) Ar(u,y)} A {pa(y, u) A(u, 2)} A 0.5
uER
p and T are (€, € V q) fuzzy symmetric relation]

WV WV Il

=poT(z,y) Apot(y,z) A0.5
By Proposition 2.2, po 7 is an (€, € V gq)-fuzzy transitive relation on R. O

Theorem 3.13. Let o and T be two (€,€ V q)-fuzzy congruences on ring R.
Then the following are equivalent:
(i) por is (€,€V q)-fuzzy congruence,
(ii) por is (€,€ V q)-fuzzy equivalence,
(iil) por is (€,€ V q)-fuzzy symmetric.
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Proof. Tt is clear that (i) = (ii) and (i) = (i4i).
Assume that (iii) holds. By Lemma (3.10) and (3.12), po 7 is (€,€ V q)-fuzzy
reflexive and (€, € V ¢)-fuzzy transitive. Also, by Lemma (3.11), po 7 is an
(€, € V q)-fuzzy compatible. Thus po 7 is (€,€ V g)-fuzzy congruence. Hence
U
Theorem 3.14. Let u and 7 be two (€,€ V q)-fuzzy symmetric relations on a
ring R. Then pot is an (€,€ V q)-fuzzy symmetric if and only if T o pu is an
(€, € V q)-fuzzy symmetric.

Proof. Assume that po 7 is (€, € V ¢)-fuzzy symmetric. Then for any z,y € R,
Tou(z,y) = \/ {r(,2) A ulz,y)}
zZER

\/ w(y,z) AN7(z,2) N0.5 [As p and 7 are (€, € V q) — fuzzy
zER

WV

symmetric relation]

=pot(y,z) N0.5
> {por(z,y) N0.5} A0.5 [since poTis (€,€ V q) — fuzzy symmetric]

= \/ {u(,u) A7(u,y)} A 0.5

uER

V {7y w) A p(u, 2)} A 0.5
uER

=T1ou(y,z) N0.5

WV

So, 7o u is (€, € V g)-fuzzy symmetric.
Converse is similarly proved by interchanging p and 7. O

Lemma 3.15. Let p and 7 be two (€,€ V q)-fuzzy congruence relations on a
ring R.
Then pot(x,y) = 7opu(x,y) N0.5, Va,y € R.

Proof. For z,y € R,
port(x,y) = \/ {u(z, t) AT(ty)}

teR

= \/{/L(.’II,y—Z-i—.’IJ)/\T(y—Z—f—.’E,y)}
ZER
= \/{u(z—z+x,y—z+:v)AT(y—z+x,y—z+z)}
ZER
> \/ {(z,y) N7(x,2)} AN0.5 [since p and T are (€,€ V q) — fuzzy
2€R
reflexive and (€, € V q) — fuzzy compatible]
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=7 o u(x,y) N0.5
O

Theorem 3.16. Let p and 7 be two (€,€ V q)-fuzzy congruences on a ring R.
Then po T is also an (€,€ V q)-fuzzy congruence on R.

Proof. By Theorem 3.13, we need to prove that uo 7(x,y) is (€,€ V q)-fuzzy
symmetric.
For z,y € R,

por(w,y) = \/{ulz t) Ar(t,y)}

teER

> \/ w(t,x) A7(y,t) A0S
teR

> \/ {r(y,t) Au(t,x)} N0.5
teR
=70 u(y,x) N0.5

>por7(y,z) AN0.5 [by Lemma 3.15]
So, ppoT(x,y)is (€, € V q)-fuzzy symmetric. O

4. (€,€ V g)-fuzzy ideal and (€, € V ¢)fuzzy congruence relation

In this section, we discuss the relationship between (€, € V ¢)-fuzzy ideal and
(€, € V q)-fuzzy congruence on ring.

Definition 4.1. Let A be an (€, € V ¢)-fuzzy ideal of R. Define a fuzzy relation
px on R by px(x,y) = min{\(x —y),0.5} for all z,y € R. Then pu, is called the
fuzzy relation induced by (€, € V ¢)-fuzzy ideal A of R.

Theorem 4.2. Let ) be an (€,€ V q)-fuzzy ideal of R. Then the fuzzy relation
wx on R induced is an (€,€ V q)-fuzzy congruence relation on R.

Proof. For any a € R, we have
pxr(a,a) = min{A(a — a),0.5}
= min{A(0),0.5}
> min{A(z),0.5} forallz e R
Then , for any z,y € R,
wr(a,a) = min{A(z —y),0.5}
= min{zux(z,y),0.5}

Thus, py is an (€, € V q)-fuzzy reflexive relation.
Also,

pix(z,y) = min{A(z — y),0.5}
> min{min{\(y — z),0.5},0.5}
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= min{px(y,),0.5} for all z,y € R

Thus, py is an (€, € V ¢)-fuzzy symmetric relation.
For any z,y,z € R,

wr(z, z) = min{A(z — 2),0.5}
=min{\(z -y +y—2),0.5}
> min{min{\(z — y), \(y — 2),0.5},0.5}
= min{min{A\(z — y), 0.5}, min{\(y — 2),0.5},0.5}
= min{ux(x,y), pr(y, 2),0.5}

So, py is an (€, € V q)-fuzzy transitive relation. Thus, py is an (€, € V q)-fuzzy
equivalence relation on R.
Further, for any a,b,z,y € R,

px(r +a,y+b) =min{\(z+a—y+b),0.5}

min{A\(zx +a —y — b),0.5}

=min{A(z —y +a—1),0.5}

min{min{\(z — y), \(a — b),0.5},0.5}
min{min{A(z — y),0.5}, min{A(a — b),0.5},0.5}
= min{p(z,y), ua(a, b),0.5}

Similarly, ux(za, yb) > min{ux(z,y), pxr(a,b),0.5}.
Hence, py is an (€, € V q)-fuzzy congruence relation. In fact, py is an (€, € V q)-
fuzzy congruence relation induced by (€, € V q)-fuzzy ideal A of R. O

>
2

Theorem 4.3. Let i1 be an (€, € Vq)-fuzzy congruence on a ring R. Then the
fuzzy subset N, of R defined by A\, (x) = min{u(z,0),0.5}, Vo € R is (€,€ V q)-
fuzzy ideal of R.

Proof. First we take z,y € R

Au(x —y) =min{u(z —y,0),0.5}
=min{u(z —y, O —0),0.5}
>min{u(z,0), u(—y,0),0.5}
>min{u(z,0), u(y,0),0.5} [using prop. 3.2(ii)]
=min{A,(z), Au(y),0.5}

Again,
Au(zy) =min{u(zy,0),0.5}
=min{u(zy, 0y),0.5}
zmin{u(z,0), u(y,y),0.5}
>min{u(x,0),0.5} [using reflexivity]
=min{\,(z),0.5}
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Similarly,
Au(yx) = min{\,(x),0.5}

Thus, A\, is an (€, € V ¢)-fuzzy ideal of R. O

Definition 4.4. Let u be an (€, € V ¢)-fuzzy congruence on a ring R. A fuzzy
subset of R defined by p, : R — [0,1] by py(a) = min{u(z,a),0.5} ,a € R is
defined as fuzzy congruence class of x determined by p in R. The set of all fuzzy
congruence class is denoted by R/u known as the fuzzy quotient of R over pu.

Theorem 4.5. Let pu be an (€,€ V q)-fuzzy congruence on a ring R. The set
R/p of all fuzzy congruence classes forms a ring with the operations defined by
P + oy = Paty and fig * fiy = pgy ¥V T,y € R.

Proof. We first prove that + and * are well defined.
Let ftz = fa, fby = oy, so min{u(z, g), 0.5} = min{u(a, g),0.5} and
min{u(y, h),0.5} = min{u(b, h),0.5} Vg,h € R
Putting g = a, h = b in the above equations,
min{y(z,a),0.5} = min{u(a,a),0.5}
and min{u(y,b),0.5} = min{u(b,b),0.5}

)

Now

Haty(9) = mm{u(Hy 9),0.5}
(x +y,a+b),u(a+b,g),0.5}
> miny(z,a), 0] s + .).05}
(a,a), u(b,b), u(a+b,9),0.5}
> min{ja(a +b,9),0.5} = tass(9)

jSXimi.larly, ta+5(g) 2 Haty(g) for all g € R. This means fia16(9) = fo+y(9)
galn,
fzy(9) = min{p(zy, g),0.5}
> min{yu(zy, ab), u(ab, g), 0.5}
> min{yu(z, a), u(y, b), p(ab, g),0.5}
= min{u(a, a), u(b, ), p(ab, g), 0.5}
> min{yu(ab, 9),0.5} = pav(g)

Similarly, ptas(9) = pay(g) for all g € R. This means figp = fay-

Thus, it proves that addition and multiplication are well defined. The rest
of the proof is a routine matter for verification and we omit its proof.

Hence, R/ forms a ring under the binary operations defined above. O

Remark 4.1. If y is a (€, € V ¢)-fuzzy congruence on a ring R, then R/u is a
ring which has the zero element .
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5. Image and preimage of (€, € V ¢)-fuzzy congruence on a ring

Definition 5.1. [25] Let f be a mapping from a set X into another set Y. If v
is a fuzzy subset of X, the image f(v) of v is the fuzzy subset of Y defined by

s = { oo e) L6000 e

0 otherwise

The preimage f~1(v/) of a fuzzy subset v/ of Y is the fuzzy subset of X
defined by

FHN) @) =V (f(2), v € X

Definition 5.2. [13] Let X and Y be two nonempty sets. A mapping f :
X x X - Y xY is called a semibalanced mapping if

(i) given a € X, there exist u € Y such that f(a,a) = (u,u);

(i) f(a,a) = (u,u) and f(b,b) = (v,v), where a,b € X,u,v €Y

implies that f(a,b) = (u,v).

Definition 5.3. [11] A mapping f : X x X — Y X Y is called a balanced
mapping if

(i) f(a,b) = (u,u) = a =19,

(i) f(a,b) = (u,v) = [f(b,a) = (v, u),

(iii) f(a,a) = (u,u) and f(b,b) = (v,v) = f(a,b) = (u,v) for all a,b € X
and u,v €Y.

A mapping f: X x X = Y XY is a balanced mapping if and only if it is a
one-to-one semibalanced mapping.

Theorem 5.4. If v/ is an (€,€ V q)-fuzzy compatible relation on a ring R
and f is a ring homomorphism from R x R to R' x R, then f~1(v/) is also an,
(€, € V q)-fuzzy compatible relation on R.

Proof. Let z,y,a,b € R. Let f(xz,y) = (u,v) and f(a,b) = (s,t) for some
u,v,8,t € R.

Then, f(z,y) + f(a,b) = (u,v) + (s,t) = (u+ s,v + t).
Now,

)@+ ay+b) =v{f(z+ay+b)}

V'{f(z,y) + f(a,b)}
=v'(u+s,v+t)
min{v'(u,v), v (s,t),0.5}
min{v'(f(z,y)),'(f(a,b)),0.5}

= min{f ' () (z,y), [~ (')(a,b),0.5}

Similaly, {1 (v') (va, yb) > min{f~1 (") (2, ), f~ (') (a, b), 0.5}.
Hence, f~1(¢/) is an (€, € V ¢)-fuzzy compatible relation on R. O

VoWV
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Theorem 5.5. If v is an (€,€ V q)-fuzzy compatible relation on a ring R and
f is a ring homomorphism from R x R into R x R . Then fv) is also an
(€,€ V q)-fuzzy compatible relation on R .

Proof. Let a,b,c,d € R and u,v,w,r € R'. Then we have,

f)(u+w,v+r)= \/ v(z,y)

(z,y)ef~(utw,v+w)
> \/ via+c,b+d)
(atc,b+d)ef~(utw,v+r)
= \/ via+c,b+d)
f(a+e,b+d)=(ut+w,v+r)
> \/ min{v(a,b),v(c,d),0.5}
fa,b)=(u,v),f(c,d)=(w,r)
= min{ \/ v(a,b), \/ v(c,d), 0.5}
flab)=(u,v) fle,d)=(w,r)
= min{f(¥)(u,v), f(v)(w,r),0.5}
Similarly, f(v)(uw,vr) = min{f(v)(u,v), f(v)(w,r),0.5}
Hence, f(v) is an (€, € V q)-fuzzy compatible relation on R O

Theorem 5.6. If f is a semibalanced map from R X R into R x R and V' is
an (€, € Vq)-fuzzy equivalence relation on R , then f~1(v') is an (€, € Vq)-fuzzy
equivalence relation on R.

Proof. Let a,b,c € R, then there exist u,v,w € R’ such that f(a,a) = (u,u),
f(b,b) = (v,v) and f(c,c) = (w,w) so that f(a,b) = (u,v) and f(b,a) = (v, u).
Then
FHN (e 0) =V (f(e,0) = V' (w, w)
> min{v'(u,v),0.5}
= min{v/(f(a,b),0.5}
= min{f*(v')(a,b),0.5}

Thus, f~1(') is an (€, € Vq)-fuzzy reflexive relation.
Now,

FHN(b,a) = V' (f(b,a) = V' (v,u)
> min{v'(u,v),0.5}
= min{v'(f(a,b),0.5}
= min{f~*(v')(a,b),0.5}
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Thus, f~1(v') is an (€, € Vq)-fuzzy symmetric relation.
Further,

) ) = v (Fa, ) = v, )

> min{v'(u,v),v (v,w),0.5}
min{v(f(a,b), f(b,c),0.5}
min{f~' (v')(a,b), f~1(')(b, ), 0.5}

Thus, f~1(¢') is an (€, € Vq)-fuzzy transitive relation.
Hence, f~1(¢') is an (€, € Vq)-fuzzy equivalence relation on R. O

Theorem 5.7. If v/ is an (€, € Vq)-fuzzy congruence relation on a ring R and
f is a ring homomorphism from R X R into R % R', which is a semibalanced
map, then f~1(v') is an (€, € Vq)-fuzzy congruence relation on R.

Proof. Tt follows from Theorem 5.1 and 5.3. O

Theorem 5.8. Let f be balanced mapping from R x R onto R x R’ which is a
ring homomorphism. If v is an (€, € Vq)-fuzzy congruence relation on R then
f(v) is an (€, € Vq)-fuzzy congruence relation on R

Proof. Let u,v,w,r € R'.
Since f is one-one and onto, there exist a, b, ¢,d € R s.t.f(a,b) = (u,v), f(c,c) =
(w,w), f(d,d) = (w,w) and so on.

f@)(u,v) = sup  w(z,y) =v(a,b)
() € £~ (u)

Then,
fW)(w,w) =v(c, c) > min{v(a,b),0.5}
= min{f(v)(u,v),0.5}
This implies f(v) is an (€, € Vq)-fuzzy reflexive relation.
Now,
fw)(v,u) = sup v(y,z) = v(b,a) > min{v(a,b),0.5}
(y,2) € f~1(v,u)
= min{f(v)(u,v),0.5}.
This implies f(v) is an (€, € Vq)-fuzzy symmetric relation.
Also,
fW)(u,w) = sup v(z,z) =v(a,c)
(z,2) € f~H(u,w)
> min{v(a,b),v(b,c),0.5}
= min{f(v)(u,v), f(¥)(v,w),0.5}
[ as v(a,b) = f(v)(u,v) and v(b,c) = f(v)(v,w)].
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This imply f(v) is an (€, € Vq)-fuzzy transitive relation.

Using Theorem 5.2 we get,
fW)(u+w,v+r) = min{f(v)(u,v), f(v)(w,r),0.5}

and

fw)(ww,vr) = min{ f (v)(u, v), f(v)(w,r),0.5}
Hence, f(v) is an (€, € Vq)-fuzzy congruence relation on R’ . O

6. Conclusion

The notion of (€, € Vq)-fuzzy congruence relation over ring is introduced in
this paper and the algebraic properties of (€, € Vq)-fuzzy congruence relation
are studied. Additionally, we established a brief relation between (€,€ Vq)-
fuzzy ideal and (€, € Vq)-fuzzy congruence relation. It is also shown that the
concept of (€, € Vq)-fuzzy congruence relation is preserved by the image and
preimage under a balanced and semibalanced map respectively. This work could
be expanded upon by investigating the properties of (€, € Vq)-fuzzy congruence
relation on other algebraic structure such as semi rings, near-rings and near-ring
modules.
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