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1 Introduction

The fuzzy set introduced by L A Zadeh in 1965 and the rough set introduced by Z Pawlak in 1982 are
generalisations of the classical set theory. Both these set theories are new mathematical tool to deal the
uncertain, vague and imprecise data. In Zadeh’s fuzzy set theory, the degree of membership of elements of
a set plays the key role, whereas in Pawlak’s rough set theory, equivalence classes of a set are the building
blocks for the upper and lower approximations of the set, in which a subset of universe is approximated
by the pair of ordinary sets, called upper and lower approximations. Combining the theory of rough set
with abstract algebra is one of the trends in the theory of rough set. Some authors studied the concept
of rough algebraic structures. On the other hand, some authors substituted an algebraic structure for
the universal set and studied the roughness in algebraic structure. The algebraic approach to rough
sets have been given and studied by Iwinski, Bonikowaski, Biswas & Nanda [2], Kuroki etc.And then B.
Davvaz studied relationship between rough sets and ring theory and considered ring as a universal set
and introduced the notion of rough ideals of a ring in [3]. A further study of this work is done by Osman
Kazanci and B. Davaaz in [8]. Extensive researches has also been carried out to compare the theory of
rough sets with other theories of uncertainty such as fuzzy sets and conditional events. Dubois and Prade
[4] were one of the first who combined fuzzy sets and rough sets in a fruitful way by defining rough fuzzy
sets and fuzzy rough sets.

This paper concerns a relationship between rough sets, fuzzy sets and ring theory. In section 2, we
review some basic definitions. Section 3 deals with some properties of rough anti-fuzzy ideal. In section

4, we give some homomorphic and anti-homomorphic properties of rough anti-fuzzy ideal.
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2 Preliminaries

In this section we give some basic definitions which are used in this article.

Definition 2.1. Let 6 be an equivalence relation on R, then 6 is called a congruence relation if
(a,b) € 0 implies(a + x,b+ ), (ax,bz), (za,xb) € § for all x € R.
A congruence relation 6 on R is called complete if [ablg = [a]o[b]o-
As it is well known in the fuzzy set theory established by Zadeh, a fuzzy subset u of a set R is defined

as a map from R to the unit interval [0, 1].

Definition 2.2 ([8]). Let 0 be an equivalence relation on R and p a fuzzy subset of R. Then we define
the fuzzy sets _(u) , 0~ (1) as follows:

O-(w(z)= N\ wz) and 07 (w)(x)= \/ ).
z€[z]o z€[z]o
The fuzzy sets 0_(u) and 0~ (u) are called , respectively the 6- lower and 8-upper approzimations of the
fuzzy set p.
O(p) = (0- () , 0~ (u)) is called a rough fuzzy set with respect to 0 if 0_(u) # 0~ (u).

Definition 2.3 ([I1]). Let X and Y be two non-empty sets, f : X = Y, u and o be fuzzy subsets of X
and Y respectively. Then
f(u), the image of u under f is a fuzzy subset of Y defined by

sup{u(z); f(x) =y} if f'(y) # ¢

0 otherwise

) (y) =

f—(w), the anti-image of p under f is a fuzzy subset of Y defined by

inf{u(z); f(z)=y} iff'(y)#o

0 otherwise

f-(W)(y) =

f~Y(0), the pre-image of o under f is a fuzzy subset of X defined by
FHo)(x) = o(f(x)) Yz € X.

Definition 2.4 ([I1]). For a function f : R1 — R, a fuzzy subset i of a ring Ry is called f-invariant

if f(z) = f(y) implies p(x) = p(y), =, y € Ry.
We say that a fuzzy subset p of a ring Ry has the sup property if for any subset T of Ry , there exists
to € T such that p(to) = sup.eq 1(t).

Definition 2.5 ([10]). A fuzzy subset p of a ring R is called upper rough f-invariant if 0~ (u) is f-
invariant and a lower rough f-invariant if 0_(u) is f-invariant.

Let p be a fuzzy subset of R and 0(p) = (0—(p) , 0~ (1)) a rough fuzzy set. If 0_(p) and 0~ (u) are
f-invariant, then (0_(u) , 0~ (n)) is called rough f-invariant.

3 Rough Anti-Fuzzy Ideal

In this section we define rough anti-fuzzy ideals in a ring R and prove some theorems regarding them.

Definition 3.1 ([1]). A fuzzy subset u of a ring R is called an anti-fuzzy left (right) ideal of R if
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1oz —y) < p(x) vV ply)
2. pu(zy) < p(x) vV p(y)
3. plzy) < ply) (plzy) < plz) )

for all x,ye R.

Definition 3.2 (). A fuzzy subset u of a ring R is called an upper rough anti-fuzzy left (right) ideal of
R if 6~ (u) is an anti-fuzzy left (right) ideal of R and a lower rough anti-fuzzy left (right) ideal of R if
0_(w) is an anti-fuzzy left (right) ideal of R.

Let p be a fuzzy subset of R and O(p) = (0—(p) , 07 (1)) a rough fuzzy set. If 0_(u) and 0~ (u) are
anti-fuzzy left (right) ideals of R, then (0_(u) , 0~ (u)) is called a rough anti-fuzzy left(right) ideal.

Example. Consider the ring R = (Zy4,+,.) and subring (S,+,.), where S= {0,2}. Define a congruence
on Zy asa=bmod S iff a—b € S. Define a fuzzy subset u : R — [0,1] as

0.1 if z=0
p(x) =
0.5 ifr=1,2 83
zyl| 0| 1|23 w)w(y) | 0.1 05 0.5 0.5
0lo| 3|21 0.1101)05|05)| 05
r—y| 1|1]|0]38]2| wmwz—-y) 0.5005| 010505
2121|013 0.5005)05|01)|05
3ls8l2|1]0 0.5105)05)|05)| 0.1
Clearly p(z —y) < p(z) V p(y)

xyl| 0| 1|23 wx):p(y) | 0.1 05| 0.5 0.5

olololo]o 0.1)01)| 01|01 0.1

zy| 110 1]2]|3]| nlwy) 0.50011]05|05)| 05

210(2|0] 2 0.501| 05|01 0.5

310|321 0.5101|05]05]| 0.5

Clearly p(zy) < p(x) V uly) and p(zy) < p(x) A p(y).

Therefore p is an anti-fuzzy ideal.

6= (1) (x) = {0.5 ifz=0,1,2 3

and

01 ifz=0, 2
0 (u)(x) =
05 ifz=1,3

Clearly p is a rough set. 0~ (u) is an anti-fuzzy ideal, is obvious.

O_(p)(x):0_(u)(y) | 0.1 0.5 0.1 0.5

0.1 0105|0105
0— () (z —y) 0.5 05| 01]05]| 01
0.1 01]05]|01]05
0.5 05| 01]05]| 01
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0—(p)(x) : 0 (1)(y)

0.1
0 (1) (zy) 0.5
0.1
0.5

0.1
0.1
0.1
0.1
0.1

0.5
0.1
0.5
0.1
0.5

0.1
0.1
0.1
0.1
0.1

0.5
0.1
0.5
0.1
0.5

Clearly 0_(p)(z —y) < 0_(u)(z) vV O_u)(y)

0_ (1) () < O—(u)(x) V O_ (1) (y) and O_(x)(y) < O_()(x) A O () (y).

Therefore 0_(u) is an anti-fuzzy ideal. Therefore, p is a rough anti-fuzzy ideal.

Theorem 3.3. Let 0 be a complete congruence relation on R. If p is an anti-fuzzy left (right) ideal of

R, then 0~ (u) is an anti-fuzzy left (right) ideal of R.

Proof. For x,y € R,

R A ()

a€(x]o,bE[y]o

Vo (ul@) v u®)

a€lz]g,bEylo

\ w@)v \/ wb)

a€lz]g belylo

=07 (w)(x) VO~ (1) (y)

Hence 0~ (1) (a — y) < 6~ (u)(z) V 6~ (1)(y)-

Also we have,

IN

0 (w(zy) = \/ ul=)

z€[zylo

= /)

a€(z]o,bE[yYlo

Vo (k@) V(b))

a€(z]o,bE[Ylo

=\ wav \/ ub)

a€lx]g belylo

=07 (1)) VO~ (1)(y)

Hence 67 (1) (zy) < 07 (u)(x) V 67 (1) (y)-

Again we have,

IN

0~ (w)(xy) = \/ u(2)

z€[zyle

= /)

a€(z]o,bE[Ylo

IN

bEylo

=07 (1)

(- 1 is an anti-fuzzy left ideal )

(" p is an anti-fuzzy left ideal )

\/ (w(d)) (. pis an anti-fuzzy left ideal )

Hence 0~ (p)(zy) < 0~ (u)(y). Therefore, 0~ (1) is an anti-fuzzy left ideal of R. Similarly we can prove

the other part also.

O
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Remark. The converse of the theorem (3.3) does not hold in general.

Example. Consider the ring (R = Zy,+,.) and subring (S,+,.), where S= {0,2}. Define a congruence
on Zy asa=bmod S iff a—b € S. Define a fuzzy subset u : R — [0,1] as

0.5 if =0, 3
p(x) =

0.1 ifz=1,2
w@):p(y) | 01105 05| 0.5 plx):p(y) | 0.5 0.1 05| 0.1
0.1 01|05 05|05 0.5 0505|0505
pulx —y) 051050105 05| uplzy) 0110510110105
0.5 050501105 0.5 05011 05| 0.1
0.5 05|05 05| 0.1 011050501101

Clearly p(zy) £ p(z) V ul(y) -

Therefore p is not an anti-fuzzy ideal.
0 (1)) ={05 a=0 1,23

Obviously, 9~ (1)(z — ) < 6~ (u)(x) V 0~ ) (y)

Also, 07 (p)(xy) < 07 (u)(x) VO~ (n)(y) and 0~ (p)(zy) < 6~ (1) (2) A O™ (1)(y).
Therefore 0~ (u) is an anti-fuzzy ideal.

Theorem 3.4. Let 0 be a complete congruence relation on R. If p is an anti-fuzzy left (right) ideal of
R, then 0_(u) is an anti-fuzzy left (right) ideal of R.

Proof. For x,y € R,

-(w—-y) = N n@)

z€[z—ylo

AU ()

a€lz]e,bE[y]o

IN

/\ (p(a) vV (b)) (.- p is an anti-fuzzy left ideal )

a€lz]e,bE[y]o

= A\ w@v A u®

a€lx]g belyle

=0_(p)(x) vV O_(1)(y)

Hence 0_(p)(z —y) < 6_(u)(x) Vv 0_(p)(y).

Also we have,

0_(w)(zy) = N w

z€[zyle

= A\ wlad)
a€lz]e,bE[yle

IN

(u(a) vV (b)) (. p is an anti-fuzzy left ideal )
a€[x]o,bEylo

A w@v N uo)

a€lz]o bE(yle

=0_ () () VO_(1)(y)
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Hence 0_ (1) (xy) < 6_(u)(x) V 6—(1)(y).

Again we have,

z€[zylo

= A wlab)
a€lz]o,bE[ylo

< /\ (u(b)) (. p is an anti-fuzzy left ideal )
bE[ylo

=0_(1)(y)

Hence 0_(p)(zy) < 0_(u)(y). Therefore, 0_(u) is an anti-fuzzy left ideal of R. Similarly we can prove

the other case also, completing the proof. O

Corollary 3.5. Let 0 be a complete congruence relation on R. If i is an anti-fuzzy left (right) ideal of
R, then u is a rough anti-fuzzy left (right) ideal of R.

Proof. This follows from Theorems (3.3)) and (3.4)). O

Remark. If 0 is a complete congruence relation on R and u is an anti-fuzzy ideal of R, then wu is a rough

anti-fuzzy ideal of R.

4 Homomorphism and Anti-homomorphism on a Rough Anti-

Fuzzy Ideal

In this section we study about the properties of homomorphic/anti-homomorphic image/pre-image of an

upper/lower rough anti-fuzzy left/right ideal in a ring.

Definition 4.1. Let R and R’ be any two rings. Then the function f : R — R’ is said to be a homo-

morphism (anti-homomorphism) if for all x,y € R

flx+y) = f(x)+ fly) and f(zy) = f(2)f(y) (f(zy) = f(y)f(z))

Theorem 4.2 ([6]). Let f be a homomorphism (anti-homomorphism) from ring Ry onto a ring Rz and

let u be a fuzzy subset of Ry . Then

2. f(01_(n)) S O2_(f(w)). If [ is one to one, then f(61_(u)) = 02_(f(n))

Remark 4.3 ([I0]). Let f be a homomorphism (anti-homomorphism) from ring Ry onto a ring Ry and

let o be a fuzzy subset of Ry. Then f~=(o) is a fuzzy subset of Ry. Hence by theorem we get
FO7(f71(0) = 05 (f(f~1(0))). If [ is one to one and onto, Oy (f~1(0)) = [~1(03 (0)).

Theorem 4.4. Let f be a homomorphism (anti-homomorphism) from a ring Ry onto a ring Ry and let

w be a fuzzy subset of Ry . Then
1 f- (07 () 2 65 (f= (1))

2. [ (61 () = b2 (f—(u). If  is one to one f—(6; (1)) = 05 (f— (1))
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Proof. For x € Ry

f- (07

=N Vo

fla)=z z€la]y,

VoA

a€lzlo, a€lzlo, fla)=z

/\
/\
o)==

07
=\ W)

a€lz]e, Fla)E[f(2)]a,

=V rww= V [Wi{e)
z€[f(2)]oy f(z)€lx]lo,

=0, f-(1)(x)

Therefore, f_(6; (1)) 2 05 (f_ ().
If f is one to one, f_ (07 () = 05 (f—(u)) is clear.

)@ = N 6-w@= A\ A

fla)=x fla)=z z€[a]e,

=N A

fla)=z a€lz]e,

=N A wa= A f-w@)

a€lzle, f(a)=x a€(z]o,
= AN fFwo= A Wk
f(a)€lf (2)]oy z€[f(2)]o,
= N FW(R) =0 f-(p)(2)
f(z)€lx]o,
Therefore, /(61 (1)) = b (f_ (1)) 0

Example. Consider the onto ring homomorphism f : Za — {0}. Clearly f is not one-one. Define a
fuzzy set p : Zy — [0, 1] such that 1(0) =0 and u(1) = 0.1. Define an equivalence relation 01 on Zy and
02 on {0} as 61 = {(0,0),(0,1),(1,0),(1,1)} and 62 = {(0,0)} respectively

For z € {0}
PO )@ = 0= A Y u(2)
fla)= (a,z)€01 a=0,1 (a,z)€61
=NV ), \/ p(z)} = A{p1), (1)} = p(1) = 0.1
(0,2)€6, (1,2)€6,
Oy f-(W)(x) =0 f-(w(O)= \/ N\ wa)= \/ A
(2,0)€02  f(a)=z (0,0)€62  f(a)=0
= wa) = p(0) =0

a=0,1

This shows that f is not one-one and f_ (61~ (p))(z)#£ 02~ (f—(u))(x).

Theorem 4.5 ([7]). Let f be an isomorphism from a ring Ry onto a ring Ry and let p be a rough
J-invariant anti-fuzzy subring of R1. Then f(u) is a rough anti-fuzzy subring of Ro.

Theorem 4.6. Isomorphic pre-image of a rough anti-fuzzy left (right) ideal is a rough anti-fuzzy left

(right) ideal. Moreover isomorphic pre-image of a rough anti-fuzzy ideal is a rough anti-fuzzy ideal.
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Proof. Let f be an isomorphism from a ring R; onto a ring Ro and let o be a rough anti-fuzzy left ideal

of Ry. Then 65 (o) and 02_(0) are anti-fuzzy left ideals of Ry. For =,y € Ry,

(o)
05 (o)(f(x) — f(y)) (. fis a homomorphism)
<05 (o)f(x)vOs (o)f(y) (. 05 (o) is an anti-fuzzy left ideal )
o))(x) V f 7105 () (y)

Therefore, f~1(0; (0))(z —y) < f71(0; (0)) () V [0 (0))(y)-
Also

(@)
=05 (o)(f(x)f(y)) (. fis a homomorphism)
(@)

<05 (o)f(x)vOs (o)f(y) (.05 (o) is an anti-fuzzy left ideal )

Therefore f~(0, (0))(zy) < f1(05 (0))(x) Vv f~1(0; (0))(y)-
Again

F7H05 (o)) (wy) = 05 (o) f(xy)
=05 (0)(f(z)f(y)) (. fis a homomorphism)
)

<05 (o)f(y) (.05 (o) is an anti-fuzzy left ideal )

Therefore f=1(05 (o)) (zy) < f~1(05 (0))(v)-
Thus f~1(6; (0)) is an anti-fuzzy left ideal of Ry. Similarly we can prove that f~!(f2_ (o)) is an anti-fuzzy
left ideal of Ry.By remark ([4.3), 6; (f~*(0)) and 61 _(f~*(0)) are anti-fuzzy left ideals of R;. Therefore,
f~Y(o) is a rough anti-fuzzy left ideal of R;. Similarly we can prove the other case also. Hence the

theorem is proved. O

Theorem 4.7. Let f be a homomorphism from a ring Ry onto a ring Rs and let u be an upper rough
f-invariant anti-fuzzy left (right) ideal of Ry. Then f(u) is an upper rough anti-fuzzy left (right) ideal
of Re. Moreover homomorphic image of an upper rough f-invariant anti-fuzzy ideal is an upper rough

anti-fuzzy ideal.

Proof. Let p be an upper rough anti-fuzzy left ideal of Ry. Then 67 (1) is an anti-fuzzy left ideal of R;.
For y1,y2 € Ra, 3 21,22 € Ry such that f(z1) = y1 and f(x2)= y2. By theorem (4.5), f(6; (1)) is an

anti-fuzzy subring of Ry. Now

FOr (W)lyry2l = sup 07 (u)(t)

tef~1(y1y2)

= sup 07 (p)(z122) (.07 (p) is f-invariant)
z1€f~ (1), z2€f 7 (y2)

< sup (07 (u)(z2)) (.07 () is an anti-fuzzy left ideal)
T2 €f71(92)

=f(0y (1) (y2)
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Therefore, f(07 (1))(y1y2) < f(67 (u))y2. Therefore, f(07 (n)) is an anti-fuzzy left ideal of Ry. By
theorem (4.2), f(07 (n))= 05 (f(n)) is an anti-fuzzy left ideal of Rp. Hence f(u) is an upper rough

anti-fuzzy left ideal of Ry. Similarly we can establish the other case also. This proves the theorem. [

Theorem 4.8. Let f be an isomorphism from a ring Ry onto a ring Re and let p be a lower rough
f-invariant anti-fuzzy left (right) ideal of Ry. Then f(u) is a lower rough anti-fuzzy left (right) ideal of
Ry. Moreover isomorphic image of a lower rough f-invariant anti-fuzzy ideal is a lower rough anti-fuzzy

ideal.
Proof. The proof is similar to that of theorem (4.7]). O

Corollary 4.9. Let f be an isomorphism from a ring Ry onto a ring Ro and let p be a rough f-invariant
anti-fuzzy left (right) ideal of R1. Then f(u) is a rough anti-fuzzy left (right) ideal of Ry. Moreover

isomorphic image of a rough f-invariant anti-fuzzy ideal is a rough anti-fuzzy ideal.
Proof. This follows from theorems (4.7) and (4.8]). O

Theorem 4.10. Let f be an isomorphism from a ring Ry onto a ring Ry and let 1 be an upper rough
f-invariant anti-fuzzy left (right) ideal of Ry. Then f_(u) is an upper rough anti-fuzzy left (right) ideal
of Ra. Moreover isomorphic anti-image of an upper rough f-invariant anti-fuzzy ideal is an upper rough

anti-fuzzy ideal.

Proof. Let u be an upper rough anti-fuzzy left ideal of Ry. Then 6] (1) is an anti-fuzzy left ideal of R;.
For y1,y2 € Ra, 3 21,22 € Ry such that f(z1) = y1 and f(z2)= yo.
f-Or (W) (y1 —y2) = inf 6 (u)(t)
tef~1(y1—y2)

= inf 0 T —T 0T is f-invariant
et L)z —mz2) (07 (p)is f )

IN

inf (07 () (z1) V07 () (z2)) (.07 (p) is an anti-fuzzy ideal)
z1€f (Y1), z2€f 1 (y2)

inf 0, z1)V inf 07 T
emf 0 (1) (1) et O (1) (z2)

=f- (07 (1) (1) V (01 (1)) (y2)

Therefore, f_ (07 (1)) (y1 — y2) < f-(07 (1) (y1) V. f-(07 (1)) (y2).
Similarly, f- (0 (1) (y1y2) < f-(01 (w)(y1) vV F-(07 (1)) (y2)

Alsof_(0y (1) (yry2) = inf 0y (p)(t)

tef~1(y1y2)

= inf 07 (1) (x122) (.07 (p) is f-invariant)
1€~ (Y1), wa€f 1 (y2)

< inf (07 (w)(x2)) (.07 (w) is an anti-fuzzy left ideal)
z2€f 7 (y2)

=f- (07 (1)) (y2)

Hence, f_ (67 (1))(sny2) < F- (65 (1) (s2).

Therefore, f_ (67 (1)) is an anti-fuzzy left ideal of Ry. By theorem (£.4), f— (0 (1))= 65 (f—(n)) is an
anti-fuzzy left ideal of Ry. Hence f_(u) is an upper rough anti-fuzzy left ideal of Ry. Similarly we can
establish the other part also. This completes the proof. O

Theorem 4.11. Let f be a homomorphism from a ring Ry onto a ring Ro and let p be a lower rough

f-invariant anti-fuzzy left (right) ideal of Ry. Then f_(u) is a lower rough anti-fuzzy left (right) ideal
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of Ro. Moreover homomorphic anti-image of a lower rough f-invariant anti-fuzzy ideal is a lower Tough

anti-fuzzy ideal.

Theorem 4.12. Let f be an isomorphism from a ring Ry onto a ring Ry and let p be a rough f-invariant
anti-fuzzy left (right) ideal of Ry. Then f_(u) is a rough anti-fuzzy left (right) ideal of Ry. Moreover

isomorphic anti-image of a rough f-invariant anti-fuzzy ideal is a rough anti-fuzzy ideal.
P g g Y g Y

The following theorems in anti-homomorphisms can be proved in similar way as the corresponding

theorems with homomorphism.

Theorem 4.13. Anti-homomorphic image of an upper rough f-invariant anti-fuzzy left (right) ideal is an
upper rough anti-fuzzy right (left) ideal. Moreover anti-homomorphic image of an upper rough f-invariant

anti-fuzzy ideal is an upper rough anti-fuzzy ideal.

Theorem 4.14. Anti-isomorphic image of a lower rough f-invariant anti-fuzzy left (right) ideal is a
lower rough anti-fuzzy right (left) ideal. Moreover anti-isomorphic image of a lower rough f-invariant

anti-fuzzy ideal is a lower rough anti-fuzzy ideal.

Corollary 4.15. Anti-isomorphic image of a rough f-invariant anti-fuzzy left (right) ideal is a rough
anti-fuzzy right (left) ideal. Moreover anti-isomorphic image of a rough f-invariant anti-fuzzy ideal is a

rough anti-fuzzy ideal.

Theorem 4.16. Anti-isomorphic pre-image of a rough anti-fuzzy left (right) ideal is a rough anti-fuzzy
right (left) ideal. Moreover anti-isomorphic pre-image of a rough anti-fuzzy ideal is a rough anti-fuzzy

ideal.

Theorem 4.17. Anti-isomorphic anti-image of an upper rough f-invariant anti-fuzzy left (right) ideal
is an upper rough anti-fuzzy right (left) ideal. Moreover anti-isomorphic anti-image of an upper rough

f-invariant anti-fuzzy ideal is an upper rough anti-fuzzy ideal.

Theorem 4.18. Anti-homomorphic anti-image of a lower rough f-invariant anti-fuzzy left (right) ideal
is a lower rough anti-fuzzy right (left) ideal. Moreover anti-homomorphic anti-image of a lower rough

f-invariant anti-fuzzy ideal is a lower rough anti-fuzzy ideal.

Corollary 4.19. Anti-isomorphic anti-image of a rough f-invariant anti-fuzzy left (right) ideal is a rough
anti-fuzzy right (left) ideal. Moreover anti-isomorphic anti-image of a rough f-invariant anti-fuzzy ideal

is a rough anti-fuzzy ideal.

5 Conclusion

In this paper, we have shown that the theory of rough sets can be extended to ideals in rings. We
discussed the concept of rough anti-fuzzy ideal. Also, we discussed homomorphic and anti-homomorphic
properties of rough anti-fuzzy ideals. In a similar fashion the theory of rough sets can be extended to

other topics in ring theory.

Acknowledgements

This work is financially supported by the minor research project grant sanctioned to the author Neelima

C.A. by UGC India.



Rough Anti-Fuzzy Ideals in Rings and Their Properties 31

References

1]

[10]
[11]
[12]

[13]

F.A.Azam, A.A.Mamun and F.Nasrin, Antifuzzy ideal of a ring, Annals of Fuzzy Mathematics and
Informatics, 5(2)(2013), 349-360.

R. Biswas and S. Nanda, Rough groups and rough subgroups, Bull. Polish Acad. Sci. Math., 42(1994),
251-254.

B. Davvaz, Roughness in rings, Inform. Sci., 164(2004), 147-163.

D. Dubois and H. Prade, Rough fuzzy sets and fuzzy rough sets, International Journal of General

Systems, 17(1990), 191-209.
Nobuaki Kuroki, Rough ideals in semigroups, Information Sciences, 100(1997), 139-163.

C.A.Neelima and Paul Isaac, Anti-homomorphism on Rough Prime Fuzzy Ideals and Rough Primary
Fuzzy Ideals, Annals of Fuzzy Mathematics and Informatics, October, 2014.

C.A.Neelima and Paul Isaac, Rough Anti-Fuzzy Subrings and Their Properties, communicated.

Osman Kazanci B Davvaz, On the structure of rough prime (primary) ideals and rough fuzzy prime

(primary) ideals in a commutative rings, Information Sciences, 178(2008), 1343-1354.

Paul Isaac and C.A.Neelima, Anti-homomorphism on Rough Prime Ideals and Rough Primary ideals,

Advances in Theoretical and Applied Mathematics, 9(1)(2004), 19. .

Paul Isaac and C.A.Neelima, Rough Semi Prime Fuzzy Ideals in Rings, communicated.
J.N. Mordeson and D.S. Malik, Fuzzy Commutative Algebra, World Scientific, (1998).
Z. Pawlak, Rough sets, Int. J1. Inform. Comput. Sci., 11(1982), 341-356.

L.A. Zadeh, Fuzzy sets, Inform. Control, 8(1965), 338-353.



	Introduction
	Preliminaries
	Rough Anti-Fuzzy Ideal
	 Homomorphism and Anti-homomorphism on a Rough Anti-Fuzzy Ideal
	Conclusion

