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1 Introduction

Rough set theory, proposed by Pawlak [25] is a new mathematical tool that supports
uncertainty reasoning.The basic assumption of rough set theory is every knowledge
in universe depends upon their capability of its classification. So that equivalennce
relations are considered to define rough sets. It may be seen as an extension of
classical set theory and has been successfully applied to machine learning, intelligent
systems, inductive reasoning, pattern recognition, image processing, signal analysis,
knowledge discovery, decision analysis, expert systems and many other fields. In
1965, Zadeh[32] initiated the novel concept of fuzzy set theory. There have been
attempts to fuzzify various mathematical structures like topological spaces, groups,
rings, etc., also concepts like relations measure, probability and automata etc. Biswas
and Nanda[6] in 1994 introduced the concept of rough ideal in semi group. Based
on an equivalence relation in 1990, Dubois and Prade[12] introduced the lower and
upper approximations of fuzzy sets in Pawlak approximation space to obtain an
extended notion called rough fuzzy sets. In 2008, Kazanci and Davaaz[16] introduced
rough prime ideals and rough fuzzy prime ideals in commutative rings. Recently
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Jayanta Ghosh and T.K. Samantha[15] introduced rough intuitionistic fuzzy sets in
semigroups.Yong Ho Yon et.al[29] introduced the concept of intuitionistic fuzzy R-
subgroups of near-rings. In this paper we define rough intuitionistic fuzzy ideals of a
near-ring based on its lower and upper approximation. Some interesting properties
are established.

2 Preliminary

Definition 2.1. [22] By a near-ring we mean a nonempty set R with two binary
operations ” +7 and ”.” satisfying the following axioms:

(i) (R,+) is a group.
(i) (R,.) is a semigroup.
(iii) z.(y+2) =zy+az.z foral x,y,z € R.
Definition 2.2. [22] An ideal of a near-ring R is a subset I of R such that
(i) (I,+) is a normal subgroup of (R, +).
(i) RICI.
(iii) (z+4d)y —axy € [ for alli € I andz,y € R.

Definition 2.3. [3] An intuitionistic fuzzy set (IFS in short) A in X is an object
having the form A = {(z, pa(x),va(z)/x € X)} where the function p : X — [0, 1]
and v : X — [0, 1] denote the degree of membership (namely p4(z)) and the degree
of non membership (namely v4(z)) of each element x € X to the set A, respectively
and 0 < pa(x) + va(z) < 1 for each z € X. Denote by IFS(X) the set of all
intuitionistic fuzzy set in X.

Definition 2.4. [3] Let A and B be IFS’s of the form A = {(z, pa(x),va(z)/x € X)}
and B = {(z, up(z),vp(x)/x € X)}. Then

1. AC B ifand only if pa(z) < pp(x) and va(x) > ve(x) for all z € X.
9. A= Bifand only if AC B and B C A.

3. A= {{z,va(z), pa(z)/r € X)}.(Complement of A)

4. ANB = {{z,pa(x) A pp(x),valz) Vvg(x)/z e X)}.

5. AUB = {{(z,pa(x) V up(x),va(z) ANvg(x)/z € X)}.

For the sake of simplicity we use the notion A = (x, ia, v4) instead of A = {(z, pua(z),va(z)/z € X)}.
The intuitionistic fuzzy set 0 ~= {(z,0 ~,1 ~) /x € X} and 1 ~= {{z,1 ~,0~) Jx € X}
are respectively the empty set and the whole set of X.
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Definition 2.5. [33] An intuitionistic fuzzy set A = (4, v4) is called an intuition-

istic fuzzy ideal of near-ring of R if for all xy,i € R.

IF1) pa(z —y) = pa(@) A paly) and va(z —y) < va(z) V va(y)
IF2) pa(y+ 2 —y) = palz) and va(y + = —y) < valz)

IF3) pa(zy) = pay) and va(zy) < valy)

IF4) pa(i(r +y) —iz) > pa(y) and va(i(z + 2) — iz) < va(y)

(
(
(
(

Definition 2.6. [29] An IFS A = (ua,va) in R is called an intuitionistic fuzzy
subnear ring of R if for all x,y € R

(1) pa(r —y) = pa(x) A paly) and va(z —y) < va(z) Vva(y)

(i) palzy) = paly) and va(zy) < va(y).

Definition 2.7. [16] An equivalence relation 6 on R is a reflexive, symmetric and
transitive binary relation on R. If 8 is an equivalence relation on R then the equiva-
lence class of x € R is the set {y € R|(z,y) € 6.We write it as [z]p.

Definition 2.8. [16] Let # be an equivalence relation on R, then 6 is called a full
congruence relation if (a,b) € 6 implies (a + z,b + z), (az,bx) and (za,zb) € 6 for
all x € R

Theorem 2.9. [16] Let 0 be a full congruence relation on R, then (a,b) € 6 and
(¢,d) € 0 imply (a+¢,b+d) € 0,(ca,bd) € 0 and (—a, —b) € 6 for all a,b,c,d € R

Definition 2.10. [15] Let us consider 6 to be a congruence relation of S. If X is
a nonempty subset of S then the sets 0.(X) = {z € S|[z]p € X} and 6*(X) =
{z € S|[z]pN X # ¢} are respectively called the #-lower and #-upper approximation
of the set X and 6(X) = (0.(X),0"(X)) is called rough set with respect to 6 if
0.(X) # 0*(X). If A= (ua,va) be IFSof S. Then the IFS 0, (A) = (0. (pa,6.v4)) and
0*(A) = (0*(pa,0%va)) are respectively called §—lower and #—upper approximation
of the IFS A = (pa,v4) where for all x € S

0.(1a) (%) = Nacpaphra(@), 0« (va) (%) = Vaelalyvala)
0" (1a) () = Vacyhra(a), 0. (va) () = Nacpa)yvala)

For an IFS A = (ua,va) of S, 0(A) = (6.(A),0%(A)) is called rough intuitionistic
fuzzy set with respect to 6 if 6,(A) # 0*(A)

Definition 2.11. [29] An IFS A = (ua,v4) in R is called an intuitionistic fuzzy
N-subgroup of R if for all z,y,n € R

(i) pal —y) = pa(x) A paly) and va(z —y) < va(z) Vva(y).
il pa(nx) > pa(x) and va(ne) < wva(z).

ili pra(zn) = pa(z) and va(an) < va(z).
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3 ROUGH INTUITIONISTIC FUZZY IDEALS
IN NEAR-RINGS

Throughout N denotes an abelian near ring and R denotes a near ring.

Lemma 3.1. If an IFS A = (u4,v4) in R satisfies the condition (IF1) of definition
[2.5], then

(i) pa(0) = pa(z) and va(0) < va(z),
(ii) pa(—z) = pa(z)and va(—z) = va(z).
for all z € R.

Lemma 3.2. If an IFS A = (u4,v4) in R satisfies the condition (IF1) of definition
[2.5], then

(i) pa(r —y) = pa(0) = pa(z) = pa(y),
(ii) va(r —y) = va(0) = va(x) = va(y).

for all x,y € R.
The proof of 3.1 and 3.2 are immediate.

Theorem 3.3. Let 6 be a full congruence relation on R. If A = (pa,v4) is an
intuitionistic fuzzy subnear-ring of R then so is 6*(A) = (6*(pa), 0" (va)).
Proof: Since 6 is a congruence relation of R. Then for all x,y € R,

(i) a) 0" (pa)(z —y) = e[\/_} fra(z)
= V pa(z)
z€[z]o—[ylo
= 'V  pala—b)
a—be[z]o—[ylo

>V [pala) A pa(d)]

a€lz]g,b€lylo

= e\[/} pa(a)] v [beY] pra(b)] = 0" (pa)(@) A0 (pa)(y)
D =)= A )
I ANEZ16))
z€[z]o—[ylo
= /\ I/A<a — b)

a—be[z]o—[ylo

< A [vala) Vea(d)]

a€lz]g,bEyYlo

=[ A va(@] VI A va(b)] =6 (va)(z) V0" (va)(y)

a€lzly belylo
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(i) a) 0" (pa)(xy) = V pa(z)

z€[zyle

> Va2

z€[z]g[ylo

=V  pa(ab)

abe[z]g[ylo

V pra(ab)

aE[.t]gbG[y]g

V' pa(d) = 0"(pa)(y)

bE[ylo

) O"(wa)ey) = N va(z)

z€[yxl
N va(z)
z€[z]o[ylo
/\ I/A<Clb)
abe(z]o[ylo
N\ va(ab)
a€(z]obe(ylo
< A va(b) = 0*(va)(y) This shows that 6*(A) is an intuitionistic fuzzy
belylo
subnear-ring of R. Therefore A is an upper rough intuitonistic fuzzy subnear-

ring of R.

AN = IV IV

IN

Theorem 3.4. Let 6 be a full congruence relation on R. If A = (ua,v4) is an
intuitionistic fuzzy subnear-ring of R then so is (0).(A) = (0.(1a), 0.(va)).

Proof. Since 6 is a congruence relation of R. Then for all z,y € R

(i) a) Ou(pa)(z—y)= A pa(2)
z€[x—ylg

= A pa(z)
z€[x]o—[ylo

> A ual2)
z€[zlo[ylo

= A pa(a— D)
a—be[z]g—[yle

= N prala) A pa(b)]

a€falo belylo
= E/[\} fra(a)] A [be/[\] 1a(D)] = 0. (pa) () A Ou(pa)(y)
b) Ou(va)(z —y) = 6[\/_ | va(?)
= V  wa(?)

z€lalo—[ylo

= V wv(a-b)
a—be(z]o—[ylo

< Vo [rale) Vva(b)]

a€[z]g,bElylo
= 6\[/} va(a)] v [bEY] va(b)] = 0. (va)(x) V 0.(va)(y)

(i) a) O.(pa)(zy) = A pa(2)

z€[zyle
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= A pa(z)

z€[z]oylo

= A pa(ad)

abe(z]o[ylo

> A pa(abd)

a€lz]gbEylo

=V pa(d) = 0.(a)(v)

be(lyle

b) 0.(va)(zy) = e[\/} va(?)
=V walz)

z€[z]g[ylo

V  va(ab)

abe[z]g[ylo

V' wa(ab)

a€[z]ob€E[ylo

< 'V va(b) = 0.(va)(y) This shows that 6,(A) is an intuitionistic fuzzy
belylo

subnear-ring of R. Therefore A is an lower rough intuitonistic fuzzy subnear-

ring of R.

IN

Corollary 3.5. If A = (ua,v4) is an intuitionistic fuzzy subnear-ring of R then
0(A) = (0.(A),0*(A)) is a rough intuitionistic fuzzy subnear-ring of R.

Example 3.6. Let R = {0,a,b,c} be a set with two binary operations as follows

+10lal|lb|c ./0la|b|c
0/0|la|b]c 0O[0la|b]c
ala|0|c|b alal0]lc|b
b|lblc|0]a b/b|c|0]|a
clc|blalO0 clc|iblall

Then (R,+,.) is a near-ring. Let 6 be a congruence relation on R such that the 6-
congruence classes are the subsets {0}, {c}, {a, b}. Let A = {{x, pa(x),va(z))|xr € R}
be an intuitionistic fuzzy subset of R defined by

A =1{(0,0.4,0.4), (a,0.1,0.5), (b, 0.4,0.6), {c, 0.4,0.4)}
Since for every z € R, 0*(ua)(x) = V pa(a) and 0*(va)(x) = A va(w), so the
upper approximation 6*(A) = {(x, sz/[j,]:(x)), 0*(va(x)))|x € T} i:fg[f\]fien by
0" (A) = {(0,0.4,0.4), (a,0.4,0.5), (b, 0.4,0.5), (¢, 0.4,0.4)}

then it can be easily verified that

0 (pa)(w —y) > 0" (na)(w) A0 (1a)(y)
0" (va)(x —y) < 0" (va)(x) V 0" (va)(y)



Journal of New Theory 15 (2017) 61-74 67

and

0" (pa)(zy) > 0" (1a)(y)
0" (va)(z.y) < 0" (va)(y)

for all z,y € R. Therefore §*(A) is an intuitionistic fuzzy subnear-ring of R. Hence
A is an upper rough intuitionistic fuzzy subnear-ring of R.

Theorem 3.7. Let 6 be a congruence relation on R then, if A is an intuitionistic
fuzzy N-subgroup of R, then A is an upper rough intuitionistic fuzzy N-subgroup of
R.

Proof. Since 6 is a congruence relation on R [a]s[b]y C [ab]sVa,b € R.

Let A = (ua,v4) be an intuitionistic fuzzy N-subgroup of N and x € N. Now
0*(A) = (6*(pa),0*(va)). Thus

> fra(ab)

a€ln]gbe(z]o

>V pa(b) = 0" (pa)(x)

bE[a?]g
b) 0*(va)(nz) = [/\] va(z)
z€|nx|g
< A wl(?)
z€[n]g[z]e
= va(ab)
ab€[n]q[z]o

IA

/\ Z/A(Clb)

a€[n]gbe(z]o

< A va(b) = 0" (va)(2)

belz]o

(iii) a) 0 (pua)(zn) > 6" (va)(2)
b) 6" (va)(zn) < 6" (va)(z)

Proof is analogs to (ii).

Theorem 3.8. Let 6 be a complete congruence relation on R then, if A is an in-
tuitionistic fuzzy N-subgroup of R, then A is an lower rough intuitionistic fuzzy
N-subgroup of R.

Proof. Since 6 is a congruence relation on R [alg[blg = [ab]yVa,b € R.
Let A = (ua,v4) be an intuitionistic fuzzy N-subgroup of N and z,€ N. Now

0.(A) = (0.(pa),0.(va)). Thus
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(i) a) O.(pa)( —y) = Ou(pa)(@) V 0.(114) (y)
b) 0.(va )(;; y) < Ou(va)(@) A0 (va)(y)

Proof of (i) is similar to subnear-rings.
(i) a) O.(pa)(nz) = A pa(z)

z€[nz]y
= A ua(?)
z€[nlg[z]o

= A pa(ad)

abe[n]plxly

> A pa(ad)

a€[n]pbE[x]y

= N pa(b) = 0.(pa)(x)

belz]o

b) O.(va)(nx) = V wva(z)

z€[nx]g
=V wal?)
z€[n]glx]g

=V va(ad)

abe[n][xlg

< \ va(ab)

a€[n]gbe(z]o

= V va(b) =0.(va)(2)

belz]o

(iii) @) 0. (pa)(zn) > 6. (va)(z)
b) 0. (va)(wn) < 0.(va )(;v)

Proof is analogous to (ii
Theorem 3.9. Let 6 be a congruence relation of R, then if A is an intuitionistic
fuzzy ideal of R then A is an upper rough intuitionistic fuzzy ideal of R.

Proof. (i) a. 6%(ua(e —y)) > 6" (a)(@) A6 (1) (y).
. ) < 0% (va)(2) V 0" (va) ().

z€[y+x—ylo

= V pa(z)
z€[y+xlo—[ylo

= V pala —d)
a—dely+z]o—[yle

= V pala —d)
a€ly+zlg,d€(yle

= V pa(d +c—d)
d+c€ly+z)g,d€lylo

= V  pald+c—d)
c€lx]g,delylo

= V pa(c)
c€[zlp,dEy]o
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= \[/] pralc) = 0 (na)(z).
cE|x|p

b. O (wa)y+r—y)= A pa(?)

z€ly+z—ylo

= N val?)
z€[y+zlo—[ylo

= A va(a —d)
a—d€[y+z]o—[ylo

= /\ VA(CL — d)
a€ly+zlg,d€ylo

— /\ VA(d + C — d)
d+c€y+z]g,dEylo

= N vald+c—d)

ce [Q?}g ,d€ [y]G

= A wva(o)
Ce[x}97de[y]9

= A wvalc) = 0" (va)(z).
c€lzlo

Theorem 3.10. Let 6 be a complete congruence relation of R, then if A is an
intuitionistic fuzzy ideal of R then A is an lower rough intuitionistic fuzzy ideal of

= A pa(z)

z€[y+zlg—[ylo

= A pala —d)

a—de[y+z]o—[ylo

= A pala —d)

a€ly+z]p,d€[ylo

= N pald+c—d)

d+c€ly+z]g,d€lylo

= AN pald+c—d

Ce[‘r}evde[’y]e

= A pa(c)
c€lz]g,delylo

= A pale) =0 (pa)(z). b. O(va)ly+z—y)= V  pa2)
c€lz]y z€ly+z—ylo

= V()
z€[y+zlo—[yle

= V va(a —d)
a—dely+zlo—[yle

= \/ I/A(a — d)
a€ly+zlg,d€yle

- V va(d+c—d)

d+c€y+a]o,dE€lylo
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=V wald+c—d)

c€lz]g,d€ylo

= Vvl
c€[z]p,dEy]o

=V valc) = 0.(va)(z).
c€lz]o

Let N denote an abelian near-ring.

Definition 3.11. Let A be an intuitionistic fuzzy ideal of R. For each «, 5 € [0, 1]
with a+ 8 < 1, the set A% = {(a,b) € R x R|lpa(a—0b) < a,vs(a—b) > B} is called

a (a

, B)level relation of A.

Proposition 3.12. If A and B be two intuitionistic fuzzy sets of an universal set X,
then the following holds

(i)
(i)
(i)
(iv)
(v)

Proof.

(i)

(i)

(iv)

AggAiifaZVandﬁgd
Al 5 C AL C Al
ACB= A% C B’
(ANB)? = A8 N BY.
(AUB)2 D A8 u BA.

(i) Let (z,y) € A2 = pa(z —y) > a and va(z —y) < B. Since v < « and
0> B =pualx—y) >a>vyand va(x —y) < <6 = pa(r —y) > v and
va(x —y) < 6. Hence (z,y) € AL,

Sincea+p<1=1—pF>aand g <p. ThusA’ffﬁgAg. Also o > « and
B<1—a. Thus A% C Al

Let (z,y) € AP = pa(r—y) > aand va(r—y) < 8. AsAC B = up(er—y) >
a and vg(z —y) < B and so (z,y) € BE.

Since ANB C Aand AN B C B. Thus (AN B)? C A% and (AN B)? C BY.
Thus (ANB)? C ASNBE. Let (z,y) € A°NBS = (2,y) € A and (x,y) € B?
= pa(r — )>acmduA(:1:— y) < B and pp(r —y) > aandvg(ex —y) <
= pa(r —y) > aand ug(x —y) > a and va(x —y) < fandvg(ex —y) <
= palz —y) Aps(x —y) > a and va(x —y) Vvgle —y) < S,

= (aNpp)(—y) 2a and (vaUwp)(z —y) < B,

= (z,y) € (AN B)2.

Since AC AUBand BC AUB = A% C (AUB)? and B C (AU B)2.
Thus A2 U B? C (AU B)? Now if @ + 3 =1 then (AU B)? C AP U B?. Let
(z,y) € (AUB) = (paUpp)(z —y) > a and (vaUvp)(z —y) < 3 =
pa(z —y)Vup(lr —y) > aand va(r —y) V(e —y)) < B. If pa(x —y) > a,
then va(z —y) < 1—palz —y) <1l—a= 8= (2,y) € A3 C A% U BS.
Similarly if pp(z —y) > a, then vg(z —y) <1 —pplz —y) <l—-a=p=
(z,y) € B, € A2 U BP. Thus (AU B) = A% U B2,
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Remark 3.13. Every rough ring is a rough near-ring.

Lemma 3.14. Let A be an intuitionistic fuzzy ideal of an abelian near-ring N, and
let a, 3 € [0,1] with a + 3 < 1. Then A? is a congruence relation on N.

Proof. For any element a € N, pa(a —a) = ua(0) > « and so (a,a) € A5, If
(a,b) € AP then pa(a —b) > a and va(a —b) < B. Since A is an ideal of abelian
near-ring N, pa(b—a) = pa(—(a—10)) = pa(a—0b) > a,va(b—a) = va(—(a—b)) =
vala—0b) < B = (bya) € AS. If (a,b) € AS and (b,c) € A8, then since A is a
fuzzy ideal of N, pa(a —¢) = pa((a —0) + (b —¢)) > min{pa(a —b), pa(b—c)} >
min{a,a} = a, and so (a,c) € AZ. Therefore A? is an equivalence relation on N.
Now, let (a,b) € A? and x be any element of N. Then since pa(a —b) > « and
vala=b) < B pa((a+z) = (b+2)) = pa((a+2) + (-2 =b)) = pala+ (z —x) - b) =
pala+0—=0),uala—0) > a,va((A+2x)— (b+2)) = valla+ ) + (—x — b)) =
vala+ (x—x)—b) =vala+0—>blra(a—b) < = (a+z,b+x) € Ay p. Since (N,+)
is an abelian group, we have (v + a,z + b) € A, g. Therefore A, 3 is a congruence
relation on R.

Definition 3.15. Let A be an intuitionisic fuzzy ideal of an abelian near-ring N and
a, B € [0,1] with a+ 8 < 1. We know that A is an equivalence relation(congruence
relation) on N. Therefore when the universe is an abelian near-ring then (N, A%) can
be used instead of the approximation space (U, ).

Let A be an intuitionistic fuzzy ideal of N and A? be an (o, 3)-level congruence
relation of A on N. Let X be a non-empty subset of N. Then the sets

R(A},X) = {z € Nla] ;s € X}
R(42,X) = {x € N|ir] g # 6}
Proposition 3.16. Let A be an intuitionistic fuzzy ideal of an abelian near-ring N.

Then for any «, 5 € [0, 1] with a + 8 < 1. If B is an ideal of an abelian near-ring R,
then A is an upper rough left ideal of N.

Proof. Proof: Let a,b € R(A}, B). Then [a],s € B and [b] ;s € B. Since A7 is a
congruence relation

la+ bhg = [a]AQ + [b]A§
CB+BCB
= a+be R(A% B).

Let a be any element of R(A?, B). Then [a] 5 € B . Let x be any element of [—a] ;.
Then (z,—a) € A and so (—z,a) € AJ. Thus —z € [a],s C B.. Since A is an
intuitionistic fuzzy ideal of N it is a subgroup of N, thus z € A and so [—a] ;s C A.
Thus —a € R(AJ, B). Let a and x be any element of R(AJ, B). Then [a],s C B.
Let z be any element of [z +a — ] s. Then (z,(z +a — 1)) € A8 Since AP is a
congruence relation on N, (—z +z+x,a) € A% and so —z+2+z € la] 45 € B.Thus
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—x+z+x=>bforsomebec B. Since Bisnormal z =2 +b—2x€x+B—-x€ B
and so we have [z + b — ], € B. Therefore x +b —z € R(Af, B), which means

R(AP B) is normal subgroup of N.
Let r € R and a € R(A?, B), then [a] 45 € B. Let a be any element of [z] ;5. Then
(z,a) € AP
= (ra,ra) € AP
= rx € [rals C B
= ra € R(A?, B).
Lemma 3.17. Let A be an intuitionistic fuzzy ideal of an abelian near-ring N and
a, B € [0,1] where a + 3 < 1. If R(A?, X) is a non-empty set then 0] 46 € A.

Proposition 3.18. Let A be an intuitionistic fuzzy ideal of an abelian near-ring N
and a, 8 € [0,1] where a+ 3 < 1. Let B be an ideal of N. If R(A%, X) is a non-empty
set then it is equal to A.

Corollary 3.19. If A is an intuitionistic fuzzy ideal of an abelian near-ring then
(R(AB, X)), R(A?, X)) is a rough left ideal of N.

4 Conclusion

The idea of rough intuitionistic fuzzy ideals of a near-ring based on its lower and
upper approximation is discussed. Some interesting properties are established which
hold directly for a ring.We hope that by the extension of this work further we would
get new results satisfing more properties for a ring.

Acknowledgement

The authors are grateful for the referee for their valuable suggestions.

References

[1] F.W. Anderson, K.R. Fuller, Rings and Categories of Modules, second ed.,
Springer-Verlag, USA, 1992.

[2] S. Abou-Zaid, On fuzzy subnear-rings and ideals, Fuzzy sets and Systems,
44(1991),139-146.

[3] K.T. Atanassov, Intuitionistic fuzzy sets, Fuzzy sets and systems 20(1986)87-96.
[4] M.Banerjee, S.K. Pal, Roughness of a fuzzy set, Inform.Sci 93(3-4)(1996)235-246.

[5] B. Banerjee and D. K .Basnet, Intuitionistic fuzzy subrings and ideals,Journal of
fuzzy Mathematics 11(2003) 139-155.



Journal of New Theory 15 (2017) 61-74 73

[6]

[7]

[17]

[18]

[19]
[20]

[21]

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

Z. Bonikowaski, Algebraic structures of rough sets,;in: W.P. Ziarko (Ed.), Rough
Sets Fuzzy Sets, and Knowledge Discovery, Springer-Verlag, Berlin, (1995)242-
247.

7. Bonikowaski, E. Bryniarski, U. Wybraniec-Skardowska, Ertensions and in-
tentions in the rough set theory, Inform. Sci.107(1998)149-167.

K. Chakrabarty, R. Biswas, S. Nanda, Fuzziness in rough sets, Fuzzy Sets
Syst.110(2000)247-251.

S.D. Comer, On connections between information systems, rough sets and alge-
braic logic, Algebraic Methods in Logic and Computer Science, Vol. 28, Banach
Center Publications,(1993)117-124.

B. Davvaz, Roughness based on fuzzy ideals, Information Sciences 176(2006)2417-
2437.

D. Dubois, H. Prade, Rough fuzzy sets and fuzzy rough sets, Int. J. General Syst.
17(23)(1990)191-2009.

S.M.Hong ,Y.B.Jun and H.S.Kim Fuzzy ideal in near-rings, Bull. Korean Math.
Soc.35:3(1998)455-464.

J. Jarvinen, On the structure of rough approximations, Fundamental Informatica
53(2002)135-153.

Jayanta Ghosh nad T.K Samanta, Rough intuitionistic fuzzy sets in semigroups,
Annals of fuzzy mathematics and Informatics 5(1)(2013)25-34.

O.Kazanci, B. Davvaz, On the structure of rough prime(primary)ideals and

roughfuzzy prime(primary) ideals in commutative rings, Information Science
178(2008)1343-1354.

S.D Kim and H.S. Kim, On fuzzy ideals of near-rings, Bull. Korean Math. Soc.
33(1996),593-601.

N.Kuroki, P.P.Wang, The lower and upper approximations in a fuzzy group,
Inform.Sci. 90(1996)203-220.

N. Kuroki, Rough ideals in semigroups, Inform. Sci. 100(1997)139-163.

W.J. Liu, Fuzzy invariant subgroups and fuzzy ideal, Fuzzy sets and system
8(1982)133-139.

W.J. Liu, Operations on fuzzy ideals, Fuzzy Sets Syst. 11 (1983) 31-41.



Journal of New Theory 15 (2017) 61-74 74

[22]

23]

[24]

[25]
[26]

[27]
28]

[29]

[30]

[31]

[32]
[33]

J.D.P Meldrum, Near-Rings and their links with Groups, (Pitman, London,
1985).

J.N. Mordeson, Rough set theory applied to (fuzzy) ideal theory, Fuzzy Sets and
Systems 121(2001) 315-324.

T.K. Mukherjee, M.K. Sen, On fuzzy ideals in rings 1, Fuzzy Sets Syst. 21
(1987) 99-104.

Z. Pawlak, Rough sets, Int. J. Inf. Comp. Sci. 11 (1982) 341-356.

7. Pawlak, Rough Sets-Theoretical Aspects of Reasoning About Data, Kluwer
Academic Publishing, Dordrecht,1991.

G. Pilz, Near rings,North Holland,Amsterdam, 1983.
A. Rosenfeld, Fuzzy groups, J. Math. Anal. Appl. 35 (1971) 512-517.

Yong Ho Yon, Young Bae Jun and kyung Ho Kim, Intuitionistic fuzzy R-
subgroups of near-rings, Soochow journal of Mathematics 27(3)(2001)243-253.

Young Bae Jun, M. Sapanci and M.A.Ozturk, Fuzzy I'-near-rings, Tr. J. of
Mathematics 22(1998),449-459.

Young Bae Jun,K.H. Kim, Intuitionistic fuzzy ideals of near-rings, Jour. of Inst.
of Math and Comp.Sci.(Math. Ser.)12(3)(1999)429-442.

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

Zhan Jianming and Ma Xueling, Intuitionistic fuzzy ideals of near-
rings,Scientiae Mathematicae Japonicae Online, e-2004, 289-293.



