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Abstract: We consider a group G, with identity element e, as a universal set and assume that the
knowledge about objects is restricted by an intuitionistic fuzzy normal subgroup A = (p,v4)
of G. For each o, 5 € [0,1] such that o + 5 < 1, the set U(A, o, B) = U(pa, ) N U(va,B)
is a congruence relation on G, where U(pa, @) = {(z,y) € G x G : pa(zy™') > a} and
Uva, B) ={(z,y) € G x G : va(zy~') < S} In this paper, the notion of U(A, «, 3)-lower and
U(A, a, B)-upper approximation of a non-empty subset of G and an intuitionistic fuzzy set of G
are introduced and some important properties of the above approximations are presented.
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1 Introduction

After the introduction of the concept of fuzzy sets by Zadeh [18] several researches were con-
ducted on the generalizations of the notion of fuzzy sets. The idea of “intuitionistic fuzzy set”
was first published by Atanassov [1,2] as a generalization of the notion of the fuzzy set. This
subject has been studied by [4, 7, 12] and others.
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In 1982, Pawlak [16] proposed rough set theory as a new mathematical tool for dealing with

uncertainties, which is an extension of set theory, in which a subset of a universe is described by
a pair of ordinary sets called the lower and upper approximations. The notion of rough set and
its properties were applied to various areas such as semigroups [15], groups [5, 13, 14], rings [6],
ideals [8, 17], modules [9], lattices [11] and fuzzy sets [10].
In this paper, we are to study the rough set based on intuitionistic fuzzy normal subgroup. In
fact, the study concerns the relationship between rough sets, intuitionistic fuzzy sets and group
theory. First of all, in Section 2, we review some basic definitions and notation. In Section 3
& 4, we consider a group as a universe set and we assume that the knowledge about objects is
restricted by intuitionistic fuzzy normal subgroups. Let A = (u4,74) be an intuitionistic fuzzy
normal subgroup of G and «, 8 € [0,1] be such that « + < 1. Fora b € G, we say that a is
congruent to b (mod A) = (pa,va), written a =) bif pa(zy™') > aand va(zy™') < B.
In Section 2.4, we describe some properties of this congruence relation. These properties are
used in Section 3 & 4. In Section 3, we analyzed the lower and upper approximations of a
subset of a group with respect to the above congruence relation. In Section 4, we analyzed the
lower and upper approximations of an intuitionistic fuzzy set of a group with respect to the above
congruence relation, which is the main aim of this paper. At last, a conclusion is presented.

2 Definitions and notation

We introduce in this section some definitions and notation used in the present paper.

2.1 Rough set

Let U be a universal set. For an equivalence relation 6 on U, the set of the elements of U that are
related to x € U, is called the equivalence class of x, and is denoted by [x]y. A pair (U, #), where
U # () and 6 is an equivalence relation of U, is called an approximation space.

Definition 1 ([8]). For an approximation space (U, 0), by a rough approximation in (U, ) we
mean a mapping (U, 0,...) : P(U) — P(U) x P(U) define for every X € P(U) by (U,0,X) =
(U,0,X),(U,0,X)), where (U,0,X) ={x €U :[x]p C X}, (U,0,X)={z€U:[z]y)nX #
0}. (U,0, X) is called a lower rough approximation of X in (U, ), where as (U, 0, X) is called
a upper rough approximation of X in (U, 0).

2.2 Intuitionistic fuzzy set

Throughout this paper G is a group. By a fuzzy set of GG is a function u : G — [0,1]. Let
u be a fuzzy set of G. For eacht € [0,1] iy = {x € G : p(x) > t} is called a t-level set
of y or t-cut of . Let p and A be two fuzzy sets of G. The inclusion A C p is denoted by
Ax) < p(x) forall z € G, and N A is defined by (1N A)(x) = u(x) A A(z) forall z € G and

(1% A)(2) = Vo ((y) A X(2)).
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Definition 2 ([1]). An intuitionistic fuzzy set (IFS) A in a non-empty set G is an object having the
form

A= {{z, pa(x), va(e))|z € G}

where the functions s : G — [0,1] and v : G — [0, 1] defined the degree of membership and
the degree of membership and the degree of non-membership of the element x € G to the set A,
which is a subset of G, respectively, and

0<pa(r) <wvalz) <1

forallx € G. AnIFS A = {(z, pa(z),va(z))|x € G} in G can be identified to an ordered pair
(pa,va) in [0,1]¢ x [0, 1], For the sake of simplicity, we shall use the symbol A = (u,v4) for
the IFS A = {{z, pa(x),va(z))|x € G}.

Definition 3 ([1]). Let A = (p1a,v4) be an IFS of G and o, § € [0, 1] such that o + < 1. The
sets Ay = {x € G : pa(x) > a}and Ag = {z € G : vs(x) < B} are called, respectively, the
a-level set or a-cut of 14 and [3-level set or B-cut of v, and the set A, g) = Ay N Ag is called
a («, p)-level set or (a, B)-cut of the IFS A = (pa,va)-

Definition 4 ([1]). Let A = (j14,v4) and B = (jup, vg) be any two IFSs of G, then
(i) AC B< (Vo e G)(pua(zr) < pp(z), valz) > vp(x)).
(i) A=B< AC Band B C A.
(iii) AU B = (uaV pp,va Avp) = {(z, pa(@) V pp(x), va(z) Avp(z))|z €}
(iv) ANB = (ua A pup,vaVug) ={{z,pa(z) A pup(x),va(x) Vg(x))|z € G}.
According to [3] we have the following definition.

Definition 5. Let A = (pa,va) and B = (up,vp) be any two IFSs of G. Then we defined the
IFS A x B = (pta«B, Va«p) of G is given by

NA*B<x) = vyz:x(uA(y) A MB(Z)) Vy, z €@, Yz =,
VasB(T) = Nyaea(va(y) V vp(2)) Yy, 2 € G, yz = .

2.3 Intuitionistic fuzzy normal subgroup

A fuzzy set i of G is called a fuzzy subgroup of G if it has the following properties:
() p(zy) > p(z) A p(y) forall z,y € G,
() p(z™') = pu(z) forall z € G.

A fuzzy subgroup p of G is called normal subgroup of G if u(zy) = u(yz) forall z,y € G.
For a normal fuzzy subgroup p of GG, we have the following:
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(1) p(x) < ple) forallz € G.
(i) p(ry=t) = u(e) implies p(z) = pu(y), where x,y € G.
(iii) If ¢ and X be a fuzzy normal subgroup of G, then so is N .

(iv) A fuzzy set u of G is a fuzzy normal subgroup of G if and only if for any ¢ € [0, 1], such
that p; # 0, ¢ is a normal subgroup of G.

Definition 6 ([12]). An IFS A = (pa,va) of a group G is called an intuitionistic fuzzy subgroup
(IFSG) of G if it has the following properties:

(i) pa(ry) > pa(z) A paly) forall z,y € G,
(ii) pa(z™") = pa(z) forall z € G,
(iii) va(zy) < va(z) Vvaly) forall z,y € G,
(iv) vale™) = va(z) forall z € G,

An IFSG A = (pa,va) of G is called an intuitionistic fuzzy normal subgroup (IFNSG) of G
if pa(zy) = palyx) and va(xy) = va(yz) forall z,y € G.

Lemma 1. For an IFNSG A = (u4,v4) of G, we have the following:
(i) pa(zr) < pale)and va(x) > va(e) forall x € G,

(ii) pa(xy™') = pal(e) and va(zy™") = va(e) implies pa(z) = pa(y) and va(z) = va(y)
where z,y € G,

(i) If A = (pa,va) and B = (up,vp) are two IFNSGs of G, then sois AN B = (ua A
MUB, VA \/VB>.

(iv) AnIFS A = (pa,v4) of G is an IFNSG of G if and only if A, g) is a normal subgroup of
G, forany o, € [0,1] (o + 8 < 1) and Ao 5 # 0.

2.4 Congruence relation

Let ;1 be a normal subgroup of GG. For each ¢ € [0, 1], the set U(u,t) = {(a,b) € G x G :
w(ab™t) > t} is called a t-level relation of p. It is no difficult to show that Uy, t) is a congruence
relation.

Definition 7. Let A = (pua,v4) be an IFNSG of G and o, € [0, 1] such that a« + < 1.
The sets U(pia, ) = {(a,b) € G x G : pa(ab™') > a} and U(va, ) = {(a,b) € G x G :
va(ab') < B} are called, respectively, the a-level relation of .4 and B-level relation of v, and
the set U(A, o, B) = U(pa, ) N U (va, B) is called a (o, B)-level relation of A = (pa, va).
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The following two lemmas are straightforward.
Lemma 2. Let A = (p14,74) be an IFNSG of G and «, 8 € [0, 1] such that & + $ < 1. Then
U(A,«, 8) = U(pa,«) N U(va, B) is a congruence relation of G.
Lemma 3. Let A = (u4,v4) and B = (ug, vg) be two IFNSGs of G and «, 8 € [0, 1] such that
a+ (6 < 1. Then

() U(pa A pp,a) =U(pa, o) NU(up, ).
(i) U(va Vg, B)=U(va, f) UU(vs,B).

We denote [7](a,a,8) = [2](ua,0) N [T](v4,5) the equivalence class of U(A, a, 3) = U(pa, a) N

U(”A?B)'
Lemma 4. Let A = (uu4,v4) be an IFNSG of G and «, 5 € [0, 1] such that « + § < 1. Then

@ [a]guao) 0l (uaa) = [ab](ua,0) and [a] (v, 5)[0)(va,8) = [ab] (14 ,5)-

(i) [0 a0y = ([l ua) ™" and [0, 8) = ([alwas) ™"
Proof. (i) Let z € [a](.,,0)[0](u4.0)- Then there exists y € [a](,,,a) and z € [b](,,.«) such that
yz = x. Since (a,y) € U(pa,«) and (b,z) € U(pa, ). By Lemma 2, we have (ab,yz) €
U(pa,a)or (ab,x) € U(pa, ), and so x € [abl(,, q)-
Conversely, let z € [ab](,,.a), then (z,ab) € U(pa, o). Hence (xb™',a) € U(pa, ) and so
bt € [a](y 0 1-€., @ € [a](s.0)b Which implies z € [a](u,.0)[0](un,0)-
The proof of the second part is similar to the proof of first part.

(i1) We have
z €0 s & (r,a71) € U(pa, a)
& (e,a'a™) € Uua, )
& (a,27") € U(pa, @)
= ZL‘_l & [CL](NA @)
&z € ([a] )
The rest is similar. ]

Lemma 5. Let A = (p14,74) be an IFNSG of G and «, § € [0, 1] such that o + 5 < 1. For any
a € G, we have al€](u, ) = [a](ua,0) and ale], ) = [a]wa,0).

Proof. Let a € G, and then we have
T € a[e](uma)(:)a_lzn € [e](“,a)@)(a_lx,e) € U(pa, )& (x,a) € U(pa, o) Sz € [a](uy,a)-

The rest is similar. ]

Lemma 6. Let A = (pua,v4) and B = (up, vp) be two IFNSGs of G and a, 5 € [0, 1] such that
o+ 6 < 1. IfA C B, then [J}](MA@) - [ZE](NB,(X) and [l‘](,,Aﬁ) - [ZL‘](Vng).
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Proof. We have y € [z](,.0) = (2,y) € Upa, @) = pa(zy™) > a= pplzy™) > a=
(z,y) € U(up, @)=y € [#](4p,0)- The rest is similar.

Let A = (pa,va) and B = (pp,vp) be two IFNSGs of G and «, 8 € [0, 1] such that
a + f < 1. The composition of congruence relations U (A, a, 8) = U(ua, ) N U(va, ) and
U(B,a, ) =U(up,a) NU(vg, B) is defined as follows:

U(A,Ck,ﬁ) © U(Ba&aﬂ) = U(,UAoBa&) N U(VAOBaﬂ)a

where U(paop, o) = {(a,b) € G x G : (a,c) € U(pa, @), (¢,b) € U(up, )} and U(vaop, 5) =
{(a,b) e GXG : (a,c) € U(va,p),(c,b) € U(vg, §)}. Itis no difficult to show that U (1405, )
and U (v40p, [3) are also congruence relations. Therefore, U (A, «, 5)oU (B, «, [3) is a congruence
relation. We denote this congruence relation by U(Ao B, «, 8) = U(tiaop, @) NU (Vaop, 5). O

Lemma 7. Let A = (ua,v4) and B = (up, vg) be two IFNSGs of G and «, 8 € [0, 1] such that
a+ B < 1. Then U(paop, @) € U(pasp, @) and U(Vaop, B) € U(Vaxp, B).

Proof. Let (a,b) € U(paop, ). Then there exists ¢ € G such that (a,c) € U(pa,«) and
(¢,b) € U(up, ). Therefore we have pa(ac™) > o and pa(ch™') > . Then pap(ab™) =
Vyeeab—1 (a(y) A p(2)) > palac™) A pa(eb™) > a and so (a,b) € U(pawp, «). The rest is
similar. [

Lemma 8. Let A = (u4,v4) and B = (up, vp) be two IFNSGs of G and a, € [0, 1] such that
a + [ < 1 with finite image. Then U (405, @) = U(piasp, @) and U(Vaop, 5) = U(Vass, B).

Proof. We are only to proof second part. By Lemma 7, we have U(vaop, ) C U(vass, 5),
therefore we can show that U(vaop, ) 2 U(va«p, ). For this let (z,y) € U(va.p,3), then
vaep(zy™t) < B. We have Ayp—yy-1 (vala) V vg(b)) < . Since Im(v4) and Im(vg) are finite,
then v4(ag) V va(by) < B for some ag, by € G, such that xy~' = agby. Thus v4(ag) < 3 or
vp(by) < B. Now we have v4(age™) < B or vp(ay wy~') < Bie., we have v4(age™) < 8
or vg(zytay') < B, which imply (ag,e) € U(vg, ) or (zy~',a9) € U(vp,3). Therefore
(zry~'e) € U(Waop, B) ie., (x,y) € U(Vaos, B). O

3 Approximations of crisp set based on IFNSGs

Let A = (ua,v4) and B = (up, vg) be two IFNSGs of G and «, 3 € [0, 1] such that o + 5 < 1.
By Lemma 2, U(A, «, ) = U(pa,a) N U(va, ) is a congruence relation on G. Therefore,
when U = G and § = U(A, o, (), then we use (G, A, o, ) = ((G, pa, @), (G, va, B)) instead of
approximation space (U, ). In the rest of this paper A = (u4,v4) is an IFNSG of G.

Definition 8. Let U(A, o, ) = U(ua,a) NU(va, B) be a congruence relation of an IFNSG of
G and o, B € [0, 1] such that « + 5 < 1. Let X be a non-empty subset of G. Then we defined the
sets U(pa, o, X), Upia, o, X), U(va, B, X) and U(va, 3, X) as follows:

Upa, o, X) = {x € G [t](uy0) € X} and U(pa, 0, X) = {2 € G : [ 400 N X # O}
Uva, 8, X) ={x € G : [2](uypy N X # 0} and U(va, 5, X) = {z € G : [a] (.5 C X}
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The sets U(pa, , X) and U(jua, o, X) are called, respectively, the lower and upper approxima-
tions of the set X with respect to U(jua, o); and the sets U (v, 3, X) and U(v 4, B, X) are called,
respectively, the lower and upper approximations of the set X with respect to U(va, ); and the
sets U(A, o, 8, X) = (U(pa,, X),U(va, B, X)) and U(A, o, B, X) = (U(pa, o, X),U(va, B,
X)) are called, respectively, the lower and upper approximations of the set X with respect to

U(A,a,8) = U(pa, ) NU(va, B).

UA a,8,X)=(U(A a,pB,X),U(A a,B,X)) is called a rough set with respect to U (A, a,
B) = Ulpa,a) NU(va, B).

The following proposition is exactly obtained from Definition 8.
Proposition 1. For every approximation space (G, A, «, 8) = ((G, pa, «), (G, va, 5)) and every
subsets X, Y of G we have:

(1) Q(MA?OéaX) - X - U(,U/A,CY,X) andQ(VAaﬁaX) 2 X ) U(VAaﬁaX)'
(2) Q(MA,OZ,@) = @ = U(,MA,O&, ®) and Q(V/hﬁa@) = @ = U(thBa@)'
(3) Q(MA,O[, G) =G= U(/,LA,OC, G) andQ(VA767G) =G = U(VA7B7G)'

4) If X CY,then

U(pasa, X) C U(pa, oY) and U(va, 8, X) C U(va, B,Y),
Ulpa, o, X) C U(pa, @, Y) and U(va, 8, X) C U(va, B,Y).
(S) Ulpa, o, (U(pas o, X)) = Ulpa, o, X) and U(va, B, (U(va, B, X)) = U(va, B, X).
6) U(pa, . (U(pa, o, X)) = Ulpas o, X) and U(va, 8, (U(va, B, X)) = U(va, B, X).
() Ulpa, @, (U(pas o, X)) = Ulpa, o, X) and U(va, B, (U(va, 8, X)) = U(va, B, X).
(8) Ulpa, a, (U(pa, o, X)) = U(pa, @, X) and U(va, B, (U(va, 8, X)) = U(va, B, X).

(9) Q(HA;O[;X N Y) = Q(MAaaaX) ﬂQ(MA,OZ7Y) and Q(VAvﬁvX N Y) g Q(VAMB7X) N
Q(VA7B>Y)‘

(MA,O[,X ﬂY) g U(,LLA,O(,X) QU(MA7Q7Y) andU(VAa67X M Y) - U(VA,/B,X) M

(VA7B>Y)‘

(MA,OZ,X UY) 2 Q(MA7Q7X) UQ(MA7@7Y) and Q(VAaﬁvX U Y) - Q(VAHB7X) U

(VA,B,Y).

U(”fhﬁay)'

(10)

(11)

SIS S g

(12)

| S

(13) Q(,UA7 «, [‘r](MA,Oé)) - U(MA, «, [I](MA,a)) and Q(VAa 67 I::L‘](VA76)) = U(VA7 Ba [‘r](’/mﬁ))’ for
all x € G.
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Proposition 2. Let A = (u4,v4) and B = (up,vg) be two IFNSGs of G and «, 8 € [0, 1] such
that « + 8 < 1. If X is a non-empty subset of (=, then

(i) U(pa A pp,a, X) CU(pa, 0, X) N U(up, a, X).
(11) Q(VA/\VBaﬁvX) QQ(VA,ﬂ,X)mQ(VB,B,X).

Proof. We have

re€U(uaNpp,a,X) = [@](anupe) VX #0
= Jda € [@](uarupa) N X
= (a,x) € U(pa A pp, ) and a € X
= (ua A pp)(az™) > aanda € X
= pa(ax™') > aand pplar™) > aanda € X
= (a,x) € U(pa,a),a € X and (a,z) € U(up,a),a € X
= [2](ua) N X # D and [2](up0) N X # 0
=2 € U(pa, o, X)and z € U(pa, a, X)

Therefore, U(pa A pip, o, X) C U(pa, o, X) N U(pup, o, X). The rest is similar. O

Proposition 3. Let A = (ua,v4) and B = (up, vp) be two IFNSGs of GG and «, 8 € [0, 1] such
that « + 8 < 1. If X is a non-empty subset of (=, then

(i) Ulpa, o, X)NU(up, 0, X) € U(pa A pp, o, X).
(H) U(VAvﬂaX)mU(VBv/BaX) QU(VA/\VBaﬁ7X)'
Proof. We have

x € U(pa,a, X)NU(up,a, X) = x € U(pa, o, X)and x € U(up, o, X)
= [#l(uae) € X and [7](up0)
= [#](warup,e) € X By Lemma 6
=z € U(pa N pp,a, X).

Therefore, U(pa, o, X) N U (g, o, X) C U(pa A pp, o, X). The rest is similar. O

Lemma 9. Let A = (114,v4) be an IFNSG of G and o, f € [0,1] suchthata + 5 < 1. If H is a
normal subgroup of G, then U(p4, o, H) and U(v4, 3, H) are normal subgroups of G.

Proof. Let a,b € U(ua, o, H) and g € G, then [a](,,0) N H # 0 and [b](,,.0) N H # 0. So
there exists © € [a(,,.) N H and y € [b](,,,a) N H. Since H is a normal subgroup of i, we have
xy~' € Hand grg~' € H, where g € G. By Lemma 4, we have 2y € [a](u,.0) ([0 (ua0) " =
[a](#Aya)[bfl](uma) = [abil]_(MA,a). Hence, a:y’l € [abil](‘uma) N Hie., [abil](uma) NH # 0,
which implies that ab™ € U(u4, o, H).

Since (z,a) € U(ua, ), then pa(za™) > «. Now we have pa(gzrg*(gag™")™!) =
pa(grg~tga=tg™") = pa(gra'g™") = pa(za™') > a. Hence, (grg~", gag™") € U(ua,a),
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ie., grg ! e [gagfl](ima), thus gzg~! € [gﬁg’l](MA,a)ﬁH, which implies [gag ™|, )N H # 0.
Therefore, gag™' € U(ua,a, H). Hence U(uz, o, H) is a normal subgroup of G. The rest is

similar. ]

Lemma 10. Let A = (114, v4) be an IFNSG of G and v, 5 € [0, 1] such that « + 5 < 1. Let X be
a non-empty subset of G. If U (4, v, X) and U(v4, 8, X ) are non-empty sets then, [€](,, o) C X
and [ ](VA g < X.

Proof. Since U(pa,a, X) # 0, then there exists € U(ua, o, X), ie., [2](u0) € X. So
([ (uaa)™ € (X)) C {a' : a € X} = X. Now by Lemma 4 we have [e](,, ) =
22 a0 = [lam) B Nwae) = i (€)™ € XX C X. The restis similar. ]

Lemma 11. Let A = (p14,74) be an IFNSG of G and o, 8 € [0, 1] such that o« + 5 < 1. If H is
a normal subgroup of G, then U(p, ., H) and U (v 4, 3, H) are non-empty sets, then its equal to
H.

Proof. By Proposition 1(1), we have U(ua, v, H) C H. We show that H C U(ua,«, H). For
this, let h € H. By Lemma 10, we have [e](,, ) € H. Since H is a normal subgroup of
G, we have hle](,,o) € hH C H. By Lemma 5, we have [h](,, o) € H, which implies that
h € U(pa, a, H). Therefore, H C U(ua, o, H). The rest is similar.

From Lemmas 9 and 11, the following Corollaries 1 and 2 are true. [

Corollary 1. Let A = (pua,v4) be an IFNSG of Gand o, § € [0, 1] suchthata+ 3 < 1. If Hisa
normal subgroup of G, then U (A, a, 3, H) = (U(ua, o, H),U(v4, 3, H)) is a normal subgroup
of G.
Corollary 2. Let A = (ua,v4) be an IFNSG of Gand o, § € [0, 1] suchthata+ 3 < 1. If Hisa
normal subgroup of G, then U(A, o, 5, H) = (U(ua, o, H),U(va, 8, H)) is a normal subgroup
of G.

Let A = (pua,va) bean IFNSG of G and «, 5 € [0, 1] such that a+3 < 1;and (U(A, o, 8, H),
U(A,a, 3, H)) arough set in the approximation space (G, A, a, B). f U(A, a, 3, H) = (U(pa,
o, H), U(va, B,H)) and U(A, o, 8, H) = (U(pa, o, H),U(va, 3, H)) are normal subgroup of
G, then we call (U(A, o, B8, H), U(A,«, 3, H)) a rough normal subgroup. Therefore, from
Corollaries 1 and 2, we give the following Corollary.

Corollary 3. Let A = (4, v4) be an IFNSG of G and «, 5 € [0, 1] such that o + 8 < 1. If H is
a normal subgroup of G, then (U(A, o, 3, H),U(A, a, 3, H)) a rough normal subgroup of G.
Proposition 4. Let A = (114,v4) and B = (up, vp) be two IFNSGs of G and «, 3 € [0, 1] such
that o« + f < 1. If X is a non-empty subset of G and A C B, then

Q) U(pa, o, X) CU(up, o, X)and U(va, B, X) C U(vp, B, X).
U U

(H) Q(MB7Q7X)Q (luA7a7X) andQ(VBvﬁvX)g (VAaBaX)'

Proof. (i) Letz € U(pa, a, X), then [2](,, o) N X # 0. By Lemma 6, since [2](,, a) C [2](up.0)
we have [2](,, .0 N X # 0, which implies that € U(up, o, X). Again let, y € U( vg, [, X)
then [y],, 3 € X. Now by Lemma 6, since [y],,.5 C [¥lw.,5 We have [y]., 5 C X, which
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implies y € U(vg, 8, X).
(i1) The proof is similar to the proof of statement (i). [

Proposition 5. Let A = (ua,v4) and B = (up, vp) be two IFNSGs of G and «, 8 € [0, 1] such
that o + § < 1. If X is a non-empty subset of G and U(A, o, B) C U(B, «, 3) then,

(VBaﬁaX)'

() Ulpa, o, X) CU(up, o, X)and U(va, B, X) CU
Q(MA?CY7X) andQ(VB767X) - Q(VA767X>‘

(11) Q(/’LB7CY7X) -

Proof. (i) Let z € U(ua,a, X), then we have there exists a € [2](u,.0) N X. Then (a,z) €
U(pa, @) C (up, @) and a € X. Therefore, a € [](,p.0) N X, and so z € U(pp, o, X). Again
let,y € U(vp, B, X_), then we have [y]., 5 € X. Since [y]w,.8) C [Y]wa,p) 1€ [Ylwss € X,
which implies y € U(vp, 3, X).

(i1) The proof is similar to the proof of statement (i). [

Proposition 6. Let A = (ua,v4) and B = (up, vp) be two IFNSGs of G and «, 8 € [0, 1] such
that « + 8 < 1. If X is a non-empty subset of G, then

(1) U(,UAOB7 a, X) g U(NA*B? a, X) and U(VAOB7 57 X) g U(”A*Bu 67 X)
(ll) Q(,U/A*Ba «, X) g Q(MAOB? «, X) and Q(VA*B7 57 X) g Q(VAoBu 57 X)
Proof. This follows Lemma 7 and Proposition 5. ]

Proposition 7. Let A = (114,v4) and B = (uup, vp) be two IFNSGs of G with finite images and
a, f € [0,1] such that o + § < 1. If X is a non-empty subset of GG, then

(1) U(MAOB? «, X) - U(NA*B? «, X) and U(VAOB7 /87 X) - U(VA*B’ /87 X)
(11) Q(MAOB) O[7X) - Q(MA*B) O[7X) and Q(VA03767X) - Q(VA*37B7X)'
Proof. This follows Lemma 8. [

4 Approximations of IFS based on IFNSGs

Let A = (pa,v4) and B = (upg, vg) are two IFNSGs of G and «, 5 € [0, 1] such that « + 5 < 1.
By Lemma 2, U(A, «, ) = U(pa,a) N U(va, ) is a congruence relation on G. Therefore,
when U = G and § = U(A, a, f), then we use (G, A, a, B) = ((G, pa, @), (G, va, B)) instead of
approximation space (U, 0).

Definition 9. Ler U(A, o, ) = U(pa, ) N U(va, B) is a congruence relation of an IFNSGs of
G and o, f € [0,1] such that o + B < 1. Let B = (up,vp) be an IFS of G. Then we define the

fuzzy sets Q(uAv «, /‘LB)’ U(:u/h «, MB): Q(VAa ﬁa VB)’ U<VA7 /87 VB) CleOllOWS.'

Ulpa, @, 1) (%) = Maclal, , o He(a) and Ulpa, o ip) () = Vael,,, . 18(a)
Q(VA7B> I/B)(x) = \/ae[m](,jAyﬁ)VB(a) and U(VAaﬁv VB)(x) = /\aé[z](,,Aﬁ)VB(a)'
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The fuzzy sets U(pa, o, pig) and U(pa, o, ug) are called, respectively, the U4, o)-lower and
U(pa, a)-upper approximations of the fuzzy set jp with respect to U(pua,); and the fuzzy
sets U(va, B,vp) and U(va, B,vp) are called, respectively, the U(va, 3)-lower and U(v 4, B)-
upper approximations of the fuzzy set vp with respect to U(va, B); and the IFSs U(A, «, 3, B) =
(U(pa, a0, u5),Uva, B,vp)) and U(A, a, 3, B) = (U(pa, a, up), U(va, B,vB)) are called, re-
spectively, the U(A, , B)-lower and U (A, a, B)-upper approximations of the IFS B = (ug, vp)
with respect to U(A, o, ) = U(pa, ) NU(va, B).

UA a,8,B) = (U(A,«a,8,B),U(A,a, B, B)) is called a rough IFS with respect to U (A, a,
B) =U(pa,a) NU(va, B) ifU(A,a, 8, B) # U(A, , B, B).

The following proposition is exactly obtained from Definition 9.
Proposition 8. For every approximation space (G, A, «, 8) = ((G, pa, «), (G,va, 5)) and every
IFSs B = (up,vp) and C = (uc, ve) of G we have:

(1) Q(,LLA,O[,ILLB> g UB g U(MAaaa,uB) andQ<VA7ﬁ7 VB) 2 VB 2 U(”Aaﬁa VB)'
(2) If B C C, then

Q(IMAa a:ﬂB) g Q(,UA,O&,,U/C) andQO/Aaﬁ?VB) 2 Q(yAaﬂa I/C)'
(3) If B C C, then

Ulpa, o, pip) C U(pa, . pe) and U(va, B,vp) 2 U(va, B, ve).

@) Ulpa, o, (U(pa, o, pp)) = Ulpa, o, pp) and U(va, B, (U(va, B,vs)) = U(va, B,vB).
(5) Ulpas @, (U(pa, o, pp)) = Ulpa, , up) and U(va, 8, (U(va, B,vp)) = U(va, B, va).
(6) U(,u/b «, (LuAa «, ,uB)) = Q(MA? «, ,LLB) and U(]/A’ B? (Q(VAa 67 VB)) = Q(VAa 67 VB)~

(7) Q(MA) «, (U(MA7 «, MB)) = U(“Aa a?ﬂ’B) and Q(VAaﬁv (U(VA767 VB)) = U<VA7B> VB)'

(8) Q(MA,O[,,MB/\,MC) = Q(MAa OC,MB)/\Q(,UA,OQMC) andg(”Aaﬁ?”B\/VC) = Q(VAaﬁa VB)\/
Q(thﬁa VC)‘

(MA7a7MB/\MC) = U(IMAa a?MB)AU(MA)a7MC> andU(VA7B7VB\/VC) = U(”Aaﬁu VB>\/
(VA757 VC)'

)

(10) (MA, «, :U’B\/,U’C) - Q(MA; a, /“LB)\/Q(MA) «, MC) andQ<VA7 ﬁ? VB/\VC) - Q(VAa 57 VB>/\

(VA7B7 VC)'

SIS <Sg

(MA,OZ,,UB\/,UC) = U(MA; a?MB)VU(MA7a7MC> andU(VAaﬁayB/\VC) = U(VAaﬁa VB>/\
(VA757 VC)'

(11)

SIS

(12) Q(:U’Av a, /’LB)(‘Z‘) = Q(MAv a, NB)(G> and U(/’LAa a, IU’B)(x) = U(NAa «, MB)(a> forall z €
Ganda € [J}](HA@).
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(13) U(va, B,vs)(x) = U(va, B,vs)(a) and U(va, B,vg)(x) = U(va, B,vp)(a) forall z € G
and a € [l‘](ymg).

Proposition 9. Let A = (u4,v4) be an IFNSG of G and «, 5 € [0,1] such that o« + 5 < 1. If
B = (up,vp) be any IFS of G and X a non-empty subset of G, then

() Ulpa, o, pp)(U(pa, o, X)) = Ulpa, @, p) (X)
and U(va, 8,ve)(U(va, 5,X)) C U(va, 5,ve)(X).

(i) U(pa, @, pip)(U(pa; o, X)) = Ulppa, o, pp)(X)
and U(va, B,v)(U(va, 8,X)) C U(va, 8,vs)(X).

(i) U(pa, o, pp)(U(pa, @, X)) € Ulpa, @, pp)(X)
and Q(VA, ﬂ, VB)(U(VA, ﬁ, X)) = Q(VA, 5, VB)(X)

(1V) U(:U’é CY,MB)(Q(MA,()[,X)) - Q(/“E‘MOCHLLB)(X)
and U(VA, 5, VB)(Q(VA, B, X)) = U(VA, 5, VB)(X)

Where for every non-empty subset Y of G, U(ua, «, up)(Y) = {U(pa, o, up)(y) : y € Y} and
Uva; B,vp)(Y) = {U(va, B,vB)(y) 1 y € Y Ulpa, o, pp) (V) = {U(pa, o, pp)(y) -y € Y
and U(va, B,vg)(Y) ={U(va, B,vB)(y) : y € Y}.

Proof. (i) Since U(pig,, X) = Uzex [%](4a,0)- We can conclude from the Proposition 8(12),

that Q(MAa «, ﬂB)(Q(NA) a, X)) = UxGXQ(HAa Q, HB)([:B] (,uA,a)) = Q(HA? «, IUB)(X) Then by
Proposition 1(1), it is straightforward.
The proof of the other part is similar to the proof of statement (i).

Proposition 10. Let A = (u4,v4) and B = (upg, vg) be two IFNSGs of G and «, 8 € [0, 1] such
that o + 8 < 1. If C = (ue, ve) is an IFS of G, then

U(IUA/\,UBanuC) = U(MA,CY,/LQ) AU(MB7Q7MC> andQ(VA/\VBaﬁ7yC) = Q(MA?B? VC) A
Q(V3767VC)'

Proof. For x € GG, we have

Ulpa A g, o, 1e) (@) = Vaela, , np oo e (@)
= \/ae[ac](uA,a),U/C(a> A \/ae[m](uB,a),uC(aJ
= U(NA? a, MC) A U(MB: a, MC’)

The rest is similar. ]

Proposition 11. Let A = (u4,v4) and B = (up, vg) be two IFNSGs of G and «, 8 € [0, 1] such
that o + 8 < 1. If C = (uc, ve) is an IFS of G, then

o Q(MA/\,UBaamuC) = Q(MA?CY>NC) AQ(MB7O[7:MC) andU(VA/\VBaB7VC) = U(”A?Ba VC) A
U(VBaﬁ7VC)'

Proof. The proof is similar to the Proposition 10. U
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Proposition 12. Let A = (ua,v4) be an IFNSG of G and «, 5 € [0,1] such that o + 3 < 1.
If B = (up,vp) be any IFNSG of G, then U(A, a, 3, B) = (U(pa, o, i), U(va, B,vp)) is an
IFNSG of GG.

Proof. For all x,y € GG, we have

(i) U(pas o, 1) (2Y) = Vaelay,, oy hiB(2)

V
\/a [x](uA,a)ube[y](uA,a) (ILLB(a) A /’LB(b))
va’ [x](/,LA,a)/’LB<a) /\ \/be[y](HA,a)/lB(b)

= Ulpa, o, pup)(2) AU (pa, a, i) (y)-

v

(11) U(MA) a, ﬂB)(x_l) = vae[a:—l](HA,a),uB<a) = va—le[x}(uA,a):uB(a_l) = U(:u/b a, MB)(m)

(111) U(Vz‘h ﬁ7 VB)<xy) = /\zé[wy](l,Aﬁ)VB(z>
S /\ae[z](uA,B)vi[y](VA B) (VB( ) \/ I/B(b))
= Naclilgy 0 VB(@) V Mo, , yVB(0)

=U(va, B,vB)(z) V U(”Avﬁa vB)(Y).

(IV) U(VAa /6) VB)(m_l) = AaE[Ifl](VA,B) VB((I) - /\afle[m}(v,qﬁ) VB(CL_I) = U<VA’ /87 VB)(I').

Also,_U(,uA, a, 1B)(YT) = Vielyal,, o HB(2) = \/zzfle[zy}(MmMB(xzxA) :_U(MAa a, vp)(zy)
and U(”AaﬁayB)(yx) = /\ze[yz](VA75>VB<Z) = /\J:zxfle[my}(l,Aﬁ)VB(xzxil) = U(MA,O!,[LB)(ZIZ'Q).
]

Proposition 13. Let A = (u4,v4) be an IFNSG of G and «, 5 € [0,1] such that o + 3 < 1.
If B = (up,vp) be any IFNSG of G, then U(A, o, 5, B) = (U(pa, a0, i), U(va, B,vp)) is an
IFNSG of G.

Proof. The proof is similar to the Proposition 12. [

Let A = (pa,va) bean IFNSG of G and o, € [0, 1] such that o+ < 1;and (U(A, o, 3, B),
U(A, a, B, B)) arough IFS in the approximation space (G, A, «, 8). If U(A,a, 8, B) = (U(p,
o, 1ug).U(va, B,vg)) and U(A, o, 3, B) = (U(pa, o, ), U(va, B, vp)) are normal subgroup of
G, then we call (U(A, o, 3, B),U(A, o, 3, B)) a rough IFNSG. Therefore, from Propositions 12
& 13, we have the following corollary.

Corollary 4. Let A = (ua,v4) be an IFNSG of G and «, 5 € [0,1] such that a« + 5 < 1. If
B = (up, vp) be any IFNSG of G, then (U(A, o, 8, B), U(A, a, 8, B)) a rough IFNSG.

Proposition 14. Let A = (u4,v4) and B = (up, vg) be two IFNSGs of G and «, 8 € [0, 1] such
thata + 5 < 1. If C' = (uc, ve) is IFS of G and A C B, then

(1) U(MA7Q7MC) g U(/“LB7057/'LC) andU(VA7/87VC) g U(VBwB? VC)'

103



(H) Q(MB7 «, luc> g Q(/”LAv «, /'LC) and Q(VB7 /87 VC) g Q(V/h /87 VC)'
Proof. By Lemma 6, it is straightforward. ]

Proposition 15. Let A = (ua,v4) and B = (up,vp) be two IFNSGs of G and «, 8 € [0, 1]
such that « + 5 < 1. If C = (puc,ve) is a IFS of G and U(A,a, ) C U(B,a, ) (ie.,
Ulpa, ) CU(up,«) and U(vya, B) C U(vg, B)) then,

(VB7ﬁ7 VC)'

U(/,LB,CK,ILLC) andU(VAaﬁal/C) C U
(11) Q(MB7&7NC> g Q(IUAaaa,uC) and Q(VB7B7 VC) g QO}A?B? VC)‘

(i) Ulpa,a,pc) C

Proof. 1t is straightforward. [

Proposition 16. Let A = (4,v4) and B = (up, vg) be two IFNSGs of G and «, 8 € [0, 1] such
that o + 8 < 1. If C = (uc, vo) is a IFS of G, then

(1) U(,UAOB,OJ,,UC> g (/,LA*B,CK,ILLC) and U(VAOB7ﬁ7 Z/C) g (VA*B7B7UC)'

U U
u u

(i1) Q(NA*Baaqu) - (HAoB,Oé,,UC) and Q(”A*B,ﬁa VC) - (VA@B7B7VC)'

Proof. This follows Lemma 7 and Proposition 15. [

Proposition 17. Let A = (ua,v4) and B = (up, vp) are two IFNSGs of G with finite images
and o, 8 € [0,1] such that « + 8 < 1. If C' = (¢, ve) is IFS of G, then

() U(paon, o, i) = Ulpaws, o, pe) and U(vaos, B, ve) (Vasn, By ve).

T _7
U = U(vass, B, vc).

(ll) Q(MAOB7 «, MC) = (H’A*Ba «, HC) and Q(VAOBa 57 VC)

Proof. This follows Lemma 8 and Proposition 15. [

5 Conclusions

This paper is devoted to the theoretical study of the rough set and intuitionistic fuzzy rough
set within the context of intuitionistic fuzzy normal subgroup. In fact, the study concerns the
relationship between three research topic, rough sets, groups and intuitionistic fuzzy sets, each of
them have applications across many fields. We have presented a definition of the lower and upper
approximations of a non empty crisp subsets and intuitionistic fuzzy sets of a group with respect
to an intuitionistic fuzzy normal subgroup. Based on these results, we will study rough sets and
intuitionistic fuzzy rough sets with respect to an intuitionistic fuzzy ideal in the next paper.
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