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Abstract-Recently, much attention has been given to the rough
set models based on two universes of discourse. And many
rough set models on two universes have been developed from
different views. In this paper, a novel model, the intuitionistic
fuzzy rough set model over two different universes is firstly
proposed from the intuitionistic point of view. We study some
important properties of approximation operators.
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L.

Rough set theory, originally proposed by Pawlak in the
early 1980s[6], as a useful tool for treating with uncertainty
or imprecision information, has been successfully applied in
the fields of artificial intelligence[2,5-7].

Moreover, the study on the intuitionistic fuzzy rough set
model over one universe was done, and it has become one
of the hottest researches in recent years for authors. Shen et
al.[10] researched the variable precision rough set model
over two universes and investigated the properties. Yan et
al.[12]studied on the model of rough set over dual-universe.
More details about recent advancements of rough set model
over two universes can be found in the literatures [3-4, 8-9,
11-13]. In this paper, we will discuss the intuitionistic fuzzy
rough set models over two universes in the generalized
approximation space.

INTRODUCTION

II.

In this section, we will review some necessary
definitions and concepts required in the sequel of this paper.
Definition 2.1[1] Let U be an ordinary nonempty set.

PRELIMINARIES

An intuitionistic fuzzy set A in U is an object having the
form

A={<x, 1y (x),v;(x) > xeU},
;U —[0,1] ViU —[0,1]
0<pu;(x)+vy(x)<1for all xeU .

ty(x)andv;(x) are, respectively, called the degrees of

where and satisfy

membership and non-membership of the element x to A .
The complement of an intuitionistic fuzzy set A is
denoted by ~ 4 = {< x,v5(x), 17(x) > xe U} .
Definition 2.2 Let 4 be an intuitionistic fuzzy set over

U and (a,p)el , L={(a,p)|x [0,1],
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P <l0,1],a+ B <1}, the (a, B) -level cut set of A , denoted
by ;lf , is defined as follows:
AP =xeU|py(0)za,v (x)< B}
Definition 2.3 Let (U,V,R) be
approximation space, for any 4 € F(U), denote

Ry (A)(y) = min{A(x)|x € R,(y)},
Ry (A)(y) = max{A(x)| x € R,(»)},y €V,
then R, (A) and Ry, (A4) are called the lower and upper

a generalized

approximations of fuzzy set 4 in F(U).

III.  INTUITIONISTIC FUZZY ROUGH SET MODEL OVER TWO

UNIVERSES

In this section, we will introduce the intuitionistic fuzzy
rough set model over the different universes.

Definition 3.1[11] Let R be a crisp binary relation on
the universe U and V , then

(1) R isserialifforany xeU ,3y eV st R(x,y)=1,

2) R is reverse serial if for any
yelV,IxeU.st.R(x,y)=1.

Definition 3.2 Let (U,V,R) be a generalized
approximation space, for any AelF(U), BelF(V) ,

denote
Ry(A) = {< vty 2y DoV, 1y ) >y €V,
Ry (A) ={< v, tiz, 3y v, 2y ) > v eV,
Ry (B) = {< X, ty, (5, (¥),vy (5, () > x € U},
Ry(B) = {<x, up 5 (0),vg (5/(0) > x U},
where

Hr,y = A H#3(0 v (D)= V()
¥eR, () xeR,,(y)

Hr, W=/ #3005 v (0= A vi(0),

xeR,(y) xR, ()
Hr, D= A HzO)s Ve 3=/ V()
YER(x) YER,(x)
e,y =\ HzWD)s ve (D)= A V0,
YeR (x) YER (x)

cps’s
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then I_?U(,ZI) and EU (A) are called the lower and upper
approximations of intuitionistic fuzzy set A in IF )y,
I_QV(f?) and ﬁy(é) are called
approximations of intuitionistic fuzzy set B in IF(V) .

(R, (4),R;(A) and (R,(B),R,(B)) are called the
intuitionistic fuzzy rough sets over the universes U and V' .
Furthermore, we also define the positive region

the lower and upper

posg, (A), posp (B) , negative region negp (A)
negp, (B) and boundary region bn R, (A),bn R, (B) of 4,B
about R;;,R, onthe universe U,V as follows, respectively:

posg, (A) =Ry (4),

negy, (A) =~ Ry (),

by, (A) = Ry () ~ Ry (A);

posg, (B) =Ry (B),

negr, (B) =~ EV (B),

bng, (B) = Ry (B)" ~ Ry (B).

If for any yeV (respectively, xeU ),
Ry (A) = R, (A) (respectively, Ry, (B)=R,(B)), then the
intuitionistic fuzzy set A (respectively, B ) is a

intuitionistic fuzzy definable set about the generalized
approximation space (U,V,R). Otherwise the intuitionistic

fuzzy set A (respectively, B ) is a rough set about the
generalized approximation space, and A (respectively, B )
is called a rough intuitionistic fuzzy set.

Remark 3.1 In a generalized approximation space, we
can find out that the lower and upper approximations of

intuitionistic fuzzy set A e IF(U) belong to IF(V), and the
lower and upper approximations of intuitionistic fuzzy set
BelIF(®V) belong to /F(U) . This property is different
from the lower and upper approximations over a universe.
What's more, we can obtain the other properties as
following.

Due to limited pages, we only discuss the properties of
the intuitionistic fuzzy sets on the universe U , the
properties of intuitionistic fuzzy sets on the universe /' can
be obtained similarly.

(1) Ry(A)=~Ry(~A4), Ry(A)=~R,(~4);
@) Ry(AnA)=Ry(A)Ry(4),
Ry(Aud)=Ry(A)UR,(A);
(3) AcAd=R;(4)cRy(4),
Ry(A) < Ry(4);
@)  R(AUVA)2RA)URA);
R(ANnA)c R(A)NR(A)
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(5) Ry(AcRy(4).

Proof. We only need to prove the first part of each
property as the similarity of the above properties.

(1)According to Definition 3.2, we can obtain

Ry(~A)={<y, A H_;(x), \y v.;()>[yeV}

xeR, () xeR, ()
=<y, A Vilx),  #;(0)>yel}
X€R,(y) xeR, ()
=~ EU (;1)

So we can have §U (d) =~ R, (~ A).
The property R, (A4)=~R,(~A) can be proved

similarly.
(2)We can have

Ry(An4d)

=<y A Hini () N\ Viag D>y el
XeR, () XeR, ()

={<y, A WiAp;(x), s (ui()vpzx0))>yel}
xeR,(y) xeR, (»)

=<y A MDA A H;(0), g VIOV s V0> yeT}
xeR, () xeR, (») xeR, () xeR, (»)

=Ry (AN Ry (4)

Hence, we can obtain R, (1:1 N ;1') =Ry (,Zl) NRy, (,Zl') .

(3)According to the definitions of intuitionistic fuzzy
lower and fuzzy upper approximation, (3) holds.
(4)It is easy to prove by the property (3).

(S)Vyel_?U(;l),wecanhave
,UBU(;I)(J’)Z A M0 N/ pz(x)

xeR,(y) xXeR,(y)

Ve, iy =\ #i(0) < A p5(5)

xXeR,(y) xeR,(y)
Therefore, R, (A) < R, (A) .
Definition 3.3 Let (U,V,R) be a generalized

approximation space, for any AelF(U) , BelIF(V) ,
denote

Ry(A))={y|R,(») c 4}
Ry(A) =1y |R,(») 0 4] # @},
R, (BY)=1{x|R,(x) = B},
Ry (B)) = {x| R,(x) "B} » @},
where a, f €[0,1], I_€U()if) and R (;15) are called the
lower and upper approximation of ;15 on the universe U ,
Ry (Ef ) and R, (Ef ) are called the lower and upper

approximation of E(f on the universe V.



Remark 3.2 In Definition 3.3, we give the concepts of
the lower approximation and upper approximation of Jlf

about R on the universe U and V' .Similarly ,we can also
define the lower approximation and upper approximation of

sets A,,4,,,47,4°%, 4, 47" and 4P} about R on the
universe U and V . In the following discussion, without
loss of generality, we only investigate the properties of
Ry (4. Ry (A1) Ry (B)).Ry(B]) . The
corresponding properties can be extended to the other lower
approximations and upper approximations, and we omit
them here.

Proposition 3.2 Let

and

(U,V,R) be a generalized
approximation space, if ¢ > a,, f; < 3, , we can obtain
Ry (A Ry (4, Ry(Al)c Ry (4l).

Proof. Since o, > a,,, < f,, so ;1511 c /lej . For any

ye@u(ﬁﬁ‘) , we can have Rp(y)gzifl‘ Thus,

R,(Nc A & yeRy(A)). Le, Ry(A))c Ry (A)).

The properties EU (25: N EU (;1522) can be proved

similarly.
According to the Definition 3.2, we can define two pairs
of intuitionistic fuzzy sets as follows:

Ry(AD) =<y, ty 30DV 50> yely,
Ry ={<y.py 30DV 50>y el},
where
e W =vialyeRy (A} =via|R,(») c 4L},
Ve, W =AB LY e Ry(AD)) = MBIR, () € AT}
e ) =vialye Ry (D= via|R,() N A7 # ¢},

Vi W =AMBLy e Ry (A= MBIR, (N AL # ¢}

Then we can obtain the properties in the following.
Proposition 3.3 Let (U,V,R) be a generalized

approximation space, for any A e IF(U), then
Ry(D)=Ry(A), Ry(A)=Ry(A).
Proof. Forany y eV, denote

o :,UgU(A)(J/) = A wy(x),
xeR,(y)

ﬁlZV&,(A)(J’): \V4 vi(x);

xeR,(y)
Br=nBIR, () AL}
Let a,f satisfy Rp(y)gilf , if xeR,(y) , then

V;I(x) < ﬂ

ay =via|R,(y)c 4L},

My 2@ , and
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A uy(x)za \V/ vi)<p . So qza, B <P,
xeR,(y) xeR,(y)
therefore o) > a,, 5 < 3, .

On the other hand, for any o > a,, # < ,, according to

the definition of a,,f,, we can know that there exists

xeR,(y) , s.t. x¢ Af , ie.,
o Suy(x)<a, B zvi(x)> B, thus a>a, B < p, by the
arbitrary of a>a, and f<f, , we can obtain

a, 2y, B, < p . Hence Ry, (A)= 1_€'U (A).
The properties EU (.;1) = ITU (;1) can be proved similarly.

IV. CONCLUSIONS

In this paper, we have introduced intuitionistic fuzzy
rough set model over two different universes in the
generalized approximation space (U,V,R). Meantime, we

gave the definitions and properties about the intuitionistic
fuzzy rough sets.
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