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Abstract: A kind of intuitionistic fuzzy rough sets based on intuitionistic triangle norm is presented. Frstly,
intuitionistic fuzzy T-norm and its resdua implication are defined, properties of resdua implication operator of
intuitionistic fuzzy T-norm are researched, and its general expression is deduced. Then, theintuitionistic fuzzy rough
sets modal which extends from fuzzy T rough setsis deduced, and the propostion that fuzzy T rough sets, rough
fuzzy setsand Pawlak rough sets are special casesof intuitionistic fuzzy rough setsisproved. Finaly, some properties

of intuitionistic fuzzy rough sets are proved.
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1 X . X
A={ xHa(¥) Pa(x) | x X}, (1)
MHa(x) :X 5[0,1] Ua(x):X -[0,1]
A , A
X X,0<Ha(x) +Ua(x) <1 . A

A= XMHa(x) Da(x) .
A={ xMHa(x),1
-MAa(X) | x X}.

X . Ta(x) =
1-Ha(x) -Ua(x) A X , X
A .

2l A B X

1) AnB={ xMa(x) He(x) Pa(x
Ue(x) | Vx X};

2) A B={ xHa(x He(x)ba(x
Us(x) | Vx X};

3) A= A" ={ xDa(x) Ma(x) | x X};

4) A SBoVx  X,[Ma(x) <
Ms(x) Ua(x) 2Us(x)].

30l

L™ ={(x,%) | xx + % <1,(xa,%x) [0,1]%,

(X1, %2) SL*(yl,yz) = -] X2 2 Y2,
V(x1,x%2) ,(y1,Y2) L™, (L™, <u%)
U A

AU oL x| sUa(X) Pa(x), Vx U.
X(x) = (x1, %)

A= xHa(x)Va(x JX(x) LT.L
O = (0,1 ,1* =(1,0).
3
4 | =[0,1], Tix1l Sl
T :
1)
T(0,00 =0, T(1,1) =1,
2)
T(a,b = T(b,a, a,b I;
3)
T(T(a,b ,0 = T(a, T(b,9), a,b,c I;
4)

a<c, b d=>T(a,b < T(c,d, a,b,c,d l.
T T(a,l) = a |, T

T T(a,0) = a , S
T S .
50°] T 1 =1[0,1] T
, | Br:1 x1 |
B:(a,b =sup{c I] T(a,0 € B,ab I,
(2
PRI :
| = [0,1] T S

S(a,p =1- T(1- a,1- b, a,b I. (3
6 T S 1=[01] T
s L’ ® WYL xL -
L")
P(x,y) = (T(x,y1),S(x2,y2)), (4)
W(x,y) = (S(xi,y1),T(x2,y2)), (5
X,y U.
®(x,y) = (T(xx,y1),1- T(@Q- x,1- y2)),
(6)
yl),T(Xz,yz)).
(7)
yT(Xe,y1) +1- T(1- x2,1- y2) <

Wix,y) =(1- T(1- x,1-

19 Y ,
D1,y =y, PO,y =. b Yy
L™ ( ) T S

, R ® (
R(x,y)) <. R(z,y))
8 ¢ L’ T
Oo:L"  xL  -L)
L | P(x,2 <.°
L'}, (8

P (R(x,2) ,

Os (x,y) =sup{z
Y. X,y

1 b L T 8 T

, @

O(x,y) =0(x,y1) O(1- x,1- ),
1-06(1- x,1- vy2)),x,y L .

(9)
© =sup{z L |P(x,2 <"y} =
sup{z L | (T(x,z),
1- T(1- x,1- z)) SL'(Yl,YZ)} =
sup{z L | (T(xx,z) € y1,

T(1- x2,1- ) <£1- y2)}.
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z+2<1 .z 1- 2),1-0(1- x,1- z)),
z 2 O(x,y) ©O(x,2 =0(x,y 2,
zn+2<1l, =z (13) . y z=(zn,y2) , (13
O = )
(sup{ z Il ((T(x1,z1) € y1) (TA- x,z1) 5) )
1- yw))}iinf{zz 1] TAd- x,1- ) £1- y}) = O@®(x,y) .2 =
@(X1,y1) 0(1- x2,1- YZ),l-e(l- x2,1- y2)). SUp{U L" | q)(q)(x,y) ,U) SL*Z} — —
= sup{fu L | P(y,u) £.°O(x,2)} =
! T T O(yO(x,2)
(14) . O
.2 ¢ L T (0] 4
. 9 R U o)
(©] o X,y,z L, U. R
1)@(Z<LL**,X):.5 x,@(:,il_g) = 1.L*; (10) X U. X (U.R
2) x <Ly (z,x) €.°0O(z,y); (11) Ar(X) Aa(X) | U
3) x <L y=9(y,2 <.°0(x,2); (12)
4)g(q>;,y 2) :@(;leZa ©(x,2; (13) An(X) (%) =
Rk S ¢ AV A MO (R(y, 0 X(), x U, (19
O(L* % = Ar(X) (x) =
sp{z L | P, 2 <% = §uB<D(R(y,x) ,X(y), x U, (16)
sup{z L | z<i"x = x (Ar(X) ,Ar(X)) :
(10) 3 R U T
2) u=0(z,x, R U
P(z,u) <L x <oy, R u,
us<.0(z,y), (12) R(x,y) = (R(x,y),1- R(x,y)),
3) u=0(y,2, X (X) = (X(x),1- X(x),
q)(y’u) < Z,; .AR(X') A_R(X')
P(x,u) <P(y,u < z; Ar (X)) (X) :(iyrr[JGT(R(y,x),X(y)),l-
infO (R(y,x) ., X(y))),
u<.0(x,2, vy
(12) x U,X v, (17)
4) y z=y , y<.'z, 2 O(x, Ar(X) (X) =(§UBT(R(V,X).X(Y)),1-
y) <.°0(x,2, (13) y z=12 SUBT(R(y,X) ,X(y))),
(13) Y
y z=(ynn,2), 1<z, £ 2 x U.X v (18)
1
@(x,y 2) =@(xl,y1) 9(1- x2,1- z), CD(R()/,)(),X'()/)) =
1-6(1- x%.1- 2)). (_T(R(y,X),X(y) - T(R(y, %), X(y)),
) 8] AR(X)(X) =

O(Xl,y:L) SG(X1,21),
0(1- x2,1- y2) 20(1- x.,1- 2),

O(x,y)
@(Xl,yl)

O(x,2 =
B(1- x,

)}S%‘NFI (X,y),X(y)) =
(§uE)T(R(y,x),X(y)),

1- supT(R(y, %) , X(N)),
Ar(X) (X) =



8

903

yinrqu)(Fz(y X)X (YY) =
iyn{J@(R(y.X) ,X(y)

1-8(R(y,x ,X(y)),
Ar(X) (X) = (ierfUB(R(y,X) ,X(y),

1- iynfue(R(y,x) , X(y)) .

.gd
3 , O]
T
T
T
[8]
Pawlak T
, Pawlak T
9 Ar(X)
Ar(X) :
1) Ar(X) S X € Ar(X); (19)
2) R € R,

Ar, 2Ar (X), Ar (X) SAR(X); (20)
3) _AR(X N Y) :AR(X) ﬂ_AR(Y),

Ar(X YY) = Ar(X)  Ar(Y); (21)
4) Ar(Ar(X)) = Ar(X),

Ar(ArR(X)) = Ar(X); (22)
5 X CY,

Ar(X) S AR(Y), ArR(X) S AR(Y); (23)
6) Ar(X Y) 2Ar(X) Ar(Y) ,
ArR(X NnY) SAR(X) n Ar(Y). (24)

1) Ar(X) () iyan@(R(y,X),X(y)) <.
O(R(x,x) ,X(x) =

Ol ,X(¥) = X(9,

Ar(X) () = sup®(R(y,x) , X(¥)) 2
O(R(x,x) ,X(x) =
O(Lr , X(x) = X(x)).
(19)
2 Ar (X)(x) =w, y u, R

SR,
Ri(u,x) €."R(u,x.
2 (3
O(R(u,x) , X(w) <L'O(R(u,x),X(w),

.ARZ(X)(X) SL*@(Rz(U,X) CX(w) <o

Ar, (X) ().
Ar (X) (x) = w, y u @

DO(R(u,x), X(v) <L P(R(u,x) , X(uw),

Ar, (X) (x) 2O(R(u,x) , X(w) =
Ar (X) (X),
(20)
3) 2 (4)
AR(X NnY)(x) =
erfj@(R(u,x) ,X(W nY(w) =

iunfue(R(u,x) , X (W)
erL@(R(u,x) JY(W) =

Ar(X) (¥ nAr(Y) (X,
Ar(X V) (x) =

§u9¢(R(u,x) X(w Y(w) =

§u5>¢(R(u,X) , X(u)
§UB¢(R(u,X) Y(w) =

Ar(X)  Ar(Y),

(21)
4) 2 (4),(5
Ar(Ar(X)) (¥ =
. U@(R(u,x) - U@(R(v,u) ,X(v)) =

UG)(R(u,x) O(R(v,u) ,X(v) =

u,v

. U(B(CD(R(u,x) JR(u,v)) , X(v) =

L@ (Ru,W) L X(W) = Ar(X) (x),
Ar(X) S ArR(AR(X)).
Ar(AR(X)) (x) =

§UBCD(R(U,X) ,§uE)CD(R(u,v) ,X(v)) =

uSHJUQD(R(U,X) DP(R(u,v) , X(V))) <

§UBCD(R(u,v) ,X(V) S AR(X) (X)),
AR(AR(X)) < AR(X).
1)
5) 3)
Ar(X NnY) = Ar(X) nAr(Y) = Ar(X),
Ar(X) CAr(Y);
Ar(X YY) = Ar(X) Ar(Y) = Ar(Y),
ArR(X) < AR(Y).
(23)
6) 3)
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