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Abstract:

implicator is proposed. Firstly, the concepts of an interval-valued intuitionistic fuzzy set, an interval-valued intuitionistic

A kind of interval-valued intuitionistic fuzzy rough set model based on an interval-valued intuitionistic fuzzy

fuzzy relation and interval-valued intuitionistic fuzzy logical operators are introduced. Then, by employing an interval-
valued intuitionistic fuzzy triangle norm and an interval-valued intuitionistic fuzzy implicator, upper approximations and
lower approximations of interval-valued intuitionistic fuzzy sets with respect to an interval-valued intuitionistic fuzzy
approximation space are defined. Finally, basic properties of these interval-valued intuitionistic fuzzy rough approximation
operators are examined.
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FURE 22 798 /& thPawlakU 4 HY ) — i A B AS TG
E  ANTERFARE G S B T7H. E O D Hy
N TN TR e BRI HLas 52 2] B2 3 0
ST WTAF AR 22 A0, S5 O R e 48 i PawlalofH R 4
LR [ A . AR, 7 SEBR N H TR, SR G R A
AEH g I A A Tk S 0% BRI O T — 6ok
Z . AR 1k R 4G Booleanf U AN . 184878 o SE ME &, AT
KR R RS SRR G . Ik, VP2 %5 4
FERURE SR HE) 2 T B0 PR 55 A AR B B 28,
i a1 DuboisFIPrade ) FH F5 k) 25 ik FASA AH ALL O
Z, € T BRI RS 45 1 15018 T ROk 4 1 R RS T L
S R A VR AT ASORS — AR L AR 25 0 R BRI G
R, W T — MBI RS SR A2 f /) SR A O g

T T B RO T A% 28R RN L E RO A ALl R I
OB R RS B, JFUEBH 7k L [X TR B AR
£ A B Atanassov P HY (1) — Bl A AN 58 4% - ARG Al
P ML, B AR AR« DX R ROR S N AR £
(). pR T S RN S AR X T ok R oR,
DX [P LB A0 4 7T A BERSOR) 1 R AN e 1 45 7 T
5T AT RGE PRI . R 22 23 R X TR A B A
I AEIE 5 DX A E BRI 0 b X A0 AR %
REEHEAT T RGN0 S AE sk, X R E A
AR AR Jl T N FH AE P 358 2 T« A R0 45 5 o ) A
rpSU70 0 RUAE R S 42 A0 DX 1) L L B SR 4 1 2 Ak 2
ASKE RS F B S, (B X K R Rl BELAE 45 A T 9T H
HUIRIR D AN SCR R R R ) 21 DX JR) (B B AR B 5
rh ) DX TR O AR 2 A B, ST X R

B K H AR R 5L B0 H (60773062); #0H MR BORBT I 5 0 H (206012);  JT b4 H AR B2 2k G 00
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H (2008000633); b4 B E T RMIHRI T 205 H (2005001D).
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AR RLRESE T8 T — Lt EX 3 WU, VEMANETRE, 7 R

2 &R
21 XEMEEREME

el = [0,1], [I] = {[a,b] : @ < bya,b € I}. Xf
TAE®a € I, ® Xa = [a,a]. Wa; € I,i € J,J =
{1,2,--- ,m}, X
\/ a; =sup{a; : i € J}, /\ a; = inf{a; : i € J},

icJ icJ

\/[ai,bi] = [\/ai,\/bi},/\[ai,bi] = [/\ai,/\bl}.

ieJd ieJ  ieJ = ied ied  ied
X ai, b)) € [I],i=1,2, & X
[a1,b1] = [ag,b2] © a1 = ag, b1 = bo,

[a1, b1] < [az,ba] & a1 < az, b < bo.

DX [W[ay, by ]/ #b 2 5E X Aco([ar,by]) = T —
[a1,b1] =1 —b1,1 — aq].

EX1 WU MNEFES, ULR—AXIE
L E WA ARG W R B

A= {(z, pa(x),va(z))ls € U},

Htpepa U = [, va : U — [I], Hi 250 <
sup(pa(x)) +sup(va(z)) < 1,Vz e U.

DX TR B B A At T RAAd h

A= {{z,[par(@), pav(@)]; [var(z), vav (@)])}.

b pa(z) = [par(@), pav (@) Flva(z) = [var(z),
v ()5 BFRU TG Za i T AR SR IR 1A
$Jm EECIA), HAa 2 510 < pav(@) + vav(z) <
1,Vz e U.

A SCHIVIF(U) 3 7RU b DX Ta) A B 4520 4
[ A . 5 S 3 X 1] 4 36 B 9 (o, B) =
{z,a, Bz € U}, HH: o = [ag,a0] € 1,8 =
[B1,B2) € ], Has + B2 < 1. X [AIMH AR 4
HFAU = (1,0) = {{x,1,0)|x € U}, X [H{E H 5 B
Ao = (0,1) = {(2,0, 1)z € U}.

XTAER My € U, 58 X Ta)E B 50 AR 5
ST, AT, ()

1, z=vy; 0, z=vy;
T =94 _ vy =< _
= 0, w#y Lz #y;

- )0, z=y 1 z=y
iy oy = { 1, z#y; ooy = { 0, = #v.
EX 2 WA, BeIVIF(U), & XEHuF:
AC B pa(z) < pp(x),valz) 2 vp(e), Vo € U;
ADB& BCA;
A=B< ACB,BCA;
AN B = {(z,pa(x) A pp(x),va(@) V vp(@)};
AUB = {(z,pa(2) V pp(x),va(x) Avp(@)};
co(A) = {(z,va(), pa(x))|z € U}.

U x V1 [F X TR)AR EL A 7 52 Rk NU BV 11—
JCIX [ B RO 5 R, i

R = {{(z,9), pr(z,y), vr(z,y))|(z,y) € U x V},
K pp = [pre(z,y), pru(z,y)] : U xV — [I],
vr = [vrr(z,y),vru(z,y)] : U x V. — [I], H i
0 < pru(,y) + vru(z,y) < 1,Y(z,y) € U x V.

AHIVIF(U x V)ERRU x V_E X A H 5
B 742 10 4 1k
22 XEMEEREWZEET

EX 4 ®L={(a,p)la=][n,a) €[l],B=
[B1,B2) € [I], 2 + B2 < 1}, FEL b8 LT F RFRL

V(a,B),(&n) € L, (o, B) <p (§,m) &

as<§Bzne

[ov1, ) < [€1, &) H. [Br, Ba] = [m,m2).
ATUEH, (L, <p)t— 786, m/RITR 20, =
(0,1), ImKMICE L = (1,0). & XV(e, B),(&,1) €
LAT

(a, B) A (€, m) = {min(a, §), max(8,m)} =

{lor AN&1, a0 Ao, [B1 Vo, Ba V o]},

(a, B) V (€, m) = {max(a, §), min(8,n)} =

{lor V &1, 00 V &, [B1 A, B Anp]}

EX S5 WHEN L — L& — A5 1 w5t
HilEN(0L) = 1.FIN (1) = Op, WFEN 2&— A
X L AR 15 2 B 1 R B X AT
Mz € L, N(N(z)) = x, WIFRNIE — XA 1 X [A]
B BB 52 5T, B WY(a, B) € L, BN
ENs (o, B) = (B, ), WFRNg&—AFRAE X 5 B
AN 5T

EXG6 WHRT :LxL — LE—DHW. AT
e W EEA I B AT (1, 2) = @Yz € L, W
FRT A — A DX T F i AR — A1, 8 3 R A X T
LA T A

EXT WHES:LxL — L&A, af
Ay TSSO B AL S (0, @) = x,Yz € L,
FRS Ay AN X T T AR = 11 A8, SRR A X 1)
{H TR T 42455

EX S  WE

TN (2),N(y) = N(S(z,y)),Vz,y € L;

SWN(2), N(y)) = N(T (z,9)),Vz,y € L.

U)K DX TE I L AR T ASE TR X ) {1 T B A AT 4%
FES I TN .

EX9 WHERMNT : LxL — LEXTHEAN

AR TG Ik, D% T A2 AR 0 3 3 O HLE R A4
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Z(01,0) = 15,Z(11,0.) = 01,,Z(01,11) = 11, Z(1p,
1) = 1p, WIFRT 2 52 AEL b 1F X JR) R 5 A 40 26
.

MR AR T 1% 20 8 vk 1k, RE % 15 BV(o,B) € L,
Z((a, ), 11) 1y MRETH A 3 5, fe 8 15
BV(a,8) € L,Z(01, (o, B)) = 1.

EX 10 WSHE—AE AEL FI X R E H 5
BOMIT AR A, N2 — A DX B B0 BRI 5 52 1, W)
MZsn(z,y) = SN (), y) A EHSFINE B 1) X 1] {E
AT S -2 IhR.

EX 11 WT A E XAEL B IX R ME B
BORITA, AR

Ir(z,y) =sup{y € LT (z,7) <p y},Vz,y € L
J2 BT AR B X T B AR R- 23R

B VN AN DX [A]{E AR 5 5 1, Tt —
AN TAF B A TS, S — > DX [AME S B T 4
B, T SCAEL F 1R X A L ASER0 285008, )5 S
N X R AR AR

(con(A))(z) = N(A(z)),Vz € U;

(A N B) (z) = T(A(=),
T

(A U B) (z) = S(A(z),
S

(A =z B)(z) =Z(A(z), B(x)),Vx € U.

3 X IAME E SO R R A

FEX 12 BRZWIU M X A 0B C R,
K IGHL(U, R) & — A DX TRE LB ASOR T AL ).
WT L P X A B B TR, T2 ¢ XAFL L
149 DX TR AEL L 5 AR 26 306, 6 AR R A € TVIF(U),

B(x)),Vx € U;

B(z)),Vx € U,

ARFAANA (U, R) T~ EATRAIZ- TG, 58
XTULE’J o DX TR BE AR 4. b

= \/ T(R v)),Vz € U;

yeU

= N\ Z(r Y)Yz € U.

yeU

K TR, Ry IVIF(U) — IVIF(U)F A T- FA
I- TEIEWEEQ%*%*WH*@&M%% Z UM (R (A),
R (A)WRH AT (U, R)II(T, T)-IX [ B 5 B4
AP RLAE e 1) W R AR — N B &, T %

SR E AR TR, 7% H e O 250, T - EAZ- R
DX ] B . 0 AR KH RS T ABL B it AR Ak 4 SCRR[4]+
B € SCHIT - b FNZ-T5 5 B8 fH R 35 U 7 2)
RTFIS 3 ) o 58 SCAET b (R BRI TR Rl RS I T 4% A5,
T = (T,S), S = (S,T), NZ&—"X & 1 H 5 B
TR T, T = Zsn(w,y)it HSFINE 1K 1) B0 A%

WNS-ZE0R, RAE H 5 BOMI T-ARABLOC 2R, W& L1218 4k
h SCHRISTH & S B BB RS 8 3) Wi T RIS /&
€ XAET EHIRHEBI TR T REL T = (T, 5),
S = (S,T), T HT A= ) B O ) 42 20, R
LW BRI T-AHALOC AR, e 12384k 2k SCik[6] 52
S AR RS 45 4) WRT = min, S = max,
N = N, W5E 1238464 SCHERI71H 58 SCIR L AR
FURESE; ) W T2 e UAET B BORI TR, 75 2 XL
TEI LR 2508, RIZ € AU b IAT ROBORI OC R,
WIN(Z, T7)~ DX T A . AR R RS R A0k SCHR[3 ] &
NI, T)-BEMH RS R

1 WU = {a,bc}, A(a) = ([0.1,0.2],
[0.2,0.7]), A(b) = ([0.5,0.6],[0.2,0.3]), A(c) = (1,0).
WU _F X TEME SR G R R A

R(a,a) = (1,0), R(a,b) = ([0.3,0.5],0),

R(a,c) =(]0.2,0.7],]0.2,0.3]),

R(b,a) = (0,[0.6,0.7]),

R(b,b) = (]0.6,0.7],[0,0.2]),

R(b,c) =(]0.1,0.3],[0.6,0.7]),

R(c,a) = (]0.2,0.4],[0.3,0.5]),

R(e,b) = (0,1), R(c,c) = ([0.1,0.6],[0.2,0.3]).

V(a,B),(&n) € L, & XX 8] B A 5 A A
T((a, B), (&,1)) = (o, B) A (&,m), DX TRME L RRBIT 42

n
BiS (v, B), (&,1)) = (o, B) V (&, 1), NJ&— "M T
DX T {8 7L 0 B W 5 5 B 7, BA R Z (o, B), (€,m)) =

Isn((e, B), (§,m) = (B,) V (& n). MAEE 12, 4
R’ (A)(a) = ([0.3,0.7],[0.2,0.3]),
R (A)®b) = ([0.5,0.6],[0.2,0.3]),
R (4)(c) = ([0.1,0.6], [0.2,0.3]):
R(A)(a) = ([0.1,0.2],[0.2,0.7]),
R, (A)(b) = ([0.5,0.6],]0.2,0.3]),
R;(A)(c) = ([0.3,0.5],[0.2,0.4]).
EE 1 WU, R A X R B A5k 1 4ok

2R M), T L b S X R B 0 B TR, T2 e SN
Xt DX ) L B ASEA A5 o B NAE I X TR A
BN S-Za 3, TSI TN XS, WA
R7(A) = con(Rz(con(A))), VA € IVIF(U);
R(A) = con (R (con(A))),VA € IVIF(U).
2 W(U, R)ZE— X A E B BRI I oL
R, T L b IR I 2 XA E B AR BITRL, VA, B,
A; € IVIF(U), Vi € J, J&—MFahdE, V(a, B) € L,
T - E DX TR B AR R B 7 AR P

DR ((.5) ﬂA) (@AR (4)
T
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2 &£
=v/[=v] =~/ M=y

\‘l
=
~—
‘m —~
D
=
Py
&

6)

W PR, Ve e U,
B (@B)4)@) =
T
\/ T(R(2,y), T((ev, 8), A(y))) =
\/ T(T(R(x,y), A(y)), (o, B)) =

T(V T(RG.9).AW). (0.5)) =

T

TR (A)(@), (@, 8)) = ((a
XFER2), Ve € U, A1

R (Ua)@ =V TRy, (J4a)w) -

ieJ yeuU ieJ

yeUied

ieJyeU
VE @)@ = (UR (49) @
e ieJ
XHFPEIR3), Vo € U, M TR SR, 47

T

R ((a.B)(x) = \/ T(R(z,y). (o, 8)) =

yelU

T( \V R(z,y), (a ﬁ)) <L T(r, (a,8) =

yelU
(a, ) = (o, B)(2).
PEJ5T4) AT P T 3) L.

XFPES), “=7 2 (a, ) = 1L FHE. “<”

BR (U) = UR),
R (@.8) =7 (.

(. )R (I) =
T

PEs6) R T) vl i 1 5 2) LA 2.

DS

HNE (1) @)
T

XFFPERS),
B (1, @) =
T

V T(R(x,2), T(1, (), (@, 5)) =

zeU

T(R(z,y), (o, B)).
PET9) W] H M J5T8) 1 3.
Xj“%r%’im) i

\/ T(R ) In(y)) =
yeU

yéM yeM

\ R(z,y).

yeM

Hi b 5 #E245HIE. O
EE 3 B(U,R)xE A DX FE E A0 1T 8L

0], THe L b 221X (Al H 0 BRI 20, VA, B, A;
€ IVIF(U), Vi € J, Jig—MahsE, V(a, 8) € L, I- F
DX [T B AR AL R I ADLE 7 G0 P o

D Rr( () A) = () Bz(a

i€J icJ

2) By(U) = U;

R (J4:) 2 U Br(4)
icJ icJ

4) AC B = Rz(A) C R(B);
5) EI(TUf{y})(x) = I(R(.’E, y)a OL);
6) Rz(Tn)(x) = N Z(R(z,y),01).

y¢EM

UEBH XM, Ve e U,

Br(N4)@ = A Z(R@w, (N A4) @) =

i€J yeU icJ

A Z(R@), \ 4y) =

yeU icJ

A N TR p), A4@) = N Re(4i)(@) =

icJ yeU icJ
(M £4)) @)
ieJ

X FPERR), Ve € U, MHZH R, A

Ry (U)(w) = N\ Z(R(z,),U(y)) =

yeU

A Z(R(,y),12) 20 N\ T(11,11) = 1, = U(a).

yelU yeU

LH:&I\, EI(U)(JT) <L 1L’ JH:EI(U) =U.

PE T3 R S 4) v b o 1) B A 2.
xﬁ%ﬁ}ﬁ@ H

RBr(Tu—g)(@) = \ T(R(z,2), Tu_,)(2) =
zeU
N\ Z(R(z,2),1.) AZ(R(z,y),01) = Z(R(,y),0L).

27y
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4

T’_A

TR, 4
RBr(Ta)(z) = N\ Z(R(z,9), Tar(y)) =

yeU
/\ I(R('Tvy)aOL) A /\ I(R(xay)vlL) =
y¢EM yeM
/\ I(R(xay)aOL)
ygEM

HH I BE3 AR, O

4 w

ARSCAE DX ) H L 0E B 12 AR 7 Rl b, i
Tobt D<o f0 ELSE RO RLRS 5, OF 4 S HH— S8 R

AT UA H, BRI AR | RS 4 . Pawlak 20 SR Al
0+ ELE AR £ A0S IR TR PR R AR A5 0. 3Kt
240 bt 4 A R Ak B R IR AN s B SR I T BB K
I, AEAS AN E BIS 10 52 N AT T S I e
BLAt. N R TURR R DX TR L E RO G AR AN X TR]
{IENER kL R e Sl L1 1 P D Y A R TR (=R =
SR (5 B ARG I RIRZA RN R A L.
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