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Abstract: Generalizations of covering-based rough set models are made by the concept of intuitionistic fuzzy coverings.
The intuitionistic fuzzy rough set models based on intuitionistic fuzzy coverings are proposed. Firstly, the concepts
of an intuitionistic fuzzy set, an intuitionistic fuzzy covering and intuitionistic fuzzy logical operators are introduced.
Secondly, based on an intuitionistic fuzzy covering of a universe of discourse, two pairs of generalized lower and upper
intuitionistic fuzzy rough approximation operators are constructed by means of an intuitionistic fuzzy triangular norm and an

intuitionistic fuzzy implicator. Finally, basic properties of the generalized intuitionistic fuzzy rough approximation operators

are investigated, and the duality between these approximation operators is examined.
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2 &R SN (z),N(y)) = N(T (z,y)),
21 HREME Va,y € L.
EX S RURANETES, U EN—ANE WIFRE SR T AT R E S T 245 S 1 N X
WRUIEE A BRI 1.

A={(z,pa(x),va(z))|z €U}
o pa U = [0,1], 04 : U — [0,1], His L 510 <
pa(z) +valx) < 1,Ve € U. IXH py(z) My (z) 53950
RKoRUN TR o8 T AR LR SR . A3
HIF(U) R U _EEEE I 214,

EX 28 %A BelIF(U), & gHarr:
ACB&E ua(x) < pp(x),valz) 2 vp(x), Ve € U,
AD B BCA;

A=B& ACB,BCA;
ANB ={(z,pa(@) A pp(),vale) Vvp(z)h
AUB = {(z, pa(z) V pp(r),va(r) Avp(z))}.

EX I R U AR, E A E RS
[ U x U _ERESEB 7850 U B 1 =0 H itk
BICAR, el

R={{(z,y),ur(z,y),vr(z,y)|(z,y) €U x U}.
H: g UxU = [0,1], vg : U x U — [0,1], Hi#
20 < pr(z,y) +vr(e,y) < L,V(z,y) € U x U.

AILHIF(U x U)RnU EHBEER 794
1.

22 EREMEZEET

EX A B L={(a,B)|lae[0,1],8€0,1],a+
B <1} AEL EEXIFRAL:

V(e, ), (§;m) € L, (a, B) <z (§,m) & a < &8 2.

AUV, (L, <p) 2 Dog sk, b ionssd
0z = (0, 1), S AMITEZER 1, = (1,0).

V(a, B), (§m) € L, 3EX

(a, B) A (§,m) = {min(a, §), max(83,n)},

(a, B) V(&) = {max(a, §), min(5, )}

EX SO WHRN L — L — AN g,
HWANOL) = 1, MN (1) = 0p, WFKN & —4
T B 7. R onl R TAEERM 2 € L,
NN (x)) = a, WERN A& B BRI T

EX 6 WL T LxL— LAk, nf=g
e, WaE WU, JFHWRET (1, 2) = o,Vo € L,
PRT o — A RO = F B el fa Ak A B AROR) T L

EX T WS L x L — LA, s
e TSRS, HilES(0L, x) = @, Vo € L, WER
S A LR = Ay AR B 5 R EL RO T A

EX 8 i

TN (z),N(y))

N(S(z,y)),

EX 9T WM T : Lx L - LXTHI
AR ITCIE IR, KT 2RI Y, JF Hog 2 i
%M Z(0L,0L) = 1.,Z(11,0) = 05,Z(01,1z) =
10,Z(1p, 1) = 1p, WIFRT & 58 XAE L b1 15 58 B
B2 8.

EX 10T WSt —AE XAEL ) H S
BT RBE, N A BRI 7, PR Zs v (2, y)
= SN (z),y) it H S AN A i) E W AR S=Z5 K.

EX 1N TR —AE AL B AR
BOW T 8L, WIFK Zr (2, y) = sup{y € L|T(z,7) <z
y}, Vo, y € LiZH T AERUN E B R -Zi.

BN & — A BB T, T E
ORI T8, S & — M EWH T /REL T R AL B
(1) T D BRI 2530, 5 SR L R A

1) (con(A))(z) = ( ( )) Vo € U;

2) (Aﬂ B) () (x)).Vz € U,

3) (AUB) (z) = S(A(z), B(z)),Vz € U;
S

4) (A —z1 B)(x) =Z(A(z), B(z)),Vxz € U.

SIER 100 e T S 1) F W O T B, 7 2
HH 7 AR I T SR R -2, N T 5 S I
BORI S 7, BN (o) = (o, 0). T AR FRbREE, Xt
FAEEN a,b € Lya;,b; € Lyi € I, B

D) T(a,0.) =0p,7(a,b) <p, b;

2) T(a,Z(a,b)) < b,b < Z(a,T(a,b)),a <y,

Z(Z(a,b),b);

3Na<pbe I(a,b) =15,
HZ(1p,a) =a;

5) Z(T (a,b),c) = Z(a,Z(b,c));
6) T (a,Z(b,c)) < Z(Z(a,b),c);
7 a <y NN(a));

HN(Vai) = AN

el i€l

9T (a,\/b:) = \/ Tlabo);

i€l i€l

102 (a, \bi) = A\ Z(a,bo);

i€l i€l

11)1(\/%&)) = A\ Z(a:,b)

i€l icl

12) \/ Z(as, ) <1 I( A ai,b>;

i€l i€l

13) \/ Zai by) <¢ I( Aai\/ b)

el i€l iel
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EX 12 WCREFBRU S HyBm MBS PR T, OB Ak Zhu 20215 I A

TR RIESR. W uc = u{C:C ec} =U, NI
FRCREU M E B 6. W C & U I H A
L AN TR C e ¢, EUNEDAHE Nl
13 C(x) = 1p, WIFKC I IE 1.
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T TH A48 Zhou SEPWE H (T, T)- L 58 BRI A ks
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EX 13 & R U K E SRR, R

JCAL (U, R) & A H AR A m]. R T2 L L
TELL A T 155, 7 /22 A L bR B AR 26K,
XTAEEM A € IF(U), AKX TIERIAEH (U, R) 1 T-
IEART - N U i AR U R X IR,
Hp

R (A)(x) = \/ T(R(z,y), Aly)).
yeU

Ry(A)@) = \ Z(R(z,y), A(y)), Ve € U.
yeU
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EX 14 BECRU - H BT %, T
IR (U, C) s ANHET I B SO T B ). R T
T 530 R AE L 1 3% 82 1 58 ORI T AN 3 A
WU, RIS SR AL T
m:VNamAﬂammm)
cecC yeU
)= A\ 7(c@), \/ TCw), Aw)),
ceC yeU
m=AdamAﬂawmm}
ceC yeU
(W) =\ T(C@), \/ T(Cw, AWw)).

cecC yeU

VAeIF(U),z € U.

src.c e me B MMmATI-F, IT-F, IT-
N AT - T B BB KL R ST BL B T T R R 4R
C'(A),C'(A4),C"(A) FIT" (A) 5 3 Bk 9 A T (U,C)
K TI-F, IT-t, TZ- T F TT- b B R RS I L.

fb o] DU e 1) Wi SR T A 53 & [0,1) b
YRR = A AR RN ROR) 25 R, C U2 U I B R R 5,
) 58 1438 A4 Bl Li 1004 Y 1 A5 0 A RS 4. 2) |
WCZU M@ >, T = min, Z = max(1 — a,b),
e e, ¢ FC” 4y 2 MORLRSE AL ST 0. 3)
AXHA{Ry : y € UyRRU TP I05E KT B
KEAR RIIR-HET 4T M e 84 B e € 14 b A
{Ry : y € U} k&HC, WE X 14 1B 1Lk Cock 551
& SIS T 4) fn ¢ J& U ) — />4 2 1,
T = min, Z = max(1 — a,b), | " IBAL K Zhu 25121 5E

2RI o EAE ST
Bl WU = {a,b,c},
C={C,Cy} =
{{{a,0.4,0.1), (,0.7,0.2), (¢, 1,0},
{{a,1,0), (b,1,0), {¢,0.8,0.1)}},
W (U, C) Ay— M 1 BRI A A3 ). 4
A ={{a,0.3,0.2), (b,0.4,0.5), {¢,0.6,0.1) },
T((x1,22), (y1,92)) =
(max(0,z1 +y1 — 1), min(1, z2 + y2)),
Ir((z1,22), (Y1,92)) =
(min(1,14+y1 — 21,1 + 22 — y2), max(0, y2 — x2)).
e 14, tHE 15
C'(A) = {(a,0.3,0.4), (b,0.3,0.5), (c,0.6,0.3)},
C'(A) = {(a,0.4,0.2), (b,0.4,0.2), (¢,0.6,0.1)},
C"(A) = {{a,0.3,0.5), (b,0.3,0.5, {¢,0.5,0.4)},

1

)
C (A) = {{a,0.4,0.2), (b,0.4,0.2), {¢,0.6,0.1)}.

T e 0 T, S T 3 4
FOR TR, T2 o T A B LD AR R-25 3.
4 BT I E AR T B T
P
41 TI-FFMZIT7-ERNEFRIER
EE1 XN THTCHMC, VA B € IFU),
V(e, B) € L, A L N PEBUSAT:
H)C'(U)=C(U)=U,C(2)=C(2)=
mmaﬁw;umfmw>g<w
%C%Em%ﬁ%w«,mw:<mﬁ»=mﬂx
3HvD el (UD) = UD;
4HACB=C(A)CC(
5)C'(A )CAACC(A)
6)C'(C'(4)) =C'(4),C'(C
W BT EEY D, 2) 4%
UE WM 3), 5) A1 6).
MFHEF3), VD CC,x e U,
C'(UD)(z) =
\ (@), A\ T(Cw). (D)

cec yeU

vT@w»Aﬂawwm@u:

ceD yeu

\/ T(C(

= (UD)().
ceD

KM, uD C C'(UD). &Pl 5)rl 1% C (UD) = UD.
X FPER 5), VA € IF(U),z € U,

o

Q

I

A) T (B);

‘m I

B),C

A

—/

C'(4) =C'(4).
DHIE, A 3CAX

D)
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CA)@) <u V T(O@).1 (1)) <z A(@), 7)€" (1)) = C'(1)(), €"(Le =1 (@ B))()
- N =" (1, ~z (o, ) (2);
C (A)(l') > /\ I(C(I)7T(C($),A(I))) > A(x); 8) Q//( Ai) 5 UQH(Ai), éﬁ(mAl) c
cec e e I
X 6), VA € IF(U),x € U, fi ﬂ@"(AZ)
C(C'(A)(x) = iel ) )
V 7(0@). \ ZCw).c @) > ) C'(@p) 2z 4) = (@f) =z C'(A)
), Y), Y 2L il . =
cec yev ¢ ((a,B)OA) _(a,ﬁ)@c (A)
\/T( /\ /\I )ZQ( ) (). W W), C'(U) =URMC (@) = o %k
e v (9 SCHRIS]H K32 L 6 (IFL4) A1 5E B 4 (IFU4); C (U) =
Wi, C'(4) € C(E(A). EaMRITHCA) = 7 g 0ve) — ookt pes),
1l L NAtE C
C'(C'(A)). 7h—25 A AE. O 720 o LT 31 52, (5] 6
42 IZ-TFMTT-LEGEFEHER (IFL3)F15 58 4 (IFU3).
(U, C) A HES B e BRI AL = ). X FEIR 3) 3K E1 250 2, SCHR (5] 74105 5 6 (IFL) A

FLE B o C, ASCE U ER— A HL A BOBIAH 7
KA AL H ii/fi%ﬂxﬁf?‘f%ﬁa‘%?)?ﬁ

Re(z,y) = \/ T(C ), Ve, y € U.
cecC
EIB 2 W (U,C)N—/NE 1 B AR T AL
20, WA € = Re,,C" =Ry

EH XFVYA€IF(U),z €U, 7
"A@)= N\ Nz C(y), A(y)))

CceCyeU
A N\ Z(T(C),Cy), Aly)) =
yeU CeC
A Z(\ T(C@),cw), Aw) =
yeU CcecC
)\ Z(Be(z,y), A(y)) = Re, (A)(=).
yeU
=\ V T(C@),T(CW), AWw))) =
CeCyelU
\V V T(T(C@).Ccw), Aly) =
yeU CeC
V 7V T(C@),cw), Aly) =
yeU CcecC
\/ T(Re(z.1). Ay) = Re (A)(x). O
yeU
EE3 XNTHTCMC VA B, A; € IF(U),
i€l V(a,p)eL, Vac vy € U, F LU UsoT:
ne'w)=c'w ) =U.C"(@ 2)=C"() =2
2) " (e, 8) = C" (e, )) (a B);
3) ¢"(| ) A ), (N 4) =
el ) i€ <Q )
(" (4);
el
4)ACB:>C”( )QQ”(B)7C (4) CC (B)
5) c”( )C A ACC (A)
6)C"(C"(A) C A, ACC'(C"(A))

SEFL 4 (IFU2).

MR 4) ok e HL 2, SCRR [S] 7 sE B 6 (IFL7)
e # 4 (IFU7).

PEJIT5) >k 15 g #1 2, SCHR [5] e 2 8 il #1 5
PR 2).

ST 6), ASCAGIEBIC (C"(A)) € A, —A
[ BRI

(" (A)(x) <p

\V 7(c@, \/ T(cw).z(cw).
cec yeU

A I(O(zm(z))))) 3

zeU

\/ T(O J\ T(e (v),
cecC yeU

I(C(@), A@))) <1

V T(C(@),Z(C(x), A(x))) <1 A(x).
ceC
PEJIT7) 2K g B 2, SCHR [5] 168 2 9 g 3 5
MR 3).
MR 8) ok H s HL 2, SCHR [S] 7 A 52 BEL 6 (IFL6)
1 52 # 4 (IFUG).
PR 9) ok A e 2 2, SCHk [5] e 6 (IFL1) Fl
SEFE 4 (IFUL). O
43 ETFESEHNEREMHARIUE FOXEMY
T4 W(UC)E—HE) 1 B bR R T AL
EN0), Tt L 3% 9210 B B TR, T i B o
BT 42455 S FHT 4 e AR 39 45— AR 1) L i A
R S-2iR, T S T N HE, WX VA e IF(U), 1

C'(A) = conr(C (con(A))),

C'(A) = con(C (com ),
C"(A) = con(C” (conr(A))),
C"(A) = con(C" (conr(A))).
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WEH X TtveeU, H

C (conr(A))(x) =

A s(ve@). \ Te ) =
cecC yeU

A N(T(c

NV Tewm M) -
)

yelU
C(z), )\ N(T(C

(con(C'(4)))(x)-
TN XS B BORIS ST, A C'(A)
— con(C (conr(A))). HfbZst [FH AT, O
EE S B(U,0) L AHEST I E AT
ABhZ5 T, 02 o 3 252 L ARORY) RS T A B L A
B R-Zi30, N 2 B Z 15 1) T BR300 551, DT
VA € IF(U), 1

N

(El(coN
(C'(copn
A)g w(C
A) C con(C”
W X TvreU, fi
C'(conr(A))(z) =

/\I(C IRVAAe]

ceC yelU

CoN
CoN

N

(con(C'(A)))(x).

HRPE 1 HE 1 TR 7) AN ) s vk, el A5
(con(C (con (A))) (@) =1,
(con(con (C'(A)))(x) =1

Hofls X F R ELATE. O
5 4 ®»
SO BRI o o ORI = fh R

C'(A)().

DR 2R 7 ST PRRE IR BB BB R RE AR, St
S-S bE . A LU Y, Pawlak 20 SRR B L 7 o
REAE R T ASORYI 7 5 (1 RS0 RITREL M B 10 /2 iR B 1)
TRAE DL, N OB H 1 B BRI RS S
A3 1) B AR HEDRES 5 2 10 119 G 3R S LA S B ) f
1Y .
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