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 Abstract A rough fuzzy set model was constructed in the incomplete fuzzy decision system by using an extended domi-

nance relation, By the proposed rough fuzzy approximation,all “at least” and “at most” decision rules can be generated
from the incomplete fuzzy decision system. Moreover, to obtain the simplified “at least” and “at most” rules, two types
of knowledge reductions, the relative lower and upper approximate reducts are proposed. These two types of reducts are
minimal subsets of the attributes, which preserve the membership degrees of the lower and upper approximations for an

object in the universe respectively. The judgment theorems, discernible functions associated with these two reducts were

also obtained. Some numerical examples were employed to substantiate the conceptual arguments.
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21 RREEMERRG

EBRETRT N — WM S= U, ATV, ), Hf
U R— BN AN ESH RN R AT RR— %
SHROREES KT Va€ AT.U—V. 3o V. 2Rt a
BV D KRR ER,V=Var = U V.; V2EU, f

() BAXMR z B a(@€EAT) LIBRE.

BHIR B RERIEE R RE T RN R NERIX R IR
BEEME B RR) . W, —MEMEERE T RRN S=
(U,AT,V, ,AT {8 RERIR 1R, V IR T AENR
HERHER, Bf V=[0,1]. W Va€AT,x€U,F f(z,a)€[0,
1.

FAREEMEERERBEEMERERRETHHENZA
HFRAWBEME, 2XF, - MR ZEEBERRENRT
B S=<U,AT,V, f), RABRHEER » "FxR, lrf, V=[0,
QU= ).

Fll RIBR-ANAEEEMEERRE, KPP U={x,
Zz50x0 ) BEERE AT={ a1saz,a3 a4}

£1 FREENESRENRH

U a1 az a3 a4

X1 0.9 * 0.2 0.7
X2 0.9 0,2 0.2 0.1
X3 0.1 0.1 0.1 0.9
x 0.0 0.9 * 0.8
X5 0.1 0.1 1.0 0.8
X5 * 0.2 0.9 0.1
X7 0.0 0.1 0.9 0.2
X8 0.9 0.9 0.1 1.0
X9 0.8 0.4 1.0 1.0
X10 0.0 1.0 1.0 *

2.2 RBxXHR
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DA ={(z,»E€V? . Va€ AT, f(z,a)=f(ya)V f
(zra) =%V f(y,a) = %}

HFRABEHENFE KB XR DADINNRBER
B, BER—ERMBEAEEN. €1 FIRMREXTRAE
BIFXER(I5 PR BT TERE X R, NE Z 47 F X
[I5]FRRBRRREAREERRETETEREENE
B, A DAD BRESEENBENATEERESR
PR,

EE1 SSE-IMAEBEMBERRE, & ACAT,
il DIATYSD(A),

B2 #H1,HEXLE

DAD ={{zsm)s (@1s22) s (x2522) s (T35 23) » (2t

)y (s x6 ) s (s 1) s (s s x5 ) s (x50 1)
(xsox2)s (x50 6 ) s (79 27 )y (55 23) » (8,5
2y ) s (xsyx8) s (xosx3) s (xos x5 ) s (95 75 )5

(19917)9(19919)9(110914)7(110516),(xlov

x7),(Ilo 9I10)}
HFRABEERTE, TV (2, ) €EDAD, x Hik
HAIRERET v B, T v WA A FTTEERS T« 19, EHHR
ERBER DAD,MNF V€U, THEITHRBT A E

=

Dar ()T ={y€U: (3, 2) EDIAD } BB T =
X RES;

Dar ()" ={y€U: (2, y) EDAD ) BRI BUESL T x

HIXTREES.
3 AT EHHMRK R ARSI

— I AREEEM IR RER T A EEEMEERRA
SP=(U,AT Ude’f> 9%4’ dQATo d E~%é’§ﬂ§ﬁ.
AR KB, AT R VR R RERS. Bk V=
Var UV,

B3 R2H-NFEEEMRERR HF AT={ a1,
azsaysaq ) AR RIS, d B—MEMIRER .

2 AEEEHIEREHRH

U a) az a3 a4 d

x] 0.9 * 0.2 0.7 0.7
X2 0.9 0.2 0.2 0.1 0.8
X3 0.1 0.1 0.1 0.9 0.0
X4 0.0 0.9 * 0.8 0.5
X5 0.1 0.1 1.0 0.8 0.4
X6 * 0.2 0.9 0.1 0.3
X7 0.0 0.1 0.9 0.2 0.0
X8 0.9 0.9 0.1 1.o 0.6
X9 0.8 0.4 1.0 1.0 0.9
X10 0.0 1.0 1.0 * 0.0

EX2 £ SH-FEEEMRERRE,dXTATH
THEMRE-MEMEAT (D, M T VzeU,z T EMURE
BERBUCH parw (), B

par ()= inf
YEDpp ()

d %:F AT f LERRE—MENEAT (D , W F V€U, z #
LEMRBEREECH par ., (0 B
ity (= sup { f(y,d)}

yeDAT(z)_
[AT(D), AT(D)JRMEMBRIE d BT HREL R RSB
14 (Dominance-based Rough Fuzzy Set, DRFS),
B4 L2 el e X 2, a3 IiFIMER.

#3 R2PRFBENT . LA

X1 X2 X3 x4 X5 X5 x7 X8 X9 X10
0.7 0.3 0.0 0.0 0.4 0.0 0.0 0.6 0.9 0.0
0.8 0.8 0.0 0.5 0.4 0.8 0.0 0.6 0.9 0.5

MAT(d) (x)
5T

BE2 4 S H-FREEMRRRE A

DAT(DCISAT() 5

Ddi Sd,=>AT(d)TAT(d) ,AT(d))SAT(d) 5

DACAT=> ADTAT(D) , AD2AT(D) 5

DAT(d Nd)ISAT(d) NAT(d:) , AT(dy Ud)2AT
(d1)UAT(d;) AT (d Nd: YSAT(d:) NAT(d,) ,AT(d, U .
d) 2 AT(d) U ATdy).

9 1D AT B E X 2 783,
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o) s AT pragca, () Spiarea, () IAT(dD SAT(d ),

A, FYEEHAT (A )YCSAT(,) .

DHTF ACAT, HFi%t V€U, A Dar ()T SDs (),
B pacr @ <piareor (2 AWD SAT(D) , HfplHh, HIEA(D)
DAT(),

HRIE DHAT(d N SATd), BATd NdDS
AT(d) FRIUAHAT(d NdD AT NATE) .
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4 RFEMNSHEMLMUAE

4% DRFS A, A Y AR SE & BRI PSR R4 P KR
FHM (if-then FAD . X V2 €U, 0] 4 BRI [ B P R HL
. ‘

* “at least”$0

ENHERE a€CEATH f(yvya)= f(zya), W f(y,d) =

MaTia> (x). ‘
* “at most” 3 W)

EFNER € AT, B f(y, )< f(z,0), W f(y,d<
oz ().

5 BBl 4, Lo BB BER parg, () =0.7, BT EAT]
BT B “at least” LAY :

* f(3:a1)=0. 9N f(ysa2)=* N f(y,a3)=0. 2\ f(y,
a)=20. 7> f(9,d)=0.7.

2l , B R pory (22)=0. 8, FTUT BRI T AR
“at most” LM :

o f(3,a1)<V0. 9N f(ysa2 )<< * A f(3,a3)<<0. 2 A f(y,
a)<0. 7= f(y,d)<0. 8,

RRA R RS I o B — O B, B AR A
fYRERBRITAR M, AT R AN, Bk, REEE
ERFEFERARET I THRRARRE M REAMRES T
ZFARF BRI EUS 110 I3 BORhET RO A
LR AR R AL 9 “at least”#1“at most” LI .
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(), B¥ Y BCA, 15 () F 154, (1) &

1 Ak SCRT 4, - (AR T L IR A 4 BB R =
BT .LERRBEAREBANBR/DNRETFE. z A
T EIERARRIEE S FHCHR Red, ()1 Redy (1) .

BX 4 &S H-AREEEMRERE, XV 2, y€U,
EX:

{ a€AT:(y, )¢ D@} (D> f(y,d)
Dﬁr(x,y)={ Hage

AT :;otherwise
{ a€AT: (2, ) ¢ D(@)} 1z ar (2)<f(y,d)
AT;otherwise
: Dir (z, y) Fl D (0, ) 53 BIERT B0 (5 ) B9F LT
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Dir(z,y)= {

Dotz (2) = paay () S AN Diir (2, ) #FO(Y y €U,
Harcn (> f(y,d) ); '

Dz (O = 0 (2 SANDir (2, I F#B(Vy€EU,
i (B)<f(y,d) ), :

ﬁEFﬂ:l)“ﬁ”:ﬁiﬁTf‘E YEU B par, (> f(3,d) i
8 ANDir (z, =0, 0y, 2) € D(A) . HREX 2 A R1py,
@O<f(y:d)e XBEHINE parp (2) = ()5 BTYL praresy
D (3D X5 pprepy (D> F( D FE

“<”.lN ACAT, Bt 23 2 AR s (DI parcey
(@) o BB parar (O Fptanr (2 W pracy (2) <pprey (253K
B yeU, B8 (y,2) € DA H ppre (2> f(30d) s
BF AN Dhir (z, =0, & EFR, BT 5.5V yeU,
R paray (> f(ysd) B AN Diir (25 7D, M prg sy (2) =
Ea (2D o

DHPERATR S DAL

EXS 4 S° A—AREEERPERE, X

AL(x)=yé\UVDkr(z,y)=

YU Nty () (O > Fad
Dir(z,y)

Au(x)= A VD (x, 0= A
yEU YEU Mgz () 0 < S

D (z, 3

AL (D) F An () 535138 = IR T . LIERIK 4 R .

B 3, A REEHEARSBMTHRMGEHE 4.

EEA 4" H-AEEEMRERE H ACAT, 0
ARz T (RDBRMATSAAR AL (D) (Au () HEAK
.
Ble X2,z HH. BEBLA
D,%T(Il yx1) =AT, D,’KT (x1,22) =AT,DkT (zyyx:3) =
{aysas}, Dir (ovs2) ={a1} Digr (15 25) ={a1 }s Dlar (1
zs)={as}, Dir Cx1 1) ={ar1>as }» Dlir (1 »28) ={a3} » Dlir
(x1y20) =AT,Digr (z1 s 210) ={a1 }

BEX 5 AEE 48, A (m)=ar ANas Aas{ a1ras,
a } & o WIS FIEMLAE, ATERIA R 8B mas
“at least” LM ; v

Rt : f(3,a)20.9A f(yya3)=0. 2\ f(y,a)=0. 7> f
(y,d)=0.7

20, ATHHEH B X R AN TR E AL 1YY
ﬁﬁu—Fi

Red; (x2)={a;,}Redy (x3) =AT,Red; (x,) =AT,Red,
(zs)={{a1sa3}},Red, (xzs) = AT,Red; (x:) = AT, Red;
(zg)={{ a1+a2},{ a1sa:}},Redy (xs)= {{ai1sa5}}+Red,
(.‘Cm): AT

Redy(z1)={{assas}}sRedu(z) ={{az},{as},{ai}}s
Redy (x3) = {{az 1 Qa3 }} sRedy (z) = {a1} sRedy (x5) = {ax,
az}sRedy(z5)= {{az}s{as}s{a}} s Redu (x1) ={{a1,az},
{azsas}}sRedn(xs) ={as} s Redn (z0) = AT, Redy (z10) =
{ar}

W BRER, W LIKB R 2 hPTA ML “at least” B
FEAI T FFR «

R} : f(y,a1)=>0. 9 f(y,d)=>0. 3

Rt f(3,a1)=0. 1A f(y,a2)=0. 1A f(y,a3)=0. 1A f
(y,a4)20.9 = f(y,d) =20, 0



Rt f(3,a1)=0. ON f(y,a2)=20. 9N f(y,as) =% A f
(yv,ay) =0.8 = f(y,d) =0.0

R? : f(y,a1) =0.1A f(y,a3) =1. 0<f(y,d) =0.4

R} . f(y,a2) 220.2A f(yra3) 20.9A f(y,a) =20.1—
f(yyd) =0.0

R} . f(y,a1) =0.0A f(ysaz) 0. 1A f(y,as) 20.9A
f(yras) =0, 2> f(y,d) =0.0

R{ : f(yrar) =0.9A f(yraz) =0. 9> f(y,d) >=0.6

RS : f(y,a1) =0.9A f(ysa) =1. 0> f(y,d) 0.6

Rb: f(y,a)) 220.8A f(y,a3) =1.0—~f(y,d) 0.9

R : f(y,a1) 220.0A f(y,a2) =1.0A f(y,as) =1.0A
f(ysas) =% —>f(y,d)=0.0

& 2 PPIA LA “at most” PeSEHLI &0 F B

R} f(9,a:)<K0. 2 A f(y,a)<0. 7> f(,d)<0. 8

R} : f(y,a,)<<0. 2V f(3,a:)<0. 2V f(y,a,)<0. 1> f
(3,d)<0. 8

R f(3,a)<K0. 1A f(yya3)<0. 1> f(y,d)<C0. 0

R} f(y,a1)<0. 0O A f(3,d)<0. 5

R} f(y,a)<<0. 1A f(y5a2) <0, 1> fly, d)<C0. ¢

R} : f(5,a)<0. 2V f(3,a3)<0. 9V f(y,a)<0, 1> f
(y,d) <0.8

R} : f(3,01)<0. OA f(y,2:)<<0. 1= f(5,d)<0. 0

Ré : f(y,a,)<0. 1A f(y5a.)<0, 2— f(y,d)<<0. 0

RS : f(y,a3)<L0. 1A F(y,d) <0.6

R : f(3,a:)<0. 8 A f(3,a2)<L0 4 A fyya3) <L OA F
(y,a)<<1. 0 (f(y,d)<C0. 9

R : f(y,a1)<0. 0> f(y,d)<0. 5
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