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Abstract  Rough-fuzzy set describes a fuzzy set (or an uncertain concept) by Pawlak’s knowledge
space in the classical rough set model. In rough-fuzzy sets model, upper-approximation fuzzy set
and lower-approximation fuzzy set are considered as two boundary fuzzy sets of the target
concept, and there are few methods for constructing a fuzzy approximation set or a crisp approxi-
mation set of a target fuzzy concept in current knowledge base. In this paper, the concept of
similarity is presented first and then the definitions of step-fuzzy set, average-fuzzy set and 0. 5-crisp
set of a fuzzy set are proposed in the knowledge space U/R. The conclusions that the average-
fuzzy set is the best fuzzy approximation set of the target fuzzy set in all step-fuzzy sets and the
0. 5-crisp set also is the best crisp approximation set of the target fuzzy set in all crisp sets in
Pawlak’s knowledge space are presented and proved. Moreover, the similarity degree between
the average-fuzzy set and the target fuzzy, and the similarity degree between the 0. 5-crisp set and
the target fuzzy set are discussed respectively and the change rules of these similarity degrees with
the changing knowledge granularity are analyzed in detail. This paper proposed a method in a new
perspective to represent and process the uncertain target concept, and these results will promote

the development of uncertain artificial intelligence.

Keywords rough sets; granular computing; rough-fuzzy sets; similarity; knowledge granularity

WO H 3 :2013-10-20 5 3 Z B BORG ) H W : 2015-01-12. A IR I45 21 |8 5 SR Bl 3 42 (61472056 ,61272060.61309014) (FE PR 1li F 2R B
25 4 (este2012)5A40047) F H PSR HL K 2 1+ 3l 3 42 (A2010-06) W )y, ki 4. 55, 1974 4 4E i+ 082 2 HF 50 ST 3 Re 5 B
Ab B MRS 8 5B 43 2. E-mail: zhangqh@ cqupt. edu. en. £ #E, 55,1990 4F 4=, A - BF 5% 4 . 35 ZWF 5T O 1) Oy HLRE 4B 5ok 5.
FEA.B.1970 44 G+ B3z, W4 00, F O SU Rough SRS ORI BB 4248 R R 55



7 EISCRIEE ks 18 SRR VST 1485

1 5]

T

Bifi 2 I\ 4 AR B & R S F 5T 3 6 AN B 2 )
1) & 7 0k B 25 T Bk B 22 1 O T L R IR AN W
MM R R TR TN TR R i EE N
S ) OB N TR 8 D R S M A Y
AN E P (2R A R R LD Dy SR L T
TAHSCHEIR RNy vk SR TR E R B AL F
WF5E. B0, Zadeh™ 7 1965 4 4 H A BOWI 4 (Fuzzy
sets) FHIE I F T SR @ o8 B0R s X R R R T A 1
E AR P AE (1 FE s Pawlak™ 78 1982 454 H 1) # R
£ (Rough sets) #i & b 3 A0 4 ok % ) A
SEME A A1 AE Y A 30 AR SRS Rk BR Y AE 1990 4
& Y 7 45 18] (Quotient space) F ¢ & A1 B A& E 4%
B it P S AN i o AR S A S R - B S I G i 5 2
TR AE 1995 AFR4R ) BRI 3 AN
AL G R 05 R0 88 09D S B0 AS B 8 A & 9 8 M R E
AR = A A RN ] = AR A ST S E AR
SN SN E 22 8] B AL 5 TR B R ) Rl L R
JELEE NSV AE 2012 AR TR B A ARE A 14 8L A D
THABLR A BENL A 2 A S T L R T
AN 2 WE A N TR 5 A S 22 TR] A L A S B A
AT ) A0 CHE A T[] D) 2. 3 B AR 5 T AN
S ) ) AN 1 B R IR AR 2 e S T
) B4 7 i o A 2 e A N0 R, T LR R AR
FHE AR AR A B 1 5E (] R X N 1Y) A IR B
2 NP AN B R AT TR R AR AR R
Al B N o AL A B A 1 0 R A W R H
5 L B RN URL BE Y S AL B AT T RS TR B
FAF 50 2 18 14 A 56 2538 5 Yao S8 AN % 4b BN
1 2 15 SRR 22 9 E S8 R R AT T e b B e T
R AHLRE £ A0 DLt S MRS 48 25 A &5 1 [ AL A0 ok
HE B NP0 g T RTE 220k B AR R R
JE JE A RDRL TR B AN B GE M B O VR EAT T A9
FF5E T 55 R S ) RN 43 J2 8 7 2 E) R AN
& A 3 AT — S T R T e
JE B RN N AN ME i O R X SR R T A
R D T AN 8RR A 1 1 3 R0 Ak 2R IR L £ TR
e N TR BRI K.

SO PR RO RS 2N R S R S IE
R ToU 0 LB AR AL B L 0 ¢ T O L —
AR A A5 B WA TR A P R R A
RE T R4 A] DL — 26 3 Ak 19 A W o M 8 BIE O

2 T2 ACRLTE 5 10 0 05 Ok B o A& i i o8 1k 5
AN 5 AR A AE AN [ 0 ks B J2 R A ) e B
B2 NI AETE X 57 A — R 2 R AT LA
AL, 2 S i A S AT AR B2 )
R S AR A R RO i AR S P A T BE RO
SR 0 TR R AR B KRS SR G R A
() B8 R 25 B R I A — o R B SC T AR
(2678 55 00 B A BRI 4 B8 F SR T8 eR B0k 2] i
AN E R AR E T X B2 TS R B (R SR R
BRI B30 1YY 36 IO S5 T8 L 1 A LA — 1 2 P
FLBE S (PR Rough £ sl0OHL 42D B0 2 — e = 43
BT Ak AN W o MR 1 B0 T ARG R Y 4R
B R AN 8 5 M T S T R, ELI B B RN T LA
B . R ASR A FDREURE 4 76 45 38 AN 1 HE A 1 S T
T AL R O A HE S S R 1 A ik S
IRASTH R (AR A TR RS 4 B0 2 FHORS I 19 4 A
WRASHG E M . TR RE 4 B AR A L ik
Fe TR, B O — R E R RS B AL F L
AL A B BRI G A F J7 H EEAS T S W
I 2R R TV o RN R R IE S S
VB A AR A 5 78 Sk S B A A 5 R 22 1 ot AL 4 AR A R0
G5 —Hhik 5T =B A B R R, IR = &
A 25N ) 2 & g ST A B A N TR R A E 1Y)
SSRGS Nk SV

MORLTH B WA K B s FEAS [RDRE Bt S AN
TE WA AN G2 P 3 B ). HLRS 4 7 ik A R
PR T AR B K 4 R A TR S A A 1 R
s FLAR T SEAEUR R 55 M 06 ROl ST — AN AR
B AEFREE BRI RS TR A S (XD 1Y
ISR VE P ISTR Ve I I B S TIR2E - sl UFSIAE kst
ke 220 T 1 AS i AR A 1) 0 A S B 5 T SR R
WA AR AN E R I i B R L BRI RE AR
BEAY 25 T 20 N i E AR S P I R A R
A 28 S TE 22 i R 3 rh o] 45 B OR B A CH
PR A8 B — A 2 S ARUE & CRI R — SR f B A
AN 5 M S AR X b, FRATT A STk [ 22 ] 4R
HhTOREDRE B O AL B RE A R AR 0 e P X e 30O
JIZ I 0 PR P B A AN S M X A R L X A
AT ARLAR A X T HDRE £ B9 AS S (X0 B9 R AR
SER(XO 8 _E AT I R(XD n] BEA o 4 (4 30 0 3. 4L
R L4E Ro.s (X0 EEHFFETE H A& 2 —
AN Y FRFEARE X, RS X 7R 2 i L
TR LRSI CRI G 25 T B R0 FORL B I A2 A8 B0 .
FFRATHIE 5T B9 A B 28 A8 CH BRS04 By & — i



1486 £ = A R 2015 4
AR CAD I G ] 1) P B AT 0 L KE o 221 1 3 A A 7 EX TEERRID). WU Z2—DMIREES . A
TEME S A7 BEXF L IR HLRS M 4 (Rough-fuzzy  S={X,,X, .. X,,} . i X, CUG=1,2,-,m),
set)?’fﬁﬁiﬁfﬂ% KA$HFIE{U\%45EW/I\*E*@% H X ij:?S(i?é]') »ﬁ( S= {Xl s X oo »XW}IEIL: U

PE R ASH WS (A CH BRI 4 ) 1 300 S50 11 4.
TR Z2 W55 4 1 22 PR RE 42 B8 1 JE Al 1, X HILRS A5
WI4E 4T T WF5E. Dubois #l Yao 25 A5 23 #1141
R AR A BRI AT 4 =2 18] A 6 R RS ] 5 S 4 3
5K SCAE AR SEAR S N AL 2 T R BRI 5T
TR ROR A R LR G M s 5 R L OK i AR SR
B2 o L R 4R B0 S W PR EAT TR ST B
B T — ZF N RIS TR R AR A 114 A B
XIS AR HE TR R SO AR 1 R R T T ORLRE
S 1138 RS T 7 — 8 R g ok 1 H b M A A
TS 1 AT 2 P R SR A U2 2R 0 1) S AR A B ] R

AR 2] 0 A — S i S (A CH BR R
WA B9 5 AR 22, 32 B AR 44 1 AR AR 4
M bR A FIA R SR J5 R B AT R B2 R A
PR AN M R A RHE ke S R DN L3 4 )y 3k A 1
A 4 0] B — SR A SRS i A Of 183 AS 1 o
A A CHARBORI ) . 76 3 43 1R 25 (8] CEIDRS o 260 1R
BLAS [A]) R o] £ g2 — SRR 48 19 3 LA 2 — M
FHAIF ST Y PR 5 F 53R 42 30 B4 1 Sk |-, AR S
R 2% 4 i e o 3 ST R A R 3 (Rl 25 (DD L 9%
PR 2 A (A CH PR BB 42 i B4, — O
T ) 8 S i A A CAD CH B ASER 4 ) 7 224 i i iR 0
RSO I AR 2 RO A R Y A R T 5 OR
FEME S CA) CH bR B 42D S5 A B A BRI 45 59 —
T o ) AN 8 2 ABE 2 CAD CH AR BRI 45 76 24 i 4131
SR MUK B 4R G & 5 Y BRI 4 L iz ik
LA 2 1 AR T 5 R 0 5 A& (A CH AR BRI
88 S AL R H0 4. DL s AR SCIR 1HIE T Bl & R
B R OB BE 1 20 43 o RELRE RO 4 1 3 (LR 5 R
FEME S CA) CH PRSI AE ) 1 30 o) R A4 A5 1k LA

AR SCES 2 5 A G AR S KRS RO 4 A o3
A FEAE A 5 5 3 71 4 H MRS B0 4 1 3 UL 4R
B A M T 56 4 19 BB AS [ UKL R R B
1B 2 CA) CH ARBORI A 1T LA R AR AR B 75 4k
KFRH 5 R AR,

2 HXREFHEE
791 ML 150080 92 1 3 0L 5 22 T 3 950

—BEREAME S IR 4R B R RO 4 A5 AT O A A A
ST A4 R0 B A AL BE 2 5K

) —A 4l 57
X 2CHRHEO S B (UL R) & Pawlak JE
WIS B R 2 U B — M R U/R=(X,,

XZ#'"?X,,,}IEI% U ER —Fﬂ[/}ﬁiﬂ"]mﬁ?\»ﬁ( U/R:
{X1’X27'“va}j7 Pawlak %ﬂiﬂ%»ﬁﬁﬁ((UyR)%ﬂ

WL [ €U/R £IR MG 2 TEEM KRR B
S 2.

X ICHAEBM ). % (U.R)J& Pawlak
EREELPREU EH TSN XR.BARU
RIS LA KT ULR) M —XF EIE el A R
ArE X R U R —X B AR5 ISR 8 s 505 1 R
VaecU,

P, (x) =suplu, () | vy € [x]r};

pa, () =inf{p, (3) |y e [zlkt.
Hrplap BRIt R 2 EHEM KRR THEML. A
Ar=Ar  FR A BT S B MFR (Ar s Ar) JE 4
REROW 22 (Rough-fuzzy set). FR AR A T (U,R)
[ IEI PR ~ A A X F (U R) WY Fu s, Fx Ax N
(~AD N ARXRTWU, R WA ok, A &
U L@ G aE, ik GRS & By Pawlak
HURE 4. HUBE ORI S 47 LR M

(1) ARSAC Ay

(2) (AUB)r=Ag UBg;

(3) (ANB)x=Ax N Bk;

(DO ARUBRE(AUB)k;

(5) (ANB)xEAg N Bg;

(6) (~Ap) =~(Ag); (~A)g=~Ag.

EX 4BEME). B U={x 20, 2,)
T ELEG.REU EMEMLR.UR=
(X1 X5 X, 2 UTER TIRRBIRI 4 H X, =
sxy JG=102 e om) Hoty oty e tr, =
n AJRU E—PMERME. & p (x0) =p, (20) =
pa (i) ==, (2 ) =, (0=¢,;=<1,i=1,2,,
m) UK A JZFRIE U/R ERB BB BB 4 . o R
By A6 S J ok A5 M

EARBREREL T 7T L g, (X)) =, (1<
i<<m).

BARMIBER S A 7E U/R FIE W F TR
8 AR FIA A3 R FNIRIE U/R Y [ 6 BB 45

E X SOEMIE A RUE GERUED)). K ABJE

{le s XLijz 9"



7 EISCRIEE ks 18 SRR VST 1487

AR U WP TE£. I Ac FWU),.BE
FWU) % LB
S:F(U) X F(U) - [0,1],

BI(A,B)—>S(A.B). Fx S(A.B) £ Wi A.B =
TE) R AFARLRE L TSR SCAL Bl AT 454

(DA R SHEEN A.BEFWU),0<S(A,
B)<1;

(2) X FRtE. MAEE A, BEFWU),S(A,B)=
S(B,A);

(3) LM A, BEFW),S(A,A)=1;

S(A.B) =0 B KM 2 ANB=J.
Sof TR B (1) L (2) F1(3) =AM 28 AR 2 M)
£ A B Z AL A K.

J T RALE I & U= {2202, )%

1 - )
S(A,B)1\/ () =y (2))?
In ,Z; HANT Hp T

(D
AR (DAY SCA B R E X 5. A SCH (DO E
SRS B AR AR G AR ) N 5K

MR U=[a.b2—iELLH .4

b
S(ALB) = 1— ﬁ\/J () — 1, ()2 dr

(2)
K (2 H SCA, B) i £ 2 X 5.
FHN A d(A,B)=1—S(A,B),fk d(A,B)}
KOWI4E AL B 22 [a] i i 55
P U R EEBE A 5 H A fil
ArfER A WAL 250 1 — M BB (AR 25
MR L U/R b & A B AF 1 I B 4R 1 A
AR RS A B U BE B4 2 T T 45
— RO AR 1 B (O AR i HE A
EX 6 (BB,
- MREHEAS REU LHWENXR.ARZU L
— AR OB Ag X TAER 2€U,

DIWNED

yelaly

H:J:IR‘
FRECHIEE Ar J2 A XA BRI ZE.
WR U= La, 0] — A %20 E8ES W

ﬁ U:{Il ’1‘29'”91“”}

oy (2) =

b

1o
e (1‘):m Ju/xA(x)dx.
Bl 1. FU={x,25, 20} 16 U LR 4
01,015, 05,07,
-3

Xy

A

X1 Xo

1,108,056, 04

X5 X X7 Xg Xy
R%UJ:E"J%T{I\?Q?\a U/R={{xisx2s25}5 {745

X5 vl'G}v{IT s L ,19}};51'1

405,05, 1

X2 X3 Xy

1
X X7 X Xy
0.

1, 0.1,0.1,0.7

T, X, Z; T,

0.7, 0.7, 0.4, 04,04,

X X7 Xy Xy

ZR:'

+

X
s
Xs

_o.

Ag +

_0:25 4 0.25 4 0.25 0.9

e X2 X3 Xy

0.6 , 0.6, 0.6

X7 Xy Xy

A~

0.9, 0.9
Xs s

_ 1 ’ ,
S(AAL) =1 ~ % ;(#A(IJ — (@)

:—%(0. 4* 4-0. 35" 4 0* 4 0. 3* +

0% 4+ 0% 4+ 07 4+ 0. 22 +0.42)F + 1
=0.748;

RN .
S(A,Ap) =1 ~ % ;%(L) — gy, (2

=— %(o2 +0. 05% 40. 4* 40 40. 3° +

0.3 40,42 40,22 +£0°)7 +1
—0.754;

x. 1<
S(AAD) 1—J§\/2<#‘4(Ii> — gy ()
—— 10150, 140, 25740, 22+

0. 1240, 1240. 22402 40. 22)7 + 1
=0. 838.

FAN MR U B—AESXE, A RU LK
W L H SR BRBUE R e, () = ™ Y F—
ANMEN 0. 20 1/ V2 IES IR R ED. N A
)RR A, LAIT LA A F1A B2 {8 B 4
Ag A anE 1 E 2 A1 3 s 53X 3 AR 4R 14 X6
ean & 4 fron.

HUILPTDLEH A MBEBEME Ar 5 A Wik
UIFE o &, J& BAFAE U/R BB 55 A0 ) B A B8
LOZMHEMES A NIEURBRELAr 5 A Wik
UFE B 7 B Ag B2 A M I Gz i) B #
TR AR 7 45T O, FRATTHKE 43 #r 3ok 2 [ R



1488 it =2

2015 4

IEA i : y=exp(—nXaxXx)
1.0 . . : . .

0.9¢
0.8F
0.7p
0.6
> 0.5F
0.4
0.3f
0.2}
0.1p

Bl 1 BRI A MR IERISE
Lo IEF M : y=exp(—nXx X x)
7T

0.8

0.7t
0.6
= 0.5
0.4t
0.3
0.2
0.1¢,

.
ofF-=)-=--0
H

6—04—02 0 02 04 06 08 1.0

X

B3 BEMIAE A 3 (H AR 4

w
.
O“““"“

0

—1.0 0.8 —

3 tHEEMERIEAE

XU R B E A HACACS
Ag. HIE FE S /T HER S U/R R, i) 3R 45 3R
B2 A ACH RS (1030 045 A 2 (B A5 35 A )
B ORI RE BRI AE A T A BT LA T AR 4R A
AR FIA R ARREEA 1 A WERES WS,
REBEHAMEN A MIE M EREZHAMENA
(14 30T B4 & D3I BB 43 S SCAL Ar) AT SCAL Ap).
HRPEASCH 2 Wil 1, AT LR S(ALAr) 5
SAARDHESA —E KT SCA, AL ). 76 25 1 01 157 5
Hh RN PRORL R RE B2 AN A8 B 1 00 T o 2 A A B A 3 4R
BIERN A PRI ? BPAE U/R HIE T 2 &K AF
125 BARE S (BRI A A U T & iR 57 ) 1
HUR A AT LIRS Ag B A W Stk GRAZI) B 85 A5
27 T2 HE 1 (]2 T XA ) .

EIE 1 ME I E S

®U &— JRIZEU B

EA s y=exp(—nXaxXx)

1.4

B2 B4 A B LT 4

ﬂ:ifﬁﬂﬁﬁ y= exp( 1r><1><1)

1.4
—_— J:J&Mf’)%
120 | aemam B 2k 4
— TR
1.0p
= :
0.8} | I I
" ' |
kel | | |
| I |
0.6} ‘ / : N—
I I I
i ! ! e
0.4 I T
I I
I I I
I I I
0.2 I I I
I I |
I I |
( I I I
O L L L L 1
—1.0 —0.8 —0.6 —0.4 —0.2 0 0.2 0.4 0.6 0.8 1.0

B4 BOMIGE A B LTI LA 5 A RO A X LE A

FEMRRARU E—DBME. A &2 A £ U/R
R EERH . W AE U/R T 04T 3 B B 5501 46
B.#H S(A,Azx )>=S(A,B).

. X RTINS R EEOSE (GE LR
g LS Z 2R,

wU={x 22, ,2,}» U R={X,, X5, ",
X, 0 H Xi={ sy pG=1,2,00,m).

By (XD =c,(i=1,2,m) }) p () =
=py (2 )= 0==¢; 1,4 1, + o F

L1 9 Liz s

py (i) = ee
NI 71 mlJ

1 n )
S(A,B)1\/ (e () — py (2))?
In E PaRT Hp X

1T < 7
7«/7;[ ;(#A(Il”) — (1)) +
2 (pry C2i) */13(1‘21))2 4o
i=1
Z(IUA(IHH' ﬂB(Tm )) J7
i1



7 EISCRIEE ks 18 SRR VST 1489

17 < ,
=1 7ﬁ|: ;(/AA(Il,) *6'1)2 +

2(/&4(121-) — )t
i=1

o

2<lu/\(1mi) _C”,)Z]
i=1
é\
B!
M1 :E(#A(Il;)*fl)z
i=1

=y (x11) — )? + (py (1) — ¢ )2 - eee

(/,LA(IUI ) — (& )2 H

N2 — Z (/,(A(Ig;) *("2)2
i—1
— (o) — )+ () — €)% 4 ove +

(e (a2 ) — )7 500

t
Y =0 (G () — )"
i=1

= (py () — )+ (pp () — c))? e
(IUA (‘Z"mlm ) ™ )2.

XEF 31 52 = = 20, (o) =) + () —
1

C1)+"‘+(ﬂ‘4 (Il, )7(31):"/&'\ %:Oyﬁﬁ:ﬁgj‘ c] —
! de,

%[#A(I11)+IMA (Ilz) + b +}14 (1‘1/1 )]’ Xﬁ‘j

T2 0 B 2 = o) o o) e
e G ) TE 3y IR A

FUBEL X e = Ly o) gy G ) e
PRETBRITIRTS 2 ¥ U N URTE S R
%[#A (o) gy () oo g, ey O TS Sy, TR
M.

JJ:K’ %/I . = % I:/JA(IH) +IL1A(]'12) + cee +
1

palxi )]s o = %[#A(le) oy () e
2

()T e = L Ly o) 4y Co) 4 o+

)

pa (@ DTES D) Gy (o) — )% 4 D Gy () —
i=1 i=1

e e D) ey () — )" WU B /M B
i=1

L 1TY L
S(A.B) = 1 ﬁ[;%m) )t +

2 (pa (2200 —c2 ) ++2 (/1/\(3:,,”')*(',;,)2}?
im 2.
B K . B
HMB (Xi):/lB(.Ti] ):#B(‘TIZ ) i

2#/«(3/)

| Xl
WEZ UMM B ST A M EBH % As
i, SCA, B) UG KA. BIZE 24 /i iR 58 U/R 1Y
BB RIS B, 345 S(A,B)<<S(A,Ag ). iEHE.
ERLL BT U LM — P EEWIE A 7EY
B EIR 3L U/R E R BT B BSR4 b, A 2394
BOWIGE Ax 5 A il B Ag 2 A [ S5 A5 2Ly

==

pp (i)

YR
il wUZR—-TIREES.REU LMK

FEMRRARU E—DBWE A 2 A £ U/R
FHIBEBI AN S(AL AL ) =>S(A A HA
S(A,AZ)Z=S(ALAR).

HFRORISE A B LT RIS A FA R 2 5T
S A T ARBOR A AR E B 1L HEIR 1 AR L.
#1815 LRI A FIAME DB A 1)
IERIEESA WM U/R RS EBRI 8 Ag fEN A
M RISE LT FE 4 L T DL B A Y 35 {8 4R 42
A T ARFIARZ ).

SERE 1 RHAMER 1 W T U/R LB 4 A
M TR ZE A2 U/R B B E AT 4. R
Mi7E U/R PO B AFTERM AL A 1 fic FE 1 3 DK o
RS i HAZE RIS U/R 38 43 HUokL
(I 4 (e IR BRI A A W) — D KEB 38) 28 AR 1E
DN 3N 5 A 4 A S BRI A B S DL K A R T A
1A 8 K0 4 S U 2 ] e 43 L

EX TWU/R FAKEHE). HU={x 2.,
.} RIBU FMEMRR.ARU E—EHIE,
U/R=1{X,Xo, . X, ), i Xi={x1,x0,,
2 P G=10200om) . FR AR BRI A #EU/R L)
RGeS HACH X TAERE X €U/Ry pe (XD =1
W e (XD =00 B g (o) = g () = 000 =
7 (.T,-,’ y=1 =8} 4R (x:1) =tr (x:2) ==k (.r,v,l )
=0,i=1,2,,m.

— A U/R EWREHRAEZ48 7T LLH U/R R
AR M RS BN U/R=1{X, . X, -,
X, ) ARGy 43 B IF 4.



1490 it =2

Ee i 2015 4

EX 8W/R L 0.5-M#E). BWU={x.
xyseax, bR BU EERRR.ARU E—H
WILE FR AC MBI A 7E U/R 11 0. 5-KE o 4k
He xRS €U,

D)

yelady

1, ——>0.5
‘[I]R‘
s (x) =
0.5 Z #A(y)
yelaly <0 5
’ ‘[ljR‘

B AT R U Bl R4 )t U/R=
(X0 Xowe Xy P UK IR 5. B U/R 1Y
0. 5-KGHhAE AT )2 — A U/R R B4, WA 5
AR 0 X IR T 7

A5 X 50

REU
SMRRARU LB, AC BB A

K5 BEMIAERY 0. 54 B 4 IR

EE2. WUZ-TIREES

£ U/R 0. 5- k5804, WA U/R F AT B A
AR S(ALAR ) >S(ALAR).

EH. B U=
Xz’...,X ,/\':F'X
t ittt =n, z:1,2,'“,7n

{TI’TZ’.“7~TU}7 U/R:{le
7$T;z’.}9 Oéf,él,

s Ly ettt

1

S(ALAR) =1 7%71( PORES T, (:[,))z) :
i—1 0.5

17 <
7}\/7;[;(#[‘(1“)

7//(&]", (1'1,'))2 +

2 (/AA(IZ,‘) */,L\R (125))2 —+ eee
i=1 0.5

1

— g )|

j (#A (.T,,,,')

2(,14@1 g (010D = E(M(l?

t
PIRORED
i=1

S(ALAR) = 1—%(2 (e (2 — e (;(,-))2>
i=1

2 = 2
MR ()50 sy, = “r (xmi))°.
0.5 “o.5

1
7

17 <
7ﬁ|: ;(/IA(JH,)

7#/4!(’(1‘1[))2 +
Z Cpry Ca2i) T MR (29:))% oo +
i—1 y

2 Cpep (i)
i=1

2= Gy (D)= (000 5 2= Dy (s ) —
i=1 i=1

e (o >>]

o (@) 5oz,
Xja: Xl ’

:E (/"A (Inu ) 7#/\16 (l'uu ) )2 .
i=1 ‘

@azmm )=k
=1. It

i)%/{/\fe (1'11)
BRE V1= %213
1) %ﬁ AR (x11)

’I)_"J/IR (Tn) ,UR ()=

:#Af— (11/1
.5

:/u/\R (flz ) - :/l/\R (1121 ) =1 ’

:#AR (x12) ==+ :/lAR (-71'“1 ) =0,

Il

= 2 (py (i
i=1
(;1/\(1'12) — D7+t (,u_/\(l‘ul ) — 1)*

:,uA(‘Tn)2 —"/IA(IM)Z +eee
#A(‘Tl’\ )2 _Z(IUA(.TH) +
/"X(xlz) + b +qu(1111 )) +Z71.

)7/1A,R, (~T1;))2 - (/,LA(IH) - 1)Z +

.j‘:’ 2/11(11 2 ’
EI] 2(/1A(.T11>+/1A(.T12)+"'+/1A(.T1/1 ))2t1 ’,[J:t

2

Vi g/{,\(lvll )2 +/1A(1'12)2 + b +/UA(I“1 )
:(,uA(IH ) 7/1.4[\) (1‘11))2 + (/lA(Ilg) -
#AR (1‘12))2 + b + (/1/\(1‘111 ) 7/,{‘41{ (1‘1,1 ))2

—Zz.

@QF Dy (01 )<
i=1

)=0.

I)E‘IU R (111)
E?jgﬁ yl_zl s

7}'1”/141? (.Tn ) :#AR (1‘12 ) =---
Ao.s A5

K, ® (1111

—H, R(rl7)7 7/1AR (~T121):O9



7 EISCRIEE ks 18 SRR VST 1491

1) % HpR (1'11 )

2(/14(T‘

:/’(A(Ill )“ —9—/1‘4(3612)2 + A +/1A(l"111 )2.

:/lAR (x12) = "':#AR (-lel )=1,

D—" M1 IUAR (.T],'))Z
0.5

D ey v ) < B 2, G ) gy G ) e
i—1

pa (o )<<ty s I
i =p, (i) g ()" oo Ay (2, )P
Zpa (o)) gy () ? A oo Ay (2, D —
2Cpu, (o) + py () oo Ay (g, D))+ 14
=(u, (1) — D7+ (p, (2,) — D A oee

(/x/\ (I“1 ) — 1)2

—Z.

*E%E@@ﬂ%ﬂ y1£21.
Iﬁjfim‘ﬁ[{ vyzgzz [ 9ym§2m.
Zi b Rrik

S(A.AF, )71_7 Zy >1—— Dz
i—1
= S(A,AR). UEEE.

M 2 2L TE U/R MPIE FIE A B AR
L U/R B 0.5-K5 ol 2 2 A5 A de 30 {2
R AR . DG, AT DU B> R ﬁ*ﬁ?‘ﬁlﬁ'ﬂ:ﬁﬁﬂ%
1 S FBE SR TR T 0.5 SRUE LA RLIE
T . XA 1E U/R %ﬂlﬂ%i*ﬁ@’fﬁ*ﬂ%ﬂ@ﬁ{u
SR (L HE BRI 5 T 15 BRI 4R 19 B LRI RIS
T 4.

4 HREHERNIE
TUXRR

MR B K — A~ F AR A & A AN (R R
PURLZS (], FEAS E PR R BEAS[R] B 3 R R v R
PUBL T (9 AN 1B 40 AL L LR £ HUBE A0 52 1) A 1 5 1k
972 A B 9 BT 5 B0 34 TR A2 R AT A S
BRL21 TR 58 70 Hr 1R 4 119 R50R0 38 i R RO E 19
ARACHLAL AESCIRL 23 T B 5T 1 A DR 57 5
AN P B A PR B Y A8 Al 56 & L AR SCik [ 22 T At
FE T OHURE B 1 30 AL B2 I R0 THURL B 1) A8 AL R 56 3
WHRATHEIE T — DR AE — DK 73 R 2 U/R
b 3 ARUASE RG] S IR 1 4 G o] A S Y . 2 R
e R PR B AR 23 I ORI SR AE U/R B B {E A5
WIS 0. 5-AF A 4R anfig 224K . B A4S H AR & A3k

1ol & BE &N IR L RS 1Y

PIFLEE SCALVAR) T SCALAR D JR 75 % = A5 b 2 i S
ARl R SR AT 4 245 T SR AF 5% 31X 26 [n] .

FIPLﬁ 1. B Xy s Xy a2, &0 %ﬁ y=
(r1—a) +(x,—a): + o+ (x,—a). MY a=
xta, et a,

2 Tzn Crpt v BT /ML
E)Z 9[35]. &U:{flhrzv R O j‘jE”E ﬁlgﬁ

i/t\ai"i P/: P{,P;,"',P/}*HP”:{P P/}/"'WP”}
HU ERWARI 2308, ﬁD%VP ep’ (E|p er (PIC
PO UFR P P 404 4y 25 6] id S PP < P”.

EX 105, FU={x 20,2, WIESHIR
Wik, P ={P,.P,, P/} Fl P"= {P’f,PZ, -, P}
AU FR AR 4y 25 L, R PP <P", H 3p.ep

(s (PICTP)) MR P2
] .3k P’ <P”.
EE3 RUEZE-TIBREES R MR AR Z
U RSN LR ARU BRI 5 RI2R, .,
M SCALARD=S(A,Ag).
. wU={xx0 2,1, U/R=1{X,,Xs, ",
Je Ht Xo={z, v, x J=1,2,00m)
U/RZZ{Y1 YooY b om=<<I<n. AN R 2DR,.JT
LLU/R, <U/R, . %143 U/R, 2 %1453 U/R, #4053 .
HZU/RiEAN TR RE U/R P ETDHITR
4. R T AGIES AW U/R, = {Y1,Y, . X, s
Xy Xyooe s X, b BB U/R P B — A8 R X, 84
SIRAATER YORY, s HoAl I0 R R AR A A A 1
DLIERIZERD. Yy | =a. [Y, [ =bsatb=1, Hh

s Tigts Yy = {Il.,a+1 s Ll,at+z2s

P ™ A% 41 K1 43 a3

Y = {xnsx12,

flzl}-

. 1 n
S(A,A’)l\/z Cu, () —
R, A Mo T Ha

: (x:))*

17 <
7\/7;[; (/,LA(AT“)

- /,LAI; (171,’))2 +

D0 Can) = gy (20)) e
i=1 1
E(#A(I,m) (I,J, )¢ }7
i=1
S(AALD) =1— 2 [SV(u, (o) =y ()’
. «/; i=1 Ry

— L DT ) = gy (1)
n-i=1 2

PIRORED)

i=a+1

7,1‘4& (‘Tl,'))Z +



1492 L2 S /| - R 2015 4f
‘2 , Xy X, b Horp X,={1'[1,1'1»2,"',1‘1,!,}(i=1,
;(#A(IQ{)ipAI;Z (Iz;))“"—""f— 2,"',m),U/R2:{YHYQ,"',Y,},mﬁlﬁn.ﬂ\]
N R 2R, .JiLLU/R, <U/Ry, 2}y T i AL UE B A 95 15
DY PRET TP A U/Ritp A — A0 X A4 R A 6 Y, A

4 o “ Y, Hoft oo 3R AR 35 A 48 CHAt S DL 8D . B U/R, =

B ty {Yl’Y29X29X39X4$"'9X,,,}.&‘Yl‘:a, |YZ‘:
E(/lx(x%)illq” (1~Zi))2+...+ b:h_auﬁ\:qjylz{fn91129"‘911“}7 Yzz{l”l.uﬂy
=1 b Tiatz9 s X1y, ;.

2 Cpea ) = pap. (20D S(ALAD ) =1— %[E ey Cer ) =g, (1)) +
i= i—1 0.5
/2 /2
= 2 [OTNEZD) tay (22007 4=+ + 2 Cpap (22) = s, (a3 )2 A oee +
i 2 i1 o5
Z; Cpp (i) _,uA;? (2,07 2 (g () — (‘,["”_))2:|7
i= 2 i=1 To.s
A pa () gy (o) A eee -y (e )
< a — .

ty
B - /1A<171i) JFll,tA(I]z) + °ee JFIZZA(IM)

a

y = /lA(fl.aﬂ) +/1A(-Tl.a+z) + e +/1A(1111 )
W —a ’

R i A 1 A {E AR S 10 A

D0 ) =gy (0 = D5 Gy () — B’
i=1 2 i=1

< DV () — ),
i=1

= Z (pp (1) —9)°

i=atl

20 Gy (o) — e ()

i=atl

é 2 (/,LA(.T],‘) *(1)29

i=a+l1

FREA S D0 Guy () — gy (r))”
i=1 2

20 ) =y (@)’

i=at+l1

D (@) — ) 4 D) () — o)
i=1

i=atl

=2 (1) =)’
i=1

= 21 Cuea (1) — py - (i)D",
e 1
P, SCAL AR D<<S(A,Ag ). JEEE.
EE4 BUE-TREESLS.R MR R
U LMSEMER.ARU E—MERE 4 R 2R, .
M SCALA D) <S(ALA).
i B

&U:{lﬂal'zy""-rn}?U/Rl :{Xl7

1
* yr= 20 Gy () — e ()7
i=1 0.5
Yz = 2 Cup (22D o (x2)) 850
i=1 Ao.5

t
— o 2
Y = Z g o) — o, Comi )"

S(A AL ) =1— D0 ey () = g, (i)
i=1 0.5

1
=
PIRORED

i=a+t1

—#Afz, (Il,))z +

2 Cpp () TR, (x9,))?% A eee
i=1 “o.s

ol

S Gy o) — e, <1;,1,>>2] ;
i=1 Als

i

n :2(#4(\11;) MR, (x1:))%;
i=1 0.5

21z — E (,UA(xli)

2
7/,CAR2 (171,')) H
i=atl 0.5

= 2 (/lA(fz;) R, (121.))2 e
i=1 0.5

t
. . 2
2, = E Cuea (i) — i, (i)D"
i=1 0.5

B v =205y =235 5, =2,. M

4
= 2 g 1) = e, (21))?

=20 (@) — e, (200D +
i=1 0.5

Z (;IA(.T“)

i=a+1

- /1/\R| (1‘1, ) )Z.



7 EISCRIEE ks 18 SRR VST 1493

@ %,IZIMA(JH,)E%H‘T’
i—=1

T . i b
1>7E;#A<xl,>z%,ﬁ D) (e = 5 (b=

i=a-t
[1__a)9pw
IMA:.]; (Ili):l(i:l’z"“’tl>’/1A§23 (1‘],):1<l.:19

2,00 a) Mk (r1)=1G=a+1,at2, 1), HiIL
= 21 RED g (2,))*
i,%(xl,)lﬂ
— Z;(M(xm — 1) +i21(/x/\(11;) — 1
= 2 Cua (1) — gy, (21))* +

4
E (pA(Iu> —;zARZ (1‘1,)>2 = z11 + 212
0.5

i=atl
D4 D (01D = D)y ()< (b=
i=1 i=atl

ll__a)ﬂpw
,u/\Rl (11,‘) - 1(1 - 1329""f1)9
“o.5

/,CXRZ (1711) - 1(1 - 1’29"'aa)9

pAszs(l'l,) =0G=a+1l,a+2,,1,),
»n ﬁ;<mx1,> i (@) =
§]<,1A<1-“>—1>2
=
:2%(@) — D+ Z Gy () — 17

i=a+l1

=27 G () — e, (D)
i—=1 0.5

B! B!
E pa 1) —2 Z pa ) b
i i=atl

i=a+l

t
1

=0 G () = pw, (o) D g ()
i=1 “o.5 i=a+l1

=20 (@) =, (1)) +
i=1 0.5
D0 G — ok, (0))* = =y + =
i=at1 “o.5

e a L b
111>7Ei§;ﬂA<xl,><? H DS o= (b=

i=a+1

I3} —a),ééﬂ)llﬁ’ﬂﬂuﬁﬁﬁ »y12211+212.

(:)Eﬁ:g]/g\(xlg)<:%§ﬁﬁa
i—1

o\ hE . a L b o
D ﬁ;#/x(-ﬁf><§’ H‘Z /JA(JC],)<?(1)—

i=a+1

Zlia)vllqu (11;):0(1':1729"‘,11)a/z«RZ (171,’)20
(i:1,2,"-,a),lux1g2 (x1)=0G=a+1l.a+2,--,
1), IE, BARA y1:211+212-

i %2”“‘ (‘T“)<gﬁ,2f‘“ () =2 (b=
tlfa),,uAl]eL (xl,):O(i:LZ,-",tl),pAf% (x1;)=0
(i:1g29"A")sa)7/1A(1)<27 (11,):1(i:a+1,‘aa+2,'"7
.

4 4
=20 G () = pw (@) =2, ()
i=1 0.5 i=1

=D @D+ DT ()
i=1 i

i=atl1

22;4\(11»%2 pa ()P =2 >0 (4D
i=1

i=atl1 i=a+t1

=20 Gy i) g, (21025 Gy () =1
i=1 0.5

i=a+1

=20 () — e, (o)) +
i=1 0.5

t
1

Z (;tA(Ill) TR, (21,00 = zn + =z1a.

iZar
1i1) %2#/\(111’)2%’ HAE E/M (2 )<%
i=1 i=a+1

b=t,—a) ZERI T LIIEH v, =2, 2,

ZAOQ, IR v =2tz

25 iR, S(ALAN ) <S(ALAX). HEYE.

SEH 3 RIE B 4 FW B ORI 414y . 3
EBHI AR 0. 5-KiBh 4 5 H br B0 & (9 3 o1 1%
W W . P62 LR 404 S5 B9 0. 5K B
$EHE S ML E 6 PR LA S P RRE
B 55 H bR A5 48 (030 A0 S 4. T DA HE T L B 2 R
B (i UL 19 40 43, 0. 5K B 4 5 H BR SR 4
BT (VWE R o= A SO R ST = B Y AN N
FIURLAN AL J5 B A FE 0. 50 il 48 19 40 Uk 2y
A T 5978 J5 8% 2% 8 0 UL 40 Ak S B8 itk A 0. 5-
51 48 10 N UKL, L A Bl €8 1 /N b 2R N URL
AL R 7R 0. 5 K51 B v B0 60 kL



1494 it =2

Ee i 2015 4

&6 UKL 4 5 19 0. 5-AE i A (IR 6 X 8D

7 0. 5K AR B UL BE 20 4k 1 A2 A X L ]

5 #RiF

FEid 25 30 Z2 47 M HLBE SR IF 5 L J0 IR 2 1E AL B
ERGHNIE YRR L If 2 AR 5 ] 2 S8 )
il % b R E 2 BUG T AR R BCR iU
o) R KRG R PR I RO 0 B RO HE
B R IR BIR A% | BRIT 2 W Ll 2 B S ST Y A
HH PR N 5 RRORY B LIE RS BB S AN SR AL
it B AR Ak Bl B2 1 L A5 A [a] ) 00 Sl A 1 07 1 R A A6
WSRO T A Pawlak 30025 )T H s #E & 2
WIRE & CREORI AR ) I 14 30 0 220 I )t 2387 1 R
AU R A 0 H AR 4R i B (R BA 2
TE 2 HIT IR EE T ey 4R S RO 4R SOk 6 4D
PE 0 B ARG A5 193 AL 4 11 R) AL AR SO — A B L £
B Ay P — A R0 S RS iy 5 A A L 221 R A
WA A RIRE. 18 SCH S8 E LT Pawlak 3Bl 25 8] U/R
I IEBEM L L B AR AT E L0 S B AR F A
IR 25 Hh RO B 2 8] AR B2 G L) ) BE 7 ) i

T — Yy B SN I A AR AL 2 2 2 B 45
PRI AR 2 A B B A 4R b 5 H AR d
AORORI AR 1O 4518 . AR BIME U/R T 0. 5-Ki 4R 2 5
IR L& e e O RS R A RO 2598 73 80 MORLTHEE Y
A E o B 1 AE A [A) UL BE R L 2 fE ) 4R
0. 5-HF B £ 5 H R AS0RI 4. A9 AR (DL A9 22 FE BT 3
SET7 5 A7 000 T ok Za) 1o AR 4 Y AN B E A A
Fay i SR B 1 3 AL 4 L A R T i AR e SR A
30 53 AT TE. S P 1] AL S — AN AN R P TR) A Can
BFATE M R D AL 2 5 DR T X 28 & PETE
TESk 8 PIAS 5 T8« — 7 T2 RS B AN E - 53— 7
T2 A ML A8 P AN i R K ol AN 80 (4 i ]
0 B S BEAE T 20t AR A A 2 iR U R i —
AT ALEE + T AN AL G H AN B 5 TR (2 5 | 4 i
[ ) ) 10 5 4k A B S BIF 5 AR RE A #E 3l A ) 1
N RERY R . 4 e R R 4 BHOE ML R A5 H) 4 3
18 EUDHURE 58 LG 25 19 0 Y L AR 4 e i BT T
Hh s BRATTHE BT T FH B 4 Ok 52 B AR SRR 11 £
S DA 12 4 A 30 ) 23 1 2

BB A RMNEe AL DAL T A
WH R AE R LLTHRFARBEFZL
8 & AT IRIR A R

2 £ x M

[1] LiDe-Yi, Liu Chang-Yu, Du Yi, Han Xu. Artificial intelli-
gence with uncertainty. Journal of Software, 2004, 15(11):
1583-1594 (in Chinese)

(A%, XUH L, AL, wh. Aafe N LR RE. ke
. 2004, 15(11): 1583-1594)

[2] Zadeh L A. Fuzzy sets. Information and Control, 1965,
8(3): 338-353

[3] Pawlak Z. Rough sets. International Journal of Computer
and Information Science, 1982, 11(5): 341-356

[4] Zhang Ling, Zhang Bo. The Theory and Applications of
Problem Solving-Quotient Space Based Granular Computing
(The 2nd Version). Beijing: Tsinghua University Press,
2007 (in Chinese)

Gk, TRER. TR) SR A I8 T 0 P —— 1 5 (DL B 7 53 38
W LR B 2 0. AUt T R . 2007)

[5] LiDe-Yi, Meng Hai-Jun, Shi Xue-Mei. Membership clouds
and membership cloud generators. Journal of Computer
Research and Development, 1995, 32(6): 16-18(in Chinese)
(B, B, LS. 8RB s KRS TR
Mot 5 Kk e, 1995, 32(6): 16-18)



7 EIST

A S . HDRE ORISR 193 LR

1495

(6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Li De-Yi, Du Yi. Artificial Intelligence with Uncertainty.
Beijing: National Defence Industry Press, 2005(in Chinese)
(EPRR, ALES. Aot AN TR deat: BB Tl il
i, 2005)

Wang Guo-Yin, Xu Chang-Lin, Zhang Qing-Hua, Wang Xiao-
Rong. A multi-step backward cloud generator algorithm//
Proceedings of the 8th International Conference on Rough
Sets and Current Trends in Computing. Chengdu, China,
2012 313-322

Wang Guo-Yin, Xu Chang-Lin. Cloud model-—A bidirectional
cognition model between concept’s extension and intension//
Proceedings of the 1st International Conference on Advanced
Machine Learning Technologies and Applications. Cairo,
Egypt, 2012, 391-400

Wang Guo-Yin, Li De-Yi, Yao Yi-Yu, et al. Cloud Model
and Granular Computing. Beijing: Science Press, 2012 (in

Chinese)

(EER. 20, th—3%. M SRHE. b Bl
AR AL . 2012)
Miao Duo-Qian, Li De-Yi, Yao Yi-Yu, et al. Uncertainty

and Granular Computing. Beijing: Science Press, 2011 (in
Chinese)

HiETE, HER, MR % A SR, deat B
2R . 2011)
Miao Duo-Qian, Xu Fei-Fei, Yao Yi-Yu, Wei Lai. Set-
theoretic formulation of granular computing. Chinese Journal
of Computers, 2012, 35(2): 351-363(in Chinese)
CHIZFle, tRAEIE. Bb—3 B3R, Rt mE AR, i
BHLH, 2012, 35(2): 351-363)
Miao Duo-Qian, Wang Jue. An information representation of
the concepts and operations in rough set theory. Journal of
Software, 1999, 10(2): 113-116(in Chinese)
CHFile. E3E. HUREE SIS E S E M E R RN, B
FAR, 1999, 10(2): 113-116)
Qian Yu-Hua, Liang Ji-Ye, Pedrycz W, Dang Chuang-Yin.
Positive approximation: An accelerator for attribute reduction
in rough set theory. Artificial Intelligence, 2010, 174(9-10) :
597-618
Liang Ji-Ye, Wang Jun-Hong, Qian Yu-Hua. A new measure of
uncertainty based on knowledge granulation for rough sets.
Information Sciences, 2009, 179(4). 458-470
Liang Ji-Ye, Qian Yu-Hua. Granulation monotonicity of
Journal of Shanxi

156-162

entropy measure in information systems.
University (Natural Science Edition), 2007, 30(2):
(in Chinese)

CRE, ST 5 RS0 B R Ak AR e, gk
AR CHARRHERR) . 2007, 30(2): 156-162)

Liang J Y, Shi Z Z. The information entropy, rough entropy
and knowledge granulation in rough set theory. International
Journal of Uncertainty, Fuzziness and Knowledge-Based
Systems, 2004, 12(1). 37-46

Interna-

255-

Yao Y Y. Probabilistic rough set approximations.
tional Journal of Approximate Reasoning, 2008, 49(2):
271

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

Yao Y, Zhou B. Naive Bayesian rough sets//Proceedings of
the 5th International Conference on Rough Set and Knowledge
Technology. Beijing, China, 2010: 719-726

Yao Y Y. Two semantic issues in a probabilistic rough set
Fundamenta Informaticae, 2011, 108(3): 249-265
Miao Duo-Qian, Zhou Zhi-Hua, et al.

model.
Wang Guo-Yin,
Uncertain knowledge representation and processing based on
rough set. Journal of Chongging University of Posts and
Telecommunications ( Natural Science Edition) , 2010, 22(5):
541-544(in Chinese)

CEREEL, M2, ER%. Rl (F 8 0 R4 808 kb
BT RIR R A 2 4R CH AR MO - 2010, 22(5): 541-
544)

Wang Guo-Yin, Zhang Qing-Hua. Uncertainty of rough sets
in different knowledge granularities. Chinese Journal of
Computers, 2008, 31(9): 1588-1598(in Chinese)

CEREJAL. SRR, AR E0 OB EE T HDRE 52 09 R 0 MR F .
PR . 2008, 31(9): 1588-1598)
Zhang Qing-Hua, Wang Guo-Yin, Xiao Yu.

Journal of Software, 2012, 23(7) .

Approximation
sets of rough sets. 1745~
1759 (in Chinese)
GiRiEAHE, EEE,
23(7): 1745-1759)
Wang Guo-Yin, Zhang Qing-Hua, Ma Xi-Ao, Yang Qing-

F . OMDRE S I L. BFARAR, 2012,

Shan. Granular computing models for knowledge uncertainty.
Journal of Software, 2011, 22(4): 676-694(in Chinese)
(CEREL, skiEHe. D, B . FEAHE Pk R Bk
AR, R, 2011, 22(4) ; 676-694)

Zhang Q. Wang G. The uncertainty measure of hierarchical
quotient space structure. Mathematical Problems in Engi-
neering, 2011

Hu Jun, Wang Guo-Yin. Uncertainty measure rules sets of
rough sets. Pattern Recognition and Artificial Intelligence,
2010, 23(5): 606-614(in Chinese)

GRS, E AL, DRSS A AN a2 o B e U A QU 5 0
T4 RE. 2010, 23(5): 606-615)

Zhang Qing-Hua, Wang Guo-Yin, Liu Xian-Quan. Hierarchical
structure analysis of fuzzy quotient space. Pattern Recognition
and Artificial Intelligence, 2008, 21(5): 627-634(in Chinese)
ki, ERAL, X84 20)2 38 B 09 8081 RS =5 6] 45 4
B, PS5 LR AE, 2008, 21(5) . 627-634)

Liu Jie, Chen Xiao-Ping, Cai Qing-Sheng, Fan Yan. Recog-
nition structure of uncertainty: A unified framework for
representation, reasoning and learning. Journal of Software,

2002, 13(4): 649-651(in Chinese)

i BRANT, EIRA, S 4% A8 5 B IR 451 %
TR HEFRRN 2 ). k2R, 2002, 13(4); 649-651)

Kline M, Li Hong-Kui Translate. Mathematics: The Loss of
Certainty. Changsha: Hunan Science and Technology Press,
2007 (in Chinese)
(@8 S E N/ LY
Mt 2007)
Dubois D, Prade H. Rough fuzzy sets and fuzzy rough sets.

Wtk Ek. Kb BmF

International Journal of General Systems, 1990, 17(2-3):
191-209



1496 L2 S /| - R 2015 4F
[30] Yao Y Y. A comparative study of fuzzy sets and rough sets. of similarity between rough fuzzy sets, 2007, 37(17): 139-

Information Sciences, 1998, 109(1) . 227-242

[31] Wu Wei-Zhi, Zhang Wen-Xiu, Xu Zong-Ben. Constructive
and axiomatic approached of the theory of rough sets.
Chinese Journal of Computers, 2004, 27(2). 197-202 (in
Chinese)

R, RO, RosA. MBS BOW M i 5 2 # L J7
% IFEALER . 2004, 27(2): 197-202)

[32] Guo Zeng-Xiao. Mu Ju-Sheng. An uncertainty measure in
rough fuzzy sets. Fuzzy Systems and Mathematics, 2005,
19(4): 135-140(in Chinese)

CERIEIE, AHEAE . HURE AT 42 i ORI P B2 5. ORI R 58 5 4K
2, 2005, 19(4); 135-140)
[33] Wei Ben-Cheng, Zhang Cheng-Yi, Dang Ping-An. On measures

ZHANG Qing-Hua, born in 1974,
Ph. D. , professor. His research interests
include rough set, granular computing,
and uncertainty information processing

etc.

== (=—=1

Background

The approximation representation of an uncertain concept
is an important issue in uncertainty artificial intelligence
field. In our recent research, we find that an uncertain concept
can be described with the upper-approximate set and lower-
approximate set as its two boundaries, but there are few
methods for constructing a fuzzy approximation set or a crisp
approximation set of an uncertain concept in Pawlak’s rough
set model. So, in our previous work, an approximation set of
rough set was defined from a new viewpoint, and we found
that some change regularities of the similarity between the
uncertain concept (set) and its approximate set with the
changing knowledge granularity in different knowledge
granularity space.

Rough-fuzzy set can describe a fuzzy set (or an uncertain
concept) with upper-approximation fuzzy set and lower-
approximation fuzzy set in Pawlak’s knowledge space.
Though analysis lots of references, we find there are few
methods for constructing a fuzzy approximation set or a crisp

approximation set of a target fuzzy concept in the current

knowledge base. An approximate set of a fuzzy set is very
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important to fuzzy partition and fuzzy image segmentation.
Based on our previous work, in this paper the concept of
similarity is presented first, and then the definitions of step-
fuzzy set, average-fuzzy set and 0. 5-crisp set of a fuzzy are
proposed in the knowledge space U/R. We find that the
average-fuzzy set is the best fuzzy approximation set of the
target fuzzy set in all step-fuzzy sets and the 0. 5-crisp set
also is the best crisp approximation set of the target fuzzy set
in all crisp sets in Pawlak’s knowledge space. Moreover, the
similarity degree between the average-{uzzy set and the target
fuzzy, and the similarity degree between the 0. 5-crisp set and
the target fuzzy are analyzed in detail respectively and the
change rules of these similarity degree with the changing
knowledge granularity are given.
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