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Uncertainty measures of rough sets based on boundary region and
knowledge granularity
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Abstract: To overcome the defect of product form methods, an uncertainty measure integrating modified rough measure
and knowledge granularity is proposed, which can simultaneously describe the uncertainties resulted from the boundary
region and knowledge roughness. It is theoretically proved that more values are got after integrating than that produced by
only one effective factor, so the proposed method is more reasonable than the existing methods. Then the similar methods
are generalized to the knowledge granularity reduced from strictly concave functions. The relationship among the rough
measure, the modified rough measure and the proposed method is discussed with respective to the refinement of partition.

Finally, a group of examples are designed to compare them. The results show that the proposed method is more sensitive to

the refinement of partition.
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e U £ —H X RIAETH RS, oyt A2 AR
(REPESE V = | Ve, Vo RIBHE o IEIG £: U x A

a€A

— VEEERE XNU LMEREEEP C AE X
R 53 #5% Rind(P) = {(x,y) € U*Va € P, f(x,
a) = f(y,a)}, KR Ind(P) MU KI—A 47, iefE
U/ind(P), ffiic A U/P. U/P FHIEE R« KL ER
[z]p = {yIVa € P, f(z,a) = f(y,a)} BRNTFE. H
A=CUD, CHHRMZMTIBIEE, D AHBRKRFE
@M, CND =2,V = Vo f:Ux(CUD) —

V. R 2 R B R G, L EDIS,

1S = (UV, f,A),VP C A X C U, FPX
= {[z]p € U/P : [z]p € X} N X KT PHIFIELUE,
PX ={lzlp €eU/P : [z]pNX # G} NX KT PIM
R BAR, RIRESE X 0 b RIS
EN R 3 AN X sk, B IE X 38 i SR s, b IEIX
HPOSp(X) = PX = U{Xi|X; e U/PNX; C X},
WA BNDp(X) = PX — PX, i NEGp(X)
U - PX.

WIS = (U,V, f, A), P,Q € A, HHLHXEE

WAL X, e U/P,f71EQ,; € U/Q, 13 X; C Q;, 12
EU/P<U/Q, R QM T P(E PHT Q). MHE U/P=<
U/Q, HFERA X, e U/P, Qj, € U/Q, 1§13 X;, C
Qjo» WIFR Q M0 T P (B P ™44 T Q), idfE U/ P
<U/Q.
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U/6 = {U}, IR 5340 7 Sk
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U/PRIU/QHME, MEU/P =U/Q, RIiEN P ~ Q.

1 WIS=(U,V,f,A),P,QC A X CU,
WHRU/P < U/Q, MQ(X) C P(X)C X CP(X)C
QX).

EHE2 WIS=(UV,f,A),PQC A X CU,

mRU/P < U/Q, MPOSq(X)
BNDp(X) € BNDg(X).

Wierman®™ 7 15 8 1R R BE S 1 e 1 B i), 42
TR K /NFEIR S, BT Y P, Q C A, #5AFAE XU
h:U/P — U/Q, EfR3X THEER X, € U/P, H |X|
= |h(X;)|, WIARKI > U/ P AU/ Q KNI,

R A 2 R R T SRR 43 R R RUR B
THEA, & X WTF.

EX1 WIS = (UV,f,A), P C AHU/P =
(X1, Xo, -+, X 1, WU/ P W SEIRRLE 52 LN

GK(P) =Y |1x:*/|U".
1=1

EHE3 WIS=(U,V,f,A),PQC A X CU,
WRU/P <U/Q, M GK(P) < GK(Q).

2 AEETHEEMAEEEET

T ZE AR RS X AT AENRR S U/ PR
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x5}, U/Py ={{x1, 22, 23,24}, {25,26}}, U/ Po ={{x1,
xo}, {xs, x4}, {25, 26} }.

B, AU/, < U/P, H|BNDP(X)| <
IBNDP; (X)|, 1H pp, (X) = pp,(X) = 1. 5U/P, #
EE, U/ Py BAREAT 3E— 25 3 B9 H 1E Xl v i) R AR
br, AR REME AR B 05 R, B {as, wa} — EALE
X . DRk, AT RAE S AR b [R  20) E E R fUE
AR A HRTRE RS S AN 1 P v
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PO =Ex 0P T 0l
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Po(X) = 1 — alp(X) = BN?UP(X)' )

Horpt plp (X)) 22 Yao £E3CHR [16] HH H A 2K

PO RERE FEE 1 5t U v R e e R R B
YERR, Hort Liang 85192004t 1 77 ke BARER 1.

EX2 WIS = (UV,f,A),PC A MXxT
XI5y U/ P RS e SR

Rp(X) = pp(X)GK(P). (6)
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3 R/~ (7] 4 (1 79 320 5380 (A AH T3] P B B0 RORE 45 447
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= g i}, ER(X|P) = 0.

2) AZEYE. # BNDp(X)/P = BNDg(X)/Q, U
ER(X|P) = ER(X|Q).

3) B HU/P < U/Q, WMER(X|P) <
ER(X|Q); #U/P < U/QH|BNDp(X)| <
IBNDg (X)|, M ER(X|P) < ER(X|Q).
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R, SR 1 S 2 e S, MIAR i 5t
AR, iB/E BNDp(X) /P = BND(X)/Q.
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Pp(X)~ ERy (X | P) #2055 36 BIANH & 1 L &
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SR, plp (X)) R ZIE 1 30 S A € v, I
A ZHE AN AT X 0 50 5 T AR AN T A2

fBI5 R U = {z1, 22, x3, 24, 75,26}, X = {z2,
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D i

X,EBNDp(X)/P Y, €BNDq(X)/Q
KA 4518 ERgk (X|P) = ERgk (X|Q).

3) WHRU/P < U/Q, ¥ EH 24 BNDp(X)
C BNDg(X), [BNDp(X)| < |[BNDg(X)|, H

> X2 /UP < > Y52/ U,
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U/P < UJ/Q, H|BNDp(X)| < [BNDg(X)|, 1
ERgk (X|P) < ERek(X[Q). U

FH 5 R S IOAIE BRI AR 3) il i, M U /6 = {U} I,
ERgk (X|P) ik 3| KME ERgk (X [6) = 2 — T
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IS bR dn i 2,
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U/Q,VX; € U/P, B|X;| = |n(Xy)], WG(P) =
G(Q).

DHERM. VP C A FHU/P = {{u}u; €U, N
G(P)=0;#U/P={U}, M G(P) =

3) RSN VP,Q C A EU/P < U/Q,

2 XD
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X gy(p) = U] GK(P) — U] Ean 2) W R pp(X) < ph(X), MERL(X|P) <
= Ul -1 Ul -1 ER,(X|Q).

KL GK(P) f— N PEAR ¥, HLEAG AR IR B SR 1.
EH7 WIS = (UV,f,A), P C A X C U.
o(x) 2 2w Beh 1 dE ™ K L, G(P) =

m

> e( X, A > 1,

"~ B P
|BM|)(;|()()| +Xi€BN%1‘:(X)/P(p(|Xi|)_
/1\|]31\ID;|(X)| x> ellx) 0

X;EBNDp(X)/P
S R SE X 6 AN E VLS .
WER MREE X7, M TAERU/P < U/S, B

BNDp(X)| _
U
S s <euh =1
X;EBNDp(X)/P
L
ER,(X|P) =
BNDp(X
- (- EEEN (- S )
X;E€BNDp(X)/P

-5 > e

X;EBNDp(X)/P
FrLAER, (X |P) > 0. HAhiF 8 i 72 5 5 21 5 F B 2%
1oL, st ibng. O
#i21 ER,(X|P) >
> > o(1Xi).
X;€BNDp(X)/P
WE# HT

R, (xjp) = ER0e 0L, (o [BRA)

X;EBNDp(X)/P
BNDp(X
[BNDP(X)[ ) g

U
[BNDp(X)|
ol
Ffldth, ER, (X |P) > Z
X,EBNDp(X)/P
18 1 KB, AN ER, (X|P) BRI AN 2 M
JE BB L AN S ma R 2 77 2R I AN € 1 [BND p (X)|/
|| A > o(1X;]) 5 #6 2K, Btk 2 5K

X,;€BNDp(X)/P
(10) 52 A B,

g2 REU/P<U/Q X CU.
D W pp(X) < po(X), W pp(X) < pp(X);

[BNDp (X))

, ER,(X|P

Hx>1,
ER,(X|P) >

(| Xi)- O

EBH D REEH, HU/P < U/Q, B
BNDp(X) C BNDg(X). W5 plp(X) < piy(X) Ak
57, WA [BNDp(X)| = [BNDg(X)|, XIHHN pp(X) <
po(X), \Tfi g |P(X)| > |Q(X)|, 5EH 14T
J&.

2) R4E (5) & X6 e 7 R4, U

eV 2 (1 45 10 3 B, 78 AR R 2 A8 41 1) i 72
RERE 2 o 5 8 e ANBEURS IR — A ANHff s MR o, (B 2R
— HAHKEFE pp (X)) 22/, T S0t KA B2 o (X)) — 2
N, ER, (X|P) Bl 2 AR/, 2, an Fxs K 5 A8 4
SRR AN 2 VB R ER, (X P) ANAE, T pf (X0) A
pp(X) ERIRFFAL.

4 IS

TN LSRR bl A S Bl AN 1 S R
VR e ], LA BN G AR RS FE pp (X)) gt HH
T Bl (X)TVTY L KR R 52 R0 R RO B2 A AR 32 AR
F Rp(X)I J T 5% A4 W 26 (1 AN 1 o 2 B2 & D7V 1)
R ER (X | P) 4 BRI T772: eky (X | P)ISTFIA S
EIARE ERg (X | P) (Firh X\ = 2). R e AT
Hps p'~ RERy s efs AIERgx. BEHHIE ) 3 T
YYIN=EJ5¥

1) M IEIA R BURLAN 23 B, 6 75 AR AR

2) M AR AN 2 B, TR T AR AR N

3) i FIE o B IS R ORI, B AR
7N

4) 243 FHIE S B A R A RURORL I B R 1
AN,

5) 241 FUE AR, (R 1 G20 53 5 43 A [ R I
BT A IR FRF AN E 1 B B AH A

AARSEHI .

e fiik
X ={x1,x2, 23, T5, 26, Ts },

U = {21, 22, 23,24, 5, 6, T7, T8, Tg, T10, T11, T12},
U/P, =

{{z1, 2o}, {ws, 34, 35, w6, 27, 28, X9, W10}, {711, 719},
U/Py =

Hai} {za}, {23, 24, 5, 76, 77, T8, T9, T10}, {211, T12} )
U/Ps =

Hz1, wa}, {23, 74, 5, 76, T7, T8, T9, T10}, {T11}, {712} ),
U/Py =

{{331,.132}7 {Z‘g, xﬁ}a {$4,$5, $7,$8,$97$10}, {xllax12}}7
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Hzr, zo}, {23, 74, 75, 26, T7, T8}, {9, T10}, {711, T12} )
U/Ps =
Hzr, za}, {23, w5, 6, 28}, {74, 27, T9, 10}, {711, T12} )
U/Py =
Hzr, za}, {23, 24, 75, 26}, {77, 28, T9, T10}, {711, P12} )
U/Ps =
Hzr, za}, {23, T5, 8, 20}, {74, 6, T7, T10}, {711, P12} )
U/Py =
Hzr, za}, {23, w6, T9, 210}, {74, 5, 27, T8}, {11, T12} }-

*1 FEITFTHEMEEILRER

P rs R ER; efs  ERgk
P, 0800 0.667 0400 0333 0.667 0963
P, 0800 0667 038 0333 0667 0963
Ps 0800 0.667 038 0333 0.667 0963
Py, 0600 0500 0200 0264 0459  0.688
Ps 0750 0500 0250 0.195 0459  0.688
Ps 0 0 0 0 0 0
P; 0800 0.667 0222 0270 0541 0815
Py 0800 0.667 0222 0270 0541 0815
Py 0800 0.667 0222 0333 0667 0815
W U/P < U/P, i = 23,9 H

BNDp, (X)/P; = BNDp,(X)/Ps, X fEAFXI 4 F
AN PR B R 1 s, RE BTN —,
R RA U JLAERE R

1) A BNDp, (X) = @, X [ M R AE AT
NO, T 1HIU/ P B FE.

2) [l N BNDp, (X)/P; = BNDp,(X)/Ps, T LA
ERax (X|Pr) = ERgk (X |Fs), MM pp, (X) = plp, (X),
pp(X) = pp,(X). F34b, FEAp b, T Al A € 1 2
HEWMME, WER, (X|Pr) = ERy (X |F).

3) 4 A A IEEE ISR AR I, BR T Rp(X)
Z A, HoAth & b B AE DR 47 AN AR, a0 A () U/ Py A
U/P3 BIZXFE. T Rp(X) KB XI AR 40, 5t 2 ™ %
N, BLFE S X To RIS 5y, E AR RS AR /N,
U/P3, %2 Rp(X) NEE LTS

4) 10 FHI 53 B I IE A I R 1 S R SR
AN T B B — M AN, R U/ Py BT Ps
Je X pp(X) 1E A ] B 7= kg AR, KRR A
BNDp(X) # U. BIEG] 1, BTl F 8% F 5% A4
WK, 3 Bl S R B AR b ) A RBORL, &
VIR IRFFAAL, X2 pp (X)) AEELRIHLTT .

5) X34 5 aH 4 TS SR A M R R AR I
ERGi (X|P) £ 4% A2 /), T 3 T 56 A B3 1) AN il o
P REARFEAE FlnAbU/P, < U/P,
ERck(X|Py) < ERgk(X|P)), 1HER,(X|Py)

40 43 1 IS 4% R 2R R AR U B, ERgi (X[ P) A
ER(X|P) # <= ™ ¥ 22 /N, WU/ Ps 5t 2 X k. 11
Pl (X)) R T 300 5 3 3 B, AN 300 588 e 48 4,
BN IR, oo (X) RFEEAL, I e
T B R I Sk e ARUREDRE 1 BT A A E AR S
ER; (X|P) G045 FE 510 SR ORDRE P 7 A (R AN
SEMEAE S, 1 ERai (X |P) R B0 586 4 5y, #R 2
KRN,

6) — M ) M,  ERgk(X|P) L pfp(X)
S P e e m Fe e 7
X;EBNDp(X)/P Ul

3 5 R TSR 7 2 B T AR B S 1, T R (X)
SR PRI T 20 SRS I T 72 2 AR i e 7 b
0 BE 2, (L350 15 8 1 1 L A AT R/, X R R
B2 4.
5 4 #»

AR AL 0 £ BT 92 T RLRR 0
P 5 A 0, AR TR T SR U
AR B 52 M B A7 v BT 7 AR, A 7 A
i S R B 2 TR B 0 PP, A 45
U BELA B R 26 7 A 00 /R B 5 B LA K, DAL —
R II1 £ B (B R M SR, WAL SRR,
TS RH M 7 v R T i AR, TR 91
SR 30 43 A8 5 AR 2 P A B, P i
ASY, & A 28N, 15 BT ) Pawlak HLES 1 SO
I AT L, A S SLE 7 % el 497 20 8 ORR, H
BRSO T B B, T KR T R
MRS BRI A, 2 MR — s AL, R — 4, e xd
SR B i T R SRR B 7 {3 S
SRS R A
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