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Abstract: Knowledge is not only an important cornerstone that constructs the cognitive ability in human beings,
but is also one of the basic issues in intelligence science. With the development of intelligence science and
technology, the study of knowledge uncertainty is attracting more and more attention. Knowledge uncertainty
includes the inherent uncertainty of knowledge itself and the effect of external influence on knowledge. In the view
of granular computing (GrC), the knowledge uncertainties of the fuzzy set theory model, the rough set theory model,
the quotient space theory model, and some other related granular computing models are studied in this paper. The
state-of-the-art and key issues of knowledge uncertainty are discussed.
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M1 e BRI ARt o R MR A
R V2 T2 5 system K%Eﬁd%u%ﬂﬁﬁﬁ#?ﬁﬂ%ﬂ&%ﬁ$
Bk M2 %R W 1R
222 RGEHAS KRGS IORLRE SEAR AL 1 A8 5 1k 3
R, AT RN A TER/AT B RGE D AE ME B 7 Tk

It appears monotonicity with the

changes of knowledge granularity

Normalized

& 86
sl AR T 5 (0 B R SE A BT 30, U 3L 4 5 (2.12):
S ENCS]
H(A — A% 2.12
(M) =200 1, (212)

297 DX T Shannon J, 32 35 B4 T A R I 53 6Bl 2 B
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Ul .
E(A) = Z;‘Lll[l_BIAU(UI)'] (2.13)

s

T A P B 0 A o 5\ 0 3 1 M1 2 Beaubouef® V7 1 10 L Bt 6 35 i e 15 1 3
ARSI 2551 A0 T ARS8 00 S AT 6 s 5 B 5 26 5 LR 2 T 3
TR 5 B R S O HL B

1
B =217 5 @) @19

A

B A 5 e LR 1A T AL A B T DL B WS 4 £ B R S A
1, H B LA (2.15):

ui(Cc2 -Ck
CE(A)_i |U|—2|5A(ﬂ (2.15)
|U || =1 C‘U|

1979 4, ZadehM2isf 46 T ABR 5 SR (1 ) AL S0 3t AE — AN B R G vh S5 b v LN — 2 R UL
A2 10 ) 26 ZR B2 b g CAASE 48 451 o P P8 . IR o RSO0 R0 TSR P8 AL [RT 8 A7 75 10 00 R J3E 3 #05E
—ANGE IR IR T 48 52 B I FH 7 2R 77 B K RO AS A B b, 342 8 b 2 N TOD M0 B A g 32 R 38 7 R SR B £
ONERAR SE S I B T CAEAE (DR B B A 1% B AL E SIS R TR 3R % A B E R A 3 AR
(D) FESLE)G(P)=05(2) (K22 TE)VP,QeA# P~Q,f1 G(P)=G(Q);(3) (*fI1H)VP,QcA#7 P<'Q, 17 G(P)<G(Q).

HHRRLE

SOV BE A2 R R S0 UORL I — BRI B i AR T — Rl 4 28 B8 0 s b AR A T R R 4 1
Fol 7 B0 1K) o T LA (00 5 2 i b A N TSI R L T UK (R A B i L2, X R T AR AR R
e RO B 1 OB UL A 2 (2.16):

GK(A) = |u UEZ ZI Sa(u) | (2.16)

HERE

N TR A TE 245 R R G R AL AT — AN S0 B B B e NP R I T R R R R G 4
LI FINE S i A Ak B e LA (2.17):

CG(A )_7IUIM (2.17)
uE c) '

15 HIRKLE B X &

T L b PR AN A M R e AR Rough ~N
Jo A N ST T R RS entropy

[Rough entropy+information entropy=constant
v NI iREy NI IRV DAL EA RS v ol ]
Information
entropy

(R XA E(A)+GK(A)=1 H(A)+EA(A)= Complementary
log,|U|F1 CE(A)+CG(A)=1. granularity ﬁ

MRS DU A B E(A) RIS
KR GK(A)FEA A 75 B R AN w1k b Sy
LA AR [ 10 8 77, 9 LA A S R0k 22 granularity ﬁ entropy
FIFFAERFR XL EA S R Fig.2 Relationship among rough set methods for measuring

00 A Jn UKL BE /I A s A uncertainty in incomplete information system
L R e A T £ 2 A 2 o K2 Ae&fE B R GRS S AN R BT VE 2 G &R

Vo
It appears monotonicity with the
changes of knowledge granularity
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C AN R PR 1] R K &

& B R A H A& B RGN E X UUA 58 %15 B RS
#AG DR G R A ERGMHE P, A T8 245 B AR GUH AN € VE B A 58 46 0 SR L h A R IR e
AP E RRGE AN T8 848 A 56 4 I AN i v B B 2 B A W R AT 304 1 L4 T RIDRE AR ) 25 b A il

e ANSE R B ARG R O, AN 58

s P 7 0
Table 1 Rough set method for measuring uncertainty
F 1 OHRE SR I ANA s 1 B 7 1k
Measure Author . .
method Year Uncertainty measurement Advantage Disadvantage Property
Klir Information It is contrary to some
1998 H(F) = **z;,/lx (x)log, 15 (%) gain. intuition of people,
‘U.‘ : S0 Function has i.e., the more With th
Liang JY _ 1 AU logarithmic uncertainty ith the
2004 H(A) = Zzl:IU log, U] property degree the system has, decrease of
Information - the larger roughness of knowledge
entropy Liang JY E(A) = S | Xilf 11Xl Information system granularity,
2002 U | U | gain. will be. But according it is increasing
Function has to the information monotonically
Liang JY E(A) = %i 1_15a(u)] property of entropy, a contrary
2004 =T |U| complement conclusion will
be resulted
It can only describe It is inversely
the changes of the proportional to
R(X) BN.(X Simple, boundary region, but the lower
Roughness Pi;\ggk PB(X)=1—%= ﬁB)(( ) easy for cannot perfectly approximation,
X X) calculation reflect the changes of and proportional
the knowledge to the upper
granularity approximation
It can
synchronously It cannot correctly
X describe the depict the changes of
Liang JY E (X X 1 changes of the the knowledge
2004 8(X) = £5( )Z |u| ogz|><|| boundary granularity in positive
region and the domain and negative With the
knowledge domain d f
granularity kecreallsg D
Rough nowledge
entropy Wth the tofl(terance granularity, it is
classes OI tvvo decreasing
. _Incomplety monotonically
Liang JY ] 1 Simple, information §ystems
2006 E,(A) = — S easy for are the same, it cannot
= | | AU | calculation depict the uncertainty
caused by different
degrees of missing
attribute value well
simple As the knowledge
29 ¢ larity decreases It is proportional
By_ £ B _,B granularity s prop
da (F) = n i;' #x (5) =4 ()| C;i?;;t?;n linear fuzziness may to the distance
Chakrabarty be constant between fuzzy
2000 It is more As the knowledge set and its
By 2 N8 B 2 accurate than granularity decreases, nearest neighbor
kg (Fx) = ﬁ é(ﬂx ) _”A(Xi)) linear quadratic fuzziness crisp set
Fuzziness fuzzmegs may increase
It can depict
the With the
1 o uncertainty, decrease of
Wang GY | 9z (F)=- in2 Z[,u?(xi) In 2z (%) + which is The formula is knowledge
2008 5 Sy 5 caused by complex granularity, it is
(1= () I = 22, ()] elements in decreasing
the boundary monotonically
region
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Table 1 Rough set method for measuring uncertainty (continue)
1 OHUREER I ANHA E 1 S 5 10 (%0)
'\rﬁiﬁz? A\%g?r Uncertainty measurement Advantage Disadvantage Property
Information gain. .
. With the
rcton et | o | e
Fuzzy Liang JY By_ N\ B _ B . ’ normalized, knowledge
entropy 2002 EL(F) _Z’“X(X‘)(l #x (%)) to this formula, we can the maximum granularity,
i=L define corresponding L - L2 )
s value is indefinite it is increasing
conditional entropy and p
: ’ monotonically
mutual information
It cannot distinguish
two types of
) ) knowledge-based,
Qian YH CE(A) = i| X, 1Go—Cix, which possess the
2007 U | C|L2J| same knowledge
Information gain. granularity and With the decrease
L Function has visual different knowledge of knowledge
Cog;lzrlgatlon information contents, so structure granularity, it is
Py it is easier for It cannot accurately increasing
comprehension depict the ratio of monotonically
. 1 L(CcE-Ch, elements, which can
Q'Zago\éH CE(A)—Z[ ol Z‘SA ) be distinguished
UliE Cui from each other in
incomplete
information systems
It cannot distinguish ng'ts figgfemnggt
Liang JY GK(A) = Z| X, P It conforms to two types of clgss it i
2004 U P& characteristics of knowledge-based, decreyasin
Knowledge granular computing, i.e., | which possess the monotonica%l
granularity it can refine knowledge same knowledge Wyt
Liana JY and information from granularity and ftl | re memlen
fang GK(A) =— Z| Sa(u)] different hierarchies different knowledge oT tolérance class,
2006 U it is decreasing
structure .
monotonically
It cannot distinguish
two types of :
) knowledge-based, ref\i/\r::atr:;:f of
Qian YH CG(A | Xi 1 Cixit which possess the wal |
2007 (A= Z| | C2 same knowledge Caulva e Class,
1 I ranularity and it is decreasing
Information gain. 9 Y monotonically
Function has visual different knaygledge
Combination . - structure
. information contents, so
granularity s : It cannot accurately
It is easier for depict the ratio of
) comprehension elements, which With refinement
Qian YH CG(A) = 1 %‘: C\sA(u,)‘ cannot be of tolerance class,
2006 U< CIEJI distinguished from it is decreasing
each other in monotonically
incomplete
information systems
23 NEEMETEEWHTHELEES

igrstiereny TR et SIEI ) SN VWS- $i & Vi
oy JR IG5 SN oy R AR O T RN Jiki b B A R
BRI 2, 3 A8 S N X BRI B 10 4 R S0 AT T 4 £ 43 U4 29 S AR 4 53 J2 330 A 11 45 M
FL LR FH RSO S SR A 8 ASTRY] I L S
S BT T b 221 ) < R P (0 A SRR AL, AT 5 e L ) R S B

Iy IZ IR K
I3 2B A
i, HiE A

SRR AR 1]

B S I H 1)

LAY AS JOT SR ) 7L

ARk, N DA e U R B T SR T 2 A,
% ) USRI R R 5K Al SRARIR T T

gk teiig
AR AR R T O A A R AE, AAN

IR RE S22 R L T 3 S 0 5 R 0 1 220 T 4 S (R RER T 3k 4 2 CHS AV 5 T AR I (0 B 25401 0% R T i A

BRI (73 2 38 B 45

£ ), R 170 ) R RS A5 S AR AEAS it b BAT AR IR 119 9

PRAES IFE— DI T RAT e AL

TSR 48501 5 2R % L 14 43 2 38 o 48 ) 22 W £ O 3R R AL S8 ATV SHI8 1 BRI AR LG 3R [ K 14 78 53 4% 1, LA B AR
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ARABLIG 2R 2 1) 1Y) [R) g 5 L7 3 PR BSER S5 A0 00 R 2 TR R A 1) 56 2R ik — B 4B T BERIAHBLOC 3R 5 BEM 2540 X &R
Z A FRTEG &R

AN TR AR 5 B 00 32 00 5 TR PR A b o4, 25 73 30 AN [R) (R BORI AR LI OC 2R, AT 45 3125 B AR 48 4 ¢ &R
G AW S5 R, B AR B 18R 4 S 45 A X S 3 Sl Q) REAH R, mT e A TR, A2 A4 iR B8 B AT R (A
[F)) 23X AN 43 R 45 T (3 8 584 70 R AP IR S AR IR 7 2 DA B AN TS 2 1 Sl 25 ] 1) 43 J22 Jets i 5 A %
3 BB W 5 AN 2 0 o, k3 A T8N — i (BRI 5 RN T 3Rt T 40 S B 4 4 AR R A I T
BORIAH LG 2R« BRI OC R L 40 88 B 45 ) R 43 22 328 B 45 0 TR 095 1 210 2 TR0 R % 28 R A SV 0 %) 20 T 4
J 328 B &5 K (R AN 58 P D23 2B (SR 28) 23 M IO SR R 1) 43 2 336 B &85 4 B AT AH [RD 1) 23 25 68 0 AR I I ok
T IR R 1) 53 2 3 B 45 ) LA AH ] PR A5 B0 X e 25 1R 4R 7R T 40 2 3 B 5 1) IR A SSURRAE A5 VR T 41 2 2 By
SEKY . BOBIOC AR L AR TR R 36 2.

Table 2 Relationship among information entropy sequence, hierarchical structure, and fuzzy relation!®!

F2 ERMEA. I ZIBI LR BRI R IR

Fuzzy si~milarit)i relation Fuzzy equivalence Hierarchical quotient space Information entropy sequence
R, andR, relation Ry and R, structure zx(R;) and 7zx(R2) H(7x(R1)) and H(x(R2))
Isogeny but not similarity Similarity Isomorphism
Similarity but not isomorphism Isomorphism Same
Isomorphism but not same Same
Same
Same

Note: Ri(i=1,2) is fuzzy equivalence relation, induced by fuzzy similarity relation Fii(i =1,2) here.

K 2 R AR R A IR 3REEAT 23 28, AN R I o] Be G AN IR IR bR o AT TP R B SR PEAHR IR AR BN R 2
V5 PR A TR AEABL S , AN T S S 10t PRI ASORI A AL DG 2R 40 SR T S8 AR B G 3R 2 R USRS AR ALY, J0) e AT e 48 2 Ak ok A
BRSO SR 50 22,19 21 R R 104 43 2 32 T 2 I, DA T 43 380 A 151 14045 50068 7 2715 SR 3 S ASORAH AL G 22 AR R
AN IR (1, U1 E AT B A 1 g () A ) AR 26 0 O 2R, AN T 453 3806 5] 11 2322 368 B Ty 225 T RTAH ) PR 455 R0 06 1 470 s SR
X SGSOR ARABL G AR 2 R 110, D) B AT 88 % A S A TR (R RSORS00 D¢ 2R, 45 B0 [R1 1) 43 )25 386 By 1 2 R0 A0 AH [ 119 15
TV A DR, AR AT (] — S ] e A AN R IR R AN bR A R R A B 4l b RO AR AL D¢ R =2 IR VE Y A
B 15 2 8 A7AH R B0 5 40 1K) 43 J2 34 B 285 480, DT AT 3 S RO AH AL G 25 AR 7] 1) 43 S8 68 77 B UL R 15 R
905 1 470 2 200 1] 4 T2 3o Y T 2 ) A S 2 PR ) T L R R e b MAAR I b A B 4 SR B Y 7 A D S 4
FRHE NN 2 WL S )ik R b R RO SR W AN E e R AR R TR — e R T DO R AL 4
J25 320 By 485 e i ASRH ) U 0 IR i) R 2 ) () — JRE A 2 ) JE AN v Pk A 0K e — 2P AR TR T SR B R
IR R 58 2
3 VRATERENAHEEESE

RO A2 B0 | AR SR AP R 7 225 ) BER BE TR 0 3 A 35 (KPR I SR ABE IR % 1 o Ak B AN s ek AR AR A 12 )
SO 3% 3 Ffokr TF BRI A I — 2 (R DL SRR R B, AT 3K 3 AN AT T — 2 (9 A AN 72 3R T
AR 22T IR T SRR Qe T 788 26 R T E SRR | MRS BRI SRR T | ORI RELRE B A B RN L T A ok v A
TS ARG 40 500 A GEROR R B RS Bpg) 149520 288 56 (0 RL T SASE 7R 53 -SH )Ry S5~ Mk s Fy o - 45 At [62)
FR AN S 1P B A
31 HEHERENTHEEER

SRR RS S 2 o R RS 2 2 00 RSO 4 BROR (W4T 4 S5 AN 28 1 J0 22 T I 1) S8 0 AN WA A I S5 SR R 7R A
BOWIAERIE X F={F o Fy,... R} R h ie {12, H}) BRI SE. 45 X i —/MORI R4 ROFIHT Bzl R R R
UL R M R FIBAL R — MBS FAR(R(F),R(F)) A BERHDRE 4 B0 . R n A G AR
(B.2)h7w:

vxe X, puz(Fi) =sup min{ze (X), e (X)} (3.1)
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Wxe X, g (F) = inf masqL— g, (x), 4 (9} (3.2)
TELY FE [ — N7 BR AR R K=(U,R) b % T AN 14 XU Rl —AN 540 6 2R Reind (K), RS A 1 558 8 Ji2 52 S
zlxm[u]ﬂl 33

(@)= S (33)

HrueU,[ulg BR7E U IR M.
SIA U SRR B 751 A R (3.4):
Ff={@¢¢AM%UGU4¢A®:|XFﬂﬂ“} (3.4)
x AT
Banerjee il Pall?US T 7k L% ] (0 0 1 LB 35— . % 18 5 0= 0 < 1) WU 1
BERIGE PRI F I AR F-) A IR P 2 B 0 (UR) RIS F 10 e FAEBLRLE LI 0L 4 (ULR) LA
W14 F RORLBEIE R 5 ST I/ 5 (3.5):

wpipy 1 B | 35
PR (F) F), | (3.9)

3.2 HREMENTHREEES
WAL XU FI—AEM LR RF s XAE X LRI & FIRESE X 0 R FIZfUh RX, R LA RX.
i UIR={Xq,Xo,... Xn b WU AT 5 OB 35 et b 55 2 30.(3.6) Ml A 3 (3.7) ¥ s
ﬂﬁ(F)(xi):sup{(ﬂF(X)lw(xi):[X]R} (3.6)
Heeey (X7) = inf{(ue (X) | @(X;) =[x} (3.7)
¥ (U,R) N Pawlak KA 545 1], U={X1, X, ... Xn 1A 0 U _E I —ANEORI A & AR BOI 42 (R(F), R(F)) AORCR
PEREEE FR(A)5E S22 X (3.8) o

FROA) = RO R(AYX) (39)
2 A
e, R(A)(x) =2,
N

33 BENUREEINIHELEE
3.3.1 7 g A ) R R B AR R FEE

PR I — o fe ] B (9 AN R 1 P2 T 9k, O A die 0kt £ Pawlak 2082 8t SR A4 HL RELRES JE2 2 i T3l
AR B 1T 5 SCI, B RO BRIl 1 SR B 10 22 2 5 7 e 2 AL RRE B (0 ME S BN B T 8 s i
[E1) v, FE oK P8 B 87 i AL 2 T REURES 4 PO AN 2 1 2oL R 1) UL 2 5X(B.9):

[C(X)]
X)=1-=
pc(X) ICO¥)|

(3.9)

3.3.2 I )RR LB
1 TSI R T 7 26 1 8, 9858 M 2 T 7 A 5 25 10 A0 3 D s LB 5 0 /S B A P 0t
R LA P 00/ 6 75 . BRI A A REL A B R R A0 532 SO 1 UL 5 ML 0 TR 212 3 2 A 54
SRR AR F6 A8 5 71 N 31 T 7 3 A2 4 e Pk 3 T8 50 0005 ) b AL S 0 /R 2 2 R 0 B B
5 253 AL D R B8 /RSB 5 ORI 24 38,(3.10):
Ec(X)=pc(X)E(C) (3.10)
ﬁ%Emhfg%mmqLﬁ%@E“%EELEﬁ%Tﬁ%EﬁiEE%AM%ﬁﬁ%i%ﬁ%%ﬁﬁ

i=1
VB A7 AR PR R TR 82 AT 40 23 I, LA A2 AN AR T 2 3X0(3.10) 1 SR REL R 49 2001 4% 1t 328 k.
3.3.3 77 g AL ] AR R B AORD i
EECHRORFL VS it 05 5 o v 1 b P 5 0 A0 23 1 v RIS 4 ) AN A0 5 ELARL 90 2 AL 25 A D90 7 18 L
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it 5 (K ANl R A1 A L S 7 3 1 R RORE 7 AT 20 23 B, FCARL I 32 A 3 DR e i S o4 ot 2 B 7 5 30 0 4 ]
e REL RS B 1 AN 2 P 20 R 2 B AT I S0 A A A A ORI x 3D 1 dge 3k 4 5 e
X [RIAZ R -5 g /I 18 38 4 1R LA R 52 RS 4 1) 53¢ D o 0, SO 24 K0(3.12):
[(UMd (u)) N X |

|wMd (u) |

Bk s ORI o6 LI — AR P I 0 3 S X IUAC SR 115 20 1 4 v 10 70 3 2 ELORAf 5 MR 4 11
SR R, e UL 3((3.12):

g, )= (311)

K. X
Hiesy, (x) = max{ll'K_'|| Xe Ki} (3.12)

H T S R B e S mhnl LR R BE (1) 2 R v B 55 20 ALl A% 0] v RORE RS AR 1) AN o P L 2 Ty
B9 2 30(3.13):
Vo(A)=(2/nP)-d(A,N(A)) (3.13)
11 72 2t N TOSHR L 1 — ol (100 280 o RELRES S (OB 85 3 — ML R P S SR BR By S 4 i o AR X 4
i ol mT DAT B — AN 5 pR 4, e LA 5(3.14):

max{lK(}leKeAd(x)}, xe X
DO X) = 1K1 (3.14)
max{I Kl(lzlx l KeMd(xX)n Ad(x),x e Xz}, xeU -X
I R FE A0TSR 24 5 T B D70 A 00 1 o 0 R 7 0 P
BFE) =23 e ()Lt (1) (3.15)
EORE) =3 Tats ()N 1 04) + (= g (X))@=t (X)) (3.16)

34 ETHABATERENTIHEEES

5 S8 A NI o T AN 5 2 60U, R T A1 S 1A 386 A5 R RS O A S T DK S AR AT I A A A,
B B LEAN R 2 AR AN B AL S TR R B8 R IR, 1K R 5 vk b U B IR SR 5 A 25 il R AL 2 A ZE AR
S5 ERE LS T 3 MR G WEAE . M i FHERT GM i 4R 8 IR 40 B S BN FIIX 3 M
LIRS TSRS B RGP IR A ERZERIN Y ] LLA 25 54 P4 B AP R BB R OR

EX 3100 % U MBS AB JE U I THE RS A WS TS B INFLE DB/AFK I E
EUEWA LT 4 ML) 0<<SD(B/A)<1;(2) #i AcB,)I] D(B/A)=1;(3) #i AcBcC, Il D(A/C)<D(A/B);(4) #;
AcBfvCeU f5 D(A/IC)<D(B/C).

FE5E X 3.1 A A (L) 2 0 A0 3% L R AL, A0 5% FEAE [0, 1] Hh HUAET; 2 A1 (2) 2 Al 5 i b5 8 A 5 AR W 4 1P
2 AL KRR B L AR IR D0, 4510 (3) 55 2 A1 (4) 7 A0 35 1) B ) P A A 35 BN AT I g SR S 2%
P (3) B4 (4) 22— BIVAT A5 J3 B 8 2 — Pt R AN 7 O R PR A 0 1 3 0 v OO M B 0 A B
Ty v RO B 7 92 DA R A S B 5 ¥ S TN o T B S vl CAVA 4 o By B 2L U vl 2 L SCHIR[70]. A
FE B AR A — PR IR AN 2 1 0% R UK 8B B V0 RS TR SR A T vk TEER MR v BRI R VA Ll &
15 BAEE T VRS O BT E PEHERE 7 3, 0 R PR T — A — ek B fE N TR B, TR AL
FSORN S T A5 A 707304 5 T () N .

4 FRRHEERERSE
FERE TSR v R AN B 52 R P R I E ST T AR SRS TR RTS8 10 Q0 AE RO AR AR . RIS SR IR
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R R 2 1) L 1 328 T A R 5 38 A o, AR A VR R AN R R B R B M T 1, IR IRAS T — S T 5 R R —
ST R, U, B R T ST B 1O R R AE AN ] 22 R A SRR 2 18] oh RN S8 PR R L SRR B AN 2
P BLSRR AN R 1k BERLE 32 A0 5% 28 58 N I A fp it — 28 BT 9. 21 i 5 BRI ST DRAR ) L3R 3.

HI& 3 T DU H VR L RERE B2 AR ORI FSERUBORN A A AT S 11 240 1 A0, A5 H0 S A5 20 )
AN E PERIE T SR ASOM P A R A TR (1 AN 5 1 T S MRAERHORE 5 o LRG0T ASORI B . BRI LA K SRR
L JSE 7 T RELRE £ PO SR FEE MRS A 2 KRR SR 5 A0 hy — NSO I R ASOR 4R ) AN 52 IR EAT R 8 i 8
(RS 20 PR AN 5 P 2 RS T PR S R SRR T 97 JR L o S R 1) ANl R 1 8308 5 iR s 1) el 203
AL i) A Ay 7 i JEC AL 22 T i Bt oK (R AN 5 1 32 0 B 2807 T PR 45 1R IR AN G 58 38 R IR 3 S i 50k
A EATAR 2 FLAA i R A5 2 (KRS, AR 1 4 X 3 4 i AU AR 3

Table 3 Research status of uncertainty measurement of granular computing model
&3 ORUH AR AN LR R A SUIR S

Research issue Uncertainty classification Research method Relevant granular computing model
Uncertainty of knowledge Informatlon_ gntropy theory Rough set model, cloud model
or knowledge space Probability theory Rough set model
Granularity Quotient space model, rough set model
Uncertainty Partitionin Roughness Rough set model
measurement Uncertainty loning Rough entropy Rough set model
approximation 3
of granular caused by space Fuzziness Fuzzy set model, rough set model
computing concepts Fuzzy entropy Fuzzy set model, rough set model
model change in Coverin Roughness Rough set model, fuzzy rough set model
knowledge ering Rough entropy Rough set model, fuzzy rough set model
approximation -
space space Fuzziness Rough set model, rough fuzzy set model
Fuzzy entropy Rough set model

4.1 MEMMTHELEERRRIEENL

A RE T LUK ASAR [] FRRE B2 Bl JOE UL SR 23 A [7] — 1 8, Ty L 3k RE % A1 R bt A — Ak B 1 7 8
B 53 AR 5 A IR E 1, 3 A NSNS 5 1R il 1 k3 /U S R AN 5 B 1) R S, SR AR
i 5 A RV A A ISl 58 X N AR s R B n] DUAH L A AN [RDRE S IR 22 ) R 2 0 R v B 11— 2 ]
FEANTRIREJBE b FR R 28 Jse I T 0 5 1 AT AT 5 P 2 TR) B 3 e 50 A% AR O AN S ks it B2 LT R R i 2 20
£ BT RE 22 YA R 220 0 56— 2 J22 K R AN 5 P T R A B e 2 W PRk 2 e, b el AN 5 P v T G 2
B 5 AR S5 S ] 6 AN [RDREJZ 22 1) 3 4R RE 6 T2 2 A b 7R ANl i PR B G (0 R A, 4 20 S S P 2 P R A 1
M AR T A5 B 18 R BN A TR WL 0 DR A 1A el . G i 425 45 M1 4 1) 07 32, 1 IR AE
ANTRPREE J2 R L AN R RE FSE, S AT 3 105 3 (R A 72 1] 458 X LU IS (A IR AT ST AR R L
42 FHEMEBBMHELESE

K 6 B30 2 TR A R R ) X T AN MR, AT SR A — 284004 5 325 R 18 2 s BE LI 5 1)
GE v U, ROR SE MR £ 1 40 7 ORI DL G2 ) IR SEARABE PR R R, AT 00 G B0 PR R BRI e AE R 18
TR LI AERR O 2 SR A AR AR RO AR BE TP S R O 1 R B b AR e R SR AL
Hiti B2 RAE v, 1T ALLEE IR 0 3R 08 1R TG BR IR 0, AN sl T IR S v S 4 I A A 0 T, W R TR e v
R (K B T R v o B B B 8 ), X A 2 TR AR AT B T AT B e A AR B AL 5 FL2 SO L 5 0 A AN
il 5 PP I B A 29 A 0 (1 AR 2 0 SRR R A A, o RS 8 ) 80 20 i S R 2488 £ 5 0, gt A2 2 e
s 10 K2 48 75 AN R T B 260308 1A s i P A, DAASE T A ATD S M A 4 AN S R B B, B AN 5 P I LA
MEEAESZ—
43 NIRRT BRBEM A HEEEE

NN FD R R R — A R 2% e RO I AR B L L0 0 03 (8 B S RN S (K R4
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