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TE A R BHE HaRE I TREE A RIR 2080, #RAS [FFE LI B BIRE AN 2 18] 38 Akt
A5E(imperfect) 5 EAIALIE . IR R 50 iR AR B WA o B0 & B W, NEAEHEL = A
FERE. SR A AR LR BRI T BR B ml s MO B 2 v ORI, 2, iR ERE .,
XX S BT Al M AL PR, G B T ARG SERR RGN B R . ZAER, SRR — HAE
5% )T AR A FEAS SV R 2 P A0 A R AR - BOBAE D R R Ay vk A DIE 4 B
WEURAN A E (S BRI PRy %, O N T — S SehReiie. (HaX 88 )y vk i 7 B — AR
R INE S B85 B0 R0 anASORA SR R oR 5k ZEAS BE 2 48 UK 26 2 ( Basic Probability Assignment
BPA) FIA KGR 0 A1 55, X L5 EA N AR 5153 1982 4, J 2243 7 Pawlak 12
T HURESEEER T BRI R S RN e VR B TR REA B AKE B im-
precise) /N (inconsistent) AT ( incomplete) FE X FIATEHHE S, 0] LK EHE 4T
IIATANHERE, A IR S A R, R B TE R R A ST B 48 T HDRE S B 1 FE A &
AR I -

2 ARERER

2.1 iEREEISHTEMER

TEAS LS 70 454, P 222238 Z- Pawlak FI—SE3 22 Rb22 0 22 80D KA B4 A1,
—ENFXTE ERREEAFE AT B R B R AR X ERF FE ) B Al b= ARy - 1982
.7 Pawlak K& T £ Rough Sets", B T HUREE IO MEE - IL ) HURE TR 5
fe TR SRR B HEZ AT EAIF A GER, MA TFE R RE S A B AN 7 IR 1K
RANBFFE AR 1991 47 7. Pawlak B9 & 31 VRT 1992 4R R i % 4600 A R, X i — B B R 0
AN AR BURAE 1B 45 [RIRHRRE T RDRS SR AE 240y B - b 0T 9 S b

2 1997 — 04— 20 ks
T EZR A ARl H 4 5977701 %5 By 15
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AT R [ PR e — P43l | MR AR 0 & - BRI Z B BHE N BT IR T R A %
SURAIATSE- BT HRE SR OO AN B BB — N BB Y 27 AR B TERLAS 5 ) (R AR
B RS G R SV 2SR TR R -
2.2 HREEEIRICFTALIRRY () RE

PR S5 B A 20 b7 T 47 ] B

« AN E ARG FITR R RIA
- BB E ) H AT IR EUAIR
- A—BAE BT
- IRIEANHE A58 B0 RN A THERE
- AEPR B 5 SR ATER BT ER AL T
- I 26
o PRIHPPALEE < R H5C 22 ( data dependencies)

2.3 EEEESH—EREE
2.3.1 mmE X

"RV XA AEAN 7] A Y PN A 22 RS [R] 1 35 S FERRE SR PRI+, FR " A 2 —
Fhor JRE NN ATROAT AR BT 0 W e B R A R AN RE ), e 2R, AR T
AR ARE D PR A 2 AT AR A AR AT AR S B AR 20 N2 W, A ) R A5 1 2
MR — ot - X AR A ) B R AR 22 AR 20 T TSR A RE 0 1 m] AR R b R
2.3.2 KAt 5HA%E

Iy e R R M ZEA KB MR T/ — 28, B89 K Rl 2 A AT 7 K & (indiscerni-
bility relation) - 5 S PRl (4 B €412 [ R A M PR Y BRI 2SRtk | I etk |
AR 2. [ Ay B A 1 P AR BE 2 AN T 43 indiscernible) [, B R REAR B A TRHE I HE A0 (5 B AH
A, # R SRS INT AR YE, AT LR R — 54 B DUk, R ik || R
@Rk L @ik L @Bk L, A E Oy R, WA TR AR AT 4
R A 3P R IR — AN ERISE R ((equivalence relationship) » PN 546 R 8] A9 A
AR AT AR EATE R R PTR R P ISR & -

FEALE (elementary set) & A R I A AH B[R] AT 7030 XS R AR 4R & 2 2L AR Ik
HIRBYBURL( granule) - AT 73 FEC R IX — LR RE R BER vh 70 B 2L, "B IR Z 8 7 L
THBBRIRE5 15 ( granular structure) , 22 & LI EREE A HEAY - HIR AT A2 ( family) 55
R Z BRI B — R V5325 equivalence class) -

2.3.3 K40 FET, FET G RIX

RSB IEH | 2 RS0, BT KR AR N R & N, VR NS & 4L —
7y — MR o REBTES X TAREIA 0 FPSRHAWL 7T =M (1) MR« &
BTEEG X ()X F e BEABTEX () MR o FJREE T WA TES X - £E50E
I3 B YINCET FRATIT AR A 2 TR I R, Z AR A T A2 4R Y -

G NARMIESES U HRARIELT U PR —IREFROCR, BICT U BRI —
TOK(pair) K =( U, I) FRA—ANITALZS Bl approximation space) - W x 8 U FH)—XTE, X
R U =T I(x) BRI S « AAI PR RTA RS e miE il 2« e
ERE N o) PR X R E S AR RRHER P atiribute) -
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& X XTI W B Lower approximation) & XN
1%(X) = h €U . 1(x) =X} (]
*(X) Sebs L AR AR 4 A KR #Ul?fﬁ ERT X MR TR KRS AR
ij E’JEE ( positive region) » IGAE POS( X) - Z&{bLi1, Hﬂ*ﬁﬁ%ﬂuﬁ%ﬂﬁ#ﬂl&ﬁ ENBTX B
XEHMPIEEGTA X B 71X (negative region) , it/E NEG( X
H£E X KT 1 B aEi Upper approxnnatlon ) EXH
I*(X {xéUI ) Nx # o} (2)
X) 2 S X MRS E’J%xﬁl E’Jﬁ% EARLETTREIR T X AYXT AR 5/
%D _‘Mfs [*(X) tNEG(X) =i U-
H£E5 X B AIX( Boundary region) & XA
BND(X) =17(X) = 1-(X) (3)
BND(X) B&EH X EI’JLEJ‘& L2 22 AR BND(X) 224 MIFK X 56T 1 2T
( crisp) ﬁZﬁﬂ% BND(X) NEas 5 MFRES X ﬂya‘é?l HHLBESE( rough set) -
Tl@ﬁ\imﬁﬁl_ﬁ'[%ﬁ%/\ﬁ\'jﬂ‘fﬁ%[( discernibility regions) , ZIX] | — LA &
W vague) H & MENTRFIE . BUBERERE Wl He4% XAy 58
_ x|
oxy r
A [# |§%%%#éﬁ%ﬁ@i%( cardinality) , XA IREERREEG T I A EH TR
B 0= X) <L R o x) =1, WERES X I TF 1 ZIEMW( crisp) 1Y, AR o X) <
L WFREES X ARXT T 1 2HBER - & X) IR RIESBOCR | MEIES X WAEE.
2.3.4 ks m AL
EJRBOIAR e SR BERISR R R B, R AR o SO HURE SR B BR 3 rough member-
ship function) - S H( vague) Fe & A THMWAYA S, WEE T, MR B R ToIE e
I LRSI TRES - TERREEEIR T, " E " (uncertainty) X MEEIEF X TR RE T
EERREINS -
WA AT PR, E LTTR « WS X pHEERE R8T~

(Y

(2) =JX_D_LurT)_\ 5

B O =1, HLkER IR o iﬁ&THﬂ%%EX% X PEIT A AIX
I*( {xGU;F&(x)=l} ( 6)
I*(X)={x€U;L&(x)>O} (7
BND(X) = & € U:0< K(x) <11 (9

M T E X, —IU\Eﬁ*ﬂ*ﬁ%fE DS (vague) AT ANEA E " (uncertainty) X P4
RS Z IO RR  E HORIIA R &, R R SR ARG T AN & " Fi R ) = 4 & Y
TR BN TR EGE T IHES BT EN-

2.4

T R A B S5 BH R RS £ A M E*ﬂ*ﬁ%*1§ﬂﬂglﬁi§( information table) i
WA R S ARIE RIS AR, BT REACREEST (Efh 24 G R SR 0T
A B (5 B AR AT 2R K 5 BT 3 26 4 3G 22 BG40 P H A 06 2R A BB AR AR L, =5k —4E



40 B B 5 & # 21 %

1, Rk — PR - RIS EEE T — S AW BERECR GRS 18 TR, BAEvi M
IR ER - HAh EIG B - B ELSEFEPR AN B objects) » — TR — X5 R p 54
XS B - R AR P A PR R E : 25 B Y ( condition attribute) F1Y SR P ( decision
attribute) - B HERRE" N FARYE: B EKE] T IF LA R R -

%1 ¥EBESRERIFIENER W0 TRk E T T/EN ANES,
P& | SRR | RE KT 0 = T, X4, Bl L i1 FoREsE
| @k % FEEE" Ay A — SRR, IR HERE
o | 2 B A 6, AR I B N Ak {8,
| A # o L B L g L L Eirma e
xR | ke 7 A — /SR, TR A E R SRR S, 2
B R 2 ANTT 3R - )

&4 0 M TEBIT(BEX) N 1%(0) =P0os(0) = KR &xgl !

HH 0 MR NEG(0) = 15 |
£5 0 BRI N BND(0) = {Ei. i |
40 FERH I%(0) =POS(0) + BND(0) = KIfg Byl . FE. 5

i |

RAEZR L aTRABGNH NHRJLAHN, /R T HERE SR G R AT TIEZ R E R,
RULE 1. IF (HERE = K%) OR (HFRE=11) THEN (/] LAFKET T 1)
RULE 2: [IF (HEEE = /%) THEN (A2 TR
RULE 3: IF (HERE = &) THEN (AJREdk 34 TAF)

XA FRTEL AR 51 -, FRATTIE AT AR 25 B RS 46 B0 AE 50 /b L - R 5 T RO VR -

3 HREERIES

3.1 MRER—WRITERE

BitHE (soft computing) FIME S BRI O IA N Zadeh P R OB FE T A
B AR RS BORIEH(FL) AR ZE(NN) HEEMEH(PR) (5 M %8 ( Belief Networks) (i
BRI GA) SH B FD: TR Chaos) HiL S

BT R BI T VE AR 13 hard computing) » {5 ARG | B 2 AR 28 /Y Bk 3Rk
iR ) TR SR 8 5 B U BT SV R AR B M AN PR 73 B S AAS 51 5
TALRE BRI A AR A R T 75 52 DAE S 4 4t S5 B SE R G AR DA -
3.2 fEREEEIRMYS S

FE R 4R 7512 1) 1T B 52 VR AR AT 09 B RBAE B SL G A A B 1] P 45 21 b 32 R FH 2 K]
NEA LA,

(1) EREALHRA FREE, A SEHE (incomplete) ARG LA B AT Ak 245 & A KR ;
B REALBEEE A ARE B VE RN U AT ambiguity) » E8EHE HEAEHER & MR 50
B RERAFHIRA /R IK ( reduct) FIFITR A& FAS [ BURL( granularity) JZIK
EREMNEE T a /R ST, 5 T HAER S pattern) ;
EREPAAERE A T 3 5 A A AR SR R 45 713 1 A R il vh R A B B A -
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4 FHREERIPHINA

FERS SE IR 2 — T 1 3C AR SR A S BL, MEAE B BLZE BAR A HLAERI R R, (HE S EAR
AFUSEAS T E A A B AnAT DR B AT AL AT A L TR R | pe SR SR 4
PRI AL S BRSP4 N4 — ORDRE AR Y A i LA T2 2
4.1 ATHEMEINFRERELE

N T HZE 26 BA HATA P m FE AR FIVZ AL RE J1 0 A Fr A, G A W FHAE T &2 A4 xt %
ARSI G - (RS Y A P HBTER FEAE 2, YIGRB It T8, XA A i
M M 2 2 A — A TR R R BARPME S I 2 B0 BVE AW 3, [0
AR AL TRIVIZFEA LR, JHBR TR SR 2 ) — S m VI a1

SCUTE U X A S I UK B 1 1T 22 R R I SR RE AN R A, AE 1 Y LS LAY
A2 TIEBR T 28R superfluous) F A - 77 FLSL B0 R BH IR FESE = T 4. 77 4%, 345 T 80
FIRIR -
4.2 BHIERIER

PR RGP AR Z E A ST BT AR B EE AL, SRR G0 1 T B ) 45 1
J5 I EME LAZR RS - AR AL B SRR R A pe S B KR E N R R 08 Ao — &
HIE T RN, B SRR AN TR SR A R AR AE Ml 5 i S iU R A i (ER A 2 55 k)
S R HE LA CAR I X PR AE — e R RR ] 1 RO 0 B F -

FRESE B B 33 EUEE R U] B4 R A A ek —WERRR AL T 0 T B — P i #s il 3R
W — B — HLREFE i ( fuzzy -rough control) IEMARM4EE, BN — N E WS B K& T7 18-
PR, SCOILBFR T /N — TR R G0 X — 2 I (08, [ 1218758 T SRR
(FKUBZL)  YEUAS T HCAT A s AR5 SR - I P REDRE S04 4 1l A 64 JEL B 2 - JE s T A PR Y —
A RER A IRAS PA RN R X HAR S T B R B 45 1 SR B 0 5% 52k A8 Ja ) i R R
ERFRIR AL FRIX SERR , S TR N S TEAT TR 2 A4 15 SR EUART o2 T SRS, St — ZR B R
U

LU 1 IF Condition 12 THEN K decision 1

U 2 IF Condition 22 THEN RIX decision 2

FL 3 IF Condition 3 /& THEN K decision 3

X AR AR L0 S A5 42 1] SRS 1 7 R PR O AT 2 3 (learning from exam-
ples) - HUBEHZE il rough control) SRS il B2 JE TR BT U Ay 45 0, (EHEDRE 425 o 58
a7 L | SEIAR 5 (R A RELRE 128 i A e ] 28 SR B ZSBOMIE 20 58 3 — AR i e Tl
BRATLASE Aok A BAEA S, BT AR TARERY AR, Lok SR RN 2 5 A S R ( B8 22
28) Pt AR e v AR 2R 5 BAS 30 AIE 32 validate) - SC[ 11048 A RERI BRI 2y 4t 5 5
RRHA ) T A R IO R4 -

KEHENBHE AR (EPRI) XPHURS S A N FH A7 0 78 J3 %23 B0, 4 AR A lomss P
WG F & ( Strategy R &D) I H , 78 1996 4E3k3k $ 196, 600 %38l San Jose NI KZEIE THL ) &
GBI T RS ] 2R A AR
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4.3 RRIFHRY

T R A 18 R A B 3 MO 2 PR 3R, A R B PR AN Dl SRR AR IR RERY - DB S
A Y — A Bl 2 v SR R TR, HE SRR REYS PhAT 1F - THEN - MU ZEAT J 1 7>
A RS SRR T LAAE > M AAE K B2 B0 500 ) R _E AR S, T MR S ) ple 3R SR
RGALX TR T H R TTIER AL, FRVFRIRER R A AR — SR K ARS8 R
P R EEA LS e

AT, LR SRR AT LAARYE DAL R 51V 4% a2 Wrdl ), 5 B B A= R A
Wr- 2k Ak 1 /AR ARYIEAR - IER T AR AT RAR A LA TS JLARRE BRI

*1 ERSEEMXR L IF (fRIRIEH) THEN (&J&E)

FREEAER | BWAER 2.1F (k)% AND (#&E#®) THEN

i -
REIS | R | RERE (IBK'E)

N B |Ew| ® 3.IF (3KJA) AND (MR RE) THEN
A 2 7 & i (JKE)
A3 2 |mE| £ A LA AT RERYREI ;
BN A n |Ew| w 4. 1F (kAVJE) THEN ( iJREIREKE)
I % B % 5. IF (#&kiEm) THEN (WJEERE T)
A 6 x| mE| = 6. IF (#RkIEARMm) THEN (AJRERRE 1)
N % & 2 S A S R 7, N 6 RN 8, AR
BN 8 x| mE| 0w HE, (EE—ANMEE BN EIRRE XA

LR A —F(inconsistent) - FREE PR FEX F IF - - THEN --- N T AR m R P22 &5 1Y
IR

Al DR RIRAT ETEV A JIRDRE SRR BB h T 15 DY BOR, AR S -l 3 i SR
B SE b1 et o 0} S
4.4 MBIREHRMIRAT

A S h, BEE 5 B LR B A J, KR B il BT RIS R 4 15 WA
T TR PR - X e 35 an A Vi A R 1] % 6 VF 2 M E A (B D9 AR ARG, 4 4n B
A A — LR HOR T 256 & F AR AR AR R ER AR 0] R 5 T AR B BN SRR R
AT SRR S s B R RS 5555

HT TR R Y P, N AL HLX SR J L-F- A AT RERY, TR BL T — BRI 7 1 —
BlE 2 ) AR KR B Knowledge Discovery in Databases, KDD) , #8815 E) &K 4
(Mining) » B2 H T E R £ LB RESUISH BB G BRI 70 32 MBS A2 o i —Fh B 22
MFR T B R A5 B3 5 0 SR EE P P i 5 SR R BRUARAR (DL, i Al 8145 56 1Mk
CIDEEAN ONE 6/ ER S SLIES L

RS S I ( core) AT (reduct) FFA RIS S ik, NEdEH S H A IF - THEN -
RN T AR (4 FR 5 LS R ) JR B T A A A - SE IR B2 2 A W RS SR B Xt
RERR AT 0T, ZBRANIAL BRI T R A A A cm- 21 BT I, B
TR B 2 B3 2 FOA IR MERY - B B N LRGN EER R A 17% — 58%, T i AT ML kE 4
HE I AR TR 5 68% — 909%0).
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S HRESHEME JHEELRET LR

51 g SEME JHEER
FHE S S B S A REAL BEAS 5 85 (imperfect) 4 (H U7 AN [A] , BRI ST F AR5 B0 &
Hl( vagueness) T2, RS 42 U 5 YA BHE A4 A AT BE 71 ( indiscernibility) » AFEH( imprecision) £
B PTA] (ambiguity) - 8 F EHR AL H A A5 5 VR HCIT, 24 18R R A i TR L I RLRE 4R 5
VAR R G 3R RN, TASORI A U3 A 5 2R A7 A AN [e] 0 IR BE - RLRE SRAIT 8 0 A [ 2 g ke
FRAN RS Z AR R, B BN 7R 28 T/ — KR A R S i SRB A C &R
FAERE A FESE - [N RDRE S MO 4R J2 U TR [6] A P42, (H SO B A BN S0 EATTHE AL B
N 58 5 R 75 T AT AR AR 7
FRE SR B IS SRR BRI B A — A B B R 7 (EABUA [ MR L a1 £ T
A8 AT T UEAR BRI 8 15 AE B K belief function) 108 R TH. RUBE SR X 45 & R T 2 %
WL » FEATRIE 5T 50808 AT G 56 FUR (a2 0 Al 45 » TR BRI I 75 2 (B i A AME
( plausibility) -
5.2 EFERBFHESHEETXMERSIN
FELE A TF A DM S B R O T2 8 B PR 13 ARt T HIRE SR BB R X Bl R T
KRER)BA—E A AR BRI S 78 T AR SR 30 T RS SR AL SR U8 4
JRANN - R 1S H PR — 2 il
- 1992 45— Jm E BRAFIT 25 ( Rough Sets: State of the Art and Perspectives) 7E ¥ ==
Kiekrz HAF;
- 1993 455 — JB E PR 11 23 ( The Second International Workshop on Rough Sets and
Knowledge Discovery, RSKD'93) ZENNE K Banff AT
- 1994 4755 = i E PR 23 The Third International Workshop on Rough Sets and Soft
Computing, RSSC’'94) 7EE[E San Jose H7T;
- 1995 4EXE £ [E North Carolina BJF T B8 "Rough Set Theory, RST'95"AE FRsi;
- 1996 4F 25 DU JE [E FRAFT 23 The Fourth International Workshop on Rough Sets, Fuzzy
Setss and Machine Discovery, RSFD'96) 7£ H A& 75 1 A4 FF5
- 1997 48 3 AFE3E[E North Carolina GFF 1 55 @ E FRFIT23( The Fifth International
Workshop on Rough Sets and Soft Computing, RSSC’97)
5.3 ERFRE—EFXARENRE
EAT, E s LA FORBE SR A MU FIAS ATFA T —LE 5 A RS SR A 52 AL Bk i B 1 7
ALK A - INEEK Reduct System Inc- 28 F A B FE0E 22 51 1H & BLAY EX4: DataLogic/
RUYVRA C BT IFRRY, TR AR TSN E, S RHRFTUsRn Toll i 55
EEGPERFEIT R T BTSN LRI RZED), £ LERS ( Learning from
Examples based on Rough Sets) , B fE M\ K E LI HHE HHIECH I LERS &8¢ 32E E & it
EHIRE R NASA) FIZ9EIHD Johnson) Z [ HORB ENERRZZF K TE, I "AH
5" ( Freedom) 25 [ uh EAYBEIT ek iRk 55 - EEFREE{RYE(US Environmental Protection A-
gency) WA — I H R T LERS.
W 2P 25 P Tl 2% ( Poznan University of Technology) JF & A9 # {4 RoughDAS, Fll
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RoughClass, L FE AR>S bR 4T 551 B T

K Regina KEFIFRH KDD —R 2/H C 458, £ UNIX 345 Nizf7, KDD-R 2T
Q%E*ﬂfﬁ%*ﬁﬂ[m( Variable Precision Rough Set, VPRS) , il ot 28 kR FE B 1 £ 55
B i B A T AE Y R k-

0 45

FELRE B2 —Fh i A T (4 AL BN S P00 77 ik, ARME A JE R A B 2 AU P A3 21 -
B2, HLRE S BRI AL A AR 2k e 2 v IEANFL KRG SR BRIR Y B SN Z- Pawlak BT 48 A9 TR
FECT, M — SR BE I A 1R U LA U, A T AR W R A R R 2B B Rough logic) /714 .
FLRS IR 5EARHE D HT( Nonstandard analysis) FIIESEEFE 11 ( Nonparametric statistics)
FZ R AR FE.

K pRE & SHEHOTENE(BI&E N\ T2 M2 BHE AR S MG s KL A H
B s AT R B AR & AL B R (MIQ) MR A & 8 & 4t ( Hybrid Intelligent
System) » X MESZ B 1]
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ROUGH SETS: THEORY AND APPLICATION

HAN Zhenxiang ZHANG Qi WEN Fushuan
(Zhejiang University s H angzhou, 310027y

Abstract Rough sets theory is a new mathematical tool to deal with vagueness and uncertainty- lIts
soundness and usefulness has been proved in many real ~ life applications- The main problems that can be ap-
proached using rough set theory include data reduction, discovery data dependencies, generation of decision
(control) algorithms from data, and so on- Hence it is a promising soft computing methodology- In this pa-
pers the basic concepts of the rough sets theory is briefly introduced; and some applications of this theory are
also discussed-

Key words rough sets, uncertainty, data analysis, soft computing
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(L1255 36 1)
STABILITY ANALYSIS ON DELAYED CELLULAR NEURAL NETWORKS

ZHOU Dongming

(Department of Information and Electronic Sciences Yunnan University , K unming 650091)

CAO Jinde
(Adult Education College, Yunnan University, Kunming 650091)

Abstract In this paper: we study the problem of stability for the delayed cellular neural networks ( DC-
NN) - By making use of the Lyapunov functional method, the method of variation of constants and combining
with the method of inequality analysis, some criterions of global exponential stability and global asympototic
stability for delayed cellular neural networks are established- These criterions can be used to design globally
stable networks and thus have important significance in both theory and applications-

Key words cellular neural networks: Lyapunov functional: delay; global exponential stability, global
asympototic stability
EE =T

BAR, K, 33 %, B, dIF- B LAUR N AR 2 1 L oA AT 2t

Ttk §, 33 %, i HE AR NFREARER WEABLEREDNTSF.



