£ 000 http://www.cqvip.com|

HEHLE 2007Vol. 34Na. 6

AEFMATHEAMESKR TS ITHE

2 B

(FAXEERITENER  F%312000)" (L&EA¥IHEN¥ER Lk 200072)

H OE MNESHABRL TV HARELESCEERNLATHXNS. PREAAMKBEGXEEHMEAL R RE
(T . ML4iR#t R R FTE& (incomplete) ¥, HHEHBXBAITIT AR TFLEHMBELEN(AEmR). EXREELIRTH
BAMM—HRARNEESREAE, AIR BT MR EELRTHIABSATE T RGO T E  AFFER
A FZAMBERLN, LAONRTEHBABASWHALHHAE, XPHRT —AMETORAMMLRGRBEMA,
W TEATEARBUGHIABEIWFE., A EORA TN FEGTHHE.
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Representation and Computing of Formal Concepts under Incomplete Knowledge
WU Qiang!?
(Department of Computer Science, Shaoxing University , Zhejiang 312000)!
(School of Computer Engineering and Science, Shanghai University, Shanghai 200072)?

Abstract From the point of view of the set, knowledge is a partition of data set about some relations. It is incomplete
if some attribute values are unknown or missing in the data set. The classical formal concept analysis derives from com-
plete data set (complete knowledge). Concept analysis under incomplete knowledge is usually more difficult. This pa-
per presents new approaches to represent and compute formal concepts under incomplete knowledge, It is based on gen-
eralized rough set theory, and aims to extend formal concept analysis to the condition of incomplete knowledge. A
rough set model on reflexive similarity relation is discussed. The approaches of formal concept analysis, build on the

model, are proposed. Finally an example is given to show the feasibility of the proposed method.
Keywords Incomplete knowledge, Rough set, Formal concept, Concept representation and computing
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RSN RIRM A BT, R BRI A TR RN E
BHRMR. EE ¥ BS PN d S E A P8
SETABR BB RTT. ET SN R, Willd R T
RS (FCAHRMBE. BAMESHTRE-MEREER
FE-+aA RREET % BB AT AR R R AR
FUS, XL AR RTIR R BT M B R W 1 BB . {5
REAF TR MR SR EMEEEF TR RN F-ET,
B FANERRE WA KR %, B2 ROREHFA B EH
REFIHEWHK . EXFEL T EEFTEBRY - EHE G
REEAMENRSGHE.

MEEHABERG, MAREREESELMH LR TH
R4y, MEXNBEE LR EER R REK, I A
HHRRBAZEN. FREABMESTRETZEAR.
HEBMEEZEMRT, HARESMEEHE T LURTK.
BRI R AR A R A AR . B RS
BRR AT SRS . BB AR A T SOBE R AR
AREEEM . BESEMAESSIPE KR, B XEX[9]
FRE TP . AR USRI — M A
LR, Bk SR RGBT RE T & 15 SR A, B
ABHBRERTEN. X[]RHT M FREEARNEH

HiE (attribute exploration) &k, & £ BI04 X A2 &
HIRME A S ST RAFER . XANERTLE AP RIER
AMESARRERSHXTHARNBEAEER. 3X(7,13]
HITTH SRR AEHBETEE AR SHRRME.,

— BRI, FEREREFEEMAAREIRE, HARE
R—IMHRBEHEXEN_ER. FEEEERGEBHMAERHT
RORLRESE IR TE (8] B e, RE7EX[16]h W Hig
Fit. BYUTFREEEREAFENMATTIHRLRER, AT
EEBRGEMEAMLBEXRXRZ B, HFEEELR
HXRGE, — BRI HLRAEHF HHS(— MRS,
EFEMREE—F. XAENFEXREIES, AT&RF
BERGA 3 EE X ETHEMA L BITHE (singleton) |
F4E (subset) F14% 2 3 {81 (concept approximations)™d, 3C
[12,17~20]8F3E T #ou4E LTl B8 BE 17
[21~25 kBt ok, X[8]#—HiTi T 3 My REREE
WHAIR A .

REAREMUATZ SRR EYT S, ANEXESS
WHAETFRNHFTHFARENR.

ACRIE T — M MA TR RNESRRATE, ER
HETHBEMUAZ e XY, 5E%E XA, LH %
AEARMBAR—Z BN HFAEENERT, X—& L EH
WHIE T EMRETREM SERAHERE (LR,

) EFRARMEES T HRARKEREESHTEEMELE”(NEHRS.60275022). & B BHE. @L4, FEHFTH W AHREH

SRRER.
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T ERE T WRX AR M, BABRE R R PO
SEFBREFAE, EMERERARSERZSMRZLGTH
FEHHH. XMTEMLEEAT R SAHERKEER
ERER AR .

AL TR R AR5 2 R T A&
WTFHIBEABE. 3 WA A T ZHEEEEIE K EAHR
& AEEFRTHERMERS SHEES ¢ FTPEXR
B —MERBER XM EIBNATES S V. BE
RE5E.

2 EABSE5TrTE&EMR

TE B AT R I S T 2 AR ) — R AR T
MEFRSHER, —MESEHENRIWEN -1 B8R
TASHARTEESNMBRIEMCETHAXMNRILER
HHAE. ZR—-NRESEIANERREREA TR,
—MERAERH—THNRE T REEM—TFA X
REGHA N RBRENXEWR. AERATRIFE-TR
PSR EXANARTF AX N TFHESRERK
o

BARMBEARTHEAT R UAME=ET /RS
(G,M,{X,0,7},D, G EXRE . MERBHEE,[.GXM
—{(X,0,} B I(g,mE {X,0,7}, g€EG,mEM, XHB[A]E
TRt g REAREm BREAFMBEHREMN. RIOHKHE AR
EZBEERRERT R, HHNMHAHRNRENBEEST
HERK =G, M, {X,7,0}, DM K. =(G,M,{X,7,0},
L), TR EAINER. IR K, g6 K, AXEH o &#
HERE LT R K HER K GEFEZHREFER . TH K
<K, MR BH<EEEF. — 18R K W5 % (comple-
tion) B—METF K W. 3RS EERASEHNEST R
(=EXER. Bt K WRZEZLK FRFEGREF LR &
AER. EAEXH, B COMP %R K 584, COMP
(KR K KFIAZERNE. —MEEn NS ATEHER
BHA 2 154

4 K=(G,M,{X,?0}, DE—NAZHE S X B,BS
M HB E5MNE BO R FF A HEH4A B MBI 24, B0
={g€G|I(g,m)=XMFH mE By = () Im, Im={g€GI|I

(g, m)=X}1, BRATRERISIMEE BC REFA RTREYIA B KR
HHMRE,BC=(g€G|I(g:m)Fo MfiAmeBl =

m€EB
Im, Im={g€G|I(g,m)Fo}. S,SCG WHE M SO FIHA
REWIR SO BIE XS Z 24

SU={meM|I(g,m)= XA geS}=nggI » gI=
{mEM|I(g,m)=X}

SO ={meM|I(g,m)Fo Wﬁ?ﬁgGS}:nggI’ gl=
{m€& M| I(g,m)#o}

R K=(G,M,{X,7,0}, DERZEHH(EE—-MERY
#HK=(G, M, D),MHF BP=B>.=B'fMsT=5°.=9,
HERS[114 @ LHSMNEFMPNR. BIER: 8G)—6 (M
8 M—-EGCERIEE, § (O GHESE, 5§ (M
EMKEE, BRATRG, M, DER—NMERXBMEREE
SCG,BCM,S'=Bf1B' =S (HEX(S, B), SEEEHs
$E, B RESHAME. (G, M, DRSS EFER
£G, M, DS, BERXUHBERRTERTHAHR
BUERSBRENXRR. E—THENTR L FHHETLUE
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AR FR R, E AR AT DUE R SRR B AR IR .
H—fi, (G, M, (X, 7,0}, DB A~ MEAF R,

3 BREMXRERERERE

UGB RSN NS €6 KR ER. GE
—AxtReE, EHRTIMG, s HHAMUER@ORES « HRIKX
%4 .R(x)={y€G| yRz}. B RWFEXRZR', 4R
(DR z 5ZHUHMRHE R () ={y€G| zRy}. HE
XENFER Rz BEH®RE y 5« AL HEAFmtk. *—
MFEXSCH—IG LW TXRER, EAXMR z€ECR
FHENBTFFHGHEZ—:

EXR MR 2e X HHRT(OCX, x HHIMET X;

—RFHINE .- MBE e X HF AR (D NG\X)#
Frx R—ERHYIXR

ZHRAHYNNR MR 2ECAXHHART (O NXEADS,x
RZERHYINR

xR MR 2€GC\X FHR ' ()SG\X, x #HI A
BTFX;

Eilk, WA HKHET G R HEL,

WHEMAREEERSIETETHRZGXERKE
HEAE L,

EX1 XFGCIEHWFEXCGH_TTHREXER,X
MFEMEIR. (X, X EEMERRIR (X). HELM
TR, (X)={x€EGIRTH (DX}

R’ (X)=IEJXR(1)={16G|R‘1 (D NXAS)

—NRERRK I ERBE R B ENEE, -G R
FHEXCC R ERBBHEFZIE.

EE1 XTFGCLERWFEXCGCHM_THRXAR, 0
BR.(XO=R" (X)), 4 X EREXW X HNFHKIEK
-9 vl

IR REZXTRALER , 7l & LEREE RN R WEHN
I3, R G TTENE.

EE2 R XSG, YOG RENEG LW TFEMR —
TERF

DR, (X)SXCR" (XD

2)XCY=R. (X)CR. (V)

3)XCY=R* (X)TR* (V)

DR, (XNY)=R. (X)NR. (V)

SR (XUY)=R* (X\)UR" (V)

6)R. (XUY)2R. (X)UR. (V)

DR (XNY)YTR* (XONR* (V)

PR UE 2),3),4),6),7),

DzER, (X)=>R V()T X, XCY=>R  (2)CY=>z€
R. (Y)=>R, (X)ZR. (\),

DXSY = UROS UR@=R" (XOSR" (V).

Hz€ER. (XNY)SR (D CSXNYSR (S X 3HH
R U (x)CY®z€R. (X)) H z€R. (Y)&xER. (XD NR.
).

¥ XTXUY, YSXUY, M 2 BIF188 R. (X)C
R. (XUW3HR. Y)YCR. (XUY)., #,R. (XUY)DR.
(XOUR. (Y),

DXNYSX, XNYSY=>R" (XNY)SR" (X)3FH R*
(XNYSR (V)= R XNYSR" (XONR* (V).
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4 BMETRNUSAEEERLO|MERT

BE—NTEXETRG M, D,— P EHEmEMBERRN
W E g, Y ERINE Im=G RAT G ERW 4L EN
SH—ITTEXTE. NI EXEATR, L EREH
BEXH., MEBELRETRG, M,{(X,0,7}, D, BMN#F
B EXEEREM I FRAENEMUTXGIPHES:
ATRER LRI R T, XA E R MR T
(G, M, {X,0,7},D EEEH ETIELIER,

8 Im BIV] REFIHGE BISME , [R] BERT LA B FB 41138 .

4.1 I(g,m)o. Im BRIEEHEREm HETEX KN
%

B2 4G, M {X,0,7}, DE—TERETHR, In=
{g€G|I(g,m)Fo),gl={mEM|I(g,m)F0}, ZEG LH
“XHARERR,R(2)={y€G| I(z,m)=I{y,m)or I(z,
m)=17}, R x)={y€G| I(x,m)=I(y,m)or I(y,m)
=7}, IR LIEBFRA 'F . MBI EBHE meM,m LI

LT *REGHMEE R B A T B SN EE B L AR TR = (Im) R =
IylmR(x)={x€G|R_’ (ONIm#J), TWR FiEMFEN

L MBI REmEM,m ETEL L. RERKET

SNER TFIERLT . xm = Im) o ={z| R (2)CIm) ,
WAL, BRI, FMAXRLITEARITERES.

EE3 4G, M,{X,0,7}, DR—NERER,BSM,
HEIFKBMIEN ETEMBESET R LTRSS
EH,

UERH B B’k & B " P iSNEH BB, R B
L FHISNE AT B yer = () T**m= () (Im) "%, RS
H2.(D.H

(NIm)*RC N . (Im)

meB meB
(B'N*R=(NIm)**C ) Um)*R=B'1*r
m€B meB
EBEH 2. (1,53
B'D.=(NIn).g= N .In)x= I.Rm=B',*R
me B m€B me B

W F—MAENERGM,{X,0,7}, D, BERINE A
CGRAEFARUGPER R R — A E X FEH, B
ZA, BR—IEXHE.

EE 4 —AESUERE R ITA SR ESUER
ﬁﬁ[ﬂo

EN3 NAEXEESA, BHRLEENRERY
BG M IPOHYEHTEXES, HELHNA, B)F=
(B'1*rR ,B'1*R),B'PrR=(B'pr), (A, BYHERET R (G,
M, L.g) £ RTFEMBE AR

(A, BYog=(B'1, . »B'1, ) B'1, ., =(B'1, ) s

WL U, — MEET LAR B R 1S 7 E Xk
e,

EES X(G,M,{X,0,?7},D EH—TTE XA,
B, HI.x:5I'*AERBELE - Lam#*I"*m,m€B),
WRA, B =@, B)"*,(A, B) .x—ERETRLH—
M REHEABR.,

WEH: (A, B .r=(A, BRI Bk =B, . ,B' 1"k =
B/'l,R c BENIT.g=NI"*F=>N{z€GIR ' (N Im# I}

me B meB m€B
="QB{IGG\R_l () Im}=> me€BHAHER ()T Im,
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B Im BBRMEH RO B—IZHEEHENMXFE. H—EE
COMP(K) ., £5iIEH.

EX 4 HEXMEA, BEREFEFRG M, {(X,0,7},
D. S RAMAEBRHE.

|B'r, NB' 1k | |B,’l, NB' 1k | _

SZ%—(WI,E UB'1*r | + |B”l,j: UB'1*r | RIRRE
EEHF,

EE6 W—NERGM, {(X,0,7), D EHTE XK
2, B, FRIERBOL:

a)0<LS<1,

b)(A, B).x=(A, B)*fF=>S=1,

UEHA : ) SRIERT T IE BRI A (A, B) e <<(A, BY'F, ¥
B 2B, B 1rCE =
| B'r*k ﬂB':,R = |B'1,R |<|B'1-® UB'J,R |=|B'1"r |,
[B'1+r ﬂB"l,R |=|B'1*r |<|B#® UB”I,R = |B,’I,R |
~s=ppTHLp<

b)(A, B).g=(A,B)**R=>B =B, _,B'rr=8

=
{B';=k ﬂB':,R |=|B'1*r UB'J,R [
\B'rR OB, |=|BrrUB,, |=>S=1.00

ER7 #HA BDRERG M, {(X,0,7),D LMAIE
SCAEE, ) B’I,R C Bk ’B,’I'R =B';"r,S A A4kl S =
B, |
[B'yR|°

MR HR A, BYRERG,M, {X,0,7},D LHTFE
XHE A A, B F=(B'1r,B'1*R), (A, B) g =(B'1»
B'1»r),B'1*R =MQBI'Rm $B’I*R =mQBIuRmo & XA, X F
B— m€ BHH L.amS I *m WUAH B1 = O 1.omS
NI*fm=B1*r,

meB
HHh, EELRN LT ELE S,
(z]r, . ={yEGIzl.k=yl.r},
[z]irr ={yEG|2I"*=yI"F}
CI*m AT MR B, PRISKB R B R PRTF
%K., WELRBE, T e " HKEL, ¥
B, = N gI.R=g€BQ’RgI*R=B",«R

I.r
B
g€ g

z,y€G, o I mEB,I.rm

Bt X 4 TR S= 1 (L (o5 D A
RS Ergm, B rT BE#iHE S=:—§z::—,‘§:o

g I F EEERESToe EREER

EE8 X(G,M,{X,0,7},D) EH—AE XS (A,
B),ATFH®RERH: (A, B).x<<(A, B)'*,ll B;, , CB'/*r
and B'j*r QB”I*R °

U B3 7 BRSSO .

EH S IUET E X 3 A .

EE9 FTEMNRTEMURE-TE, B RTEMATU
NE R PR HA 7B X532,

B EH Lem={z€G|R () Im}, XHFH—H
Im,%& I(x,m)=X M| I(y,m)=X& I{y,m)=7,R" 1 (£) &
Im o1 ;% I(x,m) =7, RV Im B, W) I(y,m)=17;
Z I xym)=o0, ) x& T.gm, BrLL, B8 Im BRAEEN, I BO
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HFRPHATRX"HB3),
PTFE—MTEEMSS AL .
Wix
1. MAERG,M,{X,0,7},D
2. 8 R, R"'(»
3. it I'*m= U R,
=€t
IL.gm={x€G|R () Im}
4. ®i (A, B
5. B,t"R"‘mQBI'Rm,B”t'R"‘ N gl
B,I.R"‘MQBI-RmvB”I,R"'gEn gl

6. If (A, B).x<X(A, B)*R
(A, B)-R"—(B,I.R , B”I.R ), (A, B)'R«(B'pr,
B'i+r
else
(A, B)ARATHER.
IB'r, |

7. S*——r—lB I"I: |

8. end

HEAFENE, UELRIMWROEARY. IR R@
EEEHUXR . ERBREHK. FXE . R ={yeG|
I(xym)=I(y,m)or [(x,m)=7 or I(y,m)=7}, R (2)=R
(2,

ILem={z|R(X)ZIm}, ["Bm={x€ | R()NIm*=J},
R RDOB—IMEMER RO ={y€G| I(z,m)=1(y,
m}, EXFHHFRT, FRE-BET R, T 3[1,9]
AReeabe.

4.2 I{g,m)=x.Im BRERBFEREm HF B R
=

RS, BT B S BB E R 0", B R E Ui,
AHFRT LA Kent D,

5 —4BIF

RN AN TS, AR L2 AHKNATETRE
RT—PEF, INEFREMFRELH— AR, X
BHYL”, “B” f1“F”# R “Location”, “Basement” Fl “Fire-
place”, “Good”,“Bad” fl “Yes” ,“No”Xthi“X” Hl “o”, #
TRRERITEHTXNFREET RS,

£1
1 Location Basement Fireplace
1 Good No Yes
2 Bad ? No
3 Good No ?
4 Bad Yes No
5 ? ? Yes
%2
1 L B F
1 X o X
2 o ? o
3 X o ?
4 o X o
5 ? ? X
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R(D={1}, R (D={1,3,5}, R(2)={2,4), R7'(2)
={2}, R(®={1,3}, R'(3)={3}, R(H={4}, R ()=
{2,4}, R(5)={1,5}, R'(5)={5},

1.={1,3,5}, Is=1{2,4,5}, Ir={1,3,5},

F£IMRTPT RERKETMUER. FRE 3%
COMP,, COMP, #1 COMP; %% 4 . HEIIRHEER 4
MRTA RS, BEHERTE 16 M52&.

%3
I*R L B F I.r L B F
1 X X X 1 X o X
2 o X o 2 o X o
3 X o X 3 X o X
4 o X o 4 o X o
5 X X X 5 X X X

FiaplF 6B #|ES R (15, LBF), (1245, B) fll
(135, L), FEMERPFHEQ3S, LF), (245, BYFI(,
LBF,

44 COPM,, COPM; = COPM;

I L B F I L B F I L B F
1 X o X 1 X o X 1 X o X
2 o o o 2 o X o 2 o o o
3 X o o 3 X o o 3 X o X
4 o X o 4 o X o 4 o X o
5 o o X 5 o X X 5 X o X

COMP, & E TR 3, L) =135, LF),
3, LY. =135, LF), S=1;(1, LF)* =135, LF), (1,
LF), =135, LF), $=1; (4,B)* =(1245,B), (4,B). =
(245,B), $=17/8; (15,F)* =135, LF), (15,F) . =(135,
LF), S=1, COMP; #& K ETFiEpE (13, L) = (135,
LF), (13,L). =135, LF), $=1; (245,B)" =(1245,B),
(245,B) . =(245,B), S=7/8; (15,F)* =(135, LP, (15,
F).=(135, LF), S=1; (5, BF)* = (15, LBF), (5,
BF).=(5, LBF). §=3/4,

REAE, (135, LF) & COPM; f— M EMdE.

it AXEE T MFHAREEERT ST
. XMFERETFEEBERLK. XS X
A AR AR Z B R, 18 46 A X BB E TE N SR B
. XMABRT SRADGRKEVERES R+
kR

$ % X W
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