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QU Kai-She*, ZHAI Yan-Hui, LIANG Ji-Ye, LI De-Yu

(Key Laboratory of Ministry of Education for Computation Intelligence and Chinese Information Processing, School of Computer and
Information Technology, Shanxi University, Taiyuan 030006, China)
+ Corresponding author: Phn: +86-351-7011566, Fax: +86-0351-7018176, E-mail: quks @sxu.edu.cn

Qu KS, Zhai YH, Liang JY, Li DY. Representation and extension of rough set theory based on formal
concept analysis. Journal of Software, 2007,18(9):2174-2182. http://www.jos.org.cn/1000-9825/18/2174.htm

Abstract: This paper aims to establish the relationship between formal concept analysis and rough set theory. The
following results are obtained: (1) a derivative formal context of an information system can be induced by the
notion of nominal scale and the technique of plain scaling in formal concept analysis; (2) some core notions in
rough set theory such as partition, upper and lower approximations, independence, dependence and reduct can be
reinterpreted in derivative formal contexts. In addition, the limitation of rough set theory to data processing is
analyzed. The results presented in this paper provide a basis for the synthesis of formal concept analysis and rough
set theory.

Key words: rough set; formal concept analysis; nominal scale; plain scaling; concept lattice
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BREATEE MR NR RS S TR CH/ MUK N AN BEI kT E"AER
KA.

SMERABSMTAERERRRTEAWR BNCHE —ERE Kent" A Yao " MEER P LTIl
P BAESIABE XS HHTP 2R TREABRES ST HLHECETF TEESEANHR T ERAMH
EoMPUMERERESHELZE FEAXEEERRBEEEB. K XBHR U ERERLHRYE
AR RERN RS AR EMT P LA TRAERPILLDRNARH RINEETERRTE
KR ZSIABEABRS TP A ARSI PO —EEXRS S5 HEEENRTENURR AR, XL
X EEMETHHEEOBSSIAIEARES TP HEFHEARS T NEEEERHITREMA.
AXMETRIABREARARESMZ ABSNEREM ZAXFMARLRBEI T FHL XBEE RO
(nominal scale)F1 ¥ {1 86 2% ) (plain scaling) KIHE 2,18 iF T HBER B P K L TEL. BHEKBZEZ O SET
UEANEATERRPRITRRFFRE T HABRORS A EBERRHITY .

AXFE IR 2 VEENFHEEEE R RS IR A58 3 3R A B S 2 xR R
BB ESMURTE 4 HiTHBEDPHNEELSH LEUERBRAREI TP A RESNINEZ HHKER.
B VHEMTEREERHRARE BHFAARES ST HEERTT BROEEE RWTITH.E 6 WXt
2R ITRE.

1 FHESSEI S

EX 1Y ERRA s B—AMUTH S=(GMW,NIXE,G HARK CHTERAIMNE.M FABME,
ERTERNIBRYEGE M EERNIETES,W=U, W, KABHEREW, hBHE m HEEH GxM B W
B — A BRE, MHE B ) ge Gme M I(g,m)e W, BH IR I 15 B R BEHR L.

—AMERMFERRERTSAR IV HP M SENRALES BUHEENERES.

Table 1 An information system

1 BEREZ
Patient Headache Muscle-Pain  Temperature  Flu
pl No Yes High Yes
p2 Yes No High Yes
p3 Yes Yes Very high Yes
p4 No Yes Normal No
pS Yes No High No
6 No Yes Very high Yes

B S=(GMW.DH— MG BREBM h— R FHE.8.he GEM KR
IND(B)={(g,h)\V'me B,I(g,m)=I(h,m)}
BA BAREARXRR. L
[8]s={he Gl(g,h)e IND(B)}.
B8l M B g EH) B HAM I MR, G/B={[g)s 1ge G} ALK G BI— RIS

ENX2Y. B S=(GMWNHH—AMEBRRAACG HA— M METEBM A — B TFHEAXT BHTELE

XH
B(A)={geGllgly cA}).
AXTF BH LiElE XN
B(A)=(geGlgl,nA%D}.

EX 39, B S=(G.M WD — M5 B RL.B,CcM. 1R me B A IND(B)=IND(B—{m)), V% m 7£ B R K%
EREUNRm EBPRLENF S MBRE— meB #H B HHER,WFR B M-I, BN R B ZIK
B R CcB,C RMIMH INDB)=IND(C),UF C £ B HI—MARKENE C K TEME: BLHMNY
IND(B)CIND(C).
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2 BABMISN

21 EXER

EX 49 BABR K B—A=TH:K=(GM.D,E+H.G AFEMRNEAM HFERENES, IcGM
HGCHMIPLEZAMXRES XN T geGmeM,(gmel & gim XA N% g LA RE m”.

—ARAERAR2EZXNMEAERTHAREGCHRALRS BHEE M AERMEREARNFRES.
X TFRER BATEH THE,H RN Headache M IR Muscle-pain,T F 7 Temperature, F 3R FluiX¥ 3 T3 &
ge G IR m=(q.w)e M,(g,m)e | RN g TEIER ¢ EMEN w.BII0, 7R A pl B BRYEWH,no), BAZHRA pl £
fER H EEERE A no, Bl iZAR AR K KL H R AKHE.

Table 2 A formal context
2 BAER

(H,yes) (H,no) (Myyes) (M,no) (T.high) (T,veryhigh) (T,normal) (F,yes) (F,no)

pl 1 1 0 0 0 1 0
P2 1 0 0 1 1 0 0 1 0
p3 1 0 1 0 0 1 0 1 0
p4 0 1 1 0 0 0 1 0 1
pS 1 0 0 1 1 0 0 0 1
p6 0 1 1 0 0 1 0 1 0

EX 5. K=(GMNHI—PHERABR M TESE ACG,E
Al={meMi(g,m)e,VgeA).
MMM FHEE BeM,id
B'={ge Gl(g,m)e I, Vme B).
EX 6. & K=(GMDA—AFHAERACG.BM, K X=(A.B) N K FI— &, R A'=B B B'=A.JtH B
A X X KISMEEB H X AR BRATH BK)iZ K AT RSHRNES.
EX T 8 K=(GMDHI—PERER,C1=(A1,B)),C=(A,B) R K KM E, 9 E
X< Xy&A CA(=BDB,).
BRER<CRESBK) LH—MaF,EEFHBE) LK —/MEEH, T LHER, ER-R— &M%
ERWARXER K RS ERAEXNERT HREN BK).
EX 8. B K=(GM.DH— AR ER,B.B,cM LS ge B FHXHEE meB, H(gmel B UHKEESE
B HMBYAE B, LN B-B, KN K LRI,

22 BEERR. BEAEREBER

EX 9. — AN EBEBRENTAGMW.DEH.G HXNREM HRIEEW BB ICOMW H=
TCXRFE, B 4g.mwel(gmv)el BH w=v BIL.

ERBAVWRNEERZAFHRANE X EHL BRI ENHFAEXI EXFE - FHEEREX—
ARiE.

BMNMEEXBESFRERESOMN 1 HEXABRATHRA MEFENERALZNEAYONEEHA
EEENEEBETAEAMSITNERREATHRBENERREA TR XRTEMABEER
g R REHITHE A& AN ERRENENTRYE m BIESENE LB 5RE B MM BH
HREENERREAMNAREERETRERTURI —AHENBRAEROXIMETRREGERSL
ERRBE TP ROHANYT R XHERIATUAAEABES S TRHES EERBTEEREXITED,
BEEREAT M PNMERAFAEBRLZNEAER.

BEEROEME X WT:

EX 109 BOGMWNA—MERRE meMm K—PMEEBER(scale)R— M ERBER Sn=(GnMaln),
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WAa
m(G)={m(g)ige G}CGp.

BAFEEX 10 PNER m(G)cG,, BEX G, M1 M, EE L HIRH, UL BITEEBEMNHENBRRYE R
IRCAPR R 5 LR R EHRE.

EX 11 BOGMWNA—NMEBELE meMm B— 4 X% 1S R (nominal scale)R—AMEAER
Su=(G M, 1), T 2.

1) Gu=M,=m(G)={m(g)lge G},

2) Xt g€ Gpne M, 8 glanesg=n.

XTFE 1P BYE Temperature, o8 X BEE R AR 3L MEHNBZ XBREBTRNE 4.

Table 3 The nominal scale of attribute Temperature  Table 4 The nominal scale of other attributes

%3 B Temperature 1B XBEB R Fd4 HRBEHEMEBXBEER
Normal High Very high Yes No
Normal 1 0 0 Yes 1 0
High 0 I 0 No 0 1
Very high 0 0 i

MARBEKBRERTUR M EBEREELIHEERARAETR —RRRBEN T AR EREE
f, B2 B, BRATT T LUK RS B R 4 045 R RAR B B9 SR AR 7 B R G AT B R A UL 1 — T BR 4%, B
FHEBBE.

EX 12 F(GMW.DH—18 BRESu=(CnMpn o) W BRI me M

Man={m}xM, =((mn)lneM,}.
— B EBERTE BT F(derived context with respect to plain scaling) —PMERE R (GN.HHF,

N=| Mn 3T geG, (mnye Ma =X T J B FRBSE:

gJ(mn)y=I(m,g)=w B wi,n.
BERLE - 1THTPEASETENERRERFRERRETHNRAR BHETR S, OHREBHERES
HEE m AN - EAYRTEEAFERENBEATREBIMENRNTEER FEHHE XL 1 #1T
FHBREMTEMNBTRAR 2LHPHAINBE X ERTRLEI AL 4.

3 EABSoHEEERT

AFRBRIMNEALABS O EBER RPN — SN URR TP, HFERNEBE,RIIMER
RE#TVFEREFTANNBEYRIYREXBRTR.

TR W(EMERT). RGMW.NIH—MEBERL,(GNH AN FEHBERATEYRACGBSM,By X5
BRZEDRIEE B ERTET b AHMN E 4,60

By={(m,n)ime B.ne M.}
T geG gl RAERFRBRE T H g REN BEM R EHEMHAT RSP, 4
[gl, ={he Gig’ NB, =h’ B, ),

Hen g’ MW RRATEE RPN R g MIXTR h AR A8, [g], =(g],-

9 SEAE B (g1, clgl, B helgls Hilgls H5E X AT %i(g.h)e IND(B), B H A AT 4} % B 1 5 X 0HE B 1
me B, BA1E (g,m)=I(h,m).

4 Kg,my=I(h,m)=we W, . fE & X BHEB R S, P IEEN ne M, BAVE Kg,m)=w B wi,n, 2 B4 I(h,m)=w
B wihn,Bl gJ(mn)=hJmn).d m A n FEEHER By FE XTI EMN beBy B g/bohb,H I,
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g'NBy=h’'rnBy Bl he[g], .
HRBANEH [g], clg), B helgl, SEEMN meB B neM,,Higl, M By KIEXH g'nBy=h'nBy,B
gJ(m,ny=hJ(mn). H I, F1E wi,we m(G)=G,,, 1§13
I(g,m)=w, H w\I.n=I(h,m)=w, B wol,n
B HTF wweGuneM, NI E X 11 F ,wi=nowlnowl.now=nll w=w,=n,iX&k#HE&
me B,I(g,m)=I(h,m). B T (g.,h)e IND(B), \ i he [g]s.
B4 (g1, (8], B ig), clel, HTLLIgI, =[g, - O
Bl LESBRER 1 MAT4ENE R Y RE 2 5,0 B={Muscle-pain,Temperature} B3 v H 13 F|
IND(B)={{p1},{p2,p5},{p3.p6},{p4}},
By={(M,yes),(M,no),(T,high),(T,very high),(T,normal)},
[p1l, ={pl} .[p2], =(p2. 25} . [P3], ={p3, p6}.[p4l, =(p4}.

i IND(B)FT LA & tH MHE RN ge G, 8% [g], =1gl, .

5340, 61 2 1 WY LUK 3R I ge GIENT AN BT LU BN M (2], B i (2], =[], ATATLABE—
A5 GIB AR, GIB={[gl,igcG)={lgl,lgcG) ZIRUMMET SNV T LUEIH4EH
REEH.

EE 2L TiEMRT). B(GMW,DH—MEBRYL(GNI R MBI E SN Y R.ACG.BM, B(A)
FBA)ARAGERERLEF A XT B g R F 4,

B(A)={ge Gl[gl, "nA= D},
B(A)=[geGllgl, < A}.
W HEE 1 5], =[], B HIE X 2 AL AL, ]
T FIEMEHBETREBEANBEREENES TS THAMBEANTT LT AL o, 155 5 09 LUF

BRETFLTFTEMEHESNIRRLE ERBL BEMXER BoM B XHES AcG FIELIEE b
a,,(A):&.
B(A)
ETEHE 2, RN UM EUEEEMEERDPH#ITHOTRR
{ge GLEB c A} .
(geGligl, A=%D}

ERRED AR SEENESYEART L TEUNNESH ERMES, THAS. HHE%SA
REEM 4 MEIMSMT IR E X RATEX. SATEXHNERTEN XS EEHTLUHER 2 HiE
S H k.

EE 3. B(GMW,DH—ME BRE(GN,I) N T HBRATEY R ,BcM,me B,

ym¥E B FRARLEM, S BN LXERN geG.lgl, =(8lsm:

2) B RMILH, 24 B A MHHE R me BIFTE ge G (8], CLE]5 -

A1) EEEBEES mE B P REAFVHER,Y B{XY IND(B)=IND(B—{m}),B 5t L &N ge G Higls=[81s-(m)»
HEHE 1M [EB =[gls E@B-{ml ={8lom S @B =EH,.) R 1AL

2) B RBMIM, AN LSEEN meB #A B FLEMBIXNIEER meB,INDB)AIND(B-{m}),H1 T
IND(B-{m))2IND(B),Jf L IND(B - {m}) & IND(B) .}t , LR FETE g€ G HlIglp m €815 B0 [8)pm €l8ls- O

R 4YBET). WGMWDI—MERRLE(GNH AN FERBRZTEER CcBM,U C £ B 1)
— A% A

1) ML ce CHTE ge G B (gl €lglc:

(2P (A) =
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2) SEEM geG.lgl, =[gl-

W M RE SR A R AT E X, C R BRI — 3T, 24 B CRMSLE) B IND(B)=IND(C). 1 %€ B 3 # 2) ] 11,C
R, BN EEN ce CHE geG A [gloy, Clgle Bl C RMSIE, S BMNSEMH HRI.X
IND(B)=IND(C),24 B {43 B ge G.(g1s=18)c- BN [g], = [g]. . It IND(B)=IND(C),4 BN % %M 2)i L. F
eI, O

# 2: 65 B R %% | |, B={Headache Muscle-pain,Temperature},C={Headache,Temperature}, it B 7] 14

IND(B)=IND(C)={{p1},{p3},{p4}.{p2,p5}.{p6}},
IND(C—-{Temperature})={{p1,p4,p6},{p2.p3.p5} }2IND(C),
IND(C-{Headache })={{pl,p2,p5},{p4},{p3.p6}}2IND(C).
MT,C & B FI— 4.
ERENEXBEERER 2 P HERE
By={(H,yes),(H,no),(M,yes),(M,no),(T,high),(T,very high) (T,normal)},
Cn={(H,yes),(H,no),(T,high),(T,very high),(T,normal)}.
HNTEH 4 &S 2).5H
(pll, =[pllc ={p1}, (P2, =[p2]c ={p2.p5}. (P31, =[P3]. = (p3}.
54_]3 =t7’z]c ={p4} ’GF]B =[_’T6]C ={pé}.
*tF { Headache }e C,f#7E p1,
EJ—ﬁC—(Hmdache) ={pL, p2,p5} ¢ {pl}= [P_l]c .

X F (Temperature}e C,#71E pl,

(PUc(romperanre) = {PL, P4, PE} & {P1} =[P .
WCHEECE 4MEM DATRIET CH B H—NAR.

EER SHkBET). WGMWHA—NMEBRA(GNHARNKFEBRGTEYRB.CeMR C KT
B,%4 BR 4 XHERE ge G he G 1EMR [g], Al .

EH:EF C KRBT B4 HNY INDB)CIND(C), MM ER geGHFE heGERLclhlcHHEE 1

(8], =(8)s B (hlc =[hlc TG (g1, Ukl SR AL, O

#l 3:EEERARAE 1 B, B={Headache,Temperature},C={Muscle-pain}, 7+ E 1 3

INDB)={{p1},{p3}.{p4}.{p2,p5},{p6} LIND(C)={{p1,p3,p4,p6}.{p2,p5}},
B IND(B)CIND(C)FT 40,C K #F B.

EENBXBRERE2D,074
By={(H,yes),(H,no0),(T,high),(T,very high),(T,normal)},
Cav={(M.yes),(M.,no)}.
BmA
(p1l, <Pl (P21, cip2lc - (P31, <0P3lc. (P41, <1P41c . [P6l, PGl

MNRIET CHKET B.

4 FLiEWISMEZIERER

RGMWDH—AMEBREGNHAHEE G EERRATES R EGCMWHTHEE ACG B8 TEM
L3R M (A) BT A M(A) TAZE(G NP IR A SEETHSE AY b B AcA” T4, M(A) R A” 2 14]
B aXREI—RUERRINE FEMHEE.

TR 6. RGMWDAH—MEBRAE(GNHAENKFHBREATELNRACG MA)H A TEGMWDHH
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X T M 8 EIERLAY 2 A FERTAES BR(GNJ)THIX RIS E, U M (A) c A .

LW % ge M(A) B BB E A [glynA=D BL FE7E gielgly B gieA.H lgly =[gly, B g, 6lg),, .
fiigl, =theGlg’ "M, =k’ "M, }={heGlg’ "N=h NN}={he Glg’ =’} il g’ =g ZREYR
X E g =g NEN geA Bt g cA” Mifigeg” =g cA” B geA” Bl M(A)c A” . O

TEHEHENE, J:Jiﬁﬂi’*‘vﬁqj JERE—RIER T A —E B BIE S (p3.p4),

_ M({p3,p4))={p3,p4}.{p3,p4}" =(pl, p3, p4, p6} .

B, M({p3.pa) c(p3, pa)y’ BB E TR,

5 BABMSIHERENT R

BN mE EEHARERT T ALBELEN FAFTEFINE RN XEARENKABER
THARZAEREEAREELHEETES/MZ B RNEE T KL EBER I L PHE 1 .5
TR Temperature TERNFME AT HREE B @ & U N B YEME normalhigh,very high 2 18] X8, B &2 ¥,
B Temperature ¥ 3 N REEZ R EHFZXRMNRIRMNTUEHX—ALER 1R 2,BRILETLLEHE,
WR—MRALIRA p3)H) Temperature 2 very high,BIX N A KIKE R B, BB AXA X S0 Temperature
DIRAR high BNXAN X R KEERAE. BRENRMNILINN high B very high BREXN IR E B M8 &, BA
A REIN K high H1 very high 2 a1 A K, ENRATOT 68NN very high B & high, LK 5.

Table § Another scale of attribute Temperature
%£5 R Temperature W15 — B EE R

Normal High Very high
Normal 1 0 0
High 0 1 0
Very high 0 1 1

HRANRS EABEERUFESEOTANE 1 #THREBENMEERIR 6.

Table 6 Formal context

£6 MAWR
Patient  (H,yes) (H,no) (M,yes) (M,n0) (T ,high) (T,very high) (T,normal) (F,yes) (F,no)
pl 0 1 1 0 0 0 1 0
p2 1 0 0 1 1 (] (] 1 0
p3 1 0 1 0 1 1 0 1 (]
p4 0 1 1 (] 0 0 1 0 1
pS 1 0 0 1 1 0 0 0 1
p6 0 1 1 0 1 1 0 1 0

ME 5 R% 6 BATRTLUE th: F— AW AR E % (normal), B4, 155 A B AR A B (BH R high), A
RIEFBEE B very high); % — MR A B &R F (high), T4, R A RNEB A E % (8 A B normal),(BARE
EH B E R very high); & — MR A B 3% B (very high), B84, 1% A B & B AN E % (B F &t normal),
i B &# & & R high).

MIE RS 547 00 F BE SR E (H, yes)>(Thigh)IF A RTEAE R E 2 W — & A gk B 3%, 31 B FT A 1%
ALBRBLSERERAZRENSBA p3 kBEFRBREWH yes)BERMNAT(RAA R highy) AT
(Hyes)>(ThighHEXRERE 6 H—£FHBNE 6 RMNTUFBMEFHX— A NEFERENE.BAH p3
k9% H 3468 36 5 L DR BT BAE,p3 598 th R B 1, BT U2 i (H.yes) (T high) 5 L Fr R M & 1.

EARANECAERR 2TUAINGEERAR LA HANTER 6 BNTUAIET.

hETTUFEBRECABRE M BRE EERERKA p3 R p6 ZEBY Temperature TRHHEEEE R —4
H£A5EBERRPHFREHNKAEFE MBS UAANKE 6 PRI R

HEEAAFTUEN AREHLENEARETHEABMNERRGERTRNSHEHZ MLARTHEBRR



i FHIAMAS AR EERNATAT A 2181

MARMNAEMRFELREATEX A ELARSFFAETRNEFTAANBEER A2 T AR
FTEH RS LR ERFARLE R BRI DA X — AR R B RBTY R, —RE 0T, RN
o] LAR) AR RN E B EIRR BB B A B R IR EMNMRTESEE R U WRBRINIT A
R R SR BRI, )48 B i R0 B 5 D0 A0 B BT W) AR AR IR — AN AR X — IR P R R R MBI,

HE bR 7T RNTUFLAENEBREERAL XBRETREBANTETRATUERLERR
4T RARABEEROBHNMEYTRERRTIFNFEBREMNAX— A RMNTUERERR T HRE
BREMSHTY R MRS RESCT MOEBEERER ol 2 —JH BT

Table 7 The corresponding table of Table 6
R7T Ro6MANERE

Patient Headache  Muscle-Pain Temperature Flu
pl No Yes High Yes
p2 Yes No High Yes
p3 Yes Yes {very high, high}  Yes
p4 No Yes Normal No
p5 Yes No High No
pé No Yes {very high, high}  Yes

6 & it

AEEMEARSITRTRERATERISNARDRAIMHAEARS ST H 2 ABRTR
AMBRRBE LS THERTH ETEC. BHEABRSERORSET UENEN FHELERTETRT,
X AWENRMEGRET — 1M RRTPE HEABS O HTE B RERLTH RN SE T, X AR GR T UL
REMEERZERABE TR HRARERE AR MRS, XA i B AT LR AR (16158 H KR4
RS AT AL E.

R 5 WP BRAVE B 78 RE S A7 A 2R YR i 0 /3 R A, 3 T A5 1R B SO AT A 1R ¢ 180 8, AV T T LA 38
LR LR — 2GR EERR KR H RS X, BRI K MR fe & AR N ME,RIK
H— X HHATHR.

References:
[1] Pawlak Z. Rough sets. Int’] Journal of Computer and Information Sciences, 1982,11(5):341-356.
[2] Pawlak Z. Rough Sets: Theoretical Aspects of Reasoning about Data. Dordecht: Kluwer Academic Publishers, 1991.
{31 Li DY, Zhang B, Yee L. On knowledge reduction in inconsistent decision information systems. Int’l Journal of Uncertainty,
Fuzziness and Knowledge-Based Systems, 2004,12(5):651-672.
[4] Liang JY, Li DY. Uncertainty and Knowledge Acquisition in Information Systems. Beijing: Science Press, 2005 (in Chinese).
[5) Wille R. Restructuring lattice theory: An approach based on hierarchies of concepts. In: Rival I, ed. Ordered Sets. Dordrecht:
Reidel. 1982. 445-470.
[6) Ganter B, Wille R. Formal Concept Analysis: Mathematical Foundations. Berlin: Springer-Verlag, 1999.
[7] Qu KS, Liang JY, Wang JH, Shi ZZ. The algebraic properties of concept lattice. Journal of Systems Science and Information,
Research Information Ltd UK, 2004,2(2):271-277.
[8] Xie ZP, Liu ZT. A fast incremental algorithm for building concept lattice. Chinese Journal of Computers, 2002,25(5):490—495 (in
Chinese with English abstract).
[9] Liang JY, Wang JH. An algorithm for extracting rule-generating sets based on concept lattice. Journal of Computer Research and
Development, 2004,41(8):1339-1344 (in Chinese with English abstract).
[10) Zupa B, Bohance M. Learning by discovering concept hierarchies. Artificial Intelligence, 1999,109(1-2):211-242,
[11] Dekel U. Revealing Java class structure with concept lattices [MS. Thesis]. Technion—Israel Institute of Technology, 2003.
[12) Valichev P, Missaoui R, Godin R, Meridji M. Generating frequent itemsets incrementally: Two novel approaches based on Galois
lattice theory. Journal of Experimental and Theoretical Artificial Intelligence, 2002,14(2-3):115-142.



2182 Journal of Software 4% Vol.18, No.9, September 2007

(13] Kent RE. Rough concept analysis. In: Ziarko WP, ed. Rough Sets and Fuzzy Sets Knowledge Discovery (RSKD’93). London:
Springer-Verlag, 1994. 248-255.

(14] Yao YY. Concept lattices in rough set theory. In: Dick S, Kurgan L, Pedrycz W, Reformat M, eds. Proc. of the 2004 Annual
Meeting of the North American Fuzzy Information Processing Society (NAFIPS 2004). IEEE, 2004. 796-801.

{15} Wang ZH, Hu KY, Liu ZT, Zhang DC, Huang HK. Rough set operations and functional dependence generation based on concept
lattice. Journal of Tsinghua University, 1998,38(S2):1—4 (in Chinese with English abstract).

[16] Zhang WX, Wei L, Qi JJ. Attribute reduction in concept lattice. Science in China (Series E), 2005,35(6):628—639 (in Chinese with
English abstract).

[17] Qu KS, Zhai YH. Posets, inclusion degree theory and FCA. Chinese Journal of Computers, 2006,29(2):219-226 (in Chinese with
English abstract).

Mich X3 I

(4] BEWFEEHABRADHOAHEN S QIRR LR 2 H IR 4E,2005.

(8) il & M8, 1 5% ERLRE 2k () 0 Tt S K05 3L o B 22 3R, 2002,25(5):490—495.

(9] Rrde, FROET RS O SIS ML WY 5 R B .2004,41(8):1339-1344,

[15] EHEWATEXFEHKMREEE RSN LOBRESENS YRR E R BEXE¥],1998,38(S2):1-4.
[16] FIH, M AREE A% K M4 KRR 5K P EREE #),2005,35(6):628-639.

[17) BFLBERMAE. S3H SRRSO . HHZ],2006,29(2):219-226.

g FF (1954 —), B, L TE A, B # 2,
EEFRASNA LS ERE LR
SR

REAW01962—), B, %1% .14+ % B WF,CCF
BELAFTERARUENATHE B
E£ERRNA.

BER0981-), 8 B4 TEFRAR
HERER AR,

FWMEA1965—), 8. 482 W+ 4 FMH.CCF
HMELAETEFRRAAEIATE G ERE
£ERRNA.




