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ARk, TAME T 7E B SRS N BB 5T R BE, Lol MESAs A g Bt 500 BT @ ey
g B~14) DL R R SR ER (o~181 £ 3 H T 2R 23 A 5 oA B0 (8] FR) G SR 78 S5 45 & it 7 (3, 19~390,
WA T 2 I T RUR AR 2 A 3 SRR AT 978 23 32

JEE P 2 1 S AT AT R T UM 2 7 A 9F 98 A0 1) — AN eIl R, VR T 2005 AR H IR A% £ fhj
F2 [ N LR B A TR B S . MEAR A T R AE R FFE A S h A A BRI 5 T, SN E T
£ A3 FZ AR/ B M T AR 2 TR A S T S A A e A A (R AG) (891 BRI I JE 1
VAR 5 & 1t 2 18] R B A e SCUL R e B L ) FH 22 il R B SR At S ME 2 T R TV B M40 28 AN [R) 2R A
JE AR 23 AT« I 8 MR AL 32 & M 2 18] B T VRS O TR B ) — RIS R

PMESHE A FRER IR 2 5, Wu 25 121 F 2009 FE4EH TR LS, Wang 25 10 B 5T 7 4%
FEEANTT L) U AN AEEE AR () JB PR 240 165 ) L i 25 DU BIEF0 T R BRI AN T2 T 41 S SE AN AR 1) J8 1 240 147 1)
L AT AT SRR 5 0T EEER U T SR 8] HUAr AT R, AR AESR I S R, X S 1 £ R I — AT
T RBHIBETE R T — B R P B 21, o TR AR08 ORI 201 R B M 1)
TR VAR AN B A 7 R B A TSRS A /N JB A 1 SR I B 2 1. FRAT T34 Jg 1t 2 T 1)
BARHE BRFE AT =, W T USRS S AT B PR L0 ) J 013 DURHE T AR - BRI
PSR AT SUBYELI N 29, Shao 5 14 30 T LA 5t LB TELI, Ren 55 40 72 =30 M
AN IR T 4 MEHEA T LLIGX 4 MR L 2 AL R, Wang 55 W FEARE&/E SR T
BT — R IX AR ML 10 a8 1t 20 17

BB RMAN— MR (Boolean) #E [, Keprt Al Snasel 21 F 2004 £ H H I 2UBE & 15 NI
Tk, DA RAR R R 720 AT 1) . 72 b 34t I, Belohlavek, Vychodil & Trnecka 25 ¥ ¥ % T
1B, TS 2] T IR G R R, IX 28 TAEXT FRATTA 1R K1 e k. [48~461,

it FCA R @ 1t 21 A S R0 A (R JEAR, FRATTHR T OR3F — 70 R RAR IS 2 faiX —Hf
FUERE BT MR A B R, BOETRD BRSNS ZDRe RS IR B A G R, BRI
MEETT DIAEAS F A B R e (1) ek RFTERAE. ASCAE BB SCHR [47) TAERZEERE B, FEMNE 7/
JEE AT R FE O 71 PR 0 R 5 S MR 1) 3 MR SRA R EAT T I, JFER I IRAS T IR FF 0K R A
AR N & LT T BTV

2 EAEmR

2.1 S o EAL IR

AR /IS [ MRS 2 A R B A L

EX1 (1) % (G, M, I) ZIEXE S, Kb G={g1,...,90} ANERE, TG g (i <p) WN—
ARG M = {ma,...,mg} NIBTEEE, TN m; (j < q) BOA—NEM TN G5 M 2R ITRA,
ICGxM. % (g,m)el, WRRWNE g WHBM m, 1L gIm.

KR TR S SRR B, ¥ (9,m) € TEA 1, (g,m) ¢ 1124 0.

MHEEM X C G, BC M, Wille M g5 T # 2 M1 — X5 S HF, 10K Fs:

X"={m|meM,Vge X,gIm}, B*={g|geG,Vm € B,gIm},

X Fon X A G FRAANEIEES, BT Ronilfa B hTf RN REE.
SR 3 BT IR BAR R 5 L SCR (2]
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Fz1 EMEKEAER (G, M,I)
Table 1 The context of living beings and water (G, M, I)

G a b c d e f g h i

1 1 1 0 0 0 0 0 0

2 1 1 0 0 0 0 1 1 0

3 1 1 1 0 0 0 1 1 0

4 1 0 1 0 0 0 1 1 1

5 1 1 0 1 0 1 0 0 0

6 1 1 1 1 0 1 0 0 0

7 1 1 1 1 0 0 0 0

8 1 0 1 1 0 1 0 0 0

F2 1 BAER (G, M, I) SR
Table 2 The concept lattice corresponding to the formal context in example 1
Label Concept Label Concept Label Concept Label Concept Label Concept

c1 (0, M) cs (6, abedf) co (36, abc) c13 (234, agh) c1r (12356, ab)
co (4, acghi) ce (34, acgh) c10 (678, acd) cl4 (568, adf) c1s (5678, ad)
c3 (3, abegh) cr (23, abgh) c11 (68, acdf) c1s (1234, ag) c19 (G, a)
ca (7, acde) cs (123, abg) c12 (56, abdf) ci6 (34678, ac)

WR—=A"J04H (X,B) (X CG,BC M) i X* =B, B* = X, W (X,B) £2— MBS,
AL, b, X FONBESHIANE, B FROURE I I

FERE S, A PRRR RIS H BN RAE B RS (97, g%) (g € G) A E EA A A
FIE MR (m*,m™) (m € M). BATCKH RBZ 2N OG, M, 1) = {(g**,9%) | g € G}, RIER 4
R AG, M, T) = {(m*,m**) | m € M} CHTERI, Zlii% {g}* LA g*, ¥ {m}* LN m).

M L(G, M, I) FonTEE R (G,M, 1) KRS, 4 (X1, B) M (X2, By) R2ME, H BRI
FREENN (X1,B1) < (X2,B2) & X1 C Xo(By 2 Bz)- ESUFHFRN (X1, B1) A (X2, B2) =
(X1 N Xy, (By U By)™), LHIA N (X1,B1) V (Xa, Ba) = (X1 U Xo)™, By N By), —FH W EME, M
L(G, M, I) Z5E&H, BN (G, M, T) MRS

SCHR [2] g T BAR SRR, B — AN ST DLl e B AR T M SR A

5131 W (G, M, 1) BIERE R, LG, M, T) 2EEEH, W T =U{Ax B|(A,B) € L(G,M,I)}.

Bl ([2) * 1 EXT “EMEK BWIEAER (G, M), b, 5% G B85 8 MR, Bl
& 1: leech, 2: bream, 3: frog, 4: dog, 5: spike-weed, 6: reed, 7: bean, 8: maize; JETESE M U5
9 NMEM, B E: a: needs water to live, b: lives in water, ¢: lives no land, d: needs chlorophyll

to produce foods, e: two seed leaves, f: one seed leaf, g: can move around, h: has limbs, i: suckles its
offspring. % 1 HJEAE S BN IS an3E 2 Fow, XFRIHESHE il 1 s (1% FCA iR
HISIBERR, Rt 5 AN, HAtR G TR FII3R0R).

2.2 M/REMSHIREEEMENR
A /RAREL 8] RS By = {0,1} Jog AEF B 3 RhIg s « 47, < 0 “o” Rk, @R G
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1l 1 BRAERI NS

Figure 1 The concept lattice corresponding to example 1

(1)0+0=0-0=1-0=0-1=0,

2)140=0+1=1+1=1-1=1,

(3) 0° = 1,1° = 0.

FRIE XAE By EHIIAIE AR AR, iCHTA R n 4E46 RAT R RN V,, T K n 4E46 /R 5 H &R
VvV A moxon Y AT RFEREA By

WR oy = (21,22,...,20), a2 = (y1,92, - - -, Yn), WE XATRKATIRIE ERHANIEE <+ 5«7 A
D ar+as=(x1+y1,22+ Y2, Tn +Yn), (2) @1 -2 = (21 -Yy1,T2 Y2, -+, Tn " Yn)-

T AMMTIE oy Ml oo, B o =1=y =1, Wi a1 < ae. WH a1 < a2 H a1 # a, MK
oy < ap. B FEAE G N 2 AT R AL E S 18]

EM2 ([48]) WTFZE W CV,, W ll—NFHEEG BFAW B— MY HACY W = (B) (n&E
£45 B WAEREM), MH B 2&—MERMES.

W A€ Byxn. Br(A) RxtH A BIFTEATH BRG] R(A) ME—ILE, FR4 A 1
AT, HIEERON A BATRE, H pr(A) Fox. KL, Bo(A) Roant A WA IR R 56 A2
ZHE C(A) MME—EIR, BN A FIFIER, FEBRRN A 518k, F po(A) FRow 18],

B Ak, Biosom NATRIRE, #5EL Ao B =\/{_, Ay - By, 3t/ FoRERME (B4 BN
PR, RO + £oR), - RRHERR (BREMIERE), WK Ao B Z1/RMEME A5 B I
e 48],

2.3 ERERMERETFRIERREF 5 HEE

AR R0 BT BRI 10 e . o — AT JRHERE W s, BIE TR K (< m) ANBGBUII R (K B2
ZRATREN), 13 W RIS NPT RFERE Asxk, Bioxn BT RIFEAR 142:43],

Glodeanu 491 F 2010 4F M-S AT HE S 4 H T B FHIE L.

EX3 (49) W (G,M,I) £—MERE R, LG, M,I) RMEWK, F C L(G,M,I). # 1 =
Ueapyer(A xB), WFR F2ZET 2 MBERIE T2, 22, 3 |F| S, WK F OEEE 77>
fif. F AT ERE (FA) KT

Belohlavek 1 Vychodil 3] 45 Hy 1 41 (14 B AR5y 3 195 A A 1R R F LA k.
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TR H (G, M, 1), iCHEE G = {z1,20, ..., 20} TE—DNER 2, (0 <n) N, BIE
M ={a1,a,...,am} TEHE—NEW a; j <m) N j. & F={(A1,B1),...,(A,B)} C L(G,M,I),
WA RAERE Ax 1 By WF:

1, Z c Al, ]-7 ] € Bl?
(Ar)u = (Br)ij =
03 l ¢ Al7 07 ] ¢ Bl‘

MIAELE F, MR 5 (G, M, I) Frat BLRAR /RFERE W b 43 i n b5 v B Re as (10 79 A A7 7R 6 B
PRI Ar o Br.

EIEL ([43]) % (G, M, 1) &—NERE 5, LG, M, ) RS, B AEE F C LG, M, 1) f§i15
W = AzoBr, Wl OG, M, I)N AG,M,I) C F.

SCHR [43] BRI B 1 AN A i )k IR

B2 1 FRERER (G, M, 1) S SR 2 FiR, W8 5o B A R e, 4
F = {ca,c3,¢cq,¢1,08,c11,c12} , WL FIR 77 XMIEHERE A 5 B WF:

110000100 1000000
110000100

110000110 1100000
110000110

111000110 1110000
111000110

101000111 0001000
W = , Ar = , BF=|1101000111

110101000 0000100
110101000

111101000 0000101
101110000

101110000 0000010
101101000

101101000 0000001

KA W = Ar o Br, W F 2HET. MEMSET, OG, M, I) = {cs,c3,c4,c5,¢1,¢8,C11, 12},
A(G, M, I) = {c2,ca, 13, €14, C15, C16, C17, C185 Cro }, 4 W O(G, M, I) N A(G, M, I) = {cz,ca} C F.

3 RN EIEIL ST

TESCHA [47) 1, AR T ORHFE 0 X KA MIME S L1778, 25 H 7 2% 0] /A A DGR 70 BROR. AR
TAE BB R 0k RAR IS L R A TS 3 B, N In KR 7, LU R A R
AT SRAF R AR R AN [7) 21

EX4 ([47) & (G, M, I) RA—PDMERE5, LG, M, 1) WM&k, F C LG, M,I). WET =
Urapyer(4 x B), MFR F NRFFZICRAANZIBS RS, FHERK (A4, B) € F, F/ = F\
(Ai, B), 1 # U pyer (A x B), WK F RERFF IR ANE RS L.

MR L, B SOB AR ek AR LS S (S L) SRS T (S 2.

EIB2 (47]) XNEMEIEE OG, M, I) S5EMEMEN &R AG, M, T) YRS

RIS AN AR R, — N SO S BTA S R DA i 3 2K,
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2 il 1 W—MRRHE 7
Figure 2 A concept reduct F; of example 1

#*3 1 SRS

Table 3 The classification of example 1

Type Concept
Core concept c2, C4
Relatively necessary concept c3, C6, C7, C8, C9, C10, C11, C12, C13, Cl4, C15, C16, C17
Unnecessary concept C1, C5, €18, C19

EX5 ([47) & (G, M, I) — MY 5, LG, M, I) Z2B&S. R ={F |ierr NEK
£VN (G, M, T) TS LTRSS, AT LG, M, T) FRIEEE SN 3 2%

(1) O K =,c, Fii

(2) MR BEBEE N =U,e, Fi \ Nicr Fii

(3) ALEMEEE U = L(G, M, 1)\ U;e, Fi-

3 #l 1 WIEAE 5 (G, M, 1) fFEFZMSAE, B, Fi = {c2,cs,cq,c7, 5,11, c12} BIA—
AL, EE 2 R AbRD. R, B A PR, T LA B EE R SR R A
A IR AR

A TRATTHZE 5 M 3 IR, IX A LRI AS 2 B A MESA% 1 A% AR 2 L 5, 3R 2 & T
PABESr 9 3 2K, BRIk 3 fios.

3.1 ET X FZMBLSHFE

SCHR [47] MZTER A MEN T 5 (G, M, I) FRrA S RIS RAEEAT 7T, ARSI
S e AR TT 4G
M TR F S AT B AS b EEE & R SRR A T

EIE3 ([47) W (G, M, 1) ZERE 5, LG, M, 1) REMEK, ¢ = {F | F A& HLE,
F CL(G,M,I)}. W (A, B) € L(G, M, I) AABLERZ AN AxB C R((A, B)), 7, R((4, B)) =

NreclU s, mer (a,p);(4i X Bi)}.
M IEK R A FEAS B OB S IR S IR I R
EE4 ([47]) W (G, M. 1) RIERE S, LG, M, I) RHEMEK, R ={F | F, WMEAFE, ierr
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NFEFREEY. WILL R iy .

(1) (A, B) &% 0,
2
3

Ucas Boercan gy (Ai X Bi) # U, Byereum,n (4i X Bi);

TE1E (g,m) € IN(AxB), SHEREM (A, B;) € L(G, M, ), (A, B;) # (A, B), i (9,m) ¢ A;x By;
4) (A,B) € O(G,M,I) N A(G, M, I);

5) (A, B) s sl MR 7.

M T026 F A FEAS B ARG 06 B & O SRR HE L R

EIE5 ([47) W (G, M, 1) BIEAXE %, L(G, M, 1) RHMEH, 10

R((A,B)) = ﬂ { U (A; x Bi)} ;

Fec \(Ai,B)eF\((A,B)}

(
(
(
(

Hhc={F | F &AL, F C LG, M, I)}. SHEEM (A, B) € L(G, M, I), (A, B) AL
BB AN Ua, poeneanmiany(Ai X B) = U, yer@ann(Ai x B) B Ax B € R((A, B)).

3.2 ETETHXNR (BMY) BB

AN EEN FCA B SHE T «x 10 BEXTAS [R50 R 2 o ek SN & & M A2 PR MR
DUFMERATH L.

3.2.1 AAEHSHIESISE

EI6 W (G,M,I) 2T R, LG,M,I) Z2HMEWK. % ge G, id Go={g: | gf # g}, W
(g7*, g%) R DAL EREE 2 HACEAE Gon C Go, 5 9" = U, e, 95

MERR  EE. BT RER Gsu, C Go, H g* # Ujiccon 97 MAFAE m, 153 (9,m) € g** x g7,
HXTAEREM Gown € Gos g5 € Gouns B (9,m) & g% x gF. HER 2 51, W EMEEE OG, M, 1) 2
MR RLE, X BRI, AE Gi € Go, B Ugea,up0y 957 % 95 = Uge gneo@ann 97 X 95 =
U(A mer@un A% B H Uy eq, 97 %98 # Uger gryco@ann 957 x gf - B, BITEHL 3 R0, (9, g%) A

*/\Xﬂé\;cﬁ% , SO E. o, *Eﬁf £ Gown € Go, 13 g* = U,,cq... 95

o1, JX% VXY |Goun| = 2 IIEBLEATIED], |Geun| > 3 NHTUERIZERL BIIER]: XHE=
1 g € G, 771E g1, g2 € G (9f # g, 95 # g°), Wi g* = gf Ugs, W (¢°*,g") RAVEME. N
iE (g%, g*) RALEMS, RFTFIE ¢ x g* € R((g**,¢")), BIXHMERMESTHIASE F, A ¢ x g* C
Ui, poeritome.goy At x Br. B, PR FRIAL: (1) AHERMSWRE F, 77E Fup C F,
(91" xg1) V(93" % 95) € Ua, B,yern (Ai X Bj)s (A5, Bj) # (97.97): (2) g7 x g™ € (97" x g1)U(g5" x g3)-
TIE (1), BRIUE: g1 € g%, g2 € 97 B g1 e g™, g #g1, Wt Dy, B g* =giUgs T
J&, W g1 & g% A, go & g™ B, g1 x g7 € g™ xg* H ga x g5 € g7 x g*. XEHFHEMS
(A,B), 115 g1 € A, W gt* C A, Ml gy x BC Ax B H ¢gi* x BC Ax B. RAGFTENMEE (A, By),
i=1,....n, 3 g1 x gt € U(A; x By), FTLL, gt* x gf € U(A;i x B;) H (A;, By) # (g%, g%). [FIH,
# gé* x g5 € U4, x Bj) H (4;,B)) # (g, g%). B, (1) fHE. NIE (2). H g* = gf Ugs FIHI
9f C g, g5 C g, Bk, g™ C g%, g™ C g5, WA g™ X gf C gi* X g}, 9" X g5 C g5* x g5. TH,
(9" x gD U (g™ x g5) = g** x g* C (91" x g}) U (95" x g3), BRI, (2) FHLE.

HHE P 6 BIUERERE, 7T LA 205 AN e B .
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E6 W (G,M,I) RIEAXE R, LG, M, I) RHBEWK. M TAEEN ge G, 12 Gi={g |9} C
g} (g7, 9%) R IABEME L HAE g* = U, cq, 9

e 6, i LAMS R T HER.

#iL1 W (G, M, 1) BIEAE R, LG, M, I) RHMERK. XTEEN g € G, (9, 9°) DEAL
TR AACAHMERER) Gaw C Go, 9 # Uy, cq., 975 FH, Go={gi | 97 # 9"}

#it2 & 0.(G, M, 1) ={(g"*,9") | (g7, g%) RADEME}, W OG, M, 1)\ O, (G, M,I) &

WERR A (9, g%) € O(G, M, 1)\ Ou(G, M, I) Afe—MNABERES, WS 1 %0, SHEEMN
Gan € Go, A 0" # Ugequn 95 41 97 Cg*, H g™ Cgi™, Xogeg, W gegr, R, A g #
Uy ecu, 955 FTEL, —5EAEE m € M, 13 (9,m) € g™ x g* H (9,m) & 97" x g7 % g7 L 9, M g & 977,
MXHERER m € g*, H (9,m) & gi* x g L5 LWL, SHEER (9**,9%) € O(G, M, 1)\ O.(G, M, ),
Ua.Byco@ . ou @ U A X B # UaprericamnA x B. i, O(G, M, 1)\ O(G, M, I) &
— AN LA

ekttt 6 S A B R R ) B A SR MRS T, R A R SR S5 1R TR R

EIB7T W (G, M, T) BT, LG, M, I) ISR X TEREN m e M, & My = {m; |
m #m* Y, W (me,m=*) e AABEREER 2 BACAAFAE Mo, C© Mo, 115 m* =U,,, car, 75

EFEBT & (G,M, ) 2B R, LG, M, 1) ZHB&H. X TEER m e M, id My = {m; |
my Cm*}, (m*,m™) 2 MABEBEH B m* =, ca, M-

L3 W (G, M, T) Z2ERE R, LG, M, I) RHMSH. X TR m e M, (m*,m*™) AEAR
NS HAUCAIHE R Mgy, € Mo, m* # Un, e, ™55 Hrf, Mo = {m; | m} #m*}.

it W ALG, M, ) = {(m*,m*) | (m*,m**) BALEMEY, W AG, M, I)\ A(G,M,I) &
LA

f5la  LIBI 1 FHES 5 A cg AP BB 3 H, TR 5 = (6, abedf) NS B, Tk
E, 6% =5*us*, FEEH 6; Pl 3 XH, BRYEMEE cis = (5678, ad) RN EMR, 1T d* = e* U f*,
e 7.

3.2.2  FZUEERRUELREHIE

EE8 W (G, M, 1) BIEAER, L(G,M, 1) RHMEE. N TEEN ge G, i Gi={g |9 &
97} W (g7, 9%) —OMZ S BN g* 2 U, c0, 97

WERR R EHE BB 9% C Uyeq, 95 W 0" N Upea, 97) = 95 B Uyieq, (97 Ngp) = g*. XA
g Ngr C (g Ng)™ W Uyea, (0" Na) € Uyea, (9N g7 T3 9" € Uyea, (97 N gf)™). X
9 L g =g g, W g™ C g ugr C(g"Ngp)*, T, g7 xg" C g x (Uyea, (6" Ngi)™)) =
Ujica, 97 < (9" 0 g5)™) € Ugiea, (9" N g5)* x (9" 0 g)™ B, Uia pyeriean ooy A X B =
Uasyenearn A B, 15 (97, 9%) —A%OWEST G, R, 2B HERIE.

FeortE. HEE 4 M, BAE (¢, %) NEZOWE, BIENEATE (g,m) € g x g*, TR
(4,B) € L(G,M,I)\ {(g",9")}, A (9,m) ¢ Ax B. HTERME (4,B) € LG, M,I), A
(A,B) =V, ealg™ g7), HHH) g ARG ¢* € g7, g° C gf. BIL, BATEXNSE G 73N
2NMEE: G ={gi | 9" L g’} Ga={g; | g* C g}, M, G = Gy UGs. 1€ Gisup € G1, Gogup C Go,
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M Af 3 FER: A= G, A= Gosup, A = Gieup U Gogup. K, FHIMIX 3 P BLIEH: 7ELE
(g:m) € g** x g, FMEREH (A, B) € L(G, M, 1)\ {(g"*,9*)}, A (9,m) ¢ Ax B.

(1) #7 A=Grsun, W (A, B) =V, ca(97%:95) =V y,cc1u (07 97) = (U, e 957 Narerm 97)-
BN g* Z Uy eq, 95 WIHEREK m € g*\ (U,,cq, 97), B me g Homd gy, M, m &N, cq,... 95
Rk, (g,m) ¢ A x B.

(2) # A=Gasun, W (A, B)=Vy 495" 97) =V, €000 (97 9) = (Uy, 0 457 Ny, G 97)-
FRHHEBLE) 05 € Gons 5 57 € 052 0L 0° € Ny, - 5 0° € My, 45 W m €
Ny, cGon 95+ (9:m) & I, A g ¢ (Ug,ecaum 9577 Bk, MMEER m € M, (g,m) € Ax B. #
9" = ngjec%ub g;a ES) (9**,9*) = ((UgjeG2S“b g;f*)**, ﬂgjec;%"b g]*)

(3) # A = GrsupUGa2sun, W (A4, B) = Vo, ca (057, 98) = (Vyiecrom 97 9DV Vg, e60 (9575 95) =
(Ugietrom 97 Y Uy, 60 SN (Ngrctram 95 N (Ny,eaan 95))- BT 95 €U, ca., 95 MHE
B me g\ (Uyeq, ), Ameg Bmd (N, can 95) N (N ecm 97)- B, (9,m) ¢ Ax B.

4 1T, HERE T m € g \(U, cc, 97), B (9, m) € g xg* BXHERI (A, B) € L(G, M, T)\
{(g**,9")}, ATE (g9,m) & Ax B. B, (¢**, g*) % OME. o ERIE.

MJE T 1 B 5 R RS et T

E9 W (G,M,I) BIERE R, LG, M, I) R XHEER m e M, id My = {m; | m* ¢
ey, W (e, me) R AR HALS m* ¢ U, o -

55 LABI 1 RS o = (4, acghi) EIAEHE 8 1 9. MITRAEHLIE, co RXTHR 4 FHIXER
W WHERM ge G\ {4}, H 4 ¢ g*, B 4° ¢ U, ey 95 BIE, o R—MEOME. AREAE
%18, ¢ IR | FHIORMERES. MEEN me M\ (i}, # i ¢ m*, B i* ¢ Upeay g m* K, o
e MEOME. X5 3 AR ER—EL

3.2.3 X LERSHIELREHE

HTMESILE 3 B, M 6~9 Cer R (JE1E) M A L EM S 5% O X PR
TR B AE. R, 55455 GO A B PR A g AE X 6 BN 1 7 43 b SR A

EIE10 W (G, M, ) RIEXE R, LG, M, 1) 2HBEK, % g € G, WX RS (9, 9*) &AHH
Xof DA B HAY Y

(1) AL Goun € Go, A 9* # Uyieqa, 95 35 Go={9i | 97 # 97}

(2) ¢* C U, cq, 95 3 Gi={g: | 9" Z gf}.

EIB11 W (G, M, 1) 2ERE R, LG, M, I) 2 HMERK, % me M, MBS (m*,m*) 2&
FEXT D6 BEME 24 HAY Y

(1) RMERIT Mo, € Mo, B m* = U, car.,, mjs T Mo = {m; | mj #m*};

(2) m* C Uy, enr, s 34 My = {m; [ m* £ m}}.

3.3 ETH/RIBMERI SLE

AMEE BT 5 (G, M, 1) BRIETT AT — AR R, JATICE « DR g Bk R
ARENE g7 A 1x M| FATHE o, L5 § DEYE my; BrItFERA RS R ms B4 |Gl x 1 [
FTEE o . AT LUFIA /R [ 8 5 06 B R I EAT 13
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3.3.1 3 MEAXWR (Bi) HSHBUSHHE

FIHEH 6 5 7 T MAT RHRE A BEAS B AN BT GME &R0 8 A2 M & R an

SEL W W R TR R (G, M, ) BARARE, o RATBLT g, € G HOATRIE, W (9, g7)
R MADEMEYHNY a; = kiog ++ -+ kim0 1 H ki1 + -+ hpoy, HH ks = {; A
se€{1,2,...,p}

w2 W W BN TIERER (G, M, 1) MARERE, o BXUNT m; € M MR, N
(my,my) R—MADEMEHHNY of = kol +- 4+ k10 + kjpad ™ + o+ kgt Hopy
ke = {;j e te{l,2,...,q)

FIF e 8 5 9 R A /R A B A FEAS 2% O ME & RS AR QT

WEES W W RN TR R (G, M, I) WHiRHERE, o BXRLT g; € G BT, (9%, g7)
R AR S ALY o  braa - 1o i e pog, S0 By = {0 Ee
se{l,2,...,p}.

WA B W RN HRE R (G, M, 1) fAREERE, of BXRIT m; € M BB E, (m?,m5")
e MEOEE S HN Y o L kel + -+ kjoad T kel T 4 kgl ok, = { L el
te{l,2,...,q}.

FIFIEEE 10 5 11 AT AR AR B A 5E 75 2R Xk a0 6 50 M0 4 A0 i ek MR PR R S R A G

WELs W W XN TN 5 (G, M, 1) AR, o Z£XRT g, € G FIATIHE, (97, g7)
Je AT DA B A Y

(1) o; # ko + -+ kis1ai 1 + kip1agn + - + kpay,, FH k= { e e se {1,2,...,p}).

0,
(2) i < kroeg + -+ kiy @iy + kipr@igs + - + ko, FH, kg = {;; st se{1,2,...,p).
@86 B W R R TR R (G, M, 1) WARIERE, of RATRT m, € M HFIE, (m},m?)
e AN H b BT 2 HA Y
(1) & # ki +---+ k10 + kol 4+ kgat, ok = {

1,
0,
(2) & <krat 4+ 4+ kj_1ad  + kjqadtt 4o 4 kol Hp ok = { bt te{1,2,...,q).
file % 1 FURMEAT Fob, A% 6 B BT HERN ag = (1,1,1,1,0,1,0,0,0), H, a5 <
g, a7 < ag, H as + ar = ag, # (6*,6%) NP ALEME; MR 2 Pt MEATREN a, =
(1,1,0,0,0,0,1,1,0), 1, s > a1, H s # o an € a1, o, a5, g, ap, s Ho ooy < aq +ag+as +
a6+ ar +ag, B (27, 2%) N— XS EMES; XTR 4 BT AT EA ay = (1,0,1,0,0,0,1,1, 1),
H, oy £ aq, o, a3, as, ag, ar, as H ooy € on + as + as + a5 + ag + ar + as, 8 (4%,4%) H—
MZOMES. X5 3 —F

ol >el pe{1,2,...,q).

gl

3.3.2 WIRAESHERIEMNFKZEINER

EE12 W TF—MERE R (G, M, ), BOFE— DS, RSN ST 50 5o
JSL PR AT R HE BE AT R

WERR 1R TE A ST R R AT I R AR S W, AT M E TR I RN R(W), d
O(G, M, 1)\ O, (G, M,I) Fixt BT R IE SN W,, Ou(G, M, I) Fixt BT I ERE SN W,.
TR o € Wo, B i # Unypaapew bioss S8 b = {257 =5, f o #

0,
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Uy ey, kios 36T oy = {070 0w, AR S. SR o € W, H
i = Un, sevs0,ew, ki B, R(W) = (W) = (W,). Ttk W, O R(W) 5, W W B9ATHRA (W, .
T, ek 2, GrERHE.

FeAul, 7T LAFR S B R L6

FH13 AT ARG R (G, M, 1), EOGE ML, EMa NS T 5B
R 14 A S0 A ) .

4 BERAEHITERZE

MRPEE SRR 2 X, — M AEROZRR AT H T AT st A #E ZJ0RR KT (WA,
JE ) ookt A TRBETERE S (G, M, I) FIBEEZ)8E, 77 DHEE SO e — ook & E—10 =
TR R RS 2 91, FEE A S % o Sl EH — AN H TS, el B8 MR R
£, MBI A BREAS RIS 2w R AT BAR TR i DU A il 45 .

w7 W (G,M, 1) A5, LG, M, 1) 2HMER, XHEREM (¢,m;) € I, 12 CS;; =
{(A,B) | (9:,m;) € Ax B}, DC = {CS;; | (9:,m;) € I}, 9(A) = Acs,,enc(V(a,pecs,, (4, B)), W g(A)
Jr et IS B s /N B B 2 16 A B 2 20T S5 o I PR AR 7 240 18 ) 4 4

s b R T Iust AT N AR S A T A e xS T N RO, Rk, 7RI T A IO AR s
i ERAFEMEIEN]. Belohlavek 1 Trnecka (45 8 F 2 Mk & AE 9 K1 8IF 7847 K DAL 1- 20 it ,
B 7RG AR, B L(G, M, T) HRIIXE. BARRN SRR IR N L(G, M, T) FIXE I, =
(g7, 97), (3, m3*)] WG T A RBLICX (g5, m;) WIBEE O&F T 200Xt (g,m), ICHFR R IX 18]y
Tym). PRI, TR RS 7000 Fonk 2 FR X TR], 5 4 H 3 28 X TR AE AL 35 96 R R AR/ X TR) BT HoAd
JIE I g

W8 XEEM (9i,my) € 1, Tyy = [(97%,97), (m},m3*)], 5 Tin REERRZTHIPDXELE,
12 Zin,, A Towin TIIE m ATEEK, 9(A) = Am=i (Vasyernn, (A B)), I g(A) B2 B/ BT
A A & BT 20 5 R 7 MR 2 24 a7 1 4 A

BT W Zep = [(8",8%), (f*, [*)] = {c11,c1a}, Tsa = [(8,8%), (d*,d*)] = {c11,¢10,¢14, 18},
Tsa = [(8**,8%), (a*,a**)] = {c11, 10, C1a, C16, C18, C19}s X Tsy, Tsa, Lsa A B ICHR, K H 0T BLRAR
INXTEEA Ziing, WA Tinin, = Zsy = {c11,c14}-

[, AT 3] T HHARITER, W2 A 8, AT 45 2| Frd A& 2 1.

il 7 5 8 M7 EAR AR I TG IR RPN M I T e R R 45A MERREAE, PTG
ZIeA R AR B ATE IR L. Ok e B 14 PRAE.

Ei14 W (G,M, 1) RIERE SR, LG, M, T) 2HMESK, K 2HZO0MEE, 0, HHANE
S GMEEE, Ay WEADEREMSE. 18 Tonsidered = {(9:,m5) | (9:,m5) € I\ (Ugvo,ua, A% B)},
Tnin 7 Leonsidered T ZJ0K F 0 B I X AIE AL 0 R T IIAR/NX TR AR B . Tonin,, /& Znin T
5 om MRNXE]L g(A) = K A (/\Lf":“i"(\/(A,B)ez,,,i,,m (A, B))), Wl g(A) BIexss B ) dse /e B b i A
UL T A S I (A 8 240 T 1 A .

R B, B (A, B) € K, W N = Joxt Bl s i X R 78 AL 3 2 & R AN X T8 A
{(A,B)}, Bl {(A, B)} € Toin. HIZEH 4 50, 47 (A, B) € K, WIAZLE (g,m) € I, (9,m) € Ax B, SHEE)
(Ap. B,) € L(G, M, 1), (A, B,) # (A, B), B (g.m) ¢ Ayx By, W—AFE—A"TCHF (g, m), FEAFILHT
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® 4 BT REFAR MBS

Table 4 A part of pairs and concepts

Serial number k Pair Concept set CSg Serial number k Pair Concept set CSg
1 (1,b) {cs,c17} 8 (3,9) {es,c6,c7,c8,C13,C15}
2 (1,9) {cg,c15} 9 (3,h) {e3,¢6,c7,c13}
3 (2,b) {c7,c8,c17} 10 (5,0) {c12,c17}
4 (2,9) {c7,¢c8,c13,c15} 11 (5, f) {c12,c14}
5 (2,h) {c7,c13} 12 (8,¢) {c10,c11,c16}
6 (3,b) {e3,c7,c8,c9,c17} 13 8, 1) {c11,c14}
7 (3,0) {c3:c6,c9,c16}
® 5 AR/ XE] B X Rz Y =TT R
Table 5 Pairs and concepts corresponding to the minimum concept intervals
Serial number k Minimum concept interval Pair Concept set CSy,
1 Ty (1,) {cs, a7}
2 Tig (Lg) {cs,c15}
5 Zon, (2,h) {e7, 13}
7 T3¢ (3,¢) {e3,ce,c9,c16}
10 Tsp (5,b) {ci2,c17}
11 Isys (5, 1) {c12,c14}
12 3. (8,¢) {c10,c11,c16}
13 Isy 8, 1) {c11,c14}

SHRIRIX AR {(A, B)}, 3 H., SAEEN (9:,m;) € Ax B, HFxtRKIX A Z,;, WA {(A, B)} C ;.
Bk, BN X T {(A, B)}.

HIX, # (A, B) € Oy, MIXHMERER (9i;,m;) € Ax B, —%H Lij & Tonin. W TAERER] (97, 9%) € O,
(9::m;) € g** x g*. BN Ty = [(9;%, 97), (m, mi*)], X gi € g7, W g7 2 g%, TR, (97%,97) < (97, 97).
SLHUERL 6 H, APHE Gowr € Go, 7 9" = Uyeq,,, 9 W gi © g7 BIE (97,97) < (97, 9), BT
m; € g%, WAFLE gy € Goun, A m; € g, W Tij = (977, g7), (m,m3)], TR, Ty © Ty, Bk, Ty 3
A/ X 1.

FIBE, %5 (A, B) € Ay, WXHEREI (gim;) € Ax B, —3EH Tij & Toin. L5 b, EEAHE.

MR, EREAT AR AT B rh, 8 A A AE, AT L U AR T O A
St 5 R AR A o ) T 45 T AR AR 0

s witl 3 &0, B 1 RIS F (G, M, 1) X R OHESES K = {co ca}, FIXSRLHIA L 5
HEMEREE O, = {cs), F B R BERIEMERS A = (e, 00}, H o FEAET TEXF,
B, MBI ER 14, HHERELLT e B RS A LG, M, 1)\ (K U0, U A,) TS, i 4
iR (GEFES k Bt B R84 CSy).

=, Toin = {Tis Tugs Tons Laes Lovs Loy Lses Lp}, SLHTXTNASRARM SR 5 Pros. W
9(N) = K A (N2 (Ve eos, ) FETERI I FHABERLA RS SRT, ABIT g(n) HEHERHA
Bk 52 A, KGR BATHA T 1 2 4 R0 T HE— 5 01 S0 00 ) 0 XM 20 (/1 40 ) LA A 4
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sk, AT A5 PRI 240 fT, RS S (120 fi] i R A5 55
RARRFF —TCR RARRIME S A ] 00 BARBE IS 1 P,

Algorithm 1 The algorithm for finding concept reducts in the formal context (G, M, I)

Input: (G,M,I), L(G, M, I), set of row vectors Row, set of column vectors Col;
Output: Concept reducts.

1: // Type of object concepts;
2: Oy =0,A,=0,K=0, R=10;
3: for i =1 to |Col| do
4: a<=0,8<0;
5. for j =1 to |Col| do
6: if Col[j] < Coli] then
7 a < a+ Col[i];
8: else if Col[j] > Col[i] then
9: B < B;
10: else
11: B< B+ a;
12: end if
13: end for
14:  if a = Col[¢] then
15: Add (g7*, g7) to Ou;
16:  else if Col[i] £ B8 then
17: Add (g7*, g]) to K;
18: else
19: Add (g7*,9]) to R;
20: end if
21: end for

N
S

: // Type of unnecessary attribute concepts;

23: for p =1 to |[Row| do

24: o <= 0;

25:  for ¢ =1 to |Row| do
26: if Row[q] < Row[p|] then
27: a <= a+ Row(q];
28: else

29: a <=

30: end if

31: end for

32:  if Row[p] = a then

33: Add (m*,m**) to Ay;
34: else

35: Ay <= Ay;

36: end if

37: end for

38: // Calculate Zconsidered;

w
el

¢ Zeonsidered = 0

: Leun(G, M, I) = L(G, M, I)\ (KUQO, U Ay);
¢ Tconsidered = I\ (U(a,ByerL,y, (a,m,1) A X B);
: for i =1 to |Iconsidered| do

7, = 0;

for every (Aj, Bj) € Lgub(G, M, I) do

N N N
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45: if Ioonsidered[?] C A; x Bj then
46: Add (A;, Bj) to I;;

47: end if

48: end for

49:  Add Z; to Teonsidered;

50: end for

51: // Minimum interval sets;
52: Imin = “Lconsidered

53: for i = 1 to Zconsidered dO
54: for j =1 to Zconsiderea dO

55: if i # j then

56: if Zeonsidered [i] € Zoonsidereals] then
57: Remove Zopsidered[j] from Ziin;
58: end if

59: end if

60: end for

61: end for

62: // Obtain concept reducts by conjunction and disjunction;

63: CS = K A (A2 (V(4,B)e (Zynin (4,8))));
64: return CS.

EEE 1 W SR GRS R R R R 24 BE N O(|M||G?), SRAFAS 2 2 J P A Fr ik 1) 5 44
N O(|G||IM?), 5 Teonsiderea FIN TR RN max ;< |1, m, 0\ (k00,04 O(|A; X Bj| |[L(G, M, T)\ (KU
O U AP, R X EERR A EZREN max; i<z, O Leonsidered 1] || Zeonsiderea [7] |
|Zeonsiderea|?), JEIIHTHL. A B 2 BT A ME & 20 81 IO 1 2 2% BE A max, <7, 1O (| Tmin 0] || Zmin[n +
1[|Zonin|), PRI, BRI 8] 5 A% B 2R B T SRR/ X AL, A max; i<z, uorea| O Zeonsidered 4]

|Iconsidered []] | |Ic0nsidered | 2)-

5 51

ASCEET IR [47), RHORFF ZICR RAL M S L REAT T IR — PR 7E. BATNE T 54078
LR A1 BE S X GO A0 R I R R HEAT 1 W S0 DR e R R AR IS A R i 505
AT T IHE. XSR5SR [47]) IMESRE SR, on TN Ju kR HT L ARIERE 3 MR
WEFCORRF —Te R AR AR B L el 1) — A B HE AT SR,

MBS MBS T AR R PR R A BE A, MRS M, (AP TS — e B8 TIRA M —ot
KA. WTUABE R, BT T RIS — 2 i LUB R — M P2, EA— 2, A —E R EM S
T BATRALICEERE 4240 3 2 S SRR, JFRZOX R 4518 5 BEA AR Z AR &,

RS A TR RS, BATERIURZ Hri R, i, (1) MESARKEEn S, —ME
NE SRR EVFZ M EZM, B, XS A TR S0 A & B MR TR ? W, #Ee 2 f Ha
SMECE SR (2) MBS IIZERIET S, — MRS LT A SR TR A& B AR MALE, — S L
RS HAEEMNE? (3) MESHIESMSHAERMET S, - MSLA M2 SR BE LRI
FIMES, M2 Ui, MGLRR S 2RI —41 «Hr? IXeljn) SRR A B H AT M ER. &
MRS TAE R DIRARR.
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Abstract Formal concept analysis, which is based on formal contexts and concept lattices, is a data analysis

method. Formal concepts reflect the relationship between objects and attributes and realize a formal description

of concepts in philosophy.

To simplify the information description, this paper proposes concept reduction in

the formal concept analysis framework and studies the related theories on concept reduction preserving binary

relations. In addition, characteristics analysis of three types of concepts that play different roles in reduction

processing is performed from the perspective of operators and a Boolean matrix. Finally, a method to calculate

concept reduction is provided.

Keywords formal context, formal concept analysis, binary relations, reduction, characteristic
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