% A3 £ 5% 10 # B od K FF R (8RR 2021410 A
Vol. 43 No. 10 Journal of Southwest University (Natural Science Edition) Oct. 2021

DOI: 10. 13718/j. cnki. xdzk. 2021. 10. 002

ET=WMIHEMNAIRRT

HER, K M, Fik#

TR TR LR SR Be . T fE4F 454003

HE: BA42 B TARESELETAARAMMBENBELAES. BAXRTFTHOMALALS TR AAMER AR
122 T EHAREAG B, RATFHELEEFTHRM. ALRASARCHELE Z LMASI. BETHZ
IMMEKANB AR RAEMMBGZIMEES; Rk, IRT ZAMARNETEERAEE T % %6, K=
IMEKEATHAKFZHREMHTHAMS ZEE. S EREY, ZAMEE MR THEK, RBE L2 L
HaE R &,

Xk E O AL BRI AR ZAMAK; pRAT

\

FESES: TPI1S XHEkARERG: A
X E 4 S: 1673 -9868(2021)10 - 0010 - 09 FAoRE CE R4 43R (0S1D) «

Knowledge Representation Based on
Three-Way Concept Cluster

ZHI Huilai, XU Tong, LI Yinan

School of Computer Science & Technology . Henan Polytechnic University , Jiaozuo Henan 454003, China

Abstract: A concept cluster describes a set of concepts with family resemblance in modern category theory.
For a given concept cluster, where the concepts contain the common attributes that are possessed by the
objects, the attributes that are not commonly possessed by the objects are ignored. As a consequence, it
may not be effective enough to solve some specific problems. This paper combines the modern category
theory with three-way concept analysis and proposes three-way concept clusters to characterize the sets of
three-way concepts with family resemblance. Then, some important properties and operational methods of
three-way concept clusters are investigated. Finally, the three-way concept clusters are used to retrieve
similar objects satisfying some specific constraints. The results show that compared with concept clusters,
three-way concept clusters can retrieve more suitable objects.
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R NN 3l i e A B, DA & o Sl i R T H 35 D7 sk 2 e T i B N TR BB iR e 2
— OB R g o A 2 R 1 22 R L A BT L S B AR 4% 1) R T SR A o Ak B BB R
N NGESEERSS T NE ) A RN NOR TN RN {0 V- 0 AV Y 8 o8 1300 YA B - S T 15 S R
ik 90 L2 ok B2 2 AL FVRRAE , FEZ AL RVRR AR 0 X ) AR IR 3 T . A% DU e 2 &/ UETE T TR
]

& M & BT (formal concept analysis, FCA) N & 3 F 4 18 g 57 e ok i 82 Oy vk . © & — Fh i
AR S, TEN YIRS T M S R A SR AT LLE A% A O R A A R 2R R 0 A S, AR
2 OISR T rh X A A T ) R M L AR AR AL R AR, RLRESE L RLTTSE . BURIAE .
SRS TS R R, AR T V2 A RS 0 R R B
b, QL& = S U 3 L (three-way decisions, 3WD) Hr iy =4 UAE S| AT RME L4047, 42 7 =%
HE & 53 BT (three-way concept analysis, 3SWCA). HARwt il A X = L LA 7, Zm x5 74
HEtErEEIEREARETNCR, JEME = H T B RESIREE =0, IR = ME S =3
S SMERAIHT A 2014 AESRH IR, AFE T Iz Mk,

FERER—-HEANTHEMWEZI R RS, (B2, A 0E BRI Z R R 2 8 & AR,
AN BE 58 42 % WURE Y 6k B S M6 AH DL Y it A e R AT 20 1. SR RE 68 R DAL AR, DR A A A B X
FEARLBERE SR AT IR ARG, R 0l 2 o A7 B2 % 4% T0U s 1) 1A% EA TR 5%, sl v LA 380k 2 114 fie D

PR VI W5 FHE ) S R AR (R0 £ 3 1 o A5 R RIS AR O 0 X6 42 3 0o A 8L 4 15 8 MR IE R AE — R, B A —
AR E B TER] —JE WG, SR I EE GO A . AR SR P B R R A DL AR A B A 221 1
XFEMIEIE. T ok —n 8, s GEmE e s LT, BEk SR aE it 7 #a. MUz
] — 21 FLAT AR A AR A I 0 FH T AR LR 2 iR R A AR R A A A T O g B i 3 TR R
PE, (B0 T X REATA Y mME . AH) Tk P B 2R i 1Y 7] L

YO BRI, A SCRRA SAGE WS IS S = SO A, B = SO R 2 B A 5 AR A
PR = SR A TR X =SS FE M M BT L 38 5 DL SO BEAT T w020 R

1 EAXEL

ARHNBIL M L BRI = S i MR e R A &
L1 EXBSHHEMIE

MM S AR AR IS SR 2 b X e P S AT T R BCE A S  B R IR, &
L) T AR IR . BRI L HE RS i 2 Ak, B R SO SR R B i R A, T A
TR ST B BN SRR AR

Bk, BERXEFALUME NN =THK=(G. M, D, Hif, G I 4 E4. M HEkES. H
AR, TG MM ZH kR, #—2, il I(x, a)=1FR-NE 2 BFEM ., HH Iz,
a)=0FKRXME x AEAEM . LT, HTHERIL, X FRICRES, RO HP IR, #Hla,
Mz RS {x).

XF XSG MASM, 5 50e U g EREHE LRI,

X" ={aeEM| Vxr € X, I(x,a)=1} A" ={x€G | VYa €A, I(x,a)=1}

#HX =AHA =X, WKRX, DEELE = K — & o, BT R K e ass
A5 AeA%, IERRZ MRS . e L (K.

BARTE WS EE " B AN T R S . N FE 1 R T 7 A — A oh A ol REAF A — SR LA
e fm] JE VX 4. Wittgenstein il i WA T #5218 [ 2B A e AR, A B 24 i) — 2Ll 0F R A S 6] A,
fEIRAREE T ARTT 2R BRI R . Goad oA A5 0, 330 S it ek 2 i o AR L ) A% 3s M T 4% DD BB R AE — kS, R
FHIX TR VIR 22 . Wittgenstein $ X B8 xR 70 i T 24K k. 165 % %K Labov #l Rosch TEH AW ST A &
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T BE 1 SE At L K GG AL A R Ry SRR I B LA SR AL =2 Ak, I JE A R (prototype category)
il Ry ELAT < MG ARALPE " 1 ARV . DT B8 T B 5 B0 1) S Atk

BRA Y 4 B A o O AL

1) JE W5 P9 19 454> B0 0L 5 R B0 A% 38 PR R AR AE — 2 . T A BB N — 8 A LE A TR B 24 3R

2) JuWEH A BEAEAE— DI E AL, IR — D S 0 25

3) X T — AN, e H R 0 5 T I A .

PR W I 1) WS ERGH IS TP O &A RE MRS, AN E LT, B Rk
P TR L LA 2 i LA R AR 2 A A IR N T RS A A X R R

EX 1Y BE—AEAERK=G. M. D, XZGHACM. #

CX,A)={(,B)ELEK) | Y2X.B2A} #0

M C(X, A) &2 K — M.

SCHRC27] CAUERT, MERRRAS BT bR MR 0 T A%, I TR B B AR 0 e T0U s, i O RE A AR AR T
S TS RIARE A 2 R MG AH A L DA T M A B 1 7
1.2 =%#|ENH

AR M T 2 O A A B 20 TR AR R BT B R BE AR A 22 i SUAE
BN A RESR LAY FL b4y, A TR RE = A, EOE T B SO R MR L T

BE—MERAETRFK=G, M, ), X G, BC M, AEEMBEMEE LRRET5E XITF.

X =a€M|VYr€X.1(z,a)=0},B ={z€G|VYa€B,I(zx,a)=0)
EXN2 BE-NTEAEEK=G,. M. ), XCG,A.BCM, EXWNLSH=BTIT.
X =(X",X ), (A, B ={x €EG|xEA" HxE€B }=A" N B~

r—, HXT=A,B) HA, B)" =X, MHKX., (A, B) AL SH =&, WK O #
& B&IEW, BRI R K MRt 5 = 2SR — A58 e, IERZ M4 5l = A, il
i OEL (K).

£ OEL (K) "WAFE—F QA 00 = S0S . PIRIRES S0 = 3OME&, X S & 3 F = S &y
Br b F b & 5 EEAE . Hokse LanF.

EX3 HENEATRK=G.M.D,x2€G,a €M. &, 29 IXMEIFEIH =W,
FrCa™ v a R T BBMEBESE =S, R o O R T BREESN = 0.

Bl1 HE—-MEXERK=(G, M, D, &1 Fw, a4 A2 s SEtk, H55S <
FaRFEAAN G BAEAN BN, BRI K (20 = 28E&% OEL(K), K 1 Fix.

®1 HFIHMEAESEK

|1

a b ¢ d e
1 X X X
2 X X
3 X X X
4 X X X X

AT H K WX RS =& OEL (K) & 4 X REF0 =&, 20k ¥ 1iES
(1, Caces bd)) s ST 2 FEFH(2, (bds ace)) s X4 3FEFH (3, (abe, cd)) FIL 4 iFFH 4,
(abed, e)).

WAL, OEL (KD L& 54 [ BUg P30 = 3, 00l Btk a B (134, (ay @), B
b i 234, (by O, B cFEFHA4, (acs 0)), JEM 4 IFEFH 24, (bd, e)) FIFME ¢ FFMH
(13, Cae, d)).
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&, OEL(K) wa & 54 Il BEMEE SR =&, 258 EwiEa BBFHQ2, (bd . ace)) , JETE
b FEFRMW(L, Caces bd)) s JETE c BEFH23, (b ), BYEdFERIA3, (ae, d)) FENE e TR (24,
(bd 5 e)).
(1234, (9, @)

(134, (a, 9)) (234, (b, 9))
(13, (ae, d)) (14, (ac, 9)) (34, (ab, 9)) (23, (b, ¢)) (24, (bd, €))
(1, (ace, bd)) 3, (abe, cd)) (4, (abcd, e)) 2, (bd, ace))

(9, (abcde, abede))
B1 EXHTRKHINKESH=ZHIE OEL (K)

2 =A%

WS S TAMM SRR 2 F . REE TG AW EIEE. R, EiF2 BT . AL
BHIEN ZRA LR Y, BT EH EXNREARG WE . ERAGEEEIR R R T . A SO =30
MR IR AR = S R
2.1 =EXBMEFEHENX

AR E L WS T — A A RS, R LR B FRATIR S = SRR, H DR A
B RIEARIYE R = XS B

EX4 BE-NEABTRK=G.M,.D.xr €G.a € M. #

t(x,a)={(X, (A, B) €EOEL(K)| (", 29 < (X, A, B)H<(a",a D} #0
MR (s @) XS o FEME« B 1 8= 2SR,
EXS5S HE-NEABTRK=G.M,D.xr €G.a €M #
t(xsa )=1{(X, (A, B) €EOEL(K) | 9", 2D < (X, (A, B <(a ,a D) #0
MFR ¢ (x s a™ ) AXER 2 FEME o iFF0H 1T B =28,

MR1 AE-ITEABTRK=G,. M. D.x €G,a € M. =XWMEHEt(x.a) Mt(x,a ) ¥R
OEL (K) B #%.

iIE HE, BT R K =G, M, D WAERERTE OEL (K) &/ R, S (2, o) B/ R
. HW. (s o) PREM =R KIC(@ a9 HFEEW—E/N G, o9, Zhalm, =i
Bt (x, a) & OEL(K) J—1PT45%.

[FIFRATUE ¢t (2 s @) W& OEL(K) B — 4 F#%. JEEE.

EX6 HE—NMEREFK=G. M. D,2 €G,a €M Ht(x, D) HMNE 2 FIFN=ME
e, ROy o) HEME o FEFMH T B=MER, KO, o) HEM IFETH T B =M%

SBR B X TFXNE o FEe BN T B =M EK (v, a)s B a=0, BIAHEXNL o iFFH—
TSR (s O) s X HHL, 22 =0, WA EESE« BT 1 B =M E%K (0, o).

TR > MR BES I B (v, a ), 2 2=0, WEREECIHESH I 8=
WS (D, a ).

B2 XFFE 1 R R K, BRI LM = SR,
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AT R K P& 4 DNRES =SS, 2008

ME1FEFN (1, 0) ={A, (aces bd)), (13, (ae, d)), (14, (acs @), (134, (a, 0)), (1234,
(D, D)}s

XL 2T (2, O)={(2, (bd » ace)), (23, (b, ), (24, (bd s €)), (234, (b, D)), (1234, (D,
O}

XE 3R (3, 0)=1{(3, (abe, cd)), (13, (ae, d)). (23, (bs ), (34, (ab, @), (134, (a,
D)), (234, (b, ©)), (1234, (D, D)) };

XL AFER (4, O) ={, (abeds e))s (14, (acy O, (24, (bd s €)), (34, (ab, D)), (134,
(as @)), (234, (b, D)), (1234, (D, O }.

AT R K P& S MEEESN 1 B =S, 70000 .

B a BESW(0D, a) ={U34, (a, @), (34, (ab, O, (A4, (ac, D)), (13, (ae, d)), (3,
(abe, cd)), (1, Caces bd)) s (4, Cabeds e))s (O, (abede, abede)) s

JBYE 0 BRI (O, b) ={234, (b, @), (23, (b, ), (34, (ab, O, (24, (bd s €)), (2, (bd ,
ace)), (3, Cabe, cd))s (4, Cabeds e))s (O, (abedes abede)) ) s

B cESWO, o) ={4, (ac, @)), (1, (ace, bd)), (4, (abed, e)), (D, (abede, abede)) ) s

BdIBESRMN (O, d)={24, (bd,e)), (2, (bd s ace)), (4, (abed, e))s (D, (abcedes abede))} s

B e BEFR (D, e)={3, (ae, d)), (3, (abe, cd)), (1, (ace, bd)), (D, (abede, abede)) ).

BT S K PS5 ANEEET 11 8= 3WERE, 500k

B e BEER (D, a™ ) ={(2, (bd s ace)), (O, (abcde, abede))};

B IBESW (O, b)) ={, Cace, bd)), (D, (abede, abede))};

B BRI (D, ) ={(23, (by ), (3, (abe, cd)), (2, (bd s ace)), (D, (abede, abede)) s

B d ERN 0O, d7) ={A3, (ae, d)), (1, (ace, bd)), (3, (abe, cd)), (O, (abcde,
abede)) )

Bt e BT (O, e ) = {24, (bd, €)), (4, (abeds e))s (2, (bd, ace)), (O, (abede,
abede)) .
2.2 =ZXRHEEMER

S SR B AR SRS, SRR WIE B EAR EREEASWIZE, BhSh
= SR Y B B I

MR2 AE—MEAERK=G. M, D,x €G,a€ M. LN

Ditlx,a)=tlx, @) Nt(D, a);

D tlxsa )=tlx, D) Nt{D, a ).

E D D, (s O MOELK) FHIAERTHET (7, 2 HATHT(G. G =X M &4l
W 55—, (0, @) HOEL(K) WA RTHET O, 0 HANTFHET @' a™ ) M=MSU. 2
EWAHTE, Ht(x, a) EXAH t(z, a)=t(x, @) Nt(D, a). fri 1) WL.

2) [FBEATIEAT L 2 7, TEEE.

PERT 2 SEBR Bgn 0T RIS R S RS PR S 0 = SOME S TR B S MR R T k. fln, Bk
i 2 vy = SR . MR 2 e fi] 2 TR R ] 45 .

t(l,a)=t(, O) Nt(D, a)={(, Cace, bd)), (13, (ae, d)), (14, (ac, @)), (134, (a, D)),
(1234, (@, O@»} N {34, (as @), (34, (ab, D)), (14, (ac, D)), (13, (ae, d)), (3, (abe, cd)),
(1, Cace, bd)), (4, Cabed, e)), (D, (abede, abede)) ) ={(1, (ace, bd)), (13, (ae, d)). (14, (ac,
), (134, (as D))},

MR3 AE—MEAERK=G. M, D,x € G,a € M. DLFaBMRT
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D#HI(xsa)=0, Wiz, a)=0;
DI (a,a)=1, Mz, a )=0;
3) OEL(K) = (U t(x+ 0) U (0. 0%);

4) OEL(K) =( Ler[(@’ DO Ut@,a UG, G,

iE D #F I, a)=0, MR, 29 5@, a ) BATH, BT OEL (K) HAREIEKRT
FETF @, D) BHAATET @ a™ ) WS, WG (v, o) A (e, a) =0, a8 1D oL

2) [F) A UE A A 2 BT

3) Fit(x s O) HEE/NTSRARICHHN (7, 2D MG, G M U 1y 0) WIS OEL (KD
RTETHAMBHEFHENTHT (G, G719 =M. WIS OEL(K) = (U (. 00) U (D,
Q). A 3 T

4) [FIFE ATy 4 BT . TIEEE.

T LR OEL(K)=(“EJMz(@, anN UG, G ‘QOEL(K):(“EJMZ(@, a N UG, GHH
AN — 7 LT

1E i) 2 OEL(K)=(U (0. a) UG, G AL @()EL(K):(ULEJMM@’ a N UG, GHR
BT, SEBR (')EI,(K):(uth(@, a N UG, GH U A3, (a, @) U 234, (b, ©)) U (14, (ac,
0 U (34, (ab, O)).

3 ET=ZWMIEHEMAMITZLH

EFEREKERWLER D, &% SW KRGS - KMIEFC X LM, HEHA SR B A KRk
FRE R X5, GnfeE W By R G, % 08 S EoRE AT = d i & B E, W, SRR —
K52 SREE LB FAMM, JFHRREAN, EATREEMINE, XA TR LU b b Rk R .
HGRRMEBWESG, MEBERBEMNES, HGCHPEKRSHNE » MM, BEGEM o, BARAEE
b T 4.

T EVHE, FsE L 1 LSRG R 01T AU KR

BiE 1 AT SRR AN R A R

WA EABTRK=G,. M, D, %+ €G, BMa. b e M.

Bt 5X% o MR, HEBFEMWE o, BAREEEM 0 WA X 4.

HPR L. @B R K XS =S EH OEL (KD

LB ITHE=ZMEE (D, o) 51 (D, b7);

B3 HE (O, a) N (D, b7 FFICH P2 7 T = S AME N ES E;

B4 MBS (7, ) TP, B2 A S

TC YA T R HE S (X, (A, B));

HXNEZ£Q, WX NE &894 0800k,

LIRS, REIGER, Fkd

B3 R2HART A 8 AR T T B, W R AT U B B B ST R D BV AR
WHOK” BT 5, HX RS = IS E 2 Ui, i F A i E YT 2K, ok BN R iR ZK”
XA RN, R AR SR A B, BT 18 8t Figus  fn, bk, My, KE, ME E5E
K. Jibh, /NG EEa Bl h Fom 8 R IETE, B . ZEK A TE . FERG LA 36 . A nba R L WF I, BF
1) SN =5 7) N St RS R

ST R M U B AR 4R A 3 T = SR

SRR AR RIS R A R, FRATTHE 30 i 5 B 52 401 ok Bk — 20 X
T AR RN = SO A B DX R A Rk AT

A N
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Hoe A EIREE 1, AR PR 6) ML, HAMSR(AARIE o, HARTERM AT R A
AIRYEb) A
®2 HI3MEXESR

a b ¢ d e f g h
1 X X
2 X X
3 X X X
4 X X X
5 X X X
6 X X X X
7 X X X
8 X X X

(12345678, (B, B))

(12347,(9, e)) (1234568, (9, d)) (1235678, (3, h))

(123568, (3, dh))
(12356, (a, dh)) (34678, (b, @) (15678, (@, gh))
4\

(1234, (f, cd (1237, (9, eh)) (3468, (b, d)) (1568, (3, dgh)) (3678, (b, h)) (5678, (c, fgh))
X > N S <\

S— JAN
= ‘
(125, (a, bah) (123, (af; cdeh)) (234, (fg, cde)) (156, (@ dgh) (47, (b, ) (368, (b, d)\_(478, (b,a)) (568, (ce, dfgh)) (678, (be, feh)
= X" N ey
e A= N

(12, (af, bedeh)) (15, (a, bdgh)) (17, (D, egh)) (23, (afg, cdeh)) (34, (bfg, cde)) (36, (ab, dh)) (37, (b, eh)) (47, (b, ae)) (48, (b, ad)) (56, (ace, dfgh)) (68, (bee, dfgh)) (78, (be, afgh))

(1, (af, bedegh)) (2, (afg, bedeh)) (3, (abfg, cdeh)) (4, (bfgh, acde)) (5, (ace, bdfgh)) (6, (abce, dfgh)) (7, (bed, aefgh)) (8, (bce, adfgh))

(9, (abcdefgh, abcdefgh))
B2 fI3MngSH=IHma%

B AEAKR ERE R, WL 6 e G, JwtEc. b € M.

B Sxi% 6 MRl HEAEM o BAEAEME o WA X 4.

PR ALY RUK” BT SRR S =SS, W 2 iR

BB 2. HE =M (O, o) ={(D, (abcdefgh s abedefgh)) s (5, (ace,s bdfgh)) . (6, (abce,
dfgh)), (7, (bed s aefgh))s (8, (bces adfgh))s (56, (ace, dfgh)), (68, (bce, dfgh)), (78, (bc,
afgh)) . (568, (ce, dfgh)), (678, (bes fgh)), (5678, (¢ fgh))}bs t(@, b~ ) = {(D, (abedefgh
abedefgh)), (1, Caf s bedegh)), (2, (afgs bedeh)) s (5, Cace, bdfgh)), (12, (af, bedeh)), (15, (a,
bdgh)) . (125, (a, bdh))}s

HB3. HE (D, o) N (D, b)) ={(D, (abedefgh , abedefgh)) . (5, (ace, bdfgh))}, Fid H
RN R T = S AME A E = (5]

IR 4. MBS (2", 29) = (6, (abce, dfgh)) TPk, B2 H A S .

i A — 2R &8 ] (56, (ace. dfgh)) 568, (bee, dfgh)), {5, 6} N {5} ={5} = O "] F*}
S5 WAL ER h{68) N {5) =0 Al A L ILEOR, &35 48 Lrlfs, x4 5 R’k frsk.

PR S RIMEE RS 5, ARG AR K, ks

PR ok, R SCER27 ] B4R ) 2 T 0 g B ] 5 HE A AR A AR U R A 4R L, AR 4 6)
L, HAMREGEME o, [HRREFER A S CREA R o) 4.
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BN AR BT R, W46 € G, B, b € M.

k. HXF4 6 AL HBA R ¢ BITA XA

IR 1. J#AL YRR B S T S B IR S A . I SCRR[27 1

BB 2. FELTE LN R EWE P ERKTEHET 6, 67) MTA o4, a3k o4l hG, 67);

HIE 3. HE ACGB, ) =C(6" ", ¢ " )={(6, abce), (56, ace), (68, bee), (568, ce), (678, be),
(5678, ¢)};

HE 4, T AC6, o) PAEAERIME R (56, ace) =(5" ", 5" ) FI(68, bee) =(8" ", 8" ), W fH5FH &1
BIXT 40 5 F 85

PR S RIS RIS 5 MG 8, RIS & A A & K B ok, SRika k.

ZE L RTIR B X — A2, %k L PSSR RN, 3 X G2 U BT 5 A A R Y B R R B R
FEOFL6) ML HA MR BAEME O WAY, TEARILTRRELER A NG R Ay, /)
JEE b TR AL T, R RN ZE R R K GF 4 5) MRS 8). BRI IAA B W Fp 4 R, (H2
FRAE 5 PR, Bk 1 A5 B A 45 S /K RN BE T 42 0L IR 54 A 1 SRR A B A 45 SR 2 — KA H A
FFEZME. B, = SOMEE M LU TS L, A AT R B4 6 75 K 0T 4.

W RA S R, = SRR Z BT AN A F R R BIAF & T Rt &, JREAE T = XA
BT G IR A R JE L i LA P R T R IR RS B Y JE A A = SO He 4 R U A BE 8 4 42
0 TOINORS 0 0 X R A0, DT 2 B A B R G 4 2 L R R Bt U] S R N FH 3 S i AR ARG 42

4 & i

A SCR A BARTE B FIE 5 = SCHE S AT, S0 T =SOSR, BEFE AR R, = SO % m T A A
“FEIEAPINE" ) = SRS RRRAT AR E QRS TP G A N TH, =SOSR =30
SOV EEREZ —, A ZEARAR AR G0, BOMIE 208 5T i RO &R in i E
5 AR R T =SOSR A T DO SR s TS A IREE T, = SOBEA R A far BT 5 6F T R LA
AT S, TR = AR R R RCR. &R, R R SR AR A S kRl 2 B
T R 19 2 R 1 R ) 0 SRR R FH A A . PR ey SR RGBS . DASHT B A JBE O ST 8 R i
AR EZ M55 ).
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