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Theory and practice of fuzzy three-way concept cluster

XU Weihua, LIN Yufei
(College of Artificial Intelligence, Southwest University, Chongqing 400715, P. R. China)

Abstract: The three-way concept cluster describes the three-way concept collection with family similarity. The three-way
concepts in the three-way concept cluster include the properties that objects have and do not have in common, but the three-
way concepts cannot express ambiguous information and cannot solve problems in the fuzzy form context. Firstly, this paper
combines the fuzzy three-way concept analysis with modern category theory, and proposes fuzzy three-way concept clusters.
Secondly, the basic properties and operation methods of fuzzy three-way concept clusters are discussed. Finally, an algo-
rithm is proposed to find similar objects using fuzzy three-way concept clusters in the fuzzy form context. The proposed algo-
rithm was applied to the retrieval of suspected cases of COVID-19, and practical experimental results were obtained. After
analysis, it can be seen that the application scenarios of fuzzy three-way concept clusters are more extensive.
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TK-means, 1E5% PR H I8 77 78 3 W) A BA 91
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1.1 EXEES

X1 WF=(6,M,I)—PEHER,H
6= {0, ,2,,%,, %, | "RARXNEE M=1{a,,a,,
a e, | R IREEAE, 1 = TEXR, HR G 5 M
ZIEW G RkR, #rxaeG,aeM,it xla B (x,
a) e PHHAUCHXG » BAEME o 3035 B o 5
R x P,

XFEXE R F=(6,M,1) , XCG,AC M,EX
* BT RARNX ={lalaeM,VxeX,(x,a) €
Il A" ={xlxeG,YaecA,(x,a)ell,

X2 WF=(6,M,I)N—MEREH, XC
GACM, # X" =A HA" =X, WFR(X,A) H—TEX
WS, AR AR, Horp, X RO (X, A) 1Y 4b
HE A FRBES (X,A) B

FESCHR[ 25 ] X = B M Bk AT 1 IH 941t
W, IRg AR TR
1.2 E#=ZHESH

EXME e T — DR A — DB,
= SRS R AT A S A i B Al T —A
w3 FEHE LRI RO T 10 7% 1E 3 L R4
AR AR = SR & o3 A 1 3 PR Dy = S
AT AN BERR IR 1 5 R, T AR B S AR S A VE
ZA5 BB, T T 48 O = S & AT
AIAHIR N ZE

EX 3 BRIEAERE F=(6,M,1) h—"
BRIEAE 5, Hb 6 WA RIES M N
HIEMRES, T — DR CxM L8 SR
E TV (v,a) exM, B 0<u(x,a) <1,

EX 4 BE-TEHIERE R F=(6,M,1)
DL~ «, XSEG,ACM, o(X)Fl o(A) N X
54 R & SRR T *

X*= {(a,u(X,a))laeM,VxeX,u(x,a)=al,
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e (X) =lalaeM,VxeX u(x,a)=al,

A ={(x,u(X,0)) lxeC,YaecA u(x,a)=al,
o (A) " ={xlxeCG,YVaecA u(x,a)=al,
BT * K

X' = (a,u(X,a))laeM,VxeX, u(x,a)<al,
o (X) ; ={alaeM,VxeX,u(x,a)<al,

AT = [ (x,u(X,a))lxeCG,VaecA u(x,a)<al,
o (A) = lxlxeG,VaeA u(x,a)<al,

AT * SOHF * EXHEX 54 L
RPBEM = 7 (- o XC = (X7, X)), A" =
(A7,A7),

MU E=FA T, AIUBEELET O N
(e(X),o(V)))=laecMlace (X) ,ae
e (V)71 ,(e(A),@(B)) )={xeCGlxece (1),
vee(B) |,

EXS5 HE—ANEREXESE F=(6,M,1)
M—NEE o, X, YSGC,ACM,aCMid ¢ (X)=
{ (xl W«A(%)) s (xz,,u,A(x2)), ttt, (xn’/'l‘/i(xn))} s
xoe XoHH w (2)=p, (x) N, (x) NeNop, (x0)

A" =(e(X),0(Y)) H(e(X),0(Y)) +) =
AFR((@(X) ,0(Y),A) @S B = S
&, IR AE S, PR(a™ ,a™ " )N T BUBYE
SRR = A, (o Lo ) S T B S
RO = M

EX6 HE—EWMEXTR F=(6,M,1)
KA1 a,XCG,A,BCM it ¢(A)=|(a,,
w, (X)), (ay,u, (X)), -, (a,,p, (X)) fa, e A, H
o, (X) =, (x)) Np,(x,) NN (x,) 6

X =(@(A),0(B)) H(e(A),9(B)) +) =
X UFR(X, (@(A) ,@(B)) A4S B = S
& RIFREH OE-#E2 . OEFL(F)FnmmIER iy 5t
F=(G,M, 1) %8 T A B OE-48 46 Bl i X 4
S RO = SO S
1.3 =%&%

= MRS Zm T EA R AR =5
BESRIES 0 T i =S e EA I =%
RSN E X,

BE—TMEXEHK=(6,M,1) ,XCG,A,BC
M S GAE A RESE B RET e X X7 =
laeMIVxeX,[(x,a)=0} ,B"={xeGlYaeB,
I(x,a)=0},

EXT Hig—MeXEFRK=(6,M,1),XC
GABCM, EXXEGH =HHEF R X" =(X",
X ), (A,B) " =lxeGlxed" HxeB | =A"NB",

PE—4 45 X ¥ =(A,B) H(A,B)” =X, WFK(X,
(A,B) ) WX Tt = A, MR N OF HE&

EXN8 HE—NTATERK=(6,M,I),xe
G,aeM,FR(x™" &™) IXFTLFHESH = & K
(a”,a" )R T BBVEES M =S, K (a”,
a” ) N T REPEE S0 = S

XA G = RS S B 5 K &k
PGS R B =SS AL, 2 OEL(K)

EX9 HE—NAERK=(6,M,I) ,xeC,
aeM,#t(x,a)={(X,(A,B)) e OEL(K)|(x"",
x ) <(X,(A,B))<(a",a" )| #D, MK t(x,a)
TSR x G o ST = TAESHE

EX 10 HE—MERNE R K=(6,M,I) ,xe
G,aeM, #t(x,a”)=1{(X,(A,B)) € OEL(K) |
(x™" ,x9)<(X,(A,B)) $(a; ,agq) b, FR
t(x,a” ) NG x BN o 75500 1T 8 =S e 0%

2 EH=%HE
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T U] — S B . BRI — SR 4390l
JE ST A 2 SR A% TN = SR AR By, R T3k
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BORI RS AH0E R, Z AT A AL S I A
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W =S, ok T 48— 41 HoA R AR A M A
i A N A e A o 1 Ay S B T N
2.1 EH=ZHEENEX

EX 11 HE—MWIERXE SR F(6,M,T),
xeGaeM, % f(x,a)={(x,(¢(A),0(B)) e
OEFL(F)1 (2“7 2 ) < (x,0(A),0(B)) <(a",

a VI =D WFR f(x,0) AXER x FEM: o BFH
[ AU — SRR
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EX 12 HE—THEMERNE R F(G,M,1),
xeGaeM, & f(x,a)={(x,(¢(A),9(B)) €
OEFL(F) 1 (2" x") <(x,0(A) ,0(B))<(a",
a YV ED IR f(x,a”) JxL x B o 5 S
fry TR = S A

EX 13 e AEIERT R F (6, M, 1),

xeG,aeM,FKf(x, D) HA5 x BT R =%
WESTE R A(Da) NEYE o BT H T BB =57
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Sk,

B1 EM=X#BSETER

Fig.1 Schematic diagram of fuzzy three-way concept cluster

AT A PR AR = S SR, A
SRR = SRS I LR ﬁm %1,
Bl1 E1RHINERE G= | xx,x,, | FUBIESE
M=1{y,y,y,y, | FIRIEIE S = F(6,M,T)
£1 EHERLE

Tab.1 Fuzzy Formal context

— it

JRPELE
XFGAE
Y1 Y2 Y3 Y4
X, 0.5 0 0.5 1
X, 0 0.5 0 0
X5 1 0.5 0 0.5
X, 0.5 1 0.5 0

FEAR R TR — A A T U =0.5,

EEME XS = F(e,M, 1) F,iTHEX%
x,20,%0,%, W5 T AR — SORE B 45 R T

X5, B FIBM = XM SHE f(v,, D) =
[, (CHyy, 0050, 15, 0050, oy, 1), (s
0%))),(x1x3,((%y1,0-5%,%d,0-5}),@)),(x1x4,

((1y,,0.5¢}, 30,0.5}),@)),(x1x3x4,(({y1,
O,5$),@)),(xlx2x3x4,(@,@))}

XR w, P IR = & f(x,, D) =
[y, (C1D,0.58), (1,01, {ys, 00, 1y,,00))),
(2025, ((10,0.51), (1y5,00))), (wpxy, ((1y,,
0.50),(1y,,01))), (xpxyw,, ((15,0.51),0)),
(xlx2x3x4,(@,®))}o

X5y P MR = A& (v, D) =
%(%a(({yl’l},%9’2’0'5},{9”4a U,({%» £))),
(225, ((1y,,0.51,15,,0.51),0)) , (x5x,, ((yy,
0.5} ,15,,0.51),)), (xx5, ((15,,0.51), (19,
01))), (xxsxy, ((1y,,0.50), D)),
((15,,0.51),0)) , (w2022, (D, D)) |

X5 x, BT R = SCME S f(x,, D) =
[y, (CLyy, 050, 10,050, {y;,0.50), (s,
O}))),(xlx“((%yl,O.S},{y3,0.5}),@)),(x3x4,
((15,,0.50,15,,0.50),)) , (2, ((15,,0.51),
(1,00))), (x23x,, ((1,,0.50) ,D)) , (w5,
((152,0.51),0)) , (w0233, (D)) |

( XoX3Xy s
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EHMERS S F(e,M, 1) T, 88t
Y1Y2Y3Ya WS T BB =SOSR, 5 R,

JEYE v, 1S TSR] = SR (D, y,) =
{(x1x3x4,(({y1,0.5}),@)),(x1x3,(({y1,0.5},
170,0.51),D)), (xyxy, ((1y,,0.5}, 1y,,0.5)),
@)),(xsxu(({yl,o-ﬂ,%y2,0-5%),@)),(x1,
(C1y,0.50,1y5,0.50 , {yy, 18), (1y,,00))), (s,
(Cly s 1E, 10,050, fyy, 1H) L (Hy5,00))), (xy,
(({%’0-5},{3’2,0-5},%9’3’0-5”,(%9’4’0%))),
(D, (y13233540:51%:5:¥) ) o

@My, B FINTRIEOR — SR (D, y,) =
[ (s, ((1y,,0.50) ), (x,, ((1y,,0.5)),
({y1,0€,§y3,0},%y4,0%))),(x3x4,(({y1,0.5},
{9’2,05}),@)),(%,((%%,1},{9’250-5%,{y4,
1), (1ys,08)) ), (xy, (C 1y, ,0.50, 1y,,0.50, 1y,
0.50),(154,00))), (D, (31727374, 51%:5354) ) | o

JEYE v, 15 S TSR] = XS (D, y,) =
{(xlxw((%%’o-s}, §y3,0.5}),@)),(x2x3,
((192,0.50), (1y3,00))), (o, (C1y,,0.50, 1y,
0.5}, 155,0.50),(15,00))), (%, (({y,,0.5},
[73,0.50 1y, 11), (192,00))), (D, (31525354,
Y1¥2Y3¥a) ) f o

JEYE v, 15 S TSR] = SR (D, y,) =
[ (s, (CHy, 058, 4y4,0.50) D) ), (xy, (g,
T 4y,,0.50  yy, 1H), (ys, 00))), (e, (Clyy,,
0.5/, 155, 0.50, {y,, 1), (15,00))), (I,
(Y1927 3YasY1923Y4) ) f o

MBS F(e,M, 1) F,iH5EE
V1Yo Ysya B I B = SOE &, 85 R

JEYE y, B B = % F (D,
9’”:{(xz,((%y2,0~5}),<{9’1’0f,%9’3,0},{9’4,
01))), (D, (5135354 7172535) ) | o

JEYE y, B0 BB = &% F (D,
y2)= 1w, ((1y,,0.50,1y5,0.50 {1y, 1), (s,
0}))),(@a(y13’2y3y4ay13’2y3y4>>%o

@My, B I BB = SO (D,
y3)= 1 (o, (Clyy 1, 95,0058,y 1), (s,
01))), (x5, ((17,,0.51), (1y,,00))), (I,
(Y1927 3¥asY1923Ya) ) f o

JEE y, FR R I BB = &R (D,
y)= 1 (xn,, ((1y,,0.50), (1y,,01))), (x,,
((1y0,0.50,19,,0.50, 1y,,0.50), ({1y,,01))),
(xz,(({yzaO-S}),(%ylsO%,%Y3,0},{Y4a0%))),

(D, (71727350 71%:5:50) ) o

DI ERAEBRMIES S F(G,M, 1), J&HHm
POE [R5 3 N i ey iR =
22 EM=ZHEIEREMMER

MER1 HE—PEBERE SR F(6,M,T),
xeG,aeM, B =SSR f(x,a) T f(x,a ) #F
J& OEFL(F) W T#

W B B f(v, ) RARMW, HE& T
OEFL(F) ; ok , T ZUEM (%, ) PAFTERCRIC I
®/NIT o

MBI SR F(G,M, 1) A FRMER 5,
flx,a) AR H f(x,a) BE XA H,f(x,a)
PAETEME— B KIC (a” ,a™ ") FIME— By /NI
(272"

ZE TR f(v,a) & OEFL(F) T4,

MER2 HE—ERERE SR F(G,M,T),
xeG,aeM, LN TFarBUaT

Of(x,a)=f(x,0) Nf(D,a);

Qf(x,a™)=f(x,) Nf(D,a"),

WERA .

Df(x,0)={(x,(¢(A) ,@(B))) € OEFL (F)
(&7 0" ) < (%, (@(A),@(B))) < (6,67 )},
[D,a)={(x,(¢(A),@(B))) € OEFL(F) |
(070" ) <(x,(p(A) ,(B)))<(a”,a" ")},

g bk 2 L flx,a) 98 LTUERS f(x,
a)=f(x,0) Nf(D,a) L, B EDORA

2) AT LIUE A AL T TIEHE

PERT 2 45t T IR — A AR XT S s v 5
AASOR) — SO 1 7 2%, T LAGE o X6 0L 1 6F 5 15
TR = SR RN m MR T R — SO
G IR

fBan, HEX 4, FUENE v, 5200 1 B
SSMEETE f(xyys )= (2, D) Nf(Dyy, )=
[y, (CLyy, 0051, 10,0.50, {y5,0.50), ({y,,
0% ))),(xlxu(( U’lao-s} , {y3a0'5} ) ,@)),(x3x4,
((17,,0.50,15,,0.51) ,00)), (wx,, ((17,,0.51),
( %ﬂ,O} ))) (x5, (( {ylso's% ) ,@)),(x2x3x4,
((19,0.51),D)), (xxx3x,, (D, D))} N
[ (o, (192, 0.50), (1ye, 00))), (s (Clyy,s
0.50,{5,0.50, {y5,0.50), ({y,,01))), (x,,
((172,0.51), (15,01, {y3,0},1%,,01))),(J,
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(Y1Y2y3y4aY1Y2y3y4>>€o Slay,ys )= i(x4,(( %YU
0.5f,1b,0.5}, {%,0.5}),({)/4,0}))), (2,0,
((1y,,0.50),({5,,00))) fs

MBI HE—MEHEXESR F(6,M, 1),
xeG,aeM, LN FATBUAT .

OF 1(x,a)=0,0 f(x,a)=;

@ I(x,a)= 1,0 f(x,a)=D;

BOEFL(F)= (U i(x,2)) U(e,e");

@OEFL(F)= (U f({J,a) Uf(g,a")) U(G,
EADP
EW
D# I(x,a)= 0, MR (a” o™ ) FI(a" 7,
) RARA Y, ITLL OEFL(F) hARELE /N T 45T
(a’,a" )Y HRFHEF ("7 ") MR, W f(x,
a) E LT f(x,a) = O, AT OROL,

2) KA AT LIGE B iy BRI o7

3) 3 f(x, D) FHIR KGR (6,6 ), /Nt
H(x xR OEFL(F) Kk T4 F i x4
FRHMENTET (6,67 ) B =&, Sil
OEFL(F)=(Ui(x,00)) U(@,e" ) AL

4) FAL T LAHE I DL HEEE,

3 ETEM=XMSHENMIZLIH

BB — S A& vT LU AR AR & 1 A B A
AT R R BRI A, T IR £ 26 2R
BT R S T B A N IR ARFAIE . AN AR &
SO TELRE | IF I PRI 25 | X6 B B A AT O 22k, o 2D
AENE ) T AR RO = SR mT LA FR AT
SEEI AL, AR T = FLI A S E R B R g . b
T LA T T 9 R 42 U, BT R A,
BRI DAFEXS 4R U h FHRFIXT G « AL, BHA A
JEM: o (HAREAENE b, 5 1 BRI =3
ST T AT A R E %

iRl BB ST, R BN — S
A AR R

A BRIEE R F(G,M,T) YR xeG, R
Y oa,beM,BH a,

Fih . SOEIXTZ « HHL, FA JEE o, (B
HIEME b S RES .,

O ZR A 51 1Y E o

QTEL & MBMIE A 5% F(G,M, 1) FiHHEX
LB BRI = SR G, N7 0 I A AR = S M
SHE

ML ERETE a,be M, BITTHER =%
WS S(D,a) M f(D,b7) 5

WA F(D,ya) D, b)), % Z=excent |f
(Dya) NAD,b7) PR (27 0" ) IR, B i
DIHAHE & R XN Z#D A XN Z g4
HIPEY R SINIPOE

Bl 2 R BRI — B B e AR
B A E SR RS LE GREL Y . R
B YL R R 5 2 ™ B A 2k T
YRR, EL B I AR DI RE 0y, W/ i &
ST, T M BT IR A BB
B FE FAEAE R HEAT AR OCHIE ST, I X1 3
J5 BT R 0 7 S AT TR AR, &2 22—
1 10 S BEALE N AR B P 208 5, IR o, b,
c,d e form RNl B (RTRIR R ) | 52 (S ZE R4k
IFE]) 55 (S 57 SIS [E]) | Z K (RZ KR (A
B (AR RN ) SRR CRIEFREETE]) |

x2 BAXAFEERHEMELTS

Tab.2  Fuzzy formal context for new coronary symptoms

e
X5
a b c d e f

1 056 038 0.62 043 090 0.83
2 0.76  0.81 0.53 0.66 056 0.32
3 0.21 0.65 046 0.52 082 0.61
4 082 090 045 085 032 0.78
5 08 052 077 062 048 0.35
6 078 036 0.83 046 073 0.55
7 045 065 072 082 058 0.36
8 0.62 075 0.81 0.63 0.62 0.91
9 092 055 070 060 0,42 0.62
10 058 0.86 036 042 092 0.62

i FRBEIER R A4 6 AL, R IRIEE ¢
RBERTHT 0.7, HEIE b RIEE/NT 0.7 1
XA,

B A AR BRE 20 5 W5 6 e
U,J@% a,beA,BIH a=0.7,

Rtk XS 6 ML, JEBYE o RIBERKTET
0.7, HJEYE b sRIEEE/INT 0.7 BT A X4,

HRPGEER BRI R o =0.7, 58 A 8 d i
RABDIE 3 S i R O =S HE &R
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OE, = (12345678910, (J,)) ), OE, = (24569,
(({a,0.76}),)),0E, = (24810, (({b,0.75}),
)), OE, = (56789, (({c,0.70},D)), OE, =
(13610, ((le,0.73},D)), OE, = (47, (({d,
0.82}),(1{e,0.321))),0E,=(24,(({a,0.76} ,{b,
0.811),({c,0.45!,1e,0.321))), OE, = (148,
((1£,0.781),L)),0E,= (569, (({a,0.78}, {c,
0.70}),({5,0.36} ,{d,0.46} ,{f,0.35}))),0E,, =
(4,(({a,0.82},1b,0.90},{d,0.85},{f,0.78}),
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0.35/))) 1,
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