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Abstract

As an effective tool for knowledge discovery, concept lattice has been successfully applied to vari-
ous fields. In this paper, several attributes, whose importance discriminative mechanism is estab-
lished, of some new viruses, are studied in detail, and the approach to classification of virus group
based on concept lattice theory is presented. This paper analyzes the new theoretical model which
combines the intuitionistic fuzzy theory with the concept lattice theory, namely the intuitionistic
fuzzy concept lattice model. Furthermore, the method of attribute reduction based on the discer-
nibility matrix and discernibility function is studied, which is applied to solve classification prob-
lems of new viruses. This approach helps to remove redundant information and extract relevant
knowledge according to the decision preference. The attribute reduction of concept lattice theory
plays a key role in improving and expanding its application. Considering the complexity and the
fuzziness of new viruses, intuitionistic fuzzy concept lattice theory will greatly improve the work-
ing efficiency of virus classification, having great potential application value.
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MR, BIELRX BB SR ER U KARENARE T RENEA. BRIAFRFTRENE
UM BN, EXEHMBSRERBRAERE FRERES RN TERE, AERANEBEN
Bz & -
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1. 5|8

MES IR TS 04T, B Whille 7E19824F 58 . MESHE & — MRS IE FIA ZIREm, 2
X REMBEERARN — DN oKk R B—NEAMEHE NG, EHMHSEHR: SN
W VERN—ANE RIBEE A IR AL EE TR, MESRE N T & A, Rz, 5 88%R. B
TRE[1] [2] [3] [4] [5155 o AT HE-EA% IR 22 50t 9t 3 S rP AR S8 77 1) - - S5 M BB IR R [6] [ 7],
JERYELITRI[2], FUUBRER[6], AUHDRSSEHAN FE 8 7] (T R 58] [9] [10]. EARHIRS EFRIE ATE A S0
HSAH, (HEIEREHAG 3 B LR 2 A BRI [12]E 18 th e — AN 5 1 F R AL B
AKEE BB T BRI ARy Zadeh BOBISE[131RI4R I8, B8 T RBEMAERIBIE, MIE
RPN ZIE 73RS @R, BEWE B E N . B, BB CRTh it
FF oS o M A QIR B[ 147 [15] [16]0 SN T 36 R BURALEE R B A TR, 1R 0 E0K B S BRI S B S R
S TR 5 A k.

AR S L A B L SR S A i M 2 T SR B B E A — AN R T . BB A S
2y AT H I AT A 5, TR R R AR R A& o S LR IR G M ) /N R SR . 2 T A A Bl
M RHR R G R, SR RoR I, R R TSR BT .. ACEEHRE BB AN ZTE
AT, RIS 00T B 2 MIBR & KR, B T AR B f v, IRk
87 FH T 387 B 2 1) 43 A 9T

AL FEBEEEMWR . AR TR S AT AT S, R T B S BORINE S AR DG IR
W=, WA T MR SR B A T 0T e B E . BH EIRAR OGBS XS H AT ECBU T LR AL
BRI TR T LA A T R o0 BT AR

2. EEtEiR
FEX 2.1 [7]—AZT0 (U, AT BB 5, A U = {x, 3,0, ) W RIE, x, (i <n) H—PXR,
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A={a,a,,-,a,} WYL, a,(j<m)A— D&M HIcUxAZ UMAK—DI0KR.

MNP RRER(U, A1), W (xa)el W xia, FBATHENR x RGJEMNE o, S UBTE o W& T3
R xo ENX—WHT X ={a€A|(x,a)e[,‘v’xeX} , B ={er\(x,a)eI,VaeB} o

FHEL, X ROR X PAENRIARANEREES, B RN PITAIFERA B 1A BRI R
L. FM, X HFEM B A EYE XN~ X M ~-B Hh - X" ={aecd|(xa)elIxecX}
~B ={er|(x,a)eI,3aeB} o

PR 2.1, [7] HFRRE R (U, A1), X, X,,X<U, B,B,BcA, BATHLAFHILLFHEANET -

() X,cX,=>X,cX/;BcB =B,cCB .

2) XcX";BcB".

3) X' = X5 =B

4 XcB ©BcX .

() (X,UX,) =X, " X;:(BUB,) =B NB; -

6) (X,nX,) DX, UX;;(B,NB,) 2B UB; -

SEX 22 TR (U, 4,1) o —NZ00H (X,B), WMAHE X =B X =B Hh XcU,Bc4,
WFRZ e A (R ),  1E—20 X RS (X, B) IAME, B RIS (X, B) KA.

@i BRI (X7, X0) R (BT, BT) #RMA, T L(U, A, 1) BRI 5 (U, 4,1) AR,
e (X,,B)<(X,,B,)< X, c X, < B 2B, -

W& (X,,B,) M (X,,B,) i &2 (X,,B)<(X,,B,)» W (X,,B) M (Xx,,B,) KM, (X,,B,) 11
(X, B) S . (X,,B,)<(X,,B,) &R (X,,B)<(X,,B,)H(X,,B) #(X,,B,) - WH(X,,B)<(X,,B,)
HAELE (Y,C) 43 (X,,B,) < (Y,C)<(X,,B,), X FATFR(X,,B) 2 (X,,B,) MFHEE, (X,,B,) M
(X,,B,) FIXHEE

X R R (U, AT) 10 (X,B) M (X,,B,)  BRATAT LU 5 843 th (X, 0 X,,(B U B,) ") M
(X, LX) B B, A . B, 3R (X,,B) A (X, By) = (X, 0 X, (B UB,) ).

(X0 B )V (X0, ) =((X, 0 X,) B (B, ) W L(U, A1) Sl T ELIESE A b

EX 23. [11N& U Z2—NEZHRESG, HF U EH—-AEESEME 475U FER:
;1:{<x,,uj (x),7; (x)>|er} s Hh U [01] Hy, U —>[01]s gy (x) My, (x) 3 RIMEN R xeU
WA RIREE . RN TER xeU , WR0< 1, (x)+y;(x) <1, BATH IF(U) Fomfir s g AL
ee s M ONE R Y R

X 24. (1218 A, BeTF(U). MTEFExeU, AcBo p,(x)< uy(x)s 7:(x)27;(x) o

MR ACBRMBC A, BAVRIK A K BEM, FoRN A=B . SHEASEHEFRIRI BSR4,
/ﬁ\:q:’lj={<x,l,0>|er} , @z{(x,O,leeU} o

AV AR B IR ERMHAEDMNERNANBRM AUB, R, AT 4 FFMECE ~ 4,

ANB ={<x,/\{ﬂ;1 (%), 215 (X))o {74 (). 75 (x)}>|er}
{<x,v{ﬂ;1 (). 225 (X))o A {75 (). 75 (x)}>|er}

~gl:{<x,7;1(x),,ui(x)>|er}.

AUB

3. ERBHMTE TSR EERELE
AR SRR IR BSOS FIE M A5 4 (MM G B0 T i S 1 A B T i — 4
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B, JCHG R LT R ER BT TIRAMER ST, B T B B AR I ER B, AN X
TR PR SE PR IR LB SE T B S

X3 17 A=T0 (U, 4, 1) FRATERE R, WRU = {x,x,, x| & DHRE, x(i<n) N
—XE; A={a,a,,a,} RADBEE, o (j<m) A NEE: BT RU<4 - NEIEESE,
EPI~={<(x,a),,ui(x,a),yi(x,a)>|(x,a)eU><A} . 1 UxA—>[01] f1y;:UxA—[01], T BhERR
Tttt

HATE 1 (x,a) <,u, ):7; xa)> V:{f(x,a)|er,aeA}o

8% 1 (x,a),1(y,a)eV, Tﬁtb'

(x,a)zl(y,a)<:> H; (x,a)z,ul~ (y,a)/\;/I~ (x,a <7 (y,a)

I )
ERABE R (V. AI) T, ¥TF XU, BCAMABeIF(U), K
‘v’b,é(b),A( ) { ( b)|Ver}, Vbe{i(x,b)W’er}o

AT U
X*:,:1:{<a,,ux*(a),yx*(a)>|aeA},
3t 4 (a)=( n ay(va), v 7 (x.a)) (a e 4) s BAVEE & = A= {(a1.0)]ac 4}

B :{er|i(x,b)Zl§(b),VbeB} R
HdI(x,b)eV . bgBFRB(b)=(0,1)-
VxeU . RAVHx Fla BHIRE () M {a) . HHT Bc ABU FRFHR:
U® :{;1|gl(b)=1~(x,b),er,beB}.

KA ITERE § Bk (U, 4,7) ——MBRER, X, X, XU, B,B,Bc A, WAL FHEANE
JR R AT o

PR 3.1. [17]1;4( i)iyajﬁsﬁﬁﬂ%it%% X,X,,XcU, B.,B,Bc A, MAn[fFLL N,
(1) X,cX,=>X,cX ,BcB, =B,cB .

4 XcB oBcX .

G) (X,uX,) =X1*mX;,(l§’1u]§2)* =B NB .

©) (X,nx,) o X, UX,,(B m]?z)* DB UB; .
W () EX =4, X,=4,, WF{EEaecd,

A(@:KWQXyAxa) yﬁﬁ(xa»,‘%@n:< AzyxxMywln%(La».

WA X, cX,, WHA4(a)24,(a). %iE, 4, c4, BIX, cX .

HILLESE XA, #FaeB (i=12), W4 B (a)=A(a), %W B (a)=(0,1); FrLL, X]LI(xb)eV,
# B ={xeU|I(x.b)> B (b).Vbe 4} . E;“={er|i(x,b)zz§2(b),VbeA} . H BcB W7
B (b)<B,(b). BLXTFALEMI(x,0)eV, I(x,b)=B,(b)% & 1(x,b)=5(b). Mk, #xeB, 935
ZxeB, B cB .

() —Hm, X =4, %B/A\X**:;1*:{er|I~(x,a)2f~1(a),VaeA}, Hrp
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;l(a): { (xa)|VxeX} < x,a )v;/i(x,a)>,VxeXo HxeX, Wa
f(x,a)2</\,ul(x a),vy; xa> (a). FIL, xeX™, XX,

A—JitE, WBcU”, WAL B={(u (x.b).7; (x.b))|bed}, HrfxtFbed-B. B(b)=(0.1).
o _Eal 3 B {er\](xb)Z ()VbeA}, BIXHT & xe B MbeB, I(xb)2B(b)mML. WL,
B” (b)—</\,u] (x,0),vy; (x, b)> B(b). L, BcB”.

(3) H()FQ)F LR G ik

4 BH)ABXcB =B " cX', HQWHBcB™: Fit, BcX .

4
A

(5) ﬁﬁﬁ(éluéz)*gﬁfml;’;o iMH, VxeB NnB, ©xeB rxeB, < 1(xb)=B(b),
VbeB Al (xb)=B(b), VbeB, & I(xb)2B(b), Vbe B UB, & xe(BUB,) =B nB (B UB,)

FHit, (B uUB )* =B nB;. FHEIH(X,UX,) =X NnX,.

(6) IREZ H()IEA L 1e.

TN THIFRA T I IR DA AR E — VRS AR

Bl 3.0, %1 G AEREREAE S, Kb X ={x,x,x,}
B={(a,0.2,0.6),(5,0.3,0.5),(c,0.6,0.2),(d,0.8,0.1)} e ZF (B) K" B={a,b,c,d} = 4, WE XLIITEAT LA

e
E

Table 1. Given an intuitionistic fuzzy formal context

® 1 AE-TERENMERAER

a b ¢ d e
x, (0.0,1.0) (0.9,0.0) (0.5,0.4) (0.7,0.2) (0.9,0.1)
x, (1.0,0.0) (0.7,0.2) (0.6,0.3) (0.9,0.1) (0.7,0.2)
x, (1.0,0.0) (0.2,0.8) (0.5,0.4) (0.5,0.4) (0.7,0.2)
x, (0.5,0.5) (0.5,0.5) (0.3,0.6) (0.5,0.4) (0.8,0.2)

X" =4={(a,0.0,1.0),(5,0.5,0.5),(c,0.3,0.6),(,0.5,0.4),(¢,0.7,0.2)}
B ={x,}
PLEE 1 BB, JRATRER 3.1 VRIS AT -
D) WX, ={x}, X,={x.x,}, WEX cX,, 5
X, ={(,0.0,1.0),(,0.9,0.0),(c,0.5,0.4),(d,0.7,0.2),(e,0.9,0.1)} ,
X; ={(a 0.0,1.0),(,0.7,0.2),(¢,0.5,0.4),(d,0.7,0.2),(€,0.7,0.2)} » X, < X; BIRKIL. B
)):

{(4,0.2,0.5),($,0.2,0.6),(c,0.1,0.8),(d,0.4,0.6),(e,0.3,0.4
{ a,0.6,0.3),(6,0.5,0.2),(c,0.4,0.3),(d,0.5,0.5),(¢,0.6,03)} ; Wi & B, B, , HH B ={x,x} >
{

I\)

={x,}, UHJB < B BiOL.
2 X={x.x}, XJ'={x.x5}, XcX
B={(a,0.2,0.5),(5,0.2,0.6),(c,0.1,0.8),(d,0.4,0.6),(,0.3,0.4)} ;
B ={(4,0.5,0.5),(5,0.5,0.5),(c,0.3,0.6),(d,0.5,0.4),(¢,0.7,0.2)} ; B<B" .
(3) X; ={(4.0.0,1.0),(5,0.7,0.2),(c,0.5,0.4),(d,0.7,0.2),(¢,0.7,0.2)} »
X7 ={(a,0.0,1.0),(,0.7,02),(¢,0.5,0.4),(d,0.7,0.2),(€,0.7,0.2)} , X" =X""; B ={x,.x,}»
B = {xx) s WE =B

S

i
.
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@ X,={x}, B ={x,.,x}, X,cB,
B, ={(a,0.2,0.5),(5,0.2,0.6),(¢,0.1,0.8),(d,0.4,0.6),(¢,0.3,0.4)} »
X; ={(,0.5,0.5),($,0.5,0.5),(,0.3,0.6),(d,0.5,0.4),(€,0.8,0.2)} » B =X«
6)@nuxgﬁﬁ@ﬁo¢®4aozomxgui0@(&070)(e070n}
X ={(a.0.0,1.0),(5,0.9,0.0),(c,0.5,0.4),(4,0.7,0.2),(€,0.9,0.1)} »
X; ={(a,0.0,1.0),(5,0.7,0.2),(c,0.5,0.4),(d,0.7,0.2),(e,0.7,0.2)} »
X, NX; ={(a,0.0,1.0),(5,0.7,0.2),(c,0.5,0.4),(d,0.7,0.2),(¢,0.7,02)} » (X, UX,) =X, "X,
6) (X,nX,) ={(.0.0,1.0),(5,0.9,0.0),(c,0.5,0.4),(d,0.7,0.2),(,0.9,0.1)} ,
X! ={(a,0.0,1.0),(5,0.9,0.0),(c,0.5,0.4),(d,0.7,0.2),(e,0.9,0.1)} »
X; ={(a,0.0,1.0),(5,0.7,0.2),(c,0.5,0.4),(d,0.7,0.2),(e,0.7,0.2)} »
X, VX, ={(a,0.0,1.0),(5,0.9,0.0),(c,0.5,04),(d,0.7,0.2),(€,0.9,0.1)} » (X, X,) DX UX,.
BB (U, 4, 1) AR, XU, Bod. ZJul(X,B) R BB S (R )
RX =BHX =B XM BRI (X, B) KIS .
W Bk, B2 (X7, x7)A(B, BT ) # R
BRI L(U, 4, T) RARRT PTA BB (U, 4,1) 52 30N
(X.B)<(X,.B,) = X, c X, < B 2B, -
WS (X, B) B (X, B,) R ELSEBERUE I R (U, 4.7) FIOBEAMEE, W (X, 0 X, (B UB,) ) A

sk

(X0 X,)" BB, B AR L
Bk, Gd AR

BB BB BOBIME S L (U, 4. T) R— e she

Bl 3.2. 1E B, ARAEE AR T BB SN E S . I 1R ERIR, RATH
ey o BRI RI (- ox e, BT (1,4) 5 (2,4,) 0 (44) 5 (12,4,) 5 (14, 45) > (23,4, ) »
(24,4,), (234,4)> (124, 4,), (123,4,), (1234,4,) (2,4) k52 0: FCL, FC2, FC3, FC4, FCS,
FEC6, FC7, FC8, FC9, FC10, FC11, FC12. iiﬁ?iéﬂ‘]ﬁ%%ém%%{xl.,xj} ij(i,j=1,2,3,4) LR [A 2L,
LURNIP

l

a,0.0,1.0),(5,0.9,0.0),(c,0.5,0.4),(d.,0.7,0.2),(e,0.9,0.1)} ;
)-

,(6,0.7,0.2

a,1.0,0.0 ,(¢,0.6,0.3 (d,0.9,0.1 , e,0.7,0.2) ;

N

R
w
I

1]

a,0.0,1.0 ,(b 0.7,0.2),

=

( )

( )
(4,0.5,0.5),(5,0.5,0.5),(¢,0.3,0.6),(d,0.5,0.4),(e,0.8,0.2)} ;
( )

(

N
1]

,(€,0.8,0.2)} ;
2)j

>

(,1.0,0.0),(5,0.2,0.8),(c,0.5,0.4),(d,0.5,0.4),(e,0.7,0.

c\

(
4= (

4, =

{ )+ ( )+ (
{ )s( )s(
{ )s( )+ (
{ )s( )+ (
{(2,0.0,1.0),(,0.5,0.5),(¢,0.3,0.6),(d,0.5,0.4) (
{ )s( )+ (
{a 0.5,0.5),(,0.5,0.5),(c,0.3,0.6),(d,0.5,0.4),(e,0.7,0.2)} ;
{( )+( ) (

}
}
¢,0.5,0.4),(d,0.7,0.2),(e,0.7,0.2)} ;
}
j

a,0.5,0.5),(5,0.2,0.8),(¢,0.3,0.6),(d,0.5,0.4),(¢,0.7,0.2)} ;
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4, ={(a.0.0,1.0),(5,0.5,0.5),(c,0.3,0.6),(d,0.5,0.4),(,0.7,0.2)} ;
4, ={(a,0.0,1.0),(5,0.2,0.8),(c,0.5,0.4),(d,0.5,0.4),(€,0.7,0.2)} ;

, ={(a,0.0,1.0),(5,0.2,0.8),(c,0.3,0.6),(d,0.5,0.4),(e,0.7,0.2)} ;
21:{(a,1.0,00) (6.1.0,0.0),(c,1.0,0.0),(d,1.0,0.0),(e,1.0,0.0)}

B2, BWATAT LS EIEE 1| BRI 08 5 T A B B S a0 1 s

FC12

Figure 1. Intuitionistic fuzzy concept lattice
in the context in Example 3.1

E 1. 3.1 EREHERESE THERERE
AR 248

& 32 [17] A L(U,4,1) > L(U, 4, }) RWMAHEEEHM S, WA TEE
(X.B)eL(U.4,.L), BAFTE (X B)eL(U.A4.L), R x=x" W, AWK L(U.4 l)élﬂ?
L(U,Az,iz), iET’EL(U )<L(U,A2,f2)o

WRL(U,4,.1)) < L(U A, LYR LU, 4, 1) < L(U, 4, 1,) » BATRIR L(U, 4, 1)W1 L(U, 4,1, ) 547
HACHE L(U, 4,1) = L(U, 4,1, ) » BATCHTE RS KIS
L= {L(U A1) |(U.41) E@/\Ejsif;ﬁﬂﬁ/ﬁégg} o L(U.AT) "I PR 4 5 5 SO

L, (v, al)={x|(x.B)eL(U,4T)}-

(U AN RRERT, AERD A, BATEL, =Tl Joh I' RESEBBIEU D, EM=TEX
#o B, ={((xa).m, (v.a).7, (x,a)>|(x,a)eU><D}  RESHR, (U,DI,) R AR, R
iE MR RTHIAME (U,D,1,). HFEMM, XIT v(x,B)eL(U,D,1,), WHaeD,
X (a)=X"(a), G X (a)=(01), HFHB? ={xeU|I(x,b)=B(b),VbeD}-

MESL 32 IREGEH, MR X cU, DcAHBeIF(U), Wi X" c X" M B < B #RAL.
NTEFATAT L@ 1o A T R B AR

MNFEL WX ={x,x}cU, D:{a,b,d}gAEfs’eI}'(U) , Ui,

X ={(a,1.0,0.0),(,0.2,0.8),(c,0.0,1.0),(d,0.5,0.4),(¢,0.0,1.0)} ,
X" ={(a,0.0,1.0),(5,0.2,0.8),(c,0.3,0.6),(d,0.5,0.4),(¢,0.7,0.2)} » X < X" WL Fi4h,
E={(a,o.o,l.o),(b,0.2,0.8),(c,0.3,0.6),(d,o.5,0.4),(e,o.7,0.2)}, B ={a,b,c,d,e}, B™ ={ab,d},

HFE 3.2 [17]1&((} ANRBABEFUWRDc 4H, Dz@, WAL TFRREBROL
(U A l)s (U D, )
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X33 (178 (U, 4, 1) RIBAEF, Ded. WARAAERIEE DR L(U,D.1,)=L(U,4,1), H
MTERdeD, L(U.D-d.I, ,)%L(U.AT), W D & L(U,AT)NLAE. A L(U,4,T) AFRZ
RN (U, 4,T) K%L

HY b, W TAER L(U, AT) » LIRAFAE— M E%ﬂE’J%YET R Tk £ A A B A ME A (¥ 20 7T
W YT — N R AR LT LB, B NEEE RO — R rEd] 4.1 F, JEEE 4 52
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0),(b,
0),(5,0.2,0.8
D' ={(a,1.0,0.0),(5,1.0,0.0),(c,1.0,0.0),(e,1.0,0.0)} .
%%,?ﬁff]ﬂ%?%?ﬂ’l‘%ﬁ%L(U,D‘,iDl) EL 1L 2 R 3, RATAT LA L(U,Dl,fDl ) ML(U,4.1)
R, $5EE, RATTRI L(UD b1, )2L(U,4]). L(U,D-d], )2L(U,4]),
D

L(U,Dl—e,fDLe)séL(U,Aj)olH:, R (U, AT) A2

[FIRE R TR 2 1 Fﬁ?ﬁﬁﬁ?iﬁ%ﬁ%(U,A,i), WARAE {e} WBPESE 4 thBR 2, RATRERR 2] — MR
W5 (U021, ), b D= A~ (e} RITATUMABITA S (U, 0,1, ), EN1E (LD?), (2.53), (4.52),
(12.07). (14.0%). (23.D7). (24.D3). (234.D;). (124.D0;). (123.D})). (1234,D}). (@.D%): %
BIiCAE FC1", FC2”, FC3", FC4", FC5", FC6", FC7", FC8", FC9", FC10", FCI1", Hrf
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¢,0.3,0.6),(d,0.5,0.4)}
¢,1.0,0.0),(d.1.0,0.0)}

(

(
).(¢,0.5,0.4),(d,0.5,0.4)}

.(¢,0.5,04),(4,0.7,0.2)}

)

0.0,1.0),(5,0.5,0.5),
0.8),(c,0.3,0.6),(,0.5,0.4)}

0.5,0.2),(¢,0.3,0.6),(4,0.5,0.4)}
0.5,0.5),(c,0.3,0.6),(d,0.5,0.4)}

b (b’
b (b7
(6,0.2,0.8),(c,0.5,0.4),(d,0.5,0.4)}
1.0),(5,0.2

)
{(4,0.5,0.5),(5,0.2,0.8),(c,0.3,0.6),(4,0.5,0.4)}

)
{(,0.0,1.0),(6,0.7,0.2

{(a
={(a.1.0

,0.0),(5,02,0.8

>

1.0,0.0),(,1.0,0.0)

>
B

{(2,0.0,1.0),(5,0.9,0.0),(c,0.5,0.4),(d,0.7,0.2)}
{(,0.0,1.0),

{(,1.0,0.0),(5,0.7,0.2),(c,0.6,0.3),(4,0.9,0.1)}
{(4,0.0,1.0),(6,0.5,0.5),(c,0.3,0.6),(d,0.5,0.4)}

Figure 2. Concept lattice 1 formed by the formal

context in Example 3.3
Figure 3. Concept lattice 2 formed by the formal

context in Example 3.3
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T g e

YT 1 XM S, BOMARAME—, {77 D' M D WA HACE R L. @it FdR i
RS, a,b,c WA LEEME, RIZOENE; de NAHXT L EEME. AN HL, AT EF 4.2 7745
2, BORAFFEN T L EME—.

H5E X 3.1, ?E?&Eﬂ%‘a%ﬂL(U,D‘,iDl)<L(U,A,i), L(U,Dz,sz)<L(U,A,I~), Wi B L(U,Dl,fDl)ﬂl
L(U, D1, )BT L(U,D,T)

X34 718 (U, 4,1) BRI, FN X, X, e 1, (U, 4T)Of{x,} |x, €U}, x; €U, BATE L

D*(X,.,Xj)= {aeA|,qu_*(a)>,uX;(a) or 7X?(a)<yx;(a)}, Xl.eLU<U,A,I), Xj={xj}¢Xl.
%) 3]

D =(D"(x,.x,))

2

‘LU (U,A,i)u{{xj}|xj eU}

Hr D" (X, X, ) ROBER (X, X)) KT R4 X, MPRRRTESS, D ROy AT R .

AR TR R 58 S0, SRATAT AR BT ST HHR BB 7%, T M IO BRSO (1 7] R B
il

M*={ /*\( )}{v{akwkeD*(Xi,Xj)}}, D*(Xi,X/.);t@.
aglageD(X;, X X

2, BT LS TR SRR M :v[Aaj St B, ={a, 152124,
W B, k=12, p) RIGRTER (U, 4.T) FIOFA BRI .
4. MBHRBORGE

Bk 4.1:

W1 IR EREE P,

W2 WTHEEPTE—NOEX, FHX X,

R 3. KW XTORTER XS BHAME, WAER X, S0, 105 X
WA BETE M X BTSSR, SRPHNE L.

WIS MEHRREESE, A RIRAMNANE.

HAREERARE A 4 FioR:

JRIEL T

Figure 4. Algorithm
4. HIERIZE
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TR e

Bl 41, B K =(U, A1) BB ARG R BB 5 xRk
U—{xl,xz,x3,x4,xs,x6,x7,x8,x9,xlo,x“} E@%A—{al,az,%,a“%} BARAE Bk 2, WeTARHE b3y
WIES EIR LR S0 B BRI TG R 5t K = (U, A, 1) 50 B TAEVE AR A, 25 R ank 3 Rkt

Kl 5 ps.
Hrp: X% x,——HSN &% xR x,—— YT 5
X R xs—— 14 Je BT R xR IR
MR xs—— JB MR 2 X5 xg——HTN9 & it B 7
XA x——PUE N B W xg—— B/REBERE N 5
X R xg—— NG PRI 5 X xR R
X5 xy—— LB
JEYE a—— A &M as—— R E ARG

JEE a;—— R BRI T X 2 ST A6 IR VA T BRI
JEME as——RBEIEGTUR K R)
JEME ay——XFBR AR 77 LAA B AL B 7 Rk A

Table 2. An intuitionistic formal context of new viruses

=2 —MERSNERELXER

x1 (0.0,1.0) (0.9,0.0) (0.5,0.4) (0.7,0.2) (0.9,0.1)
x (1.0,0.0) (0.7,0.2) (0.6,0.3) (0.9,0.1) (0.7,0.2)
x; (1.0,0.0) (0.2,0.8) (0.5,0.4) (0.5,0.4) (0.7,02)
x4 (0.0,1.0) (1.0,0.0) (0.9,0.1) (0.6,0.2) (0.8,0.1)
xs (0.5,0.5) (0.5,0.5) (0.6,0.3) (0.5,0.4) (0.8,0.2)
X6 (0.0,1.0) (0.9,0.0) (0.5,0.4) (0.7,0.2) (0.9,0.1)
x7 (0.0,1.0) (0.7,0.2) (0.9,0.1) (0.6,0.3) (0.8,0.1)
X (0.0.1.0) (1.0,0.0) (0.7,0.3) (0.6,0.4) (0.9,0.1)
Xo (1.0,0.0) (0.6,0.4) (0.1,0.8) (0.1,0.8) (0.9,0.1)
X10 (1.0,0.0) (0.5,0.5) (0.8,0.2) (0.6,0.3) (0.7,0.2)
X1 (1.0,0.0) (0.6,0.3) (0.1,0.7) (0.1,0.7) (0.8,0.2)

Table 3. Concept analysis of formal context in Example 4.1

= 3. 641 BRRXERBBS TR

e HH3E R HPUm LR

1 x, {(1.0,0.0),(0.7,0.2),(0.6,0.3),(0.9,0.1),(0.7,0.2)} a, na,

2 x, {(0.0,1.0),(1.0,0.0),(0.9,0.1),(0.6,0.2),(0.8,0.1)} (a,va)r(a,va)a(a,va,)
3 x, {(0.5,0.5).(0.5,0.5),(0.3,0.6),(0.5,0.4).(0.8,0.2)} a, na;A(a,va,)

4 x, {(0.0,1.0).(1.0,0.0),(0.7,0.3),(0.6,0.4),(0.9,0.1)} (a,va,)na,

5 x, {(1.0,0.0),(0.6,0.4),(0.1,0.8),(0.1,0.8),(0.9,0.1)} a na;
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Continued

a na,

{(1.0,0.0),(0.5,0.5),(0.8,0.2),(0.6,0.3),(0.7,0.2)}

a, na,

{(0.0,1.0),(0.7,0.2).,(0.6,0.3),(0.6,0.2),(0.7,0.2)}

a Aa,

{(1.0,0.0).(0.6,0.4),(0.1,0.8),(0.1,0.8),(0.7,0.2)}

a,~(a,va,)

{(1.0,0.0).(0.5,0.5).,(0.6,0.3),(0.6,0.3),(0.7,0.2)}

{(0.0,1.0).(0.7,0.2),(0.9,0.1).(0.6,0.3),(0.8,0.1)}

10

{(0.0,1.0),(1.0,0.0),(0.7,0.3).(0.6,0.4),(0.8,0.1)}

11

{(0.5,05),(0.5,0.5),(0.1,0.8),(0.1,0.8),(0.8,0.2)}

Xsy Xy

12

(a,va)na,

{(0.0.1.0),(0.6,0.3),(0.1,0.7),(0.1,0.7),(0.8,0.1)}

Xis X Xy,

13

(a,va,)ra,

{(1.0,0.0).(0.2,0.8),(0.5,0.4),(0.5,0.4),(0.7,0.2)}

X5 X35 Xy

14

a, na;Na,

{(0.0,1.0),(0.7,0.2),(0.6,0.3),(0.6,0.3),(0.7,0.2)}

X,,X,, X,

15

a, na, Aa,va,)

{(0.5,0.5),(0.5,0.5),(0.3,0.6).(0.5,0.4),(0.7,0.2)}

X5 Xss Xy

16

a, na,

{(1.0,0.0),(0.5,0.5).(0.1,0.8).(0.1,0.8).(0.7,0.2)}

X35 Xg5 X4

17

a, A(a,vay)

{(0.0,1.0),(0.7,0.2),(0.7,0.3),(0.6,0.4),(0.8,0.1)}

X, X, X,

18

{(0.0,1.0),(0.5,0.5),(0.8,0.2),(0.6,0.3),(0.7,0.2)}

X5 X5 Xy

19

{(0.0,1.0),(0.6,0.3),(0.1,0.7),(0.1,0.7),(0.7,0.2)}

Xps Xys Xgr Xy

20

(a,va,)na,

{(0.0.1.0).(0.6,0.3).(0.1,0.7),(0.1,0.7),(0.8,0.1)}

Xps Xys Xg> Xy

21

a, A(a,va,va,)

{(0.0.1.0),(0.6,0.3),(0.1,0.7),(0.1,0.7),(0.8,0.1)}

Xps Xgs Xy Xy

22

(a,va,)na,

{(0.5,0.5),(0.2,0.8).(0.3,0.6),(0.5,0.4),(0.7,0.2)}

xz’xl’xi’xlﬂ

23

{(1.0,0.0).(0.2,0.8),(0.1,0.8),(0.1,0.8),(0.7,0.2)}

Xy5 X35 Xg5 X

24

a, na,

{(0.0.1.0),(0.7,0.2),(0.6,0.3),(0.6,0.4),(0.7,0.2)}

Xy Xys Xos Xg

25

a, Aa,

{(0.0,1.0).(0.5,0.5).(0.6,0.3),(0.6,0.3),(0.7,0.2)}

X35 X5 X575 Xy

26

a na,

{(0.5,0.5),(0.5,0.5),(0.1,0.8),(0.1,0.8),(0.7,0.2)}

Xy5Xss Xy Xy

27

{(0.0,1.0),(0.5,0.5),(0.1,0.7).(0.1,0.7),(0.7,0.2)}

Xy Xq5 Xy Xy

28

{(0.0,1.0),(0.6,0.3),(0.1,0.7),(0.1,0.7),(0.7,0.2)}

Xps Xy5 X5 Xy Xy

29

{(0.0,1.0),(0.6,0.3),(0.1,0.7),(0.1,0.7),(0.8,0.1)}

Xis X5 Xy X505 Xy,

30

{(0.0.1.0).(0.6,0.3).(0.1,0.7),(0.1,0.7),(0.8,0.1)}

Xis Xy Xy Xg5 Xy

31

{(0.0,1.0),(0.6,0.4),(0.1,0.8),(0.1,0.8),(0.8,0.1)}

Xis Xgs Xgs Xo Xy

32

{(0.5,0.5),(0.2,0.8),(0.1,0.8),(0.1,0.8),(0.7,0.2)}

Xy Xy X X Xy

33

{{0.0,1.0).(0.5,0.5).(0.6,0.3),(0.6,0.4),(0.7,0.2)}

Xys X5 Xg5 Xg5 X

34

{(0.0,1.0),(0.6,0.3),(0.1,0.7),(0.1,0.7),(0.7,0.2)}

Xio Xy Xy X5 Xg5 Xy

35

S A

i
)

25
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Continued
36 X)Xy Xy Xy Xy X, {(0.0,1.0),(0.6,0.3),(0.1,0.7),(0.1,0.7),(0.8,0.1) (a,va,va,)
37 U —{x,, %, %,,%,} {(0.0,1.0),(0.6,0.3),(0.1,0.7),(0.1,0.7),(0.7,0.2) a,
38 U —{x,, %, %, %, {(0.0,1.0).(0.5,0.5).(0.1,0.7),(0.1,0.7),(0.7,0.2) a,
39 U —{x,,%,,%,%,} {(0.0,1.0),(0.5,0.5),(0.1,0.7),(0.1,0.7),(0.8,0.2) (a,va,)na,
40 U = {x,,%,, %, %, } {(0.0.1.0).(0.6,0.3).(0.1,0.7),(0.1,0.7),(0.8,0.1) a,
41 U—{x,,x,x,} {(0.0,1.0),(0.6,0.4),(0.1,0.8),(0.1,0.8),(0.7,0.2) a,
42 U —{x,,x,x,} {(0.0,1.0).(0.5,0.5),(0.1,0.7),(0.1,0.7),(0.7,0.2) (a,va,)r(a,va,)
43 U—{x,,x,,%,} {(0.5,0.5).(0.5,0.5),(0.1,0.8),(0.1,0.8),(0.8,0.2) a
44 U —{x,x,} {(0.0,1.0),(0.5,0.5),(0.1,0.7),(0.1,0.7),(0.7,0.2) a,
45 U—-{x,x,} {(0.5,0.5),(0.5,0.5),(0.1,0.7),(0.1,0.7),(0.7,0.2) (a,va,)ra,
46 U—{x} {(0.5,0.5),(0.2,0.8),(0.1,0.7),(0.1,0.7),(0.7,0.2 a,va,
47 U—{x,} {(0.5,0.5),(0.5,0.5),(0.1,0.8),(0.1,0.8),(0.7,0.2)} a,
48 U {(0.0.1.0).(0.5,0.5).(0.1,0.8),(0.1,0.8),(0.7,0.2)} x
49 @ {(1.0,0.0),(1.0,0.0),(1.0,0.0),(1.0,0.0),(1.0,0.0)} JRTESE 4
it {a,,a,,a,,a,,a,)
Figure 5. Concept lattice formed by the formal
context in Example 4.1
B 5. fi 4.1 RXERMBRIBSE
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R e

Bl 4.2, TN IR R K U #EAT R, R T =(UL 4.1,
A={a,a,,a,,a,,as} » WA LIS BN TE 8 SRS W 4 &l 6 s

U, = {xnxz’xyxs} ’

Table 4. New formal context reduced in Example 4.1

F4. 41 EABERAEEHNERE

B HhIE P PR m kL
1 x, {{0.0,1.0).(0.9,0.0).,(0.5,0.4),(0.7,0.2),(0.9,0.1)} a,
2 x, {(1.0,0.0).(0.7,0.2),(0.6,0.3),(0.9,0.1),(0.7,0.2)} Ezzi‘;z: )VAQS)
3 XX, {(0.0.1.0),(0.7,0.2),(0.5,0.4),(0.7,0.2),(0.7,0.2)} a,va,va
4 X%, {(1.0,0.0).(0.2,0.8),(0.5,0.4),(0.5,0.4),(0.7,0.2)} a,
5 X, %, {(0.5,0.5),(0.5,0.5),(0.3,0.6).(0.5,0.4),(0.7,0.2)} (a,va,)
6 X, %, %, {(0.0,1.0),(0.5,0.5).,(0.5,0.4),(0.5,0.4),(0.7,0.2)} a,
7 X%, %, {(0.0,1.0).(0.5,0.5).(0.3,0.6).(0.5,0.4),(0.7,0.2)} a,va,
8 X, X, X, {(0.5,0.5),(0.2,0.8),(0.3,0.6),(0.5,0.4),(0.7,0.2)} a,
9 U {(0.0,1.0),(0.2,0.8).(0.3,0.6),(0.5,0.4),(0.7,0.2)} T
10 % {(1.0,0.0),(1.0,0.0),(1.0,0.0),(1.0,0.0),(1.0,0.0)} a,va,va
Y CRALY,
Figure 6. Concept lattice formed by the
formal context in Example 4.2
B 6. fl 42 AE R MABRAE
SR

H 4.1 5 3 wrEn, XWTHAE R, PO E—A E AR S R BRI, BTN SR X L
WIARYR TR R T, XL B PR R LA T DM BTN R IR AT REAEAE 2711 = 2048 FPA]REATIE L,
I IR A A 1) 7 vk A %E%ﬂﬂiﬁ’]ﬁﬁni‘%4 H) 49 FIEBUEE T LA T, X TEEESRAE TR K7 8. A
K =(U, A1) FHBIATRHE TR GAN AR G X ), 35 78 s B LN §e
[A] (1) 26 FR I (DA 3 i FCLO M), BERATIH S AHREYEEE, WTLAHIIE g, a, —ME& FCL0 A A T3
— MR R, TEE SR, B g, a AN BEREEERT R, AT IREIEE FC10
R RS AR FE R R s F T HAEE S, M FCLo W SO RA RIS, Hitixes

ELEAS 3
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TR e

JRPERT LA AT LLE

9] 4.2 HR 3 4 TR, LEXH BE A 20 B0 T b R AR ST VS Bl N, R TE S 5 T = (U, 4,1))
WIS, REMRFINANE {a,ay,a,} > Ha,a,,a, REXDEENE, a,,a; RGN ABEFIE. FATHA
it T g, a,, 0, X=ANEIEE RIEEBATEL 7o X TS FCO IR R {x,,x,, x,} T H, ERIPHRJEE
e {a, ), TN THEE FCT PRI R {x,x,,x ) TTH, ERPHREBEERE a, Aag, W T X T AR
R GAEAR, RN BEYE(BIEN) LI H AR, &EEAFEENEE(EEA) MR, H2X
AT R R e TR ECE E,  h nT A B AR NE S ks 1) B YL TR, B SRAS AT M S A R4
AN EIE(RIED): HeF 2, HEE T BB U 5N BEORFFHE S B AR S5 M A58 L &
PEUBIEA), SXFERA BT 0T 50 AR () )= RS54

GRAER FEMESHWE 6 B, 285 2, BT RAEEAE, AbATZ 8 A F R
HIEME(RIEA) . XL B E, Bl: {x} > {x.x}>{x.xn,x)>U, RIOTTUER N, X4
FEAARER A LA x, AT, T LS 0 AR AR AR B R IX R R SR Y, X TR B RS, A
TIRATAT LA A7 545 2 & Ao 25 AR, SRR AR R ), EE A DRI B a1 A, R IR AT
BT 15 -

FHECAE I SEARTE S AR, R EZEEZRJEE, I BB S T ki T 2t kA
VEMEVESTURAEE, 85 A 502 (K I 18] AR ) e 4 of oo B @ ME AR X g 1 b, 3X ke vy IR
FIFRLIREROR, Earbhd e TAERER, XS SEAG X, T bR b A5 21 A0k 1t 1 1SR

5. &t
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