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EXMENREE

i P R A e 5
(PRI RN TR BE B, IR 400715)

WE WK ZZHBXBEASHE— T AN BRI, BT E N Z ZHMANRELEMRLE, PR = LA R BB

A #ELHT —F ARG RFE Rk, R AP Z AA R LR, R Z IMAS AT F LK R094 &, %t
4 84 5B 56 X AL ] (conjunctive normal form simplification, CNFS) H ik #t—F 4k TR A EWHEEH Ak DiER

ﬂbfx’“ﬂéﬁfﬁfmm &G AE A UCI PR 5 3] 238 & P 69 538 48 55 CNFS Fixat 47 7 mlaX, S84 R &9 CNFS H ik £

HBRERWE T BEARZ G AL R LRET RRAMAN A TR E R REA,

KER . ASILR ;B S L = I ME; B AMAS S

HE 5 £S  TP181 SCERARERD : A

SIARE  PRIEES , R fhde 0 il =SOSR E L[ T] . INAR R4 (B2 R ) ,2023,58(12) :52-62.

Recovery set of three-way concept

CHEN Yaoqi, XU Weihua® , JIANG Zongying
(School of Attificial Intelligence, Southwest University, Chongqing 400715, China)

Abstract: The theory of three-way formal concept analysis is introduced into the field of data recovery in this paper. By defining the
recovery set and recovery degree of three-way concept, it explores the hidden information from three-way concepts, and proposes an
effective formal context recovery algorithm. Additionally, to solve the three-way concept recovery set problem, the constraints of
three-way concept are considered on formal context binary relations, and a conjunctive normal form simplification algorithm is de-
signed for the recovery set (CNFS). Furthermore, a dynamic update algorithm is provided for the recovery set to adapt to the con-
tinuous changes of the formal context. Finally, some numerical experiments on public datasets from the UCI perform the effective-
ness of our proposed method. Experimental results indicate that the proposed algorithm has high accuracy and effectiveness in formal
context recovery, and also verifies that different concepts have different important degrees in cognition.

Key words: conjunctive normal form; dynamic update; three-way concept; formal context analysis
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Z BB AL T — BT, SCER A R WU T = SO P SRR Y B A R RO B, Hao
SR T = SOMER I RRE  HEIONTT FARIE AR, R 2D ok 2 4 eh R R B = A A B
AR TR R i Wed S5 NS MR I £ BE X D SO TS S AT TR, = SR
SBURAZ AR AL T — AR i R B AR, = SO A T e = SO A | R T Y RO =5
RS AT AN SER T S 0 = SRR IR R R A5 D5 RIS T 2 ORI N TSR
PRI AR B B

TER BRI A, LA A WS B A7 R A AT 22 S T LY 05 3 5 SR T A A7 5l g vl 8 2 368 ) el 25 2k i ol
DR S RS, DT 51 A 7 B )i 2R, DRT I R P O A s 14 il 5 RSt o 1 AN il sl (1 — 800, S8 1 Al BRI
ATl S M & 0 A7 X — 58 KA T B 5 LA Bk A2 Uk

AR SRR A NN JEAS B, AT Ao MR A A S O A B, kil R M e NS B L A4
Xt S A o A B WL S e e e A A B R, e AT DR SR A AR B A, AR R MR
MDA B AR R MRS | S 1 SR 240 1) 3 [R) AR S i, (LRt ESF [ B 3RS | Dt A A ]
REC EAFAEEOE LIRSS, BLINR T2 2K A i s e, FMT R BB 3R T/ 5¢ T E i — L8R3 D 9 AR
o N7 HERAM T e R PEARIE, B 5 2R ML S FO A AL R A SR PR AR I SC &R, H F AT al
ARSI — 26 LRI 0B, 3 o422 ik SRR & [ RGO P 75 5, it — 20 A0t A UG v 9 e s O i B i
Ko, HET, B GMERR AR J) A2 D B E 5 R VF 244 i o 0

A RA TSR I BE T, a8 AR I G & e (e o RRSE WA RE T, (0 H RE B BB 46
JIBIRARIITE . = SRR XPDE AT S 3 R 5 R Z 18] 56 R R Z R e, EA TR 1 308 55 i N TR 4G
FRRAE AR ARG SRTAE R 0 B R 5 3 P55 07 T B R O3, A e T S e b i p BT
FERNL A L ASSCIR 78 1 98 = SO A A B AR L, 4t — oA i 5T S O Bk, e L B
il b PR =SS S A R AR I SRS RS M A O A e e, et —
MRS SR A A O IR BE RS A O =SB IR SR A (R R IeAh A SCd i — B3
WM Bh ATk, LSNP 208 SRS L, fom, ] UCT BLaR~7 ) Bl 4 v i) — e 40008 46 0
Pt B SE A TN, SRR A SRR AR SO B Hh O S8k A8 X8 SR A2 07 1T HAT 6 s ) T P A 2
P, IRt 36 7 AN [RIRE & X DR 0 F AR R R AN R A, X — & BN Tt — 20 2 W U S e i BE F 5T
HABEERNE X,

1 & FiR

1.1 =%#EoHEMAIR
N T A SCAGR T AN 2 = SRS T SRR AR R IEE T BT R S = S x
GG = IS,
EX 1 & (OB, AT, I) BT 5, Hh OB={0,,0,,-,0,] AXGHE AT=a,,a,, -, a,| HEH
£ 0OCOB,ACAT,I'=(OBXAT)\I, #(0,a) €I,F; o A JEVE a,iCH ola.
EXEF «: P(0B)—>P(AT) B * :7(AT)—>7(OB) W TALER OCOB It ACAT 47 :
O ={a€ATIYo<0O(ola)} ={a€ATIOCIa}!
A" ={a€OBIYacA(ola)! ={0€OBIACol} ,
Hrp.la={o€ OBl (0,a) €l}, ol={a€ATI|(0,a) €1},
# 0" =A HA" =0, B4 (0,A) ¥R Rh— IR AMEE, Hoh 0 BHEES R IMNE A BHEESA N .
ENHTF % :7(0B)—>P(AT) K % : 7 (AT)—>7(OB) S TALEN 0COB Jt ACAT, #i(0,a) €I, Ul
o NEATEM: a,iEN offa, f :
O ={ac€ATIYo€O0(ol'a)} ={ac€ATIOC'a},
A" =la€OBIYacA(ol'a)} ={o€ OBIACoI}
Hrh.I'a={0€ 0Bl (0,a) €I}, ol°'={a€AT|(0,a) €I} ™,
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B
gl

nﬁjﬁ 1[35]
(1) 0,20,0,"C0,", A,CA,A," CA,"
(2) 0CO*", ACA"",
(3) 0" 20" A" A"
(4) 0CA*ACO",
(5) (0,U0,)"=0,"N0,", (A,UA,) " =A," NA," .
(6) (0,N0,)"20,7U0,", (A,NA,) " 2A," UA,"
A R ST« W EBTA R,
WA 5 (OB ,AT, ) WREE T LRSS 5 WHEE R ¢ Rk CENZ T LR,
(0,,A,)<(0,,A,)=0,C0,(=A,24,) .
(OB AT, D) WA L& IR F S0 L(OB,AT, ) FRMHESHKS , Hop B RS T A0 SLanr .
(0,,A)) N(0,,A,)=(0,N0,,(A UA,) "),
(0,,A))V (0,,A,)=((0,U0,)" " ,A,NA,),
WK E— e %4, Ganter 257 45 2 B, UEIA— B 08 Sl p e = AR O B MR A E B 4 2
HEBT 21 % (0B, AT, 1) WIERTFF 5, L(OB,AT, 1) I HAE &M, W 1= U {OXA1(0,A) € L(OB,AT,
i,
EX 2P % (0B AT, ) H— M5, 2 XHTF <:2(0B)»Z 7 (AT) XI>: 7 7 (AT) —7( OB)
3R A TAEER OCOB,A,BCAT, 0" =(0" ,0;>,a (A,B)®={0€0BloeA* ,HoeB } =A™ N

B™ FRSET <% D> W53 =T fiRR OB-SE T, iE—4 % 07 =(A,B) ,H(A,B)" =0,k (0,
(A,B)) X F M =30 &, AR OE-#&:, Kbk O jy OE-HE&HYAIME, (A, B) Sy OE-HEZAY NI,
MR 38 (OB AT, 1) BT 5, WIHAME &A% L(OB,AT,I) FitE&H NL(OB,AT,I) 5345 H
) = ML &k OEL( OB,AT,I) W N4 (L,(OB,AT 1) ,NL,(OB,AT,I) ,0EL; (OB ,AT,I) ,OEL,( OB AT,
1)) HMNESE (L. (OB ,AT,I) ,NL.(OB AT ,I) ,OEL,( OB AT,I)) Z A A LI FRA:
L,(OB,AT,I) COEL,(OB ,AT,I) ,
NL,(OB,AT,I) COEL,( OB ,AT,I),
L,(OB,AT,I)= OEL;( OB,AT,I)
NL,( OB ,AT,I)= OEL;( OB ,AT,I) ,
Bl1 F1HBTET “AEWEK WEREE(OB,AT, )™, 54 0B 15 8 M4, /512 o,
leech .0, :bream .0, : frog .0, : dog .0, : spike-weed .0, : reed .0, :bean .0, : maize, JEVELE AT 1175 9 @M, 4351
P a, ;needs water to live .a, :lives in water ,a, :lives no land ,a, :needs chlorophyll to produce foods a; :two seed

leaves . a, :one seed leaf \a,:can move around a, :has limbs a, :suckles its offspring,

x1AEYSKEXTR

Table 1 The context of living beings and water

OB a, a, a, a, as ag a, ag a,
0, 1 1 0 0 0 0 1 0 0
0, 1 1 0 0 0 0 1 1 0
04 1 1 1 0 0 0 1 1 0
o, 1 0 1 0 0 0 1 1 1
05 1 1 0 1 0 1 0 0 0
0 1 1 1 1 0 1 0 0 0
0, 1 0 1 1 1 0 0 0 0
0y 1 0 1 1 0 1 0 0 0

1 HIBRE SRR G i = SO

(0,0,050,05040,0,,(a,,D)),(0,0,0,0,050404,(a,,as)),(0,0,0,0,0,,(a,,as)),
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(0,0,050,,(a,,asa,)),(0,05060,04,(a,,azsa,)),(0,050604,(a,,asaza,) ),
(0,0,05,(a,a,,a5asa,) ) ,(0,0504,(a,a,,asasa,) ) , (0,05, (a,a,,a;asasa,) ),
(0;0,0504,(a,a;,as)),(050,0,,(a,a;,as)),(050,0,04,(a,a,,a,) ),

(050404, (a,a;,asa,y)) ,(050,,(a,a;,a4a,) ) , (05040504, (a,a,,a,aza,) ),
(0,0,05,(a,a,a,,a,a5a5a,) ) ,(0,0,,(a,a,a,,a;a,asasa,) ) ,
(0,,(a,a,a;,a5a,a;a5aza,) ) , (050404, (a,a;a,,asa;a5a,) ) ,
(0,050,,(a,a;aq,a,asay) ), (0504, (a,a,a,a4,a5a,a5a,) ),
(0,,(a,a,a,aq,a5a,asa4a,) ) ,(0,,(a,a,a,as,a,a.a,aza,) ) ,

(0404, (a,asa,a4,a5a,a4a,) ) ,(0,0,0,05060,04,(a,,a,) ),

(0,0,05050404,(a, ,asa,) ) ,(0,04,(a,a;,a,5a5)),(0,0,,(a,,asasa,) ) ,
(0,0,050504,(a,a,,asa,)),(0,0,050,,(a,a,,a,asas)) ,(0,0,050,04,(a,a,,3)),

(040,04, (a,ay,a,) ), (040,04, (a,a;a,,a,a5a,) ) ,(0,0,,(a,a;,a,a5) ) ,
(0s,(a,a,a,a4,a5asa,a4a,) ) , (0,04, (a,a,a,a, ,a,a5a.a,) ) , (0504, (a,a,a;,asa,) ),
(0y,(a,a;a,a4,a,asa;,a5a,) ) , (0504, (a,a;a,a5,a,asa;) ) , (0g,(a,a,a;a,a4,asa,a5a,) ) ,
(05,(a,a,a;a;a4,a,asa4a,) ) , (04, (a,a;a,aza,,a,a,asa4) ) , (0,04, (a,a;a,,a,a;a5a,) )

T ARTIE AR S T e PR ik, BRaf S5, HMESG TR FIIFRR,
12 GECEXERAIR

WX FoRBAR B IS 47 X Hon DB x,,x,, o, x, AU NE X=1{x,,x,, x| o XF—4AHR
i X={x,,%,, 0, x, | HEMEBIER A n JTCARKRES(X) :X—1{0,11" 76 X EAFAE 2" FPAS 6] 1) AR
fi, QSRS (x,)= 1, UK x, 7£ S (o) WA R, 75 W B

EX 3V WHERAR G x, AT x, Flox, JRHOCF IESCF x,, 7EEEIRE S(X) T IBCELE Y LAY
S(x;)= 1; 00T~ x, TR S(X) FHEAE Y HACY S(x,) =0, X BRI ARE X A RASCF BT
WO cFoR,c=1, VLV -V I, FEEAEWE S(X) FHUEAH (8FR 7] C TEF(ERME S(X) FEAWHER),
HHEACY TSR SCE T R A TEREIRE S(X) WEE, k=1CIER TR C HRSCFEL IR T
AKE , — RN kAR —D k-T0), Y k=1 B BN AICTA), — TR SCER i R
B, PR g i A2 R B S s T ) A N 2l 2 AR R R

X EEBGE F(X) 2 X B —2Fal a8, F(X)=C,AC, N NC,. BB F(X)7EEHK
{E S(X) T HCEAE (BFR F(X) 7EEAEIRE S(X) TR ) , 2 HACS F(X) ha&S A 74 C TR K
EMME S(X) FAREEE R, A BE 3 ( conjunctive normal form, CNF) 1] & AR F(X)= A=
QGRS

2 —XHAWKEEHEL

SIS RMIERE SRR, RS TR SR SRR R R T IR S f 3L
HLA AL S 0 JE | et G PR i B A A, PR o] LS 2 = S A AR i 98 i R R 21 S R i ook
R, HTXRSHN =S SRS 0 =SS 20 SR E A VF 2 AL Z AL, RIS SC H 3T
PG T = S
21 =X\ EHRESE
M — =SS, v AR B — e R SRR . N TSRO S B A5 S, v LU e
A FE 006 ZOoR 2 RO e — S p A5 B, IR & e LT,
EX 4 & (OB,AT,I) HIERIS 5 ,0C( OB AT, ) x5S i = &4 (F1idh 0C) ,22(0C) H
oC W%, 7CoC, EX:
PI,=1{(o0,,a;) € OBXAT|(o,,a;) €I'=7¢ 7(0C) |
NI,=1{(o0,,a;) € OBXAT|(o0,,a;) €[=.7¢7(0C) ,
PR PI- R THEWRIZSE NI R 7 TR IZ L R - =PI ,UNI . =X WES AR 7R S  TRiFR 7 IR 4L
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1 1 U, %5 (0, ,a,) € PLL W (0,,a)) € I'=.7 & 27 (0C) , LA NHIE &M .7 Coc, it LIl 14
(0,,a;) €1, AT FIIEPR S AL R0 =S 2E 7 Fresfi € iR IE e R RS, B, UIREERZE
=SS 7 FrReiiE i Rt — T R RES

Bl 2 (2efl 1) AE 1 BT R BB REN OB=10,,0,, 05, BVEEN AT={a, ,a,,,a,,
H BAEE 7=1(0,0,0,0,,(a,a,,a,a5a,)) | COC, XTFTHESE OBXAT P ITE (0,,a,), #7(0,,a,) €
I°)W{o,,0,,0,,0,1 " #{a,,a,},(0,0,0,0,,(a,a,,a,asa,)) € OC(OB,AT,I), {R¥EE XL 4 W[Hl(0,,a,) €
PL.

Fefelsth, X4 OBXAT h HAM TR SEAT I , B Rl 4531

Pl={(0,,a,),(0,,a,),(0,,a,),(0,,a,),(05,a,),(05,a;),(0,,a,),(0,,a;) |

PR N HEBE R SC PR Fo (R B AR A 7 2 B I A8 P ZHZU e, i LATE AN 7 fE 3
RN E P S5 B T E R, AR AR XS X A AN E s PEHE R AN v 5 R B s T
IRLMEZE AR SN A5 USSP e T IR BUA IR A S48 & RS IR B 3015 I — o0k
RN EA TR WAUE I & ifE BT, AT 8 EE = I EENE AT R In R WIRE 7
&, N MIRE R E X

EX 5 ®(OB,AT,I) HIEXF 5, OC(OB,AT,I) Mg F M) =&, 7CoC(0B,AT,I) ,

IR I

E(7)=
(7) | OBXAT|

MRS T HIWKE

FH DA b SCRT RN PR FE AT LA 1

MR 4 (PN 27 ©C7COoC(0B,AT,I) W E(%)<E(7).

MRS (IKE) & .7=0C(OB,AT,I) ML G WK E RN R ME 1, BRILZ A, W ir v £ 11
WE N — AN R T = S S M S A T sl S PR A R etk 1759

MR 6 (B/MH) #.7=08.7=1{(0B,(3,9)),(,(AT,AT)) | WIS HRIRE Bk B o ME 0,

MR 7 (AR & 7 CoC(0B,AT,I) WM 0<E(.7)<I,

HR A LR B ) S, 2045 o A AR e 5L

EX 6 . 7CO0C(OB,AT,I) ,# E(.7)= o, WFR 7 RREFEN o ML SR EBESE WK o
St X TR B0, (A,,B,)) € 7,7 =7\ (0,,(A,,B)) | i E(7") <a, MFR .7 JgWK 5 BE K
o M/ INERTE SR GRS AR/ o S5,
22 =X MEEM CNFS ik

AT T b A R A A SR R KR R A S I AR AR SR, 45t = 3OS 5 A B U ny ¢
IR G A ] Y D7 ok A = S R A B

W(OB,AT, 1) H— "B E 5 ,0B=1{0,,0,,--,0,} WG AT=1a,,a,, -, a,} NEEE, LA
o, M HIE Y (o,,a,) €W, TR AR AT

R 8 #(0,(A,B)) €OC(OB,AT,I) W C ;= A, . comXy HEL

R 9 #(0,(A,B)) € OC(OB,AT,I) M C,= A, . com™ ¥ HE

EE1 4#(0,(A,B)) €OC(OBAT, D) W C= N, _o(V 72,V opxy) HE

E % C NN Jo, €0 stV o x, Vo px HIBGEDA gy A pm X I E 0, € (ALB) T =0,
TG €y NI,

EE 2 #(0,(A,B)) €0C(OB,AT,I) N C,= /\ajE(AUW( V,coXi) NV, o xy) HE,

R % C, AR, Bl da,e (AUB)“s.t. ( VocoXi) NV, o x) ABGETCA, ox) VA, 7 x,)
KE,a,€0" U0 =AUB, FJ5 L C, WEL,

EH 3 (0,(A,B)) €0C(OB,AT,I) S HALH CNF 4 (s 5,=C, NC,NC; NCy HH

WERANT



512 4 WRIERT , 45 . = SCBES IR 4R 57

s PR 8 MERT 9 ERE 1 GER 2 AIHIA (0, (A,B)) € OC(OB,AT,I) , | CNF , (4 5),= C, )\
C,NC,\NC, HE,

Aot B C,NE,N 0" 2A,AT 20,4 C, NE, M 0" 2B,B* 20;# C, NE,M A" NB* CO;#

C, WE M 0" CA,0" CB;HILFAIfH A" NB =0,0" =A,0" =B A¥E = XA E XA H(0,(A,B)) €
OC(OB,AT,I),

ST ONE ) S22 (0, (A, B)) MBS B0 R ML, UK CNF,, ),
H=ZWEE (0, (A,B)) MIRE 2,

B3 (2 1) AEf 1 BRIEE S EBOIREN OB=10,,0,,-,0,| ,JBYEHN AT={a, ,a,,-,a,,
(0,0,050,,(a,a,,a,asa,)) € OC(OB,AT,I) ,W'E IR E LR N

CNF (41030500, (arar.agasag)) = X1 ANxiy Ny Ny Nxgy Ny Ny Ny A =xyy A=vdeg A xg A=y A=
T2 N X N X A xag Aoy A= xs N =g A (0xg Vo xgg Vg, Voess Vg ) A (70x, Vo xg Vxg, V
Xgs VX)) A (=20 Voo ey Vg, Vg Vg ) A (=g Vo xig Vg Vs Virgg) A (o0, Vs Vg Vg ) A (=x, V
AxVaxgVaxg) Axp Vo VaxgVag) A(mxpVax,VaxgVaxg) A(xy, Vg, Vi Vi) A
(72 Vo Vo xgg Vs g ) A (g Vo Vg Vg ) A (=g, Vs Vimxgg Vimxgg ) A (g, Vg Vg V
X)) N (2 Vo x Vo g Vs xg ) o

Hi B0, R HES AR AL,

Wit 1 7er(C)YHAY CNF, HE, A CNF .= N .45, c7CNF (5 (a5, o

H TR LSRG R IT B .7€ 2(0C) I CNF , — & & R 1, AT = SOmE& e 7iI e 20
CNF . EL , B RS AR E B A A 45 S A I O (B A A A A2 o 25 B 1) o, Y SO IR
J& , Ak A3 CNF -

CNF , H )5 4]l 73 AR 3 Flis i,

RO Th) C PHBL x;,x, = 1B, 4] C —@ 2 IHEUE S ZOe R LA RACR , il B
HEMIBR

55 R T € B, v, =0 X C 1O AR AT N, £ C AT LR - x,

5 R T C R x, B - x, BT AIE CNF , PR RS,

AR R S S ECH I BT R A B R SRR S R R B R AL R WK A A K A2 T
it . AR HET CNF - PHAERRT4), 1555 % P =1 (0,,a)) | x, 78 CNF , WIBT4], IR N, =1{(0,,a;) |
o X, J& CNF I SRA-4] SR IS 45 B0 ) e i SCFIREL B G 2 CNF . InSRL & S 19 CNF - ik AF7E B
o), WTHT P N, AR ST IR EAE  BRMLTS 1Y CNF - AR 14 iC L& J5 1) CNF - SCNF -,

EE4 P,=Pl,, N,=NI,,

iERR i 1 AT 7€ 2(C)=CNF . HHE JLL P,CPI,, N,CNI .

B (0,a) < PL, X | TTHI% (0,,a,) < I, 7€ 2 OC) , Il CNF , — 47 £ 3 b 517558 7]
x;, B0(o;,a;,) €P, #(0;,a,) €Nl ,HEX 1/ HY(0,,a,) €I, 7¢7(0C) W CNF ,—EFF-TEB ]

fefiifs B85 - x, Wl (o, ,a;,) €N, FTLL P, =PI, N,=NI,,
EHE S5 #7(0,(A,B)) € OC(OB,AT,I) W] SCNF ,=C,\C,,
SEF S U8 B ALK i T DAk A I A ) AR S AR U T e R L AT DA Bk
=R/
HRAE B 5 0k 1R THEESE F IR ARSI AE S
Bk 1 ARSI E 4 CNFS ik
A WS LE 7 X34 OB JE S AT,
iy . \EMKELE PL, AR SE NI, SCNF
L CNF ;=N (6,457 CNF (0, (a8)) o
2. While CNF , 1 1E8.F/4] Do,
3. If CNF " fF{E1/] x,; Then,
4. PI, add (o,,a,) JALfE CNF

J
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5. If CNF "M AF{E8F4] = x; Then,

6. NI, add (o,,a,) 3L CNF -,

7. SCNF . =CNF ,,

8. Return PI ., NI ., SCNF .,

FIFH EARBEEE A5 4 AR A O 4R . IR 29105 X, B 22 AT HEAT | OBXATI AN FA) 3, 1A
I Z BRI S 24 O (1 OBXAT))

Bl 4 (sefil1) e BERIERP BT =1 (050,, (a,a;,a0a,) ) , (050404, (a 0505, asa,agay) ) | C
OC(OB AT,I) , WRESER ML FENPE 1 s,

B, LRI E S (050, , (a,a;,a0a5) ) L (050504, (a,aaq, asaagay) ) 53 51 B0 RE AR R 249
WL IRIG A BT x AR B ey, =1,P = | (0y,a,) | o FETE, AT LA = o, HEATIM R, HLph 220 5 AT 0, R
TR P ATHE TR 9 T, BRI PE) 1 AT HE S A AT = oy, B (T PR 8 2605 ) o A BT A1) xg A, B
xo=1,P, = (05,a,), (05 a;) | ,FET AT LIKHL B xo FOF/RIHEATINIR (IB] 1 ZEHESBASATINBRZR ) . 20l

IR |
XS T AT U PSR AT 0, PG RS L5 P B ()= %O

K1 )4 EAT R 1 R
Fig.1 Flowchart of example 4
23 =XMESENHERE
SEBRAETE A B A e o) B ARG 2 R Sh AR S TS S IR T B LS AR
WES RGN K FETT R AT RE R AR IE N, BRI ZAh % TIE 208 5 0 Jey e 2k Tl st , o ] LA aod 3l 2 8k ok
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MR 10 4P, CI, NI, CI'W,CNF, HHEYSHALY SCNF . \CNF,, N, FIEARYEEBT 10 AL
CNF Ft508t PI, NI, WI#3(PIL,, NI, SCNF ;). WKZERNShASROAEIT

Bk 2 IRELEDEEHEIL

WA (PI. , NI, ,SCNF. ), A7 .

§ithi: (PI., NI, SCNF ),

1. CNF,; = A (0.a.8)) ca7, CNF (o (4 5))

2 PL,, NI thICE0E R A k5 B 11 0, ALFIAS CNF, 135 CNFI,, .

3. CNF .=SCNF . NCNFl,, .
. While CNF 1 {FAE 5§41 Do,
5. If CNF (514 x; Then,
6 PI, add(o,,a,) If4LfH CNF - .
7. If CNF  HE4E8F4) = x; Then,
8
9

~

NI - add(o, ,a_,.)ijﬂﬁf‘Eﬁ CNF -,

. SCNF ,=CNF ..,

10. Return (PI,, NI, SCNF ).

FOE AT, 565 0 B B R SRS T LU i (P, , NI, SCNF . ) LhJ CNF,, 183, RIE R 50
DI T34 = SO A5 B ad A F BRI B A 2 I 4R . AU BRI B 5 IS IR B 4
BEB TR P L W REA | OBXAT | = | PI, | = | NI | /B3] 3, DR ot 5 ik 1 ek ) 52 2% B2 oy
O(10BXATI=\PL, 1-INI, 1),

B 5 (s 4) FEf] 4 EAE L, E A7, =1{(0,0,050,,(a,a,,a,a;a,)) SOC(OB,AT,I) , W B
SRR 2 iR

2 5 AT 2 BT AR
Fig.2 Flowchart of example 5
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BT LRGBS 1 =M (0,0,050,, (a,a, ,a,a5a0) ) TRBIXS R IR LK CNF . SRIGX TH45
Pl HITCR (05, ay) , 2 FHXF R BT 0] gy W62, B xyy = 1, BE T 00T DU e AT BR . P 2 A A
CNF, - SB147 - xyy BB (P P PN BR 26 3678 ) BLXH 3 xp FAEATIN R . 181 2 45 4E CNF, . 5 117
X Vogy Vg Vo MR (B TN BR ) 2R RIXS PL. NI, PR EAT LA

##}/{:,/?\$%/m x“ﬁﬁ/@, =l x, =1, P.Z_] = (05,a,) by ALY X oAt B ) R AT AR , HINAFAE
M),

3 EBERL M

AT L B S AL 45 B U SR R BRI . AR5 KRR SR T A UCT AILES 2 > B0 12 2k
(3 AR TRVEEE AR AT, PR R AN 26 3 iR, i T R0 R Al EL3E AR 2075 5, IR b Sl
TSR AR A TR AL B i 2 e Ak B 3 S, EAR A 38 5 3 7 BN 3.0 Hhok i JE Mk o 44
JE i — A IE S Acute inflammations FHEAE RS T =AM @M legs RT5T 1 MBS 1,56
TEMEEDNTET 4 BEMERAC) 0 HERAERE A 1, #%3E Shuttle_landing_control g it J& P i
1T BSR4 BUB B M R  F i — e 0 5, WP R A2 ITARMY 15 IRE 4 KITid%,0B = |1,
2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15} , BEENSEHN R A5 UTREREGRE HBEE
R BRI G AU AT 0L YRR L AN L AT=1{S,,S, E, E, ,E, ,E,,SI,,SL,, W, ,W, M, ,M,,
M, M, V,,V,},

3 LREHRERMAE

Table 3 Description of experimental data sets

i B RIE T Ja YA Lt
1 K 8 9 43
2 PERER 4 3.0 1 14 7 878
3 Acuteinflammations "%’ 120 6 48
4 Shuttle_landing_control ! 15 16 2752

T H A BA A e ] DL A gk A2 A IR, SR 1 IR A R A R | TRV Ry T SRR T A AT, AR SCHE
A TR T A A T AL B 5% 10% 15% 20% .30% .50% MIME AT, T4 50 IR, Ik &
B R b K e/ MR, L 4—T

F 4 EYEKOERE SMESECEIRE 5 PEREIRELE 3.0 S S5
Table 4 Concept number and degree of recovery of Table 5 Concept number and degree of recovery of
living beings and water watermelon data set
Maeg W& 1y 5N SSZN MEA g HME T TN 2N
Lefil/ % N WERE/ % WIEE/ % VRIZTE/ % et/ % N WEE/% WA/ % WETE/ %

5 2 32.14 47.22 19.44 5 44 98.27 100.00 95.75

10 4 56.53 77.78 37.50 10 88 99.94 100.00 99.35
15 6 73.28 93.06 50.00 15 132 99.99 100.00 99.67
20 9 90.83 100.00 70.83 20 176 100.00 100.00 100.00
30 13 96.56 100.00 87.50 30 236 100.00 100.00 100.00
50 21 99.58 100.00 94.44 50 439 100.00 100.00 100.00

266 Acute inflammations /&% 5K 5 %7  Shuttle_landing_control /&% 51k 2 i
Table 6 Concept number and degree of recovery of Table 7 Concept number and degree of recovery of
Acute inflammations Shuttle_landing_control
MM MR iy R 52\ e g HME 1 K SN
el % N WERE/ % WEEE/ % KB/ % Hel/ % N B/ % WERE/ % B/ %

5 2 26.64 38.89 8.33 5 138 99.92 100.00 99.17
10 5 55.89 73.37 32.78 10 275 100.00 100.00 100.00
15 7 70.37 81.53 55.14 15 413 100.00 100.00 100.00
20 9 79.99 94.44 62.08 20 550 100.00 100.00 100.00
30 14 93.62 100.00 81.94 30 826 100.00 100.00 100.00

50 24 99.55 100.00 94.31 50 1376 100.00 100.00 100.00
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AR S 1 22 AR DR A 350 I AE T AT Tk 40y BRI s A [ ABE A8 1 ol B B A i Xl )

4 i

ARSI TR ARG X — BB AU T =SSN HIVE e A R0t 5 7R, T
fifp R = ST MR A& YRS AR TR) ?zzﬁ? CNFS 503k  iZ 5k i 0 = SO i 2 3, HE S 1 = SO 2 5L
TR R R RN ARRE, AR5 8 RS R A S BOE ORI 5 . Besh , BA i it — 2
WFFE TR BTk, SCIRAVRERN] IRE LA A RER B TR, RV A SCHY TAREUR: T — %
PEE (AT B — 2P E — SO OGBS, LU E TR = SOBE S WA SR I RO AR & TU AR B AL AL, 3 ol
B 2L th T OB E S A —E BENS SC BB Y 2 TT 103 ), IR AR IS v, Bt — 22 % lB IR A
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