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Fuzzy Classification Approaches Based on
AFS Fuzzy Logic

Abstract

AFS theory was proposed first by professor Liu Xiaodong in 1995. The meaning of
AFS is Axiomatic Fuzzy Sets. It can be used to study the law of human thinking and be
easily operated by computers. It makes some of the mechanisms of decompose and
composition of human conceptions to be understood with mathematical terms. Also it
preferably clarified both the essential mechanism that humans use to describe complex
fuzzy concepts that depend upon experiences and intuition and the essential mechanism
that humans use to choose the corresponding membership function. AFS theory
embodies the abstract relationship between human conceptions using topological
molecular lattices. It makes the set up of membership functions and fuzzy logic system
full of more objectivity, rigor and unity, All of these result come from the original
data .So much theories of AFS has already tried to be applied on clustering, pattern
recognition and diagnosis ,etc.

In this paper, the AFS Fuzzy logic clustering algorithm (X.D. Liu, W.Wang and
T.Y.Chai.IEEE Transaction on Systems, Man, Cybernetics, 2005) have been studied
further by the improvement of the algorithm and the application of the algorithm to Iris
data (reference ftp://ftp.ics.uci.edu/pub/machine-learning-databases/Iris/). In stead of
example of less than 10 samples, we apply the improved algorithm to Iris data which
has 150 samples and just the order relationship of the samples on the attributes is used.
This study shows that the AFS Fuzzy logic clustering algorithm can obtain much higher
reclassification accuracy according to the order relationship. Thus the algorithm can be
applied to the data sets in which the attributes are only described by order relationship.

And improve and study the fuzzy clustering index defined by X.D.Liu, W.Wang and



T.Y.Chai, and design a new classifier based on the AFS fuzzy logic clustering algorithm
proposed by X.D.Liu, W.Wang and T.Y.Chai. As an example, the new classifier is
applied to Iris data (ftp:/ftp.ics.uci.edu/pub/machine-learning-databases/Iris/). The

stability and reclassification accuracy of the classifiers are studied through the Iris data,

the examples show that the new classifiers are simple and efficient.

Key Words: AFS theory; EI algebras: °ET algebras; Fuzzy Cluster Analysis;
Fuzzy Classifer.
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1,2}
% B, EEM, ( é A4, )R(% B,) < VA; (i€]), 3B, (h€)) 13 4,28y, 3 H VB; (&),

34, (uel) #5 Bj—D—Au-
BB RE-NEMKXAR KM, TEHBHEM FREM/R, B, T 4 =
=)
SB, BEWEANY 4 WFENRSEE T B, HHNFHF.
el 1= JES
B 321 M B—ETES, g’A, EEM. B ACA,, r, SEI, res, Y

%AF ZAi.

L=
EX3.21 BMRE—FZERS, YACSEM. & T4 34 Vuel,
=t =} =L
WIFRS A, ZEELIHT.
=l
W 3.2.2 M ER—FEHRSE, T4, Y8 EEM %Z,A, 3B, HER
=3 pi=l i §izt
iy, FAS 4 =38, MBljEn={4lic]).
=] 1G4

EX3.2.2 RMR—EZHEE. VY4, I8 EEM EX
=) I=i
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BT APS EWZENELITTEAR

A B, = UB, ,
; ,*Jgf g :Q,E}E?I !

A B, = Cy s

o BN A
EEI||JRIFTMAZH. Fhel, W Cy=dg, £kel, W Cy=By

&;A, €EM, j=1,2,...,n, LLERITEER:

*ﬁ(;A.)=(§A,)*(2A,)*---*(ZA,)-
EM LH) “o” F1 3" BERBMTMR: VY 4 €EM,
1
(1) g*(zAl )=§AE,V2A1 EEM;
=)
QM T 4,)=MV S 4 €EM;
=3 . =i
)] @-t-;A,.:Q,VEA, EEM;
H=)
@ M+§A, =Y A4,VS A EEM.
=l =)
EX3.23 WME—FFREE VY4, T8 EEM, EX:
=) =

(34)= (38, XH (38,)s(34) = VB; (&N, U, @) 8 5 2
=] I= I= =1

ATEARHE, “2” 2 EM ERRFXE.

BAVREM, 2) 5% M _E# ETRE.
323 WME—FTEE VT4, TB;eEM, 1

=] el
(ZA)=(38)= 54+ 58, =3 4 e(gAl)*(;B,F;B, .

EE321 M E—FERS, W EM,2) B-HEZANIHE.
ﬁ*g’A, +%B, %gA, —‘5}%3, i EH R, 2,4' *E}B, ;E;A,. 5%3, #F

Eﬁﬁ9 1] %%j{ﬁf M REB/PTT,

.22 RMB—ETES, W (EM,2) 5T, BVASY, 4 B+

2y e(v—BE A 0.
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3 F AFS Bip AR

EHE323 RME—TESEH M1, U (EM, 2) F2 Boole f{#.

EN3.25 WL RE—TERK, acl, BL. WEB>*d }HEH

(1) supB=g;

(2) VACL, % supdza, W VxEB, 4 18 yax:

IFR B X o — RN,

FEX3.2.6 HLR—%EW, acl, BCL, WEB & a W—MEAKH B
AEEHRv—EAT, WK B £ a WiFERDE.

3.3 AFS A iAREABEMEMN SN AFS R

3.3.1 BEAHZ

AFS HiEkmERBHEE: HROHNE AR EERNE, & AFS REHEEEN
TR SN ERES. AW GEL — LA BRI T AFS TEM
BEF B HEAFAMRE R TR, K5 T RIEETEN AFS KoniE &

EX 331 BX, MARNES, "EMBOTE, r . X2 MR v i
2

AX1: Y(xI, x)EXxX, 1(xy, x2)C1(x1, 1)

AX2: V(x1, x2),(x2, X)EXXX, ©(xs, x2)No(x2, X3)C (X1, X3)

M (M, 7, X) #WFRA—4 AFS 444, B X b, M ABHRE, e A4

EN3.3.2 BRAX LML XR, WRERHL:

(1) VxEX, (x,x)ER;

2 Fxy), (1, 2)ER, W (x,2)ER;

(3) Vx,yEX, BE (x,y)ER, TE (v,x)ER;

TR R 4 X LHImFXER.

Kim K. H, #XER[19] M RiF R REIT T RRREANNHA, FAELTFEH
EE5RIFRFEAN. §MRFXERTUANTRERERES:

L USVEX=YS>Z..

Edr=y #RRTry X THA—TE, TEET K yER ] (,xeR,
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ET AFS BEIZHMER S TERAR

Ozt x,y KSR EHHE.

EN333I RXAMAFIMES, M, ,X) B— 1 AFS &M, X, 0, m)B2
—AFEHMESE, B 0<m(X)<+o, W (M, X, 0,m) BHRA—TEAEH. W
Ra=Y_ACEM BXVreX, icl, HA(xDE, WHHE « TZFAME

kAT, FEARBREA:

#, (%) = sup, (m{A4, ({x}))/ m(X)), Vx EX

JCER[11]F AFS RE R BRI 2 FR AW A TRMB S Z R fI X
R, HHELHMOFPE BB TFTRERSHEAMNERERALK. TER
L—EMERBERNERER.

THE3.31 % (M X) B—4 AFS %#], BCX, ACM,

AB)={y|yEX,1(x,y) DA, VxEB}, xEX.

WYY AcEM, BXo(>Y4)= VYA ({xNAEEXM , M ¢, B (EM, A,
=1 1 -

v) B (EXM, A, v) EEIREEH,
BY (EXM, a,v) R—ME, FILALREMERTM, VY A4 CEM BRI

X Ef—A LK. VeeX, x BTEBE S 4 0 ERREES
S A(D4 CEXM. TG MK (SEM K x. yeX, MR Ho)re0) =

&y), BEDTFH (EXM, A, v) P 20) 2 &), Mx BTHEHBE £ OEEATH
BTy BTHME: BIEE, “AR“V 230 EM AERENZEBET “and”
o “or”,
3.3 2AFS FEMEBEARBBRIEEN

Bi3.1 WX ={x1,%2 ... x0} BIOTAREES, M={m,m,...,mu}, P
m= %, m=888, m=BREE, m=T%5", ms=MEE, m=B%, m=X
th, mg=fKkE2B, mo=RkBE, mo=KBR, muy=BHE. XTREXNBHE
M, THEXFRER. . BNREFXRRENE 31 HEEXR.

BEBHIEFHBRE: xoxn>Xa=xs>X2=X9>Xs>Xg=X3=X3

fEE B HIFEE iR EI5S: x5=x3=x1>x5>x2=x9>x4=x8>x10>1;7;
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o3 & AFS Hie ErifLil

BRI 3R TI95: xo=xo>Xg=Xg=Xs5> Xip> X6 = X3= X1 = X70

ZEE) 3.1 PHEMENMBHATUES, & “IH" “ME”. KB X
figam e LRERFXR. B] “GHE” IRAEHMBSUAR, ERER
NARET i R RF X REP B BTN, B4, WAME—MERERKE
XEBERMAR? TERMU “FRE” AR EE.

“ERE KRR G ERE, Fin—- N EIRERKNEE, -1 HES
FHROBYE, A EIRNLHE, - MHESPIHSFE. BAPEBA
SFRAMHER, HTHEEER, ERAFFHGRE: FHAS = @IERERH
B, BMFEEERANEE, REIRNLHE, BM~EH . B X
B E v tbxo THH, BEEM L xEAR: v B2 xthx
W%, BB xo b o FRAE: BHE 31 5E x P o FRAS, Bl “F
& TR mFRREXFHQ), B “FHE” TREREERSTFH—
REF KB RAR

#31 EHXER
Tab, 3.1 relations of factors
E L] & T 7= ol Tt
x1 20 1.9 90 1 0 2 &
X 13 12 32 0 0 £ 7
X3 50 17 67 140 34 A 7
X4 80 18 73 20 80 y )
xs 34 1.4 54 15 2 2 B
Xs 37 1.6 80 80 28 & B
X7 45 1.7 78 268 90 b &
Xg 70 1.65 70 30 45 B &
Xo 60 1.82 83 25 98 & =
X10 3 1.1 21 0 0 T bl
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% T AFS BB BHE LN AR

RIER 3.1 MKENRGTXREBE, #HOTRUAEE AFS &#H M{mu), 1
X): Vx, yEX, mEM\{my}, mEdx,y) <> x BHEE m Bx RARTE m MER BT
HEFy REHE m OBE. X ERE meMimu}, REAE m=my, UHE
3.1 & myEx(xs, xo)ox0, x3)s 1B muErxe, x3), B 7 RFEE X 3.3.1 FH AX2.
BEWIE, VmEM\{my), WiHEEX 3.3.1 1 AX1, AX2, Mz KEE X 33.1.

AFS 4#) (M, 7.X) BibH X MERKFZNEFEMR, A FER 31 PHXT
BREMREFXRTLTHENGEBSELE M, o X) T, AEHXER[14)F 4 H
9 AFS fCEAT DU IR X BRI M I RIR R BN R R AR 1GiE AFS HRIZ
BEK. FELHFEERRZAE 3 FEMEEERTH.

RIERA TR HH] 3.1 DRI AFS M (M, 1,X), XHERIE “{5F & (credit)”
credit = { myms, me}+{myms, meh+{ ma, ma J+{ ms, m}CEM BOR ERREIEAT
H, A

credit(x;) = {x1,x2,x10}{ m1,m3, me} +D{myms, me}+@{ maq, my }+3{ ms, m1}

credit(xs) = & { mma, me}+D{mims, me}+S{ ms, my }+3{ ms, mz}
credit(r) (i=34,,10) B

B S TR OEXM, ERHTULKBEFEANREER R/, 606
credit(xs)Acredit(x) = credit(xs), Xl xs BT credit FIFEEKT x5: BHF LA
BEAMRBENRAD, M0, EH credit@g)acredits) FEF T credit(xs)
credit(xs) PRIEE—A, BT x; 50 2 BT credit RS T48 EXM TREELL
BBAHR, X PHRTERBT aedit BEKHXDXRRTUMBR—NF BE,

HATEER, #H—SHTTLHEE S AF AR L REELA
Zadeh—i1E¥ %, BIEBEIREE [0,1] THIEHE.

Hu b, %fa, bEEM, MBENFHH EM F azb, WES T EXM F
a(x)=b(x) B p(x)zpmx), x, yEX;

MBS T EXM F a@) =), W: wlx) = (), x, yEXs

MR VXEX, m(x) = xa(x), t(x) = x5(x), H+ 4, BCX, W:

yanb (x) = XAﬂB (x)’ iuavb(x) = XAUH (x)’ VXEX

BERBERY. BBEE A v BEALNERFERE. RINDEEH,
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3 E AFS Hig Erail

EM UEED T (24 ) MERE, BHEIE M OE o AT, A 0 A

BHRETURTES 37 (2% -) MEROENAS, LWAF 3. 1F8 104

{6 B B {myms, ma, .., my b, FTURIRED 1074 “528” BHEKEAREHM
I/B\-.,
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BT AFS BHEBHERMTTIENA

4% NS EMBERXSNAZE

X[S1RL T AFS MMZBRERSNEE, CRL[44|00EM D#ITT H—
SR, SHREEHT T R, AERNENMA TSR AFS BHZ
BREGTHE.

4.1 AFS RMBERKMNEL

X BAgsgE, MERMEE, MoX) 8 hEEITRT AFS 41, XM
B IR B 5] AFS 454, 5% 3 BhMAIT. ACEM. FIEA a5
ik,

Stepl:

ViEX, 4R xEREMFTRTFE—RNBEARER, HPo-vib,
Step 2:

MFEA X, KM x fEmigs . Sma & ENm, HF A BAH
AFS MBI 4 s EM #0 Bl TARK(ENX 2.3); 4@zl g Ay

MOTEHRE, HEXMT yeX, yox, “O) RaTsit b, BOER, B T
BHEE x5 X P T RBARGHRE ST, WELES x KANTEN x M
T4 kA x ERBROEESE (45 M AFRE):

1. % MG REACEM, ST #A={a |a= D% SEM}, AT FHEH
E AL N AT,

2. ERELHe0, eMFADe UAHRE T Se=0. HEE a= Xiak EA
o ﬂ‘;(x)zﬂ,m,(x)-e,lslsn" 3{%’4;]55[)\“4\%%,-18%]5:,

3. IR ARES ucs, ﬁ%mﬁ,;(x)zﬂwa(x)—e’ RIEB ST e B i
A——/|\ %; iﬂj}’u.
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% 4F AFS BEIBEREXGNLE

4. BEBE x EEMSEATORMMAS, 4 (4 1A Ay
BEBSHGA X U BITEO N FHEN x TOAEMIS A FHEM AR, B, Ruipr

HEADBEFA (i=12-m) BEEAFICCON)mrExps,idhn
(E=L2 )\ Pom e e AR BB MR R, BRA ™ BSR4 BN A BT X FE

HUEA TR RIRR, IS h & . (EELHP, £9=05.)
Step 3:
RIE x BB HR S S HAE x, veX, x5 y ARIEE
m, = min{u e (5K, 0, (5}

Heh X={x1, X,..., Xa}» Ma=(my)h X EHERKXRIER. SEBIEATERER K
FEBMAEY = Ma*o ZRIE T X R AEFE Q= Mo AT LA B89 X EFET X

Step 4:

Q=Ma*=(q;), Boolean %P Qu=(q,"), HFP q;"=1eq2?, @ €0, 1]. x;, X€X,
x5 x DBEE SN (MARA—%) HANYq=1; & q: =0, MUXTHEEN
BlEmae, TReA x TRME.

Step 5:

HTHEERFEE T X#ESHH C, e, GRS

AZ 'U,Gc' {4 IAEA:’#A():) = a}

CC, - v)’Eﬁa Y

I HE C B, KIEF AR TEXEMEANRERE,
BT, BMREARTHLEN RO RBERKX, MasFERETHE.
R LA — B R IR, M S IR T MO 2 BT R K Z RIMIIL T
Hep

L= v (Le nEc,)

Isi, jul fo f

febr LT ATIF e HEFEES LRGSR, HF
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ET AFS HMIEEMERS T ERR

2£U(_} ”ﬁ. (x)

I e
E’EU G “frm (x)

b = Vieaba oo 1 BUNG, 4 RBIEW.
4, 2 ®ikxtiris ($289) BFEHITERBLELW

Iris KRG HARR 150 MEA, 4 MEMERGKIER, THOHEER
e BENE-FOAREREANERAKE, FIARARANSGREE, B=
FIARBERARERKE, BNFIARFERFNEREE. FENRERIERS"

Wy h =K. "% ¥ BT Iris Setosa, *o*s %o T Iris Versicolour,
Hons Yz o0 [ T Tris Virginica.

FEELEGIH AFS g (M)

@ X =tonnel g 150 rpAmES,

@ M=lmomml | gnm e e REIIERE, ™ H AL K AR
M, ™ NTERKEET, ™ REMRERET, ™ HERRE, ™ HERE,
™ AT AEE T, ™ AR RES.

HFFIMMGET XxX »2¢ | meM %ux/€X

melsn)® 8 B m MERATRET Y AT m bR pl. ST

BT eI R A TE K AR T 150 MEATER K PR E B,
EAHEET 150 MEATERKEFHENRE RS,

3 40=2%, mA)=Al(AIZTES A WTENM), A2, MM, 7,X, o, m)
HFNGIRIHA L ITE Zadeh EHIENRBHEL.

i

1. FERST Inis BB AFS SH0N, T AR EWFRARE, WAERY
BRI RERMATR T AFS 24 BEit, RERAMAERAE LHRIET
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B4 E AFS BEWZREENITFE

REXAHXERE LOAHEERHBIFRER.

A%

o 1 . -
[ 50 100 150

115010t HAZERKE IS DA EFFTEHES
B4l HHEERRERR

Fig.4.1 Membership degree of the petal length

£ 1.

s % 100 180
1 150= BO ERIEM MM B KRG HEHT

4.2 ERREXEEEL

Fig.4.2 Membership degree of the petal width

2. 45 150 MER LR KEMDBIRER, BRELFTFTH 1B 1504
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KT AFS {B BN BER T T IEFA

BA, TEEAEFRHFEHFTHAERNE ‘R, “RBE", “ElKE
EE” M CEBKERET” LMRBEER. RE, B5E 150 MERLTERE
BMABIRHF, BRFARALERYE “HBE”. “TERE", “HREREF”
MUTEMERAET” LMREEER, HE41.

B 42 BETERAGERE “ERE" BT “EWEELESF” F “1cH
REAEF” LHRBEERE.

150 M AFERBIFIE T RIRM BB

A ={m,my ey my mg,mg,my,my} C EM
Stepl:
KEBEHMERBE MM EBTREANBAREE
8= v, b =i} +{m} +{m) +{m ) +{m] 4l o {om} +im}
Step2:
me=01, 755 = {lm)ind fm)
A2 <ffmm ) mm}}
WIS Step2(4) T A% ZEA T AVBER i S = Imomd | Fmgi LA
A2 wlfmmb momll .y = frm)
A ={{mp o}y £y = {mm}
Ay ={im) fmshfmom ) = {mm}
PRI IAR ) e

{

{”‘l’ms}’{’"s’”‘a}} s Son ™ {ms’”'s} .

ma e wmg M- ()

M, -

25



H4F AFS HHBBREXN N IE

0.85667 0.88667 085333 - 042000 - - - 042000 - e 042000]
0.88667 0.85333 -+ 042000 --- - - 042000 - - 042000
000000 = 042000 --- oo eee 042000 oo e 042000

0.72667 -+ o+ - 063333

“ 0.70000 --- 063333

o 0.63333

1 096000 --- 0.72000
0.96000 --- 0.72000

0.72000

BRIEML =M,
Stepd—35:
FIAE IR B AT R LB MR EM B =064 NEREN

064 % N X EH—MERXE, BEXHH 3 %, B-ROWEEN.
Mtukn Tt e, B B R AR Co oy el Himemd g
HRENMR R EREETER TR EoECHRA R S,
ot | R R, R | o, XA A R o g o i),
B2 MBI B KRBT, BERC W
K T, T Tt Rourtir e, Sk b e , i
s fih B G Il () B M KETER” B R

HIEZH 7
R FTEREA SRR T XSRS RBECLE 43), HTHE, "

BEFORELR ORI L RBL RN A RT O K, FRET CXH 5,
o, %, BERTFC%, BERETFOEN ™, BERT L. BANEERK

QS REAR 23 H] g T X Foas Koo o, EHERIE B 96.67%
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BT AFS BiEH A RES M BN

Lio = {ma s} (s} + iy m,} 4 m o {mymy b+ (g} + o, ) o m
+mgm) + ma,mc} s fm s} + s}

E ot = {12} +{mY+{m,}+{m;} +{m}+{m},

I, =04823

membarship dagres of sach sample balonging to cless1,2.3

Bl 4.3 FTAMEERERE S X 0.64 HAFMZREHER T REEER

Fig.4.3 Membership degree of the three of fuzzy class when & =0.64
o043 0, hi%BEX L2 ER FoROHERY: PPN, X
SiEm R g fo oy tmd lmm) e wrmma R B <tEmE
BREFRAAR", BoRC MR R, Toar R KEBBIBA KL

%J{m,}+{m,}+{m,}+{m,}’ E[JCZ%%J “ﬁ%ﬁ)ﬁﬁ*ﬂ%ﬁ%‘” EJZ “TE%KE@EFE{J
EW” R “EBKAER” & “TERENER".
KEFEHAFNBTXHLGRBE(LE 4.4), #ATHE, REERRHA
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%48 AFS REIBERESTIE

Lo = {mg,m,,m,] +{m6,m.,} +{m2,m3,m,] +{m3,mb} +{m2,m‘,m5} +{m5,m6} + {m,,m,,m,} + {m"ms}

+{me,m, } +{my,mg} + {my o, }+ o, ms |,

Srat = {ma} +{me} + {my b+ s} 4 {mg} {4 {m ),
T. =0.3750.

Wa 0,73 i, I, =0.6196 .

La=006 8, =068,

mamnbership degres of sach sampis belonging to clags1 2

Total Samples

B 44 FFERAERER b 043 FASMMERMHER T HREERY

Fig.4.4 Membership degree of the two of fuzzy class when € =043

MTEHR LT T DL B (B A @ =0.43 5 KM R BB

WERAE ¢ FJLUB LT &

() HEEE I 0.64, BIHIE 150 MHESH=RNBIMERE Hs £X
Bt BN ESGER (LEAS) BA LR -HM. BRMEREE X
2, FoREEAMNEIRSBRE=ZLRH, B2XTHIEESEIIE
%, 5EF 45 BRMEREETHERA.
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BT AFS LB EMORESH A ERR

() WEE 4.5 KW, 410150 PSS AFEN, ZREFW. X518
TH st - BRI LB EE e =043 S RN RBEENOEREE B EHikis

PBATEAT - R IR .

25 T = T A ———
+ -
sees 4 € LS
+ 0 .
"t ¢ *
2t *hae .+ 4
e +
Ar ¢ "+ e ¢
* A
Abd A +
g 15 A LAL Bee B
& A F Y-y .
il A AdMALAL
® MM AL A
| A Ad
w1t AAA M
O wis Selosa
A s Versicolour
o ¢ lng Vieginca |
05| o -
oono
oo o
oo 0
b m
[ _— s — L - —
1 2 4 6 7
R K Hem

Bl 4.5 TARSATERKENEREAR MOBR
Fig.4.5 Membership degree of the petal length and width
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¥ 5 & AFS BMHEIBEAENWTE

H5E AFS EMEBEESESTE

EHAKEHERT, RRAYEFRALANERRE, L RN RE
R BB HEEY. BRELHEET, KIENERRATERIFEAN
B, BETRENNS, MXERSTUTEEIANEEREXHRBRY.
XIS RESFAEL(44]F, BT AFS Bip, BHTHERBEURCMNOEHEER
M—F A, 7 AFS Bitsh, REFZHUREINEREHAREIL AFS 4
#70 AFS RECRBAE . C[44] A R M6 FRTMRR TR EZEAR .

AHEHERBEN, RRAANTHARBELNFXR, TRAHAFERE
RS XA ERITAET, MFRLTRABRENES, RIFFE
HEEFRE, MAMAXRBOERE, BRNTUAHENNFXR WELE
W B E TR ERE. FXFHETFRSERIHAFXRAERBENTIEE
SFFRA R RIEEH MM, NAMEHEGLARERE REROTEEE .

X511 HRIE T —FHET AFS HMEBBRORESIY Hik, HFERGEENH
VERLFI B R A BB KA Inis $4E-P, BRI T RIFMAXER, RIEX[S1NE
Rl i ATHT A

X[44]%, BT AFS MERIERMIRM T AFS EMERRRINHE,
BT BIEE o KB

Zﬁgq%m&)

A —
ExEU [ Mt (x)
o

HFE—EFARE M ABME R, X —HEHTEE. ANER
MERFIE AFS BELZBEEMTEENEM E, MM Iis SR o HIBIET
H—HH . FRT R BESE 0 AFS HELE ERE S BiER R — R AN
AKB, FRHHET AFS ERBENEMARBINESR ESUENTER
F, AR A B R X R iR ML A M E SR M
., EHUENIRBEREALERTRAREHRERBANEIRE, AU
H A BN XRAROKIES HERRATTRLE, HRJRITED
S HEAMARTERY, b FHEBMRTHALFABEL, FUS
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ET AFS iR ZEMEX I T EFR

LA EENAFER.

FRXFH I KRN AT Inis K. 7E Ins B8 PREHLIERT 60%HHE 2k
Wit K%, KTHANEIRELNAER, HHEHFLRT 98%. &5, BITOR
i Tris BUERS X R 37 70 28880847 TR AL, 48 Iis BURBENLAF 2 A E AR
A, HRRISES, BERARXHESESRELUE, RAFHIABRER
.

5.1 %FBEREMNED
AR AR, AR MRAESHE, Wo BARRES, ok
KSR, T4 TRTIE? 5344 RS @ (IR
Eer ¢ Heom )
S e ®
RINEBH, A AT 28, FRULBEHY.

-t =Y . (x)
" 2 =X Meraa (x)

RFEH I FR 2K AFS B E BT HE RN R HILT Inis SR 4E
BRERWERML, B s ZOTA TR« ER, BA T — 2 B .

REM, AR EEE ], cEnRANERL R, ARNSERN

AFS BB ERAMTEIENER |, ROSH e S g BRS e 5
RV RS REEHE (LB 5.D. KB, FEREREHREAFEZDTEX:

EX 51 WEREE THRE X 2%K%: OOG%, ERIES:
DiDarDy e, 72 XHEBE K

i
N-= Zmax{m(q ND,),m(C, ND,),,m(C, N D,
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W5 %F AFS HRLEB LRI HE

01 | | | | | | Lh;

0 01 02 03 04 D5 06 07 08 03 %
EfFEe

5.1 BEE Siati e fism

Fig.5.1 curve figure of @ and '

Tk, %0sa<OREHERART—K, %092<as0OBIFERANHE

#, —gplnnae) o sy (mrenel | w06333<as0n2r, RAHY
=2, Hp06333<a<065 AR HNEHITF, REALNMEERESM, €&

ST Bt Ha> 085, ENREHERBTENEDHBAORER
Fa, FLUXEHARTEHRESLERD,

MR L RATRHICREAOGE: JahiTs B, 2 2E RARI, - K, 5
KAERWRM. 4 BOH, SRAREHEN. BHEN. RARNERRT
EF): %064 REVEBBREARER, Bo=0645, I =low 204797 7 AR

AME 0.3750 BIBIE . AT, BfEREe e MR/MEMIEEIET, %428
ﬁe
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Fig.5.4 Membership degree of 60 testing datas belong to 1, 2, 3 classes
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