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Abstract : This paper presents a novel method for classfication problems. Frstly, entropy is introduced to select the

best discretization solution from Chi-merge for each feature to guide grid partition. Afterwards one smple rule is

generated from each data point , and the combination of simple rules with the same antecedent yields the consequent of

an aggregated rule for each grid. Because grid partition is based on rational discretization, the extracted rules are not

only easy to understand but also produce accurate results even without tuning.

In addition to quick learning, the

method accommodates incremental learning, namely, rules can be updated quickly once new data are obtained. A

benchmark case is studied to demonstrate the eff ectiveness of the proposed method.

Key words: Fuzzy rules; Rule extraction; Chi-merge method; Discretization; Fuzzy inference
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2.1 , Chi-
2.1.1 merge .
IRIS™  Pedal width
' ; , Chi-merge
. Chi-merge'® , Pedal width
, X? X (0.1,1.0,1.4,1.5, 1.6,
m k 2
2 _ (A - Ei)° 1.7,1.8,1.9, 2.5)
= . 1 ) l ’ ’
X zjz Eij (1)
“A ‘ ] d=1, [0.1,1.0], [1.0,1.4],
m, =1, . kk B A [1.8,1.9], [1.9,2.5].
k 2
= RCj/ N ;Ri(: ZAij) i X
i I 78.0, 0.065, 0.137, 0.375, 2.431, 2.896.
G = -ZA”) , 0.065 [1.4,1.5], [1.5,
N | 1.6] ,
’ . (0.1,1.0,1.4,1.6,1.7,1.8,1.9, 2.5).
Chi-merge
Xz , . 1
.2 Chi- (0.1,1.0,1.8,2.5) 3
merge ' '
H(Yy,) =0, H(Y,) = 0.308, H(Y,) = 0.105,
, (9] H(Y) = H(Yy) + H(Yy,) + H(Y),) = 0.413.
5
1 (0.1,1.0,1.8,2.5)
, R
H(R) = Z - plogp. (2) Setona  Versicolor Virginica Total
12[0.1,1,0) 50 0 0 50
r R )
12[1.0,1.8) 0 49 5 54
pr R R H(R)
13[1.8,2.5] 0 1 45 46
, 2 5
X m li,l2, ,lm, 2 (0.1,1.0,2.5) 0.693
Y n Yi,Y¥2, ,VYn, Y 3 (0.1,1.0,1.8,2.5) 0.413
" nor I | 4 (0.1,1.0,1.4,1.8,2.5) 0.594
H(Y) = H(Y,) = - p/logp. . (3)
iX ' ZJ-Z P19 P, 5 (0.1,1.0,1.4,1.8,1.9,2.5) 0.776
I.
SHQY) Y li ,py'j 6 (0.1,1.0,1.4,1.7,1.8,1.9,2.5) 1.431
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2 . , (0.1,1.0,1.8,2.5) Xji j i ,i=1,2,
Pedal width 3 [0.1,1.0], =12, ,3;
[1.0,1.8] [1.8, 2.5]. i i Y {Y1,Yz2,
2.1.2 Yi},i=1,2, ,3;
, N: ;
Pedal width 3 R : n ,n=1,2, ,N.
1, 12 I3, :Small ,Medium Qii
Large. , Hag (xi) = max{Ma, (xi)},
e-(><-b)2/2a2 ! |
eem (X)) = l X > b, 4 _ A
M Term () 1, ’ (4) k=1,2, i, di = iE'»JAQiil(in). (7
Horem(x) = e 0072 (5 (xiz, X2, Xit,Yi) ,
e-(x-b)2/2a2 :
Hrem (X) =) x<b (6) IF Xiis Aw, and Xz is Axn, and
, and X;is Ac, , THEN Y is y; with Degree d;.
b a ,
. . IF Xiis Amand Xz is Azn, and
IRIS : Petal width and XiisAn , n {1,2, ,I}.
Petal length, 3 ,  Small , T “Yisvy,"(l =1,2, ,L)
Medium Large. IRIS 1 , , dir “YisY/(r=1,2, ,T)

“if Petal width is

Large and Petal length isLarge’

»

tal width

Width-large N Width-large

o
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N

N

Length-small
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Width-medium
Length-small

V7% 72

Length-large

o

Width-medium

N Length-large

W,
g
=

W,

Width-small
Length-small

Width-small
Length-large

Petal length
Small Medium Large
1
2.2

l: ;
Xi [ =12, 1
i Xi =12, 1
Aik : Xi k Jk=1,2, 1i;
Ma, : Ai ;
L: ;
Y: :
Y, , =12, |L;

T
S = Zdlr.
R

y n

IF Xiis Am,and Xz is Azn, and
and Xiis An, ,

THEN Yis Y, with Probability Du ,
Y2 with Probability D,
Y. with Probability D .

Dn :SI/ ZS|,|21,2, L. (8)

IF Xiis A, and Xz is Azn, and  and
Xiis A, THEN Yis Yo with Degree d.

IF Xiis Am,and Xz is Az, and
and Xiis An, ,

THEN Y is Y with Probability Du, Yz with
Probability D, ,Y. with Probability Du .

szw_ D,

d+ ILZS,

S

_d+ILZS|,
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IRIS , Pedal Iength 3 “ IF Length is M and Width isL”
Pedal width X1 X2 , 3
Small (S) ,Medium(M) Large(L), 1 Verscolor 0.3139 || 6 Virginica  0.5027
Hag May Hay Ma,g Ma,, 2 Verdgcolor  0.1064 7 Virginica 0.2447
Ha, . 3 Virginica  0.2548 || 8 Virginica  0.3913
(4.8,1.8,Vescolor) , 4 Virginica  0.3062 || 9 Virginica  0.2548
Hag(4.8) = 0,Ha, (4.8) = 0.658, 5  Virgnica 0.3139 || 10 Virginica  0.3139
Hay (4.8) = 0.183 Has (1.8) =0, Rule 1: IF PL is Sand PW is S, THEN Se
M Ay, (1.8) = 0.077,Ma, (1.8) = 0.477. (100%) , Ve (0%) , Vi (0%) :
: Rule2: IFPL isM and PWisM, THEN Se
IF Petal Iength isM and Petal widthisL , (O%) . Ve (989%) . Vi (11%) :
THEN Vesicolor with Degree of Rule3: IF PL isM and PW isL, THEN Se
0.658 x 0.477 = 0.3139. (0%) , Ve(14.0%) , Vi (86.0%) :
IRIS 150 ; 150 Rule4: IF PL isL and PW is M, THEN Se
. “ |IF Peta Iength is M and Peta (O %) . Ve (108%) ,Vi (892%) :
widthisL” 10 3 Rule5: IF PL isL and PWisL, THEN Se
3 (0%) , Ve (0%) , Vi (100 %) .
2
S =0, %= yd =0423, 2.3
i 3
10 .
S =y =0.2853. 1:
X x1 Belongs to A: to the Degree of U a, (x1) .
Dlzs_l_/ZSj:O%, 2: )
) Rn
3
D, = SQ/ZSj: 14.0 %, IF X1is A, and Xz is Az, and
13 and Xiis An,,
Ds = Se/ Z Sj = 86.0%. THEN Yis Y, with Probability Du, Y. with
]
( Se Ve Vi Probability D, , Y. with Probability D .
Setosa,Vesicolor ,Virginica) Oa e, %), Rn Wa =
. . . |
IF Petal lengthis M and Petal widthisL , HJA‘"- (x)
THEN Se with Probability 0%, Ve with L=
Probability 14.0 %, Vi with Probability 86.0 %. 3:
, 5 '
N
' %
A B, Hp(X,) Y, Y,
Ha(x)
X - AN X, Wi D, D,
Multiplication |:>
P Bl /\ HafX1)
y / \ L, (%,)
\ W2 D21 DZZ
D¢ X, Weighted
e 1 ol 2 T & e

_ wD, +w,D,, D= w, D, +w,D,,
= =

D,

W,+W2 w1+w2
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Petal width D .
v 2.5 6 O Petal length  Petallength 2 Petal width  Petal width 1 05

(a) Setcsa
3 IRIS
N N
D = ngDrI/ ZWH, | = 1,2, ,L. (9)
Yi
2 2 2
Rulel: IF Xiis A1 and XzisBi, THEN Yis
Y1 (D) and Yz (D12) ;
Rule2: IF Xi1is Az and X2is B2, THEN Yis
Y1 (D2) and Yz (D22) .
2
, COF Input is (x1, X2, . X)),
THEN YisClass Y\". ,
IRIS 5 , 3
3
, Pedal length Pedal width
Large Virginica.
3
Bupa™”’
6 ,
5 i
( ) 345 IRIS
, Bupa ,
30% 40%
10 10
, 9
4 10
[11]
4

1735
(b) Vesicolor

2
Petal length
(¢) Virginica

4  Bupa %
NN C5.0 CART Logstic CBR
68.64 55.59 66.47 67.94 67.35 60.88
552 6.86 6.23 4.8 527 9.20
, Pima indian
diabetes [12]

concentration)

Rulel:

Rule2:

Rule3:

Rule4 :

75 %

, F. (Plasma glucose
Fs (Body massindex)

4 :

IF RisSand Reis S, THEN Healthy
(86.38 %) Diabetic (13.62 %) ;

IF RisSand FeisL , THEN Healthy
(67.33 %) Diabetic (32.67 %) ;

IF RisL and Fsis S, THEN Healthy
(33.13 %) Diabetic (66.87 %) ;

IF RisL and FsisL , THEN Healthy

(15. 65 %) Diabetic (84.35 %) .

[13]

Diabetic

F 10 60 F,
(b) Diabetic
4  Pima
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Logistic (77.7%) ,

4

Chi-merge
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