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Abstract:- Both the well known fuzzy measur@smeasure and P-measure, have only one solutioreasune
function with no more choice. In this study, we goee the power-transformed-measures for any guwezryf
measure, those new measures with infinitely mamytiso of measure function can be chosen the besto
apply for improving the forecasting performancesreal data experiment by using a 5-fold cross-ilh
mean square error (MSE) is conducted. The perfocemnf four Choquet integral regression modelgdbas
onm-measure, P-measure, power-transformed-measuresmgfasure, and power-transformed-measures of
P-measure, respectively, ridge regression model, tha traditional multiple linear regression mocdeé
compared. Experimental results show that the pmdoces of Choquet integral regression model basédeo
proposed power-transformed-measures outperforrmpeHermances of other models.

Key-Words: -1 -measure, P-measure, power-transformed-measurgu€hiategral, ridge regression, Choquet
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1 Introduction measures. The well known -measure [2], and
When interactions among independent variables exisP-measure [3] have only one solution of measure
in forecasting problems, the performance of thefunction with no more choice. In this study, we
multiple linear regression models is poor. The Propose the power transformation fuzzy measures for
traditional improved methods exploited the ridge @ny given fuzzy measure, those fuzzy measures with
regression models [1], we suggest using fuzzylnfmltely many solution of measure function can be
integral regression models based on some fuzzy
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chosen the best one to apply for improving the Note: Since)0(-1,»), the above equation of variable

forecasting performances. _ A with degree n has only one solution, and the
T_hls paper was organlzgd as foI_Iowmgs. Thesolution is always not a closed form.
multiple linear ridge regression was introduced in

section 2. In section 3, fuzzy measures were reew 3 4 p- measure [6]

Our new fuzzy measures, the power transformation,:Or given singleton measure s, a P-meagyreis a

fuzzy measures for any given fuzzy measure, were finit X satisfving:
described in section 4. Choquet integral regressiorTuzzy measure on a finite set X, safisfying:

model based a fuzzy measure was described in () % (4=0,0,(X) =1 (7)
section 5. Experiment and result were described in i) CaQ X, Az XOg( A=max X (8)
section 6 and final section is for conclusions. ’ OA

Note: P-measure has only one solution, and the
solution is a closed form, but it is not sensitisimce

2 Multiple Linear Ridge Regression ?t only considers the maximum of singleton measures
Let\_(:x§+§, £~ N(Q,g'z |n) be a multiple linear In event set.

mOdeI,E:(XX)_l X'y be the estimated regression

coefficient vector, angg =(xx+ki,)* x'y be the 4 Power Transformed Fuzzy Measure
estimated ridge regression coefficient vector, Hoer 1h€ well known -measure and P-measure have

Kenard and Baldwin [1] suggested only one solution of measure function with no more
e choice. Here, we propose the power transformation
=ﬁ (1) fuzzy measures for any given fuzzy measure, those

fuzzy measures with infinitely many solution of
measure function can be chosen the best one tg appl

for improving the forecasting performances.
3 Fuzzy Measures

The well known fuzzy measures-measure and 4.1 Power-transformed Measure
P-measure, are reviewed as follows. For anym(0,4, p is a fuzzy measure on a finite set

3.1 Fuzzy Measure[2, 4, 5] X, a power transformed measugé" on a finite set

A fuzzy measureu on a finite set Xis a set function Xis a set functiold n - 2% S [0]] satisfying:
g,:2* ~[0 satisfying the following axioms: m
(i) g,(@=0.g,(X=1(boundary conditions) (2 9,(A=[g(A] 0AX (9)

(i) AUB=g,(A<g(B (monotonicity) 3
4.2 Properties of Power—transformed-

3.2 Singleton Measure[6] measure
The singleton measure s of a fuzzy meaguen a  LProperty 1] - N
finite set X is a functions: x . (0.4 satisfying For anymO(0,1, if pis a fuzzy measure on a finite set

()=l §).70 @

X, then power-transformed- measyr€ on a finite

set X is also a fuzzy measure.

Note : A power-transformed- measure is also called
3.3 A- measure(3] A power-transformed fuzzy measure.

For given singleton measure s, Jgt(-10), a

A-measureg, , is a fuzzy measure on a finite set X, [property 2] o _
|X| = n, satisfying: Let mD(o,J] , Lis a fuzzy measure on a finite set X, if

() ABO2X,ANB=¢AUB # X m=1, then power-transformed-measy® on a
’ - ’ finite set X is just the fuzzy measure
=g (AUB=a(A+a( B9 ol F ©) In other word, any fuzzy measure is a special oase
(i) Ill[1+,]s( X)} =1+1>0 (6) its power-transformed fuzzy measure.
1=1

[property 3]
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If g,. is the measure mapping of power- 6 Experiment and Result

transformed-measurg/", then g, is a decreasing

function of m.

5 Choquet Integral Regression Model

A real data set with 230 samples from a junior high
school in Taiwan including the independent variaple

examination scores of three courses, and the
dependent variable, the score of the Basic
Competence Test of junior high school is applied to
evaluate the performances of Choquet integral

The Chogquet integral and its regression model areegression models based @ameasure, P-measure,

introduced as follows.

5.1 Choquet Integral[7]

power-transformed-measures df-measure, and
power-transformed-measures of P-measure,
respectively, a ridge regression model, and a pialti

Lety be a fuzzy measure on a finite set X. Thelinear regression model by using 5-fold cross

Choquet integral off:x _, R with respect toy is
denoted by

Icfd”:jnzl[f(ﬁj))_

f()fi—nﬂ QL( /(})) (10)

Wheref(x(o)):o, f(x(j)) indicates that the indices

have been permuted so that

0= f(xy)= f(xy) = T4y
Ay ={ X Ko o)

5.2 Choquet Integral Regression Mod€6]
Let Yir Vor-ees

by N individuals), and
ACI AT N
be their evaluations of;,

where f:X - R,i=12,...N
Letu be a fuzzy measuref

(11)

x) dg, be a Choquet
integral of f : x R with respect toy

a+ﬂ_[ gﬂ+e, , l\(Oa) , i
,uD:argmi Z(M—d—ﬁjﬁ(x)dg,) ]
then g =4 +ﬂj x)dg,., i=1,2,...,N is called the

optimal Choquet integral regression equatidno
where

=S, (15)
1

(13)
(14)

S, = i-1 i=1 T k=1
N _i N 2
Sff = §|:J- fl (X) dgﬂ[ N ;J. t ( X) dglj:| (16)
N-1

(12)

y, be global evaluations of N objects (or

validation method to compute the mean square error
(MSE) of the dependent variable. The formula of
MSE is

%Z( y-V)’.

i=1

MSE= (17)

Responding the ratio of the credit hour for three
courses, all of the fuzzy measures about the
independent variables are assigned the same
singleton measures as follows,

{0,( x}) o ({ %)}

{0502502$ H=AR A" P"

(18)

Once the singleton measures of any fuzzy
measureg, are given, all the event measurego€an
be found, and then, the Choquet integral based on
pand the Choquet integral regression equation based
on 4 also can be found. Both two kinds of new fuzzy
measuresi™, P" have infinitely many solutions of
fuzzy measure can be selecting, we choose thesralue
asm=1, 0.1, 0.5, 0.t, and we can exploit the one
with least MSE to compare with those of the rest fo
forecasting models.

The experimental results of all forecasting
models are listed in Table 1. In Table 1, we fothel
Choquet integral regression model based on the new
power-transformed-measures outperforms the others,

Table 1 MSE of regression models
Power- transformed-measure

1 0.1 0.5 0.9
38.51 37.19 36.66 38.1€

5 Fold MSE

Choquet integral P
regression
model
with fuzzy
measure
Ridge regression
model

37.64 37.59 36.61 37.4C

37.90



7th WSEAS International Conference on APPLIED COMPUTER SCIENCE, Venice, Italy, November 21-23, 2007

Multiple linear

regression model 38.05

7 Conclusion
In this paper, a novel fuzzy measuremeasure, and
Choquet integral regression models with fuzzy
measure are proposed. An educational data
experiment is conducted for comparing the
performances of a ridge regression model, a maltipl
linear regression model, and the proposed Choquet
integral regression model withL -measure,
A -measure, and P-measure. Experimental result
shows that the Choquet integral regression models
based on the proposedmeasure outperforms other
forecasting models.

In future, we will apply the proposed Choquet
integral regression model based on fuzzy measure to
develop multiple classifier system.
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