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Abstract

MARS is a spline nonparametric regression model of multivariate data, which takes into
knots and basis function. MARS model estimation can be approximated by least square or
maximum likelihood methods. However, for binary data response, MARS model
estimation should be completed with a numerical approach. This paper about MARS model
estimation for binary response, it was solved by newton raphson methods, because the
estimation outputs of maximum likelihood was implicit.
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Introduction

Multivariate Adaptive Regression Spline (MARS) model was introduced by Friedman
(1991) which is a nonparametric regression model between response and predictors
variabel. Understanding of multivariate use the some predictor variable. MARS is
development at Resurcive Partitioning Regression (RPR) with a combination of spline. The
use spline in the MARS led to the nature of the data which is very flexible in finding the
patterns that correspond to the data.

The use of MARS is already highly developed in various fields of aplication, such as by
Xiong and Meullenet (2002), which compares between MARS with logistic regression on
the effect of water activity, and producing method of MARS better than method of logistic
regression. Other research by Leatwich, et al (2006), which the use of MARS in analysis
of distribution relationship of 15 species of fresh water fish and their environment. Further
by Otok (2010), research on the classification of the zone an area with MARS.

Required a study at the theory of MARS, apart from completion of data analysis software
with MARS, expecially in the binary response, to be able to show a stage in getting the
MARS model estimates through numerical methods. So expect the user is not only able to
resolved the problem with the software of MARS, but they are cappable of estimating
model with MARS trough an algorithm to another.

Material and Method
Multivariate Adaptive Regression Spline Model

Friedman (1991) introduced the method of the MARS as a method to build the accurate
prediktif models to continue and binary response variables. The model MARS is focused
to overcome the problems dimension is high and continue on the data. MARS is a
combination of the complex of development RPR and spline. Both things that buil a MARS
model is the knots and the function of basis.



Unknown:

yi=f(x)+g,i=12,...,n, (1)

which f () is MARS of function:
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until MARS model can be written as follows:
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Where:

y, : thevariableresponseon i=12,...,n

X, : thepredictoron i=12,...,n

B, : theregression constan,

B, . theregression coefficient m=12,...,M,

km . the degree of interaction,

t,, : thepointof knots,

& theerroron i=12,...,n

The selection of the optimum model is that has a minimum GCV on basis function and
point knots. GCV functions introduced by Wahba (1979), as follow:

GOV (M)=— "N - )

n

Distribution of The Binary Response

The variable response of two categories to as binary response model of MARS, and which
takes into account the binary response is called MARS binary response. The MARS binary



response of the bernoulli distribution, i.e of a random variable has only two categories,
category 1 to a category of succes, and 0 to category of failure.

Hosmer & Lomeshow (2000), if a random gaussian variable y bernoulli distribution,
y[] b(l, 7Z'(X)) with y €(0,1) and x € RP, so probability density function:

t(y)=[z(x)]" [1-2(x)] ™" (5)
where 7(X) is success probability and 1—7(x) is failure probability.

Result and Discussion

Estimatio of binary response model of MARS in the stage of the maximum likelihood. This
is reveated by Otok (2009) that to get value estimate on a binary model of MARS can be
done by using the method of maximum likelihood.

MARS model is given in (3), where y; the follow the bernoulli distribution with parameter
7 (), so probability density functions y; is given in (5).

The cumulative density function for random variable Y,,Y,,...,Y,,
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Futhermore, likelihood function can be made as follow:
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so, the logarithm natural of likelihood function is:
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Futhermore:
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The first differential of the In likelihood function gives no explicit completion, so the
assessment parameter 3 is done by Newton Raphson iteration method.
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where [,Bo(h) By Bogy - ﬂM(hJ is the regression parameters in the iteraton to h,

d is the first derivative of the vector of parameters f, and second derivative matrix H is
againts the parameter f .

Iterations stop when the value B convergent, that is f,., —B, =0 , and binary response
model MARS estimates obtained:

Y = ﬁo +mzlv_|;ﬁmllj(skm (XV(k'm) ~ b ))

(7)

Without the use of software on MARS, determination of the basis functions

km

H(skm (Xv(k,m) —t )) done through a system of trial an error by starting the lowest basis,
k=1

by considering the point of knots t.

Conclusion

This paper only examines the estimation function mars binary response, so it is advisable
to study higher on multi categories response, taking into account the nominal and ordinal
data.
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