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Abstract

The paper deals in a preliminary way with the problem of forming of the
switching regression models. The proposed approach is based on the clustering
of the switching regression data set using a heuristic D-AFC-TC-algorithm of
possibilistic clustering. An idea of the D-AFC-TC-algorithm is presented and
the method of switching regression models forming is outlined. A numerical
example is given and the result of application of the D-AFC-TC-algorithm to
the two-dimensional data set is considered. Preliminary conclusions are stated.

1 Preliminaries

Regression analysis is a method of modeling the relation between explanatory and
response variables. Usually, a single regression model is used for fitting the data set.
However, it is necessary to have more than one regression model in some cases, for
example, ¢ number of regression models, for fitting a data set. The kind of models
called switching regressions.

Let us assume that {(z1,31),...,{Tx, Yn)} is the data set where each explanatory
observation z, = (z,1,...,Zum) € R™ has corresponding response observation y,. The
switching regression is employed to find ¢ linear regressions which take the form

Y =bo+tbiza+.. . +bmTm, (=1,...,¢ 1)

that best fit the data structure.

Some fuzzy clustering techniques were proposed for the switching regression prob-
lems solving. In the first place, Hathaway and Bezdek [1] combined switching regres-
sions with fuzzy c-means clustering method and referred to them as fuzzy c-regression
method. The FCRM-algorithm yields simultaneous estimates of the parameters of ¢
regression models, together with a fuzzy partitioning of the data. From other hand,
Wu, Yang and Hsieh {6] propose a mountain c-regression method based on the modi-
fied mountain clustering method (7). The MCR-algorithm can form well-estimated ¢
regression models for switching regression data sets. However, both considered meth-
ods depend on the number ¢ of clusters in the original data set and the number ¢ is
unknown very often. So, a problem of estimation of the unknown number ¢ regression
models must be solved in the first place. The goal of the paper is a consideration of
possibilities of an application of the heuristic D — AFC — T'C-algorithm of possibilistic
clustering to forming of unknown c regression models. For this purpose, a consideration
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of an idea of the D — AFC — T'C-algorithm is presented. A methodology for the data
preprocessing is described. Results of application of the D — AFC — TC-algorithm of
possibilistic clustering to two data sets and obtained switching regression models are
considered. Preliminary conclusions are formulated.

2 An Introduction to the D-AFC-TC-algorithm

An outline for the heuristic approach to possibilistic clustering was outlined in (3],
where a basic version of direct clustering algorithm was described. The basic version
of the algorithm, which is described in {3}, can be called the D — AFC{(c)-algorithm
and the possibilistic interpretation of the approach was given in [5]. The concepts of
a fuzzy o-clusters and an allotment among fuzzy a-clusters are basic concepts of the
approach. Detection of the allotment R*{X) among given number ¢ of particularly
separate fuzzy a-clusters A‘(a], L€ {1,...,c} is the aim of the classification in the case
of the data processing by the D — AFC(c¢)-algorithm,

From other hand, the D ~ AFC — T'C-algorithm [4] is a modification of the D -
AFC(c)-algorithm based on the transitive closure [2] of the matrix of fuzzy tolerance
relation. Moreover, detection of a unique allotment among unknown number ¢ of fuzzy
a-clusters is the aim of classification in the case of the D~ AFC—TC-algorithm. For the
purpose, a heuristic of the leap of the tolerance threshold values a, o € (0, 1] was used
in [4]. The allotment R*(X) = {A4{,)ll = T,c,a € (0,1]} among the unknown number
¢ of fully separate fuzzy a-clusters, the corresponding value of tolerance threshold «,
typical points 7%, I = 1,...,c of fuzzy a-clusters and their prototypes ¥, 1 =1,...,¢
coordinates are the results of classification in this case.

The matrix of coeflicients of pair wise dissimilarity between objects I = [u;(z,, z,}],

i, = 1,...,n can be obtained after application of some distance to the matrix of
the normalized data X,xm = {1, (2%)], ¢ = 1,...,n, ¢ = 1,...,m. The most widely
used distance for fuzzy sets «., z;, 1, = 1,...,n in X = {x1,...,2,} is the squared

normalized Euclidean distance [2]:

23 (b - ) 0i=Tw )

t=

5(.'1:1, :EJ) -

3 An Outline of the Proposed Method

The basic idea of the proposed method is to constructing of regression models in the
each fuzzy cluster of the obtained aliotment. We know that any two points can form a
line. In particular, any two points in a two-dimensional data set can have a regression
equation ¥ = by + b1z where the parameters of the equation is denoted by b= (bo, b1)-

So, for data points located around a regression line, the parameters b = (bra, bn ),
2 < [ € ¢ for these points should be very close, where ¢ is the unknown number of
regression models. That is why, the unknown number c¢ of fuzzy clusters must be
detected and the regression model (1) must be constructed in the each fuzzy cluster.
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Thus, the (m + 1)-dimensional data set can be processed by the D — AFC — TC-
algonthm of possiblistic clustering and the equation (1} can be constructed in all
fuzzy clusters of the obtained allotment R*(X) = {Al,, ,4{,} The typical pomt
7! and the prototype 7' of each fuzzy cluster Af,), I € {1,. .,c} can be selected as the
points for formmng of a regression line in each fuzzy cluster of the obtained allotment
R*(X} among unknown number ¢ of fuzzy clusters So, the regression model for each
fuzzy cluster can be constructed immediately For the purpose, corresponding linear
equations must be solved and parameters b = (b, b1, b)), 2 < I < ¢ must be
estimated

4 An Dlustrative Example

Let us consider an application of the D — AFC —TC-algorithm to the switching regres-
sion problem for a simple illustrative example. For the purpose, the two-dimensionality
data set X = {x1,. .,x9} was generated. Let = be the explanatory variable and y be
the response variable. So, the matrix of the object data Xpgx = [zf], e = 1,.. ,20,
t = 1,2 where z = ! and y = x® was processed by the D — AFC — T'C-algorithm using
the squared normalized Fuclidean distance (2) The data set and obtained results are
presented in Figure 1.

¥ y
10 19

L1 + D 4 : B 05

L] S S oef

@ <] ]
07k o - o PO * arp
G Q
051 - . - - - a6
05 . $ 1 4 1 t i 85
04 - . - - =] - o - . q4F
Q o =] [+] o
33 t + LI o [ = . ] 8

7] S - . - - o2t - . -

13 + ¥ 1 k 4 H i [h + . + 4 ] 4

Y f 1 L L L ) 1 1 L ne L 1 1 L I L L i L
0 01 82 03 04 85 06 0F 0B 08 [ ¢ o6+ 02 03 04 05 06 O? 0B 0% [

Figure 1 The two-cluster switching regression data set and the D-AFC-TC-algorithm
results for the data set

By executing the D — AFC — T'C-algorithm to the data set, the allotment R*(X)
among two well-separated fuzzy clusters which corresponds to the result, is received
for the tolerance threthold o = 0 9925 and a support of each fuzzy cluster A’{a}, =12
is formed by ten elements Fuzzy clusters prototypes are represented in Figure 1 by
-, elements of the first class are represented by o, and elements of the second class
are represented by -. Parameters of the regression line of the first class are b =
(bro = 04,b;, = 0.7) and parameters of the regression line of the second class are
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by = (bz0 = 0.09,b21 = 0.4). In other words, 4, = 0.4+ 0.7z, is the regression equation
for the first class and ys = 0.09 4+ 0.4%; is the regression equation for the second class.

5 Concluding Remarks

The result of the numerical experiment seems to be satisfactory. The result of applica-
tion of the D — AFC — TC-algorithm to the data set shows that the D — AFC — TC-
algorithm is an effective clustering procedure for classification and obtained classifica-
tion results can be useful for forming of unknown ¢ regression models.

The extracted unknown ¢ prototypes of fuzzy clusters can be applied for solving
the initial-value problem for the FCRM-algorithm.
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