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Introduction
In a supervised classification problem with J classes, we have n; labeled
observations from the j-th class, j = 1,...,J. We use this training sam-

ple consisting of n = ijl n; observations to construct a decision rule for
classifying an unlabeled observation x to one of these J classes. Popular
parametric classifiers like linear discriminant analysis and quadratic discrim-
inant analysis are motivated by parametric model assumptions. So, they
may lead to poor classification when these assumptions fail to hold. This pa-
per presents a nonparametric multi-class depth-based classification approach
for multivariate data. This approach is easy to implement rather than most
existing nonparametric methods that have computational complexity. If the
assumption of the elliptical symmetry holds, this method is equivalent to
the Bayes optimal rule. The performance of the depth-based classifiers is
evaluated using a Monte Carlo study as well as a real data example and is
compared to that of several competitors.

Material and Methods

A depth function is aimed at ordering points in a space according to their
centrality with respect to a distribution F. The larger the depth of a point
X, the more central x is with respect to F. It is a useful tool in the multidi-
mensional case where ordering the points from the inner to the outer part of
a distribution or sample is not trivial task. Formally, a depth function is a
bounded function that satisfies certain properties including affine invariance,
maximised somewhere in the center of the distribution, monotonicity relative
to deepest point, and vanishing at infinity. Therefore, the depth functions of-
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fer a chance to exploit nonparametric methods in multivariate data analysis.
Accordingly, several notions of multivariate depth have been proposed in the
literature, and the field of applications of data depth is vast and still growing.
This paper presents an overview of the depth function concept, and a non-
parametric multi-class depth-based classification approach for multivariate
data has been investigated. Moreover, the methodology has been verified
using a simulation study and a real data set example. Calculations have
been performed in R software, and R codes are available by request to the
author.

Results and Discussion

The depth-based classification approach for multivariate data is equivalent
to the Bayes optimal rule under elliptic symmetry. Indeed, under elliptic
symmetry, the density function of a class can be expressed as a function of
affine invariant depth functions, and hence the depth contours coincide with
the density contours. Using both empirical and theoretical arguments, we
consider the properties of the depth-based classification methods, and show
that these classifiers can be particularly effective. We have used some sim-
ulated data sets to evaluate the performance of the depth-based classifiers.
Moreover, to illustrate the method developed in this paper, we have applied
the classifiers on a well-known data set.

Conclusion

In this article, the depth function and related classifiers have been investi-
gated. We have analyzed several data sets simulated from elliptic as well as
non-elliptic multivariate distributions. Moreover, the Swiss banknote data
set has been analyzed for further evaluation of depth-based classifiers. The
results showed that the maximum depth classifier based on the Mahalanobis
and half-space depth functions has a good performance.

Keywords: Depth function, Classification, Bayes optimal rule, Elliptical
symmetry.
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