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In the present paper, several test samples with scattered data and outliers were examined by means
of different methods for building linear regression equations. This includes ordinary least squares, least
absolute deviation, orthogonal distance regression, and the least absolute deviation of orthogonal distance.
Also, a variant of the weighted least squares approach was investigated in the problem of identification
of outliers. New indices have been proposed to describe the outliers, which can be viewed as weighted

coefficients of determination.

Keywords: linear regression, least squares, determination coefficient, outliers

Introduction

The linear regression models of various properties
of molecules and, more broadly, chemical objects
inevitably appear in a large number of investigations.
Just name the description of results of chemical
analysis and construction of quantitative structure-
activity relationship (QSAR) models. The regression
QSAR models of the biological activity of organic
compounds especially important in description of drug
effects, toxicity, mutagenity, carcinogenity, efc. The
QSAR description of physico-chemical properties of
molecular systems includes linear regression models
for lipophilicity, boiling and melting points, impact
factors, octane numbers, critical and thermodynamic
parameters of systems, and many other characteristics
of molecules and chemical processes.

An essential problem of the regression analysis
relates to the scatter of input data, sometimes rather
significant. A special type of scattered data in the
input samples is outliers. Informally, the outliers can
be treated as points which deviate significantly from
the bulk of the observations or regression line. As a
more rigorous definition, it can be assumed that the
outliers belong to another statistical distribution than
the majority of points. However, some clarification
should be made. Any distribution function (e.g. normal
distribution) allows unlimited deviation from the mean
value. As an example, one can check the data from
a standard Python package numpy [1] which we are
using in the present investigation. Up to 4.6% of
normally distributed random numbers deviate from the
average value by two standard deviations (20), and
more than 0.27 % deviates by 30. Random numbers
with large deviations may considerably influence the
results of statistical estimations. In this respect they
should also be qualified as outliers. Thus, we are
faced with the issue of distinguishing “natives” and
“strangers” among outliers.

In general, it was observed that high contamination
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is inherent not only in the physicochemical data,
but also in any experimental arrays, which always
contains anomalous outliers of ca 5-10% [2,3]. It
is essentially true in the problem of building QSAR
models of different biochemical parameters.

When we deal with scattered data, including outliers,
the use of standard statistical approaches (correlation
analysis, regression analysis, efc) encounters certain
difficulties. Usually they are designated as “non
robust” behavior of statistical methods. In particular,
the standard ordinary least squares (OLS) method
demonstrates incorrect behavior.

Thus, investigation of capabilities of statistical
methods in the case of samples with scattered data
and outliers is an important problem of contemporary
chemoinformatic. After a short survey of outlier
detection methods and regression analysis approaches
we analyze the numerical results of suggested linear
regression models which do not need the pre-tuning
procedure. The main idea of this paper is to use
modified (weighted) determination coefficients as an
outlier detection parameter that is inherently consistent
with weighted regression models. The proposed
quantity also can be treated as an internal validation
parameter for weighted regression models and gives
the possibility to evaluate the quality of the model. In
particular, it is shown that the least absolute deviation
and weighted least squares methods are convenient
for the purposes of identification and correct handling
of outliers. To realize all the calculations within the
QUASAR chemoinformatic software suite under
development, appropriate modules in the Python3
scripting language have been created.

A brief review of outlier identification methods
Several approaches were proposed for correct
diagnostic and interpretation of outliers, especially in
the field of linear regression analysis (see e.g. [4,5] for
the general outlook). Here we will briefly describe only
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some most imnortant of them One of them uses the sauared Mahalanobis

At i At et oEveldl TUpuUSL TEeyIEeSSIULNT 11I0UEIS  T1Idve  peerl
“influential points”.
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deavelnned earlier far thie niirnnee The aeneral tiinina_of the ecalcillatinon narametere with the 11ce nf

appropriate In our opinion. 1ney ao not require pre- T 1 CUIIEIHpUIdly  Slausutdl  Heidie it 15 Sullieuliies  udicu
L -estimator or median regression.
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The nurnose of this naner is to studv “closed” Parameter m in our followina calculations is eaual to
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Finallv _the relative difference hetween weinhted formiilag (24 27) and_further to estimate the valiies

AR? (LAD) 0.050 0.065 0.121 0.221
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Refarancec Sniircec nf Collinearity 1 \Nilav and Snne New York
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