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Abstract

Two multivariable problems of general interest are factor analysis and regression.
This paper examines partial least squares (PLS) as a tool for both problems. For
single output data sets, the familiar PLS algorithm is applicable to both problems.
For multiple output problems the familiar PLS algorithm [1, 2, 3] (called fact-PLS in
this paper) is appropriate for factor analysis. However fact-PLS leads to algebraically-
inconsistent results for regression problems. To address this issue, a new algebraically-
consistent multivariable PLS algorithm, C-PLS, is developed. Unlike fact-PLS, C-
PLS does not rely on iterative calculations. Another PLS approach, “one-at-a-time”

PLS (OAT-PLS), is closely related to C-PLS; however OAT-PLS is also algebraically-
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inconsistent. A simulation study of these various PLS methods shows C-PLS to have

the best estimation and prediction performance.

1 Introduction

This paper examines problems of the form
Y =XR+F, (1)

where X € R":X" is a matrix of measured inputs, ¥ € R"<X"e is a matrix of measured
outputs, R € R™*™ is an unknown parameter matrix, and £ € R"¢*"° is an unobservable
matrix of errors. For simplicity of development, further assume that the elements of
are zero-mean, independent, and homoscedastic random variables: £(E) =0, & (ETE) =
nso2l and & (EET) = no02l. The independence and homoscedasticity assumptions can
be readily met using a suitable rescaling of the data, as in generalized least squares [4].
Throughout this paper the variables that comprise X will be called the “inputs” and
the variables that comprise Y will be called the “outputs.” This is merely a convenient
nomenclature; these variables can equivalently be called “explanatory variables” and the
“dependent variables.”

For such data, two problems commonly addressed are: (1) what are the lower dimen-
sional subspaces of ™ and R"° that describe the “relevant” variances of the data, and
(2) what is a “good” approximation for the unobservable R? We refer to the former as
the factor analysis problem and the latter as the regression problem. The regression prob-
lem itself has two interesting variants: the estimation problem, wherein one determines
a B that is “close” to R, and the prediction problem, wherein one determines a B that
is “good” for predicting futures Y’s from future X’s. Partial Least Squares (PLS) [1] is
useful for all of these problems. However, past investigations have not always carefully
distinguished between the factor analysis and regression problems. This paper examines
PLS for application to both problems; in doing so, a new PLS algorithm is developed that

is more appropriate for multivariable regression.

























































