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PREFACE

Need for optimization arises often in statistics implicitly or explicitly.
Although significant developments have been made in both fields, their inter-
face has not received the attention it deserves. Statisticians on one hand and
management scientists /operations researchers on the other have made many
important contributions to this interdisciplinary subject through their own
separate publications and conferences. There has been very little participation
in each other’s activities — even those devoted to the common subject. The first
two symposia dedicated to “Optimizing Methods in Statistics” (Rustagi) were
attended mostly by statisticians, while participants in “Optimization in Statis-
tics” sessions at recent ORSA /TIMS National Meetings (Zanakis) were prim-
arily operations researchers /management scientists.

Encouraged by the responses of participants in these activities, we felt that a
TIMS Studies in the Management Sciences volume devoted to this subject
would bring statisticians and management scientists closer together and stimu-
late further interest in this important area. A call for papers was announced in
late 1979 /early 1980 through national and international journals of statistics,
operations research, management science, and industrial engineering. We sought
original and expository papers in the area of optimization as utilized in
statistical problems arising in the above disciplines. Development of new and
intelligent application or comparison of existing optimization algorithms to
important statistical problems were encouraged.

This volume contains the papers which survived the usual Management
Science refereeing and editing processes. We believe that the volume will
appeal to management scientists, operations researchers, statisticians, and
industrial engineers. It can be used as a reference or textbook in colleges and
universities.

The papers in this volume are grouped in three sections according to the
statistical applications area: (a) regression and correlation; (b) multivariate
data analysis and design of experiments; and (c) statistical estimation, reliabil-
ity and quality control. An introduction to the articles of each section is
provided, as well as an introduction to the overall subject. The reader is
assumed to be familiar with elements of statistics, especially in the categories
listed above, and with elements of optimization theory, especially linear
programming. No great mathematical sophistication is required for reading
this book — a knowledge of algebra and elementary calculus will suffice for
most of the chapters.
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As editors of this volume, we would like to express our sincere appreciation
to the authors, whose work and interest made this volume possible; to about
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A PRELUDE TO OPTIMIZATION IN STATISTICS

S.H. ZANAKIS and J.S. RUSTAGI

Lack of certainty creates a need for statistics in any field of human
endeavor. Statistical techniques are widely used in many areas of study,
including sociology, medicine, business, and engineering — to mention only a
few. All statistical problems contain elements of optimization. In general, this
necessitates estimation of some unknown parameters (variables) that will
optimize some measure of performance while often satisfying certain restric-
tions (constraints) on the parameters and input /output data.

The following examples occur frequently in statistics and are examined in
more detail later in this volume.

@® Linear and nonlinear curve fitting by regression analysis for predictions
that minimize some measure of error (absolute, squared, maximum, etc.).

@ Design of experiments and sample surveys that minimize costs while they
restrict errors, or vice versa.

@ Clustering, classification or discrimination of multivariate data according to
different attributes in order to minimize improper handling of data and
maximize estimation accuracy.

@® Estimation of parameters of statistical distributions using criteria such as
maximum likelihood, minimum chi-square, minimum variance, etc. (Bard
[2] 1979, Zanakis [13,14]). The last criterion is used also in optimal response
surface designs as well as in canonical correlation and principal component
analysis of multivariate data (linear transformations of variables to maxi-
mize or minimize their correlations).

@ Test of statistical hypotheses that minimize the probability of type II error
while holding the probability of type I error at a certain level (Neyman—
Pearson [6] problem).

@® Quality control design problems arise in both acceptance sampling (e.g.
minimize inspector errors) as well as in process control (e.g. detect outliers,
and design minimum cost control charts).

@ Reliability design and maintenance policies that minimize costs and restrict
probabilities of breakdown or vice versa.

In contrast to classical statistics, Bayesian statistics is concerned with
statistical procedures when some prior information is available on the un-
known parameter. Bayesian statistics uses this prior information with the
sample to derive the posterior distribution on the parameters. The procedures
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are based on this posterior distribution. The evaluation of these procedures
often requires the assumption of a loss function. Such procedures require the
application of optimization techniques.

Optimization methods to solve all previous problems may be classified into
one of the following categories: classical (using calculus), numerical, varia-
tional (including dynamic programming) and other mathematical program-
ming (constrained linear, nonlinear and integer optimization). The availability
of high-speed computers has accelerated the growth of management
science /operations research and produced many algorithmic and software
developments in optimization. The use of such new optimization techniques in
statistics, however, has not been extensive, primarily due to four reasons.

First, the topics of optimization and statistics have not been sufficiently
blended in graduate education. Secondly, no books integrating the two subjects
have been available until recently (Rustagi [9] and Arthanari and Dodge [1]
have provided expositions of variational and mathematical programming tech-
niques in statistics). Thirdly, most of the optimization techniques have been
developed by nonstatisticians and it is true that there always exists some time
lag between the development of some techniques (e.g. mathematical program-
ming) and their use in another area (e.g. statistics). Finally, discourses on the
optimization—statistics interface have been scattered in the literature, and until
recently professional society meetings on this interface were infrequent.

The organization of two statistical symposia on “Optimizing Methods in
Statistics” (Rustagi [8,11]) and recognition of the importance of this interdisci-
plinary area for management scientists and operations researchers (e.g. see
Zanakis [13,15]) have increased the awareness of the field. We were very
pleased to see our first “Optimization in Statistics” session at the Joint
National Meeting of the Operations Research Society of America and The
Institute of Management Sciences on 2 April 1976 followed by similar sessions
in each subsequent semiannual joint national conferences of these two socie-
ties, and more recently of the American Institute for Decision Sciences. A
special issue of Communications in Statistics was devoted to optimization in
statistics (Rustagi [10]) and an international conference on “Optimizing Meth-
ods in Statistics” was sponsored in 1977 by the Bernoulli Society for Statistics
in the Physical Sciences.

The present volume is an outgrowth of all these efforts. Contributors come
from a variety of disciplines, including statistics, operations research /manage-
ment science, business administration, industrial engineering, etc. We hope
that this effort to cross the boundaries of single disciplines on this common
theme will be soon followed by others.

In order to restrict this volume to a manageable size, it was decided not to
include subjects of the opposite interface, namely use of statistics in optimiza-
tion. Interest in this subject has been renewed, as is evident from the inclusion
of such sessions in several recent ORSA /TIMS national meetings (Golden and
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Zanakis). Considerable attention has been given recently to the development
and application of statistical inference procedures for point and interval
estimation of the true (global) optimum when this result cannot be guaranteed
by the optimization technique used. (See Sielken and Monroe [12] for a
comprehensive exposition). This is a vital need when solving nonconvex
mathematical programming problems, or when employing heuristics, for exam-
ple to solve large, otherwise unsolvable, integer programming problems (Zanakis
and Evans [15]). Other efforts have included search procedures and stopping
rules guided by Bayesian learning (Hill [3]), sequential hypothesis testing
(Robbins [7]), or regression curve-fitting for response surface analysis (Myers
[4]). Use of statistics to handle uncertainties in linear programming (stochastic
and chance-constrained programming) have been well known for some time.
The growing interest in the subject of statistics in optimization will, hopefully,
result soon in a book on this topic.
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INTRODUCTION TO CONTRIBUTIONS IN REGRESSION AND
CORRELATION

S.H. ZANAKIS and J.S. RUSTAGI

Analysts, experimenters, and decision-makers use regression analysis exten-
sively in many areas of business, science, and technology. Surveys of Fortune
500 firms have shown that regression analysis is the most often used technique
in operations research/management science, particularly in the areas of
accounting (Jagetia [7]), quality control and maintenance (Ledbetter and Cox
(8]-

Correlation analysis provides a measure of linear relationship (association)
among a set of variables without regard to cause—effect direction. Regression
analysis, however, requires such a direction for prediction purposes: i.e. the
response (dependent variable y) is assumed to be related to one or more
independent variables (x) through a functional form or model y =1 (p, x).
The parameters, p, of the model are estimated by minimizing, over a set of n
observations y = (y,, ),,...,),), some function of deviations of the hypothe-
sized model response y from the observed value y, e.g.

n
minimize Y, |y, —¥,|%.

i=1

The power constant K is usually set at K =1 (the least-absolute deviation
criterion or L, norm, also called the Tchebycheff criterion), K =2 (the least-
squares deviation criterion or L, norm), or K= oo (the least maximum
deviation criterion or L norm, which is equivalent to minimize max|y, — y,|).
There is extensive literature on various methods as applied to regression
problems using different optimization criteria.

The classical procedure of least squares has been used extensively because of
its analytical tractability and its highly developed theory and widespread
literature. For a more complete account the reader is referred to Rao [9],
Draper and Smith [4], and Chatterjee and Price [3]; to Wesolowsky [11] for a
computer-oriented treatment; and to Harter [6] for a historical exposition.

The criterion of minimizing the sum of absolute deviations is preferable to
that of least squares in the presence of large disturbances (outliers) or when the
classical assumption of a normal distribution of error, e, =y, — y,, is violated
due to “contamination” or “heavy tails”. Nevertheless, the use of the least



