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PREFACE

The purpose of this book is to bring the scientific method to decision making and fore-
casting. Our objectives are best summarized from a passage in Morse and Kimball
[1951):

Operations Research is a scientific method of providing executive departments with a quan-
titative basis for decisions regarding the operations under their control.

‘The emphasis throughout this book is to give the reader exposure and experience in the
art and science of model-building, to show the close connection between forecasting
and decision making, and to illustrate how decision trees and influence diagrams can
be used as a common framework for discussion by both the mathematically trained an-
alyst and the client or decision maker who may not have sophisticated quantitative
skills.

For more years than we care to admit, both authors have taught courses in Opera-
tions Research and Management Science curricula that dealt with applied probability,
forecasting, and decision-making models for undergraduate and graduate college stu-
dents. These courses were taught separately without any attempt to link their common
topics and we were always confronted with the inbuilt dilemma of presenting techniques
to solve a mathematical problem once the model was clearly laid out before the student
rather than explaining how to design models that represent real problems. This natural
conflict was reinforced by the apparent lack of rigor in the art of model building when
compared with the more formal mathematical foundations of the techniques themselves
and by our own frustration in having to teach “standard” operations research and man-
agement science courses which seldom focussed on the central theme of making better
decisions in real-world environments.

XV




XVi  PREFACE
INTEGRATING FORECASTS IN DECISION MODELS

Several important developments have occurred during the past decade which offers all
of us not only an opportunity to integrate forecasting and decision making but also to
use graphical aids in the formulation and design of mathematical models and the presen-
tation of results to decision makers. The natural language of influence diagrams and de-
cision trees has found substantial application in a small number of industrial consulting
companies but is only offered in the curricula of a very few universities. We hope that

will change.
The essential ingredients of an integrated forecasting and decision-making formu-

lation are

* development of a clear understanding of how uncertainty is to be handled and a logical
framework in which to discuss and analyze rational courses of action.

« clear identification of the sources of uncertainty, identifying the effects of new sources
of information and new forecasts and whether the decision maker and forecaster are
one and the same or different people or institutions.

« careful and thoughtful problem formulation, including who makes decisions, which
factors are known, which ones are uncertain, which ones directly influence decisions,
and the timing of information and decisions.

* identification of objectives of the decision maker(s) and the decision-making environ-
ment. It is important to understand how objectives have different effects on strategies,
and how objectives depend on the client(s).

* recognition of multiple attributes and the understanding of the extent to which there
may be tradeoffs among them.

 emphasis on sensitivity analyses, recognizing that models are only crude approxima-
tions to real-world problems.

¢ communication of results and insights to decision makers.

Throughout, we repeatedly make use of four principles: those of coherence of prob-
abilities, consistent units of measurement, optimality in sequential decision making, and
parsimony in the construction of models. Perhaps even more important but not explicitly
stated is the principle of common sense: if a model gives solutions that do not make
sense it is probably the wrong model!

Beginning with single decision problems with only one uncertainty, we study a
number of one-stage decision problems for perishable commodities where multiple un-
certainties are present. This set of problems includes those known as yield management
problems. The extension to sequential decisions, many periods of time, multiple fore-
casts, several attributes and criteria, and the use of nonlinear utilities are complications
which are introduced as one attempts to solve real-world problems.

In this book we see how to design the most important features of realistic decision
problems into mathematical models that reveal their structure and give insight. We em-
phasize model building rather than an axiomatic unifying theory, but references are giv-
en where the interested reader can pursue the mathematical theory if he or she chooses.
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In this way we hope to bridge the gap between decision theorists and decision makers
whose primary interest is to understand their particular problem but who have little time
to pursue a unifying theory.

Because we place great emphasis on model formulation we rely on graphical tech-
niques that use influence diagrams and decision trees. The analyses that follow the for-
mulation are themselves often graphical. Such techniques have proved useful both in
building models with client input as a prime factor and in analysis to explain results and
give insights. We show how forecasting must be integrated with decision making in a
coherent manner, recognizing the reality that forecasters and decision makers are almost
always different individuals or organizations. We make frequent use of the economic
value of forecasts and how these are related to discrimination and calibration of fore-
casts. The methods and models we describe can be developed on modern personal com-
puter spreadsheet software although there are now several commercial packages linking
influence diagrams and decision trees.

Many books on decision theory present a unified and consistent mathematical the-
ory based on a given set of axioms. Emphasis is on the mathematical structure and its
properties derived through theorems. The examples are often contrived to illustrate these
properties; of necessity there is little regard for realism. Such texts can be thought of as
technique oriented. The student studying them becomes well versed in the theory and its
properties, but when faced with a real decision problem, often finds it hard to recognize
how the theory applies or how one goes about the task of building a mathematical model
to explore alternatives and different outcomes. Another approach is to base problem for-
mulation on in-depth and detailed case studies of real probiems. Real problems are al-
most always encumbered with complex details making it hard for the student to
understand their structure or the sources of uncertainties. Our goal is to provide a text
that lies between abstract theory and detailed case studies.

USE OF THE TEXT IN INSTRUCTION

The level of the text is aimed towards business and economics students entering a quan-
titative business program or a final year course for science or engineering students. Both
of us have taught graduate and undergraduate courses using the material in the book. We
have always found that there is more material than can be taught in a one-semester
course, particularly with graduate students whose education is primarily mathematical
and seem to lack the basic skills of model building.

For undergraduate students Chapter 1 and portions of Chapter 2 can be followed by
Chapters 4 and 5 and portions of Chapters 6 and 7. A graduate course could require
Chapters 1, 2, and 3 as preliminary reading with emphasis on Chapter 4 and material
from 6, 7, 8, and 9 depending on which topics the instructor wanted to emphasize. The
prerequisites include a knowledge of calculus, elementary linear algebra, and probabil-
ity theory; we have found that even the better-prepared graduate students with back-
grounds in probability and statistics do not feel comfortable dealing with more than two
random variables. Conditional independence and its implications takes substantial time
to sink in; working with formulations of real, not toy, problems may be the only way to
develop this expertise as common sense can be used to check mathematical results. The
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text includes a body of core material, followed by more advanced sections that are clear-
ly indicated as such, and which could be used with students possessing a more mature
mathematical background. Elementary and advanced problems are included with each
chapter. Some are thought to be difficult.
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CHAPTER

BASIC
CONCEPTS

1.1 INTRODUCTION

The purpose of this book is to present an approach to modeling, analyzing, and integrat-
ing forecasts into decision making in insightful ways. The reader might ask, “Why an-
other book on decision making or forecasting?” Many books are available on these
topics, a number of which we have drawn on and from which we quote. But most of
them emphasize analysis of models rather than model building and treat decision mak-
ing, information gathering, and forecasting as separate topics. We stress model building,
the linkages between decision making and forecasting, graphical methods, and sensitiv-
ity analyses that examine the decisions and policy spaces. Throughout the book we are
keenly interested in the economic value of information and forecasts derived from rele-
vant data rather than the examination of forecasting techniques isolated from decision
making. We have drawn on our own experiences in making decisions in management
positions and in teaching the material in graduate and undergraduate courses.

The term decision making is very broad, encompassing a wide range of possible
topics, from a simple choice between two alternatives, each with known certain out-
comes, to an axiomatic mathematical logic found in texts on statistical decision theory.
In this book the most important common characteristic of the problems we consider is
that decisions must be made when one does not know with certainty their effect because
of the randomness of future events. Some of our examples involve using past and current
data to forecast and so reduce uncertainty about the future. Others depend heavily on in-
dividual subjective judgments about the future, and still others use forecasts that com-
bine expert opinion with historical data. Some have simple outcome measures that are
directly quantifiable, and others have conflicting outcome measures not all of which are
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directly quantifiable. Some involve making sequential decisions over time, so that in
making today’s decision we must consider what decisions we should make in the future.

It is usual to treat the subject of forecasting uncertain futures separately from de-
cision making. Most of the literature in forecasting makes no more than passing refer-
ence to how it might be applied in making decisions. In this book, one of our aims is to
demonstrate how forecasting and decision making are necessarily intertwined. Empha-
sis is always on demonstrating how various factors can be modeled in ways useful to a
decision maker.

The word maker is emphasized to stress that our models are not ones that simply
present an “optimal” solution. It may seem redundant to state that decision makers make
decisions! But all too often the analyst, who has the technical expertise to develop and
analyze models to assist such a person, forgets this fact and is disappointed when the de-
cision maker does not accept his or her “optimal” solution. In fact, the decision maker
is often more interested in obtaining insights and understanding how decisions change
with varying conditions or assumptions and much less in a particular numerical value
that may be a solution under a restrictive set of assumptions. A decision maker at top
levels of management is more concerned with the appropriateness of the model than
with the mathematical techniques used to solve a given model. That is why in this book
we emphasize model building and analysis rather than the mathematical techniques
themselves.

We emphasize graphical representations of results as these are often more easily
understood than algebraic formulations. They are also useful in showing which deci-
sions are best over ranges of possible parameter values rather than only offering point
solutions. Using a word the reader will see repeatedly in this book, our models and the
techniques we use to solve them are designed to give insight to the decision maker who
has the ultimate responsibility for making the decision. Although we discuss numerical
algorithms for making forecasts and solving decision problems, our primary interests are
in developing concepts, formulating, and designing good models, rather than in numer-
ically efficient computations.

The remainder of this chapter describes the essentials of the type of decision prob-
lems discussed in this book, sets up the mathematical notation used, reviews the material
the reader will need in the area of probability theory, introduces the reader to the ele-
ments of influence diagrams and decision trees, and illustrates their use in model build-
ing and analysis through a number of examples. This chapter concludes with an
overview of the remaining chapters in the book.

1.2 THE IMPORTANCE OF MODELS
IN DECISION MAKING

A significant portion of this book deals with what is conventionally called Decision
Analysis, including the use of influence diagrams and decision trees, suitable methods
for measuring outcomes, and preferences among choices. Decision analysis has proved
extremely useful for “executive” or “strategic” decision making. An article by Corner
and Kirkwood in 1991 lists over eighty applications published in the open literature
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from 1970 through 1989. The rate of growth in applications is very great, and the fields
where they have been applied include environmental, medical, management, legal, ac-
counting, transportation, finance, and governance, to name only a few. To quote from

their paper,

Decision analysis provides tools for quantitatively analyzing decisions with uncertainty
and/or multiple conflicting objectives. These tools are especially useful when there is limit-
ed directly relevant data so that expert judgment plays a significant role in the decision mak-
ing process. Such situations include government policy making and regulation, strategic
business decisions, and such risky personal decisions as selecting a treatment for a serious

medical problem. (p. 206)

The importance of making quantitative formulations of decision problems cannot be
overemphasized, even though they have not always been used by decision makers to
solve problems. The increasing complexity of decision making and the availability of
computers and large data bases in industry and government make it imperative that we
understand the costs and benefits of the timely use of relevant information and how de-
cisions taken at one point in time depend on the decisions that follow.

Insufficient attention has been given in the classroom to the formulation and study
of decision-making models. We hope that modeling in decision making will become
more important in the undergraduate and graduate education of students in business, sci-
ence, and engineering. We know of only a few institutions of higher education where a
serious effort is made to teach this important subject—even in the operations research
and management science fields the primary focus is on the mathematical techniques
rather than problem formulation and the derivation of useful insights.

1.3 THE NATURE OF A DECISION PROBLEM

There are basic common threads to the problems discussed in this book. In every prob-
lem a decision maker has a number of alternate choices of actions from which one or
more must be chosen to achieve some desired objective. Often, the set of alternative ac-
tions consists of two elements, either do something or do nothing. At other times the set
of alternatives consists of a small number of alternate choices. In some examples in
Chapter 2 the reader will see that the decision maker can have infinitely many choices.
We denote the set of decision alternatives by D; it is usually obvious in our examples
what this set of possible decisions is.

In multistage problems where decisions are made in sequence over time from dif-
ferent sets, we denote by D, the set of decision alternatives at stage i. A generic decision
is denoted d, an element of D, or d € D for short. It is important that lowercase d not be
confused with upper case D, which we use to denote a generic decision before it is made.
For example, a decision maker may have to decide whether or not to proceed with a cer-
tain course of action (e.g., submit a proposal, develop a product, repair a facility). In this
case D would contain two elements, “take the action” and “‘do not take the action”; thus
d must be one of these decisions. But before the decision maker has decided on a specific
decision, the decision is referred to by D.




