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PREFACE

For some time now, the needs of the generalist manager for guidance in creating quantitative
models have not been met. Some books prepare people with strong mathematical skills to work
as specialists. Other books give generalists an appreciation of models, but not the skills to
create models. What has been missing is a book that can help generalists learn to do their own
modeling in support of their own management responsibilities.

The need for such materials has now become particularly acute and the opportunity especially
ripe because of recent developments in computer decision support software and the prevalence
of computing power in the manager’s office and home. If you need a computer model, you no
longer need to hire a consulting firm or bring in company staff to write a mode! in Fortran.
You can create the model in your office and run it in minutes in a high-level modeling language.
In this book the examples are done with IFPS (Interactive Financial Planning System of Ex-
ecucom Systems Corporation, Austin, Texas), but a long list of other financial planning systems
available for mainframe computers have similar features. Most of the modeling tasks in this
book can be carried out on a variety of software (see Chapter 1) on a microcomputer.

Because English-like expressions are used in the IFPS models, they may be understood
quickly. You can change the model as you wish, and the new results will appear almost
instantaneously. Even complex problems that formerly may have taken months of labor to write
in earlier languages can now be written and run literally overnight or over a weekend.

General modeling languages readily available are now flexible and powerful, and nonspe-
cialists can quickly learn to use them. They tie into large data bases in the firm or available
commercially. And they are available for personal computers in high-level languages that are
compatible with the same language on a mainframe computer.

This book is intended for two audiences: (1) practicing managers seeking help in developing
their own modeling skills on the job, and (2) MBA students and managers in short courses
{and advanced engineering, undergraduate business, and public administration students) who
will use the book as part of a course. State-of-the-art modeling languages are employed to aid
the manager in building a model. But the thrust of the book is not to hammer out solutions to
intricate problems, as in the various management science, operations research, or computer
science texts oriented toward those who specialize in such fields. Mathematical sophistication
is not assumed, yet the book develops skills that enable the reader to use quantitative tools and
computation.

The book aims to develop managers® creativity by providing methods and skills that enable
them to express their own perception of problems. Powerful tools, such as the influence diagram,
enhance the individual's ability to design and tommunicate models. But modeling is a craft
which can only be learned through first-hand experience in carrying out modeling tasks.

Cases provide the context for acquiring these creative skills. Those users of the book in
category 1 who will not have the benefit of classroom discussion of the cases, will iind study
of the book more edifying if they can carry out their own modeling tasks as they read through
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This book is about creating and using decision models with the aid of a computer decision
support system (DSS) For our purposes a decision model 1s any quantitative or logical ab-
straction of reality that 1s created and used to help somebody make a decision It consists of
quantities and their relationships. For example, 1f you were considering the purchase of a piece
of real estate, you would project revenues and costs over the next 10 years and a residual value
of the property after this time and then put this information together to help you assess what
the property 1s worth You may wish to express the relationshup of revenues and costs to inflation
and then investigate a variety of inflation scenarios. A decision mode! would contain ail of
your forecasts and all of the relationships among the vanabBles. It would provide an estimate
ot the value of the property for any inflation scenario you may envision
A DSS is the conduit for creating, revising, checking, and using the model. In its crudest
form, the DSS may consist of a spreadsheet planning system, such as VisiCalc (or one of its
many cousins), or an equation solver, such as TK!Solver. Most of the things you might like
to do 1n using this book could be done reasonably well with even the simplzst of such software
. The professional, however, will quickly develop an appetite for a higher level of decision-
3
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4 GETTING STARTED

making support. Think of the complete DSS as a high-level language that allows for natural,
English-like expression of the model; that is able to access corporate and vendor data bases;
that has easy-to-use graphics for displaying the results; and that contains powerful computational
features for activities such as “what-if,” sensitivity analysis, goal seeking, extrapolation, risk
analysis, and optimization. In addition, think of the DSS as a system that supports the manager
in treating ill-structured, messy problems and extends and enhances the manager’s own un-
derstanding and judgment rather than providing a unique solution.

The examples in this book use the Interactive Financial Planning System (IFPS)!, which
has all of the features just mentioned in an easy-to-use package that runs on a mainframe
computer. A companion package for the personal computer, IFPS/Personal, is fully compatible
with IFPS on the mainframe and will run most of the example models in this book. IFPS/
Personal does not support risk analysis and optimization and it does not solve problems with
the same rich variety of features available on IFPS.

Many other mainframe financial planning systems have features similar to IFPS, and the
user of this book could use these systems to carry out the modeling tasks and develop models
{or the examples. The list of usable systems at the time of printing of this book includes the
following:

System Vendor

CUFFS . CUFFS Plannimg and Models, Ltd.
" New York, N.Y.
EIS Boeing Computer Services Co.
Seattle, Wash.
Empire Applied Data Research
’ Princeton, N.J.
Express Management Decision Systems
Waltham, Mass.
FCS-EPS Evaluation & Planning Systems, inc.
Houston, Tex.
Foresight United Information Services
Overland Park, Kan.
GSA/GSM Prediction Services, Inc.
Manasquan, N.J.
IMPACT MODCR, Inc.
East Brunswick, N.J.
Model Lloyd Bush & Associates
New York, N.Y.
MSA/FMS Management Science America
Atlanta, Ga.
Simplan Simplan Systems
Chapel Hill, N.C.
Stratagem integrated Planning, Inc.
Boston, Mass.
System W Comshare
Ann Arbor, Mich.
XSIM Interactive Data Corp.

Waltham, Mass.

There are many software possibilities on the microcomputer as well, too many to provide
a complete list. In addition to the many cousins of VisiCalc and IFPS/Personal, the list of
microcomputer software available at the time this book went to press would include:

'IFPS and IFPS/Personal are registered trademarks of Execucom Systems Corporation of Austin, Texas.



1.1 WHY MODEL?

1.1.1 Necessity

CHAPTER 1: INTRODUCTION TO MODELING 5

Software Vendor

1-2-3 Lotus Development Corporation
Cambridge, Mass.

Encore Ferox Microsystems, Inc.
MclLean, Va.

MBA Context Management Systems
Torrance, Calif.

Multiplan Microsoft
Bellevue, Wash.

System W Comshare
Ann Arbor, Mich,

TK!Solver Software Arts
Wellesley, Mass.

VisiCalc VisiCorp

San Jose, Calif.

This is a book on modeling, not computer language, and it is intended for users of these
other systems as well as [FPS users. In most cases the non-[FPS users will be able to understand
the IFPS models easily and translate them quickly into the language of their own systems.

You build a model to help you make a decision or to help someone else’s decision. The help
comes in two ways. First, the decision maker can respond to much more complexity than one
person can easily grasp and resolve. Second, the model, through computer support, can keep
track of many details and perform rapidly all of the computations. This allows the modeler to,
devote attention to judgments made about the individual details and coniposite results produced
by the model.

Models are built from necessity. They are done reluctantly when simpler approaches will not
suffice. They are not a goal in themselves, even though they can be fascinating, almost seductive
in pulling you from the decision at hand.

No one wants a model. People making decisions want the help that models can efficiently
give. The model is not part of a goal—the decision is the goal. The model must be limited to
a small effort relative to the importance of the decision. Low-stake decisions will be modeled
only if they are repetitive or generalizable enough to be levered into a high-stake problem.

Learning to model requires adapting one’s language in order to communicate the model and
its results effectively. The medium with which to communicate models both to computers and
to others is now provided by modern high-level modeling languages. This book adds other
design and communication tools to aid the process of translating a messy problem into a model.
While it is necessary for many people to become accustomed to new language and certain
conventions of communication to create models, few people’ 'rgced to specialize in and study
the language. R A

In this book computer language and mathematics are »tr;:ited as English would be in a
freshman English course; we all need to use English, but'understanding language is not a goal
in itself, as it might be for an English major. The modeler who'is adept in a particulatmodeling
language is like the writer of diplomatic communiqués. The translator can take pride in accurateby
rendering the subtlety of the subject. Yet neither the language nor the model is the end in itself;
they are means to the end of better decisions.



6 GETTING STARTED

1.1.2 Better Decisions

1.1.3 Insight

-

The model has helped you if you get a better decision. The decision can take into account
more of the relevant facts and how those facts apply to the decision. The decision can deal
with many relationships among things that influence the outcomes of interest. The decision can

.include the interaction of influences over a much longer period of time so that the decision

does not just respond to the most obvious short-term considerations. The decision is better
because the model has allowed a sensitivity analysis: The outcome has been studied as different
assumptions are methodically varied. The impact of uncertain factors on the surety of results
can be understood. The decision maker can understand which assumptions most affect the
outcome.

A model gives you insight into- your subject. You can explore the balances and tradeoffs among
the factors that enter the decision. You learn the structure of the subject—the relationships
among influences. It is useful to break a problem into pieces and put it back together in a
model just to understand its anatomy. Diagnosis of other problems for which you do not build
a model will be better because of this understanding.

4

.« 1.1.4 Ald to Presentations

1.1.5 Intuition

A model can be an aid to presentations. The model makes explicit the beliefs about interactions
of aspects of the subject. Your presentation to the decision maker(s), or your depiction of your
own decision, uses that structure. It shows your understanding of the problem as compactly as
possible. You can concentrate on the 1mportant aspects, as shown by the results of modeling,
rather than the obvious aspects.

Complex systems behave nonintuitively. The model gives you insight into these nonintuitive
behaviors that come from time lags between action and response, from interactions, and from
the damping of one influence by another. The model provides intuition about the whole, starting
with intuition about the parts.

The model tells you which gaps in your knowledge matter. Necessarily, you always work
with incomplete understanding and data. Most gaps do not affect the decision much, but your
model analysis tells you which pieces of information are important. This sets your agenda for
research. If time and money allow, you know which areas of study will most improve the
quality of the decision.

1.2 A MODELING DISCIPLINE

1.2.1 Simplicity

The model must be reliable. It must accurately reflect the assumptions of its builder. A dis-
ciplined development of the model is essential. The rest of this chapter describes such a
discipline, one that works well. Subsequent chapters develop the elements of that discipline
piece by piece.

The model must be kept simple, both to help make it reliable and to limit the investment in
it. The model should be extendable. New influences may need to be taken into account and
new questions may be asked about the subject matter of the model. Thus the process of model
building recognizes two facts. First, the model will grow and shrink in future uses; thus the .
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modeler must use tools that allow flexible editing. Second, a useful discipline for modeling
cannot be described in terms of a flowchart. It is impossible to include all of the branching
points in which it may be necessary to go back and redo a previous stage of the process or
skip ahead to a later stage and work backward. Two important watchwords are simplify first-
cut efforts to the bare essentials and reconsider any structure already applied to the problem
in going on with the process.

1.2.2 Communication

A modeler must communicate with a computer that runs the model. This is the least important
form of communication. More importantly, model builders communicate with themselves,
through the model, about the structure of the subject that is modeled. The model must be clearly
written so it can be quickly understood. This clarity also helps make the model reliable.

The model also provides communication to other people. It represents the embodiment of
the beliefs of those who developed its structure; its clarity is essential.

1.2.3 The Manager’'s Roles in Modeling

A full appreciation of the specific purpose of the discipline requires an understanding of the
relationships between the manzger and the model. Throughout their careers, managers will
work with decision models in three roles. The manager serves as model builder and analyst,
as initiator and user of the model, and as the model’s beneficiary or client. These roles are
illustrated in the Stevens & Company case in this book. In that case a real estate firm that
brokers large estates and agricultural properties is interested in modeling a large timber and
farm property for prospective investors. The company engages a student of a master of business
administration (MBA) program to carry out the modeling work. In this situation, the MBA
student is the analyst, the broker is the user, and the prospective buyer of the property is the
client. ' ‘ :

While settings of problems may vary, these roles are generally identifiable in virtually all
problems, although one person may play more than a single role. The Unicron cases illustrate
the roles in a corporation, for example. A financial staff member is the analyst, the vice president
of finance is the user, and the members of the new products review committee (senior executives)
are the clients. '

Typically, MBA graduates play the role of analyst more often in the early years following
graduation. As they move up in the organization, they take on a greater portion of the user
role (and have analysts reporting to them). As they become responsible for more and more
decisions, they increasingly are clients with respect to the models.

Each role requires separate skills and an appreciation of the tasks faced by those in the other
roles. As a user, the manager will learn to define objectives and performance measures for
decision making, to structure the variables that will be used in the model, and to evaluate and
use the support offered by the model. As an analyst, the manager will learn how to write the
model; how to carry out the assessment of numbers needed in the model; how to conduct an
analysis of any combination of certain, risky, and time-dependent variables; and how to com-
municate to supervisors the work done on the model. In both the user and the analyst roles the
manager will need to know how to present the model design and results to clients. As a client,
the manager will leamn to evaluate and understand the work of others and learn appropriate
ways to intervene in the modeling effort.

The skills necessary to be effective in each of these three roles are developed in this book.
The discipline of modeling is described assuming the reader is interested in learning all three
roles. Indeed, in inany of the cases in the book, proper understanding of the situation and the
appropriate tasks to carry out requires that the problem be examined from the perspective of
each role.
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1.3 GETTING STARTED

Managers often have the greatest difficulty knowing how to start a model. Their problems may
appear to be huge and untidy, and they may have little confidence and experience in creating
a model. Thus a major focus of this book is model structuring.

How do you start modeling? First, understand the decision that is to be made. This sounds
simple, but very often a problem is so complex that no one has clearly stated what they are
trying to decide. This phenomenon was illustrated vividly to me in working with executives
on a new-product-development problem. Although this was a big project on which many people
had already done a lot of planning, I could not get them to tell me what the decision to be
made was. It might have been a go or no-go decision on the product, or it may really have
been a product redesign question since the commitment to the product in some form appeared
firm. Although a lot of time and work had already been spent on the problem, no one was sure
exactly what the decision was to be made and what were the available alternatives. In that
case, a little time spent defining the questions at the outset could have saved an enormous
amount of time later.

Finding the objectives to be achieved in making the decision is not always obvious or implicit
in the decision. Make sure what is being maximized before creating a model to decide how to
do it.

Chapter 2 presents ways to define decision variables, to establish the objectives of decision

making, and to identify attributes associated with the objectives. A key contribution of this
material is the assurance that it can glve the modeler that the objectives of the decision maker
can be translated into attributes that measure the degree of achievement of the objectives.

Having identified the variables of a model, the next step is to decide how these variables
relate to one another. Chapter 3 presents tools for structuring a model design from the variables.
The influence diagram displays all variables, and arrows running from one variable to another
indicate the direction of influence. Yariables that are assumed to be known with certainty are
distinguished from those that are uncertain.

The diagram also uses three distinctive types of influence. The simplest influence is one
where the levei of one variable determincs the level of another variable with cerainty. A
random influence implies that a variable only partially affects the level of another and an
unpredictable effect also partially determines the level of the influenced variable. The final type -
of influence is a preference influence, wherein the desirability of an attribute is influenced by
another variable or attribute.

The step of creating the influence diagram is the most important one in establishing the
framework of the model. Often you find a “major” influence is not linked to an attribute at all.
When this occurs, demote it to a minor consideration to be handled outside the model. Sometimes
holes in the influence diagram indicate that intermediate variables are missing. Not only does
the finished influence diagram make you ready to get down to the nitty-gritty of writing the
model, it is the most convenient form for presenting the model to others.

1.4 CREATING AND USING A MODEL IN A HIGH-LEVEL LANGUAGE

The next step is to decide on the form of relationship for each influence. Keep relationships
simple; there is no prize for introducing the most unusual mathematics. Later steps of the
modeling discipline will revisit these choices and you will have an orderly way to improve the
ones that matter.

This does not mean that within the bounds of simplicity and conciseness the model should
not be as accurate a representation of reality as possible. The modeler needs to become familiar
with the wide range of possible relationships among variables that may be expressed in order -
to create realistic models. Chapter 4 describes a menu of mathematical functions to use in
expressing a relationship between a dependent variable and one or more influencing variables.
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The examples use the features of IFPS, but the modeling capabilities are available on most
high-level planning or modeling languages. Most relationships can be produced with a little
effort even on microcomputer spreadsheet planning software.

Random variables are modeled with a menu of available probability distributions. When
random variables are used, the models are solved using the technique of Monte Carlo sxmulatlon
(described in Chapter 5) in order to see the uncertainty in the attributes.

Chapter 5 describes how to complete the model to obtain preliminary results and then how v

to improve and validate the model. After checking the pieces of the model, you test the accuracy
of the model in its composite form. A first-cut run of the model is the place to begin.

What-if exercising helps in understanding and verifying the model and provides answers to
decision questions. Sensitivity analysis continues this process, revealing the significance of
intermediate variables in determining attribute levels. Use this understanding to decide if and
how to extend the model. 4

At this stage, you can test specific goals using the model. For example, you can check
whether it is possible to attain some target level of performance on a specific attribute. This
begins to move the problem from the realm of what if to the realm of “what’s best.” A what’s-
best analysis requires evaluating the relative desirability of alternative levels of owtcome attri-
butes. This raises questions of how to treat multiple objectives and uncertain attributes.

1.5 INCORPORATING DECISION PREFERENCE INTO MODELS

Chapter 6 describes the major ways to make choices accounting for multiple objectives. Starting
with dominance and other approaches that do not require tradeoffs among attributes, the chapter
goes on to describe procedures for weighting attributes. These procedures are easily incorporated
directly into a model.

Chapter 7 provides the modeler with methods for mcorporatmg attitude toward risk into the
model. An important aspect of the approach of this chapter is the discussion of how to treat
risk when one is modeling corporate risk preferences, where there is no single person to express
attitude towards risk.

The modeler may want a more realistic model of preferences than was provided in Chapter
6. In particular, it may be necessary to treat interactions among attributes and nonlinear values
for attributes. For example, an attribute such as square feet of space in a model to help in
choosing a home may be such that its value is nonlinear. That is, the value of an additional
100 square feet of space may decline as the size of home increases. Preferences for this attribute
may interact with another variable or attribute. For example, the location of the house may
greatly affect the desirability of various home sizes. These issues are treated in Chapter 8.
Besides discussing the implications of the various preference models, the chapter gives guidance
on assessing preferences.

The final two chapters deal with specific application problems. Chapter 9 shows how to use
models for group decision making. The principal application of this would be to the committee
decision problem, but more general collective choice problems and bargaining problems are
considered. Voting rules, scoring rules, procedures for achieving consensus, and group pref-
erence functions are presented and incorporated into decision models.

Chapter 10 treats issues that arise when modeling risky projects that stretch over significant
amounts of time. Several approaches are described. The discussion then centers on when and
why each possible approach should be used.

The discipline developed in this book will prepare you to take an unstructured problem,
decide on the important variables and attributes, structure influences among these variables,
apply your own or a group’s preferences to them, exercise the model, and make a decision.
What is then needed is familiarity with a wide range of applications and some experience
developing models in a decision context. The cases making up thc rest of the book provide
this opportunity to internalize the discipline.
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