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Preface

his third edition of Simulation with Arena has the same goal as the first two

editions: to provide an introduction to simulation using Arena. It is intended
to be used as an entry-level simulation text, most likely in a first course on simulation at
the undergraduate or beginning graduate level. However, material from the later chapters
could be incorporated into a second, graduate-level course. The book can also be used to
learn simulation independent of a formal course (more specifically, by Arena users). The
objective is to present the concepts and methods of simulation using Arena as a vehicle to
help the reader reach the point of being able to carry out effective simulation modeling,
analysis, and projects using the Arena simulation system. While we’ll cover most of the
capabilities of Arena, the book is not meant to be an exhaustive reference on the software,
which is fully documented in its extensive online reference and help system.

Included is a CD with the Arena 7.01 academic software and all the examples in
the text. A Web site for the book can be found at http:/www.arenasimulation.com/
academicprograms/. We encourage all readers to visit this site to learn of any updates or
errata for the book or example files supplied, possible additional exercises, and other
items of interest. The site also contains material to support instructors who have adopted
the book for use in class, including downloadable lecture slides and solutions to exer-
cises; university instructors who have adopted the book should contact the local
McGraw-Hill representative for authorization (see http://www.mhhe.com/catalogs/sem/
engineering to locate representatives in the U.S., or call 1-609-426-5793 to locate repre-
sentatives outside the U.S.).

We’ve adopted an informal, tutorial writing style centered around carefully
crafted examples to aid the beginner in understanding the ideas and topics presented.
Ideally, readers would build simulation models as they read through the chapters. We
start by having the reader develop simple, well-animated, high-level models, and then
progress to advanced modeling and analysis. Statistical analysis is not treated as a
separate topic, but is integrated into many of the modeling chapters, reflecting the joint
nature of these activities in good simulation studies. We've also devoted more advanced
chapters to statistical issues and project planning to cover more advanced issues not
treated in our modeling chapters. We believe that this approach greatly enhances the
learning process by placing it in a more realistic and (frankly) less boring setting.

We assume neither prior knowledge of simulation nor computer-programming
experience. We do assume basic familiarity with computing in general (files, folders,
basic editing operations, etc.), but nothing advanced. A fundamental understanding of
probability and statistics is needed, though we provide a self-contained refresher of these
subjects in Appendices C and D.

Here’s a quick overview of the topics and organization. We start in Chapter 1
with a general introduction, a brief history of simulation, and modeling concepts.
Chapter 2 addresses the simulation process using a simple simulation executed by hand.



In Chapter 3, we acquaint readers with Arena by examining a completed simulation
model of the problem simulated by hand in Chapter 2, rebuilding it from scratch, going
over the Arena user interface, and providing an overview of Arena’s capabilities.

Chapters 4 and 5 advance the reader’s modeling skills by considering one
“core” example per chapter, in increasingly complex versions to illustrate a variety of
modeling and animation features; the statistical issue of selecting input probability distri-
butions is also covered in Chapter 4 using the Arena Input Analyzer.

Chapter 6 uses the model in Chapter 5 to illustrate the basic Arena capabilities
of statistical analysis of output, including single-system analysis, comparing multiple
scenarios (configurations of a model), and searching for an optimal scenario; this mate-
rial uses the Arena Output and Process Analyzers, as well as OptQuest for Arena.

In Chapter 7, we introduce another “core” model, again in increasingly complex
versions, and then use it to illustrate statistical analysis of long-run (steady-state)
simulations. Alternate ways in which simulated entities can move around is the subject of
Chapter 8, including material-handling capabilities, building on the models in Chapter 7.
Chapter 9 digs deeper into Arena’s extensive modeling constructs, using a sequence of
small, focused models to present a wide variety of special-purpose capabilities; this is for
more advanced simulation users and would probably not be covered in a beginning
course.

In Chapter 10, we describe a number of topics in the area of customizing Arena
and integrating it with other applications like spreadsheets and databases; this includes
using VBA (Visual Basic for Applications) with Arena. Chapter 11 shows how Arena can
handle continuous and combined discrete/continuous models, such as fluid flow. Chapter
12 covers more advanced statistical concepts underlying and applied to simulation
analysis, including random-number generators, variate and process generation, variance-
reduction techniques, sequential sampling, and designing simulation experiments.
Chapter 13 provides a broad overview of the simulation process and discusses more
specifically the issues of managing and disseminating a simulation project.

Appendix A describes a complete modeling specification from a project for The
Washington Post newspaper. In Appendix B, we give problem statements for the Arena
modeling contest held annually by the Institute of Industrial Engineers (IIE) and
Rockwell Software. Appendix C gives a complete but concise review of the basics of
probability and statistics couched in the framework of their role in simulation modeling
and analysis. The probability distributions supported by Arena are detailed in Appendix
D. Installation instructions for the Arena academic software can be found in Appendix E.
All references are collected in a single References section at the end of the book. The
index is extensive, to aid readers in locating topics and seeing how they relate to each
other; the index includes authors cited.

As mentioned above, the presentation is in “tutorial style,” built around a
sequence of carefully crafted examples illustrating concepts and applications, rather than
in the conventional style of stating concepts first and then citing examples as an
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afterthought. So it probably makes sense to read (or teach) the material essentially in the
order presented. A one-semester or one-quarter first course in simulation could cover all
the material in Chapters 1-8, including the statistical material. Time permitting, selected
modeling and computing topics from Chapters 9-11 could be included, or some of the
more advanced statistical issues from Chapter 12, or the project-management material
from Chapter 13, according to the instructor’s tastes. A second course in simulation
could assume most of the material in Chapters 1-8, then cover the more advanced
modeling ideas in Chapters 9-11, followed by topics from Chapters 12 and 13. For self-
study, we'd suggest going through Chapters 1-6 to understand the basics, getting at least
familiar with Chapters 7 and 8, then regarding the rest of the book as a source for more
advanced topics and reference. Regardless of what’s covered, and whether the book is
used in a course or independently, it will be helpful to follow along in Arena on a
computer while reading this book.

The CD included contains the academic version of Arena (see Appendix E for
installation instructions), which has all the modeling and analysis capabilities of the
complete commercial version but limits model size. All the examples in the book, as well
as all the exercises at the ends of the chapters, will run with this educational version of
Arena. The CD also contains files for all the example models in the book, as well as other
support materials. This software can be installed on any university computer as well as
on students’ computers. It is intended for use in conjunction with this book for the
purpose of learning simulation and Arena. It is not authorized for use in commercial
environments.

If you were familiar with the second edition, here are the main changes:

= All the examples have been updated to conform to the current Arena version
(7.01). The software is largely consistent with what was discussed in the
second edition, but there are several new features and capabilities that we
illustrate, including model documentation, enhanced plots, file reading and
writing, printing, and animation symbols.

= Chapter 4 has been expanded to include what was Model 6-1.

s A new automotive maintenance and repair shop model has replaced the
former call-center model, a new inventory model has been included in Chap-
ter 5, and the statistical-analysis material has been moved out to Chapter 6.

= Chapter 6 is new and contains essentially what was in the statistical-analysis
section of the former Chapter 5, using the new automotive maintenance and
repair shop model of the updated Chapter 5.

s The new Chapters 7 through 13 cover the same material as in the former
Chapters 6 through 12, respectively, except for updates.

= Two new IIE/RS modeling-contest problems have been added to Appendix B.

= The support materials on the Web site (slides and solutions) have all been
updated.
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