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Preface

This book presents an introduction to computational and mathematical techniques for
modeling, simulating , and analyzing the performance of various systems using simulation.
For the most part the system models studied are: stochastic (at least some of the system
state variables are random); dynamic (the time evolution of the system state variables is
important); and discrete-event (significant changes in system state variables are associated
with events that occur at discrete time instances only). Therefore, the book represents
an introduction to what is commonly known as discrete-event simulation. There is also a
significant, but secondary, emphasis on Monte Carlo simulation and its relation to static

stochastic systems. Deterministic systems, static or dynamic, and stochastic dynamic
systems that evolve continuously in time are not considered in any significant way.

Discrete-event simulation is a multi-disciplinary activity studied and applied by stu-
dents of applied mathematics, computer science, industrial engineering, management sci-
ence, operations research, statistics, and various hybrid versions of these disciplines found
in schools of engineering, business, management, and economics. As it is presented in this
book, discrete-event simulation is a computational science — a mix of theory and experi-
mentation with a computer as the primary piece of laboratory equipment. In other words,
discrete-event simulation is a form of computer-aided model building and problem solving.
The goal is insight, a better understanding of how systems operate and respond to change.

Prerequisites

In terms of formal academic background, we presume the reader has taken the under-
graduate equivalent of the first several courses in a conventional computer science program,
two calculus courses and a course in probability or statistics. In more detail, and in de-
creasing order of importance, these prerequisites are as follows.

Computer Science — readers should be able to program in a contemporary high-level
programming language, for example C, C++, Java, Pascal, or Ada, and have a work-
ing knowledge of algorithm complexity. Because the development of most discrete-event
simulation programs necessarily involves an application of queues and event lists, some
familiarity with dynamic data structures is prerequisite, as is the ability to program in a
language that naturally supports such things. By design, the computer science prerequisite
is strong. We firmly believe that the best way to learn about discrete-event simulation is
by hands-on model building. We consistently advocate a structured approach wherein a
model is constructed at three levels — conceptual, specification, and computational. At
the computational level the model is built as a computer program; we believe that this
construction is best done with a standard and widely available general-purpose high-level
programming language, using already-familiar (editor, compiler, debugger, etc.) tools.*

* The alternative to using a general-purpose high-level programming language is to use
a (proprietary, generally unfamiliar and potentially expensive) special-purpose simulation
language. In some applications this may be a superior alternative, particularly if the
simulation language is already familiar (and paid for); see Chapter 1 and Appendix A for
more discussion of this trade-off.



Calculus — readers should be able to do single-variable differential and integral cal-
culus. Although still relatively strong, the calculus prerequisite is as weak as possible.
That is, for example, we have generally avoided the use of multi-variate calculus; however,
single-variable integration and differentiation is used as appropriate in the discussion of
continuous random variables, for example. In addition, we freely use the analogous, but
more computationally intuitive, discrete mathematics of summation and differencing in the
discussion of discrete random variable. By design, we maintain a balance between contin-
uous and discrete stochastic models, generally using the more easily understood, but less
common, discrete (non-calculus) techniques to provide motivation for the corresponding
continuous (calculus) techniques.

Probability — readers should have a working knowledge of probability including ran-
dom variables, expected values, and conditioning. Some knowledge of statistics is also
desirable, but not necessary. Those statistical tools most useful in discrete-event simula-
tion are developed as needed. Because of the organization of the material, our classroom
experience has been that students with strength in the computer science and calculus pre-
requisites only can use this book to develop a valid intuition about things stochastic. In this
way the reader can learn about discrete-event simulation and, if necessary, also establish
the basis for a later formal study of probability and statistics. That study is important for
serious students of discrete-event simulation because without the appropriate background
a student is unlikely to ever be proficient at modeling and analyzing the performance of
stochastic systems.

Organization and Style

The book has ten chapters, organized into 41 sections. The shortest path through
the text could exclude the 15 optional Sections 2.4, 2.5, 4.4, 5.3, 6.4, 6.5, 7.4, 7.5, 7.6,
8.5, 9.3, and 10.1–10.4. All the 26 remaining core sections are consistent with a 75-minute
classroom lecture and together they define a traditional one-semester, three credit-hour
course.* Generally, the optional sections in the first nine chapters are also consistent with
a 75-minute presentation and so can be used in a classroom setting as supplemental lectures.
Each section in the tenth chapter provides relatively detailed specifications for a variety
of discrete-event simulation projects designed to integrate much of the core material. In
addition, there are seven appendices that provide background or reference material.

In a traditional one-semester, three credit-hour course there may not be time to cover
more than the 26 core sections. In a four credit-hour course there will be time to cover the
core material, some of the optional sections (or appendices) and, if appropriate, structure
the course around the projects in the tenth chapter as a culminating activity. Similarly,
some optional sections can be covered in a three credit-hour course, provided student
background is sufficient to warrant not devoting classroom time to some of the core sections.

* Because of its multi-disciplinary nature, there is not universal agreement on what
constitutes the academic core of discrete-event simulation. It is clear, however, that the
core is large, sufficiently so that we have not attempted to achieve comprehensive coverage.
Instead, the core sections in the first nine chapters provide a self-contained, although
limited, first course in discrete-event simulation.



The book is organized consistent with a dual philosophy: (i) begin to model, simulate,
and analyze simple-but-representative systems as soon as possible; (ii) whenever possible,
encourage the experimental exploration and self-discovery of theoretical results before their
formal presentation. As an example of (i), detailed trace-driven computational models of
a single-server queue and a simple inventory system are developed in Chapter 1, then
used to motivate the need for the random number generator developed in Chapter 2. The
random number generator is used to convert the two trace-driven models into stochastic
models that can be used to study both transient and steady-state system performance in
Chapter 3. Similarly, as an example of (ii), an experimental investigation of sampling
uncertainty and interval estimation is motivated in Chapters 2 and 3. A formal treatment
of this topic is presented in Chapter 8.

We have tried to achieve a writing style that emphasizes concepts and insight without
sacrificing rigor. Generally, formalism and proofs are not emphasized. When appropri-
ate, however, definitions and theorems (most with proofs) are provided, particularly if
their omission could create a sense of ambiguity that might impede a reader’s ability to
understand concepts and develop insights.

Software

Software is an integral part of the book. We provide this software as source code
for several reasons. Because a computer program is the logical product of the three-
level approach to model building we advocate, an introductory discrete-event simulation
book based on this philosophy would be deficient if a representative sampling of such
programs were not presented. Moreover, many important exercises in the book are based
on the idea of extending a system model at the computational level; these exercises are
conditioned on access to the source code. The software consists of many complete discrete-
event programs and a variety of libraries for random number generation, random variate
generation, statistical data analysis, priority queue access, and event list processing.

The software has been translated from it original development in Turbo Pascal to
ANSI C with units converted to C libraries. Although experienced C programmers will
no doubt recognize the Pascal heritage, the result is readable, structured, portable, and
reasonably efficient ANSI C source code.*

Exercises

There are exercises associated with each chapter and some appendices — about 400
in all. They are an important part of the book, designed to reinforce and extend previous
material and encourage computational experimentation. Some exercises are routine, others
are more advanced; the advanced exercises are denoted with an ‘a’ superscript. Some of the
advanced exercises are sufficiently challenging and comprehensive to merit consideration
as (out-of-class) exam questions or projects. Serious readers are encouraged to work a
representative sample of the routine exercises and, time permitting, a large portion of the
advanced exercises.

* All the programs and libraries compile successfully, without warnings, using the GNU
C compiler gcc with the -ansi -Wall switches set. Alternatively, the C++ compiler g++
can be used instead.



Consistent with the computational philosophy of the book, a significant number of
exercises require some computer programming. If required, the amount of programming is
usually small for the routine exercises, less so for the advanced exercises. For some of the
advanced exercises the amount of programming may be significant. In most cases when
programming is required, the reader is aided by access to source code for the programs
and related software tools the book provides.

Our purpose is to give an introductory, intuitive development of algorithms and meth-
ods used in Monte Carlo and discrete-event simulation modeling. More comprehensive
treatments are given in the textbooks referenced throughout the text.
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