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PREFACE

This book is the outgrowth of our experiences in teaching a one-semester
course in queueing theory, which serves as an elective in a Master of
Science operations research program offered by the Department of Opera-
tions Research, School of Engineering and Applied Science of The George
Washington University. We believe there has been a great gap in books
available which could serve as a text for such a course. In writing this
book, we have expanded, modified, and revised our course notes several
times, and also incorporated, where applicable, our experiences in the
research and application of queueing theory.

COURSE COVERAGE

This book can be used as a text for a one or two semester, or a one or two
quarter course, such as the one described above, namely, a graduate-level
elective course in an operations research, systems analysis, or industrial
engineering program of an engineering school or a quantitatively oriented
program of a business school. The chart below is our recommendation for
the material to include in courses of varying duration. Naturally, the
individual instructor should feel free to make adjustments depending on
his or her personal interests and the background of the students.

In addition, we feel that this book can also be extremely valuable for
analysts working in industry or government who may wish to fill in some
theoretical gaps in the development of queueing models. The last two
chapters on simulation and application, respectively, might be of particular
interest to practicing analysts. In toto, we think that the book will serve as
a comprehensive reference in the area of queueing theory. It has a degree
of matheratical sophistication which will allow the understanding and use

vii
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Recommended Coverage

Course Length Text Material

One Quarter Chapters 1, 2 (through 2.6.1), 3
(omit 3.2.1 and 3.5.2), 4
(through 4.4.1), 5 (5.1.1 only)

One Semester Chapters 1, 2. 3, 4, 5 (5.1.1.
5.1.2, 5.3.1), 6 (6.1 only), 7 (7.2
only)

Two Quarters Chapters 1, 2, 3, 4, 5 (5.1.1,

5.1.2, 5.1.10, 5.2.2, 5.3), 6 (6.1
only), 7 (7.2 only), 8, 9
Two Semesters Entire Text

of most of the important queueing models, but is not so mathematically
abstract and imposing as to prevent all but mathematicians from under-
standing the material.

PREREQUISITE KNOWLEDGE

The background assumed on the part of the reader is a knowledge of
undergraduate differential and integral calculus and of elements of
differential equations, and the experience of a probability and statistics
course based upon a calculus foundation. Some knowledge of special
“higher”” mathematical topics such as transforms, difference equations, and
Markov processes would be helpful for the more advanced material,
although certainly not necessary, since appendices on these subjects are
included. Thus the undergraduate background of most engineering, physi-
cal science, and mathematics majors, as well as some economics, business
administration, and social science majors, would be adequate.

PHILOSOPHY AND ORGANIZATION

The general plan of the book is to present, in detail, the basic material in
the early chapters. For example, in Chapter | we spend a sizable amount
of time on deterministic queues. In addition to adding this topic for
completeness, we believe it serves to familiarize the reader in a graphic way
with the actual “workings™ of a queue, such as, how customers arrive and
depart and how the line builds up and depletes.
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In Chapter 2 we develop the basic exponential-interarrival-time ex-
ponential-service-time single-channel model (M /M /1) and then in
Chapter 3 derive the general birth-death equations, showing that the
M /M /1 model falls out as a special case. We purposely do this partial
repetition as a pedagogical tool, since we feel that M /M /1 more naturally
follows from the Poisson process than does the birth-death process.
Furthermore, the simplicity of M /M /1 allows us to illustrate early in the
text the three methods of solving difference equations, namely, iteration,
generating functions, and linear difference methods (the latter sometimes
referred to as the operator or characteristic-equation approach).

We introduce only touches of transient analyses to show their complex-
ity, but give the reader a feel for the speed.of convergence to steady state
by observing in detail the very simple exponential-exponential single-
channel no-waiting-room (M /M /1/1) case.

We also provide an extensive discussion of the concepts of steady state
and ergodicity, topics which often have been glossed over or completely
ignored. All this is done in Chapter 2, so that the student, after reading the
first two chapters, should have a solid feeling for the nature and types of
analyses involved in basic queueing models.

The general approach used in this text (except where other types of
analyses are indicated) is the rather formal one of first setting-up
difference equations, and then obtaining the differential-difference equa-
tions and finally the steady-state difference equations which then lead to
the steady-state probabilities. We do, however, mention briefly (Problem
2.1) the method of detailed (or stochastic) balance which yields the
steady-state probabilities directly, but our personal taste dictated the more
formal procedure.

While the book is titled “Fundamentals,” some of the material in
Chapters 5 and 6 (especially Chapter 6) is quite advanced. We do not go
into great detail for this advanced material, but present results, sketch
derivations, and reference the literature freely, so that the interested reader
can gain greater depth by going to the references if he or she so desires.
The first six chapters deal with the development of analytical queueing
models while the last three deal with application and implementation.
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