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the literature on queueing theory is already very large it contains more than a dozen
books and about a thousand papers devoted exclusively to the subject plus many
other books on probability theory or operations research in which queueing theory is
discussed despite this tremendous activity queueing theory as a tool for analysis of
practical problems remains in a primitive state perhaps mostly because the theory has
been motivated only superficially by its potential applications people have devoted
great efforts to solving the wrong problems queueing theory originated as a very
practical subject much ofthe early work was motivated by problems concerning
telephone traffic erlang in particular made many important contributions to the
subject in the early part of this century telephone traffic remained one of the principle
applications until about 1950 after world war ii activity in the fields of operations
research and probability theory grew rapidly queueing theory became very popular
particularly in the late 1950s but its popularity did not center so much around its
applications as around its mathematical aspects with the refine ment of some clever
mathematical tricks it became clear that exact solutions could be found for a large
number of mathematical problems associated with models of queueing phenomena
the literature grew from solutions looking for a problem rather than from problems
looking for a solution

queueing theory is a fascinating subject in applied probability for two con tradictory



Fundamentals Of Queueing Theory Gross Harris

reasons it sometimes requires the most sophisticated tools of stochastic processes
and it often leads to simple and explicit answers more over its interest has been
steadily growing since the pioneering work of erlang in 1917 on the blocking of
telephone calls to the more recent applications on the design of broadband
communication networks and on the performance evaluation of computer
architectures all this led to a huge literature articles and books at various levels of
mathematical rigor concerning the mathematical approach most of the explicit results
have been obtained when specific assumptions markov re newal are made the aim of
the present book is in no way to give a systematic account of the formulas of
queueing theory and their applications but rather to give a general framework in
which these results are best understood and most easily derived what knowledge of
this vast literature is needed to read the book as the title of the book suggests we
believe that it can be read without prior knowledge of queueing theory at all although
the unifying nature of the proposed framework will of course be more meaningful to
readers who already studied the classical markovian approach

a text and reference on queueing theory covering everything from the development
of standard models to applications the focus is on real analysis of queueing systems
applications and problem solving the second edition has been expanded to include
new material on statistical inference in queueing and updated to reflect changes in
simulation languages and new results in statistical analysis of simulation output such
as regenerative techniques the book contains a new section on the fundamentals of
markov processes in addition to new chapters on advanced markov models queueing
networks and bounds and approximations

queueing theory with applications to packet telecommunication is an efficient
introduction to fundamental concepts and principles underlying the behavior of
queueing systems and its application to the design of packet oriented electrical
communication systems in addition to techniques and approaches found in earlier
works the author presents a thoroughly modern computational approach based on
schur decomposition this approach facilitates solution of broad classes of problems
wherein a number of practical modeling issues may be explored key features of
communication systems such as correlation in packet arrival processes at ip switches
and variability in service rates due to fading wireless links are introduced numerous
exercises embedded within the text and problems at the end of certain chapters that
integrate lessons learned across multiple sections are also included in all cases
including systems having priority developments lead to procedures or formulae that
yield numerical results from which sensitivity of queueing behavior to parameter
variation can be explored in several cases multiple approaches to computing
distributions are presented queueing theory with applications to packet
telecommunication is intended both for self study and for use as a primary text in
graduate courses in queueing theory in electrical engineering computer science
operations research and mathematics professionals will also find this work invaluable
because the author discusses applications such as statistical multiplexing ip switch
design and wireless communication systems in addition numerous modeling issues
such as the suitability of erlang k and pade approximations are addressed
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the progress of science and technology has placed queueing theory among the most
popular disciplines in applied mathematics operations research and engineering
although queueing has been on the scientific market since the beginning of this
century it is still rapidly expanding by capturing new areas in technology advances in
queueing provides a comprehensive overview of problems in this enormous area of
science and focuses on the most significant methods recently developed written by a
team of 24 eminent scientists the book examines stochastic analytic and generic
methods such as approximations estimates and bounds and simulation the first
chapter presents an overview of classical queueing methods from the birth of queues
to the seventies it also contains the most comprehensive bibliography of books on
queueing and telecommunications to date each of the following chapters surveys
recent methods applied to classes of queueing systems and networks followed by a
discussion of open problems and future research directions advances in queueing is a
practical reference that allows the reader quick access to the latest methods

this set features fundamentals of queueing theory fourth edition 978 0 471 79127 0 and
solutiosn manual to accompany fundamentals of queueing theory fourh edition 978 0
470 07796 2 by donald gross john f shortle james m thompson carl m harris

the literature on queueing theory is already very large it contains more than a dozen
books and about a thousand papers devoted exclusively to the subject plus many
other books on probability theory or operations research in which queueing theory is
discussed despite this tremendous activity queueing theory as a tool for analysis of
practical problems remains in a primitive state perhaps mostly because the theory has
been motivated only superficially by its potential applications people have devoted
great efforts to solving the wrong problems queueing theory originated as a very
practical subject much ofthe early work was motivated by problems concerning
telephone traffic erlang in particular made many important contributions to the
subject in the early part of this century telephone traffic remained one of the principle
applications until about 1950 after world war ii activity in the fields of operations
research and probability theory grew rapidly queueing theory became very popular
particularly in the late 1950s but its popularity did not center so much around its
applications as around its mathematical aspects with the refine ment of some clever
mathematical tricks it became clear that exact solutions could be found for a large
number of mathematical problems associated with models of queueing phenomena
the literature grew from solutions looking for a problem rather than from problems
looking for a solution

statistical performance evaluation has assumed an increasing amount of importance
as we seek to design more and more sophisticated communication and information
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processing systems the ability to predict a proposed system s per formance before
one constructs it is an extremely cost effective design tool this book is meant to be a
first year graduate level introduction to the field of statistical performance evaluation
it is intended for people who work with sta tistical performance evaluation including
engineers computer scientists and applied mathematicians as such it covers
continuous time queueing theory chapters 1 4 stochastic petri networks chapter 5
discrete time queueing theory chapter 6 and recent network traffic modeling work
chapter 7 there is a short appendix at the end of the book that reviews basic
probability theory this material can be taught as a complete semester long course in
performance evalua tion or queueing theory alternatively one may teach only
chapters 2 and 6 in the first half of an introductory computer networking course as is
done at stony brook the second half of the course could use a more protocol oriented
text such as ones by saadawi saad or stallings stall what is new in the third edition of
this book in addition to the well received material of the second edition this edition has
three major new features

the present textbook contains the recordsof a two semester course on que ing theory
including an introduction to matrix analytic methods this course comprises four hours
oflectures and two hours of exercises per week andhas been taughtattheuniversity of
trier germany for about ten years in quence the course is directed to last year
undergraduate and rst year gr uate students of applied probability and computer
science who have already completed an introduction to probability theory its purpose
is to present terial that is close enough to concrete queueing models and their
applications while providing a sound mathematical foundation for the analysis of
these thus the goal of the present book is two fold on the one hand students who are
mainly interested in applications easily feel bored by elaborate mathematical
questions in the theory of stochastic processes the presentation of the mathematical
foundations in our courses is chosen to cover only the necessary results which are
needed for a solid foundation of the methods of queueing analysis further students
oriented wards applications expect to have a justi cation for their mathematical efforts
in terms of immediate use in queueing analysis this is the main reason why we have
decided to introduce new mathematical concepts only when they will be used in the
immediate sequel on the other hand students of applied probability do not want any
heur tic derivations just for the sake of yielding fast results for the model at hand

queueing systems and networks are being applied to many areas of technology today
including telecommunications computers satellite systems and traffic processes this
timely book written by 26 of the most respected and influential researchers in the field
provides an overview of fundamental queueing systems and networks as applied to
these technologies frontiers in queueing models and applications in science and
engineering was written with more of an engineering slant than its predecessor
advances in queueing theory methods and open problems the earlier book was
primarily concerned with methods and was more theoretically oriented this new
volume meant to be a sequel to the first book was written by scientists and queueing
theorists whose expertise is in technology and engineering allowing readers to answer
questions regarding the technicalities of related methods from the earlier book each
chapter in the book surveys the classes of queueing models and networks or the
applied methods in queueing and is followed by a discussion of open problems and
future research directions the discussion of these future trends is especially important
to novice researchers students and even their advisors as it provides the perspectives
of eminent scientists in each area thus showing where research efforts should be
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focused frontiers in queueing models and applications in science and engineering also
includes applications to vital areas of engineering and technology specifically
telecommunications computers and computer networks satellite systems traffic
processes and more applied methods such as simulation statistics and numerical
methods all researchers from students to advanced professionals can benefit from
the sound advice and perspective of the contributors represented in this book

written with students and professors in mind analysis of queues methods and
applications combines coverage of classical queueing theory with recent advances in
studying stochastic networks exploring a broad range of applications the book
contains plenty of solved problems exercises case studies paradoxes and numerical
examples in addition to the standard single station and single class discrete queues
the book discusses models for multi class queues and queueing networks as well as
methods based on fluid scaling stochastic fluid flows continuous parameter markov
processes and quasi birth and death processes to name a few it describes a variety of
applications including computer communication networks information systems
production operations transportation and service systems such as healthcare call
centers and restaurants

this introductory textbook is designed for a one semester course on queueing theory
that does not require a course in stochastic processes as a prerequisite by integrating
the necessary background on stochastic processes with the analysis of models this
book provides a foundational introduction to the modeling and analysis of queueing
systems for a broad interdisciplinary audience of students containing exercises and
examples this volume may be used as a textbook by first year graduate and upper
level undergraduate students the work may also be useful as a self study reference
for applications and further research

the object of queueing theory or the theory of mass service is the investigation of
stochastic processes of a special form which are called queueing or service processes
in this book two approaches to the definition of these processes are possible
depending on the direction of investigation in accordance with this fact the exposition
of the subject can be broken up into two self contained parts the first of these forms
the content of this monograph the definition of the queueing processes systems to be
used here is dose to the traditional one and is connected with the introduction of so
called governing random sequences we will introduce algorithms which describe the
governing of a system with the aid of such sequences such a definition inevitably
becomes rather qualitative since under these conditions a completely formal
construction of a stochastic process uniquely describing the evolution of the system
would require introduction of a complicated phase space not to mention the difficulties
of giving the distribution of such a process on this phase space

elementary markov chains markov chain computations continuous time processes
birth death process in queues prototype steady state models transient solutions time
varying inputs imbedded markov chains bulk queues networks of queues special
topics model selection and data analysis parameter estimation and hypothesis testing

the aim of this book is to reflect the current cutting edge thinking and established
practices in the investigation of queueing systems and networks this first volume
includes ten chapters written by experts well known in their areas the book studies the
analysis of queues with interdependent arrival and service times characteristics of
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fluid queues modifications of retrial queueing systems and finite source retrial queues
with random breakdowns repairs and customers collisions some recent tendencies in
the asymptotic analysis include the average and diffusion approximation of markov
queueing systems and networks the diffusion and gaussian limits of multi channel
queueing networks with rather general input flow and the analysis of two time scale
nonhomogenous markov chains using the large deviations principle the book also
analyzes transient behavior of infinite server queueing models with a mixed arrival
process the strong stability of queueing systems and networks and applications of fast
simulation methods for solving high dimension combinatorial problems
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