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Among other topics, The Informational Complexity of Learning: Perspectives on Neural
Networks and Generative Grammar brings together two important but very different
learning problems within the same analytical framework. The first concerns the problem
of learning functional mappings using neural networks, followed by learning natural
language grammars in the principles and parameters tradition of Chomsky. These two
learning problems are seemingly very different. Neural networks are real-valued, infinitedimensional, continuous mappings. On the other hand, grammars are boolean-valued,
finite-dimensional, discrete (symbolic) mappings. Furthermore the research
communities that work in the two areas almost never overlap. The book's objective is to
bridge this gap. It uses the formal techniques developed in statistical learning theory
and theoretical computer science over the last decade to analyze both kinds of learning
problems. By asking the same question - how much information does it take to learn? of both problems, it highlights their similarities and differences. Specific results include
model selection in neural networks, active learning, language learning and evolutionary
models of language change. The Informational Complexity of Learning: Perspectives on
Neural Networks and Generative Grammar is a very interdisciplinary work. Anyone
interested in the interaction of computer science and cognitive science should enjoy the
book. Researchers in artificial intelligence, neural networks, linguistics, theoretical
computer science, and statistics will find it particularly relevant.
This two-volume set on Mathematical Principles of the Internet provides a
comprehensive overview of the mathematical principles of Internet engineering. The
books do not aim to provide all of the mathematical foundations upon which the Internet
is based. Instead, they cover a partial panorama and the key principles. Volume 1
explores Internet engineering, while the supporting mathematics is covered in Volume
2. The chapters on mathematics complement those on the engineering episodes, and
an effort has been made to make this work succinct, yet self-contained. Elements of
information theory, algebraic coding theory, cryptography, Internet traffic, dynamics and
control of Internet congestion, and queueing theory are discussed. In addition,
stochastic networks, graph-theoretic algorithms, application of game theory to the
Internet, Internet economics, data mining and knowledge discovery, and quantum
computation, communication, and cryptography are also discussed. In order to study
the structure and function of the Internet, only a basic knowledge of number theory,
abstract algebra, matrices and determinants, graph theory, geometry, analysis,
optimization theory, probability theory, and stochastic processes, is required. These
mathematical disciplines are defined and developed in the books to the extent that is
needed to develop and justify their application to Internet engineering.
This second edition has a unique approach that provides a broad and wide introduction
into the fascinating area of probability theory. It starts on a fast track with the treatment
of probability theory and stochastic processes by providing short proofs. The last
chapter is unique as it features a wide range of applications in other fields like Vlasov
dynamics of fluids, statistics of circular data, singular continuous random variables,
Diophantine equations, percolation theory, random Schrödinger operators, spectral
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graph theory, integral geometry, computer vision, and processes with high risk.Many of
these areas are under active investigation and this volume is highly suited for ambitious
undergraduate students, graduate students and researchers.
Matrix analytic methods are popular as modeling tools because they give one the ability
to construct and analyze a wide class of queuing models in a unified and algorithmically
tractable way. The authors present the basic mathematical ideas and algorithms of the
matrix analytic theory in a readable, up-to-date, and comprehensive manner. In the
current literature, a mixed bag of techniques is used-some probabilistic, some from
linear algebra, and some from transform methods. Here, many new proofs that
emphasize the unity of the matrix analytic approach are included.
The Oxford Users' Guide to Mathematics is one of the leading handbooks on
mathematics available. It presents a comprehensive modern picture of mathematics
and emphasises the relations between the different branches of mathematics, and the
applications of mathematics in engineering and the natural sciences. The Oxford User's
Guide covers a broad spectrum of mathematics starting with the basic material and
progressing on to more advanced topics that have come to the fore in the last few
decades. The book is organised into mathematical sub-disciplines including analysis,
algebra, geometry, foundations of mathematics, calculus of variations and optimisation,
theory of probability and mathematical statistics, numerical mathematics and scientific
computing, and history of mathematics. The book is supplemented by numerous tables
on infinite series, special functions, integrals, integral transformations, mathematical
statistics, and fundamental constants in physics. It also includes a comprehensive
bibliography of key contemporary literature as well as an extensive glossary and index.
The wealth of material, reaching across all levels and numerous sub-disciplines, makes
The Oxford User's Guide to Mathematics an invaluable reference source for students of
engineering, mathematics, computer science, and the natural sciences, as well as
teachers, practitioners, and researchers in industry and academia.
Intersecting two large research areas - numerical analysis and applied
probability/queuing theory - this book is a self-contained introduction to the numerical
solution of structured Markov chains, which have a wide applicability in queuing theory
and stochastic modeling and include M/G/1 and GI/M/1-type Markov chain, quasi-birthdeath processes, non-skip free queues and tree-like stochastic processes. Written for
applied probabilists and numerical analysts, but accessible toengineers and scientists
working on telecommunications and evaluation of computer systems performances, it
provides a systematic treatment of the theory and algorithms for important families of
structured Markov chains and a thorough overview of the current literature.The book,
consisting of nine Chapters, is presented in three parts. Part 1 covers a basic
description of the fundamental concepts related to Markov chains, a systematic
treatment of the structure matrix tools, including finite Toeplitz matrices, displacement
operators, FFT, and the infinite block Toeplitz matrices, their relationship with matrix
power series and the fundamental problems of solving matrix equations and computing
canonical factorizations. Part 2 deals with the description andanalysis of structure
Markov chains and includes M/G/1, quasi-birth-death processes, non-skip-free queues
and tree-like processes. Part 3 covers solution algorithms where new convergence and
applicability results are proved. Each chapter ends with bibliographic notes for further
reading, and the bookends with an appendix collecting the main general concepts and
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results used in the book, a list of the main annotations and algorithms used in the book,
and an extensive index.
Adventures in Stochastic ProcessesSpringer Science & Business Media
Plenty of examples, diagrams, and figures take readers step-by-step through wellknown classical biological models to ensure complete understanding of stochastic
formulation. Probability, Markov Chains, discrete time branching processes, population
genetics, and birth and death chains. For biologists and other professionals who want a
comprehensive, easy-to-follow introduction to stochastic formulation as it pertains to
biology.
Beginning with Jackson networks and ending with spatial queuing systems, this book
describes several basic stochastic network processes, with the focus on network
processes that have tractable expressions for the equilibrium probability distribution of
the numbers of units at the stations. Intended for graduate students and researchers in
engineering, science and mathematics interested in the basics of stochastic networks
that have been developed over the last twenty years, the text assumes a graduate
course in stochastic processes without measure theory, emphasising multi-dimensional
Markov processes. Alongside self-contained material on point processes involving real
analysis, the book also contains complete introductions to reversible Markov processes,
Palm probabilities for stationary systems, Little laws for queuing systems and spacetime Poisson processes.
Stochastic processes are found in probabilistic systems that evolve with time. Discrete
stochastic processes change by only integer time steps (for some time scale), or are
characterized by discrete occurrences at arbitrary times. Discrete Stochastic Processes
helps the reader develop the understanding and intuition necessary to apply stochastic
process theory in engineering, science and operations research. The book approaches
the subject via many simple examples which build insight into the structure of stochastic
processes and the general effect of these phenomena in real systems. The book
presents mathematical ideas without recourse to measure theory, using only minimal
mathematical analysis. In the proofs and explanations, clarity is favored over formal
rigor, and simplicity over generality. Numerous examples are given to show how results
fail to hold when all the conditions are not satisfied. Audience: An excellent textbook for
a graduate level course in engineering and operations research. Also an invaluable
reference for all those requiring a deeper understanding of the subject.
This book presents an algebraic development of the theory of countable state space
Markov chains with discrete- and continuous-time parameters. A Markov chain is a
stochastic process characterized by the Markov prop erty that the distribution of future
depends only on the current state, not on the whole history. Despite its simple form of
dependency, the Markov property has enabled us to develop a rich system of concepts
and theorems and to derive many results that are useful in applications. In fact, the
areas that can be modeled, with varying degrees of success, by Markov chains are vast
and are still expanding. The aim of this book is a discussion of the time-dependent
behavior, called the transient behavior, of Markov chains. From the practical point of
view, when modeling a stochastic system by a Markov chain, there are many instances
in which time-limiting results such as stationary distributions have no meaning. Or, even
when the stationary distribution is of some importance, it is often dangerous to use the
stationary result alone without knowing the transient behavior of the Markov chain. Not
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many books have paid much attention to this topic, despite its obvious importance.
Stochastic processes are mathematical models of random phenomena that evolve
according to prescribed dynamics. Processes commonly used in applications are
Markov chains in discrete and continuous time, renewal and regenerative processes,
Poisson processes, and Brownian motion. This volume gives an in-depth description of
the structure and basic properties of these stochastic processes. A main focus is on
equilibrium distributions, strong laws of large numbers, and ordinary and functional
central limit theorems for cost and performance parameters. Although these results
differ for various processes, they have a common trait of being limit theorems for
processes with regenerative increments. Extensive examples and exercises show how
to formulate stochastic models of systems as functions of a system’s data and
dynamics, and how to represent and analyze cost and performance measures. Topics
include stochastic networks, spatial and space-time Poisson processes, queueing,
reversible processes, simulation, Brownian approximations, and varied Markovian
models. The technical level of the volume is between that of introductory texts that
focus on highlights of applied stochastic processes, and advanced texts that focus on
theoretical aspects of processes.
Random sequences; Processes in continuous time; Miscellaneous statistical
applications; Limiting stochastic operations; Stationary processes; Prediction and
communication theory; The statistical analysis of stochastic processes; Correlation
analysis of time-series.
Building on the author’s more than 35 years of teaching experience, Modeling and
Analysis of Stochastic Systems, Third Edition, covers the most important classes of
stochastic processes used in the modeling of diverse systems. For each class of
stochastic process, the text includes its definition, characterization, applications,
transient and limiting behavior, first passage times, and cost/reward models. The third
edition has been updated with several new applications, including the Google search
algorithm in discrete time Markov chains, several examples from health care and
finance in continuous time Markov chains, and square root staffing rule in Queuing
models. More than 50 new exercises have been added to enhance its use as a course
text or for self-study. The sequence of chapters and exercises has been maintained
between editions, to enable those now teaching from the second edition to use the third
edition. Rather than offer special tricks that work in specific problems, this book
provides thorough coverage of general tools that enable the solution and analysis of
stochastic models. After mastering the material in the text, readers will be wellequipped to build and analyze useful stochastic models for real-life situations.

This new edition of Van Kampen's standard work has been completely revised
and updated. Three major changes have also been made. The Langevin
equation receives more attention in a separate chapter in which non-Gaussian
and colored noise are introduced. Another additional chapter contains old and
new material on first-passage times and related subjects which lay the foundation
for the chapter on unstable systems. Finally a completely new chapter has been
written on the quantum mechanical foundations of noise. The references have
also been expanded and updated.
Unlike traditional introductory math/stat textbooks, Probability and Statistics: The
Page 4/11

Download Free Adventures In Stochastic Processes Solution Manual
Science of Uncertainty brings a modern flavor based on incorporating the
computer to the course and an integrated approach to inference. From the start
the book integrates simulations into its theoretical coverage, and emphasizes the
use of computer-powered computation throughout.* Math and science majors
with just one year of calculus can use this text and experience a refreshing blend
of applications and theory that goes beyond merely mastering the technicalities.
They'll get a thorough grounding in probability theory, and go beyond that to the
theory of statistical inference and its applications. An integrated approach to
inference is presented that includes the frequency approach as well as Bayesian
methodology. Bayesian inference is developed as a logical extension of
likelihood methods. A separate chapter is devoted to the important topic of model
checking and this is applied in the context of the standard applied statistical
techniques. Examples of data analyses using real-world data are presented
throughout the text. A final chapter introduces a number of the most important
stochastic process models using elementary methods. *Note: An appendix in the
book contains Minitab code for more involved computations. The code can be
used by students as templates for their own calculations. If a software package
like Minitab is used with the course then no programming is required by the
students.
Building upon the previous editions, this textbook is a first course in stochastic
processes taken by undergraduate and graduate students (MS and PhD students
from math, statistics, economics, computer science, engineering, and finance
departments) who have had a course in probability theory. It covers Markov
chains in discrete and continuous time, Poisson processes, renewal processes,
martingales, and option pricing. One can only learn a subject by seeing it in
action, so there are a large number of examples and more than 300 carefully
chosen exercises to deepen the reader’s understanding. Drawing from teaching
experience and student feedback, there are many new examples and problems
with solutions that use TI-83 to eliminate the tedious details of solving linear
equations by hand, and the collection of exercises is much improved, with many
more biological examples. Originally included in previous editions, material too
advanced for this first course in stochastic processes has been eliminated while
treatment of other topics useful for applications has been expanded. In addition,
the ordering of topics has been improved; for example, the difficult subject of
martingales is delayed until its usefulness can be applied in the treatment of
mathematical finance.
Stability conditions for functional differential equations can be obtained using
Lyapunov functionals. Lyapunov Functionals and Stability of Stochastic
Functional Differential Equations describes the general method of construction of
Lyapunov functionals to investigate the stability of differential equations with
delays. This work continues and complements the author’s previous book
Lyapunov Functionals and Stability of Stochastic Difference Equations, where
this method is described for difference equations with discrete and continuous
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time. The text begins with both a description and a delineation of the peculiarities
of deterministic and stochastic functional differential equations. There follows
basic definitions for stability theory of stochastic hereditary systems, and the
formal procedure of Lyapunov functionals construction is presented. Stability
investigation is conducted for stochastic linear and nonlinear differential
equations with constant and distributed delays. The proposed method is used for
stability investigation of different mathematical models such as: • inverted
controlled pendulum; • Nicholson's blowflies equation; • predator-prey
relationships; • epidemic development; and • mathematical models that describe
human behaviours related to addictions and obesity. Lyapunov Functionals and
Stability of Stochastic Functional Differential Equations is primarily addressed to
experts in stability theory but will also be of interest to professionals and students
in pure and computational mathematics, physics, engineering, medicine, and
biology.
A concise, systematic treatment of probabilistic calculations of the sort used in
electronic communication, radar, and automatic control. Appropriate as a text in
stochastic processes, statistical communication methods, or automatic control.
First section discusses random variables. Second section deals with random
processes, and response of linear systems to random processes. Each
theoretical topic is followed by a description of the associated computational
procedures. Chapters contain problems, with solutions.
Remarkable puzzlers, graded in difficulty, illustrate elementary and advanced
aspects of probability. These problems were selected for originality, general
interest, or because they demonstrate valuable techniques. Also includes
detailed solutions.
Many probability books are written by mathematicians and have the built in bias
that the reader is assumed to be a mathematician coming to the material for its
beauty. This textbook is geared towards beginning graduate students from a
variety of disciplines whose primary focus is not necessarily mathematics for its
own sake. Instead, A Probability Path is designed for those requiring a deep
understanding of advanced probability for their research in statistics, applied
probability, biology, operations research, mathematical finance, and engineering.
The practice of modeling is best learned by those armed with fundamental
methodologies and exposed to a wide variety of modeling experience. Ideally,
this experience could be obtained by working on actual modeling problems. But
time constraints often make this difficult. Applied Mathematical Modeling provides
a collection of models illustrating the power and richness of the mathematical
sciences in supplying insight into the operation of important real-world systems. It
fills a gap within modeling texts, focusing on applications across a broad range of
disciplines. The first part of the book discusses the general components of the
modeling process and highlights the potential of modeling in practice. These
chapters discuss the general components of the modeling process, and the
evolutionary nature of successful model building. The second part provides a rich
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compendium of case studies, each one complete with examples, exercises, and
projects. In keeping with the multidimensional nature of the models presented,
the chapters in the second part are listed in alphabetical order by the
contributor's last name. Unlike most mathematical books, in which you must
master the concepts of early chapters to prepare for subsequent material, you
may start with any chapter. Begin with cryptology, if that catches your fancy, or
go directly to bursty traffic if that is your cup of tea. Applied Mathematical
Modeling serves as a handbook of in-depth case studies that span the
mathematical sciences, building upon a modest mathematical background.
Readers in other applied disciplines will benefit from seeing how selected
mathematical modeling philosophies and techniques can be brought to bear on
problems in their disciplines. The models address actual situations studied in
chemistry, physics, demography, economics, civil engineering, environmental
engineering, industrial engineering, telecommunications, and other areas.
This is a complete update of the first edition of Level Crossing Methods in
Stochastic Models, which was published in 2008. Level crossing methods are a
set of sample-path based mathematical tools used in applied probability to
establish reliable probability distributions. Since the basis for solving any applied
probability problem requires a reliable probability distribution, Level Crossing
Methods in Stochastic Models, Second Edition is a useful tool for all researchers
working on stochastic application problems, including inventory control, queueing
theory, reliability theory, actuarial ruin theory, renewal theory, pharmacokinetics,
and related Markov processes. The second edition includes a new section with a
novel derivation of the Beneš series for M/G/1 queues. It provides new results on
the service time for three M/G/I queueing models with bounded workload. It
analyzes new applications of queues where zero-wait customers get exceptional
service, including several examples on M/G/1 queues, and a new section on
G/M/1 queues. Additionally, there are two other important new sections: on the
level-crossing derivation of the finite time-t probability distributions of excess,
age, and total life, in renewal theory; and on a level-crossing analysis of a risk
model in Insurance. The original Chapter 10 has been split into two chapters: the
new chapter 10 is on renewal theory, and the first section of the new Chapter 11
is on a risk model. More explicit use is made of the renewal reward theorem
throughout, and many technical and editorial changes have been made to
facilitate readability. Percy H. Brill, Ph.D., is a Professor emeritus at the
University of Windsor, Canada. Dr. Brill is the creator of the level crossing
method for analyzing stochastic models. He has published extensively in
stochastic processes, queueing theory and related models, especially using level
crossing methods.
The major sources of uncertainties in engineering problems are the input actions
and the system characteristics. Environmental loads such as earthquakes, ocean
waves and wind are examples of input actions. The distribution of these actions
are non-Gaussian, as various statistical analysis of observed phenomena shows.
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This definitive textbook provides a solid introduction to discrete and continuous
stochastic processes, tackling a complex field in a way that instils a deep
understanding of the relevant mathematical principles, and develops an intuitive
grasp of the way these principles can be applied to modelling real-world systems.
It includes a careful review of elementary probability and detailed coverage of
Poisson, Gaussian and Markov processes with richly varied queuing applications.
The theory and applications of inference, hypothesis testing, estimation, random
walks, large deviations, martingales and investments are developed. Written by
one of the world's leading information theorists, evolving over twenty years of
graduate classroom teaching and enriched by over 300 exercises, this is an
exceptional resource for anyone looking to develop their understanding of
stochastic processes.
In the second part of the dissertation, we conduct polymeric isotropic DNS using
the FENE-P model. In this dissertation, we study the effects of the polymer
concentration and the Weissenberg number. We show that polymers can alter
the turbulent energy cascade and attenuate the small scale motions. This effect
increases with both the concentration and the Weissenberg number.
Optimization and Operations Research is a component of Encyclopedia of
Mathematical Sciences in the global Encyclopedia of Life Support Systems
(EOLSS), which is an integrated compendium of twenty one Encyclopedias. The
Theme on Optimization and Operations Research is organized into six different
topics which represent the main scientific areas of the theme: 1. Fundamentals of
Operations Research; 2. Advanced Deterministic Operations Research; 3.
Optimization in Infinite Dimensions; 4. Game Theory; 5. Stochastic Operations
Research; 6. Decision Analysis, which are then expanded into multiple subtopics,
each as a chapter. These four volumes are aimed at the following five major
target audiences: University and College students Educators, Professional
Practitioners, Research Personnel and Policy Analysts, Managers, and Decision
Makers and NGOs.
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
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Queueing is a practical reference that allows the reader quick access to the latest
methods.
This text introduces engineering students to probability theory and stochastic
processes. Along with thorough mathematical development of the subject, the book
presents intuitive explanations of key points in order to give students the insights they
need to apply math to practical engineering problems. The first seven chapters contain
the core material that is essential to any introductory course. In one-semester
undergraduate courses, instructors can select material from the remaining chapters to
meet their individual goals. Graduate courses can cover all chapters in one semester.
Emphasizing fundamental mathematical ideas rather than proofs, Introduction to
Stochastic Processes, Second Edition provides quick access to important foundations
of probability theory applicable to problems in many fields. Assuming that you have a
reasonable level of computer literacy, the ability to write simple programs, and the
access to software for linear algebra computations, the author approaches the
problems and theorems with a focus on stochastic processes evolving with time, rather
than a particular emphasis on measure theory. For those lacking in exposure to linear
differential and difference equations, the author begins with a brief introduction to these
concepts. He proceeds to discuss Markov chains, optimal stopping, martingales, and
Brownian motion. The book concludes with a chapter on stochastic integration. The
author supplies many basic, general examples and provides exercises at the end of
each chapter. New to the Second Edition: Expanded chapter on stochastic integration
that introduces modern mathematical finance Introduction of Girsanov transformation
and the Feynman-Kac formula Expanded discussion of Itô's formula and the BlackScholes formula for pricing options New topics such as Doob's maximal inequality and
a discussion on self similarity in the chapter on Brownian motion Applicable to the fields
of mathematics, statistics, and engineering as well as computer science, economics,
business, biological science, psychology, and engineering, this concise introduction is
an excellent resource both for students and professionals.
Stochastic processes are necessary ingredients for building models of a wide variety of
phenomena exhibiting time varying randomness. This text offers easy access to this
fundamental topic for many students of applied sciences at many levels. It includes
examples, exercises, applications, and computational procedures. It is uniquely useful
for beginners and non-beginners in the field. No knowledge of measure theory is
presumed.
Hereditary systems (or systems with either delay or after-effects) are widely used to
model processes in physics, mechanics, control, economics and biology. An important
element in their study is their stability. Stability conditions for difference equations with
delay can be obtained using a Lyapunov functional. Lyapunov Functionals and Stability
of Stochastic Difference Equations describes a general method of Lyapunov functional
construction to investigate the stability of discrete- and continuous-time stochastic
Volterra difference equations. The method allows the investigation of the degree to
which the stability properties of differential equations are preserved in their difference
analogues. The text is self-contained, beginning with basic definitions and the
mathematical fundamentals of Lyapunov functional construction and moving on from
particular to general stability results for stochastic difference equations with constant
coefficients. Results are then discussed for stochastic difference equations of linear,
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nonlinear, delayed, discrete and continuous types. Examples are drawn from a variety
of physical systems including inverted pendulum control, study of epidemic
development, Nicholson’s blowflies equation and predator–prey relationships.
Lyapunov Functionals and Stability of Stochastic Difference Equations is primarily
addressed to experts in stability theory but will also be of use in the work of pure and
computational mathematicians and researchers using the ideas of optimal control to
study economic, mechanical and biological systems.
WINNER of a Riskbook.com Best of 2004 Book Award! During the last decade,
financial models based on jump processes have acquired increasing popularity in risk
management and option pricing. Much has been published on the subject, but the
technical nature of most papers makes them difficult for nonspecialists to understand,
and the mathematical tools required for applications can be intimidating. Potential users
often get the impression that jump and Lévy processes are beyond their reach.
Financial Modelling with Jump Processes shows that this is not so. It provides a selfcontained overview of the theoretical, numerical, and empirical aspects involved in
using jump processes in financial modelling, and it does so in terms within the grasp of
nonspecialists. The introduction of new mathematical tools is motivated by their use in
the modelling process, and precise mathematical statements of results are
accompanied by intuitive explanations. Topics covered in this book include: jumpdiffusion models, Lévy processes, stochastic calculus for jump processes, pricing and
hedging in incomplete markets, implied volatility smiles, time-inhomogeneous jump
processes and stochastic volatility models with jumps. The authors illustrate the
mathematical concepts with many numerical and empirical examples and provide the
details of numerical implementation of pricing and calibration algorithms. This book
demonstrates that the concepts and tools necessary for understanding and
implementing models with jumps can be more intuitive that those involved in the Black
Scholes and diffusion models. If you have even a basic familiarity with quantitative
methods in finance, Financial Modelling with Jump Processes will give you a valuable
new set of tools for modelling market fluctuations.
Applied Stochastic Processes presents a concise, graduate-level treatment of the
subject, emphasizing applications and practical computation. It also establishes the
complete mathematical theory in an accessible way. After reviewing basic probability,
the text covers Poisson processes, renewal processes, discrete- and continuous-time
Markov chains, and Brownian motion. It also offers an introduction to stochastic
differential equations. While the main applications described are queues, the book also
considers other examples, such as the mathematical model of a single stock market.
With exercises in most sections, this book provides a clear, practical introduction for
beginning graduate students. The material is presented in a straightforward manner
using short, motivating examples. In addition, the author develops the mathematical
theory with a strong emphasis on probability intuition.
Fractional calculus is a rapidly growing field of research, at the interface between
probability, differential equations, and mathematical physics. It is used to model
anomalous diffusion, in which a cloud of particles spreads in a different manner than
traditional diffusion. This monograph develops the basic theory of fractional calculus
and anomalous diffusion, from the point of view of probability. In this book, we will see
how fractional calculus and anomalous diffusion can be understood at a deep and
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intuitive level, using ideas from probability. It covers basic limit theorems for random
variables and random vectors with heavy tails. This includes regular variation, triangular
arrays, infinitely divisible laws, random walks, and stochastic process convergence in
the Skorokhod topology. The basic ideas of fractional calculus and anomalous diffusion
are closely connected with heavy tail limit theorems. Heavy tails are applied in finance,
insurance, physics, geophysics, cell biology, ecology, medicine, and computer
engineering. The goal of this book is to prepare graduate students in probability for
research in the area of fractional calculus, anomalous diffusion, and heavy tails. Many
interesting problems in this area remain open. This book will guide the motivated reader
to understand the essential background needed to read and unerstand current research
papers, and to gain the insights and techniques needed to begin making their own
contributions to this rapidly growing field.
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