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Principles and methods of mathematical modeling with a focus on applications in the natural sciences.
This book is a collection of lecture notes for the LIASFMA Shanghai Summer School on 'One-dimensional Hyperbolic
Conservation Laws and Their Applications' which was held during August 16 to August 27, 2015 at Shanghai Jiao Tong
University, Shanghai, China. This summer school is one of the activities promoted by Sino-French International Associate
Laboratory in Applied Mathematics (LIASFMA in short). LIASFMA was established jointly by eight institutions in China
and France in 2014, which is aimed at providing a platform for some of the leading French and Chinese mathematicians
to conduct in-depth researches, extensive exchanges, and student training in the field of applied mathematics. This
summer school has the privilege of being the first summer school of the newly established LIASFMA, which makes it
significant.
This book provides a unified view of tomographic techniques and an in-depth treatment of reconstruction algorithms.
Easy-to-read classic, covering Wolfe's method and the Kuhn-Tucker theory.
In the present book the reader will find a review of methods for constructing a certain class of asymptotic solutions, which
we call self-stabilizing solutions. This class includes solitons, kinks, traveling waves, etc. It can be said that either the
solutions from this class or their derivatives are localized in the neighborhood of a certain curve or surface. For the
present edition, the book published in Moscow by the Nauka publishing house in 1987, was almost completely revised,
essentially up-dated, and shows our present understanding of the problems considered. The new results, obtained by the
authors after the Russian edition was published, are referred to in footnotes. As before, the book can be divided into two
parts: the methods for constructing asymptotic solutions ( Chapters I-V) and the application of these methods to some
concrete problems (Chapters VI-VII). In Appendix a method for justification some asymptotic solutions is discussed
briefly. The final formulas for the asymptotic solutions are given in the form of theorems. These theorems are unusual in
form, since they present the results of calculations. The authors hope that the book will be useful to specialists both in
differential equations and in the mathematical modeling of physical and chemical processes. The authors express their
gratitude to Professor M. Hazewinkel for his attention to this work and his support.
This book provides a readable and informative introduction to the development and application of mathematical models in
science and engineering. The first half of the book begins with a clearly defined set of modeling principles, and then
introduces a set of foundational tools (dimensional analysis, scaling techniques, and approximation and validation
techniques). The second half then applies these foundational tools to a broad variety of subjects, including exponenttial
growth and decay in fields ranging from biology to economics, traffic flow, free and forced vibration of mechanical and
other systems, and optimization problems in biology, structures, and social decision making. An extensive collection of
more than 360 problems offer ample opportunity in both a formal course and for the individual reader. (Midwest).
High resolution upwind and centered methods are today a mature generation of computational techniques applicable to a
wide range of engineering and scientific disciplines, Computational Fluid Dynamics (CFD) being the most prominent up to
now. This textbook gives a comprehensive, coherent and practical presentation of this class of techniques. The book is
designed to provide readers with an understanding of the basic concepts, some of the underlying theory, the ability to
critically use the current research papers on the subject, and, above all, with the required information for the practical
implementation of the methods. Applications include: compressible, steady, unsteady, reactive, viscous, non-viscous and
free surface flows.
Many physical problems are most naturally described by systems of differential and algebraic equations. This book
describes some of the places where differential-algebraic equations (DAE's) occur. The basic mathematical theory for
these equations is developed and numerical methods are presented and analyzed. Examples drawn from a variety of
applications are used to motivate and illustrate the concepts and techniques. This classic edition, originally published in
1989, is the only general DAE book available. It not only develops guidelines for choosing different numerical methods, it
is the first book to discuss DAE codes, including the popular DASSL code. An extensive discussion of backward
differentiation formulas details why they have emerged as the most popular and best understood class of linear multistep
methods for general DAE's. New to this edition is a chapter that brings the discussion of DAE software up to date. The
objective of this monograph is to advance and consolidate the existing research results for the numerical solution of
DAE's. The authors present results on the analysis of numerical methods, and also show how these results are relevant
for the solution of problems from applications. They develop guidelines for problem formulation and effective use of the
available mathematical software and provide extensive references for further study.
This is the eBook of the printed book and may not include any media, website access codes, or print supplements that
may come packaged with the bound book. This book emphasizes the physical interpretation of mathematical solutions
and introduces applied mathematics while presenting differential equations. Coverage includes Fourier series, orthogonal
functions, boundary value problems, Green’s functions, and transform methods. This text is ideal for readers interested
in science, engineering, and applied mathematics.
For more than 30 years, this two-volume set has helped prepare graduate students to use partial differential equations
and integral equations to handle significant problems arising in applied mathematics, engineering, and the physical
sciences. Originally published in 1967, this graduate-level introduction is devoted to the mathematics needed for the
modern approach to boundary value problems using Green's functions and using eigenvalue expansions. Now a part of
SIAM's Classics series, these volumes contain a large number of concrete, interesting examples of boundary value
problems for partial differential equations that cover a variety of applications that are still relevant today. For example,
there is substantial treatment of the Helmholtz equation and scattering theory?subjects that play a central role in
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contemporary inverse problems in acoustics and electromagnetic theory.
This is the second edition of a well-received book providing the fundamentals of the theory hyperbolic conservation laws.
Several chapters have been rewritten, new material has been added, in particular, a chapter on space dependent flux
functions and the detailed solution of the Riemann problem for the Euler equations. Hyperbolic conservation laws are
central in the theory of nonlinear partial differential equations and in science and technology. The reader is given a selfcontained presentation using front tracking, which is also a numerical method. The multidimensional scalar case and the
case of systems on the line are treated in detail. A chapter on finite differences is included. From the reviews of the first
edition: "It is already one of the few best digests on this topic. The present book is an excellent compromise between
theory and practice. Students will appreciate the lively and accurate style." D. Serre, MathSciNet "I have read the book
with great pleasure, and I can recommend it to experts as well as students. It can also be used for reliable and very
exciting basis for a one-semester graduate course." S. Noelle, Book review, German Math. Soc. "Making it an ideal first
book for the theory of nonlinear partial differential equations...an excellent reference for a graduate course on nonlinear
conservation laws." M. Laforest, Comp. Phys. Comm.
a thorough, balanced introduction to both the theoretical and the computational aspects of the topic.
Mathematical Models in Biology is an introductory book for readers interested in biological applications of mathematics
and modeling in biology. A favorite in the mathematical biology community, it shows how relatively simple mathematics
can be applied to a variety of models to draw interesting conclusions. Connections are made between diverse biological
examples linked by common mathematical themes. A variety of discrete and continuous ordinary and partial differential
equation models are explored. Although great advances have taken place in many of the topics covered, the simple
lessons contained in this book are still important and informative. Audience: the book does not assume too much
background knowledge--essentially some calculus and high-school algebra. It was originally written with third- and fourthyear undergraduate mathematical-biology majors in mind; however, it was picked up by beginning graduate students as
well as researchers in math (and some in biology) who wanted to learn about this field.
A classic account of mathematical programming and control techniques and their applications to static and dynamic
problems in economics.
This book develops a methodology for designing feedback control laws for dynamic traffic assignment (DTA) exploiting
the introduction of new sensing and information-dissemination technologies to facilitate the introduction of real-time traffic
management in intelligent transportation systems. Three methods of modeling the traffic system are discussed: partial
differential equations representing a distributed-parameter setting; continuous-time ordinary differential equations (ODEs)
representing a continuous-time lumped-parameter setting; and discreet-time ODEs representing a discrete-time lumpedparameter setting. Feedback control formulations for reaching road-user-equilibrium are presented for each setting and
advantages and disadvantage of using each are addressed. The closed-loop methods described are proposed expressly
to avoid the counter-productive shifting of bottlenecks from one route to another because of driver over-reaction to
routing information. The second edition of Feedback Control Theory for Dynamic Traffic Assignment has been thoroughly
updated with completely new chapters: a review of the DTA problem and emphasizing real-time-feedback-based
problems; an up-to-date presentation of pertinent traffic-flow theory; and a treatment of the mathematical solution to the
traffic dynamics. Techinques accounting for the importance of entropy are further new inclusions at various points in the
text. Researchers working in traffic control will find the theoretical material presented a sound basis for further research;
the continual reference to applications will help professionals working in highway administration and engineering with the
increasingly important task of maintaining and smoothing traffic flow; the extensive use of end-of-chapter exercises will
help the graduate student and those new to the field to extend their knowledge.
Topics in Mathematical Modeling is an introductory textbook on mathematical modeling. The book teaches how simple
mathematics can help formulate and solve real problems of current research interest in a wide range of fields, including
biology, ecology, computer science, geophysics, engineering, and the social sciences. Yet the prerequisites are minimal:
calculus and elementary differential equations. Among the many topics addressed are HIV; plant phyllotaxis; global
warming; the World Wide Web; plant and animal vascular networks; social networks; chaos and fractals; marriage and
divorce; and El Niño. Traditional modeling topics such as predator-prey interaction, harvesting, and wars of attrition are
also included. Most chapters begin with the history of a problem, follow with a demonstration of how it can be modeled
using various mathematical tools, and close with a discussion of its remaining unsolved aspects. Designed for a onesemester course, the book progresses from problems that can be solved with relatively simple mathematics to ones that
require more sophisticated methods. The math techniques are taught as needed to solve the problem being addressed,
and each chapter is designed to be largely independent to give teachers flexibility. The book, which can be used as an
overview and introduction to applied mathematics, is particularly suitable for sophomore, junior, and senior students in
math, science, and engineering.
In the intervening years since this book was published in 1981, the field of optimization has been exceptionally lively. This
fertility has involved not only progress in theory, but also faster numerical algorithms and extensions into unexpected or
previously unknown areas such as semidefinite programming. Despite these changes, many of the important principles
and much of the intuition can be found in this Classics version of Practical Optimization. This book provides model
algorithms and pseudocode, useful tools for users who prefer to write their own code as well as for those who want to
understand externally provided code. It presents algorithms in a step-by-step format, revealing the overall structure of the
underlying procedures and thereby allowing a high-level perspective on the fundamental differences. And it contains a
wealth of techniques and strategies that are well suited for optimization in the twenty-first century, and particularly in the
now-flourishing fields of data science, “big data,” and machine learning. Practical Optimization is appropriate for
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advanced undergraduates, graduate students, and researchers interested in methods for solving optimization problems.
This book is the most comprehensive, up-to-date account of the popular numerical methods for solving boundary value
problems in ordinary differential equations. It aims at a thorough understanding of the field by giving an in-depth analysis
of the numerical methods by using decoupling principles. Numerous exercises and real-world examples are used
throughout to demonstrate the methods and the theory. Although first published in 1988, this republication remains the
most comprehensive theoretical coverage of the subject matter, not available elsewhere in one volume. Many problems,
arising in a wide variety of application areas, give rise to mathematical models which form boundary value problems for
ordinary differential equations. These problems rarely have a closed form solution, and computer simulation is typically
used to obtain their approximate solution. This book discusses methods to carry out such computer simulations in a
robust, efficient, and reliable manner.
This book presents mathematical modelling and the integrated process of formulating sets of equations to describe real-world problems. It
describes methods for obtaining solutions of challenging differential equations stemming from problems in areas such as chemical reactions,
population dynamics, mechanical systems, and fluid mechanics. Chapters 1 to 4 cover essential topics in ordinary differential equations,
transport equations and the calculus of variations that are important for formulating models. Chapters 5 to 11 then develop more advanced
techniques including similarity solutions, matched asymptotic expansions, multiple scale analysis, long-wave models, and fast/slow dynamical
systems. Methods of Mathematical Modelling will be useful for advanced undergraduate or beginning graduate students in applied
mathematics, engineering and other applied sciences.
This title is part of the Pearson Modern Classics series. Pearson Modern Classics are acclaimed titles at a value price. Please visit
www.pearsonhighered.com/math-classics-series for a complete list of titles. Applied Partial Differential Equations with Fourier Series and
Boundary Value Problems emphasizes the physical interpretation of mathematical solutions and introduces applied mathematics while
presenting differential equations. Coverage includes Fourier series, orthogonal functions, boundary value problems, Green's functions, and
transform methods. This text is ideal for readers interested in science, engineering, and applied mathematics.
According to Parlett, "Vibrations are everywhere, and so too are the eigenvalues associated with them. As mathematical models invade more
and more disciplines, we can anticipate a demand for eigenvalue calculations in an ever richer variety of contexts." Anyone who performs
these calculations will welcome the reprinting of Parlett's book (originally published in 1980). In this unabridged, amended version, Parlett
covers aspects of the problem that are not easily found elsewhere. The chapter titles convey the scope of the material succinctly. The aim of
the book is to present mathematical knowledge that is needed in order to understand the art of computing eigenvalues of real symmetric
matrices, either all of them or only a few. The author explains why the selected information really matters and he is not shy about making
judgments. The commentary is lively but the proofs are terse. The first nine chapters are based on a matrix on which it is possible to make
similarity transformations explicitly. The only source of error is inexact arithmetic. The last five chapters turn to large sparse matrices and the
task of making approximations and judging them.
This book constitutes the refereed proceedings of the Third International Conference on Internet of Vehicles, IOV 2016, held in Nadi, Fiji, in
December 2016. The 22 full papers presented were carefully reviewed and selected from 55 submissions. IOV 2016 is intended to play an
important role for researchers and industry practitioners to exchange information regarding advancements in the state of art and practice of
IOV architectures, protocols, services, and applications, as well as to identify emerging research topics and define the future directions of
IOV.
Iterative Solution of Nonlinear Equations in Several Variables provides a survey of the theoretical results on systems of nonlinear equations in
finite dimension and the major iterative methods for their computational solution. Originally published in 1970, it offers a research-level
presentation of the principal results known at that time.
This monograph presents a survey of mathematical models useful in solving reliability problems. It includes a detailed discussion of life
distributions corresponding to wearout and their use in determining maintenance policies, and covers important topics such as the theory of
increasing (decreasing) failure rate distributions, optimum maintenance policies, and the theory of coherent systems. The emphasis
throughout the book is on making minimal assumptions - and only those based on plausible physical considerations - so that the resulting
mathematical deductions may be safely made about a large variety of commonly occurring reliability situations. The first part of the book is
concerned with component reliability, while the second part covers system reliability, including problems that are as important today as they
were in the 1960s. The enduring relevance of the subject of reliability and the continuing demand for a graduate-level book on this topic are
the driving forces behind its re-publication.
This book addresses dynamics with inequalities comprehensively. The author develops the theory and application of dynamical systems that
incorporate some kind of hard inequality constraint, such as mechanical systems with impact; electrical circuits with diodes (as diodes permit
current flow in only one direction); and social and economic systems that involve natural or imposed limits (such as traffic flow, which can
never be negative, or inventory, which must be stored within a given facility). This book demonstrates that hard limits - eschewed in most
dynamical models - are natural models for many dynamic phenomena, and there are ways of creating differential equations with hard
constraints that provide accurate models of many physical, biological, and economic systems. The author discusses how finite- and infinitedimensional problems are treated in a unified way so the theory is applicable to both ordinary differential equations and partial differential
equations.
Lucid and concise, this volume covers all the key aspects of matrix analysis and presents a variety of fundamental methods.
The calculus of variations is a beautiful subject with a rich history and with origins in the minimization problems of calculus. Although it is now
at the core of many modern mathematical fields, it does not have a well-defined place in most undergraduate mathematics curricula. This
volume should nevertheless give the undergraduate reader a sense of its great character and importance. Interesting functionals, such as
area or energy, often give rise to problems for which the most natural solution occurs by differentiating a one-parameter family of variations of
some function.The critical points of the functional are related to the solutions of the associated Euler-Lagrange equation. These differential
equations are at the heart of the calculus of variations and its applications to other subjects. Some of the topics addressed in this book are
Morse theory, wave mechanics, minimal surfaces, soap bubbles, and modeling traffic flow. All are readily accessible to advanced
undergraduates. This book is derived from a workshop sponsored by Rice University. It is suitable for advanced undergraduates, graduate
students and research mathematicians interested in the calculus of variations and its applications to other subjects.
"Engaging, elegantly written." — Applied Mathematical Modelling. A distinguished theoretical chemist and engineer discusses the types of
models — finite, statistical, stochastic, and more — as well as how to formulate and manipulate them for best results. Filled with numerous
examples, the book includes three appendices offering further examples treated in more detail.
Mathematical models are the decisive tool to explain and predict phenomena in the natural and engineering sciences. With this book readers
will learn to derive mathematical models which help to understand real world phenomena. At the same time a wealth of important examples
for the abstract concepts treated in the curriculum of mathematics degrees are given. An essential feature of this book is that mathematical
structures are used as an ordering principle and not the fields of application. Methods from linear algebra, analysis and the theory of ordinary
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and partial differential equations are thoroughly introduced and applied in the modeling process. Examples of applications in the fields
electrical networks, chemical reaction dynamics, population dynamics, fluid dynamics, elasticity theory and crystal growth are treated
comprehensively.
Addresses the construction, analysis, and intepretation of mathematical models that shed light on significant problems in the physical
sciences. The authors' case studies approach leads to excitement in teaching realistic problems. The many problems and exercises
reinforce, test and extend the reader's understanding. This reprint volume may be used as an upper level undergraduate or graduate
textbook as well as a reference for researchers working on fluid mechanics, elasticity, perturbation methods, dimensional analysis, numerical
analysis, continuum mechanics and differential equations.
Mathematical ModelsMechanical Vibrations, Population Dynamics, and Traffic FlowSIAM
Unabridged republication is a resource for topics in elliptic equations and systems and free boundary problems.
The author uses mathematical techniques to give an in-depth look at models for mechanical vibrations, population dynamics, and traffic flow.
A great deal can be learned through modeling and mathematical analysis about real-life phenomena, even before numerical simulations are
used to accurately portray the specific configuration of a situation. Scientific computing also becomes more effective and efficient if it is
preceded by some preliminary analysis. These important advantages of mathematical modeling are demonstrated by models of historical
importance in an easily understandable way. The organization of Mathematical Models and Their Analysis groups models by the issues that
need to be addressed about the phenomena. The new approach shows how mathematics effective for one modeled phenomenon can be
used to analyze another unrelated problem. For instance, the mathematics of differential equations useful in understanding the classical
physics of planetary models, fluid motion, and heat conduction is also applicable to the seemingly unrelated phenomena of traffic flow and
congestion, offshore sovereignty, and regulation of overfishing and deforestation. The formulation and in-depth analysis of these and other
models on modern social issues, such as the management of exhaustible and renewable resources in response to consumption demands
and economic growth, are of increasing concern to students and researchers of our time. The modeling of current social issues typically starts
with a simple but meaningful model that may not capture all the important elements of the phenomenon. Predictions extracted from such a
model may be informative but not compatible with all known observations; so the model may require improvements. The cycle of model
formulation, analysis, interpretation, and assessment is made explicit for the modeler to repeat until a model is validated by consistency with
all known facts.
The book explains the finite element method with various engineering applications to help students, teachers, engineers and researchers. It
explains mathematical modeling of engineering problems and approximate methods of analysis and different approaches.
The revised and enlarged third edition of this successful book presents a comprehensive and systematic treatment of linear and nonlinear
partial differential equations and their varied and updated applications. In an effort to make the book more useful for a diverse readership,
updated modern examples of applications are chosen from areas of fluid dynamics, gas dynamics, plasma physics, nonlinear dynamics,
quantum mechanics, nonlinear optics, acoustics, and wave propagation. Nonlinear Partial Differential Equations for Scientists and Engineers,
Third Edition, improves on an already highly complete and accessible resource for graduate students and professionals in mathematics,
physics, science, and engineering. It may be used to great effect as a course textbook, research reference, or self-study guide.
An introduction to the mathematical concepts and techniques needed for the construction and analysis of models in molecular systems
biology. Systems techniques are integral to current research in molecular cell biology, and system-level investigations are often accompanied
by mathematical models. These models serve as working hypotheses: they help us to understand and predict the behavior of complex
systems. This book offers an introduction to mathematical concepts and techniques needed for the construction and interpretation of models
in molecular systems biology. It is accessible to upper-level undergraduate or graduate students in life science or engineering who have
some familiarity with calculus, and will be a useful reference for researchers at all levels. The first four chapters cover the basics of
mathematical modeling in molecular systems biology. The last four chapters address specific biological domains, treating modeling of
metabolic networks, of signal transduction pathways, of gene regulatory networks, and of electrophysiology and neuronal action potentials.
Chapters 3–8 end with optional sections that address more specialized modeling topics. Exercises, solvable with pen-and-paper calculations,
appear throughout the text to encourage interaction with the mathematical techniques. More involved end-of-chapter problem sets require
computational software. Appendixes provide a review of basic concepts of molecular biology, additional mathematical background material,
and tutorials for two computational software packages (XPPAUT and MATLAB) that can be used for model simulation and analysis.
Filled with practical examples, Quasilinear Hyperbolic Systems, Compressible Flows, and Waves presents a self-contained discussion of
quasilinear hyperbolic equations and systems with applications. It emphasizes nonlinear theory and introduces some of the most active
research in the field. After linking continuum mechanics and quasilinear partial differential equations, the book discusses the scalar
conservation laws and hyperbolic systems in two independent variables. Using the method of characteristics and singular surface theory, the
author then presents the evolutionary behavior of weak and mild discontinuities in a quasilinear hyperbolic system. He also explains how to
apply weakly nonlinear geometrical optics in nonequilibrium and stratified gas flows and demonstrates the power, generality, and elegance of
group theoretic methods for solving Euler equations of gasdynamics involving shocks. The final chapter deals with the kinematics of a shock
of arbitrary strength in three dimensions. With a focus on physical applications, this text takes readers on a journey through this fascinating
area of applied mathematics. It provides the essential mathematical concepts and techniques to understand the phenomena from a
theoretical standpoint and to solve a variety of physical problems.
Discovering Evolution Equations with Applications: Volume 1-Deterministic Equations provides an engaging, accessible account of core
theoretical results of evolution equations in a way that gradually builds intuition and culminates in exploring active research. It gives
nonspecialists, even those with minimal prior exposure to analysis, the foundation to understand what evolution equations are and how to
work with them in various areas of practice. After presenting the essentials of analysis, the book discusses homogenous finite-dimensional
ordinary differential equations. Subsequent chapters then focus on linear homogenous abstract, nonhomogenous linear, semi-linear,
functional, Sobolev-type, neutral, delay, and nonlinear evolution equations. The final two chapters explore research topics, including nonlocal
evolution equations. For each class of equations, the author develops a core of theoretical results concerning the existence and uniqueness
of solutions under various growth and compactness assumptions, continuous dependence upon initial data and parameters, convergence
results regarding the initial data, and elementary stability results. By taking an applications-oriented approach, this self-contained,
conversational-style book motivates readers to fully grasp the mathematical details of studying evolution equations. It prepares newcomers to
successfully navigate further research in the field.
This classic work gives an excellent overview of the subject, with an emphasis on clarity, explanation, and motivation. Extensive exercises
and a valuable section containing hints and answers make this an excellent text for both classroom use and independent study.
Mathematics of Computing -- Numerical Analysis.
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