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This is a short and self-contained introduction to the field of mathematical modeling of
gene-networks in bacteria. As an entry point to the field, we focus on the analysis of
simple gene-network dynamics. The notes commence with an introduction to the
deterministic modeling of gene-networks, with extensive reference to applicable results
coming from dynamical systems theory. The second part of the notes treats extensively
several approaches to the study of gene-network dynamics in the presence of
noise—either arising from low numbers of molecules involved, or due to noise external to
the regulatory process. The third and final part of the notes gives a detailed treatment of
three well studied and concrete examples of gene-network dynamics by considering the
lactose operon, the tryptophan operon, and the lysis-lysogeny switch. The notes
contain an index for easy location of particular topics as well as an extensive
bibliography of the current literature. The target audience of these notes are mainly
graduates students and young researchers with a solid mathematical background
(calculus, ordinary differential equations, and probability theory at a minimum), as well
as with basic notions of biochemistry, cell biology, and molecular biology. They are
meant to serve as a readable and brief entry point into a field that is currently highly
active, and will allow the reader to grasp the current state of research and so prepare
them for defining and tackling new research problems.
?Waves in Neural Media: From Single Neurons to Neural Fields surveys mathematical
models of traveling waves in the brain, ranging from intracellular waves in single
neurons to waves of activity in large-scale brain networks. The work provides a
pedagogical account of analytical methods for finding traveling wave solutions of the
variety of nonlinear differential equations that arise in such models. These include
regular and singular perturbation methods, weakly nonlinear analysis, Evans functions
and wave stability, homogenization theory and averaging, and stochastic processes.
Also covered in the text are exact methods of solution where applicable. Historically
speaking, the propagation of action potentials has inspired new mathematics,
particularly with regard to the PDE theory of waves in excitable media. More recently,
continuum neural field models of large-scale brain networks have generated a new set
of interesting mathematical questions with regard to the solution of nonlocal integrodifferential equations. Advanced graduates, postdoctoral researchers and faculty
working in mathematical biology, theoretical neuroscience, or applied nonlinear
dynamics will find this book to be a valuable resource. The main prerequisites are an
introductory graduate course on ordinary differential equations or partial differential
equations, making this an accessible and unique contribution to the field of
mathematical biology.
This volume is an interdisciplinary book which introduces, in a very readable way, stateof-the-art research in the fundamental topics of mathematical modelling of Biosystems.
In short, the book offers an overview of mathematical and computational modelling of
biosystems including biological phenomena in general. There is also a special
introduction to Protein Physics which aims to explain the all-or-none first order phase
transitions from native to denatured states.
Mathematical Models in Biology is an introductory book for readers interested in
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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 fourth-year
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.
This book analyzes the impact of quiescent phases on biological models. Quiescence
arises, for example, when moving individuals stop moving, hunting predators take a
rest, infected individuals are isolated, or cells enter the quiescent compartment of the
cell cycle. In the first chapter of Topics in Mathematical Biology general principles about
coupled and quiescent systems are derived, including results on shrinking periodic
orbits and stabilization of oscillations via quiescence. In subsequent chapters classical
biological models are presented in detail and challenged by the introduction of
quiescence. These models include delay equations, demographic models, age
structured models, Lotka-Volterra systems, replicator systems, genetic models, game
theory, Nash equilibria, evolutionary stable strategies, ecological models,
epidemiological models, random walks and reaction-diffusion models. In each case we
find new and interesting results such as stability of fixed points and/or periodic orbits,
excitability of steady states, epidemic outbreaks, survival of the fittest, and speeds of
invading fronts. The textbook is intended for graduate students and researchers in
mathematical biology who have a solid background in linear algebra, differential
equations and dynamical systems. Readers can find gems of unexpected beauty within
these pages, and those who knew K.P. (as he was often called) well will likely feel his
presence and hear him speaking to them as they read.
This book is a “How To” guide for modeling population dynamics using Integral
Projection Models (IPM) starting from observational data. It is written by a leading
research team in this area and includes code in the R language (in the text and online)
to carry out all computations. The intended audience are ecologists, evolutionary
biologists, and mathematical biologists interested in developing data-driven models for
animal and plant populations. IPMs may seem hard as they involve integrals. The aim
of this book is to demystify IPMs, so they become the model of choice for populations
structured by size or other continuously varying traits. The book uses real examples of
increasing complexity to show how the life-cycle of the study organism naturally leads
to the appropriate statistical analysis, which leads directly to the IPM itself. A wide
range of model types and analyses are presented, including model construction,
computational methods, and the underlying theory, with the more technical material in
Boxes and Appendices. Self-contained R code which replicates all of the figures and
calculations within the text is available to readers on GitHub. Stephen P. Ellner is
Horace White Professor of Ecology and Evolutionary Biology at Cornell University,
USA; Dylan Z. Childs is Lecturer and NERC Postdoctoral Fellow in the Department of
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Animal and Plant Sciences at The University of Sheffield, UK; Mark Rees is Professor
in the Department of Animal and Plant Sciences at The University of Sheffield, UK.
This book presents several fundamental questions in mathematical biology such as
Turing instability, pattern formation, reaction-diffusion systems, invasion waves and
Fokker-Planck equations. These are classical modeling tools for mathematical biology
with applications to ecology and population dynamics, the neurosciences, enzymatic
reactions, chemotaxis, invasion waves etc. The book presents these aspects from a
mathematical perspective, with the aim of identifying those qualitative properties of the
models that are relevant for biological applications. To do so, it uncovers the
mechanisms at work behind Turing instability, pattern formation and invasion waves.
This involves several mathematical tools, such as stability and instability analysis, blowup in finite time, asymptotic methods and relative entropy properties. Given the content
presented, the book is well suited as a textbook for master-level coursework.
Accessible text features over 100 reality-based examples pulled from the science, engineering,
and operations research fields. Prerequisites: ordinary differential equations, continuous
probability. Numerous references. Includes 27 black-and-white figures. 1978 edition.
Lecture Notes on Mathematical ModellingTutorial Lectures Delivered at the International
Conference on Mathematical Modelling and Scientific Computation, Sozopol, Bulgaria,
September 14 - 17, 1993Mathematical Methods and Models in BiomedicineSpringer Science &
Business Media
The 1990 CIME course on Mathematical Modelling of Industrial Processes set out to illustrate
some advances in questions of industrial mathematics, i.e.of the applications of mathematics
(with all its "academic" rigour) to real-life problems. The papers describe the genesis of the
models and illustrate their relevant mathematical characteristics. Among the themesdealt with
are: thermally controlled crystal growth, thermal behaviour of a high-pressure gas-discharge
lamp, the sessile-drop problem, etching processes, the batch-coil- annealing process, inverse
problems in classical dynamics, image representation and dynamical systems, scintillation in
rear projections screens, identification of semiconductor properties,pattern recognition with
neural networks. CONTENTS: H.K. Kuiken: Mathematical Modelling of Industrial Processes.B. Forte: Inverse Problems in Mathematics for Industry.- S. Busenberg: Case Studies in
Industrial Mathematics.
This volume gives an introduction to a fascinating research area to applied mathematicians. It
is devoted to providing the exposition of promising analytical and numerical techniques for
solving challenging biomedical imaging problems, which trigger the investigation of interesting
issues in various branches of mathematics.
This book constitutes the refereed post-proceedings of the International Conference on
Mathematical Modeling and Computational Physics, MMCP 2011, held in Stará Lesná,
Slovakia, in July 2011. The 41 revised papers presented were carefully reviewed and selected
from numerous submissions. They are organized in topical sections on mathematical modeling
and methods, numerical modeling and methods, computational support of the experiments,
computing tools, and optimization and simulation.
Paolo Bisogno and Augusto Forti Taking an interest in the future is among the most instinctive
Conscious of the existence of time as well as of human activities. space, man has always tried
to guess what the future holds. Until recently scholars have left the field of speculation to the
pseudo sciences of astrology and palmistry or to the ambiguities of the oracles. Imaginative
writers have made some brilliant contributions, but the development of mathematical modelling
and other predictive techniques are relatively recent arrivals. The new techniques have come
at just the right moment. Today the study of the future has a much sharper relevance than ever
before, because people have begun to realise that the future can be controlled - or even that it
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must be controlled if there is to be a future at all; man should take charge and choose his own
future from a wide range of possibilities. Unless he does so, the pressures of the pre sent will
impose their own logic and produce a future from a flawed mould - a future in which the
contradictions of wealth, privilege and power are monstrously exaggerated by the magnifier of
economic growth.
Mathematical biomedicine is a rapidly developing interdisciplinary field of research that
connects the natural and exact sciences in an attempt to respond to the modeling and
simulation challenges raised by biology and medicine. There exist a large number of
mathematical methods and procedures that can be brought in to meet these challenges and
this book presents a palette of such tools ranging from discrete cellular automata to cell
population based models described by ordinary differential equations to nonlinear partial
differential equations representing complex time- and space-dependent continuous processes.
Both stochastic and deterministic methods are employed to analyze biological phenomena in
various temporal and spatial settings. This book illustrates the breadth and depth of research
opportunities that exist in the general field of mathematical biomedicine by highlighting some of
the fascinating interactions that continue to develop between the mathematical and biomedical
sciences. It consists of five parts that can be read independently, but are arranged to give the
reader a broader picture of specific research topics and the mathematical tools that are being
applied in its modeling and analysis. The main areas covered include immune system
modeling, blood vessel dynamics, cancer modeling and treatment, and epidemiology. The
chapters address topics that are at the forefront of current biomedical research such as cancer
stem cells, immunodominance and viral epitopes, aggressive forms of brain cancer, or gene
therapy. The presentations highlight how mathematical modeling can enhance biomedical
understanding and will be of interest to both the mathematical and the biomedical communities
including researchers already working in the field as well as those who might consider entering
it. Much of the material is presented in a way that gives graduate students and young
researchers a starting point for their own work.

' The book shows how mathematical and computational models can be used to study
cancer biology. It introduces the concept of mathematical modeling and then applies it
to a variety of topics in cancer biology. These include aspects of cancer initiation and
progression, such as the somatic evolution of cells, genetic instability, and
angiogenesis. The book also discusses the use of mathematical models for the analysis
of therapeutic approaches such as chemotherapy, immunotherapy, and the use of
oncolytic viruses. Contents:Cancer and Somatic EvolutionMathematical Modeling of
TumorigenesisCancer Initiation: One-Hit and Two-Hit Stochastic ModelsMicrosatellite
and Chromosomal Istability in Sporadic and Familial CancersCellular Origins of
CancerCosts and Benefits of Chromosomal InstabilityDNA Damage and Genetic
InstabilityTissue Aging and the Development of CancerBasic Models of Tumor
Inhibition and PromotionMechanisms of Tumor NeovascularizationCancer and Immune
ResponsesTherapeutic Approaches: Viruses as Anti-Tumor Weapons Readership:
Researchers and academics in bioinformatics, biocomputing, biomathematics,
cell/molecular biology and cancer biology, as well as clinicians. Keywords:Mathematics
Models;Computational Biology;Cancer Initiation;Cancer Progression;Somatic
Evolution;Genetic Instability;Therapy;Oncolytic VirusesKey Features:Provides an
introduction to computational methods in cancer biologyFollows a multi-disciplinary
approachReviews:“This book adds aspects not covered by other books and, therefore,
represents a valuable addition to the literature about mathematical models in cancer
biology.”Zentralblatt MATH '
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This book covers tools and techniques used for developing mathematical methods and
modelling related to real-life situations. It brings forward significant aspects of
mathematical research by using different mathematical methods such as analytical,
computational, and numerical with relevance or applications in engineering and applied
sciences. Presents theory, methods, and applications in a balanced manner Includes
the basic developments with full details Contains the most recent advances and offers
enough references for further study Written in a self-contained style and provides proof
of necessary results Offers research problems to help early career researchers prepare
research proposals Mathematical Methods in Engineering and Applied Sciences makes
available for the audience, several relevant topics in one place necessary for crucial
understanding of research problems of an applied nature. This should attract the
attention of general readers, mathematicians, and engineers interested in new tools
and techniques required for developing more accurate mathematical methods and
modelling corresponding to real-life situations.
This is the first book to present a model, based on rational mechanics of
electrorheological fluids, that takes into account the complex interactions between the
electromagnetic fields and the moving liquid. Several constitutive relations for the
Cauchy stress tensor are discussed. The main part of the book is devoted to a
mathematical investigation of a model possessing shear-dependent viscosities, proving
the existence and uniqueness of weak and strong solutions for the steady and the
unsteady case. The PDS systems investigated possess so-called non-standard growth
conditions. Existence results for elliptic systems with non-standard growth conditions
and with a nontrivial nonlinear r.h.s. and the first ever results for parabolic systems with
a non-standard growth conditions are given for the first time. Written for advanced
graduate students, as well as for researchers in the field, the discussion of both the
modeling and the mathematics is self-contained.
A solid introduction, enabling the reader to successfully formulate, construct, simplify,
evaluate and use mathematical models in chemical engineering.
Mathematical Modelling sets out the general principles of mathematical modelling as a
means comprehending the world. Within the book, the problems of physics,
engineering, chemistry, biology, medicine, economics, ecology, sociology, psychology,
political science, etc. are all considered through this uniform lens. The author describes
different classes of models, including lumped and distributed parameter systems,
deterministic and stochastic models, continuous and discrete models, static and
dynamical systems, and more. From a mathematical point of view, the considered
models can be understood as equations and systems of equations of different nature
and variational principles. In addition to this, mathematical features of mathematical
models, applied control and optimization problems based on mathematical models, and
identification of mathematical models are also presented. Features Each chapter
includes four levels: a lecture (main chapter material), an appendix (additional
information), notes (explanations, technical calculations, literature review) and tasks for
independent work; this is suitable for undergraduates and graduate students and does
not require the reader to take any prerequisite course, but may be useful for
researchers as well Described mathematical models are grouped both by areas of
application and by the types of obtained mathematical problems, which contributes to
both the breadth of coverage of the material and the depth of its understanding Can be
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used as the main textbook on a mathematical modelling course, and is also
recommended for special courses on mathematical models for physics, chemistry,
biology, economics, etc.
This book developed from classes in mathematical biology taught by the authors over
several years at the Technische Universität München. The main themes are modeling
principles, mathematical principles for the analysis of these models and model-based
analysis of data. The key topics of modern biomathematics are covered: ecology,
epidemiology, biochemistry, regulatory networks, neuronal networks and population
genetics. A variety of mathematical methods are introduced, ranging from ordinary and
partial differential equations to stochastic graph theory and branching processes. A
special emphasis is placed on the interplay between stochastic and deterministic
models.
This book provides a methodological framework to model univariate and multivariate
irregularly spaced financial data. It gives a thorough review of recent developments in
the econometric literature, puts forward existing approaches and opens up new
directions. The book presents alternative ways to model so-called financial point
processes using dynamic duration as well as intensity models and discusses their
ability to account for specific features of point process data, like the occurrence of timevarying covariates, censoring mechanisms and multivariate structures. Moreover, it
illustrates the use of various types of financial point processes to model financial market
activity from different viewpoints and to construct volatility and liquidity measures under
explicit consideration of the passing trading time.
Based on lecture notes of two summer schools with a mixed audience from mathematical
sciences, epidemiology and public health, this volume offers a comprehensive introduction to
basic ideas and techniques in modeling infectious diseases, for the comparison of strategies to
plan for an anticipated epidemic or pandemic, and to deal with a disease outbreak in real time.
It covers detailed case studies for diseases including pandemic influenza, West Nile virus, and
childhood diseases. Models for other diseases including Severe Acute Respiratory Syndrome,
fox rabies, and sexually transmitted infections are included as applications. Its chapters are
coherent and complementary independent units. In order to accustom students to look at the
current literature and to experience different perspectives, no attempt has been made to
achieve united writing style or unified notation. Notes on some mathematical background
(calculus, matrix algebra, differential equations, and probability) have been prepared and may
be downloaded at the web site of the Centre for Disease Modeling (www.cdm.yorku.ca).
With the availability of high speed computers and advances in computational techniques, the
application of mathematical modeling to biological systems is expanding. This comprehensive
and richly illustrated volume provides up-to-date, wide-ranging material on the mathematical
modeling of kidney physiology, including clinical data analysis and practice exercises. Basic
concepts and modeling techniques introduced in this volume can be applied to other areas (or
organs) of physiology. The models presented describe the main homeostatic functions
performed by the kidney, including blood filtration, excretion of water and salt, maintenance of
electrolyte balance and regulation of blood pressure. Each chapter includes an introduction to
the basic relevant physiology, a derivation of the essential conservation equations and then a
discussion of a series of mathematical models, with increasing level of complexity. This volume
will be of interest to biological and mathematical scientists, as well as physiologists and
nephrologists, who would like an introduction to mathematical techniques that can be applied
to renal transport and function. The material is written for students who have had college-level
calculus, but can be used in modeling courses in applied mathematics at all levels through
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early graduate courses.
The Institute for Mathematical Sciences at the National University of Singapore hosted a twomonth research program on "Mathematical Theory and Numerical Methods for Computational
Materials Simulation and Design" from 1 July to 31 August 2009. As an important part of the
program, tutorials and special lectures were given by leading experts in the fields for
participating graduate students and junior researchers. This invaluable volume collects four
expanded lecture notes with self-contained tutorials. They cover a number of aspects on
multiscale modeling, analysis and simulations for problems arising from materials science
including some critical components in computational prediction of materials properties such as
the multiscale properties of complex materials, properties of defects, interfaces and material
microstructures under different conditions, critical issues in developing efficient numerical
methods and analytic frameworks for complex and multiscale materials models. This volume
serves to inspire graduate students and researchers who choose to embark into original
research work in these fields.
Offering a solid introduction to the entire modeling process, A FIRST COURSE IN
MATHEMATICAL MODELING, 4th Edition delivers an excellent balance of theory and practice,
giving students hands-on experience developing and sharpening their skills in the modeling
process. Throughout the book, students practice key facets of modeling, including creative and
empirical model construction, model analysis, and model research. The authors apply a proven
six-step problem-solving process to enhance students' problem-solving capabilities -- whatever
their level. Rather than simply emphasizing the calculation step, the authors first ensure that
students learn how to identify problems, construct or select models, and figure out what data
needs to be collected. By involving students in the mathematical process as early as possible
-- beginning with short projects -- the book facilitates their progressive development and
confidence in mathematics and modeling. Important Notice: Media content referenced within
the product description or the product text may not be available in the ebook version.
Applications in modern biotechnology and molecular medicine often require simulation of
biomolecular systems in atomic representation with immense length and timescales that are far
beyond the capacity of computer power currently available. As a consequence, there is an
increasing need for reduced models that describe the relevant dynamical properties while at
the same time being less complex. In this book the authors exploit the existence of metastable
sets for constructing such a reduced molecular dynamics model, the so-called Markov state
model (MSM), with good approximation properties on the long timescales. With its many
examples and illustrations, this book is addressed to graduate students, mathematicians, and
practical computational scientists wanting an overview of the mathematical background for the
ever-increasing research activity on how to construct MSMs for very different molecular
systems ranging from peptides to proteins, from RNA to DNA, and via molecular sensors to
molecular aggregation. This book bridges the gap between mathematical research on
molecular dynamics and its practical use for realistic molecular systems by providing readers
with tools for performing in-depth analysis of simulation and data-analysis methods. Titles in
this series are co-published with the Courant Institute of Mathematical Sciences at New York
University.
Analysis of nonlinear models and problems is crucial in the application of mathematics to realworld problems. This book approaches this important topic by focusing on collocation methods
for solving nonlinear evolution equations and applying them to a variety of mathematical
problems. These include wave motion models, hydrodynamic models of vehicular traffic flow,
convection-diffusion models, reaction-diffusion models, and population dynamics models. The
book may be used as a textbook for graduate courses on collocation methods, nonlinear
modeling, and nonlinear differential equations. Examples and exercises are included in every
chapter.
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This book on mathematical modeling of biological processes includes a wide selection of
biological topics that demonstrate the power of mathematics and computational codes in
setting up biological processes with a rigorous and predictive framework. Topics include:
enzyme dynamics, spread of disease, harvesting bacteria, competition among live species,
neuronal oscillations, transport of neurofilaments in axon, cancer and cancer therapy, and
granulomas. Complete with a description of the biological background and biological question
that requires the use of mathematics, this book is developed for graduate students and
advanced undergraduate students with only basic knowledge of ordinary differential equations
and partial differential equations; background in biology is not required. Students will gain
knowledge on how to program with MATLAB without previous programming experience and
how to use codes in order to test biological hypothesis.

Thirty years ago, biologists could get by with a rudimentary grasp of mathematics
and modeling. Not so today. In seeking to answer fundamental questions about
how biological systems function and change over time, the modern biologist is as
likely to rely on sophisticated mathematical and computer-based models as
traditional fieldwork. In this book, Sarah Otto and Troy Day provide biology
students with the tools necessary to both interpret models and to build their own.
The book starts at an elementary level of mathematical modeling, assuming that
the reader has had high school mathematics and first-year calculus. Otto and
Day then gradually build in depth and complexity, from classic models in ecology
and evolution to more intricate class-structured and probabilistic models. The
authors provide primers with instructive exercises to introduce readers to the
more advanced subjects of linear algebra and probability theory. Through
examples, they describe how models have been used to understand such topics
as the spread of HIV, chaos, the age structure of a country, speciation, and
extinction. Ecologists and evolutionary biologists today need enough
mathematical training to be able to assess the power and limits of biological
models and to develop theories and models themselves. This innovative book will
be an indispensable guide to the world of mathematical models for the next
generation of biologists. A how-to guide for developing new mathematical models
in biology Provides step-by-step recipes for constructing and analyzing models
Interesting biological applications Explores classical models in ecology and
evolution Questions at the end of every chapter Primers cover important
mathematical topics Exercises with answers Appendixes summarize useful rules
Labs and advanced material available
This volume synthesizes theoretical and practical aspects of both the
mathematical and life science viewpoints needed for modeling of the
cardiovascular-respiratory system specifically and physiological systems
generally. Theoretical points include model design, model complexity and
validation in the light of available data, as well as control theory approaches to
feedback delay and Kalman filter applications to parameter identification. State of
the art approaches using parameter sensitivity are discussed for enhancing
model identifiability through joint analysis of model structure and data. Practical
examples illustrate model development at various levels of complexity based on
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given physiological information. The sensitivity-based approaches for examining
model identifiability are illustrated by means of specific modeling examples. The
themes presented address the current problem of patient-specific model
adaptation in the clinical setting, where data is typically limited.
This volume includes the five lecture courses given at the CIME-EMS School on
"Stochastic Methods in Finance" held in Bressanone/Brixen, Italy 2003. It deals
with innovative methods, mainly from stochastic analysis, that play a fundamental
role in the mathematical modelling of finance and insurance: the theory of
stochastic processes, optimal and stochastic control, stochastic differential
equations, convex analysis and duality theory. Five topics are treated in detail:
Utility maximization in incomplete markets; the theory of nonlinear expectations
and its relationship with the theory of risk measures in a dynamic setting; credit
risk modelling; the interplay between finance and insurance; incomplete
information in the context of economic equilibrium and insider trading.
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