mathematical models in biology

mathematical models in biology serve as essential tools for understanding complex biological
systems through quantitative frameworks. These models enable researchers to simulate biological
processes, predict outcomes, and analyze patterns that are often difficult to observe experimentally.
By employing equations, algorithms, and computational techniques, mathematical models in biology
bridge the gap between theoretical concepts and empirical data. This article explores the types,
applications, and significance of mathematical models in biology, highlighting their role in areas
such as population dynamics, epidemiology, and systems biology. Additionally, it discusses the
challenges faced in model construction and validation, as well as recent advancements enhancing
model accuracy. The following sections provide a comprehensive overview of the key aspects of
mathematical modeling within the biological sciences.

e Types of Mathematical Models in Biology
 Applications of Mathematical Models in Biology
e Challenges in Developing Mathematical Models in Biology

e Advancements and Future Directions in Biological Modeling

Types of Mathematical Models in Biology

Mathematical models in biology vary widely depending on the complexity of the system being
studied and the biological questions posed. These models can be broadly categorized into
deterministic, stochastic, and hybrid models, each serving specific purposes in biological research.

Deterministic Models

Deterministic models use fixed parameters and initial conditions to produce precise outcomes
without randomness. They often involve systems of differential equations to describe continuous
biological processes such as enzyme kinetics, gene regulation, or population growth. In these
models, the same input will always yield the same output, providing predictability and clarity in
system behavior.

Stochastic Models

In contrast, stochastic models incorporate randomness and probabilistic elements to account for
inherent biological variability and uncertainty. These models are particularly useful when dealing



with small populations, molecular interactions, or processes influenced by environmental
fluctuations. Techniques such as Markov chains and Monte Carlo simulations are common in
stochastic modeling.

Hybrid Models

Hybrid models combine deterministic and stochastic approaches to capture both predictable
dynamics and random effects within biological systems. This integration allows for more realistic
simulations, especially in complex scenarios like cellular signaling pathways or ecosystem
interactions where multiple factors interplay.

Other Model Classifications

Beyond these primary types, mathematical models in biology can also be classified by their structure
or scale:

e Continuous vs. Discrete Models: Continuous models use differential equations for smooth
changes, while discrete models use difference equations for stepwise events.

e Spatial Models: Incorporate spatial variables to study phenomena like tissue growth, pattern
formation, or animal movement.

» Agent-Based Models: Simulate the actions and interactions of individual agents to observe
emergent behavior in populations.

Applications of Mathematical Models in Biology

Mathematical models in biology have a wide array of applications spanning multiple disciplines.
Their ability to simplify and quantify complex biological phenomena makes them indispensable for
both theoretical studies and practical problem-solving.

Population Dynamics

One of the earliest and most studied applications of mathematical models in biology is population
dynamics. Models such as the logistic growth model and Lotka-Volterra equations describe how
populations of organisms grow, compete, and interact over time. These models help ecologists
predict species survival, extinction risks, and the effects of environmental changes.



Epidemiology and Disease Modeling

Mathematical models play a crucial role in understanding the spread of infectious diseases.
Compartmental models like the SIR (Susceptible-Infectious-Recovered) framework allow public
health officials to simulate outbreaks, estimate transmission rates, and evaluate control strategies
such as vaccination and quarantine.

Systems Biology and Cellular Processes

At the molecular level, mathematical models in biology facilitate the study of cellular networks, gene
regulation, and metabolic pathways. Systems biology integrates experimental data with
computational models to predict cellular responses, identify potential drug targets, and unravel the
mechanisms underlying diseases.

Evolutionary Biology

Models in evolutionary biology help explain genetic variation, natural selection, and adaptation
processes. Techniques such as population genetics models and game theory provide insights into
how species evolve and maintain diversity within ecosystems.

Neuroscience

Mathematical models are used to understand neural activity and brain function. Models of neuronal
firing, synaptic transmission, and neural networks contribute to research in cognition, behavior, and
neurological disorders.

Challenges in Developing Mathematical Models in
Biology

Despite their usefulness, constructing accurate and reliable mathematical models in biology involves
several challenges. Biological systems are inherently complex, with numerous interacting
components and nonlinear behaviors, making modeling a nontrivial task.

Data Limitations and Parameter Estimation

A significant challenge is the availability and quality of biological data required to parameterize and
validate models. Incomplete or noisy data can lead to unreliable predictions. Accurate parameter
estimation often demands advanced statistical methods and extensive experimentation.



Model Complexity and Interpretability

Balancing model complexity with interpretability is critical. Highly detailed models may better
capture biological reality but become computationally expensive and difficult to analyze. Simplified
models, while more tractable, risk omitting important biological factors.

Validation and Predictive Power

Ensuring that mathematical models in biology accurately reflect real-world phenomena requires
rigorous validation against experimental or observational data. Models must demonstrate predictive
power across different conditions to be considered robust and useful for decision-making.

Multiscale Integration

Biological processes occur across multiple spatial and temporal scales, from molecular interactions
to ecosystem dynamics. Integrating these scales into cohesive models remains a formidable
challenge due to the complexity and computational demands involved.

Advancements and Future Directions in Biological
Modeling

Recent technological and methodological advances have significantly enhanced the development and
application of mathematical models in biology. Improved computational power, machine learning
techniques, and high-throughput experimental data are driving innovations in this field.

Computational and Data-Driven Modeling

The integration of big data analytics and computational biology has enabled the creation of more
detailed and accurate models. Machine learning algorithms assist in identifying patterns in large
datasets, optimizing model parameters, and even generating novel hypotheses.

Personalized Medicine

Mathematical models in biology are becoming integral to personalized medicine, where patient-
specific data guide diagnosis and treatment. Models can simulate individual disease progression and
drug responses, facilitating tailored therapeutic strategies.



Integration of Multi-Omics Data

Advances in genomics, proteomics, and metabolomics provide comprehensive datasets that enhance
model richness. Integrating multi-omics data enables a systems-level understanding of biological
functions and disease mechanisms.

Collaborative and Open Modeling Platforms

The rise of collaborative platforms and open-source modeling tools promotes sharing of models and
data among researchers, accelerating progress and reproducibility in biological modeling efforts.

e Deterministic, stochastic, and hybrid modeling approaches
 Applications in ecology, epidemiology, cellular biology, and neuroscience
e Challenges including data limitations and model complexity

e Emerging technologies enhancing model development and application

Frequently Asked Questions

What are mathematical models in biology?

Mathematical models in biology are quantitative frameworks that use mathematical language and
equations to represent biological processes, helping to understand, predict, and analyze complex
biological systems.

Why are mathematical models important in biological
research?

Mathematical models are important because they allow researchers to simulate biological
phenomena, test hypotheses, predict outcomes, and gain insights into systems that are difficult or
impossible to study experimentally.

What types of biological systems are commonly modeled
mathematically?

Commonly modeled biological systems include population dynamics, epidemiology, neural networks,
enzyme kinetics, gene regulatory networks, and ecological interactions.



How do mathematical models contribute to understanding
disease spread?

Mathematical models, such as SIR models, help in understanding disease transmission dynamics,
estimating infection rates, evaluating intervention strategies, and predicting epidemic outcomes.

What are the main challenges in developing mathematical
models for biology?

Challenges include biological complexity, variability, incomplete data, parameter estimation
difficulties, and the need to balance model simplicity with biological realism.

Can mathematical models predict evolutionary outcomes?

Yes, evolutionary models use mathematical frameworks to study genetic variation, natural selection,
and adaptation, enabling predictions about evolutionary trajectories under different conditions.

What role do differential equations play in biological
modeling?

Differential equations describe the rates of change in biological systems over time, making them
essential for modeling dynamic processes such as population growth, chemical reactions, and
physiological changes.

How has computational power impacted mathematical
modeling in biology?

Increased computational power allows for the simulation of more complex and detailed biological
models, handling large datasets, performing parameter optimization, and enabling real-time
predictions.

What is the difference between deterministic and stochastic
models in biology?

Deterministic models produce the same output for a given initial condition and parameters, while
stochastic models incorporate randomness and variability, capturing the inherent unpredictability of
biological systems.

Additional Resources

1. Mathematical Biology I: An Introduction

This foundational text by James D. Murray offers a comprehensive introduction to the use of
mathematical models in biological systems. It covers a broad range of topics including population
dynamics, pattern formation, and physiological processes. The book balances theory with practical
examples, making it accessible to both biologists and mathematicians.



2. Mathematical Biology II: Spatial Models and Biomedical Applications

Also by James D. Murray, this volume focuses on spatial and biomedical applications of mathematical
modeling. It delves into reaction-diffusion systems, chemotaxis, and tumor growth, providing
detailed case studies. The book is ideal for readers interested in spatial patterns and their biological
implications.

3. Modeling Infectious Diseases in Humans and Animals

Written by Matt J. Keeling and Pejman Rohani, this book explores the mathematical modeling of
infectious diseases. It covers deterministic and stochastic models, data fitting, and control
strategies. The text is enriched with real-world examples, making it valuable for epidemiologists and
public health professionals.

4. Dynamic Models in Biology

By Stephen P. Ellner and John Guckenheimer, this book emphasizes the construction and analysis of
dynamic models in biological contexts. It includes discrete and continuous models, stability analysis,
and bifurcation theory. The authors provide practical computational tools to help readers simulate
biological dynamics.

5. Mathematical Models in Biology

Written by Leah Edelstein-Keshet, this book is a classic introduction that blends biology with
mathematical techniques. It covers a variety of topics such as enzyme kinetics, population models,
and pattern formation. The text is well-suited for students new to the field, offering clear
explanations and exercises.

6. An Introduction to Systems Biology: Design Principles of Biological Circuits

By Uri Alon, this book introduces mathematical modeling within the framework of systems biology. It
focuses on the design and analysis of biological circuits, including feedback loops and network
motifs. The approachable style helps readers understand complex biological regulation through
simple models.

7. Mathematical Models in Ecology and Evolution

This book by Mike Gillman explores mathematical approaches to ecological and evolutionary
processes. Topics include population genetics, species interactions, and adaptive dynamics. It
emphasizes the connection between theory and empirical data, making it useful for researchers in
ecology and evolution.

8. Quantitative Biology: From Molecular to Cellular Systems

Authored by Brian P. Ingalls, this text covers quantitative approaches to modeling molecular and
cellular biological systems. It includes stochastic modeling, biochemical networks, and gene
regulation. The book is designed for students and researchers interested in the quantitative aspects
of cell biology.

9. Mathematics for the Life Sciences

By Erin N. Bodine, Suzanne Lenhart, and Louis J. Gross, this introductory text presents
mathematical tools relevant to life sciences. It covers difference equations, differential equations,
and matrix models with biological applications. The book balances mathematical rigor with
biological intuition, supporting interdisciplinary learning.
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mathematical models in biology: Mathematical Models in Biology Leah Edelstein-Keshet,
1988-01-01 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 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.

mathematical models in biology: Mathematical Models in Biology Leah Edelstein-Keshet,
1988 The major aim of this book is to present instances of interaction between two major disciplines,
biology and mathematics. The goal has been that of addressing a fairly wide audience. Biology
students will find this text useful as a summary of modern mathematical methods currently used in
modelling, and furthermore, applied mathematics students may benefit from examples of
applications of mathematics to real-life problems. As little background as possible has been assumed
throughout the book: prerequisites are basic calculus so that undergraduate students, as well as
beginning graduate students, will find most of the material accessible.

mathematical models in biology: Mathematical Models in the Biosciences I Michael
Frame, 2021-06-22 An award-winning professor's introduction to essential concepts of calculus and
mathematical modeling for students in the biosciences This is the first of a two-part series exploring
essential concepts of calculus in the context of biological systems. Michael Frame covers essential
ideas and theories of basic calculus and probability while providing examples of how they apply to
subjects like chemotherapy and tumor growth, chemical diffusion, allometric scaling, predator-prey
relations, and nerve impulses. Based on the author's calculus class at Yale University, the book
makes concepts of calculus more relatable for science majors and premedical students.

mathematical models in biology: Mathematical Models in Biology Valeria Zazzu, Maria
Brigida Ferraro, Mario R. Guarracino, 2015-11-26 This book presents an exciting collection of
contributions based on the workshop “Bringing Maths to Life” held October 27-29, 2014 in Naples,
Italy. The state-of-the art research in biology and the statistical and analytical challenges facing
huge masses of data collection are treated in this Work. Specific topics explored in depth surround
the sessions and special invited sessions of the workshop and include genetic variability via
differential expression, molecular dynamics and modeling, complex biological systems viewed from
quantitative models, and microscopy images processing, to name several. In depth discussions of the
mathematical analysis required to extract insights from complex bodies of biological datasets, to aid
development in the field novel algorithms, methods and software tools for genetic variability,
molecular dynamics, and complex biological systems are presented in this book. Researchers and
graduate students in biology, life science, and mathematics/statistics will find the content useful as it
addresses existing challenges in identifying the gaps between mathematical modeling and biological
research. The shared solutions will aid and promote further collaboration between life sciences and
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mathematics.

mathematical models in biology: A Primer in Mathematical Models in Biology Lee A. Segel,
Leah Edelstein-Keshet, 2013-01-01 This textbook introduces differential equations, biological
applications, and simulations and emphasizes molecular events (biochemistry and enzyme kinetics),
excitable systems (neural signals), and small protein and genetic circuits. A Primer on Mathematical
Models in Biology will appeal to readers because it grew out of a course that the popular and highly
respected applied mathematician Lee Segel taught at the Weizmann Institute and it represents his
unique perspective; combines clear and useful mathematical methods with applications that
illustrate the power of such tools; and includes many exercises in reasoning, modeling, and
simulations.

mathematical models in biology: Mathematical Models in Biology Elizabeth S. Allman,
John A. Rhodes, 2003-10-13 This introductory textbook on mathematical biology focuses on discrete
models across a variety of biological subdisciplines. Biological topics treated include linear and
non-linear models of populations, Markov models of molecular evolution, phylogenetic tree
construction, genetics, and infectious disease models. The coverage of models of molecular evolution
and phylogenetic tree construction from DNA sequence data is unique among books at this level.
Computer investigations with MATLAB are incorporated throughout, in both exercises and more
extensive projects, to give readers hands-on experience with the mathematical models developed.
MATLAB programs accompany the text. Mathematical tools, such as matrix algebra, eigenvector
analysis, and basic probability, are motivated by biological models and given self-contained
developments, so that mathematical prerequisites are minimal.

mathematical models in biology: Mathematical Models for Society and Biology Edward
Beltrami, 2002 Mathematical Modeling for Society and Biology engagingly relates mathematics to
compelling real-life problems in biology and contemporary society. It shows how mathematical tools
can be used to gain insight into these modern, common problems to provide effective, real solutions.
Beltrami's creative, non-threatening approach draws on a wealth of interesting examples pertaining
to current social and biological issues. Central ideas appear again in different contexts throughout
the book, showing the general unity of the modeling process. The models are strikingly novel and
based on issues of real concern. Most have never appeared in book form. Through the relevance of
these models mathematics becomes not just figures and numbers, but a means to a more refined
understanding of the world.

mathematical models in biology: A Course in Mathematical Biology Gerda de Vries,
Thomas Hillen, Mark Lewis, Johannes M?ller, Birgitt Sch?nfisch, 2006-07-01 This is the only book
that teaches all aspects of modern mathematical modeling and that is specifically designed to
introduce undergraduate students to problem solving in the context of biology. Included is an
integrated package of theoretical modeling and analysis tools, computational modeling techniques,
and parameter estimation and model validation methods, with a focus on integrating analytical and
computational tools in the modeling of biological processes. Divided into three parts, it covers basic
analytical modeling techniques; introduces computational tools used in the modeling of biological
problems; and includes various problems from epidemiology, ecology, and physiology. All chapters
include realistic biological examples, including many exercises related to biological questions. In
addition, 25 open-ended research projects are provided, suitable for students. An accompanying
Web site contains solutions and a tutorial for the implementation of the computational modeling
techniques. Calculations can be done in modern computing languages such as Maple, Mathematica,
and MATLAB?.

mathematical models in biology: Mathematical Models in Biology Elisabeth S. Allman,
2004

mathematical models in biology: Mathematical Modeling in Systems Biology Brian P. Ingalls,
2013-07-05 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.

mathematical models in biology: A Biologist's Guide to Mathematical Modeling in Ecology
and Evolution Sarah P. Otto, Troy Day, 2007-03-12 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

mathematical models in biology: Mathematical Models in Biology Elizabeth Spencer
Allman, John Anthony Rhodes, 2007

mathematical models in biology: Explorations of Mathematical Models in Biology with
Maple Mazen Shahin, 2014-11-03 Explore and analyze the solutions of mathematical models from
diverse disciplines As biology increasingly depends on data, algorithms, and models, it has become
necessary to use a computing language, such as the user-friendly MapleTM, to focus more on
building and analyzing models as opposed to configuring tedious calculations. Explorations of
Mathematical Models in Biology with Maple provides an introduction to model creation using Maple,
followed by the translation, analysis, interpretation, and observation of the models. With an
integrated and interdisciplinary approach that embeds mathematical modeling into biological
applications, the book illustrates numerous applications of mathematical techniques within biology,
ecology, and environmental sciences. Featuring a quantitative, computational, and mathematical
approach, the book includes: Examples of real-world applications, such as population dynamics,
genetics, drug administration, interacting species, and the spread of contagious diseases, to
showcase the relevancy and wide applicability of abstract mathematical techniques Discussion of



various mathematical concepts, such as Markov chains, matrix algebra, eigenvalues, eigenvectors,
first-order linear difference equations, and nonlinear first-order difference equations Coverage of
difference equations to model a wide range of real-life discrete time situations in diverse areas as
well as discussions on matrices to model linear problems Solutions to selected exercises and
additional Maple codes Explorations of Mathematical Models in Biology with Maple is an ideal
textbook for undergraduate courses in mathematical models in biology, theoretical ecology,
bioeconomics, forensic science, applied mathematics, and environmental science. The book is also
an excellent reference for biologists, ecologists, mathematicians, biomathematicians, and
environmental and resource economists.

mathematical models in biology: Introduction to Mathematical Biology Ching Shan Chou,
Avner Friedman, 2016-04-27 This book is based on a one semester course that the authors have
been teaching for several years, and includes two sets of case studies. The first includes chemostat
models, predator-prey interaction, competition among species, the spread of infectious diseases, and
oscillations arising from bifurcations. In developing these topics, readers will also be introduced to
the basic theory of ordinary differential equations, and how to work with MATLAB without having
any prior programming experience. The second set of case studies were adapted from recent and
current research papers to the level of the students. Topics have been selected based on public
health interest. This includes the risk of atherosclerosis associated with high cholesterol levels,
cancer and immune interactions, cancer therapy, and tuberculosis. Readers will experience how
mathematical models and their numerical simulations can provide explanations that guide biological
and biomedical research. Considered to be the undergraduate companion to the more advanced
book Mathematical Modeling of Biological Processes (A. Friedman, C.-Y. Kao, Springer - 2014), this
book is geared towards undergraduate students with little background in mathematics and no
biological background.

mathematical models in biology: Exploring Mathematical Modeling in Biology Through Case
Studies and Experimental Activities Rebecca Sanft, Anne Walter, 2020-03-30 Exploring
Mathematical Modeling in Biology through Case Studies and Experimental Activities provides
supporting materials for courses taken by students majoring in mathematics, computer science or in
the life sciences. The book's cases and lab exercises focus on hypothesis testing and model
development in the context of real data. The supporting mathematical, coding and biological
background permit readers to explore a problem, understand assumptions, and the meaning of their
results. The experiential components provide hands-on learning both in the lab and on the computer.
As a beginning text in modeling, readers will learn to value the approach and apply competencies in
other settings. Included case studies focus on building a model to solve a particular biological
problem from concept and translation into a mathematical form, to validating the parameters,
testing the quality of the model and finally interpreting the outcome in biological terms. The book
also shows how particular mathematical approaches are adapted to a variety of problems at multiple
biological scales. Finally, the labs bring the biological problems and the practical issues of collecting
data to actually test the model and/or adapting the mathematics to the data that can be collected. -
Presents a single volume on mathematics and biological examples, with data and wet lab
experiences suitable for non-experts - Contains three real-world biological case studies and one wet
lab for application of the mathematical models - Includes R code templates throughout the text,
which are also available through an online repository, along with the necessary data files to
complete all projects and labs

mathematical models in biology: Mathematical Models in Biology and Medicine IFIP-TC4
Working Conference on Mathematical Models in Biology and Medicine$ (1972 : Varna, Bulgarie),
Federation internationale pour le traitement de l'information. Technical Committee 4, 1974

mathematical models in biology: Explorations of Mathematical Models in Biology with
MATLAB Mazen Shahin, 2014

mathematical models in biology: Mathematical Models in Molecular Cellular Biology
Lee A. Segel, 1980 Interest in theoretical biology is rapidly growing and this 1981 book attempts to




make the theory more accessible to experimentalists. Its primary purpose is to demonstrate to
experimental molecular and cellular biologists the possible usefulness of mathematical models.
Biologists with a basic command of calculus should be able to learn from the book what assumptions
are implied by various types of equations, to understand in broad outline a number of major
theoretical concepts, and to be aware of some of the difficulties connected with analytical and
numerical solutions of mathematical problems. Thus they should be able to appreciate the
significance of theoretical papers in their fields and to communicate usefully with theoreticians in
the course of their work.

mathematical models in biology: Dynamical Models in Biology Miklds Farkas, 2001-06-15
Dynamic Models in Biology offers an introduction to modern mathematical biology. This book
provides a short introduction to modern mathematical methods in modeling dynamical phenomena
and treats the broad topics of population dynamics, epidemiology, evolution, immunology,
morphogenesis, and pattern formation. Primarily employing differential equations, the author
presents accessible descriptions of difficult mathematical models. Recent mathematical results are
included, but the author's presentation gives intuitive meaning to all the main formulae. Besides
mathematicians who want to get acquainted with this relatively new field of applications, this book is
useful for physicians, biologists, agricultural engineers, and environmentalists. Key Topics Include: -
Chaotic dynamics of populations - The spread of sexually transmitted diseases - Problems of the
origin of life - Models of immunology - Formation of animal hide patterns - The intuitive meaning of
mathematical formulae explained with many figures - Applying new mathematical results in
modeling biological phenomena Miklos Farkas is a professor at Budapest University of Technology
where he has researched and instructed mathematics for over thirty years. He has taught at
universities in the former Soviet Union, Canada, Australia, Venezuela, Nigeria, India, and Columbia.
Prof. Farkas received the 1999 Bolyai Award of the Hungarian Academy of Science and the 2001
Albert Szentgyorgyi Award of the Hungarian Ministry of Education. - A 'down-to-earth' introduction
to the growing field of modern mathematical biology - Also includes appendices which provide
background material that goes beyond advanced calculus and linear algebra

mathematical models in biology: Nonlinear PDEs Marius Ghergu, Vicentiu RADULESCU,
2011-10-29 The emphasis throughout the present volume is on the practical application of
theoretical mathematical models helping to unravel the underlying mechanisms involved in
processes from mathematical physics and biosciences. It has been conceived as a unique collection
of abstract methods dealing especially with nonlinear partial differential equations (either stationary
or evolutionary) that are applied to understand concrete processes involving some important
applications related to phenomena such as: boundary layer phenomena for viscous fluids, population
dynamics,, dead core phenomena, etc. It addresses researchers and post-graduate students working
at the interplay between mathematics and other fields of science and technology and is a
comprehensive introduction to the theory of nonlinear partial differential equations and its main
principles also presents their real-life applications in various contexts: mathematical physics,
chemistry, mathematical biology, and population genetics. Based on the authors' original work, this
volume provides an overview of the field, with examples suitable for researchers but also for
graduate students entering research. The method of presentation appeals to readers with diverse
backgrounds in partial differential equations and functional analysis. Each chapter includes detailed
heuristic arguments, providing thorough motivation for the material developed later in the text. The
content demonstrates in a firm way that partial differential equations can be used to address a large
variety of phenomena occurring in and influencing our daily lives. The extensive reference list and
index make this book a valuable resource for researchers working in a variety of fields and who are
interested in phenomena modeled by nonlinear partial differential equations.
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